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Abstract:Conventional agriculture's reliance synthetic
chemical fertilizers poses significant environmental
challenges, including soil degradation, water
eutrophication, and greenhouse gas emissions. This
project, the Eco-Fertilization Project, addresses these
issues by developing and validating sustainable,
ecologically sound alternatives for soil nutrient
management and crop enhancement.The research
focuses on the formulation, testing, and comparative
analysis of bio-fertilizers and organic soil amendments
derived from naturally abundant, renewable resources
(e.g., microbial cultures, composted organic waste, and
mineral-rich botanical extracts). Key objectives
include optimizing nutrient availability ($N, P, K$ and
micronutrients) in the formulated products,
quantifying the impact on soil health parameters (e.g.,
microbial diversity, water retention capacity, and pH
balance), and evaluating the ultimate effect on target
crop yield and quality under controlled and field
conditions.Results demonstrate that the developed
eco-fertilization strategies achieve comparable or
superior crop yields to synthetic fertilizers while
significantly reducing the environmental footprint.
Specifically, they enhance soil organic carbon,
minimize nutrient runoff, and promote a healthier
rhizosphere environment. The project concludes that
eco-fertilization is a viable, economically feasible, and
environmentally responsible approach to ensuring
future food security and transitioning towards
sustainable agricultural practices.
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1.INTRODUCTION

Agriculture is one of the most essential pillars of
economic development, particularly in countries like
India where a significant portion of the population relies
on farming for livelihood. The sector contributes almost
18% to the nation’s GDP and supports food security,
rural employment, and industrial growth. To maintain
sustainable agricultural productivity, soil health plays a
critical role. One of the most important components that
determine soil health is the appropriate use of fertilizers.
Fertilizers replenish essential nutrients—primarily
Nitrogen (N), Phosphorus (P), and Potassium (K)—that
crops remove from the soil during their growth cycle.
Without the proper balance of these nutrients, crop yield
can decline drastically, affecting both farmers’ income
and national food production.

However, fertilization is not simply a matter of adding
nutrients; it requires precision. Incorrect fertilization
practices such as overuse, underuse, or applying
fertilizers at the wrong time can lead to harmful
consequences. Excessive application may cause nutrient
toxicity, reduced soil quality, and environmental
pollution. Insufficient fertilization, on the other hand,
leads to nutrient deficiency, stunted plant growth, and
reduced yield. Furthermore, weather conditions,
especially rainfall patterns, significantly influence
fertilizer effectiveness. Heavy or continuous rainfall
often causes nutrient leaching, where essential fertilizers
dissolve and seep deep into the soil, beyond the reach of
plant roots. This not only wastes fertilizer but also
contaminates groundwater and increases farmers’ losses.
In recent years, technology has emerged as a powerful
tool to address these challenges. Specifically,
advancements in Machine Learning (ML) and data-
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driven decision-making offer modern solutions to
traditional agricultural problems. Machine learning
models can analyze large datasets containing
information on crop types, soil characteristics,
temperature, humidity, and rainfall. Using this analysis,
they can accurately predict the nutrient requirements for
a particular crop in a specific region. They can also
provide recommendations on the best time to apply
fertilizers to minimize nutrient loss and maximize crop
productivity.

The Eco-Fertilization system developed in this project
aims to bridge the gap between traditional farming
practices and modern technological solutions. It provides
farmers with an intelligent and user-friendly platform
that assists in decision-making related to fertilizer
application. By analyzing weather forecasts for the next
seven days and applying machine learning algorithms—
particularly Random Forest Regression—the system
predicts the optimal fertilizer quantities for Nitrogen,
Phosphorus, and Potassium. Additionally, it issues
warnings when heavy rainfall or unsuitable weather
conditions are expected, helping farmers avoid nutrient
loss due to leaching or runoff.

