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1 Executive summary
Methodologies and technologies are available to help growers to minimize the impact of
emissions originated from fertigation in the horticultural sector. The goal is to improve
productivity and profitability on the one hand and reduce environmental impact on the other
hand by providing techniques that allow for a more efficient use of the fertigation system,
and thus, the minimization of the emissions to the environment.
Work package 5 (WP5) aims to exchange technologies among the different regions, crops and
growing systems in order to fulfil the gaps pointed out by the Benchmark study (WP3) in Task
3.3 and WP4 in Task 4.1. It was proposed that in WP5 at least 8 innovative technologies would
be evaluated of which at least 2 would focus on the reduction of emissions.
In this report, “innovative technologies” are those that are either newly invented or are being
utilized in new ways (Source: http://www.igi-global.com/dictionary/engaging-adult-learnersinnovative-technologies/14714). The latter part “in new ways” corresponds to the fact that
technologies already commonly used in specific sectors or regions were exchanged towards
other sectors, regions, etc., and made small adoptions to assure they would work under these
new conditions. For example, photocatalytic oxidation (PCO) materials used in the sanitary
sector now used for greenhouse crops, filter systems used in the Netherlands in greenhouse
crops of tomatoes now used for outdoor crops of strawberry, etc. The concept of “innovative
technology” should not be confused with the Technology Readiness Level (the TRL, as defined
by the EU), which has been included in the description of the implementation of each
technology, to identify the “readiness” of each exchanged technology to the horticultural
sector. It should also be noted that the technologies exchanged were selected as “short-term”
solutions for specific problems at specific sites and growing conditions, therefore, the results
obtained and presented later in further detail in this document, refer to results observed
during a short period of time (one growing season), and thus, they should be taken with
caution.
The exchange phase in WP5 was very active and productive, especially after the Benchmark
workshop (T3.5, M10). Based on preliminary outcomes from T3.2, T3.3, and T3.5, more than
20 exchanges were selected. At least eight of the exchanges concern innovative technologies
and the rest concern technology exchanges of current technologies, with lower innovation
level but that may have a serious impact based on results from the benchmark study.
T5.4 builds on the outcomes of the work packages 2, 3 and 4 of the FERTINNOWA project. In
WP2, FERTINNOWA partners surveyed 371 growers, covering 531 growing systems, all over
Europe. The results of these questionnaires were analysed in WP3 and provided a basis to
identify the primary interests of growers but as well the bottlenecks and needs expressed by
the growers. On the other hand, WP3 carried out an inventory of the technologies currently
available in the fertigation sector, providing for each of these technologies a detailed
description. Those documents, based on expert’s knowledge, feedback from stakeholders and
bibliography review, established the core materials for the BREF-like document, the
Fertigation Bible. In WP4 members analysed the information provided by both the benchmark
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 689687
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survey and Fertigation Bible and identified the remaining gaps, being problems for which no
appropriate solution was available at the time the report D4.1 was written.
From D4.1 it was clear that part of the problems was more general and did not count for one
topic and/or required not only a technological but as well a socio-economic and legal context.
Other problems were more related to a specific area, technology or subject. Moreover, it was
often a combination of technological and non-technological solutions that could help to bring
the grower to the next level of sustainability.
In general, growers doubt about the reliability of new technologies or tools. Growers think
that their situation is unique and that the solution may not be applicable in their situation.
They were afraid that the new system would require considerable changes in the current way
of operating. Moreover, growers feared to risk yield or quality losses when introducing new
technologies. For many technologies, proper operating practices are fundamental. Besides,
low-tech solutions were preferred to high-tech solutions that could cost more. To increase
adoption of new technologies, most growers would want feedback on new tools/technologies
from other growers and access to specialist advice (D3.3), indicating the importance of
exchanging knowledge and technologies but also, showcasing these technologies at the
growers’ site or at experimental stations with close relations with growers. It should be
highlighted that results and discussions with horticulture experts revealed that growers feel
there is a lack of solutions to remove nutrients before discharging the drain water.
T5.4 members analyzed the information provided by the benchmark survey, the Fertigation
Bible and the identified remaining gaps, before selecting those technologies that might
provide solutions to the specific problems to the crops and growing conditions in their
growing area, and that would be better accepted for growers to implement.
1. Recovery of N and P:
In the last years, the recovery and reuse of P and N from organic waste streams and water
have been investigated through the application of different technologies such as nitrogen
stripping, membrane technology, chemical precipitation, and biological assimilation among
others. To reduce the impact on the environment, it is necessary to find a removal technique
with which it would be possible to recuperate the eliminated nutrients and re-use them as
fertilizer. In soilless growing systems, the need occurs to discard drain water containing
nutrients. The Flemish Legislation states that this waste streams have to be applied on
agricultural land or be processed. Growers do not have the land available and/or treatment
costs for the discarded water are high. Therefore, growers in the area are in need of a system
that can remove the nutrients from their discarded water and allow recirculation of both
water and nutrients after treatment. This could improve the economic feasibility of these
technologies. At the same time, the outflow values of the technologies available, must comply
with regional and/or nation legal limits for phosphate, ammonium, nitrate and sulphate loads
in surface waters. The same applies for the pH-value limits.
Existing technologies such as the electrochemical phosphorus precipitation “ePhos®” and ion
exchange allow the recovery of nutrients from discharge water as fertilizer. The recovered
This project has received funding from the European Union’s Horizon 2020 research and
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fertiliser could be used by the growers resulting in economic benefit. For example, the
phosphorus price at the end of 2017 was around 0.07 Euros/Kg.
The implementation of technologies for the removal and/or recovery of nutrients will involve
dealing with a series of socio-economic issues, according to the results reported in D4.1
Identification of Gaps:





A “mind shift” of the growers will be required as growers will have to pay additional
attention to the treatment of a “wastewater stream.”
At the moment, growers are not sufficiently aware of the potential value of discharged
drain water. Drain water will have a residual value for both the nutrients contained as
well as the value of the water itself. The value of the water will differ depending on
the type of water source.
Purification of wastewater can require considerable investment. Recovery of (some)
nutrients and on-site production of fertilizers might cover (part) of the investment and
operational cost for these installations.

The ePhos® process developed by Fraunhofer IGB in Germany is used for the recovery of
phosphate and ammonium from various wastewater treatment plants, and has been
exchanged with the PCS ornamental plant research center to recover N and P from drain
water of ornamental crops.
2. Removal of plant protection products (PPPs):
There is need for system-related methods for removing/breaking down plant protection
products’ residues before discarding waste waters. In the Netherlands, growers of
greenhouse crops should strive towards zero emissions by 2017. This includes zero emission
of nitrogen (by 2027) and PPP residues (95% reduction by January 1, 2018). Some techniques,
available and used in other sectors with longer-lasting effect might be useful but have to be
adapted to the horticultural sector. One technology coming from the sanitary sector, the
photocatalytic oxidation (PCO), has been exchanged and showcased in vegetable
greenhouses in the Netherlands. In PCO processes, inert, nontoxic, cheap catalysts (such as
titanium dioxide, TiO2) can be used to provide for self-disinfecting and cleaning surfaces.
TNO/WR in the Netherlands exchanged this technology to remove PPPs from greenhouse
waste waters and observed the removal of all organics, including growth inhibitors and
chemicals used for pest control, although inorganics such as Nand P were not removed.
3. Zero liquid waste pre-filtration systems:
Most of the strawberry substrate growers in Belgium make their own plant material on tray
fields, to be able to create plants with the required characteristics in production potential and
harvest spread. To reduce the impact on the environment and to respect nitrate and
phosphate norms imposed by Europe, Belgium growers need to change their cultivation
practice on the tray field. The optimal adaptation is to provide a semi-closed water system on
the field in order to collect all the polluting drain water for reuse on the strawberry plants.
Overflows are allowed at moments with intense precipitation, but only when the water
contains no or hardly any nutrients or pesticides. Disinfection is necessary, and as the
This project has received funding from the European Union’s Horizon 2020 research and
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collective consultations showed, the preferred techniques are slow sand filtration and UVdisinfection. Because of the use of organic substrates, the collected drain water will contain
small organic particles that will interfere with the disinfection technique. Pre-filtration is
therefore necessary. In horticulture, in general, fast sand filtration is applied to treat drain
water. However, frequent back-wash of these filters is required and this wash water,
containing nutrients, is discharged. The back-wash volumes can amount several cubic meters
per day. Therefore, there is a need for filter technologies, producing limited to zero liquid
waste streams. Two promising techniques were exchanged from those listed in the
Fertigation Bible, the sieve bend filtration and paper band filtration. These filters were
selected as both of them produce (almost) zero liquid waste water streams. Both technologies
have proven their use in the Netherlands for the filtering of drain water and were exchanged
in Belgium (by PCH) as from the techniques mentioned in the TRD’s, and in the Fertigation
Bible, these two pre-filtration methods are very much suited for use on strawberry tray fields.
The main benefit of the sieve bend filtration was the static action mode and the long lasting
efficacy of the stainless steel version. An advantage of the paper band filtration was that can
filter down to very fine particles (20µm) depending on the maze size of the filtering paper.
The technology is very simple, and the paper is automatically shifted towards a new surface
once the previous part is completely clogged up by particles.
4. Isotopic analysis:
High yielding horticultural crops require the addition of nitrogen. Generally, the applications
of nitrogen (N) are in excess of crops requirements to ensure crop yield. When the supply of
N exceeds crop demand, nitrate (NO3) accumulates in soil. Nitrate is highly soluble and does
not interact with soil particles. When drainage occurs, the accumulated NO 3 is leached from
the crop root zone eventually entering aquifers. The isotopic analysis represents a versatile
and innovative technique whose fields of application are very wide, ranging from geological
and hydrogeological studies or the evaluation of different types of pollution, to the
identification of food sophistication, the safeguarding of the artistic heritage and medical
diagnostics. Isotopic analysis is used in the environmental sector for the following purposes:
evaluation of water, atmospheric and soil pollution and determination of the origin of
contamination (nitrate pollution); climatological studies and biogeochemical cycles.
Important applications are possible in the preservation of the artistic heritage, through the
study of alterations and degradation of stone materials constituting the monuments due to
atmospheric pollution. For instance, Thompson et al. (2013) from the University of Almería
(UAL), conducted a study in South-East Spain where N15 and O18 analyses determined the
origin of the substantial nitrate contamination in the shallow aquifer in the Campo de Dalías
region, and also in drain water from soil and substrate-grown crops. With respect to the
productive sector, it has been proposed by researchers at IFAPA as a technology to certificate
organic production in greenhouse produced cucumber crops (Cuevas et al., 2015) and they
are adapting the methodology for other crops as well. CERSAA, in North Italy, collected water
samples from wells in a Nitrate Vulnerable Zone to analyze N15 and O18 and found that isotopic
composition of almost all analysed water samples showed that nitrate contamination came
from a mixed source of synthetic fertilizers and organic matter of human origin. Such
This project has received funding from the European Union’s Horizon 2020 research and
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information could be very valuable to policy makers in order to prepare or update guidelines
to be implemented in Nitrate Vulnerable Zones. Crucial information about fertilization
practices (organic/inorganic fertilizer used), or the effectiveness of the implementation of the
nitrate directive on Nitrate Vulnerable Zones, could be some of the possible uses of this
technology. Another possible use of isotopic analysis is to use it as a control measure in
organic horticulture. IFAPA is undergoing research to establish the methodology for such
analyses (Cuevas et al., 2015).
5. Reduction of nitrate leaching:
Improvement of water and nutrient use efficiency is crucial to minimize nitrate leaching to
the environment in open and semi-closed systems, especially in Nitrate Vulnerable Zones.
CERSAA has exchanged and showcased the use of absorbing mats in ornamentals and fresh
herbs on bags and pots in soilless systems, with regard to their effect in “trapping” nitrates
from drain water and avoid their emission to the environment. This technology is the result
of a previous regional project called NUTRIEGO (Riduzione del problema dell’inquinamento
da nitrati dei suoli e delle falde idriche, Domanda D’Aiuto N. 94751634216), funded by the
Region of Liguria and the CE under the Programme Regionale di Sviluppo Rurale 2007-2013Liguria, “Fondo europeo agricolo per lo sviluppo rurale: l’Europa invete nelle zone rurali.
In general, and as it will be concluded from the technologies reported in Chapter 3 of this
document, the treatment of horticultural drain or drainage water before disposal to the
environment requires a combination of technologies to remove the most important
pollutants being nitrogen, phosphorus and plant protection products. Some technologies are
available for the removal of nutrients, which can also improve the use of drain water in closed
and semi-closed systems. Thus, and as recommended from D4.1, more research is necessary
to study and further develop technologies to efficiently recover nutrients from horticultural
waste water streams. Long-term demonstration sites are also needed to showcase the
potential of these technologies on the long-term.

