
Bincang Sains dan Teknologi (BST)  E-ISSN 2961-8746 

DOI: 10.56741/bst.v4i02.941  P-ISSN 2961-8932 

Title: Paper Formatting for IISTR (max. 12 words) (First author, et al.)     
BST by IISTR 

Vol. 4, No. 02, August 2025, pp. 71-77 

Page | 71 

Integration of Artificial Intelligence 
(AI) and Internet of Things (IoT) in 
Smart Agriculture 
1Zuraida Julhiji Bara, 2Shahroz Riasat, 2Muhammad Ahsan Khan* 

Corresponding Author: * drahsan.khan@uaf.edu.pk  
1 Tawi-Tawi Regional Agricultural College, Tawi-Tawi, Philippines  
2 University of Agriculture Faisalabad, Pakistan 

Article submitted:  

15 April 2025 

Revised:  

10 June 2025 

Accepted:  

16 June 2025 

 
Abstract 

he integration of Artificial Intelligence (AI) and the Internet of Things (IoT) is revolutionizing modern 
agriculture by enabling precision, automation, and data-driven decision-making across various farming 

domains. This paper explores key applications of AI-IoT systems, including precision resource management, 
smart irrigation, crop health monitoring, and livestock management. Precision farming techniques 
supported by AI-IoT models achieve high accuracy (98.65%) and efficiency, significantly improving input 
optimization through variable rate application and real-time insights. Smart irrigation systems, such as 
“Vital,” demonstrate the effective use of explainable AI and low-cost sensors to automate water usage based 
on soil and weather data. Additionally, AI-IoT integration enhances crop protection through early disease 
detection and improves animal welfare via continuous livestock monitoring. The environmental benefits are 
notable, with reduced resource waste and lower greenhouse gas emissions, while economic advantages 
include increased productivity and supply chain efficiency. Despite the potential, challenges remain in 
infrastructure, cost, and user training. Emerging innovations such as edge computing, digital twins, and 
cloud-based management systems are shaping the future of smart agriculture, promising more autonomous, 
sustainable, and accessible solutions for global food security.   
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Introduction 

The convergence of Artificial Intelligence (AI) and Internet of Things (IoT) technologies is 

revolutionizing agriculture by enabling data-driven, efficient, and sustainable farming. Modern smart 

agriculture integrates sensor networks, advanced analytics, and intelligent automation to address 

critical challenges such as climate change, resource scarcity, and rising global food demand, all while 

reducing environmental impact. This synergy has produced systems capable of over 98 % accuracy in 

data analysis and resource allocation, driving optimized decision-making and operational efficiency in 

the field [1]–[3]. 

The foundation of smart agriculture lies in a robust technological infrastructure, with 

connectivity being essential. Mobile networks and LPWAN (e.g. NB-IoT, LTE-M) connect sensors, drones, 

robots, and farm machinery across even remote areas, enabling continuous data collection and 

automation [4], [5]. The rollout of 5G networks—delivering high bandwidth and ultra-low latency—

further enhances this connectivity, facilitating real-time data transmission and autonomous operations 

in rural farming environments [6]–[8]. 

T 
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IoT sensor networks are the primary data collectors in precision agriculture: they monitor soil 

moisture, temperature, nutrient levels, and environmental variables in real time, offering farmers 

accurate, actionable insights [1], [2]. Aerial drones complement these ground sensors by capturing high-

resolution multispectral and thermal imagery for crop health assessment, significantly enhancing the 

scope and precision of data gathering on the farm [1], [9], [10]. 

AI algorithms are crucial for transforming raw agricultural sensor data into meaningful 

insights—machine learning models detect patterns to guide decisions on planting, irrigation, 

fertilization, and pest control [1], [11]. Edge AI systems, which process data on-site at sensors or farm 

machinery, improve responsiveness and autonomy by reducing reliance on distant cloud computing, 

making them vital for time-sensitive farm management tasks [10], [12], [13]. 

 

Literature Review, Results, and Discussions 

A. Precision Resource Management 

The integration of AI and IoT enables precise resource management in farming operations, 

significantly reducing waste while maximizing productivity. AI algorithms analyze data collected by IoT 

sensors to provide granular recommendations for planting, fertilizing, and irrigation tasks, enabling 

variable rate application (VRA) techniques that tailor input use to specific field conditions rather than 

applying uniform treatments across entire fields [14]-[16]. One proposed AI–IoT precision farming 

model, benchmarked against the FAOSTAT dataset, reported outstanding performance—with 

classification accuracy of 98.65%, precision of 98.32%, and recall of 97.65%—surpassing existing 

methods. These advanced models demonstrate the potential of AI-driven resource optimization in 

achieving sustainable and efficient agricultural outcomes. 