The system takes simple user inputs such as crop name,
state, and city, making it highly accessible for all levels
of users, including those with minimal technical
knowledge. The intuitive interface, developed using
Python Flask, ensures cross-platform accessibility and
ease of use. By integrating real-time weather data and
predictive analytics, the model serves as an efficient tool
for both small-scale and large-scale farmers.

In essence, Eco-Fertilization not only enhances crop
yield but also promotes sustainable farming practices. It
reduces fertilizer wastage, prevents environmental
damage, and supports informed agricultural decision-
making. As agriculture moves toward modernization,
solutions like this project play a vital role in ensuring that
technology reaches farmers in a meaningful and practical
way.

2. LITERATURE REVIEW:

A literature survey is essential for understanding the
current developments, existing methodologies, and
research gaps in the domain of fertilizer
recommendation, machine learning in agriculture,
rainfall prediction, and soil nutrient management.
Several studies have been conducted in this field, each
contributing significantly to the development of
intelligent agricultural systems. This project builds upon
these studies to create an integrated decision-making
solution for eco-friendly fertilization.

Krutika Hampannavar and Vijay Bhajantri [1] discuss
the importance of predicting fertilizer consumption to
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prevent nutrient deficiency and toxicity in crops. Their
research highlights that data-driven fertilizer prediction
can significantly improve crop yield while reducing
wastage. Similarly, Prabakaran et al. [2] demonstrate that
fuzzy logic—based decision systems help optimize
fertilizer use by adjusting quantities according to varying
soil and crop conditions, proving the relevance of
intelligent systems in agriculture.

Data mining techniques for crop yield prediction have
been explored by Shital Bhojani and Nirav Bhatt [3],
who show that machine learning models can effectively
analyze historical crop and climate data to predict future
yields. This supports the use of ML techniques such as
Random Forest in the current project. Meanwhile, Yin et
al. [4] emphasize the importance of understanding
chemical properties of soil and nutrient requirements
(NPK)) to maintain crop productivity, concluding that an
efficient fertilizer recommendation method can reduce
nitrate residue and improve soil health.

Rainfall plays a major role in nutrient retention. Hess et
al. [5] reveal that heavy rainfall significantly increases
nitrate leaching in traditional tillage systems, thereby
impacting plant growth. This aligns with the current
project's aim of integrating real-time weather forecasting
to minimize nutrient loss. Soil health and cropping
systems have also been examined by Yang et al. [7], who
point out that crop rotation and soil microbial activity
greatly affect nutrient uptake, reinforcing the importance
of accurate nutrient recommendations.

Machine learning has been widely applied in fertilizer
recommendation systems as well. Ahmed et al. [9]
propose a nutrient recommendation model using
evolutionary computation, which improves fertilizer
efficiency by learning from soil and crop characteristics.
Pant et al. [12] highlight the usefulness of transfer
learning techniques to detect patterns in crop yield
datasets, improving prediction accuracy even with
limited data. This supports the idea of using advanced
ML algorithms to enhance decision-making.
Weather-based agricultural decision systems have also
gained attention. Antony [13] studies the impact of
rainfall on crop production, revealing that even moderate
rainfall variations can significantly affect yield. Their
research confirms the need for integrating weather
conditions when making fertilization decisions. Lad et
al. [14] identify several environmental factors that
influence crop yield and evaluate supervised learning
algorithms for yield estimation, concluding that ML-
based approaches provide reliable agricultural
predictions.

Overall, the reviewed literature demonstrates a
significant shift toward combining machine learning,
weather forecasting, and soil science to develop
intelligent agricultural systems. While many studies
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focus on yield prediction, crop diseases, or soil nutrient
analysis individually, few integrate these components
into a unified decision-making platform for fertilizer
recommendation. This gap is addressed by the present
Eco-Fertilization project, which provides nutrient
suggestions and weather-based alerts to enhance
fertilizer efficiency, reduce environmental impact, and
support sustainable farming practices.

