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Abstract. The study aimed to investigate the impact of modern vineyard cultivation technologies on reducing
pesticide consumption and increasing yields. The study evaluated the effectiveness of using AgriSpray
5000 sprayers and DJI Agras T30 drones in agronomy, particularly in viticulture. The research methodology
included an analysis of pesticide consumption and grape yields before and after the introduction of these
technologies. For this purpose, a comparative analysis was carried out with traditional methods of processing,
in particular by hand. The use of AgriSpray 5000 sprayers and DJI Agras T30 drones has reduced pesticide
consumption by 30 and 25%, respectively, thanks to the precise distribution of solutions and the automation
of field processing. The main results of the study showed that AgriSpray 5000 sprayers reduced the number of
diseased grape plants by 40%, which led to a 15% increase in yield. At the same time, DJI Agras T30 drones
reduced the number of diseased plants by 35% and increased yields by 12%.The integration of new technologies
has reduced the overall cost of vineyard cultivation by 20%, in particular, due to lower pesticide and labour costs.
The study findings show that the introduction of modern sprayers and drones significantly optimises vineyard
processing, reduces costs and increases yields. The AgriSpray 5000 and DJI Agras T30 technologies provide a
high level of precision in the application of agrochemicals, which has a positive impact on the environment
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and economic results. The results confirm the effectiveness of the latest technologies as an important tool for
increasing the competitiveness of Ukrainian vineyards and improving product quality

Keywords: pesticides; sustainable development; irrigation; crop production; agriculture; diseases

INTRODUCTION
In modern viticulture,the mechanisation of plant protec-
tion processes is an important aspect of increasing the
efficiency of agronomic practices and ensuring the sus-
tainable development of the industry. Traditional meth-
ods of vineyard cultivation often require significant hu-
man resources and can be inefficient due to irregularity
and incomplete coverage of cultivated areas. In this re-
gard, there is a need to introduce new mechanised tech-
nologies that can ensure more accurate and cost-effec-
tive application of pesticides and other agrochemicals.

The research relevance is determined by the need
to adapt modern technologies to improve the efficiency
of vineyard protection. Due to global climate change
and growing demands for environmentally friendly ag-
ronomic practices, traditional cultivation methods are
becoming less effective and often do not meet modern
standards. Mechanisation, including the latest spraying
and monitoring systems, can ensure precision and effi-
ciency in pesticide application while reducing environ-
mental impact.

The problem of the study is the gap between tradi-
tional methods of plant protection and modern techno-
logical advances. While the latest systems show great
potential, there are gaps in their integration and prac-
tical application. It is necessary to assess their impact
on plant resistance to diseases, economic efficiency
and the overall condition of vineyards, which will allow
agronomists to better implement these technologies to
achieve maximum results.

There are several important aspects of improving
the process of plant protection mechanisation in grape
growing that have already been studied by various au-
thors. The issue of increasing the resistance of grapes to
diseases such as black rot was addressed by Q. Kong et
al. (2024), who found that UV irradiation could improve
grape resistance by regulating the synthesis of phenol-
ic compounds. At the same time, M. Karim et al. (2024)
focused on improving the classification of grape leaf
diseases using a lightweight convolutional neural net-
work architecture, which showed potential for real-time
disease diagnosis. P.Wang et al. (2021) proposed an im-
proved grape leaf disease recognition methodology
based on enhanced attention, which achieved high ac-
curacy in disease detection.

A study conducted by K. Pandey & A.Chandak (2024)
addressed deep-learning techniques used to detect

Ukrainian Black Sea Region Agrarian Science, 28(4), 85-95

grape diseases. This study not only confirms the rele-
vance of the latest approaches in the mechanisation of
plant protection but also emphasises the importance
of introducing modern technologies into agronomic
practice. Detecting diseases at early stages is critical to
ensuring vineyard health and increasing yields, making
these technologies extremely valuable to farmers. In
addition, R. Patil & A.More (2023) conducted a detailed
technical review of grape disease prediction methods
using machine learning. Their study pointed out a wide
range of technologies that can be integrated into the
process of mechanising protection, including algo-
rithms for data analysis and modelling, which allows
for more accurate prediction of disease epidemics. This
opens up new opportunities for agronomists to plan
protection measures and optimise processing costs.

