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PAPEL FISIOLÓGICO E BIOQUÍMICO DO SELÊNIO NA SÍNTESE DE 

FLAVONÓIDES E FIXAÇÃO BIOLÓGICA DO NITROGÊNIO EM PLANTAS 

LEGUMINOSAS 

RESUMO - O selênio (Se) é essencial para humanos e animais e considerado 

benéfico para plantas em baixas concentrações. Pouco se sabe sobre o papel do Se 

na nodulação de plantas leguminosas. O objetivo desse trabalho foi avaliar o efeito do 

Se (i) sobre o perfil de flavonoides nas raízes; (ii) sobre o metabolismo do nitrogênio 

e do sistema antioxidante e (iii) no perfil de nutrientes, carboidratos, pigmentos 

fotossintéticos e produtividade de grãos das plantas de soja, amendoim e feijão-caupi. 

Para isso, foram conduzidos 2 experimentos para cada cultura, sendo um conduzido 

em solo e o outro em hidroponia. Os tratamentos dos experimentos realizados em 

solo foram compostos por 5 doses de Se (0, 7,5, 15, 30 e 45 µg kg-1) enquanto que 

nos experimentos realizados em hidroponia, os tratamentos foram compostos por 4 

concentrações de Se (0, 5, 10 e 15 µmol L-1) aplicados via solo e solução nutritiva 

respectivamente, no estágio fenológico V2 das plantas, na forma de selenato de sódio. 

Nossos resultados mostraram que a suplementação com Se aumenta a síntese de 

flavonóides (daidzeína, genisteína, kaempferol, quercetina, rutina e naringerina) nas 

raízes, as quais podem ter papel na sinalização química para aumentar a infestação 

das raízes por rizóbio, consequentemente aumentando o fluxo de ureídeos e 

metabolismo antioxidativo nas plantas de soja, feijão-caupi e amendoim, tornando 

essas plantas mais tolerantes a estresses abióticos e gerando aumento de 

produtividade. Além disso, o Se pode reduzir o estresse oxidativo e aumentar a 

atividade das enzimas antioxidantes, eficiência do metabolismo do nitrogênio e a 

concentração de pigmentos fotossintéticos nas folhas.  

Palavras-chave: biofortificação agronômica, compostos nitrogenados, 

estresse oxidativo, ureídeos, fixação biológica de nitrogênio. 



xiv 

PHYSIOLOGICAL AND BIOCHEMICAL ROLE OF SELENIUM IN FLAVONOIDS 

SYNTHESIS AND BIOLOGICAL NITROGEN FIXATION IN LEGUMINOUS 

PLANTS 

ABSTRACT - Selenium (Se) is essential for humans and animals and 

considered beneficial to plants in low concentrations. Little is known about the role of 

Se in the nodulation of leguminous plants. This study aimed to: (i) to evaluate the effect 

of Se on the flavonoid profile in the roots; (ii) nitrogen metabolism and the antioxidant 

system and (iii) evaluate the effect of Se nutrient profile, carbohydrates, photosynthetic 

pigments and grain yield of soybean, peanut and cowpea plants. For this, 2 

experiments were conducted for each crop, one conducted in soil and another in 

hydroponics. The treatments carried out in soil were composed of 5 Se doses (0, 7.5, 

15, 30 and 45 µg kg-1) while in hydroponics the treatments were composed of 4 Se 

concentrations (0, 5, 10 and 15 µmol L-1) applied via soil and nutrient solution, 

respectively at the V2 phenological stage of plants in the form of sodium selenate. Our 

results showed that Se supply increases the synthesis of flavonoids (daidzein, 

genistein, kaempferol, quercetin, rutin and naringerin) in roots which can have a role 

as chemical signals to increase root infestation by rhizobia, consequently increasing 

the flow of ureides and antioxidant metabolism in soybean, cowpea and peanut plants, 

making these plants more tolerant to abiotic stresses and increasing yield. In addition, 

Se can reduce oxidative stress and increase the activity of antioxidant enzymes, 

efficiency of nitrogen metabolism and concentration of photosynthetic pigments in 

leaves. 

