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Abstract 

Understanding the amount and distribution of genetic diversity is crucial in breeding programs. This study aimed to assess the 

variation in qualitative morphological traits among 17 Arabica coffee genotypes. The traits displayed a wide range of phenotypic 

variation, with the Shannon-Weaver diversity index ranging from 0.22 to 1.12 with a mean of 0.67. The chi-square test revealed 

significant differences for most of the traits, suggesting dominant phenotypic variation among the evaluated traits. Path 

coefficient analysis showed a positive direct effect of angle of insertion of primary branches (0.485), canopy diameter (0.264), 

overall appearance (0.101), and leaf apex shape (0.014) on branching habit. According to the PCA, leaf shape (-0.41) and fruit 

color (-0.36) from the first PCA and leaf apex shape (-0.43) from the second PCA were the important variables contributing 

more to the variations. The genotypes were classified into five clusters and the pairwise generalized squared distance among the 

clusters showed significant divergence between most of the clusters. In conclusion, the present study confirmed the existence of 

qualitative morphological trait variation among evaluated South Ethiopian Arabica coffee genotypes. It is recommended that the 

studied genotypes be properly conserved and utilized for the coffee genetic improvement program through selection and 

hybridization. 
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1. Introduction 

Coffee is one of the most widely traded commodities in the 

world and the second most consumed non-alcoholic beverage 

after water [30]. Its popularity and volume of consumption are 

growing every year, and coffee shops are the fastest-growing part 

of business. Among the 124 species of the Coffea genus in the 

Rubiaceae family, only Arabica coffee (Coffea arabica L.) and 

Robusta coffee (Coffea canephora P.) are the two most 

economically important species [7, 12], with Arabica accounting 

for about 60% of global coffee production and Robusta 

accounting for approximately 40% [20]. Coffee is produced by 

about 80 tropical countries and exported by 50 countries, with an 

annual production of about 9 million tons [31]. 
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Ethiopia is the birthplace of Arabica coffee (Coffea Arabica 

L.), which has the largest genetic diversity and abundance of 

genetic resources in the world [40]. Arabica coffee is a crucial 

component of the Ethiopian economy and is deeply 

intertwined with the social, economic, political, cultural, and 

spiritual aspects of the country. Ethiopia's unique climate and 

environment provide ideal conditions for producing high-

quality coffee [10]. As of the 2022/23 fiscal year, the total area 

covered by coffee in Ethiopia is estimated to be 590,000 

hectares, with a production and productivity of 496,000 tons 

and 0.84 tons per hectare, respectively [39]. 

Genetic diversity refers to the amount of genetic variability 

present among individuals within a population or variety of a 

species [24]. It can be observed at three different levels: 

diversity between species, diversity between populations 

within one species, and diversity between individuals within 

one population [29]. This diversity is the result of genetic 

material (DNA) recombination during the inheritance process, 

mutations, gene flow, and genetic drift, which lead to 

variations in DNA sequence, protein structure or isoenzymes, 

epigenetic profiles, physiological properties, and 

morphological properties [29]. 

Genetic diversity is essential for maintaining a healthy 

population since it enables individuals to adapt to various 

biotic and abiotic stresses and promotes resistance to pests, 

diseases, and other stress conditions [29]. Under 

environmental changes, different crop varieties survive due to 

the presence of genetic variation, which enables the varieties 

to adapt [29]. 

The wealth of diversity in a species offers ample 

opportunities for genetic improvement of the crop to develop 

varieties suitable for different agro-ecologies, cropping 

systems, and purposes. Genetic diversity aids breeders in 

maintaining crossbred varieties, resulting in the conservation 

of desired characteristics in the variety [36]. The more 

diverse the breeding materials, the higher the probability that 

they will contain desirable genes and the higher the 

probability of improving the crop for traits of interest [36]. 

Therefore, diverse lines are necessary for commercial 

variety defect correction, novel variety development, 

identification of diverse lines, creation of diversity, and 

subsequent utilization. 

Information about the amount and distribution of genetic 

diversity among the germplasm is essential for its efficient 

management and effective utilization in the breeding program. 

Plant genetic resource genetic diversity analysis can be 

conducted using phenotypic or morphological traits and 

cytological, biochemical, and molecular assessment 

techniques [44]. Morphological markers were initially used 

for the analysis of diversity, and they are still in use. 

Morphological evaluation and characterization of plant traits 

using qualitative traits are the most direct methods of 

identifying genotype identity and studying genetic diversity 

among genotypes [35]. This technique is easy, simple, cost-

effective, time-efficient, and does not require complicated 

equipment or a high level of specialist knowledge for scoring 

[37]. 