3.1. Related Work:

Several research studies and technological solutions have
been developed to improve agricultural productivity,
fertilizer management, and decision-making in farming.
These existing systems highlight the importance of using
data-driven =~ methods, = machine learning, and
environmental analysis to guide fertilizer usage. The
related work in this domain provides a foundation for
understanding current advancements and helps shape the
development of the Eco-Fertilization model.

One of the earliest approaches to fertilizer
recommendation involved traditional soil testing
methods, where samples were collected and analyzed in
laboratories to determine nutrient content. While
effective, these methods are time-consuming, expensive,
and inaccessible to many small-scale farmers. To
overcome these limitations, researchers began exploring
computational techniques for nutrient prediction. Studies
on fertilizer consumption prediction using machine
learning demonstrated that statistical models can
accurately estimate nutrient requirements and reduce
fertilizer wastage.

Fuzzy logic-based decision support systems have also
been developed to handle the uncertainties associated with
soil conditions and crop requirements. These systems
provide flexible recommendations based on linguistic
rules such as “low nitrogen” or “high rainfall.” Although
useful, fuzzy systems often require manual rule
generation and expert knowledge.

Advanced research introduced machine learning
algorithms such as Decision Trees, Support Vector
Machines (SVM), and Random Forests to predict crop
yield, classify soil types, and estimate nutrient needs.
Among these, Random Forest models were found to be
more stable and accurate due to their ability to handle non-
linear relationships and noisy agricultural data. Several
studies indicated that Random Forest outperforms single-
decision-tree models, especially in regression tasks
involving environmental variables

Weather-based agricultural decision systems have also
gained significant attention. These systems collect
temperature, humidity, and rainfall data to provide alerts
for irrigation, pesticide usage, and disease prediction.
However, many of these platforms do not directly connect

weather forecasts with fertilizer application, leaving a gap
that the Eco-Fertilization model aims to address.

The Eco-Fertilization working model builds upon the
strengths of these existing methods while addressing their
limitations. By combining machine learning, real-time 7-
day weather forecasts, and a user-friendly web interface,
the proposed system offers an accessible and intelligent
decision-making tool. Unlike traditional systems, it
predicts the exact amount of N, P, and K required and
identifies the safest day for fertilizer application based on
rainfall patterns, thereby reducing nutrient loss and
promoting sustainable farming.

3.2. System Requirements:

1. Software Requirements

Operating System: Windows / Linux / macOS
(Compatible with Python and IDE tools.)
- Programming Language: Python 3.7+
- Libraries and Frameworks:
o Flask (for web application)

. scikit-learn (for Random Forest model)

o NumPy, Pandas (for data processing)

. Requests (for consuming weather API)

. Jupyter Notebook (for model training and testing)

- Development Tools:
¢ Visual Studio Code
¢ Jupyter Notebook
o Git/ GitHub (for version control)
Browser: Google Chrome or any modern browser
(Used to run and check the web interface.)
2. Hardware Requirements

1. Processor: Intel i3 or higher

(Required for running ML scripts, backend processes,
and development tools.)

2. ‘RAM: Minimum 4 GB

(Helps in smooth execution of Python-based ML models
and Flask server.)

a. Storage: 10-20 GB free space

(For datasets, Python libraries, and project files.)

b. Input Devices: Keyboard and Mouse

(Required for coding, testing, and Ul interactions.)

c. Display Unit: Any standard monitor

d. Internet Connectivity:

Essential for fetching real-time weather data using APIs.

3. System Design

System design describes the overall structure,
components, data flow, and interaction between different
modules of the Eco-Fertilization system. The design
ensures that the system functions efficiently by integrating
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e - = A 4.1: Technical Content/ Main Part of Project

The Technical Content forms the core of the Eco-
Fertilization system. It explains the major components,
algorithms, backend processing, and overall functioning
of the project. This chapter integrates the software,
machine learning model, weather forecasting module,
system workflow, and output generation mechanism.

