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ABSTRACT

Agriculture plays a vital role in ensuring food security and economic stability, especially in
countries where farming is a primary occupation. Selecting the appropriate crop based on
environmental and soil conditions is a critical decision that directly impacts yield and
productivity. Traditional crop selection methods often rely on farmer experience and
generalized recommendations, which may not always be accurate or adaptable to changing
climatic conditions. To address this challenge, this project proposes a Crop
Recommendation System using Explainable Artificial Intelligence (XAIl) that not only
predicts suitable crops but also provides transparent and interpretable insights behind each
recommendation. The system utilizes machine learning algorithms trained on agricultural
datasets containing parameters such as soil nutrients (Nitrogen, Phosphorus, Potassium),
temperature, humidity, pH level, and rainfall. Unlike conventional “black-box” models, the
proposed system integrates explainability techniques such as feature importance analysis and
model interpretation methods to help users understand how different factors influence crop
recommendations. This improves trust, usability, and decision-making for farmers and

agricultural stakeholders.
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INTRODUCTION

The project titled “Crop
Recommendation Using Explainable
Artificial Intelligence” focuses on
improving agricultural decision-making by
combining the power of machine learning
with transparency and interpretability.
Agriculture plays a crucial role in
sustaining economies and ensuring food
security,  especially in  developing
countries. One of the key challenges faced
by farmers is selecting the most suitable
crop based on soil properties and
environmental conditions. Incorrect crop
selection can lead to poor vyield, resource

wastage, and financial loss.

Traditional methods of crop selection are
often based on farmer experience and
general agricultural practices, which may
not always be reliable in the face of
changing climatic conditions and soil
variability. With the advancement of
Artificial Intelligence (Al) and Machine
Learning (ML), it is now possible to
analyze large volumes of agricultural data
and generate accurate crop
recommendations based on factors such as
soil nutrients (Nitrogen, Phosphorus,
Potassium), temperature, humidity, pH

level, and rainfall.
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However, many machine learning models
function as black-box systems, providing
predictions  without explaining the
reasoning behind them. This lack of
interpretability reduces trust and limits the
practical adoption of such systems by
farmers. To address this issue, the
proposed system integrates Explainable
Artificial Intelligence (XAI) techniques,
which provide clear insights into how
input features influence the

recommendation process.

LITERATURE REVIEW

The application of machine learning and
artificial intelligence in agriculture has
gained significant attention in recent years,
particularly in the area of crop
recommendation and yield prediction.
Various researchers have proposed models
to improve agricultural productivity by
analyzing environmental and soil-related

parameters.

Ramesh and Kumar explored the use of
machine learning algorithms for crop
recommendation based on soil nutrients
and climatic conditions. Their study
demonstrated that models such as Decision
Trees and Random Forest can effectively
predict suitable crops with high accuracy.
However,  their  approach lacked

interpretability, making it difficult for
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farmers to understand the reasoning behind
predictions.

Patel et al. developed a crop
recommendation system using
classification algorithms that consider
parameters such as temperature, humidity,
rainfall, and soil composition. Their results
showed improved prediction accuracy, but
the system functioned as a black-box
model, providing no explanation for the

recommendations.

Sharma and Singh focused on precision
agriculture by integrating data analytics
and machine learning techniques. Their
system helped optimize crop selection and
resource usage. However, the study
emphasized prediction accuracy over
transparency, limiting user trust and
adoption. In recent years, Explainable
Artificial Intelligence (XAIl) has emerged
as a solution to address the limitations of
traditional black-box models. Lundberg
and Lee introduced SHAP (SHapley
Additive exPlanations), a widely used
techniqgue  for interpreting machine
learning models by quantifying the
contribution of each feature to the
prediction. Similarly, Ribeiro et al.
proposed LIME (Local Interpretable
Model-agnostic  Explanations),  which
provides local explanations for individual

predictions.  These  methods  have

ISSN 2319-5991

www.ijerst.org

significantly improved transparency and
trust in Al systems

PROBLEM DEFINITION

The project “Crop Recommendation
Using Explainable Artificial
Intelligence” addresses a critical challenge
in modern agriculture: selecting the most
suitable crop based on varying soil and
environmental conditions. Farmers often
rely on traditional knowledge, experience,
or generalized guidelines to make crop
decisions. However, these approaches are
not always reliable due to factors such as
changing  climate  conditions,  soil
variability, and lack of precise data, which
can result in reduced crop yield and

financial losses.

