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Abstract
Echinops kebericho Mesfin, endemic to Ethiopia, is a critically endangered medicinal plant. It is among the most important medicinal plants of the country. The commercial harvesting and sale of roots of E. kebericho is widespread in the growing regions of the country. This involves uprooting of the whole plant or removal of the root, which may seriously damage the root system or the whole plant. This unsustainable harvesting of the plant reduces regeneration and thus, threatens local populations. In vitro mass propagation of this species could offer large number of cloned plants for rehabilitation of the threatened population, for commercialization, conservation and sustainable utilization of the species. The aim of this study was to develop micropropagation protocol for E. kebericho using shoot tips as explant. The study was first started with seed germination test using seeds stored for different months. The shoot tip explants excised from in vitro germinated seedlings was cultured on shoot initiation MS media supplemented with different concentrations of BAP (0, 0.1, 0.5, 1.0, 1.5, 2.0 mg/l)  or  KN (0, 0.1, 0.5, 1.0, 1.5, 2.0 mg/l) alone. Explants from initiated shoots were cultured on shoot proliferation MS medium supplemented with various concentrations (0.0, 0.5, 1.0, 2.5, 3.0, 5.0 mg/l) of cytokinins [(Kinetin, 6-benzylaminopurine (BAP), and thidiazuron (TDZ)] either alone or in combination with different concentrations (0.0, 0.1, 0.25, 0.5 mg/l) of α-Naphthaleneacetic acid (NAA) in a completely randomized design (CRD). For root induction, full, half and 1/3 strength MS media supplemented with various concentrations (0, 0.05, 0.1, 0.5, 1.0, 1.5, 2.5 mg/l) of auxins [indole-3-butyric acid (IBA) and NAA] were used. In all cases, growth regulator free MS medium was used as a control. Based on the study results, seed germination percentage gradually decreased with increased storage time. The best germination (100%) was obtained with fresh seeds. Mean germination percentage dropped as low as 65.18 and 22.3% with seeds stored for 3 and 5 months respectively. MS medium containing 0.5 mg/l KN gave 100% shoot induction. On shoot multiplication MS media, medium fortified with 0.5 mg/l KN + 0.1 mg/l NAA showed maximum shoot proliferation with 11.07 shoots per explant and 4.82 cm shoot length. Among different salt strengths of MS medium (full, half and 1/3) containing IBA and NAA,  best rooting (100%) was obtained on 1/3 strength medium containing 1.5 mg/l NAA with maximum of 8.23 roots/shoot and 4.82 cm root length and well established under greenhouse conditions with 83% survival rate. Generally, the micropropagation protocol reported here was characterized with a rapid proliferation of shoots, easy rooting of the micro-shoots and the plantlets were acclimatized to the greenhouse environment with 83% survival rate and undergoing normal physiological development.
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1. [bookmark: _Toc341482877][bookmark: _Toc64418225][bookmark: _Toc64480888]
2. [bookmark: _Toc287782274]Introduction
Medicinal plants have important contributions in the healthcare system of local communities as the main source of medicine for the majority of the rural population (Rajandeep et al. 2012). Traditional medicine has been brought into focus for meeting the goals of a wider coverage of primary healthcare delivery, not only in Africa but also, in all countries of the world (Tesfaye Hailemariam et al. 2009). In Ethiopia, traditional medicine continues to play a major role in Primary Health Care. The various literature available show that about 80% of human population and over 90% livestock in Ethiopia rely on traditional medicine where more than 95% of traditional medical preparations are of plant origin (Tesema Tanto et al. 2003; Wubet Birhan et al. 2011). However, as time goes on, the traditional knowledge is gradually worn-out for reasons mainly attributed to environmental degradation and deforestation, which in turn brought about the loss of some species of medicinal plants (Desalegn Desissa, 2000).
 The genetic diversity of medicinal plants in the world is getting endangered at alarming rate because of disastrous harvesting practices and over-harvesting for production of medicines, with little or no regard to the future. Extensive destruction of the plant-rich habitat as a result of forest degradation, agricultural encroachment and urbanization are other factors, thus challenging their existence (Gupta et al. 1998). Hamilton (2004) described that many of the threats to medicinal plant species are similar to those causing endangerment to plant diversity generally. The most serious proximate threats generally are habitat loss, habitat degradation and over-harvesting. Also, medicinal plants can have other uses besides as sources of medicines, and the threats from over-harvesting may be due to effects of collection for purposes other than medicinal. The majority of species of plants in traditional or herbal medical treatments are harvested in the wild rather than cultivated. As a result, many plant species have become extinct and some are endangered (Tesfaye Hailemariam et al. 2009). As population grows, demand for traditional medicines will increase, and pressure on medicinal plant resources will become greater than ever (Hamilton, 2003 cited in Tesfaye Hailemariam et al. 2009). Therefore, the management of traditional medicinal plant resources has become the matter of urgency. Like other developing countries, the loss of valuable medicinal plants in Ethiopia due to population pressure, loss of habitat, agricultural expansion and deforestation is widely reported (Ensermu Kelbessa et al. 1992; Zemede Asfaw, 2001; Abebe Demissie, 2001). 
The reducing populations of medicinal plants are a matter of great concern in Ethiopia. Therefore, it is extremely essential to conserve important medicinal plant species by the restoration of their natural habitats. Thus conservation of medicinal herbs is inevitable to sustain our traditional system of disease treatment which is cheap, effective without any side effect if administered with proper dosage unlike modern system of disease treatment based on clinical drugs (Holley and Cherla, 1998). 
The EBI has been involved in the collection and conservation of the biological resources of the country. During 2009, the institute has reported 887 plant species records as having medicinal uses for people (EBI, 2009). According to this report, from the recorded medicinal plants, 357 (40.2%) are found in the wild, 89 (10%) cultivated, 52 (5.9%) grouping as weed and 389 (43.9%) are undetermined.  From these all recorded medicinal plants, only 283 accessions were conserved in EBI cold room and field gene banks.  
Tissue culture is useful for multiplying and conserving the species and save them from extinction. Therefore, micropropagation techniques are must for conservation of an endangered medicinally important species within short period of time and limited space. The plants produced from this method are independent of climatic changes or soil conditions.
Thus, developing a rapid and efficient method of micropropagation system for such plant species of high medical importance is indispensable because of the rapid loss and extinction of these plants due to anthropogenic activities. In addition, systematic cultivation of medicinal plants must be introduced in order to protect threatened species from extinction.
Advances in plant biotechnology provide new options for collection, multiplication and short- to long-term conservation of plant biodiversity, using in vitro culture techniques. Medium-term conservation by means of in vitro slow growth storage allows extending subcultures from several months to several years, depending on the species. Cryopreservation (liquid nitrogen, −196 °C) is the only technique ensuring the safe and cost-effective long-term conservation of a wide range of plant species. Significant progress has been made for conserving endangered, rare, crop ornamental, medicinal and forest species. Tissue culture techniques ensure the rapid multiplication and production of plant material under aseptic conditions. In situ methods alone are insufficient for saving endangered species. Ex situ conservation is a viable way for saving plants from extinction, and in some cases, it is the only possible strategy to conserve certain species (Ramsay et al. 2000 cited in Cruz-Cruz et al. 2013). In situ and ex situ methods are complementary and are not exclusive; they offer different alternatives for conservation (Engelmann et al. 2012 cited in Cruz-Cruz et al. 2013).
On the other hand, the problem of obtaining a large-scale supply of promising plant-derived compounds may be overcome by plant tissue culture techniques. Secondary metabolites are a major source of bioactive substances in plants. Nowadays, these metabolites have scientific interest because of antimicrobial effect against microorganisms (Mbosso et al. 2010). Antimicrobial compounds derived from plants can inhibit microorganisms through different actions and are clinically important in the treatment of infections (Stein et al. 2005). 
The genus Echinops comprises 125-130 species in the family Asteraceae/Compositae distributed in semi-humid zones of tropical and North Africa, Mediterranean basin, and temperate regions up to Central Asia (Teresa et al. 2005; Getachew Belay et al. 2011). Twelve species occur in Ethiopia confined to the highlands of the country between 7o 30′ N and 38o 45′ E and at altitudes between 1700 and 2900 m.a.s. (Tadesse Berhanu and Berhanu Abegaz, 1990; Berhanu Erko, 2006). E. kebericho, locally called ‘kebericho’, known only from Ethiopia, is an erect massive root stock-bearing perennial herb or shrub that grows up to a height of 1.2 m with leafy stems. It is among the most important medicinal plants of the country (Dagne Ermias, 2008; Getachew Belay et al. 2011,). 
Echinops species were reported to contain a wide range of chemical constituents comprising alkaloids, saponins, phytosterols, polyphenols, carotenoids, sesquiterpene lactones/alcohols, lignans, acetylenic and thiophene compounds, and essential oil (Hymete Ariaya et al. 2005;  Hymete Ariaya et al. 2007). In the oil of E. kebericho, 43 compounds representing 92.85% of the total essential oil constituents were identified. Sesquiterpene lactones, monoterpene hydrocarbons, sesquiterpene hydrocarbons, and oxygenated monoterpene structures represented 41.83, 23.97, 14.90, and 2.80%, respectively, of the total essential oil. Among these, dehydrocostus lactone (41.83%), β-phellandrene (10.84%), germacrene B (5.38%), α-selinene (4.13%), α-pinene (3.63%), and β-pinene (3.62%) are the main constituent of the essential oil (Yinebeb Tariku et al. 2011). The tubers are extremely rich in Sesquiterpene amounting to ca 10% of the dry weight of the tubers (Abegaz Berhanu, 1996). It is a biologically active compound having antitumor, antimutagenic and cytotoxic properties. 
The roots of E. kebericho, has been used as a fumigant, particularly after child birth, and as a medicinal plant to treat leprosy for centuries (Tadesse Berhanu and Berhanu Abegaz, 1990). The large tuberous roots are sold either cut up as small pieces or in whole in many open markets in Shewa, Gojjam Wellega and southern regions (Tadesse Mesfin and Berhanu Abegaz, 1990; Mesfin Tadesse and Brook Mesfin, 2010; Reta Regassa, 2013). Among smoking plants available in many medicinal plant markets of Ethiopia, the most common is the root of E. kebericho (Asteraceae) which is used usually to fumigate the body as a general medicinal and also to rid a house of pests and insects (Ermias Dagne, 2009). The root is burned for smoke to ward off mosquitoes and as a snake repellant in the house (Teklehaymanot Tilahun and Giday Mirutse, 2007).  
Like other developing countries, the loss of valuable medicinal plants in Ethiopia due to population pressure, loss of habitat, agricultural expansion and deforestation is widely reported by different workers in Ethiopia (Ensermu Kelbessa et al. 1992, Zemede Asfaw, 2001; Abebe Demissie, 2001). 
Because the roots of this species are used for medicine, it is approaching almost an extinction level in the area. In addition, since the natural regeneration of E. kebericho is restricted to a specific microclimate the domestication of this threatened medicinal plant species is still not easy (Getaneh Gebeyehu, 2011). 
Plant micropropagation allows producing a large number of disease free and uniform seedlings within short period of time and limited space. The value of developing such basic protocol for E. kebericho is very useful. Especially, it can be used as a means to preserve germplasm of this critically endangered species of high medical importance. In addition, the development of a rapid in vitro plant propagation method from shoot tips of E. kebericho, promotes scientific activities (pharmacological studies and extraction of medicinally important compounds by culls and suspension cultures), commercial cultivation and sustainable usage of the species. Thus, mass micropropagation of E. kebericho would offer a tremendous potential solution for the propagation and release of the species to their natural habitat or cultivate on a large scale for the pharmaceutical product of interest. 
In addition, E. kebericho seeds are characterized by a short viability period when stored at room temperature, thus losing their capacity for germination relatively quickly (Balcha Abera et al. 2008). This study is therefore, conducted to develop an in vitro propagation protocol for Echinops kebericho (unspecified genotype) as a means to propagate and preserve germplasm of this critically endangered species of high medical importance as yet not been studied in Ethiopia.
3. [bookmark: _Toc341482881][bookmark: _Toc64418226][bookmark: _Toc64480889][bookmark: _Toc287782275]Literature Review
3.1. [bookmark: _Toc64418227][bookmark: _Toc64480890][bookmark: _Toc287782276]E. kebericho: Habitat, Distribution and Description
Habitat: Echinops kebericho Mesfin is endemic to Ethiopia. It grows in dry and stony lateritic soils. It is variable in growth habit and in dissection of the leaf blade. Populations from dry, stony lateritic soils are perennial herbs whereas those growing in deep vertisols are low shrubs (Tadesse Mesfin and Berhanu Abegaz, 1990). However, these authors noted that the chemical compounds isolated from both populations were identical. 
Distribution: Echinops kebericho is restricted to the highlands of the country between 7o 30′ N and 38o 45′ E and at altitudes between 1700 and 2900 m.a.s.l. (Tadesse Berhanu and Berhanu Abegaz, 1990; Berhanu Erko, 2006). It occurs in the wild in particular in Tigray, Gojam and Shewa regions.
Description: Although kebericho has been used widely in Ethiopia to the extent of becoming an established article of trade in many regions, a taxonomic description of this plant was lacking. Thus the name Echinops kebericho Mesfin was assigned to it by Dr. Mesfin Tadesse (Abegaz Berhanu, 1996). It belongs to the family Asteraceae. It is an erect perennial herb or shrub, up to 1.2 m high, usually from a massive rootstock; stem-leafy throughout, sparsely arachnoid-pubscent, sometimes mixed with dark purple uniseriate hairs. Leaves elliptic, amplexicaul, basal ones up to 25 x 15 cm, pinnatisect with segments divided into triangular lobes all ending in sharp pungent spines or bipinnatisect with linear-lanceolate segments; upper surface arachnoid pubscent mainly along median vein, lower surface densely tomentose, dull, with uniseriate hairs along midvein. Flower head 3–4 cm in diameter, spineless peduncle up to 5.5 cm long, arachnoid, pubscent, 1-2 mm wide. Capitalum is 2-2.5 cm long. Outer phylarries 3–4 seriate, outer most row spathulate, 4–6 mm long, with a few white, soft bristles along margins in the 4 lower half, middle row spathulate with apiculate apex, 6 – 10 mm long, with several white, soft bristles on arraigns toward apex; inner most series lancelet, tapered at base and at apex, 9–14 mm long, 1mm wide, with bristles at margins in middle and toward tip; apex acute. Inner phyllaries oblong-linear, fused for up to ¾ of their length, fimbriate at apex. Corolla white or bright blue, 12–15 mm long, tube glabrous except near base of limb where papules; anthers light brown, cypselas oblong-elliptic, 7.5–10.5 x 1.5–2.5 mm covered with appressed silvery white ciliolate bristles pappus of numerous, continues, narrow, ciliolate scales that are connate at base (Hedberg et al. 2004).
Chemical constituents: Phytochemical profiles of volatile oil extracted from the roots of E. kebericho indicated the presence of a complex mixture of compounds such as alkaloids, saponins, phytosterols, polyphenols, carotenoids, sesquiterpene lactones/ alcohols, lignans, acetylenic and thiophene compounds, and essential oil (Abegaz Berhanu et al. 1991; Hymete et al. 2005 and Hymete et al. 2007). E. kebericho is reported to contain sesquiterpene lactones, of which dehydrocostus lactone is the major constituent (Tadesse Berhanu and Berhanu Abegaz, 1990). Various metabolites like β-Sitosterol, stigmasterol, campesterol, β-amyrene, lupeol and ursolic acid, together with a series of fatty acids, were also reported from the lipid fraction of E. kebericho. The species presents itself as commercially viable for the Sesquiterpene lactones and if successful efforts are mad to develop suitable uses for these compounds (Abegaz Berhanu, 1996).
[bookmark: _Toc287782351]Table 1: Chemical Composition [% peak area] of the Essential Oil of E. kebericho obtained by Hydrodistillation and GC/MS Analysis
	Compound
	KI
	Area

