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Abstract  
 
To investigate the structure of genetic diversity in pepper germplasm resources in Bulgaria, we compared 52 accessions 
from GenBank (local varieties and local cultivars). The accessions were characterized based on 14 morphological and 
vegetative characteristics and ascorbic acid content, fruit dry matter content and sugars. The results of the present study 
revealed a relatively high level of diversity in the collection. The most significant correlations were found between fruit 
weight and fruit dimensions - length and width. A positive correlation (>0.5) was reported between vitamin C, dry weight 
and sugars. A hierarchical cluster analysis was performed and the genotypes were grouped into three clusters. Biplot 
analysis showed that the genotypes B4E0032, SR and BR from cluster 3 showed a preference for larger values of fresh 
fruit weight. The significant morphological and biochemical differences between the evaluated specimens are the basis 
for further breeding programs and a major source of agricultural biodiversity. The evaluation of pepper varieties in the 
Bulgarian Gene Bank is necessary and important in supporting the development of Capsicum breeding strategies 
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INTRODUCTION  
 
Conservation and sustainable use of pepper 
genetic resources are key to responding to 
climate change and increasing global food 
demand in the coming decades. Conservation of 
genetic diversity is an essential prerequisite for 
improving plant breeding programs and 
developing new varieties with desirable 
agronomic traits and for expanding the genetic 
base of this economically important crop 
(Christov, N. et al., 2021). The genetic diversity 
of germplasm from local varieties is considered 
one of the criteria for selection of parents for 
breeding new pepper varieties, due to their 
competitive advantage (Lanteri and Barcaccia, 
2006). Local varieties have higher genetic 
variability between different germplasm groups, 
as well as better adaptation to the environment 
and are an indispensable source of highly co-
adapted genotypes. They represent a dynamic 
and essential component of overall agricultural 
biodiversity, valued as a source of traits that can 
be used in scientific breeding programs and to 
improve the productivity of new crop varieties. 
Cultivated Capsicum species provide a great 
diversity in morphological, biological and 
consumer characteristics of pepper, especially in 
Central and South America, their geographical 

origin. As a result of evolution, domestication, 
and artificial and natural selection in primary 
and secondary centers of diversity (Garcia B. et 
al., 2015; Tripodi et al., 2021). Indeed, more 
than five centuries of pepper breeding in Europe 
have resulted in a wide variety of local varieties 
adapted to a wide range of agroclimatic 
conditions (Garcia et al., 2015).  
The Balkans, including Bulgaria, are considered 
a secondary center of pepper diversity, especially 
for C. annuum, where local forms (local 
varieties) with diverse phenotypes and qualities 
have been formed due to specific agroclimatic 
conditions and growing traditions (Krasteva, L. 
et al., 2012; Tsonev, S. et al., 2017; Christov, N. 
et al., 2021). Locally maintained and well-
adapted local pepper varieties can still be found 
in small farms and village yards in Bulgaria and 
other Balkan countries (Krasteva L. et al., 2009). 
Characterization of the agro-biodiversity of 
pepper that exists in Balkan germplasm 
collections can assist breeding programs by 
providing more insight into fruit quality. 
Comprehensive germplasm characterization 
provides insight into the selection of promising 
breeding lines that could improve fruit quality 
and nutritional value of future pepper cultivars. 
The aim of the study is to assess the genetic 
diversity of local genotypes of sweet and hot 
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peppers from the Bulgarian Genebank in terms 
of morphological, biological chemical characte-
ristics as a basis for future breeding programs 
and a source of agricultural biodiversity. 
 
MATERIALS AND METHODS  
 
The experimental material included samples of 
52 local pepper varieties cultivated in Bulgaria 
(Table 1), both hot and sweet types. 
All experiments were conducted on sandy-clay 
soil at the Institute of Plant Genetic Resources, 
Sadovo, Bulgaria. 
The experimental design was a randomized 
complete block with three replications; each plot 
consisted of 20 plants. Data were collected from 
10 plants. Five unharvested plants were left to 
collect data on full fruit maturity, and five were 
left to minimize edge effects. Soil preparation, 
fertilization, and plant protection were carried 
out according to standard practices for pepper 
cultivation in Bulgaria.  
The data on morphological and physiological 
traits were determined according to the 
descriptors of the International Plant Genetic 
Resources Institute for Capsicum (IPGRI, 
1996). The statistical analysis of the data was 
performed using IBM SPSS Statistics 19.  
 
RESULTS AND DISCUSSIONS  
 
In this study, 52 pepper genotypes from the 
National Gene Bank of Bulgaria were 
characterized. As with many plant species, the 
agronomic and morphological characteristics of 
pepper genotypes originating from various 
sources have been studied by numerous 
researchers (Mutlu and Agan E., 2015; 
Bozokalfa and Eşiyok, 2010; Cankaya, S. et al., 
2010; Virga et al., 2020; Başak, 2019; Taş and 
Balkaya, 2021; Christov, N. K. et al., 2021; 
Nankar A.N. et al., 2020). 
 
