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require identifying new approaches based on factor interactions or their combined application.
One such approach involves the use of biopreparations, which not only enhance productivity but
also reduce pesticide load, a crucial consideration in the current ecological context. This study
aimed to determine the impact of mineral fertilisers and foliar application of a biopreparation
on sunflower seed productivity. The effects of mineral fertilisers and biopreparations on seed
productivity formation were examined. The influence of biopreparations on sunflower growth,
development, and productivity under varying mineral nutrition conditions was established. It was
found that the application of biopreparations during pre-sowing cultivation positively affected
crop yield, both in the absence and presence of mineral fertilisers. The use of biopreparations
contributed to increased sunflower yield, with one of the tested biopreparations leading to a 6.9%
increase, while the combined application of two biopreparations resulted in a 10.7% increase
compared to the unfertilised control. Under mineral nutrition conditions (NGOPGOKGO), the yield
increase resulting from biopreparation application ranged from 0.21 to 017 t/ha, depending on
the fertiliser dosage. The study also revealed positive changes in the microbiological state of the
soil under the influence of biopreparations. The reduction in pathogenic fungi during the ripening
phase reached 10.1% when a biopreparation was applied in the absence of fertilisers. The use of
biopreparations also reduced the intensity of mineralisation processes, facilitating more efficient
nitrogen uptake by plants. The dynamics of alkaline-hydrolysable nitrogen, available phosphorus,
and potassium content confirmed the beneficial effects of biopreparations on the soil biogenic
regime and plant nutrition. The findings support the feasibility of incorporating biopreparations
into sunflower cultivation technologies, contributing to increased crop yields and improved soil
ecological conditions. The results can be utilised to maximise the genetic potential of sunflower
plants and ensure stable productivity

Keywords: yield; alkaline-hydrolysable nitrogen; available phosphorus; available potassium; soil
microbiological state

INTRODUCTION

The high saturation of agrocenoses with sun-
flowers and the disruption of crop rotation in-
tervals lead to an accumulation of toxic com-
pounds in the soil, increased pathogen load, and
intensified degradation processes, resulting in
the deterioration of soil water, air, and nutrient
regimes. This necessitates the search for alter-
native methods to improve soil fertility in agro-
cenoses (Kovalenko et al., 2020). In modern plant
nutrition strategies, the use of biopreparations is
gaining prominence. These products aim to re-
store beneficial soil microorganisms, stimulate
soil biological processes, and improve the up-
take of macro- and micronutrients from fertil-
isers and the soil itself (Tsytsiura § Didur, 2021).
As noted in the study by V. Tsyhanskyi (2020), in
the context of modern agricultural production,
where fertilisers represent one of the most cost-
ly components of crop cultivation technologies,
optimising plant nutrition systems is critically
important. The author highlights the growing
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popularity of biological products that stimulate
the development of beneficial soil microorgan-
isms, enhance soil fertility, increase its suppres-
siveness against phytopathogens, and improve
crop productivity and yield, including sunflower.

X. Wei et al. (2024) explain that microbial
fertilisers not only enrich the soil with beneficial
microorganisms but also actively attract specif-
ic fungal microorganisms through substances
released by plant root systems. These recruit-
ed microorganisms, in turn, contribute to the
physical strengthening of the soil, improving its
structure and reducing compaction. They also
enhance nutrient uptake by plants and protect
them from pathogens. In essence, microbial
fertilisers initiate a complex and targeted inter-
action between plants and microorganisms to
optimise soil fertility and plant health. Accord-
ing to T. Wang et al. (2024), microorganisms in-
troduced via biopreparations, due to their rapid
reproduction and population changes, engage a
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substantial amount of nutrients in the biological
cycle. This prevents the migration of compounds
to lower soil horizons, reducing environmental
pollution. They also play a crucial role in optimis-
ing ecological balance in agricultural landscapes
under various farming intensities. Furthermore,
they improve the efficiency of mineral fertiliser
and pesticide use, increase crop productivity,
and enhance product quality (Karpenko, 2019).

