RESSALVA

Atendendo solicitacdo do
autor, o texto completo desta dissertacao
sera disponibilizado somente a partir
de 05/02/2021.



UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO”
FACULDADE DE ENGENHARIA
CAMPUS DE ILHA SOLTEIRA

VINICIUS MARTINS SILVA
Agronomist Engineer

CHARACTERIZATION OF GENOTYPE VARIATION AND AGRONOMIC
BIOFORTIFICATION OF COWPEA WITH SELENIUM: IMPACTS ON PHYTIC
ACID AND NUTRITIONAL QUALITY OF GRAINS

Ilha Solteira
2019



VINICIUS MARTINS SILVA
Agronomist Engineer

CHARACTERIZATION OF GENOTYPE VARIATION AND
AGRONOMIC BIOFORTIFICATION OF COWPEA WITH SELENIUM
TO OBTAIN GRAINS OF HIGH NUTRITIONAL QUALITY AND LOW

CONCENTRATION OF PHYTATES

Dissertation presented to the Engineering
College of Ilha Solteira — UNESP as part of
the requirements to obtain the title of Master in
Agronomy. Specialization: Production
Systems

Prof. PhD. André Rodrigues dos Reis
Supervisor

Prof. Dr. Marco Eustaquio de Sa
Co-Supervisor

Ilha Solteira
2019



FICHA CATALOGRAFICA
Desenvolvido pelo Servico Técnico de Biblioteca e Documentacio

Silva, Vinicius Martins.
S586C Characterization of genotype variation and agronomic biofortification of
cowpea with selenium: impacts on phytic acid and nutritional quality of grains /
Vinicius Martins Silva. -- llha Solteira: [s.n.], 2019
123f. :il.

Dissertagdo (mestrado) - Universidade Estadual Paulista. Faculdade de
Engenharia de Ilha Solteira. Area de conhecimento: Sistemas de Producgdo, 2019

Orientador: André Rodrigues dos Reis
Coorientador: Marco Eustaquio de 53
Inclui bibliografia

1. Biofortificacdo agrondmica. 2. Feijdo-caupi. 3. Variacdo genotipica. 4.
Selénio.

Raiane da Silva Sarios




ooy UNIVERSIDADE ESTADUAL PAULISTA

u n e s p o Campus de liha Solteira

CERTIFICADO DE APROVAGAO

TiTULO DA D|SSERTAQAO; Characterization of genotype variation and agronomic biofortification of
cowpea with selenium: impacts on phytic acid and nutritional quality of grains

AUTOR: VINICIUS MARTINS SILVA
ORIENTADOR: ANDRE RODRIGUES DOS REIS
COORIENTADOR: MARCO EUSTAQUIO DE SA

Aprovado como parte das exigéncias para obtencéo do Titulo de Mestre em AGRONOMIA, area:
Sistemas de Producgédo pela Comissao Examinadora:

A Ly ¢
@f oé%\
Prof. Dr. MARCO EUSTAQUIO/PDE SA

Departamento de Fitotecnia, ¥ecnologia de Alimentos e Sécio Economia / Faculdade de Engenharia de llha

Solteira

b, /5»?[‘%“
Prof. Dr. SALATIER BUZETTI

Departamente’de Fi\tossanidade, Eng

aria Rural e Solos / Faculdade de Engenharia de Ilha Solteira

LN
Prof. Dr. JOSE LAVRES JUNI
Centro de Energia Nuclear na Agricultura / Universidade de S&o Paulo

llha Solteira, 05 de fevereiro de 2019

Faculdade de Engenharia - Campus de liha Solteira -
Av. Brasil Centro, 56, 15385000, lha Solteira - S&o Paulo
www.feis.unesp.br/#!/ppgaCNPJ: 48.031.918/0015-20.



Aos meus pais, Eloisa Maria Bilgia Martins Silva e Amarildo Aparecido da Silva. Pelo amor
incondicional e pelo inesgotavel suporte e confianca que sempre me forneceram, privilégios
que aprendi a valorizar. Por terem me mostrado como lutar pelos meus sonhos, por terem me

ensinado a aproveitar as oportunidades que a vida me oferece.

DEDICO

Aos meus avos e avos: Eloi Cruz Martins, Ana Rita Biglia Martins (em memoria), Antonio
Aparecido da Silva (em memoria) e Maria Madalena da Silva. Aos meus padrinhos Rinaldo
Roberto da Silva e Eliane Flavia da Silva, e a todos os meus familiares que acreditaram em

mim ¢ me deram apoio de alguma forma.

