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0.21-0.4 t/ha compared to control, as well as an increase in oil content by 0.6-2.1-5.3%. The overall impact of the
combination of hybrid and foliar feeding methods on yield was the largest, amounting to 63.5%, where the impact
of hybrid selection was 27.4%, foliar feeding — was 5.4%, and other factors had an impact of 3.7%. The findings
suggest that the use of foliar feeding can significantly enhance productivity and enhance the quality attributes
of sunflower seeds. The utilisation of these biological substances not only enhances seed production and oil
content but also promotes more sustainable and robust plant development. Accordingly, the integration of such
methods into agronomic practices can significantly improve crop productivity and increase the economic benefits

of growing high-yielding sunflower hybrids
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INTRODUCTION

Modern agriculture is facing challenges related to cli-
mate change, preserving soil fertility, reducing the use
of chemical fertilisers and pesticides, and ensuring sus-
tainable agricultural production. The use of bioprepa-
rations containing natural microorganisms can improve
plant and soil health, increase plant adaptability to
stressful conditions and increase the content of oleic
acid in seeds, which together will contribute to higher
commercial yields of these crops.

Sunflower (Helianthus annuus L.) is among the four
primary oilseeds of worldwide significance, alongside
soybean,palm,and rapeseed (Kovalenko et al.2021).The
use of foliar fertilisers and growth regulators has sig-
nificant potential for developing the biological capabil-
ities of plants. As noted by Y. Domaratskiy et al. (2023),
foliar fertilisation acts as a complementary method to
root fertilisation, offering in some cases a more cost-ef-
fective and efficient solution. This method ensures that
nutrients are instantly absorbed and distributed within
the plants through the leaves, quickly eliminating nu-
tritional deficiencies. The studies emphasise the impor-
tance of sunflower as one of the key oilseeds and the
potential of biological products in its cultivation, some
gaps have not yet been fully covered in the scientif-
ic literature. There has been limited investigation on
the effects of foliar feeding on the soil microbiota and
plant health. Furthermore, there is a dearth of evidence
regarding the effects of these fertilisers on various sun-
flower cultivars, especially those that have a significant
concentration of oleic acid or omega-6 carbohydrates.

High-oleic sunflower hybrids stand out among oth-
er oilseeds due to their higher oleic acid content, which
exceeds 90% (Malik et al., 2024). According to O. Kova-
lenko et al. (2024) and O.Yeremenko et al. (2023), these
hybrids are characterised by increased resistance to
oxidation, which reduces the risk of toxic compounds
during processing, storage or use. From a nutritional
point of view, the most valuable oils are those with a
high content of oleic acid (up to 70%) and a low con-
tent of linoleic acid (up to 20%). Thus, modern sunflow-
er breeding is focused on adjusting the ratio of fatty
acids to create oils and fats that are highly stable and
efficient. The sunflower breeding goals are focused on
creating hybrids with yields of more than 5 t/ha and oil
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content of more than 50%, which underlines the growth
of the planned development and quality requirements
for this crop. Following Y.M. Hadzalo et al. (2023) and
Y. Domaratskiy et al. (2022), even with the recognised
potential of sunflower, environmental factors remain
a significant constraint to achieving maximum yields,
which currently range between 1.5 and 3 t/ha. They
stressed the need for breeders to prioritise overcoming
or reducing the impact of negative environmental con-
ditions to ensure yields of 4 t/ha or higher.

Foliar nutrition is also recommended for integrat-
ed crop protection, as it not only increases yields and
improves product quality, but is also an environmen-
tally friendly way of feeding, reducing the environmen-
tal impact associated with fertiliser applied to the soil
(Lopushnyak et al., 2022). This is made possible by pre-
cise dosing of nutrients directly to the plant, limiting
their overuse and minimising the environmental impact
(Poltoretskyi et al., 2020; Tsyliuryk et al., 2021). Plant
growth regulators (PGRs) are a heterogeneous collec-
tion of chemical substances capable of stimulating,
inhibiting, or influencing physiological and morpho-
logical processes in plants. According to S.Vdovenko et
al. (2024), the use of PGR for controlling sunflower de-
velopment has already proven to be effective in coun-
teracting the negative impact of stressful conditions
on crop productivity, as noted in the study. Although
their research indicates the effectiveness of PGR in in-
creasing crop adaptation to stressful conditions, there
is room for further development of this topic. Specifi-
cally, the long-term effects of the use of PGRs on the
soil microbiome and environmental safety remain in-
sufficiently investigated (Dehtiarova, 2023). It is also
worth addressing the potential development of plant
resistance to PGR over time, as well as considering the
impact of excessive use of PGR on non-target species,
which can lead to ecological imbalances.

Therefore, this study aimed to assess the influence
of biological substances on the yield and characteris-
tics of sunflower seeds with high oleic content in the
Southern Steppe environment of Ukraine. This work
aimed to assess the influence of different biological
chemicals on the seed development of high-oleic sun-
flower hybrids and to examine how these chemicals




contribute to the concentration of oleic acid in the lig-
uid extracted from the seeds.

