International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 25 Issue 12,2025

AN INTELLIGENT SMART FARMING AND CROP

MANAGEMENT SYSTEM

!Janke Siva Srikanth Reddy
’T. Deepthi
ASSOCIATE PROFESSOR ,

DEPARTMENT OF ARTIFICAL INTELLIGENCE & MACHINE LEARNING
KRISHNA CHAITANYA INSTITUTE OF TECHNOLOGY AND SCIENCES,
DEVARAJUGATTU, PEDDARAVEEDU(MD), MARKAPUR.

ABSTRACT

The Intelligent Smart Farming and Crop Management System leverages modern technologies such as
Internet of Things (IoT), artificial intelligence (Al), and data analytics to enhance agricultural
productivity and sustainability. The system is designed to monitor environmental conditions, soil
health, and crop growth in real-time using IoT sensors and smart devices. By analyzing collected
data, Al-driven algorithms can provide actionable insights, such as optimal irrigation schedules,
fertilization strategies, and pest or disease management recommendations. This reduces manual
labor, minimizes resource wastage, and improves crop yield and quality. Additionally, predictive
analytics enables farmers to make informed decisions regarding crop selection, harvesting time, and
market trends. The system supports remote monitoring through mobile or web-based interfaces,
allowing farmers to manage their fields efficiently from anywhere. Overall, this intelligent farming
solution promotes precision agriculture, sustainable resource utilization, and enhanced food security,
contributing to a more resilient and technology-driven agricultural ecosystem.
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I. INTRODUCTION

Agriculture remains the backbone of many
economies, yet traditional farming practices
often suffer from inefficiencies, unpredictable
climatic conditions, and limited access to
timely information. With the rapid growth of
digital technologies, there is a growing need to
modernize the agricultural sector by
integrating intelligent systems that can support
farmers in making data-driven decisions. The
Intelligent Smart Farming and Crop
Management System is designed to address
these challenges by leveraging Internet of
Things (IoT) devices, artificial intelligence
(AI), and data analytics to optimize every
stage of the farming process.

In this system, IoT sensors are deployed across
the field to continuously monitor soil
moisture, temperature, humidity, nutrient
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levels, and crop health. The collected data is
transmitted to a centralized platform where Al
algorithms analyze patterns and generate real-
time insights for farmers. These insights
include recommendations for irrigation,
fertilization, pest and disease control, and
overall crop management. By automating
critical tasks and delivering accurate
predictions, the system supports precision
agriculture, reduces resource wastage, and
enhances crop yield.

Moreover, the system enables remote
monitoring through mobile and web interfaces,
allowing farmers to track field conditions and
take immediate action from any location.
Predictive analytics further helps farmers plan
crop cycles, estimate harvest times, and
anticipate market trends, ultimately improving
financial outcomes.
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Overall, the Intelligent Smart Farming and
Crop Management System represents a
modern approach to agriculture, focusing on
efficiency, sustainability, and technological
innovation. It not only empowers farmers with
actionable knowledge but also contributes to
long-term food security and environmental
conservation.

II. LITERATURE REVIEW

Modern smart-farming research emphasizes
the integration of Internet-of-Things (IoT)
sensors, wireless networks, and cloud
platforms to deliver fine-grained monitoring
and automated decision support on farms.
Recent reviews synthesize how sensor
networks  (soil  moisture, temperature,
humidity, leaf wetness), actuators (smart
irrigation, variable-rate applicators), and loT
middleware form the backbone of precision
agriculture systems that reduce inputs and
increase yield reliability.[1] These works also
note practical deployment challenges such as
connectivity in rural areas, power management
for sensors, and data interoperability—issues
that any production smart-farming system
must address. ScienceDirect+1.[2]

Remote sensing and UAV (drone) imaging
have become central to crop monitoring,
enabling large-scale  disease  detection,
biomass estimation, and stress mapping with
multispectral and hyperspectral  sensors.
Advances in UAV-based imaging pipelines

combined with deep learning for segmentation
and anomaly detection now permit earlier and
more accurate identification of pests and
diseases across plots, which supports targeted
interventions and reduces pesticide use. Field
studies and method papers demonstrate strong
gains in detection accuracy when UAV
imagery i1s fused with ground sensors and
weather data.  Frontiers+1.[3]  Machine
learning — particularly deep learning — is
driving improved yield prediction, nutrient
status estimation, and decision support
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modules.  Comprehensive  surveys and
experimental studies show that ensemble
methods and hybrid models (combining
remote sensing, historical yield, and in-situ
sensor time series) outperform single-source
baselines for crop yield forecasting and
nitrogen estimation. These works stress good
practices (feature fusion, temporal modelling,
and explainability) to avoid overfitting and to
produce agronomically meaningful
recommendations. ScienceDirect+1.[4] Edge

