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enotype × Environment (G×E) interaction plays a crucial role in determining crop 

performance across diverse agro-climatic conditions. In plant breeding, the development 

of stable and high-yielding varieties is essential not only for biological success but also for 

economic sustainability. This article explores the concept of G×E interaction, its implications 

in crop improvement, and its direct and indirect effects on agricultural economics. The 

discussion integrates genetic principles with economic outcomes such as risk reduction, yield 

stability, and farmer profitability. Understanding and managing G×E interactions can 

significantly enhance breeding efficiency and contribute to resilient agricultural systems 

under changing climatic conditions. 

Introduction 
Agriculture is inherently influenced by environmental variability, making crop performance 

unpredictable across locations and seasons. Plant breeders aim to develop varieties that 

perform consistently under diverse conditions. However, the expression of genetic potential 

is often influenced by environmental factors, leading to what is known as genotype × 

environment (G×E) interaction. G×E interaction refers to the differential response of 

genotypes to varying environmental conditions, resulting in changes in performance ranking 

across environments (de Leon et al., 2016; Malosetti et al., 2013). This phenomenon 

complicates the selection process in breeding programs but also offers opportunities to 

develop either widely adapted or specifically adapted varieties. From an economic 

perspective, yield instability due to G×E interaction introduces risks for farmers. Therefore, 

breeding for stability is not only a scientific goal but also an economic necessity. 

Concept of Genotype × Environment Interaction 

G×E interaction arises when genotypes respond differently to environmental variations such 

as temperature, rainfall, soil fertility, and management practices. The total phenotypic 

variation observed in crops can be partitioned into genotype (G), environment (E), and their 

interaction (G×E) (Egea-Gilabert et al., 2021). 

There are two main types of G×E interactions: 

 Non-crossover interaction: Genotypes perform consistently across environments, but 

magnitude varies.  

 Crossover interaction: Genotype rankings change across environments, making 

selection more complex.  

Studies have shown that environmental factors contribute significantly to phenotypic 

variation, often exceeding genetic effects in certain traits . This highlights the importance of 

multi-environment trials in plant breeding(Mohammadi et al., 2025) 
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Importance of G×E Interaction in Plant Breeding 
Plant breeders evaluate genotypes across multiple locations and seasons to identify stable 

performers. The goal is to develop varieties that either: 

 Perform consistently across a wide range of environments (broad adaptation), or  

 Perform exceptionally well in specific environments (specific adaptation)  

Modern breeding approaches use statistical models such as AMMI (Additive Main Effects 

and Multiplicative Interaction) to analyze G×E interaction and identify stable genotypes . 

Furthermore, genomic tools such as genomic selection and genome-wide association studies 

(GWAS) are increasingly used to understand the genetic basis of stability(Egea-Gilabert et 

al., 2021). 

Breeding for Stability: Strategies and Approaches 
 Multi-Environment Testing (MET):-Multi-location trials are essential for assessing 

genotype performance under diverse environmental conditions. These trials help breeders 

estimate G×E interactions and select stable genotypes(Messina et al., 2021). 

  Selection for Stability:- Stability parameters such as regression coefficients and stability 

indices are used to evaluate genotype performance across environments. Genotypes with 

minimal interaction effects are considered stable. 

 Genomic Selection :- Genomic selection allows breeders to predict performance across 

environments using genetic markers, reducing time and cost(Messina et al., 2021). 

 Target Population of Environments (TPE):- Breeding programs define a target 

population of environments to ensure that selected genotypes are adapted to real-world 

farming conditions . 

Economic Implications of G×E Interaction 
 Yield Stability and Income Security :- Yield variability directly affects farmer income. 

Stable varieties reduce fluctuations in yield, ensuring consistent income. Farmers prefer 

varieties that offer reliable performance even if the maximum yield is slightly 

lower(Biroli et al., 2022). 

 Risk Reduction :- Agriculture is a high-risk enterprise due to climate variability. G×E 

interaction contributes to yield uncertainty, increasing economic risk. Stable genotypes 

minimize this uncertainty and enhance risk management(de Leon et al., 2016). 

 Cost Efficiency :- Stable varieties often require fewer inputs such as fertilizers and 

pesticides, as they are better adapted to environmental stresses. This reduces production 

costs and increases net returns(Hunt & Kirkegaard, 2021). 

 Resource Use Efficiency :- Improved genotypes can utilize resources such as water and 

nutrients more efficiently, leading to higher economic returns per unit input(Egea-

Gilabert et al., 2021). 

 Market Stability :- Consistent crop production ensures stable supply, which helps 

maintain market prices and reduces volatility. 

G×E Interaction and Climate Change 
Climate change is intensifying environmental variability, making G×E interaction more 

significant than ever. Breeding for stability under changing climatic conditions is crucial for 

future food security(Egea-Gilabert et al., 2021). Research indicates that developing varieties 

adapted to marginal and stress-prone environments is a key objective for sustainable 

agriculture . Climate-resilient crops can withstand drought, heat, and other stresses, ensuring 

stable production. 

Case Studies  
 Wheat Breeding :- Studies on wheat have shown significant G×E interactions affecting 

yield and micronutrient content. Multi-environment trials have identified stable genotypes 

suitable for diverse conditions(Kumar et al., 2024). 
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 Chickpea and Maize :- In chickpea and maize, environmental factors such as rainfall 

and temperature significantly influence yield performance, demonstrating the importance 

of G×E interaction in breeding programs . 

Challenges in Managing G×E Interaction 
Despite its importance, managing G×E interaction presents several challenges: 

 High cost of multi-location trials  

 Complexity of statistical analysis  

 Difficulty in predicting performance in new environments  

 Interaction with management practices (G×E×M) (Messina et al., 2021; Hunt & 

Kirkegaard, 2021)  

Farmers must also consider management strategies alongside genotype selection to achieve 

optimal productivity . 

Future Prospects 
According to Messina et al., 2021, Advancements in technology are transforming the study of 

G×E interaction: 

 Use of artificial intelligence and machine learning for prediction  

 Integration of environmental data with genomic information  

 Development of climate-smart crop varieties  

 Precision agriculture for environment-specific recommendations  

Conclusion 
Genotype × Environment interaction is a fundamental concept in plant breeding with 

significant economic implications. Breeding for stability ensures consistent crop 

performance, reduces risk, and enhances farmer profitability. As climate variability increases, 

the importance of understanding and managing G×E interaction will continue to grow. 

Integrating genetic, environmental, and economic perspectives is essential for developing 

sustainable agricultural systems. 
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