According to A. Pavlichenko et al. (2023), the
prolonged use of mineral fertilisers and chemi-
cal soil improvement methods (such as liming)
significantly affects the dynamics of humus in
grey forest soils. This alters the amount, quali-
ty, and processes of humus formation. Research
indicates that only combining organic matter
with moderate doses of mineral fertilisers, along
with liming, promotes humus regeneration and
increases the proportion of stable humic ac-
ids. This brings humus formation closer to that
typical of the region’s natural forest soils. Mi-
croorganisms play a crucial role by mobilising
atmospheric nitrogen, breaking down organic
nitrogen compounds, and converting them into
plant-available forms. This reduces the need for
nitrogen fertilisers, which are the most costly to
produce (Potapenko & Horbachenko, 2021).

As highlighted by O. Litvinova et al. (2023),
while most soils contain an abundance of phos-
phorus, approximately 40% of arable land ex-
periences a deficiency in its available forms.
The issue of phosphorus depletion due to crop
harvests is becoming increasingly pressing, as
phosphorus accumulation is primarily concen-
trated in grains and fruits rather than in vege-
tative biomass, which replenishes soil nutrient
reserves after harvest. Consequently, the chal-
lenge lies in ensuring the availability of phos-
phorus compounds to plants by enhancing their
mobility, specifically by converting insoluble
forms into soluble ones (Kovalenko et al., 2022).
Microorganisms within biopreparations, by
producing organic acids and enzymes, inter-
act with minerals, releasing available potassi-
um and silicon. This enhances the accessibility
of these elements to plants. V. Hamayunova et
al. (2021) highlight that in the face of climate
change, particularly prolonged droughts, op-
timising crop nutrition, especially micronu-
trients, is crucial for achieving high-quality

<)

yields. While the activation of beneficial soil
biological processes by microorganisms in bio-
preparations has been extensively studied, the
combined impact of microorganisms on the
soil ecosystem in agricultural settings remains
under-researched. Therefore, this study aimed
to determine the changes in soil nutrient status
and sunflower yield in response to the applica-
tion of biopreparations.

MATERIALS AND METHODS

The study was conducted in 2022-2023 under
agreements No. 04-2022-NP/98 dated 21 July
2022 and No. 04-2023-NP/62 dated 05 April
2023 on an agricultural land plot located in the
administrative units of Kropyvnytskyi District,
Kirovohrad Region, Ukraine. The land is man-
aged by the Institute of Steppe Agriculture of
the National Academy of Agrarian Sciences
of Ukraine. The soil is an ordinary deep medi-
um-humus heavy loam chernozem. In the ar-
able soil layer where the study was conducted,
the humus content was 3.97%, hydrolysable
nitrogen - 10.8 mg per 100 g of soil, availa-
ble phosphorus and potassium - 6.9 mg and
14.4 mg per 100 g of soil, respectively, with a pH
of 5.9. Sunflower cultivation technology in the
experimental plots followed standard practic-
es for the Steppe zone. The preceding crop was
spring barley after soybean. The fertilisation
background was the natural soil fertility level.
The experiment was conducted in triplicate. The
sunflower hybrid used was LG 5555 CLP, with an
established plant density of 55,000 plants per
hectare at emergence.

During the flowering and ripening phas-
es of sunflower growth, soil samples were
collected from the 0-20 cm layer according
to the variants of the experiment, follow-
ing the DSTU 42872004 (2005) standard. The
content of alkali-hydrolysable nitrogen was
determined using the Kornfeld method, fol-
lowing DSTU 7863:2015 (2016). The availa-
ble phosphorus and potassium compounds
were analysed using the Kirsanov method,
modified by the NSC ISA, in compliance with
DSTU 4405:2005 (2006). The study investigat-
ed the effects of applying biopreparations with
fertiliser properties during pre-sowing cultiva-
tion under different nutrient backgrounds:

Plant and Soil Science (15)4
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1) No fertiliser (control 1);

2)N,,P,,K,, applied during cultivation (con-
trol 2);

3) Groundfix, 5 L/ha applied during cultiva-
tion;

4) Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha ap-
plied during cultivation;

5) Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha +
N,.P.,K,, applied during cultivation;

6) Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha +
N,,P,.K,, applied during cultivation.