Several studies have been conducted to estimate the genetic 

diversity of Arabica coffee using qualitative traits. Different 

scholars from different countries reported the presence of high 

variability among Arabica coffee genotypes using qualitative 

morphological traits [4, 5, 18, 25, 32, 41-43]. Morphological 

traits are still successfully used to analyze the genetic diversity 

required for germplasm conservation, reduce accession 

numbers by identifying and eliminating duplicates, and 

enhance crop breeding through selection. 

Indigenous genotypes play a key role in sustainable 

production and have an inherent value as the storehouse of 

wild coffee genetic resources [13]. They also have high 

functional diversity in terms of disease resistance [11] and 

pest and drought tolerance [8, 9, 19]. As part of a future-

proofing resource, and especially for providing genetic 

potential for mitigating climate change, indigenous 

populations are perceived as a key resource for the medium- 

to long-term sustainability of Arabica production [19]. 

However, indigenous coffee genetic resources are being lost 

at a rapid pace due to varied threats, such as the conversion of 

natural forest to agricultural land in the center of origin, 

deforestation, land degradation, climate change, leading to an 

increased incidence of pests and diseases, a higher incidence 

of drought, and unpredictable rainfall patterns [31]. 

Hence, indigenous coffee genetic resources are being lost at a 

rapid pace, an urgent strategy has to be sated in coffee research 

program to collect, conserve, and utilize indigenous coffee 

genetic resources. Accordingly, coffee accessions were collected 

in the major coffee-growing areas of southern Ethiopia (Sidama, 

Gedeo, Amaro, Gamo Gofa, Jinka, and Guji), and over 700 

coffee accessions have been collected and maintained at the 

Awada field bank. Among the southern collection, 14 promising 

accessions were selected for variety development after wider 

adaptability studies at different testing locations. Although these 

accessions were selected for their high yield potential, coffee 

berry disease resistance, and coffee leaf rust resistance, they have 

not yet been systematically characterized for qualitative 

morphological traits. Therefore, this study was conducted to 

assess the variation in qualitative morphological diversity among 

these Arabica coffee genotypes for effective utilization and 

strategic conservation. 

2. Materials and Methods 

2.1. Description of Study Area 

The experiment took place during the 2021 cropping season at 

Awada agricultural research sub-center, located in Sidama 

Regional State, Ethiopia. The center is situated at a latitude of 

6045'46''N and a longitude of 38022'36''E, with an elevation of 

1740 meter above sea level (a.s.l.) The agro ecology of the 

experimental site is characterized by a semi-bimodal rainfall 

pattern with double wet and dry seasons, as described by Ajema 
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& Nigussie [2]. The average wind speed, precipitation, root zone 

moisture, maximum temperature, and minimum temperature of 

the experimental site over the past forty-one years (01/01/1981-

12/31/2021) were 1.46 m/s, 1399.20mm, 0.68, 34.110C, and 

7.610C, respectively [26]. The experimental site has eutric-

nitosol and chromotic-cambisol soil type, which is ideal for 

coffee production [23]. 

2.2 Planting Materials 

For this study, a total of 17 Arabica coffee genotypes were 

used, consisting of 14 accessions from the south Ethiopian 

coffee gene pool and three standard reference varieties. The 

genotypes were originally collected from various 

agroecologies in south Ethiopia and have been maintained at 

Awada Sub Center [18]. The genotypes and their sources are 

listed in Table 1. 

Table 1. Description of experimental materials. 

Serial No. Genotypes Description Source 

1 AW105 Promising Selection ARSC 

2 AW1777 Promising Selection ARSC 

3 AW1995 Promising Selection ARSC 

4 AW3106 Promising Selection ARSC 

5 AW4994 Promising Selection ARSC 

6 AW5994 Promising Selection ARSC 

7 AW7494 Promising Selection ARSC 

8 AW7705 Promising Selection ARSC 

9 AW9622 Promising Selection ARSC 

10 AW9623 Promising Selection ARSC 

11 AW9628 Promising Selection ARSC 

12 AW9641 Promising Selection ARSC 

13 AW9644 Promising Selection ARSC 

14 AW9662 Promising Selection ARSC 

15 Feyate Released Variety ARSC 

16 Angafa Released Variety ARSC 

17 74112 Released Variety JARC 

ARSC= Awada Agricultural Research Sub-center; JARC=Jima Agricultural Research Center 

2.3. Experimental Design 

The experimental materials were planted in August 2015, 

utilizing a randomized complete block design with three 

blocks. Each experimental plot comprised eight coffee trees, 

planted in a single row for each genotype, with a spacing of 2 

meters between plants and rows. The distance between 

replications was 4 meters. 

2.4. Experimental Procedures 

Seed preparation, seedling media preparation, seed sowing, 

seedling management, land preparation, planting, and tree 

management (weeding, nutrient management, permanent and 

temporary shedding, soil conservation, and sucker 

management) were carried out according to Endale et al., 

(2008) [17]. 

