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Abstract: Global food security is largely
dependent on agriculture, and enhancing
agricultural productivity is essential to meet
the growing food demands. One effective way
to achieve this is by enabling farmers to select
crops that are appropriate to their specific

farming conditions. Crop recommendation
systems powered by machine learning
(ML) are increasingly being developed to

support this goal. These systems utilise data-
driven approaches to try to give accurate
recommendations to farmers regarding crop
selection and potential yield. A conceptual model
for an ML-based crop recommendation system
design for sustainable farming practice is one
that incorporates multiple critical parameters
such as soil properties (including pH value, soil
type, moisture level, and nutrient content) and
weather data (such as humidity, temperature,
and rainfall). By analysing these factors, various
supervised ML algorithms can be applied to
predict crops that would increase yield in a
given field. This conceptual study focuses on the
sustainability in agriculture and also focuses on
the advantages of supervised ML techniques in
improving crop recommendations, providing
farmers with scientific support for decision
making. The model also lays a strong foundation

for upcoming technological advancement
and practical implementations in intelligent
agriculture.
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1. INTRODUCTION

To maintain rural livelihoods, create jobs, and
guarantee global food security, agriculture is
essential. Crop productivity is greatly impacted by a
number of issues facing the agricultural sector, such
as climate change, soil degradation, water scarcity,
and unpredictable weather patterns. Traditional
farming methods frequently depend on the farmer’s
expertise or intuition to make decisions, especially
when selecting crops. This may result in less-than-
ideal decisions that lower production and result in
wasteful use of resources. To modernise agricultural
techniques and make farming more data-driven and
efficient in a situation like this, it is now necessary to
use modern technology.

The demand of artificial intelligence (Al) in
agriculture and agro-food systems has revolutionised
food production and distribution by significantly
enhancing  productivity,  sustainability, = and
operational efficiency. Al technologies — such
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as machine learning (ML), computer vision, and
robotics — are increasingly being deployed to
enable precision farming techniques, real-time
pest detection, intelligent crop management, and
autonomous farming systems that are reshaping
modern agricultural practices [1], [3].

As the population rises demand for innovative
technologies that can address key challenges in
agriculture, including climate change, food security,
and labour shortages, also increases. In this context,
Al, combined with the internet of things (IoT) and
robotics, offers transformative solutions to optimise
crop yields, soil health, and foster sustainable food
production processes [4], [6].

Al’s role in agriculture extends well beyond the farm.
It impacts the entire agro-food supply chain — from
farm to fork — by introducing predictive analytics
and intelligent decision-making tools that increase
efficiency and reduce waste [1], [5], [8]. In particular,
Al-driven frameworks for crop recommendation
and pest control have shown immense potential in
decreasing environmental impact while ensuring
food safety and security [7], [12]. Moreover, Al
is instrumental in shaping consumer perceptions
regarding food quality and safety, thereby influencing
trust and behaviour in agricultural value chains [14].

Recognising current trends in Al applications across
the agricultural sector is crucial for fostering future
innovations and advancing sustainable farming
practices worldwide. This significance is further
highlighted by Al’s growing role in addressing
operational challenges, reducing costs, and promoting
environmentally responsible farming methods [2].

With the advent of ML, agriculture has undergone a
transformative shift, enabling data-driven decisions
about crop selection based on field conditions. ML-
driven crop recommendation systems leverage large
datasets — incorporating soil characteristics, climatic
factors, historical yield data, and market trends — to
offer optimised crop suggestions tailored to specific
regions. This study focuses on the application of
supervised learning models in improving crop
selection accuracy and guiding farmers in choosing
the most suitable crops based on given parameters.
The research aims to develop a supervised ML-
based crop recommendation system that enhances

productivity and sustainability in farming by
delivering predictive insights into optimal crop
choices.

II. SUPERVISED LEARNING ALGORITHMS FOR
CROP RECOMMENDATION SYSTEM

® Random Forest (RF): Random forest combines
multiple prediction-making decision trees. A
random subset of a data is trained to a particular
tree in the forest, and the calculated results that
are received from all the trees (that are trained)
should add on to provide the final prediction.

e Application in Crop Recommendation: By
identifying complex structures in the data it can
be used in predicting crops that are going to
flourish in the available parameter selected by
the farmer.

o SVMs, or Support Vector Machines: The data
points are best categorised into several classes.
By using functions from the kernel, SVM
may be applied to both linear and nonlinear
classification tasks.

e Applicationin Crop Recommendation: SVM can
classify crops that are most apposite for a given
set of environmental and soil factors, providing
farmers with clear crop recommendations.

e Decision Trees: It breaks the data into subsets
according to feature values for the purpose
of predicting the result. Regression and
classification improve significantly for decision
trees.

e Application in Crop Recommendation: A set of
rules that suggest crops based on variables such
as soil pH, temperature, and humidity can be
analysed using a decision tree.

