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Abstract: This paper presents the development and implementation of a data-driven Crop Recommendation System designed to
assist farmers in making informed decisions regarding optimal crop selection. The system is deployed as a responsive web
application featuring a user-friendly interface, allowing easy access and interaction for end-users. The application comprises three
main modules: the Home Page, which introduces the system and outlines its significance; the User Guide Page, which provides
step-by-step instructions for effective usage; and the Crop Recommendation Page, where users input specific environmental and
soil parameters to receive crop suggestions tailored to their conditions.The core of the recommendation engine is a Random
Forest Classifier, selected for its high accuracy and robustness in handling agricultural datasets. The model was trained on a
comprehensive dataset that includes critical features such as nitrogen, phosphorus, potassium levels, temperature, humidity, pH,
and rainfall. By analyzing these inputs, the system delivers personalized crop recommendations that align with the user's agro-
climatic conditions, thereby enhancing decision-making for better agricultural outcomes.The model’s performance was evaluated
using standard classification metrics, confirming its effectiveness in providing reliable crop suggestions. This intelligent system
addresses a crucial need in modern agriculture for precision-based recommendations that can lead to increased crop productivity
and resource optimization. The solution promotes sustainable farming practices by leveraging machine learning techniques and
facilitating easy access through a web-based platform.

Keywords: Crop Recommendation System, Machine Learning, Random Forest Classifier, Precision Agriculture, Web
Application, Smart Farming, Agricultural Decision Support, Soil and Climate Parameters, Data-Driven Farming

|. Introduction

Agriculture is a critical sector that sustains the livelihood of a significant portion of the global population. Despite technological
advancements, many farmers, especially in developing regions, still rely on traditional methods and intuition for crop selection.
This often leads to suboptimal crop yields, inefficient use of resources, and economic losses. One of the major challenges faced
by farmers today is the lack of access to scientific and data-driven tools that can guide them in choosing the most suitable crops
based on environmental and soil conditions.

With the increasing availability of agricultural datasets and the advancement of machine learning techniques, it has become
feasible to build intelligent systems that can assist farmers in making informed decisions. In this context, crop recommendation
systems offer a promising solution. By analyzing various soil and climatic parameters, such systems can provide personalized
recommendations, thereby enhancing crop productivity and promoting sustainable farming practices.

This paper presents a web-based Crop Recommendation System that leverages a Random Forest Classifier to suggest the most
appropriate crops to cultivate. The system takes into account essential parameters such as nitrogen, phosphorus, potassium levels,
soil pH, temperature, humidity, and rainfall. The choice of the Random Forest algorithm is motivated by its accuracy, scalability,
and ability to handle non-linear relationships within agricultural data.

The proposed system is designed with a focus on usability and accessibility. It features an intuitive web interface with three
primary modules: Home, User Guide, and Crop Recommendation. The Home page provides an overview of the application and
its benefits, while the User Guide offers instructions to help users navigate the system efficiently. The Crop Recommendation
module allows users to input relevant data and obtain crop suggestions instantly.

By integrating data-driven methods into crop selection, the proposed system aims to empower farmers with actionable insights,
reduce dependency on guesswork, and contribute to improved agricultural productivity. This work highlights the potential of
machine learning applications in agriculture and sets the foundation for future developments in intelligent farming solutions.

Existing System

In the current agricultural landscape, many farmers depend on traditional knowledge, experience-based decision-making, and
government-issued crop calendars for crop selection. These conventional methods do not consider the dynamic nature of
environmental and soil parameters, leading to inconsistent crop yields and inefficient resource usage. While such approaches may
have worked in the past, they are increasingly inadequate in the face of modern agricultural challenges like climate change, soil
degradation, and fluctuating rainfall patterns.

Some existing digital solutions and mobile applications attempt to assist farmers in crop planning. However, these systems often
suffer from the following limitations:
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e Lack of Personalization: Recommendations are usually generic and do not account for the farmer’s specific soil
conditions, climate, or geography.

e Limited Use of Machine Learning: Many systems use basic rule-based algorithms or simple data lookups instead of
advanced predictive models.

e Static Datasets: Most existing systems rely on fixed datasets that are not frequently updated, reducing the reliability of
recommendations over time.

e Poor User Interface: Some applications lack an intuitive interface, making them difficult for non-technical users,
especially in rural areas.

e No Real-Time Interaction: Existing platforms typically do not allow users to input real-time environmental data (e.g.,
current pH, rainfall, or temperature) to get updated recommendations.

These shortcomings emphasize the need for a more robust and intelligent system that can deliver accurate, personalized, and
data-driven crop recommendations. The proposed system addresses these gaps by leveraging ensemble learning techniques,
specifically the Random Forest algorithm, within a responsive and accessible web-based interface. This ensures that
recommendations are not only accurate but also easy to access and interpret, empowering farmers to make better decisions and
improve crop productivity.

An existing system called Climate Field View, which is a crop recommendation system based on machine learning. Climate Field
View: Climate Field View by The Climate Corporation is an advanced digital farming platform that offers crop recommendation
capabilities. It uses machine learning algorithms to analyse field data, including soil moisture, weather conditions, and crop
health, to provide personalized recommendations for planting.

