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Abstract: Agriculture is considered one of the most vital industries worldwide responsible for people’s food and the country’s economic
development. Nevertheless, this sector is the largest consumer of freshwater. Access to water, soil kind, weather conditions, fertilizers,
and illnesses are crucial aspects of agricultural activities. Moreover, water scarcity has become a significant issue for farmers to tackle
irrigation activity. While irrigation depends on water availability, building smart irrigation systems that control and manage water use
efficiency is highly needed. This paper examines the most modern technologies used in irrigation systems over the last few years. This
survey can easily be thorough and beneficial to academics while providing essential recommendations for the new era of irrigation
systems technologies. The findings indicate widespread use of the Internet of Things (IoT) and artificial intelligence algorithms,
while digital twins and blockchain technologies are less common and still in the early stages. To reduce costs and improve security
in irrigation systems, it is strongly recommended to adopt digital twin technology. By utilizing digital twins, farmers can enhance
operations, optimize resource utilization, and increase efficiency. Furthermore, digital twins contribute to identifying vulnerabilities and

implementing robust security measures, ensuring protection against potential threats and disruptions.

Keywords: Agriculture 4.0, Smart agriculture, Smart irrigation, Digital twin, IoT, Artificial intelligence.

1. INTRODUCTION

Global food security is threatened by several issues, such
as climate change and resource degradation. The impact
of climate change, mainly changes in rainfall patterns,
on agricultural productivity is a crucial determinant of
food security for the population [1][2]. As the population
increases, water is required for various purposes, includ-
ing irrigation, residential, hydroelectric, industrial, etc. [3].
The agriculture sector is the largest water user, which
requires a large portion of a country’s water resources. In
fact, there exist several irrigation methods, including rain-
fed irrigation, subsurface (drip/sprinkler/mist), and micro-
irrigation, gradually replacing surface or flood irrigation.
These methods have the intrinsic capacity to double the
land under irrigation without sacrificing agri-output [4][5].
The conventional irrigation systems could have been more
efficient in terms of water use, resulting in excessive waste
of this resource and challenges and problems in the soil
of many areas due to extensive waterlogging and salinity

[51[6].

On the other hand, irrigation systems are inefficient
runoft, wind, and evaporation waste almost half of all irriga-

tion water. For planning, most traditional irrigation systems
employ basic timers and controllers. As a result, effective
water management is critical to long-term productivity
increases; thus, using water only when needed and in exact
proportions is a significantly more efficient method [7][8].
Micro-irrigation and smart irrigation employing wireless
sensor networks are advanced irrigation systems that boost
water use efficiency and productivity without damaging
soil health [9][10]. The Agricultural field, like many other
areas, incorporated Internet of Things technologies. Farmers
have been helped in various ways by using Internet of
Things technologies in different agriculture activities [11].
The Internet of Things helps agricultural management by
enabling farmers to maximize efficiency through resource
management [12].

The irrigation phase of the agricultural cycle is critical.
A suitable amount of water is required for plant growth.
Irrigation is used to provide additional water to plants when
rainfall is low [13]. Most irrigation is done from one end
to the other using traditional stream flows and other old
techniques. Usually, they rely on water supplies, which take
time and waste water resources [14]. Since the machine
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revolution and ICT technology (agriculture 4.0), innova-
tions and technologies, including artificial intelligence (Al),
digital twins, the internet of things (IoT), and unmanned
aerial vehicles (UAVs), have substantially reduced farmers’
hard labor work, allowing agribusinesses to boost prof-
its and save time when compared to traditional farming
methods. Moreover, it supports maintaining and enhancing
soil quality and ensuring optimum water utilization and
irrigation control [15]. Actually, the high spread of IoT
technologies that covers almost all areas of our daily lives,
including agriculture, will be significantly affected by the
advancement of 10T technologies in the coming years. There
is an anticipation that it will have an even more significant
influence on more areas in the coming years.

Besides the systems for irrigation and fertilization, there
are also practices such as monitoring the weather, exam-
ining the soil, controlling diseases and pests, and more,
where the IoT has significantly contributed to these areas.
Al techniques aim to emulate biological activity while also
taking into account how the human brain makes decisions.
Artificial intelligence related technologies offer interesting
irrigation automation possibilities [16].

According to the published literature review, most works
focused on irrigation system hardware or conventional ir-
rigation methods. However, only some of them presented
irrigation system technologies. We have taken this into
account as the primary interest of this work. We intend to
review the recent technologies in the irrigation field during
the last few years and determine the specific technologies
and techniques employed by various irrigation systems to
help searchers. This study will help respond to the following
research questions (RQ):

1) What is the best way to deal with water waste, and
can farmers regulate irrigation water?

2) What are the technologies used in irrigation systems?

3) What are the appropriate water sources for specific
crops?

4) Did irrigation operation costs mentioned in these
works?

5) What are the recommendations for IoT-based irri-
gation applications and challenges related to using
intelligent technologies in irrigation systems?

6) What are the techniques that handle generated data
in irrigation systems?

Our research questions cover the following drawbacks:

e Water scarcity for its distribution, especially in the
agricultural field.

e An increase in the number of sensors installed in the
field will affect the general fee.

e The high cost of time processing.

o Issues with missing data during the data collection

and streaming processes.

e Data security needs to be carried out during the data
collection and transfer.

A. Motivation and Contribution

The interest in irrigation-related technology prompted a
review of the literature, and the findings of the review are
reported in this article. The motivation behind the present
comprehensive study is to review the most critical enabling
technologies in the irrigation field applied to smart farming
in recent years and over the next few years.

