7 1ISREM . . e . . .
.,,u&ﬁlnternatlonal Journal of Scientific Research in Engineering and Management (IJSREM)
RS Volume: 09 Issue: 02 | Feb - 2025 SJIF Rating: 8.448 ISSN: 2582-3930

Al enhanced Smart Crop Selection

Spoorthi SS*, Madhu Siddappa Badanikai?, Sri Gowri®, Shreeraksha RB*
linformation Science and Engineering & J N N College of Engineering
2 Information Science and Engineering & J N N College of Engineering
3 Information Science and Engineering & J N N College of Engineering
4 Information Science and Engineering & J N N College of Engineering

5 Information Science and Engineering & J N N College of Engineering

_— *k*k _— —
data, which may not account for dynamic
Abstract: This paper presents an innovative approach environmental, economic, and climatic factors. These
to smart crop selection by utilizing machine learning limitations can lead to suboptimal crop choices, reduced
algorithms, specifically XGBoost, combined with Al- yields, and inefficient resource utilization.
driven insights. The proposed system integrates soil
characteristics, climatic conditions, and market The advent of artificial intelligence (Al) and machine
trends to offer precise recommendations tailored to learning (ML) has opened new frontiers in agricultural
optimize agricultural productivity and sustainability. decision-making. By leveraging vast datasets and
By leveraging predictive analytics and neural advanced algorithms, these technologies can provide
networks, this system provides real-time yield farmers with precise, actionable insights to address
predictions, pest risk analysis, and economic modern agricultural challenges. This paper introduces
feasibility reports. The integration of advanced an Al-Enhanced Smart Crop Selection system that
technologies bridges the gap between traditional integrates the power of XGBoost, a high-performance
farming methods and modern agricultural gradient boosting algorithm, with OpenAl’s advanced
advancements, ensuring a comprehensive and models for enhanced decision-making.
efficient decision-making process for farmers. The system collects and analyzes diverse data inputs,
including soil characteristics, real-time weather updates,
Key Words: Smart agriculture, machine learning, and market trends, to recommend the most suitable
XGBoost, Al, crop recommendation, sustainable crops for a given region. XGBoost plays a pivotal role
farming, predictive analytics. in predictive modeling, utilizing features such as
nitrogen, phosphorus, potassium levels, temperature,
1. Introduction humidity, and rainfall to forecast crop suitability with
Agriculture has always been a cornerstone of human high accuracy. Complementing this, OpenAl models
civilization, ensuring food security and supporting offer enriched insights, including yield forecasts, pest
livelihoods worldwide. As global populations grow and risk assessments, and market dynamics, enabling a
climatic conditions become increasingly unpredictable, holistic approach to crop selection.
the need for innovative solutions in agriculture has By addressing critical issues such as sustainability,
never been more critical. Traditional farming practices profitability, and adaptability, the proposed system
often rely on intuition, historical trends, and limited empowers farmers to make informed decisions. It

bridges the gap between traditional agricultural
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practices and the demands of modern agriculture,
fostering a data-driven approach to ensure optimal
resource management and enhanced productivity. The
integration of user-friendly interfaces and real-time
analytics further ensures accessibility and practicality
for farmers and agricultural stakeholders across diverse

regions.

This paper discusses the system’s design, methodology,
and implementation while highlighting its potential to
revolutionize agricultural practices. The proposed
model not only optimizes crop selection but also
contributes to sustainable farming practices, reducing
environmental impact and enhancing economic

outcomes for farmers.

2. Related Work

P. Rani and R. Ezhilarasie [1] explored the application
of machine learning algorithms such as Random
Forest, Support Vector Machines (SVM), and
XGBoost for crop yield prediction. The authors
highlighted the importance of data preprocessing and
feature selection in enhancing model accuracy. Their
study demonstrated the flexibility of these models in
handling various datasets but noted the computational

complexity and dependency on large datasets.

H. Singh and A. Sharma [2] discussed the integration
of 10T devices with Al for real-time monitoring in
agriculture. By using sensors to collect data on soil
moisture, pH, and temperature, the system provided
actionable  recommendations.  The  research
emphasized improved resource management but
highlighted concerns regarding the high initial cost

and data privacy issues.

