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Abstract

Biofortification breeding and managing crops to increase micronutrient levels offers a sustainable route to
reduce hidden hunger. This article reviews biofortification of horticultural crops (fruits, vegetables and
root/tuber crops) as a strategy to improve human nutrition and health. After introducing global
micronutrient deficiencies and the concept of biofortification, a historical perspective highlights the
development of this approach and key scientists involved. We discuss three main biofortification strategies
conventional breeding, genetic (biotechnological) enhancement and agronomic practices and their
application to horticultural species. Major target nutrients (vitamin A/carotenoids, iron, zinc, iodine,
selenium, vitamin C, folate and others) are discussed in turn, with examples of enriched fruits and
vegetables. Case studies illustrate successes and challenges in deploying biofortified crops (e.g.
orange-fleshed sweet potato in Africa, vitamin-A banana in East Africa, iron beans in Asia,
selenium-fortified produce in Europe). The article concludes that biofortified horticultural crops have
strong potential to reduce micronutrient deficiencies, but success depends on multi-disciplinary research,
supportive policies and consumer acceptance. Key priorities include development of nutrient-dense
varieties adapted to local conditions, integration with nutrition education and value chains and continued
innovation (e.g. gene editing).

Keywords: Biofortification, horticultural crops, micronutrients, vitamin a, iron, zinc, hidden hunger,
nutrition, plant breeding, agronomy, genetic engineering

Introduction

Micronutrient malnutrition often called “hidden hunger” affects over two billion people
worldwide, especially in low-income regions (Africa, Asia, Latin America). Many rural
populations subsist on staple diets that supply adequate calories but are poor in vitamins and
minerals [, Chronic deficiencies of vitamin A, iron and zinc are particularly widespread,
causing health problems such as blindness, anemia, impaired growth and increased infection
risk. Horticultural crops (fruits, vegetables and nutrient-rich root/tuber crops) are a natural
source of many micronutrients and phytochemicals. However, even these crops are sometimes
grown in varieties with limited nutrient density and seasonal or economic constraints can limit
access to diverse fruits and vegetables 21,

Biofortification the enhancement of crop nutritional quality through breeding, biotechnology, or
agronomy has emerged as a complementary strategy to improve the micronutrient content of
widely-consumed foods. Unlike post-harvest fortification (adding nutrients to foods),
biofortification increases nutrient levels within the edible plant itself Bl This approach is
especially promising for reaching rural populations who rely on home-grown crops. While much
attention has focused on staple cereals and legumes (rice, wheat, maize, beans), horticultural
crops have unique potential for biofortification. Many fruits and vegetables naturally accumulate
vitamins and minerals and consumer demand for nutritious produce is growing. Horticultural
biofortification can target a broad range of nutrients and can leverage diverse breeding resources
(wild relatives, landraces) and agronomic practices (soils, fertigation) 41,

In this article we review the state of biofortification in horticultural crops, covering historical
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developments, key figures, strategies, target nutrients, case
examples and future prospects. We emphasise that
biofortification must be part of an integrated approach to
nutrition  security complementing efforts on dietary
diversification, supplementation and food fortification but it
offers a sustainable means to raise micronutrient intake by
making everyday foods more nutritious 1. Where possible we
highlight specific examples of enriched crops and evidence of
nutritional impact on human health. Four detailed tables
summaries important data and examples. Our goal is an
accessible academic overview, without in-text citations, but
drawing on the latest research and program reports to give a
comprehensive picture of horticultural biofortification (61,

Historical Perspective and Key Contributors

e The concept of breeding or engineering crops for improved
nutrition is relatively recent, but its roots lie in earlier
agricultural revolutions. The Green Revolution of the
1960s70s (driven by scientists like Norman Borlaug and M.
S. Swaminathan) dramatically raised grain yields, averting
famines. However, it focused on calories and protein, not
micronutrients 1. In the 1970s80s, scientists noted that even
well-fed populations suffered from micronutrient “hidden
hunger”.