	α-Thujeneb) 
	932
	0.14

	α-Pineneb)
	936
	3.63

	Campheneb)
	950
	0.28

	Sabineneb) 
	973
	0.72

	β-Pinene 
	978
	3.62

	β-Myrceneb) 
	987
	0.30

	α-Phellandrene 
	1002
	0.96

	p-Cymeneb) 
	1015
	0.14

	β-Phellandrene 
	1023
	10.84

	Limoneneb) 
	1025
	2.25

	(Z)-b-Ocimene 
	1029
	0.83

	(E)-b-Ocimene 
	1041
	0.11

	Terpinoleneb) 
	1082
	0.15

	Camphorb) 
	1123
	0.16

	4-Terpineolb) 
	1164
	0.24

	Bornyl acetateb) 
	1270
	2.24

	(E)-Sabinyl acetate 
	1278
	0.16

	α-Isocomene 
	1388
	0.20

	β-Elemene 
	1389
	1.87

	Longifolene 
	1411
	0.14

	β-Caryophylleneb)
	1421
	0.38

	7, 8-Dihydro-b-ionone 
	1422
	0.15

	α-Patchoulene 
	1457
	0.21

	β-Ionone 
	1468
	1.00

	Selina-4, 7-diene 
	1469
	0.32

	γ-Muuroleneb)
	1474
	0.25

	β-Selineneb)
	1486
	0.93

	δ-Selineneb)
	1492
	0.75

	Viridiflorene 
	1493
	0.34

	α-Selinene 
	1498
	4.13

	Germacrene B 
	1561
	5.38

	Caryophyllene oxideb)
	1578
	0.40

	α-Guaiol 
	1593
	0.11

	τ-Cadinol 
	1633
	0.27

	γ-Eudesmolb)
	1641
	0.54

	8-Cedren-13-ol 
	1657
	2.84

	(11E,13Z)-Octadeca-1,11,13-triene                                                                                    
	1665
	1.11

	α-Bisabolol 
	1673
	0.24

	Pentadecanal 
	1702
	0.28

	Benzyl benzoate 
	1730
	0.59

	(Z)-Lanceol 
	1740
	0.48

	β-Acoradienol 
	1764
	1.34

	Dehydrocostus lactone 
Table 1. continued
	1867
	41.83

	TOTAL DETECTED                                                         
	92.85

	Monoterpenes total                                                             
	26.77

	Monoterpene hydrocarbons 
	23.97

	Monoterpenes oxygenated 
	2.80

	Sesquiterpenes total 	                            
	62.95

	Sesquiterpene hydrocarbons 
	14.90

	Sesquiterpene lactones                                                       
	41.83

	Sesquiterpenes oxygenated 
	48.05

	Aliphatic hydrocarbons total 
	1.39

	Aromatic hydrocarbons total 
	0.59

	Carotenoid-derived hydrocarbons 
	1.15

	Oxygenated structures total   
	57.58

	KI = Kovats index


                    Source: (Adapted from Tariku Yinebeb et al. 2011)

The bioactive extract of the species also has been shown to have antimicrobial effects equal to or better than penicillin, especially against Stereptococcus beta-haemolyticus, Escherchia coli and Klebsiela aerogenes (Belachew Desta, 1993; Debela Asfaw, 2002). Alkaloid extract of the roots of E. kebericho has been shown to have a very strong lethal activity against earthworm (Hymete Ariaya and Kidane Ayalew, 1991; Hymete Ariaya and Afiffi, 1997; Berhanu Erko, 2006). Yinebeb Tariku et al. (2011) identified a total of 43 compounds by hydrodistillation and GC/MS analysis. These compounds are presented in the above table.	
3.2. [bookmark: _Toc64480891][bookmark: _Toc287782277]Threats to E. kebericho
Many medicinal plants are also in trouble from over harvesting and destruction of habitat. Population growth, urbanization and the unrestricted collection of medicinal plants from the wild is resulting in an over-exploitation of natural resources. Therefore, the management of traditional medicinal plant resources has become a matter of urgency. An ever increasing demand of uniform medicinal plants based medicines call for their mass propagation through plant tissue culture strategy. Tissue culture technology is potent and has opened extensive areas of research for biodiversity conservation. Tissue culture protocols have been developed for a wide range of medicinal plants, which includes endangered, rare and threatened plant species.
Environmental degradation, agricultural expansion, loss of forests and woodlands, over-harvesting, fire, cultivation of marginal lands, overgrazing and urbanization appear to be the major threats to the medicinal plants of Ethiopia (Endashaw Bekele, 2007). Therefore, endemic medicinal plant species restricted to Ethiopia are of primary concern to Ethiopia and to the world as well and thus need serious attention. 
The commercial harvesting and sale of roots of E. kebericho is widespread in Ethiopia (Cunningham, 1993). This may involve uprooting of the whole plant or removal of the root, which may seriously damage the root system. Unsustainable harvesting of the plant could also reduce regeneration and thus, threaten local populations. This calls for cultivation of the species on the farmlands and home gardens to increase availability locally. 
The International Union for Conservation of Nature (IUCN) has developed a clear set of categories and criteria to assess the risk of extinction of a species. Since their adoption in 1994 by the IUCN Council, the IUCN Red List Categories have become widely recognized internationally. As a result, they are now used by the Ethiopian Institute of Biodiversity Conservation (EIBC) and other governmental organizations. The Ethiopian National Institute of Biodiversity Conservation has categorized Echinops keberticho as critically endangered medicinal plant (GEF, 2012). Unlike most of the other species which occur naturally in nearby areas and are readily accessible to most local people, collecting of kebericho is reportedly carried out by specialized plant collectors who derive an income from its sale to local market vendors. Partly in recognition of the notable demand for its products as well as the threats to its continued survival in the wild, kebericho has been the subject of increasing research attention (Abegaz Berhanu et al. 1991).
3.3. [bookmark: _Toc64480892][bookmark: _Toc287782278][bookmark: _Toc341482884]Significance of E. kebericho in primary health care