OFERECO



ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to my supervisor Professor André
Rodrigues dos Reis, for all the teachings (which was a LOT) and for the friendship in these
years. Thank you for believing in my potential, sometimes, even more than myself. You made
me believe that I could do something awesome. You showed me how to deal with my
struggles to keep going with ours research.

I wish to thank my girlfriend, Liria Nakamit Novaes, for the love, trust and support in
all these years we have been together is this journey. Thank you for choosing me to make you
happy, thank you for making me a better person every day.

I would like to thank my co-supervisor Prof. Marco Eustaquio de Sa, to Prof. Martin
Roger Broadley, Prof. Scott Young and Prof. Fernando Ferrari Putti. All of you taught me so
much in this journey. Professor Marco with his knowledge that helped me to conduct my field
experiments, professor Martin and Professor Scott received me and supported me, acting as
co-supervisors throughout my internship in the University of Nottingham, Professor Putti
gave me the expertise required to analyze the research data. All these steps were necessary to
conclude this work.

Thanks to EMBRAPA'’s researcher Dr. Maurisrael de Moura Rocha for providing the
29 genotypes of cowpea used in this research. To Professor Enes Furlani Junior for allowing
the use of his laboratory. To Sdo Paulo State University (UNESP) School of Engineering, Ilha
Solteira-Brazil, and School of Sciences and Engineering Tupa — Brazil, for allowing me to use
its facilities to conclude my work.

Regarding the financial support, this study was financed in part by the Coordenagao de
Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES) -Finance Code 001.

I also would like to thank the financial support in my master course provided by the
grant #2016/19773-8, Sao Paulo Research Foundation (FAPESP). And the financial support
to realize an internship abroad in the University of Nottingham (UK) provided by the grant
#2017/21950-8, Sao Paulo Research Foundation (FAPESP).

I would like to thank all my friends and co-workers, who helped me to perform the
field experiments, the lab work, to write the papers and reports, or even helping me with
advices to reach my goals. Thus, I would like to thank Eduardo Marcandalli, Juliana Martins,
Flavia Mendes, Flavia Meireles, Jodo Bossolani, Daiene Corsini, Vanessa Britto, Anne
Caroline, Rafael Lawandovski, Prof. Regina Castilho, Rodrigo Castilho, Fernando Galindo,

José Matheus, Alvino Silva, Amanda Paixdo, Geraldo Gouveia, Tauan Tavanti, Matheus



Mateus, Alexandre Ascoli, Bruno Miranda, Ana Jalia Nardeli, Maria Gabriela, Nandhara
Angélica, Leandro Souto, Evandro Amaral, Roberto Casetta, Jessica Pigatto, Elcio Santos,
Ediu Carlos, Heitor Reis, Matheus Vinicios, Lolita Wilson, Kent Davies, Tom Alcock,
Josefina Lozano, Mu Zhang, Jaswant Khokhar, Diriba Kumssa. In a way or another, each one
of you helped me in this journey.

Thanks to my good old friends Matheus, Douglas, Guilherme, Marcelo, Marco Tulio,
Jodo César and Kaua, whom offered joyful moments that helped me to be a happier person,
specially, in hard times. To my brother Vitor Martins Silva, for the partnership and for the
help in my experiments.

I wish to express my gratitude to the staff of Sdo Paulo State University (UNESP) and
University of Nottingham that was involved in my research in a way or another.

I also would like to thank the Prof. Liliane Santos de Camargos, Prof. Edson Lazarini,
Prof. Lavres Junior, Prof. Salatier Buzetti and Prof. Marcelo Carvalho Minhoto Teixeira
Filho, whom comprises the group of professors which accepted to took part in my
qualification exam or in the defense of my dissertation.

I would like to thank every single person that, in a way or another, helped me to

achieve my goal by finishing this dissertation. Thank you, everyone.



