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Abstract: In the contemporary fast-paced environment, the upkeep of a garden has become progressively
challenging due to time constraints and inconsistent monitoring of plant requirements. Plants necessitate
sufficient water, sunlight, and appropriate temperature conditions for optimal growth, while the
surrounding area must also be kept clean and sanitary. To tackle these issues, this project introduces a
Smart Garden and Monitoring System, an automated and sensor-driven solution that streamlines
gardening activities while incorporating a waste management feature.

The system utilizes a soil moisture sensor linked to an automatic water pump, which guarantees that plants
receive irrigation whenever the soil dries out. This functionality prevents both overwatering and
underwatering, thus conserving water and ensuring suitable soil conditions for plant vitality. An LDR
(Light Dependent Resistor) sensor is incorporated to assess the light intensity that the plants receive, as
sunlight is crucial for photosynthesis and overall growth. A temperature sensor continuously monitors the
surrounding climatic conditions, assisting in determining whether the environmental temperature is
conducive to plant development. Beyond plant monitoring, the project features a smart dustbin equipped
with a detection system that signals whether the bin is full or empty. This not only enhances cleanliness but
also mitigates the issue of waste overflow, thereby promoting hygiene in the garden area..

Keywords: Irrigation, remote monitoring, Arduino, mobile apps, sensors, soil moisture, smart farming,
water conservation

I. INTRODUCTION
In recent years, the swift expansion of urbanization and hectic lifestyles has diminished the time individuals can allocate
to gardening and effective waste management. To tackle these issues, intelligent technologies are being incorporated into
everyday life to establish sustainable, automated, and efficient systems.
One such groundbreaking method is the Smart Garden and Monitoring System, which merges the concepts of the Internet
of Things (IoT) and automation to facilitate plant growth, oversee environmental conditions, and guarantee cleanliness
through an intelligent waste management system.The main objective of this project is to automate garden upkeep while
minimizing human labor. The system features a soil moisture sensor that consistently tracks the moisture levels in the
soil. Utilizing real-time data, the system autonomously regulates a water pump to irrigate the plants whenever the soil
becomes dry. This guarantees that plants receive the appropriate amount of water without waste, thus fostering water
conservation. An LDR (Light Dependent Resistor) sensor is incorporated to assess the sunlight intensity available to the
plants.
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Fig. System Architecture of IoT-based Smart Garden Irrigation and Monitoring System
This data aids in monitoring the plants' exposure to natural light, which is vital for photosynthesis and overall growth.
Likewise, a temperature sensor is employed to gauge the surrounding environmental conditions, allowing users to
determine if the temperature is conducive to healthy plant growth. In addition to garden monitoring, the system also
tackles waste management by including a smart dustbin.Equipped with an ultrasonic sensor, the dustbin can identify
whether it is full or empty. This capability helps maintain hygiene and minimizes the risk of overflow, thereby promoting
proper waste disposal in the garden area.
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Fig. Working Flow
The proposed system consists of three primary layers: the sensing layer, the control and processing layer, and the actuation
layer. The sensing layer gathers real-time environmental information using a variety of sensors. A soil moisture sensor
identifies the moisture levels in the soil and activates irrigation when these levels drop below a certain threshold, ensuring
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that plants obtain the necessary water while conserving resources. The LDR sensor tracks the intensity of ambient light,
which is essential for photosynthesis, while the temperature sensor assesses environmental conditions to ensure that plants
thrive in an appropriate climate. Furthermore, an ultrasonic sensor is incorporated in the dustbin to monitor its capacity,
sending alerts when it reaches full capacity to maintain cleanliness and hygiene.

The NodeMCU (ESP8266) microcontroller, which is at the heart of the system, processes the information that the sensors
collect. It has Wi-Fi and can be connected to mobile apps or IoT systems for real-time monitoring. It automatically turns
on the water pump, manages the warning LED, and updates the screen or mobile app based on sensor inputs. For instance,
the alert LED illuminates when the trashcan is full or the environment is unusual, and the water pump is activated when
the soil moisture content is low. In order to achieve automation, efficiency, and convenience in waste management and
smart gardening, this integration guarantees both local decision-making and remote access, enabling users to monitor and
control the system in real-time.