In many regions of Ethiopia where modern healthcare is not readily available or affordable, public continue to rely on traditional medicines which are based on locally available natural resources and cultural knowledge. In a public health context, availability, accessibility, affordability, utility, quality, efficiency and equity have relevance in respective order in promotion of traditional medicine (Kasilo et al. 2005). At least 80% of the Ethiopian people depend on traditional medicine for their health care (Dawit  Abebe and Ahadu Ayehu, 1993 and Tesfaye Hailemariam et al. 2009), and more than 95 percent of traditional medicinal preparations in Ethiopia are made from plant origin (Dawit Abebe, 1986). These are free access resources to all who want to use them for the family for practicing traditional medicine or for sales. There are however, differences in terms of prevalence of use of species overtime (Endashaw Bekele, 2007). 
Echinops kebericho is a notable medicinal plant, valued primarily for its root parts. Its varied medicinal applications are documented in the ancient medico-religious pharmacopoeia, and are well-recognized by modern-day traditional professionals (Hareya Fassil, 2003). The fact that it is among the limited range of species harvested from the wild for sale at local markets is evidence to the high local value credited to it. It is a well known medicinal plant with high market demand and value widely used by the society. For instance, the average unit purchase and sales price (ETB) (per kilogram) of this plant were 7.85 and 51.02 respectively in 2007 (Endashaw Bekele, 2007). However, the purchase price was raised to ETB 31.229 while the sale price remained unchanged in 2012 (Lehoux & Chakib, 2012). 
Reports and ethnobotanical surveys also evidence long traditional use of the plant for preparation of medicines against migraine, mental illness, heart pain, lung TB, leprosy, kidney disease, malaria, billharzia, syphilis, hemorrhoid, amoebic dysentery and other ailments (Dawit Abebe and Ahadu Ayehu, 1993; Belachew Desta, 1993; Yinebeb Tariku, 2008). Its antihelmintic, antitumor, antimutagenic, antibacterial and fungicidal properties have also been reported (Yinebeb Tariku, 2008 and Abegaz Berhanu et al. 2007).
According to various literatures, Kebericho (Amh.), Kerebicho (Or.), is used to relieve typhus and fever and as a taenicidal herb (to expel tapeworm). The smoke from burning the root is inhaled to relieve headache and also as a cure for “evil eye” (possession by evil spirits in Ethiopian folk religion). The root is burned for smoke to ward off mosquitoes and as a snake repellent in the house (Hymete Ariaya et al. 2007). The smoke is known to be used as a fumigant, mainly after childbirth. It is also pointed out that the root is also chewed to alleviate stomach ache and a decoction of the roots is used to cure intestinal diseases in cattle. The reduction of stomach ache in humans and its use in the treatment of intestinal problems in cattle could be due to the strong antihelmiuthic activity of the roots (LD50 = 0.057 mg/ml, as compared to 0.0845 mg/ml of the standard drug niclosamide) (Hymete Ariaya et al. 2007). 
In laboratory, the toxic properties of E. kebericho have also been exploited in the control of insect pests of medical, veterinary and agricultural importance (Hymete Ariaya and Kidane Ayalew, 1991 and Jemal Husseien et al. 2011). The essential oil of E. kebericho also possesses strong antileishmanial activity higher than that of the most potent anti-leishmanial drugs with moderate cytotoxicity and weak haemolytic effect.  It is suggested that the plant (E. kebericho) can be used for bioassay-guided fractionation and isolation of bioactive compounds which could serve as new drug lead structures (Yinebeb Tariku, 2008 and Yinebeb Tariku et al. 2011). In vitro studies on other members of the genus showed strong antibacterial, nematicidal and molluscicidal activities. 
3.4. [bookmark: _Toc341482883][bookmark: _Toc64418228][bookmark: _Toc64480893][bookmark: _Toc287782279]Research status
The research made so far on Ethiopian medicinal plants has been mostly of producing inventories and checklists, and the outputs were mere listing of plants used as remedies for various ailments usually with incomplete description and mainly with uncertain recipes. Some have been touched by modern research where their principal component has been analyzed and defined. Some medicinal plant species of Ethiopia are reported to have been threatened by the overuse and over harvesting for marketing as medicine. 
Kloos et al. (1978) have reported that E. kebericho is one of the ten medicinal plants sold in all the 19 markets surveyed, including the capital city, Addis Ababa. From then on, various ethno-botanical studies have been conducted at different times and documented its chemical constituents, distribution, traditional use of the plant for various treatments and its medicinal parts (Belachew Desta, 1993; Dawit Abebe and Ahadu Ayehu, 1993; Balcha Abera, 2008). Various extracts have been isolated from the rootstock of E. kebericho and their cytotoxic effects on different microorganisms and insects have been investigated (Berhanu Abegaz, 1990; Hymete Ariaya and Kidane Ayalew, 1991; Hymete Ariaya and Afiffi, 1997; Yinebeb Tariku et al. 2011). However, no studies have been undertaken for mass propagation of the species to domesticate, conserve and sustainably use this critically threatened medicinal plant.   
3.5. [bookmark: _Toc64418229][bookmark: _Toc64480894][bookmark: _Toc287782280]Propagation of E. kebericho
Naturally, E. kebericho propagates by seeds. There is no available report regarding vegetative propagation mechanisms of E. kebericho. However, propagation through seeds is incompetent due to lack of adequate seeds and seed viability loss after short period. In addition, propagation through seeds is time consuming to accomplish large scale production for conservation and cultivation of the species. Despite these problems, the local people destruct the whole plant before seed set as they use the root part for medicinal purpose.
No effort has been done for the mass propagation of this critically endangered plant species. Only one report is available on the in vitro and ex vitro seed based propagation of E. kebericho (Balcha Abera, 2008). But the protocol discussed in this report lacks the large scale clonal production of this species from any type of vegetative explants.
In vitro germination of E. kebericho seeds is a prerequisite to get healthy initial explants for shoot initiation. Because, the fact that both the stem and leaves are arachnoid-pubuscent makes disinfection of in vivo grown plants difficult to use them as explant source as proved by this investigation. Seeds of E. kebericho are covered by overlapped fruit wall. The pubescent hairs are found between these walls and also on the surface of the cotyledon.  Such overlapped walls facilitate the incorporation of pathogens, which caused culture contamination during in vitro seed germination (Balcha Abera, 2008). However, best germination was achieved sterilizing the seeds with sodium hypochlorite and ethanol. In this study, seeds sterilized for 9 and 5 minutes in 70% ethanol and 10% sodium hypochlorite, respectively, germinated best (95.2 ± 1.2%) on MS medium, supplemented with 10 gm/l phytoagar. Based on this report, seed germination percentage declines with increasing storage time. The study found that seeds stored for less than 5 months, and at 25 oC, were the most suitable for in vitro and ex vitro propagation of E. kebericho.
Murch et al. (2003) reported on the in vitro propagation of one of Echinops species, the Egyptian medicinal plant, Echinops spinosissimus Turra. In this study, an in vitro regeneration protocol has been established for the species using meristem, epidermal peels and leaf explants obtained from germinated seedlings on to the medium containing MS salts, B5 vitamins, 30 g/l sucrose, and 0 – 1.0 mg/l benzyladenine and kinetin.  
This report showed that supplementation of the medium with various concentrations of kinetin resulted in mass proliferation from the meristem with a maximum proliferation at 0.05 mg/l. The resulting shoots were found to have significantly more leaves per shoot than in other treatments. Rooting of the shoots was achieved by subculture of the nodes onto a medium supplemented with 0.1 or 0.2 mg/l IBA.
For epidermal cell layers, regenerants resembling somatic embryos were observed on the cut surface of transverse leave slices exposed to thidiazuron after 7–10 days cultured on the same medium. By 30 days, these regenerants had proliferated on the callused leaf slices. The study result shows that somatic embryo-like structures separated from the callus mass germinated spontaneously on a medium devoid of growth regulators and whole plantlets were recovered in 4–6 weeks. According to the results of this study, the NAA and BAP treatments were less effective than TDZ for induction of plant regeneration on the epidermal peels. 
Conservational Status: Except in a few cases where a few food crops with medicinal value are cultivated, there is no organized cultivation of plant species for medicinal purposes in Ethiopia. Abegaz et al. (2007) indicated that E. kebericho is not cultivated and no other report available on the cultivation of E. kebericho. Its popularity, the fact that it is sought for its root parts, and is harvested from the wild in large quantities, with no apparent controls, renders the continued supply of this species of high medicinal value. Critically endangered status has been reported for the species at the national level (Lehoux & Chakib, 2012). It is among few prioritized medicinal plants of Ethiopia that need urgent conservation works through micropropagation. Conservation of this species in field gene bank of IBC located at Wondo Genet is started on small plots. Ethiopian Health and Nutrition Research Institute (EHNRI) and Ethiopian Agricultural Research Center (EARC), Wondo Genet, conserve the species on some plots of lands as well. The issue of medicinal plant conservation in Ethiopia today calls for urgent conservation actions to take place for threatened medicinal plant species like Ehinops kebericho. 
3.5.1. [bookmark: _Toc64480895][bookmark: _Toc287782281]Plant tissue culture tools for mass propagation of E. kebericho
The plant collection involves destructive harvesting because of the use of roots for medicinal purpose. This poses a definite threat to the genetic stock (IBC, 2009).  Echinops kebericho is propagated naturally by seeds, which germinate in the beginning of the rainy season. However, in most cases, the plant is harvested for the roots before seed set. Problems related with its natural propagation and indiscriminate exploitation for medicinal use has put E. kebericho in the list of critically endangered plant species of Ethiopia (oral communication).
The ease with which plants can be micropropagated varies from species to species. Mostly seeds, seedlings and juvenile plant parts are used as starting materials since they are easier to propagate and hence form the basis of development of suitable medium and methods for multiplication of new species.
3.5.2. [bookmark: _Toc341482885][bookmark: _Toc64418230][bookmark: _Toc64480896][bookmark: _Toc287782282]Micropropagation of Medicinal plants
The number of threatened plant species is increasing gradually in Ethiopia. Therefore, the management of traditional medicinal plant resources has become the matter of urgency. To cope up with alarming situation, Biotechnological tools have been increasingly applied for mass propagation, conservation of germplasm, study and production of bioactive compounds and for genetic improvement of the medicinal plants (Yadav et al. 2012). Micropropagation technique is one of the alternatives to conserve endangered species lik E. kebericho which is medicinally important in Ethiopia to save them from extinction.
Plant tissue culture is a technique by which any plant part can be cultured on a nutrient medium under sterile conditions with the purpose of obtaining growth. It is also referred to as micropropagation, clonal propagation, in vitro propagation, or rapid propagation (Thiart, 2003). It is based on the concept of totipotency; the ability of plant cells and tissues to develop into whole new plant.
Plant tissue culture technology is being widely used for large scale plant multiplication. Apart from their use as a tool of research, plant tissue culture techniques have in recent years, become of major industrial importance in the area of plant propagation, disease elimination, plant improvement and production of secondary metabolites. A single explant can be multiplied into several thousand plants in relatively short time period and space under controlled conditions, irrespective of the season and weather on a year round basis (Akin-Idowu et al. 2009). Endangered, threatened and rare species have successfully been grown and conserved by micropropagation because of high coefficient of multiplication and small demands on number of initial plants and space (Hussain et al. 2012).
Commercial production of plants through micropropagation techniques has several advantages over the traditional methods of propagation through seed, cutting, grafting and air-layering etc. It is rapid propagation processes that can lead to the production of disease free plants (Garcia-Gonzales et al. 2010). In vitro cell and organ culture offers an alternative source for the conservation of endangered genotypes (Sengar et al. 2010). 
Germplasm conservation worldwide is increasingly becoming an essential activity due to the high rate of disappearance of plant species (Filho et al. 2005). The rich resource is disappearing at an alarming rate as a result of over- exploitation. Plant in vitro regeneration is a biotechnological tool that offers a tremendous potential solution for the propagation of endangered and superior genotypes of medicinal plants which could be released to their natural habitat or cultivated on a large scale for the pharmaceutical product of interest.
3.5.3. [bookmark: _Toc64480897][bookmark: _Toc287782283]Micropropagation by apical and axillary shoots
Micropragation through apical and axillary shoot proliferation is the most reliable technique for mass multiplication since it ensures genetic stability of clones. Shoot apex cultures provide multiple, genetically stable, cloned shoots which are derived from apices or axillary buds (Cano et al. 1998). Apical and axillary shoots contain active meristems. Gurel and Gulshan (1998) reported multiple shoot proliferation from shoot tips of Amygdalus communis on MS medium with the combination of 0.1 mg/l IBA and 1.0 mg/l BAP. Likewise, multiple shoot formation was reported from shoot tips (1 – 2 cm) of field grown plants of Paederia foetida and Cantella asiatica on MS medium supplemented with BAP (1.0 mg/l) within 7 days of culture (Singh et al. 1999).
3.6. [bookmark: _Toc341482886][bookmark: _Toc64480898][bookmark: _Toc287782284]Explant source
Explant is a material used as initial source of tissue culture. Tissue culture success mainly depends on the age, types and position of explants (Gamborg et al. 1976) because not all plant cells have the same ability to express totipotency (Murashige and Skoog, 1962). Regeneration capacity of older plants is often low. As the organ used for explant source gets older, regeneration capacity decreases (Rai, 2007). The most commonly used explants are shoot tips, nodal buds and root tips. Explants should be isolated from healthy plants with high cell division for successful response to tissue culture. The parent plant must be healthy and free from obvious signs of disease or decay.
On the other hand, D’Angeli et al. (2001) reported that vegetative shoot apices are more organogenic than the other type of explants and the organogenic potential is retained for longer duration. In addition, it was also observed that vegetative shoot apices results in more number of shoots compared to stem explants and maintains the regenerative potential for several months. 
3.7. [bookmark: _Toc64480899][bookmark: _Toc287782285]Factors affecting in vitro regeneration capacity of explant
3.7.1. [bookmark: _Toc64480900][bookmark: _Toc287782286]Genotype
Regeneration capacity of plants shows a wide range among families, species and even within genotypes from the same species. Generally, dicotyledons regenerate more easily than monocots. In general, herbaceous plants regenerate more easily than woody plants such as trees and shrubs (Pierik, 1987). For this study, E. kebericho, unspecified genotype belonging to the family Asteraceae was used.   
3.7.2. [bookmark: _Toc64480901][bookmark: _Toc287782287]Explant source
Pierik (1987) noted the huge variations regarding tissue culture response in explants excised from plants grown in field condition depending on weather conditions during the year. According to Gurel and Turker (2001) plants grown under greenhouse conditions give rise to better results than the ones grown in field conditions. On the other hand, Yildiz et al. (2002) compared the regeneration capacity of flax (Linum usitatissimum L.) hypocotyl explants isolated from in vitro and greenhouse-grown seedlings. Hypocotyl explants from in vitro-grown seedlings were directly cultured on MS medium for shoot regeneration while hypocotyls from greenhouse-grown seedlings were surface sterilized before culture initiation. According to this study results, the highest values with respect to shoot regeneration percentage, shoot number per explant and total shoot number per Petri dish were recorded in explants isolated from in vitro-grown seedlings of all cultivars. 
On the other hand, Yildiz et al. (2011) described that neither shoot regeneration percentage nor shoot number per explant is an indicator of the success of tissue culture studies but, total shoot number per Petri dish is a good indicator of the success in both parameters for the genotype of interest. 
2.7.3. [bookmark: _Toc64480903][bookmark: _Toc287782288]Explant position in donor plant
In vitro growth of explants can be affected depending on the place from where they are excised. For instance, the higher parts of donor plant are older than the lower parts (Evers, 1984).  As the organ using for explant source gets older, regeneration capacity decreases (Yıldız et al. 2003). 
2.7.4. [bookmark: _Toc64480904][bookmark: _Toc287782289]Explant Density
There are many studies about competition among the plants in field conditions. Plant leaves compete for irradiance, and roots for water and nutrients (Wilson, 1998 and McPhee, 2001). Explants under in vitro conditions compete with each other for a constant amount of water and nutrients in growth medium. It was revealed that competition was one of the most important factors increasing explant’s regeneration capacity (Yıldız, 2011). This author has also indicated that encouraging explants for competition by decreasing the culture distances among them increased shoot regeneration capacity remarkably till a certain point from where stress initiated and significant decreases in all parameters are observed. 
2.8. [bookmark: _Toc341482887][bookmark: _Toc64418231][bookmark: _Toc64480905][bookmark: _Toc287782290]Sterilization
Microbial contamination of plant tissue culture is a common problem (Sidhu, 2010 in Leifert et al. 1992). Common bacterial contaminants are Bacillus, Pseudomonas, Staphylococcus and Lactobacillus (Leifert et al. 1991). These authors indicated that microbes multiply and compete with growing explants for nutrients, while releasing chemicals which can alter culture environments e.g. pH and inhibit explants growth or cause death. The most important treatment prior to culture initiation is perhaps surface-sterilization of the explant. Since in vitro conditions provide bacteria and fungi with an optimal growth environment, unsuccessful sterilization hinders the progress of tissue culture studies. An alternative for obtaining uncontaminated explants is to obtain explants from seedlings, which are aseptically grown from surface-sterilized seeds.
2.9. [bookmark: _Toc341482888][bookmark: _Toc64418232][bookmark: _Toc64480906][bookmark: _Toc287782291]Culture Media
Culture media contain macroelements, microelements, vitamins, other organic components (e.g. amino acids), plant growth regulators, gelling agents (if semisolid) and sucrose. The composition of the culture medium depends upon the plant species, the explants, and the aim of the experiments (Iliev et al. 2010). The composition of the medium, particularly the plant hormones and the nitrogen source (nitrate versus ammonium salts or amino acids) have profound effects on the morphology of the tissues that grow from the initial explants (Akin-Idowu et al. 2009). Therefore, development of culture medium formulations is result of systematic trial and experimentation considering specific requirements of a particular culture system. Murashige and Skoog (MS) medium is the most suitable and commonly used medium for plant regeneration from tissues and callus (Rai, 2007). Once prepared, plant tissue culture media generally are sterilized by autoclaving at 121° C and 15-20 psi. The time required for sterilization depends upon the volume of the medium in the vessel. Thermo-labile media ingredients are filter-sterilized rather than autoclaved.
2.10. [bookmark: _Toc64480907][bookmark: _Toc287782292]Effect of growth regulators on shoot tip micropropagation
One of the major factors affecting the success of in vitro plant propagation is the choice of plant growth regulators (PGRs). They stimulate cell division and hence regulate the growth and differentiation of shoot and roots on explants (Rai, 2007). As a result, PGRs (especially cytokinins and auxins) are often added to culture media for the purpose of controlling different physiological responses in vitro, leading to the production of tissues (such as callus), organs (such as shoots and roots) or whole plants (Amoo and Van Staden, 2012). Thus, selection of appropriate type and combinations of plant growth regulators is the most important aspect in developing a successful protocol for tissue culture. In vitro growth and shoot formation was not achieved without adequate concentrations of exogenous hormones in many species (Sidhu, 2010).
Shoot tips cultured on basal medium containing no growth hormones typically develop into single seedling like shoot with strong apical dominance. On the contrary when the shoots of the same explant material are grown on culture medium containing cytokinins or other growth adjuvants, axillary shoots develop clusters of secondary and tertiary shoots. These clusters can be further subdivided into smaller clumps of shoots or separate shoots which, in turn, will form similar clusters when subcultured on a fresh medium. This subdivision process may continue indefinitely provided the basic nutrient formulations are adequate for normal growth.
2.11. [bookmark: _Toc341482890][bookmark: _Toc64418233][bookmark: _Toc64480908][bookmark: _Toc287782293]Shoot initiation 
Murch et al. (2003) studied shoot proliferation of Echinops spinosissimus Turra cultured on MS media supplemented with cytokinin.  They reported that the supplementation of the medium with various concentrations of kinetin resulted in mass proliferation of the meristems from germinated seedlings with a maximum proliferation at 0.05 mg/l. The resulting shoots were also found to have significantly more leaves per shoot than in other treatments.
Kalimuthu et al. (2007) investigated different combinations with various concentrations of BAP and NAA to analyze the shoot initiation and shoot multiplication capacity of banana in the MS medium. The treatment which involved 3.0 mg/l of BAP and 0.2 mg/l of NAA of medium showed good results both for shoot initiation and multiplication. Similarly Santilata and Kambaska (2009) reported that the addition of NAA 0.5 mg/l with BAP 2.0 mg/l led to an improved response over BAP alone and also suggested that the combination of BAP and NAA were needed for producing more number of multiple shoots on Zingiber officinale.
Akbas et al. (2011) reported induction of adventitious shoots directly via organogenesis from leaf explants of Hypericum spectabile. The leaf explants were cultured on MS medium supplemented with BAP and KN at various concentrations. Among tested concentrations, 1.0 mg/l BAP was found to be most effective as it produced maximum number of adventitious shoots (29.6 per explant) and shoot length (3 cm). In this study, increasing concentrations of BAP (from 1.5 to 2.5 mg/l) reduced adventitious shoots formation. Similar responses were observed in low BAP concentrations (0.25 and 0.5 mg/l) for adventitious shoot formation. Among the various concentrations of Kinetin tested, 1.0 mg/l KN proved to be the most effective for inducing of adventitious shoots (9.4 per explant) and shoot length (1.6 cm). Low concentrations (0.25 and 0.5 mg/l) have not been effective on shoots formation.
2.12. [bookmark: _Toc341482891][bookmark: _Toc64418234][bookmark: _Toc64480909][bookmark: _Toc287782294]Root formation of in vitro plantlets 
After producing healthy shoots, plantlets are transferred to different media for root formation. Auxins are mainly used in root induction and their effect varies with type and concentration used in different plant species. Murch et al. (2003) reported that rooting was achieved using 0.1 or 0.2 mg/l IBA in micropropagation of Egyptian medicinal plant, Echinops spinosissimus Turra.  
Likewise, Priede and Klavina (2011) studied in vitro cultivation and root initiation of the endangered plant Pulsatilla patens. A suitable rooting medium for the difficult-to-root species P. patens was developed on the basis of multistage rooting experiments. The best rooting was obtained in darkness for five days on a half-diluted Murashige-Skoog medium supplemented with 5 mg/l α-naphthaleneacetic acid and riboflavin followed by auxin photo oxidation. 
 Akbas et al. (2011) evaluated the induction of roots and acclimatization of in vitro regenerated plants of Hypericum spectabile. Regenerated shoots (2.5 to 3.5 cm in length) were excised and transferred individually to a rooting medium (half strength MS, 20 g/l sucrose) supplemented with various concentrations (0.25, 0.5, 1.0 and 2.0 mg/l) of IAA. In the rooting stage, the root initiation occurred within 15 days; an efficient root system was present after 6 weeks of culture. The root induction was observed in all concentrations of IAA. However, the addition of 0.5 mg/l IAA to the medium was most effective at inducing root formation (100% rooting). The increase in IAA concentration (1.0 and 2.0 mg/l) resulted in significant reduction in the root induction rate (62.50 to 38.88%, respectively). Nevertheless, adding lower concentrations of IAA significantly increased number of roots per explants.
2.13. [bookmark: _Toc341482892][bookmark: _Toc64418235][bookmark: _Toc64480910][bookmark: _Toc287782295]Acclimatization
[bookmark: _Toc64418236][bookmark: _Toc64480911]One of the major obstacles in the application of tissue culture methods for plant propagation has been the difficulty in successful transfer of plantlets from the laboratory to the field (Wardle et al. 1983). The reasons for such a difficulty appear to be related to the dramatic change in the environmental conditions. The environment of the culture vessel is one of low light intensity, with very high humidity (generally 100%) and poor root growth, while the greenhouse and/or field conditions are typified by very high light intensity, low humidity and microflora (Desjardins et al. 1987). Plants cultivated in vitro are different from field grown plants. High mortality is observed upon transfer of microshoots to ex vitro conditions as the cultured plants have non functional stomata, weak root system and poorly developed cuticle. The physiological and anatomical characteristics of micropropagated plantlets necessitate that they should be gradually acclimatized to the environment of the greenhouse or field (Hazarika, 2003 cited in Yadav et al. 2012). Successful acclimatization minimizes the percentage of dead or damaged plants, enhancing the plant growth and establishment (Khan, 2003 cited in Yadav et al. 2012).