2.5. Data Collection 

The data on qualitative traits were evaluated using the 

International Plant Genetic Resources Institute (IPGRI) Board 

descriptor for coffee [21]. The genotypes were assessed for 15 

qualitative traits, which are listed in Table 2 below. The 

qualitative traits were assessed and coded by an experienced 

team of breeders’ subjective judgment. 
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Table 2. Trait descriptions and codes used for the study. 

No. Traits Trait Description Code No. Traits Trait Description Code 

1 PH 

Very short 1 

9 YSC 

Green 1 

Short 3 Dark brown 2 

Tall 7 Other 3 

very tall 9 

10 OAA 

Elongated conical 1 

2 BH 

Very few branches (primary) 1 Pyramidal 2 

Many branches (primary) with few secondary 2 Bushy 3 

Many branches (primary) 3 

11 CD 

Compact 1 

Many branches (primary) with many 

secondary and tertiary 
4 Intermediate 2 

3 AIPB 

Drooping 1 Open 3 

Horizontal 2 

12 FC 

Yellow 1 

Semi erect 3 Yellow orange 2 

4 SS 

Round 1 Orange 3 

Ovate 2 Orange-red 4 

Triangular 3 Red 5 

Deltate (equilaterally triangular) 4 Red – purple 6 

Trapeziform, 5 Purple 7 

Other 6 Purple-violet 8 

5 YLC 

Greenish 1 Violet 9 

Green 2 Black 10 

Brownish 3 Others 11 

Reddish 4 

13 FSH 

Roundish 1 

Bronze 5 Obovate 2 

Others if any 6 Ovate 3 

6 LSH 

Obovate 1 Elliptic 4 

Ovate 2 Oblong 5 

Elliptic 3 Others 6 

Lanceolate 4 

14 PTH 

Thin 3 

Others if any 5 Intermediate 5 

7 LASH 

Round 1 Thick 7 

Obtuse 2 

15 SSH 

Round 1 

Acute 3 Obovate 2 

Acuminate 4 Ovate 3 

Apiculate, spatulate 5 Elliptic 4 

Others 6 Oblong 5 

8 LPC 
Green 1 

Others if any 6 

Dark brown 2 
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No. Traits Trait Description Code No. Traits Trait Description Code 

Other 3 

Where: PH=Plant height; BH=Branching habit; AIPB=Angle of insertion of primary branch; SS=Stipule shape; YLC=Young leaf colour; LSH= 

Leaf shape; LASH=Leaf apex shape; LPC=Leaf petiole colour; YSC=Young shoot colour; OAA=Overall appearance; CD=Canopy Diameter; 

FC=Fruit colour; FSH=Fruit shape; PT=Pulp thickness; SSH=Seed shape. 

2.6. Data Analysis 

Descriptive statistics such as frequency distribution and 

percentage of various categories of the 15 phenotypic 

qualitative traits were conducted for all genotypes using 

Microsoft Excel version 2010. 

A chi-square test was conducted to test the homogeneity of 

the populations for the 15 qualitative traits by using Minitab 

version 21.4 statistical software. 

The Shannon diversity index was computed for each of the 

15 qualitative morphological characters using the formula 

described by Shannon and Weaver [28, 33] as follows: 

H’ = − ∑ ((pi)x(lnpi
𝑛

𝑖=0
))            (1) 

Where H’= Shannon diversity index; n=total number of 

phenotypic classes for a character; pi= is the proportion of 

genotypes that have the character in the ith class for a character; 

ln = natural logarithm. 

Path coefficient analysis was conducted to study 

independent traits direct and indirect effects. For path 

coefficient analysis, coffee branching habit was taken as a 

dependent variable, while the rest of the variables were 

considered contributory factors. The direct and indirect effects 

of the independent characters on branching habit were studied 

using the formula suggested by Dewey and Lu [16]. Principal 

component analysis was done using SAS software to 

determine the relative importance of the traits responsible for 

variation among the coffee genotypes. Pearson’s correlation 

coefficients were calculated among sensory attributes and 

chemical compositions traits to estimate their relationships by 

using SAS. The cluster analysis was executed, and the 

dendrogram was constructed based on the complete linkage 

method with Euclidean distance by using Minitab version 21.4 

software. All 15 qualitative trait data were standardized before 

clustering. 

Inter-cluster distances were calculated based on the 

Mahalanobis's D2 statistics as: 

𝐷2ij = (xi −  xj)′ cov − 1 (xi −  xj)        (2) 

Where, D2ij = the distance between genotype i and j; xi and 

xj = vectors of the values of the 

variables for cases i and j; and cov-1 = the pooled within 

groups variance-covariance matrix. 

