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Abstract -

Agriculture plays a vital role in ensuring food security;
however, traditional farming methods face challenges such as
limited arable land, water scarcity, unpredictable climatic
conditions, and declining soil fertility. To address these issues,
this research presents a Hydroponic Farming System, an
innovative soilless cultivation technique that enables plants to
grow using nutrient-rich water solutions. The proposed system
is designed to provide an efficient, sustainable, and
environmentally friendly method of crop production. In this
system, plants receive essential nutrients directly through
water, eliminating the need for soil while ensuring optimal
growth conditions. The hydroponic setup utilizes controlled
environmental parameters such as water supply, nutrient
concentration, light, and temperature to enhance plant
productivity and resource efficiency. Compared to
conventional farming, the system significantly reduces water
consumption, minimizes the use of chemical fertilizers and
pesticides, and allows cultivation in urban and space-
constrained areas. The study evaluates the performance of
hydroponic farming in terms of plant growth rate, resource
utilization, and crop yield. Experimental observations indicate
that hydroponically grown plants exhibit faster growth,
healthier root development, and higher productivity than those
cultivated using traditional methods. Furthermore, the system
contributes to sustainable agriculture by reducing
environmental impact and promoting year-round crop
production. The findings of this research demonstrate that
hydroponic farming is a promising solution for future
agricultural challenges.

Keywords: Hydroponics, Sustainable Agriculture, Soilless
Cultivation, Nutrient Solution, Water Conservation, Crop
Production

1.INTRODUCTION

Agriculture is the backbone of many economies and plays a
crucial role in providing food for the growing global
population. However, conventional farming methods face
several challenges, including decreasing agricultural land,
water scarcity, soil degradation, climate change, and the
excessive use of chemical fertilizers and pesticides. These
issues have created a need for innovative and sustainable -
quality crops in a resource-constrained environment. farming
techniques that can increase crop productivity while

conserving natural resources. Hydroponic farming is an advanced
agricultural technique that enables plants to grow without soil by
supplying essential nutrients directly through a nutrient-rich water
solution. In this method, plant roots are immersed in or exposed to
a carefully controlled nutrient medium that provides all the
minerals required for healthy growth. Since the nutrients are
delivered directly to the roots, plants can absorb them more
efficiently, resulting in faster growth and higher yields compared
to traditional soil-based farming. The concept of hydroponics has
gained significant attention in recent years due to its ability to
address modern agricultural challenges. Hydroponic systems
require significantly less water than conventional farming because
the water is continuously recycled within the system. Furthermore,
the absence of soil reduces the risk of soil-borne diseases and
weeds, minimizing the need for pesticides and herbicides. This
makes hydroponic farming an environmentally friendly and
sustainable alternative for food production. The Hydroponic
Farming System proposed in this research aims to develop an
efficient and cost-effective method for cultivating plants in
controlled conditions. The system focuses on optimizing the
supply of water, nutrients, light, and environmental parameters to
promote healthy plant growth and maximize productivity. By
utilizing modern agricultural technologies, hydroponic farming
can be implemented in urban areas, rooftops, greenhouses, and
regions where fertile land is limited. This research investigates the
design, implementation, and performance of a hydroponic farming
system and evaluates its effectiveness in terms of plant growth,
resource utilization, and crop yield.

2. LITERATURE SURVEY

1.0verview of Hydroponic Farming

Hydroponics is a modern agricultural technique that allows plants to
grow without soil by using nutrient-rich water solutions. Researchers
have extensively studied hydroponic systems as a sustainable
alternative to conventional farming due to increasing concerns about
water scarcity, urbanization, and declining agricultural land Studies
have shown that hydroponics can significantly increase crop
productivity while reducing water consumption and environmental
impact.
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Study 2: Comparison of Hydroponic and Soil-Based
Cultivation

Barbosa et al. (2015) compared hydroponic farming with
conventional soil-based agriculture. Their findings revealed
that hydroponically grown vegetables exhibited faster growth
rates, higher productivity, and better quality. The study also
emphasized that controlled nutrient delivery improves plant
health and reduces resource wastage.

