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As global baseline temperatures edge upward, 
extreme thermal events are shifting from sporadic 
anomalies to predictable, recurring threats. For the 
modern agribusiness, particularly those managing 
long-term horticultural assets, understanding the 
atmospheric physics and physiological impacts of a 
heat wave is no longer just an academic exercise—it 
is a prerequisite for crop survival. 

This review deconstructs the meteorological anatomy 
of heat waves, their genesis, the regions most 
vulnerable to their persistence, and their profound 
impact on high-value agricultural systems. 

Defining the Anomaly: What is a Heat Wave? 

A heat wave is not merely a "hot day"; it is a sustained 
period of abnormally high temperatures that 
significantly disrupts the physiological functions of 

both humans and crops. 
Meteorologically, it is defined by its departure from 
historical climatological normals. The India 
Meteorological Department (IMD) classifies a heat 
wave based on specific thresholds: 

• For Plains: The maximum temperature must 
reach at least 40°C. 

• For Coastal Stations: The maximum 
temperature must reach at least 37°C. 

• For Hilly Regions: The maximum 
temperature must reach at least 30°C. 

Once these baseline thresholds are met, a Heat 
Wave is declared if the temperature departs from the 
normal by 4.5°C to 6.4°C. A Severe Heat Wave is 
declared if the departure exceeds 6.4°C, or if the 
absolute maximum temperature crosses the 47°C 
mark, regardless of the normal. 

Atmospheric Physics: How Heat Waves are 

The escalating frequency and intensity of thermal extremes necessitate a rigorous understanding of heat wave mechanics for 
the preservation of commercial agricultural systems. This review details the atmospheric genesis of heat waves, driven 
primarily by mid-tropospheric anticyclones that cause profound adiabatic heating and atmospheric subsidence. Analyzing 
the Core Heatwave Zone (CHZ) of the Indian subcontinent, we highlight the specific vulnerability of western and central 
agricultural belts. The agrometeorological impacts are severe, characterized by extreme vapor pressure deficits (VPD) that 
force stomatal closure, halt photosynthesis, and induce cellular desiccation. In high-value horticultural assets—specifically 
mango, banana, and coconut cultivation—these micro-climatic extremes trigger massive physiological fruit drop, canopy 
scorching, and compromised yield metrics. Ultimately, mitigating the catastrophic agricultural impacts of sustained thermal 
stress requires the integration of predictive meteorological data, precision evapotranspiration-based irrigation, and advanced 
canopy architecture to manage boundary layer dynamics. 
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Generated 

Heat waves are fundamentally driven by stalled 
atmospheric dynamics, specifically the prolonged 
dominance of high-pressure systems (anticyclones) in 
the mid-to-upper troposphere. 

The generation of a severe heat wave generally 
follows this mechanical sequence: 

1. The High-Pressure Dome: A massive, slow-
moving high-pressure system parks itself 
over a region. In a high-pressure zone, the air 
is heavy and naturally sinks toward the 
surface—a process known as atmospheric 
subsidence. 

2. Adiabatic Heating: As this massive column 
of air sinks, it is compressed by the increasing 
atmospheric pressure near the surface. 
According to the principles of 
thermodynamics, this compression causes the 
air to heat up rapidly (adiabatic heating). 

3. The Trap: This sinking column of hot air acts 
like an invisible lid or "dome" over the 
landscape. It traps the heat radiating from the 
sun-baked earth, preventing it from rising 
and dissipating. Furthermore, this high-
pressure dome forces rain-bearing clouds and 
cooler wind currents to divert around the 
region. 

4. Boundary Layer Desiccation: At the 
micrometeorological level, the atmospheric 
boundary layer becomes extremely dry. The 
vapor pressure deficit (VPD) skyrockets, 
stripping moisture from the soil and crop 
canopies at accelerated rates until the high-
pressure system eventually breaks down. 

 

The Core Vulnerability: Prone Regions 

While heat waves can occur globally, certain 
topographies and climatic zones are structurally 
predisposed to these stalled high-pressure domes. 

