
1. Introduction 

The carob tree has been grown since antiquity 

in most countries of the Mediterranean basin, 

usually in mild and dry places with poor soils. 

The carob tree is an important component of 

the Mediterranean vegetation and its cultivation 

in marginal and prevailing calcareous soils of 

the Mediterranean region is important environ-

mentally and economically (Batlle and Tous, 

1997). 

Turkey is one of the homeland regions of carob 

(Pekmezci et al., 2008). Various wild carob gen-

otypes have been grown in the Mediterranean 

and Aegean regions of Turkey (Gübbük et al., 

2010). 

In the carob selection breeding studies, many 

pomological characters have been considered 

such as pod, seed and leaf traits. 

In a research that was conducted in Mediterra-

nean and Aegean regions of Turkey, 4 superior 
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Abstract 

This study was aimed to the evaluation of some carob (Ceratonia siliqua L.) genotypes by cluster 

analysis. In this study, the fruits harvested from 17 wild carob genotypes were evaluated in 

2011 and 2012 years in Silifke (Mersin, Turkey). In these genotypes, pod weight, pod length, 

pod width, pod thickness, fruit stalk length, fruit stalk thickness, seed number, seed weight, 

pulp ratio, seed width, seed length, seed thickness, leaf width, leaf length, leaf petiole length, 

leaf petiole thickness, total soluble solids, pH and titratable acidity were determined. Relation-

ship among these characters of the carob genotypes was analyzed by Principal Component Anal-

ysis (PCA) and Hierarchical Cluster analysis (HCA). Single linkage (SLINK) technique and Euclide-

an distance were used for clustering. Clusters in the cluster dendrogram were identified based 

on similarities. The dendrogram obtained from HCA showed that these genotypes of carob were 

collected in 5 clusters. According to HCA, 17 carob genotypes were similar in rates ranging from 

46% to 89%. While the highest similarity was found between 1 and 16 genotypes, the most 

distant genotype was 8. Cluster I consisted of 1, 3, 4, 9, 11, 13, 14, 15 and 16 genotypes. 5, 7 

and 17 were placed in cluster II; 10 and 12 were placed in cluster III; 2 and 6 were placed in 

cluster IV. Genotype 8 was considered as singular. 
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Özet 

Bu çalışma, bazı keçiboynuzu (Ceratonia siliqua L.) genotiplerinin kümeleme analizi ile değer-

lendirilmesi amacıyla yürütülmüştür. Çalışmada 2011 ve 2012 yıllarında, Silifke (Mersin, Türkiye) 

ilçesinde doğal olarak yetişmekte olan 17 genotipten hasat edilen meyveler değerlendirilmiştir. 

Genotiplerde meyve ağırlığı, meyve boyu, meyve eni, meyve kalınlığı, meyve sapı uzunluğu, meyve 

sapı kalınlığı, tohum sayısı, tohum ağırlığı, meyve eti oranı, tohum eni, tohum boyu, tohum 

kalınlığı, yaprak eni, yaprak boyu, yaprak sapı uzunluğu, yaprak sapı kalınlığı, suda çözünür kuru 

madde miktarı, pH ve titre edilebilir asitlik özellikleri belirlenmiştir. Genotiplerin bu özellikleri 

arasındaki ilişkiler, temel bileşenler analizi ve hiyerarşik kümeleme analizi (HKA) ile analiz 

edilmiştir. Kümelemede tek bağlantı tekniği (SLINK) ve öklit uzaklığı kullanılmıştır. Küme den-

dogramındaki kümeler, benzerliklerine göre tanımlanmıştır. HKA sonucunda elde edilen den-

dogram, keçiboynuzu genotiplerinin 5 kümede toplandığını göstermiştir. HCA’ya göre 17 genotip 

%46’dan %89’a değişen oranlarda benzer bulunmuştur. En yüksek benzerlik, 1 ve 16 numaralı 

genotipler arasında bulunurken en uzak, 8 numaralı genotip olmuştur. I. küme 1, 3, 4, 9, 11, 13, 

14, 15 ve 16 numaralı genotiplerden oluşmuştur. 5, 7 ve 17 II. kümeye, 10 ve 12 III. kümeye 

yerleşirken 2 ve 6 IV. kümeye yerleşmiştir. 8 numaralı genotip ise tekil olarak kümelenmiştir. 

