ga" AR
'JIJSREM‘E:'%
Sy e Jeurnal

Fim e

Volume: 09 Issue: 05 | May - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

Crop Recommendation System Using Machine Learning Algorithms

Mrs Shruthi K R, Assistant Professor
Malnad College of Engineering in the Department of Computer Science and Engineering

Prajwal kumara M , Nishan N E , Rithesh AH , S Shamanth Malnad
College of Engineering , Hassan — 573201

*kk

Abstract

In the face of a growing global population and
increasingly erratic climate patterns, optimizing
agricultural practices has become paramount. One
promising avenue lies in precision agriculture, a data-
driven approach that leverages technology to make
informed decisions at the individual field level. This
project delves into the exciting realm of machine
learning to develop a crop recommendation system,
empowering farmers with data-driven insights to make
strategic choices about what to grow. Imagine a system
that analyzes a farmer's unique land characteristics,
including soil properties, historical yield data, and real-
time climate variables. By harnessing the power of
machine learning algorithms, this system can discern
complex relationships between these factors and the
suitability of different crops. This newfound knowledge
translates into personalized recommendations, guiding
farmers towards the crops with the highest potential for
yield and profitability under their specific conditions.
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1. Introduction

Agriculture is the backbone of human civilization and
still continues to be very vital in most economies as
regards global food security. The sector, however, faces
unforeseen challenges contributed by the rapid growth
of the population, unpredictable climatic changes, and
depletion of natural resources. This has positioned more
demands on agriculture to ensure higher productivity
through the use of new technologies and environmental
sustainability. Traditional farming is largely intuitive,
personal experience, and historical method-based,

proving quite insufficient for the challenges posed by

today's agricultural systems. Very often, farmers have to
make crucial decisions either with partial or no
information at all, which leads to less-than-optimal crop
yields, financial losses, and unsustainable use of
resources.

It is in this respect that integrating technology into this
context, particularly machine learning, promises to
change how such challenges are resolved. ML has the
ability to learn from the huge data related to properties
of the soil such as pH, nitrogen, phosphorus, and
potassium, among other attributes, together with weather
conditions of temperature, rainfall, and humidity. In
light of this information, ML algorithms can uncover
patterns and relationships, hitherto concealed within
these forms of data for actionable insights specific to
certain conditions pertaining to specific field conditions.
The paper focuses on the design and implementation of
a crop recommendation system and its empowerment
through advanced machine learning techniques that are
able to provide data-driven recommendations to farmers.

2. Methodology

In recent years, precision agriculture has emerged as a
crucial pillar for sustainable farming, and our proposed
Crop Recommendation System (CRS) stands at the
intersection of traditional agricultural wisdom and
modern machine learning techniques. This system is
meticulously designed to provide tailored crop
recommendations by analysing a combination of soil
characteristics and climatic conditions. The primary
objective is to support farmers in making informed
decisions that maximize yield, preserve soil health, and
adapt to changing environmental conditions. The CRS is
built using Python, a language well-regarded for its
robust data science libraries and simplicity, allowing
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seamless integration of data preprocessing, model

training, and deployment in a unified workflow.

The process begins with the collection and curation of
agricultural datasets, which typically include features
like nitrogen (N), phosphorus (P), potassium (K) content,
soil pH, temperature, humidity, and rainfall—all of which
are vital in determining the suitability of a particular crop
in a given agro-ecological region. These features form
the multidimensional input vector for our model. To
ensure the quality and reliability of predictions, a critical
phase of data cleaning and preprocessing is undertaken
using Python libraries such as pandas, numpy, and
seaborn. Missing values are handled through statistical
imputation or domain-informed techniques. Outliers,
which may arise due to measurement errors or rare
climatic events, are treated using Z-score or IQR-based
methods. The features are then normalized using Min
Max Scaler or standardized with Standard Scaler to
ensure model convergence and improved accuracy.

Once preprocessing is complete, the cleaned dataset is
analysed for correlation and feature importance, helping
to understand how each variable influences the crop
output. Visualization tools like matplotlib and seaborn
are used at this stage to explore patterns, distributions,
and relationships among features. This step ensures that
our model is not only accurate but also explainable. For
model development, various supervised machine
learning algorithms are evaluated, including Decision
Tree, Random Forest, Support Vector Machines, and
Logistic Regression. Each model is assessed using
metrics such as accuracy, precision, recall, F1-score, and
confusion matrix, obtained through k-fold cross-
validation, ensuring that the model generalizes well to
unseen data.

Among the tested models, Random Forest consistently
outperformed others in terms of both prediction
accuracy and robustness to noise. These ensemble
models are particularly suited for agricultural data,
which often exhibits non-linear relationships and varying
degrees of feature importance. Hyperparameter tuning is
performed using techniques such as Randomized Search
CV to optimize model performance. The final selected
model is capable of not only predicting the most suitable
crop but also providing a probability distribution

across multiple crops, allowing for a more nuanced and
flexible decision-making process.

