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1 Executive summary
For sustainable water and nutrient use in fertigated soilless crops, methodologies and
technologies are available to help growers to optimize water and nutrient efficiency and
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 drain water
to recirculate into the system, or to dispose the drain water to the environment with no salts
or nutrients in semi-closed systems.
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 should focus on the improvement of water and nutrient use
efficiency for soilless crops.
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. 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 technological
level but that may have a serious impact based on results from the benchmark study.
T5.3 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.
This project has received funding from the European Union’s Horizon 2020 research and
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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 as 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, 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(D3.3).
T5.3 members analyzed the information provided by the benchmark survey, the Fertigation
Bible and the identified remaining gaps, before selecting those technologies that might
provide solution 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. Irrigation and fertigation management:
In irrigation management, determining the needs of irrigation and nutrients of the crop
throughout its cycle and the balance of water and nutrients in soilless systems, are the most
important factors when managing both irrigation and fertigation. However, these data are
specific to each farm, cultivation and even variety. Different water and nutrient needs of the
crop require particular attention to position the sensors and also, the selection of the best
sensors for specific substrates that support irrigation and fertigation management.
There is an important knowledge gap reported regarding irrigation and fertigation
management tools based on sensors and/or decision support systems. Correct
implementation of both sensors and decision support systems require specific agronomic
knowledge which is in many cases missing at the farm’s level. Several technologies have been
exchanged in WP5 regarding this gap, such as the use of the VegSyst-DSS system to irrigate
and fertigated soilless protected tomato in North Spain, and the use of a technological
package of sensors and DSS to control irrigation and fertigation in soilless protected
strawberry in the UK. Irrigation has also been improved by using a package of slab balance
with root optimizer software, allowing more precise irrigation when the plant needs the
water.
2. Disinfection and recirculation:
There is need for system-related disinfection methods, especially important in closed or semiclosed systems. Some disinfection techniques with longer-lasting disinfection effect are
available but might have toxic effects towards specific crops. Concerning biological
disinfection, there is too little knowledge about the effect of all type of parameters (climatic,
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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biological and chemical conditions of the water) at the development of (beneficial)
microorganisms and biofilm, to make biological disinfection transferable and usable in all
regions. Several technologies have been exchanged for disinfecting drain water, such as UV
systems and biofilters in soilless protected crops in North France.
3. Selective sodium removal:
Probably one of the most important achievement of WP5 was to get closer towards 100%
closed systems or zero-emissions of drain water. That objective could be achieved with the
exchange of the SRU technology that allowed to selectively removing sodium. The SRU
managed to keep the sodium balance more or less constant in a tomato greenhouse in the
Netherlands, in this way increasing the TRL level of the SRU to 7. The exchange also showed
that the technology is expected to be economically feasible, whereas in the past this was not
the case for other initiatives. The reason for this is the possibility to keep all nutrients in the
drain water. The fact that the costs for the chemicals required for the regeneration of the
resins are (partly/mostly) covered by the produced fertilizers and that only a small waste
stream is produced, made this technology a candidate for the development of a business
model (see D4.3 on “Business models”).
The SRU technology was preliminary evaluated in the MED region (in Almería, data not
shown) but after a first analysis, the recovery of nutrients to be used as fertilizers, the high
initial investment as well as some regional normative constraints about the waste stream,
made this technology not suited four these specific conditions.
Then, a low-cost solution, also to selectively remove sodium from drain water to increase
recirculation, was exchanged and evaluated in the MED region. The constructed wetland
system has been described and evaluated for wastewater, effluent and polluted water
treatments, but its efficiency for denitrification and desalination of leachates of closed
horticultural substrate systems has not been evaluated. The constructed wetlands has been
shown to have enough versatility for the MED region, since the use of halophyte plants with
a high capacity of sodium chloride absorption enables the leachate to be used again with all
its nutritional load in the crop itself or in a second less demanding crop. As seen from the
results, the technology was not efficient enough for cucumber crop (more sensitive to EC),
but could be an opportunity for tomato, which is the main crop in Almería region.
On the other hand, the CLEANLEACH technology has demonstrated its capacity to reduce the
nitrate content in combination with plants from marsh areas and with a carbon input/source
to promote the growth of the bacterial flora responsible for this denitrification process. Thus,
it could also be seen by the grower as an indispensable tool for increasing the sustainability
of substrate farming systems, reducing the environmental pollution and also complying with
the EU nitrate pollution regulations.
The exchange of technologies from other productive sectors has been the case with the
"Airlift" system, used in aquaculture to ensure the supply of oxygen in the fish ponds, or also
for wastewater treatment. This system has been adapted to achieve an appropriate
oxygenation of hydroponic crops of leaves, herbs and cut flowers, whose roots are to a lesser
and higher extent submerged in the nutrient solution during the whole cropping cycle and
has provided perfect roots aeration.
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 of which
2 would focus on the improvement of water and nutrient use efficiency in soilless crops. 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 low technological level but
that may have a serious impact based on results from the benchmark study.
T5.3 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.

2.2 Selection process of the exchanged technologies:
Improving water and nutrient use efficiency in soilless crops was the main objective in this
work group. This improvement can be addressed by optimizing the water and nutrient dose
on the crops, by minimizing drain losses, initiating or improving recirculation or by a
combination of these.
Numerous technologies and practices regarding water and fertiliser management, and drain
water management in soilless crops 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.
Optimisation of water and nutrients dose by precision irrigation and fertilization was already
widely used in soilless growing systems all over Europe. On example in the field of precision
irrigation is drip irrigation, which is already widely used by growers as indicated in the
Benchmark report (D3.3). Irrigation and fertigation management in soilless crops have to be
managed with special attention since the plants are grown out of the soil. Instead, inert type
substrates are used which do not have buffering capacity. This may cause irrigation and/or
fertilization unbalances caused by deficient irrigation and preparation of the nutrient
solution. Thus, the preparation of the nutrient solution is more critical in this growing system,
especially in closed systems. However, the benchmark survey revealed that the decision on
when to irrigate soilless crops was mainly based on crop or substrate appearance, combined
or not with other technological tools. In some specific regions (i.e., Central East Europe (CE)),
growers based the irrigation management on own or collective experience. Substrate weight
or substrate water content was monitored mainly in the North West region (NW), followed
by the Mediterranean (MED) region.
Sensors and Decision Support Systems
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Nowadays, the application of innovative technologies for irrigation scheduling still faces many
difficulties. Besides the various stages of development of the different technologies, the cost
of the irrigation support systems is the main bottleneck that keeps growers from
implementing these systems. According to the survey, 40 to 70% of the respondents were
convinced that these technologies are very expensive and, therefore, not profitable (D3.3 and
D4.1). The use of sensors and Decision Support Systems (DSSs) to program irrigation was
mainly present in the NW region, in soilless covered cropping systems. These DSSs were also
reported by growers in the MED region, but for soil grown crops. In some countries and for
some crops, they are only few used yet. Nowadays, more effective or easy to use (e.g.,
wireless) equipment are on the market. Thus, exchanging these technologies in WP5 was a
good opportunity to demonstrate their added value for the optimization of water and
nutrient use efficiency to the growers.
For example, decision support systems for irrigation management have been exchanged and
showcased in Spain (INTIA) and in the UK (NIAB EMR). Other technologies from PRIVA to
optimize irrigation based on substrate water status were exchanged in the NW region (CATE
in France) and in NIAB EMR in UK, the latter combined with the support of the DSS. Growers
and advisors can also input data from climate sensors installed in fields and greenhouses,
from national or regional climate monitoring services, or from weather forecast services.
Although the benchmark survey showed that weather sensors and stations are widely applied
(especially in soilless covered crops (76% of the total respondents) and soilless outdoor crops
(92% of the MED cropping systems respondents), still some bottlenecks were observed
regarding weather sensors and weather forecast tools.
Reuse of drain water
In soilless cultivation systems, recirculation is the best practice to significantly increase both
water and nutrient efficiency and thereby reducing the nutrient discharge towards the
environment (Kumar and Cho, 2014). Recirculation/reuse of water/nutrient solutions is of
increasing importance as fresh water of good quality becomes scarcer.
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Figure 1 Levels of recirculation by the respondents in each region
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Figure 1 shows that there are regional differences regarding the level of recirculation. 70% of
the NW respondents reported recirculation at least 80% of the collected drain water while
this was only 50% in the MED region and 42% in the CE region. This figure implies that in
soilless grown crops with recirculation, a surprising amount of drain water is discharged.
In the MED and CE areas, most horticultural soilless systems are designed as open systems
where leachates are not recovered and it is necessary to treat these effluents to avoid
groundwater pollution. Thus, it was crucial to set up pilot plants to show farmers how was
possible to gradually move to closed or semi-closed systems that recirculate the fertigation
solution. Besides, under the framework of the nitrate directive, water and nutrient discharge
is strictly supervised in many regions across Europe, including those in MED and CE areas with
open or semi-closed systems. The majority of growers that discharge drain water on a daily
basis were found in the MED region and, the large majority of growers (95% when considering
the NW, MED and CE regions) did not apply any treatment to the drain water before
discharging it (D3.3). Overall, 25% of that untreated discharged water is directly released into
the environment (ditch, surface water).
The main issues faced by growers who recycle the drain water, and that restrain them to
adopt new technologies to recirculate drain water, is ion accumulation, but also fear of
spreading diseases, presence of chemical residues (PPP), difficulty in controlling changing
levels of specific ions, difficulties in the management of drain water volumes, and investment
costs when having to adapt from an open to a closed system.
1. Transfer of open to (semi-)closed systems
Investment costs and technological bottlenecks may pose a restriction to change from open
to closed systems, especially in MED and CE regions. Thus, intermediate solutions may be the
best option, as has been the technologies exchanged in the MED region (IFAPA in SE Spain)
with the construction of a pilot plant of constructed wetlands. There were no participating
partners from the CE region involved in this Task 5.3, however, we think that the technology
showcased in the MED region for semi-closed soilless systems, can still be useful in this region
as respondents of the CE region have reported similar problems and bottlenecks as those in
the MED region.
The growing tendency towards closed or semi-closed growing systems is expected to pursue
in Europe. The FERTINNOWA survey revealed that reducing nutrient inputs, saving water,
complying with legislation and reducing environmental impact were the main drivers for
recycling drain water. The CLEANLEACH technology, selected by IFAPA to semi-close the
actual open systems in the MED region, was a result of a co-funded project by the Ecoinnovation Initiative of the European Union (Grant agreement ECO/12/332862), that consists
of a system for recovering and treating leachates based on the combination of constructed
wetlands (CW) and heterotrophic bacteria, developed for ornamental crops. This technology
was adapted to recover the leachates produced in soilless vegetables crops in Almería, SE
Spain, with Mediterranean climate and characterized by having water with high level of
sodium chloride, nitrate, phosphorus and potassium. Constructed wetlands as in the
CLEANLEACH technology can be designed and installed to treat agricultural wastewater. The
plant species used in the constructed wetlands take nutrients and salts and purify the water.
This project has received funding from the European Union’s Horizon 2020 research and
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To our knowledge, a German Operational Group “MeerGewinn” is testing different plant
species to take up nitrogen and phosphate and they are investigating the innovative
application of plants which can be used as fodder or ornamental plants and that can actually
bring in revenue for the farm (In: News at the EIP-AGRI: Inspirational ideas: Constructed
wetlands for water purification).
2. Selective sodium removal
Of the respondents with soilless growing systems, 48% reported facing problems of ion
accumulation, especially sodium. Also, other surveys identified sodium accumulation as the
main bottleneck regarding recirculation. As sodium is taken up by the plant in limited
amounts, accumulation occurs in case the sodium input exceeds the sodium output. Sodium
enters the recirculation system through different pathways. The primary water source is by
far the most important sodium input, but also fertilisers can contain lead to sodium
accumulation. D4.1 reported the need for technologies that allow selective removal of
sodium. The Sodium Removal Unit of the South African SME Optima Agrik (OA) was
exchanged in Flanders and the Netherlands to showcase its potential to reduce the sodium
content of the recycled drain water. Based on the exchanges outcomes, the SRU-technology
was selected for the deliverable D4.3 on “Business models”.
3. Improving phytosanitary quality of drain water
As mentioned above, recycled drain water can act as an inoculum source or dispersal
mechanism for diverse biological problems including plant pathogens, algae and biofilm
producing organisms. This can lead to serious crop damage or yield losses in soilless crops.
When growers were asked what kept them from recycling drain water, 66% of the
respondents indicated the high (investment) costs as the main barrier followed by the risk for
spreading of diseases (31%). Of the respondents with soilless growing systems, 25% reported
to have experienced spread of diseases when recycling the drain water, making disinfection
of the irrigation water essential. The benchmark survey showed that growers were interested
to find out more on the efficiency of a series of disinfection technologies (e.g. UV/bio
filtration/ etc.), as has been exchanged by CATE in the NW of France.
As mentioned before, at least two innovative technologies were exchanged and showcased
within this group. In this report, “innovative technologies” are those that are either newly
invented or are being utilized in new ways (Source: http://www.igiglobal.com/dictionary/engaging-adult-learners-innovative-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. This concept should
not be confused with the Technology Readiness Level (the TRL, as defined by the EU), which
was used in the description of the implementation of each technology to identify the
readiness of the technology to the horticultural sector. It should also be noted that the
technologies exchanged were selected as “short-term” solution for specific problems at
specific sites and growing conditions, therefore, the results obtained and presented later in
This project has received funding from the European Union’s Horizon 2020 research and
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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.
Of those technologies exchanged in the framework of T5.3, three can be considered as highly
innovative technologies. The CLEANLEACH technology to reduce salts and nitrates for open
and/or semi-closed systems. A second innovative technology that was exchanged in T5.3 was
the selective sodium removal unit. Based on the exchanges outcomes, the SRU-technology
was selected for the deliverable D4.3 on “Business models”. A third innovative technology
was exchanged by NIAB EMR in the combine use of a “technological package”, of sensors,
data loggers and telemetry for the irrigation of soft fruits in soilless greenhouses in the UK.
Additionally, less innovative practices were exchanged and showcased seen the impact they
had on the short term. 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 gives
an overview of participating partners, region, crops and growing system (open field or
protected) for technology exchange and showcasing in Task 5.3 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

CATE/PRIVA

NW

Tomato

Greenhouse

Slab scale with root
optimizer software

Moderate

CATE

NW

Tomato

Greenhouse

Humidimeter

Low

CATE

NW

Tomato

Greenhouse

Biofiltration

Moderate

CATE/PRIVA

NW

Tomato

Greenhouse

UV disinfection

Moderate

NIAB EMR

NW

Strawberry

Greenhouse

Package of sensors, data
loggers and telemetry
combined with DSS

High

ZW

NW

Lettuce

Open field

Airlift

Low

IFAPA

MED

Tomato,
cucumber

Greenhouse

CLEANLEACH technology

High

INTIA

MED

Tomato

Greenhouse

VegSyst-DSS

Moderate

OA

NW

Tomato

Greenhouse

Sodium Reduction Unit

High

The technology exchange is summarized in the map displayed in Figure 2.
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Figure 2 Map of exchanges in T5.3

2.3 Further reading:
As mentioned, the basis of the work in task 5.3, resulting in this deliverable 5.4, 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 seen 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 Slab scale and Root optimizer software
The main objective of these technologies is to enhance the optimization of the irrigation and
adjusting the input to the plant need. The slab balance weighs the slabs and informs the
grower via synchronization to the software when the system needs to supply water. Its
implementation improves the management of irrigation, especially on the morning with the
first irrigation and on the evening for the last one. The technology was combined with the
Root Optimizer software developed by PRIVA to optimize the fertigation (from autumn 2017
on). CATE exchanged and showcased the use of these tools at their experimental station, and
reported different parameters to the growers such as efficiency, ease of use, maintenance
required and added value for the grower. PRIVA is a technology supplier and they have
supported FERTINNOWA partners with knowledge and technology at their local exchanges
and demonstrations.

