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n a world where more than two billion people suffer from hidden hunger—micronutrient 

deficiency that often goes unnoticed—improving the nutritional quality of food crops has 

become a global priority. Traditional interventions like supplements and food fortification 

have helped, but they rely heavily on continuous supply chains, infrastructure, and behavioural 

change. This is where biofortification steps in as a quiet game-changer. 

Biofortification means enhancing the nutrient content of food crops as they grow, either 

through selective breeding, modern biotechnology, agronomic practices, or microbiome-based 

strategies. Instead of adding nutrients later, biofortified crops are designed to naturally contain 

higher levels of vitamins and minerals such as iron, zinc, vitamin A, or amino acids. Since 

farmers can grow them like any other crop, biofortification becomes a sustainable long-term 

solution—especially for low-income populations that rely heavily on staple foods. 

In recent years, advances in genomics, metagenomics, genome editing, and precision 

agriculture have opened new pathways for more targeted and efficient biofortification. These 

innovations are reshaping how scientists understand plant nutrition and paving the way for 

crops that address both malnutrition and climate resilience. 

Technologies Driving Biofortification 

Biofortification isn’t a single method—it’s a broad set of approaches. Here are the 

major technological pillars: 

1. Conventional Breeding 

Perhaps the most widely adopted method, it uses natural variation within crop species 

to select high-nutrient varieties. 

Examples include: 
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• Iron-rich beans 

• Zinc-rich wheat 

• Pro-vitamin A sweet potato 

Breeders cross high-nutrient varieties with high-yielding cultivars, using marker-

assisted selection to speed up the process. 

2. Genetic Engineering 

Genetic modification (GM) allows direct insertion or modification of genes responsible 

for nutrient synthesis, transport, or storage. 

Key advantages include: 

• Ability to introduce traits not found naturally in the species 

• Faster development 

• Higher nutrient enhancement levels 

A famous example is Golden Rice, engineered with genes from maize and a soil 

bacterium to produce β-carotene. 

3. Genome Editing (CRISPR/Cas9 and Others) 

Gene editing technologies allow precise edits without introducing foreign DNA. 

For biofortification, genome editing can: 

• Increase iron and zinc transporter activity 

• Reduce anti-nutrients like phytic acid 

• Upregulate vitamin-synthesis pathways 

• Modify storage proteins 

For instance, CRISPR-edited tomatoes have been developed with higher GABA 

content, and rice with reduced phytic acid has been created using targeted mutations. 
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4. Agronomic Biofortification 

This method uses fertilizers or soil amendments containing micronutrients. 

Examples include: 

• Zinc sulphate application in wheat 

• Selenium enrichment through soil or foliar sprays 

• Silicon or boron supplements to enhance nutrient mobility 

It’s cost-effective and can be implemented quickly, though it requires regular inputs. 

5. Microbiome-Based Biofortification 

With insights from metagenomics, researchers are increasingly using microbes as 

biofortification agents. 

These include: 

• Arbuscular mycorrhizal fungi to improve phosphorus and zinc uptake 
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• Phosphate-solubilizing bacteria for improving micronutrient mobility 

• Siderophore-producing bacteria to increase iron availability 

Microbial inoculants can be applied as seed coatings, soil amendments, or root-zone treatments. 

Examples of Successful Biofortified Crops 

Here are some widely recognized success stories: 

1. Golden Rice 

• Enriched with vitamin A (β-carotene) 

• Helps address vitamin A deficiency in Asia 

• Developed through genetic engineering 

2. Orange-Fleshed Sweet Potato (OFSP) 

• High in β-carotene 

• Widely adopted in Africa 

• Produced through conventional breeding 

3. Iron-Rich Beans 

• Contain up to 80% more iron 

• Released by HarvestPlus in several African countries 

4. Zinc-Rich Wheat 

• Popular in India, Pakistan, and Bangladesh 

• Increases dietary zinc intake significantly 

5. Selenium-Enriched Wheat and Rice 

• Achieved through agronomic fortification 

• Helps reduce selenium deficiency in China and Finland 

6. CRISPR-Edited Rice 

• Modified to reduce phytic acid (an anti-nutrient) 

• Improves bioavailability of iron and zinc 
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These success stories demonstrate that biofortification can work across crops, 

ecosystems, and technologies. 

Conclusion 

Biofortification represents one of the most promising strategies for fighting hidden 

hunger in a sustainable, farmer-friendly way. As climate change, soil degradation, and 

population growth make food security more challenging, enhancing the nutritional quality of 

staple crops becomes not just desirable but essential. 

Genome editing are taking biofortification into a new era—where nutrient-dense crops 

can be tailored with precision, supported by beneficial microbes, and adapted to the 

environment in smarter ways. While some debate continues around genetically engineered 

biofortified crops, the overall global momentum—from HarvestPlus to CGIAR to national 

agricultural programs—signals that biofortification is here to stay. 

Ultimately, combining traditional knowledge, modern biotechnology, can build a future 

where every meal delivers better nutrition, especially for vulnerable communities. 

Biofortification isn’t just a technical innovation—it’s a social investment in healthier 

generations. 
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