I1. Proposed System

The proposed crop recommendation system aims to provide farmers with an intelligent and data-driven solution for making
informed decisions about crop selection. The system utilizes a combination of machine learning techniques and agricultural data
to generate personalized crop recommendations. At its core, the system collects and analyzes various data inputs of soil
characteristics. These inputs serve as the foundation for training machine learning models, which are capable of identifying
patterns and relationships between different variables. The system employs advanced algorithms, such as Random Forest (RF),
Support Vector Machine (SVM), or other suitable models, to process the collected data and generate accurate predictions. These
predictions are based on the relationships identified during the training phase, allowing the system to recommend the most
suitable crops for specific farming conditions. To ensure user-friendliness and accessibility, the crop recommendation system is
designed as a web application with an intuitive interface. The application consists of multiple pages, including a Home page
providing an overview of the system's benefits, a User Guide page with instructions on how to use the application, and a Crop
Recommendation page where farmers can input their specific crop features and receive personalized recommendations. In the
development of the system, a major focus is placed on the implementation and evaluation of the chosen machine learning models.
The system utilizes a Random Forest classifier or other suitable algorithms to generate crop recommendations based on the
trained model. The trained model is saved as a pickle file, allowing for efficient and convenient future use. By leveraging the
power of machine learning and incorporating relevant agricultural data, the proposed crop recommendation system offers a
reliable and effective tool for farmers to optimize their crop selection process. It considers environmental and soil factors to
provide accurate and personalized recommendations, empowering farmers to make informed decisions and potentially improve
their yield and profitability. The limitation in the existing system is improved in proposed system, that the data are collected and
analyse simultaneously.
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Fig 1. Architecture Diagram

www.ijltemas.in Page 594



INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume X1V, Issue 1V, April 2025

1. METHODOLOGY

e Data collection: Collecting data on crop characteristics such as nutrient levels, temperature, humidity, pH level, and
rainfall, as well as the corresponding crop yield or label. The dataset used in the code is likely a pre-existing dataset used
for this purpose.

e Data preprocessing: Preprocessing the collected data to remove duplicates, replace missing values, and handle any
outliers or anomalies in the data.

o Feature selection: Selecting the most relevant features for the model using techniques such as correlation analysis.

e Model creation: Creating a machine learning model using algorithms such as SVM, random forest, or logistic regression,
and training it on the preprocessed data.

e Model evaluation: Evaluating the accuracy of the model using metrics such as accuracy, precision, recall, and F1-score.
Cross-validation can also be used to ensure the model is not overfitting the training data.

e Deployment: Once a satisfactory model has been built, it can be deployed as a crop recommendation system. The system
could take inputs such as nutrient 12 levels, temperature, humidity, pH level, and rainfall, and provide recommendations
on the most suitable crop to grow based on the trained model.

e Maintenance: The deployed model would need to be maintained over time, as new data becomes available or changes
occur in the environment. The model may need to be retrained periodically to ensure its accuracy and effectiveness in
making crop recommendations.

Machine Learning

It is the scientific study of algorithms and statistical models that computer systems use to effectively perform a specific task
without using explicit instructions, relying on patterns and inference instead. It is seen as a subset of artificial intelligence.
Machine learning algorithms build a mathematical model of sample data, known as "training data", in order to make predictions
or decisions without being explicitly programmed to perform the task. Machine learning algorithms are used in a wide variety of
applications, such as email filtering, and computer vision, where it is infeasible to develop an algorithm of specific instructions
for performing the task. Machine learning is closely related to computational statistics, which focuses on making predictions
using computers. The study of mathematical optimization delivers methods, theory and application domains to the field of
machine learning. Data mining is a field of study within machine learning, and focuses on exploratory data analysis through
unsupervised learning.

Random Forest

Random Forest is a popular machine learning algorithm that belongs to the supervised learning technique. It can be used for both
Classification and Regression problems in ML. It is based on the concept of ensemble learning, which is a process of combining
multiple classifiers to solve a complex problem and to improve the performance of the model.As the name suggests, "Random
Forest is a classifier that contains a number of decision trees on various subsets of the given dataset and takes the average to
improve the predictive accuracy of that dataset." Instead of relying on one decision tree, the random forest takes the prediction
from each tree and based on the majority votes of predictions, and it predicts the final output.
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Fig 2. Random Forest
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Support Vector Machine

Support Vector Machine or SVM is one of the most popular Supervised Learning algorithms, which is used for Classification as
well as Regression problems. However, primarily, it is used for Classification problems in Machine Learning.The goal of the
SVM algorithm is to create the best line or decision boundary that can segregate n dimensional space into classes so that we can
easily put the new data point in the correct category in the future. This best decision boundary is called a hyperplane.SVM
chooses the extreme points/vectors that help in creating the hyperplane. These extreme cases are called as support vectors, and
hence algorithm is termed as Support Vector Machine.

Optimal Hyperplane

Support vector /

Fig 3. Support Vector Machine
IV. Implementation

Implementation includes all those activities that take place to convert from old system to the new. The new system may be totally
new, replacing an existing system or it may be major modification to the system currently put into use. In this project, design is
done by using the Python.

