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1.1. Brief explanation of fertigation 

Fertigation is the practice of applying fertiliser to a crop via the irrigation system. 
Consequently, both irrigation water and fertiliser are applied using the same irrigation 
distribution system. While fertigation is mostly used with drip irrigation systems, it is also 
used with mobile sprinkler irrigation systems e.g. centre pivot, linear move and fixed 
sprinkler systems. In the context of horticulture (fruit, vegetable and ornamental 
production), fertigation is most commonly used with drip irrigation. The large, rapid and 
ongoing increase in the adoption of drip irrigation in horticulture has facilitated a similar on-
going increase in the use of fertigation. This is occurring in many horticultural regions in the 
European Union (EU), and throughout the world. 

Applying fertiliser by fertigation reduces and often eliminates the use of mechanical 
fertiliser application. The combined use of fertigation with drip or advanced sprinkler 
irrigation systems provides numerous potential advantages. 

The advantages include: 

 Increased capacity to optimise crop water and nutrient use efficiencies 

 Fertiliser applied directly to the crop root zone where required (with drip irrigation) 

 Precise amounts of water and nutrients can be applied as required by the crop 

 An enhanced capacity to adapt irrigation and nutrient management to the particular 
requirements (crop, site, climate) of individual crops 

 Reduced water and nutrient use, and negative environmental impacts 

 Appreciable savings on costs and time associated with mechanical fertiliser 
application 

 The capacity to rapidly respond to previous applications of fertiliser and/or irrigation 
that were deficient or excessive  

 Capacity for increasing yield and product quality by optimising nutrient and water 
supply 

 Reduced soil compaction because of less traffic of heavy equipment 

For effective on-going operation, fertigation systems have certain requirements. These 
requirements include: 

 Adequate design and selection of components of the fertigation/irrigation system 

 Adequate water quality for fertigation/irrigation 

 Careful selection and management of fertilisers to avoid incompatibilities between 
specific fertilisers (e.g. phosphorus and calcium) to avoid emitter and pipe clogging 

 Use of fertilisers with adequate solubility 

 Adequate maintenance and operation of all components to ensure optimal 
operation of system e.g. filters 

 Simultaneous crop management of irrigation, nutrition, salinity 

 The irrigation system must have a high application uniformity to ensure uniform 
application of nutrients 
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1.2. Broad categories of fertigation systems used in the EU 

When considering types of fertigation systems, there is a wide range of different types of 
systems with which fertilisers are applied to crops with irrigation water. These systems, for 
combined fertiliser application and irrigation, range from simple fertiliser tanks, in which 
fertiliser is placed in the tank and the irrigation water is then manually diverted through the 
tank, enabling individual applications of one or more compatible fertilisers, to fully-
automated, computer-controlled systems in which concentrated fertiliser solution from two 
or more large tanks (each with one, two or several dissolved fertilisers) are added to 
irrigation water in a controlled manner providing nutrient solutions containing all nutrients 
required by crops in specific concentrations, in all irrigations. In its most sophisticated form, 
these advanced automatic systems are used with the recirculation of drainage from 
substrate-grown crops, and adjustment of the composition of the recycled solution. 
Between these two extreme forms of fertigation systems, there are many degrees of 
complexity and automation. Nearly, all systems use some form of filtration to reduce the 
risk of particles blocking irrigation drippers and pipes. There are numerous options for the 
types of equipment that can be used in fertigation systems, and in the variations of these 
types of equipment. 

With the simpler manual systems, fertigation may be used for individual fertiliser 
applications such as for one, two or several side-dressing applications or for supplementary 
fertiliser applications when required. When used in this manner, fertiliser addition by 
fertigation is supplementary to conventional fertiliser addition by a tractor-driven fertiliser 
spreader. With the computer-controlled system with two or more tanks of concentration 
fertiliser solutions, generally, all fertiliser addition is made through the fertigation system. 
Simple fertiliser tanks can be used for frequent fertiliser application, but there is a high 
labour requirement and incompatible fertilisers must be applied in separate irrigations. 

All fertigation systems require choices of equipment and technologies at the various stages 
of the management chain associate with fertigation. Broadly, the fertigation management 
chain consists of the following stages: 

1) Abstraction of water from a water source 

2) Storage of water - irrigation water, and drainage water where collected  

3) Selection of the growing system/medium 

4) Preparation of water for fertigation/irrigation 

5) Nutrient addition 

6) Application to crop through the irrigation system 

7) Crop irrigation management 

8) Crop nutrient management 

9) Pathogen, salinity and nutrient management of recycled drainage water (where 
recirculation conducted)  

10) “End-of-pipe” solutions for removal of nutrients and pest production products from 
discharged drainage water (where practised, or where is or will be required by 
legislation) 
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The main objectives of the FERTINNOWA project (www.fertinnowa.com) are to provide 
information on all aspects of fertigation to growers, advisors and other stakeholders of best 
technologies and practices, and to inform them of state-of-the-art and innovative solutions 
to on-going problems and unresolved issues. 