Anahtar Kelimeler: Keçiboynuzu, Ceratonia siliqua, kümeleme analizi, temel bileşenler analizi, 

genotip  
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domesticated and 10 wild types among a total 

of 54 types were selected in terms of fruit and 

seed features (Pekmezci et al., 2005). In the 

other research that was conducted in East Medi-

terranean region of Turkey, 5 superior domesti-

cated and 8 wild types among a total of 34 

types were selected in terms of fruit and seed 

features (Pekmezci et al., 2008).  

In selection breeding studies, even method 

seems easy, application is very inconvenient 

and requires lots of attention. In that studies, a 

vast number of characters according to breed-

ing objective can be worked on; in this situa-

tion, much time and workforce can be needed. 

Therefore, to know some relationships between 

characters will decrease workload by providing 

working on less character. For this purpose, 

some studies have been conducted on carob 

genotypes (Barracosa et al., 2007; Konate et al., 

2007; Barracosa et al., 2008; Naghmouchi et 

al., 2009; Sidina et al., 2009; Tetik et al., 2011). 

Multivariate statistical analysis refers to multiple 

advanced techniques for examining relation-

ships among multiple variables at the same 

time. Researchers use multivariate procedures 

in studies that involve more than one depend-

ent variable, more than one independent varia-

ble or both. This type of analysis is desirable 

because researchers often hypothesize that a 

given outcome of interest is affected or influ-

enced by more than one thing (Johnson and 

Wichern, 2007). 

Multivariate statistical techniques which simul-

taneously analyze multiple measurements on 

each individual under investigation are widely 

used in plant breeding programme. Among the 

different multivariate techniques, cluster analy-

sis (CA) and principal component analysis 

(PCA) are great potential for classification of 

problems (Mekonnen et al., 2014). 

CA is a multivariate method which divides data 

into groups (clusters) such that similar data ob-

jects belong to the same cluster and dissimilar 

data objects to different clusters. The resulting 

data partition improves data understanding and 

reveals its internal structure. Partition clustering 

algorithms divide up a data set into clusters or 

classes, where similar data objects are assigned 

to the same cluster whereas dissimilar data ob-

jects should belong to different clusters. In oth-

er words, cluster analysis is an exploratory data 

analysis tool for organizing observed data such 

as people, brands, events, companies, coun-

tries, etc. into meaningful taxonomies, groups 

or clusters, which maximizes the similarity of 

cases within each cluster and maximizes the 

dissimilarity between clusters or groups that are 

initially unknown (Rencher, 2002; Johnson and 

Wichern, 2007; Alpar, 2011).  

Two types of clustering algorithms are nonhier-

archical and hierarchical. In nonhierarchical 

clustering, such as the k-means algorithm, the 

relationship between clusters is undetermined. 

Hierarchical clustering (HCA) repeatedly links 

pairs of clusters until every data object is includ-

ed in the hierarchy. With both of these ap-

proaches, an important issue is how to deter-

mine the similarity between two objects, so that 

clusters can be formed from objects with a high 

similarity to each other. Commonly, distance 

functions, such as the Manhattan and Euclidian 

distance functions, are used to determine simi-

larity (Anderson, 2003; Johnson and Wichern, 

2007; Özdamar, 2011). 

PCA is a multivariate technique that analyzes a 

data table in which observations are described 

by several inter-correlated quantitative depend-

ent variables. Its goal is to extract the important 

information from the table, to represent it as a 

set of new orthogonal variables called principal 

components, and to display the pattern of simi-

larity of the observations and of the variables as 

points in maps (Anderson, 2003; Özdamar, 

2011) 

Objective of this research was to evaluate the 

some carob (Ceratonia siliqua L.) genotypes by 

PCA and HCA for important pomological char-

acters. According to these relationships, cluster 

analysis is made and groups have been created 

in terms of similar characters. Thus, it was 

aimed to describe the characters as in brief in-

formation and interpret them.  

