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GENOTYPIC VARIABILITY OF COWPEA (Vigna unguiculata (L.) Walp) AND 

SELENIUM UPTAKE FOR DETERMINING AGRONOMIC BIOFORTIFICATION 

STRATEGIES TO COMBAT HIDDEN HUNGER 

RESUMO – O aumento da produtividade de grãos tem apresentado relação inversa 

como conteúdo nutricional das plantas, ocasionando o aumento da fome oculta. O Feijão-caupi 

é rico em proteínas, e fonte de alimentação com baixo valor agregado para países emergentes. 

Em hipótese, a determinação de genótipos mais responsivos de feijão-caupi a aplicação de Se 

por meio da marcha de absorção de nutrientes proporciona estratégias de biofortificação 

agronômica. O experimento I foi conduzido com 20 genótipos de feijão-caupi para 

determinação da variação genotípica nos parâmetros de produção e na eficiência do uso de 

nitrogênio. No experimento II foram aplicadas via solo e foliar as doses de Se (0, 10, 25, 50, 

100 e 150 g ha-1) na fonte selenato de sódio e avaliados as respostas fisiológicas e morfológicas 

dos tratamentos. No experimento III, o genótipo responsivo do experimento I e dose-resposta 

do experimento II foram utilizados para determinar a aplicação no feijão-caupi e avaliado a 

marcha de absorção de Se nos estádios fenológicos da culturas para determinar a curva de 

acumulo de nutrientes. Ao final dos experimentos, foi avaliado o acúmulo de nutrientes 

(essenciais, benéficos e antinutrientes) nos grãos de feijão-caupi em resposta a aplicação de 

Selênio para a alimentação humana. Foram realizadas análises de fotossíntese (A), condutância 

estomática (GS), clorofila (Cl), concentração interna de CO2 (E), metabolismo antioxidante 

(malonaldeído, peroxido de hidrogênio, enzimas antioxidantes), metabolismo do nitrogênio 

(ureia, urease e nitrato redutase), perfil de açucares e flavonoides (HPLC), proteínas de reserva 

(albumina, globulina, prolamina e glutelina) e concentração de elementos. Os resultados 

obtidos nesse estudo poderão gerar contribuições significativas para a seleção de genótipos de 

feijão-caupi responsivos aos programas de biofortificação agronômica e doses seguras de 

selênio para o combate das deficiências nutricionais por meio de estratégias agronômicas. 

Palavras-chave: Nutrição de Plantas, Fisiologia Vegetal, Feijão-caupi, Marcha De 

Absorção, Selênio. 



GENOTYPIC VARIABILITY OF COWPEA (Vigna unguiculata (L.) Walp) AND 

SELENIUM UPTAKE FOR DETERMINING AGRONOMIC BIOFORTIFICATION 

STRATEGIES TO COMBAT HIDDEN HUNGER. 

ABSTRACT – The increase in grain yield has shown an inverse relationship with the 

nutritional content of plants, leading to an increase in hidden hunger. Cowpea is rich in proteins 

and serves as a low-value food source for emerging countries. Hypothetically, determining 

more responsive cowpea genotypes to selenium (Se) application through nutrient uptake gait 

provides agronomic biofortification strategies. The experiment I conducted with 20 cowpea 

genotypes to determine genotypic variation in production parameters and nitrogen use 

efficiency. In Experiment II, Se doses (0, 10, 25, 50, 100, and 150 g ha-1) were applied via soil 

and foliar routes using sodium selenate, and the physiological and morphological responses of 

the treatments will be evaluated. In Experiment III, the responsive genotype from Experiment 

I and the dose-response from Experiment II were used to determine Se application in cowpea 

and evaluate Se uptake gait during the phenological stages of the crop to determine the nutrient 

accumulation curve. At the end of the experiments, the accumulation of nutrients (essential, 

beneficial, and antinutrients) in cowpea grains in response to Se application for human 

consumption was evaluated. Analyses of photosynthesis (A), stomatal conductance (GS), 

chlorophyll (Cl), internal CO2 concentration (E), antioxidant metabolism (malondialdehyde, 

hydrogen peroxide, antioxidant enzymes), nitrogen metabolism (urea, urease, and nitrate 

reductase), sugar and flavonoid profiles (HPLC), storage proteins (albumin, globulin, prolamin, 

and glutelin), and element concentration were performed. The results obtained from this study 

may generate significant contributions to the selection of responsive cowpea genotypes for 

agronomic biofortification programs and safe doses of selenium to combat nutritional 

deficiencies through agronomic strategies.  

Keywords: Vigna Unguiculata, Agronomic Biofortification, Hidden Hunger, 

Absorption March, Selenium.
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ABSTRACT 

Malnutrition can be caused by hidden hunger, resulting in deficiencies in essential 

micronutrients such as selenium, iron, zinc, copper, calcium, and magnesium. This study 

developed a meta-analysis of documents from the Web of Science using the keywords 

"Biofortification," "Selenium," and "Cowpea" from 1990 to 2024. It analyzed the number of 

documents, keywords, citations, institutions, and H-index to understand the research landscape 

in this field. Biofortification is a quick, efficient, and sustainable method to reduce 

micronutrient deficiencies. Selenium (Se) is an essential micronutrient for human and animal 

health due to its ability to support antioxidant defense systems. Agronomic selenium 

biofortification has demonstrated significant success in Finland, where selenium-enriched 

fertilizers have substantially improved public health by boosting selenium levels in food crops. 

