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Abstract - Agriculture remains a vital pillar of India’s
economy, with a substantial portion of the population
relying on farming as their primary livelihood. Despite its
importance, many farmers continue to face barriers in
maximizing crop productivity and maintaining soil health
due to limited access to scientific guidance and data-driven
tools. To address these challenges, this study presents an
Al-based Decision Support System (DSS) designed to
deliver personalized, real-time agricultural
recommendations. The system encompasses three key
modules: a Crop Recommendation Model, a Fertilizer
Recommendation Model, and an interactive bilingual
Chatbot supporting both Telugu and English. The crop
recommendation module identifies optimal crops based on
soil nutrient profiles and environmental parameters, while
the fertilizer module suggests suitable nutrient
combinations for sustainable and efficient soil
management. The integrated chatbot functions as a virtual
assistant, providing user-friendly support and addressing
common queries in local languages, thereby enhancing
accessibility for rural farmers.

Powered by machine learning algorithms, the system
processes large-scale agricultural datasets to generate
context-aware insights that adapt to dynamic
environmental conditions and user-specific inputs. This
adaptive platform aims to support informed decision-
making, improve agricultural efficiency, and encourage
sustainable practices, particularly among smallholder and
marginal farmers. By integrating artificial intelligence
with localized agricultural knowledge, the proposed system
offers a scalable solution for enhancing farm productivity,
profitability, and rural resilience. The initiative aligns with
broader objectives of sustainable agriculture, food
security, and socio-economic development in agrarian
communities.
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I. INTRODUCTION

Agriculture constitutes the backbone of the Indian
economy and is the sole source of income for the vast
majority, mainly in rural India. With the world facing an ever-
growing population, food security has become the most
important issue in the modern age. For this reason,
conventional farming has been giving way to technology-
based methods aimed at increasing productivity while
ensuring sustainability. In this technology advancement,
artificial intelligence (Al) has been a tool that provides the
ability to empower farmers with data-driven, real-time
insights.

The project involves the use of Al to improve agriculture
techniques. By anticipating the changes possible using Al in
this important industry, the research aims to develop a solution
to the decades-old challenge of helping Indian farmers make
better decisions and get good agricultural advice or tips,
potentially leading to more productive, sustainable, and
financially fruitful agriculture.

1.1 Background

Agriculture is a major contributor to the economy of
India and a primary source of income for millions of people,
especially rural communities. As the world population has
been on the rise, food security has become a crucial challenge.
The conventional cultivations are being increasingly replaced
by technology-driven practices to increase productivity and
sustainability. Artificial Intelligence has come to be a major
tool to assist farmers with real-time, data-driven choices. This
project is aimed at the use of Al for improving agricultural
practice with a final goal of helping to achieve Zero Hunger,
one of the United Nations Sustainable Development Goals
(SDGs).
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The majority of the farmers in India are still facing
serious problems in making wise decisions in choosing crops,
fertilizers management, and availability of quality agricultural
advice. Subsistence farming methods, with no prior
knowledge of new technologies, typically result in low yields,
soil degradation, and reduced profitability.

Machine Learning enables systems to learn from farm
data, find patterns, and make recommendations based on the
data. Given inputs such as nutritional value of the soil and
weather, ML algorithms can suggest the most suitable crops
and fertilizers for highest yield and a healthy state of the soil.
Also, through the application of NLP and translation software,
chatbots can now communicate with Telugu-farming
community and English-farming community members
virtually, eliminating barriers to communication and bringing
technology within reach of rural masses.

1.2 Obijectives

This project shall directly benefit Telugu-speaking and
English-speaking farmers by developing three essential
resources: a bilingual crop recommender tool to help in
choosing the most appropriate crops for their specific
conditions, a bilingual fertilizer recommender tool to help in
making the appropriate and optimal use of nutrients, and a
bilingual chatbot readily accessible to answer their diverse
agronomical questions and provide timely assistance.

1. LITERATURE REVIEW

Over the past few years, the marriage of Artificial
Intelligence (Al) and the Internet of Things (IoT) has had a
revolutionary impact on the formulation of Decision Support
Systems (DSS) for intelligent agriculture. Multiple studies
have discussed the strength and weaknesses of such an
integration,  especially in  enhancing  productivity,
sustainability, and real-time decision-making for farmers. In
[1],[10] a proposal of an Al-loT-based system for facilitating
Smart Sustainable Agriculture (SSA) was made. The study
mentioned equipment such as drones, Al sensors, and
automated greenhouses as having the potential to transform
agriculture. However, the framework remains mostly
conceptual with minimal empirical confirmation or focus on
smallholder concerns. An Al-based chatbot that was integrated
with loT was developed in [2],[13] which would be
deployable on platforms like Telegram and Messenger. It
utilizes Natural Language Processing (NLP) so that it can
provide intelligent responses. Though it is new technology, the
system lacks the drawback of requiring robust IloT
infrastructure and performs badly with variations in dialects
and complex queries. A DSS based on SMS for yellow corn
farmers was presented in [3][11], which employs DSSAT
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software and weather information to provide climate-resilient
recommendations through text messages. This method is
useful for farmers without smartphones, but its reliance on
external institutions and absence of smartphone capabilities
restrict its scalability. The FARM prototype DSS tool
developed in [4],[14] helps small farmers through a web
dashboard and API interfaces. Manual data entry is supported,
along with visual trend analysis. No real-time integration of
sensors and over-reliance on manual input reduce its
efficiency and accuracy. In [5],[12] an loT-based system
integrating machine learning models such as MobileNetV2
and VGG16 recorded high accuracy in soil classification and
anomaly detection. Though technically robust, the study does
not cover practical deployment concerns in resource-
constrained environments. The Krushi chatbot in [6],[15] was
implemented with the RASA X framework and trained on
actual farmer questions. It is multilingual and weather-enabled
but only accepts text input at present, without multimodal
capabilities such as voice or image input. A multimodal
approach was investigated in [7],[16] where a chatbot employs
CNN-based image processing to detect plant diseases and is
hosted on the Heroku cloud. The system has a feedback loop
for ongoing improvement, but needs internet access and
compatible hardware, thus being less suitable for remote field
deployment.