II. LITERATURE SURVEY
[1]. P.S. Prakash et al. It gives a system that integrates Al and IoT technologies for the plant health monitoring to
sustainable agriculture. In a hydroponic system, where plants are grown without soil, the system was made to track vital
indicators including light intensity, pH, humidity, and nutrient levels. The main goal was to minimize the waste of
fertilizer and water while creating a regulated environment for plant growth. Because hydroponics currently consumes
over 70—80% less water than conventional farming, this clever concept increased efficiency even more by only giving
nutrients when needed.
[2] A. Morchid et al. It developed for a sustainable agriculture to smart irrigation system that makes use of real-time
embedded technology. In order to make sure that irrigation is only turned on when plants need it, the model was created
to track soil moisture and environmental factors. Reducing water waste while preserving crop health was the primary
goal. Comparing their technology to traditional irrigation methods, they were able to save over 35-40% water savings.For
making decisions in real time, the technology used includes embedded controllers, IoT sensors, and automatic watering
mechanisms. This model aimed to reduce human intervention and conserve resources in order to connect sustainability
with smart farming.
[3]. K. Thongkhao et al. It has proposed an IoT-based smart watering system to track soil conditions in a Thai pomelo
garden. In order to guarantee ideal growth for fruit crops, the system was made to automatically raise soil moisture levels
when they fell below a predetermined threshold. Its primary goal was to preserve good soil conditions while conserving
water by only using it when necessary. When compared to conventional farming practices, the model's use of smart
irrigation resulted in around 30-40% water savings.For real-time monitoring and control, IoT sensors, a microcontroller,
and wireless communication were among the technologies utilized. Reducing human work and developing a sustainable
watering system for expansive fruit crops were the goals of this strategy.
[4]. Mubashir Ali et al. It has developed an IOT-based smart garden and monitoring system by a continuously monitoring
soil moisture, temperature, and humidity levels, the system sought to alleviate the difficulties associated with manual
gardening. By only providing water when required, the primary goal was to reduce water waste and enhance plant health.
Comparing the system to conventional watering techniques, the results indicated that 30-35% water savings may be
achieved. By automating irrigation depending on current conditions, the model assured effective energy usage even while
light conservation was not a primary focus.
[5]. K.S. Kunal et al. It was developed automated plant care and guarantee ideal growing circumstances for loT-based
smart plant monitoring system utilizing the NodeMCU microcontroller. Real-time soil moisture, temperature, and
humidity monitoring by the system allows for automatic irrigation only when necessary. The primary goal was to decrease
human labor in plant maintenance and reduce water waste. Nearly 30% water reductions were reported by the system,
and improved environmental management indirectly increased lighting energy savings. This method uses timely irrigation
and effective monitoring to guarantee healthier plant growth. NodeMCU, IoT-enabled sensors, cloud-based data storage,
and remote monitoring interfaces were among the technologies used for user convenience. This model was designed to
give both indoor and outdoor plants a intelligent, automated solution for sustainable gardening.
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[ 6]. D. S. et al. They have suggested a improved plant monitoring system for hydroponics that automates environmental
and nutrient management through the use of IoT technology. In order to maximize plant development and resource
utilization, the introduction emphasized the necessity of precision management in hydroponic farming. To guarantee
healthy plant growth, the primary goal was to monitor nutrient levels, water quality, and environmental parameters.
Approximately 40% water savings were accomplished by the system through the automation of irrigation and nutrient
supply. The best conditions for hydroponic vegetables were maintained while electricity usage was decreased through
the use of energy-efficient lights.IoT sensors, microcontrollers, cloud-based monitoring platforms, and automated
actuators for accurate control were all part of the technology stack.

[7]. L. Renkuan et al. It has developed smart irrigation system for a greenhouse settings. The difficulties of manual
irrigation and the requirement for exact management to promote plant growth while preserving water were highlighted
in the introduction. The goal was to reduce water waste by putting in place an automated system that only irrigates when
soil moisture falls below a certain threshold. In addition to achieving up to 35% water savings, the technology indirectly
increased lighting energy savings through better environmental control. In greenhouse farming, this method guaranteed
healthier plants and more effective use of resources.For real-time control and data logging, the technology used included
soil moisture sensors, microcontrollers, automated valves, and loT-enabled monitoring. The goal of this model was to
develop a proof-of-concept smart irrigation solution that could increase crop productivity while using less water.