P. Sindhu & G. Indirani (2022) also demonstrated
the effectiveness of using optimisers and deep neu-
ral networks to classify grape diseases. This shows the
great potential for integrating the latest technologies
into agronomic practices, which can significantly im-
prove the accuracy and speed of disease detection. The
use of such innovative solutions can not only increase
the effectiveness of plant protection but also reduce
the environmental impact of the agricultural sector, en-
suring the sustainable development of viticulture.

Despite these achievements, there are gaps in
the development of integrated systems for mecha-
nised protection, in particular combinations of bio-
control agents and chemical fungicides, as reported by
L. Ons et al. (2020). Z.S. Asgarian et al. (2024) investi-
gated the effect of calcium and zinc spraying on berry
quality during storage, which highlights the importance
of integrating new protection methods into the grow-
ing process. The study by X. Zhou et al. (2024) showed
that new quantitative indices of grape quality can im-
prove the assessment of quality parameters. Thus, the
main gaps in research relate to the integration of new
technologies and mechanisation methods to improve
the sustainability and quality of grapes.

This study focused on improving the process of
mechanisation of plant protection in grape growing by
introducing new models of sprayers, drones for agrono-
my and monitoring systems. Study goals include:

1. Evaluate the effectiveness of new mechanised
systems for vineyard cultivation.



2. Determine the impact of new technologies on
plant health and protection against diseases and pests.

3. Develop recommendations for optimising plant
protection processes based on the results obtained.

MATERIALS AND METHODS

The study was conducted from May 2024 to September
2024 in the vineyards of the Vinogradnaya Gora farm,
which is located in the southern region of Ukraine. A
vineyard area of 10 hectares was selected for the ex-
periments, which was used to obtain representative
data on the impact of new mechanical systems on
various aspects of cultivation. The sample included a
variety of grape varieties (Arcadia 1995, Bianca 2007,
Perseus 2020, Kishmish 2007, Kobzar 2009, Iskor-
ka 2015, Isabella 2017,Aromatic 2009) that were subject
to treatment with new mechanical protection systems,
which was used to assess their effectiveness in different
conditions. The study also included an analysis of the
impact of mechanisation on crop quality and plant re-
sistance to diseases. Robotic sprayers (AgriSpray 5000 -
the United States of America); drones for agronomy (DJI
Agras T30 - China); innovative sensors for plant mon-
itoring (AquaSpy 9000 - Germany); precision farming
systems for data monitoring and analysis (Trimble Ag
Leader 360 - the United States) were used in the study.

An experimental methodology was used to assess
the effectiveness of new sprayers and drones by com-
paring their performance with traditional methods of
cultivation. The analytical methodology was used for
the analysis of the collected data to determine the
level of pesticide consumption reduction and improve-
ment of the grapes’ condition. Technical specifications
of sprayewrs: AgriSpray 5000 (USA) - tank volume:
500 litres; processing range: up to 12 metres; weight:
1,200 kg; Global Positioning System (GPS) for precise
application. DJI Agras T30 drones (China) - tank ca-
pacity: 30 litres; maximum treatment area per charge:
40 hectares; automatic control and programming of
routes; a camera for monitoring the condition of plants.

All experiments and data collection were carried
out under the supervision of the agronomic service of
the Vinogradna Gora farm, using the farm’s developed
methods and processing protocols. The study com-
plies with ethical standards and adheres to the Con-
vention “On Biological Diversity” (1992). Regulation
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of the European Parliament and of the Council
No. 1107/2009 (2009), which regulates the conditions
and procedures for the registration and use of pesti-
cides in the European Union, was taken into account.
Chemicals for plant protection: Systemic fungicide
“Kuproksat” (Active ingredient: Kuproksat; intended for
control of fungal diseases on grapes (Israel)); Insecti-
cide “Keltis” (Active ingredient: Lambda-cyhalothrin; in-
tended for control of insect pests in vineyards (France)).

RESULTS

The AgriSpray 5000 sprayer and the DJI Agras T30 drone
are innovative solutions for modern agriculture that fo-
cus on increasing the efficiency of crop processing and
reducing the negative impact on the environment. The
AgriSpray 5000 is a sprayer equipped with a GPS naviga-
tion and mapping system that ensures precise position-
ing and uniform coverage of the field, avoiding re-treat-
ment and skipping parts of the field, which reduces
pesticide consumption. The system automatically adjusts
the spraying height and solution flow to ensure opti-
mum plant coverage. It also includes pressure regulators
and nozzles with variable droplet sizes for even appli-
cations. The precise distribution of pesticides reduces
the total amount of pesticide used and minimises water
and soil contamination. The intuitive automatic control
system and mobile monitoring apps ensure ease of use.

