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Development of modern irrigation systems for improving efficiency, 
reducing water consumption and increasing yields

Abstract. The study was conducted to examine modern irrigation systems aimed at improving water efficiency, reducing 
water consumption and increasing crop yields. The study analysed the environmental and socio-economic aspects of 
modern irrigation systems, including their impact on the environment and social sustainability of agriculture. The study 
determined that the use of modern irrigation systems, such as drip irrigation and IoT-based automatic control systems, 
can significantly improve the efficiency of water use in agriculture. Data analysis demonstrated that such systems can 
reduce water consumption by up to 50% while increasing yields by up to 30%. The use of agricultural drones to monitor 
field conditions and precisely regulate irrigation helps to improve plant health and reduce labour costs. The study also 
determined that water recycling and reuse systems can significantly reduce the use of freshwater, which is especially 
important in regions with limited water resources. In general, modern irrigation technologies demonstrate high efficiency 
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adapt irrigation systems to a changing climate to maintain 
sustainable agricultural production. S. Naghdi et al. (2021) 
revealed the significant potential of computer modelling 
for optimising water resources in agriculture. W. Loiskandl 
& R. Nolz (2021) emphasised the importance of taking en-
vironmental factors into account when developing new 
technologies in the agricultural sector in a study on the 
environmental aspects of irrigation systems. G.N.  Cur-
ry  et al.  (2021) discussed the socio-economic impacts of 
new technologies in agriculture, emphasising the need to 
consider social aspects when developing water use poli-
cies. W. Zhang et al. (2024) identified challenges and pro-
posed solutions for sustainable water use in regions with 
limited water resources. Lastly, N. Dwijendra et al.  (2022) 
highlighted the importance of innovation for sustainable 
agricultural development in a changing climate. However, 
there are still gaps in optimising water recycling systems, 
predicting plant needs using computer modelling, study-
ing the socio-economic impact of new technologies, and 
understanding the environmental aspects of modern irri-
gation systems. These gaps need to be further explored to 
develop more comprehensive and sustainable solutions for 
agricultural water management.

The study aims to investigate modern irrigation and 
watering systems aimed at improving water efficiency, re-
ducing water consumption and increasing crop yields. Re-
search goals include:

1. Assessment of the environmental aspects of modern 
irrigation and watering systems to minimise the negative 
impact on the environment when using water resources in 
agriculture.

2. Analysis of the technical characteristics of agricul-
tural drones.

3. Investigation of the potential of water recycling sys-
tems to reduce freshwater consumption in conditions of 
limited water resources.

MATERIALS AND METHODS
A detailed analysis of various technologies in irrigation and 
watering systems was carried out, including drip irriga-
tion, automatic irrigation systems and spot irrigation. The 
study included an assessment of the effectiveness of each 
of these technologies in different climatic and soil condi-
tions, as well as their ability to accurately distribute water 
directly to plant roots. The advantages, such as minimising 
water losses and improving yields through optimal use of 
resources, as well as the disadvantages associated with the 

INTRODUCTION
The development of modern irrigation systems represents 
a drive to improve the way water is used in agriculture. Key 
areas of development include the introduction of advanced 
technologies such as drip irrigation and automated con-
trol systems based on the Internet of Things (IoT). These 
technologies not only help to optimise water consumption 
but also improve the accuracy and regularity of irrigation, 
which in turn leads to a significant increase in yields. An-
other important aspect is the use of agricultural drones to 
monitor the condition of fields and precisely regulate irri-
gation, which reduces labour costs and increases the over-
all efficiency of the process. Additionally, the introduction 
of water recycling and reuse systems minimises the use of 
fresh water, which is especially important in conditions of 
limited water resources. Thus, modern irrigation technol-
ogies are aimed at creating sustainable and cost-effective 
solutions for agriculture.

This study is critically important in the context of the 
current challenges associated with climate change and sus-
tainable agricultural development. Efficient use of water 
resources is becoming increasingly important as the popu-
lation grows and freshwater availability deteriorates. Mod-
ern irrigation and watering systems, represented by drip 
irrigation, automated technologies and data-driven man-
agement systems, promise to significantly improve water 
savings and increase the production results of agricultural 
enterprises. The research is also needed to confirm the ef-
fectiveness and economic feasibility of these technologies, 
which will contribute to their widespread adoption and 
sustainable development of agriculture in the future.

The problem existing in the area under study is the 
need to increase the efficiency of water use in agricul-
ture. Drip irrigation, studied by R. Sidhu et al. (2021), has 
proven to be effective in agriculture due to the precise 
distribution of moisture to plant roots, which contributes 
to improved yields and economic efficiency. M. Hamdi  et 
al. (2021) confirmed the economic feasibility of IoT-based 
automatic irrigation systems, pointing to their ability to 
reduce operating costs and efficiently use water resources. 
J. Gómez & A. Tascón (2021) demonstrated that the use of 
agricultural drones to monitor fields increases the efficien-
cy of irrigation and fertiliser management, contributing to 
improved plant health and yields. F.  Parada  et al.  (2021) 
demonstrated that water recycling systems in agriculture 
significantly reduce freshwater consumption and improve 
the sustainability of water use in resource-limited envi-
ronments. G.  Malhi  et al.  (2021) highlighted the need to 

and economic feasibility, contributing to the sustainable development of agriculture. The study proved that the use of 
computer modelling and forecasting of plant water requirements provides optimal conditions for their growth, which 
further contributes to an increase in yields. The results of the study can be used in practice to develop and implement 
more efficient and environmentally friendly technologies in irrigation and drainage systems, which helps to reduce the 
negative impact on the environment through more efficient use of water resources and reduction of water runoff

Keywords: agricultural drones; computer modelling; plant needs forecasting; optimal conditions for growth; water use
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technical and operational aspects of implementing these 
systems, are analysed.

