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Understanding the Fundamentals of Hydroponics

* A Soil-Free Farming Revolution



Nutrient Solution

Nutrient solution

* A diluted water solution containing all essential nutrients in
form of inorganic ions or soluble inorganic compounds.



Rockwool
Pumice
Perlite
Coil

1. To supply water

2. To supply nutrients
3. To supply oxygen
4. To provide support

Substrates



Geoponics & Hydroponics

 Which is Soilless?
e Classification ?

Soilless Culture Systems
*Classification according to the method of managing the drainage solution
*Classification according to the rooting medium
Classification according to the architecture of the system and the construction
materials
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What is Hydroponics?

* Method of growing
plants in nutrient-rich
water

* Soil is replacedwith
inert mediums like
perlite or rockwool

 Roots are in direct
contact with nutrient
solution




Why Use Hydroponics?
Faster growth and higher yields
Requires less water than traditional farming

Can be done indoors or in urban areas
Reduces pests and diseases
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Basic Components of a Hvdroponlc Svstem

* Grow tray:
Holds plants

* Reservoir:
Contains
nhutrient
solution

* Pump:
Circulates water
and nutrients

e Air stone &
pump: Provide
oxygen to roots

 Lighting: Often
LEDs for indoor
setups
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Types of Hydroponic Systems

Nutrient Film Technique (NFT) * Ebb and Flow (Flood and
Deep Water Culture (DWC) Drain)
Wick System * Drip System

* Aeroponics

Nutrient Film Technique Deep Water Culture (DWC) Wick system
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Air stone
Nutrient solution

Drip system Aeroponics

Water pump Air stone Air pump
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Water pump Water pump



Nutrient Solution

e Esse ntla I e I ements: N , Hydroponic nutrients solution

P, K, Ca, Mg, Fe, etc. I

° pH and e|eCtrica| Monitoring parameters

conductivity (EC) must i_im

be monitored

pH EC Temp Macronutrient concentration

 Needs to be refreshed
regularly

Concentration
Ratio Method
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Advantages of Hydroponics

Saves space and water

No weeds or soil-borne
diseases

Precise control over
nutrients

Year-round production
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Challenges in Hydroponics

Initial setup cost can be
high
Requires technical

knowledge

Vulnerable to power

outages -:.:e— , rf»
== ﬁ.7/7[ i yT/'

Need for constant i M
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Applications of Hydroponics

* Urban farming * Space missions (e.g., NASA)
e Vertical farms e Research in controlled environments

Vertical Farming <, 4
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Applications of Hydroponics

* Urban farming * Space missions (e.g., NASA)
e Vertical farms e Research in controlled environments

Oa. o
s HM'/ LED Lamp

Cloud Storage, Data Analytics &
Processing

b Sensor senses
real time

Collect &

analyze data .= -— -
Lo | ' information & ¥

sends 10
doud internet

& monitor the |

environment | Sensor measuring

Remote
Monitoring
using web/ app

soil moisture, pH

Grow Tray
Water is
returned
with Water containing ammonia

Water
containing

ammonia
ammonia

removed

Sensor measuring
PH, Temperature,

ammonia level Fish Tank
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Applications o
Urban farming .
Vertical farms .
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f Hydroponics
Space missions (e.g., NASA)
Research in controlled environments




Future of Hydroponics

Crop Surveillance Using

* Integration with
loT and Al for
smart farming

e Sustainable
food production
for growing
population

e Potential for

climate-resilient
agriculture

Soil Moisture Sensor



NN Hydroponics is a
: soil-free, efficient

method of growing
plants

Summary - Offers numerous
WHEIEES benefits, but
. requires careful
Hydroponics management

’ Plays a key role in
sustainable

% agriculture and food
security










The Need for Agricultural Transformation



Challenges in Agricultural Production Systems

Population Growth 4’ Resource Depletion O
Increased food demand Water scarcity
Urbanization Land degradation

Inadequate agricultural
> 1’+? systems to meet future
food demand

; Energy-intensive
Resource scarcity ay

practices
Unpredictable weather Dependence on water
-
Climate Change 9.3 Conventional Systems 63



Hydroponics vs. Traditional Farming




Hydroponics as a Sustainable Solution

Reduced
Pesticide Use Water Efficiency
Hydroponics Hydroponics
minimizes the reduces water use
need for chemical by up to 90%
pesticides. through recycling.