The significance of D2 values was tested by comparing the D2 

values between any two clusters against tabulated chi-square 

(χ2) values at p-1 degrees of freedom, where p refers to the 

number of qualitative characters considered. Inter-cluster 

distances based on the Mahalanobis's D2 statistics were 

computed using Minitab. 

3. Results and Discussions 

3.1. Frequency Distribution of Qualitative 

Traits 

In this study, 15 qualitative traits were used to characterize 

the genotypes of south Ethiopian Arabica coffee genotypes 

(Table 3). According to the percentage of the frequency 

distribution, the predominant traits among the majority of the 

studied genotypes were green leaf petiole color (94.12%), 

elliptic leaf shape (88.24%), pyramidal overall appearance 

(88.24%), tall plant height (82.35%), red fruit color (88.24%), 

bronz young leaf color (70.59%), triangular stipule shape 

(64.71%), intermediate pulp thickness (64.71%), obovate fruit 

shape (58.82%), obovate seed shape (58.82%), many primary 

branches (52.94%), and horizontal angle of insertion of 

primary branch (52.94%). The variability observed in these 

phenotypic characters indicates the presence of genetically 

diverse genotypes, which can be used as markers for future 

selection and hybridization programs. Previous research has 

also reported a wide variability in percent frequency 

distribution for qualitative traits among Arabica coffee 

genotypes [5, 8, 14, 27, 41, 43]. 

The number of branches is an important qualitative trait that 

influences crop yield. An increase in the number of branches 

of the coffee plant helps to increase productivity of the crop. 

In this study, the frequency of the studied genotypes for 

branching habits showed that 52.94% of genotypes had many 

primary branches, whereas 47.06% had many primary, 

secondary, and tertiary branches. Hence, the 47.06% of 

genotypes having many primary, secondary, and tertiary 

branches could be used for future yield improvement 

programs via selection and/or hybridization due to their 

branching habit. 

The predominance of the open growth habit is a 

manifestation of the suitability of such traits for ease of 

management practice [43]. It permits uniform exposure and 

better interception of sunlight for all leaves and other 
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vegetative parts, creating a less favorable environment for 

disease development as compared to compact types [44]. In 

the current investigation, the canopy class of the genotypes 

was open (58.92%), intermediate (29.41%), and compact 

(11.76%). In addition to the canopy class, the angle of 

insertion of primary branches recorded was horizontal 

(52.94%) and drooping (47.06%). Accordingly, most of the 

studied genotypes showed an open growth habit and were 

suitable for ease of management practice, permitting uniform 

exposure and better interception of sunlight. 

3.2. Chi Square 

The chi-square test values for the 15 qualitative traits were 

evaluated among different genotypes and are presented in 

Table 3. The results showed that there is a significant 

difference among all qualitative traits, except for plant height 

and angle of insertion of primary branch, which exhibit 

dominant phenotypic variation among the evaluated traits. 

These significant differences among genotypes based on the 

chi-square test suggest that there is high variation within the 

south Ethiopian Arabica coffee genotypes for the studied 

qualitative traits. Previous studies have also reported 

significant chi-square test values for qualitative traits among 

Ethiopian Arabica coffee genotypes [1]. 

3.3. Shannon-Weaver Diversity Index 

The estimated Shannon-Weaver diversity index (H’) is 

presented in Table 3. The studied traits contributed to the 

phenotypic diversity at various levels and the diversity index 

(H’) ranged from 0.22 for leaf petiole color (lowest 

polymorphism) to 1.12 for seed shape (highest polymorphism), 

with an overall mean of 0.67 (Table 3). The highest diversity 

was found for seed shape (1.12), canopy diameter (0.924), leaf 

apex shape (0.88), fruit shape (0.85), stipule shape and pulp 

thickness (0.81), young leaf color (0.75), branching habit and 

angle of insertion of the primary branch (0.69), young shoot 

color (0.61), and plant height (0.58). The higher shannon-

weaver diversity index implies the presence of adequate 

variability for these traits among the evaluated genotypes. 

Accordingly, the genotypes were highly diverse for seed 

shape, canopy diameter, leaf apex shape, fruit shape, stipule 

shape, pulp thickness, and young leaf color. On the other side, 

the lowest diversity was found for leaf petiole color (0.22), 

overall appearance (0.36), leaf shape (0.36), and fruit color 

(0.44), signifying the possibility of a close association 

between coffee genotypes for those traits. Many studies 

reported wider range of Shannon-Weaver diversity values 

among Arabica coffee qualitative traits. 0.67 for branching 

habit to 0.98 for leaf shape among 124 accessions [6]; 1.22 for 

stipule shape to 0.24 for calyx limb persistence among 137 

accessions [5] (0.92 for growth habit to 0.13 for calyx limb 

persistence among 104 accessions [14]; 1.22 for fruit color to 

0.35 stem habit [43]; 1.08 for angle of insertion of primary 

branches to 0.17 for screen size among 49 accessions [41]. 

