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Introduction       
Aquaponics is an innovative and sustainable farming method that 
combines aquaculture (fish farming) with hydroponics (soilless plant 
cultivation). In Northern Uganda and the Karamoja region, where water 
scarcity and unpredictable weather patterns pose significant challenges 
to traditional farming, aquaponics offers a promising solution. This module 
introduces smallholder farmers to the three main types of aquaponics 
systems: Deep Water Culture (DWC), Media-Filled Beds, and Nutrient Film 
Technique (NFT). By understanding the design, benefits, and challenges 
of each system, farmers can select the most appropriate system for their 
specific needs and resources, improving both fish and crop production.

Module Objectives

At the end of this module, the men and women participants will, 

•	 Evaluate the socio-economic and environmental benefits of 
aquaponic systems

•	 Describe the basic characteristics of three aquaponics systems 
(DWC, Media-Filled Beds, NFT) 

•	 Provide tips on how to select an appropriate aquaponic systems 
pump.

Module Timing, Location, and Materials required
No Session Estimated 

time
Location

1. Overview of Aquaponics Systems 1.5 hrs Living lab 2, 
Kajjansi2. Deep Water Culture (DWC) 1.5 hrs

3. Media-Filled Beds 1.5 hrs

4. Nutrient Film Technique (NFT) 1.5 hrs

5. Tips on selecting an appropriate 
aquaponic system

2 hrs

Flip charts, manila papers, markers, pens, pencils, samples of 
aquaponics components 
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Session 1: Overview of Aquaponics Systems 

Interactive Activity 1:  Group Exercise

Divide the participants into four groups (two composed of men and two 
composed of women). Ask the groups to reflect on and discuss these 
two guiding questions: 

	- What comes to your mind when you hear the concept 
“aquaponics”?

	- How can aquaponics design system benefit you and the general 
fish industry?

Encourage participants to share their existing knowledge, personal 
experiences, or observations related to fish farming, water use, and 
plant cultivation in an integrated system 

Facilitator’s Notes

What is Aquaponics?

Aquaponics is a sustainable, integrated farming system 
that combines aquaculture, the raising of aquatic animals such as fish, 
crayfish, or prawns, with hydroponics, the cultivation of plants in a soilless, 
water-based environment. In this system, water from the aquaculture 
component rich in nutrients from fish waste is circulated to the hydroponic 
plant beds. Beneficial bacteria convert the waste into forms of nutrients 
that plants can absorb. As plants take up these nutrients, they purify the 
water, which is then recirculated back to the fish tanks, creating a closed-
loop, symbiotic relationship. This process not only minimizes waste but 
also allows both fish and plants to grow in a balanced and interdependent 
system. Aquaponics systems are often considered a form of integrated 
agro-aquaculture (IAA) and typically use recirculating aquaculture 
systems (RAS) combined with hydroponic technologies, forming a highly 
efficient and climate-smart agricultural solution.



© 2022-2026   www.praectice.eu

5MODULE-5: AQUAPONIC DESIGN SYSTEMS

Benefits of using Aquaponic Systems

The benefits of aquaponics are wide-ranging and particularly relevant in 
the context of sustainable food production. One of its most significant 
advantages is water use efficiency. Aquaponics uses up to 90% less water 
than conventional soil-based farming, making it ideal for water-scarce 
regions. The system also reduces the need for synthetic fertilizers and 
pesticides, as fish waste naturally fertilizes the plants, while the plants 
clean the water for the fish. Additionally, it provides dual income streams 
for farmers, who can harvest both fish and crops. This diversification not 
only enhances household nutrition and food security but also improves 
economic resilience, especially for smallholder farmers. By minimizing 
environmental degradation and resource overuse, aquaponics presents a 
viable and scalable solution to modern agricultural challenges.
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Session 2: Basic Characteristics of Deep Water Culture (DWC) 

Interactive Activity 2: Guided Tour
With technical assistance, take a guided tour through the Deep Water 
Culture system in Living Lab 2 (Kajjansi), pay close attention to the 
following aspects. 

