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Abstract: - In this study of the relevant literature, we look at the development of smart farming and precision agriculture in greenhouse
tomato cultivation, paying particular attention to the role that the Internet of Things (loT) and automated irrigation systems have played
thus far. Five terms were used to compile this literature review: automated watering systems, greenhouses, the Internet of Things, tomatoes,
and smart farming. This article summarizes recent advancements in smart farming tech, their impact on greenhouse tomato farming, and
their potential to boost future crop yield and quality. The evaluation starts by introducing 'smart farming' and its significance in agriculture,
followed by a review of the greenhouse sector and an overview of the Internet of Things (I0T) within it, with subsequent examination of
the pros and cons of employing smart farming and 10T in greenhouse tomato cultivation through specific industry technology examples.
The following overview section discusses the benefits of cultivating tomatoes in a smart greenhouse, techniques for achieving optimal
results in greenhouse tomato farming, and includes case studies to demonstrate the advantages of automated irrigation for smart greenhouse
tomato cultivation, while this literature review analyzes the current state of innovative farming technology and its effect on greenhouse
tomato cultivation, covering smart farming, greenhouse cultivation, the Internet of Things, tomato cultivation, and automated irrigation,
summarizing significant results and recommendations for future research, including promising increases in crop yield and quality.
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I. INTRODUCTION

Smart farming, also known as precision agriculture, is an advanced approach that uses state-of-the-art technologies
to increase crop yields, reduce resource loss, and maximize productivity [1]. Smart farming integrates advanced
tools like detectors, unmanned aerial vehicles, and satellites to analyze factors impacting crop growth such as soil
conditions, weather patterns, and plant maturation rates, allowing farmers to optimize resource allocation and
utilization by collecting and scrutinizing diverse data points, ensuring each agricultural stage is executed at optimal
times, and using insights to refine planting, fertilization, watering, and harvesting methods to unprecedented levels
of precision and meticulousness, crucial for maximizing crop yields while minimizing resource waste and
production costs [2], [3].

Smart farming aims to improve agricultural sustainability by reducing the harmful effects of agriculture on the
ecosystem, achieved through the use of sensors and other tools to minimize fertilizer and water usage, thus
mitigating pollution and waste while employing precision farming methods to optimize land use for crop
production, thereby benefiting wildlife habitats and slowing deforestation [4]-[6]. Smart farming can significantly
increase food yield and quality by enabling farmers to identify factors limiting crop output, such as weather patterns,
soil conditions, and plant development; for instance, soil moisture sensors can alert farmers to the need to water
their crops, thereby improving growth and yield, ultimately allowing farmers to produce more food with fewer
resources, increase their earnings, and decrease food waste [7], [8].

Smart farming, an innovative approach utilizing advanced technology, enhances harvests, minimizes losses, and
boosts productivity by allowing farmers to optimize planting, fertilizing, watering, and harvesting schedules
through data gathered from sensors, drones, satellites, and other state-of-the-art tools, thereby promoting
agricultural sustainability, increasing yield and quality, and mitigating waste and pollution [9], [10].
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A. Overview of the Greenhouse Sector

The greenhouse industry, a subset of agriculture, utilizes advanced techniques and inventions to produce high-
quality fruits year-round by creating an artificial atmosphere that allows plants to thrive and grow food in harsh
weather; vegetables, flowers, fruits, and herbs can all benefit from greenhouse cultivation, enabling farmers to
control factors such as temperature, moisture, and luminosity, thereby facilitating continuous production of high-
quality crops regardless of weather conditions, while also reducing water usage on crops, benefiting both the
ecosystem and finances [11]-[13]. The greenhouse industry relies on cutting-edge technologies and automated
processes, such as sensors, computer systems, and automation software, to monitor and adjust facility conditions,
enabling farmers to immediately change growing conditions based on collected data [14]. Sustainable production
practices such as solar and geothermal power are becoming more prominent in the greenhouse industry to minimize
waste and pollution [15]. Farmers in greenhouses are also experimenting with hydroponics and vertical gardening
as ways to boost productivity and reduce environmental impact [12].

Overall, the greenhouse sector is essential to modern-day agriculture because it permits the continuous, ecologically
sound, and financially feasible growth of superior crops all year round [16]. Greenhouse farmers can optimize crop
development and yield while curtailing squandering and undesirable environmental impacts using advanced
technology and techniques. The greenhouse sector is well positioned to assume an even more crucial function in
fulfilling the needs of global consumers as the request for locally grown, first-rate food surges [17].

B. Exposition of the Internet of Things (10T) in Agriculture

The Internet of Things (loT) pertains to a framework of interlinked computing and perceiving nodes that can
accumulate and transmit data through wireless means. 10T technologies are presently utilized in agribusiness to
optimize productivity, decrease superfluousness, and intensify perpetual workability [18]. By assembling details
concerning soil quality, climatic circumstances, vegetation growth, sundry, and other factors, farmers can make
better judgments on when to sow, fertilize, irrigate, and harvest their crops. This enables them to make the necessary
modifications for optimal growth and achieve more proficient and successful deployment of their resources [19].

loT technologies in agriculture offer real-time data on crop progress and ecological conditions, enabling
agriculturists to monitor soil moisture, temperature, and relative humidity using sensors and other instruments,
thereby enhancing agricultural productivity, reducing waste, and optimizing resource utilization; precision farming
techniques can further benefit from data analytics and machine learning systems, identifying trends and patterns in
crop development and weather, thereby enabling plants to improve their resource management through optimal
planting, fertilizing, irrigating, and harvesting [20], [21].

The use of Internet of Things technologies enhances the viability of farming by reducing the amount of water,
fertilizer, and pesticides needed to grow crops. Farmers can improve sustainability and reduce their carbon footprint
using renewable energy sources and sustainable practices. 10T technologies are increasingly important in agriculture
for optimizing crop output, reducing waste, and increasing sustainability. As technology develops, enhanced loT
solutions for agriculture will likely emerge, boosting agricultural productivity and longevity [3], [14].

C. Overview of Tomato Cultivation and Irrigation Automation

The intricate process of tomato growth requires careful monitoring of soil moisture, temperature, sunlight, and
nutrient levels, with irrigation playing a crucial role; consistent watering is essential for optimal plant development
and can greatly influence the success and quality of the harvest. Traditionally, farmers have manually monitored
soil moisture levels and adjusted irrigation systems during tomato cultivation, but in recent years, the widespread
adoption of automated irrigation devices in agriculture has become increasingly prevalent, utilizing sensors and
other technologies to automatically monitor soil moisture levels and make necessary adjustments [22], [23].

Automated watering systems provide significant benefits to tomato farms, including increased productivity, water
conservation, and improved tomato quality, as farmers can save time and energy by installing computerized systems
for routine monitoring and irrigation adjustment, which also enable more precise and practical water application
than manual systems, thereby helping lower water consumption [24]. Tomato plants require a consistent water
supply during growth and development, which automatic irrigation systems can provide by dispensing water
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appropriately, resulting in higher yields and better-quality tomatoes; monitoring various variables, including
watering, is crucial for successful tomato growth. Moreover, irrigation automation technologies can increase
productivity, decrease water consumption, and improve yields and product quality in tomato cultivation, with
advancements in technology likely leading to the emergence of more sophisticated irrigation automation options
for tomato cultivation, further boosting agricultural productivity and sustainability [22], [25].

D. Purpose of the Literature Review

This literature review offers a detailed examination of smart farming and precision agriculture for greenhouse
tomatoes, emphasizing [oT and automated irrigation’s contributions to advancing agricultural technology and
improving crop yield and quality.

