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Abstract. The implementation of resource-efficient technology in contemporary agricultural production enhances
the productivity and efficiency of sunflower farming while mitigating environmental harm. The research aimed
to examine the impact of various tillage techniques on sunflower farming in southern Ukraine. A field study was
undertaken from 2021 to 2023 at the Educational and Research Centre of Mykolaiv National Agrarian University
to achieve this objective. The research established that traditional tillage yields the lowest density of the topsoil
(0-10 cm), signifying good soil aeration. At the same time, no-till cultivation is characterised by the highest soil
density, but it helps to increase the reserves of productive moisture at all depths. Before sunflower harvesting,
the no-till moisture content was 134 mm in the 0-100 cm layer, which is 26 mm more than in conventional
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tillage. The study showed that plant height and vegetative mass growth of sunflowers were higher than no-till
in all growth stages. In the phase of two pairs of true leaves, the height of the plants under no-till was 16.8 cm,
and during flowering - 176.2 cm. The growth of vegetative mass in the phase of two pairs of true leaves under
no-till reached 135 g/m? and in the phase of seed formation - 1,380 g/m2. The leaf area index under no-till was
the highest in all phases of sunflower growth, in the flowering phase it was 4.8 m*/m?, which is 10% higher
than under conventional tillage (4.2). The chlorophyll content was also the highest under no-till and in the
flowering phase at 46 (SPAD units). In addition, the sunflower yield under conventional tillage was 3.56 t/ha,
under minimum tillage - 3.85 t/ha, and no-till was the highest at 3.95 t/ha. The practical value of the study is to
provide scientifically based recommendations for agricultural enterprises on the choice of the optimal method of
soil cultivation, which can increase the competitiveness of Ukrainian sunflowers on the world market

Keywords: yield; soil cultivation; agrophysical parameters of soil; plant growth and development; vegetative

mass

INTRODUCTION
The sustainable utilisation of natural resources is be-
coming increasingly critical in the context of population
expansion and climate change. Population growth puts
additional pressure on agriculture, increasing demand
for food, fodder crops and raw materials for industry. At
the same time, climate change is leading to a decrease in
the availability of water resources, soil degradation and
an increase in the frequency of extreme weather events
such as droughts, floods and hurricanes. This makes
it more difficult to ensure stable yields and increases
risks for the agricultural sector (Coélho et al., 2022).

The rational use of natural resources such as water,
soil, energy and fertilisers are becoming a key factor
in ensuring the sustainable development of agriculture.
Adapting agriculture to climate change requires a com-
prehensive approach. M. Duca et al. (2022) assert that
employing hybrids resistant to adverse environments
might markedly enhance plant resilience to extreme
weather events. Agricultural practices, such as improv-
ing soil structure and its ability to retain moisture, can
reduce the negative impact of climate change on crop
yields. Risk management strategies development can
assist in coping with unpredictable climate change
and ensure the resilience of agricultural systems. Such
strategies include developing plans for droughts or
other abnormal weather events, as well as applying
new technologies and farming methods.

The development of precision agriculture, includ-
ing the use of drones and sensor technologies, contrib-
utes to more efficient resource management and cost
reduction. Research in the field of agronomy and ecol-
ogy allows for the development of new ways of cul-
tivating soil, fertilising and managing water resourc-
es, which contributes to the resilience of agricultural
systems (Casali et al., 2022). According to S.I. Haruna
& N.V. Nkongolo (2019) and B. Basile et al. (2021), re-
source-saving technologies can improve farm efficien-
cy. In sunflower production, these technologies may
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encompass new hybrids distinguished by elevated yields,
resilience to adverse environments, illnesses, and pests,
as well as the efficient utilisation of available resources.

Sunflower is one of the most popular oilseeds in
Ukraine, used to meet domestic needs and in exporting
products. S. Kalenska et al. (2020) underscore the neces-
sity of implementing resource-efficient growing prac-
tices in contemporary agricultural production, which
enhance sunflower yield while mitigating environ-
mental detriment. Among these technologies is no-till
cultivation, which helps to preserve its structure and
improve water retention properties. |. Kolosok (2022)
believes that the use of no-till not only reduces the time
and resources spent on tillage but also helps preserve
moisture in the soil, which is especially important in
arid climates. Precision agriculture systems, which use
GPS navigation, drones, sensors and analytical software
to collect and analyse data on soil, plant and weath-
er conditions, can help determine exactly where and
when to apply fertiliser or water to maximise resource
efficiency and reduce costs. Following O. Kovalenko et
al. (2024), mulching is also an effective element of cul-
tivation technology, which involves covering the soil
surface with organic or inorganic materials. Mulching
not only helps to retain moisture, which is critical to
ensuring crop stability but also reduces erosion, which
helps to maintain soil fertility.

The implementation of resource-efficient technol-
ogy improves the efficacy of sunflower cultivation and
markedly diminishes the ecological footprint of agricul-
tural output, which is crucial for the sector’s sustain-
able development through resource conservation and
the promotion of enduring productivity. Nevertheless,
current research predominantly emphasises general
energy-saving principles and inadequately considers
their adaptation to particular regional conditions, such
as the hot, low-humidity summers of southern Ukraine,
which significantly impact sunflower cultivation and
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necessitate comprehensive energy-efficient solutions.
The present research aimed to examine the impact of
different tillage technologies on sunflower agriculture
by evaluating the effects of various soil cultivation
methods on agrophysical parameters, the growth and
development of sunflower plants,and overall crop yield.

MATERIALS AND METHODS

From 2021 to 2023, a field experiment was car-
ried out at the Educational and Research Centre of
Mykolaiv National Agrarian University to investigate
resource-efficient sunflower growing techniques with
the P64HE133 hybrid. The studies were conducted on
southern chernozem soil characterised by a neutral pH
(6.8-7.2), elevated humus content (123-125 g/kg), and
sufficient concentrations of nitrates, phosphate, and po-
tassium. Sunflowers were planted at a density of 50,000
seeds per hectare while soil temperatures ranged from
8 to 10°C, succeeding winter wheat as the preceding
crop. The 320 m? study area, comprising a 90 m? survey
plot, was replicated thrice and evaluated three soil cul-
tivation techniques: traditional ploughing to 25 cm fol-
lowed by harrowing and shallow cultivation to 5-10 cm,
minimal tillage employing disc harrows to a depth of
10-15 cm, and no-till, which preserves plant residues
on the surface to mitigate erosion and enhance mois-
ture retention. Laboratory and field observations were
employed to evaluate plant growth, development, and
yield under various growing strategies.

The research assessed the agrophysical properties
of the soil, specifically the density of the topsoil, em-
ploying the M.A. Kachinsky method (Feketa, 2015), at
intervals of 10 cm to a depth of 30 cm, and evaluated
soil moisture using the thermostat-weight technique,
measuring moisture content at various depths every
10 cm up to 100 cm through drying at 105°C. To eval-
uate the impact of different tillage methods on the
growth and development of sunflower plants, regular
measurements of plant height and vegetative mass
growth were made in the following phases of sunflow-
er growth and development: two pairs of true leaves,
budding, flowering and seed formation. A metric ruler
was used to measure the height of the plants, starting
from the base of the stem to the top of the plant. This
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Conventional soil tillage

Minimal soil tillage

method was used to accurately track changes in plant
height over time. To determine the vegetative mass,
plant samples were collected, weighed the fresh weight
and calculated for the average value for each variant.

Two key metrics were used to assess the photo-
synthetic activity of sunflowers under the influence of
different tillage methods: leaf surface index and pho-
tosynthetic potential. To measure the leaf surface in-
dex, a portable leaf index analyser LI-COR LAI-2200C
(LI-COR Biosciences, USA) was used. A portable device
SPAD-Plus (Konica Minolta, Japan) was used to deter-
mine the photosynthetic potential. Harvest accounting
was conducted with the continuous harvesting method
on the designated plot, then converting the results to
hectares. The data underwent processing via the multi-
variate analysis of variance (MANOVA) method, execut-
ed using Microsoft Excel and Statistica 10. The results
were deemed statistically significant if the probability
value (P) was less than or equal to 0.05, as assessed by
the Student’s T-test. The study was conducted following
the requirements of the Convention “On Biological Di-
versity” (1992), as well as safety conditions.

RESULTS

Soil cultivation techniques profoundly impact soil
structure, hydrology, and aeration, thus influencing
plant growth and development. The study revealed that
standard, minimal, and no-till methods differentially
affected soil density at various depths (Fig. 1). Conven-
tional tillage resulted in the lowest density of 1.1 g/
cm® in the upper 0-10 cm layer, signifying effective
loosening and enhanced soil structure, whereas density
increased to 1.25 g/cm?® at 20-30 cm due to diminished
tillage practices. Minimal tillage led to a marginally el-
evated top-layer density of 1.13 g/cm?, which increased
to 1.33 g/cm? in deeper layers, indicating reduced soil
aeration. No-till methods demonstrated the highest
densities, recording 1.21 g/cm? in the surface layer and
rising to 1.36 g/cm® at a depth of 20-30 cm, attribut-
ed to the accumulation of organic residues and the
absence of mechanical disturbance. These variances
illustrate the impact of diverse tillage practices on the
agrophysical properties of soil, hence affecting total
agricultural production.

0-10
m10-20
m 20-30

No-till

Figure 1. Impact of ploughing techniques on soil density prior to sunflower harvest, g/cm? (average for 2021-2023)

Source: compiled by the authors
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Soil moisture reserves are essential for the
growth and development of crops, such as sunflow-
ers. Soil moisture is influenced by numerous ways,
with soil cultivation practices being particularly
significant. The no-till approach has demonstrated
superior efficacy in retaining soil moisture, hence
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enhancing plant growth, particularly under condi-
tions of inadequate moisture. Consequently, the soil
moisture before to harvesting sunflowers employing
no-till in the 0-100 cm layer was 135 mm, exceeding
minimum tillage by 9 mm and conventional tillage
by 25 mm (Fig. 2).

Before sowing

I I M Before harvesting

0-20 20-50 50-100 0-100 0-20 20-50 50-100 0-100 0-20 20-50 50-100 0-100

Conventional soil tillage

Minimal soil tillage

No-till

Figure 2. Productive soil moisture reserves depending on cultivation methods, mm (average for 2021-2023)

Source: compiled by the authors

The height of plants is an important metric of their
growth and development, which affects the yield and
general condition of crops. In this context, analysing the
height of sunflower plants at different stages of their

development is critical for assessing the effectiveness
of different tillage methods. Table 1 shows the results
of sunflower plant height measurements for three dif-
ferent tillage methods: traditional, minimal and no-till.

Table 1. Growth in height of sunflower hybrid plants,
depending on soil cultivation methods, cm (average for 2021-2023)

Growth and development phase

Conventional soil tillage

Two pairs of real leaves 15.2
Budding 554
Blooming 170.8

Source: compiled by the authors

The height of the sunflower in the phase of two
pairs of true leaves was the lowest for all treatments,
but no-till provided the highest (16.8 cm) compared to
the traditional (15.2 cm) and the lowest (15.5 cm). This
shows the potential of no-till to improve early plant
development. In the budding phase, the height of the
plants under no-till reached 58.7 cm, which is the high-
est among the three methods. This is a sign of better
plant development, which is supported by the optimal
conditions provided by no-till. Plant height at flower-
ing was also the highest for no-till (176.2 cm), confirm-
ing that no-till not only supports early development
but also promotes plant growth in later stages. This
demonstrates the positive impact of no-till on plant
growth and a possible increase in yields.

Vegetative mass growth is a critical metric for as-
sessing the effectiveness of agronomic practices, as it

Ukrainian Black Sea Region Agrarian Science, 28(3), 9-18

Minimal soil tillage

15.5 16.8
56.1 58.7
1723 176.2

reflects plant development, health and productivity po-
tential. The results of measurements of vegetative mass
growth of sunflower plants under three different tillage
methods show that in the phase of two pairs of true
leaves, the mass growth was the lowest for all tillage
options, but no-till provided the highest rate - 135 g/m?
compared to traditional (120 g/m? and minimum
(125 g/m?) tillage. This shows the advantage of no-till
in ensuring better plant development. In the budding
and flowering phases of sunflower, the growth of vege-
tative mass under no-till reached 445 and 1,005 g/m?,
respectively, indicating that no-till contributes to a more
efficient accumulation of vegetative mass in the middle
stage of plant development. In the phase of seed forma-
tion, the growth of vegetative mass under no-till reached
1,380 g/m?, which is 80 and 55 g/m? higher than under
conventional and minimum tillage, respectively (Table 2).
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Table 2. Growth of vegetative mass of sunflower hybrid,
depending on soil cultivation methods, g/m2 (average for 2021-2023)

Growth and development phase

Conventional soil tillage

Two pairs of real leaves 120
Budding 400
Blooming 950

Seed formation 1,300

Source: compiled by the authors

Thus, in the phase of two pairs of true leaves, no-till
influenced the formation of the leaf surface index at the
level of 0.4 m?/m? which was higher than in convention-
al tillage (0.3 m%/m?) and minimal tillage (0.35 m%/m?).
During budding, the no-till leaf surface index was 3.5,
while in conventional tillage it was 3 and while mini-
mum tillage - 3.3. During the flowering phase of no-till,
the leaf surface index was 4.8, which was higher than
conventional tillage (4.3) and minimum tillage (4.5). In

ORFRr NWAMNU O

Two pairs of real
leaves

Budding

Blooming

Minimal soil tillage No-till
125 135
420 445

970 1,005

1,325 1,380

general, the data show that no-till has a positive effect
on the growth of the sunflower hybrid, providing the
highest leaf area indexes at all growth stages. This shows
that reducing soil disturbance through no-till can lead
to improved crop growth and productivity (Fig. 3). Thus,
no-till is the most effective for increasing the leaf area
index in all phases of sunflower growth. But it is worth
noting that minimal tillage also shows a positive impact
on plant development compared to conventional tillage.

m Conventional soil tillage
B Minimal soil tillage

m No-till

Seed formation

Figure 3. Leaf area index of sunflower hybrid depending on soil cultivation methods, m’/m? (average for 2021-2023)

Source: compiled by the authors

The chlorophyll content, assessed by the SPAD
index as a measure of photosynthetic efficiency, was
utilised to examine the impact of various soil cultiva-
tion methods on photosynthetic processes and over-
all plant health during critical growth stages. The
research indicated that in the budding phase, no-till
farming produced the greatest chlorophyll content,
surpassing conventional tillage by 4.7 and minimal
tillage by 3.4%. Minimal tillage exhibited a 1.3%

50

45
40
35
30
25
20
15
10

Budding Blooming

owv

increase in chlorophyll content relative to conven-
tional tillage, signifying a moderate improvement
in photosynthetic activity and plant health under
reduced soil disturbance procedures. Using no-till,
the chlorophyll content in the flowering phase of
sunflower was the highest, exceeding convention-
al cultivation by 4.0 and minimum tillage by 2.8%.
However, at the stage of sunflower seed formation,
photosynthetic activity decreased (Fig. 4).

Seed formation

= Conventional soil tillage
B Minimal soil tillage

m No-till

Figure 4. Chlorophyll content in the leaves of sunflower hybrid depending
on soil cultivation methods, SPAD units (average for 2021-2023)

Source: compiled by the authors
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The study findings demonstrate that no-till culti-
vation is the most effective method for enhancing sun-
flower photosynthetic activity across all growth phases,
as indicated by the highest SPAD index compared to
minimal and traditional tillage. Minimal tillage also
positively affects photosynthetic efficiency, though to
a lesser extent, while traditional tillage results in the

4.1

4 R% = Main

3.9

y = Mainx? - Main
R? = Main
3.8
37
3.6
3.5
3.4

33

2021

2022

y = -Mainx? + Mainx + Main

Mainx + Mai
Main

lowest SPAD index.Additionally, the tillage method sig-
nificantly impacts sunflower yields, with conventional
tillage averaging 3.56 t/ha, minimal tillage achieving
3.85 t/ha, and no-till producing the highest average
yield of 3.95 t/ha from 2021 to 2023. These findings
highlight the superior performance of no-till practices
in both plant health and crop productivity.

m Conventional soil tillage

W Minimal soil tillage

= No-till tillage

2023

Figure 5. Sunflower hybrid seed yield depending on cultivation methods, t/ha

Source: compiled by the authors

In general, the results of the study show that no-till
is the most effective way to improve the growth and de-
velopment of sunflowers, including plant height, vege-
tative mass growth, leaf area index and photosynthetic
potential. This method provides optimum conditions
for plant development, preserves productive soil mois-
ture and increases sunflower yields, making it recom-
mended for use in southern Ukraine as a resource-sav-
ing sunflower cultivation technology.

DISCUSSION

Awareness of the necessity for sustainable production
has increased, necessitating ongoing enhancement
of agronomic techniques. The amalgamation of sci-
entific inquiry, cutting-edge technologies, and effec-
tive resource management is increasingly vital to this
process (Howell et al., 2015). Most authors, including
D.D. Avgoustaki & G. Xydis (2020) and O. Sydiakina &
M. Ivaniv (2023), agree that the formation of sunflow-
er hybrids productivity with the use of resource-saving
technologies is a critical aspect of modern agricultur-
al production. These technologies help to increase the
productivity of sunflower hybrids by improving the con-
ditions for their growth and development. They ensure
optimum soil moisture and nutrient levels, which are
critical to achieving high yields.
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In addition, the results of numerous studies by sci-
entists confirm that the use of resource-saving technol-
ogies leads to an increase in yields and product qual-
ity (Perea-Moreno et al., 2018). According to V. Radi¢ et
al. (2021), the introduction of such technologies not
only improves the physical and chemical properties of
the soil but also contributes to an increase in microbi-
ological activity, which in turn improves the availability
of nutrients for plants. Importantly, this approach helps
to preserve soil moisture, which is a critical factor in a
changing climate, increasing the resistance of sunflow-
er hybrids to drought and other stressful conditions.

The use of resource-saving technologies in agricul-
tural production can lead to a significant reduction in
energy costs, such as fuel for tillage, and reduce the
need for chemical fertilisers. This can be achieved by
optimising tillage processes, using energy-efficient
equipment and precision farming. The findings of
B. Li et al. (2022) affirm that optimising energy and
material resource costs positively influences the eco-
nomic efficiency of agricultural production, resulting in
enhanced profits for agricultural producers and greater
market competitiveness. In addition, reducing the cost
of resource-saving technologies leads to a reduction in
the overall environmental burden, as it reduces green-
house gas emissions, and soil and water pollution, and



helps to preserve biodiversity and ecosystem servic-
es. Thus, the use of resource-saving technologies in
agricultural production can be beneficial not only for
agricultural producers but also for the environment
(Nardén et al., 2021).

It should be noted that resource-saving technolo-
gies help improve soil quality by reducing erosion, pre-
serving organic matter and improving its structure. As
confirmed by Ya. Tsymbal et al. (2022), the use of mulch-
ing and no-till helps to preserve moisture, improve aer-
ation and reduce the need for additional erosion con-
trol measures, which was also confirmed in the present
study. This creates optimal conditions for plant growth,
which in turn increases their productivity. According
to the results of V. Gamayunova & A. Panfilova (2020),
resource-saving technologies reduce the incidence of
plant diseases by 30 and pests by 25% compared to
traditional cultivation methods. This highlights the
effectiveness of conservation practices in increasing
overall plant resilience, which is associated with im-
proved moisture retention, improved soil structure and
optimised conditions for crop growth and develop-
ment. Researchers such as A. Ozturk et al. (2022) and
A.U.Jan et al. (2022), emphasise the need to optimise
tillage technologies, especially in the southern regions.
In these areas, where drought management and effec-
tive soil moisture conservation are critical, the right
choice of cultivation methods can significantly improve
crop production.

The results obtained show that no-till promotes
plant height growth and increases vegetative mass.
O.Tsyliuryk et al. (2021) also emphasise that no-till im-
proves root development and promotes more efficient
use of water and nutrients, which in turn leads to an
increase in total biomass. However, I. Demir (2020) not-
ed that in certain conditions, no-till can lead to a slow-
down in initial plant growth. This is due to the limited
access to certain nutrients that conventional tillage
usually provides. Thus, although no-till demonstrates
advantages in the long run, it is necessary to account
for possible initial difficulties and adjust technological
approaches to the specific conditions and needs of ag-
ricultural production.

The results of this study are consistent with the
findings of V. Giannini et al. (2022), who noted that
no-till improves its structure and aeration, which con-
tributes to a more even distribution of the plant root
system. This, in turn, increases their ability to absorb
nutrients and moisture, which is a key factor in increas-
ing photosynthetic activity. The authors also noted that
reduction of mechanical impact on the soil with no-
till reduces stress on plants, which contributes to bet-
ter growth and increased yields. As such, despite the
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numerous benefits of resource-saving technologies,
certain challenges should be considered. Following
R. Puttha et al. (2023), even though no-till and other
resource-saving methods can significantly improve soil
quality and reduce resource costs, their implementation
can be fraught with difficulties. These technologies re-
quire careful management of crop residues, which can
accumulate on the soil surface and can lead to prob-
lems with disease and pest control, which contributes
to their spread, and require additional measures to
maintain plant health. In addition, the introduction of
resource-saving technologies often involves the use of
specialised equipment and technologies that may not
be economically feasible for small farms or those who
are just beginning to adapt to new methods. The cost of
such equipment and the need for additional knowledge
and skills to use it effectively can be a barrier for some
agricultural producers (Domaratskiy et al., 2023).

Thus, based on scientific research and analysis, the
implementation of energy-efficient technology in sun-
flower production is a fundamental component of sus-
tainable agricultural development. These technologies
facilitate the conservation of natural resources, miti-
gate environmental degradation, and enhance the eco-
nomic efficiency of agricultural output. The successful
adoption of resource-saving technologies necessitates
a holistic approach, encompassing meticulous planning
and financial backing to guarantee the establishment of
all requisite circumstances for their optimal utilisation.

CONCLUSIONS

The study demonstrated that soil cultivation methods
significantly affect its density and water management,
as well as the development and growth of sunflower
plants. Conventional tillage resulted in the lowest den-
sity in the upper layer (0-10 cm), at 1.1 g/cm?, signifying
effective aeration and enhanced soil structure in this
stratum. No-till had the greatest soil density, specifical-
ly 1.21 g/cm? in the 0-10 cm soil layer,and at a depth of
20-30 cm, the density attained 1.36 g/cm?. A reduction
in tillage intensity resulted in an augmentation of pro-
ductive moisture stores at all depths. Prior to sunflower
harvesting utilising no-till methods, the soil moisture
within the 0-100 cm layer measured 135 mm, above
that of traditional tillage by 25 mm (110 mm).

The examination of sunflower plant height indi-
cates that at the stage of two pairs of true leaves, the
height of plants under no-till was 16.8 cm, surpassing
that of traditional tillage (15.2 cm) and minimum tillage
(15.5 cm).During the flowering of sunflowers, the height
of the plants under no-till was 176.2 cm. The growth of
the vegetative mass of sunflower in the phase of two
pairs of true leaves under no-till was 135 g/m? which is
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higher than under traditional (120 g/m?) and minimum
(125 g/m?) treatments. In the phase of seed formation,
the growth of vegetative mass under no-till reached
1,380 g/m?, which exceeded the metrics of tradition-
al (1,300 g/m?) and minimum (1,325 g/m?) treatments.

The study determined that no-till is the most ef-
fective for increasing the leaf surface index and chlo-
rophyll content in sunflower leaves at all stages of
their development. No-till provides the highest leaf

fect on plant development compared to conventional
tillage, although to a lesser extent than no till. The lim-
itations of the study were determined by only one cli-
mate region, which may limit the generalisability of the
results. Further research should address the effective-
ness of no-till in different climatic zones to determine
its efficiency.
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AHoTauisn. BnpoBagxeHHs pecypcoedeKkTUBHMX TEXHONOTIM Y Cy4aCHOMY CilbCbKOroCnoAapCbKOMY BUPOGHULTBI
NiABULLYE MPOAYKTMBHICTb Ta e(EKTUBHICTb BMPOLLYBAHHS COHSILHMKY, OAHOYACHO 3MEHLUYHYM LKOAY ANS
HaBKOJIMLLHbOIO CepenoBMLa. MeTo A0CNifKEeHHS 6YN0 BUBYEHHS BNIMBY Pi3HMX CNocobiB 06pobiTKy rpyHTY Ha
BMPOLLYBAHHS COHSILLHMKY Ha NiBAHI YKpaiHwu. [ns pocsirHeHHs uiei metn 3 2021 no 2023 pik 6yno npoBeneHo
nonboBe JOCNIAXeHHs B HaBuyanbHO-HayKOBOMY LLeHTpi MMKONAiBCbKOro HaLiOHaNbHOrO arpapHoOro yHiBepcuTeTy.
[ocnifxkeHHs MNoKasano, WO TPaAMUiMHUMIA 06poBITOK rpyHTY 3abe3neuvye HaMHMXKYY LWLINbHICTb BEPXHbOMO
wapy rpyHTy (0-10 cM), wo cBiguMTb Npo Aobpy aepauito rpyHTy. BogHouac, 6e3BifBanbHUit 06pobiTok (no-till)
XapaKTepU3YETbCA HAMBINbLWOK LLINBHICTIO FPYHTY, ane cnpuse 36inbleHHI0 3anaciB NPOAYKTUBHOI BOMOMM Ha BCiX
rnMbuHax. 3okpemMa, nepen 36MpaHHAM COHAWHMKY no-till Bonorictb ctaHoBuna 134 mm y wapi 0-100 cM, wo Ha
26 MM binble NOPIBHAHO 3 TpaAMLIAHMM 06poBITKOM. [lOoCNiAXEeHHS NPOAEMOHCTPYBAO, WO BMCOTA POCAMH Ta
HapOCTaHHS BEreTaTMBHOI MaCK COHSILLHMKY Bynun BUWMMHK 3a no-till y Bcix dasax pocty. Y dasi 4BOX nap CnpaBxXHix
JIMCTKIB BMCOTA poc/iMH npwu no-till ctaHoBmna 16,8 cm, a nig vac uBiTiHHA — 176,2 cM. HapocTaHHsl BereTaTMBHOI
Macu y dasi ABOX Map CnpaBXHix MCTKIB 3a no-till gocsrano 135 r/m?%, a y dasi yTBOpeHHs HaciHHg — 1380 r/m2,
IHAeKc nMcTkoBoi NoBepxHi 3a no-till 6y HaMBMWMM y BCiX $azax pocTy COHAWHMKY, 30KpeMa y dasi UBITiHHS
BiH cTaHoBMB 4,8 M%/M?, o Ha 10 % Ginble NopiBHAHO 3 TpaaMLUiiHUM 06po6iTkOM (4,2). BMicT xnopodiny Takox
6yB HarBuwmm 3a no-till, i y dasi ugiTiHHa ctaHoBMB 46 (oanHuui SPAD). Kpim TOro, BpoXalHiCTb COHSILLIHMKY 33
TpaamuinHoro obpobiTKy rpyHTy cTaHoBMAa 3,56 T/ra, 3a MiHiManbHoro — 3,85 1/ra, a 3a no-till 6yna HanBuwoH, i
csrana 3,95 1/ra. MpakTMyHa WiHHICTb AOCNIAKEHHS MONAra€e y HagaHHi HAYKOBO 06I'PYHTOBAHMX peKoMeHAaLIn ans
CiNbCbKOrocnoaapcbKmMx NiANPUEMCTB WOA0 BMOOPY ONTUMANbHOro Cnocoby 06pobiTKy IpyHTY, LLLO MOXe 36inbLUnTK
KOHKYPEHTOCMPOMOXHICTb YKPAiHCbKOTO COHALUHMKY Ha CBITOBOMY PUHKY

KntouoBi cnoBa: BpOXarHiCTb; 06po6ITOK rpyHTY; arpo@isnyHi MNOKA3HWMKM TF'PYHTY; PIiCT i PO3BUTOK POC/IUH;
BereTaTMBHa Maca
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Abstract. A multi-year analysis of the state of the livestock sector in the period before the outbreak of war in
2022 is important for the post-war recovery of Ukraine’s regions. The purpose of the research was to identify the
factors of losses in the production of livestock products, methods and means of integrated development. The
generally accepted methods in zootechnology were followed, the study was conducted over a thirty-year period
(1991-2021) in accordance with the stages of research work number: 0121U113933 of 18.11.2021. It was found
that the number of cattle decreased by 8.4 times, and cows — by 5.2 times. Gross milk production decreased by
2.7 times, and beef and veal production - by 4.5 times. Improving the genetic potential of livestock, feeding, and
housing contributed to an increase in cow productivity by 2,842 kg on average in the region and by 4,693 kg at
the enterprises. As of 01.01.2021, 5 stud farms of the Ukrainian Black-and-White dairy breed were established
with a population of 12,369 heads, including 4,647 cows, with a milk yield of 9,749 kg in 2020. The profitability
of milk production in 2019 was 20.6%, while cattle breeding for meat was unprofitable (-27.1%). Many farms turn
manure into compost and apply it to the soil for ploughing. Between 1991 and 2021, the Kharkiv region lost the
potential of the dairy industry, the number of cattle decreased, with the largest decline in 1991-2001 (6.54 times).
Milk production decreased by 2.7 times and beef and veal production by 4.5 times, with the main “drop” occurring
between 1990 and 2010 (by 2.7 and 4.5 times respectively). The average annual milk yield per cow in the region
from 1990 to 2020 increased by 2,840 kg and in 2020 amounted to 5,821 kg. Practical value: the article is the first
to provide a long-term analysis of the state of the cattle breeding industry before the outbreak of hostilities in
Ukraine, taking into account technological, organisational and economic aspects
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INTRODUCTION
The successful functioning and development of each in-
dividual production and social unit of society depends
on its ability to provide itself with food, first and fore-
most. One of the most challenging issues in ensuring a
high standard of living is the production and supply of
milk and meat. At the same time, it is important to pre-
serve the environment and maintain soil fertility. Restor-
ing the number of cattle in the post-war period is impor-
tant in terms of increasing the production of high-quality
milk and beef meat, taking into account modern tech-
nologies for breeding, feeding and housing animals.

