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Abstract: Modern agriculture encounters several problems, such as unpredictable climatic conditions, excessive water
consumption, and the constant need for human intervention. Greenhouse farming makes crop cultivation in a controlled
environment possible, but manual monitoring of temperature, humidity, and soil moisture often results in inefficiency and
dependency on Labor. The paper discusses an loT-based Smart Plant Management System, where ESP8266 has been
integrated with DHT11, PIR motion, and soil moisture sensors for automation in a greenhouse by monitoring and
irrigating the crops. Data collected from the environment are sent over the internet to the Blynk IoT app for real-time
observation and control using Wi-Fi connectivity. The proposed model also activates a water pump automatically when
the soil moisture goes below the threshold level, preventing loss of excess water and hence maintaining the healthiness
of the plant. The low-cost, scalable, and user-friendly designed system gives remote access to improve accuracy in
monitoring. Testing confirms that data transmission is effective, performance is stable, and visualization in real time is
possible over Blynk; hence, the use of IoT techniques is feasible in smart greenhouse automation.

Keywords:loT, Greenhouse Farming, Smart Agriculture, ESP8266, Blynk, Soil Moisture Sensor, Automatic Irrigation,
Environmental Monitoring.

I. INTRODUCTION

Being the backbone of most developing economies, agriculture plays a vital role in ensuring food security and economic
stability. During the last few decades, the agricultural sector has suffered from critical challenges such as water scarcity,
unpredictable climatic changes, depletion of soil fertility, and increasing labor shortages. These challenges have resulted in
demands for innovative and technology-driven solutions that enhance productivity while reducing human intervention to
ensure sustainability. A state-of-the-art approach to this involves integrating Internet of Things (I0T) technology into
greenhouse farming. Conventional open-field farming mostly relies on environmental factors, making it susceptible to
seasonal changes and thus yielding inconsistent results. Greenhouse farming allows control in temperature, humidity, and
soil moisture by providing a favorable artificial climate for crops. However, even in a greenhouse setting, monitoring and
control on a manual basis can be cumbersome, full of errors, and very time-consuming. Integration with 10T provides a
smart solution for real-time monitoring, remote control, and data-driven decision-making. The agricultural ambient will
be continuously monitored and optimized for better plant growth using low-cost microcontrollers, such as ESP8266, and
other sensors, like DHT11 and FC-28. The idea of Smart Agriculture embraces intelligence in conventional farming by
embedding sensors, actuators, and cloud-based analytics. 10T enables live environmental data, which can be wirelessly
transmitted to cloud platforms like Blynk loT for instant insight and control by farmers using smartphones. This real-time
interaction not only enhances efficiency but also conserves the vital resources of water and energy by automating
irrigation based on soil moisture conditions. Moreover, adding PIR motion sensors provides an additional layer of
security by detecting human or animal intrusion within the premises of greenhouses.
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Recent developments in 10T, along with wireless connectivity, have opened the door to data-driven and predictive
agriculture. Using historical data along with real-time information, future systems will be capable of predicting irrigation
requirements and automatically adjusting their operations in concert with environmental changes. These smart systems,
though very apt for big farms, will also have a wide application base among small and medium-scale farmers owing to
their cost-effective, simple, and scalable nature. The Smart Plant Management System for Greenhouse Farming, in this
context, proposes an integrated loT-based solution that incorporates automation, monitoring, and security on a single
platform. It further presents an economical, easy-to-use, scalable system for modern agriculture. The gap between
manual approaches and intelligent automation is filled by this proposed system. Thus, sustainable food production is
guaranteed while there is minimal human effort and environmental impact. This is a proposition of how loT transforms
agriculture into a smart, data-driven, eco-efficient sector, which aims at achieving the goals of sustainable development
and digital transformation in the agriculture sector.
Il. LITERATURE REVIEW

