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Abstract: Climate change, exacerbated by global warming in recent decades, has had a devastating
impact on agriculture, leading to a significant decline in productivity in some areas. In some regions,
the extreme effects have resulted in the complete destruction of crops, threatening food security and
the balance of ecosystems, while in others production has fallen to alarming levels. The automation
of irrigation, together with the generation of climate reports based on artificial intelligence,
contributes to the optimization of resources by reducing excessive water and energy consumption,
supporting plant health through proper irrigation and increasing sustainable agricultural
productivity by providing suggestions and statistics to streamline the agricultural process. In this
paper, the authors present a system that allows real-time monitoring of parameters such as
temperature and humidity, providing detailed information and advanced analytics for each device
and area monitored using Al (Artificial Intelligence). This uses data from all the devices that are
integrated into the application to assess the state of the climate at a national level. The integration
of artificial intelligence in the context of monitoring and irrigation of agricultural areas is a step
forward in the development of sustainable agriculture and for the adaptation of agriculture to
increasingly aggressive climate phenomena.

Keywords: sensors; artificial intelligence; irrigation system; data analysis

1. Introduction

In recent years, the climate in Romania has undergone significant changes, such as extreme
temperature increases over long periods, the depletion of hydrological resources in many areas of the
country and, in extreme cases, even rapid desertification. This has an impact on the soil in the affected
areas and results in a reduction in crop yields. The lack of modern irrigation systems exacerbates
these problems, leaving farmers without effective solutions to combat drought and maintain the
productivity of agricultural land.

In the context of ensuring rich harvests, the introduction of modern agricultural techniques
becomes necessary. The use of new data-driven technologies is helping to provide appropriate
solutions for increasing crop yields, a concept known as precision agriculture. This type of agriculture
monitors the climatic factors, the soil, the type of plant and its needs in order to obtain a quality
production [1].

In this sense, the implementation of automated systems using the IoT (Internet of Things)
technology that allows real-time monitoring of environmental parameters such as soil, air and water,
providing a deeper understanding of their impact on plants and contributing to the user's adaptation
to natural conditions [2]. This data plays an essential role in understanding plant development
processes and optimizing irrigation processes, thereby supporting the sustainability and efficiency of
agriculture.

In this article, the authors present an example of an IoT system that includes a hardware part
consisting of an ESP32 microcontroller and a DHT11 sensor, combined with an efficient software
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infrastructure based on React]S and Python. The microcontroller's role is to collect temperature and
humidity data from the sensor, which is centralized in a database and displayed in real time via an
easy-to-use graphical interface. The hardware system is designed to operate independently and can
be integrated into a network with multiple IoT systems, allowing data to be collected and transmitted
from multiple locations, from local to national levels. The collected data are sent to the server via a
secure WebSocket connection, where they are stored in a database, organized by the device's unique
identity and geographical location. The system allows dynamic configuration of monitoring stations,
which are identified only by a unique ID and access key stored internally, with the rest of the
information such as location, name, coordinates stored on the server. The architecture of the proposed
IoT system is illustrated in Figure 1.
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Figure 1. The proposed architecture of the system.

The integration of irrigation systems with IoT technology allows for promising results to be
achieved through the implementation of modern techniques. This approach offers features such as
activating irrigation as needed and analyzing daily water use [3]. In this context, the combination of
cost-effective hardware technologies and robust software solutions represents an essential starting
point for the development of affordable environmental monitoring systems for farmers [4].

This paper is structured as follows: after a brief introduction in Section 1, an analysis of IoT-
based automatic irrigation systems and their applications in agriculture is presented in Section 2,
Related Work. The materials and methods used to develop the proposed system are described in
Section 3. Section 4 presents the proposed automated irrigation system, including location
monitoring and interactive mapping, irrigation control mechanisms, and the integration of artificial
intelligence for data analysis and visualization. Section 5 explores the implications of Al in
agriculture, highlighting the impact of Al on irrigation automation, decision making, and the role of
the system in promoting agricultural sustainability. The discussions are outlined in section 6. The
final conclusions are presented in section 7.