The DJI Agras T30 is a drone equipped with an
advanced automated control system that can be used
to plan routes and spray with high accuracy. Sensors
and mapping technologies ensure precise positioning
and control of the spraying process. The DJI Agras T30
can cover up to 40 hectares on a single battery charge,
which significantly reduces the need for manual labour.
It can also be used to operate in hard-to-reach areas,
increasing overall efficiency. By precisely managing
pesticide and fertiliser consumption, the drone helps to
avoid excessive amounts of solutions and reduces the
likelihood of soil and water pollution. Both solutions
provide significant benefits in crop production, par-
ticularly through high precision and automation, which
reduces costs and minimises negative environmental
impact. Table 1 illustrates a comparison of the costs
of cultivating fields using the latest methods, showing
that the use of drones can achieve significant cost sav-
ings due to their high productivity and accuracy.

Table 1. Impact of new technologies on pesticide consumption

Pesticide consumption before
implementation

100 litres/ha
100 litres/ha

Technology

AgriSpray 5000
DJI Agras T30

Source: compiled by the authors

Pesticide consumption after
implementation

70 litres/ha 30
75 litres/ha 25

Reduction (%)

Ukrainian Black Sea Region Agrarian Science, 28(4), 85-95

87



88

Improving the process of plant protection mechanisation...

The use of AgriSpray 5000 sprayers significantly re-
duced the number of diseased grape plants - by 40% (Ta-
ble 2). This is the result of precise pesticide application

using advanced solution distribution systems, which
ensures uniform coverage of each plant and eliminates
problems associated with uneven protection.

Table 2. The number of diseased plants before and after applying the latest technologies

Number of diseased plants

Iy before treatment (per 10 ha)
AgriSpray 5000 2,000
DIl Agras T30 2,000

Source: compiled by the authors

Among fungal diseases such as powdery mildew
and grey rot, a significant reduction in their manifes-
tations was observed due to precision spraying, which
reduces the number of affected berries, which is impor-
tant for maintaining crop quality. The reduction in the
number of diseased plants has had a positive impact on
the overall condition of the vineyards. The plants had
healthier leaves, and less yellowing and stunting, which
contributed to their normal growth and development.
After the introduction of AgriSpray 5000, an increase
in grape yields of 15% was noted. This is due to the
increased health of grape plants and a reduction in the
number of dead berries due to diseases, which leads to
an increase in the number of productive shoots.

DJI Agras T30 drones demonstrated a significant re-
duction in the number of diseased plants by 35% due
to the introduction of automated control and precise

25

Number of diseased plants
after treatment (per 10 ha)

Reducing the number of
diseased plants

1,200
1,300

-40%
-35%

programming of processing routes. This state-of-the-
art technology solution effectively covered even hard-
to-reach areas of vineyards that are traditionally diffi-
cult to cultivate. Due to the high speed and accuracy of
spraying, drones have been able to significantly reduce
the occurrence of dangerous diseases such as oidium
and mildew. This, in turn, led to a reduction in overall
yield losses and improved berry quality, which is an im-
portant factor for growers. The introduction of drones
for vineyard treatment not only had a positive impact
on the overall condition of the plants, but also pro-
vided better and more even coverage of the pesticide,
which significantly reduced the risk of disease, increas-
ing plant viability and, consequently, their productivity.
Thus, drone technology is becoming an integral part of
modern agricultural production, contributing to the ef-
ficiency and quality of grape growing (Fig. 1).

B Number of diseased plants (%)

20

15
10

5

0

Traditional

AgriSpray 5000

DJI Agras T30

Figure 1. Reducing the number of diseased plants using new systems

Source: compiled by the authors

The cost analysis carried out as part of the study
showed that the introduction of the latest vineyard cul-
tivation technologies does indeed lead to a significant
reduction in overall costs. In particular, the integration

of the AgriSpray 5000 sprayer system in combination
with DJI Agras T30 drones has reduced vineyard pro-
cessing costs by an impressive 20% compared to tradi-
tional methods (Table 3).

