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**Abstract. This review article explores the transformative influence of 

Internet of Things (IoT), Unmanned Aerial Vehicles (UAVs), and Deep 

Learning (DL) in modern agriculture, outlining their applications and impact 

on Smart Agriculture Systems (SAS). Examining various wireless 

communication technologies within IoT, including LoRa, Zigbee, and 

cellular networks like 5G, the study delineates their roles in enabling real-

time monitoring and data transmission across expansive agricultural 

landscapes. Moving to UAVs, the review highlights their pivotal role in 

precision agriculture, elucidating how these aerial platforms equipped with 

diverse sensing technologies and cameras facilitate crop monitoring, disease 

detection, and targeted pesticide spraying. The integration of Deep Learning 

techniques, particularly Convolutional Neural Networks (CNNs), is 

discussed to emphasise their significance in disease detection, pest 

management, soil parameter estimation, and weed identification. The 

synthesis of these technologies reshapes traditional agricultural 

methodologies, empowering farmers with data-driven decision-making 

tools for optimized yield, sustainable practices, and efficient resource 

utilization. This comprehensive exploration aims to provide insights into the 

synergy of IoT, UAVs, and DL, laying the groundwork for the evolution of 

agricultural practices worldwide towards increased productivity and 

sustainability. 

1 Introduction 

Agriculture, the backbone of civilization, has undergone a transformational journey, 

incorporating cutting-edge technologies to meet the ever-growing global food demand. In 

recent years, the convergence of Internet of Things (IoT), Unmanned Aerial Vehicles 
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(UAVs), and Deep Learning (DL) has redefined traditional agricultural practices, paving the 

way for Smart Agriculture Systems (SAS). This review delves into the multifaceted 

landscape of these technologies, exploring their applications, advancements, and pivotal roles 

in revolutionizing modern agriculture [1-3]. 

 

The IoT's Role in Smart Agriculture 
Beginning with the Internet of Things, this review navigates through a spectrum of wireless 

communication technologies pivotal for IoT-based sensor networks in agriculture. From 

LoRa and Zigbee enabling long-range and low-power connectivity to Bluetooth and Wi-Fi 

offering high data transmission rates, each technology brings a unique set of capabilities 

suitable for diverse agricultural scenarios. Cellular technologies such as 5G and NB-IoT 

further extend the reach, enabling real-time monitoring and data transmission across vast 

agricultural landscapes. 

 

UAVs in Precision Agriculture  
Advancing from ground-based monitoring to aerial perspectives, the integration of 

Unmanned Aerial Vehicles (UAVs) has heralded a new era in precision agriculture. These 

versatile flying platforms armed with various cameras and sensing technologies facilitate 

crop monitoring, disease detection, and efficient pesticide spraying. From fixed-wing drones 

for wide-scale surveillance to multi-rotor designs for targeted spraying, UAVs have emerged 

as indispensable tools, offering farmers unparalleled insights into crop health and enabling 

swift, precise interventions. 

 

Deep Learning's Impact on Agricultural Innovation 
The advent of Deep Learning (DL) has catalysed transformative changes in agriculture, 

particularly in disease detection, pest management, and plant phenotyping. Employing 

Convolutional Neural Networks (CNNs), DL systems analyse images captured by drones or 

ground-based sensors to detect diseases, estimate crop yield, identify pests and weeds, and 

assess soil conditions. These sophisticated AI-based solutions empower farmers with real-

time decision-making tools, fostering sustainable agricultural practices for enhanced 

productivity and yield optimization. 

 

The amalgamation of IoT, UAVs, and DL marks a paradigm shift in agricultural 

methodologies, ushering in an era of precision, efficiency, and sustainability. As this review 

navigates through the applications and synergies of these technologies, it aims to provide a 

comprehensive understanding of their transformative impact on modern agriculture, laying 

the groundwork for the evolution of Smart Agriculture Systems worldwide.

 

2 IoT Plant Sensors 

IoT Plant Sensors represent a cutting-edge advancement in agriculture, revolutionizing the 

way crops are monitored and cultivated. These sensors, equipped with various innovative 

technologies, play a pivotal role in ensuring optimal growth conditions, identifying potential 

threats, and enhancing overall agricultural efficiency. They provide real-time data on crucial 

parameters such as soil moisture, temperature, nutrient levels, and environmental conditions, 

enabling farmers to make data-driven decisions. 

