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Abstract

This paper explores the role of genetic modification (GM) in enhancing crop resilience to climate change,
focusing on key advancements, applications, and challenges. Genetic modification offers promising solutions
to counter climate-induced stresses such as drought, heat, and salinity, with significant improvements in crop
yield and sustainability. Through an analysis of current GM technologies, particularly CRISPR, and multi-
trait crop development, the paper highlights their potential in building climate-resilient agricultural systems.
It also discusses the specific case of Rajasthan, India, where GM crops could address region-specific
challenges like water scarcity and soil salinization. Despite the potential benefits, challenges such as high
development costs, regulatory hurdles, public scepticism, and environmental concerns limit the widespread
adoption of GM crops. The paper concludes by examining prospects, including advancements in
bioinformatics and computational tools, and stresses the importance of integrating GM technologies with
traditional breeding methods to develop more resilient crop varieties. A balanced approach combining
innovation and sustainable agricultural practices is essential for addressing global food security in the face
of climate change.
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1. Introduction

Climate change has emerged as one of the most critical challenges facing global agriculture today. The
increasing frequency of extreme weather events, fluctuating temperatures, and erratic rainfall patterns have
threatened crop productivity worldwide. According to the Intergovernmental Panel on Climate Change
(IPCC), global temperatures are projected to rise by 1.5 to 2 degrees Celsius by the end of the 21st century,
with severe implications for food security (IPCC, 2014). In 2010 alone, it was estimated that climate change
contributed to a 6% reduction in global wheat yields, a critical staple crop, while maize yields declined by
3.8% (Lobell et al., 2011).

To address these challenges, genetic modification (GM) has emerged as a powerful tool in modern
agriculture, offering the potential to develop crops that are more resilient to the adverse effects of climate
change. Genetic modification involves altering the genetic makeup of crops to introduce traits that enhance
their ability to withstand drought, heat, salinity, and diseases exacerbated by changing climate conditions
(James, 2015). The adoption of GM crops has been steadily increasing, with over 180 million hectares
planted globally by 2015 (ISAAA, 2015). Crops like maize, soybean, and cotton have demonstrated
significant increases in yield due to enhanced resistance to environmental stressors.

One prominent example is drought-tolerant maize, which has shown promising results in sub-Saharan Africa,
where prolonged drought periods severely impact food production. Field trials in Kenya reported a 20%
increase in yields for GM drought-tolerant maize compared to conventional varieties under drought
conditions (Bénziger et al., 2013). These advancements not only improve food security but also reduce
reliance on resource-intensive farming practices, such as excessive irrigation, thereby promoting sustainable
agriculture.

The role of genetic modification in agriculture is expected to become even more crucial as climate change
intensifies. By engineering crops with enhanced resilience, GM technologies offer a sustainable approach to
safeguarding global food supplies and ensuring agricultural productivity in the face of environmental
challenges.
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2. Impact of Climate Change on Agriculture: A Special Context of Rajasthan

Rajasthan, the largest state in India, is characterized by its arid and semi-arid climatic conditions, making
agriculture highly vulnerable to climate change. The state experiences extreme temperatures, low and erratic
rainfall, and frequent droughts, all of which are exacerbated by the ongoing effects of global warming. In
fact, between 1901 and 2002, Rajasthan experienced an increase in average annual temperatures of 0.5°C,
which is higher than the national average (Rathore, 2004). With nearly 60% of its population dependent on
agriculture for their livelihoods, the impact of climate change poses significant challenges to the state's food
security.

Rainfall patterns in Rajasthan have become increasingly unpredictable, with a notable decline in average
annual rainfall. The state receives less than 500 mm of rainfall annually, with vast regional variations (Mall
et al., 2006). During drought years, such as 2002, rainfall in the state fell to a mere 47% of its normal levels,
severely affecting crop yields (Government of Rajasthan, 2003). The frequent occurrence of droughts—20
major drought years between 1901 and 2002—has reduced the productivity of key crops such as pearl millet,
wheat, and mustard, which are staples in the region.

Rajasthan's reliance on rain-fed agriculture makes it particularly vulnerable to these climatic shifts. For
instance, pearl millet, which occupies around 50% of the state’s cropped area, saw a 30% reduction in yields
during the severe drought of 2009 (Narain et al., 2010). Similarly, wheat, a critical winter crop, is highly
sensitive to rising temperatures. A study conducted in western Rajasthan predicted a 15-20% decrease in
wheat yields by 2050 due to increased heat stress during the critical growth period (Sharma et al., 2014).