The integration of Internet of Things technology in agriculture has become one of the most transformative trends in
modern farming, which offers new ways of irrigating crops automatically, monitoring environmental parameters, and
maintaining crop growth with sustainability. Researchers and engineers during the last decade have built different 10T-
based greenhouse systems to overcome various challenges faced by growers, related to water shortage, unpredictable
weather conditions, and inefficiency in cultivation by manual means. These various studies focus on the design of systems
that collect environmental data through sensors, sending it to cloud platforms for real-time decision-making and remote
control. The use of low-cost microcontrollers such as ESP8266, ESP32, and Arduino in smart agriculture has narrowed
the technological gap in conventional farming practices among small and medium-scale farmers. Kumar and Desai (2023)
developed the loT-based greenhouse monitoring system with a DHT11 sensor for both temperature and humidity
measurement, while Arduino Uno was used as the processing unit. Their system achieved stable temperature and
humidity control, developing healthier plants. However, their system did not have wireless data transmission and was
dependent on local monitoring. Singh and Sharma (2022) improved this by designing an automated irrigation system using
soil moisture sensors and relay modules that supplied water based on the conditions of the soil. Their system reduced
water consumption by 35%, but it did not involve IoT connectivity for remote access or data storage. Patel (2023)
overcame this issue by implementing the Blynk |oT platform on greenhouse monitoring. This allowed farmers to visualize
the measured data of temperature and humidity on their smartphone screen through ease of use and mobility, but still
depended on manual actuation for irrigation purposes.Gupta and Rao (2022) implemented an ESP32-based 10T system
integrated with Firebase for real-time environmental data transmission and long-term storage. Their cloud-based
approach improved scalability and allowed the analytics of data, although they reported minor latency in wireless
communication. Reddy et al. (2024) designed a low-budget greenhouse automation model using the ESP8266
microcontroller along with DHT11 and FC-28 for soil moisture sensors. Their study showed that low-cost 10T systems
can maintain favorable conditions of soil and air with high efficacy and are feasible for small farmers because these
systems are economic and easy to deploy. Likewise, Khan and Patel (2023) compared the performance of the GSM and
Wi-Fi-based communication modules for smart greenhouse control; they deduced that the ESP8266 Wi-Fi module was
more reliable, had lower operating costs, and a faster data response time, hence was suitable for an loT-based
application.Further developments in this area involved Artificial Intelligence and data analytics for predictive control in
agriculture. Das and Roy (2022) integrated loT sensors with Al-driven models for precision irrigation and vyield
prediction, thus enabling automated decision-making based on environmental data trends. Their system did suffer from
some computational challenges in resource-limited environments. Thomas et al. (2023) then proposed an IoT-based
intrusion detection system using Passive Infrared (PIR) sensors integrated with the Blynk loT platform, which would
provide farmers with real-time alerts regarding human or animal intrusion, thus enhancing the security of greenhouse
environments. Bhattacharya and Ghosh (2023) developed an application involving monitoring temperature, humidity, and
soil moisture data using NodeMCU microcontrollers and displaying them on an Android dashboard. The system was
noted for its simplicity, reliability, and energy efficiency. Verma and lyer (2024) analyzed the performance of multiple loT
frameworks, including ThingSpeak, AWS 10T, and Blynk. According to their study, Blynk strikes a fine balance among
user-friendliness, cost efficiency, and real-time data visualization capabilities, making it highly suitable for small-scale
agricultural implementations. These works indicate the evolution of loT-based greenhouse management systems from
simple monitoring systems to intelligent, cloud-integrated automation platforms. However, most of these current
solutions are confined to either only monitoring or irrigation control, without an integrated framework that combines
environmental sensing, automated irrigation, and security functions in a single system. Many of the more advanced IoT
solutions are also not economically viable for small- and medium-scale farmers. Hence, there is a substantial requirement
for a low-cost, scalable, user-friendly loT-based system that can undertake real-time monitoring, automatic irrigation,
and motion-based security using a unified interface. The proposed Smart Plant Management System for greenhouse
farming in this study fills these gaps by integrating sensors such as DHT11, FC-28, and PIR with the ESP8266
microcontroller and the Blynk 10T platform. This enables real-time data visualization, remote monitoring, and automated
irrigation based on soil moisture levels, with value addition of enhanced security of greenhouses through motion
detection. It ensures affordability, accessibility, and efficiency by leveraging Wi-Fi-enabled microcontrollers and a mobile-
based loT platform.
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In summary, while works in the past have contributed immensely to the evolution of smart agriculture, this is a

comprehensive system which is low-cost and practical, serving both academic research and real-world agricultural
applications.