The socio-economic aspects of introducing modern 
irrigation technologies were also analysed. The economic 
feasibility of using such systems and their impact on reduc-
ing operating costs in agriculture and improving resource 
management are assessed. The environmental, social and 
economic aspects of modern irrigation systems were as-
sessed. The environmental impact of such technologies on 
the environment was analysed, including the potential im-
pact on land resources, aquatic ecosystems and biodiversi-
ty. The researchers studied the socio-economic aspects of 
introducing new technologies in agriculture. The paper an-
alysed the impact of these technologies on employment in 
the agricultural sector, changes in farm incomes and public 
support for such innovations. The study examined in detail 
the possibilities of using the DJI Agras T30 agro-industrial 
drone (China) to monitor the condition of fields and opti-
mise irrigation. Its technical characteristics and ability to 
collect data on soil moisture, plant health and the general 
condition of the fields were analysed. The use of this drone 
allows agricultural enterprises to conduct more frequent 
and detailed monitoring, which contributes to accurate and 
efficient management of irrigation and fertilisation.

The use of computer models to predict plant water re-
quirements and optimise irrigation regimes was evaluat-
ed. Mathematical models were developed based on data on 
climatic conditions, soil types and the needs of different 
crops. The study of water recycling systems in agriculture 
included an in-depth analysis of their efficiency and poten-
tial to improve the sustainability of the agricultural sector. 
Technologies were analysed, including the use of treated 
wastewater and other secondary water sources for crop ir-
rigation. Assessment of the impact of recycling systems on 
the sustainability of the agricultural sector was prioritised. 
These technologies help improve the resilience of agricul-
ture to climate change and environmental challenges. A 
significant reduction in the use of fresh water is not only 
economically beneficial but also contributes to the pres-
ervation of water resources for future generations, which 
is an important aspect of sustainable agricultural develop-
ment strategies. The following formulas were used in the 
study. The formula for calculating the volume of water for 
drip irrigation (1):

Wd = A×ETc×Kc
Ea

  ,                                 (1)

where: Wd – volume of water for drip irrigation (l/day); A – field 
area (m²), ETc – evaporation and transpiration demand (mm/
day); Kc – crop coefficient (dimensionless); Ea – system effi-
ciency (dimensionless, usually 0.9-0.95 for drip irrigation).

The formula for calculating the volume of water for au-
tomatic irrigation (2):

Wa = Wm × �1 − R
P
�  ,                             (2)

where: Wa  – the volume of water for automatic irriga-
tion (l); Wm – the maximum irrigation volume (l); R is the 

volume of precipitation (mm); P is the threshold soil mois-
ture level (mm).

The formula for calculating water savings (3):

Sj =
 Wt –

 Wj,                                     (3)

where: Sj – water savings (l); W – traditional watering vol-
ume (l); Wj- watering volume using IoT (l). The formula for 
calculating the efficiency of spot irrigation (4):

Ep = Wp

Wt
  ,                                       (4)

where: EP  – the efficiency of spot irrigation (dimension-
less); WP – the volume of water for spot irrigation (l); Wt – 
the traditional volume of irrigation (l).

The formula for calculating freshwater savings (5):

Sw =
 Wt –

 Wr,                                     (5)

where: Sw – water savings (l); Wt – traditional watering vol-
ume (l); Wr – recycled water volume (l).

The formula for calculating the drone efficiency (6):

Ed = Wd

Wm
  ,                                       (6)

where: Ed – drone utilisation efficiency (non-dimension-
al); Wd – volume of water when using drones (litres); Wm – 
maximum watering volume (litres).

The formula for calculating optimal fuel volumes (7):

Wc = A × ETc × Kc �
1
Ec
�  ,                          (7)

where: Wc – optimal irrigation volume (l); A – field area (m²); 
ETc  – evaporation and transpiration demand  (mm/day); 
Kc  – culture coefficient (dimensionless); Ec  – model effi-
ciency (dimensionless).

These formulas demonstrated how different irrigation 
systems can optimise water use and increase yields, which 
is especially important in the context of global climate 
change and water scarcity.

RESULTS
Modern irrigation systems are being actively developed 
to improve efficiency, reduce water consumption and in-
crease yields. Drip irrigation is one of the most efficient 
and modern irrigation systems that significantly increas-
es agricultural productivity while minimising the use of 
water resources. This technology is based on the principle 
of delivering water directly to the roots of plants through 
a network of tubes, drippers and emitters. This not only 
improves the quality of irrigation but also reduces water 
losses, which is especially relevant in the context of global 
climate change and water scarcity.

Unlike traditional irrigation methods such as sprin-
kling or surface watering, drip irrigation provides precise 
water dosing, delivering it directly to the plant root zone. 
This significantly reduces water losses due to evaporation 
and surface runoff, which is especially important in arid 
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regions where water resources are limited. This ensures 
that the plants receive the necessary amount of moisture, 
which contributes to their better growth and higher yields. 
In addition, drip irrigation helps improve soil quality. As 
the water is delivered directly to the roots, the risk of sur-
face crusting and soil erosion is reduced. This, in turn, pro-
motes better oxygen penetration to the roots of plants and 
improves their overall health. It is also worth noting that 
drip irrigation allows for more efficient use of fertilisers 
and pesticides that can be added to the irrigation system, 
which reduces the cost of their use and reduces the nega-
tive impact on the environment.

