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ABSTRACT 
 

Ethiopia is the homeland and center of genetic diversity of Arabica coffee (Coffea arabica L). Cup quality 

determines the relative price as well as the usefulness of a given quantity of coffee.  Eighty eight accessions of 

Coffea arabica L and five standard checks were tested at Tepi National Spice Research Center during the 2016 
growing season. The aim of the study was to find out heritability, variance components, variability and genetic 

advance based on 8 cup quality traits. Analysis of variance showed that very high significant (P<0.01) variation 

among genotypes for flavor and overall quality, and also significance (P<0.05) for aromatic quality. Very high 

Genetic advance as percent of the mean and high GCV, PCV were revealed for bitterness and astringency, indicating 

improvement of these traits through selection is impossible as they had low heritability and hence, heterosis breeding 

would be recommended to improve such traits. The lower values for GCV than PCV indicated the importance of 

environment in the expression of these traits.  
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INTRODUCTION 

 

The southwestern highlands of Ethiopia are the birth 

place and home to Arabica coffee (Coffea arabica L). 
The endowment of Ethiopia with diverse coffee types and 

agro-ecology allowed production of high quality coffee to 

world market. Coffee grow widely in variable 

environments in Ethiopia has a variety of characteristics 

sought in the international market (Gole and 

Senebeta,2008). 

The crop is mainly produced in the Southern, South 

Western and Eastern parts of the country Ethiopia remains 

the largest producer of coffee in Africa and is the fifth 

largest coffee producer in the world next to Brazil, 

Vietnam, Colombia and Indonesia, contributing to about 
4.2% of the total world coffee production (ICO, 2016) 

with the land coverage of 700474.69ha, where as the 

estimated annual national production of clean coffee is 

about 469091.12tons with average productivity of 669.6 

kgha-1(CSA, 2017). 

Coffee quality is of critical importance to the coffee 

industry. Production and supply of coffee with excellent 

quality appear more crucial than ever before for coffee 

exporting countries. Quality coffee is a product that has 

desirable characteristics such as clean raw and roasted 

appearance, attractive aroma and good cup taste (Behailu 
et al., 2008). Coffee quality encompasses beans flavor in 

fragrance, aroma, flavor, sweetness, acidity or overall 

taste felt by consumer after drink as well as physical 

characteristics such as length, width, thickness or weights, 

shape and color of coffee beans (Giomo et al., 2012). 

The quality of coffee is strongly influenced by 

environmental factor (Decasy et al., 2003). Altitude, daily 

temperature fluctuations, amount and distribution of 

rainfall and the physical and chemical characteristics of 

the soil are very important factors. The production of 

good quality coffee beans in specific areas characterized 
by their climatic conditions, clearly showed that climate is 

one of the important factor in determining quality of 

coffee beverage (Silva et al., 2005). Jimma agricultural 

research center has collected about 6721 accessions from 

different coffee producing areas of Ethiopia and 

generating numerous technologies. However, there are 

limited research findings on the nature and magnitude of 
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variability and heritability among organoleptic quality 

traits. Hence, knowledge of information on the extent 

and pattern of variability, heritability of the trait and genetic 

gain present in a population of coffee collections among 

various organoleptic quality attributes has a 

paramount importance in genetic improvement of 

coffee quality by shortening the breeding procedure. 

Hence, this study was done with the objective to assess 

heritability, variance components, variability and genetic 

advance based on organoleptic traits to select a more 
desired trait that may contribute for the improvement of 

some Bench-Maji & Sheka zones coffee accessions. 
 

MATERIALS AND METHODS 
 

Description of the study area  

The experiment was conducted at Tepi National 

Spices Research Center, Southwestern Ethiopia, is located 

an altitude of 1200 masl (TNSRC, 2013). The quality 

attributes analysis was made at Jimma Agricultural 

Research Center by a team (Three cuppers) of 

experienced and internationally certified Q grader 

professional panelists. 
 

Experimental materials and design  

The study was conducted during 2016 cropping 

season on 88 coffee germplasm accessions which have 

been collected from Bench-maji and Sheka zones of 
Southwestern Ethiopia and 5 standard checks (Table 1). 

