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9.1. Introduction to soilless systems 

9.1.1. These techniques concern the issue 

 Preparation of the nutrient solution to be supplied to the crop 

 More efficient use of water 

 More efficient use of fertilisers 

 More efficient use of other chemicals applied by the irrigation system 

 Minimising the impact on the environment by nutrient discharge 

9.1.2. Regions 

All EU regions. 

9.1.3. Crops in which the problem is relevant 

Vegetable crops, ornamentals, soft fruits. 

9.1.4. Cropping type 

Soilless crops under protected conditions and open air. 

9.1.5. General description of the issue 

Soilless growing systems are an alternative to soil cropping in which plant roots develop in a 
media different to the soil, either a substrate or the nutrient solution itself. These growing 
systems allow better control of soil diseases and to optimise the supply of water and 
nutrients to the crop, having a higher productive potential. In hydroponic systems (those 
not using a substrate) the nutrient solution has to be recovered and recirculated necessarily, 
whereas this is not usually indispensable if using a substrate as a growing media. However, 
open systems are being transformed into closed-loop systems to avoid contamination by 
minimising or reducing the discharge of nutrients and pollutants to zero. In this case, the 
nutrient solution is recovered, and in most cases disinfected, replenished and recycled 
(Figure 9-1). However, closed systems require more precise and frequent control of the 
nutrient solution compared to open systems. The returned nutrient solution has to be 
treated to restore its original nutrient element composition and to remove any foreign 
substance. Moreover, spreading of root-borne diseases may occur. Therefore disinfection of 
the recirculated nutrient solution must be provided to reduce the disease risk substantially. 
The nutrient solution is normally recirculated until specific threshold values are reached. 
These parameters are: electrical conductivity (EC), the concentration of some potentially 
toxic ions or other problematic substances or microorganisms (pathogen concentration, 
root exudates, residues of plant protection products, etc.). Once these threshold values are 
reached, the solution must be replaced, at least partially; the term “semi-closed” is used for 
such a system. 
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Figure 9-1. Example of the semi-closed soilless system (Pardossi, 2012) 

The different issues related to soilless systems are the followings: 

9.1.5.1. Sub-Issue A: substrates 

Sustainable substrates alternative to peat, commonly used for growing in protected 
conditions, can reduce husbandry costs, the use of water and nutrients, the impact of soil-
borne diseases and soil-fatigue, and improve the uniformity of the crop. Rockwool, perlite 
and coir are the most common applied substrates, each one having advantages and 
disadvantages. Rockwool has higher cost and lower buffer capacity than coir but instead, 
non-buffered coir needs to be first washed to remove excess of Na and K and immersion in a 
calcium nitrate solution is required to improve Ca availability for the plant. Perlite is a 
substrate with a complicated hydraulic behaviour. 

There has been some testing on substrates combination to improve water management and 
crop yield. Preventive control of root diseases is a problem that might be solved by using 
amended growing media with compost. This type of growing media is an economically 
viable alternative compared to the peat-based substrate. 

9.1.5.2. Sub-Issue B: specific water and nutrient management in soilless growing systems 

In many European Member States, the use of chemical products to disinfect the soil is under 
severe pressure and the interest to switch from traditional soil bound crops to cheaper 
soilless cropping systems is increasing. Furthermore, cultivation in substrates has been 
characterised by a shift from open- to closed-cycle cultivation systems, involving the reuse 
of drainage solution. It can substantially reduce the pollution of water resources by nitrate, 
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phosphorus and plant protection products, and contribute to an appreciable reduction in 
water and fertiliser consumption. However, optimal economic management of most crops 
in closed-loop systems requires irrigation water of good quality. This factor is limiting 
switching over to closed growing systems, especially in regions with low-quality water (e.g., 
coastal regions with high EC water) where recirculation is difficult or even impossible 
without a pre-treatment to reduce salinity. This is particularly an issue in Mediterranean 
areas. 

When using substrates, their type and composition must be taken into account. Chemical 
characteristics of the substrate may have an important impact on the concentration of 
nutrients in the solution. This is a particular concern for organic substrates, like coir and 
peat with high cationic exchange capacity. On the other hand, physical properties of the 
substrate have a decisive influence on irrigation management. 

In other growing systems roots develop directly in the nutrient solution (NFT-nutrient film 
technique, DFT-deep flow technique, Ebb-flood), being exposed to water, oxygen, and 
nutrients. Design and management differ in each system, but they can be used for some 
vegetable and ornamental plants. They are commercially available and are well adapted to 
greenhouses with controlled climatic conditions. One of the drawbacks is their high initial 
investment as automation is usually required, although small-scale NFTs do exist. Other 
problem can be the management of the voluminous nutrient solution if it gets 
contaminated. On the other hand, one of the major advantages of using this type of 
techniques is the lower dependency to soil bound diseases leading to lower use of plant 
protection products and not being longer confronted with regulations concerning soil 
disinfection. 

9.1.5.3. Sub-Issue C: Adjustment of the recirculating solution in closed soilless growing 
systems 

In closed soilless systems, it is necessary to replace the nutrients absorbed by the crop with 
the equivalent addition of nutrients supplied by water and fertilisers to ensure the stability 
of the nutrient solution composition. For this objective, it would be optimal to install 
affordable (and with low maintenance) and reliable selective ion sensors in the fertigation 
equipment for nutrient monitoring and automatic adjustment of the ion concentrations in 
the recirculating solution. However, this system is not currently available and frequent 
chemical analysis are carried out instead. 

9.1.6. Brief description of the socio-economic impact of the issue 

The use of (semi-)closed recirculating systems faces some socioeconomic bottlenecks. One 
of them, mentioned above, is that optimal management of most closed-loop crops requires 
irrigation water of good quality. Some solutions to this problem are the use of desalination 
plants, strategies to decrease water drainage and nitrate emissions, providing new life to 
waste through cleaning of leachates by using constructed wetlands, or modelling salinity 
build-up in recirculating nutrient solution culture.  

The main bottleneck for hydroponic systems (NFT, DFT, and ebb-flood) is the high financial 
investment to install a professional automated system. Some low-cost versions are available 
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for use by small-case growers. Other limitations may be that these systems are limited for 
some specific vegetable crops and, in the case of DFT, the system does not allow the grower 
to take the risk of testing new products, due to management and design limitations. Algae 
bloom or spread of diseases is also a concern in hydroponics, as well as oxygen management 
in the nutrient solution.  

When using substrates, the choice of the grower often depends on prices, disinfection type 
used, experience with the substrate, monitoring tools (e.g. moisture sensors), the capacity 
of the system to establish small, precise frequent irrigations, water source and type of 
system (open, semi-closed or entirely closed). For growers using substrates, recycling of the 
substrate is forced by most European countries to avoid waste. Waste management must be 
considered as an important economic and environmental issue. 

9.1.7. Brief description of the regulations concerning the issue 

EU regulations do not permit the nutrient solution to be discharged into surface waters if 
the nitrate (NO3) content is higher than 50 mg/L. This obligates to search a solution for 
disposal in semi-closed systems, primarily if a large volume of recirculating solution is 
managed, like in ebb and flood systems, DFT and NFT system. Some Member States 
prescribe the how this water should be removed. As an example, the Flemish regulation 
prescribes that discharged water has to be spread on grassland or purified (removal of 
nutrients). In case of soilless growing systems in open air specific problems might arise as 
high volumes of drain water are produced due to heavy precipitation. 

There are existing European Directives for waste management, adapted at national and/or 
regional level. 

9.1.8. Existing technologies to solve the issue/sub-issues 

The general approaches of the existing technologies can be organised into the following 
categories: 

 Substrates for soilless culture: 

o Rockwool 

o Coir 

o Perlite 

o Disease suppression by organic growing media (compost amended substrate) 

 Closed systems: design and water/nutrient management: 

o Automatic mixing systems for reuse of drainage 

o Semi-closed soilless system 

o Nutrient Film Technique  

o Deep Flow Technique  

o Ebb and flow (Flood-and-Drain) system 
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9.1.9. Issues that cannot be solved currently 

Regarding substrates, their optimal recycling is sometimes a problem. For instance, this is 
the case of rockwool in areas located far from an industry able to process this residue. On 
the other hand, in some countries legislation exists on labelling of substrates but not for 
recycling. 

Growers managing soilless growing systems like DFT are looking for solutions for the 
discharge water. This water should be spread on grassland or purified (removal of nutrients) 
to comply with regulations. However, spreading on grassland is not always feasible because 
sufficient grassland must be available to process the high volume of this nutrient water 
stream. On the other hand, there are no technologies at this moment offered to remove 
nutrients from a large amount of discharge water produced once every 1,5-2 years. 

The availability of an affordable automatic system based on selective ion sensors would be 
very interesting for the optimal management of closed systems. Furthermore, in areas 
where good quality water is scarce, affordable alternative sources are necessary to make 
recirculation of the nutrient solution possible. 

9.1.10. References for more information 

[1] Cooper, A. (2002). The ABC of NFT, Nutrient Film Technique. Casper Publications. 171 
pages 
[2] Pardossi, A. (2012). Management of soilless cultivation of greenhouse and nursery 
crops. Masters Course taught at University of Almeria, Spain 
[3] Raviv, M. & Lieth, J. H. (eds.) (2007). Soilless Culture: Theory and Practice. Elsevier. 
608 pages 
[4] Resh, H. M. (2012). Hydroponic Food Production: A Definitive Guidebook for the 
Advanced Home Gardener and the Commercial Hydroponic Grower. CRC Press. 560 pages 
[5] Savvas, D. & Passam, H. (eds.) (2002). Hydroponic production of vegetables and 
ornamentals. Embryo Publications. 463 pages 
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9.2. Summary of technologies subsequently presented in this chapter in individual technology descriptions (TDs) 

TD title Cost Technological 
requirements  

Strengthen Weakness Limitations 

Substrates for soilless culture 

Rockwool Installation: 

1,75 € (45 kg/m3) – 2,36 
€ (75 kg/m3)/15 L slab 

 The inert and well-draining 
substrate, most of the retained 
water is readily available 

 

Higher cost than coir needs to be placed 
on a fully levelled surface, precise 
irrigation management required because 
of its low water buffer capacity, 
susceptible to pH shifts, not 
biodegradable and must be recycled 

Recycling is expensive in 
production areas far from a 
rockwool factory 

Coir Installation: 

0,25-0,35 €/7-9 L block 

1,3-1,85 €/30 L bag 

 Excellent air porosity and water 
retention, quick water re-
absorption compared to 
rockwool, fast germination times 
and quick seedling rotations, 
sustainable substrate, low 
degradation rate compared to 
other organic substrates, free 
from soil diseases 

Adequate initial management is essential 
to wash Na and avoid Ca and Mg 
deficiencies, small and frequent irrigations 
required as a loose substrate 

The substrate with fine particles 
(dust) can produce compaction 
and root asphyxia 

Perlite Installation: 

2 €/37 L bag 

6,8 €/100 L bag 

 Excellent water retention and 
drainage capabilities, the low 
degradation rate 

Lower readily-available water content than 
rockwool, higher volume of substrate 
required, the presence of small open 
pores giving to the substrate a 
hydrophobic behaviour if full with air 
instead of water, potential particle 
inhalation danger 

Presence of dust contributes to 
excessive water retention and 
nutrient solution turbidity. It must 
be removed by flushing with water 
before use 

Compost amended 
substrate with 
disease suppression 

Installation: 

10-15 €/ton 

 Reduced use of fungicides if 
sufficiently effective against 
pathogens, leftover material, 

Preventive use only, the limited shelf life 
of products, time-consuming preparation 
of substrates 

Stability of compost, availability, 
and quality of composted material, 
longevity and variability 
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TD title Cost Technological 
requirements  

