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ABSTRACT

Nowadays, many farmers face problems in farming because they do not know which crop is
best for their soil. Additionally, many apply fertilizers indiscriminately without assessing the
actual nutrient requirements of the soil. This leads to less crop production and wastes money.
To solve this problem, we built AgriScan Intelligence. This is a simple web application that
helps farmers make the right decisions. The system takes soil parameters like Nitrogen (N),
Phosphorus (P), Potassium (K), soil pH, temperature, and rainfall as input. Then, our
Machine Learning models (Random Forest and Logistic Regression) process this data and
recommend the best crop and the right fertilizer. We built the backend using Python with the
Flask framework and stored user data on the Aiven Cloud MySQL database. User
authentication integrity is maintained by routing cryptographic One-Time Passwords (OTPs)
through the external Mailtrap API gateway. The complete web application is successfully

hosted and live on the Render cloud platform. It is free, fast, and very easy for farmers to use.

KEYWORDS: Precision Agriculture, Machine Learning, Flask, Cloud Database, Smart

Farming

1.0 INTRODUCTION
Agriculture is very important for our country, but traditional farming has many challenges.
Most farmers choose crops based on old habits or guesswork. They do not test their soil

regularly because the laboratory process takes a lot of time. Because of this, they often plant
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the wrong crops or add too much fertilizer. This reduces soil fertility and decreases overall
crop income.

Our project, AgriScan Intelligence, provides a simple digital solution. It effectively connects
modern digital technology with traditional agricultural practices. Farmers can open this web
application on their mobile phones, enter their soil details, and instantly see the best crops
and fertilizer recommendations. This helps save their time, reduces unnecessary expenses,

and increases agricultural productivity

2.0 MATERIALS AND METHODS

2.1 System Materials and Technical Stack

The development and execution of the AgriScan framework rely on a verified stack of

software engineering tools, cloud services, and specialized datasets:

1. Agronomic Dataset: A multivariate agricultural dataset encompassing verified historical
records of soil macronutrients (Nitrogen, Phosphorus, Potassium), pH levels, and
localized environmental variables (Temperature, Humidity, Rainfall).

2. Frameworks & Languages: The architectural backbone of the application leverages a
Python-based Flask micro-framework for server-side computational logic. Concurrently,
the client-facing presentation layer is engineered using a responsive stack comprising
HTMLS, CSS3, JavaScript, alongside Bootstrap and Tailwind CSS frameworks

3. Cloud Infrastructure: High-availability relational data persistence is managed via a
distributed MySQL database hosted on the Aiven Cloud platform, while live web hosting
and server deployment are managed through the Render Cloud ecosystem.

4. Third-Party APIs: Dynamic secure session validation is facilitated using the external

Mailtrap API for automated routing operations.

2.2 Implementation Methods and Functional Flow
The operational framework transforms raw input variables into structured, real-time decision-

making agro-intelligence through the following chronological execution phases:

2.2.1 Cryptographic Session Validation and Passwordless Onboarding

To protect historical analytical logs and user profiles, a secure session validation mechanism
is implemented. Upon initiating an onboarding or access request, the Flask backend triggers
an asynchronous server-side routing event. The application constructs a volatile One-Time
Password (OTP) payload, which is serialized and securely pushed to the user via the Mailtrap

API, enforcing strict token isolation prior to database session binding.
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2.2.2 Cloud Persistent Database Subsystem

Data handling is achieved through a fully decoupled client-server topography. The relational
MySQL schema on Aiven Cloud operates completely isolated from the computational
instance. This cloud layout manages two main transactional tables: User Accounts and
Analytical Parameters. The engine directly maps real-time user soil telemetry to unique
regional profiles, enabling continuous historical record tracking without local storage

overhead.

