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Introduction 

Biotechnology has revolutionized agricultural practices by providing tools to boost crop 

yield, increase resilience against climate change, and support food security. Yet, the adoption of 

biotechnology for sustainable agriculture is met with notable challenges. High development costs, 

inconsistent regulations, and unequal access to these innovations often hinder global efforts to 

reduce food shortages. 

Financial barriers remain a major obstacle, especially for less economically developed 

countries (LEDCs), where limited resources make it difficult to adopt expensive technologies like 

genetically modified (GM) seeds. In contrast, wealthier nations can integrate biotechnology more 

easily, benefiting from stronger financial and infrastructural support. 

Additionally, regulatory standards for biotechnology differ across countries. While some 

nations welcome genetically modified organisms (GMOs), others have restrictive policies that 

impede international cooperation and accessibility. This disparity limits biotechnology’s global 

potential to address food security, especially in regions that face severe food shortages. 

Addressing these challenges requires international cooperation. The United Nations 

emphasizes the need to end hunger, ensure food security, and promote sustainable agriculture 

worldwide. However, economically disadvantaged nations often struggle to access the latest 

technological advancements due to funding gaps. Bridging these disparities through global 

partnerships could advance agricultural sustainability and reduce food insecurity worldwide. 

Definition of Key Terms 

Genetically Modified Organisms (GMOs) 



 
 

GMOs are plants or crops whose DNA has been altered using biotechnology to introduce 

beneficial traits like pest resistance, drought tolerance, or enhanced nutrition. By making crops 

more resilient, GMOs reduce the need for chemical inputs and support agricultural sustainability. 

Common examples include GM varieties of corn, peas, apples, potatoes, and papayas. [a] 

[a] 

Biofortification 

Biofortification involves enhancing the nutritional quality of crops through biotechnology, adding 

essential vitamins or minerals. This approach improves the nutrient content of staple foods, which 

is particularly beneficial in regions where malnutrition and food shortages are prevalent. 

Gene Editing 

Gene editing refers to precise modifications of an organism’s DNA to enhance desirable traits in 

crops, such as improved yield or resistance to environmental stress. This technology, which 

includes tools like CRISPR-Cas9, is transforming sustainable agriculture and helping to combat 

food shortages. 

CRISPR-Cas9 [b] 

CRISPR-Cas9 is a gene-editing tool known for its precision and efficiency. It uses a guide RNA 

to locate specific DNA sequences, allowing scientists to modify, delete, or add genetic material. 

Widely used in agriculture, CRISPR-Cas9 has enabled the development of crops with traits like 

disease resistance and drought tolerance, with examples including herbicide-resistant canola and 

non-browning mushrooms. 



 
 

[b] 

History  

The discovery of DNA’s structure by James Watson and Francis Crick in 1953, with Rosalind 

Franklin’s X-ray data, marked a turning point in genetics and biotechnology. Understanding 

DNA's double-helix structure paved the way for genetic modification. 

From the 1960s to the 1980s, the Green Revolution introduced high-yield crops and improved 

fertilizers, transforming agricultural productivity in developing countries. Although genetic 

engineering wasn’t yet used, this movement underscored the impact of scientific advancements on 

food production, setting the stage for modern biotechnology. 

In 1973, scientists Herbert Boyer and Stanley Cohen developed recombinant DNA technology, 

enabling the transfer of genes between organisms—a foundational step for genetically modified 

organisms (GMOs) in agriculture. This breakthrough led to the first genetically modified plant in 

1983: an antibiotic-resistant tobacco plant, signaling a new era in crop modification for higher 

yield and pest resilience. 

The Flavr Savr tomato, introduced in 1994, became the first genetically modified food approved 

in the United States. Although it faced consumer skepticism, its delayed ripening trait highlighted 

biotechnology’s potential to enhance food quality. [c] 



 
 

[c]     [d] 

By 2000, the Golden Rice Project achieved a major biofortification milestone by developing rice 

enriched with beta-carotene (a precursor to Vitamin A), intended to address nutritional deficiencies 

in communities reliant on rice as a staple. [d] 

The development of CRISPR-Cas9 in 2012, led by Jennifer Doudna and Emmanuelle Charpentier, 

allowed for precise genome editing, accelerating crop improvement and creating more resilient, 

nutrient-rich crops suited to diverse climates. 