Increasing cows’ milk production helps to solve en-
vironmental problems. US scientist J.K. O'Hara (2023)
investigates the intensity of greenhouse gas emissions
from milk production. The higher the productivity of
animals, the less greenhouse gases are produced in
the intestines and the less they are released into the
environment. The researchers D.V. da Silva et al. (2024)
tried to propose and determine the net environmen-
tal performance of different milk production systems.
A case study of a closed composting farm located in
South-Eastern Brazil was chosen as a baseline scenario.
The results and benefits of the ecosystem were aggre-
gated and converted into monetary units per kg of milk.
The semi-closed systems had the worst environmental
performance compared to milk production on the farm
where composting was applied.

The intensive development of each individual
branch of the agricultural sector of the economy and
balanced entrepreneurship, as well as in the complex
of a large region, should be based on the principles of
preserving, improving and strengthening production
resources. It is on these principles that land and its ag-
ricultural land should be used, because it is not only a
platform for living beings, but from the point of view
of the economic category, land is the main means of
production and requires rational use. Scientists from
China,J. Chang et al. (2018), point out that rational land
use in karst areas can increase the productivity of water
and fertiliser use. They propose that agricultural land
on sloping areas should be converted to forested areas
with moderate grazing, while agricultural land on flat
areas should adopt a grain-forage and grain-soybean
rotation to meet the needs of a growing population and
ensure economic development.

Selection and breeding work plays an impor-
tant role in increasing animal productivity. Scientists
L. Khmelnychyi & B. Karpenko (2023) note that the use
of linear classification in the breeding process of dairy
cattle to determine the breeding value of cows is a fair-
ly effective means of objectively determining the breed
characteristics of the exterior type. The presence of a
correlation between the final score and the level of milk
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production will contribute to the efficiency of selection
in the indirect selection of animals for these traits.

An important factor in animal productivity is
well-balanced feeding and the use of effective inno-
vative techniques. Researchers M.M. Wright et al. (2024)
show that adding rapeseed cake to grain mixtures
can improve milk production and increase milk fat
and protein yields. In addition, there are no milk yield
benefits when some barley is replaced with maize in a
wheat-barley mix fed to cows grazing on.

L. Cesarini et al. (2024) analysed and forecast
changes in agriculture at a national scale, which is es-
sential for developing strategies to ensure food security
and stability of the entire agri-food chain. This is often
challenging as data is usually sparse and long detailed
reports are rarely available, but researchers have tried
to develop some models to forecast monthly milk pro-
duction in France, Germany and Italy using climatic and
economic variables from open datasets as inputs.

Over the last 30 years (1991-2021) covered by the
research, the use of mineral fertilisers in soils has de-
creased tenfold, and organic fertilisers by 5-7 times,
while at the same time, humus has been leached from
the soil through erosion and nutrient removal with the
harvest. According to O. Drebot et al. (2024), special at-
tention should be paid to the issues of economic ac-
tivity to balance environmental and economic factors
on the basis of social relations, which necessitates the
restructuring of land and the structure of sown areas of
major crops, taking into account the regional charac-
teristics of the general phytosanitary state of the ceno-
sis of a particular region, weather and climatic, relief
and soil conditions. Scientists |. Shumyhai et al. (2023)
point to a biogeochemical imbalance of molybdenum
in the agricultural landscapes of the Forest-Steppe
zone of Ukraine, where a lack of the element in the soil
was found. Technogenic migration in the soil cover is
manifested by its increased dispersion. O. Mamenko et
al. (2021) focus on the emergence of biogeochemical
endemics. This has been significantly affected by the
ruthless ploughing of land in both Ukraine and Kharkiv
region, high energy consumption, disruption of ecolog-
ical balance, reduced soil fertility, and the decline of
livestock production. Under such extreme conditions,
the number of cattle decreased by 8.4 times, milk pro-
duction - by 2.2 times, and meat production - by 2.2
times. The authors highlight the attempts to find a way
out of the crisis, but restoring soil fertility and raising
cows is a long-term endeavour.

The purpose of the research was to identify the
causes and factors of losses in the production of live-
stock products in Kharkiv region, to determine method-
ological principles and methods, means of integrated



development of livestock and agriculture through mutual-
ly necessary sectoral components of agricultural progress.

MATERIALS AND METHODS
This study analyses the state of livestock and agricul-
ture in the Forest-Steppe zone of Ukraine. A 30-year pe-
riod of time was analysed - from 1991 to 2021, the last
three ten-year periods. The dynamics of cattle numbers
in general and by categories of farms in Kharkiv region,
milk and beef production per capita, along with live-
stock numbers, gross and average productivity data,
were studied, and the contribution of the livestock
sector to the development of crop production and
soil fertility in Kharkiv region was calculated. Statisti-
cal data are taken from the State Statistics Service of
Ukraine (n.d.). The authors worked with the data from
the annual reports of breeding plants in printed for-
mat, so it is not possible to provide an electronic link.
When taking average samples of feed, milk,and organic
waste, the methods generally accepted in zootechnical
practice were followed, the method of ecological mon-
itoring of ecosystems was used, and the study was con-
ducted in accordance with the stages of the research
work State Registration Number: 0121U113933 (Fig. 1).

Registration card for research and development work

State Registration Number: 01210113933
Public Date of Registration: 18-11-2021
Status of the performer: 17 Chief Executor

Figure 1. Registration card
for research and development work
Source: Ukrainian Institute of Scientific and Technical Ex-
pertise and Information (n.d.)

The analysis was based on the scientists’ own re-
search and international scientific publications. The
scientific and economic experiments were conducted
in cattle-breeding enterprises of the Forest-Steppe
zone of Ukraine, whose biogeocenoses are subject to
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increased anthropogenic pressure near industrial cit-
ies, oil and gas production and processing sites, and
major motorways. The experiments were conduct-
ed on dairy cows of the Ukrainian Black-and-White
dairy breed with different types of feeding: silage-si-
lage-concentrate feeding, silage-silage, silage-root
crops and silage-hay feeding, respectively. Animals
were selected by the method of analogues for live
weight and milk production and divided into three
groups: the first control group and the second and
third experimental groups. To improve the quality, en-
vironmental safety of cow’s milk and cow productivity,
the main feeding ration for the experimental groups
was balanced with a specially developed vitamin and
mineral premix. An experiment was also conducted
on calves in the dairy period. Laboratory analysis of
selected samples of plant and animal origin for the
content of macro-and microelements, including heavy
metals, was carried out by atomic absorption spectro-
photometry (AAS-30 spectrophotometer, Germany),
which gives a minimum error in sample analysis. The
quality and environmental safety of milk was moni-
tored in accordance with DSTU 3662:2018 (2019),
as well as the requirements of international qual-
ity standards (Regulation of the European Parlia-
ment..., 2004). The following data were also used for
the analysis: State Enterprise... (n.d.), State Register of
Breeding Subjects... (2021). The monographic method,
method of analysis and synthesis, empirical and com-
parative methods were used in writing the paper. The
calculation was carried out in the STATISTICA soft-
ware package version 10.0.

RESULTS

While in 1991 Kharkiv region was ranked 4" in Ukraine
by cattle and 5" by cows, in 2021 it was ranked 8" and
11%, respectively. The decline in cattle numbers has
been a long-standing problem in Ukraine due to the
lack of an effective government support programme.
That is, the loss of cows, which is the main means of
production, reached 80.9% (Table 1).

Table 1. Dynamics of the number of cattle and % of the total
in Ukraine by categories of farms in the Kharkiv region (as of 1.01, thousand heads - from 1991 to 2021)

Unit of

Groups of livestock

Years 2021 to 1991, %

measurement 1991

2001

2011

In farms of all categories

Total cattle heads 1,274.6 466.2 194.8 192.1 151.9 119
% 5.18 4.95 4.33 4.95 5.28
el cavs heads 415.0 2173 100.5 92.7 79.3 191
% 5.00 4.39 3.82 4.10 4.32
At enterprises
Total cattle heads 1,203.8 338.4 96.8 96.9 79.9 66
% 5.71 6.72 6.34 740 792
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Table 1, Continued

Groups of livestock i s Years 2021t0 1991, %
P measurement 2001 2011 Ut
including cows heads 371.9 133.4 39.9 373 32.3 8.7
9 % 6.01 7.48 6.775 7.05 762 :
In the farms
heads - 3.6 4.0 47 3.8
Total cattle % - 351 420 450 3.46 1056
. . heads 14 1.6 1.8 1.7
including cows % 3191 420 481 390 1214
In the households
heads 70.8 127.8 98.0 95.2 82.5
Total cattle % 2.00 291 3.30 370 3.86 1165
. . heads 431 83.9 60.6 55.4 46.8
including cows % 1.97 2.70 2.94 3.20 3.19 1086

Notes: % of total livestock in Ukraine
Source: developed by the authors

It is worth noting that with the outbreak of full-
scale aggression, in the first months of the war, the
dairy industry suffered the greatest losses (Bal-Prylyp-
ko et al., 2024). After the “shock period”, industrial farms
in the frontline and near-frontline zones tried to save
themselves as best they could. A certain number of ani-
mals died. Those who could do something moved their
livestock to safer areas in the central and Western re-
gions. That is why in critical regions, including Kharkiv
region, dairy farms reduced their livestock by 47.3% (to
17.4 thousand), in Sumy region - by 5.2% (to 25.6 thou-
sand),and in Chernihivregion - by 4.1% (37.9 thousand).
The number of cattle increased in Ternopil region, with
an increase of 17.5% (16.1 thousand), Odesa region -
14.5% (6.3 thousand), lvano-Frankivsk region - 12.2%
(4.6 thousand). According to the State Register (2021),
as of 1 December 2022, the largest number of cattle
was concentrated in Poltava (54.1 thousand), Cherkasy
(43.1 thousand) and Chernihiv (37.9 thousand) regions.
In general, according to the Unified State Register of
Animals, there were 1.98 million cattle in Ukraine at
the beginning of 2023. The largest number of cattle
was in Vinnytsia region (154.6 thousand), Poltava re-
gion (151.9 thousand) and Cherkasy region (130.1 thou-
sand).As of 1 July 2024, the number of cattle in the Uni-
fied State Register of Identified and Registered Animals
was 1,867,858 heads (State Enterprise..., n.d.).

According to preliminary data from the Ministry of
Agrarian Policy and Food of Ukraine, as of 1 April 2024,
2 million 330.5 thousand cattle were kept in the house-
hold and industrial sector, including 1 million 263.8
thousand cows. Compared to March 2024, the number
of cattle increased by 76 thousand heads (+3%), and
the number of cows increased by 3.3 thousand heads
(+0.3%). Compared to April 2023, the number of cat-
tle decreased by 172.4 thousand heads (-7%), includ-
ing 91.1 thousand heads (-7%) of cows. About 39% of
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animals are kept at industrial enterprises, while 61%
are kept in households. Many farmers are keeping cows
in wartime conditions and are experiencing a shortage
of working capital. The cost of keeping animals is be-
coming more expensive, as are the costs of feed prepa-
ration, diesel fuel and electricity, and profitability is
decreasing. Injured animals have to be culled. Produc-
tion costs are rising much faster than prices for finished
products, as people have low purchasing power. The
reduction of pasture and agricultural land due to mine
and shell contamination remains a challenge.Neverthe-
less, in 2024, the decline in the number of cattle slowed
markedly compared to 2023, and the time for some sta-
bilisation is coming. Moreover, compared to the previ-
ous year, the number of cattle in households in Kharkiv
region increased by 1% (The number of cattle..., 2024).

In 2020, total milk production in Kharkiv region de-
creased to 469.9 thousand tonnes, or 2.7 times (-800.7
thousand tonnes compared to 1990). Beef and veal pro-
duction (in slaughter weight) also decreased, except for
households. During the research period, it was found
that investments in improving the genotype of dairy
herds, more efficient breeding, more intensive milk pro-
duction technologies, rational feeding, and comfortable
housing conditions ensured an increase in milk yield
in Kharkiv region to 7,698 kg. The main breed here is
the newly created Ukrainian Black-and-White dairy
breed, which has a high milk yield potential. There are
five breeding plants of this breed in the region, and
as of 01.01.2021, there were 12,369 heads, including
4,647 cows, with a milk yield of 9,749 kg each, which
is twice as high as the regional average for farms of all
categories (State Register of Breeding Subjects...,2021).
However, the loss of a significant number of cows and
the lack of regulation in the production sector led to a
decrease in gross milk production and a shortage of milk
per capita for the population of Kharkiv region (Table 2).
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Table 2. Dynamics of milk and meat production per capita in Ukraine and Kharkiv region, kg
Years

Unit of measurement 2020 to 1990, %

1990 2000 2010 2020
Production of all types of milk, kg
. kg 4723 257.4 2452 2473 221.9
Ukraine % 100 54.5 95.3 101.1 89.5 470
- kg 3976 182.8 169.1 1925 1776
Kharkiv region % 100 46.0 925 113.8 922 447
Production of all types of meat (in slaughter weight, kg)
. kg 84.0 33.8 449 54.2 59.3
Ukraine % 100 402 103.0 1207 109.4 706
o kg 713 28.6 30.1 346 33.1
Khark 464
arkivregion % 100 401 105.2 115.0 95.7 6
Beef and veal production (in slaughter weight, kg)
. kg 387 15.3 9.3 8.9 8.2
Ukraine % 100 39.5 60.8 957 92.1 21.2
- kg 317 116 8.2 8.5 8.6
Kharkiv region % 100 36.6 70.7 103.7 101.2 271

Notes: % to the previous period
Source: developed by the authors

Feed costs for the production of 1 tonne of live

weight gain of cattle, 1 tonne of milk and one head of

cattle in enterprises were within the traditional range

Table 3. Feed costs for the production of 1 centner of cattle growth in enterprises, centner of feed per unit

and only in recent years (2018-2020) have increased
significantly, with the main reason being feed quality
(Table 3).

Feed of all kinds of which are concentrated 2020 to 2015 (all
types / of them
2015 2018 2019 2015 2018 2019 2020 concentrated), %
Ukraine 15.69 14.80 12.06 13.95 12.84 4.47 493 5.79 6.65 6.12 81.8/136.9
Kharkiv region  14.68 15.36 13.73 14.19 13.37 4.20 5.23 6.51 6.51 6.52 91.1/1471
Region to 936 1038 1138 1017 1041 940 1061 1124 980 1010
Ukraine, %
Feed costs per cent of milk production in enterprises, centner of feed per unit
Ukraine 1.18 1.00 0.86 0.89 0.84 0.37 0.41 0.48 0.49 0.46 71.2 /1243
Kharkiv region 0.98 1.02 0.87 0.87 0.83 0.35 0.44 0.49 0.49 0.47 84.7/134.2
Alonle 830 1020 1012 978 988 946 1073 1021 1000 1022
Ukraine, %
Feed consumption per 1 head of cattle in enterprises, centner of feed per unit
Ukraine 26.73 2646  29.19 29.59  28.78 17.95 19.41 2437  24.89 24.20 107.7 / 134.8
Kharkiv region  28.94 31.88 36.16 36.35 36.24 18.16 19.36 2494 25.53 25.44 125.2 /140.2
Regionto 4195 1705 1239 1228 1259 1012 997 1023 1028 1051
Ukraine, %

Source: developed by the authors

The period of the last 10 years (2010-2020 in the
dynamics by years) was chosen for the analysis of feed
costs (Table 3). The costs per 1 centner of cattle growth
in the region’s enterprises were lower than in Ukraine
only in 2010, and then they grew and in 2020 increased
to 4.1% of the average for Ukraine. There was no sig-
nificant difference between the figures for Ukraine and
Kharkiv region and between the years of the study peri-
od in terms of feed costs per 1 cent of milk production

at milk production enterprises. However, the cost of feed
per head of animals in the region was higher (the differ-
ence reached 25.9%, 5.1 in 2020), and feed costs have
increased significantly over the past three years (2018-
2020) (Ukraine =+34.8, Kharkiv region =+40.2 for feed).

The share of cattle in the Kharkiv region kept in
farms of all categories in the national total varied from
5.18 (1991) to 5.28% (2021), including the number of
cows - from 5.00t0 4.32%.1n 2021,according to the State
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Statistics Service of Ukraine (n.d.), Ukraine produced
8.72 million tonnes of milk,which is 5.9% less than in the
previous year. At the same time, agricultural enterprises
produced 2.75 million tonnes (0.4% less), and house-
holds produced 5.97 million tonnes (-8.2%). Poltava,
Vinnytsia and Khmelnytsky regions became the leaders
in milk production, although milk production in these
regions also decreased compared to the previous year.
Luhansk, Donetsk and Zaporizhzhia regions produced

the least amount of milk. The productivity of the dairy
herd in all categories of farms increased by 1.7 times on
average in Ukraine and by 2.1 times in Kharkiv region.
The most significant increase in cow productivity was
in enterprises - by 2.5 and 2.6 times, respectively. Of all
the categories of farms in the Kharkiv region, enterpris-
es produce the most milk. In 2020, 52.1% of total gross
milk production was produced by enterprises, which is
8.87% of the national production (Table 4).

Table 4. Dynamics and share of milk and meat production of cattle
in the total production in Ukraine by categories of farms in Kharkiv region from 1990 to 2020

Unit of
measurement

Types of enterprises

1990 2000

2020 to 1990, *

2020

Milk production

Farms of all ths. tonnes 1,270.6 539.6 467.2 5245 469.9 -800.7
categories % 5.18 4.26 4.15 4.94 5.07
e ths. tonnes 1,133.0 279.4 175.2 232.6 244.8 -888.2
% 6.08 7.62 7.90 8.71 8.87
. ths. tonnes 137.6 260.2 292.0 291.9 2251
Private households % 234 372 323 267 3 46 +87.5
ths. tonnes = 2.3 6.5 10.6 9.0
Farms % - 3.39 5.80 5.98 402 +389
Beef and veal production (in slaughter weight, thousand tonnes)
Farms of. all ths. tonnes 101.5 34.4 22.7 23.2 22.7 78.8
categories % 5.11 456 5.31 6.04 6.57 ’
Enterprises ths. tonnes 94.6 14.6 5.5 5.4 6.1 -88.5
% 5.23 478 5.25 5.76 7.19
Private households  ths.tonnes 6.9 19.8 17.2 17.8 16.6 +9.7

Notes: % of total production in Ukraine
Source: developed by the authors

Beef and veal production (in slaughter weight)
in 2020 was almost 4.5 times lower in all categories
of farms in the region compared to 1990. By catego-
ry of farms, the share of gross production produced

by enterprises is 7.19% and by households - 6.37%.
The most objective and economically justified indi-
cator of cattle productivity is the milk yield of cows
(Table 5).

Table 5. Average annual milk yield per cow, kg

2020 to 1990, %

Farms of all categories

. kg 2,863 2,359 4082 4,644 5,129
Ukraine % 100 82.4 173.0 113.8 1104 179.1

o kg 2,979 2,137 4,560 5,483 5,821
Kharkiv region % 100 71.7 213.7 120.2 106.2 1954

At enterprises

_ kg 2,941 1,588 3,975 5,352 6,634
Ukraine % 100 54.0 250.3 134.6 124.0 2256

o kg 2,975 1,689 4413 6,302 7,698
Kharkiv region % 100 56.8 261.3 142.8 1222 2588

At private households

. kg 2,637 2,960 4110 4497 4,666
Ukraine % 100 139.9 108.0 108.0 105.2 105.2

o kg 3,017 3,059 4,660 4937 4545
Kharkiv region % 100 101.4 152.3 105.9 921 1506

Notes: % to the previous period
Source: developed by the authors
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Investments in the development of the dairy indus-
tryin enterprises over the past decade (2010-2021) have
created more opportunities to improve genetic poten-
tial, apply intensive production technologies, improve
feeding, and create more comfortable conditions. As a
result,the average annual milk yield per cow in Ukraini-
an enterprises increased to 6,634 kg, and in the region -
to 7,698 kg, which is more than in households by 1,968
and 3,153 kg. However, as of 01.01.2021, the number
of cows kept in Ukrainian enterprises has significantly
decreased and amounts to only 25.3%, and to 40.7%
of the total in the region. A new Ukrainian Black-and-

White dairy breed is being introduced in Kharkiv region.
There are five breeding plants in the region that are en-
gaged in the improvement of cattle of this breed with a
total number of 12,369 heads of breeding cattle as of 1
January 2021, including 4,647 heads of cows. According
to the annual reports of breeding plants for 2020, the
milk yield per cow is 9,749 kg, which is almost twice as
high as the average for farms of all categories in the re-
gion (190.1%). Gradually, from year to year, the livestock
sector (especially meat production) in the country is not
profitable, as evidenced by the level of profitability of
production at the enterprises of the region (Table 6).

Table 6. The level of profitability of milk and meat production at enterprises

Years
peetotoradice
ypes of products 1990 2000 2012 2015 2016 2017 2018 2019
Milk 32.2 -6 18 127 186 269 16.1 20.6
Cattle for meat 20.6 423 1283 169 2232 34 177 2271

Source: developed by the authors

The production of cattle meat has led to a critical
state of the industry due to a decrease in the number
of livestock and production volumes (Kopytets & Vo-
loshyn, 2020). Volatility in purchase prices for livestock
products, low purchasing power of the population,
imperfect import regulation and financial and credit
policy in the agricultural sector, as well as unregulated

relations in the areas of production, harvesting, pro-
cessing and trade have led to the decline of the indus-
try. In Ukraine and in Kharkiv region, due to the decline
in gross livestock production, milk and meat produc-
tion per capita lags far behind physiological standards
(380 kg of milk and 80 kg of meat) and continues to
decline (Table 7).

Table 7. Dynamics of milk and meat production per capita in Ukraine and Kharkiv region, kg

Unit of measurement

2020 to 1990, *

2000

Production of all types of milk, kg

. kg 4723 2574 2452 247.8 221.9
Ukraine % 100 54.5 95.3 101.1 89.5 2504
- kg 3976 182.8 169.1 192.5 1776
Kharkiv region % 100 46.0 925 113.8 922 2200
Production of all types of meat (in slaughter weight, kg)
. kg 84.0 33.8 449 54.2 59.3
Ukraine % 100 402 103.0 120.7 109.4 247
o kg 713 28.6 30.1 34.6 331
Kharkiv region % 100 40.1 105.2 115.0 957 38.2
Beef and veal production (in slaughter weight, kg)
. kg 38.7 15.3 9.3 8.9 8.2
Ukraine % 100 39.5 60.8 95.7 921 -50.5
- kg 317 116 8.2 8.5 8.6
Kharkiv region % 100 36.6 70.7 103.7 101.2 291

Notes: % to the previous period
Source: developed by the authors

While from 1990 to 2010, the production of milk
and meat of all kinds per capita continued to decline,
from 2010 to 2015, milk production per capita increased
by 2.6 kg on average in Ukraine and by 23.4 kg in the
region, in 2020, compared to 2015, milk production

decreased by 10.5% on average in Ukraine and by 9.2%
in the region, and is 58.4 and 46.7% of the physiologi-
cal norm, respectively.

As for the production per capita of all types of meat,
from 2015 to 2020, it increased by 5.1 kg in Ukraine and
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decreased by one and a half kilograms in the region,
and in 2020 it was 67.8% of the normative indicators
on average in Ukraine and 41.4% in the region. Of all
the types of meat, beef and veal are the least produced
per person in the country (8.2 kg), which is only 21.2%
of the 1990 figure, and in Kharkiv region (8.6 kg and
27.1%, respectively). A particular threat to Llivestock
farming is posed by the government’s attempt to meet
domestic demand for meat and dairy products through
imports. This actually brings the country closer to the
critical point of national food security, but the loss of
soil fertility is very dangerous.

Over 30 years, the gross production of bedding ma-
nure has decreased by 8.4 times, while the area of ag-
ricultural land has remained virtually unchanged. Cows
processed feed into milk, and the production of organic
fertilisers from them has also decreased significantly
(by 5.2 times) over such a long period, but this is much
less than the total number of cattle. However, in enter-
prises, organic production decreased by 15 times (in-
cluding 12.1 times from cows). In 2020, households and
farms produced organic matter steadily and returned
60% of the total volume of bedding manure production

to land. A decrease in cattle numbers and a decrease
in animal consumption of bulk (hay, haylage) and an
increase in concentrates in the diet resulted in a loss of
organic fertiliser production as soil fertility deteriorated.

During the stall period (210 days), the manure out-
put per cow is 7 tonnes, but during the so-called grazing
period (155 days), cows in Kharkiv region are kept tied
up, and the average annual manure production reach-
es 12 tonnes per cow (5 tonnes on average for young
cattle). Of the total feed fed to cattle, 60% is absorbed,
5% is lost, and 35% is excreted as excrement, which,
together with the remains of uneaten feed and bedding
material, forms manure. Manure contains nutrients that
are essential for plant life, and it contains 50-70% of
nitrogen, which is absorbed by plants after mineralisa-
tion in the first year of application to the soil and is the
starting material for humus formation. Manure is divid-
ed into bedding, semi-liquid, liquid and slurry based on
its moisture content. Only cow bedding manure (winter
wheat straw), which is the most suitable for obtaining
20% of humus organic matter, was used in the calcu-
lations of manure yield and the following results were
obtained (Table 8).

Table 8. Dynamics of bedding manure production
in farms of Kharkiv region for the period 1991-2021 (thousand tonnes)

Groups of Years 2021 to 1991
livestock 1991 2001 2011 2015 2021 % times
Beef and veal production (in slaughter weight, kg)
Total from cattle 10,834 3,963 1,656 1,633 1,292 11.9 8.4
including cows 4,980 2,604 1,206 1,112 952 19.1 5.2
In enterprises
Total from cattle 10,232 2,876 823 825 680 6.6 15.0
including cows 4,464 1,601 480 448 388 8.7 121
In farms
Total from cattle = 31 34 40 32 5.6
including cows 16.8 19.2 21.6 20.4 214
In households
Total from cattle 637 1,150 882 857 743 +16.6
including cows 560 1,092 788 720 608 +8.8

Source: developed by the authors

Between 1991 and 2021, the production of manure
from cattle in all categories of farms decreased by 8.8
times, including 5.2 times from cows. The main reason
is a significant decrease in the number of livestock.
This was most noticeable in enterprises, while in farms
and households it increased, but their total percentage
was only 7.4%. In other words, the decrease in organic
fertiliser production in Kharkiv region was influenced
by a decrease in the number of producers, a trend that
coincided with changes in Ukraine as a whole. And this
most basic of the most powerful production assets has
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different quality indicators even within individual areas
of one settlement, let alone an entire farm, a separate
district, region, or country. This happens depending on
how the land is managed. Long-term barbaric use of
land for high yields leads to its depletion, impoverish-
ing it of nutrients, especially its most valuable compo-
nent — humus. The land is not capable of synthesising
this fertiliser on its own; this function is performed by
soil biota based on specific raw materials - organic and
mineral substances, mostly secondary livestock prod-
ucts, and primarily ruminant manure.



DISCUSSION

For various reasons, it is quite difficult for agricultur-
al producers in Ukraine to maintain, let alone increase,
the number of cattle and ensure the production of
milk and meat. Between 1991 and 2021, scientists and
practitioners were looking for effective ways to not
only increase animal productivity but also improve the
quality and environmental safety of milk,and much was
achieved. Much attention was paid to animal feeding,
breeding and selection, improving cattle keeping con-
ditions, and environmental safety. In 2022, the hostili-
ties caused significant losses to the agricultural sector
throughout Ukraine, with cattle farms in the frontline
regions of the Forest-Steppe zone of Ukraine and the
regions that were occupied, including Kharkiv region,
suffering the most. In 2023-2024, the situation stabi-
lised somewhat, but the number of cattle in the region
decreased by almost 50%. In the second half of 2024,
hostilities continued in the Kharkiv region, so there is
no hope for a rapid improvement in the livestock sector.
Mine contamination of agricultural land complicates
the situation with field work, production of high-quality
crops and animal feed, and the reduction in cattle num-
bers has led to a decrease in the application of organic
fertilisers to the soil.

It is important to analyse the current situation in
the livestock sector, take into account the accumulated
scientific and practical experience and prepare for the
post-war recovery of the industry, increase in the num-
ber of animals and their productivity, and production
of environmentally safe milk and beef meat based on
the introduction of innovative technologies and inter-
national experience. Manure composting is one of the
most effective ways of processing manure,which is used
in various countries where cattle are kept. Scientists
X.Zheng et al. (2022) emphasise that anaerobic diges-
tion and composting of manure are increasingly attract-
ing attention due to the increase in organic fertiliser
production and environmental safety. Composting is an
ideal way to utilise the nutrients in animal manure. To
reduce soil contamination with heavy metals, especially
such hazardous metals as cadmium and lead, research-
ers recommend that agricultural producers take a ho-
listic approach by producing both compost and biogas,
which is very important in the context of the energy
crisis and environmental protection. Heavy metal pollu-
tion from man-made and military impacts threatens an-
imal and human health due to their high bioavailability,
cumulative nature and migration in the trophic chain.

Scientists from China, H. Wang et al. (2013), exam-
ined samples of feed and manure for heavy metals on
livestock farms. It was found that zinc and copper in an-
imal feed ranged from 15.9 to 2,041.8 and 392.1 mg/kg,
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respectively, while mercury, arsenic, lead,and chromium
in all feeds were below 10 mg/kg. The concentration of
copper, zing, arsenic, and chromium in animal feed and
manure had a positive correlation, but cadmium, mer-
cury,and lead were not statistically correlated between
the content in feed and manure. The highest concentra-
tions were found for copper and zinc in both feed and
organic waste from different animal species, including
dairy cattle. The authors also emphasise that the con-
tent of heavy metals in organic waste from dairy ani-
mals has only increased over time, which means that it
poses an environmental risk of soil pollution. Research-
ers M. Xiang et al. (2021) note that the increase in the
content of heavy metals in the soil is due to a violation
of the norms for applying organic fertiliser from live-
stock waste if animals were fed feed containing hazard-
ous ecotoxicants. Heavy metals pose a significant threat
to agricultural production. Soil contamination can pose
a potential environmental risk, and crop contamination
can already pose a risk to human health.

Y. Xu et al. (2019) also note that livestock manure
tends to be contaminated with heavy metals, as large
amounts of the mineral elements copper and zinc are
added to the feed, which are heavy metals but biogen-
ically important for the animal body. A large amount of
these elements is released into the soil with organic
waste. Elevated concentrations of copper and zinc in
cattle manure were found in different regions of the
country and varied significantly. Scientists from the
United Kingdom, F.A. Nicholson et al. (1999), also em-
phasise the environmental hazards of heavy metal con-
tamination of feed and manure. Other scientists (Tao et
al., 2020) took samples of feed and analysed the con-
tent of cadmium, chromium, arsenic, and mercury using
atomic absorption spectrophotometry. The researchers
conclude that systematic environmental monitoring
of the concentration of heavy metals in animal feed,
implementation of feed management and bioremedia-
tion strategies to reduce the impact of heavy metals is
important, which should be taken into account in the
post-war period on farms not only in Kharkiv region but
also in other regions where cattle are kept and milk and
meat are produced.

