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Abstract

Smart agriculture is an agricultural practice that uses sustainable methods to meet
the growing food needs of the population. It also aims to develop, improve, and
sustain the agricultural production system. On the other hand, the integration of
modern information and communications technologies used in agricultural machin-

Keywords: ery and equipment, remote sensors, global positioning systems, and modern agri-
Sustainability, smart
agriculture, smart irriga-
tion, Internet of Things natural resources, such as smart irrigation and precision agriculture, led to the de-
(1oT), precision agricul-
ture, machine learning

cultural methods, which would increase productivity and quality without depleting

velopment of smart agriculture. Moreover, agricultural practices also need to change
because the climate is changing, so it has become necessary to implement more
sustainable agricultural practices, to mitigate the pace of severe climate changes,
whose goal is to improve the quality of the final agricultural product, increase
productivity, and enhance the efficiency of resource use and the effectiveness of
agricultural production systems, from point of view the cost. Smart agriculture cur-
rently depends on data generated from the Internet of Things devices in real time,
geospatial data, and previous and historical information. However, employing big
data analysis methods requires significantly diverse skills and deeper knowledge
compared to what many possess, such as farmers, agricultural engineers, and gradu-
ates of agricultural colleges, which constitutes an obstacle to using this data effec-
tively in making decisions in the agricultural field, etc. This study aimed to summa-
rize and provide insight into smart agriculture tools and modern methods used to
analyze data for several agricultural applications, with the aim of applying both
smart agriculture methods and modern data analysis depending on the desired goals.

1. Introduction high level of food security and a reliable supply of
Twenty-first- century agriculture must be re- energy and renewable materials for a growing
source efficient and sustainable in order to ensure a global population. Currently, approximately 12%
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of the global land area is used for crop production
(FAO, 2024), and technological innovations, in-
creasing demand for agricultural products, limited
(and in some cases declining) availability of arable
land, water scarcity, and climate change have in-
tensified agricultural production (Rudel et al.,
2009). Agricultural practices also need to change,
because the climate is changing, so it has become
necessary to implement more sustainable agricul-
tural practices, to mitigate the pace of severe cli-
mate changes, whose goal is to improve the quality
of the final agricultural product, increase produc-
tivity, and enhance the efficiency of resource use
and the effectiveness of agricultural production
systems, from In terms of cost (Rizkallah, 2020),
shown that the sensitivity of agriculture to climate
change is an important area of research in the cur-
rent time, as it is expected that 20% of the damage
resulting from climate change will occur in the
agricultural sector at the global level (Zaied, 2013).
On the other hand, humanity faces a major chal-
lenge, which is how to increase agricultural pro-
duction to achieve food security in the coming
years and feed the population (Delgado et al.,
2019). Food shortages are linked to population
growth, along with some social and economic fac-
tors (Slavin, 2016). On the other hand, FAO (2009)
estimated that the population growth increase will
be more than 30% by the year 2050. This leads to a
rise in demand for food, which means it is neces-
sary to achieve an increase in crop production by
60% to 100% by year 2050, to meet the nutritional
needs of the future population, which will number
from 9 billion to 10 billion people (Delgado et al.,
2019; Kamilaris et al., 2017). In turn, this must be
done while maintaining sustainable agricultural
systems while at the same time confronting chal-
lenges such as climate change, depletion of water
resources, and the potential for increasing soil ero-
sion and loss of productivity due to the occurrence
of extreme climate events (Delgado et al., 2019).