I11. OBJECTIVES
The main objective of this work is to design and implement a smart, automated, and loT-enabled greenhouse
management system for efficient environmental monitoring, irrigation control, and plant safety based on real-time data
analytics and automation. It aims to bridge the gap between conventional farming and modern digital agriculture through
the use of low-cost microcontrollers, wireless sensors, and the Blynk IoT platform for continuous monitoring and
control.
A. Specific Objectives
1. Development of loT-based Environment Monitoring System for Greenhouse Farming
The main objective of this project is designing a real-time monitoring system that continuously tracks critical
environmental parameters, such as temperature, humidity, and soil moisture. This is achieved with sensors, including
DHT11 for temperature and humidity measurement and FC-28 for soil moisture detection, which are then connected
directly with the greenhouse conditions to ensure precise data delivery. This data is collected, processed through the
central controlling unit ESP8266, and transmitted wirelessly to the Blynk 10T platform for remote visualization. This
ensures that crops stay within their optimum growing conditions and minimizes the possibility of stress from extreme
temperatures or moisture changes.
2. Automate Irrigation Control Based on Real-time Soil Moisture Data
Water management is one of the most critical challenges in modern agriculture. In line with this, the second objective of
the project is to automate irrigation processes through the integration of loT-based control logics, which will actuate or
stop the water pump based on real-time soil moisture values. A relay module connected to the ESP8266 microcontroller
in the system regulates whether the water pump operates or not. If the soil moisture falls below the threshold limit, the
microcontroller automatically triggers a relay that starts irrigation. Once the desired level of moisture is attained, the
pump is switched off to avoid over-irrigation. This acts to ensure that water is used precisely and not wasted, thus
conserving water through proper management.
3. To implement remote access, control, and security using the Blynk 10T platform.
The third objective is to develop an intelligent, remotely accessible interface to enable farmers to monitor and control
greenhouse operations anytime and anywhere using the Blynk 10T mobile application. It integrates an interactive
dashboard where parameters like temperature, humidity, and soil moisture are updated in real time. Additionally, users
can manually activate or deactivate irrigation systems or receive notifications about environmental changes and
intrusions. A PIR motion sensor integrated into the system enhances greenhouse security by detecting unauthorized
human or animal movements. It gives instant alert warnings to the user through the Blynk app when it detects any
irregular movement, thus enabling fast action to be taken in saving crops and equipment.

IV. PROPOSED METHODOLOGY

The methodology adopted in this research outlines the systematic approach used for the design, development, and

evaluation of the Smart Plant Management System for Greenhouse Farming. The methodology is divided into several key

stages: system design, hardware configuration, software implementation, communication setup, automation logic, and
performance validation. The integrated workflow ensures that all hardware and software components interact seamlessly
to achieve reliable automation and real-time monitoring.

A. System Architecture Design

1. Overall, the system architecture consists of three layers: a sensing layer, control and processing layer, and cloud
communication layer.

2. The sensing layer includes environmental sensors like DHT11 for temperature and humidity, a soil moisture sensor
for monitoring soil condition, and a PIR sensor for motion detection.

3. The control and processing layer, governed by the ESP8266 microcontroller, performs the collection and processing
of data from sensors. It executes automation logic based on predefined threshold values. The cloud communication
layer utilizes the Blynk 10T platform, transmitting data wirelessly via Wi-Fi to enable remote access and visualization
of conditions in the greenhouse.

B. Hardware Configuration

The hardware configuration is the foundation of the system, ensuring accurate data acquisition and stable control
operations.

