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ABSTRACT 

Arabica coffee (Coffea arabica L.) plays vital role in the Ethiopian economy. Quarter of the 
people in the country in one way or the other derives their livelihood from coffee production, 
processing or its trading. Knowledge about extent of genetic diversity among coffee arabica 
genotypes is important in coffee breeding for various uses. So far, little or no information is 
generated in genetic diversity of East wellega coffee genotypes in Ethiopia. With the objective 
of evaluating the extent of genetic variation and association among bean yield and yield related 
traits. One hundred eleven arabica coffee accessions which were collected from different parts 
of Eastern wellega and four checks were tested in an augmented designs. The accessions 
showed significant variation for most traits and test versus control treatments. The variation 
among the test accessions was significant for most of the characters namely leaf length, leaf 
width, leaf area, petiole length, bean length, bean width, bean thickness, hundred bean weight, 
length of first primary branch, stem girth, fruit length, fruit width, fruit thickness and bean 
yield. Showing the fact that there is real difference among the accessions for these characters. 
Relatively the phenotypic coefficient of variation were higher than the genotypic coefficients of 
variation showing the fact that environment elevates the variations. Generally high PCV and 
GCV were recorded for bean width, hundred bean weight, length of first primary branch and 
bean yield per unit area. Relatively higher heritability value were observed for leaf length, leaf 
width, leaf area, bean width, hundred bean weight and fruit length. From the characters stu-
died leaf area, petiole length, bean width, hundred bean weight and bean yield exhibited higher 
genetic advance  showing the fact that the traits can be improved with ease. The D2 analysis 
grouped the 115 coffee accessions in to twelve clusters. This shows that the accessions are 
divergent. Principal components (PC1 to PC6) considered eigen value greater than one ac-
counted nearly 71% of the total variation. Bean yield showed positive and significant correla-
tion with length of longest first primary branch (LFPB),stem girth (SG),fruit length (FL), fruit 
width (FW) and fruit thickness both at phenotypic and genotypic levels showing the fact that 
high emphasis need to be given for these characters to improve yield at trait basis. Path coeffi-
cient analysis showed that length of longest first primary branch which had positive and signif-
icant association with yield exert maximum direct effect on grain yield. The second and high 
direct effects was exerted by fruit width which had also positive and significant association with 
bean yield showing these two characters should be considered in selection. The Shannon weav-
er diversity index (H̍ꞌ) analysis of the traits indicated diversity for fruit shape, mature fruit 
color, branching habit, angle insertion of primary branch, leaf shape and seed shape. This 
indicates the existence of variability based on their vegetative and bean characteristics. The 
present study indicated a considerable amount of variability for majority of the characters of 
interest in coffee Arabica for exploitation. Nevertheless, the need for characterization approach 
through advanced tools of molecular approaches is suggested.  

 

Key words: Coffee Arabica, Morphology, Variability, Correlation, Path Analysis, Wellega 
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1. INTRODUCTION  
 

Coffea arabica L. belongs to the Rubiaceae family in the genus Coffea. It is the only tetraplo-

id species from the genus with 11 basic chromosome numbers. It is predominantly self-

pollinated crop with 7-10% out crossing (Clifford and Wilson, 1985; Anthony et al., 2002). 

Arabica coffee plays a dominant role in the Ethiopian economy. Quarter of the people in the 

country directly or indirectly derives their livelihood from coffee production processing or its 

trading. The country used to fetch up to 65% of its foreign exchange earnings from coffee ex-

port alone until very recently (Bayetta, 2001; Yonas, 2005; ICO, 2014). Even currently with 

the increasing importance of many other commodities in export such as skin, hide, flower, and 

gold the share that comes from coffee still constitutes 25 to 40% of the total national export 

(Alemayew et al., 2008; Nigussie et al., 2008; Girma, 2011). Furthermore the land covered 

with coffee in Ethiopia currently is very substantial and is estimated to be 561,761.82 hec-

tares, while the annual production of clean coffee is about 4,199,801.56 quintals (Abyot et.al, 

2011; Yonas, 2014; CSA, 2015). Ethiopia is among the top ten countries in overall coffee 

production and it produces 6.4 million bags in 2012/13 (ICO, 2014).  

 

Apart from being major producer and exporter of Arabica coffee, Ethiopia is also origin and 

center of diversity of the crop. The entire diversity of the species is confined mainly in the 

montane rainforest located in the West and East of Great Rift Valley (Tadesse et al., 2008; 

Kassahun et al, 2008; Taye and Jurgen, 2008). It has been reported in series of literature that 

there is wide varietal diversity of Arabica coffee in Ethiopia, whether the production system is 

forest, semi-forest or land races at farmers field (Mesfin, 2008; Seyoum et al, 2008; Kassahun 

et al, 2008) and presence of this diversity is highly prized for its potential value as a source of 

important gene for improvement of the crop in various aspects. The attributes in the diversity 

include quality, productivity, resistance to biotic and abiotic factors, and resistance for 

drought and other stresses. Some of the reason for the remarkable successes scored in coffee 

arabica research to improve some desirable coffee traits was attributed to the presence of the 

stated variability in the crop. This was first confirmed when the expedition of coffee collec-

tion to identify resistant varieties to the devastating coffee berry disease became successful 
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immediately after its outbreak (Vander graaf, 1981). Subsequently, improvement of coffee 

varieties in various aspects such as desired coffee tree configuration that determines planting 

density per unit area, coffee cup quality that determines coffee price in the international coffee 

trade, resistant to various diseases and insect pests was successful too. All these achievements 

became possible due to the presence of the stated variability in the populations of Arabica cof-

fee types in Ethiopia. 

Despite its importance as invaluable genetic resource nationally and internationally for the 

current as well as future genetic improvement work, the Ethiopian Arabica coffee gene pool is 

threatened of genetic erosion. The key challenge that causes losses to this gene pool is envi-

ronmental degradation which is expressed in various forms such as land degradation, defore-

station, habitat conversion and consequent losses of wild lands which harbor wild arabica cof-

fees and replacement of land races and farmer varieties with narrow genetic base varieties re-

leased from research centers (Paulos, 2008; Yilma, 1999; Tadesse et al, 2008; Paulos and 

Demel, 1999).  

The major factors associated to coffee genetic erosion in Ethiopia are mainly two. The first is 

deforestation which has been caused and is being caused by the conversion of forest lands 

(Coffee natural habitat) to agricultural food crops and other purposes. The second is replace-

ment of the land races, farmer varieties and wild forest coffee types with the improved coffee 

varieties released from research centers. In this regard so far 34 pure line coffee varieties, 

which have been proved to be superior on research stations, for yield and coffee berry disease 

were released and planted extensively almost in all coffee growing areas replacing the exist-

ing broad genetic base populations even in areas where their performance was not confirmed 

to be better than the existing land races (Van der Graaf, 1981; Bayetta and Behailu 1999, 

Bayetta. and Gibramu, 1998; Yonas and Bayetta, 2008).  

The released varieties were selected from huge coffee accessions made available by collection 

programs done in series of years starting from 1973. The attempt to develop additional varie-

ties is under way as presence of multiple varieties in the production system is paramount im-

portant to minimize crop risk due to insects or diseases and also to counter adaptation prob-

lems that could result from climate changes.  
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A study conducted to see the potential performance of unimproved land race coffee types 

compared with the commercial varieties illustrated the possibility of identifying superior cof-

fee types to improve the Ethiopian coffee industry in various aspects. This variability may in-

clude different aspects such as adaptation to prolonged drought environments, poor soil condi-

tion, inadequate rainfall amount and tolerance to biotic and abiotic environmental factors. 

Furthermore coffee types collected from farmers field was seen to exhibit equivalent yield 

potential as the latter showing their merit for direct improvement of arabica coffee to develop 

desirable varieties for the diverse agro ecologies of the country (Mesfin, 1980). Based on a 

molecular study carried out by Kassahun et al (2008) it was illustrated that the genetic diversi-

ty of Arabica coffee in Ethiopia is very enormous showing  the emphasis that need to be given 

to conserve and characterize these gene pool before they are lost irreversibly by the alarming 

environmental degradations taking place these days. Indeed coffee collections have been un-

dertaken for several years from the start of coffee research in Ethiopia. The program is also 

underway currently to collect and characterize the available Arabica coffee germplasm from 

uncovered areas.  

Wellega is among the major regions in Ethiopia known for Arabica coffee production and 

which also exhibits high genetic variability for the crop (Ermias, 2005). Knowledge about ex-

tent of genetic diversity among coffee arabica genotypes is important in crop breeding for vari-

ous uses. So far, little or no information is generated in genetic diversity of East wellega cof-

fee genotypes in Ethiopia. Though the crop has huge area coverage in the region and its prod-

uctivity is at low level too (Ermias, 2005; Kufa, 2010). One from the major factors owing to 

low productivity includes that the work done to collect and characterize the regions coffee is 

very limited. So far, a collection work was done at three phases from the region and the cha-

racterization works for the coffee accessions collected in batch one and two were done. There-

fore the purpose of this study was designed to characterize arabica coffee accessions which 

have been collected from different parts of Eastern Wellega in 2005 and maintained at Haru 

with the objective to:  

 Assess the extent of diversity of traits of Arabica coffee collected from different parts 

of Eastern  Wellega   

 Estimate the association among the different traits of Arabica coffee accessions 
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2. LITERATURE REVIEW 
 

2.1. Botanical Description 

Coffee belongs to the genus of Coffea in the Rubiaceae family that comprises 640 genera and 

1000 species (Gichimu and Omoody, 2010). The biologically and morphologically diversified 

family gives it various live that ranged from tiny herbs, epiphytes, lianas, shrubs to tall trees 

(Bremer, 1996). Nearly 105 taxa of the genus Coffea are distinguished from a closely related 

genus, Psilanthus, based on flowering and flower characteristics (Bremer, 1996; Kumar et al., 

2008). 
 

According to Bridson (1987) all Coffea species are native to the inter-tropical forest of Africa 

and Madagascar, whereas the genus Psilanthus species originated from either Asia or Africa. 

At genus level Coffea arabica L. has been categorized into two sub genera: Coffea and Para 

Coffea the cultivated economic species receive due attention and it consists of Coffea arabica 

L. and Coffea canephora Pierre (Kumer et al., 2008). 

Coffee arabica is tetraploid (2n= 4x = 44) with 11 basic chromosomes and is self fertile, while 

the other Coffea species is diploid (2n = 2x = 22) and self incompatible. (Masumbuko et al., 

2003; Hue, 2005). Many bisexual flowering plants avoid the deleterious effects of inbreeding 

by employing genetically controlled self-incompatibility (SI) mechanisms to ensure out cross-

ing. SI mechanisms provide the biochemical machinery necessary for plants to recognize and 

reject their own pollen as well as non-self pollen with a genotype sufficiently similar to draw 

out activation of the SI mechanism. SI plants thus require a pollen donor with a divergent ge-

notype for successful fertilization, a mating system known as “obligate out crossing” (Nowak 

et al, 2014). SI plays an important role in shaping the spatial and temporal distribution of ge-

netic diversity in plant populations and is thought to influence patterns of lineage diversifica-

tion in clades within which these mechanisms are utilized. The vast majority of Coffea species 

are known to exhibit a strong GSI response, but three African species (C. arabica, C. anthonyi 

and C. heterocalyx Stoff.) are exceptional for their ability to self-fertilize i.e. self-

compatibility (Davis, et al., 2006) 
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 The narrow geographic origin and its self fertilizing nature have contributed to its low genetic 

diversity around the world (Chaparro et al., 2004). The glaciations phase of the quaternary 

period is another reason for the low level of arabica coffee variability (Lashermes et al., 1993)  

The structural design of the coffee tree is a feature of tree growing in tropical forests. It has 

one main vertical trunk (orthotropic) with primary, secondary and tertiary horizontal 

branches. The growth has a typical form of monopodial branches and the primary branches 

remain subsidiary to the main stem growing indefinitely by the extension of the apical domin-

ance (Wrigley, 1988; Witgens, 2004).  

  

The root structure consists of a stout central root that extends 30 to 45 cm from the soil sur-

face. The stem and leaf tissues all originate in the dome shoot apex, which measures 220 -

360µm in height. The leaves are born in opposite pairs on the side of branches. In the axils of 

each leaf on the primary branch there are three to six buds borne one above the other in a seri-

al pattern, closely packed and covered with a gum like substance. As the buds grow, some be-

come visible above the stipules. Each bud in an axial can develop in to a new branch, or an 

inflorescence with one or more flowers, or remains undifferentiated. When the flower buds 

are 4-5mm long, they remain dormant until stimulated in to flowering. The stigma of the 

flowers is receptive for 48 hours any one blossoming. The fruit of coffee tree is a drupe that 

normally contains two seeds but occasionally more. It is commonly referred to as a cherry or 

berry. Though the majority of coffee fruits contain two symmetrical normal beans, variations 

do occur due to genetic or environmental causes. The abnormalities could be triangle, ele-

phant bean, pea berry, empty beans, and misshaped beans (Wrigley, 1988). 

 

2.2. Coffee Production in Ethiopia 
 
The broad genetic base population of arabica coffee in Ethiopia and the diverse types of the 

ecologies in the country offered opportunity to produce distinct types of coffee quality but, the 

productivity is still at low level. The national average coffee yield has not exceeded six quin-

tals per hectare and this is much lower than the average productivity in other countries (Yonas 

et al., 2014)  



  

6 
 

Though Coffee grows in various parts of Ethiopia, commercially coffee production is prac-

ticed at southwestern, Western, Southern and Eastern regions. Each of these regions is charac-

terized by distinct coffee flavor. From all regions, Southwestern part of Ethiopia is the major 

coffee production area. This region includes the administration zones of Ilu - Ababora, Keffa 

Sheka, Jimma and Wellega, which are considered as the home of the crop (Paulos, 1994). 

 

It is believed that Arabica coffee has been grown for long period in Western Wellega region. 

At Anfilo coffee grows as main cash source in the area since the time immemorial as wild 

even today. However; the production practice is still so traditional and productivity is low 

compared to the world standard. Among the major factors that contributes to low productivity 

for each distinct environment and poor management practices are the major ones (Melaku and 

Samuel, 2000).  

 
Wellega stands the third largest coffee-producing zone in the Oromia region preceded by 

Jimma and Ilu- Ababora (Melaku and Samuel, 2000). Coffee from this zone is famous for its 

attractive flavor and fetches premium price in the world market. For this reason considerable 

attention has been given to improve and produce the land races of the region. In this regard to 

improve the wellega local landraces Haru Research Sub- Centre has been established on 1998. 

 

Improved coffee lines require relatively high management input as compared to the local 

types that give considerable yield levels with minimum follow ups including slashing and 

hoeing as the survey report of Tsegaye and Taye (2002) conducted at Haru Woreda showed. 

In agreement to this report (Bayetta,1997) reported that indigenous coffee cultivars are loca-

tion specific and management practices also vary slightly from region to region. The assess-

ment by Tsegaye and Taye (2002) also signify that 70% to 80% of the local farmers depend 

on the production of the local coffee types. Similar to other areas in Ethiopia, Wellega coffee 

types exhibits a number of desirable attributes like disease resistance, high yield potential, 

long production without stumping, good vigor, good quality, attractive bean size, etc. in sup-

port of this idea indicated that land races are good source of genetic variation for qualitative 

traits and quantitative traits, and possesses good adaptation to specific environmental condi-

tions (Tsegaye and Taye, 2002). 
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There is little research work done on Wellega coffee land races in this regard and the availa-

ble genetic resources are not properly exploited. The land race development research program 

initiated by JARC in 1998 was aimed at making use of these enormous genetic potential and 

develop high yielding cultivars that possesses the typical quality of the specific production 

niches. 

 

Production of coffee in Ethiopia is grouped in to four major systems: forest, semi forest, gar-

den and modern coffee plantation system (Workafes and Kassu, 2000). The main activities 

conducted in semi forest coffee production system is through thinning of over story trees, ex-

clusion of ground vegetation and enrichment of bare spaces in the forests by transplanting na-

turally regenerate or raised seedlings. This system represents about 24 percent of the total land 

covered by coffee, and contributes about 20 % of the total coffee production in the country 

and estimated average yield to be in the range of 400-500 kg/ha It is also less than 900 kg per 

hectare in all major coffee producing countries (Paulos and Demel, 2000; Weldemariam et al., 

2002; Yonas et al., 2014). 
 

From the total land covered with coffee about 33% constitutes forest coffee and contributing 

25% of the total production while the garden coffee and modern plantation coffee production 

systems contribute 70 and 5 percent of the total coffee production in the country, respectively 

(Tadesse et al.,2008). 

The system in plantation coffee is cultivation after land preparation with systematic soil prep-

aration and seedling planting, and managed in order to maximize the volume of production 

and productivity. This division includes a few large private and state farms mainly located in 

the South-west, as well as many small scale farm spread all over the coffee growing areas. It 

shares 10% of national production (Labouisse et al., 2008). 

The forest coffee ecosystem practiced by majority of local farmers through traditional practic-

es to produce the coffee as the means of source of income (Weldemariam et al., 2002). Thus, 

apart from its value as the world’s most important gene pool, the existing coffee forests also 

contribute a lot to coffee production in Ethiopia (Kasahun et al., 2006). 
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2.3. Diversity of Coffea arabica L. 
 

Among many species of the genus Coffea, Coffee arabica is one which has low caffeine, high 

lipid and sugars contents (Coste, 1992). It is the only tetraploid and self fertile species with 

approximately 90% self-pollination (Carvalho et al., 1991). All the other coffee species are 

self-incompatible and diploid with 2n=22 chromosomes. 

 
Highlands of South Western Ethiopia is native to Coffee arabica L. and suited to high altitude 

regions and produces good quality coffee with low caffeine content (Sylvain, 1955; Bethouly 

and Etienne, 2000). Formerly, Coffee arabica is believed to be characterized by narrow genet-

ic diversity, which is attributed to its allotetraploid origin and mode of speciation. 
 

However, at present, the genetic diversity within the Arabica coffee population in its homel-

and, Ethiopia, is so huge and this is believed to be mainly the result of mutation of major 

genes conditioning the plant and /or fruit and seed characteristics than of the residual hetero-

geneity (Van der Vossen, 1981). 
 

Based on a study carried out by Carvalho et al. (1991); there are a number of varieties of Cof-

fee arabica and more than 40 single gene mutants too. These mutants are extremely variable 

for a number of characters, for instance, caffeine content, leaf shape, color, growth and shape 

of the plant, type of the flower, blooming shape and color of fruits and seeds, as well as resis-

tance to diseases. The study conducted by Lashemes et al (1995) on coffee germplasm, which 

were collected from Ilu - Ababora and Keffa area of Ethiopia, showed the presence of rela-

tively large genetic variability among the germplasm.  
 

