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Abstract

Climate change poses serious challenges to agricultural productivity through rising temperatures,
erratic rainfall, and frequent extreme events. Climate-resilient crop varieties have emerged as a
critical adaptation strategy to sustain yield stability and food security under such conditions. These
varieties integrate traits such as heat tolerance, drought adaptability, efficient water use, and
resistance to pests and diseases. Advances in conventional breeding, marker-assisted selection,
genetic engineering, and genome-editing tools have accelerated the development of resilient
cultivars, reducing yield losses and production risks. Adoption of climate-resilient varieties has
demonstrated higher yield stability, lower input requirements, and improved economic returns
across diverse farming systems. Supportive policy frameworks, focused research investments, and
efficient seed dissemination mechanisms are essential for scaling these innovations. Strengthening
collaboration among researchers, policymakers, and farming communities will play a decisive role
in building climate-adaptive and sustainable agricultural systems.
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1. Climate Change and Agricultural
Vulnerability

Rising temperature, erratic rainfall, and
extreme events

Global mean surface temperature has
already increased by about 1.1 °C above
pre-industrial levels, with agriculture
experiencing amplified heat stress during
critical crop growth stages. Frequency of
heatwaves has doubled since the 1980s,
while rainfall patterns show higher
variability, marked by shorter intense
precipitation events and prolonged dry
spells. Extreme events such as droughts,
floods, and cyclones now account for nearly
70 % of climate-related agricultural losses
worldwide, directly affecting soil moisture
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regimes, crop phenology, and nutrient
dynamics.

Implications for crop productivity and food
security

Yield reductions of major cereals under
combined heat and water stress range
between 10-25 % per degree Celsius rise in
temperature, as reported by multi-model
assessments. Climate variability increases
year-to-year yield instability, weakening
supply chains and farm incomes.
Projections indicate that without adaptive
interventions, global food production could
decline by 8-14 % by mid-century, while
demand is expected to rise by over 50 %,
intensifying pressure on food availability,
accessibility, and nutritional security.
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2. Concept of Climate-Resilient Crop
Varieties

Definition and key resilience traits

Climate-resilient crop  varieties are
genetically improved cultivars designed to
maintain stable yield and quality under
climate-induced stresses. Core resilience
traits include heat tolerance at flowering,
drought-adaptive root architecture, efficient
water-use efficiency, early vigor, and
phenological plasticity. Studies indicate
that varieties combining multiple adaptive
traits can reduce yield losses by 2040 %
under stress scenarios compared with

conventional cultivars. Improved
Conventional  breeding and marker-
assisted selection

Conventional breeding exploits existing
genetic variability through hybridization,
selection, and multi-environment testing to
develop climate-resilient cultivars. Yield
gains from stress-tolerant breeding lines
range between 0.5-1.2 % per year under
marginal environments. Marker-assisted
selection accelerates this process by linking
phenotypic traits with molecular markers,
reducing breeding cycles by 30-50 %.
Deployment of quantitative trait loci
associated  with  drought tolerance,
submergence survival, and heat resilience
has improved yield stability by nearly 20 %
under stress-prone conditions.
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photosynthetic  efficiency,  stay-green
character, and enhanced carbon
assimilation also contribute to yield

stability under variable environments.

Tolerance to biotic and abiotic stresses
Abiotic stress tolerance targets drought,
heat, salinity, and flooding, which
collectively account for over 50 % of global
crop yield losses. Heat-tolerant cereals
show reduced spikelet sterility and
improved grain filling at temperatures
exceeding 35 °C. Drought-tolerant
genotypes demonstrate deeper rooting and
osmotic adjustment, sustaining productivity
under limited moisture. Biotic stress
tolerance focuses on resistance to insects,
pathogens, and emerging pest complexes
intensified by climate shifts. Resistant
varieties have been shown to lower crop
losses by 15-30 % while reducing pesticide
dependence, supporting sustainable
production systems.

