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Climate change is a complex phenomenon characterized by long-term shifts in average
weather conditions, including temperature and rainfall patterns. It is primarily driven by the
accumulation of greenhouse gases (GHGS) in the Earth's atmosphere. These GHGs, including
water vapour (H20), methane (CH4), carbon dioxide (CO2), nitrous oxide (N20), and
chlorofluorocarbons (CFCs), create a greenhouse effect, trapping heat and causing global
warming. This global temperature rise has significant consequences for the planet, resulting in
erratic rainfall patterns, increased storm intensity, elevated temperatures, desertification, and
other adverse effects. One sector profoundly impacted by climate change is agriculture, which
experiences challenges like increased disease severity, reduced crop vyields, and lower
nutritional quality. To address these challenges, the development of climate-resilient crop
varieties becomes essential.

Plant breeding, a cornerstone of agriculture, plays a critical role in developing
genetically superior crop varieties that can thrive in specific environmental conditions. Smart
breeding represents an innovative approach that integrates traditional breeding techniques with
advanced molecular, genomic, and phenomic tools. This integration aims to efficiently create
crop cultivars with improved yield potential and resilience to changing climatic conditions.
Recent advancements in precise phenotyping and genotyping offer exciting opportunities to
develop crop varieties that can adapt to shifting climate patterns, ensuring global food security.
Various Smart Breeding Approaches for Climate-Resilient Agriculture

1. Pre-Breeding: - Pre-breeding serves as a vital bridge between plant genetic resources

(gene banks) and conventional breeding programs. It identifies valuable traits or genes

in unadapted materials that cannot be directly incorporated into breeding populations.
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These traits are then transferred to intermediate materials to make them suitable for
further breeding efforts. Pre-breeding addresses several critical challenges, including
the limited genetic diversity in modern agriculture, genetic uniformity, and the impact
of climate change on crop adaptation. Crop wild relatives (CWRs) often play a crucial
role in pre-breeding efforts, as they allow breeders to isolate valuable traits and
introduce them into elite varieties more readily.

2. Speed Breeding: - Speed breeding encompasses a suite of techniques designed to
accelerate generation cycles in crops. By manipulating environmental conditions like
light, temperature, and soil moisture, researchers can expedite flowering and seed set,
reducing the time required for the next breeding generation. Speed breeding
significantly shortens generation time and accelerates breeding and research programs.
It represents a valuable tool for developing climate-resilient crops capable of
withstanding shifting climate patterns and extreme weather events.

3. Marker-Assisted Breeding (MAB): - MAB revolutionizes the breeding process by
using DNA markers associated with desirable traits to select plants for inclusion in
breeding programs at an early stage of development. This technique streamlines the
identification of varieties expressing desired traits, reducing the time needed for variety
development. MAB includes Marker-Assisted Backcrossing (MABC), Marker-
Assisted Gene Pyramiding (MAGP), and other approaches, enabling breeders to
efficiently stack multiple traits into elite varieties.

4. Genomic Selection: - Genomic selection represents a breeding methodology
introduced by Hayes and Goddard in 2001. It involves two distinct populations: a
training population, which is genotyped for numerous markers and phenotyped for key
traits, and a breeding population, consisting of genotyped but not phenotyped
individuals. Genomic selection relies on a prediction model to estimate breeding values
based on marker effects. This methodology enables more efficient selection of
candidates for the next breeding cycle, reducing both the cost and time required for
variety development. Genomic selection is a powerful tool in developing climate-
resilient crop varieties.

5. Double Haploids (DH): - DH technology generates homozygous lines by doubling the
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chromosomes of haploid plants produced from either egg or sperm cells. Two widely
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used methods for DH production are microspore culture and another culture, both of
which have distinct advantages. DH technology achieves complete homozygosity in a
single generation, significantly shortening the time needed to develop pure lines. This
approach offers several advantages, including more precise phenotyping, accurate
gene-trait association in genetic mapping, and expedited gene function studies.

6. Genome Editing: - Gene editing techniques, such as CRISPR/Cas9, provide a
powerful means of making precise modifications to DNA at specific genomic locations.
This technology allows for the creation of gene knockouts or knockdowns without the
permanent insertion of foreign DNA. Genome editing holds significant promise for
mitigating the impacts of climate change by enhancing crop resilience.