S. Kumar and V. Patel [3] proposed a framework

combining Al with sustainability metrics for

optimizing crop selection. Their study integrated

environmental, economic, and social factors,
promoting sustainable practices while reducing
environmental impact. However, they acknowledged
the significant data requirements for accurate

recommendations.

A. Gupta and M. Yadav [4] focused on the use of
machine learning models, including Decision Trees
and Neural Networks, to predict pest and disease
outbreaks in crops. By leveraging historical weather
and pest data, their work enabled timely preventive
actions and reduced crop losses. Despite its
advantages, the model’s accuracy was limited in

regions with sparse data.

L. Zhang and X. Li [5] explored real-time weather
forecasting’s role in agricultural decision-making.
Their hybrid model combined machine learning and
numerical weather prediction techniques to improve
resource  allocation and crop management.
Dependence on reliable weather data sources was

noted as a key limitation.

T. Singh and R. Mehta [6] demonstrated the use of Al
models to analyze market trends and predict crop
prices based on demand, supply, and seasonality.
Their work provided actionable insights for
maximizing farmer profits but required integration

with market databases for effective implementation.

J. Lee and H. Park [7] emphasized AI’s role in
optimizing water usage for irrigation. By considering
soil and weather conditions, their predictive models
recommended efficient irrigation schedules. While
reducing water wastage, the approach required precise

sensor data for optimal results.

R. Verma and N. Raj [8] evaluated various Al models
for assessing soil fertility, identifying XGBoost as a
highly accurate tool. Their study supported informed

fertilizer application but highlighted dependency on
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robust soil testing infrastructure.

K. Sharma and P. Nair [9] explored the integration of
Al and remote sensing for crop monitoring. Satellite
imagery combined with Al models enabled early
detection of crop stress, though the high cost of remote
sensing technology remained a barrier.

B. Wang and S. Zhang [10] reviewed the opportunities
and challenges of Al in sustainable agriculture. Their
comprehensive analysis highlighted Al’s potential in
improving productivity and reducing environmental
impact, though limited real-world implementation was

identified as a challenge..

3 Proposed Model

>

The process begins with gathering essential data,
including soil properties such as nitrogen, phosphorus,
potassium levels, pH, and weather parameters like
temperature, rainfall, and humidity. Additionally,
market trends are analyzed to align crop
recommendations with economic viability. This
foundational data is sourced from trusted APIs,
agricultural databases, and historical records, ensuring

reliability and relevance.

Data Preprocessing

Once collected, the data undergoes preprocessing to
remove inconsistencies and noise. Techniques like
normalization and feature selection are applied to
ensure the data is in a format suitable for machine
learning models. This step is crucial for improving the
accuracy and efficiency of subsequent predictions..

Start
| > Predictive Modeling Using XGBoost
iI':ﬂ"sf ,ﬁ:ﬁ"\ The preprocessed data is fed into the XGBoost model,
! E— which is designed to analyze multiple parameters and
'F}};’i;i%;{i;; predict the most suitable crops. XGBoost excels in
e handling complex datasets and delivering high-
= accuracy results, making it ideal for this application.
p,ep“‘%hpm The model evaluates soil fertility, climatic conditions,
p?:.;?;ff:n and other factors to generate precise crop
;L,i recommendations.
Pr;%:ei;m » Integration with OpenAl Models
‘ To enhance the system’s decision-making capabilities,
pl:re:E:f:d OpenAl models are integrated. These models provide
e advanced insights, including yield forecasts, pest and
e 7 disease risk assessments, and sustainability metrics.
%;E::féd - »} i ; & The combination of XGBoost and OpenAl ensures a
holistic approach to crop selection, addressing both
Figure 1. Flow Diagram of Al enhanced smart agronomic and economic factors.
crop selection using XG Boost Algorithm > Visualization of Results

The stages of Al-Enhanced Smart Crop
Selection as follows:
» Data Collection

The final stage involves presenting the results in an
intuitive and user-friendly interface. Farmers and

stakeholders can access actionable insights, including
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recommended crops, potential yields, and risk factors.
The interface includes graphical representations and
summaries, making the information accessible even to

non-technical users.

4 System Design

The Al-Enhanced Smart Crop Selection system is
designed to provide precise and actionable crop
recommendations through a structured process. The
system begins with data collection, gathering critical
inputs such as soil parameters (nitrogen, phosphorus,
potassium levels, and pH), weather conditions
(temperature, rainfall, and humidity), and market
trends. This data serves as the foundation for accurate
predictions and is sourced from reliable APIs and
agricultural databases.