To make the system accessible and user-friendly for
farmers and agricultural experts, the trained model is
integrated into a web-based interface using Python’s
Flask framework. The web application allows users to
input field-specific data through an intuitive form. Upon
submission, the model instantly processes the input and
returns a ranked list of crops suitable for the given
conditions, accompanied by visualizations such as bar
charts and pie charts that show the probability of success
for each crop. This visualization layer not only aids
understanding but also fosters transparency and
confidence in the system’s recommendations.
Furthermore, the model includes a feature that highlights
which parameters had the most influence on the
prediction, thereby empowering farmers with deeper
insights into their own soil and climate data.

One of the key innovations of our approach lies in its
localization and adaptability. While many existing
models are trained on generalized datasets, our system is
built with the flexibility to be retrained on region-
specific data, making it highly adaptable to different
agro-climatic zones. This ensures that recommendations
are relevant and actionable in real-world scenarios,
particularly in regions where soil and weather conditions
vary drastically across short distances. The CRS can also
be periodically updated as new data becomes available,
ensuring that the model evolves with changing climatic
patterns, emerging crop varieties, and advances in
agricultural practices.

In addition to its predictive capabilities, the system
contributes to climate-resilient farming by promoting
crop diversification and optimal use of resources. By
selecting crops that are best suited to the current soil and
climate conditions, farmers can avoid overuse of
fertilizers and water, thereby reducing environmental
degradation. Moreover, the system serves as a decision-
support tool for agricultural extension officers and
policymakers, enabling them to provide data-driven
advice to farmers and design region-specific cultivation
strategies.

From a technical standpoint, the architecture of the CRS
emphasizes modularity, scalability, and interpretability.
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The modular design allows individual components—such
as preprocessing scripts, models, and front-end
interfaces—to be updated or replaced without affecting
the entire system. This makes the CRS ideal for
deployment in educational institutions, government
agencies, and agri-tech startups aiming to deliver smart
farming solutions. The wuse of Python ensures
compatibility with a wide range of platforms and
devices, including low-resource environments such as
rural digital kiosks and mobile applications.

In conclusion, the Crop Recommendation System
developed using Python embodies a transformative
approach to agriculture—one that harnesses the
predictive power of machine learning and the practical
utility of web-based technologies to deliver tangible
benefits to farmers. It transcends traditional agricultural
advisories by offering personalized, real-time
recommendations grounded in scientific analysis of soil
and weather data. By integrating explainability,
scalability, and ease of use, this system not only
optimizes crop selection but also lays the groundwork
for a more sustainable, efficient, and knowledge-driven
agricultural ecosystem.
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3. Results and Discussion

After gathering and pre-processing the data, appropriate
machine learning algorithms were chosen based on the
nature of the data and the problem at hand. Several
algorithms, including decision trees, random forests,
support vector machines, and neural networks, were
evaluated for their performance in predicting crop
suitability and fertilizer recommendations. The next step
involved splitting the data into training, validation, and
testing sets to train and evaluate different machine
learning models. Cross-validation techniques were

employed to assess the models' accuracy, precision,
recall, and F1 score, ensuring their reliability and
generalization capabilities. In parallel with model
development, efforts were made to design an intuitive
interface for users to input data relevant to their specific
needs. The interface allowed wusers to provide
information such as soil nutrient levels, environmental
conditions, and farming practices, enabling personalized
crop recommendations tailored to their location and
requirements. Additionally, the project team explored
the possibility of adding features such as access to expert
advice on fertilizer management. This involved
integrating expert knowledge into the recommendation
system to provide farmers with comprehensive guidance
on optimizing crop growth and yield.

gcin Tt Cofosae Wit

Model Evaluation: Random Forest Classifier

To evaluate the performance of the proposed Crop
Recommendation System, we employed a Random
Forest Classifier, a widely recognized ensemble learning
method suitable for multi-class classification tasks in
high-dimensional datasets. The model was trained and
validated using a dataset comprising 440 instances
across 22 different crop classes, each representing
distinct agro-climatic and soil conditions.

The Random Forest model demonstrated exceptional
classification accuracy, achieving an overall accuracy of
99.31% on the test set. A detailed classification report is
presented in Table 1, which outlines the precision, recall,
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and F1-score for each crop class, along with their Crop Precision Recall F1-Score
respective support (number of test instances per class).

