
International Journal of Multidisciplinary Evolutionary Research  www.internationalmultiresearch.com   

 
    67 | P a g e  

 

 
 
Machine Learning and IoT for Sustainable Development in Agriculture 
  

Mustapha Malami Idina 1*, Mubarak Jibril Yeldu 2, Anas Muhammad Gulumbe 3 
1-3 Department of Computer Science, Abdullahi Fodio University of Science and Technology Aliero, Nigeria 

 

* Corresponding Author: Mustapha Malami Idina 
 

 

 

Article Info 

 

P-ISSN: 3051-3502 

E-ISSN: 3051-3510 

Volume: 07 

Issue: 02 

Received: 11-05-2026 

Accepted: 10-06-2026 

Published: 09-07-2026 

Page No: 67-69

Abstract 
Agriculture is undergoing a digital transformation driven by Machine Learning (ML) 
and the Internet of Things (IoT), enabling sustainable food production, efficient 
resource utilization, and climate-resilient farming. Traditional agricultural practices 
are increasingly challenged by climate change, soil degradation, water scarcity, pest 
outbreaks, and the growing global demand for food. Integrating IoT sensors with ML 
algorithms provides real-time monitoring, predictive analytics, and intelligent 
decision-making for precision agriculture. This paper reviews recent developments in 
ML and IoT applications for sustainable agriculture, focusing on crop monitoring, 
smart irrigation, disease detection, yield prediction, livestock management, and 
resource optimization. The proposed framework integrates IoT sensing devices, 
wireless communication, cloud edge computing, machine learning analytics, and 
farmer decision support systems to improve productivity while minimizing 
environmental impact. The study further discusses current challenges, including cyber 
security, interoperability, infrastructure cost, and limited digital literacy among 
farmers. Recent studies demonstrate that AI enabled IoT systems significantly 
improve irrigation efficiency, reduce fertilizer consumption, enhance crop 
productivity, and support climate-smart agriculture. The paper concludes that 
combining ML and IoT is fundamental to achieving sustainable agricultural 
development and the United Nations Sustainable Development Goals (SDGs), 
particularly Zero Hunger (SDG 2), Clean Water (SDG 6), Responsible Consumption 
and Production (SDG 12), and Climate Action (SDG 13). Finally, future research 
directions involving edge intelligence, federated learning, block chain integration, and 
digital twins are highlighted. 
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1. Introduction 

Agriculture plays a vital role in ensuring global food security, supporting economic development, and sustaining rural 

livelihoods. However, the sector faces increasing challenges from climate change, population growth, water scarcity, declining 

soil fertility, pest infestations, and inefficient resource utilization. According to the Food and Agriculture Organization (FAO), 

global food production must increase significantly over the coming decades to meet the nutritional demands of a growing 

population while preserving natural resources. Consequently, there is an urgent need to adopt intelligent and sustainable 

agricultural practices that improve productivity while minimizing environmental impacts (Getahun, 2024; Shahab et al., 2024) 

[3, 5]. 

The emergence of the Internet of Things (IoT) has transformed conventional farming into smart agriculture through the 

deployment of interconnected devices such as soil moisture sensors, weather stations, unmanned aerial vehicles (UAVs), GPS 

enabled equipment, and smart irrigation systems. These IoT technologies continuously collect real-time environmental and crop 

data, providing farmers with accurate information for monitoring field conditions and optimizing farm operations. Real-time 

data acquisition enhances resource efficiency, reduces production costs, and supports evidence-based agricultural decision-

making (Shahab et al., 2024; Benti et al., 2024) [5, 1]. 
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Machine Learning (ML) complements IoT by transforming 

the large volumes of agricultural data into actionable insights. 

ML algorithms analyze historical and real time datasets to 

predict crop yields, detect plant diseases, optimize irrigation 

schedules, estimate fertilizer requirements, and forecast 

weather related risks. Deep learning models have further 

improved image-based disease diagnosis using drone and 

satellite imagery, enabling early intervention that reduces 

crop losses and excessive pesticide application (Delfani et al., 

2024; Shamshiri et al., 2024) [2, 6]. 