Farmers are increasingly interested in smart and precision agriculture to maximize crop yield and minimize waste,
and the combination of Internet of Things (10T) technologies and automated irrigation systems has the potential to
transform greenhouse tomato cultivation, allowing for high-quality crops year-round with minimal environmental
impact; however, there is still much to learn about the advantages and disadvantages of these technologies in
agriculture and their potential for growth and development, and this literature review aims to contribute to the
ongoing discussion about smart farming and precision agriculture in greenhouse tomato cultivation by providing a
comprehensive overview of the latest research in this field, assessing the latest breakthroughs in smart farming
systems, covering their use in cultivating greenhouse tomatoes, their impact on crop production and excellence, and
their capacity to curtail waste and improve sustainability, and also including recent investigations and revelations
concerning Internet of Things (10T) technologies and automated irrigation systems for tomato growth.

To create this literature review, we followed several essential methods: first, establishing core ideas including 'smart
farming,’ 'greenhouse,’ 'loT," ‘tomatoes," and ‘irrigation management' as keywords; second, reviewing scholarly
literature through online databases such as Google Scholar and ScienceDirect, using keywords and associated terms
to find relevant articles, papers, and reports, and narrowing the selection to papers from high-quality journals
indexed by SCOPUS, with the most relevant and reliable options published between 2014 and 2023; third,
reviewing abstracts and full texts of potential publications to include them in the literature review; fourth, building
a foundation that made sense and was consistent with the literature by categorizing similar articles and extracting
the most important themes and topics; and finally, composing an accessible and concise literature review by
synthesizing the material gathered from relevant sources, proofreading and editing until complete, ensuring
accuracy, clarity, and conciseness, and making necessary changes to enhance coherence and readability.
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Fig. 1. Articles Distribution by SCOPUS Quartile

Fig. 1 reflects the distribution of articles used as references for the literature review on smart farming and precision
agriculture for greenhouse tomatoes, categorized by the SCOPUS reputation article ranking quartile. The majority
of the articles, totaling 35, originate from the highest-ranked journals in the first quartile (Q1), signifying a
preference for highly reputable sources, followed by 16 articles from the second quartile (Q2), 11 from the third
quartile (Q3), and 7 from the fourth quartile (Q4), with an additional 11 articles sourced from conference
proceedings, known for presenting the latest research findings concisely, thereby indicating a comprehensive and
high-quality selection of sources, ensuring a robust and credible literature review, grounded primarily in well-
regarded and influential research, which can enhance the credibility and reliability of the review's findings and
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conclusions, highlighting the authors' prioritization of sourcing from reputable journals with rigorous peer-review
processes and widely recognized work in the field.
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Fig. 2. Articles Distribution by Year Pubished

Fig. 2 illustrates the annual acquisition of SCOPUS-indexed articles for the literature review on smart farming and
precision agriculture in greenhouse tomatoes, showing a gradual rise in research articles from 2014 (starting with 5
articles) to a peak of 21 articles in 2021, indicating increasing academic interest and development in 10T and
automated irrigation systems to enhance tomato cultivation in greenhouses; the decline to 2 articles in 2023 may
suggest a mature field with established research or a shift in focus to newer topics, underscoring a substantial body
of research contributing to the literature review, emphasizing advancements and discussions surrounding smart
farming systems and their impact on sustainability and crop production excellence.
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Fig. 3. Articles Distribution by Keywords

Fig. 3 reflects the number of articles acquired from SCOPUS-indexed journals used as references for the literature
review on smart farming and precision agriculture for greenhouse tomatoes, with 'Smart Farming' yielding 28
articles, indicating a robust body of research; '‘Greenhouse' associated with 12 articles, showing focused interest in
this controlled environment; 'loT" leading to 13 articles, highlighting the growing integration of Internet of Things
technologies in agriculture; "Tomatoes' resulting in 9 articles, pointing to specific research on this crop within the
context of smart farming; and 'Irrigation Management' linked to 18 articles, underscoring the importance of water
management in the pursuit of efficient and sustainable agriculture practices, collectively forming the foundation of
the literature review and providing insights into the advancements and challenges of implementing loT and
automated irrigation systems in the cultivation of greenhouse tomatoes.

Table 1. Relationship between Articles Keywords and SCOPUS Quartile Rank

Smart Farming  Greenhouse loT  Tomatoes Irrigation Management

Q1 17 6 3 3 6

Q2 4 2 3 2 5

Q3 2 2 1 2 4

Q4 2 2 1 0 2
Proceeding 3 0 5 2 1
28 12 13 9 18
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Table 1 represents the number of articles acquired from SCOPUS-indexed journals, used as references for the
literature review on smart farming and precision agriculture for greenhouse tomatoes, categorized based on
keywords: 'Smart Farming,' 'Greenhouse,’ 10T, 'Tomatoes," and 'lIrrigation Management, with the majority of
articles in Q1 related to 'Smart Farming' (17 articles) and 'Irrigation Management' (6 articles), and a consistent
presence of 'loT' across all quarters, particularly in proceedings (5 articles). Overall, 'Smart Farming' had the highest
number of articles (28), indicating a strong research focus, while 'lIrrigation Management' had a significant number
of articles (18), reflecting its importance in greenhouse tomato cultivation. "Tomatoes' had fewer articles (9),
suggesting a more specific research niche. The relationship between values for each cell reflects the distribution
and focus of research articles across different themes related to smart farming and precision agriculture, indicating
trends, sustained research interests, potential interdisciplinary connections, and areas most actively explored over
time.

Il. SMART FARMING IN GREENHOUSE CULTIVATION

Smart farming, a data-focused strategy, optimizes crop productivity and sustainability while minimizing waste,
improving crop quality and output, thus proving to be a valuable approach wherein farmers can optimize planting,
fertilization, irrigation, and harvesting operations timing through sensors, drones, satellites, and other advanced
technologies that collect and scrutinize data on weather patterns, soil conditions, and other variables [14]. Smart
farming enhances yield and quality by providing farmers with real-time statistics on crop growth and environmental
conditions, allowing them to use sensors to monitor soil moisture and nutrient levels, adjust watering and
fertilization plans accordingly, thereby increasing harvests and producing higher-quality crops [26].

Smart farming enables farmers to optimize planting schedules and crop interchanges using real-time information
on atmospheric patterns and other environmental variables, thus improving soil health and crop yields by planting
appropriate crops at the right time, while data analysis and machine learning algorithms can help identify patterns
in crop growth and environmental conditions, leading to long-term benefits such as improved resource distribution
and increased harvests [27]. Using innovative farming technologies, such as sensors and other monitoring tools,
enables farmers to prevent and swiftly resolve crop issues like pests, disease, and nutrient deficiencies, thereby
maintaining agricultural health, increasing yield, and enhancing harvest value and quality [28]. As technology
advances, smart farming can enhance crop yields and quality by offering farmers real-time data on crop
development and environmental conditions, fostering the development of more sophisticated and innovative
farming solutions to further increase agricultural effectiveness and output [29].

A. Advantages and Disadvantages of Using Smart Farming in Greenhouse Cultivation

Smart farming, an advanced technique utilizing modern technology to increase yields, minimize resource waste,
and optimize productivity, can enhance greenhouse cultivation by improving crop yield and quality, reducing waste,
and using resources more efficiently, although it may also present drawbacks [30]. Innovative farming practices
enable farmers to fine-tune greenhouse climates for optimal plant growth by utilizing data from sensors to determine
the ideal timing for watering, fertilizing, and harvesting, thus maximizing resource efficiency and yields [31].

Greenhouse cultivation utilizing smart farming techniques not only offers additional benefits, such as waste
reduction and minimized environmental impact, but also enables farmers to decrease water and fertilizer usage
through sensor-based monitoring of soil moisture and other conditions, thereby benefiting the climate and reducing
waste, while the integration of renewable energy sources and other eco-friendly practices can enhance long-term
business viability and diminish environmental footprint [32]. Implementing innovative farming tools in
greenhouses may have drawbacks due to the expense of introducing and maintaining these technologies, as farmers
may face substantial initial costs and challenges in adopting and utilizing these complex, labor-intensive solutions,
particularly if lacking the necessary skills or resources [33], [34].