 

Table 3. Frequency distribution, proportion, Shannon-waver diversity index, and chi square of 15 Qualitative traits of 17 south Ethiopian 

coffee genotypes. 

Trait Code  Frequency 
% 

contribution 

Contribution 

to Chi-Square 
Chi-Sq  

Plant height 

3 Short 1 5.88 3.84 

18.47** 0.578 7 Tall 14 82.35 12.25 

9 Very tall 2 11.76 2.37 

Branching habit 

3 Many branches (primary) 9 52.94 0.03 

0.06ns 0.691 
4 

Many branches (primary) with 

many secondary and tertiary 
8 47.06 0.03 

Angle of insertion 

of primary brunch 

1 Drooping 8 47.06 0.03 
0.07ns 0.691 

2 Horizontal 9 52.94 0.03 

Stipule shape 

3 Triangular 11 64.71 5.02 

8.94* 0.808 4 Deltate (equilaterally triangular) 5 29.41 0.08 

5 Trapeziform, 1 5.88 3.84 

Young leaf color 

1 Greenish 1 5.88 3.84 

11.41** 0.753 2 Green 4 23.53 0.49 

5 Bronze 12 70.59 7.08 
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Trait Code  Frequency 
% 

contribution 

Contribution 

to Chi-Square 
Chi-Sq  

Leaf shape 
3 Elliptic 15 88.24 4.97 

9.94* 0.362 
4 Lanceolate 2 11.76 4.97 

Leaf apex shape 

1 Round 1 5.88 3.84 

5.76* 0.876 4 Acuminate 8 47.06 0.96 

5 Apiculate, spatulate 8 47.06 0.96 

Leaf petiole color 
1 Green 16 94.12 6.62 

13.24** 0.224 
3 Other 1 5.88 6.62 

Young shoot color 
1 Green 5 29.41 1.44 

2.88ns 0.606 
3 Dark brown 12 70.59 1.44 

Overall appearance 
1 Elongated conical 2 11.76 4.97 

9.94* 0.362 
2 Pyramidal 15 88.24 4.97 

Canopy Diameter 

1 Compact 2 11.76 2.37 

5.76* 0.924 2 Intermediate 5 29.41 0.08 

3 Open 10 58.82 3.31 

Fruit colour 

4 Orange-red 1 5.88 3.84 

23.06** 0.444 5 Red 15 88.24 15.37 

6 Red – purple 1 5.88 3.84 

Fruit shape 

1 Roundish 6 35.29 0.02 

7.18* 0.846 2 Obovate 10 58.82 3.31 

3 Ovate 1 5.88 3.84 

Pulp thickness 

4 Thin 1 5.88 3.84 

8.94* 0.808 5 Intermediate 11 64.71 5.02 

6 Thick 5 29.41 0.08 

Seed shape 

1 Round 2 11.76 1.19 

10.53* 1.122 
2 Obovate 10 58.82 7.78 

3 Ovate 3 17.65 0.37 

4 Elliptic 2 11.76 1.19 

 

3.4. Correlation 

The correlation analyses for 15 qualitative morphological 

characteristics were assessed, and the results are given in 

Table 4. Branching habit was significantly and positively 

correlated with the angle of insertion of the primary branch (r 

= 0.417), overall appearance (r = 0.344), and canopy diameter 

(r = 0.548), whereas, it was negatively correlated with leaf 

shape (r = -0.344) and leaf apex shape (r = -0.203) (Table 4). 

Pulp thickness was significantly and positively associated 

with fruit shape (r = 0.412), seed shape (r = 0.632), young leaf 

color (r = 0.275), and young shoot color (r = 0.278), whereas 

it was negatively correlated with fruit color (r = -0.577). Seed 

shape was positively correlated with fruit shape (r = 0.56) and 

negatively correlated with leaf shape (-0.352) and leaf petiole 

color (r = -0.393). Canopy diameter was significantly and 

positively correlated with overall appearance (r = 0.772), 

branching habit (r = 0,548), plant height (r = 0.427), and angle 

of insertion of the primary branch (r = 0.299), whereas it was 

negatively correlated with leaf shape (r = -0.509), fruit color 

(r = -0.493), and stipule shape (r = -0.323) (Table 4). 
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Table 4. Correlation coefficients among 15 qualitative morphological characters. 