Nutrients from organic fertilisers obtained after
composting cattle manure are used by plants in the
first, second and third year after application. The in-
crease in livestock numbers in the post-war period will
lead to an increase in organic waste, which will lead
to an increase in organic matter application to the soil
and litter manure will be effective as fertiliser for in-
dustrial and fodder crops, including sugar, fodder beet,
corn for silage and grain, rapeseed, sunflower, soybeans
and other crops. The application of organic fertilisers
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for fodder crops to be used as feed in dairy cows’ diets
should be standardised with due regard to the content
of heavy metals. Since the accumulation of pollutants
in the soil will eventually lead to increased accumu-
lation in plants grown, feed for dairy cows or animals
raised for meat, followed by rapid entry into milk and
accumulation in muscle tissue. In the more environ-
mentally stressed regions of Ukraine’s Forest-Steppe
zone, more organic fertilisers can be used for industrial
crops such as sunflower, rapeseed, and sugar beet, but
avoiding over-application.

Scientists from India emphasise that milk plays a
key role in human nutrition, especially for children, due
to its content of protein, vitamins, and calcium, which
contribute to cognitive development, but the risk of
potential hazards of heavy metals in milk due to en-
vironmental exposure and the intake of toxic metals
from animal feed has attracted not only their attention
but also the attention of scientists around the world
(Alam et al., 2024). They studied seasonal fluctuations
in the quantitative intake of heavy metals cadmium,
chromium, and lead by dairy cows in the South Indian
metropolis of Bengaluru. The analyses of the samples
revealed the content of pollutants in feed, milk, and or-
ganic waste. The study covered thirty-nine dairy farms
in urban and suburban areas. Significant concentrations
of heavy metals were found in organic cattle waste,
while cow’s milk was safe. At the same time, there was a
risk of re-contamination of the soil by organic fertiliser
with high concentrations of toxic metals.

Farmers often face the question of how to run their
farms: conventional or organic farming. Plant-based
production of organobiological products in Ukraine is
more developed than animal-based production, which
requires significant investment (Pysarenko et al., 2019).
The choice can significantly affect the financial perfor-
mance of the farm and the impact on the environment.
Norwegian scientists R. Bang et al. (2024) compare the
profitability of conventional and organic cattle systems,
taking into account the characteristics of farms, feed
production, feed quality, milk quotas, livestock housing
capacity, etc. and conclude that if feed is of good qual-
ity, easily accessible, but livestock production cannot
be expanded due to the maximum number of animals
kept, milk quota restrictions, organic farming can dis-
place conventional farming. Gross profit is maximised
by conventional farming. Researchers emphasise the
crucial role of feed production capacity and quality in
relation to the available milk quota and infrastructure
when considering the transition from conventional
to organic farming. In other words, in the future, as a
guideline for farmers, the environmentally friendly or-
ganic-biological type of farming should be more widely
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implemented. The organisation of environmentally safe
milk production in terms of heavy metal content on cat-
tle farms in different countries of the world under the
influence of natural and anthropogenic factors remains
relevant (Ozbay et al., 2023).

After the end of the war, the restoration of the live-
stock sector in Kharkiv region and Ukraine as a whole
should be based on innovation, taking into account the
integration of crop and livestock production compo-
nents in combination with the preservation of the envi-
ronment and its components of atmospheric air, soil,wa-
ter, and living organisms. High-quality, environmentally
friendly crop and livestock products, especially milk and
beef meat produced in both conventional and organic
farms, will have a competitive advantage in the market.

CONCLUSIONS
Over the past 30 years (1991-2021), the Kharkiv re-
gion has lost the potential of the dairy industry and the
number of cattle has decreased by 8.4 times, includ-
ing cows - by 5.2 times, the most significant reduction
in the total number of cattle occurred in 1991-2001
(by 6.54 times), including cows (by 4.1 times). Due to
the reduction in production resources, there was a de-
crease in milk production (-800 thousand tonnes or
2.7 times) and beef and veal production (in slaughter
weight) (-78.8 thousand tonnes or 4.5 times), with the
main “drop” occurring in the period 1990-2010 (2.7 and
4.5 times respectively). Enterprises suffered the most
among all categories of farms. Despite the decline in
gross milk production, the average annual milk yield
per cow in the region increased by 2,840 kg (2.0 times
or 195%) from 1990 to 2020 and reached 5,821 kg in
2020. The most significant increase in cow productivity
(+4,693 kg) occurred in enterprises (from 2,975 kg to
7,698 kg). Cow productivity increased due to breeding,
the use of intensive technologies, improved feeding
and housing conditions on farms in the region. The re-
duction in the number of cattle, and cows in particu-
lar, led to a decrease in gross production of organic
fertilisers (manure) by 8.8 times, including 5.2 times
from cows themselves. Despite a significant increase
in milk yields, the downward trend in organic produc-
tion was similar in Kharkiv region enterprises, as well
as in farms of all categories in Ukraine. In developing
the dairy farming sector in the post-war period, it is
necessary to increase the number of cattle, as there is
no more effective measure to obtain organic fertilisers
and prevent the crisis of degradation of Ukrainian black
soil and produce environmentally friendly products in
an integrated agricultural production system. Further
research could be aimed at analysing the quality and
environmental safety of cow’s milk and beef produced.
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arpapHoro BUpo6HMLTBA i eKoNoriyHoi 6e3neku
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AHotauisa. baratopiuHnit aHanis craHy ranysi ckotapcTBa B mepiod A0 noyatky BiMHM 2022 poky Mae Bax/ivBe
3HaYeHHSs AN9 NiCNSBOEHHOIO BiAHOBMEHHS perioHiB YkpaiHu. MeTa A0CNiAXeHHS: BCTAHOBUTU YNHHUKM BTPAT Nif, Yac
BMPOOHULITBA MPOAYKTIB CKOTApCTBa, METOAM, 3aCOOM iHTErPOBAHOIO po3BMUTKY. byno AOTpMMaHO 3aranbHONPURHATUX
METOAIB B 300TeXHii, 4OCNIAKEHHS NPOBEAEHO 3a TPUALATHK pivHKiA nepiog (1991-2021 pokwu) BianoBiaAHO 0 eTanis
BMKOHAHHS HAyKOBO-poCNigHOI pob6otn Homep: 0121U113933 Big 18.11.2021 poky. BctaHoBneHo, Wo noronies
BE/IMKOI poraToi xynobu 3meHwmunocs y 8,4 pasa, kopis — y 5,2 pa3a. 3HM31N0CA BanoBe BUPOOHMLTBO MONIOKaA — Y
2,7 pasa, ANOBUYMHM | TenaTuHU — y 4,5 pasa. [ToninweHHS reHeTUYHOro NOTeHLiany Noronied, rofieni, yTpuMaHHs
CNpu1sno NiaBULLEHHIO NPOAYKTUBHOCTI KOPIB B cepefiHboMy No obnacTi Ha 2842 kr,y niainpueMcrTeax — Ha 4693 kr.Ha
01.01.2021 cTBOpeHO 5 NneM3aBOAiB YKPAiHCbKOT HOPHO-PS60i MONOYHOT Nopoam 3 noronisam 12369 ronis, y ToMy
uncni 4647 kopis, HapoeM 3a 2020 pik 9749 kr. PeHTabenbHicTb BUPO6HULTBA Moioka 3a 2019 pik ctaHosuna 20,6 %,
BMPOLLYBaHHS BEIMKOI poraToi xyaobu Ha Maco BusBnnocs 36mutkosuM (-27,1 %). barato rocnogapcTs nepeTBOpIo0Th
FHiM HAa KOMMOCT, KM BHOCATb NifA opaHKy rpyHTY. 3 1991 no 2021 poku y XapkiBcbKiri obnacTi Bigbynacsa BTpaTta
noTeHUiany MONOYHOI ranysi, MOroniBa BeIMKOI poratoi Xxyaobu 3MeHWmnNocs, Hambinblie CKOPOYEHHS NPMNANo Ha
1991-2001 poku (y 6,54 pa3za). 3MeHLINN0CS BUPOBHULITBO MOOKa Y 2,7 pa3a Ta AI0BUYMHM | TenaTuHK y 4,5 pasa,
OCHOBHe «najiHHa» Biadynocsa B nepios 1990-2010 poku (B 2,7 Ta 4,5 pasa BignosigHo). CepefHbOPiYHUIA HAAIN
Ha ofHY KopoBy B cepeaHboMy no obnacti 3 1990 no 2020 pik 3pic Ha 2840 kr i B 2020 poui craHoBuB 5821 kr.
MpaKTUYHa LiHHICTb: y CTATTi BNepLe 3pobaeHo 6araTopiyHMI aHani3 CTaHy ranysi CKOTapcTBa A0 NOYaTKy 6oMoBMX
Liv B YKpaiHi 3 ypaxyBaHHSIM TEXHONOMYHUX T OpPraHi3auifHO-eKOHOMIYHMX ACMeKTiB

KntouoBi cnoBa: opraHiyHi 406puBa; ryMyc; r'pyHT; BiGHOBNEHHS POAKYOCTI; MOJIOKO; A/TOBUUYMHA

Ukrainian Black Sea Region Agrarian Science, 28(3), 19-31

31


https://orcid.org/0000-0003-3638-2525
https://orcid.org/0000-0001-5716-7352
https://orcid.org/0000-0002-2604-5720

32

UDC: 351.779:636.2:17.023.35 Ukrainian Black Sea Region Agrarian Science
DOI: 10.56407/bs.agrarian/3.2024.32 Vol. 28, No. 3

Sanitary and hygienic assessment
of the welfare of Ukrainian Black-and-White cattle breedy

Olena Karatieieva*®

PhD in Agriculture, Associate Professor

Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0000-0002-0652-1240

Vadim Posukhin

Assistant

Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0000-0001-6757-260X

Andrzej Borusiewicz

Doctor Habilitatus, Engineer, Professor of MANS
International Academy of Applied Sciences in tomza
18-400, 19 Studencka Str., Lomza, Republic of Poland
https://orcid.org/0000-0002-1407-7530

Abstract. Dairy farming is one of the most important areas in the agricultural sector, which regularly provides
the country’s population with valuable nutritionally and hygienically safe food products. However, for proper
functioning and ensuring a high level of animal productivity, it is essential to take into account such elements
as maintaining a consistently high level of sanitary and hygienic conditions in livestock premises, as well as
optimising feeding and housing conditions. The purpose of the study was to evaluate different ways of keeping
cattle in terms of sanitary and hygienic conditions, taking into account the physiological state of cows. The
study was based on zootechnical and breeding records for the previous years of the enterprise’s operation.
The research data were calculated using MS Excel 2013. The results of the study indicate that the air in those
livestock buildings where dairy cows were kept next to dry cows on a tether had the highest percentage of
carbon dioxide at 6 am (0.32%), then during the day this figure decreased to 0.19% and increased again closer
to the evening and night time, during which period its value was 0.28%. This indicates that the efficiency of the
ventilation system is imperfect in the above method of cattle housing. In addition, the air contamination with
microorganisms during the day in different ways of keeping animals had quite clear changes. This is due to the
fact that it is during the day that all the most significant technological processes of milk production take place,
and this in turn automatically leads to an increase in the number of microorganisms in the air. Thus, taking into
account the study of microclimate parameters (air composition, the number of microorganisms in the air, the
amount of water vapour), the best option is to separate cows during the dry period from the dairy herd into
a specially isolated section equipped with combined boxes, with a free-standing method of housing, which
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will provide better conditions for keeping dry cows. Thus, compliance with cow housing standards will reduce
healthcare costs, increase life expectancy, improve animal welfare and contribute to higher milk production

Keywords: technology; containment methods; relative humidity; carbon dioxide; ammonia content; microbial

contamination

INTRODUCTION
Intensification of agriculture and dairy farming in gen-
eral, as well as maintaining its stable sustainability
over a significant period of time, is one of the key points
for the effective development of the country’s economic
potential in the agricultural sector.

According to M.R.H. Rakib et al. (2020), the finan-
cial efficiency of dairy farming is a close consolidation
of the following elements: high efficiency of the agri-
cultural process, maximum productivity of the use of
production resources, a positive correlation between
the obtained labour costs and increased profitability of
production by obtaining a large number of high-qual-
ity agricultural products. This, in turn, is not possible
without creating optimal conditions for keeping cows,
providing them with comfortable climate and microcli-
mate conditions depending on their physiological state.

A. Shevchenko & O. Petrenko (2020) argue that if
an environment is not created for animals that meets
all zoohygienic and veterinary and sanitary standards, it
will be impossible to obtain the highest possible level
of productivity from them and maintain good health.
According to S. Brodovsky (2021), in cows that are re-
cord holders in terms of milk production and calf birth,
if the relevant microclimate parameters are not met,
the resistance of the immune system and the resistance
of the body as a whole begins to decrease sharply, and
as a result, causes various diseases, the development of
pathological processes, and in the most severe cases,
even the death of animals.

M. Zakharenko et al. (2023) also point out that in
order to prevent the occurrence of diseases and subse-
quently obtain the maximum number of dairy products
and solve a number of other pressing issues that will
arise as a result of the work, it is necessary to know
and strictly adhere to the basic tenets of animal health,
respond in a timely manner to any deviations and solve
them correctly. Particular attention should be paid to
the study of the environment in which the animals are
kept and at the same time to take all necessary meas-
ures to improve the health of the cow herd.

According to R. Bleizgys et al. (2023), one of the im-
portant conditions for keeping cows is to ensure the
necessary microclimate parameters in the barn. At the
same time, elevated temperature and humidity in the
room can cause heat stress in cows, which negatively

affects their physiological state and productivity, and
can even cause a deterioration in the quality of milk
produced. In addition, according to C. Kipp et al. (2021),
an increase in humidity and temperature in barns leads
to an increase in greenhouse gas emissions.

Monitoring of data in the world practice of dairy
farming shows that a number of authors cite non-com-
pliance with the recommendations of standards for an-
imal welfare indicators and the creation of comforta-
ble microclimate conditions for animals. For example,
G.E. Dahl et al. (2020) report that indoor temperature,
humidity and ventilation conditions do not always meet
the standards and are often the cause of heat stress in
summer, especially in dry cows and cows during calving.
In turn, C.B. Tucker et al. (2021) found that unfavourable
conditions, including poor ventilation, insufficient gas
exchange, heat and rain, lead to the accumulation of
large amounts of harmful gases in the air and contrib-
ute to microbial contamination of the air.

Creating comfortable conditions during late preg-
nancy in dry cows is beneficial for both the cow and
the developing calf. And violation or non-compliance
with sanitary and hygienic standards of keeping such
animals has a number of negative consequences, not
only for the cow itself, but also for calves that will be
in unsatisfactory conditions during intrauterine devel-
opment. Therefore, the issue of studying the welfare of
pregnant cows during dry periods does not lose its rel-
evance, which aroused interest in assessing the condi-
tions of keeping Ukrainian Black-and-White cows dur-
ing dry periods in the Southern region of Ukraine.

LITERATURE REVIEW

In the conditions of agricultural enterprises, cattle can
be kept in quite different ways and systems. The main
methods include tethered and untethered, and among
the housing systems there are four main types - fat-
tening grounds, walking and non-walking, and pasture
systems. Therefore, depending on the above methods
and systems, appropriate climate and microclimate
conditions should be created in the premises where
animals are kept, depending on their age and physio-
logical condition.

According to M.R. Mondaca (2019) and D. Lovarel-
li et al. (2020), housing in a free-range system usually
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takes place either on deep bedding or can be replaced
by housing on a slotted floor. When cows are kept teth-
ered, floor space is an important issue, with 1.7-2.1 m?
per animal always being allocated. When cattle are kept
untethered, the area of the animal’s location increases,
which in turn leads to an increase in the motor activi-
ty of cows, according to the standards, the area ranges
from 3 to 7 m? per animal. Feeding is provided either
through a feed trough or a feed table. In this case, the
feeding front per head should be at least 70 cm.

G.E. Dahl et al. (2020) found that the importance of
such an important issue as microclimate from a veter-
inary and sanitary point of view can vary significantly
depending on the systems and methods of housing.
Thus, in the premises where animals are kept in the un-
tethered system, the ambient temperature is the lowest
compared to other systems and is 6-8°C. Of all the age
and sex groups of animals, young animals are the most
sensitive and vulnerable to cold, which can cause dis-
eases. Therefore, the temperature indicators for them
are the highest, reaching 12-18°C. For tethered hous-
ing, the room temperature is between 8-12°C.

Both temperature and humidity levels in livestock
housing are quite broad concepts. Typically, the opti-
mum humidity level should be 75%, with a permissi-
ble limit of 85%. R.F. Cooke (2019) found that air com-
position and air quality in barns is also important in
creating good cow welfare. One of the most common
elements of the air environment in livestock buildings
is ammonia. Ammonia is a colourless gas characterised
by a strong pungent odour and is highly irritating to
mucous membranes. It is most often found in the air in
the form of carbon dioxide, nitrogen dioxide and nitric
acid salts. It is released into the atmosphere through
the decay of substances with a high nitrogen content,
and penetrates the soil from various manure storage
facilities and industrial enterprises. In livestock build-
ings, the main source of ammonia is nitrogen-contain-
ing substances that undergo decomposition (faeces and
urine). Studies have shown that extremely high levels
of ammonia can be detected in poorly functioning sew-
age and ventilation systems, as well as in places where
animals are crowded in tethered housing.

A. Shuliar et al. (2020) believe that if all sanitary
and hygienic standards are met at a high level in Llive-
stock buildings: manure is removed and disposed of in
a timely manner, sewage and ventilation systems op-
erate systematically, and a consistently clean floor is
maintained, then the ammonia content in the air can
be reduced to a minimum. S. Voitenko & I. Zhelizn-
yak (2019) confirmed that the permissible ammonia
content for cowsheds is a fairly broad concept and has
a close correlation between the age and physiological
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state of the animal. For example, adult cattle are fully
formed in terms of growth and development and are
more resilient, so a level of up to 20 mg/m? is a satis-
factory indicator for them. Young cattle are more vul-
nerable and sensitive, so this value is lower for them
and is up to 10 mg/m?.

Another important element found in the air envi-
ronment is hydrogen sulphide. This type of gas is the
most harmful and often causes the death of animals
due to the toxicity of waste on the farm. It spreads
extremely quickly over the ground and indoors and
reaches its peak concentration in manure storage
areas. According to M. Maasikmets et al. (2015), the
most dangerous feature of hydrogen sulphide is that
it causes paralysis of the nerve cells in the nose, lead-
ing to a suppression of the sense of smell. At higher
concentrations, loss of consciousness occurs quickly
enough, and death can occur in a few minutes. Howev-
er, even a short stay in an environment filled with hy-
drogen sulphide results in a slow reaction, which can
result in death of a person or animal from pulmonary
edema in 24 hours.

Thus, the assessment of the conditions of keeping
Ukrainian Black-and-White cows using different meth-
ods will help to identify the best sanitary and hygienic
criteria and factors of keeping, which in turn will allow
to manage the indicators related to the welfare of dairy
cattle, and as a result, will improve the health of cows
and directly affect the level of their milk production.

MATERIALS AND METHODS
The research was carried out in the conditions of the
State Enterprise “Plemreproductor ‘Stepove”, Mykolaiv
district, Ukraine, in the period 2023-2024. To achieve
the task, three groups of Ukrainian Black-and-White
cows were formed, which were in the period of dryness.
In further work, 10 animals were selected for the exper-
iment, and in each group, the comparison was formed
according to the principle of analogue pairs.

The experimental groups differed in the way they
were kept, with the control group cows being kept on a
tether next to lactating cows. For the cows of the first
experimental group, a tethered method of housing with
separate sections was used. Animals of the second ex-
perimental group were kept in a separate section with-
out tethering in combined boxes.

In the premises where cattle were kept, the micro-
climate parameters were studied every ten days in three
sections, this work was carried out with a frequency of
four times a day, with an interval of 6 hours. The time
of material collection was as follows: at 6 am,at 12 pm,
at 6 pm, at 12 am. For a clearer analysis and more de-
tailed coverage of the results of the work carried out,



biometric data processing was carried out using MS
Excel 2013 according to the methodology of S. Kram-
arenko et al. (2019).

The rules for handling animals in the experiment
fully complied with European legislation (Council Di-
rective of the European Union No. 98/58/EC, 1998; Na-
lon & Stevenson, 2019). The protocol of the experiment
on blood sampling from cows was approved by the lo-
cal bioethics committee of Mykolaiv National Agrarian
University, Ukraine, in accordance with the Good Clini-
cal Practice (GCP) for the protection and humane treat-
ment of experimental animals.
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RESULTS
Investigating the level of humidity in livestock build-
ings where cattle are kept, it can be observed that the
data obtained are quite different. For example, when
dry cows are kept on a tether together with lactating
cows, the humidity level varied slightly during the day
and slightly exceeded the norms (Demchuk et al., 2006).
When animals were kept on a tether in a specially desig-
nated separate section, as well as when they were kept
in combine cubicles without ties in an isolated section,
the level of relative humidity was much lower and did
not exceed the values established by the norm (Table 1).

Table 1. Relative humidity level of livestock premises in different ways of keeping cows, %

Method of keeping TG Tt.‘e average
6 am 12 pm 6 pm 12 am indicator
Tethered (together with cows during lactation) 82.9+2.21 87.9+2.20 88.0+2.05 84.3+258  85.77%2.26
Tethered (in a separate section) 68.9+1.00 72.1+1.01 72.4+1.28 68.6+x1.21 70.50%1.13
Untethered (in a separate section with combined boxes) 64.4+1.54 69.3+1.53 69.8+1.80 65.7+1.51 67.30£1.59

Source: authors’ development

In the daytime (from 6 am to 12 pm), when animals
were kept tethered, the relative humidity increased
quite significantly, while remaining steadily at the
same level until 6 pm, and only after that it decreased
by 3.8%. This point can be explained by the fact that
it is during this period of time that physiological pro-
cesses of urine and faeces excretion are actively taking
place, as well as the intensive process of air gas ex-
change, since animals are one of the main sources of
water vapour in the room. It is also during this period

that the main production and technological processes
take place. Relative air humidity during the day in the
livestock premises where cows were kept in a separate
section with combined boxes without tethering was
18.2-18.6% lower compared to animals kept on a tether
next to the milking cows. The company also studied the
carbon content in the air of livestock premises depend-
ing on the way cows are kept. Thus, it was found that
the highest level of CO, was observed when dry cows
were kept together with dairy cows (Table 2).

Table 2. Carbon dioxide content in the air of the premises in different ways of keeping cattle, %

Method of keeping Time of the day Tl.1e average
6 am 12 pm 6 pm 12 am indicator
Tethered (together with cows during lactation) 0.32+#0.022 0.19+0.012 0.19%+0.008 0.28%#0.020 0.25%+0.015
Tethered (in a separate section) 0.18+0.007 0.12%+0.006 0.12#0.005 0.23*0.009 0.16*0.006
Untethered (in a separate section with combined boxes) 0.22+0.009 0.14*0.007 0.15+0.003 0.22*0.006 0.18+0.006

Source: authors’ development

The air in the room where the dairy cows were kept
next to the dry cows had the highest carbon dioxide
level at 6 am (0.32%). During the day, it gradually de-
creased to 0.19%, and in the late afternoon and at night
it increased again to 0.28%. One of the main reasons for
these changes is that when cows of different physiolog-
ical groups (dairy and dry cows) are kept, the efficiency
of the ventilation system is relatively unsatisfactory.

In the second method of cow housing, the average
carbon content was 0.16%, which was the best indica-
tor and was characterised by somewhat stable values

during the day - 0.12% from 12 pm to 6 pm. It slightly
increased at 6 am to 0.18% and reached its maximum
value at 12 am - 0.23%. This is probably due to the low
mobility of animals and their rest period at this time.
The third method of keeping cows in combined box-
es revealed average carbon dioxide values of 0.18%,
which were characterised by dynamics during the day.
The highest level was observed, again at 6 am and at
12 am - 0.22%. At the same time, during the day, from
12 pm to 6 pm, the carbon level fluctuated between
0.14 and 0.15%.
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An important indicator that characterises the sani-
tary condition in the livestock building and is also impor-
tant when assessing the operation of the sewage system

is the concentration of ammonia in the air. Studies have
shown that the method of keeping cattle did not signif-
icantly affect the ammonia content in the air (Table 3).

Table 3. Ammonia content in livestock premises in different ways of keeping cows, mg/m?

Method of keeping Time of the day Tl.me average
6 am 12 pm 6 pm 12 am indicator
Tethered (together with cows during lactation) 23.0+1.08 16.6+1.05 15.9£0.65 22.9+£0.90 19.6+0.92
Tethered (in a separate section) 20.2+0.67 14.8+0.93 15.3+0.56 22.4+0.79 18.2+0.74
Untethered (in a separate section with combined boxes) 18.7+0.62 14.8+0.74 13.9+0.83 24.0+0.75 17.8+0.74

Source: authors’ development

In the study of the tethered method of keeping cat-
tle in stalls together with dairy cows, despite the fact
that the concentration of ammonia in the air was quite
fluctuating, it was within normal limits, and the only
exception was the night period (from 12 am to 6 am)
when the ammonia content in the air exceeded the
maximum permissible level - 22.9-23.0 mg/m>. When
dry cows were kept in a separate section with com-
bined boxes without being tethered, the concentration
of ammonia in the air reached its lowest values dur-
ing the day, during the active period of animals (from
12 pmto 6 pm) - 13.9-14.8 mg/m3. Under the tethered
method, when dry cows were kept in separate sections,
the ammonia content in the air was average, and its
highest concentration occurred during the period of
reduced cow activity, i.e. at night - 20.2-22.4 mg/m3. At

the same time, during the day, this indicator fluctuat-
ed at the level of 14.8-15.3 mg/m?>. This is due to the
lower air mobility in the barn when animals are resting
than during their physical activity and during the main
production processes.

As of 2024, one of the least studied issues in live-
stock farming is the study of the level of air pollution by
microorganisms, which has aroused interest in studying
this aspect as an important indicator of animal welfare.
A significant role in this issue is given to the study of
the main technological processes, such as feeding and
watering animals, milking, ventilation system opera-
tion, as well as the quality of building materials used
for stalls and floors, as they affect the degree of con-
tamination of livestock premises with various microor-
ganisms (Table 4).

Table 4. The level of microbial contamination of indoor air depending
on the way cows are kept, thousand microbial bodies/m?

Method of keeping Time of the day T':le efverage
12 pm 6 pm indicator
Tethered (together with cows during lactation) 745+1.31 82.2+1.41 83.0+1.29 77.1+1.27 79.2+1.32
Tethered (in a separate section) 36.2+0.81 40.2+£1.00 41.2£0.76 35.6+0.70 38.3+0.82
Untethered (in a separate section with combined boxes) 33.5%1.25 35.8+1.13 36.2+094  29.8%¥1.03 33.8+1.08

Source: authors’ development

The research results clearly show that the lev-
el of microbial contamination of the air in livestock
premises during the day, where animals were kept
in different ways, had significant fluctuations. Thus,
the lowest contamination was recorded in the air of
those rooms where cows were kept untethered in a
separate section equipped with combined boxes. The
highest values were observed during the day - 35.8-
36.2 thousand/m?, i.e. during the hours of the highest
activity of cows. In the mixed housing of dry cows with
lactating cows in a tethered manner, this indicator
was the highest and averaged 45.4 thousand/m?* more
cells compared to animals kept separately in com-
bined boxes. Comparing the microbial contamination
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of the air in the rooms where dry cows were kept in
an isolated section in a tethered manner, it should be
noted that there were 13.5% fewer microorganisms in
the room compared to the first variant of housing.

Thus, the results obtained give grounds to assert
that the analysis of sanitary and hygienic conditions
of cows is the basis for the creation of an integrated
system for assessing the welfare of dairy cows on the
farm, which will take into account the biological com-
ponent of technological processes and create such
conditions that will fully correspond to the physiolog-
ical state of the animal, its health status and provide
comfort, which in combination will affect the high lev-
el of milk production.



DISCUSSION

Increasingly, global practice pays great attention to
assessing the welfare of dairy cows and creating com-
fortable living conditions for them that are in line with
natural ones. Even in 2017, the issue of comfortable
conditions for dairy cows was considered in the Euro-
pean Parliament in a report by the Directorate-General
for Internal Policy, which noted that the welfare of dairy
cows is considered the second biggest problem of an-
imal welfare in the EU (Broom, 2017). Therefore, most
scientists, for example, I. Halachmi et al. (2019), believe
that there is an urgent need to improve the conditions
of cows on farms. A.R. Frost et al. (1997) and F. Napoli-
tano et al. (2009), when assessing the welfare of farm
animals, pay attention to three important aspects -
“How well does the animal’s body function physiolog-
ically, how well does the animal feel, and do the given
living conditions correspond to the animal’s natural en-
vironment?”.But here,too,the authors’opinions differed.
Thus, scientists T. Jéhannesson & J.T. Serensen (2000)
and L.M. Leliveld & G. Provolo (2020) have different in-
terpretations as to which of these problems is the most
important and universally recognised. At the same time,
E. Galan et al. (2018) and X. Wang et al. (2018) believe
that none of these three issues can fully address all
aspects related to animal welfare.

According to L.M. Leliveld & G. Provolo (2020), it is
not possible to create ideal conditions for the animal,
as in tethered housing, dairy cows will have a lower
risk of injury, lameness and hoof diseases, but at the
same time they will be limited in movement and social
contact, and thus they will somehow have poor welfare
that does not correspond to natural conditions. Studies
by M. Bagath et al. (2019) and M. Besler et al. (2021)
show that keeping animals in cool, damp, insufficiently
ventilated rooms with drafts leads to a decrease in their
productivity by up to 15%, an increase in feed consump-
tion by 12-35%, which leads to a 2-3-fold increase in
morbidity. An inappropriate microclimate also affects
the general condition of the livestock building, its du-
rability and thermal conditions in the building. At air
temperatures above 25°C, cows eat less, and their milk
yield and weight gain decrease. The most unfavourable
combination of parameters is a set of high temperatures
with high humidity (over 80%) and low air exchange. In
this case, cattle may experience so-called heat stress.
Relatively high humidity prevents animals from releas-
ing heat into the environment by evaporation from the
body surface. If the indoor air is heavily polluted due
to low air exchange, the humidity will usually be high.
Such conditions lead to the increased development and
spread of bacteria and viruses. Relatively high humidity
also requires more bedding, as the area is difficult to
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keep dry. Wet indoor surfaces also shorten the life of
the building and increase maintenance costs in winter.