Al and on-device inference are gaining
traction as a practical approach to deliver real-
time crop disease detection and low-latency
alerts in the field without constant cloud
connectivity. Recent device prototypes and
studies present compact CNNs and TinyML
models running on Raspberry Pi—class
hardware or microcontrollers for in-field
image classification, with reliable accuracy
and energy-efficient operation; these enable
farmers to receive diagnostic feedback and
control irrigation or pesticide sprayers
autonomously. Such edge solutions also
support privacy-preserving architectures and
reduce data transmission costs. Nature+1. [5]
Digital twin frameworks and system-level
integration are emerging as a higher-level
paradigm for crop management, where a
continuously updated virtual replica of fields,
weather, soil and crop physiological state is
used for simulation, optimization and “what-
if” planning. Recent literature describes how
digital twins combined with predictive models
and optimization engines can schedule
irrigation, fertilization and harvest windows
more effectively than static rule-based systems
— although authors caution that high-quality,
real-time data and robust model calibration are
required for trustworthy recommendations.
MDPI+1. [6]

Policy and system-level reviews highlight
adoption barriers, scalability, and socio-
economic factors in deploying intelligent
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farming across smallholder landscapes.
Country-level initiatives and systematic
reviews point to the need for low-cost sensor
stacks, localized agronomic models, farmer
training, and interoperable data platforms to
translate technological advances into improved
farmer incomes and sustainability
outcomes.[7] The literature also emphasizes
evaluation wunder real farm conditions
(seasonal variability, heterogeneous soils, and
multilingual interfaces) as essential for
responsible, widely adopted smart-farming
systems. PMC+1 [8]

Collectively, these recent works (2023-2025)
show a converging architecture for intelligent
crop management: distributed [oT sensing +
UAV/remote sensing fusion, on-edge Al for
near-real-time detection, cloud or digital-twin
orchestration for planning, and ML-driven
yield and nutrient prediction for decision
support.[9], [13],[14], [15] The main open
challenges identified across the literature are:
creating robust, multilingual farmer interfaces
and extension pipelines; generating large,
well-annotated field datasets for low-resource
crops and regions; ensuring energy-efficient,
maintainable edge deployments; and building
explainable models that agronomists can
validate before action. Addressing these will
be crucial when designing practical smart
farming systems for diverse agricultural
contexts [10], [11],[12].

I11. EXISTING SYSTEM
Traditional farming systems rely heavily on
manual observation, experience-based

decision-making, and fixed schedules for
irrigation, fertilization, and pest management.
In these conventional practices, farmers often
depend on visual inspection and intuition to
assess soil conditions, crop health, and
environmental factors. While experienced
farmers can make reasonably accurate
decisions, these methods are time-consuming,
labor-intensive, and prone to human error,
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especially when dealing with large agricultural
fields or unpredictable climatic changes.

Some existing digital farming tools utilize
basic sensors or standalone devices to measure
soil moisture or temperature, but these systems
operate in isolation without real-time data
integration or advanced analysis. They
typically lack centralized monitoring, cloud
connectivity, and automated decision-making
capabilities. As a result, farmers receive
limited insights, and the collected data is
underutilized. These systems also struggle to
provide predictive information such as early
disease detection, yield forecasts, or resource
optimization strategies.

In many cases, farmers wuse traditional
irrigation systems that follow fixed schedules
rather than adjusting water supply based on
real-time soil moisture or weather conditions.
This often leads to over-irrigation or water
scarcity issues. Similarly, pest and disease
management mostly relies on chemical
treatments applied after visible symptoms
appear, causing reduced crop quality and
increased costs.

Existing solutions rarely integrate loT, Al, and
data analytics into a unified platform. While
some loT-based farming applications exist,
they are limited by high costs, low scalability,
and restricted compatibility with different
types of crops and environments. Moreover,
most systems do not offer mobile-based
remote monitoring, predictive analytics, or
intelligent recommendations.

