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The aim of the study was to study the effect of pre-sowing treatment of seeds with bacterial
preparations and foliar top dressing on the formation of the photosynthetic apparatus, dry matter
accumulation and productivity of soybean crops of the Slavna variety in the conditions of the Right-
Bank Forest-Steppe of Ukraine. The research was conducted in 2024-2025 in the experimental fields of
the Institute of Feed and Agriculture of the Podillia NAAS. The soil cover of the experimental plots is
represented by gray medium loamy soils with a humus content of 2.03%, a slightly acidic pH reaction
(5.0) and an average level of mineral nutrition. Pre-sowing treatment of soybean seeds was carried out
with the bacterial preparation Rizoline (3.0 I/t), with the bioprotector Rizosave (1.0 I/t) and the organo-
mineral fertilizer Helprost (2.0 I/t), and foliar top dressing was carried out with the organo-mineral
fertilizer HELPROST in key phases of vegetation. The parameters of the photosynthetic activity of
plants were estimated by the leaf surface area, photosynthetic potential and dry matter accumulation.
The obtained data were subjected to statistical processing by generally accepted methods, which
ensured the reliability of the results. The results of the studies indicate that the combination of bacterial
preparations and foliar feeding contributed to a more intensive development of the leaf apparatus and
an increase in the efficiency of photosynthesis. The largest leaf surface area (64.5 thousand m#ha) and
photosynthetic potential (3.90 million m? days/ha) were obtained in the variant with pre-sowing seed
treatment Rizoline + Rizosave + Helprost in combination with foliar feeding HELPROST.

Analysis of the dynamics of dry matter accumulation showed its gradual increase with each phase
of development and maximum values during the seed filling period. The lowest dry biomass yield (4.7
t/ha) was observed in the variant with treatment only with Helprost without foliar fertilization, while the
application of foliar fertilizer provided its increase to 6.7 t/ha. The results obtained confirm the
effectiveness of the integrated use of bacterial preparations and organo-mineral fertilizers in the
technology of soybean cultivation, which allows to increase the photosynthetic potential of plants, the
accumulation of dry matter and the formation of a high and stable crop yield in conditions of unstable
temperature regime and limited moisture supply of the Right-Bank Forest-Steppe.

Keywords: soybean, variety, pre-sowing seed treatment, foliar fertilization, leaf area,
photosynthetic potential, dry matter.

Table 3., Lit. 11.

Statement of the problem. In the current conditions of intensification of
agricultural production and increased environmental requirements, the search for
effective and at the same time environmentally safe methods of increasing the
productivity of leguminous crops, in particular soybeans, is of particular importance [1-
2].
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One of the key components of such methods is pre-sowing seed treatment,
which significantly affects the initial phases of plant growth and development, the
formation of the root system and the realization of their productive potential [3]. At
the same time, the traditional use of mineral fertilizers, especially nitrogen fertilizers,
Is not always economically justified and can cause soil degradation and negative
environmental consequences [4]. In this context, a promising direction is the use of
bacterial preparations in combination with organo-mineral fertilizers, both in pre-
sowing seed treatment and foliar feeding. The introduction of specialized
microorganisms, in particular Bradyrhizobium japonicum, during soybean seed
inoculation promotes the formation of nitrogen-fixing nodules on plant roots, which
increases their ability to assimilate atmospheric nitrogen [5]. This not only reduces
the crop's need for mineral nitrogen fertilizers, but also improves the physiological
and biochemical state of plants, their resistance to stress factors and potentially
contributes to increasing yields [6]. However, the effectiveness of pre-sowing
treatment and foliar feeding is largely determined by growing conditions, the
composition of organo-mineral fertilizers and the interaction between microbiological
and agrochemical factors. This necessitates the need for further scientific research in
this area.

