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Abstract: Sunflower is a good alternative crop in rotation, even in light soils. This is due to the
changing climate, economic factors and the need to reduce agriculture pressure on the environment.
In this field experiment, the effect of soil nitrogen doses (60 and 90 kg ha−1) and additional foliar
fertilization (B, Cu, Fe, Mn, Mo, Zn) on selected plant characteristics, yield and quality of sunflower
achenes was assessed. The single-factor experiment was conducted in 2020 and 2021 on Luvisol soil.
It was shown that a higher nitrogen dose had a positive effect on plant biometric features, protein
content in achenes, as well as LAI (leaf area index) and SPAD (soil plant analysis development)
indices. Additionally, the applied double foliar spraying resulted in an increase in yield components
and quality of achenes. Sunflower yielding depended on the interaction of weather conditions
with fertilization. In the first year of the research, high yields were obtained after applying 60 or
90 kg N ha−1 in combination with double foliar fertilization (3.68 and 3.65 t ha−1, respectively). A
significantly lower yield was recorded after applying only the 60 kg N ha−1 dose. This was not
statistically confirmed in the second year of the study, with a higher average yield of 3.79 t ha−1.
Economic calculations showed that the optimal option was to use 60 kg N ha−1 together with single or
double foliar fertilization. Fertilizing with 90 kg N ha−1 in combination with micronutrient spraying
was the least profitable.

Keywords: Helianthus annuus L.; fertilization; foliar fertilization; nitrogen; microelements; plant
nutrition; plant architecture; yield; chemical composition

1. Introduction

Sunflower (Helianthus annuus L. 2n = 34) belongs to the family Asteraceae and is one
of the most important oil plants in the world [1,2]. Oil is obtained from achenes of this
species, and the residues are used for fodder. There is also great interest in sunflower
edible products as an alternative food [3]. Sunflower preparations are known in traditional
medicine [4], and flowers in floriculture. According to many authors [1,2,5], the increase
in sunflower acreage results from the transfer of new, better varieties, including hybrid
ones, to agricultural practice. In many regions, it is the result of climate change, the
economic situation and the need to search for species that require less intensive agricultural
technology [6]. Sunflower is increasingly being grown by farmers also in Poland. However,
there is a lack of new agriculture information regarding the optimal fertilization and
production profitability. Sher et al. [7] concluded that field experiments with sunflower
should be carried out in various habitat conditions. This would allow the development
of cultivation technology recommendations for local environmental conditions and legal
regulations. Li et al. [8] have noted that sunflower has moderate water and fertilization
needs; however, they are not low. The best results were obtained with an average level of
irrigation and mineral fertilization. Watanabe et al. [9] showed that a deficiency of nitrogen,
phosphorus or potassium resulted in changes in the chemical composition of sunflower
leaves. Hammad et al. [10] have concluded that sunflower requires moderate doses of
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NPK and reacts favorably to organic fertilizers (straw). The obtained effects, however,
depended on the variety. Kováčik et al. [11] and Mokgolo et al. [12] confirmed that various
organic fertilizers could be used in sunflower cultivation. These authors obtained the best
yields after manure application. Sharma et al. [13] and Soleymani et al. [14] concluded
that organic fertilizers allowed one to reduce the doses of mineral fertilizers. Oshundiya
et al. [15] proved that the advantage of organic fertilizers was a beneficial effect on the
chemical composition of sunflower achenes. Oil and protein contents of seeds from early
and late sown sunflower plants were significantly increased by organic fertilizer application,
except the protein content of late sown sunflower. Sefaoglu et al. [16] obtained the highest
yields of achenes (4.854 kg ha−1) and fat (2.114 kg ha−1) with the combined use of nitrogen
and vermicompost. Interestingly, the use of vermicompost alone resulted in the highest
fat content in achenes (46.8%). Rocha et al. [17] indicated that a dose of 30 to 50 kg N ha−1