Scientific research indicates that population
growth may cause the depletion of non-renewable
resources for energy and food, if the population
increases too quickly, which could pose a threat to
the ecosystem on earth, and with this expected
large increase in population. Concerns are increas-
ing regarding providing food, achieving food secu-
rity for the Earth’s population, and preserving ara-
ble land, especially with the worsening problems of
climate change, depletion of oil resources, and wa-
ter and soil pollution. To keep pace with this steady
increase, farmers must increase food production
while preserving the environment and using natural
resources rationally, but they cannot do this alone,
and traditional agricultural methods do not enable
them to do so (FAO, 2017). Hence, the researchers
suggested accelerating the adoption of new sources
of food. Such as vertical and laboratory farming,
and the production of proteins from alternative
sources. Such as microorganisms and modern
technologies play a crucial role in helping to meet
the growing food needs of the world’s population
using data management and analysis systems and
remote-control technologies. In addition to the use
of technologies such as artificial intelligence, agri-
cultural robots, and the internet of things, in order
to make agriculture more productive and profitable,
less harmful to the environment, and less consum-
ing of the earth's resources. On the other hand,
these technologies fall under the concept of smart
agriculture, which can be defined as a system that
relies on advanced technology in agricultural pro-
duction processes in sustainable and clean ways
and rationalizes the use of natural resources, espe-
cially water and soil. One of its most prominent
features is its reliance on information management
and analysis systems to make the best possible ag-
ricultural production decisions at the lowest costs,
as well as the automation of agricultural operations
such as irrigation through smart irrigation methods,
pest control, soil monitoring, and crop monitoring.
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Recently, information and communication
technology has developed rapidly, which has had a
significant impact on agriculture and has the poten-
tial to solve food shortage problems (Kamilaris et
al., 2017). To face the increasing challenges of the
shortage of agricultural products, it is necessary to
understand the working mechanisms of agricultural
systems in their various forms, to improve and de-
velop them, and this can happen through modern
digital technologies, which monitor such systems
continuously. These digital technologies, such as
sensors, remote sensing systems, the (1oT), naviga-
tion and location systems, etc., have opened many
new opportunities for automating agricultural oper-
ations. On the other hand, these and other technol-
ogies produce large amounts of data at an unprece-
dented pace, and analyzing this large amount of
data would enable farmers and agricultural project
owners to extract information that can be used and
make appropriate decisions. Although the analysis
of the large amount of data that has been done ob-
taining it previously or in real time has led to pro-
gress in various industries, it has not yet been
widely applied in agricultural production processes,
both plant and animal (Kamilaris et al., 2017). On
the other hand, many methods and tools have been
developed for analyzing big data in the past years,
with the aim of facilitating its use. However, their
application in the agricultural field requires some-
what different knowledge of these methods and
experience, compared to what agricultural engi-
neers and other workers in the field possess. In the
field of agriculture, the problem is exacerbated
because many of them are not specialized engineers,
which limits the possibilities for the effective ap-
plication of smart agriculture. Therefore, it is im-
portant that workers in the agricultural field and
graduates of agricultural colleges have sufficient
principles and information about the different
methods of data analysis (Evstatiev and
Gabrovska-Evstatieva, 2020).

Therefore, this study aims to conduct a review
of smart agriculture methods to sustain agricultural
production processes, both plant and animal, and
address common methods for analyzing agricultur-
al data, as well as the field of their application, and
determine the characteristics of data analysis to
facilitate agricultural specialists when choosing the
appropriate method, based on the desired goals.

2. Sustainable agriculture and its importance

Sustainable agriculture is the wave of the fu-
ture and sustainability has many facets. Environ-
mental sustainability, for example, means good
management of the natural systems and resources
on which farms depend. This includes building
healthy soil and preventing erosion, managing wa-
ter wisely, reducing air and water pollution, in-
creasing resilience to extreme weather conditions,
and enhancing biodiversity. An economically and
socially sustainable agricultural system is one that
enables farms of all sizes to be profitable and con-
tribute to their local economies. Such a system
supports the next generation of farmers, deals fairly
with labor, promotes equality and justice among
workers, creates access to healthy food for all, and
prioritizes people and communities over corporate
interests.

Sustainable agriculture is defined as an agri-
cultural system that aims to preserve the best re-
sources used in agriculture and farming communi-
ties by promoting agricultural practices and meth-
ods that are profitable, environmentally sound, and
beneficial to them. Sustainable agriculture is com-
patible with modern agriculture, through the use of
the best modern agricultural techniques in produc-
ing crops and facilitating agricultural production
processes. The concept also includes preserving the
environment by using many useful methods that
limit the degradation of agricultural lands, and they
contribute to preserving the survival of agricultural
lands and their resources for the longest period.
Possible time frame (SAER, 2024). The importance
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of sustaining agriculture is to meet the population’s
requirements for agricultural crops and livestock,
and with the emergence of many problems in the
agricultural environment, such as the deterioration
and dryness of the surface soil, groundwater, and
air pollution, the use of chemicals in agriculture,
and a shortage of irrigation water, energy, and oth-
ers, this has led to the difficulty of agriculture. In
light of many obstacles, including physical and
climatic ones, researchers must search for new and
sustainable ways to preserve the agricultural envi-
ronment and meet the increasing demand for food.
Whereas in the study of Abdelhakim and Helal
(2022), they found that creating smart scheduling

for open hydroponic farming systems increases the
water use efficiency of the cucumber crop in an
agricultural greenhouse by creating and building a
smart control unit based on wireless communica-
tion technology based on sensing a specific level.
For moisture in the growth medium (sand), after
adding materials that retain water for long periods
to the growth medium, such as composite material,
which contains 90% Aswan clay and 10% hydrogel
and perlite, compared to sand only. The agricultural
practices shown in Figure (1) have proven effective
in achieving agricultural sustainability, especially
when used together.