•	 System Structure and Layout:
	- Observe the physical layout 

of the DWC system.
	- Note how the floating rafts 

(usually made of Styrofoam 
or similar material) are 
placed on top of the water 
surface.

	- Identify where the fish tanks 
are located in relation to the 
hydroponic troughs.

•	 Water Circulation and 
Filtration:
	- How is water pumped from 

the fish tank to the grow 
beds?

	- What filtration methods are 
used (mechanical filters, 
biofilters, etc.)?

	- Where is aeration introduced 
into the system and why?

•	 Fish Component:
	- Which fish species are being 

reared (e.g., Nile tilapia)?
	- What is the stocking density?
	- How are the fish fed and 

monitored?

•	 Plant Component:
	- What types of crops are being 

grown (e.g., lettuce, basil, 
spinach)?

	- How are the roots exposed to 
water and nutrients?

	- Are there any signs of nutrient 
deficiency or pest/disease 
control methods?

•	 Environmental Control:
	- What measures are in place 

to regulate temperature, light, 
and pH levels?

	- Are sensors or automated 
systems used?

•	 Integration and 
Sustainability:
	- How is the system designed 

to recycle nutrients and 
water?

	- What are the advantages and 
challenges of using DWC in 
this context?

	- How does this system 
demonstrate environmental 
sustainability?

	- Bottom of Form

During the tour, remember to take note, do individual reflection and 
using the key components write a brief report on this experience
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Facilitator’s Notes 

Deep Water Culture (DWC) is a hydroponic growing 
technique in which plant roots are suspended in a nutrient-

rich, oxygenated water solution. In this system, plants are placed in net 
pots that rest on a floating raft or a stationary lid above a deep reservoir. 
Their roots extend directly into the water, allowing continuous absorption 
of nutrients and oxygen. To ensure proper oxygenation and prevent root 
diseases like rot, air pumps and air stones are used to infuse the water with 
dissolved oxygen. DWC is especially suitable for cultivating fast-growing 
leafy greens such as lettuce, spinach, and herbs due to its efficiency in 
nutrient delivery and rapid plant development.  When integrated with 
aquaculture, the system becomes Deep Water Culture (DWC) aquaponics. 
In this approach, fish are raised in tanks, and their nutrient-rich waste 
serves as a natural fertilizer for the plants. The plants, in turn, help purify 
the water, which is recirculated back to the fish tanks. This closed-
loop system creates a symbiotic relationship between fish and plants, 
promoting sustainability, resource efficiency, and reduced environmental 
impact. Deep water culture aquaponics system can in different sizes and 
sophistication depending on the kind of expertise and resources that the 
farmer has at their exposure.  Table 1 below shows the different version of 
deep water culture designs.
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Advantages of Deep-Water Culture aquaponics Systems

Advantages
•	 Rapid Plant Growth: Plant roots are continuously submerged in 

oxygenated, nutrient-rich water, allowing for faster absorption of essential 
nutrients and oxygen. This leads to accelerated growth rates compared to 
soil-based cultivation.

•	 Efficient Nutrient Uptake. Since nutrients are dissolved directly in the 
water, plants can absorb them more readily and efficiently. This reduces 
nutrient waste and supports healthier, more vigorous plants.

•	 Space Efficiency: DWC systems allow for dense planting and can be 
adapted to vertical setups, making them ideal for areas with limited space 
such as urban environments or small-scale farms.

•	 Water Conservation: The closed-loop design recirculates water 
between the fish tanks and plant beds, significantly reducing water 
consumption compared to traditional farming. This makes DWC systems 
environmentally sustainable, especially in water-scarce regions.

•	 Reduced Risk of Soil-Borne Diseases and Pests:Growing plants in 
water eliminates exposure to many soil pathogens and pests, decreasing 
the need for chemical pesticides and promoting healthier crop production 
Bottom of Form.

Disadvantages
•	 High Energy Consumption: Continuous operation of air pumps is 

necessary to oxygenate the water and keep plant roots healthy, which can 
lead to significant electricity costs.

•	 System Vulnerability to Power Failures: If there is a power outage 
or pump failure, oxygen supply to the roots stops, quickly causing root 
suffocation and potential crop loss.