Strengthen Weakness Limitations 

activity can be used at farm level 

Closed systems: design and water/nutrient management 

Automated mixing 
systems for reuse of 
drainage 

Installation: 

Basic installation without 
updating fertigation 
software: 3500 € 

Mixing system for 
recirculation including 
software: 10500 € 

Maintenance: 

Revision/change of EC 
sensor, valves and 
pumps, energy cost 

Knowledge 
about crop 
nutrient uptake 

Knowledge 
about crop 
response to 
salinity 

Reusing drainage allows a 
significant percentage of water 
and fertilisers to be saved and a 
huge reduction of pollution 

Electricity is necessary 

It must be combined with a disinfection 
technology. Global cost is not always 
financially compensated by water and 
fertilisers saving 

Precise and frequent control of the 
nutrient solution is required 

High-quality water is necessary for 
a complete recirculation of the 
nutrient solution 

Semi-closed soilless 
system 

Installation: 

42500-57500 €/ha 
(disinfection not 
included) 

Relevant 
technological 
knowledge, 
computer skills 

More efficient use of water and 
fertilisers, reduction of nutrient 
discharge, positive environment 
impact 

Installation cost, good quality water 
required for economical optimal 
management, more precise and frequent 
control of the nutrient solution needed, 
use of disinfecting methods required 

Accumulation of ballast ions in the 
recirculating solution 

Nutrient Film 
Technique (NFT) 

Installation: 

100-230 €/m2 

Maintenance: 

Replacement of plastic 
elements, cleaning 
water and products for 
re-use of channels, 
pumps, electronics and 
possibly chains (in 
automated systems) 

Relevant 
technological 
knowledge, 
computer skills 

More efficient use of water, 
fertilisers and chemicals, permit 
preparation of irrigation water, 
reduction of nutrient discharge, 
allows working ergonomically, 
great potential for automation, 
more efficient use of space 
making artificial light 
economically feasible 

Very high installation cost, possible easily 
spread of water infections all over the 
system if the sterilisation protocol fails, 
highly susceptible to any breakage of the 
water flow system 

Very high initial investment (but 
low-cost versions of NFT already 
exist) 

Temperature and dissolved 
oxygen can be sometimes limiting, 
especially in summer 

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf


Transfer of INNOvative techniques for 

 sustainable WAter use in FERtigated crops 

 

This document includes a cover page with the FERTINNOWA disclaimer. Full terms and conditions for using this document can be found at 

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf        9-12 

TD title Cost Technological 
requirements  

Strengthen Weakness Limitations 

      

Deep Flow 
Technique (DFT) 

Installation: 

37-60 €/m2 

Relevant 
technological 
knowledge 

More efficient use of water, 
fertilisers and chemicals, permit 
preparation of irrigation water, 
higher yield, positive 
environmental impact, 
fluctuations in nutrients, water 
temperature, etc. are lower than 
in NFT 

The system is quite labour consuming, 
rainwater can lead to an unstable nutrient 
solution in outdoor crops, deficits of some 
nutrients have to be supervised, lettuce is 
more sensitive to Microdochium 
panattonianum 

A large volume of water is 
produced when discharging the 
nutrient solution. At present, there 
are no technologies offered for 
removing the nutrients from all this 
water 

Testing new technologies or 
products in this system is a risk as 
has to be done on a big scale from 
the start 

Ebb and flow (Flood-
and-Drain) system 

Installation: 

80-85 €/m2 

Relevant 
technological 
knowledge 

More efficient use of water, 
fertilisers and chemicals, 
positive environmental impact, 
not labour intensive, more 
uniform plants, excellent 
aeration, plants can be spaced 
as needed, fewer diseases due 
to lower humidity 

High installation cost, maintenance 
requirements (pump failure, adjustments 
of auto-syphons), small cracks can occur 
in the concrete ebb and flood systems 
provoking water leaks to the environment 
requires a larger sump tank, roots can 
block the pipework, over time some 
sediment can be collected in the reservoir 

Possible nitrite accumulation 
leading to plant growth problems 

Big volumes have to be 
discharged if problems occur with 
the nutrient solution 
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9.3. Rockwool 

(Authors: Esther Lechevallier4, Alain Guillou4, Elisa Suárez-Rey11) 

9.3.1. Used for 

More efficient use of water. 

9.3.2. Region 

All EU regions. 

9.3.3. Crop(s) in which it is used 

Vegetables (tomato, aubergine, cucumber, sweet pepper) fruit crops (melon, strawberry) 
and cut flowers. 

9.3.4. Cropping type 

Soilless crops under protected conditions. 

9.3.5. Description of the technology 

9.3.5.1. Purpose/aim of the technology  

Rockwool, also known as stone wool or mineral wool, is one of the most widely used 
substrates for the commercial soilless production. It is an inert (mineral) substrate which 
provides a proper environment for the development of the root system.  

9.3.5.2. Working Principle of operation 

Rockwool is made from basalt which is re-liquefied and spun, hardened, compressed and 
cut. The formed products are available in various sizes and shapes which are adaptable to 
many applications.  

Different types of growing slabs, seeding and propagation cubes and plugs are available on 
the market for diverse uses. They are often wrapped in polyethene foil. Loose rockwool can 
also be used.  

For growing slabs, several lengths are available, depending on the crop and the density 
wished. The most common size is 120 (or different length) x 20 x 7,5 cm. Recently higher 
slabs appeared: 120 (or different length) x 15 x 10 cm. These substrates have a better 
draining capacity, minimising the development of Agrobacterium. The structure of the 
substrate was thus more adapted to the water retention.  

Properties of the growing media such as the moisture holding capacity, the aeration (or air-
filled porosity) and the moisture gradient from the top to the base of the substrate 
depending on the way in which the molten rock fibres are stacked (vertical or horizontal) 
and the density of fibres inside the rockwool substrate. Usually, the volume of air between 
fibres reaches 95% and bulk density is around 70-80 kg/m³.  
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By altering rockwool properties, products for different applications have been made 
available to growers. Products with horizontally orientated fibres drain slower but provide 
more lateral (sideways) root growth (typically slabs). Those with vertical fibre orientation 
are quicker to drain and encourage the downward growth of roots (typically cubes, making 
them an excellent choice for rooting cuttings). The best results are obtained with vertical 
fibre structures, thus avoiding substrate compaction. Draining characteristics of the 
substrate depend on the density and structure of the fibres but are always higher than in 
substrates with coir. With the development of root systems, the substrate increases its 
water-holding capacity. 

 

Figure 9-2. Examples of rockwool substrates (Source: Cultilène, Grodan) 

9.3.5.3. Operational conditions 

Irrigation should be managed regarding the draining behaviour of the rockwool substrates. 
Small and frequent doses are more adapted to rockwool substrates. Standard rockwool 
products drain freely after irrigation and will then typically contain 80% nutrient solution, 
15% air pore space and 5% rockwool fibres, although these ratios differ slightly between 
rockwool brands and products. Substrate type should be adapted to the specific needs of 
the crops and the climatology (temperature, lighting, etc.). 

One of the most important characteristics of rockwool is that most of the water is retained 
by the rockwool as readily-available water. That means that plants can easily extract water 
when the rockwool is saturated from recent irrigation and when the rockwool slab has dried 
considerably and lost as much as 70-80% of its moisture content, levels which in other 
growing media would cause severe wilting to the crop. 

The slab has a limited lifespan because the structure breaks down with time. The availability 
of oxygen in the medium decreases as the structure of the medium breaks down.  

Checking the EC in the root zone is important with rockwool just as it is with any other 
substrate. Even though rockwool does not contain any naturally occurring minerals or salts, 
which may influence EC levels, the EC of the nutrient solution inside the growing substrate 
will change since plants extract different ratios of water and nutrients from the root zone.  

One important aspect of rockwool is the high pH. All rockwool substrates should be soaked 
in a pH adjusted water or mild nutrient solution prior to planting. Soak for at least 24 hours 
at a pH of 5,5. The pH will still tend to climb higher than desired for the first couple of weeks 
but gradually stabilises. The pH in the reservoir can be significantly lower than in the 
medium. If the pH in the reservoir is maintained around pH 5,5 it should be near pH 6,3 at 
the roots. 
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9.3.5.4. Cost data 

Installation cost 

Cost of a 100 cm x 15 cm x 10 cm slab (6 tomato stems) depends on the type of slab and 
ranges from 1,75 € (density of 45 kg/m3) to 2,36 € (density of 75 kg/m3). 

Maintenance 

Yearly maintenance or inputs needed: in Spain, rockwool of higher density (75 kg/m3) is 
usually reused for 3 years to reduce the cost. However, there is a risk for pathogen 
development for which a lot of growers renew their substrate each cropping season (thus 
using a slab of lower density). Growers can disinfect the substrate with vapour between two 
cropping seasons. 

9.3.5.5. Technological bottlenecks 

The buffer capacity is lower than in substrates with higher water retention (e.g. coir). It 
depends on the type of structure of the substrate, for example, rockwool usually has higher 
water retention capacity than perlite. 

The low water holding capacity of the substrate forces the grower to make small irrigations 
with precision and he needs to adapt the irrigation system to have the capacity to irrigate 
more frequently the crop. 

9.3.5.6. Benefit for the grower 

Advantages 

 Inert (no effect on pH / EC of the supplied nutrient solution) 

 Does not contain organic matter susceptible to react with nutrients or be discharged 
in the drainage water (clogging of filters and disinfection systems) 

 Well-draining 

 Can be used with UV disinfection 

 100% recyclable  

 Rockwool, being a “sterile” product (only directly after production) does not contain 
any naturally occurring beneficial microbial populations when first planted out 

 Can be reused after disinfection 

 Management of this substrate is well-known and widely used  

Disadvantages 

 Higher cost than coir  

 Not biodegradable and must be recycled. The cost of it should be taken into account. 
Some rockwool providers take this process in charge, or specialised companies can 
provide this service 

 Lower water buffer capacity than coir substrates  
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 Needs to be placed on a fully levelled surface to allow the moisture gradient inside 
the substrate to be even and prevent the development of saturated or overly dry 
patches  

 Fibres can irritate the skin and a face mask is recommended if handling granulated 
rockwool or disposing of old rockwool products 

 Rockwool has a high pH which means that the nutrient solution must be adjusted so 
that the root zone is neutral 

 Susceptible to pH shifts meaning more routine maintenance to keep the pH levels 
correct 

9.3.5.7. Supporting systems needed 

Rockwool substrate is formed in cubes or slabs in polyethene foil and lay on a suspended 
gutter or on a levelled surface (ground or foam cubes) (Figure 9-3). 
 

 
 

Figure 9-3. Supporting systems needed: substrates can be placed on the ground or on systems to collect the 
drain (foam cubes or suspended gutter) (Source: CATE) 

Some companies have developed adapted moisture meter to monitor irrigation with 
rockwool slabs: e.g. GroSens (GRODAN), WET Sensors (Delta-T Devices), 30MHz Substrate 
moisture sensor (30 MHz). 

9.3.5.8. Development phase  

Commercialised (and widely used in greenhouse production). 

9.3.5.9. Who provides the technology 

Several rockwool providers occupy the market, such as Grodan, Cultilene, BVB, Rockwool, 
Delta. 
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9.3.5.10. Patented or not 

Yes, depending on the type and company. 

9.3.6. Which technologies are in competition with this one 

Coir and perlite substrates are the most competing with rockwool substrates because they 
are used for the same type of crops (pepper, tomato, cucumber, etc.). 

9.3.7. Is the technology transferable to other crops/climates/cropping systems? 

Rockwool substrates are meant to be used in soilless systems. Due to the inert property, 
they can be used with a wide range of crops and climates under protected conditions. Fruits 
vegetables (tomatoes, pepper, etc.) and cut flowers are well adapted to the use of rockwool 
substrates.  