 FC FS PT SS PH BH AIPB SH YLC LS LAS LPC YSC OA CD 

FC 1 -0.601** -0.314* -0.208ns -0.577** -0.144ns 0.344* -0.286* -0.349* 0.532** 0.000ns 0.000ns -0.376* -0.532** -0.493** 

FS  1 0.412** 0.560** 0.174ns 0.073ns -0.280* 0.010ns 0.370* -0.452** 0.267* -0.309* 0.346* 0.13 ns 0.052ns 

PT   1 0.632** 0.182ns 0.02 ns -0.241ns 0.063ns 0.275 * -0.158ns -0.133ns -0.108ns 0.278* 0.158ns 0.173ns 

SS    1 0.120ns 0.093ns 0.05 ns -0.245ns 0.228ns -0.352* 0.264ns -0.393** 0.231ns 0.130ns 0.066ns 

PH     1 0.198ns -0.397** 0.000ns 0.202ns -0.615** 0.104ns 0.000ns 0.217ns 0.615** 0.427** 

BH      1 0.417** -0.058ns 0.122ns -0.344* 0.203* -0.236ns 0.091ns 0.344* 0.548** 

AIPB       1 -0.335* -0.362* -0.022ns 0.290* -0.265* -0.350* 0.022ns 0.299* 

SH        1 0.239ns 0.358* -0.622** 0.662** 0.228ns -0.054ns -0.323* 

YLC         1 -0.138ns -0.346* 0.160ns 0.989** 0.138ns 0.030ns 

LS          1 -0.685** 0.685** -0.165ns -0.433** -0.509** 

LAS           1 -0.862** -0.342* -0.079ns 0.146ns 

LPC            1 0.161ns 0.091ns -0.169ns 

YSC             1 0.165ns 0.065ns 

OA              1 0.772** 

CD               1 

 

3.5. Path Analysis 

To assess the magnitude of direct and indirect contributions 

of qualitative characters to Arabica coffee branching habit, 

path coefficient analysis was performed using five 

significantly associated traits with branching habit. Among 

the 5 significantly correlated characters with branching habit, 

an angle of insertion of primary branches (0.485), followed by 

canopy diameter (0.264), overall appearance (0.101), and leaf 

apex shape (0.014), exerted a positive direct effect, whereas 

leaf shape (-0.003) had a negative direct influence on 

branching habit (Table 5). An angle of insertion of primary 

branches and canopy diameter had the highest positive direct 

effect on branching habit; they are found to be important 

components, and direct selection for this trait may be 

rewarding for the improvement of Arabica coffee branching 

habit. 

Table 5. Path coefficient analysis (bold and diagonal value indicating direct effect; above and below the diagonal value indicating indirect 

effect) of 5 qualitative morphological traits on branching habit. 

 AIPB LS LAS OA CD 

AIPB 0.485 0.000 0.004 -0.002 0.079 

LS -0.011 -0.003 -0.009 0.044 -0.134 

LAS 0.141 0.002 0.014 0.008 0.039 

OA 0.011 0.001 -0.001 0.101 0.204 

CD 0.145 0.001 0.002 -0.078 0.264 

 

 
 

http://www.sciencepg.com/journal/ijbse


International Journal of Biomedical Science and Engineering http://www.sciencepg.com/journal/ijbse 

 

9 

3.6. Principal Component Analysis 

The principal component analysis (PCA) of 17 Arabica 

coffee genotypes for 15 qualitative morphological traits were 

performed to estimate the relative contribution of each 

attribute to the observed variability, and the results are 

presented in Table 6. The PCA analysis generated the fifteen 

eigenvalues and eigenvectors. However, factors to be retained 

should have more than 1 eigenvalue, at least 5% of the 

variance explained for each component, and/or more than 70% 

of the cumulative proportion of variance explained [30]. 

Accordingly, the first five components that explained 83.26 

percent of total variation were used for displaying characters 

(Table 6). 

The PCA analysis might be useful for deducing the nature 

of attributes and reducing the complexity of data collection [3]. 

The first PCA explained 29.26% of the total variations (Table 

6). The relative weight given to the variables in each 

component is determined by the importance of the variables, 

which possess a high positive and negative weight [22]. Based 

on this suggestion, the most important characters contributing 

more to the variation were leaf shape (-0.41), fruit color (-

0.36), plant height (0.31), canopy diameter (0.31), fruit shape 

(0.30), and overall appearance (0.3). The sign indicates the 

direction of the relationship between the components and the 

characters [38]. Accordingly, in the first principal component, 

all traits listed except leaf shape and fruit color were positively 

associated. 

The second PCA explained 23.42% of the variation, and 

leaf apex shape (-0.43), angle of insertion of primary branches 

(-0.34), stipule shape (0.39), leaf petiole color (0.39), young 

leaf color (0.36), and young shoot color (0.36) mainly 

accredited this variation. The third PCA explained 8.33% of 

the total variation, and this variation is mainly contributed by 

canopy diameter (0.42), overall appearance (0.41), seed shape 

(-0.38), and fruit shape (-0.35) in decreasing order (Table 6). 