e Notable was Dr. M. S. Swaminathan in India, who later
coined the term “Golden Revolution”in the 1990s,
emphasizing horticultural development; he argued that
increasing fruit and vegetable production (which he dubbed
the “new Green Revolution™) was crucial for nutrition and
rural livelihoods (81,

e Formal biofortification as a research focus emerged in the
1990s and early 2000s. Key early work included the concept
of Golden Rice (Ingo Potrykus and Peter Beyer, 1994), a
genetically engineered rice variety containing provitamin A.
Although rice is a staple cereal (not horticultural), this
seminal work showed that a crop could be bred or
engineered to produce a nutrient (vitamin A) otherwise
scarce in the diet [,

e In 2003 the HarvestPlus challenge program was launched
by the Consultative Group on International Agricultural
Research (CGIAR) under the leadership of Dr. Howarth
Bouis (then at the International Food Policy Research
Institute). This global initiative united institutes like CIAT,
CIP, ITA, IRRI, CIMMYT and others to breed staple crops
rich in vitamin A, iron or zinc. Dr. Bouis is widely regarded
as a pioneer of biofortification research; he and colleagues
published influential analyses in the mid-2000s arguing the
cost-effectiveness of biofortification [,

e Meanwhile, scientists at the International Potato Center
(CIP) led by Dr. Jan Low and Dr. Robert Mwanga began
focusing on a critically deficient nutrient, vitamin A, in
sweet potato. By the late 1990s they screened germplasm
and identified orange-fleshed sweet potato (OFSP) varieties
high in beta-carotene. Their work culminated in the 2000s
with breeding of African-adapted OFSP. Drs. Low,
Mwanga and CIP colleague Maria Andrade later shared the
2016 World Food Prize for their contributions to vitamin-A
sweet potato, recognizing millions of rural Africans now
cultivating these varieties [,

e Other key figures include nutritionists and plant breeders
globally. For example, Dr. Nicholas Oladeji (Nigeria) and
Dr. Ed Payne (USA) worked on provitamin A cassava. Dr.
M. Ekin Birol (Turkey) and colleagues at IFPRI advanced
economic analysis of biofort programs. At agricultural
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research centers in India, scientists like N. Sharma and S. S.
Gupta promoted iron-rich pearl millet and zinc-fortified
wheat. In Europe, researchers such as Ursula Schrauzer and
Fritz  W. Schulte-Kérne  (Germany) investigated
selenium-enrichment of crops. Private sector and NGOs
also contributed: the Nutritious Revolution programs by
CIP and Bioversity and various national research initiatives
have driven horticultural biofort projects *21,

Approaches to Biofortification

Three main strategies are used to biofortify crops: conventional

breeding, genetic engineering (biotechnology) and agronomic

management [3. These can be applied individually or in
combination.

e Conventional Plant Breeding: This is the most widely
used approach. It involves crossing high-nutrient varieties
or wild relatives into elite cultivars and selecting offspring
that combine good agronomic traits with elevated
micronutrients. Breeders make use of genetic diversity
found in germplasm collections. For example, breeding
programs have developed high-iron pearl millet by crossing
traditional millet with naturally higher-iron landraces [4.
Similarly, high-zinc wheat and rice lines have been obtained
by selecting among existing varieties. In horticulture,
conventional breeding has long been used to produce orange
carrots rich in beta-carotene, or to select leafy greens with
more iron or vitamins [*°l, The advantage of breeding is that
once a biofortified variety is released, farmers can save seed
or planting material and continue cultivation without added
cost. The challenges include the need for variation in the
breeding pool (if natural variation is limited, progress is
slow) and the tradeoff with yield and other traits. Modern
breeding often uses molecular markers to accelerate
selection. Institutions such as CIMMYT, ICRISAT and
various national agricultural research systems have released
dozens of biofortified crop varieties by breeding 161,