9.3.8. Description of the regulatory bottlenecks 

Recycling of the substrate is mandatory in many European countries. Some suppliers 
provide solutions to collect and recycle the substrate slabs but the purchase price is higher. 
In some countries, local companies are dedicated to the recycling of agricultural substrates.  

In Spain, legislation exists on labelling of substrates, not for recycling (Real Decreto 
868/2010 and 1039/2012). 

In France, the recycling of rockwool substrates is mandatory (Arrêté du 12/03/03 relatif à 
l'industrie du verre et de la fibre minérale). 

9.3.9. Brief description of the socio-economic bottlenecks 

Rockwool substrates are more expensive than other material but it does not appear to be a 
major economic bottleneck. 

The waste management (mandatory recycling in some countries) must be considered as an 
important socio-economic issue. 

9.3.10. Techniques resulting from this technology 

Rockwool is a well-draining substrate. Irrigation scheduling and doses must be adapted to 

the substrate. It is recommended to give short irrigations when using rockwool. 

9.3.11. References for more information 

[1] Acuña, R., Bonachela, S., Magán, J. J., Marfà, O., Hernández, J. & Cáceres, R. (2013). 
Reuse of rockwool slabs and perlite grow-bags in a low-cost greenhouse: Substrates’ 
physical properties and crop production. Scientia Horticulturae, 160, 139-147 
[2] CTIFL (2002). Gestion des effluents des cultures légumières sur substrat 
[3] Da Silva, F. F., Wallach, R. & Chen, Y. (1995). Hydraulic properties of rockwool slabs 
used as substrates in horticulture. Acta Horticulturae, 401, 71-75 
[4] De Rijck, G. & Schrevens, E. (1998). Distribution of water and nutrients in rockwool 
slabs. Scientia Horticulturae, 72, 277-285 
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[5] Marfa, O. (2000). Recirculación en cultivos sin suelo. Compendios de Horticultura, 14. 
Ediciones de Horticultura S.L., Spain, p. 177 
[6] Sonneveld, C. (1991). Rockwool as a Substrate for Greenhouse Crops. In: Bajaj, Y.P.S. 
(ed.) High-Tech and Micropropagation I. Biotechnology in Agriculture and Forestry, 17. 
Springer, Berlin, Heidelberg 
[7] Comparing different growing media. Retrieved from   
http://www.grodan101.com/knowledge-center/comparing-different-growing-media on 19 
October 2017 
[8] Growing in Rockwool: Tips from the Pros. Retrieved from  
http://www.just4growers.com/stream/hydroponic-growing-techniques/growing-in-
rockwool-tips-from-the-pros.aspx on 20 October 2017 
[9] Soilless cultivation - What makes a good medium? Retrieved from 
http://www.canna-uk.com/what_makes_good_quality_soilless_growing_medium on 19 
October 2017 
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9.4. Coir 

(Authors: Eleftheria Stavridou15, Esther Lechevallier4, Alain Guillou4, Elisa Suárez-Rey11, Juan 
Del Castillo13) 

9.4.1. Used for 

More efficient use of water. 

9.4.2. Region 

 Nordic 

 North-West Europe 

 Mediterranean 

9.4.3. Crop(s) in which it is used 

Vegetables (tomato, peppers, courgette, aubergine, leafy salads), fruit crops (melon, 
strawberry, raspberry, blackberry) and cut flowers (roses, orchids). 

9.4.4. Cropping type 

Soilless crops under protected conditions. 

9.4.5. Description of the technology 

9.4.5.1. Purpose/aim of the technology  

Coir a sustainable organic substrate alternative to peat used to cultivate in protected 
conditions in order to reduce husbandry costs, the use of water and nutrients, the impact of 
soil-borne diseases and soil-fatigue and improve the uniformity of the crop. 

9.4.5.2. Working Principle of operation 

Coir is a by-product of processing coconut husk fibre. The source, the moisture level and the 
compression pressures often differ among producers, so that coir is not a uniform material 
resulting in a large variability of end-product. With the addition of water, coir dust expands 
5-9 times its compressed volume. It has pH of 5,7-6,5 and a high cation exchange capacity 
(ranging from 30 and 100 meq/100 g). 

 

Figure 9-4. Fibre and small chips of coir (left). Block of coir as it is sold (right) (Source: Tucson Cactus and 
Succulent Society) 
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9.4.5.3. Operational conditions 

Coir can be commercially supplied in bags or in blocks that need wetting prior 
planting/seeding. Initial wetting is very important to achieve an optimal decompression of 
the substrate and to increase its calcium content. 

9.4.5.4. Cost data 

Installation cost 

0,25-0,35 € per 7-9 L brick/block or 1,3-1,85 €/30 L bag. 

Maintenance 

In comparison with other substrates, coir retains its physical integrity longer and repotting is 
needed with lesser frequency. In addition, coir can be recycled and reused very easily. 

9.4.5.5. Technological bottlenecks 

Non-buffered coir is naturally rich in Na and K and can bind Ca and Mg, so plants may 
experience deficiencies of these cations. Therefore, coir is first washed to remove the excess 
of Na and K and then immersed in a calcium nitrate solution that improves the availability of 
Ca for the plant. Application of irrigation prior to planting with calcium nitrate at a dose of 9 
g /10 L of the substrate is recommended. In addition, fertiliser is indispensable in order to 
grow plants. Coir also has little capillarity transport because it is very loose. Water retention, 
in this case, is low and needs more frequent irrigation. The substrate with fine particles 
(dust) can produce compaction and root asphyxia. 

9.4.5.6. Benefit for the grower  

Advantages 

 Reduces the use of water and nutrients 

 Excellent air porosity and water retention 

 Quickly reabsorbs water from a dry state compared to rockwool. Thus, plants grown 
in coir tend to recover better and more quickly from dry conditions. 

 Faster germination times and quicker seedling rotations  

 Sustainable 

 Low degradation rate considering that it is an organic substrate 

 Free from soil diseases  

Disadvantages 

 Cultivation in coir requires irrigation and fertilisation 

 Small volumes require higher irrigation frequency 

 Protected and extensive cultivation requires high initial investment on structures, 
covers, training systems, table tops, irrigation and fertilisation equipment 
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9.4.5.7. Supporting systems needed 

Coir needs to be held in a pot or a bag.  

9.4.5.8. Development phase 

Commercialised.  

9.4.5.9. Who provides the technology 

In the UK the biggest players are Botanicoir and Cocogreen. In Spain, main providers are 
Projar, Pelemix, Ispemar. 

9.4.5.10. Patented or not 

Coir is not patented since it is a by-product of another industry. 

9.4.6. Which technologies are in competition with this one 

Mainly peat, perlite and rockwool. 

9.4.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, it is very versatile. 

9.4.8. Description of the regulatory bottlenecks 

None observed. Coir has a very easy recycling. 

9.4.9. Brief description of the socio-economic bottlenecks 

At present, the use of a substrate or another is more linked to its cost or to its adaptation to 
a crop than to the technology necessary for its use. 

Regarding supply shortage, bad weather conditions and unprecedented rainfall (i.e. 2014-
2016) can hamper the natural drying of the coconut by-product affecting the entire coir 
industry in Sri Lanka and India. Coir pith is typically dried by natural sunlight. However, 
continuous rain meant that the coir was insufficiently dried, causing knock-on effects for UK 
growers who use coir substrate to plant crops. Unpredictable weather conditions can result 
in price increases of the raw material in line with demand and increased processing costs.  

9.4.10. Techniques resulting from this technology 

 Other additives can be added to the coir to increase the efficiency of the nutrient 
and water use, e.g. Cocogreen H2CoCo 

 Coir supplied in disks or blocks which are placed in pots. Coir is then wetted and 
expands to occupy the whole volume available 

9.4.11. References for more information 

[1] Canna (2016). How to use coco coir as a concept. Retrieved from http://www.canna-
uk.com/how_use_coco_coir_as_concept 
[2] Cocogreen (2016). Coco Peat Products for Professional Growers. Brochure. 
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[3] Dimmitt, M. (2016). Coir (Coconut Husk Fiber): A Universal Potting Medium? 
Retrieved from 
http://www.tucsoncactus.org/html/growing_in_the_desert_column_June_2013.html  
[4] Horticultural Coir Ltd (2016). Why use coir? Retrieved from 
http://www.coirtrade.com/whyusecoir.html 
[5] Nichols M. (2016) Coir: Sustainable Growing Media. Retrieved from 
http://www.hydroponics.com.au/coir-sustainable-growing-media/  
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9.5. Perlite 

(Authors: Eleftheria Stavridou15, Esther Lechevallier4) 

9.5.1. Used for 

More efficient use of water. 

9.5.2. Region 

 Nordic 

 North-West Europe 

 Mediterranean 

9.5.3. Crop(s) in which it is used 

Vegetables (tomato, cucumber, sweet pepper, eggplant, courgette, lettuce), fruit crops 
(melon, watermelon, strawberry) and cut flowers (rose, gerbera, gypsophila, carnation 
aster, etc.). 

9.5.4. Cropping type 

Soilless crops under protected conditions. 

9.5.5. Description of the technology 

9.5.5.1. Purpose/aim of the technology  

This is a substrate used to cultivate in protected conditions in order to reduce husbandry 
costs, the use of water and nutrients, the impact of soil-borne diseases and soil-fatigue and 
to improve the uniformity of the crop. 

9.5.5.2. Working Principle of operation 

Perlite is a substance made of volcanic rock. It is white, lightweight and often used as a soil 
additive to increase aeration and draining of the soil. In composition, it is a potassium 
sodium aluminium silicate. Perlite has a neutral pH, excellent wicking action, and is very 
porous. It is chemically inert with almost no cation exchange capacity or nutrients, and a 
neutral pH. Perlite is available in many grades. A size of particles of 0-5 mm (without dust) is 
the most common for horticulture. Perlite can be used alone or amended into coir, 
vermiculite, peat moss or soil mixes to improve aeration/drainage.  
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Figure 9-5. Loose perlite (left) and tomato plants grown in perlite (right) (Source: The Egyptian Co. for 
Manufacturing Perlite) 

9.5.5.3. Operational conditions 

It can contain excessive perlite “dust”. This must be removed by flushing with water prior to 
use. Goggles and a dust mask should be worn. Some growers prefer to fill their bags of 
perlite with water before opening to reduce or even eliminate airborne particulate. The 
substrate must be adequately saturated before planting because it has a high proportion of 
small open pores that, if containing air instead of water, make perlite to have a hydrophobic 
behaviour. 

9.5.5.4. Cost data 

Installation 

2 €/37 L bag. Perlite bags of 100 L for replacing the substrate lost when pulling up the plants 
cost 6,8 €. 

Maintenance 

Perlite can be reused, having a long-life cycle. It can be washed and dried to be restored 
back to its 7,0 pH level. Steam sterilisation of the used perlite before planting a new crop 
has been recommended to safeguard against pathogen contamination. Alternatively, perlite 
in grow bags can be agitated and sterilised with hot water treatment by using a heavy-duty 
water breaker mounted on the steel wand of a hot water pressure washer. 

9.5.5.5. Technological bottlenecks 

Readily-available water is relatively low because perlite has a significant proportion of small 
pores retaining water strongly. Furthermore, a proportion of pores are closed and do not 
contribute to water retention. Hence, a higher volume per bag (30-40 L) is used for growing 
vegetables in comparison to other mineral substrates.  

