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Abstract 

Countries around the world are increasingly collaborating to enhance agricultural efficiency by integrating 

emerging technologies into farming practices. One critical area of focus is improving irrigation efficiency, 

which is essential for the sustainability of agricultural production. Smart irrigation techniques, supported by 

wireless communication systems, advanced monitoring devices, and sophisticated control strategies, offer 

promising solutions for optimizing irrigation scheduling. This Paper explores a broad spectrum of scientific 

approaches to smart irrigation by reviewing a wide range of relevant literature. It encompasses diverse topics, 

including irrigation methods, decision-making processes, and the technological tools employed. The research 

is primarily based on scientific publications from the past four years, authored by researchers from across the 

globe. Special attention was given to various notable irrigation initiatives to provide a comprehensive 

perspective. 

Keywords: Real-time irrigation scheduling, the role of the Internet of Things (IoT), the necessity of reliable 
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1. Introduction 

Agriculture is a fundamental industry and the 

backbone of many economies. The automation of 

agriculture is a growing concern and a critical focus 

for countries worldwide. As the global population 

continues to rise, the demand for food has surged. 

The increasing need for food, coupled with changing 

consumer preferences, has made it increasingly 

challenging for the agriculture industry to develop 

methods and practices that meet these rising demands 

and evolving requirements [1], [2], [3]. Agriculture 

plays a pivotal role in society, driving improvements 

in food production and technological advancements. 

It is crucial to ensure that upgrades are continuously 

made within this sector to improve its overall 

efficiency and outcomes. Technological innovations 

in food production are necessary to meet the 

advancing needs of consumers [4]. Given that many 

countries rely heavily on the agricultural sector, 

optimizing agricultural resources is of utmost 

importance [5]. Smart irrigation is emerging as a key 

area of scientific development, using data-intensive 

methods to enhance agricultural productivity while 

minimizing environmental impact. Modern 

agricultural operations generate vast amounts of data 

from various sensors, which contributes to a deeper 

understanding of both the operating environment and 

the activities within the industry [6], [7], [8], [9]. This 

data enables more accurate decision-making and 

resource optimization, thus ensuring the sector meets 

its objectives efficiently. By implementing smart 

irrigation technologies, water conservation becomes 

a key factor in contributing to the United Nations' 

Sustainable Development Goals (SDGs), specifically 

Goal 6 and Target 6.4. Achieving the SDGs related to 

water and the environment is possible with the use of 

smart irrigation systems, which offer sustainable 

benefits and help create a better planet for all [10], 

[11], [12], [13]. SDG 6 focuses on ensuring clean 

water and sanitation for all, with various targets and 

indicators connected to water functions and services, 
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including irrigation. Target 6.4 addresses water 

scarcity, with indicators focusing on water use 

efficiency and water stress (WS) [14], [15], [16]. The 

effectiveness of these indicators largely depends on 

the quality of the available water data. Therefore, the 

increasing demand for healthier and more sustainable 

food systems requires improvements in the 

development and management of irrigation systems. 

Figure 1 shows Architecture of Smart Irrigation 

System. 

 

 

 
Figure 1 Architecture of Smart Irrigation System 

 

2. Soil and Weather Monitoring 

Efficient and effective monitoring systems 

significantly impact plant growth and are crucial in 

designing an effective irrigation control system that 

enhances food production while minimizing water 

loss. In the context of precision irrigation, monitoring 

involves collecting real-time data that reflects the 

status of the plant, soil, and weather conditions in 

irrigation areas. The Internet of Things (IoT) and 

Wireless Sensor Networks (WSN) play vital roles in 

this process. IoT has enabled the development of low-

cost technologies that enhance control and 

monitoring systems for irrigation. WSNs also 

contribute significantly by providing real-time 

monitoring for precision farming. These systems 

involve networks of wireless sensor nodes that sense, 

compute, and transmit data on various environmental 

parameters. Soil moisture is a critical parameter for 

plant growth, and effective monitoring of soil 

moisture content is essential to ensure an optimal 

irrigation schedule. Soil moisture sensing is primarily 

based on low-cost capacitance-based sensors, which 

operate on the principle of dielectric devices. The 

goal of soil monitoring in smart irrigation systems is 

to accurately measure soil moisture content using 

advanced technologies. These sensors are typically 

buried in the root zones of trees, shrubs, or turf, where 

they measure moisture levels and transmit the 

readings to the controller. This method provides vital 

information that helps design and implement 

irrigation activities for optimal results. Two main soil  

moisture sensor-based systems are commonly used: 