In India, the vulnerability is heavily concentrated in 
the Core Heatwave Zone (CHZ). This zone typically 
experiences severe thermal stress during the pre-
monsoon months of April, May, and June. 

• The Epicenter: The states of Rajasthan, 
Punjab, Haryana, and Madhya Pradesh form 
the traditional epicenter, characterized by 
arid landscapes that heat up rapidly. 

• The Western and Coastal Belts: States like 
Gujarat and Maharashtra are exceptionally 
prone to severe heat wave conditions. Here, 
the challenge is often compounded by the 
shifting winds. If the prevailing sea breeze is 
delayed or overpowered by hot, dry 
continental winds blowing in from the Thar 
desert or the Kutch region, coastal and semi-
arid agricultural belts experience sudden, 
catastrophic temperature spikes. 

• The Eastern Plains: Regions spanning Uttar 
Pradesh, Bihar, Odisha, and parts of West 
Bengal also fall within the CHZ, where high 
temperatures combined with rising pre-
monsoon humidity create deadly wet-bulb 
temperatures. 

Protect the Crops against the heat wave!! How?? 

Protecting agricultural assets from severe thermal 
stress requires moving away from reactive measures 
and implementing a layered, proactive defense 
strategy. As established in the physiological 
breakdown of heat waves, the primary goal is to 
manage the Vapor Pressure Deficit (VPD) and 
prevent complete stomatal closure. 

Here is a practical, field-level guide to mitigating heat 
wave damage, categorized by physical, hydrological, 
and agronomic interventions. 

1. Hydrological Interventions: Managing the 
Microclimate 

When ambient temperatures spike, the crop relies 
entirely on transpiration to cool its canopy. If soil 
moisture depletes, the plant overheats and suffers 
cellular damage. 

• Shift Irrigation Timing: Never irrigate 
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during the peak heat of the day (11:00 AM to 
4:00 PM). The water will evaporate rapidly, 
and the sudden temperature contrast can 
shock the root system. Transition all irrigation 
schedules to late evening or very early 
morning. This allows the soil to absorb 
moisture deeply, ensuring the plant has a full 
reservoir before the next day's thermal peak. 

• Deploy Micro-Sprinklers: While drip 
irrigation is excellent for baseline water 
conservation, it does not alter the ambient air 
temperature. During a severe heat wave, 
utilizing micro-sprinklers above or within the 
canopy is highly effective. The fine mist 
evaporates in the air, actively lowering the 
ambient temperature of the orchard 
microclimate by 2°C to 4°C and significantly 
reducing the VPD. 

• Maintain "Field Capacity" Moisture: Do not 
wait for the soil to dry out before watering. 
During a declared heat wave, maintain 
continuous, light hydration to keep the soil at 
field capacity, ensuring the roots never have 
to fight to extract water. 

2. Physical and Structural Barriers 

Direct solar radiation is responsible for fruit sunburn 
and rapid soil desiccation. Creating physical barriers 
is essential for high-value horticultural crops. 

• Temporary Shade Nets: For high-value or 
young orchards (like newly grafted Sonpari 
saplings), erecting temporary 30% to 50% 
shade nets (often green or black) overhead 
blocks intense UV radiation and lowers the 
canopy temperature. This prevents leaf 
scorching and stops fruit from baking on the 
stem. 

• Shelterbelts and Windbreaks: A heat wave is 
often accompanied by the "Loo"—hot, dry, 
high-velocity continental winds that strip 
moisture from the field. Planting tall, dense 
boundary trees (like Casuarina or Bamboo) 
perpendicular to the prevailing wind 
direction acts as a physical shield, forcing the 
hot air to deflect over the orchard rather than 
sweeping through it. 

3. Agronomic and Chemical Mitigation 

Surface-level soil management and specific foliar 

applications can drastically improve a plant's 
biochemical resilience to heat. 