was sufficient to obtain a high fat yield. Oyinlola et al. [18] showed that excess nitrogen
decreased achene yield and oil content and delayed sunflower blooming. The optimal
nitrogen dose according to the latter authors ranged from 90 to 100 kg·ha−1. Ahmad
et al. [19] confirmed that nitrogen fertilization exerted a positive effect on the growth and
development of sunflower, but could worsen the quality parameters of achenes, which was
due to the reduction of the oil content. Sincik et al. [20] indicated that the economically
optimal dose of nitrogen for sunflower was 145–150 kg ha−1 under conditions without
irrigation and 177–190 kg ha−1 with watering. Kandil et al. [21] proved that a high dose of
nitrogen (168 kg ha-1) increased plant height, stem thickness, number of leaves per plant,
leaf area, number of achenes per head, head diameter and 1000 achenes weight (TAW),
which was reproducible over the years. They proved that a high nitrogen dose (168 kg
ha−1) compared to a low dose (72 kg ha−1) significantly increased achene yield (by 12.0 and
11.6%, respectively), in the first and second year of the study. Zeng et al. [22,23] concluded
that high nitrogen fertilization was justified on soil with low or medium salinity or soil
with high salinity but irrigated. Ozturk et al. [24] stated that nitrogen form in the fertilizer
was of great importance in shaping the yield of achenes and sunflower fat. They showed
that urea was better compared to ammonium sulfate or ammonium nitrate. Souza et al. [25]
reported that higher nitrogen doses were economically justified in sunflower cultivation.
However, the tested varieties showed differentiated nitrogen demand, from 80 to 120 kg
ha−1. Eltarabily et al. [26] indicated that nitrogen constituted over 80% of all minerals
absorbed by plants and significantly limited plant yields, especially under conditions of
water deficit, 65% evapotranspiration (ETC). Ahmad et al. [19] proved that optimal nitrogen
fertilization of sunflower plants significantly increased the yield and its components, but
reduced the fat content in achenes. Soleymani [27] showed that sunflower required from
100 to 150 kg ha−1 nitrogen. Qadeer et al. [28] reported that the nitrogen dose of 150 kg
ha−1 significantly increased the diameter of the sunflower head by 8.45 cm compared to
control. Travlos et al. [29] applied high nitrogen doses (150 and 300 kg ha−1) in sunflower
cultivation. Hajduk et al. [30] proved that increased mineral fertilization with nitrogen
decreased the boron content of sunflower biomass. Therefore, Alves et al. [31] concluded
that higher nitrogen doses should be combined with boron fertilization, as they allowed
one to obtain significantly higher sunflower yields. Alipatra et al. [32] indicated that the
optimal dose of nitrogen was 80 kg ha−1, but in combination with P, K, S and B fertilization
and irrigation of sunflower plantations. Gomes et al. [33] confirmed that the efficiency of
minimal and organic fertilization was higher when sunflower plantation was irrigated. In
turn, Milev [34] proved that sunflower reacted to multicomponent mineral fertilizers with
increased yield and its quality. El-Din Mekki [35] believed that boron was important in
fertilizing sunflower seeds. In a greenhouse experiment, he showed that the deficiency
of this micronutrient in the soil reduced both the size and quality of the crop. Shehzad
et al. [36,37] and Alves et al. [31] also showed that sunflower response to B fertilization
varied, especially at higher nitrogen doses. Bozca and Leblebici [38] reported that boron
fertilization reduced plant stress at a low temperature. On the other hand, the application
of boron at high temperatures worsened the development of the sunflower root system.
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Al-Amery et al. [39] proved that boron fertilization reduced the number of empty achenes,
which resulted in a significant increase in yield. Khalid et al. [40] showed that fertilization
with boron did not provide the expected results, even in the soil poorer in nutrients. The
study of Asad et al. [41] showed that the highest level of foliar B fertilization caused leaf
burn, but plant growth was not affected. Ekmekçi et al. [42] confirmed that excess boron
was toxic to sunflower plants. Therefore, it was necessary to perform soil analyses to
determine the equivalent doses of macro- and micronutrients.

