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ABSTRACT

Agriculture plays a crucial role in the economic development and food security of many countries, particularly in
developing nations where a significant portion of the population depends on farming. Accurate crop yield prediction
is essential for efficient agricultural planning and resource management. Traditional yield prediction methods rely
heavily on farmer experience and manual estimation, which often lead to inaccurate outcomes and financial losses.
This research presents a Machine Learning—based Crop Yield Prediction and Agricultural Advisory System designed
to assist farmers in making data-driven agricultural decisions. The proposed system utilizes machine learning
algorithms such as Linear Regression, Decision Tree, and Random Forest to analyze historical agricultural datasets
containing soil properties, rainfall, temperature, and humidity parameters. The system predicts crop yield and
provides advisory recommendations through a web-based application.

By integrating predictive analytics with an intelligent decision-support interface, the proposed platform enables
farmers to optimize crop selection, improve productivity, and reduce agricultural risks. Experimental results indicate
that the Random Forest algorithm provides higher prediction accuracy compared to other models. The system
demonstrates the potential of machine learning technologies in improving agricultural productivity and promoting
smart farming practices.

Keywords: Machine Learning, Crop Yield Prediction, Random Forest, Smart Agriculture, Data Analytics, Agricultural
Advisory System.

1.Introduction

Agriculture is one of the most important sectors contributing to the global economy and food production. In
many developing countries such as India, agriculture provides livelihood opportunities for millions of people.
However, agricultural productivity is highly dependent on environmental factors such as soil conditions,
rainfall patterns, temperature variations, and humidity levels.
Predicting crop yield accurately is a challenging task because these factors vary across geographical regions
and seasons. Traditional farming practices rely mainly on farmer experience and manual estimation, which
may lead to inaccurate predictions and crop losses.

IJRTI2604043 | International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

© 2026 IJRTI | Volume 11, Issue 4 April 2026 | ISSN: 2456-3315
With the advancement of artificial intelligence and machine learning technologies, agricultural data can be
analyzed more effectively to generate predictive insights. Machine learning algorithms can identify patterns
within large agricultural datasets and assist in predicting crop yield with higher accuracy.

This research proposes a Machine Learning Based Crop Yield Prediction and Agricultural Advisory System
that integrates data analytics, predictive modeling, and a web-based interface to support farmers in making
better agricultural decisions.

2. Literature Review

Machine learning techniques have been widely applied in agriculture to improve crop yield prediction and
decision-making. Various algorithms such as Linear Regression, Decision Tree, and Random Forest have been
used to analyze agricultural datasets and generate predictive models.

Linear Regression is commonly used for yield prediction due to its simplicity and ability to model
relationships between variables. However, it may not perform well when dealing with complex nonlinear
agricultural datasets.

Decision Tree algorithms provide structured predictions by dividing datasets into branches based on feature
importance. Although easy to interpret, Decision Trees can suffer from overfitting problems when trained on
large datasets.

Random Forest is an ensemble learning method that combines multiple decision trees to improve prediction
accuracy and reduce model variance. Several studies indicate that Random Forest provides better performance
compared to individual machine learning models when applied to agricultural data.

Previous research mainly focused on improving prediction accuracy but lacked user-friendly systems that
farmers could easily use. The proposed system integrates machine learning models with a web-based advisory
platform to provide accessible and practical solutions for farmers.

3.Problem Statement

Farmers face numerous challenges in predicting crop yield due to unpredictable environmental conditions
such as rainfall variability, temperature fluctuations, and soil quality differences. Traditional agricultural
practices rely on experience-based estimation, which may lead to inaccurate predictions and inefficient
resource utilization.

Additionally, many farmers lack access to intelligent decision-support systems that can help them analyze
agricultural data and make informed decisions. This limitation often results in reduced productivity and
financial losses.

Therefore, there is a need for an intelligent system capable of analyzing agricultural parameters, predicting
crop yield accurately, and providing useful advisory to farmers. The goal of this research is to develop a
machine learning-based crop yield prediction system that improves agricultural productivity and promotes
sustainable farming practices.

4. System Architecture

The proposed system architecture consists of multiple modules including data collection, preprocessing,
machine learning prediction, and advisory recommendation. Agricultural datasets containing parameters such

IIRTI2604043



http://www.ijrti.org/

© 2026 IJRTI | Volume 11, Issue 4 April 2026 | ISSN: 2456-3315
as soil characteristics, rainfall, temperature, and humidity are collected and processed to train machine
learning models.

The system architecture is illustrated in Figure 1.

