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Abstract: The biofortification of cereals is a potential solution for increasing Se levels in the human
diet. Here we evaluated whether applying selenate and organic N and S sources via foliar alters
Se content and species in durum wheat grain. Field trials were conducted in a Mediterranean
environment in 2017–2018 and 2018–2019 on old (Cappelli and old Saragolla) and modern (Marco
Aurelio and Nadif) durum wheat varieties. Four organic fertilization strategies were evaluated:
the control (dry blood meal at sowing), the application of foliar S (Bio-sulphur at flag leaf) and N
(liquid blood meal at the beginning of heading), and their combined use in interaction with a foliar
application of selenate at the booting stage. The Se content in grain was determined using ICP-MS
and its speciation throughout HPLC-ICP-MS and HPLC-ESI-MS/MS. In 2018, the lower rainfall in
the ten days before the Se foliar application caused a higher Se accumulation in the grain (1.63 vs.
1.44 mg kg−1 in 2017–2018 and 2018–2019, respectively). A negative effect of organic foliar S on
Se content in grain was observed (−24% with respect to the control). The modern Nadif showed
the highest Se content (1.87 mg kg−1), followed by the old variety Cappelli (1.57 mg kg−1). Finally,
the Se speciation analysis showed the presence of SeMet and SeMetSeCys. The organic fertilization
affected only SeMet, with lower values under organic S fertilization and higher values under organic
N fertilization.

Keywords: sodium selenate; nitrogen; sulphur; Triticum durum; SeMetSeCys; SeMet; foliar fertilization;
ICP-MS; HPLC-ICP-MS; HPLC-ESI-MS/MS

1. Introduction

Plants make up 80% of our food [1] and provide both macronutrients for energy
and growth and essential micronutrients that protect us from chronic diseases, making
substantial contributions to our health [2]. However, micronutrient deficiencies, known as
“hidden hunger”, affect the health of the world’s people in many ways [3]. In developing
countries, diet depends on a few staple crops, which are calorie-rich but nutritionally
deficient, while in developed countries, the pervasiveness of the fast-food industries and
the rising costs of fruit and vegetables have contributed to a reduction of the nutritional
value of Western diets [2].

On the global scale, selenium (Se) deficiency has progressively increased over recent
decades with a negative impact on health [4]. One billion people have an inadequate
Se dietary intake [5,6], and, generally, this scanty Se is associated with areas where its
concentration in the soil is low [7]. Today, selenium-deficient soils are common in many
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regions [7], and in the future, this scenario is likely to worsen due to the ongoing climate
changes that will cause a reduction of soil Se content, principally in cultivated areas [8].

The biofortification of cereals and other staple crops is a potential solution for increas-
ing Se levels in the human diet. Biofortification generally stimulates the accumulation of
microelements in the edible parts of the plant consumed by humans [9]. Durum wheat
(Triticum turgidum var. durum Desf.) is the primary cereal grown in several countries of the
Mediterranean basin and is mainly used for bread, couscous, and pasta production [10,11],
which are foods consumed daily by many people [12].

Research investigating Se biofortification in durum wheat has been traditionally
focused on defining the optimal Se fertilizer source, timing, and rate related to the accumu-
lation in grain and its derived products [13–15]. Far less research has, however, explored
whether the supply of macronutrients, such as nitrogen (N) and sulfur (S), influences the
Se biofortification [16].

An essential consideration in the agronomic biofortification of Se concerns the ef-
fect of S because they compete for uptake from the soil [17–19]. S is essential to durum
wheat crops for optimal yield and grain quality [20,21]. Selenium, in the form of selenate
(SeO4

2−), is structurally similar to sulfate (SO4
2−); for this reason, this latter may influence

SeO4
2− uptake through two different plant physiological processes: (i) competition for the

membrane transport since SeO4
2− is taken up by the plants via sulfate transports [22,23];

and (ii) regulation of the expression of genes encoding sulfate transports by S status of
the plant [24–26]. Additionally, the assimilation of selenate follows the sulfate pathway,
including some of the same enzymes and their binding sites [27,28]. Furthermore, many
Se species (e.g., selenocysteine (SeCys) and selenomethionine (SeMet)) are analogs of S-
containing amino acids (e.g., cysteine, methionine) [28–30]. Thus, Se-amino acids can
be integrated into proteins, compromising their function [4] and altering gluten protein
aggregation levels, which is essential for durum wheat quality [31].