Groundfix is a soil-acting biopreparation.
Its primary function is to enhance phosphorus
and potassium nutrition in plants by converting
phosphates into a soluble form, releasing retro-
graded phosphorus bound by secondary miner-
als, and mobilising potassium from hydromicas
and montmorillonite-group minerals. Addition-
ally, it increases the mobility and availability of
silicon for plants throughout the entire grow-
ing season. Due to the complex of bacteria that
produce organic acids, amino acids, enzymes,
phytohormones, antibiotics, and other sub-
stances that positively impact plants, enhancing
their adaptive and immune capabilities. A key
advantage of this biopreparation is its ability to
improve soil structure, aeration, and moisture
retention. Composition: live bacterial cells of
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Bacillus subtilis, Bacillus megaterium var. phos-
phaticum, Azotobacter chroococcum, Enterobac-
ter sp., Paenibacillus polymyxa; other beneficial
microflora (lactic acid bacteria, enzyme produc-
ers); vitamins, phytohormones, amino acids, and
other physiologically active substances. The total
number of viable cells is (0.5-1.5) x 10° CFU/cm?3.

Azotofit is a natural growth stimulant that
actively fixes molecular atmospheric nitrogen,
enriching the soil by up to 60 kg/ha (on average,
20 kg/ha). It synthesises growth-promoting sub-
stances that enhance root system development
and vegetative biomass, improve seed germi-
nation, increase plant resilience to stress fac-
tors, optimise nutrient uptake, and boost crop
yields. Composition: live cells of associative ni-
trogen-fixing bacteria.

RESULTS AND DISCUSSION

The research results demonstrated that apply-
ing biopreparations during pre-sowing culti-
vation positively influenced sunflower plant
growth, development, and yield. Specifically, un-
der conditions without mineral fertilisers, ap-
plying Groundfix during pre-sowing cultivation
increased sunflower yield by 0.22 t/ha, or 6.9%,
compared to the control (no fertiliser) yield of
318 t/ha (Fig. 1).

= Yield, average

0.51 for 2022-2023
M £ compared to
the control, t/ha
0.72

Figure 1. Sunflower yield depending on the application of biopreparations

Note: fertilisation treatments - 1. No fertiliser (control 1); 2. N. P. K

coPeoKeo applied during cultivation (control 2);

3. Groundfix, 5 L/ha applied during cultivation; 4. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha applied during cultivation;

5. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha + N_ P, K.,

15L/ha+N,,P, K, applied during cultivation
Source: developed by the authors

The combined application of Groundfix +
Azotofit under these conditions increased crop
productivity by 0.34 t/ha, or 10.7%, compared
to control 1. It is worth noting that the applica-

tion of mineral fertilisers at a dose of N, P, K,
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applied during cultivation; 6. Groundfix, 2.5 L/ha + Azotofit,

(control 2) had a significant impact on sunflow-
er yield, with an increase of 0.51 t/ha, resulting
in a yield of 3.69 t/ha. The combined use of the
biopreparations Groundfix + Azotofit, with a full
dose of mineral fertilisers (N..P_ K_)and a 30%

60~ 60 760
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reduced dose (N,,P,K,), positively influenced
crop productivity, with increases of 0.21t/ha and
017 t/ha, respectively, compared to control 2,
and 072 t/ha and 0.68 t/ha compared to control 1,
yielding 3.9 t/haand 3.86 t/ha, respectively. These
results are supported by the research of V.Hama-
yunova § V. Kudrina (2018) and Ye. Yurkevych et
al. (2023), found that the application of Ground-
fix at a dose of 5 L/ha increased sunflower yield
by 11.5% and 19.5%, respectively, compared
to the treatment without the preparation.