MATERIALS AND METHODS

This study was conducted experimentally at the Ed-
ucational and Research Centre of Mykolaiv National
Agrarian University between 2021 and 2023. The ex-
perimental plots consist of soil characterised by south-
ern chernozem, low-power, slightly saline, and predom-
inantly loamy deposits found in woodlands. The pH of
the soil solution was within the range of 6.8-7.2, indi-
cating a neutral reaction. Humus concentration in the
0-30 cm layer ranged from 123 to 125 gkg* (Drobit-
ko et al., 2023). The average composition of the topsoil
included nitrates, which are created via the complex-
ation of nitrates with disulfophenolic acid, resulting
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in the formation of trinitrophenol. Upon exposure to
an alkaline environment, it produces potassium trini-
trophenolate (or sodium trinitrophenolate, depending
on the alkali employed) in a proportion that matches
the nitrate concentration, resulting in a yellow hue.
The extraction of mobile phosphorus and potassium
compounds from the soil using a 1% ammonium car-
bonate solution with a pH of 9 at a temperature of
25%20°Cyields a mobile phosphorus concentration of
15-25 mg/kg?. 41-46 mg/kg?, exchangeable potassi-
um (measured with a flame photometer). The range is
389-425 mg/kg* of soil. Located in the southern Steppe
subzone of Ukraine, the experimental plot area is clas-
sified under the third agroclimatic region (Panfilova et
al., 2019; 2023). The experimental design comprised
the subsequent alternatives (Table 1):

Table 1. Scheme of the experiment

Factor A - hybrids

Factor B (foliar feeding with biological products)

1.NK Ferty 1. Control (water treatment)
2.Mas 86.0L 2. Sclerocide (1 l/ha)
3. Columbi 3. Azotophyt-p (0.5 I/ha)
4.LG 5452 HO KL 4. Organic balance (0.5 I/ha)
5.P64HE133 5.Sclerocide (1 I/ha) + Helprost-Bor (1 |/ha)

6. Azotophyt-p (0.5 l/ha) + Helprost-Bor (1 |/ha)

7.0rganic-Balance (0.5 I/ha) + Helprost-Bor (1 l/ha)

Source: compiled by the authors

The plants underwent two treatments with the
specific biological compounds under investigation. The
first treatment occurred during the stage of 5-6 pairs of
leaves, while the second treatment took place during
the budding phase. Seed sowing of the examined hy-
brids was conducted at a soil temperature ranging from
8 to 10°C.Harvesting took place during the third decade
of September in the specified years of study. The origin
of hybrids is as follows: “NK Ferty” (Syngenta, France);
“Mas 86.0L" (MAS Seeds, France); “Columbi” (Lim-
agrain, France); “LG 5452 HO KL (Limagrain, France);
“P64HE133” (Pioneer, USA). The study was organised in
arandomised design with four replications in each plot
of 25 m%.The planting density is 50 thousand plants/ha,
with a row spacing of 70 centimetres. Generally, the
appropriate fertiliser rates and agronomic procedures
for sunflower production were established.

To study the growth and development of terres-
trial plants, measurements and analyses were con-
ducted using the following techniques: the height of
the plants and the dimensions of the seventh leaf
(its breadth and length) were evaluated immediately
before the onset of pollenation. For this purpose, five
typical plants marked with labels were selected from
the two central rows. The leaf area was determined
according to the method described by S.0. Tkachyk et
al. (2016). Harvesting was carried out manually at
full ripeness. All measurements and observations

were made following the field research methodology
of S.0. Tkachyk et al. (2016). The oil and oleic acid
content of the seeds was determined using magnetic
resonance techniques from Spinlock Magnetic Reso-
nance Solutions.

RESULTS

A three-year field trial evaluated the growth charac-
teristics of five sunflower hybrids with a high oleic
acid content. The analysis of plant height showed
that the hybrid “P64HE133” had the highest average
height, which was 178.93 cm. This result may indicate
the high adaptability of this hybrid to growing condi-
tions and its potential to form a productive leaf surface
for efficient photosynthesis. A slightly lower average
height was demonstrated by the Columbi hybrid, which
is 176.79 cm, which also indicates its high phenotyp-
ic qualities and adaptability. At the same time, the
NK Ferty hybrid with an average height of 175.88 cm
was ranked third among the tested variants, empha-
sising its potential for creating optimal conditions for
development. Next on the list are the hybrids “Mas
86.0L” and “LG 5452 HO KL” with average heights of
174.67 cm and 173.64 cm, respectively, demonstrating
a variety of growth characteristics among high-oleic
sunflower hybrids. The statistical study yielded a sta-
tistically significant difference (P < 0.05) between the
hybrid “P64HE133” and all other variations, except for
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“Columbi”. Thus, the results emphasise the hierarchy of
growth characteristics among the studied hybrids, in-

dicating a significant heterogeneity in the response of
plants to environmental conditions (Table 2).

