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Abstract

In India, farming is crucial for both making a living and ensuring there is enough food. However, farmers are
facing more problems due to unpredictable weather and poor soil health. It's important to choose the right crops
to plant, but traditional methods based on past experience often aren't enough. This research looks at how using
data and a method called logistic regression can help. Logistic regression is a simple but powerful tool that
predicts the best crops to plant by looking at factors like weather and soil quality. We use data such as
temperature, rainfall, soil pH, and nutrient levels to make predictions. The results are encouraging. Our model
not only finds the key factors affecting crop growth but also makes better predictions than older methods. This
means farmers and planners can make smarter decisions, even when the environment is uncertain. In the end,
this study shows how combining modern technology with farming can tackle major global issues. By using
these predictive tools, we can move towards sustainable farming, better productivity, and improved food

security.

Keywords: Logistic regression, Predictive analytics, Crop selection, Soil health, Climate impact,

Sustainable agriculture, Food security.
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Introduction

Background

Food growth is very important and helps people live and advance, especially in India. India's agricultural
story is long and amazing, which makes it one of the best places to grow crops and produce food. More than
31% of people work in agriculture there, and it brings 15.4% to the pile of country money. But there are
problems with which it's hard to deal with climate change, strange patterns of rain, and to make enough food

for everyone without much.

Statement

Farmers often struggle with choosing the right crops, optimizing yields, and managing resources like
soil and fertilizers. Traditional farming practices can fall short in addressing these challenges. This is where
technology, especially machine learning, can help. By using data-driven insights, farmers can make better

decisions about crop selection, resource management, and timing, improving productivity and profitability.

Objectives

e To improve crop yield predictions using machine learning techniques such as Logistic Regression
and Linear Regression.

e To compare these models using metrics like mean absolute error to determine the best approach
for aiding farmers in decision-making.

e To provide accurate predictions that help farmers adapt to changing conditions, optimize resources,

and increase Yyields sustainably.

Scope of the Project

This study aims to connect traditional agriculture with modern technology, helping farmers handle
uncertainties and succeed. By integrating machine learning into farming, the project seeks to enhance

productivity and contribute to a sustainable and resilient agricultural future for India and beyond. The project

JETIRGV06083 ‘ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ‘ 589


http://www.jetir.org/

© 2025 JETIR May 2025, Volume 12, Issue 5 www.jetir.org (ISSN-2349-5162)
will focus on analyzing data on soil type, temperature, rainfall, and fertilizer needs to provide data-driven

insights for better farming practices.

Design Architecture
Logistic Regression

Logistic regression be a machine learning that helps computers make decisions in two-choice situations.
What it does is predict if something belongs to one group or the other. It predicts the likelihood that a court
belongs to a specific class using the sigmoid function. The answer should always be between 0 and 1. so, if the

result comes out more than 0.5, it's categorized as Class 1. If it not, it gets placed in Class 0.

Key Points:

e Predicts categorical outcomes (e.g., Yes/No, 0/1).
e Produces values which are random between 0 and 1.

e Fits an "S" shaped logistic function instead of a regression line.
Logistic Function — Sigmoid Function

The sigmoid function maps predicted values to probabilities, producing an "S" shaped curve that ranges between

Oand 1.

Fig:1.0

Sigmoid Function

OneStep-elecTRON. (n.d.). Sigmoid Function [Image]. GitHub.
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How does Logistic Regression Work?

1. Data: Collect data with features (X) and outcomes (Y) where Y is binary.

2. Model: Take your inputs and apply a multi-linear function to it using the sigmoid function to get the

plausible results.

3. Sigmoid Function: Transforms continuous values into probabilities between 0 and 1.

Decision tree classification

Understanding Decision Tree

In order to make decisions easily we can opt out for decision tree which is a simple diagram that shows varied

choices and their feasible results. it's a visual representation of choices for solving a problem which shows

how varied factors are related.

Decision Tree Structure

e Root Node: It is the origin that stands for the entire set of information.
¢ Branches: Lines connecting nodes, showing the flow from one decision to another.
e Internal Nodes: These are the areas where decisions are based on input attributes.

e Leaf Nodes: they are very important terminal nodes which exist at the end of the branches and which

also represents concluding outcomes or predictions.

They help with decision-making by visualizing outcomes, making it easier to compare and evaluate different

options. Example: Deciding whether to drink coffee based on the time of day and tiredness.

. L)
:

.