2.4.2 Humidimeter
The main objective of the humidimeter is to enhance the optimization of the irrigation and
adjusting the input to the plant need. The humidimeter measures the humidity and informs
the grower about the homogeneity of water distribution within the slabs. The Grosanshumidimeter measures the humidity and informs about the homogeneity of the slabs. In
Brittany, the horticulture represents an important part of the economy and includes many
productions. Breton horticulture is ranked third on the national scale with a highly structured
and organised sector. The CATE experimental station is based in the heart of the vegetable
and horticultural area, with expertise in fresh field vegetables, greenhouse vegetables,
ornamentals and cultivated mushrooms. Greenhouse tomatoes production constantly
increased and doubled yield in 30 years. The technology is supplied by Grodan, a well-known
Dutch company within the horticultural sector. Grodan sells rockwool substrates and provides
advice plus support services regarding precision growing. CATE exchanged and showcased the
technology GroSens – humidimeter.

2.4.3 Biofiltration
CATE is located in France, where some tomato and strawberry growers want to implement
new water treatment systems for drainage recycling and want to have information on the
efficiency of disinfection technologies such as UV and biofiltration. Different technologies for
drain water treatment were exchanged and showcased on soilless covered tomato crops at
CATE. One of these technologies was biofiltration which was showcased on tomato crops
grown on coir substrate. Biofiltration offers some advantages compared to UV-disinfection as
the transmission of the drainage of the coir substrates is very low during the first weeks. The
efficiency of biofiltration was assessed with pathogens analysis along one cropping season.
Van Etten Techniek is a Dutch company which supplied the biofilter.
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2.4.4 UV disinfection
In Brittany, France, interest for drain water recycling further increases. As drain water can act
as an inoculum source or dispersal mechanism for diverse biological problems including plant
pathogens, algae and biofilm producing organisms, the interest for disinfection systems is also
increasing. CATE exchanged and showcased a disinfection system, the PRIVA Vialux M-Line
(UV mid-pressure from PRIVA), connected to the greenhouse where tomato crops were
grown on Rockwool substrates.

2.4.5 Precision irrigation technologies
NIAB EMR is located in the UK where soft fruit growers are using open soilless systems.
Growers are irrigating to achieve 15-20% of drainage to avoid EC built up and yield penalties.
It is essential to show them that they can improve water and nutrient use efficiency by the
use of monitoring tools (i.e. sensors, DSS, etc.), without affecting yield and at the same time
improve consistency and quality. NIAB EMR exchanged and showcased water efficient
technologies at the "WET" Centre which was established at NIAB EMR in 2017. It was a
commercial scale demonstration site focusing on precision irrigation management. High
performance sensors were connected to Dataloggers which automatically drove irrigation
scheduling. Coir moisture content was set and maintained within precise threshold levels
defined by the manager. Technologies exchanged and showcased included Delta-LINK-Cloud,
Delta-T Devices GP2 logger and Netafim irrigation rig. This technology package has been
showcased since July 2017 with a substrate grown strawberry crop. As with other partners in
soil systems (T5.2), the combination of DSS with monitoring sensors aimed to optimize water
and nutrient management in soilless systems, here, with special care of not building up EC.

2.4.6 Airlift
ZW is located in the Netherlands where it is crucial to evolve towards 100% closed systems
for both water and nutrients. Improving recirculation further is one of the focus points of
today. Healthy irrigation and recirculated water is crucial to prevent the growth for diseases
and to assure optimal growing conditions for the plants. Sufficient oxygen concentrations in
the recirculated water is, therefore, important. The main aim of the Airlift if that improves
the “health status of the recycled water” by improving the oxygen level, thus, water can be
recycled for longer time, avoiding the need to discharge drain water. The airlift could
therefore, be a technology that could support growers to meet the criteria set in the
Netherlands to evolve towards the zero-emission legislation. By 2018, growers should treat
the discharged drain water by removing the PPP residues for 95%.

2.4.7 CLEANLEACH technology
IFAPA is located in Almeria (southern Spain, Mediterranean conditions). Most horticultural
soilless systems in Almeria are designed as open systems where leachates are not recovered,
and only a small number of growers have some kind of closed system. It is necessary to treat
these effluents to reduce groundwater pollution. IFAPA implemented and adapted the
CLEANLEACH technology that consists of a system for recovering and treating leachates based
on the combination of constructed wetlands (CW) and heterotrophic bacteria. This
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technology was adapted to recover the leachates produced in soilless crops in the
Mediterranean area that are characterised by high level of sodium chloride, nitrate,
phosphorus and potassium. The CLEANLEACH technology was a result of a co-funded project
by the Eco-innovation Initiative of the European Union (Grant agreement ECO/12/332862).
Two different crops (tomato and cucumber) were used. They were grown in perlite substrate
with a recirculation system in a greenhouse. The artificial wetlands were built with different
plant species to show the role of this species in the desalination and denitrification of
leachates. The innovation level of the technology is high, since it has been developed recently,
but the installation of the system is easy, although it requires the construction of a system for
recovering and treating leachates based on constructed wetlands. The treatment of leachates
that must be externalized of the recirculating system is performed through a horizontal
subsurface flow wetland (HSSF). The wetland treatment system consists of shallow ponds or
channels with wetland vegetation. In these systems, the decontamination processes take
place through interactions between water, soil, plants and microorganisms. Through the
development of the CLEANLEACH project, a reduction of the nitrate content below 50 mg/L
and also 80% reduction of the soluble forms of phosphorus was demonstrated. The impact
on soilless crops growers not only in SE Spain (MED region), but also in other CE countries, is
expected to be high. Most soilless systems in the SE Spain are open and growers are reluctant
to invest and use closed systems.

2.4.8 VegSyst-DSS
INTIA is located in Navarra (Spain), where the management of the nutrient solution is carried
out according to the experience of the area after years of study of different types and doses,
but a decision tool that integrates different parameters has never been used. INTIA
exchanged and showcased the implementation possibilities of the technology VegSyst-DSS
tool (UAL tool) in hydroponic tomato for the calculation of the amount of irrigation and
nitrogen fertilisation, to know the behaviour in the conditions of the Ebro Valley (Navarra)
versus the system of traditional management of the area. The production obtained with both
systems (the VegSyst-DSS tool vs. growers ‘ management) was measured.

2.4.9 Sodium Reduction Unit (SRU)
Sodium accumulation has been identified as the main bottleneck regarding recirculation. As
sodium is taken up by the plant in limited amounts, accumulation occurs in case the sodium
input exceeds the sodium output. Sodium enters the recirculation system through different
pathways. The primary water source is by far the most important sodium input, but also
fertilisers can contain lead to sodium accumulation.
The main objective of implementing this technology is to demonstrate that ion exchange can
be used to manage the concentration of sodium in re-cycled drain water by removing the
same amount of sodium that enters the greenhouse from the water and fertiliser on a daily
basis. The selective sodium removal unit (SRU) of OA is based on ion exchange which is a
robust technology being used in many different water treatment applications. It has always
been considered too expensive for irrigation water treatment due to high operational cost
(i.e. the regeneration chemicals). However, by slightly adapting the regeneration procedure
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and by choosing the regeneration chemicals wisely one can generate treated water as well as
two concentrates; one concentrate containing the sodium that must be removed from the
greenhouse and a nitrate mixture which can be used as fertiliser in the greenhouse.

3 Evaluation of on-site implementation of exchanged technologies
3.1 Slab scale and root optimizer
3.1.1 General technology exchange description
3.1.1.1 Location and growing system
Farm

Vézendoquet, Saint Pol de Léon, 29250 FRANCE

Figure 3 Map of Saint Pol de Léon, France

Figure 4 Aerial view of the station

Coordinates

CATE, Vezendoquet, 29250 Saint-Pol-de-Léon 48°39'29.8"N
3°59'12.7"W

Climate Zone

Oceanic
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Crops

Tomatoes

Growing System

Greenhouse soilless

Irrigation

yes

Fertigation

yes

3.1.1.2 Technology exchange Summary
The main objective of these technologies is to enhance the optimization of the irrigation in
soilless protected tomato crop and adjusting the input to the plant need. The slab balance
weighs the slabs and informs the grower via synchronization to the software when needed to
supply water for the next irrigation. Its implementation improved the management of
irrigation, especially on the morning with the first irrigation and on the evening for the last
one. This technology is fully described in The Fertigation Bible (chapter 10.25).

a. Slab balance

b. Drain device

Figure 5 Pictures of the technology 1 to monitor substrate humidity with weighing scale (a) and drain device (b).

3.1.2 Technology exchange
3.1.2.1 Description of the problem
In Brittany, agriculture represents an important part of the economy and includes many crops.
The Breton horticulture is ranked third on the national scale with a highly structured and
organized sector. The experimental station is based in the heart of the vegetable and
horticultural area, with expertise in fresh field vegetables, greenhouse vegetables,
ornamentals and cultivated mushrooms. Greenhouse tomatoes production constantly
increased and doubled yield during the last 30 years. France imports tomatoes mainly from
Morocco, where the working labour cost less. Optimization and quality are important aspects
to stay competitive and maintain the reputation of Brittany’s produced tomatoes.
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3.1.2.2 Objectives
The main objective is to optimize irrigation, based on the plant transpiration, on protected
soilless tomato crop, adjusting it to the crop demand. The root optimizer software enables
the optimization of irrigation. The software helps the producer to better adjust irrigation
timing and amount by providing more information about the plant status at any moment.
3.1.2.3 Specific background on the exchange
CATE is implementing the technology exchanged from PRIVA, which is a well-known Dutch
company within the horticultural sector. The company markets integrated and climate control
systems for several industrial sectors, including greenhouses. The software Root Optimizer
requires the implementation of a scale equipped with a drain sensor. The scale and drain
sensor inform the software about the water status of the plants on the slab, which will trigger
a new irrigation cycle based on the plant water absorption and the three last amount of water
supplied. The technology levels of these technologies are for the Slab balance TRL9 and for
the Root optimizer software TRL9.
3.1.2.4 Stakeholders involved
Regularly, the station welcomes visitors (producers, consultant, technicians, etc.) and
showcased the technologies exchanged within the FERTINNOWA’s project. A yearly event
gathers people involved with CATE.
3.1.2.5 Implementation of the technology
CATE exchanged three PRIVA Slab balances with drainer sensor in December 2016. Figure 6
outlines the system principle. A standing platform holds the scale, where two Rockwool slabs
(Grodan Master Grotop: L 120 cm x l 15 cm x h 10 cm), i.e. 12 tomato plants, were
continuously weighted in order to inform the grower about their water content. An additional
device attached to the balance enables measurement of the drain water with a maximum of
10L of drainage per hour, for a gutter of 2.8 meters long.
The device combined with the scale, optimizes the water regime and triggers the irrigation
based upon the crop’s requirements throughout this principle:
weight increase – (weight decrease + drain quantity) = plant transpiration + growth
With a 5-minute interval, the control computer receives direct and continuous measures of
the weight and drainage found in I400 of PRIVA office software. Growers can enter settings
for the desired drainage (l25), the catch up dry out (l27) and radiation. In l29 appears the limit
of dry substrate, which is the value registered to initiate a new irrigation cycle. The producer
can divide the day by six periods in total to adjust as much as possible the daily irrigation
according to plant needs.
Until March 2018, radiation was used to trigger the start of irrigation at CATE. From that time
on, the specialized software of Root Optimizer added an extra option to monitor irrigation
referring to the drying state measured via the balance and drain values. The software was
intended to add a finer adjustment to the crop requirement compared to a solarimeter.
This project has received funding from the European Union’s Horizon 2020 research and
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Therefore, we should obtain curves with a more regular pattern and not with a saw tooth
profile.

Figure 6 Illustration of the root optimizer system implemented at CATE

Slab balance (a)
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Drainer sensor (b)

Weight indicator of the slabs (c)

Figure 7 CATE_Slab balance_drain sensor_Root optimizer software (PRIVA- Netherland). Brittany,France_0518

3.1.2.6 Results
The root optimizer software was implemented in two greenhouses. The rest of greenhouses
at the research station had their irrigations based only on the sum of radiation and
minimum/maximum rest time between two irrigation cycles. However, they all had a slab
scale, which provided information about their weight, in real time, and allowed to adjust the
programming settings if required.
Throughout the day, irrigation had different goals. The producer designed a strategy,
displayed in figure 8. During the morning, 2 hours after sunrise, the first irrigation starts with
a high irrigation dose provided to reach the plateau phase. Drain should occur
approximatively 2 hours after the first irrigation. This stage represents the first period and
needs between three and four irrigations to reach the plateau.
The second period, called the plateau phase, begins around 11 am in summer and will last
until 3 hours before sunset. The starting of this period fluctuates through the year depending
on the sunrise time. During this interval, quantity provided per irrigation is less important
than the previous stage but more frequent, in order to limit variation of the slab humidity.
The desired drainage is set to 30 %, then 25% before its end.
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Finally, the last period corresponds to the rest time for the plants and allows the root to
breathe. However, the slab humidity cannot go below a threshold value through the night
(e.g. during warm summer nights or during cold nights during winter, when the heating pipes
are at their highest level). Having a substrate too dry may induce stress to the plant. Night
instructions enable to induce irrigation if the humidity exceeds the threshold value (i.e. period
4).
The values entered in l25 and l27 (figure 8) calculate l29, which corresponds to the strategic
plan and can be visualised in figure 9 with the green curve, called the dry out limit. The
software also displayed the differences between the instruction and measures recorded.
Curves for the dry out limit and the dry out goal are very close and ‘guide’ the red curve to
behave as decided in the strategy (figure 9).

Figure 8 Interface of the irrigation strategy (I400) with PRIVA office software

Dry out limit (instruction set) (l/m²)
Dry out measure = slab humidity (l/m²)
Dry out desired (strategy) (l/m²)
Irrigation triggered
Sum of solar radiation measured (J/cm²)
Substrate weight on the scale (kg)
Sum of radiation (J/cm²)

Figure 9 Diagram displayed the irrigation management on PRIVA Office

The Root Optimizer software was implemented later and tuned at CATE. The software proved
its interest to manage irrigation for the mornings, the evenings and through the nights. During
a sunny day, the solarimeter provides sufficient information to trigger regular irrigations at
the right time. On a mixed day (sunny and cloudy), the Root Optimizer performed better than
the solarimeter since the software calculates weight loss and drain, not a sum of solar
radiation.
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As an example of a mixed day, the of 7th August was a good day to compare irrigation with
(orange curve) and without (green curve) the software (figure 10). During the morning, the
greenhouse equipped with the Root Optimizer initiated three irrigations compared to two in
the other greenhouse. At the end of the first period, the curves were identical. During the
second/third period (plateau phase), the Root Optimizer triggered three irrigations: 14h24,
15h00 and 16h55 (figure 11). Irrigations for the orange curve occurred earlier and at regular
intervals than the green curve. In total the greenhouse with the Root Optimizer received one
extra irrigation compared to the other greenhouse.