Using smart farming in greenhouse cultivation has numerous benefits that outweigh the drawbacks of optimizing
crop yield and reducing waste. However, farmers must carefully consider the costs and complexity of adopting
these technologies and ensure that they have the necessary knowledge and resources to do so successfully. As
science and engineering progress, they will likely create more sophisticated smart farming solutions for greenhouse
cultivation. This will further boost agricultural productivity and sustainability [35].
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B. Examples of Smart Farming Technologies in Greenhouse Cultivation

Rapid advances in precision agriculture are revolutionizing the greenhouse industry, allowing farmers to harvest
healthy fruits year-round with minimal environmental impact. Greenhouse farming employs numerous forms of
clever farming technology, each with benefits and advantages. Some innovative farming tools currently in use in
greenhouses are listed below.

[36] utilized sensors linked to the Internet of Things (10T) to assess and communicate details regarding factors such
as temperature, humidity, and luminosity in a specific region. Adaptations to the evolving climate can subsequently
be implemented based on these data. Farmers can optimize environmental conditions such as temperature and
humidity by utilizing 10T contraptions to amplify crop output. [37] discovered the application of sensors in
automated irrigation systems to monitor soil moisture levels and adjust watering schedules automatically. This can
potentially lessen water consumption and boost agricultural output and quality.

LED lighting is frequently used in greenhouses to increase the luminosity required for plants to thrive, as indicated
by [38]. Because LED lights can be adjusted to provide the precise spectrum of luminosity that plants need at
various stages of growth, higher crop yields and higher quality crops are feasible. The greenhouse's ideal growing
conditions are maintained with the help of climate control devices. [39] implemented systems that use sensors to
monitor the surrounding environment and modify building heating, ventilation, air conditioning (HVAC), lighting,
and temperature control.

Machine learning and artificial intelligence (Al): Algorithms created by [40] are trained on large amounts of data
from instruments and other sources and are used to identify recurring patterns and trends in crop development and
environmental conditions. By knowing this, farmers can better plan when to sow, fertilize, and harvest their
products. Greenhouse farmers can use various clever farming technologies with potential benefits and uses. As
science and engineering progress, more sophisticated smart farming solutions for greenhouse cultivation will likely
be created, boosting agricultural productivity and sustainability even further.

1. INTERNET OF THINGS (I0T) IN AGRICULTURE

The Internet of Things (10T) is a linked computing and sensing module structure that can compile and relay data
wirelessly. The agribusiness sector is progressively adopting Internet of Things (IoT) technologies to increase yield
efficacy, curtail waste, and reinforce environmental sustainability. By amassing information on soil circumstances,
atmospheric models, vegetation expansion, and other parameters, farmers can make informed choices about
planting timing, enriching, drenching, and cropping yields [41].

Sensors and other instruments are extensively utilized in farming as an element of the Internet of Things to monitor
everything from soil dampness to ecological situations to agricultural growth. Farmers can use real-time data from
10T technologies to make informed decisions at the right time, optimize crop growth and reduce waste [14], [42].
These technologies provide information on crop expansion and environmental conditions, allowing farmers to
monitor ground moisture, temperature, and other factors and make necessary adjustments for optimal growth [43].
10T technologies have the potential to increase agricultural productivity, decrease excess usage, and maximize the
availability of accessible resources, facilitating precision farming techniques that enable farms to benefit from data
analytics and machine learning systems for spotting trends and patterns in crop development and weather, ultimately
improving resource management by planting, fertilizing, irrigating, and harvesting at optimal times [44].

The integration of Internet of Things (1oT) technologies in farming enhances viability by reducing water, fertilizer,
and pesticide usage, enabling farmers to enhance sustainability and diminish their carbon footprint through
renewable energy sources and sustainable practices, thereby transforming the agriculture industry towards more
efficient and ecological crop cultivation. [45]. As technology progresses, refined 10T solutions for agriculture are
expected to improve agricultural output and durability.

A Advantages and Disadvantages of Using the 10T in Agriculture

The 10T revolutionizes farming by providing producers real-time information on crop development and weather
patterns, guiding farmers toward optimal planting, fertilization, irrigation, and harvesting times, thus improving
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resource utilization, yield, and quality; however, the benefits of loT technologies in agriculture are not without
possible drawbacks, as implementing 10T can maximize crop development while decreasing waste through the
utilization of sensors and other instruments to collect information about soil conditions, weather patterns, and other
factors, ultimately leading to increased harvests of higher-quality produce [46]-[48].

Additionally, implementing loT in farming can result in more productive use of resources, as farmers can improve
crop growth by using sensors to monitor soil moisture and temperature, thereby reducing the time and effort required
to adjust growing conditions physically [49]. However, despite potential disadvantages such as high implementation
and maintenance costs, as well as the technical challenges requiring extensive knowledge, the benefits of integrating
Internet of Things (10T) devices in farming, including enhanced crop productivity and reduced losses, outweigh
these concerns, necessitating farmers to carefully consider the associated time, effort, and expenses before adoption
[33], [50], [51].

B. Examples of 10T in Greenhouse Cultivation

Farmers now have access to real-time information on crop development and environmental circumstances due to
the proliferation of Internet-of-Things (10T) devices in greenhouses, which can improve resource utilization, yield,
and quality by guiding farmers toward optimal planting, fertilization, irrigation, and harvesting times; for instance,
sensors developed to measure soil moisture are used in devices to track the moisture content of a field in real time,
enabling farmers to fine-tune their irrigation systems for optimal water usage and agricultural growth.

Greenhouse temperature, humidity, and luminosity may be monitored using a climate control mechanism devised
by [52]. Using this information to fine-tune environmental settings, we can maximize resource utilization and boost
crop quality and output. [53] highlighted the use of sensors in automated irrigation systems to assess soil moisture
levels and adjust watering schedules automatically. This can potentially lessen water consumption and boost
agricultural output and quality.

Luminosity often increases the luminosity of plants, which need to flourish in a greenhouse. Higher crop yields and
higher quality crops are possible because LED lights can be adjusted to provide the precise spectrum of luminosity
that plants require at various stages of development, which has been studied by [54]. Many various types of Internet
of Things technologies are currently being used in greenhouse farming, each of which offers specific advantages.
Growing greenhouses could benefit from even more cutting-edge Internet of Things (1oT) answers in the future,
increasing productivity and minimizing environmental impact.

IV. TOMATO CULTIVATION IN A SMART GREENHOUSE ENVIRONMENT

Growing tomatoes is difficult and time-consuming because variables such as humidity, temperature, and luminosity
intensity must be controlled. Innovative greenhouse environments are being increasingly implemented for tomato
cultivation to maximize yield while decreasing waste and increasing sustainability [22], [55]. Some of the upsides
of growing tomatoes in a high-tech garden are as follows:

According to [56], increased harvest success and food safety are made possible by real-time monitoring of
environmental factors such as temperature, humidity, and luminosity levels in an smart greenhouse setting. This
information is used to fine-tune the growth environment, which increases resource efficiency and enhances the
quality and quantity of the crops produced. [57] surveyed an smart greenhouse equipped with sensors and other
technologies to monitor soil moisture, plant development, and other variables, utilizing the gathered information to
optimize resource utilization, minimize waste, and maximize yield by adjusting the amount of water, fertilizer, and
other inputs given to the crop. Greenhouses are becoming more eco-friendly by utilizing renewable energy sources
such as solar and wind power, while also reducing energy consumption through innovative environments that
employ sensors and other technologies to optimize growing conditions. Smart greenhouse cultivation of tomatoes
minimizes environmental impact through the use of renewable energy and sustainable methods, while also boosting
productivity and reducing waste [22], [58].

