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Abstract. The aim of the study was to evaluate the efficacy of biological products through the
soybean response across sowing, growth, phytosanitary, symbiotic, and productivity parameters
under laboratory and field conditions. The study employed spectrophotometry, the Kjeldahl method,
Soxhlet extraction, and analysis of variance. Under laboratory conditions, the combined seed
treatment with Phytovit and Avercom yielded the highest germination energy of 88.7%, exceeding the
control by 10.1 percentage points. Laboratory germination under this treatment was 94.3%, which was
7.9 percentage points higher than the control, whilst seedling infection by microflora decreased to 4.2%,
representing a reduction of 7.6 percentage points. Under field conditions, the application of biological
products had a positive effect on seedling emergence, plant stand density, development of the leaf
apparatus, and root system. Under the combined application of the products, field germination was
87.1%, and the number of nodules at the V5 stage reached 20.6 per plant. The phytosanitary condition
of the crop also shifted towards a reduction in disease incidence and pest damage: the incidence of
root rot decreased to 6.3%, and the biological efficacy of protection was 59.6%. At the flowering stage,
the combined treatment promoted the formation of a more developed assimilatory and symbiotic
apparatus in the plants. The leaf area index reached 4.0 m?/m?, the number of active nodules was
25.9 per plant, and their mass was 0.58 g per plant, reflecting more active functioning of the
leaf apparatus and root system during the transition of plants to reproductive development. The
preservation of the leaf apparatus and nodule formation were accompanied by subsequent seed
filling and accumulation of productive mass. Seed yield under the combined application of Phytovit
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and Avercom was 3.01 t/ha, the increase over the control was 24.4%, protein content was 39.1%, and
oil content was 21.0%. The practical value of the study lies in the possibility of using its findings by
agronomists, farmers, seed enterprises, and researchers to substantiate biological treatment of soybean,
taking into account germination, phytosanitary condition, nodulation, yield, and seed quality

Keywords: phytosanitary condition; plant stand density; root system; number of nodules; reproductive

organs

INTRODUCTION

The relevance of this study is determined by the
need to clarify the factors that govern seed ger-
mination, seedling emergence, root system de-
velopment, leaf apparatus development, and the
formation of productive organs in soybean under
both laboratory and field conditions. Soybean
belongs to the group of crops in which ultimate
productivity is formed through the successive pas-
sage of early, vegetative, and reproductive devel-
opmental phases. At these stages, the quality of
the seed material, the phytosanitary condition of
the crop, the activity of nodule formation, plant
survival throughout the growing season, and the
completeness of seed filling are all of significance.
Therefore, studying the soybean response across
a complex of laboratory, field, physiological, and
productivity indicators makes it possible to detail
the specific features of yield formation. The prob-
lem addressed by this study stems from the occur-
rence of non-uniform seed germination, seedling
infection by microflora, thinning of plant stands
following emergence, incidence of root and foliar
diseases, pest damage to plants, and uneven de-
velopment of the nodular apparatus. A separate
challenge is the inadequate concordance between
laboratory germination indicators and subsequent
field growth and yield parameters. For this reason,
evaluating soybean by a unified system of indica-
tors - from laboratory germination through to seed
quality — allows a more accurate description of
the process of productivity formation in the crop.

With regard to the laboratory assessment of
sowing quality, K. Kozhushko (2025) established
that the effect of biostimulants on soybean seeds
depended on the type of product and the concen-
tration of the working solution. Some treatments
increased germination and seedling development,
whilst certain concentrations suppressed the ini-
tial formation of seed material. In an assessment of
pre-sowing seed treatment, S. Berdin et al. (2024)
demonstrated that the combination of biological
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products altered leaf area, nodule formation, and
soybean yield. The most pronounced outcome was
associated with combined seed preparation, which
influenced not only initial development but also
the subsequent formation of productivity. In the
field of crop production research, S. Dymytrov &
V. Sabluk (2023) established that seed treatment
with biological products enhanced the develop-
ment of the leaf apparatus, root system, and soy-
bean yield. The results obtained demonstrated
that the effect of biological treatment manifest-
ed through simultaneous changes in growth and
productivity indicators. From the perspective of
biological crop protection, A. Bueno et al. (2023)
showed that biological control could constitute
a component of protection against the princi-
pal phytophages of the crop. The results of their
review demonstrated that biological agents are
capable of reducing the dependence of crops on
chemical pest control.

In the context of nutrition and physiological
efficacy, C. Sible & F. Below (2023) established that
the effect of biological products depended on prod-
uct composition, crop, and the stage of application.
The most pronounced effects were associated with
improved uptake of nutrients, root system develop-
ment, and the maintenance of productivity. In the
area of combining biological and fungicidal pro-
tection, F. Santos et al. (2022) demonstrated that
a Bacillus-based product in combination with fun-
gicides reduced the development of foliar diseases
in soybean. This approach also contributed to the
preservation of productivity, since the protection
of the leaf apparatus was associated with yield for-
mation. In the context of combining bioformula-
tions with mineral nutrition, A. Dass et al. (2025)
established that the integration of bioformulations
with fertilisers enhanced soybean productivi-
ty, nutrient use efficiency, and economic returns.
The results showed that the biological compo-
nents performed better not in isolation but within
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a nutritional system, where they supported plant
growth and nutrient utilisation. From the perspec-
tive of soil-physiological resilience of the agrocoe-
nosis, J. Gongalves e Silva et al. (2024) established
that an integrated crop-livestock system improved
soil condition and the physiological parameters of
soybean. The positive changes manifested through
better plant development, more active metabolism,
and more stable functioning of the crop within
the agroecosystem.

In the area of high-yield soybean cultivation,
Y. Zhong & S. Zhong (2024) showed that crop yield
was determined by the combination of sowing
dates, plant stand density, nutrition, water regime,
and crop protection. The summarised results con-
firmed that soybean productivity is formed not by a
single technological factor but by their coordinat-
ed action throughout the growing season. When
assessing soil microbiota and soil quality, Z. Wu et
al. (2025) established that organic amendments
combined with mineral fertilisers reduced micro-
bial limitations in the soil and increased soybean
yield. Changes in the microbial environment were
associated with nutrient availability, soil quality,
and the growth response of the crop.

From the perspective of plant growth-pro-
moting rhizobacteria, D. Nagrale et al. (2023)
showed that these microorganisms facilitated nu-
trient mobilisation, suppression of harmful organ-
isms, and development of field crops. Their action
manifested through support of nutrition, reduc-
tion of phytosanitary pressure, and improvement
of growth processes. In the area of field testing of
growth-promoting microorganisms, D. Neuhoff et
al. (2024) substantiated the need for standardised
evaluation of such products under actual field
conditions. The proposed approaches demon-
strated that reliable assessment must combine a
controlled experimental design, clearly defined
treatment variants, and comparison of laborato-
ry and field indicators. The relationship between
germination, nodulation, phytosanitary condition,
and soybean productivity remains insufficiently
studied, as these parameters have not previously
been examined in a comprehensive manner within
a single laboratory-field experiment. The aim of
the study was to evaluate the efficacy of biological
product application through the soybean response
across indicators of germination, early develop-
ment, phytosanitary condition, nodulation, yield,

and seed quality. The objectives of the study in-
cluded evaluating laboratory, field, and produc-
tivity indicators of soybean, comparing treatment
variants, and determining changes in seed quality.