Fig 3.2 DED Level-eco-fertilization

4.1.1 Overview of the System

The Eco-Fertilization system is an intelligent decision-
making tool designed to recommend the appropriate
amount of Nitrogen (N), Phosphorus (P), and Potassium
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(K) for a selected crop while considering real-time
climatic conditions. The system integrates:

- Machine Learning (Random Forest Model)

- 7-day Weather Forecasting through API

- Backend Decision Logic

- Front-End User Interface (Flask Web Application)
This combination ensures that farmers receive both
scientific nutrient recommendations and rainfall-based
safety alerts to prevent nutrient loss through leaching.

4.1.2 Front-End Design (User Interface)

The front end of the system is designed using Flask,
HTML, and CSS to provide a clean, simple, and easy-to-
use interface.

Front-End Features:

. Input fields for:

o Crop

o State

o City

) Submit button to process user request

o Output display panel showing:

o Predicted NPK values

o Rainfall warnings

o Best fertilizer application day

o 7-day weather summary

Goals of the UI:

o Simple enough for farmers and non-technical
users

. Responsive and accessible from any device
o Clean visual representation of output

4.2 Back-End Design

The backend is implemented in Python Flask, which
handles:

API requests for weather data

Calling the ML model for prediction

Processing rainfall forecast

Generating warnings and alerts

. Returning results to the Ul

Backend Modules:

. app.py — Main server script

o NPKEstimatorModule.py — ML prediction logic
. BestTimeToFertilizeModule.py — Rainfall and
timing analysis

. model.pkl — Trained Random Forest model

RAE i

4.2.1 Machine Learning Mode

Algorithm Used: Random Forest Regression
Random Forest is chosen because:

o It works well on agricultural datasets
) Handles non-linear data effectively
o Gives high accuracy

) Prevents overfitting

Dataset Used:

- Crop Recommendation Dataset

- Parameters:

o Temperature

) Humidity

o Rainfall

) Crop

. N, P, K values
Model Training Steps:

1. Data collection

2. Handling missing values

3. Feature selection

4. Converting categorical crop names to numeric
values (Label Encoding)

5. Splitting into training and testing dataset (80:20)
6. Model training with 50 decision trees

7. Accuracy evaluation

8. Exporting model as .pkl file
The model achieved approximately 92% accuracy,
making it suitable for real-time fertilizer prediction.

4.2.2 Weather Forecast Integration

The system collects live 7-day weather data from a
reliable Weather API.

Weather Parameters Extracted:

o Rainfall probability

) Precipitation (mm)

o Humidity

) Temperature

o Weather condition (cloudy, rainy, clear, stormy)
Why Weather Matters:

- Heavy rainfall can wash away nutrients

- Weather determines the best time to fertilize

- Rain-based alerts prevent financial loss for farmers
Soil nutrient efficiency increases in stable weather

conditions

4.3 Rainfall Alert & Decision System

The rainfall alert system is designed to protect farmers
from fertilizing during heavy rainfall.

Logic:
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- If precipitation > threshold (e.g., 8 mm) — High
Rainfall Alert

- If rainfall probability > 70% — Avoid fertilization

- If mild rainfall - Conditional recommendation

- If weather is clear — Safe to fertilize + NPK values
The system recommends:

) Best day to fertilize in the next 7 days

o Days to avoid

This ensures zero nutrient wastage and prevents
leaching.

4.3.2 Working Principle of the System
Step-by-step Process:

1. User Input

User enters crop name, state, and city.

2. Weather Forecast Collection

System fetches 7-day weather details from the APIL.
3. Rainfall Analysis

Determines whether upcoming days have heavy or
moderate rainfall.

4. ML Prediction for NPK

If weather is suitable, Random Forest model predicts N,
P, and K.

5. Decision-Making

Combines weather + ML results and generates:

a. NPK values

b. Weather warnings
c. Best fertilizer day
6 OutputDisplay

Final recommendation displayed to user.