One of the indicators of animal welfare is the as-
sessment of the composition of the air in cowsheds,
as excessive levels of harmful gases have a negative
impact on the animal’s body. One of these gases is am-
monia. Experimental studies by R. Bleizgys & |. Bag-
doniene (2016) showed changes in ammonia concen-
tration and the factors that most affect it in different
periods of the year. Thus, according to the authors,
the process of ammonia evaporation from manure is
influenced by many different and interrelated factors,
among which temperature and air ventilation intensity
are the most critical. An increase in temperature leads
to an exponential increase in ammonia emissions,
while the dependence of emissions on air velocity is
best expressed by a second-degree polynomial.

Particulate matter in the air can be a potential
risk factor for human and animal health. For example,
E.Galan et al. (2018) studied the concentration of partic-
ulate matter and the concentration of harmful gases in
theairduringthefree-range housingof cows.The authors
found correlations between indoor particulate matter,
concentrations of harmful gases and other microclimate
parameters. There were clear seasonal variations be-
tween measurements in summer and winter. Particulate
matter (all fractions) and CO, concentrations were high-
er and ammonia concentrations were lower in winter.

M. Maasikmets et al. (2015) consider hydrogen sul-
phide to be another important harmful gas found in
livestock buildings. H,S is produced during anaerobic
manure decomposition as a result of mineralisation
of organic sulphur compounds, as well as the reduc-
tion of oxidised inorganic sulphur compounds such as
sulphate by sulphur reducing bacteria. Higher manure
sulphate content leads to higher H,S emissions. The re-
duced content of sulphurous compounds and volatile
fatty acids also contributes to the production of odours
that can cause negative physical and psychological re-
actions in animals and humans.

Thus, a study on dairy welfare on dairy farms should
be evaluated for at least two main reasons: to identi-
fy unsatisfactory housing conditions and to eliminate
them, as they affect the health of the animal. This will
generally contribute to the production of more and bet-
ter quality products.

CONCLUSIONS
It was found that in the premises where pregnant dry
cows were kept together with dairy cows, the air hu-
midity during the day did not fall within clearly estab-
lished norms. Significantly lower values of relative air
humidity in livestock premises were found when cows
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were kept in a separate section with combined boxes.
At the same time, higher humidity values were observed
during the day during the greatest physiological and
motor activity of cows, because it is during this period
of time that intensive gas exchange and physiological
processes of urine and faeces excretion occur. Also, the
effect of the method of keeping dry cows on the carbon
and ammonia content in the air was found to be am-
biguous. Thus, the best carbon levels were observed in
the tethered method when cows were kept in separate
sections, while lower ammonia values were inherent
in the untethered method in a separate section with
combined boxes. The lowest concentration of harmful
gases in both housing methods was observed during
the day, when animals were actively moving and the
main technological processes were taking place, which
contributed to air circulation in the room.

The air contamination with microorganisms under
different methods of keeping during the day had sig-
nificant changes. This is due to the fact that most of
the technological operations and milk production pro-
cesses at the enterprise take place during the daytime,
which actually lead to an increase in the number of
microorganisms in the air. And, accordingly, they have
a much greater impact on this indicator than at night,
when animals are resting and no technological opera-
tions are taking place. A comprehensive assessment of
the sanitary and hygienic conditions for the welfare of

Ukrainian Black-and-White dairy cows showed that it is
not desirable to keep animals of different physiologi-
cal groups, namely lactating and dry cows, in a mixed
way in one room. Thus, to improve cow welfare, it is
necessary to comprehensively assess the conditions of
cow housing, climate and microclimate in the building
and create conditions where animals feel comfortable
and natural. After all, only a healthy animal that is free
from stress and in conditions close to natural ones is
able to realise its potential for high milk production.
The prospect of further research on this topic may be
the creation of comprehensive models of cow welfare
depending on the method, housing system and physi-
ological state of the cows, which will help to improve
not only their health but also prevent the occurrence of
stressful phenomena in animals and influence the level
and quality of milk production.
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AHoTauifs. MonoyHe CKOTapCTBO € OQHUM 3 HAMBAX/MBILLUMX HAMPSIMKIB B arpornpoOMMC/IOBOMY CEKTOPI, SKMIA Ha
perynspHii OCHOBI [A€ MOXIMBICTb NOCTA4YaTM HACENEHHIO KPaiHW LiHHI B Xap4YOBOMY Ta 6e3neyHi B CaHiTapHo-
ririEHIYHOMY NNaHi NpOAYKTM XapyyBaHHS. Ane 419 HaneXHoro GyHKLioHyBaHHS Ta 3abe3neyeHHs BUCOKOrO PiBHS
NPOAYKTUBHOCTI TBApWMH OOOBYI3KOBMM acCMnekTOM € BPaxyBaHHS TakMX €NIEMEHTIB, fK: MiATPUMAHHS CTabinbHO
BMCOKOMO PiBHS CAHITAPHO-TIFiEHIYHUX YMOB Yy TBaPUHHULBbKUX MPUMILLEHHAX, @ TAKOX OMNTUMI3aLis YMOB rofisni
Ta YTpUMaHHS KopiB. MeTa [oCnimKeHHs — OuiHKa pi3HMX CnocobiB yTpUMaHHS BenuKoi poraTtoi xypobu 3a
CaHITapHO-TIriEHIYHMMM YMOBAMM 3 ypaxyBaHHAM @i3ionorivHoro craHy kopis. [lng npoBeLeHHS AOCNIAXKEHHS
6yNn0 BMKOPUCTAHO AaHi 300TEXHIYHOrO Ta MAEMiHHOro 06iKy 3a nonepefHi poku pobotu nignpuemcrea. [daHi
nocnipkeHb 6yno obumncneHo 3a monomoroto nporpamu «MS Excel 2013». Pe3ynbtaTv AOCHIOXKEHb BKa3yloTb, WO
NOBITPS B TUX TBAPMHHULIBKUX NMPUMILLEHHSIX, A€ AifHI KOPOBM YTPUMYBANUCS NOpYY 3 CYXOCTiIMHUMM HA NpUBA3i,
Mano HaMBMLUMIA BiACOTOK PiBHS BYIMEKMCNOro rasy came o 6-i roguHi pasky (0,32 %), B noganblioMy NpOTAroM
106U Lei nokasHuk 3mMeHwysascs Ao 0,19 % i 3HoBy 3pocTaB BamKYe [0 BEYipHLOrO Ta HIYHOro nepiofy vacy, B
uen nepiog, 1oro 3HaveHHs gopisHioBano 0,28 %. Lle Bka3sye Ha Te, W0 3a HaBegeHOro cNocoby yTpMMaHHS BENUKOT
poraToi xynobu epeKkTUBHICTb poboTH CUMCTEMM BEHTUAALIT € HenoCKkoHanotw. OKpiM Toro, 3abpyaHeHiCTb NOBITpS
MiKpOOpraHiaMamu npoTsromMm Ao6u npu pisHMX CNocobax YyTPUMaHHS TBAPMH Mana AOCTaTHbO KiNbKiCHi 3MiHK. Lle
NMOBM3aHO 3 TUM, WO CaMe B A€eHb BiAOYBaOTLCS BCi HAMOINbLL 3HAYHI TEXHOMONIYHI Npouec BUPOBHMLTBA MOMOKa,
a ue B CBOK 4Yepry aBTOMATUYHO NPU3BOAUTL A0 MiIABULEHHS KiNbKOCTI MIKPOOPraHi3MiB B MOBITPi. TaKMM YMHOM,
BPaxOBYOUM OOCNIMKEHHS MapaMeTpiB MiKpOKAiMaTy (CKnad NOBITPSA, YMCENbHICTb MiIKpPOOPraHi3MiB B MOBITPI,
KiNbKiCTb BOASHOI Napwu), HAMKpaLMM BapiaHTOM € BiflOKpEMJIEHHS KOpiB B Mepioj CyxOCTOK Bif AiMHOro ctaja B
cnewianbHO i301bOBAHY CEKLit, KA OCHALeHa KOMBiHOBaHUMM BOKCaMu, 3 6e3MpUB'A3HUM CNOCOBOM YTPUMAHHS, LLO
3a6e3neynTb KpaLli YMOBM YTPUMAHHS CYyXOCTiMHUX KOPiB. TOX, AOTPUMAHHS HOPM YTPUMAHHS KOPiB MA€ 3MEHLUUTH
BMTPATM HA iX OXOPOHY 340pOB's, 36iNbLUIMTU TPUBANICTb XUTTS, MOKPALWMUTM [0OPO6YT TBAapUH i Byae cnpusth Binbw
BUCOKi MONOYHIN NPOAYKTUBHOCTI

KnwouoBi cnoBa: TexHONOris; cnocobu yTpuMaHHs; BiAHOCHA BOMOTICTb; BYIIEKMCAUIA Fa3; BMICT aMiaky; MikpobHe
3abpyaHEHHS
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Abstract. The technological process of vegetable oil production requires significant energy costs, while the
introduction of new technologies requires investment, which is a challenge for small and medium-sized enterprises
in the current environment. This makes it important to introduce energy-efficient equipment in the conditions of
these enterprises, which does not require significant investments. The article was concerned with improving the
technological process of pressing oilseeds by introducing an energy-efficient oil press into the technological
process and studying its structural and kinematic characteristics. In the context of the study, the determination of
the physical and mechanical properties of raw materials, methods of theoretical mechanics and solid mechanics,
calculation of structural elements of technological equipment for processing oilseeds were used. The necessity
and expediency of theoretical analysis and experimental research are substantiated. The main regularities of oil
separation from the crushed mass are determined. The study of physical and mechanical characteristics, size and
weight parameters of seeds and crushed mass allowed to substantiate the main kinematic and design parameters
of the screw press. The principle of operation of an energy-efficient screw oil press is described. The design of
the press is improved by a steam sprayer installed in the receiving hopper under the threaded rollers, which is
equipped with a steam generator, which makes it possible to carry out moisture-thermal treatment with steam
within one device. The proposed constructive solution includes: determination of the coefficient of friction of seeds
on an inclined plane, study of the components of the crushed mass obtained with the help of an energy-efficient
oil press, and theoretical aspects of oilseed pressing. A study of the design and operating parameters of the screw
press has been carried out, namely: determination of the screw press productivity, use of an energy-efficient press
for oil separation makes it possible to improve the quality of the technological process, determination of the press
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power consumption and its efficiency. It has been concluded that the improved design solution of the press meets
the modern requirements for oil production machines. The use of the proposed constructive solution will reduce
oil losses during pressing, which will significantly increase the efficiency of the process, reduce operating costs and
promote the development of oil production in small and medium-sized oilseed enterprises

Keywords: screw shaft; crushed mass; density; pressure; technological process; productivity; oil yield

INTRODUCTION

The oil and fat industry is one of the leading sectors
in the food industry. Its main products are vegetable
oil (edible and technical), and additional products
are proteins for food and feed. Vegetable edible oil is
used both in its pure (unchanged) form and as a com-
ponent of various products (margarine, cooking fat,
mayonnaise, etc.). Technical oil is used to produce fatty
acids and oxidised oil. In turn, fatty acids are used in
the chemical industry to make soaps and detergents
(household and industrial), while oxidised oil is used
in the production of drying oils, varnishes and paints.
Some types of vegetable oils are used as solvents for
medicines and in the production of cosmetics. Oilcakes
and meals, which are waste products from the pro-
cessing of many oilseeds, are a valuable high-protein
concentrated feed for farm animals. More than 50 sun-
flower species are cultivated in Ukraine, and when de-
veloping new varieties, the aim is to change the chem-
ical composition of the seeds and reduce the content
of the fruit coat (seed hulling). Sunflower occupies a
predominant place among oilseeds in the Mykolaiv
region, which led to the choice of the research area,
which concerned the operation of press equipment for
processing sunflower seeds and the possibility of using
a certain design for processing other oilseeds.

The authors P.Rajkhowa & Z. Kubik (2021) studied
the level and development of processing enterprises,
in particular for the processing of vegetable raw mate-
rials. In their work, they concluded that increasing the
level of mechanisation of the agro-industrial complex,
in particular farms and small industrial enterprises,
has a positive impact on the involvement of labour
reserves in economic development. The article analy-
ses the use of agricultural machinery, in particular, wa-
ter-lifting equipment, tractors, agricultural machinery
and equipment for processing crop production. It has
been found that the impact of increasing the level of
mechanisation of farms reduces the demand for hired
labour and has a positive impact on the participation
of women in agricultural labour, which is relevant in
the context of constraints.

Researchers A.E. Obayelu & S.O. Ayanshina (2020)
note that processing enterprises need an effective ap-
proach, in particular, compliance with the principles
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of food security and the transition to sustainable food
systems. L. Lytovchenko (2022) notes that the use of
waste-free production, namely the further processing
of husks, the use of cake or meal for feed purposes,
contributes to the development of sustainable produc-
tion and helps enterprises to receive additional profit.
A study conducted by M. Hamulczuk et al. (2021) shows
that Ukraine is one of the world’s leading countries in
the production and export of sunflower oil. However,
the key trend is towards integration into the European
Union markets, which requires the development of var-
ious forms of enterprises and investments.

Researchers S.Balaji & S.Chandrasekar (2023) note
that vegetable oil can be used as an alternative to min-
eral oil and used in a certain proportion with mineral
oil for insulation and cooling medium in a transformer.
In turn, PA. Kandhan et al. (2023) note that the use of
a mixture of saturated and unsaturated vegetable oil
is a promising solution for the insulation of high-volt-
age liquid dielectrics. They studied such characteris-
tics as viscosity, flash point, and pour point. Scientists
[. Zakharov et al. (2019) presented the results of a study
of the quality of sunflower seed processing using an im-
proved line. The mechanical and technological param-
eters of the processed raw materials, in particular the
concentration of oil in sunflower seeds, are presented.
The team of authors P. Osadchuk et al. (2022) developed
an experimental setup with an ultrasonic generator for
the purification of sunflower oil under the action of an
ultrasonic field, the paper presents the technological
parameters of the process of sunflower oil purification
by ultrasonic treatment.

V. Shevchuk & O. Sukach (2018) described in detail
the study of the mechanical and technological proper-
ties of oilseeds, in particular for ellipsoidal seeds. The
main attention was paid to rapeseed and the design
of the oilseed huller. The authors developed technical
solutions for oilseed processing and presented the de-
sign dependencies of the outlined structures, in par-
ticular, the interaction of the hulling rollers with the
seeds and the dependence of their gap and diameter.
The authors of S. Wang et al. (2022) developed a sim-
ulation modelling method for the comprehensive de-
scription and construction of a discrete element model



for non-spherical particles for sunflower seeds using
computer digital modelling technology. This study
is relevant for identifying the sowing characteristics
of sunflower seeds, but studies of the size and mass
characteristics of seeds conducted using mathematical
modelling can also optimise processing processes.

Many researchers pay attention to the quality char-
acteristics of oil as a finished product, in particular,
A. Sudhakar et al. (2023) provided a detailed report on
chemical studies, chromatography, carried out in the
field of assessing the falsification of edible oils, as well
as methods for detecting and combating counterfeiting.
Researchers Z.Ye & Y. Liu (2023) studied the fatty acid
composition of rapeseed and the impact of the tech-
nological process of its processing on the properties
of the oil. However, in the context of evaluating the
finished product, it is important to assess the quality
of the feedstock, identify the correlations between the
physical and mechanical properties of the raw materi-
als that are processed and the influence of the design
and operating parameters of the equipment, which is
the focus of this study.

The aim of the study was to intensify the pressing
of sunflower seeds on a screw press and substantiate its
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design and kinematic parameters based on theoretical
and experimental studies, technical and technological
solutions that can significantly improve the efficiency
of the process of separating oil from sunflower seeds.
The analysis of literature sources on the state of vege-
table oil production has identified the following tasks,
the solution of which was necessary to achieve the re-
search goal:

describe the features of the proposed construc-
tive solution of an energy-efficient oilseed press;

to present the design and kinematic characteris-
tics of an energy-efficient oil press;

to conduct laboratory tests on the physical and
mechanical characteristics of raw materials processed
by the oil press.

MATERIALS AND METHODS

The study was carried out on the basis of the proposed
design of an energy-efficient oil press, the peculiarity of
which is that a steam generating device was introduced
into the press design, which affects the intensification
of the oil separation process and increases its yield and
reduces the pressure on the material on the working
bodies, which will extend their service life (Fig. 1).
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Figure 1. Energy-efficient oilseed press with steam generator for moisture heat treatment
Notes: 1 - frame; 2 - electric motor; 3 — V-belt transmission; 4 — threaded rollers; 5 — hopper; 6 — steam spray; 7 — heat
exchanger; 8 - tubular electric heater; 9 — expansion tank; 10 - hydraulic groups; 11 - valve; 12 - tension wedge; 13 -
auger; 14 - nut; 15 - perforated cylinder; 16 - perforated panels; 17 - steam generator

Source: N. Dotsenko et al. (2023)

The most common varieties (hybrids) of sunflow-
er seeds typical for cultivation in the Southern zone of
Ukraine are: Alianze (RPG 406), Alamo (RT 933), Altsion,

Arena, B-206, B-306, Visit, Hetman F1, Lan 26, Megasan
(Makarchuk, 2022). The research was conducted on the
seed varieties listed in Table 1.
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Table 1. Sunflower seed characteristics

Variety Length, L Dlm:\;lis:i:: - Thickness, b Len?attl;:? L‘;gdth Weiggzz::’tooo RIS
(éﬁg’%e& 9.0 5.1 43 18 53 478
Arena 9.5 5.0 42 1.9 51 50.7
Visit 9.8 5.5 45 18 63.3 52.8
Hetman F1 10.0 5.4 44 1.9 55.5 49

Source: developed by the authors

In the course of studying the mechanical and tech-
nological properties of seeds, their frictional proper-
ties were also investigated. The friction angles of seeds
on the following surfaces were determined: galvanised
steel, white tin, sheet steel (rolled), and technical rub-
ber. To confirm the theoretical assumption that pres-
sure depends on material density, the setup shown in
Figure 2 was used.

LS

Figure 2. Diagram of the device for determining the
pressing pressure and pressing operation

Notes: 1 - hydraulic jack; 2 - exemplary dynamometer;

3 - glass; 4 - matrix; 5 — punch; 6 — metric scale
Source: developed by the authors

The main physical, mechanical and technological
properties of sunflower seeds are shape, size, absolute

and volumetric weight, density, and moisture content.

The methodology is based on well-known guidelines
and specific experimental conditions. Statistical meth-
ods of research and mathematical processing were
used to separate natural changes from random indica-
tors (Bortz, 2005).

To characterise the general population (all seeds
under study) by discrete variation traits, sample statisti-
cal observation was applied on the basis of each value
of trait X. The extreme values are denotedas X . i X .
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The total number of samples n for each of the traits
was taken to be at least 50. In this case:

n=37_1(i). Q)

The statistical series of the feature X was divided
into a number of classes N, of N, =10, while n250.The
class was calculated as:

t = Xmax—Xmin
N :

)

The boundaries for any k-th class were defined as:

= lower boundary: X, , =X +t-(k-1);

= upper boundary: X, =X, +t.

Relative frequency of observations for any k-th
class:

©)

where n, - the number of options that fall into the k-th
class.
The check was carried out according to the formula:

NP =1, (4)

k=1" k

The average arithmetic value of a feature across
classes:

Xp—1+X
Xk.avr = k+k) (5)
Formula for calculating the average value:
Xa = Z,;</=1)(k.avr ’ Pk' (6)

The estimate of the spread of the values of the
random variable X around the average value of X was
determined by the formula for the mean square of the
deviation (variance) S:

5=TaXea~X) P

a k

(7)

To compare the spread of values near the centre
of the distribution and a random variable, the standard
deviation is determined o

o=VS, (8)

as well as the coefficient of variation or variability of
the trait v:



v= (=) 100%; 9)

avr

g

p =+ (%) - 100%

(10)

The error rate (error) of the experiment, determined
by formula (10), should not exceed 4.0%. The size and
weight characteristics of seeds include: seed length
L, mm; seed width a, mm; seed thickness b, mm; seed
weight m, mm; absolute weight M, g; seed density p, kg/
cm?®. Size and weight characteristics were determined
by caliper SHC-1 (country of origin: Ukraine) with a
scale division price of 0.05. The experiment was re-
peated 100 times. The absolute weight of seeds was
determined by calculation:

M

m=-—,
z

(11)

where z - the number of seeds in a random sample;
M - the mass z of seeds.

For bulk materials, it is convenient to use the bulk
density (kg/m?®), which depends on the actual density
of the material particles and the voids between them:

py=(-€)p, (12)
where ¢ - the porosity; p,= the density of the particle
material, kg/m?.

Porosity is defined as the ratio of the volume of
pores Vp (m?) in a loosely packed, uncompacted materi-
al to the volume of the entire loosely packed material
V(m3),i.e.

e=t

RESULTS
Determination of the coefficient of friction of seeds on an
inclined plane. One of the main physical and techno-
logical properties of seeds is their friction properties.
The frictional properties of sunflower seeds are de-
termined by the coefficients of external and internal
friction, the indicator of which is the angle of natural
slope. The calculation scheme of the device for de-
termining the friction properties of seeds, and in par-
ticular for determining the static and dynamic friction
coefficients, is shown in Figure 3. If a body is placed
on an inclined plane, it will move downward under
the action of its own weight P= mg with constant ac-
celeration d, the normal reaction N of the inclined
plane and the friction force Ffr, directed upward along
the inclined plane, opposite to the body’s motion. At
Fﬁ=f- N, where f - the friction coefficient. According to
the basic law of dynamics:

(13)

mid=B+N+F

A (14)
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Figure 3. Calculation scheme of the device for determining
the dynamic coefficient of friction
Source: developed by the authors

By projecting both parts of this vector equation
onto the selected fixed coordinate axes, the differen-
tial equations of motion of a body on a rough inclined
plane are obtained:

mX=mg-sina - fN; (15)

my=-mg- cosa+N. (16)

Since y =0, then, accordingly, =0, and therefore
from the differential equation (16) is determined:

N=mg - cosa. (17)

Substituting this value of the normal response into
equation (15) and reducing this equation by m, ob-
tained:

a=X=g(sinu - f- cosa) = const. (18)

That is, the body is moving at an equally accelerat-

ed rate. Integrating this equation, obtained:

v=x=g(sina-f-cosa)t+C,. (19)

Substituting the initial conditions into equation
(18): t=0, v=v,=0, since the body motion is equally
accelerated, ¢, =0, and so on:

v=x=g-t-(sina-f-cosa). (20)

Integrating equation (20) and substituting the ini-
tial conditions into the resulting equation:

2

s=x=g-t-(sina—f~cosa)-%. (22)

Equation (16) is the law of motion of a body (mate-

rial point) on a rough inclined surface. Solving equation
(21) with respect to the friction coefficient f:

f =L(sina—2—52) =tga— <

cose gt gt?-cosa’

(22)
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Denoting the path travelled by the body in time
t=T from position A to position B by S, obtained the cal-
culation form for determining the friction coefficient f:

28
gT2-cosa’

f=tga— (23)

The values of the friction coefficients cannot be
determined by direct measurements, so the sliding an-
gles were determined. The friction surfaces used were
plates made of galvanised steel, white tin, rolled sheet

steel and industrial rubber. When studying sliding fric-
tion, seeds were placed on an inclined plane of the de-
vice, with a sample of the material under study fixed on
it. The inclined plane was raised to an angle ¢, at which
the seed began to move. The sliding friction coefficient
fwas determined by the formula:

f=tg().

The angles and coefficients of seed sliding on the
materials under study are presented in Table 2.

(24)

Table 2. Sliding angles and friction coefficients of sunflower seeds

Moisture

content, % Galvanised steel

) f

Variety

Alianze (RPG 406) 5 32.62 0.64 30.54
Arena 7 3342 0.66 31.38

Visit 6 33.02 0.65 30.96
Hetman F1 8 33.82 0.67 31.8

Source: developed by the authors

Thus, the results of Table 2 show that the surface
material has a negligible effect on the coefficient of
friction of seed sliding. When sunflower seeds slide on
a galvanised strip, the sliding friction coefficient ranges
from 0.64 to 0.67; on a white tin strip — from 0.59 to
0.62; on a rolled strip — from 0.61 to 0.64; on a rubber
strip — from 0.74 to 0.77.

Study of the components of the shredded mass. Theo-
retical studies have allowed to obtain calculations that
reflect an idealised sunflower processing process, and
therefore require experimental confirmation. Three ar-
eas of the pressing process have been experimentally

P-10% Pa

Friction surfaces

White tin Sheet steel (rolled) Technical rubber
b f [ f

0.59 31.38 0.61 36.5 0.74

0.61 32.21 0.63 37.23 0.76

0.60 31.79 0.62 36.87 0.75

0.62 32.62 0.64 37.6 0.77

identified: in the first area, the density of sunflower seeds
increases within 500-600 kg/m?; in the second area, the
density increases from 500 to 650 kg/m?® in proportion to
the increase in pressure; in the third area, from 650 kg/
m? with a rapid increase in pressure. The mathematical
processing of the experimental results (Fig. 4) made it
possible to determine the values of the coefficients (c)
and (m), which characterise the effect of density, elas-
ticity, size, and shape of seeds and allow theoretical
calculation of the specific work by pressing. The proba-
bility of comparing the experimental and theoretical val-
ues of the specific work by pressing is within 5% (0.05).
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Figure 4. Dependence of pressing pressure P on mint density

Source: developed by the authors
Alignment of the experimental data with the the-

oretical curve allowed to establish that the relation-
ship between the pressing pressure and the density of
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sunflower seeds is expressed by the following empir-
ical relationship:

P=cp,, (25)



where P - the pressing pressure, Pa; p - the seed densi-
ty, kg/m?; ¢, m - coefficients.
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The values of the coefficients (25) for sunflower are
presented in Table 3.

Table 3. Experimental values of the coefficients c and m

Condition of sunflower seeds (4 m
Whole seeds 1.76-10% 6.66
Crushed seeds (mint) 3.3.10% 11.84

Source: developed by the authors

Determining the performance of a screw press. The
working body of the screw is a screw that rotates in a
fixed casing. In order to determine the design parame-
ters of the working body, the movement of the material
along the screw surface in the pressing zone is consid-
ered. Screw surfaces are formed as a trajectory from the
movement of a straight line around and along a certain
axis. The helical line described by any point of the line
is called the directrix, or guide of the helical surface.
The axial dimension that corresponds to the rise of the
formed point in one revolution is the pitch of the hel-
ical line. A helical line is called regular if the forming
point moves around and along a certain axis uniformly
at a constant speed.

If a regular helical line corresponding to the outer
cylinder with diameter D of the screw (Fig.5) at a length
of one step H onto a plane is turned, a right triangle

ABC with a base equal to the length of the expanded
circle of the cylinder mD and a height equal to the step
of the helical line is fromed. This triangle is called a
step triangle. The angle o made by the expanded heli-
cal line and the cylinder base is called the helical line
rise angle. From the experience of many screw devic-
es, it is known that material moves in a helical manner
with variable speed in the axial and radial directions,
depending on the distance of the material particles to
the screw axis, the coefficient of friction and the pres-
sure. The movement of the material along the screw
surface of the screw can be conditionally represented
as the movement of a number of unconnected individu-
al particles with rather small gravitational forces. Under
the assumption, each particle of material moves along
its own helical line of the screw surface, the sweep of
which is the hypotenuse of a step triangle.

B
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Figure 5. Determining the screw parameters

Source: developed by the authors

In the absence of friction between the screw sur-
face (the expanded helical line AB) and a particle M of
the transported material, the latter moves perpendic-
ular to this surface, always in contact with it. With one
rotation of the screw, the material particle in the axial
direction passes the path h, and ends up at the point M,.

h,=H- cos’a. (26)

In the presence of friction between the particle and
the screw surface, the particle M will move at a friction
angle ¢ to the normal C,M, of the helical line and in

one revolution of the screw will be at point M,, having
travelled in the axial direction the path:

cosa- cos(a+)

h=H =H-cosa(cosa—tgy- sina), (27)

cos@

where H - the screw pitch of the screws; a — the angle
of inclination of the screw lines; ¢ - the friction angle.
When the screw rotates, the material particles do
not move in a straight line, but in helical lines - along
and around the screw axis, which results in a decrease
in their movement in the axial direction (h<H). This re-
duction can be accounted for by the coefficient K of lag
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or the coefficient k, of rotation of the material particles,
the analytical dependencies for which follow from the
previously discussed scheme (Fig. 5).

Excluding friction forces:

ko = = sinfa =2 =k, (28)
Taking into account friction forces:
ky = HT_h = sina+ 0.5 f - sin2a = ﬂz;S = ky, (29)

where f=tgp - the coefficient of friction of the material
particles on the screw surface of the screw.

Since the pressed material is plastic-viscous and
adhesive, the coefficient of friction is the coefficient of
internal friction determined from the condition of par-
ticle bonding when the material layers are displaced.
Thus, the movement of the product particles in the
screw device can be accounted for by the displacement
coefficient:

k=1-k,=cos’a-0.5fsin2a. (30)

The axial displacement of the material particles
ranges from h at the periphery to 0 at the point where
the helical line angle is a,=(90° - ¢). In the context of
practical calculations, the average value is assumed:

a
aver

=0.5(a, + ), (31)
where a, - the angle of rise of the hegcal line on
the periphery of the screw (ap = arctg 7p); a, - the
angle of rise of the helical line on the screw shaft
(ay = arctg %).

