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Abstract

The Al and the Internet of Things (IoT) are shaking up how farmers work. Instead of relying on old-
school methods, more and more farmers use smart sensors and connected devices to keep an eye on
what’s actually happening in their fields. They get real-time data—stuff such as soil moisture, weather,
and plant health—and can act fast if something changes. Precision farming isn’t just a buzzword
anymore. Now, farmers use just the right amount of water, fertilizer, or pesticide, when and where it’s
needed. This means they save resources, avoid waste, and make smarter choices, right when it counts.
The payoff? Higher yields and a much lighter footprint on the environment On modern farms, loT
devices such as soil sensors, weather stations, and imaging systems continuously collect data from the
field. Artificial intelligence processes this information to identify patterns, predict crop requirements,
and provide actionable recommendations. These capabilities enable farmers to detect issues early,
optimize irrigation practices, and improve overall farm management. In addition, technologies like
drones and automated monitoring systems allow rapid assessment of large agricultural areas with
greater accuracy and efficiency. This study explores the integration of Al and IoT in agriculture,
focusing on applications in crop monitoring, water management, early pest and disease detection, and
supply chain optimization. By examining recent technological advancements and real-world
implementations, the paper highlights how these innovations enhance productivity, support informed
decision-making, and promote resource-efficient farming practices. It further emphasizes their role in
reducing environmental impact and advancing sustainable agricultural systems Overall, Al and loT
are opening the door to a more efficient and sustainable way of farming. As these tools become easier
to use and more widely available, they have the potential to improve farmers’ lives, strengthen food
security, and make agriculture smarter and greener for the future. The integration of Artificial
Intelligence (Al) and Internet of Things (loT) technologies offers significant potential to transform
contemporary agriculture by promoting sustainability, operational efficiency, and environmental
stewardship. By providing continuous, real-time insights into critical agricultural variables, including
soil moisture, climatic conditions, and crop health status, AlI-loT systems facilitate informed decision-
making and optimized farm management practices.
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insights, enabling automated and optimized decision-making [2].

The Al techniques analyze complex datasets from farm sensors, satellite imagery, weather patterns,
and crop health indices to optimize planting schedules, irrigation, fertilization, and yield predictions.
The IoT devices, including soil sensors, drones, automated irrigation systems, and climate stations,
provide continuous real-time monitoring of field conditions, enabling timely interventionsWhen used
together, these technologies create a powerful system that supports precision agriculture and promotes
sustainable farming practices [3].

This paper provides a detailed overview of how Al and IoT are applied in sustainable agriculture. It
discusses the methods used, real-world applications, measurable outcomes, and possible directions for
future research. The main objective is to show how these technologies can improve farming efficiency,
reduce the use of resources, and encourage environmentally responsible agricultural practices [4].

Zhang et al. (2018) [5] explain that precision agriculture uses Al to help farmers decide exactly how
much water, fertilizer, and pesticides their crops need. Instead of applying resources uniformly, farmers
can target specific areas, which leads to better yields and less harm to the environment. Their study
highlights how automation and smart technologies are becoming an important part of modern farm
management.[5]

In another study, Kamilaris and Prenafeta-Bold (2018) [6] look at how Al is being used in different
areas of agriculture, such as monitoring crops, detecting diseases, and predicting yields. They point out
that tools like machine learning and computer vision are quickly becoming a natural part of modern
farming practices [6].

Similarly, Liakos et al. (2018) [7] explain that when IoT devices are combined with Al farmers can
spot plant diseases and pests at an early stage and take action before things get worse. At the same time,
they note that even though these technologies show great promise, issues like high costs and limited
technical know-how can make adoption difficult for many farmers.[7]

BACKGROUND AND LITERATURE REVIEW

Sustainable agriculture has increasingly relied on technology-driven solutions. Al and IoT have
become pivotal in transforming modern farming. Precision agriculture, enabled by Al-IoT integration,
allows farmers to monitor and manage variability in fields with high accuracy. [oT sensors provide real-
time data on soil moisture, temperature, humidity, nutrient content, and crop growth, while Al
algorithms analyze this data to support predictive decision-making.

Studies indicate that AI-IoT integration can improve water use efficiency by 30—40%, reduce
fertilizer usage by up to 25%, and increase overall crop yields by 15—20%. It reviewed the applications
of Al and IoT in agriculture, highlighting benefits in crop monitoring, automated irrigation, and pest
management [3]. Wolfert et al. [5] highlighted how big data analytics can play a key role in improving
operational efficiency and supporting more sustainable agricultural practices.