The germplasm collected and conserved in different gene banks of the world by Guillaumet 

and Halle (1978) and FAO (1968) implies the existence of many characters of agronomic in-

terest, such as incomplete resistance to orange leaf rust, resistance to nematodes and coffee 

berry disease (Van der Vossen, 1985). Using the same materials Anthony et al. (2001) 

showed that Ethiopian cultivars such as Anfilo revealed diversity comparable to that of wild 

coffee. 

 
As discussed by Walyaro (1983) the existence of variability in morphology and quality as-

pects such as bean size and cup quality mainly attributed by genotype as well as environment. 



  

9 
 

Later on studies indicated in agreement with the earlier results that genotype environment in-

teraction can be a major source of variation for most of the bean and morphological characters 

studied (Agwanda et al., 1997). This finding supports the recent coffee improvement ap-

proach in the country. Among the verities of Coffea arabica, variety, typical and Coffee ara-

bica variety, bourbon is the predominantly well-known verities in the world. The bourbon 

type is considered to be a recessive mutant, the tree is smaller than the typical variety, has 

compact plant with short internodes (Coste, 1992).  

2.4. Arabica Coffee Ecology 

Arabica coffee is a tropical plant and requires conducive environmental factors for successful 

growth and development such as the right balance of sunlight, rain fall, wind, soil quality and 

optimum temperature and  is not good in frost tolerance  and do not react well to frost (Leroy 

et al., 2006). The ideal temperature for growth of coffee depends on the species of coffee for 

example; coffee Robusta can tolerate hotter temperature than coffee Arabica. Altitude also 

affects the success of coffee cultivation (Wrigley, 1988). 

Rainfall is of primary importance for the cultivation of all species of coffee. The rainfall 

should be well distributed with a defined dry season, preferably in the cooler part of the year, 

with mists or low cloud frequent in the hotter part of the year. A rain fall of 1200mm to 1500 

mm with optimum temperature of 150c to 230c during the year without long hot, sunny and 

dry season, is necessary for regular crop production (Wrigley, 1988).   

 

Coffee is reported to tolerate annual precipitation of 4.8 to 42.9 dm annual temperature of 

16.0 to 28.5°C and pH of 4.3 to 8.4 .Arabica coffee thrives from humid tropics to temperate 

climates from 5°N lat. to 34°S lat. where temperatures average 11-26.5°C, and from sea level 

to 2,500m altitude. The rainfall needs to be regular, abundant and well distributed that ranges 

from 800-2,500 mm. Ideal rainfall amount conditions at the equator are 1500-1800 mm. A 

short, relatively dry season may facilitate flowering and/or pollination. Native Ethiopian soils 

are deep red to brown-red lateritic loams or clay loams of volcanic origin of high to medium 

fertility with pH 5.3 - 6.6 (James, 1983). 
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2.5. Coffee Research in Ethiopia  
 

Different coffee types were collected from Ethiopia by foreign experts for use abroad. The 

first extensive collections have been made by FAO in 1964 and 1966 G.C. (FAO, 1968). 

Jimma Agricultural Technical School (JATS) with the help of Sylvain and Food and Agricul-

ture Organization (FAO) has launched a preliminary coffee improvement work in 1956 (Krug, 

1958). A comprehensive research work on Arabica coffee was, however, started after the es-

tablishment of Jimma Agricultural Research Center (JARC) of the Institute of Agricultural 

Research (IAR) in late 1967. The major objective of JARC was (1) to collect and conserve 

germplasm (2) to develop cultivars that combine high yield, disease resistance and good 

quality and (3) to multiply and supply improved seed (IAR, 1969). 

 

The initial coffee research by JARC was started in 1967, with the materials obtained from 

French collection mission (Bayetta, 1997). Later on, however, JARC had launched a long 

term national collection program which was effective since 1970. In this program efforts have 

been made to cover all the coffee growing areas and capture maximum genetic variability for 

selection, breeding work and conservation for future use. Since its establishment the center 

has released a number of CBD resistant selections and high yielding hybrids for high altitudes 

where the disease is the major production constraint. Subsequently, the center has also re-

leased high yielding and CBD resistant selections for the mid and low altitude areas (Bayetta 

and Behailu, 1998).  

 
2.6. Breeding Coffea arabica L. 
 

Coffee arabica L. is one of the very few examples of perennial plant to which breeding me-

thods common to self-pollinated crops have been applied successfully (Sera, 2000). Success-

ful breeding program in any crop depend on the exploitation of the available germplasm. 

Since Ethiopia is the center of origin and genetic diversity of Coffee arabica, there is an im-

mense potential for the improvement of the crop through selection and hybrid development. 

The objective of all countries towards the improvement of arabica coffee is largely centered 

on the development of cultivars, which have the potential to yield optimum economic return 
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to the coffee growers. Similarly, in Ethiopia, the aim of breeding programs on Coffee arabica 

L. is focused on the development of high yielding and disease resistant cultivars with good 

quality (Yonas, 2014)  

 

Four basic methods of breeding and selection in Coffee arabica L., distinguished Van der 

Vossen (2001) with increasing complexity from line to intra and interspecific hybridization. 

In Coffea arabica L., line selection is efficient because of its self pollinating nature. As indi-

cated by Van der Graaf (1981) selection program from the natural source of population is ef-

fective in pure line selection. However, the application of these strategies could be varied de-

pending on breeding objectives and expected output. 

2.6.1. Selection in Coffea arabica L. 
 

In selection, the ability to effect genetic improvement depends on judging whether a certain 

line is genetically superior to others or not. As described by Van der Vossen (2001), selection 

is one of the basic breeding strategies in Coffee arabica L. improvement program. According 

to Allard (1960) selection in breeding program has certain essential aspects of selection within 

a base population of genetically variable individuals and utilization of the selected material 

for the creation of new population to be employed either as potential newly coming varieties, 

or as an important parent for combination breeding. 

 

The available information in earlier studies on coffee collection and selection in Ethiopia well 

confirmed the presence of high genetic variability within the arabica coffee population for 

yield, CBD resistance, growth and quality characters (Bayetta, 1997). A genetic advance of 

2.2 kg fresh cherry per tree (at 20% selection intensity) has been reported in some studies. 

These results generally suggest the possibility to bringing improvement through selection. 

This also shows the possibility of selection to act when there is variation and the possibility to 

isolate lines with different value of traits. Van der Vossen (2001) indicated an overview to the 

selection criteria to be considered during coffee improvement program, which includes yield, 

plant vigor, plant arctecture, bean size, liquor quality and resistance to diseases and insect 

pests.  
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Biometrical genetic studies in Arabica coffee (Walyaro and Van der Vossen, 1979) have 

shown the selection efficiency for higher yield is increased considerably by taking into ac-

count various growth parameters and components of yield such as stem girth, canopy radius, 

percentage of bearing primaries, percentage of bearing nodes number of berry per node, Inter-

nodes length and angle of primary on main stem are important characters. In addition, arabica 

coffee selection was found to be more effective when cultivars are tested in their place of ori-

gin than when tested in other environment (Bayetta, 1997). 

2.6.2. Early stage selection in coffee 

In coffee, notably the species Coffee arabica L., it takes many years of observations to esti-

mate productivity in genetic trials (Cilas et al., 2002). However, premature evaluation system 

for yield (Walyaro and Van der Vossen, 1979) can bring fast progress in selection, resulting in 

new cultivars with larger genetic progress in shorter time. 

 

This approach is commonly used for both autogamous and allogamous species, to select indi-

vidual inbred lines or populations at early stages of endogeny (Sera, 2000). According to Me-

dina et al. (1984) Selection in initial years is highly desirable in the genetic improvement of 

coffee plant. Understanding the components of yield and their correlation can aid in the indi-

rect selection of promising genotypes for productivity (Gifford and Evans, 1981). 

 

In addition, Walyaro (1983),Walyaro and Van der Vossen (1979) further added to the signi-

ficance of early selection that indicated high genotypic correlation between 2-3 years yield 

records and 10-year yield totals. Sera (2000), indicated that early determination of yield and 

genetic advance based on the index comprising the first two years yield, stem girth, and per-

centage bearing primaries was 97% efficient compared to straight selection based on 10years 

yield total. 

 

Moreover, research findings reported that, the expected genetic advance based on  incorporat-

ing a few growth parameters (girth, canopy radius, percentage of bearing primaries) and the 

first 2-3 years yield data of the individual trees showed to be as large as that obtained by 

straight selection based on yield totals or plot means over several years (Sera, 2000). Further 
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study by Cilas et al. (2002) also indicated selection for high productivity can be achieved by 

using performance of the first year yield, stem diameter, tree height and number of primary 

branches. 

2.7. Phenotypic and Genotypic Coefficients of Variation 
 

Variation is the occurrence of differences among individuals due to differences in their genet-

ic composition and/or the environment in which they are growing (Allard, 1999). Phenotypic 

variability is the observable variation present in a character in a population; it includes both 

genotypic and environmental components of variation and as a result its magnitude differs 

under different environmental conditions. Genotypic variations, on the other hand, is the 

component of variation which is due to the genetic differences among individuals within a 

population and is the main concern of plant breeding (Singh, 2003).  

The geographic allocation of coffee within its homeland is another good indication for the ex-

istence of genetic variation within a population. And also the screening of selected coffee ber-

ry diseases resistant varieties and heterotic hybrid cultivars through crossing (Mesfin and 

Bayeta, 2001, 1987) and Van der Graaff (1987) are indicators of genetic variability. 

2.8. Heritability (H2b)  
 

Heritability is a ratio of the total genotypic variance to phenotypic variance. The proportion of 

total variation caused by the genotype is heritable and can range from a value of one, where 

all variation is genetic, to zero, where all variations results from the environment (Sing, 2001; 

Acquaah, 2012 ;). The effectiveness of selection for a particular trait largely depends on the 

relative importance of genetic and non-genetic factors in the expression of phenotypic differ-

ences among genotypes in a population. Heritability indicates the relative importance of the 

genetic and environmental source of variation in the character and it is sometimes known as 

degree of genetic determination of the character. According to Fehr (1987) and Welsh (1981) 

heritability in the broad sense encompasses all types of gene actions including dominance, 

additive and epistasis.  

Heritability of yield per se is generally reported to be low in most crop plants. While the re-

port in coffee yield showed low to moderate heritability in coffee grown on toped single stem 

under shade. In other studies, it has been reported that internodes length show high heritability 
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followed by number of primaries and stem girth while yield had moderate heritability. On the 

other hand, Cilas et al. (1998) reported a high heritability estimates in characters such as 

yield, stem girth and tree height. 

The knowledge of magnitude and type of genetic variability and their corresponding heritabil-

ity of a trait help to determine the efficiency of selection strategy to use in breeding program. 

Because selection of superior genotypes is proportional to the genetic variability present and 

the extent to which the characters are inherited (Nechifor et al., 2011). 

Heritability indicates the effectiveness with which selection of genotypes can be based on 

phenotypic performance Walyaro and Van der Vossen (1979) obtained high heritability value 

for internodes length (90%) and number of primary branches (85%) whereas moderate values 

for stem diameter (43%) and nodes on the longest primaries (30%). On the other hand, Mesfin 

(1982) observed broad sense heritability for yield to be 55% and 44% for eight top selection 

of Arabica coffee. Similarly, Van der Vosen (1985) estimated from diallel crosses of 11 cof-

fee cultivars that most of the growth and bean size characters such as girth of main stem 

(64%), tree height (70%), canopy radius (65%), internodes length (74%), angle of primary 

with main stem (60%), and 100 bean weight (74%) have high heritability. 

In addition, Bayetta (2001) also reported high broad sense heritability for 15 of the 18 mor-

phological characters studied on six elite parental lines and their 15 F1 crosses for characters 

like stem diameter, number of leaves, height, shoot fresh weight, root dry weight, number of 

nodes in the range of 71.43% to 97.32%, suggesting that effect of environment on the pheno-

typic expression of the characters is minimum which is good for improvement through selec-

tion. 

Yigzaw (2005) obtained moderate broad sense heritability for seedling height (42.4%), inter-

nodes length (56.9%), total number of stem nodes (54.5%), leaf length (63.9%), leaf width 

(65.7%), stem diameter (40.1%), leaf area (55%). But on the contrary, broad sense heritability 

varied from 38% for bean thickness to 94% for bean weight and number of secondary 

branches per tree whereas all characters measured greater than 50% broad sense heritability 

except bean thickness (38%) and percentage of bearing (39%). Primary branch for eighteen 
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characters studied on coffee Arabica germplasm, indicating high heritability for most of the 

characters. 

2.9. Expected Genetic Advance 

According to Allard (1960), genetic advance measures the expected genetic progress that 

would result from selecting the best performing genotype for a given character. It indicates 

the improvement of the performance of the selected genotype over the original. Heritability 

value by itself does not indicate the amount of genetic progress that would result from select-

ing the best individuals. Thus the utility of estimates of heritability, therefore, increase when 

they are used in concurrence with selection differential, the amount that the mean of the se-

lected lines exceeds the mean of the entire group (Johnson et al., 1955). Yigzaw (2005) re-

ported that larger genotypic coefficients of variation along with high heritability and high ge-

netic advance provide better information than each parameter alone. Therefore, characters that 

exhibit a high genotypic coefficient of variation, heritability and genetic advance are useful as 

the base of selection. High heritability value could be obtained with accessions having small 

or large genotypic variance, but genotypic progress would be larger with larger genotypic va-

riance (Allard, 1999). 

 

Although, the available information about genetic advance for various yield related traits in 

Coffea arabica L. in Ethiopia is scanty some investigations carried out elsewhere exhibits 

higher genetic advance for primary branch (67%), total nodes per plant (87%) and internodes 

length of primary (26%) (Srinivasan, 1988). In Ethiopia, some reports indicated that genetic 

advance through selection for yield at 20% selection intensity was up to 2.2 kilogram  of fresh 

cherry per tree, confirming the presence of high genetic variability within Arabica coffee 

population. Therefore, the opportunity to bring a reasonable improvement through selection is 

high (Bayetta, 1997). In addition, Mesfin (1980) obtained genetic advance for yield to be 1.4 

kilogram fresh cherry/tree from indigenous coffee collections grown at Jimma.  

 

This result indicates the genetic advance that can be made through selection directly for yield 

and /or indirectly by using yield components. It has been indicated that if the heritability of a 

trait is very high, then the phenotypic value will be a good indicator for its advancement 

through selection (Narain, 1990). 
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2.10. Correlation 

According to (Acquaah, 2012) coefficient of correlation is the term used to explain the degree 

of amount of correlation between independent variables. If both traits are increased, the result 

is a positive correlation. If one is increased and the other decreased, there will be a negative 

correlation. The correlation coefficient always lies between -1 and +1. -1 indicates perfect li-

near negative relationship between two variables on the other hand +1indicates perfect posi-

tive linear relationship and zero indicates lack of any linear relationship (Steel et al., 1997). 

Charier (1998) obtained a high and positive correlation between height and stem diameter of 

arabica coffee, According to Berthaud and Charrier (1998), among the seven vegetative cha-

racters studied in thirty-four coffee arabica populations in Ivory Coast, number of nodes of the 

side branches and of the main stem and their basal diameter were found to have positive cor-

relation.  

Correlation at the genetic level may arise from different factors. Correlation arising from plei-

otropy expresses the extent to which two characters are influenced by the same gene. But the 

correlation resulting from pleiotropy is the overall or net effect of all segregating genes that 

affect both characters in which some genes may increase both characters, while others in-

crease one and reduce the other; the former tend to cause a positive correlation, the later a 

negative one (Welsh, 1981).  

Yield in coffee has been shown to depend to some degree on the vegetative vigor of the tree 

(Walyaro, 1983). Because of their correlations of growth and yield characters are commonly 

considered in the evaluation of genotypes for productivity. Thus, it is essential to include such 

genetic estimation in selection and hybridization programs for improvement of yield particu-

larly perennial crop like coffee (Mesfin, 1982). Therefore, correlation assessment may help as 

an aid to identify traits that are indicative of yield potential and be used for evaluation of ge-

notypes at early bearing stage. 

 

According to Srinivasan (1982) coffee morphological characters such as stem girth, width of 

canopy, number of primary branches and number of secondary branches have strong correla-

tion with yield. In his research, Mesfin (1987) observed positive and significant correlation 



  

17 
 

between total growth and girth diameter growth and number of fruits (0.69) and growth and 

number of nodes on primary branches. Furthermore, Mesfin and Bayetta (1983) reported posi-

tive correlation of mean F1 yield with girth number of flowers and fruits length of the first 

primary branch number of nodes on primary branches (0.52), number of bearing nodes on 

primary branches and number of secondary branches (0.46). Yigezaw (2005) also reported 

correlation analysis performed among 18 agro – morphological characters indicated positive 

association between average green bean yield per tree with percentage of bearing primary 

branches per tree bean weight, canopy diameter trunk diameter, tree height, bean length, bean 

thickness (0.66), internodes lengths of orthotropic internodes lengths of primary branches fruit 

length and petiole lengths. 

2.11. Genotypic Correlation Coefficients 
 

Genotype correlation coefficients provide a measure of genetic association between traits and 

thus help in identifying the most important as well as the least important traits to be consi-

dered (Sylya and Carvalho, 1997). The association between two characters that directly ob-

served is the phenotypic correlation, which is determined from the measurements of the two 

characters in number of individuals of the population (Singh, 1990). 

In relation to coffee, Ermias (2005) reported that morphological characters, such as stem 

girth, canopy, fruit length, number of main stem nodes, canopy diameter and average inter-

nodes length of primary branch had positive and significant association with yield on coffee. 

Similar trends were reported by Seyoum (2001). 

2.12 Genetic Distance 

Genetic distance is a measure of the genetic divergence between species or between popula-

tions within a species (Nei, 1987). Populations with many similar genes have small genetic 

distances. This indicates that they are closely related and have a recent ancestor. The concept 

of genetic distance has been of vital importance in many contexts and more so in differentiat-

ing well defined populations (Van Hintum, 1995). 

A systemic study and characterization of coffee germplasm is of great importance for current 

and future agronomic and genetic improvement of the crop. Mesfin and Bayetta (2008)      

http://en.wikipedia.org/wiki/Genetics�
http://en.wikipedia.org/wiki/Species�
http://en.wikipedia.org/wiki/Population#genetics�
http://en.wikipedia.org/wiki/Population#genetics�


  

18 
 

reported that morphological parameters have been widely used in the evaluation of coffee 

arabica. Exploration of such traits increases our knowledge of genetic diversity available and 

strongly facilitates breeding for wider geographic adaptability, with respect to biotic and abi-

otic stress. In addition, genetic diversity needs to be described and measured if it is to be ef-

fectively incorporated into breeding strategies and management of plant genetics resources 

(Agawanda, 2003). 