This project has received funding from the European Union’s Horizon 2020 research and
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2 Introduction
2.1 Objectives
Work package 5 (WP5) aims to exchange technologies among the different regions, crops and
growing systems in order to fulfil the gaps pointed out by the Benchmark study (WP3) in Task
3.3 and WP4 in Task 4.1.
It was proposed that in WP5 at least 8 innovative technologies would be evaluated. The
exchange phase has been very active and productive, especially after the Benchmark
workshop (T3.5, M10). Based on preliminary outcomes from T3.2, T3.3 and T3.5, more than
20 exchanges were selected. Eight of the exchanges concern innovative technologies and the
rest concern technology exchanges of current technologies, with lower technological level
but that may have a serious impact based on results from the benchmark study.
T5.4 builds on the outcomes of the work packages 2, 3 and 4 of the FERTINNOWA project. In
WP2, FERTINNOWA partners surveyed 371 growers, covering 531 growing systems, all over
Europe. The results of these questionnaires were analysed in WP3 and provided a basis to
identify the primary interests of growers but as well the bottlenecks and needs expressed by
the growers. On the other hand, WP3 carried out an inventory of the technologies currently
available in the fertigation sector, providing for each of these technologies a detailed
description. Those documents, based on expert’s knowledge, feedback from stakeholders and
bibliography review, established the core materials for the BREF-like document, the
Fertigation Bible. In WP4 members analysed the information provided by both the benchmark
survey and Fertigation Bible and identified the remaining gaps, being problems for which no
appropriate solution was available at the time the report D4.1 was written.
From D4.1 it was clear that part of the problems was more general and did not count for one
topic and/ or required not only a technological but as well a socio-economic and legal context.
Other problems were more related to a specific area, technology or subject. Moreover, it was
often a combination of technological and non-technological solutions that could help to bring
the grower to the next level of sustainability.
As a general gap, the Benchmark survey showed that part of the growers were convinced they
were already applying the most efficient and sustainable practices regarding irrigation and
fertigation. Growers thinking they still could make further steps forward were generally not
aware of all the available technologies that could assist them to resolve some of the issues
and problems they were facing. They had not heard about these technologies or did not know
these technologies were also applicable in their situation (D4.1).
In case a technology is known by a grower, the grower first has to be convinced of the
effectiveness of the solution. In general, growers doubt about the reliability of new
technologies or tools. Growers think that their situation is unique and that the solution is not
applicable in their situation. They were afraid that the new system would require considerable
changes in the current way of operating. Moreover, growers feared to risk yield or quality
losses when introducing new technologies. For many technologies, proper operating practices
This project has received funding from the European Union’s Horizon 2020 research and
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are fundamental. Systems that are not operated in a right way are regarded as not applicable,
what will also affect future users. This illustrates the need for specific knowledge for growers
on how to operate new technologies, models, or methodologies correctly. Besides, in general
low-tech solutions were preferred to high-tech solutions that could cost more. Thus, to
increase adoption of new technologies, most growers would want feedback on new
tools/technologies from other growers and access to specialist advice (D3.3), indicating the
importance of exchanging knowledge and technologies but also, showcasing these
technologies at the growers’ site or at experimental stations with close relations with
growers.
Some growers (mainly in the NW region) have reported facing restrictions or controls related
to their emissions, enforced by external authorities. In the next years, 23% of the respondents
to the grower´s questionnaires (Benchmark report (D3.3), are planning to implement new
practices to limit effluent discharge into the environment. The latter rate was higher in the
NW region (41%) than in the MED (18%) or CE regions (8%). However, more controls are under
way (especially in the MED region) as the European Commission has decided to take further
steps in legal actions against Mediterranean countries (i.e., Spain, Italy, Greece and France)
for failing to respect the Community Nitrates Directive, which concerns the protection of
waters against pollution caused by nitrates from agricultural sources
(http://europa.eu/rapid/press-release_IP-96-1217_en.htm).

2.2 Selection process of the exchanged technologies:
Reducing the impact of fertigation on the environment, by removing or minimizing emissions
was the main objective in this work group. This improvement can be addressed by recovering
nutrients and PPP removal of discharge waters. The benchmark study confirmed that
environmental issues regarding effluents from horticultural cropping systems are becoming a
focus point in more and more countries. In the Netherlands, for example, all discharged water
streams should be 95% clear from pesticides residues by 2018 and also from N and P from
2027 on. Moreover, main nutrients (N, P) used in the horticultural sector may cause damages
to the environment when released. For this reason, a large part of growers located in North
West Europe are facing controls towards their emissions and they are requested to take
appropriate actions to minimize nutrient leaching. However, the current technologies are not
satisfying; this is why growers are seeking for solutions to minimize their discharge of
nutrients. Therefore, several technologies to treat discharge water or to facilitate its
recirculation were exchanged and showcased by partners.
As NW countries are facing controls to minimize and/or eliminate pollutants from the
discharge waters, it is expected than MED countries will face similar controls in the immediate
future, as the European Commission has decided to take further steps in legal actions against
Mediterranean countries (i.e., Spain, Italy, Greece and France) for failing to respect the
Community Nitrates Directive, which concerns the protection of waters against pollution
caused by nitrates from agricultural sources (http://europa.eu/rapid/press-release_IP-961217_en.htm). Many of the intensive horticultural regions in Europe are located in Nitrate
Vulnerable Zones where surface waters and/or the underlying aquifers are contaminated
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with nitrates. In some instances, the high contamination is due to very large manure
applications (Thompson et al., 2013) or to inadequate N fertilization management by an
excess of application of N fertilizer to ensure crop yields. Natural abundance values, known
as delta values () of the stable isotopes N15 and O18 provide information on the origin of NO3permitting determination of the relative contribution of different N sources, and O18 on the
proportion of NO3- derived from nitrification, from either manure or NH4+ fertilizer, or from
NO3- fertilizer. The isotopic analysis can determine the origin of the substantial NO3contamination in the aquifers or shallow waters and also in the drain and drainage waters
from substrate-grown and soil bound crops, respectively.
Minimizing drain losses by a better programming of irrigation and fertilization crop needs and
by reuse of drain water would be the first step (see D5.4) as also recirculation of drain water.
Minimizing drain losses in soilless crops was considered by growers as reported in the
Benchmark survey, but some of them indicated some gaps to implement new technologies to
reduce and/or reuse drain water. The reasons stated for not implementing improvements
were mainly economic, although others were found concerning the fear of having to
technically adapt their system to more complex technologies, and regulatory issues found
when it was forbidden to discharge treated drain water. In soilless crops, a major way to save
water and nutrients is to collect and reuse the drain water. This technique was proven to be
efficient and with minor risks, if the drained water is treated. However, it is low implemented
in some countries because of fear from sanitary issues, and also because the high EC of the
drainage water leads to accumulation of ballast salts like sodium. Some technologies to
overcome these bottlenecks were exchanged and showcased at partners’ site to demonstrate
efficient solutions to their local growers (see D5.4).
Also, recirculation of drain water occurs mainly in the NW region, while in the MED and CE
regions, 50% and 44% of the interviewed growers did not recirculate. In this respect, some
growers wanted to implement new water treatment systems for drainage recycling and have
data on the efficiency of each one (UV/biofiltration/ etc.), as has been exchanged in the NW
region (CATE in France). In case recycling of the drain water is applied, commonly the drain
water undergoes a disinfection treatment. Disinfection units generally require that the
drainage water is free of particles. As such, disinfection units can function optimally (for
example UV-units), and continuous backflushing is prevented (for example membrane
technologies). Commonly used filter techniques for horticulture are slow sand filtration, biofiltration and ultrafiltration. These techniques filter out most diseases and produce water
usable for horticulture. Particles will remain in the filtering agent (sand or membranes) and
start clogging up the filter device. Especially in cultivations with organic substrates, particles
will quickly clog up the filtration unit, with increased back flushes as a result. Back flushes limit
the filtration capacity and have to be avoided as much as possible. Discharge of back flush
water has to be avoided as this water contains high concentrations of nutrients.
In MED regions, where the majority of systems are open or semi-closed, low-cost and lowtechnical technologies may be a good solution for horticultural growers to reduce emissions.
One of these technologies might absorbing mats.
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Both soil-grown and soilless growing systems applying fertigation can produce nutrient
wastewater streams during the production process. Although drain water in soilless crops and
drainage water in soil bound crops are the most well-known wastewater streams, the cleaning
water of the irrigation system and filter systems can also contain considerable concentrations
of nutrients and residues of plant protection products (PPP) (D3.3).
The benchmark survey showed that 95% of the respondents did not apply any treatment to
drain water before discharging it. To evaluate the environmental impact of drain water
discharge, it is essential to know more about the destination of the discharge water. 74% of
the respondents indicated having one or more destinations for their discharged water. In 25%
of the discharge events, the drain water is directly discharged into the environment (ditch,
surface waters). In about 24% of the discharge events, the drain water was released to the
sewage systems. However, it was not clear that the sewage systems are passing through a
water treatment plant (Figure 1). Other practices were spreading the discharge water on
cultivated land (16%) or in bare fields (14%). These growers are mainly located in Belgium,
Poland, France, Netherlands, and Spain. In 9% of the events, the discharge water is re-used
on other crops, and in 6% of the discharge events, the discharge waters were to on-farm
tailing ponds or constructed wetlands. As the cleaning water might contain considerable
concentrations of nitrogen and/or phosphorus, it is important to know the destination of this
source of discharge water. In the MED region, the cleaning water is mainly spread on
cultivated land (66%). In the CE region, the cleaning water generally either evaporates (56%)
or is discharged to surface water (26%) for the soil grown crops. In the NW region, the cleaning
water is either recirculated (33%), discharge into the surface water (26%), evaporated (23%)
or spread on another crop (23%).