Due to gaps in the findings of the literature, most studies
have focused on presenting machine learning algorithms
or IoT-based hardware in this field, although the use of
digital twins as well as blockchain, besides IoT and machine
learning, has rarely been mentioned. Furthermore, neither
water distribution nor water resources, the cost of hardware,
nor security challenges have been mentioned. These gaps
have been addressed in this research to provide necessary
answers while helping farmers and researchers gain insight
into the vital cutting-edge technologies in the irrigation
field.

A search was performed based on keywords for articles
published in relevant journals or conferences to conduct the
review’s bibliographic analysis. The search was carried out
between the years 2020 and 2023.

For this review, we selected scientific research databases
such as IEEE Xplore and ScienceDirect, along with the
scientific search engine Google Scholar. A total of more
than 60 papers were examined. In this paper review, the an-
alyzed journal articles and conference papers are illustrated
in Figure 1. The essential contributions of this study are
listed below. In this work, we combine the crucial enabling
technologies that have a vital impact on the agriculture
industry, both presently and in the future. Implementing
these technologies on a large-scale farming basis is expected
to bring changes to the agriculture industry and commerce.

In addition, we outline enabling approaches integrated
with IoT technology and describe the essential components
of these techniques in irrigation agriculture. Furthermore,
we carry out smart farming applications that use digital twin
technology.

This technique is operated from a technological stand-
point, which is significant only of interest and value to em-
ployees in the area but also from an agricultural standpoint,
noting all of the major factors in this research field. Finally,
we examined the major problems and new opportunities for
promoting sustainable irrigation water use in agriculture.

The remainder of this paper is structured in the fol-
lowing manner: Section 3 explains the background of
using technologies. Section 4 describes the literature survey.
Where Section 5 discusses the crucial challenges and op-
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portunities. Section 6 presents the discussion of the works.
To end up, Section 7 concludes the paper with the future
work.
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Figure 1. Journal articles and conference papers that were analyzed

2. METHODOLOGY

To investigate the research questions outlined in the
Introduction, we conducted a literature survey within a spe-
cific timeframe, taking into account the emergence of recent
phenomena like the Internet of Things, Blockchain, artificial
intelligence algorithms, and digital twins. The choice of this
timeframe was based on practical considerations. In addition
to considering the publication period, we applied inclusion
criteria during the literature search to ensure the relevance
of the sources to our research questions.

The literature survey followed a systematic approach
consisting of three steps. Initially, we conducted searches
in two major bibliographic databases, namely Web of
Science and Scopus, using different combinations of two
sets of keywords. The first set included terms related
to IoT, artificial intelligence algorithms, blockchain, and
digital twins (e.g., Artificial intelligence algorithms, data-
driven systems, blockchain technology, Internet of Things,
IoT, digital twins), while the second set focused on smart
irrigation (e.g., agriculture, farming, precision irrigation,
irrigation systems). From these databases, we retrieved more
than 60 articles, which were then evaluated for relevance by
identifying passages that addressed our research questions.
Consequently, we considered 20 articles as the most relevant
and 44 articles as relevant to our study.

In the second step, we thoroughly examined the selected
literature to extract information that was pertinent to our
research questions. Finally, in the third step, we analyzed
and synthesized the extracted information, following the
conceptual diagram described in Figure 1.

3. BACKGROUND

The agricultural sector has undergone a revolution with
the widespread adoption of information and communica-
tion technologies (ICT), including the Internet of Things
(IoT), artificial intelligence (AI) algorithms, digital twins,
and blockchain. These technologies have been successfully
implemented in various areas of agriculture, bringing about
significant advancements and improvements.

A. Internet of Things

The Internet of Things (IoT) is a concept that combines
different technologies and a vast array of physical objects or
items, including but not limited to RFID tags, sensors, actu-
ators, mobile devices, and more. By using unique addressing
schemes, these latter can collaborate with their neighbors
to accomplish shared objectives [17][18]. As depicted in
figure 2, the Internet of Things (IoT) is used in several
domains like agriculture, healthcare, military, economics,
and transportation.

Agriculture

LR =

®

INDUSTRY
40

Economics

Figure 2. Application domains of the Internet of things.

In recent years, the Internet of Things (IoT) has been
widely utilized in various domains, as previously men-
tioned. In agriculture, IoT devices have demonstrated re-
markable efficiency and offer numerous advantages, includ-
ing:

e Controlling irrigation processes.

e Monitoring soil moisture levels for better resource
management.

o IoT sensors assist farmers in collecting essential envi-
ronmental data, leading to effective farm management
(see Figure 3).
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Figure 3. Different IoT sensors and devices.

Numerous researchers have referenced it in the irri-
gation stage of the agricultural life cycle. [19] suggested
an approach that uses a hybrid cryptographic algorithm
that incorporates Rivest cypher (RC4), Elliptic-Curve Cryp-
tography (ECC), and Secure Hash Algorithm (SHA-256).
Additionally, the SHA-256 algorithm safeguards sensitive
information in IoT of innovative irrigation and enhances the
security of the Internet of Things using cryptographic algo-
rithms. The proposal discusses a case regarding innovative
irrigation systems named SpringerLinkgation systems.

[20] have proposed an architecture for the water system,
where the techniques are cloud computing and the Internet
of Things (web of things). A range of sensors was utilized
to gather continuous data on the water system; after that, the
data was stored in the cloud, the owner of the data delivered
the order, and the right move was made depending on the
outcome created.