2. Materials and Methods 

This research was carried out during 2011 and 

2012 years in Silifke county (Mersin province, 

Turkey) province (Figure 1.). Geographic loca-

tion of Silifke county located is latitude: 36o 22’ 

31” N; longitude: 33o 55’ 59” E. 

The natural populations of Ceratonia siliqua 

distributed in different places in the province 
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were collected for this study. Each of 17 geno-

types in total 350.000 m2 area were sampled 

randomly collected from tree. In the samples 

pomological characters were determined for 

statistical analyses:  pod weight, pod length, 

pod width, pod thickness, fruit stalk length, fruit 

stalk thickness, seed number, seed weight, 

pulp ratio, seed width, seed length, seed 

thickness, leaf width, leaf length, leaf petiole 

length, leaf petiole thickness, total soluble 

solids, pH and titratable acidity. 

2.1. Statistical Analysis 

In order to find the main variation trends 

among important pomological characters in 

the carob genotypes and to evaluate their 

correlation, the data were analyzed by multi-

variate statistical analyses viz principal com-

ponent analysis, cluster analysis and Pear-

son’s Correlation.  

First, Pearson’s correlation coefficient was 

computed and then PCA was applied to the 

19 pomological characters. Since the aim of 

PCA is to reveal common principles in the 

data, we pooled all sampling two years and 

used genotypes means in the multivariate 

analysis procedures. PCA, based on a covari-

ance matrix was performed and Varimax 

orthogonal rotation of the extracted compo-

nent axes was done to facilitate the assem-

bling of tested variables into specific princi-

pal components (PCs). The adequacy of the 

PCA was determined with the Kaiser-Meyer-

Olkin (KMO). Finally, CA subjected 

to a hierarchical clustering algorithm 

(HCA) based on Euclidean distances 

and using Single linkage (SLINK) 

techniques. 

All data analyses were performed by 

using IBM SPSS version 22 and 

Minitab version17 statistical software.  

3. Results and Discussion 

The overall mean values for all pod, 

fruit, seed and leaf characters 

(variables) measured and their stand-

ard deviations were presented in 

Table 1. 

PCA requires that there be some 

correlations greater than 0.30 be-

tween the variables included in the analysis. For 

this set of variables, there are several correla-

tions in the matrix greater than 0.30, satisfying 

this requirement (Tabachnick and Fidell, 

2007).This was shown in the correlation matrix 

in Table 2. Furthermore, the KMO measure was 
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Figure 1. Map of Silifke county (Mersin province, Turkey) 

Table 1. Means, standard deviations and ranges of pomo-

logical characters determined for pods, fruits, seeds and leafs 

of C. siliqua 

Characters n Mean±S.D. Range 

Pod Weight (g). V1 442 17.35±5.56 28.66 

Pod Length (cm). V2 442 15.20±2.70 17.50 

Pod Width (mm). V3 442 21.70±2.74 14.30 

Pod Thickness (mm). V4 442 8.46±3.51 70.94 

Fruit Stalk Length (mm). V5 314 10.84±2.46 20.43 

Fruit Stalk Thickness (mm). V6 314 3.19±0.66 6.66 

Seed Number. V7 440 10.56±2.76 16.00 

Seed Weight (g). V8 440 1.97±0.59 3.18 

Pulp Ratio (%). V9 425 97.52±1.06 6.88 

Seed Width (mm). V10 441 7.15±0.55 6.35 

Seed Length (mm). V11 441 9.78±0.73 4.43 

Seed Thickness (mm). V12 441 4.03±0.51 7.18 

Leaf Width (mm). V13 102 32.72±5.35 26.23 

Leaf Length (mm).V14 102 51.76±8.71 47.91 

Leaf Petiole Length (mm). V15 102 3.60±1.06 5.51 

Leaf Petiole Thickness (mm). V16 102 1.28±0.24 1.56 

Total Soluble Solids (%). V17 91 8.71±0.56 2.50 

Ph. V18 91 5.61±0.61 4.78 

Titratable Acidity (g l-1). V19 44 1.91±0.26 28.66 



0.675. It thus required the result of PCA in or-

der to reduce information bias in the final clus-

ters caused by these information redundancies. 