The diameter d of the screw shaft must be great-
er than the maximum permissible diameter dnp, deter-

H
dnp = ;tg(p. (32)
Taking into account the above, the productivity
(kg/h) will be:

Q=600"V p K, K, (1-K)-K K ,j=1,2,..,n,(33)

where V/ - the theoretical volume of muscle per coil,
m?; p, - the density of muscle per coil, kg/m* (p,=p,&);
pf=450 - the density of muscle in the feed zone, kg/
m3; g - the degree of muscle compression on the coil
(¢,=(1+))'*); ® - the angular speed of the screw, rad/s
(w = %); n - the number of revolutions; K =2 - the
coefficient of muscle compaction; K ,=0.86 - the coeffi-
cient of utilisation of the inter-twist volume; K, =0.64 -
the coefficient for reverse movement; Ky - the coeffi-
cient of the oilseed (for sunflower K,= 1, for flax Ky=0.5);
Kp - the coefficient that takes into account the mode of
operation of the press (for single-stage pressing Kp= 1).

The design scheme of the screw press is shown
in Figure 6. Before that, the theoretical volume of the
pulp, m?, is determined:

V. = Q
T 600pj.wKsKy-(1-Kp)-Ky-Kp

(34)

On the other hand, the volume V/ is determined by
the formula:

V= (n/4)(D?- d)[L - (ib, + b)/2cosa],  (35)

where Dj. - the inner diameter of the sump cylinder at
section j, m; d, - the diameter of the hub of the j-th
screw turn, m; L/. - the length of the j-th turn, m; b,
b, - the thickness of the coil in normal section along
the outer and inner diameters of the screw, respectively,
m; /=1, 2 — the number of screw turns; o - the angle
of the screw line along the average diameter, degree

mined from the condition: (aj = arctg Djt;jf‘"'); t. - the coil pitch, m.
Dz D3 D4 D5 D(,
] Y
Dy
1o
; BRI
Ly L | L L Ls Le

Figure 6. Design diagram of a screw press

Source: developed by the authors

By equating the right-hand sides of expressions
(34) and (35), taking into account the above design
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relations, the equation is obtained from which the diame-
ters Q of the sections of the zeier cylinder are determined:



Q
600~p1-~w~Ks~KV~(1—Kb)~Ky~Kp

Muscle pressure in the inter-turn space of the j-th
screw turn, Pa:

p;=2.52a>° 2922, (37)

where a=0.006 - the empirical coefficient; B=4...5 -
the moisture content of the muscle, %.

With the calculated capacity, the screw parameters
can be determined. The screw line pitch is equal to (0.7-
0.8)D. At smaller values of the screw line pitch, the ma-
terial may be torn off the inner surface of the device
body due to the predominance of the screw surfaces of
the screw above it, as a result of which the material will
only rotate with the screw. Areas of the inner cylindrical

surface of the housing:
F,=mD-(H-0); (38)

D+2L>
d+21”’

Fy = — (wDL — rdl + H2In (39)

where [ and L - the scans of the helical lines corre-
sponding to the shaft and screw diameters, m.

Il =.H?+ (nd)?; (40)
L = /H? + (xD)2. (41)

The axial force is calculated from the expression:
5=0.392n-(D*-d?)-P (42)

max’

where n - the number of screw strokes; P - the max-
imum pressure developed by the screw press.

Knowing the axial force, the stress on the shaft can
be calculated:

o =2 (43)

where F - the cross-sectional area of the screw shaft.

The last turn of the screw must be designed for
strength. The greatest bending moment in a steel screw
turn will be on the inner contour of the plate and will
be equal:

.D2 . —-4_ -2_
MF — Pmax'D . 1.9:0.7a 1.20:_2 5.Zlna. (44)
32 1.3-:0.7a
Highest stress (equivalent):
6M
o=+ (45)

where a=D/d - the ratio of diameters.
Determining the power consumption of the press and
its efficiency. The power (kW) required to drive the screw

shaft of the press is determined by the formula:
N=N;Q, (46)

where N, =0.045...0.055 - the specific energy consump-
tion for pressing oil in single-stage screw presses, kWh/kg.

= (n/4) - [D? — (D} — 0.025)] - [1.08D; — (ib, + b,)/ 2cosa;).
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(36)

The press efficiency is determined by the formula:

Mc-0

G+(M-H)
_ . 47
1 G+Op+(Mc—350) )

where G - the amount of cake produced over a certain
period of time (15-20 minutes), kg; M. - the amount of
crude unrefined oil produced over the same period of
time as cake, kg; O, - the amount of mill cake collected in
the press collector over the same period of time, kg; O -
the sediment in the oil supplied for refining, % by weight.

Practice shows that with proper preparation of
the muscle for pressing and the screw presses in good
working order, the efficiency is 0.94-0.96.

DISCUSSION

The technological process of oilseeds processing in-
cludes the following stages: preparation of raw materi-
als (cleaning seeds from impurities, sorting, drying); ex-
traction of mint - this operation is preceded by hulling
(separation of husks), separation of the hull (separation
of the “undershell”), crushing of the hulled kernel; oil
extraction using one of the known methods. The result-
ing oil is subjected to preliminary purification, refining
and sent for storage. The seed mass entering storage
and processing is a heterogeneous mixture that in-
cludes both seeds and impurities that enter the mass
during harvesting, temporary storage in the field and
during transportation. The authors L.M. Alvarez-Gonza-
lez & 1J. Perea-Barrios (2023) point out that a large
amount of impurities leads to moisture and seed dete-
rioration, wear and tear of machine working parts, and
a decrease in the subsequent oil quality.

The seed mass often contains metal impurities, pri-
marily ferromagnetic ones (iron, steel, cast iron). Electro-
magnetic separators are used to remove them.The team
of authors V. Shebanin et al. (2019) concluded that the
efficiency of cleaning machines depends on the obser-
vance of a number of conditions during their operation.
Seed flow into the machine should be uniform - under-
loading or overloading of the machine is unacceptable.
If the machine is overloaded, the separation of impu-
rities will be low, and if it is underloaded, seeds may
get into impurities (in case of aerodynamic separation).
The thickness of the seed layer on the machine sieve
should not exceed 15 mm. The sieve installed in the
machine must be selected according to the size of the
most typical impurities and seeds. When the sieves are
properly selected, the seeds should cover 2/3 of the to-
tal working length of the sieve. The angle of the sieve
should ensure equal speeds of seed passing through
the sieve and leaving the sieve. The sieve surface must
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be maintained in good technical condition (without
dents, tears), systematically cleaned of debris using me-
chanical brushes or manually. The air flow rate must be
adjusted so that no cleaned seeds come out with light
debris and, at the same time, that heavy debris is also
free of seeds. The processing should be done separate-
ly, as this will result in a higher yield of extra virgin oil.

The post-harvest stage involves bringing the seeds
to moisture content standards (the exception is cotton-
seed, which sometimes has a moisture content 5...6%
below the critical level when it arrives for processing
and needs to be moistened before it can be processed).
Prepared in accordance with the existing requirements,
the raw material is sent for dehulling (separation of the
hull from the kernel). In today’s oilseed production fa-
cilities, dehulling is an important stage of the techno-
logical process. For this process, beater or centrifugal
dehulling machines are usually used, with the former
operating by breaking the hulls against the drum and
drum beats, and the latter by hitting the drum beats
once due to centrifugal forces. Technological standards
allow the content of unshredded seeds to be up to 5%,
and chaff - up to 3%. During the shucking process, the
seeds are dehulled to form a hull, which includes the
whole and crushed kernel, undershell and husk, and
then threshed out on aspiration seeding machines.
The hulled seeds are sent to the next technological
operation - kernel grinding, which is aimed at obtain-
ing an intermediate product called mint, which is ob-
tained using rolling machines. The authors V. Shevchuk
& 0. Sukach (2018) note that rollers with grooves on
the surface are used for primary and coarse grinding.
The final grinding is carried out on rollers with smooth
surfaces. The rotation speed of the rollers can be the
same or different. The degree of grinding is regulated
by changing the distance between the rollers. In terms
of known methods, the mechanical method is one of
the most common and most frequently used in oilseed
processing plants. At the same time, the current study
found that the process of compression of the pulp by
pressing promotes oil separation and at the same time
compacts the solid particles of the initial bulk materi-
al to form the cake. The process of compaction of the
press material leads to the fact that the particles of the
cake come closer together and the surface layers of oil
are compressed. With a further increase in pressure on
the material, the oil release virtually stops, despite the
fact that some oil still remains in the middle of the ma-
terial. The plastic properties of the pulp with high mois-
ture content do not allow for the maximum pressure
required for a given press design.

The authors of PP. Ugarte-Espinoza et al. (2021)
note that in the case of overdried pulp, the maximum

Ukrainian Black Sea Region Agrarian Science, 28(3), 41-54

possible pressure developed by the press is lower than
that required for the appearance of the specified prop-
erties in the pulp. If the equipment is started up af-
ter a long shutdown, the cake should be fed into the
press in a small amount until the press is fully heat-
ed and reaches thermal equilibrium with the cake and
the heat losses of the press to the environment when
the heated finished product (oil and cake) is removed
from it. The main purpose of pressing the cake before
extraction, or its full (final) pressing, is to obtain the
maximum amount (80-90%) of pressing oil. The main
working body of screw presses is the screw shaft. It con-
sists of an axis, pressure coils and intermediate rings.
All forging presses are equipped with stepped shafts.
The screw shaft moves the material to be pressed with
oil separation in the die cylinders. The mill cylinders
consist of a set of mill plates. In the case of the press-
ing process, the following technological operations are
carried out in the sequence shown below. The prod-
uct obtained after rolling is fed into a fryer and then
pressed using screw presses for complete oil separa-
tion, or so-called expeller presses. In the oilseed press
industry, expellers are used for both single and com-
plete oil separation in combination with fork presses.
An expeller of the EP type is installed in a set with a
three-chamber fryer. When the expeller is used in a
double pressing scheme, the screw shaft has a rotation
speed of 5-6 rpm. The capacity of the EP-type expeller
with a double pressing scheme (FP-EP) for sunflower
seeds is 20 tonnes per day, or 7-8 tonnes of oil cake
with an oil content of 4-5%. The oil mills built in previ-
ous years, along with others, use the mechanical screw
press MP-21, which can process 32 tonnes of sunflower
seeds per day. This is a double-acting press, as it com-
bines preliminary and final (complete) oil separation.
The unit consists of a fryer, a vertical screw shaft that
acts as a for-press, a horizontal screw shaft that acts as
an expeller, a vibrating screen, a filter tank, pumps and
an oil cooling system. The pulp prepared in the roaster
is first fed for preliminary pressing into a vertical sieve
drum with a vertical screw shaft installed in it. The
design solution proposed in the results of this study
allows combining hydrothermal treatment and press-
ing operations, which will reduce equipment costs,
metal consumption and energy consumption, which
is especially important in small industrial enterprises.

Based on the principle that the time spent by the
muscle in each stage of the press tract is equal to the
difference between the internal volume of the zener
and the volume of the shaft (i.e., free space) divided by
the volume of muscle passing through it per unit time.
The authors of H.Jianjun et al. (2021) note that rheolog-
ical dependencies indicate that one cannot be limited



to only one of them to describe the behaviour of elas-
tic-viscoplastic bodies, since the variety of structural
and mechanical properties makes the deformation pro-
cess quite complex. The proposed constructive solution
of an energy-efficient screw press using a steam gen-
erator that treats raw materials with steam allows to
significantly reduce the complexity of the deformation
process, reducing the wear of the press working parts.
The article by M. Mursalykova et al. (2023) is devoted to
modelling the pressing process using an experimental
screw press for the production of safflower oil in small
processing enterprises. The problem of pressing the lig-
uid phase from the dispersed material is described and
solved. The proposed methodology for theoretical cal-
culation of the pressing process allows determining the
optimal parameters and pressing safflower oil. Taking
into account the design solution of the oil press used for
sunflower processing proposed in this paper, it should
be noted that due to the fact that the oil moves through
channels of variable cross-section and different shapes
atavariable speed, the pressure on the liquid phase (hy-
drodynamic head) along the screw shaft also changes.

The authors of I.B. Muhammad et al. (2021) deter-
mine that the failure of a short drive shaft of a palm
oil screw press is caused by fatigue crack formation,
which was safe from stresses due to their concentra-
tion in its keyed areas. The plastic fracture observed on
the surface of the shaft was found to be a result of the
continuous rotational motion and the loading and un-
loading effect of the central drive system of the shaft.
Therefore, the use of a steam generating device will
reduce the stress on the screw and increase its service
life. The authors Z. Barati et al. (2022) note that the total
pressure and its radial and axial components are con-
sidered as the average values of the pressure on the
oil and helium phases of the muscle. Practically, it is
important to consider the change in total pressure and
its components that occur along the screw shaft, since
they affect the efficiency of oil pressing during pressing
and the design of the presses themselves. The present-
ed research on an energy-efficient oil press confirms
the importance of an integrated approach to solving
the issue of optimising the kinematic and structural pa-
rameters of screw presses for the oil industry. It is nec-
essary to take into account the geometric parameters of
the working chamber, the kinematic parameters of the
equipment and the physical and mechanical properties
of the seeds of the crop to be processed. Variations in
the geometric characteristics of the working chamber
or pressing elements of the equipment affect the ratio
of pressure distribution and friction inside the chamber,
and, consequently, the extraction efficiency and final oil
yield. Thus, some physical and mechanical properties
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of oil-containing raw materials, in particular sunflow-
er seeds, such as the coefficient of external friction,
density, and pressure, are considered. Resistance to the
movement of the material through the chamber is de-
termined by the density of the pulp, the shape and dis-
tribution of the material is affected by lateral pressure
and other factors. Kinematic parameters, such as the
angular speed of the screw and linear speeds of move-
ment, determine the material movement rate, which af-
fects the time of contact between the raw material and
the press working bodies and, accordingly, the quality
and efficiency of oil extraction. To confirm the theoret-
ical assumptions, experimental studies of the physical
and mechanical characteristics of raw materials at all
stages of the process are required. Such studies will
help to correct the discrepancies between theory and
practice and offer effective means of levelling them.

CONCLUSIONS
Oilseeds and their processed products, such as vege-
table oil, cake, meal, and husk briquettes, are an im-
portant sector of the Ukrainian processing industry. To
improve the efficiency of the technological process of
oilseeds processing, the design and kinematic charac-
teristics of an energy-efficient oil press were studied. A
constructive solution of a screw press equipped with a
steamer is presented, which allows to increase the oil
yield due to the moisture-thermal treatment of mint,
which is implemented in a single device. The physi-
cal and mechanical characteristics of sunflower seeds,
which are typical for cultivation in the South of Ukraine,
have been investigated. The coefficients of friction of
sunflower seeds on an inclined plane, which affects the
quality of their processing, were determined. Also, the
components of the crushed mass were studied, on the
basis of which the dependence of the pressing pressure
on the density of the crush is presented. The calculation
of the geometric parameters of the screw is present-
ed. Based on these characteristics, the performance of
the screw press, its capacity and efficiency were deter-
mined. Based on the data presented, it was conclud-
ed that the geometric parameters of the zeer cham-
ber have the greatest impact on the pressing process.
It is also necessary to take into account the physical
and mechanical properties of the raw material enter-
ing the press. Kinematic parameters have a significant
impact on the efficiency of an energy-efficient screw
press. The presented theoretical dependencies can be
used to calculate the technological process and select
the most optimal parameters for its implementation.
The theoretical analysis provides the initial data for
understanding how the sunflower processing process
proceeds. However, in order to optimise and implement
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AHoTauig. TexHonoriyHUM npouec BUPOOHMLTBA POC/IMHHOI ONii NOTpebye 3HAaYHUX BUTPAT HA €NEKTPOEHEPTIto, B
TOWM Yac 9K BNPOBAAXXEHHS HOBUX TEXHONOTIM NOTpebye iHBECTULLIN, WO B Cy4aCHUX YMOBAX € BUKIMKOM AN9 MaNUX
Ta cepefHix nianpueMcTs. Lle cnpuymHsEe akTyanbHiCTb BNPOBaAXXeHHS eHeproepeKkTMBHOro obnagHaHHs B yMOBax
3a3HaYeHUX MiONPUEMCTB, WO He MNoTpebye 3HAYHUX KaniTanoBknageHb. CTaTTd NpUCBAYEHA BAOCKOHANEHHHO
TEXHOMIOMYHOro MNpouecy MpecyBaHHS ONIMHOI CMPOBWMHM LUASIXOM BMPOBAIXKEHHS B TEXHONOTYHMK npouec
eHeproedeKTMBHOrO ONIMHOrO Mpecy Ta AO0CNIAKEHHS MOr0 KOHCTPYKTUBHMX Ta KiHEMAaTUUYHUX XapaKTepucTuk. B
KOHTEKCTi OO0CNIIKEHHS BMKOPUCTOBYBANOCS BU3HAYEHHS (Pi3MKO-MEXaHIYHWMX BNACTMBOCTEN CUPOBWMHMU, METOOM
TEOPETUYHOI MEXaHIKM Ta MexXaHikM TBepAoro TiNa, PO3paxXyHOK KOHCTPYKTUBHUX ENEMEHTIB TEXHONOriYHOro
obnagHaHHa Ong nepepobku oninMHoi cupoBuHM. OBIPYHTOBAHO HEOOXigHICTb Ta AOUINbHICTE MPOBEAEHHS
TEOPETMYHOr0 aHanisy Ta ekCnepuMeHTanbHUX JOCNiAXeHb. BU3HaueHO OCHOBHI 3aKOHOMIpHOCTI BiflOKpEMIEHHS
onii 3 noapibHeHoi MacK. locniaxeHHs Pi3nKo-MexaHiYHUX XapaKTePUCTUK, PO3MiPHO-MACOBMX NapaMeTpiB HACiHHS
i nogpibHeHOi MacK [03BOAMAM OOIPYHTYBATU OCHOBHI KiIHEMATUYHI | KOHCTPYKTUBHI MapaMeTpu LHEKOBOro npecy.
BuknageHo npuHUmMn poboTn eHeproedekTMBHOIO rBUHTOBOrO OJiMHOrO npecy. KOHCTpyKLuis npecy yaoCKOHaneHa
napopo3nuaoBa4YeM, BCTAHOBAEHUM Y MPUAMANbHOMY OyHKepi Mif Hapi3HWUMKU BanKaMM, SKUA KOMMIEKTYETbCS
naporeHepaTopoM, WO A€ 3MOTY 3[iMCHIOBATM BONOrO-TEPMivyHYy 06p0obKy NMapo B Mexax 0gHOro npuctpoto. ns
3anponoHOBaHOIr0 KOHCTPYKTUBHOTO pillEHHS BMKIAAEHO: BM3HAYEHHN KOeQIiLiEHTY TepTa HaCiHHA Ha NoXunin
NOLWMHI, 30iACHEHO AOCNIOXKEHHSI KOMMOHEHTIB NOApPiOHEHOI MacK, OTPMMAHOI 33 AONOMOroK eHeproePeKTUBHOIO
ONiHOrO Npecy Ta NpefCTaBAeHO TEOPETUYHI aCNEKTM NPECYBAHHS HACIHHA ONIMHUX KYNbTYp. 34iMCHEHO AOCTIAKEHHS
KOHCTPYKTUBHUX | PEXXMMHUX NapaMeTpiB LWHEKOBOIO Npecy,a CamMe: BUSHAYEHHS NPOAYKTUBHOCTI LUHEKOBOTO Mpecy,
BMKOPUCTaHHS eHeproedeKTMBHOro npecy ANs BiAOKPEeMIEHHS ONlii Aa€ MOXAMBICTb NOJINWNTM AKiCTb BUKOHAHHS
TEXHONOTYHOrO MPOLECY, BUSHAYEHHS BUTPAT MOTYXKHOCTI npecy Ta Moro koedili€HT KOpUcHOi aii. MigcymoBaHo,
WO BOOCKOHAaNeHe KOHCTPYKTMBHE pilleHHs Mpecy BiAMNOBIAAE Cy4aCHUM BMMOTaM, WO CTaBASTbCA L0 MALMH NO
BMPOOHULTBY onlii. BUKOPWUCTaHHS 3aMpONOHOBAHOMO KOHCTPYKTUBHOIO PillEHHS [O3BOAUTb 3HWM3UTU BTpaTK Onii
nif Yac npecyBaHHS, WO 3HAYHO NiABULWLMTL ePEeKTUBHICTb NpOLLeCy, AO3BOMMUTb 3HU3UTU eKCnayaTaLuiiHi BUTpaTK Ta
CNpusSTUME pO3BUTKY BUPOOHULITBA ON1ii B YyMOBAaX Mafnx Ta cepeaHix oniiHUX NianpueMcTs

KntouoBi cnoBa: WwHeKoBMI Bas; noapibHeHa Maca; WiNbHICTb; TUCK; TEXHONOMYHUI NPOLEC; NPOAYKTUBHICTb; BUXig,
onii
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Abstract. This study aimed to provide a comparative analysis of the impacts of climate change on the agricultural
sector in Albania and Ukraine, with a focus on identifying key challenges and opportunities for adaptation. The
study analysed statistical data from 2010 to 2023 on climate change and its impact on agriculture and assessed
the consequences. The results of the study showed that changes in temperature regimes are a key factor that
directly affects agriculture. An increase in average annual temperatures leads to a change in the growing season
of plants, which has both positive and negative consequences. Changes in precipitation patterns are another
key mechanism of climate change impact on agriculture. Reduced precipitation and frequent droughts can lead
to significant crop losses, requiring the introduction of irrigation systems and other water-saving technologies.
Economic risks associated with climate change are a serious challenge for agriculture. Reduced yields, higher
production costs and the need to adapt to new conditions can threaten the stability of farms, especially small
ones. The analysis for Albania showed that rising temperatures and decreasing precipitation pose challenges
for agriculture, particularly for cereal and vegetable production. In Ukraine, with its large area of arable land,
there is scope to compensate for the decline in yields by expanding the area under cultivation, but investment
in new irrigation technologies and agronomic practices is needed to improve efficiency. Both countries face the
need to introduce new plant varieties, modernize irrigation systems, and develop agricultural innovation and
precision farming. Effective adaptation strategies, including international cooperation and support for research,
are key to ensuring the sustainability of the agricultural sectors in both countries. The findings of the study
can be applied in practice to government agricultural support programmes and international climate change
adaptation projects

Keywords: temperature regime; water resources; productivity; investments in infrastructure; comparative analysis

INTRODUCTION

Climate change is a major global challenge that affects
agriculture, a key sector for food security and economic
stability, by altering critical climatic factors such as tem-
perature and precipitation, resulting in reduced produc-
tion in the short and long term. Impacts vary across ge-
ographical boundaries. In Albania and Ukraine, unique

Article’s History:
Received: 16.04.2024
Revised: 19.07.2024
Accepted: 27.08.2024

Suggested Citation:

climatic conditions and agricultural practices lead to
specific manifestations. Albania is facing rising temper-
atures, changing precipitation patterns and increasing-
ly frequent severe weather events such as droughts and
floods, which have a significant impact on crop yields
and vital water resources required for agricultural
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activities. Ukraine has huge agricultural resources and
is among the world’s largest grain exporters. Neverthe-
less, the agricultural industry faces serious challenges
related to climate change, including higher average an-
nual temperatures, reduced precipitation in some areas,
and increased extreme weather events. These challeng-
es require adaptation measures to maintain exception-
al agricultural productivity and competitiveness in the
global market.

The significance of the study stems from the need
to assess the economic impacts of climate change on
the agricultural industry in Albania and Ukraine in or-
der to develop effective adaptation measures to chang-
ing climatic conditions. Although each country has its
own characteristics and obstacles, the main common
factor is that climate change affects the ability of the
agricultural sector to guarantee sustainable food pro-
duction. The potential consequences of this could be
significant for the economies, social progress and food
security of countries.

G.S. Malhi et al. (2021) studied the global impact
of climate change on agriculture, focusing on changes
in grain productivity. They found that rising tempera-
tures can lead to a decrease in wheat yields in regions
where temperature increases are not accompanied by
increased precipitation. D. Miller & M. Hofmann (2022)
conducted a study on the example of Southern Europe-
an countries, including Albania, and concluded that the
decline in precipitation and the increase in the frequen-
cy of droughts pose significant challenges to the pro-
duction of olive oil and other traditional crops.A. Skryp-
nyk et al. (2021), in turn, focused on Ukraine, where he
analysed the impact of climate change on grain pro-
duction. Authors concluded that, despite the increase in
the growing season, a decrease in precipitation in the
southern regions of Ukraine could significantly reduce
yields without proper irrigation. N. Khan et al. (2021)
studied adaptation strategies in agriculture, emphasiz-
ing the importance of integrating modern agricultural
technologies, such as the use of drought-resistant plant
varieties. S. Skendzi¢ et al. (2021) noted in their work
that climate change contributes to the spread of new
pests and diseases that can threaten crop production,
and stressed the need to develop new plant protection
products. N.T.L. Huong et al. (2019) also conducted a
study on the economic impact of climate change on ag-
riculture and concluded that climate change will lead to
the need for significant investment in irrigation systems
to maintain sustainable agricultural production. E. Zhl-
lima et al. (2022) analysed climate risks for agriculture
in Albania. They found that the Mediterranean climate
of the region is becoming more arid, which leads to a
reduction in fruit crop yields. A.A. Chandio et al. (2020)
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studied the impact of climate change on the economy
of the agricultural sector and pointed to the growing
risks for corn and sunflower production. Authors noted
that without adaptation measures, significant losses in
yield and profitability are possible. A. Raza et al. (2019)
studied the global impacts of climate change, in par-
ticular the impact on agricultural prices. The authors
highlighted that climate change has the potential to
result in increased food prices. The study conducted by
R. Anderson et al. (2020) highlighted the need of inter-
national collaboration and knowledge sharing across
nations in developing adaptation methods for agricul-
ture in response to climate change.

The examination of researches indicates that cli-
mate change exerts a substantial influence on agricul-
ture. Consequently, it becomes imperative to formulate
and execute adaptation measures that are designed to
mitigate risks and guarantee the sustainable growth of
the agricultural industry. While prior research has made
a substantial contribution to comprehending the influ-
ence of climate change on the agricultural sector, there
are numerous areas that have not been well investigat-
ed. A notable deficiency exists in the thorough compar-
ative examination of the effects of climate change on
agriculture in two nations characterised by distinct me-
teorological circumstances and economic frameworks,
namely Albania and Ukraine. Furthermore, there is a
lack of focus on evaluating the economic consequences
of climate change on specific crops that are crucial for
both nations. The purpose of the study was to perform
a comparative examination of the influence of climate
change on agriculture in Albania and Ukraine, with an
emphasis on pinpointing particular obstacles for im-
portant cereal crops.

MATERIALS AND METHODS

In order to study the impact of climate change on ag-
riculture in Albania and Ukraine, a range of materials
and methods were used, including both qualitative and
quantitative data. Primary sources of information con-
sist of statistical data, published climate reports and
agronomic research. The study of climate change im-
pacts on agriculture in Albania and Ukraine involved a
thorough examination of climate data, crop yields and
production in both countries. To study climate change,
authors used data from the Climate Change Knowl-
edge Portal (n.d.a; n.d.b), which covers average annual
temperatures and precipitation in Ukraine and Albania.
Specifically for this study, changes in average annual
temperature and precipitation were analysed for the
period from 2010 to 2022. The graphical display of
these data allowed to identify the main trends in cli-
mate change in both countries.



A statistical analysis of the yields of several crop
groupings was used to evaluate the influence of cli-
mate change on agricultural productivity. For Albania,
data were obtained from Food and Agriculture Organ-
ization (n.d.) and National Institute of Statistics of Al-
bania (n.d.). In Ukraine, data from the State Statistics
Service of Ukraine (n.d.) were used. The information in-
cluded yields from 2016 to 2022 in Albania and 2023
in Ukraine for different types of crops, such as cereals,
vegetables, fruits, and industrial crops. In addition, data
on production volumes of these crops from 2016 to
2023 were collected. The data analysis allowed to as-
sess how changes in climate conditions have affected
crop yields and production in both countries. Analysis
methods included correlation analysis to determine
the relationship between climate change and yields, as
well as regression analysis to determine possible direc-
tions for future changes in crop production.

Furthermore, significant focus was given to the ex-
amination of advancements in irrigation,agronomy, and
agronomic techniques that enhance the ability of agri-
cultural produce to withstand influences from climate
change. The study examined contemporary irrigation
systems, the use of drought-tolerant crop types, and
the use of sophisticated agronomic practices to miti-
gate the effects of unfavourable climatic conditions. To
study the economic impact of climate change, authors
took into account aspects such as adaptation costs, re-
duced profitability and risks associated with extreme
weather conditions. The economic impact assessment
included an analysis of changes in production costs, in
particular the costs of irrigation systems and crop pro-
tection, as well as the impact on farm profitability. In
particular, the costs of adopting new technologies, such
as drip irrigation systems, and changes in agricultur-
al prices were considered. The study also conducted a
comparative analysis of the effects of climate change
on agriculture in Albania and Ukraine. This encom-
passed an examination of the various meteorological
conditions and their influence on agricultural output in
both nations, taking into account the particularities of
agricultural methods and economic circumstances.

