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forming the optimal regime for spring rapeseed crops on drained organogenic soils by determining
the reasonable rates of mineral fertiliser application depending on the methods that take into
account the specifics of these soils. The study used methods such as field research with a complex of
biometric, agrochemical and laboratory studies, as well as mathematical and statistical methods. The
research focused on the development of optimal mineral fertilisation systems and effective methods
of peatland use, taking into account environmental aspects. It was found that the application of
mineral fertilisers leads to an intensification of mineralisation processes, which increase with
higher fertiliser doses, resulting in the accumulation of nutrients that affect the yield of cultivated
crops and their migration into drainage waters. Using field, laboratory and statistical methods,
the authors determined that the highest mineralisation of peat and CO, emissions occur in crop
rotations with annual crops, while perennial grasses reduce peat depletion. It was also found that
the highest rapeseed yield was achieved in grass-field crop rotations with the application of mineral
fertilisers (3.0-3.3 t/ha), which reduced energy costs and increased economic efficiency. Studies had
revealed significant leaching of nitrate nitrogen and potassium into drained waters, especially in
spring and autumn, which contributed to water pollution. The proposed methods also increased the
stability of the agroecosystem, minimising degradation processes in organogenic soils and reducing
the environmental impact on the surrounding environment. The results obtained were of practical
value in improving organic fertilisation systems for binary crops and ensuring the sustainability of
agroecosystems, and can be used by agricultural producers of various forms of ownership

Keywords: peat soils; decomposition of linen fabric; organic matter; fertilisation; soil cultivation;

productivity; biogenic substances

INTRODUCTION
Modern farming systems in the context of cli-
mate warming on drained soils require a signif-
icant review of key aspects of crop cultivation
technology and crop rotation structure. It is
important to implement improved technologi-
cal measures aimed at obtaining high and eco-
nomically profitable yields, taking into account
environmental protection principles. Peat soils,
which are low in potassium, often deficient in
phosphorus and high in nitrogen, are character-
ised by intensive mineralisation of organic mat-
ter and leaching of nutrients into groundwater.
Therefore, sound calculations of mineral fertil-
iser application rates are extremely important.
Such research should ensure the environmental
and economic efficiency of the use of the recla-
mation fund in the context of climate warming,
contribute to the restoration of soil fertility and
reduce the energy costs of crop cultivation tech-
nologies, in particular agromeliorative meas-
ures characteristic of reclamation agriculture on
drained soils. Addressing these issues will make
it possible to maintain crop productivity and
economic performance while reducing energy
costs and lowering the environmental impact

D

in areas of drainage reclamation. In general, the
development of effective and environmentally
friendly technology for growing spring rapeseed
on drained organogenic soils will significantly
increase the productivity of reclaimed lands in
the Polissya region, which will enable agricul-
tural enterprises to allocate additional funds to
improve the technical condition of reclamation
systems, which is necessary for production.

The development of agrobiological and en-
vironmentally friendly measures contributes
to the preservation of the fertility of drained or-
ganogenic soils and their effective cultivation in
conditions of climate warming. These technolo-
gies are an important factor in the development
of agricultural production in areas of excessive
moisture (Tarariko et al., 2025). However, as not-
ed by L. Slyusar et al. (2023), farming on drained
organogenic soils in Polissya is associated not
only with weather conditions, but also with the
operation of land reclamation networks, the se-
lection of highly profitable crops, and the tech-
nologyused to grow them.I. Malinovska & M. Tka-
chenko (2023), Yu. Tarariko et al. (2025) believe
that when using drained organogenic soils, it

Plant and Soil Science 16(4)
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is essential to take into account environmental
protection measures related to the prevention
of excessive mineralisation of peatlands and
contamination of soil and river waters with bi-
ogenic substances. An analysis of the literature
by E. Jajor § M. Mréwczyriski (2016) and M. Park-
homets et al. (2023) showed that by the begin-
ning of the 21st century, rapeseed cultivation
had become widespread in Ukraine and Europe.
Spring rapeseed began to occupy a leading posi-
tion in the world among oil crops, with gross oil
production reaching 33-35 million tonnes, and
in Ukraine it occupies about 1% of arable land
(Ryzhuk et al, 2022; Voropai et al., 2024). At the
same time, the main factor limiting the cultiva-
tion of rapeseed on drained organogenic soils is
the lack of sound and environmentally friendly
technology in these conditions as the climate
warms. This primarily concerns the optimisation
of mineral fertilisation, crop rotation, the impact
of its cultivation on the intensity of peatland
mineralisation and the leaching of biogenic sub-
stances into groundwater (Markova et al,, 2025).

This theory is also confirmed in the work of
L. Slyusar et al. (2023), which is based on the the-
ory of ecological and environmental aspects. For
humid areas on drained organogenic soils, the
introduction of spring rapeseed (annual crops)
as a highly profitable crop into the structure
of cultivated areas on old-ploughed carbonate
peat soils provides a significant economic re-
turn from the use of reclaimed land. This con-
tributes to increasing the profitability of agricul-
tural production and provides a stable income
from crop sales. The high economic benefits of
rapeseed cultivation are due not only to mar-
ket demand for rapeseed as a source of oil and
feed protein, but also to its importance in biofu-
el production, which is particularly relevant in
the context of energy crises and environmental
challenges. These results can form the basis for
further research aimed at improving agricultur-
al technologies for growing spring rapeseed and
other crops on drained organogenic soils.

The aim of the research was to provide a the-
oretical justification for agrobiological meas-
ures for growing spring rapeseed under differ-
ent mineral fertilisation systems and methods
of using drained carbonate organogenic soils in
the context of climate change.

Plant and Soil Science 16(4)

MATERIALS AND METHODS

The research was conducted during 2021-2023
in a stationary experiment of an 8-field grain
crop rotation on drained old-ploughed organo-
genic soils of the Panfil Experimental Station
of the National Scientific Centre “Institute of
Agriculture of the National Academy of Agrar-
ian Sciences of Ukraine” (floodplain of the Supii
River, Boryspil District, Kyiv Region). The soil
of the experimental plot (0-50 cm) is well-de-
composed peat (50-55%), carbonate, of cat-
tail-sedge origin, with a thickness of 2.4-2.5 m
and a density of 0.215 g/cm3; ash content 40-
43%, full moisture capacity (FMC) - 270-280%;
gross nitrogen content - 2.33%, phosphorus -
0.76-0.90; potassium - 0.09-0.15, calcium - 20-
26%; pH of aqueous solution - 7.3-7.5. The ex-
periment was conducted in three replicates in
time and space. Spring rapeseed was grown in
a grass-crop rotation with two annual crops
(maize and rapeseed) and six fields of peren-
nial grass mixtures, and in a row-crop rotation
with only three annual crops (sunflower, spring
rapeseed, spring triticale) and, for comparison,
a field with unchanging sowing of perennial
grass mixtures to determine the most effective
way to use organogenic soils for growing spring
rapeseed. To determine the effectiveness of
mineral fertilisers and compare different types,
plots without fertiliser application and without
fertiliser application + Opti Growth were added
to the experimental design; The recommended
fertiliser doses were determined based on the
analysis of data from long-term studies in crop
rotation on drained soils conducted by the Na-
tional Scientific Centre “Institute of Agriculture
of the National Academy of Agrarian Sciences
of Ukraine”, with the highest yield obtained.

The formation of mineral fertilisation op-
tions for spring rapeseed was carried out ac-
cording to the following principle: based on the
data obtained from the results of many years
of field studies conducted on old-ploughed
soils at the Panfil Research Station (R,.K,,,); -
balance - calculated for yield increase. The
balance method is based on (two) methods of
determining fertilisers for the planned yield
increase:

D=(Y,Y,)xRx100/C,, W)

G
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where Y, - planned yield, t/ha; Y, - long-term
yield without fertilisers, t/ha; R — nutrient re-
moval by plants, kg/t; C, — coefficient of nutrient
utilisation from fertilisers, %.

The coefficient of nutrient utilisation from
fertilisers was calculated based on long-term
data obtained on these soils (Slyusar, 2019). To
study biochemical activity in the soil, experi-
ments were conducted using the application
method and assessment of total biological activ-
ity. In particular, to assess the activity of micro-
organisms, linen fabric stretched over glass was
used, which was placed at a depth of 0-30 cm.
The total area of the sowing plot was 20 m?, and
the accounting area was 15 m2. Opti Growth is a
biological product for stimulating plant growth
and development and ensuring their balanced
nutrition based on a concentrated suspension
of live nitrogen-fixing, phosphorus- and potas-
sium-mobilising cultures and microorganisms
with fungicidal properties.

Soil moisture in the samples was deter-
mined by the thermostatic-weight method, ni-
trate nitrogen content - by the Granwald-Lazh
method with disulphophenolic acid in accord-
ance with (DSTU 4725-2007, 2008), the am-
monium nitrogen content was determined
using the potassium chloride solution extrac-
tion method according to (DSTU ISO/TS 14256-
1:2005, 2006), the content of mobile phosphorus
and potassium compounds - by flame photom-
etry of carbon ammonium extract according to
(DSTU 4114-2002, 2003). Soil respiration was

determined by CO, release, and the intensity of
root system respiration was determined using
the Boisen-Jensen method (Kolesnikov, 2019).
To convert the intensity of soil organic matter
mineralisation, a coefficient of 0.543 was used,
which corresponds to 50.2% carbon in peat or-
ganic matter (Yevtushenko & Khyzhnyak, 2019).
Weather conditions during the years of research
at the Panfil Research Station (according to data
from the Yahotyn Meteorological Station located
2 km from the research field) were character-
ised by increased average monthly values for
April-September: the air temperature in 2021
was 16.6°C, in 2022 - 16.2°C, and in 2023 - 174°C
(the long-term average is 15.2°C), and insuf-
ficient precipitation (298 mm in 2021, 27 mm
more in 2022, and - 391.5 mm compared to the
norm of 327 mm).

RESULTS AND DISCUSSION

Monitoring of soil water conditions showed that
groundwater levels mostly fluctuated at levels
close to the lower limit of optimality, which was
particularly noticeable in 2021 (Fig. 1). During
this period, higher air temperatures compared
to long-term averages contributed to increased
moisture evaporation. As a result, increased
evaporation reduced the amount of moisture
available to plants in the soil. However, this
groundwater level, together with the shallow
root system of spring rapeseed, ensured suffi-
cient moisture in the root zone, thereby promot-
ing optimal plant growth and development.
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Figure 1. Soil water regime, average for 2021-2023

Source: developed by the authors
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This water regime was particularly impor-
tant because higher temperatures not only
increase evaporation but also create addi-
tional challenges in maintaining plant access
to moisture in the upper soil layers. Thus, the
stable presence of groundwater at the speci-
fied depthis a key factor for the effective use of
available water resources by plants, which had
a positive overall effect on the development of
rapeseed plants. Further research confirms
that in the context of climate change, such as
rising temperatures and uneven rainfall, the
presence of groundwater at a certain depth is
critical to crop productivity. These factors ne-
cessitate the adaptation of water management

and irrigation in modern conditions to ensure
stable conditions for crop moisture supply. Ac-
cordingly, the moisture content of the active
soil layer was within the optimal range during
the rapeseed growing season (May-July) - 69-
81% of full moisture capacity, with the low-
er optimal soil moisture content being 40%
of full moisture capacity and the upper limit
being 80% of full moisture capacity. An anal-
ysis of the nutrient content in the soil shows
in Table 1 that it significantly depends on both
the application of mineral fertilisers and the
method of using drained soils, the structure
of cropland in crop rotation and the place of
rapeseed in it.

Table 1. Mobile nitrogen content in the 0-30 cm soil layer under spring rapeseed depending
on the structure of sown areas in crop rotation, mg/kg of dry soil

. N-NO, N-NH,
Fertilisation
2021 | 2022 | 2023 | average | 2021 | 2022 | 2023 | average
Row crop rotation with two annual crops (perennial grasses, maize, spring rapeseed)
Without fertilisers (control) 159.0 | 78.0 23.0 86.7 38.5 42.0 43.5 41.3
Recommended fertiliser dose basedon | 13, | 910 | 240 | 830 | 385 | 445 | 410 | 413
experiments
Calculated dose for yield increase 112.0 | 98.0 27.0 79.0 40.0 44.5 37.5 40.7
Recommended fertiliser dose basedon | 135 | 1050 | 680 | 101.7 | 335 | 445 | 358 | 37.9
experiments + Opti-Growth
Fertiliser: organic-mineral — Opti Growth 152.0 | 123.0 | 62.0 112.3 30.0 39.2 39.3 36.2
Crop rotation with three annual crops (sunflower, spring rapeseed, spring triticale)
Without fertilisers (control) 107.0 | 69.0 | 135.0 103.7 36.5 46.5 48.5 43.8
Recommended fertiliser dose basedon | 153 | g7 | 1070 | 1057 | 285 | 455 | 428 | 389
experiments
Calculated dose for yield increase 132.0 87.0 102.0 107.0 31.0 42.0 44.5 39.2
Recommended fertiliser dose basedon | 1,94 | 1000 | 950 | 1080 | 285 | 445 | 428 | 386
experiments + Opti-Growth
Fertiliser: organic-mineral — Opti Growth 108.0 | 117.0 | 93.0 106.0 45.5 435 40.0 43.0
Perennial grasses 8 years
Without fertilisers (control) 91.0 49.0 - 70.0 38.5 41.0 50.5 43.3
Recommended fertjlllser dose based on 37.0 790 ) 83.0 365 435 495 44.8
experiments
Calculated dose for yield increase 81.0 91.0 - 96.0 335 44.5 54.5 44.2
Recommended fertiliser dose basedon | g1 5 | gg¢ | . 945 | 32.8 | 435 | 555 | 439
experiments + Opti-Growth
Fertiliser: organic-mineral — Opti Growth 94.0 32.2 - 63.1 36.5 42.0 60.5 46.3

Source: developed by the authors

Thanks to the stable groundwater level at
the optimal depth, the moisture content of the
active soil layer during the rapeseed growing
season (May-July) was maintained within the
range of 69-81% of full moisture capacity (FMC),
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with the lower optimal soil moisture limit at
40% FMC and the upper limit at 80% FMC. Such
moisture levels are optimal for the growth and
development of rapeseed, as they provide suf-
ficient water for the root system, especially in
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conditions of climate change, which increase
the risk of drought.

According to the results of soil nutrient
analysis, their content is determined not only
by the amount of mineral fertilisers applied,
but also by a number of other factors, such as
the method of drained soil cultivation, crop ro-
tation composition, and the place of rapeseed in
the crop structure (Table 2). Applying fertilisers

taking into account the specifics of each field
and the needs of agricultural crops allows avoid-
ing excessive or insufficient saturation of the soil
with nutrients, in particular nitrogen, potassium
and phosphorus. This is especially important for
rapeseed, which has specific phosphorus and
potassium requirements but, at the same time,
avoids excess nitrogen, which can lead to leach-
ing into groundwater.

Table 2. Content of mobile P,05 and K,0 in the 0-30 cm soil layer on spring rapeseed crops,
depending on the structure of cultivated areas in crop rotation, mg/kg of dry soil

P,0, K,0
Fertilisation
2021 | 2022 | 2023 |average | 2021 | 2022 | 2023 | average
Grass-based crop rotation with two annual crops (perennial grasses, sunflower, spring rapeseed)
Without fertilisers (control) 61.1 36.0 22.5 39.9 105.0 102.0 88.0 98.0
Recommended fertiliser dose | g5 | 495 | 160 | 464 | 2600 | 1020 | 80 | 1500
based on experiments
Calculated dose for yield increase | 82.6 42.2 17.0 46.9 272.0 110.0 84.0 155.0
Recommended fertiliser dose
based on experiments + Opti- 82.0 40.0 22.5 48.2 269.0 123.0 132.0 175.0
Growth
Fertiliser: organic-mineral =Opt | ;6 | 414 | 270 | 485 | 1040 | 880 | 1260 | 106.0
Growth
Grass-based crop rotation with three annual crops (sunflower, spring rapeseed, spring triticale)
Without fertilisers (control) 56.0 34.1 20.0 36.7 120.0 84.0 198.0 134.0
Recommended fertiliser dose 66.0 32.0 21.2 39.7 | 162.0 | 860 | 216.0 | 155.0
based on experiments
Calculated dose for yield increase 69.0 45.0 19.4 44.5 170.0 88.0 263.0 174.0
Recommended fertiliser dose
based on experiments + Opti- 54.0 45.0 21.2 40.1 176.0 84.0 216.0 159.0
Growth
Fertiliser: organic-mineral —Opti | 5, 424 235 326 | 162.0 | 860 | 2160 | 155.0
Growth
Perennial grasses 8 years
Without fertilisers (control) 52.2 30.0 10.0 30.7 176.0 72.0 102.0 117.0
Recommended fertiliser dose 77.2 36.0 12.0 417 | 1260 | 840 | 2160 | 142.0
based on experiments
Calculated dose for yield increase 79.0 38.0 20.0 45.7 120.0 98.0 298.0 172.0
Recommended fertiliser dose
based on experiments + Opti- 71.0 42.4 16.0 43.0 132.0 94.0 232.0 153.0
Growth
Fertiliser: organic-mineral — Opti
69.0 40.2 16.6 40.9 132.0 89.0 192.0 137.0
Growth

Source: developed by the authors

A particularly noticeable decrease in the
level of nitrate nitrogen in the soil is observed
under perennial grass mixtures, where the con-
tent ranges from 63.1 to 94.5 mg/ha of dry soil.
This is because perennial grasses form a dense
turf, which helps to reduce the mineralisation of

0

organic matter and the accumulation of nitro-
gen in mineralised form. In comparison, under
annual crops such as rapeseed in grass-crop
rotation, nitrate nitrogen levels are significantly
higher (103.7-108.0 mg/ha). This indicates an in-
tensive process of organic matter decomposition
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in peat soil, which is greatly enhanced by annu-
al crops that stimulate microbiological activity
and, accordingly, peat decomposition processes.

In certain years, such as 2022, nitrate ni-
trogen content varied significantly, which may
be due to climatic factors, in particular rising
temperatures and changes in the water regime,
which contribute to more intensive minerali-
sation of organic matter in peat soils. In gener-
al, regardless of how drained soils are used, all
cultivated areas showed medium to high levels
of mobile nitrogen, which is an important factor
in planning mineral fertiliser application rates.
This level of supply creates favourable condi-
tions for high yields, but also requires control
to avoid excess nitrogen, which can lead to its
leaching into groundwater, increasing the risk
of environmental pollution.

The content of mobile forms of phospho-
rus and potassium under rapeseed crops and
perennial grass mixtures is usually associat-
ed with the application of mineral fertilisers,
but on peaty carbonate soils, the dependence
on fertilisers may vary. The vivianite layers in
such soils create conditions under which phos-
phorus in a bound form, when interacting with
air during ploughing, becomes available in a

mobile state. This provides an additional source
of phosphorus for plants, which is important
for maintaining an optimal phosphorus regime
even with low fertiliser rates, such as P,,. Mobile
phosphorus and potassium accumulate in the
soil and provide rapeseed crops with nutrients,
which has a positive effect on their yield. This
is important in the context of maintaining soil
fertility and the effective use of drained organo-
genic soils. The mineralisation of organic mat-
ter in peat soils not only enriches the soil with
nutrients, but also stimulates the biological ac-
tivity of microflora, which is one of the key fac-
tors in ensuring a nutritious regime. Depending
on the composition and activity of microflora,
mineralisation processes affect the intensity
of accumulation of nutrients such as nitrogen,
phosphorus and potassium, which determine
crop yields on drained soils. During the growing
season, the intensity of its decomposition (as a
percentage of the initial mass) was an indicator
of the biological activity of the soil. The faster
the tissue decomposed, the higher the activity
of microflora and the intensity of mineralisa-
tion processes, indicating the soil's high poten-
tial for converting organic matter into forms
accessible to plants (Table 3).

Table 3. Effect of methods of use and fertilisation of drained organogenic soils under spring
rapeseed crops on the decomposition of linen fabric, %

Permanent crops Grass-based crop Crop rotation
Fertilisation of perennial grasses rotation with annual crops
2021 | 2022 | average | 2021 | 2022 | average | 2021 | 2022 | average
Without fertilisers (control) 30 41 35 54 63 58 70 57 63
Recommended fertjlllser dose based 34 73 53 56 72 64 67 71 69
on experiments
Calculated dose for yield increase 37 59 48 60 82 71 65 69 67

Note: soil layer 0-30 cm (exposure period 18.05-25.09)
Source: developed by the authors

It was found that the application of miner-
al fertilisers has a positive effect on the min-
eralisation processes of flax fabric, as does an
increase in the proportion of annual crops in
crop rotation. This contrasts with the decompo-
sition of fabric observed after sowing perennial
grasses. Thus, the decomposition of flax fabric
over two years without the application of min-
eral fertilisers on perennial grass mixtures was
35%, while in grass-cereal crop rotation it was
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58%, and in crop rotation containing only annu-
al crops it was 63%. With the application of the
recommended fertiliser doses (P,.K,,,), these
figures increased to 53%, 64% and 69% respec-
tively, while the estimated yield increase under
these conditions was 48%, 71% and 67%.
Animportantindicator for the use of drained
organogenic soils is the determination of the
actual mineralisation of peat, which allows as-
sessing the efficiency of peatland exploitation
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depending on the method of their use (Sly-
usar et al., 2023). To this end, during 2021-2023,
observations were made of the intensity of CO,

release, which is a consequence of peat mineral-
isation under spring rapeseed crops under vari-
ous conditions of organogenic soil use (Table 4).

Table 4. Mineralisation of organic matter in peat soil depending on the method of peat use

Intensity of CO, | Intensity of CO, | Intensity of peat
& Method of use Level of fertilisation relea§e from release by the mmeral'lsatlon
> the soil, kg/ha | root system per during
per day day, kg/ha vegetation, t/ha
without fertilisers (control) 314 3.14 3.17
Pergnmal grass crops recommended ferqllser dose 33.0 6.29 333
without rotation based on experiments
calculated dose for yield increase 40.9 4.71 4.13
without fertilisers (control) 51.9 9.43 5.24
- . . ™
S Spring rapeseed_ in recommended fert}llser dose 723 6.29 730
& | grass crop rotation based on experiments
calculated dose for yield increase 59.3 11.00 6.03
without fertilisers (control) 83.3 7.86 8.41
Spring rapeseeq in recommended fert_lllser dose 911 11.00 921
row crop rotation based on experiments
calculated dose for yield increase 91.1 12.57 9.21
without fertilisers (control) 73.1 7.86 7.38
Pergnnlal grass crops recommended fert.lllser dose 66.8 943 6.75
without rotation based on experiments
calculated dose for yield increase 58.9 9.43 5.95
without fertilisers (control) 57.4 12.57 5.79
~ . . ™
S Spring rapeseed_ in recommended fert.lllser dose 69.1 943 6.98
& | grass crop rotation based on experiments
calculated dose for yield increase 53.4 14.14 5.40
without fertilisers (control) 80.1 11.00 2.88
Spring rapesee.d in recommended fer‘qllser dose 754 13.36 759
row crop rotation based on experiments
calculated dose for yield increase 72.3 15.71 2.36
without fertilisers (control) 52.2 5.50 5.27
Perqnnlal grass crops recommended fert.lllser dose 49.9 786 504
without rotation based on experiments
calculated dose for yield increase 49.9 7.07 5.04
° without fertilisers (control) 54.7 11.00 5.49
o0 . . .
© | Spring rapeseeq in recommended fer‘qllser dose 70.7 786 702
9| grass crop rotation based on experiments
< calculated dose for yield increase 56.4 12.57 5.72
without fertilisers (control) 81.7 9.43 6.05
Spring rapeseef:l in recommended fert_lllser dose 83.2 1218 590
row crop rotation based on experiments
calculated dose for yield increase 81.7 14.14 5.78
HiPy 4.3 0.39 1.05

Source: developed by the authors

It was found that CO, emissions from the
soil during the exposure period on unfertilised
plots under perennial grass mixtures amounted
to 52.2 kg/ha per day. Under spring rapeseed in a
grass-crop rotation with two annual crops, CO,

D

emissions per day increased by 2.2 kg/ha, and
in a row-crop rotation - by 29.5 kg/ha. The ap-
plication of mineral fertilisers under rapeseed
resulted in even greater CO, emissions from the
soil. On plots with the recommended fertiliser
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doses in the grass-based system, CO, emissions
increased by 35.4%, and in the crop rotation with
annual crops - by 59.4%. Thus, the data obtained
confirm the importance of proper mineral nu-
trition management and crop selection in crop
rotations to optimise microbiological processes
in the soil and increase the efficiency of drained
organogenic soils.

It should be noted that the mineralisation of
peatlands and their increased depletion under
agricultural use, especially with the introduc-
tion of crop rotations that include only annual
crops, contributes to a greater accumulation
of mobile nitrogen and mobile organic matter
in the topsoil. Such accumulation is particu-
larly pronounced in areas where groundwater
is close to the surface (40-60 cm). Under such

conditions, especiallyduringheavyrainfall, there
is a risk of biogenic substances being washed
into the groundwater. Groundwater has a hy-
drological connection with rivers, which causes
pollution of water bodies with various biogenic
elements, such as nitrates, phosphates and oth-
er soluble compounds. In view of this, studies
were conducted to investigate the process of
leaching soluble substances into groundwater
under spring rapeseed crops under various con-
ditions of use of drained organogenic soils. The
studies showed that nitrate nitrogen and potas-
sium compounds were leached most intensively
from rapeseed crops. The phosphorus content in
drained waters, on the contrary, was significant-
ly lower, and this indicator was stable through-
out the year, regardless of the season (Table 5).

Table 5. Impact of mineral fertiliser application and crop structure on the leaching
of biogenic substances into groundwater, mg/l of water, average for 2021-2023

. . Spring Autumn
Soil use Fertilisation
NO, | NH, | PO, | KO | NO, | NH, | P,O, | KO
without fertilisers (control) 9.2 2.4 0.3 5.6 2.1 2.1 1.5 8.2
Permanent recommended fertiliser dose
crops of X 6.8 2.5 0.3 9.9 1.1 13 3.6 25.9
- based on experiments
perennial -
grasses calculated dose for yield 98 19 05 ) 34 29 15 209
increase ’ ’ ’ ’ ’ ' '
without fertilisers (control) 2.8 2.5 0.1 5.7 4.7 2.5 1.1 14.2
Grass-based | recommended fertiliser dose | 4 11 | 03 | 66 | 43 32 | 30 | 191
. based on experiments
crop rotation -
calculated dose for yield ) 15 03 6.1 7.0 35 33 186
increase ’ ’ ’ ’ ’ ’ '
. without fertilisers (control) 11.9 2.0 0.1 4.1 8.6 0.8 1.2 10.1
Spring recommended fertiliser dose
rapeseed X 12.7 2.6 0.3 5.1 11.2 1.0 3.8 15.1
. based on experiments
in row crop -
rotation calculated dose for yield 127 | 12 | 03 | 63 | 126 | 07 | 23 | 254
increase
Hipgs 1.6 0.4 0.02 0.5 1.1 0.3 0.02 1.1
Source: developed by the authors
The results of seasonal observations Such seasonal dynamics are associated with

showed that different elements are leached
at different times of the year. Thus, the larg-
est amount of nitrate nitrogen was leached in
spring, while potassium migrated most in au-
tumn. In crop rotation with annual crops, the
concentration of nitrate nitrogen in drainage
water was recorded at 11.9-12.7 mg/1 in spring
and 8.6-11.6 mg/l in autumn. The concentra-
tion of potassium in water in spring was 4.1-
6.3 mg/l, while in autumn it was 10.1-25.4 mg/1.
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the peculiarities of mineral fertiliser applica-
tion and plant assimilation processes.

In particular, potash fertilisers are often
applied in spring, which leads to a decrease in
the potassium content in drainage waters in
spring and due to the active consumption of
this element by plants during the growing sea-
son. Nitrogen fertilisers, which are important
for the growth and development of rapeseed
throughout the season, are also intensively used
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by plants, but part of them decomposes and
accumulates in the soil during autumn and win-
ter. With the onset of spring, when the groundwa-
terlevelrises closertothe arablelayer, the nitrate
nitrogenaccumulated during the winterisinten-
sively washed out of the soil into drainage water.

The results obtained indicate the need for
a rational approach to fertiliser application
on peat soils, especially in conditions of close
groundwater occurrence. To minimise the neg-
ative impact on the environment, it is necessary
to optimise the application of nitrogen and po-
tassium fertilisers, taking into account the sea-
sonal needs of plants and the risk of leaching of

biogenic elements. This will reduce groundwa-
ter pollution and ensure stable crop yields on
drained organogenic soils.

Studies have shown that the highest yield
of spring rapeseed on drained organogen-
ic soils was achieved with grass-crop rotation
(5-6 fields of perennial grasses with 2-3 fields
of annual crops, including rapeseed) under con-
ditions of applying the recommended doses of
mineral fertilisers or doses calculated for a yield
increase of 2.1-3.8 cwt/ha (compared to the op-
tion without fertilisers). According to the aver-
age figures for 2021-2023, the yield in this crop
rotation was 3.0-3.3 cwt/ha (Table 6).

Table 6. Spring rapeseed yield depending on mineral fertilisation
and method of use on drained organogenic soils, t/ha

I Method of using Year
Fertilisation o average
organogenic soil 2021 2022 2023
. . grass-based crop rotation 1.8 3.0 1.4 2.1
Without fertilisers (control) - -
crop rotation with annual crops 2.4 2.4 1.6 2.1
Recommended fertiliser dose grass-based crop rotation 2.1 3.4 34 3.0
based on experiments crop rotation with annual crops 2.8 3.1 3.1 3.0
Calculated dose for yield grass-based crop rotation 2.9 33 3.8 33
increase crop rotation with annual crops 2.7 3.4 3.0 3.0
Hipys 0.31 0.29 0.31 -

Source: developed by the authors

The use of crop rotation, which includes
only annual crops, also provided similar rape-
seed yields, although they were on average
0.3 t/ha lower. However, this approach has neg-
ative environmental consequences: due to the
more active mineralisation of organic peat
mass, peatlands are being intensively depleted.
This leads to accelerated decomposition of or-
ganic matter, a decrease in the organic content
of the soil, and increased carbon dioxide (CO,)
emissions into the environment, which nega-
tively affects the environment and increases the
risk of soil fertility loss.

Under conditions of grass-field crop ro-
tation with perennial grasses, which ensure
reduced peat depletion, there is a more stable
preservation of organic matter in the soil. Per-
ennial grasses act as a kind of “protective bar-
rier”, preventing the intensive decomposition
of organic matter. In addition, such crop rota-
tion contributes to improving soil structure,

1)

preserving its water-air balance and ensuring
the gradual accumulation of organic matter.

The use of mineral fertilisers in grass-based
crop rotation increases the efficiency of nutrient
use and allows for stable rapeseed yields, reduc-
ing the risk of peat soil depletion. This indicates
the advisability of introducing crop rotations
with perennial crops, which minimise degra-
dation processes in organogenic soils, ensuring
their long-term fertility. Thus, the results ob-
tained indicate the advantages of grass-based
crop rotations for growing spring rapeseed on
peat soils. The use of perennial grasses in the
crop rotation structure allows to preserve the
organic matter of the soil, reduces the intensity
of peat mineralisation, ensuring stable crop pro-
ductivity and increasing the ecological stability
of the agroecosystem.