Although machine learning-based crop
recommendation systems have been
developed to improve decision-making,
most of these systems function as black-
box models. They provide predictions
without explaining how the decisions are
made, making it difficult for farmers to
trust and adopt these technologies. The
absence of transparency and
interpretability  limits  their  practical
real-world

usability  in agricultural

scenarios.

Furthermore, existing systems often lack

integration of both high prediction
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accuracy and explainability, and they do
not provide user-friendly interfaces that
can be easily used by farmers or
agricultural stakeholders. This creates a
gap between advanced Al solutions and
their  effective  implementation in

agriculture.

Therefore, the core problem is to design
and develop an intelligent crop
recommendation system that not only
predicts the most suitable crop based on
soil  nutrients and  environmental
conditions but also provides clear,
understandable  explanations  for its
recommendations. The system should
enhance transparency, build user trust, and
support informed decision-making,
ultimately  contributing to improved
agricultural productivity and sustainable

farming practices.
PROPOSED SYSTEM

aims to provide an intelligent, accurate,
and transparent solution for crop selection
based on soil and environmental
conditions. The system integrates machine
learning algorithms with explainable Al
(XAI) techniques to not only recommend
suitable crops but also clearly explain the

reasoning behind each recommendation.

The system begins by collecting

agricultural data that includes important
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parameters such as soil nutrients

(Nitrogen, Phosphorus, Potassium),
temperature, humidity, pH level, and
rainfall. This data is preprocessed to
handle missing values, remove
inconsistencies, and convert it into a
format suitable for machine learning
models. Feature selection techniques are
applied to identify the most influential

parameters affecting crop growth.

Machine learning classification algorithms
such as Decision Tree, Random Forest,
and Support Vector Machine are trained on
the processed dataset to learn patterns and
relationships between input features and
crop types. Among these, ensemble
methods like Random Forest are preferred
due to their higher accuracy and
robustness. The trained model is then used
to predict the most suitable crop based on
user-provided input conditions.

A key component of the proposed system
is the integration of Explainable Artificial
Intelligence (XAI) techniques such as
feature importance, SHAP (SHapley
Additive Explanations), or LIME (Local
Interpretable Model-agnostic
Explanations). These techniques provide
insights into how each input feature
contributes to the final prediction, enabling

users to understand why a particular crop

Vol. 22, No. 2, 2026


http://www.ijerst./

Int. J. Engq. Res. & Sci. & Tech. 2026

%L International Journal of Engineering Research and Science & Technology

is recommended. This enhances

transparency and builds trust in the system.

The system is implemented as a user-
friendly application where users can input
soil and environmental parameters. The
application processes the input, generates a
crop recommendation, and displays both
the predicted crop and the explanation in a
clear and understandable format.

SYSTEM ARCHITECTURE

The Crop Recommendation Using
Explainable  Artificial Intelligence
system follows a layered architecture that
integrates data  processing, machine
learning, and explainability components to
deliver accurate and transparent crop
recommendations. The architecture is
designed to ensure scalability,
interpretability, and ease of use for farmers
and agricultural stakeholders. The system
architecture combines machine learning

and explainable Al into a unified pipeline

Dataset Preprocessing data Foature selection

Train and evaluate ML
Live API dala Train test spiit
Random forast
Naive bayes
Kk-nearest neighbors
Logistic regression
Decicion tree

s

Input rainfall,
city, crop, season
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Taput BitFogen, I

potassium,
_rainfall, city, pH

Figure 1: System Architecture
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IMPLEMENTATION

The implementation of the Crop
Recommendation Using Explainable
Artificial Intelligence system is carried
out through a structured approach that
integrates data  processing, machine
learning models, and explainability
techniques into a user-friendly application.
The system is designed to ensure accuracy,
transparency, and ease of wuse for

agricultural decision-making.

