
 

 

Copyright © September, 2025; Sunshine Agriculture                                                                                          29 

 

 

 

 

 

 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISSN (E): 2583 – 0821     

Sun. Agri.:e- Newsletter, (2025) 5(9), 29-32 

   

Article ID: 429 
 

5G and Internet of Things (IoT)-Based Smart Farming 

Solutions 

 
Vishal Gulab Vairagar

1*
, 

Dinesh N. Kshirsagar
2
, 

Tanaji R. Walkunde
3
,  

Swati Kadam
4 

 
1
SMS Agri extension KVK 

solapur II Maharashtra  
2
SMS Food Science Technology, 

KVK solapur II Maharashtra  
3
Programme Coordinator, KVK 

solapur II Maharashtra 
4
SMS Agronomy, KVK solapur 

II Maharashtra 

 

 

INTRODUCTION 

Agriculture has long been considered a weather- and 

resource-dependent industry, but it is now being dramatically 

transformed. Increasing pressures of climate change, 

resource limitations, labor shortages, and world food demand 

fuel the need for a paradigm shift away from conventional 

techniques to technology-based farming systems. To this 

end, the meeting of IoT technologies with the ultra-low 

latency, high bandwidth, and huge connectivity capacity of 

5G networks offers the basis for smart farming solutions. 

The agricultural IoT ecosystem is made up of connected 

devices and sensors that record real-time information 

regarding soil condition, crop health, microclimate, and 

animal performance. When bolstered by the better network 

capability of 5G, the information can be communicated 

quickly, processed, and converted into actionable 

intelligence, enabling precision irrigation, fertilizer 

management, autonomous machine operations, and 

predictive monitoring. In addition, 5G connectivity enables 

sophisticated applications like autonomous tractors, AI-based 

drones, and digital supply chain management to further boost 

the efficiency and resilience of agricultural systems. 

Based on industry forecasts, IoT-based smart 

farming solutions adoption should expand exponentially in 

the next decade due to technological advancements and 

policy initiatives. Some of the essential applications are crop 

and soil monitoring, precision irrigation scheduling, 

livestock tracking, greenhouse automation, and supply chain 

integration. 5G and IoT together can reshape agricultural 

production systems with outstanding chances for sustainable 

intensification and climate-smart agriculture. 

Role of 5G in Smart Farming 

Fifth-generation (5G) communication networks have created 

a strong digital foundation for the installation of IoT-based 

agriculture systems. In contrast to the previous generations 

of mobile networks, 5G offers higher speed, connectivity, 

and reliability—capabilities that are critical for extensive 

digitalization in agriculture. Its particular contributions are: 
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Ultra-Low Latency 

With latency of just 1 millisecond, 5G supports 

real-time decision-making in crucial agricultural 

activities. This is especially important for 

precision irrigation, pest and disease control, 

drone monitoring, and autonomous machine 

control, where response delays can have a direct 

impact on productivity and resource utilization. 

Massive Connectivity 

5G networks enable one million devices per 

square kilometer, which enables dense sensor 

network deployments across agricultural fields. 

This enables soil, crop, animal, and 

environmental monitoring continuously, thus 

enabling scalable precision agriculture solutions. 

High Bandwidth 

The capacity to deliver high amounts of data at 

high speed enables the fusion of high-resolution 

satellite and drone images for crop health 

monitoring, canopy studies, and yield 

forecasting. The high-bandwidth capability 

enhances the precision of AI-based decision-

support systems in agriculture. 

Reliability and Rural Coverage 

The 5G design prioritizes network dependability 

and resilience to provide reliable connectivity 

even in rural and farmland areas. This solves one 

of the biggest underlying problems in digital 

agriculture last-mile connectivity and facilitates 

the inclusion of smallholder farmers in 

technology-led value chains. 

Applications of IoT in Agriculture 

Internet of Things (IoT) is a central component 

in building smart farming systems by connecting 

devices, sensors, and machines into a networked 

system. IoT applications in agriculture cover the 

entire agriculture value chain from soil 

preparation to post-harvest handling. Major 

applications are: 

Precision Crop Management 

Soil sensors for moisture and nutrients offer real-

time information that maximizes fertilizer usage 

and water use efficiency. IoT systems integrated 

with AI forecast crop stress, disease prevalence, 

and nutrient deficiencies, allowing preventive 

actions instead of reactive ones. 

Smart Irrigation Systems 

Internet-of-Things -based drip and sprinkler 

systems dynamically change water delivery 

based on the soil moisture and weather 

predictions. The systems minimize wastage of 

water, advocate efficient water usage, and are 

especially useful in arid regions. 

Pest and Disease Monitoring 

Robotic traps and image recognition sensors 

based on sensors capture pest infestation and 

disease signs at early stages. Predictive analytics 

combine field and weather data to predict pest 

infestations, enabling targeted and timely 

pesticide applications and minimizing chemical 

usage. 

Livestock Management 

IoT wearables track animal well-being, 

movement patterns, eating habits, and breeding 

cycles. Disease symptom or aberrant activity 

real-time notifications improve animal welfare, 

lower mortality, and increase farm productivity. 

Supply Chain and Market Integration 

IoT traceability solutions provide transparency 

throughout the agri-food supply chain from farm 

to table. Blockchain adoption complements food 

safety, quality control, and market confidence, 

providing new avenues for high-value and export 

markets. 