The effective and environmentally friendly
use of drained organogenic soils in the context
of climate change is one of the key conditions for
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ensuring the sustainable development of agri-
cultural production (Jauhiainen et al., 2019). Cli-
mate warming is accompanied by an increase
in the rate of peat mineralisation, which poses
a threat of soil degradation and water pollution.
In this context, the introduction of agricultur-
al technologies aimed at stabilising the carbon
balance and limiting the loss of organic matter
is particularly relevant (Truskavetskyi, & Tsap-
ko, 2016; Klymenko et al, 2022). According to
the results of research by 1. Slyusar (2019), one
of the promising solutions is the technolo-
gy of growing annual crops in the structure of
grass-field crop rotation with the inclusion of
5-6 fields of perennial grasses and 2-3 annual
crops. This approach allows for the comprehen-
sive solution of several problems: increasing the
biological activity of the soil, stabilising its agro-
chemical indicators, and reducing the intensi-
ty of peat mineralisation processes. The works
of S. Kolomiyets § P. Pyyipchuk (2017), I. Sly-
usar (2019), Yu. Tarariko et al. (2025) highlight
that the application of calculated doses of phos-
phorus and potassium fertilisers in this system
is a balanced solution, which, on the one hand,
meets the nutritional needs of crops and, on the
other hand, prevents the leaching of biogenic
substances into subsoil horizons and ground-
water, as confirmed in the works of M. Heino et
al. (2020) on obtaining high yields of agricultur-
al crops in various cultivation systems.

As shown by the studies of V. Polyovy et
al. (2022) and V. Tymofeyev et al. (2022), ecolog-
ical and economic aspects are also an integral
part of the proposed approach. The inclusion of
both spring rapeseed and other annual crops in
the structure of cultivated areas provides addi-
tional commercial production and creates fi-
nancial reserves to maintain the operability of
land reclamation systems. Thus, the technology
combines environmental feasibility with eco-
nomic efficiency, which meets the modern re-
quirements for farming systems in the context
of climate change. According to the results of
studies by L. Hlisnikovsky & E. Kunzova (2014)
and G. Voropai et al. (2024), the proposed system
allows for a 5-10% reduction in organic matter
losses, as well as a reduction in energy costs per
unit of production, which is a strong argument
in favour of its implementation in production
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practice. In addition, according to S. Balyuk &
R. Truskavetskyi (2025), the development of the
concept of “soil health” can only be ensured by
establishing an optimal nutrient regime that
contributes to increased crop yields compared
to existing technologies of both domestic and
foreign origin.

In general, the results of these scientific de-
velopments are important for the formation of
adaptive models of sustainable agriculture on
drained organogenic soils. They confirm that
the integration of agroecological principles into
technological solutions allows achieving a bal-
ance between soil fertility conservation, crop
productivity improvement, and economic feasi-
bility of agricultural production in the context of
global climate challenges.

CONCLUSIONS

The developed technology for achieving high
yields of spring rapeseed (34-3.8 t/ha of grain)
is based on the introduction of environmental-
ly friendly grass-cereal crop rotations, which
include 5-6 fields of perennial grasses and 2-3
fields of annual crops. The use of such crop ro-
tations in combination with the application of
phosphorus and potassium fertilisers in calcu-
lated doses or doses justified by long-term agro-
chemical observations ensures balanced crop
nutrition and contributes to the ecological sta-
bility of agroecosystems. This approach prevents
excessive mineralisation of organic matter in
peat and reduces the risk of leaching of biogen-
ic elements - primarily nitrates and potassi-
um - from the active soil layer into groundwater,
which is particularly important for preserving
the quality of the aquatic environment.

The developed grass-field crop rotation with
the inclusion of perennial grasses in the struc-
ture of spring rapeseed crops ensures the stabi-
lisation of microbiological processes in the soil,
maintains amoderate rate of mineralisation that
corresponds to the rate of nutrient consumption
by crops, and prevents the imbalance of biogeo-
chemical cycles. This contributes to maintaining
the ecological sustainability of agroecosystems,
prevents excessive carbon dioxide emissions
into the atmosphere, and reduces the environ-
mental impact of agricultural activities. The in-
clusion of perennial grasses in crop rotation has
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a positive effect on the structural and agronom-
ic properties of the soil: its structure improves,
the organic matter content increases, and the
water-air regime stabilises, which is especial-
ly important on drained organogenic soils. In
addition, this approach reduces anthropogenic
impact on ecosystems, prevents degradation
processes in the soil cover, and contributes to
the long-term preservation of peat soil fertility.
As aresult, an optimal environment for growing
spring rapeseed is formed, the efficiency of ag-
ricultural production is increased, and a harmo-
nious combination of productivity and environ-
mental protection potential of agricultural land
use is ensured.

Prospects for further research lie in an in-
depth study of the mechanisms of interaction
between the components of the agroecosystem
under different options for grass-field crop rota-
tions, refinement of the dynamics of the carbon
balance in soils of organogenic origin, and mod-
elling of nutrient leaching into drained waters
under different climate scenarios. Particular

attention should be paid to assessing the ener-
gy and economic efficiency of agricultural tech-
nologies, as well as the impact of anthropogenic
factors on the long-term fertility of drained soils
in the context of climate change.
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AI'pOGiOﬂOFi‘-IHi M NPUPOAOOXOPOHHI 3axoAamn NiABULLIEHHSA
BPOXaMHOCTi pinaKy Sporo Ha APeHOBaHNX OPraHOreHHUX
I'PYHTaX 3a YMOB KJ1iMaTUUYHUX 3MiH

AHoTauia. V cTarTi mociigykeHo arpobiosioriyni Ta MpUpPOIOOXOPOHHI MeTomy MiABULIEHHS
BPOXXaMHOCTI pilaky Sporo Ha IpPeHOBAaHUX OpPraHOTeHHUX IPYHTaX B yMOBaxX KIIIMaTUUYHUX
3MiH, 1[0 BPaxXxOBYIOTb OCOB6JIMBOCTI XapaKTEPUCTUKU IUX ['PYHTIB Ta METONOJIOTIUHI mimxomu
BU3HAaYEHHA 03 MiHepalbHUX OOOGPHUB B YMOBAax IIOJIBOBOTO CTAlliOHAPHOTO [MOOCIiAy Ha
JIpeHOBaHUX OpraHOTeHHMX I'PYHTaxX 3ariaBu p. Cynin. MeTa HOCIiKeHb [10JiAraja y BU3HaYeHHi
ebeKTUBHOCTI METOZOJIOTii PO3paxyHKIB HaMAOLIBHINIUX 03 HO6pUB Ta OCOBIMBOCTI
bopMyBaHHS ONTHUMAJIBHOTO PEXXUMY IIiZl TTOCIBY pillaky Sporo Ha ApeHOBAaHUX OpPraHOTeHHUX
TPYHTaX Yepe3 BU3HAYEHHS 0O6I'PYHTOBaHUX HOPM YHECEHHS MiHepaIbHUX LOOPUB 3aJIEKHO Bif
METOJAUK, L0 BPaXOBYIOTh crielndiKy Lux I'PYHTIB. B IocCiimskeHHI BUKOPHUCTaHO TaKi MEeTOnH,
AK TIOJILOBUN 3 KOMIUIEKCOM 6iOMETpUYHMNX, arpoxiMiuHux i j1abopaTOpHUX AOCTIIKeHb Ta
MaTeMaTUYHO-CTaTUCTUYHUM. JIoCTimKeHHT GOKYCyBaIMCh HAa pO3pO6IIi OIITUMAaIBHUX CHCTEM
MiHepaJbHOro ymobpeHHS Ta ePeKTUBHUX METOMIB BHUKOPUCTaHHSA TOPQPOBMUII, BPaXOBYOUU
€KOJIOTIYHi acreKTu. Byso BCTaHOBJIEHO, II0 BHECEHHS MiHepaJbHUX JO6PUB IMPU3BOIUTEH IO
MOCUJIEHHS MiHepasti3alifHuX MpoIleciB, AKi 3pOCTAlOTh 3i 36i/MbIIeHHAM 103 HO6pHUB, a Iie
3YMOBJIIOE HAaKOIIMUYeHHS IIOKUBHUX DEUYOBUH, 110 BIUIMBAIOTh HA YPOKAMHOCTI BUPOIIyBaHUX
RyJIBTYp Ta Mirpaljifo ix y JApeHa)XHi BoOu. BUKOPUCTOBYIOUM ITOJIbOBI, J1abopaTopHi Ta
CTaTUCTUYHI METOAM, aBTOPY BU3HAYMIIM, II0 HalbinblIa MiHepasisalis Topdy Ta BUAIIEHHS
CO, BimbyBaeThCa B CiBO3MiHi 3 OHHOPIYHMMHU KYJIBTYpaMH, TOI AK 6araTopiyHi TpaBU 3HUKYIOTh
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crpallfoBaHHA Topdy. TaKoK BCTAHOBJIEHO, 1[0 HAMBHIA BPOXKAWHICTb DillaKy HOCATAEThCA
y TpaBOIJIbHINM CiBO3MiHI 3 BHECeHHAM MiHepanbHUX mo6puB (3,0-3,3 T/ra), mo 3abesmeuye
3MeHIUIeHHS eHeproBUTPAT i MigBUINEeHHS eKOHOMIYHOI edeKTUBHOCTI. JOoCIimRKeHHS BUSBUIU
3HauYHe BUMMWBAaHHA HITPaTHOTO a30Ty i KaJilo B ApeHOBaHi BOAM, 0CO6JIMBO HABECHI Ta BOCEHH,
mo crpuse 3abpyoHEHHIO0 BONHUX PecypciB. 3alpolOHOBAaHI METONM TaKOX IIiIBULIMIN
CTabinpHICTh arpoeRocHUCcTEMH, MiHIMI3yIOUM HerpajaLirHi mpoliecu B OpraHOTEHHUX [PYHTAX
Ta 3HWKYIOYM eKOJIOTiYHe HaBaHTa’KeHHs Ha HaBKOJIMIIHE cepefoBUllle. OTpUMaHi pesynbTaTi
MalOTh IIPAKTUYHY LiHHICTh ¥ BAOCKOHAJIEHH]I OpraHiuHuX CUCTeM YAO6peHHs 6iHapHUX [10CIBiB
KYJIBTYD Ta 3a6e3IedeHHs CTiMIKOCTi arpoeKOCHUCTEM i MOKYTh 6yTH BUKOPUCTaHi BUPOOGHUKAMU
CLIIBCBKOTOCIIONAPCHKOI ITPOAYKIIil pi3sHUX GOPM BIaCHOCTI

KniouoBi cnoBa: TopdoBi IPyHTH; PO3KIIaJ, IbHAHOI TRAHWHY; OPTaHiYHA PEYOBUHA; YIOOPEHHST;
06pObITOK I'PYHTY; TPOAYKTUBHICTD; 6i0reHHi pe4oBHUHU
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Influence of the predecessor on sugar beet yield
in short-rotation crop rotations
in the western forest-steppe of Ukraine

Abstract. Due to the intensification of sugar beet production in short-rotation crop rotations,
the importance of optimal predecessor selection to ensure stable yields increases. Rational crop
alternation was a key factor in maintaining soil fertility and reducing the risk of phytosanitary
problems. The purpose of the study was to assess the influence of various predecessors on sugar
yield and harvest, considering the type of soil in the western forest-steppe of Ukraine. The study
used the method of comparative analysis of sugar beet productivity after different predecessors on
soils of different genetic origin; statistical processing of the results was carried out by the method
of variance analysis and regression modelling. Root crop yields, sugar content levels, and gross
sugar yield were studied after such predecessors as winter wheat, winter barley, soybeans, and
corn. It was found that the highest yield was provided by grain predecessors (winter wheat, barley),
especially on highly productive soils. The relationship between soil type and predecessor efficiency
was analysed: on carbonate and sandy soils, the yield after soybeans and corn decreased to 8.7-
9.5 t/ha. It has been generalised that soil fertility mitigates the negative impact of less favourable
predecessors. It was found that the effect of the predecessor significantly depends on the type of
soil: on chernozems and forest soils, the effect of grain was most pronounced. The results obtained
can serve as a basis for developing regionally adapted recommendations on the structure of crop
rotations in beet farms. The results of the study can be used by agronomists, consultants and
agricultural producers to improve crop rotations and optimise the technology of growing sugar
beet in the western forest-steppe

Keywords: carbonate soils; soil type; productivity of agrocoenoses; structural and agrochemical
properties; soil fertility

INTRODUCTION
In the current conditions of development of effective planning of crop rotations is becoming
the agro-industrial complex of Ukraine, the particularly relevant. Increased intensification
issue of rational use of agricultural land and of production, increased economic pressure on
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agricultural enterprises, and high profitability of
individual crops - in particular corn, soybeans,
and winter wheat - led to the widespread use
of short-rotation crop rotations, often with a
limited number of crops and irrational alter-
nation. Sugar beet is one of the main industrial
crops of the western forest-steppe of Ukraine,
and its placement in crop rotation plays a key
role in ensuring stable yields, sugar content, and
production efficiency. Simultaneously, this par-
ticular crop is extremely sensitive to re-seeding,
monoculture, and to the presence of unsuitable
predecessors.

L. Skivka & S. Hudz (2021) and M. Anar et
al. (2021) conducted a study and analysed the ef-
fect of various crop rotation and tillage systems
on sugar beet yield and nitrate dynamics in the
soil using the RZWQM2 model (USA). The sim-
ulation covered long-term field data from three
rotations: beets after wheat, corn, and perennial
grasses. The results showed that crop rotation
with wheat provided 3-6.5% higher beet yield
and also reduced the accumulation of nitrates
in the soil compared to other schemes. Research
conducted in Iran by M. Orazizadeh et al. (2020),
found that the introduction of cereals before
beets improved growth parameters, reduced
field contamination, and increased the sugar
content of root vegetables.

Meta-analysis performed by Z. Gazdik et
al. (2025) on sustainable sugar beet production
pointed out the need for precision farming, in-
tegration of systems for reducing the intensity
of tillage, optimisation of nutrition and plant
protection systems within short-term crop rota-
tions. The research by P. Gotze et al. (2017) pre-
sented the results of a 45-year study of various
links of crop rotation with sugar beet, and the
impact on the yield, quality of raw materials,
and stability of sugar production were analysed.
It was found that compliance with the period of
interstitial saturation (at least 3-4 years) reduc-
es the risk of developing rhizoctoniosis and cer-
cospores. Similar findings by H. Koch et al. (2018),
based on a survey of farmers and stationary field
studies, were published in the paper.

In a number of scientific studies, L. Hlush-
chenko et al. (2021), S. Arshad et al. (2022)
considered the dynamics of yield changes in
the cultivation of sugar beet monoculture in
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comparison with its cultivation in crop rotation.
It was proved that in a monoculture, the yield
significantly decreases, the pressure of diseases,
and weeds increases, and the technological suit-
ability of root crops for processing decreases.

Adaptive management of growing technol-
ogies, including compliance with crop rotations
during climate changes, is essential for inten-
sive beet farming. The paper by S. Bastaubaye-
va et al. (2022) presented the results of sugar
beet cultivation in Central Asia, and the influ-
ence of each individual factor (droughts, tem-
perature conditions, agrotechnical solutions)
on the development of a strategy for sustainable
sugar beet cultivation was considered in detail.
One of the options for adaptive management of
sugar beet cultivation technology can be consid-
ered the creation of digital crop rotations based
on artificial intelligence and BigData analysis,
which allows predicting the production of pro-
grammable yields based on predecessor matri-
ces and accumulated local data, which forms the
basis for managerial decision-making (Kluger et
al.,,2025). A study on climate change forecasting
for typical European crop rotations was con-
ducted and it was found that adaptive planning
and changes in crop structure can partially
compensate for the negative impact of rising
temperatures and moisture deficiency (Pohank-
ovaetal,2025).

The purpose of the study was to establish
the dependence of sugar beet yield and quality
indicators on its predecessor in short-rotation
crop rotations in the western forest-steppe of
Ukraine, and to determine the agrobiological
and economic consequences of beet placement
after various crops.

LITERATURE REVIEW

The problem of the influence of the predeces-
sor on the yield of sugar beet in the conditions
of short-rotation crop rotations was considered
by a number of studies covering agrophysical,
phytosanitary, and biological aspects of this
phenomenon. The study by L. Zimny et al. (2005)
and C. Guo et al. (2024) presented the results
of a long-term experiment in Central Europe,
predecessors from the group of cereals, in par-
ticular, wheat and barley, provided an increase
in beet yield by 3-6% compared to soybeans or
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corn. Similar conclusions were also obtained
by Ya. Tsymbal et al. (2022), O. Prysiazhniuk et
al. (2022) in the conditions of Ukraine, where
the effective use of moisture and mineral nu-
trition after grain crops was established, and
the use of various agrotechnical measures, such
as mulching, deep loosening, and compliance
with crop rotation, facilitated stable cultivation
of sugar beet. Conclusions in scientific research
by D. Kluger et al. (2025), obtained using simula-
tions in the United States, confirmed the feasi-
bility of growing beets after wheat, where yields
were higher by 3-6.5% due to better moisture
supply. Instead, soybeans, which are often posi-
tioned as a favourable predecessor due to their
symbiotic nitrogen fixation potential, were less
effective in crop rotations with beets. The main
limitations of its use were the allelopathic effect,
residual herbicidal background and weak struc-
ture-forming effect, especially on soils with low
moisture capacity. Positive impact of cereals
in research by G. Bodner § M. Alsalem (2023),
Y. Makukh et al. (2024) was explained by both
an improvement in the water regime and a de-
crease in the phytosanitary load.

It is worth noting that not only the structure
of crop rotation, but also its duration is of key
importance. According to research by P. Gotze et
al. (2017) and H. Yan et al. (2024), it was found
that extending rotation to three years or more
stabilises beet yields, improves soil microbio-
logical activity, and increases the adaptive po-
tential of crops to climate stresses. The study by
D. Kluger et al. (2025), based on satellite moni-
toring, found that the predecessor effect is sig-
nificantly enhanced in years with high humidity,
and the effectiveness of soybeans as a predeces-
sor decreases in a warming climate.

In general, the results of the latest research
indicate the advantage of cereals as predeces-
sors for sugar beet in conditions of short-ro-
tation crop rotations, especially on fertile and
well-moistened soils. The studies by T. Huris-
so et al. (2015) and Y. Makukh et al. (2025) estab-
lished that a regional-adaptive approach to crop
rotation planning is necessary, considering soil
type, weather conditions, fertiliser history, and
phytosanitary conditions.

Reviews by G. Bodner & M. Alsalem (2023)
and Z. Gazdik et al. (2025) indicated that the

)

integration of optimal sowing dates with the
latest technologies of sustainable production
(strip cultivation, cover crops, biostimulants) al-
lows minimising the risks of climate stress and
increasing the environmental sustainability of
beet agrosystems.

Ukrainian researchers are actively investi-
gating the features of sugar beet cultivation in
the forest-steppe and Steppe of Ukraine, focus-
ing on sowing dates, fertiliser systems, and crop
rotations. L. Hlushchenko et al. (2021) in exper-
iments on the right-bank forest-steppe found
that the use of short-rotation crop rotations with
sugar beet leads to a decrease in yield by 10-12%,
but optimisation of sowing dates partially com-
pensates for this negative impact, ensuring the
stability of sugar collection from one hectare.
The researchers emphasised that early sowing
in combination with optimal predecessors can
reduce the phytosanitary load. Ya. Tsymbal et
al. (2022) proved that beet productivity varies
significantly depending on the fertiliser system
and sowing time. The highest yield indicators
(more than 50 t/ha) were obtained with the or-
gano-mineral fertiliser system at early sowing
dates, while late sowing, even with optimal fertil-
iser, reduced productivity by 7-9%. Y. Makukh et
al. (2025) in experiments on chernozems of the
western forest-steppe, found that the timing
of sowing significantly affects the efficiency of
soil moisture use. Early sowing allowed beets
to make better use of spring moisture, reducing
the risk of summer droughts. This contributed to
anincrease in the water consumption rate by 12-
15% compared to later dates.

The main problems of short-rotation crop
rotations in beet farming, which are worth high-
lighting: soil fatigue - due to the frequent return
of beets to the same field, there is a deterioration
in the physico-chemical properties of the soil, a
decrease in humus content, deterioration of the
structure and water-air regime; accumulation
of pathogens and pests - short rotations con-
tribute to the reproduction of specialised pests
(nematodes, wireworms) and pathogens (cer-
cosporosis, root rot), especially when re-grow-
ing beets or sowing them after corn; reduced
biological diversity - loss of crop diversity in
crop rotation worsens the phytosanitary condi-
tion of the field, reduces the soil activity of the
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microbiota; violation of the nitrogen balance -
the absence of legumes or green manure in the
crop rotation leads to nitrogen deficiency and
an increase in the need for mineral fertilisers;
compaction of the soil - often in short crop rota-
tions, beets are sown after corn, which is a poor
predecessor due to the deep root system, which
leaves coarse post - harvest plant debris, poorly
decomposes, and causes compaction of the up-
per layers of the soil, depletion of the microele-
ment composition - frequent beet cultivation
reduces the content of boron, manganese, mag-
nesium, and calcium, which affects the quality
of the crop; crop instability — short crop rotation
causes strong yield fluctuations depending on
the year, which complicates planning and eco-
nomic forecasting.

All this indicates the need for a reasonable
choice of predecessor when growing sugar beet,
especially in conditions of short crop rotation.
The most important crops are those that canim-
prove the agrochemical parameters of the soil,
reduce pathogenic load, and help to preserve
the soil structure. Thus, the study of the influ-
ence of predecessors on beet yield in short-rota-
tion crop rotations is an important step towards

improving the stability and efficiency of beet
farming in the western forest-steppe of Ukraine.

MATERIALS AND METHODS

The research was conducted during 2018-2024
in the production conditions of the private
enterprise “Zakhidnyi Buh’, which is one of
the leading agricultural farms in the Western
Ukraine. The total area of the company's land
bank is approximately 65,000 hectares, of which
about 45,000 hectares are included in the beet
crop rotation. The analysis used data on actual
recorded yields within the divisions of the pri-
vate enterprise (PE) “Zakhidnyi Buh”. The farm
operates on the territory of Lviv, Ternopil, Cher-
nivtsi, and Volyn oblasts, which are part of the
agroclimatic zone of the western forest-steppe
of Ukraine. Growing areas are characterised
by a temperate continental climate with suffi-
cient moisture and a predominance of dark grey
podzolic and grey soils, meadow-chernozem
soils, and sod-podzolic soils in the northern part
(Table 1). The analysis used 82,000 hectares of
sugar beet crops, of which 68,900 hectares were
on productive soils and 13,100 hectares on car-
bonate and sandy soils.

Table 1. Weather and climate conditions for cultivation in 2018-2024 studies

2018 2019 2020 2021 2022 2023 2024

- w"’J - 0‘9 = 0‘9 - w:J - GJ;J - GJP - GJ&J

o o [} o o [*3 o
g |58|2 |28 (38| |Fg|f |38\ |zg|& |58
Zastavna 689 |3,876| 658 |4,105| 701 |4,045| 652 |3,599| 501 |4,051| 703 |4,293| 582 |3,957
Chornyi Ostriv| 741 |3,581| 701 |3,765| 803 |3,716| 782 |3,257| 675 |3,580| 844 |3,863| 749 |3,552
Shymkivtsi 615 |3,435| 493 |3,621| 661 |3,647| 637 |3,118| 511 |3,375| 605 |3,696| 612 |3,359
Rozvoriany 639 |3,716| 581 |3,911| 676 |3,840| 671 |3,361| 598 |3,646| 697 |3,991| 605 |3,676
Byshiv 733 3,737 | 597 |3,949| 787 |3,869| 810 |3,372| 801 |3,639| 688 |3,963| 767 |3,679
Zhvyrka 662 |3,722| 591 |3,963| 731 |3,836| 742 |3,361| 767 |3,650| 845 |3,934| 750 | 3,653

Source: developed by the author

The annual area of sugar beet crops within
the enterprise ranges from 14,500-15,500 hec-
tares, which ensures a stable presence of the
crop in short-rotation crop rotations. The
duration of the growing season ranged from
100 to 160 days, proportional within each
location to ensure continuous harvesting
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and crop rotation. The seeding rate of sugar
beet was 120,000 seeds/ha, row spacing was
45 cm, sowing depth was 2 cm. The research
involved fields after various predecessors -
winter wheat, corn for grain, soybeans. Of
the analysed acreage, the predecessors were
winter wheat on an area of 41,000 hectares,
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29,000 hectares, and grain corn of 13,000 hec-
tares. Agrofones were aligned according to the
main agrotechnical measures, the fertiliser
system (nitrogen - 125 kg/ha in dry matter;

phosphorus - 50 kg/ha in dry matter; potassi-
um - 150 kg/ha in dry matter). The sugar beet
protection scheme is generally accepted in the
region (Table 2).

Table 2. Sugar beet cultivation technology

BBCH Herbicides Fungicides Insecticides Trace elements Basic fertilisers
Potassium
chloride
Autump, u_nder 250 kg/ha;
the main tillage
Ammophos
150 kg/ha
00 Urea 150 kg/ha
Betanal expert
9-10 1.0 I/ha; Goltix Bradby 0.3 I/ha
Gold 1.01/ha
Betanal Max Pro Magnesium
12 1.5 I/ha; Goldix sulphate
Titanium 1.5 I/ha 1.0 kg/ha
Betanal expert . Monocalium .
16 1.5 I/ha; Goltix Bomga;rtlzl/lﬁ; Duo phosphate nithen}%rg)lukrn/ha
Gold 1.5 I/ha : 1.5 kg/ha g
Steptrel . Boron 1.0 l/ha
0.3 I/ha; Goltix . .
Bombardier Duo Monocalium
18 Gold — 1.5 I/ha;
0.2 1/ha phosphate
Betanal Max Pro — 1.5 kg/ha
1.5 I/ha > 8
Manganese
31-39 Agil 0.8 I/ha Stark 0.4 |/ha 2.01/ha
Boron 1.0 I/ha
Medyan Extra
49 1.81/ha Boron 1.5 I/ha

Rex Plus 1.3 I/ha

49 (18 days from
the previous one)

Rex Duo 0.7 I/ha,
Manzat 1.5 kg/ha

Boron 1 1/ha

Split 0.5 I/ha;
49 (18 days from Dot 11/ ha;
the previous one) Medyan Extra
21/ha

Source: developed by the author

The study used a method of comparative
analysis of sugar beet productivity after differ-
ent predecessors on soils of different genetic
origin. Statistical processing of the results was
performed using variance analysis (ANOVA)
and the construction of second-order regres-
sion models. Microsoft Excel 365 spreadsheets
(Analysis ToolPak package) were used to process
empirical data, and the Statistica 10 software
environment to refine variation parameters and
verify the significance of factors. Graphs, trend
lines, and results were plotted in Excel. This ap-
proach provided a comprehensive analysis of
the relationships between the predecessor, soil

)

type, and yield level. The study was conducted in
accordance with the ethical standards of Con-
vention on Biological Diversity (1992) and Con-
vention on the Trade in Endangered Species of
Wild Fauna and Flora (1976).

RESULTS AND DISCUSSION

During 2018-2024, the sugar beet yield was
generalised within the production crops of PE
“Zakhidnyi Buh”, depending on the main groups
of its predecessors. Accounting was carried out
without differentiating fields by soil type, which
helped to obtain an integral assessment of the
average influence of the predecessor in the
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conditions of a farm with a large spatial varia-
bility of soil indicators. Figure 1 shows the rela-
tive yield of sugar beet (% to the average level),

108
106
104
102
100
98
96
94
92
90

Overall for the farm

grouped by three main types of predecessors:
corn per grain - 104%; cereals (wheat, barley) -
104%; soybeans - 96%.

Grain maize
Cereals

B Soybeans

Carbonate and light

Chernozem and loessial soils

Figure 1. Relative yield of sugar beet in 2018-2024 in the conditions
of the PE “Zakhidnyi Buh” after different predecessors on different types of soils

Source: developed by the author

The data obtained indicate that there is no
statistically significant difference in beet yield
after corn for grain crops. In both cases, there
was a4% increase in yield compared to the base-
line average. This may be due to the best phy-
tosanitary condition of the field, the structure of
the soil after grain crops, and the technological
compatibility of the terms of the main cultiva-
tion and sowing. But after soybeans, the yield
was 4-8% lower compared to other predeces-
sors. The decrease may be conditioned by the fol-
lowing factors: increased phytopathogenic load
after soy, rapid depletion of available nitrogen;
suboptimal structure of post-harvest residues;
potential influence of the previous herbicide
background. In the case of differentiation by soil
type, in particular, on carbonate and light loamy
sandy soils with low moisture capacity and low
organic matter content, a different pattern of
influence of the predecessor on sugar beet yield
was observed. According to the analysis of data
for 2018-2024, the relative yield of the crop in
these conditions was: grain corn — 98%; cereals
(wheat, barley) - 98%; soybeans - 94% (Table 2).

Compared to the integral average (100%),
there was a slight decrease in yield in all vari-
ants. However, the most significant decline was
observed after soybeans (-6%), which was prob-
ably conditioned by the following factors: weak
structure-forming effect of soybeans in sandy
and carbonate soils does not provide sufficient
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soil density and water retention, which is criti-
cal in conditions of low moisture capacity; crop
residues of soybeans have a high C:N ratio that
slows down their mineralisation and tempo-
rarily blocks nitrogen in the soil; a low supply of
moisture in the arable layer after soybeans can
be a consequence of less deep root penetration
and a weak mulching effect in the summer; the
phytosanitary situation on these soils after soy-
beans is potentially worse - rapid drying con-
tributes to root rot damage. After cereals and
corn, the relative yield of sugar beet on grain
was the same (98%), which indicates a neutral
or slightly positive effect of these predecessors
inlight soil conditions. Conditionally unfavoura-
ble water supply on these types of soils probably
negates the potential benefits of the leguminous
predecessor.

The results obtained indicate an increased
sensitivity of beets to the structure and moisture
storage capacity of the soil, which should be tak-
en into consideration when planning crop rota-
tion for carbonate and sandy areas. As a result
of the differentiation of results by agricultural
production groups of soils, it was found that on
the most fertile soils of the PE “Zakhidnyi Buh” -
chernozemsandloessiealloams - thereaction of
the crop to the predecessor was clearly positive,
with a tendency to increase the yield after grain.

Based on data for 2018-2024, it was found
that the relative yield of sugar beet for the main
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groups of predecessors was: cereals (wheat, bar-
ley) - 106%; grain corn - 105%; soybeans - 97%.
Thus, after grain crops, there was the greatest
increase in yield - 6% above the average level,
which was conditioned by the favourable soil
structure after these crops, good residual hu-
midity, a developed root system, and less damage
by soil pests. Grain corn, despite its shortcom-
ings as a predecessor (high level of post-harvest
residues, potential compaction of the soil), also
showed an increase in yield (+5%), which can be
explained by the high structure-forming abili-
ty, and the ability of corn to effectively use and
accumulate nutrients from deeper horizons
in crop residues. Soybeans, which are usually
considered a good predecessor, provided the
lowest results under these conditions - 97%
relative yield, that is, 8-9% lower than after ce-
reals. This decrease may be conditioned by the
following factors: potential moisture deficiency
at the initial stages of beet development due to
insufficient mulching effect of soybean plant
residues; high sensitivity of beet to herbicide
residues used in soybean cultivation technol-
ogy; lower soil loosening depth due to a weaker
soybean root system. The results obtained indi-
cate a mixed influence of the predecessor on the
yield of sugar beet, which depends on the type
of soil and the adaptive ability of the crop to the
conditions of a particular agroecosystem. In the
conditions of the PE “Zakhidnyi Buh”, the gen-
eral trend indicates an increase in the relative
yield after grain crops (wheat, barley) and grain
corn - 104% on average for 2018-2024, which
confirms the results of previous studies by P. De-
umelandt et al. (2010) and P. Gotze et al. (2017),
who also found a positive effect of these prede-
cessors on the yield and quality of root crops.
The decrease in yield after soybeans (-4-
8%) was not consistent with established ideas
about legumes as valuable predecessors, which
can be explained by phytosanitary risks, low re-
sidual moisture content, and possible exposure
to herbicides with a long soil half-life (Prysiazh-
niuk et al., 2022; Kluger et al., 2025). A particu-
larly significant decrease in yield after soybeans
was observed on light soils with low buffering
capacity, which confirms the high dependence
of beets on the structural and agronomic state
of the soil (Bodner & Alsalem, 2023). Analysis

)

of agricultural soil groups showed that cher-
nozems and loessial loams provide a steady
increase in yield after grain - up to 106%, while
on sandy and carbonate soils the positive effect
of the predecessor was weaker or was levelled
by water scarcity. Similar patterns were found
in the studies by T. Hurisso et al. (2015), where
it was proved that in conditions of limited wa-
ter supply, the physical and chemical properties
of the soil significantly affect the level of yield
even with the same agrotechnical measures.
After corn, and after grain, there was an in-
crease in yield even despite possible competi-
tion with beets for moisture and a high amount
of crop residues. This is consistent with data by
H. Koch et al. (2018), who indicated the positive
effect of corn, provided that soil compaction is
controlled and the seed layer is properly pre-
pared. Despite the general recognition of soy-
beans as a good predecessor, in the conditions
of short-rotation crop rotation with high satu-
ration with industrial crops, its efficiency was
lower. This result was consistent with conclu-
sions of C. Guo et al. (2024), who indicated the
limited structural capacity of soybeans and the
risks for subsequent crops in arid zones.