 

2.13. Cluster Analysis 
 

Cluster analysis is a multivariate analysis technique involving partitioning a set of objects into 

groups so that objects within group are more similar and objects in different groups are more 

dissimilar (Crossa et al. ,1995). One of the stages in clustering task is selecting a clustering 

strategy (Jain and Dubes, 1988).In this stage, a particular clustering algorithm is selected that 

is suitable for the data and the desired clustering type. Selecting a clustering algorism is not an 

easy task and requires the consideration of several issues such as data types, data set size and 

dimensionality, data noise level, type of shape of expected clusters, and overall expected clus-

tering quality. Multivariate analysis of morphological quantitative characters and qualitative 

characters using cluster analysis has been used previously to measure genetic relationships 

within crop species Examples includes coffee (Coffee arabica L.) Mesfin and Bayetta (2005) 

and Getachew (2012) grouped 104 and 49 coffee accessions of 14 and 22 characters into 6 and 

5 clusters respectively 

2.14. Principal Component Analysis 
 

Principal component analysis (PCA) is mathematically defined as an orthogonal linear trans-

formation that transforms the data to a new coordinate system such that the greatest variance 

by some projection of the data comes to lie on the first coordinate (called the first principal 

component), the second greatest variance on the second coordinate, and so on. 

It used as a method of data reduction to clarify the relationships between two or more charac-

ters and to divide the total variance of the original characters into a limited number of uncor-

related new variables (Katarzyna et al. 2013; Hammer et al., 2001).  

 This will allow visualization of the differences among the individuals and identify possible 

groups. The reduction is achieved by linear transformation of the original variables into a new 

https://en.wikipedia.org/wiki/Orthogonal_transformation�
https://en.wikipedia.org/wiki/Linear_transformation�
https://en.wikipedia.org/wiki/Linear_transformation�
https://en.wikipedia.org/wiki/Coordinate_system�
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set of uncorrelated variables known as principal components (PCs). The first step in PCA is to 

calculate eigen values, which define the amount of total variation that is displayed on the PC 

axes. The first PC summarizes most of the variability present in the original data relative to all 

remaining PCs. The second PC explains most of the variability not summarized by the first 

PC and uncorrelated with the first, and so on (Hammer et al.2001). Because PCs are ortho-

gonal and independent of each other, each PC reveals different properties of the original data 

and may be interpreted independently. In this way, the total variation in the original data set 

may be broken down into components that are cumulative. The proportion of variation ac-

counted by each PC is expressed as the eigen value divided by the sum of the eigen values. 

The eigenvector defines the relation of the PC axis to the original data axis. It also reflects the 

importance of the largest contributor to the total variation at each axis of differentiation 

(Sharma, 1998). A mathematical procedure uses an orthogonal transformation to convert a set 

of observations of possibly correlated variables into asset of values of linearly uncorre-

lated variables. The eigen values are often used to determine how many factors to retain. The 

sum of the eigen values is usually equal to the number of variables.  

According to (Sharma, 1998),  characters with largest absolute value closer to unity within the 

first principal component influence the clustering more than those with lower absolute value 

closer to zero. The differentiation of the 49 Arabica coffee accessions studied by (Getachew et 

al., 2013; Olika et al., 2011) into different clusters was because of relatively high contribution 

of few characters rather than small contribution from each character. Accordingly, the first 

principal component had high positive component loading from traits such as internodes 

length of main stem, primary branches, leaf length and hundred bean weights. The positive 

and negative loading shows the presence of positive and negative correlation trends between 

the components and the variables. The characters, which load high positively or negatively, 

contributed more to the diversity and they were the ones that most discriminated the cluster.  

2.15. Path Analysis 

Path coefficient analysis, which is simply a standardized partial regression coefficient, parti-

tions the correlation in to direct and indirect effect (Dewey and Lu, 1959). They also reported 

the use of this method requires cause and effect relationship among the variables, and the ex-

perimenter must assign direction in the casual system based up on priori grounds of experi-
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mental evidence. Partitioning the correlation coefficient into direct and indirect effects can be 

done through path analysis technique (Dewey and Lu, 1959). Path coefficients have been used 

to develop selection criteria for complex traits in several crop species of economic importance 

such as coffee (Ermias, 2005), cotton (Tariq et al., 1992). 

 Although estimates of correlation coefficients are helpful in determining the components of a 

complex trait yield they do not provide an exact picture of the relative importance or direct 

and indirect influences of each of the component characters on yield (Bhatt 1973). Path coef-

ficient analysis allows a more precise elucidation of the pattern of interaction of other known 

factors. It permits identification of direct and indirect causes of association and measures the 

relative importance of each character (Ariyo et al., 1987). It is obvious that yield is the result 

of yield correlated characters and some other undefined factors.  

Therefore, the use of this method requires a cause and effect relation among the variables 

(Dewey and Lu, 1959). Yield in coffee is commercially an important trait, which is consi-

dered in most, if not all, breeding goals of coffee improvement. Therefore, it is desirable to 

know the direct and indirect effect of yield related traits in coffee yield. These traits could be 

useful indicators in breeding programs to select coffee genotype for yield. The work by 

Seyoum (2001) showed that out turn ratio had the highest positive direct effect (0.729) on 

yield followed by angle of primaries (0.555) and number of bearing primaries (0.371). Studies 

in Kenya suggested that, yield components such as plant height, numbers of primaries, and 

stem girth are important parameters to use in selection for yield potential (Walyaro and Van 

der Vossen, 1979). 

 

Olika et al. (2011) reported that yield per plant showed significant and positive direct effect 

on bean width, fruit length, leaf length and hundred bean weight and plant height. Therefore, 

indirect selection for these traits may be effective in developing high yielding coffee variety 

and the findings of this result emphasized the role of bean width upon ultimate increase of 

grain yield 
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3. MATERIALS AND METHODS 

 

3.1. The Study Area 
 

The experiment was conducted at Haru sub center of Jimma Agricultural Research Center. 

The sub center is 468 km far from Addis Ababa and located at 8058’ N latitude and 350 48’ E 

longitudes and at an altitude of 1750 meters above sea level. The mean annual rainfall of the 

area is 1727 mm per annum with an average maximum and minimum air temperatures of 

270C and160C, respectively. The major soil type of the area is dark reddish brown, with pH of 

4.8-5.6 (Tsegaye and Taye, 2000). 
 

3.2. Experimental Material and Design 
 
 

One hundred eleven C. arabica L. accessions which have been collected in the year 2009 

from the Dega and Sasiga woreda of East Wellega zone and four standard checks namely: 

Menesibu (78/84); Haru1 (W66/98); Chala (W76/98) and Sende (W92/98) were used for the 

study (Table 1). The experiment was superimposed during the 2014/15 cropping seasons on 

six years old coffee trees. 

 

The seedlings were field planted on July, 2009 in augmented design and mulched immediate-

ly after planted. Each seedling was protected from direct sunlight by grass hut and 

The huts were removed when the dry months ends.  Shade trees were planted with a spacing 

of 4m by 4m.  Each plot consisted of ten trees in single row.  Spacing between rows and plant 

were 2m by 2m, respectively. The plots received uniform application of fertilizer (120g DAP 

& 81g urea per tree) in three split and other recommended cultural practices were performed 

throughout the period of data collection as per EIAR/JARC coffee production manual rec-

ommendation. 
 

 

3.3. Data Collected 
 

For data collection IPGRI (1996) descriptor was used  

I.Quantitative data  

The sample taken is random for all variables  

a) Leaf characteristics/average of five one year leave (IPGRI, 1996) 
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 Leaf length (cm) – average of five one year leaves were measured from petiole end to 

leaf apex and mean of five leaves were used for statistical analysis. 

 Leaf width (cm) - five one year leaves were measured at the widest part and the mean 

of five leaves were used for statistical analysis. 

 Leaf area (cm2) - average length and width of five leaves were measured and the mean 

of the five leaves were used for statistical analysis.  

 Leaf petiole length (cm) – average of five leave petiole length was measured from the 

base to insertion of the blade and the mean of the leaves were used for statistical anal-

ysis. 

b) Stem characteristics 

• Plant height (cm) – the height from the ground level to the tip of the tree was 

measured for five trees and mean of five trees heights were used for analysis.  

• Number of nodes on main stem- nodes on main stem were counted on five tree   

and mean of five trees were used for analysis 

• Internodes length (cm) – from total height, the height from ground up to first pri-

mary branch is deducted and divided by one less number of node and the mean of 

five trees were used for statistical analysis.             

• Girth (cm) – main stem of five trees was measured at five cm above the ground 

and the mean of five trees were used for statistical analysis. 

• Height up to first primary branch (cm): The height from ground level up to first 

primary branch was measured for five trees and the mean was used for statistical 

analysis. 

c). Branch character 

o Length of longest first primary branch (cm): The average length of first primary 

branches was taken on five trees and the mean was used for analysis. 

o Canopy diameter (cm): The diameter of the bush of a tree was measured in East-West 

and added to the South North diameter and divided by two. Finally the mean of five  

trees  canopy diameters were used for the analysis 

o Number of primary branch –all   primary branches were counted on  five representa-

tive  trees and mean of  the five trees were used for statistical  analysis 
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d). Fruit character –five normal and matured fruits were measured (IPGRI, 1996) 

• Fruit length (mm) - five normal matured fruits were measured at  the longest 

part and the  mean of the five fruits  were used for statistical  analysis 

• Fruit width (mm) - five normal matured fruits were measured at widest part 

and mean of the five fruits were used for  statistical analysis 

• Fruit thickness (mm) - five normal matured fruits were measured at thickest 

part and the mean of the five fruits were used for statistical analysis. 

 

e) Bean character – Average of five normal matured fruits were measured (IPGRI, 1996) 

• Bean lengths (mm) – length of five normal matured beans were measured at max-

imum longest part using caliper and the mean of five beans were used for statistic-

al analysis. 

• Bean widths (mm) – width of five normal matured beans were measured at widest 

part and mean of the five beans were used for statistical analysis. 

• Bean thickness (mm) – thickest part of five normal matured beans was measured at 

thickest part and mean of the five beans were used for analysis. 

• 100-coffee beans weight: The weight of 100 coffee beans was weighed using sen-

sitive balance at a standard moisture level of 11%. 

• Yield of fresh cherry (g): Total fresh cherry yield harvested from all the 10 trees in 

a plot was measured in grams and used to compute mean yield per tree 
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Table 1. List of Arabica coffee accessions those used for morphological variation study  

Accession Collection 
altitude(masl) 

Peasant assosa-
tion 

Specific site Woreda Total no 
collected 

EW1/09,EW106- 
108/09 

1706 -1732 Tokuma Tsige Tsige Sasiga 4 

EW2 - 3/09 1700  Legagorba Sasiga 2 
EW4 – 5/09 1660 Ambelta  Migna Sasiga 2 
EW6 – 9/09 1891 -1940  Harogudina Babuserte Sasiga 4 
EW10 -13/09 1882 – 1900 Feyneterano Gabajimata Sasiga 4 
EW14/09 1724 Walkituma Tufisa Sasiga 1 
EW15 -17/09 1711  Werasayo Sasiga 3 
EW24-35/09 1518 -1695 Lomicha Gidugalesa Sasiga 12 
EW36 -40/09 1579 -1599  Weligalte Sasiga 5 
EW18 -20/09 1695  Lelistu Sasiga 3 
EW21 – 23/09 1600 -1630  Gidu Sasiga 3 
EW41 – 51/09 1921 -1968 Galojanja Ayeru Sasiga 11 
EW52 – 61/09 1866 -1871  Arya Sasiga 10 
EW62 – 74/09 1782 – 1832 NanoSenbetadure Hadiya Sasiga 13 
EW75 -80/09 1715 -1735 Megalagallo  Gallo Sasiga 6 
EW81 – 82/09 1670  Kumburo Sasiga 2 
EW104/09 1750  Senbetadure Sasiga 1 
EW83 – 90/09 1664 -1708 Gemene Ayra Sasiga 8 
EW91 – 96/09 1683 – 1688  Bata Sasiga 6 
EW97 – 102/09 1635 – 1649 Oda Bosoka Sasiga 6 
EW103/09&EW105/09 2100 7 Sasiga Sasiga 2 
EW109 – 110/09 1615 – 1630 Bedasa  Jarso Mender misreta Dega 2 
EW111/09 1888 Harofeysa Haro Dega 1 
 
Total number of accessions collected 

  
111 

 

 

ii. Qualitative Data 

 

Qualitative data of 14 characters, namely overall appearance, branching habit, angle insertion 

of primary branch, young leaf color, leaf shape, leaf apex shape, leaf petiole color, young 

shoot color, mature fruit color, fruit shape, absence or presence of fruit ribs, calyx limb persis-
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tence, seed color and seed shape were evaluated according to a descriptor of coffee developed 

by international plant genetic resource institute (IPGRI, 1996) (Table 2) 

 

Table 2. Lists of morphological and agronomic characters considered in the study 

Character       Description and code 

Overall appearance  
 

1 =  Elongated conical     2 =    Pyramidal        3 =  Bushy                                                                      

 
Branching habit 

1= Very few primary branches  
2= Many primary with few secondary branches 
3= Many primary with many secondary branches 
4= Many primary with many secondary and tertiary branches 

Angle of insertion of primary branches   1= Drooping           2= Horizontal /spreading  3= Semi- erect 

 
Young leaf color 
 

1= Greenish                2 = Green        3= Brownish 
4 = Reddish brown     5= Bronze        6 =Other 

Leaf shape  
 

1= Obovate                 2= Ovate          3= Elliptic 
4= Lanceolate              5= Other  

Leaf apex shape 
 

1= Round             2= Obtuse      3= Acute   4= Acuminate         
5=Apiculate                 6 = Spatulate      7= Other  

 
Leaf petiole color 
 

 
1= Green                    2= Dark brown          3= Other  

 
Young shoot color 

1= Green                    2= Dark brown          3= Other 

 
Mature fruits color 
 

 
1= Yellow      2 =Yellow-orange    3 = Orange     4 = Orange-red        
5= RED          6 =.Red-purple        7 = Purple        8 = Purple- violet       
9 = Violet        10 = Black             11= Others   

 
Fruit shape    

 
1= Roundish           2= Obovate   3= Ovate       4 = Elliptic      
5= Oblong               6 =.Other  

Absence or presence of fruit  ribs 
 

0 = Absent            1= Present 
 

Calyx limb persistence 
 

0 = No                      1 =Yes 
 

Seed color (At 11% humidity) 
 

1= Yellow     2 = Brown-purple       3= Other  

 
Seed shape 

1= Round     2= Obovate     3= Ovate   4 = Elliptic    5= Oblong  
6.Other 
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3.4. Statistical Analysis  
 

3.4.1 Analysis of variance (ANOVA) 
 

Data were subjected to analysis of variance (ANOVA) using SPAD (Statistical Package for 

Augmented Design) software based on randomized complete block augmented design (Table 

3). Least Significant Difference (LSD at P = 0.05) was employed to identify accessions that 

are significantly different from each other. The analysis was carried out according to the fol-

lowing model (Federer, 1956). 

Yij= μ+ gi + cj+ βj + εij 

Where: yij is the observation of treatment i in jth block μ is the general mean, g is the effect of 

test treatment, cj is the effect of control treatments in jth block,  βj is the  block effects, (ε) is 

the error term 

Table 3.Analysis of variance (ANOVA) of augmented design 

 
Source of variation Df SS MS F-value           

Block(adj) (b-1) SSb MSb MSb/MSe 

Trt (adj) (c+g) -1 SSt MSt MSt/MSe 

Among-controls (c-1) SSc MSc MSc/MSe 

Among-test (g-1) SSg MSg MSg/MSe 

Test-v- Control 1  SSe/(c-1)(b-1)  

Error (b-1) (c-1)    

 

Where: b = number of block, C = check varieties, g = genotype, df= degree of freedom, SS = 

sum square, MS = mean square, SSb and MSb are sum square and mean square of blocks, re-

spectively; SSg and MSg are sums squares of genotypes and mean square of genotype, respec-

tively; SSc and MSc are sum square and mean square of check variety, respectively; SSt and 

MSt are sum square and mean square of treatment, respectively. 
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3.4.2. Estimation of genetic parameter 

The phenotypic and genotypic coefficients of variation were calculated according to the form
ula suggested by Burtons and Devane (1953) as follows 
 

Phenotypic variance (σ2p)  =  σ2g + σ2e 

Genotypic variance (σ2g) = Msg - Mse 

Phenotypic coefficient of variation (PCV) = 
�σ2p 

  x�
 X 100  

Genotypic coefficient of variation (GCV) = �σ
2g 

x�
 X 100 

 Where: 

MSg = mean square due to genotypes 

 MSe = mean square due to environmental variance (error mean square)  

 σ2g = genotypic variance  

 σ2e = environmental variance  

 σ2
g = σ2

p - σ2e  

 Where, σ2p = phenotypic variance  

             σ2e = environmental variance 

       X�  = Grand mean 

 
 
3.4.3. Heritability (h2b) 
 

Broad sense heritability for all characters were estimated as the ratio of genotypic variance to 

the phenotypic variance and expressed in percentage according to the methods suggested by 

Falconer (1989) 

Heritability (h2b) =   
σ2g
σ2p

 x 100 

       Where, h2b = heritability in broad sense.  
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3.4.4. Genetic advance under selection (GA) 
 

The expected genetic advance expressed under selection in broad sense, assuming selection 

intensity of 5% of the superior progeny were estimated in accordance with the method de-

scribed by Johnson et al. (1955) as: GA = K.σP.h2b  

Where: 

 h2b = Heritability in broad sense; σp = Phenotypic standard deviation on mean basis; GA= 

Expected genetic advance 

k = the standardized selection differential at 5% selection intensity (K = 2.063) constant. Ge-

netic advance as percent of mean were calculated to compare the extent of predicted advance 

of different traits under selection, using the following formula: 

 

  GAM = GA 

                 X�   

 

Where: GAM = genetic advance as percent of mean; GA= genetic advance under   selec-

tion and x ̅= grand mean of the population 

x100   

 

3.5. Cluster analysis  
 

Cluster analysis was employed for both quantitative and qualitative characters to identify ac-

cessions that are significantly different from each other. Hierarchical clustering was employed 

using the similarity coefficients among the 115 coffee accessions. Clustering was performed 

using the proc cluster procedure of SAS version 9.2 (SAS, 2008) by employing the method of 

average linkage clustering strategy of the observation. The numbers of clusters were deter-

mined by following the approach suggested by Copper and Milligan (1988) by looking into 

three statics namely Pseudo F, Pseudo T2 clustering criteria. Genetic divergences between 

clusters were determined using the generalized Mahalanobis D2 statistics Mahalanobis (1936) 

using the equation: D²p = (Xi − XjS
−1 (Xi − Xj)  

     Where: D2p = the distance between any two groups i and j; 

                  Xi and Xj = the p mean vectors of accessions j and i.  
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                   S-1 = the inverse of the pooled covariance matrix.  

The D2 values obtained for pairs of clusters were tested for significance at 5% level of signi-

ficance against the tabulated values of p degrees of freedom, where p is the number of va-

riables considered (Singh and Chaudhary, 1987).  