1. ESP8266 Microcontroller:

The ESP8266 microcontroller acts as the system's central processing and communication unit with an onboard Wi-Fi
module. It saves costs and eases hardware complexity by not requiring any additional communication tools.From sensor
data processing to cloud communication through the Blynk 10T platform, the ESP efficiently enables smooth real-time
monitoring and control. The compact size and low power consumption of the ESP8266 make it highly suitable for
continuous operation in the greenhouse environment. It supports over-the-air firmware updates out of the box, allowing
control logic modifications even remotely without physical access.
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Configured accordingly with GPIO pins, multiple analog and digital sensors can be interfaced through this single
microcontroller, which ensures flexible integration and scalability. Real-time responsiveness and reliable data
transmission through the embedded TCP/IP protocol stack within the microcontroller make it a strong and efficient
core toward smart greenhouse automation.

Fig 1: ESP8266 Microcontroller

2. DHT11 Sensor:

The DHT11 sensor measures both temperature and humidity levels within the greenhouse environment for optimal
plant growth. It provides digital output, which makes it easy to interface with the microcontroller ESP8266. It can
provide accurate and real-time signals for the control of automated ventilation, misting, and other climate-controlling
systems. The stable performance, low cost, and long-term reliability mentioned above make it suitable for continuous
environmental monitoring. Moreover, with a compact design and calibrated digital signal output, the DHT11 minimizes
errors, hence enabling precise environment regulation and consistent logging of data.

Fig 2: DHT 11 Sensor
3. Soil Moisture Sensor (FC-28):
The FC-28 soil moisture sensor is an analog sensor that measures water content in the soil, which then compares with
the predetermined threshold to irrigate the plants automatically. It is critical in ensuring the plants do not get more or
less water than is required.

N
T

Fig3 : Soil Moisture Sensor (FC-28)
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This allows them to use water efficiently and at the same time grow healthy. The sensor’s corrosion-resistant probes
promote durability while offering stable performance under wet conditions. In addition, the dual-mode output-analog and
digital-ensures flexibility in the application of different soil types. By means of constant soil condition monitoring, this
ensures that irrigation occurs only when really necessary, therefore optimizing both water consumption and energy
efficiency.
4. PIR Motion Sensor:
The Passive Infrared PIR motion sensor sends out real-time alerts in case of any human or animal movement inside the
greenhouse via the Blynk application. This module makes use of infrared radiation to detect the motion of entities, thus
making it work perfectly even in a situation of low light conditions. It will help protect the greenhouse from
unauthorized access by people and animals and protect crops and equipment from damages. The wide detection range
and low power consumption make it perfect for continuous surveillance. By integrating the PIR sensor, the system adds
a layer of intelligent security and automation to greenhouse management..

Fig 4: PIR Motion Sensor

5. Relay Module and Water Pump: The relay module works like an interface between the ESP8266 microcontroller
and the water pump for automatic irrigation, based on the soil moisture reading. It allows the microcontroller to
switch on/off high-power electrical devices safely with low-voltage signals. The relay is used to provide electrical
isolation between control and load circuits for the protection of the microcontroller. This will ensure that the plants
get a reliable and accurate delivery of water with minimum human interference. The connection of a water pump
through the relay module provides not only more efficiency in irrigation but also results in lesser wastage of water
because the pump will switch on only when the moisture level in the soil decreases below the threshold value.

Fig 5: Relay Module Fig 6: Water Pump

6. Power Supply:

The system includes a controlled 5V DC power supply for consistent performance and protection against voltage
variations that may affect the system's components. This is ensured by the power regulation circuit, where the output
voltage is always maintained, preventing loss of data or resetting of the system during operation. Noise filtering is
provided by capacitors and voltage regulators in order to maintain a ripple-free flow of current. This can be further
extended with a battery backup or solar power system in order to provide uninterrupted functionality for remote or
off-grid areas. Good power management enhances system reliability, energy efficiency, and long-term viability. The
prototyping on the breadboard is carried out by connecting all sensors and modules to the ESP8266 using jumper wires,
keeping circuit interference at a minimum and ensuring signal integrity.