the suspended cycle irrigation system and the water-

on-demand irrigation system. The suspended cycle 

system functions similarly to a traditional timer 

controller, with predefined schedules for watering, 

duration, start, and end times. The difference is that 

this system will automatically stop the next scheduled 

irrigation if the soil moisture is sufficient. In contrast, 

the water-on-demand irrigation system does not rely 

on pre-programmed schedules or fixed durations. 

Instead, the user sets a moisture threshold, and 

irrigation begins when the soil moisture falls below 

the required levels. In addition to soil moisture 

monitoring, weather monitoring plays a crucial role 

in irrigation management, particularly for large 

cropping areas. By assessing the weather and 

surrounding environmental conditions, the system 

can identify risks and develop strategies to mitigate 

potential adversities. WSNs again prove essential 

here, as they connect various sensors to monitor 

environmental factors. Real-time monitoring occurs 

through data analysis from these sensors, with a 

feedback loop that activates control devices when 

necessary. Another IoT-based weather monitoring 
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system has been implemented to assess factors such 

as humidity, air temperature, wind speed, solar 

radiation, and soil moisture levels. Weather-based 

sensors, which are interfaced with wireless 

communication standards, allow for the transfer of 

real-time data. This enables the collection of detailed 

environmental information, helping to develop 

irrigation strategies that improve long-term irrigation 

practices. 

3. Water Management 

Water management is a critical concept in irrigation, 

particularly in the face of global water scarcity. The 

increasing lack of clean water has become a 

significant concern worldwide, and it is crucial that 

agricultural sectors, along with other industries, 

prioritize this issue. Water management refers to the 

careful regulation of soil moisture to ensure that the 

optimum level and quantity of water are applied at the 

right time. Effective water management is vital for 

the agricultural sector, as it can reduce costs while 

boosting crop production. It also allows agricultural 

organizations to efficiently manage resources and 

carry out necessary activities accordingly. Given that 

numerous projects are being executed at various 

scales, it is essential to assess whether these projects 

will be effective in the long term. An increasing 

number of organizations are now focusing on 

conserving natural resources due to the growing 

concern over their scarcity. Among these resources, 

water is one of the most crucial and valuable assets 

that needs to be preserved and protected. With the 

substantial amount of water consumption involved in 

irrigation, organizations in the agricultural sector 

must be particularly mindful of developing strategies 

to optimize water usage. Therefore, effective water 

management solutions are necessary to provide 

numerous benefits to the agriculture industry. The 

external environment is highly unpredictable, and it 

can significantly impact agricultural activities. For 

example, fluctuations in fuel prices can increase the 

cost of pumping irrigation water. When fuel prices 

rise, the expenses for irrigation pumping also 

increase, potentially affecting the overall efficiency 

of agricultural projects. Through effective water 

management, organizations can develop additional 

reservoirs and implement strategies to minimize these 

risks and negative impacts. A fundamental aspect of 

effective irrigation water management is 

understanding the relationship between soil, crops, 

and water. To carry out successful agricultural 

activities (such as irrigation), it is crucial to gather 

sufficient knowledge about the processes and 

products involved. Without this knowledge, it would 

be impossible to manage and control irrigation 

practices effectively, especially in adverse 

conditions, ultimately reducing overall performance. 

Water management is critical for several reasons, 

including ensuring optimum efficiency. By applying 

water management techniques, it is possible to ensure 

that crops receive the proper amount of water in dry 

areas or during periods of insufficient rainfall. In 

regions where water is limited, it is essential to focus 

on water management to ensure timely distribution 

and application. Furthermore, in many areas with low 

rainfall, adequate water storage is necessary to 

overcome the challenges of scarce precipitation. 

