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Abstract. The increasing production of sunflowers is driven by multiple factors, including 
the introduction of high-intensity hybrids, an advanced fertilisation system, a balanced plant 
protection strategy, and modern high-efficiency machinery. Further technological improvements 
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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 

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 

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 (N60P60K60), the yield 
increase resulting from biopreparation application ranged from 0.21 to 0.17  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
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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  4287:2004  (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:
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1) No fertiliser (control 1);
2) N60P60K60 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  + 

N60P60K60 applied during cultivation;
6) Groundfix, 2.5 L/ha + Azotofit, 1.5  L/ha  + 

N42P42K42 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 

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) × 109  CFU/cm3.

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 
3.18 t/ha (Fig. 1).

Figure 1. Sunflower yield depending on the application of biopreparations
Note: fertilisation treatments – 1. No fertiliser (control 1); 2. N60P60K60 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 + N60P60K60 applied during cultivation; 6. Groundfix, 2.5 L/ha + Azotofit, 
1.5 L/ha + N42P42K42 applied during cultivation
Source: developed by the authors
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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 N60P60K60 

(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 (N60P60K60) and a 30% 
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reduced dose (N42P42K42), positively influenced 
crop productivity, with increases of 0.21 t/ha and 
0.17  t/ha, respectively, compared to control  2, 
and 0.72 t/ha and 0.68 t/ha compared to control 1, 
yielding 3.9 t/ha and 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 
N60P60K60 and N42P42K42, 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 N60P90, 0.23 t/ha with the application of the bi-
opreparation, and a 0.42  t/ha increase with the 
combined application.

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).

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. N60P60K60 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 + N60P60K60 applied during cultivation; 6. Groundfix, 2.5 L/ha + Azotofit, 
1.5 L/ha + N42P42K42 applied during cultivation
Source: developed by the authors
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Thus, the application of Groundfix in 
pre-sowing cultivation, with no fertilisers, re-
sulted in a reduction of pathogens in the soil by 

8.6% during the flowering phase and 10.1% dur-
ing the maturation phase. When bioprepara-
tions Groundfix + Azotofit were applied together 
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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 fungi in 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 matter in the 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 
content in the soil and its uptake by plants (Fig. 3).

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. N60P60K60 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 + N60P60K60 applied during cultivation; 6. Groundfix, 2.5 L/ha + Azotofit, 
1.5 L/ha + N42P42K42 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 0.73, 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 

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 O. 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.

Research variant Hydrolysed nitrogen, 
mg/kg

Mobile phosphorus, 
P2O5, mg/kg

Mobile potassium, 
K2O, mg/kg

Flowering Full 
maturity Flowering Full 

maturity Flowering Full 
maturity

1. No fertiliser (control 1) 101 97 132 140 158 150
2. N60P60K60 applied during cultivation 
(control 2) 109 103 145 152 165 157

3. Groundfix, 5 L/ha applied during cultivation 101 94 142 150 161 154
4. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha 
applied during cultivation 103 96 140 149 161 154

5. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha + 
N60P60K60 applied during cultivation 109 102 151 158 172 160

6. Groundfix, 2.5 L/ha + Azotofit, 1.5 L/ha + 
N42P42K42 applied during cultivation 106 98 147 156 165 156

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

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 (N60P60K60) 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 N42P42K42 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 with N60P60K60 and N42P42K42 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  
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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 to higher phosphorus uptake by the crop yield. 
Applying Groundfix + Azotofit with N60P60K60 and 
N42P42K42 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.

As indicated 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 N60P60K60 increased available potassi-
um in the soil by 7 mg/kg (172 mg/kg) compared 
to applying N60P60K60 alone (control  2). With 
N42P42K42, the potassium level 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.

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 (10.7%) compared 
to the control. With mineral fertiliser applica-
tion at N60P60K60, sunflower yield increased by  
0.51  t/ha (3.69  t/ha total), and when combined 
with biopreparations, yield increased by an ad-
ditional 0.17-0.21  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 5.65-10.1% 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 1.45 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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Оптимізація живлення рослин під дією біопрепаратів  
в інтегрованих технологіях вирощування соняшнику

Анотація. Феномен зростання виробництва соняшнику має поліфакторіальне 
походження  – нові високоінтенсивні гібриди, довершена система удобрення, 
збалансована система захисту рослин, сучасна високоефективна техніка. Тому для 
подальшого удосконалення технології потрібно знаходити нові шляхи, пов’язані 
із взаємодією факторів, або комбінативне їх використання. Одним з напрямів такої 
взаємодії є застосування біопрепаратів, які водночас вирішують не лише питання 
росту продуктивності, але й зменшують пестицидне навантаження, що є своєчасним 
і актуальним в сучасних екологічних умовах. Метою досліджень було встановлення 
впливу мінеральних добрив та позакореневого підживлення біопрепаратом на 
продуктивність насіння соняшнику. Досліджувався вплив застосування мінеральних 
добрив і біопрепаратів на формування продуктивності насіння соняшнику. Встановлено 
вплив біопрепаратів на ріст, розвиток та продуктивність рослин соняшника за різних 
фонових умов мінерального живлення. Встановлено, що внесення біопрепаратів 
під передпосівну культивацію позитивно впливало на врожайність культури як за 
відсутності мінеральних добрив, так і за їх внесення. Використання біопрепаратів сприяло 
підвищенню врожайності соняшника, зокрема, внесення одного з досліджуваних 
біопрепаратів забезпечило приріст на 6,9  %, а сумісне застосування двох  – на 10,7  % 
порівняно з контролем без добрив. На фоні мінерального живлення (N60P60K60) приріст 
врожаю від застосування біопрепаратів становив 0,21-0,17 т/га залежно від дози добрив. 
Дослідження також виявили позитивні зміни в мікробіологічному стані ґрунту під дією 
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біопрепаратів. Зниження кількості патогенних грибів у фазу дозрівання досягало 10,1 % 
за застосування біопрепарату на фоні без добрив. Використання біопрепаратів також 
знижувало інтенсивність мінералізаційних процесів, що сприяло ефективнішому 
використанню азоту рослинами. Динаміка вмісту лужногідролізованого азоту, рухомого 
фосфору та калію підтверджувала позитивний вплив біопрепаратів на біогенний режим 
ґрунту та живлення рослин. Дослідження підтвердили доцільність застосування 
біопрепаратів у технології вирощування соняшника, що сприяло підвищенню 
врожайності культури та поліпшенню екологічного стану ґрунтів. Результати 
дослідження можуть бути використані для реалізації генетичного потенціалу рослин 
соняшнику з метою формування стабільної його продуктивності

Ключові слова: урожайність; лужногідролізований азот; рухомий фосфор; рухомий калій; 
мікробіологічний стан ґрунту