2. Related Work

The authors [5] propose an automated irrigation mechanism based on the Arduino platform that
uses moisture sensors to monitor soil water levels and automatically deliver the required amount of
water to the plants. The sensors send data to the Arduino microcontroller, which calculates water
requirements based on pre-defined values in the code and activates the irrigation system only when
needed. This process optimizes the use of water, saves time and resources, and provides an efficient
solution for farmers, especially those in rural areas where access to technology is limited.
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In [6] the autonomous monitoring of the irrigation system in large and small plantations is aimed
at eliminating the manual system. The proposed system monitors temperature, humidity, soil
moisture and other physical factors such as the presence of major air pollutants. The factors and crop
yields will be compared with data from previous surveys. An attempt will be made to predict
irrigation requirements.

The authors in [7] propose a temperature and humidity monitoring system using the DHT11
sensor. The ESP32 microcontroller is used as the central processing unit due to its efficient processing
capability and low power consumption. The system collects the data from the sensors, processes it
and transmits it via Wi-Fi to the cloud platform, where Blynk is used for the visualization and
monitoring in real time. The collected data is displayed to users via a Blynk IoT application.

The paper [8] proposes an affordable precision farming system using the ESP32 as the main
controller due to its efficiency in energy consumption and processing. Sensors collect essential data,
which is processed and displayed on an OLED display. The visualized data is accessible via the
ThingSpeak IoT platform. This gives users easy access to essential information for real-time decision
making.

In [4], a system using a Raspberry Pi for automatic irrigation is aimed at, based on data collected
from humidity, temperature and sunshine duration sensors. This system optimizes the use of water
and resources by providing precise irrigation, thus maximizing agricultural production and
managing resources more efficiently, including the use of cloud computing.

An intelligent irrigation system based on IoT technology and sensor networks for real-time
monitoring of agricultural conditions is presented in [9]. Sensors collect soil and weather data such
as temperature, humidity and other important characteristics, which are transmitted through a
wireless network (WSN) to a central processing platform. The automated system optimizes water
consumption, thereby contributing to resource conservation and reducing environmental impact.

Another smart irrigation system based on IoT technology and wireless sensor networks (WSN)
for automated irrigation monitoring and control is also presented in [10]. The system utilizes sensors
for air temperature (DHT11), humidity, soil moisture (LM393) and water level (M116) that collect
data in real time and transmit it via Zigbee to a main node. The data is then processed on a cloud
server where an irrigation algorithm compares the measurements with pre-set thresholds based on
crop type. Automated irrigation control is provided by AtMega328 microcontrollers at each node,
which activate or deactivate the drip system according to the decisions received from the cloud
server. The system allows remote monitoring and control via an Android app, providing farmers
with real-time information on field conditions.

Compared to previous work, the novelty of this work brings new insights and improvement.
Although it is based on the use of IoT technologies and the automation of irrigation processes, we
have extended the proposed system to include localization capabilities. In this way, a system has been
developed that allows not only the monitoring and control of irrigation, but also the integration of
data collected through interactive maps, the real-time visualization of the climatic status and the
intelligent analysis of irrigation trends.

In addition, artificial intelligence has been introduced to analyze historical data and monitoring
indicators and generate reports that provide personalized recommendations, helping to optimize
resources and maximize water use efficiency. The Al also generates an interactive map that classifies
the areas monitored by each device according to climatic status - risk zone, precautionary zone and
optimal zone - to support irrigation decisions and provide a broad perspective on the climatic
conditions of each area, helping to identify areas at risk and supplement irrigation accordingly to
support crops.

3. Materials and Methods

This section describes the materials and methods used in the realization of the proposed climate
monitoring system, with a particular emphasis on cost-effectiveness and water resource efficiency.
Since the amount of water used in irrigation plays a critical role, the application must be designed in
such a way that it minimizes water consumption while ensuring optimal growth and high crop
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production. [11] The system proposes the use of Al technologies to make optimal decisions regarding
irrigation. These decisions are based on continuous monitoring of the parameters, analysis of their
history, the amount of water used in previous irrigation sessions and the crop specifics, finally
providing a personalized and efficient resource management [12].

For a better understanding of the hardware system, Figure 2 illustrates the circuit diagram used.
It details how the main components are interconnected.

[ X X X ]
RXO TX0 22 23

Figure 2. System diagram.