Table 3. Comparison of costs before and after implementing new methods

Processing method

Traditional
AgriSpray 5000
DJI Agras T30

Source: compiled by the authors
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Total costs (thousand UAH/ha)

Difference (%)

-20
-18.75



This positive result not only illustrates the reduc-
tion in pesticide costs but also indicates a reduction in
labour costs, as process automation reduces the need
for manual labour. The use of drones and modern spray-
ers has significantly reduced the time required to pro-
cess vineyards, which has increased overall production
efficiency. Thus, the introduction of these technologies
is not only cost-effective but also helps to optimise ag-
ronomic processes in viticulture.

Traditional vineyard management methods used
for many years often involved manual labour to apply
pesticides and fertilisers. This process was not only
labour-intensive but also required significant effort
on the part of the workers, leading to fatigue and re-
duced efficiency. Manual application of pesticides was
time-consuming, which increased the overall cost of
vineyard management. The high labour costs in this sit-
uation were a serious challenge for growers, as they had
to spend significant financial resources on hiring labour.

Manual application of pesticides did not always
guarantee the accuracy and uniformity of the solution
distribution. The conventional sprayers used in such
cases were less accurate, resulting in uneven coverage
of the plants. This caused pesticide overspending, as
some areas were overtreated while others were left in-
sufficiently protected. Such shortcomings required ad-
ditional treatments, which further increased the costs
and time required to care for the vineyards. As a result,
traditional treatments were not only economically un-
profitable but also less effective in ensuring vineyard
health and productivity.

The AgriSpray 5000 sprayer has become an impor-
tant tool for farmers as it ensures accurate and efficient
application of pesticides. This has not only improved

Haleeva et al.

the quality of crop treatment but also reduced the cost
of using chemical plant protection products. The high
accuracy and uniform distribution of the solution led
to a 30% reduction in pesticide costs. As a result, farm-
ers were able to significantly optimise their costs while
maintaining the effectiveness of their crops.

DJI Agras T30 drones, in turn, provided automated
control and precise programming of processing routes,
which significantly optimised field processing. This has
reduced labour costs, as drones can perform tasks with
high productivity without the need for many employ-
ees. Pesticide costs have also been reduced by 25% due
to the high accuracy of processing and the ability to
access hard-to-reach areas that previously required sig-
nificant effort and resources to process.

The introduction of modern technologies, such as
AgriSpray 5000 and DJI Agras T30, has allowed farmers
to significantly reduce the cost of vineyard cultivation.
This has a direct impact on reducing overall production
costs, which, in turn, increases the competitiveness of
products on the market. Thus, the use of these innova-
tive solutions contributes not only to cost savings but
also to the overall efficiency of agricultural production.
This included savings on pesticides, reduced labour re-
quirements and reduced processing time.

Experimental data obtained as a result of the re-
search shows that the latest technologies introduced
in viticulture have a significant positive impact on
grape yields. In particular, the use of the innovative
AgriSpray 5000 equipment has led to an impressive
15% increase in yields (Fig. 2). This demonstrates the
effectiveness of this device in optimising crop process-
ing, which in turn helps to improve the quality and
quantity of the harvest.

15

B Yield (t/ha)

14.5
14

135

13

12.5
11.5 -

Traditional

AgriSpray 5000

DJI Agras T30

Figure 2. Changes in grape yields by different cultivation methods

Source: compiled by the authors

In addition, the use of drones for monitoring and
processing vineyards also proved to be effective, as
yields increased by 12%. The use of drones allows for
high accuracy in the distribution of fertilisers and plant
protection products, which significantly reduces losses

and increases the overall productivity of vineyards.
These results confirm that the integration of modern
technologies into agriculture is an important step to-
wards achieving sustainable development and increas-
ing the efficiency of the agricultural sector (Table 4).
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Table 4. Influence of the latest technologies on the yield of different grape varieties

Grape variety Processing method Yield before treatment Yield after treatment Difference (%)