Thus, the results obtained did not confirm
the expected advantage of leguminous prede-
cessors, in particular soybeans, in short-rota-
tion crop rotations, which indicates the need
for further research considering individual soil
and climatic zones, technological operations,
and fertiliser systems. In general, on highly pro-
ductive soils, the positive effect of grain prede-
cessors was most fully manifested, which serves
as an argument in favour of their priority use in
short-rotation crop rotations in appropriate soil
and climatic conditions.

CONCLUSIONS

In the course of long-term production stud-
ies conducted in 2018-2024 on the farm of PE
“Zakhidnyi Buh”, it was established that the
predecessor is one of the key agrotechnical fac-
tors that determines the level of productivity of
sugar beet in the conditions of short-rotation
crop rotations in the western forest-steppe of
Ukraine. A comparative analysis of the effective-
ness of the three main groups of predecessors:
cereals, grain corn, and soybeans showed a clear
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preference for cereals, in particular, winter
wheat and barley. On average, over the years of
the study, these crops provided the highest rel-
ative yields (104-106%) compared to the base-
line level, which confirms their agronomic fea-
sibility as predecessors in beet crop rotations.
Soy, which is traditionally considered a valuable
predecessor due to its ability to fix nitrogen, did
not confirm its effectiveness under the analysed
conditions. The yield of beets after soybeans
remained 6-9% lower than after cereals, and in
some years reached only 94% of relative produc-
tivity. The decrease in yield was explained by a
number of negative factors: a weak mulching ef-
fect of post-harvest residues, potential exposure
to residual herbicides, a high level of damage by
soil pathogens, and a reduced supply of mois-
ture in the arable layer after growing soybeans.
The effect of the predecessor on yield was sig-
nificantly modified by the type of soil. On high-
ly productive soils - chernozems and loessial
loams, the positive effect of cereals and corn was
most pronounced - an increase in beet yield by
5-6%.0nthe otherhand, oncarbonate and sandy
soils with low moisture capacity, the differences
between the variants were less pronounced, and
the overall beet yield decreased. In such condi-
tions, soy was particularly ineffective, which in-
dicates arestriction of its use in low-buffer areas
with an increased risk of moisture deficiency.

Thus, the results obtained did not confirm
the generally accepted preference of soybeans
as apredecessor in short-rotation crop rotations
in the conditions of the western forest-steppe of
Ukraine. This requires a review of approaches to
planning crop rotations in intensive agricultural
systems and considering the complex influence
of the predecessor, soil type, and microclimatic
conditions. To increase the adaptability of crop
rotations, it is recommended to apply a differ-
entiated approach, in which cereals are prior-
ity predecessors on fertile soils, and soybeans
should be excluded from beet predecessors on
light, low-moisture soils. The prospects for fur-
ther research consist in a detailed study of the
interaction between the predecessor, fertiliser
systems, and structural and agronomic prop-
erties of the soil, to create adaptive agricultural
technologies for growing sugar beet in the con-
text of climate change and the intensification of
agriculture.
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BnnuB nonepegHuKa Ha Bpomaumc-rb LyKpoBOro 6ypsaka
B KOPOTKOPOTaLiMHUX CiBO3MiHaX
B yMoBax 3axigHoro Jlicocteny YKpaiHu

AHoTauia. V 3BM3Ky 3 iHTeHcudikalielo BUPOOHUIITBA IYKPOBOro 6ypsKa B YMOBax
KOPOTKOPOTALIiMHUX CiBO3MIH 3pOCTa€ 3HAYEeHHS ONTHMAJIBHOTO BUOOPY IIOTNEpemHUKA [JIs
3a6e3reyeHHs cTabinbHOI BpOKAMHOCTI. PalfioHaIbHe YepryBaHHI KyJIBTYD € KIII0Y0BUM GaKTOPOM
MiATPUMaHHS POAIOUOCTI I'PYHTIB Ta 3HIKEHHS PU3UKY diTocaHiTapHUX IpobieM. MeToo po6oTu
6yJ10 OLIiHUTH BIUIMB Pi3HUX II0TIepPeTHMKIB Ha yPOKANHICThi36ip LIyKpy 3 ypaxyBaHHIM TUITY I PYHTIB
y 3axizHoMmy JlicocTerny VKpaiHU. V AOCIHIIKeHHI BUKOPHMCTAHO MEeTOZ, MOPIBHAJIBHOTO aHali3y
MIPOAYKTHUBHOCTI LIyKPOBOTO OypsKa IiC/Ist pi3HUX IIONIEPEIHUKIB Ha I'PYHTaX Pi3HOTO FeHETUYHOTO
TIOXOI)KEHHS; CTAaTUCTUYHY 06pO6KY pe3y/IBTaTiB IIPOBeIeHO METOIOM AUCIIEPCIMHOTO aHaTi3y Ta
perpeciriHOro MoZeoBaHHI. Byio TOCTiIKeHO YpOyKalHiCTh KOPEHEIJIOAiB, PiBeHb LIyKPUCTOCTI
Ta BaJIOBUY 36ip LYKpY MiCJsI TaKUX MOMEPEeJHUKIB, AK 03UMa MIIeHUId, 03UMUN TIMiHb, COS Ta
KYKyPyZ3a. By/10 BCTAaHOBJIEHO, 1[0 HAMBUILY BPOXKaMHICTh 3a6€3I1eUyBajy 3epHOBI ITOIIepeIHNUKY
(o3uMi muIeHMUId, TUMIHB), OCOBIMBO HA BUCOKOMPOAYKTUBHUX IPYyHTaxX. By/o mpoaHasizoBaHo
B3A€EMO3B'I30K MK TUIIOM I'PYHTY i epeKTUBHICTIO TOMepefHUKa: Ha KapboHaTHUX i MilmaHux
TPYHTaxX YPOXKaMHICTh ITiC/IS COi Ta KYKYpPyI3W 3HIDIKyBajack A0 8,7-9,5 T/ra. Byio y3arajbHEHO,
IO POAIOYICTH I'PYHTY IOM SIKLIYE HEraTWBHUI BIUIMB MEHIN CIPUSTIMBUX ITONIepefHUKIB. Byro
BCTAHOBJIEHO, 110 JIifl ITOIlepeSHUKA iCTOTHO 3aJIe3KUTh BiJi TUITy I'PYHTY: HAa YOpHO3€eMaXx i J1icoBux
IpyHTax eeKT 3epHOBUX O6YB HAMO6iNbII BUpakeHUM. OTpUMaHi pe3y/IsTaTh MOXXYTh CIIyTyBaTH
OCHOBOIO JJi1 PO3POOKU PETIOHANIBHO aJalTOBAaHUX PEKOMEHAALN IIOJ0 CTPYKTYpU CiBO3MiH
y 6YpSIKOCIIOUMX TOCIIOZAPCTBaX. Pe3ynbraTé poboTH MOXKYTh 6YTHM BHUKOPUCTAHI arpoOHOMaMy,
KOHCY/IbTAaHTaMM Ta arpapHUMM BUPOOHUKaMU JIS YIOCKOHAJIEHHA CiBO3MiH Ta omrTumisariii
TEXHOJIOTii BUPOIITYBAaHHA IIyKPOBOro 6ypsAKa B yMoBax 3axigHoro JlicocTerny

KniouoBi cnoBa: Kap6oHATHI I'PYHTY; TUIT IPYHTY, IIPOAYKTUBHICTh arpoleHO03iB; CTPYKTYPHO-
arpoxiMiuHi BIaCTMBOCTI; pOAIOYiCTb I'PYHTIB
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Biochemical composition and nutritional value
of rowan-chockeberry hybrids (xSorbaronia fallax
(C.K. Schneid.) C.K. Schneid.) developed in Ukraine

Abstract. This study provided a comprehensive analysis of the biochemical composition and
nutritional value of nine promising rowan-chokeberry hybrids (xSorbaronia fallax) developed at
the National University of Life and Environmental Sciences of Ukraine (NULES). These hybrids
were compared to two established cultivars: ‘Vseslava’ and ‘Nero'. The research aimed to evaluate
the content of dry matter, soluble solids, total sugars, titratable acidity, pectin, ascorbic acid,
polyphenolics, anthocyanins, and chalcones. Fruit samples were collected in 2023-2024 from
NULES experimental orchards. The results showed significant differences between the genotypes.
Specifically, genotype 5-84 exhibited the highest levels of dry matter, soluble solids, ascorbic acid,
anthocyanins, and chalcones, while genotype 3-15 generally had the lowest levels. The effect of the
cultivation year was only statistically significant for pectin content. Strong positive correlations were
observed between dry matter and soluble solids (r=0.90) and between anthocyanins and chalcones
(r=0.99). Overall, the hybrids surpassed the parent cultivar in several nutritional aspects, including
sugar content, pectin, ascorbic acid, anthocyanins, and chalcones, highlighting their significant
genetic potential. The findings of this study offered valuable information for breeding programmes
focused on improving the nutritional traits of these fruits. Breeders and agronomists can use these
results to select the best genotypes for further cultivation. Furthermore, producers of food and
dietary supplements can leverage this data to develop new functional products
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INTRODUCTION

The development of contemporary horticulture
is increasingly driven by the introduction of
new fruit crops that offer enhanced resistance
to abiotic and biotic environmental factors and
possess a unique biochemical composition rich
in biologically active substances. Many formerly
wild fruit plants, such as blueberry, cranberry,
kiwifruit, sea buckthorn, and black chokeber-
ry, are cultivated on hundreds of thousands of
hectares in many countries, providing peo-
ple with valuable fruit for fresh and processed
consumption. In the 20t century, a new fruit
crop called black chokeberry, also known as
black rowan, gained widespread popularity as
a novel fruit crop. Its fruits are highly valued
for their exceptional content of bioflavonoids.
According to research by Z. Kobus et al. (2019),
the therapeutic properties of bioflavonoids for
cardiovascular health are highlighted. A. Sidor
§ A. Gramza-Michatowska (2019) pointed to the
high antioxidant potential of the fruits, making
them beneficial for a healthy diet. Furthermore,
H. Yang et al. (2019) noted that due to their high
anthocyanin content, the fruits are also used as
a food colouring. Recent reviews, such as those
by J. Xu et al. (2024), highlighted the diversifi-
cation of chokeberry products into juices, fer-
mented beverages, and functional foods, driven
by growing market demand. This research un-
derscores the numerous applications of choke-
berry as a functional food, primarily due to the
health benetfits of its polyphenolic compounds
and exceptional antioxidant properties, posi-
tioning chokeberries as an important source
of natural functional ingredients. According to
B. Strik et al. (2003) and B. Green et al. (2023),
garden chokeberry cultivation has expanded
beyond Europe to other continents.

Horticulturalists initially regarded the cul-
tivated plant as a cultivated variety of Aronia
melanocarpa (Michx.) Elliott. However, sub-
sequent molecular studies definitively estab-
lished it as a hybrid, resulting from the interge-
neric cross between Aronia melanocarpa (black
chokeberry) and Sorbus aucuparia L. (common
rowan). Various names have been proposed for
this hybrid by systematists: Aronia mitschuri-
nii A. Skvortsov & Maitulina and xSorbaronia
mitschurinii A. Skvortsov & Maitulina. However,
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the botanically correct name for hybrids be-
tween these parent species is xSorbaronia fal-
lax (C.K. Schneid.) C.K. Schneid. (International
code of..., n.d.). Morphologically, the new fruit
plants are more similar to Aronia species, while
Sorbaronia fallax, the preferred name for such
hybrids, has leaves with an intermediate mor-
phology between the simple leaves of Aronia
species and the compound leaves of Sorbus. To
address this, A. StalaZs & A. Badere (2023) rec-
ognised two subspecies within Sorbaronia fal-
lax: subsp. fallax with intermediate-structure
leaves and subsp. mitschurinii A. Skvortsov &
Maitulina with simple leaves. All cultivars of
the garden chokeberry, also known as the black
chokeberry sensu horticulturists, belong to
xSorbaronia fallax subsp. mitschurinii. These
plants are notable for their apomictic seed de-
velopment, a trait that ensures seedlings large-
ly retain the characteristics of the mother plant,
thereby facilitating the establishment of indus-
trial plantations using seed-derived planting
material. Despite this, horticultural practice
often favours varietal culture through the vege-
tative propagation of superior genotypes, which
are then recognised as named varieties or culti-
vars. The first cultivar, Sorbaronia fallax subsp.
mitschurinii ‘Nero', was registered in Czechoslo-
vakia in 1989. In subsequent years, other named
cultivars of Sorbaronia fallax subsp. mitschurinii
appeared in various European countries. Due to
the apomictic development of their seeds, these
cultivars were practically identical to each other.

The first variety of garden chokeberry of
Ukrainian breeding, ‘Vseslava', was included in
the State Register of Plant Varieties of Ukraine
in 2019 (Ministry of Agrarian Policy.., 2025).
Uniquely among the widely cultivated varieties
of this crop, ‘Vseslava' belongs to Sorbaria fal-
lax subsp. fallax. According to V. Mezhenskyj et
al.(2024), while ‘Vseslava’ surpasses xSorbaronia
fallax subsp. mitschurinii cultivars in fruit size
and number of fruits per cluster, it exhibits lower
levels of polyphenol compounds. Unlike Sorba-
ronia fallax subsp. mitschurinii, which produces
genetically and morphologically homogeneous
seedlings, ‘Vseslava' seedlings exhibit signifi-
cant variability. This variability provides a solid
foundation for future breeding efforts aimed at
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enhancing the cultivation of garden chokeberry
and garden rowan, which are both RCH's.

Therefore, this study specifically aimed to
investigate the biochemical variability of se-
lected xSorbaronia fallax subsp. fallax ‘Vseslava’
seedlings, providing insights into their potential
for further horticultural development.

MATERIALS AND METHODS

Plant Materials. The breeding fund, consisting
of ‘Vseslava' seedlings, was cultivated using a
3x1m planting scheme in the Fruit & Vegetable
Garden at the National University of Life and
Environmental Sciences of Ukraine (NULES) in
Kyiv. The study used nine RCH's genotypes from
this collection: 2-49, 2-50, 2-63, 3-6, 3-15, 3-42,
3-88, 5-58, and 5-84. Cultivars ‘Nero’ and ‘Vse-
slava’ from the collection orchard of the Educa-
tional, Research and Productive Laboratory of
Genetic Resources, Introduction and Breeding
of Rare Fruits and Ornamental Plants at the De-
partment of Horticulture of NULES, near Kyiv,
were also used. The plants were cultivated ac-
cording to the standard agricultural practices
employed for fruit crops in the region, with due
consideration given to the local soil and climatic
conditions. Fruit samples of these hybrids and
cultivars were harvested in mid-August of con-
secutive years (2023 and 2024) when the pomes
were visually assessed as ripe based on their
black colour at maturation. The study was con-
ducted in compliance with the ethical standards
of the Convention on Biological Diversity (1992)
and the Convention on the Trade in Endangered
Species of Wild Fauna and Flora (1976).

Dry matter. To determine dry matter, fruit
samples (3-4 g) were dried to a constant weight in
an SNOL 58/350 (Ukraine) drying cabinet at 98-
100°C. The results are expressed as a percentage.

Soluble solids. Soluble solids were meas-
ured using a PAL-1 ATAGO (China) portable re-
fractometer. For the analysis, 15-20 fruits were
homogenised, and a drop of the resulting juice
was placed on the refractometer glass. The data
are also expressed as a percentage.

Organic titrated acids. To extract the acids,
25 g crushed sample was extracted with hot
distilled water. After cooling and filtering, 20 ml
of the extract was titrated with 0.1 N sodium hy-
droxide using phenolphthalein as an indicator

until a stable pink colour appeared. The acid
content was then calculated using an equation
that includes a conversion factor to citric acid
and expressed as a percentage of the raw mass.

Sugars. Sugars were extracted from the fruit
with hot distilled water. The extract was then
purified to remove proteins and pigments. Su-
crose was hydrolysed into glucose and fructose
by heating with 10% hydrochloric acid. The re-
sulting sugars were oxidised using Fehling’s
solution, and the optical density of the solution
was measured at 640 nm with a ULAB 102UV
(China) spectrophotometer. A standard curve,
created from glucose solutions of known con-
centrations, was used to calculate the final sugar
content, which was expressed as a percentage of
the original mass.

Pectin Substances. To determine the con-
tent of pectin substances, the sample was first
purified with ethyl alcohol to remove sugars and
pigments. Soluble pectin was then extracted
with water, and protopectin was extracted with
IN sulphuric acid. The protopectin was hydro-
lysed to galacturonic acid by heating. A coloured
complex was formed by adding a 0.2% carbazole
solution and concentrated sulphuric acid to both
the soluble pectin and protopectin extracts. The
optical density of these solutions was measured
at 535 nm using a ULAB 102UV spectrophotome-
ter. The final pectin content was calculated using
a calibration graph based on galacturonic acid
standards, withresultsexpressed asapercentage.

Ascorbic Acid. To determine ascorbic acid, a
samplewasmashed and extractedwithasolution
of 2% oxalic acid and 1% hydrochloric acid. The
filtered extract was then titrated with a 2.6-di-
chlorophenolindophenol  solution (Tilmans’
paint). The ascorbic acid content was calculat-
ed using an equation based on the titration re-
sults and expressed as mg per 100 g of raw mass.

Total polyphenolic. The total polyphenolic
content was extracted from a mashed sample
using ethyl alcohol. The resulting extract was
then combined with distilled water, Folin-Den-
is reagent, and a saturated sodium carbonate
solution. After a one-hour reaction period, the
optical density was measured at 640 nm using
a ULAB 102UV spectrophotometer. The final
content was calculated using a standard curve
prepared with chlorogenic acid solutions and
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expressed as mg/100 g of raw mass.
Anthocyanin and Chalcone. Anthocyanin
and chalcone content were determined spec-
trophotometrically. An alcohol extract from an
acidified plant homogenate (containing 3.5% hy-
drochloric acid) was prepared, and its absorption
was measured at 530 nm and 364 nm, respective-
ly, using a ULAB 102UV spectrophotometer. The
results are expressed in mg/100 g of raw mass.
Statistical analyses. Descriptive statistics
were used to analyse the data obtained and calcu-
late the average values, standard deviation (SD),
and coefficient of variation (CV%) for each trait
over two years. The percentage change between
2023 and 2024 for each biochemical composition
trait was determined, as was the range of fluc-
tuations. An independent two-sample Welch's
t-test was performed to detect significant dif-
ferences between cultivars for each parameter,
assuming unequal variances and a significance
level of o.= 0.05. The effect of year and genotype
on each selection parameter was assessed sep-
arately using a two-factor analysis o f variance
(ANOVA) in Microsoft Excel. Fisher’s least signifi-
cant difference (LSD) test was used to determine
significant differences between means at a 95%

confidence level (p < 0.05). Results are presented
as the mean # standard deviation. To assess the
linear relationships between the measured pa-
rameters, Pearson correlation coefficients were
calculated using Microsoft Excel. The dendro-
gram of genotypes was constructed using the
Python programming environment. Data nor-
malisation was performed using Z-score (Stand-
ardScaler), and hierarchical clustering was car-
ried out by Ward's method (Ward's linkage) with
the aid of the scikit-learn and SciPy libraries.
Visualisation was performed using Matplotlib.

RESULTS AND DISCUSSION

Two cultivars were included in the study: Sorb-
aronia fallax subsp. mitschurinii ‘Nero), a typical
example of garden chokeberry; and Sorbaronia
fallax subsp. fallax ‘Vseslava, the mother culti-
var of the nine RCH's genotypes studied. Due to
the different growing conditions, these varie-
ties cannot be used as controls for these RCH's
genotypes. However, a comparative analysis of
biochemical parameters enables to identifica-
tion of common features and differences. The
biochemical composition of these cultivars is
presented in Table 1and Table 2.

Table 1. Biochemical composition of two cultivar fruits, %

Genotype | Dry matter | Soluble solids | Total sugar | Titratable acidity | Sugar/Acid ratio | Pectin substances
‘Nero’ 22.56+5.93 17.91+3.83 6.91+0.42 1.58+0.21 4.41+0.83 0.99+0.01a
‘Vseslava’ | 17.90+1.83 17.76+£0.93 5.70+1.41 1.49+0.07 3.81+0.77 0.72+0.01b

Note: the data represent average values for 2023-2024 (x+ SD, n=2), where SD - standard deviation, n - number of
replicates. Different letters within a column indicate a statistically significant difference (p<0.05, Welch'’s t-test).
Letters are assigned from the highest to the lowest mean value

Source: compiled by the authors

Table 2. Biologically active compounds of two cultivar fruits, mg/100 g

Genotype Ascorbic acid Total polyphenols Anthocyanins Chalcons
‘Nero’ 12.44+2.63 3,318.45+193.11a 148.92+11.77 74.35+22.27
‘Vseslava’ 13.72+2.22 2,111.45+147.86b 113.47+22.44 42.00+7.35

Note: the data represent average values for 2023-2024 (x+ SD, n=2), where SD - standard deviation, n - number of
replicates. Different letters within a column indicate a statistically significant difference (p<0.05, Welch's t-test).
Letters are assigned from the highest to the lowest mean value

Source: compiled by the authors

Welch's t-test successfully demonstrated

that most traits were not statistically signifi-

cant (p > 0.05). However, statistically significant
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differences were observed between ‘Vsesla-
va' and ‘Nero' for pectin substances and total
polyphenol content only. The anthocyanins and
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chalcones traits approached statistical signifi-
cance. Specifically, ‘Vseslava’ accumulates low-
er amounts of both pectin substances and total
polyphenols in its fruits compared to ‘Nero'. Re-
search by S. Kulling & H. Rawel (2008) showed
that the pectin content in fresh chokeberry
fruits ranges from 0.30 to 0.75%. This range is
supported by the study by M. Trenka et al. (2020),
who reported a pectin content of 0.35-0.50%.
Notably, the pectin content in ‘Vseslava’ under
experimental conditions was significantly high-
er than the reported ranges.

Cultivars of garden chokeberry belonging to
xSorbaronia fallax subsb. mitschurinii are valued
precisely for their extremely high total polyphe-
nol content. The lower quantity of these com-
pounds in the fruits of Sorbaronia fallax subsb.
fallax ‘Vseslava’ may indicate a reduced value of
this cultivar in terms of this biochemical trait.
These data align with earlier comparative stud-
ies of Aronia and garden chokeberry cultivars.
For example, V. Mezhenskyj et al. (2024) propose
that the total polyphenol content decreases

in the following order: Aronia melanocarpa >
xSorbaronia fallax subsp. mitschurinii > xSorb-
aronia fallax subsb. fallax. M. Brand et al. (2017)
also reported a higher content of total polyphe-
nols in chokeberry species compared to garden
chokeberry cultivars.

Nevertheless, ‘Vseslava’ demonstrated the
capacity to accumulate total polyphenols as
some cultivars of xSorbaronia fallax nothosub-
sp. mitschurinii, and the fruits of its seedlings
can have a higher content of total polyphenols
(Gurer et al, 2023; Mezhenskyj et al, 2024).
Considering that ‘Vseslava' possesses signifi-
cantly better productivity characteristics (such
as the number of fruits per cluster and their
mass) compared to xSorbaronia fallax subsb.
mitschurinii cultivars, it represents a valuable
source for garden chokeberry breeding. There-
fore, a breeding fund of several hundred ‘Vsesla-
va' seedlings was established. Nine genotypes,
selected based on the aforementioned morpho-
logical fruit characteristics, were analysed for
their fruit biochemical composition (Tables 3, 4).

Table 3. Biochemical composition of RCH fruits, %

Genotype Dry matter Soluble solids Total sugar T':::?;?tl;le Sugraa;/.:\cnd sull::t‘;rles
2-49 20.74+0.90cd 18.31+0.98bc 7.44+1.10 1.36+0.42 5.88+2.65 0.97+0.02b
2-50 19.04+0.63d 16.36+3.20cd 6.77+0.41 1.64+0.02 4.12+0.30 1.09+0.01a
2-63 23.91+0.16abc | 21.02+1.16ab 7.76+0.04 1.17+0.07 6.65+0.43 0.86+0.06d
3-6 23.38+0.74bc | 20.36+2.35bc 7.16+0.14 1.44+0.04 4.97+0.25 0.74+0.02f
3-15 18.67+4.67d 15.11+0.72d 6.71+1.06 1.23+0.16 5.55+1.56 0.59+0.01g
3-42 24.47 £0.04ab 21.66+1.36a 7.27+0.72 1.07+0.07 6.84+1.13 0.96+0.01b
3-88 22.16+1.70bcd | 18.26+2.49bc 6.11+0.03 1.07+£0.34 6.01+£1.88 0.83+£0.02e
5-58 20.75+0.85ab | 20.76+1.22ab 6.52+1.40 1.14+0.02 5.76+1.34 0.58+0.01g
5-84 27.24+2.00a 23.01+1.71a 6.27+0.85 1.02+0.09 6.10+£0.28 0.92+0.01c

Note: the data represent average values for 2023-2024 (x + SD, n=2), where SD - standard deviation, n - number of
replicates. Different letters indicate values that are significantly different within one column according to results

of the LSD test (p < 005). Letters are assigned from the highest to the lowest mean value
Source: compiled by the authors

Table 4. Biologically active compounds of RCH fruits, mg/100 g

Genotype Ascorbic acid Total polyphenols Anthocyanins Chalcons
2-49 19.90+0.42b 1,617.70+280.40 93.30+8.35ab 40.05+4.88ab
2-50 21.56+1.39a 1,564.55+129.32 42.31+6.81c 25.15+1.48c
2-63 20.78+0.55ab 1,699.60+184.78 41.70+0.28c 26.90+£0.57c
3-6 18.82+1.66bc 1,357.55+561.94 78.78+22.79b 36.8010.00b
3-15 6.17+2.08d 1,644.00+£768.17 20.10+£0.71c 20.85+0.78c
3-42 21.07+0.70ab 2,021.90+357.96 101.27+5.43ab 44.00+6.79b
3-88 16.95+0.97c 1,919.70+99.42b 91.66+5.47ab 38.20+4.10ab

%)

Plant and Soil Science 16(4)




Kovalchuk & Mezhenskyj

Table 4, Continued

Genotype Ascorbic acid Total polyphenols Anthocyanins, Chalcons
5-58 20.00+0.28ab 2,215.95+383.18 119.32+6.10a 47.20+5.52a
5-84 21.08+0.42ab 2671.40+261.06 114.53+24.08a 46.70+8.49a

Note: the data represent average values for 2023-2024 (x + SD, n=2), where SD - standard deviation, n - number
of replicates. Different letters indicate values that are significantly different within one row according to results

of the LSD test (p < 005). Letters are assigned from the highest to the lowest mean value

Source: compiled by the authors

A two-factor ANOVA revealed statistically
significant differences (p < 0.05) between gen-
otypes for most biochemical parameters under
study, except total sugars, titratable acidity, the
sugar-acid index, and total polyphenols. This
finding underscores the substantial genetic
control over these traits and highlights the cru-
cial role of genotype in determining desirable
fruit quality characteristics. For instance, gen-
otype 5-84 consistently exhibited the highest
levels of dry matter, soluble solids, ascorbic acid,
anthocyanins, and chalcones, whereas geno-
type 3-15 generally showed the lowest levels of
these substances. Furthermore, genotypes 2-50,
2-63,3-42,and 5-58 demonstrated ascorbic acid
content comparable to genotype 5-84, while
genotypes 2-49, 3-88, and 5-58 were similar in
their anthocyanin and chalcone accumulation.
Although there were no significant differences
in total polyphenol content among genotypes,
potentially due to the limited number of obser-
vations, genotypes 5-58 and 5-84 numerically
exhibited the highest levels of anthocyanins,
chalcones, and overall total polyphenols. Sig-
nificant differences in pectin content were also
identified across almost all genotypes, with gen-
otype 2-50 notably accumulating the highest
level, which was also associated with the highest
ascorbic acid content.

The fruits of the studied genotypes exhib-
ited high sugar content and a favourable sug-
ar-to-acid ratio, contributing positively to their

nutritional value and taste. These characteristics
generally positioned them as superior to the two
reference cultivars, including the ‘Vseslava’ par-
ent cultivar. However, it is important to acknowl-
edge that differences in soil conditions across
cultivation sites might have influenced these
characteristics (Yavorovskyi & Brovko, 2014).
Furthermore, the accumulation of high
amounts of pectin supports the nutritional val-
ue of these genotypes and enhances their suit-
ability for fruit processing. According to A. Sidor
& A. Gramza-Michatowska (2019) and J. Xu et
al. (2024), biologically active substances with
high antioxidant potential, such as ascorbic acid
and bioflavonoids, are crucial components of a
healthy modern diet. Fruits of the RCH seedlings,
in particular, demonstrated higher ascorbic acid
content than the cultivars under study, with
some genotypes also exhibiting comparable lev-
els of bioflavonoids. According to the two-factor
ANOVA, the effect of the year of cultivation was
statistically significant (p < 0.05) exclusively for
pectin content. This indicates that while certain
parameters may exhibit inter-annual variation
influenced by weather conditions, the primary
determinant for most characteristics resides at
the genetic level. Table 5 provides a summary
of the statistics for each chemical trait across
the two growing years (2023 and 2024), offering
valuable insights into the mean values, variabil-
ity, and dynamic changes in the fruit's chemi-
cal composition among the studied genotypes.

