
________

A Thematic Review of IOT and AI

Publication History
Manuscript Reference No: IJIRIS/RS/Vol.11/Issue12/DCISI009
Research Article Open Access| Double
Received:
2025.
Citation:
Advancements for Smart Farming
Issue 11 of 2025 pages 
BibTeX Key: Dr.Shivani
IJIRIS papers should be cited as IJIRIS (International Journal of Innovative Research in Information Security, AM 
Publications, India 2025, ISSN 2349
IJIRIS
Copyright
of the Creative Commons Attribution (CC BY) license
Abstract
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence
(AI) have become central to this transformation. Io
continuous, real
analyze this data to provide actionable insights, such as op
and yield prediction.
highlighting successful applications that improve resource utilization, r
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 
lower input costs, and reduced ecological impact. Despite their advantages, challenges
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 
further explores emerging solutions, including edge computing for on
for traceability, and collaborative AI models that protect data privacy.
provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 
how these technologies can support smarter decision
for the future. The paper emphasizes that adopting technology
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Precision agriculture has steadily evolved into a practical and forward
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 
plant 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 
many cases, the comb
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 
these technologies shift farming from un
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally 
economically viable farming systems for the coming decades.
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Abstract: Precision agriculture is tran
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence
(AI) have become central to this transformation. Io
continuous, real
analyze this data to provide actionable insights, such as op
and yield prediction.
highlighting successful applications that improve resource utilization, r
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 
lower input costs, and reduced ecological impact. Despite their advantages, challenges
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 
further explores emerging solutions, including edge computing for on
for traceability, and collaborative AI models that protect data privacy.
provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 
how these technologies can support smarter decision
for the future. The paper emphasizes that adopting technology
productivity but also a means to address global food security challenges while minimizing environmental impact
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Precision agriculture has steadily evolved into a practical and forward
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 
plant health, micro
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 
many cases, the comb
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 
these technologies shift farming from un
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally 
economically viable farming systems for the coming decades.
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Precision agriculture is tran

more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence
(AI) have become central to this transformation. Io
continuous, real-time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 
analyze this data to provide actionable insights, such as op
and yield prediction. This review examines how IoT and AI are being integrated into agricultural practices worldwide, 
highlighting successful applications that improve resource utilization, r
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 
lower input costs, and reduced ecological impact. Despite their advantages, challenges
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 
further explores emerging solutions, including edge computing for on
for traceability, and collaborative AI models that protect data privacy.
provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 
how these technologies can support smarter decision
for the future. The paper emphasizes that adopting technology

ivity but also a means to address global food security challenges while minimizing environmental impact
Precision Agriculture, IoT, AI, Smart Farming, Crop Monitoring, Predictive Analytics, Sustainable Agriculture, 

Deep Learning, Smart Irrigation

Precision agriculture has steadily evolved into a practical and forward
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

health, micro-climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 
many cases, the combination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 
these technologies shift farming from un
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally 
economically viable farming systems for the coming decades.
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Precision agriculture is transforming traditional farming by enabling farmers to manage crops and resources 

more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence
(AI) have become central to this transformation. Io

time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 
analyze this data to provide actionable insights, such as op

This review examines how IoT and AI are being integrated into agricultural practices worldwide, 
highlighting successful applications that improve resource utilization, r
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 
lower input costs, and reduced ecological impact. Despite their advantages, challenges
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 
further explores emerging solutions, including edge computing for on
for traceability, and collaborative AI models that protect data privacy.
provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 
how these technologies can support smarter decision
for the future. The paper emphasizes that adopting technology

ivity but also a means to address global food security challenges while minimizing environmental impact
Precision Agriculture, IoT, AI, Smart Farming, Crop Monitoring, Predictive Analytics, Sustainable Agriculture, 

Deep Learning, Smart Irrigation 

Precision agriculture has steadily evolved into a practical and forward
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 

ination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 
these technologies shift farming from uniform treatment of entire fields to precise, location
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally 
economically viable farming systems for the coming decades.
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sforming traditional farming by enabling farmers to manage crops and resources 
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence
(AI) have become central to this transformation. IoT devices, including soil sensors, weather stations, and drones, provide 

time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 
analyze this data to provide actionable insights, such as op

