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ABSTRACT 

klorphological and isozyme diversity study of 47 barley (Hordeum vulgare L.) populations 

that were collected fi'om 11 regions in Ethiopia was undertaken for this study. The 

populations with number of individuals ranging fi'om 43 to 45 per population, which make up 

a total of 2057 individual plants were evaluated for 16 quantitative and 14 qualitative 

IIIO/phological characters. Isozyme analysis was conducted using three enzyme systems: 

esterase (ES1), asparatase aminotramjerase (AA1) and leucine aminopeptidase (LAP) for 

seven barley populations selected after clustering them on mOlphological characters. Protein 

analysis was determinedjar 47 barley populations based on the Kjeldahl standard procedure. 

Several statistical methods' such as mean, coefficient of variations, estimates of heritability, 

genetic advance, correlation coefficients, cluster analysis, chi-square test, principal 

component analysis, discriminant analysis, correspondence analysis and Shannon-Weaver 

diversity index (H) were lIsed to estimate the mOlphological variatiol1. Analysis of variance 

showed that there were highly significant differences between populations. In principal 

component analysis the first five principal components were contributed 85.5% of the total 

variation. Discriminant analysis revealed that 45 populations out of 47 (95.7%) were 

correctly c1assjfied to their respective cluster. Correspondence analysis result indicated that 

the first five components or variables accounted for 89.15% of the total inertia while the first 

two axes retained 67.79% of the total inertia. The Shannon-Weaver diversity index (H') for 

individual characters, populations, altitudinal classes and regions were estimated. Based 011 

this, the H' value ranged ji'Oln 0 (monomOlphic) for awn colour and kernel cover to 1.0 

(highly polymOlphic) for flag leaf area. Region wise comparison displayed higher magnitude 

of differences. The variation rangedji'Oln H'=0.56 for Hararge to fJ'=O. 71 for ShelVa, Arsi 
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and Gojam. Among 11 regions, Shewa, Arsi and Gojam showed highest diversity index. On 

altitudinal base the highest diversity index (H'=0.74) was observed in altitudinal class of 

2501-3000 m asl. The overall mean diversity index for ilie present Ethiopian barley was 

estimated to be (H'=0.75). Phenotwic polymOlphism was observed for the esterase (EST) 

enzyme and there was no variatiol1 observed for Aspartate aminotlYlnsferase (AAT) and 

leucine aminopeptidase (LAP). Correlation between Sliannol1- Weaver diversity index of 

qualitative IJlOl]J/lO/ogical c/wracfers (flld isozYlIlcs' vui·hilro/ls ,,,,,llOwed sign(flc(lnl positive and 

negative association. When l' < 0.05 is used, the following character combinations showed 

significance. EST-l and Kernel colo III'; EST-3 and gillme hairiness; EST-4 and kernel colo III'; 

EST-2 and lodging; awn colo III' and glume hairiness; and flag leaf area and lodging. Est-3 

and gil/me hairiness, and flag leaf (//:ea and lodging are the character combinations that 

showed a negative significant correlation. Protein analysis of 47 barley populations was 

undertaken and the result showed highly significal1t differences between populations, 

altitudinal classes and regions. The present study indicated that regions with high diversity 

index (H') are more important for germplasm collection amlfor identification of suitable sites 

for in-situ conservation. 

Key words: Hordeum vulgare; Barley genetic diversity; MOIphological character; Isozyme; 

Protein 
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I. INTRODUCTION 

Barley (HordeulII vulgare L.) is a member of the tribe Triticeae of the grass family Graminae 

(Poaceae) and genus HordeulII L. (Berrie, 1977). It is a diploid species with 2n=14 

(Purseglove, 1972). 

It is one of the maj()r world cereal crops ranking fourth in the world coverage and production 

following wheat, corn and rice (Zohary and Hopf, 1988). And in Ethiopia, it ranks only third 

in terms of acreage after tef (Eragrostics tefJ and sOl'!shu.~ (Sorghum bicolour) (Engels and 

Hawkes 1991). 

Barley is an economically important and genetically well-studied crop. It is one of the oldest 

crops probably as old as agriculture. It is widely grown in many different climates. Major 

production areas are Europe, the Mediterranean fringe of North Afi'ica, Ethiopia, Near East, 

Russia, China, India, Canada, the United States and Australia (Nevo, 1992). 

Barley grows where,.other cereals cannot grow any more due to frost, salinity, and is for this 

reason important for traditional farmers that dwell in the marginal areas. It can be used for 

animal or human nutrition, but it is also of vital importil',lce for malt, i.e. beer and whisky 

production. Barley is popular as an experimental crop since it is easy to grow and 

autogamous, with many well-known specific gene effects (HaI'lan, 1976). 

Barley is a crop grown widely all over the world. Its worldwide acreage is over 76 million ha. 

which is 5.6% of the world area of arable land and 10.6% of the area occupied by cereals 



(FAO, 1991). In Ethiopia, the total area under crops was estimated to be 7. 56 million 

hectares. Out of which 5.6 million hectares are under cereal crops, among these, barley 

occupies an area of about 0.68 million hectares (CSA, 1998). 

Ethiopian barley possesses a wide range of diversity and there unique features. It has been 

investigated using morphological (Asfaw, 1988; Negassa, -I985a; Demissie and Bj0rstand, 

1996a), isozymes (Bekele, 1983b; Demissie and Bj0rstand, 1997), horde in (Asfaw, 1989a) 

polymorphism and R-andom Amplified Length Polymorphism (RFLP) markers (Demissie and 

Bj0rstand, I 996b). All of these studies show that the diversity index is very high. This is one 

of the indications that Ethiopia IS undoubtedly rich in .d~versity of barley that have great 

importance for many purposes. 

Although much of the diversity in agricultural crops is still in the hands of farmers, a lot of it 

has already been lost. The impact of the threat has also been extended to the traditional 

management systems of varieties of crops developed and used by the local people through 

generations. 

Generally, genetic erosion is caused due to diffusion of exotic seed varieties that has been 

displacing fanners' varieties. The pace of genetic erosion was tremendously increased after 

the seventies (Worede, 1988). 

The loss of genetic diversity may lead to increasing crop susceptibility to diseases, pests and 

environmental stresses. Gene banks have been established to provide plant breeders with the 
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genetic resources for dcveloping more resistant and tolerant crops that will maintain stable 

and high yield (Plucknett et al., 1987; Brown et aI., 1989). 

To -over come· such erosion, collection, characterization,.aJld conservation of germplasm are 

highly important. The Ethiopian region, often referred to as a major Vavilovian gene center 

and characterized by wider range of agro-elimatic conditions, would provide a considerable 

number of appropriate conservation sites. 

Currently, dynamic in-situ conservation of cultivated plants is being actively discussed as an 

essential conservation strategy. A dynamic on farm conservation is being implemented in 

Ethiopia and other countries and barley is one of the crops in foclls. To achieve a more 

efficient and comprehensive utilization of the conserved wild gene pool, it is essential to be 

able to pred ict, screen and evaluate promising genetic resources in natural populations and 

geliotypes, thereby optimizing breeding. 

More genes for better agronomic characteristics, disease resistance, earliness, good quality, 

and higher biological yield are necessary for further progress in barley improvement. The 

availability of such genes depends on the identification of areas of concentration for various 

characters of agronomic value. The identification of these sites has paramount importance for 

the collection mission and appropriate in-situ conservation .site selection. Choice of sites for 

in-situ conservation may depend on high diversity estimates based on markers and on 

knowledge of adaptive traits linked to certain ecological conditions (Negassa, 1986; Demissie 

and Bj0rstand, 1996a) 
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In addition, prior knowledge of the nature and extent of genetic variation is crucial since 

successful conservation and utilization of gennplasm depends on the proper assessment of 

variation within and among populations (Tesemma and Belay, 1991). 

However, most recently collected and preserved badey landraces, at the Institute of 

Biodiversity Conservation and Research (IBCR) are not yet studied for their genetic diversity. 

Hence, this study was carried out with the following objectives. 

OBJECTIVES 

The general objective of the study was to generate information on divel'sity covering various 

morphological and biochemical characters of barley landrace of Ethiopia. 

Specific objectives 

to evaluate the diversity of recent collections of barley (since 1980) based on 

morphological characters and biochemical characters (isozymes) 

to study the distribution of morphological and biochemical characters with respect to agro 

ecology, provenance, etc. 

to identify sites of high genetic diversity which could help III the identification of 

additional on-farm in-situ conservation sites. 

to study the relation between morphological and biochemical characters and compare 

them with the results obtained by previous studies. 
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2. LITERA TlJRE REVIEW 

2.1. Origin and taxonomy of barley (Hordeum vulgare L.) 

Barley belongs to the genus Hordeum L. in the tribe Trilceae of the family Poaceae 

(Gramineae). The genus HordeulII is a distinct genus in the tribe, well distinguished by its 

three one- flowered spikelets at each rachis node. The genus, HordeulII, is a relatively small 

genus with about 28 species distributed over wide geographical areas and diverse ecological 

habitats (Bothmer el al., 1981). 

Domestication of wheat and barley probably took place prior to 7000 B.C. in the region of 

the Near East known as " Fertile Crescent". The Fertile Crescent includes parts of Jordan, 

Lebanon, Palestine, Syria, Southeastern Turkey, Iraq, and Western Iran. The wild progenitor 

of cultivated barley (Hordeum vulgare subsp. sponlanelllll) is still widely distributed along the 

Fertile Crescent, particularly in the driest areas (Harlan and Zohary, 1966). Archaeological 

evidence indicates that hulled two- rowed barley was found to be one of the first crops 

brought to domestication. According to Harlan and De wet (1971), the earliest archaeological 

findings of barley date back to 8000 to 7500 B.C. in Mureybit, Syria. 

According to the archeological findings, fully domesticated two-rowed barley appeared 

around 7000 B.C., whereas both six-rowed and naked types appeared by 6000 B.C. The sites 

of early cultivation do not completely match with the present distribution of the wild type, H. 

valgare subsp. sponlaneulII, but this might have been the case during the times of 

domestication due to climatic change (Holm and Frost, 1981). The introduction of barley in 
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Ethiopia, where it evolved to a secondary center of diversity is considered to be from the 

iI'liddle East about 5000-6000 years ago (Harlan, 1971). Since then, the crop has diversified 

and formed unique morphotypes including the irregular and deficiens types. 

2. 2. Distribution and importance of barley (Hordeum vulgare L.) in 

Ethiopia 

Barley (H vulgare L.) is one of the oldest cultivated plants that has been grown in Ethiopia 

for_at least 5000 years (Harlan, 1968). Barley is cultivated in every region of Ethiopia and 

demonstrates a wide ecological plasticity and physiological amplitude throughout the country 

(Asfaw, 1988; 1989b; Lakewetal., 1996). 

The most important barley producing regions are Shewa, Arsi, Gojam, Gonder, Wollo, Bale, 

and Tigray, which account for more than 85% of the total production (Yirga et al., 1998). 

Barley is produced twice annually, i.e. during the main season, "meher" and the short rainy 

season, "belg". "Belg" barley is important in Wollo, Bale and North Shewa (Yirga el al. 

1998). Barley can be cultivated at altitudes between 1500 and 3600 meters above sea level, 

but is predominantly grown between altitudes of 2000 and 3000 meters above sea level 

(La_kew et al., 1996). The higher preponderance of some morphotypes (six- rows, naked 

caryopsis types, dense spikes at higher altitudes, other types (two-rows, lax types), and some 

hordein polypeptide patterns at lower elevations are documented (Asfaw, 1988; 1989b). 

Differential distribution, including abundance of primitive flavonoid patterns (Bekele, 1983a), 

resistant genes (Negassa, 1985a) and phenotypes and diverse molecular markers has been 
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reported (Asfall', 1988; Dcmissie and Bj0rstand, 1996a, 1997). Difference in frequency of 

isozyme phenotypes were observed among populations within regions and between regions 

ano the distributions of alleles varied from region tOJ:<;:gion and from locality to locality 

(Bekele, 1983b). Within the general barley growing areas, there are pockets where some 

morphological and chemical groups concentrated. While some barley morphotypes are widely 

distributed, others are restricted to narrow ranges (Asfaw, 1990). 

2. 3. Genetic diversity 

Ethiopia is a major center of genetic diversity for many important domesticated crop species 

such as sorghum, barley, tef, chickpea and coffee. The existence of genetic diversity has 

special significance for the maintenance and enhancement of productivity in agricultural 

crops in a country like Ethiopia, which is characterized' by highly varied agro-climates and 

diverse growing conditions. Such diversity provides security for the farmers against diseases, 

pests, drought and other stresses (Worede el al., 2000). 

Genetic diversity is not evenly distributed within the geographical range of the species gene 

pool. This has been recognized since Vavilov work in the 1920s and has been demonstrated in 

many studies. Some unique alleles occur in some regions"but not in others. Some of the 

heterogeneity in the distribution of variation is explained by migration or chance factors such 

as founder effects alld genetic drift (Demissie, 1996a). Within the general barley growing 

areas there are pocket areas as shown for Jibat ancl Mecha (Shewa), where some 
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morphological and chemical groups that can guide the development of conservation strategies 

are concentrated (Asfaw, 1990). 

N.!. Vavilov was one of the early plant collectors who is credited for setting the phyto­

geographic basis for plant exploration and collection. It was after him that plant breeders 

became aware of the fact that variations were not evenly distributed throughout the world but 

rather confined to relatively restricted geographic regions or centers. Vavilov proposed that 

the centers of diversity are the centers of origin of cultivated plants. In general, the place of 

origin of a species of cultivated plant is to be located in areas, which contain the largest 

variation of the plant in question. This concept is based on the assumption that selective 

forces of the environment are uniform' and of equal intensity throughout evolutionary history 

of a given plant. Thus the longer the plant occupies an area, the greater would be the variation 

(Zohary, 1970). 

Orlov (1929) recognized the uniqueness of Ethiopian barley as a marked ecological type 

significantly differing from the European and Asiatic types. Owing to the conspicuously large 

morphological variations, it was thought that Ethiopia was the center of origin of cultivated 

barley (Vavilov, 1926). Vavilov initially considered Ethiopia as the center of origin for barley 

but later as a secondary center of diversity due to the absence of the wild progenitor in the 

regIon. 

According Bekele (1985), there are different forces that maintain barley polymorphism in 

Ethiopia such as balance between mutation and selection, balance between selection and 

migration, the heterogeneous environment, natural polymorphism, frequency dependent 
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selection, and transient polymorphism among the forces. It appeared that the question of the 

center 0 f origin of barley had been settled some how (Zohary, 1964; Harlan, 1971), based on 

the simultaneous occurrence of the progenitor or rather, wild relative (HordeulIl sponlaneulIl 

C. Koch) of barlcy with the cultivated barley and archeological evidence of antiquity in the 

fertile crescent. Ethiopia was considered as a center of diversity of barley, but not of origin, 

because of the absence of the wild relatives of barley, H sponlaneulIl C. Koch (Schiemann, 

195 I; Harlan 1971). It also appears, according to Harlan (1971) that the occurrence of a wild 

relative, pel' se, is not enough to define a center of origin for a crop if the wild relatives are 

widely spread and there is a lack of variability in the cultivated crop. 

However, in recent studies some evidence has been presented to suggest that Ethiopia might 

be a center of origin. Bekele (1983a) challenged the single origin hypothesis, arguing that 

based on barley flavonoid data, it is highly plausible that sponlaneulIl gene was introgressed 

and gradually swamped up into vulgare gene pool in Ethiopia. Based on the c1inal variation 

and concentrations of some characters including genes for disease resistance, a particular 

restricted area can be defined as a center of diversity and origin of barley in southern Ethiopia 

in accordance with the current concept of the center of origin and in the sense of the word 

'Center' itself. This is the Arsi-Bale highland, where barley grows from an altitude of 1600 m 

asl to above the timber-line. The important roles played by barley in the cultural and religious 

aspects of the local population, the Oromo people have been discussed by several authors 

(Gugsa, 1975; Hassan 1983 both cited in Negassa, (1985a). 

For the genetic variation of cultivated barley (HordeulIl vulgare L.) the wild progenitor 

(HordeulIl sponlaneulIl) has significant contributions that are economically important. Some 
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of the traits includc earliness, high yicld, biomass, resistant genes for abundant genetic 

variation against physiological stress such as drought and salinity (Nevo el 01., 1984). 

Ethiopian barley genetic diversity is not evenly distributed within the geographical range of 

the species gene pool. The genetic diversity of this crop exists in many environments but, its 

continuity is particularly observed in marginal areas (mountains) due to the well-marked 

environmental change over small distance, seasonally and in isolation between the production 

zone. 

The theory of fitness suggests that the amount of genetic variation could be an indication of 

adaptation to environmental heterogcneity, and uncertainty giving rise to habitat generalist 

populations (Bekele, 1983b). The numbers of alleles in a pOjJulation could be used to estimate 

the relative potential of the population, as a high number of alleles increase the potential for 

the production of genetically diverse and adapted phenotypes, allowing their durability in 

changing environments (Bekele, 1983b). He also showed that there is genetic variation in 

Ethiopian barley land races within localities (44.85%);·bctween localities (20.13%), within 

areas (18.7%) and within region (16.31%). He also indicated that the contribution of such 

variation is different from locus to locus. The magnitude of contribution of different 

components of the hierarchy to the total gene diversity varies from region to region and 

indicates differences in conservation strategy to be developed. 

The genetic diversity has been proposed as a common ··ftlctor on different environmental 

response in greater release of variability from biparental crosses and in the heterosis of FJ 

hybrids. The practical value of genotype-environment interactions in cross hybrid can be 

tested concerning genetic relationships ofparellt cultivars (Habgoods, 1983). 
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Genetically, cultivated barley and its wild relatives have no barrier between them and hybrids 

are fertile, and this close relationship makes them the same species Hordelllll vulgare L. 

(Bothmer el a/., 1981). This is supported by the fact that Ethiopian barley landraces hybridize 

with the wild barley relative (HordeulIl sponfaneulIl C"Koch), and that the resulting hybrids 

develop normally with full variability and high seed production with average seed set of 37% 

and 24 % with two-rowed barley and with the six-rowed barley, respectively (Asfaw and 

Bothmer, 1990). 

In fact, the large genetic diversity of Ethiopian barley landraces could be due to the diversity 

in soils, climate, altitude and topogi·aphy together with_geographical isolation for longer 

periods (Harlan, 1968). These environmental stresses play significant role for the 

diversification through evolutionary process (I-larlan, 1968). 

Tile relation of morphological diversity of barley with_biochemical components like hordein 

polypeptide, flavonoid are some of the important indications of Ethiopian barley diversity. 

The distribution and pattern of arrangements of hordeins were different. Based on this the 

chemical analysis using hordein polypeptide variation has been applied to the systematic of 

Ethiopian barley (Asfaw, 1989a). 

I'urthermore, the spike row numbers have shown signific_unt correlation with flavonoid "B" 

pattern that is more common in six-rowed than two-rowed barley (Frost ef a/., 1975). The 

correlation between· frequencies of flavonoid patterns and morphological means showed that 

the "C" pattern is positively correlated with number of seeds but negatively correlated with 
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sterile florets. This advantageous relationship might be the reason for prevalence of "c" 

patterns in Ethiopian barley (Bekele 1984). Therefore, the implication of environmental 

influence on the number of morphological characters and correlation between morphological 

characters and bio~hemical components, clearly indicate the presence of diversity in 

Ethiopian Barley. 

Morphology is significantly associated with altitude for individual characters such as rachilla 

hair type, spike length, and spike density, spike row number and caryopsis type (Asfaw, 

1989b). Some characters are strongly associated with high altitude and others with low 

altitude. In high altitude of southeast part of Ethiopia, the spike density, short spike length and 

six-row type are highly diverse (Asfa\v, 1989b). According to Negassa (l985a), the six-row 

type is concentrated in Arsi-Bale highlands because of their genes for frost resistance, it also 

appears that the short spike phenotypic class «1 Ocm) is frequent at higher altitudes (>2400 m 

asl) in Arsi and of this about 12% are dense. 

Furthermore, the major assessment of DNA polymorphi~!R in Ethiopian landraces of barley 

shows the amount of variations in different genotypes, popUlations, geographical regions and 

altitudinal classes and agro-ecological zones (Demissie and Bj0rstand, 1996a). 

Estimates of genetic diversity of Ethiopian barley using biochemical analysis give more 

reliable information about the genetic variability. Bekele (I 983a) studied esterase (four loci) 

and acid phosphatase (one locus) of the genetic relation of 158 landrace populations of the 

barley from 19 regions of Ethiopia and showed the presence of genetic diversity between 

different regions that can be used for in-situ conservation. Protein markers, such as isozyme 
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variants of the esterase) have been employed for this purpose in barley (HardeulIl vulgare) 

population studies (I-Iavid and Nieisen, 1977. In addition, the analysis of variability of genes 

indicating six isozyme system (15 loci) and two storage proteins (2 loci) of landrace barley 

from Ethiopia also indicated that the genetic variability is concentrated at some geographical 

regions (Demissie and Bj0rstand, 1997). 

The estimate of genetic diversity using the level of DNA diversity were weakly correlated 

with morphological and isozyme variations more with population than with region. The DNA 

variation was the highest in (2500-3000 m as I) altitude areas especially in Arsi-Bale, Shewa 

and Gamo Gofa regions suggesting the importance of these regions based on DNA 

polymorphism (Demissie and Bjorstand, I 996b). Furthermore, these authors showed that the 

RFLP level of polymorphism (84%) suggested the presence of large DNA variation in 

Ethiopian land race barley. In general the results obtained from estimation by using marker 

systems such as morphological, isozyme and adaptive traits provide valuable database for 

creating a core collection for determining sites for intensive germplasm sampling and in-situ 

conservation for Ethiopian barely. 

According Demissie and Bj0rstand (1997), the relationship between the morphological 

diversity and the genetic diversity measured by isozymes was examined. A correlation 

between morphological diversity estimates (Shannon-Weaver diversity index, I-I') and 

expected heterozygosity estimates (H) at population level is low (I' = 0.006), indicating the 

absence of biochemical and morphological data associations. On the other hand, Bekele 

(1984) reported that number of tillers and plant height; number of tiller and kernel weight; 

plant height and spike length; spike length and number of seeds; spike length and acid 
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phosphatase locus I; number of seeds and kernel weight; ket'nel weight and rachilla hairiness; 

kernel weight and esterase D locus; row number and esterase A locus; glume hairiness and 

rachilla hairiness; glume hairiness and esterase C locus; and esterase A locus and esterase C 

locus showed significance by spearman's rank correlation coefficients. Kernel weight and 

rachilla hairiness are the only character combinations that showed a negative significant 

correlation (p::: 0.05). 

The relationships of morphological diversity of barley with biochemical components like 

~ 

hordein polypeptide and flavonoid variation are some of the important indications of 

Ethiopian barley diversity. The distribution and pattern of arrangements of hordein were 

different. Based on this the chemical analysis of horde1r;'polypeptide variation has been used 

for systematics of Ethiopian bariey (Asfaw, 1989b). The different analyses indicated that the 

variation in barley spike morphology and hordein polypeptide patterns share some features. 

However, the magnitude of association varied among characters, the highest being for rachilla 

hair type (46%) and the lowest for the caryopsis type (34%) (Asfaw, 1989b). Therefore, the 

observed association could have resulted from linkages between genes for certain 

morphological features and a given hordein pattern or from accumulation either randomly or 

by selection of genes for a certain morphological feature to a given hordein pattern. 

2. 4. Importance of genetic diversity 

!'Iant genetic resources are the total genetic diversity of cultivated species and their wild 

relatives. Plant genetic resources constitute the building blocks of all modern plant breeding: 
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they form the raw material from which nell', more resistant and high yielding varieties have 

been systematicall)'~bred to meet the growing need for more food. These traditional gene 

pools are individual assets to the welfare of mankind and should be preserved, both for 

current use and posterity (Wore de, 1988; Engles and Hawkcf;, 1991). 

It is highly prized for their potential value as sources of important variations for crop 

improvement programs. Populations of these various forms of plant species also represent 

sources having the greatest potential for genetic diversity and can, therefore, serve as 

invaluable means to fill the gaps that still exist in the available base of genetic diversity in the 

world collection of many major crop species. Among the-·most important traits, which are 

believed to exist in these materials 'are earliness, disease and pest resistance, nutritional 

quality, resistance to drought and other stress conditions and characteristics especially useful 

in low input agriculture. Other important sources of germplasm include obsolete cultivars, 

varieties or cultivars in current use, breeding linessnd- special genetic stocks normally 

maintained by breeders (Worede, 1988). 

Genetic diversity also allows fanners to exploit the full range of the countries highly varied 

l11icroenvironments differing in characteristics such as soil, water, temperature, altitude, slope, 

and fertility. Diversity among species is especially significant to Ethiopia as it represents 

important resource to subsistence farming communities throughout the country (Worede el 

al., 2000). 