Table 5. Statistics describing the chemical composition
of the fruits of the genotypes that were studied for each trait (n=9)

Trait Year x+SD CcvV, % Min — max Change, % (2024 compared to 2023)
2023 23.04+2.77 12.01 19.49-28.72
Dry matter -6.76
2024 21.48+3.21 14.94 15.36-25.75
. 2023 20.47+2.73 13.33 15.62-24.22
Soluble solids -10.00
2024 18.39+2.72 14.81 14.10-21.80
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Table 5, Continued

Trait Year x+SD CV, % Min — max Change, % (2024 compared to 2023)
2023 6.89+0.69 9.96 5.66-7.78
Total sugar -3.22
2024 6.60+0.94 13.43 5.53-8.21
2023 1.23+0.29 23.85 0.83-1.66
Titratable acidity 2.09
2024 1.25+0.20 16.26 1.02-1.66
2023 5.86+1.21 20.59 4.01-7.34
Sugar-Acid Ratio -3.26
2024 5.67 £1.40 24.66 3.90-7.75
2023 0.82+0.17 20.98 0.57-1.08
Pectin substances 3.21
2024 0.85+0.18 20.72 0.58-1.10
2023 18.27+5.28 28.91 4.70-21.56
Ascorbic acid 2.27
2024 18.69+4.47 23.95 7.64-22.54
2023 | 1885.89+486.78 25.81 1101.00-2856.00
Total phenolics -2.95
2024 | 1830.23+503.76 27.52 970.10-2486.90
2023 78.54+38.12 48.53 19.60-131.56
Anthocyanins -1.09
2024 77.68+34.61 14.55 20.60-115.00
2023 37.79+11.74 31.05 20.30-52.70
Chalcons -8.38
2024 34.62+8.34 24.09 21.40-43.50

Source: compiled by the authors

The inherent variability of plants can be
described by the coefficient of variation, where
5-24% is the “lower” norm, 25-44% is the “upper”
norm, and 45-63% is “large variation” (Mezhen-
skyj, 2021). Most biochemical composition traits
of the genotypes under study generally fluctu-
ated within normal ranges, with the notable ex-
ception of anthocyanidin content in 2023. This
anomaly was primarily influenced by the low
anthocyanidin content observed in genotype
3-15, which, unlike the other genotypes and both
cultivars, produces purple rather than charac-
teristic black fruits. Nevertheless, the coeffi-
cient of variation for this trait decreased to the
‘lower’ norm the following year due to a smaller
range of fluctuations. The decrease in the co-
efficient of variation for anthocyanins in 2024
could be because genotypes responded more
uniformly to this year’s conditions. In general,
secondary metabolites, such as ascorbic acid
and compounds of flavonoid complex, have a
higher coefficient of variation within the “upper”
range. A higher coefficient of variation indicates
significant genotypic variability in this trait,
which is desirable for breeding purposes, as it
enables the selection of genotypes with a high

w)

concentration of these compounds. Such pro-
nounced genotypic diversity, evidenced by a
wide range of values, is crucial for breeding
programmes aimed at improving fruit quali-
ty. Importantly, some genotypes were found to
possess higher total content of polyphenols,
anthocyanins, and chalcones compared to the
original ‘Vseslava' cultivar.

Comparison of annual averages revealed
distinct trends in biochemical composition.
Specifically, from 2023 to 2024, the content of
dry matter, soluble solids, total sugars, total
polyphenols, anthocyanins, chalcones, and the
sugar-acid ratio, decreased by 1.09-10.00%. Con-
versely, titratable acidity, pectin substances, and
ascorbic acid content increased by 2.09-3.21%.
These fluctuations suggest that the stability of
chemical component expression across differ-
ent genotypes is influenced by yearly environ-
mental conditions. Genotypes, therefore, can
adapt to varying environmental conditions by
altering both the average level and the degree of
variability of biochemical indicators within the
population. The linear relationships between
the measured biochemical parameters of the
fruit are shown in Table 6.
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Table 6. Pearson correlation coefficients between indicators (r)

g @ g 2 e g 2 3 S Z
Indicator g g § %ﬂ § 'g % % E E -g % _8‘ § EE é
> 3 2 s S8 | B= | 28| 3% | 22 | £F iz
5 e | F 3 2| < ke < ©
Dry matter 1
Soluble solids 0.90 1
Total sugar 0.03 0.11 1
Titratable acidity -0.58 -0.55 0.28 1
Sugar/Acid ratio 0.56 0.57 0.24 -0.85 1
Pectin substances 0.23 0.09 0.23 0.30 -0.08 1
Ascorbic acid 0.49 0.65 0.22 0.07 0.09 0.62 1
Total polyphenols 0.58 0.61 -0.54 -0.74 0.46 -0.02 0.25 1
Anthocyanins 0.52 0.69 -0.31 -0.48 0.34 0.03 0.54 0.65 1
Chalcons 0.57 0.74 -0.25 -0.51 0.40 0.02 0.53 0.66 0.99 1

Source: compiled by the authors

Following the classification by V. Mezhen-
skyj (2021), the relationship between the traits is
considered weak with a correlation coefficient
of 0.1-0.29, moderate with a coefficient of 0.3-
0.49, noticeable with a coefficient of 0.5-0.69,
high with a coefficient of 0.7-0.89, and very high
with a coefficient of 0.9-0.99. As anticipated, a
very strong positive correlation (r=0.90) was ob-
served between dry matter and soluble solids,
given that soluble solids constitute the primary
component of dry matter. Interestingly, despite
the common association between dry matter
and sugars, this study revealed only a weak cor-
relation between soluble solids and sugar con-
tent. This suggests that other components of
fruit composition, possibly the flavonoid com-
plex, have a stronger influence on soluble sol-
ids. Soluble solids exhibit a noticeable or high
positive correlation with the sugar/acid ratio
(r=0.57), total polyphenols (r=0.61), ascorbic acid
(r=0.65), anthocyanins (r = 0.57), and chalcones
(r = 074). Conversely, high negative correlations
were observed between titratable acidity and the
sugar-acid index (r=-0.85) and total polyphenols
(r=-074). Anoticeable negative relationship also
existed between titratable acidity and dry mat-
ter, soluble solids, and chalcones (r = -0.58 to
-0.51). This suggests that, as the product ripens
and acidity decreases, the concentration of these
phenolic compounds, which often contribute to
colour and antioxidant properties, increases.

Generally, sugar content shows a weak or
moderate correlation with almost all indicators
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(r=0.23-0.31), and this relationship can be either
positive or negative. However, the correlation
between sugars and total polyphenols is nota-
bly negative (r=-0.54). Pectin substances exhibit
weak to moderate positive and negative corre-
lations (r = 0.02-0.30) with all other biochem-
ical composition parameters, except ascorbic
acid, with which they exhibit a high correlation
coefficient (r = 0.62). This suggests that pectin
content may be less directly influenced by, or
correlated with, changes in sugars, acids, and
phenolic compounds that occur during matu-
ration. The weak relationship between ascorbic
acid and both titratable acidity and sugar con-
tent may suggest independent metabolic path-
ways. Ascorbic acid’s highest correlations were
observed with soluble solids (r = 0.65), pectin
substances (r=0.62), and anthocyanins (r=0.54).

An extremely strong positive correlation al-
most suggests that anthocyanins and chalcones
are chemically very closely related, perhaps in
their accumulation patterns within the product.
It could also indicate that chalcones are pre-
cursors to anthocyanins (Samota et al., 2024).
They are common subclasses of flavonoids in
fruits and vegetables (Zheng et al., 2025). ]. Ma-
honey et al. (2022) provide a detailed description
of the biosynthetic pathway of anthocyanins in
chokeberry, confirming that the synthesis of
flavonoids, including anthocyanins, begins with
the formation of chalcones. However, the rela-
tionship between these two flavonoids and to-
tal polyphenols is only noticeable (r=0.65-0.66).
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Although anthocyanins and chalcones are part
of the total polyphenols, they only constitute
a certain fraction. The accumulation patterns
of other polyphenolic compounds may differ,
which blurs the direct correlation. Different
groups of biologically active compounds accu-
mulate in different ways, reflecting the com-
plexity of the chemical composition of garden
chokeberry fruit. The main polyphenols in
chokeberry fruits are catechol and chlorogenic
acid (Yang et al., 2019).

A noticeable positive correlation (r = 0.53-
0.54) was also observed between anthocyanins/
chalcones and ascorbic acid. This indicates a
tendency for increased ascorbic acid content,
anotherimportantbioactive compound in fruits,
alongside higher levels of anthocyanins and
chalcones, and vice versa. These findings align
with previous research by N. Dobros et al. (2024),
who reported correlations between anthocy-
anins, ascorbic acid, and other antioxidants
varying with the ripening stage of chokeberry
fruit. Indeed, the co-accumulation of ascorbic
acid and anthocyanins contributes to the high
antioxidant capacity of fruits, a finding support-
ed by E. Guerrero-Alvarez et al. (2023). Further-
more, H. Yang et al. (2019) reported that unripe
chokeberry fruits exhibit higher antioxidant ac-
tivity due to their comparatively greater abun-
dance of flavonoids, phenolic compounds, and
total polyphenols compared to fruits at full ripe-
ness. Overall, the correlation analysis not only
confirmed established biochemical relation-
ships but also elucidated specific associations
within the studied genotypes. These insights
are valuable for optimising breeding strategies,
facilitating the simultaneous improvement of
multiple interrelated fruit quality traits. Hierar-
chical clustering analysis, visualised through the
dendrogram, provides valuable insights into the
biochemical diversity and relationships among
the genotypes under study (Fig. 1).

Within the first major cluster, genotypes
2-49 and 3-6 formed the tightest subgroup,
merging at the lowest level of dissimilarity and
exhibiting similar profiles across most parame-
ters. Another distinct subgroup within this clus-
ter comprises genotypes 2-63 and 3-42. These
genotypes showed high levels of dry matter
and soluble solids, a relatively high sugar-acid

)

ratio, and low titratable acidity, alongside gen-
erally high concentrations of polyphenols and
anthocyanins, though they displayed some var-
iations in the specific levels of total polyphe-
nols, anthocyanins, and chalcones. These two
subgroups (genotypes 2-49/3-6 and 2-63/3-42)
subsequently joined at a Euclidean distance of 4,
forming a central cluster characterised by more
average or balanced biochemical profiles across
all measured traits.

Dendrogram of genotype clustering
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Figure 1. Dendrogram of genotype clustering
based on biochemical characteristics
Source: compiled by the authors

The second major cluster was initiated by
the close association of genotypes 3-88 and
5-58, merging at a Euclidean distance of approx-
imately 2.7. This pair was then joined at a Eu-
clidean distance of about 4.0 by genotype 5-84,
which notably exhibited the highest levels of
dry matter and soluble solids in both ripening
years. This entire group (genotypes 3-88, 5-58,
and 5-84) distinguished itself with exceptionally
high levels of total polyphenols, anthocyanins,
and chalcones, in addition to generally high
levels of dry matter and soluble solids. Despite
their initial association being at a slightly high-
er dissimilarity than that of the tightest cluster
(genotypes 2-49 and 3-6), these three genotypes
formed a distinct and relatively homogeneous
cluster. These genotypes represent valuable
sources of bioactive compounds, making them
ideal candidates for the development of natural
dyes and functional food additives.

Forming a distinct outlier group, genotypes
2-50 and 3-15 exhibited profiles notably dif-
ferent from each other and the main clusters.
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They were generally characterised by a low
content of anthocyanins and chalcones, as well
as lower dry matter and soluble solids content.
Genotype 3-15, in particular, displayed signifi-
cantly lower ascorbic acid values. Conversely,
genotype 2-50 is notable for its consistently
highest pectin content over both study years.
These two genotypes subsequently joined the
previously described clusters at a remarkably
high Euclidean distance of approximately 7.8,
underscoring their significant biochemical
dissimilarity from all other genotypes studied.
This distinct group, while generally possess-
ing lower levels of the main biochemical com-
position parameters, is characterised by other
unique attributes. Specifically, genotype 3-15
is distinguished by its large, juicy, burgundy
fruits. V. Mezhenskyj et al. (2024) pointed out
that this makes it morphologically more similar
to the rowan-like cultivar ‘Titan’ than to typical
chokeberry-like cultivars. This variability high-
lights their potential for diverse applications,
from fresh consumption to specific industrial
processing, showcasing the wide genetic diver-
sity within the hybrids under study.

CONCLUSIONS

A comprehensive two-year study (2023-2024) of
the biochemical composition of fruits from nine
RCH genotypes identified the key factors shap-
ing their quality. Analysis of variance showed a
highly statistically significant effect of genotype
(p<0.05) on most of the fruit quality parameters
examined. This highlights the substantial genet-
ic control over these traits and the critical role of
genotype in forming desirable characteristics.
Conversely, the effect of the cultivation year was
statistically significant only for pectin content.
Specifically, genotype 5-84 consistently demon-
strated the highest levels of dry matter, soluble
solids, ascorbic acid, anthocyanidins, and chal-
cones. In contrast, genotype 3-15 generally ex-
hibited the lowest values for these compounds.
This differentiation is exceptionally valuable for
breeding purposes. Genotype 5-84 represents a
promising donor for programmes aimed at cre-
ating varieties with enhanced nutritional and
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antioxidant properties. Furthermore, genotype
2-50 stood out with the highest pectin content,
making it a valuable candidate for the process-
ing industry. Other genotypes, such as 3-42,
5-58,2-49,and 3-88, also showed high or compa-
rable levels of ascorbic acid, anthocyanidins, and
chalcones, thus broadening the breeding pool.
Correlation analysis revealed strong inter-
relationships between key fruit quality parame-
ters. Notably, the strong positive correlation be-
tween dry matter and soluble solids (r=0.90) has
significant practical value for selection. It allows
breeders to use a quick and simple refractome-
try method to measure soluble solids as a reli-
able indicator for assessing the total dry matter
content in large sample sets, which substantially
accelerates the selection process. An extremely
strong correlation was also found between an-
thocyanidins and chalcones (r=0.99). This ena-
bles the analysis of only one of these parameters
during selection for an indirect assessment of
the total bioflavonoid content, which is crucial
for selecting genotypes with high antioxidant
activity. The visualisation of samples in Euclid-
ean distance space confirmed genotypic differ-
entiation, indicating their unique biochemical
profiles. The obtained data underscore the sig-
nificant genetic potential of the studied geno-
types for use in breeding programmes aimed
at improving nutritional traits. These results
provide a robust foundation for further research
and the development of new varieties with en-
hanced biochemical characteristics. Further re-
search could focus on analysing other bioactive
compounds in these genotypes to more com-
prehensively assess their value, and investigat-
ing how specific annual conditions impact the
biochemical composition of the fruit.
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BioxiMiuHMM cKnapg, | Xap4oBa LWiHHICTb ribpuaie
ropo6uHoapoHii (xSorbaronia fallax (C.K. Schneid.)
C.K. Schneid.) oi6paHux B YKpaiHi

AHoTauig. YV 1IbOMY AOCITiIKeHHI KOMITJIEKCHO ITpoaHasli3oBaHo 6ioxiMiUHMM CRIa[ Ta Xap4yoBy
LIHHICTh OeB'ATH IEepCIIeKTUBHUX Ti6pumiB ropobuHoapoHii (xSorbaronia fallax), cTBopeHux
y HaujoHnanpHoMy yHiBepcuteTi 6iopecypcie i mpupomoropucTyBanHa Yrpainu (HYBIll). Ix
TIOPiBHIOBAJIM 3 IBOMA copTaMu: ‘BceciaBa’ Ta ‘Nero. MeToio 6y710 OLIiHUTH BMICT CyX0l peUOBUHH,
PO3YMHHUX CYXUX PEYOBUH, I[YKPiB, TATPOBAHOI KUCIOTHOCTI, TEKTUHOBUX PEYOBUH, aCKOPHIHOBOI
KUCJIOTH, TI0/TieHOIiB, aHTOLIaHIUHIB Ta XaJIKOHIB. 3pa3Ku IJIOAIB 36upanu y 2023-2024 poKax
B mocnigHux cafax HYBIll YRpalHu. Pe3ynsTaTy ITOKa3ajIy 3HAYHI BIAMIHHOCTI MDK TeHOTUIIaMU.
30KpeMa, reHOTUII 5-84 MaB HaMBUIIMK BMICT CyxOl PEYOBMHH, PO3UMHHUX CyXUX DEUYOBUH,
acKopb6iHOBOI KMCIIOTH, aHTOLiaHIAWHIB Ta XaJKOHIB, TOAI IK TeHOTHIT 3-15 — HAaWHWKYUN. BIIMB
POKY BUPOIIYBaHHA 6YB 3HAUYLIVUM JIMIIE IJIs BMICTy IIeKTHHY. BUABJIEHO CWIBHI ITO3WUTHBHI
KOpEJIALIil: MK CyX0I0 PEYOBMHOIO Ta PO3YMHHUMMU CYyXUMU pedoBruHaMH (r = 0,90), a TaKOK MiK
aHTOIliaHaMK Ta XankoHamu (r = 0,99). Ti6pumy 3arajoM mepeBeplIvIyM 6aThKiBCBKUIN COPT 3a
BMiCTOM IIyKpiB, ITEKTUHY, aCKOPH6iHOBOI KMCJIOTH, aHTOLIIaHIAWHIB Ta XaJIKOHIB, IO CBiIYUTD TIPO
3HAUHUM TeHeTWYHUUN IIOTeHIlias. Pe3ynbTaTu AOCIIIKeHHA HaJalu LiHHY iHopMaliio ans
CeJIeKLINHUX MIporpaM, CIPSMOBAaHMX Ha ITOKpAIeHHS XapuOBHX BJIACTUBOCTEN IUIOZLIB. BoHU
MOJYTB 6YTH BUKOPHCTaHI CeleKIlioHepaMu Ta arpoHOMaMU Ijis Ho60py HaMKpallux TeHOTHUITIB
IIJIA TIOJAJIBIIOTO KYJIBTUBYBaHHA. KpiM TOro, BUPOOHUKU ITPOAYKTIB XapuyyBaHHS Ta Hi€TUYHUX
I06aBOK MOKYTh BUKOPHCTOBYBATH Lii IaHi 711 po3p06KU HOBUX GYHKIIIOHATBHUX ITPOAYKTIB

KntouoBi cno.a: xSorbaronia fallax subsp. fallax; reHoTUIIH; acCKOP6iHOBA KUCIIOTA; TTOJTiGEHONY;
aHTOIliaHU
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Assessment of the physiological state of the P-HL-A
rootstock under conditions of phytoplasma infection

Abstract. The relevance of the study was conditioned by the significant influence of phytoplasma
infections on the productivity and physiological state of rootstocks of garden crops, which
created risks for the survival and development of buds during grafting and their further growth.
The purpose of the study was to evaluate the physiological suitability of the P-HL-A rootstock in
conditions of potential or existing phytoplasma infection during grafting. To achieve this goal,
methods of molecular diagnostics were used, namely polymerase chain reaction (PCR) in real
time to determine the presence of a pathogen, analysis of leaf tissue turgescence to assess water
deficiency, and spectrophotometric determination of photosynthetic pigments (chlorophylls and
carotenoids). Changes in the water regime and functional state of the photosynthetic apparatus
of P-HL-A rootstocks depending on the degree of infection were studied. It was found that
phytoplasma damage causes water deficiency in the range of 31.6-37.5% and a decrease in relative
turgescence to 62.4-68.4%, which indicated the development of moderate water stress. The content
of photosynthetic pigments was analysed, which decreased by 11.9-33.3% depending on the type of
pigment and the level of infectious load. It was generalised that the initial exposure to the pathogen
was manifested by a decrease in cell turgor and photosynthetic activity, which can negatively affect
kidney survival during inoculation. The practical significance of the study lies in the fact that the
results obtained can be used by gardeners, agronomists, and researchers in nurseries and research
stations to optimise agrotechnical measures, control phytoplasma infections, and increase the
efficiency of reproduction of fruit crops
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INTRODUCTION

The relevance of the study is conditioned by the
growing spread of phytoplasma infections in
European fruit crops and the high risk of their
transmission during vegetative reproduction.
This creates the need to investigate the func-
tional stability of rootstocks used in intensive
gardening technologies. Studying the effect of
phytoplasma damage on rootstocks is important
because these infections are quite common,
easily transmitted during vegetative repro-
duction, and can reduce the compatibility and
productivity of fruit crops. The study allows as-
sessing the risks of using infected material and
ensuring the effectiveness of vaccination.

Nowadays, gardening is constantly influ-
enced by numerous abiotic and biotic factors
that significantly determine the productivity and
quality of fruits. Anumber of researchers such as
T. El-Mageed et al. (2021), A. Mekdad et al. (2021),
A. Shaaban et al. (2022), showed that abiotic
stresses, in particular drought, lower tempera-
tures, and spring frosts, can lead to a significant
decrease in garden yields. Simultaneously, biot-
ic factors, including viral, bacterial, and phyto-
plasma infections, pose a serious threat to plant
growth and development. One of these threats is
infection of plants with phytoplasmas - phyto-
pathogenic bacteria. According to the literature
analysis by R. Wang et al. (2024), phytoplasmas
used to be called MLOs, and now they belong to
the genus ‘Candidatus Phytoplasma ‘in the class
Mollicutes. The main classification method is
analysis of the 16S rRNA gene, with two strains
considered different species if their similarity
is less than 98.65%, and ANI (threshold 95-96%)
is used for full-genome comparison. If this data
is insufficient, MLSA is used. Phytoplasmas are
further divided into 16sr groups and subgroups
using RFLP analysis or the virtual iPhyClassifier
tool. There are 48 known Ca species. Phytoplas-
ma, grouped into 37 groups, for example, in the
16srxii group there are five species that belong
to different subgroups.

In particular, G. Asudi et al. (2021) found
that phytoplasmas cause morphological and
physiological disorders such as leaf yellowing,
dwarfism, and leaf blade reduction, accompa-
nied by reduced photosynthetic activity and lim-
ited transpiration. In addition, these researchers

)

proved that systemic exposure to phytoplasmas
can reduce the chlorophyll content and plant
resistance to abiotic stresses, and in severe cas-
es - cause plant death. S. Ahmad et al. (2019) not-
ed that this leads to limited nutrient transport
in the plant. According to the current protocols,
phytoplasmas are included in the diagnostic
protocols of the European and Mediterranean
plant protection organisation EPPO Global Data-
base (2023), which are regulated by the relevant
standards. In particular, these include: PM 7/62
(3)‘Candidatus Phytoplasma mali, ‘Ca. P. pyri'and
‘Ca. P. prunorum’ and PM 7/150 (1) ‘Candidatus
Phytoplasma phoenicium'. According to the re-
quirements of the EPPO Global Database, man-
datory testing for the presence of phytoplas-
mas is provided for such stypes of fruit crops as
pome, stone, and vine. According to A. Konup et
al.(2019), the correlation of the main groups of in-
fectious diseases was determined in viticulture.
It was found that among the detected patholo-
gies of the vine, about 10% are viral diseases, ap-
proximately 25% are bacterial cancer, while the
dominant share, about 65%, is phytoplasma dis-
eases. Phytoplasma is also common in orchards
of the Czech Republic. L. Valentova et al. (2022)
found that phytoplasma is common in 80% of
the pear samples examined. In general, accord-
ing to the EPPO Global Database, this disease is
widespread throughout the European continent.

Special attention is drawn to the risk of
spreading phytoplasmas through vegetative
reproduction, in particular during vaccination,
which creates a threat of infection of both root-
stocks and inoculations, as noted by R. Wang et
al. (2024). This makes it relevant to investigate
the effect of phytoplasma damage on the func-
tional state of rootstocks, which is important
for ensuring the effectiveness of grafting and
preserving the productivity of garden crops. In
the context of potential or existing phytoplasma
damage, it is advisable to assess the physiologi-
cal suitability of the rootstock used for grafting.
The choice of rootstock P-HL-A as an object of
research is conditioned by the need to deter-
mine its ability to maintain functional indica-
tors and stability during intensive agrotechni-
cal grafting. The rootstock is characterised by a
reduced growth force, which is approximately
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60% relative to wild mazzard cherry seedlings.
Itisrecommended for use in intensive plantings
in conditions of irrigation, the use of supporting
structures, and high soil fertility. It is character-
ised by a high level of compatibility with most
varieties and is characterised by a good ability
to vegetative reproduction by both green cut-
tings and cultivation methods in vitro. The sci-
entific originality consists in a comprehensive
analysis of the effect of phytoplasma infection
on the functional state of the P-HL-A rootstock
of Czech selection in practical growing. The re-
sults obtained allow assessing the risks associ-
ated with the use of contaminated materials and
develop recommendations for the use of healthy
rootstocks to ensure successful grafting and
maintain high productivity of garden crops.

The purpose of this study was to evaluate the
physiological suitability of the P-HL-A rootstock
under conditions of potential or existing phyto-
plasma infection during intensive agrotechnical
grafting.

LITERATURE REVIEW

Contemporary studies demonstrate a significant
influence of both biotic and abiotic stress factors
on fruit crops and emphasise the complex inter-
action of these factors in agroecological condi-
tions and their impact on the physiological state
of plants. One of these factors is phytoplasma
diseases, which can manifest typical symptoms
or remain asymptomatic depending on the con-
centration of the pathogen in the plant tissues,
the type of plant and its growing conditions. Phy-
toplasma diseases are an important pathogen-
ic factor for both perennial and annual plants.
They are characterised by the ability to spread
unevenly through host tissues, which makes it
difficult to accurately assess the degree of dam-
age and the dynamics of disease development.
In particular, the study by V. Singh et al. (2018),
demonstrates that in sesame plants, phytoplas-
ma concentrations in the early stages of infec-
tion positively correlate with disease severity.
In later stages, there is a decrease in the level of
the pathogen. In addition, significant changes in
phytoplasma concentrations were recorded be-
tween the upper and lower parts of plants, with
the distribution pattern varying from the early
to late stages of infection development. These
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data confirm the uneven distribution of phyto-
plasma in plant tissues, regardless of their age
and life expectancy. Morphological changes that
accompany phytoplasmic infections are also
well documented in potato and tomato plants.
Y. Arocha et al. (2007) noted that the disease be-
gins with the development of additional lateral
shoots that quickly lengthen and sprout through
the top of the plant, giving it a branched appear-
ance. In addition, there is a decrease in the size
of the leaves, their twisting and yellowing. These
symptoms reflect a violation of the hormonal
balance of the plant, which leads to changes in
normal growth and development and are typical
of phytoplasma infections. The study by S. Ah-
mad et al. (2019) showed that phytoplasma infec-
tion in sesame seeds causes significant changes
in plant metabolism and antioxidant protection,
including increased activity of catalase, super-
oxide dismutase, and peroxidase enzymes, in-
creased levels of phenols, proteins, proline, and
glycynbetaine, and an increase in malone di-
alaldehyde and hydrogen peroxide while reduc-
ing soluble sugars.

There are also studies that note the neg-
ative impact of phytoplasma infection on the
physiological state of the plant, in particular,
on a decrease in photosynthetic activity. For
example, A. Bertaccini et al. (2014) and V. Kuy-
an (2016) indicated that phytoplasma infection
leads to a significant decrease in the content
of chlorophyll and carotenoids in apple leaves,
disrupting photosynthesis. In addition, there
is a decrease in the level of soluble proteins, in
particular ribulose-1.5-bisphosphate carbox-
ylase, and a decrease in the activity of photo-
system 2 and nitrate reductase. Infection also
reduced the content of specific thylakoid mem-
brane proteins involved in water photolysis. The
most relevant one for this study was the paper
by Y. Tan et al. (2015), who investigated the ef-
fects of phytoplasma infection on sweet cher-
rytrees. In the course of the study, characteris-
tic morphological changes in the leaf blade and
shoots were described, in particular, shortening
of internodes, reducing the size of leaves, their
yellowing, wrinkling, and twisting. In addition, a
negative effect on plant physiological processes
was recorded: infected leaves were character-
ised by a decrease in the chlorophyll content, a
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significant decrease in the evaporation rate, a
decrease in stomatal opening (Gs), an increase
in the concentration of CO, in the intercellular
space (Ci), and a decrease in intracellular resist-
ance (Ls). Phytoplasma infection also led to sig-
nificant changes in the hormonal balance in the
leaves: an increase in cytokinin (ZT) levels was
noted, while a decrease in the concentrations
of gibberellins (GA) and abscisic acid (ABA). El-
evated ZT levels stimulate abnormal cell growth
and the development of additional shoots, while
reduced GA and ABA inhibit normal leaf and
stem development and reduce the plant’s stress
tolerance. Thus, the effect of phytoplasma on
leaf morphology and development is mainly
conditioned by a violation of hormonal regu-
lation, and not just mechanical tissue damage.
The negative effect on plant physiological pro-
cesses was confirmed by X. Bai et al. (2009). In
particular, G. Asudi et al. (2021) showed that NGS
phytoplasma infects napier grass, disrupting the
morphoanatomic structure of phloem and the
transport of photosynthetic products, leading to
inhibition of growth, leaf chlorosis, and activa-
tion of defence mechanisms through the accu-
mulation of reactive oxygen species.

Given the significant influence of phytoplas-
ma infections on the morphology, physiological
processes, and hormonal balance of plants, an
important aspect of their study is understanding
the mechanisms of spread of these pathogens in
cultivated plants, because it is the transmission
routes that determine the rate of infection and
the effectiveness of disease control measures.
According to R. Tedeschi & A. Alma (2006), the
main vector of pathogen transmissionis cicadas.
Simultaneously, an effective plant protection
system can reduce transmission of infection
through vector insects. But the infection that oc-
curs during agrotechnical procedures, such as
vaccinations, is almost impossible to limit.

Since grafting is one of the key methods
of propagation of planting material, it is also
one of the main ways of spreading patho-
gens, in particular phytoplasmas. According to
K. Caglayan et al. (2023), phytoplasma transmis-
sion during grafting was recorded in pears, juju-
ba, and grapes. Research by S.-H. Lee et al. (2012)
showed that it takes about 28 days to detect phy-
toplasma in a plant after grafting. It was found
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that at the initial stages, phytoplasma particles
are localised mainly in the root system, and after
82 days the infectious agent spreads to all or-
gans of the plant.

Thus, numerous research results confirm
that phytoplasma infections have a complex
negative impact on the morphology, physiolog-
ical state, and hormonal balance of plants, dis-
rupting their normal growth, development, and
resistance to stress factors. Given that grafting
is one of the most common methods of propa-
gation of planting material, but simultaneously
one of the main ways of spreading phytoplas-
mas, it is particularly important to study their
impact on the quality of the rootstock and its
ability to ensure the water and physiological bal-
ance of the bud.

MATERIALS AND METHODS

Location and objects of research. The study was
conducted in 2025 at the Research and Breed-
ing Institute of Pomology “Holovousy” (Czech
Republic), in the Department of the Fruit genet-
ic resources. Rootstock for cherries and sweet
cherries P-HL-A was used as the object of re-
search. The presence of European Stone Fruit
Yellows (ESFY) phytoplasma in plant material
was preliminarily confirmed by polymerase
chain reaction (PCR). According to the results of
molecular diagnostics, all samples were classi-
fied into three conditional groups depending
on the number of amplification cycles: PP (po-
tentially positive), + (weakly positive), ++ (clearly
positive). Plants in which the pathogen was not
detected were used as a control group. Sampling
was carried out in the third ten days of July, im-
mediately before the start ofbudding, in order to
assess the physiological state of the rootstocks
before budding. Tissues were taken from four
opposite sides of each plant at the same height,
which ensured the representativeness of the
samples. The experiment was performed in four
repetitions, each of which included two plants.
Determination of plant water deficiency. To
assess the water regime of the leaf tissue, turg-
escent properties were analysed using die-cuts.
From the leaf blade, avoiding the main veins, 10
disk die-cuts were obtained using a drill with a
diameter of 8 mm. The samples were weighed
(raw mass before immersion), then placed in
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distilled water in Petri dishes for 2 hours. After
incubation, the leaf discs were carefully drained
with filter paper and re-weighed (raw weight af-
ter immersion). To control the complete water
saturation, the die-cuts were again submerged
in water for 30 minutes and re-weighed. The
samples were then dried in a drying cabinet for
40 minutes at 120°C, after which the dry weight
was determined.

Based on the obtained data, the following in-
dicators were calculated:

n Initial water content (g): raw weight before
immersion - dry weight.

n Amount of water in the state of turges-
cence (g): raw weight after immersion - dry
weight.

n Water deficit (%): ((amount of water in
the turgescence state - initial water content) /
amount of water in the turgescence state) x100.

n Relative turgescence (%): ((crude weight
before immersion - dry weight) / (crude weight
after immersion - dry weight)) x100.

n Relative turgescence deficit (%): 100 - rel-
ative turgescence.

Determination of green pigments in the
plant. The samples were ground using liquid
nitrogen in the presence of a small amount of
MgCO,. 20 mg of the resulting material was tak-
en from ependorf-type tubes, after which 1.5 ml
of methanol was added. After short-term stir-
ring, the tubes were centrifuged for 5 minutes
at 16,000 g. The content of chlorophyll a, chlo-
rophyll b, and carotenoids in the supernatant
was determined by the Wellburn method using
a Genesys 180 spectrophotometer (USA).