This table1 provides an overview of various advanced sensor technologies used in food safety 

and quality monitoring. It outlines the technologies, types of sensors employed, the 
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associated problem statements, advantages, applications, and challenges encountered in 

implementing these technologies across the food supply chain. 

Table 1: Overview of Advanced Sensor Technologies in Food Safety and Quality Monitoring [5.6] 

Technology Sensors Description Advantages Applications Challenges 

IoT-

Assisted 

Food 

Sensors 

Electrochemical, 

surface plasmon 

resonance, 

colorimetric, 

fluorescence, 

surface-enhanced 

Raman scattering 

Rapid and 

accurate 

testing for 

food safety 

and quality 

Rapid 

screening, 

freshness 

maintenance, 

reducing 

diseases 

Food 

processing, 

packaging, 

biosecurity, 

human health 

monitoring 

Integration 

issues with IoT 

devices 

Time–temperature 

indicators (TTI) 

Indicating 

exposure to 

excessive 

temperatures 

Predicting 

food spoilage, 

spoilage 

without direct 

contact 

Monitoring 

food storage 

conditions, 

transportation, 

handling 

Limited direct 

contact with 

food 

Near-field 

communication 

(NFC) 

Real-time 

food 

temperature 

data retrieval 

and display 

Tracking food 

temperature 

history, 

preventing 

spoilage 

Storage, 

transportation, 

handling 

management 

Dependence on 

NFC-capable 

smartphones 

Moisture-

dependent 

materials 

Indirect 

indication of 

food quality 

by screening 

storage 

parameters 

Integration of 

multiple 

sensors, 

multiplexing 

Monitoring 

various food 

parameters, 

quality 

indicators 

Challenges in 

multiplex 

sensor 

integration 

Flexible sensors 

integrated with 

smartphones 

Addressing 

world 

population 

growth and 

food quality 

concerns 

Traceability 

of food 

cycles, 

ensuring food 

safety 

Crop 

cultivation, 

harvesting, 

packaging, 

transportation, 

consumer 

utilization 

Contamination 

risk with 

sensor-active 

material 

 

3 IoT-Enabled Plant Sensors 

The integration of Internet of Things (IoT) technology with plant science has revolutionized 

the agricultural landscape, introducing a paradigm shift in plant monitoring and cultivation. 

IoT-enabled plant sensors have emerged as powerful tools in modern agriculture, offering 

real-time insights into plant health, growth, and environmental conditions. These 

sophisticated sensors, equipped with wearable and wireless capabilities, facilitate continuous 

and precise monitoring of various plant parameters. They enable farmers and stakeholders to 
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make informed decisions promptly, contributing to improved crop yields and sustainable 

agricultural practices.  

This table2 provides an overview of various aspects of IoT-enabled plant sensors, 

encompassing their technologies, sensor types, problem statements, advantages, applications, 

and associated challenges in the domain of plant monitoring and agriculture. 

Table 2: Overview of IoT-Enabled Plant Sensors: Technologies, Applications, and Challenges [7.8] 

Technology Sensors 
Problem 

Statement 
Advantages Applications Challenges 

IoT-Enabled 

Plant Sensors 

Flexible 

substrates, 

printed circuits 

Lack of real-

time plant 

health 

monitoring 

impacting 

productivity; 

Diseases and 

stresses 

causing 

postharvest 

yield 

reduction 

Real-time 

monitoring 

enhancing 

early detection 

and action; 

Accuracy in 

plant health 

information 

Plant growth 

monitoring, 

disease 

detection, 

plant 

phenotyping 

Maturity for end-

user application, 

Wearable 

electronics in 

agriculture at 

infancy 

Plant Growth 

Monitoring 

Wearable 

interfaces, 

bioristors 

Delayed lab-

based analysis 

affecting time-

sensitive 

actions; 

Diseases & 

stresses 

reducing 

postharvest 

crop yield 

Early detection 

in plant health 

via embedded 

sensors; 

Improved 

prediction 

models 

Precision 

farming, crop 

management, 

phenotyping 

Development of 

multifunctional 

wearable sensors, 

Instant/continuou

s plant health 

monitoring 

Plant VOCs 

Sensing 

Lightweight 

sensors, 

electronic nose 

Inability of 

lab-based 

methods for 

in-field 

measurements

; VOCs as 

indicators of 

varied plant 

stresses 

Low-cost, 

direct VOC 

detection 

without lab 

analysis; 