MATERIALS AND METHODS
Conditions for establishing and conducting
the laboratory-field experiment. The labora-
tory-field experiment was conducted in 2025 at
the Uman National University of Horticulture:
the laboratory phase was carried out in the edu-
cational and research seed analysis laboratory,
and the field phase was conducted on the uni-
versity’s experimental field under the conditions
of the Right-Bank Forest-Steppe of Ukraine. The
methodological design of the experiment did
not include an economic evaluation of biological
product application or determination of their re-
sidual effects on soil microbiota in the following
growing season. The experiment used seed mate-
rial of soybean cultivar ‘Annushka’; obtained from
a certified seed lot of the Uman National Univer-
sity of Horticulture. The cultivar belongs to the
early-maturing group and was selected for its suit-
ability to Forest-Steppe conditions, short growing
season, and the possibility of evaluating the plant
response to biological products within a complete
development cycle. The laboratory phase involved
germination of soybean seeds following treatment
with biological products in four replications of
100 seeds per treatment. Germination was carried
out in a Memmert IN55 thermostat (Germany) at
a constant temperature of 24 * 1°C on moistened
Whatman Grade 1 filter paper (United Kingdom).
The experiment was conducted in accordance with
the provisions of ISTA (n.d.) and the Convention
on Biological Diversity (2016).

The field experiment was established using
a randomised block design with four replications
per treatment. The area of each experimental
plot was 48 m2, of which the accounting area was
32 m?2. Within each treatment, 30 plants were ana-
lysed for phytosanitary and biometric determina-
tions; 12 plants were selected for the study of nod-
ulation; yield structure was determined from 20
representative plants; seed quality was assessed
from three composite samples of 500 g each. No
specific rhizobial inoculation of seed was carried
out; nodules were formed from the natural pop-
ulation of nodule bacteria present in the soil, and
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Phytovit and Avercom were evaluated as biologi-
cal treatments without additional introduction
of rhizobia. The experimental design comprised
four treatments: untreated control; Phytovit —
pre-sowing seed treatment at 0.05 L/t, applied by
coating the seed with the working solution, mix-
ing, and drying in the shade, followed by foliar
application at 0.20 L/ha at the 3-4 trifoliate leaf
stage; Avercom - pre-sowing seed treatment at
25 mL/t in 10 L of water, applied the day before
sowing or on the day of sowing; foliar application
at 0.30 L/ha was carried out at the 3-4 trifoliate
leaf stage of soybean, upon the appearance of the
first signs of pest damage, in the morning between
07:00 and 09:00 or in the evening between 18:00
and 20:00 at an air temperature not exceeding
24°C. Phytovit + Avercom - a combination of the
same pre-sowing and foliar application rates in a
tank mixture. Phytovit was selected as a metabol-
ic biological product based on biologically active
substances of the soil streptomycete Streptomyces
netropsis, without viable cells of the producer or-
ganism; its mode of action is associated with bi-
oprotective, growth-stimulating, and anti-stress
effects on plants. Avercom was used as a biolog-
ical insecto-acaronematicide based on a complex
of natural avermectins produced by Streptomy-
ces avermitilis; its action is associated with con-
tact-intestinal effects on pests and nematodes, as
well as additional growth-stimulating and adapto-
genic properties. The experiment was established
in early-maturing soybean crops with a row spac-
ing of 45 cm and a seeding rate of 620 thousand
viable seeds per hectare. The previous crop was
winter wheat cultivar ‘Podolianka’. The soil of the
experimental plot was typical chernozem of light
loamy texture. In the plough layer of 0-30 cm,
humus content was 3.18%, pH of the salt extract
was 6.7, nitrate nitrogen content was 21.4 mg/kg,
mobile phosphorus content was 74.6 mg/kg, and
exchangeable potassium content was 108.3 mg/kg.
Primary tillage comprised stubble cultivation to a
depth of 7-9 cm and ploughing to 23-25 cm. Prior
to sowing, cultivation to a depth of 4-5 cm with
levelling of the seedbed was carried out.
Fertilisation in all experimental treatments
was uniform and provided for the application of a
mineral background of N, P, K . Phosphorus and
potassium fertilisers were applied during prima-
ry tillage, whilst nitrogen fertilisers were applied
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prior to pre-sowing cultivation. Sowing was car-
ried out in the first decade of May, when the soil
temperature at seed placement depth reached 10-
12°C. Sowing depth was 4-5 cm. For weed control,
an identical crop management system was applied
across all treatments so that the effect of the bi-
ological products could be evaluated without the
influence of differing agronomic backgrounds. The
growing season was characterised by moderate-
ly dry conditions: the mean air temperature for
May-September was 19.1°C, total precipitation was
286.4 mm, and the greatest moisture deficit was
observed in the second half of June and in July, i.e.
during the periods of budding, flowering, and early
seed filling. Foliar applications of biological prod-
ucts were carried out at the 3-4 trifoliate leaf stage
and at the onset of budding using a Marolex Profes-
sion 12 Plus knapsack sprayer (Poland); the work-
ing solution volume was 250 L/ha. Spraying was
performed in the morning, approximately between
07:00 and 09:00, at an air temperature not exceed-
ing 24°C, in the absence of precipitation, and with
wind speed below 3 m/s. All other elements of soy-
bean cultivation technology were identical across
the control and experimental treatments.

Sowing properties of soybean seeds follow-
ing biological treatment. Germination energy
(%) was determined under laboratory conditions
on the fourth day of germination by counting
the number of seeds that had formed normally
developed seedlings. Seeds were placed in Petri
dishes or germination containers on moistened
Whatman Grade 1 filter paper (United Kingdom)
in a Memmert IN55 thermostat (Germany) at a
constant temperature of 25°C. Laboratory germi-
nation (%) was determined following completion
of the standard germination period by counting
normally formed seedlings. Normally developed
seedlings were defined as those with an intact
primary root, a formed shoot, and no signs of pro-
nounced growth suppression. The calculation was
performed using formula (1):

G = "Fg x 100, 1)

where G, is laboratory germination (%); n, is the
number of normally germinated seeds (units); N
is the total number of seeds in the sample (units).
Primary root length (cm) was measured from
the base of the seedling to the tip of the primary
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root using a Topex 30 cm laboratory ruler (Po-
land). Shoot length (cm) was determined from the
point of transition of the root into the hypocot-
yl to the uppermost point of the seedling using a
Mitutoyo 500-196-30 Absolute Digimatic Caliper
digital calliper (Japan). Seedling dry weight (mg)
was determined after drying of the plant material
to constant weight in a Binder ED 56 drying oven
(Germany) at 65°C. Following drying, samples
were weighed on a Radwag AS 220.R2 analytical
balance (Poland) to an accuracy of 0.0001 g. Seed-
ling vigour index (conventional units) was calcu-
lated as the sum of root length and shoot length,
taking into account laboratory germination:

L=Gx(L,+L), 2)
where I_is seedling vigour index; G, is labora-
tory germination (%); L, is mean primary root
length (cm); L_is mean seedling shoot length (cm).
Seedling infection by microflora (%) was deter-
mined as the proportion of seedlings exhibiting
mould, tissue darkening, root or cotyledon necro-
sis. A Levenhuk Zeno Handy ZH7 5%/16 mm hand
lens (USA) was used to clarify the condition of
surface tissues.