Analysis of recent research and publications. In modern scientific and
experimental research, much attention is paid to improving the technology of soybean
cultivation, in particular, pre-sowing treatment of seeds with bacterial preparations
and organo-mineral fertilizers, as well as foliar feeding [7,10]. It has been proven that
the effectiveness of realizing the potential of the crop largely depends on the
formation of symbiotic relationships between plants and nitrogen-fixing
microorganisms, as well as on balanced mineral nutrition in the early stages of
growth. Many studies indicate that seed inoculation with preparations based on
Bradyrhizobium japonicum stimulates the formation of nodules on the roots, activates
the biological fixation of atmospheric nitrogen and improves nitrogen nutrition of
plants. This promotes plant development, the formation of yield and allows partially
or completely to reduce the application of mineral nitrogen fertilizers. Studies also
show that combining inoculation with balanced mineral nutrition increases the
chlorophyll content index and improves the chemical composition of seeds, which
generally has a positive effect on yield and quality indicators of products compared to
the option without seed treatment [6, 8-9].

Practical experience [2] shows that inoculation of soybean seeds with B.
japonicum strains increases the resistance of plants to water stress and adverse
environmental conditions. Under water deficit, biological nitrogen fixation partially
compensates for the lack of available forms of nitrogen in the soil, supporting plant
growth and development [1].

Some studies note the effectiveness of combining bacterial preparations with
organo-mineral fertilizers, which provide plants with the necessary macro- and
microelements and at the same time create favorable conditions for the development
of soil microflora.
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Such a combination contributes to better initial plant growth, increasing their
resistance to abiotic stresses and optimizing physiological and biochemical processes
during the growing season [9].

Field experiments confirm [7] that the combination of bacterial inoculation and
the application of small doses of mineral nitrogen can produce a synergistic effect in
the form of a significant increase in yield and protein composition of seeds. The
effectiveness of such interaction depends on the doses of fertilizers, agroclimatic
conditions and soybean genotype. Thus, inoculation alone increases the yield by
approximately 20%, and the joint use of inoculant with organo-mineral nutrition — up
to 42% under certain conditions.

At the same time, the literature emphasizes that the effectiveness of pre-sowing
inoculation and the application of organo-mineral fertilizers varies significantly
depending on soil and climatic conditions, varietal characteristics of soybeans and
technological parameters of the use of drugs. This necessitates further research aimed
at determining the optimal combinations of bacterial drugs and fertilizers to ensure
high and stable yields.

Therefore, scientific substantiation and development of effective elements of
soybean growing technology in the conditions of the Right-Bank Forest-Steppe,
aimed at increasing crop productivity under unstable temperature conditions and
limited and uneven moisture supply in the region, is of particular importance.

It has been previously proven that maximum vyield and high quality of
agricultural crop products are achieved under conditions of full development and
effective functioning of the assimilation apparatus of plants. The decisive factors in
this process are the area of the leaf surface, its spatial location and the nature of
formation during the growing season. It is these parameters that affect the intensity of
absorption of photosynthetically active radiation and the level of synthesis of organic
substances necessary for plant growth and development.

Optimal development of the leaf apparatus and high photosynthetic potential are
largely ensured by scientifically based technological cultivation techniques that
support the functional activity of leaves during the growing season. Rational leaf
surface area is a key prerequisite for obtaining a high soybean yield, since leaves are
the main accumulator of solar energy and the place of synthesis of organic
compounds for the formation of generative organs and the accumulation of
productive mass.

Studies conducted in the conditions of the Forest-Steppe of Ukraine show that
the optimal leaf surface area for soybean crops is within 40-50 thousand m2ha.
Reducing this indicator limits the use of photosynthetically active radiation and
reduces the level of photosynthesis and yield. Excessive development of the leaf
surface also does not ensure the efficiency of crop productivity due to the thickening
of crops and mutual shading of plants, which leads to premature death of leaves of
the lower tiers and a decrease in the overall photosynthetic potential [7].
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Therefore, the optimal combination of the size and structural organization of the
leaf surface is a key factor in the effective use of solar energy and the formation of
high and stable soybean yields with appropriate quality indicators.

Conditions and methodology of the study. Field studies of the influence of
pre-sowing seed treatment and foliar top dressing on the photosynthetic activity of
soybean crops were conducted in 2024-2025 in the experimental fields of the
Institute of Feed and Agriculture of the Podillia NAAS.