Urban Agriculture Nutrient
Management
Hydroponics @ Precise control
enables food over nutrient
production in delivery ent
urban centers. plant growth.

Climate

Resilience
Hydroponics
allows cultivation
independent of
environmental
conditions.



Balancing Tradition and Modernity in Agriculture

Technological

High Soil * eé Integration

Dependency
, Resource
Environmental ; @ Efficiency
Impact
- ‘r‘ Controlled
Labor Intensive A N Production
g B

Traditional Agriculture



Fundamental Principles of Hydroponic Systems



Cultivation
System

Essential parts for plant
growth

o]

Fluid
Management
System

Components for nutrient
distribution

Hydroponic System Design

Hydroponic
System
Central cultivation and
support structure
(o]
Structural Frame
Framework supporting
the entire system



Hydroponic Systems and Sustainability



The Negd-forAgricultural Transformation

Agricultural systems worldwide face increasing pressure due to rapid population
growth, urbanization, climate change, and the degradation of natural resources.
Traditional soil-based farming methods are often inefficient in water use, highly
dependent on chemical inputs, and vulrerable to climate variability. These
challenges call for an urgent shift toward more resilient and sustainable models
of food production that can ensure food security without compromising
ecological balance. Hydroponic systems emerge as a compelling solution in this
context, offering an innovative, controlled-environmental approach to crop
cultivation. Hydroponics presents a scalable and resource-efficient agricultural

method that eliminates dependence on soil and allows preC|se nutrient and
water management. b,



Hydroponic Cultivation Techniques

Continuous nutrient
flow for efficient root
absorption

Roots submerged in
nutnent-nch,
oxygenated water

Periodic flooding
and draining for

nutrient uptake

Roots suspended in
air, sprayed with
nutrient solution

Precise nutrient
delivery directly to
plant roots
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FundamentéIPrinCipIeS of Hydropénic Systems

Hydroponics refers to growing plants using mineral nutrient solutions in
a water-solvent without using soil. This technique, although ancient in
concept, has undergone significant technological advancements in the
last few decades. Several hydroponic systems include nutrient film
techniques (NFT), deep water culture’ (DWC), ebb and flow, aeroponics,
and drip systems, each with unique nutrient delivery and root
oxygenation mechanics. The efficiency of hydroponic cultivation lies in
its ability to provide plants with optimal-nutrient concentrations directly at
the root zone, enabling faster growth rates-and higher yields. The
control over pH, EC, temperature, and light ensures a stable growing
environment. In this section; readers are introduced to the technical
framework of hydroponics, offering a comparative view against
traditional farming regarding/ih'puts, outputs;.and environmental impact.



Types of Hydroponic Systems

Nutrient Film Technique (NFT) * Ebb and Flow (Flood and
Deep Water Culture (DWC) Drain)
Wick System * Drip System

* Aeroponics

Nutrient Film Technique Deep Water Culture (DWC) Wick system
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Air stone
Nutrient solution

Drip system Aeroponics

Water pump Air stone Air pump
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Overview of Hydroponic Systems

Ebb and Flow (Flood &
Drain): Periodic flooding and
draining of root zone

Deep Water Culture (DWC):
Roots suspended in
oxygenated nutrient solution

Nutrient Film Technique
(NFT): Thin film of nutrients
continuously flows over roots

Common Types of Hydroponic Systems

Aeroponics: Roots
suspended in air and misted
with nutrients

Drip System: Nutrient
solution slowly dripped onto
roots

Ebb and Flow Drip System




Nutrient Film Technique I(NFT) & Deep Water Culture

Nutrient Film Technique

r“tj

Nutrient solution

Water pump Air stone Airpump

Deep Water Culture (DWC)
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Nutrient solution

Air stone




Ebb and Flow (Flood and Drain) System

Ebb and Flow

Nutrient solution
Tm‘\-:-r

Water pump




Nutrient solution

Water pump




Drip System (Recovery & Non-Recovery)

Drip system
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Nutrient solution