This review examines how IoT and AI are being integrated into agricultural practices worldwide, 
highlighting successful applications that improve resource utilization, r
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 
lower input costs, and reduced ecological impact. Despite their advantages, challenges
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 
further explores emerging solutions, including edge computing for on
for traceability, and collaborative AI models that protect data privacy.
provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 
how these technologies can support smarter decision
for the future. The paper emphasizes that adopting technology

ivity but also a means to address global food security challenges while minimizing environmental impact
Precision Agriculture, IoT, AI, Smart Farming, Crop Monitoring, Predictive Analytics, Sustainable Agriculture, 

1. INTRODUCTION
Precision agriculture has steadily evolved into a practical and forward
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 

ination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 

iform treatment of entire fields to precise, location
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally 
economically viable farming systems for the coming decades.
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sforming traditional farming by enabling farmers to manage crops and resources 
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence

T devices, including soil sensors, weather stations, and drones, provide 
time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 

analyze this data to provide actionable insights, such as optimal irrigation schedules, nutrient management, pest detection, 
This review examines how IoT and AI are being integrated into agricultural practices worldwide, 

highlighting successful applications that improve resource utilization, r
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 
lower input costs, and reduced ecological impact. Despite their advantages, challenges
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 
further explores emerging solutions, including edge computing for on
for traceability, and collaborative AI models that protect data privacy.
provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 
how these technologies can support smarter decision-making, enhance sustainability, and create resilient farming systems 
for the future. The paper emphasizes that adopting technology-driven approaches is not only a pathway to increased 

ivity but also a means to address global food security challenges while minimizing environmental impact
Precision Agriculture, IoT, AI, Smart Farming, Crop Monitoring, Predictive Analytics, Sustainable Agriculture, 

INTRODUCTION
Precision agriculture has steadily evolved into a practical and forward
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 

ination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 

iform treatment of entire fields to precise, location
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally 
economically viable farming systems for the coming decades. 
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sforming traditional farming by enabling farmers to manage crops and resources 
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence

T devices, including soil sensors, weather stations, and drones, provide 
time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 

timal irrigation schedules, nutrient management, pest detection, 
This review examines how IoT and AI are being integrated into agricultural practices worldwide, 

highlighting successful applications that improve resource utilization, reduce chemical usage, and enhance overall farm 
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 
lower input costs, and reduced ecological impact. Despite their advantages, challenges
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 
further explores emerging solutions, including edge computing for on-site data analysis, block
for traceability, and collaborative AI models that protect data privacy. By synthesizing recent research, this review 
provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 

making, enhance sustainability, and create resilient farming systems 
driven approaches is not only a pathway to increased 

ivity but also a means to address global food security challenges while minimizing environmental impact
Precision Agriculture, IoT, AI, Smart Farming, Crop Monitoring, Predictive Analytics, Sustainable Agriculture, 

INTRODUCTION 
Precision agriculture has steadily evolved into a practical and forward-looking response to the growing challenges faced by 
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 

ination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 

iform treatment of entire fields to precise, location
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally 
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sforming traditional farming by enabling farmers to manage crops and resources 
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence

T devices, including soil sensors, weather stations, and drones, provide 
time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 

timal irrigation schedules, nutrient management, pest detection, 
This review examines how IoT and AI are being integrated into agricultural practices worldwide, 

educe chemical usage, and enhance overall farm 
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 
lower input costs, and reduced ecological impact. Despite their advantages, challenges like high initial costs, technological 
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 

site data analysis, blockchain
By synthesizing recent research, this review 

provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 
making, enhance sustainability, and create resilient farming systems 

driven approaches is not only a pathway to increased 
ivity but also a means to address global food security challenges while minimizing environmental impact

Precision Agriculture, IoT, AI, Smart Farming, Crop Monitoring, Predictive Analytics, Sustainable Agriculture, 

looking response to the growing challenges faced by 
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 

ination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 

iform treatment of entire fields to precise, location-specific decisions that improve 
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally 
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sforming traditional farming by enabling farmers to manage crops and resources 
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence

T devices, including soil sensors, weather stations, and drones, provide 
time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 

timal irrigation schedules, nutrient management, pest detection, 
This review examines how IoT and AI are being integrated into agricultural practices worldwide, 

educe chemical usage, and enhance overall farm 
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 

like high initial costs, technological 
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 

chain-based data management 
By synthesizing recent research, this review 

provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It 
making, enhance sustainability, and create resilient farming systems 

driven approaches is not only a pathway to increased 
ivity but also a means to address global food security challenges while minimizing environmental impact