“Somewhere, something incredible is waiting to be
known”
Sharon Begley - August 15, 1977, Newsweek magazine



RESUMO

O selénio (Se) ¢ um nutriente para humanos e animais e um elemento benéfico para as
plantas, sua baixa concentracdo nos solos do Brasil pode gerar deficiéncia nos animais e
humanos. O fitato ¢ a principal forma de reserva de fosforo (P) encontrado nas sementes de
plantas, sendo considerado um “anti-nutriente” por formar complexos nao digeriveis com
nutrientes como Fe, Ca e Zn. Desta forma, existe a necessidade de se buscar alternativas para
aumentar os teores de Se e reduzir o teor de fitato nas partes comestiveis de cultivares
modernos. O objetivo do trabalho foi avaliar doses e fonte 6timas de Se a serem aplicadas em
condigdes brasileiras, bem como a influéncia do Se na producao e qualidade nutricional em 29
genotipos de feijdo-caupi. Para isso, foram desenvolvidos dois experimentos a seguir:
Experimento 1: Foi avaliada a eficiéncia da biofortificacdo agronomica utilizando 2 fontes de
Se (selenato e selenito) e 7 doses de Se (0; 2,5; 5,0; 10,0; 20,0; 40,0 e 60 g ha™') aplicados via
solo, foi realizada analise de fitatos nos graos. Experimento 2: Foi realizado um experimento
para caracterizar a absor¢do e acimulo de Se, teor de fitatos, agucares, proteinas de reversa e
amino acidos nos graos de diferentes gendtipos de feijdo-caupi, nesse experimento, 29
genotipos foram avaliados na presenca e auséncia de Se (0 e 25 g ha!), cultivados até o final
do ciclo para a obtengdo dos graos. No experimento 1, observou-se que a aplicacdo de
selenato proporciona maiores concentragdes de Se nos grdos em comparagdo com o selenito.
A aplicacdo de Se ndo teve influencia direta na concentracdo de fitatos nos grdos. No
experimento 2 observou-se que os a aplicacdo de Se aumentou a concentracdo do elemento
nas raizes, parte aérea e principalmente graos de todos os geno6tipos avaliados. A aplicacao de
Se pode proporcionar aumento, diminui¢do ou ndo influenciar o teor de fitatos, agucares,

proteinas de reserva e aminoacidos, dependendo do genotipo.

Palavras-chave: Biofortificagdo agrondmica. Feijao-caupi. Variagdo genotipica. Selénio.



ABSTRACT

Selenium (Se) is a nutrient for humans and animals, and a beneficial element for plants, its
low concentration in Brazilian soils might cause deficiency in animals and humans. Phytate is
the main form of phosphorus (P) storage found in plant seeds, being considered an "anti-
nutrient" by forming nondigestible complexes with nutrients such as Fe, Ca and Zn. Thus,
there is a need to find alternatives to increase Se and decrease phytate concentration in the
edible parts of modern cultivars. The objective of this study was to evaluate optimal levels
and sources of Se to be applied in Brazilian conditions, as well as the influence of the Se in
the production and nutritional quality in 29 genotypes of cowpea. Two experiments were
performed: Experiment 1: The efficiency of agronomic biofortification was evaluated using 2
sources of Se (selenate and selenite) and 7 levels of Se (0; 2.5; 5.0; 10.0; 20.0, 40.0 and 60 g
ha') applied via soil, phytate analysis was analyzed. Experiment 2: An experiment was
carried out to characterize the uptake and accumulation of Se, phytate, sugars, storage
proteins and amino acids in the grains of different genotypes of cowpea. In this experiment,
29 genotypes were evaluated in the presence and absence of Se (0 and 25 g ha!), grown until
the end of the cycle to obtain the grains. In experiment 1, it was observed that the application
of selenate provides higher concentrations of Se in the grains compared to selenite. Selenium
application showed no direct influence on the phytate concentration in the grains. In
experiment 2 it was observed that the application of Se increased the concentration of the
element in roots, shoot and grains of all evaluated genotypes. Se application may provide
increase, decrease or not influence the content of phytates, sugars, reserve proteins and amino

acids, depending on the genotype.

Keywords: Agronomic biofortification. Cowpea. Genotypic variation. Selenium.
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ITRODUCTION

Foods as a primary source of nutrients and its demand grows with the increasing of
worldwide population. In 1800, the world’s population was 1 billion. Currently, with an
average growth rate of 1.37%, the worldwide population is 6.9 billion people (RAYMAN,
2012). For 2050, it is estimated that the worldwide population hits 9.4 billion people.

