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Abstract 

The global demand for food is projected to increase by 70% by 2050, necessitating innovative solutions to ensure 

food security and economic sustainability. Internet of Things (IoT) technologies offer transformative potential in 

agriculture by enabling real-time monitoring and automation of farming processes. This paper proposes an IoT-

based smart farming system that integrates soil moisture sensors, weather stations, and cloud computing to 

optimize irrigation and crop management. Through a case study in a smallholder farming community, we 

demonstrate how the system reduces water usage by 30% and increases crop yields by 15%, enhancing food 

security. Economic resilience is achieved through lower operational costs and improved market access. The 

findings underscore IoT's role as a scalable solution for sustainable agriculture. 
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1. Introduction 

Food security remains a critical challenge, with over 

800 million people facing hunger globally in 2024 

(FAO, 2024). Simultaneously, economic 

sustainability in agriculture is threatened by resource 

scarcity, labor shortages, and climate variability. 

Smart farming, powered by Internet of Things (IoT) 

technologies, offers a data-driven approach to 

address these issues. IoT systems integrate sensors, 

actuators, and cloud platforms to monitor and 

automate agricultural processes, such as irrigation, 

pest control, and soil management. This paper 

explores how IoT-based smart farming systems 

enhance food security by increasing crop 

productivity and support economic resilience by 

reducing costs and improving farmer incomes. We 

propose a low-cost IoT framework tailored for 

smallholder farmers, implemented in a case study, 

and evaluate its impact on water efficiency, yield, 

and economic outcomes. 

2. Literature Review 

IoT applications in agriculture have gained traction 

over the past decade. Smith et al. (2020) 

demonstrated that IoT sensors for soil moisture and 

temperature improve irrigation efficiency by 25% in 

maize farms. Similarly, Patel and Kumar (2022) 

developed an IoT-based pest monitoring system that 

reduced pesticide use by 20%. Cloud computing 

enhances IoT scalability by enabling real-time data 

analytics, as shown in Gupta et al. (2023), where a 

cloud-based IoT system predicted crop diseases with 

90% accuracy. However, challenges remain, 

including high initial costs and limited internet 

access in rural areas (Jones & Lee, 2021). Existing 

studies focus on large-scale farms, with less 

attention to affordable solutions for smallholder 

farmers in developing regions. This paper addresses 

this gap by proposing a cost-effective IoT system for 

resource-constrained settings. 

3. Methodology 

3.1 System Architecture 

The proposed IoT-based smart farming system 

comprises: 

 Sensors: Soil moisture sensors (e.g., 

capacitive sensors), temperature sensors, 

and a weather station to collect 

environmental data. 

 Microcontroller: ESP32 module for data 

processing and Wi-Fi connectivity. 

 Actuators: Smart irrigation valves 

controlled based on sensor data. 

 Cloud Platform: AWS IoT Core for data 

storage and analytics. 

 Mobile Application: A farmer-facing app 

for real-time data visualization and 

irrigation control. 
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3.2 Implementation 

The system was deployed in a 2-hectare smallholder 

farm in Oyo State, Nigeria, growing maize and 

tomatoes. Sensors were installed at 10-meter 

intervals to monitor soil moisture and temperature. 

The ESP32 collected data every 30 minutes and 

transmitted it to AWS IoT Core via a 4G router. A 

rule-based algorithm triggered irrigation when soil 

moisture fell below 20%. The mobile app, 

developed using Flutter, allowed farmers to view 

data and manually override irrigation schedules. 

3.3 Data Collection 

Data was collected over a 6-month growing season 

(April–September 2024). Metrics included: 

 Water Usage: Volume of water used for 

irrigation (liters/hectare). 

 Crop Yield: Maize and tomato output 

(kg/hectare). 

 Operational Costs: Costs of water, labor, 

and system maintenance. 

 Farmer Income: Revenue from crop sales 

at local markets. 

3.4 Evaluation 

The system’s performance was compared to a 

control plot using traditional irrigation methods. 

Key performance indicators (KPIs) were water 

efficiency, yield improvement, and cost savings. 

4. Results and Discussion 

4.1 Water Efficiency 

The IoT system reduced water usage by 30%, from 

5,000 liters/hectare/week in the control plot to 3,500 

liters/hectare/week. This was achieved by precise 

irrigation triggered only when soil moisture was 

low, minimizing waste. 

4.2 Crop Yield 

Maize yield increased by 15% (from 2,000 

kg/hectare to 2,300 kg/hectare), and tomato yield 

rose by 12% (from 5,000 kg/hectare to 5,600 

kg/hectare). Improved soil moisture management 

ensured optimal growing conditions, addressing 

food security by boosting production. 

4.3 Economic Impact 

Operational costs decreased by 20%, primarily due 

to lower water and labor expenses. The system’s 

initial cost ($200 for sensors, microcontroller, and 

app development) was offset by a 25% increase in 

farmer income from higher yields and better market 

timing. These savings and revenue gains enhance 

economic resilience for smallholder farmers. 

4.4 Challenges 

Limited internet connectivity in rural areas required 

a 4G router, increasing setup costs. Farmer training 

was necessary to ensure effective use of the mobile 

app. Future iterations could integrate offline data 

storage and simpler interfaces. 

4.5 Implications 

The results demonstrate that IoT-based smart 

farming systems are a viable solution for food 

security and economic sustainability. By optimizing 

resources and increasing yields, the system 

addresses hunger and supports farmer livelihoods. 

Scalability to other regions requires cost reductions 

and infrastructure improvements. 

5. Conclusion 

This paper presented an IoT-based smart farming 

system that integrates sensors, cloud computing, and 

mobile applications to enhance agricultural 

productivity and economic resilience. The case 

study in Nigeria showed a 30% reduction in water 

usage, a 15% increase in crop yields, and a 20% cost 

reduction, directly contributing to food security and 

economic sustainability. Future work should focus 

on reducing system costs and improving 

accessibility for smallholder farmers in low-

connectivity areas. IoT technologies, as 

demonstrated, are a panacea for transforming 

agriculture in the face of global challenges. 
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