
 

 

Copyright © June, 2026; Current Agriculture Trends                                                                                           71 

 

 

 

 

 

 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Onteddu Reshma1, Tanushree 

Dinesh Marwade2, Pritam Ranjit 

Haldar3, Shubham Yuwaraj 

Motghare4, Ajay Kumar Yadav5 
 

1Research Scholar, Division of 

Genetics and Plant Breeding, Indian 

Agricultural Research Institute, 

 Pusa, New Delhi  
2M.Sc. Scholar, Department of 

Forestry, Post Graduate Institute, Dr. 

Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola, Maharashtra 
3M.Sc. Scholar, Department of 

Forestry, Post Graduate Institute, Dr. 

Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola, Maharashtra 
4Research Scholar, Department of 

Forestry, Mizoram University, 

 Aizawl, Mizoram 
5Research Scholar, Department of 

Entomology, School of Agricultural 

Sciences, Nagaland University, 

Medziphema Campus, Nagaland 

 

 

Article History 

Received:   16.06.2026 
Revised:     21.06.2026  
Accepted:  26.06.2026 

 

This article is published under the 

terms of the Creative Commons 

Attribution License 4.0. 

 

 

 

                  Available online at   
                   http://currentagriculturetrends.vitalbiotech.org/ 

 

 

 

 

*Corresponding Author  

  Onteddu Reshma* 

 

 
 

 

 

ISSN (E): 2583 – 1933     

Curr. Agri.Tren.:e- Newsletter, (2026) 5(6), 71-76 

 

INTRODUCTION 
 

Agriculture is one of the sectors most vulnerable to climate 

change. Rising temperatures, irregular rainfall patterns, 

prolonged droughts, floods, salinity intrusion, pest outbreaks 

and soil degradation threaten crop productivity worldwide. 

According to international estimates, global food production 

must increase significantly by 2050 to feed a growing 

population expected to exceed 9 billion people. At the same 

time, agricultural systems must reduce environmental impacts 

and adapt to increasingly unpredictable climatic conditions. 

Historically, plant breeding focused primarily on increasing 

crop yields. The Green Revolution of the twentieth century 

demonstrated how improved crop varieties could dramatically 

enhance food production. However, wide high-yielding 

varieties were developed under relatively stable environmental 

conditions and often perform poorly under climate-related 

stresses. 

The modern agricultural landscape demands crops 

capable of addressing multiple challenges simultaneously. 

Farmers require varieties that not only produce high yields but 

also tolerate drought, heat, salinity, flooding, pests and diseases. 

Consumers increasingly seek nutritious foods, while 

policymakers emphasize sustainability and environmental 

resilience. In response, scientists have adopted the concept of 

climate ready crops. These crops combine multiple beneficial 

traits into a single variety, allowing them to thrive under diverse 

environmental conditions while maintaining productivity and 

nutritional quality. Climate ready breeding represents a shift 

from single trait improvement toward holistic crop development 

capable of meeting future agricultural needs. 
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Understanding Climate Ready Crops 

Climate ready crops are varieties specifically 

developed to withstand climate-related stresses 

while maintaining stable productivity and 

quality. The goal is to create crops that perform 

reliably under changing environmental 

conditions while reducing dependence on 

external inputs. These crops are designed to 

possess several characteristics simultaneously, 

including: 

• Drought tolerance 

• Heat tolerance 

• Flood tolerance 

• Salinity resistance 

• Pest resistance 

• Disease resistance 

• Nutritional enhancement 

• Efficient water use 

• Efficient nutrient use 
 

Why Climate Ready Crops Are Necessary 
 

Climate change is altering agricultural 

production systems worldwide. Several factors 

contribute to the urgent need for climate-

resilient crops. 

• Rising Temperatures: Global 

temperatures continue to increase, 

exposing crops to heat stress during critical 

growth stages. 

• Water Scarcity: Many agricultural regions 

face increasing water shortages due to 

changing rainfall patterns and groundwater 

depletion. 

• Extreme Weather Events: Floods, 

droughts, cyclones and heatwaves are 

becoming more frequent and severe. 

• Emerging Pest and Disease Threats: 

Warmer climates often favour the 

expansion of insect pests and plant 

pathogens into new regions. 

• Soil Degradation: Declining soil fertility 

and salinity problems threaten long-term 

agricultural productivity. Climate ready 

crops provide a practical solution to many 

of these challenges. 

• Major Traits Targeted in Climate Ready 

Breeding: Modern breeding programs 

focus on combining multiple adaptive traits 

within a single crop variety. 