[8]. S.S. Varun et al. It was proposed an IOT-based smart monitoring and control system for garden with the goal of
automating environmental management and irrigation. The introduction emphasized the necessity of employing real-time
soil moisture, temperature, and humidity monitoring in order to minimize human labor and conserve resources. The
primary goal was to use automated irrigation to optimize water usage and enhance plant health. Water savings of roughly
30 to 35% were reported by the system, and controlled environmental management indirectly assisted lighting energy
reductions. This method saved waste and produced constant conditions for healthier plant growth.For real-time garden
management, [oT sensors, NodeMCU microcontrollers, cloud platforms, and automated control mechanisms were among
the technologies utilized.

[9]. M. Anwar et al. They had created a system for the difficulties of caring for indoor plants and the requirement for
automated systems to maximize the delivery of light, water, and nutrients were highlighted in the introduction. The
primary goal was to improve plant development while saving electricity and water, giving consumers easy remote control.
Through automated management depending on plant demands, the system minimized needless artificial lighting and
generated almost 30-40% water savings.For remote operation and data visualization, the technology stack comprised IoT
sensors, microcontrollers, automated actuators, and mobile app integration. This model's goal was to provide an indoor
gardening solution that is both resource-efficient and easy to utilize for urban dwellings. The outcomes demonstrated
decreased manual labor, better plant health, and efficient use of resources.

[10]. S.T. Fauziah et al. It has developed a prototype of smart garden system that uses LoRa technology to allow for low-
power, long-range communication. The necessity of effectively monitoring expansive garden spaces while avoiding
excessive energy use was emphasized in the beginning. In order to save water and enhance plant health, the primary goal
was to automate watering and environmental monitoring. In addition to achieving roughly 30% water savings, the
technology indirectly increased lighting energy savings through improved environmental control.LoRa sensors,
microcontrollers, cloud-based monitoring platforms, and automated irrigation systems were among the technologies used.
Providing a **scalable and energy-efficient smart garden solution that can be remotely monitored over great distances
was the aim of this approach.

= DOI: 10.48175/IJARSCT-29453 935

- 7 1SN W)
. | 2581-9429 |}

Copyright to IJARSCT =
www ijarsct.co.in o

&\ IJARSCT ¥
Q

=iy



:3( IJARSCT ,/

xx International Journal of Advanced Research in Science, Communication and Technology 1\

9001:2015 /4
IJAR SCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal "',ED c
ISSN: 2581-9429 Volume 5, Issue 4, October 2025 Impact Factor: 7.67

III. PROPOSED METHODOLOGY
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Fig 3. Block diagram of IoT Based Smart Smart Garden and Monitoring System

Node MCU (ESP8266)

The Node MCU (ESP8266) is a low-cost, open-source [oT development board that features the ESP- 12E module, which
is built around the ESP8266 Wi-Fi system-on-chip (SoC) developed by Espressif Systems. It is perfect for Internet of
Things (IoT) applications since it incorporates a 32-bit Tensilica L106 microcontroller operating at 80 or 160 MHz, as
well as integrated Wi-Fi and a complete TCP/IP stack. In addition to having 17 general-purpose input/output (GPIO) pins
and 4 MB of flash memory, the ESP-12E module supports UART, 12C, SPI, PWM, and a single 10-bit ADC input.
Powered by either an external power supply or USB, the Node MCU runs on 3.3V logic and has an integrated USB-to-
serial converter that makes programming using the Arduino IDE, PlatformlO, or other development tools simple. For
applications like home automation, remote sensing, and smart environments, this makes it ideal for multi-parameter
monitoring and control systems.

DHT11 Temperature

The DHT11 is a low-cost digital sensor used to measure temperature and humidity. It is simple to integrate with
microcontrollers such as Node MCU because it just requires one data pin to deliver calibrated digital output. The sensor
has a sampling rate of one reading per second, runs on 3.3V to 5V, and uses little power.

Soil Moisture Sensor
A straightforward, inexpensive analog sensor called the Soil Moisture Sensor. It is used to determine how much water is
in soil. It is made up of two electrode-like probes. The sensor detects the resistance between the probes when it is put into
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soil; wet soil transmits electricity more readily (lower resistance), whereas dry soil conducts it less readily (greater
resistance).

Voltage Range for Operation: 3.3V to 5V DC Output Signal: Digital and Analog Vcc: +5V Power; Pinout & Data:
GND:The earth. Variable voltage is output by the A0 (Analog Output). The output voltage is higher in dry soil.