15 



2. 5. SOllrces of diversity 

Variation is just another way of saying differences existing among individuals. It is generally 

defined according to the population of individual characters. The large variation in Ethiopian 

barley (Hordeum vulgare L. subl>YJ. vulgare) has been reported by different researchers. The 

country's heterogeneous environment coupled with the high altitude and its low latitude 

tropical position are frequently cited as main reasons for barley diversification in the 

Ethiopian region (Simoons 1965 cited in Asfaw, 1989b). These heterogeneous environments 

are believed to provide ample microniches favorable to new recombination, compared to 

more uniform environments. In addition to this, the increased mutation rate on highlands 

because of ultraviolet rays and temperature shocks (Schiemann, 1951), frequent hybridization, 

accumulated mutations and disruptive selection (Negassa, 1985a) are considered as the most 

probable causes of genetic diversity of barely in Ethiopia. Furthermore, the anthropogenic 

factors which are involved in the past and present history of agricultural systems, socio­

cultural factors, and the process of domestication playa significant role for the diversification 

(Asfaw, 1989c). 

The variation of Ethiopian barley is caused by several factors that bring significant 

diversification. The processes of hybridization caused somatic and meiotic chromosome 

number variations in the hybrids that were obtained from the cross between Hordeum vulgare 

with wild HordeulIl species (Bothmer el al., 1983). The heritability estimates suggested that 

cffectiveness of single plant selection would be greatly based on grain number per ear 

(Habgoods, 1983). Therefore Ethiopian barley today is a cumulative result of natural process 
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superimposed by conscious selection. Thus thc accumulatcd long-term effect of mutations, 

hybridization, gene recombination and natural selection have ultimately led to the 

proliferation of morphological, genetic and biochemical groups that prevail in barley forms 

(i\sfaw, 1989c). Accordingly, Asfaw (1989c) categorized the main factors that are belicved to 

havc bcen responsible for diversification of barley into three:. 

I. Conducive environment: - heterogeneous, favorable for mutations 

2. Biological process: - selfing and outcrossing, disruptive selection, outcrossing and 

-predominant and combined selfing 

3. Anthropogenic factors such as domestication process (primitive agricultural system, 

agglomeration of types in a field mid deliberate selection) and social lactor (social values 

as criteria for selection, ethnic diversification, diversified uses and association between 

barley types and uses). 

It is further commented that, of the above, anthropogenic lactors probably elaim more 

contribution to the morphological variation as they are easily influenced by cultivators. In 

addition, Harlan e/ al. (1973) showed that landraces evolve and adapt to particular ecological 

zones and geographical regions. 

2. 6. Importance and utilization of barley in Ethiopia 

8arley is grown primarily for local food and beverage consumption. For small-scale highland 

lanners, barley is the predominant subsistence crop (Asfaw, 2000). 
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The mode of consumption and overall barley utilization was studied by Asfaw (1990). 

According to this report in Ethiopia the highest level of barley consumption is in highland 

areas where it is widely cultivated, accounting for the bulk of the total crop harvest. It is 

further shown that consumption begins at milky stage of grain maturation when youngsters 

remove the awns frol11 the green unripe spikes, crush them between the palms, blow away the 

fragments of the rachis and glume, and consume the tastYjraw green grains in the field in 

limited quantities. Such unripe spikes may also be green-roasted over fire. Similarly, a sheaf 

of ripe barley can be roasted in the tire, crushed between the palms and the grains eaten as a 

supplementary or "waiting" food. As for the type of total food preparations, it is shown that 

different kinds of bi'ead, dough balls, porridges, soup ancLgruel are made in every household 

from any barley type, but there are preferred types for different food categories. Concerning 

drinks the study showed that many alcoholic and non-alcoholic local beverages are brewed in 

the household from barley grains for daily consumption or for holidays and celebrations. It is 

also used for cultural purpose. The Oromo people, for instance, consider it the holiest of all 

crops; their songs and sayings often feature this "King of grains". It has magnificent 

relationship with the culture, such as the gada system, Alete and marriage traditions. The 

barley straw is used in the construction of traditional huts and grain stores either as thatching 

01' as a mud plastel~The barley crop residue is used as fodder mainly for bovine cattle and 

equine. The small grain that fail to fill up and those crushed in the process of threshing and 

consequently mix with the chaff are kept aside for· c.hicken feed (and sometimes small 

ruminants and riding horses 01' mules) by some families. Some badey types are purposely 

cultivated for their special uses (e.g., partially naked type for roasted grain) while many other 

are more of multipurpose types (Asfaw, 2000). 
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2. 7. Some featul'es of Ethiopian barley 

The Ethiopian barley has many distinctive features. Theym-e mostly two rowed (including the 

deficient type) with lax to intermediate spike with mainly white to brown and black colour 

kernel although the six-row type is predominant type mainly in the highland areas. The 

Ethiopian landrace barley is distinctive in the short-rachilla hair and long barbed awn. Some 

landrace populations have shown useful traits, especially for resistance to powdery mildew 

(Negassa, 1985b), barley yellow dwarf virus, leaf rust, septoda, scald, spot blotch, loose smut, 

barely septoria mosaic virus (Qualset, 1975) and qualitytl-aits such as high protein content 

and high lysine (Munck el a/., 1971). Another example supporting the remarkable status of 

the Ethiopian barley is given by Frost, el at. (1975); Bekele (1984) found a pattern C of 

Oavoniods that was almost confined to Ethiopia. Useful characters of Ethiopian barley, 

includes high tillering capacity, tolerance to marginal soil-conditions and resistance to barley 

shoot fly, aphids and frost. Vigorous seedling establishment and quick grain filling period 

have also been observed (Gebre and Alcmayehu, 1991). The crop tends to show sensitivity to 

lodging because of lack of straw strength and excessive straw length. Due to undesirable 

straw charactedstics, and in some fragile rachis, they tend to display low grain to straw ratio 

(Gebre and Alemayehu, 1991). 
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2. 8. Genctic cl'osion 

Genetic erosion has- been variously defined as the loss of genetic variation like so many 

tangible and intangible assets that make up the framework of our life on the earth. Genetic 

-

variation is the foundation of evolution. Evolution isthc-basis for continuation of all life 

forms. However, variation is being narrowed as a result of various agents of genetic erosion. 

Human activity is the most important factor threatening biological diversity. 

At present the existing broad range of genetic diversity, particularly that of primitive and wild 

gene pools is being rapidly depleted, displaced or abandoned due to many and complicated 

reasons. These include displacement of indigenous land races by new genetically uniform 

varieties; change and displacement in agriculture or land use, problems like drought, 

displacement or loss of wild gene pool, habitat disappearance, genetic vulnerability and 

various factors related to the national breeding program and other related activity also directly 

or indirectly attributed to persistent loss of genetic resources, narrowing down of genetic base 

or even genetic wipe out (Worede, 1988). 

The extent to which the displacement of native seeds by exotic or improved materials occurs 

in Ethiopia has not been fully documented. Rates of displacement vary depending on regions 

and crops. In many cases, fanners still plant both native and exotic types interchangeably or 

along side each other, at times in mixtures, depending on their particular needs, market 

demand, or other prevailing factors (Worede e/ al., 2000). 
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In general, native barley and durum wheat are among the crops most threatened by ncw 

varieties and/or by other crop species such as tel' and bread wheat, which are expanding with 

the cereal growing highlands of the Shewa, Arsi, and Bale regions, largely because of greater 

market demand (Worede el al., 2000). Broadly speaking factors of genetic erosion can be 

grouped into two catcgorics, man-made and natural factors. 

2. 8. 1. Natural factors 

Droughts contribute to the genetic erosion of both cultivated and wild species. In recent years 

recurrent droughts had led to complete crop failure and subsequently a displacement of local 

cultivars. The reduced morphological diversity and isozyme polymorphism recorded could 

partly by associated with this particular natural phenomenon, although other factors (founder 

effect/genetic drift, etc) might be involved. Furthermore, natural selection as a result of 

repeated moisture stress would undoubtedly eliminate non-drought tolerant genotypes that 

might have other potentially desirable attributes (Demissie, \996a). 

Insect pests especially locusts and armyworm can cause considerable crop losses. Several 

regions have had problems associated with this in the past,Jloods and other natural calamites 

have been cited as possible causes of genetic depletion. Forest fire can also be a cause of 

genetic erosion primarily when followed by other stress factors (Demsisie, I 996a). In Bale 

the major constraints to barley production are barley shoot fly (Delia aralllbollrgi), frost, 

moisture stress, net blotch (Ueiminihosporilllll leres), rust (Pliccinia hordei), smuts (Usli/ago 

hordei), and scald (Rhynchosporilllll seC(tlis) (Gebre el al., 1996). 
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2. 8. 2. Man-made factors 

The transformation of agriculture from traditional farming systems to modern types has been 

instrumental in genetic replacement of old and diverse cultigenes. Although this process is not 

widespread at present, substantial replacement is recorded in many regions in the country. 

The large state farms that utilized highly uniform varieties have directly or indirectly 

contributed to genetic losses (Oem issie, 1996a). 

Barley growing areas gradually diminish due to the expansion of wheat cultivation and oats in 

some places. Presently the crop is pushed to marginal areas (to high altitudes and where frost 

prevails) and threatened by genetic erosion. Therefore, rare morphotypes are declining in 

fi'equency of occurrence through time, According to Asfaw (1988), some morphotypes which 

were reported by Orlov in the 1920s to occur in abundance in a given region or locality were 

either never encountered or found only as rare admixtures, 

2. 9. Maintenance of genetic diversity 

The objective of conservation is to conserve maximumd~w~rsity within each species to ensure 

that its genetic potential will be available in the future, Ideally all plants should be conserved 

as evolving populations in their natural ecosystem (Demissie, 1996b), 
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The importance ofcrop genetic resources and threats to them has led to the creation of 

conservation programs to preserve crop resources for future generations. One type of crop 

genetic conservation is ex-situ maintenance of genetic'i'esources in gene banks, botanical 

gardens, and agricultural research stations (Plucknett et ai., 1987). Another type is in-situ 

maintenance of genetic resources on farm in natural habitats (Brush 1991; Maxted et ai., 

1997). In actuality, two types of in-situ conservation can be distinguished. First, in-situ 

conservation refers to the persistence of genetic resources in their natural habitats, including 

areas where everyday practices of fanners maintain genetic diversity on their farms. This type 

is a historic phenomenon, but it is now especially visible ih regions where farmers maintain 

local, diverse crop varieties (land races), even through modern, broadly adapted or higher 

yielding varieties are available (Asfaw,'2000). 

Second, in-situ conservation refers to specific projects iria-programs to SUppolt and promote 

the maintenance of crop diversity, sponsored by national governments, international 

programs, and private organizations. In-situ conservation programs may draw on the 

existence and experience of the first type but they are designed to influence farmers in the 

direction of maintaining local crops by employing techniques that may not be local. This type 

of conservation faces daunting tasks. It must cope with continued social, technological, and 

biological change while preserving the critical elements orcrop evolution-genetic diversity, 

farmer knowledge and selection, and exchange of crop varieties (Brush, 2000). In-situ gene 

conservation also is' used to provide information on how a population of plants becomes 

adapted to different regions. This in turn could be used to utilize the new derivatives of 

existing variability in the improvement of crops (Bekele,rgSS). 

23 



111- situ conservation of domesticated plants is defined as the maintenance of traditional 

cultivars or landraces 111 the surroundings to which they have adapted, or in the fanning 

systems where they have acquired their distinctive characteristics. In-situ conservation of 

landraces is seen as " evolutionary conservation". In-situ conservation will help sustain the 

evolutionary systems that are responsible for generating genetic variability and provide, 

therefore, available option for conserving crop diversity (Worede, 1991). For genetic 

conservation work, measures of genetic variability and its pattern of distribution are essential. 

At present the genetics of resistance is studied together with that of the parasite and pathogen 

in order to explore more fully the genetic basis of the interactions in which host and parasite 

as well as pathogens are involved. This should be taken up in relation with the problems of 

genotype-environment interactions. Tlie complex genetic build-up should be the basis for 

plant breeding procedures and also suggest the value of in-situ gene conservation (Bekele, 

1985). Maintaining this dynamic process is especially significant in regions of the country 

subject to drought and other stresses, because it is under such environmental extremes that 

variations useful for stress- resistance breeding are generated. In the case of diseases and 

pests, this would allow for on going host parasite co evolution. The ability of landraces to 

survive under stress is conditioned by a broad genetic base, inherent to landrace populations 

(Worede et al., 2000). 

Both in-situ and ex-situ methods of conservation have their own problems and drawbacks. 

The drawback in ex-situ conservation strategy is that seed storage freezes the evolutionary 

process by preventing the evolution of new types or levels of adaptations. There may be loss 

of the material due to degeneration and it is associated with high cost, which is not affordable 

by developing countries. 
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2. 10. Marker systems used in the present study 

2. 10. 1. Morphoiogicaimarker 

Morphological characters have traditionally been used as a basis for classification since the 

early days of taxonomy and overwhelming reliance is still placed on morphological traits to 

produce practical classifications. Practical consideration so far demanded that any genetic 

constituent to be expressed morphologically for identification and characterization of plant 

germplasm. There are two sets of data generated in gene banks: Characterization and 

evaluation data. Characterization includes those traits that are highly heritable, can easily be 

seen by the eye and equally expressed in all environments. Furthermore, a limited number of 

additional traits that are thought desirable can be included in the characterization work. On 

the other hand, evaluation involves traits that are susceptible to environmental differences but 

generally useful in crop improvement (Demissie, 1996a). 

2. 10.2. Biochemicaimarker (Isozyme) 

Isozymes are excellent tools for biochemical and genetical studies. The characterization and 

identitication of isozymes is carried out on the basis of the phenotype of electrophoretic band 

patterns and these patterns can usually be interpreted in terms of loci and alleles. These 

qualities make isozymes one of the most ideal marker systems in popUlation studies, 

especially in assessing variation within and among populations (Demissie, 1996a). The 
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capacity to scc allelic variation at isozyme loci has revolutionizcd research in thc field of 

biochemical genetics and evolution. This variation, called aliozymic polymorphism, has been 

uscd in plants to exam inc genetic processcs at every stage of the life cycle and ascertain 

genetic diversity in all major crops as well as many other species (Wendel and Weeden, 

1990). Allelic variants of genes that encode isozymes are useful in many basic and applied 

investigations of crop species. 

Isozyme variations have been used as markers to detect and map genes controlling 

quantitative traits. The relationships between characters determined by major and minor genes 

on the one hand, and morphological variation and enzyme variations on the other hand, are 

not always clear. This is partly due to the genetic backgmunds and the gene expression of the 

two classes of genes being confounded with various ecological variables (Bekele, 1984). 

This marker system has advantage in that it is not affected by environmental condition, allelic 

differences are always reflected in terms of mobility difference. Like other marker systems, 

isozymes have some shortcomings. Not all genetic changes occurring at DNA level is 

detected at protein (isozyme) level and polyploidy is quite-a common phenomenon in plants 

and caution is required. 
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3. MATERIAL AND METHODS 

3. 1. Morphological study 

3. 1.1. The study area 

The study was carried out at Sinana Agricultural Research Center, which is located 7° 7' N 

latitude and 40° 10'E longitude in the Oromia Regional State of Bale Zone. Sinana 

Agricultural Research Center is specifically located at 463 Km South east of Addis Ababa and 

33 Km from Robe 'Capital of Bale Zone, on the way to Goro and Sofumer Cave. The 

Elevation is 2400 m asl and characterized by gentle slope. The soil type is vertisol and is 

slightly acidic (pH 6.2). As far as chemical composition of the soil is concerned a total N 

content of 0.243%, available P 30 PPM, K value of 240 mglkg soil and CEC of 64 Meg/kg of 

soi I has been reported (Ethicha, ef a1., 1998). The experimental site is located in the area 

where barley is important. 

3. 1.2. Weather condition of the season 

Sinana Research Center represents a high altitude with high rainfall distributed bimodaly. 

Total annual rainfall amounts over ten years ranges from 750-1 OOOmm (average 860mm). The 

average annual maximum temperature is 21°C while that of minimum temperature is 90C 

(Ethicha ef a1., 1998). In the experimental season (Aug~:&t- 2000-January 2001), the total 

rainfall amount was 421 111111 and ranged from 0.0 to 116.8 111m per month. The average 

minimum and maximum temperatures were 9.4 °c and 20.3 °c, respectively (Appendix I). 
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3. 1. 3. GermplasllI Acquisition 

Barley gennplasm materials for this study were provided by the Institute of Biodiversity 

Conservation and Research. The accessions were collected from II regions of Ethiopia, 

whtch have altitudinal ranges between 1610 to 3600 m,a:'l, collected from 1980 to 1993. A 

total of 47 barley populations were used for the study. Selection of the populations for the 

study was based on altitude and region. Genetic variability of barley collected from different 

parts of Ethiopia has been studied by several investigators (Bekele, 1984, Negassa, 1985c, 

Demissie and Bj0rstand, 1996a). Some of the materials that are used in this study were also 

collected from the regions and altitudinal ranges covered by previous studies. Appendix 2 

shows the list of accessions, origin and altitude of the populations used for this study. 

3. 1. 4. Experimental procedUl"es 

The experiment was laid out in randomized compleie"b-lock design (RCBO) with three 

replications in single row of 3 m length. The spacing between plants was D.lm and the 

spacing between rows and replication were 4 m and 1.5 m, respectively. Twelve to 15 

individual plants per population, and a total of 2057 individual plants were evaluated for the 

following agronomic characters using the International Board of Plant Genetic Resources 

Descriptors for barley (IPGRI, 1994). 

I. Days to heading (DR): - the number of days from plantiiig up to heading 

2. Grain filling (GF): - the number of days from heading up to physiological maturity 

3. Days to maturitY (DM): - the number of days from planting up to physiological maturity 
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4. Tiller number (TN): - the actual count of the fertile number of tillers (spike bearing) 

5. Node number (NN): - the actual count of the number of nodes of the mother plant 

6. Plant height (PH): - height of mother plant before maturity, the distance between the 

ground levello the tip of the terminal spikelet in cm. 

7. Spike length (SL): - distance from the base of the spikno the tip of the highest spikelet 

(excluding own) in cm. 

8. Awn length (AL): - distance tl·om the tip of the spike to the end of the awn. 

9. Number of spikelet per spike (NSPS): - the actual count of the number of spikelet of the 

mother spike 

10. Number of kernel per spike (NKPS): - the actual count of the number of seeds (kernels) 

of mother plant 

1 I. Yield per spike (Y IS). The dried weight of seeds harvested from one spike. 

12. Seed yield weight per plant (g/plant) (SYW): - the dried weight of seeds from eaeh 

individual plant in gram per plant. 

13. Thousand-grain weight (TGW): - 1000 seeds were-randomly taken from each single 

plant and weighted. 

14. Biomass (BM):-:' the weight of the individual plant (with its tillers) material above the 

ground (biological yield). 

15. Flag leaflength (FLL): - the length of the flag leaffWnl its bottom to tip. 

16. Harvest index (HI): - the ratio of seed yield per plant to the biological yield per plant 

multiplied by 100. 

17. Spike density (SD): - visual measurement according to the key given 111 IBPGR 

descriptor list and this was rated as I for lax, 2 for medium dense and 3 for dense. 
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18. Glumc hairiness (GlI): - measured on outer side of sterile glume and this was rated as I 

for glabrous and 2 for hairy. 

19. Glumc colour (GC): - observed on the outer glume and this was rated as I for white, 2 

for yellow, 3 brown red and 4 for black gray 

20. Kcrnel colour (KC): - observed on the harvested seeds of each individual plant and 

recorded as I for white 2 for black 3 for blue and 4 for purple 

21. Awn coioul' (AC): - observed on the awn and rated as I for white, 2 for yellow, 3 for 

brown and 4 for black 

22. Ear shape (ES): - the shape of the mother spike was taken and recorded as 1 for parallel, 

2 for broad and 3 for triangle. 

23. Kernel covering (KCO): - rated as 1- naked grain (grain without glume, 2-covered grain 

(grain with usually persistent glumes. 

24. Spikc bending tendency (SBT): - angle of ears during maturity. 1 for erect, 2 for 

intermediate and 3 for bend. 

25. Awn type (AT): - I for smooth and 2 for rough. 

26. Kerncl row number (KRN): - the number of spike rows found on the mother plant. I for 

two-row type, 2 for six row types and 3 for irregular type. 

27. Length of barley awns (LBA): - the length of the awns which extend beyond the ear, 

compared with the actual length of the ear itself. It can be rated 1 for awns which extend 

beyond the ears for a distance which is longer than the length of the ears, 2 for the 

distance by which the awns extend beyond the ear is more or less equal to the ear length 

and 3 is for the distance by which the awns extend beyond the ear is shorter than the 

length of the ear. 
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28. Length of rachilla hail' (LRH): - is a strllctlll'e laying in the crease 01' flll'row on the 

ventral side of a barley grain. The rachilla hairs may be I short hair rachilla 2 long hair 

rachilla. 

29. Flag leave Area (FLA): - the width of nag leaves on its side to side horizontally and can 

be rated I for narrow, 2 for intimidate and 3 for bl'Oad. 

30. Lodging (LOD): - the ability of the crop to resist lodging and can be rated I as poor, 2 

for intermed iate and 3 for good 

31 



3. 2. Biochemical study 

3.2. 1. Isozymes 

Isozyme analysis was carried out on seven populations of barley selected from seven clusters 

that were grouped based on quantitative and qualitative morphological characters. One 

population from each cluster was selected for the study. Selection of one population from 

each cluster was made randomly. Thirty-six individual plants per population were used. 

The method of extraction and starch gel electrophoresIs procedure were according to 

Chamberlain (1998). The enzyme systems studied were Aspartate aminotransferase (AA T; 

EC 2.6.1.1), Esterase (EST; EC 3.1.1-) and Leucine aminopeptidase (LAP; EC 3.4.[ 1.1). The 

gel staining procedure followed was that of Chamberlain (1998). An assessment of isozyme 

phenotype polymorphism was made using the overaU banding patterns. Phenotypic 

polymorphism, genetic distance and heterozyosisty (Nie, 1978) were determined using 

BIOSYS computer software (Swofford and Selander, 1981). A genetic interpretation of the 

banding patterns was made based on the reported structure of each enzyme in different plant 

species (Wendel and Weeden, 1990). 

3. 2. 2. Protein analysis 

All forty-seven populations grown at Sinana were also used for protein analysis (Appendix 2). 

Protein analysis was carried out using the Kjeldahl method (Ogbai and Sereke berhan, 1997). 

Organic nitrogen is converted into ammonium ions by digestion with concentrated sulphuric 
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acid in the presence of a catalyst sulphate. following Kjeldahl digestion, the digests were 

made alkaline and ammonium was determined by steam distillation of ammonia, which 

involved trapping in boric acid and titration (AOAC, 1990). When using the steam distillation 

method the distillate was titrated against a standard acid (O.IN HCl). from this titration the 

amount of nitrogen was determined, and multiplied by 6.25 to convert to crude protein 

(AOAC, 1990). 

3. 3. Statistical analysis 

Analysis of variance (ANOVA) for each quantitative trait data was carried out in a RCBD 

model with threc replications using the MSTA TC computer program (MSTA TC, 1991). 

Components of variance and coefficients of variance were computed by substituting the 

appropriate mean squares (MS) from the ANOVA. They 1V~j'e in turn used to estimate broad 

sense heritability and the expected genetic advance. 

The following steps were followed to calculate phenotypic and genotypic coefficients of 

varilltion, broad sense heritability and expected genetic adY(lnce. 

Phenotypic variance (Vp)= Genotype MS/r 

Error variance (Ve)= Error MS/r 

Genotypic variance (Vg)= Vp-Ve 

Where r is number of replications and MS is mean square 

Phenotypic coefficient of variance (PCV)= 100(',iVp/M) 

Gcnotypic coefficient of variance (GCV)= 100(',iVg/M) 
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Where iV1 is the mean value 

Heritability (h2 (broad» = Vg/Vp 

Genetic advance (GA)= (I) (h2
) (-IVp) 

1= Selection differential (2.06) for selecting 5% of the genotypes 

GA (% of the mean) = (GA/M) 100 

Simple correlation analysis between all possible traits was carried out using SPSS MS 

Windows 7.5 (SPSS, 1998). The percentages of the phenotypic classes of character 

populations, regions and altitude classes were calculated for the qualitative characters by 

crosstabs. Phenotypic frequency distributions of the characters were worked out for all the 

po~ulations, the regions of origin and' the altitudes for a particular character state and were 

tested with chi-square using the MSTATC computer program (MSTATC, 1991). 

The percentage frequencies of phenotypic classes of each character, populations and 

altitudinal groups were calculated for the qualitative characters. The regional frequency 

distribution and respective chi- square values for the thit-teen qualitative characters also 

calculated by SPSS (1998). 