Statistical processing of results. Statisti-
cal processing of experimental data was per-
formed using Minitab 19 software suite (Minitab
LLC, 2019). Before performing a univariate anal-
ysis of variance (ANOVA), the data were checked
for normality using the Kolmogorov-Smirnov
criterion. Statistically significant differences be-
tween the mean values were determined using
the Tukey test at a significance level of p<0.05.

Ethical standards. The study was conducted
in accordance with the ethical standards of the
Convention on Biological Diversity (1992) and
Convention on the Trade in Endangered Species
of Wild Fauna and Flora (1976). Only plant ma-
terial (P-HL-A rootstock) was used in the work,
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without the involvement of animal or human
experiments.

RESULTS AND DISCUSSION

Lack of water limits plant productivity and yields
in various ecosystems and agriculture. In addi-
tion to the ability to survive acute drought stress,
which depends on the genotypic characteristics
of the plant, the strength and duration of expo-
sure, the speed and efficiency of recovery also
play an important role in determining produc-
tivity. A study of the effect of phytoplasma infec-
tion on water deficiency in plants showed that all
the samples under study were in a state of water
stress. The standard value of water deficiency
(WD) for physiologically healthy plants is 5-10%,
while in the presented study, even control, unin-
fected samples showed WD at the level of 23.9%.
The results show that even control, uninfected
plants experienced severe water stress, since
the level of their water deficiency significant-
ly exceeded the physiological norm. Infected
samples, depending on the degree of infectious
load, had a significantly higher level of water
deficiency - from 31.6 to 37.5%, which indicates
a reduced adaptive ability of such plants to arid
conditions. This indicates a direct effect of the
pathogen on the water balance of plants.

In particular, the water deficit in PP samples
(potentially positive) exceeded the control value
by 77%, in + samples (weakly positive) — by 8.9%,
and in ++ samples (clearly positive), respectively,
by13.7%. Although the analysis of variance did not
reveal a statistically significant difference be-
tweenindividualinfection groups, thereisaclear
tendency for water deficiency to increase with
increasing infectiousload. Thisindicatesanega-
tive effect of phytoplasma infection on the water
balance of rootstocks, which may have adverse
effects on bud survival during grafting (Table 1).

An important indicator of the water sta-
tus of plants is relative turgescence (RT), which
characterises the ability of cells to maintain tur-
gor under stressful conditions. According to the
generally accepted classification by M. Laxa et
al. (2019), RT values in the range of 60-70% indi-
cate moderate water scarcity. The results showed
that control samples with a RT score of 76.1%
were in a state of minor water stress. Simultane-
ously, plants infected with phytoplasma showed
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lower RT values - from 62.4 to 68.4%, depending
on the degree of infection, which indicates the
development of moderate or even severe water
deficiency. This condition potentially disrupts
the physiological and biochemical processes
in the plant , in particular metabolism, water

exchange, and transport of assimilants, and can
have a negative impact on the overall function-
ing of the plant. Analysis of relative turgescence
deficiency (RTD) indicators shows an increased
need for water in infected plants to maintain a
normal functional state.

Table 1. Physiological state of plants under conditions
of varying degrees of phytoplasma infection (2025)

ezt Water deficit indicators, % Indicators of pigments, mg/g
sample WD? RT2 RTD? a b a+b karot.
P-HL-A (k) 23.9%+55a 76.1x1.0a 239+1.0a | 0.48+0.15a | 0.11+0.03a | 0.59+0.18a | 0.21+0.06 a
P-HL-A (pp) | 31.6+¥6.2b | 68.4+5.6b | 31.6+59b | 0.32+0.14a | 0.08+0.03a | 0.40+0.17a | 0.15+0.04 a
P-HL-A (+) 32.1+5.7b | 67.9¥6.2b | 32.1+6.2b | 0.32+0.07a | 0.09+0.02a | 0.41+0.09a | 0.15+0.03 a
P-HL-A (++) | 37.6+1.0b | 62.4+55b | 37.6+55b | 0.40£0.22a | 0.11+0.04a | 0.52+0.24a | 0.17+0.08 a

Note: + — standard deviation; alphabetic symbols indicate the difference between the options; ! — water scarcity;

2 —relative turgescence; 3 - relative turgescence deficit
Source: compiled by the authors

Similar trends were recorded in the study by
A. Bertaccini et al. (2014) on sesame (Sesamum
indicum), where phytoplasma infection resulted
in a statistically significant decrease in tissue
water content by 11.4% compared to uninfected
plants. Similar results were obtained in the study
by L. Pavliuk et al. (2025), which showed that the
water content in the leaf tissues of plants infect-
ed with PNRSV and PDV of the ‘Nizhnist’ cher-
ry variety decreased by 20%. At the same time,
when PDV was monoinfected in the ‘Bohuslav-
ka' variety and PNRSV in the ‘Ksenia’ variety,
the water content in the infected samples was
slightly higher by 1.4% and 5.7%, respectively, but
these differences are statistically insignificant.
According to the available literature data, this
study is one of the few that evaluated the effect
of phytoplasma on the water balance of plants.
Due to the limited nature of such studies, unam-
biguous conclusions about the specific effects of
the pathogen on different plant species remain
difficult. However, it can be assumed that infec-
tion with phytoplasma has a more negative ef-
fect on plants of the genus Prunus compared to
monoinfection with viral pathogens.

Water deficiency, as a rule, negatively af-
fects the photosynthetic apparatus of plants, in
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particular, the content of chlorophylls and carot-
enoids. As part of the study, adecreasein the con-
centration of these pigments in infected plants
was observed compared to the control. Howev-
er, the results of the analysis of variance did not
reveal statistically significant differences. In
general, the degree of reduction in the content
of photosynthetic pigments ranged from 11.9 to
33.3%, depending on the type of pigment and the
level of infection. The chlorophyll a content in
PP (potentially positive) and + (weakly positive)
samples was reduced by 33.3% compared to the
control, while in ++ (clearly positive) samples it
was only 16.7% lower. A similar trend was found
for chlorophyll b: in PP (potentially positive) and
+ (weakly positive) samples, a decrease of 27.3
and 18.2%, respectively, was observed, while in
++ (clearly positive) the content of chlorophyll
b was at the level of control plants not infected
with phytoplasma. Despite this, the total amount
of green pigments (chlorophyll a + b) in all in-
fected groups remained lower compared to the
negative control. A similar trend was recorded
in terms of carotenoid content: in PP (potentially
positive) and + (weakly positive) samples, it was
reduced by 28.6%, and in ++ (clearly positive) —
by 19% compared to the control. A decrease in
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the level of pigments in samples with a higher
concentration of the pathogen can be explained
by the stress response of the plant, which occurs
at the initial stages of infection. During this pe-
riod, the most pronounced symptoms of the le-
sion and the negative impact of the pathogen on
physiological processes, including photosynthe-
sis. In the future, under conditions of prolonged
exposure to the pathogen, the plant can partially
adapt to the state of infection, which can reduce
the severity of symptoms.

Studies by other researchers indicate a
more pronounced negative effect of phyto-
plasma infection compared to the results re-
corded on the P-HL-A rhizome. Thus, accord-
ing to S. Zafari et al. (2012), infected lime leaves
showed a70.9% decrease in chlorophyll a, 97.2%
in chlorophyll b, and 987% in carotenoids. In
addition, some studies indicate that the level
of pigments in infected plants may depend on
the age of the plant. For example, older apri-
cot plants showed a 48.5% decrease in chlo-
rophyll a, 50% decrease in chlorophyll b, and
431% decrease in carotenoids (Trempetié et
al., 2025). Young plants reacted less strongly to
infection: a decrease in chlorophyll a was 7.3%,
chlorophyll b - 14.3%, and carotenoids - 3.2%
compared to healthy plants. The timing of the
study also played an important role, since a
greater decrease in photosynthetic pigments
was recorded in the second half of the grow-
ing season. Therefore, it can be assumed that
the chlorophyll content on the rootstock under
study has already reached the maximum point
of decrease and, given the sampling period, no
further decrease should be expected. Another
confirmation of the negative effect of phyto-
plasma on the plant was the study by Y. Tan et
al. (2015), who showed that when sweet cherries
were infected with subgroup B phytoplasma
(16srv-B), the chlorophyll content decreased by
51-56% depending on the type of pigment. The
ratio of chlorophyll a/b in infected leaves was
reduced, while the ratio of carotenoids to the
total content of chlorophylls increased com-
pared to the control. Similar results were ob-
tained by M. Bertamini et al. (2002) in studies
on grapes and apple trees, which also recorded
a decrease in the level of photosynthetic pig-
ments inplants infected by phytoplasma.
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Thus, phytoplasma infection simultane-
ously worsened the water status and photosyn-
thetic characteristics of plants, which negative-
ly affected their survival rate and productivity.
In some cases, its effect was more pronounced
than with monoinfection with viral pathogens.
This highlights the importance of systematic
monitoring of the infectious load and the in-
troduction of adaptive agrotechnical measures
to reduce the stress effect of the pathogen and
maintain stable crop productivity.

CONCLUSIONS

The study showed that phytoplasma infection
significantly affects the water status and pho-
tosynthetic activity of P-HL-A rootstock plants.
Even control, uninfected plants showed a water
deficiency of 23.9%, which significantly exceeds
the standard values for physiologically healthy
plants (5-10%). Infected samples, depending
on the degree of infectious load, had an even
higher water deficit: in PP (potentially positive)
and + (weakly positive) samples, it was 31.6-
32.1%, and in ++ (clearly positive) - 37.6%. The
relative turgescence (RT) in the control samples
remained at 76.1%, indicating a slight water
stress, while in infected plants RT decreased to
62.4-68.4%, indicating moderate or severe wa-
ter deficiency.

Simultaneously, phytoplasma infection ne-
gatively affected the photosynthetic apparatus.
Chlorophyll a in PP (potentially positive) and +
(weakly positive) samples decreased by 33.3%,
chlorophyll b - by 18-27%, and in ++ (clearly
positive) samples, the decrease was less, which
indicates partial adaptation of the plant to long-
term exposure to the pathogen. The carotenoid
content in PP (potentially positive) and + (weak-
ly positive) samples decreased by 28.6 %, and in
++ (clearly positive) - by 19% compared to the
control. These changes indicate that at the ini-
tial stages of infection, the plant experiences the
greatest stress, but over time, partial compensa-
tion of damage is possible.

Thus, phytoplasma infection simultane-
ously disrupts the water balance and reduces
the concentration of photosynthetic pigments,
which negatively affects the physiological state,
photosynthesis, and potential productivity of
plants. The results highlighted the importance of
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monitoring the infectious load and implement-
ing agrotechnical measures to minimise stress
consequences, preserve rootstock survival,
and maintain overall crop productivity. Further
study of the combined effects of phytoplasma
infection and abiotic stress on rootstock pro-
ductivity and survival is important.

laboratory diagnostics of plant material to de-
tect phytoplasma.
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OuiHKa ¢isionoriyHoro ctaHy nigwenu P-HL-A
3a yMoB iH}iKyBaHHA diTonnasmolo

AHoOTaUif. AKTYaJIbHICTh HOCITIIKeHHS O6yMOBJeHAa 3HaYHUM BIIMBOM GIiTOIIA3MOBUX
iHperUil Ha IPOAYKTUBHICTE Ta $i3i0NOTIYHUY CTaH MifIIeln CafZoBUX KyJIBTYD, L0 CTBOPIOE
PU3UKU AJIS IPUKHBIIIOBAHOCTI Ta PO3BUTKY 6PYHBOK ITiJT Yac IIeIIeHH Ta IXHbOTO ITOJaIbIIOTO
pocty. MeToro poboTu 6yno ouiHuTH ¢isionoriuny mpupartHicTh migmenu P-HL-A 3a yMoB
TIOTeHIIiMTHOTO 260 HasgBHOTO iHQiIKyBaHHSA GiTOIIA3MOI0 y Mepiof MpoBeeHHS OKYIipyBaHHA.
1 HOCATHEHHS Iii€el MeTH 3aCTOCOBYBAJIMCS METOOU MOJIEKYISIPHOI AiarHOCTHKY, a caMme
royiMepasHoi JIAHIIOroBol peakuii ([1JIP) B pea/JibHOMY 4Yaci IJjia BU3HAUeHHA HAABHOCTI
MaTOTeHy, aHaji3 TYprecleHTHOCTI JIUCTKOBUX TKAHWH IJig OLIHKM BOXHOTO Iediuuty, a
TAKOXX CIIEKTPOPOTOMETPUYHE BHU3HAYEHHHA (POTOCMHTETUYHUX IIrMEHTIB (xyopodinis
Ta KapOTHHOIMIB). ByJo AOCHIIKeHO 3MiHM BOZHOIO PEXMMY Ta (YHKI[IOHAJIBHOIO CTaHy
boTOoCMHTEeTUYHOTO amnapary migmen P-HL-A 3aneXHO Bif cTyneHs iHQiKyBaHHA. Byio
BCTAaHOBJIEHO, 1110 GiTOIIa3MOBe YpaskeHHA CIIPUYUHIE BogHUY gedinuT y Mexkax 31,6-37,5 % Ta
3HM)XKEeHHS BIJHOCHOI TyprecClieHTHOCTI 10 62,4-68,4 %, 1110 CBiIUMJIO IIPO PO3BUTOK IIOMIpHOTO
BOJHOTO CTpecy. Byyo mpoaHai3oBaHO BMiCT GOTOCUHTETUYHUX ITIiIrMEeHTIB, AKUK 3HIXYBaBCSI
Ha 11,9-33,3 % 3ajekKHO BiJ TUIly IIirMeHTY Ta piBHA iH}eKIiMHOro HaBaHTa)XeHHd. Byso
y3araJibHeHO, IO NOYaTKOBUM BIUJIUB ITaTOTeHY IIPOSBIABCA 3HUKEHHAM Typropy KIITHH Ta
$OTOCUHTETUYHOI aKTUBHOCTI, LIJ0 MOXXe HETaTUBHO BIUIMBATU Ha MPUKUBIIOBAHICTh 6PYHBOK
mig gyac merieHHs. [TpaKTUYHA LIHHICT poHOTU IIOJISATa€E B TOMY, IO OTPHUMAaHi pe3ylbTaTu
MOXXYTh 6YyTM BUKOPMCTaHi CafiBHMKaMM, arpOHOMaMM Ta HAYKOBLAMU y PO3CaJHUKaX Ta
IOCHIiZHUX CTaHLifAX [IJIS ONTUMi3allii arpoTexHiYHUX 3axOZiB, KOHTPOJIIO ¢iTOIUIa3MOBUX
inperwuil Ta nigBULIeHHA eGeKTUBHOCTI pO3MHOXEHHS IIJIOLOBUX KYJIBTYP
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Varietal spectral differences
in winter wheat plants according
to satellite monitoring data

Abstract. The paper reflected the results of investigating the spectral features of winter wheat
plants of various varieties, which was a component of the implementation of conventional remote
monitoring technologies in precision agricultural production. It was based on empirical data
for determining the characteristic spectral characteristics of different varieties and evaluating
them using remote sensing data (RS). The purpose of the study was to establish the possibility
of identifying varietal differences of winter wheat based on the spectral characteristics of plants
obtained from open sources of satellite monitoring data. For this purpose, open data from the
Sentinel-2 satellite was used, which provided relatively high spatial and spectral resolution. The
analysis covered key wheat growing periods, and spectral differences were investigated using the
RGB additive colour model and vegetation indices SAVI (soil-adjusted vegetation index), NDVI
(normalised difference vegetation index), ARVI (atmospherically resistant vegetation index). The
results of the study indicated the presence of significant spectral differences between winter
wheat varieties due to their genetic diversity and response to agroecological conditions. It was
found that spectral profiles and indices of photosynthetic activity of different varieties correlated
with indicators of productivity and resistance to biotic and abiotic stresses. The obtained data
helped not only to differentiate wheat varieties by spectral characteristics, but also to use them to
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Varietal spectral differences...

build models for predicting yield and evaluating adaptive properties in climate change conditions.
The informative value of satellite data for optimising winter wheat cultivation technologies and
improving the efficiency of breeding programmes was shown. Such studies were promising in the
development of precision agricultural production technologies, ensuring prompt and objective
assessment of the state of crops over large areas, tracking the phenology of a particular wheat

variety, and in breeding research

Keywords: winter grain crops; varietal differences; remote monitoring of agrophytocoenoses;
vegetation indices; spectral characteristics of plants

INTRODUCTION

Accurate observation of wheat phenology in
close real time is critical for both agricultural
technologies and breeding programmes. It al-
lows effectively managing crops, choosing the
most productive varieties, increasing grain
yield and quality, and provides a scientific ba-
sis for sustainable wheat production. Remote
sensing (RS) technologies, data digitisation,
and big data management are finding practical
application in crop production and therefore
require methodological support. Management
of agrophytocoenoses has acquired new ap-
proaches, agronomists need means of moni-
toring the state of crops, the quality and time-
liness of technological operations, especially
inlarge areas. Winter wheat crops require con-
stant research for each new variety, consider-
ing biological features, noticeable differences
in plant colour, and the reaction to agroeco-
logical factors. A separate important criterion
remains the organogenesis of various varie-
ties of winter wheat, depending on the time
of sowing and growth conditions, considering
the widespread late harvesting of predecessor
crops. Remote satellite monitoring is relevant
for solving this issue, which allows agricultural
producers to receive constant updates about
the situation in any field of the farm without
the need for personal presence. The main ad-
vantage of satellite monitoring is the scale of
the survey and the efficiency of data on the
state of crops over large areas, which is several
times different from ground-based measure-
ments, which are local.

A. Zvonar (2020) presented a new approach
to monitoring wheat phenology during the
growing season using sequential RGB imag-
es and an integrated KNN-CNN-RF model. The

%)

researcher demonstrated that the combination
of machine learning and deep learning algo-
rithms allows accurately and timely determin-
ing the phenological phases of wheat, which is
especially valuable for breeding programmes
and crop management. The technique has prov-
en its effectiveness in comparison with conven-
tional approaches, providing higher accuracy
and stability of results.

Methodologies for monitoring the phenol-
ogy of cultivated plants, with the establishment
of dependencies on external parameters, are
based on the following criteria. Based on the
plant parameters of the variety, as shown in the
paperby U. Akumaga et al. (2023) that combined
data from ground-based phenological studies
with the leaf area index (LAI) obtained from sat-
ellite images of the Planet Fusion platform, also
by R. Zhang et al. (2024) that proposed a two-
step deep learning framework called PhenoNet
for accurate and efficient classification of key
wheat phenophases in real time. Based on
spectral features: in their research papers on
the description of crop phenology, the teams of
researchers presented the results of selecting
optimal variants of the shape model (SMF-S)
based on the time series data of the vegetation
index (Liu et al., 2022). A model using the time
series normalised difference vegetation in-
dex (NDVI) and normalised difference red edge
index (NDRE) obtained from multispectral UAV
images was able to accurately determine full
ear emergence dates for more than 1,000 rice
varieties (Liu et al., 2023). Machine learning
models were based on the characteristics of
radar polarisation.

G. Song et al. (2022) presented an ap-
proach to monitoring leaf phenology in tropical
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rainforests using deep learning techniques.
The researchers used super-pixel classification
of time series of images of tree tents, which
allowed improving the accuracy of tracking
changes in vegetation. The results showed that
artificial intelligence combined with remote
images significantly improves the ability to
assess the seasonal dynamics of plant devel-
opment. This study is a valuable example of
the use of modern image analysis algorithms
for monitoring the state of crops and optimis-
ing agricultural technologies in accordance
with the principles of precision farming. The
paper by D. Cann et al. (2023) examined the
role of phenology in the adaptation of winter
wheat to various climatic conditions. The re-
searchers showed that varying the duration of
the development phases significantly affects
the yield and stability of crop productivity in a
variable environment. The study highlighted
the importance of considering the phenolog-
ical characteristics of varieties to improve the
effectiveness of agricultural technologies and
breeding programmes. These results are useful
for precision farming, as they demonstrate the
possibility of optimising fertilisation and crop
management systems considering the biologi-
cal rhythms of plants.

The purpose of the study was to determine
the information content and feasibility of us-
ing images in the RGB additive colour model,
vegetation indices NDVI, SAVI, ARVI for in-
vestigating varietal spectral differences in the
agrophytocoenosis of winter wheat using re-
mote sensing.

LITERATURE REVIEW

In crop production, variety replacement is a
consistently relevant measure, and the latest
technologies for monitoring agrophytocoe-
noses should consider this. Varietal spectral
differences of even the most popular cultivated
plants are poorly understood, but researchers
continue to look for ways to obtain objective
data. In studies of varietal differences of win-
ter wheat in recent years, the main focus has
shifted towards high - frequency phenotyp-
ing - the use of UAVs with multi-and hyper-
spectral sensors, a combination of ground-
based spectrometers and satellite data, and the

Plant and Soil Science 16(4)

use of deep learning methods. Hyperspectral
models for monitoring the chlorophyll den-
sity (ChD) of winter wheat were constructed
using eight machine learning algorithms. A
combination of algorithms for intelligent anal-
ysis of wheat plant traits and machine learning
was used as a hyperspectral imaging system.
J. Ma et al. (2022) reviewed the use of hyper-
spectral images to assess the protein content
of wheat grains, summarised modern meth-
ods for collecting, processing, and analysing
spectral data, highlighting the advantages of
this technology over conventional laboratory
approaches. The researchers noted the pros-
pects of integrating hyperspectral systems into
high-performance phenotyping and breeding
programmes, and their importance for im-
proving the accuracy of grain quality assess-
ment in production conditions.

Crop growth models such as Crop-Grow,
WOFOST, APSIM, and others predict crop phe-
nology based on variety parameters and envi-
ronmental conditions. However, their applica-
tion is difficult due to the need to calibrate the
parameters of each variety. This is most diffi-
cult to do for new varieties. Phenology can also
be controlled based on polarised traits that are
sensitive to the morphological parameters of
crops. D. Vincke et al. (2022) proposed a com-
bination of crop shape and growth models for
determining the phenological phases of soy-
beans. The method demonstrates promise for
monitoring field crops in precision farming. The
authors used near-infrared hyperspectral im-
aging to assess the presence of grains in wheat
ears. This approach allows improving the accu-
racy of yield forecasting. R. Zhang et al. (2024)
developed the lightweight two-step PhenoNet
neural network for real-time classification of
wheat phenological phases, making it conven-
ient for agricultural practice. A. Zvonar (2020)
proposed a method for monitoring wheat phe-
nology for breeding tests using a combination
of KNN-CNN-RF models based on RGB images.
The solution is effective for analysing a large
number of samples. ]. Campoy et al. (2023) cre-
ated a remote sensing model for predicting
wheat and barley yields that works both at the
level of field and within the field, improving the
accuracy of productivity estimates.

c
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Multispectral cameras in combination with
time series allows tracking growth dynamics,
are used for crop forecasting and classifica-
tion of varieties, and operational monitoring of
large areas. Thus, X. Lyu et al. (2024) used aerial
(UAV-hyperspectral) images to distinguish be-
tween winter wheat varieties and deep learn-
ing (ENVINet5) and SVM methods to process
the data. The conducted studies showed a close
relationship (R2 to = 0.96), and the developed
method was recommended for classifying the
varieties under study. However, the proposed
method has limitations in the area of applica-
tion and requires specialised ground equip-
ment and, accordingly, trained specialists. The
use of satellite survey data to study various
indicators of agrophytocoenoses of winter
wheat showed both positive and unsatisfacto-
ry results. W. Cai et al. (2022) presented a new
multiple phenological spectral trait (Mpsf) for
mapping winter wheat. The researchers used
multi-phenological indices: NDVI, NDVIs, GND-
VI (Green NDVI), EVI (Enhanced Vegetation
Index), BSI (Bare Soil Index), PSRI (Plant Senes-
cence Reflection Index) to search for objective
identification of wheat and individual other
crops, and integration of the main growth phas-
es. Important, according to the researcher, are
the presented results of studies of the informa-
tive value of individual Sentinel2 spectral chan-
nels to evaluate wheat growth: rededge 705 and
740 nm, near-infrared NIR 783, 865 nm, cal-
culated LAI indices (Revill et al., 2019); VSWIR
multispectral and hyperspectral data (Pancor-
bo et al., 2025). It was shown that the red-edge/
SWIR, NDSI indices significantly increase the
accuracy of assessing the biophysical proper-
ties and yield of the variety. Varieties can have
different photopigmentation and structural
properties of plants. The spectral features of
plants were considered by researchers in the
study of nitrogen supply, with the analysis of
protein content of the resulting grain (Cami-
no et al,, 2018; Aranguren et al., 2020). The mi-
cronutrient nutrition was considered in the
study of the potential of hyperspectral imag-
ing. Grain quality prediction models based on
the spectral reflectivity of flour showed very
promising results (r2 >0.60) for Mg, Mo, and Zn
(Huetal., 2021).

o)

Based on Sentinel-2 time series and indi-
ces a method for classifying plant stresses was
developed, which allowed, in particular, distin-
guishing diseased plants from nitrogen defi-
ciency (Shi et al,, 2023). The researchers noted
the possibility of using this method for varietal
differentiation, if varieties respond differently
to stress. Hyperspectral data were used for ear-
ly diagnosis of biological stress in wheat plants,
characteristics that determine grain quality
and moisture content (Xie et al., 2024; Wang et
al.,2024; Sun et al., 2025).

Therefore, previous studies have shown
the feasibility of using satellite remote sensing
methods, which opens up prospects for timely
detection of stress factors, assessment of or-
ganogenesis dynamics, and ensuring effective
management of agrophytocoenoses over large
areas. Varietal spectral characteristics were
studied mainly from ground platforms and
UAVs, which has advantages in accuracy, but los-
es scale and availability. The question remains
of developing a scientific basis for improving
technologies for growing winter wheat and in-
creasing its productivity in the precision farm-
ing system. Scientific data indicate the relevance
and prospects of studying the spectral varietal
features of winter wheat, and the informative
value of such characteristics for solving practi-
cal technological problems.

MATERIALS AND METHODS

Studies of wheat growth and development were
conducted during two seasons - 2021 and 2022
and performed on production areas occupied
by winter wheat. The field with a total area of
40.5 hectares was located in the Boryspil Dis-
trict of the Kyiv Oblast, near the national high-
way HO8. Four varieties of winter wheat were
grown within the field, as shown in Figure 1:
‘Tobak’ (9.8 ha), ‘Akhim’ (9.2 ha), ‘Milton’ (6.8 ha),
and ‘Royal’ (6.2 ha). Varieties ‘Tobak’ and ‘Akhim’
are modern medium-ripened (growing season
270-280 days) varieties of soft, awnless win-
ter wheat, lutescence variant, intensive type,
produced by German company Saaten-Union.
‘Milton’ and ‘Royal’ varieties are intensive me-
dium-early winter wheat varieties, an eryth-
rospermum variant, produced by Canadian ori-
gin (Seed Grain Company).

Plant and Soil Science 16(4)
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Figure 1. Field location (coordinates 50°27'33"N 31°00'34"E; left) and winter wheat varieties (right)

Note: ‘Tobak’,‘Akhim, ‘Milton', Royal’
Source: Google Earth (n.d.)

Reproduction of varieties - elite. Potatoes
were the predecessor crop, allowing wheat to be
sown on time. The topography of the field was
mostly flat, which eliminates the cancellation of
growing conditions. The soil cover and technical
background of the agrophytocoenosis were uni-
form, which enabled a comparison of exclusively
varietal differences. The EOS Land Viewer plat-
form of the European Space Agency (ESA), which
is part of the space mission for remote sensing of
the Earth, specialised for crop production tasks
was used to perform satellite monitoring. Imag-
es of the Sentinel 2 satellite obtained from the
Copernicus Open Access Hub (DataHUB) archive
were used. The Sentinel-2 was equipped with the
MSI multispectral Instrument, which provided
shooting in 13 spectral channels with a spatial
resolution of 10, 20, and 60 m and a repeat cycle
of about 5 days. The choice of this satellite was
conditioned by its free access to data, the high-
est spatial resolution of images among available
satellites (10m/pixel). The use of various indi-
ces helped to comprehensively assess the state
of crops and spatial heterogeneity of the field.
The study used combinations of spectral chan-
nels that are most sensitive to changes in plant
photosynthetic activity and chlorophyll status:
B4 (Red, 665 nm, 10 m) - chlorophyll uptake; B8
(NIR, 842 nm, 10 m) - leaf cover reflection; B5,
B6, B7 (Red Edge, 705-783 nm, 20 m) were addi-
tionally used to assess the physiological state of
plants. Vegetation indices were calculated based
on these channels, in particular: NDVI (BS - B4/
B8 +B4), SAVI (B8 +B4+L (B8 - B4) - (1+L)), ARVI
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(B8+(B4-v-(B4-B2))B8-(B4-v-(B4-B2)). This
combination of spectral channels and vegetation
indices helped to track the growth characteristics
of winter wheat at different stages of vegetation
and assess the spatial heterogeneity of crops.

Satellite image dates were selected con-
sidering the local time zone (UTC+2 / UTC +3),
minimal cloud cover, and compliance with key
phenological phases of winter wheat develop-
ment. In the autumn period (germination and
tillering, BBCH 10-29), indices were analysed to
assess the density of seedlings, uniformity of
development, and the influence of stress factors
at the initial stages of growth. In the spring pe-
riod (stem elongation - heading, BBCH 30-59),
the main attention was paid to the dynamics of
indices reflecting photosynthetic activity and
chlorophyll content, as well as to monitoring the
water status of plants. The assessment of plant
condition based on satellite images was carried
out by the author as an expert. Before processing
the data, atmospheric correction (L2A level, Bot-
tom-of-Atmosphere) was performed, which re-
duced the impact of atmospheric conditions on
reflection, including georeferencing and cloud
masking using the Scene Classification Layer
(SCL) built into Sentinel-2 products.

Verification of compliance of the results was
carried out by ground-based morphological and
biometric studies (BBCH stages, visual assess-
ment of the state of crops, features of soil cover
and microrelief). The growing season of the ter-
ritory was determined by the transition of the av-
erage daily temperature through 5°C, as accepted
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in crop production. This approach helped not
only to identify varietal differences in the dy-
namics of vegetation indices, but also to identify
the influence of soil and technological factors
on the heterogeneity of the field. The study was
conducted in accordance with the ethical stand-
ards of Convention on Biological Diversity (1992)
and Convention on the Trade in Endangered
Species of Wild Fauna and Flora (1976).

RESULTS AND DISCUSSION

For the completeness of spectral analysis of win-
ter crop agrophytocoenoses within the frame-
work of remote monitoring, the author suggests
it is appropriate to use data from the autumn
and spring periods of winter wheat vegetation.
Autumn vegetation, according to scientific data,
should last 40-60 days, so that the plants have
time to gain the necessary amount of effective
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RGB NDVI

temperatures (300-350°C) before the end of the
growing season, that is, a stable transition be-
low 5°C. Due to the completeness of the autumn
growing season, plants have time to accumu-
late the necessary amount of plastic substances
for the wintering period, which increases their
stress resistance.

Inthe experimentalfield, plants entered win-
ter in the initial early tillering stage (BBCH 20).
Figure 2 shows images of the autumn vegetation
of winter wheat, at the time of the first ground
survey and plant accounting. The plants were in
the leaf development phase (BBCH 10). The first
image shows the state of plants in the visible
spectrum. Sparse vegetation with the presence
of open ground was identified. Light spots are
clearly distinguished on the varieties ‘Milton’and
‘Royal’, which can be explained by the soil hetero-
geneity of the part of the field they occupy.