Fernández and Brown [43] reported that the application of agrochemical sprays to
the aerial parts of crop plants was an important agricultural practice worldwide. While
variable effectiveness is often observed in response to foliar treatments, there is ample
evidence indicating the beneficial effects of foliar fertilizers in improving crop metabolism,
quality and yield. Brown and Shelp [44] have reported that boron is unique among the
essential plant nutrients because it has limited mobility in many plant species, while it
is freely mobile in others. No other element is known to have such a wide variation in
mobility. Baraich et al. [45] showed that foliar fertilization (8 Zn + 0.75 B + 0.30 Fe kg ha−1)
significantly improved the sunflower yield and its components. In turn, Hlisnikovský
et al. [6] showed that micronutrient spraying (B, Zn, Mo) exerted no significant effect on
sunflower biomass yield. Bhattacharyya et al. [46] proved that foliar boron fertilization was
more effective than soil fertilization. Andrade et al. [47] reported that boron fertilization
had a positive effect on plant growth and sunflower yield, and this effect was observed in
soil with a low boron content. Singh et al. [48], after foliar fertilization with boron, achieved
an increase in protein content in achenes and a higher fat yield. Khan et al. [49] proved
that sunflower reacted differently to soil and foliar boron fertilization. The foliar spraying
had a better effect on the yield and its components. Pattanayak et al. [50] showed that
sunflower positively responded to combined NPK, zinc and boron fertilization. As a result
of such fertilization, they obtained the highest oil yield (>1000 kg ha−1). Kumar et al. [51]
indicated that copper was an important element, but its excess caused a detrimental effect
on sunflower plants. Hajduk et al. [52] showed that the molybdenum content in sunflower
green mass depended on the dose of NPK and Ca. Steiner and Zoz [53] reported that
foliar fertilization with molybdenum resulted in an increase in thousand achene weight
(40%) and yield (27%) compared to control. This was due to the influence of molybdenum
on nitrogen metabolism in sunflower plants. Škarpa et al. [54] proved that double foliar
fertilization with Mo increased the yield of achenes and fat yield. Li et al. [55] reported
that the foliar application of Zn caused short-term stress, but it did not adversely affect
the absorption of this micronutrient in the leaves. Kandhro et al. [56] proved the beneficial
interaction of Zn fertilization and plant irrigation on sunflower yielding. In addition, they
indicated the need to select an appropriate variety for the habitat conditions. Li et al. [57]
reported that the efficiency of foliar fertilization with Zn, Mn and Fe depended on the plant
species (sunflower, tomato, soybean) and the morphological and anatomical structure of
the leaf. Li et al. [58] demonstrated that foliar zinc fertilization had a positive effect on
the yielding of sunflower, even when the content of this element in the soil was sufficient.
Therefore, it should be stated that research in the field of sunflower plant fertilization is
cognitively important for science and agricultural practice.

The aim of the experiment was to evaluate the effect of two nitrogen doses and
an additional single and double foliar fertilization with micronutrients on the size and
quality of the sunflower achene yield. The research hypothesis assumed that the applied
fertilization variants would significantly modify the assessed characteristics and parameters
of plants, as well as the economic result of sunflower cultivation.

2. Materials and Methods
2.1. Field Conditions

The field experiment was carried out in 2020 and 2021, in the field of a private farm in
the town of Szówsko (50◦03′ N, 22◦42′ E), Podkarpackie Voivodeship, Poland. The single-



Agronomy 2022, 12, 2352 4 of 16

factor experiment was conducted in four replicates in a random block design. The tested
factor were different variants of nitrogen (in-soil) and micronutrient (foliar) fertilization:

1. A—60 kg N ha−1

2. B—90 kg N ha−1

3. C—60 kg N ha−1 and foliar fertilization
4. D—90 kg N ha−1 and foliar fertilization
5. E—60 kg N ha−1 and double foliar fertilization
6. F—90 kg N ha−1 and double foliar fertilization

The weather conditions were provided according to the records of the Meteorological
Station in Skołoszów, located approximately 18 km from the experimental field. Soil
chemical analysis was performed in the accredited laboratory of the Regional Chemical
and Agricultural Station in Rzeszów, according to Polish standards. The experiment was
established on Luvisol soil [59]. The soil was characterized by a slightly acidic pH (Table 1).
The content of available phosphorus and potassium was high, while that of magnesium
was medium (2020) or high (2021); the content of micronutrients was average.

Table 1. Soil analysis under field experiment (0–30 cm).

Parameter Unit 2020 2021

pH in KCl - 6.5 6.3
Humus % 1.3 1.2

Nmin kg·ha−1 56 52

P2O5 mg·100 g−1

gleby/soil

18.4 17.5
K2O 21.2 22.4
Mg 6.4 7.2

Fe

mg·1000 g−1

gleby/soil

2352.6 2289.3
Zn 12.9 14.4
Mn 251.3 389.6
Cu 6.4 6.1
B 1.5 1.7

Sunflower (cv. MAS 81.K) cultivation was carried out in accordance with the available
agriculture knowledge. In Poland, an increase in the acreage of this species has only
been recorded for several years. The forecrop each year was maize for grain, followed by
pre-winter tillage. In the spring, harrowing was applied and a combined cultivator was
used before sowing. Achene sowing was performed in the third decade of April (23 April
2020 and 26 April 2021) using a precision seeder. Fluarto 50 FS (fludioxonil) was used for
dressing, in accordance with the manufacturer’s instructions. Row spacing was 50 cm and
sowing depth was 4 cm. Eight germinable achenes were sown per 1 m2. The area of a
single plot was 20 m2 (4 m × 5 m). The isolation strips between the plots were 1 m2. The
values of biotic indices are shown in Table 2.

