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Abstract— 
Agricultural productivity is highly dependent on soil fertility 

and the balanced availability of essential nutrients. In many 

traditional farming practices, crop selection and fertilizer usage 

are largely based on experience and manual judgment, which 

often results in inefficient resource utilization, reduced crop 

yield, and long-term soil degradation. To address these 

challenges, SoilSenseX: An Intelligent Nutrient-Driven Crop 

Advisory Platform proposes a machine learning–based solution 

that assists farmers and agricultural learners in making 

informed decisions using data-driven insights. 

The system leverages soil nutrient parameters such as nitrogen, 

phosphorus, potassium levels, along with environmental factors, 

to predict the most suitable crop and recommend appropriate 

fertilizers. A Random Forest Classifier is employed due to its 

robustness, accuracy, and ability to handle nonlinear 

relationships within agricultural data. The platform is 

implemented using Python and deployed through a user-

friendly Streamlit web interface, ensuring accessibility for users 

with minimal technical knowledge. Additionally, all soil analysis 

inputs, predictions, and fertilizer recommendations are stored 

in a SQLite database to enable historical tracking and future 

analysis. 

The proposed system aims to improve soil management 

efficiency, reduce improper fertilizer usage, and enhance crop 

productivity while promoting sustainable farming practices. By 

integrating machine learning with a simple web-based interface, 

SoilSenseX serves as a foundational step toward advanced AI-

powered smart farming systems and has the potential for future 

expansion with IoT sensor integration and real-time 

environmental data. 

 

Index terms — Soil Fertility, Crop Recommendation 

System, Fertilizer Recommendation, Machine Learning, 

Random Forest Classifier, Smart Agriculture, Soil 

Nutrient Analysis, Precision Farming, Streamlit Web 

Application, Sustainable Farming 

 

I. INTRODUCTION 

 
 

Agriculture remains the backbone of many developing 

economies, and soil fertility is one of the most critical factors 

influencing crop productivity and sustainability. Soil 

nutrients such as nitrogen, phosphorus, and potassium play a 

vital role in plant growth, crop quality, and yield. However, 

improper soil management and unbalanced fertilizer usage 

often lead to reduced productivity, soil degradation, and 

environmental pollution. Farmers traditionally rely on 

experience and visual inspection to decide which crops to 

cultivate and what fertilizers to apply, which may not always 

yield optimal results. 

With the advancement of data analytics and machine 

learning, agriculture is gradually transforming into a 

technology-driven domain. Machine learning techniques 

enable the analysis of large volumes of soil and 

environmental data to generate accurate and reliable 

predictions. Crop recommendation systems based on soil 

nutrient data and climatic conditions help farmers choose 

crops that are best suited for their land. Such systems not only 

improve yield but also promote sustainable farming practices 

by minimizing excessive fertilizer use. 

The SoilSenseX: An Intelligent Nutrient-Driven Crop 

Advisory Platform aims to leverage machine learning to 

predict suitable crops and recommend fertilizers based on soil 

nutrient levels and environmental parameters. By providing a 

simple and interactive web interface using Streamlit, the 

system makes advanced agricultural decision support 

accessible to farmers, students, and researchers. 

 

II. RELATED WORK 

The existing solutions for soil analysis and crop advisory 

primarily fall into two categories: manual guidelines issued 

by agricultural departments and basic software tools that offer 

limited computational support. In traditional farming 

practices, crop and fertilizer choices are often based on 

textbook recommendations, local expertise, or seasonality 

trends, without precise quantitative analysis of soil nutrients. 

Such methods lack adaptability and fail to account for 

dynamic soil conditions and environmental factors. 

Several research efforts have explored data-driven techniques 

to improve agricultural decision making. For instance, some 
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studies utilized decision trees and K-Nearest Neighbors 

(KNN) models to classify soil types and suggest crops. Other 

systems focused on rule-based expert systems to correlate 

nutrient levels with fertilizer types. However, many of these 

approaches suffer from limited accuracy when handling 

complex, nonlinear interactions between soil nutrients and 

crop suitability. Moreover, existing web tools often lack 

intuitive interfaces and fail to maintain a structured database 

for future reference or trend analysis. 

While these systems provide foundational insights, they are 

insufficient in delivering comprehensive, predictive, and 

adaptive recommendations that integrate soil, nutrient, and 

weather influences. This underscores the need for a more 

robust machine learning–based system that can handle varied 

datasets and provide precise outputs with high reliability. 

