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Abstract- Modern smart farming practices focuses on
employing tools such as Artificial Intelligence (AI), IoT
(the new internet of everything) and other advanced
tools and approaches (new technologies and approaches)
to improve efficiency and productivity of farming
operations. These practices optimize crop production,
conserve and eliminate unnecessary water usage,
minimize other forms of wastes and protect
environmental sustainability.

Smart farming, or precision agriculture represents the
use of modern technologies used for making farming
more efficient, data based, real time, and most
importantly sustainable.

Modern Technologies such as the IoT, sensors, drones,
and data analytics are used.

From above technologies, IoT or internet of things gives
a major contribution by connecting everyday
agricultural devices and sensors to the internet, the use
of IoT allows real time data collection and analysis. It
monitors essential soil parameters like moisture,
Temperature, pH, and nutrient levels.

The soil sensors are embedded in the soil which provide
the real time data for the analysis. This is information is
then transmitted to the cloud-based apps or platforms so
as to be easily accessible to the farmers.

Using IoT not only enhances the production of crop but
also promotes sustainability.

The paper identifies the potential of smart farming in
addressing various global challenges especially climate
change, resource inadequacy, food insecurity as well as
supporting the UN Sustainable Development Goals
(SDGs), particularly SDG 2 (Zero Hunger) and SDG 13
(Climate Action).
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L INTRODUCTION

Smart Farming is all about leveraging technology to
enhance agricultural practices by integrating tools like
sensors, drones and data analytics. Farmers can grow
crops more efficiently and sustainably, this means

making better decisions about planting, watering and
harvesting leading to increase in crop yield and
reduced environmental impacts.

Internet of things (IoT)

The 10T refers to a network of physical devices used
in everyday that can collect, share, and exchange data
over internet without having direct human
intervention.

These devices are equipped with sensors, software and
communication technologies which enables to
communicate with other connected systems and users
without human interaction.

Soil Sensors: We use soil sensors to detect various
parameters of soil such as moisture level, pH level,
temperature fluctuations and nutrient levels. These
sensors provide real time data of the soil to the
farmer’s smart device.

It plays a vital role in smart farming by providing real
time data to optimize crop management. Sensors are
inserts in the soil to detect the parameters given below.
Then the data is collecting by either using electrodes
or probes and sent to the cloud platforms. This data is
then used by the farmers to take decisions about
irrigation, plantation, harvesting, fertilization and crop
management. It helps to realise the soil health and take
action regarding it.

Key Parameters

1. Moisture content
It evaluates the amount of water present in the soil
and also helps to know when and how much to
irrigate.

2. Temperature

The temperature of soil generally affects the plant
growth, and seed germination so it helps to
determine ideal planting and fertilizing times.

3. pH imbalance

The pH value gives the idea of acidity or alkalinity
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of the soil which tells the idea of the suitable
growth of a plant in those conditions.

4. Nutrient levels
Sensors estimates the amount of Nitrogen,
Phosphorous and Potassium (NPK) content which
guides the farmers for further usage of fertilizers
accordingly.

5. Electrical Conductivity
It shows the amount of dissolved salts and nutrients
present in the soil which helps to monitor soil
fertility and salinity.

Why to focus on soil health?

Healthy soil is the foundation of successful farming. It
provides essential nutrients for the crops which gives
better crop yield.

By using IoT farmers can monitor soil health, detect
issues early and manage resources effectively leading
to sustainable farming practices that protects our
environment.

II. LITERATURE REVIEW

Past year research has shown a growing adoption of
IoT system technologies in agriculture. According to
Sharma (2022), IoT sensors can effectively measure
soil moisture, pH, temperature, nutrient levels
enabling data-based irrigation management.

Gupta and Verma (2021) highlighted that analysis
using cloud-based platforms or apps allows farmers to
visualize real time data and predict the requirements
of crops accurately.

Patel and Desai (2020) presented a study monitoring
the soil health by these IoT systems using wireless
networks. The conclusion of the research was that IoT
technology reduces human intervention, decreases
errors and enhance data reliability.

These studies collectively highlight that IoT
technologies can transform Traditional agriculture
into a more efficient, sustainable, and environment
friendly practice.

I1I. METHODOLOGY

This research examines the IoT based soil monitoring
system and their comparison with traditional methods
developed for agriculture. This system architecture
consists of:
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1. Soil Sensors: Detect the amount of moisture,
temperature, pH, and nutrient levels present in the soil.

2. Microcontrollers: These are devices like Arduino
and Raspberry Pi which is used to collect and process
data collected from the sensors.

3. Communication Modules: Transmission of data
that is wireless through Wi-fi, GSM or LoRa to cloud
servers.

4. Cloud and Data Storage: Cloud platforms store
data from the sensors and run analytics for identifying
the soil health.

5. User Interface: This analysed data is now
accessed by the farmers through mobiles or
dashboards to take decisions according to health of
soil.

