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Abstract

Being a trace element, selenium (Se) has beneficial effects on vegetables growth and
development. Nevertheless, the impact of Se on the lettuce (Lactuca sativa L.) characteristics
has not been systematically examined. In our study the plants of an autochthonous local
Slovenian variety of crisp lettuce ’Ljubljanska ledenka’ were exposed to foliar treatment with
an aqueous solution of Na.SeOs. The foliage of target plants underwent two rounds of
spraying with a nutrient solution at a 5-day interval. In the first experiment, the concentrations
used were O (distilled water spray as a control); 1 + 1; 2 + 2, and 5 + 5 mg Se L. In the
second experiment, the concentrations were 0; 10 + 0, 10 + 10, and 10 + 50 mg Se L. First
spraying began at 3 fully developed leaves. The experiment was carried out in a completely
randomized design in a plastic greenhouse on a field near Ljubljana (46°04'46.0"N,
14°3420.0"E). No significant differences in the shoot height, leaf number per plant, and root
dry matter were observed between treatments. Leaves in control and 1+1 mg Se L treatment
had higher dry matter percentage in comparison with other treatments. The growth analysis
revealed that 5+5, 10+0, and 10+10 mg Se L™ treatments increased the weight of shoots. The
shoots yield was reduced after foliar application of strong enlarged doses of selenate (10+10
mg Se L?). The Se concentration in shoots increased in proportion to the level of the
concentration of Na,SeOs and the highest values were recorded from the plants in which
10+10 mg Se L was applied. The portion of photosynthetic pigments (chlorophylls and
carotenoids) decreased from the control group to the treatment with the highest Na,SeOs
solution (10 + 50 mg Se “1).
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Introduction

Selenium (Se) is a naturally occurring trace micronutrient and exists
primarily in insoluble elemental and selenide forms. However, in oxidizing
environments, Se is transformed to soluble selenite and selenate forms. Its
chemical properties are similar to sulphur (S), leading to nonspecific substitution
of S by Se in proteins and other S compounds (Dilworth & Bandurski, 1977). In
the past two decades respective epidemiological studies indicated that Se is of
fundamental role in animal and human biological processes (lzydorczyk et al.,
2021). For example, Se is needed for the effective functioning of the immune
system and appears to be a crucial nutrient in counteracting the expansion of
virulence and inhibited by concomitant HIV-2 infection (Rayman, 2008). Many
investigations have also shown a clear inverse correlation among the intake of Se
and the risk of cardiovascular diseases, cancer (Gupta & Gupta, 2017), and
coronavirus infection (Maltseva et al., 2022).

In spite of the fact that the indispensability of Se to crops has not yet been
proven, the potential of some plants to acquire and convert inorganic forms of Se
into bioactive organic compounds, without presenting symptoms of toxicity, has
significant consequences for human food and health. Se quantity in food chain is
chiefly determined by Se levels in the soil where the crops are grown (Wu et al.,
2015). Availability of Se in agricultural crops is a complex function of soil and
crop parameters, such as the crop development and growth stages (Montes-
Bayon et al., 2002). Additionally, the accumulation rate of Se depends on the
climatic conditions among locations, management practices, crop species,
various physical and chemical factors of soil (pH and oxidation-reduction status,
moisture, salinity, CaCOs content ...), the character of competing ions, and the
ability of the crop to absorb and assimilate Se (Wen, 2021).

Growing crops enriched with Se could be an efficient strategy of
generating Se-rich foods and, thus, improving medical conditions (Lyons et al.,
2005). Se biochemical activity in plants is currently well-described, and over the
past 20 years a number of studies have been made to build on the Se content in
agricultural crops through different methods: by adding selenite or selenate to
fertilizers, spraying crops with Se solutions, treating seeds with aqueous Se
before sowing and hydroponic cultivation in a nutrient solution containing Se.
Banuelos & Meek (1990) note that about 70-90% of the inorganic Se applied
seemed to accumulate in soil in the form inaccessible to crops. That is why
choosing a suitable technique should be done with care due to possible harmful
effects on the environment.

Although numerous Se biofortification programs have been developed, the
effects of foliar Se application on lettuce (Lactuca sativa L.) are lacking in
literature. In our research the spraying technique in a greenhouse was used. It
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included thorough environmental control, namely temperature, humidity,
oxygen availability, and artificial lightning. Another crucial advantage is that
there is no impact on the surrounding environment when enriched suspensions
are used. In our case Se in the form of Na>SeO4 was added to the nutrient solution.
Hence, the effects of different concentrations of Na>SeQOs in the foliar solution
were investigated in relation with some growth and biochemical parameters of
crisp lettuce.

