
Title of the Presentation

Mineral quantification of Triticum aestivum L. enriched in Zinc – correlation between minerals
in soils and whole wheat flours
Inês Carmo Luís 1,2,*, Cláudia Campos Pessoa 1,2, Diana Daccak 1,2, Ana Coelho Marques 1,2, Ana Rita F. Coelho 1,2, Manuel Patanita 2,3, José
Dôres 3, Ana Sofia Almeida 2,4, Maria Manuela Silva 2,5, Maria Fernanda Pessoa 1,2, Fernando H. Reboredo 1,2, Manuela Simões 1,2, Paulo
Legoinha 1,2, Carlos Galhano 1,2, Isabel P. Pais 2,6, Paula Scotti Campos 2,6, José C. Ramalho 2,7 and Fernando C. Lidon 1,2

1 Earth Sciences Department, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, Campus Caparica, 2829-516 Caparica, Portugal
2 GeoBioTec Research Center, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, Campus Caparica, 2829-516 Caparica, Portugal
3 Escola Superior Agrária, Instituto Politécnico de Beja, R. Pedro Soares S/N, 7800-295 Beja, Portugal
4 Instituto Nacional de Investigação Agrária e Veterinária, I.P. (INIAV), Estrada de Gil Vaz 6, 7351-901 Elvas, Portugal
5 ESEAG-COFAC, Avenida do Campo Grande 376, 1749-024 Lisboa, Portugal
6 Instituto Nacional de Investigação Agrária e Veterinária, I.P. (INIAV), Avenida da República, Quinta do Marquês, 2780-157 Oeiras, Portugal
7 PlantStress & Biodiversity Lab, Centro de Estudos Florestais (CEF), Instituto Superior Agronomia (ISA), Universidade de Lisboa (ULisboa), Quinta do Marquês, Av.

República, 2784-505 Oeiras, Portugal
* Correspondence: idc.rodrigues@campus.fct.unl.pt

1



Mineral quantification of Triticum aestivum L. enriched in Zinc 
– correlation between minerals in soils and whole wheat flours

2

pH
Electrical conductivity
Organic Matter Content
Moisture Content

Soils Whole bread
wheat fllours

ANALYZES

Zn P Mg

Ca

K

Fe

Cu 

ZnSO4

Triticum aestivum L.
(cvs. Paiva and Roxo)



Abstract: Triticum aestivum L. is one of the most produced staple crops worldwide in which its zinc

biofortification is of the utmost importance to diminish malnutrition. In addition, the pronounced in-

crease of human population demands a higher food production within quality standards. Zinc plays an

important role not only in promoting the maintenance of human health, but it is also linked with plant

growth. Under this framework, a zinc agronomic biofortification of Triticum aestivum L. was

implemented in an experimental field with two varieties (Paiva and Roxo) in Beja, Portugal. This

itinerary comprised two ZnSO4 foliar spraying along the plant cycle with three different concentrations

(control – 0; 8.1 and 18.2 kg ha-1). Soil analyses (moisture, organic matter, pH, electrochemical

conductivity and mineral quantification) and atomic absorption with the mineral quantification (Ca, K,

Mg, P, Fe, Cu and Zn) of whole wheat flours were carried out. Zinc foliar spraying enhanced Zinc

content in both varieties in the flours in which was not observed significant differences between ZnSO4

treatments. P and K presented higher values in the flours contrasting with Ca and Mg. In general, there

was no significant differences between the soil samples in the respective analyses. It was concluded

that wheat flour biofortified in zinc can be a product to help overcome malnutrition.

Keywords: agronomic biofortification; mineral interactions; soil analyses; Triticum aestivum L; 
zinc foliar spraying
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Introduction

The world’s population is expected to increase to more than 8 billion by 2030 (United Nations,

2019). Thereby, according to (FAO, 2021) the food production will have to increase

approximately 60 % by 2050, in a sustainable way and keeping quality standards. Triticum

aestivum L. is one of the most produced staple crops worldwide. Thus, it is estimated to reach a

production of 776.7 million tons by 2021/2022 (FAO, 2021). Zinc (Zn) plays an important role (at

the function, structure and regulation level) not only in promoting the maintenance of human

health, but it is also linked with plant growth (Begum et al. 2016; Cakmak and Kutman, 2018).