Fig:1.1

Peer) Computer Science. (n.d.). Sample structure of a decision tree [Figure]. ResearchGate.
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How Decision Trees Work

¢ Root Node: Starts with a main question based on dataset features.
e Branches: Ask a series of yes/no questions to split data into subsets.
¢ Final Outcome: Follow branches to reach the end, where the final decision or prediction is made.
Advantages of Decision Trees
e Simplicity and Interpretability: Easy to understand and visualize like a flowchart.
e\ersatility: Can be used for classification and regression tasks.
¢ No Need for Feature Scaling: No need to normalize or scale data.
e Operates erratic affiliations: expresses nonlinear affiliations between attributes and final
goal variables.
Disadvantages of Decision Trees
e Overfitting: Can spot out commotion and particulars in learning data, executing on new information.
e Instability: Small input variations can lead to significant prediction differences.

e Bias towards Features with More Levels: Can focus too much on features with many categories,

missing other important features.
Random Forest Model
Understanding Intuition for Random Forest Algorithm

In order to make predictions, there is a powerful machine learning technique called Random Forest
which uses multiple decision trees. Each tree is trained on a different random part of the dataset. The final
prediction is made by combining the results from all trees, which improves accuracy. Example: Imagine
asking a group of friends for vacation advice. Each friend gives their recommendation, and you make the

final decision based on the majority opinion or averaging their suggestions.
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Key Features of Random Forest

¢ Handles Missing Data: Automatically manages missing values during training.

e Feature Importance: Ranks features based on their importance in making predictions.

o Scales Well: Performs well with large and complex data.

e \ersatility: Can be used for both classification (predicting categories) and regression (predicting

continuous values).

Fig:1.2

Random Forest Simplified
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Linedata. (n.d.). Random Forest Simplified [Image]

How Random Forest Algorithm Works

1. Build Multiple Trees: In order to do this, we use Random Forest, which helps create multiple decision
trees using sample of data which are random.

2. Random Feature Selection: A arbitrary subset of features is used to break the data, adding variety for
every single tree.

3. Independent Predictions: Based on its learning data prediction is made for each tree.

Combine Predictions:

e For classification, the final prediction is the majority vote from all trees.

e For retrogression, the concluding prediction is the standard of all tree's prognosis.

This randomness in data samples and feature selection helps prevent overfitting, making the model more

accurate and reliable.
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Dataset evaluation (Table:1.0)

Dependent |
Variable
label)
Wdepmnoent vatlable
INPE Yemiperaturs

M, rantal

Logistic regression (methodology)

This code trains a Logistic Regression model to predict crop types based on soil and climate features. It
first encodes crop labels into numerical values using Label Encoder, then selects features like ph, N, P, K,
temperature, and rainfall as inputs (X) and the encoded crop labels as targets (y). The dataset is split into training
(80%) and testing (20%) using train_test_split. The model is trained with a max of 200 iterations and then used
to predict crop labels for the test set. The Evaluation of the performance is done using accuracy score, a report
is categorized (showing precision, recall, and Fl-score for each crop), and a confusion matrix to analyses

misclassifications. This approach helps in identifying the best crop for given soil and weather conditions.

Decision tree (methodology)

This code trains a Decision Tree Classifier to predict crop types while handling class imbalance using
SMOTE (Synthetic Minority Over-Sampling Technique). It starts by encoding crop labels into numerical values
with Label Encoder, then separates features (X) from the target labels (y). Since some crops might be
underrepresented, SMOTE balances the dataset by generating synthetic samples. The balanced dataset is split
into training (80%) and testing (20%) using train_test split. A Decision Tree Classifier is trained with
constraints like max_depth=10, min_samples_split=5, and min_samples leaf=3 to prevent overfitting. The
model’s performance is evaluated using 5-fold cross-validation and then tested on unseen data. It calculates a
precision and a categorized report, detailing accuracy, recall, and Fl-score for every single crop type. This

process ensures the model learns well despite class imbalances and generalizes better to new data.
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Random forest (methodology)

This code trains a Random Forest Classifier to predict crop types based on given features. First, it separates
the features (X) and target labels (y) from the dataset. using train_test split method, the information is the
broken into 80% training and 20% testing. To ensure all features are on the same scale, StandardScaler is
applied, transforming both the training and test data. A Random Forest model with 200 decision trees
(n_estimators=200) is trained on the scaled training data. The trained model then predicts crop types for the test
set, and its performance is evaluated using 38 accuracy score and a classification report. Finally, the accuracy

percentage is printed, showing how well the model classifies crops.

Software Used

e Python: Main programming language
e Libraries: Pandas, NumPy, Scikit-learn, imblearn (SMOTE), joblib, Matplotlib, seaborn

e Jupyter Notebook: For model development and visualization

Comparative analysis (Tables:1.1,1.2,1.3)

Logistic Regression: 0.87%  Decision tree classifier: 0.88%  Random Forest: 0.99%

Accuracy: 0.8681810i01010I02

Model Accuracy: 99,324
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Conclusion

This crop recommendation system helps farmers make data driven decisions by analyzing soil and
weather conditions to suggest the best crops. Using Random Forest Classifier, we achieved high accuracy,
ensuring reliable and practical recommendations. This system can enhance agricultural productivity, reduce

trial-and-error farming, and promote sustainable farming practices.
Future Scope

1. Integration with IoT & Sensors — Real-time data collection for more accurate predictions.
2. Mobile & Web Application — Making the system accessible to farmers on their devices.
3. Al-Powered Optimization — Using Deep Learning for even better accuracy.

4. Regional Adaptations — Expanding the model for different climatic zones and soil types.

5. Water & Fertilizer Advice — Adding irrigation and fertilizer recommendations for better yield.
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