3.1. ESP32 Microcontroller

The ESP32 microcontroller is utilized as the main control unit in the proposed hardware system,
having advanced processing capabilities and Wi-Fi and Bluetooth connectivity. According to
scientific works, ESP32 is characterized by high processing performance and energy efficiency, and
is suitable for IoT applications that require real-time environmental monitoring [13].

3.2. DHT11 Sensor

The DHT11 sensor is used for real-time measurement of temperature and humidity. It is easy to
integrate and provides essential data for monitoring climatic conditions, contributing to data analysis
and resource optimization. The sensor provides precise digital humidity and temperature
measurements. It features an 8-bit microcontroller that ensures fast response, low power
consumption and long-term reliability.

3.3. Arduino

The Arduino IDE is used for programming the ESP32 microcontroller, providing a friendly
development and testing environment. The platform facilitates sensor integration and
communication management between hardware and software components [14].

4. The Proposed Automated Irrigation System
4.1. Monitor Locations and Interactive Map

All locations where devices are installed are visible on an interactive map, which can be accessed
by users. This map provides a visual representation of the devices and can display collected data.
The devices function as part of a larger network, contributing to the collection of data that is later
stored and analyzed for report generation. Figure 3 shows the map with all device locations.
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Figure 3. Monitored locations.

Each device has a dedicated page, accessible via the URL dashboard/{device_id}, which displays
the current data collected from the device, i.e. temperature and humidity. Also present are graphs
illustrating the variation of these parameters over the interval during which the device link was
accessed or over a specific time interval. The page also provides statistical information such as
average, maximum and minimum values for temperature and humidity. Figure 4 shows the page for

each device.
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Figure 4. Device-specific page.

4.2. Irrigation Control

The app allows the user to manage irrigation manually or automatically. The automatic mode is
based on Al algorithms and is able to determine the optimal time to start irrigation. At the same time,
the amounts of water used, coming from irrigation or rain, are memorized in order to calculate the
water use efficiency. For example, if temperatures have been high one day, the system can decide to
start irrigation at the optimal times of the day, when temperature conditions allow plants to absorb
water efficiently with minimal losses. The system uses artificial intelligence to analyze real-time
environmental conditions and adjust irrigation to maximize efficiency and minimize resource waste
[15].

The system periodically analyzes environmental conditions to determine the need for irrigation.
It evaluates critical factors such as the presence or absence of severe drought, temperatures, and
favorable time intervals for irrigation. In addition, the sys-tem takes into account the type of crop
present on the plot, the exact amount of water needed for proper irrigation and efficient and
sustainable resource management.

Figure 5 illustrates the component dedicated to controlling the irrigation process. It includes a
visual animation indicating the progress of automatic irrigation, providing users with real-time
information about water consumption and irrigation status. Thus, the application allows monitoring
irrigation efficiency and resources used, facilitating optimal management.
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Figure 5. Irrigation control component.

4.3. Using Artificial Intelligents (Al) to Analyze and Visualize Data

Using the OpenAl API, the application generates well-structured PDF reports. These include
comparisons with historical data, climate analysis and suggestions for users. The reports can be
accessed at any time from a dedicated menu, viewed directly in the app or downloaded for further
use.

In order to provide a concrete value of the efficiency of the cultivated plot, we have introduced
the IWUE index into the report. This index, called Irrigation Water Use Efficiency IWUE)[16], is the
main indicator that allows us to observe the efficiency of our production in relation to the water used.
In the specialized literature, this index has been extended to include several variables so that the
calculation and estimation of this index can be as accurate as possible. In this paper, we will calculate
the index based on land production per unit area and the amount of water that has entered the soil,
either from irrigation or precipitation.

We have included in the history menu a field where the user can add its annualized yield per
unit of land, measured in kilograms. Our application saves the amount of water used at each
irrigation and measures the amount of precipitation that fell that year, thus providing an approximate
calculation for this index, which is extremely useful for understanding crop optimization and its
evolution over time.