Keywords: agronomic biofortification, nitrogen compounds, oxidative stress, 

ureides, biological nitrogen fixation. 
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ABSTRACT 

Selenium (Se) is an essential element for humans and animals and considered 

beneficial element for plants. In humans, Se deficiency is related to heart disease, and 

pregnancy complications. Agronomic biofortification of crops is a safe and efficient 

strategy to combat Se deficiency in humans. Se can benefit the growth and survival of 

plants under abiotic stresses by mitigation of oxidative stress and increasing the 

concentration of proteins, sugars, and amino acids in plant cells. Several studies have 

shown that Se application at low concentrations improved the defense mechanism of 

plants by increasing the antioxidant enzymatic activity to eliminate ROS and protect 

against cellular oxidation. Selenium can boost nitrogen (N) metabolism by activating N 

assimilation enzymes such as nitrate reductase, nitrite reductase, glutamine 

synthetase and glutamate synthase, which results in greater production of amino acids, 

proteins and availability of organic N and consequently greater crop yield. Se 

application at low concentration mimics sulfur deficiency in plants increasing the amino 

acids cysteine, methionine, selenocysteine and selenomethionine in plants. This 

literature review aimed to present a compilation of main findings on how Se can be the 

secret weapon in agriculture to increase the tolerance of plants to abiotic stresses by 

increasing the antioxidant metabolism, photosynthetic and nutritional status of plants, 

increasing yield as well as the quality of agricultural products for mitigation of hidden 

hunger. 

Keywords: Abiotic stress, Antioxidant metabolism, Biofortification, Nitrogen 

metabolism, Sulfur. 

1. INTRODUCTION

Selenium (Se) concentration in soils is generally very low, with an average of 

0.4 mg kg-1 worldwide (Fordyce, 2013; Reis et al., 2017). There is great variation in 

Se concentration between soils around the world. In China (Enshi area) the Se 

concentration in the soil range from 3.76 to 79.08 mg kg-1 (Yuan et al., 2012), 8.2 mg 

kg-1 in the United States of America (Pine Ridge Fort Collins, CO) (Yasin et al., 2015) 

and 0.024-3.06 mg kg-1 in India (Punjab area) (Dhillon and Dhillon, 2016). 
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Se is an essential trace element for animals, including humans, and although not 

essential, it is considered a beneficial element for plants. In humans, Se deficiency is 

related to heart disease (Oropeza-Moe et al., 2015), and pregnancy complications 

(Hofstee et al., 2020). Recent studies have shown that Se deficiency in humans was 

associated with mortality risk from COVID-19 (Moghaddam et al., 2020). Se deficiency 

in China has been marked by causing Keshan disease, endemic heart disease with 

high lethality (Chen, 2012). 

Malnutrition is growing and the estimative of world population will be 9 billion 

people in 2030, and developing countries are the ones that will suffer most from 

malnourishment problem (Khush et al., 2012). One strategy to reduce malnutrition is 

through agronomic biofortification, which is a technique of fertilizer application to edible 

crop plants. Agronomic biofortification aims to increase the concentration of 

micronutrients in the edible parts of crops (Khush et al., 2012; White, 2018; Reis et al., 

2020; Lanza and Reis, 2021). In addition to improving the nutritional quality of foods, 

biofortification is used to combat hidden hunger mainly in developing countries (De 

Valença et al., 2017; Reis et al., 2017). 

Se can benefit plant growth under abiotic stresses by mitigation of reactive 

oxygen species (ROS) formation. However, Se application at high concentration can 

cause toxicity in plants (Sun et al., 2010; Malik et al., 2011; Silva et al., 2018; White, 

2018). Se can mitigate oxidative stress by regulating ROS through enzymatic and non-

enzymatic antioxidant systems, and regulation of the photosynthetic apparatus 

(Chauhan et al., 2019; Silva et al., 2020). In addition, several studies have shown a 

positive effect of Se on the enzymatic antioxidant metabolism by increasing the activity 

of superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), and 

glutathione peroxidase (GPx) in plants (Silva et al., 2018; Chauhan et al., 2019; Silva 

et al., 2020; Lanza and Reis, 2021). Se increases photosynthetic pigments such as 

chlorophylls and stimulate carotenoids biosynthesis, as well as stomatal conductance 

and internal CO2 concentration (Figure 1) (Bian et al., 2020; Silva et al., 2020; Zhang 

et al., 2020; Lanza and Reis, 2021). 