Table 2. Chemical plant protection.

Preparation Active Substance Dose (L/ha)

Activus 400 S.C. (herbicide) pendimetalina 4.0
Bandur 600 S.C. (herbicide) aklonifen 3.0

Efica 960 EC (herbicide) metolachlor-S 1.25
Amistar Gold Max (fungicide) azoksystrobina, difenokonazol 1.0

Trico (repellant) sheep fat 15.0

The timing and dosages of the applied products (herbicides, fungicide, repellant)
were in accordance with the manufacturer’s recommendations. Urea with a urease in-
hibitor (46%) was used for nitrogen fertilization in one spring dose. Phosphorus-potassium
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fertilization was carried out in autumn in the following doses: 60 kg ha−1 P2O5 (simple
superphosphate) and 90 kg ha−1 K2O (potassium salt). Foliar fertilization was performed
with MIKRO PLUS™ (Intermag Sp. z o.o., Poland), single (1.5 L ha−1 in the 12-leaf phase)
or double spraying (1.5 L ha−1 in the 12-leaf stage and 1.5 L ha−1 in the end-of-budding
phase), according to the experimental design. Composition of foliar fertilizer was as follows
(g/L): boron—2.3, copper—1.2, iron—23.2, manganese—9.3, molybdenum—0.58, zinc—3.5.
The volume of the working solution was 300 L ha−1.

Plant density per 1 m2 was counted before harvest on each plot. Subsequently, the
height of 20 plants was measured and heads were collected for biometric measurements
(diameter, number of achenes, thousand achene weight). Thousand achene weight (TAW)
was converted to a constant moisture of 9%. Harvest was carried out using a harvester
in the first decade of October (9 October 2020 and 7 October 2021). Achene yield was
calculated per 1 ha taking into account a constant moisture content of 9%.

2.2. Chemical Composition

Achenes for chemical analyses were obtained during harvesting from each plot, a
total of 24 samples weighing 0.5 kg each. The chemical composition of achenes whole
(fat, protein, ash, fiber) was determined by the near infrared method using a FT-LSD MPA
spectrometer (Bruker, Germany) in the laboratory of the Department of Plant Production,
University of Rzeszów.

The biological yield of both components (fat and protein) was calculated based on the
yield of achenes and their percentages of crude fat and total protein.

Yield of protein or oil = (Yield of achenes (t ha−1) × content of a given component in
achenes (%)): 100.

2.3. Economic Analysis

Prices for economic calculations are given for 2022, in line with the offer of commercial
companies and available data from the agricultural market. Achene yield was taken as
the average of the study years. Exchange rate: 1 EUR = 4.75 PLN. The purchase price of
achenes was 547.37 EUR per ton. The cost of fertilizers was: 1 kg of nitrogen—2.23 EUR,
MIKRO PLUS™—4.39 EUR/liter. Cost of spraying—9.3 EUR per 1 ha.

2.4. Statistical Analyses

The results of the study were statistically analyzed using analysis of variance (ANOVA),
implemented in Statistica 13.3.0 (TIBCO Software Inc., Palo Alto, CA, USA). Significance of
differences between treatments was verified by the Tukey test.

3. Results
3.1. Weather Conditions

The weather conditions varied in the years of the study, which modified the obtained
results (Figure 1). Heavy rainfall was recorded in June 2020 and August 2021. Low rainfall
compared to multi-year data occurred in July and August 2020. This coincided with the
flowering phase of sunflowers. October 2021 was also dry, which had a positive effect
on the harvest. Air temperature varied over the years and generally differed from the
long-term average. The warmest month was July 2021 (Table 3).
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Figure 1. Plant height (cm). A–F—variants of fertilization. Different lowercase letters indicate
significant differences (p < 0.05) according to the analysis of variance (ANOVA).

