&

VECTORAL

Research Article: Journal International Journal of Sustainable Infrastructure for Cities and Societies Volume: 08

loT and Al for Next-Generation Farming: Opportunities,

Challenges, and Outlook
Nadir Ali Bhangar

nadirbhangar786@gmail.com
Sindh Agriculture University Tandojam, Plant Breeding and Genetics

Abul Kashem Shahriyar

akshahriyarl51@gmail.com
Bangabandhu Sheikh Mujibur Rahman science and technology University, Department of

@08

This work is licensed under a Creative Commons International License.

Abstract

agriculture

The integration of the Internet of Things (loT) and Artificial Intelligence (Al) within the
agricultural sector heralds the advent of next-generation farming. This research explores
the employment of these technologies to enhance the yield and quality of specific crops
such as onion, silk, and turmeric. The opportunities offered include Precision Farming,
wherein loT devices gather vital information like weather conditions, soil quality, and crop
growth, allowing for the automation of farming techniques and resource management. Al
analyzes this data to provide insights such as the optimal planting and harvest times.
Disease Detection and Prevention utilize Al and Machine Learning algorithms to identify
crop diseases at an early stage. Automated Irrigation employs soil moisture sensors to
govern irrigation needs, ensuring timely water supply. Supply Chain Management benefits
from loT and Al to enhance efficiency through real-time freshness tracking, thus minimizing
waste. However, the implementation of these technologies is not without challenges. High
initial costs may be prohibitive for smaller farms, while limited internet connectivity in
some agricultural regions hampers the execution of these solutions. Moreover, a requisite
level of digital literacy is essential for successful implementation, and the lack of necessary
skills and training among farmers can be a barrier. Additionally, concerns related to data
privacy and security due to extensive data collection need to be addressed. In conclusion,
while the potential of IoT and Al in agriculture is vast, significant challenges must be
overcome. A concerted effort in investment, policy-making, and training could lead to
significant enhancements in the productivity and sustainability of key crops.

Keywords: Next-Generation Farming, Internet of Things (1oT), Artificial Intelligence (AIl), Precision
Agriculture, Supply Chain Elfficiency

Introduction

Agriculture, a practice as old as civilization itself, has evolved tremendously over the ages. The
earliest instances of agriculture took form in a practice known as 'slash-and-burn,' which was
essentially a rudimentary and unsustainable method of tilling land, where forests were cleared
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by burning, followed by the sowing of seeds in the nutrient-rich ashes. Then came traditional
agricultural practices like the use of draft animals and simple tools, which held the reign for
centuries [1].

Traditional agricultural practices vary greatly across the globe, given the immense diversity of
cultures, climates, and crops. These practices are largely defined by the use of rudimentary
technologies like hand tools, manual labor, and techniques passed down through generations,
often with minimal scientific input. Many of these practices are characterized by low crop yields,
high susceptibility to pests and diseases, and heavy reliance on natural phenomena like rainfall

[2].

The traditional practices included crop rotation, intercropping, and the use of organic manure.
Crop rotation is a technique of growing different types of crops in the same area, in sequential
seasons to balance the nutrient level in the soil and to reduce soil erosion [3]. Intercropping is
another practice where two or more crops are grown in proximity. The most common goal of
intercropping is to produce a greater yield on a given piece of land by making use of resources
that would otherwise not be utilized by a single crop [4].

Despite their longevity and historical significance, traditional agricultural practices face
numerous challenges in the modern world. The global population continues to increase
exponentially, intensifying the need for food production. This population increase places
substantial pressure on agricultural systems to produce more food, often on less land due to
urbanization and industrialization.

Climate change presents another major challenge, altering precipitation patterns, increasing
instances of extreme weather conditions, and causing unpredictable growing seasons. These
factors compound to intensify the stress on crops, leading to lower yields and potential crop
failures, threatening global food security. Addressing these challenges necessitates a shift from
traditional practices to more modern, technologically-driven agricultural practices.
Modernization of agriculture involves the incorporation of advanced technologies such as GPS,
data analysis, robotics, and remote sensing into farming practices.

