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ABSTRACT: Agriculture is one of the most important sectors contributing to global food security and economic 

development. However, crop productivity is significantly influenced by environmental factors such as soil fertility, 

temperature, humidity, rainfall, and climatic variations. Traditional crop selection methods primarily depend on farmer 

experience and historical practices, which may not always lead to optimal agricultural outcomes. Artificial Intelligence 

(AI) and Machine Learning (ML) technologies provide intelligent solutions for precision agriculture by analyzing large 

volumes of agricultural data and recommending suitable crops. 

 

This research presents a Smart Agriculture framework that utilizes AI-based machine learning algorithms to 

recommend crops based on soil nutrient content and weather conditions. The proposed system analyzes parameters 

such as Nitrogen (N), Phosphorus (P), Potassium (K), soil pH, temperature, humidity, and rainfall to identify the most 

suitable crop. Experimental results demonstrate that machine learning techniques significantly improve crop 

recommendation accuracy and support sustainable agricultural practices. 

 

KEYWORDS: Smart Agriculture, Artificial Intelligence, Machine Learning, Crop Recommendation, Precision 

Farming, Soil Analysis, Weather Prediction, Deep Learning. 

 

I. INTRODUCTION 

 

Agriculture remains the backbone of many developing countries and serves as the primary source of income for 

millions of farmers. With increasing population growth and climate change, ensuring food security has become a major 

challenge. Crop yield depends on multiple factors including soil quality, nutrient availability, weather conditions, 

irrigation facilities, and farming practices. 

 

Traditional agricultural methods often fail to utilize environmental data effectively, leading to improper crop selection 

and reduced productivity. Recent advances in Artificial Intelligence (AI) and Machine Learning (ML) have transformed 

agricultural decision-making by enabling predictive analysis and intelligent recommendations. 

 

AI-powered crop recommendation systems help farmers select appropriate crops based on scientific analysis of soil 

nutrients and climatic conditions. Such systems reduce uncertainty, improve crop yield, and support sustainable 

resource utilization. 

 

The objective of this research is to develop a machine learning-based crop recommendation framework that 

recommends suitable crops using soil and weather parameters. 

 

II. LITERATURE REVIEW 

 

Several researchers have investigated the application of AI and ML in agriculture. 

• Ramesh et al. proposed a crop recommendation system using Decision Tree algorithms and soil nutrient 

analysis. Their model achieved moderate prediction accuracy for crop selection. 

• Patel et al. utilized Random Forest classifiers to predict crops based on climatic conditions and soil 

characteristics. The model demonstrated superior performance compared to traditional statistical approaches. 

• Sharma et al. integrated IoT sensors with machine learning techniques to develop a precision agriculture 

framework capable of real-time monitoring. 
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• Kaur et al. applied deep learning algorithms for crop prediction and reported improved accuracy compared to 

conventional machine learning methods. 

 

Research Gap 

Despite significant progress, existing systems face challenges such as: 

• Limited integration of weather and soil data. 

• Lack of real-time recommendations. 

• Poor generalization for diverse agricultural regions. 

• High computational complexity. 

Therefore, an intelligent AI-powered crop recommendation framework is required. 

 

Problem Statement 

Farmers often face difficulties in selecting suitable crops due to changing climatic conditions and varying soil fertility 

levels. 

Major challenges include: 

• Inadequate knowledge of soil nutrient requirements. 

• Unpredictable weather conditions. 

• Inefficient fertilizer utilization. 

• Reduced agricultural productivity. 

• Economic losses due to poor crop selection. 

 

The proposed AI-based system addresses these challenges by recommending suitable crops using scientific data 

analysis. 

 

III. PROPOSED METHODOLOGY 

 

 
 

Fig.1: Crop Recommendation on Analyzing Soil Using Machine Learning 

 

http://www.ijirset.com/


|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                              Volume 15, Issue 6, June 2026 

                                        |DOI: 10.15680/IJIRSET.2026.1506053| 

IJIRSET©2026                                      |     An ISO 9001:2008 Certified Journal   |                                          9345 

The proposed framework consists of the following stages: 

 

Step 1: Data Collection 

• Agricultural datasets are collected from: 

• Agricultural Research Institutes 

• Soil Testing Laboratories 

• Weather Monitoring Stations 

• Government Agricultural Databases 

• Kaggle Crop Recommendation Dataset 

 

Step 2: Feature Extraction 

• Input features include: 

• Soil Parameters 

• Nitrogen (N) 

• Phosphorus (P) 

• Potassium (K) 

• Soil pH 

• Weather Parameters 

• Temperature 

• Humidity 

• Rainfall 

 

Step 3: Data Preprocessing 

The collected data undergoes: 

• Missing value handling 

• Data cleaning 

• Normalization 

• Feature scaling 

• Outlier removal 

 

Step 4: Machine Learning Model Training 

The following algorithms are implemented: 

• Decision Tree 

• Random Forest 

• Support Vector Machine (SVM) 

• Artificial Neural Network (ANN) 

• Gradient Boosting 

 

Step 5: Crop Recommendation 

• The trained model predicts the most suitable crop for the given soil and weather conditions. 

 

Step 6: Performance Evaluation 

• The performance of the system is evaluated using various metrics. 
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IV. EXPERIMENTAL SETUP 

 

Hardware Requirements 

• Intel Core i7 Processor 

• 16 GB RAM 

• 512 GB SSD 

 

Software Requirements 

• Python 3.11 

• Jupyter Notebook 

• Scikit-Learn 

• TensorFlow 

• Pandas 

• NumPy 

 

Dataset Description 

The dataset contains: 

 

 
 

V. RESULTS AND DISCUSSION 

 

Performance Metrics 

The following metrics are used: 

Accuracy 

Accuracy = (TP + TN)/(TP + TN + FP + FN) 

Precision 

Precision = TP/(TP + FP) 

Recall 

Recall = TP/(TP + FN) 

F1-Score 

F1 = 2 × (Precision × Recall)/(Precision + Recall) 
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The Artificial Neural Network achieved the highest accuracy of 98.1%, demonstrating its ability to capture complex 

relationships between soil nutrients and weather parameters. Random Forest also showed excellent performance with 

lower computational requirements. 

 

Advantages of the Proposed System 

• Improved crop productivity. 

• Scientific crop selection. 

• Better fertilizer utilization. 

• Reduced farming risks. 

• Support for sustainable agriculture. 

• Increased farmer profitability. 

 

VI. CONCLUSION 

 

This research presents a Smart Agriculture framework using Artificial Intelligence and Machine Learning for crop 

recommendation based on weather and soil content. The proposed system effectively analyzes soil nutrients and 

environmental parameters to recommend suitable crops. Experimental results indicate that machine learning 

algorithms, particularly Artificial Neural Networks and Random Forest models, achieve high prediction accuracy. The 

proposed framework can assist farmers in making informed cultivation decisions, thereby improving agricultural 

productivity and sustainability. 
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