Perlite can contain excessive perlite “dust”. This must be removed by flushing with water 
prior to use. Dust contributes to excessive water retention and to nutrient solution turbidity 
which in turn facilitates unwanted bacterial growth. Perlite dust is a problem for pumps and 
tubing. Debris from loose perlite can lead to clogging of irrigation lines in hydroponic 
systems. 
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9.5.5.6. Benefit for the grower 

Advantages 

 As a porous substance, perlite offers both excellent water retention and drainage 
capabilities 

 It provides proper aeration which is necessary for healthy root growth in plants 

 It is free from soil diseases  

 It has a neutral pH level but will take on the acidity or alkalinity of the nutrient 
solution 

 Low degradation rate  

 Acts as an insulator to protect plants from temperature changes 

Disadvantages 

 Cultivation in perlite requires irrigation and fertilisation 

 Require higher irrigation frequency 

 Too lightweight for certain hydroponic systems 

 Perlite is obtained from quarries and this involves environmental concerns 

 Potential particle inhalation danger 

 Tends to float when flooded 

 Small open pores give the substrate a hydrophobic behaviour if full with air instead 
of water, which have an important repercussion on irrigation management 

9.5.5.7. Supporting systems needed 

Perlite needs to be held in a pot or a bag. Perlite works great in net cups, and even better in 
fabric pots. Ebb and flow, dutch buckets and drip systems are all excellent methods for 
growing in perlite.  

9.5.5.8. Development phase 

Commercialised.  

9.5.5.9. Who provides the technology 

In Spain, the main providers are Otavi Iberica S.L. and Europerlita Española S.A. 

9.5.5.10. Patented or not 

Perlite is not patented.  

9.5.6. Which technologies are in competition with this one 

Mainly coir, rockwool and peat. 

9.5.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, it is very versatile. 
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9.5.8. Description of the regulatory bottlenecks 

Perlite has to be recycled at the end of its life. It can be mixed with soil to increase aeration. 

9.5.9. Brief description of the socio-economic bottlenecks 

Perlite is a non-renewable resource (volcanic rock), though the supply on the planet is quite 
extensive.  

Perlite can affect the human respiratory system. It is listed as a “nuisance dust,” which 
means it can aggravate your eyes, mouth, throat and lungs. Long-term exposure to high 
levels of this dust can cause a non-cancerous disease called silicosis. 

9.5.10. Techniques resulting from this technology 

Perlite is usually used in plastic bags although it can be placed in pots as a loose material. 

9.5.11. References for more information 

[1] Canna (2017). Soilless cultivation - What makes a good medium? Retrieved from 
http://www.canna-uk.com/what_makes_good_quality_soilless_growing_medium 
[2] Grillas, S., Lucas, M., Bardopoulou, E., Sarafopoulos, S. & Voulgari, M. (2001). Perlite 
based soilless culture systems: current commercial application and prospects. Acta 
Horticulturae, 548, 105-114 

[3] Grodan (2017). Comparing different growing media. Retrieved from 
http://www.grodan101.com/knowledge-center/comparing-different-growing-media  
[4] Hanna, H. Y. (2010). Reducing time and expense to recycle perlite for repeat use in 
greenhouse tomato operations. HortTechnology, 20(4), 746-750 
[5] Olympios, C. M. (1992). Soilless media under protected cultivation rockwool, peat, 
perlite and other substrates. Acta Horticulturae, 323, 215-234 
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9.6. Compost amended substrate with disease suppression activity 

(Authors: Federico Tinivella7, Elisa Suárez-Rey11) 

9.6.1. Used for 

Minimising the impact on the environment by reducing pesticide application.  

9.6.2. Region 

All EU regions. 

9.6.3. Crop(s) in which it is used 

Mainly vegetables and ornamentals. Limited in the case of extensive crops for economic 
reasons. 

9.6.4. Cropping type 

Soil-bound (with limitations) and soilless crops mainly under protected conditions.  

9.6.5. Description of the technology 

9.6.5.1. Purpose/aim of the technology  

Compost amended substrates can provide some level of disease suppression with specific 
regards to root diseases and therefore reduce the risk of yield losses due to soil-borne 
diseases. 

9.6.5.2. Working Principle of operation 

The improvement of growing media with compost can lead to a rapid increase in microbial 
and fungal activities and microbial population diversity. The suppression phenomenon 
consists of a complex set of mechanisms: 

 Competition for nutrients, space and occupation of infection sites by other micro-
organisms (and related increase of siderophore producers) – e.g. by Pseudomonas 

 Hyperparasitism followed by lysis – e.g. by Trichoderma harzianum  

 Antibiosis, i.e. the production of antibiotics – e.g. by Gliocladium virens  

 Futile pathogen germination thanks to the compost’s role in mimicking root 
exudates. Normally a pathogen propagule will not germinate in the absence of a host 
as signalled by root or seed exudate). In compost-containing media, germination of 
pathogens may be triggered before the pathogen comes in contact with living plants 
so that the existing inoculum is spent 

 Induced Systemic Resistance – e.g. by many rhizosphere bacterial and fungal isolates  

The main pathogens controlled with this technique are Fusarium, Rhizoctonia, Pythium and 
Phytophthora. 
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Moreover, compost can be enriched with selected strains of antagonistic bacteria or fungi in 
order to improve the suppression phenomenon. 

9.6.5.3. Operational conditions 

Preferably 20-30% of the total volume of the peat-based substrate should be replaced by 
compost. Higher rates should be checked with target crops. 

The characteristics of the compost intended for the cultivation of potted plants must be: 

 pH: 5,5-8 

 Moisture content: 35-55% 

 Particle size: pass through 1/2 mesh screen or smaller, acceptable particle size is 
based on pot/container size 

 Stability: stable to highly stable, thereby providing nutrients for plant growth and 
assuring no substantial shrinkage 

 Maturity/growth: must pass maturity test or demonstrate its ability to enhance seed 
germination and plant growth 

 EC: 300 µS/cm for media blend 

 

Figure 9-6. Substrate with peat (left) and with peat and compost (right) 

9.6.5.4. Cost data 

The average price of compost is 10-15 €/ton. 

9.6.5.5. Technological bottlenecks 

 The stability and quality of the compost and the shelf life, in case of commercialised 
composts, can be limited. In addition, the availability of raw and composted material 
is not always certain. There is also a certain variability and unpredictability of 
compost. Hence, similar compost may give different results 

 The degree of decomposition of compost has a strong effect on the rate of disease 
suppression: both immature and excessively stabilised compost show low rates of 
disease suppression. It should also be taken into account that the longevity of the 
suppression capacity is related to the survival of beneficial microorganisms 
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9.6.5.6. Benefit for the grower 

Advantages 

 Can prevent pesticide use if sufficiently efficient against pathogens 

 Possibility to exploit leftover material at the farm level 

Disadvantages 

 Preventive use only  

 Limited shelf life of products 

 Possible limited workability 

 Time-consuming preparation of cultivation substrates 

9.6.5.7. Supporting systems needed 

 Facilities for compost production 

 Transportation networks for delivering substrates to producers 

 Facilities for compost mixing with cultivation substrates 

9.6.5.8. Development phase  

Commercialised. 

9.6.5.9. Who provides the technology 

There are very few specialised companies that provide such products, e.g. AgriNewTech in 
Italy (www.agrinewtech.com). 

9.6.5.10. Patented or not 

Antagonistic strains are not patented; the final product can be patented. 

9.6.6. Which technologies are in competition with this one 

This technology is an alternative in specific cases to the use of pesticides or biocontrol 
agents for the control of soil-borne pathogens. 

9.6.7. Is the technology transferable to other crops/climates/cropping systems? 

The use of compost as a substrate is specifically related to the cultivation of certain crops 
(vegetables and, to a lesser extent, ornamentals) but normally it is not intended for the 
application of extensive cultivation. 

9.6.8. Description of the regulatory bottlenecks 

Compost production is regulated by the Italian Legislative Decree no 75 of 29/04/2010 
entitled “Riordino e revisione della disciplina in materia di fertilizzanti, a norma dell’articolo 
13 della legge 7 luglio 2009, no 88”, i.e. compost is included into the legislation regarding 
growing media and fertiliser with regards to the different legislative aspects that apply to it. 

In such legislative decree the following issues are mainly described: 
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 The different typologies of composts according to the raw materials used to produce 
them 

 The methodologies of production 

 The physical and chemical characteristics they must comply with 

 The content of nutritive elements 

9.6.9. Brief description of the socio-economic bottlenecks 

No specific socio-economic bottlenecks are encountered. 

9.6.10. Techniques resulting from this technology 

Not available. 

9.6.11. References for more information 

[1] Chet, I. & Baker, R. (1980). Induction of suppressiveness to Rhizoctonia solani in soil. 
Phytopathology, 70, 994-998 
[2] Hadar, Y. & Mandelbaum, R. (1986). Suppression of Pythium aphanidermatum 
damping-off in container media containing composted liquorice roots. Crop Protection, 5, 
88-92 
[3] Lockwood, J. L. (1990). Relation of energy stress to behaviour of soil borne plant 
pathogens and to disease development. In: Biological Control of Soil borne Plant Pathogens, 
ed. D. Hornby, pp. 197-214. CAB International, Wallingford, UK 
[4] Lumsden, R. D., Locke, J. C., Adkins, S. T., Walter, J. F. & Ridout, C. J. (1992). Isolation 
and localization of the antibiotic gliotoxin produced by Gliocladium virens from alginate prill 
in soil and soilless media. Phytopathology, 82, 230–235 
[5] Termorshuizen, A. J., van Rijn, E., van der Gaag, D. J., Alabouvette, C., Chen, Y., 
Lagerlöf, J., Malandrakis, A. A., Paplomatas, E. J., Rämert, B., Ryckeboer, J., Steinberg, C. 
Zmora-Nahum, S. (2006). Suppressiveness of 18 composts against 7 pathosystems: 
Variability in pathogen response. Soil Biology and Biochemistry, 38, 2461-2477  
[6] van Loon, L. C., Bakker, P. A. H. M. & Pieterse, C. M. J. (1998). Systemic resistance 
induced by rizosphere bacteria. Annual Review of Phytopathology, 36, 453-483 
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9.7. Automatic mixing systems for reuse of drainage 

(Authors: Evangelina Medrano11, Elisa Suárez-Rey11) 

9.7.1. Used for 
 Preparation of the nutrient solution to be supplied to the crop 

 More efficient use of water and fertilisers 

 Minimising the impact on the environment by nutrient discharge 

9.7.2. Region 

All EU regions. 

9.7.3. Crop(s) in which it is used 

Vegetable and ornamental crops. 

9.7.4. Cropping type 

Soilless crops under protected conditions and open air. 

9.7.5. Description of the technology 

9.7.5.1. Purpose/aim of the technology  

This technology allows to automatically mix drainage and fresh water for its reuse. Two 
strategies are described (Figure 9-7): adding fresh water in the drainage collecting tank and 
adding fresh water to the recycling solution by the irrigation controller. 

 

 

Figure 9-7. Strategy A: addition of fresh water in the drainage collecting tank. Strategy B: addition of fresh 
water to the recycling solution by the irrigation controller 

Strategy B 

Strategy A 
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9.7.5.2. Working Principle of operation 

In recent years, cultivation in substrates has been characterised by a shift from open to 
closed-cycle cultivation system, involving the reuse of the drainage solution. Compared with 
the open-loop system, closed systems require more precise and frequent control of the 
nutrient solution. The returned nutrient solution has to be treated to restore its original 
nutrient element composition, existing different strategies.  

Strategy A: Addition of fresh water in the drainage collecting tank 

In this strategy, the drainage solution is mixed with fresh water in the collecting tank, which 
is provided with two sensors (down and up). During irrigation, the water level (mixture drain 
water and fresh water) goes down. When the sensor indicates that the lower limit is 
reached, fresh water flows into the tank until the upper sensor is reached. This sensor 
avoids overflow. By adding fresh water, the drainage solution is diluted, causing a decline in 
EC value and nutrient concentration when compared to the initial nutrient solution. Figure 
9-8 shows the EC values of the drainage solution and the reduction of this EC when the 
water is mixed with fresh water (collecting tank solution).  

