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Abstract: Smart farming and precision agriculture rely on the different components of IoT, such as

sensors, drones, and robotic devices. IoT in agriculture is the network of interconnected devices

that corresponds in real time, simultaneously, to gather, analyze, and transfer the data, which,

ultimately, generate a decision to be taken by the farmer. The availability of the 4G/3G does not

support the precision practices in real time due to the bandwidth, connectivity, and the speed of

data-transfer issues. Further, 5G technology in the agricultural sector has put its greater influence in

lclf:)edcgtfg; real-time monitoring, unmanned aerial vehicles, virtual consultation and predictive maintenance,

artificially intelligent robotics, and data analytics and cloud repositories. Conclusively, the speed,
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connectivity, scalability and processing power, and limitations can be overcome with the availability
of 5G structures.
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1. Introduction

Agriculture is the main source of survival for all living beings on Earth. The systemic
Published: 25 November 2022 production of crop plants via the integration of modern technological advancements can
mitigate the upcoming disasters of food security and hunger risk. The technological integra-
tion of smart agriculture, precision agriculture, 5G, and IoT can boost farm practices at the
level of automation that can transform a decision-support system to optimize operations [1].
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{ations. The evolutionary period of agriculture has reached the level of digital agriculture, named
as “Agriculture 4.0” or digital agriculture (Figure 1) [2]. Developing countries are lacking
in the adaptation of digital agriculture due to their limited sources.
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is advancing rapidly with the advent of 5G because IoT devices can perform long-range
operations rapidly and reliably. Thus, 5G technology in the agricultural sector has put its
greater influence in real-time monitoring, unmanned aerial vehicles, virtual consultation
and predictive maintenance, artificially intelligent robotics, and data analytics and cloud
repositories (Figure 2) [4].
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Figure 1. The evolutionary phases of agriculture [2].
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Figure 2. 5G technology in the agriculture sector [4], copyright permission: License Number:
5411150959041; License date: 17 October 2022; Licensed Content Publisher: Elsevier.

2. Application of 5G in Agriculture

The conventional methods of agriculture are being adapted toward the new era of
smart farming, which enables the production of higher yields of crops and less human
interference. The components of smart farming, including sensors, collect large amounts
of data and transfer them remotely in real time. This 5G technology fulfils the demand of
smart farming by predicting and preventing the crops from disease damage using mobile
phones. Not only this but 5G in agriculture has enormous applications, such as unmanned
aerial vehicles, monitoring in real time, climate change mitigations, visual monitoring
and predictive measures, artificially empowered robotics, and data analytics and cloud
repository. Automated driving systems, such as autosteering tractors, deep learning, and
cloud-based mobile applications, connected with 5G can further alleviate the yield outputs
by many folds with maximized efficiency from farmers. Full exploration of 5G technology
will define the overall productivity of precision agriculture over time [5] (Table 1).
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Table 1. Exploration of 5G and 6G technology in agricultural systems.

Agricultural Tasks Why 5G and 6G?

Energy efficiency
Device density & data volume
Ultralow latency
Reliability

Real-time monitoring

High data rate
Ultralow latency
Energy consumption
Security

UAVs

High data rate

Augmented reality and virtual reality Low latency

High data rate
Ultralow latency
Reliability

Virtual consultation and predictive maintenance

High data rate
Low latency
Reliability
Low energy consumption
Security

Al-driven robots

High data rate
Ultralow latency
Reliability
Security

Data analytics and repository

3. Related Work

Although developed countries are working on 5G and IoT devices in agriculture
collectively to obtain their massive benefits for quantity and quality enhancements of crops,
researchers are still working in the developing regions of the world to obtain the maximum
output from IoT devices used in the field. The requirements of smart farming and precision
agriculture were analyzed to integrate them with 5G technology for better production [4].
A protype of sustainable greenhouse was designed and implemented in Nigeria to assess
the performance of IoT devices interconnected with 5G for an information-processing
framework. The framework developed the artificial methods for reasoning and imaging
that ultimately improved the high quality of cultivation management and ease of access to
the greenhouse technology [6].

The integration of artificial intelligence and a wireless communication system was
performed in the MERLIN project in India that made efficient use of 5G/6G and IoT devices.
The project was run to develop a technology solution, which used cloud-based databases,
namely supervised and semi-supervised, to obtain data and further process them for
decision making. The decision-support system can be automated, which can improve the
production and yield of the crop plants and make efficient use of remote sensors and IoT
integrated with 5G/6G [7]. Smart farming was further enhanced by performing agricultural
management and focusing on the development of smart systems using 5G mobile networks.
The smart system was able to transfer data at a high speed, up to 20 Gbps. This system can
link the enormous amount of IoT devices in a square kilometer [8].

Implementation of 5G/6G technology in Colombia boosted the use of IoT applications
and increased the demand for digital agriculture. The scenarios were developed for 5G/6G
usage with various bands of frequencies, their applications, and use in the farmland
activities. The rural-area-based scenarios in Colombia were developed in real time for data
acquisition by integrating 5G with the interconnected devices of Mobile edge and robotics
that produced significant results for crop development in the remote areas of villages [8,9].
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4. Challenges and Future Perspective of 5G

IoT-based devices are interconnected and wirelessly connected in a smart farm system
through the availability of 4G/3G/NB-IoT. Smart devices are available for the transfer,
collection of the data, precise analyses, estimation, and production of decision-supported
results in farmlands. However, the networking system that interconnects these sensory
systems possesses some limitations that bar the full use of precision farming technologies.
The most significant limitation is the operational region because developing countries,
such as Pakistan, lack the coverage of wireless networks in remote areas. City areas face
the problem of connectivity, quality of services, channel conditions, and fluctuations in
data-transfer rates in 4G. Another issue is the battery longevity, which is drained due to the
multiple antennas and transmitters attached to the devices. IoT devices, such as robotics,
drones, and field sensors, are operated remotely and remain for a longer time in the field,
so cannot be sustained with the varying connectivity in 4G networks.

The connectivity issues, most importantly, hinder the advancements of precision
agriculture in developing and underdeveloped regions of the world. Currently, the sensors
on drones acquire images from the field and then are transferred to sprayer drones. If 5G
technology is available, it can perform real-time image collection and spot spraying can be
performed without lagging. Speed, connectivity, scalability, and processing power are all
limitations that can be overcome with the availability of 5G structures. The global word is
the old concept, while 5G is the future of the world that will soon be running every single
industry for human beings.
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