Precision agriculture is one such advancement, an approach that uses data-driven technologies
to improve the efficiency and productivity of farms [5], [6]. This includes GPS guidance for
machinery, automated irrigation systems, soil scanning technologies, and drone-based remote
sensing. These tools enable farmers to precisely manage their resources, reducing waste and
enhancing productivity. Genetic engineering is another technological advancement that holds
potential in meeting global food demands. This technology enables the development of crops
with enhanced traits, such as drought resistance, pest resistance, and higher nutritional value.
It offers a viable solution to produce resilient crops that can withstand the effects of climate
change and feed an expanding global population. Further, the development of vertical and
indoor farming technologies has the potential to revolutionize agriculture, especially in urban
environments. These methods utilize hydroponic or aeroponic systems in a controlled
environment to grow crops, using significantly less space and water compared to traditional
farming [7], [8].

The advent of the fourth industrial revolution, or Industry 4.0, has brought about an era
characterized by the fusion of the physical, digital, and biological worlds. A critical component
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of this revolution is the rapid evolution and proliferation of technologies such as the Internet of
Things (loT) and Artificial Intelligence (Al) [9], which are transforming numerous sectors, from
healthcare and manufacturing to transportation and agriculture.

loT is the network of physical objects embedded with sensors, software, and other technologies
to connect and exchange data with other devices and systems over the Internet [10]. This
concept has been transformative in various industries, enabling an unprecedented level of
connectivity, automation, and data analysis.

In the healthcare sector, loT has catalyzed the growth of telemedicine, remote patient
monitoring, and personalized care. Connected devices and wearables collect vital data,
providing real-time patient health insights and facilitating proactive care. In manufacturing, loT
enables Industry 4.0 practices like predictive maintenance, real-time monitoring, and
automation, leading to increased efficiency and reduced operational costs.

Similarly, Al, which involves the development of computer systems able to perform tasks that
normally require human intelligence, has had a significant impact across sectors. In the finance
industry, Al is employed for fraud detection, risk assessment, and algorithmic trading, making
processes faster and more accurate. In the transportation sector, Al powers autonomous
vehicles and traffic management systems, improving safety and efficiency. The traditional
agricultural system, as discussed earlier, faces immense pressure due to increasing population,
climate change, and food security concerns [11], [12]. This necessitates a transition towards
more sustainable, resilient, and efficient practices.

loT and Al have the potential to facilitate this transition. For instance, loT can enable precision
farming, where sensors and connected devices provide real-time data on various parameters
like soil moisture, nutrient levels, and crop health. This information can guide decision-making,
ensuring optimal resource utilization and minimizing environmental impact.

Al can further augment these efforts. Machine learning algorithms can analyze vast amounts of
data from loT devices, weather reports, and satellite imagery to generate predictive models for
crop yield, pest infestation, and disease outbreaks. This can empower farmers with actionable
insights, enhancing productivity, and resilience. Furthermore, the integration of Al and loT can
drive automation in agriculture. Al algorithms can control loT-enabled machinery for tasks like
seeding, harvesting, and sorting, reducing the need for manual labor, and improving efficiency.

Infrastructure constraints, data privacy issues, and the digital divide are significant hurdles that
need to be addressed. Additionally, the ethical implications of Al decisions, especially in the
context of genetically modified crops and autonomous machinery, need to be carefully
considered.

Opportunities

Precision farming is a progressive farming technique that harnesses the power of the Internet
of Things (loT) and Artificial Intelligence (Al) to streamline and optimize farming practices. loT
devices are fundamentally changing the agricultural sector by enabling real-time monitoring of
various factors that influence crop growth and livestock health. These factors include weather
conditions, soil quality, crop health, and growth patterns. By strategically placing loT sensors
across farmlands, farmers can collect data in real-time on microclimatic conditions, soil
moisture levels, nutrient status, and pest infestation. The sensors embedded in livestock collars
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can track the health and well-being of animals, helping to detect early signs of disease or stress.
This robust and dynamic data collection empowers farmers to make informed decisions based
on actual field conditions, instead of relying on generalized estimates or assumptions.

In precision farming, the acquired data is not only used for real-time monitoring but also for
automating farming practices and managing resources more effectively. For example, an loT-
enabled irrigation system can determine the exact amount of water each plant requires based
on its type, growth stage, and the current environmental conditions. By integrating this
information with an automated irrigation system, water usage can be optimized, reducing
waste and conserving this precious resource. Similarly, precision feeding in livestock farming
ensures the animals receive the right quantity of feed based on their age, size, and health
condition, avoiding overfeeding or underfeeding, and promoting overall health and
productivity.