Arcadia AgriSpray 5000 80 t/ha 94 t/ha +18%
DJI Agras T30 80 t/ha 90 t/ha +13%

Bianca AgriSpray 5000 75 t/ha 85 t/ha +14%
DJI Agras T30 75 t/ha 82 t/ha +10%

Perseus AgriSpray 5000 70 t/ha 81 t/ha +16%
DJI Agras T30 70 t/ha 78 t/ha +11%

Kishmish AgriSpray 5000 85 t/ha 95 t/ha +12%
DJI Agras T30 85 t/ha 93 t/ha +9%

Kobzar AgriSpray 5000 90 t/ha 103 t/ha +15%
DJI Agras T30 90 t/ha 101 t/ha +12%

Iskorka AgriSpray 5000 78 t/ha 89 t/ha +14%
DJI Agras T30 78 t/ha 86 t/ha +10%

lsabella AgriSpray 5000 82 t/ha 95 t/ha +16%
DJI Agras T30 82 t/ha 91 t/ha +11%

Aromatic AgriSpray 5000 77 t/ha 87 t/ha +13%
DJI Agras T30 77 t/ha 84 t/ha +9%

Source: compiled by the authors

The introduction of modern mechanised systems
in the field of crop protection is an important step to-
wards optimising agronomic processes, as it will sig-
nificantly reduce the cost of crop processing. This, in
turn, will increase the overall effectiveness of crop pro-
tection, which has been confirmed by numerous stud-
ies and practical trials. ALl the results obtained in the
course of research show that new technologies not only
reduce the cost of pesticide use but also significantly
improve the condition of plants, which has a positive
impact on their health and development. In addition,
the introduction of such systems helps to increase
yields, which is an important factor in ensuring food se-
curity. This confirms the validity of the hypothesis and
demonstrates the high efficiency of the implemented
mechanised systems, which can become the basis for
further development of the agricultural sector. Based
on the results obtained, which indicate the significant
potential of new technologies, it is recommended to
implement innovative solutions to reduce costs and
increase the efficiency of vineyard processing. Among
such technologies, it is worth highlighting the use of
robotic sprayers and drones that can ensure the accu-
racy and speed of agronomic tasks, including spraying
plants and monitoring the condition of the crop.

Farmers should account for the long-term econom-
ic benefits of investing in new technologies that not
only reduce processing costs but also significantly in-
crease labour productivity. Investing in automation and
digitalisation of processes can lead to a significant re-
duction in labour costs, which is an important aspect in
the current market environment. This helps to reduce
the cost of crop protection products, as new technolo-
gies allow for more precise and efficient application of
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agrochemicals, which not only reduces costs but also
has a positive impact on the environment. In addition,
the introduction of modern technologies can significant-
ly improve the quality of products, which undoubtedly
opens new opportunities for sales and increased com-
petitiveness in the market. Strategic investment in inno-
vation can be a key success factor for farms in the future.

These results can serve as a basis for further re-
search and practical application in the field of viticul-
ture, contributing to the development of innovative
approaches and increasing the competitiveness of
Ukrainian winemakers in the international market. The
introduction of new technologies will allow Ukrainian
producers not only to maintain but also to increase
their market share, responding to the growing demands
of consumers for quality and environmental friendli-
ness of products.

DISCUSSION

A detailed study of the resilience of European wine re-
gions to climate change was conducted by S. Tscholl et
al. (2024), who focused on the importance of adapting
technologies to new, changing conditions. In their work,
they emphasised that climate change can have a signif-
icant impact on wine production, so winemakers should
take steps to adapt their technologies. The results of the
current study support their conclusions, demonstrating
that improved spraying technologies can be effectively
adapted to increase the resilience of vineyards to the
negative impacts of climate change, which in turn can
contribute to the sustainability of wine production in
the face of global warming.

S. Mehretie et al. (2024) developed an innovative
ultrasonic sensor that allows predicting the quality



of grape bunches at different stages of maturity. This
approach is revolutionary in the field of grape quality
assessment, as it provides more accurate data on the
condition of the product. These findings support the
current study, confirming that new technologies can
significantly improve grape quality through more accu-
rate monitoring, which in turn can increase the compet-
itiveness of wineries in the market. A study conducted
by LY. Park et al. (2023) focused on the impact of plant
growth regulators and bunch thinning on the quality of
Shine Muscat grapes. This study found that the use of
mechanisation in agronomy can significantly contribute
to the optimisation of plant processing, which in turn
leads to an increase in grape quality. This emphasises
the importance of using modern technologies in viti-
culture to achieve high standards of product quality.