NIRIS© 2014-25, AM Publications - All Rights Reserved https://doi.org/10.26562/ijiris Page -704




m VIRIS: International Journal of Innovative Research in Information Security E-ISSN: 2349-7017
Volume 11, Issue 10, November 2025 P-ISSN: 2349-7009
IJIRIS https://www.ijiris.com/archives
https://doi.org/10.26562/ijiris.2025.v1110.12

Fig 7: Power Supply

C. Software Implementation
The software part of this project was developed using the Arduino IDE, which is an open-source environment for
programming the ESP8266 microcontroller. This implementation process comprises four important stages:
1. Library Configuration and Initialization:
DHT.h, ESP8266WiFi.h, and BlynkSimpleEsp8266.h libraries were added in the Arduino IDE. Pin definitions for
sensors and relay modules were made in the code for proper data acquisition.
2. Network setup and integration with Blynk:
The ESP8266 connects to the Wi-Fi network by using the already saved SSID and password. It then opens a secure
connection to the Blynk cloud through a unique Blynk authentication token for remote communication.
3. Data Processing and Control Logic:
The system performs a logical algorithm that If soil moisture < threshold — Relay ON — Water Pump activates
If the soil moisture = threshold, then Relay OFF and the water pump deactivates.
Meanwhile, the DHT11 sensor continuously updates temperature and humidity readings that are sent to the Blynk
dashboard every two seconds.
4. Data Visualization and User Interface:
The Blynk mobile application displays the environmental parameters using gauges, graphs, and switches. Users can
manually override the irrigation system if needed, ensuring full operational flexibility.
D. Communication Framework
The system communication follows a bidirectional I0T data flow, ensuring continuous interaction between the physical
hardware and the cloud-based monitoring system.
1. Sensors send analog/digital data to the ESP8266 microcontroller.
2. This processed data is sent to the Blynk Cloud via the ESP8266 through Wi-Fi connectivity.
3. The Blynk Cloud updates the user dashboard on the mobile app in real time.
4. Any command given by the user, such as manual pump activation, is sent back to the ESP8266 via the same channel of
communication. This closed-loop architecture in communication enables real-time responsiveness and remote
accessibility, which are salient features of loT-based automation systems.

SENSORS

« Temperature

« Humidity

« Soil Moisture

+ Motion Detection

4

AUTOMATTIC
r WATER PUMP

ESP8266 l CO(:TROL
sl

BLYNK WATER
PUMP

SMART PLANT
MANAGEMENT
SYSTEM

Fig 8: Block diagram of proposed system
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This workflow assures a completely autonomous irrigation cycle with continuous human oversight through loT.
E. Automation Workflow
The general flow of the process will look something like this:
1. These sensors continuously monitor temperature, humidity, and soil moisture.
2. The ESP8266 microcontroller compares the current sensor readings with predetermined threshold values.
3. When the soil moisture falls below the threshold, the relay is triggered to turn on the water pump.
4. Once it has detected enough moisture, the pump automatically turns off.
5. The PIR sensor detects any motion and instantly sends notifications to the user through the Blynk application.
All environmental parameters are updated on the user's mobile dashboard in real time for monitoring and analysis.
F. Testing and Performance Evaluation
The system was tested under real greenhouse conditions continuously for 72 hours. Performance was evaluated in terms
of accuracy, response time, and reliability:
e Accuracy: The DHT11 sensor maintained temperature accuracy within +2°C and humidity within +5%.
¢ Response Time: The soil moisture-based irrigation control responded within 3-4 s of the detection of a threshold.
e Connectivity: Less than 1-second latency while sending data to the Blynk cloud in case of stable Wi-Fi.
o Reliability: The system did not fail at any moment, and it neither lost data nor dropped a single connection.
These tests confirmed that the integrated system provided stable, energy-efficient, and scalable automation suitable for
both small- and large-scale greenhouse operations.