 

3.6. Principal Component Analysis (PCA) 
 

The principal component analysis for quantitative and qualitative characters was carried out 

using Statistical Analysis System Version 9.2 (SAS Institute, 2008). Number of factors re-

tained was decided by looking at the Eigen values. The principal components that had Eigen 

values >1 were selected (Costello and Osborne, 2005) were considered as relevant scores for 

the PCA and were 0.40 (ignoring the sign) flagged with an asterisk (*) which has been consi-

dered as meaningful loadings and significant contributor to distinguish genotypes (Costello 

and Osborne, 2005; Biabani and Pakniyat, 2008)  
 

3.7 Correlation Coefficient(r)  
 

The genotypic and phenotypic correlation coefficients were computed using the formula 

rg = 
Covg (X.Y)

�VargX   .�VargY
 

                 Where, Covg (XY) = genotypic covariance between characters X and Y;  

                               Varg X = genotypic variance of character X;  

                                VargY = genotypic variance of   character Y 

rP =    
Covp (X.Y)

�VarpX   .�VarpY
    

 

                  Where:  CovP (XY) = phenotypic covariance between characters X and Y 

                               VarPX = phenotypic variance of character X 

                               VarpY is phenotypic variance of character Y  
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Estimates of genotypic and phenotypic correlation coefficients were compared against r-

values given in Fisher and Yates (1963) table at n-2 degrees of freedom, at the probability 

levels of 0.05 to test their significance, where n is the number of genotypes. To test the signi-

ficance of correlation coefficients, the following formula adopted (Sharma, 1998): 

 

t = 𝑟𝑟
𝑆𝑆𝑆𝑆(𝑟𝑟)

 

                 Where SE(r) =    

                                         √𝑛𝑛 − 2  
Where, r is correlation coefficient and n is number of genotypes. To test the significance of 

correlation coefficient, the calculated t-value can be compared with tabulated t-value at (n-2) 

degree of freedom at 0.05 levels of probability (Snedecor and Cochran, 1989). 

 1 − 𝑟𝑟2   

3.8. Path Coefficient Analysis 
 

The path coefficient was estimated with the formula given by Dewey and Lu (1959). 

 riy = r1iP1 + r2iP2 + … + rIiPi + … + r niPn 

               Where:   riy = correlation of ith character with bean yield;  

                             r1iP1 = indirect effects of ith character on bean yield through first character; 

                                 rni = correlation between nth character and ith character 

                                  n = number of independent variable 

                                 Pi = direct effect of ith character on bean yield  

                                 Pn = direct effects of nth character on bean yield 

Direct effect of different component characters on grain yield were obtained by solving the 

following equations: (riy) = (Pi) (rij); and (Pi) = (rij) - 1 (r1iPi)  

            Where: (Pi) = matrix of direct effect 

                       (rij) = matrix of correlation coefficients among all the nth component characters; 

                       (riy) = matrix of correlation of all component characters with bean yield;  

                      (r1iPi) = indirect effect of ith character on bean yield through first character               

The residual factor can be calculated as described in Dewey and Lu (1959). 

        1 = p2 R + 𝜀𝜀pkj rik  
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3.9. Shannon - Weaver Diversity Index (H′)  
 

The qualitative data were subjected to analysis of the Shannon-Weaver diversity index (H′) 

(Shannon and Weaver, 1949) .The Shannon-Weaver diversity index (H′) was computed using 

the phenotypic frequencies to assess the overall phenotypic diversity for each character. The 

Shannon-Weaver diversity index as described by Hutchinson (1970) was used to calculate 

phenotypic diversity for jth trait with n sub classes:  

ℎ𝑠𝑠𝑠𝑠 = �𝑝𝑝𝑝𝑝𝑝𝑝𝑛𝑛𝑝𝑝𝑝𝑝
𝑛𝑛

𝑝𝑝=1

 

Where pi is the relative frequency in the ith category of the jth trait. To keep Shannon-Weaver 

diversity index between 0 and 1 the formula suggested by Hennink and Zeven (1991) was 

used as: 

H′ =   − ∑𝑝𝑝𝑝𝑝 ln 𝑝𝑝𝑝𝑝
ln 𝑛𝑛  

                   Where:  H′=  Shannon Weaver diversity index 

                    Pi = is the relative abundance (frequency) of each traits 

                  ln (pi) = the natural logarithm of abundance 

                  piln(pi) = relative abundance of trait, multiplied by the natural logarithm of the abundance 

                     ∑𝑝𝑝𝑝𝑝 ln 𝑝𝑝𝑝𝑝 = is the sum of piln (pi) product.  

The negative sign of the sum that was calculated  to keep Shannon - Diversity index between 

0 and 1 or normalized divided by the maximum value ln(n) in each case the formula sug-

gested by Hennink and Zeven (1991). 

 H′of 0 indicates that is monomorphic i.e. all individual belong to one and the same category 

whereas H′ of 1 indicates maximum diversity i.e. individuals are equally dispersed among the 

n class. 
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4. RESULTS AND DISCUSSION 

 

4.1. Analysis of Variance (ANOVA) 
 

Mean squares of the 20 characters from analysis of variance (ANOVA) are presented in Table 

4. Significant differences among genotypes (p < 0.05) were observed for all characters except 

six characters. Among tests, significant differences were observed for all characters. This in-

dicating the presence of significant difference among the traits considered in this study. Simi-

larly, the work of Olika (2011) showed significant differences among forty nine coffee geno-

types of twenty two quantitative characters. The variations observed for measured quantitative 

characters in this study were also in agreement with the earlier findings of Kebede and Bela-

chew (2005) who reported the significant difference among the genotypes in 100 Hararge cof-

fee accession germplasm using 14 quantitative characters namely: stem girth, leaf area, plant 

height, number of primary branch, length of longest primary branch. 

http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#26085_con�
http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#26085_con�
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Table 4. Mean squares of variance of the different characters considered in the study 

DF = degrees of freedom, ns = non-significant;* and** = significant and highly significant at 5% and 
1% probability level respectively; CV= Coefficient of Variation  

Characters Block (DF =3) Error (DF =12) A.trt (DF =114) A cont (DF =3) A. Test (DF =110) Test v Con (DF =1) CV (%) 
Leaf length(cm) 0.22ns 0.56 2.26**         1.24ns 1.45* 96.02** 4.77 
Leaf width(cm) 1.03* 0.09 0.40**         0.13ns 0.40** 0.40** 4.02 
Leaf area(cm2) 119.52* 31.76 381.17**        172.21* 314.40** 8577.63** 4.71 
Petiole length(cm) 0.01ns 0.02 0.04*         0.01ns 0.001* 0.22** 15.34        
Bean length(mm) 0.34ns 0.37 1.23*         0.33ns 1.23* 4.51** 6.63        
Plant height(cm) 369.98 22.27 346.89ns 184.52ns 347.27ns 735.09ns 11.26 
No. of primary branch 45.57 6.15 28.91ns 6.98ns 29.77ns 0.01ns 13.55 
Height up to 1st pr.br(cm) 31.81 8.63 61.50ns 164.83ns 57.33ns 223.92ns 26.45 
No of nodes on stem 18.3 8.87 10.04ns 5.75ns 10.23ns 2.72ns 11.38 
Bean width(mm) 0.33ns 0.16 4.59**   0.71ns 0.72* 0.33ns 5.81        
Bean thickness (mm) 0.05ns 0.10 0.26*         0.08ns 0.26* 0.57* 7.72        
Hundred bean weight(g) 4.05* 13.24 67.76**        3.29ns 3.66** 4.77* 21.15        
Length of 1st pr.Br(cm) 19.36ns 39.46 95.48*        54.87ns 88.54* 1008.62** 7.80        
Stem girth(mm) 9.92ns 3.80 12.35 *               0.31ns 12.53* 3.75ns 4.92        
Fruit length(cm) 0.39ns 0.18 0.87*                        0.25ns 0.86** 3.64** 2.78        
Fruit width(cm) 0.16ns 0.40 1.45* 2.66** 0.93* 53.01** 3.89 
Fruit thickness(cm) 4.83* 0.31 0.87*        2.60* 0.78* 6.64** 3.79 
Canopy diameter(cm) 488.03 175.68 159.7ns 71.1ns 162.2ns 152.77ns 10.57 
Average int. length (cm) 0.76 0.71 0.69ns 2.56ns 0.6ns 0.63ns 12.7 
Yield(g) 139527.88 167705.18 437264.10           136368.5 435599.67 1383294.90* 28.22 

 
 



  

34 
 

4.2. Range and Mean Values 

The mean performances of all treatments and checks evaluated are presented in table 5. The 

mean values of leaf length ranged from 13.4 (Sende) to 20.0 (EW65), leaf width ranged from 

5.49 (E58) to 9.32 (EW92). Leaf area is an important trait that affects overall bean yield. It was 

ranged from 77.54 (EW58) to 173.74 (EW 13) with a mean value of 119.6. Petiole length varied 

from 0.6 (EW79 & EW80) to 2.4 (EW16), bean length, width and thickness ranged from 7.09, 

5.63,3.46 (EW3,EW57,EW69) to 11.26,8.4 and 5.21 (EW71, EW7, EW52).Hundred  

bean weight ranged from 3.17 (EW5) to 39.4 (EW35), length of first primary branch varied from 

57.43 (EW50) to 108.56 (EW96).Whereas stem girth ranged from 28.91(EW99) to 48.16 

(EW16).Fruit length, width, thickness and yield per plot ranged from 11.23 (EW105) to 17.01 

(EW29); 12.25 (EW10) to 18.55 (EW77); 11.27 (EW10) to 17.52 (EW29) and 120.95 (EW10) to 

5381.73 (EW71) respectively. 

From the result it was observed that those characters with the higher range of values were also 

had higher mean values and vice versa. Such considerable range of variations provided a good 

opportunity for yield improvement. The presence of significant variation for the different charac-

ters indicates that genetic variation among the accessions was wide for all characters studied. 

This high range and mean value for each trait of interest suggests that great opportunity to im-

prove the various desirable traits through selection as short term strategy and through hybridiza-

tion as long term strategy. This finding is in agreement with what was reported by (Yigzaw, 

2005; Olika et al., 2011) 

4.3 . Phenotypic and Genotypic Coefficient of Variation 
 

The PCV ranged from 6.91 for fruit length to 54 for bean yield whereas GCV ranged from 5.07 

for fruit thickness to 43.5 for hundred bean weight (Table 5).  Phenotypic coefficients of varia-

tion are generally higher than genotypic coefficients of variation for all the traits studied indicat-

ing that the influence of growing environment on the traits was high. 

 

Burton and Devane (1953) classified PCV and GCV values as high (>20%), medium (10-20%) 

and low (<10%). Accordingly, high PCV and GCV were observed in bean width, hundred bean 

weight and bean yield per unit area. Medium PCV and GCV values were recorded for leaf area 

http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#9939_tr�
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and bean length. For petiole length PCV was high but GCV was medium whereas, medium PCV 

and low GCV were recorded for bean thickness, length of longest primary branch and stem girth. 

Low PCV and low GCV were recorded for fruit length, fruit width, leaf width and fruit thick-

ness. The high and medium PCV and GCV indicate that selection of these characters could be of 

potential importance to the improvement of East wellega coffee population through selection and 

hybridization. This result is in agreement with the findings of Yigzaw (2005); Kebede and Bella-

chew (2008) who reported high and medium phenotypic and genotypic coefficient of variances 

for the characters, length of the longest primary branch, length of primary branches, stem girth 

and hundred bean weight of coffee arabica. The result is disagreeing with that of Gichimu and 

Omondi (2010) who showed low genetic variability among coffee arabica. 
  

4.4. Estimates of Heritability (h2b)  

Broad sense heritability ranges from 0 to1 A high heritability means that most of the variation is 

genetic and the influence of the environment were minimum.  In this study, the heritability esti-

mates ranged from 33.3 for petiole length to 93.2% for bean width (Table 5). Robinson et al. 

(1949) classified heritability values as high (> 60%), moderate (30 - 60%) and low (< 10 %.). 

Based on these, characters which showed high heritability values were leaf length (60.28%), leaf 

width (63.26%), leaf area (84.62%), bean width (93.2%), hundred bean weight (67.3%) and fruit 

length (63.89%). Medium heritability values were recorded for petiole length (33.3%), bean 

length (54.4%), length of first primary branch (41.5%), stem girth (53.0%), bean thickness (44 

%,) fruit width (56.76 %), fruit thickness (47.46 %.) and bean yield (46%). According to Singh 

(2001), if heritability of a character is very high selection for such characters could be fairly 

easy. This is because there would be a close correspondence between the genotype and the phe-

notype due to the relative small contribution of the environment to the phenotype. Although, for 

characters with low heritability selection may be considerably difficult or virtually impractical 

due to the masking effect of environment. 

The high heritability suggest that most of the variation among individuals is caused by genetic 

variation among those individuals and effect of environment on the phenotypic expression of 

these characters is minimum which is good for improvement through selection. Knowing the he-

http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#9939_tr�
http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#9939_tr�
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ritability can be of value because when the breeder selects for a phenotype the genes of that plant 

will be passed on but not the environment the plant grew in. 

The result is in agreement with Walyaro and Vossen (1979); Yonas (2014) who reported medium 

heritability values of quantitative characters like stem girth in coffee. The obtained results were 

also in agreement with results of Kebede and Belachew (2005); Yigzaw (2005) who reported 

high broad sense heritability estimates for quantitative characters in coffee arabica.  

4.5. Estimates of Expected Genetic Advance (GAM %) 
 

Genetic advance expressed as a percentage of the mean ranged from 7.17% for fruit thickness to 

73.6% for hundred-bean weight (Table 5). Falconer and Mackay (1996) classified genetic ad-

vance as percent of mean as low (0-10%), medium (10 - 20%) and high (20% and above). Ac-

cordingly, genetic advance as percentage of mean was high for leaf area, petiole length, bean 

width, hundred bean weight and bean yield, whereas medium for leaf length, leaf  width; bean 

length, bean thickness, longest first primary branch and stem girth but low for fruit length, fruit  

width and fruit thickness of  characters considered in this study. 

 

The estimates of genetic advance help in understanding the type of gene action involved in the 

expression of various polygenic characters. High values of genetic advance are indicative of ad-

ditive gene action whereas low values are indicative of non-additive gene action (Singh and Na-

rayanan, 1993). Accordingly; heritability and genetic advance are important selection parame-

ters. The estimate of genetic advance is more useful as a selection tool when considered jointly 

with heritability estimates (Johnson et al., 1955). High heritability associated with high genetic 

advance was observed for leaf area, bean width, and hundred bean weights indicating their relev-

ance for selection. Whereas medium heritability and high genetic advance was recorded for bean 

yield and petiole length. These results are in agreement with the findings of Yigzaw (2005) in 

coffee Arabica whereas high heritability with moderate genetic advance as percent of mean was 

recorded for leaf length, leaf width, bean length, bean thickness, girth and fruit width. Further 

more moderate heritability with high genetic advance as percent of mean were recorded for peti-

ole length and moderate heritability with moderate genetic advance as per cent of mean was rec-

orded for longest first primary branch character. These are simply inherited traits and they indi-

http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#731184_ja�
http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#26085_con�
http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#t3�
http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#9939_tr�
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cate that most likely the heritability is due to additive gene effects and selection may be effective 

in early generations for these traits. In this study bean width and hundred bean weight shows 

high genotypic coefficient variation, heritability and genetic advance .This indicate that envi-

ronment expression on these characters are minimum and indicative of additive gene action in-

volved in the expression of the characters. This is good opportunity for the improvement of these 

characters through selection. 
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Table 5.Estimate of ranges, mean, phenotypic and genotypic coefficient of variation, broad sense heritability and genetic advance as 
percent of mean for the different characters 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

σ2p = Phenotypic variation, σ2g = Genotypic variation, PCV= Phenotypic coefficient of variation, GCV= Genotypic Coefficient 
of variation, H2b = Broad sense heritability, GA = genetic advance, GAM = Genetic advance as percent of mean , LL = leaf length,   
LW = leaf width, LA= leaf area, PL= petiole length, BL = bean length, BW = bean width, BT = bean thickness, HBW=hundred bean 
weight, LFPB = longest first primary branch, SG = stem girth, FL= fruit length, FW= fruit width, FT= fruit thickness, BY= bean yield 

Character 

 

Mean    Range  

Min.         Max. 

σ2p σ2g PCV 

(%) 

GCV 

(%) 

h2b (%) GA 

(k=2.06) 

GAM 

(k =2.063) 

LL 15.69 13.4 20 2.82 1.7 10.70 8.31 60.28 2.09 13.32 

LW 7.57 5.49 9.32 0.49 0.31 9.25 7.36 63.26 0.91 12.02 

LA 119.61 77.54                    173.74 412.93        349.41 16.99 15.6 84.62 35.47 29.64 

PL 0.85 0.60 2.40                            0. 06        0.02 42.42 16.5 33.33 0.17 20.0 

BL 9.19 7.09 11.26 1.58        0.86 13.76 10.1 54.4 1.41 15.34 

BW 6.83 5.63 8.40 4.75 4.43 31.91 30.9 93.2 4.19 61.34 

BT 4.18 3.46 5.21 0.36         0.16 14.35 9.6 44.4 0.55 13.16 

HBW 16.97 3.17 39.14 81        54.52 53.04 43.5 67.3 12.49 73.60 

LFPB 80.54 57.43 108.56 134.94        56.02 14.42 9.29 41.5 9.95 14.7 

SG 39.57 28.91 48.16                 16.15                8.56 10.16 7.4 53.0 4.39 12.31 

FL 15.05 11.23 17.01 1.08  0.69 6.91 
 

5.5 63.89 1.37 9.10 

FW 16.23 12.25 18.55 1.85  1.05 8.38 6.3 56.76 1.59 9.80 
FT 14.78 11.27 17.52 1.18        0.56 7.35 5.07 47.46 1.06 7.17 

BY 1450.9 120.9 5381.7 604969.3 269559    54 36 46 738.1 50.87 
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4.6. Genetic Divergence  
 

Genetic divergence analysis quantifies the genetic distance among the selected accession and re-

flects the relative contribution of specific traits towards the total divergence. Divergence analysis 

is a technique used to categorize germplasm that are as similar as possible into one group and 

others into a different. D-square (D2) statistics developed by Mahalanobis (1936) has been used 

to classify the divergent genotypes into different groups. The extent of diversity present between 

germplasm determines the extent of improvement gained through selection and hybridization. 

The more divergent the two germplasm are the more will be the probability of improving 

through selection and hybridization.  