Table 3. Weather conditions.

Month
Sum of Precipitation (mm) Mean Temperature (◦C)

2020 2021 Multi-Years 2020 2021 Multi-Years

III 19.8 17.5 37.0 5.1 3.2 2.8
IV 10.0 49.4 46.0 9.2 6.5 8.7
V 83.3 63.9 77.1 11.3 12.8 13.7
VI 162.9 47.3 80.2 18.1 18.8 17.1
VII 18.9 55.0 95.4 18.8 21.6 19.0
VIII 7.3 107.4 65.0 19.9 17.5 18.4
IX 43.5 85.8 62.5 15.0 13.1 13.6
X 54.3 2.5 46.4 11.1 9.1 8.8

3.2. Field and Biometric Measurements

The highest plants were obtained after fertilization with a dose of 90 kg N ha−1, while
significantly lower plants developed after applying 60 kg N ha−1. Foliar fertilization did
not affect the discussed parameter. On average, in the experiment, the plants were higher
in 2021 compared to 2020 (Figure 1).

Plant density before harvest was not modified by the tested factor. On average, it
amounted to 7 individuals per m2. It was shown that foliar fertilization in variants C, D, E
and F significantly increased head diameter compared to the 60 kg N ha−1 dose. The LAI
index was modified by both fertilization and years of study. The higher dose of nitrogen
significantly increased this parameter. In 2020, the LAI index values were higher than in
2021 (Table 4).
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Table 4. Measurement of selected sunflower parameters.

Factor Number of Plants before
Harvest (pcs·m−2) Head Diameter (cm) LAI (m2/m2)

Fertilization
A 6.99 ± 0.10 16.26 ± 0.79 b 3.96 ± 0.17 b

B 6.95 ± 0.07 16.76 ± 0.56 ab 4.10 ± 0.19 a

C 6.95 ± 0.09 16.95 ± 0.54 a 3.98 ± 0.17 b

D 7.00 ± 0.08 16.93 ± 0.56 a 4.13 ± 0.19 a

E 7.02 ± 0.06 17.01 ± 0.52 a 3.99 ± 0.17 b

F 7.01 ± 0.11 17.11 ± 0.55 a 4.14 ± 0.19 a

Years
2020 7.00 ± 0.09 17.00 ± 0.62 4.11 ± 0.19 a

2021 6.98 ± 0.07 16.67 ± 0.60 4.00 ± 0.17 b

A–F—variants of fertilization. Results are expressed as mean value ± standard deviations. Different letters in the
same column indicate significant differences (p < 0.05) according to the analysis of variance (ANOVA).

In 2020, the measurement of the SPAD index showed that the 90 kg N ha−1 dose to-
gether with double foliar fertilization (variant F) resulted in better plant nutrition compared
to the lower nitrogen dose (60 kg ha−1). In 2021, the SPAD index was lower and varied less
between the treatments (Figure 2). However, it could be noticed that the more intensive
fertilization variants (D and F) had a better effect on the discussed parameter compared to
variant A.
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Figure 2. SPAD value. A–F—variants of fertilization. Different lowercase letters indicate significant
differences (p < 0.05) according to the analysis of variance (ANOVA).

The number of achenes in the head was dependent on the interaction of fertilization
with years of research. In 2020, the dose of 90 kg N ha−1, including double foliar fertilization
(variant F), exerted the most beneficial effect on this parameter. In 2021, the number of
achenes in the head was similar after the application of fertilization variants D, E and F.
However, it was significantly lower in the plot fertilized with the nitrogen dose of 60 kg
ha−1 (Figure 3). Additionally, the applied foliar fertilization increased the number of
achenes in the sunflower head, although the increment has been dependent on years.
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Figure 3. Number of achenes in the head. A–F—variants of fertilization. Different lowercase letters
indicate significant differences (p < 0.05) according to the analysis of variance (ANOVA).

Thousand achene weight was slightly modified. It was shown that the dose of 90 kg
N ha−1 in combination with double foliar fertilization (variant F) had a positive effect on
the discussed parameter in 2021. The lowest TAW was obtained in 2020 after nitrogen
application at a dose of 60 kg ha−1 (Figure 4). The small effect of foliar fertilization on the
MTN can be explained by an increase in the number of achenes in the sunflower head.
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Figure 4. Mass of a thousand achenes (g). A–F—variants of fertilization. Different lowercase letters
indicate significant differences (p < 0.05) according to the analysis of variance (ANOVA).

