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SUMMARY

This research was focused on the effectiveness of sunflower biofortification with 
Zn and Se towards enriched seeds, but also a side effect on the enrichment of crop 
residues, which can have a residual fertilizing effect. A two-year study of sunflower 
biofortification was conducted with foliar application of 10, 20, and 30 g/ha Se as 
Na-selenate or 3 and 6 kg/ha Zn as Zn sulphate in a randomized complete block 
design with three replications. Biofortification did not significantly affect either the 
seeds or the above-ground yields, but it increased the Se and Zn concentrations in 
seeds and vegetative mass. The Se in seeds increased 14-44 times, whereby 7.3 
g/ha Se would be sufficient to achieve 300 µg/kg Se in seed. The Zn in the seed 
increased up to 72 mg/kg. The efficiency of biofortification in terms of Se accumula-
tion in seeds was 15.4 – 19.3%, and Zn only 1.73 - 3.15%, which means that signifi-
cant amounts of Se and Zn remain in crop residues whose incorporation into the soil 
has a residual effect of Zn and Se fertilization for subsequent crops.
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INTRODUCTION

Agriculture as the basis of food production entails 
a whole series of challenges that can be summarized 
in several segments, above all, the production of a suf-
ficient amount of food of appropriate quality and the 
sustainability of the activity in an environmental and 
economic sense. The productivity and fertility of the soil 
are closely related to the yield and quality of the food pro-
duced, and preserving the fertility of the soil is the safest 
and longest-lasting approach to sustainability.

In addition to insufficient food production, or more 
precisely, the inadequate pattern of required and pro-
duced food in certain parts of the world, malnutrition 
is a significant problem. Despite increasing access 
to sufficient food for all and significant achievements 
in reducing global hunger, micronutrient deficiencies, 
including zinc (Zn), iodine (I), and selenium (Se) continue 
to pose a global health problem (Biley et al., 2015). A 
concentration of Se in food and feed plants is a reflection 
of the concentration of Se in soil and its bioavailability 
(Manojlović and Lončarić, 2017). In many areas of the 
world, the concentration of Se in soil is low, which 
affects the level of Se in plants and, accordingly, animal 
and human health. Selenium deficiency is known as a 

problem particularly in southern China, eastern Canada, 
eastern and western USA, several European countries, 
e.g., England and Scotland, Finland, Poland, Norway, and 
Hungary (Fordyce, 2013; Gupta & Gupta, 2017), but also 
in Croatia, and in almost all Balkan region (Manojlović 
and Lončarić, 2017). Similarly, the lack of zinc in the 
human diet is a consequence of low availability in soils 
and low accumulation of Zn in plants. The largest areas 
with zinc deficiency are found throughout South, Central, 
and North Africa, the Eastern Mediterranean, Southeast 
Asia, and Central America (Galetti, 2019), often coincid-
ing with selenium deficiency. Unlike selenium, zinc is an 
essential trace element for all plants (Dai et al., 2020). 
Approximately 50% of the world’s agricultural land, 
where crops are grown, is considered deficient in zinc 
bioavailability (Cakmak and Kutman, 2018). One effective 
method to increase selenium concentration in plants is 
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agronomic biofortification, aimed at reducing selenium 
deficiency in humans and animals through the food chain 
(Galinha et al., 2015). Agronomic biofortification involves 
applying micronutrients to soil or through foliar applica-
tion directly onto crop leaves to enhance their concentra-
tion in edible plant parts, thereby increasing the intake of 
the selected essential element in the human diet (Adu et 
al., 2018). Numerous results of successful biofortifica-
tion with zinc and selenium have been published around 
the world (Joy et al., 2015; Velu et al., 2014; Zhang et al., 
2017; Petković et al., 2022; Lončarić et al., 2021; Galić et 
al., 2021; Manojlović et al., 2019). The most common is 
the biofortification of cereals due to their dominant pres-
ence in the human diet, but to a certain extent also on 
other crops (Petković et al., 2019; Džomba et al., 2018; 
Novoselec et al., 2018). Significantly fewer authors pub-
lished the results of selenium effect on sunflower (Habibi, 
2017) or zinc (Poudel et al., 2023; Poudel et al., 2024), 
although sunflower, as a Se-hyperaccumulator with up 
to 1.8 g/kg in shoots (with no significant decrease in 
shoot biomass) can be a valuable plant in biofortification 
to improve animal and human nutrition (Garousi et al., 
2018). Compared to the numerous authors who have 
researched the biofortification of crop grains, there is a 
significantly smaller number of studies on biofortification 
using crop residues (Khoshgoftarmanesh et al., 2017) or 
on the impact of biofortification on crop residues as a 
source of microelements for the next crop (Mathers et 
al., 2017).