 

Table 1: Key Traits in Climate Ready Crops 
 

Trait Benefit 

Drought tolerance Improved performance under water stress 

Heat tolerance Protection against high temperatures 

Flood tolerance Survival during waterlogging 

Salinity tolerance Growth in salt affected soils 

Pest resistance Reduced crop losses 

Disease resistance Improved plant health 

Nutritional quality Enhanced food value 

Resource use 

efficiency 
Reduced input requirements 

 

 
 

Figure 1: Climate Ready Crops Combating Multiple Stresses. 
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Drought Tolerance: A Priority Trait 
 

Drought is among the most significant 

constraints to agricultural production. Water 

scarcity reduces photosynthesis, nutrient uptake 

and grain formation. Breeders target several 

mechanisms to improve drought tolerance: 

• Deep root systems 

• Efficient water uptake 

• Reduced water loss 

• Osmotic adjustment 

• Improved stomatal regulation 
 

Examples include drought-tolerant maize, rice, 

wheat, sorghum and pearl millet varieties. 

These crops maintain productivity even under 

limited water availability. 
 

Heat Tolerance and Temperature Resilience 
 

Heat stress affects flowering, pollination, grain 

filling and yield formation. Many crops 

experience substantial productivity losses when 

temperatures exceed critical thresholds. Heat-

tolerant wheat, rice and tomato varieties are 

increasingly important in regions experiencing 

rising temperatures. Breeding strategies 

include: 

• Heat shock protein regulation 

• Membrane stability improvement 

• Enhanced photosynthetic efficiency 

• Improved pollen viability 
 

Salinity Tolerance for Coastal and Arid 

Regions 
 

Salinity affects millions of hectares of 

agricultural land globally. Salt accumulation 

interferes with water absorption and nutrient 

balance. Climate change and sea level rise are 

increasing salinity problems in coastal areas. 

Salt-tolerant rice varieties have shown 

considerable success in coastal regions of South 

Asia. Breeders develop salinity-tolerant 

varieties through: 

• Ion exclusion mechanisms 

• Tissue tolerance 

• Enhanced root architecture 

• Osmotic regulation 

Flood and Waterlogging Tolerance 
 

Flooding causes oxygen deficiency in plant 

roots and disrupts normal metabolism. 

Submergence-tolerant rice varieties represent 

one of the most successful examples of climate 

ready breeding. The incorporation of the SUB1 

gene into rice enables plants to survive 

extended flooding periods. Such varieties have 

significantly improved food security in flood-

prone regions. 
 

Pest and Disease Resistance 
 

Climate change influences pest and disease 

dynamics. Warmer conditions can increase pest 

reproduction rates and expand geographic 

distribution. Breeding for resistance reduces 

dependence on pesticides while improving 

sustainability. Host plant resistance remains 

one of the most environmentally friendly 

approaches to crop protection. Important 

resistance targets include: 

• Stem borers 

• Fall armyworm 

• Aphids 

• Rust diseases 

• Blast disease 

• Bacterial blight 
 

Nutritional Enhancement and Climate 

Resilience 
 

Food security involves both quantity and 

quality. Climate ready crops increasingly 

incorporate nutritional traits. Combining 

nutritional improvement with climate resilience 

helps address hidden hunger and malnutrition. 

Examples include: 

• Zinc-enriched rice 

• Iron-rich pearl millet 

• Provitamin A maize 

• Biofortified sweet potato 
 

Resource Use Efficiency 
 

Future agriculture must produce more with 

fewer resources. Improved resource use 

efficiency reduces production costs and 

environmental impacts. Such varieties 
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contribute to sustainable intensification. 

Climate ready crops are designed to use: 

• Water more efficiently 

• Nitrogen is more effectively 

• Phosphorus is more efficient 
 

Conventional Breeding Approaches 
 

Traditional breeding remains an important 

foundation for crop improvement. 

Conventional breeding has successfully 

produced numerous climate-resilient varieties. 

However, the process can require many years to 

achieve the desired results. The process 

typically involves: 

• Selection of parent plants. 

• Hybridization. 

• Progeny evaluation. 

• Trait selection. 

• Variety release. 
 

Marker-Assisted Selection 
 

Molecular markers have revolutionized plant 

breeding. Marker-assisted selection enables 

breeders to identify desirable genes without 

waiting for visible trait expression. Many 

drought tolerant and disease-resistant varieties 

have been developed using this approach. 