Table 2. The impact of biological products on sunflower growth:
analysis of the average plant height for the period 2021-2023, cm

Foliar feeding with biological Hybrid (factor A)
products (factor B) LG 5452 HOKL  Mas 86.0L NK Ferty Columbi P64HE133  Average value
Control (water treatment) 160.54 163.76 165.54 168.95 170.98 165.55
Sclerocide 168.4 168.74 172.95 170.98 172.39 170.29
Azotophyt-p 170.6 172.61 174.55 172.61 175.32 173.54
Sclerocide + Helprost-Bor 174.76 175.26 176.71 176.98 177.71 176.28
Organic balance 177.1 17771 178.57 178.84 179.57 178.36
Azotophyt-p + Helprost-Bor 179.73 180.29 180.75 180.75 181.39 180.98
Organic-Balance + Helprost-Bor 182.32 182.29 183.07 183.04 184.73 183.49
Average value 173.64 174.67 175.88 176.79 178.93 -

Source: compiled by the authors

Within the realm of biological products, the appli-
cation of the “Organic-Balance + Helprost-Bor” combi-
nation on two occasions throughout the growth season
resulted in an average plant height of 183.49 cm, sur-
passing the achievements of other experimental varia-
tions. For instance, the combined use of “Azotophyt-p +
Helprost-Bor”resulted inan average height of 180.98 cm,
while the separate use of “Organic-Balance” resulted
in an average height of 178.36 cm. The variants with
“Sclerocide + Helprost-Bor” and ‘Azotophyt-p” showed
176.28 cm and 173.54 cm, respectively. The applica-
tion of “Sclerocide” demonstrated a result of 170.29 cm,
and the control variant without fertilisation showed
the lowest average height - 165.55 cm, which demon-
strates a significant (P <0.05) increase in plant growth
for all fertilisation options compared to the control.

Specifically, the application of “Sclerocide + Hel-
prost-Bor” twice during the growing season resulted
in a substantial rise in the average height of hybrids
“NK Ferty”to 176.71 cm and “Mas 86.0L" to 175.26 cm.
These results surpassed those achieved by applying the
combination ‘Azotophyt-p” individually twice. For the
“Mas 86.0L" hybrid, a similar effect was observed when
the combination of “Azotophyt-p + Helprost-Bor” was
used as isolated treatments twice, reaching an average

height of 180.29 cm. However, when “Organic-Balance +
Helprost-Bor” was applied separately twice, a slight in-
crease in average height to 182.29 cm was found. At the
same time, for all the hybrids studied, any foliar feeding
contributed to an increase in plant height.

The most significant effect on plant height was the
relationship between the choice of hybrids and foliar
feeding regimes, which accounted for 76.5% of the to-
tal effect. In isolation, hybrid selection had a significant
impact, accounting for 18.9%, while foliar fertilisation
itself played a role with a 2.9% share. The other factors
studied had a 1.7% effect on plant height. This high-
lights the importance of optimising the foliar applica-
tion regime for specific sunflower hybrids to maximise
their growth and development. During a detailed field
study aimed at studying the morphological character-
istics of high-oleic sunflower hybrids, the leaf area was
assessed, which is a key factor in the process of photo-
synthesis and affects the overall productivity of plants.
The analysis determined that hybrids “P64HE133” and
“Columbi” showed the highest average leaf area among
all the studied hybrids, each of which had an identical
indicator (Table 3). This indicates the significant poten-
tial of these hybrids in forming an efficient photosyn-
thetic system capable of optimising the use of sunlight.

Table 3. Leaf area of sunflower hybrids in the flowering phase depending
on biological products, m2 (average for 2021-2023)

Foliar feeding with biological Hybrid (factor A)
products (factor B) LG 5452 HOKL Mas 86.0L NK Ferty Columbi P64HE133  Average value
Control (water treatment) 0.585 0.592 0.6 0.609 0.617 0.601
Sclerocide 0.628 0.642 0.65 0.66 0.673 0.651
Azotophyt-p 0.661 0.665 0.675 0.687 0.7 0.678
Sclerocide + Helprost-Bor 0.7 0.71 0.715 0.72 0.725 0.714
Organic balance 0.725 0.73 0.735 0.74 0.745 0.735
Azotophyt-p + Helprost-Bor 0.75 0.755 0.76 0.765 0.77 0.76
Organic-Balance + Helprost-Bor 0.775 0.78 0.785 0.79 0.795 0.785
Average value 0.689 0.711 0.717 0.741 0.756

Source: compiled by the authors
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Compared to “P64HE133” and “Columbi’, hybrids
“NK Ferty” and “Mas 86.0L" showed slightly lower av-
erage leaf area for each of them. These results indicate
that these hybrids also have good adaptability to exter-
nal conditions and can effectively develop leaf areas to
meet the plant’s photosynthetic needs. The lowest aver-
age leaf area was found in the hybrid “LG 5452 HO KL
Even though this value is only slightly inferior to other
hybrids, statistical analysis confirmed that all hybrids
had a statistically significant advantage over “LG 5452
HO KL in this parameter (P <0.05). This finding empha-
sises the significance of genetic elements and the in-
fluence of agricultural methods on the formation of the
leaf surface, which is directly linked to the plant’s ability
to undertake photosynthesis and hence its production.