Today's smart greenhouses equip farmers with data for informed decision-making on sowing, fertilizing, irrigating,
and harvesting crops, allowing them to enhance resource allocation by discerning trends and patterns in crop growth
and environmental conditions via data analytics and machine learning algorithms [1], [47]. Growing tomatoes in an
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smart greenhouse can increase yield and quality, reduce waste, and improve sustainability, with an innovative
greenhouse already having increased crop yields and efficiency, while future innovations in this area are expected
to achieve even higher levels of success [16], [59].

A Techniques for Optimizing Tomato Growth in an Smart Greenhouse Environment

Successful tomato cultivation in an smart greenhouse setting requires careful management of environmental
variables such as temperature, humidity, and luminosity, wherein sensors and other technologies track these factors
in real time, empowering farmers to make educated choices about maximizing crop growth [23]. Tomato plants
thrive at warm temperatures, but excessive heat can stunt their development; according to [60] and [61], temperature
sensors can be used to fine-tune the atmosphere of an smart greenhouse for optimal plant growth, thus helping
maintain a steady temperature for plant development.

Additionally, controlling humidity levels is crucial for growing tomatoes as low humidity can cause plants to dry,
while high humidity can encourage the development of fungal diseases; thus, an smart greenhouse utilizes humidity
sensors to monitor and adjust climate conditions as needed [61]. [62] showed that tomatoes require different
intensities of luminosity at various stages of development. In an innovative greenhouse, LED lights can be adjusted
to emit the precise wavelengths of luminosity necessary for different phases of development. To aid in plant
development, it is essential to ensure that plants receive the ideal amount and quality of light.

Tomato plants are sensitive to water, and over- or underwatering can hinder their growth. Soil moisture sensors in
an smart greenhouse enable constant monitoring of soil moisture levels and automatic watering as needed. As a
result, plants may obtain the ideal quantity of water required for maximum growth [61], [63]. The prudent regulation
of ecological elements such as temperature, humidity, and luminosity is imperative for optimal tomato development
in smart greenhouses. Farmers can heighten the output and sustained practicality of their tomato harvests by
employing sensors and other apparatuses to trace these variables in real time and implement rectifying actions as
needed.

B. Case Studies on Tomato Cultivation in an Smart Greenhouse Environment

Tomato production in an smart greenhouse setting has been the subject of numerous case studies highlighting how
technological advancements can enhance yields and decrease environmental impacts. We can see this in the
following instances:

According to a [64] study, innovative technological options, such as dynamic smart greenhouses, the Internet of
Things (IoT), and precision farming, along with alternative water and energy resources, can help Qatar achieve its
National Vision 2030, especially given the difficulties related to ensuring food security, preserving the environment,
and promoting sustainability. Smart farming can help modernize and transition to precision agriculture by using
technological methods such as hydroponics, aquaponics, and vertical farming for food production; novel cooling
systems enable year-round crop cultivation, particularly in summer, with reduced water consumption.

An investigation by [65] identified enhanced greenhouse efficiency as one of the essential aims of advanced
agriculture. Managing the greenhouse climate is a critical challenge in industrial agriculture. The effectiveness of
greenhouse efficiency and crop cultivation can be considerably improved by controlling and adjusting greenhouse
characteristics such as artificial luminosity. Therefore, determining the optimal supplemental luminosity and
managing greenhouse lighting can enhance economic efficiency. The results show that the profit in the case study
can be approximately doubled by using electrical lighting at the right time.

The smart greenhouse described by [66] and [67] is suitable for various crops, including tomatoes, and has shown
positive effects on the growth of begonia, tomatoes, and peppers. During the observation period, the system used
only 2800 mL of water when needed, indicating efficient water usage. Although the study is a prototype, it has the
potential to be scaled up into a large-scale innovative greenhouse system. Smart greenhouses are advantageous
because they help reduce resource consumption by utilizing resources most efficiently. Additionally, specialists
suggest that the study can be easily adapted to different plants by defining the system's characteristics based on the
plants grown in the greenhouse.
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The research described by [68] centers on digitizing and presenting potted greenhouse tomato plants under indoor
conditions. The objective is to create a "standard" digital tomato plant that can reflect the growth conditions of the
entire group of tomato plants by generating a particular actual tomato plant in 3D. Future investigations will
concentrate on digitizing the complete plant growth process in a controlled greenhouse environment without
limitations on cultivation techniques. Consequently, the connection between crop growth and accurate plant growth
models will be studied, and plant models derived from data will be established to replicate and anticipate actual
climatic data for simulating plant growth and predicting accurate data.

These studies show how smart greenhouse settings can boost the efficiency, productivity, and sustainability of
tomato cultivation. Growing tomatoes in a clever greenhouse has already increased crop yields and efficiency;
future innovations in this area are only expected to take this to an even higher level.

V. IRRIGATION AUTOMATION IN SMART GREENHOUSE SYSTEMS

In an smart greenhouse, sensors and other technologies track soil moisture levels and automatically change
irrigation systems. With automated irrigation, farmers can avoid over- or underwatering their crops while still
providing them with the proper quantity of moisture [24], [67]. Automated irrigation is crucial to smart greenhouse
systems because it significantly impacts productivity and environmental sustainability, offering better control over
water usage by using sensors to track soil moisture levels and make necessary adjustments, thereby decreasing
water and resource usage, minimizing pollution, and improving precision gardening [14], [63], [65].

By employing data analytics and machine learning algorithms, farmers can monitor soil hydration levels over time,
enabling them to make informed decisions about watering schedules and application rates, ultimately resulting in
better resource management and higher quality and quantity harvests, while mechanizing irrigation systems not
only enhances workforce productivity but also saves time and energy typically spent on manual watering system
monitoring and adjustments, potentially increasing productivity in the tomato industry while diminishing the
reliance on manual labor; as technology advances, automated irrigation becomes increasingly crucial for smart
greenhouse systems, aiding farmers in boosting agricultural yields, reducing resource consumption, and prioritizing
ecological sustainability, with further advancements expected to lead to more sophisticated irrigation automation
solutions for tomato cultivation, thereby enhancing farming efficiency and output [36], [44], [69], [70].

A. Advantages and Disadvantages of Irrigation Automation in Smart Greenhouse Systems

Equipped with sensors and control mechanisms, irrigation automation is a transformative technology that has the
potential to revolutionize agricultural practices by monitoring and adjusting soil moisture levels in real time,
ensuring optimal plant growth, offering precision in water management crucial in regions where water is scarce or
expensive, reducing waste and preventing over-irrigation by delivering the exact amount of water needed for each
plant, thus preventing soil degradation and nutrient leaching, and maximizing water use efficiency by watering
plants at the most effective times of day [44], [65].

The integration of data analytics and machine learning into irrigation systems represents a significant advancement
in agricultural technology, enabling analysis of vast amounts of data to determine efficient irrigation schedules,
predict future water needs based on weather forecasts, and detect plant diseases early, thus improving yields,
resource efficiency, and reducing manual labor. However, challenges include the high initial cost, limiting access
for small-scale farmers and those in developing countries, the need for expertise to operate and maintain the
technology, which may not be readily available in all farming communities, and susceptibility to malfunctions and
breakdowns, potentially leading to reduced yields and lower quality produce when crops are left without water.
[67], [71], [72].

Despite the challenges, the benefits of irrigation automation in smart greenhouse systems are evident, offering a
sustainable solution to food production demands while conserving water and reducing environmental impact, as
technology progresses and becomes more affordable, making these systems increasingly accessible to farmers
worldwide, thereby ensuring food security for future generations; although there are disadvantages, the advantages
of irrigation automation systems in smart greenhouses are compelling, representing a significant step forward in
sustainable agriculture and holding great promise for improving crop production and resource management in the
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years to come, as the global population grows and climate change effects intensify, technologies like these will be
vital in feeding the world without depleting its natural resources.[14], [65], [73].