1) Wireless sensor networks (WSN)

A WSN network comprises some sensor nodes (ranging
from a few tens to thousands); these nodes operate together
to monitor and collect data about an area. There are two
categories: structured and unstructured WSN [21]

1) An unstructured WSN is a sensor network that
consists of a large number of nodes. Sensor nodes
can be placed in the field on an ad hoc basis. Once
the network has been installed, it is left unsupervised
to perform monitoring and reporting tasks. Managing
network maintenance, which includes tasks like con-
nectivity management and fault detection, is difficult
because of the large number of nodes involved.

2) All or some of The sensor nodes in a structured
WSNs network is deployed in a predetermined order.
Reducing the number of nodes can lead to lower
costs associated with network maintenance and ad-
ministration. These nodes are located in particular
regions or designated locations and the Deploying
nodes strategically ensure coverage, whereas ad hoc
deployment may result in areas with no coverage.

In the agricultural sector, WSN sensor technology, with a
network of sensors, is employed for precision agriculture

as shown in Figure 4 that offers different benefits including
[22].
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Soil Moisture
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Figure 4. Typical WSN for calculating different parameters.
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e Monitoring the level of water, the proper placement,
and the appropriate time to begin growing crops.

e A WSN has the extra benefit of consuming less power
and providing more precise results.

o Implementing WSNs in agriculture increases the out-
put of high quality crops while decreasing the yield
of low quality crops.

o Instant alarms are generated when trespassers or rats
come into contact with planted crops.

o WSNs eliminate the need for frequent human inter-
vention and minimize the frequency of human errors.

e Via a smartphone connected to the WSN, agricultural
statistics can be accessed [23].

Many researchers developed agriculture applications us-
ing WSN, we cited [24], who have proposed a system that
simulates the demand for crop water, with a sensor that
calculates the groundwater level, the data collected, and a
wireless sensor network has been used. The system includes
a Web-based dashboard for decision-making to capture real-
time data on crop water demand, irrigation scheduling, and
groundwater discharge and recharge.

As part of a more extensive study of this crop’s genetic
responses to drought stress, [25] have developed a sensory
control system for wheat to simulate drought conditions.
A drip irrigation technique was applied to maintain the
soil moisture on potted wheat plants within a specified
range. Additionally, it provides biological studies better
to understand drought stress’s effects on wheat growth
and predict the amount of water required for irrigation at
different phases of wheat growth.
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2) Cloud computing

We can define Cloud Computing as a notion that pro-
vides network access on-demand to a collaborative col-
lection of resources that is capable of being adjusted or
customized to fit specific requirements, such as (networks,
servers, storage, applications, and services). Furthermore,
The cloud can be rapidly provided and installed using
minimal administration work or interaction with a service
provider. TaaS (Infrastructure as a Service), PaaS (Platform
as a Service), and SaaS are the three categories of cloud
computing (Software as a Service) [26][27][28].

In agriculture, several applications were made while
providing distinct advantages, as shown in Figure 5.

e Cloud-based Fertilization system.

o Insects and pest detection. The collected data is stored
in the cloud for further analysis.

o Weather forecasting for crop management.

e Land sustainability prediction.

Agiculture /"J—, Insects &
Marketing _ 3 Pest Data e
. : v
( — A

L P~
) oo o
Managment "~ LT """

Agriculture
Cloud System

Weathar °  Fertilizers AL soil
(D

Figure 5. The new age of cloud computing in agriculture.

[29] proposed an intelligent irrigation system that fo-
cused on weather forecasting. The system used differ-
ent technologies like AI, which is done with the Wind-
Driven Optimization - Least Square Support Vector Ma-
chine (WDO-LS-SVM) algorithm and a Long-Range Wide
Area Network (Lora WAN) communication link.

[30] offered a cloud-based software program integrated
with IoT devices. The system is capable of automatically
setting irrigation schedules. By making employing sensor
technology to gather environmental data from the field and
consulting with agricultural specialists, the system can es-
tablish irrigation schedules. Furthermore, another advantage
is that expanding the application to include fertilization and
offering weed and pest management advice could be done
effortlessly.

3) Intelligent agents

The software components known as intelligent agents
can cooperate and work with other agents in multi-agent

systems (MAS). To automatically and proactively handle
issues. The inside structure, plan, interaction, organization,
role, and environment are just a few perspectives from
which these systems can be viewed. With these viewpoints,
MASs may consider the structure, behavior, interaction,
and environment of intricate systems like cyber-physical
systems (CPS). Consequently, it is possible to model and
create CPSs using intelligent software agents and MASs
[31].

Figure 6 shows the architecture of an intelligent agent
in artificial intelligence. Multi-agent systems are used in
agriculture, as mentioned in many articles. Among these
applications are [32]:

e landscape modeling, like crop location.

e Minimizing the consumption of water and determin-
ing the relationship between soil type and water.

e Providing a reduction in the energy needed in green-
houses to activate the watering pumps.

e Diminishing pesticide consumption.

Many benefits have been offered by constructing MAS
in agricultural fields, particularly [33]:

o Offering the possibility to model the land.

e Water modeling with MAS enhances the management
of this resource.

e Maintaining the labor has been facilitated with the
MAS models.

Sensors

Percepts

T—— Effectors

/

Figure 6. The architecture of an intelligent agent.

[34] presented an intelligent loT-multiagent strategy for
precision irrigation. The intelligent irrigation agent oper-
ates independently to recommend and apply appropriate
amounts of water based on agronomical factors to improve
irrigation system efficiency and minimize the waste of
this resource. The approach was used with actual (cyber-
physical) and virtual (simulated) intelligent agents.