3. [bookmark: _Toc287782296][bookmark: _Toc341482896][bookmark: _Toc64418237][bookmark: _Toc64480912]Objective 
3.1. [bookmark: _Toc287782297]General objective
[bookmark: _Toc301046363][bookmark: _Toc341482897][bookmark: _Toc64418238][bookmark: _Toc64480913]To develop micropropagation protocol for Echinops kebericho using shoot tips as explant. 
3.2. [bookmark: _Toc287782298]Specific objectives
· [bookmark: _Toc64418240][bookmark: _Toc64467873][bookmark: _Toc64480915][bookmark: _Toc341482898]To determine optimum  cytokinin concentration for shoot  induction;
· To determine optimum growth regulators concentration for shoot multiplication;
· [bookmark: _Toc64418241][bookmark: _Toc64467874][bookmark: _Toc64480916]To determine optimum concentration of auxins for rooting of microshoots; 
· [bookmark: _Toc64418242][bookmark: _Toc64467875][bookmark: _Toc64480917]To optimize protocol for ex vitro acclimatization  
4. [bookmark: _Toc64418243][bookmark: _Toc64480918][bookmark: _Toc287782299][bookmark: _Toc341482899][bookmark: _Toc64418244][bookmark: _Toc64480919]Materials and methods
4.1. [bookmark: _Toc287782300]Plant material
Fully matured and well dried E. kebericho seeds were collected from the Medicinal plant Garden of Ethiopian Health and Nutrition Research Institute (EHNRI), Addis Ababa University and the Ethiopian Biodiversity Institute (EBI) Botanical Garden found at Wondo Genet, Sidamoo Zone, Southern Nations and Nationalities of Ethiopia (SNNE) during October 2012. 
4.2. [bookmark: _Toc287782301]MS medium stock preparation
Stock solution of macronutrients was prepared at 20X strength while micronutrients and vitamins were prepared separately at 200X strengths of the final working concentration. After preparation, all stock solutions were stored in refrigerator at 4 oC. The iron stock (200X) were prepared alone by dissolving 3.725g of Na2EDTA (Ethylenediaminetetra acetic acid, disodium salt) and 2.785g of FeSO4.7H2O in 250 ml warm ddH2O separately. The two solutions were then mixed thoroughly in a 1 L volumetric flask and the solution was stored in amber bottle.  
4.2.1. [bookmark: _Toc287782302]Growth regulator stocks preparation 
Different growth regulators; N6-furfuryladenine  (KN), 6-benzyl aminopurine (BAP), α-naphthalene acetic acid (NAA), indol-3-butyric acid (IBA) and Indol acetic acid (IAA) were used for this study. The stock solutions of all the growth regulators were prepared at the concentration of 1.0 mg/ml.  Each chemical was weighed and dissolved separately in 3-4 drops of 1M NaOH, HCl or 95% ethanol based on the requirement of the growth regulators. Once completely dissolved, volumes were made up to required level with ddH2O and stored at temperature of 4 C. In each case, the required volume of the stock solution was added to 1 L of medium to obtain a final concentration of the plant growth regulator in the culture medium according to the requirement of a specific medium.
4.2.2. [bookmark: _Toc287782303]Culture medium Preparation 
Culture medium was prepared by mixing proper volumes of MS stock solutions (50 ml/l macro, 5 ml/l micro including iron-EDTA and vitamin) with different concentrations and combinations of growth regulators; supplemented with 30 g/l sucrose and 8 g/l agar (w/v). In all cases, the pH of the medium was adjusted to 5.8 ± 0.01 throughout the experiment. Finally, the medium was heated with microwave oven to melt the agar; 50 ml of it was dispensed in to each culture tubes and was subsequently autoclaved under 15 lbs pressure at a temperature of 121°C for 15 min.
4.2.3. [bookmark: _Toc341482900][bookmark: _Toc64418245][bookmark: _Toc64480920][bookmark: _Toc287782304]Seed sterilization and in vitro germination 
In this experiment, freshly harvested seeds and those stored for 3 and 5 months were examined for germination and viability test. Protocol for seed disinfection was adapted from previously published methods (Murch et al. 2003 and Balcha Abera, 2009). The Seeds were released from the thin layers of fruit and washed thoroughly in running tap water for 10 min to remove dust and pubescent hairs. Subsequently, seeds were surface- sterilized with 70% (v/v) alcohol for 9 min, then in 5.25% (w/v) commercial bleach (Sodium hypochlorite) for 5 min. Polyoxyethylene sorbitan monolaurate (Tween 20, 1-2 drops) was used as a surfactant in the sterilants. Then the seeds were rinsed 4-5 times with sterilized ddH2O under a laminar flow hood to remove the traces of sterilants. The sterilized seeds were cultured on MS medium (Murashige and Skoog, 1962) containing 30 g/l sucrose and the pH was adjusted to 5.8 before addition of 10 g/l agar according to the method of Balcha Abera (2009) in a completely randomized design with 8 replications and 14 seeds per Culture vessel (replicate). Germinating seeds were counted and recorded at every 10 days interval until no further germination was recorded for the three seed lots. The first germinating seeds acted as the baseline for recording data. The germination test lasted for a month. Data were collected on number of germinated seeds at the 10th, 20th and 30th day. The cultures were maintained at 25 ± 2 C and 16 h photoperiod under cool fluorescent light at light intensity of 22 μ mol m-2 s-1.  
4.3. [bookmark: _Toc341482906][bookmark: _Toc64480925][bookmark: _Toc287782305]Shoot induction from shoot tip explants

Shoot tips of in vitro germinated seedlings were excised with sterilized scalpel and transferred to full strength MS medium (Murashige and Skoog, 1962) fortified with various concentrations of kinetin and BAP to determine their exogenous effects for shoot initiation. The explants were cultured in Magenta jars (10 × 6 mm) containing 50 ml medium supplemented with (0, 0.1, 0.5, 1.0, 1.5 or 3.0 mg/l) of BAP and (0, 0.1, 0.5, 1.0, 1.5 or 3.0 mg/l) kinetin. During the course of transfer, between each transfer of explants to culture tubes, the instruments were sterilized in glass beads sterilizer for aseptic inoculation. The medium was supplemented with 30 g/l sucrose (w/v) and the pH was adjusted to 5.8 before addition of 8 g/l agar as gelling agent. Two explants per culture vessel and 15 replicates per treatment were used .The culture was maintained at 25±2 C and 16 h photoperiod at a light intensity of 22 μ mol m-2s-1 under white fluorescent light.  After 4 weeks, growth responses were recorded as number of shoots that exhibited new growth.
4.4. [bookmark: _Toc64480926][bookmark: _Toc287782306]Shoot multiplication

Full strength MS medium supplemented with different concentrations (0.0, 0.5, 1.0, 2.5, 3.0, 5.0 mg/l) of 6-benzyladenine (BAP), Kinetin and thidiazuron (TDZ) either alone or in combination with different concentrations (0.0, 0.1, 0.25, 0.5 mg/l) of α-naphthalene acetic acid (NAA) was used for this experiment. A factorial design with 5 replications per treatment and six explants per replication (30 explants per treatment) were used. Initiated shoots were excised and cultured on shoot multiplication medium and incubated under similar conditions for culture initiation (at 25 ± 2°C with 16 h photoperiod of 22 μ mol m-2s-1 irradiance provided by cool white fluorescent tubes). All subsequent subculture was done at 4 week intervals. Proliferation data were collected on percentage of explants showing proliferation, number of shoots per explant and shoot length every four weeks. 