Water pump




Hydroponic System Comparison

High Medium Medium Very High

Continuous Static Cyclical Periodic

ot 3 . | il s
[QE Installation Cost } [ Medium J L High
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Medium Medium High




Class Exercise

Design your Hidroponic System
1. Groupsof4 &

2. Instructions provided

3. -Details on the deck



101



loT-Enabled Hydroponic Setup Y




Actuation and Automation

e Pumps, valves, fans, grow Sensor
lights can be automated

e Triggers based on sensor /> \

threshplds (e.g., turn on Sansor
pump if EC <1,5) thresholds R—

e Scheduled or rule-based \ l
automation logic

e Feedback loop ensures -—
system self-corrects Feedback

Controller Actuator




Sensor Layer

* - Measures pH, EC, temperature, humidity, light

* - Enables real-time environment monitoring Actuation and Automation

Sensors Sensor thresholds
* Foundation of smart hydroponic systems

Controller Actuators

Feedback




Controller and Communication Layer

H

- Microcontrollers: - Communication: Gateways send data
Arduino, Raspberry Pi Wi-Fi, LoRa, Zigbee to cloud/dashboard




Communication Layer

Wi-Fi:
Wi-Fi is a wireless networking technology that allows devices to connect to the internet or

communicate with one another wirelessly within a local area network (LAN). suitable for
applications that require fast and reliable connectivity

LoRa:

LoRa (Long Range) is a wireless communication technology designed for long-range,
low-power, and low-data-rate applications. ideal for applications such as smart agriculture,
environmental monitoring, and asset tracking 1.

Zigbee:

Zigbee is a wireless communication protocol designed for low-power, low-data-rate, and
short-range applications. known for its mesh networking capability, which allows devices to
relay data to one another, extending the range.
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Cloud Platform:

e - Platforms: Blynk, AWS loT, ThingsBc
* - Features: Monitoring, alerts, analyt
* - Mobile/web dashboards available

i
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Actuation and Automation

of &

- Automates pumps, - Triggered by sensor - Creates self-correcting
lights, fans thresholds or schedules systems
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Opportunities:
- Cheaper sensors
- Al integration

Challenges:

- High initial cost

- Internet/power reliability
- Data security







Digital Agriculture: Integrating loT and Al



Digital Agriculture: loT and Al-Supported
Hydroponic Applications

Integrating the Internet of Things (IoT) and Atrtificial Intelligence (Al) technologies into hydroponic systems marks a
transformative step toward digital agriculture. In real-time, sensors' monitor key parameters such as temperature, humidity,
light intensity, pH, and 'EC. These sensors are often connected to microcontrollers like Arduino or ESRP32, which collect and
transmit data via Wi-Fi or Bluetooth to cloud-based platforms. This‘eénables farmers to monitor conditions remotely and
automate nutrient dosing and irrigation interventions. On the software side, Al algorithms -developed in Python or JavaScript-
process this data to detect patterns, predict plant stress, and optimize resource usage.through machine learning models.
Platforms such as TensorFlow or Node-RED are often used to build decision support systems that can issue alerts or
automate system adjustments. This digitalintegration improves efficiency, reduces human error, and enhances precision in
crop.management. This section highlights the hardware and software ecosystems supporting Al- and loT-enabled hydroponic

farming.



Parts are printed In

Hydroponics 3D printed parts features

printing

\ windows

different colors to Each part is labeled Provided in
indicate functional Optional clear PLA with a QR code OpenSCAD/Fusion360
zones. For example panels allow linking to format, aliowing
red indicates water observation of the explanatory videos students to modi
flow roots or instructions. designs.
Color-coded Transparent QR-coded Parametric

k CAD files J
w4



Digital Fabrication Blueprint

(0

Roeommondaﬁon@

Suggests PETG for its food
safety and UV resistance

l-l
l-i = Lot

Specifies 0.2 mm for detailed

" prints
Nozzle Diameter
Uses a 0.4 mm nozzle for
optimal flow
0 Infill Density
Varies from 25-40% based on
load

