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Abstract - In modern agriculture, the reliance on expensive
loT devices and manual data collection limits the
accessibility and efficiency of precision farming for small
and medium-scale farmers. The Earth Bloom system
introduces an automated, API-based digital platform
designed to revolutionize smart farming through data-
driven insights and cost-effective implementation. This
system integrates open-source weather, soil, and crop APIs

with  Python-based analytical modules and cloud
visualization  to  deliver real-time  agricultural
recommendations. It enables farmers to monitor

environmental parameters, assess soil fertility, and receive
crop suggestions without the need for costly hardware
sensors. Earth Bloom adopts a modular architecture using
Python for computation, Firebase for data storage, and
React.js for interactive dashboards, ensuring scalability
and user-friendliness. By replacing traditional loT
dependencies with API integration, the system enhances
operational efficiency, reduces costs, and promotes
sustainable farming practices. Moreover, it aligns with
global digital agriculture initiatives by empowering
farmers through accessible, intelligent, and eco-friendly
technology solutions.
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I. INTRODUCTION

The traditional practice of farming often relies on manual
observation,  unpredictable climatic  conditions, and
experience-based decision-making, which can result in
inefficiencies, high input costs, and reduced productivity. In
regions where small and medium-scale farmers predominate,
limited access to technology and high-cost 10T infrastructure
further restrict the adoption of precision agriculture. These
challenges hinder effective soil management, crop selection,
and yield optimization. In the context of developing countries
such as India, where agriculture forms a major part of the
economy, farmers face additional constraints including
inconsistent weather conditions, soil degradation, and lack of
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timely data insights. Manual monitoring of soil and
environmental factors often leads to inaccurate decisions
regarding irrigation, fertilizer usage, and crop selection,
impacting both yield and sustainability.

The Earth Bloom system aims to revolutionize this
process by introducing an API-based precision agriculture
platform that automates data collection and analysis without
relying on costly 10T sensors. By integrating open-source
APIs for weather, soil, and crop data with Python analytics
and cloud visualization, Earth Bloom provides farmers with
actionable insights and real-time recommendations. The
platform enables users to assess soil fertility, predict crop
suitability, and make informed decisions based on live
environmental data.

Current agricultural monitoring systems either require
expensive hardware setups or depend on fragmented data
sources that are difficult to integrate. There is no unified,
software-driven  solution that offers a low-cost yet
comprehensive decision-support framework. The Earth Bloom
system addresses this gap by implementing a cloud-based,
modular, and scalable architecture that promotes accessibility,
affordability, and sustainability in modern agriculture.

1. OBJECTIVES

The primary objectives of this research and development
project are:

1. Automate Agricultural Data Collection: Use open APIs
to gather real-time weather, soil, and crop information
automatically.

2. Reduce Farming Costs: Eliminate the need for expensive
10T devices by implementing an API-based solution.

3. Enhance Decision-Making: Provide farmers with
accurate, data-driven insights through cloud-based
analytics.

4. User-Friendly Platform: Develop an easy-to-use web
interface for visualizing and interpreting agricultural
data.

5. Promote Sustainable Farming: Encourage efficient use of
resources and eco-friendly agricultural practices.
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I11. LITERATURE REVIEW

A. Previous Works and Studies

Research in precision agriculture highlights the shift from
loT-based systems to API-driven, software-based solutions.

= Karthick et al. (2020) proposed an API-based data
integration model for improved farming decisions.

= Singh and Sharma (2021) combined weather and soil
APIs for accurate crop prediction.

= Patel et al. (2022) used machine learning on API datasets
for yield estimation.

= Dey et al. (2023) developed a cloud-based DSS
integrating multiple APIs for real-time agricultural
insights.

= Verma and Joshi (2024) enhanced these systems with
predictive analytics for better resource allocation.

B. Gaps Identified

Most existing systems rely on costly 10T hardware and
cover limited agricultural aspects. There is no unified, low-
cost platform that integrates weather, soil, and crop data for
complete decision support.

C. Contribution

Earth Bloom addresses these issues by providing an API-
based, cloud-enabled, and cost-effective smart farming
system. It combines multiple open data sources with Python
analytics to offer real-time insights, scalability, and
sustainable digital farming.

IV. METHODOLOGY
A. Development Model

The project adopts an incremental and analytical
development approach focused on modular design, testing,
and integration. Each stage — from data acquisition to
visualization — was iteratively built and refined to ensure
reliability and performance.

B. System Architecture

The architecture follows a client-server model consisting
of three layers:

1. User Interface Layer (Frontend): Built with React.js,
Vite, and Tailwind CSS for responsive and interactive
visualization.

2. Data Acquisition Layer: Uses OpenWeather and
SoilGrids APIs to fetch real-time weather and soil data.

3. Processing Layer: Handles data cleaning, normalization,
and validation.
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4. Analysis Layer: Employs Python and ML algorithms to
compute soil fertility and crop recommendations.