V. RESULT AND DISCUSSION

The proposed Smart Plant Management System for Greenhouse Farming was successfully implemented and tested under
controlled greenhouse conditions, which demonstrated effective automation, real-time monitoring, and reliable
performance. The system continuously monitored temperature, humidity, and soil moisture with DHT11 and FC-28
sensors, while the ESP8266 microcontroller efficiently processed and transmitted data to the Blynk loT platform,
enabling real-time visualization and control. A relay module ensured automatic irrigation when the soil moisture fell
below the threshold value, thus avoiding water waste by approximately 30-35% compared to manual irrigation. A PIR
motion sensor detected human or animal movement with high accuracy and provided instant alerts through the mobile
application, hence enhancing the security of the greenhouse. The system ensured stable connectivity with less than one
second latency in data transmission and showed high reliability during continuous operation over a period of 72 hours.
Real-time graphs and indicators on the Blynk dashboard enabled users to monitor and control all parameters remotely in
a more intuitive, user-friendly, and highly interactive manner. Overall, the system proved to be low-cost, energy-efficient,
scalable, successfully addressing traditional drawbacks with manual greenhouse monitoring and irrigation systems, while
it is also enabling sustainability and optimization of resources.

|

Plant management system »

Emperaturs Hurmicity

Fig 9: Hardware Prototype of Smart Plant Management System Fig10: Blynk 10T Dashboard

ADVANTAGES:

1. Automation and Efficiency: The irrigation and environmental conditions are controlled automatically by the system:;
hence, less manual supervision is required to oversee labor.

2. Water and Energy Conservation: It helps in saving water and electricity by operating the irrigation mechanism only
when required, hence sustainable farming.

3. Monitoring in Real Time: With continuous data acquisition and instant visualization, farmers are able to make

informed decisions about their farms using the Blynk 10T App remotely.
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4. Cost-effectiveness: Affordable building components like ESP8266, DHT11, and FC-28 make the system economically
feasible for small-scale farmers.
5. Scalability and Flexibility: Additional sensors, such as for light intensity, pH, or CO,, can be integrated into the system
for extended functionality.
6. Enhanced Security: The PIR motion sensor provides real-time alerts in case of unauthorized movement to protect
crops and equipment within the greenhouse.
7. User-Friendly Interface: Blynk's loT dashboard provides a user-friendly interface in terms of operation and
visualization for users who have limited technical knowledge.
LIMITATIONS:
It is very dependent on connectivity with the internet, and a weak Wi-Fi network may degrade the performance of the
system in general.
1. Restricted Range: Wi-Fi communication has a limited range, which depends on the router's coverage; hence, it won't
work for very big farmlands.
2. Power Supply: Continuous operation requires a consistent power supply; performance might be altered in rural areas
that do not have access to reliable electricity.
VI. CONCLUSIONS AND FUTURE SCOPE
The Smart Plant Management System for Greenhouse Farming integrates IoT technology effectively for the automation
of vital agricultural processes with increased productivity and sustainability. The proposed system, on an ESP8266
microcontroller connected with DHT11, Soil Moisture (FC-28), and PIR motion sensors, effectively monitors
temperature, humidity, and soil moisture while carrying out the automation of irrigation with real-time sensor feedback.
The integration of the Blynk IoT platform will enable remote monitoring, instant data visualization, and manual control
via a mobile application. Moreover, this adds to the security of a greenhouse with its motion detection feature,
enhancing the reliability of the setup. In general, the proposed system illustrates that low-cost IoT solutions can offer
accurate energy-efficient and user-friendly automation in greenhouse management, reducing labor costs and conserving
resources. The future scope of this work lies in expanding its functionality and intelligence through the integration of
advanced sensors such as light intensity, pH, and CO, sensors for holistic environmental analysis. The inclusion of Al and
machine learning algorithms will enable the system to predictively irrigate and optimize the environment using historical
and real-time data. The addition of solar-powered operation and cloud-based analytics for long-term data storage and
performance tracking would add two major links to the chain of sustainability. In addition, LoRa or ZigBee-based
communication can be implemented to enable scalability for large agricultural farms. All in all, with enhanced automation,
analytics, and energy efficiency, the proposed system has bright prospects for emerging as a completely autonomous Al-
driven smart agriculture solution-one that could transform greenhouse farming into a much more productive, intelligent,
and eco-friendly domain.
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