Correspondence analysis using the simple correspondence procedures as devised by 

MINITAB (1998) was used to group barely growing regions through an ordination technique 

using the qualitative traits. The region contingency table was assessed in terms of row profiles 

(regions) and column pro tiles (traits). 
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The Shannon-Weaver diversity index (H') was computed using the phenotypic frequencies to 

assess the phenotypic diversity for each character for the entire sample and the sample 

grouped for each region and altitude. The Shannon- Weaver diversity index H', which has 

been widely used in measuring the diversity of germpJasm collections (Bekele, 1984; 

Negassa, 1985a; Engles, 1994; Demissie, I 996a). The Shannon-Weaver diversity index (H') 

is defined as follows-(Hutchenson, 1970). 

" 
H = - 2.>'~ In p, 

h=] 

Where pi is the proportion of accessions in the ith class of an n class character and n is the 

number of phenotypic classes for a character. Each value of H' was divided by its maximum 

value, log ,n, and normalized in order to keep the values between zero and one. A one-way 

analysis of variance of H' was carried out [01' each trait using region and altitudinal classes. 

The Hierarchical ANOYA of the H' index over characters was carried out to assess 

differences between_regions and among populations within regions for the level of phenotypic 

diversity. Chi-square analysis was performed on the frequency data to assess the distribution 

of characters. It is also to estimate the contribution of the different variance components like 

region and altitude to the level of diversity. 

The partitioning of the phenotypic diversity into within and between regions of origin and 

within and between altitudes was made fo lIowing the methods given by W ACHIRA e{ al. 

1995 as cited by Ayana and Beke1e (1998). 
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Principal component analysis was performed using correlation matrix to define the patterns of 

variation both between accessions and between their regions of origin. First and second 

principal component scores were plolled to aid visualization of group differcnces. 

Hierarchical agglomerative clustering method was performed with Ward criterion minimum 

variance method using MINIT AB computer software. The agglomerative distances among 

group means produced a dendrogram showing successive fusions of individuals that belong to 

the same cluster. The distance between two clusters is the Stm1 of squares of the distances 

between the two clusters added over all the variables and is expressed as semi partial (R2) sum 

of squares between clusters just joined divided by the corrected sum of square. 

Clustering was computed based on mean quantitative and qualitative data and by using 

Rogers el al. (1997), a novel statistical method that allows quantitative and qualitative data to 

be combined by statistical analysis. Data were analyzed using MINIT AB Release 12.22 

(MIN IT AB, 1998), STA TISTICA Release 4.5 (STATISTICA, 1993), and SPSS for Windows 

Release 7.5 (SPSS, 1998). 

Canonical discriminant analysis as used in germplasl11 evaluation by Pecetti and Damania 

(1996) was unc\ertaten to assess the distinctiveness between the different barley growing 

regions. Distance matrix, i.e. square Euclidean distances, computed from means of sixteen 

quantitative characters of the 47 populations were used. 

Analysis of isozyme data was performed using BIOSYS-I (Swofford and Selander, 1981). 

Average number of alleles per loci (A), percent of polymorphic loci (P) (95 % criterion) and 
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averagc hertrozygosity (II) werc estimatcd (Nei, 1978). Wright's fixation indices (FST) 

(Wright, 1978) were also determined. 

Allele frequencics at loci were used to compute unbiased genetic identity (I), and genetic 

distance (D) coefficients (Nei, 1978). Cluster analysis was performed with Ward criterion 

minimum variance method using MINITAB based on a genetic identity matrix. 

4. RESULTS 

4. 1. Morphological diversity 

4. 1. 1. Mean and coefficient of variance for quantitative characters 

Summary statistics, including [mean (M) and coefficient of variance (CV)] of the 

morphological characters and of thc geographic and altitude collecting variables for the 

land race populations from the eleven Ethiopian regions are reported in table I and 2. The data 

for each population and each character is presented in Appendix 3. 

The mean and coefficient of variation by region and altitude~over the entire individuals of 47 

barley popUlations that were considered in this study are presented in Tables I and 2. The 

result showed that there were differences in coefficient of variations in all altitudinal classes 

and regions. The highest CV was obtained in tiller number, biomass weight, yield pel' spike, 

harvest index, seed Weight pel' plant and flag leaf length.i'LUlost of the regions and altitudinal 
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classes. In all altitudinal classes, number of spikelet per~spike and harvest index showed 

highest coefficient of variation. 

The highest CY for tiller number was recorded from populations collected from Gamo Gofa 

(34.38%), Gonder (30.44%), and Tigray (26.58%). And_that of biomass (BM) was observed 

in the materials from Bale (58.8%), Wclega (56.4%) and Gonder (55.08%). Highest seed 

yield per plant was recorded on materials II'om Bale (12.49%), Wei ega and Hararge (11.81 %). 

Populations collected from Arsi, Hararge, Gamo Gofa and Bale showed 5.52 g, l.4g, 1.48g 

and 1.4 g seed yield per spike, respectively. 

Variation on morphological traits was~ also observed on altitude groups (Table 2). Based on 

this, tiller number showed highest CV for populations collected from altitudinal classes < 

2000 m asl (16.82%), 2001-2500 m asl (15.95%)and 2501-3000 m asl (15.12%). Biomass 

weight also showed highest CY in altitude range 2001-2500 m asl (30.65), <2000m asl 

(25~47) and 2500-3CJOO (21.50). Yield per spike, seed yield_weight, harvest index and flag leaf 

length also showed highest CY in most altitudinal classes. 

Analysis of variance for 16 quantitative morphological traits showed highly significant 

differences between populations in all recorded characters, except harvest index, which 

showed a significant difference between populations (Table 3). 

There was also a highly significant difference that was observed between replications in tiller 

number and awn length. Significant differences were observed for days to heading, days to 

maturity, grain-filling period, number of kernels per spike, biomass weight, thousand-grain 
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weight and harvest index were also noted. In the rest of the characters differences were non­

significant (Table 3). 
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Table I. Mean (M) fnd coefficient of variation (CV) by region and over entir~ data 

Region 
OH OM GF NN TN PH SL NSPS NKPS BM AL Y/S SYW TGW HI FLL 

M cv M CV M CV M CV M CV M CV M CV M CV M cv M CV M CV M CV M CV M CV M cv M cv 

Ars; 84.3 2.3 120.7 2 37.2 8.2 5 9.7 13.8 25.2 92 6.3 8.6 18.5 48.3 9 48.3 9 48.4 22.9 10.7 5.9 1.5 11 10.5 29.4 28.6 4.3 20.8 15.9 19.3 6.6 

Bale 78.9 5.3 116.1 1.537.3 10.54.713 16.7 :;0.1 94 6.4 9.4 11.6 38.6 10 38.6 10 58.8 19.1.11.2 9.3 ,.4 13.5 12.5 18.5 29.6 12.2 21.2 6.8 21.9 30.7 

Gamo Gofa 79.7 4.6 116.2 0.9 36.3 8.9 4.88.5 14.8 34.4 88 1.5 7.7 4.5 46.5 14 46.5 13.8 49.7 56.8 11.1 3.4 1.4 29.8 10.6 54.5 24.4 8.3 22.2 3.5 21 3.1 

Gojam 87.9 3.3 125.8 4.4 38 13.5 5.1 6.5 15.3 15.1 86 4.4 8.8 4 30.8 8.6 30.8 8.6 37.1 32.6 10.4 5.5 1.1 13.3 5.5 51.9 29.6 8.2 17.4 34.3 16.6 6.5 

Gonder 

Hararge 

Shewa 

Sidamo 

Tigray 

We!ega 

Wollo 

73.3 10.9 118 4.2 45.7 13.34.6 15 17.8 30.4 91 

82.7 1.8 118.7 5.9 35.8 18.3 5 0 13.2 16.4 94 

88.9 3.3 125.6 2.2 37.2 5.9 4.5 7 12.7 8 78 

82.1 3.8 117 1.5 34.6 9.4 4.7 12 15.7 18.1 91 

80.8 2.6 120.7 2.4 39.5 7.1 4.89.9 17.9 26.6 82 

72 3.6 115.6 2.5 42.3 6 4.3 16 16 8.8 96 

82.6 2.9 119.3 2.7 36.9 9.5 4.78.2 14.1 15.5 85 

5.3 9.2 9.1 30.7 34 30.7 34.4 55.1 28 10.7 7.5 1.2 13.1 8.5 50.3 34 12.2 18.1 23.7 19.6 4 

0.8 8.5 14.5 46.8 3.8 46.8 3.8 53.2 17.2 10.8 4.2 1.4 4.8 11.8 8.5 25.9 8.8 21.6 8.2 16.8 34.3 

7.2 8.1 5 36.4 10 36.4 10.4 34.4 17.7 10.7 4.2 1.3 21.9 6.3 17.5 27.7 11.2 18.2 18.2 18.4 8.1 

6.7 8.8 4.1 41.1 10 41.1 10.3 51.2 12.6 10.5 13.3 1.3 17.5 10.6 25.2 25.9 9.4 20.1 20.2 20.9 8 

11 9.7 7 31.5 7.1 31.6 7.2 46.7 29 10.5 11 1.2 22.3 9.8 31.5 31.9 12 20.5 12.8 19.1 8 

4.4 11.1 7 30.8 6.3 30.8 6.3 56.4 17.8 11.1 5.3 1.2 11.5 11.8 9.2 35.6 5.6 21.6 14.B 20.7 2.4 

5.1 9.5 13.7 41.7 12 41.7 11.6 40.7 22 .. 5 10.9 6.1 1.3 12.1 7.6 20.2 25.9 7.3 18.2 12.4 20.1 5.55 

DH: Days to heading, DM: days to maturity, GF: Grain filling. NN: Node number, TN: Tiller number, PH: Plant height, SL: Spike length. NSPS: Number of 

spikelet per spike, NKPS: Number of kernel per spike, BM: Biomass weight, AL: Awn length, Y/S: Yield per spike, SYW: Seed yield weight, TOW: Thousand 

grain weight, HI: Harvest index, FLL: Flag leaf length. 
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Table 2. Mean (M) and coefficient of variation (CY) by altitude and ov~r entire data 

DH DM GF NN TN PH SL NSPS NSKS BM AL Y/S SYW TGW HI FLL 
A,ltitude range 

M CV M CV M CV M CV M CV M CV M CV M cv M CV M CV M CV M CV M CV M CV M cv M CV 

<2000 76.3 4 115.7 2.5 39.4 9.4 4.5 11 16.8 21.6 89 8.6 9.7 7.5 33.8 9.6 33.8 9.6 53.2 25.5 10.9 7.7· 1.3 17.8 11.1 35.2 31.4 7.4 21.4 17.7 19.6 17.3 

2001-2500 82.5 5.7 120.7 3.3 37.6 9.5 5 8.1 16 25.6 92 6.5 8.9 13.2 41.1 16 41.1 15.7 53.5 30.7 10.7 8 'A 17.5 10.4 26.8 28.7 13.1 19.6 13.3 19.8 24.7 

2501 - 3000 81.8 4.8 119.8 2.4 38.8 11.4 4.8 12 15.1 19.2 874.8 9.1 8.5 36.6 9.1 36.6 9.1 43.3 21.5 10.8 8.3 1.3 14.2 9 28.5 29.7 7.1 20.2 12.4 20 6 

3001 - 3500 89.5 3 125.4 2.6 36.4 6.5 4.8 8 12.6 13.3 80 6.8 8.5 9.9 40.9 9.3 40.9 9.3 36.6 19.1 10.6 6.4 1.3 12.1 6.8 23.7 27.1 10 18.2 19.8 18.7 7.8 

:>3500 78 116 38 4 12 89 - 9.7 49 - 48.7 32.5 10.2 1.2 5.3 18.6 16.6 20.1 

- = No CV since it has only one population 

DH: Days to heading, DM: days to maturity, GF: Grain filling, NN: Node number, TN: Tiller number, PH: Plant height, SL: Spike length, NSPS: Number of 
. 

spikelet per spike, ;rNKPS: Number of kernel ~er spike, BM: Biomass weight, AL: A~ le?gth, Y/S: Yield per spi~e, SYW: Seed yield weight, TGW: Thou~and 

grain weight, ill: Harvest index, FLL: Flag leaflength. 
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Table 3. Ivlean squares for 16 quantitative morphological traits of barley populations 

Character Mean Squares CY (%) SE 

Replication (2) Landrace (46) Error (92) 

AL 6.01 " 1.50" 0.67 7.62 0.47 

BM 519.31' 457.75" 154.16 26.01 7.17 

DH 178.18" 189.06" 14.12 6.40 2.17 

OM 38.06' 109.93" 11.22 2.80 1.93 

FLL 10.91 ns 20.67" 10.73 16.68 1.89 

GF 51.28' 47.79" 14.51 9.97 2.19 

HI 46.20' 17.99' 10.39 16.19 1.86 

NKPS 61.68' 332.99" 19.65 11.61 2.56 

NN 0.30S"s 0.738" 0.225 10.02 0.27 

. NSPS 60.62"s 333.99 .. 19.66 11.61 2.56 

PH 24.97"s 182.02" 35.66 6.79 3.45 

SL O.4S"S 5.25" 0.92 10.52 0.55 

SYW 7.98'" 24.75" 8.21 30.02 1.65 

TGW 40.66' 80.53" 8.58 10.03 1.69 

TN 62.32" 29.40" 11.22 21.83 1.93 

Y/S 0.03"s 0.15" 0.04 16.01 0.12 

*: P< 0.05, **: P < 0.01, I1s: non significant 

AL= Awn length; 8M= Biomass; DH= Days to heading; OM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; 

111== Ilarv~st index; NKPS-~ Number or spike per spike; NN= Node number; NSPS= Number of spike per spike; PI-I"" Plant 

height: SL= Spike length; SY\V= Seed yield weight; TGW= Thousand grain weight; TN= Tiller number and YS yield per 

spike. 
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4.1. 2. Heritability (broad sense), Genetic advance and Estimates for 

components of variance. 

Phenotypic coefficients of variation (PCV) and genotypic coefficients of variation (GCV), 

estimates of the components of variance, broad sense heritability (h\ expected genetic 

advance and genetic advance as percent of mean are presented in (Table 4). 

A phenotypic coefficient of variation (PCV) Was high for gram yield weight (30.33%), 

number of kernel per spike (27.61 %), number of spikelet per spike (27.58%). The genotypic 

coefficient of variation (GCV) was high for number of spikelet per spike (26.77%) and 

number of kernel per spike (26.75%). 

Some of the charact~rs, such as days to heading, days to maturity, number of kernel per spike, 

number of spikelet per spike, thousand grain weight, exhibited high heritability (>80%). Grain 

fill~lg period, node number, yield per spike, plant height and spike length showed moderate 

heritability. 

l3iomass weight, seed yield weight, tiller number, awn length, nag leaf length and harvest 

index showed 66%, 66%, 62%, 60%, 48% and 42% heritability, respectively. 

Expected genetic advance was also high for all characters except for days to maturity, awn 

length and yield per spike. The value ranged between 8.09 for grain filling period and 53.49 

for number of kernel per spike. The highest estimates of genetic advance were observed in 
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spike length (23.62%), tiller number (26.24%), thousand grain wcight (32.71%), biomass 

weight (35.38%), seed yield weight (41.40%) and number of kernel per spike (53.49%) and 

number of spikelet per spike (53.44%), 

Generally, in this study, intermediate to high estimate of PCV, GCV and genetic advance 

percentage of the mean were observed for characters, such as tiller number, spike length, 

number of kernels per spike and number of spikelets per spike, biomass weight, seed yield 

weight and thousand grain weight. 

4. 1. 3. Correlation analysis 

Correlation coefticients between characters could be used to measure the similarity in the 

pattcrns of variation of characters. Correlation was calculated for each trait in all accessions 

and regions (Table 5) and (Appendix 4-12, respectively). The strongest correlation (r = 0.93 

") was observed between seed yield weight and biomass weight. However, number of 

spikelet showed highly significant negative association with most of the characters except 

grain filling days and days to heading. Where as kernel per spike showed significant positive 

association with most of the characters except grain filling days and days to heading. 

Seed yield weight was highly significantly and positively correlated with biomass weight, 

harvest index, spike length, plant height and tiller number. It signi ficantly associated with flag 

leaf length, grain filling period, thousand grain weight and yield per spike. Thousand-grain 

wcight was highly significantly and positively correlated with awn length, biomass weight, 
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gram tilling periods and tiller number. Yield per spike was highly significant and Jlositively 

correlated with number of spikelets per spike, number of kernels per spike and node number. 

In general, about 66% of the characters are significantly correlated to each other. 

Tiller number was positively associated with awn length, biomass weight, gram filling 

periods, plant height, seed yield weight and thousand grain weight. It is also negatively 

associated with days to heading, days to maturity, number of kernels per spike, number of 

spikelcts per spike and node number. 
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Table 4. Summary statistics ancl estimate of phenotypic coefficient of variation (PCV) ancl 

genotypic coefficient of variation (GCV), broad sense heritability (h') and genetic 

advance (GA) in 47 bariey populations for 16 quantitative morphological traits 

OA%of 

Traits M Range Ms Yp Ems Ye Yg Pev Oev h2 OA theM 

AL 10.8 9.1-11.9 1.5 0.5 0.7 0.2 0.3 6.55 5.07 0.60 0.87 8.09 

llM 47.7 21.7-68.9 457.8 152.6 154.2 51.4 101.2 25.90 21.09 0.66 16.88 35.38 

DH 81.7 62.7 - 95.33 187.1 62.4 14.1 4.7 57.7 9.67 9.30 0.92 15.05 18.42 

DM 119.8 110.67-136.7 109.9 36.6 11.2 3.7 32.9 5.05 4.79 0.90 11.20 9.35 

FLL 19.6 13.0-31.4 20.7 6.9 10.7 3.6 3.3 13.40 9.27 0.48 2.59 13.20 

OF 38.1 31.7 - 47.7 47.8 15.9 14.5 4.8 Il.l 10.47 8.74 0.70 5.73 15.05 

HI 19.9 14.3 - 24.2 18 6 10.4 3.5 2.5 12.31 7.95 0.42 2.10 10.57 

NKPS 38.2 22.7 - 65.0 333.5 111.2 19.7 6.6 104.6 27.61 26.77 0.94 20.43 53.49 

NN 4.7 3.7-6.0 0.74 0.25 0.2 0.06 0.2 10.64 9.52 0.80 0.82 17.53 

NSPS 38.2 22. 7 - 65,0 333 III 19.7 6.6 104.4 27.58 26.75 0.94 20.'11 53.44 

PH 88 67.9 - 100.7 182 60.7 35.7 11.9 48.8 8.85 7.94 0.80 12.90 14.66 

SL 9.1 5~1-11.9 5.3 1.8 OJ 1.4 14.74 13.00 0.78 2.15 23.62 

SYW 9.5 3.2 - 14.6 24.8 8.3 8.2 2.7 5.5 30.33 24.69 0.66 3.93 41.40 

TOW 29.2 18.6 - 40.2 80.5 26.8 8.6 2.9 24 17.73 16.78 0.90 9.55 32.71 

TN 15.3 10.0 - 22.0 29.4 9.8 11.2 3.7 6","-20.46 16.14 0.62 4.01 26.24 

Y/S 1.3 0.9 - 2.0 0.1 0.05 0.04 0.013 0.04 15.35 8.77 0.80 0.36 28.34 

t-.,{·rvkan, I'v(s·Gcnotypes mean square, Ems· Error mean square, Ve· Error variance, Vg- Genotypic variance 

AL= Awn length; BM= Biomass; DH== Days to heading; DM= Days to maturity; FLL= Flag leaflellgth; GF= Grain filling; 

111= Ilar\'~~a index: NKPS= Number orsrikc per spike; NN= Node number; NSPS=Numbcr of spike per spike; PH= Plant 

height; SL= Spike length; SY\\'= Seed yield weight;TGW= Thousand grain weight; TN= Tiller number and YS yield per 

spike. 
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Table 5. Correlation among 16 different quantitative characters of barley populations in 

Ethiopia 

IlM OH OM FLL OF HI NKPS NN NSPS PH SL SYW TOW TN YS 

AI. .47" -.54" -.56" .33' 0.28 0.35' -0.24 -0.32' -0.25 0.33.' .• .0.42" 0.47" 0.40" 0.42" -0.05 

BM -.62" -.55" 0.25 .37" 0.46" -0.07 -0.06 -0.07 0.66" 0.44
H 0.93'· 0.40" 0.55" 0.22 

011 .87" -.44" -.65" -0.50" 0.37' 0.54" 0.37' -0.6'" -0.72" -0.6"" -0.51" -0.63" 0.20 

DM -.68" -0.2 -0.62" 0.13 0.48" 0.13 -0.67" -0.6'" -0.62" -0.24 -0.40" 0.12 

FLL -0.18 0.42" 0.12 -0.28 0.12 0.42" 0.31' 0.31' -0.10 0.04 0.01 

or 0.04 -0.53" -0.3'" -0.53" 0.15 0.48" 0.31' 0.65" 0.62" -0.20 

HI 0.09 -0.17 0.09 0.45" 0.28 0.71" 0.12 0.22 0.23 

NKPS 0.49" 1.00 0.16 -0.52" 0.01 -0.73" -0.61" 0.83" 

NN 0.49 -0.01 :0.54" -0.08 -0.30' -0.32' 0.50" 

NSPS 0.16 -0.52" 0.01 -0.73"' -0.61" 0.83"' 

PH 0.49" 0.68" 0.14 0.30' 0.27 

SL 0.43" 0.52" 0.66" -0.35" 

SYW 0.33' 0.51" 0.29" 

TOW 0.57" -0.32" 

TN -0.38" 

YS 

*: - P< 0.05, **: - P< 0.0 I 

AL"" Awn length; BM= Biomass; DH= Days to heading; DM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; 

HI= Harvest index; NKPS= Number of spike per spike; NN= Node number; NSPS= Number of spike per spike; PH= Plant 

height; SL= Spike length; SY\V= Seed yield weight; TGW= Thousand grain weight; TN= Tiller number and YS yield per 

spike. 
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4. 1. 4. Cluster analysis 

In Figure I, seven clustcrs arc formed on the basis of quantitative and qualitative 

morphological characters. The results showed that cluster A consisted of eleven populations 

seven of them were collected from Bale, two from Sidamo and the other two from Welega 

and Hararge. Out of eleven, five of them came ti'OIn altitudinal class of < 2000 m asl and four 

from 2001-2500 m as!. Cluster B grouped three populations collected from Gonder and 

Welega. All of the populations were from altitudinal class of < 2500 m as!. Cluster C had five 

populations of diverse origins including Arsi, Tigray, Welega and Wollo. But three of them 

frol11 altitudinal class of < 2000 111 asl and the other two from 2501-3000 m as!. Cluster D 

consisted of seven populations collected from Tigray, Gojam and Shewa. The populations of 

this cluster were collected from all altitudinal classes. Cluster E grouped four populations 

from Shewa, Gojam and Gonder. Shewa populations were collected from altitudinal class of 

3001-3500 m asl, whereas populations from Gojam and Gonder were from altitudinal class of 

2001-2500 m as!. Cluster F was an outlier that comprised only one population collected from 

Arsi at an elevation of 2200 m as!. Cluster G consisted the maximum number of populations 

(sixteen) collected from Arsi (25%), Wollo (25%), Tigray (12.5%), Shewa (12.5%), Hararge 

(6.25%) and Sidamo (6.25%). When we consider the populations of this cluster altitude wise, 

they belong to in altitudinal classes of <2000,2001-2500,2501-3000,3001-3500 and >3500 

m asl with the percentage of 12.5, 25, 25, 31, and 6.25 of each class, respectively. The 

distributions of 47 barley populations over seven clusters by regions and altitudes based on 

both quantitative and qualitative characters were presented in (Appendix 13). 
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[lased on quantitative morphological characters, the populations were grouped into seven 

clusters. Mean and standard deviation of quantitative characters of each cluster is shown in 

Table 6. The number of clusters varied from 3 populations in cluster C to 12 populations in 

cluster E. Cluster A grouped nine populations of diverse origin, but six of the accessions in 

this cluster originated from Bale and the rest three were collected from Welega, Sidamo and 

Hararge. Four populations were from the altitudinal class·of less than 2000 m asl and five 

populations from altitudinal class of 2001-2500 m asl. Populations of this cluster were 

characterized by earliness (maturity and heading), short grain filling period, high thousand­

grain weight, tall plant height, high yield per spike and high grain yield weight. Cluster B 

grouped eight populations, which were collected frClln·'various regions such as Welega, 

Gonder, Wollo, Arsi and Tigray. Four· populations were colleted from the altitudinal class of 

less than 2000 m asl and the rest four were from altitudinal class of 2001-2500 m asl. The 

main feature of this cluster is short days to heading, short days to maturity, long grain filling 

periods, long plant height, small number of spikelets per spike, small number of kernels per 

spike and large amount of thousand grains weigh. Cluster C grouped three populations mainly 

from Tigray and Gonder. The main characters of this cluster are short days to maturity, high 

tiller number, high biomass weight and low yield weight, small number of spikelets and 

kernels per spike. Cluster 0 grouped six populations that were with high number of spikelets, 

number of kernels per spike and high yield per spike. These populations were collected from 