Dry out limit (instruction set) (l/m²)
Dry out measure = slab humidity (l/m²)
Dry out desired (strategy) (l/m²)
Irrigation triggered
Sum of solar radiation measured (J/cm²)
Substrate weight on the scale (kg) with the root optimiser
Substrate weight on the scale (kg) without the root optimiser

Figure 10 Diagram displayed the irrigation management on PRIVA Office – comparison of irrigation cycles with (orange
curve) and without (green curve) the root optimizer software

Figure 11 History of irrigation displayed in PRIVA Office

3.1.2.7 Benefits
The balance with the drainer sensor helped the grower to optimize its irrigation. This
technology assists the grower to make decisions about the frequency timing of the irrigation,
based on the plant absorption and the volume supplied previously (3 last cycles). Data are
automatically received in real time, which enables reactive decisions if required. The
optimization of the water supply reduces the excessive consumption and environmental
impact. In addition, tomato plants were healthier with a lower risk of pathogens attack and
an optimized growth.
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3.1.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

Learning to use the software

X

R

S

Possible solution(s)
Workshop organized
Training video available on PRIVA website.
Technical support

System installation

X

Need assistance and technical support to set
up the technology

T = technological, R = regulatory, S = socioeconomic

3.1.3 Outputs
3.1.3.1 Scientific/Technical publications
None
3.1.3.2 Participation in Scientific/Technical conferences
None
3.1.3.3 Invited seminars, presentations at local events, etc.
Table 2 List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Presentation of
FERTINNOWA project

visit of foreign
researchers working
on another
European project at
CATE (RUC-aps)

CATE, Brittany
France

July 2017

Presentation of
FERTINNOWA project

Visit of foreign
delegation of FAO
(members of
cooperatives from
Egypt, Tunisia and
Morocco)

CATE, Brittany
France

July 2017

Workshop: H2020
projects

H2020 information
day

Quimper,
Brittany France

September 2017

PRIVA root optimizer

Growers event

CATE, Britanny,
France

November 2018
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3.1.4 Reference list
https://www.priva.com/products/root-optimizer
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3.2 Humidimeter
3.2.1 General technology exchange description
3.2.1.1 Location and growing system
Farm

Vézendoquet, Saint Pol de Léon, 29250 FRANCE

Figure 12 Map of Saint Pol de Léon, France
Figure 13 Aerial photograph of the station

Coordinates

CATE, Vezendoquet, 29250 Saint-Pol-de-Léon 48°39'29.8"N
3°59'12.7"W

Climate Zone

Oceanic

Crops

Tomatoes

Growing System

Greenhouse soilless

Irrigation

yes

Fertigation

yes

3.2.1.2 Technology exchange Summary
The main objective of the technology was to enhance the optimization of the irrigation and
adjusting the input to the plant need. The humidimeter measures the humidity and informs
the grower about the homogeneity of water distribution within the slabs. This technology is
further described in The Fertigation Bible (Chapter 10.17).
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Humidimeter

Figure 14 Pictures of the humidimeter monitoring substrate moisture with wireless sensor on soilless tomato crop

3.2.2 Technology exchange
3.2.2.1 Description of the problem
In Brittany, the agriculture represents an important part of the economy and includes many
crop productions. Breton horticulture is ranked third on the national scale with a highly
structured and organised sector. The experimental station is based in the heart of the
vegetable and horticultural area, with expertise in fresh field vegetables, greenhouse
vegetables, ornamentals and cultivated mushrooms. Greenhouse tomatoes production
constantly increased and doubled yield in 30 years. France imports tomatoes mainly from
Morocco, where the working labour cost less. Optimization and quality are important points
to stay competitive.
3.2.2.2 Objectives
The main objective of this technology exchange, the humidimeter, was to measure punctual
and precise values of humidity in slabs.
3.2.2.3 Specific background on the exchange
The technology is supplied by Grodan, a well-known Dutch company within the horticultural
sector. Grodan sells rockwool substrates and provides advice plus support services regarding
precision growing. CATE exchanged and showcased the technology GroSens - humidimeter.
Grosens is commercialized, so it has a TRL of 9.
3.2.2.4 Stakeholders involved
Regularly, the station welcomes visitors (producers, consultant, technicians, etc.) and
showcases the outcomes of FERTINNOWA’s project. A yearly event gathers people involved
with CATE.
3.2.2.5 Implementation of the technology
The experimental station implemented the Grodan Grosens Multi-Sensor system aiming to
gain precision for the irrigation management of protected soilless tomato, throughout
This project has received funding from the European Union’s Horizon 2020 research and
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accurate measurements of the water content (WC, between 0% and 100%), the electrical
conductivity (EC, between 0 and 10 mS/cm) and the temperature (between 0°C and 50°C)
levels in the rockwool substrate. Every three minutes, three wireless sensors automatically
send data to the monitoring system located on the control computer, 24h/7d. The diagram
displays the data instantly recorded via an internet access throughout the Grodan's website
(Figure 15).
The system also offers flexibility in measuring by easily repositioning the sensor. To ensure
correct measurements, Figure 16 gives the instruction to place correctly the sensor. The
Grosens reader displays live values of WC, EC and temperature (Figure 17b). Therefore, to
check the homogeneity of the humidity of the slab, we conducted multi-measures (30
measures, 3 blocks) before and after irrigation, once a month. The Grosens software performs
the transfer of data and saves them into an Excel file.
Based on the type of substrate, Grodan delivers specific and technical information about the
minimum and maximum humidity regarding the period of the year and plant stage. All this
information is provided through e-newsletters called “Grodan Precision Growing advice:
tomatoes”
(more
information
available
at
https://www.youtube.com/watch?v=aYzdFiaVN9s).

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

35

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops

Figure 15 CATE_Humidimeter_Grosens (GRODAN- Netherland)_Brittany, France_0518
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Figure 16 Grodan documentation: diagram to describe the correct procedure to place the sensor to collect correct data.

Grosens sensors (a)
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Grosens reader (b) with humidity, EC
and temperature values displayed.

Grosens Receiver (c )

Grosens Smartbox (d)
Connected computer (e )

Figure 17 Illustration of the humidimeter system from PRIVA. (a) on going measurement, (b) punctual measurement
campaign

3.2.2.6 Results
The grower can follow in real time the EC, the slab humidity and slab temperature via an
internet access. The internet access provides useful tools such as historical report, different
display settings, etc. On a sunny day, multi measures (30) were conducted before the firstmorning irrigation and during the afternoon (plateau phase). Values of electrical conductivity,
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temperature and humidity were collected in three greenhouses with the substrate Grodan
Master Grotop: L 120 cm x l 15 cm x h 10 cm.
Humidity (Figure18a): before irrigation, the greenhouse 6 had the driest values with an
average of 52.90% +/-7.00 humidity recorded. Glasshouses 4 and 5 had similar values with
58.70% +/-7.60 and 57.20% +/-7.00 respectively. Variations within slabs were quite
important, suggesting the occurrence of disparity. At the plateau phase, satisfying humidity
content is close to 70%-75%. Values recorded with the humidimeter were between 72.10%
and 74.40% for the afternoon. However, in the future and to avoid overrunning below 60%
through the night, a strategy needs to be set up.
Electrical conductivity (Figure 18b): The EC values are a good indicator of the total salinity
contained in the slab delivered via fertilization. Grodan's newsletter advises values between
3.2 mS and 4.5 mS for the morning and 3.5 and 4.5 mS for the day (Cf.Annexe Grodan
newsletter “maximal production stage”). EC measures were correct and displayed a
correlation between the supply of water + nutrient and drain. Moreover, the risk of disease
was prevented, and the fruit quality maintained.
Temperature (Figure 18c): over summer, temperature does not drop too low or rise too high
in the afternoon. Slab temperatures fluctuated between 20°C for the morning and 23.5°C for
the afternoon. Variation was not important and thus, tomatoes plants did not suffer from the
heat.

80,00

a
.

Mean slab electrical conductivity
morning vs afternoon on a sunny day

Electrical conductivity

Slab humidity (%)

Mean slab humidity content morning vs
afternoon on a sunny day

b
.

75,00
70,00
65,00
60,00
55,00
50,00

greenhouse 4 greenhouse 5 greenhouse 6
morning

4,50
4,00
3,50
3,00
2,50
2,00

greenhouse greenhouse greenhouse
4
5
6
morning

afternoon

Temperature

c
.

afternoon

Mean slab temperature morning vs
afternoon on a sunny day
25,00
23,00
21,00
19,00
17,00

greenhouse 4 greenhouse 5 greenhouse 6
morning

afternoon

Figure 18 Mean slab humidity (a), electrical conductivity (b) and temperature (c) in three different glasshouses before and
after irrigation
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Figure 19 Grosens internet interface for the greenhouse 5

3.2.2.7 Benefits
The humidimeter is an excellent technology to complement a balance system. The
humidimeter is a supportive tool and provides information about the humidity content of the
slab; however, it was not linked to the climate software as it was the slab balance mentioned
in the previous technology. Indeed, the scale is fixed and difficult to reposition, whereas the
humidimeter allows the grower to perform flexible measures. This technology assists the
grower to make decisions about the volume and timing of the irrigation, based on the plant
absorption and substrate type. Thus, the humidimeter is a supportive tool that provides
information about the humidity content of the slab, but it is not linked to the climate
software. Data are automatically received in real time, which enables reactive decisions if
required. The optimization of the water supply reduced the excessive consumption and
environmental impact. In addition, tomatoes plants were healthier with a lower risk of
pathogens attack and an optimized growth.
3.2.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

Time to download climatic data

S

Possible solution(s)

X

Sensor lifespan under 4 years

X

By repositioning the device to
realize measures can damage the
slab, which can lead to misleading
results. Positioning is crucial for
this technology.

X

T = technological, R = regulatory, S = socioeconomic
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3.2.3 Outputs
3.2.3.1 Invited seminars, presentations at local events, etc.
Table 3 List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Presentation of
FERTINNOWA project

visit of foreign
researchers working
on another
European project at
CATE (RUC-aps)

CATE, Brittany
France

July 2017

Presentation of
FERTINNOWA project

Visit of foreign
delegation of FAO
(members of
cooperatives from
Egypt, Tunisia and
Morocco)

CATE, Brittany
France

July 2017

Workshop: H2020
projects

H2020 information
day

Quimper,
Brittany France

September 2017

Substrate humidity
monitoring with
wireless sensors

FERTINNOWA final
conference: poster
session

Almería, Spain

October, 2018

3.2.4 Reference list
http://www.grodan.com/growing-solutions/grosens-and-e-gro/
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3.3 Biofiltration
3.3.1 General technology exchange description
3.3.1.1 Location and growing system
Farm

Vézendoquet, Saint Pol de Léon, 29250 FRANCE

Figure 20 Map Saint Pol de Léon, France
Figure 21 Aerial photograph of the station

Coordinates

CATE, Vezendoquet, 29250 Saint-Pol-de-Léon 48°39'29.8"N
3°59'12.7"W

Climate Zone

Oceanic

Crops

Tomatoes

Growing System

Greenhouse soilless

Irrigation

yes

Fertigation

yes

3.3.1.2 Technology exchange Summary
The drain water is reused for irrigation to optimize the use of nutrients and to save water and
nutrients. This water may contain fungus, bacteria and viruses potentially harmful to the
crops. Technologies for disinfection such as biofiltration were exchanged and implemented
on soilless tomato crops and their effect on studied with microbiological analysis, conducted
This project has received funding from the European Union’s Horizon 2020 research and
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by EQUASA over one year. This technology is further described in The Fertigation Bible
(Chapter 6.13 ).
Biofiltration

Biofiltration treatment system
Figure 22 Pictures of the biofilter (Van Etten Techniek, Netherland) for the treatment and recirculation of drain water on
soilless tomato crop.

3.3.2 Technology exchange
3.3.2.1 Description of the problem
In Brittany, agriculture represents an important part of the economy and includes many crop
productions. Breton horticulture is ranked third on the national scale with a highly structured
and organized sector. The experimental station is based in the heart of the vegetable and
horticultural area, with expertise in fresh field vegetables, greenhouse vegetables,
ornamentals and cultivated mushrooms. Greenhouse tomatoes production constantly
increased and doubled yield in 30 years. France imports tomatoes mainly from Morocco,
where the working labour cost less. Optimization and quality are important aspects to stay
competitive and maintain the reputation of Brittany.
3.3.2.2 Objectives
The main objective of the biofilter is to ensure drain water quality and safety on tomatoes
and peppers grown on soilless greenhouses. EQUASA’s mission is to confirm the efficiency
and reliability of the equipment throughout microbiological analyses, before and after
treatment.
3.3.2.3 Specific background on the exchange
Van Etten Techniek is a Dutch company which which supplied the biofilter. The biofiltration
technology has a TRL9.
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3.3.2.4 Stakeholders involved
Regularly, the station welcomes visitors (producers, advisors, technicians, etc.) and
showcased the technologies implemented via the FERTINNOWA’s project.
3.3.2.5 Implementation of the technology
In June 2017, CATE exchanged and showcased a dynamic biofilter connected to three
greenhouses with tomatoes and peppers growing on coir substrate. This method does not
destroy random micro-organisms, who could be beneficial, but favour a biological selection
treatment of the drain water. The biofiltration associates two processes: biological (predation
and antagonism) and mechanical (mechanical filtration, sedimentation and adsorption).
Figure 23 indicates the working system. The drained water arrives on the top of the biofilter
coming from a storage tank, and a pump injects air at the bottom. The biofilter contains
Pouzzolana aggregated in suspension. The injection of air into the biofilter enhances the time
of contact between the drain water and the biofilms thanks to the creation of turbidity.
Therefore, it enables the filtration of a higher volume of drained water (around 300 L h -1 m-²)
compared to the slow filtration process. Turbidity also maintains homogeneity of the biofilms
amongst the aggregates. Over a period of one year, 8 microbiological analyses were
conducted to compare the microflora of the drainage water before and after treatment.

Figure 23 Diagram of the biofilter exchanged at CATE
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Figure 24 Photo Activated biofilter system in CATE, Brittany,France

3.3.2.6 Results
Between July 2017 and May 2018, EQUASA (University of Western Brittany) took eight
samples of drained water before and after applying the biofilter technology. The analysis
targeted fungal flora (Phytium spp. & F.oxysporum), total bacterial flora and Pseudomonas
fluorescent. Figures 25 and 26 below show the efficiency and evolution of the biofiltrer
regarding five main waterborne micro-organisms. In general, the biofiltration system
removed 90% of them, except for Bacillus spp. (70% +/-10.76). In general, the biofilter was
more efficient on fungi than bacteria.
EQUASA’s reports stated low bacterial and fungal levels, indicating that the biofilter may
eliminate pathogens in-situ. Initially, the biofilter was optimized by adjusting flow and
exchange area. After the biofiltration, Bacillus spp. and Pseudomonas fluorescent were found
in the drain water. These organisms play an important role for biological control against
pathogens.
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Biofiltration efficiency on main water borne
micro-organisms
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Figure 25 Biofiltration efficiency (in percentage) on main five waterborne micro-organisms per month.
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Figure 26 Average efficiency on main waterborne micro-organisms over one year with standard error.
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Table 4 Pictures of Petri dishes before (left) and after (right) biofiltration for July 2017 and May 2018

Biofiltration- fungal flora on malt agar
Before (left) and after (right) treatment
July 2017

Biofiltration - fungal flora on malt agar
Before (left) and after (right) treatment
May 2018

3.3.2.7 Benefits
The analyses carried out demonstrated the reliability and the efficiency of the biofilter against
the main micro-organisms, which suggests that this technology may prevent infection by
pathogens of the same community.
The system is a simple tool to implement with a low level of control and maintenance. It has
the advantage to maintain alive beneficial bacteria such as Bacillus spp and Pseudomonas
fluorescens. In the past, the system revealed its ineffectiveness to remove viruses or
Clavibacter michiganensis.
3.3.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

S

Possible solution(s)

Biofilter must be in a temperate
and protected area

X

Not a suitable solution for Mediterranean
growers
Cover the biofilter with a black plastic sheet
to avoid algae proliferation

Biofilter maintenance

X

Must function in closed system a few hours
per day to maintain biological activity
Biofilter must be constantly wet
Drain water should not contain pesticides or
chemical disinfection substances
Regular air circulation

T = technological, R = regulatory, S = socioeconomic
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3.3.3 Outputs
3.3.3.1 Invited seminars, presentations at local events, etc.
Table 5 List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Presentation of
FERTINNOWA project

visit of foreign
researchers working
on another
European project at
CATE (RUC-aps)

CATE, Brittany
France

July 2017

Presentation of
FERTINNOWA project

Visit of foreign
delegation of FAO
(members of
cooperatives from
Egypt, Tunisia and
Morocco)

CATE, Brittany
France

July 2017

Workshop: H2020
projects

H2020 information
day

Quimper,
Brittany France

September 2017

Biofiltration to treat
drainwater against
water borne
pathogens in soilless
crops

FERTINNOWA final
conference: poster
session

Almería, Spain

October, 2018
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3.4 UV treatment
3.4.1 General technology exchange description
3.4.1.1 Location and growing system
Farm

Vézendoquet, Saint Pol de Léon, 29250 FRANCE

Figure 27 Map of Saint Pol de Léon, France
Figure 28 Aerial photograph of the station

Coordinates

CATE, Vezendoquet,
3°59'12.7"W

Climate Zone

Oceanic

Crops

Tomatoes

Growing System

Greenhouse soilless

Irrigation

yes

Fertigation

yes

29250

Saint-Pol-de-Léon

48°39'29.8"N

3.4.1.2 Technology exchange Summary
The drainage water is reused for irrigation and optimizes the use of nutrients and allows
saving water and nutrients. This water may contain fungus, bacteria and viruses potentially
harmful to the crops. Disinfection systems such as UV treatment are effective and reliable,
which was confirmed in the microbiological analysis reports conducted by EQUASA between
2017 and 2018. This technology is further described in The Fertigation Bible (Chapter 6.10).
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UV-c Medium Pressure-Line (PRIVA- Netherland)

Figure 29 Pictures of UV-c Medium-Pressure line for the treatment and recirculation of drain water on soilless tomato crop.