•	 Technical Knowledge Required: Effective management of water 
quality, oxygen levels, and fish health demands specialized skills and 
understanding, which can be a barrier for beginners.

•	 Initial Setup Costs: The equipment needed—such as tanks, pumps, air 
stones, and monitoring systems—can be expensive, making the initial 
investment higher than some traditional farming methods.

•	 Disease Spread Risk: Since plants share the same water, diseases 
or pathogens can spread rapidly throughout the system if not properly 
managed or detected early.
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Session 3: Features of Media-Filled Bed Aquaponic 
Systems

Interactive Activity 3: Guided Tour

With technical assistance, take a guided tour through the Deep-Water 
Culture system in Living Lab 2 (Kajjansi), pay close attention to the 
following aspects. 

•	 Fish Tank
	- Type of fish raised in the tank 

(e.g., tilapia, catfish)?
	- Size of the fish tank to 

comfortably hold the fish
	- Space to check the water 

quality (cleanliness, smell, 
oxygen levels) regularly?

•	 Media-Filled Bed
	- Type of media (like gravel or 

clay pellets) used to grow 
your plants?

	- Health of plant roots (are they 
free from bad smells or rot?

	- Signs that plants are growing 
well (green leaves, no 
wilting)?

•	 Water Pump
	- Status of water pump (Is 

the water pump working 
properly to move water 
between the fish tank and 
media bed?

	- Cleanness of the pump 
(check for blockages, does 
the water reach all the 
plants in your grow bed 
when the pump runs?)

•	 Piping
	- Are the pipes clean and 

free from blockages?
	- Are there any leaks or loose 

connections in the pipes?
	- Is the water flowing 

smoothly through the pipes 
between the tank and the 
bed?

	- Bottom of Form

During the tour, remember to take note, do individual reflection and 
using the key components write a brief report on this experience
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Facilitator’s Notes 

A media bed Aquaponic system is a type of aquaponics 
system where plants are grown in a media-filled bed that 

is periodically flooded with water from the fish tank. The water is drained 
back into the tank, completing the nutrient cycle. The media bed is a 
home for beneficial bacteria that break down fish waste and convert it into 
nutrients the plants can absorb. As the plants grow, they clean the water 
and return to the fish tank. Media beds can be made of materials such as 
gravel, expanded clay pellets, coconut coir, or recycled plastic bottles. The 
choice of media depends on availability, cost, and the type of plants being 
grown. The media bed provides a large surface area for beneficial bacteria 
to grow, which helps to maintain water quality and supports plant growth. 
Media bed aquaponics systems are versatile and can be used in various 
settings, including indoor and outdoor environments. 

They are suitable for growing plants, including leafy greens, herbs, and 
even fruiting crops like tomatoes and cucumbers. This flexibility makes 
media bed aquaponics systems attractive for home gardeners, small-
scale farmers, and even commercial growers. Overall, media bed 
aquaponics systems offer a sustainable and efficient way to grow plants 
while raising fish. They provide a closed-loop system that minimizes waste 
and conserves resources, making them an excellent option for those 
interested in sustainable agriculture or growing fresh produce and fish.
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Advantages of Media Bed Aquaponic Systems

Advantages

•	 Reduced Water Usage: Utilizes significantly less water than 
traditional farming through a closed-loop recirculating system, 
making it ideal for regions with limited water availability.

•	 Organic and Sustainable: Operates without the need for chemical 
fertilizers, pesticides, or herbicides. Fish waste provides natural 
nutrients, making it an eco-friendly and sustainable farming 
approach.

•	 High Yield in Small Space: Supports dense planting and efficient 
use of space, allowing for high production of vegetables and fish 
even in limited or urban areas.

•	 Low Energy Consumption: Requires minimal energy input, often 
relying on water and air pumps that can be powered by renewable 
energy sources like solar or wind, reducing operational costs.Bottom 
of Form

Disadvantages

•	 Clogging Issues: Solid fish waste and uneaten food can accumulate 
in the media, leading to blockages that require regular cleaning and 
maintenance.