Global adoption of Al-IoT technologies is accelerating, with small-scale farmers in Africa and Asia
leveraging affordable sensors and Al advisory platforms to improve yields and reduce losses [6]. This
literature review provides a strong basis for understanding the key technological components,
advantages, and challenges associated with the use of Al and IoT in agriculture.

Methodology
The methodology used in this study is based on an extensive review of existing literature, along with
the analysis of case studies and practical implementations related to Al and IoT in agriculture.
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The framework for Al-IoT integration in agriculture includes data acquisition, preprocessing, Al
modelling, and decision support systems.

e Data Acquisition: Deployment of [oT sensors (soil moisture, pH, temperature), drones, and
weather stations for continuous monitoring of field and crop conditions.

® Data Preprocessing: Cleaning, normalization, and aggregation of collected data using cloud
computing platforms to ensure data quality and consistency.

e Al Modelling: Application of machine learning algorithms (Random Forest, SVM, CNN) for
predictive analytics, yield forecasting, disease detection, and irrigation scheduling.

e Decision Support and Automation: Integration of Al insights into automated systems for
irrigation, fertilization, and pest control, providing actionable recommendations to farmers.

APPLICATIONS
Precision Agriculture

Precision agriculture enables site-specific crop management. In Table 1, Using IoT sensors to monitor
soil conditions and Al models to analyze data, farmers can apply variable-rate irrigation and fertilization
[3]. This reduces resource wastage and increases crop productivity.

Smart Irrigation

Al-IoT systems optimize water usage. Soil moisture data combined with weather forecasts and
evapotranspiration models allow for precise irrigation scheduling. Smart irrigation reduces water usage
by 30— 40% and ensures optimal crop growth [7].

Pest and Disease Management
Al-powered image recognition and IoT-enabled drone monitoring facilitate early detection of pests
and diseases. Targeted interventions reduce pesticide usage, lower costs, and protect the environment.

Supply Chain Optimization
IoT-enabled monitoring of storage and transportation conditions ensures product quality. Al models
forecast demand and optimize logistics, minimizing post-harvest losses and increasing profitability.

CASE STUDIES
IIIT-Allahabad, India

AI-IoT system for real-time crop disease detection, achieving 97.25% accuracy using leaf images
and IoT sensor data.

The case study from IIIT-Allahabad, India, demonstrates the integration of Al and IoT technologies
for real-time crop disease detection. The system uses [oT sensors placed in the fields to continuously
track environmental conditions such as soil moisture, temperature, and humidity. In addition, cameras
or drones are used to capture images of plant leaves, allowing farmers to monitor crop health and detect
potential issues early. These data are transmitted to a central processing system, where Al algorithms,
particularly deep learning-based image recognition models such as Convolutional Neural Networks
(CNNs), analyze the leaf images to identify visual patterns indicative of crop diseases, such as spots,
discoloration, or wilting. In addition, the environmental data is combined with historical disease patterns
to enable predictive analytics, allowing the system to assess the likelihood of disease occurrence in real
time. This Al and IoT integration achieved an impressive accuracy of 97.25%, meaning that the system
could correctly identify diseased and healthy crops in the vast majority of cases. The high accuracy
facilitates early detection of diseases, enabling farmers to take targeted actions, such as applying
pesticides only where necessary or removing infected plants, which reduces crop loss, minimizes
unnecessary pesticide use, and enhances overall farm productivity. By providing real-time, data-driven
recommendations, this system empowers farmers to make informed decisions, increases operational
efficiency, and exemplifies how Al and IoT can be leveraged to promote sustainable and precise
agricultural practices [8].
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ICAR-NRCB, India

Implemented smart farming technologies among banana farmers, improving resource efficiency and
yields.
Table 1. Summarizes common lot sensors and their applications in precision agriculture.