Thus, the analysis of leaf area identified the var-
iability between the studied hybrids and emphasised
the importance of this parameter in determining photo-
synthetic efficiency and overall adaptation of plants to
growing conditions. The analysis of the impact of foliar
feeding on the leaf surface development of sunflowers
revealed that the combination of long-term “Organ-
ic-Balance” and “Helprost-Bor”, together with a separate
two-time application of ‘Azotophyt-p”and “Helprost-Bor”,
resulted in the attainment of the highest average leaf
area. “Organic-Balance” and “Sclerocide + Helprost-Bor”
fertilisers provided the average leaf area, indicating a
decrease in efficiency with a decrease in fertiliser inten-
sity. The application variant “Azotophyt-p” and the sep-
arate application “Sclerocide” showed an even smaller
average area of 0.678 m? and 0.651 m? respectively.
The control variant, without any fertilisation, showed
the lowest average leaf area, emphasising the impor-
tance of foliar fertilisation for leaf surface development.

Among the analysed hybrids, “P64HE133” showed
that a two-time application of “Azotophyt-p” resulted
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in an increase in the average leaf area to 0.678 m?,
which was higher than with long-term use of the bi-
ological product “Sclerocide”. A similar trend was ob-
served with the two-time application of “Organic-Bal-
ance + Helprost-Bor” compared to the long-term use
of “Azotophyt-p + Helprost-Bor”. Interestingly, for Mas
86.0L, the use of “Organic-Balance” alone resulted in a
slightly higher average leaf area compared to the long-
term use of “Sclerocide + Helprost-Bor”. Hybrids and the
use of foliar fertilisers had the greatest impact on leaf
area, accounting for 50.1%. The next most important
factor was the use of foliar fertilisers, which contrib-
uted 33.2% to the increase, while hybrids themselves
contributed 11.4%. Other factors accounted for 5.3% of
the impact. The “P64HE133” hybrid showed the high-
est average number of kernels per basket, followed by
“Columbi”, “NK Ferty”, “Mas 86.0L", and “LG 5452 HO KL
with 1048.1 kernels. At the same time, “P64HE133” was
distinguished by a significantly higher average number
of grains compared to other hybrids, and all hybrids
showed a statistically significant (P <0.05) excess over
“LG 5452 HO KL

The highest average number of grains per basket
among the hybrids was recorded with the double use of
“Organic-Balance + Helprost-Bor”, amounting to 1224.4
pieces. ‘Azotophyt-p + Helprost-Bor”, “Organic-Balance’,
“Sclerocide + Helprost-Bor”, “Azotophyt-p” and “Sclero-
cide” were next, while the control group had the lowest
number of 1128 units. The application of each foliar
fertiliser led to a statistically significant (P < 0.05) rise
in the mean grain count when compared to the control
group. The difference between the highest result with
“Organic-Balance + Helprost-Bor” and the results with
“Azotophyt-p + Helprost-Bor” or “Organic-Balance” was
not statistically significant, unlike the results for the
other hybrids (Table 4).

Table 4. Number of seeds in a basket of sunflower hybrids depending
on biological products, pcs. (average for 2021-2023)

Foliar feeding with biological

Hybrid (factor A)

products (factor B) LG 5452 HOKL Mas 86.0L NK Ferty Columbi P64HE133  Average value
Control (water treatment) 1,001 1,036 1,110 1,232 1,261 1,128
Sclerocide 1,041 1,050 1,121 1,242 1,289 1,148.6
Azotophyt-p 1,043 1,058 1,158 1,265 1,294 1,163.6
Sclerocide + Helprost-Bor 1,051 1,070 1,177 1,281 1,295 1,174.8
Organic balance 1,054 1,077 1,216 1,294 1,320 1,192.2
Azotophyt-p + Helprost-Bor 1,058 1,089 1,232 1,295 1,330 1,200.8
Organic-Balance + Helprost-Bor 1,089 1,121 1,242 1,324 1,346 1,224.4
Average value 1,048.1 1,066.6 1,182.3 1,276.1 1,305 -

Source: compiled by the authors

Essentially, the application of biological prod-
ucts twice led to a marginal rise in the seed count
per basket in comparison to the extended treatment.
However, for the “NK Ferty” hybrid, long-term use of
fertiliser has proved particularly effective. When using
the “Sclerocide” combination, the number of seeds per

head slightly decreased compared to the two-time use
of “Azotophyt-p”. A similar trend was observed for the
“LG 5452 HO KL’ hybrid, where “Sclerocide” yielded
1041 seeds, while the use of “Azotophyt-p” alone yield-
ed 1043 seeds. Moreover, in the case of “LG 5452 HO
KL’ the use of “Azotophyt-p + Helprost-Bor” resulted in
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a decrease in the number of seeds per head compared
to the use of “Organic-Balance + Helprost-Bor”. For the
hybrid “Mas 86.0L", the long-term application of “Or-
ganic-Balance” also showed a slight decrease in the
number of seeds compared to the two-time application
of “Azotophyt-p + Helprost-Bor”.