Data collection and Pre-processing

Text based classification dataset is collected from the Kaggle website. Dataset is preprocessed to clean the noise data by
removing the Null values.

Training Data and Test Data

Machine learning concept includes learning some information or we can say properties from dataset and testing properties of
another data can be classified. Mostly we are splitting data in two categories as training set and testing set. Training set (70%) is
the set of learning properties from given data. Testing set (30%) is to check properties of the data given for query which may
include some different properties. Depending on Training set with different classifier we may get different results with different
accuracy. The classifier of type deep learning which is having highest classification accuracy can be considered for further
analysis.

Modules
o Data Analysis
o Descriptive Analytics
e Predictive Analytics
e Web App Building

Data Analysis

Data analysis is the process of cleaning, changing, and processing raw data and extracting actionable, relevant information that
helps businesses make informed decisions. The procedure helps reduce the risks inherent in decision-making by providing useful
insights and statistics, often presented in charts, images, tables, and graphs.

www.ijltemas.in Page 596



i, INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume X1V, Issue 1V, April 2025

Descriptive Analytics

Descriptive Analystics help describe and understand the features of a specific data set by giving short summaries about the
sample and measures of the data. The most recognized types of descriptive statistics are measures of center: the mean, median,
and mode, which are used at almost all levels of math and statistics. The mean, or the average, is calculated by adding all the
figures within the data set and then dividing by the number of figures within the set.

Predictive Analytics
Random Forest:

Random Forest is a machine learning algorithm that is commonly used for both classification and regression tasks. It is an
ensemble learning method that constructs multiple decision trees and combines their predictions to produce the final output. In a
Random Forest model for classification, each tree is trained on a random subset of the training data and a random subset of the
input features. During prediction, each tree in the forest independently predicts the class of a given input, and the final prediction
is made by combining the individual tree predictions through voting or averaging. Random Forest models are particularly useful
for handling large datasets with many input features, as they are less prone to overfitting than single decision trees. They are also
able to handle missing data and noisy features effectively, making them a popular choice for predictive analytics and data mining
tasks.
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Fig 4.Predictive Analytics — Random Forest
Support Vector Machine:

Support Vector Machine (SVM) is a type of machine learning model that is commonly used for classification and regression
tasks. SVM is a supervised learning algorithm that learns to classify data points by finding the hyperplane (decision boundary)
that maximizes the margin between the classes. SVM works by transforming the input data into a high-dimensional feature space
and finding the optimal hyperplane that separates the data into different classes. The hyperplane is chosen to maximize the margin
between the classes, which is defined as the distance between the hyperplane and the closest data points from each class. SVM
can be used for both linear and nonlinear classification tasks. In linear SVM, a linear hyperplane is used to separate the classes,
while in nonlinear SVM, a nonlinear function is used to transform the data into a higher-dimensional space, where a linear
hyperplane can be used to separate the classes. SVM has several advantages over other machine learning models, such as its
ability to handle high-dimensional data, its robustness to outliers, and its effectiveness with small datasets. However, SVM can be
computationally expensive and requires careful tuning of its parameters to achieve optimal performance.
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Fig 5. Predictive Analytics — Support Vector Machine
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Web App Building

A web application can be developed for several uses, which can be used by anyone like it can be used as an individual or as a
whole organization for several reasons. Here we are creating the Web app using Streamlit library.

V. Conclusion

Machine learning has been widely used as a powerful tool to solve problems in the agriculture environment, particularly in crop
recommendation systems. By analyzing parameters such as n, p, k, temperature, pH, humidity, rainfall, and soil type, machine
learning algorithms can predict which crops are most suitable for a given area and optimize resource allocation. Despite this,
several challenges remain in fully applying machine learning approaches in this field: (1) Machine learning is usually dependent
on large amounts of high-quality data. Obtaining sufficient data with high accuracy in crop prediction and management systems is
often difficult owing to the cost or technology limitations. (2) As the conditions in crop prediction and management systems can
be extremely complex, the current algorithms may only be applied to specific systems, which hinders the wide application of
machine learning approaches. (3) The implementation of machine learning algorithms in practical applications requires
researchers to have certain professional background knowledge.

Future Enhancement

To overcome the above-mentioned challenges, the following aspects should be considered in future research and engineering
practices: (1)Integration with loT and sensor technologies: By integrating machine learning algorithms with 10T devices and
sensors in the field, it is possible to collect real-time data on environmental conditions such as temperature, humidity, and rainfall,
which can then be used to make more accurate crop recommendations.(2)Incorporation of satellite and remote sensing data: The
use of satellite and remote sensing data can provide a broader view of the environment and help to identify patterns and trends
that may not be visible at ground level. Integrating this data with machine learning algorithms can enhance the accuracy of crop
recommendations.(3)Application of deep learning techniques: Deep learning algorithms such as convolutional neural networks
and recurrent neural networks have shown promise in image recognition and sequence prediction tasks, respectively. These
techniques could be applied to crop recommendation systems to improve the accuracy of crop identification and yield prediction.
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