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Abstract

The advent of 5G technology offers a fantastic chance to improve a number of sectors, with agriculture standing to gain
the most. Historically, the agricultural supply chain has had to deal with issues like logistical delays, ineffective resource
management, and delayed data communication. 5G technology, however, provides a solution to successfully solve these
inefficiencies.

This study looks at how 5G technology, which offers quick connectivity, large bandwidth, and the capacity to link
multiple devices with ease, can improve supply chain management (SCM) in the agricultural industry

Additionally, by providing instantaneous communication and feedback mechanisms, 5G enables informed decision-
making, which enhances resource efficiency and maximizes crop yields. In addition to encouraging sustainable farming
methods, this shift is essential to maintaining global food security.
Regulatory compliance, cybersecurity issues, and infrastructure investment are some of the hurdles that come with
integrating 5G into agricultural systems, but these may be overcome with cooperation from all parties involved. We can
promote a more sustainable and productive agricultural environment by utilizing the revolutionary potential of 5G
technology, which will eventually improve community well-being and global food supply chains.

1.Introduction

A vital industry that provides food for the world, agriculture faces several obstacles, such as ineffective resource use and

antiquated technologies that significantly reduce sustainability and productivity. By providing high-speed, low-latency
communication—essential for automating farming operations, streamlining logistics, and improving decision-making
through real-time data exchange—5G technology is set to revolutionize this environment.

The significant effects of 5G technology on agricultural supply chain management (SCM) are examined in this research
in a definitive manner. It will show how 5G can promote sustainable farming methods, increase operational
effectiveness, and improve supply chain visibility. We will demonstrate how 5G technology can improve food
production and supply chain efficiency by streamlining processes throughout the entire agricultural value chain, from
farm operations to distribution, through a thorough examination of case studies and current applications in agriculture
[1].

2.Background and Literature Review

2.1. Evolution of Agricultural Technologies

Over the years, agriculture has seen a significant transformation, moving from the labor-intensive manual farming
methods of the past to the advanced, technologically advanced methods of today. Modern farming has changed as a
result of advancements like GPS, the Internet of Things (loT), and satellite-based monitoring, which have brought
previously unthinkable efficiency and precision. A turning point was the emergence of precision agriculture in the early
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2000s, which enabled farmers to access new data sources like crop health monitoring systems, climate sensors, and
Internet of Things devices for more effective resource management.

2.2. 5G’s Role in Agricultural Supply Chain Management

A spectacular era in supply chain management is beginning with the introduction of 5G technology in agriculture,
bringing about significant and revolutionary improvements. According to recent research by Smith et al. (2020), 5G
significantly improves agricultural products' real-time tracking capabilities, giving supply chain participants access to
accurate and timely information. This innovative capability to track temperature, humidity, and location while in
transportation guarantees that agricultural products keep their quality and integrity. The crucial issue of supply chain
visibility in agriculture is addressed by 5G technology, which is a much-needed solution [3].

3. Impact of 5G on Different Supply Chain Components
3.1 Precision Farming

Precision farming is undergoing a transformation thanks to 5G technology, which enables farmers to access and use a
wide range of data in real time from a complex network of sensors, drones, and satellites. Farmers are able to make
wise decisions about irrigation, fertilizer application, and crop health monitoring because to this exceptional access to
real-time information. Farmers can respond nearly instantly to changes in the environment thanks to 5G's ultra-low
latency, which guarantees efficient resource usage and increases crop Yields. Additionally, improved water
management, insect control, and overall agricultural productivity are supported by real-time data transfer..

3.2 Logistics and Transportation

A symphony of continuous connectivity is created in agriculture with the introduction of the 5G-enabled logistics
network, which follows the movement of goods from lush fields to busy marketplaces. 5G technology guarantees real-
time monitoring of transport parameters, such as temperature, humidity, and location, by connecting automobiles,
warehouses, and advanced supply chain management systems. 5G provides the flexibility to quickly adapt the supply
chain for perishable items like fruits and vegetables, guaranteeing timely delivery and optimal conditions, reducing
spoiling and waste.

3.3 Procurement and Supplier Management

Real-time data sharing: 5G enables high-speed, low-latency communication between companies and suppliers,
improving visibility and collaboration.