Implementatio

n for stress 

detection 

Plant 

phenotyping, 

stress 

tracking 

Sensor 

miniaturization, 

Long-term 

monitoring 

limitations due to 

battery power 

High-

Throughput 

Plant 

Phenotyping 

Automated 

sensor systems 

Limitations in 

current 

phenotyping 

techniques for 

complex 

environmental 

data; 

Abiotic/biotic 

Accurate 

determination 

of plant 

nutrients; 

Quantifying 

genotypes 

amidst 

ecological 

interactions 

Plant 

phenotype 

screening, 

environmenta

l monitoring 

Improved 

sensors, Data 

management & 

analysis for 

complex datasets 
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stress impacts 

on crop yields 

Plant 

Pathogens 

Sensing 

ELISA, PCR, 

imaging 

techniques 

Delayed 

detection 

impacting 

plant health; 

Economic 

losses due to 

pathogens 

Swift 

intervention 

measures, 

Real-time 

monitoring 

Disease 

management, 

Precision 

agriculture 

Maturity of in-

field pathogen 

detection, Direct 

vs. indirect 

sensing methods 

Plant 

Physiology 

Monitoring 

IoT-based plant 

sensors 

Lack of real-

time 

physiological 

data for timely 

interventions; 

Inadequate 

understanding 

of plant health 

indicators 

Immediate 

access to plant 

physiology 

data aiding 

timely 

interventions; 

Comprehensiv

e insights into 

plant health 

Monitoring 

growth status, 

stress levels, 

hormonal 

changes 

Sensor accuracy 

& reliability, 

Interpretation of 

physiological data 

Environmenta

l Pollution 

Detection 

Wireless 

networks, 

environmental 

sensors 

Inadequate 

monitoring of 

environmental 

impacts on 

plant health; 

Limited 

pollution 

tracking 

capabilities 

Continuous 

monitoring of 

pollutants' 

impact on 

plants; Early 

detection for 

mitigation 

Monitoring 

air, soil, 

water 

pollution 

effects on 

plants 

Sensor 

calibration, 

Distinguishing 

between natural 

and pollutant-

induced stress 

Plant Nutrient 

Monitoring 

Needle-based 

sensors, 

wearable 

devices 

Inefficient 

nutrient 

uptake 

affecting plant 

growth; 

Inadequate 

real-time 

nutrient status 

assessment 

Real-time 

monitoring of 

nutrient levels; 

Optimization 

of nutrient 

supply 

Nitrogen, 

potassium, 

phosphorus 

monitoring 

Sensor 

sensitivity, 

Adapting to 

varied soil 

nutrient 

conditions 

Plant 

Hormones 

Bioassays, 

immunoassays, 

electroanalysis, 

chromatography

, capillary 

electrophoresis, 

HPLC 

Sensing and 

detecting plant 

hormones is 

essential for 

understanding 

plant biology 

and 

optimizing 

agricultural 

practices. 

High 

sensitivity, 

selectivity, 

accuracy, and 

throughput 

Quantificatio

n of plant 

hormones, 

understanding 

plant biology, 

optimizing 

agricultural 

practices 

Sample 

preparation, 

purification, and 

extraction 

challenges, 

minute 

concentrations of 

hormones in plant 

leaves 
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Biosensors 

integrated with 

microfluidic 

systems 

Advanced 

sensing 

technologies 

developed for 

accurate and 

timely 

estimation of 

plant 

hormones 

Real-time and 

label-free 

detection of 

hormones 

Accurate and 

timely 

estimation of 

plant 

hormones, 

real-time 

detection, 

label-free 

sensing 

Challenges in 

sampling, 

extraction, 

purification, and 

concentration of 

hormones in 

plants, 

development of 

advanced sensing 

technologies 

Automated 

point-of-use 

sensors with IoT 

for hormone 

detection 

Continuous 

and remote 

monitoring 

providing 

detailed 

information 

on hormone 

dynamics and 

their influence 

on plant 

health, 

growth, and 

development 

Accelerated 

data analysis, 

visualization, 

and decision-

making 

processes 

Precision 

agriculture, 

smart 

farming, 

immediate 

adjustments 

in response to 

hormonal 

imbalances or 

stress 

conditions 

Implementation 

challenges, 

optimization of 

resource 

utilization, crop 

production, and 

environmental 

sustainability 

through IoT-

based sensors 

 

4 Agriculture 4.0 [4] 

The introduction of modern technologies in agriculture, termed Smart Agriculture or 

Agriculture 4.0, leverages sensors, remote monitoring systems, meteorological stations, and 

drones to collect and display massive data, revolutionizing decision-making processes. The 

core of this transformation lies in connectivity, enabling efficient execution of complex IoT 

scenarios like smart farming, connecting agricultural equipment and systems to optimize 

agricultural plots and early processing facilities [9-11]. 