The experiment was superimposed on experimental plots 

with three replications. The experimental fields were laid 

out 12 trees per plot planted in 2x2m spacing. All the 

improved agronomic practices were applied uniformly 

according to the recommendations (Endale et al., 2008). 
 

Sample preparation and data collected 

Quality assessment was done for each genotype as 

per the conventional procedures (Abrar and 

Negussie,2015). During peak harvesting time, about six 

kg red ripe coffee cherries were handpicked from each 

coffee type per plot. Prior to pulping over mature, green 

cherries and foreign material was sorted out from healthy 

and red ripe cherries. The samples were carefully prepared 

using wet processing method. Samples were dried to the 

moisture level at 10.5-11.0% for all samples uniformly. 

Each sample was sub divided into three for replication. 

About 300 g of green coffee bean samples were prepared 

per replication separately for each genotype for cup 

quality characteristics evaluation. Three cups per sample 
were used for tasting session. Cup quality analysis was 

carried out once the beverage cooled to around 60°C 

(drinkable temperature) by three cuppers of 

internationally certified professional panelist of JARC at 

coffee processing unit and liquoring laboratory of the 

center. Aroma (aromatic quality and intensity), acidity, 

astringency, bitterness, body, flavor and overall standard 

of the brew was scored using scale ranging from zero to 

five and zero to ten as described in Table 2. Each panelist 

gave independent judgment for each sample unit of the 

treatment. The average results of all panelists were used 
for data analysis. 

 

Statistical analysis 

Estimation of magnitude of variation 

The phenotypic and genotypic variances were 

estimated according to the method suggested by Burton 

and De Vane (1953). 

 

σ2g = 
(𝑴𝒔𝒕−𝑴𝒔𝒆)

𝒓
 σ2e = Mse σ2p = σ2g + σ2e 

 

Where, σ 2p=Phenotypic variance, σ 2g =Genotypic 

variance, σ2e=Environmental variance, MSt=mean square 

of treatment, MSe=mean square of error, r=number of 

replications andx̄=Grand Mean of the population 

The coefficient of variations at phenotypic and genotypic 

level variation was estimated using the formula adopted 
by Johnson et al. (1955) as: 

 
Table 1: Description of Coffea arabica L. germplasm accessions studied 

Zones  District (Woreda) Peasant association  Altitudes (m) Number of collected accession  

 
 
 
 
 
 
Bench-Maji 
(65 accessions) 

 
 
Bero 

Bero 1629-1680 5 
Garo 1708 1 
Jeba-01 1698-1718 3 
Kasi 1601-1676 4 
Sirit 1656-1664 2 

 
 
Menit-Shasha 

Bus  1438-1449 6 
Kudum 1532-1611 6 
Dargach 1870-1930 4 
ShawaJebabo 1900-1950 2 
Kuju 1975 2 
Era 1537-1573 3 

 
 
Sheko 

Gizemeret 1049-1338 10 
Shimi 1047-1250 6 
Sanka 1215-1450 4 
AyibranaSanka 1220-1290 7 

 
Sheka 
(23 accessions) 

 
Andracha 

Gemedro 1510-1650 8 
Yokichich 1810-1900 8 
Chegechecha 1890-2000 7 

*Geisha Check 1 *Five Standard checks 88 
*CatimorJ-19 Check 2  
*Dessu Check 3  
*7454 Check 4  
*7440 Check 5  

Total Accessions 93 
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Phenotypic Coefficient of Variation (PCV) = (σ p/x̄) x 100 

Genotypic Coefficient of Variation (GCV) = (σ g/ x̄)x100 

 

Estimate of broad sense heritability and expected 

genetic advance: 

Heritability (h2) in broad sense for all characters was 

computed using the formula suggested by Falconer 

(1989): 
H2b= (σ2g/σ2p) x 100, σ 2p = σ 2g +σ 2e 

Where σ 2p = Phenotypic variance, σ 2g = Genotypic 

variance, σ 2e = Environmental variance 

Genetic advance as percent of mean for each character 

was computed using the formula by Allard (1960).  

GA=kσph * h2 b    GAM = (GA/x̄ )*100  

Where, H =heritability in broad sense. GA = the expected 

genetic advance under selection; σph =the phenotypic 

standard deviation; square root of phenotypic variance and 

k is selection Intensity at 5% (K = 2.063). 

