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Abstract 

Urban agriculture has gained enormous popularity in recent years, mainly to produce vegetables and herbs for food and 

ornamentals for decoration. This paper focuses on the potential of recirculating hydroponic systems to improve food security 

in urban areas, through the production and supply of vegetables and herbs. Recirculating hydroponics is the growing of plants 

in a soil-less culture, using an active nutrient solution that is continuously recirculated through the system. There are several 

advantages associated with the implementation of these systems, including their ability to maximize crop productivity, 

making production systems economically feasible through the cultivation of high-value commercial crops such as lettuce, 

tomato, sweet basil and strawberry. These crops are commonly produced at high planting densities, even in less favourable 

production areas. In addition, since recirculating hydroponic systems operate under protected environments, a virtual 

indifference to ambient temperature and seasonality is possible; the systems make use of minimal land area and are suitable 

for mechanisation and disease control. We reviewed existing knowledge on recirculating hydroponics, including the various 

types that are mostly employed in urban areas, as well as potential yields of high-value commercial vegetable and herb crops 

that can be attained using these systems. The implementation of such systems can result in considerably higher land, water 

and nutrient use efficiencies as compared to conventional open-field soil cultivation, thus offering great potential to improve 

food security and farmers income generation in urban areas. However, a successful implementation of these systems requires 

knowledge and skills development, as well as high initial investment costs, understanding of the markets dynamics and, as a 

result, government support initiatives are needed to help farmers in this regard, such as provision of training, funding and 

incentives to emerging farmers.    
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1. Introduction and context 
Urban agriculture, as reported by FAO (2007), involves the growing of crops and rearing of animals for 
food and other uses within and around cities and towns, and related activities such as the production 
and delivery of inputs, processing, and marketing of products. This results in increased availability, 
stability, and accessibility of food in the cities, which contributes to improved diet of urban consumers, 
income generation for urban households involved in production value chains, thus allowing them to 
meet their daily needs and contributing to household food security and nutrition (FAO, 2001). Urban 
agriculture also allows the selling of good quality fresh produce at relatively low prices, since most of 
the products can be sold immediately following the harvest, as the result of shorter distances between 
producers and consumers, as well as a more restricted number of intermediaries involved in the 
production value chain. There are many different approaches to large-scale commercial urban 
agriculture, including aquaculture, hydroponics, and a combination of the two systems, which results 
in aquaponics.  
 
Urban agriculture has attracted global attention from urban planners and researchers because of its 
multi-functionality, which is expected to encourage rural development and generate employment 
(Marsden and Sonnino, 2008). Furthermore, it has been claimed that the social and environmental 
impacts of urban agriculture make a significant contribution to urban sustainability (Lovel, 2010; Surls 
et al., 2015). Social impacts include human health benefits (physical and mental), community 
development, and educational benefits. Urban agriculture is also credited with positive environmental 
impacts such as greening cities, boosting biodiversity, and improving natural resource efficiency. 
 
The fast urbanisation of South Africa poses a challenge for cities where the employment hopes by the 
unemployed, particularly the youth, are scarce while agriculture, particularly its value chain offers 
opportunities for job creation in the Small and Medium enterprise space. Provided adequate support 
exists, urban agriculture may contribute to the growth of agriculture if supported to access markets. 
It is important to note that in South Africa, recently, there has been a rise of black farmers (Sihlobo, 
2018), thus indicating that with the correct market access and other production and institutional 
support, the youth can enter this sector. The Gauteng Department of Agriculture and Rural 
Development (GDARD) has supported many farmers around the province with the provision of 
infrastructure (e.g. tunnels, irrigation systems, production inputs, etc.) in an effort to promote and 
encourage farmers to adopt and practice hydroponics as a method to address food security, as well 
as job creation and income generation. However, due to a lack of training, financial and technical 
support, several farmers ended up producing crops with low yields and of poor quality, with high input 
costs, which cannot be sustained. This resulted in the failure of most of their farming operations, 
whereby farmers ended up either abandoning hydroponic farming or opting for conventional soil 
cultivation practices. (Morifi et al., 2018). Therefore, this working paper explores the potential 
contribution of urban agriculture food security focusing on recirculating hydroponic systems for 
increased crop productivity, income generation, and welfare of farmers and consumers in urban areas.  
 