e Genetic Engineering and Biotechnology: Genetic
modification and genome editing allow precise insertion or
alteration of genes to boost nutrient synthesis or
accumulation. The seminal example was Golden Rice
(transgenic insertion of daffodil/bacterial genes for
beta-carotene). In  horticulture, several transgenic
biofortified crops have been developed, mainly in research
settings. For instance, “Purple” tomatoes were engineered
by transferring snapdragon genes to produce high
anthocyanins (antioxidants) [*71. Transgenic approaches
have also targeted provitamin A in banana (using a banana
gene for phytoene synthase to boost beta-carotene) and
cassava (introducing bacterial genes to increase
beta-carotene and protein). Vitamin D2-rich tomatoes have
been produced by editing the provitamin D pathway.
Biotechnology can raise nutrients beyond what conventional
breeding can, especially for traits not found in crop relatives
(18] Regulatory and consumer acceptance issues limit GM
crop deployment in many countries. So far, only a few
genetically engineered biofortified crops (e.g. virus-resistant
papaya, high-anthocyanin apples) have been commercially
released (in some countries). Genome editing (CRISPR,
etc.) is emerging as a faster way to edit nutrient pathways
with fewer regulatory hurdles. Several governments
(including India, Australia) are evaluating gene-edited
tomatoes with enhanced beta-carotene. Overall, biotech
remains less common than breeding due to costs and
regulation, but it holds great promise for the future 141,
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e Agronomic Biofortification: This approach increases crop
nutrient content by managing soil, fertilizer or cultivation
practices. For example, applying mineral fertilizers to soil
or foliar sprays can increase target micronutrient uptake. A
classic case is zinc fertilizer on wheat or rice in zinc-poor
soils, which raises grain zinc content. For horticultural e
crops, biofortification through fertilization is increasingly
studied . Adding selenium to the soil or water (as
selenate/selenite) can enrich roots and leaves of vegetables
(e.g. selenium-enriched onions or sprouts). Similarly,
spraying iodine solutions on leafy vegetables can raise
iodine content of the edible parts. Controlled use of e
micronutrients (Zn, Cu, Fe, I, Se, B) in fertigation or foliar
sprays has been shown to fortify tomatoes, cucumbers, fruit
trees and more 21, Agronomic biofortification can be rapid
to implement (just use nutrient-rich fertilizers) and works
even on non-GMO crops. It is often used in regions where
soils are deficient, or in greenhouse/hydroponic systems
where nutrient solution can be customized. However, it does
not permanently change the crop’s genetics, SO farmers o
must apply inputs each season 2. Also, nutrient uptake
may vary and is limited by plant physiology (e.g. calcium is
poorly mobile into fruit). Still, agronomic biofortification is
a valuable complement, especially for elements like iodine
and selenium that are difficult to breed 3. In practice,
many biofortification programs use integrated approaches.

A crop variety might be bred for higher nutrient content,
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increase from zero in local white varieties. These OFSP
varieties have now been widely distributed in Uganda,
Mozambique and other countries, reducing vitamin A
deficiency in rural diets. Breeding efforts continue to stack
additional nutrients (like iron) into OFSP as well 29,

Other horticultural provitamin A crops include: orange
carrots (long known for high beta-carotene), orange-fleshed
cassava, yellow maize and vitamin-A mangoes or papayas.
For instance, biofortified cassava varieties with orange roots
have been released in Nigeria and Uganda, improving
vitamin A intake where cassava is a staple 5,

In India and Southeast Asia, breeding of beta-carotene-rich
maize and sorghum is under way. Bananas a major staple in
East Africa are naturally low in carotenoids. Researchers
have engineered “Golden Bananas” by introducing a banana
gene (PSY2a) to boost provitamin A in banana pulp.
Although still in field trials, these genetically enhanced
bananas aim to combat vitamin A deficiency in Uganda and
neighboring countries B4,