Another significant advantage of precision farming using loT is its capacity to predict agricultural
outcomes. loT devices constantly collect vast amounts of data that, when processed and
analyzed, can provide highly accurate predictions about crop yield, pest outbreaks, livestock
health issues, and more. These predictions can greatly enhance farmers' decision-making
capacity, giving them the foresight to plan their actions ahead of time and mitigate potential
risks. With these predictions, farmers can take preventive measures against possible pest
outbreaks, plan the harvest time more accurately, and implement targeted treatment strategies
if an illness is expected to hit the livestock.

Al plays a crucial role in precision farming by processing and analyzing the massive amounts of
data generated by loT devices. Al-powered analytics can decipher complex patterns in the data,
something that is beyond human capacity given the volume and velocity of the data involved.
For instance, Al can predict the best planting and harvesting times based on historical weather
patterns, soil conditions, and crop growth cycles. It can also analyze soil and crop data to
provide suggestions on the ideal mixture of fertilizers and the optimal timing for their
application [13]. These Al-driven insights not only help farmers to increase their crop yield and
quality but also to manage their resources more sustainably.

Disease detection and prevention in agriculture has undergone a remarkable transformation
with the advent of Al and Machine Learning (ML). Traditional methods of disease detection,
often involving laborious manual inspection and subjective assessment, are increasingly being
supplanted by technologically advanced solutions. These cutting-edge solutions primarily utilize
drones and loT devices to capture images of crops, which are then processed using Al and ML
algorithms. The primary advantage of this approach is the ability to identify diseases early,
allowing for targeted treatment that can prevent the disease from spreading and potentially
devastating entire crops [14]-[16].

A crucial aspect of this innovative approach involves drones and other loT devices that can
capture high-resolution images of crops from various angles. The use of drones has particularly
revolutionized disease detection due to their ability to access vast and often difficult-to-reach
farmland areas, ensuring comprehensive and regular monitoring. These devices, equipped with
advanced cameras and spectral sensors, can capture both visible and non-visible data, including
infrared and thermal, which can indicate stress in plants before it's visible to the human eye. By
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doing so, they provide a holistic view of the crop's health, enabling a more accurate and efficient
detection process.

Once the images are captured, the role of Al and ML comes into play. Machine Learning
algorithms are trained on thousands of images of healthy and diseased crops, learning to
discern the subtle patterns and anomalies that signify the onset of disease. These algorithms
can detect various types of diseases, pests, and nutritional deficiencies affecting the crops. Al
techniques, such as Convolutional Neural Networks (CNN), are particularly adept at this type of
image-based analysis and have shown remarkable success in detecting even early-stage
diseases.

The benefits of using Al and ML for disease detection are profound. Early detection plays a
pivotal role in preventing the spread of diseases. When a disease is identified in its initial stages,
farmers can deploy targeted treatments, isolating affected areas and applying necessary
measures to curb its progression. This not only saves the rest of the crop from potential
infection but also reduces the amount of pesticides or other treatments needed, which can
have significant cost and environmental benefits.

Automated irrigation systems, underpinned by the use of loT devices such as soil moisture
sensors, are redefining how water is managed in agriculture. These systems are playing a vital
role in making farming more efficient, sustainable, and adaptable to varying weather patterns.
Central to these systems are soil moisture sensors, devices that provide real-time, accurate data
about the water needs of crops. By quantifying the exact level of moisture in the soil, these
sensors offer valuable insights, allowing for precise control over irrigation activities.

Soil moisture sensors work by measuring the volumetric water content in the soil [17]. Some
advanced sensors can also measure other variables like temperature and salinity that can affect
a plant's water needs. Once installed in the field, these sensors continuously monitor the soil's
moisture level, transmitting the data to a central system [18]. This continuous and precise
monitoring is advantageous over traditional methods that often rely on periodic field sampling
or weather-based estimates, which may not accurately reflect the soil's actual moisture
condition [19].

