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Abstract—In precision agriculture, crop recommendation sys-
tems play a crucial role in enhancing crop productivity. This
research paper proposes a machine learning-based crop recom-
mendation system that leverages climatic variables—such as tem-
perature, humidity, and rainfall—as well as soil characteristics,
including nitrogen, potassium, and pH levels. Utilizing a dataset
that integrates soil parameters, climate data, and corresponding
crop yield information, we aim to train and evaluate several ma-
chine learning algorithms to determine their efficacy in providing
crop recommendations. By comparing the performance of these
algorithms, our proposed system is designed to assist farmers
and agricultural experts in selecting and managing crops more
effectively, thereby improving overall crop yields and productivity

Index Terms—Crop Prediction, Recommendation, Supervised
Learning, Multilabel Classification, Machine Learning

I. INTRODUCTION

Crop recommendation is a crucial aspect of precision agri-
culture that involves the identification of the best crop to
grow can depend on various factors like the climate and
soil properties. The goal of this process is to maximize crop
yield and quality while minimizing environmental impact and
resource utilization. Traditionally, crop recommendation was
based on expert knowledge and experience, which often lacked
consistency and relied heavily on intuition. With the advent
of machine learning (ML) techniques, the process of crop
recommendation has become more efficient and accurate. ML
algorithms can analyze large datasets of agricultural informa-
tion, including soil properties, weather data, and historical crop
yields, to identify the optimal crop

to grow in a given region. The results of several studies
have been promising and suggest that the development of crop
recommendations is progressing well. The main aim of the
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study is to make a crop recommendation system using ML
algorithms, specifically Decision Tree, Random Forest, Naive
Bayes, and Support Vector Machines (SVM). This studyhave
used a dataset consisting of soil parameters, climate data,
and crop yield information to train and test our models. The
system considers factors such as temperature and humidity, in
addition to a number of other soil variables, when making a
recommendation for crop growth. The essay is organized in
the following order. The section which follows will look at
previous work on crop recommendation systems and machine
learning research. This studyshall detail the methodology
utilized in developing the Crop recommendation system as
well as the research that led to it. Afterwards, this studywill
put together a summary of the research this studyperformed
and give insight into what the different combinations of
technology would look like. Finally, this studywill discuss
the implications of our findings and conclude with potential
future work. Crop recommendation systems based on ML
techniques have the potential to revolutionize the way crops
are grown and managed. These systems can provide farmers
with accurate and personalized recommendations based on the
specific conditions of their land, leading to improved crop
yields, reduced resource utilization, and increased profitability.
Such systems have been developed in a number of research
employing a variety of ML techniques, such as Decision
Trees, Random Forests, SVM. In recent years, researchers have
also explored the use of Neural networks and convolutional
neural networks are examples of deep learning techniques in
crop recommendation systems. These techniques have shown
promising results, particularly in image-based crop recognition
systems, but they require large amounts of training data and
computational resources.
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II. LITERATURE SURVEY

Pandé et al. (2021) proposed a crop recommender system
using machine learning, focusing on the benefits of providing
personalized crop recommendations for farmers. The system
considers environmental factors, offering practical solutions
for improving agricultural yields and decision-making [1].
Asadollah et al. (2024) presented a novel ML approach to
agricultural productivity optimization using remote sensing
data across Europe. Their study utilized advanced data ana-
lytics, focusing on the potential of ML algorithms to enhance
crop recommendations through improved environmental mon-
itoring [2]. Chougule et al. (2018) examined crop suitability
and fertilizer recommendations using data mining techniques.
Their research emphasized how data-driven approaches can
effectively match crops with appropriate fertilizers, improving
yield predictions and fostering sustainable farming practices
[3]. Gayatri et al. (2015) highlighted the role of IoT in provid-
ing smart agricultural solutions for farmers, with a focus on
real-time data collection to optimize crop recommendations.
This study stressed the integration of sensors and IoT to
gather key environmental parameters [4]. Reddy et al. (2019)
explored a crop recommendation system designed specifically
for the Ramtek region. Their study integrated machine learning
to maximize crop yield by considering local environmental
conditions, such as temperature and soil type [5]. Senapaty
et al. (2024) proposed a decision support system for crop
recommendations using machine learning classification algo-
rithms. This study emphasized how decision support systems
can improve agricultural practices by aiding farmers in making
informed choices regarding crop cultivation [6]. Lahza et al.
(2023) focused on optimizing crop recommendations using
novel machine learning techniques. Their approach incorpo-
rated various datasets, including soil properties and weather
patterns, to fine-tune the crop prediction models for enhanced
accuracy [7]. Musanase et al. (2023) explored a data-driven
analysis for revolutionizing farming practices through machine
learning-based crop and fertilizer recommendations. The study
advocates for data-driven decision-making to improve crop
yields and farming efficiency [8]. Lacasta et al. (2018) dis-
cussed an agricultural recommendation system aimed at crop
protection. They focused on the intersection of crop protection
and recommendation systems, demonstrating how machine
learning can be used for both pest control and crop suitability
[9].