4.1 Significant Applications of Agriculture 4.0 Technologies 

4.1.1  Produced Practical and Smart Farming 

 Data-driven decisions utilizing IoT sensors and nanotools for improved yields and 

food quality. 

 Machine-to-machine communication automating farming choices and empowering 

farmers for ecological support and community development. 

4.1.2 Understanding Soil Composition 

 Utilization of drones, satellite imaging, and real-time crop data for crop health 

monitoring. 

 Data mining aids in improving production, creating transparent agricultural records, 

and establishing traceability options. 
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4.1.3 Complete Agriculture Supply Chain Management 

 IoT technologies optimizing the global agribusiness network for various supply 

chain benefits. 

 Advanced sensor technologies and drones altering farming norms for better crop 

analysis and weed detection. 

4.1.4 Measurement of Soil Variables 

 Sensors and IoT eliminating the need for manual data entry, enhancing accuracy, 

and reducing errors. 

 Blockchain technology offering transparency in supply chains and revolutionizing 

agricultural revolutions. 

4.1.5 Reduced Environmental Impact 

 Critical technologies leading to increased yields, reduced environmental footprint, 

and crop adaptation to climate change. 

 Smart technologies providing extensive information about products, ensuring 

environmental sustainability. 

4.1.6 Enhanced Agricultural Practices and Production 

 Precision agriculture optimizing soil management and informed decision-making. 

 Technologies aiding in cost reduction, increased profitability, and sustainable 

farming practices. 

4.1.7 Reduced Resource Consumption 

 Precision agriculture reducing resource consumption and streamlining food 

production. 

 Smart farming benefiting the environment, the economy, and improving the quality 

of life for agricultural workers. 

4.1.8 Improved Farming Operations 

 Big data analytics enhancing farming operations, risk management, and electricity 

access. 

 Technology advancements benefitting farmers' incomes and aiding in the adoption 

of greener technologies. 

4.1.9 Combatting Crop Disease 

 Drones and field robots contributing to combating crop diseases, enhancing crop 

yield and local value capture. 

 Technology aiding in cost reductions, higher yields, and employment generation. 
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4.1.10 Secure Transactions and Food Tracking 

 Blockchain technology ensuring secure transactions and precise farm and stock 

data. 

 Technology solutions providing reliable agricultural management and reduced 

resource wastage. 

4.1.11 Precise Tracking and Weather Prediction 

 Digital agriculture employing technology in various facets, optimizing agricultural 

practices and decision-making. 

 IoT-based sensors monitoring crop health and meteorological conditions, aiding in 

precision farming. 

4.1.12 Spray for Locusts 

 Drones employed for efficient locust control and computerized mapping of 

agricultural properties. 

 Sensor technologies providing data for informed decisions and increased crop yield. 

4.1.13 Soil and Crop Data Management 

 Data collection and analysis aiding in precise decision-making, improving 

productivity, and reducing waste. 

 Digitalization enabling sophisticated data collection and informed agricultural 

judgments. 

4.1.14 Smart Farming Applications 

 Automation and data analysis through IoT, hardware systems, and cloud computing 

for optimal decision-making. 

 Intelligent farming systems enhancing crop management and automation in 

agricultural processes. 

4.2 Smart Farming using Agriculture 4.0 Technologies 

4.2.1 Defining Smart Farming in Agriculture 4.0 

 Smart farming aims at efficiency improvement through intelligent analysis and 

monitoring. 

 Utilizes sensors and advanced technologies to optimize resource utilization and 

farm operations. 

4.2.2 Examples of Smart Farming Applications 

 Implementation of various intelligent farming systems like feeding and milking 

robots, enabling data collection and autonomous processes. 