Rotating crops and

embracing diversity

Managing whole
systems
and landscapes

Applying
integrated pest
management

Planting a variety of crops can have
many benefits, including healthier soil
and improved pest control.

Sustainable farms treat uncultivated
or lessintensively cultivated areas as
integral to the farm.

A range of methods, including
mechanical and biological controls, can
be applied systematically to keep pest

populations under control while
minimizing use of chemical pesticides.

Planting cover
crops and
perennials

Cover crops protect and build soil
health by preventing erosion,
replenishing soil nutrients, and
keeping weeds in check, reducing the

need for fertilizers and herbicides.

Integrating
livestock and
crops

A growing body of evidence shows
that a smart integration of crop and
animal production can make farms

more efficient and profitable.

Adopting
agroforestry
practices

By mixing trees or shrubs into their
operations, farmers can provide shade
and shelter that protect plants, animals,

and water resources,while also
potentially offering additional income
from fruit or nut crops.

Reducing or

eliminating tillage

Traditional plowing (tillage) prepares fields for
planting and prevents weed problems but can cause
soil loss. No-till or reduced-till methods, which
involve inserting seeds directly into undisturbed soil,
can reduce erosion and improve soil health.

Figure (1). Sustainable agriculture practices (Union of Concerned Scientists, 2017)

The application of smart agriculture is in-
creasingly becoming a decisive force in transform-
ing traditional methods of agricultural production
in most countries of the world. This change, based
on technological innovation, is necessary to en-
hance the sustainable production system on farms,

whether large or small (Hu et al., 2023), knowing
that the use and analysis of big data is one of the
keys to creating a modern farm, and in return it is
to develop a smart farm and maintain smart on soil
and water, as proposed in Wolfert et al. (2017)
(Figure 2), the conceptual frameworks for smart
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farm and smart soil and water conservation focus
on a cyber-physical management cycle built on a
cloud-based infrastructure that manages all farm
operations. There are multiple tools to make the
farm smart.

There is specific equipment for smart ag-
riculture (Dhanaraju et al., 2022), such as the (1oT),
including smart sowing equipment, smart spraying,
and smart tillage equipment. Network-controlled
machines belonging to the assembly and operation
office for real-time monitoring and analysis are
shown in Figure (3). An online application was

developed to promote the idea of smart agriculture

a

that would perform fast and high-quality agricul-
tural operations, enhance income, and significantly
reduce product expenses. This computer applica-
tion would allow estimation of the economic cost
and feasibility of using combined harvesters to
harvest grains, as the results showed that the eco-
nomic feasibility estimated by the web-based ap-
The
web-based application is a useful tool for farmers

plication provides more relevant data.
and businessmen to estimate the economic feasibil-
ity and feasibility of harvesters, allowing better
decision-making and improved management pro-

cesses (Akter et al., 2024).

smart sensing

& monitoring

cloud-based
event and data
management

smart control

smart analysis
& planning

Figure (2). A framework for a smart farm (Wolfert et al., 2017)
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Figure (3). Smart agriculture tools (Hu et al., 2023)

3. Modern and smart farms and their require-
ments

Over the past decade, the increasing use of
information and communications technology (ICT)
in agricultural applications has defined the concept
of precision agriculture or its equivalent smart ag-
riculture. In this regard, recent advances in the field
of connectivity, automation, image analysis, and
artificial intelligence allow farmers to monitor all
stages of production and, with the help of automat-
ic procedures, identify better treatments for their

farms. One of the main goals of the smart farming
system is to improve field productivity. From this
point of view, the (10T) model plays a key role in
precision agriculture applications since the use of
10T sensors provides accurate information about
the health of production Gagliardi et al., 2021),
(Figure 4). The general model of smart agriculture
is shown in Figure (5). The components of smart
agriculture that facilitate the integration, processing,
and use of farm data are shown in Figure (6).
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Figure (4). Smart framework concept - system architecture (Gagliardi et al., 2021)

¢ Water monitoring
* Soil and moister
monitoring _ oo
« Climate condition
monitoring
¢ Pest and disease
monitoring