2. Introduction to recirculating hydroponic systems 
2.1 Concept of recirculating hydroponics 
Due to a rapidly growing population, there is increased competition for industrial and residential land 
and a significant shortage in the amount and quality of irrigation water as well as arable land for 
agricultural purposes. The increasing pressure on land and natural resources emphasizes the need for 
innovative ways of increasing crop production with limited resources (Niederwieser and du Plooy, 
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2014). Agricultural scientists have developed techniques to address this need, and recirculating 
hydroponics is one of the methods which can be used in this regard, particularly in urban and peri-
urban areas where the availability of land and water for crop production is very scarce. Recirculating 
hydroponics, simply referred to as a method of growing plants under soilless conditions or without 
soil, while using recirculating nutrient solutions to irrigate the plants (Niederwieser and du Plooy, 
2014). These systems rely on pumps to actively move the nutrient solution to the planting bed, with 
the remaining nutrients, after root uptake, being recovered and reused into the system.  
 
2.2 Advantages and disadvantages of recirculating hydroponic systems 
With the implementation of recirculating hydroponic systems, it is possible to achieve maximum crop 
yields, making the systems economically feasible using high-value commercial crops, which are 
cultivated at high planting densities, even in less favorable production areas (Jones, 1997). In addition, 
since recirculating hydroponic systems operate under protected environments, a virtual indifference 
to ambient temperature and seasonality is possible; the systems make use of minimal land area and 
are suitable for mechanization and disease control. The main advantage of these systems as compared 
to planting in soil is the isolation of the crops from the underlying problems related to soil-borne 
diseases, soil salinity, and poor soil structure and drainage. The expensive and laborious tasks of soil 
sterilization are unnecessary in hydroponic systems in general, and a rapid turnaround in the 
production of crops is readily achieved. Recirculating hydroponics also  can provide plants with all of 
the required nutrients in the correct ratios throughout the growing season, there is no need for weed 
control and the harvested produce is fresh and free of soil particles (Niederwieser and du Plooy, 2014). 
In addition, with recirculating hydroponics there is increased efficiency in the utilization of water, 
enabling the grower to manipulate some of the plant characteristics to meet consumer demands.  
Table 1 illustrates a comparative performance between soil and soilless production of lettuce and 
brassicas using vertical recirculating hydroponics. The assessment was conducted in terms of crop 
yield obtained, water, and energy requirements per kilogram of the harvestable produce.  
 

Table 1: Comparative performance between soil and soilless hydroponic production of leafy 
vegetables, in terms of crop yield, energy, and water usage (van Ginkel et al. 2017). 
 

Parameter Soilless hydroponic production 
in shipping containers 

Soil production 

Lettuce Brassicas Lettuce Brassicas 

Plants per m2 1305 - 1371 432 39 10 

Crop yield 
(kg m-2 yr-1) 

193 - 202 64 7 3 

Energy 
(kWh yr-1) 

115283 115257 2948 2757 

Energy 
(kWh kg-1) 

19 61 0.20 0.45 

Water (L kg-1) 1.6 5.0 106 507 

 

Results presented in Table 1 indicate that recirculating hydroponics production (particularly under 
vertical systems) has a considerably higher potential for increased crop productivity due to a higher 
number of plants cultivated per m2 and substantially lower water usage (66 – 100 times lower) when 
compared to soil crop production (van Ginkel et al. 2017). Thus, as Sambo et al. (2019) reported, the 
water use efficiency (WUE) of crops grown in hydroponics varies from 7.3 – 630 kg m3, which is 
substantially higher when compared to that under soil crop production (1.8 - 13.2 kg m3).    
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Despite the numerous advantages described above, recirculating hydroponic systems have few 
drawbacks. The major disadvantages of these systems relative to conventional open-field agriculture 
include high investment costs, a high degree of knowledge and management skills required for 
successful operation and production, as well as high energy inputs. Energy consumption in 
hydroponics can be as high as 95 – 136 times more than with conventional soil cultivation, as 
illustrated in Table 1 (van Ginkel et al. 2017). This is particularly evident in fully environmentally 
controlled greenhouses and containers, where high energy usage is mainly attributed to artificial 
lighting, heating, and cooling requirements. Capital costs may be especially excessive if the structures 
are artificially heated and/or cooled. In addition, recirculating hydroponic systems use soluble 
fertilizers, which are more expensive than those commonly used for open field production, and lastly, 
there is a very limited variety of crops that can be grown profitably in a recirculating hydroponic 
system.  
 