Its significance became particularly evident during the COVID-19 pandemic, as adequate 

selenium levels were correlated with reduced infection severity, emphasizing its role in global 

health crises. Economically, selenium biofortification enhances agricultural sustainability by 

increasing crop resilience to abiotic stresses such as drought and salinity and reducing phytic 

acid content, thus improving mineral bioavailability. In plants, Se can regulate the activity of 

antioxidant enzymes, such as superoxide dismutase (SOD), peroxidase (POX), ascorbate 

peroxidase (APX), and catalase (CAT), which help neutralize reactive oxygen species (ROS) 

generated under stress conditions. Furthermore, leveraging genotypic variability ensures that 

different crops optimally uptake selenium, thereby enhancing their nutritional value. By 

promoting better human nutrition and more robust agricultural systems, selenium 

biofortification is vital for achieving the UN Sustainable Development Goals, especially Goal 

2 (Zero Hunger), which seeks to end hunger, achieve food security and improved nutrition, and 

promote sustainable agriculture by 2030. 

Keywords: micronutrients, abiotic stress, phytic acid, food safety, hidden hunger, agronomic 

biofortification, zero hunger, human health. 
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1. INTRODUCTION

Micronutrient malnutrition, also referred to as hidden hunger, pertains to insufficient

essential vitamins and minerals, leading to significant adverse impacts on human health (Bouis 

and Saltzman 2017a). By enhancing the nutritional quality of food crops, agronomic 

biofortification contributes to increased food security, which is always defined as the consistent 

access of all individuals to safe and nutritious food (Simkin 2019). 

Hidden hunger affects over two billion individuals globally, with higher prevalence in 

Africa, South Asia, and Northeast Brazil (Siwela et al. 2020). Approximately 811 million 

people suffer from chronic malnutrition. (Langyan et al. 2022). Thus, One-third of women of 

childbearing age are anemic, 22% of children under the age of five suffer from stunted growth, 

and 50% of the global population of pregnant women experience micronutrient deficiencies. 

(Alae-Carew et al. 2019; PNUD 2022). 

Biofortification can contribute to the achievement of various United Nations Sustainable 

Development Goals (SDGs), including eradicating hunger, achieving food security, improving 

nutrition, and promoting sustainable agriculture (Rehman et al. 2021). Additionally, 

biofortification is regarded as a highly cost-effective strategy to combat micronutrient 

malnutrition on a global scale, particularly when compared to other interventions such as dietary 

diversification or micronutrient supplementation. (Wakeel et al. 2018) 

Among the critical minerals involved are iron, iodine, zinc, copper, calcium, 

magnesium, and selenium (Shankar 2020; White et al. 2009). The global deficiency rates for 

Fe, Zn, I, and Se are approximately 60%, 30%, 30%, and 15%, respectively. Additionally, 

deficiencies in Zn, Fe, and I, along with vitamin A deficiency, can result in a mortality rate of 

approximately 20% among children under the age of five. (Imdad et al. 2022; White et al. 2009). 

Over the past twenty years, global governments have invested more than US$ 15 billion in 

vitamin A supplementation capsules as a medical strategy (Imdad et al. 2017a).  

Biofortification involves the enhancement of micronutrient levels in food crops through 

agricultural technologies (Garg et al. 2018). This technique is essential in agriculture and food 

systems, as it has the potential to enhance the nutritional quality of crops and subsequently 

improve public health, particularly for populations with limited access to diverse diets or other 

micronutrient interventions (Langyan et al. 2022). This study aims to provide a comprehensive 

overview of the scientific evolution of agronomic biofortification and its integration into food 

systems. It highlights various success cases that have reduced regional food insecurities and 

contributed to the development and health of the global population. 
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5. CONCLUSION

The agronomic biofortification of cowpeas with Se proves to be an efficient way to 

increase the grain yield and nutritional quality of grains. Doses up to 50 g ha-1 positively 

increase the grain yield. Foliar Se application is revealed to be the most efficient strategy 

to increase Se concentration in leaves and grains. Low doses of Se (10 and 25 g ha-1) applied 

via foliar are sufficient to meet the nutritional needs of a population that consumes cowpeas 

and meet the requirements established by the Codex Alimentarius (60 µg day-1). The 

application of Se also plays synergistic/antagonistic roles with other nutrients that 

contribute to plant development, such as photosynthesis. This study presents important 

information for Se management recommendations in field-grown cowpea plants 

aiming to increase Se concentration in grains at a safety level to combat malnutrition. And 

reveals that the agronomic biofortification of cowpeas with Se is a cheap and accessible 

strategy to increase the quality of staple foods, like cowpea, aiming to combat malnutrition in 

developing countries. 
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