¢ [rrigataion

¢ Fertilization

¢ Soil analysis
preparation

¢ Yeild condition

Temperature sensor
Humidity sensor
Soil moisture Sensor
Turbidity Sensor

pH Sensor

Rain sensor

¢ Thermal sensor

\ Yy

Figure (5). General paradigm of smart agriculture (Rehman et al., 2022)
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Figure (6). Smart farming components that facilitate integration, processing, and use of farm data
(Amiri-Zarandi et al., 2022)
using two types of automatic control technologies

4. Smart irrigation systems [SmartLine, SL-1600 (SL) and Hunter Pro-C (H)]

There are many smart irrigation tools that with surface and subsurface drip irrigation systems

control irrigation operations that have been manu- compared to irrigation with the traditional irriga-

factured by interested parties are available and have tion system (control) on the basis calculated evapo-

been used for a long time (EI Marazky, 2015). Ri- transpiration (ETo) values using climate data from

ley (2005) explained that standalone controllers use the weather station located at the study site. The

sensors to sense and measure the weather condition, results showed that there were significant differ-

and then evapotranspiration (ETo) values are cal- ences in the amount of water added and crop

culated based on the real time used to collect the productivity for the three irrigation scheduling

data. These sensors collect readings daily according methods. The results from the two-season analysis

to the adjustment method to be used at intervals in revealed that the smart irrigation technique using

any location. Therefore, it is clear that the concept Hunter Pro-C (H) gave the highest percentage of

of using weather information based on irrigation water savings and an increase in tomato crop

scheduling for various plants is not new, but trans- productivity with the highest water use efficiency

ferring this technology to farmers is considered compared to other irrigation scheduling methods.

relatively recent (Devitt et al., 2008). The results also showed that plant growth charac-

In a study evaluating two smart irrigation teristics and irrigation water availability were sig-

technologies, it was found that the highest value nificantly affected by the automatic control unit

associated with saving added water was achieved (Hunter) with the subsurface irrigation system.

with the use of ground humidity sensors, followed Thus, as a result of using the Hunter automatic

in terms of saving the amount of water used using control unit technology with the subsurface irriga-

irrigation - controlled by evaporation and then tion system, it provides significant advantages both

treatment using seasonal meteorological data (Nau-
tial, et al., 2010). El Marazky (2015) explained that

in terms of yield and water use efficiency. In addi-
tion, the results indicated that the subsurface drip
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irrigation system gave the highest yield and highest
water use efficiency compared to the surface drip
irrigation system. Generally, these technologies can
be recommended for automated irrigation systems,
and the Hunter automatic control unit can contrib-
ute to maintaining water planning and irrigation
scheduling for tomato crops, which is usable for
other similar agricultural crops. There are also a
variety of techniques to reduce irrigation water use
that can be used by those interested in smart irriga-
tion (McCready et al., 2009). These smart technol-
ogies include evapotranspiration control devices as
well as soil moisture control using ground moisture
sensors.

Muangprathu et al. (2019) developed an
optimal irrigation system for agricultural crops
based on a wireless sensor network with data man-
agement via smartphone and web application. The
three components are hardware, web application,

and mobile application (Figure 7). The first com-
ponent is designed and implemented in connected
control box devices to collect data on crops. Soil
moisture sensors were used to monitor the field
irrigation process and communicate with the con-
trol box. The second component is a web-based
application designed and implemented to process
details of crop data and field information. The ap-
plication extracts data to analyze the data for pre-
dicting the appropriate temperature, humidity and
soil moisture for optimal future management of
crop growth. Irrigation is controlled manually or
automatically. The results showed that work is
beneficial in agriculture. The soil moisture content
was maintained appropriately for vegetable growth,
reducing costs and increasing agricultural produc-
tivity. Moreover, this work represents one of the
methods of digital farming.

Web-based Application

 —

Control Box

loT Device

f—)

Mobile Applicatior

Figure (7). A system for optimal irrigation of agricultural crops based on a wireless sensor network with

data management via smartphone and web application (Muangprathu et al., 2019)

Ndunagu et al. (2022) proposed a smart irrigation
system using the drip method, which was designed
and implemented using wireless communication
technology, sensor networks, and an open source
0T cloud computing platform for data collection,

storage, data analysis, and visualization (Figure 8).
The electronic methodology involves the integra-
tion of hardware and software components and
making irrigation decisions based on web resources
such as weather forecasts and sensor values from

the soil. The collected data is then analyzed on a
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dedicated server and updated every 15 minutes.
Based on the threshold value, the system starts
pumping water or stops irrigation according to the
irrigation schedule. A web application has been

Modem for

Internet

Access

Smart
irrigation

~ :
Pump Controller

sensor sensor

Interface

developed to display the result so that we can mon-
itor and control the system using the Android ap-
plication or web browser.

