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1 Executive summary
For sustainable water and nutrient use in fertigated soil-bound crops, methodologies and
technologies are available to help growers to optimise water and nutrient use efficiency and
improve productivity and profitability on the one hand and reduce environmental impact on
the other hand by providing techniques that allow better adjustment of the application of
water and nutrients to crop requirements and taking into account the contribution of the soil
to crop nutrition.
Work package 5 (WP5) aims to exchange technologies among the different regions, crops and
growing systems in order to fulfil the gaps pointed out by the Benchmark study (WP3) in Task
3.3 and WP4 in Task 4.1. It was proposed that in WP5 at least 8 innovative technologies would
be evaluated, of which at least 2 would focus on the improvement of water and nutrient use
in fertigated soil-bound 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. For example, photocatalytic oxidation (PCO) materials used in the sanitary
sector now used for greenhouse crops, filter systems used in the Netherlands in greenhouse
crops of tomatoes now used for outdoor crops of strawberry, etc.). The concept of “innovative
technology” should not be confused with the Technology Readiness Level (the TRL, as defined
by the EU), which has been included in the description of the implementation of each
technology, to identify the “readiness” of each exchanged technology to the horticultural
sector. It should also be noted that the technologies exchanged were selected as “short-term”
solutions for specific problems at specific sites and growing conditions, therefore, the results
obtained and presented later in further detail in this document, refer to results observed
during a short period of time (one growing season), and thus, they should be taken with
caution.
The exchange phase in WP5 was very active and productive, especially after the Benchmark
workshop (T3.5, M10). Based on preliminary outcomes from T3.2, T3.3 and T3.5, more than
20 exchanges were selected. At least eight of the exchanges concern innovative technologies
and the rest concern technology exchanges of current technologies, with lower technological
level but that may have a serious impact based on results from the benchmark study.
T5.2 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
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document, the Fertigation Bible. In WP4, members analysed the information provided by both
the benchmark survey and The Fertigation Bible and identified the remaining gaps, being
problems for which no appropriate solution was available at the time the report D4.1 was
written.
From D4.1, it was clear that part of the problems was more general and did not count for one
topic and/or required not only a technological but, as well, a socio-economic and legal
context. Other problems were more related to a specific area, technology or subject.
Moreover, it was often a combination of technological and non-technological solutions that
could help to bring the grower to the next level of sustainability.
In general, growers doubt about the reliability of new technologies or tools. Growers think
that their situation is unique and that the solution may not be applicable in their situation.
They were afraid that the new system would require considerable changes in the current way
of operating. Moreover, growers feared to risk yield or quality losses when introducing new
technologies. For many technologies, proper operating practices are fundamental.
Furthermore, low-tech solutions were preferred to high-tech solutions that could cost more.
To increase adoption of new technologies, most growers would want feedback on new
tools/technologies from other growers and access to specialist advice (D3.3), indicating the
importance of exchanging knowledge and technologies but also, showcasing these
technologies at the growers’ site or at experimental stations with close relations with
growers.
T5.2 members analysed 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. Characterisation of soil and crop spatial variability in the plot:
One of the main limiting factors for precise irrigation and fertigation management of soilbound crops is soil and crop spatial variability, especially in large farms, as affecting water and
nutrient retention and crop requirements, respectively, and, at the same time, the irrigation
and fertilisation scheduling. Farmers do not have tools to determine that spatial variability
between the different zones of their farm, which causes irrigation and fertilisation
programming to be done uniformly in the plot, generating greater heterogeneity in the crop
and even important losses of production in certain areas of the farm. Hence, it is important
to develop and implement soil and crop monitoring methods to determine such spatial
variability, thereby allowing refining and correcting the irrigation and fertilisation
requirements with the aim of improving water and nutrient use efficiency.
Two technologies of remote sensing were exchanged in Spain in WP5 to face this gap, namely:
rapid and massive measure of the apparent electrical conductivity (ECa) of the soil, and
analysis of aerial and satellite images. Soil ECa mapping before installing irrigation allows
more precise design of the irrigation sectors according to soil variability, thereby facilitating
intelligent irrigation and fertigation management. On the other hand, by using images of
previous years, it is possible to identify zones with different crop development prior to the
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beginning of the crop and select the control points where monitoring the crop water and
nutritional status throughout the growing cycle. Furthermore, image analysis during the crop
can be used for the correction of the irrigation and fertilisation requirements.
2. Selection of the irrigation system:
In outdoors northern Europe conditions, irrigation is not extended practice but it is becoming
necessary because of the climate change. However, there is not a clear idea about the best
irrigation method to be applied. Drip irrigation can be an efficient system to supply water and
nutrients to the crop but its advantages and management are not well known in that area and
many growers are reluctant to use it, unlike in southern Europe where it is a very used
irrigation technology. For that reason, an exchange between both areas was carried out to
facilitate its implementation in northern Europe.
3. Irrigation management:
To manage irrigation in soil-bound crops, prescriptive tools based on water balance are
available in many areas. However, traditional systems for the estimation of the water needs
only integrate the crop requirements, without taking into account the specific characteristics
of the plot. Hence, advanced decision support systems (DSS) considering these peculiarities
are necessary for a better adjustment of irrigation. This was the case of sigAGROasesor-DSS
platform, which was showcased in northern Spain. Furthermore, in T5.2, other two innovative
DSSs working in combination with soil moisture sensors and the possibility of using weather
forecast were exchanged in Slovenia and Spain for highly precise irrigation.
On the other hand, different types of sensors are available to monitor soil moisture. However,
particular attention must be paid for the selection of the sensor in the particular conditions,
its positioning in the soil and data interpretation, thereby requiring specific agronomic
knowledge which is missing in many cases at the farm’s level. For that reason, different soil
moisture sensors were showcased in France and Spain. Likewise, as growers are willing to
adopt remote sensors to automatically manage irrigation but the cost and the easiness of use
are important issues in relation with the adoption of the technologies, a simple and affordable
(but reliable) automatic irrigation system for soil-grown vegetable crops based on
tensiometers was developed and showcased in southern Spain.
Regarding crop water status monitoring, it can give valuable information for irrigation
management, especially for the successful application of controlled deficit irrigation
techniques, but it is not extended practice. For that reason, the measure of the leaf water
potential was a technology exchanged between Spanish partners in T5.2.
4. Fertigation management:
To manage fertigation in soil-bound crops, it is very important to know the nutrient uptake of
the crop and the soil contribution, as a significant amount of nutrients is released from the
soil reservoir and by mineralisation of the organic matter, but these factors (especially the
soil contribution) are not always considered for fertigation management, thereby promoting
an excessive application of fertilisers. Hence, fertiliser recommendation schemes and DSSs
adapted to the specific local conditions are crucial tools to support fertigation. However, such
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tools are not always available or are unknown. For that reason, a N scheme considering the
soil contribution, KNS-system, was exchanged and adapted in northern Europe. DSSs can be
also combined with plant and soil nutrient monitoring tools as part of a prescriptive-corrective
management strategy to achieve better nutritional adjustment. That was the case of VegSystDSS, a DSS for N recommendations in vegetables crops which was shown in Spain.
Finally, different devices are available to monitor crop and soil nutritional status and for rapid
on-farm analysis of nutrients. However, there is an important knowledge gap for
implementation and data interpretation. For that reason, some of these devices (soil solution
samplers, sap analysis, optical sensors, etc.) were exchanged between different Spanish and
French partners in T5.2.
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2 Introduction
2.1 Objectives
Work package 5 (WP5) aims to exchange technologies among the different regions, crops and
growing systems in order to fulfil the gaps pointed out by the benchmark study (WP3) in Task
3.3 and WP4 in Task 4.1.
It was proposed that in WP5 at least 8 innovative technologies would be evaluated. The
exchange phase has been very active and productive, especially after the Benchmark
workshop (T3.5, M10). Based on preliminary outcomes from T3.2, T3.3 and T3.5, more than
20 exchanges were selected. Eight of the exchanges concern innovative technologies and the
rest concern technology exchanges of current technologies, with low technological level but
that may have a serious impact based on results from the benchmark study.
T5.2 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 also 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 was convinced they
were already applying the most efficient and sustainable practices regarding irrigation and
fertigation. Growers thinking that they still could make further steps forward were generally
not aware of all the available technologies that could assist them to solve 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, he firstly 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 are
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fundamental. Systems that are not operated in a right way are regarded as not applicable,
thereby affecting future users. This illustrates the need for specific knowledge for growers on
how to operate new technologies, models or methodologies correctly. Furthermore, 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 of showcasing these
technologies at the growers’ site or at experimental stations with close relations with
growers.
Attending to the benchmark report (D3.3), many growers are willing to use more sensors (and
analysis) to more closely monitor and control the soil or crop water and nutrient status,
increasing precision. However, the economic bottlenecks are important reasons for not
implementing such improvements. It is expected than in the coming years the adoption of
new practices and technologies in fertigation will be accelerated as a consequence of the
implementation of legal actions by the European Commission and the increasing pressure of
the market.

2.2 Selection process of the exchanged technologies
Improving water and nutrient use efficiency in soil-bound crops was the main objective of
task 5.2. To achieve this, it is necessary to adjust the application of water and nutrients to
crop requirements, taking into account the contribution of the soil and minimising luxury
consumption and losses to the air and by leaching.
Nitrate leaching is a very important problem in modern intensive agricultural systems, where
large amounts of nitrogen (N) are applied, as mineral fertiliser or in organic materials, to
generate profitable yields. With conventional management approaches, an appreciable
portion of the applied N is not recovered by crops and is lost from the soil to the environment.
Nitrogen contamination of aquifers is, therefore, commonly associated with intensive
horticultural practices. Moreover, excessive application combined with low nutrient use
efficiency leads to increased production costs. To reduce nitrate leaching, it is necessary to
optimise the application of both water and N to the crop.
Drip irrigation can be an efficient system to supply water and nutrients to the crop and it is
an extended irrigation technology in Europe, being present in 76% of outdoor soil-grown
irrigated farms and in 83% of those covered, as indicated in D3.3). However, in Northern
Europe irrigation is not very extended outdoors because of the climatic conditions, and
advantages and management of drip irrigation are not well known, so that many growers are
reluctant to use this system. Taking into account that the necessity of irrigation is becoming
increasingly evident in that area because of the climate change, drip irrigation was
successfully exchanged and showcased in NW Europe (PCG in Belgium) accordingly to a survey
and a study event previously carried out for growers and advisors. Although the innovation
level of this exchange is low, it was essential, as these growers are just starting to irrigate and
fertigate open field crops with drip irrigation.
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An extended problem affecting drip irrigation is that the design of the irrigation sectors is not
frequently carried out based on soil variability but on plot shape, which prevents from
adjusting irrigation and fertigation management to the specific soil conditions in each zone
and provokes heterogeneity in the crop, especially in big farms. This can be solved by using
remote sensing technologies like rapid and massive measure of the apparent electrical
conductivity of the soil, which allows distinguishing different soil textures in the plot and
establishing a criterion for a more precise design and the selection of control points in the
plot. Other remote sensing technologies like the analysis of aerial or satellite images (or taken
by sensors installed in tractor) allow evaluating crop heterogeneity, thereby facilitating the
selection of control points in the plot and the improvement of decision making to fine-tune
the dose of water and nutrients according to the crop development. Despite their potential,
advisors and farmers do not have enough knowledge about these innovative tools and their
transference is fundamental (D4.1). For that reason, remote sensing technologies were
exchanged and showcased in Spain (CICYTEX).
The use of tools for the correct estimation of the crop water needs and/or devices for the
determination of soil/crop water status is essential in order to optimise irrigation. However,
the crop and soil appearance are still the only way to monitor the irrigation management in
20% of the cropping systems, and the irrigation schedule is adjusted throughout the growing
season based on the grower’s experience in 57% of the systems (D3.3 and Indication of gaps
(D4.1)). The benchmark study showed that the level of technology used by growers differed
across Europe. Hence, it is necessary to stress the exchange and implementation of the
available tools.
Numerous technologies and practices regarding water and fertiliser management in soilgrown crops were presented during the benchmark workshop (T3.5) and in the TRDs
(technology mapping in T3.2), 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 (D3.4). Results from the benchmark study have also been
used to prioritise 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 the market, there are simple devices like tensiometers that are not well known in certain
areas yet. For that reason, the benefits of their use were highlighted during one of the
demonstration activities in Belgium (PCG). Other types of sensors to monitor soil water status,
such as tensiometric and capacitance probes, were shown in France (APREL), together with a
connected water meter able to monitor the volume of water applied to the crop and with
easy data visualisation, as farmers are not sufficiently aware of the amount of water used for
irrigation and the differences in distribution in the different parts of the irrigated area (D4.1).
The use of meters with integrated warning systems for identifying irrigation problems can
make the integration of these systems interesting for the farmers. Capacitance probes were
also successfully showcased in an area in Spain (IVIA) where the irrigation water is
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automatically distributed in many cases by irrigation communities interested in the
implementation of specific devices in strategic points in order to optimise irrigation.
Regarding crop water status monitoring, this is not extended practice, as applied to only 16%
of the cropping systems (D3.3). However, it can give valuable information about the plant
water status, especially for the successful application of controlled deficit irrigation
techniques. In this way, the measure of the leaf water potential was a technology exchanged
between Spanish partners (CICYTEX and INTIA) in this task.
In the survey, it was detected a willingness of the growers to adopt technical tools like remote
sensors to automatically manage irrigation and fertilisation (D3.3). However, the cost and the
easiness of use are important issues in relation with the adoption of the technologies (D4.1).
For that reason, a simple and affordable (but reliable) automatic irrigation system for soilgrown vegetable crops based on tensiometers was developed and showcased in Spain (FC).
The estimation of the crop water requirements is usually based on the soil water balance or
methods of potential evapotranspiration, which takes into account the air water demand,
calculated based on climatic parameters, and the crop development (integrated in the Kc
coefficient). However, traditional systems for the estimation of the water needs only
integrate the crop requirements, without taking into account the specific characteristics of
the plot, like the water retention capacity in the soil. For that reason, an advanced decision
support system (DSS) considering these peculiarities was showcased in Spain (INTIA). A higher
evolution of the DSSs is to combine them with sensors in order to improve the decisionmaking. In Slovenia (CAFS), an innovative forecasting model combined with TRD probes,
which uses soil moisture and environmental data and weather forecasts, was exchanged to
provide optimum water supply to the plants and to achieve optimal water use and the
possibility of scheduling the water resources for irrigation. Additionally, in Spain (CICYTEX), a
highly innovative DSS combined with capacitance probes was exchanged for automatic
irrigation with precise adjustment of water supply.
Regarding nutrient management, in the survey was detected that crop and soil observation
were the only ways used to monitor nutrient input in 8% of the cropping systems, and that
crop observation was used to monitor crop nutrient status in 37% of the cropping systems
(D3.3). For soil-grown cropping systems, the use of soil analysis was frequently reported in all
regions (64% in covered cropping systems and 59% in outdoor systems). However, it was
indicated as a problem that farmers might not entirely be aware of the exact nutritional
requirements of their crops during the different growing stages, and not take into account
the N supply from the various sources in each field (D4.1). Accurately meeting the crops
nutritional requirements implies firstly developing a fertiliser plan that considers i) the crop
nutrient demand, and ii) all nutrient supply sources. It is essential to know the initial content
of nutrients and the nutrient cycle in the soil before the uptake by the plants. In the specific
case of N, there are methods for the calculation of the N balance, such as KNS-system, which
is already used in some countries like Germany. It was exchanged and adjusted in the
FERTINNOWA project to the specific conditions of Belgium (PCH), where it is not commercial
practice yet and growers do not take into account the mineralisation rate of the soil as part
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of the fertigation strategy, so that too much nutrients are applied to complete the
cultivations.
In a second step, monitoring tools should be applied to identify the crop and soil nutrient
status and identify any required adjustment to the nutrient supply during the crop. Different
technologies are available to monitor soil (soil analysis, soil-water extraction method, soil
solution analysis) and plant nutrient status (leaf analysis, sap analysis, optical sensors), as well
as for rapid on-farm analysis of nutrients (selective ion-meters, equipments based on
colourimetry) (D3.4). Problems related with some technologies are the cost and the need of
having threshold values adapted to each crop, including the variety and climate zone, for data
interpretation (D4.1). Moreover, there are currently no technologies which allow continuous
and direct monitoring of the nutritional status of the crop. Based on the available
technologies, a prescriptive-corrective management strategy for N, integrated by both a DSS
supporting N management calibrated for the local conditions (VegSyst-DSS) and different
nutrient status monitoring tools, was showcased in Spain (UAL). In other cases, the
monitoring tools were exchanged without combining with a DSS (APREL, CICYTEX and IVIA). It
is necessary to take into account that many fertiliser recommendation schemes and decision
support systems have been developed for northern Europe conditions, and suitable schemes
are not available in many regions, mainly in southern and eastern Europe (D4.1).
As mentioned before, several highly innovative technologies were exchanged and showcased
within this group (remote sensing, DSSs combined with sensors). 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-learners-innovativetechnologies/14714). The latter part “in new ways” corresponds to the fact that technologies
already commonly used in specific sectors or regions were exchanged towards other sectors,
regions, etc., and made small adoptions to assure they would work under these new
conditions. For example, photocatalytic oxidation (PCO) materials used in the sanitary sector
now used for greenhouse crops, filter systems used in the Netherlands in greenhouse crops
of tomatoes now used for outdoor crops of strawberry, etc.). The concept of “innovative
technology” should not be confused with the Technology Readiness Level (the TRL, as defined
by the EU), which has been included in the description of the implementation of each
technology, to identify the “readiness” of each exchanged technology to the horticultural
sector. It should also be noted that the technologies exchanged were selected as “short-term”
solutions for specific problems at specific sites and growing conditions, therefore, the results
obtained and presented later in further detail in this document, refer to results observed
during a short period of time (one growing season), and thus, they should be taken with
caution. Table 1 shows an overview of participating partners, region, crops and growing
system (open field or protected) for technology exchange and showcasing in Task 5.2, and the
innovation level.
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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

CICYTEX

MED

Processing
tomato

Open field

Remote sensing of crop
variability for effective soil
and water management

High

PCG

NW

Zucchini

Open field

Drip irrigation combined
with
the
use
of
tensiometers

Low

FC

MED

Pepper
tomato

Greenhouse

Automatic irrigation system
based on tensiometers
combined with soil solution
samplers

Moderate

IVIA

MED

Citrus
and
persimmon

Open field

Soil water content sensors
and soil solution samplers

Low

INTIA

MED

Processing
tomato

Open field

Irrigation Decision Support
Tool
SIGAgroasesor
combined with plant water
potential measurements

Moderate

CAFS

CE

Apple

Open field

Model for the prediction of
irrigation combined with
the use of TDR probes

High

CICYTEX

MED

Nectarine

Open field

Decision support system for
automatic
irrigation
management

High

PCH

NW

Strawberry

Open field or
protected

Fertigation in soil using
KNS-tables

Low

UAL

MED

Pepper
tomato

Greenhouse

Prescriptive-corrective
management of nitrogen

Moderate

APREL

MED

Tomato

Greenhouse

Combination
of
technologies to improve
irrigation and fertigation
management

Moderate

CICYTEX

MED

Processing
tomato

Open field

Plant and soil nutritional
status sensors

Moderate

and

and

The technology exchange is summarized in the map displayed in Figure 1.
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Figure 1. Map of exchanges in T5.2.