1.3. The economic importance of the fruit and vegetable sector in the Europe 
Union 

Apart from its established role in providing produce for a nutritious human diet, the fruit 
and vegetable production sector plays a fundamental role in the rural economy of the EU. 
The fruit and vegetable production sector accounts for approximately 37% of the value of 
EU agricultural output, which is achieved on approximately 3% of the area of cultivated land 
in the EU (ARELFH et al, 2016). The ornamental sector which occupies an appreciably 
smaller surface area within the EU is a high-value industry that is expanding. 

The total value of production of fruit and vegetables in the EU is estimated to be more than 
50 billion € and takes place on 1.4 M farm holdings (ARELFH et al, 2016). The estimated 
annual economic turnover of the whole fruit and vegetable supply chain, including post-
harvest, wholesaling and distribution channels is estimated to be 150 billion € and to involve 
approximately 750000 employees.  

The total EU fruit and vegetable production is approximately 120 M tons, of which 
approximately 70 M tons are consumed fresh, the rest is processed (such as grapes used for 
wine, tomatoes used for paste, oranges and apples for juice, etc.) (ARELFH et al, 2016). 
Included in the 120 M tons are approximately 21 M tons of grapes grown for wine on 
approximately 3 M ha. Of the 70 M tons of fresh produce, fresh fruit production accounts 
for 36 M tons and fresh vegetable production for 34 M tons. 

1.4. Irrigation and fertigation of horticultural crops in the EU 

Irrigation is commonly used with horticultural crops in the EU. In southern regions of the EU, 
irrigation is often essential for economically-viable production. In north-west and central-
east regions, supplemental irrigation is often required to ensure high and stable production 
and product quality. In greenhouses, irrigation is the only source of water for crops. 

During recent decades there has been a strong tendency for increased use of drip irrigation 
and pressurised sprinkler irrigation systems, and less use of surface irrigation methods, such 
as furrow and flood irrigation, in horticultural production. There has been a particularly 
strong adoption of drip irrigation in fruit and vegetable production. Using Spain as a 
representative country from southern Europe, the total irrigated land surface was 3.6 M ha 
in 2016 (21% of the total agricultural surface area), of which 1.9 M ha used drip irrigation 
(MAPAMA, 2017). The area with drip irrigation, in Spain, is increasing appreciably each year; 
in the period 2004 to 2016, it increased by 54%. In 2016 in Spain, 80% of irrigated fruit trees 
used drip irrigation and 55% of irrigated vegetable crops used drip irrigation (MAPAMA, 
2017). In Spain in 2016, 93% of citrus fruit trees, 29% of citrus fruit trees other than citrus, 
and 89% of vegetable and flower crops were irrigated (MAPAMA, 2017). 
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The use of fertigation with horticultural crops is consistently and rapidly increasing in the 
EU. Commonly, fertigation is used with drip irrigation. In general, it appears that with more 
extensively-grown horticultural crops, such as less intensive fruit tree and vegetable 
production that simple fertigation tanks are used, and that with more intensive production 
such as greenhouse crops and the more intensive vegetable production systems and some 
intensive fruit production systems that computer-controlled, multiple tanks, fertigation 
systems are more commonly used. In general, it appears that the majority of fertigation 
systems are simple fertigation tanks, and the proportion of computer-controlled multiple 
tank systems is increasing, particularly in intensive vegetable production. 

1.5. The various stages of the “fertigation process” 

To be optimally effective and sustainable, fertigation requires good management through 
the entire process from the abstraction of water through to the management of irrigation 
water and nutrients applied to the crop. Pressure on the EU horticultural industry to reduce 
environmental impacts is increasing and will continue to increase. Currently, in Flanders, 
Belgium, greenhouse growers with soilless crops cannot discharge nutrient-rich wastewater 
into surface water. In The Netherlands, greenhouse growers with soilless cropping will have 
to comply with the legislation of zero discharge, to natural water bodies, of plant protection 
products by 1 January 2018, and of nitrogen and phosphorus, by 2027. 

It is likely in the future, that EU growers will be increasingly required to optimise all aspects 
of water and nutrient management. In addition, to enhancing management throughout the 
entire crop production process, there will definitely be situations where there will be a 
requirement for “end-of-pipe” technologies to reduce contaminants in drainage water 
entering water bodies. 

Fertigation can be considered to involve a sequence of processes. The FERTINNOWA project 
is developing a comprehensive database, presented in various formats (factsheets, practice 
abstracts, this document; all available at www.fertinnowa.com), of information related to all 
aspects of the fertigation chain, which has been broadly organised into the following 
sections: 

 Providing water  

 Optimising water quality  
o Chemical composition 
o Particle removal 
o Control of algae 
o Disinfection 

 Fertigation equipment 
o Irrigation 
o Nutrient addition 
o Soilless systems 

 Fertigation management 
o Irrigation 
o Nutrients and salinity 

 Reducing environmental impact 

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
http://www.fertinnowa.com/


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           1-8 

o Nutrient removal and recovery 
o Removing plant protection products 

This structure will be maintained for the current report, except for “Removing plant 
protection products” which is covered elsewhere in products from the FERTINNOWA 
project. The schematic representation in Figure 1-1 shows these aspects in sequence. 