Cloud
Computing
Platform

Mobile
phone / PC

Web

Figure (8). 10T architecture designed for smart irrigation (Ndunagu et al., 2022)

5. Data series

The term agricultural production refers to
the production process by which a set of available
agricultural production elements are transformed
into agricultural commodities that can be directly
consumed by their final consumers and other
transformational operations are carried out for the
produced goods by adding new productive ele-
ments in order for them to become suitable for
consumption. The farm is considered the produc-
tive unit within the agricultural economic structure

that produces various agricultural commodities,
whether animal or vegetable, as a result of the de-
cisions taken at the level of this unit related to the
use of available resources to produce various agri-
cultural commodities. In contrast, for farm man-
agement, data management activities are required
to manage the farm, and they are shown in Figure
(9), where the sequence of activities starts from

data capture to decision making and data marketing
(Miller and Mork, 2013; Chen et al., 2014).

- Purpose
- Methods

Figure (9). The data chain of big data applications (Chen et al., 2014)
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6. Analysis of agricultural data

In light of the rapid development of computer and
information technology, the amount of data that
can be stored is increasing significantly, and the
ability to store this data does not end there. This is
where the most important step comes, which is how
to invest in these huge amounts of data (Al-Jana'i et
al., 2011). It can be said that this data represents
real wealth that can be neglected, and it can also be
invested in analyzing past events, and then policies
and plans can be clearly drawn, which allows pre-
dicting opportunities for future improvement of the
plans drawn up by an organization. With these
huge amounts of data, traditional methods of data
analysis, which are a combination of statistical
methods and some computer systems designed to
manage databases, are suffering from many prob-
lems in dealing with this type of data. In addition,
these traditional methods are based in a way that
relies entirely on the mental and technical capabili-
ties of those responsible for it and then on the ex-
perience of the data analyst in directing the analysis
to extract useful and profound indicators for deci-
sion makers. Where the analyst assumes previous
hypotheses about the relationships that exist be-
tween the various variables of the data, and all he
does after that is use the analysis to prove or refute
these hypotheses (Al-Jana'i et al., 2011).

Acrtificial intelligence technologies have
great potential when used in future prediction,
serving as key elements within the framework of
precision agriculture. These models and tools make
use of different methodologies, including linear
regression techniques, nonlinear simulation, spe-
cialized systems, pattern recognition, data analysis,
decision making, automation, and artificial neural
networks to predict various agricultural compo-
nents. Data mining is the process of analyzing data
from a different perspective, extracting relation-
ships between them, and summarizing them into
useful information through the use of a set of com-
plex tools, and some of these tools include regular

statistics tools and artificial intelligence (Ali, 2018).
Data mining tools can be divided into direct and
indirect data mining tools; The goal of direct data
mining is to use available data to create a model
with a description of the variables. The goal of in-
direct data mining is that there is no choice of a
specific variable, in order to build a relationship
between all variables. Classification, estimation,
and prediction tools fall within direct data mining
tools. As for the tools of association, clustering,
description, and display, they fall within indirect
data mining (Sayed, 2015). That is, the use of data
mining is considered one of the important methods
for extracting important and useful knowledge
from big data in the agricultural field. This data can
be obtained in real time or through previous data,
and the process of extracting data with this method
takes place in 4 steps as follows (Muangprathu et
al., 2019):

The first step is pre-processing the data.
This is an important step in the knowledge discov-
ery process because the quality of knowledge de-
pends on the quality of the data. In the real world,
data tends to be inconsistent and incomplete.
Therefore, this step can help improve the accuracy
and efficiency of the information extraction process
later. This step includes data cleaning, data integra-
tion, and data transformation.

The second step is data reduction. This
step can encode data into a reduced representation
with small numbers. So that the integrity of the
original data is preserved so that mining the down-
sized data is more efficient while obtaining the
same (or almost the same) analysis results.

The third step is data modeling/discovery,
which extracts knowledge from previously pre-
pared data. Mostly, data modeling/discovery appli-
cations use intelligent methods to identify patterns
in data. Analysis tools can include classification,
grouping, correlation, etc.