The cereal yield has maintained the same rising rate of the worldwide population. It is
estimated that the global demand for food may double in the period between 1990 and 2030,
with a two and a half to three-fold increase in developing countries (GARVIN; WELCH;
FINLEY, 2006). On the other hand, the malnutrition has increased reaching almost half of the
world’s population, especially pregnant women, teenagers and children (GRAHAM et al.,
2007). This is, in part, due to plant breeding aiming to yield increasing, and thus, presenting
an inverse relation with mineral content in grains (GARVIN; WELCH; FINLEY, 2006;
MURPHY; REEVES; JONES, 2008; WHITE et al., 2009).

Selenium is considered a scarce element, with irregular distribution in earth’s crust,
and besides the origin material, its content in soil depends highly on water regime of each
region (HAUG et al., 2007). The levels of Se in agricultural food products are strongly
dependent on the presence of this element in the soil and also on the regulation in function of
plant species/genotype, although due to the few studies carried out, there are doubts about the
agronomic significance of the variation/genotypic regulation in their accumulation in
cultivated plants (LYONS et al., 2005). The Se when supplied in the source of selenate
competes with Sulfur (S) transporters, and when supplied in the source of selenite competes
with the phosphate transporters in plants (REIS et al., 2017a).

The phytic acid (or myo-inositol hexaphosphate, or InsP6 or IP6) is the main
compound of phosphorus (P) storage in seeds, its found in salt named phytate and comprises
between 60 and 90% of all P in cereals, oilseeds and nuts (LOTT et al., 2000; 2001; BOHN;
MEYER; RASMUSSEN, 2008). The phytic acid and its derivates (mainly IP5) bound to
metallic ions in pH values similar to duodenum (CARLI et al, 2006). Therefore, phytate is
considered an antinutrient, able to for insoluble complexes with minerals, proteins, enzymes
and starch, a trait that can impair in the absorption of Calcium (Ca), Magnesium (Mg),
Copper (Cu), Fe and Zn, primarily, when the intake of this minerals in inadequate (GRAF;
EATON, 1990; PRYNNE et al, 2010). Among the problems caused by phytate, there are
severe deficiencies in populations with diets composed primarily by cereals and pulses,

mostly in vulnerable groups, such as young, and pregnant women in needy regions that
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commonly ingest low quantities of Ca, Fe, Mg e Zn (WEAVER; KANNAN, 2002). Thus,
regarding the food security, is important to research for means to reduce the levels of phytate
in plant seeds used as food, mostly the ones important in needy regions, as the cowpea.

The agronomic biofortification with Se increases the nutritional quality of food
(RAYMAN, 2012) and the potential to reduce phytate in grains turns necessary a better
knowledge of the Se accumulation influence in the synthesis of this antinutrient, as well as the
influence of Se in the quality of cowpea, that is one of the most important sources of protein

in Brazilian northeast, region that presents the greatest rates of malnutrition in the country.
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CONCLUSION

Agronomic biofortification of crops with Se should be studied to provide new
information on specific quantities of Se supplied for edible crops. The mechanisms of
assimilation of Se are studied mostly in situations where Se shares similarities with other
elements, for instance, selenite and its similarities with phosphate specifically in the transport
from soil to roots. Selenium also share similarities with sulfate and S, but ins this case, not
only on uptake from soil to roots, but also within the plant, in its transport to xylem sap and
assimilation in organic forms of SeCys and SeMet.

Because PA is a P storage form in seeds and an important compound for seed
germination, studies examining the effects of decreased PA concentrations on germination are
also extremely relevant. Although decreased PA concentrations may improve the quality of
the consumed food, the importance of P accumulation in seeds and crop germination cannot
be overlooked so the high yield standards achieved by the crop plant genotypes and varieties
commonly used for food production are maintained.

The uptake of applied Se in cowpea plants is tightly dependent on Se source (selenate
or selenite). Application of 10 g ha™! of Se as sodium selenate provided safe and beneficial
seed Se concentrations, which have the capability to increase daily human Se intake to
between 12.8 and 13.9 pg day™'. Phytic acid concentration in seeds showed no relation to Se
application rate and source.

Sodium selenate application increased the Se concentration in roots, shoots and grains
from all genotypes tested. At least twofold changes in total Se concentration in grains between
genotypes with low and high Se concentration was found, this study provides valuable
information for the effect of Se on plant growth and metabolism of cowpea genotypes. This
information can be used in future breeding programs to select better genotypes for Se genetic

biofortification in cowpea plants.
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