A summary of crops biofortified for provitamin A is shown
in Table 1 below. This includes root crops (sweet potato,
cassava, carrots, orange-fleshed variants), vegetables
(yellow/orange squash, pumpkins, tomatoes) and fruits
(mango, papaya, banana). All were enriched either through
breeding natural variants or (in some cases) genetic
modification (2,

then further enhanced with fertilizer and ultimately Iron and Zinc

combined with dietary advice to maximize uptake 4. For
instance, vitamin A-biofortified sweet potato may be grown

in fields with optimized fertilization and mothers may
receive education on incorporating it into meals. Genetic,
agronomic and nutritional components all contribute.
Successful programs often also involve seed system
development, extension training and market strategies to
ensure farmers and consumers adopt the new nutrient-rich o
varieties %%,

Target Nutrients and Horticultural Examples

Biofortification efforts have targeted many vitamins and
minerals. In horticultural crops, the major nutrients of interest
include provitamin A (beta-carotene and carotenoids), iron, zinc,
iodine, selenium, folate (vitamin B9), vitamin C, vitamin E
(antioxidant) and others. Each nutrient requires specific
strategies depending on the crop’s biology [?6,

Provitamin A and Carotenoids

e Vitamin A (retinol) is critical for vision and immune
function; deficiency causes night blindness and higher
infection risk. Plants do not make vitamin A itself, but many
produce provitamin A carotenoids (e.g. beta-carotene) that
humans convert to vitamin A. Fruits and vegetables rich in
carotenoids include carrots, pumpkins, sweet potatoes,
mangoes and leafy greens 2],

e  Orange-fleshed sweet potato (OFSP) is a flagship example.
Traditional African sweetpotatoes are often white- or
yellow-fleshed (low in beta-carotene). African breeders led
by CIP introduced breeding lines with high beta-carotene.
The result was OFSP varieties (often orange flesh) that can
supply large amounts of vitamin A [?¢,

e For example, 100 g of OFSP typically provides enough
provitamin A to meet a young child’s daily needs a dramatic
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Ironis essential for blood hemoglobin and cognitive
development; zinc supports immune function and growth.
Many leafy vegetables (e.g. spinach, amaranth, kale) and
legumes naturally contain iron and zinc, but levels are often
low. Breeding targets have focused on increasing iron in
staples and legumes and zinc in cereals. However, several
horticultural initiatives address these as well 531,

High-iron varieties of beans and lentils have been released
for Latin America, Africa and South Asia by organizations
like CIAT and ICARDA. For example, iron-biofortified
common beans (Phaseolus) with roughly double the usual
iron content are now grown in Rwanda and India. Although
beans are technically legumes, they are often eaten as a
vegetable. These high-iron beans deliver a large fraction of
daily iron needs per serving compared to normal beans 34,
Leafy spinach and other greens have been bred for higher
iron and folate in research trials, though not always widely
released. Agronomic zinc and iron fertilization on
vegetables like potato and lettuce has shown promise: foliar
sprays of iron sulfate or zinc sulfate during cultivation can
increase the mineral content in the edible leaves or tubers.
For example, zinc foliar sprays on potato in an Indian study
raised tuber zinc significantly [,

Table 2 (below) illustrates the dietary impact of
biofortification in several cases. It compares the percentage
of the Estimated Average Requirement (EAR) provided by
100 g of typical versus biofortified crop. For instance,
iron-biofortified beans raised the adult iron intake from
roughly 50% to about 90% of the EAR (for women) per
serving. Zinc-biofortified wheat and rice likewise boost zinc
intake from approx 4050% to approx 7080% of daily needs.
These improvements, achievable through breeding targets,
show how biofortified crops can deliver much more of the
required nutrients per portion [,
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In horticultural contexts, zinc enrichment of vegetable crops
is less common, but remains important for regions with
zinc-deficient soils. Zinc fertilization of leafy greens or
potatoes can enhance their zinc content. Some
biofortification programs are also exploring micronutrient
fertilizers (e.g. ZnSO4, Zn-EDTA) in fruit orchards or
vegetable fields to boost fruit mineral levels. Similarly,
folate (vitamin B9) is sometimes targeted by breeding for
increased folate in leafy greens and pulses, although data on
commercial releases is limited 71,

lodine and Selenium

Many people suffer from iodine or selenium deficiency.
While salt iodization has improved iodine status globally,
biofortification offers complementary routes. Vegetables
can absorb iodine and selenium when these elements are
applied to the soil or as foliar sprays. For example, applying
potassium iodate to vegetable plots can enrich the edible
leaves in iodine [,