[35] created a cyber-physical system for crop irrigation
relying on the intelligent agent theory. This system enabled
maintaining soil moisture near the field’s capacity. Diverse
irrigation techniques were applied while preventing waste
and overuse of water resources.
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B. Digital Twins

Michael Grieves and his partnership with John Vickers
of NASA are credited with creating the Digital Twin [36].
A virtual duplicate of an actual product containing data
about that object is referred to as a “Digital Twin” in the
first definition, which has its roots in product life-cycle
management.

The Digital Twin comprises a physical product, a virtual
version of that product, bidirectional data links that feed
information from the physical product to the virtual version,
and information and actions from the virtual model to the
real thing (see Figure 7) [37].

Data

h 4

Virtual representation Physical representation

Processes & information

Figure 7. Digital twin process.

In agriculture, digital twins refer to the ability to rep-
resent the farm virtually to enhance the productivity of
crops. However, due to the complexity of the farm process,
digital twins should be incorporated separately to simulate
each process individually, as depicted in Figure 8 diverse
applications have been filed [38].

O

Real-time
representation

€

Optimization

|54

Monitoring

"M Digital Twin I3

High-fidelity
modeling

Decision
support

:é )f
Simulation a Automation

Predictions

Figure 8. Digital twins applications in agriculture.

On the other hand, the integration of digital twin tech-
nology in this field is paramount not only in irrigation but
in all stages, including [38]:

e Mitigation of internal and external factors that impact
entity productivity.

e Simulation, planning, analysis, and improvement of
crop growth.

e Maximizing yields and making farming more sustain-
able.

e Prediction of material vulnerabilities.

e Facilitating remote monitoring of the irrigation pro-
cess.

o Enabling the tracking of water capture services.

[39] presented an overview of DT and discussed the
potential applications of DT for smart agriculture in Nigeria.
The benefits and drawbacks of deploying DT in agriculture
have been presented. Furthermore, they have offered ap-
proaches for using DT to solve the difficulties confronting
Nigeria’s agriculture sector.

[40] developed a method for constructing a DT of
a primary and secondary pressurized Collective Irrigation
Systems (CIS) network. This system aims to assess water
use efficiency and global energy. Furthermore, the effective-
ness of the pumping facility, on the other hand, and energy
inefficiency relating to water losses.

C. Artificial Intelligence Algorithms

Machine learning (ML) is a branch of Al that enables
machines to acquire knowledge and improve their perfor-
mance without explicit programming. The main goal of
machine learning is to perform computer algorithms that
can evolve in response to new data. ML algorithms can be
divided into supervised, unsupervised, and reinforcement
learning. See Figure 9 [41].

1) Supervised learning

On a predefined set of “training samples” or ’training
sets,” the supervised learning program is “trained” [42].
Supervised learning algorithms have been widely used in
irrigation, and various training sets have been mentioned
in the literature. For instance, the KNN and Naive Bayes
algorithms are used to anticipate soil aridity. Where the
linear algorithm is used to estimate water necessities and
predict the amount needed for the following water cycle and
the artificial neural network algorithm is used to forecast
when to turn the pump on and off [43].

2) Unsupervised learning

Unsupervised ML is when software is given data but
is required to uncover patterns and relationships in that
data [44]. A variety of unsupervised learning algorithms
exist, among them the Apriori Algorithm. This algorithm

http://journals.uob.edu.bh
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Figure 9. Machine learning classification.

is utilized to address association issues. In irrigation, the
one mentioned is to estimate and forecast the suitable plant
samples for a particular area [45].

3) Reinforcement learning

ML algorithms are given a reward system or a set
of restrictions and generate optimal plans or courses of
action. The reinforcement learning algorithms have recently
attracted workers’ attention in irrigation, particularly the
adoption of deep reinforcement learning to schedule irri-
gation tasks [46]. Furthermore, managing water practices
in an environment composed of agents [47].

There exist different types of machine learning algo-
rithms, for example: The neural network like (feed-forward
and recurrent), support vector machine, random forest, self-
organizing map, and Bayesian network [48].

4) Deep learning

It reflects a category of machine learning techniques
that focuses on representation learning and uses multilay-
ered neural networks. It adopts a hierarchical and layered
structure to reflect the provided input qualities and its
current surroundings, leveraging a nested, tiered hierarchy
of concept representations [49]. In agriculture, deep learning
algorithms have a wide range of applications.

A novel irrigation mapping technique was developed by
[50] based on convolutional neural networks that classify
pixels irrigated using reflectance data from Landsat images.

In Ghana’s Upper East Region, to solve the problem of
dry season small-scale irrigation. [51] presented a method
for mapping the explicit geographical suitability utilizing
an ensemble of machine learning algorithms boosted by
regression trees, random forest, and maximum entropy
machine learning models.

For the irrigation scheduling task in Portugal,

[52] suggested a Deep Q-Network, with the agent en-
vironment consisting of two Long Short Term Memory
models. The agent was trained to plan to water tomato crops
and anticipate the amount of water that will be present in
the soil profile the following day, and estimate production
based on environmental conditions throughout the season.

The current revolution brought about by machine learn-
ing algorithms has captured the attention of many re-
searchers in various fields, including agriculture. One par-
ticular area of interest is irrigation, which has witnessed a
wide range of applications and increased profitability [53].

o Enabling farmers to utilize extensive data on climate
change and soil conditions, directly impacting crop
watering decisions.

e Facilitating informed decisions about plant manage-
ment.

e Predicting the optimal timing for watering crops.

e Making management decisions to match crops with
specific water requirements.

e Minimizing the adverse environmental impact of ex-
cessive watering.