2.3 Further reading
As mentioned, the basis of the work in task 5.2, resulting in this deliverable 5.3, is formed by:
1.
2.
3.
4.

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

These documents can be regarded as the main references. More general background
information and explanation of the technologies and their use can also be found in these
documents.
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2.4 Relation of selected technologies
2.4.1 Remote sensing of crop variability for effective soil and water management
The main objective of these technologies is to characterise soil and crop spatial variability,
which is one of the main limitations for effective fertigation management, especially in large
farms. Without this information farmers tend to irrigate/fertigate uniformly the plot,
generating higher heterogeneity in the crop and even important losses of production in
certain areas. By contrast, this information allows a better distribution of the irrigation sectors
(if available for the initial design) and identifying representative points to monitor crop
development, which helps to adjust the management in the different areas and improve
water and nutrient use efficiency. The crop and soil spatial variability was assessed by CICYTEX
by using satellite images (Sentinel 2 NDVI images) and apparent electrical conductivity (ECa)
maps, respectively, whereas the development of the crop was locally monitored in the
selected points of the plot by taking canopy crop images and measuring canopy crop
reflectance at ground level. All these technologies were showcased at a big commercial farm
of processing tomato in Extremadura (Spain). In this showcase, CICYTEX received the
collaboration of Agrodrone, which is a company specialised in aerial images processing and
geostatistic tools to elaborate ECa maps. Furthermore, there was an exchange with IFAPA for
specific interpretation of soil ECa values and recommendations.

2.4.2 Drip irrigation combined with the use of tensiometers
In Belgium, the use of micro-fertigation is not very common in outdoors crops like zucchini.
However, climate change is forcing to reconsider this situation. Drip irrigation in combination
with fertigation is a very efficient and effective irrigation technique that can results in a
substantial increase in production. On the other hand, tensiometer is a long-established
method for measuring the soil matric potential, which is a reliable measure of the water
availability for the plants, and can be used as a handy instrument to determine the irrigation
frequency. Both technologies were showcased jointly by PCG at its research centre in
Flanders. As drip irrigation is a technology widely used by open field vegetable growers in
Mediterranean conditions, there was a close collaboration with Spanish partners involved in
the FERTINNOWA project (FC and IFAPA) to exchange information.

2.4.3 Automatic irrigation system based on tensiometers combined with soil
solution samplers
In Almeria (Spain), where there is one of the highest concentrations of greenhouses in the
world despite to be located in the driest area in Europe, there is a need to save water and
minimise leaching. Tensiometers are sensors available for soil moisture measure well adapted
to greenhouse conditions that are not affected by salinity and allow an easy establishment of
the threshold value to start irrigation. However, manual tensiometer has not been a very
successful technology in the area because of the requirement of frequent readings. On the
other hand, commercially available automatic irrigation systems are considered too
expensive by many growers. For that reason, a simple and economic (but reliable) automatic
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irrigation system based on tensiometers with a moveable switch was developed and
showcased by FC. For this development, advice was received from two companies, Copersa
and Himarcan. The irrigation system was combined with the use of ceramic cup soil solution
samplers to monitor the salinity of the soil solution, which permitted to adjust drainage
requirements. The showcase activity was carried out in collaboration with UAL, as this partner
is located in the same area and was interested in demonstrating management tools and
practices able to reduce excess nitrogen (N) application while ensuring optimal crop N
nutrition of soil-grown crops, and both components (irrigation and fertigation) have to be
optimised to limit N leaching. The use of the proposed irrigation technology allowed
significantly reducing the application of water to the crop (even more than 40% in a tomato
crop) and the leaching of water in the soil (almost 50% in a pepper crop) without affecting the
commercial production. These benefits were achieved with acceptable cost and limited
supervision requirements.

2.4.4 Soil water content sensors and soil solution samplers
IVIA is located in Valencia (Spain), a region mainly dedicated to fruit crops production. In most
cases, irrigation water is automatically distributed by the irrigation communities. These
organisations are interested in the implementation of specific devices, such as soil moisture
sensors, in strategic points for the optimisation of irrigation. In this showcase, TriSCAN-Sentek
sensors and ceramic cup soil solution samplers were installed in four different plots of
‘Acequia Real del Júcar’ irrigation community to monitor soil moisture content and nitrate
concentration in the soil solution (by using RQflex equipment for rapid analysis) at several soil
depths. The commercial plots were selected in order to have representative information of
irrigation management within the irrigation community in the two main crops (citrus and
persimmon) and in two different soil types (sandy-loam and silty-clay soil textures). Water
doses were adjusted in the different combinations of crop-soil to find the more efficient doses
avoiding water losses by leaching at 70 cm soil depth, and to also keep the soil water content
distribution in the rooting soil volume as homogeneous as possible and close to the field
capacity level. The improvement was especially remarkable for citrus crop in sandy loam soil.
Recommendations were also given to the irrigation community to maintain low levels of
mineral nitrogen in the soil before intensive rainy periods in order to reduce nitrate leaching,
especially in silty-clay but cracked soil and in sandy-loam soil.

2.4.5 Irrigation Decision Support Tool SIGAgroasesor combined with plant water
potential measurements
In Navarra (Spain), processing tomato is a relevant crop with high water consumption, being
important to adjust the irrigation management for a higher water use efficiency, as society
increasingly demands products cultivated respectfully with the environment. Taking into
account that one of the technologies demanded by growers in the survey was to have a
decision support tool (DST) helping in irrigation scheduling, INTIA showcased sigAGROasesorDSS platform, which is a Geographic Information System (GIS) platform to optimise crop
management specifically for each plot included in GIS-PAC. The system gives
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recommendations of irrigation based on weather forecasts and the specific conditions of the
plot. This DST is a result of a previous European funded LIFE project coordinated by INTIA
(project sigAGROasesor LIFE+11 ENV/ES/641). The recommendations of the DST were
validated by using plant water potential measurements obtained with a pressure chamber.
The last technology was exchanged with CICYTEX.

2.4.6 Model for the prediction of irrigation combined with the use of TDR probes
In the field of irrigation, Slovenia has set up a plan to improve existing irrigation strategies in
the fruit sector by 2020. In the FERTINNOWA project, CAFS showcased an innovative irrigation
forecasting model for apples which integrates soil moisture sensors (TDR probes) in order to
optimise controlled deficit irrigation. The technology is the result of an exchange with the
Biotechnical Faculty of the University of Ljubljana and the Kmetijski Institute of Slovenia. The
system is able to take into account the peculiarities of the climate, soil and crop and provides
access to real-time data. The system is based on the EARS (Slovenian Environment Agency)
data and gives instantaneous information for irrigation. The use of this technology allowed
better tracking of irrigation requirements of the crop, as well as data exchange between
professional services. TDR probes allowed validating the prediction and following the water
balance.

2.4.7 Decision support system for automatic irrigation management
Crop water requirements are currently calculated by applying values of crop coefficient (Kc)
locally adjusted for each crop, and the reference evapotranspiration (ETo) obtained from a
nearby station. However, other particular aspects of the plot such as the soil, problems with
irrigation efficiency, etc. are not adequately applied in these calculations. In this showcase,
an innovative decision support system, IRRIX, was shown by CICITEX in a nectarine
commercial crop in Extremadura (Spain). IRRIX is a web platform hosted in the cloud which
incorporates a control algorithm combining the estimation of the crop water requirements
by using the water balance method (feed-forward control) with a readjustment based on soil
moisture sensor readings (feedback control), allowing the automation of the irrigation. IRRIX
System was developed by IRTA research centre (Catalonia, Spain) and calibrated by UAL, FC
and CICYTEX in the national project RTA2013-00045-C04 funded by INIA and FEDER founds.
Additionally, the crop and soil variability were characterised in the showcase by using visible
aerial images and ECa measurements in order to select the control points where monitoring
several parameters helping with the determination of the adequate irrigation dose (water
meters, soil moisture sensors, crop development, stem water potential). The integrated
system allowed adjusting irrigation and obtaining water savings close to 20% in comparison
to the farmer management. It could be very useful for farmers in the application of deficit
irrigation strategies in fruit cropping.

2.4.8 Fertigation in soil using KNS-tables
In Belgium, soil-grown strawberry crops are fertigated based on the plant need for nitrogen
and the shortages of nutrients in the soil shown by a recent soil sample. However,
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mineralisation is not taken into account and mostly the residue of nitrate in the upper 90 cm
of the soil exceeds the European norm of 90 kg/ha. To avoid this, KNS-tables can be used,
which is a calculation method taking into account not only the theoretical weekly nitrogen
uptake of the crop and soil samples taken throughout the growing season, but also the
expected mineralisation rate of the soil. This method is already used at commercial level in
Germany and it was exchanged from this country to Belgium by PCH, which only had to make
small adaptations towards the crop length and nitrogen needs as climate conditions are
similar. Several demonstrative crops were fertigated as proposed by this system to convince
growers to start using it. It was demonstrated that, with this technology, production and
quality can be maintained while strongly lowering the nitrate residue in the soil at the end of
cropping.

2.4.9 Prescriptive-corrective management of nitrogen
UAL is located in Almeria (Spain), where all the main areas dedicated to greenhouse
production are catalogued as nitrate vulnerable zones (NVZ) and there is a need to reduce
nitrate aquifer contamination by improving both crop N management and crop irrigation
management. As previously indicated, UAL and FC participated jointly in this task, as both
partners complement each other and exchanged knowledge between them. Furthermore,
there was an exchange with APREL, as this partner has available reference values for several
crops to be applied in petiole sap nitrate concentration measures. To improve N
management, UAL showcased a prescriptive-corrective management strategy integrated by
different technologies (VegSyst-DSS, ceramic cup soil solution samplers, combined with rapid
analysis using the LAQUAtwin nitrate meter, and petiole sap nitrate concentration), which
were selected based on broad revision of available technologies, including those presented
and discussed at the benchmark workshop, presented in the practice abstracts, and those
referred to in the scientific literature. The methods selected were those that were judged as
being scientifically the most relevant for this vegetable production system, and the most
practical for local growers. It was demonstrated that (a) the VegSyst-DSS can provide effective
plans of the N concentration in the nutrient solution, (b) that soil nitrate concentration can
be used to monitor the immediately available soil N supply, (c) the petiole sap nitrate
concentration appears to be a sensitive measure of crop N status of pepper, and (d) that the
LAQUAtwin can provide accurate measurement of nitrate concentration in nutrient and soil
solution. These methods can contribute to large reductions in the amounts of N applied and
in nitrate leaching loss.

2.4.10 Combination of technologies to improve irrigation and fertigation
management
Despite the existence of tools which allow improving irrigation and fertigation management,
there are still problems to convince growers producing vegetables in Southern France about
their use. On the other hand, regulations in terms of management of irrigation water and
nitrates, as well as societal pressure, are increasing. For that reason, APREL showcased a set
of irrigation and fertigation management tools in order to optimise the supply of water and
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fertilisers in those crops. The technologies showcased for irrigation management were: a
capacitance probe (Sentek), a tensiometric probe (Watermark) and a connected flow meter;
whereas for fertigation management the selected technologies were: auger soil sampling and
quick soil nitrogen analysis (Nitratest), ceramic cup soil solution samplers, sap analysis in
laboratory (NovaCropControl), quick sap analysis method (PIlazo method) and fluorescence
sensor (Dualex). APREL exchanged information with different technology providers, and also
with FC and UAL about the use of soil solution samplers. The capacitance probe showed easy
reading and data interpretation, although there were some installation problems during the
second growing season. The connected flow meter allowed to easily detect an anomaly in the
irrigation network and to know with high accuracy the cumulative water amount applied to
the crop. The sap analysis in laboratory permitted to have information about the plant
nutritional status for all the nutrients but no references were available for interpretation in
the local conditions. With PIlazo method such references were available, but only for nitrate.
Dualex sensor was easy to use and quick. However, there were not so many references as for
PILazo. For the management of fertilisation, the method of auger soil sampling and Nitratest
remains as an easy method for implementation and gives reliable and standardized results.

2.4.11 Plant and soil nutritional status sensors
One of the main problems for the optimal fertilisation management in commercial plots is the
lack of technical knowledge for the adjustment of the crop fertilisation requirements in
relation with the production, phenological phase and spatial variability, which causes in many
cases the farmer to over fertilise the crop in order to avoid deficiencies. The objective of
CICYTEX with this showcase was to evaluate the influence of spatial variability on the
determination of nitrogen status with different sensors, in order to help the advisors to design
a more efficient fertilisation management, locate the measure points and select the adequate
sensor. For the evaluation of soil nutritional status, soil samples were obtained with auger
method and analysed both in laboratory and by using rapid on-farm devices, whereas the
plant nutritional status was evaluated by using leaf analysis, rapid sap analysis, and
chlorophyll (SPAD) and fluorescence sensors (Dualex). CICYTEX received support from UAL for
the interpretation, as this partner has experience with this type of measures. The showcase
was carried out in Extremadura (Spain) in the same plot of processing tomato used for the
evaluation of crop variability with remote sensing technologies (see 2.4.1). This information
(ECa obtained with Dualem sensor and NVDI index from satellite image) was used for the
selection of the control points in three different zones. Results showed that spatial variability
had an important influence on sampling and nutritional status measurements. On the other
hand, SPAD and Dualex sensors showed high variability in each point and even in the same
plant, especially with full crop development. Leaf analysis allowed identifying overfertilisation in all the zones, especially during the first crop phase.
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3 Evaluation of on-site implementation of exchanged technologies
3.1 Remote sensing of crop variability for effective soil and water
management
3.1.1 General technology exchange description
3.1.1.1 Location and growing system
Farm

Perales de Valdueza (60 ha surface plot), Lobón, Extremadura (SPAIN)

Figure 2. Location of ‘Los Perales’ farm

Farmer

Roma Ltd. (Conesa group)

Coordinates

38°51'46.38" N 6°32'18.34" W

Climate Zone

Mediterranean

Crops

Processing tomato

Growing System Open field
Irrigation

Subsurface drip irrigation

Fertigation

NPK in fertigation

3.1.1.2 Technology exchange summary
One of the main limitations for effective fertigation management in commercial farms is soil
and crop spatial variability, especially on large farms. Farmers do not have tools to
characterise the spatial variability associated to the different zones in their farms. Then,
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programming of irrigation and fertilisation is uniformly done, generating greater
heterogeneity in the final productivity of the crop, and even important production losses in
certain areas of the farm.
Therefore, it is important to develop and implement soil and crop monitoring methods to
determine soil and crop spatial variability, to enable refining and correction of the irrigation
and nitrogen fertilisation strategies to improve nitrogen and water use efficiency for an
intelligent fertigation management.
The aim of this showcase was to evaluate different available technologies for determination
of representative nitrogen status check-points during the growth cycle of processing tomato
with soil and crop heterogeneity. Different types of sensors (massive and point) were checked
to demonstrate their suitability to identify representative points and map crop development.
The exchange of this technology will be important for advisers and farmers since knowledge
of these technologies is not well spread.
Crop and soil spatial variability was assessed by using satellite images (Sentinel 2 NDVI images)
and apparent electrical conductivity maps, respectively. Results showed that both
technologies enabled the identification of the most productive zones before the start of the
new growing season. With this information the selection of the control points where the crop
nutritional and crop development status could be effectively monitored was straight forward.

3.1.2 Technology exchange
3.1.2.1 Description of the problem
The showcase was carried out in a farm located in the Guadiana River basin in Extremadura,
Western Spain. The area is characterised by a continental dry Mediterranean climate type,
bordering the subtropical Mediterranean climate conditions. It is a good area for processing
tomato production, cropping cycle from mid-April to mid-September.
This is the case of ‘Los Perales’ farm, with about 250 hectares of different varieties of
processing tomato. All field operations are mechanised, from transplanting to harvesting, and
surface drip irrigation has been replaced with the more efficient subsurface drip irrigation,
which enables fertigation and where:





No control on the volume of applied water (not counter installed in any of the
irrigation sectors). Irrigation is based on experience of previous years and how the
crop looks like.
The points where the soil samples are taken to determine nutrient levels and textural
classes are chosen at random, 1 point in each farm zone.
No criteria to select sampling points for leaf analyses. Farmers use similar criteria as
for soil sampling. Leaf samples are taken and sent to a commercial lab, results are
frequently received too late to apply fertilisation scheduling corrections.
No logic selection of production sampling points at the different farm plots. This is an
important data to determine expected yields and establish harvest time (processing
tomato is harvested when at least 80% of the fruit is red).
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Regarding fertilisation, the concern is to not go beyond the accepted thresholds in
nitrate vulnerable zones.

