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Abstract

Agriculture plays a vital role in the Indian economy, yet farmers often face significant losses due to improper crop selection and inefficient use of fertilizers. Traditional farming practices rely heavily on experience and intuition, which may not be reliable due to changing climatic conditions and soil variability. Precision agriculture addresses these challenges by utilizing data-driven techniques to improve crop productivity. This paper presents a machine learning-based crop recommendation system that assists farmers in selecting the most suitable crop based on soil nutrients and environmental parameters such as nitrogen, phosphorus, potassium, temperature, humidity, rainfall, and pH value. Multiple machine learning algorithms including Decision Tree, Naïve Bayes, Logistic Regression, Support Vector Machine, and Random Forest are implemented and evaluated to identify the most accurate model. Experimental results show that ensemble-based methods achieve higher prediction accuracy compared to individual classifiers.  The  proposed  system  not  only
recommends appropriate crops but also provides

fertilizer suggestions to improve soil fertility and crop yield. This approach helps farmers reduce crop failure risks, enhance productivity, and make informed agricultural decisions.
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I. [image: smalled-1]INTRODUCTION:


Agriculture is one of the most important sectors contributing to the economic growth and food security of India. A large portion of the Indian population depends on farming for their livelihood. However, agricultural productivity is often affected by several challenges such as unpredictable climatic conditions, soil degradation, improper crop selection, and inefficient use of fertilizers. These challenges frequently lead to poor crop yield, financial losses, and increased distress among farmers.
Traditionally, farmers rely on experience, seasonal knowledge, and word-of-mouth practices to decide which crop to cultivate. While these methods were effective in the past, they are no longer sufficient due to rapid climate change, irregular rainfall patterns, and variations in soil nutrient composition. Cultivating the same crop repeatedly without understanding soil requirements can reduce soil fertility and significantly impact crop yield. Therefore, selecting the right crop based on soil and environmental conditions has become a critical decision in modern agriculture.
Precision agriculture has emerged as an effective solution to overcome these limitations by integrating data analysis and intelligent technologies into farming practices. It focuses on analyzing soil characteristics, weather conditions, and hisItIo. rical crop data to support informed decision-making. With the advancement of machine learning techniques, it is now possible to process large agricultural datasets and identify patterns that help in predicting suitable crops for specific conditions.
Machine learning algorithms such as Decision Tree, Naïve Bayes, Logistic Regression, Support Vector

Machine, and Random Forest have shown promising results in agricultural applications including crop recommendation, yield prediction, and fertilizer management. These algorithms can analyze multiple parameters simultaneously and provide accurate predictions, thereby reducing human error and uncertainty in crop selection.
This paper proposes a machine learning-based crop recommendation system that assists farmers in selecting the most suitable crop based on soil nutrients (N, P, K), pH value, temperature, humidity, and rainfall. The system evaluates and compares multiple machine learning algorithms to determine the most accurate model for crop prediction. In addition, fertilizer recommendations are provided to improve soil fertility and enhance crop yield. The objective of this work is to minimize crop failure, improve productivity, and support farmers in making data-driven agricultural decisions.
The remainder of this paper is organized as follows: Section II presents a review of related work in crop recommendation systems. Section III describes the proposed methodology and system architecture. Section IV discusses the experimental results and performance analysis. Section V concludes the paper and outlines future research directions.


II. PROBLEM STATEMENT

Given a handwritten Kannada language district names, the system needs to predict the type of the



district. In other words if we can write the district name “Chamarajanagar” the system predict the district name that is truly “Chamarajanagar” or the input character is nearer to “ Chamarajanagar” or something else. The purpose of this project is to take the Hand Written Kannada language district names as an input, process it, train the system effectively by using the algorithm to recognize the pattern.
III. LITERATURE SURVEY

Recent advancements in machine learning and data analytics have significantly influenced the field of agriculture. Several researchers have proposed intelligent systems to assist farmers in crop selection, yield prediction, and fertilizer management by analyzing soil and environmental parameters.
Patel et al. proposed a crop recommendation system using Decision Tree and Naïve Bayes algorithms to predict suitable crops based on soil nutrients and rainfall. Their study demonstrated that machine learning techniques can improve prediction accuracy compared to traditional methods; however, the system was limited to a small dataset and fewer environmental factors.
Kumar and Mishra developed a crop prediction model using Support Vector Machine (SVM) and Logistic Regression algorithms. The model considered parameters such as temperature, humidity, and soil pH. Although the results showed improved performance, the system did not provide fertilizer recommendations, which are essential for maintaining soil fertility.
A study by Sharma et al. focused on Random Forest

algorithms for crop recommendation and yield prediction. The ensemble-based approach achieved higher accuracy compared to single classifiers. However, the model required extensive preprocessing and lacked real-time adaptability for changing climatic conditions.
Another approach was proposed by Singh et al., who implemented a machine learning-based agricultural decision support system using historical crop data and weather information. While the system provided effective crop recommendations, it did not compare multiple algorithms to identify the best-performing model.
Several researchers have also explored fertilizer recommendation systems based on soil nutrient analysis. These systems aim to optimize fertilizer usage and reduce environmental impact. However, most existing solutions focus either on crop recommendation or fertilizer management, rather than integrating both in a single system.
From the above studies, it is observed that although machine learning techniques have been widely applied in agriculture, many existing systems suffer from limitations such as restricted datasets, lack of algorithm comparison, and absence of integrated fertilizer recommendations. Therefore, there is a need for a comprehensive system that evaluates multiple machine learning algorithms and provides accurate crop and fertilizer recommendations based on soil and environmental conditions. This work addresses these gaps by proposing an integrated crop recommendation system with comparative performance analysis.

	models to learn relationships between soil conditions
and suitable crops.
.
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IV. PROPOSED SYSTEM
The proposed system is designed to recommend suitable crops and fertilizers by analyzing soil properties and environmental conditions using machine learning techniques. The overall workflow of the system involves data collection, preprocessing, model training, prediction, and result analysis. The architecture ensures accurate decision-making and improved agricultural productivity.