Despite this, each use of biological products
showed better results on average on each hybrid than
the control. The combined effect of hybrids and foliar
treatments was most effective (56.4%) in increasing
the number of seeds per head. Hybrids came in sec-
ond with 39.5%, followed by foliar fertilisers (1.1%)
and other factors (3%). Seed yield is considered a key
indicator for assessing the economic benefits of using
modern hybrids. In this context, the “P64HE133” hybrid
had the highest average seed yield, reaching 3.82 t/
ha. In the last season, agricultural research showed
that among the various hybrids tested at the test site,
such as “Columbi”, “NK Ferty”, “Mas 86.0L" and “LG 5452

HO KL stand out in terms of seed yield. In particular,
“Columbi” showed a result of 3.72 t/ha, “NK Ferty” -
3.56 t/ha, “Mas 86.0L” - 3.29 t/ha, and “LG 5452 HO
KL - 3.11 t/ha.

Interestingly, the increase in yields in these studies
may be due not only to the genetic characteristics of
the hybrids themselves but also to the use of modern
biological products that contribute to better plant de-
velopment, increased stress resistance and protection
against pests and diseases. This underscores the im-
portance of an integrated approach to agricultural pro-
duction that combines high-quality seed with advanced
agricultural technologies.Among the different methods
of using biological products, the use of double fertil-
isation “Organic-Balance + Helprost-Bor” demonstrated
significantly better average seed yields compared to
other methods. Notably, the average yields between
the different methods of foliar feeding and the control
group differed significantly (Table 5).

Table 5. Influence of biological products on seed yield of sunflower hybrids, t/ha (average for 2021-2023)

Foliar feeding with biological Hybrid (factor A)
products (factor B) LG5452 HOKL  Mas 86.0L NK Ferty Columbi P64HE133  Average value
Control (water treatment) 2.98 3.01 3.17 34 3.56 3.23
Sclerocide 2.97 3.11 3.36 3.56 3.87 3.37
Azotophyt-p 3.14 3.31 3.35 374 3.82 3.48
Sclerocide + Helprost-Bor 3.37 3.47 3.5 3.68 3.69 3.54
Organic balance 3.06 3.22 3.49 3.81 3.83 3.48
Azotophyt-p + Helprost-Bor 3.08 35 3.54 391 3.95 3.8
Organic-Balance + Helprost-Bor 3.19 341 3.5 393 4.04 393
Average value 311 3.29 3.56 372 3.82 -

Source: compiled by the authors

Usually, seed yields with three times foliar spraying
exceeded the results of two times application of simi-
lar fertilisers and PGR. This demonstrates the effective-
ness of more intensive nutrient application methods in
increasing the productivity of most hybrids. However,
some exceptions to this rule have been recorded, es-
pecially for specific hybrids that show differences in
response to cultivation. Specifically, the hybrid “NK Fer-
ty” showed a slightly reduced seed yield when sprayed
twice with the “Sclerocide” combination, compared to
a single application of “Azotophyt-p”. This may indicate
that for some hybrids, increasing the number of sprays
does not always lead to better results, possibly due to
the achievement of optimal nutrition levels or due to the
specific needs of the hybrid itself. Moreover, the hybrid
“Mas 86.0L" showed a lower seed yield when “Sclero-
cide + Helprost-Bor” was applied twice compared to the
two-time application of “Organic-Balance”. This con-
firms the idea that not all hybrids are more productive
with more intensive fertilisation regimes, and in some
cases, less intensive but well-targeted fertilisation can
be more beneficial. As such, although the general trend
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shows the benefits of double foliar spraying to increase
seed yields in most cases, some exceptions require an
individualised approach to each hybrid. It is necessary to
address the specific needs of each hybrid and the possi-
bility of reaching yield requirements, which may make
further investments in additional sprays less effective.
The application of any form of foliar treatment on
each hybrid resulted in an enhancement in seed yield
when compared to the control group that did not re-
ceive any further fertilisation. The combined effect of
hybrid characteristics and foliar nutrition proved to be
the most powerful factor affecting yield, accounting
for 64.5% of the total impact. The hybrids themselves
contributed 27.3% of the impact, while biological prod-
ucts had 6.9%. Other aspects accounted for only 1.3%
of the impact on the final yield. The key indicator for
assessing the quality of oilseeds is their oil content. In
this respect, the “P64HE133” hybrid showed the highest
average level of 51.3%.The oil content of other hybrids
decreased in the following order: “Columbi”, “NK Ferty”,
“Mas 86.0L", “LG 5452 HO KL The use of bioprepara-
tions increased the oil content by 0.9-1.8% (Fig. 1).
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Figure 1. Oil and oleic acid content in sunflower hybrid seeds, %
(average for 2021-2023 and by the factor of foliar feeding of crops with biological products)