Climate change and the fertilisation limits imposed in Nitrate Vulnerable Zones (NVZ) force
farmers to perform an efficient fertiliser management to maximise production and quality,
while preventing nutrient losses by leaching or runoff to ground and surface waters, according
to the existing regulations. Moreover, the size of the plots, variability of transplanting dates,
and high soil heterogeneity make sensors essential to monitor and arrange the performance
of differential water and fertiliser management strategies to avoid yield losses and save
inputs.
Technologies such as satellite or aerial images, sensors installed in tractor and sensors to
monitor soil characteristics will be important to help to reduce these problems.
3.1.2.2 Objectives
The objectives of this showcase were to evaluate several technologies that could help to
determine the optimal water and fertiliser input, and to assess the required sampling
frequency of the water and nutritional status of a tomato crop in heterogeneous field areas.
As specific objectives:




Setup of the different control areas.
Select the sampling areas to determine crop water and fertilisation status.
Use of different sensors (punctual and massive) to determine plant development.

Soil spatial variability plays a fundamental role when determining the different control zones
within a field. This information can be used to both assist in soil sampling and facilitate the
design of the irrigation sectors and the site-specific fertiliser application. The delimitation of
zones with differential crop development will assist in the identification of the zones where
the farmer can monitor best the crop.
The information provided by the satellite imagery can improve decision making, by both finetuning irrigation doses according to crop development and adapting prescribed doses within
certain zones of the field. The Electromagnetic inference sensor (EMI) helps to determine soil
variability, the selection of representative points, irrigation scheduling and the adjustment of
a base fertilisation and irrigation system adapted to the different soil classes in the farm.
3.1.2.3 Specific background on the exchange
The crop and soil spatial variability were assessed by using satellite images (chapter 10.10 in
Fertigation Bible (FB)), with TRL 6-7, and apparent electrical conductivity (ECa) maps (chapter
11.10 in FB), with TRL 6.
New technologies of massive measurement (remote sensing) allow a fast determination of
the existing variability within the plot. Two methodologies were used to study the existing
spatial variability in the plot (soil and crop methods):


In the soil:
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o Device that makes a rapid and massive measure of ECa, with Dualem 1s
(technology description (TD) 11.10 in FB and practice abstract (PA) 45). TRL 6
In crop development:
o Canopy crop images, application CANOPEO ® (PA 44). TRL 8
o Canopy crop reflectance (surface) with crop circle AC470 (TD 11.15 in FB). TRL
6
o Canopy crop reflectance (satellite) from Sentinel 2 (TD 10.10 in FB). TRL 6-7
o Soil samples were taken with the Auger method (TD 10.18 in FB and PA 66),
followed by the analysis of texture, organic matter and N, P and K (TD 11.5 in
FB). TRL 9.

3.1.2.4 Stakeholders involved
Two stakeholders were involved but only at the level of assigning us their facilities to carry
out all the planned activities. Plants were monitored from seedling until harvest stage,
obtaining results that demonstrate its effectiveness. There was no interfering with the
standard labours and the plans for fertiliser application. We showed them how all these
technologies could help to make decisions in the daily management of irrigation and
fertilisation. Stakeholders were ROMA Ltd. and Processed Vegetables of Extremadura
CONESA; both belong to the same group as the largest processing tomato company in Spain.
The precision agriculture company, Agrodrone, helped with their knowledge on processing of
aerial images and geostatistic tools to elaborate ECa maps. Furthermore, there was an
exchange with IFAPA for specific interpretation of soil ECa values and recommendations.
3.1.2.5 Implementation of the technology
Advisors in the farm use maps with the different irrigation sectors (Figure 3Figure 3) to
schedule irrigation and fertilisation. Different irrigation sectors are controlled only depending
on their size and do not consider soil texture or crop development. The spatial variability is
thus not taken into account.

Figure 3. Irrigation sector in ‘Los Perales’ farm.
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Two methodologies were used to select the sampling areas based on the spatial variability
determination (soil and crop methods):


Soil variability:

One of the mostly used parameters is the apparent electrical conductivity (ECa), an effective
and rapid indicator of soil variability and productivity. ECa is related to various factors such as
the soil moisture, the aggregation of the soil, organic matter content and electrolytes in the
water solution. In the showcase, three different areas were selected from data obtained the
previous year by using massive ECa sampling with a Dualem 1s sensor, this sensor taking a
sample each 1 meter at two depths, shallow (0 to 50 cm) and deep (0 to 150 cm). The ECa
values were related with the soil water capacity, salinity and soil texture. The dark narrow
zones have more soil water capacity than light narrow zones.


Variability in crop development:

Measurement of canopy development and canopy reflectance can be done with hand-held
proximal canopy reflectance sensors, a type of reflectance sensor that can be coupled to a
tractor to make a map of the crop when other labour is done (Figure 4Figure 4-left). Aerial
images captured by manned or unmanned aircrafts (Figure 4Figure 4-middle) and satellite
images can also help to determine crop development (Figure 4-right).

Figure 4. Different types of platforms for data acquisition: terrestrial (left) aerial (middle) and satellite (right).

In this showcase, three methods to determine crop development stage were used: i)
methodology based on the canopy images on the sampling points, ii) crop reflectance images
on an area of 100 m2 around each of the selected areas, and iii) images downloaded from the
satellite Sentinel 2, treated and analysed with the free Geographic Information System QGIS.
1. Measurement of crop development: canopy crop images were made with photos
taken with a mobile phone and analysed with the free application CANOPEO. Once the
application is open, we can choose to load the image from a gallery (Figure 5Figure
5a) or the photo we have taken. After selecting the image, we proceed to its analysis
(Figure 5Figure 5b) and, after that, we can access the image data (Figure 5Figure
5Figure 5c) and save the images in different folders (Figure 5Figure 5d). If
georeferenced, images can also be visualized on a map (Figure 5Figure 5e).
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Figure 5. Processed image capture with software Canopeo® in processing tomato crop.

2. Measure of crop reflectance (surface): values of crop reflectance can be measured
above the vegetation cover by using reflectance sensors. CROP CIRCLE ACS-470 (Figure
6Figure 6) was used during the showcase. This equipment enables the measurement
of three simultaneous wavelengths. By carrying a GPS, it is possible to make maps of
the plot's status from NVDI measurements obtained with the Crop-Circle sensor.

Figure 6. Crop Circle ® ACS-470 measures in showcase at ‘Los Perales’ farm.

3. Measurement of crop reflectance (satellite): the satellite images provide also this
information, with different degrees of precision, by measuring in different bands
within the visible and the infrared wavelengths. The cost varies depending on the
number of bands and its spatial precision. The satellites used are Landsat (United
States) and Sentinel (European Union).The development of platforms that enable
downloads of images of a specific area makes this technology easily available and free
of charge. In the case of the European Sentinel2 satellite, best adapted to agriculture,
images of the crop reflectance at different wavelengths with a resolution of 10 to 30
meters and a frequency between 7 and 10 days, can be directly viewed with
http://apps.sentinel-hub.com/sentinel-playground (Figure 7Figure 7).
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Figure 7. Display of the NDVI index with sentinel images 2 in http://apps.sentinel-hub.com/sentinelplayground.

3.1.2.6 Results
Two different methods were used to study the spatial variability in the plot and identify the
control points:
1. Satellite images from Sentinel 2 satellite (European Aerospace Agency): a satellite
image of the same area and from the previous year was analysed, selecting a date with
maximum crop development. Based on the values obtained in this image, a
classification was made based on the NDVI values in three bands, low (light green)
with values of 0.6, Medium (green) with values of 0.7, and High (dark green) with
values of 0.8 (Figure 8Figure 8).

Figure 8. Different NVDI values for processing tomato 2016 crop.

2. Apparent electric conductivity: to evaluate different textures and identify possible soil
types, a measurement was made with a ECa sensor (Dualem 1s), measuring at two
different depths. Measurement and interpretation of the results were performed by
the company AGRODRONE in collaboration with CICYTEX technicians. Figure 9Figure
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9 and Figure 10Figure 10 show the maps generated after analysing data from the
georeferenced sensor, and after performing a kriging and reclassification based on the
obtained values, being the lighter colours lighter soils and the darker colours heavier
soils if compared to the plot´s typical soil.

Figure 9. ECa values from 0 to 30 cm deep.

Figure 10. ECa values from 0 to 130 cm deep.

The farmer do not use these technologies to determine spatial variability. The farmer´s
approach is a visual methodology to take samples (one sample per irrigation round). In this
case and in the study zone, farmer took 2 soil samples to determine texture and initial nutrient
content. The farmer showed his intention to use this technology, in this case contacting the
company AGRODRONE, which supported management and interpretation of the satellite data
and measurement of the soil electrical conductivity.
The control points and three different zones were established in the maps, established as the
most productive zone (zone a), the least productive zone (zone c) and an intermediate zone
(zone b). Three repetitions were located in each zone, except in ‘zone b’, where a fourth point
was added (Figure 11).
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The points were uploaded in the application Avenza Maps to locate and geo-reference them.
They were also marked in the plot once the processing tomato was transplanted. Soil was
sampled and analysed to determine texture and organic matter, both in the surface (0-30 cm)
and subsurface layer (30-60 cm). The initial soil samples were classified as sandy loam soil,
with low levels of organic matter content (< 1%). This technology to determine and select
different points in the farm was of great interest to the collaborating company.

Figure 11. Sampling points in the plot.

In relation with the calculation of the irrigation volume to apply, the farmer performs an initial
irrigation schedule based on his knowledge of the crop, and in some cases, supports it with
ETo data obtained from a meteorological station near the farm. However, and regarding
irrigation adjustment to crop development stage, growers use their experience and visual
information.
The measurement of crop development, expressed as percentage of ground cover, is very
useful to adjust the water and fertiliser crop requirements. The resulting data can be used to
easily determine the crop coefficient (Kc) (Table 2Table 2 developed by CICYTEX), which is
multiplied by the ETo value, obtained from a nearby station or calculated in the farm itself, to
determine the crop evapotranspiration. In this way, it is possible to adjust irrigation in the
different crop areas.
Table 2. Values of the crop coefficient (Kc) for processing tomato depending on the development of the crop
(percentage of ground cover).

Type of drip irrigation

10%

20%

30%

40%

50%

60%

70%

80%

Kc surface irrigation
0.49
Kc subsurface irrigation 0.28

0.66
0.46

0.82
0.63

0.95
0.78

1.06
0.90

1.15
1.01

1.22
1.09

1.27
1.16

The data obtained from the different zones were used to calculate the growth curve for each
of the selected areas. Figure 12Figure 13 shows the evolution of crop development (% ground
cover).

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

41

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops

Figure 12. Crop development measure (% ground cover) of each of the zones, made with mobile image and
CANOPEO (R) application analysis.

Regarding measurements made with the Crop Circle ACS-470 device (Figure 13Figure 13), the
lower NDVI start values in zone a were due to the days of difference in transplant. However,
it reached greater development during the rapid growth phase (flowering and fruit set).

Figure 13. Measurements of the Normalized Difference Vegetation Index by dates.
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Figure 14. Standardized vegetation index (NDVI) of the plot obtained from satellite images on different dates,
ordered by date.
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Figure 14 shows all satellite images analysed in 2017 during the growing cycle of the
processing tomato crop. In the first satellite measurement, differences observed were due to
different transplanting dates, being the areas with lower NDVI those that were transplanted
7-10 days later. The following images show how zone ‘a’ shows more development than the
others and how the areas initially marked coincide with the differences observed in this crop
cycle. The area with less crop development, point b3, corresponds to an area with a soil with
less water storage capacity. Satellite images indicate that the crop reached its maximum
development on June 21, as expressed by the measurements of soil cover % and NVDI with
the reflectance sensor. The crop started its senescence period from July 24, with a decline of
crop development in certain areas, until the start of harvest on August 20, 2017.
The evolution in time of NDVI can be evaluated from the analysis of images. Figure 15Figure
15 shows the values of NVDI in areas ‘a’ and ‘c’, which were similar to those observed by the
other two measurement methodologies. There were periods where development differences
were found between both zones and it can also be observed the starting point and dynamics
in the phase of plant senescence. These values may help when deciding where to start
harvesting to avoid fruit rot. In addition, it can help to reduce water applied in areas with a
less active vegetation cover. Figure 15Figure 15 also shows the exact moment when each zone
was harvested and how harvest was made in the zone with lesser development (‘zone c’
before ‘zone a’).

Figure 15. Evolution of NVDI data between zones a and c of the plot from transplant to collection.

The relationship between NVDI measured with the crop circle and Sentinel 2 imagery (Figure
16Figure 16) shows a misfit in the Sentinel 2 NVDI during the first stages of crop development,
as the satellite considers more soil than the measurement made in the field with the crop
circle. Meanwhile, as the crop is closing, the NVDI values are much closer to the 1:1 line,
thereby showing that the values of both systems are similar.
In this showcase three methodologies were evaluated. Farmers could use them to adjust the
crop coefficient for irrigation and assess crop canopy development. It has been observed that
this information is very important to adjust more efficiently the irrigation schedule. Farmers
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can adapt these different technologies to his technology knowledge and select the most
adequate technology for his farm.

Figure 16. NDVI correlation graph between measurements made with manual sensor and with satellite
images.

Another important issue is to evaluate the expected yield and the adequate moment for
harvest. Processing tomato is harvested when at least 80% of the fruit is red. Farmers use
visual expertise to select the points where to measure red fruit percentage twenty days
before harvest is expected. Before harvest, at least two measurements of red fruit percentage
are realised. In some moments this point is not sufficiently representative for a correct
determination of the harvest starting date and expected yield. In this showcase, the yield in
the previously selected point was assessed with manual harvest in a square of 2.5 by 2.5
meters at both sides of the selected point (Figure 17Figure 17). Different yields were obtained
depending on the zone (Figure 18Figure 18). Results were higher in zone ‘a’, as was observed
during the development of the crop.

Figure 17. Manual harvest in the selected points.

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

45

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops
The production data were correlated with the NDVI values from Sentinel 2 (Figure 19Figure
19) in order to make a yield map of the plot (Figure 20Figure 20). A satellite image was used
to enable the identification of areas according to potential production levels 30 days before
harvest (21_07_2018) (Figure 20Figure 19). This information is very important to select the
points for the evaluation of crop maturation prior to harvest.

Figure 18. Total yield by zone.

Figure 19. Relationship between production and NVDI measured by satellite at different times of cultivation
(1 month before harvesting (21 July 2017) and before harvesting (20 August 2017).
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Figure 20. Production map of the plot obtained from the data of NDVI obtained in sentinel image 2.

The identification of different crop development zones fixed with satellite images from
previous crops enables a clearer overview of those areas with higher and lower productivity
potential during the following seasons and helps farmer to adopt strategies for a more
sustainable use of water and fertilisers.
Additional important information for farmers is the identification of the first zone to start
harvesting. Satellite images can help to determine in which places crop senescence starts
earlier, being the first zone to harvest.
3.1.2.7 Benefits
The use of techniques for the determination of spatial variability in the plots will enable a
better management of the different areas by:









Identification of the zones with distinctive soil characteristics, helping advisors to do
more representative soil sampling with important cost saving. Farmers do not use any
technologies to characterise spatial variability in their farms; farmers simply use a
visual methodology to select sampling points in each irrigation turn. However, in this
case, the farmer took two soil samples for textural and nutrient content analysis.
By using these sensors and technologies, farmers can identify those zones with
differential potential crop development, and select zones for controlling water and
nutritional status during the crop cycle, enabling the adjustment of irrigation and
fertiliser supply in each zone of the plot. This practice will help to improve input use
efficiency.
The measurement of crop development by means of the percentage of ground cover
is very useful to adjust the water and fertiliser crop requirements.
The satellite images help to identify areas showing differences in crop development,
and identify those areas with higher expected productivities, contributing to better
design the harvesting plan.
Identification of harvest starting zones and definition of a harvesting calendar.
Identification of differences in production potential thirty days before harvest.
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3.1.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

Growers are often reluctant
to take soil samples for soil
analyses for lack of time and
cost

S

Possible solution(s)

X

Encourage the use of easy, fast
measurement sensors and results in real
time.

Optical sensor technologies X
(reflectance)
while
promising, require more
development for practical
use in horticulture

A serious research program dealing with
crops in a given region or a co-ordinated
research program. Calibration is
required for cultivation and varieties

The different types of soil in X
a plot or farm.

Encourage the use of these new
technologies for measuring spatial
variability by technicians and companies
related to technical advice, which will
help the farmer to be able to sectorize
or irrigate in a different way within a
plot

Lack of information, training
and agronomic knowledge

X

Carry out workshops and showcase
these technologies in commercial plots
continuously
either
by
the
administration or by the companies that
sell these technologies

Deficiencies
in
fertigation system
equipment

the X
and

X

Through aid to be able to tackle these
deficiencies

Over
irrigation
fertilisation

and

X

Change in the mindset of the farmer or
more severe regulations in the excessive
use of water and fertilisers

T = technological, R = regulatory, S = socioeconomic

3.1.3 Outputs
3.1.3.1 Scientific/Technical publications
Campillo, C., Millán, S., Carrasco, J. & Prieto, M.H. 2018. Uso de imágenes satelitales para la
gestión agronómica del tomate de industria. Vida Rural. October 2018.
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3.1.3.2 Participation in Scientific/Technical conferences
Table 3. List of conferences where the results of the technology exchange were presented

Provisional Title

Conference

Available tools for an
efficient
use
of
nitrogen fertilization
in
commercial
vegetable production

1st EUVRIN workshop Almeria, Spain
EUVRIN
Working
Group
Fertilization
and Irrigation

Agrifood days
Tomato
Modernization

Location

on Technology
to Don
improve processing Spain
tomato
irrigation
efficiency

Month/Year

May/2017

Benito, October/2017

Fertigation efficient
management in
processing tomato
commercial farm
showcase report.
FERTINNOWA project

Ferdoñana: Últimas Bonares, Spain
tendencias y casos
prácticos
sobre
sistemas de ayuda a la
decisión de riego.