 

Figure 9-8. Evolution of the drainage, collecting tank solution (mixture of drainage solution and fresh water) 
and supplied nutrient solution electrical conductivity in a recirculating system using the strategy A (adding 

fresh water in the recycling tank) 

 

Strategy B: Addition of fresh water to the drainage water by an irrigation controller  

The drainage solution is collected in the drainage collecting tank, provided with a sensor 
(yellow colour in Figure 9-9). During every irrigation event, the irrigation controller 
automatically adjusts the drainage solution from the storage tank to fit the target EC, by 
adding fresh water. In case of having to increase EC of the drainage solution, the equipment 
will inject fertilisers according to the established thresholds. If the storage tank solution is 
depleted during the irrigation event, watering continues with a new nutrient solution. This 
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system enables better use of the recycled nutrient solution and ensures that the 
appropriate parameters of pH, EC and balance of nutrients are maintained. A periodical 
monitoring of the nutrient concentration has to be done to adjust fertiliser addition and 
maintain the balance. 

(a) 

(b) 

Figure 9-9. Ways to prepare the nutrient solution with freshwater input into the fertigation equipment. 

a) When the yellow level sensor detects drainage water in the collection tank, the irrigation controller adds 
fresh water to obtain a mixture with drainage water 

b) When the level sensor detects that there is no drainage solution, the irrigation controller begins to 
develop a new nutrient solution by adding fertilisers to fresh water 

9.7.5.3. Operational conditions 

Along with the risk of a possible diffusion of root pathogens, the salinity of irrigation water 
represents the main difficulty for the management of closed growing systems. When the 
use of saline water is imposed, there is an accumulation in the recirculating solution of 
ballast ions, like sodium and chloride, which are dissolved in the water at concentrations 
higher than the corresponding crop uptake concentration (the ratio between the absorption 
of an ion and water by the crop). In that case, a partial discharge of the recirculating 
solution will be necessary to avoid an excessive salt accumulation and as a consequence, 
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yield decrease. The percentage of water which must be eliminated from the recirculated 
system (“We”, the difference between the percentage of drainage and that of the 
recirculated water), can be calculated by using the following expression (Magán, 1999):  

𝑾𝒆 =
𝑾𝒂 ∗ (𝑪𝒘 − 𝑪𝒖)

𝑪𝒎− 𝑪𝒘
 

where: 

Wa is the percentage of water absorbed by the crop 

Cw is the concentration of the limiting ion in the fresh water 

Cu is the uptake concentration of the crop for that ion 

Cm is the maximum concentration allowed for that ion in the drainage water 

9.7.5.4. Cost data 

The specific software, sensors, storage tank, additional valves and pumps cost between 
3500 and 10500 €, depending on the complexity of the program for both strategy A and B. 

9.7.5.5. Technological bottlenecks 

Switching to closed cultivation systems does not seem to restrict crop yield or product 
quality. However, a factor limiting the broad expansion of closed-cycle cultivation systems in 
substrate-grown crops is the accumulation of salt ions in the recycled nutrient solution.  

9.7.5.6. Benefit for the grower  

Advantages 

 Reduced water use (20-30%), even when some flushing/bleeding of the system is 
necessary 

 Reduced use of nutrients (40-50%) 

 Reduced pollution of ground and surface waters by fertilisers and chemicals 

Disadvantages 

 Additional financial investment in tanks, pump, pipes, etc. 

 Use of disinfecting methods required 

9.7.5.7. Supporting systems needed 

Compared with the open-loop system, it requires more precise and frequent control of the 
nutrient solutions and technical know-how. Channels and tanks for drainage collection and 
pumps for water impulsion are necessary. Installation of disinfection equipment is 
convenient to avoid phytosanitary problems. 

9.7.5.8. Development phase 

Commercialised. 
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9.7.5.9. Who provides the technology 

Companies installing fertigation controllers. 

9.7.5.10. Patented or not 

Not patented. 

9.7.6. Which technologies are in competition with this one  

Different strategies are used to get the desired nutrient solution. One alternative used in 
the Netherlands is to mix a refreshment nutrient solution with the drainage solution to get 
the final EC set point. 

9.7.7. Is the technology transferable to other crops/climates/cropping systems? 

This technology is applicable to any water culture: deep water culture, float hydroponics, 
nutrient film technique, deep flow technique or aeroponics and substrate culture (gravel, 
sand, bag or container culture). 

9.7.8. Description of the regulatory bottlenecks 

In the Netherlands, the environmental law (since 2002) states that in most cases it is 
compulsory to capture the drain water above ground and use it again as irrigation water.  

In Andalusia (Spain) the Order 15/12/2015 which regulates the specific rules for the 
integrated production of horticultural protected crops recommends the recirculation of the 
nutrient solution in soilless culture. 

9.7.9. Brief description of the socio-economic bottlenecks 

Economical optimal management of most closed-loop crops in a greenhouse requires 
irrigation water of good quality. A price structure of irrigation that shifts the economic 
optimum towards poorer irrigation water has the consequence that the irrigation loop 
cannot be closed. In view of the environmental impact, it would be advisable for irrigation 
and local authorities in horticultural areas either to provide good water at a reasonable 
price or to consider subsidising investment costs of on-site desalinisation plants, rather than 
stimulating the use of poor quality water or attempting to prevent pollution through 
regulations that may be uneconomical and unenforceable. 

9.7.10. Techniques resulting from this technology 

The different strategies which can be applied to the recirculation of the nutrient solution 
have been previously described. 

9.7.11. References for more information 

[1] Gallardo, M., Thompson, R. B., Rodríguez, J. S., Fernández, M. D., Sánchez, J. A. & 
Magán, J. J. (2009). Simulation of transpiration, drainage, N uptake, nitrate leaching, and N 
uptake concentration in tomato grown in open substrate. Agricultural Water Management, 
96, 1773-1784 

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf
http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf


Transfer of INNOvative techniques for 

 sustainable WAter use in FERtigated crops 

 

This document includes a cover page with the FERTINNOWA disclaimer. Full terms and conditions for using this 
document can be found at http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-

terms-and-conditions.pdf   9-36 

[2] Magán, J. J. (1999). Sistemas de cultivo en sustrato: a solución perdida y con 
recirculación del lixiviado. In: Cultivos sin suelo II. Curso superior de especialización, eds. M. 
Fernández and I. M. Cuadrado. pp. 173-205 
[3] Pardossi, A. (2012). Management of soilless cultivation of greenhouse and nursery 
crops. Master Course presented at Almeria University 
[4] Stanghellini, C., Kempkes, F., Pardossi, A. & Incrocci, L. (2005). Closed water loop in 
greenhouses: effect of water quality and value of produce. Acta Horticulturae, 691, 233-241 
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9.8. Semi-closed soilless system 

(Authors: Evangelina Medrano11, Miguel Giménez11, Elisa Suárez-Rey11) 

9.8.1. Used for 
 Preparation of the nutrient solution to be supplied to the crop 

 More efficient use of water and fertilisers 

 Minimising the impact on the environment by nutrient discharge 

9.8.2. Region 

All EU regions. 

9.8.3. Crop(s) in which it is used 

Vegetable and ornamental crops. 

9.8.4. Cropping type 

Soilless crops under protected conditions and open air. 

9.8.5. Description of the technology 

9.8.5.1. Purpose/aim of the technology  

A semi-closed soilless system is that which re-uses the drainage solution but it is not 
completely closed. The aim of this system is to substantially reduce pollution of water 
resources by nitrates and phosphates from fertigation effluents and contribute to an 
appreciable reduction in water and fertiliser consumption but avoiding yield decrease at the 
same time. 

9.8.5.2. Working Principle of operation 

In semi-closed systems, the drained nutrient solution is recovered, disinfected, replenished 
and recycled (Figure 9-1). The nutrient solution is normally recirculated until EC and/or the 
concentration of some potentially toxic ions reach a maximum acceptable threshold value, 
afterwards, it is replaced, at least partially. In the Netherlands, growers are allowed to leach 
their system whenever a crop-specific sodium concentration limit is reached: for example, 8 
mmol/L for tomato or 4 mmol/L for cut roses. 

The practical management of the recirculating drain water is generally based on the premix 
EC, which is the EC value of mixing raw water and recycled drain water. This EC value sets 
the proportion of drainage water and raw water to mix before the addition of fertilisers. 
This technique allows preserving an effective conductivity of the fertilisers.  

9.8.5.3. Operational conditions 

Together with the risk of a possible diffusion of root pathogens through the recirculating 
solution, the salinity of the irrigation water represents the main difficulty for the 
management of closed growing systems. When the use of saline water is imposed, there is a 
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more or less rapid accumulation of ballast ions, like sodium and chloride, which are 
dissolved in the water at concentrations higher than the uptake concentration (the ratio 
between nutrient and water uptake). The type of substrate must be taken into account. 
Indeed, chemical characteristics of the substrate may have an important impact on the 
concentration of nutrients in the nutritive solution. This is a special concern for organic 
substrates with a high cationic exchange capacity. It is recommended to avoid recirculation 
during the first weeks of using these substrates.  

In closed systems, a disinfection equipment is important to get the crop rid of pathogens. 
But, disinfection can interfere with nutrients present in the solution, especially oligo-
elements. This is the case with oxidative disinfection (UV-C, ozonisation, chlorination) which 
destroys part of the iron chelates. Hence, it is better to use a formulation of oligo-elements 
adapted to closed systems. 

9.8.5.4. Cost data 

Installation cost 

The fertigation equipment used in open soilless systems can be also used in semi-closed 
systems by adding the following specific installations (prices are referred to 1 ha of 
substrate horticultural crop): 

 Channels collecting drainage: 30000 € 

 Storage tanks: 5000 € 

 Pumping for the drive of drain: 4000-12000 € (depending on the recycling strategy 
selected) 

 Specific software + sensors: 3500-10500 € (depending on the complexity of the 
program)  

Maintenance 

It includes the maintenance of pumps, storage tanks and pipe network to transport the 
nutrient solution. Be aware of the risk of algae proliferation in the storage tanks. 

9.8.5.5. Technological bottlenecks 

Switching over to closed cultivation systems does not seem to restrict crop yield or product 
quality. However, a factor limiting the broad expansion of closed-cycle cultivation systems in 
substrate-grown crops is the accumulation of salt ions in the recycled nutrient solution. The 
quality of raw water may be restrictive for the implementation of this technology. With low 
quality of raw water (high salinity) recirculation is difficult, or even impossible without a pre-
treatment to reduce salinity, because of the accumulation of ballast ions. 

9.8.5.6. Benefit for the grower  

Advantages 

 Lower use of water (20-30%), even when some flushing/bleeding of the system is 
necessary 

 Reduced use of nutrients (40-50%) 
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 Reduced polluting effects of fertilisers and chemicals in ground and surface water 

Disadvantages 

 Financial investment in tanks, pumps, channels, etc. 

 A disinfecting method is required 

9.8.5.7. Supporting systems needed 

Compared with the open-loop system, it requires more precise and frequent control of the 
nutrient solution and technical know-how is needed. The management of recirculation must 
be automated and assisted by a computer. Software compatibility (irrigation, fertigation, 
climate, recirculation, etc.) is compulsory. 

9.8.5.8. Development phase 

Commercialised.  

9.8.5.9. Who provides the technology 

Companies selling fertigation controllers. 

9.8.5.10. Patented or not 

This system is not patented. 