For drip irrigation, the initial costs include the cost of 
equipment (tubes, drippers, filters, pumps) and installation 
work, which can range from $1,500 to $3,500 per hectare. 
The operating costs for this system include maintenance, 
replacement parts, energy for the pumps and regular clean-
ing of the system, which amount to about $100-$300 per 
hectare per year. Drip irrigation is an effective and sustain-
able solution for modern agriculture (Bansal et al., 2021). 
It can significantly increase the yield and quality of agri-
cultural products with minimal water consumption. In 
the context of global climate change and increasing water 
scarcity, drip irrigation is becoming an important tool for 
ensuring food security and sustainable development of the 
agricultural sector. Drip irrigation provides precise water 
dosing, minimising losses due to evaporation and surface 
runoff. For instance, for a 1 ha (10,000 m²) field with a crop 
coefficient of 0.7, requiring evaporation and transpiration 
of 6 mm/day, and given a system efficiency of 0.9, the daily 
water consumption for drip irrigation can be calculated us-
ing the formula (1):

Wd = 10000×6×0.7
0.9

= 46.667 .

Automatic irrigation systems are advanced technolo-
gies that have significantly changed the approach to water 
management in agriculture (Lopez-Jimenez  et al.,  2022). 
Equipped with soil moisture sensors, rain sensors and da-
ta-driven control systems, these systems not only optimise the 
irrigation schedule but also significantly improve water use 
efficiency by avoiding over-watering or over-drying the soil.

Automatic irrigation, or sprinkler systems, have initial 
costs for sprinklers, pipework, pumps and control systems 
that can range from $2,000 to $5,000 per hectare. Oper-
ational costs include energy, equipment maintenance and 
regular inspections, at around $150-$400 per hectare per 
year. Moisture sensors placed in different parts of the field 
continuously collect data on soil conditions and transmit it 
to the control system. This allows the system to automat-
ically adjust the watering schedule, providing plants with 
the right amount of moisture at the right time. This pre-
vents situations where the soil remains too dry or too wet, 
which has a positive effect on plant health and yields. An 
additional advantage is the use of rain sensors that prevent 
watering during or immediately after rain. This not only 
prevents water overuse but also reduces the risk of water-
logging, which can lead to plant diseases and poor growth. 

Thanks to these sensors, automatic irrigation systems can 
significantly reduce water consumption, which is especial-
ly important in regions with limited water resources.

Modern data-driven management systems integrate 
information from a variety of sources, including meteor-
ological data and weather forecasts. This improves water-
ing plan accuracy, thus covering future weather conditions 
and plant needs. As a result, automatic irrigation systems 
become not just a tool for water supply, but a full-fledged 
part of the agricultural process management system, which 
significantly increases their efficiency. Modern automatic 
irrigation systems represent an important step forward 
in the field of water management in agriculture. They can 
significantly increase water use efficiency, improve plant 
health and increase yields, making them an integral part 
of sustainable and efficient agricultural production. In 
the context of global climate change and increasing water 
scarcity, such systems are becoming a key tool for ensuring 
food security and sustainable agricultural development. 
Automatic irrigation systems can be optimised with hu-
midity and rain sensors. The optimal irrigation formula (2) 
assumes that with a maximum irrigation volume of 50,000 
litres, 5 mm of precipitation and a threshold moisture level 
of 20 mm, the volume of water to be irrigated will be:

Wa = 50000 × �1 − 5
20
� = 37.500  .

In 2024, smart technologies and IoT have become an 
integral part of modern agriculture, opening new oppor-
tunities for efficient water management (Salam,  2024). 
The creation of integrated irrigation management systems 
based on data on weather conditions, soil conditions and 
plant needs can be used to automate the irrigation process, 
making it more accurate and efficient. Employing sensors 
installed in different parts of the field, IoT systems can 
monitor soil moisture levels, temperature, rainfall and oth-
er important parameters in real-time. This data is trans-
ferred to a central server where it is processed and analysed 
using specialised software. This can be used to create accu-
rate models of field conditions and predict plant water re-
quirements. Automation of the watering process based on 
collected data significantly increases its efficiency. Smart 
irrigation control systems can automatically adjust the wa-
ter supply depending on current conditions and weather 
forecasts, which helps to avoid both overdrying and over-
wetting the soil. This not only improves plant health and 
yields but also significantly reduces water consumption, 
which is especially important in the face of global climate 
change and water scarcity.

The use of smart technologies and IoT in irrigation 
management systems can optimise the use of fertilisers 
and pesticides (Kumar  et al.,  2022). In combination with 
precision irrigation, this ensures a more even distribution 
of nutrients and protective agents across the field, which 
improves their effectiveness and reduces the negative im-
pact on the environment. Thus, the integration of smart 
technologies and IoT into agricultural processes contrib-
utes to the sustainable development of agriculture. The 



51
Machinery & Energetics. Vol. 15, No. 3

Askaraliev et al.

economic benefits of implementing smart irrigation man-
agement systems are also significant. Despite the initial 
costs of hardware and software, in the long term, such sys-
tems can significantly reduce water and labour costs. Auto-
mation of irrigation management processes frees farmers 
from the need for constant monitoring and manual adjust-
ments, which increases overall productivity and reduces 
labour costs. However, despite the many benefits, the in-
troduction of smart technologies and IoT in agriculture is 
fraught with challenges. This requires a significant initial 
investment and qualified personnel to install and maintain 
the equipment. It is also necessary to consider data securi-
ty and protection to avoid potential cyber threats and un-
authorised access to information.

The use of smart technologies and IoT in irrigation 
management systems represents an important step for-
ward in the field of efficient water use and sustainable ag-
riculture. These innovative solutions significantly increase 
the accuracy and efficiency of irrigation, improve plant 
health and yields, and reduce water and labour costs. In the 
context of global climate change and increasing water scar-
city, smart irrigation management systems are becoming a 
key tool for ensuring food security and sustainable devel-
opment of the agricultural sector. IoT can be used to con-
trol irrigation based on data about weather, soil conditions 
and plant needs. Formula (3) for determining water savings 
using IoT addresses the difference between the traditional 
watering volume of 50,000 litres and the IoT watering vol-
ume of 35,000 litres:

Si = 50000 – 35000 = 15000.