4.5. [bookmark: _Toc64480927][bookmark: _Toc287782307]In vitro rooting of shoots

Shoots from best proliferation medium were used for this experiment to avoid the influence of different origin of media on shoots tested for rooting. For root induction, full, half and 1/3 strength MS medium supplemented with three types of auxins [indole-3-butyric acid (IBA), α-naphthalene acetic acid (NAA) and indole-3-acetic acid (IAA)] were used to study and standardize specific requirements for in vitro rooting of plantlets. Similar concentration and level (0, 0.05, 0.1, 0.5, 1.0, 1.5, 2.5 mg/l) were used for each type of auxin (IBA, NAA and IAA). The medium was fortified with 30, 15 and 10 g/l sucrose (w/v) for full, half or 1/3 strength MS medium respectively. In all cases, the medium was solidified with 8 g/l agar and adjusted to 5.8 pH prior to autoclaving at121°C for 15 min under 15 lbs pressure. About 1.5 to 3 cm long microshoots were excised from multiple shoots and then cultured in rooting media. Thirty explants per treatment and 6 shoots per culture vessel with 5 replicates were used. Uniform culture conditions were maintained in all experiments at a temperature of 25 ± 2°C with 16 h photoperiod and 22 μ mol m-2s-1 light intensity. The number of shoots producing roots, number and length of roots were recorded.
4.6. [bookmark: _Toc64480928][bookmark: _Toc287782308]Acclimatization of plantlets
For acclimatization, well rooted shoots of E. kebricho were removed from culture medium without damaging the roots, washed thoroughly in sterilized ddH2O to remove all the residues of medium and planted in plastic pots filled with sterilized compost, local soil and sand in a ratio of 1:3:1 respectively. The pots were covered with perforated transparent polyethylene bags and then placed under shade in the green house for two weeks. After two weeks, the pots were transferred to the greenhouse at 30 °C with relative humidity of 50%–60% and were watered every two days. The plastic covers were then gradually removed after 2 weeks from plants so as to ensure plants to adapt to the greenhouse conditions. Plant survival was recorded eight weeks after the plantlets were transplanted. 
4.7. [bookmark: _Toc64480929][bookmark: _Toc287782309]Statistical analysis
[bookmark: _Toc64480930] The experimental design used in the proliferation phase was a two-factor treatment structure with missing treatment combinations in a completely randomized design. The treatment structure was considered as a completed two-factorial design with six levels of each of KN, BAP and TDZ (0, 0.5, 1.0 2.5, 3, 5 g/l) and four levels of NAA (0, 0.1, 0.25, and 0.5 g/l) augmented with a control (no growth regulator). The 60 treatment combinations were considered as 60 different treatments. Data were recorded on the number of shoots per explants, shoot length, number of rooted shoots, number of roots per shoot and root length after four weeks of each subsequent subculturing. Statistical analysis of the data from all experiments were carried out by using analysis of variance (ANOVA) and differences among treatment means were compared by using Duncan’s Multiple Range Test at 5% probability level using SAS and SPSS statistical softwares.
5. [bookmark: _Toc287782310][bookmark: _Toc64480931]Results
5.1. [bookmark: _Toc287782311]In vitro seed germination
Varied response of seed germination percentage was observed as different seed lots used. Seed germination percentages significantly (P = 0.05) varied with the length of storage time (Table 2). Germination time also significantly varied among the three seed lots at all observation intervals (day 10, day 20 days 30).  Germination was slow and did not begin within the initial 10 days for five-month-old seeds. In contrast, three-month stored seeds began germinating within the first 10 days though percent seed germination was low (39.29%). 
[bookmark: _Toc287782352]Table 2: Effect of storage time on in vitro germination of E. kebericho seeds 
	Storage time
	        Germination (%)
	Mean no. of germinated seeds

	
	Day10
	  Day20
	  Day30
	        Day10
	         Day20
	          Day30

	Fresh seeds
	68.75
	95.54
	   100
	9.63 ± 0.50b
	    13.38 ± 0.57a
	     14.0 ± 0.00a

	Three month
Five month
	39.29
0.0
	59.82
13.39
	65.18
  22.32
	5.50 ± 0.26c
    0.0 ± 0.00e
	8.38 ± 0.60b
 1.88 ± 0.61d
	9.13 ± 0.55b
     3.13 ± 0.35d


Means with the same letter in the columns and rows are not significantly different by Duncan’s Multiple Range test (P = 0.05). The values represent mean ± S.E. 

Over the 30 day study period, the highest and more uniform (100%) cumulative germination was recorded in the fresh seeds. On the other hand, relatively lower germination (65.18%) was observed in three- month-old seeds while lowest and erratic (22.32%) germination was recorded in 5 month stored seeds after 30 days study period.  
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[bookmark: _Toc287782589][bookmark: _Toc64491702]                   Figure 1: Fresh seeds germination rate within day 10 (A); day 20 (B); day 30 (C). 
                   Bars represent 2 cm.
5.2. [bookmark: _Toc64480932][bookmark: _Toc287782312]Shoot induction from shoot tips
Preliminary experiment was conducted to test the effect of various concentrations of BAP and KN using MS basal medium on shoot induction response of shoot tip explants excised from in vitro germinated seedlings. Growth regulators free medium was used as control. Shoot tips cultured on the control and on medium supplemented with BAP and KN alone, showed a significant variation (p = 0.05) in terms of percentage of shoots induced per treatment and number of shoots per explant (Table 3). 
[bookmark: _Toc287782353]Table 3: Effect of KN or BAP on shoot induction of shoot tip of E. kebericho 
	PGRs (mg/l)
	
	Shoot induction (%)
	Shoot number/explant
	        Shoot length (cm)

	BAP
	KN
	
	
	

	0.0
	0.0
	16.7
	2.17 ± 0.22ef
	0.78 ± 0.11ab

	0.25
	     -
	83.3
	2.00 ± 0.20ef
	0.71 ± 0.10ab

	0.5
	     -
	100
	6.77 ± 0.60c
	1.13 ± 0.28ab

	1.0
	     -
	66.7
	         1.27 ± 0.08f
	0.93 ± 0.14ab

	1.5
	     -
	93.3
	4.97 ± 0.48cd
	1.03 ± 0.16ab

	2.0
	-
	90
	4.13 ± 0.45de
	             1.20 ± 0.25a

	-
	0.25
	90
	3.77 ± 0.36def
	0.81 ± 0.14ab

	-
	0.5
	100
	8.73 ± 0.72ab
	0.78 ± 0.15ab

	-
	1.0
	100
	12.10 ± 0.78a
	0.88 ± 0.16ab

	-
-
	1.5
2.0

	96.7
100
	5.67 ± 0.41bc
         6.43 ± 0.47c
	0.75 ± 0.11ab
             0.66 ± 0.11b


Means with the same letter within the column are not significantly different by Duncan’s Multiple Range test (P = 0.05). The values represent mean ± S.E. Thirty explants per treatment were used.

All shoot tip explants (100%) produced proliferated shoots on MS medium supplemented with 0.5, 1.0 and 2.0 mg/l KN while this result was observed only on MS medium supplemented with 0.5 mg/l BAP. On the other hand, the lowest (16.7%) shoot induction percentage was observed on control MS basal medium with only 5 shoots exhibited new growth.
Among MS media containing different concentrations of cytokinins, minimum (66.7%) shoot induction percentage was recorded on MS medium supplemented with 1.0 mg/l BAP. In the present study, MS media supplemented with various concentrations of BAP were however less effective than Kinetin containing MS media (Table 3, Fig. 2).  MS medium supplemented with 1.0 mg/l KN was found to be most conducive for culture induction from shoot tip explants of in vitro germinated seedlings of E. kebericho. The highest number (12.10 ± 0.78) of shoots per explant was observed at this treatment. 
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[bookmark: _Toc287782590][bookmark: _Toc64491703]Figure 2: Effect of different concentrations of KN and BAP on shoot induction of shoot tip explants of E. kebericho cultured on MS medium containing different concentrations of growth regulators after four weeks of culture: (A) basal medium (control); 1.0 mg/l KN (B); 2.0 mg/l KN (C); 0.25 mg/l KN (D), 0.5 mg/l KN (E) and 0.5 mg/l BAP (F). Bars represent 2 cm.

However, in the present study, effect of cytokinins on shoot length did not varied much   (0.71-1.13 cm) and remained more or less similar to that observed on basal medium (0.78 cm) except those shoots (1.20 cm) obtained on 2.0 mg/l BAP supplemented MS medium. 
5.3. [bookmark: _Toc64480933][bookmark: _Toc287782313]Shoot multiplication
The results on shoot multiplication clearly indicated the difference in response of shoot tip explants when cultured on MS media supplemented with different concentrations of cytokinins alone or in combinations with NAA. There was a significant difference (p = 0.05) among the different treatment effects both in terms of shoot number per explant and shoot length. A maximum of 11.07 ± 0.47 shoots per explant was induced on MS basal medium supplemented with 0.5 mg/l KN + 0.1 mg/l NAA whereas in presence of 0.5 mg/l KN alone, 10.73 ± 0.56 shoots per explant was produced after 30 days of culture (Table 4). On the other hand, maximum (10.33 ± 0.46) shoots were induced in the presence of 1.0 mg/l TDZ alone (Table 6). Shoots cultured on lower concentrations of KN and TDZ along with optimum concentration of NAA (0.1-0.25 mg/l) showed better multiplication, beyond which the multiplication rate declined (Table 4 and Table 6). There was a general decline in shoot number and shoot elongation when any of the three cytokinins were added alone or in combination with NAA at higher concentrations.
At higher concentrations (1.0–5.0 mg/l) of BAP and (0.25-0.5 mg/l) NAA, a mass of callus like material formed at the base of explants, resulting in reduced average shoot number (Fig. 3). MS basal medium supplemented with 0.5 mg/l KN and 0.1 mg/l NAA was found to be the most suitable for shoot multiplication which induced maximum of 11.07 ± 0.47 shoots per shoot tip after 30 days of culture. In the same way, the type of cytokinin and their concentration had a definite effect on shoot length. Among the three cytokinins used, 0.5 mg/l KN in combination with 0.25 mg/l NAA showed the most optimal (1.68 ± 0.13 cm) effect on shoot elongation. The elongation obtained for KN either alone or in combination with NAA ranged from a minimal of 0.25 ± 0.03 cm to a maximum of 1.68 ± 0.13 cm. These values varied between 0.29 ± 0.03 and 1.12 ± 0.06 cm for the same concentrations and combinations of TDZ and NAA.  In case of similar concentrations and combinations of BAP and NAA, these values ranged between 0.21 ± 0.02 and 1.39 ± 0.16 cm. Thus, MS medium supplemented with KN alone or in combination with NAA showed the highest variance in terms of shoot length. 


[bookmark: _Toc287782354]Table 4: Effect of different concentrations of KN alone or in combination with various concentrations of NAA on shoot organogenesis using shoot tip explants of E. kebericho
	PGR (mg/l)
	Proliferated Explants (%)
	No. of shoots/explant
	Shoot length (cm)

	KN
	NAA
	
	
	

	0.0
	0.0
	 66.7
	2.27 ± 0.24ghi
	0.88 ± 0.12c

	0.5
	0.0
	100
	10.73 ± 0.56a
	1.28 ± 0.09b

	0.5
	0.1
	100
	11.07 ± 0.47a
	1.07 ± 0.05c

	0.5
	0.25
	100
	7.03 ± 0.48c
	1.68 ± 0.13a

	0.5
	0.5
	 63.3
	1.97 ± 0.18hi
	  0.40 ± 0.04efg

	1.0
	0.0
	100
	8.37 ± 0.50b
	1.47 ± 0.12ab

	1.0
	0.1
	 93.3
	6.07 ± 0.55cd
	1.41 ± 0.14b

	1.0
	0.25
	100
	5.37 ± 5.57de
	0.60 ± 0.05d

	1.0
	0.5
	100
	4.67 ± 0.33def
	0.30 ± 0.05g

	2.5
	0.0
	100
	4.83 ± 0.54de
	0.30 ± 0.03g

	2.5
	0.1
	100
	3.67 ± 0.30efg
	0.25 ± 0.03g

	2.5
	0.25
	100
	4.27 ± 0.39ef
	0.59 ± 0.04def

	2.5
	0.5
	90
	3.20 ± 0.30fgh
	0.31 ± 0.04g

	3.0
	0.0
	 96.7
	4.43 ± 0.39ef
	0.29 ± 0.03g

	3.0
	0.1
	                  90
	4.00 ± 0.37ef
	0.28 ± 0.02g

	3.0
	0.25
	 33.3
	1.60 ± 0.19i
	0.38 ± 0.04efg

	3.0
	0.5
	10
	1.13 ± 0.08i
	0.28 ± 0.03g

	5.0
	0.0
	 83.3
	2.60 ± 0.20ghi
	0.61 ± 0.04de

	5.0
	0.1
	 53.3
	1.87 ± 0.21hi
	0.43 ± 0.03defg

	5.0
	0.25
	 13.3
	1.17 ± 0.08i
	0.36 ± 0.07fg

	5.0
	0.5
	3.3
	1.03 ± 0.03i
	0.28 ± 0.03g


Means with the same letter within a column are not significantly different by Duncan’s Multiple Range test (P = 0.05). The values represent mean ± S.E. Thirty shoots per treatment were used.