A. System Overview

The crop recommendation system takes soil and climatic parameters as input and predicts the most suitable crop for cultivation. The input parameters include nitrogen (N), phosphorus (P), potassium (K), soil pH, temperature, humidity, and rainfall. These parameters play a crucial role in determining crop growth and yield. Machine learning algorithms are applied to learn patterns from historical agricultural data and generate accurate crop recommendations.


B. Dataset Description

The dataset used in this study consists of agricultural data collected from reliable sources related to soil nutrients and environmental conditions. Each record in the dataset contains values for nitrogen, phosphorus, potassium, temperature, humidity, pH, rainfall, and the corresponding crop label. The dataset includes multiple crop classes commonly cultivated in different regions of India. This data enables the
C. 
Data Preprocessing

[image: smalled-1]Data preprocessing is an essential step to improve model performance. The dataset is cleaned by removing missing values and correcting inconsistent entries. Feature scaling is applied to normalize the input parameters and reduce bias caused by varying data ranges. Label encoding is performed to convert crop names into numerical form, making the data suitable for machine learning algorithms.


D. Machine Learning Algorithms Used

To evaluate the effectiveness of different classifiers, multiple machine learning algorithms are implemented and compared:
· Decision Tree (DT): Used for its simplicity and interpretability in decision-making.
· Naïve Bayes (NB): A probabilistic classifier based on Bayes’ theorem, suitable for large datasets.
· Logistic Regression (LR): A statistical model used for multi-class classification.
· Support Vector Machine (SVM): A powerful classifier that finds optimal hyperplanes for classification.
· Random Forest (RF): An ensemble learning technique that combines multiple decision trees to improve accuracy and reduce overfitting.


· Decision Tree
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E. Fertilizer Recommendation Module

In addition to crop prediction, the system provides fertilizer recommendations based on soil nutrient deficiencies. By analyzing the N, P, and K values, the system suggests appropriate fertilizers to restore soil fertility and enhance crop growth. This integrated approach helps farmers make informed decisions and promotes sustainable agricultural practices.


F. System Architecture

The overall system architecture consists of data input, preprocessing module, machine learning model training, prediction module, and output generation. The trained model processes user-provided soil and environmental parameters and outputs the recommended crop along with suitable fertilizer suggestions.


V. RESULTS AND DISCUSSION

The proposed crop recommendation system was evaluated using multiple machine learning algorithms to determine the most suitable model for predicting crops based on soil and environmental parameters. The dataset was divided into training and testing sets, and performance metrics such as accuracy were used to compare the algorithms.


A. Performance Evaluation of Algorithms

The following machine learning models were trained and tested:
· 
Naïve Bayes

· Logistic Regression

· Support Vector Machine

· Random Forest

Each model was evaluated based on its prediction accuracy on the test dataset.
Table	1:	Accuracy	Comparison	of	Machine Learning Algorithms
Algorithm	Accuracy (%)
Decision Tree	96.2
Naïve Bayes	91.4
Logistic Regression	93.7
Support Vector Machine 97.1 Random Forest	99.3
B. Discussion of Results
From the experimental results, it is observed that the Random Forest algorithm achieved the highest prediction accuracy compared to other models. This is because Random Forest combines multiple decision trees and reduces overfitting, leading to more robust and reliable predictions. Support Vector Machine also performed well due to its ability to handle complex decision boundaries. Decision Tree and Logistic Regression provided moderate accuracy, while Naïve Bayes showed comparatively lower performance due to its assumption of feature independence.
The results indicate that ensemble-based models are


more suitable for agricultural prediction tasks, as they can handle nonlinear relationships between soil parameters and crop types. The proposed system successfully recommends crops based on soil nutrients, temperature, humidity, pH, and rainfall. Additionally, the fertilizer recommendation module assists farmers in correcting nutrient deficiencies, thereby improving crop yield and soil health.
The system demonstrates the potential of machine learning techniques in precision agriculture and can serve as a decision support tool for farmers and agricultural experts.
VI. CONCLUSION AND FUTURE WORK

This paper presented a machine learning-based crop recommendation system that assists farmers in selecting suitable crops based on soil nutrient composition and environmental conditions. By analyzing parameters such as nitrogen, phosphorus, potassium, pH value, temperature, humidity, and rainfall, the system provides accurate crop recommendations using various machine learning algorithms. A comparative analysis was performed to evaluate the performance of Decision Tree, Naïve Bayes, Logistic Regression, Support Vector Machine, and Random Forest models.
Experimental results demonstrated that the Random Forest algorithm achieved the highest accuracy among all the evaluated models, making it the most reliable classifier for crop prediction. The integration of fertilizer recommendations further enhances the usefulness of the system by helping farmers maintain soil fertility and improve agricultural productivity. The proposed approach reduces dependency on traditional farming practices and enables data-driven decision-making in


agriculture.

In the future, the system can be extended by incorporating real-time weather data and Internet of Things (IoT) sensors for continuous soil monitoring. Additionally, deep learning techniques can be applied to handle larger datasets and improve prediction accuracy. Developing a mobile or web-based application would also make the system more accessible to farmers and agricultural stakeholders.
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