RESULTS
Climate change presents substantial obstacles to ag-
riculture, the industry most reliant on natural envi-
ronments, by impacting it through intricate and varied
processes that encompass both direct and indirect con-
sequences on production. Influential variables such as
increasing temperatures modify the periods of plant
growth, which may lead to higher yields in certain ar-
eas but often result in reduced production due to heat
stress and increased insect activity, especially in dry
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climates (Aragén et al., 2021). Alterations in precipita-
tion patterns have a second in importance effect on agri-
culture; decreased rainfall and more frequent droughts
result in decreased crop yields necessitating water con-
servation techniques, while excessive or uneven precip-
itation can lead to flooding and soil erosion, so adverse-
ly affecting agricultural production (Siddig et al., 2020).
Changes in the frequency and intensity of extreme
weather events, such as hurricanes, floods and droughts,
are another crucial mechanism of climate change im-
pacts. Such events can lead to sudden crop losses, in-
frastructure damage and significant economic losses.
The increasing frequency of extreme weather events
creates additional risk for farmers and forces them to
look for new risk management strategies, such as crop
insurance or the introduction of climate-resistant plant
varieties. In addition, climate change is affecting water
resources, which are critical for agriculture. Changes in
the water balance can lead to water shortages, especial-
ly in regions where water is already a limited resource.
This is forcing farmers to look for new approaches to
water management, such as reducing water consump-
tion or adopting more efficient irrigation technologies.
The phenomenon of climate change poses many
risks to the agricultural sector, with both immediate
and long-term consequences for agricultural produc-
tion. A clear threat to agriculture is the reduction in
yields of major crops. Climate change, characterized by
higher temperatures, reduced precipitation and more
frequent extreme weather events, poses challenges
to maintaining traditional production levels. Another
significant risk is the change in geographical areas of
agricultural production. Due to climate change, some
regions may become unsuitable for growing certain
crops. For example, in regions where olives or grapes
were previously successfully grown, the conditions may
become too harsh for these crops due to rising tempera-
tures and decreasing rainfall (Shahzad et al., 2021). This
may lead to the need to change the specialization of
regions, which in turn requires significant investments
in new infrastructure, changes in growing technologies
and adaptation of farmers to new conditions. Climate
change also increases the risk of pests and diseases.
Warming may help to expand the habitat of some pests
that were previously restricted to warmer regions.
Economic risks associated with climate change are
among the most serious challenges facing modern ag-
riculture. These risks not only affect the profitability of
agricultural production, but can also threaten the sta-
bility and viability of farms, especially small ones. The
main economic challenges posed by climate change in-
clude higher production costs, reduced profitability, the
need to adapt to new conditions, and the risk of farm
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retrenchment (DeFries et al., 2019). Increased costs of
agricultural production are one of the most obvious
consequences of climate change. For example, farmers
are forced to invest in irrigation systems to provide wa-
ter for crops in drought conditions. The cost of install-
ing and maintaining such systems can be significant,
especially for small farms (Kolstad & Moore, 2020).
The introduction of new agricultural practices, such
as climate-resilient plant varieties or tillage methods,
also requires additional financial resources. In addition,
farmers are forced to spend more money on protecting
plants from pests and diseases, which are becoming
more prevalent as temperatures rise and rainfall pat-
terns change.The cost of pesticides, herbicides,and oth-
er plant protection products is rising, which significant-
ly increases the cost of production. In some cases, this
may require farmers to implement integrated crop pro-
tection systems, which requires additional knowledge
and skills, as well as even greater financial investment.

Reduced yields due to climate change are anoth-
er serious economic risk. Fluctuations in plant growth
period, reduced rainfall and increased incidence of se-
vere weather events lead to uncertainty in agricultural
production. Farmers may face volatility in yields from
year to year, making their income unpredictable. De-
clining yields directly affect the profitability of farms,
especially those that are already operating at the mar-
gins of profitability (Ray et al., 2019). This can have cat-
astrophic consequences for small farmers who do not
have the financial reserves to overcome such losses.
In the face of low profitability, many farmers may be
forced to leave agriculture or change their specializa-
tion. This is especially true for small farms that do not
have sufficient resources to invest in new technologies
and adaptation measures. For example, farmers who
produce certain crops may find that these crops are no
longer economically viable due to climate change (Ojo
& Baiyegunhi, 2020). This may force them to switch to
other activities, which in turn may lead to the loss of

traditional agricultural practices and knowledge. In ad-
dition, it is important to recognize that farm closures
resulting from economic problems can have significant
socio-economic consequences. A reduction in agricul-
tural production as a result of fewer active farmers can
lead to higher food prices and increased food insecurity.
The depletion of farms can negatively affect rural pop-
ulations by reducing employment opportunities and
incomes in geographic areas already facing economic
challenges (Guth et al., 2020).

Thus, economic risks associated with climate
change pose a serious threat to the agricultural sector.
Increased production costs, lower yields and reduced
profitability could force many farmers to leave agricul-
ture, with far-reaching consequences for food security
and economic stability. To address these challenges,
effective strategies to adapt and support farmers are
needed, including through financial assistance, educa-
tional programmes and the development of new agri-
culturaltechnologies.Agriculture in Albaniais an impor-
tant factor in economic development and employment.
Currently, the sector accounts for about 18.6% of the
country’s gross domestic product (GDP) and employs
more than 40% of the population. In addition, agricul-
tural and food products make up a significant share of
exports, accounting for 11.3% of the total (National In-
stitute of..., n.d.). However, Albania, as a country with
a developed agricultural sector, faces many challenges
posed by climate change, which requires a deep under-
standing and appropriate adaptation strategies.Albania
has a diverse climate, ranging from Mediterranean to
continental, which determines the cultivation of differ-
ent crops. Climate change, such as frequent droughts in
summer and increased rainfall in autumn and spring,
can cause significant fluctuations in crop yields. This,
in turn, leads to unpredictability in production volumes,
which creates risks for farmers and may lead to higher
agricultural prices. Figure 1 shows changes in average
annual temperature and precipitation.
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Figure 1. Dynamics of climate change in Albania from 2010 to 2022
Source: developed by the author based on data from the Climate Change Knowledge Portal (n.d.a)
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The average annual temperature in Albania for the
period from 2010 to 2022 showed a gradual increase.
While in 2010 the average temperature was 12.6°C, in
2022 it reached 13.31°C. This temperature increase
is a sign of global warming, which can have a signif-
icant impact on the country’s agriculture. Changes in
precipitation are another critical factor that has a di-
rect impact on agriculture. Figure 1 shows significant

fluctuations in precipitation. Particularly noteworthy
are the recent years: from 2019 to 2022, there has
been a decline in precipitation, most notably in 2022,
when the amount of precipitation was only 973.69 mm.
This decline can pose serious challenges for farmers,
including the need for increased irrigation costs and
lower yields. Table 1 shows the yields of different crop
production groups.

Table 1. Crop yields in Albania from 2016 to 2022, t/ha

Product groups 2016 2017 2018 2019 2020 2021 2022
Cereals 4.7 4.8 4.8 5 5.2 5.1 5.2
Citrus fruits 27.8 29.6 38.5 35.8 37 37.8 39.7
Fibre crops 0.39 0.39 0.38 0.38 0.39 0.39 0.4
Fruit 229 22 223 22.6 22.7 23.8 24
Oilseeds (oilcake) 1.02 0.81 0.92 0.87 0.84 0.8 0.92
Oilseeds (oil) 0.56 0.52 0.55 0.46 0.6 0.5 0.69
Root vegetables and tubers 24.6 25.1 26.2 25.6 26.3 24.9 26.5
Sugar crops 30.4 33.8 39.2 38.1 32.2 323 323
Nuts 4.8 4.7 4.1 4.2 4.4 4.3 4.9
Vegetables 27.3 28.1 27.7 28.4 28.5 29.1 29.6

Source: developed by the author based on data from the Food and Agriculture Organization (n.d.)

Agriculture in Albania shows changes in the
yields of different crops, which can be attributed to
various agronomic, technological and climatic factors.
Despite the negative changes in climatic conditions,
positive trends and stability are observed in most

crops, which indicates the effectiveness of agronomic
practices, while the decline in yields of certain crops
may indicate the need for additional research and ad-
aptation strategies. Table 2 shows the volume of crop
production.

Table 2. Crop production in Albania from 2016 to 2023, thousand tonnes

Product groups 2016 2017 2018
Cereals 698.4 701.7 678.2
Vegetables 1,129.1 1,151.9 1,166.3
Potatoes 238.3 249.8 254.5
White beans 25 21.2 24.5
Industrial crops = 32.7 30.8
Medicinal crops 10.6 12.8 12.5
Feed 6,144 6,688.6 7,050.1
Fruit trees 261 262.6 274.3
Olives 99 107.8 117.6
Citrus fruits 40 41 45.5
Grapes 205.1 202.9 189.8

2019 2020 2021 2022 2023
666.1 684 691.4 690.8 701.3
1,258 1,295.7 1,338.2 1,357.8 1,384.5
260.7 254.8 258.9 262.7 274.2
24.8 25.8 224 21.8 233
33.7 30.1 27.3 24.5 234
129 14.4 16 16.4 17.8
7,115.2 7,170.5 7,054 7,138.8 6,940.3
272.6 273.7 287.2 295.4 2819
98.3 131.9 110.2 157.7 117.6
46.9 49.2 50.5 55.1 56.7
189.8 199.1 212 211.2 179.7

Source: developed by the author based on National Institute of Statistics of Albania (n.d.)

The agricultural commodity production in Albania
has exhibited either growth or stability, suggesting the
efficacy of climate change adaptation strategies and
the conservation of the nation’s agricultural capacity.
Nevertheless, certain commodities, including industri-
al crops and grapes, are seeing a decrease in produc-
tivity, underscoring the necessity for additional study
and the adoption of novel approaches to sustain their
competitiveness.

At the macroeconomic level, climate change im-
pacts Albania’s international economic operations.
Given the significance of agriculture as an export in-
dustry, any decrease in crop production could result in
a decrease in the nation’s ability to export. This can
potentially have an adverse effect on Albania’s trade
balance, further augmenting its reliance on food im-
ports and exacerbating the country’s economic stabil-
ity. Furthermore, an increase in pricing for agricultural
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commodities on the local market can result in infla-
tion, therefore adversely affecting the buying power
of the populace.

The agricultural industry in Ukraine, which con-
stitutes a significant portion of the national economy
(7.8% of GDP), is facing a growing and complex chal-
lenge posed by climate change (State Statistics Ser-
vice..., n.d.). Given its status as a major global produc-
er and exporter of grains and oilseeds, Ukraine relies

heavily on consistent meteorological conditions to
maintain its agricultural output. Nevertheless, climate
change, characterised by the observation of elevated
average yearly temperatures, altered precipitation pat-
terns, and a heightened occurrence of severe weather
phenomena, can exert a substantial influence on the
productivity of agricultural land and the economic vi-
ability of farms. Figure 2 illustrates variations in mean
yearly temperature and precipitation.
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Figure 2. Dynamics of climate change in Ukraine from 2010 to 2022
Source: developed by the author based on data from the Climate Change Knowledge Portal (n.d.b)

The mean annual temperature in Ukraine has ex-
hibited a progressive upward trend, rising from 9.46°C
in 2010 to 10.86°C in 2020, and then seeing a mi-
nor decline to 10.04°C in 2022. The observed pattern
suggests a general increase in temperature, which
can have both beneficial and detrimental effects on
agriculture. Elevated temperatures can enhance the
productivity of heat-tolerant crops and extend their
cultivation regions towards the northern regions.
Nevertheless, an over rise in temperature could also

result in heightened evaporation and in turn, droughts,
therefore adversely impacting agricultural output,
particularly in the southern parts of Ukraine. Substan-
tial variations in precipitation were observed through-
out the research period. The inequitable allocation of
rainfall is a significant obstacle for agriculture, since
both the overall quantity of precipitation and its vari-
ation over the growing season are crucial factors. The
yields of several agricultural production groups are
presented in Table 3.

Table 3. Crop yields in Ukraine from 2016 to 2023, t/ha

Product groups 2016 2017 2018
Cereals and pulses 4.61 4.25 4.74
Factory sugar beet 48.2 47.5 50.9

Sunflower 2.24 2.02 2.3
Potatoes 16.6 16.8 171
Vegetable crops 21.1 20.8 21.4
Cultures fruit and berry 10.2 10.3 12.8

2019 2020 2021 2022 2023
491 4.25 5.39 4.58 5.52
46.1 41.6 479 54.1 52.5
2.56 2.02 2.46 2.16 245
15.5 15.7 16.6 174 177
214 20.7 215 20 209
10.8 10.6 11.7 11.6 11.9

Source: developed by the author based on data from the State Statistics Service of Ukraine (n.d.)

The dynamics of crop yields in Ukraine from 2016 to
2023 indicates a significant impact of climate change on
the agricultural sector. The fluctuations in yields of dif-
ferent crops highlight the need to adapt to new climatic
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conditions, introduce new technologies, and more pre-
cisely plan agronomic measures to minimize risks and
maintain the productivity of the Ukrainian agricultural
sector. Table 4 shows the volume of crop production.
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Table 4. Crop production in Ukraine from 2016 to 2023, thousand tonnes

Year 2016 2017 2018
Cereals and pulses 66,088 61,917 70,057
Factory sugar beet 14,011 14,882 13,968
Sunflower 13,627 12,236 14,165
Potatoes 21,750 22,208 22,504
Vegetable crops 9,415 9,286 9,440
Fruit and berry crops 2,007 2,048 2,571

2019 2020 2021 2022 2023
75,143 64,933 86,010 53,864 59,772
10,205 9,150 10,854 9,942 13,130
15,254 13,110 16,392 11,329 12,760
20,269 20,838 21,356 20,900 21,359
9,688 9,653 9,935 7512 8,297
2,119 2,024 2,235 1,995 1,996

Source: developed by the author based on data from the State Statistics Service of Ukraine (n.d.)

Ukraine’s agricultural sector is subject to significant
fluctuations in the production of different crops, which
is due to climate change as well as economic and po-
litical factors. The decline in 2022 is mainly due to the
outbreak of war in Ukraine. Successful adaptation of the
agricultural sector to new conditions requires the intro-
duction of innovative technologies, improvement of ag-
ronomic practices and consideration of all possible risks.

Despite their differences in climate, geography,
agricultural organisation, and economic development,
Ukraine and Albania both rely significantly on the ag-
ricultural industry. The Mediterranean climate of Alba-
nia, situated in the southern region of Europe, is dis-
tinguished by moderate winters and scorching, arid
summers. As of 2024, the nation is experiencing esca-
lating temperatures and erratic precipitation, resulting
in a notable surge in the vulnerability to drought and
a reduction in readily available water supplies. These
modifications exert a substantial influence on the ag-
ricultural outputs and efficiency of crops, particularly
those that are exceptionally responsive to fluctuations
in the water equilibrium, such as grains and vegetables.
For example, cereal production in Albania has shown
some stability, but climate variations could have a sig-
nificant impact on future yields. Water scarcity also
threatens orchards and vineyards, requiring the intro-
duction of new irrigation systems and adaptive tech-
nologies. This requires an increase in the costs of in-
troducing new technologies for irrigation and water
management. In particular, farmers are forced to invest
in efficient irrigation systems, which increases produc-
tion costs. This can have a negative impact on profit-
ability, especially for small farmers, who often do not
have access to sufficient finance. Agricultural products
make up a significant portion of Albania’s exports. A de-
cline in yields could affect the country’s export poten-
tial, which in turn would affect foreign trade and eco-
nomic growth. A decline in production of major export
crops such as citrus could also reduce foreign exchange
earnings from exports.

As one of the largest agricultural countries in Eu-
rope, Ukraine faces other challenges. Climate change in
Ukraine, including an increase in average annual tem-
perature and reduced precipitation in some regions, is
leading to soil degradation, lower yields and overall ag-
ricultural productivity. This is particularly acute in the
southern and eastern regions of the country, which face
frequent droughts. However, unlike Albania, Ukraine has
a larger area of arable land, which allows it to com-
pensate for the decline in yields by expanding its sown
areas. On the other hand, climate change also causes
uneven distribution of precipitation, which leads to
flooding in some regions and, as a result, crop losses.
This requires significant investment in irrigation tech-
nologies, new agronomic practices and improved soil
cover. However, large agricultural companies have more
resources to implement such technologies than small
farmers. Ukraine’s agricultural sector is of great im-
portance to the country’s economy, particularly for ex-
ports. Climate change could reduce production of major
crops, which would negatively impact export revenues
and economic stability. Decreased yields of grain and
oilseeds could lead to higher prices for products on the
domestic market and increased import costs.

Both countries encounter difficulties associated
with the necessity to adjust to changes in climatic cir-
cumstances. The aforementioned activities encompass
the implementation of novel crop cultivars that exhibit
enhanced drought tolerance, the upgrading of irriga-
tion infrastructure, and the advancement of agro-inno-
vation and precision farming technology. Furthermore,
it is crucial to underscore that climate change in both
nations not only entails adverse repercussions, but also
presents novel prospects for the advancement of the
agricultural industry (Shahini et al., 2023). As an illus-
tration, alterations in the duration of the growing sea-
son can enable the growth of novel crops that were not
previously customary in these areas. Statistical analy-
sis has demonstrated that climate change will exert a
substantial influence on the agricultural industries of
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both nations. However, the magnitude and nature of
this influence differ based on the accessible resources,
structural characteristics of the agricultural sector, and
the economic conditions in each country.

Adaptation of agriculture to climate change is a
key task for ensuring sustainable food production and
maintaining economic stability (Cui, 2020). The decline
in yields of cereals, vegetables and citrus fruits in Al-
bania requires the urgent implementation of efficient
irrigation systems (Shahini et al., 2024). Modernization
of irrigation infrastructure, including the introduction
of drip irrigation and rainwater storage, will reduce
water losses and increase the efficiency of agronomic
practices. It is also critical to improve agronomic prac-
tices, including the use of drought-resistant plant vari-
eties, crop rotation and soil cover to preserve moisture.
The development of climate monitoring systems will
help farmers to respond to weather changes in a timely
manner and adjust agronomic practices. Education and
training of farmers, investment in research and support
for innovative technologies are also key factors for suc-
cessful adaptation.

In Ukraine, adaptation requires improving water
management by introducing modern irrigation systems,
such as rainwater storage tanks and technical solutions
for water reuse.Agronomic technologies, such as crop ro-
tation, climate-resistant varieties and precision farming,
will help improve yields and reduce costs. Itis also impor-
tant to maintain soil quality through no-till farming and
the use of organic fertilizers. Investing in research and
supporting innovations, such as new agronomic practic-
es,will help farmers adapt to changing conditions.Finan-
cial support and insurance programmes can help farm-
ers cope with economic losses due to climate change.

The combined suggestions for Albania and Ukraine
encompass international collaboration to exchange
knowledge and technologies, enhance infrastructure
such as water storage systems and transportation net-
works, and formulate measures to mitigate risks linked
to severe weather events. The adaptation of agriculture
to climate change is an intricate and diverse process
that necessitates a unified strategy and the active in-
volvement of all sectors of society. The adoption of these
suggestions will contribute to mitigating the adverse
impacts of climate change, so guaranteeing the sustain-
able growth ofthe agriculturalindustries in both nations.

DISCUSSION
The study on the effects of climate change on agricul-
ture in Albania and Ukraine revealed that these coun-
tries encounter distinct problems arising from both
the overall pattern of global warming and particular
characteristics of their local environments. Variations in
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temperature are a primary determinant impacting ag-
riculture in both nations. The rise in mean yearly tem-
peratures in Albania and Ukraine is a clear indication
of the global warming phenomenon, which can man-
ifest in both beneficial and detrimental effects on ag-
ricultural output. On one side, increasing temperatures
might enhance the productivity of heat-tolerant crops
and broaden their suitable growing regions. Yet, exces-
sive warming can result in heightened evaporation and,
as a result, droughts, which pose a significant threat
to agriculture in the southern parts of Ukraine. This
necessitates the implementation of novel agricultural
technology and adjustments, such as the use of effec-
tive irrigation strategies. B. Qian et al. (2019) studied
the impact of climate change on wheat and corn pro-
duction in the central regions of Canada. Their results
showed that the increase in average temperatures had
a positive impact on yields, especially in areas previ-
ously considered cool for growing these crops.Y. Yue et
al. (2019) pointed out that due to the warmer climate,
wheat began to ripen better, and the growing season
was extended, which led to an increase in the amount
of harvest. However, in contrast to their findings, the
current study showed that in Eastern Europe, particu-
larly in regions with a more continental climate, rising
temperatures have a negative impact on wheat yields.

The study carried out by M.F. Cardell et al. (2019) ex-
amined the effects of climate change onviticulture in key
European countries, specifically Italy, Spain, and France.
An investigation revealed that higher average tempera-
tures result in reduced acidity of grapes, therefore influ-
encing the flavour and chemical makeup of wine. The
present findings somewhat align with these results, as
they also demonstrate that increasing temperatures
impact the quality of crops. Nevertheless, the present
investigation concentrated on cereals, namely wheat,
whereby rising temperatures exert an adverse influence.

The study showed significant fluctuations in pre-
cipitation levels, which is a serious challenge for ag-
riculture, as not only the total amount of precipitation
but also its distribution over the growing season is cru-
cial. In Albania, the decrease in rainfall in 2022 posed
serious challenges for farmers, forcing them to increase
irrigation costs and struggle with low yields. In Ukraine,
the uneven distribution of precipitation makes it diffi-
cult to predict yields and requires more precise plan-
ning of agricultural practices. Y. Ding et al. (2020) stud-
ied the impact of climate change on rice production in
the regions of China. Their study showed that the main
factor affecting rice yields is a change in precipitation,
not temperature. S. Hussain et al. (2020), in turn, noted
that an increase in rainfall intensity, especially during
the monsoon season, contributes to an increase in rice



yields by 10-12%. However, during periods of reduced
rainfall, yields drop sharply due to a lack of water for
irrigation. This contrasts with current results, where
rising temperatures are the main factor affecting crop
yields in Eastern Europe. The current study indicates
that even with sufficient precipitation, rising temper-
atures lead to negative effects such as droughts and
heatwaves, which significantly reduce yields.

Another crucial factor to consider is the varia-
tions in the frequency and severity of severe weather
phenomena. The occurrence of droughts, floods, and
storms in Albania and Ukraine is on the rise, thereby
amplifying the vulnerabilities faced by farmers. Conse-
quently, there is a need to devise novel risk manage-
ment approaches, such as the implementation of crop
insurance and the cultivation of plant selections that
are resilient to climate change. D. Beillouin et al. (2020)
examined the effects of severe weather phenomena on
agricultural land in Europe. They found that frequent
droughts and heat waves, which have become more
common from 2000s, significantly reduce the yields of
various key crops in the regions. This is comparable to
the current results, which also indicate that frequent
droughts in Eastern Europe have a negative impact on
yields. However, unlike the author, where he noted that
perennial crops were affected, the current study refers
to a decline in yields of annual cereals.

The results showed that higher production costs,
lower yields and reduced profitability could lead many
farmers to abandon agriculture, with far-reaching con-
sequences for food security and economic stability. The
rising cost of agricultural production requires farmers to
adopt costly adaptation technologies such as irrigation
systems and new agricultural practices. The economic
consequences of climate change on the agricultural sec-
tor worldwide, specifically on the cultivation of various
crops in different geographical areas, were examined
by R.Dellink et al. (2019). Their study demonstrated that
as a result of climate change, namely the escalation of
temperatures and the reduction of rainfall, farmers have
seen an average revenue loss of 15-20%. A.M. Garcia et
al.(2019),in turn, noted that farmers are forced to spend
more money on irrigation systems and sun protection,
which leads to higher production costs and, conse-
quently, lower profits. The current results also demon-
strate the economic ramifications of climate change on
the agricultural industry, with a focus on reduced yields
and productive capacity, resulting in financial losses
caused by diminished revenues from product sales.

The decline in yields caused by climate change has
particularly affected Ukraine, which has seen a signifi-
cant drop in grain and oilseed production. Consequently,
the country’s export capacity has declined, potentially
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resulting in adverse consequences for its trade balance
and economic stability. Moreover, the influence of cli-
mate change on agricultural yields and output volumes
was investigated by M. Kalkuhl & L. Wenz (2020). Their
research demonstrated that increasing temperatures
and alterations in precipitation patterns resulted in a
decline in agricultural productivity in various parts of
the nation. A. Ortiz-Bobea et al. (2021) observed that a
rise in the occurrence of severe weather phenomena,
such as typhoons and intense precipitation, results in
increased crop losses and crop damage, so diminish-
ing total production. This is consistent with the current
results, which also found a decrease in yields due to
rising temperatures.

In both countries, there are changes in the geo-
graphical areas of crop production, requiring signif-
icant investments in new infrastructure, changes in
cultivation technologies and adaptation of farmers to
new conditions. For example, in Albania and Ukraine,
climate change may make some regions unsuitable for
growing certain crops, leading to a need to change the
specialization of the regions.

Overall, the analysed results confirm the significant
and multifaceted impact of climate change on agri-
culture, while highlighting regional peculiarities that
should be taken into account when adapting agricultur-
al practices.Overall,successful adaptation of agriculture
to climate change requires innovative technologies,
improved agronomic practices and consideration of all
possible risks.This requires significant financial resourc-
es,education,and government support to ensure the re-
silience of the agricultural sector in a changing climate.

CONCLUSIONS

The main mechanisms of climate change impacts on ag-
riculture include changes in temperature,which can both
increase and decrease yields depending on the region,
as well as changes in the amount and pattern of precip-
itation, which in some cases leads to lower yields due to
droughts or soil erosion. In particular, Albania is experi-
encing a gradual increase in average temperature and a
decrease in precipitation, which poses additional chal-
lengesfortheagriculturalsector,requiringtheimplemen-
tation of adaptation measures such as expanding irriga-
tion systems or using climate-resistant plant varieties.

Being a major producer and exporter of grains and
oilseeds, Ukraine is also confronted with substantial ob-
stacles created by climate change. Increasing tempera-
tures and shifting precipitation patterns have a direct
impact on crop production,namely on grain and oilseed
yields, as verified by comprehensive data analysis. Al-
terations in precipitation patterns and increasing tem-
peratures need the adjustment of agricultural methods,
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including the strategic organisation of agriculturalactiv-
ities to align with the changing climatic circumstances.

Furthermore,theresearchrevealedthatthe econom-
ic hazards linked to climate change provide a significant
perilto agriculture in both nations.Escalated production
expenses, diminished crop outputs, and the necessity to
adopt novel technologies may result in decreased prof-
itability of farms and potentially a decline in their popu-
lation. Consequently, this could maybe result in adverse
effects on both food security and economic stability.

Nevertheless, notwithstanding the obstacles, the
research also emphasises prospects for the agricultural
industry to thrive in response to climate change. For
instance, alterations in the duration of the growing sea-
son might enable the growth of novel crops that were
not previously characteristic to certain geography. Ad-
vancements in cutting-edge technology, such precision

long-term viability of food production and economic
stability in response to climate change. Specifically, this
encompasses the upgrading of irrigation infrastructure,
enhancement of water management practices, adop-
tion of climate-resistant agricultural types, and provi-
sion of financial and instructional assistance to farmers.

The study’s limitations include the use of data that
may not comprehensively represent all facets of cli-
mate change and its effects on agriculture, owing to the
scarcity of accessible literature. Additional investigation
should prioritise the intensive observation of the en-
during consequences of climate change on many facets
of the agricultural industry and the formulation of novel
adaptation measures, taking into account the incorpora-
tion of innovative technologies and predictive models.
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EKOHOMiYHa oUiHKa BNJIMBY 3MiHU KNiMaTy
Ha cinbcbKe rocnogapcTeo B Anb6aHii Ta YKpaiHi

Enti laxiHi

AcnipaHt

XapKiBCbKUI HaLiOHANbHUI EKOHOMIYHWIA YHiBepcuTeT iMeHi CemeHa Ky3Heus
61166, npocn. Haykn, 9A, M. XapkiB, YkpaiHa
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AHoTauif. MeTow UbOro AoCnimpKeHHs Oyno nNpoBeLEHHS MOPIBHSNbHOrO aHanisy BMAMBY 3MiHW KJiMaTy Ha
CinbcbKOrocnoaapcbkuii cektop B AnbaHii Ta YKpaiHi, 3 akLUeHTOM Ha BM3HAYEHHi K/IHYOBUX BMKIIMKIB Ta
MOXNIMBOCTEN ANng agantauii. Y pocnimpkeHHi 6yno npoaHanizoBaHo ctatuctuyHi fadi 3 2010 no 2023 pik woano
3MiHM KNiMaTy Ta ii BNAMBY Ha CinbCbKe rOCMOAAPCTBO, @ TaKOX OLHEHO HAcNiaku. Pe3ynbtatM AOCAIOXKEHHS
MOKasanu, Wo 3MiHW TeMMNepaTypHUX PEXUMIB € KHOUOBUM HaAKTOPOM, ikl 6e3nocepenHbo BNAMBAE Ha CiNbCbke
rocnopapcreo. MiaBUWEHHS cepeaHbOPiYHNX TeMmnepaTyp NpU3BOAMTL A0 3MiHM BereTauiiHOro nepiogy poC/ivH,
LLLO MAE SK MO3UTMBHI, TaK i HEFATMBHI HACNiAKU. 3MiHA peXMMY ONaAiB € Lie OAHMM K/IHOYOBMM MEXAHI3MOM BMNBY
3MiHM KNiMaTy Ha CiflbCbKe rOCnoAapCTBO. 3MEHLIEHHS KifIbKOCTi OMafiB Ta 4acTi NOCYXM MOXYTb MPU3BECTU L0
3HAYHWUX BTPAT BPOXalto, L0 BUMaraTtumMe BMPOBa[KEHHS CUCTEM 3POLLEHHS Ta iHWMX BOA036epiratoumx TeEXHONOTIN.
EkoHOMIYHI pM3nkKM, NOBA3aHi 3i 3MiHOK KNiMaTy, € CEPAO3HUM BUK/IMKOM A1 CiNbCbKOrO rOCMoAapCTBa. 3HUXKEHHS
BPOXAMHOCTI, 3pOCTaHHS BUPOOHWMYMX BMUTPAT i HEOOXiAHICTb aganTauii 4O HOBMX YMOB MOXYTb 3arpoxyBaTu
cTabinbHOCTI epMepCbkMX rocnofapcts, ocobnneo Manmx. AHanis gns AnbaHii nokasas, WO MifBULLEHHS
TeMnepaTypu Ta 3MEHLUEHHS KiIbKOCTi ONaaiB CTBOPHOKOTb BUKAMKM A9 CiIbCbKOrO rocnogapcrea, 0cobnmMBo ans
BMPOOHMLITBA 3€pHOBMX Ta OBOMIB. B YKpaiHi, 3 ii BEIMKMMM NNOWAMU OPHUX 3EMENb, € MOX/IMBICTb KOMMEHCYBATH
3HMXKEHHS] BPOXAMHOCTI 3@ PaXyHOK PO3LUMPEHHS MOCIBHUX MAOLW, ane AAa NigBULLEHHS edeKTUBHOCTI NOTPibHi
iHBECTULIi B HOBI TEXHONOrIT 3POLIEHHS Ta arpoHOMIiYHi npakTuku. ObMABI KpaiHM CTUKAOTbCA 3 HEoOXiAHICTHO
BMNPOBa[XXEHHS HOBMX COPTiB POC/IMH, MOAEPHi3aLii ipurauiiHUX CUCTEM, @ TAKOX PO3BUTKY CiibCbKOrOCMoAapCbKUx
iHHOBALiM Ta To4yHOro 3emnepobcTea. EQekTBHI cTpaTerii aganTauii, BKAHOYaUM MidKHapoaHe crniBpobiTHULTBO
Ta NiATPUMKY HaYKOBMX OOCAIAXKEHb, € KNOYOBUMM AN 3a6e3neveHHs CTanoCTi CilbCbKOroCnoAapCbKMX CeKTopiB
060X KpaiH. Pe3ynbrati foCnigKeHHS MOXYTb OYTM 3aCTOCOBAHI Ha NPaKTULI B AepXXaBHMX Nporpamax niaTpuMKu
CiNbCbKOro rocnoAapcTBa Ta MiXKHAPOAHUX NPOEKTAX 3 aAanTalii 40 3MiHM KniMaTy

KniouoBi cnoBa: TeMnepaTypHU peXuM; BOAHI pecypcu; MpOAYKTMBHICTb; iHBecTUUii B iHOPACTpyKTypy;
NOPIBHANBHMI aHani3
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Abstract. The purpose of this study was to investigate the dynamics of early potato yield formation at 40 days
depending on the weather conditions of the research years and the adaptive potential of early potato cultivars.
During 2018-2024, 10 cultivars of early potatoes common in the Forest-Steppe zone were investigated in the field
(Uman, 48°46'N, 30°14'E). To analyse the results obtained, the study employed generally accepted methods of
field and genetic-statistical research. During the study, the number and weight of marketable tubers in the bush,
the dynamics of crop formation on the 40™ day after germination, and the strength of the correlation between
yield and rainfall were investigated. As a result of the data obtained, the most promising cultivars were identified
for early potato harvest in the Forest-Steppe region of Ukraine. It was found that this climatic zone is best suited
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to the cultivars Bazaliia, Tornado and Madison with a yield of 11.0-11.7 t/ha and a large weight of marketable
tubers — 58-60 g. In the full ripeness phase, the most productive cultivars were Madison - 37.2 t/ha (+18.6 t/ha of
control), Tornado - 34.7 t/ha (+16.1 t/ha of control), Duma and Bazaliia - 31.4 and 32.2 t/ha, respectively (+12.8 t/ha
13.6 t/ha of control, respectively). The study found that the Tornado and Madison cultivars form the largest number
of marketable tubers in the bush. Analysis of the semi-ratio of plasticity and stability parameters contributed to
the grouping of cultivars into intensive ones (Sanibel, Radomysl, Duma, Bazaliia and Madison had indicators bi>1,
o?d >0 and plastic (Povin, Vzirets, Skrabnytsia, Bernina and Tornado). As a result of the study, the most productive
potato cultivars for early production were identified, which will ensure the stable development of the vegetable
growing industry in the Forest-Steppe zone of Ukraine, and the calculated statistical models will allow predicting

and directing the programming of potato yields

Keywords: early harvest; stability; plasticity; environmental variation; genetic variation

INTRODUCTION

In modern environment, the development and imple-
mentation of environmentally friendly, resource-saving
technologies for growing crops, including potatoes, is
of particular significance. This is cause by the fact that
potatoes are one of the most popular food crops in
Ukraine, with high demand. It is planned to increase the
efficiency and competitiveness of vegetable production
by providing the population with high-quality, afforda-
ble products. The key task in developing zonal cultiva-
tion technologies is to select potato cultivars.