March/2018

Use of sensors and
spatial variability to
fertilisation
management
in
processing tomato

13th
international Greece
symposium
of
processing
tomato
(ISHS)

June/2018

Experiences in the
application of new
technologies for the
irrigation
and
fertilization
management
in
commercial plots

2st EUVRIN workshop Bleiswijk,
the September/2018
EUVRIN
Working Netherlands
Group
Fertilization
and Irrigation

Use of sensors and FERTINNOWA final Almeria, Spain
spatial variability to conference. POSTER
fertilization
management
in
processing tomato

October/2018
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Technologies
to FERTINNOWA
improve fertigation.
conference.
Management spatial
variability

final Almeria, Spain

October/2018

3.1.3.3 Invited seminars, presentations at local events, etc.
Table 4. List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Use of sensors and FERTINNOWA
spatial variability to workshop
fertilisation
management
in
processing tomato

The Netherlands

November/2017

FERTINNOWA
showcase
presentation

Guadajira, Spain

November/2017

Local event
results

FERTINNOWA
Local event
showcase report to the
stakeholder (CONESA)

Villafranco del December/2017
Guadiana, Spain

FERTINNOWA
Local event
showcase report to the
stakeholder
(AGRODRONE)

Badajoz, Spain

March/2018

Use of sensors and FERTINNOWA final Almeria, Spain
spatial variability to conference. POSTER
fertilization
management
in
processing tomato

October/2018

Satellite images in Local Event
agriculture. “Sentinel
the BIG EYE”

November/2018

Guadajira, Spain
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3.2 Drip irrigation combined with the use of tensiometers
3.2.1 General technology exchange description
3.2.1.1 Location and growing system
Farm

Vegetable research Centre East-Flanders (PCG), Kruishoutem, Flanders
(Belgium)

Figure 21. Location of the Vegetable Research Centre of Kruishoutem (in red)

Coordinates

N 50.94337° E 3.52710°

Climate Zone

North-West Europe

Crop

Zucchini

Growing System

Soil - Open field

Irrigation

Drip irrigation

Fertigation

Application of macro and micronutrients by automatic injection
equipment with venturi system. Nutrients supplied from multi-tank
system.

3.2.1.2 Technology exchange summary
Flanders has about 750 ha of zucchini, of which only 40 ha are equipped with a drip irrigation
system effectively connected and used, and only 50% of this irrigated zucchini is also
fertigated. This is not much, while drip irrigation in combination with fertigation is a very
efficient and effective irrigation technique that can results in a substantial increase in zucchini.
To find out why so few growers make use of drip irrigation, advisors, contract workers and
growers were consulted. Based on the survey and a study event for growers and advisors, the
following objectives were selected:
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To demonstrate different irrigation systems and to compare them in relation with
water efficiency and production.
To demonstrate that the use of tensiometers can be a handy instrument to determine
the frequency of irrigation.

Despite the result that drip irrigation is not significantly better than the other irrigation
techniques, growers showed during the showcase events a lot of interest in drip irrigation. By
once again having an extremely dry summer with a temporary ban on pumping water across
Flanders, growers have become aware that techniques are available that deal more efficiently
with water. This system is also ideal for fertigation, which means that sustainable use can also
be made of nutrients. This is not only beneficial for the grower, but also for the environment,
since there is too much nitrogen and phosphorus in the surface water, and growers are
penalized by sanctions and measures.
During the showcase event, a clear picture was also given of the costs associated with the drip
irrigation system and tips were given on how to save on labour by constructing the system in
a well-thought-out manner.
The tensiometers also had a lot of interest. Despite the fact that these meters are robust and
relatively inexpensive, these sensors are still not well known by growers. The demo was an
excellent time to highlight the benefits of using tensiometers.

3.2.2 Technology exchange
3.2.2.1 Description of the problem
Flanders has about 750 ha of zucchini, of which 370 ha are destined for industry and 370 ha
for fresh market. Zucchini intended for the industry is not irrigated. Only 80 ha of the 370-ha
zucchini intended for the fresh industry is equipped with a drip irrigation system, of which
only 40 ha are effectively connected and used. Only 50% of these irrigated zucchini, or 20
hectares, is fertigated. This is not much, while drip irrigation in combination with fertigation
is a very efficient and effective irrigation technique that can results in a substantial increase
in zucchini.
To find out why so few growers make use of drip irrigation, 3 advisors and contract workers
were consulted. In addition, about 10 zucchini growers more or less familiar with drip
irrigation in zucchini were interviewed. The main stumbling blocks to switch to drip irrigation
appear to be:




Ignorance about cost: it is often thought that drip irrigation is very expensive
Ignorance about the surplus production that drip irrigation can bring
Ignorance about technical specifications of drip irrigation systems (what about big
surfaces to irrigate and sloping plots?)

Growers who already use drip irrigation often still encounter obstacles:


In the case of dry, hard soil, the complete dripping of the pipe is no longer successful
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Technical problems with the connection to the main line: often leakages, which results
in a lot of water loss
High labour cost: main line must always be disconnected when harvesting, to avoid
being destructed by the tractor
Maintenance: ignorance about the type and use of filters: how fine, what kind of
filters, etc.
Ignorance about timing of irrigation: every year, growers conclude that they started
too late with irrigation, with a low water use efficiency as a consequence.
Tensiometers seem to be too complex, too little reliable. There is a need for
affordable, reliable and user-friendly sensors.

In order to answer some of these questions, an open session was organized on the 9th of April
2018 at a zucchini grower. This zucchini grower testified about his positive experiences with
drip irrigation. He showed his irrigation system and explained the practical side of the story
in a freely accessible way. Furthermore, the results of the collective consultations were
shown, and a supplier of irrigation systems explained various types of drip trays (incl. for
sloping or large parcels), filters and soil moisture sensors, always based on materials brought
in. At the end of the session, there was a possibility for discussion. There were about 30
zucchini growers that represent a very large part of the zucchini area in Flanders. The
demonstration events of 2018 were determined on the basis of the outcome of this
discussion.
3.2.2.2 Objectives



To demonstrate different irrigation systems and to compare them in relation with
water efficiency and production.
To demonstrate that tensiometers can be a handy instrument to determine the
frequency of irrigation.

3.2.2.3 Specific background on the exchange
Drip-irrigation is a very commonly used irrigation system in the South of Europe, while it is
not in the North Western part of Europe. Therefore, we had a close collaboration with Spanish
partners involved in the FERTINNOWA project to exchange information, as considerable work
has been done by researchers all over Europe.
The use of drip-irrigation technique is described in The Fertigation Bible in Technology
Description (TD):






7.3, ‘Irrigation pipes’, The TRL level is 9.
7.4, ‘Drip emitters and drip lines’, The TRL level is 9
7.5, ‘Innovative pipes and drippers for micro-irrigation’, The TRL level is 7-8
7.6, ‘Thin wall dripper lines (irrigation tape)’, the TRL Level is 9
7.7, ‘Installation of drip irrigation systems on sloping fields’, the TRL Level is 9

On the other hand, the use of tensiometers is a long-established method for measuring the
soil matric potential. It is a reliable measure of the water availability for the plants. While this
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is a well-established technology, growers with open field crops are not used to work with
sensors. The technology is described in The Fertigation Bile in Technology 10.20
‘Tensiometer’.
3.2.2.4 Stakeholders involved
During the project, there was close contact with various stakeholders to map the needs.
First of all, there was a close contact with a group of technical advisors, TACO vzw, which have
experiences with irrigation and drip irrigation in zucchini, especially in Flanders. The advisors
in Flanders have a good overview of the situation and, therefore, seemed to have significant
added value.
Secondly, suppliers of irrigation materials were also questioned. They have a good view of the
irrigation techniques that are most often applied and the problems that go with them.
Third, but not least, the growers themselves were approached: what problems do they have
with irrigation and what can be improved?
During the demonstrations, also policy staff (Department of Agriculture and Fisheries of the
Flemish Government) and sector organizations were invited. It is important that they too are
involved with the problems experienced by the sector and to be aware of how growers are
working on a more efficient water and nutrient management at the company.
The showcases were conducted at different places. The first showcase was organized during
‘Werktuigdagen’. ‘Werktuigdagen’ is a 2-days-event for growers from horti- and agriculture,
subcontractors and advisors, and counts more than 5,000 visitors. The second showcase was
carried out on the fields of a grower. The third and fourth showcase events were carried out
at the Vegetable Research Centre in Kruishoutem, Flanders (PCG).
During the project, results of the demonstration events were published on websites, in
newsletters of PCG and in several journals. That way, we reached also other stakeholders like
researchers not involved in the FERTINNOWA project.
3.2.2.5 Implementation of the technology
Based on a survey for growers and advisors, the most common irrigation systems in zucchini
were selected (Table 5). The goal was to show the water use efficiency of the different
irrigation systems and to use tensiometers to determine the frequency of irrigation.
Table 5. Most common irrigation systems used in zucchini in Flanders (Belgium) and managed in the showcase.

Plot number

Irrigation system

1
2
4
5
6

No irrigation
Drip irrigation
Top irrigation with sprinklers
Top irrigation with irrigation boom
Irrigation boom with drag hose
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Figure 22. Drip irrigation (left) and top irrigation with sprinklers (right)

Figure 23. Top irrigation with irrigation boom (left) and Irrigation boom with drag hose

The demo-plants were planted half May. In each irrigation system, a set of 8 tensiometers
was placed to monitor the variation in drought/moisture in the soil. 4 tensiometers were
installed on the left side of the plant and other 4 tensiometers on the right side. Half of the
tensiometers were installed at 15cm depth (at a distance of 10 and 20 cm from the plant) and
the others at 25cm depth (at a distance of 10 and 20 cm from the plant). This way a clear
picture could be obtained of the moisture distribution in the rooted zone.
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Figure 24. Tensiometer measuring soil moisture. It is an instrument designed to measure the tension or
suction that plants' roots must exert to extract water from the soil. This tension is a direct measure of the
availability of water to a plant

To obtain reliable measurements, it is very important to pay sufficient attention to the
placement of the tensiometers. Care should be taken in tensiometer placement to avoid being
damaged. This usually means installing in mulch or bare soil where no mowers or other
machines will hit them. Check this video to see how to properly place tensiometers in the soil:
https://www.youtube.com/watch?v=3-OOAYNQe7g.
The objective was to give the same amount of water per m2 in all irrigation systems. This way,
a comparison could be made between the different systems towards water efficiency.
Since growers indicate that they always start watering too late, the tensiometers were used
as a decision-making tool to irrigate. As soon as the tensiometers indicated that the soil was
too dry (> 50 kPa), it was decided to irrigate.
Harvesting was carried out daily. Fruits up to 350 gr were harvested.
3.2.2.6 Results
In Flanders, the summer of 2018 was extremely dry. In Kruishoutem, from May to the end of
August, only 102 mm of rainwater were fallen, which is 60% less than average. Thus, it was
an excellent year to give a demonstration about irrigation and highlight the benefits of
sustainable water management.
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Figure 25. Rainfall during the culture of zucchini.

In total, 180 mm of water were given to all systems over the whole cultivation. That is
relatively more than zucchini growers do, who gave an average of 100-130 mm in the same
period.
The soil moisture content was read several times per week from the tensiometers. Due to the
fairly dry weather, the tensiometers had to be regularly refilled with water, since that water
could escape through the ceramic cup. Figure 26 shows the evolution of the soil matric
potential at the different plots.

Figure 26. Soil matric potential measured in the different systems.

It is clear that the non-irrigated plot suffered water shortages very quickly. As soon as the
tensiometers indicated that the suction pressure became too high (> 500 hPa), water was
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given in all plots, excepting the non-irrigated one. Depending on drought, 5 but usually 10
mm were given.
The plot receiving water through drag hoses was the lowest humid in comparison with the
other irrigated plots. This is because in a short time a lot of water ended up on a small surface
of soil and, as result, the water started flowing down to the lowest side. Consequently, the
plants received less water than expected.
Regarding the other systems (drip irrigation, top irrigation with irrigation boom and top
irrigation with sprinklers), there are no specific conclusions to be drawn. The plot that was
irrigated with the sprinklers was situated on the right side of the field, which stood in the
shade of trees until 10 o'clock in the morning, while other plots stood already for several
hours in full sun. The right side of the plot was therefore favored during this hot and dry
summer, as moisture content in the soil did not fall so quickly.
Figure 27 tells the same story. The non-irrigated plot already had a backlog compared to the
others during the first harvest week. The zucchinis receiving water through the slip hoses had
a slightly lower production than the other irrigated plots. The loss of water that occurred due
to runoff to the lowest part of the plot resulted in less water available for the plants and,
consequently, lower production. There were no significant differences in production between
zucchini irrigated via drip irrigation or from above with sprinklers or irrigation boom. Dripirrigation and top irrigation gave similar yield in this test, but the demo was influenced by
heterogeneity of the field. Another important remark is that the plot with sprinklers received
in May more water than others due to a wrong setting of the installation.

Figure 27. Cumulative production from 25th June until 20th August.

At the end of the cultivation, soil profiles were made of the different plots. The non-irrigated
plot was very weakly rooted. In the plot with drip irrigation, it was noticeable that the roots
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were all situated under the plastic and not at the level of the path between the plants.
Moreover, the majority of the roots were situated in a 3 cm zone around the droplet. Roots
are always looking for water, thus it is logical that roots are located around the droplets.
Between the plots sprinkled from above (top irrigation with sprinklers, top irrigation with
irrigation tree and irrigation tree with drag hose), no differences in rooting were seen. In
contrast to the object with drip irrigation, the roots were more widely distributed, also at the
level of the path between the rows.
Despite the result that drip irrigation was not significantly better than the other irrigation
techniques, growers showed during the showcase events a lot of interest in drip irrigation. By
once again having an extremely dry summer with a temporary ban on pumping water across
Flanders, growers have become aware that techniques are available that deal more efficiently
with water. This system is also ideal for fertigation, which means that a sustainable use can
also be made of nutrients. This is not only beneficial for the grower, but also for the
environment, since there is too much nitrogen and phosphorus in the surface water and
growers are penalized by sanctions and measures.
During the showcase event, a clear picture was also given of the costs associated with the drip
irrigation system and tips were given on how to save on labor by constructing the system in a
well-thought-out manner.
The tensiometers also had a lot of interest. Despite the fact that these meters are robust and
relatively inexpensive, these sensors are still not well known by growers. The demo was an
excellent time to highlight the benefits of using tensiometers.

Figure 28. Showcase event with demonstration of the different irrigation systems. The reliability and the
economic advantage of the drip-irrigation in comparison to other irrigation systems was discussed.
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3.2.2.7 Benefits
The benefits detected for the use of drip irrigation in zucchini open field were the followings:











Efficient water management:
o Water is only dripped at the plant base
o Reduced water lost through evaporation
o No water at useless places
Consequently, less weed pressure
The crop stays dry which reduces the pressure of diseases like Botrytis
A smaller (and cheaper) pump is needed as pressure in driplines is low
Energy consumption is reduced
No restriction on irrigation frequency
No influence of weather conditions like wind
No restriction on giving water during the morning while bumblebees are pollinating
flowers
Irrigation system can be used to fertigate

The benefits of measuring soil matric potential with tensiometers are:




Tensiometers can be used in every type of soil
Easy to install and to use
One of the cheapest sensors

3.2.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottlenecks

T

R

S

In case of dry, hard soil, the X
complete dripping of the pipe
is no longer successful

Possible solution(s)

Filling the tubes with water immediately
after
installation
guarantees
a
successful working dripping system

Many growers have a lot of
work to connect and
disconnect the main supply
from the drip irrigation
system (before harvesting)

X

Water of good quality is
necessary
to
avoid

X

Thinking about a better system, for
example working with small separate
parts to disconnect the system in an
easy way.
Choosing a person in charge who is
responsible
for
connection
/
disconnection of the drip irrigation
system
Promote the use of robust filters to clear
the water before sending it through the
tubes
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obstructions or clogging of
the dripping systems
Growers are often reluctant
to take a look at the
tensiometers at their farm

X

Encourage the use of easy, fast
measurement sensors, and results in
real time.

The different types of soil in a
plot or farm.

X

Encourage the use of several
tensiometers all over the field to have a
good and reliable result.

T = technological, R = regulatory, S = socioeconomic

3.2.3 Outputs
3.2.3.1 Scientific/Technical publications
Berckmoes, E., Delcour, I., Vandewoestijne, E., Melis, P., & Van Niekerk, O. (2018, November
23). Gluren bij de buren lost waterproblemen op?! Proeftuinnieuws, 20, 40-425.
3.2.3.2 Participation in Scientific/Technical conferences
None.
3.2.3.3 Invited seminars, presentations at local events, etc.
Table 6. List of events where the technology exchanged was presented.