Benefits include: 

• Faster selection 

• Greater accuracy 

• Reduced breeding cycles 

• Improved efficiency 
 

Genomic Selection and Big Data 
 

Genomic selection uses thousands of DNA 

markers across the genome to predict breeding 

performance. This approach accelerates the 

development of complex traits controlled by 

multiple genes. Genomic selection is becoming 

increasingly important in climate ready 

breeding programs. Advantages include: 

• Early selection 

• Improved prediction accuracy 

• Enhanced breeding efficiency 

Gene Editing and CRISPR Technology 
 

Gene editing technologies have transformed 

crop improvement. CRISPR allows precise 

modification of specific genes associated with 

stress tolerance and productivity. Unlike 

conventional genetic modification, CRISPR 

can introduce targeted changes without adding 

foreign DNA. Potential applications include: 

• Heat tolerance enhancement 

• Drought resistance improvement 

• Disease resistance development 

• Nutritional quality enhancement 
 

Role of Wild Crop Relatives 
 

Wild relatives contain valuable genetic 

diversity lost during domestication. Breeders 

increasingly utilize wild germplasm to 

introduce resilience traits into cultivated crops. 

Examples include wild wheat, rice, tomato and 

potato relatives. These species often possess: 

• Stress tolerance 

• Pest resistance 

• Disease resistance 

• Adaptability to harsh environments 
 

Phenomics and Precision Breeding 
 

Modern phenotyping technologies allow rapid 

evaluation of thousands of plants. These 

technologies improve trait measurement and 

accelerate breeding progress. Precision 

phenotyping is becoming essential for 

developing climate ready crops. 

Tools include: 

• Drones 

• Sensors 

• Thermal imaging 

• Artificial intelligence 
 

Climate Ready Crops in India 
 

India faces multiple climate related agricultural 

challenges. Institutions such as the Indian 

Council of Agricultural Research (ICAR) play 

a major role in developing climate-resilient 

varieties. The promotion of millets as climate-
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smart crops reflects growing recognition of 

resilience-oriented agriculture. 
 

Major breeding efforts focus on: 

• Drought-tolerant rice 

• Heat-tolerant wheat 

• Flood-tolerant rice 

• Climate-resilient pulses 

• Stress-tolerant millets 
 

Environmental Benefits 
 

These benefits help reduce agriculture's 

environmental footprint. Climate ready crops 

contribute to environmental sustainability by: 

• Reducing irrigation demand 

• Lowering pesticide use 

• Improving nutrient efficiency 

• Enhancing soil health 

• Supporting biodiversity conservation 
 

Economic Benefits for Farmers 
 

Stable production under variable weather 

conditions is particularly important for 

smallholder farmers. Farmers benefit through: 

• Yield stability 

• Reduced input costs 

• Lower production risks 

• Increased profitability 

• Enhanced climate resilience 
 

Challenges in Developing Climate Ready 

Crops 
 

Despite significant progress, several challenges 

remain. 

• Complex Genetics: Many adaptive 

traits involve interactions among 

numerous genes. 

• Environmental Variability: Trait 

performance often varies across 

environments. 

• Limited Resources: Breeding 

programs require substantial 

investment. 

• Regulatory Considerations: Gene 

edited crops face varying regulatory 

frameworks. 

• Public Acceptance: Consumer 

perceptions influence adoption of new 

technologies. Addressing these 

challenges requires multidisciplinary 

collaboration. 

 

 
 

Figure 2: Modern Breeding Technologies for Climate Ready Crops. 

 

Future Perspectives 
 

The future of crop breeding will increasingly 

focus on integrating multiple beneficial traits 

within single varieties. Scientists envision 

crops capable of dynamically responding to 

environmental conditions and maintaining  
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productivity despite climatic uncertainty. The 

concept of one plant providing many solutions 

will become central to future food systems. 

Emerging technologies include: 
 

• Artificial intelligence-assisted 

breeding 

• Genomic prediction 

• Digital agriculture 

• CRISPR-based gene editing 

• Synthetic biology 

• Climate forecasting integration 

 

CONCLUSION 
 

Climate change presents unprecedented 

challenges to global agriculture, requiring 

innovative approaches that extend beyond 

traditional breeding objectives. Climate ready 

crops represent a transformative strategy for 

addressing multiple agricultural challenges 

simultaneously by combining resilience, 

productivity, nutritional quality and 

sustainability within a single variety. Advances 

in genomics, molecular breeding, phenomics 

and gene editing have significantly accelerated 

the development of crops capable of tolerating 

drought, heat, salinity, flooding, pests and 

diseases. These crops not only enhance food 

security but also reduce environmental impacts 

and improve farmer livelihoods. As climate 

variability continues to intensify, the 

development and adoption of climate ready 

crops will play a critical role in building 

resilient agricultural systems capable of feeding 

future generations while supporting 

environmental sustainability. 
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