The significant effect of growth regulators and
bunch thinning on the overall productivity of grapes
was investigated by S. Choi et al. (2023). The findings
confirm that these factors are crucial for achieving op-
timal yield quality and quantity. The conclusions of this
study indicate that the introduction of improved mech-
anisation in the cultivation processes can significantly
improve control over product quality, which in turn con-
tributes to the competitiveness of viticulture farms in
the market. M. Li et al. (2024) assessed the current state
of plant protection mechanisation technologies in Chi-
na and identified an urgent need to improve these tech-
nologies to increase the efficiency of crop treatment.
These results confirm the importance of innovation, as
they demonstrate the positive impact of new technolo-
gies on reducing pesticide consumption, which in turn
contributes to improved vineyard protection.

The introduction of agrochemical technologies in
viticulture was studied by D.G. Bhalekar et al. (2024a),
who emphasise the importance of the safety and ef-
ficiency of the spraying process. The results of their
work also confirm the conclusions about the need to
improve technologies to ensure not only high efficiency
but also safety for the environment and human health.
Research by O. Nefti et al. (2024) focused on the possi-
bility of partial pesticide phase-out in viticulture. They
found that the latest technologies being introduced
into the industry could provide such an alternative. The
findings support their conclusions, demonstrating that
advanced spraying can reduce pesticide use without
negatively impacting grape quality, which is an impor-
tant consideration for producers and consumers. Thus,
these studies highlight the importance of integrating
new technologies into viticulture practices to achieve
sustainable development in the agricultural sector.

A. Bjernavold et al. (2022) conducted an in-depth
study analysing the reasons why France is not achieving
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its goals in reducing pesticide use. Scholars addressed
the socio-economic bargaining power of farmers, which
often becomes an obstacle to the implementation of
new environmental practices. The findings indicate
the positive impact of new technologies that can sig-
nificantly reduce pesticide costs, which in turn can be
useful in overcoming such problems in agriculture.
This study emphasised the importance of integrating
innovative technologies into the agricultural sector to
achieve sustainable development.

The mechanical removal of leaves was studied by
B.Hed & M. Centinari (2024), which is an important as-
pect of improving the control of bunch rot. This study
confirms the basic idea that new technologies are ef-
fective in reducing pesticide use. The authors note that
mechanical technologies not only increase the effi-
ciency of plant processing but also significantly reduce
the need for chemical plant protection products. This
discovery is important for agronomists and farmers, as
the introduction of such technologies can contribute to
environmentally friendly agriculture and improve prod-
uct quality. E. Fouillet et al. (2024) demonstrated that
reducing the use of pesticides not only does not reduce
yields but also does not affect labour intensity, which
is an important aspect of the agricultural sector. The
study also confirms that the introduction of improved
technologies can significantly reduce pesticide costs
without compromising overall crop productivity. This
opens new opportunities for sustainable development
of agricultural production, as reducing the chemical
burden on the ecosystem is an important task.

The development of a combined effector for bunch
removal was carried out by S. Sui et al. (2024), which
also confirms the effectiveness of mechanical technol-
ogies in viticulture. This study demonstrates that the
mechanisation of processes can significantly reduce the
need for manual labour and increase the efficiency of
vineyard processing. The introduction of such innova-
tive solutions not only optimises work processes but
also contributes to the economic efficiency of produc-
tion, which is critical in today’s competitive agricultural
market. A. Le Roux (2024) addressed in detail the issue
of improving equipment for spraying crops by recycling
excess solution through modifying the airflow. The re-
search provides strong evidence that the introduction
of such innovations can significantly increase the effi-
ciency of spraying processes, reducing the cost of crop
protection products and improving their uniform dis-
tribution. This opens new opportunities for optimising
agricultural production and increasing yields.

L.S. de Oliveira et al. (2024) focused on the use of
aerial spraying for mildew control in vineyards using
an unmanned aerial vehicle (UAV). The results of this
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work confirm that UAV technology can be extremely ef-
fective in the vineyard treatment process, ensuring the
accuracy and speed of application of protective agents.
This can reduce the risks associated with traditional
spraying methods and increase overall viticulture pro-
ductivity. F. Ahmad et al. (2020) also studied the effec-
tiveness of using UAVs for spraying rice fields, finding
a positive impact of such systems on the uniform dis-
tribution of the spray. The results show that UAV tech-
nologies can not only be effective in vineyards but can
also be successfully applied in other agricultural sec-
tors. This highlights the potential of drone technology
to transform traditional agriculture by providing more
efficient solutions for crop protection and agricultural
resource management.