Soil properties significantly affect the need for 
biofortification with Zn and Se and its effectiveness, and 
foliar biofortification is generally more effective than the 
application of Zn and Se to the soil because it results in 
higher concentrations of Zn and Se in the grain and other 
parts of the crop. However, the goal of biofortification of 
field crops is to produce grain with higher concentrations 
of zinc and/or selenium or other micronutrients, but at the 
same time, the concentration of Zn and Se in other parts 
of the plant, i.e. in the harvest residues, also increases. 
The goals of this research are to determine the effective-
ness of agronomic biofortification on increasing Zn and 
Se concentrations in sunflower seeds, but also to assess 
the side effects on the enrichment of crop residues, 
which can have a residual fertilizing effect.

MATERIALS AND METHODS

Sunflower Growing
The field experiments with the cultivation and bio-

fortification of sunflowers were conducted in 2020 and 
2021 at the test site of the Faculty of Agrobiotechnical 
Sciences Osijek, locality Tenja, Croatia. The basic experi-
mental plots of each individual treatment had an area 
of 151.2 m2 with 6 rows of sunflowers 36 m long (4.2 
m × 36 m = 151.2 m2). Each treatment was set up in 
three repetitions, and the experiment was arranged as a 
randomized complete block design. The experiment was 
set up by sowing the sunflower hybrid Surimi CL on April 
14, 2020, and April 12, 2021. 

The soil of field experiment was neutral to slightly 
acidic reactions (pHH2O = 6.89; pHKCl = 5.79, accord-
ing to ISO 10390), low to medium soil organic matter 
content (SOM = 2.03%, according to ISO 14235), poorly 
supplied with plant-available phosphorus (11.75 mg/100 
g P2O5 according to AL method, Egnér et al., 1960), and 
good supplied with plant available potassium (20.88 
mg/100 g K2O according to AL method). Also, a moder-
ate concentration of total Zn (49.96 mg/kg) and a low 
concentration of total Se (0.44 mg/kg) extracted by aqua 
regia (according to ISO 11466) were determined, as well 
as a medium availability of Zn (1.58 mg/kg) determined 
by EDTA method (Trieweiler and Lindsay, 1969).  

Biofortification
Agronomic biofortification of sunflower was con-

ducted by foliar application of Se (as sodium selenate 
solution) or Zn (as zinc sulphate solution) at the begin-
ning of the sunflower flowering (second half of June). 
Foliar application (with a backpack accumulator sprayer) 
of 30 L of solution (water or an appropriate solution plus 
30 mL of adjuvant) was applied to each plot of 151.2 m2.

The following biofortification treatments in the 
experiment with Se were applied: 1. control (without Se 
or Zn solutions): water was applied; 2. Se1 treatment: 
10 g/ha Se applied; 3. Se2 treatment: 20 g/ha Se; 4. 
Se3 treatment: 30 g/ha Se. The following biofortification 
treatments in the experiment with Zn were applied:

1. control (without Se or Zn solutions): water was 
applied; 2. Zn1 treatment: 3 kg/ha Zn applied; 2. Zn2 
treatment: 6 kg/ha Zn. For both experiments (with Se 
and with Zn), the results of 3 same plots with control 
treatment (only water with adjuvant) were used.

Plant Material Sampling, Harvest, and Analysis
The plant material was sampled on the same day 

as the harvest (at the beginning of September). All the 
plants of two rows of sunflowers in a length of 5 m on 
each plot were collected, and the total above-ground 
mass was weighed. Five average plants from each plot 
were separated, and they were transferred to the labo-
ratory where the aboveground organs of the sunflower 
were separated (stems, leaves, heads, and seeds). All 
samples were dried, and the mass of individual organs 
was weighed. The samples were prepared for chemical 
analysis. Harvesting of individual sunflower plots was 
done with a harvester, after which the seed from each 
plot was separated, and the yield was weighed. 