Barvin and Sampradeepraj (2023) conducted a systematic
review of crop recommendation systems based on environ-
mental factors, proposing the use of Graph Convolutional Net-
works for more precise crop recommendations. Their review
examined current challenges and the future potential of deep
learning in agriculture [10]. Gosai et al. (2021) introduced
a crop recommendation system utilizing machine learning,
emphasizing the importance of environmental data such as soil
quality and weather patterns. The system aimed to optimize
crop choices based on local conditions [11]. Balakrishnan
et al. (2023) discussed an agricultural crop recommendation

system that integrates machine learning techniques. Their
study aimed at improving crop productivity through the use
of intelligent algorithms, offering farmers data-driven insights
[12]. Malki (2023) reviewed the sustainable growth challenges
faced by SMEs in agriculture, with a focus on how technology,
including crop recommendation systems, could alleviate these
challenges and contribute to sustainable agricultural practices
[13]. Banerjee et al. (2020) proposed a fuzzy logic-based crop
recommendation system, offering an alternative to traditional
ML approaches. Their system aimed to account for uncer-
tainties in environmental data, helping farmers make more
adaptable crop choices [14]. Ujjainia et al. (2021) introduced
an ensemble-based technique for crop recommendation, focus-
ing on improving crop productivity. Their approach combined
multiple machine learning algorithms to provide more reliable
and precise crop recommendations [15]. S. M. Pande et al.
(2021) developed a crop recommender system using ML
algorithms to suggest suitable crops based on climate and
soil type, improving farming productivity by providing tailored
solutions for farmers (Pande et al., 2021). Similarly, D. Gosai
et al. (2021) proposed a crop recommendation system that em-
ploys machine learning to predict suitable crops by analyzing
parameters like soil quality and weather conditions, addressing
the challenges of crop selection in different regions [16]. M. A.
A. Tomh (2022) explored factors influencing design changes
in the construction industry, providing insights into the broader
application of machine learning in decision-making processes.
Although focused on construction, the methodologies could
inform decision-making in crop recommendations where en-
vironmental and operational changes occur frequently [17].
Gosai et al. (2021) developed a crop recommendation system
using machine learning, significantly enhancing precision agri-
culture practices [20]. ” P. A. and colleagues (2021) introduced
an intelligent crop recommendation system at ICCMC 2021,
showcasing advancements in machine learning applications for
agriculture [19].” Kuraishi (2023) discussed the growing role
of analytics, particularly big data and Al, in various industries,
including agriculture. While the focus was on supply chain
management, the principles of using large datasets and predic-
tive analytics are applicable to crop recommendation systems,
demonstrating the broader utility of these technologies [20].
Elbasi et al. (2023) proposed a crop prediction model using
machine learning algorithms, emphasizing the importance of
integrating diverse environmental variables to predict crop
yields accurately. Their work highlighted how ML can be
applied to predict agricultural outcomes, optimizing crop se-
lection and improving yield forecasting [21]. Kaushik et al.
(2024) developed a novel approach using ensemble learning
and LSTM to tackle hate speech in smart environments,
demonstrating enhanced detection capabilities [22]. Sikarwar
et al. (2024) explore the integration of OpenCV and IoT
for improving lane management in smart cities, highlighting
the potential for enhanced traffic control [23]. Tanwar et al.
(2024) introduce a CNN-based method for detecting brain
hemorrhages, aiming to enhance healthcare in intelligent en-
vironments through accurate diagnostics [24]. Kaushik et al.
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(2024) present a method for road segmentation from aerial
images, utilizing advanced machine learning techniques to
improve smart transportation systems [25].
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Fig. 1. Working Diagram of Proposed Model

III. PROPOSED METHOD

In this study, the dataset used in our study was obtained
from the internet and consisted of soil parameters, weather
data, and crop yield information for various crops grown in
the region and performed initial data exploration to Gain a
better understanding of the data would be beneficial.

Fig. 2. Working Flowchart

Following this study have cleaned the data., which involved
identifying and handling missing or incorrect values, handling
categorical variables, and addressing outliers. This studyt hen
scaled the independent features to prepare them for use in our
machine-learning models and encoded the target variables if
necessary.

This study divided the produced data into training and
testing sets after finishing the preprocessing processes. Then,
utilizing testing data, this study trained the data using several
machine learning algorithms and assessed their effectiveness.
In the end, this studychose the model that performed the best
based on the evaluation measures, and this studyapplied this
model to forecast new data. The study’s aim was to. choose the
most suitable machine learning method for the given dataset
and challenge.
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Fig. 3. Target Variable

A. The Machine Learning algorithms are:

1) Decision Tree Classifier: The Decision Tree Classifier
is a method that decides how to divide data into various
categories using a tree-like model. Recursively dividing the
data into subsets according to its features, it then builds a
tree with each internal node standing for a feature and each
leaf node for a classification label. Applications where the
objective is to classify data into several categories based on
a set of input features frequently utilize the decision tree
classifier.

Decision Tree

—+—» Tree Structure

—+— Root nodes

—+—— Decision nodes

—Y —» [Internal nodes

Fig. 4. Decision Tree Features

2) Naive Bayes Classifier: The The chance of a data point
being part of the data is estimated using a machine learning
method. to a specific class using Bayes’ theorem. In order to
determine the likelihood of each class based on the occurrence
of each feature in the data, it works by assuming that the
features of the data are independent of one another.