The backend architecture of the application is built using REST API for communicating with the
frontend and with sensors in the field. A web socket connection is used for fast and secure data
transfer between the data collection module and the server. This connection allows real-time
transmission of data from the sensors to the server and immediate update of the user interface. The
security layer is realized by storing in the ESP's memory the unique id of the device together with the
access key, which is verified at each connection/reconnection of the device with the server. The
collected data is stored in a relational database, each device is uniquely identified by an ID, and the
as-sociated location is directly correlated with the stored data. The backend uses artificial intelligence
to analyze historical data and identify patterns, create predictive models for irrigation management,
and generate heatmaps and detailed reports.

5. Implication of Al in Agriculture
5.1. The Impact of Al in Irrigation Automation

Artificial intelligence in the application plays a central role in the decision-making process, with
the main goal of maximizing water resource efficiency and adapting the system to different climate
changes or extreme events [17]. The data collected by the IoT device is continuously analyzed and
artificial intelligence provides personalized recommendations for irrigation and plants.
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Analyzing temperature and humidity results in the identification of seasonal pat-terns,
necessary to predict and adjust water needs. The Al relies on the data stored by us and the data in its
collection to adjust irrigation strategies based on future conditions.

The app utilizes the OpenAl API to generate well-structured reports that combine climate data
with history recorded by IoT devices. The report generation process is constantly updated by refining
prompts to respond to specific user non-voices and provide relevant suggestions to optimize the
irrigation process. This process ensures the delivery to users of reports that are as detailed and
relevant in information and recommendations as possible.

Thanks to the scalability of the system, the artificial intelligence has access to a vast dataset in
our application, which makes it a powerful tool for analyzing the climate state for each monitored
area. This process allows the creation of a national overview, illustrated in Figure 6. With the map
highlighting climate risk areas, we can propose a national climate rehabilitation plan, whereby risk
areas can be more precisely managed by extending smart irrigation solutions in these regions.

B Heat Map
Vi Yxropoa Jego-Poguiacerg  MOANBCLKWA
_—Kodice
fus BUCURESTI @
| " Miskolc = 5
| — High Risk
Dense urban area with severe drought and
est Debrecent 4 ter . Critical irigats L3iti
and high risk of crop degradation.
rszag
[ RISK DETAILS: Moldova
pcskemét Frequent temperatures above 35°C ul 00¢
Humidity below 30%, extreme drought risk 640
Szeged Arad Water need: +60% above normal pd
Very high risk of crop loss Cahul
601U "\ Timisoara i
ocsani aald ) ¢
Resita Rdmnicu y B Tul
Valcea sozsu uicea
Drobeta- Ploiesti uzdu
® Turnu
Seorpan Sev_gnn Pitesti ;
C ) 7 Slobozia
b
/ Cpbuja R
7 Alexandriac | Pyce” Calarasi_, constanta
Aeato ‘ Buavn 3
Nnesen Pasrpaa
. © Legend Bpaua BapHa
L Benunko ivmen L
7 P AN Tuprosc = eaflet | © OpenStreetMap contributors

Figure 6. Heat Map.

5.2. Decisions, Reports, Data

The application collects data from each device in the field, each of which is identi-fied by a
unique ID. In our case, the example used is our city, where location-specific data is collected. All the
information is stored long-term within the application, giving users the possibility to visualize it in
the history interface

Figure 7 shows two representative graphs for temperature and humidity, together with two
maps: one on the left showing the monitored locations and one on the right highlighting the climate
risks associated with each area. For a comprehensive illustra-tion of the data, the temperature and
humidity graphs, together with the heat-map, were made using variable colors and intensities. These
re-presentations emphasize the ability of artificial intelligence to model and visualize climate risks
through color-coding and intensity, complemented by location-specific textual in-formation. In the
lower section of the interface, users have the option to select the desired location for display, selection
is also possible directly from the map of monitored locations.
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Figure 7. History page for monitoring.

An additional aspect of the data collected by the application is the integration of a vast collection
of information provided by the AI, which is used to support decision-making processes and generate
complex reports. This collection is constantly being updated, ensuring access to relevant and recent
data, which helps to keep the application up to date with climate change and increase its relevance
in the dynamic context of climate monitorization.

The decision-making processes implemented in this application are geared to-wards optimizing
irrigation and notifying users of climate risks identified in the monitored areas. Using the data
collected from the field, complemented by the information gathered through OpenAl model training,
the artificial intelligence is able to make ac-curate decisions to ensure an efficient irrigation regime
for the monitored plots [18].