Figure 1 Destination of the discharged drain water (Source: D3.3)
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The survey also revealed that growers in the North-West of Europe, mainly Flanders and the
Netherlands, planned new investments to reduce drain water discharge. Results and
discussions with horticulture experts revealed that growers feel there is a lack of solutions to
remove nutrients before discharging the drain water.
Several technologies have been exchanged and showcased within this group, in soil and
soilless crops, aiming to find solutions to these specific problems. Thus, some technologies
and practices regarding minimizing emissions were presented during the benchmark
workshop (T3.5) as well as in the TRD’s (technology mapping in T3.2 and bottlenecks and
solutions in T3.3), as well as the main bottlenecks which may restrain growers from the
implementation of new and innovative technologies (T3.1, T3.3 and T4.1), and are
summarized in the Fertigation Bible (T3.4). Results from the benchmark study have also been
used on the collective consultations (WP2), the mapping of the bottlenecks (WP4), and to
prioritize the topics of interest for the growers; thus, aiding partners to finally select the “best
available” technologies to be exchanged in WP5. Some of the technologies selected to solve
specific problems were presented during the workshop on evaluation of exchanged
technologies (T5.5, D5.1) in M23.
In this report, “innovative technologies” are those that are either newly invented or are being
utilized in new ways (Source: http://www.igi-global.com/dictionary/engaging-adult-learnersinnovative-technologies/14714). The latter part “in new ways” corresponds to the fact that
technologies already commonly used in specific sectors or regions were exchanged towards
other sectors, regions, etc., and made small adoptions to assure they would work under these
new conditions. For example, photocatalytic oxidation (PCO) materials used in the sanitary
sector now used for greenhouse crops, filter systems used in the Netherlands in greenhouse
crops of tomatoes now used for outdoor crops of strawberry, etc. The concept of “innovative
technology” should not be confused with the Technology Readiness Level (the TRL, as defined
by the EU), which has been included in the description of the implementation of each
technology, to identify the “readiness” of each exchanged technology to the horticultural
sector. It should also be noted that the technologies exchanged were selected as “short-term”
solutions for specific problems at specific sites and growing conditions, therefore, the results
obtained and presented later in further detail in this document, refer to results observed
during a short period of time (one growing season), and thus, they should be taken with
caution.
To minimize emissions from the agricultural sector, and also, to determine sources of nitrate
from horticultural production systems in aquifers and drainage water, some technologies
were exchanged, and further showcased and evaluated for short-term on-site
implementation. Of the exchanged technologies, two are very innovative. One of them is the
e-Phos® technology to recover N and P from discharged water. FRAU develops and optimizes
processes and products for the business areas of medicine, pharmacy, chemistry, the
environment, and energy. One of the key research areas of FRAU is the development and
implementation of cost-efficient strategies and technologies for the integrated resource
management of nutrients from wastewater and organic waste. In recent years, innovative
technologies have been developed and demonstrated at laboratory, pilot and industrial scale
This project has received funding from the European Union’s Horizon 2020 research and
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to recover mineral fertilizers and soil improvers from municipal sewage sludge, livestock
manure, digestate from biogas plants and food industry residues. This includes the chemicalfree process e-Phos® for phosphorus recovery from sewage sludge and BioEcoSIM for manure
valorization. FRAU has exchanged this technology with PCS to remove phosphorus from the
drainage water produced in PCS Ornamental Plant Research Center in Belgium.
Another example of highly innovative technology is the use of isotopic analysis to determine
sources of nitrate from a horticultural production system in an aquifer. Isotopic analysis can
be used to identify the most important nitrate sources in the area through groundwater
samples collected with regards to N and O isotopes. The technology has high innovation level,
mainly important due to impact for growers located in NVZs (Nitrate Vulnerable Zones), but
also policy makers.
Although pesticides are not the direct scope of the FERTINNOWA project, a first screening
was carried out regarding the use of photocatalytic oxidation to remove pesticide residues
from drain water. This exchange was included as plant nurseries and strawberry growers are
more and more faced with the legal obligation to remove nitrogen, phosphorus and PPP
residues from drain water. For example, in the Netherlands, growers of greenhouse crops
should strive towards zero emissions by 2017. The legislation includes that PPP residues have
to undergo a 95% reduction by January 1, 2018. A highly innovative technology,
photocatalytic oxidation (PCO) has been exchanged and showcased by TNO/WR, showing the
possibilities to adopt and implement this technology, used in the sanitary sector, to the
horticultural sector.
Additionally, less innovative practices were exchanged and showcased seen the impact they
had on the short term, being the zero liquid waste pre-filtering technologies of PCH and the
absorbing mats of CERSAA. In all instances, the best technology available (high or low tech)
was selected for each partners’ scenario, taking into account the available budget. Table 1
shows an overview of participating partners, region, crops and growing system (open field or
protected) for technology exchange and showcasing in Task 5.4 and the innovation level.
Table 1 Overview of participating partners, region, main crops’ growing system (open field or protected) and
technology exchanged.
Partner

Region

Crop

System

Technology

Innovation
level

PCS & FRAU

NW

Ornamentals

Open field/
Greenhouse

e-Phos®

High

TNO/WR

NW

Vegetables

Greenhouse

Photocalytic oxidation

High

PCH

NW

Strawberry

Open field

Pre-filtration

Low to
moderate

CERSAA

MED

Fresh herbs and
ornamentals

Greenhouse

Isotopic analysis

High

CERSAA

MED

Ornamental & fresh
herbs

Greenhouse

Absorbing mats

Low

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 689687

17

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops

The technology exchange is summarized in the map displayed in Figure 2.

Figure 2 Map of exchanges in T5.4

2.3 Further reading:
As mentioned, the basis of the work in task 5.4, resulting in this deliverable 5.5, is formed by:
1.
2.
3.
4.

The benchmark survey (D3.3)
The benchmark Workshop (D3.2)
The Fertigation Bible (D3.4)
The identification of gaps (D4.1)

These documents can be regarded as the main references. More general background
information and explanation of the technologies and their use can also be found in these
documents.
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2.4 Relation of selected technologies
2.4.1 The e-Phos® technology
FRAU develops and optimizes processes and products for the business areas of medicine,
pharmacy, chemistry, the environment, and energy. One of the key research areas of FRAU is
the development and implementation of cost-efficient strategies and technologies for the
integrated resource management of nutrients from wastewater and organic waste. In recent
years, innovative technologies have been developed and demonstrated at laboratory, pilot
and industrial scale to recover mineral fertilizers and soil improvers from municipal sewage
sludge, livestock manure, digestate from biogas plants and food industry residues. This
includes the chemical-free process e-Phos® for phosphorus recovery from sewage sludge and
BioEcoSIM for manure valorization. FRAU exchanged this technology with PCS to remove
phosphorus from the drainage water produced in PCS Ornamental Plant Research Center in
Belgium using a combination of Ion exchange and the electrochemical phosphorus recovery
technology e-Phos®. The innovation level of this technology for reducing emissions is high.
PCS is a Belgian research institute. An important problem for Belgian ornamental growers is
the content of N and P in discharge water, which is above the legal limits. FRAU has assisted
PCS in techniques for removing nutrients from discharge water. A pilot plant was installed at
PCS facilities with the electrolysis cell ePhos® to extract N and P.

2.4.2 Photocatalytic oxidation
TNO/WR exchanged the photocatalytic oxidation technology which can be applied to remove
residues of PPP. The photocatalytic oxidation demonstration was carried out in the
Netherlands, at the Westlandse Planten Kwekerij B.V (WPK), starting July 2017. WPK is an
authority in the field of vegetable cultivation in Europe. Their main activity is the cultivation
of vegetable plants for greenhouse horticulture. They also cultivate tray plants in the fieldscale horticulture. Their product range exceeds from grafted tomato plants to celery. The
innovation level of photocatalytic oxidation for reducing emissions is high.

2.4.3 Pre-filtration before disinfection in semi-closed systems
PCH is a Belgian research center specialized in the cultivation in glasshouses (strawberry,
tomato, pepper) and the strawberry cultivation in open air (in soil and on table tops). The
primary objective of pre-filtration is to filter out organic particles from drain water to ensure
a sufficient disinfection capacity from the disinfection unit. Insufficient pre-filtration leads to
clogging of disinfection units and frequent back flush or in the case of UV disinfection for low
transmission rates of the water that interfere with the disinfection capacity. The technologies
“paper band filtration” and “sieve bend filtration” have been proven in the Netherlands for
the filtering of drain water. The objective is to facilitate the disinfection of water with
techniques like ultrafiltration or UV-disinfection. Innovation level of this practice is moderate
to low, but the benchmark study showed that growers require reliable disinfection
technologies. Pre-filtration is an essential step in the use of these technologies. The use of
paper band filtration has the benefit that it does not produce any nutrient-rich wash water
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compared to sand filtration, which is commonly used now. In this way, the use of paper band
filters leads to less discharge towards the surface water as the wash water is now discharged
by part of the growers. The sieve bend filtration could be used as one of the first filtration
steps before collecting the drain water from tray fields in a silo. The paper band filtration
could be applied as a final filtering step before the disinfection unit, for example, a UV-unit.

2.4.4 Use of isotopic analysis to determine nitrate source
CERSAA is located in Italy where the majority of soilless cultivation systems are open systems
where leachates are not collected and reused. High yielding horticultural crops require the
addition of nitrogen. Generally, the applications of nitrogen (N) in the area are more than 100
kg N/ha, and in very high yielding crops can be several hundred kgs 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). Potted cultivations are typical for the region as around
25% of the overall national production of aromatic plants is concentrated here. Water and
nutrients are normally provided through sprinkler irrigation (above plants). When the supply
of N exceeds the crop demand, NO3 accumulates in the 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. Isotopic analysis can be used to identify the
most important N sources in the area through groundwater samples collected with regards
to N and O isotopes. The technology has a high innovation level and is mainly of importance
to growers located in NVZs, but also policy makers. This technology has been usedaa by the
UAL consortium member to determine sources of nitrate from a vegetable production system
in aquifer and drainage water, and at IFAPA as a technique to guarantee the use of organic N
fertilizer in organic vegetable production. CERSAA has applied isotopic nalyses to screen the
nutrient pollution in its region.

2.4.5 Absorbing mats
CERSAA is located in Italy where the majority of soilless cultivation systems are open systems
where leachates are not collected and reused. It is crucial to set up pilot plants to show the
farmers how it is possible to gradually reduce drainage and nitrate leaching, as the growing
area is located in a nitrate vulnerable zone (NVZ) and improvement of water and nutrient use
efficiency is crucial. The technology exchanged, absorbing mats, is the result of a previous
regional project called NUTRIEGO (Riduzione del problema dell’inquinamento da nitrati dei
suoli e delle falde idriche, Domanda D’Aiuto N. 94751634216), funded by the Region of Liguria
and the CE under the Programme Regionale di Sviluppo Rurale 2007-2013-Liguria, “Fondo
europeo agricolo per lo sviluppo rurale: l’Europa invete nelle zone rurali. The crops used were
ornamentals and fresh herbs on bags and pots soilless systems. The technology has low
innovation level, mainly important due to impact for growers located in NVZs.
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3 Evaluation of the on-site implementation of exchanged
technologies
3.1 The e-Phos® technology
3.1.1 General technology exchange description
3.1.1.1 Location and growing system
Farm

PCS ornamental plant research station, Destelbergen, Belgium

Figure 3 Location of Destelbergen, Belgium (Google maps, 2018).
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Figure 4 PCS is located near the city centre of Ghent (Google maps, 2018)
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Figure 5 . PCS consists of 3 ha outdoor growing areas and 1,3 ha of greenhouses (Google maps,
2015).

Figure 6 The new Venlo type greenhouses were built in 2018 and contain 32 compartments
that can be steered separately.