In [8], a prototype Al rover for farm monitoring was
constructed utilizing an ESP32 camera and CNN models with
real-time notifications using the Blynk platform. While
promising, it is still a prototype and has no proof of efficacy
on massive farms. Lastly, an extensive survey in [9] surveyed
several Al-powered agriculture technologies such as drone
technology, computer vision, and loT. It mentioned case
studies such as the Hands-Free Hectare and weed detection
technology. Nonetheless, it also emphasized ongoing
challenges such as cost, unavailability of datasets, digital
illiteracy, and privacy issues that hinder intensive adoption.

Taken together, these studies demonstrate the advances
and gaps in leveraging Al and loT for smart agriculture. As
prototypes and pilot tools become more advanced, their
deployment in real-world settings needs to overcome
infrastructural, educational, and economic barriers. Future
research should prioritize inclusivity, field-level use ability,
and localized development to make a greater impact.

1. METHODOLOGY

This chapter explains the methodology that we used in
creating our intelligent agricultural decision support system. It
explains the data that we utilized for recommending crops and
fertilizers, the process we followed to clean and prepare the
data, and how we trained a Decision Tree model to
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recommend these. We explain the datasets, how we processed
them, and why we selected our model.

3.1 Dataset

This study utilizes two separate datasets from Kaggle to
address the purposes of fertilizer and crop recommendation.

3.1.1 Crop Recommendation Dataset: The Crop
Recommendation  dataset, which is obtained from
https://www.kaggle.com/datasets/atharvaingle/crop-
recommendation-dataset, contains 2200 instances of data, each
characterized by 8 features. The primary goal associated with
this dataset is the prediction of the most suitable crop to
cultivate based on some soil conditions and weather
conditions. The target variable to be predicted is the "Label"
feature, which specifies the crop type. Missing (NULL) values
were reported not to be present in the dataset.

3.1.2 Fertilizer Prediction Dataset: The Fertilizer Prediction
dataset at
https://www.kaggle.com/datasets/gdabhishek/fertilizer-
prediction consists of 99 data samples with each sample
described by 9 features. For this dataset, the task is to yield the
appropriate fertilizer recommendation using given soil and
crop conditions. The "Fertilizer Name" feature has been
utilized as the target variable, which is the type of fertilizer
recommended. Missing (NULL) values were reported not to
be present in the dataset.

3.2 Preprocessing

Both Crop Recommendation and Fertilizer Prediction
datasets undertook the following steps in pre-processing:

Data Cleaning: Established presence of no missing data and
removed duplicate records to ensure data integrity.

Data Normalization: Normalized numeric features (e.g.,
Nitrogen, Phosphorus, Potassium) with the help of Standard
Scaler.

Label Encoding: Transformed categorical target features
("Label" for crop and "Fertilizer Name™) to numeric form
through Label Encoder to facilitate compatibility with
machine learning algorithms.

Data Splitting: Scaled every dataset into a test set and training
set in 80/20 ratio to test model performance on unseen data.

Model Selection: Applied Decision Tree Algorithm on both
Crop Recommendation and Fertilizer Recommendation.
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3.3 Algorithms Used

The algorithms that have been experimented are SVM
and DTC. Training can be slow, especially on large tabular
datasets. Major details of each algorithm have been defined in
Table 1.

Table 1: Summary of Algorithms Used

Feature DTC SVM
Interpretability | Easy to visualize | Difficult to
and explain interpret,
especially  with
kernels
Preprocessing Minimal Requires careful

requirements preprocessing

Often faster to

train and test on | Training can be

speed medium-sized slow, especially

tabular data. on large tabular
datasets.

Handling of | Naturally Can handle only

Mixed Types handles both | numeric and
numerical  and | properly scaled.
categorical
columns

Overfitting High (if not | Less

Tendency pruned)

This table summarizes the algorithms comparison of
SVM and DTC.