Arsi and some of them were from Hararge, Sidamo anc(Oamo Gofa. Cluster E, which was 

closest to cluster 0, had twelve populations and the largest in number of populations with 

long flag leaf, low grain yield weight and thousand grain weight. Cluster F had four 

popUlations. These popUlations had long days to heading and maturity, sholt plant height and 

flag leaf length, low grain yield weight and high thousand grain weight. The popUlations were 
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collected from Shewa, Gojam and Gonder. Cluster G consisted of five populations, which 

mostly originated from Gojam, Shewa, Tigray and Bale. Most of the populations had long 

days to heading and maturity, short plant height, small number of spikelets and kernels per 

spike and thousand-grain weight. 
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Table 6. Summary of mean (M) and standard deviation (SO) of agronomic character over the seven clusters of barley populations 

Cluster 

A 

B 

c 

D 

E 

F 

G 

M 

SD 

M 

SD 

M 

SD 

M 

SD 

M 

SD 

M 

SD 

M 

No. DH DM GF NN TN PH SL AL FLL NKPS NSPS BM YS SYW HI TGW 

9 76.78 115.78 38.78 4.78 17 96.11 9.96 11.2 20.1 39.0 

3.23 1.56 2.38 0.44 1.5 3.18 0.67 0.44 2.26 3.19 

8 70.25 114.25 43.87 4.12 19 92.79 10.9 11.2 19.9 25.3 

5.04 3.54 .2.03 0.35 2.4 7.74 0.66 0.70 0.94 1.33 

3 73.67 114.67 41.00 4.33 17 85.67 10.3 11.3 19.3 26.1 

0.57 0.58 1.00 0.57 1.2 3.51 0.57 0.57 1.02 0.53 

6 83.50 118.83 35.00 5.33 13 92.0 7.5 10.7 19.6 54.9 

2.88 2.32 1.87 0.51 1.5 5.18 0.87 0.51 0.68 5.42 

12 86.17 121.25 35.33 4.83 14 87.67 9.1 10.6 20.0 44.93 

3.81 4.45 2.57 0.39 2.2 3.98 0.62 0.66 1.70 3.18 

4 90.40 127.00 36.4 5.0 17 81.2 8.7 10.8 17.4 25.6 

2.63 1.71 4.11 0.81 2.0 6.99 1.06 0.50 1.03 3.81 

5 92.75 130.25 37.75 5.0 11 76.75 9.7 9.3 17.4 38.66 

39.0 

3.19 

25.3 

1.33 

26.1 

0.53 

54.9 

5.42 

44.9 

3.18 

25.6 

3.81 

38.6 

59.9 1.39 12.9 21.9 28.9 

4.82 0.10 1.06 1.72 1.44 

57.5 1.06 11.4 20.5 37.4 

8.59 0.04 1.09 

39.0 1.07 8.9 

1.22 2.65 

22.4 34.6 

7.02 0.06 1.67 0.21 5.23 

50.91.6 10.6 21.124.7 

5.01 0.21 1.12 0.97 1.8 

39.3 1.37 7.9 19.5 25.2 

6.05 0.23 1.77 2.4 3.57 

39.3 1.02 7.1 

4.84 0.18 1.41 

26.8 1.25 4.6 

17.6 31.6 

2.14 4.3 

16.9 27.2 

SD 3.36 7.91 4.56 0.70 3.8 3.03 0.75 1.09 3.29 3.15 . 3.15 5.21 0.11 1.28 2.53 2.26 

AL= Awn length; BM= Biomass: DH= Days tO
I 
heading; DM= Days to maturity: FLL= Flag leaf length: GF= Grain fillmg: ill= Harvest index: NKPS= Numocr of spike per 

\ -', '\ 

spike: NN= Node number: NSPS= Number of spike per spike: PH= Plant height: SL= Spike length: SYW= Seed yield weight: TGW= Thousand grain weight: TN= Tiller number 

and YS yield per spike. 
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Sim ilarity 
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A 
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Pop ula tio ns 

Fig.l. Dendrogram constructed using ward methods on 47 barley populations based on 
quantitative and qualitative characters 

Similarity 

·269.63 -

-159.75 -

-29.88 -

100.00 

Populations 

Fig. 2. Dendrogram constructed using ward methods on 47 barley 

populations based on sixteen quantitative morphological characters 
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4. 1. 5. Discriminant analysis 

Discriminant analysis lVas donc by taking cluster of accessions as a grouping variable. The 

result revealed that 45 populations out of 47 (95.7%) were correctly classified to their 

respective cluster. Thc percent of populations correctly classified was higher for clusters A, B, 

e and G whereas clusters D and E had certain degree of overlapping. 

Further analysis of the patterns of diversity among entries from different geographic origins 

IVas done by canonical discriminant analysis. Eigenvalues, percentage and cumulative 

proportion of total variance and canonical correlation were calculated. The first two canonical 

variables accounted for 95.3% of the total variance (Table 7). The first canonical variable 

explains 67.5% of the total variance and this axis, which maximized the differentiation among 

populations, was closely related (mainly positively correlated) with tiller number and flag leaf 

length. The second canonical variable accounting for 27.8% orthe total variance was mainly 

positively correlated with number of spikelets and kernels pel' spike, yield pel' spike and plant 

height. The third canonical variable is mainly correlated with spike length, awn length, and 

grain filling periods and accounting for 2.7% of the total variance. The fourth canonical 

variable accounting for 1.9 % of the total variance and was mainly positively correlated with 

seed yield weight, biomass weight, days to heading, days to maturity, harvest index, thousand 

grain weight and node number. 
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Table. 7. Correlation between four canonical (CAN) variables with eigenvalues, percent 

of variance and cumulativc variance of the first four functions of 16 quantitative 

traits in barley landraces 

Character Function 

2 3 4 

TN 0.459' 0.027 -0.008 0.117 

FLL 0.324' 0.103 -0.218 -0.224 

NKPS -0.603 0.772' 0.201 -0.014 

NSPS -0.603 0.772' 0.202 -0.015 

YS -0.300 0.549' 0.188 0.334 

PH 0.134 0.373' 0.084 -0.264 

SL 0.434 0.107 0.665' -0.598 

AWL -0.069 -0.004 -0.390' -0.049 

GF 0.004 0.124 -0.161' -0.144 

SYW 0.308 0.556 -0.033 0.771' 

8M 0.261 0.343 -0.006 0.609' 

DH -O:47T -0.356 0.552 0.589' 

DM -0.406 -0.219 0.416 0.423' 

HI 0.247 0.331 -0.102 0.398' 

TGW 0.107 0.137 0.143 0.371' 

NN -0.177 0.099 0.130 0.353' 

Eigenvalues 16.50 6.79 0.66 0.47 

% of total variance 67.50 27.80 2.70 1.90 

Canonical correlation 0.97 0.93 0.63 0.57 

% of cumulative variance 67.50- 95.30 98.10 100.00 

*:-P<0.05 

AL= Awn length;._BM= Biomass; DB= Days to heading; OM= Days to maturity; FLL= Flag leaf length; GF= 

Grain filling; HI= Harvest index; NKPS:: Number of spike per spike; NN= Node number; NSPS= Number of 

spike per spike; PH"" Plant height; SL= Spike length; SY\V= Seed yield weight; TGW= Thousand grain weight; 

m"" Tiller number and YS yield per spike. 
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4.1. 6. Principal Component analysis 

The principal components loadings, eigenvalues, varIance proportion and cumulative 

proportion are shown in Table 8. The first five principal components contributed 85.5% of the 

total variation among 47 barley populations for the 16 quantitative characters. The first three 

components accounted for 76.7 % of the total variation. The tirst and the second principal 

components explained 42.1 % and 24.3 % of the total variation, respectively (Table 8). 

The tirst principal component was strongly associated with traits such as days to heading and 

tiller number. Characters like number of kernels per spike and number of spikelets per spike, 

yield per spike and seed yield per spike were important for the second principal component. 

In the third principal component days to maturity, biomass weight and flag leaf length were 

the most important character. Fourth principal component known by plant height, spike 

length, awn length and harvest index, whereas in the tifth principal component grain filling 

days and node number were the important characters. Distributions of 11 regions two axes 

were plotted for 16 quantitative characters based on the populations (Fig 3). 

Principal component analysis was further made for the 11 regions of origin based on the mean 

of the 16 quantitative characters in order to study the regional pattern of variation. Apparently 

three principal components were extracted. The analysis was effective in that the first three 

principal components, explained 85.6% of the total variation. The first and second principal 

components accounted for 41.9% and 35.9% of the total variation, respectively (Table 9). 
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Table S. Eigenvalues, percent of variance and commutative variance of the first 

five of principal component of 16 quantitative traits of barley populations 

Variable PCI PC2 PC3 

DH 0.355 0.076 -0.076 

DM 0.299 0.206 -0.306 

GF -0.244 0.162 -0.331 

NN 0.215 -0.154 -0.403 

TN -0.303 " . .0.113 -0.203 

PH -0.212 -0.317 -0.053 

SL -0.317 0.046 0.093 

AL -0.246 -0.079 0.047 

FLL -0.140 -0.236 0.502 

NKPS 0.223 -0.396 -0.004 

NSPS 0.223 -0.396 -0.004 

BM -0.266 -0.232 -0.3 \0 

Y/S 0.125 -0,391 -0.298 

SYW -0.266 -0.290 -0.240 

HI -0.188 -0.283 0.079 

TKW -0.263 0.201 -0.270 

Eigenvalues 6.735 3.882 1.665 

Proportion 0.421 0.243 0.104 

Commutative 0.421 0.664 0.767 

AL~ Awn length; BM~ Biomass; DH~ Days to heading; DM- Days to maturity; FLL- Flag ieaflength; 

GF= Grain I1lling; HI"" Harvest index; NKPS= Number of spike per spike; NN= Node number; 

NSPS=Number of spike per spike; PH"" Plant height; SL= Spike length; SY\V= Seed yield weight; TG\V= 

Thollsand grain weight; TN= Tiller number and YS yield per spike. 
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Characters like days to heading, and thousand-grain weight were the most important 

characters, contributing to the first principal component. Days to maturity, biomass weight, 

harvest index, number of kernels per spike, number of spikelets per spike and seed yield 

weight were important characters in the second principal component. Awn length, flag leaf 

Icngth and plant height were important in the third principal component. In the fourth 

principal component, node number, spike length and tiller number were the most important. 

In the fifth principal component grain tilling period was an important character. 

figure 4 shows the distribution of II regions of origin of the populations along the first three 

axes of the dimensional plotting. The regions of origin of the populations were dispersed in 

all four quadrants. The second principal component was much more important than the first 

one in separating the regions of origin of the accessions. The regions of origin of the 

popUlations wcre dispersed in the three dimensional representation of the component scores 

(Fig. 4). 

The extremes of the first axis were occupied by Gojam, Shewa, Gamo Gofa, Wollo and 

Tigray and Gonder materials with positive principal scores and on the other hand, by Bale, 

Welega, Hararge, Arsi and Sidamo with negative scores (Fig. 4). Apparently, the first 

principal component differentiated accessions that were long days to heading and thousand 

grain weight. On the second axis, Shewa, Gojam, Arsi had relatively high principal positive 

scores, while Welega and Bale had low negative scores. This axis differentiated populations 

mainly bascd on biomass weight, days to maturity, harvest index, number of kernels per 

spike, number of spikelets per spike, seed yield weight and yield per spike. 
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Fig. 3. Plots of principal component of 47 barley populations for 16 quantitative 

characters based on their regions of origin (I-Arsi, 2-Bale, 3-Gamo Gofa, 4 -

Gojam, 5- Gonder, 6- Hararge, 7- Shewa, 8- Sidamo, 9- Tigray, 10- Welega, 11-

Wollo). 
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Table 9. Principal component co-ordinate scores, eigenvalues, total variance and cumu lative 

variance for the first three principal components for the eleven regions of 47 barley 

populations (based on the mean for the regions)' ",-

Region PCI PC2 PC3 

Arsi 2.184 -2.258 1.055 

Bale -1.907 -2.296 -0.241 

Gal110 Gofa 1.146 -2.714 -1.139 

Gojam 2.052 4.157 1.239 

Gonder -3.796 2.125 0.767 

Hararge 1.690 -2.208 1.578 

Shewa 2.849 2.828 -1.246 

Sidal110 0.910 -[5'06 0.103 

Tigray -1.348 1.457 0.241 

Wei ega -4.882 -0.293 -0.438 

Wollo 1.101 0.708 -1.921 

Eigenvalues 6.703 5.742 1.259 

Proportion 0.419 0.359 0.079 

CUl11ulative 0.419 0.778 0.856 
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Fig.4. Three dimensional representation of the inter region distances resulting from 

principal component (PC) analysis of region means for 16 quantitative 

morphological traits 
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4. I. 7. Frequency distribution and Genetic diversity 

4.1. 7. 1. Regional trait distribution 

From analysis of the percentage of frequency of phenotypic classes, white and yellow awn 

colour occurred in all regions at higher frequencies (Table 10). It is observed that populations 

with high frequencies of white awn colour originated from Hararge, Gojam, Arsi and Bale. 

Whereas yellow awn colour was recorded for populations collected from Sidamo, Bale and 

Tigray. Brown and black awn colours were rare in all regions. However, populations collected 

from Gonder, Welega have shown high frequencies in brown awn colour. Black awn colour 

was observed in populations collected from Gonder and Shewa in a higher frequency than the 

other regions. In all regions the chi-square value showed no significant variation for awn 

colour except Gonder and Wei ega where highly significant variation were observed. 

Populations originating from Tigray (74%) and Gonder (79%) showed higher frequencies of 

triangular type ear shape. Parallel ear shape was observed in all regions. However, the 

distribution of this character was very low. 

Flag leaf area did not show significant variation. However, higher frequency was observed in 

broad leaf area for all regions. Populations collected from Arsi (67%), Hararge (75%) and 

Shewa (66%) showed higher frequencies for this character. 

All glume colour character states were found in all regions except in Gamo Gofa where 

brown and black colours were totally absent. Populations with higher frequencies for white 
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gluillc colour originated fi'olll rlale. ,~idaillo. I-Iararge and Gaillo GOf:1. Populations collected 

frolll Gonder showed highly significant dcviation in gluillc colour. 

<' 

Bath twa-rowed and six-rowed barlcy wcre abserved in all thc regians. Two- rawed was mare 

fi'cqilcnt in Gojalll, Wclcga, Gondcr and Tigray, with the frequcncics 0.1' 49%, 67%, 68% and 

75%, respectively. The highcst frequency 0.1' six row type were recorded in Gamo Gofa, Arsi, 

Shewa, Walla and Hararge with the frcquencies af 80%, 74%, 62%, 62%, and 61%, 

respcctively. The highest frequency of irregular type barley was observe.d in Bale (61 %), 

fallawed by Sidama (42%) and l'lararge (35%). 

Chi- square valucs showed highly significant deviation in kernel row number in all regions 

with the exceptian af Gojam, Shewa, Sidamo and Wei ega regions. 

Hairiness and glabraus gluille characters werc abserved in all reglans. Gojam and Tigray 

showed highly signilicant difference and signilicant difference in glume hairiness, 

respcctively. Highcr ti'equencies far glume hairiness were observed in populations callected 

Ii'om Tigray (95%), Bale (90%), Hararge (90%), Welega (90%), Gonder (87%), Arsi (78%) 

and Sidamo (70%). Hawever, the glabrous type was more frequent on populations from 

Gama Gofa (71 %) and Gajam (43%). 

Among kcrnel coloul' character states, black kernel colour was the predominant character 

obscrved in all regions, Bluc and purple kernels werc faund in low frequencies. However, 

papulations frol11 Gondcr shawcd highly significant deviation in purple colour. White kernel 

colaur was more ti'equent 011 populatians frol11 Garno. Gofa and Arsi. Among the II regions 
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the highest frequency for white kernel colour was obscn'Cd 111 populations collected frolll 

Gmno Gofa (34%) and Arsi (21%) respectively. 

Even distribution of awn and spike length of barley awn was observed in all regions. 

i'oplJiations collected li'olll Gonder (72%), Wallo (71 %} and Bale (62%) showed even 

distribution with respect to length of barley awn and spike length. Significant deviation was 

observed in populations collected li'om Gamo Gofa in length ofbarlcy awn distributions. 

Although IllOst of the populations collected frolll all regions were poor in lodging resistance, 

populations collected frolll Bale showed higher frequencies in lodging whereas populations 

frolll Gonder were intermediate. Populations saillples collected from Hararge and Shewa 

showed higher frequencies in loading tolerance. In general, populations from Bale, Galllo 

Gofa, Welega and Wollo were susceptible to lodging, whereas populations collected from 

Hararge and Shewa showed higher frequency in lodging tolerance. 

Both short and long rachilla hair types were occurred in all regions. Populations collected 

li'om Gamo Gofa (91 %), Sidamo (81 %), Gojam (76%) and Shewa (77%) showed higher 

frequencies of short rachilla hair. Whereas populations frolll Bale, Hararge, Tigray, Bale and 

Wei ega showed higher frequencies of 94%, 91%, 89% and 87% in longer rachilla hair, 

respectively. Highly significant chi- square deviation was observed in long rachilla hair type 

in all regions, except in Arsi, Gonder and Wollo. 

Among the character states recorded for spike bending tendency, erect spike showed higher 

tj'equencies as compared with intermediate and bending type. Populations from Gaillo Gofa 

63 



showed higher frequcncies in crecl spike bcnding tcndcnc/type. Bending type of spike was 

more ti'equcnt in populations from Welega and Wollo. 

Lax, intermediate and dense spike types were found in all regions, with higher frequencies of 

dense types. Populations [i'om Gamo Gofa, Gonder andWclega showed highly significant 

chi- square deviation in spike density. Lax spike type was observed in populations from 

Gonder and Welega with the frequencies of 57% and 51 %, respectively. Dense spike type 

[i'om Gamo Gofa, Gonder and Arsi had frequencies of 80%, 69 % and 57%, respectively. 

Mediul11 dense spikes of intermediate diversity were 1110rc frequent in populations frol11 

Gojal11 53% and Bale 46%. 

--- --' 
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Table 10. Percentage of Phenotypic classes and chi-square values for qualitative traits of each region 

Region Kemel Cover Awn colour Ear shape Flag leaf Area Glumc colour Glumc hair Kemel colour 

N C x' w y Bn Bk X2 Pa Sf Tr X1 Na It Sr X1 w y Bn Bk X2 GI Hi x' w Bk Bu Pr X~ 

Arsi 0 100 0 47 41 3 9 4.3 12 26 62 0.57 4 29 67 8.54 68 16 3 13 4 22 7S 0.72 21 35 27 17 2 

Bale o 100 o 44 54 2 o 8.1 8 27 65 0,42 17 29 54 1.20 81 15 3 14 10 90 12.9 14 47 38 22 

G/Gofa o 100 o 47 52 o 9.6 16 48 36 30.6 9 32 59 1.58 72 28 0 o 15 71 29 107.2 34 47 12 7 30 

Gojam o 100 o 52 45 2 8.3 9 36 55 3.67 16 26 58 1.23 60 37 2 18 43 57 25.6·· 13 57 24 6 13 

Gonder o 100 o 24 44 12 20 54.7"· s 13 79 12.1 17 34 49 2.44 29 21 S 42 148·· 13 87 S.47 15 29 5 61 12 

Hararge 0 JOO o 60 40 0 o 20A 11 25 64 0.38 6 19 75 14.3 81 14 4 14 10 90 12.94 17 46 36 20 

Shews. o 100 o 38 42 5 15 16 8 37 55 4.60 12 22 66 4.07 57 19 3 21 18 37 63 6.65 18 34 16 32 19 

Sidamo o 100 o 41 55 3 5.1 9 26 65 0.22 16 43 41 10.0 78 17 4 8.4 30 70 0.95 15 31 42 12 15 

Tigray o 100 o 43 51 5 3.2 7 19 74 5.43 24 36 40 14.6 64 25 10 2.4 5 95 22.6· 13 36 38 13 9 

Welega o 100 o 23 47 21 9 67.8" 10 32 58 10.8 10 32 58 0.94 63 20 14 3 33:8 10 90 12.94 s 50 13 29 22 

Wollo o 100 o 37 59 3 7.06 9:i 27 64 U I 15 32 53 0.51 64 33 2 12:'45 32 68 2.05 19 45 30 6 s 

N- Naked; C-covered; X'- Chi-square; W-White; Y- Yellow; Bn-Brown; Bk- Black; Pa-Parallel; Br-Broad; Tr-Triangular; Na-Narrow; it- Intimidate; 

Gl-Glabrous; Hi- Hairy; Bu- Blue; Pr- Purple 
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Table 10. Contipued. 

Region Awn type Kernel row number Length of barley awn Lodging Length of Spike bending Spike densiity 

Arsi 

Bale 

G/Gofa 

Gojam 

Gonder 

Harargc 

Shewa 

Sid:lIT\O 

Tigray 

Wc:lcga 

Wollo 

rachilla hair tendency 
R S X" Two Six lrr X" AL Eq - SL -X2 - Po' In Go -- X1- Sh Co - X" - Er -int Bcn- X2 La Me Dc X" 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

o 0 17 74 9 

o 0 14 25 61 

o 0 18 80 2 

o 0 49 32 19 

o 0 68 21 11 

o 0 4 61 35 

o 0 33 62 5 

o 0 16 42 42 

o 0 71 20 9 

o 0 67 5 28 

o 0 21 '0 "- 18 

36:9'-2-1-· 58 2\ 8.92 27 36 37 9.71 38 62 2.81 

91.2" 

55.4" 

9.80 

50.2" 
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36 

50 

24 
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4.58 
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4.32 
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Two -two rowed; Six -six rowed; Irr- Irregular; AL-Awn length is greater than spike length; Eq- Equal length of awn and spike; SL- Spike length grater than the 

awn; Po- Poor; In- intennediate; Go- Good; Sh- Short; Lo-Long, Er- Erect, Ben-Bend; La-Lax; Me-medium; De- Dense; R- Rough; S-Smooth 
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4.1. 7. 2. Correspondcncc analysis 

Correspondence analysis was done for the qualitative characters, and calculated inertia, 

percentage of variance and cumulative variance are indicated in Table II. The regions 

contingency table was fmther assessed in terms of row profiles (regions) and column (traits) 

by a correspondence analysis using the simple corresponding procedure devised by 

MINITAB (1998). The first two axes retained 67.79 % of too total inertia (Table II). 

In the first component, traits such as glabrous glume type, two-row barley, six-rowed barley, 

and spike density were important. In component two, traits like black glume colour, purple 

ketOnel co lour, -irregltiar kernel row number, short and Joug length of rachilla hair had high 

contribution for the separation of regions. Fig 5 shows the distribution of regions of origin of 

the populations along the two axes of component variables. The presence of lax spike type in 

Gonder separated this region into the top edge of the negative scores of the first component. 

The preponderance of six-row type barley and short rachilla hair type in Gamo Gofa separated 

this region into the top of the ftrst positive axis. 

The preponderance of black glutne colour and purple kernel colour in Gonder distinguished 

the region into an extreme category from the second component of first positive axis. The 

predominance of irregular kernel row number and long rachilla hair in Bale and Hararge 

according to the order of importance distinguished theregkll1s in the negative direction of the 

second axis. 
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The distinctiveness of Gamo Gofa, Gonder and Wei ega on component one was due to the 

lower fj'equencies of white glume colour, high frequencies of glabrous glume and lower 

fi'equencies of white kernel colour. 

Table II. Correspondcnce analysis ordinate scores; inertial, proportion of variance and 

cumulative variance for the first two components for barlcy populations by 

eleven regions of origin 

Region C1 C2 

Arsi 0.087 0.001 

Bale -0.49 -0.329 

Gamo Gofa 0.495 0.192 

Gojam 0.109 0.061 

Gonder -0.448 0.349 

Hararge 0.105 -0.329 

Shewa 0.141' 0.225 

Sidamo 0.162 -0.031 

Tigray -0.280 -0.101 

Welega -0.441 -0.041 

Wollo 0.121 0.005 

Inertia 0.073 0.040 

Proportion of variance 0.438 0.239 

Cumulative variance 0.438 0.677 
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two axes onlle component variables using qualitative characters 
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4. 1. 7. 3. Altitude trait distribution 

Table 12 summarizes the phenotypic \1'equencies forilldlvidual characters and altitudinal 

classes as percentage of the number of genotypes from each altitudinal class by pooling 

populations together. Moreover, it shows the I'esult of chi square tests for the traits examined. 

Each altitudinal class is well represented, except the upper most altitudinal class that has only 

one population. 