As the scree plot (Figure 2) and Component 

plot in rotated space (Figure 3) indicate there 

are three factors in the model of the PCA.  

The scree option in the PCA statement produc-

es a scree plot that illustrates the rate of change 

in the magnitude of the eigenvalues for the fac-

tors. The rate of decline tends to be fast for the 

first few factors but then levels off. The "elbow", 

or the point at which the curve bends, is con-

sidered to indicate the maximum 

number of factors to extract. The 

Figure 2 illustrated an example of a 

rather idealistic scree plot, where a 

clear elbow occurred at the fourth 

factor, which had an eigenvalue right 

around 1. The scree plot suggested a 

maximum of four factors in the PCA. 

From Figure 2, component number 

greater than or equal to three has 

very slight change in eigenvalues. 

Only the first four components have 

eigenvalues greater than 1. There-

fore, from the scree plot and latent 

root criterion, the first four compo-

nents (PCs) were selected for analy-

sis. 
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Figure 2. Scree plot of the PCA 

Table 2. Pearson coefficient correlation between pomological characters determined for pods. fruits. seeds and 
leafs of C. siliqua 

  V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 
V2 .69**                                   
V3 .86** .46                                 
V4 .51* .23 .41                               
V5 .60* .35 .71** .31                             
V6 .45 .42 .44 -.03 .59*                           
V7 -.01 .18 -.37 -.29 -.08 .22                         
V8 .14 .28 -.07 -.36 .27 .33 .73**                       
V9 .81** .42 .89** .56* .55* .24 -.56* -.27                     
V10 -.06 .23 .18 -.06 .36 .07 -.32 .14 .06                   
V11 .59* .21 .80** .16 .58* .30 -.39 -.01 .66** .16                 
V12 .19 .40 -.08 .26 .17 .03 .50* .49* -.17 .24 -.28               
V13 -.09 .17 -.24 .10 -.01 .10 .317 .05 -.22 -.25 -.37 .18             
V14 .50* .36 .40 .35 .08 .30 -.04 -.18 .44 -.45 .14 -.28 .43           
V15 -.31 -.09 -.24 -.27 -.05 .30 .06 -.16 -.27 -.08 -.41 -.27 .45 .23         
V16 -.04 .01 .01 -.22 .19 .49* .05 .19 -.03 .09 .07 .13 .10 -.30 .26       
V17 .45 .17 .30 .42 .06 -.13 -.26 -.18 .54* -.21 .14 -.18 -.24 .25 -.22 -.16     
V18 .09 -.21 .16 .00 .36 .14 -.05 -.19 .12 -.23 .12 -.16 .02 -.12 .39 .16 .13   
V19 -.33 -.43 -.32 .09 -.03 -.14 -.05 -.04 -.24 -.03 -.09 -.32 -.11 -.12 -.08 -.19 .19 -.12 

* Correlation is significant at the 0.05 level. 
** Correlation is significant at the 0.01 level. 



Results from the PCA presented in Table 3, 

revealed that only four of the nineteen principal 

components had eigenvalues greater than 

1.while, the first three axes with eigenvalues of 

36.27, 16.14 and 5.70 respectively, jointly ac-

counted for 93.7% of the total variation among 

the genotypes.  

The first four principal axes together explained 

above 96% of the total variation among the 19 

characters that described the 17 genotypes. The 

major characters described by the first three 

principal axes are presented in Table 4. PC1 

principal component axis was mainly loaded by 

pomological characters. Clearly the first factor 

of the initial solution was much more important 

than the other. PC4 - PC19 was discarded be-

cause of very low variance contributions. 

According to Table 4 and Figure 3, PC1 includ-

ed the variables “leaf width” and “leaf length”; 

PC2 includes the variables “pod weight”, “pod 

width” and “Leaf Width”; PC3 included the vari-

ables “pod weight”, “fruit stalk length”, “leaf 

width” and “leaf length” (n>300; >0.3). The 

components explained 93.7% of the total vari-

ance in the variables which was included on the 

components.  

