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FORMATION OF SUNFLOWER PRODUCTIVITY
DEPENDING ON THE INFLUENCE OF HYBRID
COMPOSITION AND COMPLEX FERTILIZERS

0. V. Kurach

Institute of Agriculture of Western Polissya NAAS of Ukraine

The paper presents the results of a study on the effects of hybrid
composition and foliar application of complex fertilizers on sunflower
productivity formation. The aim of the study was to improve the elements of
an intensive, environmentally safe technology for sunflower cultivation
under the conditions of the Western Forest-Steppe, ensuring the maximum
realization of the crop’s biological potential. The study was conducted at the
experimental field of the Institute of Agriculture of Western Polissya (2024—
2025). It was found that in the untreated variants (control) variants when
threshing sunflower baskets, the seed weight was less than 50,6 g.
Meanwhile, under the system of foliar fertilization with the complex fertilizer
Humifrend (potassium humate) (0.2 I/ha) and the organo-mineral fertilizer
Helprost (1 I/ha) at the 3—4 and 5-6 leaf stages of the Noduvlyak hybrid, the
seed weight from the baskets was 60.5 g and 52.7 g, respectively, which
exceeded the control (untreated) by 19.6% and 4.2%. The number of seeds
per basket was 1.234 and 1.054, surpassing the control by 12,3% and 10.8%.
The thousand-seed weight was the highest at 47.7 g and 49.2 g, while the
lowest values of this indicator were observed in the untreated control
variant, amounting to 46.6 g and 47.6 g, respectively. The study showed that
the highest sunflower yield during the research period was observed in the
hybrids Hoduvalnyk and Huslyar, reaching 3.39 and 2.78 t/ha, respectively,
which was 12.1-12.6% higher than the control, under the condition of two
foliar applications of the organo-mineral fertilizer Helprost (1 I/ha) at the 3—-4
and 5-6 leaf stages. As a result of the research, the technology of growing
sunflower in the conditions of the Western Forest-Steppe was improved,
which provides for mineral fertilizer in a dose of NesoP30Koo in combination
with two-time foliar feeding with organo-mineral fertilizer Khelprost (1 I/ha)
in the phase of 3—4 and 5-6 leaves, which will ensure the yield of the hybrids
Hodovulkan and Guslyar — 3.39 t/ha and 2.78 t/ha.

Keywords: sunflower, organo-mineral fertilizer, potassium humate, foliar feeding,
productivity

Introduction. Sunflower is the leading oilseed crop in Ukraine, providing a significant
share in the structure of sown areas and agricultural exports. Due to its high oil content
and optimal ratio of fatty acids, sunflower seeds have important nutritional and
industrial importance. High profitability and stable demand for seeds and sunflower oil
both in the domestic and foreign markets contribute to the constant expansion of sown
areas and improvement of crop cultivation technologies. Modern scientific research is
aimed at increasing sunflower yields through the use of high-yielding hybrids,
optimization of fertilization systems and rational use of organo-mineral fertilizers,
which ensure the efficient use of resources and preservation of soil fertility
(Domaratskyi et al., 2020; Crista et al., 2023).
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Throughout the growing season, sunflower is characterized by increased
requirements for mineral nutrition. For its normal growth and development, a sufficient
amount of phosphorus, nitrogen and potassium fertilizers, as well as trace elements -
boron, zinc and manganese, is necessary. The level of yield of this crop is largely
determined by the supply of soil with nutrients. It is possible to obtain high and stable
profits only under the conditions of rational use of agrotechnical measures, among
which a balanced fertilization system occupies an important place (Vasylkovska et al.,
2021; Kachanova et al., 2023).

The period of active nutrient absorption in sunflower is long, which determines
its increased need for nutrients, especially potassium. This crop consumes significantly
more nutrients than cereals. To form 1 ¢ of seeds, sunflower uses an average of 5-7 kg
of nitrogen, 2.5-2.8 kg of phosphorus and 12-16 kg of potassium. With a yield of
2.1 t/ha of seeds, approximately 120 kg of nitrogen, 45 kg of phosphorus and about
235 kg of potassium are removed from the soil. This indicates the need for systematic
fertilization to maintain soil fertility and ensure stable crop productivity (Tsliutyk et
al., 2022; Gangur et al., 2022).