Descriptive statistics 
The mean, maximum, and minimum values for 
10 agromorphological traits revealed a wide 
range of phenotypic variation among the 
evaluated samples (Table 1). 
The analysis results showed that plant height 
ranged from 45 cm to approximately 60 cm, with 
most of the samples falling within the 50-58 cm 
range. The number of branches varied between 
3 and 5. 

Table 1. Descriptive statistics  
of the agromor- phological traits 

Trait Min. Max. Mean ± SEM S.D. 
Plant Height 32.40 69.0 55.73±0,63 0.94 
Embranchment 2.00 6.60 3.64±0,08 0.14 
Leave Length  6.78 17.74 11.62±0,22 0.36 
Leave Width (cm) 3.20 9.42 6.26±0,13 0.21 
Fruit Length (cm) 3.68 19.54 10.60±0,20 0.66 
Fruit Width (cm) 1.60 8.20 4.54±0,19 0.29 
Wall Thickness ( 0.10 0.78 0.36±0,01 0.02 
Locules 2.00 5.00 2.68±0,07 0.09 
Fruit Weight (g) 7.00 123.40 56.67±2,20 4.98 
Flowering Earliness 62.00 89.00 73.08±1,04 1.14 
Maturity Earliness 44.00 64.00 49.23±0,80 0.65 
Vitamin (%) 13.62 332.98 193.55±2,82 7.99 
Total Sugars (%) 2.39 7.82 4.86±0,05 0.20 
Fruit Dry Matter (%) 6.61 18.00 10.35±0,60 0.39 

 
Fewer branches indicate a more compact shrub 
form. The leaf size trait showed significant 
variation. Specifically, leaf length ranged from 
7 to 11.5 cm, while leaf width ranged from 3.3 
to 6.5 cm. A larger leaf area suggests more 
active photosynthetic activity and better overall 
development. The greatest variation was 
recorded for fruit weight and vitamin C content 
The measured traits showed high variability, 
confirming previous studies (Bozokalfa and 
Eşiyok, 2010; Başak, 2019). 
 
Correlation analysis  
Correlation relationships between the variables 
are presented in Figure 1. 

 

 
Figure 1. Correlation matrix 

 
Strong positive correlation (~0.7-0.9) was 
observed between fruit weight and fruit size - 
specifically, length and width. Our results are 
consistent with those reported by Matthew et al. 
(2004) and Ullah et al. (2011) who also found 
positive correlations for these traits. Positive 
correlation (>0.5) was also recorded between 
vitamin C content, dry matter, and sugar content. 
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Similar results were reported by Naskar et al. 
(2020). 
Moderately positive correlation was found 
between fruit weight and fruit wall thickness, 
and a weak positive correlation between number 
of branches and vitamin C content, as well as 
between fruit weight and number of locules. 
An inverse correlation was observed between 
earliness and vitamin C content. A negative 
correlation was also reported by Naskar et al. 
(2020)  
Principal component analysis 
PCA was used to identify the differences 
between the samples as a measure of phenotypic 
and component variability, and to examine the 
relative contribution of different 
biomorphological traits to overall diversity. 
Principal Component Analysis (PCA) was 
applied to the studied traits. 
According to the results of this study, it was 
established that traits in the first three principal 
components (Table 2) should be considered, as 
they explain a significant portion of the total 
variation and have loading values greater than 
0.3 (Brown, 1991).  
 

Table 2. Eigen vector for Agronomic Characters of the 
first three Principal Components 

 PC1  PC2  PC3 
Fruit Width 0.42 Total 

sugars 
-0.49 Leave 

Length 
0.45 

Fruit Weight 0.40 Vitamin 
% 

-0.44 Plant 
Height 

0.49 

Fruit Wall 
Thickness 

0.38 Leave 
Width 

-0.42 Flowering 
Earliness 

0.42 

Fruit dry  
matter 

-0.35 Leave 
Length 

-0.37   

Locules 0.29     

 
The role of biomorphological characteristics in 
understanding the divergence between pepper 
populations was clearly demonstrated in our 
study and has been previously reported in 
transcontinental studies of Capsicum, with 
observations made in Brazilian C. chinense 
(Bianchi P.A. et al., 2020), nine Bulgarian 
accessions (Tsonev S. et al., 2017), the Turkish 
pepper collection (Bozokalfa et al., 2009), 
Ugandan hot pepper (Nsabiyera V. et al., 2013), 
and the Serbian pepper collection (Danojevic D. 
et al., 2017). Based on PCA analysis and the 
eigenvectors for the first three principal 
components, we can make the following 
summary Principal Component 1 (PC1) explains 