The real-time data provided by soil moisture sensors forms the basis for automating irrigation.
Using this data, automated irrigation systems can schedule watering based on the specific water
needs of each crop. The system can precisely control the amount of water delivered to each
plant, ensuring it receives the right amount of water at the right time. This is a significant
improvement over traditional irrigation methods, which often use a one-size-fits-all approach
and can lead to water waste or insufficient watering.

The benefits of automated irrigation systems are multifold. They contribute significantly to
reducing water consumption in agriculture, an industry that accounts for a substantial portion
of global freshwater use. By delivering the exact amount of water needed for crop growth, these
systems prevent overwatering, which not only wastes water but can also lead to problems like
nutrient leaching and root disease. Additionally, in areas with limited water resources or during
periods of drought, the efficient use of water can make the difference between a successful
harvest and crop failure.
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systems prevent overwatering, which not only wastes water but can also lead to problems like
nutrient leaching and root disease. Additionally, in areas with limited water resources or during
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Supply chain management in the agricultural sector is undergoing a transformation as a result
of the integration of Internet of Things (loT) and Artificial Intelligence (Al) technologies. These
technologies are being leveraged to monitor, control, and optimize the complex series of
processes involved in bringing products from farms to consumers. A particularly innovative
application of loT and Al in this space is the use of smart labels for real-time tracking of product
freshness. By providing valuable data about a product's condition during transit, smart labels
can significantly improve supply chain efficiency, reduce food waste, and ensure consumers
receive fresh products [20]-[22].

Smart labels are loT devices that can be attached to agricultural products during transportation.
Equipped with sensors that monitor factors such as temperature, humidity, and light exposure,
smart labels can provide real-time information about the storage conditions and the freshness
of products. Some advanced smart labels even have biosensors capable of detecting the growth
of bacteria or other pathogens. The data collected by the smart labels can be accessed remotely,
allowing stakeholders to track the product's condition throughout its journey from farm to
retail.
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Al plays a crucial role in processing and interpreting the data provided by smart labels. With its
ability to analyze large amounts of data quickly and accurately, Al can detect patterns and
trends that might be indicative of a problem. For instance, Al can determine if a product has
been exposed to inappropriate temperatures or humidity levels that could compromise its
freshness. By identifying such issues early, interventions can be made to address the problem
and prevent potential waste.

One of the significant advantages of using smart labels in supply chain management is the
potential to drastically reduce food waste. According to the Food and Agriculture Organization
of the United Nations, approximately one-third of all food produced globally is wasted or lost.
Much of this waste occurs in the supply chain, often due to inadequate storage or
transportation conditions. By providing real-time monitoring of product conditions, smart labels
can help prevent such losses, leading to more efficient supply chains and significant economic
and environmental benefits.

Challenges

The integration of Internet of Things (loT) and Artificial Intelligence (Al) technologies in
agriculture, while presenting numerous benefits, is not without its challenges. The high upfront
cost associated with the implementation of these technologies is often a significant barrier,
particularly for small and medium-sized farms. The investment required for acquiring and
installing loT devices, setting up the necessary infrastructure for data collection and
transmission, and implementing Al-based data processing and analytics systems can be
substantial.

The loT devices used in agriculture, such as sensors, drones, automated irrigation systems, and
smart labels, can be expensive. For instance, drones equipped with advanced cameras and
sensors can be costly, and soil moisture sensors, while less expensive per unit, need to be
deployed in large numbers for effective monitoring. Additionally, these devices often require a
robust supporting infrastructure including broadband connectivity, data storage and processing
capabilities, which can add to the overall cost.

Al systems used for analyzing the data generated by loT devices also require a significant
investment. These systems need to be custom-developed and trained to suit the specific needs
of each farm. Depending on the complexity of the data and the precision of the insights
required, this can involve hiring experts in Al and data analysis, which can further increase costs.

Maintenance and upgrade costs are another aspect to consider. loT devices are exposed to
harsh environmental conditions which can affect their lifespan and performance. Regular
maintenance and occasional replacement of these devices are necessary to ensure their
effective operation. Similarly, Al systems need to be regularly updated and fine-tuned based on
new data and changing farm conditions, which can add to the ongoing cost.