Several research efforts have explored the use of machine 

learning and intelligent systems to support agricultural 

decision-making, especially in crop recommendation and soil 

nutrient analysis. 

Machine learning techniques such as Random Forest, 

Support Vector Machines (SVM), and XGBoost have been 

widely studied for crop recommendation tasks using soil 

nutrient and environmental parameters. A study evaluated 

five different ML models including Random Forest and 

XGBoost for recommending crops and identifying required 

nutrients from soil data comprised of Nitrogen, Phosphorus, 

Potassium (NPK), pH, temperature, rainfall, and humidity, 

showing high effectiveness of ensemble methods in this 

context. 

Another work developed a crop and fertilizer 

recommendation system that leveraged Random Forest and 

hierarchical clustering algorithms to tailor 

recommendations based on soil nutrient needs and crop 

requirements. The Random Forest model showed high 

accuracy in suggesting suitable crops, demonstrating 

machine learning’s potential to improve traditional fertilizer 

usage practices. 

Researchers have also integrated IoT with machine learning 

to create smart soil monitoring systems, where sensors collect 

soil parameters like moisture, pH, temperature, and NPK 

values to support crop recommendation models. These 

systems aim to reduce soil degradation by enabling real-time 

analysis and automated decision support. 

Deep learning approaches have been investigated as well. For 

example, Deep Neural Networks (DNNs) were used to 

recommend suitable crops by learning complex patterns in 

soil and environmental data, showing improved accuracy 

compared to traditional machine learning models in some 

cases. 

Other research combines multiple machine learning 

algorithms, comparing performance across classifiers like 

Random Forest, SVM, and Decision Tree to identify optimal 

models for crop selection and yield prediction. Such 

comparative studies highlight that ensemble and hybrid 

techniques can offer superior performance in precision 

agriculture applications. 

Collectively, these works illustrate the growing emphasis on 

data-driven agriculture and validate the use of machine 

learning methods to enhance crop recommendation and 

fertilizer advisories. Your proposed system builds on this 

foundation by combining Random Forest classification with 

a user-friendly web interface and database module for 

tracking and analysis. 

 

III. Existing System 

In the existing agricultural practices, crop selection and 

fertilizer application are largely based on traditional 

knowledge, manual soil testing, and farmer experience. Soil 

testing is often conducted infrequently due to high costs and 

limited accessibility to laboratory facilities. As a result, 

farmers may apply fertilizers without proper knowledge of 

soil nutrient deficiencies or excesses. 

Conventional systems lack automation, real-time analysis, 

and data storage capabilities. Decisions are often subjective 

and may lead to overuse or underuse of fertilizers, causing 

increased farming costs and environmental damage. 

Additionally, existing systems do not maintain historical soil 

data, making it difficult to analyze long-term soil health 

trends or optimize future crop planning. 

 

IV. Proposed System 

The proposed system introduces an intelligent, data-driven 

crop advisory platform using a Random Forest Classifier to 

predict suitable crops and recommend fertilizers based on soil 

nutrient values and environmental parameters. Users provide 

soil data such as nitrogen, phosphorus, potassium levels, and 

weather-related inputs through a Streamlit-based web 

interface. The trained machine learning model processes this 

input to generate accurate crop recommendations. 

In addition to prediction, the system stores all soil analysis 

data, predictions, fertilizer recommendations, and timestamps 

in a SQLite database. This enables future tracking, analysis, 

and decision support. The proposed system improves farming 

efficiency, reduces soil degradation, and supports sustainable 

agricultural practices. Its modular architecture allows future 

enhancements such as IoT sensor integration, fertilizer 

dosage prediction, and real-time weather forecasting, making 

it a scalable foundation for smart farming solutions. 
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Fig 1: Data Flow Diagram 

 

V. Methodology 

The methodology of the SoilSenseX: An Intelligent 

Nutrient-Driven Crop Advisory Platform follows a 

systematic and data-driven approach to analyze soil fertility 

and provide accurate crop and fertilizer recommendations. 

The system is designed using machine learning techniques 

and deployed through a web-based interface for easy 

accessibility. 