Overall, the current farming systems lack
automation, precision, and intelligence. These
limitations highlight the need for an advanced
solution that can provide real-time monitoring,
predictions, and  actionable
recommendations—features that form the

accurate

foundation of the proposed Intelligent Smart
Farming and Crop Management System.
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IV. PROPOSED SYSTEM

The proposed system aims to build an
intelligent, data-driven, and automated smart
farming platform that helps farmers make
accurate decisions at every stage of crop
production. Instead of relying on manual
observation or traditional farming intuition,
the system integrates loT-based sensing,
remote sensing imagery, machine learning
prediction models, and real-time market
intelligence. By combining these layers, the
platform provides farmers with personalized
recommendations on soil fertility, seed
selection, crop choice, irrigation schedules,
disease detection, fertilizer planning, and
market strategies. The core intention is to
transform farming from a reactive practice into
a proactive and optimized process that
increases yield, reduces input costs, and
enhances sustainability.

A central part of the system revolves around
soil health assessment. Farmers can upload
soil reports in CSV/PDF format or rely on IoT
soil sensors deployed in the field. The system
extracts essential parameters such as pH,
nitrogen, phosphorus, potassium, organic
carbon, and moisture. Using a trained machine
learning model, it classifies the soil into
fertility categories and recommends the most
suitable crops, fertilizers, and seed varieties.
These insights help prevent incorrect crop
selection and reduce the misuse of fertilizers,
which are common causes of financial loss in
traditional farming. The system also integrates
remote sensing technologies, such as satellite
imagery, drone images, and NDVI-based field
health maps (as seen in the image). These
images are processed to detect crop vigor,
stress, pest attacks, disease patches, and
irrigation inconsistencies. Machine learning
models (YOLO, CNNs, segmentation
networks)  analyze the images and
automatically alert the farmer if abnormalities
are detected. This ensures early detection of
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diseases and pest infestations, minimizing
crop loss and reducing the need for excessive
chemical usage. The use of geo-tagged farm
maps allows the system to generate zone-wise
recommendations instead of treating the entire
farm uniformly, enabling  precision
agriculture.

The proposed platform features a real-time
seed and market intelligence module,
supported by the seed price table visible in the
provided screenshot. This module maintains
updated details about seed availability, market
names, districts, maximum and minimum
prices, and recommended seed varieties.
Farmers can search for seeds based on region
and crop type, compare prices across markets,
and purchase seeds from the best-priced
location. Furthermore, the same module
provides market price trends, helping farmers
choose the right market and timing to sell their
produce, thereby increasing profit margins. To
enhance crop productivity, the system includes
a smart irrigation and fertilizer scheduling
engine. It uses soil moisture sensor readings,
weather forecasts, evapotranspiration
formulas, and crop growth stages to create an
optimized irrigation schedule. This reduces
water wastage by delivering the right amount
of water at the right time. Similarly, fertilizer
recommendations are generated based on crop
nutrient demand, soil data, and real-time plant
growth conditions. By integrating agronomic
rules with machine learning models, the
system ensures balanced fertilizer application
while improving soil fertility in the long term.

The system offers a user-friendly web and
mobile dashboard where farmers can access
all insights in an organized manner. The
dashboard displays field maps, soil fertility
reports, crop suggestions, irrigation
notifications, NDVI overlays, disease alerts,
seed market tables, and price analytics. Alerts
are delivered via SMS, WhatsApp, or mobile
notifications to ensure farmers act promptly.
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The interface 1is designed to support
multilingual options, allowing rural farmers to
use the platform comfortably. At the backend,
the system employs a scalable architecture
using cloud storage for images, relational
databases for soil and seed records, and time-
series databases for sensor data. Machine
learning models are hosted via APIs for fast
prediction and real-time decision support. The
system ensures strong authentication and role-
based access so that administrators, farmers,
and agricultural officers can use the platform
with different levels of control.

Overall, the proposed system creates an
integrated digital ecosystem that combines
sensing, analytics, prediction, and advisory
services. By providing farmers with accurate,
timely, and data-backed recommendations, the
system aims to significantly increase crop
yield, reduce resource wastage, and support
smarter, more profitable, and sustainable
farming practices. It acts as a digital
companion that guides farmers from seed
selection to market sale, transforming
traditional farming into a technologically
empowered activity.