Coordinates

51°04'17.6"N 3°48'42.6"E

Climate
Zone

Cfb: Temperate maritime climate
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Crops

All types of ornamentals: pot and bedding plants, cut flowers, hardy nursery stock

Growing
System

All types of growing systems: Venlo greenhouses with eb-flood system, gutters,
container fields, plain soil, under cover or open

Irrigation

Drippers, eb-flood systems, on top irrigation, steered by irradiation sum

Fertigation

Automated system with mixing tank

3.1.1.2 Technology exchange Summary
According to the last report of the United Nations, the world population will reach 9.8 billion
in 2050. As a result, the demand of resources such as food and water will respectively increase
by 50%, which will represent a challenge for the industrial and agricultural sector. The
challenge to face will be to produce more while at the same time adopt more efficient and
sustainable processes and adapt to climate change.
In agriculture and horticulture, the cultivation of plants requires the macronutrients nitrogen
and phosphorus, which are usually produced in an industrial scale as fertilizers. However,
after the application of those fertilizers, only a part of the nutrients are taken up by the plant.
Most of it is released into the air in the case of nitrogen and in water streams in the case of
nitrogen and phosphorus. This has a negative impact on human health and the environment.
On the one hand, the release of N in the form of the greenhouse gas N2O contributes to global
warming and influences the ozone layer. Furthermore, increasing the P content in lakes and
rivers accelerates eutrophication.
Contradictory to this situation, while nutrients from these processes are lost in the
environment or causing damage, a vital nutrient like phosphorus is at the same time a nonrenewable resource. In fact, the range of remained resources was estimated to 100 years for
the phosphate reserves, and to another 370 years for the reserve bases.
Given this, in the last years, the recovery and reuse of P and N from organic waste streams
and water have been investigated through the application of different technologies such as
nitrogen stripping, membrane technology, chemical precipitation, and biological assimilation
among others. In Germany for example, to implement a good fertilization practice, 364.000 t
P per year would be required. This demand could be supplied by recovered P from sewage
sludge, the organic waste with the highest P source potential of around 50.000 t P/a, which
means that this source could only satisfy a part of the P demand. Therefore, not only new
technologies but also new sources of P recovery urge to be investigated.
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3.1.2 Technology exchange
3.1.2.1 Description of the problem
The main pressure on Belgian surface waters is diffuse pollution, which affects 72% of water
bodies. Although improvements have been made, agricultural pressures on water in Flanders
remains high, with eutrophication (nitrates) affecting most surface waters, although there are
some regional differences (Source: EU Environmental Implementation Review: Highlights Belgium, February 2017).
Drain water contains nutrients and is considered as a fertilizer in Flanders. Legislation states
that fertilizers have to be applied on agricultural land or be processed. This first option is only
valid between February 16th and August 31st, so growers need to have a large capacity to store
the water or a technique to remove the nutrients until a certain level to be able to discard it
to the surface or groundwater bodies according to their environmental permit. (Legislation:
https://lv.vlaanderen.be/nl/voorlichting-info/publicaties/praktijkgidsen/water/tegengaanvan-waterverontreiniging-veroorzaakt-6# (in Dutch)). All growers are thus in need of a system
that can remove the nutrients from their discarded water or recirculate it in a closed growing
system. The latter is frequently impossible due to infection risks with bacteria and viruses
through the water.
To further reduce the impact on the environment, it would be very interesting to find a
removal technique with which could be possible to recover the eliminated nutrients and reuse them as fertilizer.
3.1.2.2 Objectives
The aim of exchanging this technology was to assess the recovery of nutrients from drain
water produced by the irrigation of plants in PCS Ornamental Plant Research Center in
Belgium. Through this process, the recovered nutrients can be transformed into a marketready and efficient fertilizer. Furthermore, the drain water is to be purified of free ions by an
ion exchange process in order to enable reuse of the water and to save water. Consequently,
the outflow values of the e-Phos® pilot plant must comply with the Belgian legal limit values
for phosphate, ammonium, nitrate and sulphate loads in surface water. The same applies to
the pH-value limits between 6.5 and 8.5.
3.1.2.3 Specific background on the exchange
The ion exchange technology is a conventional technology in areas of water decalcification or
desalination as well as water purity, for example in ponds or aquariums. The technology
readiness level (TRL) has a value of 9. The use for increasing the concentration of phosphate
and ammonium is an invention of the Fraunhofer IGB. The e-Phos® process, on the other hand,
was invented and tested exclusively at the IGB. The technology has a TRL of 8. Both
technologies are not dependent on climate or crop conditions. More information is provided
in The Fertigation Bible (chapter 12.4).
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Stakeholders involved
The Fraunhofer Institute for Interfacial Engineering and Biotechnology IGB, also known as
"Fraunhofer IGB", is part of the Fraunhofer-Gesellschaft. The institute is based in Stuttgart
and has branches in Leuna and Straubing. Its activities are related to applied research and
development in the fields of engineering and natural sciences. The Department of Physical
Process Engineering (PT) is part of the IGB and develops technical processes and components
based on physical or physico-chemical principles. The main topics are oxidative and
electrochemical processes, for example for the treatment of drinking and process water,
sorptive heat storage and integrated treatment-, manufacturing- and recycling-processes in
industrial production.
PCS Ornamental Plant Research has the expertise and facilities to carry out applied scientific
research and more practice-oriented research. At both levels the research is done
thematically. Important research themes are the optimization of culture methods, growth
and flowering regulation, use of energy, quality and post-harvest properties of ornamental
plants and research for practical utility. Important research themes are the optimization of
culture methods, growth and flowering regulation, use of energy, quality and post-harvest
properties of ornamental plants and research for practical utility.
3.1.2.4 Implementation of the technology
The ePhos® process developed by Fraunhofer IGB is used for the recovery of phosphate and
ammonium from various wastewater treatment plants. The substances are precipitated in an
electrochemical process as magnesium-ammonium phosphate (MAP or struvite) which is a
high-quality slow-release fertilizer and can be used directly in agriculture and horticulture.
The main advantage of the e-Phos® process is that no chemicals are added at all. The
magnesium required for struvite formation is added by means of a sacrificial anode in an
electrolysis cell. This causes a chemical reaction in which magnesium precipitates together
with phosphate and ammonium as struvite crystals. The technology is modular and can be
easily up-scaled to any size by serial and parallel connection of the cells.
The e-Phos® process was initially showcased with drain water directly out of the cultivation.
In a second run, an ion-exchange pre-treatment for the compensation of the high seasonal
variation of the nutrient concentrations was implemented. In this way, higher energy
efficiency and simpler control could be achieved. The water to be treated is, therefore, passed
through an ion-exchanging resin bed. To avoid blockages through organic waste, the water is
first cleaned in a filter system. A screen filter with a pore size of 10 m is used. At the same
time, algae, fungi, and bacteria are removed from the water.
The ion exchange works in two cycles; the adsorption cycle and the regeneration cycle.
During the adsorption cycle, the drain water is pumped into two columns, filled with ion
exchange resins. The first resin selectively adsorbs all cations like ammonium from the drain
water. The second resin selectively adsorbs all anions like phosphate. As soon as both resins
are saturated with the corresponding ions, the regeneration cycle begins. Therefor a NaClsolution is pumped through the columns. The Na- and Cl-ions of the regent are also adsorbed
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by the resin. Thereby the phosphate and ammonium has to be released into the solution in
order to provide new spots for the ion exchange with Na and Cl. As a result, the required ions
have been transferred from the drain water into the regent. The process is repeated using the
same NaCl-solution, until the desired concentrations are reached.

Figure 7 Flow diagram of the process

3.1.2.5 Results
At the beginning of the implementation of this technology, the nutrients in the drain water
were recovered only by the e-Phos® process. Phosphate recovery achieved an efficiency of
87%. After that initial period, an ion exchange process in which phosphate and ammonium
was concentrated in order to compensate the high seasonal variation of nutrients in the drain
water was added. The latter enabled higher energy efficiency and simpler control of the
process.
The interpretation of the results of the ion exchange technology is based on the efficiency of
the adsorption cycles as well as the regeneration cycles. Adsorption is particularly efficient if
as much ions like phosphate, ammonium, sulphate and nitrate as possible, are removed from
the drain water in the corresponding passages. On the basis of the removed amounts of
nutrients, it is possible to determine how much of the nutrients are bound in the columns per
cycle and consequently how much of it can be used as a fertilizer. The initial concentration of
ions in the drain water is shown in table 1.
Table 2 Initial ion concentrations in drain water

Concentration [mg/l]
Phosphate

89,2

Sulphate

121,0

Nitrate

756,9
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Ammonium

27,9

By repeating the adsorption/resorption cycles, the ions pass into the 10% NaCl regeneration
solution. After 10 repetitions with drain water flow rate of 77,4 l/h, the ion concentrations
indicated in table 2 were reached.
Table 3 Ion concentrations in drain water after 10 repetitions with drain water flow rate of 77,4 l/h

Concentration [mg/l]

%-increase

Phosphate:

1,140

1,178

Sulphate:

2,400

1,883

Nitrate:

9,305

1,129

471

1,588

Ammonium:

Overall, the required raise of phosphate and ammonium concentrations worked well, even
though the adsorption capacity decreased slightly during the execution of the cycles. The
reason for the decrease of the adsorption capacity is the decline of the NaCl concentration in
the regeneration solution after each cycle, as parts of the sodium and chloride ions bound in
the resin are flushed out with each adsorption cycle.
Based on this finding, the NaCl concentration was increased on an experimental basis
between the cycles. As a result, it was found that the subsequent adsorptions were more
effective, consequently this step will be included in the future process. After the above stated
concentrations were reached, the sodium chloride solution was treated by the e-Phos®
process. After just two hours, 98.5% of the phosphorus was recovered. Approx. 1 kg struvite
was produced.
Table 4 Quality values of the outflowing water

Start values
After 2 h

PO4-P
concentration
[mg/l]

Ph-value [-]

Temperature [°C]

372,0

6,58

27,2

5,6

9,03

31,4

According to the objectives, the quality of the outflowing water at the ion exchanger was also
checked.
The adsorption process was stopped as soon as a higher PO4-P concentration than 2,9 mg/l
was measured at the outflow. This value corresponds to 10% of the original PO4-P
concentration in the drain water of 29,1 mg/l.
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The following table shows the outflow concentrations of phosphate and nitrate at this time.
Table 5 Outflow ion concentrations in drain water

Max. outflow concentration [mg/l]
PO4-P
NO3-N
NO3
SO4
NH4

2,9
22,5
99,60
<5
<1

According to these values, the legal limit values for Belgium have been exceeded in the case
of phosphorus.
Legal limits for reuse at PCS Belgium:
Total phosphorus:

0,1 mg/l

Total nitrogen:

4 mg/l

Nitrate:

10 mg/l

Sulphate:

90 mg/l

As mentioned before, the sodium and chloride ions bound in the resin are flushed out with
each adsorption cycle. Therefore, the outflow concentration of Na has an average value of
187,5 mg/l. As a result, the possibility of reuse for irrigation purposes is not yet been given.
Nevertheless, the discharge of water into water bodies can be checked and carried out
regionally.
As a conclusion it can be stated that the recovery of phosphate and ammonium with the
current status can only be realized by the e-Phos® process alone. The results for the quality of
the water at the effluent are to be evaluated as extremely positive by the ion exchange, since
this is additionally free of sulphate and nitrate. Due to the addition of NaCl to the water, the
regeneration process would be optimized.
3.1.2.6 Benefits
Growers cannot dispose their wastewater unless it achieves full compliance with the water
directive and the local requirements for discharging drain water in surface water bodies.
These regulations state which concentrations of contaminants can be present in the water to
be discharged. By using this technology, growers meet the legislative requirements for
disposing of their drain water in case of a quality problem. In case the cause of disposal is only
a wrong fertilizer recipe or other issue, different from disease pressure or other important
water quality issues, growers that are using this technique can re-use their drain water. With
the current drought and restrictions in water use, this is a huge advantage and might in the
future be one of the elements that let nurseries survive periods of intense drought and stay
competitive within the sector.
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3.1.2.7 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

The introduction of novel
technologies to the market
needs
large
up-front
investments. SMEs and other
first mover investors often
cannot face such high economic
risk.