3) Support Vector Classifier: A machine learning algorithm
called the Support Vector Classifier (SVC) identifies the most
effective hyperplane for classifying data. It operates by max-
imising the distance between each class’s closest points and
the hyperplane. Applications where the objective is to divide
data into two or more groups based on a set of input features
frequently employ the SVC.

4) Random Forest Classifier: Several decision trees are
created using the Random Forest Classifier, a machine learning
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Fig. 5. Features of Naive Bayes
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Fig. 6. SVM Features

technique, and their predictions are combined to get a final
classification. It works by randomly selecting subsets of the
data and features for each tree, and then aggregating the results
of each tree to produce the final prediction. The Random Forest
Classifier is often used in applications where the goal is to
classify data into multiple categories based on a set of input
features.

Random Forest

» Combination of Decision Trees

————> Better accuracy

—— Supervised

———— Effective on large datasets
Fig. 7. Features of Random Forest
5) K-Neighbors Classifier: A machine learning technique

known as the K-Neighbors Classifier makes predictions about
the classification of a data point based on the classification of

its k-nearest neighbors. It works by calculating the distance
between each data point and its neighbors and then selecting
the k closest neighbors To determine the classification data
point. The K-Neighbors Classifier is used in applications
where the goal is to classify data into two or more categories
based on a set of input features.

K-Nearest Neighbors
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——— Supervised

—Y——— Quick calculation time

Fig. 8. Features of KNN

IV. RESULT & ANALYSIS

The world of machine learning is rife with algorithms
designed to extract insights from complex datasets. To assess
the performance of these algorithms, accuracy is often used
as a key metric. In this study, this studyanalyzed the accuracy
of five classification algorithms on a given dataset, and the
results are intriguing.

TABLE I
ACCURACY
S.NO | Algorithm Accuracy
1 Decision tree 0.988636
2 Navie Bayes 0.995455
3 SVM 0.968182
4 Random forest | 0.993182
5 KNN 0.956818

Accuracy Comparison
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Algorithm
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K Neighbors
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Fig. 9. Graphical Representation

At the top of the leaderboard is the Naive Bayes algorithm
with an accuracy of 0.995455. This indicates that the model
correctly classified almost 99% of the data, a remarkable
feat indeed. The Naive Bayes algorithm’s success lies in its
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Fig. 10. MLL Chart of Naive Bayes

ability to model complex dependencies between features while
maintaining simplicity and efficiency.

A close second is the Random Forest algorithm with an
accuracy of 0.993182. This ensemble method combines mul-
tiple decision trees to achieve higher accuracy than individual
trees. In this case, the Random Forest algorithm managed
to outperform the Decision Tree algorithm, which achieved
an accuracy of 0.988636, highlighting the importance of
combining multiple models for better accuracy. The Support
Vector algorithm, on the other hand, achieved an accuracy
of 0.968182, which was lower than both the Naive Bayes
and Random Forest algorithms. This could be due to the
algorithm’s sensitivity to the kernel function used to map
the data into a higher-dimensional space. The K Neighbors
algorithm had the lowest accuracy of 0.956818, indicating that
it was the least effective at classifying the data compared to
the other algorithms.

V. CONCLUSION

We suggest a machine learning based crop recommendation
system based on performance on a dataset comprising soil
characteristics, meteorological data, and crop yield data. Our
results showed that the Naive Bayes algorithm outperformed
the other models, achieving an accuracy score of 0.9954 on the
test set. With an accuracy score of 0.9931, Random Forest also
did well, while Decision Trees, SVM, and other algorithms
scored reasonably well. Our suggested crop recommendation
method can aid farmers and agricultural professionals in
selecting and managing crops in a way that will ultimately
improve crop yields and productivity. Our results demonstrate
that machine learning algorithms can analyze large datasets of
agricultural information to identify the optimal crop to grow in
a region. To enhance the effectiveness of crop recommendation
systems, however, there are a number of topics that could be
researched in the future. To give more thorough information
on environmental conditions, it may be possible to combine
multiple data sources, such as remote sensing and satellite
photography. Future work will explore the neural network
and other deep learning techniques. improve the accuracy and
robustness of crop recommendation systems. As a result, it
is advised to continue using the Naive Bayes and Random

Forest algorithms with the provided dataset because they both
showed the highest accuracy levels. When choosing the best
algorithm for a certain task, it’s crucial to keep in mind
that additional aspects including the algorithm’s complexity,
interpretability, and computational needs should also be taken
into account. Overall, the findings of our study show the
potential of machine learning algorithms in creating useful and
effective crop recommendation systems that can help farmers
choose and manage crops based on data.

VI. FUTURE SCOPE

As in this paper we have discussed about the best training
algorithm which predicts the crop recommendation .As in
the future by using this algorithm we can find the best crop
which suits the soil according to the conditions of different
parameters and also they can be a Web application for crop
recommendation so that it predicts the best crop according to
the different conditions
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