With respect to optimizing water usage and improving the efficiency and sustainability of tomato cultivation
practices, the benefits of using irrigation automation in innovative greenhouse systems exceed the potential
drawbacks. However, farmers should weigh the benefits against the costs and complexity of adopting these
technologies and ensure they have the know-how and resources to do so successfully.

B. Case Studies on Irrigation Automation in Innovative Greenhouse Systems for Tomato Cultivation

Numerous case studies have shown how automated irrigation in clever greenhouse systems can reduce water
consumption, increase yields, and lessen environmental impacts when growing tomatoes. We can see this in the
following instances:

Automated irrigation instruments are crucial for the future improvement of irrigation agriculture. [74] investigated
a synthetic irrigation method that combines autonomous irrigation with a water-saving irrigation decision technique.
In a greenhouse tomato growth experiment, an autonomous trickle irrigation system with moisture sensors and
control nodes was configured wirelessly, and a central irrigation controller was used to accomplish irrigation events.
Unlike earlier irrigation decision techniques, the designed irrigation depth was established at each irrigation result
using various irrigation depths predicted from real-time soil moisture data.

The research presented by [75], [76] aims to create a novel approach to irrigation that utilizes zoning irrigation,
fuzzy control, wireless sensor network (WSN) communication, and 10T to monitor irrigation and maintain optimal
soil moisture levels for plant growth while minimizing water and energy usage, successfully meeting its objectives
and outperforming other methods for reducing water and energy consumption by combining the zoning strategy
with a fuzzy logic controller, resulting in the creation of a system with various advantages, including a simple setup,
the option to include separate nodes for more areas, real-time monitoring using the 10T and WSN, and cost savings
through reduced water and energy consumption.

In their study [5], an autocalibrated smart pH sensor was introduced to collect data for monitoring and adjusting
nutrient solution quality in precision agriculture, alerting the farmer when pH values cross a specific threshold and
prompting corrective measures, while a wireless sensor network (WSN) gathers the data and presents it on a web-
based interface, easily accessible from any device with a browser and an Internet connection, such as a computer,
tablet, or smartphone.

Research by [77], [78] explained that the soil moisture sensors effectiveness to conserve water is contingent upon
the threshold value of volumetric moisture capacity configured by farmers. Rain, soil moisture, and
evapotranspiration sensors have been demonstrated to preserve up to 92%, 71%, and 50% of water, respectively,
while maintaining crop growth and quality. In comparison, the optical sensor-based system surpassed on-site
measurements in evaluating soil and crop limitations in the field. The conventional deficit irrigation approach was
established to reduce crop yield by no more than 25% while conserving up to 13% of water.

According to [79], [80], although water and nutrient recirculation and reduction measures were implemented for
tomato plants, there was no reduction in yield. However, these measures help minimize the adverse effects of
nutrient discharge and improve water use efficiency. This paper discusses the environmental impact of food
production and how it can be mitigated by implementing a recirculation system. Mass-balanced fertilization plans
that consider soil nutrient availability and crop removal can be valuable methods for addressing the effects of open
systems. Among recirculation management practices, irrigation reduction improved water-use efficiency by 7%.

Case studies show that using irrigation technology in innovative greenhouse systems for tomato cultivation
improves water management, cuts waste, and makes the process more sustainable. More sophisticated irrigation
automation solutions for tomato cultivation will likely be developed as technology advances, increasing farming
efficiency and output.

2625



J. Electrical Systems 20-2 (2024): 2616-2630

VI. CONCLUSION

This study explored smart farming and 10T technologies for tomato production in greenhouses. The findings showed
that these technologies, including smart greenhouses capable of regulating crucial growth conditions such as
temperature, humidity, and luminosity to improve tomato yields, can simultaneously enhance crop yield and quality,
reduce waste, and improve sustainability by enabling farmers to track crop growth factors in real-time using sensors
and other technologies and make informed decisions, while also benefiting from automated irrigation systems to
save water and increase crop yields. The implementation of smart farming and loT technologies in tomato
production has numerous benefits. Nevertheless, there are also some potential drawbacks. Overall, growing
tomatoes with these technologies will be more beneficial, especially regarding productivity and longevity, than
conventional methods. The advantages of using technology to optimize crop growth and minimize waste were
demonstrated through case studies of tomato cultivation in innovative greenhouse environments. Pure Harvest
Smart Farms, Green Sense Farms, and Proefstation Voor de Groenteteelt were just a few examples. This article
emphasizes the significance of using smart farming and loT technologies in smart greenhouses for tomato
production. Increased crop yield and quality, decreased waste, and greater sustainability are some of these tools that
help farmers. Growing tomatoes in a clever greenhouse has already increased crop yields and efficiency; future
innovations in this area are only expected to take this to an even higher level.

A. Future Research Directions in Smart Farming

There is much room for growth and development in smart farming, greenhouse farming, the Internet of Things,
tomato farming, and automated watering systems. A few possible prospective lines of inquiry in these fields are as
follows:

Machine learning and Al can transform smart farming and greenhouse cultivation by allowing farmers to optimize
crop growth with real-time data analytics. Machine learning and Al could be applied to improve air quality and
maximize efficiency in using scarce resources.

Cutting-edge sensor technologies that offer real-time insights into crop environments and plant health is crucial in
smart farming and the Internet of Things, while researchers may enhance data measurement precision and reliability
through advanced sensor technologies development like nanosensors and biosensors for smart farming and
greenhouse cultivation.

Vertical farming and urban farming, two promising new areas, could significantly enhance the efficiency and
sustainability of a food system if allowed to flourish, with a forthcoming closer examination of smart farming, the
Internet of Things, and alternative technologies aimed at optimizing resource utilization efficiency and improving
crop quantity and quality.

B. Development of Sustainable Irrigation Techniques

Future studies should concentrate on sustainable irrigation methods that minimize water consumption and waste,
which are critical for successful smart farming and greenhouse cultivation, such as precision irrigation methods that
optimize water usage according to plant needs and utilize alternative water sources like rainwater harvesting and
wastewater recycling; additionally, advanced nutrient management techniques that maximize nutrient utilization
and minimize waste could be a focus of future research. This is especially relevant as smart farming and greenhouse
cultivation gain momentum. This may involve the creation of biofertilizers and other long-term nutrient sources
and the use of precision fertilization methods that transport nutrients directly to plant roots.

Smart farming, greenhouses, the Internet of Things (IoT), tomato farming, and automatic irrigation are promising
sectors for impending inquiry that could extensively intensify the efficacy and sustainability of sustenance
production. It is plausible that we will encounter even more state-of-the-art resolutions established in these domains
as technology progresses, supplementarily augmenting the effectiveness and output of agricultural methodologies.

ACKNOWLEDGMENT

Sincere appreciation is extended to Universitas Padjadjaran's Directorate of Research and Community Service and
Directorate of Finance and Treasury for facilitating the authors' research.

2626



J. Electrical Systems 20-2 (2024): 2616-2630

REFERENCES

[1] A. Kavga, V. Thomopoulos, P. Barouchas, N. Stefanakis, and A. Liopa-Tsakalidi, “Research on innovative training on
smart greenhouse technologies for economic and environmental sustainability,” Sustain., vol. 13, no. 19, pp. 1-22, 2021,
doi: 10.3390/s5u131910536.

[2] M. Javaid, A. Haleem, R. P. Singh, and R. Suman, “Enhancing smart farming through the applications of Agriculture
4.0 technologies,” Int. J. Intell. Networks, vol. 3, no. August, pp. 150-164, 2022, doi: 10.1016/j.ijin.2022.09.004.

[3]1 M. Ayaz, M. Ammad-Uddin, Z. Sharif, A. Mansour, and E.-H. M. Aggoune, “Internet-of-Things (loT)-Based Smart
Agriculture: Toward Making the Fields Talk,” IEEE Access, vol. 7, pp. 129551-129583, 2019, doi:
10.1109/ACCESS.2019.2932609.

