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Introduction 

Chilli (Capsicum annuum L.) is a widely 

cultivated vegetable crop, highly valued for 

its fruit, which is used both in culinary and 

medicinal applications. The crop's 

significance is not limited to its culinary 

uses but extends to various industries, 

including the spice, pharmaceutical, and 

cosmetic sectors, due to its rich content of 

capsaicinoids, responsible for its pungency. 

Despite its economic importance, chilli 

cultivation faces several challenges, 

including issues related to yield, disease 

resistance, and adaptation to diverse climatic 

conditions.To address these challenges, 

breeding programs for chilli focus on 

enhancing traits such as yield, quality, 

disease resistance, and tolerance to 

environmental stresses. A key approach in 

improving these traits is the manipulation of 

heterosis (hybrid vigor) and combining 

ability. The study under review investigates 

the genetic basis of heterosis and combining 

ability in chilli through a line × tester mating 

design, aiming to provide insights into the 

genetic factors influencing commercially 

important traits. These insights can be 

leveraged to develop high-yielding, high-

quality chilli cultivars suitable for a variety 

of environmental conditions. 

Heterosis and Its Importance in Plant 

Breeding 

Heterosis, or hybrid vigor, refers to the 

phenomenon where hybrid offspring 

outperform their parents in terms of growth, 

yield, and other desirable traits. This genetic 

phenomenon has been a cornerstone in the 

improvement of many crops, including 

chilli. Heterosis can enhance traits such as 

disease resistance, fruit size, yield, and 

overall plant health. The expression of 

heterosis depends on the genetic divergence 

between the parent lines and the specific 

environmental conditions in which the plants 
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are grown. Understanding the genetic basis 

of heterosis is essential for plant breeding 

programs seeking to exploit this 

phenomenon for crop improvement. 

The degree of heterosis varies among 

different hybrid combinations, and it is 

essential to identify which parental lines 

exhibit high heterotic potential. This can 

lead to the selection of parents that, when 

crossed, will produce hybrids with superior 

traits, such as improved yield and disease 

resistance. The use of a line × tester mating 

design is an effective method for studying 

heterosis in crops like chilli, as it allows the 

evaluation of both general and specific 

combining abilities (GCA and SCA), which 

are key to understanding and selecting for 

heterotic effects. 

Combining Ability and Its Role in 

Selection 

Combining ability refers to the ability of a 

parent to transmit its genetic material to its 

offspring. It is typically assessed through the 

estimation of general combining ability 

(GCA) and specific combining ability 

(SCA). GCA reflects the additive genetic 

effects, or the cumulative effects of alleles 

across multiple loci, while SCA is related to 

non-additive genetic effects, such as 

dominance and epistasis interactions 

between alleles.  

1. General Combining Ability (GCA) 

 GCA represents the overall genetic 

potential of a parent to produce superior 

offspring. A parent with a high GCA is 

considered a good general breeder because it 

contributes favorable alleles for multiple 

traits. GCA is crucial for the development of 

stable and consistent varieties that perform 

well across a range of environments. 

2.Specific Combining Ability (SCA) 

SCA measures the interaction between 

specific parental combinations. A high SCA 

value indicates that a particular cross 

between two parents produces a hybrid that 

is superior to its parents. This is especially 

important when selecting parents for hybrid 

production, as it helps identify specific 

crosses that will produce the best offspring 

for particular traits. 

The line × tester mating design is a 

commonly used method for assessing both 

GCA and SCA. In this design, a set of 

female lines is crossed with a set of male 

testers to produce a variety of hybrid 
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combinations. This design allows for the 

estimation of both additive and non-additive 

genetic effects, providing a comprehensive 

understanding of the genetic architecture 

underlying important traits in chilli. 

 

 

 

 

 

Methodology 

The research outlined in the abstract utilized 

a line × tester mating design to evaluate the 

heterosis and combining ability in chilli. 

Several parent lines and testers were 

selected for crossing to generate hybrid 
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combinations, which were then evaluated for a variety of traits. 

1. Growth Parameters 

Growth traits such as germination rate, plant 

height, number of primary branches, and 

flowering time are important indicators of 

plant vigor. The study evaluated these 

parameters to assess the hybrid performance 

in terms of early plant growth and 

establishment. Early growth traits are 

important in determining how well hybrids 

can adapt to environmental conditions and 

whether hybridization improves growth 

rates. 