The water consumption and drift of fungicides
used for mildew control in grapes were studied by
B. Bajagic et al. (2022). This work provided important
data that support the conclusions about the need to
optimise pesticide and water consumption. This study
emphasises the importance of rational use of resourc-
es in viticulture, which can significantly reduce costs
and increase the effectiveness of plant disease control.
F.K. Carvalho et al. (2020) studied the problems associ-
ated with the use of aircraft and drones for crop spray-
ing. Their study analysed the technical and practical
challenges that arise when using these modern tech-
nologies. The results confirm their findings regarding
the difficulties faced by agronomists and farmers seek-
ing to incorporate UAVs into their field operations and
highlight the need for further improvements in these
methods. C. Michael et al. (2022) evaluated the effec-
tiveness of low-volume spraying in vineyards, which
is consistent with the results of this paper. Their study
demonstrates that the use of low-volume spraying
technologies can significantly reduce the cost of pesti-
cides, as well as reduce the risk of their negative impact
on the environment. These results confirm the impor-
tance of introducing innovative vineyard management
practices to increase productivity and sustainability.

The use of UAVs for crop spraying was studied by
J.0. Silva Neto et al. (2021), focusing on their ability to
reduce pesticide use and improve accuracy. Their find-
ings support their conclusions about the effectiveness
of unmanned technologies, indicating that the use of
UAVs can not only reduce processing costs but also re-
duce the negative impact on the environment through
more precise application of chemicals. G. Wang et
al. (2020) investigated the effectiveness of low-volume
pesticide application in rice fields, focusing on reducing
water consumption and increasing yields. The results
of the study support these findings, demonstrating a
similar positive effect in vineyards, where the use of

Ukrainian Black Sea Region Agrarian Science, 28(4), 85-95

low-volume spraying leads to improved crop quali-
ty and reduced risk of plant diseases. D.G. Bhalekar et
al.(2024b) optimised the configuration of spraying sys-
tems, focusing on improving fluid distribution mech-
anisms and reducing losses during treatment. These
results support their findings that pneumatic spraying
systems are more efficient than traditional methods,
providing more uniform coverage of plants and increas-
ing overall treatment efficiency. Overall, the results of
the study confirm that the integration of new tech-
nologies into vineyard protection mechanisation can
significantly increase efficiency and reduce pesticide
consumption. They are also consistent with research
showing the positive impact of new technologies on
grape quality and processing efficiency.

CONCLUSIONS

The study confirmed the effectiveness of the intro-
duction of AgriSpray 5000 sprayers and DJI Agras T30
drones in vineyards, which led to a reduction in pesti-
cide consumption and an increase in yields. Specifical-
ly, the use of sprayers reduced pesticide consumption
by 30% and increased yields by 15%. Drones, in turn,
reduced costs by 25% and increased yields by 12%.
Qualitative indicators include a 40% reduction in plant
disease with sprayers and 35% with drones, indicating
improved plant health and reduced disease. The re-
sults of research confirm that the introduction of mod-
ern viticulture technologies can significantly improve
the efficiency of vineyard cultivation. This is achieved
through process optimisation, which reduces pesticide
costs and significantly increases yields. The use of inno-
vative methods, such as precision farming, automation
and plant health monitoring, opens new opportunities
for agronomists. In addition, these technologies have
a significant potential to reduce the negative impact
on the environment, as the reduced use of chemicals
helps to preserve ecosystems and improve soil quality.
Thus, the integration of modern technologies not only
increases the economic efficiency of production but
also contributes to the sustainable development of the
agricultural sector.