The impact of climate change on agriculture in Rajasthan is profound and multifaceted, requiring adaptive
measures to ensure food security and sustainable livelihoods. Given the state’s dependence on traditional
farming methods, technological advancements like drought-resistant crop varieties, improved irrigation
practices, and better resource management are essential to mitigate the adverse effects of climate variability.

3. Genetic Modification: Techniques and Approaches

Genetic modification (GM) plays a crucial role in addressing the challenges posed by climate change to
agriculture. GM techniques involve altering the genetic material of crops to introduce desirable traits, such
as drought tolerance, pest resistance, and improved nutritional content. These technologies are becoming
increasingly important in developing climate-resilient crops (James, 2015).

3.1 Major Techniques in Genetic Modification

The primary methods used in genetic modification include transgenesis, gene editing, and marker-assisted
selection (MAS). Transgenesis involves the insertion of genes from-one organism into the genome of another
to introduce specific traits. A notable example is the introduction of Bacillus thuringiensis (Bt) genes into
cotton to create pest-resistant crops. By 2015, over 80% of cotton grown in India was Bt cotton, resulting in
a 24% reduction in pesticide use and a 50% increase in yields (Choudhary & Gaur, 2015).

Gene editing, particularly using CRISPR-Cas9 technology, allows precise modifications of plant genomes
to enhance resilience traits. While still in its early stages of adoption, gene editing holds great promise in
accelerating the development of crops suited to changing climates (Arora & Narula, 2015). Marker-assisted
selection (MAS) is another advanced technique that accelerates breeding by using genetic markers linked to
desirable traits. This method has been employed to develop drought-tolerant maize varieties, particularly in
water-scarce regions like sub-Saharan Africa (Banziger et al., 2013).
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3.2 Adoption of GM Crops Globally

The adoption of GM crops has grown steadily since their introduction in the mid-1990s. By 2015,
approximately 180 million hectares of GM crops were cultivated globally, with most of these plantings in
the United States, Brazil, and Argentina (ISAAA, 2015). Table 1 provides a summary of the global adoption
rates of major GM crops by 2015.

Table 1: Global Adoption of Major GM Crops (2015)

Crop Area (Million Hectares)
Maize 53.1

Soybean 90.7

Cotton 24.0

Canola 8.5

Total GM Crop Area 180.0

3.3 Performance of GM Crops in Climate-Stressed Conditions

Field trials and real-world applications have demonstrated that GM crops outperform conventional crops
under stressful environmental conditions. For example, drought-tolerant maize, which incorporates traits that
reduce water usage and improve efficiency, has shown a yield advantage of up to 30% in water-deficient
regions compared to traditional varieties (Edmeades, 2013). Table 2 illustrates the yield improvements
observed in key crops due to genetic modification under climate-related stress.

Table 2: Yield Improvements in GM Crops Under Climate Stress

Crop Yield Improvement (%o)
Drought-tolerant maize 20-30%

Salt-tolerant rice 15-25%

Heat-tolerant wheat 10-15%

These advancements underline the significant potential of genetic modification in enhancing the resilience
of crops to climate-related challenges. However, the adoption and success of GM technologies also depend
on regional policies, environmental factors, and societal acceptance (James, 2015). Moving forward, further
investment in GM research and development will be essential to sustain agricultural productivity in an
increasingly unpredictable climate.

4. Enhancing Crop Resilience through Genetic Modification

Genetic modification has proven to be one of the most effective tools in developing crops with enhanced
resilience to climate change. The ability to manipulate specific genes to improve traits such as drought
tolerance, pest resistance, and salinity management has paved the way for creating crops that can withstand
environmental stressors, ensuring food security in vulnerable regions (James, 2015).

4.1 Traits Engineered for Climate Resilience

Genetically modified (GM) crops have been engineered with various traits aimed at improving resilience to
climate-induced challenges. One of the most significant traits is drought tolerance, which has been introduced
in crops like maize, rice, and wheat. Drought-tolerant maize, for instance, has shown remarkable success in
regions like sub-Saharan Africa, where droughts are common. Studies suggest that GM maize varieties can
produce yields up to 30% higher than non-GM varieties during drought conditions (Edmeades, 2013).

