Breeding Stability in an Unstable Climate

Climate change has quietly changed the way agriculture works. Across India and the
wider Global South, farming is no longer a familiar conversation with seasons but an
uncertain exchange with extremes. Heat waves arrive before crops are physically ready.
Rain falls heavily but without pattern. Floods and droughts happen within the same year,
sometimes in the same district. Salinity creeps into once-fertile coastal soils, while new
pests and diseases move along warming routes. For smallholder farmers—who work on
small plots, depend on monsoon timing, and lack safety nets—these changes are not
just predictions but real lives, causing lower yields, unstable income, and nutritional
hardships. In such a world, climate-resilient crop varieties are not just a technical choice
but a moral and civilisational obligation.
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Itis worth pausing to ask a simple but profound question: what if high-yielding wheat and
rice varieties had never been developed? What if the breakthroughs of the Green
Revolution—whatever their later excesses—had not stabilised food production in post-
independence India? The country might have remained perpetually dependent on food
aid, urban unrest could have become chronic, and poverty might have deepened rather
than receded. The fact that today’s India debates surplus management, procurement
reforms, and nutrition diversity is itself testimony to the quiet power of plant breeding.
That historical moment invites a second question, equally urgent: what if climate-
resilient varieties are not developed now? In a warming world, the absence of resilience
would undo decades of progress—not through famine alone, but through attrition:



repeated crop stress, declining confidence in farming, youth migration, and fragile food
systems.

Climate resilience in crops does not mean invincibility. It does not promise record yields
every season. Instead, it is about endurance—about ensuring that crops remain
productive when conditions deviate from the ideal. A climate-resilient variety may flower
successfully under heat stress, survive temporary flooding, extract water from deeper
soil layers during drought, tolerate salinity without sterility, or resist emerging pests
whose life cycles are accelerated by warming temperatures. Above all, it offers yield
stability across years and locations, reducing the farmer’s exposure to catastrophic loss.
In regions where a single failed harvest can trigger debt, distress sales, or school
dropouts, such stability is transformative.

At the heart of climate resilience lies plant biology itself—an ancient intelligence refined
over millions of years. Plants have always responded to stress: by closing stomata to
conserve water, by altering flowering time to escape heat, by producing protective
proteins, by reshaping root systems to explore deeper moisture, or by activatingimmune
pathways against pathogens. Modern science does not invent these responses; it learns
to recognise, combine, and strengthen them. Breeding climate-resilient crops is
therefore an act of listening to biology, guided by genetics, physiology, and data.

Unlike early breeding efforts that focused mainly on yield under optimal conditions,
resilience breeding acknowledges the complexity of the environment. Drought tolerance,
for example, is not governed by a single gene but by networks that influence root
architecture, water-use efficiency, canopy temperature, and grain filling. Heat tolerance
involves pollen viability, membrane stability, enzyme function, and hormonal balance.
Flood tolerance in rice depends on how plants manage energy under submergence or
elongate rapidly to reach air. These traits interact with soil, weather, and management
practices, making resilience a systems property rather than a single feature.

To address this complexity, breeding science has evolved into an integrated technological
ecosystem. Conventional breeding remains foundational—crossing parents, selecting
progeny, and testing across seasons—but it is now amplified by precision. Molecular
markers allow breeders to track desirable genes in seedlings long before stress appears
in the field. Genomic selection goes further, using thousands of DNA signals to predict
performance under stress, enabling faster, more accurate choices, even for traits
governed by many minor genetic effects. High-throughput phenotyping—using drones,
imaging, and sensors—makes it possible to observe how thousands of plants respond to
heat, drought, or disease in real time, turning stress itself into measurable data.

Speed has also become critical. Climate change does not wait for traditional breeding
timelines. Techniques such as speed breeding, controlled environment growth, and off-
season nurseries compress years into months. In parallel, climate and crop models now
help breeders design varieties not just for today’s weather, but for projected conditions
decades ahead—heat during wheat flowering, shorter monsoon windows for rice, or
rising salinity in coastal belts. In this way, breeding becomes anticipatory rather than
reactive.



Advanced biotechnology, including gene editing, adds another layer of possibility. By
making precise changes to specific genes—enhancing drought response pathways or
disease resistance—scientists can accelerate improvement without disrupting farmer-
preferred traits such as taste, grain quality, or cooking behaviour. For the Global South,
this precision holds enormous promise, provided regulatory frameworks, public trust,
and access remain aligned with public interest rather than concentrated control.

Yet science alone is not enough. A resilient variety achieves nothing if it does not reach
farmers. Seed systems, affordability, trust, and relevance are decisive. Farmers adopt
varieties not because they are fashionable, but because they perform reliably in their
fields, suit local food habits, and fit existing practices. Participatory trials, decentralised
testing, and strong public breeding institutions remain essential, especially in regions
where markets alone will not serve the poorest farmers. Climate resilience, in this sense,
is a public good—its benefits ripple outward from individual fields to entire food systems.

For India and the Global South—home to nearly 5 billion people, many living close to the
margins—climate-resilient crops are a quiet form of justice. They reduce dependence on
perfect weather, excessive inputs, and emergency relief. They stabilise food supplies,
temper price volatility, and preserve rural livelihoods. They buy time—time for better
water management, soil regeneration, market reform, and institutional strengthening.

There is also a more profound sense of wonder embedded in this endeavour. Each
resilient seed carries centuries of farmer selection, decades of scientific insight, and
millennia of plant evolution. It embodies the idea that adaptation is possible—not
through domination of nature, but through partnership with it. Just as the Green
Revolution once altered the destiny of a hungry nation, today’s climate-resilient breeding
efforts hold the potential to safeguard the future against uncertainty. The question before
us is notwhether science can do it—it can—but whether societies will invest, govern, and
deploy it with the urgency and inclusiveness the moment demands.

In awarming world, resilience will not arrive with fanfare. It will come quietly, season after
season, as crops that hold on when conditions falter. In that quiet persistence lies one of
humanity’s most powerful responses to climate change—contained, quite literally, in the
palm of a farmer’s hand. When seasons grow uncertain, survival moves from the sky into
the seed.

— Dr Gopal Lal, Prof Arun Tiwari