The experiments were set up in accordance with generally accepted field
experiment methods in compliance with the principles of repeatability and random
placement of variants [11]. Photosynthetic activity was assessed by indicators of leaf
surface area, dynamics of dry matter accumulation and intensity of growth processes
during the growing season. The soil cover of the experimental plots was gray medium
loamy soil, typical of the Right-Bank Forest-Steppe. The arable layer was
characterized by an average level of fertility: humus content — 2.03%, slightly acidic
reaction of the soil solution (pH saline — 5.0). The level of mineral nutrition of the
soil was: mineral nitrogen -16.8 mg/kg, mobile phosphorus — 159.0 mg/kg,
exchangeable potassium — 107.0 mg/kg of soil.

Pre-sowing seed treatment was carried out according to the experimental scheme
using bacterial preparations and nutrition regulators, which created favorable
conditions for the initial growth and development of plants (Table 1).

The research was conducted on the soybean variety Slavna. Foliar fertilization
was carried out in certain phases of vegetation in order to optimize the photosynthetic
activity of crops and increase the efficiency of nutrient use. The obtained
experimental data were subjected to statistical processing using generally accepted
methods, which ensured the reliability and scientific validity of the obtained results.

Table 1
Field experiment scheme

Factor A — pre-sowing

seed treatment Factor B — foliar feeding

1. Without foliar feeding

2. Foliar feeding in the budding phase with the organo-

mineral fertilizer HELPROST

1. Without pre-sowing treatment | 3. Foliar feeding in the bean formation phase with the organo-
2. Pre-sowing treatment with mineral fertilizer HELPROST

Rizoline+Rizosave 4. Foliar feeding in the seed filling phase with the organo-
3. Pre-sowing treatment with mineral fertilizer HELPROST
HELPROST organo-mineral 5. Foliar feeding in the phases of budding + bean formation
fertilizer with the organo-mineral fertilizer HELPROST
4. Pre-sowing treatment with 6. Foliar feeding in the phases of budding + seed filling with

HELPROST organo-mineral the organo-mineral fertilizer HELPROST

fertilizer+ Rizoline+Rizosave 7. Foliar feeding in the phases of bean formation + seed
filling with the organo-mineral fertilizer HELPROST

8. Foliar feeding in the phases of budding + bean formation +
seed dressing with HELPROST organo-mineral fertilizer

The source is based on my own research.
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Research results. The research showed that the size of the soybean leaf surface
at different stages of growth and development was largely determined by pre-sowing
seed treatment with bacterial preparations and foliar feeding (Table 2).

The highest values of the leaf surface area were recorded in the variant with pre-
sowing seed treatment with Rizoline (3.0 I/t) + Rizosave (1.0 I/t) + Helprost (2.0 I/t)
in combination with foliar feeding in the bean filling phase with the organo-mineral
fertilizer HELPROST, where the leaf surface area reached 64.5 thousand m#/ha.

Table 2
Formation of leaf area of soybean plants depending on bacterial and mineral
nutrition, thousand m?/ha