Material and Methods

The experiment with crisp lettuce cv. ’Ljubljanska ledenka’ was carried
out at the plastic greenhouse covered with a double PE-film and passive climate
control on a field near Ljubljana (46°04'46.0"N, 14°34'20.0"E), Slovenia, from
15 March to 30 April and from 5 May to 6 June 2022. Seeds were washed with
distilled water and germinated in petri dishes at 20-25°C. After germination,
individual plants were repotted in styrofoam seedling trays (40 cells) (cell
volume: 30 cm?) filled with a commercial Klasmann Tray substrate pH 6-6.5; N
180 mg L-1; P,Os 210 mg L' KO 250 mg L% MgO 85 mg L?! +
micronutrients). Moisture levels in growing media were maintained at 50-60%.
Plants were irrigated with a tap and fertilized once a week with the Peter’s® 15-
30-15 commercial nutrition solution at a concentration of 100 ppm.

Daily values of sun radiation on a sunny day were between 5 and 6 kWh
m-2. The climate values were recorded every hour by the automatic climate
station installed in the greenhouse.

During the experiment, the temperature inside the greenhouse varied
between 17 and 28 °C and at night temperature was between 10 and 14°C, while
relative humidity varied between 48 and 68%.

Trials were carried out with the Se solution that was prepared by using
Na>SeOs. The foliage of target plants were treated with two rounds of spraying
with an aqueous solution with a concentration of Na>SeOs (first round: 0+0-
control, by using sterile distilled water without Se, 1+1; 2+2 and 5+5 mg L™;
second round: 0+0; 10+0; 10+10 and 10+50 mg L™) using a hand-operated high
pressure pump sprayer. The first application was done on 18 day after sowing,
when the plants had 3 fully developed leaves. The interval between spraying
applications was 5 days. During each treatment the same volume of solution (60
mL of Na;SeOs) was sprayed. The plants without Na,SeOs application were
cultivated next to the treated ones in the same conditions and separated to prevent
contamination. Each treatment had 3 replicates.

At the end of the growth experiment, as soon as the lettuce head developed,
twenty plants from each treatment were randomly taken out from trays. The
plants were washed free of any contamination. After collection, samples were
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cleaned, and shoots and roots were separated. The height of the shoots (above
ground part) was measured by the Vernier caliper. The surface areas of five
developed leaves were calculated according to Ipek & Mutluay (2022). The fresh
weight of the shoots was measured using an electronic balance. These shoots and
roots were placed in an oven at 60°C for 3 d to measure dry weight (DW). For
biochemical analysis leaves were placed in cryogenic nitrogen and stored at —20
°C until lyophilization. After lyophilization samples were ground into powder
using a universal mill. Leaf photosynthetic pigment contents (chlorophyll a,
chlorophyll b, and total carotenoid) were determined according to the method
described by Lichtenthaler & Wellburn (1983). Hydride generation atomic
fluorescence spectrophotometry was used for the Se concentration analysis of the
leaves following Golob et al. (2016).

Statistical analysis was performed using one-way analysis of variance
(ANOVA) followed by the Tukey’s HSD test. The effects of Se treatment were
considered statistically significant when P<0.05.

Results and Discussion

At harvest, the plants showed an excellent overall visual quality in all
treatments. All leaves were crisp and green. No visible toxic symptoms including
stunting of growth, necrosis on leaf margins, and withering were observed.

The impact of foliar spraying of Na2SeO4 on the morphological
parameters of lettuce are presented in Table 1. In comparison with the plants
sprayed with distilled water, Na2SeO4 treatments showed no significant
influences on shoot height. Observation of leaf area between the control and Se
treatment groups revealed that the untreated plants were significantly different
from the treatments from 1+1, 2+2, and 10+50 mg L-1. The mean leaf number
per plant showed no difference among the treatment groups.