9.8.6. Which technologies are in competition with this one 

Hydroponic growing systems like Nutrient Film Technique, which are necessarily closed due 
to the high irrigation frequency applied. 

9.8.7. Is the technology transferable to other crops/climates/cropping systems? 

This technology can be applied in any water culture (Deep water culture, Float hydroponics, 
Nutrient film technique, Deep flow technique) or aeroponics and substrate cultures (gravel, 
sand, bag or container culture). 

9.8.8. Description of the regulatory bottlenecks: 

Following the implementation of the Nitrate Directive (Council of the European 
Communities, 91/676/EEC), many areas in Europe affected by NO3 pollution have been 
designed as Nitrate Vulnerable Zones (NVZs). In NVZs an action program is laid down with a 
number of measures for the purpose of tackling NO3 loss from agriculture and husbandry. 

In the region of Andalusia (Spain), the Decree 36/2008 establishes 20 NVZs from agricultural 
activities, of which seven are located in greenhouse production areas.  

9.8.9. Brief description of the socio-economic bottlenecks 

See point 9.7.9. 
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9.8.10. Techniques resulting from this technology 

 Strategies to decrease water drainage and nitrate emission from soilless cultures of 
greenhouse tomato (Massa et al., 2010): by means of EC modulation and/or short-
term nutrient starvation, it is possible to prolong the recirculation of nutrient 
solution in semi-closed soilless cultivations of greenhouse tomato conducted under 
saline conditions with the aim to reducing the use of water and fertilisers and 
minimising N emission with no important effects on fruit yield. The implementation 
of these procedures is quite simple since EC is routinely measured in soilless cultures 
and NO3 concentration could be easily measured by means of quick tests 

 Modelling salinity build-up in recirculating nutrient solution culture (Carmassi et al., 
2005): this work presents a simple model for the changes in ion concentration and 
EC of the recirculating nutrient solution in a closed-loop soilless culture of tomato 
(Lycopersicon esculentum Mill.). The model was designed on the basis of a balanced 
equation for plant nutrient uptake: for macro-cations (K, Mg and Ca), a linear 
dependence of concentration on crop water uptake was assumed, while for non-
essential ions, such as sodium (Na), a non-linear function was used. The model was 
developed for closed-loop hydroponic systems, in which crop water uptake (namely, 
transpiration) is compensated by refilling the mixing tank with a complete nutrient 
solution. In these systems, EC gradually increases as a result of the accumulation of 
macro-elements and, mainly, of non-essential ions, like Na, for which the apparent 
uptake concentration is lower than their concentration in the irrigation water. For 
model calibration, data from both the literature and a previous work were used, 
while validation was performed with data from original experiments conducted with 
tomato plants in different seasons and using water with different sodium chloride 
(NaCl) concentrations (10 and 20 meq/L). The results of validation indicate that the 
model may be a useful tool for the management of closed-loop hydroponics because 
it simulates rather well the salt accumulation that occurs in the recirculating nutrient 
solution when it is prepared with irrigation water of poor quality. Furthermore, the 
model is able to estimate the amount of crop evapotranspiration that leads to a 
value of EC at which flushing is necessary, thus enabling the prediction of the water 
and nitrogen runoff of the semi-closed soilless culture 

9.8.11. References for more information 

[1] Carmassi, G., Incrocci, L., Maggini, R., Malorgio, F., Tognoni, F. & Pardossi, A. (2005). 
Modeling salinity build-up in recirculating nutrient solution culture. Journal Plant Nutrition, 
28, 431-445 
[2] Gallardo, M., Thompson, R. B., Rodríguez, J. S., Fernández, M. D., Sánchez, J. A. & 
Magán, J. J. (2009). Simulation of transpiration, drainage, N uptake, nitrate leaching, and N 
uptake concentration in tomato grown in open substrate. Agricultural Water Management, 
96, 1773-1784 
[3] Massa, D., Incrocci, L., Maggini, R., Carmassi, G., Campiotti, C. A. & Pardossi, A. 
(2010). Strategies to decrease water drainage and nitrate emission from soilless cultures of 
greenhouse tomato. Agricultural Water Management, 97, 971-980 
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[4] Pardossi, A. (2012). Management of soilless cultivation of greenhouse and nursery 
crops. Master Course implanted in Almeria University 
[5] Stanghellini, C., Kempkes, F., Pardossi, A. & Incrocci, L. (2005). Closed water loop in 
greenhouses: effect of water quality and value of produce. Acta Horticulturae, 691, 233-241 
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9.9. Nutrient Film Technique 

(Authors: Elise Vandewoestijne17, Els Berckmoes21, Elisa Suárez-Rey11) 

9.9.1. Used for  
 Preparation of irrigation water 

 More efficient use of water and fertilisers 

 Minimising the impact on the environment by nutrient discharge 

9.9.2. Region  

All EU regions. 

9.9.3. Crop(s) in which it is used  

 Leafy vegetables 

 Small root vegetables (e.g. beet) 

 Herbs 

 Strawberries 

 Fruiting vegetables (however in a small amount) 

 Tomatoes (research phase)  

9.9.4. Cropping type  

Soilless crops under protected conditions and open air. 

9.9.5. Description of the technology 

9.9.5.1. Purpose/aim of the technology  

Nutrient Film Technique (NFT) is a type of hydroponic system which supplies water, oxygen 
and nutrients to the plants. 

9.9.5.2. Working Principle of operation  

A shallow stream of water containing all the dissolved nutrients which are necessary for 
plant growth is recirculated through the crop roots in a watertight channel. The right 
channel slope, flow rate and channel length allow for an ideal thickness of the “nutrient 
film” which in turn results in the root mat being exposed to water, oxygen and nutrients. 
The three base requirements for healthy plant growth are in this manner met 
simultaneously and continuously. 

Figure 9-10 shows the basic components of an NFT system. The bottom blue-coloured 
reservoir contains the nutrient solution which has the right amount of nutrients, pH- and EC-
value. This solution is then pumped to that side of the NFT channel of the highest altitude. 
By pressure and gravitational force, the nutrient-rich water flows from the top to the 
bottom and flows aside from the plant roots of the crops in the channel. Naturally, plants 
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that are put in this channel should have sufficient root development and exposure to allow 
for nutrient and water uptake. 

 

Figure 9-10. Example scheme of a nutrient film technique setup 
(https://biocyclopedia.com/index/principles_of_horticulture/hydroponics.php) 

At the end of the channel, the remaining water, also called “drain”, is collected and sent 
back to the nutrient solution reservoir. Generally, horticultural businesses send the 
collected drain first to a screen or sand filter to get rid of floating dirt particles whenever the 
substrate in which the crops are planted contains soil, e.g. lettuce in peat pots. Depending 
on the crop type, that drain is sent over another system. In case of lettuce, the drain is 
generally sent over an activated charcoal filter in order to remove root exudates. In case of 
tomatoes, a UV-equipment is used to get rid of bacteria, spores or viruses. However, many 
technologies exist to allow for both the physical and biological filtration of the drain water. 

Of course, the collected drain water is depleted in nutrients and therefore does not allow 
ideal plant growth anymore. Thus, fresh water (usually rain or groundwater) in combination 
with nutrients is supplied to the drain water once it passed the filtration. These nutrients 
generally come from a concentrated nutrient solution which is prepared based on a recipe 
suitable for the crop. The difference in harvestable parts of the commonly grown 
horticultural crops translates to different crop needs and, as such, different nutrient needs. 

In order to finally prepare a nutrient solution which has the ideal composition, EC and pH 
must be checked and regulated by a control unit during nutrient and water addition to the 
drain water. From this point onwards, the cycle starts again.  

9.9.5.3. Operational conditions  

 Limits: flow rate must be ± 1 L/min 

 Scale: 

o Channel slope: ideally 1:100 

o Channel length: should not exceed 10-15 m. The length of the gutter is 
limited for different reasons:  
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- A slope of at least 1% must be maintained 
- The nutrient solution must be ideal for all plants in the gutter: the 

water temperature increases and the oxygen level decreases as the 
water flows through the gutters (especially in summertime) 

- The nutrient composition must stay optimal for all plants  

 Capacity: the overall capacity depends on the crop, regarding planting density, but 
can be increased by adopting vertical installations 

9.9.5.4. Cost data  

Installation 

It costs around 100 €/m² for a mobile gully system for lettuce and herbs (dating from 2003). 
It is 230 €/m² for an all-in system including greenhouse, lights and mobile gully system. 

Maintenance 

 Replacement of plastic connection parts/closing caps 

 Cleaning water and products for re-use of channels 

 Pumps, electronics and possibly chains (in automatic systems) 

9.9.5.5. Technological bottlenecks 

 Shutdown of the nutrient pumps 

 Disconnecting/plugging of the drip tube/tap is detrimental 

 The greenhouses are divided into different bigger water sections. Each section can 
have its own water regime. In case some gutters need a special water regime, the 
gutters have to be translocated manually. For example, in case Phytium infections 
occur in the Mobile gully system of lettuce, the gutters have to be moved manually if 
the grower wants to cut off them from the water supply 

 The temperature of the nutrient solution increases when it flows through the 
gutters. This leads to lower oxygen concentrations. This can be solved by using a new 
type of gutters, for example, the gutter of Horti Technology 

9.9.5.6. Benefit for the grower  

Advantages 

 Allows working ergonomically 

 Great automation potential 

 Saves on water, nutrients and crop protection products 

 More efficient use of space, making artificial light economically feasible 

 Higher profitability 

Disadvantages 

 Water infections are easily spread all over the system if the sterilisation protocol fails 

 Highly susceptible to any breakage of the water flow system 
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9.9.5.7. Supporting systems needed 

The gutters require a physical support that takes care of the slope to allow for a 
gravitational movement of the nutrient solution past the roots of all the plants in a channel. 
Depending on the desired degree of automation, frameworks and motorised or robotic 
handling of the channels are also required. 

9.9.5.8. Development phase 

Commercialised.  

9.9.5.9. Who provides the technology 

Horticultural fertigation technology suppliers: HortiPlan, New Growing System (NGS). 

9.9.5.10. Patented or not 

No, however, there are patented versions of the technique, e.g. the mobile gully system of 
HortiPlan. 

9.9.6. Which technologies are in competition with this one  

Other types of semi-closed hydroponic systems: deep flow technique, ebb and flood system 
and aeroponics. 

9.9.7. Is the technology transferable to other crops/climates/cropping systems? 

Because of its soilless character and great flexibility, the technology has a realistic potential 
to be implemented by horticulturists all over the world, in warmer climates possibly 
outdoors, while in colder climates preferably covered. However, other supporting systems 
might be necessary in those cases (more organic material in the drain when applying this 
technique outdoors, faster evaporation in case of direct sunlight, etc.). The value has 
already been proven, however, the technology might be further transformed into a suitable 
system for other vegetables and fruits. 