N represents the primary constraint in obtaining adequate yield and quality in du-
rum wheat [32,33], especially in the organic system. Considering its importance, it is also
interesting to understand the possible effect of this macronutrient on Se biofortification
in durum wheat. Previous studies on Triticum aestivum (winter/spring wheat), carried
out in a conventional system showed that mineral N availability promotes Se accumula-
tion in grain [34,35]. The interaction between N and Se passes through the effect that N
has on the increasing assimilation and metabolization of S; since Se and S use the same
metabolic pathway in plants, N can also promote Se absorption and its metabolization
into selenoproteins [36]. The interactions between N, S, and Se in durum wheat have
been little studied, often in a controlled environment and using mineral fertilizers [16].
However, these interactions could change using organic fertilizers, which are increasingly
important, due to the significant difficulties associated with the supply of mineral fertilizers
worldwide [37]. To the best of our knowledge, no information is available on the possible
effect of organic N and S fertilization, distributed via foliar, on Se biofortification in durum
wheat grown in the open field in a Mediterranean area.

Besides evaluating the total Se content in grain, another critical issue is assessing the
individuation and concentration of Se species to provide information about how Se in grain
is bioavailable to end-users and its possible toxicological effects. Indeed, the inorganic Se
species, such as selenate (SeVI) and selenite (SeIV), are generally considered to be the most
toxic [38], while the organic Se species are considered less toxic [38]. However, among the
studies investigating the Se species in wheat grain, no one assesses the influence of organic
fertilizer management on the production of Se organic species in durum wheat.

This research focused on whether the application of selenate and organic N and S
sources via foliar affects the content of total Se in grains of old and modern durum wheat
varieties under Mediterranean climate conditions. In addition, a possible alteration in the
production of Se species in the grains of durum wheat cultivated under organic fertilization
management was evaluated.
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2. Materials and Methods
2.1. Field Experiment

The detailed procedures of field experiments conducted in the 2017–2018 and 2018–
2019 growing seasons (namely 2018 and 2019, respectively) have already been described [39].
Briefly, the field experiments were arranged in a split–split plot design in the growing
seasons with three replicates. The main plots consisted of different varieties: Cappelli,
old Saragolla, Marco Aurelio, and Nadif. Plots consisted of four organic fertilization treat-
ments: (1) control (CTR) fertilized with dry blood meal in a single application at seeding;
(2) CTR plus foliar S application with bio-sulfur (CTR + S) at flag leaf sheath opening stage
(BBCH stage 47); (3) CTR plus N foliar application with liquid blood meal (CTR + N) at
the beginning of heading (BBCH stage 51); and (4) CTR plus the combination of N and
S foliar applications at flag leaf sheath opening stage and the beginning of the heading,
respectively (CTR + NS). Sub-plots (10.0 m2; 2.0 m × 5.0 m), consisting of the Se application,
were evaluated by comparing a control without selenium (Se0) and one foliar application
of sodium selenate (Se60) (Na2SeO4; BioXtra), at the rate of 60 g ha−1 [15] at the booting
stage (BBCH stage 41). A weather station close to the experimental field recorded daily
precipitation and temperature. Total rainfall in 2018 and 2019 was 401 mm and 299 mm,
respectively. During the two growing seasons, rainfall was well distributed, even if in 2019,
during the grain filling period (from the end of April to the middle of June), there was
104 mm less rainfall than in 2018 (Figure 1).
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2.2. Selenium Analyses

At harvesting, grain samples for the Se analysis were taken from the three field
replicates each year. Analyses were performed on three replicates for each field grain
sample and considered in the final expression of the results. The whole grain flour used in
the analysis was obtained by ground grain sample using a Cyclotec Sample Mill 1093 (Foss
Tecator, Hillerød, Denmark).