Title

Event

Location

Month/Year

Irrigation
and Werktuigdagen
Oudenaarde
fertigation within the (showcase where (Belgium)
FERTINNOWA project growers
meet
suppliers, advisors,
…)

September/2017

Demonstration
on Showcase
for Moorslede
farm: Fertigation in growers of zucchini (Belgium)
zucchini

April/2018

Demonstration
at Showcase for other Kruishoutem
Vegetable Research growers
and (Belgium)
Centre (PCG): drip- advisors
irrigation in zucchini +
use of tensiometers

June/2018
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Demonstration
at Showcase for other Kruishoutem
Vegetable Research growers
and (Belgium)
Centre (PCG): drip- advisors
irrigation in zucchini +
use of tensiometers

August/2018

Drip irrigation as FERTINNOWA final Almeria, Spain
efficient
irrigation conference: poster
technique
session

October/2018
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3.3 Automatic irrigation system based on tensiometers combined with soil
solution samplers
3.3.1 General technology exchange description
3.3.1.1 Location and growing system
Farms

Research Centre of Cajamar and Trial Farm of UNICA Group cooperative,
El Ejido, Almería (Spain)

Figure 29. Location of the Research Centre of Cajamar (in red) and the Trial Farm of
UNICA Group cooperative (in blue)

Coordinates

36.793392 N, 2.719860 W

Climate Zone

Mediterranean

Crops

Pepper and tomato

Growing System Soil with sand mulching under greenhouse
Irrigation

Drip irrigation

Fertigation

Application of macro and micronutrients by automatic injection
equipment with Venturi system. Nutrients supplied from multi-tank
system
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3.3.1.2 Technology exchange summary
In Almeria (Spain), where there is one of the highest concentrations of greenhouses in the
world, phenomena of overexploitation and contamination by nitrates of the aquifers have
been detected. The management of fertigation is basically based on the grower experience,
thereby originating excessive application of water and nutrients. Both components must be
considered in order to minimize nitrate leaching. Cajamar Foundation and the University of
Almeria have faced this problem together, focused on the optimisation of water and nitrogen
application, respectively.
To improve the irrigation management, different types of sensors measuring soil humidity
can be used but tensiometers are well adapted to greenhouse conditions, are not affected by
salinity and allow an easy establishment of the threshold value to start irrigation. In Almeria,
manual tensiometers have been used in the past but have been abandoned in many cases
because of the requirement of frequent readings. This can be solved by using an automatic
irrigation system but many growers think that the commercially available systems are
expensive. For that reason, it was decided to use a cheap automatic irrigation system based
on tensiometers with a moveable switch. This system has been combined with the use of
ceramic cup soil solution samplers to monitor the salinity of the soil solution and define the
leaching requirements.
The use of the proposed technology has allowed easily adjusting the supply of water to the
requirements of the crop and reducing the leaching fraction according to the soil salinity. In
this way, it has been possible to significantly reduce the application of water to the crop (even
more than 40% in a tomato crop) and the leaching of water in the soil (almost 50% in a pepper
crop) without affecting the commercial production. Hence, the water use efficiency has been
notably increased. All these benefits have been achieved with an acceptable cost and limited
supervision requirements.
The technology could be used in other growing systems where a high soil humidity near field
capacity is managed. It is not recommended if water stress is applied to the crop as
tensiometers will discharge.

3.3.2 Technology exchange
3.3.2.1 Description of the problem
Almeria is a province located in South-Eastern Spain whose coastal area is characterized by
high radiation conditions in the autumn and winter, mild winter temperatures and low
average rainfall (≈ 200 mm). This has permitted the development of a high concentration of
greenhouses near the sea (> 30,000 ha) based on simple structures with low technological
level which permit to produce vegetables at a competitive cost with low energy inputs. 90%
of the surface occupied by greenhouses is grown in soil, mostly covered with sand mulching,
which allows reducing the evaporation and using worse quality waters, amongst other
advantages.
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Crop irrigation is carried out by drip irrigation, which is also used for the application of most
of the nutrients by fertigation. The management of fertigation is mainly based on the
experience of the grower and there is an excessive application of both water and nutrients,
which has promoted aquifer NO3- contamination (Thompson et al., 2007). Moreover, there
are overexploitation of aquifers and sea intrusion phenomena. The area has been declared a
Nitrate Vulnerable Zone in accordance with EU Nitrates Directive (Junta de Andalucía, 2008)
which requires the adoption of measures to reduce aquifer NO3− contamination (Junta de
Andalucía, 2015). Hence, it is necessary to optimise the supply of water and nutrients,
especially nitrogen, to the crops. During the showcase activity, Cajamar Foundation and the
University of Almeria have worked together, the first partner focused on water management
and the second on nitrogen management, as both components must match crop
requirements to minimise NO3- leaching (Thompson et al., 2017).
There are a lot of sensors commercially available which can be used for the optimisation of
the irrigation management if correctly managed. Tensiometers are devices for measuring soil
water status which are well adapted to the specific conditions of the vegetable production
under greenhouse. They are easy to manage and intuitive. A lot of growers in Almeria have
managed manual tensiometers in the past. However, many of them are not being presently
used. This is due to the grower’s belief that the sensor does not work properly (which is
related to an inadequate installation and/or maintenance of the sensor), and the requirement
of frequent readings for an adequate decision making. The first problem can be solved by
training the growers, whereas the second can be minimised by using an automatic irrigation
system. However, commercially available automatic irrigation systems are usually considered
expensive by growers, as was confirmed in a collective consultation. For that reason, a cheap
but reliable automatic system based on tensiometers has been showcased.
3.3.2.2 Objectives
The main objective was to significantly improve the irrigation management in soil-grown
vegetable crops by using simple and affordable technology. The specific objectives were to:




Demonstrate the viability of using a simple system for automatic irrigation.
Promote an efficient use of water in vegetable crops grown in soil while avoiding yield
decreases.
Optimise irrigation under salinity conditions.

3.3.2.3 Specific background on the exchange
The technologies used jointly in the showcases to improve the irrigation management are
subsequently indicated.
The irrigation was automated by using tensiometers (Technology Document (TD) 10.20 in
Fertigation Bible (FB)), which is a well-known commercial technology (TRL 9). In order to
minimise the cost of the automatic system, tensiometers provided with a moveable switch,
positioned on the manometer, which is set to the desired matric potential value by rotating
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the switch position, were used. This technique was indicated by a stakeholder (Copersa Ltd.)
as a cheap solution for automatic irrigation.
For the manual scheduling of the irrigation at the beginning of the crop when the automatic
system could not be activated yet, water requirements were calculated with the simulation
model PrHo (Fernández et al., 2009), which has been locally developed by Cajamar
Foundation according to the FAO methodology. This is a decision support system (DSS) for
the calculation of the crop water requirements (Practice Abstract 49) adapted to the local
conditions of Almeria greenhouses (TRL 8).
To monitor the electrical conductivity (EC) of the soil solution, ceramic cup soil solution
samplers were used (TD 11.7), which is commercial technology (TRL 9). This technology was
also used for the determination of the nitrate concentration (and other ions) in the soil
solution, as required by the University of Almeria to optimise nitrogen nutrition (see 3.9
‘Prescriptive-corrective management of nitrogen for soil-grown vegetable crops’).
3.3.2.4 Stakeholders involved
A stakeholder was involved during the showcase, UNICA Group cooperative, as the
demonstration in tomato was carried out in its trial farm. Two identical irrigation sectors
available in the farm were used for the demonstration. The fertigation of one of them was
managed by the overseer of the farm according to his experience and the recommendations
of a technical advisor of the cooperative. The other sector was at our disposal to manage the
fertigation according to our criteria, without restrictions. UNICA was in charge of the rest of
the farming operations, which were identical in both sectors.
The other showcase was carried out with pepper at the research centre of Cajamar, which is
next to the trial farm of UNICA Group cooperative. This facilitated the visit of the crops during
the showcase events. In pepper, an additional independent irrigation sector fertigated as
typically in the area was also established. This allowed having a reference to know the
improvement achieved with the technology used. Both showcases were collaborations
between Cajamar Foundation and the University of Almeria.
For the installation of the automatic irrigation system based on electric tensiometers, the help
of another stakeholder was received, Himarcan Técnica del Agua y Clima Ltd., which is a local
company installing fertigation equipments in commercial farms which also sells devices for
measuring soil water status. This company gave advise about how to install a cheap automatic
irrigation control system.
3.3.2.5 Implementation of the technology
The irrigation was automated by using tensiometers, that are devices measuring directly the
force with which water is retained in the soil (matric potential) (TD 10.20 in FB). In the
showcases carried out in pepper and tomato, the threshold value for irrigation was
maintained between -15 and -20 kPa throughout the crops.
For automatic irrigation, the tensiometer has to emit an electric signal. Electro-tensiometers
equipped with a pressure transducer for the transformation of the pressure into an electric
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signal were used in pepper (Figure 30). The data of electric voltage were thus stored in a
datalogger and used for the automatic determination of the irrigation start, as there is a linear
relationship between pressure and voltage. However, the data acquisition system is
expensive and, to avoid its installation, electric tensiometers with a moveable switch were
used in tomato (Figure 31). When the manometer needle reaches the position of the switch
as the soil dries, the switch closes an electrical circuit, and an electrical signal is emitted, which
can be used to activate the irrigation through a fertigation control equipment. In this case,
data are not recorded. As only one sensor cannot be representative of all the sector, a
minimum number of three is recommended. To manage the different electric signals, a simple
controller that emits an activation signal to the fertigation control equipment when a
specified number of tensiometers (in our case usually two) have closed switches was used
(Figure 32).

Figure 30. Tensiometer with pressure transducer used in the pepper showcase.

Figure 31. Tensiometer provided with a switch for automating irrigation start used in the tomato showcase.
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Figure 32. Controller to process the electrical signals emitted by the tensiometers used in the tomato
showcase.

It is important to select an adequate position of the sensors, which must be in a zone of high
root density (in soil with sand mulching, as typical of Almeria greenhouses, they must be
placed at 20 cm depth and at a position 8 cm from the plant and the drip emitter, parallel
with the emitter line). Areas wet by rainwater inside the greenhouse must be avoided.
It is not convenient to automate irrigation at the beginning of the crop until enough root
development is achieved. During the first weeks of cropping the irrigation was programmed
manually based on the water requirements recommended by the simulation model PrHo.
Water with an electrical conductivity (EC) of 1.6 dS m-1 and a sodium and chloride
concentration of 5.3 and 10.7 mmol L-1, respectively, was used for irrigation in both
showcases. To control the accumulation of salts in the soil as a consequence of the use of
non-optimal quality water and the adjustment of the water supply to the crop requirements,
achieved with the automatic irrigation system, the EC of the soil solution was monitored
fortnightly by using four ceramic cup soil solution samplers (Figure 33) per irrigation sector
distributed in the plot and placed in a similar position than the tensiometers. For the
extraction of the soil solution, vacuum (−60 kPa) was applied for more than 12 h prior to
sample collection. During this period and at least 4 h before, there was no irrigation. To
maintain soil EC in an acceptable level, salt leaching was promoted by adjusting the dose of
water applied per irrigation event.

Figure 33. Ceramic cup soil solution sampler used in the pepper (left) and tomato (right) showcases for the
extraction of the soil solution.
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3.3.2.6 Results
The proposed automatic irrigation system worked perfectly during the whole showcase. To
achieve this, the working instructions of the sensor were followed. Moreover, as excessive
soil drying was avoided, the tensiometers were not affected by discharge problems. They
were revised once per week but were only open sporadically to eliminate small bubbles. The
automatic system avoided occasional situations of water stress (Figure 34-up) and allowed
adjusting irrigation to crop water requirements and avoiding excessive water supply (Figure
34-down), unlike the conventional irrigation management.
Date
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Figure 34. Evolution during a ten-days period of the average soil matric potential in the sector with automatic
irrigation (blue) in comparison to that with conventional irrigation management (red) in pepper (up) and
tomato (down).

The total irrigation volumes applied to the pepper crop were 437 and 380 mm in the sector
with conventional management and that with automatic irrigation, respectively (Figure 35left); that means water savings of 13% with the use of the selected technologies. In the
tomato crop, the reduction was even higher (42%), the total irrigation volume applied being
528 and 308 mm in the sector managed by the grower and that with automatic irrigation,
respectively (Figure 35-right).
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Figure 35. Cumulative irrigation volumes during the cropping season in pepper (left) and tomato (right) in the
sector with conventional irrigation management (red) and that with automatic irrigation (blue).

The lower savings achieved in pepper in comparison to the tomato crop with the use of the
selected technologies was related to the higher accumulation of salts in the soil in the first
crop. As previously commented, the quality of the irrigation water was not optimal and
promoted an accumulation of salts in the soil, especially in pepper which is a sensitive crop to
salinity with a lower capacity for the absorption of salts than tomato. The evolution of soil
solution EC, which is a measure of soil salinity, is shown in Figure 36 for both crops. Soil
solution EC was initially low due to salt leaching irrigations prior to planting. In pepper (Figure
36-left), soil solution EC increased rapidly from 50 days after transplant (DAT) when the crop
started to have a significant development, especially in the sector with automatic irrigation
because its activation promoted a very small drainage (Figure 37), therefore the leaching of
salts would also have been small. When EC in the soil solution exceeded 6 dS m-1 (from 77
DAT), irrigation management was adjusted to promote the leaching of salts to reduce the risk
of salinity-induced yield reductions. The modification of the irrigation volume resulted in soil
solution EC being maintained thereafter at approximately 6 dS m-1 (Figure 36-left). The
accumulation of soil salinity, in the sector with conventional irrigation management, was
delayed by the initially higher drainage; however, soil EC then increased rapidly to values of
approximately 7 dS m-1 at 116 DAT, this value being maintained approximately constant until
the end of the crop.
In tomato (Figure 36-right), the increase of soil solution EC took place in both irrigation sectors
from the beginning of the crop until 65 DAT, when an EC of 5 dS m-1 was achieved. To avoid a
higher increase of soil EC in the sector with automatic irrigation, the volume of water applied
per irrigation was progressively increased in this sector. This permitted to maintain such a
value. At the end of the crop, the soil EC decreased as a consequence of the reduction of the
nitrate concentration in the soil solution. In the sector managed by the grower there was a
lower soil EC during part of the crop due to the higher application of water, which would have
promoted a higher leaching of salts in that sector. However, soil EC was very similar in both
sectors at the end of the crop.
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Figure 36. Evolution of the electrical conductivity (EC) of the soil solution during the cropping season in pepper
(left) and tomato (right) in the sector with conventional irrigation management (red) and that with automatic
irrigation (blue).

The drainage volume was only controlled in pepper. Total drainage volumes were 118 and 60
mm in the sector with conventional management and that with automatic irrigation,
respectively (Figure 37), the reduction being 49%. The leaching fractions averaged over the
crop were 27 and 16% for the two sectors, respectively. From 87 DAT onwards, the leaching
fractions were, respectively, 15 and 14%. These leaching fractions were necessary to avoid
excessive accumulation of salts in the soil (Figure 36). It is possible that some improvement
in the sector with automatic irrigation could have been achieved by earlier activation of the
automatic irrigation system. Nevertheless, it is very difficult to completely avoid drainage
during the first weeks of a pepper crop because of the hot conditions following transplanting,
which require that soil be continually maintained very moist to ensure seedling survival and
establishment.
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Figure 37. Cumulative drainage volumes during the cropping season in pepper in the sector with conventional
irrigation management (red) and that with automatic irrigation (blue).

The evolution of the cumulative commercial production is shown in Figure 38. In pepper, the
total commercial production was 8.9 and 9.4 kg m-2 in the sector with conventional irrigation
management and that with automatic irrigation, respectively; however, no significant
differences were obtained. In tomato, the commercial production was 12.7 kg m-2 in both
irrigation sectors. Hence, the water use efficiency notably increased with the use of the
proposed strategy, being of 20.3 and 24.7 kg of commercial fruit per m3 of water used in the
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sector with conventional irrigation management and that with automatic irrigation,
respectively, in pepper and of 24.1 and 41.3 kg m-3, respectively, in tomato.
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Figure 38. Evolution of the cumulative commercial production during the cropping season in pepper (left) and
tomato (right) in the sector with conventional irrigation management (red) and that with automatic irrigation
(blue).

3.3.2.7 Benefits
The use of an automatic irrigation system based on electric tensiometers with a moveable
switch combined with ceramic cup soil solution samplers for the monitoring of the soil
solution has allowed, in comparison to the conventional irrigation management, to:









Adjust the supply of water to the requirements of the crop.
Reduce the leaching fraction according to the soil salinity.
Avoid punctual water stress events and excessive water supply.
Significantly reduce the use of water and leaching.
Easily manage irrigation as non-optimal quality water is available.
Avoid reductions in commercial production while minimising irrigation. This is not
possible if managing irrigation based on grower experience exclusively.
Significantly increase the water use efficiency.
Achieve all these benefits with an acceptable cost and limited supervision
requirements, which are important premises for growers.

3.3.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

Growers think that they
manage irrigation properly
and it is not necessary to
measure soil humidity and EC.

R

S

Possible solution(s)

X

Demonstrating with data that irrigation
can be significantly improved by using
the proposed technology and that it is
profitable.
Installing the technology in commercial
farms of convinced growers which can
be used as expansion focuses.
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Many growers are reluctant
to extract regularly the soil
solution and measure EC.

X

Instructions must be followed
when using the tensiometers
in order to achieve a proper
functioning.

X

The controller that manages X
the electric signals coming
from the tensiometers has to
be programmed.

Giving seminars to the growers about
the utility of this technique.
Establishing it as an obligatory
technique for certification and/or by
legislation.
Giving seminars to the growers who are
going to use the technology.

Giving a service to the growers for
controller programming.