 
B. Automated Irrigation Systems 

Smart irrigation is one of the most matured—and effective—applications of AI–IoT integration in 

farming. A prominent example is the Vital system, which utilizes low-cost field sensors, a distributed 

data storage framework, and an explainable AI engine that automates irrigation decision-making via 

fuzzy rule-based logic [17], [18]. This approach emphasizes transparency and farmer trust by producing 

interpretable “if-then” recommendations that can be easily understood and validated by users [10], [20]. 

In practice, IoT sensors gather real-time soil moisture and environmental data, which AI algorithms 

interpret to dynamically optimize irrigation schedules, ensuring efficient water use and timely delivery 

to crops [21], [22]. 

 
C. Livestock Management Systems 

AI-powered IoT systems extend beyond crop production to revolutionize livestock management 

practices. These systems enable real-time monitoring of animal health, behavior, and location, offering 

farmers enhanced visibility and control over their operations [22], [23]. By analyzing data such as 

movement patterns, body temperature, and feeding behavior, AI algorithms can detect early signs of 

illness or stress, facilitating timely interventions that prevent escalation [24], [25]. This proactive 
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approach improves animal welfare, enhances productivity, and reduces financial losses associated with 

undiagnosed health issues or delayed treatment [22], [26]. 

 
D. Benefits and Sustainability Impact 

1. Environmental Sustainability Advancements 

The integration of AI and IoT in agriculture significantly contributes to environmental 

sustainability objectives. Agriculture currently stands as the second-largest contributor to 

greenhouse gas emissions globally, making the adoption of sustainable farming practices crucial to 

climate change mitigation [25]. Smart farming technologies support this transition by optimizing 

the use of water, fertilizers, and pesticides through data-driven precision applications [18]. These 

innovations reduce environmental contamination and promote efficient land and resource 

management by applying inputs only where and when needed, significantly minimizing waste and 

runoff [26]. 

2. Economic Efficiency and Productivity 

Beyond environmental benefits, AI–IoT integration also enhances economic efficiency by 

improving productivity and operational performance. Real-time monitoring combined with 

intelligent analytics allows farmers to lower input costs and increase crop yields through timely, 

informed decisions [26], [22]. The rapid execution time of AI models—as fast as 0.23 seconds for 

precision farming assessments—enables quick responses to field conditions, reducing the lag 

between data collection and action [22]. Furthermore, by incorporating AI and IoT throughout the 

supply chain, farmers can optimize logistics, monitor produce quality, and reduce post-harvest 

losses, which translates to higher profitability and operational resilience [23]. 

3. Decision Support and Knowledge Enhancement 

Smart agriculture platforms also serve as intelligent decision support systems (DSS) that 

augment farmers’ expertise, regardless of technical proficiency. Tools like Smart Decision Support 

Systems (SDSS) deliver actionable insights such as real-time soil condition analysis and planting 

recommendations based on historical and live data [23]. The use of explainable AI (XAI), particularly 

fuzzy rule-based logic systems, ensures that decisions are not only accurate but also interpretable 

by end users, increasing trust and adoption [18]. This is especially important in sensitive processes 

like irrigation scheduling, where incorrect decisions can directly compromise crop health and 

resource use efficiency [18]. 

 
E. Crop Health Monitoring and Disease Detection 

The integration of AI and IoT enables advanced crop health monitoring with early disease detection 

capabilities. Ground sensors and UAVs equipped with multispectral and hyperspectral imaging systems 

collect high-resolution data on plant physiology and stress indicators across spatial and temporal 

scales [24], [22]. AI algorithms—ranging from convolutional neural networks (CNNs) to support vector 

machines (SVMs)—analyze this imagery to detect early signs of nutrient deficiency, fungal infections, or 

pest infestations well before symptoms become visible to the naked eye [22], [23]. Early detection 

empowers farmers to deploy targeted treatments, reducing crop yield losses and minimizing reliance on 
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broad-spectrum pesticides, thus promoting more sustainable crop protection [23], [27]. By 

transforming crop protection from reactive intervention to proactive management, these real-time AI-

IoT systems substantially enhance yield performance while reducing environmental impact [27], [25]. 