 

 

Figure 1-1. Schematic diagram to illustrate the various stage of the “fertigation process” 

1.6. Brief, generalised description of major options for each stage of 
irrigation/fertigation process 

Following is a list of many of the technologies described in this document. The list includes 
many but not all of these technologies. Additionally, this document while describing most of 
the currently used and the most promising technologies is not a complete list of every 
available technology.  

1.6.1.  Provision of water 

The technologies available for enhancing the supply of water include those that minimise 
losses by drainage (lining storage basins) or by evaporation (covers, underground storage) 
and tools for calculating the dimensions of water storage facilities. With greenhouses, the 
collection of rainwater, and the collection of condensed water increase the volume of 
available water. In water storage facilities, floating pumps have advantages over housed or 
submerged pumps for supplying the stored water to the irrigation/fertigation system. The 
context of the provision of water, in this document, is general; it deals with the 
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management of water on the farm. The next section that deals with optimising water 
quality presents technologies that will be used selectively with water from different sources. 

1.6.2.  Optimising water quality  

Numerous technologies are available to optimise the quality of water being introduced into 
the fertigation system for irrigation/fertigation. Water from different types of water sources 
can have different treatment requirements. These technologies can be considered as being 
in four general groups of techniques of: 1) altering chemical composition, 2) particle 
removal, 3) algal removal, and 4) disinfection. Some of these technologies are also 
applicable to recirculating nutrient solutions. 

The tools and techniques for modifying chemical composition include (a) various physical 
methods, for removal of unwanted chemical components, such reverse and forward 
osmosis, ion exchange, electrodialysis, and nanofiltration amongst others, and (b) chemical 
methods such as pH adjustment. The tools and techniques for particle removal include a 
wide variety of filtration methods. For the control of algae in storage basins, a wide range of 
diverse techniques are available; amongst others, these include control with different 
chemicals, the use of aquatic plants or fish, the use of introduced bacteria and enzymes, the 
use of blue dye, the use of introduced water fleas, and the use of ultrasound technologies. A 
similarly wide range of diverse techniques is available for the disinfection of incoming water 
or recirculating nutrient solutions where recirculation is practised. These include chemical 
addition (e.g. peroxide, chlorination, and acid), filtration systems (sand, biofiltration), 
physical processes (thermal disinfection and ultraviolet disinfection) and physio-chemical 
processes (photocatalytic oxidation, ozonisation, ionisation procedures). 

1.6.3.  Fertigation equipment 

Fertigation equipment can be considered as consisting of irrigation and nutrient addition 
equipment. Additionally, soilless cropping systems (including substrates) can be considered 
as being fertigation equipment. Basic irrigation equipment includes pipes and drippers for 
drip systems. Innovative irrigation equipment includes subsurface drip irrigation (SDI), and 
innovative pipes and drippers with anti-microbial and anti-root functionalities. There are a 
variety of systems for nutrient addition, including simple fertiliser tanks, injection pumps, 
equipment with magnetic-drive pumps, mixing tanks, and manual and automatic venturi 
systems. Numerous substrates are available for use as the growing medium, the principal 
ones being rockwool, perlite and coconut fibre (coir). Apart from substrate choice, a variety 
of hydroponic systems are available, including Ebb and Flow, Nutrient Film Technique and 
Deep Flow Technique; in these systems, the nutrient solution is recirculated. Substrate 
growing systems were originally open systems in which drainage was not collected and 
entered the soil. The use of closed systems, with drainage collection and recirculation, is 
now commonly-used, particularly in northern EU countries, to optimise water and nutrient 
use, and to minimise pollution. Depending on water quality, soilless growing systems have 
to be managed as semi-closed systems in some environments in order to avoid yield 
reductions due to the accumulation of salinity or potentially harmful elements such as 
sodium or chloride.  
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1.6.4.  Fertigation management 

Fertigation management, at crop level, involves both irrigation and fertiliser management. 
Fertigation with localised irrigation systems, particularly drip irrigation, commonly provides 
a technical potential for precise management of both irrigation and nutrition. With 
fertigation systems associated with localised irrigation, small amounts of both water and 
nutrients can be applied frequently throughout a crop. However, effective management 
tools must be used to optimise both irrigation and nutrient management so that growers 
can take advantage of this advanced technical capacity for precise management. 

A wide variety of diverse techniques and technologies are available that can be used to 
optimise irrigation management of fertigated crops; these, of course, can be used just for 
irrigation. In broad terms, these methods can be considered as being irrigation strategies, 
calculations of crop water requirements based on estimated retrospective crop water use, 
calculations of anticipated crop water requirements, sensors to assess soil water status, 
sensors to assess crop/pant water status, and the use of decision support systems (DSS) to 
assist with calculation of crop water requirements. Additionally, there are some techniques 
that are specific to substrate-grown crops. 

Examples of irrigation strategies are deficit irrigation and partial root drying. Examples of 
calculations of crop water requirements based on estimated retrospective crop water use 
are water balance methods, such as that developed by the United Nations Food and 
Agriculture Organisation, and also the use of weather sensors. Examples of the anticipation 
of crop water requirements are the use of weather forecast related tools. Numerous 
sensors and technologies can be used to assess soil water status providing information on 
when and how much irrigation to apply, such as tensiometers, granular matrix sensors, time 
domain reflectometry sensors, capacitance probes, digital penetrating radar, and the 
neutron probe. Similarly, various sensors can be used to assess crop water status providing 
information of when irrigation is required; examples include thermal infrared sensors, leaf 
turgor sensors, dendrometers, and the pressure chamber system. Decision support systems 
(DSSs) can be used to simplify the calculation of crop water requirements estimated 
retrospectively or with forecast weather data. In substrate production, different systems are 
available for automating irrigation, like slab balances, drain sensors, and the demand tray 
system. 