 
RESULTS AND DISCUSSION 

 

Analysis of variance 

The analysis of variance revealed that the genotypes 

exhibited significant differences at P<0.05 probability 

level for Aromatic quality and high significant difference 

at P<0.01for flavor and over all cup quality. Non-
significant differences were observed for astringency, 

bitterness, aromatic intensity, body and acidity. This 

indicates the presence some variability which can be 

exploited through selection and hybridization in order to 

improve the quality of this valuable crop. This study was 

in agreement with the findings of the others investigators 

(Abeyot et al., 2011; Olika et al., 2011; Getachew et 

al.,2014) who reported significant difference of Arabica 

coffee genotypes for most of organoleptic quality in their 

study. This indicates the presence some variability which 

can be exploited through selection and hybridization in 
order to improve the quality of this valuable crop. The 

available information in earlier studies on coffee 

collection and selection in Ethiopia further confirmed the 

presence of high genetic variability within the Arabica 

coffee population for quality characters (Bayetta, 1997). 

 

Genotypic and phenotypic coefficients of variation 

High PCV were recorded for bitterness (23.64%) and 

astringency (21.91%.) Moderate PCV were recorded for 

aromatic intensity (13.88%) and aromatic 

quality(16.76%). low levels were recorded for body, 

acidity, flavor and overall cup quality with PCV values of 
8.1%, 8.54%,9.31% and 8.49% respectively. Relatively 

high GCV were recorded for astringency and bitterness 

with and GCV values of 8.95 % and 6.89 %, respectively. 

However, low levels GCV were recorded for aromatic 

intensity, aromatic quality, flavor, body and overall cup 

quality. The narrow gap between PCV and GCV for 

flavor, overall standard, acidity and body in the present 

study indicates that environment had little influence in the 

expression of the traits. Thus, selection of genotypes 

based on phenotypic appearance of these traits would be 

effective in improving coffee quality. Conversely, 
relatively wide difference between PCV and GCV values 

for astringency, bitterness, aromatic intensity and 

aromatic quality, indicating environment influenced the 

expression of the traits. These results are in agreement 

with the findings of Olika et al. (2011) and Getachew et 

al., (2013) have reported high PCV values for bitterness 

and astringency and low PCV and GCV value for 

aromatic intensity and body.  

 

Heritability and genetic advance 

The estimate of the broad sense heritability is 

presented in Table 2. Flavor (11.3%), overall standard 
(20.4%), acidity (17.35%) and aromatic quality (6.89%) 

body (7.5%), bitterness (8.5%), astringency (16.67%) and 

aromatic intensity (2.5%) had showed low heritability 

estimates, indicating the availability of little genotypic 

variance to be exploited in selection and these traits were 

highly influenced by the environment. Olika et al. (2011) 

has reported low heritability for acidity, aromatic 

intensity, astringency, body and bitterness. Genetic 

advance as percent of the mean was very high for 

astringency and bitterness; and high for the rest of the 

traits. Although the study showed that bitterness and 
astringency had high GCV, PCV and high genetic 

advance, improvement of these traits through selection is 

impossible as they had low heritability and hence, 

heterosis breeding would be recommended to improve 

them. Abeyot et al. (2011) has reported the genetic 

advance at 5% selection intensity to be within the range of 

11.18% for body and 336.71% for bitterness.  

 

Conclusion 

Among organoleptic traits, the estimated phenotypic 

coefficients of variation showed high values for bitterness 

and astringency and but low for body, acidity, flavor and 

overall cup quality. Similarly, among these organoleptic 

quality traits, only bitterness and astringency exhibited 

relatively high genotypic coefficients of variation. The 

high PCV and GCV values for the above traits indicate 

phenotypic selection is possible to improve these traits. 

Genetic advance as percent of the mean was very high for 

astringency and bitterness; and high for the rest of the 

traits. Besides, all of organoleptic attributes showed low 

heritability, suggesting improvement of these traits 

through selection is impossible and hence, heterosis 

breeding would be recommended to improve them. The 

considerable lower values for GCV than PCV indicated 

the importance of environment in the expression of these 

traits. 
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