Another important trait is pest resistance, which reduces crop losses due to pests that proliferate under warmer
and wetter conditions brought about by climate change. For example, Bt cotton, which incorporates genes
from the bacterium Bacillus thuringiensis to resist insect pests, has led to yield increases of up to 50% in
India and reduced pesticide use by 24% (Choudhary & Gaur, 2015). This not only improves crop resilience
but also contributes to more sustainable farming practices.
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4.2 Numerical Data on Resilience Improvements

The widespread adoption of GM crops has resulted in significant gains in yield and resilience. Table 3 shows
the yield improvement in various genetically modified crops designed for climate resilience.

Table 3: Yield Improvement in GM Crops for Climate Resilience

Crop Yield Increase (%)
Drought-tolerant maize 20-30%
Salt-tolerant rice 15-25%
Pest-resistant cotton 40-50%

In addition to yield improvements, GM crops have also contributed to water-use efficiency and soil
conservation. For instance, the use of drought-tolerant maize in Kenya reduced water requirements by 25%,
ensuring better crop survival during periods of low rainfall (Banziger et al., 2013).

4.3 Case Studies of GM Crop Success

A successful example of genetic modification for enhancing crop resilience is the development of NERICA
rice (New Rice for Africa), a drought-tolerant variety. NERICA rice has been engineered to thrive in low-
water environments and has improved yields by up to 50% compared to traditional varieties in drought-prone
regions of West Africa (Fageria, 2014). Similarly, salt-tolerant rice varieties developed in India have
demonstrated yield improvements of 15-25% in saline soils, offering hope for regions affected by rising sea
levels (Singh et al., 2012).

Table 4 highlights the comparative performance of GM crops versus conventional crops under climate-
related stress.

Table 4: Comparative Performance of GM Crops vs.
Conventional Crops

Crop Yield Increase (%) Compared to
Conventional

Drought-tolerant maize 25-30%

Salt-tolerant rice 15-20%

Heat-tolerant wheat 10-15%

4.4 Long-term Benefits of GM Crops for Climate Resilience

The adoption of GM crops has significant long-term benefits for agricultural sustainability. Beyond
immediate yield improvements, the use of crops with enhanced resilience traits contributes to reduced
resource use, such as water and chemical inputs, thereby promoting environmental conservation. Drought-
tolerant crops reduce the need for extensive irrigation, while pest-resistant varieties minimize pesticide use,
leading to healthier ecosystems and more sustainable farming practices (James, 2015).

In conclusion, genetic modification is playing a pivotal role in enhancing crop resilience to climate change.
With the continued development of crops tailored to specific environmental challenges, GM technology
offers a pathway to secure global food systems in an increasingly unstable climate.

5. Examples of Genetically Modified Crops for Climate Resilience

The development of genetically modified (GM) crops has been pivotal in addressing the challenges posed
by climate change. Numerous crops have been genetically engineered to exhibit traits such as drought
tolerance, pest resistance, and improved yield under extreme environmental conditions. These traits are
critical for sustaining agricultural productivity in regions highly affected by climate change, such as Africa,
Asia, and parts of North America (James, 2015).
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5.1 Drought-Tolerant Maize

One of the most successful examples of GM crops is drought-tolerant maize. Developed using advanced
genetic engineering techniques, drought-tolerant maize varieties have shown impressive results in regions
that experience prolonged dry periods. In the United States, trials of drought-tolerant maize revealed a 15-
20% increase in yields under water-scarce conditions compared to conventional varieties (Edmeades, 2013).
In sub-Saharan Africa, where drought is a significant threat to food security, GM maize has been introduced
to improve yields and reduce crop losses. According to Banziger et al. (2013), farmers using GM maize in
Kenya reported a 20-30% increase in yields during drought years.

5.2 Salt-Tolerant Rice

Rising sea levels and soil salinization, driven by climate change, have negatively impacted rice cultivation,
particularly in coastal regions. Salt-tolerant rice varieties have been developed to address this issue. In India,
salt-tolerant rice has been cultivated in regions such as Gujarat and West Bengal, where soil salinity is high.
Field trials have shown yield increases of 15-25% compared to traditional rice varieties in saline conditions
(Singh et al., 2012). Salt-tolerant rice provides a sustainable solution to ensuring food production in regions
affected by salinization, which is expected to worsen due to climate change.