Commercial examples exist: in Italy, a brand “lodi” was
introduced (iodine-enriched potatoes) and “Selenella” brand
produce (potatoes, carrots, onions) are fertilized with
selenium. Similarly, farmers in Finland and the UK have
produced selenium-enriched cereals and vegetables; in the
UK Marks & Spencer sells selenium-rich Brussels sprouts
[39]

These cases show that agronomic biofortification with
iodine or selenium can create functional vegetables with
added trace elements. However, the increases are modest
and require regular fertilization. There are also research
trials in Switzerland and elsewhere on iodine-fortified
lettuce, spinach and basil 9],

Biofortification for iodine/selenium is mainly agronomic
because conventional breeding for these elements is
impractical (they are not under strong genetic control).
Nonetheless, these fortified foods can fill gaps in
populations with low dietary exposure (Table 1 includes
selenium- and iodine-fortified items) 4,

Vitamin C, E and Antioxidants

Vitamin C (ascorbic acid) is abundant in many fruits and
vegetables (citrus, peppers, leafy greens). Targeting vitamin
C per se for enrichment is uncommon because many
varieties already have sufficient levels and humans cannot

store excess. Instead, some breeding efforts focus
on antioxidants more broadly. For instance,
high-antioxidant  fruits have been developed by

conventional and biotech means: the Paluma guava in
Brazil was bred to have striking crimson pulp rich in
anthocyanins, vitamin C and beta-carotene 12,
Redder-fleshed apples and raspberries have also been
selected for higher anthocyanins. Transgenic tomatoes with
snapdragon genes produce purple anthocyanins (these are
now in some markets for niche use). These enhancements
aim at health benefits (e.g. cancer prevention), although
they fall outside classic “essential nutrients” 43,

Vitamin E (a fat-soluble antioxidant) biofortification has
been studied: for example, adding genes or selecting for
higher tocopherols in lettuce, almonds and oils. But there
are few widespread applications yet. Overall, vitamin C and
E enrichment in horticultural biofortification is mostly
incidental to carotenoid or anthocyanin efforts [*4],

~126 ~

https://www.agronomyjournals.com

Table 1: below presents estimated contributions to dietary reference

intakes
Crop Nutrient
Beans (iron-rich variety) Iron
Pearl millet (iron-rich) Iron
Sweet potato (orange vs white) Vitamin A
Cassava (biofortified yellow) Vitamin A
Maize (VitA vs normal) Vitamin A
Maize (zinc-rich vs normal) Zinc
Rice (zinc-rich vs normal) Zinc
Wheat (zinc-rich vs normal) Zinc
Banana (provitA) Vitamin A
Spinach (iron-fort.) Iron
Tomato (antioxidant-enhanced) Vitamin C
Lettuce (iodine-sprayed) lodine
Brussels sprouts (selenium-fed) Selenium
Lentil (iron-rich) Iron

Case Studies of Biofortified Horticultural Crops
To illustrate the real-world implementation of horticultural
biofortification, we present several case studies:

Orange-Fleshed Sweet Potato (OFSP) in Sub-Saharan
Africa: Sweet potato is a staple in many East and Southern
African communities, but traditional varieties had negligible
vitamin A. Starting in the mid-1990s, researchers at CIP
(Jan Low, Robert Mwanga, Maria Andrade) and partners
bred OFSP varieties rich in beta-carotene, adapted to
African growing conditions and taste preferences. A major
scaling initiative launched in 2007 distributed vines and
conducted nutrition education. By the mid-2010s, about 2.8
million households across Uganda, Mozambique, Nigeria
and other countries were cultivating OFSP. Nutrition
surveys showed that this led to substantial improvements in
children’s vitamin A status and reductions in deficiency
(many mothers reported better infant health). Sweet potato’s
ease of vegetative propagation and local acceptance (it was
already eaten as food) aided uptake. This case demonstrates
successful integration of breeding, agronomy (basic
fertilization advice) and community engagement. Scientists
Drs. Low and Mwanga were jointly awarded the 2016
World Food Prize for this work [45 46471,