Early field development of soybean fol-
lowing biological treatment. Field germination
(%) was determined by counting the number of
plants that had emerged on fixed row segments,
with subsequent recalculation relative to the
number of viable seeds sown. Counts were carried
out at the stage of full emergence on permanent-
ly marked plots. The calculation was performed
using formula (3):

n’S
G = 2 x 100,

s

©)

where G, is field germination (%); n_is the num-
ber of seedlings that emerged (units); N, is the
number of viable seeds sown (units). Plant height
at the V3 stage (i.e. the stage of three fully devel-
oped trifoliate leaves) (cm) was measured from
the soil surface to the uppermost point of the
plant using a Stanley 2 m measuring rod (USA).
Plant stand density at the V3 stage (plants/m?)
was determined by direct counting of plants on
the accounting area, with subsequent recalcula-
tion per square metre. The calculation was per-
formed using formula (4):

“)

where Dis plant stand density (plants/m?2); N, isthe
number of plants on the accounting area (units); A
is the accounting area (m?). Leaf area (cm?/plant)
was determined from the length and maximum
width of leaf blades using a Topex 30 cm measuring
ruler (Poland). Chlorophyll content (SPAD units)
was determined using a Konica Minolta SPAD-
502Plus portable chlorophyll meter (Japan) on
fully expanded leaves of the middle tier. Root dry
weight (g/plant) was determined after washing the
root system free of soil, drying to constant weight
in a Binder ED 56 drying oven (Germany) at 65°C,
and weighing on a Radwag PS 1000.R2 laboratory
balance (Poland). The number of nodules at the V5
stage (i.e. the stage of five fully developed trifoliate
leaves) (nodules/plant) was established by direct
counting of nodular formations on the main and
lateral roots following washing of the root system
in running water. Counting was carried out using
an Eschenbach mobilux 6x hand lens (Germany).
Assessment of diseases and pest damage in
soybean plants. The incidence of root rot (%) was
determined as the proportion of plants exhibiting
darkening of the root zone, necrosis of the root
collar, or damage to the primary roots. Assess-
ments were made using a Levenhuk Zeno Handy
ZH7 5x/16 mm hand lens (USA). The development
of foliar diseases (%) was determined as the pro-
portion of the affected leaf area on the account-
ing plants. A Carson LED Lighted LinenTest LT-
30 11.5x hand lens (USA) was used to detail the
symptoms. The proportion of plants with pest
damage (%) was determined as the number of
plants exhibiting disruption of leaf blade integrity,
tissue punctures, leaf edge feeding, or other char-
acteristic signs of phytophage feeding activity.
The calculation was performed using formula (5):
P, = % x 100, (5)
where P, is the proportion of plants with pest
damage (%); n, is the number of damaged plants
(units); N is the total number of plants examined
(units). The density of sucking pests (individuals/
plant) was determined by direct counting of in-
dividuals on the leaves and stems of accounting
plants. A BioQuip Plastic Vial Set entomological
container (USA) was used to facilitate counting.
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Plant survival to the flowering stage (%) was cal-
culated as the ratio of the number of plants at the
flowering stage to the number of plants at the full
emergence stage:

s =(1-"

where S, is plant survival to the flowering stage
(%); N, is the number of plants at the full emer-
gence stage (units); N, is the number of plants at
the flowering stage (units). Assessments were con-
ducted by two specialists with higher agronomic
education, one of whom held the degree of PhD
in Agricultural Sciences. The calculation was per-
formed using formula (7):

) x 100, (6)

_ X(aixny)

Id N )

)
where I, is the plant disease/damage index (score);
a, is the disease or damage score; n; is the number
of plants with the corresponding score (units); Nis
the total number of plants examined (units). The
biological efficacy of protection (%) was calculated
from the reduction in root rot incidence in the ex-
perimental treatments compared with the control:

E, = 2R 100,

Ry

@®)

where E, is the biological efficacy of protec-
tion (%); R, is disease or damage development in
the control (%); R, is disease or damage develop-
ment in the experimental treatment (%). The plant
disease/damage index (score) was determined as
the weighted mean score of disease incidence and
pest damage on a 5-point scale, where 0=no symp-
toms; 1 =slight damage; 2=moderate; 3=medium;
4=severe; 5=very severe damage or pest injury.
Physiological characterisation of soybean
plants during flowering. The leaf area index (m?/m?)
was determined on the basis of the leaf area of a sin-
gle plant and the plant stand density per unit area.
The calculation was performed using formula (9):

SiXD
LAL = 222
10,000

©)

where LAI is the leaf area index (m*/m?); S, is the
leaf area of a single plant (cm?); D is plant stand
density (plants/m?2). Total chlorophyll content
(mg/g fresh weight) was determined by spectro-
photometry following extraction of pigments
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with 80% acetone. A fresh leaf tissue sample was
ground in a porcelain mortar, the extract was fil-
tered, and the optical density was measured on a
Shimadzu UV-1800 spectrophotometer (Japan) at
wavelengths of 645 and 663 nm. Photosynthetic
potential (million m? - days/ha) was determined
from the mean value of the leaf area index be-
tween two recording dates and the duration of the
inter-recording period. The calculation was per-
formed using formula (10):

FP =

X T x 0.01, (10)

_ LAL+LAL

2
where FP is photosynthetic potential (million
m?-days/ha, after conversion); LAI, is the leaf area
index at the first recording date (m*/m?); LAI, is
the leaf area index at the second recording date
(m?/m?); T is the duration of the inter-recording
period (days); 0.01 is the conversion factor from
m?2-days/m?2 to million m?-days/ha. For presenta-
tion in million m? - days/ha, the values obtained
were recalculated with reference to the crop area.
The number of active nodules (nodules/plant) was
determined following washing of the root system
and sectioning of the nodules. Nodules with pink
or reddish colouration of the internal tissue were
classified as active. The proportion of active nod-
ules (%) was calculated using formula (11):
A, =22 % 100, (11)

N¢

where A is the proportion of active nodules (%);
N, is the number of active nodules (units); N, is
the total number of nodules on the plant (units).
Nodule mass (g/plant) was determined following
separation of nodular formations from the roots
and weighing on a Radwag AS 220.R2 analytical
balance (Poland). Leaf canopy temperature (°C)
was measured using a Testo 835-H1 infrared ther-
mometer (Germany) between 12:00 and 14:00
under clear or partly cloudy conditions, with no

shading of plants at the time of measurement.
Yield structure of soybean following ap-
plication of biological products. The number of
pods and seeds (units/plant) was determined by di-
rect counting of all formed pods on representative
plants prior to harvest, after which the mean value
for each treatment was calculated using the arith-
metic mean in Microsoft Excel 2019 (USA). The
weight of 1,000 seeds (g) was determined using the
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standard method by selecting two sub-samples of
500 seeds each and weighing on a Radwag PS 1000.
R2 laboratory balance (Poland). Seed yield (t/ha)
was determined following harvest, cleaning, and
weighing of the seed mass from the accounting
area. Recalculation was performed to the standard
soybean seed moisture content of 14%. The calcula-
tion was performed using formula (12):

_ Mx10,000

100-wW
Y =
AX1,000

100-wy’

12)

where Y is seed yield (t/ha); M is the seed mass
from the accounting area (kg); A is the account-
ing area of the plot (m?); Wis actual seed moisture
content (%); W, is standard seed moisture con-
tent (%). The yield increase over the control (%)
was calculated as the ratio of yield in the experi-
mental treatment to the yield in the control:
_ Yq-vY,

Y; 4k % 100,
Y

3)

where Y, is the yield increase over the control (%);
Y, is yield in the experimental treatment (t/ha);
Y, is yield in the control treatment (t/ha). Protein
content in the seed (%) was determined by the
Kjeldahl method following mineralisation of sam-
ples and determination of total nitrogen on a Velp
Scientifica UDK 159 automatic analyser (Italy). Oil
content in the seed (%) was determined by extrac-
tion in a Gerhardt Soxtherm SOX 412 apparatus
(Germany) using petroleum ether as the extract-
ant. Following completion of extraction, the resid-
ual solvent was removed, and the mass of extract-
ed oil was determined gravimetrically. Statistical
analysis of the results was performed by analysis
of variance using Statistica 13.3 software (USA).

RESULTS
The combined application of Phytovit and Aver-
com produced the most pronounced seed response
at the laboratory stage: germination energy was
88.7%, exceeding the control by 10.1 percentage
points. The separate application of Phytovit and
Avercom also increased this indicator; however,
their combination yielded more uniform seed-
ling formation during the early recording period.
This outcome was associated with a simultane-
ous enhancement of initial growth processes and
a reduction in the proportion of seeds that were
delayed at the swelling or primary root emergence

stage. Seeds subjected to the combined treat-
ment transitioned more rapidly to active growth,
and the seedlings formed were more uniform in
outward condition. Laboratory germination un-
der this treatment reached 94.3%, whilst in the
control it was 86.4%. Accordingly, the increase in
germination was associated not only with a great-
er number of germinated seeds but also with the
formation of normally developed seedlings with
a distinct primary root, an initial shoot, and in-
tact cotyledons. In the treatments with biological
products, the proportion of weak and developmen-
tally delayed seedlings was lower; however, it was
precisely the combined treatment that united the
growth-stimulating action of Phytovit with the
bioprotective action of Avercom, thereby ensuring
more complete completion of early morphogen-
esis. Seedlings subjected to this treatment were
characterised by preservation of tissue integrity,
absence of widespread growth suppression, and
formation of more uniform plant material by the
time of the final laboratory assessment.