Supplier risk monitoring: Enhanced loT and Al applications can monitor supplier performance and disruptions in real
time.

3.4. Manufacturing

Smart factories: 5G supports massive 0T connectivity, enabling predictive maintenance, real-time monitoring, and
automation.

Robotics and automation: Improved responsiveness allows seamless control of robots and AGVs (Automated Guided
Vehicles), increasing flexibility and efficiency.

4. Benefits of 5G in Supply Chain Management
4.1. Enhanced Efficiency

Agricultural supply chains have a fantastic chance to increase their operational efficiency via the inclusion of 5G
technology. 5G increases activity coordination and reduces delays by enabling real-time communication among several
stakeholders. For instance, 5G networks provide smooth communication between smart sensors placed in fields,
transportation drones, and warehouse robots, guaranteeing that every stage of the process proceeds well. This
development enhances overall supply chain responsiveness in addition to streamlining operations.

4.2. Sustainability
Adopting 5G technology has major advantages for advancing sustainability in the agriculture industry as well. By

enabling real-time data exchange, 5G allows for the thoughtful and efficient use of resources such as water, fertilizers,
and energy—an increasingly important consideration in our environmentally aware world. Furthermore, by linking
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sensors and tracking items, 5G improves supply chain transparency and guarantees that commaodities are obtained and
supplied ethically. Stakeholders are empowered by this potential to lessen agricultural environmental footprints,
enhance product traceability, and limit waste [7], [8].

5. Challenges and Risks of Using 5G in SCM
5.1 High Infrastructure Costs

There are substantial cost obstacles to overcome when using 5G technology in agricultural supply chain management,
especially in rural regions where the agriculture industry is mostly based. Significant investment is needed for the
infrastructure needed for 5G, which includes building 5G towers, putting in high-speed fiber-optic connections, and
integrating smart sensors for real-time data collecting. These expenses may be unaffordable for small and medium-sized
agricultural firms (SMEs), but they are frequently reasonable for large agribusinesses. Smaller agricultural enterprises
that may benefit from 5G's capabilities may not be able to access it due to the high expenses of updating current
infrastructure to support 5G networks, which could further the digital divide. To ensure compatibility with the enhanced
capabilities of 5G technology, it may often be necessary to redesign existing systems, which would increase prices even
further. Governments and the business sector must work together to develop finance tools like grants, subsidies, or
shared infrastructure models that provide fair access to 5G solutions for the agriculture sector in order to address these
problems. Public-private partnerships may also lessen the first financial strain and make it easier for the industry to
embrace 5G more widely [5].

5.2. Cybersecurity Risks

5G technology brings with it a number of cybersecurity issues as it makes it possible for billions of devices to be
connected throughout the agricultural supply chain. 5G's high-speed, low-latency capabilities enable smooth
communication between robotic systems, drones, sensors, and 10T devices that keep an eye on animals, crops, and the
environment. However, agricultural operations are also more susceptible to cyberattacks as a result of this
interconnection. Vulnerabilities in the 5G infrastructure might be leveraged by malicious actors to disrupt data flow,
alter supply chain data, or even turn off autonomous agricultural equipment. Furthermore, establishing strong data
protection is crucial given the massive volume of sensitive data that 5G networks will handle, including customer
information, supply chain logistics, and patent farming techniques. Both farmers and consumers are at serious danger
from the possibility of data breaches and illegal access to private information. Therefore, it is essential to establish
cutting-edge cybersecurity protocols. These include the use of secure communication channels, multi-layered
authentication systems, and sophisticated encryption techniques. Furthermore, to guarantee the confidentiality and
integrity of important data, cybersecurity training will be essential for all parties involved in the agricultural supply
chain [6].