V. METHODOLOGY

The methodology of the proposed Intelligent
Smart Farming and Crop Management System
follows a structured sequence of processes
designed to automate, monitor, and optimize
agricultural activities using IoT, cloud
computing, and machine learning. The
workflow begins with the deployment of IoT
sensors across the farmland to continuously
collect critical environmental parameters such
as soil moisture, temperature, humidity, soil
pH, and light intensity. These sensors are
connected to a microcontroller unit (such as
Arduino or Raspberry Pi) that gathers the
sensor readings and preprocesses the data.
Next, the collected data is transmitted to a
cloud server using Wi-Fi or GSM modules.
The cloud platform stores the incoming data in
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a secure database, enabling large-scale data
handling. Once stored, the data undergoes
data analysis and machine learning
processing. Various algorithms such as
regression models, classification models, and
decision trees are applied to predict irrigation
requirements, fertilizer schedules, disease
probability, crop growth patterns, and yield
forecasts. A crop recommendation model
analyzes soil characteristics and climatic
conditions to suggest the most suitable crops
for maximum productivity.

Based on the predictions and real-time sensor
readings, the system triggers automated
actuators, such as solenoid valves, to control
irrigation systems. The irrigation process is
fully automated, ensuring water is supplied
only when required. Alerts and notifications
are generated for conditions such as abnormal
soil wvalues, disease risks, or low nutrient
levels.

The results and insights are displayed on a
mobile or web-based dashboard, providing
farmers with an intuitive interface to monitor
farm conditions, view analytics, and control
devices  remotely.

Finally, continuous

feedback loops ensure the system improves
accuracy over time. Through this complete
methodology, the system ensures sustainable,
data-driven, and efficient crop management.
VI. SYSTEM MODEL

System Architecture

Internet

—  Crop Yield

Local Data
Farmer

gﬁ

storage

Satellite
Image
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VII. RESULTS AND DISCUSSIONS

In above screen click on ‘Load & Process
Dataset’ link to get below page

In above screen selecting and uploading ‘crop
recommendation’ dataset and then click on
‘Open and submit’ button to get below page

In above screen dataset loaded and can see
80% data is using for training and 20% for
testing and now click on ‘Train ML
algorithms’ link to get below page

In above screen can see Random Forest and
LSTM accuracy where random forest trained
to predict crop and LSTM train to predict price
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and now click on ‘Crop Recommendation’
link to get below page

B © e

In above screen chose soil and season type and

then enter chemical details and then press
button to get below page

B © s x

aPmwo > ab~ a - s o, W

AgriGenius: The Ultimate Smart Farming App

In above screen we got list of suitable crop
along with yield percentage and can see
predicted prices. In above screen can see if
farmer sow ‘Rice’ then he will get 73% Rice
yield and 27% jute so better to sow
rice.Similarly you can select any values and
get prediction and below is another sample

AN INTELLIGENT SMART FARMING AND CROP MANAGEMENT SYSTEM

Crop Recommendation & Price Prediction Screen

In above screen I gave another input and
below is the output
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In above screen if farmer grow Maize then he
will get 99% yield and 0.01% cotton yield so
better to sow Maize.

B © s < ¥

In above screen they can enter 0 for all

chemical values if they are inexperienced and
can choose only soil and season details and
then press button to get below page

0 8 s x

In above screen can see list of crops with yield

and price for selected soil and season. Now
click on ‘Seed Purchase Details’ link to get
below page
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In above screen user can see at which place he
can purchase what types of seeds.

VIII. CONCLUSION

The Intelligent Smart Farming and Crop
Management System provides a modern, data-
driven solution to the challenges faced in
traditional agriculture. By integrating IoT
sensors, cloud computing, and artificial
intelligence, the system enables real-time
monitoring, automated decision-making, and
predictive insights that significantly improve
productivity ~ and  sustainability. The
continuous  collection  of  soil and
environmental data ensures that farmers
receive accurate and timely information
regarding irrigation needs, nutrient
deficiencies, and potential disease risks. This
reduces manual effort, minimizes resource
wastage, and enhances overall crop health.

The use of machine learning models further
enhances the system's capability by predicting
crop yield, recommending suitable crops, and
optimizing fertilizer schedules. Automated
irrigation control ensures precise water usage,
which is especially critical in areas facing
water scarcity. The user-friendly dashboard
allows farmers to monitor and manage their
fields remotely, making farming more
accessible, efficient, and intelligent.