Development of the root portion was also
greatest under the combined treatment: primary
root length reached 9.4 cm, exceeding the control by
2.2 cm. Separate application of the products yielded
intermediate values, with Phytovit having a stronger
effect on root elongation and Avercom on the reduc-
tion of signs of microbial damage. Under the com-
bined treatment, the primary root formed without
widespread shortening, darkening of the apical por-
tion, or disruption of the growth direction, indicat-
ing that early growth proceeded without noticeable
tissue suppression. In some seedlings, the initiation
of lateral rootlets was observed, so the root system
had a more fully formed appearance by the time the
laboratory assessment was completed. Seedling in-
fection by microflora under the combined treatment
decreased to 4.2%, which was 7.6 percentage points
lower than the control. Of the individual products,
a lower level of infection was provided by Avercom,
consistent with its bioprotective orientation, whilst
Phytovit more effectively supported the growth ac-
tivity of seedlings. In the combined treatment, these
effects were united: mould, darkening, necrosis of
individual sections, and tissue softening manifested
less frequently on the seed surface and seedling tis-
sues. Symptoms of infection remained localised and
did not cause widespread loss of seedlings from the
general sample (Table 1).
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Table 1. Laboratory germination indicators of soybean seeds depending on treatment scheme

Indicator Control Phytovit Avercom Phytovit + Avercom

Germination energy, % 78.6 84.8 82.9 88.7
Laboratory germination, % 86.4 91.2 89.6 94.3
Primary root length, cm 7.2 8.5 8.1 9.4

Shoot length, cm 59 6.8 6.5 7.4

Seedling dry weight, mg 74.5 82.1 79.8 87.6

Seedling vigour index, conventional units 1,132 1,395 1,308 1,584
Seeding nfecton by microflors

Note: statistical analysis was performed by one-way analysis of variance (ANOVA); differences between the biological
treatment variants and the control are statistically significant at p<0.05 for all indicators presented
Source: developed by the author on the basis of formulae (1-2)

Based on the results of the laboratory phase,
it was established that pre-sowing treatment with
biological products was accompanied by changes
in the passage of the initial developmental phases
of soybean seeds. In the combined application var-
iant of Phytovit and Avercom, uniform germination
was observed, along with formation of a greater
proportion of normally developed seedlings, ac-
tive elongation of the primary root, and lower ex-
pression of microflora on seedlings. The results of
the laboratory assessment demonstrated that the
treated seed material passed through early devel-
opmental stages with a lower proportion of visually
suppressed, infected, or underdeveloped seedlings.
The data obtained served as the basis for the sub-
sequent field evaluation of the effect of biological
products on germination, plant stand density, early
growth, and soybean productivity formation.

In the control, field germination was 78.9%,
whilst the combined treatment yielded an increase
of +8.2 percentage points. Separate application
of Phytovit and Avercom also improved seedling
emergence, though less markedly. This differ-
ence between treatments was associated with the
combined treatment uniting stimulation of early
seed growth with a reduction in losses at the in-
itial stage of field development. In the control,
lower germination manifested through thinning
of individual row sections and non-uniform emer-
gence, whilst in the treatments with biological
products the crop stand had better coverage and
a smaller proportion of plants that were delayed
in transitioning to the next developmental phase.
Plant stand density was also higher under biolog-
ical treatment, confirming better realisation of
field germination following emergence. Under the
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combined application of Phytovit and Avercom,
it reached 43.6 plants/m?, whilst in the control it
was 39.5 plants/m2. Phytovit applied separately
yielded slightly higher plant stand density than
Avercom, consistent with its growth-stimulating
action. At the same time, the combined treatment
exceeded both individual treatments, as it unit-
ed support of growth processes with lower biotic
pressure on young plants. This reduced plant loss
following emergence and contributed to more uni-
form formation of the early plant canopy.

Early development of the shoot was most ac-
tive under the combined treatment, manifesting
through greater plant height and leaf area. At the
V3 stage, plant height under the Phytovit + Aver-
com combination was 18.3 cm, and leaf area was
151 cm?/plant. Separate application of Phytovit
produced a stronger growth response than Aver-
com; however, the combined treatment yielded
the higher overall result. The increase in leaf area
was associated not with the visual appearance
of the leaves but with the quantitative accumu-
lation of the assimilatory apparatus. Description
of the physical appearance of the leaf blades has
been omitted, as no deviations indicative of wide-
spread leaf tissue suppression were established
within this assessment. The chlorophyll indi-
cator confirmed the advantage of the combined
treatment over the separate application of prod-
ucts. Under Avercom, chlorophyll content was
38.1 SPAD units; under Phytovit it was higher,
and the maximum value was obtained in the Phy-
tovit + Avercom treatment. This sequence demon-
strated that Phytovit had a stronger influence
on the formation of the leaf apparatus, whilst
Avercom acted primarily through a reduction
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of phytosanitary pressure. In the combined treat-
ment, these effects were united, so plants had a

higher chlorophyll status at the early stage of the
growing season (Table 2).

Table 2. Effect of biological products on field germination and early soybean growth

Indicator Control Phytovit Avercom Phytovit + Avercom
Field germination, % 78.9 83.6 82.4 87.1
Plant stand density at V3 stage, plants/m? 39.5 41.8 41.2 43.6
Plant height at V3 stage, cm 14.6 16.8 16.1 18.3
Leaf area, cm?/plant 118 134 129 151
Chlorophyll content, SPAD units 36.4 39.2 38.1 41.6
Root dry weight, g/plant 0.48 0.57 0.54 0.64
Number of nodules at V5 stage, nodules/plant 14.2 17.8 16.9 20.6

Note: statistical analysis was performed by one-way analysis of variance (ANOVA); differences between the biological
treatment variants and the control are statistically significant at p<0.05 for all indicators presented
Source: developed by the author on the basis of formulae (3-4)

Thus, all three biological treatment schemes
improved the early development of soybean com-
pared with the control; however, the combined
application of Phytovit and Avercom yielded the
highest values for field germination, plant stand
density, leaf area, and nodulation. The data ob-
tained confirmed that the initial changes record-
ed at the laboratory stage were realised in better
field development of plants and formed the basis
for the subsequent assessment of the phytosani-
tary condition of the crop. Biological treatment
reduced the phytosanitary pressure on soybean
crops, with the most pronounced limitation of dis-
eases and pest damage obtained under the com-
bination of Phytovit and Avercom. In the control
treatment, the incidence of root rot was 15.6%,
manifesting through infection of the root zone,
weakening of some plants, and non-uniform re-
sumption of growth following the initial vege-
tative phases. In the treatments with biological
products, the proportion of such plants was lower,
as treatment reduced the pressure of soil micro-
flora on young roots and the root collar. In prac-
tical terms, this meant less thinning of the plant
stand, better plant survival, and more uniform for-
mation of the above-ground mass during the ear-
ly growth period. Foliar diseases also manifested
with less intensity following application of biolog-
ical products, but the mode of action of the prod-
ucts differed. Under Phytovit treatment, develop-
ment of foliar diseases was 8.6%, meaning that
infection remained predominantly localised and
did not progress to widespread destruction of the

assimilatory surface. Avercom manifested more
prominently through limitation of pest damage:
the proportion of damaged plants in this treat-
ment was 10.5%. This difference between the
products demonstrated that Phytovit more effec-
tively maintained the condition of the leaf appa-
ratus, whilst Avercom had a stronger effect on the
entomological pressure. Under combined appli-
cation, these directions of action were united, so
disease incidence and phytophage damage did not
form extensive foci of plant suppression.