3. Breeding
Approaches

and Biotechnological

Genetic engineering and genome-editing
tools

Genetic  engineering enables precise
introduction of stress-responsive genes
regulating osmotic balance, heat-shock
proteins, and antioxidant pathways.
Transgenic crops expressing drought- and
salinity-tolerance genes have recorded
biomass and yield improvements of 15-35
% under controlled and field stress
conditions. Genome-editing tools such as
CRISPR/Cas systems allow targeted
modification of endogenous genes without
altering overall genetic background. Edited
lines show enhanced stress tolerance,
improved nutrient-use efficiency, and faster
trait development timelines compared with
conventional approaches.
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Table: Climate-Resilient Crop Varieties

Crop Primary
Variety Exa.m [.)le Key Resilience Traits Climate Performance
Tvpe Varieties Stress Advantages
P Addressed
Sahbhagi o/ 1
Drought- Dhan (rice), Deep rooting, osmotic | Prolonged dry 20_.30 /o higher
tolerant . . yield under
. DT maize regulation spells )
varieties . moisture stress
hybrids
Heat HD 2967 High
(wheat), Heat-stable enzymes, temperature Reduced yield
tolerant o : o
. HeatSmart pollen viability during loss above 35 °C
varieties . )
maize flowering
Flood- Swarna-Sub1 Submereence tolerance Tembora Survival up to
tolerant (rice), IR64- efe (SUBI) ﬂocl))dinry 14 days
varieties Subl & £ submergence
o 5 YRR
Salinity CSR 36 (rzce) ’ Ton exclusion, salt Saline soils 25-40 % yield
tolerant Kharchia 65 D advantage on
. compartmentalization and water :
varieties (wheat) saline land
Pest- Climate- 15-30 %
. Bt cotton - . . . .
resistant . Inbuilt insect resistance | driven insect | reduction in crop
.. hybrids
varieties outbreaks loss
Di - | PusaB j . .
15€ase usa basmati Durable resistance Pathogen Lower fungicide
resistant 121 (blast- enes ressure requirement
varieties tolerant lines) & P q
Early- Terminal
ay ICPL 88039 . crmind Stress escape,
maturing (vigeonpea) Short growth duration drought and eld stabilit
varieties prgeonp heat y Y
Multi- .
stress DRR Dhan 44 Combined abiotic— Coqcurrent Stable yie ld
o . e climate across variable
resilient (rice) biotic tolerance
. extremes seasons
varieties

4. Adoption

and Performance in

Farming Systems

Yield stability
conditions
Climate-resilient

demonstrate superior yield stability across
variable environments marked by heat,

) drought, and irregular rainfall. Field
under climate stress )
evaluations show that stress-tolerant
. cultivars sustain 15-30 % higher yields
crop varieties
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than conventional varieties during
drought years and reduce year-to-year yield
variability by nearly 25 %. Improved
harvest index, stable grain filling under
thermal stress, and resilience to short-term

flooding  contribute  to  consistent
performance, strengthening production
reliability under increasing climate
uncertainty.

Farmer acceptance and socio-economic
benefits

Farmer adoption is strongly linked to
visible yield gains, reduced risk, and lower
input dependency. Surveys indicate
adoption rates of resilient varieties increase
by over 40 % when yield advantages exceed
10 % under stress conditions. Reduced crop
failure risk enhances income stability, while
tolerance to pests and diseases lowers
pesticide use by 20-30 %, decreasing
production  costs.  These  benefits
collectively improve benefit—cost ratios and
support livelihood resilience across diverse
farming systems.

5. Future and Policy Support

Research  priorities and  innovation
pathways
Future research emphasizes stacking

multiple stress-tolerance traits within single
cultivars to address simultaneous heat,
drought, and biotic pressures. Integration of
high-throughput  phenotyping, climate
modelling, and artificial intelligence
shortens varietal development timelines by
up to 40 %. Exploration of wild relatives
and landraces expands the genetic base,
with studies showing a 15-25 %
improvement in stress adaptability when
novel alleles are incorporated. Focus on
nutrient-use efficiency and carbon-efficient
cultivars also supports sustainability goals.

Policy frameworks for scaling climate-
resilient varieties
Effective policy

support centres on
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accelerated varietal release systems, seed
multiplication infrastructure, and targeted
incentive mechanisms. Streamlined
regulatory pathways reduce adoption lag by
several years, while public—private
partnerships improve seed availability at
scale. Investment in extension services and
digital advisory platforms enhances
awareness and  adoption,  raising
dissemination efficiency by nearly 30 %.
Long-term policy alignment with climate

adaptation strategies strengthens food
system  resilience and  agricultural
sustainability.
Conclusion

Climate-resilient crop varieties offer stable
yields, reduced climate risk, and improved
farm Strategic ~ breeding
innovation, supportive policies, and
efficient dissemination together ensure
sustainable  food  production under
increasing climate variability.

incomes.
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