The workflow of the system begins with farmer input, where users provide agricultural parameters through a
web-based interface. The collected data is processed and cleaned through a preprocessing module to remove
missing values and normalize the dataset. Machine learning models such as Linear Regression, Decision Tree,

and Random Forest are then applied to predict crop yield.

Finally, the system generates advisory recommendations that assist farmers in selecting suitable crops and
managing agricultural resources effectively.

Figure 1: System Architecture of Crop Yield Prediction and Advisory System
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5. Methodology
Step 1: Data Collection

Agricultural datasets containing parameters such as soil nutrients, rainfall, humidity, temperature, and
historical crop yield data are collected from reliable sources.

Step 2: Data Preprocessing

Data preprocessing involves cleaning the dataset by removing missing values, encoding categorical variables,
and normalizing numerical values. Python libraries such as Pandas and NumPy are used for data processing.
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Step 3: Data Splitting

The dataset is divided into training and testing datasets to evaluate the performance of machine learning
models.

Step 4: Model Selection

Three machine learning algorithms are used for prediction:

* Linear Regression

* Decision Tree

* Random Forest

Step 5: Model Training

The selected machine learning models are trained using historical agricultural datasets.

Step 6: Model Evaluation

The models are evaluated based on prediction accuracy and error rates. Random Forest demonstrates better
performance due to its ensemble learning approach.

Step 7: Deployment

The trained model is integrated into a web application developed using Flask for backend processing and
HTML/CSS for the frontend interface.

Step 8: Monitoring

The system is continuously tested and monitored to improve prediction accuracy and performance.

6. Implementation

The proposed Crop Yield Prediction and Agricultural Advisory System is implemented using Python-based
machine learning libraries and web technologies. The system integrates data processing, predictive modeling,
and a web-based interface to provide an intelligent decision-support platform for farmers. The backend of
the system is developed using the Python programming language. Machine learning algorithms are
implemented using libraries such as Scikit-learn, Pandas, NumPy, and Matplotlib for data analysis and
visualization. The trained prediction model is integrated with a Flask web framework to create a web-based
platform that allows farmers to interact with the system.

The system is designed with the following modules:

Data Collection Module
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This module collects agricultural datasets containing parameters such as soil nutrients, rainfall, temperature,
humidity, and historical crop yield information. The data is obtained from agricultural databases and publicly
available datasets.

Data Preprocessing Module

The collected dataset undergoes preprocessing steps to ensure data quality and reliability. These steps include
handling missing values, removing duplicate records, encoding categorical variables, and normalizing
numerical data.

Machine Learning Module

The machine learning module trains multiple prediction models using historical agricultural datasets. The
models used in the system include:

« Linear Regression

« Decision Tree

« Random Forest

Among these models, Random Forest performs better due to its ensemble learning approach, which combines
multiple decision trees to reduce prediction errors.

Prediction Engine

The trained model is integrated into the prediction engine, which processes user inputs and generates crop
yield predictions. The system analyzes environmental and soil parameters provided by the user and predicts
the expected crop yield.

Advisory Recommendation Module

Based on the predicted yield and environmental parameters, the advisory module provides recommendations
related to crop selection, fertilizer usage, irrigation management, and optimal farming practices.

Web Interface
The system provides a user-friendly web interface developed using HTML, CSS, and Flask. Farmers can input

agricultural parameters through the interface and receive crop yield predictions along with advisory
recommendations.

7. Experimental Results

The performance of the machine learning models was evaluated using historical agricultural datasets. The
dataset was divided into training and testing sets using an 80:20 ratio. Several performance metrics were used
to evaluate the effectiveness of the prediction models.

The evaluation metrics include:

«  Mean Absolute Error (MAE)
« Root Mean Square Error (RMSE)
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« Prediction Accuracy
The experimental results indicate that the Random Forest algorithm outperforms other machine learning
models due to its ability to handle complex datasets and reduce overfitting.
Model Performance Comparison

Algorithm Accuracy MAE RMSE
Linear Regression ~ 78% 6.5 8.1
Decision Tree 85% 4.8 6.2
Random Forest 92% 3.1 4.5

The results demonstrate that Random Forest provides the highest accuracy in predicting crop yield. The
ensemble learning approach improves prediction reliability by combining multiple decision trees.

The developed web-based system successfully predicts crop yield based on environmental parameters and
provides advisory recommendations that help farmers make better agricultural decisions.

8. System Implementation and User Interface

The proposed AgriPredict Smart Agriculture Platform is implemented as a web-based application that
integrates machine learning models with an intuitive user interface to assist farmers in making data-driven
agricultural decisions. The platform provides multiple Al-powered services including crop recommendation,
crop yield prediction, disease risk prediction, fertilizer recommendation, and weather forecasting.