The drip irrigation system is one of the most innova-
tive and efficient irrigation technologies developed to op-
timise water use in agriculture (Wang & Guo, 2024). The 
main advantage of this system is the use of special devices 
that direct water directly to the root zone of plants. This 
minimises evaporation and surface run-off losses, provid-
ing plants with the right amount of moisture with maxi-
mum precision and efficiency. The main idea of the “spot 
irrigation” system is to deliver water precisely where it is 
most needed – to the roots of plants. Unlike traditional ir-
rigation methods, such as surface or sprinkler irrigation, 
this system avoids excessive soil moisture and surface run-
off, which often leads to soil erosion and loss of nutrients. 
Instead, the water is delivered through a network of tubes 
and emitters directly to the root zone, which ensures even 
moisture distribution and promotes healthy plant growth.

The effectiveness of the “spot irrigation” system has 
been confirmed by practical application in various climat-
ic and soil conditions (Rocha et al., 2023). It significantly 
reduces water consumption compared to traditional irriga-
tion methods. This is especially important in regions with 
limited water resources or in drought conditions when wa-
ter conservation becomes critical. In addition, drip irriga-
tion helps to reduce plant disease, as it prevents water from 
reaching the leaves and stems, which reduces the risk of 

fungal infections and other diseases. In addition, the drip 
irrigation system improves product quality. Plants that re-
ceive the right amount of water in the root zone develop 
more evenly and healthily, which has a positive effect on 
the quality of fruits and vegetables. This is especially im-
portant for manufacturers focused on the fresh food mar-
ket, where product quality and appearance play a key role.

Spot irrigation requires initial costs for spot irrigation 
and its installation, which range from $2,000 to $4,000 per 
hectare. Operating costs, including maintenance and en-
ergy, are around $100-$250 per hectare per year. Due to its 
economic and environmental efficiency, this system is be-
coming increasingly popular among farmers and agribusi-
nesses seeking sustainable and highly productive agricul-
ture. In the context of global climate change and growing 
water scarcity, the “point irrigation” system plays a key role 
in ensuring food security and sustainable development of 
the agricultural sector. These systems direct water directly 
to the roots of plants, minimising losses. Formula (4) for 
determining the efficiency of spot irrigation addresses the 
ratio of the volume of water used for spot irrigation (30,000 
litres) to the traditional volume of irrigation (50,000 litres): 

Ep = 30000
50000

= 0.6  .

Water recycling and reuse systems are among the most 
significant innovations in agricultural water use (Chen et 
al., 2021). These systems use treated wastewater or water 
from other secondary sources to irrigate crops. The main 
goal of such systems is to significantly reduce freshwater 
consumption, which is especially important in the context 
of global climate change and limited water resources. The 
use of recycled water in agriculture solves several key prob-
lems. Recycled water reduces freshwater usage, which is 
often under threat of depletion. In the face of drought and 
climate change, where freshwater resources are becoming 
scarce, water recycling is becoming vital to maintaining 
sustainable agricultural production. Using wastewater that 
has been properly treated helps to reduce environmental 
pollution and improve the quality of water resources in 
general. One of the most important aspects of water re-
cycling systems is their environmental sustainability. The 
treated wastewater used for irrigation can contain certain 
nutrients, such as nitrogen and phosphorus, which can be 
beneficial for plants. This helps to reduce the use of chemi-
cal fertilisers, which in turn reduces the negative impact on 
soil and water bodies. Thus, water recycling systems con-
tribute not only to saving water resources but also to im-
proving the environmental situation in agricultural regions.

The practical application of such systems requires 
careful planning and management. The quality of the 
treated wastewater must meet certain standards to avoid 
harming plants and soil (Litynska et al., 2023). This requires 
the installation of modern treatment facilities and regular 
monitoring of water quality. In addition, the specific needs 
of different crops and local climatic conditions must be 
addressed for optimal system performance. Examples of 
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successful implementation of water recycling systems can 
be found globally. In Israel, for example, more than half of 
the water used in agriculture is recycled wastewater. This 
has allowed the country to achieve significant success in 
agriculture despite limited water resources. Israeli expe-
rience shows that proper management and investment in 
recycling technologies can ensure sustainable and efficient 
use of water resources (Onuh & Bassey, 2021).

Water recycling systems have initial costs for the in-
stallation of water recycling and treatment systems, which 
can range from $3,000 to $6,000 per hectare, and oper-
ating costs for system maintenance and water treatment 
are about $200-$500 per year per hectare. Water recycling 
and reuse systems represent an important step forward in 
sustainable water use in agriculture. These systems sig-
nificantly reduce freshwater consumption, improve the 
environment and reduce water and fertiliser costs. In the 
context of global climate change and population growth, 
the need for such systems will only increase, making them 
a key element of sustainable agricultural development and 
food security. These systems use treated wastewater or wa-
ter from other sources for irrigation. Formula  (5) for de-
termining freshwater savings addresses the difference be-
tween the traditional watering volume (50,000 litres) and 
the recycled water volume (40,000 litres):

Sw =
 50000 – 40000 = 10000.

Agricultural drones are an advanced technology that 
significantly transforms the way agriculture monitors and 
manages irrigation (Thilagu & Jayasudha, 2022). These un-
manned aerial vehicles can quickly and accurately collect 
data on the condition of fields, allowing farmers to make 
informed and timely decisions to optimise irrigation and 
increase yields. The DJI Agras T30 is an advanced agricul-
tural drone that stands out for its technical characteristics 
(Fig. 1). Its design includes large rotors with a diameter of 
2.5  metres and weighs about 18.1  kg unloaded, allowing 
the drone to effectively carry up to 30 kg of liquid or fer-
tiliser. The maximum flight speed is up to 15 m/s, which 
enables fast processing of large areas. The drone is capable 
of processing up to 40 hectares on a single battery charge, 
depending on the density of the crop and the type of liquid.