All plant samples (stems, leaves, heads, and seeds) 
were prepared for chemical analysis by drying in a labo-
ratory dryer to a constant mass at a temperature of 70°C. 
Dry samples were pulverized in an ultracentrifugal grind-
ing mill without heavy metal residues (Retsch ZM 200, 
Haan, Germany). All stem, leaf, head, and seed samples 
were subjected to digestion in a laboratory microwave 
oven (CEM Mars 6, Charlotte, NC, USA) using the wet 
technique (Lončarić et al., 2021; Kingston and Jassie, 
1986; Špoljarić et al., 2024). For digestion, 8 mL of 65% 
HNO3 and 2 mL of 30% H2O2 were added to a certain 
mass of the plant sample in a Teflon cuvette, and after 
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digestion, the solution was transferred through filter 
paper into a 50 mL volumetric flask and topped up to the 
mark with deionized water. The concentrations of Zn and 
Se (and other elements) were measured directly in the 
solutions using inductively coupled plasma mass spec-
trometry (ICP-MS, Agilent Technologies 7800 ICP-MS, 
Santa Clara, CA, USA). Zn concentrations are expressed 
as mg/kg dry matter, and Se as µg/kg. In each series of 
samples, measurement by mass spectrometry was per-
formed with an internal pooled plasma control and with a 
certain reference material (Institute of Nuclear Chemistry 
and Technology INCT-SBF-4 and Institute for Reference 
Materials and Measurements BCR 129), prepared for 
analysis in the same way as all other samples.

The efficiency of each biofortification treatment was 
calculated as a percentage of the total added amount of 
Zn (3 or 6 kg/ha) or Se (10, 20 or 30 g/ha) found in the 
total above-ground mass of sunflower (or only sunflower 
seeds). In doing so, the amount of Zn or Se found in the 
plant mass of the control treatment (without biofortifica-
tion) was subtracted from the amount of Zn or Se in each 
individual biofortification treatment.

Statistical Data Processing
Statistical analyses of data were performed with 

software packages MS Excel and SAS for Windows 

9.1.3. (SAS Institute Inc., Cary, NC, USA). The experi-
ment was designed with two factors (year and Se or Zn 
application), and factorial analysis of variance was per-
formed. As part of statistical data analysis, Levene’s test 
for homogeneity of variance was performed; afterwards, 
mean values were statistically processed by analysis of 
variance (ANOVA) and compared with Fisher’s least sig-
nificant difference (LSD) test. Differences significant at p 
< 0.05 were considered. MS Excel was used for regres-
sion modelling of Se or Zn concentration in sunflower 
seeds depending on the applied amount of Se and Zn.

RESULTS AND DISCUSSION

Yield of Sunflower Seeds and Vegetative Mass
The average yield of sunflower seeds in the two-

year experiment of biofortification with Se was 4.07 t/
ha, and in the experiment of biofortification with Zn, 4.03 
t/ha. On average, higher yields were in 2020 (4.27 and 
4.24 t/ha) than in 2021 (3.87 and 3.82 t/ha for Se and 
Zn experiments, respectively), but without a statistically 
significant effect of season or biofortification on seed 
yields (Figures 1 and 2). Also, no statistically significant 
interaction between seasons and Se or Zn concentra-
tions in sunflower seeds was found.
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Figure 1. Mass of sunflower vegetative organs, seed, and total above-ground mass in Se biofortification experiment 
(mass in t/ha).
Grafikon 1. Masa vegetativnih organa suncokreta, zrna i ukupna nadzemna masa u pokusu sa Se (u t/ha).
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Figure 2. Mass of sunflower vegetative organs, seed, and total above-ground mass in Zn biofortification experiment 
(mass in t/ha).
Grafikon 2. Masa vegetativnih organa suncokreta, zrna i ukupna nadzemna masa u pokusu sa Zn (u t/ha).
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The average total above-ground vegetative mass of 
sunflower in the two-season bio-fortification experiment 
with Se was 5.33 t/ha (5.42 and 5.24 in 2020 and 2021), 
and in the biofortification experiment with Zn, 5.41 t/ha 
(5.49 and 5.34 in 2020 and 2021), where no statistically 
significant influence of either the season or the biofortifi-
cation treatment on the yield of sunflower above-ground 
vegetative mass was determined (Figure1 and Figure2).

On average, the total above-ground mass of sun-
flowers during two growing seasons was 9.40 t/ha (9.69 
and 9.11 in 2020 and 2021) in the experiment with Se, 
and 9.44 t/ha (9.72 and 9.16 in 2020 and 2021) in the 
experiment with Zn. As in the case of seed yield and total 
vegetative above-ground mass, neither the biofortifica-
tion treatment nor the season had a significant effect on 
the total yield of sunflower above-ground mass (Figures 
1 and 2).