ARVI

Figure 2. Index images of satellite survey data
of winter wheat agrophytocoenoses (BBCH 10, survey date 13.11.2021)
Note: ‘Tobak’,‘Akhim’, ‘Milton, ‘Royal’; RGB - additive colour model; NDVI - normalised difference vegetation index;
ARVI - atmospherically resistant vegetation index; SAVI - soil-adjusted vegetation index

Source: EOS data analytics (n.d.)

Analysis of index images showed that the
‘Royal’ variety differed from others in high-
er values. Homogeneous elementary plots for
each variety were used to compare the index
values. This characteristic NDVI value for the
‘Royal’ variety was 0.38, for other varieties it was
0.31-0.33. This allowed assuming that this vari-
ety is characterised by a more intensive begin-
ning of growth processes at the autumn stage of
vegetation. Reflection of a high index indicator
on a plot with the ‘Royal’ variety was observed
for 80-85% of the territory. Ground-based phe-
nological studies have established that it was on
the site under the ‘Royal’ variety that the density

«)

of the projection vegetation cover was 32-38,
for other varieties in this field - it did not reach
30%. This explains the low information content
of NDVI, because this index is sensitive to pro-
jective vegetation cover.

ARVI, which is not very sensitive to atmos-
pheric factors (such as aerosols), was chosen
for data analysis due to its ability to adjust for
autumn weather conditions. Compared to oth-
er vegetation indices, its values were most var-
iable, in particular in the areas of the varieties
‘Achim’, ‘Tobak’, and ‘Milton’. The largest gra-
dient of the index values was observed for the
varieties ‘Tobak’ and ‘Milton, ground-based

Plant and Soil Science 16(4)
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studies did not show a correlation of these dif-
ferences with the topography of the territory,
and therefore, it is possible to assume that they
are conditioned by spectral characteristics.
Attention is drawn to the special feature of the
ARVI and SAVI index images of land plots near
the forest belt. The values of these indices in
such marginal zones were poorly correlated
with ground-based biometric studies, so, in
the according to the author, marginal zones
should not be considered in the spectral analy-
sis of agrophytocoenoses. The total coverage of
the agrophytocoenosis in these two indices for
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the varieties ‘Achim’, ‘Tobak’, and ‘Milton’ in the
SAVI index was uniform. There is a clear reflec-
tion of soil or technological heterogeneity for
the ‘Milton’ variety in the form of a strip, which
later, in May, became more noticeable. Satellite
monitoring of the state of agrophytocoenoses is
almost not used in winter due to weather condi-
tions, a pause in the growing season of the crop,
and therefore low relevance. The availability of
a clear image without snow cover allowed ana-
lysing the agrophytocoenosis in its winter dor-
mancy state, which was done on 2 January 2022.
The results are shown in Figure 3.

%

Figure 3. Satellite monitoring of winter wheat crops
in the tillering phase (BBCH 20, survey date 02.01.2022)
Note: ‘Tobak’, ‘Akhim, ‘Milton, ‘Royal’; RGB - additive colour model; NDVI - normalised difference vegetation index;
ARVI - atmospherically resistant vegetation index; SAVI - soil-adjusted vegetation index

Source: EOS data analytics (n.d.)

The image in the visible part of the optical
spectrum with a uniform green colour reflects
the steady development of winter wheat varie-
ties. In terms of NDVI value, the leadership was
maintained by the ‘Royal’ variety — approximate-
ly 80% of the area, the index value was higher
compared to other varieties. Varieties ‘Milton’
and ‘Tobak’ had a more uniform index coverage,
but on the part of the field with these varieties,
relief differences (“saucers”) were clearly traced,
where plants with significantly worse develop-
ment were identified. The development of zones
of higher indices for the variety ‘Achim’ was not-
ed. According to the results of the construction
of ARVI, the leading position was occupied by the
‘Royal’ variety. Other varieties had visually sim-
ilar index values, and soil heterogeneities are
reflected. Plants of other varieties, except ‘Royal,
developed worse in areas near the forest belt. In
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second place in terms of Index indicators was
the ‘Achim’ variety. Spectral analysis showed low
information content of SAVI for the task at hand.
This is conditioned by the specifics of its work
with poorly visible soil at this stage, although the
“falling” terrain zones on the ‘Tobak’ variety are
quite clearly identified.

During the spring resumption of wheat veg-
etation, it is difficult to assess the state of pro-
duction areas of agrophytocoenoses, namely,
the number of damaged plants, the tillering co-
efficient, the rate of active growth for planning
agricultural operations, etc. The date of the first
spring monitoring, based on the quality of the sat-
ellite images received, was set for 23 March 2022.
The conditions of the month allowed plants to be-
gin spring tillering, and the warming at the end of
March - beginning of April became a factor in the
resumption of vegetation (Fig. 4).
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Figure 4. Satellite monitoring of winter wheat crops
in the tillering phase (BBCH 20, survey date 23.03.2022)
Note: ‘Tobak’, ‘Akhim, ‘Milton, ‘Royal’; RGB - additive colour model; NDVI - normalised difference vegetation index;
ARVI - atmospherically resistant vegetation index; SAVI - soil-adjusted vegetation index

Source: EOS data analytics (n.d.)

The visible spectrum shows that most of
the area of the ‘Royal’ variety has a relatively
greener colour. In the field, changes in the ter-
rain are noticeable in the form of depressions,
the so-called “saucers”. Soil heterogeneity is
visually apparent In addition, for the ‘Achim’
variety, there is a zone (about 25% coverage)
with higher index indicators. Comparing the
index values with the data of 02.01.22, it can be
concluded that the plants are at rest or that the
slow passage of spring tillering processes is not
available for satellite recording. Considering
the distribution of the NDVI index, the active
development of crops of the ‘Royal’ variety and
Y part of the ‘Achim’ variety plot is clearly re-
flected. The existing zone of more active plant
development in the ‘Achim’ variety has a sharp
transition, which indicates technological rea-
sons. Varieties ‘Milton’ and ‘Tobak’ develop uni-
formly, without dividing into zones. The ARVI
vegetation index also showed the most active
development of plants of the ‘Royal’ variety and
part of the ‘Achim’ variety plot for the period of
the end of March. There is a noticeable active
development of areas with a decrease in the
‘Milton’ variety, which explains the presence of
more moisture. Analysing the SAVI indicators,
which consider the presence of soil in the im-
age, a similar distribution of areas with active
vegetation by variety was obtained: the most
developed varieties are ‘Royal’ and ‘Achim’, and
the area of more productive zones on the site of
the latter variety increased to 75%.

o)

The next remote monitoring date was May 7,
2022. Due to cloudy and rainy weather in April,
monitoring was not carried out, and a similar
problem was observed in May. A special feature
of this period is the intensive growth of plants, in
fact, the approach of plants to the peak of veg-
etative mass development. Wheat at the stage
of stem elongation (BBCH 30), actively growing,
plants of bright green colour. For photosynthesis,
the amount of solar activity at this time is suffi-
cient. Agrophytocoenosis is aligned by spectral
characteristics. For this time of monitoring, the
visible spectrum image turned out to be more
informative than the index ones. The picture
shows a clear difference in the colour of the ‘Mil-
ton’ variety, compared with others: the plants
have a lighter colour. Considering the yield of
this variety later, the authors were convinced of
the assumption that the colour of the plants was
associated with its physiological characteristics,
and not with low photosynthetic activity. As a
result of constructing the SAVI index, a well-de-
fined green band was obtained on the ‘Milton’
variety, which correlates with the images of pre-
vious monitoring and may be associated with
changes in terrain and better water supply.

The next observation of the condition
of winter wheat plants was carried out on
21]June 2022 during the flowering phase - grain
formation (BBCH 60-70). The NDVI values were
relatively higher for the varieties ‘Achim’ and
‘Tobak’, but the specifics of plant colour dur-
ing this growing season should be considered.

Plant and Soil Science 16(4)
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Varieties ‘Royal’ and ‘Milton’ have earlier matu-
ration periods, because they developed faster by
several microstages of BBCH, which was proved

NDVI

0,20

23.07.2021 11.09.2021 31.10.2021 20.12.2021

08.02.2022

by biometric records. The dynamics of the NDVI
value during the entire monitoring was pre-
sented graphically (Fig. 5).

—e— Royal
—— Milton
—e— Tobak

Akhim

30.03.2022 19.05.2022 08.07.2022 27.08.2022

Figure 5. Graph of distribution of NDVI index values of different winter wheat varieties, 2022
Note: ‘Tobak’, '‘Akhim, ‘Milton', Royal’; NDVI - normalised difference vegetation index

Source: EOS data analytics (n.d.)

SAVI analysis fully confirmed the distribu-
tion of sites according to the intensity of photo-
synthetic activity of the leaf apparatus. The lead-
ers are the varieties ‘Achim’ and ‘Tobak'. Plants
in all areas were delayed in growth in areas near
the forest belt. The filling of winter wheat grains
is closely linked to the activity of the photosyn-
thetic apparatus of the flag leaf. The importance
of remote monitoring at this time is extreme-
ly high. The information that can be obtained
about the state of crops will indicate the physio-
logical characteristics of varieties regarding the
duration of active activity of the flag leaf. Even
after analysing the visible spectrum image, one
can see a change in the colour of all varieties,
namely a decrease in the intensity of the green
colour. It is noticeable that the ‘Milton’' variety
has the lightest colour.

According to NDVI, areas of the ‘Royal’ and
‘Milton’ varieties are distinguished, which have a
low level of vegetation, in contrast to small areas
of low relief, where there is a delay in develop-
ment. It should be noted that the beginning of a
decrease in the value of the NDVI index for other
varieties (‘Tobak’, ‘Achim’). Thus, for the ‘Achim’
variety, the zones of low vegetation are 50%, and
for the ‘Tobak’ variety - 35-40%. For compari-
son, the area of such zones for ‘Royal’ is 70%, and
for ‘Milton’ - 85%. According to ground-based
studies, approximately 85% of plants of the
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‘Milton’ variety as of 21 June 2022 were in the
stage of grain formation, the second place was
taken by the ‘Royal variety (67%), and flowering
was completed in other varieties.

Consequently, index images of satellite
monitoring data made it possible to identify ear-
ly-maturing varieties ‘Royal’ and ‘Milton’ with
the greatest manifestation in the latter. At the
next stage of monitoring (06.07), the activity of
the photosynthetic apparatus of both varieties
almost did occur, plants are approaching the end
of the grain maturation phase (Fig. 6). Photosyn-
thetic activity of the upper tier of ‘Tobak’ and
‘Achim’ varieties was also observed at this time,
judging by the distribution of vegetation indices.
This suggests that the accumulation of a larger
amount of active temperatures may affect the
amount of assimilating substances in the grain
and further affect its qualitative composition.

The results of the conducted studies con-
firmed the conclusions of X. Liu et al. (2023) that
a hyperspectral remote sensing system can po-
tentially be used to classify winter wheat varie-
ties, and it provides a benchmark for classifying
crops with weak intra-class differences. How-
ever, the researchers investigated the spectral
differences of wheat from the UAV platform.
Satellite monitoring has fundamentally differ-
ent parameters, especially for free access data,
but in terms of efficiency, scale, and availability,
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it significantly exceeds all other types. The re-
sults obtained showed the informative nature of
satellite data for determining varietal differenc-
es, and therefore the prospects of such an area.
High information content of multispectral im-
ages of Sentinel-2B was shown by M. Memon et
al. (2023) to accurately estimate and map the
percentage of wheat straw cover WSC compared
to Landsat-8 data in a large-scale agricultural
region. The researchers support their results
with improved temporal and spatial data, but
do not distinguish between wheat varieties.

NDVI

W. Cai et al. (2022) developed and used the gen-
erated new multi-factor spectral features as
output data for the ONE-Class Support Vector
Machine (OCSVM) for mapping winter wheat.
However, the developed system showed positive
results for phenological studies, without distin-
guishing wheat varieties or varietal types. Sim-
ilar conclusions were also made by R. Zhang et
al. (2024), who noted that combining multispec-
tral satellite data with machine learning sig-
nificantly improves the accuracy of crop con-
dition identification and crop yield estimation.

SAVI

Figure 6. Satellite monitoring of winter wheat crops
in the tillering phase (BBCH 80, survey date 06.07.2022)
Note: ‘Tobak’, ‘Akhim’, ‘Milton’, ‘Royal’; RGB - additive colour model; NDVI - normalised difference vegetation index;
ARVI - atmospherically resistant vegetation index; SAVI - soil-adjusted vegetation index

Source: EOS data analytics (n.d.)

0. Tarariko et al. (2019) noted a significant
differentiation of the reflective characteristics of
crops in the ear emergence phase and full ripe-
ness, which allows identification based on re-
mote survey materials. Hyperspectral imaging
(narrow bands, near and middle parts of the in-
frared spectrum - NIR/MIR) allows the most ac-
curate detection of spectral differences between
varieties, especially in critical phenophases
(stem elongation - flowering). Free access sat-
ellite technologies have a number of limitations.
Compared to shooting with UAVs, the data has a
fundamentally lower ability to distinguish imag-
es and is limited in use in the presence of clouds.
Therefore, it is appropriate to use the opportu-
nity to conduct a series of experiments due to
the large coverage area and calibrate the data
based on ground measurements (Opryshko et
al.,, 2024). Previous studies of the spectral char-
acteristics of plants have established dependen-
cies, formed a hypothesis about the possibility

<)

of developing vegetation indices based on an
alternative model of colour formation, which
will be more resistant to changes in lighting.

Thus, the results of the conducted research
confirmed that Sentinel-2 satellite multispec-
tral data can be an effective tool for classifying
wheat varieties, providing an optimal balance
between accuracy, scale, and availability of
monitoring. Satellite monitoring allowed as-
sessing the growth dynamics and development
of winter wheat varieties, identify early-matur-
ing varieties and reflect spatial heterogeneities
of the agrophytocoenosis. NDVI, ARVI, and SAVI
data confirmed their informative value for vari-
etal differentiation, although they are inferior in
resolution to hyperspectral UAV images. Togeth-
er with ground-based measurements, satellite
data provide a large-scale and operational tool
for precision farming, which allows assessing
the condition of crops in a timely manner and
predicting yields.
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CONCLUSIONS
Monitoring with Sentinel-2 helped to identify
winter wheat varieties by spectral differences
that occur at different stages of vegetation. The
recorded stable spectral signatures allowed
working remotely with individual varieties of
winter wheat, in particular, to identify the stages
of vegetation of different varieties. Interpreta-
tion of satellite data by EOS LandViewer through
vegetation indices NDVI, SAVI, ARVI allowed
assessing the general state of phytocoenoses
of winter wheat and conducting phenological
studies with reference to varietal character-
istics. Thus, in the range of vegetation indices
NDVI, SAVI, ARVI, the early beginning of autumn
vegetation of the ‘Royal’ variety was established,
which was confirmed by ground studies. The
NDVI value for the ‘Royal variety was 0.38, for
other varieties it was in the range of 0.31-0.33.
Index maps and other vegetation indicators
identified varieties with higher photosynthetic
activity, which may be related to potential pro-
ductivity and adaptability to climatic condi-
tions. Thus, in the BBCH 80 stage (shooting date
06.07.2022) for early-maturing varieties of Ca-
nadian selection ‘Royal and ‘Milton', the activity
of the photosynthetic apparatus was not record-
ed, ground observations showed approaching
the end of the grain maturation phase. Photo-
synthetic activity of the upper tier of German
varieties ‘Tobak’ and ‘Achim’ continued, which
showed the distribution of vegetation index val-
ues and was confirmed by ground-based studies.

winter wheat depended on the growing season.
Regardless of the variety, during the stem elon-
gation - beginning of ear emergence, the wheat
agrophytocoenosis acquires a uniform intense
green colour, varietal differences are visually re-
corded by ground surveys, but are practically not
identifiable by satellite imagery. The results ob-
tained confirmed the prospects of using satellite
data for variety assessment and monitoring of
agrophytocoenoses on a large scale, breeding
work and digital agriculture, in particular in pre-
cision technologies. Further research, according
to the authors, should be aimed at verifying sat-
ellite data with ground-based observations and
refining processing algorithms to improve the
accuracy of variety identification.
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CopToBi cneKTpasibHi BiAMiHU POC/IMH NWeHuLUi 03MMOoi
3a 4AHUMU CYNYTHUKOBOIO MOHITOPUHTY

AHoTauia. CtaTTa Bimo6pasuia pesylbTaTy BUBYEHHS CIIEKTPaJbHUX OCOGIMBOCTEM POCIUH
MIIeHUIl 03MMOl Pi3SHUX COPTIB, IO € CKJIAZOBOIO IMIIJIEMEHTallil TPaZULliMHUX TeXHOJIOTiM
IMCTaHLMTHOTO MOHITOPUHTY B TEXHOJIOTII Tpen3ifHOro arpoBUPOOHUIITBA. B OCHOBY MTOKJTaeHi
eMITipu4Hi JaHi BU3HAUeHHs XapaKTepHUX CIIeKTpaJIbHMUX XapaKTepUCTHUK PI3HHUX COPTIB Ta
OLIiHKa iX i3 BUKOPUCTAHHAM JaHUX OUCTAHLIIMHOTO 30HAyBaHHA 3eMiti (J133). MeToo po6oTu 6y710
BCTAHOBUTHU MOXXJIUBICTD ifeHTH}iKAIlil COPTOBUX BiIMIH IMIIEHUIII 03UMOI 3a CIIEKTPAJIBHUMU
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XapaKTepPUCTUKaMU pOCJIUH, OTPMMAaHUMHU i3 BIOKpUTUX [Kepesl [OAaHUX CYIyTHUKOBOIO
MOHITOpUHTY. [IJIS ILIBOTO BUKODHUCTOBYBAaJUChH BIIKpUTI maHi cymyTHMKaA Sentinel-2, gki
3a6e3meynsy MOPiBHAHO BUCOKI IIPOCTOPOBY Ta CIIEKTPAJIbHY PO3LiIbHICTE. AHAJII3 OXOIUIIOBAB
KJIIOYOBi ITepiofiy BereTallii MITIeHUIT], & CIIeKTpaJbHi BIIMIHHOCTI ZOCTiAKYBaICh 3a LOTIOMOTO0I0
aIUTUBHOI KoJipHOI Mozeni RGB i Beretatitinux ingercis SAVI (soil-adjusted vegetation index),
NDVI (normalised difference vegetation index), ARVI (atmospherically resistant vegetation index).
Pesy/ibTaTyl AOCIiIKEHHS CBiIUMIY ITPO HASBHICTh iCTOTHUX CIIEKTpaIbHUX PO36KRHOCTEH MikK
COpTaMH IIIeHHUI]i 03UMOI, 110 3yMOBJIeH] IXHbOIO FeHEeTUYHOIO Pi3HOMAaHITHICTIO Ta peaklii€lo
Ha arpoeKoJIOTiuHi yMOBU. BCTaHOBIEHO, 10 CIIeKTpaIbHi ITpodini Ta iHAeKCcH GOTOCUHTETUYHOI
aKTHBHOCTI Di3HUX COpTiB KOpeJIoBaM 3 IOKAa3HUKAMU ITPONYKTHUBHOCTI Ta CTIMKOCTI IO
6ioTnuHMx i abioTuHUX cTpeciB. OTpuMaHi JaHi JO3BONWIN He Jinile AudepeHIliloBaTy COPTU
MIIIeHUIT] 32 CIIEKTPaIBHUMU XapaKTepUCTUKAMY, a i BUKOPHCTOBYBATH 1l ITO6YIOBY MOJieNe
TIPOTHO3YBaHHS BPOXKaNHOCTI, OLiHIOBaHHSA aJallTUBHUX BIAaCTUBOCTEN B yMOBaxX 3MiH KIiMary.
[TokazaHo iHGOPMATUBHICTD CYIIyTHUKOBUX IAHUX IJI OIITHMi3allil TeXHOIOTi BUPOIIYBaHHSA
MIIeHUI 03UMOI, IMiIBULIEHHS eQEeKTUBHOCTI CeNeKLiMHUX IporpaM. Taki AOCHimKeHHS €
IIepCIEKTUBHUMU Y PO3BUTKY TEXHOJIOTIM IIPeIM3iMHOr0 arpoBUPOOHUIITBA, 3a6e3evyroun
OTIepaTUBHICTh Ta O6'E€KTUBHICTh OIIIHKM CTaHy ITOCIBiB Ha BEIWKUX IUIOIIAX, BiICTEKEHHS
deHooril KOHKPETHOI'O COPTY IIIEHUI], 8 TAKOX Y CeJIeKLIMHUX AOCIiIIKeHHAX

Knio4oBi cnoBa: 03uMi 3epHOBi KyJIBTYpPU; COPTOBi BiAMiHM; AWCTAHIIIMHUN MOHITOPUHT
arpodiTo1leHO3iB; BereTalliliHi iHAeKCY; CTIeKTPaJIbHi XapaKTepHUCTUKU POCIIUNH
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Abstract. Sunflower production required new technological approaches that involve not only
the use of intensive hybrids, fertiliser systems, and innovative equipment, but also ensuring a
comprehensive interaction of the main agrotechnological factors. The purpose of the study was to
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Effect of foliar application of biological products...

establish the effect of foliar application of biological products due to their stimulating and protective
effect on the development of the productivity of sunflower plants embedded in the genotype. A
field method was used to investigate the interaction of research objects with natural, laboratory,
and mathematical and statistical factors. It was found that foliar application of biological products
showed a tendency to stimulate plant growth. The highest plant height (+5 cm) in the five leaf phase
over the years of research was observed in the variant treated with Azotohelp. Foliar dressing
with Organic Balance biologics affected an increase in the basket diameter by 3.25 cm compared
to the control version, Organic Balance Monophosphorus - by 3.55 cm, and Azotohelp - by 3.8 cm.
The weight of 1,000 grains with the use of Organic Balance increased by 5.2 g, Organic Balance
Monophosphorus - 3.2 g, Azotohelp - 3.7 g. Foliar applications of biologics increased the weight of
seeds from the basket by 4.9, 6.9, and 9.7 g, respectively. However, an increase in the diameter of the
basket, the number and weight of seedsinit,and the weight 0of1,000 grains,led to anincreaseinyield,
which was confirmed by a high correlation (r - 0.80-0.99) between these indicators. Notably, the
greater influence of Organic Balance Monophosphorus biologics on the development of sunflower
yield was found in hot weather conditions in 2021 compared to more favourable conditions in 2022-
2023. On average, over three years of research, the biological yield of sunflower seeds with foliar
application of biologics exceeded the control option by 0.3-0.54 t/ha. The highest productivity of
sunflower was formed by foliar dressing with Azotohelp biologics and amounted to 3.7 t/ha with
a control level of 3.16 t/ha, an increase of 0.54 t/ha, or 17.1%. These results can be used to optimise
intensive sunflower cultivation technology, which will contribute to better plant nutrition, reduce
the pesticide load, and increase sunflower yield

Keywords: oilseeds; yield; fertilisers; Azotohelp; Organic Balance; Organic Balance Monophosphorus

INTRODUCTION
Sunflower is one of the most important oilseeds
in Ukraine, in particular in the left-bank for-
est-steppe, where it occupies a leading place
among agricultural crops in terms of profitabili-
ty. However, intensive sunflower cultivation, crop
rotationviolations, climate changes, and anthro-
pogenicimpactlead to soil degradation, reduced
fertility, and disruption of water and nutrient re-
gimes, which makes it difficult to obtain stable
and high yields. Simultaneously, in the context of
increasing climate risk, especially droughts and
high temperatures, there is an urgent need to
introduce effective and environmentally friend-
ly approaches to plant nutrition (Adeleke et
al., 2022; Pavlichenko et al., 2023). V. Pichura et
al. (2023) noted that one of the promising areas
is the use of biological preparations containing
growth stimulants, anti-stress agents, amino
acids, and other active components that can in-
crease plant resistance to adverse conditions,
activate physiological and biochemical process-
es, and improve crop productivity. Therefore,
the study of the impact of foliar application of
biologics is extremely relevant, both for science

and for practice, since it is aimed at reducing
the risks of agricultural production, improv-
ing the efficiency of using natural resources.

A. Rozhkov § V. Roenko (2025) emphasised
the growing role of applying biologics to veg-
etative plants, which reduces the dependence
of the crop on environmental factors, allows
optimising resource-saving cultivation tech-
nologies and using the natural potential of this
oilseed crop. They suggested that the introduc-
tion of biologics do not pollute the environment,
showing a high selective effect, are convenient
for production and has inexhaustible resources
for constantly increasing production volumes.
0. Laslo (2022) and O. Kovalenko et al. (2022)
noted that foliar dressing acts as an additional
method to root nutrition and ensures that nu-
trients are instantly absorbed and distributed
inside plants through the leaves. O. Averchev
§ N. Vasylenko (2023) emphasised the impor-
tance of using biologics with protective and
growth-stimulating functions that contribute
to the implementation of potential opportu-
nities inherent in the crop, including certain
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immune responses, increases plant productiv-
ity, and the implementation of genotypic mak-
ings of varieties and hybrids. O. Tsyliuryk et
al. (2021) emphasised that the treatment of plant
seeds with growth-regulating drugs has estab-
lished an effect on the growth and development
of sunflower and revealed the possibility of re-
ducing the duration of stressful conditions with
a versatile degree of adverse effects. The re-
searchers also noted that one of the measures to
increase plant resistance is the use of biologics
that are environmentally safe, intensify physio-
logical processes in plants, increase resistance,
and increase the yield of agricultural crops.

According to the observations of J. Akua-
ku et al. (2020), B. Basile et al. (2021), the physi-
ological effect of using biologics consists in the
activation of the vital activity of plant cells, in-
crease in the permeability of intercellular mem-
branes, and acceleration of their biochemical re-
actions, which contributes to the intensification
of nutrition, respiration, and photosynthesis.
The high efficiency of using drugs for regulating
the growth and development of plants of biolog-
ical origin is determined, purposefully reducing
stressful situations by reducing their duration,
rational use of natural resources, and the devel-
opment of a larger amount of dry mass, which,
accordingly, leads to an increase in productivity
and an improvement in product quality. Howev-
er, the versatile effect of microbial preparations
with foliar application is poorly investigated.

The purpose of the study was to establish
the influence of foliar use of biologics, Azoto-
help, Organic Balance and Organic Balance
Monophosphorus in sunflower crops on the de-
velopment of crops and individual plant produc-
tivity in the conditions of the north-eastern part
of the forest-steppe of Ukraine.

MATERIALS AND METHODS

The research was conducted in the grain-row
crop rotation of the Department of Agriculture
of the Institute of Agriculture of the North-East
of the National Academy of Agrarian Sciences in
2021-2023. The soil in the area under study was
typical low=humus, slightly leached, coarse-
grained, medium-loamy chernozem with the
following agrochemical indicators of the arable
layer: humus according to D. Tyurin - 4.2-4.8%;

Plant and Soil Science 16(4)

salt pH - 6.0; water pH - 7.9; easily hydrolysed
nitrogen content according to D. Kornfeld - 107,
mobile P,0, and K,0 according to N. Chirikov, re-
spectively, 62.7 and 67.5 mg per 1kg of soil. Gran-
ulometric composition of the soil according to
J. Kaczynski - coarse-grained, medium loamy:
physical clay (particles 0.05-0.01) — 49.1-52.1%,
silt (particles less than 0.001 mm) - 23.4-25.5%
in alayer of 0-20 cm weight

The research was conducted according to
generally accepted methodological approaches
inthe field of agronomy (Rozhkov et al.,2016). The
area of the sowing plot in one repetition of each
individual variant was 94.5 m?, the area on which
the harvest was recorded (without side and end
protective strips) was 45.5 m?, the repetition was
fourtimes, and the plots were arranged using the
randomised repetition method. Crop accounting
was carried out by continuous threshing of grain
from each site, followed by recalculation to 8%
of the basic humidity. The weight of 1,000 grains
was determined by DSTU 4138-2002 (2004). The
obtained results were processed by variance and
correlation methods of analysis using Excel-16.0
software suite.

The cultivation technology was generally
accepted for this zone, except for the techniques
that were studied. Mineral fertilisers were ap-
plied in the spring, under pre-sowing cultivation
with the rate of N,,P,,K,,on all variants. The ef-
fectiveness of foliar application of biologics was
studied in sunflower crops of the ‘Esman’ vari-
ety. Treatment of plants was carried out in the
phase of 2-3 pairs of true leaves in a crop with a
working solution consumption rate of 200 1/ha
according to the following scheme: control
(treatment of plants with water); Organic Bal-
ance 0.51/ha; Organic Balance Monophosphorus
0.51/ha; Azotohelp 0.5 1/ha.

Organic Balance - biologics based on bac-
teria with nitrogen-fixing, phosphorus and po-
tassium mobilising and fungicidal properties,
the action of which is to provide plants with
an immunostimulating and protective effect.
Composition of the biological product: Bacillus
velezensis, Agrobacterium pusense, Paenibacil-
lus polymyxa, Enterococcus hirae, Lactobacil-
lus delbrueckii sp. Bulgaricus. Organic Balance
Monophosphorus - biologics based on phos-
phorus mobilising bacteria, the action of which
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consists in providing prolonged nutrition of
plants with mobile forms of phosphorus, fun-
gicidal and bactericidal plant protection. Com-
position of the biological product: live cells of
phosphorus mobilising and fungicidal and
bactericidal properties of bacteria, biological-
ly active substances: phytohormones, amino
acids, and vitamins. The total number of viable
producer microorganisms was not less than
1.0x10° CFU/cms3. Azotohelp KS - a biological
product based on associative nitrogen-fixing
bacteria, which consists in fixing molecular ni-
trogen from the atmosphere by nitrogen-fixing
bacteria and transferring it to a form accessi-
ble to plants, synthesising growth-stimulating
substances. Composition of biologics: live cells
of Agrobacterium pusense, vitamins, phytohor-
mones, amino acids, and other physiologically
active substances. Total number of viable cells -
not less than 1.0x10° CFU/cms3,

Weather conditions during the research
years were satisfactory for plant growth and
development. The spring was somewhat colder
than usual. A decrease in air temperature was
observed in April 2021-2022 and May in 2022.
Summers during the research years were hotter
compared to the long-term average. Thus, the
excess temperature in the summer was from 0.5
t0 4.9°C. At the beginning of autumn in Septem-
ber, it got slightly colder in 2021-2022 (respec-
tively -0.6°C and -1.8°C below normal) In April,
there was an excessive amount of precipitation
during the research years, (+14..+67 mm), and
May turned out to be dry in 2022-2023, the hy-
drothermal coefficient (HC) was 0.7, 0.4, respec-
tively. The availability of plants with available
moisture in the soil was formed due to precip-
itation that took place in April. In summer, dry
conditions were observed in 2021, in July (HC -
0.1), and in 2022 in August (HC - 0.3). The sum-
mer of 2023 was characterised by a sufficient

supply of moisture to plants. In early autumn
2021, 2023, in September, high air temperatures
and low precipitation contributed to the har-
vest, and in 2022, harvesting was difficult due
to heavy rains in the second and third ten days
of September, the excess of precipitation was
756 mm. The contrast of weather conditions
during the growing season during the years of
research (decrease and increase in tempera-
tures, lack of moisture) in the north-eastern part
of the forest-steppe of Ukraine helped to more
fully investigate the effectiveness of foliar appli-
cation of biologics in sunflower crops. The study
was conducted in accordance with the ethical
standards of Convention on Biological Diversi-
ty (1992) and Convention on the Trade in Endan-
gered Species of Wild Fauna and Flora (1976).

RESULTS AND DISCUSSION

The growth and development of plants took
place without any special deviations and cor-
responded to the varietal characteristics of
sunflower. Thus, full shoots appeared on day 12
after sowing on all variants of the experiment
in 2021, on day 21 in 2022 and on day 9 in 2023.
The negative impact of a decrease in the aver-
age daily air temperature (by 2.3°C) in May 2022
on the duration of seed germination and the
uniformity of seedlings. The duration of inter-
phase periods of germination - the first pair of
true leaves - five leaf phase - flowering - mat-
uration depended on climatic conditions and
amounted to 5, 29, 19, 63 days on all variants of
the experiment in 2021; in 2022 - 6, 28, 26, 75
days; in 2023 - 11, 29, 28, 50 days, respectively.
Under these conditions, it was found that the
use of biologics did not change the duration of
the passage of plants, both individual phases of
growth and development, and the growing sea-
son as a whole, which in 2021 was 116, in 2022 -
135, and in 2023 - 118 days (Table 1).