3. Analysis of Existing Systems

The literature indicates that hydroponic farming offers several
advantages, including efficient water utilization, faster plant
growth, System Components.

A. Nutrient Reservoir

The nutrient reservoir stores water mixed with essential
minerals required for plant growth. It acts as the primary source
of nutrients supplied to the plants.

B. Water Pump

The water pump circulates the nutrient solution from the
reservoir to the plant growing channels. Continuous circulation
ensures adequate nutrient delivery and oxygen availability to
plant roots.

C. Plant Bed

The growing chamber contains plants supported by net pots and
an inert growing medium such as coco peat, perlite, or
rockwool. Plant roots are exposed directly to the nutrient
solution.

reduced dependence on soil, and the ability to cultivate crops
throughout the year. Researchers have also demonstrated the
effectiveness of automation and sensor-based monitoring in
improving system performance.

4. Research Gap

Although numerous studies have confirmed the benefits of
hydroponic farming, there remains a need for cost-effective,
scalable, and easily manageable systems suitable for
educational institutions, small farmers, and urban households.
Existing research primarily focuses on large-scale commercial
applications, while limited attention has been given to
developing low-cost hydroponic solutions with simplified
monitoring and maintenance.

5. Conclusion of Literature Survey

Based on the reviewed literature, hydroponic farming has
emerged as an effective and sustainable agricultural technology
capable of addressing challenges related to land availability,
water scarcity, and food production. Previous studies have
validated its potential to improve crop yield and resource
efficiency. Therefore, the proposed Hydroponic.
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3. PROPOSED SYSTEM

The proposed system is a Hydroponics Farming System that
enables the cultivation of plants without the use of soil. Instead of
soil, plants receive water and essential nutrients directly through a
nutrient-rich solution. This method provides a controlled
environment for plant growth and improves the efficient use of
water and nutrients.

In the proposed system, plants are placed in net pots supported by a
growing medium such as coco peat, rock wool, or clay pellets. The
roots of the plants are partially submerged in a nutrient solution
stored in a reservoir tank.

A water pump is used to circulate the nutrient solution from the
reservoir to the plant growing channel. The nutrient-rich water
flows around the roots, supplying essential minerals required for
plant growth. Excess solution is collected and returned to the
reservoir, creating a continuous recirculating system.

Working of the System

1. Nutrient solution is prepared and stored in a reservoir tank.

2. A water pump circulates the nutrient solution to the plant
growing channels.

3. Plant roots absorb water and nutrients directly from the
solution.

4. Excess nutrient solution flows back to the reservoir.

5. The cycle repeats continuously, ensuring a constant supply
of nutrients.

4. SYSTEM ARCHITECTURE

1.System Components
A. Nutrient Reservoir

The nutrient reservoir stores water mixed with essential minerals
required for plant growth

B. Water Pump

The water pump circulates the nutrient solution from the reservoir to
the plant growing channels. Continuous circulation ensures adequate
nutrient delivery and oxygen availability to plant roots.

C. Plant Bed

The growing chamber contains plants supported by net pots and an
inert growing medium such as coco peat, perlite, or rockwool.

D. Sensors
Various sensors are used to monitor system conditions:

e  Water Level Sensor: Detects nutrient solution level in the
reservoir.

e pH Sensor: Measures the acidity or alkalinity of the
nutrient solution.

e Temperature Sensor: Monitors ambient and water
temperature.

¢  Humidity Sensor: Measures surrounding humidity levels.
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E. Microcontroller Unit

A microcontroller (such as Arduino or ESP32) serves as the
central processing unit of the system. It collects sensor data,
analyses environmental conditions, and controls the water

pump

and other devices.

F. Monitoring and Display Unit

An LCD display or mobile application can be used to display
real-time system parameters such as pH, temperature, humidity,
and water level. This helps users monitor plant health and
system performance

4.System Architecture Diagram

Power supply
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Microcontroller

%

pH Sensor Temp & Water Level
Humidity Sensor
Control System
Water Pump LED Lights
Nutrient
Reservoir
Plant Bed
4. Working Principle

—
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Water and nutrients are stored in the reservoir.

The water pump transfers the nutrient solution to the
plant bed.