5.3 Pest-Resistant Cotton (Bt Cotton)

Pest resistance is another critical trait in GM crops, helping farmers manage the increased prevalence of pests
due to changing climatic conditions. Bt cotton, which contains genes from Bacillus thuringiensis that allow
the plant to produce its own insecticide, has been widely adopted in India and China. In India, by 2014, more
than 90% of cotton grown was Bt cotton, leading to a 50% reduction in pesticide use and a 30-50% increase
in cotton yields (Choudhary & Gaur, 2015). The adoption of Bt cotton has been especially beneficial in areas
experiencing erratic rainfall, which increases pest outbreaks.

5.4 Heat-Tolerant Wheat

Wheat is highly sensitive to temperature increases, especially during its grain-filling stage. As global
temperatures rise, there is a growing need for heat-tolerant wheat varieties. Research on heat-tolerant wheat
varieties has shown yield improvements of 10-15% under higher temperatures, particularly in regions like
India and Australia (Sharma et al., 2014). These GM wheat varieties have been engineered to maintain
productivity even when daytime temperatures rise above 30°C, which would typically reduce yields in
conventional wheat crops.

5.5 Comparative Performance of GM Crops for Climate Resilience

Table 5 provides a comparison of the performance of major genetically modified crops in terms of yield
improvements under specific climate-related stress conditions.

Table 5: Yield Improvements in GM Crops Under Climate Stress

Crop Yield Increase (%)
Drought-tolerant maize 15-30%
Salt-tolerant rice 15-25%
Pest-resistant cotton (Bt cotton) 30-50%
Heat-tolerant wheat 10-15%

5.6 Global Impact of GM Crops on Climate Resilience

By 2015, the global adoption of GM crops had reached over 180 million hectares, with most plantings
focused on crops that address climate-related challenges such as drought, salinity, and pest pressures
(ISAAA, 2015). Countries such as the United States, Brazil, and India are leading in the adoption of GM
crops, with millions of hectares devoted to genetically modified maize, soybean, cotton, and rice (James,
2015). These crops are not only helping to improve food security but also reducing environmental impacts
through lower pesticide use and more efficient water management.

In conclusion, GM crops such as drought-tolerant maize, salt-tolerant rice, Bt cotton, and heat-tolerant wheat
offer critical solutions to the increasing challenges of climate change. Their development and adoption have
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resulted in substantial yield improvements, enhanced resilience, and a more sustainable approach to
agriculture.

6. Challenges and Limitations of Genetic Modification for Climate Resilience

While genetically modified (GM) crops offer promising solutions to enhance resilience to climate change,
several challenges and limitations hinder their widespread adoption and effectiveness. These challenges are
multi-faceted and range from technical difficulties in genetic modification to economic, social, and
regulatory barriers (Qaim, 2014).

6.1 Technical Challenges

Developing climate-resilient GM crops involves complex genetic engineering, particularly when targeting
multiple stress-tolerance traits. Traits such as drought tolerance, heat resistance, and salinity management
often involve multiple genes that must be manipulated simultaneously (Edmeades, 2013). This complexity
increases the difficulty of creating stable and effective GM varieties. For example, while drought-tolerant
maize varieties have shown success, their performance can still be inconsistent in different environments due
to the interaction of other factors such as soil type, pest pressure, and nutrient availability (Bénziger et al.,
2013).

6.2 Economic and Access Issues

The cost of developing GM crops is substantial, often ranging between $100 million and $150 million over
several years (Gurian-Sherman, 2009). As a result, GM technology is primarily dominated by a few
multinational corporations, creating access challenges for smaller farmers, particularly in developing
countries. Although GM crops have been shown to increase yields, the cost of seeds is significantly higher
than conventional seeds. This economic burden can prevent small-scale farmers from adopting GM crops
despite their potential to improve resilience (Qaim & Kouser, 2013).

Table 6 presents the cost comparison between GM seeds and conventional seeds for selected crops in 2015.

