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he Indian Southwest Monsoon operates as a non-linear exogenous variable influencing 

aggregate supply, headline inflation trajectories, rural demand elasticity and sub-national 

fiscal stability. For a nation where agriculture supports nearly 60% of the population and 

contributes roughly 18% to the Gross Domestic Product (GDP), the annual rains are the 

lifeblood of rural livelihoods. However, this vital system frequently faces a powerful 

disruption from the tropical Pacific Ocean: El Niño. An El Niño event is characterized by the 

abnormal warming of surface waters in the central and eastern tropical Pacific. This shifts 

global atmospheric circulations, typically leading to a weakened southwest monsoon, 

prolonged dry spells, and soaring seasonal temperatures across the Indian subcontinent. The 

agricultural fallout can be devastating, resulting in significant yield declines for key Kharif 

(summer) crops like paddy, maize, cotton, and pulses which in turn fuels food inflation and 

erodes rural incomes. To counter this recurring threat, India’s agricultural scientific 

ecosystem - spearheaded by the Indian Council of Agricultural Research (ICAR) - has shifted 

its focus from reactive crisis management to proactive climate resilience. Through advanced 

crop improvement programmes, Indian scientists are altering the genetic architecture of major 

staples to build a climate-smart agricultural system capable of withstand severe El Niño 

cycles. 

The Anatomy of El Niño's Agricultural Toll 
When El Niño suppresses monsoon rainfall, it hits rain-fed agriculture through dual stressors: 

moisture stress (drought) and thermal stress (extreme heat). 

• Moisture Deficits during Critical Stages: For a water-intensive crop like rice, a delayed 

or weak monsoon severely disrupts nursery establishment and transplanting. If dry spells 

coincide with the flowering or grain-filling stages of crops like maize, soybean, or pulses, 

the plants fail to develop healthy seeds or pods, leading to stark yield drops. 

• Elevated Heat and Terminal Stress: El Niño-induced spikes in temperature accelerate 

crop maturity, reducing the time a plant has to accumulate biomass. In pulses, high 

thermal stress causes flower drop, while in cereal crops it results in shrivelled grains. 

The projected impacts underscore the urgency of mitigation. For instance, severe El Niño 

conditions can trigger a broad contraction in major Kharif outputs: 

Institutional Framework: Deploying Science to the Field 
India's primary defense against climate anomalies is driven by the National Agricultural 

Research System (NARS), under the aegis of ICAR. A flagship institutional vehicle for this 

transformation is the National Innovations in Climate Resilient Agriculture (NICRA) project. 

Launched to address long-term climate vulnerabilities, NICRA brings together natural 

resource management, crop improvement, livestock, and extension services onto a single 

platform. A cornerstone of this network is the use of state-of-the-art precision phenotyping 

platforms and high-throughput genomics. These technologies allow scientists to screen 
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thousands of native germplasms and crop wild relatives to locate hidden genes responsible 

for surviving extreme drought and heat. Once identified, these traits are integrated into 

commercial lines, tested across a network of Krishi Vigyan Kendras (KVKs), and rolled out 

to climate-vulnerable villages to ensure laboratory innovations reach the farmers' fields. 

Breakthrough Frontiers in Crop Improvement 
Over the last decade, ICAR and partnering state agricultural universities have released 

thousands of stress-tolerant field crop varieties. These breakthroughs generally fall into three 

strategic categories: 

A. Escape Through Earliness: Short-Duration Varieties 

One of the most effective strategies during a delayed monsoon is to simply outrun the 

drought. Traditional crops that require 140–150 days to mature risk running completely out of 

water if the monsoon retreats early. Crop breeding has successfully compressed these life 

cycles: 

• Short-Duration Paddy: Modern varieties maturing in less than 115–125 days allow 

farmers to sow later when delayed El Niño rains finally arrive, yet harvest a full yield 

before the soil dries up completely. 

• Early Pulses and Oilseeds: Early-maturing green gram (moong) and black gram 

varieties provide flexible alternatives that can be sown in place of failed long-duration 

crops. 

B. Breeding for True Drought and Moisture Stress Tolerance 

Beyond escaping dry periods, crop improvement programs focus on engineered survival. 

Scientists utilize Genomics-Assisted Breeding (GAB) to identify and transfer Quantitative 

Trait Loci (QTLs) - clusters of genes governing complex traits into high-yielding varieties. 

• Deep-Rooting Systems: Breeding programs have selected varieties with deeper, more 

branched root architectures that can tap into subsoil moisture when the surface layer 

parches. 

• Cellular Resilience: Traits that regulate stomatal closure help plants reduce water loss 

via transpiration during dry spells without shutting down photosynthesis entirely. For 

example, breakthrough chickpea varieties like IPC L4-14 and BGM 4005 incorporate a 

specific 'QTL-hotspot' for drought tolerance, outperforming parental lines under rain-fed 

conditions. 