[4] M. Taylor, “Climate-smart agriculture: what is it good for?,” J. Peasant Stud., vol. 45, no. 1, pp. 89-107, 2018, doi:
10.1080/03066150.2017.1312355.

[5] C. Cambra, S. Sendra, J. Lloret, and R. Lacuesta, “Smart System for Bicarbonate Control in Irrigation for Hydroponic
Precision Farming,” Sensors (Switzerland), vol. 18, no. 5, p. 1333, Apr. 2018, doi: 10.3390/s18051333.

[6] A. Weersink, E. Fraser, D. Pannell, E. Duncan, and S. Rotz, “Opportunities and Challenges for Big Data in Agricultural
and Environmental Analysis,” Annu. Rev. Resour. Econ., vol. 10, no. 2018, pp. 19-37, 2018, doi: 10.1146/annurev-
resource-100516-053654.

[7] T. Roy and J. George K, “Precision Farming: A Step Towards Sustainable, Climate-Smart Agriculture,” in Global
Climate Change: Resilient and Smart Agriculture, Singapore: Springer Singapore, 2020, pp. 199-220. doi: 10.1007/978-
981-32-9856-9_10.

[8] N. Sakthipriya, “An effective method for crop monitoring using wireless sensor network,” Middle - East J. Sci. Res.,
vol. 20, no. 9, pp. 1127-1132, 2014, doi: 10.5829/idosi.mejsr.2014.20.09.114152.

[9] Z. Khuzaimah, N. M. Nawi, S. N. Adam, B. Kalantar, O. J. Emeka, and N. Ueda, “Application and Potential of Drone
Technology in Oil Palm Plantation: Potential and Limitations,” J. Sensors, vol. 2022, pp. 1-18, Sep. 2022, doi:
10.1155/2022/5385505.

[10] I. Ardiansah, N. Bafdal, E. Suryadi, and A. Bono, “Design of micro-climate data monitoring system for tropical
greenhouse based on arduino UNO and raspberry pi,” IOP Conf. Ser. Earth Environ. Sci., vol. 757, no. 1, 2021, doi:
10.1088/1755-1315/757/1/012017.

[11] S. Haeuplik-Meusburger, C. Paterson, D. Schubert, and P. Zabel, “Greenhouses and their humanizing synergies,” Acta
Astronaut., vol. 96, pp. 138-150, Mar. 2014, doi: 10.1016/j.actaastro.2013.11.031.

[12] K. Benke and B. Tomkins, “Future food-production systems: vertical farming and controlled-environment agriculture,”
Sustain. Sci. Pract. Policy, vol. 13, no. 1, pp. 13-26, Jan. 2017, doi: 10.1080/15487733.2017.1394054.

[13] B. M. Campbell, P. Thornton, R. Zougmoré¢, P. van Asten, and L. Lipper, “Sustainable intensification: What is its role
in climate smart agriculture?,” Curr. Opin. Environ. Sustain., vol. 8, pp. 39-43, Oct. 2014, doi:
10.1016/j.cosust.2014.07.002.

[14] A. Rehman, T. Saba, M. Kashif, S. M. Fati, S. A. Bahaj, and H. Chaudhry, “A Revisit of Internet of Things Technologies
for Monitoring and Control Strategies in Smart Agriculture,” Agronomy, vol. 12, no. 1, p. 127, Jan. 2022, doi:
10.3390/agronomy12010127.

[15] A. Rahman, O. Farrok, and M. M. Haque, “Environmental impact of renewable energy source based electrical power
plants: Solar, wind, hydroelectric, biomass, geothermal, tidal, ocean, and osmotic,” Renew. Sustain. Energy Rev., vol.
161, p. 112279, Jun. 2022, doi: 10.1016/j.rser.2022.112279.

[16] 1. Ardiansah, N. Bafdal, A. Bono, E. Suryad, and S. Nurhasanah, “An overview of 10T based intelligent irrigation systems
for greenhouse: Recent trends and challenges,” J. Appl. Eng. Sci., vol. 20, no. 3, pp. 657672, 2022, doi: 10.5937/jaes0-
35224,

[17] M. C. Ahearn, W. Armbruster, and R. Young, “Big Data’s Potential to Improve Food Supply Chain Environmental
Sustainability and Food Safety,” Int. Food Agribus. Manag. Rev., vol. 19, no. A, SI, pp. 155-172, 2016, doi:
10.22004/ag.econ.240704.

[18] S. Nizeti¢, P. Soli¢, D. Lopez-de-Ipifia Gonzalez-de-Artaza, and L. Patrono, “Internet of Things (10T): Opportunities,
issues and challenges towards a smart and sustainable future,” J. Clean. Prod., vol. 274, p. 122877, Nov. 2020, doi:
10.1016/j.jclepro.2020.122877.

[19] V. Saiz-Rubio and F. Rovira-Mas, “From Smart Farming towards Agriculture 5.0: A Review on Crop Data
Management,” Agronomy, vol. 10, no. 2, p. 207, Feb. 2020, doi: 10.3390/agronomy10020207.

[20] B. Gupta, G. Madan, and A. Quadir Md, “A smart agriculture framework for IoT based plant decay detection using smart
croft algorithm,” Mater. Today Proc., vol. 62, pp. 4758-4763, 2022, doi: 10.1016/j.matpr.2022.03.314.

[21] T. A. Shaikh, T. Rasool, and F. R. Lone, “Towards leveraging the role of machine learning and artificial intelligence in
precision agriculture and smart farming,” Comput. Electron. Agric., vol. 198, p. 107119, 2022.

[22] N. Bafdal and I. Ardiansah, “Application of Internet of Things in Smart Greenhouse Microclimate Management for
Tomato Growth,” Int. J. Adv. Sci. Eng. Inf. Technol., vol. 11, no. 2, pp. 427-432, 2021, doi: 10.18517/ijaseit.11.2.13638.

2627



J. Electrical Systems 20-2 (2024): 2616-2630

[23] M. R. Irwin and Prastowo, “Design of automatic control system on trickle irrigation for tomato cultivation,” IOP Conf.
Ser. Earth Environ. Sci., vol. 1038, no. 1, 2022, doi: 10.1088/1755-1315/1038/1/012055.

[24] E. Bwambale, F. K. Abagale, and G. K. Anornu, “Smart irrigation monitoring and control strategies for improving water
use efficiency in precision agriculture: A review,” Agric. Water Manag., vol. 260, p. 107324, Feb. 2022, doi:
10.1016/j.agwat.2021.107324.

[25] V. H. Andaluz, A. Y. Tovar, K. D. Bedon, J. S. Ortiz, and E. Pruna, “Automatic control of drip irrigation on hydroponic
agriculture: Daniela tomato production,” in 2016 IEEE International Conference on Automatica (ICA-ACCA), IEEE,
Oct. 2016, pp. 1-6. doi: 10.1109/ICA-ACCA.2016.7778389.

[26] S. Mishra and S. K. Sharma, “Advanced contribution of IoT in agricultural production for the development of smart
livestock environments,” Internet of Things, vol. 22, p. 100724, Jul. 2023, doi: 10.1016/j.i0t.2023.100724.

[27] M. Javaid, A. Haleem, I. H. Khan, and R. Suman, “Understanding the potential applications of Artificial Intelligence in
Agriculture Sector,” Adv. Agrochem, vol. 2, no. 1, pp. 15-30, Mar. 2023, doi: 10.1016/j.aac.2022.10.001.

[28] S. I. Hassan, M. M. Alam, U. lllahi, M. A. Al Ghamdi, S. H. Almotiri, and M. M. Su’ud, “A Systematic Review on
Monitoring and Advanced Control Strategies in Smart Agriculture,” IEEE Access, vol. 9, pp. 32517-32548, 2021, doi:
10.1109/ACCESS.2021.3057865.