In Figure 8, the decision-making process at different times of the day is illustrated. A test set
including varying values of temperature (between -10°C and 40°C) and humidity (between 0% and
100%) was used to evaluate the decision-making ability.
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Relative Humidity (¥
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Figure 8. Decision Graph at 02:00-08:00 VS at 11:00-15:00.

The decision results are plotted as follows: the red area indicates the decision not to irrigate, the
green area suggests irrigation, and the blue area highlights an Al uncertainty interval. This
uncertainty zone, being small in size, is considered insignificant and does not influence the final
irrigation decision. These representations emphasize the robustness and accuracy of the model in
making water resource management decisions.

Based on the analysis performed and in comparison, with available studies, it can be concluded
that the decision-making power of artificial intelligence is promising, even in its early stage. Given
its capacity for self-improvement through continuous learning, a significant evolution in long-term
performance is anticipated. Artificial intelligence is currently at a preliminary stage, but its
development potential points to remarkable prospects for the future.

The dataset collected for the city of Suceava includes temperature and humidity history,
irrigation data such as the amount of water available, irrigation history, and precipitation data. This
information is integrated to form a complete database for this location. The decisions generated by
the artificial intelligence, combined with its knowledge base and our city's related data collection, are
condensed into a detailed report. The aim of this report is to synthesize all relevant information,
presenting users with a complete and detailed picture of the conditions and decisions associated with
this location.

The introductory section of the report provides an overview of the location, including
information from the extensive OpenAl data collection. The next section presents a plot of irrigation
and rainfall over one year, accompanied by a tabular representation of these data. This information
is used to calculate the IWUE index, which will be analyzed in more detail in the last part of the
document.

The data collected by the system, summarized in Table 1, are presented below.

Table 1. Temperature and humidity data recorded.

Month Temperature (°C) Humidity (%)
January -3.8 85.0
February -2.1 83.0
March 2.5 81.0
April 9.3 77.0
May 14.8 75.0
June 18.1 68.0
July 19.7 65.0
August 19.1 67.0
September 14.5 73.0
October 9.1 78.0

November 3.7 82.0
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December -1.5 86.0

For a clearer representation of the data, a graph has been made as shown in Figure 9. The left
vertical axis shows the temperature scale, expressed in degrees Celsius, and its evolution is
highlighted by the blue line. On the vertical axis on the right is the humidity scale, whose values are
represented by the green line.

Mar Apr Aay ul Aug Sep t Nov e

Figure 9. Graphical display of temperature and humidity.

In the evolution section, historical values in 2023 are compared with simulated values in 2024.
The artificial intelligence identifies the same trend in temperature evolution over the year, similar to
the one observed in the previous year, but records a positive increase of 0.5-0.7 degrees Celsius
compared to 2023. Regarding precipitation and irrigation, the system performs an analysis of the
evolution of precipitation, com-paring different months in 2024 and marking the moments when the
irrigation system required significant amounts of water to counteract the difficulties related to the
evaporation of water from the soil and to respond to the periods of maximum plant growth.

In the next section of the report, a detailed comparative analysis of the temperature and
humidity trends for the current year, 2024, compared to the previous year, 2023, is carried out. Figures
10 and 11 illustrate both temperature and humidity evolution for both periods, thus comparing the
relevant trends between the two years.

Monthly Average Temperature for 2023 and 2024 Correlation Coefficient (R): 1.000

v o2 212023 Temperature (°C) [ 2024 Temperature (°C)

Temperature (°C)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 10. Comparison of temperature evolution between 2023 and 2024.
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Monthly Average Humidity Comparison Comelation Coefficient (R): 1.000

] Measured Humidity (3%) 7 T ¥ Historical Average Humidity (3¢)

Humility (%)
[4,]
L]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mowv Dec

Figure 11. Comparison of humidity evolution between 2023 and 2024.

In the previous section of these graphs, the artificial intelligence compares different times of the
year, showing an increase of about 1 degree Celsius between January this year and the same period
last year. Finally, it shows a more pro-normalized warming throughout the year compared to the
previous year. As for humidity, no significant changes are observed in the current year's data, but
there are small variations that may influence the behavior of this parameter.