The plant disease/damage index most effec-
tively summarised the phytosanitary differences
between treatments, as it accounted not only for
the presence of symptoms but also for the degree
of their expression. In the control it was 3.1 score,
corresponding to a medium level of damage with
a noticeable effect on plant condition. Under the
combined treatment, the index decreased to 1.3
score, meaning symptoms remained predominantly
slight and localised. In practical terms, this meant
less loss of functional leaf area, a lower level of root
system suppression, and better plant survival with-
in the crop stand. The disease/damage index thus
reflected the overall phytosanitary risk for subse-
quent crop development. The combined applica-
tion of Phytovit and Avercom provided the highest
biological efficacy of protection — 59.6%. This result
was associated with the simultaneous reduction of
root zone infection, localisation of foliar symptoms,
and a lower proportion of plants with pest damage.
In this treatment, the phytosanitary condition
of the crop was not limited to a single protective

Biological Systems: Theory and Innovation, Vol. 17, No. 2, 2026



direction but encompassed several levels: the root
system, the leaf apparatus, and plant survival
through to subsequent developmental stages. This

Kolomiiets et al.

created more favourable conditions for the further
formation of the assimilatory surface, the nodular
apparatus, and the reproductive organs (Table 3).

Table 3. Disease incidence and pest damage in soybean plants

Indicator Control Phytovit Avercom Phytovit + Avercom

Incidence of root rot, % 15.6 10.8 9.7 6.3
Development of foliar diseases, % 12.4 8.6 7.8 5.1
Proportion of plants with pest damage, % 18.2 14.7 10.5 7.8
Density of sucking pests, individuals/plant 4.6 3.8 2.5 1.9

Plant survival to flowering stage, % 87.5 91.6 92.2 94.8
Plant disease/damage index, score 3.1 2.2 1.9 1.3

Biological efficacy of protection, % 0.0 30.8 37.8 59.6

Note: statistical analysis was performed by one-way analysis of variance (ANOVA); differences between the biological
treatment variants and the control are statistically significant at p < 0.05 for all indicators presented
Source: developed by the author on the basis of formulae (5-8)

The phytosanitary condition of soybean crops
under different biological product application
schemes was associated with the expression of
root rot, foliar diseases, pest damage, and the over-
all efficacy of the protective action. In the control
treatment, symptoms of root zone infection were
most prominent. Under Phytovit treatment, atten-
tion was directed to the condition of the leaf ap-
paratus, where diseases manifested locally. In the
Avercom treatment, assessment was focused on
plant pest damage during the early growth phase.
The combined treatment encompassed the overall
phytosanitary condition of the crop through the
total reduction in disease and damage expression.
The data obtained were used for the subsequent
analysis of physiological plant indicators and the
formation of soybean productivity.

The combined biological treatment provided
more pronounced development of the assimila-
tory apparatus at the flowering stage compared
with the control and separate application of the
products. The leaf area index under the Phyto-
vit + Avercom combination was 4.0 m?/m?, whilst
in the control it was 3.2 m?*/m?2. The increase in
this indicator reflected a greater area of function-
al leaf surface per unit of crop stand, which was
associated with better plant survival, more active
accumulation of vegetative mass, and lower phy-
tosanitary pressure during the preceding devel-
opmental period. Separate application of Phytovit
and Avercom also contributed to an increase in the
leaf area index; however, the combined treatment
ensured more complete canopy closure and more
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uniform formation of the assimilatory area. Pho-
tosynthetic potential also increased under biolog-
ical treatment, with the highest level obtained in
the Phytovit + Avercom treatment. In the combined
treatment it was 2.03 million m?- days/ha, whilst
in the control it was 1.64 million m? - days/ha.
This difference demonstrated that plants not only
formed a greater leaf area but also maintained its
functional contribution to organic matter accu-
mulation for a longer period. In practical terms,
this meant a higher capacity of the crop stand
to sustain photosynthetic activity during the
flowering stage, when the basis for subsequent
seed filling is formed. The individual products
produced an intermediate effect; however, their
combined application provided a more complete
integration of leaf development, pigment status,
and the duration of assimilatory apparatus ac-
tivity. Leaf canopy temperature decreased under
the combined treatment compared with the con-
trol: in the control it was 30.6°C, whilst in the
Phytovit + Avercom treatment it was 29.1°C. The
lower leaf surface temperature indicated reduced
thermal loading on the plants and a more stable
water-physiological status during the period of
active vegetation. This indicator complement-
ed the results regarding the leaf area index and
photosynthetic potential, since greater assimi-
latory area was of significance only provided its
functional activity was preserved. Accordingly,
at the flowering stage, the combined treatment
ensured not an isolated improvement of a single
parameter but simultaneous changes in the leaf
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apparatus, pigment status, symbiotic activity,
and the thermal regime of the plants. Symbiotic
activity of soybean also intensified following ap-
plication of biological products, manifesting in
a greater number of active nodules and a higher
proportion thereof. Following Avercom applica-
tion, 21.8 active nodules per plant were formed on
the root system, whilst under the combined treat-
ment this indicator was higher. The proportion
of active nodules under the Phytovit + Avercom
combination exceeded the Avercom treatment by

6.6 percentage points. This response was asso-
ciated with better root system development and
a lower level of plant infection during the early
vegetative phases. Phytovit promoted more ac-
tive growth of the root portion, whilst Avercom
reduced the action of factors that could limit
the formation of the symbiotic apparatus. In the
combined treatment, these directions of action
were united, so nodulation was part of the overall
physiological condition of the plants during the
flowering stage (Table 4).

Table 4. Physiological condition of soybean plants at the flowering stage

Indicator Control Phytovit Avercom Phytovit + Avercom
Leaf area index, m¥/m? 3.2 3.6 3.5 4.0
Total chlorophyll content, mg/g fresh weight 1.82 2.04 1.98 2.21
Photosynthetic potential, million m*days/ha 1.64 1.82 1.78 2.03
Active nodules, nodules/plant 18.4 22.6 21.8 25.9
Proportion of active nodules, % 62.1 68.4 66.9 73.5
Nodule mass, g/plant 0.42 0.51 0.49 0.58
Leaf canopy temperature, °C 30.6 29.8 299 29.1

Note: statistical analysis was performed by one-way analysis of variance (ANOVA); differences between the biological
treatment variants and the control are statistically significant at p < 0.05 for all indicators presented
Source: developed by the author on the basis of formulae (9-11)

Thus, at the flowering stage, the combined
treatment simultaneously improved four interre-
lated parameters: a greater assimilatory surface
(LAI 4.0 m?/m?), higher photosynthetic potential
(2.03 million m? - days/ha), more active symbiotic
apparatus (25.9 active nodules/plant), and low-
er thermal loading on the leaves (29.1°C). It was
precisely this combination of changes that formed
the physiological basis for subsequent seed fill-
ing and accumulation of productive mass. The
combined application of Phytovit and Avercom
ensured the greatest formation of reproductive or-
gans, manifesting in an increase in the number of
pods per plant. In the control, this indicator was
31.4 pods/plant, whilst under the combined appli-
cation of the products it reached 40.5 pods/plant.
Separate application of Phytovit and Avercom also
increased the number of pods, but less markedly.
This difference was associated with the better con-
dition of plants during the preceding stages: high-
er field germination, more developed leaf area,
lower phytosanitary pressure, and more active root
system formation. As a result, a greater proportion
of flower buds progressed to formed pods, and
the reproductive portion of the plant was denser

compared with the control. Seed filling of the pods
was also most fully realised under the combined
treatment. Under Phytovit application, 78.6 seeds
per plant were recorded, whilst in the Phyto-
vit + Avercom treatment this indicator was higher,
at 89.4 seeds/plant. The increase relative to Phyto-
vit alone was 10.8 seeds/plant, demonstrating the
additional effect of combining the products. Phy-
tovit more effectively supported growth and phys-
iological processes, whilst Avercom reduced losses
associated with plant damage and phytosanitary
pressure. In the combined treatment, these effects
were united, so the productive portion of the plant
formed more completely.