Nitrogen is absorbed evenly by sunflower plants throughout the growing
season, starting from the phase of 3—4 pairs of leaves and up to the flowering phase
within 70-80% of nitrogen. Nitrogen deficiency is especially negative during the
formation of the basket. Excess nitrogen reduces the oil content, which leads to
excessive vegetative growth (Mazur et al., 2020), and also negatively affects the crude
fat and linoleic acid content of the oil (Li et al., 2017).

Phosphorus is absorbed by the plant from germination to flowering,
accumulates in the stem and leaves, later moves to the baskets and ultimately to the
achenes 60—70% of the total requirement. Lack of phosphorus negatively affects the
formation and filling of achenes and limits sunflower productivity. Sufficient
phosphorus increases drought resistance of plants and oil content of seeds (Siva et al.,
2024).

Potassium increases the drought resistance of plants, helps retain moisture and
reduces its evaporation. It plays a major role in regulating the moisture balance in the
plant. The greatest amount of potassium is absorbed during the period from the
formation of the basket to ripening (Khoso et al., 2024).

The most effective way to provide plants with microelements is foliar feeding
during periods of their most intensive growth and increased need for nutrients. The
absorption of microelements through the leaf surface occurs much faster than through
the root system, which ensures the prompt elimination of nutrient deficiencies. Such
feeding contributes to a balanced supply of plants with both macro- and
microelements, increasing the efficiency of nutrition and the resistance of the crop to
stress factors (Kudrina, 2021; Hanafy et al., 2023).

To maximize the biological potential of sunflower, it is important to
simultaneously apply several microelements in the form of a tank mix, which provides
complex plant nutrition and increases the efficiency of their growth and development
(Jarecki, 2025; Rakhmonova, 2025; Crista et al., 2023).

Studies have shown that double foliar feeding of sunflower hybrids with liquid
complex micronutrients in the phase of 5-7 true leaves and budding allows to increase
seed yield by 26.2-28.3%. This approach ensures a more uniform supply of nutrients,
increases the intensity of photosynthesis and promotes better development of
generative organs, which positively affects the quantity and quality of the formed crop
(Kalenska et al., 2020; Abido et al, 2020; Jarecki, 2025).
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It has been established that a combination of the main application of mineral
fertilizers and foliar feeding of plants with micronutrients results in a significant
increase in sunflower yield (Palamarchuk, 2020).

The purpose of the research is to improve the elements of intensive
environmentally safe technology for growing sunflower in the conditions of the
Western Forest-Steppe.

Materials and Methods. The research was conducted during 2024-2025 at the
Institute of Agriculture of Western Polissya on typical low-humus light loamy black
soil, which has the following agrochemical indicators in the 0-20 cm soil layer: humus
content according to Tyurin — 2.06%, alkaline hydrolyzed nitrogen content according
to Kornfield — 115.8 mg/kg of soil, mobile phosphorus (P>Os) and potassium (K»O)
according to Kirsanov — 195.2 and 190.3 mg/kg of soil, pH (saline) — 5.26, hydrolytic
acidity according to Kappen — 2.20 mg. eq./100 g of soil.

The predecessor is winter wheat. The placement of plots is systematic. The
area of the accounting plot is 25 m?, the sowing plot is 50 m”. Mineral fertilizers were
applied at a dose of NeoP30Koo.

The research was based on a hybrid composition (Factor A): 1. Goduvalnyk; 2.
Huslyar; Factor B (foliar feeding): 1. without treatment (control); 2. Helpprost (1 1/ha)
at the 3—4 and 5-6 leaf stages; 3. Gumifrend (potassium humate) (0.2 1/ha) at the 3—4
and 5-6 leaf stages.

(Factor A) Hybrids, originator: Breeding and Genetics Institute — National
Center for Seed Science and Variety Research; V. Ya. Yuriev Institute of Plant
Production of NAAS.

Huslyar is a high-yield, early-maturing hybrid, with a vegetation period of 105
days; plant height 170-180 cm. It is a simple interline hybrid of the linoleic type for oil
use. Included in the Register of Plant Varieties of Ukraine since 2015. Thousand-seed
weight is 58.5-60 g. Oil content is 51.3%. Recommended for the Steppe and Forest-
Steppe zones. Goduvalnyk was included in the Register of Plant Varieties of Ukraine
in 2020. Recommended for the Steppe and Forest-Steppe zones. Belongs to the mid-
early maturity group, for oil-use, linoleic type. Medium resistance to shattering, false
mildew, and phomopsis.