• Aggressive Mulching: Bare soil acts as a heat 
sink, absorbing radiation and baking the root 
zone. Apply a thick layer (3 to 5 inches) of 
organic mulch—such as straw, dry leaves, or 
crop residue—directly over the root zone. 
Mulch acts as critical insulation, keeping the 
soil temperature significantly lower than the 
air temperature and preventing evaporation. 

• Potassium (K) Application: Potassium is the 
primary macro-nutrient responsible for 
regulating stomatal opening and closing. 
Ensuring the crop has adequate potassium 
levels before the heat wave hits allows the 
plant to efficiently manage its water loss. A 
light foliar spray of Potassium Nitrate (KNO3) 
during cooler evening hours can boost this 
regulatory function. 

• Kaolin Clay (Particle Film Technology): In 
advanced horticulture, spraying the canopy 
with highly refined, agricultural-grade Kaolin 
clay is becoming common. It dries into a 
highly reflective white film over the leaves 
and fruit. This film acts essentially as 
sunscreen for the crop, reflecting ultraviolet 
and infrared radiation, thereby lowering the 
internal tissue temperature of the plant 
without blocking the specific light 
wavelengths needed for photosynthesis. 

The Staggering Leap in Frequency 

The most alarming trend is the sheer volume of heat 
wave days being recorded across the subcontinent. 
According to data presented by the Ministry of Earth 
Sciences and the India Meteorological Department 
(IMD), the escalation is not gradual; it is exponential. 

• The 2023 vs. 2024 Jump: In 2023, the Indian 
region recorded a total of 230 heatwave 
days. By the end of 2024, that number had 
surged to a staggering 554 heatwave days—
more than doubling in a single year. 

• Duration: The summer of 2024 marked the 
longest continuous heatwave spell recorded 
in India since 2010. During the pre-monsoon 
phase (April to June), regions across the Core 
Heatwave Zone (CHZ), particularly the 
northwestern and central-western belts 
extending down to Gujarat, experienced 
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daytime temperatures hovering relentlessly 
near or above the 45°C to 50°C mark for weeks 
at a time. 

Atmospheric Drivers of the Current Trend 

The intensification of these heat waves is being driven 
by a convergence of macroscopic atmospheric shifts: 

1. Fading Western Disturbances: Historically, 
periodic Western Disturbances brought cloud 
cover and cooler winds to northern and 
central India during the pre-monsoon 
months, breaking up heat spells. Recent years 
have seen these systems weaken or track 
further north, leaving the skies exceptionally 
clear and allowing uninterrupted solar 
radiation to bake the soil. 

2. The "Heat Dome" Effect: We are seeing an 
increase in stalled anticyclonic circulations 
(high-pressure systems) over central and 
western India. These systems trap hot, sinking 
air near the surface, acting like an atmospheric 
lid that deflects rain-bearing clouds and 
sustains the heatwave for weeks. 

3. El Niño and Pacific Oscillations: The 
transition out of prolonged La Niña phases 
into intense El Niño conditions—and the 
lingering oceanic heat from these events—
continues to disrupt the timely arrival and 

even distribution of pre-monsoon 
thundershowers, turning dry spells into 
severe heatwaves. 

Conclusion  

Heat waves represent one of the most immediate 
and destructive manifestations of a shifting global 
climate. For the modern agrometeorologist and 
estate manager, combating thermal stress requires 
moving beyond traditional, reactive watering 
protocols. It necessitates permanent, structural 
interventions—such as high-density canopy 
management for self-shading, the integration of 
predictive meteorological data to trigger 
automated micro-sprinklers before the Vapor 
Pressure Deficit spikes, and the deployment of 
physical shade infrastructure to decouple high-
value assets from the extremes of the boundary 
layer. 
The data indicates that severe, prolonged thermal 
events—particularly the rise of metabolically 
exhausting "warm nights"—are the new baseline 
for Indian agriculture. By treating thermal stress as 
a predictable, scientifically manageable variable 
rather than an unforeseen disaster, forward-
thinking agribusinesses can secure crop viability, 
protect long-term soil microbiomes, and maintain 
premium yields even as global temperatures 
continue to rise. 

 
 

 
 