As with irrigation, a wide variety of diverse techniques and technologies are available that 
can be used to optimise the nutrient management of fertigated crops. These include the 
various traditional fertiliser recommendation schemes involving soil analysis, the analysis of 
soil-water extracts or of the soil solution to adjust fertiliser programs, the analysis of leaf 
tissue or plant sap to adjust fertiliser programs, various optical sensors that can be used to 
evaluate crop nitrogen status, and models and DSSs that assist with the calculation of crop 
nutrient requirements. Additionally, nutrient management involves the choice of fertilisers, 
of for example slow release and organic fertilisers. Nutrient management of fertigated crops 
also involves salinity management - available tools include established agronomic 
approaches, and also newer sensor approaches. For nutrient management of substrate-
grown crops, there are procedures to measure the nutrient content and salinity of the 
drainage and root zone solutions.  
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1.6.5.  Reducing environmental impact 

Various “end-of-pipe” solutions are available for nutrient removal and recovery from water 
draining from crops. The nutrient removal and recovery techniques include physio-chemical 
procedures such as adsorption media for phosphorus, electrochemical phosphorous 
precipitation, and modified ion exchange, and biological approaches such as nutrient 
removal in constructed wetlands, moving bed biofilm reactors, and the use of duckweed. 

1.7. Brief description of problems associated with irrigation/fertigation in 
horticulture 

Being the combination of irrigation and fertilisation, the environmental problems associated 
with fertigation are those related to both irrigation and fertilisation. Also, given that many 
horticultural systems using fertigation are intensively managed systems with frequent 
irrigation, high fertiliser applications, and that many use plant protection products (PPP); 
the intensive management practices increase the possibility of environmental problems. 

1.7.1.  Competition for water resources 

In the southern regions of EU close to the Mediterranean Sea, in such countries as Italy, 
Spain, Greece, France, irrigation is often required to meet much or all of crop water 
requirements for open field horticultural production. In central and northern Europe, 
generally supplementary irrigation is used during dry summers and on sandy soils for open 
field production. In greenhouse cultivation, irrigation provides all water used by the crop.  

In the warmer and drier southern regions, irrigation can account for much of the use 
freshwater resources by human activities. For example, in Spain and Italy, agriculture 
(including horticulture) accounts for 70-80% of the use of fresh water. Given the increasing 
demand for fresh water associated with population growth, rising living standards, 
industrialisation and by tourism, there is on-going pressure to use less water for irrigation of 
agricultural crops. This is particularly so in the southern countries, where fresh water 
reserves are limited, irrigation is the major use, and there are substantial tourism 
infrastructures. In contrast, in Flanders, where precipitation volumes are significantly higher, 
agriculture and horticulture account for only 6-8% of the use of fresh water. Industry and 
households are the biggest users of fresh water volumes there (Messely et al., 2008).  

Additionally, there is increasing societal interest in the amenity value and the environmental 
services provided by freshwater resources. In some regions, these issues are adding to the 
pressure on agriculture and horticulture to reduce the use of water for irrigation. For 
example, in The Netherlands and in Flanders, Belgium (Anonymous, 2017), plans are being 
developed to restrict the use of freshwater resources, by agriculture and horticulture, 
during drought periods to prevent shortages of fresh water for consumers.  

1.7.2.  Declining volume and quality of local water resources 

Associated with increasing competition for limited freshwater resources, are the declining 
availability and quality of some freshwater resources. This particularly applies to 
groundwater resources in southern European regions but it is also occurring in North- West 
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European countries like Belgium. It is not uncommon for the extraction of groundwater for 
irrigation, and other uses, to exceed natural replenishment, a situation known as “over-
pumping” which results in declining piezometric levels of aquifers. Declining piezometric 
levels signify that the depth at which groundwater is encountered is dropping, indicating a 
reduction in the volume of aquifer water, which is known as “aquifer depletion”. 
Consequently, the wells to extract water must be made progressively deeper, thereby 
increasing pumping costs. In coastal aquifers, declining piezometric levels remove or 
substantially reduce the positive pressure of aquifer water at the interface with sea water. 
This can result in “saltwater intrusion” when highly saline sea water enters the aquifer at 
the land-sea interface, making the aquifer in those regions unusable for irrigation. 

Drainage from crops receiving irrigation has a higher salt concentration than the irrigation 
water applied because of fertiliser addition, the leaching of salts in the soil, and crop 
evapotranspiration. When this more saline drainage water enters underlying aquifers it 
contributes to salinisation of the aquifers. As this groundwater is later used for irrigation, a 
cycle of increasing salinisation takes place. This is an issue in the drier southern regions of 
the EU where groundwater is commonly used for irrigation and the soils generally have 
higher contents of salts.  