2.3 Commonly used recirculating hydroponic systems 
2.3.1 Media-based grow bed (MGB) systems 

These systems are simple to operate and the nutrients are stored below the tray used for plant growth 

or in a tank. A pump is submerged into the nutrient solution which, when switched on, pumps the 

nutrient solution up to the plant tray and floods the root system for nutrient and water uptake. After 

running the pump for about 20 or 30 minutes, the pump is switched off and the excess solution is 

allowed to drain slowly back into the reservoir for recovery (Figure 1). A typical example of these 

systems is the ebb-and-flow technique. This technique not only supplies the plant with all the nutrients 

that it needs, but it also pulls oxygen down to the roots when the nutrients are removed after flooding, 

further promoting proper plant growth (Nicola, 2007). 

Figure 1: The ebb-and-flow technique used for the cultivation of cucumbers (picture taken by NA Araya 

on 20 March 2020, at Ichthys Aquaponics Farm).  

 

The ebb-and-flow technique has been widely practiced for many years, although it is not commonly 

used commercially today, other than for hobby/home-type growing units. This system is also called 

the “flood-and-drain” technique. The growing system consists of the following components: (1)  a 

watertight rooting bed containing an inert rooting medium, such as gravel, coarse sand, or volcanic 

rock; (2) a nutrient solution sump (equal in volume to the growing bed); (3) an electrical pump for 

transport of the nutrient solution from the tank to the growing bed, and (4) a piping system to cater 
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for the delivery of the nutrient solution from the tank to the growing bed and its return to the tank 

(Nicola, 2007). In order to have the nutrient solution return through gravitational flow from the 

growing bed into the tank, the sump must be below the growing bed. Since this is a recirculating 

system, the nutrient solution is re-used until evident signs of salt buildup occur at the bottom of the 

reservoir, a time in which the old solution is replaced with a freshly made up nutrient solution. Prior 

to each use, the nutrient solution should be tested for pH and EC and then adjusted according to crop 

requirements (Niederwieser and du Plooy, 2014; Li et al., 2018). The nutrient solution may also need 

filtering after each circulation through the growing bed. The frequency of flooding of the growing bed 

is dependent on the atmospheric demand and growth stage of the crop, as well as the water retention 

ability of the substrate (Jones, 1997). Another type of MGB system used widely in South Africa is the 

gravel film technique (GFT) (Figure 2), where a thin layer of nutrient solution flows down the beds 

continuously by gravitation (Maboko and du Plooy, 2012). 

 

 

Figure 2: Gravel film technique in which leafy lettuce is being grown (picture taken by TS Chiloane on 

06 April 2015, at ARC-VOP). 
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In the GFT system, the nutrient solution is pumped to the top of the hydrolines and flows down by 

gravity in a thin layer (1-3mm), creating a good balance between the required oxygen and water 

(Maboko and du Plooy, 2013b). The nutrient solution is collected at the bottom and pumped to the 

top again using a pressure pump. The areas prepared for gravel systems should be completely leveled 

across the slope before the hydrolines are laid out. Folding a plastic sheet over a securely tightened 

steel wire should strengthen the sides of the gullies. The plastic sheeting used depends on the 

availability and the market price. Normally, a plastic sheet thickness of 50 microns will be sufficient, 

but it is not very durable. Using a plastic sheet thickness of 100 microns or even thicker will strengthen 

the hydrolines and will not be punctured very easily (Maboko and du Plooy, 2012). The hydrolines 

should be at least 6cm deep for optimal growth of crops with a shallow root system such as lettuce. 

For crops like tomatoes that have a large root volume, a deeper gully is recommended (Niederwieser 

and du Plooy, 2014). Sand and gravel are the most commonly used growing media in these systems. 

