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Abstract:- This research paper explores the concept and
implementation of smart irrigation systems in India and
their potential to enhance agricultural sustainability. It
investigates the current challenges faced by traditional
irrigation methods in the country and highlights the
benefits and features of smart irrigation technologies. The
paper also examines the adoption and impact of smart
irrigation systems on water conservation, crop yield, and
farmer livelihoods. Through a comprehensive analysis of
case studies and research findings, this paper aims to
provide insights into the potential of smart irrigation
systems to revolutionize agriculture in India. The system
uses a network of sensors to collect environmental data
such as temperature, humidity and soil moisture. The
collected data is transmitted to a central unit, which
processes it using an algorithm to determine the optimal
irrigation schedule. The results of the experiments show
that the system is capable of reducing water consumption
by up to 50% while maintaining crop yields.
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I INTRODUCTION

India is an agrarian economy heavily reliant on
agriculture as a vital sector contributing to its GDP and
providing livelihoods to a significant portion of the
population. However, the agricultural sector in India faces
numerous challenges, including water scarcity, inefficient
irrigation practices, and unpredictable weather patterns. These
challenges have a detrimental impact on crop productivity,
water resources, and farmer incomes. Traditional irrigation
techniques, which are mostly dependent on manual labor and
flood irrigation, can lead to excessive water use, unequal
distribution, and ineffective water management. This
inefficiency results in wasted water, higher energy use, and
lower crop yields. To address these difficulties, it is essential
to look into creative and sustainable solutions given the
constantly increasing demands for food supply. Smart
irrigation systems present a promising solution to enhance
agricultural sustainability in India. An effective way to
improve the sustainability of India's agriculture is through the
use of smart irrigation systems. Smart irrigation systems offer
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accurate and efficient watering practices by integrating
cutting-edge technology like sensor networks, data analytics,
and automation. These systems have the ability to efficiently
manage available water supplies, increase water use
effectiveness, and boost agricultural output.

This research paper aims to explore the concept of smart
irrigation systems in India, analyze their benefits and
challenges, and evaluate their impact on water conservation,
crop yield, and farmer livelihoods. Through a comprehensive
examination of case studies and research findings, this study
intends to provide insights into the potential of smart
irrigation systems as a transformative solution for sustainable
agriculture.

A. Overview of Existing Literature and Previous Studies
Related to Smart Irrigation Systems in India

Numerous studies and research papers have been
conducted on smart irrigation systems in India, exploring
various aspects of their implementation, benefits, challenges,
and impact. The existing literature provides valuable insights
into the subject and serves as a foundation for this research
paper. Here is an overview of the key findings and
contributions from previous studies:

» Adoption and Impact Studies:

e In 2019 a study was conducted on the adoption and impact
of smart irrigation technology in Punjab, India. They
found that smart irrigation systems led to a significant
reduction in water usage and increased crop Vyield,
resulting in higher profitability for farmers.

e In 2020 the economic and environmental impact of smart
irrigation systems was analyzed in Maharashtra, India.
They concluded that these systems improved water-use
efficiency, reduced energy consumption, and contributed
to sustainable agriculture.

> Water Conservation and Efficiency:

e In 2018 the water-saving potential of smart irrigation
systems were assessed in Karnataka, India. Their study
revealed that these systems achieved substantial water
savings by using precise irrigation scheduling based on
soil moisture levels and weather conditions.
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e In 2021 the impact of smart irrigation systems on
groundwater recharge was investigated in Telangana,
India. They found that these systems helped in
replenishing groundwater levels by optimizing irrigation
and minimizing water wastage.

» Farmer Adoption and Socio-economic Implications:

e In 2019 the factors influencing the adoption of smart
irrigation technology among farmers was examined in
Rajasthan, India. They identified factors such as farmer
education, awareness, and availability of technical support
as crucial determinants of adoption.

e In 2020 the socio-economic implications of smart
irrigation systems on smallholder farmers was studied in
Guijarat, India. Their findings indicated that these systems
improved farm productivity, income, and overall
livelihoods of farmers.