In 2020, nitrogen fertilization together with double foliar fertilization reduced the hull
weight compared to the dose of 60 kg N ha−1. In 2021, only a higher dose of nitrogen along
with two foliar sprayings (variant F) reduced the hull weight compared to the 60 kg N ha−1
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dose (Figure 5). These results are important for agricultural practice as they determine the
quality of sunflower achenes.
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3.3. Yield of Achenes

The sunflower yield was dependent on the interaction of fertilization with the year of
the study. In 2020, nitrogen fertilization (60 or 90 kg ha−1) in combination with double foliar
fertilization significantly increased the achene yield compared to the 60 kg N ha−1 dose. In
2021, no significant differences between the fertilization variants were detected. On average,
in the experiment, the sunflower yield was higher in 2021 compared to 2020 (Figure 6).
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significant differences (p < 0.05) according to the analysis of variance (ANOVA).
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3.4. Chemical Composition

The fat content in achenes was higher in 2021 compared to 2020. The higher nitrogen
dose increased the protein content in achenes compared to the lower dose. The protein
content was also increased by double foliar fertilization. The ash content was not modified
by the experimental factor. However, the fiber content was higher after fertilization with 60
kg N ha−1 (variant A) compared to variant F (Table 5).

Table 5. Chemical composition of achenes in % DM.

Factor Fat Protein Ash Fiber

Fertilization
A 46.61 ± 0.66 14.45 ± 0.56 d 4.20 ± 0.16 15.04 a

B 46.47 ± 0.81 15.02 ± 0.83 b 4.28 ± 0.19 14.71 ab

C 46.83 ± 1.03 14.70 ± 0.63 cd 4.32 ± 0.16 14.85 ab

D 46.72 ± 1.21 15.07 ± 0.81 b 4.34 ± 0.12 14.44 ab

E 46.43 ± 0.99 14.93 ± 0.66 bc 4.35 ± 0.13 14.62 ab

F 46.31 ± 1.32 15.40 ± 0.71 a 4.36 ± 0.11 14.24 b

Years
2020 46.06 ± 0.76 b 14.91 ± 0.66 4.29 ± 0.15 14.56 ± 0.35
2021 47.08 ± 0.94 a 14.86 ± 0.78 4.33 ± 0.14 14.74 ± 0.38

A–F—variants of fertilization. Results are expressed as mean value ± standard deviations. Different letters in the
same column indicate significant differences (p < 0.05) according to the analysis of variance (ANOVA).

3.5. Fat and Protein Yield

In 2021, nitrogen fertilization with double foliar spraying significantly increased the
fat yield compared to variants A and B. The use of nitrogen with a single foliar fertilization
also increased the fat yield, but only compared to the 60 kg N ha−1 dose. In 2020, fat yield
varied less between fertilization variants. It was only shown that nitrogen fertilization with
a single micronutrient spraying had a more favorable effect on the fat yield in relation to
the dose of 60 kg N ha−1 (Figure 7).
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In 2021, nitrogen fertilization together with double foliar fertilization significantly
increased the protein yield compared to variants A and B. In 2020, it was shown that more
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intensive fertilization (variants D, E and F) showed a better effect on the protein yield
compared to the 60 kg N ha−1 dose (Figure 8). Therefore, it should be concluded that the
effect of fertilization on sunflower yielding is modified by weather conditions. This, in turn,
determines the profitability of the applied fertilization.
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3.6. Economic Results

The result of economic calculations showed that the best option was nitrogen fertiliza-
tion at a dose of 60 kg ha−1 in combination with double foliar fertilization. Variants C and
A also provided good results. The use of 90 kg N ha−1 was the least profitable, which was
related to the obtained yield and the high price of nitrogen fertilizer (Table 6).

Table 6. Economic result of the applied fertilization per 1 ha.