4.6.1. Clustering of germplasm 

 

 

The D2 values based on the pooled mean of accessions resulted in classifying the 115 coffee ac-

cessions in to twelve groups (Table 6). This indicated that the tested coffee arabica germplasm 

were divergent. The germplasm were clustered in such a way that fourteen  germplasm (12.17%) 

were grouped into cluster I, twenty one germplasm (18.26%) in to cluster II, thirty three 

germplasm (28.7%) into cluster III, fifteen germplasm (13.04%) into clusters IV, eleven 

germplasm (9.56%) in to cluster V, eight germplasm (6.96%) in to cluster VI, five germplasm 

(4.35%) in to cluster VII, three germplasm (2.61%) in to cluster IX, two germplasm (1.74%) in 

to cluster X, cluster VIII ,XI and XII consist one accessions (0.87%) each respectively). Similar-

ly, Kebede and Bellachew (2005); Getachew (2012) grouped 104 and 49 coffee accessions of 14 

and 22 characters into 6 and 5 clusters respectively. 

 

In the present study, accessions collected from different kebeles clustered together, for instance, 

accessions collected from eight kebeles clustered together in cluster I. In support of this  Bayetta 

(2001) reported that morphological variation is more important than variation in geographic ori-

gin as indicator of genetic diversity in coffee. Seyoum (2003) has also reported that accessions 

collected from Gambella, Kullo, Keffa, Ilu Ababora, Wello, Wellega, Maji, Harar, and Sidamo 

were clustered together, despite the fact that they were collected from different geographic ori-

gins. In addition, in the present study, accessions collected from the same kebeles were clustered 

into different clusters, suggesting the existence of high genetic diversity within each collection 

http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#26085_con�
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sites. So, this diversity could be exploited further in order to increase the genetic base of coffee 

varieties.  
 

Table 6.  Clusters of the 115 coffee accessions based on D2 analysis  

Cluster 
number         

 No. of               
Germplas
m                

Percent Accession Number 

I 14 12.17 6,16,18,19,20,43,46,50,64,71,78,85,89,114 

II 21 18.26 1,2, 9, 22, 23,30,32,36,40,44,58,63,73,77,80,88 

,95,97,101,106,113, 

III 33 28.70 51,34,115,11,54,87,76,47,65,3,68,7,67,27,66,86,79,42,41 

,96,70,15,4,110,108,82,25,102,48,107,17,52,103 

IV 15 13.04 57,10,94,60,83,56,29,92,55,31,26,49,105,37,91 

V 11 9.56 45,24,111,98,62,84,112,53,90,61,69 

VI 8 6.96 74,21,5,104,109,33,81,100 

VII 5 4.35 8,28,12,99,39 

VIII 1 0.87 14 

IX 3 2.61 35,93,59 

X 2 1.74 38,72      

XI 1 0.87 13 

XII 1 0.87 75 

Remark: detail description of accessions number and name is found in Table - 1 

4.6.2. Cluster mean analysis 

The mean values of the 14 traits in each cluster are presented in (Appendix Table 3). Cluster I 

exhibited the highest petiole length and fruit thickness. Cluster II could be characterized the 

highest hundred bean weights with the lowest leaf width. Cluster V revealed the lowest bean 

thickness and lowest stem girth. Cluster VI revealed the highest leaf length and leaf width. Clus-

ter VII revealed the highest leaf area. Cluster X revealed the highest bean thickness and the low-

est length of first primary branch, bean length, bean width, fruit length, and bean yield. Cluster 

XI revealed the highest stem girth, length of first Primary branch, fruit length and the lowest leaf 
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length, leaf area, petiole length, hundred-bean weight. Cluster XII revealed the highest bean 

length, bean width, fruit width, and bean yield. 

 

Therefore, the highest and the lowest mean values are recorded between clusters I and cluster XI 

for petiole length and fruit thickness. Cluster II with cluster XI for hundred bean weight; cluster 

V with X and XI for bean thickness and girth. Cluster VI with cluster VII, X and XI for leaf 

length; cluster VII with XI for leaf area; cluster X with XI and XII for bean length, bean width, 

fruit width, bean yield, length of first primary branch and fruit length, respectively (Table 7). 

This shows that the traits considered have large genetic distance among them and the tested    

accessions were divergent. The result is in agreement with Getachew (2012) and Olika (2011) 

who classified Arabica coffee germplasm accessions into five and six clusters respectively and 

found that the highest and lowest mean value of traits among clusters.  

 

4.6.3. Average intra and inter cluster distance  
 

The average intra and inter cluster distance D2 values are presented in Table 8. Maximum intra 

cluster distance was shown by cluster II (157.8) followed by cluster IV (135.4) and VII 

(130.3).The lowest intra cluster distance D2 was recorded in clusters VIII, XI and XII 

(0.00),which shows the absence of genetic variability within this cluster. The inter cluster dis-

tance was range from 173.3 to 5381(Table 7). Cluster XI and XII showed maximum inter cluster 

distance of 5381.7 followed by that between clusters VI and XI (4745.9) which had shown they 

were genetically more divergent from each other than any other clusters. The lowest inter cluster 

distance was noticed between clusters V and III (173.3) followed by that between clusters III and 

IV (228.1). The chi- square test for the 12 clusters indicated that there were statistically accepted 

differences between all clusters (Table 7). This result agreed with the findings of Kebede and 

Bellachew (2005); Wasu et al. (2008) who reported the magnitude of heterosis largely depends 

upon the degree of genetic diversity among the parental lines, the germplasm accessions belong-

ing to the pairs of distant clusters could be very useful in hybridization program to obtain a wide 

spectrum of variation among the segregates and to maximize heterosis. In light of the above find-

ing, it is possible to conclude that the germplasm accessions from cluster XI and cluster XII 

could offer potential parental lines for maximizing heterotic value.  

 

http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#26085_con�
http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#26085_con�
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Based on Mahalanobis distance (D2) significant genetic dissimilarity was detected within clusters 

except VIII, IX, XI and XII that showed no significant 0.00, 30.8, 0.00 and 0.00 values respec-

tively (Table 7). The significant value of genetic distances within clusters I, II, III, IV, V, VI, VII 

and X was an indication of heterogeneity of the germplasm present within these clusters (Table 

8). Considering the inter-cluster distances, cluster XI showed the maximum and significant ge-

netic distance (5381.73) from cluster XII. This indicates that the crossing between superior 

germplasm of above diverse cluster pairs might provide desirable recombinants for developing 

high yielding coffee arabica varieties (Table 7). The result is in agreement with Bayetta et al. 

(2008); Wasu et al. (2008) who reported the requirement of genetic divergence among parents 

with respect to geographic origin and/or morphological traits for maximum heterosis to occur to 

certain hybrid character like yield and stem diameter 
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Table 7.  Average intra and interclusters distance of the 115 coffee accessions based on D2 analysis 
 

 
* = Significant at p < 0.05 (X2=31.41), ** = Significant at p < 0.01 (X2= 37.57), ns = non significant 

 I II III IV V VI VII VIII IX X XI XII 

I 90.6 279.3* 362.9** 589.2** 189.9** 776.6** 520.2** 2713.6** 1555.1** 1202.7** 3969.4* 1091.13* 

II  157.8 640.6** 867.7** 468.4** 497.7** 241.1** 2992.5** 1834.04** 1481.6** 4248.3* 812.6** 

III   64.7 228.1** 173.3** 1138.1* 881.2** 2352.7** 1194.2** 841.9** 3608.3* 1452.8** 

IV    130.3 399.5** 1365.3* 1108.4* 2125.3** 966.6** 614.3** 3380.9* 1679.8** 

V     80.4 966.0** 709.3** 2524.2** 966.6** 1013.2** 3779.9* 1280.6** 

VI      128.3 257.1** 3490.1** 2331.6** 1979.1** 4745.9* 315.9** 

VII       135.4 3233.4** 2074.9** 1722.3** 4745.9* 572.0** 

VIII        0.000ns 1158.8** 1511.3** 1256.9* 3804.2** 

IX         30.8ns 352.9** 2414.4* 2645.9** 

X          112.9 2767.0* 2645.9** 

XI           0.000ns 5381** 

XII              0.000 ns     
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4.6.4. Cluster characterization for qualitative traits  

Cluster analysis based on qualitative traits classified accessions using distance between cluster 

and UPGMA clustering which gave nine major clusters. The number of accessions belonging to 

each cluster varied from one in clusters VII, VIII and IX to 37 in cluster I (Table 8). Cluster I 

was the largest and consisted of 37 accessions (35%) (Table 8).  3 from Tokuma tsigie, 2 from     

Ambelta, 1 from Haro gudina, 2 from Feyene terano, 7 from Lomicha, 9 from Galojanja, 3 from 

Magala gallo, 4 from Gemene, 2 from Oda and 1 from Jarso. Of the total accessions grouped   

under this clusters have predominantly roundish fruit shape, red fruit color, many primary 

branches with few secondary and many primary and many secondary branches; horizontal 

branching habit; lanceolate and ovate leaf shape; acuminate and apiculate leaf apex shape and 

round seed shape.  

Cluster II had 20 Accessions (17.39%) 1 from Haro Gudina, 4 from Lomich, 4 Gallo janja, 3 

from Nanno senbeta, 1 from Magala gallo, 4 from Gemene, 2 from Oda and 1 from Bedhaso   

jarso. Accessions clustered under II had oblong and elliptic fruit shape; red fruit color, many 

primary branch and few secondary branch and consecutively many primary branch and many 

secondary branches; horizontal and semi erect branching ;ovate and lanceolate leaf shape; apicu-

late leaf apex shape and oblong seed shape 

Cluster III had consisted of 19 accessions (16.52%) 1 from Feyinetrano, 1 from Welkituma, 4 

from Lomicha, 4 from Gallo janja, 2 from Nanno senbeta, 2 from Megala gallo, 2 from Gemene, 

1 from Oda and 1 from Bedhaso. Accessions clustered in this group had elliptic and oblong leaf 

shape; red fruit color; many primary branch with few secondary branches; horizontal branching, 

lanceolate leaf shape; apiculate leaf apex shape and round seed shape 

Likewise cluster IV consisted of twenty nine accessions (25.22%) 1 from Ambelta feyera,2 from 

Horo gudina, 1 Feyene Terano, 1 from Wolkituma, 4 from Lomicha,6 from Gallo Janja, 4 from 

Nanno senbeta dure,2 from Megala gallo, 2 from Gemene, 1 from Oda, 2 from 07, 1 from Haro 

feyissa. Accessions clustered in this group had round and obovate leaf shape; red fruit color; 

many primary branch with few secondary branches; horizontal branching, lanceolate leaf shape; 

apiculate leaf apex shape and oblong seed shape. 
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Cluster V consists of four accessions (3.48%) 1 from Lomicha, 1 from Gallo Janja, 1 from Nan-

no Senbeta dure and 1 from Gemene. Accessions clustered in this group had roundish leaf shape; 

red fruit color; many primary branch with few secondary branches; horizontal branching, lanceo-

late leaf shape; apiculate and acuminate leaf apex shape and oblong seed shape 

 Cluster VI consists of three accessions (2.61%) 2 from Lomica and one from Gemene. Acces-

sions clustered in this group had round leaf shape; yellow orange fruit color; many primary 

branch with few secondary branches; horizontal branching, lanceolate leaf shape; apiculate leaf 

apex shape and round seed shape 

 Cluster VII, contribute 0.87% of the variation  via  traits elliptic leaf shape; yellow orange fruit 

color; many primary branches with many secondary branches; horizontal branching, accuminate 

leaf apex shape and round seed shape 

Accessions grouped under Cluster VIII express 0.87% of the variation via oblong leaf shape; red 

fruit color; many primary branch with many secondary branches; horizontal branching, elliptic 

leaf shape; obtuse leaf apex shape and oblong seed shape. The ninth cluster comprises only one 

accession (0.87%) entry and from tokuma tsigie accessions clustered in this group had elliptic 

leaf shape; yellow fruit color; many primary branch with many secondary branches; horizontal 

and spreading branching, lanceolate leaf shape; apiculate leaf apex shape and elliptic seed shape 

(Table 8). 

 

Clustering values between qualitative and quantitative characters did not show similarity in 

grouping of genotype. For instance, accessions clustered in quantitative cluster I compared to  

Cluster I of qualitative traits only four accessions have in common. This may be due to seed   

exchange among farmers or the influence of environment on the character under study. The re-

sult is in agreement with the work of Tewodros (2008) who grouped 17 qualitative characters of 

areal Yam into six distinct groups and Woyessa, 2006 who grouped 10   accessions of Plectran 

thus edulis in to four Clusters. 
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Table 8: Clusters of the 115 coffee accessions based on D2 analysis for qualitative characters   at 
Haru 

Remark: detail description of accessions number and name is found in Table - 1 

4.7. Association of characters 
 

4.7.1. Correlation of bean yield with other traits  

Bean yield exhibited significant and positive association with stem girth, fruit length, fruit width, 

fruit thickness and length of longest first primary branch at phenotypic level (Table 9). Yield also 

exhibited significant and positive association with, bean length, bean thickness, fruit length, fruit 

width and fruit thickness at genotypic level. Characters are often correlated, that is, the pheno-

typic value of one character in an individual is correlated with the phenotypic value of another 

character on that individual. These correlations can also be due to environmental effects or ge-

netic effects. The genetic causes of correlation are pleiotropy (that genes affect more than one 

character) and linkage disequilibrium. This need not be constant across genes: some genes can 

cause positive pleiotropy and others negative pleiotropy; the balance determines the genetic cor-

relation of the two characters. (http://www.zoology.ubc.ca/~whitlock/QGPG/QG5/). 

Cluster 

number         

   No. of               

Germplm                

percent Accession Number 

1 37 32.17 4,51,110,89,92,20,1,55,77,114,13,76,95,108,27,30,66,81,26,34,68,39,97,3

2,12,41,8,18,115,42,25,85,48,59,100,74,2 

2 20 17.39 98,70,101,91,15,109,82,50,57,84,58,46,21,64,16,90,73,37,9,87 

3 19 16.52 40,80,29,19,44,83,53,23,14,107,56,78,61,99,86,63,65,22,10 

4 29 25.22 47,105,33,5,113,112,17,54,7,62,6,102,31,69,52,104,11,103,60,24,111,71,

79,49,36,67,43,96,94 

5 4 3.48 38,93,72,45 

6 3 2.61 35,28,88 

7 1 0.87 75 

8 1 0.87 3 

9 1 0.87 106 
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Therefore, the positive and significant association of these traits with bean yield may be used for 

indirect selection of accession for yield potential. This result is in agreement with the report of 

various researchers (Walyaro,1981;Van der Vossen,1982; Mesin,1986, Ermias, 2005; Olika et 

al., 2011; Getachew et al.,2013)  indicated the existence of associations between growth charac-

ters that were responsible for vigor, such as stem girth and yield.  
 

4.7.2. Correlation among other traits  

 4.7.2.1. Phenotypic correlation 

Estimates of phenotypic correlations among the characters are presented in Table 9. The magni-

tude of the estimates of phenotypic correlation coefficients, in most cases, was slightly lower 

than that of genotypic correlations this may indicate that the effects due to the environmental va-

riance were lower than genetic variance for the characters considered in this study. 

Leaf length had positive and significant phenotypic correlation with leaf area, leaf width and pe-

tiole length. Length of longest first primary branches had positive and significant phenotypic cor-

relation with stem girth, fruit thickness, leaf width and bean yield. Bean length revealed positive 

and significant phenotypic correlation with bean width, bean thickness, fruit length, fruit width 

and fruit thickness. Bean width had significant and positive correlation with bean thickness, fruit 

length and fruit width.  

The positive associations imply that increasing of the associated characters could be achieved if 

the selection is based on characters positively and significantly correlated each other (Table 9). 

For instance increasing of bean length could be achieved if the selection is based on characters 

positively and significantly correlated with bean length namely: bean width, bean thickness, fruit 

length, fruit width and fruit thickness. Moreover, the indirect selection for these characters will 

also affect the bean yield if, similar trends of association are exhibited in genotypic correlation. 

Ermias (2005); Olika (2011) also reported the positive association of fruit width with bean yield 

earlier.  

4.7.2.2. Genotypic correlation 
 

The magnitude of the estimates of the genotypic correlation coefficients, in most cases, was 

higher than that of phenotypic correlations (Table 9). This may indicate that the effects due to the 
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environmental variance were lower than genetic variance for the characters studied. This result 

agrees with that of Ermias (2005), Getachew et al. (2013) who reported that phenotypic correla-

tions were in most cases lower than the corresponding genotypic values. 

Generally, there was association among growth characters considered. Length of longest first 

primary branch showed positive and significant association with stem girth and bean length. The 

correlation between length of first primary branch, stem girth and bean length were positive and 

significant at genotypic level. Suggesting that an increase in length of first primary branch could 

result from simultaneously increase stem girth and bean length. This result indicated that there is 

a positive and mutual association among the traits and selection based on these traits are crucial 

for developing coffee varieties and it may be effective traits to select better yielding accessions. 

Stem girth also exhibited significant associations with bean length and bean thickness considered 

in the present study. 

These results are in line with Mesfin, 1986; Olika et al. (2011). Bean width showed positive and 

significant association with bean thickness and length of longest first primary branch. Therefore, 

indirect selection for these traits may be effective in developing yielder coffee variety. Similarly, 

Mesfin, 1986; Olika et al. (2011) reported, yield per plant positively and significantly correlated 

with bean width, fruit length, leaf length.  