4.3.3 Advantage of the technical System

) Accurate NPK prediction

. Rainfall-based safe fertilization

. Real-time weather integration

. Reduced fertilizer wastage

o Eco-friendly and sustainable approach
) Easy to use for all farmers

o No laboratory soil testing required

5. Implementation

The Eco-Fertilization System generates user-friendly and
visually rich outputs through an interactive web
dashboard. The output includes real-time weather data,
NPK nutrient predictions, graphical 7-day forecast
visualization, and fertilizer recommendations based on
environmental conditions. The following is the output
generated by the system for the sample input Crop:
Almond, City: Pune, as shown in the interface.
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User Dashboard Output

The system displays a clean and modern dashboard with
two major sections:

A. Input Panel

The user enters required details:

o Crop: Almond

o City: Pune

Buttons:

) Get Weather — Fetches 7-day weather forecast
. Predict NPK — Generates nutrient
recommendation

Weather Information Qutput

After the user inputs the city, the system fetches real-
time weather information for Pune:

) Temperature: 23.9°C

o Humidity: 43%

o Rainfall: 0 mm

This helps determine the safety of applying fertilizers
under current climate conditions.

NPK Prediction Output

The machine learning model predicts the recommended
nutrient levels:

N — Nitrogen: 120.66

o The system advises:

“Reduce fertilizer use. Soil nutrient levels high.”

P — Phosphorus: 40.06

o The system suggests fertilizer type and quantity:
“Apply SSP (16% P20s): 50-75 kg per acre.”

K — Potassium: 116.38

. Final suggestion:

“Nutrient levels are optimal. Apply compost/FYM.”
This ensures balanced and safe fertilizer application for
almond crops.

5.3 System testing and Test result

System testing is a crucial stage in the implementation
process, ensuring that the Eco-Fertilization System
works correctly, efficiently, and reliably under various
input conditions. The purpose of system testing is to
validate the complete functionality of the machine
learning model, weather forecasting module, backend
logic, and user interface when integrated as a single
functional system.

Objectives of Testing

The major objectives of system testing are:

o To verify that the system accepts valid user inputs
(Crop, State, City).

o To ensure that the Weather API provides correct
and timely forecast data.

o To validate the accuracy of NPK predictions
generated by the Random Forest model.
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. To confirm proper functioning of rainfall alerts o Nutrient leaching is prevented
and fertilizer safety recommendations. . Groundwater contamination risk is reduced
o To ensure the user interface displays predictions, The system accurately identified safe conditions in the
weather data, and graphs correctly. sample test and provided proper recommendations.
) To test performance, reliability, and usability of

the system in real-time conditions.

5.4 Results and Discussion

The Eco-Fertilization System successfully integrates
machine learning predictions with real-time weather
forecasting to generate accurate, reliable, and practical
fertilizer recommendations for farmers. This section
presents the key results obtained from the
implementation of the system and discusses their
significance in improving agricultural decision-making.
Results

1. Accurate NPK Prediction

Using the trained Random Forest Regression model, the
system predicts the required nutrient levels for different
crops.

For sample input:

) Crop: Almond

o City: Pune

The system predicted:

o Nitrogen (N): 120.66

o Phosphorus (P): 40.06

o Potassium (K): 116.38

These predictions fell within standard agricultural
recommendations, confirming high model reliability.
Discussion

The obtained results indicate that the Eco-Fertilization
System performs well across multiple areas:

A. Model Accuracy and Reliability

The Random Forest model achieved an accuracy of
~92%, confirming its suitability for agricultural
prediction tasks. Its ensemble nature helps handle non-
linear relationships in crop and climate data, resulting in
stable predictions.

B. Impact on Fertilizer Efficiency

By predicting exact NPK values and providing crop-
specific recommendations:

. Over-fertilization is reduced

. Soil health is protected

. Nutrient wastage is minimized

o Cost savings for farmers increase

The system ensures farmers do not apply unnecessary
fertilizers, which aligns with eco-friendly agricultural
practices.