Pre-sowing Periods of growth and development
seed Foliar feeding budding beginning of | end of | poured
treatment flowering | flowering | seeds
@ Without foliar feeding 19,3 29,7 50,0 51,0
% Budding 19,7 40,3 54,1 56,2
T e Bean formation 20,0 35,3 54,3 59,3
s g Pouring seeds 19,9 32,4 52,6 58,0
*g‘ b5 Budding+Bean Formation 20,3 38,5 55,7 59,2
£ = Budding+Seed filling 19,1 39,7 53,9 56,9
= Bean formation + Seed filling 21,5 35,9 53,7 60,6
Budding+Bean formation+Seed filling | 19,3 40,0 56,4 60,7
© Without foliar feeding 24,5 29,5 51,8 53,0
§ Budding 21,2 30,2 57,1 58,5
N Bean formation 23,4 29,0 58,1 61,0
e Pouring seeds 20,0 30,0 53,7 55,0
2 Budding+Bean Formation 24,3 33,1 58,4 61,1
IS Budding+Seed filling 21,2 33,2 56,3 57,3
[4 Bean formation + Seed filling 22,0 29,5 55,7 56,2
Budding+Bean formation+Seed filling 24,0 32,5 57,9 61,3
Without foliar feeding 22,2 29,3 53,8 54,5
Budding 22,4 41,1 55,8 94,1
‘g Bean formation 21,8 34,8 55,3 57,2
j= Pouring seeds 20,9 35,1 54,0 55,4
T Budding+Bean Formation 21,3 40,6 54,2 58,2
Budding+Seed filling 20,0 36,7 55,0 57,1
Bean formation + Seed filling 22,1 34,9 54,9 60,0
Budding+Bean formation+Seed filling | 23,5 38,4 57,0 61,6
> Without foliar feeding 24,8 28,8 53,0 55,9
4 Budding 24,0 37,6 54,1 59,0
= g Bean formation 23,8 32,4 59,0 63,1
L = Pouring seeds 22,9 31,7 53,6 64,5
ST Budding+Bean Formation 25,0 35,7 58,9 60,2
= 5 Budding+Seed filling 23,1 34,3 55,6 56,7
o Bean formation + Seed filling 22,4 30,9 57,8 58,8
Budding+Bean formation+Seed filling | 24,0 36,0 58,5 59,8

The source is based on my own research.
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Field observations during the growing season showed that pre-sowing treatment of
soybean seeds with a bacterial preparation in combination with foliar top dressing has a
positive effect on the formation and functioning of the photosynthetic apparatus of plants

(Table 3).

Table 3

Formation of photosynthetic potential of soybean depending on bacterial-
mineral nutrition, million m? days/ha

Periods of growth and development

formation+Seed filling

Pre-sowin - —
seed ) Foliar feeding full steps- budding - | beginning of | end of
treatment budding b(;lglnnlr.lg of flowerlng-'end flowering -
owering | of flowering | seed set
o Without foliar feeding 0,73 0,91 2,06 3,22
§ Budding 0,75 0,96 2,33 3,60
3 Bean formation 0,76 0,95 2,25 3,56
© 5 Pouring seeds 0,76 0,94 2,17 3,44
= £ Budding+Bean Formation 0,77 0,98 2,34 3,66
eg Budding+Seed filling 0,73 0,93 2,29 3,56
’g’ Bean formation + Seed filling 0,82 1,02 2,32 3,63
Budding+Bean 0,73 0,94 234 3,69
formation+Seed filling ' ' ' '
Without foliar feeding 0,93 1,12 2,30 3,50
Budding 0,81 0,99 2,25 3,58
g Bean formation 0,89 1,07 2,34 3,71
§ Pouring seeds 0,76 0,94 2,15 3,40
-g:‘ Budding+Bean Formation 0,92 1,12 2,45 3,83
¥ Budding+Seed filling 0,81 1,00 2,29 3,60
% Bean formation + Seed filling 0,84 1,02 2,25 3,54
N Budding+Bean
o formation+geed filling 0,91 111 2,42 3,79
Without foliar feeding 0,84 1,02 2,23 3,47
Budding 0,85 1,07 2,48 3,74
= Bean formation 0,83 1,03 2,33 3,63
= Pouring seeds 0,79 0,99 2,28 3,54
% Budding+Bean Formation 0,81 1,03 2,40 3,69
Budding+Seed filling 0,76 0,96 2,29 3,58
Bean formation + Seed filling 0,84 1,04 2,34 3,66
Budding+Bean
formation+Seed filling 0,89 111 2,49 3,86
+ Without foliar feeding 0,94 1,13 2,32 3,57
> Budding 0,91 1,13 2,46 3,76
§ _ Bean formation 0,90 1,10 2,43 3,83
T8 Pouring seeds 0,87 1,06 2,30 3,66
= Budding+Bean Formation 0,95 1,16 2,53 3,90
'(—% T Budding+Seed filling 0,88 1,08 2,38 3,67
.5:' Bean formation + Seed filling 0,85 1,04 2,32 3,66
Budding+Bean
0,91 1,12 2,49 3,85