» Policy and Institutional Perspectives:

e In 2021 a policy analysis of smart irrigation systems was
conducted in India. They highlighted the need for
supportive policies, incentives, and capacity-building
programs to facilitate the widespread adoption of these
technologies.

e In 2019 the institutional arrangements and challenges in
implementing smart irrigation systems were assessed in
India. Their study emphasized the importance of
collaboration between government agencies, research
institutions, and farmers for successful adoption.

These studies collectively contribute to the
understanding of smart irrigation systems in India,
showcasing their potential for water conservation, enhanced
crop productivity, and improved farmer livelihoods. They also
shed light on the challenges and policy implications
associated with the widespread adoption of these systems.
Building upon these studies, this research paper aims to
provide a comprehensive analysis of smart irrigation systems
in India, furthering the existing knowledge base and offering
valuable insights for policymakers, researchers, and
stakeholders.

B. Weather-Based Smart Irrigation Technology

Weather-based smart irrigation technology is an
advanced irrigation management system that utilizes real-time
weather data to optimize irrigation practices. It is also known
as evapotranspiration-based irrigation or ET-based irrigation.
This technology integrates weather information, such as
temperature, humidity, wind speed, solar radiation, and
precipitation, to dynamically adjust irrigation schedules and
amounts based on the actual water needs of plants.

The fundamental principle behind weather-based smart
irrigation technology is to match the irrigation supply with the
plant's water demand, taking into account various
environmental factors that affect evapotranspiration (ET)
rates. The irrigation system is then adjusted accordingly to
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provide the appropriate amount of water at the right time,
ensuring optimal plant health and growth while minimizing
water wastage.

C. Moisture-Based Smart Irrigation Technology

Moisture-based smart irrigation technology, also known
as soil moisture-based irrigation, is an advanced irrigation
system that uses real-time soil moisture data to determine
when and how much water to apply to plants. This technology
relies on sensors or probes installed in the soil to monitor the
moisture content at various depths. By continuously
monitoring the soil moisture levels, the irrigation system can
adjust irrigation schedules and amounts based on the actual
water needs of the plants.

The basic principle behind moisture-based smart
irrigation technology is to maintain the soil moisture within
an optimal range for plant growth. The sensors measure the
moisture content in the soil and provide feedback to the
irrigation controller or software. When the soil moisture drops
below a predetermined threshold, indicating that the plants
require irrigation, the system activates and applies water to
the specific area or zone. Conversely, if the soil moisture is
within the desired range, the system delays or skips irrigation
to avoid overwatering.

However, there are some considerations when using
moisture-based smart irrigation technology. Calibration of the
soil moisture sensors and proper placement within the root
zone are important to ensure accurate measurements.
Additionally, regular maintenance and monitoring of the
sensors are necessary to ensure their proper functioning and
reliability.

1. METHODOLOGY

We developed this moisture based irrigation system
using loT on a platform named Thingspeak using the
ESP8266 Node MCU Module, DHT11 Sensor and water
pump. Smart irrigation controllers employ soil moisture
sensors to measure the moisture content in the soil. These
sensors can be placed at different depths within the root zone
to obtain accurate readings of soil moisture levels. By
monitoring soil moisture, the controller can determine if
irrigation is necessary and adjust watering durations and
frequency accordingly.

The 10T platform serves as the backbone of the smart
irrigation  system, facilitating communication between
devices, data storage, and analysis. It provides a centralized
interface where data from sensors and other connected
devices are collected, processed, and made accessible to
users. The platform may include cloud-based services that
offer scalability, reliability, and data security. Sensors are
deployed in the field to collect relevant data for irrigation
management. Soil moisture sensors are used to measure the
wetness of the soil, providing essential information for
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determining irrigation needs. Temperature and humidity
sensors, are used to gather environmental data that influences
watering decisions.

These sensors in the field are connected to the loT
platform through wireless communication protocols, such as
Wi-Fi or cellular networks. They transmit the collected data,
including soil moisture levels, temperature, and other
environmental parameters, to the platform in real-time. The
loT platform receives the data from the sensors and applies
data processing and analysis techniques to derive meaningful
insights. Algorithms and intelligent decision-making models
are employed to interpret the data and make informed
decisions regarding irrigation scheduling and water
management. By analyzing historical and real-time data, the
platform can identify patterns, trends, and anomalies to
optimize irrigation practices.

