
Vol 5 Issue 2, Feb 2026, 165-168 

Trends in Agriculture Science Ahmad et al  

Published: 05 Feb 2026 Official Website: trendsinagriculturescience.com 
e-mail Address: trendsinagriculturescience@gmail.com 

165 

 
  

 

Trends in Agriculture Science Shanker et al 

 

 

 

 

 

 

 

 

 

 
Shabbeer Ahmad1, Anshika Singh2*, Yashwanth B S3 and Dr. Ashutosh Kumar4 

1Ph.D Research Scholar, Department of Agriculture, Integral Institute of Agricultural 

Science and Technology, Integral University Lucknow, India. 
2*Ph.D. Scholar, Department of Horticulture, Hemvati Nandan Bahuguna Garhwal 

University, Srinagar Garhwal, Uttarakhand, India. 
3Ph.D Research Scholar, Department of Food Science, University of Mysore, Karnataka-

570005, India. 
4SMS, Horticulture (Vegetables), Krishi Vigyan Kendra, Narkatiaganj West Champaran, 

Bihar-845455, India. 
*Corresponding email address: asingh50763@gmail.com  

DOI:10.5281/TrendsinAgriculture.18624294 

 

  

Abstract 

Nutritional security is a significant worldwide concern, particularly in underdeveloped 

countries where micronutrient deficits are common. Biofortification, or the practice of 

enhancing the micronutrient content of crops by conventional breeding, biotechnology, or 

agronomic techniques, has gained popularity as a long-term option for improving food 

nutrition. Horticultural crops, such as vegetables and fruits, are good biofortification vehicles 

due to their high vitamin, mineral, and phytonutrient content. This article investigates the 

significance of biofortified horticultural crops in increasing nutritional security, looks at 

breeding and biotechnological tactics, shows success stories, considers obstacles, and 

forecasts future opportunities. The integration of biofortification into mainstream horticulture 

production and nutrition policy has the potential to greatly enhance world health. 

Keywords: Biofortification, nutritional security, micronutrients, conventional breeding, 

biotechnology 

Introduction 

More than two billion people worldwide suffer from micronutrient deficiencies, 

sometimes known as "hidden hunger," which are defined by inadequate consumption of 

critical vitamins and minerals such vitamin A, iron, and zinc (FAO, 2020). These inadequacies 

affect health, increase illness susceptibility, limit children's growth, and decrease cognitive 

development. While food security focuses on getting enough calories, nutritional security on 

diet quality and availability to micronutrient-rich foods. 
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Horticultural crops, such as vegetables, fruits, and tubers, are naturally rich in critical nutrients 

and bioactive chemicals. However, standard varieties may not always provide sufficient 

micronutrient levels to fulfill dietary requirements, particularly in cultures who rely largely 

on staple grains. Biofortification increases crop nutrient density by traditional breeding, 

genetic engineering, or enhanced agronomic techniques, providing a cost-effective and long-

term solution to population-level micronutrient shortages. 

Biofortification: What It Means and Why It Matters 

Biofortification is the process of raising the amounts of vitamins and micronutrients 

in edible crop sections as the plants grow. Unlike post-harvest fortification, which adds 

nutrients during food processing, biofortification embeds nutrients inside the food itself, 

benefiting consumers regardless of how the meal is processed or cooked. 

Key advantages include: 

• Integration with local food cultures and consumption patterns 

• Synergies with sustainable agricultural practices 

• Long-term reach to rural and low-income populations 

• Low recurring costs once biofortified varieties are adopted 

Key Nutrients of Concern and Target Horticultural Crops 

1. Zinc: Zinc is essential for immunological function and development. Biofortified 

zucchini, cauliflower, and some gourds with high zinc concentration can make a 

considerable contribution to diets rich in grains and roots. 

2. Vitamin A (Pro-vitamin A Carotenoids): Vitamin A deficiency leads to eye issues, 

decreased immunity, and an increase in infant mortality. Biofortified orange-fleshed 

sweet potatoes (OFSP), carrots, and some squash and melon cultivars are high in β-

carotene, a precursor of vitamin A.  

• OFSP has been widely promoted in Africa, resulting in improved vitamin A status in 

children and women (Low et al. 2007). 

3. Iron: Iron deficiency causes anemia, particularly in women and children. Iron-

fortified tomato and pepper cultivars, as well as leafy greens like amaranth and 

spinach, are intriguing targets.  

• In human studies, iron-biofortified beans and pearl millet improved iron status, 

demonstrating a methodology that may be applied to horticulture crops. 

Methods of Biofortification 

Biofortification can be achieved through multiple pathways: 
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1. Conventional breeding: Traditional breeding entails choosing and crossing types 

with naturally increased nutritional content. Advantages include widespread 

acceptance and little regulatory hurdles. 

• Examples are high-β-carotene carrots and OFSP cultivars with increased vitamin A. 

2. Genetic Engineering & Biotechnology: When natural genetic variety is inadequate, 

genetic engineering can establish or improve routes for nutrient accumulation. For 

example, genes involved in carotenoid production have been altered to boost vitamin 

A level in some crops. Biotechnological methods, like as CRISPR genome editing, 

provide precise and quick changes in nutritional characteristics (Zhang et al., 2020). 

3. Agronomic Biofortification: This method improves nitrogen absorption via soil and 

foliar fertilization. For example, adding zinc and selenium fertilizers can boost their 

concentrations in edible plant portions. 

 • Micronutrient sprays are beneficial in plants such as spinach and lettuce. 

Case Studies: Biofortification Successes in Horticulture 

• Zinc Enrichment in Tomatoes and Greens: Field studies in South Asia demonstrate 

that foliar application of zinc fertilizers increases zinc content in tomatoes and leafy 

greens, offering a practical agronomic biofortification strategy (Cakmak et al., 2010). 

• Integration with Nutrition Education and Food Systems: Biofortification alone is 

not sufficient; its impact is amplified when combined with nutrition education, diverse 

diets, and supportive food policies. Extension services, community programs, and 

school feeding schemes can encourage consumption of biofortified horticultural crops. 

Challenges in Adoption and Implementation 

Despite its promise, biofortification in horticulture faces several challenges: 

1. Regulatory and Market Barriers 

2. Socioeconomic Barriers  

3. Consumer Awareness and Acceptance 

4. Limited Breeding Resources 

Future Prospects and Innovations 

Advances in genomics, phenotyping technologies, and artificial intelligence are 

accelerating biofortification breeding: 

• Genomic selection allows rapid identification of nutrient-linked traits. 

• High-throughput screening enables efficient evaluation of nutrient content. 

• Digital advisory tools help farmers access best management practices for biofortified 

crops. 
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Conclusion 

Biofortified horticultural crops are a practical and sustainable strategy to enhancing 

nutritional security, particularly in areas where micronutrient shortages are common. 

Biofortification increases the vitamin and mineral content of vegetables, fruits, and tubers, 

resulting in nutrient-dense foods that contribute to better diets. Integrating biofortification 

with agricultural extension, nutrition education, market development, and supporting policies 

can increase its effectiveness. While breeding, adoption, and consumer acceptance remain 

hurdles, scientific and technological advancements provide potential pathways for further 

biofortification. Finally, growing nutrient-dense horticulture crops can assist to reduce hidden 

hunger gaps and foster healthier, more resilient food systems. 
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