The dry matter content is the ratio between dry and fresh weight expressed
as a percentage. The percentage of dry matter of leaves is an important reference
parameter and is somewhat significant as well to a consumer who does not want
to buy watery products. According to the ANOVA, the applied Na2SeO4 doses
have a significant effect on this parameter in leaves. The dry matter content in
leaves was significantly higher in control plants and in plants with limited
Na2SeO4 supply (1 + 1 mg Se L-1). These results are in the agreement with those
obtained by Ximénez-Embun at al. (2004), Rani at al. (2005), and Pezzarosa at
al. (2007). The mean content of dry matter in roots was between 21.6 and 18.2%.
Although the previous experiments demonstrated that increasing the Se
concentration in nutrient solutions will also increase the dry matter production
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(Khattab, 2004; Djanaguiraman et al., 2004), there was no significant difference
in the share of dry matter in the roots between treatments.

Tab. 1. Mean comparison on the morphological parameters of lettuce under different
Na,SeOq levels

Foliar Na2SeO4 Shoot height Leaf area Leaf number Leaf dry Root dry
(mg LY (cm) (cm?) (plant?) matter (%) matter (%)
Control (0) 22.02 35243 30.6 13.8¢ 204

1+1 21.84 375.8° 294 1448 18.2
2+2 22.36 381.3° 28.9 12.1° 195
5+5 22.18 346.5¢ 31.2 12.0° 21.6
10+0 21.92 342.82 31.9 12.2b 20.8
10 + 10 21.45 332.4% 30.7 11.6° 20.7
10+50 18.02 318.2¢ 29.5 11.2b 214

Values followed by different letters are significantly different at P<0.05. The absence of letters indicates
that there is no statistical difference between the treatments.

The impact of the application of Na>SeO4 on the fresh shoot weight Se and
photosynthetic pigments content are shown in Table 2. The analysis of lettuce
growth revealed that a slight (5+5, 10+0 mg Se L) and medium (10+10 mg Se
L™) increase of selenate supply increased the weight of shoots. Higher solution
of Na2SeO4 (10+50 mg Se L™?) negatively affected vitality of plants. Namely, a
significant decrease in shoots fresh weight was observed in response to strong
enlarged doses of selenate. A similar effect was observed in the past studies. It
was reported that Se at low concentrations acts as an antioxidant and can
stimulate the growth of leafy vegetables, whereas at higher concentrations it acts
as a pro-oxidant, reducing the yield (Xue et al., 2001; Saffaryazdi et al., 2012).
Our results are in line with Gupta and Gupta (2016) who stated that high doses
of Se inhibit plant growth, possibly because of toxicity. There are two
mechanisms leading to Se toxicity. One is abnormal selenoproteins:
SeCys/SeMet and other Se-amino acids are nonspecifically bound to the protein,
replacing Cys/Met in the protein chain, resulting in insertion errors, which will
damage protein function and lead to toxicity.
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The Se content in shoots increased with the increase of the concentration
of the Na>SeOg foliar spraying solution. The results of the present study agree
with those of previous studies showing that Se accumulation in plants increased
proportionally with the increase of concentrations of added Se solutions (Cartes
et al., 2005; Jiang et al.t, 2018).

Tab. 2. Mean comparison on the shoot weight, Se, chlorophyll, and carotenoids content of
lettuce under different Na,SeO, levels

Foliar NazSeO4 | Shoot weight Se content | Chlorophyll a | Chlorophyll b | Carotenoids
(mgLY) (gplant) | (mgg?DW) | (ngg'DW) | (ngg'DW) | (ngg'DW)
Control (0) 7.124 0.0612 1652.72 1034.82 402.42

1+1 7.832 0.384° 1534.22 956.72 380.62
2+2 8.042 1.143°¢ 1482.92 92352 367.52
5+5 10.12° 1.958¢ 1456.22 842.0% 356.62
10+0 11.38" 4.824¢ 1462.72 712.8% 360.22
10+10 10.14° 16.485f 1358.22 543.8° 320.72
10+50 5.24¢ 58.2549 985.40 318.2°¢ 125.1°

Values followed by different letters are significantly different at P<0.05. The absence of letters indicates
that there is no statistical difference between the treatments.

The objective of this experiment was also to investigate the effect of
Na>SeOs on non-enzymatic antioxidants. To our knowledge, few studies have
been conducted to illustrate the impact of Se on some antioxidants. The
antioxidant capability of the lettuce in our study was determined by carotenoids
and chlorophyll a and b. The treatments of plants exposed to high amount of
selenate (10+50 mg Se L) led to a decrease in antioxidants, in comparison with
plants obtained by other treatments. Kaya et al. (2019) argue that the pigments
content of plants reflects the state of photosynthetic activity, which is sensitive
to stress. Foyer and Shigeoka (2011) claimed that the decrease in the chlorophyll
a and b content under stress is due to a reduction in metabolic activities of plants.