9.9.8. Description of the regulatory bottlenecks 

As a recirculating system, this technology is in line with the Water Framework Directive 
(2000) (http://ec.europa.eu/environment/water/water-framework/index_en.html) and the 
Groundwater Directive (2006) (http://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:02006L0118-20140711) 

9.9.9. Brief description of the socio-economic bottlenecks 

The main bottleneck of this technique is the heavy financial investment which is required to 
install a professional, automatic NFT system. However, low-cost versions of NFT do exist and 
are already used by small-scale growers across the world. 
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9.9.10. Techniques resulting from this technology  

 Mobile Gully System by HortiPlan: the channels with the plants are moved 
automatically from the planting site to the harvest site. Each cultivation phase is 
characterised by an optimal plant density as the space between the gullies increases 
as the plants become more mature. In the initial phase, plants are transplanted to 
the gutters at a density of 40 plants/m². As the plants grow, the distance between 
the gutters increases. In this way, the plant density decreases to 14 plants/m². The 
mobile gully system allows already a high level of automation. For example, the 
transplanting from the plants on plastic crates to the gutters can be carried out 
automatically (Figure 9-11)  

 

Figure 9-11. Automatic transplantation of lettuce from plastic crates to the gutters (Source: Isabel 
Vandevelde) 

 

Figure 9-12. The nutrient solution flows in the gutters through small tubes (Source: Els Berckmoes) 

 FarmFlex Container by Urban Crops: a 12m climate controlled freight container with 
a leafy green growing rack setup. This system allows for a fully automatic 4-layer 
growing solution and is as such an example of a vertical NFT system 

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf
http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf


Transfer of INNOvative techniques for 

 sustainable WAter use in FERtigated crops 

 

This document includes a cover page with the FERTINNOWA disclaimer. Full terms and conditions for using this 
document can be found at http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-

terms-and-conditions.pdf   9-47 

 

Figure 9-13. FarmFlex Container (https://urbancropsolutions.com/farm-systems/farm-flex/) 

 Horti construct: this system is based on fixed gutters. The innovative part lies in the 
construction of these gutters as they consist of 3 canals (a nutrient solution canal, a 
plant canal and a drain canal (Figure 9-14). The fresh nutrient solution is transported 
through the nutrient solution canal, directly to the plant. The nutrient solution is 
transported to the plant substrate by use of a sheet. The excess of nutrient solution, 
referred to as drain water, is collected in the drain canal and transported to the drain 
tanks. This design makes it possible to provide all plants in the gutters with a 
nutrient solution with a homogeneous composition and optimal oxygen 
concentration. Only a minor volume of drain is produced, compared to other 
systems. In this way, the dimension of the filters and disinfection system can be 
limited  

Figure 9-14. Construction of the gutters of Horti construct (http://horti-technology.com/nl/) 

 New growing system (NGS): the NGS system is based on flexible plastic bags. These 
bags are placed in a structure which is placed on a slope, the so-called “steel 
latticework” (Figure 9-15). New growing system provides different types of bags in 
order to make sure the roots receive sufficient water (the roots may cause obstacles 
for the water, leading to water deficiency in the downstream parts of the bags. Due 
to the separation of different layers, the roots receive sufficient water as the water 
flows in a new compartment, once it is blocked in the first compartment.  
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Figure 9-15. New growing system (NGS) (http://ngsystem.com/en/ngs/multibanda) 

9.9.11. References for more information  

[1] Cooper, A. (2002). The ABC of NFT, Nutrient Film Technique. Casper Publications. 171 
pages. 
[2] http://www.hortiplan.com/nl/mgs/ 
[3] https://www.urbancrops.be/farm-systems/farm-flex/ 
[4] http://horti-technology.com/nl/ 
[5] http://ngsystem.com/en/ngs/multibanda 
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9.10. Deep Flow Technique  

(Authors: Els Berckmoes21, Elisa Suárez-Rey11) 

9.10.1. Used for 
 More efficient use of water and fertilisers 

 Minimising the impact on the environment by nutrient discharge 

9.10.2. Region 

 North-West Europe 

 Central-East Europe 

9.10.3. Crop(s) in which it is used 

Vegetables. 

9.10.4. Cropping type 

Soilless crops under protected conditions and open air. 

9.10.5. Description of the technology 

9.10.5.1. Purpose/aim of the technology  

The DFT is a modified hydroponic culture method, developed and used in Japan since 1973. 
It is one of the soilless cropping systems to grow for example lettuce, vegetables, etc. As 
many soilless growing systems, the DFT system aims to:  

 Reduce the environmental impact of growing crops 

 Reduce the water and nutrient requirements for production 

 Reduce the need for chemical treatments as the soil is no longer a host of pathogens  

9.10.5.2. Working Principle of operation 

In a DFT system, several young plants are placed on floats, which are placed on a big pond, 
which contains a continuous water level of 18-30 cm of nutrient solution. The plants are 
placed in special holes in the floats. The roots of the plants touch the water and retrieve the 
nutrients directly from the nutrient solution. As the plants grow, the floats are moving from 
one end of the pond to the other end. The growing process and its related management 
aspect are explained below. 
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Figure 9-16. Deep flow installation 

Construction 

In general, a water level of 18-30 cm is maintained in order to achieve a stable water 
temperature. Depending on the scale, two DFT systems occur: 

 In case of smaller systems, the nutrients are added directly to the water volume in 
the system  

 In case of bigger systems, the nutrient solution is sent to the unit where the nutrient 
solutions are adjusted to the required composition. From there the nutrient solution 
is pumped to different water compartments  

Generally, a farm has several separated pools. This is done from a preventive point of view 
in order to minimise the risks whenever a defect occurs (e.g. a human error in preparing the 
nutrient solutions, an outbreak of a disease, etc.). In order to create a homogeneous 
nutrient concentration in the water, oxygen is pumped into the water, creating water 
movement and maintaining oxygen concentration higher than 2,1 ppm. 

Floaters for leafy vegetables 

At this moment, several types of floaters are available for the DFT systems. The construction 
of these floaters is of major importance to make crop growing on DFT a success. The floaters 
differ in the position of the plant or seedling in relation to the water (air chambers, plants 
per m², etc.). Depending on the type of the floaters, different phases can be distinguished in 
the DFT-cycle:  

 The seedling/nursery phase: some companies, like Botman Hydroponics, offer a 
floater in order to rear the lettuce seedlings on the DFT system (Figure 9-17). The 
substrate plug is placed in the specific holder and, in this way, the substrate makes 
contact with the nutrient solution. Plants are placed at a density of 100 plants/m² 
(www.teeltdegronduit.nl) 
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Figure 9-17. Nursery phase of lettuce seedlings on DFT system (www.teeltdegronduit.nl) 

 The production phase: when the seedlings have reached the desired size and/or 
roots are sufficiently developed, they are transplanted to the floats (Figure 9-18), 
existing two different systems for this second phase: continuous system (1 
transplant) and discontinuous system 

 

 

Figure 9-18. Transplanting the young lettuce plants to the floats (www.teeltdegronduit.nl) 

o Continuous system: in this system, the plants coming from the plant nursery 
are transplanted to the floats at the end density. For example, in the Viscon 
system, plants are directly placed at the end density of 20 plants/m². The 
floats with the young plants are placed at one end of the “water pool”. Each 
time a new series of floats is transplanted, the previous series moves towards 
the other end of the “water pool”. By the time the floats arrive at the other 
end of the pool, the crops are fully grown and the floats are taken out of the 
water in order to harvest the crop 

o A discontinuous system: an intermediate transplantation occurs. In the first 
phase, the small plants are placed on the first type of floats. The plant density 
depends on the substrate dimensions and the provider of the floats (e.g. 48 
plants/float or 52 plants/m² for 4 cm peat blocks and 35 plants/float or 42 
plants/m² for peat blocks of 5-6 cm. In North-West Europe, the plants are 
transplanted to new floats with a density of 12 plants per float or 14 
plants/m². The floats with the young plants are placed at one end of the 
“water pool”. Each time a new series of floats is transplanted, the previous 
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series moves towards the other end of the “water pool”. By the time the 
floats arrive at the other end of the pool the crops are fully grown and the 
floats are taken out of the water in order to harvest the crop 

9.10.5.3. Operational conditions 

Not all kinds of crops can be grown on the DFT system. For example, in the case of 
butterhead lettuce, it is hard to grow crop weights of 450-500 g, which is a Belgian demand. 
Varieties like Lollo Bionda and Lollo Rossa, which are generally harvested at a weight of 300-
500 g/crop, can be grown perfectly on DFT. 

Not all varieties that are grown in soil can be grown on DFT. Sometimes very specific 
varieties have to be selected. 

9.10.5.4. Cost data 

The installation cost of plates is 12-25 €/m² and that of the DFT pond is 15-20 €/m². The 
installation cost of the unit, heating, harvesting systems, etc. is 10-15 €/m². 

9.10.5.5. Technological bottlenecks 

 Need for automation: at this moment the system is still quite labouring consuming 
(1-2 times transplanting, taking out of the floats, harvesting, etc). Automation is 
required to make the system economically viable 

 Rainwater leads to an unstable nutrient solution: When DFT is applied in outdoor 
crops, precipitation may lead to serious dilution of the nutrient solution. This can 
cause serious plant damage (tip burn, interveinal chlorosis, etc.). Botman 
Hydroponics developed a special float that collects the rainwater falling on the upper 
part of the float and leads it to the rainwater storage (Figure 9-19) 

 
 
 
 
 
 
 
 
 

Figure 9-19. Specific float for rainwater collection (left). Connection to the rainwater storage (right) 
(www.teeltdegronduit.nl) 

 Deficits of some nutrient elements, mainly iron and manganese have to be 
supervised (Blind, 2014) 

 Lettuce crops grown on DFT are more sensitive to Microdochium panattonianum 
(Blind, 2014). This disease occurs mainly due to prolonged exposure to raindrops 
nearby an infection source. The fungus can survive temperatures of -9°C 
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Figure 9-20. Lettuce crop infested with Microdochium panattonianum (Matthijs Blind, 2014) 

9.10.5.6.  Benefit for the grower  

Advantages  

 Shorter production cycle compared to soil grown conditions (for lettuce)  

 More production cycles per year 

 Higher crop density 

 Requires less crop protection due to the absence of soil-related pathogens (e.g. 
Rhizoctonia sp.) 

 The large water volume acts as a buffer. The fluctuations in nutrients, water 
temperature, etc. are lower compared to the NFT system 

 Water temperature of 14°C is maintained 

 Significantly lower investments compared to Mobile Gully System 

 Increased yields (see Table 9-1) 

Table 9-1. Yield levels of some crops grown on DFT compared to the soil-bound production (De Haan et al., 
2013) 

 Soil-bound Deep flow system Factor Unit 

Leek 65 286 4,4 Tons/ha/year 

Head lettuce 163 684 4,2 1000 heads/ha/year 

Spinach 52 229 4,4 Tons/ha/year 

Cauliflower 21 40 1,9 1000 heads/ha/year 

Disadvantages 

 Due to the enormous water volumes:  

o One mistake in e.g. the nutrient solution can cause enormous damage.  

o The system does not allow the grower to experiment. Growers often do not 
take the risk to test new 

 Lower crop weights (butterhead lettuce) 
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 Production significantly decreases after 1,5-2 years and the water should be 
refreshed. This means that often serious amounts of nutrient-rich water have to be 
discharged 

 Labour intensive (generally 2 times of transplanting, harvesting)  

 Algae bloom in the system (when floats are removed) 

9.10.5.7. Supporting systems needed 

Automatic spray boom, nutrient unit, oxygen dispersion system in the water body, 
harvesting system, cleaning system for the drivers, etc.  

9.10.5.8. Development phase  

 Field tests: at this moment different types of crops are screened for their possibilities 
to be grown on the DFT system (e.g. leek)  

 Commercialised: for lettuce crops (e.g. 2,75 ha in Flanders)  

9.10.5.9. Who provides the technology 

Different companies provide the system.  

9.10.5.10. Patented or not 

 The floats are patented, not the system  

 Planting and harvesting machines are patented  

9.10.6. Which technologies are in competition with this one 

Mobile gully system.  

9.10.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, at this moment the possibilities to grow for example leek on DFT are being investigated. 
Since in many of the European Member States the use of chemical products to disinfect the 
soil is under serious pressure, the interest to switch traditionally soil bound crops to cheaper 
soilless cropping systems is increasing.  

Additionally, costumers demand food with fewer residues. Also for this, the interest in these 
kinds of soilless systems has significantly increased.  