1.7.3.  Nitrate contamination of aquifers and surface water 

High yielding horticultural crops require the addition of nitrogen. Generally, the applications 
of nitrogen (N) are in excess of 100 kg N/ha, and in very high yielding crops can be several 
hundred kg N/ha. In soil, all applied mineral N (in ammonium (NH4) based fertilisers) and 
simple organic N forms (e.g. urea) are rapidly converted to nitrate (NO3). When the supply 
of N exceeds crop demand, NO3 accumulates in soil. Nitrate is highly soluble and does not 
interact with soil particles. When drainage occurs, the accumulated NO3 is leached from the 
crop root zone eventually entering aquifers. 

In aquifers in their natural state, the concentration of NO3 is very low, being normally less 
than 5 mg NO3/L (Burkartaus et al., 2008). Nitrate leached from agricultural land can result 
in appreciable contamination. Nitrate contamination of aquifers is a public health concern 
because of metahaemoglobina, also known as “blue baby syndrome”, which is a medical 
condition affecting infant children and unborn foetuses. This condition develops when 
nitrite (NO2) in blood blocks the capacity of foetal haemoglobin to transport oxygen. It is a 
serious condition that can be fatal. When infant children have several months of age, the 
oxygen-carrying capacity of their haemoglobin is no longer blocked by nitrite (NO2). Infants 
can consume NO2 in infant formula milk prepared with NO2 contaminated water or through 
breastfeeding. Nitrite can be passed to foetuses through the placenta. Nitrate can be 
converted to NO2 by certain bacteria in wells and in the human body. To avoid the risk of 
metahaemoglobina, limits are imposed on the concentration of NO3 and NO2 in both 
groundwater and surface water. In the EU, the limit is 50 mg NO3/L (11.3 mg NO3-N/L); the 
limit recommended by the World Health Organisation (WHO) and that applied in the USA is 
44 mg NO3/L (10 mg NO3-N/L). The limit for NO2 is 0.5 mg NO2/L (0.1 mg NO2-N/L); in the 
EU; the recommendation of FAO and that applied in the USA is 4.4 mg NO3/L (1 mg NO2-
N/L). These limits were developed for drinking water and are applied to water bodies, both 
subterranean and superficial.  
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There are other health concerns associated with the presence of NO3 in drinking water 
related to various cancers in adults (Follet & Follet, 2008), but these appear to be mostly 
suggestions rather than being clearly supported by scientific evidence (Follet & Follet, 2008).  

1.7.4.  Eutrophication of surface waters 

Eutrophication is the process of nutrient enrichment enhancing the growth of particular 
species in an ecosystem. Aquatic ecosystems have evolved in conditions of very low nutrient 
concentrations. The addition of N and/or phosphorus (P) originating from intensive 
agriculture changes the ecological balance, promoting the rapid growth of certain species. In 
freshwater systems, N is usually the nutrient that most limits growth, and in saline aquatic 
systems, P is usually the most limiting nutrient. Additions of N in freshwater systems and P 
in salt water systems provoke the rapid growth of algae on the water surface, known as 
“algal blooms”. Algal growth can have direct effects on the ecosystem through reduced light 
penetration and changed species composition. Additionally, toxins produced by the algae 
can be toxic to aquatic and mammalian species. Following the death of the algae, the 
subsequent decomposition of the algal biomass can consume much of the dissolved oxygen 
in the water resulting in conditions of low dissolved oxygen, known as “hypoxia” or 
negligible dissolved oxygen, known as “anoxia”. Hypoxic and anoxic conditions are deadly to 
various aquatic species. In addition to effects on aquatic ecosystems, eutrophication can 
negatively affect the amenity value of water bodies that have a tourist or recreational value. 

Eutrophication is a common problem in water bodies adjoining areas with intensive 
agricultural production. There are numerous examples throughout the world where 
intensive agricultural systems have caused eutrophication of surface waters, and through 
combinations of algal growth and of hypoxic or anoxic conditions, have substantially 
negatively affected aquatic ecosystems. Some examples from recent years, some of which 
are on-going are: the coast of Brittany in France, the Baltic Sea, the Mar Menor lagoon near 
Murcia in Spain, Lake Erie, Chesapeake Bay, and coastal regions of Gulf of Mexico in the 
USA, and the Murray-Darling river system in Australia.  

1.8. Growers’ concerns regarding fertigation identified by the FERTINNOWA 
benchmark study 

Between May and October 2016, FERTINNOWA carried out a benchmark survey on 371 
horticultural farms in different parts of the EU to investigate their irrigation and fertilisation 
practices, and the challenges and problems they face at the technical, socio-economic, and 
legislative level. Three major areas were studied: 1) the management of supply water and 
storage, 2) water and nutrient management, and 3) the methods used to limit the 
environmental impact. The questionnaire that was used is available at 
http://www.fertinnowa.com/wp-content/uploads/2016/10/D3.1-Questionnaires.pdf.  