Biofortification is likely to diminish malnutrition figures, provided that an essential nutrient in

the edible part of staple crops is enhanced and becomes bioavailable (Bouis and Saltzman, 2017;

Beaudreault, 2019). This paper aims to analyze the correlations between the minerals present in

the sample soils collected from the experimental field which was subjected to a Zn

biofortification workflow. A further study was also conducted as a means of investigating the

interactions between the minerals present in the whole bread wheat flours of two varieties of

Triticum aestivum L.
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Results and Discussion

Soil analyzes pH, electrical conductivity, organic matter and moisture contents and the

values of calcium (Ca), iron (Fe) and Zn did not show significant differences among the

different soil samples. The values of pH were slightly above 7 and the electrical

conductivity varied between 412 and 568 µS.cm-1. Potassium (K) showed lower values

when compared to Ca (almost twice the values of K). The minerals quantification

demonstrated higher levels of Fe, followed by Zn and copper (Cu) (Cu and Zn showed

similar values). The minerals Mg and P presented values lower than 1500 and 200 mg.kg-

1, respectively.

Samples pH (H2O)
Electrical 

Conductivity
Organic Matter Moisture K Ca Fe Cu Zn Mg P

µS.cm-1 % mg.kg-1

A 7.70 ± 0.05 a 543 ± 44 a 6.92 ± 0.02 a 22.52 ± 0.17 a 0.652 ± 0.008 a 1.26 ± 0.11 a 38136 ± 278 a 43.45 ± 2.31 b 59.11 ± 1.20 a

< 1500 < 200B 7.57 ± 0.10 a 412 ± 19 a 6.71 ± 0.07 a 22.62 ± 0.16 a 0.643 ± 0.029 ab 1.01 ± 0.05 a 39390 ± 257 a 44.56 ± 1.057 ab 60.36 ± 1.00 a

C 7.73 ± 0.08 a 568 ± 47 a 6.95 ± 0.12 a 22.29 ± 0.38 a 0.572 ± 0.020 b 1.23 ± 0.12 a 38806 ± 1065 a 52.70 ± 3.591 a 59.96 ± 1.78 a
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There was a strong and positive correlation between the minerals: K and Fe

for samples A and B; K and Zn for samples A and C; and Fe and Zn for the

sample C. By contrast, there was a strong and negative correlation between

the minerals: Cu and Zn for samples A and C; Fe and Ca for sample A; and

Fe and Cu for the sample C.
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No significant differences were observed between ZnSO4 treatments for both varieties in the minerals

magnesium (Mg), phosphor (P), Ca and Cu. Relatively to the minerals, P and K presented higher values in the

flours contrasting with Mg and Ca. While assessing values of the microelements, Cu presented lower values

than Zn and Fe. When comparing control samples (T0), it was found that Paiva variety presented higher

mineral content for all the minerals. Zinc foliar spraying enhanced Zn content in Paiva and Roxo varieties in

the flours. After applying Zn fertilizer in Paiva a decrease of the mineral content for Fe, K, Ca and Mg was

observed. In contrast, considering Roxo, an increase of the mineral content for the minerals P, K, Mg, Fe, Zn

and Cu regarding control samples, was observed.

Variety Treatment Mg P K Ca Fe Cu Zn

% mg/kg

Paiva
(P)

T0 8.87 ± 0.03 a 115 ± 3.00 a 65.54 ± 5.32 b 1.87 ± 0.13 a 5.71 ± 0.10 a 0.241 ± 0.002 a 0.653 ± 0.013 b

T1 8.78 ± 0.30 a 138 ± 6.50 a 63.47 ± 1.39 a 1.04 ± 0.12 a 0.58 ± 0.17 ab 0.276 ± 0.013 a 0.739 ± 0.035 a

T2 8.32 ± 0.44 a 118 ± 11.6 a 63.89 ± 4.88 b 1.19 ± 0.30 a 1.44 ± 0.99 c 0.239 ± 0.006 a 1.143 ± 0.099 a

Roxo
(R)

T0 8.56 ± 0.13 a 98.1 ± 6.20 a 59.41 ± 5.97 b 1.31 ± 0.26 a 3.33 ± 0.06 bc 0.225 ± 0.021 a 0.638 ± 0.145 b

T1 9.04 ± 0.14 a 111 ± 3.20 a 69.73 ± 1.14 ab 1.58 ± 0.055 a 4.13 ± 0.10 ab 0.263 ± 0.003 a 1.177 ± 0.018 a

T2 8.92 ± 0.03 a 118 ± 2.80 a 60.92 ± 4.95 b 1.24 ± 0.10 a 3.970 ± 0.10 ab 0.257 ± 0.001 a 1.175 ± 0.011 a
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A strong and positive correlation was presented between the minerals: Zn and