Additionally, countless water management applications
could be provided (see Figure 10).

Crop Growth Monitoring

Smart Water
Management

Field Monitoring Climate Monitoring

Water Quality

Figure 10. Machine learning applications in irrigation

D. Blockchain (BC)

BC can be defined as a chain of linked blocks of data
that can be used for storing and sharing this latter in a
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distributed, visible, inviolable manner [54].

Integrity and tamper resistance in the BC is offered by
the linkage of blocks which is ensured using pointers.

Whenever new data is added to the BC, a block or
unit extends it, and a link is established to the open
end.

As additional data is included in the BC, it gets
longer, and the chain size increases.

1) Types of BC
The BC is categorized into several types as shown in
Figure 11 including [54]:

1y

2)

3)

Fublic Blockchain

Public BC: With the possibility of free access, read-
ing, and downloading of the data, every user can
take part in a collective consensus. Then, the longest
chain is extended through mining the data block.
Consortium / federated BC: A consortium of mem-
bers who maintain and control the blockchain. They
can read, access, generate and modify data in the
block.

Private BC: This BC is not decentralized; it oper-
ates like a distributed database. This type generates
novel cryptocurrencies while maintaining centralized
permissions within a particular organization.

>

Consortium Blockchain Private Blockchain

Figure 11. Types of blockchain.

Numerous works have been proposed in agriculture
precisely in the irrigation phase, as Table I shows.

Blockchain technology has numerous applications in the
context of irrigation, including [55]:

Ensuring the integrity of data captured from sensors,
smart devices, and actuators.

Establishing smart contracts for managing irrigation
water.

Protecting water resource data on farms.

Managing farmers’ data

TABLE I. Different using Blockchain methods in irrigation systems

Work| Type Objective Method
[56] | System | Ensuring the in-
tegrity of irriga- e Ethereum.
tion data sensor. e Consensus
proof-of-work.
[57] | Prototypg Automating the | Ethereum blockchain
watering of the | for IoT devices.
land.
[58] | System | Secure real-time
data collection for ¢ Mamdani fuzzy
irrigation. logic model.
e Distributed
architecture via
Blockchain.

All the mentioned technologies have transformed tradi-
tional agriculture into a new form known as Agriculture
4.0. As illustrated in Table II, each technique has distinct
features and its own impact on the agricultural landscape.

TABLE II. Comparison between used technologies.

Technology

Irrigation technology

Principal features

IoT

Wireless sensor net-
works (WSN)

Cloud computing

Intelligent agents

A WSN power con-
sumption. WsN Alarms
generating. WSN sen-
sors for water, and soil
calculating.
Cloud-based data stor-
age for Irrigation.
Simulating farm behav-
ior by agents. Manag-
ing water distribution
by agents. Agents con-
trol watering pumps.

Digital
twins

Digital twins

DT for simulating
pumps, and sensors.
DT for simulating
watering data
workflow.

Al
algorithms

Supervised learning

Unsupervised learn-
ing

Reinforcement learn-
ing

Deep learning

Predicting water ne-
cessities . Forecasting
pump status
Estimating the appro-
priate plant based on
unlabeled dataset
Managing water
practices based on the
agents.

Farmland pixel images
detection using convo-
lution neural networks

Blockchain

Blockchain

Smart contract for wa-
tering Soil and weather
data integrity
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4. LiTERATURE REVIEW

Various types of journal articles or conferences were
analyzed in irrigation and water management. Figure 12
illustrates the number of papers analyzed in each database,
and Table III summarizes these papers.

30

25

20

l 15

| 10
5

Others Elsevier Springer IEEE

No of oceurances

Figure 12. The number of papers that were analyzed in each database

According to the analysis results presented in Table III,
the prominent problem farmers are struggling with is water
wastage and adequate water due to the conventional irriga-
tion systems. Furthermore, these papers review that using
the amount of the right fertilizer, reducing environmental
impact, time and water wastage problems, avoid harming
soil were the crucial aim behind their works.

On the other hand, technologies like IoT, big data,
machine learning, and deep learning are commonly used
to solve these problems. However, it can be found that few
of them have focused on the use of digital twin technology
even though this latter has seen a wide range of use in
several fields, including military, health care, and so on.

5. KEY CHALLENGES AND OPEN RESEARCH ISSUES

In the last years, researchers have been carrying out
the enhancement of water use efficacy due to several
problems that affect the agricultural field, such as resources
reduction and water scarcity, water pollution caused by the
highest levels of emissions of greenhouse gases (GHGs),
Rainfall patterns are being disrupted by climate change,
and because the agriculture field is considered as the most
water user Irrigation has become a significant scientific
and societal issue. The overcome these matters, farmers
have used irrigation systems like flood, sprinkler, center
pivot, drip, and micro-irrigation systems [67]. However,
these latter needed to be increased due to water wastage.
With the new age of Al and the development of IoT
technologies in different sectors, researchers have employed
it in irrigation systems. Incorporating these techniques aims
to help farmers automate their irrigation processes and
improve irrigation sustainability. But some open issues are
to be addressed that offer researchers new opportunities for
future work [68].

A. The Water Management Challenges
The biggest challenges of water management were

e Water pollution monitoring.

e Water reuse.

e Monitoring the irrigation system’s water distribution
pipeline network.

However, these challenges can be classified into two tech-
nological and systematical areas [69].

