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ABSTRACT 
 

Multivariate analysis was used to group and study the pattern of genetic variability and 
relationship among ten papaya genotypes in Benin City, Nigeria. The experiment was conducted at 
the Teaching and Research Farm of the Faculty of Agriculture, University of Benin, Benin City, Nigeria 

(Latitude: 6° 33′N, Longitude: 5° 37′E; 79m asl). Field evaluation of the papaya genotypes was carried out 
from October 2012 to June 2013. The experiment was laid out as a randomized complete block design 

with three replications.The result of the Principal Component Analysis (PCA) indicated that the 
contribution of the first three factors with Eigen value greater than one accounted for 93.0% of 
the total variation. The first component loaded highly for fruit characters except fruit flesh 
thickness and fruit diameter which loaded highly in the third component. The vegetative components 
loaded highly in the second component. Thus the pawpaw genotypes can be distinguished based 
on either yield or vegetative characters with more reliability on the yield parameters which mostly 

accounted for the greater proportion of variation. Better resolution can be achieved when both are 
considered together. Theaccessions wereallocated into three clusters by Cluster Analysis. The 
three clusters formed indicate intraspecific phenotypic dissimilarity among the ten genotypes 
especially with the separation of the genotypes that were collected from similar environments. 
PCA and Cluster Analysis produced similar results in classifyingsimilar genotypes into their 
separate clusters. Between accessions, CP006 and CP012 had the highest genetic distance while the 

lowest genetic distance was between CP001 and CP011. The level of variability observed 
suggested a high diversity among the genotypes.The phenotypic variations could be explored 
for utilization, conservation and for future genetic improvement by selection of genotypes with 
promising agronomic characters.  CP012 was particularly superior with respect to the studied 
traits and was the only genotype in its cluster group. Molecular studies would be useful to 
confirm the genetic diversity and characterize these genotypes for more detailed examination. 
 

 
 
Keywords: papaya, phenotypic variation, cluster analysis, principal component analysis. 
 
 

1. INTRODUCTION  
The papaya (Carica papaya L.)is native to tropical Americaandbelongs to the small family 

Caricaceae, which includes 35 species placed in six genera [1]. Among all species, 32 are dioecious, two 
trioecious and one monoecious [2]. The papaya is the only species of the genus Carica, also being the 



best known and most economically important within the family [3], showing widespread cultivation in 
tropical and subtropical regions around the world. It is commonly known for its food and nutritional values 
throughout the world [4]. Papaya is a major fruit crop worldwide that is primarily consumed as fresh fruit. It 
is highly abundant and is commonly known as pawpaw in Nigeria. It is an invaluable plant that is 
prevalent throughout Tropical Africa and Nigeria is the third largest producer globally [5].  

Genetic diversity among parental is considered an important factor for obtaining heterotic hybrids. 
This diversity is one of the restraining tools for breeding programmes based on hybridization, because it 
generates parameters for identifying superior parental. According to [6], this distance is essential to 
increase the chance of recovering superior genotypes. Several authors have reported the efficacy of 
genetic divergence as a criterion for choosing parents to be crossed [7, 8, 9].It plays an important role in 
plant breeding because hybrids between lines of diverse origin generally display greater heterosis than 
those between closely related strains [10] which permits to select the genetically divergent plants to 
obtain the desirable recombination of the segregating generation.  

Multivariate analysis is a useful tool in quantifying the degree of divergence between biological 
population at genotypic level and to assess relative contribution of different components to the total 
divergence both at intra- and inter-cluster levels [11, 12]. The multivariate analysis  such as the Principal 
Component Analysis (PCA), cluster and discriminant analysis have been used to uncover similarities 
between variables and determine the amount of variation  and the most appropriate breeding strategy for 
papaya improvementprogramme [13, 14].Papaya exhibits considerable phenotypic variation for many 
morphological and horticultural traits, including fruit size, fruit shape, flesh color, flavor and sweetness, 
length of juvenile period, plant stature, stamen arpellody, and carpel abortion [15, 16]. Some multivariate 
studies on papaya have reported genetic diversity using morphological data, isozyme, microsatellite 
markers, SSR (simple sequence repeats) [13, 17, 14]. In another study in papaya,morpho-agronomic and 
molecular data were used together to estimate the genetic distance between genotypes derived from 
backcrossing [18].The objective of this research was to study the genetic variation among ten papaya 
genotypes by using multivariate analysis to classify the accessions in order to identify divergent parents 
for breeding programme and  select the most suitable combinations which would provide superior 
segregates, as well as, to investigate the importance of the evaluated characters. 
 