•	 Labour-Intensive Maintenance: The media bed needs to be 
monitored and cleaned periodically to prevent buildup of waste, 
algae, and root debris, which can be time-consuming.

•	 Uneven Water Distribution: If not properly designed, water may 
not flow evenly through the bed, leading to dry spots that affect plant 
health and growth.

•	 Limited Scalability: Media beds are better suited for small to 
medium-sized systems. Scaling up can be more complex and space-
intensive compared to other aquaponic methods.

•	 Weight and Structural Load: The media (like gravel or expanded 
clay) adds significant weight, which requires strong support 
structures, especially for rooftop or indoor installations.
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Session 3: Basic Characteristics of Nutrient Film 
Technique (NFT) 

Interactive Activity 4: Guided Tour

With technical assistance, take a guided tour through the Nutrient Film 
Technique in Living Lab 2 (Kajjansi), pay close attention to the following 
aspects. 

•	 Fish Tank
	- Type of fish raised in the 

tank (e.g., tilapia, catfish)?
	- Tank size and shape
	- Species compatibility: 
	- Growth rate
	- Nutrient production: 
	- Market demand: 

•	 Water Quality Management:
	- Water parameters.
	- pH adjustment: 
	- Ammonia detoxification
	- Water exchange systems
	- Disease prevention 

mechanism

•	 Plant
	- Species compatibility
	- Growth requirements
	- Crop diversity 
	- Edible vs. ornamental: 
	- Market demand

•	 Growth Bed
	- Bed material: 
	- Bed design: 
	- Media selection: 
	- Plant spacing 
	- Bottom of Form

During the tour, remember to take note, do individual reflection and 
using the key components write a brief report on this experience
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Facilitator’s Notes 

Nutrient Film Technique (NFT) is a type of hydroponic growing 
system where a thin film of nutrient-rich water continuously 

flows through shallow channels or gullies. Plants are placed in small pots 
or holes along these channels, with their roots dangling into the flowing 
stream. The system ensures that the roots receive constant access to 
water, nutrients, and oxygen, while the excess solution is collected and 
recirculated, making it water-efficient and ideal for leafy greens like 
lettuce and herbs.  Table 3 shows the different layout systems for the leafy 
vegetables and the fish tanks
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Advantages and Disadvantages of the Nutrient Film Aquaponic Systems

Advantages Disadvantages

Efficient Nutrient Delivery: 
Nutrients are delivered directly 
to the root zone in a continuous 
stream, promoting rapid uptake 
and improving plant growth rates 
and yields.

Channel Clogging:  As plants 
grow, their roots can expand 
and block the narrow channels, 
disrupting nutrient and water flow 
to other plants.

Water Conservation: The closed-
loop nature of the system recycles 
water with minimal waste, making 
it ideal for regions facing water 
scarcity.

Pump Failure Risk:  The system is 
highly dependent on a continuous 
water pump; failure of the 
pump can quickly lead to water 
deprivation and crop loss.

Good Root Oxygenation: The 
flowing water provides a steady 
supply of oxygen to plant roots, 
reducing the risk of root rot and 
promoting healthier root systems.

Water Temperature 
Fluctuations:  The shallow flow 
of water is more vulnerable to 
external temperature changes, 
which can negatively affect both 
plant roots and fish health.

Space-Efficient:  NFT channels 
can be stacked or arranged in 
compact rows, making them 
suitable for high-density, vertical, 
or indoor farming operations.

Limited Crop Types:  NFT systems 
are best suited for leafy greens and 
herbs; large, fruiting plants with 
heavy structures or extensive root 
systems do not perform well.

Scalable & Modular:  Growers can 
easily expand or reduce the system 
based on space, resources, or crop 
demands without needing a major 
redesign.

Requires Technical Monitoring:  
The system requires constant 
monitoring of pH, oxygen levels, 
and nutrient concentrations to 
avoid imbalances.

Low Media Cost:  Since no media 
like gravel or clay pebbles are 
required, the overall system cost 
and maintenance requirements 
are reduced.