Support Overall 099 0.99 0.99
Crop Precision Recall F1-Score Support
440
Apple 1.00 1.00 1.00 23
4. Applications
Banana 1.00 1.00 1.00 21

The integration of machine learning into agricultural
decision-making has opened transformative avenues for
enhancing productivity, sustainability, and profitability
in farming systems. Crop recommendation systems,
underpinned by data-driven models, play a pivotal role
in precision agriculture, enabling farmers to make
optimal choices about crop cultivation based on a
holistic analysis of soil composition, climatic variables,

Blackgram 1.00 1.00 1.00 20
Chickpea 1.00 1.00 1.00 26

Coconut 1.00 1.00 1.00 27

Coffee 1.00 1.00 1.00 17 ) ) )
and environmental factors. By leveraging such localized
Cotton 1.00 100 1.00 17 da_ta_, thgse systems_ ensure n_1aX|mum output V\{It-h
minimal input, effectively reducing the overuse of critical
Grapes 1.00 100 1.00 14 resources such as water, fertilizers, and pesticides.
One of the most profound contributions of this system is
Jute 0.92 1.00 0.96 23

its support for sustainable agriculture. By recommending
region-appropriate crops based on soil health and
nutrient cycles, the system fosters crop diversification,
rotation strategies, and organic soil enrichment, all of

Kidney Beans 1.00 1.00 1.00 20

Lentil 0.92 1.00 0.96 11 . . . T
which contribute to long-term agricultural viability.

Maize 1.00 100 1.00 1 The_S(_e practices n_o_t only |mprove soil structure and
fertility but also mitigate environmental challenges such

Mango 1.00 100 1.00 19 as nutrl_ent Ieach_mg, pestlc_lde _runoff, and land
degradation. As illustrated in Figure 1, the crop

Mothbeans  1.00 0.96 0.98 24 recommendation module provides users with a ranked
list of suitable crops based on agro-environmental

Mungbean  1.00 1.00 1.00 19 parameters including NPK levels, temperature, humidity,
and rainfall.

1. 1. 1. 1 . . .
Muskmelon ~1.00 00 100 / <div align="center"> <b>Figure 1:</b> Output from the

Crop Recommendation System showing predicted crop

Orange 1.00 1.00 1.00 14 - . . . .
& suitability and associated probabilities for given soil and
Papaya 1.00 100 1.00 23 climatic parameters. </div>
) In an era marked by climate uncertainty, where
i megranate 2oy 18 18 %3 traditional farming is increasingly vulnerable to erratic
weather patterns, crop recommendation Systems
Rice 1.00 089 094 19 significantl  enhance  agricultural resilience.
y By
incorporating historical climate trends and predictive
Watermelon 1.00 1.00 1.00 19 analytics, the system identifies crop varieties that are

more tolerant to drought, flooding, or extreme
temperatures. This capability directly reduces the
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likelihood of crop failures and supports risk management
strategies for farmers. The yield prediction module,
depicted in Figure 2, further assists farmers by
forecasting expected productivity, thereby allowing
them to plan harvests, labor, storage, and market
logistics more efficiently.

<div align="center"> <b>Figure 2:</b> Output from the
Yield Prediction System indicating the estimated yield (in
quintals per hectare) for the selected crop under current
environmental conditions. </div>

These tools are especially transformative for smallholder
and marginal farmers, who typically lack access to
professional ~ agronomic  advice. By delivering
personalized, real-time recommendations via a simple
user interface, the system serves as a virtual agricultural
advisor, guiding farmers toward better crop management
and improving both yields and income stability. This
democratization of agricultural intelligence promotes
inclusivity and rural empowerment, particularly in
developing economies where agriculture is a primary
livelihood.

In addition to supporting individual farmers, the system
serves as a decision-support tool for agricultural
extension officers, researchers, and policy-makers. By
aggregating data across regions and seasons, the
platform generates insights into crop performance, land-
use efficiency, and environmental sustainability. These
insights help stakeholders design evidence-based
policies for regional crop planning, subsidy allocation,
and disaster preparedness.

Ultimately, the crop recommendation and vyield
prediction system exemplifies the power of
interdisciplinary innovation—combining data science,
agronomy, and environmental modeling to foster a
smart, adaptive, and sustainable agricultural ecosystem.
Its ability to bridge knowledge gaps, minimize risks, and
optimize productivity positions it as a cornerstone
technology in the transition toward data-centric
agriculture.
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Figure 1: Output from the Crop Recommendation
System showing predicted crop suitability and

associated probabilities for given soil and climatic

Figure 2: Output from the Yield Prediction System
indicating the estimated yield (in quintals per hectare)
for the selected crop under current environmental
conditions.
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5. Conclusion and Future Scope

In conclusion, the development of a machine learning-
based crop recommendation system offers a
groundbreaking opportunity to transform agricultural
practices by revolutionizing crop selection and fertilizer
management. By leveraging data-driven insights and
predictive analytics, the system empowers farmers to
make informed decisions, significantly improving
productivity, profitability, and environmental
sustainability. With the potential to optimize crop
choices and nutrient management, the system can
increase crop Yyields, improve resource utilization,
reduce risks associated with unsuitable crop selection,
and enhance overall agricultural sustainability. Future
advancements could expand the system's capabilities to
include pest and disease predictions, market trends, and
socio-economic considerations, further amplifying its
utility and impact. This holistic approach has the
potential to usher in a new era of innovation and
efficiency in farming practices worldwide, paving the
way for resilient, sustainable, and technology-driven

agriculture.
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