Provitamin A Banana in Uganda: Bananas (East African
highland cultivars) are a dietary staple but are poor in
provitamin A. A transgenic biofortification project aimed to
create a “Golden Banana.” Using a banana-derived
phytoene synthase gene (PSYZ2a), scientists developed
banana plants accumulating substantial beta-carotene in the
fruit. Field trials in Uganda showed up to several-fold
increases in provitamin A content. Regulatory steps are still
in progress, but this effort illustrates the use of
biotechnology in horticulture: even a fruit crop can be
biofortified. Meanwhile, conventional breeding for banana
nutritional quality continues at institutes like NARO
(Uganda) and IITA, though banana breeding is slow due to
sterility issues. The Golden Banana project, funded by IITA
and partners, highlights innovation in a region with heavy
vitamin A deficiency (over 20% of Ugandan children) [48 4%
50]

Iron-Rich Common Bean in Rwanda and
India: Although a legume, common bean is often cooked as
a vegetable. HarvestPlus and CIAT  released
iron-biofortified bean varieties in Rwanda (red beans) and
in India (Kasturi bean), doubling typical iron content. In
Rwanda, an estimated 100, 000 farming households adopted
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iron beans within a few years. Follow-up nutrition studies
showed that children and mothers consuming these beans
had higher iron stores and cognitive test scores compared to
those eating conventional beans. This case shows success
even outside “traditional” horticulture categories, but it
provides a template: identify a micronutrient-rich genotype,
breed it into an accepted variety and accompany release
with community outreach [5%.52 53],

Selenium and lodine in European Vegetables: In parts of
Europe (notably Italy and the UK) there is interest in
“functional” horticultural foods enriched with selenium or
iodine, to address trace element deficiencies. Italian

https://www.agronomyjournals.com

researchers developed produce (potato, onion, carrot)
irrigated with selenium or iodine solutions. Branded
products (“Selenella, ” “Iodi”) have been sold in Italian
markets. Similarly, British trials enriched salads (lettuce,
spinach) with iodine sprays. Surveys indicate consumer
interest in these products as an alternative to supplements.
Though not driven by the same public-health programs as in
developing countries, these cases demonstrate consumer
and retailer roles in biofortification. They also highlight the
agronomic method: by applying micronutrient-rich fertilizer
under well-controlled conditions, nutrient levels in the
harvested vegetables were raised measurably [54 55.56.57],

Table 2: summarizes several large-scale biofortification initiatives and their impacts, by crop and region [58: 59 60.61,62]

Crop / Program Nutrient(s) Region/Country Impact/Status
HarvestPlus initiative Various (VitA, Fe, Africa, Asia, Latin America approx 48 million farmlng house_holds growing biofortified
Zn) staples (via multiple crops)
Orange Sweet Potato Vitamin A East & Southern Africa (Uganda, [approx 2.8 million households adopted OFSP; significant rise in
(CIP) Mozambique) child Vit A intake
Iron Pearl Millet . . approx 360, 000 farmers (2016); target >1 million by 2018;
(ICRISAT) Iron India (Maharashtra, Gujarat) boosts child iron status
Iron Beans (CIAT) Iron Rwanda, India Released multiple varieties; over 200, 000 households reached
Zinc Rice (IRRI) Zinc Bangladesh, Philippines Several zinc-rice varieties released; ongoing dissemination
Vitamin A Maize Lo - - . Improved maize varieties with approx 15 ppm beta-carotene
(CIMMYT) Vitamin A Nigeria, Latin America released; adoption growing
Biofortified Cassava Vitamin A Nigeria, DRC 10+ varieties released; thou;zsggssof farmers reached through
Golden Rice Project Vitamin A Philippines (IRRI) Regulatory approval in 2021, first plantings planned 2022