However, while the initial cost of implementing loT and Al technologies in agriculture can be
high, it's essential to consider the potential return on investment (ROI). These technologies can
lead to substantial improvements in productivity, efficiency, and sustainability, which can result
in significant cost savings in the long term. For instance, precision farming can optimize resource
usage, reduce waste, and increase crop yield, all of which can enhance profitability.
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Implementing IoT and Al solutions in agriculture often relies heavily on stable and robust
internet connectivity, a condition that is not universally available, especially in rural agricultural
regions. Despite the steady advancement of technology and increased digital connectivity
worldwide, many agricultural areas still face significant challenges regarding internet access.
This digital divide, particularly in remote and underdeveloped regions, presents a substantial
obstacle to the implementation of loT and Al technologies in farming.

loT devices, like sensors and drones, depend on the internet to transmit the data they collect
from the field [23]. Without reliable internet connectivity, the real-time transmission of data
becomes a challenge, which significantly reduces the utility and effectiveness of these devices.
Similarly, Al solutions that analyze and provide actionable insights from the collected data also
need internet connectivity to function optimally. A weak or unstable internet connection can
hinder the efficient processing of data and delay the provision of crucial insights, which could
affect timely decision-making on the farm.

Furthermore, modern cloud-based Al algorithms that provide advanced analytics and predictive
modeling usually require significant data bandwidth for optimal operation [24]. The lack of
robust connectivity in many agricultural areas can prevent farmers from fully leveraging these
advanced capabilities. It can also hinder the remote monitoring of farm conditions, a significant
advantage provided by loT and Al solutions, especially for large farms or for farmers managing
multiple fields in disparate locations.

However, the connectivity issue is a recognized problem, and several solutions are being
pursued. Governments and private companies are investing in infrastructure to improve
internet connectivity in rural areas. Technologies like satellite internet and low-power wide-
area networks (LPWAN) are showing promise in providing internet connectivity in remote
agricultural areas. For instance, projects like SpaceX's Starlink aim to provide global broadband
coverage, which could significantly benefit rural farming areas.

The successful adoption and utilization of loT and Al technologies in agriculture require a certain
degree of digital literacy and technical skills, which can often be lacking in traditional farming
communities. This skills gap can pose a significant hurdle in implementing these advanced
technologies, as they often require understanding and operating sophisticated devices,
interpreting complex data, and making decisions based on that data [25], [26].

loT devices, such as drones, soil sensors, and automated irrigation systems, are usually operated
through digital interfaces and require a fundamental understanding of their functionality for
efficient utilization. Farmers must know how to install these devices, troubleshoot potential
issues, and interpret the data they generate. Similarly, using Al-based tools for data analysis or
predictive modeling involves interacting with complex software platforms that may be
unfamiliar and potentially intimidating to individuals without a background in digital technology
[27], [28].

The gap in digital literacy is often coupled with a lack of adequate training resources. While
some manufacturers and technology providers offer training and support services, these
resources may not always be accessible or sufficient, especially for farmers in remote or under-
resourced regions. As a result, even when the technologies are available, they may not be used
to their full potential due to a lack of understanding or confidence in their operation.
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Addressing this skills and training gap is critical for the widespread adoption of IoT and Al in
agriculture. This can be achieved through a combination of strategies. First, technology
developers can work to make their devices and platforms more user-friendly, minimizing the
technical expertise required to operate them. Second, comprehensive training programs can be
developed and delivered to farming communities. These programs could include hands-on
workshops, online courses, and ongoing support services.

Moreover, partnerships between technology companies, agricultural extension services, and
educational institutions can play a critical role in providing the necessary training. These
partnerships can facilitate the development and delivery of context-specific training programs
that take into account the unique challenges and needs of different farming communities. As
the adoption of loT and Al technologies in agriculture continues to grow, so does the collection,
storage, and analysis of large amounts of data. While this data is invaluable for optimizing
agricultural practices, it also brings to the fore significant concerns about data privacy and
security [29]. Farmers and agricultural businesses may be apprehensive about how their data is
used, who has access to it, and how it is protected from potential breaches.

Agricultural data collected by loT devices can include sensitive information such as the type of
crops grown, the timing and yield of harvests, and the specific techniques and inputs used in
cultivation. This information could be considered proprietary, forming a significant part of a
farm's competitive advantage. If this data falls into the wrong hands or is used without the
farmer's consent, it could result in economic harm. For instance, commodity traders could
potentially use detailed harvest information to manipulate market prices, or competitors could
use farming techniques data to gain an unfair advantage [30]-[32].