The next stage of the analysis involves the calculation of the IWUE index, which presents data
on water consumption, the size of the cultivated area, total production and other indicators essential
for its determination and evaluation. The IWUE analysis starts from the graph in Figure 12, which
illustrates the dynamics of rainfall and the volume of water used during the growing season. The
artificial intelligence integrated climate in-formation, together with data on plot size and crop type,
to calculate and evaluate IWUE.

I Irrigation (mm) I Precipitation (mm)
120

100

80

Jan Feb A p Oct Nov Dec

Mar Apr May Jun Jul Aug Se

=]

Precipitation (mm)

e
o

%)
o

Figure 12. Graficul precipitatiilor si cantitatii de apa inregistrate de sistem.

The IWUE index is a key indicator reflecting the relationship between agricultural production
and the amount of water used, either from irrigation or precipitation. IWUE is defined in the literature
by the formula [19]:

IWUE - e onss et 0

In this work, we calculated INUE based on the data obtained from the analyzed plot with wheat
(Triticum aestivum) as the main crop, taking into account both irrigation and rainfall input. The data
collected include a cultivated area of 1152 m?, a total water consumption of 1099.2 m? (composed of
irrigation and rainfall) and an average yield of 1.1 kg/m?2.
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The IWUE of wheat (Triticum aestivum) varies depending on growing conditions, typically
between 0.8 and 1.6 kg/m?3. Factors such as climate, wheat type and irrigation system influence INUE.
Climate with moderate temperatures and well-distributed rainfall contribute to more efficient water
use, while fall wheat tends to have a higher IWUE than spring wheat due to better soil water use.
Controlled irrigation and moderate deficit can also increase INUE.

The IWUE for the analyzed plot was calculated using the formula:

_ 12672kg _ 5
IWUE = =22 =137 kg/m @)

Interpretation of the results reveals that for each cubic meter of water used, 1.37 kg of wheat
yield was obtained. Compared to the average values reported in the literature (0.8 - 1.5 kg/m?), this
result reflects an efficient use of water resources in the cultivation process. The INUE value of 1.37
kg/m? is in the average range, indicating a satisfactory performance, but there is also potential for
improvement. Compared to the optimal values of up to 2.0 kg/m?, this work suggests that with time
the learning capability of artificial intelligence can increase the INUE index of our par-cell to the
optimal value.

5.3. Impact on Agricultural Sustainability

The proposed system contributes significantly to agricultural sustainability by implementing
optimized irrigation that significantly reduces water wastage [20]. It supplements only 120mm of
irrigation annually, totaling a combined total of 955 mm between irrigation and rainfall. Low costs
ensure democratized access to technology for small farms, facilitating the adoption of innovative
solutions. Continuous monitoring of temperature and humidity allows optimized water use
efficiency, thus contributing to the conservation of natural resources [21]. Integrating Al and IoT, the
system supports informed decision-making, increasing irrigation water use efficiency (IWUE) to 1.37
kg/m3. This not only protects local ecosystems, but also promotes sustainable and cli-mate-adaptable
agriculture [22].

6. Discussion

The potential for using artificial intelligence (AI) to optimize irrigation processes is highlighted
by the results of this study. The initial hypothesis is that Al can help reduce water consumption by
adjusting the amount of irrigation to the actual needs of the crop and local climatic conditions.
Although no large-scale experiments were conducted in this study, the results of the simulations
indicate a very promising potential for integrating Al in agriculture to optimize water use efficiency
and increase productivity.

In simple irrigation methods without Al support, farmers often rely on fixed routines or visual
observations to decide when and how much water to use. Although this approach is less expensive,
it has several limitations:

e  Water waste: Frequent and chaotic irrigation leads to water run-off into already saturated soils,
reducing irrigation water use efficiency (IWUE).

e  Water stress: Without accurate measurements, crops can suffer from either overwatering or lack
of water.

e Lack of adaptability: Traditional irrigation does not take into account how the weather forecasts
or local soil varies.

In contrast, Al technologies prevent both waste and water stress by dynamically adjusting the
amount and timing of irrigation. For example, an Al system can automatically reduce the amount of
water applied before a rainstorm, which is not possible with manual systems that do not pay attention
to the weather forecast.