3.4.2 Technology exchange
3.4.2.1 Description of the problem
In Brittany, the agriculture represents an important part of the economy and includes many
crops. Breton horticulture is ranked third on the national scale with a highly structured and
organised sector. The experimental station is based in the heart of the vegetable and
horticultural area, with expertise in fresh field vegetables, greenhouse vegetables,
ornamentals and cultivated mushrooms. Greenhouse tomatoes production constantly
increased and doubled yield in 30 years. France imports tomatoes mainly from Morocco,
where the working labour cost less. Optimization and quality are important points to stay
competitive and maintain the reputation of Brittany.
3.4.2.2 Objectives
The main objective of the UV system is to ensure drain water quality and safety. EQUASA’s
mission is to confirm the efficiency and reliability of the equipment throughout
microbiological analyses, before and after treatment.
3.4.2.3 Specific background on the exchange
PRIVA markets integrated and climate control systems for several industrial sectors including
greenhouses. PRIVA is also a specialist for water management and offers programs from
water pre-treatment up to drain water recycling. CATE recycles the drain water to optimize
its resources. The UV-c Medium pressure-Line is already available to the growers, so it has a
TRL9.
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3.4.2.4 Stakeholders involved
Regularly, the station welcomes visitors (producers, advisors, technicians, etc.) and
showcases the technology exchanged via FERTINNOWA’s project. A yearly event gathers
people involved with the CATE. Taking the opportunity, we will display and promote the
systems we are using and the benefits to the growers.
3.4.2.5 Implementation of the technology
To ensure disinfection of the drain water, CATE exchanged technology with PRIVA and
installed a PRIVA Vialux M Line, which uses mid pressure UV technology to destroy any microorganisms such as fungi, bacteria or viruses. The equipment was incorporated during the
construction of the greenhouses in December 2016. The system works with two UV lights,
providing a UV dose of 220 mJ/cm². Figures 30 and 31 briefly describes the overall system and
the UV disinfection process, respectively. The equipment mix between 20% and 30% of clean
drain water with 70%-80% of rainwater before adding the necessary nutrients to the plants.
The gutters collect the excess of water from the crop until the storage container called “dirty
drain water”. This water contains micro-organisms and also fertilizers, which can be re-used.
To avoid any infection, the totality of the drain water goes through the UV system and then
is stored in a second tank called the “clean drain water”. Before the treatment, the drain
water has to pass through a gravel-sand pre-filter to minimize the risk of obstruction and
extend the lifespan of the device. Sometimes the water has a low transmittance, which
decreases the efficiency of the UV. Clear water can be integrated to dilute the drain water
and enhance the transmittance. When the level inside the clean drain water tank reaches a
certain level, the system pumps the water from the dirty drain water tank and the induction
of disinfection starts. The system injects nitric acid to disinfect the UV lights between
disinfection processes. Over a period of one year, 8 microbiological analyses were conducted
to compare the present microflora before and after the UV treatment.
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Figure 30 Diagram of UV disinfection (PRIVA) system implemented at CATE

Figure 31 Diagram describing the UV disinfection process inside the tube.

3.4.2.6 Results
Between July 2017 and May 2018, EQUAZA (University of Western Brittany) performed eight
samples of drained water before and after treatments. The analyses targeted fungal flora
(Phytium spp. & F.oxysporum), total bacterial flora and Pseudomonas fluorescent. The figures
32 and 33 below show the efficiency and evolution of the technology exchanged regarding
five main waterborne micro-organisms. The UV disinfection consistently destroyed 100% of
any fungal or bacterial population. Regarding UV disinfection, there was a very low
concentration of bacteria and fungi after the UV treatment and confirmed the efficiency of
this technology. However, contamination might occur in the storage tank afterwards, but with
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a low probability. Table 6 provides an example of the pictures of the Petri dishes obtained
after incubation.

Figure 32 UV efficiency (in percentage) on five main waterborne micro-organisms over 11 months.
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Average efficiency on main water borne microorganisms over one year
Percentage of efficiency (%)

100
90
80
70
60

50
40
Pythium spp.

Fusarium oxy

Total bact flora

Pseudomonas
fluorescents
UV disinfection results

Bacillus spp.

Figure 33 Average efficiency on main waterborne micro-organisms over one year with standard error.
Table 6 Pictures of Petri dishes before (left) and after (right) UV treatment for July 2017 and May 2018

UV disinfection- fungal flora on malt agar
Before (left) and after (right) treatment
July 2017

UV disinfection - fungal flora on malt agar
Before (left) and after (right) treatment
May 2018

3.4.2.7 Benefits
The analyses carried out demonstrate the reliability and efficiency of the UV disinfection. The
system is also autonomous and integrated into the greenhouse software. The addition of clear
water improves the efficiency of the technology if the transmittance of the drained water is
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too low. The technology has a very low cost of electricity consumption, allowing a quicker
pay-back time.
3.4.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

Low transmittance of organic
substrate (UV treatment)

X

High investment
treatment)

cost

R

(UV

S

Possible solution(s)
Avoid coconut or wood fibres substrates
Add clear water

X

Optimization of the equipment to reduce the
earn back time (estimated at 2-3 years)

T = technological, R = regulatory, S = socioeconomic

3.4.3 Outputs
3.4.3.1 Invited seminars, presentations at local events, etc.
Table 7 List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Presentation of
FERTINNOWA project

visit of foreign
researchers working
on another
European project at
CATE (RUC-aps)

CATE, Brittany
France

July 2017

Presentation of
FERTINNOWA project

Visit of foreign
delegation of FAO
(members of
cooperatives from
Egypt, Tunisia and
Morocco)

CATE, Brittany
France

July 2017

Workshop: H2020
projects

H2020 information
day

Quimper,
Brittany France

September 2017

A view on UV
disinfection and
filtration systems

FERTINNOWA
workshop

The Netherlands

November 2017

Mid-pressure UV to
treat drainwater
against water borne

FERTINNOWA final
conference: poster
session

Almería, Spain

October, 2018
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pathogens in soilless
crops

3.4.4 Reference list
https://www.priva.com/products/vialux
https://www.youtube.com/watch?v=wt1N4p3DX7M

3.5 Precision irrigation technologies
3.5.1 General technology exchange description
3.5.1.1 Location and growing system
Farm

The Water Efficient Technologies (WET) Centre, NIAB EMR, New Road,
East Malling, ME19 6BJ, UK

Coordinates

51°17'16.30" N 0°26'17.93" W

ClimateZone

Temperate maritime climate

Crops

Strawberries

GrowingSystem

Covered soilless grown

Irrigation

Automated irrigation

Fertigation

Automated fertigation

3.5.1.2 Technology exchange Summary
Demand for direct river abstractions outstrips supply by a factor of two in a number of South
East catchment areas in the UK. The government’s current water abstraction reforms for
trickle irrigators means that any additional abstracted volumes above historical levels will
require a new licence – which the Environment Agency has indicated is likely to be more
restrictive than under the current transitional licensing arrangements. Growers need
technologies that will help them to improve the water use efficiency of their farm.
Precision irrigation scheduling with the use of sensors has been selected to be showcased in
strawberry production. At the WET Centre, the GP2-based precision irrigation tool
successfully maintained coir volumetric moisture contents within 1% of the set point
throughout the 2018 growing season. In the WET Centre under the Precision irrigation
system, a total of 18.9 L of water was applied per plant; this equates to 1 027 m3 of irrigation
water applied per hectare. In the WATERR project, results from the grower interviews
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established that the average volume of water applied to substrate-grown strawberry crops
was c. 2 495 m3 per hectare.
We have recently launched a new commercial irrigation scheduling service based on the
technology showcased; the “Precision Irrigation Package”; a unique, high performance, fully
automated irrigation scheduling and monitoring system designed for use in trickle irrigated
soft fruit. Two of the UK’s leading soft fruit farms are currently investing in the “Precision
Irrigation Package” on a larger scale after trialling it over the past couple of years.
In 2019, the precision irrigation system showcased for strawberries will be deployed and
showcased on commercial raspberry pot production.

3.5.2 Technology exchange
3.5.2.1 Description of the problem
In the key irrigation areas of East Anglia and the South East, irrigators are the largest users of
non-domestic water supplies, particularly during the summer months when river and ground
water levels are at their lowest. Demand for direct river abstractions outstrips supply by a
factor of two in a number of South East catchments. With population growth and Climate
Change, the Environment Agency predicts that by 2050 the large majority of South East river
catchments will be classified as ‘over abstracted’. This not only poses a major threat to river
habitats, but also to growers whose businesses are already being impacted by water
shortages and abstraction constraints.
From 2013 to 2015, East Malling Research (now NIAB EMR) ran an Environment Agency /
regional ERDF funded ‘WATERR’ Project aimed at supporting South East irrigators to enhance
their profitability and competitiveness by improving irrigation water use efficiency and
availability. In depth interviews with 110 growers found that:



75% of growers rank irrigation as Crucially Important to their business performance
There is major scope to improve grower irrigation efficiency and financial returns :
o Across all key crops there is typically a 2 to 4 fold difference in water use
efficiency between upper and lower quartile producers.
o Top Quartile producers in the substrate soft fruit sector in terms of financial
returns are typically 50% more efficient in their water use than Bottom Quartile
growers
o Monitoring soil or coir moisture content to optimise irrigation scheduling
duration and timing is ranked as the most important factor in optimising water
productivity and returns.

The individual and collective consultations carried out within the FERTINNOWA thematic
network revealed that:


Although there are commercial automatic irrigation systems available are not
implemented on the farms.
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Commercial available systems are often complicated and not reliable, so growers are
not confident to use them.
Growers would prefer to see the innovative systems demonstrated on commercial conditions
before implanting them on their farms.
3.5.2.2 Objectives
The main objective of the technologies showcased is to help growers to improve their
management of fertigation for soilless soft fruit production.
Precision irrigation package technologies using sensors and decision support systems to be
implemented on commercial growing conditions and demonstrated to UK soft fruit growers.

3.5.2.3 Specific background on the exchange
FERTINNOWA’s benchmark study and the collective consultations revealed that growers are
concerned about water availability in the south east region of the UK and that they would like
to optimise their fertigation/irrigation system, with automation being a key improvement
that they would like to implement on their farms. A precision irrigation system with
technology readiness level of TRL9 is being showcased at NIAB EMR’s “WET Centre”.
The technologies exchanged have been the outcomes of more than 10 years of research from
several projects. The methodologies and technologies were first developed for soil-grown
strawberry production (HortLINK 0187) and were then modified and refined for substrate soft
fruit (SF 107, DEFRA WU0110) and raspberry (SF 118) production. Modern intensive substrate
production systems incur high initial financial investments and require careful management
to ensure quality is predictable, consistent and controllable.
The precision irrigation management showcased on the WET Centre is the main result of the
following projects:
Innovate UK 101623: Developing innovative tools to manage risks associated with improving
resource efficiency and fruit quality and reducing waste in substrate soft fruit production
(2014-2017)
More efficient use of inputs including water, fertilisers and pesticides is vital to the future
success of all UK agri-businesses. Although over-irrigation and high fertiliser inputs can lead
to excessive vegetative growth, increased disease susceptibility, lower marketable yields,
poor organoleptic quality and a short shelf-life, many growers are reluctant to reduce water
(and fertiliser) inputs due to the lack of information, suitable management tools and crop
monitoring systems. Scientifically-derived fertigation strategies have been developed at East
Malling Research that improve resource use efficiency, increase marketable yields and fruit
quality and reduce waste during production. Scaling-up this precision fertigation approach so
that it can be implemented safely across many hectares of high-value substrate strawberries
requires a step change in the detail of on-farm measurement data. The project consortium
(BerryGardens Growers Ltd, East Malling Research, Delta-T Devices Ltd, Eden Irrigation
Consultancy Ltd and the Technology Research Centre Ltd) have developed new technologies
needed to implement, monitor and manage precision fertigation across many hectares of high
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value soft fruit production. Imaging tools to assess plant health, quantify crop quality and
predict marketable yields were also developed and validated against conventional but
intensive scientific measures of productivity in commercial strawberry varieties exposed to
differing degrees of biotic and abiotic stresses.
Innovate UK 102124: Developing a decision support system to improve crop management,
yield forecasting and resource use efficiency in UK soft fruit production (2015-2018)
The UK soft fruit industry is a vital part of the UK's rural economy with annual sales of
strawberries and raspberries of 111 Kt, worth c. £452M at retail sales value. The soft fruit
sector has invested heavily in the development of new technology and higher-yielding
varieties over the last 15 years and strawberry Class 1 yield/ha has risen from 8 t to 21 t
(Defra). However, commercial yields of 38 t/ha are possible if crop agronomy is optimised.
The yield gap is due in part to changeable environmental factors within the polytunnels, and
the operational decisions made by growers in response to these variables. Over-irrigation and
high fertiliser inputs during changeable weather can increase disease susceptibility, lower
marketable yields and reduce organoleptic quality. Consequently, 33% of all harvested soft
fruit is wasted each year, due to disorders such as rots, bruising and poor textural quality. A
30% reduction in soft fruit waste would stem UK imports and generate extra income for BGG
growers of c. €5.6 M p.a. Furthermore, inaccurate predictions of Class 1 yields by BGG growers
resulted in lost revenue of €1.1 M in just one two-week period in 2013 and improving the
accuracy of yield forecasts could be expected to increase revenue by €3.3-4.3 M p.a.
To achieve this, the consortium will develop a Decision Support System (DSS) that will enable
growers to improve operational decision making and reduce the impact of changeable
weather on crop yield, quality and wastage. Growers, retailers and consumers will benefit
from more accurate yield forecasts leading to better pricing, greater resource use efficiency
leading to cost savings and improved environmental performance, lower waste during
production leading to increased tonnage to sell, improved consistency of supply of high
quality fresh fruit with an assured shelf-life leading to reduced wastage in store.
3.5.2.4 Stakeholders involved






Berry Gardens: UK leading berry and stone fruit production and marketing group.
Berry Gardens Growers have been at the frontline of the developments of the
Precision Irrigation Package. Berry Gardens Grower provide additional agronomy
support for the WET Centre.
Cocogreen: Cocogreen® has a unique range of speciality coir substrate products which
benefit
from
their
control
of
distribution
chain.
In the WET Centre Cocogreen® is showcasing their pioneering Moisture Control
Technology™, provided as standard in all their coir bags, and their award
winning H2CoCo, a wetting agent for better water distribution and retention in the
coir.
Delta-T devices: Is one of the leading global suppliers of high performance sensors and
instruments
for
environment
and
crop
applications.
Delta T GP2 logger and the soil moisture sensors SM150Tshown in the WET Centre are
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in the core of the Precision Irrigation Package and provide a reliable way to apply
irrigation according to plant demand.
Netafim: A global leader of microirrigation and irrigation technology, Netafim™ has
provided the control and fertigation equipment for the WET Centre with the
NetafimFertikit™ 3G system for Nutrigation™. In addition, Netafim™ has provided
drippers, valves, pipes and filters. Netafim™ played a leading role in the development
of the Precision Irrigation Technology.
New leaf irrigation: A leading irrigation design company in the UK, with more than 20
years’ experience using field-proven pioneering innovation. New Leaf has designed
the WET Centre irrigation system as well as rain water harvesting.

3.5.2.5 Implementation of the technology
The technology exchange took place at the WET centre (0.34 ha) at NIAB EMR. A 60-day crop
of Malling™ Centenary was planted in Cocogreen coir bags at the beginning of April 2018.
Coir volumetric moisture content (CVMC) was monitored and controlled using a GP2
Advanced Data Logger and Controller with 6 x SM150/SM300 moisture sensors (Delta-T
Devices Ltd). These sensors were inserted through the long side of the coir bags at a depth of
7 cm from the coir surface. Sensors were positioned, near the top, middle and bottom of
different table-top rows. In addition, a WET sensor (Delta T Devices Ltd) connected to the GP2
was positioned in a coir bag in the middle of one of the three ‘sensor’ rows, to monitor
continuously coir pore electrical conductivity (E.C.) and coir temperature. Also connected to
the GP2 were 4 x Delta-T devices rain gauges (type RG2), two measuring run-off volumes and
two measuring irrigation input volumes. The rain gauges captured water from irrigation
emitters so that the volume of water delivered to a coir bag at each irrigation event (input)
could be measured continually. Run-off (output) was collected from five coir bags using
guttering to channel run-off water into the rain gauges. A new run-off station was also
developed to collect and measure run-off from the entire 50-m long row (Figure 1).