Foliar feeding (Factor B) was carried out with the organo-mineral fertilizer
Helpprost (1 1/ha). It contains macronutrients (N — 7.5; P — 4.5; K— 5.1); mesoelements
(S — 2.6; Mg — 2.5); micronutrients (B — 1.2; Z — 0.5; Fe — 0.15; Mn — 2.0; Cu — 0.4);
and biologically active substances: vitamins — 0.01; amino acids — 1.0; peptides — 0.5;
polysaccharides — 0.05.

Gumifrend (potassium humate) is a complex fertilizer based on potassium
humate, with additional beneficial microorganisms and products of their metabolism. It
contains potassium salts of humic and fulvic acids; a complex of microorganisms:
Bacillus subtilis, Bacillus megaterium var. rhphosphaticum, Bacillus muciloginosus,
Bacillus macerans, Paenibacillus polymyxa; biologically active substances (amino
acids, peptides); succinic (amber) acid; polyethylene glycol; and microelements
(sulfur, magnesium, zinc, iron, manganese, boron, copper, silicon, molybdenum,
cobalt).

After sunflower sowing, to control weeds, the soil herbicide Proxynil 720, CE

(propyzachlor, 720 g/l) was applied at 2.5 l/ha; against cereal weeds, the herbicide
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Bakkard 125, CE (quizalofop-P-ethyl, 125 g/1) at 0.6 l/ha; against diseases, Acantho
Plus (cyproconazole 80 g/1); and against pests, Zalp (chlorpyrifos 500 g/1) at 1.3 I/ha.

Yield accounting in the trials was carried out using a continuous method by
weighing from the accounting area of each plot.

The meteorological conditions in 2024-2025 were typical for the given zone,
but there were some deviations from long-term averages; in particular, the growing
season was characterized by higher air temperatures. The spring weather conditions in
the reported year led to late sowing of spring crops (Fig. 1).
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Fig. 1. Indicators of precipitation amount and air temperature during the

sunflower growing period (2025)
Source: developed by the author

April was cool and dry. Precipitation was 49 mm, which was 74.2% of the
climatic norm. The average daily air temperature was 9.6 °C, almost the same as the
climatic norm (9.6 °C). The sum of effective temperatures (>10 °C) was 76.5 °C. In the
Ist and 3rd decades, frosts were observed on the soil surface down to -4.1 °C and
-2.3 °C, respectively.

In May, the weather was cool; the average daily temperature was 11 °C, which
was 3.4 °C below the climatic norm. The maximum daytime temperature was 26.4 °C
and the minimum nighttime temperature reached -2.5 °C (1st decade). The sum of
effective temperatures >10 °C was 63.5 °C. During the month, a sufficient amount of
precipitation fell: 93.6 mm, which is 1.4 times higher than the climatic norm
(66.0 mm).

In June, the average daily air temperature was 18.4 °C, exceeding the climatic
norm by 0.6 °C (17.8 °C). The maximum daytime temperature was 31.5 °C and the
minimum nighttime temperature was 7.1 °C. The sum of effective temperatures >10 °C
was 252.3 °C. June was dry: precipitation was less than 26.5 mm and was 2.8 times
below the climatic norm (75 mm). The least precipitation fell in the second and third
decades of June.

During July, warm and rainy weather was observed. The average daily air
temperature was within the range of 17.2 °C to 24.7 °C, with an average of 19.9 °C,
which exceeded the norm (19.4 °C) by 0.5 °C. The maximum daytime temperature was
34.6 °C and the minimum nighttime temperature was 9.3°C. The sum of effective
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temperatures above >10°C was 307.1°C. Precipitation totaled 120 mm versus a norm
of 94 mm, which was 128%.

In August, the weather was warm and rainy. The average daily air temperature
was 18.4 °C, compared to the climatic norm of (18.9 °C). The maximum daytime
temperature was 32.3 °C and the minimum nighttime temperature was 7.1 °C. The sum
of precipitation for the month was 22.2 mm, which was 2.6 times lower than the norm
(58 mm). The sum of effective temperatures above 10 °C was 259.3 °C.

