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Abstract 
Selenium (Se) is an essential element for animals and humans while it is beneficial to plants. 
Low intake of Se in human diet has negative consequences for health. Plants are among the 
main sources of Se for humans so it is possible to increase the Se intake in human diet by 
biofortification. Biofortification can be carried out in two ways: by fertilization (agronomic 
biofortification) and crop improvement (genetic biofortification). There are different types 
of agronomic biofortification to increase Se content in plants. Most common are foliar and 
soil application of Se. From studied literature can be  concluded that foliar application of Se 
is mostly more efficient (as much as a 60-fold increase Se content comparing to control) and 
accordingly economically justified measure to increase Se content in plants than soil 
application (33-fold increase Se content comparing to control). 
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Introdution 
Se is an metalloid and ubiquitous in the environment with concentration in most soils ranging 
from 0.01 to 2.0 mg kg-1, but higher concentrations can occur in seleniferous areas (Bañuelos 
et al., 2015.). Dietary Se intake levels mainly depend on the total concentration and 
bioavailability of Se in food sources (Winkel et al., 2015). Recommended dietary allowance 
is 50-70 µg of Se per day (Schiavon et al., 2016). Se is incorporated into selenoproteins that 
have a wide range of pleiotropic effects, ranging from antioxidant and anti-inflammatory 
effects to the production of active thyroid hormone (Rayman, 2012). Se biofortification is 
the one of the most promising approaches to combat a low transfer of Se into the food chain 
(Winkel et al., 2015). Soil or foliar applications of Se fertilizers can increase Se content of 
edible portions of crop plants (Broadley et al., 2010). The foliar application of Se is effective 
in increasing the Se content in many crops, including barley (Pezzarossa et al., 2012), wheat 
(Manojlović et al., 2019), maize (Džomba et al., 2018), alfalfa (Petković et al., 2019). 
Manojlović et al. (2019) conducted an experiment on wheat and apropos concluded that 
foliar application of selenium is more efficient than soil application. 

Selenium in the natural environment  

Se is found in all natural environments, including rocks, soils, water bodies, and the 
atmosphere. Se is released from Se-rich sources such as phosphatic rocks, organic-rich black 
shales, and coals trough complex biogeochemical cycling process (Nancharaiah and Lens, 
2015.). Se intake and status is suboptimal in European and Middle Eastern countries, with 
less consistency in the Middle East (Stoffaneller and Morse, 2015). Studies have shown that 
in Balkan region soils are deficient in Se (Manojlović et al., 2019, Manojlović and Lončarić, 
2017). Se mobility in soil is related to pH, soil redox potential and organic matter content. 
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Increasing pH causes increasing uptake of Se by plants (Eich-Greatorex et al., 2007). 
Decreasing the pH, Se adsorption rate increases, as electrostatic interactions become 
sturdier. On the other hand, raising in pH or reducing clay and iron (or aluminium) 
oxide/hydroxide content in the soil result in higher Se mobility and bioavailability (Schiavon 
et al., 2020). The concentration of Se in most soils of the world are low (normal range 0.01-
2.0 mg Se kg-1; mean 0.4 mg Se kg-1), although seleniferous soil can contains very high 
concentration of up to 1200 mg Se kg-1 (Broadley et al., 2006). In most of the soil samples 
from different areas in the Balkans, the total concentration of Se was in the range of 0.024-
0.45 mg Se kg-1 soil (Manojlović et al., 2019, Manojlović and Lončarić, 2017). However, 
soils around the world mostly have a low concentration of Se which has a negative impact 
on human health. One of the methods of increasing Se in human diet is biofortification.  

Biofortification in agriculture  

Dietary deficiencies of Se can be addressed through dietary diversification, food 
fortification, supplementation, or by crop biofortification including fertilization (agronomic 
biofortification) and crop improvement (genetic biofortification) approaches (Broadley et 
al., 2010). The concentration of Se in wheat samples from the Balkan region was from 3.6-
69 ng g-1 and extremely low Se concentration (18 ng g-1) was measured in wheat from 
Croatia, grown on the soil with low Se availability (Manojlović and Lončarić, 2017). Plants 
take up inorganic (selenate (SeO42-), selenite (SeO32-), elemental Se (Se0)) and organic (e.g. 
Se-amino acids) Se species, and nano-selenium (El-Ramady et al., 2016.), but not selenides 
(Se2-) or colloidal elemental Se. Plant prefer to take up organic over inorganic Se species 
(Schiavon et al., 2020). Se biofortification efforts may make use of this natural variation 
between plant species, and choose crop species that naturally tend to contain higher Se (and 
sulphur) levels, such as Brassica and Allium species (Malagoli et al., 2015). Se 
biofortification can produce plants with superior health benefits (Schiavon et al., 2016).  
Fertilizing maize crops with selenate resulted in higher Se accumulation in both leaves and 
grains (Lachat et al., 2019). Wheat biofortification represents a great strategy because wheat 
is the second most widely cultivated cereal in the world and commonly consumed (Lara et 
al., 2019). To overcome the Se deficiency and its related public health issues, biofortification 
strategies have been applied to produce Se-enriched agricultural products through alternative 
new agronomic practices and the development of new biotechnologies in recent decades 
(Bañuelos et al., 2015).  