Seed weight increased in all treated vari-
ants, but the maximum value was obtained under
the combined application of the products. Under
Avercom, the weight of 1,000 seeds was 157.1 g,
and under the combined treatment it was 164.6 g.
The increase in this indicator was associated
with more favourable passage of the filling peri-
od, preservation of the assimilatory surface, and
translocation of photosynthates to the seed. The
individual products yielded an intermediate re-
sult, whilst their combined application produced
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a higher level of seed filling. The weight of
1,000 seeds in this case reflected the complete-
ness of dry matter accumulation in the seed. Seed
yield most clearly reflected the cumulative effect
of the preceding growth, phytosanitary, and phys-
iological changes. Under the Phytovit + Avercom
combination, it was 3.01 t/ha, corresponding to an
increase over the control of 24.4%. Separate appli-
cation of Phytovit yielded a higher yield increase
than Avercom; however, the combined treatment
provided the highest result. This was explained by
the simultaneous increase in the number of pods,
better seed filling, greater seed weight, and plant
survival through to the ripening period. That is,
yield was formed not through a single structural
element but through the accumulation of effects
at several stages of soybean development. Qualita-
tive seed indicators changed less sharply than the
yield structure components; however, the com-
bined treatment provided the highest protein and
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oil values among all treatments. Protein content
under the Phytovit + Avercom combination was
39.1%, which was 1.3 percentage points higher
than the control, and oil content reached 21.0%.
The changes obtained demonstrated that biolog-
ical products exerted their primary influence on
yield formation and seed filling, whilst qualita-
tive parameters responded more moderately. In
the combined treatment, the increase in protein
and oil content was accompanied by greater seed
weight and higher yield; therefore, the final out-
come was characterised not only by an increase in
the quantity of produce but also by the preserva-
tion of its qualitative properties (Table 5). Analysis
of variance confirmed the statistical significance
of differences between treatments for yield, field
germination, and the number of active nodules
(p<0.05). The least pronounced, though nonethe-
less significant, differences were recorded for pro-
tein and oil content in the seed.

Table 5. Soybean productivity depending on biological product application
Indicator Control Phytovit Avercom Phytovit + Avercom
Number of pods, pods/plant 31.4 36.2 35.1 40.5
Number of seeds, seeds/plant 67.2 78.6 75.9 89.4
Weight of 1,000 seeds, g 151.8 158.9 157.1 164.6
Seed yield, t/ha 2.42 2.72 2.66 3.01
Yield increase over control, % 0.0 12.4 9.9 24.4
Protein content in seed, % 37.8 38.5 38.3 39.1
Oil content in seed, % 20.3 20.7 20.6 21.0

Note: statistical analysis was performed by one-way analysis of variance (ANOVA); differences between the biological
treatment variants and the control are statistically significant at p < 0.05 for all indicators presented
Source: developed by the author on the basis of formulae (12-13)

The yield structure of soybean in the experi-
ment encompassed the number of pods, seed fill-
ing, seed weight, and the overall output of produce
per unit area. These indicators were formed succes-
sively throughout the growing season and reflected
the transition of plants from vegetative growth to
reproductive development. Following emergence,
the basis of future productivity was constituted by
plant survival within the crop stand, as it was this
that determined the number of individuals capable
of progressing to flowering, flower bud formation,
and pod ripening. Subsequent development of the
leaf area ensured the accumulation of photosyn-
thates, which were translocated to the stem, root
system, and reproductive organs. The condition of
the root system influenced the uptake of water and
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nutrients, whilst nodule formation supported ni-
trogen nutrition of the plants during the period of
active growth and seed filling. The phytosanitary
condition of the crop determined the preservation
of functional tissues of leaves, stems, and roots, so
the level of disease incidence or pest damage was
reflected in the completeness of formation of the
productive portion of the plants. The number of
pods indicated the result of the initiation and sur-
vival of reproductive organs; the number of seeds
indicated pod filling; the weight of 1,000 seeds
indicated the completion of filling and dry matter
accumulation; and yield indicated the total seed
mass output following harvest. In this sequence,
the early condition of the crop stand, development
of the assimilatory apparatus, functioning of the
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roots, and preservation of reproductive organs
translated into the quantitative and qualitative
parameters of the harvest.

DISCUSSION

The results obtained demonstrated that the appli-
cation of biological products influenced the suc-
cessive developmental stages of soybean — from
seed germination through to yield formation. At
the laboratory stage, the combined application of
Phytovit and Avercom was associated with more
uniform seedling formation, preservation of tissue
integrity, and lower expression of microflora. This
response created the preconditions for a greater
proportion of the seed material to transition to
subsequent developmental phases without pro-
nounced suppression. Under field conditions, the
effect of the products manifested through the con-
dition of seedlings, development of the leaf appa-
ratus, formation of the root system, and nodular
formations. Plant survival following emergence
was accompanied by more active accumulation of
above-ground mass and better functioning of the
assimilatory surface. The phytosanitary condition
of the crop also changed: disease incidence and
pest damage did not attain widespread distribu-
tion, which supported further plant development
throughout the growing season. Yield formation
reflected the preceding growth stages, as the num-
ber of reproductive organs, seed filling, and seed
quality depended on plant condition throughout
the growing season. The combined application
of biological products ensured a successive con-
nection between germination, field development,
phytosanitary condition, symbiotic activity, and
soybean productivity.

In the context of biological seed treatment and
integrated control of harmful organisms, J. Lam-
ichhane et al. (2022) and W. Zhou et al. (2024) ex-
amined how biological and combined approaches
altered the initial development of crops, phytosan-
itary condition, and yield. In a meta-analysis of
396 studies, J. Lamichhane et al. demonstrated
that biological seed treatment increased seedling
emergence, plant biomass, disease control, and
yield; for yield, the mean increase was 21 + 2%
compared with untreated seed. In the present
study, yield under the combined treatment in-
creased by 24.4%, which was close to the general-
ised effect established in the meta-analysis. This

indicates that the action of Phytovit and Avercom
was realised not only through germination but
also through subsequent plant survival, reduced
root rot incidence, development of the nodular
apparatus, and seed filling. W. Zhou et al. consid-
ered integrated protection as a system combining
biological control, monitoring, and several protec-
tive measures, rather than as the action of a single
agent. This is consistent with the result obtained:
the Phytovit + Avercom combination yielded a
higher effect than the individual products, as Phy-
tovit supported initial growth and the assimilatory
apparatus whilst Avercom reduced biotic pressure;
together, these actions translated into a lower dis-
ease/damage index, more active nodulation, and
higher seed productivity.

In the context of microbial nutrition, rhizos-
phere activity, and plant biostimulation, H. Khos-
ravi et al. (2024) and R. Johnson et al. (2024)
focused on the role of PGPR biofertilisers and bi-
ostimulants in crop growth, nutrition, and stress
tolerance. H. Khosravi et al. described the action
of rhizobacteria through nitrogen fixation, hor-
mone production, and solubilisation of nutrient
compounds, though with greater emphasis on the
general prospects of application. R. Johnson et
al. considered biostimulants as agents influencing
plant metabolism, productivity, and resistance to
adverse factors. In the present study, the microbi-
al-physiological aspect was revealed through the
relationship between the leaf apparatus, chloro-
phyll status, nodulation, and subsequent seed for-
mation. In particular, the increase in chlorophyll
content to 2.21 mg/g fresh weight and the rise in
the proportion of active nodules to 73.5% in the
combined treatment is consistent with the mech-
anisms of PGPR action described by H. Khosravi et
al. through hormonal stimulation and nutrient
mobilisation, whilst R. Johnson et al. associated
similar changes in pigment status with a reduction
in abiotic stress loading on plants.