2.Yield Traits 

Yield is a critical factor in the economic 

success of chilli cultivation. The study 

evaluated several yield-related traits, 

including fruit setting, harvesting time, fruit 

dimensions, fruit weight, pericarp thickness, 

and overall yield. Hybrids with higher fruit 

yield, larger fruits, and thicker pericarp are 

likely to be more marketable and 

economically viable for farmers. 

3. Quality Traits 

Quality traits are equally important as yield 

in determining the commercial value of 

chilli. The study assessed total soluble solids 

(TSS), ascorbic acid (Vitamin C), capsaicin, 

capsanthin, and phenolic content as 

indicators of fruit quality. Capsaicin content 

is of particular importance as it determines 

the pungency of the fruit, while capsanthin 

is a carotenoid responsible for the red colour 

of ripe fruits. These traits are important for 

the spice and food industries. 

4. Seed Traits 

Seed traits, such as seeds per fruit and test 

weight, were also evaluated. These 

characteristics are important for determining 

the potential for future cultivation, as better 

seed quality can lead to higher germination 

rates and more successful crop production in 

subsequent seasons. 

5. Pathological Characteristics 

Disease resistance is a crucial trait for crop 

breeding, particularly for a crop like chilli, 

which is susceptible to a range of diseases. 

The study recorded disease incidence in the 

hybrids to determine whether specific 

crosses exhibited improved resistance to 

common chilli diseases. 
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Genetic Analysis and Statistical 

Approaches 

The study also involved the estimation of 

various genetic components that influence 

the traits under investigation. This included 

calculating genetic variance, heritability, 

genetic advance, and examining the 

correlations between traits. 

1. Genetic Variance 

Genetic variance measures the contribution 

of genetic factors to the total phenotypic 

variation observed in the population. By 

estimating genetic variance, researchers can 

determine how much of the observed 

variation in traits is attributable to genetic 

differences versus environmental factors. 

2. Heritability and Genetic Advance 

Heritability estimates the proportion of 

phenotypic variance that is due to genetic 

variation, and a high heritability indicates 

that a trait is largely controlled by genetic 

factors rather than environmental influences. 

Genetic advance, which measures the 

expected gain from selection, is also 

estimated to understand the potential for 

improving a particular trait through 

breeding. 

3. Correlation and Path Coefficients 

Correlation analysis is used to examine the 

relationship between different traits. Path 

coefficient analysis allows for the 

assessment of both direct and indirect effects 

of various traits on the final outcome (such 

as yield). This analysis is valuable for 

breeders in determining which traits to focus 

on during selection to maximize the 

improvement of key characteristics. 

Implications for Breeding Programs 

The findings of this study have important 

implications for chilli breeding programs. 

By understanding the genetic basis of 

heterosis and combining ability, breeders 

can select superior parent lines that, when 

crossed, will produce hybrids with enhanced 

growth, yield, quality, and disease 

resistance. The use of line × tester mating 

design provides a systematic and efficient 

approach to evaluate the genetic potential of 

different parental lines and their 

combinations. 

The identification of hybrids with desirable 

traits such as high yield, improved fruit 

quality, and resistance to diseases can help 

meet the growing demand for high-quality 

chilli in both domestic and international 
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markets. Moreover, the study’s findings can 

assist in the development of chilli varieties 

that are better suited to specific growing 

conditions and that can thrive under diverse 

environmental stresses. 

Conclusion 

This research provides valuable insights into 

the genetic basis of heterosis and combining 

ability in chilli. By using a line × tester 

mating design, the study explores the genetic 

factors that influence traits such as growth, 

yield, quality, and disease resistance. The 

results highlight the importance of both 

general and specific combining ability in 

selecting the best parent lines and hybrid 

combinations for improving chilli crops. 

These findings can contribute to the 

development of high-yielding, high-quality 

chilli cultivars that meet the demands of the 

spice and agricultural industries. 

Furthermore, the use of line × tester mating 

design offers a powerful tool for enhancing 

genetic improvement in chilli breeding 

programs, paving the way for more resilient 

and productive cultivars in the future. 
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