September was warm, with an average daily temperature of 15.9 °C, which
was 16% higher than the climatic norm. Precipitation was 62.8 mm versus a norm of
58.0 mm, i.e. 108%.

Results and Discussion. The study results showed that the biometric
parameters of sunflower plants depended largely on the hybrid composition and the use
of foliar feeding with liquid complex fertilizers. The highest plants were formed after
treatment with the organo-mineral fertilizer Helpprost (1 1/ha) in the 3—4 and 5-6 leaf
stages—in the hybrids Goduvalnyk (210 cm) and Huslyar (195 cm). In the control
variant (without feeding), these indicators were lower by 7.7-10.9%.

With two-time foliar feeding of sunflower using the complex fertilizer
Gumifrend (potassium humate) at a rate of 0.2 I/ha, the plant height of the hybrids
Huslyar and Goduvalnyk was 185 cm and 198 cm, respectively, which exceeded the
control by 1.5-6.3%. This indicates a stimulating effect of liquid complex fertilizers on
growth processes and the formation of more developed plant biomass (Fig. 2).
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Fig. 2. Effect of hybrid composition and foliar feeding on plant height and density
(2024-2025)

Notes: foliar feeding (Factor B) in variants 1-3 was carried out according to the experimental design.
Source: developed by the author

During the study, it was proven that plant density in the hybrids Huslyar and
Goduvalnyk before harvest varied within 53.0-55.1 thousand/ha. It was determined
primarily by hybrid composition and foliar feeding and remained optimal for full
growth, development, and yield formation of sunflower.

Morphological parameters of sunflower indicate a significant influence of
hybrid composition and foliar feeding on plant development. The largest head diameter
(16.9 and 16.1 cm) was observed in the hybrids Goduvalnyk and Huslyar after two-
time foliar feeding with the organo-mineral fertilizer Helpprost (1 1/ha) at the 3—4 and
5-6 leaf stages. In the untreated variant (control), this indicator was smaller: 14.6 and
12.7 cm, respectively (Fig. 3).
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Fig. 3. Effect of hybrid composition and foliar feeding on morphological traits of
sunflower plants (2024-2025)

Notes: foliar feeding (Factor B) in variants 1-3 was carried out according to the experimental design.
Source: developed by the author

The studies showed that foliar feeding with the complex fertilizer Gumifrend
(potassium humate) (0.2 1/ha) at the 3—4 and 56 leaf stages positively affected head
formation in the hybrids Goduvalnyk and Huslyar, in which the head diameter was
16.0 and 14.9 cm, respectively — 9,5-17.3% higher than the control.

Over the years of research, it has been found that in the untreated (control)
variants, the weight of sunflower seeds from the basket of the Guslyar hybrid was 6.0 g
less than the corresponding indicator in the Noduvallyan hybrid. (With the system of
foliar fertilization of plants with the complex fertilizer Humifrend (potassium humate)
(0.2 1/ha) and the organo-mineral fertilizer Helprost (1 1/ha) in the 3—4 and 5-6 leaf
phases of the Noduvallyan hybrid, the weight of seeds from the basket was 6,5 g and
52.7 g, which was 19.6% and 4.2% higher than the control (untreated) and 19.8% and
11.7% higher than the indicators of the Guslyar hybrid of the treated variants. (Fig. 4).
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Fig. 4. Effect of hybrid composition and foliar feeding on morphological traits of
sunflower plants (2024-2025)

Notes: foliar feeding (Factor B) in variants 1-3 was carried out according to the experimental design.
Source: developed by the author
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A similar trend was observed in the hybrid Huslyar: with foliar feeding using the
organo-mineral fertilizer Helpprost (1 I/ha) and the complex fertilizer Gumifrend
(potassium humate) (0.2 1/ha) at the 3—4 and 5-6 leaf stages, the seed mass from the head
was higher and amounted to 50.5 g and 47.2 g, respectively. However, these values were
lower than the control (without treatment) by 13.2% and 5.8%, respectively.

The greatest number of seeds per head was observed in the hybrids
Goduvalnyk and Huslyar under foliar feeding with the organo-mineral fertilizer
Helpprost (1 1/ha) at the 3—4 and 5-6 leaf stages and amounted to 1234 and 1054 seeds,
respectively, exceeding the control (without treatment) by 12.3% and 10.8%,
respectively.