4. IoT And Smart Systems Used in Irrigation 

4.1 Communication Technologies in IoT for 

Irrigation 

Effective communication technologies are critical for 

the successful implementation of IoT devices in 

irrigation systems. The choice of communication 

technology depends largely on the specific 

environment where it will be applied. IoT devices for 

irrigation can be broadly classified into two 

categories based on their communication capabilities. 

The first category includes devices that function as 

nodes, transmitting small amounts of data over short 

distances while consuming minimal energy. The 

second category consists of devices capable of 

transmitting large volumes of data over long 

distances, albeit with higher energy consumption. 

There are several wireless communication standards 

available for IoT devices, generally divided into those 

suited for short-range communication and those 

optimized for long-range communication. Among the 

most widely used and effective communication 

technologies is Wi-Fi. Its accessibility and support by 

many low-cost IoT devices make it a popular choice, 

though it has some limitations, such as area coverage 

and range. Another widely used wireless technology 

is the Global System for Mobile Communication 
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(GSM), which provides long-range communication 

and requires only a mobile plan from a service 

provider that operates in the area. More recently, 

technologies such as Long Range (LoRa) and 

Message Queuing Telemetry Transport (MQTT) 

have gained attention. LoRa offers very long-range 

communication, making it ideal for remote areas 

without network coverage. While MQTT, known for 

its low overhead and power consumption, is gaining 

popularity, it is still not widely used in irrigation 

systems. 

4.2 Cloud Technologies in IoT for Irrigation 

Cloud computing is another crucial technology in 

IoT-enabled irrigation systems, offering robust data 

storage and processing capabilities. Two primary 

storage systems commonly used are cloud storage 

and traditional databases, both of which allow 

organizations to save and access critical data as 

needed. These systems support the concept of big 

data, involving large datasets that organizations can 

leverage for various purposes. Middleware also plays 

a vital role in IoT, enabling the connection of 

programs that were not originally designed to work 

together, facilitating smoother integration of systems. 

In the context of agriculture, particularly irrigation 

systems, data gathered by IoT sensors is typically 

processed in the cloud. Users can access this data 

remotely by connecting to the cloud. The cloud 

serves as a storage hub for all monitored data, making 

it available when required. Cloud technology offers 

both paid and free options for data storage, retrieval, 

and analysis across multiple devices and platforms. 

This accessibility enhances performance efficiency 

by enabling users to access and analyze data 

whenever necessary. Additionally, the cloud 

facilitates research and development by storing 

valuable data that can improve operational practices 

and outcomes. Cloud technology is also employed in 

irrigation systems to generate alerts via algorithms 

designed to mitigate risks and hazards. These alerts 

help users adjust their operations and take preventive 

measures, reducing the likelihood of negative events. 

Various cloud-based programs are available to assist 

in irrigation, each with its own set of features, cost 

structures, and applications. The use of cloud 

technologies in irrigation helps reduce risks, improve 

work efficiency, and achieve desired outcomes. 

4.3 Benefits of IoT Systems in Irrigation 

The integration of IoT systems into irrigation brings 

numerous benefits, making it an attractive solution 

for modern agricultural practices. Some of the key 

benefits include a reduction in overall water 

consumption, improved cost-efficiency, higher 

performance efficiency, reduced energy 

consumption, and less wastage of crops. Figure 2 

illustrates the advantages of utilizing IoT systems in 

irrigation processes, showcasing how this technology 

optimizes water usage and enhances agricultural 

productivity. 

 

 

 
Figure 2 Benefits OG IOT Irrigation System 

 

5. Discussion 

5.1 Use of IoT and Big Data for Optimization 

of Irrigation Systems 

IoT systems generate vast amounts of data by 

continuously monitoring various parameters in 

real-time. In the context of irrigation, this data 

becomes a significant component of "big data." As 

the volume of data grows, it becomes crucial to 

develop mechanisms that efficiently assess, 
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manage, and utilize this information. Given the 