The main dashboard of the system provides access to multiple Al services that help farmers analyze
agricultural conditions and receive intelligent recommendations.

8.1 System Dashboard

The main interface of the AgriPredict platform provides navigation to different Al-based agricultural services
including:

«  Crop Recommendation

«  Crop Yield Prediction

« Disease Prediction

+ Fertilizer Recommendation

«  Weather Forecast

The dashboard allows farmers to access these features through a simple and user-friendly interface.

Figure 2: AgriPredict Smart Agriculture Dashboard
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8.2 Crop Recommendation System

The Crop Recommendation module analyzes environmental and soil parameters to suggest the most suitable
crops for cultivation. Farmers provide input parameters such as:

Expected Annual Rainfall
Average Temperature
Humidity Level

Soil Type

Soil pH Level

Growing Season

Water Availability

Based on these parameters, the machine learning model evaluates different crops and recommends suitable
crops along with expected yield and investment details.

Figure 3: Smart Crop Recommendation Interface
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The system generates recommendations such as rice, maize, wheat, and sugarcane based on environmental
suitability and predicted productivity.
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The Crop Yield Prediction module predicts the expected crop production based on environmental parameters
such as rainfall, temperature, pesticide usage, and crop type.

The machine learning model analyzes the input parameters and generates predicted crop yield values. This
helps farmers estimate production levels before cultivation.

Figure 4: Crop Yield Prediction Interface
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The system displays predicted crop yield results along with recommendation messages to help farmers plan

agricultural activities efficiently.

8.4 Disease Risk Prediction

The Disease Prediction module helps farmers identify potential crop diseases based on environmental
conditions. The system evaluates parameters such as rainfall, temperature, humidity, and pesticide usage to

estimate disease risk levels.

Figure 5: Crop Disease Risk Prediction System
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The system classifies disease risk levels into categories such as:

« Low Risk
+  Medium Risk
« High Risk

Based on the risk level, the system provides preventive recommendations to protect crops from potential
diseases.

8.5 Fertilizer Recommendation System

The Fertilizer Recommendation module suggests appropriate nutrient requirements for crops based on soil
conditions and environmental parameters.

The system recommends optimal quantities of essential nutrients such as:

« Nitrogen (N)

«  Phosphorus (P)

« Potassium (K)

Figure 6: Fertilizer Recommendation System
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The module also provides application schedules and guidelines for fertilizer usage to ensure better crop growth
and productivity.
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8.6 Weather Forecasting Module

Weather conditions significantly affect agricultural productivity. The Weather Forecast module predicts
rainfall patterns and environmental conditions based on location data.

The system allows farmers to select their location through a map-based interface and generates weather
forecasts including:

+ Temperature
«  Humidity

« Rainfall predictions

Figure 7: Weather Forecast Prediction System
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This feature helps farmers plan irrigation schedules, crop selection, and planting seasons effectively.

8.7 Location-Based Weather Analysis

The system integrates map-based location selection to provide region-specific agricultural insights. By
selecting a specific location, the system retrieves historical climate data and predicts future weather
conditions.
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Figure 8: Location Selection and Weather Data Analysis
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This functionality improves the accuracy of crop recommendations and yield predictions by incorporating
geographic environmental data.

9.Advantages of Proposed System

The proposed AgriPredict system provides several advantages compared to traditional agricultural
decisionmaking methods.

* Provides accurate crop yield predictions using machine learning models
* Helps farmers select suitable crops based on environmental conditions

* Predicts disease risks to prevent crop damage

* Recommends appropriate fertilizer quantities

* Provides weather forecasting based on location data

» Offers a user-friendly web interface for farmers

These features help improve agricultural productivity and enable farmers to make data-driven decisions.

10. Future Work

The proposed system can be further improved by integrating additional technologies and features. ¢
Integration of real-time weather APIs

* [oT-based soil moisture and nutrient sensors

* Mobile application for farmers

* Deep learning models for more accurate predictions

* Integration with satellite-based agricultural monitoring systems
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These improvements can enhance the accuracy and usability of the system.

11. Conclusion

This research presented a Machine Learning Based Crop Yield Prediction and Agricultural Advisory
System designed to assist farmers in making informed agricultural decisions. The system integrates machine
learning algorithms such as Linear Regression, Decision Tree, and Random Forest to analyze agricultural
parameters and predict crop yield.

The developed web-based platform provides additional services including crop recommendation, disease
prediction, fertilizer recommendation, and weather forecasting. Experimental results indicate that the

Random Forest algorithm provides the highest prediction accuracy.

The proposed system demonstrates the potential of artificial intelligence and machine learning technologies
in transforming traditional agriculture into a data-driven and intelligent farming system.
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