When comparing the combined application
of the biopreparations Groundfix + Azotofit with
N.P.K,, and NP, K, , a higher effectiveness
of the biopreparations was observed when ap-
plied with a 30% reduced dose of mineral fer-
tilisers, with the yield difference between them
being minimal at 0.04 t/ha. Research conduct-
ed by Yu. Soroka et al. (2017) and Ye. Domarat-
skyy (2018) suggests that the combined action of
mineral fertilisers and biopreparations exceed-
ed the combined effect of the two individual fac-
tors, thus demonstrating a synergistic effect: an
increase in yield of 0.17 t/ha with the application
of NP, 0.23 t/ha with the application of the bi-
opreparation, and a 042 t/ha increase with the

combined application.
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Analysis of the yield data showed that the
use of biopreparations in pre-sowing cultivation
positively influenced sunflower productivity,
both when no mineral fertilisers were applied
and when they were used. It should be noted
that the increase in sunflower productivity fol-
lowing the application of biopreparations to the
soil occurred against the backdrop of positive
changes within the soil, brought about by the ac-
tion of the microbial complex. This was reflect-
ed in a reduction in the number of pathogenic
fungi in the soil and the intensity of mineralisa-
tion processes, as well as a positive trend in the
content of key biogenic nutrients. The findings
of V. Volkogon (2018) also confirm that, under
the influence of microorganisms present in bi-
opreparations, there is mobilisation of unavail-
able phosphorus in the soil, particularly in the
rhizosphere zone, where a gradient exists for the
movement of nutrients from the soil to the roots.
The application of biopreparations in pre-sow-
ing cultivation in the current study reduced the
number of pathogenic fungi in the soil, depend-
ing on the experimental variant. During the flow-
ering phase, this reduction ranged from 2.55% to
8.6%, and during the maturation phase of the
sunflower, it ranged from 5.65% to 10.1% (Fig. 2).

M Flowering

Full maturity

Research variant

Figure 2. Number of pathogenic fungal species in the soil (%)
in sunflower crops with the application of biopreparations

Note: fertilisation treatments - 1. No fertiliser (control 1); 2. N__P. K

«oPeoKeo applied during cultivation (control 2);

3. Groundfix, 5 L/ha applied during cultivation; 4. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha applied during cultivation;

5. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha + N_ P, K,
15L/ha+N,,P, K, applied during cultivation

Source: developed by the authors
Thus, the application of Groundfix in

pre-sowing cultivation, with no fertilisers, re-
sulted in a reduction of pathogens in the soil by

o)

applied during cultivation; 6. Groundfix, 2.5 L/ha + Azotofit,

8.6% during the flowering phase and 10.1% dur-
ing the maturation phase. When bioprepara-
tions Groundfix + Azotofit were applied together

Plant and Soil Science (15)4
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on different nutrient backgrounds, the number
of pathogenic fungi decreased by 3.34-4.32%
during flowering and 5.65-6.25% during mat-
uration. The combined use of biopreparations
was less effective against pathogenic fungiin the
soil, which can be attributed to the lower appli-
cation rate of Groundfix, which contains micro-
organisms with high fungicidal activity. On the
full rate of mineral fertilisers and a 30% reduced
rate, with the application of Groundfix + Azo-
tofit, the number of pathogenic fungi was slight-
ly higher than with no fertilisers. This suggests
that the application of mineral fertilisers pro-
moted the growth of pathogenic fungi in the soil,
both with the application of fertilisers alone and
in combination with biopreparations. Ye. Do-
maratskyy § O. Kozlova (2018) emphasise that
the timely and rational use of biological growth

stimulants, combined with a biological fungi-
cide, will ensure the expected sunflower yield
and reduce plant infection by fungal diseases.

Changes in the soil microbiome also oc-
curred under the influence of biopreparations.
It is known that mineralisation-immobilisation
ratios lower than 1.0 indicate a decrease in the
rate of these processes while exceeding this val-
ue suggests undesirable intensity in minerali-
sationimmobilisation. When mineral fertilisers
were applied (control 2), the intensity of the min-
eralisation processes of organic matterinthe soil
during the flowering phase of sunflower was the
highest, with the mineralisation-immobilisation
ratio at 1.45. This indicates the active use of min-
eral nitrogen forms from fertilisers by micro-
organisms, resulting in a reduction of nitrogen
contentin the soil and its uptake by plants (Fig. 3).