the largest portion of the variation. Key traits: 
fruit width (0.42), fruit weight (0.40), fruit wall 
thickness (0.38), fruit dry matter (-0.35), and 
locules (0.29). PC1 primarily captures 
differences related to fruit size and structure. 
Varieties with larger, heavier fruits and thicker 
walls have high values in this component. 
Principal Component 2 (PC2) captures the next 
level of variation. Key traits: total sugars (-0.49), 
vitamin C percentage (-0.44), leaf width (-0.42), 
and leaf length (-0.37). PC2 reflects differences 
related to leaf morphology and sugar/vitamin 
content. Varieties with higher sugar and vitamin 
content and broader leaves score higher on this 
component. Principal Component 3 (PC3) 
captures more subtle differences. Key traits: leaf 
length (0.45), plant height (0.49), and flowering 
earliness (0.42). PC3 distinguishes varieties by 
plant stature, leaf length, and phenological traits 
such as early flowering - i.e., traits associated 
with vegetative growth and development. 
Fruit physical characteristics (size, weight, wall 
thickness) are most significant in PC1 and 
explain the greatest variation among the 
varieties. Sugar and vitamin content, as well as 
leaf morphology, are critical in PC2. Plant habit 
and phenology (height and flowering) are 
weaker contributors but still distinguish 
varieties in PC3. Figure 2 presents a heatmap 
comparing two different clustering methods 
used to group the pepper varieties:: PCA 
clustering, based on Principal Component 
Analysis and the K-means algorithm. 
 

 
Figure 2. Cluster comparison PCA vc HC 

 
Hierarchical clustering, based on a hierarchical 
method that creates a dendrogram and stepwise 
merges the closest groups. 
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The rows show the groups formed by PCA. The 
columns show the groups formed by hierarchical 
analysis. The numbers in the cells indicate the 
number of varieties assigned to each specific 
combination of both clustering methods. In our 
study, most of the varieties (32) appear along the 
diagonal of the matrix (from the top left to the 
bottom right), indicating that the two methods 
yield similar results. 
Twelve accessions fall outside the diagonal, 
meaning they were grouped differently by the 
two methods. 
 
PCA Biplot: PC1 vs PC2 
This biplot combines the information from the 
PCA analysis: the points represent individual 
accessions. The red vectors indicate the 
contribution of each variable to the principal 
components - the length and direction of each 
arrow reflect the strength and direction of 
influence. The biplot analysis of the quantitative 
traits revealed significant variability among the 
accessions. The biplot showed that characte-
ristics related to fruit size and structure - such as 
fruit weight, wall thickness, and fruit width - 
contributed strongly to PC1while variables such 
as sugars, vitamin C, and dry matter were more 
closely associated with PC2. The genotypes PR, 
BR1, and B0E0341 showed their potential for 
flowering earliness, maturity earliness, and 
number of locules. 
 

 
Figure3. PCA Biplot: PC1 vs PC2 

 
SR, BR, and B1E0063 formed a group with 
larger fruits, thicker walls, and broader and 
longer leaves.The genotypes were distributed 
across all four quadrants of the biplot. 

Six genotypes - A7E0205, BOE0309, B1E0027, 
B1E0494, B1E0268, and B2E0070 - formed a 
separate group on the negative side of PC1 due 
to their low content of sugars, vitamin C, and dry 
matter. Four genotypes - BOE0301, B1E0004, 
B2E0034, and B1E02422 - were grouped on the 
positive side of PC2 because of their short fruit 
length. 
The remaining 39 genotypes were positioned 
closer to the center of both axes, as their traits 
showed similar values.  
 
Cluster analysis  
Based on the cluster analysis, the varieties 
included in this study were grouped into three 
main clusters (Figure 4), according to the 
average levels of variation between the 
accessions generated from the genetic distance 
matrix.  
 

 
Figure 4. Dendrogram based on 13 quantitative traits of 

52 pepper genotypes 
 
Cluster I included 13 accessions, Cluster II had 
8, and Cluster III contained the majority-29 
accessions. Cluster I: These were medium-
height plants with fruits of average weight, but 
very high vitamin C and sugar content. They 
have excellent taste - ideal for fresh 
consumption and as functional foods. They are 
typically mid-season varieties. Cluster II: These 
are low to medium-height plants that produce 
small to medium fruits (longer than they are 
wide). They have thin walls and low fruit 
weight. They mature early and are suitable for 
early production. Cluster III: These are tall 
plants with larger leaves. The fruits are large, 
heavy, have thick walls, and contain 3 or more 
locules. They have high dry matter content. 
These are usually late varieties, suitable for 
industrial processing and market-oriented 
production. 
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CONCLUSIONS  
 
The results of the present study revealed a 
relatively high level of diversity within the 
collection. This information may be useful for 
initiating a conservation strategy, as well as for 
supporting an informed breeding and 
improvement program for pepper. 
The most significant correlations were identified 
between fruit weight and fruit dimensions - 
length and width - with a strong positive 
correlation observed. Positive correlation (>0.5) 
was also noted between vitamin C, dry matter, 
and sugar content. Hierarchical cluster analysis 
was conducted, and the genotypes were grouped 
into three clusters. Principal Component 
Analysis (PCA) identified three main 
components. 
The biplot analysis showed that genotypes 
B4E0032, SR, and BR from Cluster 3 showed a 
preference for higher values in fresh fruit 
weight. 
The results obtained can support the 
identification of potential genotypes for  
further breeding or recommendation for direct 
use in production. The evaluation of pepper 
varieties in the Bulgarian Gene Bank is 
necessary and important for developing 
effective breeding strategies for Capsicum. 
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