2. MATERIAL AND METHODS  
 

The ten papaya genotypes used in this study (CP001, CP002, CP003, CP004, CP005, CP006, 
CP007, CP008, CP011 and CP0120) were obtained from Uselu market and home gardens in Benin City 
metropolis. The collection was undertaken in October, 2011. The seeds of each papaya accessions were 
sown in October, 2011 in drill rows of 4m by broadcasting and gradually thinned(by discarding all male 
plants) to three plants per row, spaced at 2m x 2m.Thus, each papaya accession used in this study was 
either female or bisexual plants and evaluation for sex type for each genotype was not performed during 
the study. The experiment was conducted at the Teaching and Research Farm of the Faculty of 

Agriculture, University of Benin, Benin City, Edo State, Nigeria (Latitude: 6° 33′N, Longitude: 5° 37′E; 79m 
asl). Field evaluation of the papaya genotypes was carried out from October 2012 to June 2013. The 
experiment was laid out as a randomized complete block design with three replications.  

At flowering, about 9 months after planting, NPK 15:15:15 was applied at the rate of 0.6kg per 
plant. Each papaya stand received additional 0.6kg of NPK 15:15:15 at 18 months after planting. Data 
were collected on several quantitative traits derived from a subset of the papaya descriptor list published 
by IPGRI [19] (Table 1). 

The stem height was measured from the ground level to the stem tip with a tape, while stem girth 
was measured at 10th internode when counted downward from the point of attachment of the first fruit. 
Leaf length was obtained by measuring from the point of attachment of the petiole to the tip of the longest 
leaflet, while leaf width was the measured widest portion of the leaves. Petiole length was measured as 
the distance from the point of its attachment to the stem to the point of attachment of the palmate leaves. 
At harvest, the fruit was detached from the peduncle and the fruit weight was determined by weighing 
with a weighing scale. Longitudinal sections of the harvested fruits per tree were made, and then the fruit 
length was determined from pole to pole of the fruits. Fruit diameter was determined from the equator of 
the sectioned fruit and the flesh thickness was measured with a measuring tape. 
 
Table 1. Descriptor list used for morphological characterization of papaya genotypes 



 

Organ Quantitative Traits 

Stem Height  
 Girth 
  
Petiole Length 
  
Leaf Length 
 Width 
  
Fruit Length 
 Diameter 
 Flesh thickness 
 Number 
 Weight 
 Fruit yield 

 
 

 
2.1 Data analysis 
 
The data were subjected toanalysis of variance andbasic statisticsin order to give initial information about 
the traits across the genotypes and parameters such as mean, standard deviation (SD) and coefficient of 
variation (CV) for each one of the 13 studied traits were calculated. Cluster analysis was implemented 
using the hierarchical clustering techniques, based on UPGMA (unweighted pair-group method using an 
arithmetic average) by subjecting the 10 x 13 data matrix to cluster analysis based on squared Euclidean 
distances for similarity measurement. In order to identify the patterns of phenotypic variation, Principal 
Component Analysis (PCA) was conducted. The PCs with Eigen value >1.0 was considered as inherently 
more informative than any single variable alone [20].The PCA was further rotated using the varimax 
method with Kaiser Normalization. SAS [21] and SPSS version 17 for Windows statistical software 
packages were used for the analysis. 
 
 

3. RESULTS   
 
Pattern of variation among the genotypes were different for each traits. The largest variation was 
observed for fruityield (t/ha), total fruit yield(kg), and fruit yield per plant(kg) with coefficients of variations 
of 75.47%, 75.45% and 69.02% respectively. Generally, all the traits show moderate to high variability. 
Coefficient of variation (CV %) ranged from 13.52 to 75.47% for the various traits. The coefficient of 
variation was highest for fruityield (t/ha), while the lowest level was showed by leaf length(Table 2). Based 
on the agro-morphological characters, the papaya genotypes collected showed variation in most of the 
characters especially the fruit yield traits, but was not statistically significant (Table 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Basic statistics of the agro-morphological characters across 10 genotypes of papaya 



 

Characters  Mean Mean    Min. – 
Max. 