Considering the source of irrigation water, 60% of the surveyed growers used groundwater 
as their main water source. In North-West Europe, it was common to also use rainwater. In 
the Mediterranean region, the most common source of water was groundwater. In Central-
East Europe, the use of surface water was more common than in the other regions. A 
number of important unresolved problems related to water supply were identified.  
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Approximately one-third of the interviewed growers were concerned about having access to 
sufficient volumes of water, that is they wished to avoid water shortages. In some regions, 
growers diversified water sources to reduce the risk of not having sufficient water. 
However, in areas such as the Mediterranean regions, this was not always an option. The 
mineral composition of irrigation water was a large and common concern. Growers would 
like to have technologies that improve water quality related to the salinity of their supplied 
water, both with respect to the overall electrical conductivity (EC) and the concentrations of 
potentially harmful elements such as sodium (Na) and chloride (Cl). The management of 
high concentrations of iron was mentioned by some growers to be a particular problem. 
Generally, for the issues related to the concentration of specific ions, growers were often 
unaware of the available solutions or have not implemented them for economic reasons. 

Approximately two-thirds of interviewed growers stored water on the farm. There were 
some major problems related to water storage, in particular, the growth of (micro) algae in 
the stored water. This problem was mentioned by 30% of the interviewed growers. Usually, 
short-term solutions are applied by growers to control algae growth (e.g. cleaning the 
storage facility or the filters), but no technological solution was mentioned by growers that 
they considered to be effective over the long term. Moreover, the growers had little 
knowledge of factors influencing algal growth.  

Crop sanitary problems (fungal, bacterial) were mostly related to the use of recirculated 
drain water on soilless crops. There is increasing interest in systems to disinfect or treat 
drain water before recirculation such as ultraviolet (UV), slow sand filtration, chlorination, 
reverse osmosis, use of ozone etc., but the cost is a barrier that is restricting 
implementation. Additionally, some growers have doubts about the effectiveness of some 
of these technologies/systems, or they cannot implement them because of technical 
limitations such as treatment capacity (volume or flow), space, use of strictly regulated 
chemicals, high maintenance requirements or because of legislative limitations such as 
national regulations regarding worker safety and discharges to the environment.  

Growers reported that water quality issues affected the maintenance of irrigation systems 
because of the development of biofilms or chemical precipitation; both issues can result in 
clogging of emitters and/or in the uneven distribution of water and nutrients to crops. 
These issues were mentioned by numerous growers as problems preventing optimal 
irrigation management. It appeared that some growers preferred to over-irrigate, to deal 
with these issues, in order to avoid under-irrigation in some areas of their crops.  

Almost two-thirds of interviewed growers considered the visual appearance of the crop or 
soil when managing irrigation. For 20% of the growers, it is the only way to monitor 
irrigation. For other growers, visual appearance is used together with tools such as soil 
sensors, climate data collection or decision support systems. In cropping systems that are 
highly sensitive to irrigation, such as soilless systems, there is more use of such tools and 
they are generally used to automatically initiate irrigation. In general, soil (and substrate) 
sensors are more used than crop sensors. There is potential to increase the adoption of the 
various tools for assisting with irrigation management. Growers are receptive to such tools 
but expressed their preference for simple and reliable tools, that are “ready-to-use”, and 
with proven cost-effectiveness. Automation of irrigation and fertigation is of interest for the 
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majority of growers who currently use manual systems. For irrigation, growers mostly rely 
on technical advisors. However, it would be helpful for growers interested in particular 
technologies/systems to see them demonstrated, and to receive feedback from growers 
who are using those technologies/systems. 

For nutrient management, growers reported a lack of suitable on-farms tools or local 
services (affordable and reliable local analytical services, ion-specific sensors to monitor 
nutrient solution concentrations etc.). Such tools and services would assist them to monitor 
the nutrient status of their crops and to make subsequent adjustments to nutrient addition 
regimes to maintain optimal crop nutrient status and to reduce excessive nutrient 
application. As with irrigation, growers were interested in automation for nutrient addition, 
even for relatively simple devices such as automatic measurement and control of EC and pH.  

In general, very few growers used nutrient recommendation schemes. The reasons 
expressed by the growers were:  

 they are not developed for all the horticultural species  

 they are out-dated (because of new varieties and/or production methods)  

 they are unknown to growers 

 too complicated for practical on-farm use 

 growers lacked confidence in them 

Clearly, tools are required that assist grower to manage fertilisation to avoid over-
fertilisation and the associated losses of nutrients to the environment. However, such tools 
have to address growers’ requirements regarding species, varieties and cropping methods, 
and they must be user-friendly. Effective technology transfer programs should be conducted 
to inform and to demonstrate these tools to growers. 

The practices that growers use to minimise negative environmental impacts were different 
depending on whether the growers produced in soilless or soil based cropping systems. Of 
the growers in the survey who used soilless cropping, approximately 75% partially or totally 
recirculated drain water, 22% did not collect drainage, and 3% collected drain water but did 
not recirculate. Amongst the growers who did not recirculate or only partially recirculated 
drain water, techniques to recirculate drain water that avoided accumulation of harmful 
ions and avoided the spreading of diseases were of interest to and were known to growers. 
While, an appreciable percentage of growers with soilless systems either discharged drain 
water continuously or periodically, only a very small number controlled the composition of 
or treated the drain water prior to discharge. Given the increasingly strict legislation on 
effluent discharge to the environment in North-West Europe, it is very likely that growers 
will be increasingly interested in relevant technological solutions.  

