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Abstract
The research is devoted to studying the influence of traditional mineral fertilizers and biofertilizers on the indicators of preservation, 

growth, individual productivity and yield of apple fruits in an intensive semi-dwarf apple orchard of Vinnytsia National Agrarian University 
during 2022-2024. One of the important factors in the formation and preservation of apple fruit yield is the total number of fruits set on one 
tree and the intensity of their fall. We found the largest number of apple fruits set on one tree when fertilized with Bionorma nitrogen-330 
pieces. This was 23.9% more than in the control variant without fertilizer, where 251 fruits were set. The greatest fruit shedding in June 
was detected in the control variant without fertilizer application-22.6% of the total number of laid fruits. The least fruit fell on the variants 
with the application of biofertilizer Bionorm nitrogen-12.6% and mineral phosphorus P60-12.9% of the total number of laid fruits. Among 
the variants with fertilizer application, the greatest number of fruit fell in June, where Bionorm phosphorus fertilizer was applied-17.5%. 
The indicators of individual fruit productivity are their number on the tree and the average weight of one fruit. The largest number of fruits 
on one tree was established on the variant of applying the biofertilizer Bionorma nitrogen-283 fruits, which was 95 apple fruits more than 
on the control variant, where there were 188 fruits. Also, many apple fruits were found on the variant of applying the complex mineral 
fertilizer N60P60K60-267 pieces.

Keywords: Apple tree, Biofertilizers, Productivity, Intensive type of garden, Horticulture

Introduction

The practical interest in biological preparations is due to the fact that they allow for the production of organic fruit products, 
and are also safe for warm-blooded animals, humans, and pollinating insects. They also exhibit high selectivity, do not pollute the en-
vironment, and do not lead to soil degradation (Bulgakov, et al. 2023, Farionik, et al. 2023, Okrushko, et al. 2025).

Today, biological preparations are also used to enrich the rhizosphere of plants with beneficial microorganisms, which are 
responsible for the effective nutrition of fruit crops with nutrients from the soil. Plant nutrition depends on which type of microorgan-
isms dominates in the rhizosphere (Hnatiuk, et al. 2019, Ivanyshyn, et al. 2021, Pantsyreva, 2021).

Populating the root zone, microorganisms convert unavailable forms of nitrogen, phosphorus, and potassium in the soil into 
forms available to the plant, inhibit the development and destroy pathogenic microflora-pathogens of crop diseases, and produce 
phytohormones that directly affect plant growth and development, their resistance to external stresses, and therefore yield (Titarenko, 
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et al. 2022).

Biological preparations are capable of increasing the yield and quality and environmental safety of fruits by 15%-25%, have a 
positive effect on the preservation of soil fertility, form biologically active compounds-phytobiotics, phytohormones, amino acids and 
vitamins (Kaletnik and Lutkovska, 2020).

It has been established that the highest efficiency of biological preparations is achieved when growing crops on mineral 
agro-backgrounds that do not exceed physiologically and agronomically appropriate indicators. At the same time, the coefficients of 
plant absorption of nutrients from fertilizers increase significantly, which has a positive effect on yield (Puyu, et al. 2021, Hnatiuk, et 
al. 2019, Mazur, et al. 2025). 

Materials and Methods

Field observations were conducted in 2022-2024 in the intensive semi-dwarf apple orchard of Vinnytsia National Agrarian Uni-
versity. The apple variety is Jonathan. The soil in the orchard is gray podzolized medium loam. The influence of traditional mineral 
fertilizers and biofertilizers of the Bionorma series, produced by the Bionorma company, on the indicators of preservation, growth, 
individual productivity and yield of apple fruits was studied. Among the mineral fertilizers, ammonium nitrate was applied at a rate 
of 60 kg/ha of mineral nitrogen, double superphosphate at a rate of 60 kg/ha of mineral phosphorus and nitroammofosk at a rate of 
60 kg/ha of mineral nitrogen, phosphorus and potassium. Mineral fertilizers were applied by scattering in the tree trunk circles in the 
spring with their incorporation into the soil. Biofertilizers of the Bionorma series included: Bionorma nitrogen at a rate of 10 l/ha, Bi-
onorma phosphorus at a rate of 10 l/ha, Bionorma garden at a rate of 5 l/ha. Biofertilizers were applied by spraying the soil around the 
trunk circles with a working fluid consumption of 200 l/ha with subsequent incorporation into the soil. The preparations were applied 
in the spring.