All the awn colour traits, white, yellow, brown and black-occurred in all altitudinal classes 

except white awn colour which was not observed in altitudinal class> 3500 m as!. Yellow 

awn colour sholVed higher frequencies.in altitude> 3500 III asl (80%). Highly significant chi­

square deviation lVas found for awn colour at upper altitudinal class (> 3500 m asl). 

Among the traits recorded for ear shape, a triangular type predominantly occurred in all 

altitude classes. The frequency of triangular ear shape showed a clinal variation and tends to 

decrease from lower to higher altitudinal classes and a significant deviation was obtained in 

the higher altitude (>3500 m asl). However, the frequency of broad type ear shape showed an 

increasing trend with increasing altitude. In general, the triangular type ear shape was 

predominantly occurred in lower altitudes, while the broad type was frequent in higher 

altitudes. 

All the characters recorded for kernel row number were found in all altitudinal classes. 

Among these, two-rowed barley was predominantly appeared in lower altitude, < 2000 III 

as!. Whereas six-rowed type was predominantly found in areas above 3000 m asl with the 
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rrequencies or 74% and 87% in altitudinal class 3001-3500 and >3500 m asl, respectively. 

The frequency of irregular type barley was low in all altitudinal classes. There is a similar 

patJern ror the rachilla hair type and spike density. 

The frequency of long rachilla hair in the lower altitude < 2500 m asl was high, whereas in 

the higher altitude classes, > 3000 m asl, the frequency of short rachilla hair was predominant. 

In general, long rachilla hair, two rowed and lax spike type predominantly occurred in lower 

altitudinal classes. Similarly, short rachilla hair, six-rowed and dense spikes were more 

t1'equent in the higher altitudes. 

Glume hairiness also goes with altitude. The hairy type glume occurred with about 80 % 

frequencies in the lower altitude. This result is related with long rachilla hair and two-row 

typ~e barley that were predominantly found in lower altitudes. 

Among the different seed colours considered, black colour was the most frequent (43%) in 

altitudinal class of < 3000 m asl, whereas in altitudinal classes of3001-2500 m asl and >3500 

111 asl blue and purple appeared with a frequency of34% and 42%, respectively. 

Among the different flag leaf characters, broad type was found predominantly in all 

altitudinal of classes. Its frequency showed a clinal variation in that, as altitude increased its 

frequency increased. 
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GI\lllle colour was distributed in all altitudinal classes with predominance of white and yellow 

colours. White colour was more frequent in altitudinal class, 2001-2500 m asl. However, 

brown and black glume colours were observed in low frequencies in all altitudinal classes. 

Spike bending tendency and spike density were observed in altitudinal class of 2001-2500 m 

asl. Highly significant chi-square deviation was observed in spike bending tendency in 

altitudinal class of> 3500 m as!. Significant deviation was also observed in spike density in 

altitude < 2000 m asl, 3001-3500 m asl and> 3500 III as!. Among the characters recorded for 

spike bending tendency, erect spike type was found to be the dominant of all the characters. 

Among the traits recorded for spike density, dense spike occurred in higher frequency, 

followed by mediu_m type. Lax spike occurred in lower altitude, < 2000 m asl, with a 

frequency of 37%. 

Different lengths of barley awn were found in all altitudes. However, equal length type of 

awn and spike occurred in higher frequencies. As altitude increases the frequency of equal 

length awn and spike increased. This shows that in higher altitudes the length of awn and 

spike are more or less the same. In higher altitude, > 3500 m asl, the frequency of lodging 

was low. Smooth awn type, naked kernel and hooded type of barley were not observed in all 

altitude classes for tIlis study. 
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Table 12. Percentage of phenotypic classes and chi-square values for qualitative traits of each altitude 

\ Altitu A\VI1 type Kernel row number Length of barley a~vn Lodging Length of rae hill a hair Spike bchding tendency Spike density 

de R S X' Two Six lIT X' AI Eq Sl X~ Po lnt Go Xl Sh Lo X' Er int Be X, L, int De X' 

100 0 0 52 20 28 48.02" 8 55 37 8.1 38 38 24 5.80 39 61 9.56* 36 31 33 4,67 37 35 28 30.61" 

2 100 0 0 25 46 29 5.97 16 60 24 2.6 46 30 24 0.36 21 79 44.97" 56 27 17 9.86 21 34 45 1.01 

100 0 0 44 41 15 14.66 10 65 25 0.1 43 '7 ,- 25 \.44 43 57 5.23 38 31 31 2.93 21 46 33 814 

4 100 0 0 14 74 12 16.84· 14 72 14 6.5 38 26 36 10.61 '78 22 22.45·· 57 29 14 11.88 3 36 61 15.76" 

5 100 0 0 0 87 13 19.92· 7 69 24 1.S 80 16 4 40.33·· 91 9 54.0·· 16 60 24 31.63·· 4 27 69 22.27·' 

1-<2000.2- 2001-2500, 3- 2501·3000, 4- 3001·3500, 5· >3501 

Two·two rowed; Six-six rowed; Irr~ Irregular; AL-Awn length is greater than spike length; Eq- Equaller)gth of awn and spike; SL- Spike length grater than the 

~I ~ :'1 , 

awn; Po- Poor; In- inteI1l1ediate; Go- Good; Sh- Short; La-Long, Er- Erect, Ben-Bend; La-Lax; Me-medium; De- Dense; R-Rough; S-Smooth 

73 



Table 12.Col/tinued. 

Altiu Kernel Cover Awn colour Ear shape Flag leaf area Glume colour Glume harness Kernel colour 

de C N X· W Y Bo Bk X· Pa Br Tr x' Na It Br X' W Y Bo Bk X' GI Hi X· W Sk So Pr X· 

100 0 0 35 57 5 2.2 6 19 75 Ii 16 38 46 4.2 67 2 2 7 2.4 19 81 2.4 10 41 37 12 5.58 

2 100 0 0 45 48 4 7.5 11 30 67 O.S 15 29 56 0.1 72 3 5 4.4 16 S4 5 19 47 24 10 9.28 

3 100 0 0 46 43 6 5 7.7 10 22 68 4.5 11 2S 61 1.4 63 6 6 7 2.7 24 76 0.2 21 4' 14 13 7.18 

4 100 0 0 4 38 16 16.6 11 39 50 -, ,.- 12 25 63 2.1 56 25 23.6· 37 63 6.6 IS 2S 20 34 19.44 

5 100 0 0 0 SO 9 11 51.6" 11 51 3S 19.2· 18 29 53 1.1 60 7 7 9 ,., 33 67 2.7 0 33 42 25 21.70· 

1-<2000,2- 2001-2500. 3- 2501-3000, 4- 3001-3500. 5- >3501 
I' " 

N- Naked; C-covered: X'- Chi-square; W-White; Y- Yellow; Bn-Brown; Bk- Black; Pa-Parallel; Br-Broad; Tr-Triangular; Na-Narrow; It-Intimidate: Gl-

Globlous; Hi- Hairy; Bu- Blue; Pr- Purple 
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4. I. 7. 4. Estimates of diversity 

The estimates of Shannon-Weaver diversity index, I-I', for individual characters, populations, 

regions and altitudinal classes are shown in Appendix 14 and Tables 13 and 14, respectively. 

Polymorphism was common in varying degree for most characters, thus, implying the 

existence of a wide range of variation in the badey populations. The H' value ranged from 0.0 

(monomorphic) for awn type and kernel covering to 1.0 (highly polymorphic) for flag leaf 

area in one population. The highest mean diversity index-(rI') pooled over traits was shown 

by populations collected from Arsi (PGRC/E 232224, H'= 0.69 ± 0.08) and (PGRC/E 

232223, H'= 0.68 ±-0.09), Sidamo (PGRC/E 235651, H'= 0.66 ± 0.09) and Welega (PGRC/E 

64339, H'=0.66 ± 0.08). The lowest \-I' was found for individual populations from Shewa 

(PGRC/E 235541, 0.40 ± 0.08) and Tigray (PGRC/E2352J9, H' =0.40 ± 0.09). Among the 

characters recorded, length of rachilla hair, lodging, kernel row number, spike density, spike 

bending tendency and kernel colour showed diversity index (H') of 0.99, 0.98, 0.97, 0.97, 

0.96 and 0.95, respectively. 

Unlike the individual population estimates, the regionwise comparison displayed a higher 

magnitude of differences. Individual characters showed different levels of diversity index in 

different regions. They ranged fi'om H'= 0.56 ± O. 076 for Hararge to H'=0.71 ± O. 083 for 

Shewa. Most regions showed higher level of polymorphism H' > .60. Overall, Gamo Gofa 

(H'= 0.58 ± O. 082) and Hararge (H'=0.56 ± O. 076) showed relatively lower average 

diversity estimates. - Among the eleven regions Shewa{O~fl ± 0.083), Arsi (0.71 ± 0.086) 

and Gojam (0.71 ± 0.081) showed highest diversity index. 
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Table 13. Diversity index for each region 

Region AC AT ES FLA GC GH KC KCO KRN LBA LOD LRH SBT SD MEAN+SE 

Arsi 0.75 0 0.82 0.69 0.67 0.76 0.97 0 0.67 0.88 0.99 0.96 0.94 0.88 0.71± 0.086 

Bale 0.55 0 0.76 0.9 0.44 0.47 0,.75 0 0.84 0.84 0.75 0.49 .0.94 0.?4 0,62 ±0.083 

Garno Gofa C.53 0 0.92 0.82 0.43 0.87 0.84 0 0.51 0.84 0.9 0.44 0.49 0.58 0.58±0.082 

Gojam 0.56 0 0.83 0.87 0.58 0.99 0.97 0 0.93 0.74 0.97 0.8 0.82 0.92 0.71±0.081 

Gonder 0.92 0 0.59 0.93 0.9 0.56 0.82 0 0.76 0.68 0.58 0.98 0.99 0.89 0.68:::0.087 

Hararge 0.48 0 0.8 0.64 0.48 0.47 0.77 0 0.73 0.68 0.93 0.33 0.8 0.72 0.56:+:0.076 

Shawa 0.84 0 0.82 0.78 0.77 0.95 0.96 0 0.74 0.8 0.97 0.78 0.88 0.73 0.71:::0.083 

Sidamo 0.58 0 0.77 0.93 0.39 0.88 0.91 0 0.93 0.88 0.99 0.7 0.91 0.9 0.70±O.090 

Tigray 0.65 0 0.66 0.98 0.65 .' 0.29 0.91 0 0.71 0.73 0.99 0.44 0.99 0.96 0.64±O.091 
, 

Welega 0.89 0 0.63 0.83 0.72 0.47 0.85 0 0.7 0.76 0.94 0.56 0.95 0.89 0.65±O.083 

Wollo 0.6 0 0.83 0.89 0.56 0.9 0.87 0 0.85 0.67 0.77 0.91 0.99 0.95 0.70 :+:0.086 

Entire data 0.73 0 0.78 0.87 0.68 0.78 0.95 0 0.97 0.82 0.98 0.99 0.97 0.97 0.75 :+:0.089 

AC~ Awn colour; AT~Awn type; ES~ Ear sbape; FLA~ Flag leaf area; GC- Glume colour; GH- Glume hairness; KC- Kernel colour; KCO- Kernel cover; 

KRN= Kernel row number; LBA= Length of barley awn; LOG= Lodging; LRA= Length og rachilla hair; SST= Spike bending tendency; SD= Spike density 
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On altitudinal basis, all the traits showed diversity estimates from H'= 0.00 for kernel cover 

and awn type to 1-1'=0.99 for length ofrachilla hair, spike bending tendency and spike density. 

Higher diversity estimates were recorded for spike bending tendency in all altitudinal classes. 

Highest diversity index (H') = 0.74 ± 0.088 was observed in altitudinal class of2501-3000 m 

asl, whereas the lowest diversity index (H') = 0.59 ± 0.082 was recorded in altitudinal class 

of >3500 mas!. 

In general altitudinal class of 2501-3000 m asl (H' =0.74 ± 0.088) showed highest diversity 

estimates followed by altitudinal class of < 2000 m asl (H' =0.72 ± 0.089). The overall mean 

diversity index for Ethiopia was estimated to be H'= 0.75 ± 0.089 

One-way analysis of variance of diversity (H') for individual traits was performed and the 

result showed that much of the variation was due to variations between populations rather 

than regions and altitude classes. However, kernel row number showed significant variation 

among regions (P< 0.05) (Table 15). The hierarchical analysis of variance also revealed that, 

most of the total variance was due to the lowest hierarchy, the "within-population" 

component. Significant and highly significant differences were detected only for the 

"populations withitl region" and populations within altitude" group variances, respectively 

(Table \6). 
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Table 14, Diversity index for Altitude range 

Altitude range AC AT ES FLA GC GH KC KCO KR.."l LBA LOD LRH SBT SD MEAN±.SE 

0.68 0.00 0.64 0.93 0.63 0.70 0.89 0.00 0.93 0.82 6.98 0.96 0.99 0.99 0.72! 0.09 

2 ~.68 0.00 0.78 0.88 0.59 0.63 0.90 0.00 0.97 086 0.96 0.74 0.89 0,96 0.70 ! 0.08 

3 0.75 0.00 0.75 0.82 0.71 0.80 0.94 0.00 0.92 0.78 0.98 0.99 0.99 0.96 0.74! 0.09 

4 0.81 0.00 0.87 0.81 0.74 0.95 0.98 0.00 0.68 0.71 0.98 0.76 0.89 0.70 0.70 ! 0.08 

5 0.46 0.00 0.87 0.91 0.76 0.91 0.78 0.00 0.35 0.71 0.55 0.44 0.86 0,67 0.59 ! 0.08 

Entire data 0.73 0,00 0.78 0.87 0.67 0.78 0.95 0.00 0.97 0.82 0.98 0.98 0.97 0,97 0.75 ± 0.087 

1-<2000, 2- ~001-2500, 3- 2501-3000, 4, 3001-3500, 5- >3501 , ' 

AC= Awn colour; AT=Awn type; ES= Ear shape; FLA= Flag leaf area; GC= Glume colour; GH= Glume hairness; KC= Kernel colour; KCO= Kernel cover; 

KRN= Kernel row number; LBA= Length of barley awn; LOG= Lodging; LRA= Length og rachilla hair; SBT= Spike bending tendency; SD= Spike density 
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Table 15. Mean squares for the different levels of grouping involving regions 

and altitudes 1"0111 the ANOYA ofH for individual characters 

Character Between Between population within 

Region Altitude Region Altitude 

(df=IO) (df=4) (df=35) (df= 42) 

AC 0.059 0.060 0.037 0.039 

AT 0.00 0.00 0.00 0.00 

ES 0.064 0.127 0.061 0.054 

FLA 0.028 0.041 0.029 0.028 

GC 0.081 0.139 0.062 0.057 

GH 0.120 0.119 0.061 0.071 

KC 0.103 0.051 0.053 0.064 

KCO 0.00 0.00 0.00 0.00 

KRN 0.153' 0.027 0.072 0.097 

LBA 0.027 0.029 0.015 0.016 

LOO 0.096 0.057 0.073 0.081 

LRH 0.072 0.133 0.056 0.053 

SBT 0.100 0.047 0.058 0.069 

SO 0.112 0.089 0.055 0.064 

* = P< 0.05 

AC~ Awn colour; AT~Awn type; ES~ Ear shape; FLA~ Flag leaf area; GC~ Glume colom; GH~ 

Glume hairness; KC= Kernel colour; KCO= Kernel cover; KRN= Kernel row number; LBA= 

Length of barley awn; LOG~ Lodging; LRA~ Length og mchilla hair; SBT~ Spike bending 

tendency; SD~ Spike density 
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Table 16. II icrarchical analysis of variance of diversity H' overall characters 

Source of variation Df Sum square Mean square F-ratio 

Betwcen 

Regions 

Populations within region 
<C 

Altitude groups 

Population within altitude group 

Character within populations 

10 1.3971 

36 2.6264 

4 0.2057 

42 3.8178 

657 71.3881 

Df= degrce ti-ccdom, • p < 0.05, "P < 0.01. 1
1$ = nonsignificant 

0.1397 0.8975"5 

0.1730 1.5915' 

0.0514 0.2692"S 

0.1909 1.7562" 

0.1087 

Partitioning of the phenotypic diversity into within and between regions of origin and 

altitudinal classcs arc given in Crable 17). Ninety perccnt of the total variation was found 
--- .../ 

within regions of origin, while only ten percent was found between regions. Length of rachilla 

hair and kernel row number contributed relatively more than 31 % and 22%, respectively, to 
<C 

the regional difTcrentiatioll. Similarly. ninety-live perccnt of the variation was found within 

altitudcs, while only five percent was found between altitudes (Table 17). Though the 

differentiation among the altitudes was weak, length of rachilla hair and kernel row number 

contributed relatively more to the observed differentiation. There is more differentiation on 

the regional level than on the altitudinal class. In general, length of rachilla hair, kernel row 

numbcr, spike density, glume hairiness and glume colour are useful in discriminating 

accessions ofdilTerent regions or altitudes. 
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Table 17. Partitioning of the qualitative phenot)'pe ciiversit), into within and between 

regions of origin and altitudinal classes 

Characters Hsp I-If HJI-Isp (Hsp -Hf)/Hsp I-Jar Ha/Hsp (Hsp -]-Jar)lH;p 

AC 0.73 0.67 0.92 0.08 0.67 0.92 0.08 

AT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

ES 0.78 0.77 0.99 0.01 0.78 \.00 0.00 

FLA )l.S7 0.84 0.97 0.03 0.87 1.00 0.00 

GC 0.67 0.60 0.90 0.10 0.69 \.03 -0.03 

(ill 0.78 0.69 0'::;8 0.12 0.80 l.03 -0.03 

KC -0.95 0.87 0.92 0.08- -"-- 0.89 0.94 0.06 

KCO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

KRN 0.97 0.76 0.78 0.22 0.77 0.79 0.21 

AT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

LSA 0.82 0.77 0.94 0.06 0.77 0.94 0.06 

LOO 0.98 0.89 0.91 0.09 0.89 0.91 0.09 

LRH 0.99 0.67 0.68 0.32 0.78 0.79 0.21-

SST 0.96 0.88 0.92 0.08 0.92 0.96 0.04 

SO 0.97 0.85 0.88 0.12 _J 0.85 0.88 0.12 

MEAN 0.73 0.66 0.90 0.10 0.69 0.95 0.05 

H,I' = Diversity index for each character cnlculatcd from the entire data set; H rand Ha - Average diversity index 

<" 
of each character for eleven regions and the tive altitudes, respectively. I-J/Hsp and H/Hsp = Proportion of 

diversity within regions and within altitudes, respectively; (Hsp -Hr)/Hsr and (i-lsI' -Har)/Hsp = Proportion of 

diversity between regions <lilt! between altitudes, respectively. ill r~;a·c;0n to the total variation. 

AC= Awn colour; AT=Awll type; ES= Ear shape; FLA= Flag leaf area; GC= Glume colour; GH== Glumc 

hairncss; KC= Kernel colour; KCO= Kernel cover; KRN= Kernel row number; LBA= Length of barley awn; 

LOG"" Lodging; LRA:-;: Length og rachilla hair; SBT= Spike bending tendency; SD= Spike density 
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.1. 2. Biochcmical divcrsity 

4. 2. 1. Isoz)'mcs 

The allele frequcncy data by populations are summarized in Table 18. The allele frequencies 

of the loci considered showcd vmious levels of polymorphism in different populations. The 
./ 

most polymorphic loci were EST-6 and EST-3 where the monomorphic loci included AAT-l, 

AAT-2, AAT-J ane[ LAP-I, when the 95 % criterion of polymorphism is applied. A locus was 

considered polymorphic if the frequcncy of the most common allele in that locus was less 

than 0.95. Gcnetic variability measures for seven popUlations at the nine loci are presented in 

Table 19. The mean numbcr ofallelcs pcr locus (A) ranged from 1.1 for PGRCfE 232216 and 

PGRC/E 234307 to 1.6 for PGRC/E 229790 and PGRCfE 235744 and averaged 1.33. The 

percentagc of polymorphic loci (P) ranged from II. I % (PGRCfE 232216 and PGRC/E 

234307) to 55.6% (PGRC/E 229790) and averaged 31.7%. Estimates of expected 
J 

Hetcrozygosity ranged from 0.014 to 0.114 with a mcan of 0.066. The average diversity index 

(H) across populations ranged from 0.082 (PGRC/E 232216) to 0.383 (PGRCfE 235744) and 
" 

averaged 0.236. Thc two barlcy pOJlulations with the greatest diversity lVere PGRClE 235744 

(H= 0.383) and PGRC/E 230006 (H= 0.307). Over the populations, the EST-6 and EST-3 

isozyme loci showed the highcst genetic divcrsity (H= 0.452) and (H = 0.356), respectively. 
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Table 18. Summary of allele frequcncies for 9 isozyme loci among 7 populations 

-----,---------' ---"-
" Locus Population 

< -"--.. ' ------"---.---
2 3 4 5 6 7 

AAT-I/\ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

AAT-2A .. 1.00 1.00 1.00 1.00 - _._- 1.00 1.00 1.00 

AAT-3A 1.00 1.00 1.00 1.00 1.0 1.00 1.00 

LAP-IA 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

EST-IA 0.97 1.00 1.00 1.00 1.00 .94 0.94 

EST-18 am 0.00 0.00 0.00 0.00 0.06 0.006 

EST-2A 0.97 1.000 1.00 0.94 1.00 1.00 1.00 

EST-2B 0.03 0.00 0.00 0.06 0.00 0.00 0.00 - . 

EST-3A 0.94 0.97 0.93 0.67 1.00 0.92 0.90 

EST-3B 0.06 0.00- 0.07 0.00 "-/ 0.00 0.08 0.09 

EST-3C 0.00 0.03 0.00 0.33 0.00 0.00 0.00 

EST-4A 0.83 0.97 1.000 0.89 1.00 0.94 0.81 

EST-4B <0.17 0.00 0.00 0.11 0.00 0.00 0.19 

EST-4C 0.00 0.03 0.00 0.00 0.00 0.06 0.00 

-EST-6/\ .. 0.83 0.52 1.00 1.00 0.46 1.00 0.72 

EST-G8 0.17 0.48 0.00 0.00 0.54 0.00 0.25 

EST-6C 0.00 0.00 0.00 0.00 0.00 0.00 0.Q3 
, 

1- PGRC/E 229790, 2- PGRC/E 230006, 3- PGRCIE 232216, 4- PGRCIE 232217, 50. PGRC/E 

234307,6- PGRC/E 234307,7- PGRC/E 235546 
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Table 19. Summary of diversity data for isozymc traits in· barley populations over 9 loci in 

seven populations (standard errors in parenthcses) 

<' 
~-'-~-<~- .. -----~-~--~". 

Population N,l A P H Mean heterozygosity 

1-1
0 He** 

PGRCIE 229790 35.7(0.2) t .6(0.2) 55.6 0.307(O.lJ rJ) 0.006(0 .006) 0.087(0.039) 

PGRClE 230006 35.1 (0.5) 1.3(0.2) 33.3 0.24(0.175) 0.010(0.010) 0.069(0.055) 

PGRClE 232216 36. t (0.1) 1.1(0.1) 1 1.1 0.082 (0.082) 0.009(0 .009) 0.014(0.014) 

PGRC/E 232217 36.0(0.0) 1.30.2) 33.3 0.241(0.119) 0.074(0 .074) 0.084(0.051) 

PGRC/E 234307 36.0(0.0) 1.1(0.1) 11.1 0.218 (0.218) 0.040(0 .040) 0.056(0 .056) 

PGRC/E 235546 36.0(0.0) 1.3(0.2) 33.3 0.181 (0.085) 0.019(0.019) 0.041(0.021) 

PGRCIE 235744 36.0(0.0) 1.6(0.2) 44.4 0.383 (0.121) 0.022(0 .022) 0.114(0.053) 

~vtenn 35.843 1.329 31.73 0.236 .. ~ 0.023 0.066 
__________ ~_o _______ ~ ____ 

** Unbiased estimate (Nei, 1978) 
The (Na) estimates of <r(lcan sample size per locus; (A) average number of alleles per locus; (P) percent of 

polymorphic loci: (1-1) genetic diversity; (110) mean observed heterozygosity and (He) mean expected 

heterzygosity 

A comparison ofF statistics for 7 populations is given in Table 20. The value ofFsT indicates 

differentiation between populations (l3iosys, 1998). The degree of differentiation (FST) of the 

individual loci ranged I.·om 0.031 for EST-I to 0.277 for EST-6. The mean value for FST 

indicates a moderate level of differentiation between populations. FST compares the ratio of 

the between popUlation component of diversity to the total diversity. In this study, FST for all 

populations was estimated as 0.183, which indicates that between population component 

accounts for about 18 % of the total variation. Marked differences in the extent of 

differentiation (FST) were shown between two loci. The populations differentiated markedly 
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aillong thclllsc\vcs t()r ,ollle loci via. FST·l and EST·G, and the levels of differentiation lVere 

101vi'or EST· I :1~ST=2 and EST·4. 