The fourth step is analyzing the results,
which depends mainly on the third step.
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The data mining process is concerned with
two basic processes (Figure 10), which are descrip-
tive mining and predictive mining. In descriptive
mining, data analysis depends on reorganizing and
mining the data to extract information from it,
while predictive mining depends on data analysis
using previous information to predict what will
happen in the future. Time series analysis, classifi-
cation, and regression are basic types of predictive
mining. Classification is used to predict the discrete
or symbolic value (descriptive variable). Classifi-
cation is widely used in analyzing a set of data and
placing it in the form of categories or sections that

can be used later to classify the data in the future.
Data mining tools can be divided into direct and
indirect data mining tools; the goal of direct data
mining is to use available data to create a model
with a description of the variables; The goal of
indirect data mining is that there is no choice of a
specific variable, in order to build a relationship
between all variables. Data mining tools such as
classification, forecasting, and time series analysis
fall within direct data mining tools. As for descrip-
tive mining tools, such as correlation, clustering,
description, and display, they fall within the tools
of indirect data mining (Sayed, 2015)

Classification

Predictive

Prediction

Data
Mining

Time-Series
Analysis

Association

Descriptive

Clustering

Summarization

Figure (10). Data mining tasks (Sayed, 2015)

The cluster analysis method is considered
one of the important statistical methods used in
descriptive exploration, which relies on the analysis
of specific variables based on points of similarity
and difference between the data. Cluster analysis is
used to classify and study collections of data, ob-
servations, or elements into groups that are homo-
geneous among themselves and different from the
rest of the groups, based on a set of characteristics
or variables. The clustering process means placing
the elements in groups, that is, it represents obtain-
ing one or more groups that include a number the
elements that have a high degree of similarity to
each other, and the process of obtaining these

groups is done by dividing the total number of el-
ements into groups, or each group includes a num-
ber of elements based on the similarity matrices.
Among the tools used in descriptive mining are
association rules, which are one of the most prom-
ising techniques in data mining tools as a tool for
exploring knowledge. They have the ability to pro-
cess huge numbers of data and allow the conclu-
sion of all possible laws that explain some existing
characteristics based on others (An et al., 2003),
and several data mining tools can be applied in
agriculture through different applications (Ko-
deeshwari and llakkiya, 2017).Conclusion
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Twenty-first- century agriculture must be
resource efficient and sustainable to ensure a high
level of food security and a reliable supply of en-
ergy and renewable materials for a growing global
population. Currently, approximately 12% of the
global land area is used for crop production, and
technological innovations, increasing demand for
agricultural products, limited (and in some cases
declining) availability of arable land, water scarcity,
and climate change have intensified agricultural
production. Over the past decade, the increasing
use of information and communications technology
in agricultural applications has defined the concept
of precision agriculture or its equivalent smart ag-
riculture. Advances in connectivity, automation,
image analysis, and artificial intelligence allow
farmers to monitor all stages of production and,
Abdelhakim, A.; and Helal, H. (2022). Scheduling

a smart hydroponic system to raise water use
efficiency. Misr Journal of Agricultural En-
gineering, 39(4): 493-508. doi:
10.21608/mjae.2022.148880.1080.

Akter, H.; Ali, Md. R; Alam, Md. S; Sarker, T. R;;
Ahamed, S; and Saha, C. K. (2024). Estima-
tion of economic life and feasibility of com-
bine harvesters in Bangladesh deploying a
unique web-based app. Smart Agricultural
Technology, 7.
https://doi.org/10.1016/j.atech.2023.100378.

Ali, H. A. H. (2018). Using data mining techniques
to analyze the financial indicators of a sample
of Iraqi private banks by adopting the CART
algorithm. Iragi Journal of Information
Technology,9(2):32-54 (In Arabic).

Al-Jana'i, A., A. Al-Haddad, A. Al-Bar, and A.
Al-Zahari (2011). Exploring some patterns
affecting the academic performance of uni-
versity of science and technology students
using data mining techniques. Journal of
Science and Technology, 16(1):22-38 (In
Arabic).

with the help of automatic procedures, select better
treatments for their farms. One of the main goals of
the smart agriculture system is to improve field
productivity. However, smart agriculture requires
the use of big data analysis methods, and this re-
quires significantly different skills and deeper
knowledge than what many farmers, agricultural
engineers, and agricultural college graduates pos-
sess, which constitutes an obstacle to using this
data effectively in making decisions, etc. The study
aimed to summarize and provide insight into smart
agriculture tools and modern methods used to ana-
lyze data for several agricultural applications, with
the aim of applying both smart agriculture methods
and modern data analysis depending on the goals
set.
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