Key Issues 

Access and Equity 

Biotechnology access remains unequal, particularly between high-income and low-income 

nations. Limited infrastructure, insufficient funding, and regulatory challenges in LEDCs hinder 

their ability to adopt these innovations. Addressing these disparities through international 

partnerships, infrastructure support, and capacity-building initiatives is essential to improving food 

security globally. 

Regulatory Frameworks and Public Perception 

Effective regulation is crucial to ensuring the safe use of biotechnology. However, public concerns 

about GMO safety and environmental impact often affect, raising skepticism for acceptance as the 

table shown below. [e] Educating the public on biotechnology’s benefits and potential risks can 

build trust, while harmonizing regulations could facilitate international trade and streamline 

approvals for biotechnological products. 



 
 

[e] 

Environmental and Ethical Considerations 

Biotechnology raises environmental concerns, including potential impacts on biodiversity and 

ecosystems. Environmental impact assessments are vital for evaluating these risks, and ethical 

issues like intellectual property rights and the relationship between farmers and large biotech 

corporations require careful consideration to ensure fair practices. 

Investment and Collaboration 

Increasing investment in biotechnological research, particularly in under-resourced areas, is key 

to advancing agricultural innovations. Collaborations among governments, private organizations, 

and international institutions can drive research, facilitate technology transfer, and empower 

farmers with the resources needed to improve food security. 

Major Parties Involved and Their Views 



 
 

Non-Profit Organizations International Service for the Acquisition of Agri-Biotech 

Applications (ISAAA)  

ISAAA focuses on the promotion of biotechnology for sustainable agricultural practices, 

particularly in developing countries. The organization advocates for the responsible use of 

genetically modified organisms (GMOs) to increase crop yields, reduce pesticide use, and enhance 

food security. ISAAA emphasizes the need for education and public awareness to foster 

acceptance of biotechnology in agriculture. 

Food and Agriculture Organization (FAO)  

The FAO is a specialized agency of the United Nations that leads international efforts to 

defeat hunger and improve nutrition. It supports the use of biotechnology as a tool for achieving 

food security and sustainable agricultural development. The FAO promotes the responsible 

application of biotechnological innovations while addressing potential risks, ensuring that benefits 

are shared equitably among all nations. 

International Plant Genetic Resources Institute (IPGRI)  

IPGRI focuses on the conservation and sustainable use of plant genetic resources. The 

organization promotes the integration of biotechnology with traditional agricultural practices to 

enhance food security and resilience to climate change. IPGRI advocates for the protection of 

biodiversity and the use of indigenous crop varieties in biotechnological applications. 

United Nations Agencies 

World Health Organization (WHO) 

While primarily focused on health, the WHO recognizes the interconnectedness of 

agriculture and health. It supports biotechnological advancements that improve nutritional quality 

and food safety. The WHO emphasizes ethical considerations and the need for sound regulatory 

frameworks to ensure public health safety in biotechnological applications. 

United Nations Development Programme (UNDP)  



 
 

The UNDP works to promote sustainable development and poverty reduction, including 

initiatives that enhance agricultural practices through biotechnology. It focuses on building local 

capacities and infrastructure in developing countries to facilitate the adoption of biotechnological 

innovations that can improve food security. 

Countries 

United States  

The U.S. is a leader in agricultural biotechnology, with significant investments in research 

and development. Agencies like the U.S. Department of Agriculture (USDA) and the 

Environmental Protection Agency (EPA) oversee the regulation of genetically modified crops. The 

U.S. supports biotechnology as a means to enhance food production and sustainability, 

emphasizing the importance of innovation to meet global food demands. 

Brazil & Latin America 

Brazil is one of the largest producers of genetically modified crops, particularly soybeans 

and corn. The country has embraced biotechnology as a strategy to improve agricultural 

productivity and combat food insecurity. Brazilian agricultural policies promote the safe use of 

GMOs, while also addressing environmental sustainability and rural development. 

European Union (EU) 

The EU has a more cautious approach to biotechnology, with strict regulations on the 

approval and labeling of GMOs. While some EU member states support biotechnological 

innovation for food security, there is significant public skepticism. The EU prioritizes 

environmental protection, consumer safety, and ethical considerations in its biotechnology 

policies. 