2.2.1. Determination of the Total Se Content by ICP-MS

The Se content in grain was determined using ICP-MS after acid digestion in a mi-
crowave oven (MSP 1000, CEM, Matheus, NC, USA) procedure described by Moreno-
Martin et al. [40], with minor modifications. About 0.5 g of whole grain flour were weighed
in an Xpress tube (volume 10 mL), 5 mL of concentrated nitric acid (Merck, Madrid, Spain),
and 1.0 mL of 30% (v/v) hydrogen peroxide (Panreac, Barcelona, Spain) were added. The
mixture was held for 30 min at room temperature and then heated at the maximum power
of 800 W, first at 130 ◦C for 5 min, after a temperature ramp of 15 ◦C·min−1, and finally at
160 ◦C for 15 min, increasing the temperature to 10 ◦C·min−1. After digestion, the mixture
was diluted with Milli-Q water to 25 mL, filtered through a 0.22 µm syringe Nylon filter
(Scharlab, Barcelona, Spain), and analyzed. Se content in the digests was measured by in-
ductively coupled plasma mass spectrometry (ICP-MS, Agilent 7700x, Agilent Technologies
Inc., Santa Clara, CA, USA) by monitoring 77Se, 78Se, and 80Se isotopes under continuous
acquisition mode. The experimental conditions were as follows: RF power of 1550 W,
sample depth of 8 mm, plasma gas flow rate of 15.0 L·min−1, an auxiliary gas flow rate of
0.90 L·min−1, and conical nebulizer with a flow rate of 1.01 L·min−1. Se quantification was
performed by external calibration with the isotope 78Se.

2.2.2. Extraction Se-Species and HPLC-ICP-MS and HPLC-ESI-MS/MS Analysis

After the evaluation of total Se in grain, its speciation was performed on Cappelli
and Nadif genotypes with Se60 application throughout HPLC-ICP-MS analysis after the
extraction of Se species with enzymatic hydrolysis, according to the method reported in
Moreno-Martin et al. [40], with minor modifications. Briefly, 0.1 g of whole grain flour was
treated with 20 mg of non-specific protease Streptomyces griseus (Protease XIV) (Sigma-
Aldrich, Madrid, Spain) and 5 mL of 30 mmol·L−1 tris-(hydroxymethyl)-aminomethane
(Sigma-Aldrich, Madrid, Spain) at pH 7.5 (adjusted with 0.05 M HCl) in a polypropylene
tube for 24 h at 37 ◦C and without shaking. The reaction mixture was then centrifuged
at 11,000× g rpm for 15 min (Eppendorf 5804 F34-6-38 centrifuge, Hamburg, German)
and filtered through a 0.22 µm syringe Nylon filter. The different enzymatic extracts were
analyzed by ICP-MS to determine the total extracted Se content and HPLC-ICP-MS to
detect and identify the Se species. An evaluation of Se species in Protease XIV was also
performed to check for impurities. With respect to the HPLC-ICP-MS analysis, the HPLC
unit consisted of a PU-2089 HPLC pump (JASCO, Tokyo, Japan) fitted with a six-port
injection valve (model 7725i, Rheodyne Rohner Park, CA, USA) and with an injection loop
whose volume varied depending on the chromatographic column employed. In order to
obtain an unambiguous identification of the Se species, the extracts were run through two
different columns. The first column was a Hamilton PRP-X100 (250 × 4.1 mm, 10 µm) with
an anion exchange mechanism and a 100 µL injection loop, with a mobile phase consist-
ing of 10 mM citric acid at pH 5.0 adjusted with ammonia and 2% methanol (Scharlab,
Barcelona, Spain). The elution mode was isocratic with a flow rate of 1 mL·min−1. The
second column was a Phenomenex Kintex EVO C18 (150 × 3.0 mm, 5 µm) with a reversed-
phase mechanism, and a 20 µL injection loop was employed. The mobile phase consisted
of 0.1% formic acid at pH 3.2 and 0.5% methanol. The elution mode was also isocratic with
a flow rate of 0.5 mL·min−1. The outlet of both columns was connected directly to the
conical nebulizer of ICP-MS with PEEK tubing. Analyses were performed by ICP-MS in
time-resolved analysis mode by monitoring 77Se, 78Se, and 80Se isotopes and employing
the operating conditions summarized in the section determination of the total Se content
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by ICP-MS. Se species were identified after separation in both chromatographic columns
by comparing their retention time with those of standard solutions: Seleno-L-methionine
(SeMet; Sigma-Aldrich, Madrid, Spain) and Selenomethylseleno-L-cysteine (SeMetSeCys;
Sigma-Aldrich, Madrid, Spain). Se quantification was performed by external calibration
with the isotope 78Se. Finally, the confirmation of the identity of the Se species was carried
out by HPLC-ESI-MS/MS. The analysis was performed using a Shimadzu LC-MS-8030
triple quadrupole system (Shimadzu Scientific Instrument, Columbia, MD, USA) equipped
with a Nexera LC-30AD solvent delivery unit, a Nexera SIL 30AC autosampler with a
temperature-controlled tray, and a CTO-20AC column oven. Separation was performed
with a Phenomenex Kinetex EVO C18 column. The analyses were carried out at room
temperature, using a mobile phase consisting of a mixture of 0.1% formic acid aqueous
solution at pH 3.2 and methanol. Isocratic elution was performed using 0.5% methanol, the
flow rate was 0.30 mL·min−1, and the injection volume was set at 10 µL. The instrument
operated in positive electrospray ionization (ESI) mode. Nitrogen was used as both neb-
ulizing (1.5 L·min−1) and drying (15.0 L·min−1) gas. Collision-induced dissociation was
performed using argon as the collision gas at a pressure of 230 kPa in the collision cell, and
the collision energy voltage applied was in the range of 10–33 eV. The ionization voltage for
ESI was set at 4.5 kV, the interface current was fixed at 4.4 µA, and the detector voltage at
2.10 kV. The transitions selected for the confirmation of selenium species were 196.0–167.9,
196.0–121.9 and 196.0–94.9 for oxide SeMet; 198.0–153.0, 198.0–135.0 and 198.0–109.0 for
SeMet, and 184.1–166.9, 184.1–149.0, 184.1–139.0, and 184.1–73.0 for SeMetSeCys.