S

Possible solution(s)

X

The technology implementation may
require in some cases the financial
support of the government or
international organizations/projects.

X

The dissemination of the results among
the different regions in Europe and
interested parts will serve as a starting
point to raise awareness among
decision makers.

The investment and operation
costs of the technology can at
present only be covered by the
saving in the disposal cost in
some regions of Europe. There is
a lack of economic, social and
environmental incentives in
other regions to recover
nutrients (phosphorus, nitrogen,
etc.) from irrigation water.

X

Positioning recycled fertilizers
from irrigation water on the
fertilizer market is challenging.
There is an absence of a
harmonized European regulation
regarding the production, quality
and use of recycled fertilizers.

X

The harmonized European regulation
regarding recycled fertilizers may be
included in the new Fertilizer
regulation.

The
knowledge
on
the
environmental, economic and
social challenges of nutrients
recovery technologies of the
general population also plays an
important
role
in
the
implementation
of
these
technologies. As far as this
knowledge is limited even within
areas of high nutrient pollution in

X

More dissemination activities should
be executed in order to transfer the
knowledge and technology.

In addition the new fertilizer
regulation, which is currently being
evaluated
by
the
European
Commission, includes the use of
recovered fertilizer. In order to
promote the implementation of this
regulation, incentives should be
created among the regions.
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water bodies in Europe, it
represents a challenge for the
public to accept these new
technology and products.
For irrigation water, the e-Phos® X
technology is not cost-effective
because the P-concentration is
too low (< 80 mg/l). P must be
first concentrated using for
example
ion
exchange
technologies.
High concentration of sodium in X
the final effluent (regeneration
solution) after treatment limits
recirculation of treated water. In
general growers do not recycle
water due to the high sodium
concentration.

X

It
was
solved
through
the
implementation of a pre-concentrating
technique: Ion exchange. The results
are showed in this document.

The water could be discharged if the
concentration of the nutrients meets
the regulations after nutrients removal.

T = technological, R = regulatory, S = socioeconomic

3.1.3 Outputs
3.1.3.1 Scientific/Technical publications.
Berckmoes, E., Delcour, I., Vandewoestijne, E., Melis, P., & Van Niekerk, O. (2018, November
23). Gluren bij de buren lost waterproblemen op?! Proeftuinnieuws, 20, 40-425.
3.1.3.2 Participation in Scientific/Technical conferences
Table 6. List of conferences where the results of the technology exchange were presented

Provisional Title

Conference

Location

Demonstration of P- FERTINNOWA
final Almería, Spain
removal and recovery conference: poster
from drain water: sessions
ePhos®

Month/Year

October, 2018
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3.1.3.3 Invited seminars, presentations at local events, etc.
Provisional Title

Conference

Nutrient
removal Showcase event PCS
from drainwater: the
ePhos®

Location

Month/Year

Destelbergen,
belgium

July 2018

3.1.4 Reference list
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3.2 Photocatalytic (PCO) materials in horticulture
3.2.1 General technology exchange description
3.2.1.1 Location and growing system
Farm

WPK vegetable plants: Westlandse Plantenkwekerij
https://www.wpk.nl/
WPK is an authority in the field of vegetable cultivation in Europe. The
main activity is the cultivation of vegetable plants for greenhouse
horticulture.

Figure 8 Location of WPK vegetable plants

Coordinates
Climate Zone

NW

Crops

Cultivation of vegetable plants for greenhouse horticulture and
cultivation of tray plants in the field-scale horticulture

Growing System

Cropping floors

Irrigation

eb - & flood

Fertigation

eb - & flood
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3.2.1.2 Technology exchange Summary
There is a strong and increasing pressure on the companies in this field on the reduction of
use and emission of crop protecting agents. The applicability of photocatalytic oxidation (PCO
or FKO) technology in greenhouse horticulture as well as nursery stock and breeding materials
was exchanged and showcased. In PCO processes, inert, nontoxic, cheap catalysts (such as
titanium dioxide, TiO2) can be used to provide for self-disinfecting and cleaning surfaces. The
principle of the technology is based on catalyst to generate OH radicals using oxygen (from
air) together with water and UV-A radiation, for example from sunlight. These radicals have
strong oxidative activity and can kill microorganisms and break down organic substances.
TNO/WR and Plantum, the Dutch association of nursery stock companies, conducted a
knowledge transfer project on the possibilities of a TiO2-coated cultivation floor that can
reduce disease pressure and at the same time break down some of the remaining plant
protection products. The technology was showcased and was open for anyone interested in
the results of the project and potential of this technology. This technology is further described
in The Fertigation Bible (Chapter 6.9).

3.2.2 Technology exchange
3.2.2.1 Description of the problem
There is a strong and increasing pressure on in greenhouse horticulture as well as nursery
stock and breeding materials companies on the reduction of use and emission of crop
protecting agents. In PCO processes, inert, nontoxic, cheap catalysts (such as titanium dioxide,
TiO2) can be used to provide for self-disinfecting and cleaning surfaces. The principle of the
technology is based on catalyst that to generate OH radicals using oxygen (from air) together
with water and UV-A radiation, for example from sunlight. These radicals have strong
oxidative activity and can kill microorganisms and break down organic substances. TNO/WR
and Plantum, the Dutch association of nursery stock companies, exchanged and implemented
this technology to showcase the possibilities of a TiO2-coated cultivation floor that can reduce
disease pressure and at the same time break down some of the remaining plant protection
products (PPPs).
3.2.2.2 Objectives
The aim of chemical oxidation technologies, such as photocatalytic oxidation is to:
1.

2.

Remove organic pollutants in water flows by means of chemical conversion into
harmless or less dangerous substances. Organic substances may be completely
degraded to CO2 and H2O and possibly inorganics, like hydrochloric acid, HNO3 and
sulphuric acid.
Disinfect water of (plant) pathogens.
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3.2.2.3 Specific background on the exchange
Research In horticulture
In horticulture, the technology is at moment not available and research and development is
being performed to assess its potential. WUR (the Netherlands) is, for example, developing
PCO as a possible new, sustainable water treatment and purification method for greenhouse
horticulture.
Commercialised in other applications
PCO is a well-known technology. Examples include the use of TiO2 in self-cleaning glass and
decontamination of water with photocatalysis. The TRL of PCO technology can be classified
as TRL 6 – technology demonstrated in relevant environment (industrially relevant
environment in the case of key enabling technologies).
Stakeholders involved
Stakeholders involved were growing companies, like WPK Made. WPK is member of Plantum.
Plantum is the Dutch association for the plant reproduction material sector. The members of
Plantum are active in breeding, propagation, production and trade of seeds, bulbs, tubers,
cuttings and young plants. Plantum represents and promotes the interests of its members
and, on behalf of the sector, acts as a discussion partner with government bodies and interest
groups. Plantum’s focus is on consolidating the competitive position of the sector and of the
groups of affiliated members on an international level. Plantum also initiates new
developments and serves as a source of information for companies
(https://www.plantum.nl). Technology suppliers as MCoating, Coating specialist and active in
developing PCO applications. http://www.mcoating.it. Also, Research Institutes like WUR
working on the development and research aspects of the PCO technology for application in
horticulture as well as other sectors.
3.2.2.4 Implementation of the technology
PCO materials like TiO2 can be applied to surfaces on different ways such as wet- and dry
spray coating, immobilizing etc. For the technology exchange at WPK the concrete tiles were
coated with a commercial available TiO2 containing coating (supplied by MCoating) and dried
for a day. The set up consisted of tiles placed in plastic anti-spill containers which were
illuminated with UV units in different 6 combinations of concrete tile with UV unit.
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Figure 9 Photos of the exchange set up

The assessment of the effects of the technology was carried out by the grower, by monitoring
crop growing performance and product quality.

Figure 10 Picture of the growers company
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Figure 11 Picture of the crop

3.2.2.5 Results
The technology exchanged and showcased at WPK on the use of PCO materials in cultivation
floors is building upon earlier research of TNO on the application of these materials. During
the showcasing only the growing performance of the crops were evaluated.
Earlier research is summarized below. Laboratory tests were conducted with plant protection
products carried out with 12 crop protection products (PPP) that are most frequently used in
Dutch greenhouse horticulture.
Table 7 Crop protection products used for evaluation of destruction effect of PCO materials

Crop Protection Product
azoxystrobin
boscalid
carbendazim
Imidacloprid
iprodione
kresoxim-methyl
methiocarb
methoxyfenozide
pirimicarb
pymetrozine
thiacloprid
toclofos-methyl
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A test with a crop protection product solution containing 0.5 ng/ml of each agent, which was
treated with 10 W/m2 for 20 minutes and 1 g/l P25 powder, showed that the agents are
already completely removed after 20 minutes. See the graph below.

Figure 12 Destruction effect of PCO materials on used crop protection products
Time (minutes)

Also the PCO technology is capable of disinfection. A bio-model was used (Agrobacterium
Rhizogenes solution) to investigate this. See the graph below.

Figure 13 Effect on disinfection by PCO materials on CFU of Agrobacterium Rhizogenes (C/C0)
Time (minutes)
This project has received funding from the European Union’s Horizon 2020 research and
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Summarized, the advantages are:
- Effective disinfection
- Removal of all organics, including growth inhibitors and pest control chemicals
- Elevates the amount of dissolved oxygen
Disadvantages are:
- No selectivity in the removal of contaminants (in case of water recycling)
- Needs controlled process conditions
- Risk of toxic by-products formation
- Careful selection of materials for reactor and piping such as PVC, glass-lined reactors or other
corrosive-resistant materials is necessary
- No removal of inorganics, such as K, N, P
- Installation by a specialized company required
Further work needs to be done on legislation issues and to get approval of the materials to
be used in horticultural applications.
3.2.2.6 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

The use of a catalyst like
TiO2 in a greenhouse
horticulture companies has
to be registered as a biocide.
These are costly procedures

R
R

S

Possible solution(s)
A possibility is that the registration
procedure of PCO materials is done on
a generic level by a stakeholder like a
sector organisation

T = technological, R = regulatory, S = socioeconomic

3.2.3 Outputs
3.2.3.1 Scientific/Technical publications
None
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3.2.3.2 Participation in Scientific/Technical conferences
Table 8. List of conferences where the results of the technology exchange were presented

Provisional Title

Conference

Location

Self-cleaning
FERTINNOWA
final Almería, Spain
cultivation floors by conference: poster
Photocatalytic
session
Oxidation (PCO)

Month/Year

October, 2018

3.2.3.3 Invited seminars, presentations at local events, etc.
Table 9. List of events where the technology exchanged was presented

Provisional Title

Event

Location

Month/Year

Showcase on the use of Showcase event on WPK Made, the September, 2017
photocatalytic
exchange of PCO
Netherlands
materials
in
horticulture

3.2.4 Reference list
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3.3 Zero liquid waste pre-filtration systems
3.3.1 General technology exchange description
3.3.1.1 Location and growing system
Proefcentrum Hoogstraten

Farm

Figure 14 Location of Proefcentrum Hoogstraten in north of
Belgium

Coordinates

51°27.2’N 4°47.7E; altitude 16m

Climate Zone

North West Europe

Crops

Strawberry

Growing System

Open field, substrate cultivation

Irrigation

Sprinkler system

Fertigation

Reuse of drain water through sprinklers on top of crop
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3.3.1.2 Technology exchange Summary
Strawberry growers in Belgium grow their own plant material on so called tray fields. The tray
plants that they make form the plant material for the following production year. Tray plants
are the main chosen material for substrate cultivations in greenhouse and on tabletops. Up
to now, tray fields are fields covered with a waterproof and an anti-rooting foil on which the
grower places his substrate plates to grow tray plants.
The plants on the tray field are not covered and thus exposed to precipitation. Nutrients and
pesticides applied to the plants mix with irrigation and precipitation and run off from the field
in adjacent water currents. In order to limit the impact to the environment, Flemish control
agencies are urging growers to close the water loop on the tray fields by collecting the drain
water and reusing the water after disinfection, similar to what the growers do in the substrate
cultivations in the greenhouses.
The influence of precipitation however, has a strong influence on the quantity of the run off
from the tray fields and it is obviously impossible to collect all the water produced by intense
rainfall. PCH developed therefore a model that collects the environmentally important part
of the drain water runoff and deals with this in a practical manner. Disinfection of the water
is necessary for reuse and there lies an import problem for the strawberry grower.
Trayplants are grown in organic substrate (peat and coir mix). The drain water contains crude
to very fine organic particles, which need to be filtered out to ensure successful disinfection.
Vegetable growers in the Netherlands use systems like a sieve bend filtration and a paper
band filtration to filter out particles from drain water. These two systems were implemented
in the region of Hoogstraten in Belgium and showcased by Proefcentrum Hoogstraten. These
two technologies, paper band filtration and sieve bend screen filtration are further described
in The Fertigation Bible (Chapter 4.3 and 4.11, respectively).