Mineralisation -immobilisation ratio (MI.-R.)

0 02 04 0.6
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Figure 3. Mineralisation-immobilisation ratio during the flowering phase
of sunflower depending on the application of biopreparations

Note: fertilisation treatments - 1. No fertiliser (control 1); 2. N. P. K

«oPeoKe, applied during cultivation (control 2);

3. Groundfix, 5 L/ha applied during cultivation; 4. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha applied during cultivation;

5. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha+ NP, K,
15L/ha+N,,P, K, applied during cultivation

Source:developed by the authors

Such conditions result in the loss of soil
organic matter. Biopreparation application re-
duced the intensity of mineralisation processes
in the soil, improving nitrogen availability for
plants. For example, the mineralisation-immo-
bilisation ratio with Groundfix application with-
out fertilisers was 073, and with the combined
Groundfix + Azotofit application, it was 0.85.
The positive effect of biopreparations Groundfix
+ Azotofit was also observed with full and 30%
reduced mineral fertiliser doses, where the min-
eralisation-immobilisation ratio decreased to
1.26 and 1.35, respectively, compared to mineral
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applied during cultivation; 6. Groundfix, 2.5 L/ha + Azotofit,

fertilisers alone. This indicates that bioprepara-
tions reduced competition for nitrogen between
microorganisms and plants, contributing to in-
creased yields as previously discussed. These
findings are supported by research conducted
by 0. Tonkha et al. (2019). The study revealed that
the level of alkaline hydrolysed nitrogen in the
soil decreased throughout the growing season
(from sunflower flowering to maturity) across all
treatments. However, the variability of this indi-
cator was low (V - 4%). Changes in soil micro-
bial processes, induced by the microorganisms
in the biopreparations, affected soil nitrogen
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dynamics and its uptake by plants. For example,
in the unfertilised treatment and with Ground-
fix application, the alkaline hydrolysed nitrogen

content at flowering was 101 mg/kg soil (Table 1).
However, the rate of nitrogen uptake by plants
increased with biopreparation use.

Table 1. Changes in soil agrochemical indicators with biopreparation application in sunflower crops

. Hydrolysed nitrogen, | Mobile phosphorus, | Mobile potassium,
Research variant
mg/kg P,0,, mg/kg K,0, mg/kg
Flowerin FuII Flowerin Al Flowerin Ll
J maturity J maturity 6 maturity

1. No fertiliser (control 1) 101 97 132 140 158 150
2. NP, K, applied during cultivation 109 103 145 152 165 157
(control 2)
3. Groundfix, 5 L/ha applied during cultivation 101 94 142 150 161 154
4, Gr.oundﬁ>.<, 2.5 L/.ha + Azotofit, 1.5 L/ha 103 9% 140 149 161 154
applied during cultivation
5. Groundfix, ?.5 L/hg + Azo’Foﬁt., 1.5 L/ha + 109 102 151 158 172 160
N,,PKs, applied during cultivation
6. Groundfix, ?.5 L/hta + Azo’Foﬁt., 1.5L/ha+ 106 98 147 156 165 156
N,,P,.K,, applied during cultivation

Source: developed by the authors

Applying Groundfix in combination with
Azotofit improved the soil nitrogen status by
2 mg/kg compared to using Groundfix alone.
This is attributed to the high nitrogen-fixing ca-
pacity of the bacteria in Azotofit. In treatments
with mineral fertilisers alone (N P, K, ) and in
combination with biopreparations Groundfix +
Azotofit, the alkaline hydrolysed nitrogen lev-
el in the soil increased to 109 mg/kg. Applying
Groundfix + Azotofit with NP, K, resulted in a
slight decrease in nitrogen. According to the au-
thors, this is due to the increased mineralisation
processes in the soil and the enhanced nitrogen
uptake during sunflower vegetative growth.

