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The agricultural sector plays an important role in con-
tributing significantly to the gross domestic product
(GDP) growth in developing countries. On the other
hand, agriculture is widely affected by major factors
such as environmental changes, natural disasters, pes-
ticide control, and soil and irrigation-related issues,
which reduce crop yield. The convergence of Industry
4.0 and agriculture offers an opportunity to move into
the next generation of Agriculture 4.0. The internet of
things (IoT), remote sensing, machine learning, deep
learning, big data, cloud computing, thermal imaging,
end-user apps and unmanned aerial vehicles offer a
full-stack solution. IoT provides the ubiquitous connec-
tivity of smart devices to the internet to collect, process
and analyse a large amount of agriculture field data
more quickly and synthesize them to make smart deci-
sions using various machine learning and deep learn-
ing algorithms. This study reviews the challenges and
major issues in the IoT agriculture domain and explores
its emergence with new technologies. It covers the ex-
isting literature and illustrates how IoT application-
based precision agriculture solutions have contributed.
A case study on weed detection for smart agriculture
using the YOLOvVS model is presented, achieving high
accuracy. Finally, various IoT agriculture use cases are
discussed, along with current research issues and possible
solutions for future IoT-based agriculture advancement.
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AGRICULTURE is one of the major sectors to fulfill the
demand for food across the world. It plays an important
role in contributing significantly to gross domestic product
(GDP) growth in developing countries. The agricultural
sector in India engages a significant portion of the popula-
tion, with 70% depending primarily on it for their liveli-
hoods'. Based on specific facts and statistics, many Indian
states have implemented an intra-state agriculture cluster
development programme to double farmers’ income by the
year 2022 (ref. 2). Agriculture has undergone significant
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changes in the previous several decades in terms of its
methods and use of contemporary strategies together with
cutting-edge technology. However, conventional farming
methods are region-centric in many nations. All farmers in
a region cultivate the same general set of crops according
to the same practices for sowing, nurturing, watering and
harvesting times. These actions lead to unpredictability,
excessive resource utilization and unchecked waste crea-
tion. Some of the challenges faced by the agricultural sec-
tor are: (i) lack of sufficient knowledge and standard
practices of the latest framing trends. (ii) For the timely
operation of crops, labour shortage and high labour charg-
es are the main problems. (iii) Deficiency of soil nutrients
occurs due to the same crop pattern followed after each
harvest in a certain area-centric approach. (iv) Overuse of
fertilizers, insecticides and pesticides with premature or
delayed treatment of crops in traditional farming tech-
niques. (v) Crop yield degradation due to depletion of the
topsoil layer, environmental changes and unpredictable at-
mospheric effects. Numerous studies have focused on ad-
dressing the challenges that the agriculture industry faces
in the realm of internet of things (IoT)%. The collection
and analysis of data, coupled with the development of
specialized smart solutions, will be crucial to the future of
agriculture. State-of-the-art IoT technology properly plans
limited resources and optimizes [oT to increase productiv-
ity and reduce costs’. Crop productivity is influenced by
many factors, including environmental monitoring, field
management, soil and crop monitoring, movement of an
unwanted object, wildlife attacks, theft, etc.*. It can be
managed by proper data collection through various sensors
deployed in space, ground and underground for precision
agriculture in a spatial and temporal manner for quick de-
cision-making.

The agricultural industry will undergo another transfor-
mation through the fourth agricultural revolution, which will
be driven by industry 4.0 (ref. 6). In order to assist farm-
ers by predicting the strategy of enhancing agricultural
yield, the agriculture system is offered as an idea of IoT,
wireless sensor network (WSN) and cloud computing’. Agri-
culture divides huge fields into zones, and instead of admin-
istering irrigation, fertilizer, seeds and other farm inputs
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