It was established that in the hybrids Huslyar and Goduvalnyk, the mass of
1000 seeds was highest — 47.7 and 49.2 g — under two-time foliar feeding with the
organo-mineral fertilizer Helpprost (1 1/ha). The lowest values of this indicator were
observed in the untreated variant (control): 46.6 g and 47.6 g, respectively.

The studies showed that the highest sunflower yield over the study years was
in the hybrids Goduvalnyk and Huslyar — 3.39 and 2.78 t/ha—which was higher than
the control by 12.1-12.6% under the condition of two-time foliar feeding with the
organo-mineral fertilizer Helpprost (1 1/ha) at the 3—4 and 5-6 leaf stages (Table 1).

An increase in yield of 0.30-0.38 t/ha relative to the control (without
treatment) was also observed in the hybrids Huslyar and Goduvalnyk when foliar
feeding was carried out with Gumifrend (potassium humate) (0.2 I/ha) at the 3—4 and
5-6 leaf stages.

Table 1
Sunflower yield depending on hybrid composition and foliar feeding, t/ha
(2024-2025)

Hybrid Foliar feeding Yield Yield increase from feeding

(Factor A) (Factor B) t/ha %
1* 3.01 - -

Goduvalnyk 2 3.39 0.38 1.13

3 3.22 0.21 1.07
1 2.48 - -

Huslyar 2 2.78 0.30 1.12

3 2.62 0.14 1.06

Notes: * foliar feeding in variants 1-3 was carried out according to the experimental design.
HIPos: A—0.25; B—0.30; AB - 0.43
Source: developed by the author

In modern conditions and in the future, one of the key scientific tasks is to
increase sunflower plant productivity, improve seed quality, and ensure the economic
and energy efficiency of its cultivation technologies. Achieving these goals is possible
through an integrated approach that includes selecting high-yielding hybrids adapted to
specific soil and climatic conditions, as well as applying a scientifically grounded
fertilization system. Of particular importance is the use of foliar feeding with
microfertilizers in critical phases of plant development, which makes it possible to ensure
optimal uptake of nutrients, increase crop resistance to stressful conditions, and
maximize realization of their biological potential (Sidyakina, 2021; Magbool et
al., 2023).
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Summarizing data from foreign studies, it can be noted that hybridization is an
effective tool for increasing sunflower productivity (Totskyi et al., 2024). Stable
heterosis has been established for seed yield traits, 1000-seed weight, and oil content,
which is caused by the combination of genetically distant parental forms (Tsykalov et
al., 2024). Most authors emphasize the predominance of non-additive genetic effects in
shaping hybrid productivity, which justifies the use of the CMS—restorer system in
breeding. In addition, hybrid forms are characterized by increased adaptability to
abiotic stresses, ensuring yield stability under different agroecological conditions. It
has been found that yield gains in certain hybrid combinations can exceed 20-30%,
and in some cases more than 50% relative to the better parent (Ashraf & Siddiqi,
2024). Therefore, results of foreign research confirm the promise of further use of
hybrid improvement in sunflower cultivation technologies.

Conclusions. As a result of the conducted studies, the sunflower cultivation
technology in the conditions of the Western Forest-Steppe has been improved. It
involves mineral fertilization at the rate of NgP30Koo together with double foliar feeding
using the organo-mineral fertilizer Helpprost (1 1/ha) at the 3—4 and 5-6 leaf stages,
which will provide yields in the hybrids Goduvalnyk and Huslyar of 3.39 t/ha and 2.78
t/ha, respectively. Prospects for further research include studying the effectiveness of
different rates of mineral fertilizers in combination with foliar feeding of microelements
and biological preparations to increase sunflower yield and seed quality. It is also
advisable to study the response of different sunflower hybrids to the use of organo-
mineral fertilizers in the soil and climatic conditions of the Western Forest-Steppe.
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®OPMYBAHHA ITPOAYKTUBHOCTI COHALIHUKY
3AJIEKHO BIJA BIIVIMBY I'BPU/THOI'O CKJIAAY TA
KOMILVIEKCHUX 10ObBPUB