Source: compiled by the authors

In conducting a thorough examination of the qual-
itative attributes of seeds from several sunflower hy-
brids, particular emphasis was given to the oleic acid
concentration, a crucial constituent that governs the
nutritional and industrial worth of oil. In particular,
the hybrid “P64HE133” had the highest average oleic
acid content among all the hybrids studied, reaching
93.1%. This high figure underlines the potential of the
“P64HE133” hybrid not only in terms of yield but also in
terms of the quality of the products obtained. Compared
to “P64HE133’, the other hybrids showed lower aver-
age values of oleic acid content, but they also showed
significant variability in this component, depending on
growing conditions and applied agricultural technolo-
gies. Notably, the use of foliar fertilisers can increase
the content of oleic acid in seeds by 2.1-5.3%, which
underlines the importance of agrochemical measures
to improve the quality of agricultural products.

It is worth noting that the content of oleic acid
in each of the studied hybrids exceeded the total oil
content, which indicates a high level of saturation with
this valuable component. This high oleic acid content
makes these hybrids particularly attractive to produce
high-quality oils suitable for use in the food industry
and for other purposes, such as biofuel production.

DISCUSSION

The investigation’s results indicated a significant cor-
relation between the use of biological products and
the yield of sunflowers. Furthermore, it was imperative
to emphasise the contingent nature of the indications
on the sunflower hybrid. Nevertheless, to enhance the
credibility and pertinence of the analysis, it is essential
to analyse these indicators about comparable studies
conducted by other authors.

In the context of agronomic research, analysis of
the impact of biological products on the physiologi-
cal characteristics of plants is prioritised. Specifically,
one of the areas of research is the effects of mycor-
rhizal preparations that facilitate symbiosis between
plant roots and fungi, thereby increasing their ability
to assimilate nutrients and resistance to stressful con-
ditions. One of these drugs is MycoFriend, which was

studied by G. Sousa et al. (2021), M. Gandariasbeitia et
al.(2022),and S. Hafez et al. (2021), to determine its po-
tential for increasing sunflower (Helianthus annuus L.)
yield. The application of MycoFriend in the row before
sowing resulted in a 1.9-2.5 cm increase in plant height
compared to the control group that did not utilise the
biological product. At full maturity, the plants in the
treated plots had an average height of 170.3-174.5 cm.
These results correlate with the original study, which
also recorded an improvement in plant growth using
mycorrhizal preparations, although, in the original
study, plant height was slightly higher. This may indi-
cate the variability of plant responses to mycorrhizal
preparations depending on specific growing conditions,
soil properties and climatic factors. Thus, research con-
firms the potential of biological products as a means of
optimising crop growth and development, offering an
effective tool for increasing productivity in conditions
where traditional agrochemical intervention may be
limited or undesirable.

In agronomic studies by S. Li et al. (2023) and
J. Li et al. (2022), the impact of the BTU biocomplex,
which includes natural nitrogen-fixing, fungicidal and
other beneficial bacteria, as well as biologically active
products of their vital activity, on different types of
crops in different agroclimatic conditions, was studied.
The results indicated that the use of this product en-
hances the efficacy of seed germination, enhances the
regularity of seedlings, decreases plant infection with
various diseases without causing addiction,and boosts
yields by 10-30%. These results confirm the high effi-
ciency of the BTU biocomplex and its prospects for
application in agronomy, especially in Ukraine, seek-
ing sustainable methods to increase the productivity
of agricultural systems.

Contemporary academic research in the subject of
agronomy is increasingly focussing on investigating the
influence of biological products on the morphological
and physiological traits of plants. One of the main areas
is the analysis of the ability of these products to im-
prove growth parameters, such as the number of leaves
per plant, which can significantly affect the overall pro-
ductivity of plants by increasing photosynthetic activity.

Scientific Horizons, 2024, Vol. 27, No. 10

97



98

Influence of biological products on the productivity...

A study conducted by B. Han et al. (2021), A. Oliveira et
al. (2022) and D. Nguyen et al. (2021) conducted the
effect of Biopolin on sunflower plants, in particular,
on changes in the number of leaves. An observed var-
iation in the leaf count per plant, ranging from 17.8
to 27.1 pieces, was attributed to the administration of
Biopolin. All hybrids examined showed a substantial
rise in leaf count, with a difference ranging from 4.4 to
8.8 leaves compared to the control plots without the
preparation. These data should be compared with the
results of the original study, which focused on meas-
uring leaf area rather than directly on the number of
leaves. Initial observations revealed a rise in leaf area,
suggesting a beneficial impact of mycorrhizal prepara-
tions on the growth of leaf mass. However, by assessing
the number of leaves, a more detailed picture can be
obtained of changes in the growth characteristics of
the plant, indicating a potential improvement in not
only the quantitative but also the qualitative parame-
ters of photosynthesis.