The fourth and fifth principal components explained 8.95% 

and 7.37%, respectively. High variation in the fourth PC is 

attributed to angle of insertion of primary branches (0.52), 

plant height (-0.42), branching habit (0.4), young shoot color 

(0.29), seed shape (0.24), while high variation in the fifth PC 

is attributed to pulp thickness (0.59), young leaf color (-0.41), 

and seed shape (0.38) (Table 6). 

From the PCA result of the present study, it may be 

concluded that important variables in Arabica coffee genotype 

with respect to qualitative morphological characters were leaf 

shape, leaf apex shape, canopy diameter, overall appearance, 

angle of insertion of primary branches, plant height, branching 

habit, pulp thickness, and young leaf color. These variables 

might be taken into consideration for the effective selection of 

parents. 

Table 6. Eigen values and Eigenvectors of the first 5 principal components (PCA) for 15 qualitative morphological characters. 

Eigenvectors 

 PCA1 PCA2 PCA3 PCA4 PCA5 

Fruit colour -0.36 -0.2 -0.12 0.17 -0.03 

Fruit shape 0.30 0.09 -0.35 -0.06 0.04 

Pulp thickness 0.22 0.15 -0.25 0.16 0.59 

Seed shape 0.26 -0.04 -0.38 0.24 0.38 

Plant height 0.31 0.10 0.22 -0.42 -0.01 

Branching habit 0.22 -0.11 0.29 0.40 -0.15 

Angle of insertion of primary branches -0.05 -0.34 0.18 0.52 0.04 

Stipule shape -0.11 0.39 0.09 -0.06 0.06 

Young leaf color 0.19 0.36 -0.15 0.3 -0.41 

Leaf shape -0.41 0.18 0.02 0.2 0.21 

Leaf apex shape 0.18 -0.43 -0.18 -0.19 -0.19 

Leaf petiole color -0.21 0.39 0.27 0.00 0.15 

Young shoot color 0.20 0.36 -0.13 0.29 -0.4 

Overall appearance 0.30 0.06 0.41 -0.02 0.20 

Canopy Diameter 0.31 -0.1 0.42 0.16 0.13 

EV 4.39 3.51 2.14 1.34 1.11 
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Eigenvectors 

 PCA1 PCA2 PCA3 PCA4 PCA5 

PVE 29.26% 23.42% 14.26% 8.95% 7.37% 

CPVE 29.26% 52.68% 66.94% 75.89% 83.26% 

Where; EV = Eigen value, PVE = Present variation explained. and CPVE = Cumulative present variation explained 

3.7. Cluster Analysis 

The classification of the 15 qualitative traits using complete 

linkage hierarchical clustering with Euclidean distance 

revealed the presence of five distinct clusters. Figure 1 and 

Table 7 illustrate the distribution of genotypes, with 7 

genotypes (41.18%) in Cluster-V, 6 genotypes (35.29%) in 

Cluster-III, 2 genotypes (11.76%) in Cluster-IV, and 1 

genotype, 74112, in Cluster-I (5.88%) and AW9623 in 

Cluster-II (5.88%). Similarity was considered within a cluster, 

while dissimilarity was considered between different clusters. 

The distribution of genotypes into different clusters indicates 

the presence of genetic variation among coffee genotypes. 

Many studies reported the clustering of Arabica coffee 

accessions into distinct groups based on qualitative traits. 

Accordingly, 10 distinct clusters among 124 accessions based 

on 7 qualitative traits were reported by Atinafu and Mohamed 

[30]; 5 distinct clusters among 137 based on 12 qualitative 

traits were reported by Asegid [5]; 5 distinct groups among 

104 accessions based on nine qualitative traits were reported 

by Degefa [14]; 6 clusters among 64 accessions based on 13 

qualitative traits were reported by Desalegn [15]; and 5 

distinct groups among 62 accessions based on 12 qualitative 

traits were reported by Yirga [43]. 

 
Figure 1. Cluster dendrogram describing variation among 17 

genotypes of Arabica coffee for 15 qualitative phenotypic traits. 

Table 7. Clustering patterns of 17 coffee genotypes based on 12 qualitative characters. 