During sunflower maturity, there was a
slight decrease in alkaline hydrolysed nitrogen
content in the soil with biopreparation use, both
with and without mineral fertilisers. This indi-
cates increased nitrogen uptake by sunflower
plants and the inability of nitrogen-fixing mi-
croorganisms to fully compensate for nitrogen
demand. The available phosphorus content in
the soil increased throughout the growing sea-
son, with low variability (V=4-5%) observed dur-
ing this period.

The complex of microorganisms intro-
duced with the Groundfix biopreparation fa-
cilitated the more efficient conversion of una-
vailable phosphorus compounds, both organic

and mineral, into plant-available forms. This is
evidenced by the increased levels of available
phosphorus in the soil and its uptake in the crop
yield. Applying Groundfix during pre-sowing
cultivation increased available phosphorus in
the soil by 10 mg/kg during flowering, reach-
ing 145 mg/kg, compared to the control level
of 132 mg/kg. Applying Groundfix in combina-
tion with Azotofit during presowing cultivation
reduced available phosphorus in the soil by
2 mg/kg compared to using Groundfix alone,
resulting in 140 mg/kg. This is attributed to the
lower dose of Groundfix and the primary func-
tion of Azotofit, which focuses on nitrogen fixa-
tion and plant stimulation. Applying Groundfix
+ Azotofit withN_ P, K. and N, P, K, increased
available phosphorus in the soil by 6 and
2 mg/kg, respectively, compared to applying the
full mineral fertiliser dose alone (control 2).
Analysis of available phosphorus in the
soil during sunflower maturity indicates the
continued activity of the Groundfix bioprepa-
ration’s microorganisms in decomposing or-
ganic matter and converting sparingly soluble
phosphates into available forms. For example,
applying Groundfix at 5 L/ha during pre-sowing
cultivation increased available phosphorus by
10 mg/kg compared to the control, reach-
ing 150 mg/kg (Table 1). With the combined

Plant and Soil Science (15)4
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application of Groundfix + Azotofit, available
phosphorus decreased by 1 mg/kg compared to
Groundfix alone, resulting in 149 mg/kg. This
slight reduction is within a trend and is attribut-
ed tohigher phosphorus uptake by the crop yield.
Applying Groundfix + Azotofit with NP, K, and
N,,P,K,, increased available phosphorus by 8
and 6 mg/kg, respectively, compared to mineral
fertiliser application alone (control 2), reaching
158 and 156 mg/kg. It is important to note that
available phosphorus in the soil increased with
the application of Groundfix + Azotofit under
different nutrient conditions, particularly with
mineral fertiliser application.

Sunflower is a potassium-demanding crop,
making potassium crucial for its nutrition. A
deficiency in this element significantly impacts
yield, oil content in the seeds, and plant suscep-
tibility to diseases. Analysing the seasonal dy-
namics of available potassium in the typical me-
dium-humus, deep, heavy loam chernozem soil,
a decrease in potassium content was observed
across all treatments throughout the growing
season. From flowering to maturity, available po-
tassium levels declined, although they remained
within high sufficiency ranges. The decrease in
available potassium in the soil is due to its up-
take by plants. As plants grow and develop, nu-
trient absorption naturally leads to a reduction
in potassium concentration in the soil solution.

Asindicated by the soil sample analysis from
the sunflower flowering stage, available potassi-
um increased from 158 mg/kg in the control to
161 mg/kg with Groundfix application. Adding
Azotofit (variant 4) did not affect the available
potassium in the soil, remaining at 161 mg/kg.
The combined application of Groundfix + Azo-
tofit with N P, K, increased available potassi-
um in the soil by 7 mg/kg (172 mg/kg) compared
to applying N, P, K alone (control 2). With
N,,P,. K, the potassiumlevel was similar to con-
trol 2 (165 mg/kg). Samples taken at sunflower
maturity showed a similar trend in available po-
tassium dynamics. Changes in available potassi-
um in sunflower crop soil are directly influenced
by the complex of microorganisms introduced
into the soil, alterations in microbial processes,
and plant uptake. Nutrient absorption naturally
leads to a decrease in potassium concentration
in the soil solution.