Future Prospects and Challenges

The scientific foundation of horticultural biofortification is
strong, but challenges remain. Consumer acceptance is
crucial: foods must taste good and look familiar, or any
color changes (like orange or purple flesh) can deter buyers
unless well-explained. Bioavailability also matters for
instance, vitamin C in peppers can enhance iron absorption
from plant foods, an advantage horticultural crops can
exploit. Plant breeders must ensure that micronutrient
enhancements do not compromise yield or other quality
traits; indeed, many modern biofortified varieties have
yields matching or exceeding standard cultivars €3],
Environmental factors and cooking practices can affect
nutrient retention. Breeders are looking not only at nutrient
content, but at stability (e.g. retention of vitamins after
storage and cooking). Partnerships between agricultural
scientists, nutritionists and food scientists are key to
optimizing the nutritional benefit. For example, combining
vitamin A biofortified crops with dietary sources of fat
improves vitamin A absorption 64,

Looking ahead, emerging tools promise to accelerate
progress. Genome editing offers a route to quickly increase
nutrients (for example, CRISPR has been used
experimentally to raise folate in tomato). Conservation of
genetic resources is vital: many wild or landrace
horticultural plants (like colored peppers, African eggplants,
or pigmented potatoes) carry alleles for high micronutrients.
Advanced breeding platforms using marker-assisted or
genomic selection will speed up development of
multiple-nutrient crops (e.g. varieties high in both iron and
zinc, or stacked provitamin A and iron) [¢°],

Economically, biofortification is attractive: after initial
investment, farmers do not incur extra costs to grow
biofortified crops. They simply cultivate a variety that was
bred to have higher nutrients. As Table 2 suggests, the

payoff in human nutrition can be large. Nevertheless,
policies must support labeling, awareness campaigns and
market incentives so that both farmers and consumers see
the wvalue. For horticultural crops, positioning can
sometimes be different than for staples for example,
selenium-enriched lettuce might be marketed as a premium
“functional food” for health-conscious consumers in
Europe, whereas orange sweet potato is positioned as an
affordable nutritious staple in Africa [,

e Ultimately, biofortification of horticultural crops is one part
of a food system solution. It should complement efforts to
diversify diets (promoting a variety of fruits and vegetables)
and to fortify common processed foods where infrastructure
allows. It aligns with sustainable agriculture goals because
it uses plant diversity and farmer-led cultivation, rather than
relying solely on industrial supplementation [¢71,

Conclusion

Biofortification of horticultural crops has made significant
strides in recent decades and now stands as a proven approach to
improve human nutrition and health. Through breeding,
biotechnology and agronomic management, a wide range of
fruits, vegetables and root crops have been enriched with
vitamins A and C, minerals like iron, zinc, iodine and selenium
and beneficial phytochemicals. Notable achievements include
nutrient-dense sweet potato and cassava for vitamin A, high-iron
beans and millet and innovative staples like vitamin-A bananas.
These efforts have translated into real impact: millions of people
now grow and consume biofortified crops, contributing to better
micronutrient status and reduced deficiency-related illness. The
scientific community plant breeders, geneticists and agronomists
working together with nutritionists and policymakers, has
established biofortification as an effective strategy. However,
challenges remain in scaling up these innovations to reach all
needy populations. Sustained collaboration is needed to ensure
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that improved germplasm is widely accessible, culturally
acceptable and integrated into sustainable farming systems.
Education and market development must go hand in hand with
research so that farmers adopt nutrient-rich varieties and
consumers demand them.

In summary, biofortified horticultural crops exemplify how
agricultural innovation can meet nutritional goals. By fortifying
the very plants that people already eat daily, this approach helps
to close micronutrient gaps in diets in an economically efficient
way. As research continues and new varieties and techniques
emerge, biofortification will play an increasingly important role
in global nutrition security. Its success will depend on crossing
disciplinary boundaries from genes to diets to ensure that
science translates into healthier people.
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