Moreover, given the interconnected nature of loT devices, there is a risk of cyber attacks.
Sophisticated hackers could potentially breach these systems to steal data or disrupt
operations. A cyber attack could compromise a farm's operational integrity, resulting in
significant financial loss and potential damage to the farm's reputation [33], [34].

Addressing these data privacy and security concerns requires comprehensive measures [35].
These include the use of robust encryption techniques to secure data transmission [36], the
implementation of strict access controls to limit who can access the data, and the adoption of
secure data storage solutions [37]. Moreover, it iss crucial to have clear data privacy policies
that outline how and why data is collected and used, and the measures in place to protect it.
These policies should be transparent and easily accessible to farmers, helping to build trust.

Furthermore, governments can play a crucial role in protecting data privacy and security in
agriculture. They can develop and enforce regulations that govern data collection, usage, and
protection in the agricultural sector. These regulations can provide a legal framework to address
data privacy issues, hold technology providers accountable for data security, and offer recourse
for farmers in the event of a data breach.

While the use of loT and Al in agriculture raises valid concerns about data privacy and security,
these issues can be effectively managed through a combination of technological measures,
transparent policies, and regulatory oversight. By addressing these concerns, farmers and
agricultural businesses can confidently adopt these technologies, harnessing their potential to
transform agricultural practices while ensuring their data is secure.
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Conclusion

The fusion of Internet of Things (loT) and Artificial Intelligence (Al) technologies in the
agricultural sphere paves the way for a transformative era of smart farming. These emerging
technologies offer tremendous potential to revolutionize and optimize the cultivation of
specific crops such as onion, silk, and turmeric, showcasing how the future of agriculture can be
reshaped [38].

The integration of l1oT and Al in agriculture brings to the forefront the concept of Precision
Farming. This research has delved into how loT devices, gathering essential data about weather
conditions, soil quality, and crop growth, help in automating farming methods and managing
resources effectively. Al's role, on the other hand, is instrumental in processing this collected
data, offering invaluable insights that dictate the best times for planting and harvesting. This
precise decision-making process contributes significantly to enhancing yield and crop quality
[39], [40].

Furthermore, the advent of Al and Machine Learning algorithms for Disease Detection and
Prevention has shown promising results. The ability to identify crop diseases in their early stages
reduces potential losses, thereby securing a farm's yield. Similarly, Automated Irrigation using
soil moisture sensors optimizes the usage of water resources, ensuring crops receive the
required water supply at the right times . Another notable matter observed was in the realm
of Supply Chain Management, where the utilization of loT and Al demonstrated improvements
in efficiency by enabling real-time tracking of produce freshness. This has significant
implications on minimizing waste, ultimately leading to increased profitability and sustainability
of agricultural practices.

Nonetheless, this research has underscored that the path to fully realizing the potential of these
technological integrations is not without hurdles. The high initial investment required may
discourage smaller farms from adopting these technologies. Infrastructure limitations, such as
insufficient internet connectivity in some agricultural areas, also pose significant barriers to the
effective deployment of 1oT and Al. The requirement for digital literacy is another aspect that
cannot be overlooked. Without adequate skills and training among farmers, the
implementation of these advanced technologies may not achieve the desired outcomes.

Among the more intricate challenges is the issue of data privacy and security. Given the vast
amounts of data collected and processed, there needs to be an effective solution to mitigate
potential risks associated with data breaches and unauthorized access.

This brings us to the core conclusion of this research: while the possibilities of integrating loT
and Al into agriculture are immense, significant challenges need to be addressed. There is a
critical need for a cohesive effort from policymakers, industry leaders, and stakeholders in
agricultural communities to resolve these issues. Such an effort must include substantial
investment in infrastructure and training, ensuring smaller farms are not left behind, and
development of robust policies to safeguard data privacy and security.

The adoption and seamless integration of IoT and Al in the agricultural sector is a demanding
endeavor, one that requires significant planning, coordination, and resources. However, if done
correctly, it could lead to substantial enhancements in the productivity and sustainability of key
crops, shaping the future of agriculture in unprecedented ways. This research underscores the
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importance of embracing these emerging technologies as indispensable tools for shaping
agriculture's future, ultimately leading us towards a more food-secure world.
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