Not Suitable for Low-Tech 
Settings:  Consistent electricity 
and technical know-how are 
required to maintain the system, 
limiting its use in low-resource or 
rural areas.
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Session 4: Selecting an appropriate aquaponic system

Interactive Activity 5: Peer to Peer Session

In pairs, take a few moments to discuss and reflect on the key 
considerations a smallholder farmer should keep in mind when 
choosing an aquaponics system. Together, identify two important 
factors that you believe are most critical in making this decision. Be 
prepared to briefly share your reflections with the larger group.

Facilitator’s Notes

When selecting an appropriate aquaponic system, it is 
essential to match the system type with your goals, available 

resources, and level of expertise. Below are detailed tips to help guide your 
selection:

Determine the Purpose and Scale of Production

The first and most critical step in selecting an aquaponic system is to clearly 
define your purpose. If you’re interested in growing food for household 
consumption, educational demonstrations, or hobby gardening, then a 
small-scale setup like a Media Bed system or a basic Deep-Water Culture 
(DWC) bucket system is ideal. These systems are relatively inexpensive, 
easy to construct and manage, and can be operated without specialized 
knowledge. However, if your goal is to run a commercial or large-scale 
operation, you will need a more advanced and efficient system, such as 
the Recirculating Deep Water Culture (RDWC) or Nutrient Film Technique 
(NFT) system. These options allow for the cultivation of many plants 
simultaneously and provide better control over water quality and nutrient 
distribution
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 Assess the Available Space

Space availability is another important consideration. If you’re working 
within the confines of a balcony, rooftop, or small backyard, then space-
saving systems like vertical NFT or compact Media Beds are suitable. These 
systems can be designed to stack upwards, maximizing output per square 
meter. On the other hand, if you have access to a larger area such as a 
greenhouse, open land, or an indoor facility with ample horizontal space, 
then systems like DWC or RDWC are viable. These systems require more 
room to lay out channels or tanks but support higher production volumes.

Consider Your Budget and Resources

The choice of system must align with your financial capacity. For 
individuals or institutions with limited funds, basic Media Bed systems 
or single-bucket DWC systems are the most cost-effective. They can be 
built using locally available materials and recycled containers, and require 
minimal equipment. However, if you’re ready to invest more and aim for 
higher yields and automation, then RDWC and NFT systems are worth 
considering. These require a higher upfront cost for equipment such as 
pumps, oxygenation devices, filtration units, and sometimes sensors for 
water quality monitoring.

Evaluate Technical Skills and Labor Capacity

Your level of technical expertise or access to skilled labor also influences 
which aquaponic system you should adopt. Beginners who are not well-
versed in water chemistry, pump systems, or fish health will benefit from 
using simple systems like the Media Bed or DWC bucket models, which 
are forgiving and easy to maintain. These systems do not require complex 
plumbing or constant monitoring. In contrast, advanced systems like 
RDWC and NFT require regular testing of pH, ammonia, nitrate levels, 
and dissolved oxygen. They also depend on consistent electrical supply 
and functioning mechanical parts, so having the skills or staff to handle 
technical problems is essential.
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Match the System to Your Crop Type and Market Demand

The type of crops you plan to grow should guide your system selection. Leafy 
greens such as lettuce, spinach, kale, and herbs perform exceptionally 
well in DWC and NFT systems, where their roots are constantly exposed to 
nutrient-rich water and oxygen. These crops have short cycles and thrive 
in stable aquatic environments. For fruiting plants like tomatoes, peppers, 
and cucumbers, Media Bed systems are more suitable, as they provide 
better root anchorage and allow for the use of trellises. If you are growing 
for a market and plan to focus on high-value crops, hybrid systems or 
RDWC setups can support intensive production with precise nutrient and 
oxygen control.

Analyze Your Water Source and Quality

Aquaponic systems are heavily dependent on water quality, so knowing 
the condition of your available water source is crucial. Systems like RDWC 
are highly sensitive to changes in water parameters, requiring high-quality 
water with minimal contamination or chlorine. These systems often benefit 
from pre-filtration and regular water testing. For areas where water quality 
is unpredictable, Media Bed systems are more forgiving, as the media 
(e.g., gravel or expanded clay) acts as a biological filter, helping to stabilize 
the environment and remove harmful substances.