Less Economically Developed Countries (LEDCs)  

Many LEDCs face significant challenges in adopting biotechnological innovations due to 

limited resources, infrastructure, and regulatory capacity. Organizations and governments in these 

countries often advocate for international support and technology transfer to enhance their 



 
 

agricultural practices. There is a focus on ensuring that biotechnological solutions are accessible 

and beneficial to smallholder farmers, who are crucial for local food security. 

Timeline of Relevant Resolutions, Treaties and Events  

Date Description of event 

1973 

The first successful genetic modification of a bacterium occurs, laying the groundwork 

for biotechnology applications in agriculture. This pioneering work by Herbert Boyer 

and Stanley Cohen introduces recombinant DNA technology. 

1994 

The Flavr Savr tomato becomes the first commercially grown genetically modified food 

approved by the U.S. Food and Drug Administration (FDA). This tomato was 

engineered for longer shelf life, highlighting the potential of biotechnology to enhance 

food quality. 

  

2006 

The first genetically modified (GM) rice, known as "Golden Rice," is developed to 

contain higher levels of vitamin A. This biofortified rice is aimed at addressing vitamin 

A deficiency, a significant public health issue in many developing countries. 

2010 

The World Health Organization (WHO) issues guidelines on the safety assessment of 

genetically modified foods, reinforcing the need for comprehensive evaluations to 

ensure food safety and public health. 

2015 

The United Nations adopts the Sustainable Development Goals (SDGs), which include 

goals for zero hunger, responsible consumption, and sustainable agriculture. 

Biotechnology is recognized as a tool to help achieve these targets. 

  

2018 

The European Court of Justice rules that organisms obtained through gene editing 

techniques (like CRISPR) should be classified as genetically modified organisms 

(GMOs), affecting regulations and public perception of biotechnological advancements 

in agriculture. 



 
 

2020 

The World Economic Forum releases a report on the potential of biotechnology to 

transform food systems and enhance food security, emphasizing the role of innovations 

like gene editing and synthetic biology in sustainable agriculture. 

  

  

Evaluation of Previous Attempts to Resolve the Issue 

Previous efforts to address food shortages through biotechnology include the development 

of GMOs, biofortification projects, sustainable agricultural practices, and international policy 

frameworks. While GMOs and biofortification have shown promise, public skepticism and 

regulatory challenges limit widespread adoption. Collaborative frameworks like the FAO’s Plant 

Genetic Resources Treaty have fostered some cooperation, yet implementation varies by country. 

Ensuring equitable access to biotechnology remains a key challenge, as current investments often 

favor larger agribusinesses over smallholder farmers. 

Possible Solutions 

Public Engagement and Education 

Effective educational campaigns can address misconceptions and build public trust in 

biotechnology’s benefits. Community involvement in biotechnological projects can also ensure 

relevance and sustainability. 

Strengthened Regulatory and Policy Frameworks 

Harmonizing regulations and improving transparency in approval processes is crucial. This 

approach can facilitate safe technology use, enhance public health, and support global trade. 

Increased Research and Development Funding 

Fostering collaboration among governments, private entities, and international organizations can 

lead to substantial investment in research tailored to local food security challenges. 

Integration with Sustainable Farming Practices 

Combining biotechnology with sustainable agriculture, such as agroecology, can maximize 

biotechnological benefits while preserving biodiversity and ecosystem health. 

Monitoring and Evaluation 

Establishing systems to track and evaluate the impact of biotechnological interventions can 

provide continuous feedback, helping to align efforts with community needs and environmental 

considerations. 
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[Resources] 

[a] https://igorithm.net/category/agriculture/  

[b]https://fragilex.org/research/crispr-new-genome-editing-tool-work-fragile-x-associated-

syndromes/ CRISPR Cas9 

[c] https://www.emaze.com/@aoirffiqt/Flavr-Savr-Tomato Flavr Savr Tomato 

[d] https://www.goldenrice.org/ The Golden Rice Project 

[e]https://www.pewresearch.org/short-reads/2020/11/11/many-publics-around-world-doubt-

safety-of-genetically-modified-foods/ by Pew Research Center 
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