Plant roots absorb water, nutrients, and oxygen
necessary for growth.

Sensors continuously monitor pH,
humidity, and water levels.

The microcontroller receives sensor readings and
evaluates system conditions.

If any parameter deviates from the desired range,
corrective actions such as activating pumps or
adjusting environmental conditions are performed.

temperature,
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7. Excess nutrient solution returns to the reservoir for
recirculation.

8. The cycle continues automatically, ensuring efficient
resource utilization and healthy plant growth.

5. Advantages of the Proposed Architecture

Efficient utilization of water and nutrients.

Reduced dependence on soil and pesticides.

Faster plant growth and higher crop yield.

Continuous monitoring of environmental conditions.
Suitable for urban farming and limited spaces.

Scalable for both small and large agricultural applications.
Supports sustainable and smart farming practices.

6. Conclusion

The proposed Hydroponic Farming System architecture integrates
nutrient management, environmental monitoring, and automated
control into a single framework. By ensuring optimal growing
conditions and efficient resource utilization, the system provides a
sustainable solution for modern agriculture and contributes to
increased food production with minimal environmental impact

5. SYSTEM DESIGN

1. Design Overview

The Hydroponic Farming System is designed to provide a sustainable
and efficient method of growing plants without soil. The system
utilizes a nutrient-rich water solution to supply essential minerals
directly to plant roots. The design integrates water circulation,
nutrient management, environmental monitoring, and automated
control mechanisms to create optimal growing conditions for crops.

2. Design Objectives
The primary objectives of the system design are:

o To cultivate plants without the use of soil.

e To minimize water consumption through nutrient
recirculation.

e To provide continuous nutrient supply to plant roots.

e To monitor environmental parameters affecting plant
growth.

e To automate farming operations and reduce human effort.

e To improve crop yield and quality through controlled
cultivation.

3. Hardware Design
A. Nutrient Storage Unit

The nutrient storage unit consists of a water reservoir containing a
balanced nutrient solution. This reservoir acts as the main source of
water and essential minerals required for plant growth.

B. Water Circulation System
A submersible water pump continuously circulates the nutrient
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solution from the reservoir to the growing channels.
C. Plant Growing Unit

The growing unit consists of PVC pipes or trays fitted with net
pots. Plants are supported using inert growing media such as
coco peat, rockwool, or perlite.

Functions:

e Holds plants securely.
e Provides root support.
e Allows direct nutrient absorption.

D. Sensor Module

The sensor module continuously monitors  critical

environmental and water parameters.
Sensor Purpose
pH Sensor Measures acidity and alkalinity
Water Level Sensor Detects nutrient solution level
Temperature Sensor Monitors water and air temperature
Humidity Sensor ~ Measures surrounding humidity

E. Lighting System

LED grow lights provide artificial illumination when natural
sunlight is insufficient.

4. Software Design

The software component manages monitoring and control
operations.

Functions of the Software

Collect sensor data at regular intervals.

Analyse environmental conditions.

Compare measured values with predefined thresholds.
Activate or deactivate devices accordingly.

Display real-time information to the user.

Generate alerts when abnormal conditions occur.

AN

Software Flow

Initialize system.

Read sensor values.

Process sensor data.

Compare values with standard limits.
Control water pump and lighting.
Display current status.

Repeat monitoring cycle continuously.

Nk —

5. Functional Modules

Module 1: Nutrient Management

This module maintains the nutrient concentration required for
healthy plant growth. Nutrient-rich water is continuously supplied to
plant roots.

Module 2: Water Management

The water management module ensures efficient recirculation and
minimizes water wastage through a closed-loop system.

Module 3: Environmental Monitoring

This module monitors temperature, humidity, pH, and water level to
maintain favorable growing conditions.

Module 4: Automated Control

The automation module controls pumps, lights, and other devices
based on sensor readings, reducing manual intervention.

Module 5: User Monitoring Interface

The interface displays system parameters and allows users to observe
the status of the hydroponic farm in real time.

6. System Workflow

The operation of the proposed Hydroponic Farming System follows
the following sequence:

1. The nutrient reservoir is filled with water and nutrient
solution.

2. The water pump transfers the solution to the growing
chamber.

3. Plantroots absorb nutrients and oxygen from the circulating

solution.