Figure 34. The new run-off station and SM150T sensor recording coir volumetric moisture content in substrate

The average CVMC value from the sensors was calculated automatically and if equal to or less
than the lower irrigation set point, the GP2 signalled the Netafim Fertikit 3G rig which then
triggered an irrigation or fertigation event (Figure 34). The percentage run-off were used to
calculate the average value, and if this value was considered too high or too low, the value of
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CVMC at the lower irrigation set point was adjusted so that percentage run-off could be raised
or lowered.

Figure 35. Schematics of the hardware of the precision irrigation system

Weekly “spot” measurements of CVMC and coir pore E.C. were also made using a Delta-T
WET sensor and hand-held HH2 unit calibrated for Cocogreen coir. Measurements were taken
from within the rooting zone of a representative plant in one bag per row working diagonally
across the polytunnels to encompass as much of the experimental area as possible. A relative
humidity/air temperature sensor (Delta-T Devices RHT2nl) was positioned just below the crop
canopy i.e. on the legs of the table tops. This sensor was connected to the GP2 to provide
continuous readings of environmental metrics.
The effect of using either five 1.2 L per h emitters per bag or eight 0.5 L per h emitters per
bag, with and without the wetting agent H2Coco on water use efficiency and Class 1 yields
was also evaluated.
Fertigation and plant husbandry
Standard commercial practice with regard to crop husbandry, fertiliser regimes and pest and
disease control treatments was followed and was determined by a Berry Gardens agronomist.
Fruit yield and quality
Ripe fruit from the experimental plants were harvested twice weekly and the number of
punnets of Class 1 fruit was recorded at each picking date. The time required for the picking
teams to harvest fruit from each experimental tunnel was also estimated.
Samples of fruit for analysis of quality attributes were collected on several occasions. Berry
soluble solids content (SSC or %BRIX) was measured in juice collected from two Class 1 fruit
using a digital refractometer (Palett 100, Atago & co. Ltd, Tokyo, Japan). Fruit firmness
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(maximum load at 8 mm) of two Class 1 fruit was determined with a penetrometer (Lloyds
LRX TA plus).
3.5.2.6 Results
At the WET Centre, the GP2-based precision irrigation tool successfully maintained coir
volumetric moisture contents within 1% of the set point throughout the 2018 growing season.
The irrigation set point was adjusted throughout the season to achieve target volumes of daily
run-off, which were maintained between 1 and 6% of input, depending on the weather
conditions and the stage of crop development. The hot weather in the UK during June and
July meant that plant demand for water was very high, and the Precision irrigation system
ensured that coir water availability was optimised, so avoiding any temporary coir water
deficits that have the potential to limit berry size and quality.
Commercial substrate strawberry growers typically aim for run-off levels of 15-20% and so
water and fertiliser use efficiencies were far higher in the WET Centre than on many
commercial soft fruit farms. In the WET Centre under the Precision irrigation system, a total
of 18.9 L of water was applied per plant; this equates to 1 027 m3 of irrigation water applied
per hectare (Table 8). In the WATERR project, results from the grower interviews established
that the average volume of water applied to substrate-grown strawberry crops was c. 2 495
m3 per hectare.
Table 8. Water applied, Class 1 yields and water productivity

Water applied
(planting to end of
cropping)

Treatment

Water
productivity

Class 1 yield

L / plant

m-3 / ha

g / plant

T / ha L / kg

Netafim 5 dripper
(-H2Coco)

18.9

1027

340*

18.4

56

Netafim 8 dripper
(+H2Coco)

16.2

878

308

16.7

53

Netafim 5
(+H2Coco)

18.5

1003

312

16.9

59

dripper

A lower volume of water was needed to wet up coir bags with 8 ultra-low volume drippers
were used and when the wetting agent H2Coco was applied. Better (i.e. lower) water
productivity values were achieved with the use of 8 ultra-low volume drippers (Table 8).
Class 1 yields of Malling™ Centenary of 308 g (8 drippers) and 312 g (5 drippers) per plant (~
16.7 & 16.9 t/ha) were achieved in 2018 (Table 8). No statistical differences were found in
Class 1 yield when used different number of drippers, which may be attributed to the fact
that the production system is optimised. Class 1 yields in +/- H2Coco treatments were similar.
No significant differences were found on fruit quality in any of the treatments (Figure 36).
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BRIX (% soluble solids)

Class 1 yield (g per plant)
04/07/18

80
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4

*

Total Class 1 yield
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Figure 36. Fruit quality (Brix) under the different treatments

In collaboration with our industry partners, we have recently launched a new commercial
irrigation scheduling service, the “Precision Irrigation Package”; a unique, high performance,
fully automated irrigation scheduling and monitoring system designed for use in trickle
irrigated soft fruit. The WET Centre is also investigating the potential of using rain-water
harvesting in conjunction with the precision irrigation tool to improve water security and
water use efficiency.
Two of the UK’s leading soft fruit farms are currently investing in the “Precision Irrigation
Package” on a larger scale after trialling it over the past couple of years. To help pay for the
cost of its installation, both farms have received funding from the RDPE Countryside
Productivity Scheme. One of the growers that has trialled the system says: “The system does
what you tell it to and once its set up, it looks after itself 24 hours a day. It provides me with
peace of mind that my crop is being well irrigated, meaning we spend less of our time
manually monitoring.” Given that replicated commercial trials have shown that the “Precision
Irrigation Package” can help to improve yields of Class One fruit, the grower also notes that
he is “targeting and expecting a minimum of 2% reduction in waste, giving us a higher
proportion of marketable yields over conventional and traditional substrate irrigation
practices.”
3.5.2.7 Benefits
Consistency of irrigation:
Maintaining moisture content at target levels set by the grower = key to delivering the
benefits of precision irrigation
Precision irrigation delivers:







Improved water use efficiency / security
Lower input costs – reduced run off = 20% savings in water, energy, fertilisers plus
pesticide
Savings ( better canopy management)
Avoidance of deficits / under watering = better yields
Avoidance of over watering = better fruit quality / shelf life
Automation / remote monitoring = lower labour costs
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Financial Benefits to Growers
For a 20 hectare grower:
Cost of precision irrigation per hectare / per annum is 890-1000 € / ha over 3 years / 830 €
over 5.
Significantly outweighed by reduction in input costs (20% = 2,700 € per ha p.a.) and avoidance
of deficits / better yields (5% improvement = 5,900 € per ha p.a.)
Provides net increase in grower income of 7,400 € per hectare / 444,000 € over 3 years and
over 5 years = 7,720 € per hectare / 772,000 €.
3.5.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

Cost of the investment

S

Possible solution(s)

X

T = technological, R = regulatory, S = socioeconomic

3.5.3 Outputs
3.5.3.1 Scientific/Technical publications
3.5.3.2 Participation in Scientific/Technical conferences
Table 9. List of conferences where the results of the technology exchange were presented

Provisional Title

Conference

Location

Month/Year

Precision growing of Fruit Focus Forum
soft fruit

NIAB EMR, UK

July 2018

Update on progress in AHDB Soft Fruit Day
the WET Centre

NIAB EMR, UK

November 2018

Precision irrigation of Berry
Gardens Ashford, UK
soft fruit
Technical Conference

December 2018

3.5.3.3 Invited seminars, presentations at local events, etc.
Table 10. List of events where the technology exchanged was presented

Provisional Title

Event

Location

Visit of Asplins PO NIAB EMR
ltd

Month/Year

May 2018
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Visit
of
South NIAB EMR
African growers

June 2018

Fruit Focus 2018

July 2018

Visit of
growers

NIAB EMR

Swedish NIAB EMR

October 2018
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3.6 Airlift
3.6.1 General technology exchange description
3.6.1.1 Location and growing system
Farm

Name of the location: Tolweg 13, Zwaagdijk, The Netherlands

Figure 37 Location Proeftuin Zwaagdijk

Coordinates

52.690707 (latitude), 5.156815 (longitude)

Climate Zone

Temperate oceanic climate

Crops

Leafy vegetables, herbs and cut flowers

Growing System

Hydroponics: Deep Flow Technique (DFT), both protected and open
field production.

Irrigation

In DFT plants are fixed in float, floating on an about 30 cm deep
nutrient solution, which is separated from the subsoil/underground. As
the plants develop almost their complete root system in the nutrient
solution they are permanently provided with water and nutrients.

Fertigation

See ‘Irrigation’

3.6.1.2 Technology exchange Summary
The output of plant protection products (PPP) to the environment is an important point of
care in many European countries. In horticulture, one of the strategies to reduce the
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environmental impact of the horticultural production is the development and use of more or
less closed and recirculating production systems. Another reason why such systems are
developed is the decline of soil fertility for example by salinization.
One of these alternative growing systems with very low output of nutrients, PPP’s and water
is the Deep Flow System (DFT). DFT is a hydroponic system for the production of for example
leafy vegetables (lettuce, endive, spinach, wild rocket, radicchio), herbs (mint, celery, basil),
cabbages and cut flowers (chrysanthemums). Although the underlying mechanisms are not
all known or identified yet, trials have shown that an adequate circulation and aeration of the
nutrient solution are key factors for a good production in this system. The maximum quantity
of oxygen that physically can be dissolved in water is strongly limited in comparison with the
need of plants. In search for a solution in having adequate circulation and aeration in the
nutrient solution of the DFT, it was discovered that in waste water treatment and
aquaponics/fish farm industries a technology was used for enhancing oxygen levels; the airlift
technology. This technology was then also demonstrated in hydroponics, in the DFT. The
technology turned out to be an effective, reliable and affordable way to provide for
circulation and aeration with an as low as possible energy usage.

3.6.2 Technology exchange
3.6.2.1 Description of the problem
Like in other European regions, Dutch agriculture and horticulture contribute to the
eutrophication of surface water as well as to high concentrations of nitrogen in groundwater.
Also the output of plant protection products (PPP) to the environment is an important point
of care. In horticulture, one of the strategies to reduce the environmental impact of the
production is the development and use of more or less closed and recirculating production
systems. Another reason why such systems are developed is the decline of soil fertility for
example by salinization. One of these alternative growing systems with very low output of
nutrients, PPP’s and water is the Deep Flow System (DFT). DFT is a hydroponic system for the
production of for example leafy vegetables (lettuce, endive, spinach, wild rocket, radicchio),
herbs (mint, celery, basil), cabbages and cut flowers (chrysanthemums). The system consists
of a large basin with an open top, which is filled with a nutrient solution, usually about 30 cm
deep. The nutrient solution is covered with floaters (usually made from EPS, expanded
polystyrene) in which the crop is planted. The crop develops almost the entire root system in
the nutrient solution from which the plant can take up water, nutrients and oxygen.

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

Figure 38. Demonstration trial lettuce Zwaagdijk

Figure 39. Aeration of water Zwaagdijk

Although the underlying mechanisms are not all known or identified yet, trials have shown
that an adequate circulation and aeration of the nutrient solution are key factors for a good
production in this system. The maximum quantity of oxygen that physically can be dissolved
in water is strongly limited in comparison with the need of plants. Especially in periods with
rapid growth the uptake of oxygen is high and – without aeration - the concentration of
oxygen in the nutrient solution will drop very fast. Besides aeration, circulation is an important
issue in systems based on DFT. Circulation provides for a homogenous nutrient solution with
This project has received funding from the European Union’s Horizon 2020 research and
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respect to temperature, nutrients, pH and oxygen. One of the main challenges in hydroponics
based on DFT is an effective, reliable and affordable circulation and aeration with an as low
as possible energy usage. The airlift technology seems to meet these requirements.
The airlift technology is applied in waste water treatment (enhancing oxidation of organic
compounds) and aquaponics/fish farm industries (providing fish with oxygen). Botman
Hydroponics initiated the first application of the airlift in DFT-systems at research station
Proeftuin Zwaagdijk as well as at a commercial production of herbs and lettuce.
3.6.2.2 Objectives
The main objective is using Airlift technology to circulate and increase oxygen levels in
nutrient solutions in hydroponics based on Deep Flow Technique for the production of leafy
vegetables, herbs and cut flowers. It is expected that the increased oxygen levels and
circulation in the nutrient solutions will lead to increased production and healthier crops.
Another objective was to treat water that enters horticultural farms (for example in basins or
silos collected rainwater) in order to create aerobic conditions.
3.6.2.3 Specific background on the exchange
The technology came into view as a result of the cooperation of Botman Hydroponics and
Proeftuin Zwaagdijk (The Netherlands). It is described in the (chapter 6.13 and 6.14). Although
the effects of application of this technology are relatively new in DFT systems, and especially
in the treatment of incoming water in horticultural companies, it can be classified at TRL 8-9.
The technology was taken over from other sectors (waste water treatment, aquaponics, fish
production) in which climate or crop conditions are almost irrelevant.
3.6.2.4 Stakeholders involved
Botman Hydroponics introduced the idea of transferring this technology from the waste
water treatment and fish production sectors to other sectors. Botman Hydroponics
(www.botmanhydroponics.com) develops and sells (parts of) DFT systems.
De Kruidenaer (www.kruidenaer.nl) produces herbs and lettuce with Deep Flow Technique
and was the first known horticultural company introducing the airlift in 2016 technology on
commercial scale.
Stan van Eekelen (www.stanvaneekelen.nl) is a company specialised in irrigation technique
and electro-technics and installed the airlift system at De Kruidenaer.
Gitzels B.V. (www.gitzels.nl) is a nursery, and as far as known the first company to apply the
airlift for treatment of the incoming water, rain water stored in both basins and silos.
3.6.2.5 Implementation of the technology
The airlift is a technique that creates circulation and aeration in water and aqueous (nutrient)
solutions. The heart of the system is a central vertical pipe installed below the basin. At the
bottom of the pipe a membrane is fixed. This membrane is connected to a blower. The central
pipe is connected to other parts of the basin by feeder-pipes. The blower creates air bubbles
just above the membrane, resulting in a lower specific weight. The water with air bubbles
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rises and creates a flow in the whole aqueous system. The large contact surface between
water and air bubbles provides the solution of oxygen in water. The flow can be adjusted by
changing the air pressure. More information can be found in The Fertigation Bible (chapter
6.13 and 6.14).

Figure 40. Installatoin airlift1 Zwaagdijk

Figure 41. Installation airlift2 Zwaagdijk
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Figure 42. Demonstration trial in greenhouse Zwaagdijk

3.6.2.6 Results
The airlift proved to be effective and reliable. Large volumes of nutrient solutions could be
circulated and aerated. Compared with companies with DFT without active aeration oxygen
concentrations were substantially higher in DFT-systems production with airlifts. For example,
in august 2018, a period with rapid growth and therefor a high oxygen demand, the average
oxygen concentration in a company with airlift and a very high production was 4.1 mg/l, while
at the meantime at a company without active aeration and a moderate production, the
average oxygen concentration was 2.9 mg/l. Compared with circulation and active aeration
based on pumps with Venturi technique under showcase conditions the oxygen
concentrations created by airlift were equal or even higher (see figure below).
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Figure 43 Measured concentration of dissolved oxygen

Measurements also indicated that the distribution of oxygen is relatively homogenous.

Figure 44 Results of measurements in basin with airlift

The airlift was much more (factor 8-10, based on showcasing conditions) energy efficient as
the combination of pump and Venturi. An indication of the required density of airlift units
(central pipe with aeration membrane and feed-pipes) is 1 per 90 m3.
Aeration of silo water led – according to observations in horticultural practice – to a better
growth on rockwool, based on grower’s visual observations although it should be taken with
caution since it was not supported by field measurements.
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3.6.2.7 Benefits
The airlift is technically reliable and easy to manage. Especially in periods of rapid plant
growth (high demand for nutrients, water and oxygen), a good circulation and aeration is
necessary to create conditions for optimal production. Besides optimal production, good
growing conditions with regard to the nutrient solution are important to prevent loss of
production (by creating a vital crop) caused by diseases.
3.6.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

Relatively new application in
horticulture, effects – positive nor
negative - are not yet all known
and quantified.

