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Abstract: Agriculture plays a vital role in India’s economy, yet farmers face challenges such as 

improper crop selection, inefficient irrigation, and unpredictable climatic conditions. This research 

proposes a Smart Agriculture system that integrates Machine Learning (ML) and Internet of Things (IoT) 

technologies to provide intelligent crop recommendations and automated water irrigation. The system 

collects real-time environmental parameters such as soil moisture, temperature, humidity, and pH using 

IoT sensors connected to microcontrollers like ESP32. Machine learning algorithms including Random 

Forest, Support Vector Machine (SVM), and Artificial Neural Networks (ANN) are used to analyze soil 

and climate data to recommend the most suitable crops. Additionally, regression-based models automate 

irrigation by predicting precise water requirements. The proposed system enhances productivity, 

conserves water resources, reduces manual effort, and supports sustainable farming practices. The 

architecture is scalable, cost-effective, and suitable for rural agricultural environments.. 
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I. INTRODUCTION 

Agriculture is the backbone of India’s economy, but traditional farming methods often rely on experience-based 

decisions rather than scientific analysis. Improper crop selection and inefficient water management lead to reduced 

yield and resource wastage. 

Recent advancements in IoT and ML provide opportunities to modernize agriculture. IoT sensors enable real-time 

monitoring of soil and environmental conditions, while ML algorithms analyze historical and live data to generate 

accurate predictions. 

This research presents an integrated system that recommends suitable crops based on soil nutrients and climate 

conditions and automates irrigation using sensor-driven ML models. The system aims to improve productivity, 

conserve water, and promote sustainable agriculture. 

 

II. LITERATURE REVIEW 

Machine Learning for Crop Recommendation 

Supervised ML algorithms such as Random Forest, Decision Trees, and SVM are widely used for predicting suitable 

crops based on soil and climate data. These models improve decision accuracy compared to traditional experience-

based methods. 

Random Forest in Agriculture 

Random Forest combines multiple decision trees to improve prediction stability and reduce overfitting. It performs well 

with large agricultural datasets containing soil nutrients and rainfall parameters. 
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Support Vector Machine (SVM) 

SVM handles nonlinear relationships between soil properties and crop yield effectively. It is suitable for high-

dimensional agricultural datasets. 

Artificial Neural Networks (ANN) 

ANN models simulate human brain learning to detect complex patterns in environmental data. They provide high 

accuracy in crop and irrigation prediction tasks. 

IoT-Based Irrigation Systems 

IoT sensors measure soil moisture, temperature, and humidity in real time. These systems automate irrigation and 

reduce water wastage. 

Regression Models for Water Prediction 

Linear Regression and Decision Tree Regression are used to estimate crop water requirements. These models help 

trigger irrigation only when soil moisture drops below threshold levels. 

Data Preprocessing Techniques 

Data cleaning, normalization, and feature selection improve model performance. Proper preprocessing ensures reliable 

and accurate ML predictions. 

Cloud Integration in Smart Farming 

Cloud platforms like Firebase store real-time sensor data securely. They enable remote monitoring and centralized data 

analysis. 

ML Frameworks for Model Development 

Frameworks such as TensorFlow and Scikit-learn support efficient training and deployment of agricultural ML 

models. These tools provide built-in algorithms and evaluation metrics. 

Model Evaluation Techniques 

K-fold cross-validation and performance metrics like accuracy, precision, recall, and RMSE are used to assess model 

reliability. Proper evaluation ensures system stability under varying environmental conditions. 

 

III. EXISTING SYSTEM 

The traditional agricultural system primarily depends on farmer experience and manual decision-making. Crop 

selection is often based on historical practices rather than real-time soil analysis. 

Irrigation systems are usually timer-based or manually controlled, which results in over-irrigation or under-irrigation. 

These methods waste water resources and increase operational costs. 

Most existing systems lack integration between crop recommendation and irrigation automation, limiting their 

efficiency and scalability. 

 

IV. PROPOSED SYSTEM 

The proposed Smart Agriculture system integrates IoT sensors, ML models, and cloud computing into a unified 

architecture. 

The system collects real-time data such as soil moisture, temperature, humidity, and pH using sensors connected to an 

ESP32 microcontroller. The collected data is transmitted to a cloud server for processing and storage. 

Machine Learning models analyze soil and climatic conditions to recommend the most suitable crop. Additionally, 

irrigation prediction models determine the exact water requirement and automatically control water pumps through 

relay modules. 

A user-friendly web/mobile dashboard allows farmers to monitor sensor data, view crop recommendations, and 

manually override irrigation when required 
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V. METHODOLOGY 

1 Data Collection and Preprocessing 

IoT sensors collect real-time environmental data. Public agricultural datasets are used for training ML models. Data 

cleaning, normalization, and feature selection techniques are applied. 

2 Crop Recommendation Model 

Algorithms such as Random Forest, SVM, and ANN are trained using soil nutrients, rainfall, temperature, and pH 

values. Model performance is evaluated using accuracy, precision, recall, and F1-score. 

3 Irrigation Automation Model 

Regression models predict soil moisture deficit and determine irrigation timing and quantity. Moisture thresholds are 

optimized for each crop type. 

4 System Integration 

Sensors are connected to ESP32. Data is sent to a cloud server (Firebase). ML predictions trigger irrigation control via 

relay modules. 

5 Evaluation 

System performance is measured based on: 

 Prediction Accuracy 

 Water Savings 

 Yield Improvement 

 System Response Time 

 

VI. FUTURE SCOPE 

Pest and Disease Detection 

Integrate computer vision techniques to identify crop diseases using leaf images. This will help farmers take early 

preventive actions. 

Weather Forecast Integration 

Add weather API integration for real-time rainfall and temperature prediction. This will improve irrigation planning 

and crop selection accuracy. 

Fertilizer Recommendation System 

Extend the system to suggest suitable fertilizers based on soil nutrient analysis. This can enhance crop yield and soil 

health management. 

Market Price Prediction 

Incorporate ML models to predict future crop market prices. Farmers can choose crops based on profitability trends. 

Drone and Satellite Monitoring 

Integrate drones and satellite imaging for large-scale farm monitoring. This will enable efficient field analysis and 

precision agriculture. 

Voice-Based Farmer Assistance 

Develop voice-enabled applications in regional languages. This will improve accessibility for farmers with limited 

digital literacy. 

Cloud-Based Data Analytics 

Implement advanced cloud analytics using platforms like Firebase. This allows large-scale data storage and smart 

decision support. 

Fully Automated Smart Farm System 

Combine robotics and AI to automate sowing, irrigation, and harvesting. This will reduce labor dependency and 

increase farming efficiency 

 

 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 2, February 2026 

 Copyright to IJARSCT DOI: 10.48175/IJARSCT-31260   429 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
VII. CONCLUSION 

This research presents a smart agriculture system that integrates ML and IoT to automate crop recommendation and 

irrigation management. The system reduces manual effort, optimizes water usage, and improves crop yield. 

By combining real-time sensor monitoring with data-driven ML models, the proposed system provides a scalable and 

cost-effective solution for modern farming. It supports sustainable agriculture and contributes to improved food 

security and resource conservation. 
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