Cluster No. Number of Genotype Percent (%) List of genotype 

I 1 5.88 74112 

II 1 5.88 AW9623 

III 6 35.29 AW3106, AWAW7705, AW5994, AW4994, AW9622, AW9641 

IV 2 11.76 AW1995, AW9644 

V 7 41.18 AW1777, Feyate, AW7494, AW105, AW9628, Angafa, AW9662 

 

3.8. Distance Between Cluster Centroid Ward 

Method 

The pairwise generalized squared distance (D2) among the 

five clusters based on the Mahalanobis’s D2 statistics revealed 

significant (P ≤ 0.05) divergence between most of the clusters 

(Table 8). The maximum genetic distance was observed 

between clusters C-IV and C-V (D2=9.086*), followed by C-

I and C-IV (D2=8.166*), C-II and C-IV (D2=7.768*), C-II and 

C-V (D2=7.570*), C-III and C-V (D2=7.501*), C-III and C-IV 

(D2=7.290*), C-I and C-V (D2 =7.032*), and C-I and C-II 

(D2= 4.023*) indicating divergence of genotypes in these 

clusters. Non-significant inter-cluster distances were observed 
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between clusters C-I and C-II (D2 = 3.332ns) and clusters C-II 

and C-III (D2=3.135ns) indicating that genotypes in these 

clusters share similar genetic backgrounds (Table 8). The 

higher inter-cluster distance value showed the existence of 

wider genetic variability among the tested groups of 

genotypes [5]. The maximum genetic recombination is 

expected from the hybridization of the parents selected from 

divergent cluster groups. Accordingly, the maximum genetic 

recombination and higher heterotic F1 offspring are expected 

from crosses involving parents selected from clusters I and V, 

followed by I and IV, II and IV, II and V, III and V, III and 

IV, I and V, and I and II in decreasing order. However, the 

selection of parents should also consider the special 

advantages of each cluster and each genotype within a cluster 

depending on the specific objectives of hybridization [34]. 

Table 8. Inter cluster distance for 15 qualitative traits of south Ethiopian Arabica coffee genotypes. 

 I II III IV V 

I 0 3.332ns 4.023* 8.166* 7.032* 

II  0 3.135ns 7.768* 7.570* 

III   0 7.290* 7.501* 

IV    0 9.086* 

V     0 

 

4. Conclusion 

Estimates of frequency distribution, Shannon index, and 

cluster analysis based on 15 qualitative morphological traits 

revealed the existence of genetic variation among Arabica 

coffee genotypes. The frequency distribution of traits showed 

a wide range of phenotypic variation, with the maximum 

Shannon index (H') found for seed shape, canopy diameter, 

leaf apex shape, fruit shape, stipule shape, pulp thickness, and 

young leaf colour. Results of the chi-square test showed 

significant differences for most of the traits indicating 

dominant phenotypic variation among the evaluated traits. 

Path coefficient analysis showed a positive direct effect of 

angle of insertion of primary branches, canopy diameter), 

overall appearance, and leaf apex shape on branching habit. 

From the PCA, important variables in Arabica coffee 

genotype with respect to qualitative morphological characters 

were leaf shape, leaf apex shape, canopy diameter, overall 

appearance, angle of insertion of primary branches, plant 

height, branching habit, pulp thickness, and young leaf color. 

These variables might be taken into consideration for the 

effective selection of parents. 

The genotypes were classified into five groups based on the 

results of the cluster analysis. Cluster-V had the maximum 

number of genotypes (41.18%), followed by cluster-III 

(35.29%), and cluster-IV (11.76%). 74112 is the only variety 

found in cluster I and this genotype had a chance to develop 

hybrid vigor through crossing diverged parents found in 

different clusters. The pairwise generalized squared distance 

among the clusters showed significant divergence between the 

clusters. However, the maximum genetic recombination and 

higher heterotic F1 offspring are expected from crosses 

involving parents selected from clusters 1 genotype 74112 and 

clusters 5 genotype AW1777, Feyate, AW7494, AW105, 

AW9628, Angafa, AW9662. 

The study confirmed the existence of significant genetic 

variability among the Arabica coffee genotypes for most of 

the studied qualitative traits, which provides excellent 

opportunities for genetic gain through selection, hybridization, 

and strategic conservation. However, the morphological 

diversity observed in this study needs to be further confirmed 

using molecular techniques of characterization. 

Abbreviations 

AIPB Angle of Insertion of Primary Branch 

BH Branching Habit 

CD Canopy Diameter 

D2 Pairwise Generalized Squared Distance 

DNA Deoxyribonucleic Acid 

FC Fruit Colour 

FSH Fruit Shape 

H' Shannon Diversity Index 

IPGRI International Plant Genetic Resources Institute 

LASH Leaf Apex Shape 

LPC Leaf Petiole Colour 

LSH Leaf Shape 

OAA Overall Appearance 

PCA Principal Component Analysis 

PH Plant Height 

PT Pulp Thickness 

R Correlation Coefficient 
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SS Stipule Shape 

SSH Seed Shape 

YLC Young Leaf Colour 

YSC Young Shoot Colour 

χ2 Chi-square 
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