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Mineral quantification of Triticum aestivum L. enriched in Zinc
— correlation between minerals in soils and whole wheat flours
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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 ZnSO, foliar spraying along the plant cycle with three different concentrations
(control — 0; 8.1 and 18.2 kg hal). 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 ZnSO,
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




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 (FAQO, 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 aestioum L.




Results and Discussion
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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 uS.cm. 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.




Results and Discussion

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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Results and Discussion

No significant differences were observed between ZnSO, 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[Treatmentl Mg | P | K | G | F | w | |
- % me/kg

TO 887+0.03a115+3.00a 65.54+532b 1.87+0.13a 5.71+0.10a 0.241+0.002a 0.653 + 0.013 b
T1 878+030a 138+6.50a 63.47+1.39a 1.04+0.12a 0.58+0.17 ab 0.276 + 0.013 a 0.739 + 0.035 a
T2 832+044a118+11.6a 63.89+4.88b 1.19+0.30a 1.44+0.99c 0.239+0.006 a 1.143 +0.099 a
TO 856+013a98.1+6.20a 59.41+597b 1.31+0.26a 3.33+0.06 bc 0.225+0.021 a 0.638 +0.145b
Boxo T1  9.04+0.14a 111+3.20a 69.73+1.14 ab 1.58 + 0.055a 4.13+0.10 ab 0.263 +0.003 a 1.177 + 0.018 a

(R) T2 892+003a118+2.80a 60.92+4.95b 1.24+0.10a 3.970 +0.10 ab 0.257 + 0.001 a 1.175 + 0.011 a
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Results and Discussion

A strong and positive correlation was presented between the minerals: Zn and
Ca, and K and Zn for samples PT0, RTO and RT1; K and P for samples PT0, PT1
and RT1; K and Mg, Mg and Zn and Mg and Ca for samples PTO, PT1, RTO and
RT1; P and Mg for samples PTO, PT1, PT2 and RT1; K and Ca for samples PTO0,
PT1, PT2, RTO, RT1 and RT2; Zn and Cu, K and Cu, and Mg and Cu for samples
PT1, RTO, 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 RTO and RT1; and P
and Ca for samples RT1 and RT2.




Results and Discussion

Conversely, there was a strong and negative correlation between the minerals: Fe and
Cu for sample PT0; Zn and P for samples PT2, RTO 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
RTO; P and Ca, and P and Mg for sample RTO; 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.
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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 I, mobile and the minerals are Mg (relatively

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




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.




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 (PO 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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