To further improve agricultural outcomes, especially
in the context of drones and sprayers, there is a need to
focus on improving the technologies that ensure their
effectiveness. This includes improving the precision of
pesticide application, which is critical to reducing pes-
ticide losses to the environment and minimising nega-
tive impacts on beneficial organisms. It is necessary to
adapt these technologies to different types of vegeta-
tion and specific climatic conditions to ensure optimal
treatment results. Longer and more detailed field trials
are also recommended to assess the long-term impacts
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of drone and sprayer use on soil quality and ecosystem  of the study include the limited number of surveyed
integrity. This includes monitoring changes in biodiver-  sites and the potential impact of unforeseen weather
sity,vegetation and overall ecosystem health,which will  conditions that could affect the accuracy of the results.
help identify possible negative impacts and develop

recommendations to avoid them. Thus, the integration ACKNOWLEDGEMENTS

of new technologies into agriculture should be accom-  None.

panied by a comprehensive analysis and assessment of

environmental aspects, which will ensure the sustaina- CONFLICT OF INTEREST

ble development of the agricultural sector. Limitations  None.
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AHoTauis. Metoo pobotn 6yno pocnianty BNAMB Cy4aCHUX TEXHONOTIM 06pOOKM BMHOrPAAHMKIB HA 3MEHLUEHHS
BMTPAT MeCTUUMAIB Ta NiABULEHHS BPOXAWHOCTI. [Mig Yac [OCNiIOKEHHS OUiHEHO e(EeKTUBHICTb BMKOPUCTAHHS
obnpuckysauis «AgriSpray 5000» Ta gpoHis «DJI Agras T30» B arpoHOMii, 30KpeMa y BUHOrpagapcrsi. Metogonoria
LOCNIOKEHHS BKKOYANA aHaNi3 BUTPAT NECTULMAIB | BPOXKAMHOCTI BUHOrpaay A0 i Nicns BNPOBAAXKEHHS 3a3HAYEHMX
TexHonorii. Ona uboro 6yno npoBeneHO NOPIBHAMNbHUIA aHanis 3 TpaguuiiHMMU MeToaaMu 06pobku, 3oKpeMa
BPYYHY. 3acTocyBaHHS obnpuckyBadiB «AgriSpray 5000» Ta apoHis «DJI Agras T30» LO3BOAUIO 3MEHLWMUTU BUTPATU
nectuumais Ha 30 % i 25 % BianoBiaHO, 3aBASKM TOYHOMY PO3MOAINY PO34YMHIB i aBTOMaTM3aLii 06pobku nonis.
OCHOBHI pe3ynbTaTM AOCNILKEHHS MOKasanw, Wwo obnpuckysadi «AgriSpray 5000» 3MeHWMAM KinbKicTb XBOPUX
BMHOIPagHUX pocsivH Ha 40 %, Wwo npmeeno Ao 36inbleHHS BpoxarHocTi Ha 15 %. BoaHouac, opoHu «DJI Agras
T30» 3a6e3neunnm 3MeHLLEHHS KifIbKOCTI XBOPUX POCAMH Ha 35 % i nigBuwmnmn BpoxanHictb Ha 12 %. IHTerpauis
HOBMX TEXHONOTI A03BOMIMMA 3MEHLWMWTK 3arabHi BUTPATM Ha 06pobKy BUHOrpagHUKiB Ha 20 %, 30KpeMa 3aBasKM
3HWXXEHHIO BUTPAT Ha nectuumaun Ta pobouy cuny. BUCHOBKM AOCNifKeHHS CBiAYaTb Mpo Te, WO BMNPOBAaLXKEHHS
Cy4yaCHUX 06MNpUCKYyBaYiB i APOHIB CYTTEBO ONMTUMI3ye Mpouecu 0OpoOKM BMHOMPALHMKIB, 3HWXKYE BWUTPATU Ta
NiABULLYE iXHI0 BpoXaiiHicTb. TexHonorii «AgriSpray 5000» i «DJIAgras T30» 3a6e3neuytoTb BUCOKMIA piBEHb TOYHOCTI
Y 3aCTOCYBaHHI arpoximikaTis, WO MA€E MO3UTUBHUIA BMNAMB Ha EKOJOTiYHY CMTYaLit0 Ta €KOHOMIYHi pe3ynbraTtu.
Pesynbtatn nipTBEpPAXKYIOTh €(EKTUBHICTb HOBITHIX TEXHOMOTM SK BAX/JMBOrO iHCTPYMEHTA ANS NiABULLEHHS
KOHKYPEHTOCNPOMOXHOCTi BUHOTPaAHMX roCcnofapcTB B YKpaiHi Ta NOKPALLEHHS SKOCTi NpOAyKLii
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