Table 20. Summmy of r·statistics at 5 polymorphic loci among 7 populations of barley 

------_. 
Locus r (\S) F (IT) r (ST) 

EST·I 1.000 1.000 .031 

EST·2 1.000 1.000 .035 

EST·3 ·.096 .060 .J ,142 

EST·4 1.000 1.000 .084 

EST·6 < .731 .805 .277 

. 

lvican .607 ,679 .183 

F (IS)· Indicates variability within populations, r (IT)· Iotal genetic variability 

F (ST)· variability among populations 

Unbiased genetic identity and genetic distance estimates between the populations ranged from 

0.964 to 0.999 and 0.000 to 0.046, respectively (Table 21). The highest genetic distance was 

observed between populations (PGRC/E 232217 and PGRC/E 234307), which were collected 

from i\rsi and Tigray, respectively. These two populations were collected from different 

corners of the country and altitudinal classes. The highest genetic identity was observed 

between population'f collected Ii'om Bale (PGRC/E 230006) and Tigray (PGRC/E 234307), 

i\rsi (PGRC/F 232216) and Shewa (PURCIE 235546) and between popUlations !I'om Gojam 

(PGRC/E 229790) and Gonder (PGRClE 235744). 
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f\ dendrogram based on the allelic li'equcncy data is shown in Fig 6. The dendrogram defines 

Il)ur main clusters. Group I lVas composed of two populations, which were collected from 

Bale and Tigray. Group 2 was also composcd of two populations collected from Gojam and 

Gonder. Group 3 consisted of two populations from Arsi and Shewa. Group 4 was composed 

of only one population. This population was collected frol11 Arsi at an elevation 0[2200 111 asl 

and it was an outlier both on morphological character and isozyme study. 

Table 21. Nei's (1978) genetic similarity (above diagoil'll) and distance (below diagonal) 

1'01' pairwisc comparisons or populations of barlcy over 9 loci 

" -P~pulation {@ 2 3 4 5 6 7 

PGRC/E 229790 ***** 0.985 0.994 0.984 0.979 0.994 0.998 

PGRC/E 230006 0.013 ***** 0.973 0.959 0.999 0.971 0.989 

PGRC/E 232216 0.006 0.026 **** 0.988 0.966 0.999 0.988 

PGRC/E 232217 0.013 0.037 0.011 **** 0.950 0.988 0.979 

PGRC/E 234307 O.oI8 0.000 0.033 0.046 **** 0.964 0.985 

PGRC/E 235546 0.005 0.026 0.000 0.011 0.033 ***** 0.989 

PGRC/E 235744 0.000 0.009 0.012 0.018 0.013 0.010 **** 
"~ 

------~.--------~----.------.------

'? I is PGRC/E 2297.2Jl, 2- PGRC/E 230006,3- PGRC/E 232216, 4- PGRC/E 
234307, 6- PGRC/E' 235546,7- PGRC/E 235744 

232217,5- PGRC/E 
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Distance 

1.15 - A 

0.77 

0.38 . B 

I L,- C D 

0.00 I I I , 
2 5 7 3 6 4 

Populations 

Where 1 is PGRC!E 229790, 2- ~GRC!E 230006,3- PGRC!E 23221'6, 4- PGRC!E 232217,5- PGRC!E 

234307,6- PGRC/E 235546, 7- PGRC/E 235744 

Fig 6. Dendrogram showing the cluster of7 baric)' populations based on isozyme data 

Below is given the z)'mogrmn banding pattern of the different barley populations studied. The 

sequence of loading (each gel) was (each represented by thirty six plants per population) I is 

PGRC/E 229790 (Gojam), 2- PGRCIE 230006 (Bale), 3- PGRCfE 232216 (Arsi), 4- PGRCfE 

232217 (Arsi), 5- PGRCIE 234307 (Tigray), 6- PGRCfE 235546 (Shewa), 7- PGRCfE 

235744 (Gonder) (Appendix 16). 

87 



EST, PGRC/E 229790 

EST, PGRCIE 235744 

-Fig. 7. Zymogram banding pattern of barley populati()nJor enzyme system 
EST (Appendix 16) 
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LAP, PGRC/E 235546 

Fig. 8. Zymogram banding pattern of barley population for enzyme system 
LAP (Appendix Hi).. 

Ar\ T, PGRC/E 229790 

Fig.9. Zymogram banding pattern of barley population for enzyme system 

AA T (Appendix 16) 
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4. 2. 2. Protein analysis 

Determination of total nitrogen (crude protein) of 47 barley populations collected from 11 

regions was carried out and the result shown on (Table 22). To examine the differences in 

crude protein content of the populations a one-sample t-test was used (Table 23). The result 

revealed that highly significant differences were observed between populations, regions of 

origin and altitudes. The highest protein mean scorcd was observed in population from Gamo 

Gofa (17.87) followed by Gojam (17.50) and Shewa (17.lA). The lowest crude protein was 

scored in population fi'om Wollo (15.65) (Table 24). The highest crude protein content 

(16.99) was observed in altitudinal class 2001-2500 m asl and followed in altitude class 3001-

3500 III asl (16.57) was recordcd. Lowcr protein contcnt (15.94) Crable 25) in altitude grcater 

than 3500 m asl. 'On population basis, thc highest p"nt<::in score was found in population 

collected from Gojam PGRCfE 229791 (19.75) and followed by population from Shewa 

(PGRCfE 235552 (18.87) (Table 23). 

Tablc 22. Protein contents of47 barley populations 

Landrace % Protein Landrace % Protein 
PGRCfE 64335 17.44 " 2351t79 16.06 

64339 16.62 " 235084 16.44 
" 223208 16.81 " 235096 15.94 
<- 229789 15.81 " 235115 15.81 
" 2I9790 16.94 " 235239 15.13 
" 229791 19.75 " 235243 15.88 
" 230003 15.94 " 235254 16.81 
" 230006 17.37 " 235255 15.13 

230591 17.25 " 2~.J261 16.37 
230594 15.19 " 235529 16.50 

" 230595 16.69 " 235541 17.50 
" 230614 16.81 " 235546 18.19 
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Table 22. Continued. 
'~----~-----'-----'-------'----'----

Lalrdrace- % Pl'Otcin Landracc % Protein 
-_.- . __ ._--------- --.. ---.----- -

" 230653 17.50 " 235552 18.87 
230814 16.69 " 235647 17.37 
231455 17.12 " 235648 18.37 
232216 16.25 " 235651 17.19 
232217 16.06 " 235653 17.69 
232219 16.25 " 235654 16.31 
232221 15.25 " 235731 14.63 

" 232223 17.75 " 235744 16.37 
" 232224 15.69 " 235745 16.00 
., 234293 15.69 

234307 17.00 
" 234896 16.56 .J 

" 235066 15.13 
., 235074 14.94 ---. --._ .. 

<c' 

Table 23. T· test ror crude protein content of barley populations with altitudes and 

regIons 

Sources elf Mean Stanclar 95% Confidence Sig. 

Difference d error Interval of the (2-taileel) 

Difference 

Lower Upper 

Altitude 4 16.44 93.19 0.17 15.95 16.93 .000 

Region 10 16.70 77.56 0.21 16.22 17.18 .000 

Population 46 16.57 108.09 0.15 16.26 16.88 .000 

-----_.------_._---------_ .. "---------.. 

<' 
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Table 2'1. iVlean Protein content orthe population by region of origin 

---"-.-~-

Region 

Arsi 

Bale 

Gamo Gora 

Gojam 

Gonder 

Harargc 

Shewa 

Sidal110 -

Tigray 

Welega 

Wollo 

Mean 

Mean ± SE 

16.208 ±0.35 

16.678 ± 0.32 

1"7.870 ± 0.5 

17.500 ±J.17 

15.666 ±0.53 

16.905 :t,0.22 

17.135 ±0.51 

1].063 ±OAO 

16.161 ±OAO 

16.873 ±0.28 

15.652 ±0.28 

16.575 :t,0.15 

Table 25. Mean Protein content orthe populations by altitudinal classes 

--:-c-:---c:--:---------"-"-
Altitude classes Mean ±SE 

--- -----,--,,----- -----~_:=-_:_::c;_---

<2000111asl 160451 ±0.21 

2001-2500 III (lSI 16.999 ±0.29 

2501-3000 m asl 16.239 ±OAO 

- 3001 -3500 Ill"as\. 16.578 ± 0.34 

> 3500 111 asl 15.940 :t,--

t"lean 16.576 :t,0.15 

- ~ It has only one popUlation 

-----' 
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4.3.ColIIparison between morphological and biochemical polymorphism 

Thc relationship betwccn the morphological divcrsity and the gcnetic diversity measured by 
~ 

isozymcs was worked out in these populations with their respect to the classification 

variablcs. The corre~ondcnce betwecn thc cnzymatic variation and qualitative morphological 

variation is studied by Spearman's rank corrclation cocrticients (Tablc 26). When the Icvel of 

P<-0.05 is used, correlation betwccn morphological dive!'sity clements (Shannon-Weaver 

diversity indcx H'), anel Shannon divcrsity indcx (H) of isozymc diversity estimates at 

population level, the following character combination showed significance: EST-I and kernel 

colour; EST-3 and glume hairiness; EST-4 and kernel colour; EST-2 and lodging; awn colour 

glume hairiness; and flag leaf area and lodging. EST-3 and glume hairiness, and flag leaf area 

and lodging are the character combinations that showcd a negative significant correlation. On 

the other- hand, there wcre significant negative correlatiol~s between the presently studied 

isozymcs and quantitative morphological characters (Appcndix 15). 
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Table 26. Rank correlation coefficients of the contribution to the variation due to the differences 

between characters in each population. 

ESTI EST2 EST3 EST4 EST5 AC ES FLA GC GH KC KRN LBA LOD LRH SBT 
ESTI -0.15 0.38 0.68 -0.17 OA3 -0.38 -0.17 0.65 -0.350.78* -0.61 0.18 -0.12 0.12 -0,49 
EST2 0,40 0,45 -~.37 -0,43 0,49 -0.52 -,0,47 0.05 0.22 0.18 -OAO 0.89* -0.65 -0.34 , 
EST'.: 0.59 -0.70 -0.34 -0.29 -0.18 1.04 -0.78* 0.29 -0.73 0.25 032 -0.26 -0.16 
EST4 -0.13 0.02 -0.23 -0.11 0.24 -0.360.85* -0.30 0.05 0.09 -0.52 -0.65 
EST5 0.56 0.15 0.67 0.30 0.38 -0.11 0.51 -0.04 -0.67 0.12 -0.21 
AC 0.29 0.25 0.86* -0.02 0.05 -0.17 0.07 -0.36 0.60 -0.35 
ES -0.31 -0.05 0.33 -0.36 0.35 -0,46 0.57 0.11 -0.18 
FLA 0.21 -0.09 -0.32 -0.03 0.16 -0.85* 0.22 -0.10 
GC -0,4 7 0.25 -0,45 OA9 -OAI 0.45 -0.19 
GH -0.11 0.70 -0.74 0.07 0.04 -0.17 
KC -0.11 0.11 0.04 -0,48 -0,45 
KRN -0.22 0.02 -0.43 0.21 
LBA -0.39 -0.11 0.58 
LOD -0.26 -0.05 
LRH 0.00 
SBT \ \ 

*:- P < 0.05 

SD 
-0,44 
-0.09 
-0.68 
-0.23 
0,48 
-0.31 
-0.14 
0.16 
-0.50 
0.70 
0.04 
0.85 
-0.18 
-0.29 
-0,41 
0.20 

AC~ Awn colour: AT~Awn type; ES~ Ear shape; FLA~ Flag leaf area; GC~ Glume colour; GH~ Glume hairness; KC~ Kernel colour; KCO~ Kerne! 
cover; KRN= Kernel row number: LBA= Length of barley awn.: LOG= Lodging; LRA.= Length og rachilla hair: SBT= Spike bending tendency: 
SD~ Spike density 
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:;, DlSCUSSION 

5, I, Morphological charac(cl's 

5, 1. 1. Character distribution 

The highest mean grain yield per plant was recorcled fi'om populations collected from Arsi, 

Harargc, Bale and Gamo Gotil. Most of these areas are characterized by receiving high 

rainfall with relatively even distribution. Plant height was also very high in populations from 

i\rsi and Bale. This is also relateclto the amount of precipitiltion in the region studied thereby 

leading to long maturity period and long grain filling days. 

When the quantitative morphological characters arc examined in terms of altitude, the highest 

yield per plant was "ecordcd in thc altitudinal class of28:;·1~2500 m as\. In this altitude class, 

plant height, number of spikelets and kernels per spike and biomass weight were also high, In 

higher altitude >3000 m asl, days to heading and days to maturity were high. This may be due 

to the fact that at higher altitudes the duration ancl amount of rainfall is very high that leads to 

the extending days of plant to heading and maturity, Alemayehu (1995) studied the variations 

in 18 landrace accessions and noted a significantly delayed maturity and an increased 

resistance to scald (RilYllcho;porilllll secalis) with increasing altitude. His hypothesis was that 

increased rainfalls in the cooler highlands allowed a longer growing season, but also better 

conditions for folia;· diseases. Net blotch (Heilllinfilo;prilllll spp.) disease severity was 

recorded on the materials collected from higher altitudes while high barley leaf rust (PlIccillia 

IlOrdei) severity was recoded on populations from the lo\V~ .. "llltitudinal classes < 2000 mas!. 
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ivlcan square of quantitative morphological characters showed highly significant difference 

between 47 barley populations for 16 different quantitative characters. This shows that there 

were signiticant variations between populations rather than between regions and altitudes. 

Discriminant analysis showed that the materials from cluster E and F have certain degree of 

overlapping, however, materials gi'oupcd in clusters 1\,--B, C, D and G were correctly 

classified. For most of the regions, the populations were distributed in a patchily pattern over 

many clusters, reflecting wide variation among populations within a particular region. 

Ailalysis of \'ariallee for 16 quantitative morphologic2' traits showed a highly significant 

difference tor all recorded characters, thus confirming for the presence of adequate genetic 

variability. 

Principal component analysis resulted in the distribution of 11 regions of origin of the 

populations along the first three-climension. In the first principal axis, Gojam, Shewa, Wollo, 

I-Iararge, Arsi, Sidamo ancl Gamo Got~, with positive principal components, and Gonder, Bale, 

Tigray and Welcga wcre with negative principal components. In the second principal 

component, Gojam,qJondcr, Shewa, Wollo and Tigray were categorized in the negative part, 

whereas i\rsi, Bale, l'lararge, Wollo, Sidamo and Gamo Gofa were grouped in the positive 

principal component. The grouping system may have :'~en based on the proximity of the 

regions to each other, perhaps indicating the possibility of being from the same original seed 

stock and on going seed exchange between these regions than between the rest. 
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Barley populations ti'Om nortilcm part of the country (Gonder, Gojam and Tigray) are 

predominantly two-rowed. lis distribution increases from north to south. Most of the two 

rowed barley populations arc found in lower altitudes, whereas six-rowed barley are more 

concentrated in Gamo Gofa, Arsi, Shewa, Wollo and Sidamo in the altitude class >3000. This 

result is concordant with prcvious rcport (Asfaw, 1989). Demissie el al. (1996a) has also 

reporteei that six-rowed barley concentrated in Gamo Gofa. According to Negassa (1985a), 

six- rowed types are concentrated on the highlands because of environmental selection of 

genes for resistance to li·ost and the high amount and distribution of rainfall of the area. 
-c' 

Rachilla hair type ilong and short) was also related with kernel row number and altitude 

(A s 1:111', 1988; Demissie el at. I 996a). The rachilla hair character has been considered 

selectively neutral and with no selective significance (Takahashi, 1955). The association of 

six-row and short rachilla in the highlands, two-row and long raehilla in the lowlands may 

probably duc to linkage with adaptive traits on their respcctive chromosomes (Demissie, 

1996a). The prescnt study also showed simi lar pattern. Asfaw (1989) also reported that the 

concentration of some traits at higher and others at lower altitudes resulted from random or 
.~ 

selective accumulation of ecrtain genes at high or low elevations, which could result partly 

hom farmers' sclection of Illorphotypcs based on thcir selection criteria of suitability to the 
<C 

prevailing climatic and edaphic conditions of the areas. Irregular type barley is predominantly 

found in Bale,follQwed by Sidamo and Hararge, it is to be noted that Ethiopia is a center of 

conccntration for this trait. 

All kerncl colour (while, black, blue and purple) were observed in all regions with different 

fi·cCjuencies. However, black colour was found predominantly in all regions in lower altitudes 
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< 3000m asl. i)cmissie (1996n) reported that thc pattern of kernel colour was not evcnly 

distributeci because it has association with phcnotype and utility for human consumption. 

Ceccarelli e/ al. (1987) suggested that thc black seeded types arc prime choice of local 

fanners in drier areas duc to specific characters of adaptation to low moisture conditions. 

Some rare characters such as smooth awn type, naked kernel covers and hooded types of 

barley reportcd in previous stuciies are not observed in the present study. This may be due to 

insufficient sample size or the declining of rare morphtypes in frequency of occurrcnce 

through time (Asl,\\v, 1988). 

Correspondence analysis or qualitative traits of 47 barlcy popUlations distantly separated thc 

region gene pools into diffcrcnt parts of thc axis. Based on this, popUlations from Gonder, 

Gamo Go fa, Bale, Haral'ge, Welega and Tigray were distributed in two different corners, 

while populations from Gojam, Wallo, Arsi and Sidamo were concentrated at the center 

indicating the similarity of the materials. This could be clue to gennplasm exchange or the 

impact of similarity in agro ecology on thc proportion of gene pools. 

4. 1. 2. Diversity index 

Summary of mean diversity indeees for individual characters, populations, regions of origin 

and altitudes are shown in appcndix 16 and Tables 13 and 14. The mean diversity index of 

altitude class> 3500 m asl was low as compared to other classes. This could be due to 

selection pressurcs such as fi'ost at higher altitude. The highest mean diversity index JH') 

pooled over traits was obtained for populations for Arsi (H'~0.69 and H'~ 0.68), Sidamo (H' 
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c 0.66) and Welega (H' = 0.66) populations, whereas the lowest is for populations from 

Shcwa (\1 =0.'10) and Tigray (\-1 = OAO). \)cmissic CI al. (I 996a) also reported that the highest 

mean diversity for individual populations werc Ii'om Arsi (\j,7' 0.64) and Welega (\-1=0.62) and 

the lowest was for individual populations from Bale, Shewa, Tigray and Gamo Gofa. In both 

studies the regions tkat showed lowest and highest diversity indices for individual populations 

arc the samc. though with different magnitudes. 

The diversity or Ethiopian barley in all regions were estimated. The result showed that high 

diversity index was observed in Shewn (H' = 0.71), Arsi (l-[' = 0.71) and Gojam (H' = 0.71) 

and the lowest diversity index was obtained for populations from Hararge (H' = 0.56) and 

Gamo Gofa (H' = 0.58). This may be due (0 small number of samples taken from the (wo 

regions ((wo populations li'om each region). However, Negassa (1985a) reported that the 

highest estimate of diversity was from Gamo Gofa (!-I'=O.7J) and the lowest from Begemidir 

(Gonder) (11'=0.54). Dimissie cl al. (1996a) also showed that regionwise comparison 

displaycd diversity {ltudy 1'01' regions ranged li'OI11 H=0.43 for Gojam to H'=0.86 for Welega. 

This discrepancy in regional diversity index (1-1') might be due (0 inadequate sampling andlor 

dis-similar and 'insufficient number of characters for the ~t"n.y. 

The genetic diversity of barley alti(ude wise is also high. Altitude class 2501-3000 m asl 

showed high diversity index (1-1'=0.74) followed by altitude class <2000 m asl that showed 

diversity index (H'=O.72). As compared to others the highest altitude class >3500 m asl 

showed lower diversity index (1-1'=0.59). This is probably associated with the sample size, 

natural selection prcssures of li'ost operating at higher---altitude (Negassa, 1985a) and 

anthropogenic factors such as farmer selection pressure (Asfaw, 1989c). 
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Quantitative estimatc of diversity valuc for Ethiopian bariey has bccn reported by Tolbert el 

al. (1979), who estimated a diversity value of II' ~ 0.51; Negassa (1985a), who estimated H' 

~ 0.68: Engels (1991), who cstimated II' ~ 0.70 and Dcmissie el al. (1996a) who estimated 

II'~ 0.71. In the present study, a diversity index H ~ 0.75 was recorded for Ethiopia, which is 

a little bit higher than the previous studies. This may be due to the high number of characters 

used for this study. 

Analysis of variance revealed that thc level of diversity of Ethiopia barely is about the same in 

all the regions and altitudcs. These results are further supported by partitioning of the 

phenotypic diversity into within and bctween the regions and altitude and the result showed 

that there were no significant variations between and within regions and altitudes and much of 

< 
thc variance of the estimate of the diversity is due to the difference among populations. 

Ae~ording to Dcmissie el al (1996a), this could be due to the absence of pronounced 

geographical typcs, may be explained in terms of the environmental heterogcneity of regions, 

irrelevance of administrative and regional boundaries in maintaining diversity and the 

significant degree of seed migration among regions. Negassa (1985a) reported that much of 

the variation was due to differences within regions rather than among regions. 

Hierarchical analysis of variance based on normalized data showed that much of the variation 

is due to the variation within region anci within altitude rathcr than betwcen region and 

altitude. The highest polymorphism was concentratcd in areas betwcen altitudinal classes of 

" 
1500-3000 m as!. The major barley growing areas in the country with maximum diversity 
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have been reported by Dcmissic 1'/ (/1. (I 996a) and Engels (1991\) in areas bctween 2000-3000 

m asl. The present r~sult was also found in this range. 

5. 2. Biochcmical charactcrs 

5. 2. 1. Isozymcs 

Isozyme data allow quantification of similarity, or differences, between populations, groups 

of populations and/or specics (Gottl ieb, 1981). Populations and lor species can be 

characterizcd on the bascs of differences in allele ti·equcncics. 
~ 

Isozyme analysis was done lor three-cnzymc systems Esterase (EST), Leucine 
<C 

aminopcptidase (LAP) and Aspartate aminotransferasc (AA T). Thc allelic frequencies of the 

10cLconsidered Sh01vcd various levels of polymorphism in differcnt populations. The most 

polymorphic loci werc EST-I, EST-2, EST-3, EST-4 and EST-6 whcreas the monomorphic 

loci werc AA T-I, AAT-2, AA T-3 and LAP-I. Dcmissie and Bj0rnstad (1997) also repOlied 

monomorphic loci for the AA T-I, i\AT-2 and A/\ T-3. 

The number of allelcs for the EST locus is fewer than the one reportcd by Bekele (1983a) and 

Dcmissie and Bj0rnstad (1997) who included large number of popUlations and covered 

different geographical regions. The mean number of alleles per locus and percentage of 

<C 

polymorphic loci for EST wcrc comparablc to thc rcsult obtaincd by Demissie and Bj0rnstad 

( 1(97). 
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The degree of differentiation (l'sT) of the individuals loci rangcd from 0.031 for EST-I to 

0.227 for EST-6 Crable 20). The value 0.183 for the mcan FST is low as compared to the 

avcrage F 5T value for inbreeding species (0.51) reportcd by Hamrick and Godt (1990). 

According to Demissie e( al. (1997), the highest FST value may reflect adaptation to the strong 

environmental dissimilarities or high lcvels of genetic drift maintained by restricted gene flow 

between populations. Genetic diversity was calculated-for each population and the result 

revealed that high Shannon divcrsity index in PGRC/E 235744 (1-1= 0.383), PGRC/E 229790 

(11= 0.307) andl'ORC/E 232217 (\-1= 0.241) as compared to other populations. 

-
Nei's genetic distances among scven populatiolls fd"1ii;.'t1 from 0.00 to 0.46. The highest 

genetic distance estimate was record cd between PGRC/E 232217 and PGRC/E 224307. This 

may be due to the fact that the two populations were collected l1'om different region (Arsi and 

Tigray) that are widely separated gcographically and found on different altitude classes, and 

probably also less human interaction bctween the two regions. 

Genetic identity values \Verc calculated and it ranged frofll 0.950 between PGRC/E 232217 

and PGRC/E 234307 to 0.999 between (PGRC/E 230006 and PGRC/E 234307) and (PGRC/E 

2322 I 6 and PGRClE235546). The highest genetic identity was observed between popUlations 

collected li'OIl1 Gojam - Gonder and i\rsi - Shewa. These regions are adjacent to each other. 

Therefore, there may be an exchange or seed be(\v~cll the regions in addition to agI'o 

ecological similarities. Culturaluniforlllity may also explain at least part of the reason for the 

similarities. 
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Cluster analysis and subsequent construction or dendrogram suggested two populations that 

were collected from distinct l"l-,gions may share more biochemical genotypes than 

geographically adjacent ones lor the markers used in the present study. This is especially true 

lor populations li'Dln Balc and Tigray that are widely separated geographically. 