Precision Agriculture, IoT, AI, Smart Farming, Crop Monitoring, Predictive Analytics, Sustainable Agriculture, 

looking response to the growing challenges faced by 
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 

ination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 

specific decisions that improve 
output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT
driven precision agriculture is expected to play an essential role in building resilient, environmentally responsible
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sforming traditional farming by enabling farmers to manage crops and resources 
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence

T devices, including soil sensors, weather stations, and drones, provide 
time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 

timal irrigation schedules, nutrient management, pest detection, 
This review examines how IoT and AI are being integrated into agricultural practices worldwide, 

educe chemical usage, and enhance overall farm 
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 

like high initial costs, technological 
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 

based data management 
By synthesizing recent research, this review 

provides a comprehensive understanding of the current capabilities of IoT and AI in precision agriculture. It demonstrates 
making, enhance sustainability, and create resilient farming systems 

driven approaches is not only a pathway to increased 
ivity but also a means to address global food security challenges while minimizing environmental impact 
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looking response to the growing challenges faced by 
modern farming, especially as global food requirements continue to rise while farmland quality, water availability, and 
climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 

ination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 
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output while conserving resources. As digital tools become more affordable and rural connectivity improves, IoT-
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sforming traditional farming by enabling farmers to manage crops and resources 
more efficiently and sustainably. In recent years, technologies like the Internet of Things (IoT) and Artificial Intelligence 

T devices, including soil sensors, weather stations, and drones, provide 
time data about soil conditions, moisture levels, crop health, and environmental factors. AI systems then 

timal irrigation schedules, nutrient management, pest detection, 
This review examines how IoT and AI are being integrated into agricultural practices worldwide, 

educe chemical usage, and enhance overall farm 
productivity. It also discusses the economic and environmental benefits of these technologies, such as water conservation, 

like high initial costs, technological 
literacy, infrastructure limitations, and data security concerns remain significant barriers for many farmers. The review 

based data management 
By synthesizing recent research, this review 

demonstrates 
making, enhance sustainability, and create resilient farming systems 

driven approaches is not only a pathway to increased 

Precision Agriculture, IoT, AI, Smart Farming, Crop Monitoring, Predictive Analytics, Sustainable Agriculture, 

looking response to the growing challenges faced by 
and 

climatic stability decline. Farmers today are no longer limited to manual inspection or intuition; instead, they can rely on a 
network of connected sensors, drones, and automated tools that continuously capture information about soil conditions, 

climate variations, and resource usage. This raw data becomes meaningful when processed through AI 
models that identify hidden patterns, anticipate crop stress, and offer recommendations tailored to each field’s needs. In 

ination of IoT and AI reduces unnecessary water usage, prevents pest outbreaks through early 
detection, and helps farmers plan irrigation, harvesting, and fertilizer application with better timing. More importantly, 

specific decisions that improve 
-AI 
and 
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2. RELATED WORK 
Early research emphasized wireless sensor networks for basic monitoring of soil and environmental parameters. With the 
adoption of low-power communication protocols such as LoRaWAN and NB-IoT, long-range farm connectivity has 
become feasible even in rural settings. 
Recent studies show major progress in: 
1. IoT Sensing and Monitoring 
 Soil moisture sensors enabling precise irrigation 
 Drone imaging for NDVI vegetation index analysis 
 Multispectral and hyperspectral sensors detecting stress early 
 Greenhouse monitoring via smart controllers 
Sharma et al. (2023) demonstrated 40% water savings using IoT-based irrigation. 
2. AI Applications in Agriculture 
Machine learning has shown exceptional performance in disease detection and yield forecasting: 
 CNNs achieve >95% accuracy in leaf disease identification 
 LSTMs effectively model weather patterns 
 Random Forest improves nutrient prediction sensitivity 
Patel & Kumar (2022) showed CNN models outperform traditional image processing methods for disease detection. 
3. Automation and Robotics 
AI-driven robotics performs autonomous tasks: 
 Spraying and fertilization 
 Weeding using computer vision 
 Drone-based mapping and crop count analysis 
 Autonomous tractors and harvesting arms 
Chowdhury (2022) demonstrated AI-guided robots reducing weed-management effort by 60%. 
4. Sustainability Outcomes 
IoT–AI systems support: 
 Reduced pesticide use 
 Better soil health 
 Water conservation 
 Lower greenhouse gas emissions 
Li et al. (2023) reported significant CO� reduction through targeted fertilization using IoT sensors. Despite these 
advances, issues remain in interoperability, lack of farmer training, high installation cost, and data security highlighting 
research opportunities. 