2.3. Statistical Analysis

The dataset was analyzed using a linear mixed model (LMM). ‘Growing season’,
‘Variety’, ‘Organic fertilization’, and ‘Se application’ as well as their interactions were
included as fixed effects. The blocks within years, the main plots within blocks, and the
plot within main plots were included as random effects to account for the clustering of
observations and ensure the independence of model residuals. A graphical inspection
of normality and homoscedasticity of residuals never suggested any apparent violation
of the basic assumptions for mixed models, and therefore analyses were performed on
untransformed data. The significance of fixed effects was tested via ANOVA. The estimated
marginal means and significant differences between means with Tukey’s honest significant
difference (HSD) were estimated using the emmeans R package [41]. Plots were drawn
using ggplot2 R Package [42].

3. Results and Discussion

Before seeding, the total Se in soil was 0.056 ± 0.0085 mg kg−1 (mean ± SD) in 2018
and 0.087 ± 0.004 mg kg−1 in 2019. Thus, according to the classification by Tan [43], the
soils can be considered deficient in total Se (<0.125 mg kg−1). As expected, the effect of Se
application on total Se content in grain was highly significant (Table 1).

Indeed, after biofortification with foliar Se (Se60), the Se content in grain increased
about three times more with respect to the control plants (Se0) in both years (Figure 2).
Moreover, it is essential to note that Se foliar application has always increased Se con-
tent in grain to levels that meet the Se requirements of humans and animals (food and
fodder should contain >50–100 µg Se kg−1) [44], indicating that the foliar application of
selenate was effective in raising durum wheat Se content in grain. In our study, the Se
contents in grain obtained from the control plants (Se0) were higher than those observed
by De Vita et al. [15], who in the same cultivation area (Apulia, Southern Italy) reported a
Se content in grain of 0.16 mg kg−1 under a conventional fertilization system without Se
application. On the other hand, our result agrees with AL-Ghumaiz et al. [45], who found
a higher Se content in spring wheat cultivated under an organic fertilization system with
respect to a conventional one. This may be due to higher soil pH values (8.2 and 8.4 in 2018
and 2019, respectively) often associated with organic fertilizers [46]; indeed, Se is more
available for plants in alkaline soils, where it is mostly present in the form of selenate [47].
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Table 1. F-value growing season (GS), variety (V), organic fertilization (OF), selenium application
(Se), and their interactions on the Se content in grain resulting from analysis of variance (ANOVA).

DF Se Content in Grain

Growing seasons 1 12.0832 *
Variety 3 42.9841 ***

Organic fertilization 3 39.4836 ***
Selenium application 1 3599.0316 ***

GS × V 3 22.5878 ***
Gs × OF 3 10.0963 ***
V × OF 9 6.8474 ***
GS × Se 1 19.5236 ***
V × Se 3 18.7205 ***

OF × Se 3 18.8835 ***
GS × V × OF 9 4.5424 ***
GS × V × Se 3 10.2129 ***

GS × OF × Se 3 1.5649 n.s.

V × OF × Se 9 0.7306 n.s.

GS × V × OF × Se 9 1.0679 n.s.