According to FAOSTAT (n.d.), about a tenth of the
world’s agricultural land is suitable for potato culti-
vation, but in other areas, the possibility of obtaining
consistently high yields is limited by various factors.
The conclusions drawn by R. Ilchuk et al. (2023) suggest
that potatoes are a major crop characterised by high
adaptability, plasticity and potential productivity. It is
cultivated in 130 countries and is considered a strate-
gically important product. M. Furdyha (2022) notes the
advantage of potatoes compared to other crops in their
ability to generate high productivity in a wide range of
agricultural systems.

A. Bombik et al. (2023) note that modern progress
in potato production is possible due to the introduc-
tion of new promising high-yielding cultivars, their
seed production on a virus-free basis, improvement
of adaptive potato production technologies based on
biologisation, energy and resource saving in the con-
ditions of an adaptive landscape economically justified
farming system. M. Ostrenko et al. (2020) pointed out
that the most relevant and practically significant as-
pects of potato growing are expanding the range of
high-yielding early cultivars, considering consumer de-
mand and farm specialisation. According to L. Korol et
al. (2023), it becomes clear that special attention is
paid to food and table cultivars with yellow or creamy
flesh and high palatability. There are also cultivars of
interest for industrial processing with a high starch
content and certain technological qualities, as well as
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for feed use with a high dry matter and starch content.

From the findings of R. Nicolao et al. (2023), it is
known that despite the large number of potato culti-
vars available, there is a need for new cultivars that
have high productivity yields at low inputs, resistance
to diseases and pests, and resistance to environmen-
tal stresses such as high or low temperature, drought
and salinity. The researchers also noted that, if possible,
potato cultivars should also have improved nutritional
properties. To achieve this goal, it is necessary to devel-
op, introduce and select cultivars that are well-adapted
to concrete soil and climatic conditions.

R.M. Gutaker et al. (2019) stated that the spread of
potatoes outside their native range required consid-
erable adaptation to new environments, specifically
moving crops along latitudinal gradients. In these cas-
es, geographical expansion required the adaptation of
plant development to a different day length and tem-
perature. In case of a short day in Europe, potato tuber-
isation would only occur on short days in late autumn
accompanied by frosts. Therefore, overcoming the de-
pendence of a short day for tuberisation was probably
the crucial adaptation to European conditions. Modern
potato cultivars behave as facultative short-day plants
because tuberisation occurs during the long day, but
tuber differentiation is still accelerated after the plants
are moved to shorter day lengths.

A. Chindi et al. (2020) noted that the adaptability
of crops can vary depending on the climate zone, and
therefore it is important to conduct site-specific adap-
tation trials to identify suitable cultivars. Accordingly,
an adaptation trial of potato cultivars was conducted
in the central highlands of Ethiopia to assess the per-
formance and adaptability of introduced and improved
cultivars in different potato agroecologies. The findings
showed that plant height, number of stems, average
number of tubers, and average tuber weight varied
substantially between cultivars, and their yields ranged
within 19.44-30.08 t/ha.



Earlier studies have shown that the key character-
istics that determine high potato yields are adaptive
capabilities, the number of stomata per unit leaf area,
and the content of photosynthetic pigments (Laisina et
al., 2021). The quantitative value of these parameters,
together with the number of tubers and the average
tuber weight, helped to determine the differentia-
tion of plants by the degree of yield. S.A. Jennings et
al. (2020) concluded that considering the increasing
significance of potatoes globally, there is a growing
need to understand the impact of dynamic climate
change on potato production. Temperature and pre-
cipitation can be limiting factors, as potatoes require a
temperate climate and are inhibited by temperatures
above 33°C and require more than 500 mm of precipi-
tation during the growing season for high yields.

Due to the shift of climatic zones, the movement of
the Steppe to the North of Ukraine and the geopoliti-
cal situation in Ukraine since 2022, the purpose of this
study was to select early (young) potato cultivars for
specific soil and climatic conditions and to investigate
their adaptive and productive potential.

Yatsenko et al.

MATERIALS AND METHODS

The experiments were conducted in 2018-2024 in
the city of Uman (coordinates: 48°46'N, 30°14'E). The
study included 10 cultivars of early potatoes, which
are particularly common in the Forest-Steppe zone.
All studies conducted followed the provisions of the
Convention “On Biological Diversity” (1992). The soil
of the experimental field was podzolised heavy loamy
chernozem with a humus horizon 40-45 cm thick and
a humus content of 1.5%; pH (salt) - 6.65; hydrolyt-
ic acidity - 2.6 mg equivalents/100 g, soil saturation
with bases — 90-95%, the indicator of the sum of ab-
sorbed bases - 24.6 mg equivalents/100 g. The focus
of the study was on the investigation of the impact of
weather conditions, specifically, the amount of precipi-
tation during the growing season of potato plants.The
data in Table 1 suggest that the most moisture-sup-
plied growing season was in 2020, 2023 and 2024.
According to the Uman Weather Station, these years
were also characterised by an even distribution of pre-
cipitation by month, namely in May and June, which
contributed to a high yield.

Table 1. Amount of precipitation during the growing season of early potato plants

Month
2018 2019 2020
\% 17.5 224 21.0
\Y 18.3 35.6 101.0
Vi 82.4 69.8 70.4
\ 92.9 33.8 214
) 2111 161.6 213.8

Source: data from the Uman Weather Station

The study involved 10 cultivars of early pota-
toes (Skarbnytsia, Bazaliia, Bernina, Madison, Torna-
do, Povin, Duma, Radomysl, Vzirets, Sanibel), with the
Skarbnytsia cultivar as the control, as it is the most
tested in the Forest-Steppe zone. Tubers were planted
in the second decade of April according to the scheme
of 70 x 35 cm (40.8 thsd plants/ha). The area of the
test plot was 25 m?, replicated four times. The biomet-
ric measurements (lLeaf area of plantations, number of
stems, number of marketable tubers per bush) and the
dynamics of yield formation (at 40 and the phase of
complete tops’ death) were carried out using general-
ly accepted methods (Bondarenko & Yakovenko, 2001;
Ukrainian Institute of Plant Variety Expertise, 2016;
Bondarchuk et al., 2019).

Genetic and statistical processing of the results. Most
methods for assessing adaptive capacity are based on
the use of regression analysis, the mathematical model
of which was developed by KW. Finlay & G.N. Wilkin-
son (1963) and supplemented by S.A. Eberhart &

Year

2021 2022 2023 2024
49.9 57.7 129.6 55.0
56.4 224 42.4 103.0
104.7 36.3 15.8 180.0
89.8 28.1 92.5 92.5
300.8 144.5 280.3 430.5

W.A. Russell (1966). To systematise the obtained find-
ings, the ranking of cultivars was used according to the
ratio of the parameters of plasticity (bi) and stability *d:

1) bi< 1, 6?d >0 - shows a better result under ad-
verse conditions, unstable;

2) bi<1,0*d=0 - shows a better result under unfa-
vourable conditions, stable;

3) bi=1, 6’d=0 - responds well to improving con-
ditions, stable;

4) bi=1, 6*d>0 - responds well to improving con-
ditions, unstable;

5) bi>1, 62d=0 - shows best results under favoura-
ble conditions, stable;

6) bi>1,5*d>0 - shows best results under favour-
able conditions.

Therewith, a cultivar with bi>1 is classified as
highly plastic (relative to the average group), and with
1>bi=0,it is classified as conditionally low plastic. Sta-
bility coefficient - ¢%d, the lower it is, the more stable
the genotype is.
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The genotype homeostasis parameter (Hom) was
determined according to the following formula:

, 1)

where X - the arithmetic mean of the genotype; ¢ - the
generalised standard deviation.

The breeding value of a genotype was calculated
using the following formula:

() =X -2, 2)
Xopt

where X - the arithmetic mean of the genotype; X, -

the arithmetic mean of the limited (minimum) value

of the trait; )_(apr - the arithmetic mean of the optimum

(maximum) value of the trait.

To avoid a linear artefact in the regression coeffi-
cient, a multiplicative coefficient (MC) was determined
to compare the variability of the trait. The higher the
numerical value of the coefficient, the more volatile the
trait is:

MC = Xbiyt (3)

Xi

where Xi - the average value of the studied trait in the

i-th cultivar; bi - the linear regression coefficient of the

i-th cultivar; yi - the average value for all averages for

all cultivars yi for each j-th experiment point (year).
Environmental plasticity index:

(YV1 YV, | YVn)
EP] = ATV1 ATV; ATVy : )

where YV, YV,... YV - the values of the trait in the gen-
otype in different years of testing; ATV,, ATV,... ATV -
the average trait values of the cultivars in each of the
experimental variants.

The absolute adaptability coefficient (AAC) of gen-
otypes was determined according to the following for-

mula:
__ (XiC -100 - Xm)

00 ®)

where XiC - the average yield of the cultivar over the
years of testing; Xm - the multi-year average yield of
the cultivar.

Stress resistance and compensatory capacity of
cultivars were calculated according to A.A. Rossielle &
J.Hemblin (1981):

AAC

SR=Y -V (6)

max’

cC = Ymint Ymax

tnar )

where Ymm and Ymax - the minimum and maximum val-
ues of the cultivar trait.
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The results were statistically processed using the
arithmetic mean (x) and standard deviation (SD) cal-
culated using Microsoft Excel 2019. Correlations were
calculated using Statistica 12 software. The Chaddock
scale was used to qualitatively assess the correlation
coefficients. The results of the correlation studies were
presented graphically, as the graphical method plays
an essential role in statistical research, where the in-
terrelationships of phenomena and processes in the
movement of dynamics indicators are studied. For this,
a correlation field was used, which reflects the statis-
tical relationship between the measurement results. A
visual analysis of the correlation field allows qualita-
tively assessing the shape, direction and closeness of
the relationship. The form is determined by the type of
correlation field: if a straight line can be drawn through
the correlation field, the form of the relationship is lin-
ear, otherwise it is non-linear.

In the experiments, the phenotypic, genotypic and
environmental variability of cultivars was determined
(Burton & DeVane, 1953; Shing et al., 1993) using the
formulas (8-13).

Genetic variance:

CMp,— CM,
g2 =p

r

s (8)

where CMP - the generalised root mean square value of

the population trait; CM, - the generalised root mean

square error; r — the number of repetitions.
Environmental variance:

o;=CM. 9
Phenotypic variance:
ol=0l+a0]. (10)

Genotypic variation coefficient:

/aé 100
CVG = ~——. (11)
X
Phenotypic variation coefficient:
0% 100
CVF = - (12)
Environmental variation coefficient:
03-100
CVA = ~——-. (13)

X

RESULTS AND DISCUSSION
Reports by FAOSTAT (n.d.) show that one of the reasons
for the low efficiency of potato production in Ukraine
was the falling behind of the agro-industrial complex
in terms of global agro-technological advance. At the
same time, potato growing in Ukraine has switched to



an adaptive landscape farming system in the modern
market economy. According to FAO (2024), potatoes are
on the list of crops whose production has been fairly
stable over the period of economic reforms in Ukraine:
the area under cultivation is 505 thsd ha, the gross har-
vest is 20.9 mn t,and the average yield is 41 t/ha higher
than the global average yield of 20.0 t/ha.

An evaluation method that allows for the analysis
of stability and plasticity parameters is a significant
step in breeding programmes and provides more ac-
curate information about the adaptive potential of a
genotype. This approach allows determining the effect
of genotype, environment and their interaction (GEI) on
yield, as well as identifying stable and high-yielding
populations in trials.

Analysing the cultivars according to the trait “num-
ber of marketable tubers’,it can be observed that the var-
iation over the years was noticeable from 4.1 pcs/plant
in 2022 in the Sanibel cultivar to 10.4 pcs/plant in
2024 in the Madison cultivar. The maximum number

Yatsenko et al.

of tubers was formed in 2020, 2021, 2023 and 2024,
where the average cultivar index ranged within 7.0-
7.6 pcs/plant. The variation in this indicator was within
11-19%, with the most stable being Madison and the
least stable being Sanibel and Radomysl. The impact
of weather conditions during the years of research was
substantial. The lowest variation was in 2024 - 16%,
and the highest was in 2019 - 29%.

The largest number of marketable tubers per plant
over the years was formed by the cultivars Bazaliia (5.5-
8.3 pcs.), Duma (5.9-9.6 pcs.), Tornado (6.7-9.8 pcs.) and
Madison (7.9-10.4 pcs.). To achieve high crop productiv-
ity, a ratio of CVG/CVA 21 is required. The study shows
that environmental variation (CVA=23.7%) outweighed
genetic variation (CVG=5.4%), suggesting a significant
dependence of potato genotypes on environmental
conditions. Ratio of CVG/CVA=0.23, which indicates that
the unstable weather conditions of the Forest Steppe
were not favourable enough for the formation of mar-
ketable potato tubers (Table 2).

71

Table 2. Dynamics of the number of tubers per bush, pcs., and average weight of marketable tubers, g (2018-2024)

Cultivar 2018 2019 2020 2021 2022 2023 2024  Xmed SD v, % w:;lgb:tl: q
Povin 5.9 4.4 6.0 4.9 4.2 4.6 5.9 5.1 0.72 14 33.0
Skarbnytsia (C)* 4.7 49 6.1 5.7 3.9 5.2 5.9 5.2 0.71 14 39.0
Vzirets 5.4 49 6.2 6.0 5.9 6.9 5.7 0.79 14 38.0
Sanibel 5.1 5.1 7.2 6.2 41 6.4 7.6 5.9 1.15 19 44.0
Radomysl 5.6 5.1 8.0 6.8 4.6 6.7 7.8 6.4 1.23 19 56.0
Bernina 72 6.5 9.2 7.6 5.6 7.8 7.5 7.3 1.03 14 46.0
Bazaliia 8.2 7.8 5.5 8.1 6.5 7.8 83 7.5 0.97 13 52.0
Duma 7.8 7.5 9.6 8.5 5.9 72 7.8 7.7 1.06 14 55.0
Tornado 7.2 9.1 6.7 9.8 7.8 8.6 8.5 8.2 1.00 12 58.0
Madison 8.5 10.3 7.9 9.1 7.8 9.8 10.4 9.1 1.00 11 60.0
Xmed 6.5 6.6 7.2 73 5.5 7.0 7.6 6.8 48.0
SD 1.30 1.92 1.31 1.51 142 1.50 1.24 1.28 8.9
v, % 20 29 18 21 26 22 16 19 19
LSD,, 0.37 0.33 0.37 0.36 0.28 0.33 0.39 0.35 2.69
a? 0.1
o} 2.6
o} 2.7
G, % 5.4
CVF, % 243
CVA, % 237
CVG/CVA 0.23

Notes: * - control
Source: developed by the authors
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The largest average weight of marketable tubers
(over 50 g) was formed by the cultivars Bazaliia, Duma,
Radomysl, Tornado and Madison, which exceeded the
control cultivar Skarbnytsia by 13-21 g. The dynamics
of the early potato harvest by year showed that the
weather conditions in 2020, 2021 and 2024 were the
most favourable, with the average yield of 9.7, 10.6
and 15.9 t/ha. The analysis of the variability of this
trait showed that the cultivars Bazaliia, Tornado and
Madison had an average variation - CV=23-24%, and
all other cultivars had a significant variation - CV=26-
30%. The analysis by year showed that in 2019, 2022

and 2024, the yield variation between cultivars was
low - 7-10%, while in all other years the variation was
average - 11-18%.

On average over the years, only two cultivars pro-
duced lower yields than the control — Povin and Vzirets,
with yields of 8.5 and 8.8 t/ha, which is 3.9 and 1.0%
less than the control, or 0.3 and 0.1 t/ha, respectively.
No significantly lower yields were recorded. All other
cultivars had yields significantly higher than the con-
trol by 0.6-2.9 t/ha, or 7.2-32.2%. The most productive
cultivars were Duma, Radomysl, Bazaliia, Tornado and
Madison - 10.0-11.7 t/ha (Table 3).

Table 3. Dynamics of early potato harvest, t/ha (2018-2024)

2019 2020 2021

Cultivar 2018

Povin

Vzirets 7.3 8.3
Skarbnytsia (Cf 7.3 8.5 8.7

Sanibel 85 85 | 82 121
Bernina 7.5 9.0 9.0 10.8
Duma 100 | 78 82 11.2
Radomysl 78 9.1 112 112
Bazaliia 96 93 117 114
Tornado 119 94 | 124 121
Madison 10.7

Xmed 8.8 8.8 9.7 106

D 159 0.68 1.69 176

o 18 8 17 17
LSD,, 0.45 045 0.50 0.54

o

a

VG, %

CVF, %

CVA, %

CVG/CVA

Notes: * - control
Source: developed by the authors

The statistical analysis showed that environmen-
tal variation (CVA = 29.1%) was superior to genetic
variation (CVG=510.2%), suggesting that the produc-
tivity of potato genotypes significantly depends on the
environmental conditions of cultivation. Ratio of CVG/
CVA=0.35 and suggests that the climatic conditions of
the Forest Steppe are favourable, but the biological po-
tential of potato cultivars is not entirely fulfilled.
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2022

2023 2024 Xmed

2.47 28
2.54 29
15.1 9.5 2.79 29
7.2 8.5 15.1 9.6 2.50 26
7.6 2.98 30
7.3 2.90 28
7.7 2.69 24
8.0 2.66 23
7.1 9.1 15.9 10.0
0.71 1.17 1.07 1.10
10 13 7 11
0.36 0.47 0.81 0.51
1.0
8.4
9.5
10.2
30.8
29.1
0.35

The genetic-statistical analysis of the yield of gen-
otypes showed that the cultivars Vzirets, Skarbnytsia
and Bernina were the most stable (¢%d). The study re-
vealed that the cultivars Sanibel, Radomysl, Duma,
Bazaliia and Madison had indicators of plasticity bi>1
and stability o2d >0, which suggests their better results
under favourable growing conditions, but they turned
out to be unstable. The other cultivars had bi<1 and



o*d>0,suggesting their ability to produce better results
in unfavourable conditions, but they were also unstable.

Sanibel, Radomysl, Duma, Bazaliia and Madison
cultivars can be classified as intensive in terms of
plasticity (bi), while all other cultivars are classified as
plastic. The cultivars were very evenly distributed in
terms of homeostasis from 1.5 to 2.9, which confirms
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the stability or, on the contrary, the plasticity of a par-
ticular cultivar. The Tornado and Madison cultivars
were distinguished by their high breeding value (Sc)
and compensatory capacity (CC). The cultivars Ra-
domysl, Duma, Bazaliia, Tornado, and Madison were
distinguished with a high coefficient of adaptability -
AACwas 1 and greater (Table 4).

Table 4. Parameters of adaptability of early potato cultivars by yield, t/ha (2018-2024)

Cultivar Xmed a’d bi Hom
Povin 8.5 1.61 0.96 1.5
Vzirets 8.8 1.57 0.92 1.6
Skarbnytsia (C)* 8.9 1.59 0.96 1.7
Sanibel 9.5 1.67 1.01 1.9
Bernina 9.6 1.58 0.94 1.9
Radomysl 10.0 1.73 1.09 2.1
Duma 10.3 1.70 1.09 2.2
Bazaliia 11.0 1.64 1.02 2.6
Tornado 11.7 1.63 0.97 29
Madison 11.7 1.64 1.03 2.9

Notes: * - control
Source: developed by the authors

The analysis of the averaged data over the years of
research showed that the highest yield was recorded for
the Madison cultivar, which reached 37.2 t/ha. Compared
to the control cultivar Skarbnytsia, which yielded 18.6 t/
ha, the Madison cultivar yielded 18.6 t/ha more, which
is @ 100% increase. The Tornado potato cultivar also
showed a high yield of 34.7 t/ha, which was 16.1 t/ha

Sc MC EPI SR cc AAC
6.2 212 0.85 -9 10 0.85
6.4 2.05 0.88 -8 11 0.88
6.5 2.08 0.89 -9 11 0.89
6.9 2.07 0.95 -9 11 0.95
70 1.99 0.96 -8 11 0.96
73 2.09 1.00 -9 12 1.00
7.5 2.06 1.02 -9 12 1.03
8.0 1.93 1.10 -9 12 1.10
8.5 1.83 1.18 -9 13 1.17
8.6 1.88 1.18 -9 13 1.17

higher than the control. The Duma and Bazaliia cultivars
had slightly lower yields of 31.4 and 32.2 t/ha, respec-
tively, but still outperformed the control by 12.8 and
13.6 t/ha.Phenotypic stability revealed a clear pattern:
with increasing yields, the stability of the trait also in-
creased. Thus, cultivars Radomysl, Madison and Bazaliia
showed both high yields and stability of this trait (Fig. 1).

. 372 T 2
% to control 34.7 ]
35 Xmed 30.8 31.4 32.2 T
30 £ 7 & Ksfn -
55 . 515 226 T 16
20 16.2 : 5
% 15 ¢ 132 g J e
10 = @, ...
o Teehen -.. AT -
.......... & ‘ T 12
; o S
0 : ; T ’ : :
& > : > & o ® il > I
5 RS 44,\@ A N &S S @ o
& g F e oo
N ?}\0 - 08
o X+SD v, % ‘ LSDy,
25.8+7.9 31 144

Figure 1. Yield of early potato cultivars in biological ripeness (after complete death of tops)

Notes: * - control
Source: developed by the authors
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The study helped to establish the fact that the
share of early harvest is 31.5-64.6% of the crop after
the tops have completely died off. It was found that
the more productive the cultivar is in the phase of
complete tops’ death, the smaller is the share allo-
cated to the early harvest. As a result of statistical
calculations, a strong correlation was found on the

Y = 3.6367+0.0345";
18 —_—

ey
(=2}

-
N

-
N

Yield, tha
=

[y =3.6367 + 0.0345"; r = 0.8577; p = 0.0000; r* = 0.7356
—

4 ]
100 120 140 160 180 200 220 240 260 280 300 320 340 360

Amount of precipitation, mm

Chaddock scale between the yield of early production
and the amount of precipitation during the growing
season of potato plants - r=0.8577 and the total
yield and the amount of precipitation - r=0.7595.
Considering the statistical reliability of the equa-
tions, the corresponding dependence is presented
graphically in Figure 2.

Y =12.9907+0.0466"x;

40

38 | [y =12.9907 + 0.0466"x; e e
36 || r=0.7595; p = 0.0000; r* = 0.5768 E
0
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o

Yield, tha

14
100 150 200 250 300 350 400 450
Amount of precipitation, mm

Figure 2. Statistical models of potato yield dependence on the amount of precipitation

Source: developed by the authors

The data obtained suggest that the difference in
the number of tubers per plant is a genetic trait of the
plant and is subject to a noticeable environmental in-
fluence. The findings of this study are in line with the
data obtained by T.E. Eaton et al. (2017) and A. Khan et
al. (2019), who noted that the number of tubers de-
pends on genotype and environmental conditions. The
findings of this study showed a significantly higher in-
fluence of environmental conditions than the genotyp-
ic component (CVG=5.4%, CVA=23.7%, while the ratio
CVG/CVA=0.23). D. Kumar et al. (2004) and CK. Patel et
al. (2008) also noted that tuber weight is more geno-
type-dependent and heritable.

Considerable standard deviations are unambigu-
ous evidence of the significant influence of the envi-
ronment on the investigated traits of potato cultivars.
F. Elfnesh et al. (2011) reported a significant effect of
environment on the performance of potato genotypes.
These data are also consistent with the data presented
in the current study: high SD scores (0.68-1.76), high co-
efficient of ecological variation (C(VA=29.1%) and a low
ratio between CVG/CVA=0.35 for early harvest, suggest a
significant influence of environmental conditions on the
productivity of potato cultivars.T. Abebe et al. (2012) re-
ported a considerable effect of genotype and genotype x
environment interaction on the productivity of 25 pota-
to cultivars. W. Mohammed (2016) and M. Nasiruddin et
al. (2017) reported analogous results in their studies.
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M. Ostrenko et al. (2020) noted that the early yield
of young potato tubers depended on varietal charac-
teristics and ranged from 12.8 t/ha in the Skarbnytsia
cultivar at 60 days after germination to 21.0 t/ha at full
ripeness. The findings of the present study reflect com-
parable dynamics: the Skarbnytsia cultivar had an early
potato yield of 8.9 t/ha at 40 days, and 18.6 t/ha after
complete tops death, while in India, the tuber yield at
60 days was 18.52 t/ha (Deshmukh et al., 2018).

According to the findings of this study, environ-
ment and genotype had an impact on tuber weight.
According to G. Habtamu et al. (2016), tuber weight
is strongly influenced by potato genotype, as well as
management practices (cultivation), seed quality, or
agro-ecological conditions. T.E. Eaton et al. (2017) also
reported this. According to A. Borivskyi (2016), the var-
iation in the total yield of early potato cultivars ranged
within 26.0-31.0 t/ha. L. Korol et al. (2023) report po-
tato yields of 16.8-31.9 t/ha and an adaptability co-
efficient of 0.72-1.27, which to some extent coincides
with the findings of the present study. The obtained
findings confirmed the previous ones and showed
the adaptability of cultivars at 0.85-1.17. As a result
of the discussion, comparable patterns of productivity
formation of different potato cultivars in various soil
and climatic conditions were revealed and a substan-
tial intervarietal difference in productivity parameters
was confirmed.