Relay Module

A Relay Module is an electrical switch that allows a low-power microcontroller like a Node MCU (ESP8266) to control
high-voltage devices such as lights, fans, or pumps. It acts as an interface between low-voltage digital systems and high-
voltage AC or DC loads. 5V DC (for the relay coil) is the operating voltage. Trigger Level: Depending on the module,
either LOW (0V) or HIGH (3.3V/5V). Your device's output side: Common (COM): The main point of contact. "
According to its specifications, its "range" is the highest voltage and current it can switch without risk.

Pump Motor

Operating Voltage: 5V DC (usually from a 5V regulator or a USB supply). Current Draw: Depending on the model and
load, it typically ranges from 220mA to 500mA.A relay or motor driver must be used to control this excessive current
because a microcontroller pin can normally only give 20-40 mA. A Pump Motor is an electromechanical device used to
move fluids (such as water or other liquids) from one place to another. Small DC water pumps are frequently utilized in
IoT and automation projects for uses such as liquid circulation, aquaponics, and automated plant watering systems.

LDR (Light Dependent Resistor)

Voltage Range for Operation: 3.3V to 5V DC Digital (HIGH/LOW) and analog (variable voltage) output signals are both
available. Provides a variable voltage that is directly proportional to the intensity of the light (e.g., 0-5V). Lower LDR
resistance equals higher voltage when there is more light. An LDR is a light-sensitive resistor whose resistance decreases
as light intensity increases. Made typically from cadmium sulfide, it has high resistance in the dark and low resistance in
bright light. Used in a voltage divider circuit, it provides an analog voltage output that microcontrollers like the Node
MCU can read to measure light levels. Common applications include automatic lighting, day/night detection, and energy-
saving systems.

Power Supply

A power supply delivers the necessary voltage and current to operate your Node MCU and its connected devices.
Generally, the Node MCU utilizes a 5V USB power source that is regulated to 3.3V for the ESP8266 chip. A consistent
power supply guarantees dependable performance, particularly when powering sensors or motors. In portable projects,
batteries equipped with voltage regulators are frequently employed.

Ultrasonic Sensor

Operating Voltage: 5V DC Present Draw: ~15 mA. . Pinout & Data: Vcc: +5V Power. Frequency: 40 kHz (Ultrasonic).
Echo (Output Pin): This pin goes HIGH for a period of time equal to the time it took for the sound wave to travel to the
item and back. Trig (Input Pin): To start a measurement, send a brief 10us HIGH pulse to this pin from your
microcontroller. The smart garden area's primary goal is to maintain cleanliness and appropriate waste management. The
system can use the Android app to alert users whether the dustbin is full or empty, allowing for timely waste collection.

Android App

Within your IoT-driven Smart Garden and Monitoring System, the Android application serves as a crucial interface
connecting the garden system with the user. Its functions include: Remote Monitoring — The application enables users to
view real-time sensor data (soil moisture, temperature, light intensity, dustbin status, etc.) from any location. Control
Functions Users have the ability to remotely switch ON/OFF devices like the water pump or lights through the app.
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IV. CONCLUSION
The Smart Garden and Monitoring System has been created and executed to showcase how straightforward automation
and sensor-based technologies can significantly enhance the processes involved in garden upkeep and environmental
observation. This project illustrates that by utilizing sensors and automatic control units, tasks such as watering plants,
assessing light conditions, tracking temperature, and ensuring cleanliness can be carried out reliably and systematically
without the necessity for constant human intervention. The soil moisture sensor, which is integrated with the water pump,
represents the most crucial component of this system. This sensor persistently measures the moisture content within the
soil, and whenever it identifies dryness that exceeds a specified threshold, the water pump is automatically activated to
provide irrigation for the plants.
This guarantees that the plants receive an appropriate amount of water as required. Once the soil moisture level returns
to a satisfactory state, the pump will automatically deactivate. Consequently, the system effectively prevents both
overwatering and underwatering, while simultaneously conserving water resources and promoting healthy plant growth.
The LDR sensor is instrumental in recording the amount of sunlight or brightness available to the plants. Given that light
is one of the fundamental requirements for photosynthesis, the availability of adequate sunlight has a direct influence on
plant growth and development.
The sensor ensures that light intensity data is continuously monitored, which can aid in determining whether the garden
is receiving sufficient natural light.The temperature sensor consistently measures the surrounding environmental
temperature of the plants. Temperature directly influences the overall growth cycle of plants, and certain species exhibit
sensitivity to temperature variations. By keeping track of this parameter.
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