complexity of managing such large datasets and the 

potential strain it places on natural resources, there 

is a growing need for sustainable management 

practices for big data. Several strategies have been 

proposed to ensure the effective handling of big 

data in irrigation systems. These include utilizing 

blockchain technology for data security and 

transparency, eliminating unnecessary data to 

focus only on relevant information, powering IoT 

devices using solar energy for sustainability [, and 

applying clustering techniques to reduce the 

overall volume of data. Additionally, 

implementing efficient algorithms and leveraging 

sustainable resources are key approaches to 

managing big data in irrigation systems. While big 

data holds immense potential to optimize 

irrigation, it is crucial to ensure that the information 

is well-managed and controlled to maximize its 

benefits. Furthermore, although IoT devices collect 

large volumes of valuable data, the analysis of this 

data is equally important for optimizing irrigation 

based on weather conditions and crop 

requirements. Many organizations involved in 

irrigation are capable of collecting the necessary 

data, but often struggle with properly analysing it 

to derive meaningful insights. This lack of effective 

data analysis presents a significant barrier to 

improving operational efficiency and reducing 

risks associated with irrigation activities. Figure 3 

shows Barriers of smart irrigation systems. 

 

 
Figure 3 Barriers of Smart Irrigation Systems 

5.2 Sustainability in Irrigation Systems 

Sustainability is a critical aspect of irrigation 

systems, as it ensures the long-term viability and 

effectiveness of water management practices. To 

maintain sustainability within any system, it is 

essential to strike a balance between the three 

pillars of sustainability: economic, social, and 

environmental. Each of these pillars plays a crucial 

role in optimizing irrigation processes while 

minimizing negative impacts. Economic 

Sustainability: This aspect focuses on ensuring that 

irrigation practices are cost-effective, reduce 

waste, and improve the overall financial 

performance of agricultural operations. Figure 4 

shows Potential Economic, Environmental and 

Social Benefits of The Irrigation System. 

 Social Sustainability: This pillar emphasizes 

the need for irrigation systems to support the 

welfare of communities by ensuring equitable 

access to water, fostering local job creation, 

and enhancing the quality of life for farmers 

and stakeholders involved. Environmental  

 Sustainability: The environmental aspect of 

sustainability in irrigation revolves around 

minimizing water waste, preserving 

ecosystems, and ensuring that the irrigation 

process does not deplete natural water 

resources or harm the surrounding 

environment. 

 

 
Figure 4 Potential Economic, Environmental 

And Social Benefits of The Irrigation System 

 

5.3 Security and Data Acquisition 

Advancements in technology have paved the way for 

innovative methods of collecting data from sensors 

deployed in agricultural fields. Among the most 

effective means of data acquisition is the use of 

drones. Drone technology enables the collection of 

valuable data, such as aerial imagery of fields, which 
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would otherwise be difficult to obtain using 

traditional methods. This capability enhances the 

ability to monitor crop health, soil conditions, and 

irrigation needs from a unique vantage point, 

offering real-time insights for decision-making. 

Another emerging technology in data collection is 

the use of robots, which are equipped with sensors 

and actuators to perform various tasks, such as 

spraying water, monitoring soil moisture, scaring 

away animals, or even weeding. These robots are 

highly effective for irrigation purposes, as they can 

travel to designated areas within the field and 

perform automated tasks. In addition, robots can 

assess soil moisture levels and are equipped with 

sensors that help avoid collisions, ensuring efficient 

and precise irrigation operations. 

Conclusion 
Technological innovations have become crucial for 

businesses in today's fast-paced environment, with 

organizations across all industries striving to enhance 

their operations and scale effectively. In this context, 

irrigation and its related technologies can be 

optimized to maximize operational efficiency while 

achieving the desired performance outcomes. The 

Internet of Things (IoT) has revolutionized 

agriculture by automating various aspects of farming, 

making the entire process more effective and 

efficient. Additionally, sensory systems have been 

adopted by farmers to gain deeper insights into crop 

health, reduce environmental impacts, and conserve 

resources. However, despite these advancements, not 

all organizations have been able to successfully 

implement these technologies or fully utilize their 

potential. On the other hand, water scarcity, 

encompassing issues such as water stress, shortages, 

and crises, has emerged as a critical global concern. 

