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Scholar. Eligibility criteria ensured a focus on Al and loT
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practices globally.

INTRODUCTION

The integration of Artificial Intelligence (Al) and the Internet of Things (I0T) in agriculture has gained
significant traction as a sustainable solution to modern farming challenges. These technological
advancements have the potential to enhance precision agriculture, optimize resource use, and improve food
security globally (Abdul Hussein, Jabbar, Mohammed, and Al-Jawahry, 2024). The fusion of Al and loT,
often referred to as AloT, enables real-time monitoring and predictive analytics that support data-driven
decision-making in farming operations (Adli et al., 2023). The increasing demand for sustainable agricultural
practices necessitates the adoption of smart farming solutions, where Al and loT collectively contribute to
enhanced efficiency, productivity, and environmental sustainability (Alazzai, et al., 2024).

Smart agriculture leverages Al-powered algorithms and loT-enabled sensors to automate various aspects of
farming, including irrigation management, pest control, and soil health assessment (Alreshidi, 2019). These
innovations facilitate precision agriculture, where farmers can make informed decisions based on real-time
data, thereby reducing waste and improving crop yields (AlZubi and Kalda, 2023). Recent advancements in
Al and IoT have also enabled the development of predictive models that enhance agricultural supply chain
efficiency, ensuring timely interventions and reducing post-harvest losses (Elufioye, et al., 2024).
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Despite these advancements, several challenges hinder the widespread adoption of Al and IoT in agriculture.
High initial costs, technological infrastructure limitations, and data privacy concerns remain significant
barriers to implementation, particularly in developing regions (Morchid et al., 2024). Additionally, the
effectiveness of Al-driven farming solutions depends on the availability of high-quality data and the ability
of farmers to interpret and act upon Al-generated insights (Karunathilake, et al., 2023). Addressing these
challenges requires collaborative efforts from policymakers, researchers, and industry stakeholders to
develop scalable and inclusive AloT-based agricultural solutions (Gikunda, 2024; Das, Majumder, and
Panwar, 2024). The integration of Al and 0T in agriculture presents transformative opportunities for
enhancing food production and sustainability. By harnessing these technologies, farmers can achieve greater
efficiency, resilience, and adaptability in the face of climate change and resource constraints. The study
systematically examines the role of Al and 10T in advancing global smart agriculture by enhancing
productivity and precision farming. It identifies key challenges and barriers to adoption, including technical,
economic, and socio-cultural factors. Additionally, it assesses the impact of Al and IoT applications on
sustainability, resource efficiency, and climate-smart agricultural practices.

METHODOLOGY

The systematic review systematically extracted data from peer-reviewed studies on Al, 10T, and ML in
agriculture from PubMed, Scopus, IEEE Xplore, and Google Scholar. Two independent extractors used a
structured Excel template to record study details, including title, authors, publication year, study design, key
findings, and agricultural applications like crop management, pest control, food safety, and supply chain
optimization. Eligibility criteria included empirical and theoretical studies (2019-2024) focused on smart
agricultural technologies, while non-peer-reviewed articles, duplicates, and irrelevant studies were excluded
using Rayyan. Boolean search strategies optimized the retrieval of studies, ensuring a broad and relevant
dataset. Screening involved title, abstract, and full-text reviews, with disagreements resolved by a third
reviewer. Data synthesis categorized studies by technology (Al, 10T, ML) and application, with further sub-
themes on precision farming and automation. Qualitative and statistical analyses assessed the impact of these
technologies on crop yield, resource efficiency, and sustainability, grouping studies by citation source for
consistency. This structured approach ensured a thorough evaluation of the role of smart technologies in
agriculture (Al, 10T, ML, Cloud Computing, Robotics, Renewable Energy, Smart Sensors, Big Data
Analytics, Data Mining, Data Analytics, High-Performance Computing (HPC), Predictive Analytics,
Foundation Models, Deep Learning, Remote Sensing, Sensors Technology, Drones, Digital Platforms,
Neural Networks).