C. Defeating Terminal Heat Stress 

Because El Niño brings abnormal warmth, crops frequently experience damaging heat waves 

during their reproductive phases. 

• Membrane Thermal Stability: Breeds are selected for cellular membranes that do not 

break down under high heat. 

• Heat-Tolerant Wheat & Cereals: Varieties like HD 3385 (wheat) and specialized maize 

hybrids have been engineered with "terminal heat tolerance," meaning the plants maintain 

successful flowering, pollination and grain-filling even when temperatures climb well 

above seasonal averages. 

To scale these scientific interventions across India’s diverse agro-ecological zones, 

agricultural scientists rely on a specialized toolkit of molecular biology and high-throughput 

engineering. By transitioning from traditional selective breeding to Genomics-Assisted 

Breeding (GAB) and advanced CRISPR-Cas9 gene editing, India's national laboratories can 

alter crop architectures with extreme speed and precision. 

The Modern Genetic & Molecular Toolkit helps to develop El Niño-resilient crops which 

require moving beyond visual selection to engineering survival at the DNA level. 

• Marker-Assisted Selection (MAS) & QTL Mapping: Instead of waiting for a drought 

to happen in a field trial, scientists map Quantitative Trait Loci (QTLs) - specific regions 

of DNA linked to stress survival. By using molecular markers, breeders can verify if a 

seed possesses drought or heat-resistant genes in a lab within hours. This has enabled the 

rapid transfer of the famous “QTL-hotspot” into popular chickpea and pulse varieties, 

dramatically altering root depths to extract subsoil moisture. 



Priya  (2026) Agri Magazine, 03( 10): 520-522 (OCT, 2026 )     

Agri Magazine ISSN: 3048-8656 Page 522 

• Targeted CRISPR-Cas9 Gene Editing: Rather than inserting foreign DNA, scientists 

use CRISPR to tweak a plant's native genome. By modifying the ERA1 or DST genes in 

crops like rice and maize, researchers can optimize stomatal density. This allows the plant 

to close its pores faster during mid-season dry spells brought on by El Niño, reducing 

transpiration water loss while maintaining photosynthesis. 

• Functional Transcriptomics: Researchers analyze RNA expression profiles to pinpoint 

exactly which genes light up when a plant experiences sudden thermal stress. This data 

helps isolate heat-shock proteins (HSPs) that protect cellular membranes from breaking 

down during intense summer heat waves. 

Crop-Specific Interventions and Strategic Shifts 
The mitigation framework relies heavily on tailoring specific varieties to replace vulnerable, 

water-guzzling crops during severe El Niño forecasts: 

Crop 

Segment 
The Vulnerability Crop Improvement Solution / Cultivar Shift 

Rice 

High water requirement; 

prone to failure during 

delayed monsoons. 

Introduction of aerobic rice and direct-seeded 

varieties that require less standing water. 

Agricultural advisories also recommend shifting 

from long-duration paddy to pulses or oilseeds 

during severe water scarcity. 

Millets 

Coarse cereals possess 

innate hardiness but 

require breeding for high 

yield. 

Promotion of elite hybrids of Pearl Millet (Bajra) 

and Sorghum (Jowar). These C4 plants feature 

naturally high water-use efficiency and deep root 

systems, making them ideal replacements for 

water-stressed maize or paddy. 

Pulses & 

Chickpeas 

Susceptible to terminal 

heat and flower drop. 

Deployment of biofortified, drought-hardy pulses 

that thrive on residual soil moisture, reducing 

water dependency. 

Beyond the Seed: The Agronomic Eco-System 

A climate-resilient seed cannot succeed in a vacuum. Crop improvement strategies are paired 

directly with modern agronomic practices to maximize their genetic potential: 

1. Conservation Agriculture: Practices like Zero-Tillage leave previous crop residues on 

the field. This creates a protective mulch layer that lowers soil temperatures and retains 

precious moisture during El Niño heat waves. 

2. Micro-Irrigation: Pairing drought-tolerant varieties with drip and sprinkler irrigation 

ensures that minimal water reserves are applied directly to the plant roots, maximizing 

water productivity. 

3. Microbial Interventions: Scientists are using custom-developed microbial consortia 

applied to seed coatings. These beneficial bacteria and fungi colonize plant roots, helping 

them tolerate high soil salinity and drought stress while optimizing nutrient uptake. 

Conclusion: The Path Forward 
The escalating threats of climate change have turned El Niño from an occasional anomaly 

into a recurring obstacle for Indian agriculture. Through systematic breeding programs, 

genomic selection, and institutional initiatives like NICRA, India has steadily decoupled 

baseline food security from the absolute vagaries of the monsoon. However, ensuring long-

term resilience requires continuing to accelerate the adoption of these new varieties. 

Expanding seed multiplication chains, enhancing crop insurance access, and standardizing 

district-level contingency plans will be crucial to safeguarding rural livelihoods and ensuring 

that the Indian platter remains secure, no matter how warm the Pacific grows. 