Fertilization Mean Yield
(t·ha−1)

Mean Yield
(EUR·ha−1)

Fertilization Cost
(EUR·ha−1)

Economic Result
(EUR·ha−1)

A 3.61 1976.01 133.80 1842.21
B 3.68 2014.32 200.70 1813.62
C 3.70 2025.27 151.63 1873.64
D 3.69 2019.80 218.53 1801.27
E 3.77 2063.58 169.46 1894.12
F 3.74 2047.16 236.36 1810.80

4. Discussion

Weather conditions varied in the years of the study, which modified the effectiveness
of the applied fertilization (Figure 1). The mean difference in achene yields between
2020 and 2021 was 0.16 t ha−1. Fatahi et al. [60] have stated that sunflower requires
optimal precipitation and air temperature for proper growth and development. These
factors modify both the size and quality of the achene yield. Černý et al. [61] showed
that a moderate precipitation and higher temperature had the most beneficial effect on the
sunflower yield. Hlisnikovský et al. [6] confirmed that achene and biomass yields were
mainly influenced by weather conditions in each year. Ahmad et al. [62] demonstrated that
sunflower is a drought-resistant plant, but a long-term lack of water always reduces the
yield. Mahpara et al. [63] argued that drought tolerance of plants could be increased by soil
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or foliar nitrogen fertilization. In turn, Neves et al. [64] reported that fertilization with Si
and B reduced the effect of water deficit in sunflower cultivation.

In the present study, the height of sunflower plants ranged from 158.75 to 172.22 cm.
Fertilization in the dose of 90 kg N ha−1 increased plant height in relation to 60 kg N ha−1.
In the experiment of Sher et al. [7], the height of the sunflower plants ranged from 106 to
187 cm. It depended on the variety and was modified by variable irrigation. Lakshman
et al. [65] reported that the average height of sunflower plants was 120.1 cm.

The applied fertilization variants significantly Increased head diameter, but no dif-
ferences in this parameter were proven between the years. The number of achenes in the
head was dependent on the interaction of fertilization with the years of the study. Sher
et al. [7] showed that the head diameter ranged from 10.9 to 18.3 cm and significantly
varied over the years. In a study of Ravikumar et al. [66], the diameter of the head and
the number of achenes in the head were significantly increased by fertilization with sulfur,
boron and zinc. Sher et al. [7] showed that the TAW of sunflower ranged from 46.4 g to
89.7 g, which resulted from both varietal differences and study years. Lakshman et al. [2]
proved that yield, its individual components and oil content in achenes mainly depended
on sunflower variety.

A higher dose of nitrogen had a positive effect on the growth and nutritional status
of plants. This was confirmed by the measurements of the LAI and SPAD indices. When
nitrogen fertilization was combined with double foliar fertilization, a further increase in the
SPAD index was noted. The obtained SPAD results varied over the years, which confirmed
that the effectiveness of foliar spraying depended on the weather. Dastorani et al. [67]
and Takács et al. [68] have demonstrated that modern measurement techniques enrich
the outcome of agricultural experiments compared to traditional methods. Sher et al. [7]
obtained significantly lower SPAD measurements for sunflower and mostly non-significant
differences between the variants tested. Li et al. [8] reported that irrigation and optimal
fertilization of sunflower had a positive effect on the nutritional status of the plants. This
was confirmed by physiological measurements, including the SPAD index. Ravikumar
et al. [66] showed that the LAI index increased under the influence of soil fertilization with
NPKS and foliar fertilization with B and Zn. Al-Amery et al. [39] and Andrade et al. [47]
proved that the biometric traits evaluated, including leaf area, were significantly affected
by boron fertilization. Hussein et al. [69] reported that sunflower responded favorably to
fertilization with macro- and micronutrients. They confirmed the effects of fertilization
with plant measurements, such as the LAI or SPAD indices. In turn, Joergensen et al. [70]
reported that measuring the δ15N value in sunflower samples was a useful but not ideal
tool for detecting fraudulent inorganic nitrogen fertilization on organic farms.

The yield of sunflower achenes ranged from 3.5 to 3.85 t ha−1, which was a good result.
In agricultural practice, sunflower yields range from 2.5 to 3 t ha−1. In the first year of the
research, nitrogen fertilization in combination with double foliar fertilization increased the
achene yield compared to the 60 kg N ha−1 dose. This result was not statistically confirmed
in the second year of the study. Sher et al. [7] obtained a lower sunflower yield from 1.6 to
2.7 t ha−1. These authors also showed yield variation in one year, while in the following
year, there were no significant differences. Dastorani et al. [67] reported that sunflower
yielded high from 3.5 to 4.6 t ha−1, depending on plantation irrigation. Ravikumar et al. [66]
proved that NPKS fertilization together with foliar application of B and Zn significantly
increased the yield of sunflower achenes and straw compared to NPK fertilization.