Plant and Soil Science (15)4

CONCLUSIONS

This study found that using biopreparations
during pre-sowing cultivation positively in-
fluenced sunflower growth, development, and
yield. Applying biopreparations without mineral
fertilisers increased sunflower yield: Ground-
fix increased yield by 0.22 t/ha (6.9%), and the
combined application of Groundfix + Azotofit
increased yield by 0.34 t/ha (107%) compared
to the control. With mineral fertiliser applica-
tion at N, P, K., sunflower yield increased by
0.51 t/ha (3.69 t/ha total), and when combined
with biopreparations, yield increased by an ad-
ditional 017-0.21 t/ha. Biopreparations were
more effective with a 30% reduced mineral fer-
tiliser dose, with only a 0.04 t/ha yield difference
between the full and reduced doses.

Biopreparation application reduced path-
ogenic fungi in the soil by 2.55-8.6% during
flowering and by 5.65-101% during sunflower
maturity. Groundfix was most effective with-
out mineral fertilisers, while the combined bi-
opreparation application was less effective due
to the reduced Groundfix dose. Biopreparations
reduced the intensity of mineralisation process-
es in the soil, enhancing nitrogen availability
for plants. The mineralisation-immobilisation
ratio was 145 with mineral fertilisers alone, but
only 0.73 with Groundfix application, indicating
reduced soil organic matter loss and improved
nitrogen availability.

The application of biopreparations posi-
tively influenced the content of essential nu-
trients in the soil. The level of alkaline hydro-
lysed nitrogen at flowering increased to 101 mg/
kg with Groundfix, and by an additional 2 mg/
kg with the combined application of Ground-
fix + Azotofit. Groundfix application increased
available phosphorus at flowering by 10 mg/kg
(to 145 mg/kg), and the combined application
with Azotofit reached 140 mg/kg. In treatments
with mineral fertilisers, biopreparations further
increased available phosphorus by 6-8 mg/kg
compared to mineral fertilisers alone. Analysis
of potassium dynamics showed a decrease in
soil potassium content throughout the growing
season, attributed to active sunflower uptake.
However, sufficiency levels remained high, in-
dicating effective potassium mobilisation by the
biopreparation microorganisms.
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OnTuMiI3auiqa XXUBNeHHNA POC/UH nif aiclo 6ionpenaparis
B iHTErpoBaHUX TeXHONOriAX BUPOLLYBaHHS COHALUHUKY

