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eeding the rapidly growing global population is one of the greatest challenges of modern 

agriculture. Plant breeders continuously strive to develop crop varieties that produce 

higher yields, resist diseases, and tolerate environmental stresses. One of the most successful 

approaches in crop improvement is heterosis breeding, commonly known as hybrid breeding. 

The remarkable superiority of hybrids over their parents, called heterosis or hybrid vigor, has 

revolutionized agricultural productivity in crops such as maize, rice, sunflower, cotton, and 

sorghum. To exploit heterosis effectively, breeders must identify suitable parental 

combinations capable of producing superior hybrids. Among the several mating designs 

available, Line × Tester analysis has emerged as one of the most practical and reliable 

methods for evaluating the combining ability of parental lines and selecting promising hybrid 

combinations. 

Concept of Line × Tester Analysis 
Line × Tester analysis is a biometrical technique developed by Oscar Kempthorne in 1957. In 

this method, a group of selected female parents known as lines is crossed with a set of male 

parents called testers. Each line is crossed with every tester, resulting in a series of hybrids 

that are subsequently evaluated in field experiments. This mating design provides valuable 

information regarding the genetic potential of parents and the nature of gene action governing 

economically important traits. 

Importance in Heterosis Breeding 
Heterosis breeding primarily aims to develop hybrids with superior performance compared to 

existing varieties or parental lines. However, not all parental combinations produce desirable 

hybrids. Therefore, identifying genetically compatible parents is essential. 

Line × Tester analysis helps breeders to: 

 Identify superior parental lines 

 Evaluate hybrid performance 

 Estimate heterosis 

 Determine the type of gene action involved 

 Select promising crosses for commercial hybrid development 

Because of its simplicity and efficiency, the method is widely used in both self-pollinated and 

cross-pollinated crops. 

Combining Ability: The Foundation of Hybrid Selection 
A major contribution of Line × Tester analysis is the estimation of combining ability, which 

indicates the breeding value of parents. 

General Combining Ability (GCA) 

General Combining Ability refers to the average performance of a parent in different hybrid 

combinations. Parents exhibiting high GCA are considered good combiners because they 

consistently contribute favorable genes to their offspring. GCA is mainly associated with 

F 

mailto:sanketburhade77@gmail.com


Burhade (2026) Agri Magazine, 03(05): 514-516 (MAY, 2026)     

Agri Magazine ISSN: 3048-8656 Page 515 

additive gene action, which is heritable and fixable through selection. For example, if a rice 

line consistently produces high-yielding hybrids with several testers, it is regarded as a good 

general combiner. 

Specific Combining Ability (SCA) 

Specific Combining Ability refers to the performance of a particular hybrid combination 

beyond what is expected from the average performance of the parents. SCA is generally 

associated with non-additive gene action, including dominance and epistasis. A hybrid 

showing exceptionally high yield despite average parental performance may possess high 

SCA effects. Such combinations are particularly valuable in heterosis breeding programs. 

Genetic Interpretation 

The relative magnitude of GCA and SCA variances provides insights into the genetic control 

of traits. 

 Higher GCA variance indicates predominance of additive gene action. In such cases, 

selection methods are effective. 

 Higher SCA variance indicates predominance of non-additive gene action, suggesting 

greater scope for hybrid breeding and heterosis exploitation. 

Thus, Line × Tester analysis not only identifies superior hybrids but also guides breeders in 

choosing appropriate breeding strategies. 

Estimation of Heterosis 
The hybrids developed through Line × Tester crosses are evaluated for heterosis using 

different measures: 

Mid-Parent Heterosis 

Comparison of hybrid performance with the average of both parents. 

Better-Parent Heterosis (Heterobeltiosis) 

Comparison of hybrid performance with the superior parent. 

Standard Heterosis 

Comparison of hybrid performance with a standard commercial variety or hybrid. Among 

these, standard heterosis is most important for commercial hybrid development because it 

indicates the practical superiority of a hybrid over existing cultivars. 

Methodology of Line × Tester Analysis 
The procedure generally involves the following steps: 

1. Selection of genetically diverse lines and testers 

2. Crossing of lines with testers 

3. Evaluation of parents and hybrids in replicated trials 

4. Recording observations on important traits 

5. Statistical analysis using analysis of variance (ANOVA) 

6. Estimation of GCA and SCA effects 

7. Identification of superior parents and hybrids 

Traits commonly studied include grain yield, plant height, flowering duration, disease 

resistance, and quality parameters. 

Applications in Crop Improvement 

Line × Tester analysis has contributed significantly to hybrid development in several crops. 

Maize: The method has played a major role in identifying superior inbred combinations 

responsible for the dramatic yield increases observed in hybrid maize cultivation worldwide. 

Rice: Hybrid rice breeding programs extensively utilize Line × Tester analysis to identify 

parental lines with strong combining ability for yield and stress tolerance. 

Cotton and Sunflower: The technique is widely employed for developing high-yielding 

hybrids with improved oil content, fiber quality, and resistance to pests and diseases. 

Advantages of Line × Tester Analysis 
The popularity of this method among plant breeders is due to several advantages: Simplicity 

and ease of execution, Requirement of fewer crosses compared to diallel mating designs, 
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Simultaneous estimation of GCA and SCA, Effective identification of superior parents and 

hybrids, Useful in understanding the nature of gene action, These features make the technique 

highly suitable for practical breeding programs. 

Limitations 
Despite its usefulness, the method has certain limitations: Results depend heavily on the 

choice of testers, Environmental conditions can influence combining ability estimates, It 

provides less detailed genetic information compared to complete diallel analysis. Therefore, 

careful experimental planning and proper statistical analysis are essential for obtaining 

reliable results. 

Conclusion 
Line × Tester analysis remains one of the most valuable tools in heterosis breeding and 

hybrid development programs. By enabling breeders to evaluate combining ability and 

understand gene action, the method facilitates the identification of superior parental 

combinations capable of producing high-performing hybrids. In the era of increasing food 

demand and climate challenges, the importance of efficient breeding techniques cannot be 

overstated. Line × Tester analysis continues to play a vital role in modern crop improvement 

programs aimed at enhancing agricultural productivity, sustainability, and food security. 
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