0. B. Kypau

Tnemumym cinbcokoeo ecocnodapemea 3axionoeo Honices HAAH Yxpainu

Y cTaTTi HaBeAeHHi pe3ynbTaT AochigKeHb NO BUBYEHHIO BNAMBY riGpuaHoro
cKnagy i3 No3akopeHeBUM MiMKMUBMEHHAM KOMMMEeKCHMMU [o6puBaMu Ha
c¢hopmMyBaHHA NPOAYKTUBHOCTI COHALLHUKY. MeTa pocnimkeHb — yAOCKOHaNeHHsA
enemMeHTiB iIHTEHCMBHOI €eKOmnoriyHo 6e3ney4yHoi TeXHOMNOorii BUPOLLYBaHHS
COHSILLHMKY B ymoBax 3axigHoro Jlicocteny, wo 3a6e3ne4ynts MakCMMarbHO
MOXNUBY peani3auito GionoriyHoro noreHuiany KynbTypu. Martepian i metogu
pocnimkeHb. [locnimkeHHA npoBoavMnocb Ha pocnigHomy noni IHctuTyTi
cinbcbkoro rocnogapctea 3axigHoro Monicca (2024—2025 pp.). BusaBneHo, wo y
BapiaHTax 6e3 0Opo6neHHs (KOHTPOsNb) NPy OGMosoYyBaHHI Maca HaciHHA 3
KOLUMKa COHSILWHUKY riopuay MNycnsap 6yna meHwoto Hix riopuay MogyBanbHMK
Ha 6,0 r. Tomi, AK 3a cCUCTEeMM NO3aKOPEHEBOro MiMKMBNEHHA POCIIUH
KOMnnekcHUM pobpuBom [ymicdpenp (rymar kanio) (0,2 n/ra) Ta opraHo-
MiHepanbHuM ao6pmusom Xennpoct (1 n/ra) y casm 3—4 i 5-6 nuctkiB y riopuaa
MNogyBanbHMK Maca HaciHHA 3 Kowuka ctaHoBuna 60,5 r Ta 52,7 r, BianoBigHoO
npupicT fo KoHTponto (6e3 o6pobneHHs) 19,6% i 4,2%, KinbKicTb HaCiHUH y
Kowwuky 1234 wr. Ta 1054 WT., WO NepeBULLYBaNoO NMOKa3HUKU KOHTponio (6e3
0obpobneHHs1) Ha 12,3% i 10,8%, maca 1000 HaciHuH Oyna HanBuwow 47,7 i 49,2
r, ToAi IK HAMMEeHLUi 3Ha4YeHHs1 LibOro NokKasHMKa cnocrepiranucsa y BapiaHTi 6e3
0bpo6neHHs1 (KOHTponb) | ctaHoBUNK 46,6 r Ta 47,6 r, BignoBigHo. [locnimkeHHA
nokasanu, LWO HaMBULWMA BPOXal COHSALWHWMKY 3a POKA [OOCHiMKEHHsA
cnocTtepiraBcs y riopuais MNogysanbHuk i MNycnsap — 3,39 i 2,78 1/ra 3a ymoBu
[BOPAa30BOro MNO3aKOPEHEBOro MiMKUBIIEHHA POCHUH OpraHo-MiHepanbHUM
po6pusom XennpocT (1 n/ra) y cdasm 34 i 5-6 nuctkis, wo 6yno BuwmmM 3a
KOHTponb Ha 12,1-12,6%, BucHoBku. B pe3synbTtati npoBeaeHux pocnimkeHb
yOOCKOHarneHa TEeXHOMOriA BUPOLLYBaHHA COHSILLHWMKY B ymMoBax 3axigHoro
NicocTeny, sike nepea6ayae miHepanbHe yao6peHHA B Ao3i NeoP3oKso cymicHo 3
ABOPa3OBUM NO3aKOPEHEBUM MiHKUBIIEHHAM OpraHo-mMiHepanbHUM JOGPUBOM
Xennpoct (1 nira) dasy 34 Ta 5-6 nuctkis, Wo 3abe3neynTb oAepPKaHHA
Bpoxato y riopuaiB MNogyBanbHuk Ta Nycnsap — 3,39 1/rai 2,78 1/ra.

Kntouoei cnosa: coHsmHUK, TiOpum, opraHo-MiHepaimbHE NOOPWBO, TyMaT Kallilo,
IT03aKOpEHeBe ITiHKUBICHHS, TPOTyKTUBHICTh
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