AHoTauifa. deHOMeH 3pOCTAHHA BHUPOOHUIITBA COHAIIHUKY Mae MojlidpaKkTopianbHe
[IOXOIJKEHHsS - HOBI BHUCOKOIHTeHCUBHi rifpupu, [oBeplleHa CHUCTEMa YAO6PeHHS,
36a7laHCOBAHA CHCTEMa 3aXUCTY POCIUH, CydYacHa BUCOKOepeKTHBHA TexHika. ToMy Ais
MOJabIIOr0 YAOCKOHAJNIEHHS TexHoJorii MmoTpibHO 3HaxXOLUTU HOBI IIIAXY, ITOB'S3aHi
i3 B3aeMogieio pakTopiB, abo KoMbiHATHMBHE iX BUKOpPHUCTaHHS. OZHUM 3 HaMpsAMiB Takoi
B3aeMOZii € 3acTocyBaHHSA biomperapaTiB, SKi BogHOYAaC BUPILIYIOTh He JIWIE MUTAHHS
POCTY IPOALYKTUBHOCTI, ajie 11 3MeHIIYIOTh IeCTULIUHe HaBaHTa)KeHH, 1110 € CBOEYaCHUM
i arRTyasNbHUM B CYyYaCHUX eKOJIOTiYHUX yMoBax. MeTO0 HOCIHiAKeHb 6YJI0 BCTAHOBIEHHS
BIUIMBY MiHepaJbHUX HO6PUB Ta I103aKOPEHEBOrO MiAJKUBJIEHHS 6iompermapatoM Ha
TIPOLYKTUBHICTh HACIHHA COHAIIHUKY. [JOCIiAKyBaBCs BIIJIUB 3aCTOCYBaHHSA MiHepaabHUX
no6puBibionpenapaTiBHa GOpMYBaHHA IPOLYKTUBHOCTI HACIHHA COHANTHUKY. BCTaHOBIIEHO
BIJIUB biompemnapaTiB Ha picT, pO3BUTOK Ta MPOAYKTUBHICTh POCTIUH COHANIHNKA 32 PI3HUX
bOHOBUX YMOB MiHEpanbHOrO JXUBJIEHHS. BCTAaHOBJIEHO, IIO BHeCeHH:d biompemaparis
IiJ repexIoCciBHY KyJIbTUBAllil0 IIO3UTHUBHO BIJINBAJIO Ha BPOXKAMHICTE KYJIBTYPU fAK 3a
BiICyTHOCTiMiHepaJbHUXDO6PUB, TaKi3aiXxBHeCeHH . BUROpUCTaHHAbIoIpenapaTiBCcupusaio
MiIBUIEHHIO BPOXKAWHOCTI COHANIHWKA, 30KpeMa, BHECEHHS OJHOI0 3 JOCHiZ)XKyBaHUX
6iompemnapariB 3abe3meuynsio MpuUpicT Ha 6,9 %, a cyMicHe 3acTocyBaHHA ABOX — Ha 10,7 %
HOPiBHAHO 3 KOHTpoJeM 6e3 no6pus. Ha ¢poni MinepanpHoro sxusneHHs (N P, K, ) mpupict
BpOJKAl0 Biji 3aCTOCyBaHHA b6iompenapaTtis ctaHoBuB 0,21-0,17 T/ra 3aJIe3KHO BiJ 103U B06pUB.
JocnimskeHHS TaKOX BUSBUJIU IO3UTUBHI 3MiHU B MiKp06i0JIOTiYHOMY CTaHi IPYHTY IiJ gi€io
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6iompernapaTiB. 3HUXEHHA KiIbKOCTI maToreHHUX rpubiB y dasy mospiBaHHg gocaraso 10,1 %
3a 3aCTOCyBaHHA biompemnapaty Ha ¢oHi 6e3 Ko6puB. BuroprcTaHHA 6iompenapaTiB TAKOXK
3HUJKYBaJI0O iHTEHCUBHICTb MiHepanisallilHUX IIpolieciB, o cIpuUsaNo edeKTUBHIMIOMY
BUKOPHUCTAaHHIOA30Ty POCIMHAMU. [[UHaMiKa BMIiCTY Iy>KHOTiApoJ1i30BaHOr0a30Ty, pPyXOMOTO
docdopy TaKamio MiATBEpAKyBaIa MO3UTUBHUY BIUIUB 6iompenapaTie Ha 6iorTe HHUY peskUM
TPYHTY Ta JXUBJIEHHS DOCJIUH. [JOCHiAKeHHS MiATBEpPAUIN AOLINBHICTh 3aCTOCYBaHHA
6iormperapaTiB y TexHOJOTril BUPOIIYBAaHHSA COHAIIHWKA, IIO CIIPUSAJIO IIiABUIIEHHIO
BPOXXaWHOCTI KYyJIBTYpU Ta IIOJNIMIIEeHHI0 eKOJIOTIYHOr0 CTaHy TCpPYyHTIB. PesynpraTtu
IOCIiAKeHHA MOXKYTh 6y T BUKOPUCTAHI AJig peaniszalii reHeTUYHOTO IOTEHIiaNly POCIUH
COHSITHUKY 3 MeTO10 GOpMyBaHHS CTabiIbHOI 1OT0 MPOAYKTUBHOCTI

KnioyoBi cnoBa: ypoyKalHiCTh; JIy>KHOTIIPOJIi30BaHUM a30T, pyXoMUuM Gochop; pyxoMuN Kaiin;
MiKpO6i0IOTiYHUI CTaH IPYHTY
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