Applying artificial intelligence to irrigation systems has major implications for agricultural
sustainability. In the long term, this technology can help reduce the risks associated with climate
change by using water resources more efficiently and increasing the resilience of agricultural systems.
In addition, the use of Al could help small-scale farmers by reducing their operating costs and
increasing their productivity.
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A key aspect of this study is improving the Irrigation Water Use Efficiency (IWUE) index. Al
algorithms enable precise irrigation. Over-irrigation and water loss are avoided. In our study, the
models used suggested a potential increase in IWUE of up to 25%, but these estimates need to be
validated by future experiments under real conditions.

There are several limitations that need to be addressed, although the results presented are
promising. The main obstacles are a lack of field testing and a reliance on simulated data. The
implementation of artificial intelligence in irrigation depends on several factors, including the
existence of a traditional irrigation system. Without it, upfront costs can be significant, making
technology adoption difficult. In addition, a poorly developed digital infrastructure in rural areas can
make the process of implementing and developing smart solutions more difficult.

Future research includes testing the technology in different environments and adapting the
algorithms to incorporate more complex data, such as short-term weather forecasts and detailed soil
analysis.

One of the main objectives in the development of the application should also be to take
advantage of the sustainability of water resources in specific regional contexts. This approach could
take into account how different regions are affected by drought and other climatic conditions, helping
to personalize irrigation strategies and optimize water resource management based on the specific
characteristics of the location.

Optimizing the decision-making process is also an essential objective to ensure the continuity of
the application and maintain the inertia of the decision-making process, otherwise the application
will not be able to evolve with the rapid climate changes caused by global warming.

In addition, future research should focus on the development of scalable storage solutions for
recorded data, capable of handling large amounts of information collected from multiple sensors.
This could include the use of cloud platforms to ensure that data can be accessed quickly and
analyzed in an efficient manner.

Developing a learning and self-adapting system based on the results of the application's past
actions is another important aspect. By constantly analyzing and integrating the relationship between
actions and their effects, the system can optimize the decision-making process and dynamically adapt
to changing environmental and resource conditions. This self-adjusting mechanism would allow the
application to learn from experience, reduce errors and improve overall performance, ensuring that
its full potential is realized. In this way, the application could evolve over time, becoming more and
more efficient and offering more and more personalized solutions.

From a hardware point of view, there is a need for expansion of the sensor network. These
sensors should include soil sensors to measure the pH value, air pressure and wind sensors, as well
as precipitation sensors to measure the amount and rate of rainfall.

By monitoring climatic conditions more extensively and accurately, we can obtain more detailed
data and make more informed decisions.

5. Conclusions

Irrigation automation, supported by artificial intelligence-generated climate reports, optimizes
water and energy resources, contributing to increased agricultural sustainability. The system
monitors critical parameters such as temperature and humidity in real time, integrating data from
multiple devices to provide a national view of climate conditions. This provides an overview of
climate conditions across the country. It helps to identify long-term trends and risks.

The system uses artificial intelligence to determine the optimum time to water, taking into
account factors such as crop type, environmental conditions, water use and the optimum time of day.
This will contribute to a more sustainable management of water resources, to a reduction of waste
and to a more efficient agricultural production.

Customized reports and interactive maps provide a clear understanding of the risks posed by
climate change and tailored recommendations for each monitored region. The application is therefore
an essential tool for the improvement of agricultural strategies and for the support of the sustainable
development of the agricultural sector.
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The originality of this study lies in the advanced use of artificial intelligence, integrated with
interactive data visualization and localization functionalities, which significantly differentiates it
from other works focused on conventional irrigation automation with IoT technologies. The system
uses interactive maps to categorize monitored areas according to climatic conditions - risk,
precautionary or optimal zones - providing a detailed perspective tailored to each region. Artificial
intelligence plays a key role, analyzing historical data and generating accurate forecasts to enable
optimized resource management decisions. Through personalized recommendations and targeted
interventions, Al supports not only efficient irrigation, but also the sustainable adaptation of
agriculture to changing climatic conditions, providing an innovative and scalable solution to today's
challenges in the field.
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