Initially, realistic soil nutrient datasets containing parameters 

such as Nitrogen (N), Phosphorus (P), Potassium (K), and 

environmental factors are collected. The collected data 

undergoes preprocessing, including handling missing values, 

normalization, and feature selection to improve model 

performance. This prepared dataset is then used to train a 

Random Forest Classifier, which is chosen for its high 

accuracy, robustness, and ability to handle nonlinear 

relationships in agricultural data. 

After training, the machine learning model is saved and 

integrated into the application. Users enter soil nutrient values 

and weather-related parameters through a Streamlit-based 

web interface. The input data is validated and passed to the 

trained model, which predicts the most suitable crop for the 

given soil conditions. Based on identified nutrient 

deficiencies, the system also recommends appropriate 

fertilizers. 

All predictions, fertilizer recommendations, and timestamps 

are stored in a SQLite database to support historical analysis 

and future decision-making. The modular structure of the 

system allows easy scalability, making it suitable for future 

enhancements such as IoT-based soil sensor integration and 

real-time weather data processing. 

 

VI. Module Description 

1. Data Collection Module 

This module is responsible for gathering realistic soil nutrient 

data required for training and testing the machine learning 

model. The dataset includes soil parameters such as nitrogen, 

phosphorus, potassium levels, and associated crop labels. 

Proper data collection ensures that the model learns 

meaningful patterns for accurate prediction. 

2. Data Preprocessing Module 

In this module, the collected soil data is cleaned and prepared 

for model training. It handles missing values, removes 

inconsistencies, and performs normalization if required. 

Feature selection is carried out to retain only relevant 

attributes, improving prediction efficiency and accuracy. 

3. Model Training Module 

This module trains the Random Forest Classifier using the 

preprocessed dataset. The model learns relationships between 

soil nutrient values and suitable crops. After training, the 

model is evaluated for accuracy and reliability before being 

saved for deployment. 

4. Prediction Module 

The prediction module takes real-time user input from the 

web interface and feeds it into the trained model. Based on 

the given soil and environmental parameters, the system 

predicts the most suitable crop. The results are displayed 

instantly to the user. 

5. Fertilizer Recommendation Module 

This module analyzes soil nutrient deficiencies based on 

input values and predicted crop requirements. It suggests 

suitable fertilizers to improve soil fertility and enhance crop 

yield, helping to avoid excessive or insufficient fertilizer 

usage. 

6. Database Module 

The database module uses SQLite to store user inputs, crop 

predictions, fertilizer recommendations, and timestamps. 

This stored data helps in tracking soil health over time and 

enables future analysis and reporting. 

7. User Interface Module 

The user interface module is developed using Streamlit, 

providing a simple and interactive platform for farmers, 

students, and researchers. It allows users to input soil data, 

view predictions, and understand fertilizer recommendations 

without requiring technical expertise. 

 

VII. CONCLUSIONS 

The SoilSenseX: An Intelligent Nutrient-Driven Crop 

Advisory Platform successfully demonstrates the 

application of machine learning in modern agriculture to 

support informed decision-making. By analyzing soil nutrient 

values and environmental parameters, the system provides 

accurate crop recommendations and suitable fertilizer 

suggestions, addressing key challenges faced in traditional 

farming practices. The use of a Random Forest Classifier 

ensures reliable predictions due to its robustness and ability 

to handle complex, non-linear agricultural data. 

The integration of a Streamlit-based web interface makes the 

system user-friendly and accessible to farmers, students, and 

researchers with minimal technical knowledge. Additionally, 

the use of a SQLite database for storing soil analysis records 

and prediction history enables long-term soil health 

monitoring and future analysis. Overall, the proposed system 

contributes to improved soil management, reduced fertilizer 

misuse, increased crop productivity, and the promotion of 

sustainable farming practices. This project lays a strong 

foundation for future AI-driven smart agriculture solutions. 

Although the proposed system achieves its intended 

objectives, there are several opportunities for future 

enhancement. Real-time data collection can be implemented 

by integrating IoT-based soil sensors to automatically capture 

soil nutrient and moisture levels. Weather forecasting APIs 

can be incorporated to improve prediction accuracy by 

considering real-time climatic conditions. 

Future versions of the system may include fertilizer dosage 

prediction to recommend precise quantities instead of generic 

suggestions. Mobile application development can further 

enhance accessibility for farmers in remote areas. Advanced 
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deep learning models and explainable AI techniques can also 

be explored to improve prediction transparency and 

performance. These enhancements will transform the system 

into a fully automated, intelligent smart farming platform. 
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