R

S

Possible solution(s)

X

X

Generating more knowledge by research and
practical experience

In DFT little is known about
oxygen, circulation speed and
pattern and the effect on growth
and development of different
crops in different stages and
different
circumstances.
Therefore it is not yet known what
the optimal design of the airlift
system is

X

X

Above the central pipe of the
system the rising air bubbles
create a strong movement of the
water (surface). This sometimes
has (locally) negative impact on
the growth and development

X

Positioning of the central pipes not in but close
to the basins

T = technological, R = regulatory, S = socioeconomic

3.6.3 Outputs
3.6.3.1 Invited seminars, presentations at local events, etc.
Title

Event

Location

Month/Year

Hydroponics growing Tour
on water for growers
from Suriname

Demokwekerij
Westland,
Honselersdijk (NL)

April 2017

During meeting of
MVO Nederland
'Feeding the cities',
tour around water

Demokwekerij
Westland,
Honselersdijk (NL)

April 2017

Tour
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based growing
systems
Tour on water for Tour
University Luik

Demokwekerij
Westland,
Honselersdijk (NL)

June 2017

Waterdag

Presentation

World Horti Center,
Naaldwijk (NL)

May 2018

FERTINNOWA
final
conference:
poster session

Almería, Spain

October 2018

‘Waterday’
Airlift technology

3.6.4 Reference list
http://www.botmanhydroponics.com
http://www.kruidenaer.nl
http://www.stanvaneekelen.nl
http://www.gitzels.nl
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3.7 CLEANLEACH technology
3.7.1 General technology exchange description
3.7.1.1 Location and growing system
Farm

IFAPA Station

Figure 45 Maplocation
Figure 46 Picture of the IFAPA Station

Coordinates

La Mojonera-Almeria-Spain 36º30’N

ClimateZone

Mediterranean

Crops

Tomato/Cucumber

GrowingSystem

Substrate

Irrigation

Drip irrigation

Fertigation

NPK in fertirrigation

21º18’ W

3.7.1.2 Technology exchange Summary
One of the objectives of the FERTINNOWA Project is the searching and showcasing of existing
technologies that could be applied in order to increase water and nutrient use efficiency in
agriculture
At the II Horticulture National Symposium, held in Almeria (Spain) in February 2014, Dr
Rafaela Caceres from IRTA (Catalonian Agrifood Research and Technology Institute,
Spain)presented some results of the CLEANLEACH project (www.cleanleach.eu), funded by
the EU program ECOINNOVATION (ECO/12/332862), with the communication “Monitoring of
constructed wetlands for treating horticultural leachates” (Narváez et al., 2014). The initial
purpose of this system was to treat lixiviates from ornamentals nurseries since this is the
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dominant soilless land use system in Catalonia. Treatment consists of a filtration through
constructed wetlands to stimulate anaerobic denitrification processes.
FERTINNOWA considered the possibility of using the CLEANLEACH technology to treat
lixiviates from soilless horticultural crops in Almeria, where 3000 has of such system are in
production (García et al., 2016). From IFAPA we contacted our colleague Rafaela Caceres to
get some information on building materials of a constructed wetland, and the adequate
carbon source to stimulate the anaerobic denitrification process.
In 2017 and in combination with an experiment run at IFAPA Almeria with soilless horticultural
crops in recirculation (Andalusian Regional Project AVA.AVA201601.7), we considered the
opportunity of using the setup of the CLEANLEACH technology, to denitrify leachates from
the recirculation system and also, to use halophyte plants to check the sodium chloride
uptake potential of different plant species, and evaluate the reuse of the treated leachates in
the same or second crops, using the system for cascade crop (Caparrós, P., 2016).
At the present moment results seem to show a good efficiency of the denitrification
processes. Regarding the performance of the halophyte plants, more time is needed to allow
root growth and reach full desalinating potential.
Greenhouse
Cucumber
Soilless
Crop

Collecting

Tanks

Constructed
Wetland

30 September 2018

30 October 2017

Figure 47 Soilless cucumber crop with recycling system and evolution of constructed wetland on 30 October 2017 and 30
September 2018
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3.7.2 Technology exchange
3.7.2.1 Description of the problem
In Almeria there are 3000 ha of soilless horticultural crops, most of them designed as open
systems where leachates are not recovered. It is therefore necessary to reuse and treat these
effluents to avoid groundwater pollution. Following the implementation of Nitrate Directive
(The Council of the European Communities, 1991), in Europe many areas affected by N–NO3−
pollution have been designed as Nitrate Vulnerable Zones (NVZs). In NVZs an action program
is laid down with a number of measures for the purpose of tackling N–NO3− loss from
agriculture and husbandry. The discharge of drainage water from soilless culture, which
generally contains high N–NO3−concentration, is not compatible at all with the rules
established in NVZs.
3.7.2.2 Objectives
The main objective is to assess and showcase the use of a system of constructed wetland and
carbon supply (CLEANLEACH) for denitrification of leachates generated in greenhouse
recirculating soilless vegetable crops (tomato and cucumber) in Almeria (Spain). Constructed
wetlands can prevent environmental pollution due to free drain water from soilless crops.
The performance of the wetland system for desalination (sodium chloride uptake) of lixiviates
by using halophyte plants was also checked. The use of carbon would in this case be restricted
and nutrient solution could be re-used in the same or a secondary crop.
3.7.2.3 Specific background on the exchange
The technology was selected from the II Horticulture National Symposium, held in Almeria
(Spain) in February 2014, where some results of the CLEANLEACH project
(www.cleanleach.eu), funded by the EU program ECOINNOVATION (ECO/12/332862) were
presented. Due to the expected potential for this technology, it was include in the TRDs (TRD
6.3) and in the Fertigation Bible (Ch.12). The CLEANLEACH project was co-funded by the Ecoinnovation Initiative of the European Union (2017-2019). Name: CLEANLEACH, A solution for
leachate use and treatment.
The CLEANLEACH solution consists of a system for recovering and treating leachates based on
the combination of slow in-situ sand filtering (under the container area) and constructed
wetlands. The CLEANLEACH technology can also be extended to other areas such as
sustainable green roofs and green walls in buildings and outdoors, or greenhouse vegetables
and flowers cultivation. The project includes tools such as a business plan and market analysis
to identify any constraints to bringing the product to market so they can be tackled and the
technology can be successfully marketed. The CLEANLEACH project is supported by the
European Soil and Water Engineering Group (ESWEG) and the European Nursery stock
Association (ENA), which will act as agents to market the product in Europe. The Vivers Sala
Graupera eco-gardening nursery in Sant Andreu de Llavaneres (Catalonia) is also actively
working on the implementation of the project. The partners of the project are: IRTA, Research
& Technology Food & Agriculture (www.irta.cat), Naturalea (www.naturalea.eu), Buresinnova
(www.buresinnova.com) and Salix (www.salixrw.com)
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3.7.2.4 Stakeholders involved
The stakeholders involved in the implementation of this technology have been, on the one
hand, the professor of the University of Almeria, Dr. Teresa Lao, specialist in the evaluation
of autochthonous plants for their use as phytodepurators, who has advised us on the type of
plants to be used in the constructed wetland. Dr. Rafaela Cáceres of IRTA, coordinator of the
European Cleanleach Project, who has advised us on the construction and dimensions of the
constructed wetlands, on the system used to maintain the water level in the constructed
wetlands and on the choice of the carbon source. Likewise, the company Magume S.L
(Fertirrigation and climate systems) has participated and carried out the installation of the
collecting device of the leachate to be purified, the carbon injection, the different level
sensors to ensure the supply of leachate to the constructed wetland and the irrigation
programmer. The construction and impermeabilization of the constructed wetlands was done
by the company Novedades Agrícolas. Likewise, Dr Miguel de Cara, expert in microbiology at
the IFAPA Centre in Almería, collaborated to carry out a sampling of the bacterial population
at the entrance and exit of the constructed wetland system.
3.7.2.5 Implementation of the technology
The constructed wetland was connected to the leachates produced by two vegetable
greenhouse (PE) crops of 1000 m2 of tomato and cucumber on perlite with a recirculating
nutrient solution system. These leachates were reused by the crops until the concentration
of sodium chloride was higher than the threshold tolerated by the crops, when leachates
leave the system and are used in the constructed wetlands to evaluate their purifying capacity
in terms of nitrate and chloride reduction. The formula proposed by Reed et al. 1995 and
described by Narváez et al. (2011) was used to calculate the required leaching area.
The construction of the constructed wetland took place between September and October
2017. Three beds of 1m depth and an area of 2 m2 each were constructed (Figure 48) to
evaluate the denitrification capacity of three different plant species: Iris pseudoacorus,
Scirpus holoschoenus and Chrysopogon zizanioides. Beds were waterproofed with high
density polyethylene (Figure 49), a drainage system was installed at the bottom of each bed
and a system based on the communicating vessels to maintain the leachate level up to 60 cm
height, the beds were filled with 8-12 mm diameter silica gravel. The leachate was collected
in a tank of 2000 L capacity. The injection of carbon was necessary for the denitrification
process and it was achieved by installing an automatic injector that injected sodium acetate
(Figure 50) at a ratio C: NO3- - N in mg of 3:1, thereby promoting the following bacterial
denitrification process:
1.25 CH3COOH + 2NO3- = 2.5 CO2 + N2 + 2OH- + 1.2 H20
In the bed with Salicornia plants no carbon was injected as the purpose was the reduction of
sodium chloride from the leached solution for reuse in the fertigation of the crop. The planting
of the different species took place on October 30, 2017. The distribution of the leached
solutions in the constructed wetland was done with interline drippers with a nominal flow
rate of 2L/h in the Salicornia plants and 4 L/h in the rest of the plants.
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Figure 48 A HDPE wasterproof bed
of 2x1x1

Figure 49 Planting date
2017, october 30.

Figure 50 Leachate collecting tank (2000 L), sodium
acetate tank (50L) and acetate injector.

Nitrates and sodium chloride concentration were periodically analysed in the nutrient
solution, both at the entrance and exit of the different beds in the constructed wetland
(Figure 51).
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Figure 51 General view of the constructed wetland system (may 2018), the levelling mechanism of the ground water
table (60 cm height), and the leachate collection device at the constructed wetland exit.

3.7.2.6 Results
Nitrates concentration in the nutrient solution leached from the cucumber and tomato crops
were 290 and 660 ppm respectively, and the concentration of nitrates at the exit of the
constructed wetland with the three different plant species varied between 82 and 21 ppm,
being for the most of the period below the 50 ppm threshold established as acceptable by
the EU regulations in zones vulnerable to nitrate pollution. The efficiency of denitrification
ranged between 89% and 95% (Figure 52), so this is a good system to reduce the nitrate
content of leachates from horticultural crops on substrates. For this denitrification process to
take place, the injection of any carbon source is essential, as it is this carbon source that
favours the proliferation of denitrifying bacteria and the denitrification process. In the
Salicornia bed, where carbon was not injected, no reduction in nitrate content was observed.
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Figure 52 Evolution of the nitrate concentration at entry point (Collecting Tank) and exit point of the constructed wetland
with different plant species. Carbon supply at a ratio C:NO3- 3:1. Red line marks the threshold NO3-concentration
permitted in zones vulner

The evolution of the bacteria population (cfu/mL) between weeks 47 and 48 after the
constructed wetland operation started is shown in table 11 it can be observed how in the bed
where carbon was injected the total bacterial population increased in the order of 102.
Table 11 Total bacteria population (cfu/mL) both at entry and exit points of the constructed wetland

Point

Week 47

Week 48

Blue tankleachatecollection

1.56E+01

1.12E+02

Exitbed salicornia plants

1.80E+0.2

4.12E+02

Exit bed Iris plants (carbon added)

1.34E+03

4.74E+04

This bacterial proliferation caused clogging of the inline drippers, so that the distribution of
the leached solution plus the carbon source in the constructed wetland should not be done
through inline drippers, being perforated polyethylene pipes a more suitable option which
remain water free once the distribution pulse is finished.
The desalination efficiency of the Salicornia plants ranged between 13% and 46% (Figure 53),
which would not be enough to reuse the leachate in salinity-sensitive crops such as cucumber
where the threshold for sodium is set at 15 mmol/l. The technology would be sufficient for
salinity-resistant crops such as tomato where the threshold for sodium is set at 20 mmol/l for
salad tomato, 25 mmol/l for cherry tomato or even 50 mmol/l for the local raf tomato. Low
sodium reduction may be due to the low growth rate and therefore low nutrient absorption
rate of Salicornia plants.
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Figure 53 Evolution of the sodium concentration both at the entry (Collecting tanks) and exit points of the constructed
wetland system with Salicornia plants.

3.7.2.7 Benefits
The constructed wetland based on the CLEANLEACH technology has proven to be efficient for
the sequestration of nitrates dissolved in leachates from soilless horticultural crops, making
it a good tool to reduce nitrate environmental pollution. Although this system does not
represent a direct economic income for the grower, it is useful to comply with the standards
required by the European Union in terms of nitrate level limits in areas vulnerable to nitrate
pollution (50 ppm), as is the case of many greenhouse zones in the Mediterranean area. It
would be also interesting to install this system not only at the individual level of farmers but
also at the level of associations of producers or municipalities, since the required wetland
area for 1 ha of substrate cultivation under glass is 6 m2.
3.7.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

S

Possible solution(s)

Clogging of drip emitters due X
to biofilm formation after
carbon injection

Use of pinched PE pipes to distribute
leachates to the wetland beds.

Requires an area of 6m2 per X
ha that is not always
available in commercial
farms.

Collective consortium sharing the
CLEANLEACH system (municipalities,
growers associations)

Monetary investment
(4.000 €/ha) for an
environmental benefit with
no direct returns.

X

Convince
growers
to
adopt
environmentally sound agricultural
practices and comply with European
regulations regarding nitrate related
pollution.

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

82

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops
T = technological, R = regulatory, S = socioeconomic

3.7.3 Outputs
3.7.3.1 Participation in Scientific/Technical conferences
Table 12 List of conferences where the results of the technology exchange were presented

Title

Conference

Location

Month/Year

Water use efficiency
and use of non
conventional water
sources in protected
horticultural crops.

Strategies for
water use
efficiency in
soilless crops.

IFAPA Center La Mojonera

December 2017

Almeria (Spain)

(Photo 3)

Sustainable Use of
Water and Nutrients
in Soilless
Horticultural
Crops.Reduction of
the environmental
impact due to
effluents in soilless
crops.

Use of
constructed
wetlands to
recover and
treat effluents
from soilless
horticultural
crops.

IFAPA Center La Mojonera

May 2018
(Photo 1)

Innovation in
production and
transformationof
fruits and vegetables

Innovations in
Fruits and
Vegetables

Spanish Association of
Veterinaries

Field Visit: Water
reuse, water
treatment or
purification

EIP-AGRI
Workshop

IFAPA Center La Mojonera

•Cleanleach
technology to treat
greenhouse drainage
water for later reuse
in irrigation
Strategies to reduce
the nitrate emissions
on

Almeria (Spain)

April 2018

Madrid (Spain)
May 2018

Almeria (Spain)

‘Connecting
innovative
projects:
Water &
Agriculture’

Sustainability
in protected
horticulture

IFAPA Center La Mojonera

December 2018

Almeria (Spain)
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soilless horticultural
crops

Figure 54 May 2018
Figure 56 December 2017

Figure 55 October
2018

3.7.3.2 Invited seminars, presentations at local events, etc.
Table 13 List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Training course for young Module
3.- IFAPA Center La December/2017
growers:
Starting
an Water, irrigation Mojonera
February/2018
AgriculturalBusiness
and fertigation
Almería
May/2018
CLEANLEACH technology for
recovering and treating the
drainage from horticultural
semi-closed soilless systems
based on constructed
wetlands.

Workshop
FERTINNOWA

World
HortiCenter,
Meeting growers’ The
Netherlands
needs:
Exchanging

CLEANLEACH technology for
recovering and treating the
drainage from horticultural
semi-closed soilless systems
based on constructed
wetlands.