Table 1. Dates of the main phases of growth and development of sunflower plants

Years of research
Phases of plant growth and development
2021 2022 2023
Sowing 10.05 06.05 15.05
Germination 22.05 27.05 24.05
First pair of true leaves 27.05 03.06 05.06
Five leaf phase 25.06 01.07 03.07
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Table 1, Continued

Phases of plant growth and development

Years of research

2021 2022 2023
Flowering 14.07 27.07 31.07
Maturation 15.09 10.10 19.09

Source: compiled by the authors

In the process of studying the effect of treat-
ing the vegetative mass of plants with biologics,
observations of growth processes were carried
out. The height of sunflower plants in the five leaf
phase in 2021 ranged from 68 to 74 cm in 2022
from 70 to 73 cm, and in 2023 - 60-65 cm (Fig. 1).
Foliar dressing with biologics showed a tendency
to stimulate plant growth. In 2021, this trend was
more pronounced due to a warmer and wetter
spring, compared to 2022 and 2023. The highest
height of plants in the five leaf phase over the

years of research was observed in the variant
where Azotohelp treatment was performed, the
increase compared to the control was 2-5%. The
best development of the photosynthetic appara-
tus of plants at this stage was one of the signifi-
cant factors in the development of their produc-
tivity. The difference in plant height persisted
until the end of the growing season (matura-
tion phase): plants of the control variant in 2021
and 2023 were lower by 3-9% and 3-8%, and in
2022 by 1-4%, compared to treated biologics.

250 209210
g 177181178 208 175
S 200 173 170173 "°171
o
fc 150
£ 100 4570 73 74 70 72 71 73 60 62 64 65
€ 50
(T
Five leaf phase Ripening phase  Five leaf phase Ripening phase  Five leaf phase Ripening phase
2021 2022 2023
Control m Organic Balance 0.5 I/ha m Organic Balance m Monophosphorus 0.5 |/ha Azotohelp 0.5 I/ha

Figure 1. Height of sunflower plants with the foliar application of biologics

Source: compiled by the authors

One of the main indicators that affect the
development of sunflower productivity was the
basket diameter, the weight of seeds from the
basket, and the weight of 1,000 grains. The re-
sults of experimental data indicate that foliar
dressing with biologics increased the diameter
of the basket. Thus, the introduction of Organic
Balance on average for three years of research
increased this indicator compared to the control
version by 3.25 cm, Organic Balance Monophos-
phorus - by 3.55 cm, and Azotohelp - by 3.8 cm.

A significant role in the development of

yield was played by the weight of 1,000 grains,
which characterises the fullness of seeds and
directly affects the weight of grain in the basket
and plant productivity. It was found that on aver-
age for three years, the weight of 1,000 grains in
the version using Organic Balance increased by
5.2 g, Organic Balance Monophosphorus - 3.2 g,
Azotohelp - 37 g, compared to the control. Nat-
urally, an increase in the weight of 1,000 grains
due to foliar application of biologics led to an in-
crease in the weight of seeds from the basket by
4.9,6.9,and 97 g, respectively (Table 2).

Table 2. Structural indicators of sunflower yield

with the foliar application of biologics (average for 2021-2023)

. . Weight of grains Weight
Setien EH E e TS G from the basket, g of 1,000 grains, g
1. Control 18.6 53.9 54.8
2. Organic Balance 0.5 I/ha 21.1 58.8 59.1
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Table 2, Continued

. . Weight of grains Weight
Option TS, G from the basket, g of 1,000 grains, g
3. Organic Balance Monophosphorus 0.5 I/ha 21.1 60.8 58.0
4. Azotohelp 0.5 I/ha 21.9 63.6 58.5

Source: compiled by the authors

The results obtained demonstrate that the
treatment of plants with Organic Balance, Or-
ganic Balance Monophosphorus, Azotohelp
preparations, improving biological and econom-
ic productivity indicators, had a positive effect on
sunfloweryield, whichwas confirmedbythe close
relationship between these indicators. Thus, an
increase in the diameter of the basket, the num-
ber and weight of seeds in it, and the weight of
1,000 grains, is highly correlated with yield (r -

0.80-0.99) (Table 3). An integral indicator of the
effectiveness of a particular element of technol-
ogy is the yield of the crop. However, the weather
conditions of the year also have a significant im-
pact on the crop development. Thus, according to
the results of accounting in 2021, a mathemati-
cally significant increase (+0.3, +0.7, +0.64 t/ha,
respectively) to the control variant was obtained
at all variants of the experiment where foliar
dressing with biologics was carried out (Table 4).

Table 3. Correlation coefficients of valuable biological and economic characteristics
of sunflower with the foliar application of biologics (average for 2021-2023)

Indicators Basket Number of seeds in | Weight of grains | Weight of 1,000
diameter, cm the basket, units | from the basket, g grains, g
Number of seeds in the basket, units 0.77 - - -
Weight of grains from the basket, g 0.96 0.91 - -
Weight of 1,000 grains, g 0.93 0.49 0.8 -
Yield, t/ha 0.96 0.9 0.99 0.8

Source: compiled by the authors

Table 4. Sunflower yield with the foliar application of biologics

Yield, t/ha . o
No Option A Lewis stability
: Ml + coefficient, Ksfn
2021 | 2022 | 2023 for 2021-2023 + to control, t/ha
Control 3.05 | 3.27 | 3.16 3.16 - 1.07
Organic Balance 0.5/ha | 3.35 | 3.57 | 3.41 3.44 0.28 1.07
Organic Balance
3 Monophosphorus 0.5 I/ha 3.75 | 3.33 | 3.42 3.5 0.34 1.13
4 Azotohelp 0.5 I/ha 3.69 3.7 3.78 3.72 0.56 1.02
LSD,, 0.28 | 0.21 | 0.21

Source: compiled by the authors

In the climatic conditions of 2022, a signif-
icant increase in yield was formed when plants
were treated with Organic Balance (+0.3 t/ha)
and Azotohelp (+0.43 t/ha) biologics. The use
of biologics in 2023 significantly increased this
indicator in all variants (+0.25 t/ha, +0.26 t/ha,
and +0.62 t/ha, respectively). Notably, the ad-
vantage of the positive effect of Organic Balance
Monophosphorus on the development of sun-
flower yield under hot weather conditions in

2021 (+0.6 t/ha) compared to favourable condi-
tions for agricultural crops in 2022-2023 (+0.06,
+0.26 t/ha, respectively). On average, over three
yearsofresearch, thebiological yield of sunflow-
er seeds with the foliar application of biologics
exceeded the control option by 0.3-0.54 t/ha.
The highest productivity of sunflower was
formed by foliar dressing with Azotohelp and
amounted to 37 t/ha at the control level of
316 t/ha, respectively, the increase was 0.54 t/ha,
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or 17.1%. This option, according to the Lewis co-
efficient (1.02), turned out to be the most stable
in terms of yield.

It was determined that similar patterns re-
garding the positive use of biologics were con-
firmed by studies on other cultures. In particu-
lar on winter wheat, A. Bahan & V. Gurba (2025)
noted that the use of microbiological prepara-
tions in technologies for growing winter wheat
helped to increase the supply of nutrients to
plants, which stimulated the development of
plants during the growing season, and, as a re-
sult, increased the length of the ear to the con-
trol option by 4.1%, and productivity by 3-12%.
A.Datsko et al. (2022) noted that the productivity
of winter wheat increased compared to the con-
trol variant by 2-7% with the use of Azotohelp,
by 8% with Organic Balance, and by 10% with
Organic Balance Monophosphorus. According
to V. Polishchuk et al. (2025), foliar application of
biologics in ‘Granada’ potato crops contributed
to higher yields compared to the control option
when using biologics, the yield increase against
the background of 50 tonnes of manure was
6-11%, and with the mineral fertiliser system
Ny,P,0K,o — 3-8%. V. Bilyi & V. Knysh (2021) not-
ed that double foliar application of biologics in-
creased corn yield relative to control by 26-30%.

The findings by K. Geetha et al. (2018) and
A.Bahan et al. (2023) showed that the treatment
of sunflower seeds with biologics had a signifi-
cantimpact on its sowing qualities, there was an
increase in the length of the root and sprout, and
the weight of 100 sprouts during germination in
hybrids, compared with the control. D. Chuyko et
al. (2020) indicated a positive effect of double
foliar application of biologics on the line-sterile
analogues of the Sh808A genotype, increasing
yield by 19%, plant productivity — by 17%. O. Kova-
lenko et al. (2020) noted that the foliar applica-
tion of biologics contributes to the mobilisation
and optimisation of plant nutrition elements,
improvement of growth processes, and high
sunflower seed productivity, an increase relative
to control by 5-13%. A. Panfilova et al. (2024) not-
ed that the use of biologics Azotofit and Organic
Balance on various sunflower hybrids improved
biological performance, which, in turn, in-
creased productivity by 5-10 and 3-12%, respec-
tively, and the oil content - by 0.9-1.8%.

Plant and Soil Science 16(4)

The study investigated the use of biologics
specifically for foliar application, which is im-
portant in increasing the biological potential of
the crop, considering the weather features of
the growing season. The proposed agricultural
measure is effective and necessary in contem-
porary agricultural technologies; however, in
the context of climate change, it requires further
scientific research.

CONCLUSIONS

In the conditions of the north-eastern part of
the forest-steppe zone of Ukraine, on typical
low-humus medium loamy chernozems, it is
advisable to use foliar application of biological
products to increase the efficiency of intensive
sunflower cultivation technology. Foliar appli-
cation of biologics contributed to the activation
of physiological and biochemical processes,
stimulation of plant growth and development,
which was manifested in an increase in the
height of sunflower plants by 3-7%, the diam-
eter of the basket by 16.9-19.8% of the weight
of 1,000 grains by 8.4-12.1%, and an increase
in yield by 9.5-17.1% compared to the control. A
high correlation (r - 0.80-0.99) was obtained
between the elements of productivity (basket
diameter, number and weight of grains, weight
0f 1,000 grains) and yield, which confirms their
decisive role in the development of the level of
crop productivity.

The greatest increase in the yield of sun-
flower plants was provided by foliar application
of Azotohelp, which increased productivity by
0.54 t/ha (17%) relative to the control (316 t/ha)
and was characterised by the highest stability
according to the Levis coefficient (1.02). Organic
Balance Monophosphorus showed a particularly
positive effect in arid conditions in 2021, which
indicates an increase in plant resistance to abi-
otic stresses and the prospects for using biologic
preparations in the context of climate change.

The use of biologics not only increased
the yield of sunflower, but also allowed opti-
mising plant nutrition, reducing the pesticide
load, and increasing the efficiency of intensive
sunflower cultivation technology, which meets
the requirements of contemporary ecological
farming. The use of biologics contributed not
only to increasing yields, but also to improving
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environmental sustainability and reducing the
impact of sunflower cultivation on the environ-
ment. The results of the study showed the po-
tential of integrating biologics into precise and
sustainable farming systems, which increases
both productivity and resource efficiency. In
further studies of foliar application of biologics
on sunflower, it is advisable to expand the re-
search of the growth-regulating effect of biolog-
ics, their role in reducing the duration of stress
states, influence on photosynthetic activity, and

features of the development of productivity of
agrophytocoenoses.
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B YMOBaX MiBHIYHO-CXiAHOI YacTUHM JlicocTeny YKpaiHu

AHoTaUiq. BUpO6HUIITBO COHAIIIHUKY BUMarae HOBUX TEXHOJIOTIUHUX ITiIXOIB, IO TIepe16avaoTh
He JIMIle BUKOPUCTAHHA IHTEHCHBHUX TiOpUIIB, CHUCTeM YIOOpeHHS ¥ iHHOBAIMHOI TEXHIKH,
a TaKoOX 3abes3eyeHHI KOMIUIEKCHOI B3aeMOfii OCHOBHHX arpOTeXHOJIOTIYHUX YWHHUKIB.
MeToM0 IOCTiIKeHHS 6y/I0 BCTAHOBUTH BIUIMB $OJIiapHOT0 BHECEHHS 6ioIperapariB 3aBOsKy ix
CTHMYJIIOIOUIN Ta 3aXMCHIN Ail Ha peasi3alliio IPOAYKTUBHOCTI POCIIUH COHSIIHUKY 3aKIaJeHNX
B TE€HOTHITL. Y JOCTiIKeHi 6yJI0 3aCTOCOBAHO ITOJIOBUM METOZ, AJig BUBYEHHS B3a€MOZil 06'€KTiB
IOCTIiI)XeHb 3 MPUPOIHUMU GaKTOpaMH, J1a60pPaTOPHUM, a TAKOK MAaTeMaTUKO-CTaTUCTUYHUM.
BcTaHOBJEHO, 1110 33 $oJiapHOTO MiIKUBIIEHHS HiolpernaparaMy MPOCTEXWIACh TEHAEHIIA 0
CTUMYIIAL pocTy pocivH. Haribinbina Brcota pociuH (+5 cM) y dasy 3ipoury 3a pOKU JOCTIIKEeHb
CrocTepirasiacs Ha BapiaHTi, e TPOBOAUIN 06pO6KY A30TOXeNroM. [103aKOpeHeBi MiAKUBIEHHS
bionpemnaparoM OpraHik 6ajaHC BIUIMHYIM Ha 36iTbIIeHHA [iaMeTpa KOIIMKA IIOPiBHAHO [0
KOHTPOJIHOTO BapiaHTy Ha 3,25 cM, Oprasik 6ananc MoHodocdop - Ha 3,55 M, a A30TOXeNI — Ha
3,8 cM. BomHouac Maca 1000 3epeH, 3a 3acTocyBaHHs OpraHik 6ajaHc 3pocTaia Ha 5,2 T, OpraHik
6amanc MoHodochop — 3,2 T, AsoToxent — 3,7 . dosiapHi BHeceHHs 6iomperaparis migBuInyBanu
Macy HaciHHS 3 KOLIMKA BiAmoBigHo Ha 4,9, 6,9 Ta 9,7 . BTiM, 361IblIIeHHS AiaMe TPy KOLINKA, KiJTBKOCTI
Ta MacH HaCiHVH B HbOMY, 8 TAaKOX Macu 1000 HaciHUH, 3yMOBUJIO ITiABUIIEHHS BPOSKAMHOCTI, 1110
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ITiATBEPANIIOCh BUCOKOIO KoperdAiieo (r — 0,80-0,99) MK JaHMMM ITOKasHUKaMU. CIIif BigMiTUTH,
mo 6inpmmi BIUMB 6ionpernapary Opranik 6amaHc MoHopochop Ha GOpMyBaHHS YPOSKAMHOCTI
COHSAIIHMKA BUABJIEHO 3@ CIIEKOTHUX MOTOJHUX YMOB 2021 p. MOPIBHAHO 3 6UIBII CHIPUATIUBUMU
yMmoBamMu 2022-2023 pp. B cepemHBOMY 3a TpU POKU IOCTiIKeHb 6ioyoriuHa yposKauHiCTh
COHAIIHMKA 33 ¢oyniapHOTO BHeceHHs 6ioIpenapaTiB MepeBUINMIIA KOHTPOJIBHUM BapiaHT Ha
0,3-0,54 T/ra. HarBuIla IIPOAYKTUBHICTh COHSIIHWKA GOpMyBajacs 3a II03aKOPEHEBOTO
TiIKUBIIEHHA 6iolIpenapaToM A30TOXeJII i CKyIafiasa 3,7 T/ra 3a piBHA Ha KOHTPOJI 3,16 T/ra, mpupicT
ckiaB 0,54 T/ra, a60 17,1 %. [JaHi pe3yIbTaTy MOKYTh 6y TV BUKOPUCTaHI [IJ19 ONTTHUMi3arlil iHTeHCUBHOI
TEXHOJIOTII BUPOIIyBaHHSA COHALIHUIKA, IO CIIPUATHME KpalloMy KUBJIEHHIO POCIVH, 3HIKEHHIO
MTeCTULIMTHOTO HaBaHTaKeHH Ta ITiZIBUIIeHHS BPOKAaWHOCTI COHSAIMIHMKA

KniouyoBi cnoBa: oJ1iliHi KyJIBTYpY; YpOXKalHicTh; To6prBa; A30oToxenr; OpraHik 6anaHc; OpraHik
6ayaHc MoHOpochop
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Photosynthetic activity of oat crops under combined
application of mineral fertilisers and biological preparation

Abstract. The effectiveness of photosynthesis in oat crops with the combined use of mineral
fertilisers and biological products in order to reduce mineral fertiliser rates and increase productivity
is extremely relevant. The aim of the study was to establish the effectiveness of the combined use of
mineral fertilisers and biological preparations by activating the photosynthetic activity of oat crops
and their productivity. The study was conducted using field, laboratory and mathematical methods
of analysis. The research results were statistically calculated and interpreted. The results of research
on the formation of leaf surface area and net photosynthetic productivity of the ‘Ivory’ oat variety in
the right-bank forest-steppe zone of Ukraine depending on fertiliser rates, pre-sowing treatment
of seeds with biological preparations of phosphate-mobilising action Polymixobacterin based
on the bacterium Paenibacillus polymyxa, and Mycofix based on the mycorrhizal fungus Glomus
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intraradices using treated and untreated seeds. With combined treatment of seeds with a fungicide
and Mycofix, the maximum leaf area was formed - 44.6-64.5 thousand m%ha depending on the
fertilisation background. When sowing with treated seeds against the background of NeoPsoKoo, 60.9
thousand m?/ha of leaf area was formed, and when treated with fungicide and additional treatment
with Polimixobacterin or Mycofix against a background of NooPeoKoo, 61.3 and 63.9 thousand m? ha,
respectively. With a reduction in phosphorus to NooP30Kso and seed treatment according to the same
scheme, the leaf area was 61.0 and 63.2 thousand m?/ha, respectively, at the BBCH 62-65 stage. A close
positive correlation was established - the correlation coefficient between yield and leaf area at the
BBCH 63-64 stage was 0.87-0.89. The practical value of the study was to establish a compensatory
effect of the combined use of biological preparations and mineral fertilisers, which made it possible to
reduce fertiliser application rates without reducing the photosynthetic activity of crops and oat yield

Keywords: leaf area; net photosynthetic productivity; fertiliser rates; Polymixobacterin; Mycofix;

yield

INTRODUCTION
The relevance of the study was associated with
the search for ways to increase the production
of a valuable crop - oats (Avena sativa). Oats
are a versatile crop, in particular, oat grain is a
valuable raw material for the production of die-
tary and baby food products. The production of
such grain requires the use of technologies that
reduce the use of chemical fertilisers while acti-
vating the genetic potential of varieties through
the use of biological preparations.

Oatshave a fairly short growing season, dur-
ing which intensive synthesis of organic matter
occurs through photosynthesis. The directions
for improving the efficiency of photosynthe-
sis are quite different from the modelling of
the selection genome, according to N. Smith et
al. (2019) and F. Morales et al. (2020), as indicated
by O. Todosiichuk (2024), crop cultivation tech-
nologies that increase leaf surface area, effec-
tive transpiration and solar energy absorption.
M. Duda et al. (2021) emphasise that one of the
main technological factors determining the in-
tensification of photosynthesis and increased
disease resistance is the fertilisation system,
dry matter accumulation, and yield formation
with targeted grain quality. When producing
such grain, it is necessary to adhere to technol-
ogies that reduce the use of chemical fertilisers
while activating the genetic potential of varie-
ties through the use of biological preparations.
Research by A. Kravchenko et al. (2023) demon-
strates that F2 hybrids of naked oats exhibit
transgressive variability in productive traits,
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which opens up prospects for increasing yield
through breeding and agrotechnical measures.
This emphasises that increasing the productiv-
ity of oats is possible not only through external
agrotechnical factors, but also through the use
of the internal potential of plants, which opens
up additional opportunities for optimising culti-
vation technologies.

For a long time, it was believed, as empha-
sised by M. Stepanenko (2023), that global plant
growth on the planet is largely limited by nitro-
gen supply — more so than by other nutrients. At
the same time, research results are emerging,
in particular from J. Paz-Ares et al. (2022) and
S. Wang et al. (2025), which analytically prove
that over the last four decades, phosphorus has
been a stronger constraint on global photosyn-
thesis than nitrogen. V. Volkogon (2023) argues
that chemical fertilisers and pesticides are wide-
ly used to ensure food security and increase crop
productivity. At the same time, V. Volkogon et
al. (2019) emphasise that the reckless use of
agrochemicals in turn leads to environmental
pollution, which poses a threat to public health
and soil degradation, deterioration of their
chemical and biological condition. To increase
the efficiency of mineral fertilisers applied to
crops, scientists suggest combining the use of
mineral fertilisers with microbial preparations
for seed inoculation. The research is unques-
tionably novel in that it is the first study con-
ducted on oats using a combination of mineral
fertilisers, biological preparations, pre-sowing
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seed treatment, which made it possible to estab-
lish the possibility of controlling the photosyn-
thetic activity of oat crops and compensatory re-
duction of mineral fertiliser rates through their
combined use with biological preparations and
seed treatment.

The aim of the study was to establish the
effectiveness of the combined use of mineral
fertilisers and biological preparations through
the photosynthetic activity of oat crops. The ob-
jectives of the study were to identify: the charac-
teristics of the formation of the leaf surface area
of oat plants and the net productivity of pho-
tosynthesis depending on the rates of mineral
fertilisers, pre-sowing treatment of seeds with
biological preparations and seed dressing; the
compensatory effect of biological preparations
and other nutritional components, pre-sowing
seed treatment on the formation of leaf surface
area and net photosynthetic productivity of oat
crops at reduced rates of mineral fertilisers, in
particular phosphorus fertilisers; correlation
dependencies between the photosynthetic ac-
tivity of oat crops and yield depending on the
factors studied.

LITERATURE REVIEW

Photosynthesis - the only process in the bio-
sphere that allows the Sun's energy to be ab-
sorbed and ensures the existence of both plants
and all heterotrophic organisms. N. Smith et
al. (2019) emphasise that primary photosyn-
thetic production sets an absolute upper limit
for all heterotrophs and modern agricultural
production. The photosynthetic apparatus, its
architecture, spatial and temporal parameters,
optical and biological properties for autotrophic
organisms, all other things being equal, are the
main source of energy for their vital functions
and a determining factor in their productivity.
L. Hu et al. (2019) and X. Song et al. (2019) indi-
cate that the activity of photosynthetic process-
es in plants depends on the species and variety
characteristics of crops, soil and climatic con-
ditions, and the level of nutrient availability. As
R.Kholodchenko (2014) points out, photosynthe-
sisprocesses, therate ofincrease inleafarea and
respiration have a direct impact on plant growth
and development, determining the rate of or-
ganic matter accumulation, structure and yield.

w)

D. Lawlor (1995) argues that there are two
main ways to increase dry matter accumulation
through photosynthesis: extending the grow-
ing season; increasing the efficiency of light
absorption and conversion by crops, which can
be achieved by increasing the leaf surface area.
The extension of the growing season is achieved
through genetic mechanisms, as well as through
a fertilisation system, which at the same time
significantly affects the formation of the leaf
surface area and its activity, as proven by the
research of R. Kholodchenko (2014). H. Tian et
al. (2022) emphasise the importance of study-
ing and increasing the photosynthetic activity of
oats not only through the leaf surface, but also
through other plant organs, especially the ear
during grain filling, which is an important strat-
egy for increasing crop yields, especially under
stressful conditions. Oats are a moisture-loving
crop, and drought significantly reduces the pho-
tosynthetic capacity of plants, leading to crop
loss, although according to V. Sadras et al. (2017),
non-leaf organs such as flower scales can com-
pensate for this by increasing their photosyn-
thetic contribution.

Scientists such as H. Zeng et al. (2024) show
that droughts disrupt the internal physiological
processes of plants, such as photosynthesis, re-
ducing plant metabolism and causing prema-
ture ageing, which leads to lower yields. K. Ju-
zon et al. (2020) and H. Tian et al. (2022) show
that drought causes accelerated degradation of
photosynthetic components (chlorophyll, Rubis-
co, photosystem II, etc.) in the flag leaves of cere-
al crops. B. Zhao et al. (2021) prove that drought
causes a 31-69% loss of oat grain yield. Com-
pared to sufficient water supply, grain yield de-
creased by 36, 69 and 44% in the ‘Shadow’ varie-
ty and by 31, 33 and 41% in the ‘Bia’ variety under
severe stress at the stages of stem elongation,
heading or after flowering. Under conditions
of sufficient water supply, the ‘Shadow’ variety
showed a 13-16% longer leaf area functioning
period and had a significantly larger leaf area at
the heading and post-flowering stages, resulting
in13-20% more spikelets per panicle and 13-21%
higher grain yield than the ‘Bia’ variety. Water
stress at the heading stage for the ‘Shadow’ va-
riety and at the post-flowering stage for the ‘Bia’
variety was detrimental to grain yield due to a

Plant and Soil Science 16(4)



Suchek et al.

decrease in the grain weight/leaf area ratio, du-
ration of functioning and a decrease in leaf area.

Optimising the nutrition of oat plants helps
to realise the biological potential of varieties at
a higher level. S. Wang et al. (2025), based on the
analysis of more than 80,000 field observations
of nutrient elements in leaves, created a long-
term global dataset on nitrogen (N) and phos-
phorus (P) concentrations in leaves during 1980-
2017. A more intense decrease in phosphorus
concentration in leaves (-0.80 + 0.008% year)
than in N concentration (-0.31+ 0.002% year-1)
was observed. This decline led to an increase
in terrestrial areas with limited phosphorus
content in leaves and a large-scale reduction
in plant photosynthesis, more than 1.5 times
stronger than the reduction due to lower nitro-
gen content in leaves. The increasing trend in
global photosynthesis over the past four dec-
ades has been reduced by approximately 17.2%
and 6.7% due to the reduction in phosphorus
and nitrogen content in leaves, respectively. This
stronger phosphorus limitation of global pho-
tosynthesis implies a weakening of terrestrial
carbon sinks due to emerging phosphorus lim-
itations and calls for more stringent strategies
to reduce anthropogenic emissions to mitigate
climate warming. S. Xu et al. (2020) also show a
significant response of plants to the ratio of car-
bon, nitrogen, and phosphorus content in leaves
and CO, uptake in relation to climate change and
air emissions. Carbon accumulation in leaves
mainly comes from the balance between pho-
tosynthesis and leaf respiration, a topic that re-
mains insufficiently studied.

V. Volkogon et al. (2019) emphasise the ex-
treme importance of improving the efficiency
of phosphorus fertiliser use. According to J. Paz-
Ares et al. (2022), the inefficiency of phospho-
rus fertilisers is related to their properties: only
15-25% is absorbed by plants, and the rest is
washed away, causing soil degradation and wa-
ter eutrophication. N. Smith et al. (2019) prove
that by applying bacterial inoculation to cereal
seeds, it is possible to improve their phosphorus
supply and increase yields. Similar conclusions
regarding the use of bacteria and their effec-
tiveness when used in combination with min-
eral fertilisers were also reached by E. Kuter et
al. (2023). According to S. Kumar et al. (2022) and
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K. Marchenko (2022), beneficial mechanisms for
improving plant growth include increasing nu-
trient availability, modulating phytohormones,
biocontrol of phytopathogens, and mitigating
biotic and abiotic stresses. At the same time,
according to P. Murgese et al. (2020), O. Fasusi et
al. (2021), and S. Nacoon et al. (2021), the use of
beneficial microbiomes as biofertilisers in sus-
tainable agricultural practices has become an
innovative and environmentally friendly tech-
nology for improving soil fertility and plant
growth. B. Glick & E. Gamalaro (2021) point out
that microbes, which are phylogenetically di-
verse and multifaceted, interact with plants in
various ways: symbiosis, parasitism, commen-
salism, amensalism, and neutralism. At the
same time, as A. Potapov § M. Hrabovsky (2023)
point out, the growth of these microbes depends
on plant photosynthesis, while simultaneously
influencing plant growth, which is why they are
collectively referred to as the plant microbiome.

A.Johnston et al. (2014) found that the deter-
mining factor in the mobilisation of phospho-
rus for plants is the activity of soil microbiota,
namely microorganisms that have the potential
to convert poorly soluble soil phosphates into
a form accessible to plants and produce phys-
iologically active substances. The hyphae of
mycorrhizal fungi are able to penetrate plant
root cells, forming vesicles (swelling) and ar-
buscules (tree-like branches). Once established
in the root system of a plant, mycorrhizal fungi
multiply and spread into the surrounding soil in
the form of a large mass of absorbent threads,
increasing the plant’s absorption of water and
nutrients (Brisson et al., 2022). However, these
studies are insufficient, especially given the
establishment of the photosynthetic activity of
oat plants and their productivity depending on
a complex of environmental factors, cultivation
technologies and soils.

MATERIALS AND METHODS

The research was conducted in 2019-2021 in
a demonstration and production experiment
by the Vitagro group of companies, Agrari-
an Company 2004 (experimental field 5/3 of
the “Tovtry” Cluster, Lisovody village, Horodok
municipal community, Khmelnytskyi district,
Khmelnytskyi region. Geolocation: 49°09'35.8'N
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26°28'32.9'FE). A field experiment was set up to
achieve the set goal. The soil of the experimen-
tal plots is podzolised chernozem, which is con-
sidered favourable for the formation of highly
productive crops. The soil humus content is 3.7-
3.9%; alkali-hydrolysed nitrogen - 108-115 mg/kg
of soil; mobile phosphorus - 170-180; exchange-
able potassium - 115-120 mg/kg of soil. The soil
solution reaction is neutral - pH 6.8-7.1; hydro-
lytic acidity is low - 0.60-0.80 mg - eq/100 g of
soil; the sum of absorbed bases is 38-42 mg -
€q/100 g of soil. The main physical and water
properties of the soil are good: specific gravity -
2.55 g/cm?, bulk density - 1.20-1.25 g/cm?, porosi-
ty - 55%. The maximum hygroscopicity was 5.1%;
the minimum moisture capacity was 23.0%, and
the total moisture capacity was 51.0%.

The field experiment was set up in accord-
ance with the methodological requirements for
conducting experiments (Rozhkov et al., 2016).

The area of the sowing plot was 504 m? The
experiment was repeated three times, with the
variants arranged sequentially. The study was
conducted in accordance with the ethical stand-
ards of the Convention on Biological Diversi-
ty (1992) and the Convention on the Trade in En-
dangered Species of Wild Fauna and Flora (1976).
According to the experiment scheme, mineral
fertilisers were applied in the form of ammoni-
um nitrate, simple granulated superphosphate,
and granulated potassium chloride (Table 1). The
full fertiliser rate was based on an equal ratio of
nitrogen:phosphorus:potassium (N: P: K). Sub-
sequently, for each full dose of nutrients, the
phosphorus dose was reduced in increments
of 30 kg/ha a.. in order to determine the level
of compensatory capacity of phosphate-mobi-
lising biological products. The main application
of fertilisers was carried out during pre-sowing
soil cultivation.