[bookmark: _Toc287782355]Table 5: Effect of different concentrations of BAP alone or in combination with various concentrations of NAA on shoot organogenesis using shoot tip explants of E. kebericho
	PGR (mg/l)
	Proliferated explants (%)
	No. of shoots/explant
	Shoot length (cm)

	BAP
	NAA
	
	
	

	0.0
	0.0
	66.7
	2.27 ± 0.24bcd
	0.88 ± 0.12b

	0.5
	0.0
	 56.7
	       2.30 ± 0.29bc
	0.47 ± 0.04c

	0.5
	0.1
	 83.3
	       2.47 ± 0.20b
	0.49 ± 0.03c

	0.5
	0.25
	50
	2.33 ± 0.33bcd
	0.48 ± 0.04c

	0.5
	0.5
	30
	1.37 ± 0.11cdef
	0.33 ± 0.04cd

	1.0
	0.0
	20
	1.23 ± 0.09cdef
	0.27 ± 0.03cd

	1.0
	0.1
	 76.7
	  2.13 ± 0.16bcdef
	0.21 ± 0.02d

	1.0
	0.25
	10
	       1.17 ± 0.10def
	0.23 ± 0.02d

	1.0
	0.5
	 16.7
	1.20 ± 0.09cdef
	0.31 ± 0.04cd

	2.5
	0.0
	6.7
	       1.07 ± 0.05f
	0.23 ± 0.02d

	2.5
	0.1
	 16.7
	1.20 ± 0.09cdef
	0.23 ± 0.02d

	2.5
	0.25
	10
	       1.13 ± 0.08ef
	0.28 ± 0.02cd

	2.5
	0.5
	100
	       5.73 ± 0.47a


	    1.39 ± 0.16a

	3.0
	0.0
	 76.7
	 2.23 ± 0.17bcde
	0.38 ± 0.03cd



	3.0
	0.1
	 66.7
	 1.93 ± 0.15bcdef
	0.32 ± 0.03cd

	3.0
	0.25
	6.7
	 1.40 ± 0.05bcdef
	    0.23 ± 0.03d

	3.0
	0.5
	 23.3
	1.27 ± 0.10cdef
	0.28 ± 0.03cd

	5.0
	0.0
	30
	1.37 ± 0.11cdef
	0.39 ± 0.09cd

	5.0
	0.1
	 36.7
	 1.43 ± 0.11bcdef
	0.29 ± 0.03cd

	5.0
	 0.25
	3.3
	      1.03 ± 0.03ef
	    0.36 ± 0.09d

	5.0
	0.5
	3.3
	 1.03 ± 0.43bcdef
	    0.29 ± 0.03cd


Means with the same letter within a column are not significantly different by Duncan’s Multiple Range test (P = 0.05). The values represent mean ± S.E. Thirty shoots per treatment were used.





[bookmark: _Toc287782356]Table 6: Effect of different concentrations of TDZ alone or in combination with various concentrations of NAA on shoot organogenesis using shoot tip explants of E. kebericho
	PGR (mg/l)
	Proliferated Explants (%)
	No. of shoots/explant
	Shoot length (cm)

	TDZ
	NAA
	
	
	

	0.0
	0.0
	66.7
	2.27 ± 0.24g
	0.88 ± 0.12b

	0.5
	0.0
	90
	4.13 ± 0.03f
	0.29 ± 0.03def

	0.5
	0.1
	100
	6.70 ± 0.43cde
	0.36 ± 0.06cdef

	0.5
	0.25
	 86.7
	4.94 ± 0.50ef
	0.40 ± 0.05cdef

	0.5
	0.5
	100
	8.20 ± 0.45bc
	0.50 ± 0.04a

	1.0
	0.0
	100
	10.33 ± 0.46a
	0.86 ± 0.09b

	1.0
	0.1
	100
	8.97 ± 0.46ab
	1.04 ± 0.06ab

	1.0
	0.25
	100
	7.97 ± 0.51bc
	1.12 ± 0.06a

	1.0
	0.5
	90
	5.77 ± 0.54def
	0.84 ± 0.06b

	2.5
	0.0
	 93.3
	4.17 ± 0.60f
	0.42 ± 0.05cdef

	2.5
	0.1
	 86.7
	5.43 ± 0.40ef
	0.61 ± 0.04c

	2.5
	0.25
	 76.7
	5.00 ± 0.47ef
	0.54 ± 0.05cde

	2.5
	0.5
	70
	4.07 ± 0.64f
	0.51 ± 0.05cdef

	3.0
	0.0
	100
	7.30 ± 0.48bcd
	0.31 ± 0.05ef

	3.0
	0.1
	 96.7
	7.63 ± 0.39bc
	0.57 ± 0.02cd

	3.0
	0.25
	3.3
	1.03 ± 0.55g
	0.33 ± 0.06ef

	3.0
	0.5
	3.3
	1.03 ± 0.03g
	0.32 ± 0.02ef

	5.0
	0.0
	3.3
	1.03 ± 0.03g
	0.33 ± 0.03ef

	5.0
	0.1
	 33.3
	1.53 ± 0.03g
	0.32 ± 0.03ef

	5.0
	0.25
	10
	1.13 ± 0.16g
	0.29 ± 0.04f

	5.0
	0.5
	 3.3
	1.03 ± 0.09g
	0.29±0.03f


Means with the same letter within a column are not significantly different by Duncan’s Multiple Range test (P = 0.05). The values represent mean ± S.E. Thirty shoots per treatment were used.
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[bookmark: _Toc287782591][bookmark: _Toc64491704]Figure 3: Multiple shoots of E. kebericho from shoot tip explants on MS media containing different concentrations of growth regulators: (A) 0.5 mg/l KN combined with 0.1 mg/l NAA; (B) 0.5 mg/l KN ; (C) 1.0 mg/l KN ; (D) 1.0 mg/l TDZ ; (E) 1.0 mg/l TDZ combined with 0.5 mg/l NAA; (F) 2.5 mg/l TDZ combined with 0.25 mg/l NAA; (G, H) Growth regulator free medium; (I) 1.0 mg/l BAP combined with 0.5 mg/l NAA; (J) combination of KN with NAA each at 0.5 mg/l; (K) combination of BAP with NAA each at 0.5 mg/l. Bars represent 2 cm.
5.4. [bookmark: _Toc64480935][bookmark: _Toc287782314]Rooting and acclimatization
Microshoots were tested for rooting efficiency with different concentrations of IBA and NAA on different (full, half and 1/3) strength MS media. Rooting was observed about 12 days after the transfer to rooting media and NAA was significantly (P = 0.05) more effective in promoting root induction than IBA on all strengths of MS media. Root induction was slow in the presence of IBA, with calli or abnormal roots observed at the base of the shoots in the presence of higher IBA concentrations (Fig. 4). The best rooting response was obtained on 1/3 strength MS medium supplemented with 1.5 mg/l NAA, on which 100% of cultured shoots developed roots with an average number of 8.30 ± 0.60 roots per shoot, and a length of 4.83 ± 0.32 cm after 4 weeks culture. Rooting efficiency increased by increasing the concentration of NAA from 0.1 to 1.5 mg/l on 1/3 strength MS medium (Table 5). Half-strength MS medium fortified with 0.05-1.0 mg/l IBA also induced roots but those roots were very thin and weak, making them fragile and prone to damage during transfer to ex vitro and easy to wither and die (Fig. 4).
[bookmark: _Toc287782357]Table 7: Effect of different concentrations of NAA or IBA and MS basal media strength on in vitro rooting of E. kebericho shoots after 4 weeks of culturing 
	
PGR 
(mg/l)
	MS medium strength

	
	Full MS
	Half MS
	1/3 MS

	
	Root no/shoot
	Root length
	Root no/shoot
	  Root length
	Root no/shoot
	 Root length

	IBA
	
	
	
	
	
	

	0.0
	 0.00 ± 0.00e
	0.00 ± 0.00e
	1.00 ± 0.00b
	3.25 ± 0.25d
	   0.00 ± 00e
	 0.00 ± 0.00g

	0.05
	 1.55 ± 0.22bc
	3.55 ± 0.96abc
	1.50 ± 0.24b
	5.25 ± 0.56a
	1.33 ± 0.33de
	2.00 ± 0.58def

	0.1
	 1.27 ± 0.12cd
	4.80 ± 0.80a
	1.33 ± 0.33b
	4.33 ± 0.73b
	1.33 ± 0.33de
	2.17 ± 0.44def

	0.5
	1.45 ± 0.23bcd
	4.87 ± 0.46a
	1.74 ± 0.23b
	4.35 ± 0.31b
	0.00 ± 0.00e
	0.00 ± 0.00g

	1.0
	 1.00 ± 0.00d
	2.13 ± 0.97cd
	1.77 ± 0.24b
	4.13 ± 0.29bc
	1.33 ± 0.33de
	2.67 ± 0.33d

	1.5
	1.53 ± 0.17bcd
	2.60 ± 0.34bcd
	1.83 ± 0.27b
	3.52 ± 0.36d
	4.39 ± 0.36c
	5.38 ± 0.28c

	2.5
	1.33 ± 0.33bcd
	3.33 ± 0.88abc
	1.00 ± 0.00b
	3.50 ± 0.50d
	0.00 ± 0.00e
	0.00 ± 0.00g

	
	
	
	
	
	
	

	NAA

	
	
	
	
	
	

	0.05
	1.25 ± 0.25cd
	3.88 ± 0.43abc
	1.13 ± 0.13b
	3.31 ± 0.44d
	1.35 ± 0.18de
	2.43 ± 0.27de

	0.1
	1.17 ± 0.17cd
	3.75 ± 0.79abc
	1.47 ± 0.47b
	3.75 ± 0.31cd
	6.36 ± 0.63b
	6.32 ± 0.44b

	0.5
	1.14 ± 0.14cd
	4.00 ± 0.65ab
	3.85 ± 0.56a
	4.62 ± 0.34b
	6.91 ± 0.59b
	7.17 ± 0.45a

	1.0
	2.44 ± 0.34a
	1.47 ± 0.12de
	1.43 ± 0.18b
	1.00 ± 0.11e
	1.93 ± 0.36d
	1.45 ± 0.37f

	1.5
	2.30 ± 0.28a
	2.07 ± 0.15cd
	0.00 ± 0.00c
	0.00 ± 0.00f
	8.30 ± 0.60a
	4.83 ± 0.32c

	2.5
	1.82 ± 0.27b
	1.18 ± 0.12de
	0.00 ± 0.00c
	 0.00 ± 0.00f
	3.50 ± 1.09c
	  1.69 ± 0.41ef


Means with the same letter within a column are not significantly different by Duncan’s Multiple Range test (P < 0.05). The values represent the mean ± S.E. Thirty shoots per treatment were used. 

On the other hand, MS medium fortified with 0.05, 0.5 or 1.0 mg/l IBA produced a few stunted roots on 1/3 strength medium. However, rooting was not observed on 1/3 strength MS medium containing 0.5 or 2.5 mg/l IBA (Table 5). Similar results were noticed on half strength MS medium containing 1.5 mg/l or 2.5 mg/l NAA after 4 weeks of culture.
On half strength plant growth regulator free MS medium (control), only 6.7% of shoots produced a mean number of 1.0 root with 3.25 ± 0.25 cm mean shoot length.
For NAA, concentrations (0.05-2.5 mg/l), number of roots ranged from 1.14 ± 0.14 to 2.44 ± 0.34, 0.0 to 3.85 ± 0.56 and 1.35 ± 0.18 to 8.30 ± 0.60 roots per explant on full, half and 1/3 strength MS media respectively. In the case of IBA, these values ranged from 1.00 to 1.55 ± 0.22, 1.00 to 1.83 ± 0.27 and 0.0 to 4.39 ± 0.36 with the same growth regulator concentrations and on the same media strengths as above respectively. However, the average root lengths on the three media strengths ranged from 1.00 ± 0.11 to 8.30 ± 0.60 cm for NAA and 2.00 ± 0.58 to 5.25 ± 0.56 cm for IBA. On the other hand, MS basal medium without plant growth regulators showed 6.7% rooting percentage, 1.0 root per shoot and 3.25 ± 0.25 cm root length.
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[bookmark: _Toc287782592][bookmark: _Toc64491705]Figure 4: Rooted shoots of E. kebericho on different strengths of MS media containing different concentrations of auxins:  (A, B) 1/3 MS + 1.5 mg/l NAA; (C) 1/3 MS + 0.1 or 0.5 mg/l NAA; (D)  ½ MS + 0.5 mg/l NAA; (E) ½ MS + 0.5 mg/l IBA; (F) 1/3 MS + 1.5 mg/l IBA;  (G) full MS + 1.0 mg/l NAA; (H) full MS + 2.5 mg/l NAA. Bars represent 2 cm.