*** p < 0.001; * p < 0.05; n.s. not significant.
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Figure 2. Effect of interaction growing season × selenium application on Se content in grain. Se0, no
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indicated by different letters. Vertical bars indicate standard errors (n = 48).

Moreover, Se content in grain was significantly influenced by the interaction growing
season × selenium application (Table 1). Under Se foliar application (Se60), the highest
value was observed in the first wetter growing season, while when the Se was absorbed only
from the indigenous soil source (Se0), no significant differences were observed between
the two growing seasons (Figure 2). The higher grain yield observed in 2018 with respect
to 2019 [39] excluded a possible dilution effect; thus, it seems clear that the rainfall was a
crucial factor influencing the absorption of foliar Se and its accumulation into the grain.
Rodrigo et al. [48] found an inverse correlation between rainfall during the days before
Se foliar spray fertilization and the Se accumulation in grain. Indeed, the highly negative
osmotic potential may occur in the plant under dry conditions, promoting an efficient
absorption through the stomata of the Se foliar fertilizer applied. In our study, the lower
rainfall amount in 2018 in the ten days before the Se foliar application (3.5 mm in 2018 vs.
21.2 mm in 2019; Figure 1) probably also caused a higher Se accumulation in the grain.
Therefore, due to the irregular precipitation distribution typically in the Mediterranean
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environment [49], it is necessary to pay special attention to the Se fertilizer management
to obtain a Se biofortification as effective as possible, mainly when Se was provided as
foliar application.

The interaction organic fertilization × selenium application significantly affected the
Se content in grain (Table 1). The similar values observed under CTR and CTR + N in
both Se0 and Se60 plants (Figure 3) showed the lack of effect of organic N on Se content in
grain, probably due to the low N concentration in the organic fertilizer [39] even if similar
results were also found in previous studies under the conventional mineral system [50,51].
Adding organic foliar S alone (CTR + S) or in combination with organic N (CTR + NS), a
decrease of 24% and 25% Se content in grain with respect to CTR was observed in Se60
plants, respectively (Figure 3). Considering that in our study the fertilizers were applied via
foliar, the results allow us to suppose that the competitive relationship between S and Se in
plants [17–19] is not confined only to root uptake by the soil, but physiological mechanisms
might also be involved at leaf level. Moreover, since the Se content in grain was similar in
Se0 plants without foliar Se application, under all the different foliar organic fertilization
strategies adopted, we can argue that foliar application of organic S fertilizer did not
interact with the uptake of Se from the soil. Thus, the competitive behavior between S and
Se is evident only when both elements are given via foliar or soil. Further investigations
are necessary to study this aspect deeply.
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Figure 3. Effect of interaction organic fertilization × selenium application on Se content in grain. Se0,
no selenium application; Se60, selenium application; CTR, control fertilized with dry blood meal
at seeding; CTR + N, control plus N foliar application at the beginning of heading stage (BBCH
stage 51); CTR + S, control plus S foliar application at flag leaf sheath opening stage (BBCH stage 47);
CTR + NS, control plus the combination of S and N foliar applications at flag leaf sheath opening
stage and at the beginning of heading (BBCH stage 47 and 51), respectively. Tukey HSD significant
differences (p < 0.05) are indicated by different letters. Vertical bars indicate standard errors (n = 24).

The four durum wheat varieties under study differently accumulated Se in the grain
with the Se application (Table 1 and Figure 4). No differences were observed among the
varieties without Se application, except for the landrace old Saragolla, which showed the
lowest value. Under Se application, Nadif showed the highest value between the two
modern varieties, and Cappelli the highest value between the two old varieties. Our results
confirmed the variety-dependent response for Se accumulation under Se fertilization, in
agreement with De Vita et al. [15], who observed genetic variation in Se concentration and
uptake among different winter wheat and spring wheat cultivars. On the other hand, other
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studies suggested slight genetic variation in Se concentrations in grain across bread wheat
genotypes [52,53]. Moreover, Zhao et al. [53] and De Vita et al. [54] highlighted that the old
varieties had significantly higher mineral concentrations in grain than the modern varieties.
Our results partially agree with these authors since even if the old variety Cappelli showed
higher values than the modern Marco Aurelio, the highest value was observed for the
modern Nadif.
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After crop uptake, Se is transformed into different species by the plant. Therefore,
the bioavailability of Se for humans and animals largely depends on the species of Se
consumed rather than the total Se content [55]; for this reason, we have also investigated
the Se speciation in the old variety Cappelli and in the modern Nadif, which showed the
highest Se content in grain values under Se60 application (Figure 4).