The average share of seeds in the total above-ground 
mass was 43.17%. (43.76% in 2020, 42.57% in 2021). In 
the Se experiment, and 42.62%. (43.40% in 2020, 41.84% 
in 2021) in the Zn experiment. Biofortification treatments 
of sunflower with Se or Zn did not affect the share of 
seed and vegetative above-ground mass of sunflower in 
the total above-ground mass.

Biofortification did not affect either the seed yield 
or the yield of the total above-ground mass of sunflower, 
as expected, considering the published results of other 
authors in the research of biofortification of field crops 
with zinc and selenium. In addition to the average high 
seed yield (4.05 t/ha), an even higher average yield of 
sunflower crop residues (5.37 t/ha) was achieved. The 
achieved average yields of sunflower seeds are com-
parable to the average yields in the same area in 2017, 
2018, and 2019 (4.17, 4.15, and 4.27 t/ha, respectively) 
(Banaj et al., 2021). In research on biofortification with 

Se and Zn, many authors also determined the absence of 
influence of biofortification with Se on the yield of wheat 
(Lončarić et al., 2021; Manojlović et al., 2019; Lyons 
et al., 2004; Grant et al., 2007; Broadley et al., 2010), 
silage corn (Džomba et al., 2018) or alfalfa (Petković et 
al., 2019), as well as zinc biofortification on wheat yield 
(Lončarić et al., 2017) or alfalfa (Petković et al., 2019). 
However, other authors found a positive effect of biofor-
tification with Se on the yield of wheat under stressful 
conditions (Yao et al., 2013; Nawaz et al., 2015), and on 
the yield of rye and potatoes (Hartikainen and Piironen, 
2000; Yassen et al., 2011).

Concentrations of Se in Seed and Sunflower’s 
Vegetative Organs 

Selenium application had a statistically very sig-
nificant effect on selenium concentrations in all above-
ground parts of sunflower, both on average for two veg-
etations (Figure 3) and individually in each vegetation.

The highest selenium concentration was in sun-
flower leaves (average for all treatments 1,172.8 µg/kg), 
followed by seed (687.9), head (404.5), and stem (319.9 
µg/kg). But more important is the fact that treatments 
with increasing amounts of applied Se (10, 20 and 30 
g/ha) resulted in a significant increase in Se concentra-
tions in sunflower seed compared to the control (14.4, 
23.8 and 44.3 times), and also in the stem (3.6, 7.2 and 
10.3 times), the head (7.4, 10.8 and 18.5 times), the 
leaf (13.6, 22.2 and 36.5 times) compared to the control 
(Figure 3). Thus, Se concentrations in sunflower seed 
reached from 473.7 µg/kg after biofortification with 10 g/
ha Se (in average for both years) to 1,461.1 µg/kg after 
biofortification with 30 g/ha Se, while in the control treat-
ment was 33.0 µg/kg Se (Figure 3). 
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Figure 3. Increase in Se concentrations in all above-ground parts of sunflower after application of different amounts of Se.
Grafikon 3. Povećanje koncentracije Se u svim nadzemnim dijelovima suncokreta nakon aplikacija različitih količina Se.

Biofortification by foliar application of selenium 
resulted in almost linear regular increases in Se con-
centrations in all above-ground organs of sunflower. The 
highest concentrations of Se were determined in the 
leaf, where even the smallest dose of Se resulted in a 
13.6 times higher concentration of Se in the leaf than in 
the control, and only in the seed with this dose was the 

relative increase even higher (14.4 times). In the control 
treatment without Se, the order of concentrations of 
seed<head<stem<leaves was established, but at all 
doses of Se biofortification, this was significantly changed 
to a constant order of stem<head<seed<leaves, which 
shows that the sunflower stem is the smallest and the 
seed and leaves are the largest accumulators of Se. The 
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increase in Se concentration was stated in accordance 
with the research of other authors who found an increase 
in wheat seeds (Manojlović et al., 2019; Lončarić et al., 
2021; Broadley et al., 2010; Mao et al., 2014), but also in 
the above-ground mass of alfalfa (Petković et al., 2019) 
or silage corn (Džomba et al., 2018).