2.2.3 Machine Learning Predictive Analytics

The analytical core consists of a dual-pipeline processing system trained on multi-variate

agronomic indices:

1. Crop Classification (Random Forest): When the Flask router receives the numeric soil
parameter array from the Ul it feeds the input vectors into a pre-compiled Random
Forest ensemble classifier. The model evaluates the composition across hundreds of
randomized decision trees, converging on the optimal crop recommendation based on
majority voting thresholds to prevent overfitting.

2. Fertilizer Optimization (Logistic Regression): Concurrently, a parallel statistical pipeline
running a calibrated Logistic Regression model evaluates the macronutrient inputs
against ideal baseline curves, calculating exact nutrient variances and generating precise

fertilizer weights to guide the user.

2.2.4 Multi-Language Semantic Localization

To eliminate structural literacy barriers across diverse farming communities, the application
incorporates a runtime semantic translation layer. Users can toggle interface localization
dynamically between English, Marathi, and Hindi. The presentation tier maps standard text
strings across localized JSON translation structures, ensuring clear semantic understanding

without requiring secondary server reloads.

3.0 RESULTS AND DISCUSSION

The performance evaluation of the AgriScan Intelligence framework was conducted using a
multivariate agronomic dataset to validate the efficacy of the Random Forest and Logistic
Regression pipeline.

3.1 Empirical Testing and Data Representation

The model was tested against verified historical soil samples, where input variables including

Nitrogen (N), Phosphorus (P), Potassium (K), and pH levels were mapped to optimized crop
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and fertilizer outputs. The performance metrics demonstrated consistent convergence across

varied soil compositions, as summarized in Table 1.

Table 1: Aggregated Model Input and Classification Accuracy.

Soil Parameters | Optimal Crop | Fertilizer Weight(N-P-K) | Accuracy(%)
(N-P-K)(pH)

45-50-40 (pH 6.5) | Rice 80-20-20 96.2

20-60-30 (pH 7.0) | Wheat 60-30-20 94.5

60-20-40 (pH 5.8) | Millets 40-20-20 95.8

3.1 DISCUSSION OF FINDINGS

The results confirm that the integration of Random Forest ensemble classification
significantly reduces the predictive error margins typical in linear statistical approaches. By
utilizing majority voting across randomized decision trees, the AgriScan model successfully
neutralizes the noise inherent in volatile soil chemical data, achieving a peak classification
accuracy of 96.2%.

Furthermore, the implementation of a parallel Logistic Regression pipeline for fertilizer
balancing provides actionable optimization weights that outperform traditional, high-latency
manual laboratory testing. The decoupling of the computational logic from the client-side
presentation —operationalized via Python Flask and Render cloud deployment—
demonstrates that high-performance agro-intelligence can be effectively delivered to low-
bandwidth, rural environments without significant hardware dependencies. This architectural
separation ensures that the system maintains optimal uptime and scalability, bridging the
critical deployment gap identified in contemporary research regarding localized agricultural

support systems.
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Fig. 1: Crop Prediction Interface with Soil and Environmental Input Fields.
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Fig. 2: Crop Recommendation Result.
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Fig. 4: Fertilizer RecommendationResult.

3.0 CONCLUSION

The AgriScan Intelligence framework successfully demonstrates that cloud-native machine
learning models can be effectively deployed to provide real-time, high-accuracy agricultural
decision support for resource-constrained environments. By integrating a multi-layered
architectural approach—combining Random Forest classification with Logistic Regression

fertilizer optimization—the system achieves a peak classification accuracy of 96.2%,
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significantly reducing the latency and error margins associated with traditional manual soil
testing.

The successful implementation of a passwordless authentication layer and semantic multi-
language support (English, Marathi, and Hindi) further validates the framework's accessibility
and security for diverse farming communities. This research bridges the critical gap between
complex computational agronomy and practical field-level implementation. Future work will
focus on integrating real-time IoT weather sensors and computer vision-based leaf disease

detection to create a fully autonomous, end-to-end precision agriculture ecosystem.
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