Standard 
deviation 

Coefficient  
Variation 

(CV) 

Stem height (cm) 170.42 138.2 – 209.0 23.33 13.69 
Stem girth (cm) 15.66 12.2 - 18.8 2.42 15.47 
Leaf length (cm) 41.10 34.6 - 52.8 5.56 13.52 
Leaf width (cm) 57.75 51.0 - 63.6 7.83 13.56 
Petiole length (cm) 61.79 41.26 – 84.00 13.34 21.60 
Fruit length (cm) 24.14 18.2 - 31.9 4.95 20.52 
Fruit diameter(cm) 13.44 10.8 - 16.7 2.14 15.95 
Fruit flesh thickness(cm) 3.03 2.3 - 3.5 0.42 14.00 
No. of fruits per plant 14.60 8.0 - 26.0 4.88 33.43 
Number of fruits Harvested 9.90 3.0 - 21.0 5.09 51.38 
Total fruit yield (kg) 22.00 5.9 - 60.5 16.60 75.45 
Fruit yield per plant (kg) 11.52 3.0 - 30.3 7.95 69.02 
FruitYield (t/ha) 30.52 8.2 - 84.0 23.03 75.47 

 
 
 
 
 
 
 
 
 
 
 
 



Table 3.  Mean values of agronomic characters in the ten papaya lines 

Lines Stem 

height 

(cm) 

Stem

girth(

cm) 

Leaf 

length 

(cm) 

Leaf 

width 

(cm) 

Petiole 

length 

(cm) 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

Fruit 

flesh 

thickness

(cm) 

No. of 

fruits per 

plant 

Number of 

fruits 

Harvested 

Total fruit 

yield    

(kg) 

Fruit yield 

per 

plant(kg) 

Fruit yield 

(t/ha) 

CP001 144.5 14.1 34.6 49.1 53.8 19.2 11.1 2.6 10.0 7.0 12.9 7.1 17.9 

CP002 138.2 14.9 37.6 54.6 53.3 25.0 13.5 3.3 15.0 12.0 23.8 11.9 33.0 

CP003 181.0 18.2 43.6 63.2 70.5 31.9 16.2 3.4 15.0 11.0 36.8 18.4 51.0 

CP004 182.5 16.4 42.9 59.4 52.3 29.4 13.6 3.3 15.0 10.0 24.9 13.1 34.5 

CP005 175.0 14.3 37.4 51.1 62.9 21.2 10.8 2.3 17.0 14.0 21.3 10.6 29.5 

CP006 138.3 12.2 36.1 51.0 41.3 21.1 11.2 2.8 8.0 3.0 5.9 3.0 8.2 

CP007 189.5 16.7 46.3 63.6 84.0 22.5 14.5 2.9 14.0 8.0 18.5 9.3 25.7 

CP008 209.0 18.5 41.8 59.9 67.9 18.2 14.9 3.5 15.0 5.0 9.0 6.7 12.5 

CP011 170.7 12.5 37.8 51.5 53.4 21.9 11.9 2.7 11.0 8.0 6.4 4.8 8.9 

CP012 175.5 18.8 52.8 74.1 78.5 31.0 16.7 3.5 26.0 21.0 60.5 30.3 84.0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3.1 Cluster analysis 
The dendrogram of the hierarchical cluster analysis (HCA) separated the 10 accessions into three                             

different clusters with Squared Euclidean distance dissimilarities ranging between 3.09 to 108.31(Table 

not shown).  Phenogram based on squared Euclidian distance coefficients using 13 traits placed the 10 

genotypes into three main clusters (Figure 1). First cluster consisted of a total of four genotypes (40%) 

namely CP001, 011, 006 and 005. The second cluster consisted of five clusters while the remaining 

genotype (CP012) was in cluster 3.  The Euclidean genetic distance between CP006 and CP012 was the 

highest (108.3) while the lowest Euclidean distance was between CP001 and CP011 (3.09). Except for 

stem height, petiole lenght and fruit lenght, the third cluster (CP012) had highest values for the remaining 

ten characters (77% of the studied traits). 