In the present experiment, variants with more intensive fertilization reduced the
percentage of hull in sunflower achenes. The results, however, depended on the year of
the study. Lindström et al. [71] reported that removal of the hull (pericarp) in sunflower
(Helianthus annuus L.) reduced fiber and increased protein in seed meals. Thus, high
hullability (H), the ease with which the pericarp is mechanically separated from the seed
(kernel), is desirable.

The applied fertilization variants modified the protein and fiber content of sunflower
achenes. It was shown that a higher dose of nitrogen increased the protein content of the
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seeds, but had no effect on fat content. Sher et al. [7] showed significant differences in fat
content in sunflower achenes and protein content was more stable. Göçmen et al. [72] report
that the fat content varies between 38.93% and 41.81%. Mehmood et al. [73] showed that
nitrogen increased the protein content of sunflower achenes and lowered the fat content.
They proved that fat content was positively affected by boron fertilization. Shehzad
et al. [36] confirmed that nitrogen and boron fertilization resulted in a significant decrease
in fat content and an increase in protein in sunflower achenes.

In the second year of the study, fat yield was most favorably affected by nitrogen
fertilization combined with foliar fertilization, compared to fertilization only with nitrogen.
As a result, each variant yielded about 1.8 t ha−1 of crude fat. In a study of Dastorani
et al. [67], fat yields ranged from 1.44 to 1.77 t ha−1. Carvalho et al. [74] showed that
fat yield depended on the variety and years of study. On average, they obtained yields
between 0.87 and 1.14 t ha−1 of fat, which mainly depended on plantation irrigation.

The calculations showed that the optimal option was to apply a dose of 60 kg N ha−1

together with double foliar fertilization. Fertilization with 60 kg N ha−1 with a single foliar
application also gave satisfactory results. The use of 90 kg N ha−1 was the least cost-effective
in each variant, based on the yield obtained and the cost of nitrogen fertilizer. Similar results
were obtained by Hlisnikovský et al. [6], who showed that fertilization at a dose of 60 kg N
ha−1 was sufficient for sunflower. In contrast, they considered fertilization with B, Zn and
Mo unnecessary when the soil was rich in these micronutrients. Ribeiro and Raiher [75]
reported that fertilizer costs and yield had a decisive impact on the economic outcome of
sunflower cultivation. Souza et al. [25] showed that higher nitrogen doses (0, 30, 60, 90 and
120 kg ha−1) were economically justified. They obtained a return of the costs incurred even
at the dose of 120 kg ha−1, but only for two sunflower varieties. Sheoran et al. [76] proved
that fertilization with macro- and micronutrients (NPK, S, Zn, B) was economically justified
in relation to NPK. This was confirmed by higher production efficiency (4.7–8.0%) and
profitability (0.50–0.97 USD/ha/day). Mehmood et al. [73] showed that fertilization with
nitrogen (150 kg ha−1) and boron (2 kg ha−1) resulted in maximum net income and the
benefit/cost ratio. Shehzad and Maqsood [36] reported that nitrogen and boron fertilization
resulted in varied economic effects. They depended mainly on the dose and proportion of
the ingredients used.

5. Conclusions

Weather conditions varied during the study years, which modified the results of
several studied parameters, including the yield of achenes, fat and protein. A higher
dose of nitrogen had a positive effect on the growth and nutritional status of plants. This
was confirmed by higher LAI, SPAD, yield components and protein content in achenes
compared to the lower nitrogen dose. Foliar fertilization, especially double spraying,
resulted in better plant nutrition (SPAD) and an increase in the head diameter, number of
achenes in the head, TAW and protein content in achenes. The applied fertilization variants
modified the yield of achenes only in 2020. At that time, it was shown that the yield was
higher after application of nitrogen fertilization in combination with two foliar sprayings.
Significantly lower yields were obtained after applying a dose of 60 kg N ha−1. The fat
content of achenes varied between the years, reaching 46.06% DM in 2020 and 47.08% DM
in 2021. Economic calculations showed that the best option was nitrogen fertilization at a
dose of 60 kg ha−1 in combination with double foliar fertilization. The application of the
90 kg N ha−1 dose in each variant was less profitable. Optimal doses of fertilizers improve
the size and quality of the sunflower yield. In addition, they determine the profitability of
cultivation. Therefore, research in this area should be continued.
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