 
F. Implementation Challenges and Considerations 

1. Technical and Infrastructure Requirements 

Implementing AI–IoT systems in agriculture presents several technical and infrastructural 

challenges. A major obstacle is establishing reliable network connectivity across remote and rural 

farming areas, where cellular or broadband access is often limited [9], [12]. Moreover, the high 

volume, variety, and velocity of data generated by distributed sensor networks require 

sophisticated data management solutions incorporating cloud, edge, or hybrid architectures to 

process and store information efficiently [2], [12]. Effective functionality further depends on 

seamless integration among diverse technological components—such as edge AI devices, cloud 

platforms, and sensor networks—demanding advanced system architecture and adherence to 

interoperability standards [2], [17]. 

2. Cost Considerations and Accessibility 

The deployment of AI–IoT technologies in agriculture often involves significant upfront and 

ongoing costs, which can impede adoption, particularly among smallholder and resource-

constrained farmers [17], [22]. To address this, systems like “Vital” integrate low-cost sensors and 

streamlined data infrastructures to reduce entry barriers and improve affordability for diverse 

agricultural settings [17]. Developing such cost-efficient solutions is essential to extending the 

benefits of AI–IoT across a wider range of farm scales and regions [22]. 

3. Knowledge and Training Requirements 

Successfully leveraging AI–IoT systems requires that end-users possess a fundamental level of 

digital literacy to operate, maintain, and interpret the outputs. Without user-friendly interfaces and 

adequate training, farmers may struggle to utilize these complex systems effectively [17], [25]. The 

adoption of explainable AI methods, such as fuzzy rule-based decision systems, enhances 

transparency and user trust by offering interpretable recommendations grounded in logical 

reasoning [17]. 

 
G. Future Directions and Emerging Innovations 

1. Technical and Infrastructure Requirements 

Despite their transformative potential, implementing AI–IoT systems in agriculture involves 

considerable technical and infrastructural challenges. Connectivity limitations—particularly in 

rural and remote areas—remain a key barrier, as uninterrupted high-speed network access is 

crucial for real-time data collection and decision-making [22]. These systems also generate vast 

volumes of diverse data from distributed sensors, necessitating scalable data management 

platforms capable of supporting high data velocity and integration [2]. Effective implementation 

further requires the seamless convergence of edge AI, cloud computing, and IoT technologies into a 



Bincang Sains dan Teknologi (BST)  E-ISSN 2961-8746 

DOI: 10.56741/bst.v4i02.941  P-ISSN 2961-8932 

Title: Paper Formatting for IISTR (max. 12 words) (First author, et al.)     
BST by IISTR 

Vol. 4, No. 02, August 2025, pp. 71-77 

Page | 75 

unified system architecture, underscoring the need for standardized interoperability protocols [25], 

[26]. 

2. Cost Considerations and Accessibility 

The cost of deploying AI–IoT technologies can be prohibitive, especially for smallholder 

farmers. High initial investment and ongoing maintenance expenses often restrict access to such 

systems [26]. To overcome this, solutions like the “Vital” system have been designed using low-cost 

sensors and lightweight data storage infrastructure, significantly lowering the entry barrier for 

precision agriculture applications [17]. However, the need for cost-effective and scalable 

implementation models remains a central concern for ensuring widespread adoption across diverse 

agricultural contexts [17]. 

3. Knowledge and Training Requirements 

Equally important are the human factors—particularly the digital literacy and technical skills of 

the farmers expected to operate AI–IoT platforms. Although smart agriculture systems are designed 

to simplify complex decision-making, they often require baseline knowledge of sensor operation, 

data interpretation, and system maintenance [23]. Therefore, intuitive user interfaces and targeted 

training programs are essential to empower end-users across varying levels of technological 

proficiency [17]. Explainable AI (XAI) features, such as fuzzy rule-based systems, further enhance 

user trust by making system recommendations interpretable and transparent [10]. 

 

Conclusion 

The integration of Artificial Intelligence and Internet of Things technologies represents a 

transformative force in modern agriculture, offering powerful solutions to the industry's most pressing 

challenges. By combining real-time data collection through extensive sensor networks with 

sophisticated AI analysis capabilities, these integrated systems enable unprecedented levels of precision 

in agricultural management. From automated irrigation and crop health monitoring to livestock 

management and supply chain optimization, AI-IoT integration touches virtually every aspect of farming 

operations. While implementation challenges related to connectivity, cost, and knowledge requirements 

exist, the continuous advancement of these technologies promises increasingly accessible and powerful 

solutions. As smart agriculture continues to evolve with the integration of edge intelligence, cloud 

computing, and other emerging technologies, it holds tremendous potential for creating more 

productive, efficient, and sustainable farming systems capable of meeting the world's growing food 

demands while reducing agriculture's environmental footprint. 
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