With soil-grown crops, flushing the soil to avoid the accumulation of salts (i.e. increased EC) 
was done by 13% of growers with soil-grown crops. However, this practice also leaches 
nutrients such as nitrogen, causing pollution of water resources. More sustainable solutions 
to control and mitigate soil salinity were highly requested by growers.  

In general, there is a lack of solutions to treat “cleaning water/wastewater”, that is the 
water used to rinse components of the irrigation system such as filters, storage facilities etc. 
Often this water is directly discharged to water bodies or to the soil, although it may contain 
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potentially harmful chemicals from cleaning products. Because of the relatively small 
volumes of water associated with cleaning/rinsing, no technologies have been developed 
for that purpose. It gives food for thought because frequent and effective maintenance 
would result in fewer problems (clogging, disease spreading), but it would result in a larger 
volume of wastewater to be dealt with.  

As a general observation considering all of the issues addressed in the survey, we found that 
growers are generally not aware of all the available technologies that could assist them to 
resolve some of the issues and problems that they are facing. To consider, a new tool or 
technology, growers have to firstly be convinced of the effectiveness of the solution. The 
next major bottlenecks for implementation are the investment costs and the availability of 
data on cost-effectiveness. Other bottlenecks can be linked to the operational conditions 
(bottlenecks linked to technical aspects, maintenance needed, etc.) and to national 
legislation. The objective of the current document is to provide growers and technicians 
with an overview of many of the available tools and technologies that are available to 
resolve issues related to various aspects of fertigation management.  

1.9. Brief description of climate change consequences and the role of 
fertigation in adaptation of horticulture 

The horticulture sector is highly dependent on the prevailing climate, and the expected 
changes to climate are likely to have a major impact on this sector (Ramos et al. 2011; van 
Lipzig & Willems, 2015). Climate Change, also referred to as Global Climate Change or 
(enhanced) Global Warming, is the observed and the further expected increase in the 
average temperature of the Earth's climate system. Expected future impacts of climate 
change will differ between regions. Anticipated effects include increasing air temperatures, 
rising sea levels, and changing patterns and annual amounts of precipitation. Likely changes 
include more frequent extreme weather events such as heat waves, droughts, and heavy 
rainfall with floods. Major threats related to water supply and crop growth, that are 
particularly relevant for the horticultural sector, are: 

 Changes in annual amounts, distribution and intensity of rainfall 

 Other factors that will reduce water availability for irrigated horticulture such as 
reduced run-off, reduced groundwater recharge, and increased demand from other 
sectors 

 Changes in water requirements of crops. Increased temperature will lead to 
increased evapotranspiration rates and increasing crop water demand 

 Change in water availability because of drought or flooding (extreme weather events 
induced by climate change) 

 Increasing salinisation of fresh (ground) water systems in coastal areas (saltwater 
intrusion) 

 Increasing temperatures will affect the suitability of regions for particular crop 
species. It is anticipated that there will be a northern migration of the production of 
many fruit and vegetable crops 
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 Increased frequency of extremely high temperatures will adversely affect the 
processes of pollen production and fertilisation of fruit and vegetable species; these 
processes are very sensitive to high temperatures 

Insufficient available water commonly affects crop production in one-third of the EU. Water 
scarcity and drought are no longer issues confined to southern Europe. Water over-
abstraction, particularly for irrigation purposes but also for industrial use and urban 
development, is one of the main threats to the EU water environment. This is not only an 
issue for arid regions with low rainfall. Temperate areas, such as Belgium, with intense 
agricultural, tourism and industrial activities also suffer from frequent water shortages 
and/or expensive supply solutions, during droughts and drier summer periods. 

In some countries in southern Europe, approximately 80% of the total freshwater 
abstraction is used for agricultural purposes, nearly all of which is for irrigation. Crop water 
demand (water consumed during the growing season) depends on the crop species, the 
timing of the crop growing season, and the atmospheric evaporative demand which is 
influenced by various climatic factors such as air temperature, atmospheric humidity and 
wind speed. Climate change will have both negative and positive effects on crop water use, 
by, respectively, increasing the atmospheric evaporative demand during crop growth, and 
by shortening the crop growing period because of more rapid growth and development on 
account of higher temperatures. 

Adaptation measures and the integrated management of water are needed to address 
future competing demands for water between agriculture, domestic use, industry, tourism, 
energy, and ecosystem services. New, or at least enhanced, irrigation infrastructures will be 
required in some regions. Possible responses to global climate change include mitigation by 
emissions reduction and adaptation measures to increase the resilience of existing 
agricultural and other systems. 

Climate change is likely to affect the production and finances of horticultural growers, and 
there are also likely to be economic, ecological and social impacts at the local regional scale. 
For example, changes in growing conditions (water availability, temperature, pests) will 
affect the sales of produce, land use and the economic infrastructure, which will all have 
social and political repercussions.  

Apart from extreme weather events, the time scale in which climate change is occurring is 
of decades which allows time for an adaptation of the European horticultural sector to make 
itself more resilient and to make adjustments to zones of production. Adaptation measures 
can occur at different levels and by using diverse technologies such as using drip irrigation to 
reduce water use, the use of closed systems of recirculation with soilless cropping, the use 
of netting, etc. The following chapters provide information on technologies that will assist 
with this process of adaptation.  