Correlation between Shannon-Weaver diversity indcx oLg!Jalitative morphological characters 

and isozyme analysis showed some significant negative and positive associations. However, 

the values of tl"" quantitative characters showed negative correlations with enzymes 

variations. Similarly, Bekele (1984) reported that number of tillers and plant height; number 

or-tiller and Kernel weight; plant height and spike lenplh:_spike length and number of seeds; 

spike length and acid phosphatase locus I; number of seeds and kernel weight; kernel weight 

and rachilla hairiness; kernel weight and esterase 0 locus; row number and esterase A locus; 

glume hairiness and rachilla hairiness; glume hairiness and esterase C locus; and esterase A 

locus and esterase C locus showed significance by Spearman's rank correlation coefficients. 

Kernel weight and rachilla hairiness are the only character combinations that showed a 

negative significant correlation when the level of P :5-_0.05 is used. On the other hand, 

Dcmissie and Bj0rnstad (1997) indicated the absence of biochemical and morphological data 

.c 
associations. He sliggcsted that the reason lor the absence of correlation between biochemical 

and morphological characters may be due to: i) direct human or natural selection for some 

morphological traits, whereas isozymes tend to be nelitrai 51' subject to natural selection aloDe, 

or ii) the morphological and isozyme markers reflect different parts of the genome, with 

different level of ass ociati OilS with adaptive traits. 
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5. 2.2. Proteins 

Detcrmination of the total nitrogen (crude protein) for 47bAricy population collected from II 

regions showed highly significant differcnces betwccn populations, altitudinal classes and 

regions. The amOlVlt of protcin contcnt of populations varies lI'om 14.63 to 19.75 with the 

overall mean of 16.57. Wondimu (1996) rcported that thc protein content of food barley 

rmfged Ii'om 1'1.8- 15.6. Howevcr, Kerssie and Ooitom (1996) showed that barley protein is 

composcd of 19 amino acids, but low in lysine and mcthionine. Thcy further noted that the 

averagc protcin of barley is about 9.3 %. which is very low as compared to the present study. 

Breeding/crossing program was initiated at Holetta Agricultural Research Center for 

improving the protein content of the Ethiopian barley and apparently lines having high protein 

content (9.7% to 16.5%) were identified (Oebre ef a/., 1996). Protein quality is dependent 

upon the conccntration of essential amino acids. Howe.vcr, it is affected by genotype, 

environment and the genotype·environment interaction. 
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6. CONCLUSSJON 

IVlorphological and biochemical diversity study on recenL90llections of barley populations 

werc undertakcn in this study. Plant specics of economic importance have never been equally 

distributed through ,out thc world. The Ethiopian region has bcen recognized as an important 

center of diversity for many crops such as barley. The country's wide altitudinal range, 

sUDstantial tenlperature and rainfall differences with divcrs~ edaphic conditions create a wide 

range of agro-ecological conditions and microenvironments. Therefore, Ethiopian barley is 

distributed in di ffercnt regions, agro ecological zones and altitudinal ranges. 

Ivleasurement and characterization of genetic variation in germplasm of crop plants are 

primary concern for genetic resource conservation and utilization. Analysis of variance for 

quantitative morphological character showed highly __ significant differences between 

populations in all recorded characters in the present study. 

Genetic erosion of barley germplnsm in the country is high, tilliS, specific collecting 

opel'ations have to bc carried out to fill gaps in terms of ['c(}graphical coverage of the existing 

collections. From this study it can be recognized that there is still abundant genetic variability 

within the studied populations. This suggests the potential of local landraces for breeding 

programs. 

The present study indicates that the amounts of variability are not uniformly distributed in all 

geographic regions and altitudes. The overall diversity index of the recently collected (i.e, 

since 1980) barley land races used in this and other similar studies support the conclusion that 
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Uhiopia is still an importilnt ccnll'r "i" diversity I()r barley. This diversity may indicate the 

presence of impoJ1ill1t genes tal' breeding purposes. It was also observed that some 

correlations between morphological characters and isozymes variations suggesting flll'ther 

studies in this area. From a genetic point of view; ,~gions with highest diversity index 

(Shewa, Arsi and Gojam) arc suitable tor germplasm collection and ill-situ conservation sites. 

FlII'ther study with large sample size and additional biochemical markers to estimate fuller 

picture about the genetic variation in Ethiopian landrace barley is required. 

---j 
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8. APPENDICES 

Appendix I. Sinana Agricultural Rcsearch Ccnter temperature and rainfall data during the 
20001200 I crop-growing season (July 2000- February 200 I). 

Month Date rangc Temperature (0 C) Rainfall Total RF 

Min Max. (mm) ( mm) 

July 2000 1-10 10.5 21.3 0.9 68.8 

11-20 10.8 22.3 53.1 

21-31 10.1 19.7 14.8 

August 2000 1-10 9.8 20.0 12.2 64.2 
--~ 

11-20 10.2 20.7 15.8 

21-31 10.4 19.9 36.2 

Scptember 2000< 1-10 10.2 20.8 46.0 121.8 

11-20 9.6 20.1 22.8 

21-31 10.0 18.7 53.0 

October 2000 1-10 11.2 . - : 3-;4 86.8 116.8 

11-20 10.3 18.8 12.4 

21-31 10.0 18.8 17.6 

November 2000 1-10 8.3 19.9 2.4 26.6 

11-20 9.1 19.7 . 15.1 

21-31 7.2 19.9 9.1 

December 2000 1-10 7.8 21.0 1.7 10.7 

11-20 8.2 20.9 9.0 

21-31 6.8 22J) 0.0 

January 200 I 1-10 7.9 22.7 0.0 0.0 

11-20 8.3 22.9 0.0 
< 

21-31 8.05 23.0 0.0 

Fcbruary 200 I 1-10 8.1 22.8 0.0 12.1 

11-20 8.8 'n9 0.0 

21-31 8.6 23.9 0.0 

[vlean 9.39 20. 3 21.5 421 
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Appendix 2. Accessions with their localities and Altitude 

No. Accession No. Region Woracla Altitude Year of collection 

PGRC/E 64335 Welega Ario 2160 1982 

2 " 64339 Welega Daillbidolo 1680 1982 

3 " 223208 Tigray Agaille 2380 1986 

4 21<>789 Gojalll Mota 2250 1988 

5 " 229790 Gojalll [vlota 2500 1988 

6 " 229791 Gojalll Mota 2500 1988 

7 " 230003 Bale Dinsho 2730 1989 

8 " 230006 Bale Goro 2120 1989 

9 " 230591 Bale Ababa 2400 1989 

10 " 230594 Bale Sinana 2240 1989 

II " 230595 Bale Sinana 2230 1989 

12 " 230614 Bale Goro 1870 1989 

13 " 230653 Bale Dinsho 2610 1989 

14 " 230814 Hararge Gara Mulata 2050 1989 

IS " 231455 Harargc Jijiga 1900 1990 

16 " 232216 Arsi Aboillsa 1690 1990 

17 " 23~17 Arsi Jcju 2220 1990 

18 " 232219 Arsi Guna 2360 1990 

19 232221 Arsi Guna 2550 1990 

20 " 232223 Arsi Guna . - 2760 1990 

21 " 232224 Arsi Arba gugu 2780 1991 

22 " 234293 Wollo Kerelll 2140 1991 

23 " 234307 Tigray Agaille 3100 1984 

24 " 234896 Welega AI]o 2350 1992 

25 " 235066 Wollo Yeju 3010 1992 

26 " 235074 Wollo Desc Zuriya 2950 1992 

27 " 235079 Wollo Lagaillbo 3500 1992 

28 " 235084 Wollo Were I-limcno . j 3300 1992 
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Appendix 2. Continued. 

No. Accession No. Region Worada Altitude Ycar of collection 

29 " 235096 Shcwa Mehahnecla 3600 1992 

30 " 235115 Shewa Ankobcr 3320 1992 

31 " 235239 Tigray Chercher 1750 1992 

32 " 235243 Tigray Inda mehone 1610 1992 

33 " 235254 Tigray Maychew 2300 1992 

34 " 235255 Tigray Inda Mohone 2720 1992 

35 " 235261 Tigray Ambalage 2750 1992 
< 

36 " 235529 Shewa Sebat bet 3250 1993 

37 " 235541 Shewa Sebat bet 3260 1993 

38 " 235546 Shcwa Chabo 3050 1993 

39 " 235552 Shewa Chabo 2900 1993 

40 " 235647 Gamo Gofa Bako Gazer 1810 1993 

41 " 235648 Gamo Gofa Bako Gazer 2080 1993 

42 " 235651 Sidamo Yabclo 1780 1993 

43 " 235653 Sidamo Mega 1610 1993 

44 " 235654 Sidamo Arero 1880 1993 

45 " 235731 Gonder Debark 2840 1993 

46 " 235744 Gonder Chilga ~ 2200 1993 

47 " 235745 Gonder Chilga 2000 1993 
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Plot No. 

2 

3 

4 
5 

6 

7 

8 

9 

10 

11 

12 
13 
14 
15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

App~ndix 3. Total mean of 16 quantitative characters of 47 b'jrley populations 

Accession No. 

PGRCIE 64335 

64339 

223208 

229789 
229790 

229791 

230003 

230006 

230591 

230594 

230595 

230614 
230653 

" 

'. 

" 
" 

" 
" 
" 
" 
" 

230814 
231455 

~32216 

'232217 

232219 

232221 

232223 

232224 

234293 

234307 

234896 
235066 

'I 

DH 
71 

74 

88 

73 

95 

95 

88 

75 
81 

74 

81 

73 
75 
85 
80 

78 

83 

86 

84 
87 

88 

71 

91 

71 

87 

DM 
114 

114 

121 

115 

128 

134 

120 

115 

116 

116 

117 

115 
114 
118 
119 

119 

~20 
122 

119 

121 

123 

114 

126 

115 

122 

GF 

43 

40 

33 

42 

33 

39 

32 

39 

35 

42 

36 

42 
38 
33 
39 

41 

38 

36 

35 
34 

35 

43 

35 

44 
35 

NN TN PH 

4 19 98 

4 14 96 

5 17 93 

4 18 89 

5 10 85 

6 18 83 

5 13 84 

4 17 97 

5 16 100 

5 18 98 

5 18 91 

5 17 100 
5 19 97 
5 12 94 
5 17 93 

5 16 95 

6 14 98 

6 11 95 

5 14 92 
5 15 91 

5 13 88 

4 21 83 

5 12 88 

4 16 97 

5 11 90 

SL AL 

12 11 

11 1 ~ 

9.2 10 
11 1'1 

7.5 9 

7.9 11 

7.9 11 

10 11 

9.9 11 

9.9 11 

9.5 12 

9.9 11 
11 12 
7.9 10 
8.9 .11 

11 10 

6.7'11 

6.7 11 

9 11 

9.3 10 

8.9 10 
11 11 

8.8 10 

11 11 

8 11 

120 

FLL NKPS 

21 24 

21 41.3 

21 44 
18 ~. 26.3 

17 40.3 

15 25.6 

19 30.7 

22 35.8 

21 43.4 

20 40.8 

20 36.3 

20 38.3 
21 44 
19 54.1 
14 39.6 

18 26.5 

19 65.2 

19 56.2 

20 51.4 

22 47.5 

18 43.3 

20 26.3 

20 47.8 

20 27 

20 47.4 

NSPS 

23.96 

41.27 

44.05 

26.27 

40.29 

25.55 

30.7 

35.84 

43.38 

40.78 

36.3 

38.3 
43.98 
54.13 
39.58 

26.52 
r 
6.5.16 

56.16 

51.43 

47.49 

43.32 

26.27 

47.76 

27.04 

47.36 

BM 
66.153 

55.022 

43.386 

31.276 

21.712 

43.568 

43.133 

58.987 

61.378 

68.742 

54.46 

54.486 
64.26 

45.216 
61.247 

58.28 

54.96 

55.26 

46.47 

38.45 

37.711 

61.232 

40.741 

48.031 

43.886 

Y/S 

1.03 

1.5 

1.18 

1 

1.22 

1.05 

1.16 

1.33 

1.38 

1.57 

1.4 

1.36 
1.46 
1.51 
1.31 

1.1 

2 

1.7 

1.5 

1.5 

1.4 

1.14 

1.68 

1.14 

1.43 

SYW 
11.7 

13.5 

9.09 

7.02 

3.21 

6.17 

8.88 

13 

12.7 

14.6 

12.3 

12.5 
13.7 
9.92 
13.7 

12.1 

12.1 

11.5 

9.04 

8.21 

8.62 

11.7 

8.32 

10.3 

7.8 

TGW 

9.832 

7.502 

5.755 

7.431 

6.279 

8.46 

7.913 

6.676 

6.952 

7.694 

7.69 

7.237 
6.97 
5.918 
7.02 

( .66 

6.69 

6.67 

6.27 

6.61 

6.961 

8.859 

7.326 

9.355 

6.067 

HI 

18.64 

24.47 

21.69 

" 22.28' 

15.06 

14.66 

19.84 

21.58 

20.52 

21.06 

22.91 

23.31 
22.29 
20.75 
22.37 

21.47 

22.51 

20.58 

19.97 

19.2 

21.86 

20.77 

20.91 

21.91 

16.29 



Appendix 3. Continued 

Plot No. Accession No. 

26 PGRCIE 235074 

27 235079 

28 235084 

29 235096. 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

Mean 

235115 

235239 1 

235243 

235254 

235255 

235261 

235529 

235541 

235546 

235552 

235647 

235648 

235651 

235653 
235654' 

235731 

235744 

235745 

OH 
84 

86 

87 

78 

93 

OM GF NN TN 

120 36 5 12 

120 35 5 14 

121 34 4 12 

116 38 4 12 

11 

19 

18 

22 

22 

16 

13 

10 

17 

13 

15 

PH SL AL ,FFL 

87 9.7 11 22 

82 9.6 11 19 

83 9.1 11 20 

89 9.7 10 '20 

76 

84 

82 

77 

84 

86 

81 

68 

83 

79 

87 

7.1 9 16 

9.9 11 '20 

10 12 19 

9.5 9 13 

10 12 21 

10 11 

8.8 12 

5.1 10 

9 12 

9.2 11 

7.9 11 

20 

16 

18 

20 

20 

21 

'173 

74 

93 

72 

74 

92 

94 

88 

88 

82 

78 

78 

132 38 

115 42 

114 40 

137 43 

118 46 

115 41 

132 42 

130 37 

121 33 

123 35 

117 35 

115 37 

116 38 

5 

4 

4 

5 

4 

5 

5 

4 

4 

5 

5 

5 

5 

15 90 7.3 11 21 

16 93 9.6 11 . 22 

84 116 (32 5 18 

85119'34513 

89 131 43 6 14 

63 10845 4 20 

63 111 47 4 22 

81.5 120 38 4.8 16 

93 9.7 10, 21 

83 7.2 10 20 

78 6.9 9 18 

100 11 12 20 

101 11 12 19 

89 9.1 11 19 

NKPS 

49.3 

42.2 

42.7 

48.3 

43.3 

25\7 

26.5 

25.8 

25.6 

25.5 

45.6 

35.7 

22.9 

23.1 

42.3 

50.5 

31.8 

38.8 

52.4 

35.3 

23.8 

23.6 

37.9 

NSPS 

49.32 

42.16 

42.71 

48.29 

43.28 

25.71 

26.47 

25.81 

25.56 

25.47 

45.64 

35.73 

22.86 

23.14 

42.29 

50.47 

31.77 

38.84 
\ 

52.37 

35.33 

23.8 

23.62 

37.95 

BM 
33.348 

32.142 

31.242 

32.089 

31.667 

58.725 

44.987 

41.085 

55.429 

40.727 

47.595 

23.744 

37.981 

30.882 

43.204 

Y/S SYW TGW, HI 

1.39 6.79 5.857 19.17 

1.14 5.42 5.749 16.88 

1.14 5.9 5.884 18.56 

1.19 5.29 4.648 16.49 

1.49 

1.17 

1.13 

1.11 

1.05 

1.1 

1.9 

1.03 

0.89 

0.92 

1.37 

6.5 

12 

10.1 

7.47 

12.6 

9.69 

8.69 

3.92 

7.48 

5.6 

10.4 

7.776 

9.659 

10.03 

7.047 

7.965 

8.465 

8.152 

5.527 

8.343 

7.699 

6.26 

19.39 

20.45 

21.52 

15.14 

22 

23.35 

17.85 

18.06 

19.64 

18.94 

23.48 

56.198 1.41 10.9 5.936 20.94 

60.78 1.2 

47.807 

47.717 

30.155 

68.887 

43.284 

46.76 

1.22 

1.52 

1.26 

1.13 

1.09 

1.30 

10.9 7.451' 18.58 

10.6 

10.1 

4.72 

11.8 

9.25 

9.53 

6.379' 21.85 

5.561 22.13 

7.593 15.23 

10.04 19.89 

9.464 19.31 

7.35 20.12 

AL= Awn length; BM= Biomass; DH= Days to heading; DM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; HI= Harvest index; NKPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weight; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike 
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Appendix 4. Correlation among characters of barley populations in Arsi 

AL 8M OH OM FLL GF HI NN NKPS PH SL NSPS SYW TN TGW YS 
AL 0.45 0.00 -0.22 0.00 -0.07 0.08 0.71 0.77 0.57 -0.75 0.77 0.37 -0.53 -0.53 0.73 
8M \ -0.77 -0.50 -0.46 0.81* 0.40 ' 0.57 Gl.01 0.89* -0.17 0.01 0.96*' 0.00 0.49\ 0.13 
DH 0.80 0.38 -0.92** -0.31 0.04 0.45 -0.61 -0.43 0.45 -0.70 -0.60 -0.79 0.34 
OM -0.11 -0.52 0.08 0.16 0.17 -0.51 -0.37 0.17 -0.34 -0.66 -0.36 0.15 
FLL -0.62 -0.82* -0.17 0.28 -0.16 -0.02 0.28 -0.55 0.18 -0.51 0.19 
GF 0.58 0.15 -0.42 0.64 0.29 -0.42 0.84' 0.43 0.85' -0.26 
HI 0.38 0.07 0.37 -0.23 0.07 0.59 -0.05 0.31 0.22 
NN 0.73 0.73 -0.89* 0.73 0.65 -0.60 -0.29 0.82* 
NKPS 0.35 -0.92** 1.00** 0.06 -0.56 -0.82* 0.98** 
PH -0.40 0.34 0.89' 0.04 0.21 0.48 
SL -0.92** -0.25 0.76 0.68 -0.93** 
NSPS 0.06 -0.56 -0.83* 0.98** 
SYW -0.03 0.50 0.22 
TN 0.57 -0.49 
TSW -0.70 
YS l 

, 
, , 

*- P < 0.05, **- P < 0.01 
AL= Awn len~h; BM= Biomass; DR= Days to heading; DM= Days to maturity; rLL= Flag leaf length; GF= Grain filling; HI= Harvest index: NKPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weigh'; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike 
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Appendix 5. Correlation among characters of barley populations in Bale 

AL BM OH OM FLL GF HI NN NKPS PH SL NSPS SYW TN TGW YS 
AL 0.12 -0.02 -0.225 0.029 -0.1 0.52 0.258 0.244 -0.2 0.384 0.244 0.181 0.575 0.037 0.27 
BM -0.7i3 -0.751 00423 0.63 0.17 -0.057 I 0.845*~0.77* 0.823* 0.845* 0.962** 0.78* '-00426 0.92** 
OH 0.894** -0.3 -0.9** -0.61 0.255 -0.567 -0.8* -0.814* -0.567 -0.852* -0.78* 0.517 -0.71 
OM -0.62 -0.7 -0.6 0.258 -0.756* -0.9* -0.968* -0.756 -0.839* -0.83* 0.766* -0.65 
FLL 0.03 0.03 -0.568 0.5 0.57 0.604 0.5 0.394 0.295 -0.94** 0.11 
GF 0.57 -0.154 00407 0.73 0.612 00407 0.769 0.666 -0.262 0.69 
HI 0.022 0.22 0.38 0.538 0.22 00408 0.694 -0.205 0.35 
NN 0.247 -0.1 -0.129 0.247 -0.117 -0.032 0.594 0.18 
NKPS 0.8 0.85* 1 ** 0.787* 0.68 -0.501 0.76* 
PH 0.812* 0.797* 0.819* 0.62 -0.68 0.66 
SL 0.85* 0.873* 0.89* -0.693 0.74* 
NSPS 0.787* 0.68 -0.501 0.76* 
SYW 0.89* -0.448 0.94** 
TN -0.362 0.85* 
TGW , -0.13 
YS I 

\ 

*- P < 0.05, **- P < O.bl 
AL= Awn length; BM= »iomass; DH= Days to heading; DM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; HI= Harvest index; NKPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weight; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike 
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Appendix 6. Correlation among characters of barley populations in Gojam 

AL 8M OH OM FLL GF HI NN NKPS PH SL NSPS SYW TN TGW YS 
AL 0.83 -0.5 -0.208 -0.05 0.95 0.46 0 -0.999* 0.19 0.588 -0.999* 0.977 1 ** 0.882 -0.98 
8M 0.07, 0.376 -0.6 0.6 -0.12 0.561 -0.851 -0.4 0.033 -0.851 0.69 0.828 0.995 -0.69 
OH 0.951 -0.84 -0.8 -1 * 0.866 0.462 -0.9 -0.995 0.462 -0.673 -0.5 -0.033 0.68 
OM 1\-0.97 -0.5 -0.96* 0.978 0.166 -1 * -0.91-4 0.166 -0.411 -0.208 0.278 0.42' ~ 

FLL 0.28 0.87 -0.999* 0.09 0.97 0.781 0.09 0.167 -0.047 -0.512 -0.17 
GF 0.73 -0.327 -0.93 0.5 0.82 -0.93 0.993 0.945 0.679 -0.99 
HI -0.888 -0.42 0.96 0.989 -0.42 0.637 0.459 -0.014 -0.64 
NN -0.043 -1 -0.809 -0.043 -0.212 0 0.472 0.22 
NKPS -0.1 -0.552 1* -0.967 -0.999* -0.901 0.97 
PH 0.906 -0.146 0.393 0.189 -0.296 -0.4 
SL -0.552 0.746 0.588 0.137 -0.75 
NSPS -0.967 -0.999* -0.901 0.97 
SYW 0.977 0.761 -1 ** 

TN 0.882 -0.98 
TGW -0.76 
YS 

*- P<O.05, * -P<O.OI 
i 

\ \ 
" 

AL= Awn length; BM= Biomass; DH= Days to heading; DM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; Hl= Harvest index; NKPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weight; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike ' 
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Appendix 7. Correlation among characters of barley populations in Gonqer . - . 