7. Phenomics: - Phenomics involves the systematic study of phenotypes, which are the
observable physical characteristics of plants. Advanced phenotyping techniques, such
as three-dimensional imaging, infrared imaging, and fluorescence imaging, enable
rapid and comprehensive assessments of plant traits. High-throughput phenotyping
expedites plant breeding by allowing the screening of thousands of plants quickly. This
approach enhances the selection of individuals with desired traits and accelerates the
development of climate-resilient crop varieties.

8. Artificial intelligence (Al): - Artificial intelligence (Al) is revolutionizing plant
breeding by expediting the development of superior crop varieties. Al leverages data
analysis and predictive modelling to enhance breeding programs. Genomic prediction
and selection use Al to rapidly identify plants with desired traits, reducing traditional
breeding timelines. Marker-assisted breeding (MAB) benefits from Al's ability to
discover and validate molecular markers linked to specific traits. Al-driven
technologies, like remote sensing and hyperspectral imaging, enable accurate and non-
destructive phenotyping. Moreover, Al optimizes breeding program designs, manages
data, predicts disease and pest outbreaks, and aids in genome editing. In a world facing
food security and climate change challenges, Al empowers breeders to create resilient,
high-yielding crop varieties efficiently.

Artificial intelligence (Al) is revolutionizing plant breeding by expediting the

development of superior crop varieties. Al leverages data analysis and predictive modeling to
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enhance breeding programs. Genomic prediction and selection use Al to rapidly identify plants
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with desired traits, reducing traditional breeding timelines. Marker-assisted breeding (MAB)
benefits from Al's ability to discover and validate molecular markers linked to specific traits.
Al-driven technologies, like remote sensing and hyperspectral imaging, enable accurate and
non-destructive phenotyping. Moreover, Al optimizes breeding program designs, manages
data, predicts disease and pest outbreaks, and aids in genome editing. In a world facing food
security and climate change challenges, Al empowers breeders to create resilient, high-yielding

crop varieties efficiently.

Conclusion

In conclusion, the development of climate-resilient crop varieties is an imperative
response to the challenges posed by climate change. Smart breeding, which combines
traditional breeding techniques with cutting-edge molecular, genomic, and phenomic tools,
represents a powerful approach to achieve this goal. These innovative methods expedite
breeding cycles, enhance the selection of desirable traits, and improve overall crop
performance. The various smart breeding approaches discussed, including pre-breeding, speed
breeding, marker-assisted breeding, genomic selection, double haploids, genome editing, and
phenomics, each contribute unique benefits to the quest for climate-resilient crops. They enable
breeders to adapt to changing environmental conditions and emerging agricultural challenges,
ensuring global food security in a world marked by climate instability. It is crucial to continue
investing in research and development efforts that advance these smart breeding techniques.
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With ongoing innovation, collaboration, and a commitment to sustainable agriculture, we can

develop crop varieties capable of thriving in the face of climate change, providing food security

for current and future generations. This journey requires the collective effort of scientists,
breeders, policymakers, and agricultural stakeholders to ensure a resilient and sustainable food
supply for a changing world

References

Bakala, H. S., Singh, G., & Srivastava, P. (2020). Smart breeding for climate resilient
agriculture. In Plant breeding-current and future views. Intech Open.

Khan, M. H. U., Wang, S., Wang, J., Ahmar, S., Saeed, S., Khan, S. U., ... & Feng, X. (2022).
Applications of Artificial Intelligence in  Climate-Resilient  Smart-Crop
Breeding. International Journal of Molecular Sciences, 23(19), 11156.

Muhammed Azharudheen, T. P., Molla, K. A., Anilkumar, C., & Sah, R. P. (2022). Advanced
technologies for climate-smart breeding. Climate Resilient Technologies for Rice based
Production Systems in Eastern India.

Nagvi, R. Z., Siddiqui, H. A., Mahmood, M. A., Najeebullah, S., Ehsan, A., Azhar, M., ... &
Asif, M. (2022). Smart breeding approaches in post-genomics era for developing
climate-resilient food crops. Frontiers in Plant Science, 13, 972164.

Nayak, G., & Chaudhari, P. (2022). Chapter-11 Smart Breeding Strategies for Development of

Climate Resilient Crops. Technologies, 143.

www.justagriculture.in

89

Page