As a result, water management has become a priority, 

with organizations increasingly seeking solutions to 

conserve this vital resource while improving work 

efficiency. In today’s landscape, a SMART irrigation 

system has become essential for organizations aiming 

to meet performance goals. The combined benefits of 

IoT and sensor systems are significant. IoT not only 

reduces the overall cost of technology but also 

enables more effective management and monitoring 

of irrigation systems. Moreover, Wireless Sensor 

Networks (WSN) play a key role in real-time 

monitoring, supporting precision farming and 

irrigation activities. 

Future Scope 
The future of smart irrigation technologies is 

promising, with several key developments expected 

to enhance agricultural efficiency and sustainability: 

 Integration with IoT and AI: Smart irrigation 

will utilize IoT and AI for real-time 

monitoring and automated water management. 

 Data-Driven Precision Agriculture: Big data 

analytics will optimize irrigation schedules 

and improve crop yields. 

 Remote Monitoring and Control: Farmers will 

be able to monitor and control irrigation 

systems remotely via smart devices. 

 Sustainability and Water Conservation: These 

technologies will significantly reduce water 

usage and support sustainable farming. 

 Government and Policy Support: Increased 

government incentives and policies will 

encourage widespread adoption. 

 Integration with Renewable Energy: Smart 

irrigation systems will incorporate solar and 

other renewable energy sources. 

With continuous advancements and increasing 

adoption, smart irrigation technologies are set to 

become a cornerstone of modern, sustainable 

agriculture. 

References 
[1]. K.G. Liakos, P. Busato, D. Moshou, S. Pears

on, D. Bochtis Machine learning in 

agriculture: a review Sensors, 18 (8) (2018), 

p. 2674  

[2]. K. Jha, A. Doshi, P. Patel, M. Shah A 

comprehensive review on automation in 

agriculture using artificial intelligence Artif. 

Intell. Agric., 2 (2019), pp. 1-12  

[3]. N. Khan, R.L. Ray, G.R. Sargani, M. Ihtisha

m, M. Khayyam, S. Ismail Current progress 

and future prospects of agriculture 

technology: gateway to sustainable 

agriculture Sustainability, 13 (9) (2021), 

p. 4883 

[4]. A. Nasiakou, M. Vavalis, D. Zimeris Smart 

energy for smart irrigation Comput. Electron. 

about:blank


 

International Research Journal on Advanced Engineering 

and Management 

https://goldncloudpublications.com 

https://doi.org/10.47392/IRJAEM.2025.0240 

e ISSN: 2584-2854 

Volume: 03 

Issue: 04 April 2025 

Page No: 1480 - 1487 

 

   

                        IRJAEM 1486 

 

Agric., 129 (2016), pp. 74-

83, 10.1016/j.compag.2016.09.008 

2016/11/01/ 

[5]. T. Ojha, S. Misra, N.S. Raghuwanshi 

Wireless sensor networks for agriculture: the 

state-of-the-art in practice and future 

challenges Comput. Electron. 

Agric., 118 (2015),pp. 66- 10.1016/j.compag

.2015.08.011 2015/10/01/ 

[6]. H. Van Es and J. Woodard, "Innovation in 

agriculture and food systems in the digital 

age," The global innovation index, pp. 97–

104, 2017. 

[7]. N. Tantalaki, S. Souravlas, M. Roumeliotis 

Data-driven decision making in precision 

agriculture: the rise of big data in agricultural 

systems J. Agric. Food Inf., 20 (4) (2019), 

pp. 344-380 

[8]. Elijah, T.A. Rahman, I. Orikumhi, C.Y. Leo

w, M.N. Hindia an overview of Internet of 

Things (IoT) and data analytics in agriculture: 

benefits and challenges IEEE Internet Things 

J., 5 (5) (2018), pp. 3758-3773 

[9]. A. Weersink, E. Fraser, D. Pannell, E. Dunca

n, S. Rotz Opportunities and challenges for 

big data in agricultural and environmental 

analysis Annu. Rev. Resour. 

Econ., 10 (1) (2018), pp. 19-37 

[10]. A.J. Lynch, et al. Speaking the same 

language: can the sustainable development 

goals translate the needs of inland fisheries 

into irrigation decisions? Mar. Freshw. 

Res., 70 (9) (2019), pp. 1211-1228 

[11]. J. Alcamo Water quality and its interlinkages 

with the sustainable development goals Curr. 