3.4 Model

The crop and fertilizer recommendation model training
process involved a formalized and optimized machine learning
pipeline. First, the dataset of agricultural parameters including
NPK values, pH level, temperature, humidity, and soil type
was preprocessed by managing missing values and feature
normalization for model stability. . Supervised learning
algorithms, i.e., Decision Tree and Support Vector Machine
(SVM), were utilized to train multi-class classification model
models. Training data was separated into training data and
testing data in the ratio of 80:20, and training was performed
iteratively with a batch size of 32. Hyperparameter tuning was
carried out through grid search and cross-validation to
improve the accuracy of the model. Decision Tree classifier
was used for its interpretability, whereas SVM model was
used due to its high-dimensional feature space robustness. To
avoid overfitting, early stopping as well as monitoring of
performance using a validation set were used. After
completion, models were tested with performance metrics
such as accuracy, precision, recall, and F1-score. Decision
Tree achieved accuracy of 99%, and SVM model achieved
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accuracy of 96%, thus proving the effectiveness of the method
in making smart suggestions for smart agriculture.

3.5 Evaluation Metrics

To comprehensively evaluate the models, several
performance metrics were calculated, as summarized in Table
2.

Table 2: Evaluation Metrics for Model Performance

Metric Definition

Accuracy | The proportion of correctly classified
instances.

Precision | The ratio of true positives to the sum of true
positives and false positives.

Recall The ratio of true positives to the sum of true
positives and false negatives.

F1-score The harmonic mean of precision and recall.

AUC Area under the ROC curve, indicating model
discrimination ability.

This table 2 outlines the evaluation metrics used to assess
the performance of the models, providing definitions for each
metric.

Chatbot:

It has a chatbot which accepts farmers' queries and gives
relevant recommendations on the basis of needs. It features a
crop recommendation system, which, depending on user input,
suggests the most suitable crops for best growth. It has a
system for fertilizer recommendations, which facilitates
increased  soil  fertility by  suggesting  fertilizer
recommendations.

= The backend is created using Flask, which is a web
application to handle the user inputs and sends the
chatbot responds back to the user.

= The chatbot is powered by the Gemini API, which is
used to respond to the user’s queries related to
agriculture and give responses in voice and text format in
the language which the user has selected.

= For supporting a wide range of users, the Google
Translate library (googletrans) is integrated to provide
seamless translation services from English to Telugu.

= Frontend voice input is enabled by integrating the native
browser Web Speech APl (SpeechRecognition) so that
the user's voice is translated into text and then passed on
to the backend as the user's query.

© 2025 IRJIET All Rights Reserved

= Additionally, for improved accessibility, the ¢TTS
(Google Text-to-Speech) library is utilized to transform
the chatbot's text-based responses into voice speech,
providing an alternative method of interaction for users
of use and accessibility. Users can choose their language
of preference, English or Telugu, for interaction. Input
can be conveniently given by typing or voice. All
responses are in both text and audio form. An audio
symbol is attached to each response, clearly specifying
that the user can listen, read, or both.

IV. RESULTS

Within the paper, we have conducted a comparison of the
efficiency of two algorithms that are SVM, DTC for
classification of crop and fertilizer. Each algorithm was
trained and tested upon a dataset consisting of diversified
samples of crop and fertilizers, such that we were able to
assess their efficacy in appropriate classification of crops and
fertilizer. We used metrics such as accuracy, precision, recall,
F1-score, to compare their performances. We present those
results in the following section.

4.1 Model Performance Metrics

Table 3 Testing performance metrics of each of the
models. We tabulate that all three models performed very
well, and we see that DenseNet121 obtained the highest
precision, recall, and F1-score.

Algorithm Accuracy Precision Recall F1-
(%) (%) (%) Score

Decision 0.99 0.98 0.98 0.98

Tree

SVM 0.96 0.95 0.96 0.96

The table 3 presents Decision Tree and SVM algorithm
evaluation with respect to top performance metrics. The
Decision Tree has consistently good scores of 0.98 on all of
the metrics, reflecting its sound and well-rounded
performance. SVM also performs very well, scoring slightly
lower but still showing that it is a safe alternative to the
Decision Tree but not nearly as precise.

The below Figure 1 shows the comparison graphs
between DTC and SVM.
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Figure 1: Comparison graphs between DTC and SVM
V. CONCLUSION

In conclusion, this project offers farmers with smart tools
to enable enhanced crop planning, efficient utilization of
resources, and well-informed farm management decisions. By
applying machine learning, the system provides suggestions
that can have the impact to improve agricultural productivity
and sustainability to a large extent.

The Crop Recommendation Model, developed with the
Decision Tree algorithm, recorded an outstanding accuracy of
98.4%, effectively assisting farmers in choosing the most
appropriate crops depending on soil and climatic conditions.

Equally, the Fertilizer Recommendation Model,
developed based on the Decision Tree algorithm, also had a
staggering accuracy of 99.9%, thus making accurate fertilizer
recommendations that ensure soil well-being and high
production. In addition, with the inclusion of an Al chatbot,
the site became more accessible and user-friendly. The chatbot
offers support in real time, responding to farmers' questions
regarding agriculture practices, pest control, government
schemes in easy-to-understand language.
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