Results and Discussion

One of the important factors in the formation and preservation of apple fruit yield is the total number of fruits set on one tree 
and the intensity of their fall (Tokarchuk, et al. 2020, Vdovenko, et al. 2018). We found the largest number of apple fruits set on one tree 
when fertilized with Bionorma nitrogen-330 pieces. This was 23.9% more than in the control variant without fertilizer, where 251 fruits 
were set. Also, many fruits were formed on the variant with complex mineral fertilizer N60P60K60-317 fruits, which was 20.8% more than 
in the control. The smallest number of fruits was formed on the variants with the application of biological fertilizer Bionorma phos-
phorus and Bionorma garden-191 fruits each, which was 23.9% less than in the control. Also, fewer fruits were set than in the control 
on the variants of fertilization with mineral nitrogen fertilizer N60-215 fruits and mineral phosphorus fertilizer P60-207 fruits (Tab. 1).

Table 1. Intensity of premature apple fruit drop depending on fertilization.

Fertilizer option
Total number of 

fruits laid on one 
tree, pcs.

June fruit drop, % July fruit drop, % August fruit drop, 
%

Fruits left, pcs.
pcs. %

N60 215 14 1.1 2.8 177 82.1

Р60 207 12.9 0.8 2.6 173 83.7

N60Р60К60 317 14 0.4 1.3 267 84.3

Nitrogen bionorm 330 12.6 0.3 1.2 283 85.9

Bionorm 
phosphorus 191 17.5 0.5 1.7 153 80.1

Bionorm garden 191 15.7 0.3 1.2 158 82.8

Without fertilizer 
(control) 251 22.6 1.1 1.6 188 74.7

However, the total number of fruits laid by a tree on one tree does not determine the final yield, since fruit trees are character-
ized by the shedding of unformed fruits. This process is due to the tree shedding an excess amount of fruits due to a lack of moisture, 
nutrients and other unfavorable vegetation conditions. The tree remains with as many fruits as it can provide in sufficient quantity for 
their full ripening. June, July and August fruit shedding are distinguished.

The greatest fruit shedding in June was detected in the control variant without fertilizer application-22.6% of the total number 
of laid fruits. The least fruit fell on the variants with the application of biofertilizer Bionorm nitrogen-12.6% and mineral phosphorus 
P60-12.9% of the total number of laid fruits. Among the variants with fertilizer application, the greatest number of fruit fell in June, 
where Bionorm phosphorus fertilizer was applied-17.5%.
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An important factor influencing the formation of apple fruit productivity is the intensity of their growth, which is manifested 
in the increase in the size of apples. We studied the dynamics of changes in the diameter of apple fruits during the period from June 
to September, as an indicator of the formation of their productivity. In June, the largest diameter of apple fruits was observed in the 
variant of mineral nitrogen application N60-5 cm, and the smallest-in the variant of biofertilizer application Bionorma Phosphorus and 
in the control without fertilizer application-3 cm. In the remaining variants, the diameter of the fruits was about 4 cm (Tab. 2).

Table 2. Dynamics of apple fruit diameter growth depending on fertilization.

Fertilizer option

Fruit diameter, cm
Percentage of fruit diameter growth from 

June to SeptemberJune July August September

N60 5 5.5 5.7 6 16.7

Р60 4 4.5 6 6.2 35.5

N60Р60К60 4 4.3 5 5.2 23.1

Nitrogen bionorm 4 4.5 5 5.5 27.3

Bionorm phosphorus 3 4.5 5.6 5.8 48.3

Bionorm garden 4 4.6 6 6.5 38.5

Without fertilizer 
(control) 3 4.2 5.5 5.8 48.3

In July, the largest diameter of apple fruits was maintained in the variant of applying mineral nitrogen N60-5.5 cm, and the 
smallest-in the control variant without fertilizer-4.2 cm and with the application of complex mineral fertilizer N60Р60К60-4.3 cm. In 
August, the largest diameter of apples was observed in the variants of applying mineral phosphorus P60 and biofertilizer Bionorma 
Sad-6.0 cm each. The smallest diameter of apples was observed in the variant of applying complex mineral fertilizer N60P60K60 and bio-
fertilizer Bionorma Azot-5.0 cm each.

The indicators of individual fruit productivity are their number on the tree and the average weight of one fruit. The largest num-
ber of fruits on one tree was established on the variant of applying the biofertilizer Bionorma nitrogen-283 fruits, which was 95 apple 
fruits more than on the control variant, where there were 188 fruits. Also, many apple fruits were found on the variant of applying the 
complex mineral fertilizer N60P60K60-267 pieces.

Conclusions

So, when fertilizing an intensive apple orchard with classic mineral fertilizers and biofertilizers of the Bionorm series, the high-
est fruit yield is ensured by applying a complex mineral fertilizer at the rate of N60P60K60-39.617 t/ha. When replacing mineral fertilizers 
with the biological fertilizer Bionorm nitrogen, the fruit yield decreases by 8.0% and amounts to 36.451 t/ha. This biological fertilizer 
provides apple yield 1.8% higher than the application of mineral nitrogen N60 and 26.1% higher than the application of mineral phos-
phorus P60.
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