B. Technological Challenges and Directions
o Developing innovative decision support systems for
managing the entire water cycle in agriculture, based
on WSN and IoT, to adapt data management.

e The need for new platforms for monitoring and con-
trolling newly developed water management systems.

o developing specialized applications for energy-
efficient real-time data processing like Power real-
time data analysis for control and decision mak-
ing, dependable wireless communication modules
with low energy consumption, and power-saving ap-
proaches for reducing sensor energy consumption.

e The design of new power-efficient solutions such as
energy-efficient protocols and new powered sensors.

C. Systematical Challenges and Directions

e A predictive control model with (weather, soil, and
plant) based monitoring strategies.

o Environmentally controlled agriculture research, fur-
thermore open field agricultural irrigation systems.

o Building irrigation scheduling models for smart mon-
itoring and control techniques on water use and
production.

e The position of the leaves, discolorations on them,
and the structures of Galactose trees are analyzed for
detecting plant issues.

D. Digital Twin Incorporation

e The simulation of innovative irrigation processes un-
der certain conditions.

e The need for DT-related models to analyze and fore-
cast IoT failures and also innovative water meter
behaviors while delivering consumption readings at
precise times.

e Making DT-related tasks smartly would boost the
solution’s performance.

As a result, It is necessary to address this deficiency
by developing a hybrid system that integrates the dynamic
behavior of soil moisture content, weather forecast, and
crop growth parameters such as fertilizers in open field tests
obtained from various sensors measure weather conditions,
soil properties, and plant characteristics for proper decision-
making.
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TABLE III. Analysis of various papers in the field of smart irrigation for the current study.
Work| Agriculture | Problem Objective Technology Methods
Area

[59] | Smart irri-
gation

[60] | Irrigation

[61] | Smart irri-
gation

[62] | Irrigation

The farmer’s willingness
to use smart irrigation
apps on their farms

water management

The reduction of water
wastage

Wasteful water use

Reducing the environmental
impact and providing the eco-
nomic advantage

Optimizing water usage by
applying the right automation
level

Optimization of the use of
water and fertility to increase
production efficiency, reduce
crop diseases

Monitoring & Control strate-
gies for improving irrigation
efficiency

Optimized, fair, and efficient

Smart irrigation technolo-
gies

Internet of Things, Wire-
less Sensor Networks and
Cloud Computing

Big data, IoT, machine
learning, wireless sensor
networks, and cloud com-
puting

IoT technologies (sensors)

Digital Twin

review (survey of
678 farmers)

Survey

Machine learning
and data mining

Review
(2001,2020)

Intelligent software
agents, to manage

[64] | Irrigation Inadequate irrigation Incorporating

[65] | Irrigation Water scarcity

[66] | Irrigation The shortage of water

[63] | Water Leak detection and test-
Manage- ing of water assets under | use of freshwater
ment a variety of conditions

agents on irrigation systems

WSN in irrigation field

Reducing resources for crops

water consumption
data

intelligent | Intelligent agents Multi-agent system

Review
(2011,2020)

Machine-learning
algorithms

Wireless sensor networks
(WSN)

IoT sensors

A comprehensive irrigation management strategy based
on a predictive model controls the plant’s nutrient and
water requirements using digital twins, artificial intelligence
algorithms, and IoT sensors for pest and weed detection.

6. DiscussioN

The literature review results show that irrigation solu-
tions in Agriculture 4.0 are classified as Figure 13 shows.

Artificial inteligence
(Al) solutions

Agriculture 4.0
solutions for
irrigation

Digital twin

Figure 13. Agricultural solutions for irrigation.

A. IoT Solutions

Several digital technologies were included in smart
irrigation systems, like wireless system networks, IoT, edge

computing, and controllers specific to weather and soil
sensors in the local area.

The Internet of Things has been used to automate
irrigation systems by interconnecting as many devices as
possible. Data is sent to a remote system via sensors.

IoT and wireless technologies offer real-time data trans-
fer and monitoring in digital farms. In conjunction with
cloud computing systems, the Internet of Things can enable
interaction between software platforms and sensors, as well
as machines, crops, and animals. However, some of the IoT
problems that should be addressed are [70]:

e The assessment of opportunities and problems related
to IoT to ensure that resources are used effectively
within organizations.

o Establishing an intelligent way to provide water only
where it is needed and in appropriate quantities and
compatibility with IoT devices and sensing capabili-
ties.

e Address security issues in the agricultural IoT irriga-
tion system.
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TABLE IV. Machine learning challenges with their solutions and opportunities.

ML Challenges

Solutions and Opportunities ‘

Cloud web-based architecture accessibility for training models
and installing software solutions.

e The use of similar web technology or Python Flask,
Docker, etc

e Deploy applications using a cloud-based platform like
Amazon, or Azure Web Services.

Machine learning model generalization and underfitting along
data set accessibility

cross-validation, pruning for Decision Tree and Random Forest.

A large experimental dataset is required for developing a pow-
erful machine learning model.

Not mentioned

Expense adoption of ML and digital software applications for
small-scale farmers

Cloud infrastructures like platform (PaaS), infrastructure (IaaS),
and software (SaaS) as a service for irrigation management.

privacy and data security.

Not mentioned.

B. Artificial Intelligence Solutions

Al has revolutionized the world in several domains,
even though it efficiently uses existing resources such as
water, fertilizer, and electricity in the agricultural sector.
Researchers employed different artificial intelligence tech-
niques, such as regression and feedforward neural networks,
to create an efficient smart watering system [71].

Fuzzy logic techniques assess sensor data to make
irrigation system decisions. Furthermore, by including this
technique in the controller system, the optimization of
irrigation scheduling used in greenhouses and drainage
management will be achieved [72].