Biofortification of sunflower with only 10 g/ha of 
Se has already achieved a concentration of more than 
300 µg/kg in the seed (411 µg/kg) as a general goal of 
biofortification. Using the created regression model of 
the influence of the applied amount of Se on the con-
centration of Se in sunflower seeds, it was determined 
that an average of 7.3 g/ha of Se would be sufficient to 
achieve the goal of biofortification. At the same time, 
biofortification with 30 g/ha Se produced about 4 t/ha of 
seed with a concentration of 1,133 µg/kg Se. Therefore, 
mixing with non-biofortified seeds for the food or live-
stock industry would practically produce about 15.4 t of 
sunflower seed with a concentration of 300 µg/kg. A sig-
nificant increase in the concentration of Se in the above-
ground mass above 300 µg/kg was also determined in 
the biofortification of alfalfa with 10 g/ha Se (Petković 
et al., 2019), where 680-770 µg/kg was determined, 

while in the above-ground mass of silage corn, 344 µg/
kg was determined after biofortification with 20 g/ha Se 
(Džomba et al., 2018).

Concentrations of Zn in Seed and Sunflower’s 
Vegetative Organs

Zinc application also had a statistically very sig-
nificant effect on zinc concentrations in all above-ground 
parts of sunflower, both on average for two vegetations 
(Figure 4) and individually in each vegetation.

The highest two-year average zinc concentration 
was in sunflower leaves (average for all treatments 521.3 
mg/kg), followed by seed (61.6), head (38.9), and stem 
(37.2 mg/kg). Also important is the fact that treatments 
with increasing amounts of applied zinc (3 and 6 kg/ha) 
resulted in a significant increase in Zn concentrations in 
sunflower seed compared to the control (51% and 60%), 
and also in the stem (2.2 and 3 times), the head (2 and 
3.1 times) and the leaf (18.2 and 24.3 times) compared 
to the control (Figure 4). The Zn concentrations in sun-
flower seed were 68.3 mg/kg after biofortification with 
3 kg/ha Zn (on average for both years) and 71.6 mg/kg 
after biofortification with 6 kg/ha Zn, while in the control 
treatment was 44.95 mg/kg Zn (Figure 4). 
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Figure 4. Increase in Zn concentrations in all above-ground parts of sunflower after application of different amounts of Zn.
Grafikon 4. Povećanje koncentracije Zn u svim nadzemnim dijelovima suncokreta kao rezultat biofortifikacije različitim količinama Zn.

Biofortification with zinc also resulted in a significant 
increase in Zn concentrations in all above-ground sun-
flower organs, except in the sunflower head with a lower 
dose of Zn (3 kg/ha). The order of Zn concentrations in 
the control treatment is stem<=head<leaves<seed, 
while after biofortification, the ratio of sunflower stem 
and head is the same, but there is significantly more 
Zn in the leaves than in the seed. It is evident that sun-
flower seed does not accumulate Zn as efficiently as Se 
compared to control treatments (although the highest 
seed Zn concentrations are 49 times higher than Se 
concentrations).

Successful increase of Zn concentration by bioforti-
fication was determined by research on wheat (Zhang et 
al., 2012; Velu et al., 2014; Lončarić et al., 2021), alfalfa 
(Petković et al., 2019), and other crops (Petković et al., 
2022).   

However, it is very significant that no statistically 
significant increase in Zn concentration was found in any 
organ by increasing the dose from 3 to 6 kg/ha of Zn, so 
we can conclude that an increase to a higher dose of Zn 
in foliar application is not necessary. Also, the concentra-
tion of Zn in the seed in the control treatment was 45 mg/
kg, which is more than 40 mg/kg, as is the general goal 
of biofortification, so from that aspect, Zn biofortification 
is not even necessary. However, biofortification and the 
possibility of increasing the concentration of Zn in the 
seed are very significant for soils poorer in zinc (< 1.5 
mg/kg of available Zn), but also for the preparation of 
mixtures for the food industry and for livestock feeding. 
For example, a sunflower seed produced on soils poorer 
in Zn may contain 30 mg/kg Zn, and biofortification 
with 3 kg/ha Zn produced about 4 t/ha seeds with a Zn 
concentration of 68 mg/kg, which would be enough to 
prepare 15.2 t of mixture seeds with an average of 40 
mg/kg Zn.
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Selenium and Zinc Removal by Seed and Possible 
Residual Effect of Biofortification

A statistically significant influence of all biofortifi-
cation treatments with Se on the increase of removal 
(uptake) of Se by sunflower seed was determined. In the 
control treatment, 134 mg/ha Se was removed, and bio-
fortifications with 10, 20, and 30 g/ha of Se significantly 
increased the amount of Se removed by seed 14.3 times 
(1.912 mg/ha), 24.0 times (3.221 mg/ha), and 44.3 times 
(5.929 mg/ha), respectively, compared to the control.