International
Conference

November/2017

Technologies on
Irrigation and
Fertigation
Congress Hall
Almeria (Spain)

October/2018
(Photo 2)

FERTINNOWA
Sharing
fertigation best
practices across
Europe
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Figure 57 Training course for young growers, Starting an Agricultural Business. February 2018. IFAPA La Mojonera, Almeria
(Spain)
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3.8 VegSyst-DSS in soilless crops
3.8.1 General technology exchange description
3.8.1.1 Location and growing system
Farm

Sartaguda Experimental Trial Center – INTIA, Navarra (SPAIN)

Coordinates

42º21'52.86''N 2°3'12.84''W

Climate Zone

Mediterranean Zone

Crops

Fresh tomato

Growing System

Greenhouse soilless

Irrigation

Drip irrigation

Fertigation
3.8.1.2 Technology exchange Summary
INTIA exchanged the technology VegSyst-DSS with the University of Almería. This tool, whose
objective is the optimization of the use of water and nitrogen fertilization, has been used as
a DSS in protected soilless tomato, and the DSS recommended irrigation scheme has been
compared to local management. The production obtained with both systems and their
distribution by calibers during a part of the cultivation cycle was monitored. The tool could
be potentially used and incorporated into the irrigation management in about 250 hectares
of greenhouse crops in the area. The VegSyst-DSS has been explained in detail in the
Fertigation Bible (Chapter 11.18).

3.8.2 Technology exchange
3.8.2.1 Description of the problem
In an increasingly technical and competitive horticulture it is necessary to optimize the
production conditions, adjusting to the demands of a society increasingly demanding high
quality products offered and production conditions more respectful with the environment.
The shortage of water and the increasing competition for water resources between
agriculture and other sectors requires the adoption of strategies that allow water savings
while maintaining satisfactory levels of production. The need for greater rationalization of
irrigation water and a more efficient application of fertilizers is becoming increasingly evident.
In hydroponic systems, where proper irrigation in quantity and at the right time is essential
for the proper crop development, the availability of efficient irrigation systems is essential.
These systems, based on the precise calculation of the irrigation needs, suppose a better
adjustment of irrigation with respect to traditional management.
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3.8.2.2 Objectives
The main objective of the exchanged tool was to show growers and advisors, advanced
technology that may be useful to adjust doses of irrigation, while maintaining crop
production.
3.8.2.3 Specific background on the exchange
The VegSyst-DSS tool has been developed by the University of Almeria, and establishes a dose
of irrigation and nitrogen fertilizer depending on the type of soil or substrate, climatic
conditions on the area of cultivation (temperature, humidity and solar radiation),
characteristics of the system and type of irrigation, as well as the crop evapotranspiration.
The outputs that the tool presents are weekly irrigation volume, daily irrigation time, weekly
irrigation time, daily crop N uptake and cumulative crop N uptake.

Figure 58 Example of Output information provided by the VeySyst-Dss.

3.8.2.4 Stakeholders involved
Different stakeholders followed up the progress in the use of the tool in soilless tomato.
Those involved range from private farmers to agricultural companies and cooperatives,
aimed at the management, production and processing of horticultural products. All of them
were invited periodically to various events.
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Castel Ruiz
Carolina Irigoyen
Ruben Martinez
Congelados Navarra
Gelagri
Congelados Virto
Ian
Gutarra
Florette
Coop. Funes
SAT 2000
Grupo Agropecuario Navarra
Coop Falces
Coop Milagro
Huerta de Peralta
Coop. Ribaforada
S.A.T. Buñuel
Coop. Valtierra
3.8.2.5 Implementation of the technology
The technology was showcased at INTIA in Sartaguda, in a greenhouse of 760 m2, with
polycarbonate cover in the perimeter and flexible sheet in the ridge, 3.5 m high to the gutter.
Pelemix coconut fiber substrate was used, with a planting density of 2.2 plants / m2 and drip
irrigation of 4 l/h. The cultivar Jack (Monsanto) was used as plant material, and was sown in
5x5 rock wool blocks. The plantation was carried out April 13, and ended on July 31, in order
to present data for the project. The crop could have continued until the end of September.
The cultivation was carried out following two management guidelines, one based on the
combination of solar radiation and schedule irrigations and the other one provided by the
VegSyst-DSS tool. The management of the greenhouse as well as the bleaching was that
typical of the growing area. The starting nutrient solution was the same for the two systems,
modifying slightly in relation to the EC according to the drain values obtained, and the
development of the plants.
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Figure 59 Photographs of the showcasing and crop development.

Table 14 Initial Nutrient solution and irrigation water content (mmol/l)

PO4H2
CO3H
NO3- SO4= Cl-

NH4
+

K+ Ca++ Mg++

Na
+

pH Ce

Irrigation
wáter

0,09

0

1,32

4,4

1,31 0,02

0,1 2,8

0,6

3,2 7,5 0,9

Nutriet
Solution

12

2,5

2,5

0,5

0,5

5

2,5

0

1,5

4,5

6,8 2,5

Total production and fruit size distribution was monitored. Five categories of fruit size were
distinguished:
>102 mm, 102-82mm, 82-67mm, 67-57mm, <57mm
The frequency and dose of irrigation was managed by the data obtained from the culture
drains (Radiation) and by the indications provided by the VegSyst-DSS tool. For the purpose
of presenting the results obtained, we have focused on the incidence of water input in aspects
related to production and fruit quality.
3.8.2.6 Results
Crop evolution:
The crops developed normally, not presenting health problems to highlight during the control
period, except in the last two weeks of control, when an incipient attack of Aculops licopersicii
was observed. The climatic conditions during the study cycle were not particularly adverse,
without reaching the Temperature and R.H. harmful values for to the crop.
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Figure 60 Climatic data From April 14 until July 31.

Similar drain volumes were observed in both the VegSyst-DSS and the local management,
except at the end of June and until the middle of July, in the crop managed by VegSyst, with
situations of non-drainage for several days.
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Figure 61 % drain data.

From the middle of July, there was an abundant presence of small fruits, in the fattening
phase with Blossom end Rot in the crop with irrigation with the VegSyst-DSS tool.
Water consumption:
During the study phase, 760 irrigation activations were registered with the VegSyst-DSS tool,
compared to 1170 for the radiation and schedule irrigations. With regard to water
consumption, there was a consumption of 417 L/m2 with VegSyst-DSS and 577 L/m2 with the
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radiation and schedule irrigations (local management), resulting in a 38% of water saving by
using the VegSyst-DSS.
Total production:
According to the data obtained in the crop cycle that covers from April 14 to July 31, there
were no statistically significant differences in the total production comparing the two
irrigation strategies, although it was slightly higher with VegSyst-DSS (6.4 kg/m2 versus 5.8
kg/m2).
Production by sizes:
There were significant differences in terms of large sizes (> 82mm) with VegSyst-DSS tool,
with average results of 3.0 kg/m2 vs. 2.5 kg / m2 in radiation and schedule irrigations. These
results refer to the production of June and July. However, we cannot indicate in final results
the incidence of the no drain of mid-June with the VegSyst tool.
Conclusions:
During the first phase of the cropping cycle (June and July), the VegSyst tool has led to lower
water consumption, with, with no significant differences in total production compared to
local irrigation strategies. In addition, significant differences were observed in the production
of large-sized fruits when using VegSyst-DSS and water use. However, some periods of no
drain occurred with the management of VegSyst, thus, it would be necessary to adjust the
recommendations on time, depending on the climate evolution. It is therefore crucial to
fractionate adequately and according to the experience of each farm and its growing
conditions, the daily irrigation recommendation offered by the tool. This, perhaps, is the most
important part to be tested in a tool like this, when applied to a soilless crop.
3.8.2.7 Benefits
In Navarra, greenhouse tomato cultivation for fresh production occupies about 80 ha in soil
systems and about 13 ha in soilless systems. Tomato is the main crop in greenhouses from
March to September. The soilless growers in the area can benefit by the use of the VegSystDSS tool, once adjusted to the particular conditions of each farm. Tomato producers face the
challenge of producing sustainable and economically profitable products. In order to respond
effectively to this challenge, a change in the productive approach is currently necessary,
seeking to maximize production and to maximize efficiency in the use of inputs that allow
profitable harvests, while minimizing environmental impacts to produce healthy, nutritious
and tasty products that meet the demands of consumers. From the point of view of
maximizing this efficiency in the handling of inputs, irrigation and fertilization strategies are
especially important.
3.8.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

System reliability for different X
areas

R

S

Possible solution(s)
Correct inputs data
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Utility in different crop

X

Adjustment of input data to crop
requirements

T = technological, R = regulatory, S = socioeconomic

3.8.3 Outputs
3.8.3.1 Scientific/Technical publications
Article in the Navarra Agraria magazine.
3.8.3.2 Invited seminars, presentations at local events, etc.
Table 15 List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

The Veg-Syst model

Showcase event

Villava, Spain

September 2018

Irrigation management in FERTINNOWA
Almería, Spain
soilless tomato systems with Final conference:
DST Vegsyst
poster session

October 2018
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3.9 Ion exchange based Sodium Reduction Unit (SRU)
3.9.1 General technology exchange description
3.9.1.1 Location and growing system
Research station

Name of the locations:
1) Lans Tomatoes
2) Proefstation voor de Groenteteelt

Figure 62 Location of Tomato Grower and Proefstation voor de Groenteteelt

Coordinates

1) 51°57'43.99"N; 4°12'44.46"E
2) 51° 4’ 38,05”N; 4° 31’ 39,69’E

Climate Zone

North West

Crops

Various

Growing System

Soilless

Irrigation

Drip irrigation

Fertigation

Yes

3.9.1.2 Technology exchange Summary
Irrigation water in soilless greenhouses is increasingly re-circulated to reduce the discharge
of nitrate (NO3) and phosphate (PO4). Although growers have made great strides towards
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reducing the discharge of NO3 and PO4, some discharge is still necessary and often due to the
accumulation of sodium in the re-cycled drain water. Therefore, there is a need for a process
that will help growers to close the last gap and evolve toward 100% closed-up operations.
Ion exchange was successfully demonstrated in South Africa and the FERTINNOWA team
requested to demonstrate the technology under European conditions. The Sodium Reduction
Unit (SRU) is an ion exchange based process that separates the sodium from the drain water.
After the treatment, the drain water still contains all the NO3 and PO4. The sodium is then
discharged from the greenhouse in a chloride concentrate of which the volume is small
enough to be disposed of at low cost.
This technology gained the interest of the FERTINNOWA consortium as this technology allows
the selective removal of sodium. The benchmark survey (D3.3.) and the report on
“identifications on remaining gaps” (D4.1) confirmed the interest from the horticultural
sector for selective sodium removal. Especially in growing systems applying recirculation,
sodium accumulation is considered as a big problem. In general, the uptake of sodium by
plants is only limited. In case the sodium input in the recirculation system exceeds the sodium
uptake by the plants, accumulation will occur what can lead to production and quality losses
of the crop.
The SRU exchange was carried out in two phases, in a first phase, the SRU was installed at a
9hectare commercial tomato greenhouse in Maasdijk, the Netherlands. At this site the control
of the sodium concentration was demonstrated. The second phase was done at the
Proefstation voor de Groenteteelt (PSKW) where the pH control of the different solutions was
optimised.
The process managed to control the sodium concentration at 4 mmol/l for the season of 2017
compared to the 2016 season when it was on average 8 mmol/l. No discharge was needed
during the 2017 season while 1.000m3 was discharged during 2016 due to sodium
accumulation.

3.9.2 Technology exchange
3.9.2.1 Description of the problem
The excess of irrigation water that drains out of the root zones of fertigated crops (commonly
referred to as “drain water”) has been identified as one of the major sources of nitrate and
phosphate pollution of surface- and ground waters in areas with intensive horticulture.
Growers that have soilless operations can reduce the amount of nitrate and phosphate
pollution by re-using the drain water. The volume of water that is discharged from the
greenhouse is significantly reduced by implementing re-cycling practices.
The recycling of drain water is already common practice in greenhouse horticulture in many
countries including the Netherlands, Belgium, the North of France and Germany. As drain
water can act as an inoculum source or dispersal mechanism for diverse plant pathogens, the
re-cycled drain water must be treated before it can be re-used. Treatments include filtration
and disinfection. Some recent developments also improve the micro-biological status of the
water by encouraging the growth of beneficial microbes in the water.
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A consequence of the recycling and the re-use of soilless greenhouse drain water is the
accumulation or build-up of those elements that are not or only limited taken up by the plants
as nutrients. This results in the rising of the concentration of those compounds to reach levels
where it will have a negative impact on production. Sodium (Na) is the element that
accumulates in all cases where drain water is re-cycled while chloride (Cl) will not accumulate
in some cases.
Growers that recycle the drain water monitor the composition of the drain water by regularly
taking samples of the water and have it analysed. As soon as the sodium concentration
reaches a level where it will negatively impact on production the grower will discharge the
drain water and replace it with a “fresh” solution which will have low sodium concentration.
The process will then start over with the sodium concentration gradually increasing again.
The fresh water source is being identified as the most important input of sodium into the
recirculation system. Also fertilisers can contain concentrations of sodium, in this way
contributing to sodium accumulation.
Growers made significant progress in reducing the frequency of discharge by:




Collecting rain water which is normally free of sodium chloride although some
contamination can happen by sea spray if the grower is located close to the sea.
Desalination of water using reverse osmosis, the most common desalination
technology.
The use of low sodium fertiliser.

All of these steps reduce the amount of sodium that enters the greenhouse slowing down the
rate of increase in concentration. Growers that manage the process well will be able to avoid
discharge or will only be required to discharge a few times a year.
Despite implementing all of the above measures, most growers still discharge more than what
the EU directive stipulates and there is, therefore, clearly a need for a technology that will
enable growers to close the last gap and become completely “closed-up” operations. This is
due to the fact that desalinated water still contains a given amount of sodium and some
fertilisers also contain some trace amounts of sodium. Although water from RO machines
normally has a very low concentration of sodium it is still high enough to result in the increase
of the sodium concentration when the water is re-cycled.
3.9.2.2 Objectives


Main objective

The main objective of implementing this technology is to demonstrate that ion exchange
can be used to control the concentration of sodium in re-cycled drain water by removing
the same amount of sodium that enters the greenhouse from the water and fertiliser on
a daily basis.
Ion exchange is a robust technology being used in many different water treatment
applications. It has always been considered too expensive to use on irrigation water due
to cost of the regeneration chemicals. However, by making a small change to the
regeneration procedure, and by choosing the regeneration chemicals wisely one can
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reuse treated water as well as two concentrates; one concentrate containing the sodium
that must be removed from the greenhouse and the other a nitrate mixture fit to be used
as fertiliser in the greenhouse.
At the greenhouse where the technology was demonstrated, the major source of sodium
was the water from the reverse osmosis (RO) machine. The RO unit is run every day for a
minimum of one hour at a flowrate of 28m3/h. The sodium concentration of the RO
product water was [Na] = 0,6 mmol/l. Therefore, on a daily basis 17 mol of Na was added
to the greenhouse from the RO unit. A complete sodium balance showed that a further 5
mol/day was added from the fertiliser bringing the total sodium being added to the
greenhouse to an estimated 22 mol/day.


Specific objectives
o To remove 22 mol/day of sodium from the greenhouse thereby ensuring that the
concentration remained stable in the drain water.
o To re-use the generated nitrate concentrate in the greenhouse and by doing it
demonstrate the financial viability of the process.
o To demonstrate that the volume of the chloride concentrate which contains the
sodium is low enough so that it can be disposed of at a low cost. The sodium is
contained in the chloride concentrate and it is, therefore, critically important to
be able to dispose of it economically.