I11. CIRCUIT DIAGRAM AND COMPONENTS
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Fig 1 Circuit Diagram

Connection of the various sensors with the NodeMCU
is as follows:

e Soil Moisture Sensor:

We connected the soil moisture sensor to the NodeMCU
board. The signal wire of the soil moisture sensor is
connected to the Analog Input AO pin of the NodeMCU
board. The sensor will provide analog voltage readings that
correspond to the moisture levels in the soil.

e DHT11 Temperature and Humidity Sensor:

Then we connected the DHT11 sensor to the NodeMCU
board. The data wire of the DHT11 sensor is connected to the
Digital Pin D4 of the NodeMCU board. The DHT11 sensor
will provide digital readings of temperature and humidity.

e DC Micro Submersible pump and Relay:

Then we connected the motor to the relay module. The
relay module acts as a switch to control the motor. The signal
wire of the relay module is connected to the Digital Pin D5 of

IJISRT23JUNS78

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

the NodeMCU bhoard. The relay module typically requires a
separate power supply (e.g., 5V) to operate effectively.

e OLED Display:

We connected the OLED display to the NodeMCU
board using the 12C (Inter-Integrated Circuit) interface. The
12C interface allows for easy communication between the
NodeMCU board and the OLED display. Then we connect the
SDA (Serial Data) pin of the OLED display to the SDA pin
on the NodeMCU board. Connect the SCL (Serial Clock) pin
of the OLED display to the SCL pin on the NodeMCU board.

e Power Supply:

Provide power to the components based on their voltage
requirements. The motor and relay module can be powered
using the 5V pin of the NodeMCU board. The DHT11 sensor,
capacitive soil moisture sensor, and OLED display typically
requires a 3.3V power supply. Ensure to provide the required
voltage to these components.

(AVA RESULT

Upon conducting the experiment, we obtained valuable
data that sheds light on the behavior of the smart irrigation
system under varying conditions. The measurements of soil
moisture content, humidity, and temperature were recorded at
different time frames throughout the day, providing insights
into how the system responds to changes in environmental
conditions.

e  Soil Moisture Content and Motor Activation:

The experiment shows that when the soil moisture
content falls below the threshold of 30%, the motor connected
to the irrigation system is triggered to turn on. This activation
of the motor indicates that the system accurately detects low
soil moisture levels and initiates the irrigation process to
provide adequate water to the plants. The smart irrigation
controller, leveraging the soil moisture sensor connected to
the NodeMCU board, effectively detects the moisture deficit
and responds by activating the motor to ensure timely
irrigation.

e  Soil Moisture Content and Motor Deactivation:

Conversely, the experiment also demonstrates that when
the soil moisture content exceeds the threshold of 70%, the
motor is turned off. This finding suggests that the smart
irrigation system is capable of monitoring soil moisture levels
in real-time and responding by ceasing the irrigation process
when the soil moisture reaches an optimal level. By
deactivating the motor at higher soil moisture content, the
system avoids over-irrigation, which could lead to water
wastage and potential harm to the plants.

These results indicate that the smart irrigation system
effectively utilizes the soil moisture sensor, connected to the
NodeMCU board, to make informed decisions regarding the
activation and deactivation of the motor.
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V. CONCLUSION

Smart irrigation systems have indeed emerged as a
promising solution for optimizing water usage in agriculture
and landscaping. These systems leverage advanced
technologies and data-driven approaches to enhance the
efficiency and effectiveness of irrigation practices, leading to
several benefits for sustainable water management.

In conclusion, smart irrigation systems offer significant
potential to transform traditional irrigation practices,
promoting water conservation, improving plant health, and
supporting sustainable agriculture and landscaping practices.
With continued advancements in technology and increased
adoption, these systems have the capacity to play a vital role
in achieving efficient water management and a more
sustainable future.
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