  

46 
 

Table 9. Estimates of genotypic (above diagonal) and phenotypic correlation coefficient among the different characters of arabica   
coffee accessions 

t = 0.174 (P < 0.05)  and t = 0.228 (P < 0.01) for DF= n- 2, where n is the number of genotypes (sample size) Where, LL= leaf length; 
LW = leaf width; LA= leaf area; PL= petiole length; HBW = hundred bean weight; BL= bean length ;BW = bean width ;BT = bean 
thickness , SG = stem girth; LFPB = length of first primary branch; FL= fruit length ; FW = fruit width; FT = fruit thickness ;BY =  
bean yield   

  LL  LW     LA   PL  LFPB   SG BL BW BT HBW FL FW FT YLD 

LL  1 0.61* 0.73** 0.24* 0.04 0.08 0.08 0.05 0.02 0.04 0.14 0.09 -0.03 - 0.02 

LW  0.60** 1 0.85** 0.26** 0.18* 0.06 0.25** - 0.12 0.28** 0.18* 0.24* - 0.001 0.11 - 0.1 

LA 0.71* 0.81* 1 0.26** 0.11 0.003 0.16 - 0.1 0.14 0.13 0.15 0.06 0.04 0.05 

PL  0.22* 0.24* 0.27** 1 - 0.02 0.06 0.02 - 0.02 0.14 0.08 - 0.08 - 0.06 0.11 0.01 

LFPB 0.08 0.18* 0.14 0.01 1 0.3** 0.3** - 0.13 - 0.01 0.13 - 0.02 - 0.05 0.07   0.36** 

SG  0.003 0.04 0.03 0.06 **0.3 1 0.19* - 0.04 0.23 - 0.09 - 0.08 - 0.01 - 0.04   0.33** 

BL - 0.01 0.20* 0.07 - 0.02 0.08 - 0.18* 1 - 0.01 0.19*  0.22* 0.58** 0.05 - 0.01 0.22* 

BW 0.02 0.02 0.001 - 0.22* 0.09 -0.14 0.53** 1 -0.08 0.13 0.05 0.02 - 0.01 0.10 

BT - 0.01 0.27* 0.13 0.15 0.07 0.19* 0.31**  0.34** 1  0.19* 0.14 0.09 0.08 0.19* 

HBW 0.06 019* 0.14 0.12 0.12 - 0.09 0.05 0.03 0.18* 1 - 0.09 - 0.01 0.03 0.13 

FL 0.09 0.22* 0.16 -0.06 0.07 - 0.05 0.57**  0.28** 0.15 - 0.08 1    0.42** 0.06   0.34** 

FW 0.17 0.06 0.13 -0.10 - 0.02 - 0.05 0.27** 0.41** 0.08 - 0.09 0.65** 1 0.002 0.34** 

FT 0.07 0.43* 0.25** 0.08 0.22* 0.11 0.26** 0.06  0.35** 0.17 0.54** 0.41** 1 0.35** 

BY - 0.01 0.06 0.03 - 0.01 0.19* 0.24** 0.12 0.07 0.10  0.08 0.21* 0.19* 0.33** 1 
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4.7.3. Path Coefficient Analysis  
  

 4.7.3.1. Direct effect   

 

Although estimates of correlation coefficients are helpful in determining the components of a 

complex trait, such as yield, they do not provide an exact picture of the relative importance or 

direct and indirect influences of each of the component characters on yield (Bhatt, 1973). Results 

in (Table 10) showed path coefficient analysis of some traits on bean yield per plot. The length 

of first primary branch, which had positive and significant association with bean yield, exerted 

maximum direct effect (0.241) on bean yield. The second and high direct effect was exerted by 

fruit width (0.176) which also had positive and significant association with bean yield. These in-

dicate the true relationship between these traits and bean yield. As a result, these traits could be 

considered as important traits for selection in a breeding program for better bean yield of the cof-

fee arabica accessions considered in this study. This result agrees with that of Seyoum (2001), 

who reported, that the number of primary branches and length of primary branch had significant 

association with yield.  

 

Bean length which had strong association with yield (0.25) exhibited high direct effect (0.1328). 

Bean thickness which had positive and significant correlation with bean yield (0.19) show low 

direct effect (0.077).  Fruit lengths which had a strong and positive association with bean yield 

(0.34) exhibited weak and negative direct effect (-0.093).  Fruit thickness which had a strong and 

positive association with bean yield (0.35) exhibited low direct effect (0.121) its strong associa-

tion with yield may be largely due to the relatively high indirect effect via bean width (0.171). 

The other traits namely leaf length, leaf width, hundred bean weights, bean width, leaf area, peti-

ole length, and stem girth which have weak and non significant correlation with bean yield exhi-

bit low direct effect (0.107), (0.333), (- 0.175), (0.152), (- 0.026), (- 0.035) and ( 0.087) respec-

tively. 

4.7.3.2. Indirect effect 

Leaf length shows positive indirect effect through leaf width, bean length, bean width, petiole 

length, length of first primary branch, fruit length, fruit thickness and stem girth whereas nega-
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tive indirect effect through hundred bean weight and leaf area. Leaf width shows positive indi-

rect effect via bean length, bean width, bean thickness, petiole length, length of fist primary 

branch, fruit length, fruit width and stems girth but shows negative indirect effect via hundred 

bean weight, leaf area and fruit thickness. Hundred bean weights shows positive indirect effect 

via bean length, bean width, bean thickness, length of first primary branch, fruit length &fruit 

thickness but negative indirect effect via leaf area, petiole length, Fruit width and stem girth. 

Bean width shows positive indirect effect through bean thickness, length of first primary branch, 

fruit width, fruit thickness but negative indirect effect through leaf area, petiole length, &stem 

girth. Leaf area show positive indirect effect via petiole length, length of first primary branch, 

fruit width, fruit thickness and stem girth but negative indirect effect via fruit length.  Petiole 

length shows positive indirect effect via fruit length, fruit width, fruit thickness and stem girth 

but negative indirect effect via length of first primary branch. 

 

Bean length shows weak indirect effect via bean thickness and fruit width and negative indirect 

effect through stem girth, length of first primary branch, fruit length and fruit thickness. Bean 

thickness s had positive indirect effect through length of longest first primary branch, fruit 

length, fruit width but negative indirect effect through stem girth and fruit thickness. Bean thick-

ness had positive indirect effect through length of longest first primary branch, fruit length, fruit 

width but negative indirect effect through stem girth and fruit thickness. Stem girth had a posi-

tive indirect effect through length of first primary branch, fruit length, fruit width and fruit thick-

ness but a negative indirect effect via bean length and bean thickness. Length of first primary 

branch had a positive indirect effect via bean thickness and a negative indirect effect through 

bean length, fruit length, width and thickness. Fruit length had a positive indirect effect via bean 

length, length of first primary branch, fruit width, fruit thickness but a negative direct effect via 

bean thickness and stem girth. Fruit width had a positive indirect effect via bean length, bean 

thickness and fruit length but negative indirect effect via stem girth, length of first primary 

branch and fruit thickness (Table 10). Fruit thickness had a positive indirect effect via bean 

length, bean thickness, and length of first primary branch, fruit length, and width. In general it 

could be eminent that the characters which showed greater direct effect such as length of first 
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primary branch and fruit width can be used as yield component and could be very useful traits 

for indirect selection for yield. 

The estimated value of residual was 0.41 that shows 59% of the variation of yield was explained 

by the characters considered in the present study. This might suggest that the characters other 

than the one considered in the present study might be attributed to the remaining 41 % of the var-

iation observed in yield. 
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Table 10. Direct (bold) and indirect path coefficient analysis of the different Arabica coffee characters towards yield 

Variable   LL   LW HBW   BL    BW   BT     LA   PL LFPB    FL   FW FT   SG    rg 

LL 0.107 0.027 -0.004 0.002 0.01 0.002 -0.009 0.007 0.028 0.005 -0.002 0.01 0.004 - 0.02 

LW 0.088 0.033 -0.001 0.01 0.018 0.006 -0.014 0.004 0.038 0.005 0.002 -0.013 0.006   - 0.1 
HBW -0.003 0.0001 - 0.175 0.004 0.021 0.013 -0.045 -0.003 0.014 0.015 -0.013 0.003 -0.007   0.13 
BL -0.001 0.003 - 0.005 0.132 0.079 0.02 0.002 -0.07 -0.0001 -0.045 0.065 0.029 -0.028   0.26 

BW 0.007 0.004 - 0.024 0.068 0.152 0.04 -0.009 -0.002 0.042 -0.018 0.077 0.002 -0.002   0.10 

BT 0.003 0.003 - 0.03 0.035 0.079 0.077 -0.003 0.002 0.017 -0.006 0.009 0.024 -0.004   0.22 
LA 0.005 0.002 - 0.039 -0.001 0.007 0.001 - 0.026 0.001 0.069 -0.034 -0.018 0.027 0.004   0.05 
PL 0.021 - 0.004 - 0.014 0.027 0.007 -0.005 0.004 - 0.035 -0.051 0.029 0.008 0.007 0.09   0.01 
LFPB 0.013 0.005 - 0.01 -0.001 0.026 0.005 -0.059 0.007 0.241 -0.034 -0.011 -0.004 0.073   0.38 
FL - 0.05 - 0.0002 0.028 0.064 0.029 -0.007 -0.041 0.003 0.025 - 0.093 0.09 0.007 -0.004   0.33 
FW -0.001 0.001 0.014 0.053 0.171 0.011 -0.035 -0.002 -0.006 -0.051 0.176 0.016 -0.015   0.37 

FT -0.002 - 0.0001 0.001 0.022 0.018 -0.028 -0.021 -0.001 0.004 0.01 -0.021 0.1219 -0.0024   0.32 
SG 0.003 0.04 - 0.09 0.19* - 0.04 0.23 0.03 0.06 0.19 - 0.08 - 0.01 - 0.04 0.0873   0.34 

Residual = 0.415602 

Where: LL= leaf length, LW = leaf width, HBW = hundred bean weight, BL = bean length, BW= bean width, BT = bean thickness, LFPB =length 
of fist primary branch, SG = stem girth, FL, FW and FT = length, width and thickness of fruit respectively
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4.8. Principal Component Analysis (PCA) for quantitative characters  

Principal component analysis reflects the importance of the largest contributor to the total varia-

tion at each axis for differentiation (Sharma, 1998).The data matrix of 14*115 was prepared for 

principal component analysis and correlation matrix was used for principal component analysis. 

It was obvious from the analysis that six PCs out of twenty were selected having >1 Eigen values 

and contributed 71% of the total variation among 115 coffee arabica accessions for all parame-

ters (Table 11). It was noted that principal component first contributed 16% of the variability 

among coffee accessions is mainly through traits such as bean length, bean width, fruit length, 

fruit width and fruit thickness. Principal component second 15%, principal component third 13% 

and principal component fourth, fifth and sixth contributes 12%, 8% and 7% respectively of the 

total genetic variability for all the accessions.  

In the second principal component the variation was mainly due to leaf length, leaf width and 

leaf area whereas, in principal component three variations were chiefly originated from leaf 

length, leaf width, leaf area and stem girth in principal component four variations was obtained 

from bean length, bean width and longest first primary branch. In principal component five var-

iations was chiefly attributed due to hundred bean weight, bean width, bean thickness and fruit 

length. In principal component six variations was originated from hundred bean weight and 

yield.  Sign in principal component is arbitrary; substantive (significant) meaning logically de-

pends on the sign. You may always change the sign of any factor labeled "X" to the opposite 

sign, and label it then "opposite X". It is true for loadings, for principal component scores. Other 

implementations do nothing and leave the decision whether to reverse the sign on if you need it. 

Statistical meaning such as effect strength does not change apart from its direction gets reversed 

regardless, the interpretation remains the same.  

The result implies that these traits take the lion share for the observed variation among coffee 

accessions and should be considered in selecting diverse parents in crossing program. Similarly 

Kebede and Bellachew (2005) grouped 104 Hararge coffee accessions of 14 characters into the first four 

principal components with Eigen values greater than unity explained 78.5 %  of the total variation among 

104 accessions for the 14 quantitative characters measured.  In addition Getachew (2012) also reported 

the first six principal components with Eigen values greater than one accounted for 70 % of the total vari-

ation among the accessions for 22 quantitative traits. This finding is partly in agreement with the finding 

http://scialert.net/fulltext/?doi=ijar.2011.482.493&org=10#26085_con�
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of Olika et al. (2011) who reported bean length, hundred bean weight, leaf length and leaf width contri-

buted to the variation among Limmu coffee accessions.  

 
Table 11. Eigen values, variance, cumulative variance and component scores of the first six 
principal components for quantitative traits in 115 coffee Arabica genotypes  
 

Variable 

  

 

PC1 

 

PC2 

 

PC3 

 

PC4 

 

PC5 

 

PC6 

Leaf  length 

 

0.06 - 0.41 0.3 0.19 -0.06 -0.05 

Leaf  width 

 

0.08 - 0.41 0.32 0.15 -0.03 -0.01 

Leaf area 

  

0.08 - 0.43 0.33 0.18 -0.04 -0.03 

Petiole length 

 

-0.06 - 0.11 0.04 0.12 0.28 -0.28 

Hundred bean weight 0.01 - 0.05 -0.08 0.07 0.37 0.53 

Bean length 

 

0.33 0.08 0.17 -0.21 0.1 0.05 

Bean width 

 

0.31 - 0.02 0.18 -0.26 0.32 0.14 

Bean thickness 

 

0.16 - 0.07 0.05 -0.17 0.55 0.04 

Stem girth 

 

0.1 - 0.21 -0.32 -0.05 0.02 -0.21 

Longest first primary branch 0.06 - 0.29 -0.17 -0.21 0.01 0.04 

Fruit length 

 

0.34  0.03 -0.02 -0.18 -0.43 0.03 

Fruit width 

 

0.44 0.08 0.06 -0.13 -0.15 0.05 

Fruit thickness 

 

0.42 0.08 -0.01 -0.11 -0.16 -0.09 

Bean yield 

 

0.15 0.01 -0.06 -0.18 0.25 0.47 

Eigen value 

 

3.38 3.16 2.78 2.41 1.57 1.43 

Proportion 

 

0.16 0.15 0.13 0.12 0.08 0.07 

Cumulative variance 

 

0.16 0.31 0.44 0.56 0.63 0.7 

4.9.2. Principal component analysis (PCA) for qualitative characters  

The results of principal component analysis based on 14 qualitative traits also revealed the exis-

tence of diversity among the coffee accessions used in this study. Ordination among accessions 

showed that the first five principal components (PCs) had Eigen values greater than one and cu-

mulatively accounted for 75.3% of variation (Table 12). 
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The first component alone explain 39.8% of the total variation and was mainly associated with 

characters, such as overall appearance (OA), young leaf color (YLC), seed color (SC) and 

branching habit (BH). The second principal component (PCs) explained 10.9% of variation and 

were associated with leaf shape (LS) and leaf petiole color (LPC). The third principal component 

(PCs) explained 9.3% of the variation and was associated with calyx limb, petiole color, and seed 

shape. The forth principal component (PCs) explained 7.9% of variation and was associated with 

fruit shape (FS), persistence calyx and angle insertion of primary branch (AIPB) and young 

shoot color (YSC). The fifth principal component (PCs) explained 7.4% of variation and was as-

sociated with branching habit and young shoot color (YSC).  
 

Table 12.Eigen values, variance, cumulative variance and component scores of the first five 
principal components for qualitative traits in 115 Coffee Arabica genotypes  

Variable PC1 PC2 PC 3 PC4 PC5 

Fruit shape 0.041 -0.297 0.254 0.592 -0.375 

Fruit Color              -0.011 -0.268 -0.088 -0.157 -0.720 

Overall Appearance 0.421 -0.013 -0.017 0.001 -0.006 

Branching habit   0.034 -0.391 0.096 -0.587 0.226 

Angle insertion of primary branch 0.004 -0.465 -0.448 0.256 0.166 

Young leaf color 0.421 -0.013 -0.017 0.001 -0.006 

Leaf shape  -0.036 0.472 -0.224 0.075 -0.180 

Leaf apex shape -0.038 -0.248 -0.126 -0.377 -0.334 

Leaf petiole color -0.421 0.013 0.017 -0.001 0.006 

Young shoot color 0.003 -0.155 -0.676 0.158 0.183 

Seed shape 0.041 -0.333 0.439 0.184 0.284 

Seed color   0.421 -0.013 0.017 -0.001 -0.006 

Persistence calyx  -0.324 -0.225 0.019 0.088 0.063 

Calyx limb -0.421 0.013 0.017 -0.001 0.006 

Eigen value 5.578 1.5298 1.299 1.106 1.034 

Variance (%) 0.398 0.109 0.093 0.079 0.074 

Cumulative (%) 0.074 0.508 0.600 0.679 0.753 
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4.10. Qualitative Trait Analysis 

 
4.10.1. Shannon -Weaver diversity index and frequency distribution for qualitative traits  
 

Analysis of Shannon Weaver diversity index (H′) as the measure of phenotypic diversity for 14 

qualitative for morphological character revealed moderate diversity in Coffee qualitative mor-

phological traits (Table 13). Relatively the minimum and the maximum diversity index were rec-

orded for fruit shape (0.14) and angle insertions of primary (0.52), respectively. Jamago (2000) 

as cited by Islam et al. (2012) the Shannon-Weaver diversity index (H′) classified as high (H′ > 

0.75), moderate (H′  = 0.5 - 0.75) and low (H′ < 0.5). A moderate (0.52 for fruit shape) to low 

(0.12 for seed shape) range of variation was observed among the 115 coffee accessions investi-

gated with regard to qualitative morphological character. However, in some characters such as 

overall appearance, young leaf color, leaf petiole color, young shoot color, seed color, fruit ribs 

and calyx limb persistence no variation for all accessions (Table 13). The result implies that there 

are variations among traits regarding qualitative characters considered in this study 

a. Leaf characteristics: Out of the three phenotypic classes of this character, ovate, elliptic and 

lanceolate was found predominant leaf shape of coffee accessions. Of the tested cultivars, 

26.96% exhibited ovate leaf shape; 37.39% elliptic and 55.65 % lanceolate leaf shape. Four do-

minant leaf apex shapes were observed among coffee accessions, which are 0.87%, 1.74% 

37.39% and 60% of the accessions exhibited by obtuse, acute, acuminate and apiculate respec-

tively The result indicates that there is variability in leaf character among coffee arabica acces-

sions  considered in this study. 

b. Fruit characteristics: A variation among coffee accessions based on fruit shape was ob-

served. In this study, 34.8%, 26.1%, 26.1% 12.17% and 0.87%, of accessions express roundish, 

obovate, ovate, elliptic and oblong fruit shape respectively. Similarly, 85.21% 6.09%, 6.09% and 

2.61%, of accessions had red, yellow-orange, red purple and yellow fruit color. This also indi-

cated that there is a wide range of variation in fruit character of Coffea arabica in the collected 

area of East wellega. (Table13). The result is in agreement with Yada et al. (2010) who found 

diversity index ranged from 0.1 to 0.99 in sweet potato using 40 morphological traits. 
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c. seed characteristics: out of four phenotypic classes of this character round, ovate, elliptic and 

oblong was found predominant seed shape of coffee accessions. Of the tested cultivars, 0.51 % 

exhibited round seed shape; 6.96% ovate; 13.04% elliptic and28.7% oblong comprise seed shape 

(Table 13). 

d. Branch characteristics:  Out of the 3 phenotypic class of branching habit many primary with 

few secondary branches exhibited 53.9 % and followed by many primary with many secondary 

with a cumulative diversity index of (0.28). Similarly, out of two phenotypic classes 88.7% and 

11.3% showed horizontal and semi erect orientation  respectively with a Shannon diversity index 

of (0.14)  (Table 13). The result indicate that the presence of low to moderate variability within 

coffee accessions regarding qualitative characters of branches which is a good opportunity to un-

dertake as a supplementary selection tool during rest or non bearing period coffee. 
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Table13: Frequency distribution and Shannon – Weaver diversity indices (H’) of 14 qualitative 
traits of arabica coffee grown at Haru 

 
 
 

Qualitative character Index and description adopted Freq 
(%) 

     Hˈ 

1  Fruit shape 1.Roundish   
2. Obovate     
3. Ovate        
4. Elliptic      
5. Oblong         

34.8        
26.1         
 0.87        
12.17       
 26.1 

 
   0.52 

2 Mature Fruit color 1= Yellow   
2 =Yellow-orange  
5=RED                 
6.Red-purple    

2.61        
 6.09   
85.21         
 6.09  

 
   0.22 

3 Overall appearance 2 = Pyramidal  100    0.0 
 
4 

 
Branching habit 

 
1= Very few branches primary 
2= Many (primary) with few secondary  
3= Many primary with many second-
ary  
 

 
0.87 
53.91 
45.22 

 
 
   0.28 

5 Angle of insertion of 
primary branch 

2=Horizontal  
3= Semi-erect 
 

88.7 
11.3 

 
    0.14 

 
6 

 
Young leaf color 

 
2 =Green    
 

 
100 

 
     0.0 

7 Leaf shape 2=Ovate                     
3= Elliptic 
4= Lanceolate      

26.96 
17.39        
55.65 

   
    0.37 

8 Leaf apex shape 2= Obtuse        
3= Acute             
4= Acuminate 
5=Apiculate   

0.87 
1.74 
37.39 
60 

 
   0.30 

9 Leaf petiole color 1= Green   100      0.0 
     
10 Young shoot color 1= Green     100      0.0 

11  Seed color 3= Other(grayish) 100      0.0 
12 Seed shape 1 =Round       

3=  Ovate         
4= Elliptic    
5= Oblong 

0.51  
6.96 
13.04 
28.7 

 
    0.12 

13 Absence or presence of 
fruit ribs 

0 = Absent              
 

100      0.0 

14 Calyx limb persistence 0 = Absent              
 

100 0.0 
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6. SUMMARY AND CONCLUSION 

The present study comprises 115 coffee Arabica genotypes that were evaluated at Haru Agricul-

tural Research Sub Center (HARSC) with the objective of assessing the genetic variability and 

character association for 20 quantitative traits and diversity for qualitative traits. 