5.3. Regulatory and Legal Barriers

A complicated web of legal and regulatory obstacles must be overcome for 5G technology to be implemented in
agricultural supply chains. 5G raises concerns about data ownership, privacy, and intellectual property rights as it makes
way for new technologies and business models. Standardized international standards governing the usage of 5G in
agriculture are necessary due to the global nature of supply networks. Laws pertaining to network usage, data privacy,
and intellectual property differ between nations, which can lead to discrepancies and impede the broad rollout of 5G.
Moreover, there are additional regulatory issues with the use of autonomous systems in agriculture, such as robots, Al-
powered machinery, and drones. In many regions, these technologies are still in the experimental phase, and their legal
frameworks remain underdeveloped. The uncertainty surrounding the legal standing of emerging technologies may
cause a delay in their incorporation into current agricultural supply networks. Governments, industry leaders, and
technology providers will need to engage in collaborative efforts to create comprehensive regulatory frameworks that
balance innovation with safety, privacy, and legal accountability. In order to create global standards for the application
of 5G technology in agriculture, international organizations will also need to promote cross-border conversations [7]

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM47925 | Page 3



http://www.ijsrem.com/

dBF 2,

'J‘IJSREM"
@*’ ‘7 International Journal of Scientific Research in Engineering and Management (IJSREM)
fa) Volume: 09 Issue: 05 | May - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

6. Future Scope and Research Directions

6.1. Integration with Emerging Technologies

5G technology's potential applications in agriculture include integrating it with other cutting-edge technologies like edge
computing, blockchain, artificial intelligence (Al), and machine learning (ML). The combination of 5G and Al will
enable the creation of predictive analytics tools that will help farmers make well-informed choices on weather patterns,
pest control, and crop management. 5G's high-speed data transfer enables machine learning algorithms to evaluate
massive volumes of data from sensors and 10T devices in real-time, giving farmers useful insights to maximize
productivity and resource efficiency. Furthermore, 5G and Blockchain will work together to provide transparent,
unchangeable records of the whole agricultural supply chain, guaranteeing accountability and traceability from farm to
fork. This will boost customer confidence, enhance food safety, and lessen food fraud. By providing farmers with real-
time information on vital metrics like soil moisture, temperature, and crop health, Edge Computing in conjunction with
5G will allow data processing closer to the source, lowering latency and improving decision-making [8].

6.2. Expanding 5G Applications

The use of 5G technology in agriculture will only grow as it develops. Future studies will concentrate on creating
autonomous farms, in which robots and drones carry out operations like harvesting, fertilizing, and crop monitoring with
little assistance from humans. 5G networks' real-time communication capabilities will make it possible for robots, Al
systems, and 10T devices to coordinate instantly, greatly increasing the precision and efficiency of agricultural
operations. Furthermore, by precisely supplying crops with the appropriate amount of water based on real-time
environmental data, 5G-enabled precision irrigation systems will contribute to water conservation. Additionally, studies
will examine how 5G might facilitate precision livestock management, in which wearable technology and smart collars
track the behavior and health of animals to enhance welfare and improve breeding methods [8].

6.3. Sustainability and Environmental Impact

5G technology will be essential in promoting sustainable farming methods as environmental issues gain urgency. In
order to minimize waste and the impact on the environment, research will look at how 5G-powered systems can monitor
and optimize resource consumption, including electricity, water, and fertilizers. By enabling more precise fertilizer and
pesticide application and improved soil health monitoring, 5G networks will lower chemical runoff and encourage soil
conservation. Additionally, 5G-enabled data analytics can help manage ecosystem services and track biodiversity,
making sure that agricultural practices complement larger environmental objectives and attempts to mitigate climate
change [9].

7. Conclusion

In summary, a major transition toward more intelligent, effective, and sustainable farming methods is anticipated as a
result of the incorporation of 5G technology into agricultural supply chain management. 5G improves supply chain
transparency, resource management, and decision-making by enabling high-speed, real-time connectivity throughout
the chain. 5G has a lot of potential advantages, such as improved food security, decreased waste, and higher production.
However, a number of obstacles must be overcome before 5G can be successfully used, such as the expense of
infrastructure, cybersecurity issues, and regulatory barriers. To fully realize the promise of 5G, the agriculture sector
must keep coming up with new ideas and working together with other industries as the technology develops. Digital
transformation is the way of the future for agriculture, and 5G will surely be a key component of that change, helping to
satisfy the demands of a growing world population while guaranteeing the agricultural sector's economic resilience and
environmental sustainability.

while guaranteeing the agricultural sector's economic resilience and environmental sustainability.
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