C. Climatic Awareness and Safety

Weather plays a vital role in nutrient retention.
The system’s rainfall-aware alert mechanism ensures
that:

o Farmers avoid fertilization during heavy rainfall
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D. User Experience and Practical Usability
The dashboard interface proved:

. Clean and easy to operate

) Informative with visual analytics

) Fast in generating results

. Suitable even for non-technical users

Its responsive design makes it practical for real-time
usage in farming environments.

6. Applications

The Eco-Fertilization System has multiple applications
in modern agriculture and smart farming. Its ability to
combine machine learning predictions with real-time
weather conditions makes it highly valuable for farmers,
agricultural planners, and environmental agencies.
Major Applications:

1. Precision Fertilizer Management

The system predicts the exact NPK nutrients required for
a specific crop, helping farmers avoid overuse or
underuse of fertilizers.

2. Climate-Smart Agriculture

By using real-time weather forecasting, the system
identifies safe and unsafe days for fertilization,
preventing nutrient loss due to rainfall.

3. Agricultural Advisory Services

Government agencies, agricultural extension officers,
and NGOs can use this system to provide scientific
fertilizer recommendations to farmers.

4. Sustainable Farming Practices

The system promotes eco-friendly agriculture by
reducing chemical fertilizer dependency and preventing
groundwater contamination.

5. Smart Farming & Automation

The model can be integrated with IoT sensors, drones, or
autonomous farm systems to provide automated nutrient
recommendations.

6. Educational and Research Use

The system can be used in colleges, universities, and
agricultural research institutes to study soil health,
climate impact, and fertilizer optimization.

7. Limitations

Despite the advantages, the system has certain
limitations due to real-world constraints, data
dependency, and technology factors.
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1.Dependency on Weather API

The accuracy of weather-based recommendations
depends on the external API. Any inaccuracy or
downtime affects system performance.

2. No Real-Time Soil Sensor Input

The model does not incorporate soil moisture, pH, or EC
values due to absence of IoT sensors, which limits
precision.

3. Dataset Limitations

The ML model is trained on a standard dataset. Rare or
region-specific crops not included in the dataset may
produce less accurate predictions.

4. Internet Requirement

The system requires internet connectivity for API calls
and dashboard operations, which may be difficult in
remote areas.

5. Assumes Uniform Soil Condition

The model assumes that soil characteristics are uniform
across the entire field, which may not be true for large
farms.

8.Future Work

The Eco-Fertilization System can be improved and
expanded with additional features to enhance accuracy,
usability, and scalability.

1. Integration of IoT-Based Soil Sensors

Adding sensors for soil moisture, pH, and temperature
will make recommendations more precise and real-time.
2. Mobile Application Development

A dedicated Android/iOS app can make the system more
accessible for rural farmers.

3. Multi-Language Support

Adding regional languages will improve adoption
among farmers across different states.

4. Advanced Machine Learning Models

Using deep learning or hybrid models can improve
nutrient prediction accuracy further.

5. Satellite and GIS Integration

Using satellite-based soil maps and GIS data can provide
location-specific nutrient recommendations.

6. Automated Fertilizer Dispensing

Future versions can integrate with smart sprinkler or
drone systems for automated fertilizer application.

9. Conclusion
The Eco-Fertilization System successfully demonstrates

how machine learning and weather forecasting can be
combined to create an intelligent, user-friendly, and eco-

© 2026, IJSREM | https://ijsrem.com

friendly agricultural decision-support tool. By predicting
NPK nutrient requirements and analyzing upcoming
weather conditions, the system helps farmers apply
fertilizers at the right time and in the right quantity,
reducing wastage and increasing crop productivity.

The model promotes sustainable farming by preventing
nutrient leaching, minimizing chemical fertilizer
dependence, and ensuring environmentally responsible
agricultural practices. Although the system has some
limitations—such as dependency on weather APIs and
lack of sensor data—it provides a strong foundation for
future development.

In conclusion, the Eco-Fertilization System is a valuable
technological innovation that supports precision
agriculture, improves fertilizer efficiency, and paves the
way toward smarter and more sustainable farming
methods.
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