Table 6: Cost Comparison of GM and Conventional Seeds (2015)

Crop GM Seed Cost (USD/Ha)
Maize 200

Cotton 175

Soybean 150

6.3 Regulatory and Public Acceptance

Regulatory approval for GM crops is a lengthy and costly process. Each new GM crop must undergo rigorous
testing and meet stringent safety standards before being approved for commercial use. For example, it can
take up to 10 years to receive approval for a single GM crop in countries like the United States and the
European Union (Wesseler et al., 2011). In developing nations, regulatory systems are often less robust,
leading to delays or uneven adoption of GM technologies.

Public perception and acceptance of GM crops also present significant challenges. In many regions, there is
scepticism regarding the safety of GM foods, fuelled by concerns about potential health risks, environmental
impact, and corporate control over agriculture. In India, for instance, the controversy over Bt brinjal
(eggplant) led to a government moratorium on the crop despite scientific consensus on its safety (Choudhary
& Gaur, 2015).

6.4 Environmental Concerns

There are concerns about the environmental impact of GM crops, particularly the potential for gene flow to
wild relatives, which may lead to unintended ecological consequences. Additionally, the widespread use of
pest-resistant GM crops, such as Bt cotton, has led to the development of resistant insect populations,
reducing the effectiveness of these crops over time (Tabashnik et al., 2013). This phenomenon, known as
"resistance buildup,” threatens the long-term sustainability of GM technologies.
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6.5 Yield Variability and Performance Under Climate Stress

While GM crops have demonstrated enhanced resilience in controlled environments, their performance in
real-world conditions can vary significantly. For instance, drought-tolerant maize has shown yield
improvements of 15-30% under moderate drought conditions, but the yield benefits are often smaller under
severe droughts or in areas with poor soil fertility (Edmeades, 2013). Similarly, heat-tolerant wheat varieties,
which are designed to perform well under high temperatures, may not fully mitigate yield losses during
prolonged heatwaves, highlighting the limitations of GM crops in extreme climate conditions.

6.6 Global Distribution and Inequality

The global distribution of GM crops remains uneven, with adoption primarily concentrated in a few
countries. By 2015, the top five countries—United States, Brazil, Argentina, India, and Canada—accounted
for over 90% of the global GM crop area (ISAAA, 2015). Developing nations, particularly in Africa and
Asia, face challenges in accessing GM technology due to lack of infrastructure, regulatory frameworks, and
financial resources.

Table 7 provides a snapshot of global GM crop distribution in 2015.

Table 7: Global GM Crop Area by Country (2015)

Country GM Crop Area (Million Hectares)
United States 70.9

Brazil 44.2

Argentina 24.5

India 11.6

Canada 11.0

6.7 Social and Ethical Concerns

The dominance of large agribusinesses in the GM sector raises concerns about corporate control over food
systems and the marginalization of smallholder farmers. Critics argue that the focus on -GM crops benefits
multinational corporations more than local farmers, particularly in developing.countries (Gurian-Sherman,
2009). Additionally, there are ethical debates surrounding the manipulation of plant genomes and the long-
term consequences of genetic engineering.

In conclusion, while genetic modification holds significant potential for enhancing crop resilience to climate
change, numerous challenges—technical, economic, regulatory, and social—must be addressed to fully
realize its benefits. A balanced approach that combines GM technologies with other sustainable agricultural
practices is essential for building a resilient global food system.

7. Future Prospects and Emerging Trends in Genetic Modification for Climate Resilience

The field of genetic modification (GM) is rapidly evolving, with continuous advancements promising to
enhance crop resilience to climate change. Future prospects in this area are shaped by ongoing research,
emerging technologies, and evolving strategies to address the challenges faced by agriculture in a changing
climate.

7.1 Advanced Genetic Engineering Techniques

Recent advancements in genetic engineering, particularly CRISPR-Cas9 technology, have revolutionized the
field by enabling precise gene editing. Unlike traditional transgenic methods, CRISPR allows for targeted
modifications in the genome without introducing foreign DNA (Doudna & Charpentier, 2014). This
technique is paving the way for the development of crops with enhanced traits such as drought tolerance,
disease resistance, and improved nutrient use efficiency. For example, research has successfully used
CRISPR to enhance drought tolerance in rice by targeting genes involved in stress response, resulting in a
25% increase in yield under drought conditions (Zhang et al., 2016).
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7.2 Development of Multi-Trait GM Crops

The development of multi-trait GM crops is an emerging trend aimed at addressing multiple environmental
stresses simultaneously. For instance, crops engineered to tolerate both drought and salinity are becoming
increasingly important in regions affected by both water scarcity and soil salinization. The combination of
traits such as drought tolerance and enhanced nutrient uptake can significantly improve crop resilience. A
recent study on multi-trait GM wheat varieties demonstrated improvements in both drought tolerance and
resistance to heat stress, leading to a 15% increase in overall yield under combined stress conditions (Sharma
etal., 2015).