 

2.3.2 Nutrient Film Technique (NFT) systems 

The nutrient film technique (NFT) was developed to overcome the shortcomings of the ebb-and-flow 

system, such as the difficulty to practice this system on a large-scale and inefficient use of water and 

nutrients. In this system, the nutrient solution recirculates throughout the entire system by gravitation 

and enters the growth tray via a water pump without the control by a timer (Domingues et al., 2012; 

Maboko et al., 2011). The system is slightly sloped so that the nutrient solution is recovered, filtered, 

replenished, and re-circulated into the system. Plants are placed in a channel or a tube with their roots 

suspended in a thin layer of nutrient solution. 

 

There are many advantages of the NFT system, which include the fact that many leafy greens can 

easily be grown, and commercially the system is widely used for lettuce production. A portion of the 

plant roots is left in the air, while another portion lies on a moist surface (capillary matting), which 

provides an adequate supply of water, oxygen, and nutrients to the rooting system. The system 

provides for the ease of plant establishment and the cost of the construction materials is relatively 

low (Heinen, et al., 1991; Ikeda et al., 1995).  

 

The polyethylene channels may be either white or black but must be dark enough to keep light out. If 

light enters the trough, algae growth becomes a challenge. As the root mat increases in size, the 

nutrient solution flow rate down the hydroline or channel diminishes. Since part of the roots is 

constantly immersed in water or nutrient solution, the roots may become susceptible to fungal 

infections. As the nutrient solution flows down the channel, plants at the upper end of the trough 

reduce the oxygen levels and/or the nutrient concentration in the nutrient solution, a reduction that 

can be enough to significantly affect the growth and development of plants at the lower end. In 

addition, as the root mat thickens and becomes denser, the flowing nutrient solution begins to flow 

over the top and down the outer side of the root mat, decreasing its contact within the root mass 

(Lennard and Leonard, 2006). The flow interruption results in poor mixing of the current flowing 

nutrient solution with water and nutrients left behind in the root mat from previous nutrient solution 

applications. One of the means of minimizing these effects is to make the trough of no longer than 20-

25 m in length (Niederwieser and du Plooy, 2014). Furthermore, the channel can also be made wider, 

which can accommodate root growth for longer-term crops. If the trough is formed from strips of 

polyethylene film, it can be discarded after each crop, thus not only increasing the costs but also 

necessitating sterilization of the permanent piping and nutrient solution storage tank. Most troughs 

used today are made from different plastic materials that are dark enough, structurally strong, and 

ultraviolet (UV) resistant. The design of the trough (width, height, and form) is normally influenced by 
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the type of crop to be planted. Lack of structural strength can lead to unevenness in the trough bottom 

that allows the nutrient solution to settle in depressions that can lead to anaerobic conditions (Jones, 

2005). 

 

The NFT systems can be designed for either horizontal or vertical cultivation. Figure 3 illustrates some 

of the simplest set-ups of the NFT system, using PVC pipework. The systems can be operated either 

under shade nets or plastic tunnels, depending on crop requirements. The horizontal set-up is suitable 

for both leafy and vine crop systems, while the vertical one is often most appropriate for leafy crops 

grown on a commercial scale. The vertical set-up also allows for more efficient utilization of space 

within the hydroponic structure. In general, both system set-ups require continuous recirculation of 

the nutrient solution, resulting in highly efficient water and nutrients usage (van Ginkel et al. 2017). 

The production cycle is also very efficient in these systems since the growing channels are permanently 

installed in the hydroponic structures, which allows more rapid planting following the previous 

cropping season, soon after cleaning and sanitation of the growing channels. However, the initial 

investment cost is relatively high, but it is a long-lasting investment, especially if the system is properly 

managed and maintained.  

 

 
Figure 3: Nutrient film technique with horizontal cultivation of vine tomatoes (left, 

https://purehydroponics.com/commercial-systems accessed on 17/10/2020) and vertical cultivation 

of leafy lettuce (right, https://www.edengreen.com accessed on 17/10/2020). 