The integration of ML and IoT has become the foundation of 

precision agriculture, where farming decisions are driven by 

continuous sensing, intelligent analytics, and automated 

control systems. Precision agriculture improves crop 

productivity, conserves water resources, minimizes fertilizer 

wastage, lowers greenhouse gas emissions, and enhances 

environmental sustainability. Recent studies have 

demonstrated that AI enabled IoT systems significantly 

increase irrigation efficiency, improve resource utilization, 

and strengthen resilience against climate variability, making 

them essential technologies for climate-smart agriculture 

(Nawaz & Babar, 2024; Sabharwal & Reddy, 2026) [4, 8]. 

 

1.1. Objectives 

1. Review recent ML and IoT technologies for sustainable 

agriculture. 

2. Examine major agricultural applications of ML enabled 

IoT systems. 

3. Present an integrated framework for smart agriculture. 

4. Identify current challenges and future research 

opportunities. 

 

2. Literature Review 

Recent research demonstrates rapid growth in smart 

agriculture technologies. 

 

Table 1 
 

Author Focus Area Major Findings 

Shahab et al. (2024) [5] IoT-based farming IoT improves irrigation, monitoring, and sustainability. (ScienceDirect) 

Getahun (2024) [3] Precision agriculture 
Precision technologies increase productivity and environmental sustainability. (Wiley 

Online Library) 

Delfani et al. (2024) [2] Disease forecasting ML and IoT improve crop disease prediction under climate change. (Springer) 

Benti et al. (2024) [1] Smart agriculture AI, ML, and IoT improve decision-making and productivity. (Springer) 

Khan et al. (2024) [7] Drone-IoT Drone integration enhances precision farming and monitoring. (Springer) 

Shamshiri et al. (2024) 

[6] 
Digital agriculture AI and IoT support climate-smart farming. (Frontiers) 

Nawaz & Babar (2024) 

[4] 
Climate resilience AI-enabled IoT strengthens climate adaptation. (Springer) 

3. Proposed Framework 

The proposed sustainable agriculture framework consists of five major layers:

 

 
 

Fig 1 
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4. Applications of ML and IoT in Sustainable Agriculture 

4.1. Smart Irrigation 

IoT soil moisture sensors combined with ML models 

determine the optimal irrigation schedule, reducing water 

consumption while maintaining crop productivity. 

 

4.2. Crop Disease Detection 

Deep learning models analyze images captured by drones and 

smart cameras to detect diseases during early growth stages, 

minimizing pesticide application. 

 

4.3. Yield Prediction 

Historical weather records, soil characteristics, and crop 

growth parameters are processed using ML algorithms to 

estimate crop yield accurately. 

 

4.4. Precision Fertilizer Management 

Sensor data enable variable-rate fertilizer application, 

reducing environmental pollution and improving nutrient 

efficiency. 

 

4.5. Livestock Monitoring 

Wearable IoT sensors monitor animal health, feeding 

behavior, body temperature, and movement for improved 

livestock productivity. 

 

5. Challenges 

Although ML IoT agriculture offers significant benefits, 

several challenges remain: 

1. High deployment and maintenance costs 

2. Rural internet connectivity limitations 

3. Data privacy and cyber security concerns 

4. Lack of interoperability among IoT devices 

5. Limited technical skills among farmers 

6. Energy consumption of IoT devices 

7. Poor quality agricultural datasets 

 

6. Future Research Directions 

Future smart agriculture research should emphasize: 

1. Edge AI for real time decision-making 

2. Federated learning for privacy preserving analytics 

3. Block chain enabled agricultural traceability 

4. Digital twins for intelligent farm simulation 

5. Explainable AI for transparent recommendations 

6. Renewable-energy-powered IoT systems 

7. Autonomous agricultural robots and drones 

 

7. Conclusion 

Machine Learning and IoT are transforming agriculture into 

an intelligent, sustainable, and resource-efficient sector. The 

integration of real-time sensing, predictive analytics, and 

automated decision support enables precision farming 

practices that improve productivity while reducing 

environmental impacts. Despite existing challenges related to 

infrastructure, cyber security, and adoption costs, continuous 

advancements in AI, edge computing, and digital agriculture 

will accelerate sustainable agricultural development. 

Governments, researchers, and industry stakeholders should 

collaborate to promote affordable, scalable, and secure smart 

farming solutions that contribute to global food security and 

sustainable development. 
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