Support Structures
Needed for complex shapes
like curved manifolds I'
:':.: Assembly Methods
Employs snap-fit joints,

screws, and gaskets for
modularity




Components of Smart Farming System

Sensor Housing
Al Algorithms Block

Mount for pH, EC, and

Processes sensor
readings for decision
support

DHT22 sensors

Connectivity Case
Wi-Fi or Bluetooth for

data transmission
ventilation

User Interface
Panel

3D-printed panel for
local monitoring

Microcontroller

Insulated mount with
cable routing and



Components of Smart Farming Technologies

Decision Support Sensor-Based
Systems Monitoring

Tools that aid in making Systems that track
informed farming environmental
decisions conditions in real-time

Geographic Information

Mobile Applications Systems

Apps that provide Tools that map and
farmers with real-time analyze spatial data for
insights farming
Cloud-Based Analysis Data Collection Units
Platforms that process Devices that gather and
and analyze agricultural transmit agricuitural

data data



Enhancing Hydroponic Farming with loT and Al

Sensor Technology o

Cloud Platforms °<:>°
Jgobd

Temperature and .

Humidity Sensors Data Transmission

Light and pH Sensors Remote Monitoring

Improving Efficiency
> @;\\ and Precision in
* Hydroponics

Wi-Fi and Bluetooth Decision Support

Connectivity Systems
. Machine Learning
Arduino and ESP32 Models

Microcontroller
Integration

Al Algorithms 24



loT Sensors in Hydroponics

DHT22, DS18B20,
and TSL2561
measure
temperature,
humidity, and light
intensity. Special
electrodes measure
pH, EC, and
dissolved oxygen

- \
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Arduino Mega,
Raspberry Pi 4, or
ESP32 integrate with
sensors and transmit
data via MQTT or
HTTP.

Google Firebase,
Blynk, or
ThingsBoard allow
growers to intervene
in real-time.

\ Sensor Modules J
.

Microcontrollers

kb-talmeﬂ‘acesj

N




Data to Decision in Smart Hydroponics

Data is sent to cloud pmm
platforms Decision
Al algorithms &m
analyze data Automated
Al provides insights Actions
for decisions
Systems adjust
conditions



Optimizing Hydroponics with Al

Al Algorithms Software Tools
Neural Networks TensorFlow
Decision Trees Scikit-learn
. A Enhancing Hydroponic
> ¥ Efficiency
Pattern Recognition Quality Improvement
loT Data Collection Resource Efficiency

Data Processing Production Conditions :,‘f—



Educational Applications for the Next
Generation



Educational Applications for the Next Generation

Despite its critical role in food production, agriculture has lost appeal among younger generations, often perceived as
labor-intensive and low-tech. Integrating hydroponic systems with digital technologies in school environments offers an
opportunity to reshape this narrative. Through hands-on experimentation and real-time data analysis, students can explore
the intersection of biology, environmental science, and engineering in an engaging and modern context. Incorporating
hydroponics into STEM curricula fosters scientific inquiry and problem-solving and cultivates environmental literacy and
systems thinking. These experiences can stimulate interest in sustainable agriculture careers and empower students to
envision innovative solutions to global food challenges. This section advocates using technology-enhanced hydroponics to
reconnect youth with the agricultural sector and instill values of sustainability.



Introduces smart
agriculture through
loT applications.

Encourages active
learning and
problem-solving
skills.

Supports
multilingual, open-
access digital
educational
resources.

Fosters interest in
green technologies
and innovation.

Pathways to Educational Innovation




Digital

integration

Incorporating
technology for data
analysis and

automation

Fostering
understanding of
sustainability and

conservation

Cultivating Future Agricultural Leaders

Integrating science
technology,
engineering, and
mathematics

Engaging students
through practical
expernmentation




European Context and Erasmus+ Framework



Structure of the HAI Project

ﬁ
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Implementation
Describes how the
project is adapted

different countries.

Educational
Resources

Focuses on creating
accessible and
multilingual leaming
materials
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Collaboration

Highlights the
importance of cross
national cocperation

and knowledge
sharing
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Balancing Data Risks with Ethical Practices

Privacy Violation
Risk

Security Breach
Potential

Lack of User
Control

Data Collection

=

=
=2

XSt
—

Risks

c—N

Data
Minimization
Priority

Encryption
Implementation

User Consent
and
Transparency

Ethical Data Practices



Conclusion