T = technological, R = regulatory, S = socioeconomic

3.3.3 Outputs
3.3.3.1 Scientific/Technical publications
Magán, J. J., Gallardo, M. L., Fernández, M. D., García, M. L., Granados, M. R., Padilla, F. M. &
Thompson, R. B. Showcasing a fertigation management strategy for increasing water and
nitrogen use efficiency in soil-grown vegetable crops in the FERTINNOWA project. XXX
International Horticultural Congress ISHS, 13-17 August 2018, Istambul (Turkey). Abstract.
Magán, J. J., Gallardo, M. L., Fernández, M. D., García, M. L., Granados, M. R., Padilla, F. M. &
Thompson, R. B. Showcasing a fertigation management strategy for increasing water and
nitrogen use efficiency in soil-grown vegetable crops in the FERTINNOWA project. Acta
Horticulturae. In press.
3.3.3.2 Participation in Scientific/Technical conferences
Table 7. List of conferences where the results of the technology exchange were presented

Provisional Title

Conference

Location

Month/Year

Management
strategy
for
the
optimisation of the
nitrogen fertigation in
vegetables:
FERTINNOWA project

Technical
seminar San
Javier, December/2017
‘Integral and dynamic Murcia (Spain)
management of plant
nutrition for effective
protection of the
environment’
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Technologies for an
efficient use of water
and
nutrients:
FERTINNOWA project

Technical
seminar Almería (Spain)
‘Sensors
for
an
efficient use of water
and nutrients’

May/2018

FERTINNOWA
thematic network

Workshop of EIP-Agri Almería (Spain)
‘Connecting
innovative projects:
Water & Agriculture’

May/2018

Showcasing
a XXX
International Istambul (Turkey) August/2018
fertigation
Horticultural
management
Congress
strategy
for
increasing water and
nitrogen
use
efficiency in soilgrown
vegetable
crops
in
the
FERTINNOWA project
Automatic irrigation Final conference of Almería (Spain)
system for soil-grown FERTINNOWA project
vegetable
crops
(poster)

October/2018

Comparison
of Final conference of Almería (Spain)
methods of irrigation FERTINNOWA project
scheduling
in
a
pepper
crop
in
Mediterranean
greenhouse
conditions (poster)

October/2018

Monitoring of the
nutritional status of
the crop by using
ceramic cup soil
solution samplers and
sap analysis

November/2018

Technical
seminar Paiporta,
‘Use of sensors and Valencia (Spain)
other technologies to
optimise fertigation
management’
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3.3.3.3 Invited seminars, presentations at local events, etc.
Table 8. List of events where the technology exchanged was presented

Title

Event

Automatic irrigation Workshop
system for soil-grown FERTINNOWA
vegetable crops
Optimised
management of water
and
fertilisers:
FERTINNOWA project

Location

Month/Year

Delft
(Netherlands)

November/2017

Presentation of the El Ejido, Almería February/2018
showcase activity in (Spain)
FERTINNOWA
project to growers
of
La
Caña
cooperative

Technologies
irrigation control

for Showcase
for El Ejido, Almería March/2018
growers
and (Spain)
Advance of results in advisors of UNICA
demonstrative trials in group cooperative
tomato and pepper
Technologies
irrigation control

for Showcase for other El Ejido, Almería March/2018
growers
and (Spain)
advisors
Advance of results in
demonstrative trials in
tomato and pepper
Technologies
irrigation control

for Showcase
for El Ejido, Almería April/2018
growers
and (Spain)
advisors
of
La
Unión
Advance of results in
demonstrative trials in auction
tomato and pepper
Technologies
irrigation control

for Showcase
for El Ejido, Almería May/2018
growers
and (Spain)
advisors
of
SUCA
Advance of results in
demonstrative trials in cooperative
tomato and pepper
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Automatic irrigation Final
conference Almería (Spain)
system for soil-grown FERTINNOWA
vegetable crops

October/2018
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3.4 Use of soil water content sensors and soil solution samplers for irrigation
management
3.4.1 General technology exchange description
3.4.1.1 Location and growing system
Farms

Four fields of the ‘Acequia Real del Júcar’ (ARJ) irrigation community,
Valencia (Spain)

Figure 39. Showcase location area: ‘Acequia Real del Júcar’ irrigation community
(Valencia province-Spain)

Coordinates

The irrigation community covers 21,872 ha and has 35,000 farmers.
Geographic coordinates are from 39°4’22’’N-0°38’33’’W to 39°23’43’’N0°21’12’’W, located in Valencia province (Spain).

Climate Zone

Mediterranean

Crops

Citrus and persimmon

Growing System Crops in soil and open field. There are three main soil types with
different textures. The soils are classified following the FAO taxonomy
as: i) Calcaric fluvisol generally with clayey loam texture, ii) Chromiccalcic Luvisol with sandy-loam texture at shallow depths and increasing
clay content with soil depth, and iii) Calcic Gleysols which were heaviest
texture soils, in this study, these are in the area of the ARJ closest to the
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‘Albufera’ wetland (Figure 40). Soil textures are quite variable, ranging
from silty-clay to sandy-loam (Figure 40).

Figure 40. FAO soil map for the ‘Acequia Real del Júcar’ irrigation community. Drip
irrigation districts are marked in red lines and showcase field locations are marked
in yellow points.

Irrigation

More than 6,000 ha have drip irrigation. Irrigation is generally controlled
by irrigation managers employed by the irrigation community. However,
farmers can change the standard water management by communicating
their requirements to the irrigation managers prior to irrigation.
Irrigation in this community is organised into thirty two irrigation
districts; each district has an irrigator manager who is responsible for
the management of irrigation and fertigation in the district.

Fertigation

Fertigation is centralised and controlled by the irrigation community

3.4.1.2 Technology exchange summary
The main objective of this technology exchange was to demonstrate, to farmers and different
irrigation communities, the value of soil water content sensors and soil solution samplers to
increase both water and nitrogen use efficiency. Additionally, a case study was conducted to
evaluate the use of both soil water sensing for irrigation management, and of soil solution
samplers to monitor soil solution nitrate concentration. Four fields within the ‘Acequia Real
del Júcar’ irrigation community were selected to monitor soil water content and soil solution
nitrate concentration in the case study.
The four fields that were selected had different soil textures and crops, which ensured that
the fields were representative of irrigation management within the irrigation community.
Two of the selected fields were located in Alginet (Valencia), with citrus and persimmon crops;
both had sandy-loam soil (Table 9). Two additional fields with the same crops but with siltyclay soil (Table 9) were located in another part of the irrigation community in Alberique
(Valencia).
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TriSCAN sensors (Sentek Technologies, Australia) were installed to monitor soil water content
several soil depths (20, 40 and 70 cm). Four solution samplers were installed to monitor soil
nitrate solution every 15-30 days, two were installed at 40 cm, and other two at 70 cm soil
depth.
The measurements of soil water content were used to adjust the irrigation volumes. The
criteria used were to avoid drainage at 70 cm soil depth, and to maintain the soil water
content constantly close to field capacity.

3.4.2 Technology exchange
3.4.2.1 Description of the problem
The ‘Acequia Real del Júcar’ (ARJ) is one of the most important irrigation communities within
the Valencia region covering more than 21,000 ha. This community is a leader and pioneer in
the use of centralised water and fertigation management, and is a reference for other
irrigation communities in the Valencia region. In 2001, the regional government started a
large irrigation modernisation project, which aims to convert the entire irrigation system from
surface irrigation to drip irrigation, to seal irrigation canals, and to construct pressurised pipe
systems (Acequia Real del Júcar, 2017). Currently, the drip irrigation system covers 6,000 ha
of the total area of the community, which corresponds to 15 of the 45 irrigation districts in
ARJ. The number of districts that have converted to drip irrigation is increasing as the
modernisation plan proceeds. The ARJ uses an automatic, centralised system to control the
irrigation volumes and the composition of fertigation nutrient solutions applied to each
associated field within the drip irrigated area.
The water source for irrigation by the ARJ is a dam (Alarcón dam) which is currently at 36% of
total storage capacity (Confederacion hidrográfica Júcar-www.chj.es, September 2018) after
a long drought period. These conditions are worrying to the irrigation managers who are
interested in increasing water use efficiency. Consequently, farmers are changing their
mentality and are considering the adoption of new technologies to reduce their water use. In
order to study methods to reduce water use, the ARJ community acquired two soil water
content sensors to monitor soil water content in two representative fields, complementing
the two sensors acquired by the FERTINNOWA project for this showcase event.
Since this area is located close to the protected wetland (‘Albufera’ Natural Park), water
management in ARJ affects the water supply to the Albufera wetland. Surplus irrigation water
and drainage water provide more than 20% of the total water supply to the Albufera wetland.
Several conflicts have arisen regarding the provision of water to this natural wetland between
the ARJ irrigation community, and the Natural Park managers and environmentalists.
Additionally, the area in which the ARL irrigation community is located was to be a Nitrate
Vulnerable Zone in 2000. The most recent regional legislation regarding nitrogen
management published in 2018 (DOGV 10/2018) must be applied to the entire ARJ irrigation
community. The groundwater nitrate content within the area of the ARJ irrigation community
ranges from 35 to 250 mg/L; generally, it is higher than the limit of 50 mg/L. Given that
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regulations to restrict nitrogen contamination are being implemented in the area, and that
more pressure is coming from European markets, improved management need to be
implemented to reduce nitrate leaching in order to reduce aquifer nitrate contamination.
3.4.2.2 Objectives
The main objectives of this case study were to:



Demonstrate to farmers and irrigation communities the use of soil water content
sensors and soil solution samplers to increase water and nitrogen use efficiency.
Teach the irrigation advisors of the ARJ irrigation community how to use this
technology to more efficiently manage irrigation and nitrogen for two crops
(persimmon and citrus) and two soil types (sandy loam and silty clay loam texture).

3.4.2.3 Specific background on the exchange
The exchange technologies used in this showcase to improve water use efficiency and N
management were:
1. Soil water content monitoring technology (Visconti et al. 2016)
Soil permittivity (εa) is a property that is being widely used to measure the soil water content.
The measurement of soil water content is based on the different dielectric permittivity values
of the main soil components: water is 86, the solid soil matrix is 3-4, and air is close to 0. This
means that most of the variation in measured overall soil permittivity values is due to changes
in soil water content. FDR technology measures the dielectric permittivity of soil in a similar
way to TDR technology, but operates at lower frequencies, which are in the range from 10 to
200 MHz. In FDR instruments, the frequency of the electrical current is varied within a narrow
range until resonance is achieved in the circuit with a maximum amplitude. The resonant
frequency depends mostly on permittivity (εa), and the amplitude of the resonance depends
mostly on the apparent electrical conductivity ECa; thus these sensors can also be used to
measure soil water content and salinity.
There are several commercially available FDR instruments that measure soil water content
(θ) in different depths in the soil profile, but to our knowledge, only the TriSCAN (Sentek Pty
Ltd., Stepney, South Australia, Australia) measures soil salinity in addition to θ. A single
TriSCAN probe can have as many 16 sensors, separated by at least 10 cm; however, generally,
only several sensors (e.g. 3-4) are used on one probe. Measurements of soil salinity, measured
with these sensors, are expressed as volumetric ion content (VIC). TriSCAN sensors works at
two frequencies: over 100 Mhz for θ estimation and below 27 MHz for VIC assessment. The
VIC is measured with a proprietary method and is related to ECa. Promising applications of
reflectometry sensors (both FDR and TDR) for precision agriculture are in the development of
smart irrigation management systems (SIMS). This technology is included in the Fertigation
Bible in Technology Description (TD) 10.4, ‘Irrigation management with soil moisture sensors’.
The TRL level is 9.
2. Soil solution sampler’s technology
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In addition to the technology soil moisture measurements with sensors, the technology of soil
solution sampling with suction samplers can be used, as a complementary procedure, to
monitor the nitrate concentration in the soil solution. This technology have been introduced
in the last 30 years; several systems have been designed that vary in shape, size, and the
materials used to construct the suction samplers. The general principle of operation of soil
solution samplers is that suction inside the suction sampler draws soil solution through the
porous cup at the bottom of the sampler, into the sampler. The porous cups are most
commonly made of ceramic materials. Ceramic cup soil solution samplers can be installed in
the field at different soil depths. When used in combination with rapid measurement of
nitrate using RQflex equipment, or similar rapid analysis systems, this combined system can
provide the farmer with control over the soil nitrate content which can reduce nitrate
leaching. The use of soil solution sampler technology to improve the N management and to
reduce nitrate leaching is described in the Fertigation Bible in Technology Description (TD)
11.7, ‘Soil solution analysis’. The TRL level is 8.
3. Quick determination of N content in soil solutions.
In combination with soil solution samplers, the quick determination of N in soil solution allows
rapid provision of information, in the field, of soil nitrate content which can improve crop N
management. This technology is described in The Fertigation Bible in Technology Description
(TD) 11.17, ‘Rapid on-farm analysis of nutrients’. Its Technology readiness level (TRL) is 9.
3.4.2.4 Stakeholders involved
Since this technology is installed in an irrigation community of the Valencia region, the main
stakeholder participant in this case study is the ‘Acequia real del Júcar’ (ARJ) irrigation
community. ARJ is one of the most important irrigation communities of Spain, with more than
25,000 farmers, and it is strongly connected to other Spanish irrigation communities. This
community is currently carrying out a modernisation project to convert flood irrigation
system to drip irrigation with a centralised fertigation system. More than 6,000 ha are now
irrigated using drip irrigatione.
Another interested stakeholder in this case study is the FEDACORE (Spanish federation of
irrigation communities), which is an active stakeholder of the FERTINNOWA project. This
federation group represents Spanish irrigation communities.
3.4.2.5 Implementation of the technology
In order to implement this technology, two irrigation districts of the ARJ irrigation community
were selected, number 32 in Alginet municipality, and number 2 in Alberique municipality,
which have soils with different textures (Sandy loam and Silty clay loam, respectively; Table
9). In each district, two fields were selected, one with adult citrus and the other with
persimmon (Figure 40); these are the most frequently-grown crops in the region. In order to
identify the monitoring points within each plot, the apparent electrical conductivity (ECa) of
the whole field was previously mapped using an electromagnetic probe. The monitoring point
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selected had an average value of ECa for the field. This procedure ensured that the monitoring
point was representative point of the soil hydrological characteristics of the field.
Table 9. Main soil characteristics of the four showcase fields.

Crop

Zone

Citrus

Alginet

Persimmon

Alginet

Citrus

Alberic

Persimmon

Alberic

Depth
(cm)

Clay
(%)

Silt
(%)

Sand
(%)

Texture

Soil
Bulk density
organic
(g/cm3)
matter (%)

0-20
20-40
40-60
60-75
0-20
20-40
40-60
60-70
0-30
30-60
60-90
0-30
30-60
60-90

27
35
44
33
16
23
43
41
39
42
40
5
5
5

15
15
10
25
7
9
12
18
44
43
42
81
78
79

58
50
45
42
78
68
45
40
18
15
18
14
16
16

Sandy clay loam
Sandy clay
Sandy clay
Clay loam
Sandy loam
Sandy clay loam
Sandy clay
Clay
Silty clay loam
Silty clay
Silty clay loam
Silt
Silty loam
Silty loam

1.7
0.7
0.6
-0.8
0.8
1
-1.4
2.2
2
1.6
1.9
2.2

1.52
1.42
1.49
-1.21
1.44
1.63
-1.39
1.59
1.52
1.36
1.43
1.39

Three technologies (soil sensors, ceramic cup soil solution samplers and quick N
determination) were combined to monitor soil moisture at 20, 40, 70 cm depths, and to
monitor nitrate in soil solution at 40 and 70 cm depths. Nitrate concentration in the soil
solution was determined, in the field, using RQflex equipment. Four sensors and eight soil
solution samplers were installed in each of the four selected fields in May 2017. Soil water
content was continuously monitored (hourly basis), and the nitrate concentration in soil
solution was determined every 15-30 days.
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Figure 41. Monitoring persimmon field with Sentek sensor and soi solution samplers installed in sandy-loam
soil within ‘Alginet’ area.

Figure 42. Monitoring citrus field with Sentek sensor and soil solution samplers installed in sandy-loam soil
within ‘Alginet’ area.
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Figure 43. Soil solution sampler operating in citrus field.

In each of the four showcase fields within the ARJ irrigation community, the soil moisture and
soil solution nitrate concentration were monitored during two cropping seasons. During the
first cropping season from May 2017 to March 2018, irrigation management was the
conventional management of the ARJ advisors (Table 10). This was used as a training period
for the irrigation managers in each district to learn how to use the monitoring system. During
the second cropping period, from March to August 2018, irrigation management was
improved using the information provided by the technology installed in each field. These two
periods were used to train the ARJ irrigation advisors and to compare water use efficiency
between the two periods.
Table 10. Conventional irrigation management for the showcase study fields of the ‘Acequia Real del Júcar’
during 2017.

Crop

Zone

Irrigation system

Irrigation schedule

Citrus

Alginet

2 lines, 8-9 drippers/tree, 2 irrig/day, 2 h/irr, Monday-Friday.
1 irrigation 4 h/day. Saturday
dripper flow: 4 l/h

Persimmon

Alginet

Citrus

Alberic

Persimmon

Alberic

2 lines, 8-9 drippers/tree, 2 irrig/day, 1.5 h/irr, 6 days/week
dripper flow: 4 l/h
2 lines, 8-9 drippers/tree, 2 irrig/day, 2h/irr, Monday-Friday.
2 irrig/day, 2 h/irr, Saturday
dripper flow: 4 l/h
2 lines, 8-9 drippers/tree, 2 irrig/day, 1.5 h/irr. 6 days/week
dripper flow: 4 l/h
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3.4.2.6 Results
During 2017 year, the irrigation of the four selected fields was managed following the local
ARJ advisor’s recommendations. The data of the soil water content and soil solution nitrate
concentration, obtained with the sensors and soil solution samplers, for the four fields were
provided each week to the ARJ irrigation advisor. Following the training period in 2017, during
the 2018 growing season, the district ARJ irrigator advisor started to use the technology
package of sensors and soil solution samplers to manage irrigation of their district within the
ARJ.

Persimmon Alginet: Sandy clay loam soil

Persimmon Alberique: Silty clay soil

Figure 44. Temporal evolution of the soil water content monitoring by Triscan sensors at several soil depths
for persimmon crop at the Alberique and Alginet areas. Blue line corresponds to 20 cm, green to 40 cm, and
purple to 70 cm sensor depth.

For the persimmon crops in both areas (Alginet and Alberique), there were no appreciable
peaks of drainage water, at 70 cm depth, in either of the two years (Figure 44). The exception
was during August when there was a moderate increase in drainage events. These results
suggest that the conventional irrigation management of the ARJ advisors with persimmon is
efficient on both soil types. Therefore, no major changes to irrigation management were
recommended, based on the use of the sensors, for persimmon. However, the irrigation
advisors were advised to make slight adjustments to irrigation applications during August. It
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was recommended that the frequency of irrigation events be increased 2 to 3 times per day
and to reduce the time of each irrigation event from 2 h to 1 h, and also to monitor the crop
water stress using a pressure chamber equipment.
Regarding the citrus crop for Alberique area in a silty clay texture soil, important drainage
events were not detected at 70 cm depth (Figure 45), so the conventional irrigation
scheduling was followed during the second year.