Autonomous Farm Machinery 

Tractors, drones, and robotic harvesters, 

supported by 5G technology, mechanize 

planting, spraying, and harvesting operations. 

Such systems enhance farm efficiency, minimize 

labor dependence, and foster precision 

application of inputs, which is congruent with 

sustainable agriculture objectives. 

Opportunities 

1. Climate-Smart Agriculture 

The use of IoT sensors with sophisticated 

weather forecast systems enables farmers to 

adjust anticipatorily to climate fluctuation. Soil 

temperature, moisture, and precipitation pattern 

sensors can be integrated with forecasting 

analytics to provide timely warnings on the risk 

of drought, frost, or floods. This integration 

enables climate-resilient farming practices such 

as adaptive planting schedules, pest control in 

accordance with weather patterns, and early 

warning systems that reduce crop damage. 

2. Resource Efficiency 

Smart farming technology driven by 5G and IoT 

vastly enhances the efficiency of the use of 

natural resources. Precision irrigation systems 

coupled with soil moisture sensors provide water 

only when and where it is needed, thereby 

overcoming water scarcity. In the same manner, 

site-specific nutrient application based on IoT-

enabled sensors cuts fertilizer overuse, while 

spraying systems driven by automation reduce 

pesticide drift and residues. This not only 
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reduces the cost of production but also lessens 

the environmental impact of agriculture. 

3. Rural Connectivity and Digital Inclusion 

The deployment of 5G infrastructure to rural 

areas presents unparalleled chances to close the 

digital divide. Smallholder farmers, who are 

mostly on the outside of technology due to 

connectivity limitations, can access real-time 

advisory services, e-markets platforms, and 

digital financial services. Enhanced connectivity 

can cultivate digital ecosystems in villages, with 

farmers experiencing collective services like 

drone-based crop scouting, precision soil 

analysis, and cooperative marketing platforms. 

4. Data-Driven Policy and Governance 

IoT devices produce vast amounts of farm-level 

data, when aggregated, can feed into evidence-

based policymaking. For example, real-time 

information on the health of crops and acres can 

enhance the functioning of crop insurance 

schemes through the facilitation of dynamic risk 

analysis. Governments can also use such datasets 

to track food security, react to natural disasters, 

and optimize the planning of resource allocation. 

These data-driven governance mechanisms 

increase transparency and accountability for 

agricultural support programs. 

5. Value Chain Efficiency and Market 

Transparency 

Traceability systems enabled by IoT ensure that 

agricultural produce can be followed from farm 

to table. Through the assurance of transparency 

in production, storage, and transport, these 

systems establish consumer confidence and 

facilitate compliance with export quality. 

Blockchain integration complements the 

reliability of supply chains, allowing farmers to 

get superior market prices and minimize 

exploitation by middlemen. 

Challenges 

1. Affordability and High Initial Investment 

The price of IoT sensors, autonomous 

equipment, drones, and 5G devices continues to 

be a significant hurdle for small and marginal 

farmers. The initial investment of capital needed 

for the establishment of smart farming 

infrastructure is usually more than the financial 

ability of rural families, which requires external 

assistance in terms of subsidies, credit, or 

cooperative ownership structures. 

2. Connectivity Gaps in Rural Areas 

Even with advances, most rural and remote 

farming areas have no stable internet and telecom 

networks. Patchy coverage, low bandwidth, and 

constant power outages decrease the 

effectiveness of 5G-facilitated applications. 

Without secure connectivity, innovations like 

real-time crop monitoring and self-driving farm 

equipment cannot be effective. 

3. Data Privacy and Cybersecurity Issues 

Smart agriculture creates huge amounts of 

sensitive information, such as land use behavior, 

crop yields, and farm financial records. In the 

absence of strong data protection mechanisms, 

there is a risk of exploitation by companies, 

insurers, or other outside interests. Cyber attacks, 

such as hacking into automated irrigation 

systems or pilfering supply chain information, 

can also undermine farm productivity and farmer 

incomes. 

4. Limited Technical Skills and Digital 

Literacy 

Most smallholder farmers also have limited 

access to new technologies. In the absence of 

proper training, they can hardly make sense of 

sensor data, use digital apps, or inform their 

decisions with data. The lack of knowledge 

hinders the effective use of IoT platforms and 

could increase inequality between 

technologically advanced farmers and marginal 

producers. 

5. Issues of Interoperability and 

Standardization 

The lack of common protocols and standards on 

IoT devices and platforms results in 

compatibility issues. Most devices produced by 

various companies do not easily integrate 

together, and farmers are unable to construct 

robust farm management systems. This 

fragmentation hampers scalability and raises the 

adoption costs. 

CONCLUSION 

The convergence of 5G and IoT has the potential 

to revolutionize agriculture by enabling smart 
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farming practices that are sustainable, efficient, 

and resilient. While challenges remain in 

affordability, infrastructure, and adoption, the 

opportunities for enhanced productivity and 

resource optimization are substantial. By 

fostering innovation, investment, and inclusivity, 

5G and IoT-based smart farming solutions can 

play a transformative role in ensuring global food 

and nutritional security in the coming decades. 
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