The efficiency of biofortification can be shown as an 
increase in concentration primarily in the seed. Thus, it 
was calculated that only 17.78%, 15.44%, and 19.32% of 
the Se added by biofortification (with 10, 20, and 30 g/
ha) was contained in the total mass of seed (on average 
for two growing seasons), respectively. This means that 
the efficiency of biofortification with Se was 15.4 – 19.3% 
and consequently, after harvesting sunflower, 80.7-84.6% 
(8.2-24.2 g/ha) of the added Se remains for the next crop. 
The stated amounts also include Se in harvest residues of 
biofortified sunflower, assuming that they will be incorpo-
rated into the soil before the next growing season.

The total Zn removed by the seed yield was 180.8 g/
ha on the control treatment, and by biofortification, it was 
increased by 52.4% and 57.6%, up to 275.3 and 284.6 
g/ha. The efficiency of biofortification with Zn is rather 
lower than with Se, and in terms of Zn removal by seed 
is only 3.2% of 3 kg/ha Zn and 1.7% of 6 kg/ha Zn added 
by biofortification (on average for two growing seasons). 
But, on the other hand, it means that in the case of incor-
porating sunflower harvest residues into the soil, a total 
of 2,905 or 5,896 g Zn/ha will remain in the soil, which 
practically represents zinc fertilization for the next crop.

CONCLUSION

Biofortification of sunflower with Se or Zn did not 
significantly affect either the seed yield or the above-
ground vegetative mass, but it significantly increased the 
concentration of Se and Zn in the seed and vegetative 
above-ground mass of sunflower. The concentration of 
Se in seed was increased 14-44 times by biofortification 
to a maximum of 1,461 µg/kg, whereby 7.3 g/ha of Se 
in foliar application would be sufficient to achieve a con-
centration of 300 µg/kg Se in seed. The concentration of 
Zn in sunflower seed increased up to 72 mg/kg, but bio-
fortification with 3 kg/ha is sufficient because it results 
in a concentration of Zn in the seed of 68 mg/kg. The 
efficiency of Se biofortification was 15.4-19.3%, and Zn 
only 1.73-3.15%, which means that significant amounts 
of Se and Zn remain in the field after foliar application for 
the next crops, which practically represents fertilization 
with selenium or zinc for the next crop.
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OBOGAĆIVANJE ZRNA I ŽETVENIH OSTATAKA SUNCOKRETA  
BIOFORTIFIKACIJOM S Zn I Se

SAŽETAK

Biofortifikacija suncokreta folijarnom aplikacijom Zn i Se provedena je s ciljem obogaćivanja zrna suncokreta, 
istraživanja efikasnosti biofortifikacije i obogaćivanja ostataka usjeva kao nuspojave koja može imati rezidualan 
gnojidbeni učinak. Dvogodišnje istraživanje provedeno je folijarnom primjenom 10, 20 i 30 g/ha Se u obliku otopine 
Na-selenata ili 3 i 6 kg/ha Zn u obliku otopine Zn sulfata u randomiziranom blok-dizajnu s trima ponavljanjima. 
Biofortifikacija nije značajno utjecala ni na prinos zrna niti na prinos nadzemne mase, ali je povećala koncentracije 
Se i Zn u zrnu i nadzemnoj vegetativnoj masi suncokreta. Koncentracija Se u zrnu povećana je 14-44 puta, pri čemu 
bi 7,3 g/ha Se bilo dovoljno za postizanje 300 µg/kg Se u zrnu. Koncentracija Zn u zrnu povećana je do 72 mg/kg. 
Učinkovitost biofortifikacije u smislu akumulacije Se u zrnu bila je 15,4 - 19,3%, a Zn samo 1,73 - 3,15 %, što znači da 
značajne količine Se i Zn ostaju u žetvenim ostatcima, čija inkorporacija u tlo ima rezidualan učinak gnojidbe cinkom 
i selenom za sljedeće usjeve.

Ključne riječi: folijarna primjena, mikroelementi, rezidualan učinak, natrijev selenat, cinkov sulfat
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