Method of Se application 

The first important factor that significantly increases the Se content in plants is the type of 
application. There are some Se fertilization methods including soil application, foliar 
application and seed treatment with Se or seed priming as well as in vitro experiments 
(Ducsay et al., 2016). Most studies demonstrate that the foliar application is more efficient 
way of fertilizing, as was shown in the example of wheat and carrot, although soil 
fertilization is a more popular method (Izydorczyk et al., 2020). Soil application of selenate 
is potentially a wasteful method of selenium biofortification, as 80-90 % of the Se added as 
selenate may be leached out by irrigation or rainfall (Deng et al., 2017). On the other hand, 
selenate resulted in higher contents of Se in rice grains with soil application yielding nearly 
450 % higher Se contents than foliar application (Boldrin et al., 2013). Lara et al. (2019) 
conclude that the foliar supplementation of 21 g ha-1 of Se (as sodium selenate Na2SeO4) 
promoted an increase in the photosynthetic rate, which positively influenced the metabolism 
of carbohydrates by increasing starch, total soluble sugars, reducing sugars, and sucrose, 
thus resulting in increased grain yield (Lara et al., 2019). Both selenite and selenate have 
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shown to be more bioavailable to plants when applied directly to leaf surfaces opposed to 
soil (Ducsay et al., 2016). Foliar Se application were more effective in increasing the Se 
concentration and Se grain uptake by wheat than soil application according to Manojlović et 
al. (2019). Babalar et al. (2019) have shown that foliar application of Se significantly 
increased both leaf and fruit Se content in apple. Lidon et al. (2018) concluded that 
biofortification of crops with selenium is more effective with 120-300 g Se ha-1, but 
macronutrients quality in the flour varies significantly within rice genotype. Comparing the 
sources of Se within the foliar application, selenite provided increased S concentration when 
compared to selenate. Due to the chemical similarity between S and Se, plants absorb and 
metabolize Se via the S absorption and assimilation pathway (Boldrin et al., 2013). It was 
confirmed that foliar Se fertilizer application significantly increased Se concentrations in 
maize and beans, more than soil fertilizer application did, it shows that foliar pathways are 
commonly recognized as potentially more effective for Se uptake by plants because of Se 
immobilization in the soil is avoided (Lachat et al., 2019).  Foliar application strategies 
require careful consideration factors related to spraying the Se solution onto plants: (1) Se 
solutions must be carefully prepared and delivered using well-calibrated spraying 
equipment; (2) windy and/or rainy days should be avoided and plants must have adequate 
leaf surface area to ensure absorption of Se; and (3) growth stages need to be determined for 
timing of applications to ensure greatest Se absorption (Bañuelos et al., 2015).  

The most of the results showed that foliar application is more effective compared to the soil 
selenium application (Table 1).  

Table 1. Types of fertilization and efficiency of plant uptake  

species treatment  g ha-1 
Se 

control 
µg kg-1 Se μg kg-1 Se treatment/ 

control reference 

maize foliar 20 34.00 305.67 8.99 Lachat et al. (2019) 
beans foliar 20 20.00 1202.33 60.12 Lachat et al. (2019) 
buckwheat foliar 10 43.30 88.30 2.04 Jiang et al. (2015) 
wheat foliar 10 30.00 64.00 2.13 Ducsay et al. (2016) 
maize foliar 1 8.23 8.67 1.05 Wang et al. (2013) 
maize soil 1 0.12 0.33 2.75 Wang et al. (2013) 
buckwheat soil 18 26.50 108.60 4.10 Jiang et al. (2015) 
barley soil 40 29.00 959.00 33.07 Gupta et al. (1993) 
 
Foliar application increased Se uptake by plants better than soil application 
(treatment/control). Foliar application is usually more effective method which was 
concluded according to higher Se content (1.05-60.12 times), while soil application was 
almost half less effective (2.75-33.07). To achieve efficient and economically justified 
biofortification with regard to the researched literature, foliar application of selenium proved 
to be a better choice according to research by  Manojlović et al., (2019) because the selenium 
content in plants increased multiple times as compared to soil application. 
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Učinkovitost agronomske biofortifikacije selenom: I. Utjecaj načina 
aplikacije selena 

Sažetak 
Selen je esencijalni element za ljude i životinje dok je biljkama beneficijalan. Pothranjenost 
ljudi selenom ima negativne posljedice na zdravlje ljudi, pri čemu su biljke značajan izvor 
selena čije se povećanje može postići biofortifikacijom. Biofortifikacija se može provesti na 
dva načina: gnojidbom (agronomska biofortifikacija) i oplemenjivanjem biljaka (genetska 
biofortifikacija). Različite su metode agronomske biofortifikacije, a najčešće su korištene 
folijarna i aplikacija u tlo. Iz proučene literature zaključeno je da je folijarna primjena Se 
učinkovitija (čak do 60 puta veći sadržaj Se od kontrole) i prema tome ekonomski opravdana 
mjera za povećanje sadržaja Se u biljkama za razliku od primjene u tlo (do 33 puta veći 
sadržaj Se uspoređujući s kontrolom). 

Ključne riječi: selen, biofortifikacija, metode aplikacije, gnojidba tla, folijarna aplikacija 

  