The source is based on my own research
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The use of these agrotechnical techniques contributed to a more intensive
development of the leaf apparatus and increased efficiency of using photosynthetically
active radiation. The highest rates of photosynthetic potential were observed in the
variant where pre-sowing treatment of seeds was carried out with the preparations
Rizoline (3.0 I/t), Rizosave (1.0 I/t) and Helprost (2.0 I/t) in combination with foliar top
dressing with the organo-mineral fertilizer HELPROST in the budding and bean
formation phases. Under these conditions, the leaf surface area reached 64.5 thousand
m?/ha, and the photosynthetic potential was 3.90 million m2-days/ha. These data indicate
the high efficiency of the combined use of bacterial preparations and foliar feeding for
optimizing the photosynthetic activity of soybean crops and forming a high productive
potential of the crop. Analysis of the dynamics of dry matter accumulation showed a
gradual increase in this indicator at each subsequent phase of soybean growth and
development, with maximum values achieved during the seed filling period. This
pattern indicates an increase in assimilation processes during the growing season and
active accumulation of organic matter in the generative organs of plants.

The lowest dry biomass indicators were observed in the variant where pre-
sowing seed treatment was carried out exclusively with the drug Helprost at a rate of
2.0 I/t without foliar feeding — 4.7 t/ha. In variants with foliar feeding with the
organo-mineral fertilizer HELPROST in the phase of budding and bean formation,
regardless of the method of pre-sowing treatment, the accumulation of dry matter was
significantly higher and reached 6.7 t/ha.

Conclusions. Field studies in 2024-2025 on soybean crops of the Slavna variety
showed that pre-sowing treatment of seeds with bacterial preparations in combination
with foliar top dressing is an effective measure for optimizing the photosynthetic
activity of crops. The use of these agrotechnical techniques contributed to a more
intensive development of the leaf apparatus, an increase in photosynthetic potential and
the accumulation of dry matter by plants during the growing season. The largest leaf
surface area (64.5 thousand m2/ha) was observed in the variant with pre-sowing
treatment with Rizoline (3.0 I/t), Rizosave (1.0 I/t) and Helprost (2.0 I/t) in combination
with foliar top dressing with the organo-mineral fertilizer HELPROST in the phases of
budding and bean formation. Under these conditions, the photosynthetic potential
reached 3.90 million m?2-days/ha, which indicates a high level of use of
photosynthetically active radiation. Analysis of the dynamics of dry matter
accumulation showed its consistent growth during the growing season with a
maximum during the seed filling period. The lowest dry biomass yield (4.7 t/ha) was
observed in the variant with seed treatment only with the drug Helprost (2.0 I/t)
without foliar feeding. Carrying out foliar feeding in the phases of budding and bean
formation provided a significantly higher level of dry matter accumulation - up to 6.7
t/ha, regardless of the pre-sowing treatment variant. Therefore, the integrated use of
bacterial preparations and foliar feeding is an effective means of increasing the
productivity of soybean crops.
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AHOTALIIA
BIUTHUB IIEPEJIIOCIBHOI OFPOBKH HACIHHSA TA I03AKOPEHEBHX
MIUKUBJIEHD HA ®OTOCHHTETHYHY JI/IbHICTB ITOCIBIB COI

Memoio nposedenozo 00cniodicenHss OYI0 8UBUEHHST BNAUBY NePeOnoCi6HOl 0OPOOKU HACTHHSL
bakmepianbHuMu — npenapamamu  ma — NO3AKOPEHe8UX  NIONHCUBIeHb  HA  (OpMY8aHHSA
Gomocunmemuuno2o  anapamy, HAKONUYEHHS  CYXOi  pedo8UHU ma  HOMOCUHMEMUYUHY
npooykmuseHicms nocieie coi copmy Cnasna 6 ymogax Jlicocmeny npagobepeictozo.