CONCLUSIONS
It was found that without adapting the farm to climate
change by selecting cultivars, it is impossible to achieve
high potato productivity. The investigation of the level
of adaptability of different cultivars of early potatoes
to the soil and climatic conditions of the Forest-Steppe
helped to identify cultivars that allow procuring an ear-
ly harvest of marketable tubers - Sanibel, Radomysl,
Duma, Bazaliia and Madison. It was found that these
cultivars provided yields of 9.5-11.7 t/ha 40 days after
germination. The number of marketable tubers in the
bush, which ranged on average from 5.1 pcs/plant in
the Povin cultivar to 9.1 pcs/plant in the Madison culti-
var, and their weight, which ranged within 33.0-60.0 g,
influences the high yield. The cultivars that formed an
increased number of marketable tubers in the bush
were Bernina, Bazaliia, Duma, Tornado and Madison, and
cultivars with a larger mass of marketable tubers were
Bazaliia, Duma, Radomysl, Tornado and Madison. The
analysis of the averaged data showed that the highest
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cultivars Radomysl, Madison and Bazaliia showed both
high yields and stability of this trait. Statistical studies
contributed to the ranking of cultivars into two groups:
Sanibel, Radomysl, Duma, Bazaliia and Madison culti-
vars had plasticity parameters bi>1 and stability s*d >0,
which suggests their better productivity under favour-
able growing conditions, although they were unstable.
Other cultivars had bi<1 and &*d > 0, which indicates
their high productivity in unfavourable conditions, al-
though they were also unstable. The conducted genetic
and statistical analysis showed a strong ecological var-
iation (CVA) of the traits under study, which suggests a
strong dependence of potato cultivars productivity on
growing conditions and was confirmed by the correla-
tion analysis of the dependence of yield on moisture
supply - r=0.8577. Prospects for further research lie in
the possibility of growing seed potatoes of the studied
cultivars with optimisation of the elements of growing
technology (drip irrigation, mulching).

yields were recorded for the Madison cultivar, which ACKNOWLEDGEMENTS
reached 37.2 t/ha (+100%), compared to the standard  None.
cultivar Skarbnytsia, which yielded 18.6 t/ha. Pheno-
typic stability revealed a clear pattern: with increasing CONFLICT OF INTEREST
yields, the stability of the trait also increased. Thus,the  None.
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AHoTauia. MeToo 6yno nepenbayeHo JoOCNigUTU AMHaMiKy GOpPMYBaHHS BPOXAMHOCTI KapTonai paHHboi Ha 40
106y 3aNeXHOo Bif, MOroAHMX YMOB POKiB AOCNIAXKEHb Ta aAANTUBHMIA NOTEHLiIAN PaHHbOCTUIIMX COPTIB KapToMJi.
Ynpogosx 2018-2024 pp. y nonboBux ymoBax (M. YMaHb, 48°46'N, 30°14'E) pocnigxeHo 10 nowmpeHux B 30Hi
Jlicocteny copTiB kapTonai paHHbOCTMINOI. 19 aHanizy OTpMMaHUX pe3ynbTaTiB BUKOPUCTAHO 3arafibHONPURHATI
MEeTOAM NONbOBMUX i FEHETUKO-CTAaTUCTUHHUX A0CAiAXKeHb. [1ig Yac npoBeaeHHS AOCNiIAKEHb BUBYEHO KiNbKiCTb | Macy
ToBapHMX Bynbb B KyLi, AMHAMIiKy GOpMyBaHHS Bpoxato Ha 40 goby nicnsg nossu CXOAIB Ta CMY KOPENauiiHoro
3B'A3KY MiXX BPOXAMHICTIO | CyMOK onagiB.Y pe3ynbTati o4epXaHnX AaHUX BUSHAYEHO HalbiNbL NepCcneKkTUBHI COPTH
ON9 OTPUMaHHS paHHLOro BPOXAk paHHbOI kaptonni y Jlicocteny YkpaiHu. BctaHOBNAEHO, WO AaHIA KNIMAaTUYHIN
30Hi Hanbinbwe BignosigaTb copTv basanis, TopHano, MegicoH 3 BpoxarHicTio 11,0-11,7 T/ra Ta BENUKOK Macot
ToBapHOi 6ynbbu — 58-60 r. Y a3y NoBHOI CTUINOCTI HaWbiNbLW BPOXaMHUMU BUSBUAUCS cOpPTU MegicoH — 37,2 T/
ra (+18,6 1/ra koHTponto), TopHano — 34,7 7/ra (+16,1 1/ra po koHTponto), Ayma i basania - 31,41 32,2 1/ra (+12,8 i
13,6 1/ra no koHTponto). JocniaXeHHSIMK BCTAHOBIIEHO, WO copTn TopHaao i MeaicoH dopMyoTb HAaMBiNbLLY KiNbKiCTb
TOBapHMX 6ynbb B Kywii. 3a pe3ynbTataMy aHanily CMNiBBiAHOLWEHHS MapaMeTpiB NAACTMYHOCTI M CTabinbHOCTI
NpoBeAeHO rpynyBaHHs COPTiB Ha iHTeHcuBHI (CaHibenb, Pagomucnb, yma, basania i MenicoH Manu NoKasHUKK
bi>1,2d>0 i nnactuuni (MoBiHb, B3ipeupb, CkapbHuus, bepHiHa | TopHano). Y pe3ynbTaTi NpoBeAEeHUX AOCAIAKEHD
BM3HAYEHO HaMbinblW NPOAYKTUBHI COPTM KAPTOMi Ha paHHI0 NPOAYKLIito, WO 3ab6e3neyaTb CTabinbHUI PO3BUTOK
ranysi oBouiBHMUTBA B 30Hi Jlicocteny YKpaiHu, a po3pax0oBaHi CTaTUCTMYHI MoAeni 403BONSTb MPOrHO3yBaTH i
nporpamyBaTu BPOXaMHiCTb KapTonni
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Abstract. The agricultural sector is key to the development of the Ukrainian economy, especially in times of war,
as it helps to maintain the standard of living of its citizens. In this regard, the interaction between the sector
and society is relevant to the study. The study aimed to assess the relationship between certain metrics of living
standards and agricultural output. The study addressed the role of the agricultural sector in Ukraine and its origins.
In addition, a detailed analysis was carried out in the context of existing problems separately for livestock and
crop production. The study further substantiated the connection between the agricultural sector and the social
well-being of the rural population of Ukraine due to the sector’s ability to create a significant number of jobs.
Using correlation and regression analysis, the study concluded that agricultural output does indeed affect the
standard of living of the local population, particularly the gross domestic product per capita. The results show that
an increase in agricultural production directly contributes to economic growth, reinforcing the importance of this
sector in Ukrainian long-term development strategy. The study also showed what the long-term development of
the agricultural sector in Ukraine should be in the long term, and what actions should be taken to achieve these
goals, by the state. The findings of the study can be used to formulate state policy in the agricultural sector in the
context of the impact on the social component of the country

Keywords: international trade; crop production; animal husbandry; infrastructure; finance

INTRODUCTION

Agriculture in Ukraine is substantial in the social
sphere, providing jobs for a large part of the population,
especially in rural areas where it is the main source of
income. It also helps to support the livelihoods of ru-
ral communities while preserving national identity and
traditions. In addition, the agricultural sector ensures

Article’s History:
Received: 19.04.2024
Revised: 03.07.2024
Accepted: 27.08.2024

Suggested Citation:

national food security, which is the basis for the stable
development of society. Thus, it is not only the basis for
the economic development of a country but also a sig-
nificant factor in ensuring a high standard of living, es-
pecially in Ukraine. Moreover, such support is especially
important in times of war. In wartime, farmers actively
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support local communities by providing humanitarian
aid and increasing social cohesion. Large companies
often give to both the military and other citizens, often
selflessly. In this regard, the impact of this kind of activ-
ity requires more detailed research and analysis of the
impact of the agricultural sector on the social develop-
ment of the local population.

I. Tomashuk & Ye. Borboliuk (2023) analysed the
role of the agricultural sector in ensuring food security
in Ukraine. The scientists noted that to ensure global
food security, it is necessary to stop Russian aggression
against Ukraine and return to the occupied territories.
This includes defending Ukraine with international sup-
port, assisting in demining and land restoration, provid-
ing soft loans to farmers, attracting investors to rebuild
infrastructure, introducing modern technologies in
agriculture to increase exports, modernising logistics,
including railways, and ensuring safe maritime exports
of agricultural products. Although all these actions are
difficult to implement in a time of war, the state should
strive to do so to ensure the effective recovery of the
nation in the future. B. Starchak (2023) also assessed
the role of the agricultural sector in the development
of the Ukrainian economy. The author described the
role of the sector, in the context of national interna-
tional relations, in ensuring food security. The need to
upgrade material and technical support was also men-
tioned. O. Zghurska et al. (2022), in turn, assessed the
possibilities of digitalising the sector. The researchers
noted that most large agricultural holdings in Ukraine
are actively investing in and implementing digital solu-
tions, with a clear upward trend in the adoption of such
innovative technologies. This study also noted that,
despite the positive impact of digital technologies on
the development of this sector, the country has an over-
all low level of their implementation, which requires
increased efforts in several key areas: development of
digital platforms, production and food security forecast-
ing, optimisation of production sites, use of predictive
analytics, sectoral planning and improvement of digital
competencies of specialists. A. lvanko et al. (2022) iden-
tified four key components of the agricultural-industrial
complex - agriculture, industry, processing and second-
ary stages such as storage, transport and maintenance -
that ensure its functioning. The study concluded that
organisational and economic mechanisms of develop-
ment should be considered as a set of economic levers
and organisational measures aimed at influencing and
stimulating the agricultural-industrial complex. It inte-
grates various components into the system of economic
relations and includes functions such as redistribution,
planning, control and innovation. The effectiveness
of this mechanism, in turn, is achieved through the
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symbiosis of its organisational and economic compo-
nents. |. Petrunenko et al. (2021) addressed the peculiar-
ities of the development of small farms in the agricul-
tural-industrial complex of Ukraine.The scientists noted
that the role of such enterprises is critical, in ensuring
food and nutrition security and employment in rural ar-
eas.In this regard, such companies are substantial in en-
suring the sustainable development of enterprises. The
role of agrarians in the context of military operations
was addressed by L. Boiko & V. Boiko (2023). Scientists
noted that local producers recognise the need to use
all available resources to maintain their businesses and
jobs in the face of military operations while increas-
ing agricultural production to ensure national food
security. To achieve a better level of profitability, they
proposed an introduction of measures such as prefer-
ential purchases of agricultural products, value-added
tax refunds, additional insurance guarantees for farm-
ers and minimum tariffs to minimise transport costs.

Thus, while the current economic literature pays
much attention to the development of agriculture in
Ukraine in general, little attention is paid to the impact
of this sector on the social welfare of the population.
In this regard, the study aimed to investigate how agri-
culture affects the welfare of the Ukrainian population.

MATERIALS AND METHODS

As part of the study, the impact of the agricultural sec-
tor on the well-being of the local population was as-
sessed. In this regard, the impact of real agricultural
output on real minimum and average wages, as well as
gross domestic product per capita, was assessed. Nota-
bly, real prices were addressed, as the analysis would
have shown incorrect data without accounting for infla-
tion. Two approaches were used to estimate real gross
domestic product, agricultural output, and minimum
and average prices. The first approach: data was used in
UAH, including a reduction from inflation level. Another
approach was to first estimate the level of the metric in
US dollar terms and then find the real level for the US
dollar value, accounting for the inflation.

The dependence of the metrics was assessed by
finding the correlation between the metrics and the re-
gression equation. To check whether there is indeed a
correlation between the data, an assessment was made
using three main metrics: F-significance, P-value (for
both regression values: dependent and independent
variables) and R? adjusted. F-significance is used in the
context of regression analysis to assess the statistical
significance of a regression model. It shows whether
the model variables are significant in predicting the de-
pendent variable. If the F-Significance within the study
was less than 0.05,the model was considered adequate,
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and therefore really shows a certain level of dependence
between the selected metrics. R? adjusted, or adjusted
coefficient of determination, is a modified version of R?,
which is a correlation metric. It shows how much of the
variation in the dependent variable is explained by the
model. This study will not define the threshold at which
the model will be rejected, but an R? adjusted value of
+-0.6 is desirable. The P-value, in turn, is a key metric in
statistical analysis used to test hypotheses. The P-value
shows the probability that the observed results could
have occurred by chance if the null hypothesis is true.
The null hypothesis for this test is as follows: H, - the
values of the dependent/independent variable are not
random, there is a relationship between them. For this
study, if the P-value is less than 0.05, then agricultural
output (the independent variable) is considered to have
an impact on the level of wages (minimum or average)
or the level of gross domestic product (GDP) (the de-
pendent variable).

The main information was taken from the website
of the State Statistics Service of Ukraine (n.d.a.; n.d.b),
namely the level of gross agricultural output and GDP
per capita in the country,and the MinFin website (Infla-
tion index..., 2024), which estimates the level of infla-
tion, as well as the level of average and minimum wag-
es. The study included the period from 2008 to 2023
since there was no information on agricultural output
before 2008. Information as of 2024 is also not availa-
ble for most metrics.

RESULTS
The agro-industrial complex (AIC) is substantial in the
development of Ukrainian socio-economic potential, as
it is one of the main sectors of the national economy.
It includes the production, processing and marketing of
agricultural products and ensures national food securi-
ty. Given Ukrainian fertile land and favourable climate,
the country has a high potential for growing various
crops such as grains, oilseeds, sugar beet, vegetables
and fruits. Ukraine is one of the world’s leading grain
exporters and holds a significant position in the global
market for the export of sunflower oil and other agri-
cultural products. The agricultural sector ensures na-
tional food security, which is the basis for the stable
development of society; it is also an important source
of income for a large part of the population, especial-
ly in rural areas, where agricultural activities are often
the main source of employment. It is also worth noting
that agriculture is also a major source of income for
the country through the export of agricultural prod-
ucts: Ukraine has traditionally held leading positions
in the global market for the export of grains, oilseeds
and other agricultural products, which strengthens the
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country’s economy and contributes to GDP growth. In
addition, the development of the agro-industrial com-
plex contributes to the investment attractiveness of
Ukraine, which attracts investors to develop agricultur-
al infrastructure, technologies and processing, which is
especially important in times of war when the country
needs new investments to ensure its functioning (Ky-
rylenko et al., 2018).

The current state of the Ukrainian agricultural sec-
tor is characterised by significant achievements in the
production and export of agricultural products, but it
also faces numerous challenges that require further re-
forms and support. Ukraine remains one of the world’s
leading exporters of grain crops, in particular wheat,
corn and barley. Crop production is dominated by large
agricultural holdings that use modern technologies and
machinery to cultivate land, which ensures high yields
and competitiveness of their products on the glob-
al market. At the same time, small and medium-sized
farms are also actively developing, although they often
face problems with access to finance, technology and
markets (Ilieva et al., 2022; Castillo et al., 2024). Live-
stock farming, which is also an important component
of the agricultural sector, is in @ more difficult situa-
tion. Despite modernisation efforts, the sector remains
less developed than crop production. There has been
a decline in livestock numbers, particularly in pig and
dairy farming, due to high maintenance costs, problems
with veterinary services and difficulties in marketing
products. In addition, logistical problems such as dis-
ruptions in supply chains and access to ports also have
a significant impact on Ukrainian export opportunities.
At the same time, the agricultural sector faces nu-
merous challenges, including volatile global markets,
insufficient technological equipment, logistical prob-
lems, access to finance and restrictions due to military
operations in part of Ukraine. To overcome these chal-
lenges, production modernisation, technological inno-
vation, infrastructure development, and management
efficiency improvement are required (Rose et al., 2021;
Mendes et al., 2022). Comprehensive measures are also
needed, including government support, attracting for-
eign investment, infrastructure development, and the
introduction of modern technologies (Borko, 2024).
Support for small and medium-sized businesses in the
agricultural sector remains necessary to ensure the
sustainable development of the agricultural-industrial
complex (Taoumi & Lahrech, 2023).

The social aspect of agricultural development in
Ukraine is an important component of the overall de-
velopment of the agricultural sector and plays a key
role in shaping the welfare of the rural population,
supporting rural communities and preserving national
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identity. This aspect covers a wide range of issues,
including living standards, employment, social infra-
structure, educational opportunities, and demographic
change (Nowack et al., 2021). Agriculture is one of the
largest sectors of the Ukrainian economy, employing a
significant proportion of the population. Despite urban-
isation and migration to cities, agriculture remains the
main source of income for many rural families. However,
employment in this sector is declining due to mecha-
nisation, automation and other technological changes,
leading to job losses. Rural residents often face certain
challenges, such as lower incomes compared to urban
residents, limited access to quality healthcare and ed-
ucation, and poorer living conditions. At the same time,
agriculture can provide the population with home-
grown food, which partially compensates for lower cash
incomes. During the war, farmers in Ukraine played a
significant role in ensuring a better standard of living
for the local population by producing and supplying
food, which is vital in a crisis (Skydan et al., 2023).

One of the most relevant modern concepts is the
ecological-social economy. It is also represented in
Ukraine. This approach is focused on ensuring sustain-
able development of the agricultural sector, preserv-

ing the environment and improving the quality of life
of residents. Ecological-social agriculture includes a
range of initiatives and practices that aim to support
environmentally friendly production, conserve biodi-
versity, increase social responsibility and promote the
development of rural communities. In Ukraine, in par-
ticular, organic farming (the use of natural methods of
growing plants and animals without the use of synthet-
ic pesticides, herbicides and chemical fertilisers), agro-
forestry (planting forest belts, creating water resources
and protecting rural ecosystems) and biodiversity con-
servation (restoring native plant and animal species)
were particularly widespread before the full-scale in-
vasion. As for the social component - this includes the
development of local communities, participation in the
creation of educational programmes to raise public
awareness among the population,and a greater role for
farmers in the context of social responsibility. To assess
the impact of agriculture on the social well-being of the
local population in Ukraine, high correlations between
certain variables characterising the level of agricultural
sector output and the welfare of the population were
determined. The data for these metrics are shown in
Tables 1 and 2.
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Table 1. Correlation data for agricultural output, average and minimum wages,
and GDR adjusted for inflation and denominated in UAH

Real average salary
adjusted for inflation

Real GDP per capita
adjusted for inflation

Real agricultural levy Real minimum salary

adjusted for inflation

adjusted for inflation

Real agricultural levy

adjusted for inflation 1 0.626217 0.680948 0.564906

Real minimum salary

adjusted for inflation 1 0.962936 0.873101
Real average salary

adjusted for inflation 1 0.938112
Real GDP per capita 1

adjusted for inflation

Source: compiled by the authors based on State Statistics Service of Ukraine (n.d.a; n.d.b) and Inflation index... (2024)

Table 2. Correlation data for agricultural output, average and minimum wages,
and GDP denominated in US dollars and adjusted for inflation

Real gross agricultural
production adjusted for

Real GDP per capita

adjusted for inflation

and at the US dollar
exchange rate

Real average salary
adjusted for inflation
and in US dollar terms

Real minimum salary
adjusted for inflation

B and in US dollar terms

dollar exchange rate

Real gross agricultural
production adjusted for
inflation and at the US
dollar exchange rate
Real minimum salary
adjusted for inflation 1
and in US dollar terms
Real average salary
adjusted for inflation 1
and in US dollar terms

1 0.569914 0.689151 0.582423

0.903796 0.743557

0.924816
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Real gross agricultural
production adjusted for

inflation and at the US

Real minimum salary
adjusted for inflation
and in US dollar terms

Table 4, Continued

Real GDP per capita
adjusted for inflation
and at the US dollar

Real average salary
adjusted for inflation
and in US dollar terms

dollar exchange rate

Real GDP per capita

adjusted for inflation

and at the US dollar
exchange rate

exchange rate

Source: compiled by the authors based on State Statistics Service of Ukraine (n.d.a; n.d.b) and Inflation index... (2024)

Following Tables 1 and 2, even after adjusting
for inflation, a significant number of metrics have
a very high inflation rate, at almost 0.6, which
suggests a significant relationship between them.

Nevertheless, adjusted inflation is a more substan-
tial factor. This data and other metrics (P-Value and
F-Significance) for each of the regression models
are shown in Table 3.

Table 3. The main regression metrics for the six equations constructed

Depicted in UAH

Value
F-Significance P-Value Y P-value X R?
Minimum wage 0.0095 0.9159 0.0095 0.3487
Average wage 0.0037 0.2383 0.0037 0.4254
GDP level 0.0226 0.0491 0.0226 0.2705
Depicted in US dollars
Value A
F-Significance P-Value Y P-value X R?
Minimum wage 0.0212 0.6596 0.0212 0.3248
Average wage 0.0031 0.3423 0.0031 0.4749
GDP level 0.0179 0.1591 0.0179 0.3392

Notes: selected metrics in the equation were used as the dependent variable Y, while agricultural output was used as the

independent variable X

Source: compiled by the authors based on State Statistics Service of Ukraine (n.d.a; n.d.b) and Inflation index... (2024)

Following Table 3, only one of the six regression
equations that were estimated turned out to fit the con-
ditions chosen in the study - the dependence of GDP
on agricultural output (nominated in UAH and adjusted
for inflation). The other metrics also showed a certain
level of dependence on each other, but most often do
not match the P-value for metric X, even though F-Sig-
nificance indicates that all the models are adequate.
This inflation equation is constructed below, within the
framework of Formula (1):

y=0.061x + 5148, (1)

where y - dependent variable (GDP per capita); x - in-
dependent variable (agricultural output).

Following Formula 1, if agricultural output increas-
es by 1 million UAH, GDP per capita increases by 0.061
UAH, or 6.1 kopiykas; if agricultural output increases
by 1 billion UAH, GDP per capita increases by 61 UAH,
and so on.Thus, it is possible to conclude that there is a
certain link between the level of agricultural develop-
ment and welfare metrics in Ukraine, especially the lev-
el of GDP per capita. This suggests that the agricultural
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sector should become one of the main sectors that the
state will address when formulating long-term policies
to achieve a better level of economic development and
social welfare.

In times of war, the development of the agricultural
sector is closely linked to ensuring food security and
attracting foreign exchange earnings to the country. Af-
ter the end of the war, the main areas of agricultural
development should be aimed at restoring production
capacity, modernising technologies, and attracting in-
vestment in infrastructure to rebuild the sector. Spe-
cial attention should be devoted to the development of
small and medium-sized enterprises, given their role in
ensuring economic stability in the regions.

After the war, Ukrainian agriculture should address
innovative development and global expansion. With
the relative advantages that characterise the Ukrainian
agricultural sector, local products are extremely com-
petitive on the global stage. Therefore, it is necessary
to ensure access to international markets through in-
tegration with global logistics systems, as well as to
strengthen cooperation with international partners
to promote Ukrainian agricultural products. In the



post-war period, the state should play a leading role
in creating favourable conditions for the development
of the sector by providing support to farmers, stimulat-
ing investment and ensuring the stability and security
of agricultural activities. Only in this case, especially at
the initial stage, will it be possible to achieve signifi-
cant success in restoring the sector and spreading its
products globally.

DISCUSSION

The current study describes the role that agriculture
plays in ensuring the effective development of Ukraine,
both in the context of economic and social develop-
ment. The role of agriculture in national development
was also described by A. Devlet (2021). The scientist
noted that it is necessary to ensure the development of
agriculture in modern conditions to solve pressing prob-
lems related primarily to food security. In addition, it was
noted that in the current environment, the sector faces
significant challenges that prevent it from operating
efficiently and smoothly, such as droughts or other en-
vironmental factors that affect yields. The current study
did not focus on the food security component, but it is
also relevant in the context of ensuring the long-term
well-being of the country,as well as its strategic security.

The current study focuses on the current mani-
festations of the eco-social economy in Ukraine. This
approach and its impact on social transformation and
environmental sustainability was also evaluated by
S.Nicli et al. (2020). Scientists have noted that ecosocial
agriculture is characterised by a holistic approach that
integrates the needs of people,communities and nature.
Initiatives under this approach often go beyond organic
farming, preserving local crop varieties and promoting
biodiversity. Its three pillars include addressing social
needs through inclusive agriculture, fostering local co-
operation and using natural resources responsibly to
protect the environment. Social agriculture is deemed
as a social innovation that can create new local condi-
tions of well-being. Its implementation requires support
from the authorities, appropriate policies, and funding
for such opportunities offered by various programmes,
including the European Union. According to scientists,
eco-social agriculture has the potential to benefit dis-
advantaged people and society, contributing to region-
al sustainability and restructuring society to ensure
both social and environmental well-being. The paper
emphasised the interconnectedness of social, cultur-
al and political spheres with strong local and region-
al networks and community-based decision-making.
The possibilities of using social agriculture were also
addressed by F. Sgroi (2022). The author emphasised
that social agriculture is a concept that is aligned with
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multifunctional small and medium-sized farming and
focuses on achieving a better level of community de-
velopment rather than profit-making by farmers. Social
agriculture employs agricultural resources to provide
therapeutic, educational and social services, especially
for vulnerable groups such as individuals with physical
disabilities, mental hospital patients and ex-prisoners.
These initiatives are organised at the local level and
are more cost-effective than traditional public servic-
es. The study contrasts the two business models: the
first is based on neoclassical economic theory, which
prioritises profit maximisation, and the second is based
on the Tagliavia farm approach, which is grounded in
social doctrine, emphasising solidarity and the common
good. The study highlights that while both models help
achieve socially important goals, their underlying prin-
ciples differ. The neoclassical model focuses on trans-
forming inputs into outputs, while the social doctrine
values social interdependence and the collective good.
Accordingly, in the context of achieving the goals and
benefits for the state, the second approach will be more
effective. Given the conclusions reached in the present
study regarding the usefulness of this approach for the
long-term development of the country, as well as the
results obtained by other scientists, it is possible to for-
mulate recommendations on how the state should in-
volve farmers in this area. However, it will only be pos-
sible to introduce such activities after the war is over.

An approach to agricultural development based
on the concept of societal vision was presented by
J. Helfenstein et al. (2022). The study showed a new
approach to assessing the sustainability of agricul-
tural development by comparing societal visions (i.e.,
those that address the values of society, priorities and
long-term goals of the nation) in the Royce Valley, Swit-
zerland. The case study demonstrated the potential of
using public vision as a forecasting tool to improve re-
gional governance. The current study also showed that
during the war, Ukrainian farmers were quite active in
supporting both the local population and the military.
Given this, it is possible to conclude that Ukrainian
farmers are quite responsible in terms of understand-
ing the importance of state and citizen support. How-
ever, the state should also support farmers to enable
them to develop, especially in times of war.

The current study also describes that one of the
most pressing problems in agricultural development
is the lack of significant adoption of innovative tech-
nologies on local farms. Other scholars have also ad-
dressed this component in overcoming climate-related
problems and achieving a better standard of living for
the local population and compliance with moral and
ethical standards. The concept of Agriculture 5.0 was
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addressed by K.D. Bissadu et al. (2024). The scientists
noted that its main goal is to address certain global
issues, such as population growth, climate change and
population ageing. This concept uses the latest tech-
nologies, such as artificial intelligence, Big Data, the
Internet of Things, etc. Scientists believe that their use
to ensure a better level of development of innovative
technologies can achieve much better results in the
context of achieving the goals of sustainable develop-
ment in general and improving people’s living stand-
ards in particular. In turn, the possibilities of using the
latest technologies to solve various kinds of problems
were assessed by E.D. Lioutas et al. (2021). The scien-
tists noted that the use of digital technologies has both
potential and shortcomings. The use of the latest tech-
nologies in this area creates new social, ethical, politi-
cal, cultural and environmental problems. While digital
tools are regarded as potential solutions to the global
food problem, they also lead to the need to make com-
plex trade-offs that require careful analysis to avoid
serious consequences for society. Thus, the conclusions
drawn by the scientists above are indeed relevant to
the general problems in the context of the develop-
ment of innovative technologies in agriculture.

CONCLUSIONS
Small and medium-sized crop farmers are crucial for in-
clusive agricultural development but often face limited
access to finance, technology and markets. The livestock

demonstrated that the current needs of the agriculture
sector include the need for policies that support rural
communities, improve social infrastructure, and ensure
equitable access to education and healthcare. The con-
cept of eco-social agriculture, which emphasises sus-
tainable practices and social responsibility and offers a
promising way to balance economic growth with envi-
ronmental protection and social development, was also
discussed.

The study also showed the correlation between
agricultural production and the welfare of the Ukrain-
ian population, in terms of gross domestic product per
capita. The results show that an increase in agricultur-
al production directly contributes to economic growth,
reinforcing the importance of this sector in Ukrainian
long-term development strategy. To fully realise the po-
tential of the sector,comprehensive measures are need-
ed, including government support, the introduction of
modern technologies, infrastructure development, and
the promotion of small and medium-sized enterprises.
Further study should address possible effective ways
to attract investment in the industry for its develop-
ment (development of state support mechanisms, use
of donor funds, etc.). The main limitation of this paper is
the low amount of available data for analysis and com-
parison, which rendered an analysis of the interaction
between the agricultural sector and the welfare of the
population in sufficient detail impossible.

sector is also experiencing difficulties, especially in pig ACKNOWLEDGEMENTS
and dairy farming, due to high costs, inadequate vet-  None.
erinary services and logistical problems. Despite these
obstacles, the sector continues to grow and agriculture CONFLICT OF INTEREST
remains the main sector for job creation. The study None.
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Role of agriculture in the development...
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AHoTauifi. ArponpoMMUCNOBUIA KOMINIEKC € OCHOBHUM A5t PO3BUTKY EKOHOMiKM YKpaiHKW, 0COBAMBO B YMOBAX BiliHM,
OCKiNbKM 003BONSE NIATPUMYBATU PiBEHDb XXMUTTS rpOMasH. Y 383Ky 3 UMM, B3AEMOSIS MiXK CEKTOPOM Ta COLiyMOM
€ aKTyanbHOW NS AocnifxeHHs. Linno poboTu cTano ouiHUTK B3aEMO3BA30K MiXK OKPEMMMMU MOKA3HWMKAMM, LU0
BKA3ylOTb Ha PiBEHb XXMTTS HaCeNieHHs, Ta BMMYCKOM NPOAYKLii CiNbCbKOro rocnofapcrtea. Y AocCnigkeHHi 6yno
PO3rNSHYTO POJib arpapHOro cektopy B YKkpaiHi Ta Moro Butoku. KpiM Toro, aetanbHui aHanis 6yB npoBeaeHuin B
KOHTEKCTi iCHytuMx npobnem okpemo gns chepu TBapMHHUMLTBA Ta POCAMHHMUTBA. Hapani 6yno o6rpyHTOBaHO
3B'930K arponpoMMCIOBOro CEKTOPY i3 CouianbHMM 6BnarononyyysM CinbCbKOro HaceneHHs YkpaiHu, 30kpema
Y 3BI3KYy 3 MOX/IMBICTIO chepu CTBOPIOBATM 3HAYHY KifIbKiCTb poB0OUMX MicClb. 33 AOMOMOroK KOPEensLiiHoro Ta
perpeciiHoro aHanisy 6yno 3po6seHo BUCHOBOK CTOCOBHO TOTO, L0 PO3BUTOK arpapHOro CekTopy AilCHO BNAUBAE
Ha piBEHb XXMTTS MiCLLEBOrO HAaCeNEHHS, 30KPEMA — HA BaZIOBWIA BHYTPILLHIMA MPOAYKT Ha Aywy HaceneHHs. OTpuMaHi
pe3ynbTaTM CBiAgYaTb NpO Te, WO 36inblleHHS CiNbCbKOrOCNoA4ApCbKOro BMpobHMLUTBA He3nocepenHbO CNpUSE
€KOHOMIYHOMY 3POCTaHHH0, MOCUIOKYM BaXK/IMBICTb LLbOr0 CEKTOPY B AOBrOCTPOKOBIM CTpaTerii po3BUTKY YKpaiHu.
TakoxX B pamMKax [OCNigKeHHS 6yno NMoka3aHo, IKUM Ma€ CTaTy LOBrOCTPOKOBMI pPO3BUTOK arponpoMMCIOBOro
Komniekcy B YKpaiHi B JOBroCTPOKOBi NepCNeKTMBI, Ta SKi Aii MatoTb OYTW BUKOHaHI AN1S 4OCATHEHHS MOCTAaBAEHMX
uinen, 3okpema 3 60Ky LepkaBu. BUCHOBKM, OTpMMaHi B paMKax LOCAIOXKEHHS, MOXYTb OyTM BMKOpPUCTaHi Ang
(hopMyBaHHS AepXaBHOI NONiTUKM B chepi arpapHOro CeKTOpy B KOHTEKCTI BM/IMBY HA COLLiaNibHY CK/1al0BY KpaiHK
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