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Introduction
Agricultural systems face immense pressure due 

to population growth, urbanization, and climate 

change. Hydroponics presents a sustainable 

alternative to traditional farming, providing 

innovative solutions that ensure food security 

while maintaining ecological balance.
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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.



Substrates

• Rockwool
• Pumice
• Perlite
• Coil

• 1. To supply water
• 2. To supply nutrients
• 3. To supply oxygen
• 4. To provide support



Geoponics & Hydroponics

• Which is Soilless? 

• 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



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



Basic Components of a Hydroponic System
• Grow tray: 

Holds plants
• Reservoir: 

Contains 
nutrient 
solution

• Pump: 
Circulates water 
and nutrients

• Air stone & 
pump: Provide 
oxygen to roots

• Lighting: Often 
LEDs for indoor 
setups



Types of Hydroponic Systems
• Nutrient Film Technique (NFT)
• Deep Water Culture (DWC)
• Wick System

• Ebb and Flow (Flood and 
Drain)

• Drip System
• Aeroponics



Nutrient Solution

• Essential elements: N, 
P, K, Ca, Mg, Fe, etc.

• pH and electrical 
conductivity (EC) must 
be monitored

• Needs to be refreshed 
regularly



Advantages of Hydroponics

• Saves space and water

• No weeds or soil-borne 
diseases

• Precise control over 
nutrients

• Year-round production



Challenges in Hydroponics

• Initial setup cost can be 
high

• Requires technical 
knowledge

• Vulnerable to power 
outages

• Need for constant 
monitoring



Applications of Hydroponics
• Urban farming

• Vertical farms

• Space missions (e.g., NASA)

• Research in controlled environments
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Future of Hydroponics

• Integration with 
IoT and AI for 
smart farming

• Sustainable 
food production 
for growing 
population

• Potential for 
climate-resilient 
agriculture



Summary – 
What is 

Hydroponics

Hydroponics is a 
soil-free, efficient 
method of growing 
plants

Offers numerous 
benefits, but 
requires careful 
management

Plays a key role in 
sustainable 
agriculture and food 
security
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The Need for Agricultural Transformation

Challenges in traditional agriculture include water inefficiency and 
chemical dependency.
The need for resilient food production models to address food 
security.
Hydroponics as a compelling solution with controlled-environment 
approaches.











Fundamental Principles of Hydroponic Systems

Definition of hydroponics: soilless cultivation using nutrient 
solutions.
Overview of various hydroponic systems: NFT, DWC, drip systems, 
etc.
Advantages of hydroponics over traditional farming in terms of 
inputs and outputs.





Hydroponic Systems and Sustainability

Reduction in water usage: up to 90% less than traditional methods.
Minimized waste and soil degradation through recycled nutrient 
solutions.
Potential to support urban agriculture and food sovereignty.



The Need for Agricultural 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 vulnerable 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 precise nutrient and 
water management. 





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 inputs, outputs, and environmental impact.

Fundamental Principles of Hydroponic Systems



Types of Hydroponic Systems
• Nutrient Film Technique (NFT)
• Deep Water Culture (DWC)
• Wick System

• Ebb and Flow (Flood and 
Drain)

• Drip System
• Aeroponics



Overview of Hydroponic Systems

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

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

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

Drip System: Nutrient 
solution slowly dripped onto 
roots

Aeroponics: Roots 
suspended in air and misted 
with nutrients



Nutrient Film Technique (NFT) & Deep Water Culture 
(DWC)

- NFT: Nutrient film 
flows over plant 
roots in a sloped 

channel.

- DWC: Roots are 
suspended in 
nutrient-rich, 

oxygenated water.

Pros: Efficient, fast 
growth

Cons: Requires 
constant 

monitoring and 
oxygenation



Ebb and Flow (Flood and Drain) System

- Grow bed 
periodically 
flooded and 

drained.

- Uses inert 
medium like clay 

pebbles.

Pros: Great root 
aeration, flexible

Cons: Requires 
reliable timers and 

pumps



Aeroponics

- Roots 
suspended in air 

and misted.

- Maximizes 
oxygen and 

nutrient uptake.

Pros: Most 
efficient

Cons: Complex, 
sensitive to 

failures



Drip System (Recovery & Non-Recovery)

- Delivers 
nutrients via 

drippers.

Best for 
large-scale 
setups with 

precise control

- Recovery: 
Recycles excess.

- Non-Recovery: 
Simpler but less 

efficient.





Class Exercise

Design your Hidroponic System
1. Groups of 4 
2. Instructions provided
3. Details on the deck



IOT



IoT-Enabled Hydroponic Setup

Sensors: Temperature, humidity, pH, EC, light

Microcontrollers: Arduino, Raspberry Pi, ESP32

Connectivity: Wi-Fi, LoRa, or Zigbee for data transmission

Cloud Platforms: AWS IoT, ThingsBoard, Blynk

Actuators: Valves, pumps, LEDs controlled by software





Sensor Layer
• - Measures pH, EC, temperature, humidity, light

• - Enables real-time environment monitoring

• Foundation of smart hydroponic systems



Controller and Communication Layer

- Microcontrollers: 
Arduino, Raspberry Pi

- Communication: 
Wi-Fi, LoRa, Zigbee

Gateways send data 
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.



Cloud Platforms & Dashboards

• - Platforms: Blynk, AWS IoT, ThingsBoard

• - Features: Monitoring, alerts, analytics

• - Mobile/web dashboards available



Actuation and Automation

- Automates pumps, 
lights, fans

- Triggered by sensor 
thresholds or schedules

- Creates self-correcting 
systems



Looking Ahead: IOT

• Opportunities:

• - Cheaper sensors

• - AI integration

• Challenges:

• - High initial cost

• - Internet/power reliability

• - Data security



AI



Digital Agriculture: Integrating IoT and AI

Use of IoT for real-time monitoring of environmental conditions.
AI algorithms for optimizing resource usage and predicting plant 
stress.
Examples of deployment: automated nutrient dosing and irrigation.



Digital Agriculture: IoT and AI-Supported 
Hydroponic Applications
Integrating the Internet of Things (IoT) and Artificial Intelligence (AI) 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 ESP32, which collect and 
transmit data via Wi-Fi or Bluetooth to cloud-based platforms. This enables farmers to monitor conditions remotely and 
automate nutrient dosing and irrigation interventions. On the software side, AI 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 digital integration improves efficiency, reduces human error, and enhances precision in 
crop management. This section highlights the hardware and software ecosystems supporting AI- and IoT-enabled hydroponic 
farming.



















Educational Applications for the Next 
Generation

Challenges in youth engagement in agriculture and the need for 
revitalization.
Incorporating hydroponics into STEM education to foster interest.
Hands-on learning opportunities connecting environmental science 
and technology.



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.







European Context and Erasmus+ Framework

HAI Project: collaboration across multiple countries to enhance 
educational approaches.
Development of multilingual educational resources for hydroponics.
Promoting knowledge exchange and effective cross-national 
implementation.







Conclusion
Hydroponic systems offer sustainable solutions 

to modern agricultural challenges. Their 

efficiency, adaptability, and integration with 

technology represent a promising future for 

food production and sustainability initiatives.



Future Outlook
Key arguments: hydroponic systems, primarily when digitally 
enhanced, represent a viable and sustainable solution to many 
of the challenges facing modern agriculture. Their adaptability, 
efficiency, and minimal ecological footprint make them suitable 
for diverse contexts, from urban food systems to educational 
environments. Integrating hydroponics with digital learning and 
community-based initiatives offers a promising path toward 
more sustainable and inclusive food futures. 



Thank you!