1) Supervised learning

In smart farming, K nearest neighbor (KNN), sup-
port vector machines (SVM), decision trees (DT), random
forests (RF), etc., were among the commonly employed
supervised learning algorithms.

By enhancing the amount of water used for irrigation,
scheduling, soil moisture, and weather forecasting, these
techniques provide direction for irrigation decisions.

2) Unsupervised learning

Techniques such as clustering (K-Means Clustering),
ANN, dimensionality reduction, hierarchical clustering, and
others ensure efficient irrigation decisions throughout nu-
merous irrigation field areas.

3) Reinforcement Learning

Generally, water management and irrigation scheduling
have been improved by the use of a Deep Q-Learning
(DQN) model for an irrigation decision strategy based on
short-term (LSTM) weather forecasts, which are crucial for
detecting water emergencies.

4) Deep Learning (DL)

Multi-agent systems MAS are commonly used to sched-
ule irrigation. In addition to deep Q networks, supervised
and unsupervised learning methods like the recurrent neural
network (RNN), long short-term memory (LSTM), and
convolutional neural network (CNN) was used for watering
decision improvement.

Nevertheless, there are enough challenges regarding the
use of these algorithms. The main challenges and solutions
of machine learning are mentioned below in Table IV.

C. Blockchain Solutions

Recently, blockchain technologies have been used in
agricultural IoT irrigation systems to track and identify
information sharing of smart watering systems.

D. Digital Twin Solutions

e Developing digital twin applications specialized in
soil and irrigation systems.

o Digital twin technology could be employed To char-
acterize soil heterogeneity and digital soil modeling.

e Deployment of edge-computing technology for stor-
ing and analyzing information [73].

E. Analysis of Research Questions (RQ)

Results prove that major farmers intend to regulate
their irrigation water due to governmental awareness about
water resource scarcity and unexpected changes in rain-
fall patterns. Farmers usually used conventional farming
equipment, such as tractors, ancient irrigation methods, and
seeding machinery rented from machine cooperatives.

Farming is not very profitable due to low returns, and
the high cost of technology were the two hurdles that were
most frequently identified. Farmers were perplexed about
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where to find formal information-providing techniques and
technological advancements outside of those promoted
by government-sponsored annual training programs and
demonstration projects. In addition to the scarcity of nearby
agricultural extension agents who can provide guidance and
support.

According to surveys, 90 percent of farmers think uti-
lizing mobile and web applications for efficient irrigation
management can enhance their agricultural yield and pro-
ductivity.

As well as deal with water waste. this answer RQ1 as
shown in Figure 14 and Table VI. The used technologies
in irrigation systems, such as information communication
technologies besides the IoT technologies, are listed in
Tables III and VII, which address RQ2. The operation
costs used in the irrigation systems, the challenges related
to using intelligent technologies in irrigation systems, and
the water resources and data security are shown in Table
V and VII answers RQ3, RQ4, and RQ5.

=RQ1 =RO2 =RO3 =RQ4 =RO5 = ROE

Figure 14. Distribution of the research questions by papers.

The current study described the developing digital tech-
nologies deployed in irrigation to forecast agriculture 4.0’s
research.

Referring to Table VII in Section 6 and what are
the techniques that handle generated data in the irrigation
systems and how the raw data has been dealt with (response
6), it is clear that several technologies are underutilized in
the agricultural field, such as big data and analytics, WSN
networks, CPSs, and digital twin.

One possible explanation for this disparity is that in-
tegrating cutting-edge technologies with more complicated
tasks can be costly, at least at the beginning of the trial
phase of their adoption. As a consequence, the growth of
these technologies in the agricultural business is expected
to accelerate in the future years.

The findings also suggest that IoT and machine learning

are widely used in farms for irrigation operations due to
their extensive functionality, which includes monitoring,
tracking and tracing, weather forecasting, and prediction.

One of the primary research goals of the Farm 4.0
techniques is IoT and machine learning. Figure 15 depicts
the critical procedures employed in irrigation systems.

Nonetheless, due to the advent of new successful
methodologies and approaches, just a few studies have eval-
uated data security due to the usage of IoT technology when
designing intelligent agricultural and multi-agent systems.

Blockchain

1B
16
14

1=
MNumber of papers

(=R S

Machine
learning

Internet of Digital
Things Twins

Security

Figure 15. Technologies and methods used in irrigation systems.

Moreover, it is demonstrated that restricted research
is done with digital twins, despite studies proving that
their integration reduces the use of available resources.
Consequently, it confirms that significant research and de-
velopment are required in irrigation and some other areas to
ensure successful water management, with reduced cost and
energy power usage, which disadvantages preceding tech-
niques and practices in developed and developing countries
[82].

Furthermore, water scheduling and automatic irrigation
with the suitable amount of water at the appropriate time.
are widely mentioned in the previous studies see Table VII.
However, only some have focused on the appropriate water
sources for specific crops. Table VI is crucial to not losing
crops and achieving the most sustainable crop production
possible, and this answers RQ3. Thus the need to ensure
this task is highly demanded

The agricultural environment’s diversity brings several
challenges and issues. As a result, strategic measures to
combat them must be developed. This study makes an effort
to discover what these difficulties are. Section 5 lists various
concerns and obstacles based on the analysis, specifying
the required actions for agricultural irrigation on a grander
scale. The last stand, it is still necessary to educate farmers
in rural areas about the growth scenario and the importance
of improving their old irrigation systems so that they do not
harm the soil or the climate to assist in effective, sustainable
farming [82].

Conducting an economic cost-benefit analysis and pro-
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TABLE V. The operation costs used in the irrigation and the challenges, security.