[29] E. Said Mohamed, A. Belal, S. Kotb Abd-Elmabod, M. A. El-Shirbeny, A. Gad, and M. B. Zahran, “Smart farming for
improving agricultural management,” Egypt. J. Remote Sens. Sp. Sci., vol. 24, no. 3, pp. 971-981, Dec. 2021, doi:
10.1016/j.ejrs.2021.08.007.

[30] S. F. P. D. Musa and K. H. Basir, “Smart farming: towards a sustainable agri-food system,” Br. Food J., vol. 123, no. 9,
pp. 3085-3099, Jan. 2021, doi: 10.1108/BFJ-03-2021-0325.

[31] J. M. Chatterjee, A. Kumar, P. S. Rathore, and V. Jain, Eds., Internet of Things and Machine Learning in Agriculture.
De Gruyter, 2021. doi: 10.1515/9783110691276.

[32] K. Paul et al., “Viable smart sensors and their application in data driven agriculture,” Comput. Electron. Agric., vol. 198,
p. 107096, Jul. 2022, doi: 10.1016/j.compag.2022.107096.

[33] B. B. Sinha and R. Dhanalakshmi, “Recent advancements and challenges of Internet of Things in smart agriculture: A
survey,” Futur. Gener. Comput. Syst., vol. 126, pp. 169-184, Jan. 2022, doi: 10.1016/j.future.2021.08.006.

[34] I. Charania and X. Li, “Smart farming: Agriculture’s shift from a labor intensive to technology native industry,” Internet
of Things, vol. 9, p. 100142, Mar. 2020, doi: 10.1016/j.i0t.2019.100142.

[35] Y. Achour, A. Ouammi, and D. Zejli, “Technological progresses in modern sustainable greenhouses cultivation as the
path towards precision agriculture,” Renew. Sustain. Energy Rev., vol. 147, p. 111251, Sep. 2021, doi:
10.1016/j.rser.2021.111251.

[36] A. Bhoi etal., “IoT-1IRS: Internet of Things based intelligent-irrigation recommendation system using machine learning
approach for efficient water usage,” PeerJ Comput. Sci., vol. 7, p. €578, Jun. 2021, doi: 10.7717/peerj-cs.578.

[37] J. Zinkernagel, J. F. Maestre-Valero, S. Y. Seresti, and D. S. Intrigliolo, “New technologies and practical approaches to
improve irrigation management of open field vegetable crops,” Agric. Water Manag., vol. 242, p. 106404, Dec. 2020,
doi: 10.1016/j.agwat.2020.106404.

[38] G. Cocetta et al., “Light use efficiency for vegetables production in protected and indoor environments,” Eur. Phys.
J. Plus, vol. 132, no. 1, p. 43, Jan. 2017, doi: 10.1140/epjp/i2017-11298-x.

[39] A. J. Both et al., “Guidelines for measuring and reporting environmental parameters for experiments in greenhouses,”
Plant Methods, vol. 11, no. 1, p. 43, Dec. 2015, doi: 10.1186/s13007-015-0083-5.

[40] M. T. Linaza et al., “Data-Driven Artificial Intelligence Applications for Sustainable Precision Agriculture,” Agronomy,
vol. 11, no. 6, p. 1227, Jun. 2021, doi: 10.3390/agronomy11061227.

[41] H. Kaur, “Modelling internet of things driven sustainable food security system,” Benchmarking An Int. J., vol. 28, no.
5, pp. 1740-1760, May 2021, doi: 10.1108/B1J-12-2018-0431.

[42] P. Sanjeevi, S. Prasanna, B. Siva Kumar, G. Gunasekaran, 1. Alagiri, and R. Vijay Anand, “Precision agriculture and
farming using Internet of Things based on wireless sensor network,” Trans. Emerg. Telecommun. Technol., vol. 31, no.
12, Dec. 2020, doi: 10.1002/ett.3978.

[43] J. Doshi, T. Patel, and S. kumar Bharti, “Smart Farming using IoT, a solution for optimally monitoring farming
conditions,” Procedia Comput. Sci., vol. 160, pp. 746-751, 2019, doi: 10.1016/j.procs.2019.11.016.

[44] N. A. Farooqui, A. K. Mishra, and R. Mehra, “IOT based Automated Greenhouse Using Machine Learning Approach,”
Int. J. Intell. Syst. Appl. Eng., vol. 10, no. 2 SE-Research Article, pp. 226-231, May 2022, [Online]. Available:
https://ijisae.org/index.php/IJISAE/article/view/1522

[45] G. Adamides et al., “Smart Farming Techniques for Climate Change Adaptation in Cyprus,” Atmosphere (Basel)., vol.
11, no. 6, p. 557, May 2020, doi: 10.3390/atmos11060557.

[46] M. S. Farooq, S. Riaz, A. Abid, K. Abid, and M. A. Nacem, “A Survey on the Role of IoT in Agriculture for the
Implementation of Smart Farming,” IEEE Access, vol. 7, pp. 156237-156271, 2019, doi:
10.1109/ACCESS.2019.2949703.

[47] M. Dhanaraju, P. Chenniappan, K. Ramalingam, S. Pazhanivelan, and R. Kaliaperumal, “Smart Farming: Internet of

2628



J. Electrical Systems 20-2 (2024): 2616-2630

Things (loT)-Based Sustainable Agriculture,” Agriculture, vol. 12, no. 10, p. 1745, Oct. 2022, doi:
10.3390/agriculture12101745.

[48] R. K. Goel, C. S. Yadav, S. Vishnoi, and R. Rastogi, “Smart agriculture — Urgent need of the day in developing
countries,” Sustain. Comput. Informatics Syst., vol. 30, p. 100512, Jun. 2021, doi: 10.1016/j.suscom.2021.100512.

[49] A. U. Mentsiev, Z. A. Gerikhanov, and A. R. Isaev, “Automation and 10T for controlling and analysing the growth of
crops in agriculture,” J. Phys. Conf. Ser., vol. 1399, no. 4, p. 44022, 2019, doi: 10.1088/1742-6596/1399/4/044022
[50] J. Lindblom, C. Lundstrém, M. Ljung, and A. Jonsson, “Promoting sustainable intensification in precision agriculture:
review of decision support systems development and strategies,” Precis. Agric., vol. 18, no. 3, pp. 309-331, 2017, doi:

10.1007/s11119-016-9491-4.

[51] M. E. Mondejar et al., “Digitalization to achieve sustainable development goals: Steps towards a Smart Green
Planet,” Sci. Total Environ., vol. 794, p. 148539, Nov. 2021, doi: 10.1016/j.scitotenv.2021.148539.

[52] E. Y. Triblas Adesta, D. Agusman, and A. Avicenna, “Internet of Things (IoT) in Agriculture Industries,” Indones. J.
Electr. Eng. Informatics, vol. 5, no. 4, Dec. 2017, doi: 10.52549/ijeei.v5i4.373.

[53] V. Martos, A. Ahmad, P. Cartujo, and J. Ordofiez, “Ensuring Agricultural Sustainability through Remote Sensing in the
Era of Agriculture 5.0,” Appl. Sci., vol. 11, no. 13, p. 5911, Jun. 2021, doi: 10.3390/app11135911.

[54] R. R. Shamshiri et al., “Model-based evaluation of greenhouse microclimate using l0T-Sensor data fusion for energy
efficient crop production,” J. Clean. Prod., vol. 263, p. 121303, 2020, doi: 10.1016/j.jclepro.2020.121303.

[55] R. S. Ferrarezi, S. K. Dove, and M. W. Van Iersel, “An automated system for monitoring soil moisture and controlling
irrigation using low-cost open-source microcontrollers,” Horttechnology, vol. 25, no. 1, pp. 110-118, 2015, doi:
10.21273/horttech.25.1.110.