Ca, and K and Zn for samples PT0, RT0 and RT1; K and P for samples PT0, PT1

and RT1; K and Mg, Mg and Zn and Mg and Ca for samples PT0, PT1, RT0 and

RT1; P and Mg for samples PT0, PT1, PT2 and RT1; K and Ca for samples PT0,

PT1, PT2, RT0, RT1 and RT2; Zn and Cu, K and Cu, and Mg and Cu for samples

PT1, RT0, and RT1; Zn and P and Cu and P for samples PT1 and RT1; Fe and Ca

and Fe and K for samples PT1 and PT2; Fe and Mg and P and Fe for samples PT1

and RT2; Fe and Cu for sample PT1; Cu and Ca for samples RT0 and RT1; and P

and Ca for samples RT1 and RT2.
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Conversely, there was a strong and negative correlation between the minerals: Fe and

Cu for sample PT0; Zn and P for samples PT2, RT0 and RT2; Cu and P for samples RT0

and RT2; K and Mg for sample PT2 and RT2; K and P and P and Ca for samples PT2 and

RT0; P and Ca, and P and Mg for sample RT0; P and Fe, Fe and Mg, and Mg and Ca for

sample PT2; and Zn and Fe, Cu and Ca, Zn and Ca, and K and Cu for the sample RT2.



Results and Discussion

Since all the soil analyzes, except for the minerals K and Cu, did not present significant

differences, we can presume that the experimental field is homogeneous. The mineral K

plays an important roll in plants metabolism, for example in the regulation of the opening

and closing of stomates, activation of some enzymes and balancing the use of N. This

mineral has an antagonist effect on absorb Ca, Mg and P (Fageria, 2001). According to

(Pagani et al. 2013; El-Ramady et al. 2014), K presents a synergetic interaction with Fe.

Besides, K moves in soils by diffusion and is mobile in the plant (Pagani et al. 2013; El-

Ramady et al. 2014). The minerals Mg, Ca, Fe, Cu and Zn move in the soil by mass flow,

whereas the minerals P and Fe, move in soil by diffusion (El-Ramady et al. 2014). Regarding

the mineral’s mobility in plant, the minerals are P, mobile and the minerals are Mg (relatively

immobile), Ca, Fe, Cu and Zn immobile (Pagani et al. 2013; El-Ramady et al. 2014).
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Results and Discussion

One of the functions of Ca is to be a cofactor of various enzymes of ATP. The mineral has an

antagonist interaction with Cu, Fe and Zn, but also interacts with Cu and Zn in a synergetic way

(Pessoa et al. 2021; El-Ramady et al. 2014). Magnesium is a component of chlorophyll and functions as

an enzyme activator in plants. This mineral interacts with Cu, Fe and Zn in an antagonist way,

however, presents a synergetic interaction with Zn (Pagani et al. 2013; El-Ramady et al. 2014). The

mineral P is an important constituent of nucleic acids, proteins, metabolic substrates and coen-zymes.

This mineral has both antagonist and synergetic interactions with Cu, Fe and Zn (Pagani et al. 2013; El-

Ramady et al. 2014). Iron plays an important role in plants in chlorophyll synthesis and also in enzyme

electron transfer. Iron presents an antagonist interaction with Ca, Mg and P, whereas it only interacts

with P in a synergetic way (El-Ramady et al. 2014). The mineral Cu is part of a diversity of enzymes

and works as a catalyst for respiration. Copper interacts with Ca and P in both antagonist and

synergetic ways, and only presents an antagonist interaction with Mg (El-Ramady et al. 2014). Zinc has

a myriad of functions in plants like being part of enzymes from regulation and has both antagonist

and synergetic interactions with Ca, Mg and P (Pagani et al. 2013; El-Ramady et al. 2014).

Taking everything into account, most of the results obtained were not in line with what was said by

the authors (El-Ramady et al. 2014) has most of the minerals presented strong positive correlations in

the whole wheat flours, so the majority of the minerals showed a synergetic interaction.
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Conclusions

In general, there were no significant differences between the soil samples in the various

parameters analyzed. Considering macroelements, Ca presented higher values in the

soils. Conversely, Fe was the dominant microelement. In the soil samples, it was

observed that only the minerals K, Fe and Zn were strongly and positively correlated,

however, the minerals Fe, Cu, Ca (only with Fe) and Zn (only with Cu) had a strong and

negative correlation. When compared to Roxo, Paiva variety presented higher mineral

content for all the minerals in the flours of the control samples (P0 and R0). When

applying Zn fertilizer in Paiva a decrease of the mineral content for Fe, K, Ca and Mg,

was observed. Nevertheless, an increase of the mineral content for the minerals P, K, Mg,

Fe, Zn and Cu regarding control samples was observed in Roxo. Zn foliar spraying

enhanced Zn content in both varieties. Thus, wheat flour biofortified in zinc can be a

product to help overcome malnutrition. Regarding whole bread wheat flours, it was

observed that, in general, the minerals were strongly and positively correlated, although

in some cases the minerals also had a strong and negative correlation.
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