3.3.2 Technology exchange
3.3.2.1 Description of the problem
Since 1994 growers started to grow tray plants outdoors for production of strawberry in
substrate cultivations. Between 2000 and 2010 there was a strong growth in the area for the
creation of tray plants. Most of the substrate growers make their own plant material on tray
fields, to be able to create plants with the required characteristics in production potential and
harvest spread. These fields are irrigated with overhead sprinklers and can be fertigated by
spraying or the use of the same sprinklers. When nutrients are applied, a large quantity falls
in between the plants onto the waterproof surface of the tray field. With the following
irrigation or precipitation these nutrients will run off into the natural waters close to the field.
This discarding is similar for the pesticides that are sprayed to control pests and diseases on
the developing tray plants.
To reduce the impact on the environment and to respect nitrate and phosphate norms
imposed by Europe, growers need to change their cultivation practice on the tray fields. The
optimal adaptation is to provide a semi-closed water system on the field in order to collect all
This project has received funding from the European Union’s Horizon 2020 research and
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the polluting drain water for reuse on the strawberry plants. Overflows are allowed at
moments with intense precipitation, but only when the water contains no or hardly any
nutrients or pesticides.
Disinfection is also necessary, and as the collective consultations showed, the preferred
techniques are slow sand filtration and UV-disinfection. Because of the use of organic
substrates, the collected drain water will contain small organic particles that will interfere
with the disinfection technique. Pre-filtration is therefore necessary and two promising
techniques were exchanged and showcased by Proefcentrum Hoogstraten: the sieve-bend
filtration and paper band filtration. Other available techniques are also listed in the
Fertigation Bible from FERTINNOWA.
3.3.2.2 Objectives
The main objective of pre-filtration is to filter out organic particles from drain water to ensure
a sufficient disinfection capacity from the disinfection unit. Insufficient pre-filtration leads to
clogging of disinfection units and back flows or in the case of UV disinfection for low
transmission rates of the water that interfere with the disinfection capacity.
3.3.2.3 Specific background on the exchange
Both the sieve bend filtration and the paper band filtration are technologies with TRL 9. They
have proven their use in the Netherlands for the filtering of drain water. From the techniques
mentioned in the TRD’s and in the Fertigation Bible these two pre-filtration methods are very
much suited for use on tray fields. The sieve bend filtration can go down to 150µm filtering
efficiency and has a static action mode, without any energy use. The paper band filtration can
go to very fine efficiencies (20µm) and are suited for the combination with UV-filtration on
tray fields of strawberry.
The sieve bend filtration is now recommended by PCH to install as one of the first filtration
steps before collecting the drain water from tray fields in a silo. The paper band filtration is
advised as a final filtering step before the disinfection with a UV-unit.
3.3.2.4 Stakeholders involved
The target group of these pre-filtration technologies are the strawberry growers that produce
their own tray plants for use in their substrate cultivations. To avoid problems with
disinfection (frequent interruptions by back flow, clogging, low transmission values,…) prefiltration is a must to install in semi-closed water systems on tray fields. Other stakeholders
are the providers of these technologies, as mentioned in the TRD’s and the Fertigation Bible.
3.3.2.5 Implementation of the technology
The sieve bend filtration made from Inox is usually purchasable with a maze of 500µm, this
however is too gross for the use on tray fields. The organic particles are very fine and almost
every disinfection unit requires more effective pre-filtration. Therefore, it is recommended to
equip the sieve bend filtration with a maze of 150µm. This maze is the finest maze possible
This project has received funding from the European Union’s Horizon 2020 research and
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for the Inox version of the filter. Inox is preferred because it will be long lasting after the
investment. The precise methodology is explained in the TRD in the FERTINNOWA project.
The paper band filtration is able to filter out even smaller particles. Depending on the filtration
paper, particles down to 20µm can be filtered out. The methodology is explained in the TRD
of FERTINNOWA. The filtration unit uses paper and is not a static action mode. Electricity is
required to provide a clean paper surface for filtration and to pump the drain water onto the
paper.

Figure 15 Photos of the sieve bend filtration

Figure 16 Photos of the paper band filtration

3.3.2.6 Results
The sieve bend filtration has a static action mode and separates water from the particles
which are larger than the maze width. As visible in the photographs, the particles add up on
top of the filtering maze (sieve bend). The water flows through the maze and can be
redirected towards the disinfection unit. The particles are collected in a container at the
bottom of the sieve bend.
The paper band filtration uses a roll of paper as filtration medium. The roll is pulled over a
collective container for filtered drain water. The particles mount up on top of the filtering
paper. Once the paper is completely clogged up with particles the roll will provide a new clean
filtering paper surface. Depending on the load of particles in the drain water the use of the
paper rolls can be rather quick and become expensive. For strawberry growers the paper band
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filtration is useful to heighten the transmission of the drain water for UV-disinfection, but
after a sieve bend filtration with a 150µm filtering capacity.
3.3.2.7 Benefits
The main benefit of the sieve bend filtration is the static action mode and the long lasting
efficacy of the stainless steel version. The only cost is the initial investment.
The paper band filtration can filter down to very fine particles (20µm) depending on the maze
size of the filtering paper. The technology is very simple and the paper is automatically shifted
towards a new surface once the previous part is completely clogged up by particles.
3.3.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck
The sieve
expensive

T
bend

filtration

R

S

is

X

The sieve bend filtration is not
necessary with a slow sand
filtration if you take away the
upper organic layer every few
weeks

X

The paper band filtration uses too
much paper and is therefore
expensive

X

Possible solution(s)

T = technological, R = regulatory, S = socioeconomic

3.3.3 Outputs
3.3.3.1 Scientific/Technical publications
Melis P., Stoffels K. & Vervoort M. (2017). Met je trayveld naar hergebruik van drainwater.
Proeftuinnieuws 12, 22-24.
3.3.3.2 Participation in Scientific/Technical conferences
Table 10. List of conferences where the results of the technology exchange were presented

Title

Conference

Poster: Recirculation ISC Antwerp 2017
on strawberry tray
fields to prevent
emissions of drain
water

Location

Month/Year

Antwerp,
Belgium

September/2017

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 689687

46

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops

3.3.3.3 Invited seminars, presentations at local events, etc.
Table 11. List of events where the technology exchanged was presented

Title

Event

Collection of drain Policy
water and reuse on session
tray fields

Location

making Meerle, Belgium

Month/Year

November/2017

Cultivation on tray Study
event Destelbergen,
fields without leaching ornamentals
Belgium

April/2017

Recirculation of drain Grower meeting
water on tray fields

November/2017

Meerle, Belgium

Semi-closed
water Showcase
event Meerle, Belgium
systems on tray fields FERTINNOWA

August/2018

3.3.4 Reference list
Melis P., Stoffels K. & Vervoort M. (2017). Met je trayveld naar hergebruik van drainwater.
Proeftuinnieuws 12, 22-24.
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3.4 Use of isotopic analysis to determine nitrate source
3.4.1 General technology exchange description
3.4.1.1 Location and growing system
Farms

Albenga plain, Savona province, Italy
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Figure 17 Yellow pins stand for groundwater sampling points (farms) monitored in
February 2017 and April 2018.

Coordinate
s

44°04’02.65’’ 8°12’44.53’’ (CERSAA’s coordinates)

Climate
Zone

Mediterranean

Crops

Main: Fresh herbs and ornamentals (main perennial flowering)

Growing
System

Main: potted crops

Irrigation

Microtubes - sprinklers

Fertigation

Different systems

3.4.1.2 Technology exchange Summary
Nitrogen is a biologically active element and it is involved in many reactions which are of key
importance for life. Decomposition of organic matter releases organic nitrogen, which is
oxydized to nitrate (NO3-), a common pollutant of superficial and deep water bodies. The
Directive 91/676/CEE regarding protection of water bodies from nitrates of agricultural origin
and transposed into national legislation D.lgs 152/06, states that on regional territories
vulnerable areas must be identified and issues related to nitrate contamination must be
managed through a specific Action Programme. The actual threshold for nitrate in water is 50
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ppm. The Albenga plain where CERSAA is located (around 1300 ha and 1000 farms) is
recognized as a vulnerable area since 2004, and an Action Programme is implemented since
2006.
Main nitrate sources are:
•

Mineralization or nitrification of the organic matter by soil microorganisms;

•

Oxidation of the organic matter related to anthropogenic activities in agriculture
(manure) or urban (domestic wastes);

•

Synthesis through industrial processes (fertilizers).

In order to differentiate nitrate sources the analysis of N and O isotopes dissolved in water
could be a promising technique to understand whether the contamination of nitrates should
be attributable only to fertilizers or to other sources.

3.4.2 Technology exchange
3.4.2.1 Description of the problem
High yielding horticultural crops require the addition of nitrogen. Generally, the applications
of nitrogen (N) in the area 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). In potted
cultivations typical of the Albenga area, where around 25% of the overall national production
of aromatic plants is concentrated, water and nutrients are normally provided through
sprinkler irrigation (above plants). 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
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EU; the recommendation of FAO and that applied in the USA is 4.4 mg NO2/L (1 mg NO2N/L). These limits were developed for drinking water and are applied to water bodies, both
subterranean and superficial.
3.4.2.2 Objectives
Main objective
To identify the most important nitrates source in the Albenga area through the isotopic
analysis of groundwater samples collected with regards to N and O isotopes.
Specific objectives






Differentiate nitrate sources;
Update the actual level of contamination of deep water bodies with regards to nitrates;
Determine/update the baseline nitrate contamination of a certain water basin/region;
Provide quantified indicators for the setup of guidelines for the management of
fertilization in vulnerable areas;
Safeguard the health of people and protect the environment.