Work Challenges and Limits operation costs Security
[52] The limitation in the number of actions of the deep-Q network (DQN) | Not mentioned
model
[51] the major concern of sustainable intensification, with increasing irri- | Not mentioned
gated lands.
[60] Water management challenges, the management of the whole water | not mentioned
cycle in agriculture
[50] Not mentioned Not mentioned.
[61] The smart irrigation system with the effective combination of plant | Not Mentioned
problems.
[62] Predictive control and monitoring models with (weather, soil, and | Not Mentioned
plant)
[63] Integration of digital twins to anticipate the behaviors of smart water | Not mentioned
systems
[30] Security and a more complex decision-making system that takes into | Mentioned
account a weighted average of sensor data
TABLE VI. The research questions answer.
Work Q1 | @ | 3 | Q4 | Qs | Q6
[30] v v X X X X
(501 v v v x x v
(511 x v x v v v
[52] x v x v v v
(591 v v x v v x
[60] X v X v v X
(611 x v v v v v
[62] X v v X X v
(63] v v v v \ Vv
[64] v v x v v x
[65] v v x x v x
[66] X v X v X v
[(71] Vv v X x v v
[74] v Vv x x Vv x
[75] Vv vV v x x x
[76] v v x v v x
[72] v v x v v x
[77] x v x v v v
[78] x N N N J ¥
[79] vV vV x v v x
(391 v v x x v x
[80] X v v X X X
X v X X v v

[81]
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TABLE VII. Smart irrigation technologies and methods.
Work Field ICT/ IoT | Data Set Security Method Data preprocessing
technologies
[74] Management of | +/ X X Prototype X
water resources
[75] Intelligent v WSN data, collected | X Machine learn- | X
irrigation system from the field, and ing
for precision satellite data
agriculture
[76] Irrigation v X Diffie-Hellman | Prototype X
Key Agreement
[72] Irrigation v Soil, weather X Prototype X
process
[77] Irrigation vV Plant’s environmental | X Machine learn- | Data normalization
condition ing removing the irrel-
evant noise data
[78] Irrigation vV Crop water uptake | X Prototype X
depth, real-time soil
moisture data
[79] Smart Irrigation Systems+/ IoT data RC4 and ECC | Prototype X
Algorithms
[39] Irrigation and | v/ Soil, plant, and weather | X Digital twins X
Fertigation data
[80] Irrigation v Potato  crops data, | X Multi-agent X
processes Weather data system
[81] Autonomous v Moisture in the soil, | X Multi-agent The information fu-
crop irrigation pesticides, and fertiliz- system, ML sion agent
ers
[83] Soil tracking and | +/ Sensor data like PH, | X WSNs Data  regulariza-
determining irri- temperature and rela- tion(mathematical
gation tive humidity, sunlight adjusting)
hours, and precipitation
amount, etc.
[84] Controlling irri- | +/ soil moisture vV Prototype X
gation
[85] Farm managing | +/ NSL-KDD dataset vV IoT devices and | Missing values
and irrigation ML and dimension
reduction as a pre-
processing  phase,
Data balancing,
Feature selection.
[86] Controlling irri- | +/ NSL-KDD dataset v Machine learn- | Converting
gation ing symbolic features
to numeric
features,  Feature
extraction
[87] Smart irrigation v soil, weather and crop | X Digital twins Data aggregation
data
[88] Smart irrigation v soil, weather,water | X Overview X
quality and crop data
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viding details on particular technologies are crucial in
addressing the primary obstacle to adoption, which is the
expense (cost), which includes highlighting the long-term
financial advantages of adoption and working to enhance
interpretations and interactions to support farmer judgment
and uptake.

Offering organized training programs on IoT and big
data applications in agriculture may enable farmers to
implement smart farming practices more successfully [89].

It is evident that integrating smart technologies is ex-
pected to enhance water resource management, leading to
increased efficiency. Moreover, farmers’ awareness is nec-
essary when integrating these technologies to augment their
profitability, not only in irrigation activities but also in other
agricultural practices that are not covered in our research.
Addressing these limitations provides a more informed and
balanced perspective on the future of farming.

7. ConcLusioNs AND FUTURE WoRK

In this study, we survey the numerous technologies,
models of artificial intelligence algorithms, methodologies,
and sensors related to irrigation using IoT. According to the
research, there has been an increase in the past few years in
the amount of literature on smart technologies that control
or model irrigation systems.

As a result, there may continue to contribute in various
ways to this growing research area. Because IoT technology
allows physical objects to be represented on the Internet,
data transmission between devices is simplified. IoT has
become a fundamental technology commonly employed in
smart irrigation system alternatives, allowing for simplified
data gathering, monitoring, and remote control of these
systems. This IoT is utilized for farm management and
future prediction via machine learning algorithms for agri-
cultural surveys and to improve current watering services.
Moreover, We have explored irrigated agriculture in IoT,
water concerns and issues, and digital twins technology.

To achieve water sustainability and enhance the effec-
tiveness of their use. According to irrigation system de-
velopers, smart irrigation outperforms traditional irrigation
concerning efficiency and timeliness; this demonstrates the
importance of research into intelligent irrigation systems in
improving agricultural processes.

This paper notably emphasizes the applied technologies
and methods to irrigation systems, considering distinct
techniques like blockchain, machine learning, intelligent
agents, etc. For future work, there will be a consideration
of different agricultural phases, such as tackling diseases,
fertilization, harvesting, pesticides, and herbicides, enabling
the researchers to adapt to the new technological revolution
in farming systems.
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