 Conceptual platforms like the FarmBot Network showcasing the potential of smart 

agricultural robots with AI and IoT integration. 
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4.2.3 Role of Smart Farming in Agriculture Transformation 

 Smart farming transforms agriculture through data-driven, context-aware, and real-

time decision-making. 

 Addresses social issues in agriculture, such as traceability and environmental 

impact, through innovative technologies. 

4.2.4 The Significance of IoT in Smart Farming 

 IoT integration revolutionizes agriculture, optimizing resource usage, and providing 

real-time monitoring. 

 Facilitates sustainable practices and efficient land management through connected 

devices and advanced technology. 

Agriculture 4.0 and Smart Farming encompass a range of technological advancements 

focusing on data-driven, efficient, and sustainable farming practices. These innovations, 

leveraging IoT, big data, and robotics, aim to revolutionize agriculture, enhance yields, 

minimize environmental impact, and promote sustainable practices, ultimately transforming 

the agriculture industry. 

 

5 IoT Sensors – Deep Dive [15,16] 

How do sensors communicate? The communication between IoT-based sensors and smart 

farming machinery involves various wireless physical layer standards, each catering to 

specific communication ranges, data rates, and applications. These technologies enable the 

exchange of data across different layers in the smart agriculture architecture. 

 

Different wireless technologies offer specific ranges and capacities in IoT systems. LoRa and 

LoRa-WAN cover long distances (up to 12Km) for thousands of nodes at slower speeds 

(100Kb/sec). Zigbee provides a moderate range (up to 1Km) at higher speeds (around 

1Mb/s). Bluetooth has a short range (50m) for a few nodes at 1Mb/s. NB-IoT integrates with 

existing cellular networks at speeds up to 150Kb/s. SigFox operates at low data rates and 

minimal energy. Wi-Fi supports high data transmission (up to 290Mb/s) indoors, while 

WiMAX handles even higher speeds (up to 380Mb/s) for indoor use. Cellular technologies 

(2G/3G/4G/5G) offer extensive coverage for real-time monitoring and data transmission in 

large agricultural fields, including real-time weather updates for irrigation decisions. 

 

LoRa, Zigbee, and 5G/B5G technologies are highlighted as particularly suitable for SAS due 

to their low latency, power efficiency, scalability, and communication range characteristics. 

The integration of various wireless technologies is crucial to bridge short and long-range 

communication needs in smart agriculture. 

 

In IoT-based Smart Agriculture Systems, microcontroller platforms like ATMEGA328P 

(often used with Arduino), 18F458 PIC, and ESP8266 NodeMCU play a crucial role. These 

platforms feature integrated Wi-Fi, minimal external circuitry needs, and moderate 

processing power, enabling them to connect multiple sensors via GPIO pins. They're cost-

effective and support logic programming for smart irrigation algorithms, allowing sensors to 

coordinate with actuators for actions. For instance, ATMEGA328P can manage up to 8 

sensors per actuator, and implementations like ZigBee integration with ATMEGA328P 

demonstrate energy-saving techniques for reduced power consumption in the sensor network. 
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6 Use of UAVs in Agriculture 

In smart agriculture, drones (UAVs) are used for crop monitoring through aerial images and 

for spraying pesticides due to their aerial mobility. These drones come in various types 

(fixed-wing, VTOL) and are equipped with different cameras like RGB, multi-spectral, and 

hyper-spectral, each suited for specific agricultural tasks. They help in crop monitoring, 

disease detection, and pest control through specialized imaging technologies. Additionally, 

some systems integrate ground nodes with UAVs for optimal spraying, claiming higher 

efficiency in agriculture. These UAVs are also useful in aquatic farming, aiding in monitoring 

aquatic plants and organisms where human monitoring is challenging [12,13]. 

7 Deep Learning for Empowering Farmers 

 

Deep learning (DL) plays a significant role in smart agriculture, particularly in disease 

detection, phenotyping, weed detection, and pest threat identification. Image-based DL 

systems using convolutional neural networks (CNNs) analyse plant images to identify 

diseases, assess phenotypic traits, detect pests and weeds, and estimate soil parameters. DL 

models are employed to predict plant yield, estimate the number of seeds per pod, and 

manage salt stress in plants. Moreover, DL systems offer real-time pest detection solutions 

and aid in weed management through sophisticated image processing techniques and 

computer vision-based algorithms, enhancing agricultural productivity [14]. 