3.4.2.3 Specific background on the exchange
The isotopic analysis represents a versatile and innovative technique whose fields of
application are very wide, ranging from geological and hydrogeological studies or the
evaluation of different types of pollution, to the identification of food sophistication, the
safeguarding of the artistic heritage and medical diagnostics. For instance, Thompson et al.
(2013) from the University of Almería (UAL), conducted a study in SE Spain where N15 and O18
analyses determined the origin of the substantial nitrate contamination in the shallow aquifer
in the Campo de Dalías region, and also in drain water from soil and substrate-grown crops.
Isotopic analysis is used in the environmental sector for the following purposes: evaluation of
water, atmospheric and soil pollution and determination of the origin of contamination
(nitrate pollution); climatological studies and biogeochemical cycles. Important applications
are possible in the preservation of the artistic heritage, through the study of alterations and
degradation of stone materials constituting the monuments due to atmospheric pollution.
With respect to the productive sector, it has been proposed by researchers at IFAPA as a
technology to certificate organic production in greenhouse produced cucumber crops (Cuevas
et al., 2015) and they are using the methodology for other crops as well.
The analysis is performed by specialized laboratories and this technology has a TRL: 9.
3.4.2.4 Stakeholders involved
15 growers were directly involved in the technology exchange since 15 groundwater
samples were collected at their farms and then analyzed. Moreover, results of the survey
were disseminated to policy makers (regional authority) since they contribute to key
knowledge that should be taken in consideration in the update of regional guidelines
regarding the Action Programme for the protection of water bodies from nitrates within the
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2 vulnerable areas identified in the Liguria Region. With regards to the Albenga plain, the
countermeasures contained in such programme concern around 1000 farms on a total
surface of about 1300 ha.
3.4.2.5 Implementation of the technology
Fifteen groundwater samples were collect from wells in farms located in the Albenga plain
during 2 campaigns in February 2017 and April 2018 (Fig. 1). Sampling points were all north
of downtown and on the orographic left of river Centa (the main river of the water basin of
the Albenga plain) with just an exception of one farm (n° 13). Anion concentration (nitrates,
sulphates and chlorides) was determined, then samples were transferred into ISO4 laboratory
(Department of Earth Sciences, University of Torino) where isotopic analysis was performed
considering the ratio between a rare isotope and the most abundant one (“abundance ratio”)
according to the following formula:

Isotopic concentrations of the elements are expressed as relative values with regards to a
standard (δ):
δ = [(

R sample
) − 1] ∙ 103
R standard

International standard reference for stable N isotopes is atmospheric N (AIR), while Standard
Mean Ocean Water (SMOW) - correspondent to the isotopic composition of sea water - is the
international standard for O isotopes.
Since chemical properties of an element are conditioned by its electronic configuration, it
follows that the isotopes of an element have generally the same chemical properties.
Nevertheless, because of the different atomic mass, the isotopes may differ i.e. they can be
more or less abundant in a certain phase according to a process called isotopic fragmentation.
Nitrogen natural isotopic variations can be a useful tool in order to differentiate the different
nitrate sources. For instance, industrial fertilizers containing urea are synthesized from
atmospheric N, such process is accompanied by a scarce fragmentation and their isotopic
composition is closed to the atmospheric one (δ15N ≈ 0%o vs AIR). Nitrates originating from
the natural processes that occur in the soil are scarcely enriched in δ15N with regards to
atmosphere. On the contrary when nitrogen is metabolised by the food chain is accompanied
by an increasing fragmentation that is proportional to the trophic level of the organism: as a
consequence, nitrates coming for the oxidation of the organic matter produced by superior
organisms are enriched in 15N till 20%o. It is therefore possible on the basis of the isotopic
composition of nitrates dissolved in water differentiate those coming from synthetic
fertilizers form those originating from the decomposition of organic matter in the soil, as well
as from those coming from organic fertilizer (manure) and/or septic tanks and sewer.
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Further information can be obtained from the isotopic analysis of oxygen contained in the
nitrate molecule. Synthetic fertilizers reflect the isotopic composition of atmospheric oxygen
(δ15O ≈ 22.5%o vs SMOW). During the nitrification process 1/3 of the oxygen incorporated
into the nitrate molecule comes from the atmospheric oxygen and 2/3 from the oxygen of
the water molecule with a variable isotopic composition, generally ranging between -10%o
and -6%o. Nitrified synthetic fertilizers, i.e. transformed by biological process in the soil, are
characterized by an isotopic composition of the oxygen that is different from the one of the
starting compounds. Moreover oxygen isotopes are very good tracers of the nitrification
process.
Finally the nitrogen isotopic composition can be used as a tracer of the origin of nitrates in
groundwater samples, while the isotopic composition of the oxygen contained in the nitrate
molecules identifies the process the nitrates are subject to (Kendall et al., 2007).
In the present study the analytical method used for the determination of the isotopic
composition of nitrates dissolved in water bodies (superficial or deep) is the one described in
Silva et al. (2000).

Figure 18 Groundwater sampling points in the Albenga plain

3.4.2.6 Results
Isotopic composition of almost all water samples analyzed showed that nitrate contamination
comes from a mixed source of synthetic fertilizers and organic matter of human origin.
Decontamination occurs anyway thanks to a denitrification process highlighted by the
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alignment of sampling points along the “denitrification field” between the two green lines.
Results were confirmed in both years (Fig. 2).
Such results can be related to the fact that in the 1920s, Albenga plain was remediated with
civil wastes, therefore adding a huge amount of organic matter in a degradation phase to the
soil. The presence of such organic matter may serve to promote denitrification in high
permeable soils, therefore oxidant, as the alluvial deposits of the Albenga plain are. Overall
denitrification is not so efficient; in fact, concentrations of nitrate in the water samples were
much higher than 50 ppm threshold in half the samples collected.

Figure 19 Dots represent the isotopic composition of nitrates dissolved in groundwater samples collected in
2017 (blue ones) and 2018 (red ones) in farms located in the Albenga plain

3.4.2.7 Benefits
The analysis carried out show that the isotopic composition of groundwater samples is not
related just to the use of synthetic fertilizers as well as simply to organic matter of
anthropogenic origin. Such evidences must be carefully taken in consideration in order to
prepare or update guidelines to be implemented in Vulnerable Zones by local or national
authorities with regards to fertilization practices.
The application of such guidelines, which can become mandatory in accordance to legislation,
may have a key impact on the management of crop fertilization in terms of type, quantity,
form of application and time of application of the fertilizers normally used. Therefore, isotopic
analysis can represent a powerful tool to adjust and design guidelines that best adapt to the
real conditions of a certain agricultural area with regards to nitrate contamination.
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3.4.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

Reliability of the analysis in case
nitrate concentration is lower
than 10 ppm

X

R

S

Possible solution(s)
No specific solutions. Nevertheless it should
be taken in consideration that generally
speaking it is common that in vulnerable areas
the concentration of nitrates in groundwater
exceeds such level and that this kind of
analysis should be taken in consideration in
case of existing contamination or highly
suspected contamination.

Cost of analysis

X

Funds
provided
by
national/regional
authorities in order to make this kind of
analysis more approachable by farmers
together with the traditional water analysis
that are already routinely conducted.

Kind of reluctance showed by
farmers to allow water sampling
by the personnel of public/official
bodies entitled to carry out this
kind of survey

X

Clearly illustrate the purpose of the survey

Difficulty to find laboratories that
can perform the isotopic analysis

Explain that the outcomes of the survey can
significantly affect the prescriptions related to
fertilization set up by regional authorities and
consequently kind and rates of fertilizers that
can be applied to crops without penalty.
X

In Italy for instance around 10 laboratories
that perform this kind of analysis are available.
Thanks to couriers that delivery samples easily
everywhere there is a way around such a
bottleneck.

T = technological, R = regulatory, S = socioeconomic

3.4.3 Outputs
3.4.3.1 Invited seminars, presentations at local events, etc.
Table 12 List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Use of isotopic analysis Dedicated meeting CERSAA, Albenga
to determine nitrate with the Regional
source in groundwater Agricultural Minister

19/04/2018

Use of isotopic analysis Meeting with the 3 CERSAA, Albenga
to determine nitrate representatives of
source in groundwater

23/04/2018
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the
agricultural
associations
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3.5 Absorbing mats
3.5.1 General technology exchange description
3.5.1.1 Location and growing system
Farms

Albenga plain, Savona province, Italy

Figure 20 Detail of the area of the Albenga plane classified as nitrate vulnerable
area

Coordinates

44°04’02.65’’ 8°12’44.53’’ (CERSAA’s coordinates)
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Climate Zone

Mediterranean

Crops

Fresh herbs and ornamentals (main perennial flowering)

Growing System

Potted cultivation

Irrigation

Microtubes - sprinklers

Fertigation

Microtubes - sprinklers

3.5.1.2 Technology exchange Summary
Nitrogen is a biologically active element and it is involved in many reactions which are of key
importance for life. Decomposition of organic matter
Title

Event

Location

Month/Year

Visit
of
South NIAB EMR
African growers

June 2018

Fruit Focus 2018

July 2018

Visit of
growers

NIAB EMR

Swedish NIAB EMR

October 2018

releases organic nitrogen that is oxidised to nitrate (NO3-), a common pollutant of superficial
and deep water bodies. The Directive 91/676/CEE regarding protection of water bodies from
nitrates of agricultural origin and transposed into national legislation D.lgs 152/06, states that
on regional territories vulnerable areas must be identified and issues related to nitrate
contamination must be managed through a dedicated Action Programme. The actual
threshold for nitrate in water is 50 ppm. The Albenga plain where CERSAA is located (around
1300 ha and 1000 farms) is recognized as a vulnerable area since 2004, and an Action
Programme is implemented since 2006.
Main nitrate sources are:
•

Mineralization or nitrification of the organic matter by soil microorganisms;

•

Oxidation of the organic matter related to anthropogenic activities in agriculture
(manure) or urban (domestic wastes);

•

Synthesis through industrial processes (fertilizers).

•

In the Albenga area with regards to potted cultivation of fresh herbs and ornamentals
nitrates are normally provided through sprinkler/overhead fertigation. Although such
practice is forbidden during winter months by the above mentioned Action
Programme in order to reduce the amount of nitrates reaching the soil, it is not
completely applied yet and other, simple, good practice applicable to fertigation are
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under evaluation. Among them the adoption of absorbing mats posed between the
pots and the ground can represent a way to reduce the amount of nitrates that leach
through the soil and reach ground water.

3.5.2 Technology exchange
3.5.2.1 Description of the problem
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
hundreds of 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). In potted
cultivations typical of the Albenga area, where around 25% of the overall national production
of aromatic plants is concentrated, water and nutrients are normally provided through
sprinkler irrigation (above plants). When the supply of N exceeds crop demand, nitrates
accumulate in soil. Nitrate is highly soluble and does not interact with soil particles. When
drainage occurs, the accumulated nitrate in the soil 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 elderly. This condition develops when nitrite (NO2) in
blood blocks the capacity of 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. 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. These limits were developed for drinking water and are applied to water bodies, both
subterranean and superficial. (Source: Fertigation Bible).
3.5.2.2 Objectives


Main objective

The exchanged technology was set up at CERSAA’s premises and aimed at verifying the
applicability and the effectiveness of absorbing mats in potted plants cultivation in order to
reduce the concentration of nitrates leaching into the soil through the water used for
fertigation.