Table 1. Scheme of the field experiment

kg /:: ff:fs_atF':c"t’o, A Seed treatment — Factor B Biopreparation treatment — Factor C

VgrianF Rate V_arian_t Treatment V_arian_t Seed treatment
designation designation designation
K Cont.r_ol (no K1 Control (no seed treatment)
fertilisers) Without

U1l N3P3oKso Kl treatment K1P Polymixobacterin

u2 N3oKs0 K1M Mycofix

us NeoPeoxs0 K2 Control with seed dressing

u4 NgoP30Kso K2 tf::tc:d K2N Seed treatment + Polymixobacterin

us NgoPooKgo K2M Seed treatment + Mycofix

U 6 NBOPGOKQD

U 7 NBOPBOKQD

Source: scheme developed by the authors

For pre-sowing seed treatment, in ac-
cordance with the experimental design,
Vincit 050 SC seed treatment was used at a
rate of 2.0 1/t; phosphate-mobilising biologi-
cal products: Polymixobacterin and Mycofix.
The active ingredient of Polymixobacterin is
phosphate-mobilising bacteria Paenibacil-
lus polymyxa KB (Patent No. 99009 Ukraine),
whose mechanism of action is related to the
ability of bacteria to produce gluconic, acetic,
succinic, uronic, lactic, butyric and other acids,
as well as the enzyme phosphatase, which pro-
motes the dissolution of poorly soluble miner-
als and the hydrolysis of organic phosphates

=)

in soil and fertilisers, resulting in the release
of phosphorus into the soil. acids, as well as
the enzyme phosphatase, which promotes the
dissolution of poorly soluble minerals and the
hydrolysis of organic phosphates in soil and
fertilisers, thereby activating the process of
phosphorus assimilation by plants. In addition
to their effect on the dissolution of phospho-
rus compounds, Paenibacillus polymyxa KB
bacteria produce phytohormonal substances
that stimulate plant growth and development,
influence the formation and development of
the root system and its absorptive capacity,
which also optimises phosphate uptake.

Plant and Soil Science 16(4)
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The Mycofix mycorrhizal inoculant (myc-
orrhizant) was developed by the British com-
pany Legume Technology Ltd. The mycorrhizal
inoculant is based on the mycorrhizal fungus
Glomus intraradices (CMCCROC?7) - living vege-
tative cells, spores of the mycorrhizal fungus -
1% (minimum 2000 propagules (spores)/gram),
with the remaining 99% being an extract of the
marine alga Ascophyllum nodosum with a natu-
rally low content of micro- and macroelements
(surface-active substances). On the day of sow-
ing, the seeds were treated according to the ex-
perimental scheme (Table 1). During the growing
season in the field experiment, plant samples of
oats were selected at the stages of plant growth
and development: BBCH 27-29 (end of tillering),
BBCH 37-39 (emergence of the flag leaf), BBCH
52-55 (formation of the panicle - appearance of
20-50% of the panicle - panicle node still in the
leaf sheath).

To determine the leaf area of oats and calcu-
late the net photosynthetic productivity, samples
were taken at certain macro- or micro-stages in
two non-contiguous replicates of 0.33 running
metres, in which the wet weight, dry matter con-
tent and leaf area were determined. All leaves
were separated from the sample and weighed.
Ten leaves were selected, tightly folded together,
and 10 punctures were made with a laboratory
sampler of a specified diameter and calculated
area - 100 “cuts” were selected, which were im-
mediately weighed. The leaf surface area of the
selected sample was determined by proportion-
alratio and converted to hectares. The net photo-
synthetic productivity of crops was determined
by measuring the absolutely dry mass of plants
in grams per 1 m? at the same stage (phase) as
the determination of leaf surface area The net
photosynthetic productivity (NPP) of plants was
calculated using formula (1):

NPP =

Usi - Us2
= @)
0.5(L1+L,)T

where Usi and Us2 - dry matter of plants at the
studied stages of development, g/m?; L1and L2 -
the average leaf area of plants during the studied
period of development.

Laboratory tests were conducted in the sci-
entific and production laboratory of Vitagro Part-
ner TM Bayton (LLC “Ahrokhim Tekhnologii”).
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Oat cultivation technology. The experiment in-
volved growing the ‘Ivory’ oat variety, bred by
Saaten Union and registered in 2011. The variety
belongs to the early maturing group. The sowing
rate was 3.5 million viable seeds per hectare. The
predecessor in the experiment was soybeans.
After harvesting the predecessor, disc harrow-
ing was carried out with a Rubin 12 (Lemken)
heavy harrow to a depth of 14-16 cm in two pass-
es. Fertilisers were applied with a Kuhn MDS 19.1
R2 mounted mineral fertiliser spreader during
pre-sowing cultivation according to the exper-
iment scheme. Pre-sowing cultivation was car-
ried out with an AP-3 Europak unit. Sowing was
carried out with a Horsch Pronto 6 DC PPF (Ger-
many) seeder to a depth of 3.0-3.5 cm.

The protection system included a number
of measures. During microstudies BBCH 21-29
(macrostage 2: tillering), the crops were treat-
ed with a tank mixture: herbicide protection -
Pride (TM Bayton (2-ethylhexyl ester 2,4-D, 452,
42 g/l florasulam, 6.25 g/l) - 0.6 1/ha; fungicide
protection - Duncan (TM Bayton Carbendazim,
250 g/l, Flutriafol, 125 g/1) - 0.6 1/ha; insecticide
protection TOP (TM Bayton (Lambda-cyhalo-
thrin, 50 g/l) - 0.2 I/ha. In microstage BBCH 41-
49 (macrostage 4: panicle formation), oat crops
were treated with a tank mixture: fungicide pro-
tection - Platon (TM Bayton (Prochloraz, 300 g/l
+tebuconazole, 140 g/l + cyproconazole, 50 g/1) -
0.8 1/ha; insecticide protection - Shocker (TM
Bayton (Imidacloprid, 300 g/l + lambda-cyhalo-
thrin, 100 g/1) - 0.151/ha.

RESULTS AND DISCUSSION

The formation of the optimal leaf area directly
depends onthe technologyused to grow crops, as
indicated by D. Liubytska & R. Mialkovskyi (2024).
K. Marchenko (2022) asserts that the best con-
ditions for high yields are created by forming a
larger leaf surface area, longer vegetation pe-
riod, and photosynthetic potential. For the syn-
thesis of organic matter and the formation of
vegetative and generative organs, it is important
that the total leaf surface area of the crop is op-
timal. The optimal area is considered to be one
that ensures maximum gas exchange in plants.
N. Smith et al. (2019) prove that the optimal size
of the assimilation apparatus, which ensures
intensive absorption of solar energy and high
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photosynthetic productivity, is between 40 and
45 thousand m?/ha. Further growth of leaf area
slightly increases photosynthetically active ra-
diation and causes a decrease in net photosyn-
thetic productivity due to the shading of leaves
in the middle and lower tiers.

It has been established that the leaf area
changed significantly depending on the plant
fertilisation system, which caused both the in-
tensification of photosynthesis and changes in
plant parameters, in particular the size of the
leaf area. The use of mineral fertilisers in var-
ious fertilisation schemes contributed to an
increase in leaf surface area at all microstages
of plant development, compared to the control
variant, where fertilisers were not used. Oat
plants form leaf surface area quite intensively
already in the early stages of development, un-
like other spring cereals, responding positively
to fertiliser application. Thus, at microstages

BBCH 27-29, the leaf area ranged from 11.6 to
31.8 thousand m?/ha (Table 2). When sowing
with untreated seeds, an area of 11.6 to 25.0
thousand m?/ha was formed, depending on
the nutrient background; when treating seeds
with Polymixobacterin - 12.5-28.1; when treat-
ing seeds with Mycofix - 12.5-29.1. When sow-
ing with treated seeds, 13.3-30.3 thousand m?/
ha of leaf surface area was formed; with addi-
tional treatment with Polymixobacterin - 13.7-
13.3 thousand m?/ha; with additional treatment
with Mycofix - 13.6-31.8 thousand m?ha. The
application of complete mineral fertiliser en-
sured increased growth intensity of the leaf
surface of oats. In particular, in the ‘Buh’ varie-
ty, with intensive fertiliser application, the leaf
surface area, depending on the fertilisation op-
tion, was: in the tillering phase 12.6-14.7; at the
booting stage - 51.6-59.1; at milk ripeness 23.3-
33.1 thousand m*ha.

Table 2. Leaf area of sown oat depending on fertilisation
and seed treatment, tillering stage (BBCH 27-29), thousand m%*ha

Seed treatment
Fertiliser rate, Untreated (K1) ‘ Treated (K2)
kg/ha a.i. Biopreparation seed treatment *
K1 J M Mean ;'e/ rtflrfs’:: K2 J M Mean ::rtflrl‘s’;"r

Control 11.62 12.5 12.5 12.2 0.6 13.33 13.7 13.6 13.5 -

N,oKso 15.4 16.2 16.8 16.1 4.5 17.5 17.9 18.3 17.9 4.6
NyoPooKso 18.5 20.0 20.5 19.7 8.1 211 216 216 21.4 8.1
NeoPsoKeo 24.0 25.0 26.0 25.0 13.4 28.1 27.8 28.6 28.2 14.9
NeoP30Kso 21.8 23.2 239 23.0 11.4 24.0 253 26.0 25.1 11.8
NgoP3oKgo 25.0 26.3 274 26.2 14.6 27.3 28.0 29.2 28.2 14.9
NgoPeoKso 25.7 27.6 28.1 271 15.5 29.2 29.9 30.2 29.8 16.5
NgoPooKso 27.0 28.1 29.1 28.1 16.5 30.3 31.3 31.8 31.1 17.8

HIP 1.2 1.2 1.3 1.4 13 13 1.2 1.4

Note: P - Polymixobacterin; M - Mycofix; 2 and 3 - controls according to fertiliser norms for untreated and treated

seeds, respectively; average for 2019-2021
Source: authors' research results

The process of leaf mass growth in oats
is accelerated - already in the phase of plant
emergence, the photosynthetic surface of oats
increased almost twice - on average over the
years of research from 11.6 in the tillering phase
(BBCH 27-29) to 21.3 thousand m%ha in the boot-
ing phase (BBCH 37-39) in the variant without

9

fertilisers, and from 31.8 to 40.6 thousand
m?ha, respectively, with fertilisation and com-
bined seed treatment with the Mikofix fungicide.
At the same time, according to M. Stepanen-
ko (2023), maize in the milk ripeness phase had
a maximum leaf area of 35.7-42.1 thousand m?/
ha, significantly inferior to oats (Tables 2, 3, 4).

Plant and Soil Science 16(4)
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Table 3. Leaf area of sown oats depending on fertilisation
and seed treatment, booting stage (BBCH 37-39), thousand m%*ha

Seed treatment
- Untreated (K1) ‘ Treated (K1)
Fertiliser rate,
kg/ha a.i. Biopreparation seed treatment *
K1 ) M Mean ;'/ “from |y, J M Mean | +/-from
ertiliser fertiliser
Control 21.32 23.0 23.7 22.7 1.4 23.73 25.1 25.4 24.7 -
N,oKso 25.6 27.2 27.8 26.9 5.6 28.3 29.7 30.7 29.6 5.9
N,P.oKso 27.5 29.5 30.1 29.0 7.7 30.7 315 32.4 315 7.8
NeoPeoKeo 32,5 35.5 36.5 34.8 13.5 38.1 38.4 38.7 38.4 14.7
NeoPsoKeo 31.0 34.2 34.9 33.4 12.1 34.9 36.0 36.4 35.8 12.1
NooP1oKso 329 35.0 36.7 34.9 13.6 35.6 36.7 38.2 36.8 13.1
NyoPoKso 33.7 35.7 36.8 35.4 14.1 36.9 38.2 39.4 38.2 14.5
NyoPooKso 345 36.8 38.4 36.6 15.3 37.8 39.4 40.6 39.3 15.6
HIP

Note: P - Polymixobacterin; M - Mycofix; 2and 3 - controls according to fertiliser norms for untreated and treated

seeds, respectively; average for 2019-2021
Source: authors' research results

The assimilation surface of crops reached
its maximum value during the flowering
phase (BBCH 62-64). The range of chang-
es in leaf surface area was from 38.1 thou-
sand m?%ha in the control variant (without

fertilisers and without seed treatment) to
63.2-64.5 thousand m?ha when applying
NooP30Koo, NooPsoKso, NooPsoKse and sowing
with seeds treated with a fungicide and My-
cofix (Table 4).

Table 4. Leaf area of sown oats depending on fertilisation
and seed treatment, beginning of flowering phase (BBCH 62-64), thousand m?ha

Seed treatment, Factor B
Fertiliser rate, Untreated (K1) ‘ Treated (K2)
kg/haa.i., Biopreparation seed treatment ?, Factor C
Factor A +/- from +/- from
L% 2 i LAl fertiliser 2 2 i L=l fertiliser
Control 38.12 41.3 42.0 40.5 - 42.33 44.0 44.6 43.6 -
N3oK;o 413 44.7 45.3 43.8 5.7 45.9 47.3 49.3 47.5 5.2
N.oPsoKso 43.5 46.7 483 46.2 8.1 48.0 49.1 50.1 49.1 6.8
NeoPeoKeo 53.1 56.4 57.9 55.8 17.7 57.5 58.1 60.3 58.6 16.3
NeoPaoKeo 50.9 53.8 58.4 54.4 16.3 54.8 56.9 59.3 57.0 14.7
NooP1oKso 54.2 58.7 60.5 57.8 19.7 59.2 61.0 63.2 61.1 18.8
NooPeoKso 54.7 57.8 60.2 57.6 195 59.8 61.3 63.9 61.7 19.4
NooPooKso 57.1 59.6 62.1 59.6 215 60.9 63.0 64.5 62.8 20.5
HIP 2.0 1.9 1.9 2.1 - 2.1 2.0 2.0 2.2 -

Note: 'P — Polymixobacterin; M — Mycofix; 2 and 3 - controls according to fertiliser norms for untreated and treated

seeds, respectively; average for 2019-2021
Source: authors' research results

Mineral fertilisers contributed to signifi-
cant increases in leaf area. Thus, in the variant
without fertiliser application and sowing with
treated seeds, the assimilation area during the
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flowering phase was 42.3 thousand m?/ha, while
with the application of NeoPsoKoo and the same
seed treatment, it was 60.9 thousand m?, or an
increase of 43%. When sowing with non-treated
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seeds, the leaf surface area increased by 49.9%,
or by 190 thousand m*ha, depending on the
fertiliser rate. Similar results were obtained by
M. Stepanenko (2023) in studies with corn to de-
termine the effectiveness of newbiological fertil-
isers. Pre-sowing seed treatment had a positive
effect on the formation of leaf area. Thus, when
seeds were treated only with a fungicide, the leaf
area increased by 3.8-5.1 thousand m?, depend-
ing on the fertilisation background, compared to
similar nutrition backgrounds, but when sowing
with untreated seeds. The growth is partly due
to higher field germination of seeds and the for-
mation of denser agrocenoses. Slightly higher
increases compared to the control variant (un-
treated seeds) were achieved by treatment with
the preparation Mikofix - 4.0-7.5 thousand m?/
ha; with the preparation Polymixobacterin — 2.4-
4.5 thousand m?/ha. With combined treatment
of seeds with a fungicide and Mikofix, the max-
imum leaf area was obtained - 44.6-64.5 thou-
sand m%ha depending on the fertilisation back-
ground, which is 6.5-9.1 thousand m?/ha more
than the control variant, and 2.3-4.0 thousand
m?/hawhen treating seeds only with a fungicide.
Similar results regarding the effectiveness of the
combined use of the protection system and fer-
tilisers were obtained in studies with sugar beet
crops (Potapov & Hrabovskyi, 2023).

The compensatory effect of biological
preparations was significant both against the
background of different fertiliser rates and
when using treated seeds for sowing compared

to untreated seeds. The largest leaf area of oat
crops was formed with the combined use of re-
duced fertiliser rates, in particular phosphorus,
and seed treatment with phosphorus-mobilis-
ing preparations, compared to variants where
full fertilisation with increased phosphorus
rates was applied. Thus, when sowing with treat-
ed seeds against the background of NgoPsoKoo,
60.9 thousand m?/ha of leaf surface area was
formed, while when sowing with treated seeds
and additional treatment with Polymixobacterin
or Mycofix against the background of NooP,0Kso,
61.3 and 63.9 thousand m?/ha were formed, re-
spectively. With a reduction in phosphorus by
60 kg/ha of active ingredient - to NooP,0Kso and
seed treatment according to the same schem e,
the leaf area was 61.0 and 63.2 thousand m? ha,
respectively, at the BBCH 62-65 stage.

Thus, S. Ribou et al. (2013) and V. Volkogon et
al. (2019) also assert that it is possible to reduce
the rate of technical nitrogen through the use of
biological products without reducing crop yields,
which is realistic for low and medium mineral
agro-backgrounds in the experiment. The inten-
sity of plant foliage functioning is determined by
net photosynthetic productivity (NPP). Net pho-
tosynthetic productivity is determined by both
the dynamics of biomass accumulation by crops
andtheleafarea. NPPandleafareaare closelyre-
lated. The results of the studies indicate a signifi-
cant influence of mineral fertilisers, pre-sowing
seed treatment and weather conditions of the
year on the net productivity of crops (Table 5).

Table 5. Net photosynthetic productivity of oat crops depending
on the level of mineral nutrition and seed treatment, period - stages BBCH 27-64 g/m?2 per day

Seed treatment, Factor B
Fertiliser rate, kg/ Riicatd ‘ Treated Gains from
ha a.i., Factor A Biopreparation seed treatment *, Factor C absolute
, +/-from +/-from control
) P M| Mean | cortiliser ) P M [ Mean | o siliser
2019
Control 1.682 | 1.85 | 1.80 | 1.78 - 1933 | 195 | 1.92 | 1.93 - 0.25
N3oK;o 212 | 227 | 2.31 | 2.23 0.55 242 | 2.48 | 2.52 | 2.47 0.54 0.79
NooP Koo 218 | 235 | 242 | 232 | 064 | 2.44 | 2.53 | 253 | 2.50 | 057 0.82
NooPeoKeo 2.85 | 299 | 3.05 | 2.96 | 128 | 3.1 | 3.28 | 336 | 325 | 132 157
NeoPooKeo 264 | 2.85 | 2.90 | 2.80 | 1.12 | 3.04 | 3.09 | 3.12 | 3.08 | 115 1.40
NooPoKeo 301 | 331 | 340 | 324 | 156 | 349 | 3.58 | 364 | 3.57 | 164 1.89
NgoPooKso 318 | 340 | 343 | 334 | 166 | 3.82 | 3.72 | 391 | 3.82 | 189 214
NyoPooKeo 321 | 331 | 3.37 | 330 | 162 | 3.79 | 3.82 | 3.85 | 3.82 | 189 214
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Table 5, Continued

Seed treatment, Factor B
Fertiliser rate, kg/ Untreated ‘ Treated Gains from
ha a.i., Factor A Biopreparation seed treatment !, Factor C act:)s:tlrotle
P M mean| NS - P M mean TR
2020
Control 2.802 | 3.00 | 3.02 | 2.94 - 3.143 | 3.28 | 3.30 | 3.24 - 0.24
NyoKs 291 | 311 | 3.14 | 3.05 | 025 | 323|338 340 334 | 0.20 034
N3oP3oKso 3.09 | 3.37 | 3.40 | 3.29 0.49 3.49 | 3.62 | 3.65 | 3.59 0.45 0.59
NeoPeoKeo 312 | 324 | 337 | 324 | 044 | 346|356 | 371 358 | 044 0.58
NeoPoKeo 310 | 329 | 341 | 327 | 047 | 338|363 372 358 | 044 0.58
NaoPoKo 322 | 335 | 341 | 333 | 053 | 3.48 | 3.61 | 3.80 | 3.63 | 0.49 0.63
NyoPeoKso 330 | 356 | 3.63 | 350 | 070 | 3.66 | 3.76 | 3.86 | 3.76 | 0.62 0.76
NaoPaoKso 351 | 3.69 | 3.79 | 366 | 086 | 3.93 | 407 | 411 | 404 | 0.90 1.04
2021
Control 2222 | 233 | 242 | 2.32 - 2423 | 2.46 | 2.62 | 2.50 - 0.28
N3oKso 231 | 243 | 256 | 2.43 0.21 2.61 | 2.66 | 2.73 | 2.67 0.25 0.45
N3oP2oKs 234 | 243 | 255 | 244 | 022 | 257 | 2.62 | 267 | 262 | 0.20 0.40
NeoPeoKeo 308 | 326 | 3.30 | 321 | 099 | 348 | 357 | 360 | 355 | 113 133
NeoPoKeo 300 | 318 | 330 | 3.16 | 094 | 327 | 351 | 360 | 3.46 | 1.04 1.24
NaoPoKoo 317 | 333 | 339 | 3.30 | 1.08 | 352 | 342 | 361 352 | 1.10 1.30
NaooPeoKoo 324 | 340 | 353 | 339 | 117 | 350 | 3.63 | 3.76 | 3.63 | 1.1 1.41
NaoPaoKoo 333 | 346 | 363 | 347 | 125 | 356 | 3.76 | 3.86 | 3.73 | 131 1.51
2019-2021
Control 22321 239 | 241 | 2.34 - 2.50% | 2.56 | 2.61 | 2.56 - 0.33
N3oKso 2.45 2.6 2.67 | 2.57 0.12 275 | 2.84 | 2.88 | 2.82 0.32 0.59
NoPaoKs 254 | 272 | 279 | 268 | 014 | 2.84 | 292 | 295 | 290 | 0.40 0.67
NeoPeoKeo 302 | 317 | 3.24 | 314 | 012 | 335 | 3.47 | 356 | 346 | 0.9 1.23
NeoPoKeo 291 | 311 | 320 | 3.07 | 016 | 323 | 3.41 | 348 | 337 | 087 1.14
NagoPoKso 313 | 333 | 340 | 3.29 | 016 | 350 | 3.54 | 369 | 3.58 | 1.08 1.35
NgoPeoKoo 324 | 346 | 353 | 341 | 017 | 366 | 3.70 | 3.84 | 3.73 | 1.23 1.50
NaoPooKoo 335 | 349 | 3.60 | 3.48 | 013 | 376 | 3.88 | 3.94 | 3.86 | 1.36 1.63
HIP for the factor:

A 0.18 | 0.18 | 0.19 | 0.21 0.19 | 0.21 | 0.20 | 0.22

B 0.16 | 1.16 | 0.15 | 0.17

C 0.05 | 0.04 | 0.05 0.6 0.06 | 0.05 | 0.06 | 0.07

Note: 'P - Polymixobacterin; M - Mycofix; 2 - absolute control by year and control for untreated seeds; 3 - controls

by year for treated seeds
Source: results of authors' research and calculations

During the years of research, the highest
NPP was in 2020 and 2021, and the lowest was
in the dry year of 2019. The negative impact of
drought on the photosynthetic activity of oats is
also indicated by V. Sadras et al. (2017). B. Zhao et
al. (2021) prove that drought causes a 31-69%
loss of oat grain yield. At the beginning of veg-
etation, the NPP increases sharply until the
booting stage. The assimilation surface area
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of the crop also increases sharply during this
period. Further, the rate of increase in the size
of the photosynthetic surface decreases, and,
accordingly, the NPP also begins to decrease.
Thus, when growing oats without fertilisers,
the NPP was 2.23-2.61 g/m? per day, depend-
ing on seed treatment, while the application of
complete mineral fertiliser increased it to 3.35-
3.94 g/m? per day, or by 50-51%. The highest net
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photosynthetic productivity was observed when
sowing with treated seeds in combination with
the mycorrhizal preparation Mycofix against
the background of Ny P,,K,, — 3.94 g/m? per day,
which is 0.59 g/m? per day more than the con-
trol variant (without treatment) and 042 g/m?
per day more than with only treated seeds. In
the variants where phosphorus fertiliser rates
were reduced by 30 and 60 kg/ha a.i.,, and the
seeds were treated with a fungicide and bio-
logical preparations, the NPP of the crops pro-
vided an increase to the level of treatment with
only a fungicide against the background of full
fertilisation, which proves the significant phos-
phate-mobilising and growth-stimulating effect
of the studied biological preparations.

The results of the study coincide with the
conclusions of V. Volkogon et al. (2019) that the
combined use of microbial preparations with
reduced fertiliser rates is an important strate-
gy for managing and reducing environmental
problems by reducing the use of chemical fertil-
isers. At the same time, unlike publications that
justify the complete replacement of mineral
fertilisers with agronomically valuable micro-
organisms, the results of the study are equiv-
alent to the conclusions of V. Volkogon (2023)
regarding the effective combination of mineral
and biological factors in fertilising agricultural
crops as a solution in which both resources can
synergistically interact to improve nutrition and
provide other biological functions necessary for
the harmonious development of plants. Calcu-
lations of the correlation between yield and leaf
area at variable rates of fertilisers and biological
products revealed a very close positive correla-
tion. The correlation coefficient between yield
and leaf area at the BBCH 63-64 stage for sowing
with untreated seeds was 0.87, and for sowing
with treated seeds - 0.89.

CONCLUSIONS

Sown oat responds positively to the application
of mineral fertilisers, which is manifested in an
increase in leaf area. Photosynthetic activity of
crops is activated as a whole due to an increase
in net photosynthetic productivity. Oats inten-
sively form leaf surface area already in the early
microstages of development, effectively using
the applied nutrients. The compensatory effect

%)

of the use of biological preparations is signifi-
cant both against the background of different
fertiliser rates and when using treated seeds
for sowing compared to untreated seeds. The
largest leaf area of oat crops was formed with
the combined use of reduced fertiliser rates, in
particular phosphorus, and seed treatment with
phosphorus-mobilising preparations, com-
pared to variants where full fertilisation with
increased phosphorus rates was applied. When
sowing with treated seeds against the back-
ground of Ny Py K., 60.9 thousand m?/ha of leaf
surface area was formed, and with treated seeds
and additional treatment with Polimixobacterin
or Mycofix against a background of Ny P, Ky, —
61.3 and 63.9 thousand m?* ha, respectively. With
areduction in phosphorus to Ny,P, K,, and seed
treatment according to the same scheme, the
leaf area was 61.0 and 63.2 thousand m?/ha, re-
spectively, at the BBCH 62-65 stage.

Pre-sowing seed treatment contributes to
the formation of a larger leaf area - when seeds
were treated with a fungicide, the leaf area in-
creased by 3.8-5.1 thousand m?, depending on
the fertilisation background, compared to un-
treated seeds. Increases over the control vari-
ant (untreated seeds) were achieved by treating
the seeds with Mikofix — 4.0-7.5 thousand m?/ha;
with Polimixobacterin - 2.4-4.5 thousand m? ha.
With combined treatment of seeds with a fungi-
cide and Mikofix, the maximum leaf area was ob-
tained - 44.6-64.5 thousand m?/ha, depending
on the fertilisation background, or 6.5-9.1 thou-
sand m?ha more compared to the control var-
iant and 2.3-4.0 thousand m%*ha compared to
the control variant and by 2.3-4.0 thousand m?/
ha compared to seed treatment with only a fun-
gicide. A very close positive correlation was es-
tablished between yield and leaf surface area at
variable rates of fertilisers and biological prod-
ucts - the correlation coefficient at the BBCH
63-64 stage for sowing with untreated seeds was
0.87,and 0.89 for sowing with treated seeds. The
prospect for further research lies in the need
to conduct agrochemical and microbiological
analysis of the soil with calculations of the bal-
ance of nutrients and their availability to plants.
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doTOCUHTETUYHA aKTUBHICTb MNOCIBIB BiBCa NOCIBHOro
3a KOM6IHOBaAHOIoO 3aCTOCyBaHHSA MiHepaNlbHUX [O06puB
Ta 6ionpenaparis

AHoTauifa. EQeKTUBHICTD GOTOCHMHTe3y TIOCiBiB BiBca ITOCiBHOTO 3a KOM6GiHOBAHOTO
BUKOPUCTaHHS MiHepaJbHUX JO6PUB Ta HioIpernapariB 3 METOIO 3HUKeHHSI HOPM MiHepasbHUX
IO6pUB Ta MiIBUINEHHS IPOLYKTUBHOCTI € HAaA3BUYAWHO aKTYaJIbHOI. MeTOI AOCIiIKeHHS
6yJ10 BCTAHOBJIEHHS ebeKTUBHOCTI KOM6IHOBaHOTO BHUKOPUCTAHHA MiHepalbHUX AO6DPUB Ta
6iooriuHMX IIperapaTiB IUISXOM aKTWBi3allil ¢pOTOCHMHTETUYHOI Iif/IbHOCTI IOCiBiB BiBca Ta
MOT0 MPOAYKTUBHOCTI. JIOCTiIyKeHHS MPOBEJIeHH] 3 BUKOPUCTAHHAM I10JIbOBOTO, 1a60paTOPHUX
Ta MaTeMaTUYHUX METOHIB aHaJli3yBaHHA. Pe3ylbTaTé AOCIiIKeHb CTaTUCTUYHO O6paxoBaHi
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Ta iHTepnpeToBaHi. [IpecTaBIeHO pe3yIbTaTU AOCIiIKeHb 3 GOPMyBaHHS IUIOLII JILCTKOBOI
TIOBEpPXHi Ta YMCTOI NPOAYKTUBHOCTI GOTOCUHTE3y BiBca ITOCIBHOIO COPTY ‘AWBOpi’ B yMOBax
paBo6epelRHOro JiicocTeny YRpaiHU 3ajIeKHO Bl HOPM HOGPUB, MEpEAINociBHOI 06po6Ru
HaciHHA 6iomoriunuMuU mpenapaTamu docdarmobinizyrouoi aii [TonmiMikcobaKTEPUH HA OCHOBI
6axTepii Paenibacillus polymyxa, Ta Mikodikc Ha ocHOBI Mikopu3Horo rpuba Glomus intraradices
3 BUKOPUCTAHHSM IIPOTPYEHOTO i HEMPOTPYEHOro HAciHHA. 3a cyMicHOi 06pob6KM HaciHHA
IIPOTPYMHUKOM Ta MikodikcoM ¢popMyBasack MaKCUMaJIbHa IJIOIIA JINCTKOBOI IIOBEpPXHI — 44,6-
64,5 THC. M2/ra 3aJIeXHO Bif GOHY yoo6peHHS. 3a ciB6U MPOTpyeHNUM HaciHHAM Ha oHi Ny Py Ky,
dopmyBasocs 60,9 THC. M?/ra IUIOLI] INCTKOBOI ITIOBEPXHi, a IPOTPYEHUM HaCiHHAM Ta JOJATKOBO]
06po6ku INoniMikcob6arTepuH abo Mikodire Ha ¢poHi Ny P, Ky, — 61,3 Ta 63,9 THC. M?/Ta BiAIOBigHO.
3a 3MeHIeHHA dochopy 1o Ny, P,,K,, Ta 06p0o6KU HACIHHA 3a Ti€l0 K CXeMOI0, TMCTKOBA IO
CTaHOBMJIA BiAmoBigHO 61,0 Ta 63,2 THC. M?/Ta Ha cTafii BBCH 62-65. BCTaHOBIEHO TiCHUN
MTO3UTUBHUN KOPEJALIMHUN 3B'A30K — KOe(illieHT Kopendlil MDK yposkalHiCcTIO i IToiero
JIMCTKOBOI NOBepxHi Ha crafil BBCH 63-64 - 0,87-0,89. [IpakTU4YHa LiHHICTb JOCIHIIXKEHHS
TioJiArasia y BCTAHOBJIEHI KOMITEHCALiHOTO ebeKTy 3a KOMb6iHOBAHOT'O 3aCTOCYBAaHHS 610JI0TIUHMIX
IIpernapariB Ta MiHepaJbHUX JO6PUB, IO TO3BOJIUJIO 3HMKYBAaTH HOPMU BHECEHHS HOo6pUB 6e3
3HIDKeHHS OTOCMHTETUYHOI aKTMBHOCTI ITOCIBiB Ta YpOsKaMHOCTI BiBca

KniouoBi cnoBa: TUIoa JIMCTKOBOI ITOBEPXHi; YKMCTa MPOAYKTUBHICTD GOTOCUHTE3Y; HOPMU
Io6pus; [ToniMikcobarTepuH; MikodiKc; yposKarHICTh
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