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Abstract 

Rising global food demand, coupled with water scarcity and environmental degradation, has 

intensified the need for sustainable and resource-efficient production systems. Aquaponics 

offers an effective approach for small-scale, home-based food production. Aquaponics 

combines aquaculture with soilless plant cultivation, wherein fish waste is biologically 

converted into nutrients that support plant growth. There are several types of aquaponics 

systems, however wicking beds function as sub-irrigation units, utilizing capillary action to 

transport water from a reservoir to the plant root zone, thereby ensuring a consistent moisture 

supply while minimizing evaporation losses. Such systems have significant potential to 

enhance household income and support organic food production, thereby promoting 

scientifically managed peri-urban and urban agriculture in a sustainable manner.  

 

Keywords: Wicking bed irrigation, Aquaponics, Soilless cultivation, Water use efficiency. 

 

1. Introduction: 

Global food production systems are under increasing pressure due to rapid population 

growth, which has now reached approximately 8.3 billion people. At the same time, challenges 

such as climate change, water scarcity, and environmental degradation are intensifying, 

threatening the sustainability of existing food production practices. Conventional agriculture 

relies heavily on freshwater resources and fertile soil, both of which are becoming increasingly 

limited as demand rises with the growing population.  Recent global reports highlight 

worsening water crises and increasing food insecurity, emphasizing the urgent need for 
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sustainable and resource-efficient production systems (World Bank, 2025; United Nations, 

2026). In response to these challenges, innovative approaches that optimize resource use while 

maintaining productivity are gaining significant attention.  

One such promising approach is aquaponics, an integrated system that combines 

aquaculture (fish farming) with hydroponics (soilless plant cultivation). Aquaponics operates 

on the principle of nutrient recycling, in which waste from fish culture is used as a nutrient 

source for plant production. These systems not only support fish growth but also improve water 

use efficiency, enhance nutrient recycling, and increase hydroponic crop productivity, while 

minimizing environmental impact. Additionally, in both conventional agriculture and 

hydroponic systems, the incorporation of wicking bed irrigation has demonstrated strong 

potential for efficient water management and enhanced plant growth. Therefore, the integration 

of aquaculture and hydroponics with wicking bed irrigation technology represents a sustainable 

and innovative pathway toward achieving food security and environmentally responsible 

agricultural practices. 

2. What is Aquaponics: 

Aquaponics is a sustainable, modern integrated production system that combines 

intensive aquaculture practices, particularly recirculating aquaculture systems (RAS), with 

hydroponic plant cultivation. In this system, fish are reared in a controlled environment where 

metabolic waste and uneaten feed, primarily in the form of un-ionized ammonia, are 

biologically converted into less toxic compounds. This conversion is facilitated by beneficial 

nitrifying bacteria, mainly Nitrosomonas and Nitrobacter, which sequentially oxidize ammonia 

into nitrite and then into nitrate. The resulting nitrate then serves as an essential nitrogen source 

for plants, as nitrogen is a key macronutrient required for their growth and development.  

The plants absorb these nutrients, thereby purifying the water, which is subsequently 

recirculated back into the fish culture system (Atique, 2023). This continuous process 

establishes a closed-loop system characterized by minimal waste generation, efficient nutrient 

recycling, and enhanced water use efficiency. In addition, improved water quality contributes 

to better fish health and welfare. Aquaponics systems are relatively simple, cost-effective, and 

adaptable to both indoor and outdoor conditions, making them highly suitable for small-scale 

and household applications. In these systems, most commonly cultured fish species include 

hardy ornamental and edible varieties, while crops such as leafy vegetables, herbs, and small 

fruiting plants. The working principle of the aquaponics system is illustrated in Figure 1. 
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3. Concept of Wicking Bed Irrigation: 

Wicking beds are a type of sub-irrigation system where water is supplied from a reservoir 

located beneath the growing medium. Through capillary action, water moves upward from the reservoir 

into the root zone, ensuring a consistent and uniform supply of moisture to plants (Curtis, 2020). Unlike 

conventional surface irrigation, wicking beds reduce water loss through evaporation, provide uniform 

moisture distribution across the root zone and lowers irrigation frequency due to sustained moisture 

availability. 