Traditional soil Testing includes manual testing of soil
and visual inspection by taking samples of soil and
sending them to laboratory. This is a time-consuming
process and often leads to giving outdated
information, Using IoT, farmers can monitor soil
health in real time drastically improving speed and
accuracy. This gives instant access to critical data
right at fingertips.

This study evaluates both systems based on parameters
like time, efficiency, data accuracy and cost
effectiveness.

How do IoT Sensors work?

These sensors are embedded in the soil collecting data
on various parameters.

This information is then transmitted to cloud-based
platforms or apps where farmers can access it in real
time. It’s like having a digital assistant for the crops.
With the real time data, farmers can make quick
decisions like when to irrigate, add nutrients, fertilize
ensuring optimal growing conditions for the crops.

This not only boosts crop production but also
promotes sustainable practices by preventing over
irrigation and reducing the use of chemicals. By
implementing IoT farmers are transforming
agriculture to become better. Farmers can respond to
their crop’s needs almost instantaneously leading to
healthier soil.

Iv. ROLE OF DATA IN TRANSFORMING
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MODERN AGRICULTURE

1. Precision Agriculture:

Interventions like targeted watering and fertilizing
instead of applying blanket treatments across entire
fields. Farmers now make the use of technologies such
as drones, sensors, and IoT which collect detailed data
on soil, crops and environmental conditions. By
analysing the conditions, they can know exactly when
and how much to irrigate, fertilize or give pesticides.
This not only reduces waste like over fertilizing but
also improves soil condition over time creating a more
sustainable environment.

2. Health of Soils and Crops:

Healthy soils and crops are essential for sustainable
food production. Smart agricultural technologies
facilitate control of this health. Soil sensors play an
important role by giving immediate facts on soil
conditions, such as pH, moisture content and nutrient
status. The farmer is thus able to understand what the
soil requires and when.

Artificial intelligence (Al) is likewise employed for
the analysis of data of this kind, and giving advice on
which crops will be most suitable for the particular
area of soil, which will be the best time for planting,
irrigation and harvesting, etc. and on the best method
of employing fertilizers. Satellite photography and
camera systems also afford a constant survey of the
fields. This apparatus can very quickly occupy
themselves in the investigation of disease, attacks of
smuts, fungus growths, etc. which they will detect in
the crops, often even before the human eye can see
them. This leads to an early diagnosis, and thus the
farmer is able to act in time, to diminish his loss of
crops and to employ less chemicals, which leads to a
food production which is made relatively safe and
which is more sustainable.

3. Work Machines and Automation:

Modern agriculture now relies heavily on work
machines that make it possible for agriculture to be
faster, more precise and less labour-intensive. Present
Tractors, harvesters and irrigation devices are
supplied with the Internet of Things (IOT) devices,
GPS techniques and analytical devices. Their job is to
work in real time, collecting and transmitting
information about field conditions and information,
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and being able to discover the process.

For example, smart tractors are able to change seed
depths, space and watering flow patterns, and so on,
depending upon the agricultural use of the soil, soil
type and moisture level in the different parts of the
field. This will give an even more useful finish to the
potential factors of moisture and fertilizer without
allowing resources to be wasted, soil fertility damaged
and environmental and operational consequences.
And, of course, automation will also assist in
performing the repetitive or heavy tasks, thus allowing
farmers to concentrate more fully on managing and
processing research data according to information
gathered, rather than on physical manual operations.
In sum, the introduction of smart work machines and
automation will improve productivity, save time,
reduce costs and result in sustainable farming
practices by maximizing the use of inputs of all kinds.

V.  RESULTS

The implementation of IoT based soil technologies has
produced significant improvements in agricultural
management. Instant alerts enable farmers to take
action quickly in case of imbalance of moisture or
nutrient deficiency. The data collected via soil sensors
allowed precise irrigation, leading to 25-30%
reduction in water consumption compared to the older
traditional methods.

Furthermore, optimized fertilizer use and pest control
have enhanced crop productivity and quality by nearly
20%. IoT platforms installed with analytics tools
provide insights through which farmers can predict
and plan future cultivation cycles based on the soil
conditions.

Moreover, IoT reduces dependency on human
intervention that is manual labour and eliminating
human errors. The continuous feedback loop between
sensors and the control system ensures good soil
health preventing degradation and enhancing long
term fertility of the field soil. So, these findings
confirm that there is a significant contribution of IoT
in sustainable farming practices.

VL CONCLUSION

IoT based farming has proven to be ta revolutionary
approach in modern agriculture. By enabling real time
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soil monitoring, it allows farmers to manage irrigation,
fertilization and  pest control  efficiently
simultaneously maintaining environmental
sustainability. Compared to the older practices, IoT
gives higher precision, better productivity and
improved resource utilization.

The research illustrates that IoT integration in
agriculture not only benefits farmers economically but
also provide ecological balance. As this technology
continues to evolve, its blend with Al and data
analytics will pave the way for automated and
sustainable farming worldwide.
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