Hocnioowcennsn euxonysanu y 2024-2025 pokax na oocnionux nonsx Incmumymy xKopmie ma
cinbevkozo 2ocnooapemea Tooinna HAAH. Ipynmosuii nokpue 0ocnionux OiaHok npedcmaeieHull
Cipumu cepeOHbOCY2IUHKOBUMU TpYHmMamu 3 emicmom eymycy 2,03%, crabokucnorw peakyieto (pH
5,0) ma cepeonim pienem 3abe3neueHocmi OCHOBHUMU eJleMEeHMAMU MIHEPATbHO20 HCUBNeHH. []na
nepeonocisHoi 06pobKuU HACTHH GUKOPUCMOBY8AIU bakmepianvhull npenapam Pizonatin (3,0 1/m) y
noeonanui 3 oionpomexmopom Pisocetie (1,0 1/m) ma opeano-minepanvhum ooopusom Helprost
(2,0 1/m). Ilozaxopenesi nioxcusnents ukonysaiu opeano-minepaivium 0oopueom HELPROST y
Kt0408i azu eecemayii pociun. Ilapamempu pomocunmemuunoi OiinbHOCMI OYIHIOBAIU 3d
naower JUCMKOBOI NOGEPXHI, (BOMOCUHMEMUYHUM NOMEHYIANIOM MA HAKONUYEHHAM CYXOi
peyvosunu. Ompumani 0aui nidoagaiu cmamucmuyHiti 06pooYi 3a2arbHONPUUHAMUMU MEMOOAMU,
wo 3abe3neuysano 00CMoGIPHICMb pe3yIbmamie.

Pezynomamu  Oocniosicenns noxaszanu, wjo MNOEOHAHHA OAKMeEPIANbHUX Npenapamis i
NO3aKOPEeHeBUX NIONHCUBNEHb CNPUANO [HMEHCUBHIWOMY PO3BUMK) JUCMKOB020 anapamy ma
nioguwennto egpekmugnocmi gomocunmesy. Haiibinoury niaowy aucmrosoi nosepxui (64,5 muc.
mYea) i pomocunmemuunuii nomenyian (3,90 man m*omis/ea) 3aghikcosamno y eapiawmi 3
nepeonocisHorw obpodroio nacinua Pizonaun + Pizocetie + Helprost y noeonanmi 3 nozakopenesum
nioocusnenuam HELPROST. Ananiz ounamixu HaKkonuyeHHs cyxXoi peyosunu nokasas ii nocmynose
3POCMAHHS NPOO0BIHC YCIX a3 po36UMKY Ma 00CACHEHH MAKCUMATbHUX 3HAYEHb Y Nepiod HAUBY
Hacinna. Hatimenwuti npupicm cyxoi oiomacu (4,7 m/za) cnocmepicascs y sapianmi 3 06po6Koio
auwe Helprost 6e3 nosaxopenesux nioxcusieHb, mooi 5K 6HeCEeHHs N03aKOpeHe8o20 000pusa
3abesneuysano i 30inbwenns 0o 6,7 m/eca. Ompumani pe3yiomamu  NiOMEEPONCYIONb
epekmuenicms  IHMESPOBAHO20  GUKOPUCMAHHA OAKMEPIAIbHUX —npenapamie ma  Op2aHo-
MIHepanvHux 000pug y mexHono2ii supowysanns coi. Taxuil nioxio 0036015€ RIOSUWUMU
GdomocunmemuyHull NOMEHYIAl POCIUH, HAKONUYEHHS CYXOI peuo8UHU ma YOPMYBAHHSA BUCOKO20 |
cmabinbHO20 8PONCAI0 KYIbMYPU HABIMb 34 YMO8 HECMIUKO020 MeMNepamypHo20 pexcumy ma
obmedceno2o 8010203a0e3nevents Jlicocmeny npagobepesicHozo.

Knwuosi cnoea: cos, copm, nepeonociena oOpoOKA HACIHHA, NO3AKOPEHeSi NiONCUBTEeHHS,
naowa 1cms, pomocuHmemudHULL NOMeHYIia, Cyxa pedosuHd.

Taon. 3., JIim. 11.
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