Studies have shown moderate correlations be-
tween yield and oil quality, which demonstrates that
changes in the growing season due to heat stress do
not directly affect oil quality. Heat stress can affect
the oil content by reducing the number of seeds and
increasing the sterile zone on the sunflower heads. In
particular, a drop in seed count can lead to a decrease
in oil content, while an increase in sterile area can
contribute to an increase in oil content (Shahini et
al., 2023). Under conditions of heat stress, variations
in the concentration of oleic acid are observed, which
becomes more sensitive to high temperatures. Under
normal temperature conditions, oil content is posi-
tively correlated with an oleic acid content, which is
in line with previous results of H. Amimy et al. (2023),
but under heat stress this relationship becomes neg-
ative. Reducing the oil content at high temperatures
does not necessarily increase the oleic acid concen-
tration. Along with the increase in oleic acid caused
by genetic and environmental factors, there may be a
decrease in the concentration of palmitic acid, as con-
firmed by the study by P. Lemos et al. (2022). These dis-
coveries are important for Ukraine, one of the world’s
leading sunflower producers. An assessment of the
influence of heat stress on the quality and yields of
oil can be utilised to formulate climate change adap-
tation measures that will guarantee the sustainability
of production in the presence of global warming and
climate fluctuations.

Considerable focus is given in agriculture to the
influence of biological products on crop productivity
(Tanchyk et al., 2024). These are based on biological
products that show great promise in increasing sun-
flower yields. P. Evon et al. (2023) and N. Alzamel et
al. (2022), who studied the ES Balistic hybrid, noted
that the use of Polymyxobacterin increased yields com-
pared to control plots where the biological product
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was not used. Under control conditions, the average
yield was 2.62 t/ha. However, after the application of
the biological product, an increase in this indicator
was recorded, which confirms its effectiveness. Also
noted are the results of J. Anandappa et al. (2023),
M. Al-Zaidy and I. Al-Hilfy (2023) and B. Adeleke et
al. (2022), who analysed the “SY Experto” hybrid and
acquired similar trends. In the control plots, the yield
of this hybrid was slightly higher and amounted to
2.7 t/ha. The use of biological products also increased
yields, but, as in the first case, slightly higher results
were reported in the original study, which could be
due to differences in weather conditions, soil, or oth-
er agronomic parameters between the studies. These
results indicate the potential of biological products as
an effective means of increasing sunflower productiv-
ity, providing a rationale for further research and the
potential integration of this biological product into
modern agronomic practices.

The growing season is a critical factor that affects
harvest time and quality, and the ability of biological
products to modulate this period can have significantag-
ronomic implications. A. Ghendov-Mosanu et al. (2023),
R.Puttha et al.(2023) and K.Asish et al.(2023) examined
the length of the growth season for two sunflower hy-
brids, namely the medium-early hybrid “P64LE121” and
the medium-ripening hybrid “P64LE99". Following the
study results, the vegetation period of the medium-ear-
ly hybrid ranged from 102 to 113 days, while that of the
medium-ripening hybrid lasted from 108 to 116 days.
Particular attention was devoted to the effect of the bi-
ological product FitBest applied to the row before sow-
ing. This application of the product demonstrated the
ability to extend the growing season of both hybrids
to @a maximum duration of 113-116 days. This increase
may be due to improved growth conditions, such as
increased nutrient availability or improved water nu-
trition. Significantly, the aforementioned study did not
include the duration of the growing season as a crucial
factor. Instead, the focus was directed towards other
agronomic aspects such as the yield of crops and the
overall quality of seeds. Failure to address the length
of the growing season in previous studies may indicate
an underestimation of its impact on the final result of
crop production.

CONCLUSIONS

The study findings showed that the biological products
proved efficacy in enhancing several important param-
eters of sunflower agriculture, such as plant height, leaf
area, seed count in baskets, seed yield, and seed quality,
including oil and oleic acid content. Particularly striking
results were obtained for the “P64HE133” and “Colum-
bi” hybrids, which showed the highest average yield
with the highest oil content.

The application of “Organic-Balance + Helprost-Bor”
twice, as well as the double use of ‘Azotophyt-p +




Helprost-Bor”, proved to be effective, providing high av-
erage seed yields for all hybrids in general - 3.8 t/ha
and 3.93 t/ha respectively, which is significantly high-
er than the control group. Importantly, the biological
products enhanced seed production by 0.21-0.4 met-
ric tonnes per hectare compared to the control group
and increased oil content by 0.9-1.8%. This highlights
the importance of foliar feeding as a strategy to op-
timise sunflower production performance. Additionally,
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is recommended to use targeted biological products, in
particular, the combination of “Organic-Balance + Hel-
prost-Bor” or “Azotophyt-p + Helprost-Bor” twice on the
hybrids “P64HE133” and “Columbi”.