9.10.8. Description of the regulatory bottlenecks 

Currently, growers are struggling to achieve good status under the current European Water 
and Nutrient legislation. In countries like the Netherlands, Germany, Belgium, etc. growers 
of soil-bound crops are forced to reduce their use of fertilisers in order to meet the national 
or regional criteria for N residues in the soil. As these criteria are sharpened year after year, 
growers are searching for alternative soilless growing systems. 

On the other hand, growers that already made the shift to soilless growing systems like DFT 
are looking for ways to discharge the nutrient discharge as it is not allowed to discharge 

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf
http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf


Transfer of INNOvative techniques for 

 sustainable WAter use in FERtigated crops 

 

This document includes a cover page with the FERTINNOWA disclaimer. Full terms and conditions for using this 
document can be found at http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-

terms-and-conditions.pdf   9-55 

nutrient wastewater (NO3 content above 50 mg/L) in surface waters. This water should be 
spread on grassland or should be purified (removal of nutrients). Seen the volume of this 
nutrient water stream, spreading on grassland is not feasible. Growers do not have 
sufficient grassland available. At this moment there are no technologies offered to remove 
nutrients from the large amounts of discharge water that are produced once every 1,5-2 
years.  

9.10.9. Brief description of the socio-economic bottlenecks 

Growers are afraid to apply and test new technologies or products as they see it as a risk for 
their crops. If something goes wrong, it will affect a serious part of their production. 

Costumers demand vegetables with no or only very low residues of pesticides. This trend 
forces growers to search for other growing systems in order to meet the demand of the 
market. More and more growers are looking at soilless growing systems.  

However, even if the growers switch to soilless cropping systems, the market is not always 
willing to pay the additional cost for this. 

9.10.10. Techniques resulting from this technology  

 “Cultivation system” provides specific floats for lettuce and vegetable crops that 
have an air chamber between the substrate and the nutrient solution (Figure 9-21) 

 

Figure 9-21. Cultivation system with specific floats having an air chamber between the substrate and the 
nutrient solution 

 “Viscon” provides a system where plants can be positioned directly at the end 
density (Figure 9-22) 
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Figure 9-22. Viscon system where plants can be positioned directly at the end density 

9.10.11. References for more information 

[1] Blind, M. (2014). Research results for crops grown on DFT. Presentation during 
symposium Hydroponics 24th of September 2014, Zwaagdijk, the Netherlands 
[2] De Haan, J., van Dijk, S., Spruijt, J., Blind, M. & Breukers, A. (2013). Soilless cropping 
systems for outdoor vegetable production. Presentation at Nutrihort, 17th of September 
2013, Ghent, Belgium. Retrieved from 
http://www.teeltdegronduit.nl/upload_mm/b/4/1/a760dc97-8be7-4ac9-bc9c-
b50bfb50b432_25.%20Soilless%20cultivation%20systems%20presentation%20Nutrihort%2
017-09-13.pdf 
[3] Goto, E. (1996). Effect of dissolved oxygen concentration on lettuce growth in 
floating hydroponics. Acta Horticulturae, 440, 205-210 
[4] Tesi, R., Lenzi, A. & Lombardi, P. (2003). Effect of salinity and oxygen level on lettuce 
grown in a floating system. Acta Horticulturae, 609, 383-387 
[5] Vandevelde, I. (2014). New technologies for growing lettuce. Presentation during 
symposium Salads in (r)evolution, 18th of September 2014 
[6] http://www.teeltdegronduit.nl/upload_mm/3/6/1/ae02317b-d436-4db5-9b63-
8ff39a5cbdf2_Presentatie%20Botman%20Hydroponics%20Nederland.pdf)  
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9.11. Ebb and flow (Flood-and-Drain) system 

(Authors: Ilse Delcour19, Els Berckmoes21, Elisa Suárez –Rey11) 

9.11.1. Used for 
 More efficient use of water and fertilisers 

 Minimising the impact on the environment by nutrient discharge 

9.11.2. Region 

All EU regions. 

9.11.3. Crop(s) in which it is used 

 Protected potted plants 

 Tomatoes, peppers, ornamentals, herbs 

9.11.4. Cropping type 

Soilless crops under protected conditions. 

9.11.5. Description of the technology 

9.11.5.1. Purpose/aim of the technology  

To maximize the availability of oxygen for the roots and to saturate the medium with 
nutrients and water. This technique reduces labour and it is suitable for recirculating water 
and nutrients. 

9.11.5.2. Working Principle of operation 

Ebb and flow is an irrigation technique that alternately floods the plant-growing area and 
then allows the water to ebb away. The system consists of a shallow moulded plastic bench 
top or concrete floor which is flooded up to 5 cm depth, then all the drainage water is 
returned to a storage tank or reservoir before being cleaned and recirculated. Ebb and flood 
systems can be built as an integrated part of the floor of the glasshouse, be installed as trays 
on the floor or as trays on benches. 

The irrigation flooding the area contains a nutrient solution. When the area floods, the plant 
pot is filled with a nutrient solution from the bottom. As the nutrient solution rises in the 
pot by capillary flow, it forces the air out and saturates the growing media. When the 
nutrient solution drains from the pot, fresh air is pulled back into the growing media 
enriching it with oxygen, which is vital for healthy root growth.  

Most water is absorbed within the first five minutes of ebb and flood irrigation. Frequent 
flooding and draining of the pot should occur in order to irrigate sufficiently and to optimise 
the available oxygen in the root zone. Flooding frequently for five minutes at a time is 
enough to supply enough water and nutrients. 

http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf
http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-terms-and-conditions.pdf


Transfer of INNOvative techniques for 

 sustainable WAter use in FERtigated crops 

 

This document includes a cover page with the FERTINNOWA disclaimer. Full terms and conditions for using this 
document can be found at http://www.fertinnowa.com/wp-content/uploads/2017/11/FERTINNOWA-website-

terms-and-conditions.pdf   9-58 

 

Figure 9-23. Ebb and flow or flood and drain sub-irrigation system (www.radongrow.com) 

 

Figure 9-24. Different commercial Ebb and flow systems 
(https://www.growell.co.uk/blog/2014/03/optimising-the-iws-flood-and-drain-system; 

https://www.maximumyield.com/ebb-and-flow-hydroponic-systems/2/1192) 

9.11.5.3. Operational conditions 

Not all varieties that are grown in soil can be grown on Ebb and flow system. Sometimes 
very specific varieties have to be selected. Good results can be achieved with many different 
media and mixes but the key features are the following: 

 Low-to-medium water holding capacity 

 High air-filled porosity 

A growing medium ideal for flood and drain (without the need for anything to be added or 
mixed in) is lightweight expanded clay aggregates, whose porous structure absorbs and 
releases nutrient solution over time and can be flooded frequently with a low risk of over-
watering, helping to keep the root zone full of oxygen and fresh nutrients. 

To get the best possible results from the Flood and Drain system you must endeavour to get 
the flood cycle right. It is made up of three elements: 
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 Flood frequency: this is how often you flood the pot, which largely depends on the 
type of growing medium being used and how well the plants are established 

 Flood height: this is how high the water goes up each pot. Generally, we suggest that 
you always flood to the maximum height 

 Flood duration: this is the total time of each flood and will depend on the number of 
pots your systems has and the choice of growing medium 

All elements play an important role in the irrigation strategy, requiring you to be very 
precise with your decisions for the settings. 

It is also possible to install pot filters that screw onto the inside of the outer pot and prevent 
roots from growing into the pipes. 

9.11.5.4. Cost data 

Installation 

The specific system shown in Figure 9-25 costs about 640 €, depending on the number and 
size of the pots. 

 

Figure 9-25. MultiPod System (http://www.1-hydroponics.co.uk/hydroponic-systems/flood-and-drain-
systems) 

A modern flood and flow table, including draining tubes and pump, costs about 80-85 €/m². 

9.11.5.5. Technological bottlenecks 

In case of concrete ebb and flood systems, small cracks can occur. When the floor is 
flooded, the nutrient solution flows through these cracks and saturates the soil beneath. In 
the case of companies with bigger surfaces, this can lead to serious environmental 
problems.  

If problems occur with the nutrient solution, big volumes have to be discharged.  

Some plant nurseries complain of nitrite accumulation leading to plant growth problems.  

9.11.5.6. Benefit for the grower  

Advantages  

 Not labour intensive 

 More uniform plants, possibly due to a more even and complete moistening of the 
substrate  
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 Excellent aeration and supplementary nitrification 

 Less fertiliser is required 

 No leaching 

 No groundwater pollution as all the drainage is recirculated (where no cracks occur. 
Table systems are more reliable) 

 Flexibility as plants can be spaced as needed 

 Plants can be put in any growing medium (soil, clay, coir or mapito) and there is 
flexibility as to whether you grow in pots or in the flood tray over clay pebbles  

 Fewer diseases due to lower humidity 

 Works well with integrated pest management techniques  

 Full control over the number of flood periods benefits your plants by giving them 
doses of food and water throughout the day 

Disadvantages 

 Fluctuating water level in fish or sump tank 

 Requires a larger sump tank 

 Need for adjustments and maintenance of auto-syphons 

 Higher likelihood of pump failure due to continuous starting and stopping 

 The nutrient strength and irrigation must reflect your grow room environment  

 Roots growing out of the pot can block the pipework 

 Over time some sediment and/or debris may collect in the reservoir or brain pot 

 The pump can get air locked or blocked 

 The anti-syphon valve in the reservoir can get submerged or blocked 

9.11.5.7. Supporting systems needed 

Pump drains, disinfection system. 

9.11.5.8. Development phase  

Commercialised: a mainstream technique for irrigation of potted plants. 

9.11.5.9. Who provides the technology 

Different companies that build greenhouses. 

9.11.5.10. Patented or not 

Yes (US patents). 

9.11.6. Which technologies are in competition with this one 

Drip irrigation and top irrigation. 
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9.11.7. Is the technology transferable to other crops/climates/cropping systems? 

Yes, as long as they consider soilless cropping systems. 

9.11.8. Description of the regulatory bottlenecks 

As a recirculating system, this technology is in line with the Water Framework and the 
Groundwater Directives. However, cracks can provoke a serious nutrient enrichment of the 
environment. For big companies, it can be difficult to make the system completely closed. 

9.11.9. Brief description of the socio-economic bottlenecks 

The cost of the system is a relevant issue although it is significantly lower than that of a 
mobile gully system (see 9.9.5.4). 

9.11.10. Techniques resulting from this technology 

The new Alien® flood and drain hydroponic system consists of a new heavy-duty steel wall 
mounted control module. The module is a controlled microprocessor, so that there are no 
moving parts inside, making this the most reliable flood and drain system on the market 
today. The intelligent module will pause at the maximum flood height for 20 seconds, 
ensuring an equal water level in all pots. Even if you forget to top up your tank, the system 
will drain at the end of the cycle even if there is not enough water in the tank to fill the 
system completely. Some characteristics of the system are: 

 No float switches 

 Electronic level sensing 

 Faster flood + drain times 

 Collapsible tanks 

 32 mm pipe + fittings 

 Silent operation 

9.11.11. References for more information 

[1] http://www.growell.co.uk/blog/2014/03/optimising-the-iws-flood-and-drain-system 
[2] http://www.iwssystems.co.uk/ 
[3] http://www.cannabis.info/us/abc/10007191-flood-and-drain-technique 
[4] https://www.maximumyield.com/ebb-and-flow-hydroponic-systems/2/1192 
[5] https://ag.umass.edu/greenhouse-floriculture/fact-sheets/subirrigation-for-
greenhouse-crops 
[6] http://www.usgr.com/benches/about_ebb_flow_benches.php  
[7] https://horticulture.ahdb.org.uk/project/protected-ornamentals-efficiency-water-
use-different-production-systems-4 
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