The T30 spray system is equipped with advanced tech-
nology that can adjust the volume and pressure of the spray, 
which ensures high precision in the application of fertil-
isers and pesticides. The flight time is up to 20 minutes on 
a single charge of the lithium-polymer battery, which can 
vary depending on the load and operating conditions. The 
drone is controlled by a specialised remote control and an 
integrated GPS, which allows for route planning and re-
al-time flight monitoring. The DJI Agras T30 is equipped 
with safety features such as obstacle detection sensors 
and automatic landing in case of low battery or other mal-
functions. In addition, the drone is waterproof and can 
be used in various weather conditions, including rain and 
fog (Seidaliyeva et al., 2024). It can also be integrated with 
various sensors to monitor crop and environmental condi-
tions, making it highly effective for agro-industrial moni-
toring and irrigation optimisation.

The main advantage of using drones in agriculture is 
their ability to conduct high-precision aerial photography 
and collect data on the condition of plants and soil over 
large areas. Equipped with a variety of sensors and camer-
as, drones can detect irrigation problems such as lack or ex-
cess of moisture, plant diseases and other factors affecting 
yields. This allows farmers to respond quickly to emerging 
problems and adjust irrigation regimes, which significantly 
increases the efficiency of water use. Drones also play a key 
role in assessing the effectiveness of irrigation methods. 
They can be used to regularly monitor field conditions and 
compare the results of different irrigation systems, such as 
drip irrigation, spot irrigation and automatic systems. This 
helps farmers identify the most effective methods and opti-
mise their use to maximise yields and save resources. In ad-
dition, drones can collect data on soil moisture, plant health 
and other parameters, which can be used to create accurate 
field maps and develop individual irrigation strategies for 
different areas. Drones help reduce labour costs and in-
crease productivity in agriculture. By automating the mon-
itoring and data collection processes, farmers can reduce 
the amount of manual work and focus on making strategic 
decisions. This helps to improve labour organisation and 
increase the overall efficiency of agricultural enterprises. 
For instance, drones can replace workers who inspect fields, 
reducing the time and resources spent on these processes.

One of the most significant advantages of using drones 
is their ability to monitor fields in real-time. This is es-
pecially important in the face of unpredictable weather 
changes and other factors affecting the condition of fields 
and plants. Operational data obtained with the help of 
drones allows farmers to respond quickly to any changes 
and take measures to prevent crop losses. For example, 
drones can quickly detect drought or waterlogging in cer-
tain areas of fields, allowing farmers to adjust watering 
promptly and avoid plant damage. Agricultural drones are 
a powerful tool for monitoring and controlling irrigation, 
helping to improve the efficiency and sustainability of 
agriculture. Their ability to quickly and accurately collect 
data on the condition of fields and plants allows farmers 

Figure 1. Diagram of the DJI Agras T30 drone
Source: Dji T30 Agras drone user manual (2022)
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to make informed decisions and optimise water use. In the 
context of global climate change and growing water scarci-
ty, agricultural drones play a key role in ensuring sustaina-
ble agricultural development and food security. The use of 
drones requires significant upfront costs for the purchase 
of drones and data analysis software, which can range from 
$5,000 to $15,000 per drone. Operational costs include op-
erator training, drone maintenance and data processing, 
which amount to around $1,000-$3,000 per year. Drones 
can monitor the condition of fields and assess the effec-
tiveness of irrigation. Formula  (6) for evaluating the effi-
ciency of drone use addresses the ratio of the water volume 
when they are used (40,000 litres) to the maximum irriga-
tion volume (50,000 litres):

Ed = 40000
50000

= 0.8  .

Computer modelling and forecasting of plant water 
requirements are innovative approaches that significant-
ly improve irrigation management in agriculture (Saggi & 
Jain,  2022). These technologies allow farmers to address 
many factors, such as soil type, climatic conditions and 
plant growth stage, to create optimal irrigation regimes. 
As a result, the use of such models contributes to efficient 
water use, increased yields and minimised environmental 
impact. The models can address soil characteristics such 
as permeability and retention capacity, as well as climatic 
data including temperature, humidity and precipitation. 
This allows farmers to plan irrigation activities, avoiding 
both water shortages and excesses that can negatively af-
fect plant health and productivity. Accurate forecasts can 
also be used to adapt to weather changes and minimise the 
risks associated with extreme climatic conditions, such as 
droughts or heavy rain.

Computer modelling also contributes to the rational 
use of water resources, which is especially relevant in times 
of water scarcity. For instance, models can help determine 
the optimal watering intervals and volumes for different 
crops, which can reduce overall water consumption. This is 

especially important in arid regions where water resourc-
es are limited, as well as in the context of global climate 
change, which puts additional pressure on water supplies. 
Optimising irrigation using computer models helps to save 
water and increase the resilience of agriculture to changing 
conditions. Computer modelling also allows data from var-
ious sources to be integrated to create more accurate and 
comprehensive forecasts. For example, data from agricul-
tural drones that collect information about the condition 
of fields can be used to improve models and increase their 
accuracy. This allows farmers to make more informed deci-
sions and adapt their irrigation strategies to current field 
conditions. Modern models can also account for weather 
forecast data, which provides even more accurate irrigation 
planning and response to changing climatic conditions.

Computer modelling contributes to the sustaina-
ble development of agriculture by reducing the negative  
impact on the environment. Optimised irrigation minimis-
es water run-off and the pollution of soil and water bodies 
by chemicals such as fertilisers and pesticides. This helps 
to improve the environmental situation and preserve bi-
odiversity in agricultural areas. For example, models can 
help determine the optimal doses of fertilisers and pesti-
cides, which reduces their overuse and pollution.