Application of high Se concentration results in an antagonistic effect with sulfur 

(S) affecting plant metabolism (White et al., 2004; Silva et al., 2022). Se and S compete

for metabolic pathways, where Se affects the expression of key genes governing S 
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transporters and enzymes responsible for S assimilation in plants (White, 2018). The 

accumulation of Se in plant tissues can influence physiological functions of S 

metabolites, which can affect the development, growth, and response of plants to 

abiotic and biotic stresses (White, 2018).  

Tian et al. (2017) observed broccoli plants growing in hydroponics with 40 μM 

of Se showed increased expression of S transporter (SULTR 1;1) In addition, these 

authors found that Se increased the activity of ATP-sulfurylase and adenylyl-sulfate 

(APS) reductase, which are two key enzymes in the S/Se assimilation pathway. Boldrin 

et al. (2016) reported that application of 10 μM of Se as sodium selenate increased the 

transcription of SULTR1; 1, SULTR1; 3 and SULTR4; 1 in wheat roots, suggesting that 

supplementation with Se mimics the deficiency of S pellet in the expression of S-

transporting genes and does not increase the accumulation of S caused by the 

presence of Se. 

Se can enhance nitrogen (N) metabolism by the indirect effect on the activity of 

enzymes that act on N metabolism (Prasad and Chetty, 2008; Lei et al., 2018; Bian et 

al., 2020). Se enhances the activity of nitrate reductase (NR), glutamine synthetase 

(GS), and glutamate synthase (GOGAT) due to coordination between N and sulfur S 

metabolism (Rios et al., 2010b). Fertilization of plants with Se induces the assimilation 

of S and Se, stimulating N metabolism to maintain the proper balance between 

nitrogenous organic compounds and sulfates (Rios et al., 2010b). Furthermore, Se can 

increase NR activity by increasing the absorption of molybdenum, which is cofactor for 

NR activity in plant cell (Figure 2). 

Se fertilization increase total soluble solids, which play an important role in 

photosynthesis and carbohydrate production (Mimmo et al., 2017; Golubkina et al., 

2018; Gouveia et al., 2020). In addition, Se increases the concentration of organic 

acids, phenolic compounds (Mimmo et al., 2017), photosynthetic pigments (Silva et 

al., 2020), amino acids (Jezek et al., 2011), and proteins (Silva et al., 2020) which are 

compounds responsible for growth and yield of crops. 

This literature review aimed to present a compilation of main findings on how 

Se can be a secret weapon in agriculture to increase the tolerance of plants to abiotic 

stresses by increasing the antioxidant and sugar metabolism, photosynthetic and 
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nutritional status of plants, increasing yield as well as the quality of agricultural 

products which might benefit human health. 
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CONCLUSION 

Mechanisms of soybean response to Se were related to 

increased photosynthetic pigments as well as enhanced efficiency of enzymatic 

antioxidant metabolism by increasing the activity of CAT and APX enzymes. Se also 

increased the sugars concentration in the leaves and influenced the metabolism of N 

by increasing the activity of nitrate reductase and average nodule fresh weight, which 

increased the synthesis of ureides and the bioavailability of amino acids and proteins 

in the leaves, resulting in higher root dry weight. However, the responses were dose-

dependent, and the form of dose response varied among traits. 

Our results revealed hormetic-like responses of soybean plants exposed to Se 

at both molecular and whole-plant levels. Hormetic-like U or inverse U 

shape responses were revealed for photosynthetic pigments, CAT, nitrate reductase, 

nodules per pot, nodule fresh weight, and amino acids. However, the 

concentration of flavonoids in the soybean roots showed dynamic, multiphasic 

responses to Se. New studies are needed to reveal the biochemistry behind these 

hormetic-like responses. 

This study presents new insights into the effects of Se on N metabolism, 

enzymatic antioxidant metabolism, photosynthetic pigments, and nodulation in 

leguminous plants that may be important for increasing soybean yield.   
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