 Analysis of variance revealed that significant differences were obtained among the genotypes 

for fourteen quantitative characters but non significant for the rest of the traits.  

The ranges of mean values for most of the characters were large showing the existence of varia-

tion among coffee arabica accessions. Bean width, hundred-bean weight and bean yield per plot 

showed high PCV and GCV values. While leaf area and bean length showed medium PCV and 

GCV. The high to medium PCV and GCV values of characters suggest that the possibility of im-

proving the desired traits through selection. The lowest PCV values were observed for the rest of 

the traits which implies that the limitation of selection. The values of heritability for six quantita-

tive characters were high and moderate for the rest eight characters. Genetic advance expressed 

as a percentage of the mean ranged from 7.17% for fruit thickness to 73.6% for hundred-bean 

weight. 

Leaf area, petiole length, bean width, hundred bean weight and bean yield characters show high 

genetic advance as a percent of mean which allow the improvement of the characters through 

selection. 

The cluster analysis based on D2 analysis on pooled mean of accessions using 14 quantitative 

traits classified the one hundred fifteen accessions in to 12 clusters. Based on 14 qualitative traits 

the accessions were classified into 9 clusters. These make them divergent. There was a statisti-

cally approved difference between all the clusters.  

In principal component analysis of 115 coffee accessions for fourteen quantitative traits meas-

ured the first five PCs with Eigen values greater than one explained 70% of the total variation. 

The first three PCs accounted for about 44% of the total variability among accessions.  

 

Bean yield per plot had positive and significant phenotypic and genotypic association with stem 

girth, fruit length, fruit width, fruit thickness and length of longest first primary branch. By se-
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lecting for those traits, showing positive and significant correlation coefficient with bean yield 

there is a possibility of increase bean yield of coffee arabica.  

Path analysis revealed that maximum positive direct effect on bean yield was exerted by length 

of first primary branch followed by fruit width. Since length of first primary branch and fruit 

width had positive correlation with bean yield indicating these two characters are  the most im-

portant characters in this studies and  in the process of selection much attention should be given 

to them.  

The following conclusion can be drawn from this study 

There is an opportunity to bring about improvement of the bean yield through direct selection 

using the accessions collected from East wellega. Length of first primary branch and fruit width 

showing positive and significant correlation and positive direct effect, these will be useful trait 

for indirect selection to increase bean yield.  

Leaf area, bean width and hundred-bean weight showed high heritability with high genetic ad-

vance as percent of mean and these traits may be included as components of indirect selection.  

The results of principal component analysis based on 14 qualitative traits also revealed the existence of 

diversity among the coffee accessions used in the study. A moderate range of variation was observed 

among the germplasm accessions for these qualitative characters, which provide good scope for 

selection among genotypes to make further breeding program to increase the desired traits.  

The present experiment was carried out at single location and season. It is possible that the trends 

could vary across location and need for ascertaining genotypic-environment interaction is hig-

hlighted through appropriate studies. The present study indicated a considerable amount of va-

riability for majority of the characters of interest in coffee Arabica for exploitation. Nevertheless, 

the need for characterization approach through advanced tools of molecular approaches is sug-

gested. 
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Appendix Table 1. Mean performances of the different accessions for different morphological 
characters  

 
Acc. No 

 
LL 

 
LW 

 
LA 

 
PL 

 
TH 

 
HUFPB 

 
LFPB 

 
NPB 

 
NNMS 

 
GIRTH 

Menesibu 13.54 7.28 98.42 0.72 204.12 40.74 69.92 46.12 26.52 39.84 
Hru-1 13.4 7.22 100.6 0.8 194.72 35.26 76.66 45.18 26.88 40.18 
Chala 14.38 7.52 108.6 0.72 205.5 39.28 76.74 46.4 25.72 39.72 
Sende 13.28 7.14 94.72 0.76 208.92 27.92 72.7 43.78 24.46 37.29 

EW70/09 15.4 8.52 132.61 1.1 208.67 24.33 88.46 49.17 28.5 38.16 
EW8/09 14.5 6.84 100.54 0.7 183.8 35.13 84.21 43.8 24.47 35.41 
EW37/09 14.98 6.64 100.49 0.84 171.84 16.75 66.73 47.85 27.07 38.36 
EW67/09 17.98 9.32 167.71 0.9 185.27 28.93 86.06 43.57 24.8 45.96 
EW94/09 15.95 6.59 107.24 0.8 177.89 37.5 82.06 45.25 22.9 39.07 
EW15/09 16.45 7.39 124.34 0.8 186.59 34.8 83.76 44.95 18.6 42.17 
EW79/09 16.05 7.74 125.59 0.83 213.84 46.05 78.43 40.55 25.37 40.96 
EW47/09 16.38 8.32 136.61 0.8 212.27 29.63 90.06 48.17 28.8 45.16 
EW88/09 14.13 7.12 96.34 0.68 222.12 37.1 93.26 53.85 28.07 46.41 
EW105/09 15 6.14 93.84 0.7 187.79 38.43 71.81 39 21.47 38.81 
EW36/09 14.55 6.79 100.24 0.8 190.89 30.8 102.06 45.55 24.9 42.07 
EW106/09 14.85 7.44 111.69 0.73 201.24 28.05 57.43 49.55 29.77 40.86 
EW85/09 17.4 7.74 136.84 1 250.79 29.43 95.21 56.5 33.17 40.11 
EW82/09 16.5 7.44 124.64 0.9 190.19 35.13 75.21 44 22.77 40.81 
EW16/09 16.78 8.22 138.11 0.7 195.97 23.33 88.06 46.57 26.2 45.66 
EW27/09 15.78 7.72 122.11 2.4 208.67 26.93 82.06 54.87 33.2 48.16 
EW43/09 16.95 7.94 136.09 0.93 183.84 22.35 76.73 45.25 19.77 45.56 
EW66/09 18.33 8.82 153.94 0.88 203.72 33.4 75.26 50.55 26.77 39.21 
EW76/09 16.35 7.09 118.34 0.7 219.59 34.1 83.36 45.95 24.6 45.37 
EW51/09 14.25 6.59 95.14 1 205.89 24.1 81.36 52.95 31.6 42.27 
EW52/09 17.15 8.74 151.39 1.03 225.54 22.05 95.13 49.55 27.07 45.96 
EW25/09 16.85 7.14 121.69 0.83 192.24 23.35 91.73 48.55 28.77 39.66 
EW29/09 16.8 7.34 125.34 0.8 194.49 23.83 93.81 42.8 26.17 43.21 
EW101/09 17.23 9.42 155.24 0.68 198.12 37.7 76.26 44.55 26.07 40.21 
EW1/09 17.38 7.92 137.51 0.92 211.97 35.33 87.46 49.87 31.8 44.16 
EW73/09 13.8 6.24 87.34 0.8 207.79 30.13 99.21 51.8 25.47 37.61 
EW4/0 15.08 7.52 113.91 1.1 170.97 28.33 73.76 30.87 22.2 37.26 

EW18/09 16.75 7.84 132.79 0.93 183.84 35.35 77.13 42.55 23.07 42.26 
EW110/09 17.38 8.12 141.11 1 191.97 32.63 86.46 44.57 30.5 42.76 
EW39/09 16.05 7.54 122.39 0.83 201.54 31.35 70.13 45.55 26.37 39.16 
EW74/09 16.53 8.62 136.14 0.88 175.42 35.7 83.26 45.25 24.07 41.71 
EW75/09 17.5 7.44 132.44 0.9 189.79 22.43 81.21 42.8 24.17 41.21 
EW95/09 14.05 6.89 98.04 0.9 211.29 35.2 82.86 50.85 29 41.57 
EW9/09 15.23 8.22 119.34 0.78 218.72 35.7 86.26 49.25 27.07 39.21 
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EW34/09 

 
 

15.45 

 
 

6.94 

 
 

108.49 

 
 

0.63 

 
 

195.24 

 
 

49.75 

 
 

86.73 

 
 

40.55 

 
 

25.07 

 
 

37.56 
EW31/09 15.18 7.82 119.31 0.8 202.97 40.63 78.06 43.87 24.8 36.76 
EW55/09 16.28 8.62 140.81 1.8 176.97 29.63 72.06 44.17 24.2 39.26 
EW60/09 14.35 6.84 99.29 0.73 219.84 20.35 75.13 50.85 31.77 39.76 
EW71/09 17.03 7.82 126.64 0.88 193.42 23.1 82.56 47.25 27.37 34.11 
EW68/09 16.5 7.24 121.44 0.9 179.19 26.13 96.81 40.5 22.47 35.01 
EW89/09 16.15 7.44 121.59 0.83 198.54 29.75 72.13 47.85 27.37 40.26 
EW24/09 16.8 7.34 125.34 0.7 211.19 39.13 82.81 51.1 30.47 39.11 
EW96/09 17.08 7.92 135.21 0.9 218.67 32.33 81.76 42.17 29.2 39.16 
EW99/09 17.07 7.54 130.29 0.93 168.84 47.05 71.73 35.25 21.77 32.16 
EW92/09 13.45 6.09 82.74 0.6 210.29 42.5 80.06 51.55 29.9 39.47 
EW72/09 17.55 7.09 127.44 0.8 197.29 33.1 91.06 40.25 21.6 40.77 
EW91/09 15.98 8.32 133.41 0.7 226.97 32.93 89.06 46.17 26.8 38.76 
EW59/09 18.01 7.74 141.74 0.8 202.19 35.73 79.71 44.4 27.07 37.41 
EW90/09 16.75 7.09 121.34 0.9 219.29 39.8 89.06 50.95 28.2 43.27 
EW40/09 16.05 8.04 130.39 0.93 202.24 20.35 71.43 37.85 25.37 32.86 
EW10/09 16.58 8.72 145.01 0.84 220.27 29.93 91.46 37.87 26.2 41.26 
EW14/09 16.58 8.62 143.31 1.08 197.27 25.33 97.76 42.87 27.2 36.76 
EW2/09 16.15 6.89 113.54 0.9 196.59 36.5 78.36 39.25 23.6 41.57 
EW93/09 14.25 6.79 98.04 0.8 166.59 36.5 81.36 43.25 21.6 38.97 
EW98/09 14.43 7.22 99.64 0.78 198.72 30.7 86.56 53.25 28.37 43.41 
EW77/09 16.15 7.44 121.59 0.73 205.84 37.35 72.43 46.55 28.77 41.36 
EW104/09 17.6 8.04 143.74 0.9 239.49 37.83 68.81 50.1 28.47 41.41 
EW42/09 13.95 5.49 77.54 0.7 239.29 26.8 76.36 53.55 29.6 37.37 
EW32/09 16.93 8.82 142.54 0.98 184.72 33.4 84.56 38.55 23.07 36.71 
EW23/09 16.33 8.22 128.14 0.98 182.12 26.4 77.26 40.55 25.07 39.21 
EW111/09 15.95 8.04 129.59 0.83 182.84 33.75 75.73 42.55 26.37 38.76 
EW65/09 17.3 8.04 141.14 0.8 208.79 30.13 89.51 41.1 25.17 37.41 
EW57/09 14.45 7.19 105.34 0.9 190.89 45.1 68.76 38.25 27.9 41.07 
EW26/09 14.05 6.34 90.19 0.73 205.54 18.75 70.73 53.55 30.77 36.26 
EW13/09 20 8.54 173.74 0.8 181.79 30.83 66.21 41.5 22.17 32.81 
EW62/09 17.98 8.72 156.01 1 183.67 29.33 89.06 47.87 30.5 40.76 
EW109/09 16.28 7.12 115.91 0.8 179.66 25.93 78.06 46.57 27.5 39.76 
EW108/09 15.93 7.92 120.34 0.88 184.72 40.4 89.96 46.85 25.07 39.11 
EW48/09 16.05 7.09 116.04 1 180.29 48.1 68.36 43.55 25.2 37.17 
EW17/09 16.28 7.62 124.21 0.9 183.67 15.63 85.76 50.87 27.8 47.96 
EW50/09 15.73 8.12 122.04 0.78 186.42 28.6 82.46 49.15 26.57 40.31 
EW100/09 15.83 8.52 129.04 0.98 198.12 29.4 80.96 51.55 26.37 40.21 
EW38/09 14.4 7.62 111.01 0.9 199.97 33.63 72.06 42.87 27.8 36.76 
EW64/09 14.43 6.82 93.94 0.88 197.42 33.4 84.26 48.85 28.37 38.41 

Appendix Table 1(continued) 
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EW21/09 

 
18.23 

 
8.62 

 
149.54 

 
0.98 

 
178.72 

 
26.7 

 
80.96 

 
43.25 

 
24.37 

 
36.61 

EW81/09 14.07 7.41 105.21 0.8 185.27 29.33 89.46 39.17 26.5 41.16 
EW78/09 16.6 8.04 135.34 0.8 201.49 28.83 95.21 44.1 25.77 37.81 
EW44/09 17.75 7.84 140.79 0.73 153.24 25.35 57.43 47.55 26.07 39.56 
EW97/09 16.1 8.22 133.41 0.6 183.27 27.33 98.76 38.87 24.2 38.26 
EW7/09 14.35 6.39 93.04 0.6 192.59 27.5 86.76 45.55 23.6 47.27 
EW12/09 17.95 8.04 145.99 1.03 228.24 23.75 101.73 45.25 26.37 39.06 
EW102/09 16.48 7.82 129.01 1 197.27 28.63 83.06 40.87 22.8 41.96 
EW22/09 15.85 6.69 108.14 0.8 211.59 27.5 76.06 57.55 33.2 44.97 
EW30/09 14.05 6.59 93.74 0.8 161.59 48.1 69.06 34.55 22.2 36.57 
EW35/09 15.38 7.92 122.31 0.9 180.97 36.93 86.46 37.87 21.2 34.46 
EW3/09 15.55 7.19 113.84 0.9 173.89 24.1 74.36 37.95 24.6 31.27 
EW61/09 15.85 7.59 122.54 0.8 173.59 38.5 75.76 52.95 27.2 42.27 
EW56/09 14.48 7.72 112.51 0.8 216.97 29.33 106.06 48.87 26.5 40.66 
EW28/09 14.63 7.52 105.24 0.68 219.72 33.7 94.56 56.85 31.07 43.41 
EW41/09 16.5 7.74 129.54 0.7 178.19 29.83 78.81 41.8 20.47 43.51 
EW49/09 16.33 8.62 134.54 0.78 224.12 37.1 70.96 53.25 29.07 39.91 
EW87/09 18.03 9.62 165.74 1.08 202.42 45.4 82.56 45.85 25.37 41.21 
EW46/09 14.8 6.74 101.24 0.7 216.79 41.13 78.81 44.8 26.17 43.71 
EW45/09 15.48 7.62 118.31 0.7 166.67 30.33 73.4 34.87 25.8 35.46 
EW20/09 13.53 7.22 93.84 0.88 175.42 35.7 73.2 48.55 26.07 37.11 
EW58/09 17.13 9.62 157.74 0.88 226.72 29.4 108.56 56.85 30.07 44.11 
EW86/09 16.15 7.64 124.79 0.83 228.84 33.75 80.13 50.85 31.37 42.46 
EW83/09 17.3 7.64 134.34 0.8 174.19 24.43 71.51 41.8 25.77 34.61 
EW69/09 14.13 7.52 101.84 1.08 155.42 72.4 80.56 32.55 17.77 28.91 
EW33/09 16.65 7.94 133.69 1.03 208.84 24.72 89.43 40.85 26.4 37.96 
EW63/09 16.48 8.42 139.11 1.1 213.67 31.63 74.06 49.57 34.2 38.26 
EW53/09 16.95 7.34 125.69 0.93 185.24 31.35 78.43 39.25 23.37 33.36 
EW84/09 15.75 7.59 121.74 0.8 202.29 36.5 85.36 45.55 22.9 42.17 
EW107/09 17.5 7.74 137.64 0.9 183.49 18.83 78.81 41.1 24.17 37.61 
EW11/09 17.68 9.22 163.21 0.9 174.97 24.32 78.06 45.57 26.2 35.46 
EW80/09 14.48 7.12 103.61 0.72 186.27 35.32 77.76 36.87 32.8 42.26 
EW19/09 14.75 6.99 104.74 0.7 185.59 29.8 90.76 51.95 26.9 44.47 
EW103/09 15 6.74 102.64 0.8 203.49 36.43 65.81 48.5 30.17 35.55 
EW54/09 16.2 7.34 120.74 0.9 178.19 37.13 61.81 34.5 21.17 34.01 
EW5/09 16.12 8.12 125.04 0.68 195.42 37.7 94.56 41.85 23.37 38.21 
EW06/0 16.8 7.04 120.34 0.9 216.49 38.43 83.21 47.8 26.47 37.71 

Grand mean      15.69 7.57 119.60 0.85 197.62 32.63 80.54 45.42 26.17 39.57 
CV % 4.76 4.02 4.71 15.34 11.27 26.45 7.8 13.55 11.38 4.923 
F- test * * * * Ns Ns ns ns * * 
Lsd 0.05  same block 2.30        0.94      17.37       0.40      68.61        26.60 19.3      18.96      9.18 6.01 
Lsd 0.05  b/n  block 2.57       1.05     19.42        0.45      76.71  29.74 21.20     21.20     10.26 6.71 
           