Initially, agricultural data is collected from
reliable sources, including parameters such
as soil nutrients (Nitrogen, Phosphorus,
Potassium), temperature, humidity, pH
level, and rainfall. This dataset forms the
foundation for training the machine
learning models. The collected data is then
preprocessed by handling missing values,
removing inconsistencies, and normalizing
numerical features. Categorical data, if
any, is encoded into a suitable format to
ensure  compatibility  with  machine

learning algorithms.

After preprocessing, feature extraction is
performed to identify the most relevant
parameters that influence crop growth. The
dataset is then divided into training and
testing sets.  Various classification
algorithms such as Decision Tree, Random

Forest, and Support Vector Machine

Vol. 22, No. 2, 2026


http://www.ijerst./

Int. J. Engq. Res. & Sci. & Tech. 2026

%l International Journal of Engineering Research and Science & Technology

(SVM) are implemented and trained on the
dataset. Among these, ensemble methods
like Random Forest are preferred due to
their higher accuracy and robustness in
handling complex agricultural data. The
performance of these models is evaluated
using metrics such as accuracy, precision,
recall, and F1-score to select the best-

performing model.

A key aspect of the implementation is the

integration of Explainable Artificial
Intelligence (XAIl) techniques. Methods
SHAP (SHapley Additive
Explanations)  and LIME  (Local

Model-Agnostic

such as

Interpretable
Explanations) are used to interpret model
predictions. These techniques help in
identifying how each feature contributes to
the recommended crop, thereby providing
clear and understandable explanations to

users.

RESULTS AND DISCUSSION

The Crop Recommendation
Artificial

Using
Explainable Intelligence
system was evaluated to measure its
prediction accuracy, interpretability, and
overall  effectiveness in  supporting
agricultural decision-making. The system
was tested using a structured agricultural
dataset containing parameters such as soil
nutrients

(Nitrogen, Phosphorus,
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Potassium), temperature, humidity, pH

level, and rainfall.

During the experimentation phase,

multiple classification algorithms
including Decision Tree, Random Forest,
and Support Vector Machine (SVM) were
implemented and compared. Among these,
the Random Forest model achieved the
highest accuracy due to its ability to
handle complex relationships and reduce
overfitting through ensemble learning. The
performance of the models was evaluated
using metrics such as accuracy, precision,
recall, and F1-score. The results indicated
that ensemble-based approaches provide
more reliable and consistent predictions

compared to individual models.

Smart Crop
Recommendations
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CONCLUSION

= = The Crop Recommendation Using

Explainable  Artificial Intelligence

system successfully addresses the critical

challenge of selecting suitable crops based

on soil and environmental conditions. By

leveraging machine learning techniques,
the system accurately predicts the most
appropriate crop using key parameters
such as soil nutrients, temperature,

humidity, pH level, and rainfall.

A major strength of the proposed system is
the integration of Explainable Artificial

Intelligence  (XAIl), which enhances

transparency by providing clear insights
into how different factors influence the

—————— prediction. Unlike traditional black-box
models, this system allows users to
understand  the  reasoning  behind

recommendations, thereby increasing trust
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and usability among farmers and

agricultural stakeholders.

The implementation of classification
algorithms, particularly ensemble methods
like Random Forest, has demonstrated
high accuracy and reliability in crop
prediction. The addition of XAl techniques
such as SHAP and LIME ensures that the
system not only performs well but also

remains interpretable and user-friendly.
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