Computer models predict the water requirements of 
plants to optimise irrigation. Formula  (7) for calculating 
the optimal watering volume using computer modelling is 
as follows: for a field of 1 ha (10,000 m²), with a crop co-
efficient of 0.8, evaporation and transpiration demand of 
5 mm/day, and a model efficiency of 0.85:

Wc = 10000 × 5 × 0.8 � 1
0.85

� = 47059  .

Modern irrigation systems offer many benefits that 
significantly improve agricultural efficiency and contribute 
to sustainable development (Table  1). The main ones in-
clude water savings, increased yields, reduced labour costs 
and environmental sustainability. Let us analyse these ad-
vantages in more detail.

Table 1. Comparative table of technical characteristics of irrigation systems
Irrigation system Reduced water consumption Increase in yields

Drip irrigation Up to 50% Up to 30%

Automatic irrigation systems Up to 40% Up to 20%

Use of smart technologies and IoT
The “spot irrigation” system Up to 60% Up to 30%

Use of smart technologies and IoT Up to 55% Up to 25%

Water recycling and reuse systems Up to 70% Up to 15%

Agricultural drones Up to 30% Up to 10%

Computer modelling and forecasting Up to 45% Up to 20%

Source: compiled by the authors based on based on H. Veisi et al. (2022)

One of the most significant advantages of modern ir-
rigation systems is water saving. Technologies such as drip 
irrigation and sensor-based automatic irrigation systems 
allow for precise distribution of water directly to the roots 

of plants. This reduces water loss through evaporation and 
surface runoff, which is especially relevant in regions with 
limited water resources. For instance, drip irrigation deliv-
ers water directly to the root zone of plants, minimising 



54
Machinery & Energetics. Vol. 15, No. 3

Development of modern irrigation systems...

losses and ensuring that every litre of water is used more 
efficiently. Modern irrigation systems create optimum 
moisture conditions for plants, which contributes to their 
better growth and development. Precise dosing and even 
distribution of water ensures that plants receive the right 
amount of moisture at the right time in their life cycle. This 
leads to higher yields and improved product quality. For in-
stance, the use of smart technologies and IoT makes it pos-
sible to create irrigation management systems that analyse 
data on weather conditions and soil conditions, ensuring 
timely and accurate irrigation.

Automation of watering processes significantly reduc-
es the need for manual labour. Automatic irrigation sys-
tems can independently regulate the water supply depend-
ing on soil moisture, weather conditions and plant needs. 
This frees farmers from the need to constantly monitor 
the irrigation process and allows them to focus on other 
important aspects of farm management. For example, IoT-
based automatic irrigation systems not only optimise the 
irrigation process but also allow agricultural enterprises to 
more accurately control water costs and reduce operating 
expenses. Modern irrigation systems contribute to the en-
vironmental sustainability of agriculture. Reduced water 
consumption and the use of treated wastewater for irriga-
tion reduce the pressure on natural water resources. For 
instance, water recycling and reuse systems allow waste-
water to be used for irrigation, which significantly reduc-
es freshwater consumption. This is especially relevant in 
the context of global climate change when access to water 
resources is becoming increasingly limited. In addition, 
the rational use of water reduces the risk of soil and water 
pollution from chemicals such as fertilisers and pesticides, 
which helps to maintain the ecological balance.

In conclusion, modern irrigation systems are relevant 
for increasing the efficiency and sustainability of agricul-
ture. Water savings, increased yields, reduced labour costs 
and environmental sustainability make these technologies 
indispensable in the face of global climate change and 
growing demand for food. Integrating advanced technolo-
gies into agricultural practices is a key step towards creat-
ing a more sustainable and productive agricultural sector.

DISCUSSION
Modern irrigation and watering systems are crucial in ag-
riculture, providing optimal conditions for plant growth 
and development. These systems are aimed at solving one 
of the most pressing problems – the rational use of water 
resources. In the face of climate change and increasing 
water scarcity, the development and implementation of 
innovative irrigation methods are becoming vital. Mod-
ern technologies not only reduce water consumption but 
also significantly improve the efficiency of its use. This 
was also investigated by M. Attri  et al.  (2022), where the 
results confirmed that modern irrigation systems play a 
key role in agriculture aimed at optimal use of water re-
sources. Traditional irrigation methods, such as surface 
watering or hand-held irrigation, are often characterised 

by low efficiency due to high water losses due to evapo-
ration and discharge into groundwater. In comparison, 
modern irrigation technologies, such as drip irrigation 
and precision irrigation systems, can significantly reduce 
water consumption by distributing water resources more 
precisely and on target. This increases agricultural pro-
ductivity while minimising water consumption and reduc-
ing the negative impact on the environment. S.  Khriji  et 
al. (2021) also showed that one of the main challenges of 
modern agriculture is water scarcity, exacerbated by cli-
mate change and increasing water stress. Innovative irri-
gation methods, such as aeroponics, hydroponics and pre-
cision irrigation systems, offer effective solutions for crop 
production in areas with limited access to water resources. 
Aeroponics and hydroponics are particularly important in 
the context of urbanised areas, where they reduce water 
consumption and optimise growing conditions. Precision 
irrigation technologies, such as soil moisture sensors and 
automated control systems, help to ensure that water is 
used precisely according to plant needs, which not only 
saves water but also increases yields and product quality 
(Atanasov, 2024). It is worth noting that these innovations 
not only improve the resilience of agriculture to changing 
climate conditions but also contribute to water conserva-
tion, which is critical for sustainable rural development 
and reducing water shortages.