Overall, the system transforms traditional
farming into a smart agriculture ecosystem,
supporting higher yields, reduced labor, and
sustainable farming practices. With further
advancements, such as integrating drone
imaging and blockchain-based traceability, the
system can be expanded to provide even
greater accuracy and transparency. This
intelligent approach positions agriculture for
the future, enabling farmers to make informed
decisions and achieve long-term efficiency
and productivity.

IX. FUTURE WORK:

The future development of this intelligent
smart farming and crop management system
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offers significant potential to incorporate more
advanced technologies and expand its
capabilities to support large-scale and highly
automated agricultural environments. One of
the major future directions is the integration of
autonomous farm machinery such as self-
driving tractors, automated sprayers, and Al-
powered drones for seeding, pesticide
spraying, and crop scouting. These machines,
when synchronized with the platform’s
prediction models and field health maps, can
execute tasks with precision and minimal
human intervention. This would allow the
system to evolve from a decision-support tool
into a fully operational automation framework
capable of performing real-time actions based
on Al recommendations. Another promising
direction is the development of a multi-agent
decision-making ecosystem, where the system
coordinates between sensors, drones, robots,
and human farmers. Each agent would
communicate using edge computing and IoT
protocols, allowing faster reactions to crop
stress conditions, rainfall events, or pest
outbreaks. As the number of sensors and
devices increases, edge Al nodes can process
local data without relying entirely on cloud
servers, enabling ultra-fast decision-making
and reducing network dependency. This
distributed intelligent network will support
large farms with thousands of sensors and
devices working together.

Future work also includes building more
advanced  prediction and simulation
modelsusing deep learning, time-series
forecasting, and reinforcement learning. For
example, crop growth simulations can be
enhanced by combining weather uncertainty
models, soil nutrient dynamics, and high-
resolution NDVI time-series from satellites.
Reinforcement learning could be used to
generate optimal irrigation schedules or
fertilizer strategies that learn from field
outcomes season after season. These models
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can move from simple recommendation
systems toward adaptive models that
continuously improve as more real-world data
becomes available. The system can also be
expanded into a national agricultural
knowledge graph, where relationships between
crops, diseases, fertilizers, soil types, weather
patterns, seed varieties, and market behavior
are mapped in a single connected intelligence
network. This knowledge graph would
enhance the accuracy of recommendations and
open new possibilities for cross-region disease
outbreak prediction, soil nutrient depletion
forecasting, and seed variety suitability
analysis across different climates. Such large-
scale intelligence would help policymakers,
agronomists, and farmers design better
interventions for sustainable agriculture.

Future versions of the system should also
emphasize market intelligence and financial
integration. By integrating with digital
marketplaces, eNAM, FPO platforms, cold-
storage networks, and logistics providers,
farmers could directly sell produce, track
demand, check transport availability, and
compare prices across markets. Advanced
price forecasting models could help farmers
decide the optimal time to sell their produce,
thereby increasing income. Additionally,
collaboration with insurance companies and
financial institutions can be built to generate
Al-driven crop insurance, loan eligibility
predictions, and automated claim settlement
based on satellite-verified yield estimations.
Another area of future development is the
incorporation of climate-resilient agriculture
components. As climate change continues to
impact rainfall patterns, temperature cycles,
and pest behavior, the system should expand
its features to include climate-risk alerts,
drought-prediction modules, and resilient crop
variety recommendations. Integrating long-
term climate projections with farm-level
decision tools will help farmers prepare for
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extreme events, reduce crop losses, and
maintain stable productivity. Machine learning
can also be applied to recommend water-
saving techniques, crop rotation plans, and
regenerative agricultural practices customized
for local ecological conditions.

Enhancing the system’s accessibility and user
experience will also be key to future work.
Multilingual interfaces,
augmented reality (AR) crop diagnosis tools,
and Al chat assistants can be added to support

voice-enabled

farmers with limited reading literacy. Offline-
first mobile applications can enable features
even in remote rural areas with poor internet
connectivity. Future versions may also include
community dashboards where farmers can
share field images, discuss issues, and receive
peer-to-peer support integrated with expert
agricultural advisory teams. Finally, the
system can evolve into a global agricultural
intelligence platform by integrating cross-
country datasets, climate data, pest migration
patterns, and satellite feeds from multiple
international sources. This would enable
transboundary crop disease detection, global
market trend analysis, and large-scale food
production forecasting. Such capabilities could
support governments, NGOs, and agricultural
companies in making strategic decisions for
food security and smart farming initiatives
worldwide.
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