® k-NN, or K-Nearest Neighbours: By evaluating
the nearest labelled data points, it forecasts the
outcome for a new data point. It suggests the
premise that comparable points usually give
equal results.

e Application in Crop Recommendation: k-NN
is generally used to recommend crops based
on similarity to previously successful crops in
similar soil and environmental factors.
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Linear Regression: It is an algebraic method
that defines a relationship between a dependent
variable and independent variables. The
dependent variable is output and the independent
variables are features.

Application in Crop Recommendation: Linear
regression is used to suggest crop yield based
on factors such as soil nutrients, temperature,
and rainfall, helping farmers optimise their crop
selection for higher yields.

Logistic Regression: It performs the tasks where
the output is a binary label (‘Yes’ or ‘No’).
It models the probability that a given input
belongs to a specific class.

Application in Crop Recommendation: Logistic
regression is used to inform whether a particular
crop will thrive or not in each environment
based on input features such as soil conditions
and weather patterns.

Naive Bayes: The features used in this algorithm
are independent. It is used for the small dataset.

Application in Crop Recommendation: Naive
Bayes can be applied to predict crop types
based on soil and weather data by calculating
the chance of different crop outcomes.

Gradient Boosting Machines (GBMs): It
builds a model in a stage-wise manner where
a new model corrects the mistakes made by the
previous ones.

Application in Crop Recommendation: GBM is
used to recommend the most accurate crop by
learning from the weighted errors in previous
predictions, making a most powerful tool for
crop recommendation systems.

I1I. Basic CoNCEPTUAL MODEL FOR CROP

RECOMMENDATION SYSTEM

e Data Collection: In this phase of data collection,

we are going to add or input some parameters
such as soil properties, pH value, and so on, that
are available to farmers.

duplicate value and handle the missing values
in our dataset.

Feature Selection: Here, we have to identify
key features that manipulate crop yield and
suitability.
Model Selection: Choose ML algorithms (for
example, here we are focused only on supervised
learning).

Model Training: Need to divide data into two
sections — training and testing sets —and train the
model with the ML algorithm that is previously
selected.

Model Evaluation: After following all the steps
previously mentioned we need to evaluate
performance with the help of metrics such as
accuracy, precision, and recall.

Crop Recommendation: Now the most
important step is recommending the crop and
this is based on the input value; and it will give
the output and recommended crops based on
model training.

User Interface: The interface of the model
should be farmer friendly — simple applications
for farmers to input data and receive
recommendations.

— ’ ’ Result
Prediction
User

User Database
Interface

Data
Pra-processing

Recommended @‘
System
Machine Learning

Supervised Algorithm

Crop Recommendation System

Fig. 1: Conceptual Model for Crop
Recommendation System

IV. STATEMENT OF THE PROBLEM

e Data Preprocessing: It is nothing but the Farmers still face significant challenges despite
cleaning phase where we are just removing the ~ Improvements in agricultural methods, such as
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shifting weather patterns, inconsistent soil quality,
limited access to expert opinions, and growing
demand for ecological agriculture when selecting
crops. Conventional approaches frequently depend
on judgements based on experience. These choices
may turn out to be imprecise and ineffective in
changing environmental conditions. For farmers
looking to optimise crop choices for climatic
and land-specific elements, real-time data-driven
guidance has been especially lacking. Poor output,
resource waste, and financial loss are frequently the
outcomes. In addition, it does not incorporate soil
data, weather patterns, or market trends, resulting
in a knowledge vacuum that hinders farmer’s ability
to make successful decisions. ML has identified
some common recurring issues through predictive
analytics and clever decision-making systems.
However, there remains a lack of tailored, region-
specific ML-driven crop recommendation systems
that are scalable and practical for farmers with limited
technical expertise. To guide farmers in selecting the
most suitable crops, there is a critical requirement
to develop along with validating a supervised ML-
based crop recommendation model that can analyse
climatic, environmental, and soil parameters. This
type of model is not only making agriculture more
productive but also making the farm sustainable and
also uses data-informed practices.

V. PURPOSE OF THE STUDY

The maintarget of this studyis to expand an ML-driven
crop recommendation system that leverages key
agricultural data — such as soil properties and climatic
factors — to generate tailored crop suggestions for
farmers. By implementing a supervised methodology
encompassing data  collection, preprocessing,
feature selection, and model training, the system’s
main focus is to accurately identify environmental
and agronomic parameters. This research seeks to
increase agricultural productivity while promoting
sustainable farming practices by providing predictive
insights that enable farmers to make knowledgeable,
data-driven decisions regarding crop selection.