Sensor type Measurement Application

Soil Moisture Sensor | Soil water content Irrigation scheduling

pH Sensor Soil acidity Fertilization optimization

Temperature Sensor Ambient and soil temperature | Plant growth monitoring

Multispectral Camera | Crop health indices Disease detection

The ICAR-National Research Centre for Banana (ICAR-NRCB) in India implemented a suite of
smart farming technologies to enhance banana cultivation, focusing on improving resource efficiency
and crop yields. The initiative involved deploying IoT-based sensors to monitor soil moisture,
temperature, and nutrient levels, along with automated irrigation systems to optimize water usage.
These sensors provided real-time data, which was analyzed using Al algorithms to determine precise
irrigation schedules, fertilization requirements, and disease management strategies [9]. By integrating
these technologies, farmers could make data driven decisions, ensuring that water, fertilizers, and
pesticides were applied only when and where needed. The result was a significant improvement in
resource efficiency, reducing wastage and lowering production costs, while simultaneously increasing
banana yields and overall crop quality. Additionally, the adoption of these smart farming tools enabled
early detection of diseases and environmental stress, allowing timely interventions and further
contributing to sustainable agricultural practices. This case highlights how Al and IoT can transform
traditional farming methods into precision agriculture, promoting both productivity and environmental
sustainability.

Kenya
Small-scale farmers utilize Al advisory tools and Plant Village platform for fertilization and pest
management which is reported to improve yields.

In Kenya, small-scale farmers have begun leveraging Al-powered advisory tools and the Plant
Village platform to enhance agricultural productivity, particularly in fertilization and pest management.
These digital platforms use machine learning algorithms to analyze data from local farms, including
soil conditions, weather patterns, and crop health indicators, to provide tailored recommendations for
optimal fertilizer application and timely pest control measures. By delivering context-specific guidance
directly to farmers’ mobile devices, these tools enable more precise and efficient farming practices,
reducing the overuse of chemicals and minimizing crop losses due to pests and diseases [10]. As a result,
farmers can make informed, data driven decisions that improve both the quantity and quality of their
harvests. The adoption of these Al advisory systems demonstrates how technology can empower
smallholder farmers in resource-constrained settings, increase yields, and support sustainable farming
practices in regions where access to traditional agricultural expertise may be limited.

Malawi
The Ulangizi Al Chabot provides crop management recommendations, enabling diversification and
higher productivity.

In Malawi, farmers are benefiting from the Ulangizi Al Chabot, an intelligent digital assistant that
provides personalized crop management recommendations. The Chabot leverages Al algorithms to
analyze inputs such as soil conditions, weather data, and crop health information, offering guidance on
optimal planting schedules, fertilization, irrigation, and pest control. By delivering actionable advice
directly to farmers’ mobile devices [11], Ulangizi enables them to make informed decisions that
enhance farm efficiency and productivity. Additionally, the system encourages crop diversification by
recommending alternative or complementary crops based on environmental conditions and market
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demand, helping farmers reduce risk and increase income stability as shown in Figure 1. Through timely,
data-driven recommendations, the Ulangizi Al Chabot supports sustainable agricultural practices,
improves yields, and empowers farmers in Malawi to adopt more resilient and productive farming
strategies. (Table 2).

Table 2. Illustrates yield improvements and water savings achieved in these case studies.

Region Crop Yield improvement (%) | Water savings (%)
India Banana 18% 35%
India Wheat 15% 40%
Kenya Maize 12% 30%
Malawi | Potato 10% 25%
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Figure 1. Al-IoT integrated system architecture for smart agriculture
Source: https://www.mdpi.com/2076- 3417/12/7/3396

Challenges and Future Directions
Key challenges limiting AI-IoT adoption include [12]:
e Data Privacy and Security: Protection of farmer data is essential for trust and regulatory
compliance.
o High Costs and Infrastructure: Initial investments and connectivity limitations hinder
deployment in developing regions.
o Technical Expertise: Farmers require training to effectively use Al-IoT systems.

Future research should focus on developing low-cost, energy-efficient loT devices, edge Al
processing for remote farms, scalable frameworks for smallholder farmers, and integration with
renewable energy sources for sustainable operations.

CONCLUSION
The integration of Artificial Intelligence (AI) and the Internet of Things (IoT) presents a
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transformative opportunity for modern agriculture, enabling a shift toward more sustainable, efficient,
and environmentally responsible farming practices. By facilitating real-time monitoring of critical
parameters such as soil moisture, weather conditions, and crop health, these technologies empower
farmers to make informed and timely decisions. Predictive analytics driven by Al further enhances the
ability to anticipate crop needs, detect diseases early, and optimize the use of water, fertilizers, and
pesticides. Additionally, automated systems and smart devices reduce manual effort while improving
operational accuracy and productivity. Despite these advantages, challenges such as high initial
investment, lack of technical expertise, and infrastructure limitations must be addressed. Therefore,
continued research, policy support, and farmer training programs are essential to ensure widespread
adoption. Ultimately, the convergence of Al and IoT holds immense potential to revolutionize
agriculture and ensure long-term food security.
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