Figure 45. Temporal evolution of the soil water content monitoring by Triscan sensors at several soil depths
for citrus crop at the Alberique area. Blue line corresponds to 20 cm, green to 40 cm, and purple to 70 cm
sensor depth.

However, for the citrus crop in the Alginet area with a sandy loam soil, the soil sensors
detected inefficient water use with conventional management in the first year of the study.
This can be seen with the high frequency of peaks in soil water content at 70 cm depth (Figure
46) indicating frequent drainage events. Consequently, a revised irrigation management was
recommended and implemented by the ARJ to increase the water use efficiency (WUE) in
citrus grown in this soil.

Figure 46. Temporal evolution of the soil water content monitoring by Triscan sensors at several soil depths
for Alginet citrus crops (15 July- 4 August) under conventional irrigation management. Blue line corresponds
to 20 cm, green to 40 cm, and purple to 70 cm sensor depth.
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An example of soil sensor measurements for citrus in Alginet during the period of maximum
irrigation application (15 July - 4 August), comparing conventional irrigation management
with that based on soil sensors is presented in Figures 45 and 46:
1. Conventional irrigation management (2017):



This management was based on weekly reference evapotranspiration (ETo) = 37.6 mm
provided by the closest weather station (Algemesí).
Irrigation management:
o 2 irrigation events of 2 hours/irrigation during 5 days/week + 1 extra irrigation
of 4 h during Saturday.

From Figure 46, it can be interpreted that the soil water content is high in all profiles, with a
tendency to increase especially in depth. The peaks at 70 cm depth in this plot indicate that
drainage was occurring after each irrigation event. The very frequent peaks at this soil depth
indicate that an appreciable volume of water was lost by drainage. Other useful information
obtained from this plot is the amount of soil water stored at several depths that was directly
related to longer irrigation times (1, 1.5, 2 and 4 hours). All this information was provided to
the main irrigator advisor for the Alginet district who took it into account in establishing a
revised irrigation management program based on the soil sensor information.
The irrigation volume for conventional management from April to October was higher than
500 mm, the total amount of N applied was 222 kg N ha-1 (Table 11). This value is within the
recommended nitrogen range proposed by Pomares et al. (2015) for persimmon ‘Rojo
Brillante’ under drip irrigation (170-250 kg N ha-1), but is higher than the N recommendation
of the official code for good management practices for the Valencia region (DOGV 2018) for
intensive fruit trees (160-190 kg N ha-1).
Table 11. Irrigation and N fertilisation rates for the four fields during the training season (2017).

Crop

Zone

Citrus
Persimmon
Citrus
Persimmon

Alginet-Loam sandy
Alginet-Loam sandy
Alberic-Silty clay
Alberic-Silty clay

Irrigation

N fertigated

(l/m2)

(Kg N/ha)

414
512
382
335

133
222
167
141

2. - Sensor based irrigation management (2018):



Weekly ETo: 43 mm
Irrigation management:
o 3 Irrigations events/day of 1 h/irrig during 6 days/week (Monday-Saturday)

Information provided from the sensor installed in the field indicated that there was a high soil
water content at all the soil depths and that the soil water content increased with depth. The
high frequency of peaks of soil water content at 70 cm soil depth (Figure 46) indicated large
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amounts of water lost by drainage. In order to reduce these peaks, it was the recommended
to increase the number of irrigation events per day from 2 to 3, and to reduce the time of
each irrigation event from 2 h to 1 h. This change reduced the soil water content peaks (Figure
47) at 70 cm depth compared to conventional management (Figure 46). Therefore, there was
an appreciable reduction in water lost by drainage and an increase of WUE. With the
improved management, almost all the water stored in the soil within the rooting depth is
available for uptake by the crop.

Figure 47. Temporal evolution of the soil water content monitoring by Triscan sensors at several soil depths
for Alginet citrus crops (15 July- 4 August) under sensor-based irrigation management. Blue line corresponds
to 20 cm, green to 40 cm, and purple to 70 cm sensor dept

3. Regarding the soil solution samplers:
Based on the nitrate concentration in soil solution at 70 cm soil depth, soil solution nitrate
concentration in the both citrus fields were reduced during the main crop growth period,
indicating adequate fertigation of the citrus crops. However, the higher values of nitrate
concentration in soil solution at 70 cm soil depth for persimmon indicate that fertigation
management can be improved for this crop. The shallow rooting system of persimmon, which
usually is not deeper than 30-40 cm, reduces nitrogen uptake efficiency compared to citrus.
Therefore, species-specific N fertigation should be implemented for these two crops to
improve nutrient use efficiency.
There was a very large increase in the nitrate concentration of the soil solution at 70 cm depth
after the intensive rain events of 28/8/2017 and 3/6/2018 (48 mm and 100 m respectively)
for persimmon in Alberique in the silty-clay soil, which is subject to cracking. A large increase
in soil solution nitrate concentration also occurred on 8/3/2018 (25 mm) for the citrus crop
in the sandy-loam soil (Figure 48). This indicates before intensive rainy periods, that the soil
should have low levels of mineral nitrogen in order to avoid nitrate leaching. To achieve this,
the amounts of applied nitrogen should be reduced before and during these periods, i.e.
during autumn season.
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Figure 48. Nitrate content in soil solution samplers at 70 cm soil depth in the 4 monitoring showcase fields.

These results have been focussed on increasing the knowledge of managing irrigation to
improve the water and nitrogen use efficiency for two of the main crops (citrus and
persimmon) and two of the main soil types of the ‘Acequia Real del Júcar’ irrigation
community (www.acequiarj.es/).
3.4.2.7 Benefits
Several benefits have been achieved with this showcase.







Irrigator advisors have been trained to use the proposed technologies to increase
water and nutrient use efficiency.
Local farmers have been made aware of the need to improve water use and how new
technologies can contribute to achieving this
For citrus orchards of ARJ, a new method based on soil sensors to manage irrigation
that reduced total water applied by 30% compared to conventional management
(Table 12) was implemented
An inefficient use of water was detected during August in both citrus and persimmon
that can be corrected by adapting irrigation management to actual crop water
requirements.
New information was obtained regarding nitrate leaching in persimmon. The main
leaching events were associated with autumn rain. Therefore, the amounts of
nitrogen fertiliser applied to persimmon crops should be reduced after October, in the
ARJ.
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Table 12. Comparison of irrigation managements: conventional (2017) and sensor-based (2018) for Alginet
citrus showcase.

Year

Number
irrigations

of Irrigation time Water
(h)
(mm)

2017

35

68

109

69

2018

38

50

80

80

74%

74%

118%

Comparison 2017/2018 109%

dose Water demand
(mm)

3.4.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

S

Possible solution(s)

Since the water cost in the
area is cheap (< 0.07 € m3),
farmers are reluctant to
invest in this technology for
their fields.

X

Hold
workshops
and
field
demonstrations
of
this
new
recommendation system based on
installed examples to make farmers
aware of the potential benefits for
improved water use.

Environmentalists are against
increasing WUE in the ARJ.
They consider that increased
WUE in irrigation systems will
reduce the amount of water
provided to the Albufera
natural wetland.

X

An integrated plan for water
management in the area should be
implemented, considering the increase
of WUE of improved irrigation systems
and the water requirements of the
Albufera natural park.

Considerable soil spatial X
variability
and
weather
variability limit the value of
irrigation recommendations
based on localised monitoring
points.

Identify representative fields in each
irrigation district to install the soil
sensors

Technical advisors and field X
personnel of the ARJ do not
have training to obtain
samples and measure nitrate
in the soil solution.

Training courses to teach ARJ field
personnel know how to carry out soil
solution
extraction
and
nitrate
determination using rapid analysis
equipment.
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T = technological, R = regulatory, S = socioeconomic

3.4.3 Outputs
3.4.3.1 Scientific/Technical publications
None
3.4.3.2 Participation in Scientific/Technical conferences
None
3.4.3.3 Invited seminars, presentations at local events, etc.
Table 13. List of events where the technology exchanged was presented

Title

Event

Location

Demostración
del
manejo de sensores de
humedad del suelo y
muestreadores
solución del suelo para
la mejora de la
eficiencia del agua de
riego y nitrógeno en
sistemas centralizados

Presentation of the Acequia Real del September/2018
showcase activity in Júcar (ValenciaFERTINNOWA
Spain)
project to irrigation
advisors and field
personnel of the
‘Acequia Real del
Júcar’
irrigation
community

Evaluation of three FERTINNOWA final Almeria, Spain
sensors for soil water conference: poster
content and salinity session
estimations

Month/Year

October/2018

3.4.4 Reference list
Generalitat Valenciana (2018). Order 10/2018 regarding the use of nitrogen fertiliser material
in the agriculture of Valencian Community. DOGV 7/3/2018, Num. 8249.
Pomares, F., Gris, V. & Albiach, M.R. (2010). Fertilización. In: El cultivo del caqui. Generalitat
Valenciana, IVIA. Spain, 139-174.
Visconti, F. & De Paz, J.M. (2016). Electrical conductivity measurements in agriculture: the
assessment of soil salinity. In: New Trends and Developments in Metrology. Chapt.5.
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3.5 Irrigation Decision Support Tool SIGAgroasesor combined with plant
water potential measurements
3.5.1 General technology exchange description
3.5.1.1 Location and growing system
Farm

Coordinates

Cadreita Experimental Trial Centre – INTIA, Navarra (SPAIN)

42°12'33.15’’ N 1°42'44.94" W

Climate Zone

Mediterranean Zone

Crops

Processing tomato

Growing System Open field
Irrigation

Drip irrigation

Fertigation

NPK fertiliser applied with injection pump

3.5.1.2 Technology exchange summary
One of the tools that the producers identified in surveys conducted in the FERTINNOWA
project to identify their requirement, was to have decision support tools (DST) that help to
determine the volumes and timing of irrigation.
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With regard to INTIA, we aimed to validate a Decision Support Tool (HAD) for open field crops.
This tool is intended to assist with determining the amount and timing of irrigation and
fertilisation, and therefore to enhance the efficiency of the use of water and fertilisers. The
first DST, which is for processing tomato cultivation, is the technological tool “HAD Irrigation”
which forms part of the sigAGROasesor platform. This platform was developed by a
consortium led by INTIA; the consortium was made up of 5 Autonomous Communities and
AEMET. The platform was developed within the framework of the sigAGROasesor LIFE project.
This tool could be used in 1,500-2,000 hectares of processing tomato in the region.
For the validation of the tool, a test was carried out in processing tomato in which irrigation
programming was establish according to the HAD irrigation tool of sigAGROasesor. During the
growing cycle, measurements of plant water potential were made in different phases of crop
development with a PUMP UP portable camera according to the methodology developed by
CICYTEX in Extremadura. The water potential results informed of whether irrigation
management was adequate.

3.5.2 Technology exchange
3.5.2.1 Description of the problem
Given that horticulture is increasingly technical and competitive, it is necessary to optimise
horticultural production systems to consider the increasingly strong demands of society for
high quality products and for farming practices that are respectful of the environment.
The limited supply of water and the increasing competition for water resources between
agriculture and other sectors requires the adoption of irrigation management practices and
strategies that reduce water use while maintaining satisfactory levels of production.
3.5.2.2 Objectives
The main objective of this showcase was to demonstrate advanced technology that may be
useful to farmers and advisors to adjust irrigation volumes. Irrigation scheduling was planned
with the “HAD-Irrigation”, Decision Support Tool of the sigAGROasesor platform, and it was
validated with measurements of soil moisture, and of plant water potential performed with
the PUMP UP portable pressure chamber to determine crop water status.
3.5.2.3 Specific background on the exchange
A technology exchange was conducted with CICYTEX in Extremadura (Spain) to monitor crop
water status from plant water potential measurements. CICYTEX has experience with this
technology and has recommended maximum potential values for the different phenological
phases of processing tomato.
A portable pressure chamber was used to measure plant water potential (Figure 49). This
device indicates the pressure, or negative tension, with which water is retained in the plant.
A high absolute pressure value (i.e. more negative) means a high level of water stress. For
processing tomato, the studies carried out by CICYTEX indicate that the recommended
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potentials during the vegetative phase (from transplant to fruit set), fruit growth phase and
maturation phase, are 4, 6, and 7 bars, respectively.

Figure 49. PUMP UP portable pressure chamber (www.maser.com.co).

3.5.2.4 Stakeholders involved
The stakeholders involved were the followings:















Castel Ruiz
Carolina Irigoyen
Ruben Martinez
Congelados Navarra
Gelagri
Congelados Virto
Ian
Gutarra
Florette
Cooperative Funes
SAT 2000
Grupo Agropecuario Navarra
Cooperative Falces
Cooperative Milagro
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Huerta de Peralta
Cooperative Ribaforada
S.A.T. Buñuel
Cooperative Valtierra

These stakeholders range from private farmers to agricultural companies and cooperatives;
they are all interested in the management, production and processing of horticultural
products. All of them are invited periodically to various events organised and sponsored by
INTIA, where the latest technological developments are presented, in addition to the
presentation of results from projects in which INTIA participates. Almost all of the producers
and companies of the agricultural sector of Navarra are aware of these events and are
welcome to participate in them.
3.5.2.5 Implementation of the technology
The technology described here was used at the Experimental Farm of INTIA in Cadreita (Figure
50), in a field with a loam clay textured soil (Table 14) with drip irrigation, with an area of
4,000 m². Sowing was carried out on April 20th into a 3 cm x 3 cm seedling block (two tomato
plants per block), and field transplanting of the blocks was conducted on May 26th, at a density
of 35,714 plants/ha. 60-gauge Mater-Bi® biodegradable plastic was used as a mulch. The
cultivar Delfo (Nunhems) was used (Figure 51).

Figure 50. View of the farm.
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Table 14. Physical-chemical properties of the soil.

Depth
cm

Sand1
%

Silt1
%

Clay1
%

M.O.2
%

pH3

CE
dS/m

P2O5
K2O
mg/kg mg/kg

Texture1

0-30
30-60

11,0
7,2

60,8
62,3

28,2
30,5

3,03
2,34

8,14
8,28

1,02
0,80

68,2
25,3

Loam
clay

1) USDA 2)

oxidizable organic matter

487,9
265,3

silty

3) H2O (1:5).

Figure 51. Fruits of Delfo cultivar.

Before transplanting, 600 kg/ha of 9-23-30 compound mineral fertiliser (N-P-K) was applied
as basal fertiliser. Weekly side dress applications of N were applied at 50 kg/ha by fertigation,
as N32 liquid fertiliser, starting at the fourth week after transplanting.
Fruit was harvested when the percentage of red fruit exceeded 80%. The harvest was
conducted on September 21st, 118 days after planting, both for improved management
treatment and for the untreated control treatment. Total commercial production and the
average weight of the fruit were measured. Samples of fruit from each repetition of each
treatment were taken sent to the CNTA laboratory in San Adrián where determination were
made of the main parameters of processing tomato fruit quality: pH, °Brix, colour, resistance
and dry matter content.
To determine the water status of the crop throughout the entire cycle, leaf water potential
was measured. Water potential can be rapidly measured. By comparing measured values to
reference values, the water status of a crop can be quickly assessed. As previously mentioned,
measurements were made with a portable Pump Up pressure chamber (Figure 49) on recently
fully expanded leaves that were fully exposed to light. Measurements were made at solar
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noon. Five leaves were measured for each sampling area, four areas were chosen for each
treatment. Measurements were made every 1-2 weeks, most were made weekly.
3.5.2.6 Results
The weather conditions of the study area during the growing season were characterised by
warmer than usual temperatures during June, which caused some loss of flowers which
resulted in a staggering in flowering. September was colder than usual contributing to a delay
in the maturation of the fruits. July and August were similar to previous years.
Table 15. Climatic data in Cadreita farm during the 2017 cropping season.

Absolute

Average

Average
Temp
(°C)

May(1)

31,6

27,9

21,1

13,3

14,8

1576

17,2

June

38,3

31,0

22,4

9,0

15,4

8104

55,6

July

37,0

31,7

23,3

10,5

16,0

8968

1,0

37,3

30,8

22,4

9,7

15,2

7511

47,0

4,6

10,3

4284

4,8

Maximun Temp
Month

August
(2)

Sept.
31,2
From May 26th

(1)

(2)

24,7
17,0
Until September 21st

Average

Solar
Radiation*
(MJ/m²)

Rain*
(mm)

Minimum Temp
Absolute

1. Irrigation programming
Initially, the plot on which the test was carried out was incorporated into the sigAGROasesor
platform, incorporating the characteristics of the irrigation system implemented.

Figure 52. Irrigation parameters of the plot used in the showcase entered in the sigAGROasesor platform.
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Optimal irrigation requires the provision of water according to the characteristics of the soil,
climatic conditions, and the state of development of the crop. The decision support tool in
sigAGROasesor enables that the recommendation of irrigation considers seven-day
meteorological forecasts, as well making adjustments in response to measured rainfall in the
plots.
At the same time, an adjustment was made to the phenological cycle data of the tomato crop
in the platform, since the irrigation decision support tool estimates the periods of the
evapotranspiration curve with the phenological stages calculated as a function of the integral
thermal time calculated with the reference weather station. The parameters of this
adjustment were the followings:
BBCH 21 End of the start phase: 267 °C (18 June 2017)
BBCH 51 Development phase: 662 °C (18 July 2017)
BBCH 81 End of the intermediate phase: 996 °C (13 August 2017)
BBCH 88 pre-harvest: 1480 °C (4 October 2017)

Figure 53. Adjustment parameters to the phenological cycle of the tomato crop entered in the sigAGROasesor
platform.

On the day of the planting, a significant (28 mm) irrigation was given to ensure the
establishment of the crop. Irrigation was reinitiated on June 12, 17 days later. Watering was
stopped on August 30, 22 days before harvesting. Stopping irrigation before harvesting has
numerous advantages e.g. promoting maturity, enhancing fruit quality, and facilitating
harvesting by loosening the adhesion of fruit to the plant. The amount of applied water was
measured in each irrigation event using a water meter located in the plot; these values were
manually introduced into “HAD Irrigation”. The evapotranspiration of the crop (ETc), as well
as the irrigation applied are shown in Figure 55. Except in the moments of planting and
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harvesting, for the reasons commented above, a good fit was observed between the total
water requirements estimated by the decision support tool (618 mm) and the total amount
of water applied to the crop (598 mm). This comparison should also take into account the
water provided by effective precipitation.

