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Abstract

Agriculture is essential to the economy, but farmers often face challenges in selecting the right
crop due to unpredictable climate and limited soil knowledge. This Al-Based Crop
Recommendation System uses machine learning (Random Forest Classifier) to analyze soil
nutrients and weather conditions to suggest the most suitable crop. A Flask-based web
application provides easy and secure access, along with an Al-powered agricultural chatbot for
instant guidance. The system helps improve crop yield, reduce financial risk, and promote
sustainable farming practices.
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Introduction

Agriculture is the backbone of many economies, especially in developing countries like India, where
a large portion of the population depends on farming for their livelihood. The productivity of crops
depends on several factors such as soil nutrients, weather conditions, rainfall, and proper farming
practices. Traditionally, farmers rely on experience, seasonal patterns, or local advice to decide which
crop to cultivate. However, due to climate change, soil degradation, and unpredictable weather,
traditional methods often lead to poor crop yield and financial losses.

With the rapid advancement of Artificial Intelligence (AI) and Machine Learning (ML), data-driven
approaches can significantly improve decision-making in agriculture. By analyzing soil and
environmental data, machine learning models can accurately predict suitable crops for specific
conditions. In addition, Al-powered expert systems can assist farmers by providing instant guidance
related to crop care, pest control, and best agricultural practices.This project introduces an Al-Based
Crop Recommendation System integrated with an Intelligent Farming Expert Assistant, offering
farmers a smart, reliable, and easy-to-use platform for making informed agricultural decisions.
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Traditional and existing crop recommendation systems suffer from several limitations that reduce
their effectiveness for farmers: Crop selection is mostly based on experience and guesswork, not
scientific analysis Many systems provide generic recommendations without considering real-time soil
and weather conditions Lack of machine learning models, resulting in low prediction accuracy No
secure login or user management system Absence of interactive expert support for farmers Limited
accessibility due to complex interfaces No integration of Al-based advisory systems These drawbacks
often lead to poor crop yield, financial loss, and inefficient use of resource.

1. Literature Survey

Apat et al. (2023) proposed a machine learning-based crop recommendation system using
CatBoost with parameters like N, P, K, pH, rainfall, temperature, and humidity. The model
achieved around 99.5% accuracy and showed strong performance with balanced data. However,
it is limited to a single-region dataset and lacks weather API integration.

Sharma et al. (2023) developed a deep learning-based crop recommendation system integrating
soil (pH, NPK) and weather data. It provides accurate predictions and automates feature
extraction. However, it requires large datasets and has high training time.

Turgut et al. (2024) introduced an explainable Al-based crop recommendation system using
LIME, SHAP, and ELIS. It uses soil, climate, and geographic data to provide transparent and
interpretable decisions. However, it has a complex setup and depends heavily on large datasets.

Shastri et al. (2025) proposed a gradient boosting model combined with explainable Al for crop
recommendation. It uses soil nutrients and environmental factors to achieve high accuracy (about
99.27%). However, it is computationally intensive and not suitable for mobile applications.

2. Methodology
a. Data Collection

The methodology begins with the acquisition of an agricultural dataset comprising soil nutrients
such as Nitrogen, Phosphorus, and Potassium, along with environmental parameters including
temperature, humidity, pH, and rainfall.

b. Data Preprocessing

The collected dataset is preprocessed by handling missing values, eliminating inconsistencies, and
transforming the data into a structured format suitable for machine learning applications.
¢. Model Training

A Random Forest Classifier is employed for training the model, enabling it to learn relationships
between input features and corresponding crop outputs.

d. Model Integration
The validated model is integrated into a web-based application using the Flask framework to
facilitate real-time crop prediction.

e. User Input Processing
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The system accepts input parameters through a web interface, where the data is validated and
transformed into a format compatible with the trained model.

f. Crop Prediction
The processed input is provided to the trained model, which generates predictions for the most
suitable crop based on the given conditions.

g. Result Display
The predicted output is presented to the user through the interface in a clear and interpretable
manner.

h. AI Expert Chat Integration
An Al-based chatbot module is incorporated to provide domain-specific agricultural guidance and
respond to user queries effectively.

3. Algorithm

1. Random Forest Classifier (Crop Recommendation Algorithm)
e The algorithm creates a collection of multiple decision trees during training.

e Each decision tree learns different patterns from the agricultural dataset.
e When input data is provided, each tree gives its own prediction.

e The final crop recommendation is selected based on the most commonly
predicted crop among all trees.
2. Flask-Based Prediction Pipeline (Web Integration Algorithm)

e Accepts soil and weather values from the web form.

e Converts user inputs into a format suitable for the trained ML model.

Sends the processed data to the loaded crop prediction model.

e Receives the predicted crop and displays it on the web page.
3. Gemini Al-Based Expert Chat Algorithm (Intelligent Advisory System)
e Uses a strict system instruction to limit responses to agriculture only.

e Rejects unrelated queries such as entertainment, coding, or politics.

e Ensures domain-specific and reliable responses

4. Results
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Fig 4: Al-chatbot

Conclusion

Al-Based Crop Recommendation System uses machine learning to help farmers select suitable crops
based on soil nutrients and environmental conditions. The Random Forest algorithm analyzes factors
like Nitrogen, Phosphorus, Potassium, pH, temperature, humidity, and rainfall to give accurate crop
recommendations. A Flask-based web application allows farmers to easily interact with the system.
The project also includes an Al-powered chatbot using Google Gemini to provide farming guidance.
Overall, the system supports smart farming and better agricultural decision-making.

Future Scope

The proposed Al-Based Crop Recommendation System can be enhanced by integrating real-time
weather data and IoT-based soil sensors to improve prediction accuracy. The development of a mobile
application would increase accessibility for farmers. Additional features such as fertilizer
recommendation, pest and disease detection, and crop yield prediction can further extend system
capabilities. Improving the chatbot with multilingual support and integrating government schemes
and market information would make the system more effective. Overall, these improvements can
transform the system into a scalable and efficient smart farming solution that supports sustainable
agriculture.
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