5. Visualization & Cloud Layer: Displays processed results
via dashboards and stores data using Firebase and
MongoDB.

C. Modules

1. Data  Acquisition Module: Collects real-time
environmental data through public APlIs.

2. Data Processing Module: Cleans, normalizes, and
validates incoming datasets.

3. Analytical Module: Computes soil fertility and weather
stability using Python and ML

4. Database Module: Manages data storage, authentication,
and synchronization through Firebase and MongoDB.

5. Visualization Module: Displays analytical results,
graphs, and downloadable reports on a web dashboard.

D. Tools and Technologies

1. Backend: Python 3.8+ serves as the core programming
language for data processing, analytics, and system logic.

2. Framework: Flask and Node.js frameworks are used to
handle API requests, routing, and backend integration
with the database.

3. Database: Firebase is utilized for real-time data storage,
authentication, and synchronization of agricultural
datasets.

4. Frontend: React.js, Vite, and Tailwind CSS are
implemented to develop an interactive, responsive, and
user-friendly web interface.

5. APIs: OpenWeather and SoilGrids APlIs are integrated to
fetch real-time weather and soil data required for
analysis.

6. Authentication: Firebase Authentication ensures secure
login, data privacy, and authorized access for users.

E. Process Flow

1. System collects environmental and soil data via public
APIs.

2. Data is cleaned, normalized, and processed using
Python-based models.

3. Analytical engine computes soil fertility and weather
indices

4. Backend updates results in the database for visualization.

5. Farmers access dashboards to view insights and crop
recommendations in real-time.
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V.SYSTEM DESIGN AND ARCHITECTURE

A. Overview

The system follows the MVC (Model-View-Controller)
design pattern to maintain modularity and efficiency.

= Model: Stores environmental and soil data (temperature,
humidity, NPK, pH) in Firebase.

= View: Displays results and visualizations using React.js
and Tailwind CSS.

= Controller: Uses Python and Node.js to handle API data,
perform analytics, and update the dashboard
dynamically.

B. Data Flow Diagram (DFD)
(Level 1 — conceptual representation)

= User — Web Dashboard (React.js) — Backend (Flask /
Node.js) — Database (Firebase)

= APIs (OpenWeather, SoilGrids) — Python Analytics —
Crop Recommendation — Dashboard Visualization

C. Security Features

= Secure login and authentication via Firebase.
= API key encryption and HTTPS for safe communication.
= Input validation and restricted access for data protection.

VI. RESULTS AND DISCUSSIONS
A. Performance Evaluation

Although Earth Bloom is currently in the prototype stage,
performance analysis shows significant cost and efficiency
improvements compared to loT-based precision agriculture
systems. The APIl-based approach eliminates hardware
installation and maintenance expenses, reducing total
operational costs by approximately 60-80%. Cloud integration
ensures faster data retrieval and processing, while maintaining
analytical accuracy comparable to sensor-based systems.

B. Usability Assessment

The system’s interface and functionality were evaluated
by farmers and researchers during early testing. Results
indicated:

= 90% found the dashboard simple and easy to use.

= 87% reported faster data insights compared to manual
observation.

= 92% preferred the APIl-based approach over hardware-
based monitoring.
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These results confirm that Earth Bloom provides a more

accessible and user-friendly digital farming experience.

C. Functional Achievements

= Real-time weather and soil data collected automatically
via public APIs.

= Analytical dashboard visualizes key parameters such as
soil fertility and weather stability.

= Cost-effective and scalable solution achieved through
complete software-based architecture.

= PDF report generation and cloud storage support
decision-making and long-term analysis.

D. Limitations

= Internet connectivity is required for real-time data
retrieval.

= API data availability may vary by region and update
frequency.

= The system currently focuses on analytical visualization
and does not yet include mobile app support or offline
functionality.
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Figure 1: Cost comparison between traditional 10T sensor-based
precision agriculture and the proposed API-based Earth Bloom system
(example estimates)

Evaluation Factors I:]I-Bd“d Sys- E':;;'_]Ba“::'mm
o - High (Sensors, | None (Software

Hardware Requirement Devices) Only)

Scalability Low Very High

Maintenance Effort High Very Low

Data Availability Local to Sensors Global via APIs

Cost Efficiency Liovw Very High

Complexity High Low

TABLE I: Feature Comparison of IoT-Based Precision Agriculture
vs Earth Bloom

VII. CONCLUSION

The Earth Bloom system demonstrates the effective use
of API-based and cloud technologies to create a cost-efficient
and intelligent precision agriculture platform. It achieves its
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goals of real-time data analysis, crop recommendations, and
visualization without relying on expensive 10T hardware. By
integrating Python analytics and open data sources, the system
promotes accessible, scalable, and sustainable smart farming
practices that support digital transformation in agriculture.
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