A total of 95 in vitro rooted plantlets were transplanted to plastic pots filled with a mixture of sterilized compost, local soil and sand in a ratio of 1:3:1 respectively and maintained in a culture room for two weeks at 25 ± 2°C and a 16 h photoperiod. After 2 weeks the pots were transferred to the greenhouse conditions (26 ± 3C) with a 12 h photoperiod. The rooted plants were successfully established under green house conditions with 83% survival rate.
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[bookmark: _Toc287782593][bookmark: _Toc64491706]Figure 5: Acclimatization of in vitro rooted shoots of E. kebericho in glasshouse; (A) after 1 month; (B) after 3 months. Bars represent 2 cm.
6. [bookmark: _Toc64480936][bookmark: _Toc287782315]Discussion
6.1. [bookmark: _Toc64480937][bookmark: _Toc287782316]In vitro seed germination
To evaluate the effect of storage time on the germination percentage and viability of E. kebericho, fresh seeds and seeds stored at room temperature for 3 and 5 months were studied. The results of this study indicated that, E. kebericho seeds had very low in vitro germination percentages after 5 month of storage. Seed germination declined with storage time.   Seed viability in E. kebericho is reported to decrease fast when stored at room temperature (25oC), but even storing at 4oC did not help much as the viability of seed stored at 4oC was about 70% after 10 months (Balcha Abera, 2008). Short seed viability period was also reported in earlier study on the plant, Arnebia benthamii (Kandari, 2005).
The variation in seed germination percentage among fresh seeds and those stored at room temperature for 3 and 5 months was significant (p = 0.05). For the fresh seeds, the mean germination percentage was significantly high (100%) after four weeks study period. On the other hand, mean germination percentage was found to be 65.18 and 22.32% in 3 and 5-month-old seeds respectively. For five month stored seeds the mean germination percentage was significantly (P = 0.05) lowest (22.32%) compared to the seeds stored for three months. Generally, seeds of E. kebericho could not be uniformly germinated after 3 months storage time. The germination percentage gradually decreased with increased storage time.  Hence, seeds of this species are characterized by short viability period when stored at room temperature, thus losing their capacity for germinating quickly. Therefore, to obtain maximum germination results, freshly harvested seeds are recommended for planting of the species.
6.2. [bookmark: _Toc64480938][bookmark: _Toc287782317]Shoot induction from shoot tip explants 
Shoot tip explants excised from in vitro germinated seedlings of E. kebericho were used for culture initiation. In this experiment, shoot tip explants cultured on MS basal (control) and those inoculated on MS medium supplemented with 0.25–2.0 mg/l BAP and KN separately, showed a significant variation (P = 0.05) in terms of percentage of shoot induction. Maximum number (100%) of shoot tip explants showed shoot proliferation on 0.1, 0.5 and 1.5 mg/l KN or 0.5 mg/l BAP supplemented MS medium. The results thus conclusively showed that cytokinins were essential for shoot induction and proliferation of shoot tip explants in E. kebericho. Comparatively, KN at 0.5 mg/l showed the highest number of shoots (12.10 ± 0.78).  In BAP, the newly formed shoots were abnormal looking, vitrified and stunted. In contrast, highest percentage of normal shoot induction was reported in MS medium containing 0.9 mg/l BAP from shoot tip explants in Mallotus repandus (Kaewsuwan et al. 2005).
From several studies on micropropagation of medicinal plants, it has been found that KN is much more effective than BAP and this supports the results obtained from the present study ((Faisal and  Anis, 2002 in Rauvolfia tetraphylla; Ali et al. 2010 in Stevia rebaudiana;  Yan et al. 2010 in Sratia grosvenorii; Arunkumar and Jayaraj, 2011 in  Ionidium suffruticosum). Multiple shoots were also induced from shoot tip explants in Bacopa monnieri (Pandiyan and Selvaraj, 2012) on MS medium supplemented with different concentrations of KN (0.5 – 2.0 mg/1) with maximum shoot length on the medium containing 2.0 mg/1. The higher concentration of KN inhibited shoot formation from the shoot tip explants which is comparable with the present observation. Similar reports were also obtained with the cultures of Phyllanthus amarus (Ghanti et al. 2004) and Withania somnifera (Chandran et al. 2007).
The present result with KN was comparable with recent finding where 0.5 mg/l KN resulted in maximum percentage of shoot initiation and shoot number in Psoralea corylifolia (Pandey et al. 2013) from shoot tip explants. However, in the present study, elongation of kinetin treated shoots did not vary much (0.66 ± 0.11 to 1.0 ± 0.16 cm) and remained more or less similar to that observed on basal medium (0.78 ± 0.11 cm) devoid of growth regulators (Fig. 2).
6.3. [bookmark: _Toc64480939][bookmark: _Toc287782318]Shoot multiplication
Medicinally important plants of family Asteraceae have been successfully micropropagated through tissue culture (Aslam et al. 2006; Juan et al. 2006; Mao et al. 2009 and Amin et al. 2013). In most of the cases, MS medium containing different concentrations of cytokinins and auxins either alone or in different combinations was used. The present study result clearly demonstrated that, the optimal concentration of cytokinins was considerably low and an increase in concentration beyond a certain optimum level resulted in a decrease in multiplication rate for each cytokinin, alone or in combination with various concentrations of NAA. Among the three investigated cytokinins either alone or in combination with NAA, frequency of shoot proliferation response was optimal in KN and NAA. Highest number of shoots (11.07 ± 0.47) shoots was recorded from shoot tip explants on MS medium containing 0.5 mg/l KN and 0.1 mg/l NAA followed by 10.73 ± 0.56 shoots per explant on MS medium supplemented with 0.5 mg/l KN.  The maximum shoot induction probably is due to the synergistic activity of KN and NAA on shoot proliferation and growth of cells in Echinops kebericho. The time taken for explants initiation was also better on KN + NAA supplemented medium as compared to BAP + NAA and TDZ + NAA supplemented media. In this study, addition of KN with NAA to MS medium was comparatively more effective for efficient shoot proliferation in shoot tip explants of E. kebericho, which is in agreement with earlier reports of Bacopa monnieri (Pandiyan and Selvaraj, 2012). Similar findings had also been reported by Vadawale et al. (2006) in Vitex negundo and in Withania somnifera by Chandran et al. (2007). Likewise, Gopal et al. (2013) obtained highest multiple shoots on MS medium supplemented with 1 mg/l kinetin and 0.5 mg/l NAA  with high frequency of shoot induction (95.5%), maximum number of shoots (7.33) and even relatively longer shoots (4.81 cm) after four weeks of culture.
Although maximum shoot proliferation (11.07 ± 0.47) was observed on MS medium supplemented with 0.5 mg/l KN + 0.1 mg/l NAA, this was not significantly different (P = 0.05) from the result (10.33 ± 0.46) obtained on MS medium containing 1.0 mg/l TDZ. Though, TDZ alone or in combination with NAA promoted higher frequency of shoot proliferation in shoot tip explants, shoots were short and failed to elongate even after prolonged culture. On the other hand, BAP alone or in combination with NAA gave significantly (P = 0.05) less number of shoots compared to the other, where a maximum of 5.73 ± 0.47 shoots per explant was obtained on MS medium supplemented with 2.5 mg/l BAP and 0.5 mg/l NAA. Conversely, greater number (19.67 ± 7.0) of multiple shoots were reported in Artemisia amygdalina from shoot tip explants in MS medium containing 0.2 mg/l BAP +  0.4 mg/l NAA (Rasool et al. 2013). Gbadamosi and Shaibu (2013) also obtained high number of shoots in Senna alata on MS media containing 0.05 mg/l BAP and 0.01 mg/l NAA or 0.075 mg/l BAP and 0.01 mg/l NAA.  Highest number of shoots per explant and percentage of shoot production was obtained from shoot tip explants in Lagerstroemia indica (Niranjan et al. 2010) and in Gloriosa superba (Khandel et al. 2011) on MS medium supplemented with 2.0 mg/l BAP and 0.5 mg/l NAA. 
At higher levels though, there was no significant difference (p = 0.05) in frequency of multiple shoot proliferation of explants among all cytokinins. At higher concentrations of all the cytokinins either alone or in combination with NAA, the average number of shoots per explant decreased significantly (p = 0.05) compared to the control, indicating an upper limit in concentration of cytokinins (KN, BAP and TDZ) and auxin (NAA) for E. keberich. In contrast, in a medicinal plant Carlina acaulis, another member of Asteraceae, higher concentrations of BAP in combination with NAA resulted in many more shoots (Trejgell et al., 2009).
Maximum (100%) shoot proliferation frequency from shoot tip explants was recorded on a range of MS medium treated with 0.5 mg/l KN, 0.5 mg/l KN + 0.1 or 0.25 mg/l NAA, 1.0 mg/l KN, 1.0 mg/l KN + 0.25 or 0.5 mg/l NAA, 2.5 mg/l KN and 2.5 mg/l KN + 0.1 or 0.25 mg/l NAA. In case of TDZ alone or in combination with NAA,  this result was observed at 0.5 mg/l TDZ + 0.1 or 0.5 mg/l NAA,  1.0 mg/l TDZ, 1.0 mg/l TDZ + 0.1 or  0.25 mg/l NAA and 3.0  mg/l TDZ. On MS medium treated with BAP alone or in combination with NAA, this result was observed only at 2.5 mg/l BAP + 0.5 mg/l NAA. The increased multiple shoot proliferation in the shoot tip explants may be due to rapid division of cells in the excised shoot tip and production of several primordial out growth, which eventually develop into shoots.
On the other hand, shoot length was highly influenced by concentration and type of the growth regulators. On MS media containing BAP alone or in combination with NAA, there was no much difference (a general decrease) in the mean shoot length and it varied between 0.21 ± 0.02 -0.49 ± 0.03 cm, except at 2.5 mg/l BAP + 0.5 mg/l NAA where it resulted in better (1.39 ± 0.16 cm) shoot length. Most of observed mean shoot lengths were smaller when compared to others, except for the case of 2.5 mg/l BAP + 0.5 mg/l NAA. Inhibition of shoot elongation by BAP was also reported in earlier studies on regeneration of different species of the Asteraceae family, for example in Saussurea obvallata (Joshi and Dhar, 2003) and Eclipta alba (Baskaran and Jayabalan, 2005). In the case of kinetin alone or in combination with NAA, there was a general increase in shoot length on increasing concentration (0.5-1.0 mg/l) of KN and 0.1-0.25 mg/l NAA where the elongation varied between 0.25 ± 0.03 - 1.68 ± 0.13 cm.  This pattern of increment was observed when TDZ was used alone or in combination with NAA as well on the same concentrations and combinations, with 0.29 ± 0.03 and 1.12 ± 0.06 cm variations in shoot length. Among shoot elongation, 0.5 mg/l KN + 0.25 mg/l NAA showed the best mean shoot length of 1.68 ± 0.13 cm. Similarly, Gopal et al. (2013) reported better shoot lengths (4.15 cm) in Ocimum basilicum on MS medium with 1.5 mg/l of kinetin and 0.5 mg/l of NAA after four weeks of culture. The highest average shoot length was also observed in Thymus satureioides (Aicha et al. 2013) on MS medium supplemented with KN and NAA virtually at two fold concentrations of the concentrations that showed best results in the present study. 
Generally, increased shoot production and shoot elongation were observed in the medium supplemented with lower concentrations of cytokinin (KN, BAP and TDZ) alone or in combination with NAA, while the number of shoots definitely decreased at higher concentrations of the above cytokinins and auxin when compared to the control in all the cases. 
6.4. [bookmark: _Toc64480940][bookmark: _Toc287782319]Rooting and acclimatization
Roots were not spontaneously induced during culture initiation and shoot multiplication. When microshoots were cultured on growth regulators free half strength MS medium, poor and few (1.0) numbers of roots were elicited with low (6.7%) frequency and 3.25 ± 0.25 cm elongation. NAA was found to be more conducive than IBA for root induction. The effectiveness of NAA in rooting has been reported for medicinal plants like Vitis thunbergii (Lu, M.-C., 2005), Saussurea laniceps (Yu-zhen and Feng-lan, 2005) and Boucerosia diffusa (Ramadevi et al. 2012). In this study, the highest number (8.30 ± 0.60) of roots per shoot was observed on 1/3 strength MS medium supplemented with 1.5 mg/l NAA. On this medium, 100% shoots developed roots. This result is in agreement with those obtained by Khan and Bi Bi, (2012) in Phoenix dactylifera at the same concentration of NAA.
The present results suggested that a reduction in MS salt concentration is the pre-dominant reason for the improved rooting from in vitro shoots by lowering the concentration of the salts in the medium. High salt levels are frequently inhibitory to root initiation (Harris and Stevenson, 1979). The promotery effect of reducing the salt concentration of MS on in vitro rooting of shoots has been reported in Hedychium coronarium (Bisht et al. 2012) and Stevia rebaudiana (Patel and Shah, 2009). In this study, 1/3 strength MS medium supplemented with 1.5 mg/l NAA proved to be most effective for inducing a strong and stout root system where roots were high in number (8.30 ± 0.60) with average length of 4.83 ± 0.32 cm compared to its full and half salt strength. 	
In the present study, 8.30 ± 0.60, 6.36 ± 0.63 and 6.91 ± 0.59 roots per shoot with an average length of 4.83 ± 0.32, 6.32 ± 0.44 and 7.17 ± 0.45 cm were obtained with 1.5, 0.1 and 0.5 mg/l NAA respectively on 1/3 strength MS salt, after 4 weeks culture whereas 4.39 ± 0.36 roots per shoot with 5.38 ± 0.28 cm shoot length were obtained on 1.5 mg/l IBA on the same MS concentration. Roots formed on medium containing NAA were thick and long whereas those in IBA were thin, short and weak. NAA showed significant difference on all media strengths in terms of root number per shoot after 4 weeks of culture. The stimulatory effect of NAA on root formation has been reported in other medicinal plants like Spilanthes acmella (Sharma and Shahzad, 2013), Artemisia scoparia (Aslam et al. 2006) and Lychnophora pinaster (De Souza et al. 2007). In this study, rooting was recorded on all strength MS medium containing different concentrations of IBA, although root formation was accompanied with callusing at the shoot base of shoots in all concentrations. However, rooting was not recorded on 1/3 strength MS medium fortified with 0.5 and 2.5 mg/l IBA.  Similar results were noticed on half strength MS medium containing 1.5 mg/l and 2.5 mg/l NAA after 4 weeks of culture. NAA showed significant difference on all media strengths in terms of root number per shoot after 4 weeks of culture. Further application of IBA up to 2.5 mg/l decreased the percentage of root induction, root numbers, and root lengths significantly. This observation is in agreement with the report of Thomas (2007) in Curculigo orchioides where a higher level of IBA produced a negative effect resulting in lower root number and root length. The reason for low performance of IBA treatments may be due to the higher stability of IBA which induces higher level of degradative metabolites in tissue, and thus, blocking the regeneration process (Epstein and Muller, 1993; and Baker and Wetstein, 2004). Studies also showed that, transport velocity of IBA was slower than NAA, which favors callus formation (Kaldewey, 1984). Thus, in the present study, 1/3 strength MS fortified with 1.5 mg/l NAA was found to be the best PGR for inducing a resilient root system. 
Acclimatization of in vitro rooted plantlets was successful, where 83% plants survived and established as healthy plant. This result was much better than previous report by Balcha Abera, (2008) where only 25% of in vitro germinated seedlings survived after being transferred to the greenhouse. 