Sensors continuously monitor system conditions.

Sensor data is sent to the microcontroller.

The controller analyses the collected data.

Necessary control actions are executed automatically.

Excess nutrient solution returns to the reservoir.

e

6.Data Flow

User
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5. Conclusion

The Data Flow Diagram demonstrates the efficient movement of
information within the Hydroponic Farming System. Sensor data is
continuously collected, processed, and utilized to automate nutrient
delivery and environmental control. This structured flow of
information ensures optimal plant growth, resource conservation,
and improved farming efficiency, making the system suitable for
sustainable agricultural application.

7.CONCLUSION

The Hydroponic Farming System presented in this research
demonstrates an innovative and sustainable approach to modern
agriculture by enabling plant cultivation without the use of soil. The
system effectively utilizes a nutrient-rich water solution to provide
essential nutrients directly to plant roots, resulting in efficient
resource utilization and improved crop growth. Through the
integration of water -circulation mechanisms, environmental
monitoring sensors, and automated control systems, the proposed
solution creates an optimal environment for healthy and productive
plant development.

The study highlights the advantages of hydroponic farming over
conventional agricultural methods, particularly in terms of water
conservation, reduced land requirements, faster plant growth, and
decreased dependence on chemical pesticides and fertilizers. The
recirculation of nutrient solutions significantly minimizes water
wastage, making the system suitable for regions facing water scarcity
and limited agricultural resources. Furthermore, the controlled
growing environment allows year-round cultivation and enhances
crop quality and yield.

In the future, the system can be further enhanced through the
integration of Internet of Things (IoT) technology, artificial
intelligence-based decision-making, mobile application support, and
advanced data analytics. These improvements can provide greater
automation, remote monitoring capabilities, and improved crop
management, thereby increasing productivity and supporting the
development of smart agriculture systems.

Hydroponics Farming System offers a practical and eco-friendly
approach to food production. With proper maintenance and nutrient
management, it can contribute significantly to meeting future
agricultural demands and promoting sustainable farming practices.

© 2026, IJSREM

| https:

ijsrem.com

DOI: 10.55041/IJSREM64664 | Page 6


https://ijsrem.com/

Volume: 10 Issue: 06 | Jun - 2026

International Journal of Scientific Research in Engineering and Management (I]SREM)
SJIF Rating: 8.659

ISSN: 2582-3930

8. FUTURE SCOPE:

The Hydroponic Farming System represents a significant
advancement in sustainable agriculture; however, there are
several opportunities for further development and enhancement.
As technology continues to evolve, hydroponic farming can be
integrated with modern automation, data analytics, and smart
agricultural solutions to improve efficiency, productivity, and
scalability.

One of the most promising future developments is the
integration of the Internet of Things (IoT). IoT-enabled sensors
can continuously monitor important parameters such as pH
level, nutrient concentration, temperature, humidity, water level,
and light intensity. The collected data can be transmitted to
cloud-based platforms, allowing farmers to monitor and manage
the system remotely through smartphones or computers.

Another important area of improvement is the application of
Artificial Intelligence (AI) and Machine Learning (ML).
These technologies can analyse environmental and crop-growth
data to predict plant requirements, optimize nutrient delivery,
detect diseases at an early stage, and recommend corrective
actions automatically. This can significantly reduce human
intervention and improve crop productivity..

Another potential advancement is the development of vertical
hydroponic farming systems. By utilizing vertical space, large
quantities of crops can be produced in limited areas, making the
technology highly suitable for urban environments, residential
buildings, and commercial greenhouses. This approach can help
address food security challenges in rapidly growing cities.

Future research can also focus on integrating computer vision
and image-processing technologies for continuous plant health
monitoring. Cameras and intelligent image analysis algorithms
can identify nutrient deficiencies, pest infestations, and plant
diseases at an early stage, allowing timely corrective measures.

Furthermore, cloud computing and big data analytics can be
employed to maintain historical crop data, analyse growth
patterns, and support data-driven agricultural decision-making.
These technologies can help improve crop yield, quality, and
resource utilization over time.
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