Opin. Environ. Sustain., 36 (2019), pp. 126-

140 

[12]. [12]A. Bashir, C. Kyung-Sook A review of 

the evaluation of irrigation practice in 

Nigeria: past, present and future prospects 

Afr. J. Agric. Res., 13 (40) (2018), pp. 2087-

2097 

[13]. N. Shehata, et al.Role of refuse-derived fuel 

in circular economy and sustainable 

development goals Process Saf. Environ. 

Prot., 163 (2022), pp. 558-

573, 10.1016/j.psep.2022.05.052 2022/07/01/ 

[14]. S. Keesstra, et al. The role of soils in 

regulation and provision of blue and green 

water Philos. Trans. R. Soc. 

B, 376 (1834) (2021), Article 20200175 

[15]. R. Fehri, S. Khlifi, M. Vanclooster 

Disaggregating SDG-6 water stress indicator 

at different spatial and temporal scales in 

Tunisia Sci. Total Environ., 694 (2019), 

Article 133766 

[16]. J. Amezaga, et al.SDG 6: clean water and 

sanitation–forest-related targets and their 

impacts on forests and people 

Bibliography 

 

Mr. J. Phaneendra Balaji holds 

a Diploma in Electrical and 

Electronics Engineering from 

Government Polytechnic, 

Proddatur. He earned his 

Bachelor's degree from the 

Institution of Engineers (India), Calcutta, in 1999, 

followed by an M.Tech in Energy Systems from the 

School of Energy, Jawaharlal Nehru Technological 

University (JNTU), Hyderabad, in 2002. 

He is currently serving as an Assistant Professor in 

the Department of Electrical and Electronics 

Engineering at Lords Institute of Engineering and 

Technology, Himayat Sagar, Hyderabad, India. His 

research interests lie in the areas of Electrical Power 

Systems and Renewable Energy Systems. 

Mr Mir Shahbaaz Ali   is 

Pursuing B.E of Computer 

science and Engineering – 

Artificial Intelligence and 

machine Learning stream at 

Lords Institute of Engineering 

and Technology, Himayathsagar, Hyderabad, 

Telangana, India. His interested areas include Cyber 

security and network security 

Mr Mohammad Zeeshan 

Mohiuddin is Pursuing B.E of 

Computer science and 

Engineering – Artificial 

Intelligence and machine 

Learning stream at Lords 

 

 

 

about:blank
https://doi.org/10.1016/j.compag.2016.09.008
https://doi.org/10.1016/j.compag.2015.08.011
https://doi.org/10.1016/j.compag.2015.08.011
https://www.sciencedirect.com/science/article/pii/S2772427122000791#bbib0012
https://doi.org/10.1016/j.psep.2022.05.052


 

International Research Journal on Advanced Engineering 

and Management 

https://goldncloudpublications.com 

https://doi.org/10.47392/IRJAEM.2025.0240 

e ISSN: 2584-2854 

Volume: 03 

Issue: 04 April 2025 

Page No: 1480 - 1487 

 

   

                        IRJAEM 1487 

 

Institute of Engineering and Technology, 

Himayathsagar, Hyderabad, Telangana, India. His 

interested areas include Cyber security and network 

security 

Mr Mohammed Imaad Uddin 

jawaad is Pursuing B.E of 

Computer science and 

Engineering – Artificial 

Intelligence and machine 

Learning stream at Lords Institute 

of Engineering and Technology, Himayathsagar, 

Hyderabad, Telangana, India. His interested areas 

include Cyber security and network security 

Mr Nabeel Ali iis Pursuing B.E of 

Computer science and 

Engineering – Artificial 

Intelligence and machine 

Learning stream at Lords Institute 

of Engineering and Technology, 

Himayathsagar, Hyderabad, Telangana, India. His 

interested areas include Cyber security and network 

security 

Mr Mohammed Abdul Qavi is 

Pursuing B.E of Computer science 

and Engineering – Artificial 

Intelligence and machine Learning 

stream at Lords Institute of 

Engineering and Technology, 

Himayathsagar, Hyderabad, Telangana, India. His 

interested areas include Cyber security  

 

 

 

 

 

 

 

about:blank