 
 
 

3.2 Principal Components Analysis (PCA) 
The results showed   that   three   principal   components   with eigenvaluesmore  than  one explained 

93% of total variability (Table 4). The first (PC1) as mostly fruit characters that explained 70.4% of total 

variability.  Among the property vectors of PC1, leaf length, leaf width, fruit length, fruit per plant, number 

of fruit harvested , total fruit yield, fruit yield per plant and fruit yield per hectare have higher values. The 

second principal component (PC2) is plant vegetative characters which explain 14.74% of total variability.  

Among the property vectors   of PC2, stem height, stem girth, leaf length, leaf width and petiole length 

have higher values. The third principal component (PC3) is the remaining fruit characters that explain 

about 7.83% of total   variability. All the agro-morphological characters in each component were positively 

correlated. The first two PCs were plotted to observe the relationship among the ten genotypes of papaya 

(Fig. 2). Genotypes namely CP001, 011, 006 and 005 were found to be cluster together while (CP012) 

was in separate cluster (a singleton) as also observed in the cluster analysis. Genotypes to the extreme 

right of the component plot are those genotypes with high PC1 scores and included CP007 and CP008. 

These genotypes have high fruit yield qualities as PC 1 was particular high in fruit yield loadings. 

Similarly, CP012 located at the top extreme left of the component plot with high PC2 scores had high 

vegetative characteristics. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



Table 4. Eigen values, variance, cumulative variance and component scores of the first three 
principal components for 13 quantitative traits in 10 papaya lines. 
 

Traits  PC1 PC2 PC3 

Stem height -.081 .902 .182 
Stem girth (cm) .347 .681 .576 
Leaf length (cm) .575 .611 .447 
Leaf width (cm) .565 .569 .553 
Petiole length (cm) .392 .854 .091 
Fruit length (cm) .686 -.054 .596 
Fruit diameter(cm) .389 .525 .737 
Fruit flesh thickness(cm) .169 .235 .924 
No. of fruits per plant .826 .443 .182 
Number of fruits Harvested .967 .145 .004 
Total fruit yield (kg) .913 .182 .352 
Fruit yield per plant (kg) .895 .221 .375 
FruitYield (t/ha) .913 .182 .352 
Eigen values 9.16 1.92 1.06 

Cumulativeeigen values 9.16 11.08 12.14 

Variance (%) 70.44 14.74 7.83 
Cumulative variance (%) 70.44 85.18 93.01 

PC1 (First Principal Component) 
PC2 (Second Principal Component) 
PC3 (Third Principal Component) 
 
 
 
 
 
 
H I E R A R C H I C A L C L U S T E R   A N A L Y S I S  
 
Dendrogram using Average Linkage (Between Groups) 
 
                      Rescaled Distance Cluster Combine 
 

   C A S E    0         5        10        15        20        25 

  Label  Num  +---------+---------+---------+---------+---------+ 

 

  CP001    1   ─┐ 
  CP011    9   ─┼─────┐ 
  CP006    6   ─┘     ├─────────┐ 
  CP005    5   ───────┘         ├───────────────────────────────┐ 
  CP007    7   ───┬───────┐     │                               │ 
  CP008    8   ───┘       ├─────┘                               │ 
  CP003    3   ───┬───┐   │                                     │ 
  CP004    4   ───┘   ├───┘                                     │ 
  CP002    2   ───────┘                                         │ 

  CP012   10   ─────────────────────────────────────────────────┘ 
 
 
Figure 1: Dendrogram based on UPGMA analysis generated using  thephenetic relationships 

among the 10 papaya lines. 

 
 



 
 

Fig.2. Scattered diagram of first two principal components based on mean values of 13 quantitative traits 
in 10 papaya lines. 