3. REVIEW METHODOLOGY 
This review follows thematic and comparative methodological steps: 
3.1 Dataset and Source Selection 
Research papers were selected from: 
 IEEE Xplore 
 SpringerLink 
 Elsevier 
 ACM Digital Library 
 Agriculture technology journals 
Keywords: IoT agriculture, AI farming, smart irrigation, crop disease detection, agricultural automation. 
3.2 Inclusion and Exclusion Criteria 
Included: 
 Peer-reviewed research (2018–2024) 
 IoT or AI implementation in real agricultural settings 
 Studies reporting sustainability or accuracy metrics 
Excluded: 
 Purely theoretical studies 
 Non-technical editorials 
 Projects without system implementation 
62 highly relevant research articles were selected. 
3.3 Thematic Categorization 
Four primary themes were identified: 
1. IoT sensing and monitoring 
2. AI predictive analytics 
3. Automation & robotics 
4. Sustainability and environmental impact 
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This thematic structure helps understand how technologies collectively support precision agriculture. 
4. IOT AND AI SYSTEM ARCHITECTURE 

4.1 IoT Architecture for Smart Farming 
A typical IoT–AI ecosystem consists of: 
 Sensors: Soil moisture, nutrient sensors, climate sensors 
 Communication: LoRaWAN, NB-IoT, ZigBee, Wi-Fi 
 Cloud/Edge Processing: Data aggregation and AI model execution 
 Decision Engine: Predictive recommendations 
 Actuators: Smart pumps, irrigation valves, sprayers, drones 
4.2 AI Model Integration 
AI algorithms interpret large datasets generated by sensors: 
 CNNs → disease classification 
 LSTMs → weather prediction 
 SVM/RF → soil nutrient analysis 
 GANs → synthetic data generation for scarce datasets 
AI enhances precision and automates decision-making. 

5. THEMATIC REVIEW 
5.1 IoT Sensing and Monitoring Systems 
IoT technologies have introduced low-cost, high-frequency monitoring for soil conditions, temperature, humidity, leaf 
moisture, and pest activity. Wireless sensor networks and LoRaWAN-based communication support long-range, energy-
efficient field data acquisition. 
Key advancements include: Real-time soil moisture monitoring for irrigation optimization - Drones with multispectral 
cameras for vegetation index detection - Smart greenhouse sensors enabling climate automation 
These systems provide the foundational datasets required for AI-based decision models. 
5.2 AI-Based Predictive Analytics 
Machine learning and deep learning algorithms play a central role in predicting crop yield, identifying diseases, estimating 
soil nutrient levels, and forecasting weather anomalies. 
Common models: Random Forest and XGBoost for crop yield prediction - CNNs for leaf disease classification - LSTMs 
for climate forecasting. These algorithms transform raw IoT data into actionable insights improving farm decision cycles. 
5.3 Agricultural Automation and Robotics 
IoT-integrated automation includes autonomous tractors, robotic weeders, and UAVs. AI-based vision systems guide 
machinery for tasks like spraying, weeding, and harvesting. Examples: - AI-enabled irrigation controllers adjusting water 
flow automatically - Robots identifying and removing weeds using image processing - Automated fertilization systems 
responding to soil nutrient data 
5.4 Sustainability and Environmental Impact 
IoT–AI systems support sustainable agriculture by reducing water use, lowering chemical input, enabling carbon-efficient 
farming, and enhancing biodiversity. 
Key sustainability impacts: - Water efficiency improved by 25–45% using smart irrigation - Reduction in pesticide use 
through AI-guided detection - Enhanced soil health via targeted fertilization 

6. RESULT ANALYSIS 
Figure 1: IoT–AI Architecture for Precision Agriculture 
Figure 1 Description: Flowchart showing sensors, IoT gateway, cloud storage, AI models, decision engine, 
actuators/robotics, and field response. 
Figure 2: Smart Irrigation Workflow 
Figure 2 Description: Flowchart showing soil sensors, moisture data, AI algorithm, water requirement estimate, smart 
valve, and irrigation output. 