Al and IoT in Agriculture: Transforming Productivity and Sustainability

Al and loT are revolutionizing agriculture by enabling precision farming, real-time monitoring, and
optimized resource management (Hussein et al., 2024). These technologies enhance crop yield predictions,
pest control, and irrigation efficiency (Issa et al., 2024; Qazi et al., 2022). However, adoption remains slow
due to high costs, interoperability challenges, and digital illiteracy, especially in developing regions (Alazzai
et al., 2024; Alreshidi, 2019). Despite these barriers, AloT—the fusion of Al and loT—shows promise for
tackling post-harvest losses and improving supply chain transparency (Adli et al., 2023). Yet, issues such as
market readiness and infrastructure gaps persist (Subeesh and Mehta, 2021; Sharma et al., 2023). Dhanaraju
et al. (2022) highlight that aligning smart technologies with traditional farming systems remains a challenge,
particularly in Africa and Asia.

Key Barriers to Adoption

The major obstacles to Al and 10T adoption in agriculture are technological, economic, and socio-cultural.
High implementation costs and inadequate rural infrastructure hinder accessibility (Hussein et al., 2024;
Alreshidi, 2019). Limited digital literacy among farmers slows adoption (Qazi et al., 2022), while financial
constraints disproportionately affect smallholder farmers (Subeesh and Mehta, 2021; Sharma et al., 2023).
Additionally, traditional farming communities often resist new technologies due to skepticism and lack of
awareness (Hussein et al., 2024; Qazi et al., 2022). Insufficient data availability and unreliable network
connectivity further limit Al and loT adoption, particularly in rural areas, where access to real-time
agricultural insights and digital tools remains constrained. Institutional support and large-scale validation of
AT’s effectiveness are crucial to overcoming these barriers (Thilakarathne et al., 2023).
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Sustainability and Climate Smart Agriculture

Al and 10T play a crucial role in sustainability by optimizing input use, reducing waste, and enhancing climate
resilience. Real-time monitoring improves water and fertilizer efficiency, reducing environmental
degradation (Hussein et al., 2024). Predictive models help farmers adapt to climate change by forecasting
weather patterns and soil conditions (Qazi et al., 2022). However, the increasing unpredictability of weather
due to climate change poses challenges to forecast accuracy, potentially limiting the effectiveness of Al-
driven decision-making in agriculture (Subeesh and Mehta, 2021). Economic and technical barriers still limit
large-scale adoption (Sharma et al., 2023; Subeesh and Mehta, 2021). Policy interventions, training
programs, and investment in rural infrastructure are necessary to bridge these gaps and maximize AI’s
potential in sustainable agriculture.

CONCLUSION AND RECOMMENDATIONS

The integration of Al and 10T in agriculture holds immense potential to enhance productivity, optimize
resource use, and improve decision-making. These technologies enable real-time monitoring, predictive
analytics, and supply chain transparency, making farming more efficient and sustainable. However,
widespread adoption is hindered by high costs, digital infrastructure gaps, and socio-cultural resistance,
particularly in resource-constrained regions. Addressing these barriers requires collaborative efforts among
governments, technology providers, and agricultural stakeholders to improve accessibility and affordability.

RECOMMENDATIONS

i The Federal Government, in collaboration with private telecom companies and development
agencies, should establish a nationwide Smart Agriculture Infrastructure Initiative. This initiative
should expand Al-driven broadband access, 10T networks, and cloud-based data systems to enhance
digital connectivity in rural farming communities.

ii.  The Ministry of Agriculture, in partnership with financial institutions and fintech companies, should
develop an Al-powered agricultural financing platform. This platform should use machine learning
to assess creditworthiness and provide smallholder farmers with dynamic, need-based access to
subsidies, low-interest loans, and microfinance schemes.

iii.  The National Agricultural Extension Services, in collaboration with universities, agricultural
research institutions, and technology firms, should create Al-driven agricultural extension hubs.
These hubs should leverage virtual reality (VR) simulations and interactive digital platforms to
deliver region-specific training programs, improving digital literacy and facilitating Al adoption in
farming.

iv. The Federal Government, in partnership with research institutions and agritech startups, should
develop a national Al-driven open-data ecosystem for agriculture. This system should use
blockchain-secured platforms to collect, analyze, and share real-time farm-level data, improving Al
model accuracy and decision-making for smallholder farmers.

V. Research institutions, climate agencies, and technology companies, with support from the
government, should design and implement an adaptive Al climate forecasting system. This system
should integrate real-time localized data with machine learning models to improve the accuracy of
weather predictions and support climate-resilient farming strategies.
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