1.10. Relevant legislation related to problems associated with 
irrigation/fertigation in horticulture 

Water use and pollution caused by agricultural activities are amongst the most important 
environmental issues in Europe. Agriculture accounts for the largest share of land use in 
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Europe (ca. 50% of overall land area). Agriculture in Europe accounts for approximately 33% 
of total water use and is the largest source of nutrient pollution in the water (European 
Environment Agency, 2012). Given the common requirement of the horticultural sector for 
irrigation, it is clear that this sector makes an important contribution to environmental 
pressure on European water resources. 

A number of Directives and policy requirements have been developed by the European 
Union (EU) as well as the sector itself (e.g. certification schemes) that affect fertiliser use 
and irrigation in horticulture in the EU. The most important of these are listed in Table 1-1. 

Table 1-1. Overview of most important directives and policy that affect fertiliser use and irrigation in 
horticulture 

General legislation and policy Aim and comments 

Common Agricultural Policy (CAP) The CAP supports investments to conserve water, 
improve irrigation infrastructures and enables farmers 
to improve irrigation techniques 

Water Framework Directive (WFD), 
including the Nitrate Directive 

 

To achieve good qualitative and quantitative status of 
all water bodies 

Nitrate Directive: to protect water quality across 
Europe by preventing nitrate from agricultural 
sources polluting ground and surface waters and by 
promoting the use of good farming practices 

Nitrate Directive Reduction of pollution from agricultural nitrogen 

Sustainable Use of Pesticides Directive Reduced the risks and impacts of pesticides on human 
health; on the environment, and for promoting 
Integrated Pest Management 

Drinking Water Directive Mandates minimum health standards in water 
intended for human consumption, making linkages 
with other water-related policies 

EU climate policies  Climate policies address GHG emissions from land use 
manure management and the use of fertilisers 

“Environmentally friendly” certification 
schemes  

Labels such as ‘EKO, Bio, SKAL or organic farming’ 
create added value to the product 

A Directive is a legal act of the European Union which requires member states to achieve a 
particular result without dictating the means of how to achieve that result. Directives can be 
distinguished from regulations which state the practices that must be followed. Directives 
normally leave member states with a certain amount of liberty as to the exact rules to be 
adopted. In general, with the exception of Directives related to the Common Agricultural 
Policy, Directives are addressed to all member states that are responsible for their 
implementation.  

The implementation of EU Directives such as the Nitrate Directive (EU, 1991), the Water 
Framework Directive (Anonymous, 2000) (which incorporates the earlier Nitrate Directive), 
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the Drinking Water Directive (Anonymous, 1998) has direct effects on agricultural practices. 
This can be clearly seen in the countries of north-west Europe where the Nitrate Directive 
has been most rigorously implemented until now. The implementation of the Nitrate 
Directive requires firstly that regions with nitrate contamination of aquifers and/or 
eutrophication associated with nitrogen use in agriculture are declared Nitrate Vulnerable 
Zones (NVZs). The regions declared to be NVZs are required to implement Action Plans to 
reduce contamination with nitrate of agricultural origin. The Action Plans consist of a variety 
of practices such as an annual limit on nitrogen applied in the form of manure, the use of 
fertiliser recommendation schemes, limits on total amounts of N applied to crops, 
restriction on when and where N fertiliser can be applied, the requirement for the use of 
scientific irrigation scheduling practices etc. Some of these practices are mandatory, and 
others are recommended. Within NVZs, horticultural growers and farmers are obliged to 
adopt the mandatory practices, as specified by the regional legislation. Growers receiving 
payments from the Common Agricultural Policy (CAP), who are in NVZ, are obliged to 
implement the Action Plans in order to receive CAP payments as part of the cross-
compliance mechanism.  

1.11. Other sources of pressure related to problems associated with 
irrigation/fertigation in horticulture (e.g. consumers, buyers, certification 
schemes) 

Consumers, particularly those in North-West (NW) and Central European countries are 
increasingly demanding of the way in which the fruit and vegetable, they purchase, are 
produced. This applies to minimal presence of pesticide residues in produce, and 
increasingly to the use of production methods that have a minimal negative environmental 
impact. The increasing demand for minimal environmental impact is reflected in the 
requirements of certification schemes which are becoming more and more important for 
access to major markets in NW and Central Europe. 

One of the most common certification schemes for fruit and vegetables is GLOBAL GAP 
(https://www.globalgap.org/uk_en/) which is regarded as the minimum standard for most 
EU supermarkets. Over time, GLOBAL GAP is increasing its requirements/recommendations 
for fertiliser and irrigation management to reduce excessive applications of both N fertiliser 
and irrigation. GLOBAL GAP has three categories of compliance for desirable farm 
management practices, these are “major must”, “minor must” and “recommended”. An 
appreciable number of practices related to fertiliser and irrigation management are 
currently rated as minor musts, including the use of tools to calculate and optimise irrigation 
requirements, that fertiliser recommendations be provided by competent and qualified 
persons, and that records be kept of fertiliser applications noting the field, date, fertiliser 
type and amount applied. It is also recommended that, where feasible, measures be 
implemented to collect water, and where appropriate to recycle that water.  
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