Wicking beds maintain a stable moisture profile by allowing water to rise from a 

controlled water table, thereby ensuring a continuous supply of water to plants (Cichello et al., 

2023). Hence, even in soilless cultivation systems like aquaponics, this mechanism can be 

effectively replicated, supporting improved plant growth and water-use efficiency.  

Soilless cultivation utilises alternative growing media, such as coconut coir, rockwool, perlite, and 

vermiculite, which play a vital role in supporting water retention, aeration, and nutrient availability. The 

substrate properties, including porosity, water-holding capacity, and nutrient buffering, significantly 

influence plant growth and yield. Compared to conventional soil systems, these soilless media allow 

precise control of pH, electrical conductivity (EC), and moisture levels, thereby improving crop 

uniformity and productivity. These systems also reduce the risk of soil-borne diseases and pests, leading 

to healthier plant growth. Additionally, they enable efficient use of water and nutrients, making them 

suitable for modern urban agriculture. 

4. Structure and Function of Wicking Bed Aquaponics System: 

A typical wicking bed consists of the following key components: 

✓ Water reservoir layer (bottom): Stores water for upward movement. 

✓ Growing medium layer (top): Supports plant growth (e.g., cocopeat). 

✓ Inlet pipe and overflow outlet: Regulate water entry and maintain optimal water level. 

 

Figure 1. Working Principles of Aquaponics System 
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In these systems, Water stored in the reservoir rises upward through capillary action, supplying moisture 

directly to the plant root zone. This passive system operates with minimal energy input, making it highly 

efficient and suitable for low-cost applications (Curtis, 2020). The integration of this wicking bed 

hydroponic component into aquaponics has led to the development of a modified system known as 

wicking bed aquaponics, which enhances resource efficiency and sustainability. In this system, nutrient-

rich water from the fish tank is directed into the reservoir zone at the base of the wicking bed. This 

water contains dissolved nutrients derived from fish waste. 

Through capillary action, the nutrient-rich water moves upward through the growing medium 

to the plant root zone. Plants absorb both water and nutrients from this upward flow, ensuring 

continuous moisture availability and nutrient supply for optimal growth. This mechanism enables 

efficient water reuse while maintaining a stable growing environment. 

The wicking bed aquaponics system significantly reduces water consumption, minimizes 

nutrient loss, and enhances overall system sustainability. The reservoir layer, composed of coarse 

materials such as pebbles or gravel are used to create pore spaces that facilitate water storage and 

capillary rise. Additionally, these substrates provide surfaces for the growth of beneficial nitrifying 

bacteria, which convert un-ionized ammonia into nitrate, thereby making nutrients readily available for 

plant uptake. 

5. Setting up of Wicking bed aquaponics system for home: 

Wicking bed aquaponics systems can be established in both indoor and outdoor 

environments. They are simple, cost-effective, and well-suited for small-scale household 

applications. The setup process generally involves two main steps: (i) establishing the 

aquaculture component (fish culture tank) and (ii) preparing the wicking bed (hydroponic unit) 

for the system. 

5.1. Establishing a Fish Culture Tank for Wicking Bed Aquaponics System:  

For the aquaculture component, it is important to identify the purpose of the system (ornamental 

or edible fish production) and select suitable species accordingly. The selected species should be hardy, 

temperature-tolerant, fast-growing, capable of utilizing commercial pelleted feed, and able to produce 

consistent waste to maintain stable nutrient levels (Vergeer, 2026). Some of the suitable ornamental fish 

species include Goldfish, Koi carp, Guppy, and Cichlids, while commonly cultured edible species 

include Tilapia, Climbing perch, and Catfish. Aeration should be provided based on species 

requirements and stocking density to ensure adequate dissolved oxygen levels.  