Conclusion

Although Se is not a crucial element for vegetables growth, some studies
have shown that adding suitable content of Se can stimulate crop development,
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though disproportionate addition can cause toxicity (Kapolna et al., 2009; Li et
al., 2007). Our results have indicated that the foliar application of Se could
regulate plant growth which is dose-dependent, i.e. enhancing growth at low
concentrations and inhibiting it at high concentrations.

However, in the future, a pot experiment is needed to illuminate the
mechanisms of foliar application effects on bio-fortification in different ecotypes
and varieties of leafy vegetables by means of an isotope tracer technique.
Furthermore, a hydroponic experiment can be conducted to examine the uptake,
transport, accumulation, and distribution of selenium with foliar application
using the synchrotron radiation technique.
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Amnanuza ytuiaja GpoiarjapHOr TPETMaHa CejleHa Ha HEKE ImapaMeTpe
pacTa u OMoxeMHjcKe rmapamerpe 3enene canare (Lactuca sativa L.)

Hparan Xuunapuny

buomexnuuxu yenumap Haxno, Haxno, Cnosenuja
Caxerak

Enemenr y TparoBuma cener (Se) Moxke uMatu KopucHe edekTe Ha pacT |
pasBoj moBpha. Nnax, yruiiaj Se Ha KapakTepHCcTHKe 3eneHe canare (Lactuca sativa
L.) Huje cucTeMaTCKM WCTIATHBAH. Y HAIIeM HCTPaXUBamy OWIbKE ayTOXTOHE
JIOKAJIHE CJIOBEHAYKe COpTe XpckaBe canare 'JbyOspaHcka JienaeHka' (osujapHo cy
TpetupaHe BoJcHUM pacTBOpoM NapSeOs. JIMCTOBM HWCIHTHUBaHUX OwWJbaka
NOJBPTHYTO je y JIBa Kpyra NpcKamba XpaHJbUBUM PacTBOPOM y pa3Maky of 5 JaHa.
Y npBoM ekcriepuMeHTy KopuinheHe cy KoHueHTpauuje 0 (BOmeHH crmpej Kao
koutpona); 1 + 1; 2 + 2 m 5 + 5 50 mg Se LY V apyrom ekcnepumenry,
koHHeHTpanuje cy ouie 0; 10 + 0, 10 + 10 u 10 + 50 50 mg Se L. TIpso npckame
je 3amoueno Ha TpeheM mpaBOM JHCTY KOjU je OWO OTBOpeH. ExcrmepumeHT je
W3BEJICH Y TOTIIYHO PaHJOMHU3UPAaHOM JIM3ajHY Yy TUIACTEHUKY Ha TOJbY ONH3Y
Jby6rmane (46°04'46.0"N, 14°34'20.0"E). U3mehy TpermaHna HUCY yoUueHe 3HaUajHE
pa3iviKe y BUCHHU HM3aHaKa, Opojy JUCTOBA MO OWJBIIM M CyXOj TBapH KOpHjeHA.
JluctoBu y KoHTposu U Tpetmany 1+1 mg Se L™ umanu cy Behu mocrorak cyxe
TBapy y OJTHOCY Ha JIpyre TpeTMaHe. AHali3a pacra Imokas3anua je fa TpeTManu 5+5,
10+0 u 10+10 mg Se L nosehasajy Texuny usnanaka. [IpuHOC M3naHaka je
cMameH (onujapHOM IpuMeHoM nosehanux mosa cenenara (10+10 mg Se L7P).
Konnenrpaiuja Ce y u3aHiiuma pacia je mporopiroHaTHO HUBO KOHIICHTpAIIUje
NazSeOs, a Hajeehe BpujenHoCTH Cy 3a0uMibeXeHE KOJA Ousbaka y KojuMma je
npumujerseno 10+10 mg Se LY. Vano porocunrerckux nurmenara (Xaopoduim u
KapoTeHOHMIM) C€ CMarmHO OJI KOHTPOJHE Tpyle J0 TpeTMaHa ca HajBehum
pactopom NazSeOs (10 + 50 mg Se L?).

Kmwyune pujeuu: cenenar, canara, Lactuca sativa, KOMIIOHEHTE pacTa, IMTMEHTH
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