HCA was utilized to investigate the similarities 

and dissimilarities among the genotypes with 

respect to fruit, seed and leaf characters. The 

HCA was made the variables obtained from 

PCA. 

Memberships of the clusters and their average 

distance levels obtained from HCA were deter-

mined and presented in Table 5. 

The analysis of “genetic similarity” through the 

HCA was shown in Figure 4. Cluster diagram 

based on Euclidean dissimilarity using SLINK. 

Clusters in the cluster dendrogram were identi-
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Table 3. Eigenvalues. percent and cumulative variances 
of the four most important characters from PCA 

  PC1 PC2 PC3 PC4 

Eigenvalues 36.265 16.143 5.703 1.709 

Percent  
variance 0.585 0.260 0.092 0.028 

Cumulative 
variance 0.585 0.845 0.937 0.965 

Table 4. Eigen analysis of the correlation matrix of the 
first three principal components 

Characters PC1 PC2 PC3 

Pod Weight (g) 0.282 -0.517 -0.548 

Pod Length (cm) 0.055 -0.051 -0.144 

Pod Width (mm) 0.128 -0.339 -0.235 

Pod Thickness (mm) 0.062 -0.063 -0.095 

Fruit Stalk Length (mm) 0.038 -0.126 -0.333 

Fruit Stalk Thickness (mm) 0.013 -0.012 -0.028 

Seed Number 0.005 0.094 -0.130 

Seed Weight (g) -0.006 0.002 -0.049 

Pulp Ratio (%) 0.047 -0.111 -0.051 

Seed Width (mm) -0.015 -0.010 -0.025 

Seed Length (mm) 0.011 -0.077 -0.038 

Seed Thickness (mm) -0.005 0.005 -0.050 

Leaf Width (mm) 0.355 0.747 -0.517 

Leaf Length (mm) 0.875 -0.069 0.453 

Leaf Petiole Length (mm) 0.021 0.066 0.037 

Leaf Petiole Thickness (mm) -0.004 0.003 -0.017 

Total Soluble Solids (%) 0.013 -0.039 0.010 

pH -0.003 -0.004 -0.035 
Titratable Acidity (g l-1) -0.007 0.006 0.026 

 

Figure 3. Component plot of PCA in rotated space 

Table 5. Memberships of the clusters and their aver-
age distance levels obtained from HCA 

Clusters Memberships Average distance 
from centroid 

I 1. 3. 4. 9. 11. 13. 
14. 15. 16 3.09 

II 5. 7. 17 3.71 

III 10. 12 3.02 

IV 2. 6 1.92 

V 8 0 



fied based on similarities. The dendrogram ob-

tained from HCA showed that these genotypes 

of carob were collected in 5 clusters. According 

to HCA, 17 carob genotypes were similar in 

rates ranging from 46 to 89%. While the highest 

similarity was found between 1 and 16 geno-

types, the most distant genotype was 8. Cluster 

I consisted of 1, 3, 4, 9, 11, 13, 14, 15 and 16 

genotypes. 5, 7 and 17 were placed in cluster II; 

10 and 12 were placed in cluster III; 2 and 6 

were placed in cluster IV. Genotype 8 was con-

sidered as singular. HCA leads to identify five 

clusters confirming the PCA results.  

4. Conclusions 

In this study, some carob (Ceratonia siliqua L.) 

genotypes which selected from Silifke were 

investigated in terms of "genetic similarity". 

Based on HCA results, one genotype (genotype 

8) was completely separated from the others. 

On the basis of connecting distances between 

parameters, five clusters were distinguished. 

HCA confirmed the results of PCA. While the 

highest similarity was found between 1 and 16 

genotypes, the most distant genotype was 8. 

Genotype 8 was considered as singular. Thus, 

genotype 8 together the others can be high the 

possibility of creating variations in probable 

hybridization studies. 

As a result of, usage of similar genotypes will be 

prevented in the breeding programs in this sub-

ject and by this way the success of breeding 

programs can be advanced. This study can as-

sist geneticists and breeders to identify popula-

tions with desirable characteris-

tics for inclusion in carob breed-

ing programs. 
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