One of the most critical aspects when performing Se speciation is that the selenium
species extraction should be quantitative. In this regard, the extraction efficiency of the
enzymatic process employed was (108 ± 8%) in both genotypes. Once Se species were
extracted quantitatively, the resulting extracts were analyzed by HPLC-ICP-MS to de-
termine and quantify the Se species. For this purpose, two chromatographic separation
mechanisms were used, anion exchange (PRP-X100) and reversed- phase (EVO-C18). The
species identified using PRP-X100 (Figure 5a,b) and EVO-C18 (Figure 5c,d) mechanisms
was SeMet, whose content was between 0.62 and 0.75 mg Se kg−1 in all samples, with
lower values under organic S fertilization and higher values under organic N fertilization.
This result agrees with the data obtained for the Se content in grain (Figure 3), suggest-
ing that the application of organic S also reduces the concentration of SeMet. Moreover,
Duncan et al. [16] also found lower SeMet values in wheat grain when soil S availability
increased. In addition, the analysis of Protease XIV by both columns did not detect the
presence of Se impurities in the enzyme. Although HPLC-ICP-MS is a sensitive technique
for Se detection, the confirmation of species identity is not entirely reliable. For this purpose,
enzyme extracts were analyzed by HPLC-ESI-MS/MS using the reversed-phase column
(EVO-C18). These analyses confirmed the transformation of SeO4

2- to SeMet through the
detection of oxidized SeMet (Figure 5e). The concentration of this Se species coincided with
that determined by HPLC-ICP-MS. In addition, the presence of SeMetSeCys (Figure 5f),
a non-proteinogenic selenoamino acid that was not detected by HPLC-ICP-MS, was also
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identified by this technique with similar values in both variety under all organic fertilizer
treatment. The concentration of this species was between 0.77 and 0.84 mg Se kg−1. Based
on these results, selenium recovery after analysis of its species was (85% ± 10%). Although
generally, the SeMet is the dominant organic form of Se in cereals grown under the conven-
tional system [14,56–59], SeMetSeCys can also be found when the plant is exposed to high
concentrations of selenium, which can be toxic. In this sense, plants activate a detoxification
mechanism to transform selenium into SeMetSeCys, a species that does not form part
of proteins and allows the plant to continue growing without developing symptoms of
toxicity [60–62].
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+ N Se60 2018 and (b) Cappelli CTR + NS Se60 2018. Chromatographic profile obtained by reverse
phase HPLC-ICP-MS from (c) Cappelli CTR + N Se60 2018 and (d) Cappelli CTR + NS Se60 2018. In
the chromatograms, the discontinuous lines correspond to a SeMet standard containing 50 µg L−1.
HPLC-ESI-MS/MS analysis to confirm the presence of (e) SeMetSeCys and (f) dehydro-SeMet oxide
in the Cappelli variety.
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4. Conclusions

The foliar selenium biofortification applied to durum wheat (Triticum turgidum spp.
durum) grown under organic fertilization management increased the Se values in grain
to those requested by humans and animals. Our results confirmed that the impact of the
rainfall occurring in the days before the Se foliar application reduced the effectiveness
of Se biofortification. This aspect is particularly relevant under the variable climatic
condition of the Mediterranean area. Concerning fertilization management, the negative
effect of organic foliar S on Se accumulation in grain was observed, probably due to
competitive behavior between S and Se also under foliar fertilization. Moreover, the Se
foliar application led to a variety-dependent response for Se accumulation in grain. The
modern variety Nadif showed the highest value, followed by the old Cappelli; thus, in our
study, it is demonstrated that modern varieties can also have significantly high mineral
concentrations in grain. Finally, the analysis by HPLC-ICP-MS and HPLC-ESI-MS/MS
showed the transformation of SeO4

2− into two Se species, SeMet and SeMetSeCys, by
all the samples. The application of organic N or S seems to have differently altered the
concentration of SeMet. Further research is necessary to go deep inside some aspects,
including the investigation of the physiological mechanism that inhibits the Se enrichment
in combination with organic S fertilization, when both of them were applied via foliar, and
the possible interaction relative to Se speciation and the aggregation level of the gluten
protein, which is essential for durum wheat quality.
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