 

3. Potential yield of commonly grown high-value vegetable and herb 

crops in recirculating hydroponic systems 
Recirculating hydroponic systems have been used to grow a variety of crops, including leafy, fruity, 

dual-purpose vegetables and herbs. Lettuce is the most commonly grown leafy vegetable on these 

systems, and it is mainly produced under the horizontal and vertical NFT pipe systems, as well as the 

GFT system (Chiloane, 2012; Goddek and Vermeulen, 2018; Touliatos et al., 2016). Other crops that 

have also received attention from researchers in active recovery systems are sweet basil, tomato, and 

strawberry. Sweet basil herb crop is mainly produced under the NFT pipe system (Maboko and du 

Plooy, 2013d; Walters and Currey, 2019). While tomato has been mostly cultivated under the GFT 

system (Field, 2002; Maboko et al., 2011; Maboko and du Plooy, 2013; Maboko et al., 2017b). 

Strawberry is commonly cultivated in vertical NFT pipe and vertical bucket column systems (Peralbo 

et al., 2005; Ramírez-Gómez et al., 2012; Ramírez-Arias et al., 2018). Table 2 illustrates the potential 

yield of these crops grown in various recirculating hydroponic systems. The yield is highly variable 

https://purehydroponics.com/commercial-systems
https://www.edengreen.com/
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depending on the type of system used for production, as well as the system and crop management 

practices that are employed, such as planting densities/spacing and type of cultivar/variety.  

 

Table 2: Potential yield of commonly grown high-value vegetable and herb crops in recirculating 

hydroponic systems 

Crop type Recirculating hydroponic 
system 

Crop yield 
(g/plant) 

Reference 

Loose leaf lettuce Gravel film technique 163.4 – 235.2 Chiloane (2012) 
Butterhead lettuce Horizontal nutrient film 

technique 
239.1 – 334.6 Goddek and 

Vermeulen (2018) 
Romaine lettuce Vertical nutrient film 

technique 
95.0 Touliatos et al. 

(2016) 
Sweet basil Gravel film technique 86.8 – 87.0 Maboko and du 

Plooy (2013d) 
Sweet basil Horizontal nutrient film 

technique 
15.0 – 50.6 Walters and Currey 

(2019) 
Fresh market – indeterminate 
growth tomato 

Gravel film technique 5700 - 7608 Maboko et al. (2011) 

Cherry – indeterminate 
growth tomato 

Horizontal nutrient film 
technique 

2104 Field (2002) 

Fresh market – indeterminate 
growth tomato 

Horizontal nutrient film 
technique 

2962 - 4834 Field (2002) 

Strawberry Horizontal nutrient film 
technique 

379 - 505 Peralbo et al. (2005) 

Strawberry Vertical bucket columns 231 Ramírez-Arias et al. 
(2018) 

Strawberry Three-layer vertical nutrient 
film technique 

202 Ramírez-Arias et al. 
(2018) 

Strawberry Five-layer vertical nutrient 
film technique 

207 Ramírez-Arias et al. 
(2018) 

 

4. Conclusion  
Urban agriculture is growing across urban cities and may have a role in improving food security in 

South Africa. However, succeeding as an agricultural entrepreneur in urban and peri-urban areas 

demands more than being technically competent in production skills and but a firm understanding of 

the markets and marketing strategies. There are several risks associated with succeeding including 

financial, land, technical, social, and psychological that emerging urban farmers face. Compounding 

these challenges, farmers must operate in a water scare and a difficult policy space that often impedes 

success for new entrants. 

 

Furthermore, water quality is very important when it comes to fresh produce as it can directly impact 

market access opportunities, food safety, and quality. More studies are required to investigate 

unlocking alternative sources of water to support urban agriculture, particularly wastewater. Fresh 

produce has the potential to introduce foodborne diseases into processing plants and/or be 

detrimental to human health and so this highlights the importance of small-scale farmers making use 

of good hygiene practices during pre and post-harvest during the production of fresh produce. Limited 

access to resources and appropriate knowledge can impede small-scale farmers and pose barriers for 

them when trying to access markets to sell their produce. Understanding the small-scale farmer's 

socio-economics may provide some insight into how they can be assisted when it comes to capacity 
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building and providing them with insight and essential knowledge so that they can become self-

sufficient in the production of fresh produce and ultimately, they can gain market access.  
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