Specific objectives
o Reduce the amount of nitrates leaching;
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o Provide farmers a cheap tool that does not significantly interfere with the
normal cultivation practices in order to be compliant with the actual
legislation regulating the maximum level of nitrate in the water bodies;
o Improve the sustainability of potted cultivation of fresh herbs and
ornamentals;
o Safeguard the health of people and protect the environment.
3.5.2.3 Specific background on the exchange
Absorbing mats consist in a very simple fabric constituted by left-over materials and wastes
of the textile industry. On the overall they are constituted by natural and synthetic fibres. In
Italy, there already some companies (at least 3 in the North-Western area of the country)
producing them although on the overall they cannot be considered widely distributed on the
market. Costs of the innovative mats are comparable to the traditional anti-algae cloths
normally adopted for potted cultivation of fresh herbs and ornamentals for soil coverage and
they are around 0,6 €/m2. The TRL of this technology is 8 (almost ready for the market) (EU
Guidelines).
3.5.2.4 Stakeholders involved
Growers are the mainly stakeholders involved in the technology exchange. Moreover contacts
with cooperatives were exploited in order to be able to reach more growers at the same time
and, possibly, lower the costs of the mats thanks to higher volumes of materials
provided/sold/purchased.
3.5.2.5 Implementation of the technology
The technology was implemented at the demonstration site of CERSAA (Photo. 1). It consisted
of 10 metallic benches that were equipped with the absorbing mats and two fertigation
systems (driplines with micro tubes and sprinklers). 88 pots per fertigation system, including
2 different species of sage (Salvia tingitana and S. somalensis) were placed on each bench.
The operating scheme is presented in Table 1.
Totally 9 fertigation events with ammonium nitrate were carried out. 4 sampling of leachates
coming from the pots were taken on 7/6/18, 4/7/18, 31/7/18, 10/10/18; water leaching from
the pots was collected in the bench and transferred into bottles. Ammonium nitrate was used
in order to have an exclusive source of nitrates in the irrigation water used for fertigation. Top
dressing fertilization with a controlled-release fertilizer was carried out as normally adopted
in the traditional cultivation procedures in the Albenga area in potted fresh herbs. Two
treatments were irrigated with water without fertilizer and served as a control to evaluate
the effectiveness of the technology. Nitrates were analysed by a chemical lab located in the
same site of CERSAA.
Table 13 Scheme of the on-site implementation of the technology

Identification

Fertigation system

Fertilization detail
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1A
1B
2A
2B
3A
3B
4A
4B
5A
5B

Dripline
Sprinkler
Dripline
Sprinkler
Dripline
Sprinkler
Dripline
Sprinkler
Dripline
Sprinkler

Ammonium
nitrate*

Controlled
release fertilizer

Absorbing
mat

X
X
X
X
X
X
X
X
No fertilizer
No fertilizer

X
X
X
X

X
X

X
X

* Dose 3 g/l
** 4-5 months duration, top dressing applied 30 days after transplant, dose: 4 g/pot
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Figure 21 Pictures of implementation set up of the technology
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3.5.2.6 Results
Results are presented in Fig. 1. No significant differences were observed between those pots
fertigated through sprinklers or driplines. Nitrate concentration in the water leached from the
pots resulted to be lower when adsorbing mats were used although differences with the other
cases were little.

3000
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1000
500
0
1
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5

Identification according to Table 1
Figure 22 Nitrate concentration of the different water samples collected from the different treatments.

3.5.2.7 Benefits
Some useful indications can be obtained by implementation set up carried out in the pilot
area with regards to the possibility to reduce nitrate leaching through adsorbing mats.
3.5.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottlenecks

T

Still not satisfactory effectiveness
of the mats in reducing nitrate
concentration

X

R

S

Possible solution(s)
Improvements are needed from the
production side. Tests of other left-over
materials to produce the mats are under
investigation

T = technological, R = regulatory, S = socioeconomic
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3.5.3 Outputs
3.5.3.1 Invited seminars, presentations at local events, etc.
Table 14 List of events where the technology exchanged was presented.

Title

Event

Location

Use of absorbing mats Showcase
event CERSAA, Albenga
to reduce nitrate with farmers
leaching into the soil in
potted cultivation

Month/Year

28/11/2018
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4 Conclusions
The adoption of fertigation was an important step to optimize both water and nutrient use
efficiency in horticultural crops. Nevertheless, nitrogen, phosphorus and pesticide
contamination of aquifers and surface water have been observed in regions where fertigation
is used intensively.
There are some directive and policy requirements developed by the European Union (EU) and
the sector itself (e.g., certification schemes) that affect fertilizer use and irrigation in
horticulture in the EU, such as the Directives on urban waste water treatment and nitrates
pollution from agricultural sources from 1991, and the EU water policy and legislation, the
Water Framework Directive of 2000. These regulations limit the concentrations of nutrients
in water bodies, and therefore they could encourage growers to shift to the use of new
technologies that reduce and recover nutrients. Regarding these new technologies, which
could be implemented to recover nutrients from the waste water, there are also initiatives in
Europe for new regulations to promote the recovery and efficient use of nutrients.
Under the framework of the nitrate directive, water and nutrient discharge is strictly
supervised. In general, the treatment of horticultural waste water, such as drain water or
drainage water, will require a combination of technologies to remove the most important
pollutants being nitrogen, phosphorus and plant protection products. Reversed osmosis,
forms an exception as this technology can both remove nutrients PPP residues. However,
reversed osmosis will produce a very concentrated waste stream leading again to
environmental issues. Most of the alternative technologies, like modified ion exchange, are
relatively new for the horticultural sector and, therefore, demonstrations should be set up to
showcase these technologies and evaluated their effects on the long-term. If the removed
nutrients can be recycled, the economical feasibility might be improved. Further research is
necessary to study and further develop technologies to efficiently recover nutrients from
horticultural waste water streams. Most of the technologies that enhance nutrient recovery
are still in the research phase. There is a need for long-term field tests and demonstrations to
evaluate the regenerated fertilizers obtained.
Besides, there is a need for a harmonized European legislation regarding the production,
quality and use of recycled fertilisers. Regarding the use of recovered nutrients as fertilisers,
there is a new proposal, which will replace the current 2003 Fertilisers Regulation that
includes all types of fertilisers (mineral, organic, soil improvers, growing matters, etc.). The
objective is to encourage large-scale fertilizer production from domestic organic or secondary
raw materials in line with the circular economy model, by transforming waste into nutrients
for crops. In the framework of FERTINNOWA, the ePhos® technology was combined with an
ion exchange pre-treatment to treat drain water from ornamental crops. After exchanging
and showcasing the combined e-Phos® and ion-exchange set-up in Flanders, it became clear
that growers can meet the legislative requirements for disposing their drain water in case of
a nutrient imbalance of this water (e.g. in case of a wrong fertilizer recipe or nutrient
accumulation) when using these techniques. More cost-effective is re-using the treated water
to irrigate crops as the ion-exchange removes all elements. Additional disinfection treatments
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are required in case disease pressure is the main cause for discharging the drain water. With
the current drought and restrictions in water use, the re-use of discharged water is a huge
advantage and might in the future be one of the elements that let nurseries survive periods
of intense drought and stay competitive within the sector. However, some bottlenecks were
found that could limit the adoption of this technology, such as the need of investment and
operation cost, the lack of harmonized European legislation concerning use of recycled
fertilizers, the need of prior concentration of P for the technology to be effective (for example,
by using ion exchange). Thus, there is the need of a European regulation regarding recycled
fertilizers.
A different alternative evaluated for nitrate absorption, and thus, reducing nitrate leaching to
the environment was the use of absorbing mats for pot crops, but their absorption capacity
did not reach the expected rates.
The main technological gaps towards the removal of pesticides are related to the
uncertainties in relation to the effect and efficiency of the technologies and the complexity of
the operation. Most available techniques are based on oxidation. There is only limited
knowledge on the possible formation of toxic by-products from these processes. Good
monitoring and control is needed. Low selectivity of the oxidation processes can result in a
low efficacy, as the water to be treated often contains a lot of other organics in much higher
concentration than the pesticides. The photocatalytic oxidation technology is not available at
the moment in horticulture, and research and development are underway to assess its
potential by TNO/WR, as a new, sustainable water treatment and purification method for
greenhouse horticulture. This technology may be a promising solution to remove PPPs from
greenhouse crops as the Netherland growers need to strive to zero emissions by 2027, and to
95% reduction of PPP residues by January 2018.
In horticulture, in general, fast sand filtration is applied when recirculating drain water.
However, frequent back-wash of these filters is required and this wash water, containing
nutrients, is discharged. The back-wash volumes can amount several cubic meters per day.
Therefore, there is a need for filter technologies, producing limited to zero liquid waste
streams. Commonly used filter techniques for horticulture are sand filtration and bio-filtration
and ultrafiltration. Both of these techniques filter out most diseases and produce water
usable for horticulture. Particles will remain in the filtering agent (sand or membranes) and
start clogging up the filter device. The main benefit of the sieve bend filtration exchanged by
PCH in Belgium is the static action mode and the long lasting efficacy of the Inox version. The
only cost is the initial investment. On the other hand, the paper band filtration, also
exchanged by PCH, can filter down to very fine particles (20µm) depending on the maze size
of the filtering paper. The technology is very simple and the paper is automatically shifted
towards a new surface once the previous part is completely clogged up by particles.
The isotopic analysis represents a versatile and innovative technique whose fields of
application are very wide. In the specific situation of the Albenga region in Italy, the isotopic
composition of almost all water samples analyzed showed that nitrate contamination came
from a mixed source of synthetic fertilizers and organic matter of human origin. The analysis
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carried out showed that the isotopic composition of groundwater samples was not related
just to the use of synthetic fertilizers. Such evidences must be carefully taken into
consideration in order to prepare or update guidelines to be implemented in Vulnerable
Zones by local or national authorities with regards to fertilization practices. Therefore,
isotopic analysis can represent a powerful tool to adjust and design guidelines that best adapt
to the real conditions of a certain agricultural area with regards to nitrate contamination.
Some bottlenecks were listed regarding the adoption of this technology. Among those gaps,
it could be noted the difficulty of finding specific laboratories that can perform the isotopic
analyses and the costs. These analyses however, would provide very useful and practical
information to regional/national governments to evaluate the results of their Action
Programs in Nitrate Vulnerable Zones, as well as the identification of the sources of pollution.

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 689687

67

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops

4.1 Reference list
Bilbao, Jennifer (2014). Phosphorus Recovery from Wastewater Filtrates through a Novel
Electrochemical Struvite Precipitation Process. Berichte aus Forschung und Entwicklung Nr. 064.
Fraunhofer Verlag. ISBN 978-3-8396-0801-2

Cuevas, F.J., Muñoz, J.M., Moreno, J.M., Ruiz, M.J. (2015). Certificación ecológica de pepino
mediante isótopos estables de nitrógeno. Ed. Consejería de Agricultura, Pesca y Desarrollo Rural
(e-book), 12 p. Available at: http://www.servifapa.es (in Spanish).
Dabrowski, A; Hubicki, Z; Podkoscielny,P; Robens,E. (2004). Selective removal of heavy metal ions
from waters and industrial wastewaters by ion-exchange method, Chemosphere.
Indexmundi (2018). Listado de países. http://www.indexmundi.com
Mariakakis, I., Bilbao, J., Egner, S. und Hirth, T. (2015). Pilot Testing of Struvite Recovery from Centrate
of a German Municipal WWTP through Electrochemical Precipitation (ePhos® Technology).
Proceedings at the WEFTEC Nutrient Symposium 2015, San Jose, California, USA.
Qian, JJ Schoenau. (2002).Practical applications of ion exchange resins in agricultural and
environmental soil research. Canadian Journal of Soil Science 82(1): 9-21P.

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 689687

68

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops

5 ANNEX
5.1 Technology readiness levels (TRL)1
Where a topic description refers to a TRL, the following definitions apply, unless otherwise
specified:
TRL 1 – basic principles observed
TRL 2 – technology concept formulated
TRL 3 – experimental proof of concept
TRL 4 – technology validated in lab
TRL 5 – technology validated in relevant environment (industrially relevant environment in
the case of key enabling technologies)
TRL 6 – technology demonstrated in relevant environment (industrially relevant
environment in the case of key enabling technologies)
TRL 7 – system prototype demonstration in operational environment
TRL 8 – system complete and qualified
TRL 9 – actual system proven in operational environment (competitive manufacturing in
the case of key enabling technologies; or in space)
1

Source: Horizon 2020. Work Programme 2016-2017. 20. General Annexes. Available at:
http://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2016-2017/annexes/h2020-wp1617annex-ga_en.pdf
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