VI. OBJECTIVES OF THE STUDY

The objectives of this study are:

e To design a supervised ML-driven crop
recommendation system that provides accurate,
data-informed crop suggestions based on soil
properties and climate conditions.

e To improve decision making for farmers by
increasing predictive algorithms to recommend
the most appropriate crops for parameters given
by the farmers.

e To support farmers with a reliable, adaptive

tool that contributes to sustainable farming and
global food security.
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Fig. 2: Conceptual Flow of the Model

VII. LITERATURE REVIEW

The purpose of ML in agriculture has emerged
as a transformative approach to improving crop
management practices facing different challenges
such as climate variation and resource scarcity.
ML-driven systems, particularly those used in crop
recommendation, demonstrate great potential for
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enhancing agricultural decision-making processes.
These systems predict the most suitable crops to
grow based on environmental, soil, and climatic
parameters, thereby optimising both productivity
and sustainability [1], [4].

ML-based crop recommendation systems leverage
large and complex datasets to provide precise, data-
driven insights that help farmers decide to select
crop, planting schedules, and resource allocation [1],
[4]. Different ML techniques, including supervised
and unsupervised learning, deep learning, and
reinforcement learning, are now being utilised in
agro-food systems for tasks such as pest detection,
disease diagnosis, and irrigation management [5],

[6].

In the same objective the author proposes a system
for forecasting and crop recommendation. They used
the long short-term memory (LSTM) (deep learning
methodology) for a specific region, Maharashtra.
Author used the meteorological parameters in a
database, such as month, sunshine, and rainfall
in a particular month, among others. The system
integrates an  expectation-maximisation (EM)
technique to enhance predictive correctness. Their
region-specific model demonstrated the potential of
deep learning in handling temporal agricultural data
[15].

By continuously analysing real-time environmental
conditions and soil properties, ML-integrated systems
allow farmers to dynamically adapt their strategies.
Through the recommendation of crops that are
most matched to different available situations, this
facilitates the adoption of sustainable agricultural

techniques and reduces environmental impacts [3],
[7]. The incorporation of intelligent technologies
also contributes to mitigating the effects of climate
change on crop productivity [13].

In a related effort the author proposed a
comprehensive ML approach aimed at enhancing
agricultural productivity through accurate crop
recommendations. Their work emphasised the use
of diverse ML algorithms to support data-driven
decision making in farming practices [17].

The common challenges in building effective crop
recommendation models are in managing vast and
diverse datasets, including historical climate records,
soil health indicators, and weather forecasts. However,
the integration of advanced ML algorithms allows
for the effective processing of such data, resulting in
highly personalised and accurate recommendations
[8]. Furthermore, these intelligent systems contribute
to increased working prototypes, decreased resource
wastage, and greater flexibility in farming operations
[13].

This research proposes the expansion of a conceptual
ML-driven crop recommendation model that is
adaptive and scalable. The system aims to support
farmers in making informed, sustainable decisions
regarding crop selection, thereby improving yields
and supporting global food security [2], [3]. Further,
the author compared models such as random forest
and LSTM for multivariate forecasting of paddy
production, focusing on their potential on crop
prediction. Together, these studies demonstrate the
effectiveness of ML in crop selection, forecasting,
and agricultural planning [16].

TaBLE [ : CoMPARISON BETWEEN TRADITIONAL FARMING AND ML-DRIVEN CROP RECOMMENDATION SYSTEMS

Criteria

Traditional Farming Practices

ML-Driven Crop Recommendation Systems

Decision Basis

Based on farmer’s experience and intuition

Based on data analysis and analytical modelling

Accuracy in Crop Selection

Often subjective and inconsistent

High accuracy using environmental and historical
data

Flexibility to Climate Change | Low; lacks predictive insight

High; can adapt based on weather forecasts and
climate trends

Use of Technology Minimal or none

High; uses Al, sensors, 10T, and cloud computing

Resource Utilisation ..
pesticides

Inefficient use of water, fertilisers, and

Optimised use of resources through data-driven
insights

Scalability

Limited to farmer’s personal knowledge

Scalable across regions with varying conditions




50 Journal of Applied Information Science

Volume 14 Issue 1 June 2026

Criteria

Traditional Farming Practices

ML-Driven Crop Recommendation Systems

Yield Prediction Difficult and often inaccurate

Uses historical data to predict yield more
accurately

Environmental Impact )
Inputs

Often unsustainable due to overuse of

Promotes sustainable practices by recommending
suitable crops

Farmer Empowerment

Limited access to modern knowledge

Empowers farmers with real-time, actionable
information

Response to Market Trends Generally unaware or reactive

Can incorporate market data to align crop choices
with demand

Table [ presents a comparative overview of
traditional farming approaches and ML-based
crop recommendation systems, highlighting the
transformational impact of data-driven technologies
in agriculture.

VIII. ConcLusION

In conclusion, an ML-driven crop recommendation
system takes parameters or elements such as soil and
climate, among others, and tries to adapt suggestions
to farmers. By imposing a structured system that
includes data collection, preprocessing, feature
selection, and supervised ML technique for model
training, the system can successfully analyse the
requirements and recommend crops that are suited
based on the available parameters. This model not
only helps optimise agricultural productivity but
also supports sustainable farming practices, enabling
farmers to make appropriate decisions based on
predictive elements.
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