Table 1: Comparison of IoT Technologies in Agriculture 
Technology Range Energy Use Application 
LoRaWAN Long Low Field Monitoring 

Wi-Fi Medium High Greenhouses 
ZigBee Short Low Indoor Sensors 
NB-IoT Long Medium Smart Irrigation 

 
Table 2: AI Techniques and Their Use-Cases 

AI Technique Use-Case Output 
CNN Disease Detection Classification 
LSTM Weather Forecasting Time-Series Prediction 

Random Forest Soil Analysis Feature Importance 
SVM Crop Classification Predictive Labels 
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In-Text Citations Added 
 Smart irrigation improves water efficiency (Sharma et al., 2023). 
 CNN models achieve >95% disease classification accuracy (Patel & Kumar, 2022). 
 LoRaWAN is widely adopted for long-range farm monitoring (Gupta et al., 2021). 
 AI-based systems reduce pesticide use significantly (Rahman et al., 2020). 
 

7.  CONCLUSION 
The comprehensive review of IoT and AI advancements in precision agriculture demonstrates that digital technologies are 
reshaping the future of farming by enabling smarter, data-driven, and environmentally sustainable practices. IoT systems 
provide the essential foundation for continuous, real-time monitoring of critical agricultural parameters such as soil 
moisture, nutrient levels, climatic conditions, and plant health. These datasets, when processed through AI algorithms, 
allow farmers to transition from reactive decision-making to predictive and prescriptive strategies that significantly 
enhance the efficiency and reliability of agricultural operations. A major conclusion of this study is that IoT–AI integration 
not only improves productivity but also directly supports sustainability goals. Smart irrigation systems, for instance, reduce 
water consumption by up to 45%, while AI-based disease detection systems minimize unnecessary pesticide applications. 
Precision nutrient management ensures that fertilizers are applied in optimized quantities, reducing environmental 
pollution and preserving soil quality for long-term agricultural resilience. These outcomes are particularly critical as the 
agricultural sector faces the dual challenges of climate change and increasing global food demand. The review also 
highlights how automation and robotics empowered by IoT monitoring and AI-driven perception are closing the gap 
between technological capability and real-world farm deployment. Autonomous tractors, drone sprayers, robotic 
weeders, and vision-guided harvesters are gradually reducing dependency on manual labor, improving uniformity in field 
operations, and enabling farmers to scale production with minimal human intervention. These technologies not only boost 
economic efficiency but also reduce occupational risks associated with repetitive and hazardous farming tasks. Despite 
substantial progress, several limitations persist. High initial investment costs, fragmented device interoperability, 
inconsistent rural connectivity, and challenges in data sharing and privacy remain major barriers to widespread adoption. 
Moreover, many AI models lack interpretability, making it difficult for farmers to understand or trust automated 
recommendations. The performance of predictive models also varies across regions due to differences in soil properties, 
crop varieties, and climatic conditions, highlighting the need for region-specific datasets and context-aware AI solutions. 
Therefore, the future of smart agriculture requires focused research in several key areas. First, the development of low-
cost, energy-efficient sensors and renewable-powered IoT devices will be essential for large-scale deployment in resource-
constrained regions. Second, explainable and farmer-friendly AI systems must be prioritized to improve transparency, 
trust, and decision adoption at the ground level. Third, integrated platforms that combine multi-modal data sources sensor 
networks, satellite imagery, drone data, and climate models will be crucial for creating unified and scalable agricultural 
intelligence ecosystems. Finally, advancements in edge computing, 5G connectivity and blockchain-based data security hold 
the potential to overcome many existing challenges associated with latency, privacy, and system interoperability. In 
conclusion, IoT and AI together represent a transformative shift toward highly efficient, sustainable, and automated 
agriculture. If supported by robust infrastructure, farmer training, policy incentives, and continued multidisciplinary 
innovation, these technologies will enable a new generation of farms that are not only more productive but also 
environmentally responsible and resilient to future climate uncertainties. This synergy marks a significant step toward 
achieving global food security and establishing a sustainable agricultural future. 
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