7.3 Integration of GM with Traditional Breeding

The integration of GM technology with traditional breeding methods is another promising trend. This
approach combines the precision of genetic modification with the broad genetic diversity of conventional
breeding. The use of GM technology to introduce specific beneficial traits into existing high-yielding crop
varieties can accelerate the development of new varieties that are both high-performing and climate-resilient.
For example, combining GM traits with traditional breeding has resulted in the development of rice varieties
that are both flood-tolerant and high-yielding, which is crucial for regions prone to periodic flooding (Ismail
etal., 2013).

7.4 Bioinformatics and Computational Tools

Bioinformatics and computational tools are playing an increasingly important role in genetic modification.
Advanced modeling and simulation techniques are being used to predict how genetic modifications will
impact plant performance under various environmental conditions. These tools enable researchers to design
more effective GM crops by simulating how different genetic modifications will interact with environmental
factors. For example, predictive modeling has been used to enhance the development of heat-tolerant crops
by simulating their performance under projected future temperature scenarios (Zhu et al., 2015).

7.5 Regulatory Advances and Global Collaboration

As GM technology continues to advance, there is a growing emphasis on improving regulatory frameworks
to ensure the safe and efficient deployment of GM crops. International collaboration and harmonization of
regulatory standards are crucial for facilitating the global exchange of GM technologies and addressing cross-
border challenges. The Codex Alimentarius Commission, for instance, is working on establishing
international guidelines for the safety assessment of GM crops, which will help streamline approval processes
and facilitate global trade (FAO/WHO, 2016).

7.6 Public Perception and Acceptance

Public perception and acceptance of GM crops remain critical for their widespread adoption. Ongoing efforts
to improve public understanding of GM technology, including transparent communication and education
campaigns, are essential for overcoming scepticism and building trust. Engaging with stakeholders, including
farmers, consumers, and policymakers, can help address concerns and highlight the benefits of GM crops in
enhancing climate resilience and ensuring food security (Pardo et al., 2014).
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7.7 Emerging GM Crops and Technologies

Table 8 outlines some of the emerging GM crops and technologies that are expected to play a significant role
in future agricultural practices.

Table 8: Emerging GM Crops and
Technologies

Technology/Crop Key Feature
CRISPR-edited drought-tolerant rice Enhanced stress response and yield increase under drought
conditions

Multi-trait salt and drought-tolerant maize Combined resilience to both salinity and water scarcity

Bt cotton with enhanced pest resistance Improved pest management and reduced pesticide use

Heat-tolerant wheat with improved nutrient | Increased yield stability under high-temperature conditions
uptake

In conclusion, the future of genetic modification for climate resilience is promising, driven by technological
advancements, integration with traditional breeding, and improved regulatory and public engagement efforts.
As research continues to evolve, these developments hold the potential to address the complex challenges
posed by climate change and ensure sustainable agricultural practices worldwide.

Conclusion

The use of genetic modification (GM) in agriculture represents a transformative approach to addressing the
challenges posed by climate change. GM crops have demonstrated their potential in enhancing resilience to
various climate-induced stresses such as drought, salinity, and heat. By improving crop yields and reducing
dependence on chemical inputs, these technologies contribute significantly to global food security and
sustainability. Despite the proven benefits, several challenges persist, including technical complexities,
economic barriers, regulatory hurdles, and public scepticism. Advancements in genetic engineering,
particularly through tools like CRISPR, offer promising solutions to overcome these obstacles. Furthermore,
the development of multi-trait crops and the integration of GM with traditional breeding techniques are
paving the way for more robust agricultural systems.

Looking forward, the success of GM technologies will depend on continued research, collaboration, and
improved regulatory frameworks. Public engagement and transparent communication will also be essential
in gaining wider acceptance and ensuring that the benefits of GM crops reach farmers globally, particularly
in developing countries. By leveraging these innovations, GM crops can play a pivotal role in building
climate-resilient agricultural systems that meet the growing demands of the global population while
preserving environmental health.
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