For backyard systems, a fish tank capacity of 50–250 gallons (approximately 200–1000 liters) is 

recommended, with tanks below 50 gallons generally unsuitable due to unstable water quality. IBC 

(Intermediate Bulk Container) tanks are commonly preferred because of their availability and ease of 

use. In these systems, under proper management, a stocking density of 20–30 kg/m³ biomass can be 

effectively maintained for successful rearing. 
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5.2. Preparation of Wicking bed unit for Wicking Bed Aquaponics System: 

 The size of the wicking bed depends on the plant species cultivated and the scale of operation. 

For small-scale backyard systems, simple containers such as crates or small plant buckets (20–30 cm 

depth) can be effectively used. After proper cleaning, a hole is made at the bottom of the container and 

fitted with a pipe to serve as a water outlet, which is connected to the fish culture tank. To prevent the 

movement of growing media into the fish tank, a small piece of fine netting can be folded and secured 

over the top of the outlet pipe using thread or a rubber band. The base layer is then filled with coarse 

materials such as stone chips, gravel, or pebbles to form the water reservoir, typically maintained at a 

depth of 6–10 cm. A double layer of fine mesh, such as a mosquito net, is placed above this layer to 

provide additional protection and prevent the movement of the growing media during capillary action. 

Subsequently, the growing medium, preferably cocopeat, is added, leaving a 1–2 cm gap from the top 

surface. It is advisable to pre-soak the medium for 30 minutes to 1 hour before filling to ensure sufficient 

initial moisture for plant establishment. Then planting can be carried out based on the selected crop 

species. The most commonly cultivated plants in these systems include herbs such as Lettuce, Basil, 

and Mint, as well as small fruiting crops like Tomato, Chilli, Brinjal, and Okra (Lady's finger), which 

perform well under wicking bed-based aquaponics conditions. The setup and components of the 

wicking bed media are illustrated in Figure 2. 

6. Advantages, Limitations, and Future Scope of Wicking Bed–Based Aquaponics System: 

The integration of wicking beds into aquaponics systems offers several advantages, including 

significant reduction in water usage, efficient nutrient recycling, and improved plant growth and yield 

due to a stable supply of moisture and nutrients. These systems also support household-level organic 

Figure 2. Setting up of a wicking media bed for aquaponics 
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vegetable production, thereby reducing expenses and enhancing food security. Additionally, they 

contribute to environmental sustainability by minimizing water pollution, reducing dependence on 

chemical fertilizers, and promoting efficient resource utilization. 

However, certain limitations exist, such as requirement for technical knowledge, risks of salt 

accumulation in the growing media, and potential system imbalances that may affect both fish and plant 

health. 

Future research should focus on optimizing growing media combinations and integrating these 

systems with climate-smart agricultural practices. Furthermore, advancements in automation and 

sensor-based monitoring and control can enhance system efficiency, stability, and reliability. Expanding 

the application of wicking bed–based aquaponics in urban and peri-urban farming systems could play 

a significant role in addressing global food and water security challenges. 

7. Conclusion: 

Wicking bed aquaponics represents an innovative and sustainable approach to modern agriculture. 

The integration of aquaculture with capillary-based irrigation systems promotes efficient resource 

utilization while enabling the simultaneous production of fish and plants. This combined system 

supports sustainable culture practices and can enhance household income through the cultivation of 

both fish and high-value crops. Government initiatives such as Pradhan Mantri Matsya Sampada Yojana 

(PMMSY) provide financial support and incentives for backyard ornamental and small-scale 

aquaculture, making the adoption of such technologies more accessible to farmers and entrepreneurs.  

The simplicity, low cost, and adaptability of wicking bed aquaponics systems make them particularly 

suitable for rural and peri-urban households. Overall, the integration of wicking bed and aquaponics 

systems offers a highly efficient, low-resource farming model capable of addressing future challenges 

in aquaculture and agriculture. With proper design, species selection, and management, these systems 

can play a significant role in improving food security, enhancing livelihoods, and promoting 

environmental sustainability. 
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