Account for Climate and Environmental Conditions

Environmental factors such as temperature, humidity, and sunlight levels 
play a big role in the success of aquaponics. In hot climates, DWC systems 
may require insulation or shading to prevent the water from heating up and 
stressing the fish. Similarly, cold climates might necessitate greenhouse 
structures or water heaters to maintain optimal temperatures for fish 
and plant growth. Media Beds are often easier to insulate or adapt to 
such fluctuations, while NFT and RDWC systems require more advanced 
climate control measures due to their exposure and continuous water 
flow.
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Consider Your Time Commitment

Finally, think about how much time you can realistically dedicate to 
managing the system. If you only have a few hours per week, Media Bed 
systems are ideal as they are more hands-off, needing only occasional 
water quality checks and system flushing. They are less prone to clogging 
and can operate for short periods without electricity. In contrast, NFT 
and RDWC systems require daily oversight to ensure that pumps are 
functioning, oxygen is being delivered properly, and water chemistry 
remains stable. These systems are rewarding in terms of yield but are best 
suited for those who can commit time and attention regularly.

Interactive Activity 6: Group Exercise

•	 Divide participants into small groups of 4–5 people. Each group 
selects a facilitator to lead the discussion and a recorder/artist to 
draw the design.

•	 Within your group, review the key factors to consider when selecting 
an aquaponic system Discuss your local context and decide on the 
most suitable aquaponic system. Agree on the fish species and 
crops you will include, and note why you made these choices.

•	 Draw a simple architectural plan of your proposed aquaponic system 
on flip chart paper. Include important components such as fish 
tanks, plant beds, water pumps and flow direction, filtration units, 
and any shelter or greenhouse structures. Use labels, arrows, and 
colors to make your plan clear and easy to understand.

•	 Pin your group’s architectural plan on the wall or display board. Then, 
participate in a gallery walk to view all the other groups’ designs. Use 
sticky notes to leave questions, compliments, or suggestions on the 
displayed plans.

•	 In a plenary, reflect on the activity. Share what you have found 
interesting or inspiring in other groups’ plans and discuss any 
challenges each group faced during their own design process.
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Summary 

Aquaponics is a versatile and integrated farming method that 
combines fish cultivation with soilless plant growing. The system operates 
as a closed loop where beneficial bacteria convert fish waste into nutrients 
for plants, while plants help filter and clean the water before it cycles back 
to the fish tanks. There are various aquaponic systems available such as 
Deep-Water Culture, Media-Filled Beds, and Nutrient Film Technique each 
offering unique advantages and challenges. Understanding these options 
allows smallholder farmers to select a system that fits their specific needs, 
considering factors like available space, budget, technical skills, and 
desired crops. By adopting an appropriate aquaponic system, smallholder 
farmers can increase productivity sustainably, optimize resource use, and 
diversify their production, making aquaponics a valuable alternative in a 
range of farming contexts.
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Module Key Messages

•	 Aquaponics is a sustainable and climate-resilient 
farming approach that efficiently uses resources. It recycles 

water and nutrients, reducing water use by up to 90% compared 
to traditional farming. By minimizing dependence on rainfall and 
chemical fertilizers, aquaponics supports consistent food production 
even under changing weather conditions. This makes it a practical 
solution for addressing food security and promoting environmental 
sustainability.

•	 Choosing a suitable aquaponic setup requires careful consideration 
of specific goals, available resources, and environmental conditions. 
Key factors include the types of crops and fish, space availability, 
budget, labor capacity, and technical expertise. A well-planned 
system tailored to these needs promotes efficient operation, ease of 
maintenance, and sustainable production.

•	 Aquaponics is inclusive and adaptable, offering opportunities for 
women, youth, and smallholder farmers. It requires minimal land, 
reduced physical labor, and allows for flexible roles in system 
monitoring, management, and innovation. With basic training and 
equipment, individuals and community groups can successfully 
grow fish and vegetables, enhancing nutrition, generating income, 
and supporting the participation of traditionally underrepresented 
groups in agriculture.
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