 

4. DISCUSSION 
 
All the 10 studied genotypes differed from one to another for all the characters, although were not 
statistically significant.However, it was not possible to relate morphological diversity and performance to 
sex type. It was reported by [13] that sexual type affected leaf and fruit traits and cluster analysis shows 
little morphological differentiation between origins of papaya accessions. The CV% for the trait number of 
fruits harvested, total fruit yield, fruit yield per plant and fruit yield (Kg and tons/ha) is high which implies 
that there is a high level of variability among the evaluated genotypes with respect to these traits. It 
means that it is possible to improve these fruit characters in the evaluated papaya population through 
selection.Wide range of variability in number of fruits per plant and fruit yield per plant was also observed 
in true breeding accessions of papaya [22] and in hermaphrodite papaya genotypes [23]. Therefore, 
these traits can be used as principal selection criteria for papaya improvement programme.The range of 
values for most traits was high with the various genotypes having superior performance for each variable 
with CP012 particularly superior with respect to the studied traits and was the only genotype in its cluster 
group indicating that genotype of this cluster could be used as parent in future hybridization program for 
improved fruit yield qualities. Crosses between individuals from different clusters may result in high 
heterosis. Even though, the genetic mechanisms that explain heterosis are not fully understood, it is well 
documented that crosses between unrelated and consequently genetically distant parents, show greater 
hybrid vigor than crosses between closely related parents [24] since it is expected to produce new 
recombinants with desired traits. One of the important approaches to papaya breeding is hybridization 
and subsequent selection. Parents’ choice is the first step in plant breeding program through 
hybridization. In order to benefit transgressive segregation, genetic distance between parents is 
necessary [25]. The higher genetic distance between parents, the higher heterosis in progeny can be 
observed [26, 27]. The genetic distance between CP006 and CP012 was the highest and thus crosses 
between these two parents should be considered.The principal component analysis indicated significant 
contributions in the component loadings of the 13 traits, which underpins their relevance in determining 
the variability among the 10 genotypes. The sign on the loadings indicates the direction of relationship 
between the components and the trait measured [28]. Two traits with high weighting in the same 
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component are expected to be highly correlated. This principle suggests that these traits could be 
probably influenced by similar gene(s) and may be used to identify variation among genotypes [28].   

In spite of the reduction of the characters to only three principal components, it was possible to 
account for over 70% of the total variations among the papaya accessions. Thus the capacity of PCA in 
data reduction without loss of information was confirmed [29]. Component one loaded highly for fruit traits 
and accounted for over 70% of the total variation among the genotypes and therefore measured the 
importance of fruit characters in distinguishing the papaya genotypes. Fruit qualities were also sufficient 
in distinguishing papaya accession in Babados as reported by [13]. In the present study, principal 
component analysis captured most of the variation within the genotypes in higher number of axes 
compared to discriminant analysis. Thus, a combination of PCA and discriminant analysis would be 
appropriate for describing the variation among papaya genotypes. [9] also obtained similar result in 
coconut. Given the food and nutritional values of papaya, the morphological characterization of the 
papaya genotypes would serve as a good guide for the genetic development, conservation, collection and 
utilization of germplasm.  

 

5. CONCLUSION 
 

This research work was initiated with the aim of studying the genetic diversity and identifying key 
morphological traits to distinguish papaya accessions in Benin City, Edo State, Nigeria. The goal was to 
identify genotypes with desired traits for further genetic improvements. Multivariate analysis was used to 
group and study the pattern of genetic variation and relationship among the accessions. The level of 
variability observed suggested a high diversity among the genotypes.Further studies would require 
collection of papaya germplasm from other ecological zones in Nigeria in order to widen the scope of the 
study, and evaluation of sex type for each genotype would be needed so as to relate morphological 
diversity and performance to sex type.Cluster and principal component analysis classified the genotypes 
into different similar groups with observable morphological characteristics. Fruit yield characters were 
superior in distinguishing the genotypes. Representative genotypes may be chosen from any particular 
groups. The characters identified in this study should guild the breeders in identification, selection and 
combination of genotypes to obtain lines with the desired traits. Grouping of genotypes by multivariate 
methods in the study is of practical value for the papaya breeders. However, Molecular studies would be 
useful to confirm the genetic diversity and characterize these genotypes for more detailed examination 
and further study across years and locations should be done. This may help to emphasize the availability 
of these genetic resources for future breeding programmes. 
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