Appendix Table 1(continued) 



  

72 
 

Appendix Table 1(continued) 

Acc.no CD AIL BL BW BT HBW FL FW FT YLD 
Menesibu 119.34 6.38 9.54 6.74 4.2 16.96 14.84 14.6 13.92 1446 

Haru-1 123.26 6.22 9.48 6.76 4.36 14.76 14.36 13.78 13.64 1185.07 
Chala 127.74 6.76 10.02 6.93 4.28 18.58 14.82 15.02 14.44 1104.24 
Sende 120.32 7.81 9.5 7.28 4.5 12.46 14.7 15.5 15.28 1090.12 

EW70/09 120.74 6.73 8.96 6.23 3.91 15.64 15.73 16.28 15.92 1995.83 
EW8/09 123.54 6.43 7.88 6.54 3.99 10.77 13.43 16.15 15.07 1971.63 

EW37/09 130.22 6.02 8.84 6.4 3.91 8.17 15.68 16.58 13.47 1026.03 
EW67/09 122.44 6.63 8.46 6.53 3.91 14.54 14.91 15.18 16.02 1862.33 
EW94/09 112.24 8.37 8.16 6.45 3.86 3.17 13.16 14.58 12.6 321.63 
EW15/09 118.94 8.87 9.76 7.15 4.16 9.77 15.46 16.58 14.1 1760.53 
EW79/09 105.22 7.12 10.94 8.4 4.71 22.07 14.78 15.98 13.87 561.63 
EW47/09 144.04 6.53 8.76 6.73 4.41 26.74 15.31 17.08 16.32 1076.63 
EW88/09 119.97 6.84 9.66 7.18 4.24 12.27 16.03 16.63 16.45 917.23 
EW105/09 150.14 7.18 7.09 6.34 3.79 32.97 11.23 12.25 11.27 1666.63 
EW36/09 133.94 6.67 10.16 6.75 4.26 4.77 15.06 14.17 15.2 1519.53 
EW106/09 110.22 6.12 9.14 7.3 4.31 9.57 15.08 17.78 15.27 1150.92 
EW85/09 123.54 7.06 9.09 7.14 3.99 25.77 14.93 16.35 14.17 1376.13 
EW82/09 136.84 7.07 8.89 7.64 4.49 20.77 15.33 17.45 15.07 1043.83 
EW16/09 139.04 6.93 9.16 6.63 4.11 15.64 15.81 16.38 16.12 1487.93 
EW27/09 125.74 5.53 9.56 6.13 4.11 21.24 15.11 16.08 16.42 821.63 
EW43/09 136.82 8.82 8.84 6.7 3.91 17.07 14.68 16.18 13.87 904.13 
EW66/09 114.97 6.64 9.76 7.38 4.64 21.37 14.53 15.73 14.85 836.93 
EW76/09 132.24 7.87 9.26 7.75 4.36 28.67 15.16 16.78 14.6 1358.33 
EW51/09 127.24 5.77 9.36 7.25 4.16 10.77 14.86 16.58 14.3 749.13 
EW52/09 136.82 7.92 8.54 6.4 5.11 17.07 14.28 16.28 14.27 680.52 
EW25/09 150.22 6.12 7.84 6.3 3.81 22.07 13.78 15.78 13.07 704.93 
EW29/09 128.54 6.85 8.59 7.14 3.89 10.77 14.63 16.55 14.67 1711.23 

 EW101/09 140.67 6.38 10.26 7.18 4.44 9.17 15.73 16.83 16.55 961.63 
EW1/09 129.04 5.63 7.96 5.63 3.91 14.54 14.01 15.58 15.72 1915.63 

EW73/09 131.84 7.26 8.39 6.94 3.89 25.77 14.13 16.55 14.17 1121.63 
EW4/0 114.04 6.83 9.96 6.83 4.21 24.54 16.71 17.38 16.22 1841.63 

EW18/09 121.82 6.92 9.04 6.7 4.21 19.27 15.78 17.78 14.97 804.73 
EW110/09 139.04 5.33 10.06 7.33 4.71 15.64 17.01 17.28 17.52 1413.63 
EW39/09 146.82 6.82 8.34 6.4 3.81 17.07 13.48 14.88 12.37 1261.73 
EW74/09 113.37 6.04 9.56 7.08 4.14 23.37 14.93 15.83 14.35 1245.03 
EW75/09 125.14 7.19 9.89 6.54 3.79 25.77 13.33 17.75 15.37 945.03 
EW95/09 110.74 5.77 9.46 7.35 4.16 8.47 14.86 16.88 14.2 1726.17 
EW9/09 123.37 7.04 9.86 6.58 4.04 11.17 16.03 17.53 15.95 4059.03 

EW34/09 145.22 6.12 9.74 6.7 4.21 9.57 16.68 17.08 14.77 3096.13 
EW31/09 135.74 7.03 8.56 6.73 4.31 29.54 14.71 15.78 16.22 2459.03 
EW55/09 139.04 6.53 7.96 4.83 5.21 18.84 13.01 14.28 14.72 2186.33 
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EW60/09 133.52 6.52 8.74 6.5 4.61 32.07 14.88 16.28 14.47 1580.73 
EW71/09 123.37 6.24 8.76 6.78 4.44 17.87 14.33 16.33 15.65 5381.73 
EW68/09 153.54 7.07 9.39 7.64 4.09 22.97 16.43 17.45 14.47 2796.43 
EW89/09 140.22 6.52 7.84 6.3 4.11 11.37 14.08 16.48 14.47 3189.03 
EW24/09 120.14 6.09 9.69 6.44 4.09 22.97 15.03 16.85 17.17 1885.03 
EW96/09 119.04 6.63 9.26 7.03 4.31 17.04 15.83 16.88 16.82 2205.03 
EW99/09 103.52 6.02 8.74 6.7 4.01 19.27 15.28 16.68 14.57 745.03 
EW92/09 122.24 5.67 9.46 7.25 3.96 13.17 14.96 17.48 14.3 1410.03 
EW72/09 138.94 8.07 9.46 7.25 4.26 8.97 14.46 16.38 13.3 1441.46 
EW91/09 135.74 7.63 8.36 6.33 3.91 24.54 15.81 16.98 16.62 978.00 
EW59/09 122.94 6.54 8.69 6.94 3.89 20.77 14.63 16.45 14.57 1265.03 
EW90/09 127.24 6.47 9.36 6.65 4.26 6.47 14.76 15.38 12.3 1225.35 
EW40/09 146.82 7.52 9.44 7.5 4.31 13.77 15.78 17.18 14.67 1553.95 
EW10/09 135.74 7.63 8.46 6.43 3.91 29.54 14.61 16.08 15.32 120.95 
EW14/09 107.44 6.63 9.96 7.13 4.51 24.54 16.31 16.58 16.22 2180.35 
EW2/09 125.54 7.57 8.96 7.35 3.86 10.77 15.76 18.38 15.3 2375.95 

EW93/09 117.24 6.27 9.86 7.56 4.46 18.67 15.76 16.98 14.7 1780.35 
EW98/09 123.37 6.14 9.76 5.68 3.94 21.17 15.03 15.03 14.75 1343.75 
EW77/09 135.22 7.02 8.64 6.5 4.11 8.47 15.08 17.68 14.97 1957.95 
EW104/09 125.14 7.39 8.39 5.64 3.49 25.77 14.73 15.85 13.77 1379.25 
EW42/09 123.94 7.37 9.26 6.85 4.06 8.97 14.96 16.58 14 2185.95 
EW32/09 119.97 6.8 10.46 7.38 4.64 21.17 14.83 15.73 15.25 1942.05 
EW23/09 103.37 6.44 9.66 7.01 4.34 12.26 15.73 17.13 16.35 1662.65 
EW111/09 136.82 6.02 8.54 6.2 3.81 13.77 15.28 17.08 14.37 1855.95 
EW65/09 121.84 7.34 9.09 6.84 3.89 14.07 15.23 16.18 13.57 755.95 
EW57/09 102.24 5.27 9.66 6.65 3.76 10.77 15.96 16.78 13.7 613.45 
EW26/09 123.52 7.22 8.24 6.8 4.41 30.07 14.18 16.78 13.97 1960.95 
EW13/09 110.14 7.06 9.59 8.04 4.29 15.07 15.83 18.25 15.37 1455.95 
EW62/09 125.74 5.13 8.86 6.83 4.41 24.54 15.01 16.18 15.92 1435.95 
EW109/09 119.04 5.73 9.76 6.83 4.21 17.04 15.91 17.28 16.82 1704.25 
EW108/09 130.37 5.96 9.56 7.08 4.04 12.27 14.93 15.73 15.45 1347.05 
EW48/09 110.54 5.27 9.36 6.25 3.46 8.97 15.26 16.18 13.1 1473.75 
EW17/09 136.44 6.23 8.16 6.43 4.81 26.75 14.11 15.08 15.52 2116.82 
EW50/09 113.67 6.15 11.26 7.78 5.04 12.27 15.93 17.23 16.05 1375.73 
EW100/09 135.97 6.63 9.46 6.68 4.04 13.67 15.53 16.72 16.25 1980.73 
EW38/09 108.44 6.23 8.76 7.13 4.51 15.64 16.31 17.58 17.02 1226.08 
EW64/09 129.97 6.04 9.46 7.28 4.24 21.17 15.83 18.03 16.45 1243.13 
EW21/09 124.97 6.44 9.56 6.78 4.44 21.17 14.73 15.43 14.25 1117.43 
EW81/09 110.74 6.13 8.16 6.83 4.31 12.84 15.11 16.38 16.32 1912.23 
EW78/09 120.14 7.01 9.09 7.14 4.09 14.07 15.63 18.55 15.07 1865.33 
EW44/09 116.82 5.22 9.035 6.3 4.21 8.17 16.88 18.08 16.27 1187.43 
EW97/09 130.74 7.33 9.36 6.63 4.11 22.74 16.01 15.98 16.02 1986.42 
EW7/09 132.24 7.37 7.86 6.45 4.16 7.57 12.76 14.68 13 982.43 

EW12/09 153.52 8.12 8.64 6.9 3.91 17.07 15.98 16.88 13.97 1870.03 
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EW102/09 127.44 7.93 9.36 6.43 4.91 15.94 16.21 15.98 16.62 1727.73 
EW22/09 127.24 5.57 8.96 6.25 3.66 14.67 14.96 16.08 13.8 1153.52 
EW30/09 97.24 5.17 9.36 7.45 4.16 16.47 15.36 17.28 14 1405.13 
EW35/09 129.04 7.33 9.86 7.63 4.31 39.14 15.31 16.38 16.52 2219.53 
EW3/09 93.94 6.27 9.36 6.35 3.46 8.47 14.76 14.58 12.8 1031.83 

EW61/09 117.24 4.97 9.96 7.05 4.46 18.67 14.86 16.18 13.3 1002.13 
EW56/09 127.44 7.43 9.86 7.33 4.51 24.54 16.21 17.08 17.12 867.43 
EW28/09 147.67 6.21 9.96 6.48 3.94 15.47 15.83 16.63 15.85 1569.13 
EW41/09 157.14 7.42 9.09 7.34 4.09 15.07 14.73 17.45 14.47 397.43 
EW49/09 121.37 6.67 10.06 7.48 4.34 23.37 14.43 15.63 14.85 524.96 
EW87/09 134.97 6.41 10.26 7.78 4.64 12.27 15.73 17.63 16.05 1986.42 
EW46/09 126.84 7.03 10.09 7.44 4.59 17.47 15.73 17.85 14.47 1729.96 
EW45/09 119.04 5.73 10.06 6.23 4.11 14.54 16.41 16.08 16.02 1127.16 
EW20/09 103.37 5.24 8.66 6.48 4.94 23.37 15.33 16.93 16.05 1182.76 
EW58/09 146.67 6.63 9.96 7.08 4.54 33.37 16.33 17.23 15.85 898.26 
EW86/09 113.52 6.52 9.04 7.3 4.31 9.57 14.68 17.08 14.47 1604.96 
EW83/09 123.54 6.2 8.79 7.54 4.19 17.47 15.03 16.15 13.87 1454.96 
EW69/09 118.37 4.79 8.79 7.54 4.19 23.37 12.63 14.43 13.95 1607.16 
EW33/09 150.22 7.32 8.74 7.4 4.31 11.37 14.68 17.38 14.07 985.56 
EW63/09 109.04 5.33 8.96 6.03 3.81 18.84 15.3 16.38 15.52 1161.95 
EW53/09 105.22 7.02 8.54 6.4 4.01 12.07 15.18 17.18 13.57 1233.56 
EW84/09 135.54 7.67 10.76 8.15 4.86 18.67 16.46 17.18 14.9 1604.96 
EW107/09 110.14 7.09 8.29 6.54 3.69 15.07 14.7 16.55 14.57 1094.93 
EW11/09 122.44 5.93 9.56 6.23 4.21 24.54 15.21 15.28 15.32 1347.16 
EW80/09 132.44 4.63 7.36 6.03 4.01 18.84 14.81 15.88 16.52 826.39 
EW19/09 117.24 5.87 9.36 6.65 3.66 9.37 14.66 15.98 13.9 2251.66 
EW103/09 126.84 6.14 10.29 6.84 3.99 29.37 16.33 16.85 14.17 1404.96 
EW54/09 105.14 6.94 9.49 7.04 3.99 14.07 16.43 17.15 13.67 1469.96 

W5/09 123.37 7.04 10.36 6.98 4.14 11.17 16.23 16.93 15.75 1729.26 
EW06/0 123.54 7.04 9.59 7.54 4.19 22.97 16.03 18.15 14.97 1310.66 

 

Grand mean 

 

125.42 

 

6.65 

 

9.19 

 

6.82 

 

4.18 

 

16.97 

 

15.15 

 

16.23 

 

14.78 

 

1450.94 

CV% 10.57 12.71 6.63 5.81 7.72 19.35 2.78 3.89 3.79 28.22 

F test ns ns * * * * * * * * 

Lsd 0.05  same block 40.84 44.72 2.60 1.88 1.22 0.99 10.12 1.29 1.94 917.5 

Lsd 0.05  b/n  block 45.66 70.10 2.91 2.10 1.37 1.11 11.31 1.44 2.17 1025.86 
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Appendix Table 2. Haru agricultural research sub center meteorology data 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Source: JARC meteorology research process)

Year Month 
Rain 
fall 

soil            
temperature 

   
sunshine  

  
mm 5cm 10cm 20cm 50cm hour 

2013 January 0.00 25.6 23.7 24 23.4 18.5 

 
February xx xx xx xx xx xx 

 
March xx 25.8 24.5 24.6 24.4 xx 

 
April 190.1 xx xx xx xx xx 

 
May  631.5 25.0 25.4 23.7 24.5 xx 

 
June 190.1 xx xx xx xx xx 

 
July 457.3 22.3 21.9 21.3 22.1 3.4 

 
August 414.4 22.1 21.6 21.4 21.9 2.7 

 
September 336.4 xx xx xx xx xx 

 
October 220.1 23.9 22.9 23 22.7 65.9 

 
November 44.2 25.4 23.7 23.8 23.4 7.9 

 
December 0.00 24.7 22.3 22.8 24.2 9.5 

2014 January 0.00 25.6 23.7 24 23.4 7.9 

 
February 0.00 26.8 25.6 25 24.2 8.6 

 
March xx 25.8 24.5 24.4 xx 6.7 

 
April 152.6 24.7 24.1 24.1 24.0 5.9 

 
May  148 24.6 23.8 23.6 23.3 xx 

 
June 252.7 22.9 22.9 23.1 23.1 xx 

 
July 425.4 21.8 22.6 22.1 23.6 3.4 

 
August 418.1 21.9 21.9 22.0 21.9 3.9 

 
September xx 22.9 22.1 22.1 21.9 3.5 

 
October 507.9 23.0 23.0 22.7 22.6 6.7 

 
November 0.00 23.7 23.7 23.2 26.6 8.4 

 
December 10.0 24.6 23.1 23.2 26.6 8.4 

2015 January xx 24.4 24.3 25.1 23.1 8.9 

 
February 0.00 26.3 25.9 25.3 23.9 9.0 

 
March 237 26.2 26.5 26.5 25.0 6.6 

 
April xx 26.2 26.7 26.7 25.5 8.3 

 
May  422.2 23.9 24.2 18.3 24.6 11.4 

 
June 358.2 22.9 22.8 23.4 23.4 5.2 

 
July 577.6 23.2 22.6 23.3 22.7 xx 
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Appendix Fig. 1.Dendrogram showing relationships of 115 Coffee accessions based on Euclidean distance and UPGMA clustering 
using 14 qualitative traits
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Appendix Table 3.  Mean of clusters for the 115 coffee accessions based on D2 analysis  

Variable 
CL1 CL2 CL3 CL4 CL5 CL6 CL7 CL8 CL9 CL10 CL11 CL12 

LL 16.2 15.1 16.1 16.1 15.9 18.9 16.1 15.4 14.9 14.8 13.3 15.5 

LW 7.4 7.2 7.7 7.7 7.5 9.3 7.9 7.4 7.1 6.5 6.4 7.4 

LA 120.4 10.1 124.2 123.8 119.4 136.9 128.4 12.5 106.3 96.3 89 114.7 

PL 1 0.8 0.9 0.8 0.8 0.9 0.8 0.9 0.8 0.7 0.7 0.8 

HBW 16.9 19.1 17.7 17.1 15 18 15 10.6 18.8 12.2 11.1 11.1 

BL 9.2 9.4 9.2 9.2 9.2 9.2 9.1 9.4 9.4 7.3 9.3 10.9 

BW 7 7.1 6.9 6.9 6.4 7 6.9 7 6.5 6.2 7.3 7.9 

BT 4.2 4.2 4.3 4.1 3.9 4.3 4.4 4 4 6.2 4.2 5 

SG 39.7 38.9 39.3 39.4 38.7 40.8 41.1 40.3 43.9 39.9 47.5 41.4 

LFPB 82.47 8.1 80.2 84.3 76.1 88.8 82.4 86.9 86.9 72.3 92.1 81.2 

FL 15.3 15.5 15.4 15.4 15.7 15.4 15.2 15.5 15.2 11.3 16 15.9 

FW 14.9 14.6 14.7 14.7 14.1 14.6 14.5 14.9 14.1 11.3 14.9 15.5 

FT 14.9 12.8 12.9 12.7 12.61 2.7 13.1 13.1 12.3 10.1 13.8 13.4 

BY 1739 1527.8 1218.1 698.1 757.2 1972.2 2053.7 25 2874 3241 4154 5381.7 

LL = leaf length; LW =leaf width; LA = leaf area; PL = petiole length; HBW = hundred bean weight; BL = bean length; BW = bean 

width; BT= bean thickness; SG = stem girth; LFPB = length of first primary branch; FL = fruit length; FW = fruit width; FT= fruit 

thickness; BY= bean yield 
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