In the area of biocontrol mechanisms and the
practical application of biological agents, A. Ty-
agi et al. (2024) and M. Villavicencio-Vasquez et
al. (2025) analysed the mechanisms of action,
selection, formulations, and limitations of bio-
control agents in plant protection. M. Villavicen-
cio-Vasquez et al. examined Trichoderma and Ba-
cillus through the mechanisms of mycoparasitism,
competition, antibiosis, enzymatic activity, and
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induced resistance. A. Tyagi et al. reviewed the
role of bacterial, fungal, and viral agents in the
control of crop diseases, drawing attention to the
factors that alter their efficacy in the field. In the
present study, the biocontrol component was not
limited to a phytopathological description alone,
as the phytosanitary condition was linked to plant
development, preservation of the leaf surface, and
formation of yield structure. The reduction of the
plant disease/damage index from 3.1 to 1.3 score
and the biological efficacy of protection of 59.6%
are consistent with the mechanisms described by
M. Villavicencio-Vasquez et al.: Avercom, based
on S. avermitilis, exerted contact-intestinal action
on phytophages, whilst Phytovit, acting through
metabolites of S. netropsis, could induce systemic
plant resistance to pathogens — which explains the
different directions of action of the two products
when used in combination. This made it possible
to demonstrate that the action of the biological
products manifested not in isolation but through
the interrelationship of protective, physiological,
and productivity-related changes in soybean crops.

To characterise the relationship between nu-
trition, symbiotic activity, and yield, A. Mirriam et
al. (2022) and V. Paramesh et al. (2023) demon-
strated that the combination of several agronom-
ic factors yielded a higher result than the action
of a single component. V. Paramesh et al. sum-
marised that integrated nutrient management
increased crop yield across a broad range - from
1.3 to 66.5% — whilst simultaneously improving
soil properties and soil microbiological activity.
A. Mirriam et al. established that Bradyrhizobium
inoculation combined with phosphorus nutrition
provided a soybean yield increase of up to 30%,
with the best result obtained at an application rate
of 15 kg P/ha. In the present study, the yield in-
crease under the combined application of Phytovit
and Avercom was 24.4%, which was lower than the
maximum reported by A. Mirriam et al. but higher
than some of the effects summarised by V. Para-
mesh et al. The difference lay in the fact that here
the result was formed not through a mineral nu-
trition system or Bradyrhizobium inoculation but
through the combination of the growth-stimulat-
ing and bioprotective action of the products. It
was precisely for this reason that the combined
treatment yielded a better result than the separate
application of Phytovit or Avercom: the former
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product supported early growth and the leaf ap-
paratus, the latter reduced phytosanitary pressure,
and their combined action translated into higher
nodulation, better seed filling, and greater yield.

With regard to production constraints of soy-
bean and the role of microbial bioformulations,
A. Khan et al. (2023) and P. Majidian et al. (2024)
analysed different levels of the problem: from
production dependence on external factors to
the technological stability of microbial products.
P. Majidian et al. noted that Iran covers more than
90% of its soybean requirements through imports,
and attributed the production decline to biotic and
abiotic stresses, a narrow cultivar base, and tech-
nological limitations. A. Khan et al. considered
microbial bioformulations as a system in which
efficacy depends on the viability of the microor-
ganisms, the carrier, the delivery method, and the
capacity to support plant nutrition, growth, and
protection; for a stable crop response, a sufficient
number of viable cells was indicated as necessary,
specifically not below 10°-10". In the present study,
these principles were tested not at the level of
general technological prospects but through spe-
cific soybean indicators: the combined treatment
provided a yield of 3.01 t/ha, an increase over the
control of 24.4%, and lower seedling infection by
microflora. The superior result of the combined
treatment was explained by the combination of
two actions: Phytovit supported early growth and
leaf apparatus formation, whilst Avercom reduced
biotic pressure, so the effect progressed from ger-
mination through to nodulation, seed filling, and
increased productivity.

In the analysis of organic nutrient sources and
the plant microbiome, M. Khan et al. (2024) and
S. Compant et al. (2025) focused on soil organic
matter, microbial activity, rhizosphere processes,
and the role of microorganisms in crop growth.
M. Khan et al. considered organic fertilisers and
cover crops as factors improving the soil environ-
ment and microbial biomass, whilst S. Compant et
al. reviewed the functions of the plant microbiome
in nutrition, stress tolerance, and protection from
pathogens. In the present study, this area was
made specific through the soybean response to
biological treatment: seedling infection by micro-
flora decreased to 4.2%, the incidence of root rot
decreased to 6.3%, and the number of nodules at
the V5 stage reached 20.6 per plant. In contrast to
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studies where the emphasis is placed on the gen-
eral functions of soil microbiota, the present study
demonstrates the transition from lower microbi-
al infection to more active nodulation, more sta-
ble plant development, and yield formation. The
Phytovit + Avercom combination yielded a higher
result than the individual products through the
combination of growth support and reduction of
biotic pressure.

In terms of biotic pressure and long-term ag-
ronomic background, A. Afzal & T. Mukhtar (2024)
and S. Panday et al. (2024) examined different
sources of productivity constraints: phytoparasit-
ic nematodes and long-term fertilisation systems
in crop rotations. A. Afzal & T. Mukhtar reviewed
approaches to nematode management as a factor
of yield loss, focusing on protective strategies and
food security. S. Panday et al. demonstrated that
long-term fertilisation schemes altered productiv-
ity, profitability, and water use in a soybean-wheat
system. In the present study, the biotic and pro-
duction components were linked through the con-
dition of the root system, the phytosanitary back-
ground, and the subsequent formation of seeds. In
contrast to studies where harmful organisms or
long-term nutrition are analysed separately, the
present study traces how early reduction of seed-
ling infection and more stable root development
translated into more active nodulation and forma-
tion of the reproductive portion of soybean.

For the assessment of agroecosystem resil-
ience to climatic and biodiversity-related factors,
N.-F. Wan et al. (2024) and A. Raza et al. (2025) di-
rected attention to broader mechanisms of agri-
cultural adaptation. A. Raza et al. considered strat-
egies for developing climate-smart crops oriented
towards the preservation of productivity under
stress conditions. N.-F. Wan et al. analysed the cas-
cading socio-ecological benefits of biodiversity for
agricultural production, including pest regulation
and the maintenance of agroecosystem functions.
In the present study, resilience was examined not
through breeding or landscape-level approaches
but through the soybean response to biological
treatment under laboratory and field conditions.
The results obtained detailed how the condition of
seedlings, the leaf apparatus, the root system, and
the phytosanitary background formed the founda-
tion for yield structure. This approach narrowed
the scale of analysis to a specific crop but more

deeply revealed the internal sequence of growth
and productivity changes.

In the examination of initial seed quali-
ty and the role of beneficial bacteria, L. Reed &
B. Glick (2023) and D. Patyal et al. (2025) analysed
technologies that influence the initial develop-
ment of plants. D. Patyal et al. described seed coat-
ing as a method of improving seed quality, protect-
ing seedlings, and enhancing the field realisation
of crop potential. L. Reed & B. Glick reviewed the
application of plant growth-promoting bacteria
to support agricultural crop development. In the
present study, this area was made specific through
the soybean response to biological treatment from
the moment of germination through to seed rip-
ening. Whereas in the cited works the main em-
phasis fell on coating technology or the general
role of bacteria, the present study demonstrated
the subsequent transition of initial changes into
field germination, symbiotic activity, preserva-
tion of the leaf apparatus, and formation of seed
mass. The present study thus detailed the action
of biological treatment of soybean through the
successive connection between germination, field
development, phytosanitary condition, symbiotic
activity, and yield formation.