In the data preprocessing stage, the collected data is
cleaned to remove inconsistencies, normalized for
uniformity, and transformed to ensure compatibility
with machine learning models. Feature selection
techniques are applied to highlight the most relevant
variables, improving the system’s efficiency and
predictive accuracy.

The processed data is then passed to the predictive
modeling module, where the XGBoost algorithm
plays a central role. XGBoost evaluates multiple
parameters, leveraging gradient boosting to predict the
most suitable crops based on environmental and
economic factors. The model’s ability to handle
complex datasets ensures high accuracy and
reliability.

To further enhance decision-making, the system
integrates OpenAl models. These models add
advanced insights such as yield forecasting, pest and
disease risk assessments, and economic feasibility
analyses. This combination of XGBoost and OpenAl
creates a comprehensive framework that addresses the

multifaceted needs of modern agriculture.

Finally, the results are delivered through a user-
friendly interface. The interface displays actionable
insights in a clear and intuitive format, using graphs,
charts, and summaries. Farmers and agricultural
stakeholders can easily understand recommendations,
yield projections, and associated risks, enabling
informed decision-making.

By combining robust data analytics with advanced Al
tools, the Al-Enhanced Smart Crop Selection system
bridges the gap between traditional farming practices
and modern technological advancements, empowering
users with data-driven solutions to optimize

agricultural outcomes.

5 Result Analysis

The Al-Enhanced Smart Crop Selection system
was evaluated across diverse datasets and
conditions to assess its effectiveness. The system
demonstrated high accuracy in predicting the
most suitable crops, with the XGBoost model
achieving over 90% accuracy in aligning
predictions with actual outcomes. By integrating
OpenAl models, it provided detailed vyield
forecasts and insights into pest and disease risks,
empowering farmers to take proactive measures
and optimize their production. Economic viability
was a key focus, with recommendations tailored
to align with market demand, ensuring maximum
profitability for stakeholders. The intuitive user
interface was well-received, enabling farmers and
agricultural planners to easily interpret results and
make informed decisions. The system also proved
to be scalable and adaptable to different regions,
offering flexibility in handling additional data
sources. These outcomes highlight the system’s

potential to revolutionize agriculture by
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combining advanced analytics with actionable

recommendations,

driving sustainability and

efficiency. Overall, the results underscore the

system’s reliability, practicality, and ability to

bridge the gap between traditional farming and

modern technology.
TABLE 1: TRAINING AND TESTING DATASET

N |P temp |hum ph rainfall | label
90 | 42| 43 (20.87 82.00 |6.50 | 202.93 |rice
85 | 58| 41 (21.77 80.31 |7.03 | 226.65 |rice
60 | 55| 44 |23.00 82.32 |7.84 | 263.96 |rice
74 | 35| 40[2649 | goq5 |6.98 | 242.86 | rice
78 | 42| 42)20.13 81.6 |7.62 | 262.71 |rice

Result Snapshots:

PREDICT CROPS

FIG 2: This page allows users to input key data such as

soil parameters (e.g., Nitrogen, Phosphorus, Potassium,

pH) or location details. It includes forms with fields to
ensure accurate data collection, and validations to prevent
errors during submission. The page also fetch weather data

based on the location provided. .

ENHANCED SELECTION

PREDICTION RESULTS

FIG 3 Prediction Results

FIG 5: Prediction Results

Fig 3 and Fig 4 These figures display the output of the Al-
enhanced predictions. The results includes recommended
crops, yield forecasts, pest and disease risk assessments,
and sustainability metrics. The predictions are presented in
a user-friendly format, such as tables with actionable
insights to guide users.
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6 Conclusion

The Al-Enhanced Smart Crop Selection system
represents a significant advancement in agricultural
technology. By integrating XGBoost and Al-driven
insights, the system provides farmers with reliable
tools for crop selection, enhancing productivity and
sustainability. Future developments will focus on
incorporating loT devices and expanding the dataset to
include remote sensing data for broader applicability.
This innovative approach ensures that farmers can
adapt to the dynamic challenges of modern agriculture
while maximizing economic and environmental

benefits.
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