7. [bookmark: _Toc64480941][bookmark: _Toc287782320]Conclusion
In conclusion, this study is the first description of micropropagation in E. kebericho. The study clearly indicated the feasibility of developing an in vitro plant propagation protocol for Echinops kebericho from shoot tips as explant. Based on result of this study, the following conclusions were drawn: 
· The present established micropropagation protocol for Echinops kebericho has a considerable practical significance and the process has to be successfully exploited for large scale production of cloned plants for its rehabilitation in natural habitat, ex vitro cultivation and sustainable utilization of this valuable medicinal plant. 
· Seeds of E. kebericho could not be uniformly germinated after 3 month storage time. The germination percentage gradually decreased with increased storage time. Over the 30 day study period, the highest (100%) cumulative germination was recorded for fresh seeds.
· The optimal concentration of cytokinins was considerably low (0.5-1.0 mg/l) and an increase in concentration beyond a certain optimum level (1.0-5.0 mg/l) resulted in a decrease in both multiplication rate and shoot number for each of the cytokinin, used alone or in combination with various concentrations of NAA where 0.5 mg/l KN + 0.1 mg/l NAA was the most optimal level for shoot proliferation. 
· Among the three cytokinins, used alone or in combination with NAA, the superiority of KN alone or in combination with NAA was established in this experiment in terms of both shoot number and shoot length. 
· The highest number (8.30 ± 0.60) of roots per shoot was observed on 1/3 strength MS medium supplemented with 1.5 mg/l NAA. Thus, 1/3 strength MS fortified with 1.5 mg/l NAA was the best medium- PGR combination for inducing a resilient root system.
· Generally, the process can be exploited for large scale production of cloned plants for its rehabilitation in natural habitat and for in vitro conservation and sustainable utilization the plant. Moreover, this procedure can be used for further physiological, biochemical, pharmacological and genetic studies.














8. [bookmark: _Toc64480942][bookmark: _Toc287782321]Recommendations
Based on the results of this study the following recommendations were forwarded: 
· Low cost MS medium components such as using table sugar instead of laboratory grade sucrose should be used for this plant in the future. It is also important to test in vitro shoots in liquid media and on media strengths lower than 1/3 MS for rooting ability. 
· Micropropagation of E. kebericho using other types of explants (leaf, root and nodal) should be studied so as to identify the most suitable explant type for successful in vitro multiplication of the plant.  
· Local varieties of the species were not identified and documented by research centers. Therefore, it is important to collect, characterize and document existing local varieties all over growing regions of the country so that propagation protocol based on each variety will be developed. 
· Bioactive compounds currently extracted from plants through suspension culture are used as pharmaceuticals. Therefore, further study should be addressed in the search for in vitro production of desirable medicinal compounds of interest to exploit the contribution of this medicinal plant in both the traditional and modern medical health care.
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10. [bookmark: _Toc64480944][bookmark: _Toc287782323]Appendices
[bookmark: _Toc284804495]Appendix 1: List of MS medium components, the concentration in stock solution and the mount used to prepare 1 liter of medium.

	Macronutrients 
	mg/l medium 
	500 ml stock (10X) 
	Amount (ml) of stock solution to use for 1 liter of medium  

	 NH4NO3
	1650 mg 
	16.5 gm 
	
50

	 KNO3
	1900 mg 
	19 gm 
	

	 Cacl2.2H2O 
	440 mg 
	4.4 gm 
	

	 MgSO4.7H2O 
	370 mg 
	3.7 gm 
	

	 KH2PO4
	170 mg 
	1.7 gm 
	

	
	
	
	



	Micronutrients  
	mg/l medium 
	500 ml stock (200X) 
	Amount (ml) of stock solution to use for 1 liter of medium  

	 H3BO3
	6.2 mg
	620 mg
	
5

	 MnSO4.4H2O 
	22.3 mg
	2230 mg
	

	 ZnSO4.4H2O 
	8.6 mg
	860 mg
	

	 KI 
	0.83 mg
	83 mg
	

	 Na2MoO4.2H2O 
	0.25 mg
	25 mg
	

	 CoCl2.6H2O 
	0.025 mg
	2.5 mg
	

	 CuSO4.5H2O 
	0.025 mg
	2.5 mg
	



	MS Vitamins 
	mg/l medium 
	500 ml stock (200X) 
	Amount (ml) of stock solution to use for 1 liter of medium  

	Thiamine (HCl) 
	0.1 mg
	            20 mg
	
5

	 Niacine 
	0.5 mg
	100 mg 
	

	 Glycine 
	2.0 mg
	400 mg
	

	 Pyrodoxine (HCl) 
	0.5 mg
	100mg
	

	Myoinisitol 
	50 mg
	    10000 mg
	



	Iron (each dissolved in 250 ml ddH2O)
	mg/l medium
	gm/500 ml stock (200X)
	Amount (ml) of stock solution  for 1 liter of medium  

	Na2EDTA
	37.25
	3.725
	
5

	FeSO4.7H2O
	27.85
	2.785
	








[bookmark: _Toc284804496]Appendix 2: Data showing percentage of explants rooted
	Plant Growth Regulator
	                  Shoots rooted (%)
	   Number of   shoot cultured

	IBA
	NAA
	Full MS
	Half MS
	1/3 MS
	

	0.0
0.05
0.1
0.5
1.0
1.5
2.5
-
-
-
-
-
-
	-
-
-
-
-
-
-
0.05
0.1
0.5
1.0
1.5
2.5
	    0
   33.3
   43.3
   46.7
   13.3
   33.3
   10
   13.3
   20
   23.3
   76.7
   56.7
   56.7
	6.7
20
10
76.7
73.3
56.7
16.7
26.7
30
80
43.3
0
0
	0
6.7
6.7
0
10
96.7
0
43.3
100
96.7
53.3
100
23.3
	30
30
30
30
30
30
30
30
30
30
30
30
30




[bookmark: _Toc284804497]Appendix 3: ANOVA table on effect of storage time on in vitro germination of E. kebericho seeds
	ANOVA

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Between Groups
	1560.194
	8
	195.024
	122.559
	.000

	Within Groups
	100.250
	63
	1.591
	
	

	Total
	1660.444
	71
	
	
	



[bookmark: _Toc284804498]Appendix 4: ANOVA table on the effect of cytokinins on shoot induction of E. kebericho from shoot tips
	ANOVA
	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Shoot number
	Between Groups
	3060.940
	10
	306.094
	44.330
	.000

	
	Within Groups
	2195.771
	318
	6.905
	
	

	
	Total
	5256.711
	328
	
	
	

	Shoot length
	Between Groups
	4.676
	10
	.468
	1.131
	.343

	
	Within Groups
	63.674
	154
	.413
	
	

	
	Total
	68.350
	164
	
	
	






[bookmark: _Toc284804499]Appendix 5: ANOVA table on effect Kinetin and NAA on shoot multiplication of E. kebericho from shoot tips
	ANOVA

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Shoot number
	Between Groups
	5208.952
	20
	260.448
	63.292
	.000

	
	Within Groups
	2506.033
	609
	4.115
	
	

	
	Total
	7714.986
	629
	
	
	

	Shoot length
	Between Groups
	127.936
	20
	6.397
	47.109
	.000

	
	Within Groups
	82.694
	609
	.136
	
	

	
	Total
	210.630
	629
	
	
	




[bookmark: _Toc284804500]Appendix 6: ANOVA table on effect BAP and NAA on shoot multiplication of E. kebericho from shoot tips
	ANOVA

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Shoot number
	Between Groups
	645.810
	20
	32.290
	28.681
	.000

	
	Within Groups
	685.633
	609
	1.126
	
	

	
	Total
	1331.443
	629
	
	
	

	Shoot length
	Between Groups
	44.134
	20
	2.207
	21.680
	.000

	
	Within Groups
	61.988
	609
	.102
	
	

	
	Total
	106.122
	629
	
	
	



[bookmark: _Toc284804501]Appendix 7: ANOVA table on effect TDZ and NAA on shoot multiplication of E. kebericho from shoot tips
	ANOVA

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Shoot number
	Between Groups
	5323.747
	20
	266.187
	51.028
	.000

	
	Within Groups
	3176.860
	609
	5.217
	
	

	
	Total
	8500.607
	629
	
	
	

	Shoot length
	Between Groups
	49.365
	20
	2.468
	30.102
	.000

	
	Within Groups
	49.936
	609
	.082
	
	

	
	Total
	99.301
	629
	
	
	










[bookmark: _Toc284804502]Appendix 8: ANOVA table on effect auxins and full strength MS medium on in vitro rooting of E. kebericho microshoots
	ANOVA

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Root number
	Between Groups
	26.754
	11
	2.432
	2.418
	.010

	
	Within Groups
	115.671
	115
	1.006
	
	

	
	Total
	142.425
	126
	
	
	

	Root length
	Between Groups
	259.945
	11
	23.631
	8.980
	.000

	
	Within Groups
	302.634
	115
	2.632
	
	

	
	Total
	562.579
	126
	
	
	



[bookmark: _Toc284804503]Appendix 9: ANOVA table on effect auxins and half strength MS medium on in vitro rooting of E. kebericho microshoots
	ANOVA

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Root number
	Between Groups
	109.518
	10
	10.952
	4.987
	.000

	
	Within Groups
	265.724
	121
	2.196
	
	

	
	Total
	375.242
	131
	
	
	

	Root length
	Between Groups
	150.411
	10
	15.041
	8.138
	.000

	
	Within Groups
	223.626
	121
	1.848
	
	

	
	Total
	374.037
	131
	
	
	



[bookmark: _Toc284804504]Appendix 10: ANOVA table on effect auxins and half strength MS medium on in vitro rooting of E. kebericho microshoots
	ANOVA

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Root number
	Between Groups
	914.799
	9
	101.644
	13.957
	.000

	
	Within Groups
	1099.673
	151
	7.283
	
	

	
	Total
	2014.472
	160
	
	
	

	Root length
	Between Groups
	579.185
	9
	64.354
	18.653
	.000

	
	Within Groups
	520.946
	151
	3.450
	
	

	
	Total
	1100.130
	160
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