3.9.2.3 Specific background on the exchange
The technology was developed by Optima Agrik, partner 23 of FERTINNOWA. It was first
demonstrated in South Africa on ground water.
After the full season demonstration on drain water at a 9 hectare tomato greenhouse in the
Netherlands the Technology Readiness Level of the technology can be stated as TRL 7: system
prototype demonstration in operational environment.
This technology is fully described in The Fertigation Bible (chapter 3.11).
3.9.2.4 Stakeholders involved
The following stakeholders were involved:





Optima Agrik is a technology that developed the SRU.
Horticoop is a supply company to the greenhouse industry. They built the SRU and
did all the negotiations with the tomato grower regarding the demonstration.
Tomato grower at whose greenhouse the control of the sodium concentration was
done.
Proefstation voor de Groenteteelt is the research station where the pH control of the
process was demonstrated.
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3.9.2.5 Implementation of the technology
The SRU demonstration was divided into two phases: the first phase was done at a 9 ha
commercial tomato grower in Maasdijk, the Netherlands where the control of the sodium
concentration was demonstrated. The second phase was done at the Proefstation voor de
Groenteteelt (PSKW) where the pH control of the different solutions was optimised.
Phase 1
Since only sodium is to be removed from the drain water only a cation resin was used. The
process can be divided into three steps:


Step1 – Separate the sodium from the anion nutrients and recovering the anion
nutrients

Pump the drain water through a column containing the cation exchange resin in the hydrogen
form. The sodium, together with all the other cations, is removed from the water by the
exchange that takes place between the resin and the water; the cations get absorbed onto
the resin by replacing the hydrogen which is now dissolved in the water.
The result is a solution with a low pH which, after being neutralised with potassium hydroxide
(KOH), can be re-used in the greenhouse. In the process a 100% of the NO3 and PO4 are
recovered. The KOH used for neutralisation is commonly used in greenhouses and the
solution is therefore safe to use in the greenhouse since it contains only compounds already
used in the greenhouse.
As soon as the resin reaches capacity and can’t absorb any more cations the flow of the drain
water through the resin is stopped.
The size of the column used in the demonstration resulted in the resin being saturated when
8 000l was treated.


Step2 – Separate the sodium from the cation nutrients

The sodium is then separated from the nutrients by removing it from the resin by pumping a
KCl solution through the resin. The resin has a higher selectivity for K than Na which drives
the reaction to some extend towards the replacement of Na by K on the resin but excess K is
still needed to ensure sufficient removal of Na. The volume of the chloride-concentrate is
determined by the volume of the resin and in this case is 400l for every 8 000l treated.


Step 3 – Recover the cation nutrients for re-use in the greenhouse

Pump a nitric acid solution through the resin to recover the cationic nutrients as a nitrate
mixture for re-use in the greenhouse. (This step also regenerates the resin for the next cycle)
The pH of this solution is also very low because of the excess acid needed to ensure sufficient
regeneration of the resin.
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Figure 63 The working principle of the SRU unit of Optima Agrik

The difference between treating drain water and ground water.
The average sum of the concentration of the cations in the drain water is 46 meq/l. The
sodium concentration was controlled at about 3 meq/l which means that the sodium as a
percentage of the total cation concentration is only around 7%. This was significantly lower
than for ground water where the percentage is typically 50%. This required some changes to
the process. The detail of these changes falls outside the scope of this report.
Phase 2
The neutralisation of the solutions generated in Steps 1 & 3 proofed problematic due to fact
that the solutions were completely unbuffered. This could not be resolved during the time
that the unit was allowed to stand at the tomato grower in Maasdijk and it was moved to the
PSKW where the pH control was done using KHCO3 instead of KOH.
3.9.2.6 Results
The discussion on the results will be divided into the following:




Control of the sodium concentration in the drain water of the tomato greenhouse.
pH control of the different solutions.
The Cl concentrate

Control of the sodium concentration in the drain water.
The process successfully controlled the concentration of the sodium to satisfactory levels as
can be seen in the graph below where the sodium concentration of the 2016 season, when
no unit was installed, is compared to the 2017 season, when the SRU was used.
The average [Na] in the 2016 season was ±8 mmol/l and the grower discharged a 1000m3 of
nitrate and phosphate containing drain water during the 2016 season to prevent the [Na]
increasing any further.
During the 2017 season the average [Na] was around 4 mmol/l and no nitrate and phosphate
was discharged.
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Figure 64 Overview of the sodium concentration (mmol/l) without (2016) and with (2017) the SRU

The grower wanted to maintain the sodium in the drain water to below 3-4 mmol/l but not
much lower than 2 mmol/l. As can be seen on the graph the concentration gradually
decreased and in May2017 the grower decided to stop the machine which resulted in the
concentration rising again.
Since the resin absorbs all the cations and not only the sodium in Step 1, the amount of drain
water that can be treated in a single cycle is not determined by the sodium concentration but
by the sum of the concentrations of all the cations. This is fairly constant and based on the
volume of the resin in the unit resulted in 8m3 of drain water treated in every cycle.
For practical reasons a cycle must completed once it has started. Initially one cycle per day
was done. At a concentration of 4 mmol/l it means that potentially the unit can remove 32
mol/day of sodium. The results of the analysis of the different solution showed that was not
the case. However, since the [Na] showed a steady decrease it indicated that more Na was
removed from the greenhouse than entered the greenhouse.
Determining precisely how much of the 32 mol/day of Na gets removed by the process proved
not possible. The laboratory doing the water analysis stated an accuracy of ±10% on the
results done by them and the taking of the samples of the process was also complex adding
more uncertainty to the exact value of the different results.
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If one uses the sodium balance done on the greenhouse as a basis and assumes that 22
mol/day of sodium enters the greenhouse from the RO water and the fertiliser, one can safely
state that the process removes at least 69% (22/32) of the sodium.
It looks as if the [Na] stabilised somewhere at about 3 mmol/l which gives a removal of 92%.
However, some of the other results suggest that such a high removal percentage not to be
possible; which then suggests that the amount of sodium getting into the greenhouse is less
than the 22mol/day.
However, determining the exact percentage of sodium removed proofed not critical since
there is still a lot of room for error. The duration of one cycle is 5 hours which means that at
least three more cycles can be fitted into a day. Some more work will be done in future to get
a better idea on the removal rate of the sodium.
pH control of the different solutions
Each one of the solutions (or concentrates) that is generated by the SRU has a low pH and
must be neutralised. The solutions are not buffered and it was, therefore, not possible to
control the pH with an in-line pH controller.
During the time that the unit was running at the tomato producer, neutralisation was done
by calculating how much KOH is needed to neutralise the solutions. The KOH was then added
during Step 1 and then neutralisation took place over time in dirty drain tank as the low pH
solutions was pumped into the tank later on in the cycle. The approach proofed to effectively
neutralise all the solutions.
However, it was later determined that during the periods when the KOH was added to the
solution the pH was raised to a level that resulted in the precipitation of calcium phosphate.
This was a major problem because the calcium phosphate did not re-dissolve again and
accumulated at the bottom of the dirty drain tank.
The use of KHCO3 proofed to be an effective way to control the pH because the bicarbonate
from the KHCO3 buffered the solution helping in the control of the pH.
The chloride concentrate
The volume of chloride-concentrate that is formed in the process is 400 l. This is only 5% of
the volume treated; a very favourable ratio.
However, to be allowed to dump the solution in the sewer the Cl concentration in the solution
must be below 150 ppm. The concentration was typically 20 times higher at 3500 ppm (or
0,35%). Several ways of disposing of the Cl concentrate were investigated until a waste
company was found that takes solutions as long the [Cl] is less than 4%.
By reducing the volume from 400l to 81l will ensure that requirements of the waste company
are met while reducing the cost of disposal to ± €1,34.day-1.ha-1. The volume of the Clconcentrate can cost-effectively be reduced with either small RO unit of by using the waste
heat available from the combined heat and power (CHP) unit on the greenhouse.
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3.9.2.7 Benefits
The benefits of using the SRU is that growers that are currently forced from time to time to
discharge drain water due to an accumulation of sodium will now be able to become 100%
compliant with the EU directorate and economically stop any discharge of nitrate and
phosphate from their greenhouses.
Ion exchange separates the sodium, the ion responsible for forcing the growers to discharge
drain water, from the nitrate and phosphate, the compounds that may not be discharged
from the greenhouses. The result is that the nitrate and the phosphate can be re-used in the
greenhouse while the sodium is removed from the greenhouse.
Two aspects contribute to the cost effectiveness of the process:




The first is the chemicals that are used in the SRU process are already commonly used
in the greenhouses as sources of nutrients. In the SRU process their chemical abilities
are first utilised to make the process work and thereafter they are recovered to be
used as nutrients in the greenhouse. This means that 95% of the chemical cost of the
process is covered by the fertiliser budget of the grower. The cost of the 5% works out
to be €0,33.day-1.hectare-1..
The second is the low volume of the Cl-concentrate that contains the sodium. The
volume amounts to 9 litre per hectare per day, less than 0,02% of the irrigation
volume. In the Netherlands this chloride concentrate can legally be disposed of at
€1,34.day-1.hectare-1.

3.9.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

Cost of the unit

Chloride concentrate

X

S

Possible solution(s)

X

The cost of the unit does not change much
with size. Therefore, for small growing
systems the unit will cost more per hectare
than for larger growing systems. This does not
apply to the running cost which will be similar
per hectare for small and big growing systems.

X

The cost of €1,34/day/hectare applies to
growers in the south of Holland where the
waste company that will accept the
concentrate is situated. For companies further
away the transport cost will be higher.
At this stage it not known if waste companies
in other countries will also accept this solution
and at what cost.
Supplying the concentrate to a waste
company is not the only option. Other options
are still investigated including:
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> An alternative is to supply it to de-icing
companies spraying it on the roads when ice
forms on the roads.
Work to find the best solution for disposing of
the Chloride-concentrate is continuing.

T = technological, R = regulatory, S = socioeconomic

3.9.3 Outputs
3.9.3.1 Participation in Scientific/Technical conferences
Table 16 List of conferences where the results of the technology exchange were presented

Title

Conference

Location

Month/Year

Undercover Farming Ele Blue Estate, Oct 2017
Conference Sept 2017 Western Cape,
South Africa
Undercover Farming CSIR,
Pretoria, March 2018
Conference Sept 2018 South Africa
3.9.3.2 Invited seminars, presentations at local events, etc.
Table 17. List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Selective
sodium FERTINNOWA 2nd World
Horti November 2017
removal by use of ion Workshop,
Centre,
The
exchange
technology market
Netherlands
Selective
sodium SRU showcase event PSKW, Belgium
removal
from
irrigation water

July 2018

Versatile
treatment
Exchange

August 2018

water Open
day
for PSKW, Belgium
with Ion tomato growers

What
can Technology market
FERTINNOWA offer to
Flemish growers?

PCS, Belgium

September 2018
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Zero discharge from FERTINNOWA Final Almeria, Spain
greenhouses
Conference

October 2018

3.9.4 Reference list
Van Niekerk OT, Hardwick EK. (2007) International Application published under the Patent
Cooperation Treaty, WO 2007/046008 A1
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4 Conclusions
The group of exchanged technologies has taken into account the different specific aspects of
soilless systems in relation to water and fertilizer management. A characteristic aspect of
soilless cultivation is the possibility of reusing nutrient solutions, so not only have
technologies been evaluated that serve as tools to help decision-making regarding the supply
of water and fertilizers, but also technologies related to the disinfection of these nutrient
solutions, selective removal of elements (cfr. Sodium) and, oxygen increase.
This exchange of technology and the direct contact with end-users through the different
demonstration events has led to the possibility of verifying in situ the potential of each of the
technologies in terms of:


optimising the supply of water and nutrients according to crop needs



making more efficient water and fertilisers use, with systems that protect crops from
possible infections caused by pathogens present in the nutrient solution



reducing environmental pollution due to improved irrigation and nutrient
management

The inclusion in the reports of bottlenecks for the implementation of these technologies has
also helped end-users to make decisions about its possible incorporation into their productive
system (D6.13 Innovation showcase events).
It should be stressed that the exchanged technologies presented in this Deliverable, have
been implemented for a short period of time (at least one growing season), but the need
longer period of implementation and evaluation of their results, to assure they can be further
developed and implemented at the mid-term. The technologies exchanged in WP5 aimed to
support growers to recirculate drain water and to overcome some of the regionally
experienced bottlenecks keeping them to evolve towards recirculation (e.g., in the
Mediterranean region) and to 100% closed systems (in the NW region).
Technologies related to different types of sensors have offered the possibility of converting
plants into "speaking plants" and promote increasing knowledge about the behaviour of the
same crop, in terms of absorption of water and nutrients, depending on the scenario in which
it is (type of substrate, container, irrigation system, outdoor climate, type of cover, etc.). The
choice of the type of sensor will depend on the background and agronomic knowledge of the
user, and the type of investment the user is willing to consider. In a time when the internet
of things (IoT) is becoming dominant, the data provided by sensors in agriculture enable the
creation of applications such as those shown in this Deliverable that help to make decisions
about when and how much to fertigate. In this sense, the balance with the drain sensor
exchanged in the Breton region (CATE, France) may help growers to optimize irrigation by
assisting the grower to make decisions about the frequency timing of the irrigation, based on
the plant absorption and the volume of water supplied previously. Data are automatically
received in real time, which enables reactive decisions if required. Thus, the optimization of
the water supply reduces the excessive consumption and environmental impact. The
humidimeter was an excellent technology to complement a balance system but it was not
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linked to the climate software as it was the slab balance. Similar objectives were setup in the
UK, where growers look for precise irrigation that maintain moisture content in the substrate
at the target levels set and optimize irrigation management by precision irrigation delivery. It
was also shown that precise irrigation was significantly outweighed by reduction in input costs
of about 20%, while avoiding water deficits and improving strawberry yields by 5%.
The evaluation of the disinfection systems of recirculating solutions has provided very
valuable information regarding the ease to install systems and disinfection efficiency as is the
case of biofiltration or more efficient systems, but more expensive and complex like UV
disinfection, which were exchanged and showcased in the Breton region of France (CATE).
This positive outcome might convince growers to invest in these technologies as it was seen
from the Benchmark report that disease spreading when applying recirculation is one of the
most important reasons that keeps them from implementing recirculation.
Probably one of the most important achievement of WP5 was to get closer towards 100%
closed systems or zero-emissions of drain water. That objective could be achieved with the
exchange of the SRU technology that allowed to selectively removing sodium. The SRU
managed to keep the sodium balance more or less constant in a tomato greenhouse in the
Netherlands, in this way increasing the TRL level of the SRU to 7. The exchange also showed
that the technology is expected to be economically feasible, whereas in the past this was not
the case for other initiatives. The reason for this is the possibility to keep all nutrients in the
drain water. The fact that the costs for the chemicals required for the regeneration of the
resins are partly covered by the produced fertilizers and that only a small waste stream is
produced, made this technology a candidate for evaluation (see D4.3 on “Business models”).
The SRU technology was preliminary evaluated in the MED region (in Almería, data not
shown) but after a first analysis, the recovery of nutrients to be used as fertilizers, the high
initial investment as well as some regional normative constraints about the waste stream,
made this technology not suited four these specific conditions.
Then, a low-cost solution, also to selectively remove sodium from drain water to increase
recirculation, was exchanged and evaluated in the MED region. The constructed wetland
system has been described and evaluated for wastewater, effluent and polluted water
treatments, but its efficiency for denitrification and desalination of leachates of closed
horticultural substrate systems has not been evaluated. The constructed wetlands has been
shown to have enough versatility for the MED region, since the use of halophyte plants with
a high capacity of sodium chloride absorption enables the leachate to be used again with all
its nutritional load in the crop itself or in a second less demanding crop. As seen from the
results, the technology was not efficient enough for cucumber crop (more sensitive to EC),
but could be an opportunity for tomato, which is the main crop in Almería region.
On the other hand, the CLEANLEACH technology has demonstrated its capacity to reduce the
nitrate content in combination with plants from marsh areas and with a carbon input/source
to promote the growth of the bacterial flora responsible for this denitrification process. Thus,
it could also be seen by the grower as an indispensable tool for increasing the sustainability
of substrate farming systems, reducing the environmental pollution and also complying with
the EU nitrate pollution regulations.
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The exchange of technologies from other productive sectors has been the case with the
"Airlift" system, used in aquaculture to ensure the supply of oxygen in the fish ponds, or also
for wastewater treatment. This system has been adapted to achieve an appropriate
oxygenation of hydroponic crops of leaves, herbs and cut flowers, whose roots are to a lesser
and higher extent submerged in the nutrient solution during the whole cropping cycle and
has provided perfect roots aeration.
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4.1 References for more information
Kumar, R., & Cho, J. (2014). Reuse of hydroponic waste solution. Environmental Science and
Pollution Research, 21(16), 9569-9577.
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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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