One of the most promising technologies is drip irri-
gation, which delivers water directly to the roots of plants 
through a network of tubes, drippers and emitters. This 
precise water distribution minimises water losses due to 
evaporation and surface runoff, which is especially impor-
tant in arid regions. Drip irrigation not only provides opti-
mal conditions for plant growth but also helps to improve 
soil structure and prevent soil erosion (Shevchenko & 
Nikonchuk, 2022). As a result, this technology helps to in-
crease yields and improve the quality of agricultural prod-
ucts. H.  Wang  et al.  (2022) concluded that drip irrigation 
is an advanced irrigation technology that provides precise 
and targeted distribution of water directly to the roots of 
plants. This system can significantly improve the efficiency 
of water use in agriculture, as it minimises losses due to 
evaporation and runoff into the soil. Drip irrigation is espe-
cially effective in areas with uneven terrain or limited water 
supply, where it helps to save water and increase yields by 
more precisely controlling soil moisture and delivering the 
right amount of water and fertiliser directly to the plants. 
A. Patel et al. (2023) determined that in arid regions, drip 
irrigation plays a particularly important role in enabling 
agricultural enterprises to cope with limited access to wa-
ter resources. Drip irrigation systems minimise water loss 
by directly delivering moisture to the roots of plants, which 
is especially important in conditions of high temperatures 
and intense evaporation. This not only saves water but also 
improves product quality thanks to a more consistent and 
controlled application of fertiliser and water to the soil. 
Thus, drip irrigation is an integral part of sustainable ag-
riculture strategies in a changing climate, contributing to  
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increased profitability and reduced environmental foot-
print of agricultural activities. These results confirm the 
above study, as they demonstrate a significant increase in 
yields and a reduction in water consumption due to the use 
of drip irrigation. Studies show that in regions with limited 
water resources, the use of drip irrigation can reduce water 
consumption for irrigation by up to 50% compared to tra-
ditional irrigation methods. This significantly reduces the 
ecological footprint of agriculture, reduces water extrac-
tion costs and helps prevent soil degradation by minimis-
ing erosion and salt deposits.

Automatic irrigation systems equipped with soil mois-
ture sensors, rain sensors and data-driven control systems 
represent another important step in the development of 
modern irrigation methods. Such systems allow precise 
control of soil moisture levels and automatic adjustment 
of irrigation depending on current weather conditions and 
soil conditions. This helps to avoid waterlogging or overd-
rying, which can have a negative impact on plant growth. 
The introduction of automatic irrigation systems helps to 
significantly reduce labour costs and increase the overall 
efficiency of agricultural production. Notably, M. Praman-
ik et al.  (2022) also determined that automatic irrigation 
systems are advanced technologies that allow precise 
control and maintenance of soil moisture depending on 
the needs of plants. These systems are equipped with soil 
moisture sensors and weather stations that automatically 
adjust the water supply according to the current environ-
mental conditions and the growth stage of the plants. This 
approach avoids both moisture shortages and excesses, 
which contributes to the optimal development of the plant 
root system and increases yields. In addition, automatic 
irrigation systems significantly reduce the need for human 
intervention, which saves time and resources for agricul-
tural enterprises. In turn, A.  Jiménez  et al.  (2022) con-
cluded that smart irrigation systems are high-tech solu-
tions that include not only automated irrigation control 
but also data analytics to optimise agricultural processes. 
These systems use machine learning and artificial intelli-
gence algorithms to predict plant water and fertiliser re-
quirements based on historical data, weather conditions 
and current soil parameters. This approach significantly 
increases the efficiency of resource use, minimises losses 
and reduces the environmental footprint of agricultural 
operations. By integrating with modern management sys-
tems, smart irrigation systems not only improve product 
quality but also reduce operating costs and labour, making 
them an important element of sustainable and innova-
tive agriculture. These data are consistent with the find-
ings in the previous section, confirming that innovative 
approaches to irrigation management, such as automatic 
and intelligent irrigation systems, do indeed contribute 
to a significant increase in agricultural production effi-
ciency. Automatic systems provide precise and timely soil 
moisture, which contributes to optimal plant growth and 
minimises inputs. Intelligent systems, in turn, not only 
automate the irrigation process but also predict the needs 

of plants, optimising the use of water and other resources 
based on sophisticated data and algorithms.

IoT and smart technologies are becoming increasingly 
popular in irrigation management (Nesterov, 2023). They 
are used to create integrated systems that analyse data 
on weather conditions, soil conditions and plant needs. 
These systems automate the watering process, making it 
more accurate and efficient. The use of IoT not only reduc-
es water consumption but also improves field monitoring, 
which helps to detect problems promptly and resolve them 
quickly. As a result, such systems help to increase the re-
silience of agriculture to climate change. G.  Gagliardi  et 
al.  (2021) also conducted a study that confirmed that the 
use of IoT in agriculture is a revolutionary approach to ir-
rigation management based on real-time data collection 
and analysis. IoT systems include a network of sensors that 
continuously monitor soil parameters, humidity, weather 
conditions and other factors affecting plant growth. This 
data is transferred to specialised analysis platforms, ena-
bling agricultural producers to make informed decisions 
on the optimal use of water resources and irrigation man-
agement. This approach not only increases irrigation effi-
ciency by minimising water loss and improving yields but 
also reduces production costs and the ecological footprint 
of agriculture. Z. Ahmed et al. (2023) also determined that 
IoT and smart irrigation systems play a key role in mak-
ing agriculture more resilient to climate change. With their 
help, agricultural enterprises can adapt to changing weath-
er conditions, and predict and manage the risks associated 
with droughts or excessive moisture. Dynamic control of ir-
rigation systems based on IoT data can be used to respond 
quickly to changes and optimise water consumption in re-
al-time. In addition, such systems help to increase overall 
productivity and improve the quality of agricultural prod-
ucts, ensuring stable and efficient plant growth even in ex-
treme climatic conditions. Based on the research findings, 
the use of IoT and smart technologies in agriculture not 
only improves traditional irrigation management methods 
but is also a key element in achieving long-term sustaina-
bility and dramatically reducing the environmental impact 
of agricultural activities.