Further research should address the genetic in-
teraction between high oleic sunflower hybrids and
biological products, which may reveal which genetic
markers influence the increased response to biologi-
cal products. This could be used to develop targeted

the average oleic acid content in the seeds, which is
critical for oil quality, was increased by 2.1-5.3% due
to foliar nutrition. In general, the combined effect of

breeding strategies to improve plant response to bio-
logical fertilisation.

hybrid and biological product selection had the largest ACKNOWLEDGEMENTS
share in improving seed yields (63.5%), followed by the  None.
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AHoTauisa.[locnigxeHHs 6yno cnpssMoBaHe Ha BUBYEHHS ePEKTMBHOCTI 3aCTOCYBaHHS 6ionpenapaTis Ha picT,pO3BUTOK
Ta NPOAYKTUBHICTb BUCOKOONEIHOBUX NiOPUAIB COHALIHMKY 3 METOHO NiABULLEHHS YPOXKANHOCTI HACIHHSA Ta NOKPALLEHHS
akocTi onii. NMpoTarom 2021-2023 pokis B MnkonaiBcbKi 06acTi 6yno npoBefeHo eKCNePUMEHT, CNPSIMOBAHUI Ha
BMBYEHHS ePEKTUBHOCTI CeMM BapiaHTiB MO3aKOPEHEBOrO MiAXMBAEHHS Ha MPOAYKTUBHICTb MATU BUCOKOONEIHOBUX
ribpuaiB COHSALWHMKY. Pe3ynbTaTv mokasanu, Wo no3akopeHeBe MNigKMBAEHHS Mano NO3UTUBHMI BMNIMB HA BU3HAYEHI
napameTpu, BKKOYa4M BUCOTY POCSIMH, MOLLY IUCTKA, KiNIbKiCTb HACIHMH Y KOLUMKY, YPOXAMHICTb HACIHHA, BMICT ONii
Ta 0N1eTHOBOI KMCNOTU B HaCiHHI. 30KpeMa, riopua “P64HE133” npoaeMOHCTPYBaB HaiBuLLY CEPEAHIO YPOXKAMHICTb
3,89 1/ra, HacTynHuM 6yB “Konom6i” 3 nokasHuMKoM 3,69 T/ra, npu LbOMY MiXK HUMK He BYN0 BUABNEHO CTaTUCTUYHO
3HauyLwwoi pi3HMLi. Mo3akopeHeBe NimgxuBeHHs “OpraHik-6anaHc” cnpusio MiABULLEHHIO CEPEAHbOI YPOXAMHOCTI
HaciHHs po 3,58 T/ra, nepeBuLLyOUM pe3ynbTaTi Bif iHWKMX BUAIB 0OMpUCKYBaHb. 3aCTOCyBaHHS GionpenapatiB
cnpuano 36inbweHH0 ypoxkanHocTi Ha 0,21-0,4 T/ra NOPIiBHSHO 3 KOHTPONiEM, @ TaKOoX 30i/bLUEHHIO BMICTY ONlii Ha
0,6-2,1-5,3%. 3aranbHuit BNAMB KOMBiHALiT ri6puay Ta cnocobiB NO3aKOPEHEBOr0 NiAXMBAEHHS HA YPOXaWHICTb OyB
HanbinbwmMm, cknaewu 63,5%, ne Bnnve Bubopy ribpuaa ctaHoBuB 27,4%, N03akopeHeBOro NigxueneHHs — 5,4%,
a IHWI YYMHHUKKM Manu BNAMB 3,7 %. Pe3ynsTaTi BKa3ykTb HA Te, WO NO3aKOPEHEBE MiAKUBIEHHS MOxe edeKTUBHO
NiABULLMTM YPOXKAMHICTbTa MOKPALLMTYM KiCHi XapaKTePUCTUKM HACiHHS COHSLLHMKY. 3aCTOCYBaHHS LiMx bionpenaparis
He nuwwe 36inblye KiNbKiCTb HACiHHS Ta BMICT ONii B HUX, ane M cnpuse Binbw CTiIMKOMY Ta 340pPOBOMY POCTY
pocauH. BignosiaHo, iHTerpauis Taknux MeTomiB y arpoTEXHIYHI MPaKTUKM MOXE 3HAYHO MOKPALUMTU NPOAYKTUBHICTb
CiNbCbKOrOCMOAAPCbKMUX KyNbTYp i 30iNblUMTK €KOHOMIYHY BUroAy Bif, BMPOLLYBAHHS BMCOKOBPOXaWHWUX ribpuais
COHSILLHMKY
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