AL BM OH OM FLL GF HI NN NKPS PH SL NSPS SYW TN TGW YS 
AL 0.76 -1 ** ,-0.993 0.912 0.87 0.99 -1 ** -1 ** 1 ** 11 ** -1 ** 0.935 0.971 0.974 -0.97 
BM -0.76 -0.833 0.96 0.33 0.83 -0.76 -0.751 0.73 0.76 -0.751 0.941 0.582 0.887 -0.59 

~ OH ' 0.993 -'10.91 -0.9 -0.99 1 ** 1 ** -1** 1-1** 1 ** -0.935 -0.971 -0.974 0.97 \ 
OM -0.96 -0.8 -1 ** 0.993 0.991 -1 ** -0.993 0.991 -0.971 -0.935 -0.994 0.94 
FLL 0.59 0.95 -0.912 -0.907 0.9 0.912 -0.907 0.998* 0.787 0.981 -0.8 
GF 0.8 -0.866 -0.873 0.89 0.866 -0.873 0.632 0.961 0.731 -0.96 
HI -0.993 -0.992 0.99 0.993 -0.992 0.969 0.937 0.994 -0.94 
NN 1** -1 ** -1 ** 1** -0.935 -0.971 -0.974 0.97 
NKPS -1 ** -1 ** 1 ** -0.93 -0.974 -0.971 0.98 
PH 0.999* -1** 0.92 0.979 0.965 -0.98 
SL -1 ** 0.935 0.971 0.974 -0.97 
NSPS -0.93 -0.974 -0.971 0.98 
SYW 0.822 0.991 -0.83 
TN 0.892 -1 * 
TGW -0.9 
YS 

I *=p <0.0s:- **:1' < 0.01 I \ \ , 
AL= Awn length; BM= Biomass; DH= Days to heading; DM= Days to maturity; FLL= Flag leaflength; GF= Grain filling; HI= Harvest index; NKPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weight; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike 
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Appendix 8. Correlation among characters of barley populations in Shewa 

AL BM OH OM ,FLL GF HI NN NKPS PH SL , NSPS SYW TN TGW YS 
AL 0.71 -0.01 -0.141 0.193 -0.1 0.13 0 -0.427 0.32 0.485 -0.427 0.63 0.765 0.515 0.03 

\ BM 0 0.131 1-0.32 0,44 0.01 0.37 0.179 0.51 0.568 I 0.179 \ 0.957** 0.561 0.589 0.65 
DH 0.919* -0.69 0.16 0.58 0.404 -0.157 -0.8* -0.715 -0.157 0.134 -0.244 0.508 0.27 
DM -0.92 0.51 0.32 0.549 0.221 -0.7 -0.65 0.221 0.217 -0.434 0.398 0.6 
FLL -0.8 -0.07 -0.649 -0.538 0.43 0.415 -0.538 -0.354 0.474 -0.307 -0.85* 
GF -0.54 0.418 0.845* 0.01 -0.066 0.845* 0.304 -0.489 -0.11 0.92* 
HI 0.31 -0.677 -0.3 -0.167 -0.677 0.273 0.411 0.792 -0.24 
NN 0.084 -0.1 0.137 0.084 0.443 ~0.125 0.604 0.56 
NKPS 0.18 -0.063 1 ** 0.067 -0.552 -0.443 0.74 
PH 0.929** 0.175 0.42 0.558 -0.037 0.07 
SL -0.063 0.498 0.649 0.198 0.03 
NSPS 0.067 -0.552 -0.443 0.74 
SYW 0.62 0.758 0.6 
TN 0.577 -0.24 
TGW 0.23 , 

i i XS , , 
*- P < 0.05, **- P < 0.01 

AL= Awn length; BM= Biomass; DH= Days to heading; DM= Days to maturity; FLL= Flag leaflength; GF= Grain filling; HI= Harvest index; NKPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length: SYW= Seed yield weight; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike 
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. , 

. Appendix 9. Correlation among characters of barley populations in Sidamo 

AL BM OH OM FLL GF HI NKPS PH SL NSPS SYW TN TGW YS 
AL 1* -0.99 -0.5 0.64 0.95 -1* -0.763 0.5 0.469 -0.763 0.786 0.115 0.902 -0.55 
BM '\ -0.99 -0.505 0.645 0.94 -1* -0.76'7 0.51 ,0.474 -0.767 0.789 0.121 0.905 ~0.55 "\ 

OH 0.61 -0.74 -0.9 1* 0.842 -0.6 -0.582 0.842 -0.861 -0.245 -0.951 0.65 
OM -0.99 -0.2 0.56 0.941 -1 * -0.999 0.941 -0.929 -0.918 -0.825 1 
FLL 0.35 -0.69 -0.985 0.99 0.979 -0.985 0.978 0.836 0.909 -0.99* 
GF -0.92 -0.51 0.19 0.154 -0.51 0.54 -0.217 0.711 -0.24 
HI 0.807 -0.6 -0.531 0.807 -0.828 -0.185 -0.93 0.61 
NKPS -0.9 -0.929 1 ** -0.999* -0.729 -0.967 0.96 
PH 0.999 -0.941 0.929 0.918 0.825 -1 * 
SL -0.929 0.915 0.931 0.804 -1 
NSPS -0.999* -0.729 -0.967 0.96 
SYW 0.705 0.976 -0.95 
TN 0.532 -0.89 
TGW· -0.86 
YS 

i 
*- p -2 0.05, **- P < 0.01 

, , 
\ , 

AL= Awn length; BM= Biomas~; DB= Days to heading; DM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; HI= Harvest index: t..1ZPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weight: TGW= 
Thousand grain weight; TN:::; Tiller number and YS yield per spike 
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AL 
BM 
OH 
OM 
FLL 
GF 
HI 
NN 
NKPS 
PH 
SL 
NSPS 
SYW 
TN 
TGW 
YS 

Appendix 10. Correlation among characters of barley populations in Tigray 

AL BM DH~ OM FLL GF HI NN NKPS [1H SL NSPS SYW TN ,TGW \!,S 
0.54 -0.91** -0.856* 0.616 OA 0.69 -0.801* -0.43 0.02 0.706 -0.43 0.815* 0.128 0.688 -0.34 

-0.64 -0.458 0.302 0.52 0.15 -0.825* -0.413 -0.1 OA99 -OA13 0.901** 0.478 0.449 -0.34 
0.869* -0.52 -0.5 -0.62 0.764* 0.643 0.07 -0.868 0.643 -0.868* -0.246 -0.756* 0.52 

-0.78* -0.1 -0.86* 0.587 0.233 -0.4 -0.58* 0.233 -0.731 0.161 -0.61 0.25 
-0.3 0.95 -0.252 0.304 0.76* 0.064 0.304 0.572 -0.461 0.112 0.17 

-0.21 -0.549 -0.889* -0.8 0.758 -0.889** 0.521 0.762* 0.484 -0.61 
-0.214 0.135 0.67 0.241 0.135 0.51 -0.449 0.227 0.02 

0.534 0.29 -0.661 0.534 -0.839* -0.444 -0.738 0.38 
0.73 -0.917** 1** -0.453 -0.723 -0.632 0.79* 

-OA38 0.73 0.047 -0.619 -0.437 0.36 
-0.917** 0.661 0.585 0.699 -0.82* 

-0.453 -0.723 -0.632 0.79* 
0.354 0.531 -0.41 , 

l l ' 0.097 -0.81* 
-0.22 

*- P < 0.05, **- P < 0.01 

AL= Awn length; BM= Biomass; DH= Days to heading; DM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; HI= Harvest index; NKPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weight; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike 
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Appendix 11. Correlation among characters of barley populations in Welega 

AL BM OH OM FLL' GF '}-Il NKPS PH SL NSPS SYW TN\ TGW YS 
BM -0.13 -0.793 0.793 -0.1 -0.66 -0.295 0.61 0.924 -0.295 0.315 0.696 0.32 -0.35 
OH -0.5 0.5 -1 0.83 0.986 -0.9 -0.5 0.986 0.9 -0.803 -0.981 0.98 
OM -1 ** 0.69 0.07 -0.348 0 -0.5 -0.348 -0.828 -0.115 0.323 -0.29 
FLL -0.7 -0.07 0.348 0 0.5 0.348 0.828 0.115 -0.323 0.29 
GF -0.67 -0.917 0.72 0.277 -0.917 -0.978 0.636 0.906 -0.89 
HI 0.911 -1 -0.899 0.911 0.502 -0.999* -0.922 0.93 
NKPS -0.9* -0.638 1 ** 0.814 -0.891 -1 * 1* 
PH 0.866 -0.937 -0.561 0.993 0.946 -0.96 
SL -0.638 -0.072 0.918 0.658 -0.68 
NSPS 0.814 -0.891 -1 * 1* 
SYW -0.462 -0.798 0.78 
TN 0.903 -0.92 
TGW 

i 
-1 * 

YS ( , 

*- P < 0.05, **- P < 0.01 
AL= Awn length; BM= Biomass; DR= Days to heading; DM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; HI= Harvest index; NKPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weight; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike 
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Appendix 12. Correlation among characters qfbarley populations in Wollo 

8M OH OM FLL GF HI NN NKPS PH SL NSPS SYVV TN TGW YS 
8M -0.88 -0.799 -0.21 0.91 * 0.52 -0.421 -0.798 0.03 0.497 -0.798 0.983* 0.811 0.943* -0.1 
OH 0.984** 0.013 -1** -0.82 0.535 0.892* 0.31 -0.848 0.892* -0.915* -0.957* -0.974** 0.35 
OtJ1 0.066 -1 ** ·0.82 0.~54 0.92* 0.47 -0.917* 0.92* -0.833 -0.983** -0.94* 0.49 
FLL -0 0.41 0.147 0.396 0.37 0.099 0.396 -0.039 -0.248 -0.152 0.52 
GF 0.77 -0.476 -0.874 -0.2 0.806 -0.874 0.939* 0.945* 0.976** -0.28 
HI -0.675 -0.661 -0.4 0.851 -0.661 0.647 0.72 0.734 -0.36 
NN 0.712 0.54 -0.48 0.712 -0.466 -0.562 -0.608 0.66 
NKPS 0.58 -0.774 1* -0.781 -0.965** -0.924* 0.67 
PH -0.652 0.577 0.033 -0.526 -0.259 0.97** 
SL -0.774 0.565 0.874 0.731 -0.58 
NSPS -0.781 -0.965** -0.924* 0.67 
SYVV 0.813 0.957* -0.07 
TN 0.939* -0.57 
TGW -0.35 
YS 

l l 
*- P < 0.05, **- P < 0.01 

AL= Awn length; BM= Biomass; DH= Days to heading; DM= Days to maturity; FLL= Flag leaf length; GF= Grain filling; !-il= Harvest index; l'>'KPS= 
Number of spike per spike; NN= Node number; NSPS=Number of spike per spike; PH= Plant height; SL= Spike length; SYW= Seed yield weight; TGW= 
Thousand grain weight; TN= Tiller number and YS yield per spike 
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Appendix 13. Distributions of 47 barlcy populations over seven clusters by regions and 
altitudes based on guantitative and qualitative characters. 

Regions Altitude Clusters Total for Total for 
---~--------.-.- ---

class A [3 C D E F G Altitude Region 
Arsi I I I 6 

2 I 2 
3 3 3 
4 
5 

Bale I I 7 
2 4 4 
3 2 2 
4C-

5 
Gamo 2 
Gofa 

2 
3 
4 
5 

Gojam I 3 
2 2 
3 
4 
5 

Gonder 1 1 3 
2 1 
3 1 
4 
5 

l-lararge I 2 
2 
:r 
4 
5 

__ Shewa L 6 
2 
3 1 
4 2 4 
5 1 1 

Sidamo I 2 1 3 3 
2 
3 
4 
5 

Tigray 1 2 T 
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~~cndix 13. Continued. 
Regions Altitude 

Welega 

Wallo 

class 

2 
3 
4 
5 
I 
2 
3 
4 
5 

2 <c 

3 
4 
5 

Clusters 

I 
2 

Total for 
Altitude 

2 
2 
I 

2 
2 

Total for 
Region 

3 

5 

Total II 3 5 7 2 .? 17 47 47 
Altitude class: 1= < 200 m asl, 2= 2001-2500 m asl, 3= 2501-3000 m asl, 4 = 3001-3500 m 

asl and 5= > 3500111 asl 
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Appendix 14. Diversity index for each population 

No. Accession number AC AT ES FLA GC GH KC KCO KRN LBA LOD LRH SBT SD MEAN =.SE 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 . 

12 

13 

14 

15 

16 

PGRC/E 64335 0.93 0 

64339 0.76 0 

\ 223208 0.62 0 

229789 0.42 0 

229790 0.50 0 

229791 0.57 0 

230003 0.59 0 

230006 0.50 0 

230591 0.43 0 

230594 0.56 0 

230595 0.50 0 
l 

230614 0.55 0 

230653 0.52 0 

230814 0.50 0 

231455 0.44 0 

232216 0.44 0 

0.70 0.90 0.69 0.14 0.64 0 0.00 0.81 0.82 0.24 0.93 0.55 0.52~0.098 

0.49 0.89 0.59 0.72' 0.94 0 0.40 0.77 0.99 0.76 0.98 0.92 0.66~0.08S 

0.82 0.61 0.22 0.29' 0.83 0 '\ 0.71 0.66 0.57 0.00 0.49 0.89 0.48'~ 0.085 

0.57 0.97 0.54 0.99 0.55 0 0.23 0.70 0.68 0.98 0.99 0.71 0.59~ 0.091 

0.82 0.54 0.41 0.99 0.94 0 0.51 0.41 0.95 0.00 0.71 0.71 0.53~0.093 

0.87 0.81 0.40 0.86 0.94 0 0.92 0.S4 0.96 0.53 0.12 0.79 0.61:: 0.094 

0.46 0.47 0.61 0.98 0.83 0 0.37 0.82 0.99 0.70 0.86 0.96 0.62:: 0.08S 

0.72 0.74 0.47 0.58 0.67 0 0.70 0.94 0.59 0.00 0.98 0.83 0.55:: 0.OS8 

0.88 0.99 0.25 0.14 0.65 0 0.63 0.84 0.70 0.00 0.69 0.88 0.50:: 0.096 

0.71 0.86 0.28 0.37 0.71 0 0.61 0.70 0.63 0.00 0.99 0.94 0.52:: 0.092 

0.68 0.97 0.39 0.00 0.64 0 , 0.38 0,04 0.80 0.00 0.92 0.94 0.5:0:: 0.099 

0.82 0.85 0.39 0.37 0.76 0 0.58 0.59 0.18 0.00 0.96 0.89 0.49:: 0.092 

0.81 0.97 0.36 0.00 0.62 0 0.90 0.63 0.40 0.00 0.82 0.62 0.47::0.095 

0.93 0.57 0.46 0.68 0.67 0 0.32 0.67 0.84 0.50 0.71 0.32 0.51:: 0.074 

0.57 0.68 0.07 0.14 0.40 0 0.72 0.68 0.78 0.00 0.85 0.87 0.44::0.090 

0.18 0.70 0.07 0.72 0.65 0 0.08 0.49 0.77 0.63 0.97 0.51 0.44::0.085 

133 



Appendix 14. Continued. 

No. Accession number AC AT ES FLA GC! GH KC KCO KRN LBA LOD LRH SBT SD! MEAN :leSE 

17 

18 

19 

20 

21 

22 

0' -, 

24 

25 

26 

27 

28 

29 

30 

31 

'0 ,-

33 

'\ 

232217 0.49 0 

232219 0.59 0 

232221 0.46 0 

232223 0.92 0 

232224 0.86 0 

234293 0.37 0 

234307 0.83 0 

234896 0.83 0 

235066 0.50 0 

235074 0.60 0 

235079 0.62 0 

i 
235084 0.64 0 

235996 0.33 0 

" 235115 0.57 0 

" 235239 0.48 0 

235243 0.49 0 

" 235254 0.41 0 

0.87 0.62 0041 0.00 0.66 0 

0.86 0.78 0.58 0.37 0.77 0 

0.80 0.51 0043 0.96 0.86 0 

\ 
0.94 0.65 0.88 0.87 0.79 0 

0.92 0.71 0.81 0.94 0.99 0 

0.54 0.99 0048 0.00 0.54 0 

0.92 0.83 0.55 0.97 0.43 0 

0.65 0.59 0.75 0.37 0.84 0 

0.89 0.71 0.54 0.74 0042 0 

0.70 0.67 0.51 0.99 0.78 0 

0.87 0.94 0.43 0.97 0.71 0 
, 

0.84 0.75 0.57 0.99 0.94 0 

0.87 0.91 0.76 0.91 0.78 0 

0.82 0.6 0.45 0.78 0.89 0 

0.23 0.89 0.42 0.00 0.39 0 

0.58 0.99 0.42 0.00 0.66 0 

0.69 0.87 0.32 0.91 0.57 0 
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0.08 0.70 0.99 0.00 0.88 0.26 0.42±0.098 

0.23 0.68 0.98 0.14 0.67 0.23 0.49±0.087 

0.23 0.58 0.89 0.18 0.99 0.70 0.54±O.09i 

\ 
0.23 0.76 0.95 0.87 0.86 0.85 O.68±0.091 

0.65 0.65 0.49 0.99 0.97 0.78 O.69±0.088 

0.00 0.71 0.83 0.00 0.92 0.53 0.42±0.098 

0.41 0.48 0.72 0.98 0.76 0047 O.59±0.086 

0.00 0.70 0.58 0.55 0.88 0.87 O.54±0.087 

0.27 0.63 0.97 0.81 0.59 0.42 O.53±0.079 

0.40 0.49 0.69 0.46 0.98 0.81 O.57±0.080 

0.62 0.57 0.58 0.63 0.98 0.:'8 O.62±0.083 , 
&.56 

" 

0.66 0.57 0.44 0.99 0.63 O.61±0.082 

0.35 0.71 0.34 0.44 0.86 0.67 O.56±0.085 

0.32 0.52 0.92 0.29 0.73 0.52 O.52±0.079 

0.00 0.78 0.85 0.00 0.93 0.64 0.40±0.098 

0.00 0.79 0.43 0.00 0.97 0.61 0.42±O.098 

0.35 0.72 0.40 0.00 0.97 0.58 0.48±0.089 
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Appendix 14. Continued. 

No. Accession number AC AT ES FLA GC GH KC KCO KRN LBA LOD LRH 1 SBT SD MEAN ±-SE 

34 235255 0.49 ° 
35 235261 0.43 ° 
36 235529 0.49 ° 

\ 37 235541 0.64 ° 
38 235546 0.82 ° 
39 235552 0.50 ° 
40 235647 0.56 ° 
41 235648 0.49 ° 
42 235651 0.49 ° 
43 235653 0.49 ° 
44 235654 0.74 ° 
45 

1:\ 235731 0.40 ° 
46 235744 0,63 ° 
47 235745 0,71 ° 
Entire data 0,73 ° 

0.27 0.99 0.58 0,00 0,71 ° 
0.40 0.98 0.49 0.00 0,72 ° 
0.78 0,82 0,36 0,99 0,74 ° 
0.73 '0.82 0.62 0,72 0.21 ° 
0.73 0.54 0,84 0,00 0,69 ° 
0.54 0,54 0.47 0.78 0,55 ° 
0,88 0,77 0.42 0.96 0.89 ° 
0,93 0.85 0.43 0,72 0,99 ° 
0,70 1.0 0.32 0,90 0,74 ° 
0,55 0.91 0.28 0,76 0.91 ° 
0,90· 0,62 0.72 0,95 0,96 ° 
0.95, 0.60 039 0,98 0,7{! ° 
° 0,98 0,81 0,00 0,74 ° 
0,33 0,90 0,63 0,00 0.39 ° 
0,78 0,87 0,67 0,78 0,95 ° 

0.00 0.81 0.95 0.00 0.78 0.61 0.44:,:0.103 

0,08 0.67 0,79 0.14 0,84 0,71 0.44:,:0.093 

0.18 0.66 ° 0.14 0.81 0.57 0.46:,:0,093 

\ 
0,15 0,61 0,88 0,00 0.09 0.23 0.40:,:0,089 

0.00 0.82 0,93 0.80 0.96 0.09 0,51:,:0,106 

0,00 0.79 0.98 0.99 0.94 0.27 0.52:':0.094 

0.47 0,84 0,94 0,44 0.25 0.70 0,58:,:0,088 

0.32 0,87 0,86 0.44 0.42 0.46 0,55:,:0.086 

0,79 0,79 0,93 0,84 0.97 0.87 0,66:,: 0,090 

0.84 0.83 0.95 0.50 0.99 0,71 0.62:,:0.089 

0.18 0,95 0,74 0,72 0.33 0.09 0,56±0,097 

0.59 0,53 0 0.29' 0.53 0,63 0,50:,:0,01>3 

0,00 0.78 0.58 0.37 0,71 0.28 0.42± 0.098 

0,00 0.65 0.58 0,80 0,73 0,56 0,44±Q,087 

0,97 0,82 0,98 0,99 0,96 0,97 0.75 ±-0.090 

AC= Awn colour; AT=Awn type; ES= Ear shape; FLA= Flag leaf area; GC= Glume colour; GH= Glume hairness; KC= Kernel colour; KCO= Kernel cover; 

KRN= Kernel row number; LBA= Length of barley awn; LOG= Lodging; LRA= Leng1h og rachilla hair; SBT= Spike bending tendency; SD= Spike density 
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Appendix J S. Rank correlations of quantitative morphological characters and isozymes variations 

Chac@ EST1 EST2 EST3 EST 4 EST6 AL BM DH DM FFL GF HI NN NOKS NOSS PH SL SYW TGW TN YS 

EST1 

EST2 

EST3 

EST4' 

EST6 

AL 

BM 

DH 

DM 

FFL 

GF 

HI 

NN 

NOKS 

NOSS 

PH 

SL 

SYW 

TGW 

TN 

YS 

-0.2 

, 

•• P<Q.Ol,"'P<O.05 

0.38 0.68 -0.17 0.51 -0.1 -0.02 

0.4 0.45 -0.37 -0.32 -0.4 004 

-0.36 0.59 -0.7 

-0.13 

0.57 0.21 

0.33 0.04 
, 

-0.13 

-0.15 0.22 -0.04 

0046 -0.61 

-0.02 0.02 

004 -0.6 

-0.36 -0.22 

-0.13' -0.17 

-0.04 0.54 

-0.61 0.63 

-0.17 -0.78' -0.58 -0.7 -0.7 

0.67 

-0.18 

-0.34 

0.25 

0.02 

0.11 

0.29 

0.13 0.72 

0.14 0.12 

-0.38 .(J.16 

0.67 

-0.18 

.(J.13 -0.13 

-0.04 .(J.28 0.22 0.22 

0.09 -0.61 -0.57 -0.57 

-0.2 0.2 -0.62 0.34 0.42 

0.09 -0.81' -0.13 -0.58 -0.58 

-0.64 

0.53 

0.43 , 
0.31 

0.15 

0.33 

-0.04 

-0.15 

0.09 

~b.32 
0.39 

-0.04 

0.38 

0.2 

-0.14 

-0.04 

0.09 0.04 -0.19 -0.04 0.41 

0.33 0.2 0.53 0.81' -0.29 

-0.96" .(J.96" 0.48 0.95" 0.54 -0.35 .(J.21 -0.21 0.86' 0.68 0.77' 0.5 0.72 0.04 

1.00- -O.4B -0.90- -0.46 0.46 

-0.48 -0.90" -0.46 0.46 

0.39 

0.39 

0.39 -0.79' -0.72 -0.74 -0.54 -0.85' 0.14 

0.39 -0.79' -0.72 -0.74 -0.54 -0.85' 0.14 

0.22 0.26 .(J.68 -0.26 -0.26 0.22 0.32 0.39 0.15 0.64 0.07 

I~ 

@"" see the footnote under Table 15 on page 132 for abbreviation of characters 

0.49 -0.18 .(J.18 -0.18 0.85' 0.71 0.71 0.58 0.59 -0.02 

0.35 
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0.46 0046 0.61 -0.04 0.90' -0.04 0.11 0.57 

0.81' 0.81' 0.04 -0.64 o -0.31 -0.78' 0.56 

1.00" 0.18 -0.74 0.14 -0.61 -0.74 0.93" 

O;rt8 -0.74 0.14 -0.61 1>0.74 O.93"~ 

0.27 0.68 0.29 0.43 

0.34 0.7 

0.09 

0.73 

0.4 

0.63 

0.39 

-0.63 

0.31 

-0.54 

-0.47 



Appendix 16. Number or alleles in each locus for thc sevcn barley populations 

PGRCIE 229790-

AAT-I AA: 36 

AAT-2 AA: 36 

AAT-3 AA: 36 

LAP-\ AA: 36 

. EST-I AA: 3~ Illl: 01 

I:ST-2 AA: 34 1l1l:01 

EST-3 AA: 32 AIl:02IlIl:01 

EST-4 AA: 30 IlIl:06 

EST-6 AA: 30 IlIl:06 

PGRClE 230006 

AAT-I AA: 36 

AAT-2 AA: 36 

AAT-3 AA: 36 

LAP-I AA: 36 

EST-! AA: 36 

EST-2 AA: 34 

cST-3 AA: 33 CC:OI 

EST-4 AA: 35: CC: 01 

EST-6 AA: 15 A[J; 03 B[J: I~ 

I'GRC1E232216 

AAT-I AA: 36 

AAT-2 AA: 36 

AAT-3 AA: 36 

LAP-I AA: 36 

EST-I AA: 36 

EST-2 AA: 36 

EST-3 AA: 32 AIl:03 IlIl:OI 

EST-~ AA: 36 

EST-6 AA: 36 

PGRClE 232217 

AAr-1 AA: 36 

AAT-2 AA: 36 

AAT-3 AA: 36 

LAP-! 1\1\; 36 

EST-I AA:36 

I:ST-2 /\A: 3~ [J1l:02 

EST-3 AA: 12 AC: 24 

EST-~ AA: 32 1l1l:04 

EST-6 AA: 10 AB: \3 BB: \3 

PG RC/E23~307 

AAT-I AA: 36 

AAT·2 ;\1\: 36 

AAT-J 1\1\; 36 

LAP-l AA: 36 

EST-l Ai\: 3(1 

EST-2 AA: 36 

EST-.' AA: 36 

EST-4 AA: 36 

EST-6 AA: 15 All: 03 IlB: \4 

PGRCm 2355~6 

AAI'-1 AA: 36 

AAT-2 AA: 36 

AAT-3 AA: 36 

LAI'-I AA: 36 

EST-I AA: 3~ BB:02 

EST-2 AA: 36 

eST-3 AA: 30 AB:06 

EST-4 AA: 34 CC:02 

EST-6 AA: 36 

\37 

PGRC/E2357~4 

AAT-I AA: 36 

AAI'-2 AA: 36 

AAT-3 AA: 36 

LAP-I AA: 36 

EST-I AA: 34 B[J: 02 

EST-2 AA: 36 

EST-3 AA: 29 A[J: 07 

EST-4 AA: 29 [JB:07 

EST-6 AA: 26 IlIl:09 CC:OI 