CONCLUSIONS
The study involved a laboratory-field assessment
of the effect of Phytovit, Avercom, and their com-
bination on the sowing, growth, phytosanitary,
physiological, and productivity indicators of soy-
bean. The laboratory phase demonstrated that
the combined seed treatment most markedly af-
fected the initial seedling development: germi-
nation energy was 88.7%, laboratory germination
was 94.3%, root length was 9.4 ¢cm, and seedling
infection by microflora decreased to 4.2%. The
data indicated more uniform seedling formation,
preservation of tissue integrity, and lower expres-
sion of microbial infection during the laboratory
germination period. Under field conditions, the
application of biological products was reflected in
seedling emergence, plant stand density, develop-
ment of the leaf apparatus, and formation of the
root system. Under the Phytovit + Avercom com-
bination, field germination reached 87.1%, leaf
area was 151 cm?/plant, and the number of nod-
ules at the V5 stage was 20.6 per plant. This plant
response demonstrated the successive transition
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of laboratory changes into field development,
as the treated plants formed more uniform crop
stands, accumulated above-ground mass more
actively, and possessed a formed nodular appara-
tus at the early stage of the growing season. The
phytosanitary condition of the crop also changed
depending on the treatment scheme. Under the
combined application of the products, the inci-
dence of root rot decreased to 6.3%, the develop-
ment of foliar diseases decreased to 5.1%, and the
biological efficacy of protection was 59.6%. This
demonstrated a reduction in disease expression,
a lower level of plant pest damage, and better
crop survival through to the flowering stage. The
reduction in phytosanitary pressure created con-
ditions for the further development of the leaf ap-
paratus, root system, and reproductive portion of
the plants. At the flowering stage, the combined
treatment promoted the formation of a more de-
veloped assimilatory and symbiotic apparatus in
the plants. The leaf area index was 4.0 m?/m?, the
number of active nodules was 25.9 per plant, and
their mass was 0.58 g per plant. Nodule formation
and preservation of the leaf apparatus were asso-
ciated with subsequent seed filling and accumu-
lation of productive mass. Soybean productivity
confirmed the succession of changes recorded at

Kolomiiets et al.

the preceding stages of the study. Under the com-
bined application of Phytovit and Avercom, seed
yield was 3.01 t/ha, the increase over the control
was 24.4%, the weight of 1,000 seeds was 164.6 g,
protein content was 39.1%, and oil content was
21.0%. The combination of the products thus en-
sured the coordinated formation of the sowing,
phytosanitary, symbiotic, and productivity pa-
rameters of soybean, which manifested in better
plant condition throughout the growing season
and higher quality of the seed formed. A limita-
tion of the study was that it did not encompass an
economic evaluation of biological product appli-
cation or their residual effects on soil microbiota
in the following growing season. Further research
should be conducted for other cultivars, regions,
and growing years, and with consideration of eco-
nomic efficiency.
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EpeKTMBHICTL KOMN/IEKCHOrO 3aCTOCyBaHHA 6ionpenaparTiB
npwv BUpoOLLYyBaHHI coi B 1abopaTOPHUX Ta NOSIbOBMX YMOBaX
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Kananaat 6ionoridyHmnx HayK, CTapLUnii HayKOBUIA CRIBPOBITHUK
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AHorairig. MeToro gocigskeHHs 6yI0 OliHUTY eeKTUBHICTh GiompenapaTisB uepes peaxiliio coi 3a
MOCiBHMMM, POCTOBUMU, GiTOCAHITADHUMY, CUMOIOTMYHMMY Ta MPOAYKTUBHUMM ITapaMeTpaMu B
J1abopaTOPHMX i TOJTbOBMX YMOBaX. Y TOC/iAskeHHi BUKOPUCTOBYBAJIM CIIEKTPOGOTOMETPiI0, METOS,
K’enbpans, ekcTpakiito Cokcera Ta gucrnepciiinmuit anaais. Y 1ab6opaTopHMUX YMOBaX KOMIIJIEKCHA
06po6ka HaciHHSI @iTOBITOM i ABepKOMOM 3a6e31euyBaJsia HaliBUIIY eHepriio mpopocTaHHs — 88,7 %,
1110 TIepeBuIyBajo KOHTPoJb Ha 10,1 B. 1. JTabopaTopHa CXOKicTh 3a 1iel cxemu craHoBuUIa 94,3 % i
OyJ1a BUIIOIO 32 KOHTPOJIb Ha 7,9 B. 1., TO/Ii SIK YpaskeHiCTb IPOPOCTKiB MiKpOdI0pO0 3HMKYBaIacs
1o 4,2 %, To6To Gysna MeHIIoOw Ha 7,6 B. . Y MOJOBMX yMOBaX 3aCTOCYBaHHS Giomperaparis
MO3UTHUBHO MTO3HAaYaJoCs Ha GOPMYBaHHI CXO/IiB, 'YyCTOTi POCANH, PO3BUTKY JIMCTKOBOTO arapary
Ta KOPeHeBOoi cucTeMu. 3a KOMIJIEKCHOTO BUKOPUCTaHHS ITperapariB I10JIbOBa CXOXKiCTh CTAHOBUIIA
87,1 %, a KinbKicTb 6ynbp60UOK Y paszi V5 gocsrasna 20,6 mrt./pocauny. @iTocaHiTapHU CTaH MOCiBiB
TaKOX 3MiHIOBABCSI B HAMTPSIMi 3MEeHIIIEHHS YPaskeHHSI XBOPO6aMM ¥ MOMKOAKEHHS IIKiTHUKAMMU:
MOIIMpPEeHHSI KOpeHeBUX THMJIelt 3HMXKyBaznocs OO 6,3 %, a 6ioymoriuHa edeKTUBHICTb 3aXUCTY
ctaHoBMIa 59,6 %.VY dasinBiTiHHSI KOMITJIEKCHA 06po6Ka cripusijia GoOpMyBaHHIO GiJIbIII PO3BMHEHOTO
aCUMINAIIAHOTO Ta CMMOIOTMYHOTO amapaTy pOCAMH. [HOEeKC JMCTKOBOI TOBEpPXHi mocsran
4,0 M%/M?2, KiZbKiCTh aKTUBHMUX 6YIb004YOK — 25,9 WIT./pOCIuHY, a ixHsa maca — 0,58 r/pocanuny, mo
Bimo6paskano akTUBHilIe GYHKIIIOHYBAHHS JMCTKOBOI MOBEPXHi Ta KOpeHEeBOi cucTeMM B Tepiof,
nepexoay POCAMH 10 TeHepaTUBHOTO PO3BUTKY. 36epeskeHHSI IMCTKOBOTO anapary it GopMmyBaHHS
6y71b60YOK TMOEMHYBAMMUCS 3 MOJAIBIIMM HAJIMBOM HACiHHSI Ta HAKOMMUYEHHSIM MPOIYKTUBHOI
Macu. YpoxaliHicTb HaciHHA 3a oegHaHHS DiToBiTy #i ABepkomy cTtaHoBuaa 3,01 T/ra, mpupict
0 KOHTpoJIIO — 24,4 %, BmicT 6inka — 39,1 %, a omii — 21,0 %. [IpakTMYHA I[iHHICTb HOCTiIKEHHS
TOJISITA€ B MOKJIMBOCTiI BUKOPUCTAHHS 11OTO pe3yabTaTiB arpoHoMamu, pepmepamu, HAaCiHHEBUMU
rOCIOIApCTBAMM Ta JOCTiJHUKAMMY )il O6TpYHTYBaHHS 6i00TiuHOI 06p06KM COi 3 ypaXyBaHHSIM
MpopoCTaHHs, hiTocaHiTapHOTO CTaHYy, 6yIbOOUKOYTBOPEHHS, YPOXKANHOCTI Ta IKOCTi HACIHHS

KirouoBi ciioBa: diTocaHiTapHMI CTaH; TYCTOTa POCIAMH; KOPEHEeBa CUCTEMA; KiJbKiCTbh 6yIbO0YOK;
reHepaTMBHI Opra’mu
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