 

8 Future Scope of Research 

The evolution of smart farming has paved the way for a plethora of possibilities in 

agricultural research. As technology continues to advance, several promising avenues 

deserve exploration: 

1. AI-Driven Agricultural Robotics: Investigate the integration of advanced artificial 

intelligence with robotics for enhanced precision and autonomy in agricultural tasks. 

This includes developing smart harvesting robots and autonomous farm machinery 

capable of real-time decision-making. 

2. Biotechnology and Genetic Modification: Delve into genetic engineering and 

biotechnology to create crop varieties resilient to environmental stressors, diseases, 

and pests. Researching gene editing tools and their application in creating drought-

resistant or high-yielding crops holds immense potential. 

3. Climate-Smart Agriculture: Focus on climate adaptation strategies in agriculture, 

exploring methods to mitigate the impact of climate change on crop production. This 

includes precision agriculture techniques tailored to changing climate patterns and 

weather forecasts. 

4. Data Analytics and Predictive Modelling: Further investigate data analytics, 

machine learning, and predictive modelling to harness big data in agriculture. 

Explore how predictive models can anticipate crop diseases, pest outbreaks, and 

optimum planting times. 

 

9 Knowledge Gaps 
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Despite the strides made in smart farming technology, certain knowledge gaps hinder the full 

realization of its potential. These gaps present opportunities for further investigation and 

development: 

1. Interoperability of Sensor Networks: Address the challenge of standardizing 

communication protocols among different wireless sensor devices. Investigate 

methods to enhance compatibility and seamless integration of diverse sensor 

networks for improved data aggregation and interpretation. 

2. Cybersecurity Concerns in Smart Agriculture: Explore robust cybersecurity 

measures to safeguard smart farming systems from hacking threats and data 

breaches. Investigate potential vulnerabilities in IoT-connected devices and develop 

effective countermeasures. 

3. Optimizing Energy Efficiency in IoT Networks: Research energy-efficient 

solutions for IoT networks deployed in smart agriculture. Investigate techniques 

such as energy harvesting, sleep/wake modes for sensors, and efficient routing 

protocols to minimise energy consumption. 

4. Development of Sustainable Business Models: Investigate sustainable economic 

models for the widespread adoption of smart farming. Address concerns regarding 

initial infrastructure costs and operational expenses to ensure long-term viability for 

farmers. 

 
Continued exploration of these future research areas and targeted efforts to bridge existing 

knowledge gaps will undoubtedly propel the field of smart farming towards greater 

sustainability, productivity, and resilience in agriculture. 

 

10 Conclusion 

The culmination of diverse perspectives and insights from the reviewed articles sheds light 

on several pivotal aspects shaping the landscape of smart farming. Six key findings emerge 

from this comprehensive review: 

1. Technological Advancements Driving Transformation: The convergence of 

cutting-edge technologies, including AI, IoT, and robotics, is revolutionising 

agricultural practices, enhancing precision, and transforming traditional farming 

methods. 

2. Need for Sustainable Agricultural Practices: The imperative shift towards 

sustainable agriculture is evident, emphasising reduced environmental impact, 

optimal resource utilisation, and eco-friendly farming methodologies. 

3. Challenges in Pesticide Usage and Organic Farming: Concerns surrounding 

pesticide-related health hazards necessitate a stronger push towards organic farming 

practices, promoting safer alternatives to chemical pesticides. 

4. Rise of Vertical Farming to Combat Land Scarcity: The emergence of vertical 

farming presents a viable solution to land scarcity and water shortages, especially 

in urban environments, offering efficient resource utilisation and year-round crop 

cultivation. 

5. Financial and Technological Challenges in Adoption: The adoption of smart 

farming encounters hurdles, primarily associated with high initial investments, 

technological integration complexities, and the need for sustainable economic 

models. 

6. Cybersecurity Imperatives and Future Technological Shifts: As smart farming 

systems become more interconnected, cybersecurity becomes paramount, requiring 

robust measures to safeguard against potential cyber threats. Furthermore, the 
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evolution towards edge AI, open-source solutions, and blockchain integration is 

anticipated for enhanced efficiency and security. 

 
In summary, through these findings, the profound impact of technology on agricultural 

practices are explored while highlighting the imperative need for sustainability, resilience, 

and security in the future of smart farming. Addressing these key aspects will be instrumental 

in steering agriculture towards a more efficient, sustainable, and secure future. 
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