The introduction of modern irrigation systems also 
has important environmental and socio-economic aspects. 
On the one hand, such technologies help to reduce the 
negative impact on the environment by reducing fresh-
water consumption and using resources more efficiently 
(Askar et al., 2023). On the other hand, they can significant-
ly change the economic situation in agricultural regions. 
For instance, automation of irrigation processes can reduce 
operating costs and increase revenues for agricultural en-
terprises, which in turn has a positive impact on employ-
ment and income for residents. M. Mallareddy et al. (2023) 
concluded that modern irrigation systems, such as drip ir-
rigation, and automatic and intelligent systems, play a key 
role in reducing water consumption in agriculture. Unlike 
traditional irrigation methods, which often lead to signif-
icant water losses due to evaporation and runoff into the 
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soil, new technologies allow for more efficient distribution 
of water resources. Drip irrigation, for example, delivers 
water directly to the roots of plants, minimising losses 
and providing optimal conditions for their growth. This 
not only helps to save water but also reduces the negative 
impact on the environment by reducing soil degradation 
and salinity risks. F. Raza et al. (2022) determined that the 
introduction of innovative irrigation technologies has a 
significant socio-economic impact on agricultural regions. 
First, improved yields and quality of agricultural products 
have a favourable impact on farmers’ incomes and region-
al economic development. Efficient use of water resources 
reduces irrigation costs and increases the competitiveness 
of agricultural products on the market. Study results anal-
ysis determined that innovative irrigation technologies not 
only contribute to environmental sustainability but also 
have a significant positive impact on the socio-economic 
development of agricultural regions, contributing to their 
sustainable and resilient development.

Despite the advantages, the introduction of modern 
irrigation systems faces several challenges. This includes 
the need for significant initial investment, technical diffi-
culties associated with the installation and maintenance of 
equipment, and the need to train staff to work with new 
technologies. However, the prospects offered by these in-
novations for agriculture far outweigh the potential chal-
lenges. In the long term, modern irrigation systems can 
become a key element in the sustainable development of 
the agricultural sector, ensuring stable and high-quality 
food production even in the face of a changing climate and 
limited water resources.

CONCLUSIONS
The development of modern irrigation systems is a sig-
nificant step in agriculture aimed at achieving several key 
goals: improving the efficiency of water use, reducing water 
consumption and increasing crop yields. Research in this 
area confirms that the introduction of modern technolo-
gies, such as drip irrigation, automatic irrigation systems, 
smart technologies based on IoT, spot irrigation systems 

and others, helps to optimise the use of water resources.
The analysis of the effectiveness of modern irrigation 

systems in different climatic and soil conditions is a key 
aspect of the study, showing that these systems can signif-
icantly reduce water losses due to their precise distribution 
to plant roots. This not only improves the conditions for 
plant growth and development but also makes efficient use 
of water resources, especially in conditions where access to 
water is limited and the climate is variable. Precise dosing 
of water directed to the roots of plants minimises evapo-
ration and surface runoff, which increases irrigation effi-
ciency and crop yields. The water savings achieved through 
such technologies play a key role in sustainable agricul-
ture, enabling it to adapt to changing climate conditions 
and environmental challenges. Socio-economic analysis 
shows that the introduction of modern irrigation systems 
has a positive impact on agricultural regions. Automation 
of irrigation processes reduces operating costs and increas-
es revenues for agricultural enterprises, which helps to im-
prove the economic sustainability of regions and increase 
employment.

In general, the development and implementation of 
innovative irrigation and watering methods are essential 
for agriculture in the modern world. These technologies 
not only increase the productivity of the agricultural sec-
tor but also contribute to the sustainable use of natural 
resources, which is an important step towards ensuring 
food security and sustainable development of agricultur-
al regions. The impact of modern irrigation and watering 
systems on biodiversity and ecological sustainability of ag-
ricultural ecosystems needs to be further studied. One of 
the limitations of this study is the limited availability of 
data on the long-term environmental and socio-economic 
impacts of modern irrigation systems.
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Розвиток сучасних систем поливу та зрошення  
спрямований на підвищення ефективності,  

зменшення споживання води та збільшення врожайності

Анотація. Дослідження було проведене для вивчення сучасних систем поливу та зрошення, спрямованих 
на підвищення ефективності використання води, зниження її споживання та збільшення врожайності 
сільськогосподарських культур. У рамках дослідження було проаналізовано екологічні та соціально-економічні 
аспекти застосування сучасних систем поливу та зрошення, включно з їхнім впливом на навколишнє середовище 
та соціальну стійкість сільського господарства. У дослідженні було встановлено, що використання сучасних систем 
поливу та зрошення, як-от крапельне зрошення та автоматичні системи управління на основі IoT, дає змогу 
значно підвищити ефективність використання води в сільському господарстві. Аналіз даних показав, що такі 
системи можуть знизити споживання води до 50 %, при цьому збільшуючи врожайність до 30 %. Використання 
агропромислових дронів для моніторингу стану полів і точного регулювання поливу сприяє поліпшенню здоров’я 
рослин і зниженню витрат на працю. Також було виявлено, що системи рециркуляції та повторного використання 
води можуть суттєво зменшити використання прісної води, що особливо важливо в регіонах з обмеженими 
водними ресурсами. Загалом, сучасні технології зрошення демонструють високу ефективність та економічну 
доцільність, сприяючи сталому розвитку сільського господарства. Було доведено, що застосування комп’ютерного 
моделювання та прогнозування потреб рослин у воді забезпечує оптимальні умови для їхнього росту, що додатково 
сприяє збільшенню врожайності. Результати дослідження можна використовувати на практиці для розроблення 
та впровадження більш ефективних та екологічно чистих технологій у системах зрошення та водовідведення, що 
сприяє зниженню негативного впливу на навколишнє середовище за рахунок більш раціонального використання 
водних ресурсів та скорочення водних стоків

Ключові слова: агропромислові дрони; комп’ютерне моделювання; прогнозування потреб рослин; оптимальні 
умови для росту; водокористування
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