[56] C. E. Wong, Z. W. N. Teo, L. Shen, and H. Yu, “Seeing the lights for leafy greens in indoor vertical farming,” Trends
Food Sci. Technol., vol. 106, pp. 48-63, Dec. 2020, doi: 10.1016/j.tifs.2020.09.031.

[57] N. Bafdal and S. Dwiratna, “Water harvesting system as an alternative appropriate technology to supply irrigation on
red oval cherry tomato production,” Int. J. Adv. Sci. Eng. Inf. Technol., vol. 8, no. 2, pp. 561-566, 2018, doi:
10.18517/ijaseit.8.2.5468.

[58] R. Ramin Shamshiri et al., “Advances in greenhouse automation and controlled environment agriculture: A transition to
plant factories and urban agriculture,” Int. J. Agric. Biol. Eng., vol. 11, no. 1, pp. 1-22, 2018, doi:
10.25165/j.ijabe.20181101.3210.

[59] K. L. Krishna, O. Silver, W. F. Malende, and K. Anuradha, “Internet of Things application for implementation of smart
agriculture system,” in 2017 International Conference on I-SMAC (loT in Social, Mobile, Analytics and Cloud) (I-
SMAC), IEEE, Feb. 2017, pp. 54-59. doi: 10.1109/1-SMAC.2017.8058236.

[60] Y. de J. Acosta-Silva et al., “Applications of solar and wind renewable energy in agriculture: A review,” Sci. Prog., vol.
102, no. 2, pp. 127-140, 2019, doi: 10.1177/0036850419832696.

[61] V. Moysiadis, P. Sarigiannidis, V. Vitsas, and A. Khelifi, “Smart Farming in Europe,” Comput. Sci. Rev., vol. 39, p.
100345, 2021, doi: 10.1016/j.cosrev.2020.100345.

[62] P.-Y. Kow, M.-H. Lee, W. Sun, M.-H. Yao, and F.-J. Chang, “Integrate deep learning and physically-based models for
multi-step-ahead microclimate forecasting,” Expert Syst. Appl., vol. 210, p. 118481, 2022, doi:
https://doi.org/10.1016/j.eswa.2022.118481.

[63] D. Schwarz, A. J. Thompson, and H.-P. KlAcring, “Guidelines to use tomato in experiments with a controlled
environment,” Front. Plant Sci., vol. 5, Nov. 2014, doi: 10.3389/fpls.2014.00625.

[64] O. D. Palmitessa, M. A. Pantaleo, and P. Santamaria, “Applications and Development of LEDs as Supplementary
Lighting for Tomato at Different Latitudes,” Agronomy, vol. 11, no. 5, p. 835, Apr. 2021, doi:
10.3390/agronomy11050835.

[65] P. Kirci, E. Ozturk, and Y. Celik, “A Novel Approach for Monitoring of Smart Greenhouse and Flowerpot Parameters
and Detection of Plant Growth with Sensors,” Agriculture, vol. 12, no. 10, p. 1705, Oct. 2022, doi:
10.3390/agriculture12101705.

[66] H. F. E. de Oliveira et al., “Horticultural Performance of Greenhouse Cherry Tomatoes Irrigated Automatically Based
on Soil Moisture Sensor Readings,” Water, vol. 13, no. 19, p. 2662, Sep. 2021, doi: 10.3390/w13192662.

[67] W.-H. Chen, N. S. Mattson, and F. You, “Intelligent control and energy optimization in controlled environment
agriculture via nonlinear model predictive control of semi-closed greenhouse,” Appl. Energy, vol. 320, p. 119334, Aug.
2022, doi: 10.1016/j.apenergy.2022.119334.

[68] T. Karanisa, Y. Achour, A. Ouammi, and S. Sayadi, “Smart greenhouses as the path towards precision agriculture in the
food-energy and water nexus: case study of Qatar,” Environ. Syst. Decis., vol. 42, no. 4, pp. 521-546, Dec. 2022, doi:
10.1007/s10669-022-09862-2.

[69] D. Li, L. Xu, C. Tan, E. Goodman, D. Fu, and L. Xin, “Digitization and Visualization of Greenhouse Tomato Plants in
Indoor Environments,” Sensors, vol. 15, no. 2, pp. 4019-4051, Feb. 2015, doi: 10.3390/s150204019.

[70] A. Kumari and P. K. Sahu, “Internet of Things-Based Smart Drip Irrigation Using Arduino,” J. Comput. Theor. Nanosci.,
vol. 17, no. 9, pp. 4598-4603, Jul. 2020, doi: 10.1166/jctn.2020.9286

2629



J. Electrical Systems 20-2 (2024): 2616-2630

[71] K. Taneja and S. Bhatia, “Automatic irrigation system using Arduino UNO,” Proc. 2017 Int. Conf. Intell. Comput.
Control Syst. ICICCS 2017, vol. 2018-Janua, pp. 132-135, 2017, doi: 10.1109/ICCONS.2017.8250693.

[72] S. Pappu, P. Vudatha, A. V. Niharika, T. Karthick, and S. Sankaranarayanan, “Intelligent IoT based water quality
monitoring system,” Int. J. Appl. Eng. Res., vol. 12, no. 16, pp. 5447-5454, 2017.

[73]1 M. W. van lersel, M. Chappell, and J. D. Lea-Cox, “Sensors for improved efficiency of irrigation in greenhouse and
nursery production,” Horttechnology, vol. 23, no. 6, pp. 735-746, 2013, doi: 10.21273/horttech.23.6.735.

[74] W. L. Hsu, W. K. Wang, W. H. Fan, Y. C. Shiau, M. L. Yang, and D. J. D. Lopez, “Application of internet of things in
smart farm watering system,” Sensors Mater., vol. 33, no. 1, pp. 269-283, 2021, doi: 10.18494/SAM.2021.3164.

[75] A. Raghuvanshi et al., “Intrusion Detection Using Machine Learning for Risk Mitigation in loT-Enabled Smart Irrigation
in Smart Farming,” J. Food Qual., vol. 2022, p. 3955514, 2022, doi: 10.1155/2022/3955514.

[76] H. Benyezza, M. Bouhedda, and S. Rebouh, “Zoning irrigation smart system based on fuzzy control technology and loT
for water and energy saving,” J. Clean. Prod., vol. 302, p. 127001, Jun. 2021, doi: 10.1016/j.jclepro.2021.127001.

[77] A. Hadidi, D. Saba, and Y. Sahli, “Smart Irrigation System for Smart Agricultural Using ToT: Concepts, Architecture,
and Applications,” in The Digital Agricultural Revolution, Wiley, 2022, pp. 171-198. doi: 10.1002/9781119823469.ch7.

[78] S. Touil, A. Richa, M. Fizir, J. E. Argente Garcia, and A. F. Skarmeta Gomez, “A review on smart irrigation management
strategies and their effect on water savings and crop yield,” Irrig. Drain., vol. 71, no. 5, pp. 13961416, Dec. 2022, doi:
10.1002/ird.2735.

[79] R. Liao, S. Zhang, X. Zhang, M. Wang, H. Wu, and L. Zhangzhong, “Development of smart irrigation systems based on
real-time soil moisture data in a greenhouse: Proof of concept,” Agric. Water Manag., vol. 245, p. 106632, Feb. 2021,
doi: 10.1016/j.agwat.2020.106632.

[80] F. Parada, X. Gabarrell, M. Rufi-Salis, V. Arcas-Pilz, P. Muiioz, and G. Villalba, “Optimizing irrigation in urban
agriculture for tomato crops in rooftop greenhouses,” Sci. Total Environ., vol. 794, p. 148689, Nov. 2021, doi:
10.1016/j.scitotenv.2021.148689.

2630