Figure 54. Crop development on June 22nd (left), July 4th (centre) and August 1st (right).

Figure 55. Water requirements of the crop and amount of water contributed.

2. Water potential
Leaf water potential data are presented in Figure 56. The values of water potential, presented
in this figure, are within ranges recommended by CICYTEX for the different phases of crop
development, being in the range between 4 and 7 bars from the vegetative phase to the fruit
ripening stage. No leaf water potential values close 8 bars were obtained; 8 bars can be
considered as a limit above which plants suffer water stress.
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Figure 56. Leaf water potential during the cropping cycle.

3. Production results and industrial quality
Crop yield was high, with commercial fruit production of 189 t/ha. The percentage of
commercial red fruit was high being 85%; the percentage of over-ripe fruit was 4%. The
average weight of individual fruits was 67.4 grams, which is normal for this tomato cultivar
for fruit intended for processing (Table 16).
Table 16. Production results.

Tomato
Delfo

Commercial yield
%
t/ha
84,8 ± 0,7 188,8 ± 2,2

Green fruits
(%)
11,4 ± 0,9

On ripe fruits Total
yield Mean fruit
(%)
(t/ha)
weight (g)
3,8 ± 0,2
222,7 ± 1,4
67,4 ± 1,9

4. Conclusions
The tomato crop developed normally during the whole crop cycle, and did not suffer any
water stress which is consistent with the fruit production obtained.
Irrigation programming satisfied the irrigation requirements of the crop. During the crop
cycle, crop water status, as measured by leaf water potential, was within the recommended
limits established by CICYTEX from many years of research in irrigation of processing tomato.
3.5.2.7 Benefits
In Spain, the tomato is an important vegetable crop occupying 14% of the surface area
cropped to vegetables. It represents 23% of the value of the vegetable production sector, and
processing tomato represents 30% of vegetable production. Extremadura and Ebro valley
(mainly Navarra) are the main processing tomato growing areas. Other tomato growing
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regions in Spain are mostly focussed on fresh market tomato. Also, in Navarra there are about
50 ha of fresh market tomato which are mainly grown in greenhouses. In Navarra, tomato is
the most established vegetable crop. Currently, about 2,000 hectares of tomato are grown
for processing. In 2017, the surface area of this crop was 2,017 hectares with a production of
146,315 tonnes (data from the Coyuntura Agraria Navarra).
Tomato producers face the challenge of achieving sustainable and economically profitable
production. In order to respond effectively to this challenge, a change in the productive
approach is necessary. This will require a change from seeking just to maximise production
to seeking to maximise the efficiency of the use of inputs that provide profitable production
while minimising negative environmental impacts, and produce healthy, nutritious and tasty
products that meet the demands of consumers. In the context of maximising the efficiency of
inputs, improved irrigation and fertilisation strategies are particularly important.
In Navarra, the majority of the processing tomato crop area uses biodegradable plastic mulch
and pressure irrigation systems (spraying and dripping). Planting is done from mid-April to
early June, which implies having in the field different stages of development of this crop.
Although the irrigation recommendations given to farmers, available on the INTIA website,
take into account the different climatic zones in which this crop is grown, they are general
recommendations that do not take into account the different types of soil and the state of
crop development. Therefore having tools, such as the decision support tool of
sigAGROasesor which take into account these parameters, or the use of the water potential
measurements, allows us to ensure that crop water status is optimal thereby enabling optimal
use of scarce water resources
3.5.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

S

Possible solution(s)

System reliability for large X
area

Larger demonstration plot

Reliability of the system with X
different types of soils

Demonstrations on different soils, stony
soil.

Utility in different crops

Demonstrations plots

X

T = technological, R = regulatory, S = socioeconomic

3.5.3 Outputs
3.5.3.1 Scientific/Technical publications
Lahoz, I., del Castillo, J. & Armesto, A.P. 2018. FERTINNOWA, innovación en fertirrigacion.
Navarra Agraria, 231 (November-December), 18-24.
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3.5.3.2 Participation in Scientific/Technical conferences
None
3.5.3.3 Invited seminars, presentations at local events, etc.
Table 17. List of events where the technology exchanged was presented

Title

Event

FERTINNOWA project

Showcase
growers
advisors

Location

for Cadreita
and (Navarra)

Irrigation
Decision FERTINNOWA final Almeria, Spain
Support
Tool conference: poster
SIGAgroasesor
session

Month/Year

September/2017

October/2018
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3.6 Decision making prediction of irrigation for apple
3.6.1 General technology exchange description
3.6.1.1 Location and growing system
Farm

Fruit Growing Centre, Maribor (Slovenia)

Figure 57. Fruit growing centre of Maribor (12 ha) – trial station

Farmer

Fruit Growing Centre

Coordinates

46°36’59,2”N

Climate Zone

Central – Eastern

Crop

Apple

Growing System

Open field

Irrigation

Drip irrigation

Fertigation

Yes

15°40’56,3”W

3.6.1.2 Technology exchange summary
Fruit growing is an important agricultural sector increasingly exposed to new challenges in
Slovenia. Weather conditions and increasing importance of natural resources constantly put
it on the threshold of economic viability. Technologies allowing the rationalisation of water
consumption in apple crop irrigation are therefore increasingly important, but are still
unexplored in Slovenia. The biggest challenges related to irrigation managing in commercial
farms is to establish the time and the frequency of irrigation . Advising is necessary to help
the grower in the decision-making about irrigation. The main objective of the technology
exchanged was to showcase the use of an irrigation predicting model for apples which uses
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environmental and soil moisture data and is based on a pilot model to forecast irrigation in
vegetables.
To minimise the risk, irrigation is usually applied in excess at the first indication of potential
plant water stress. Automated irrigation systems can help end-users to minimise water use
from weather and soil moisture content data and plant-specific information (phenological
phases), by advising about irrigation scheduling. Ideally, automated irrigation applies water
as efficiently as possible, while minimising evaporation, runoff and leaching. The aim of
efficient irrigation is to provide the minimal amount of water directly to the plant roots,
aiming to replenish root zone moisture before water stress adversely impacts the crop.
According to showcases, it was decided to integrate the Time domain reflectometry (TDR)
probes to measure the soil water content. Time domain reflectometers consist in two parallel
rods which are inserted into the soil. An electromagnetic wave passes through the soil via
rods from a transmission line. The speed and strength of the wave after it travels from one
rod to the other is directly related to the dielectric properties of the soil and, hence, its soil
moisture content.
The probes provide to be highly accurate (±1 %), with minimal soil disturbance but have some
disadvantages: they need good contact between the sensor and soil and have to be
recalibrated for soils with tightly held water. Sensors should be placed at the midpoint of the
effective root zone.
TDR probes are connected with the Slovenian Environmental Agency, which calculates the
irrigation dose based on the weather data. Therefore, they integrate soil water content
measurements and weather data to manage irrigation. ETo is calculated by applying the
Penman-Monteith model.

3.6.2 Technology exchange
3.6.2.1 Description of the problem
Data show that Slovenia has enough rainfall, but because of their uneven distribution,
Slovenia is increasingly vulnerable to drought. In the last 25 years, on average, every third
year, we have faced with drought. Projections of climate change and the potential impacts on
evapotranspiration and frequency of agricultural droughts are not promising, neither. The
lack of rainfall or their irregular timing, already present problem of risk and great drought
threat in Slovenia, where the water resources for irrigation of agricultural land are generally
limited. Apple production is at the threshold of economic justification and technologies based
on rational water consumption are becoming increasingly important. Irrigation of apples is
important from BBCH 001 phase (beginning of swelling of leaf buds) to the BBCH 559 stage
(inflorescence in the balloon stage) and from the BBCH 771 stage (fetal development) to the
BBCH 887 stage (fruit commercial maturity) (Boland et al., 2002).
The stress that occurs in the apple due to lack or excess of water changes the physiological
state of the plant. The plant stress can have an impact on the fruit quality. The degree and
duration of stress are important. The response of the plant to stress depends on age,
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developmental stage, physiological state and climatic conditions. Higher temperatures result
in premature plant maturation and the reduction of certain phenological phases, which may
lead to lower yield and quality. Plants grown in lighter and shallow soils experience stress
earlier than those grown in deep and heavier soils.
Fruit growing, an important agricultural industry, is increasingly exposed to new challenges.
Weather conditions and growing importance of natural resources constantly put it on the
threshold of economic viability. Technologies based on the rationalization of water
consumption for irrigation of apple varieties are therefore increasingly important, but in
Slovenia is still unexplored. Apple orchards are mostly equipped with anti-hail nets and it is
known that the climatic conditions under this type of protection are different as outside this.
Need for irrigation and differences between the crops, where we have anti-hail nets and
crops, without them, are different, hypothetically smaller. It is necessary to examine the
impact of anti-hail nets on the need for irrigation and to verify the hypothesis that in the
plantation, covered with an anti-hail net, conditions for irrigation are not the same as outside
the net. Inefficient water use could try to be solved by investing in technology to save water.
Fruit Growing Centre is an experimental orchard station for fruit growing which belongs to
the Chamber of Agriculture and Forestry of Slovenia - Institute of Agriculture and Forestry of
Maribor. It is situated on a hilly terrain (10-15% slope), 290 m above the sea level. It occupies
the head of an elementary watershed (10 ha), which is ended by an artificial pond used for
irrigation. The problem of precision irrigation on heavy clay- loamy soils has been exposed by
farmers and experts before the evaluation of the project. To solve the problem, prediction
models and appropriate probes have been proposed to be used.
3.6.2.2 Objectives
The main objective of the technology exchanged was to showcase the use of a prediction
model for precision irrigation in apple orchards, using weather and soil moisture data. by
monitoring:



Evapotranspiration and soil water balance
Soil water content at different soil depths

Combining the soil moisture and weather data and possible weather forecasts in a model, it
is possible to optimise water supply to the plants and, if needed, to plan water resources for
irrigation.
3.6.2.3 Specific background on the exchange
The forecasting model for irrigation has been exchanged with the Biotechnical Faculty of the
University of Ljubljana. The development of this model was carried out by the University in a
national research project (Precision forecasting irrigation V4 – 1609), whose results had not
been implemented at grower’s level yet. The TRL level is 6.
The TDR probes used in this project is technology developed and exchanged by Eltratec Ltd.
(http://www.eltratec.com) with the Fruit growing Centre of Maribor. The TRL level is 9.
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3.6.2.4 Stakeholders involved
The stakeholders involved in the exchange were the followings:





Fruit growers were involved as stakeholders for the benchmark survey. Through the
survey we found out the problems they are facing related to water., moreover at the
end we demonstrated to them the results of the irrigation prediction model for apples.
Biotechnical Faculty of the University of Ljubljana and Kmetijski inštitut Slovenije
(Slovenian Environmental Agency).The University has developed the model and the
research institute provided support for weather forecast and the calculation of
irrigation requirements.
Eltratec Ltd. was the supplier of the TDR devices.

3.6.2.5 Implementation of the technology
Basic for model calculations are physical connections among soil, crop and weather. The
model calculates reference daily water balance for different regions and represents
agricultural decision support tool. In the model meteorological data, soil data, crop data and
agrotechnical data are integrated. Real-time and forecast weather data were provided by the
Slovenian Environmental Agency, are automatically delivered into the system, controlled and
stored in data-base every day. Reference evapotranspiration (ETo) is calculated by PenmanMonteith equation using air temperature, wind speed, air humidity and net radiation.
Penman-Monteith’s was the most suitable method for evapotranspiration calculation in
Slovenia.
For several cases a limited number of input data (meteorological data, phenological stages,
soil data) is available. The accuracy of the evapotranspiration estimation was verified by
monitoring the soil water content. Hence, the prediction model required both climatic data
and soil sensors. The soil moisture sensors were connected with the Slovenian Environmental
Agency, which calculated the time of the irrigation. The model provided access to real-time
data.

Figure 58. Scheme of the Irrigation Support Scheme –-HAPPY USERS
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There is a high variety of soil sensors in the market with different operating techniques. The
time domain reflectometry (TDR) probes used in the current showcase to monitor soil water
content at different depths allowed successfully controlling the accuracy of the prediction.
TDR consists from two parallel rods which are inserted into the soil. An electromagnetic wave
passes through the soil via the rods from a transmission line. The speed and strength of the
wave after it travels from one rod to the other is directly related to the dielectric properties
of the soil and, hence, to soil moisture content. More information about this technology can
be found in the Fertigation Bible (Section 10.22). The probes were highly accurate (±1%) and
provoked minimal soil disturbance, but they have some disadvantages: good contact between
the sensor and the soil and recalibration for soils with tightly held water is necessary. Sensors
should be placed at the midpoint of the effective root zone. The showcased included 58 TDR
probes placed at different positions and depths in the soil. Built-in temperature sensor
measures ground temperature and serves for automatic temperature compensation for soil
moisture calculation. From the current data, it is possible to estimate the current needs for
additional water, and from the archived data, the speed of water penetration into different
depths, and the water loss during the dry season. The soil moisture measurement system
allows maintaining the optimal amount of water, which means that the soil moisture is
adapted to the demands of the plant. It includes also the adaptation of soil data in case of
temporal precipitation or the time of water loss in the soil during drought. Monitoring of soil
water content allowed obtaining this information, the wireless data transfer to the logger,
which stored the received data (logs) and transfer them several times per day (depending on
the settings) to the server.

Figure 59. TDR probe.
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Figure 60. Demonstration probes.

The plot consists of two parallel 100 m-length rows. The first row is covered by nets and the
second one is not covered. The distance between trees in each row is 0.8 m and the distance
between rows is 3.20 m. The surface of the studied site is covered with natural grass 2 m
wide, while bare soil takes place under the tree lines as a result of herbicide treatment (in the
row).
The irrigation system is drip irrigation. The irrigation was adjusted to precipitation, measured
at the station. If the local rainfall exceeded 2mm per day, there was no irrigation during the
next day; if the local rainfall exceeded 5 mm per day, there was no irrigation during the next
3 days. Irrigation was usually performed from blooming until ripping: from 0 to 70 days per
year, depending on climatic conditions.
Three profiles were dug in the soil in order to find out the morphological properties of
irrigated and non-irrigated soils. Along the profiles and down to the bedrock, the following
soil features were described: structure, texture, colour, humidity, presence of stones and
earthworms, root depth and distribution, presence of carbonates and hydromorphic features.
Soil samples were taken at different depths for further investigation.
A protocol for irrigation management considering weather predictions has been exchanged
and showcased.
A data collection protocol has also been established for the use of the combined technology
using a simulation model IRRFIB, combined with climate and soil data. Phenological phases,
apple crop coefficients Kc and root depths were determined for the apple crop. From the soil,
field capacity (PK), permanent wilting point (TV) and the readable available water (p, the
difference between PK and TV) were also monitored.
By using Google Forms, an online phenofase entry form was prepared (https://goo.gl/Zg9Uvk)
or (http://tiny.cc/CRPtrin) (the password is phenofase) (Figure 61), which includes: (i)
selection of culture - apples, (ii) selection of phenofase, and (iii) entry of the date of the
occurrence of (phenomenon) phenophase (today, yesterday, in the day before) (Figure 61).
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Figure 61. An example of phenofase selection choices using in the Google Form for apples.

On the basis of the entry, a spreadsheet is automatically updated https://goo.gl/ES2g1F. The
spreadsheet daily transfers and updates the data of the database, and then runs the irrigation
forecast with the IRRFIB model. The links to the irrigation forecast are given on the link :
http://meteo.arso.gov.si/uploads/probase/www/agromet/product/form/sl/mblet2015/Bila
nce.html.
1. Monitoring of the soil water content
For the monitoring the soil water content in real time was used TDR probes. The data can be
accessed at http://smart.eltratec.com/default.aspx
Table 18. Passwords for accessing data on the amount of water in the soil at the showcase site.

Plant

User name

Password

apple

Gacnik

gac31

2. Allowed reduction of available water in the soil
Fout! Ongeldige bladwijzerverwijzing. shows the allowed reduction in soil water content in
the farm. It is ideal for apple trees if the water content of the soil is 80-100% PK. In apple
trees, irrigation should take into account the end of the first growth and reduce irrigation
from end June to early July.
3. Prevailing irrigation technologies in Slovenia
The most suitable and relevant method for irrigation for trees grafted on “M9” is the drip
irrigation, but this irrigation method may have may limit the growth of the root system.
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Table 19. Feno-phase apple trees (Meier, 2001; FURS, 2017), allowed water reduction in soil (% RV), maximum
depth of root hops (m) and depth of root (m)

The phenological phases of the apple varieties in the farm are shown in the following table.
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Table 20. Pheno-phase apple variety ‘Gala’ in 2018 at the location of Gačnik.

BBCH

Pheno-phase description

Pheno-phase date

7

First leave

09.04.2018

661

Beginning of flowering

12.04.2018

665

General flowering

24.04.2018

669

End of flowering

25.04.2018

774

T stage

10.05.2018

881

Beginning of ripening

24.07.2018

887

Picking

16.09.2018

992

General yellowing of leaves

17.10.2018

993

General fall of leaves

31.10.2018

3.6.2.6 Results
Three irrigation regimes applied: DI (controlled deficit,70% of water applied), I (no deficit,
100% water applied) and WI (control, no irrigation). Apple yield under the different regimes
is shown in Figure 62. Although the effect of nets covering the orchard for water savings
was not within the objectives of this exchange, they were already installed in the farm and
results are separated accordingly.

Figure 62. Yield apples ’Gala’ under the net and without net. WI, I, DI: treatment without irrigation, irrigated
treatment (100% of irrigation water added), treatment with deficit irrigation (70% of irrigation water added).

These are the results of monitoring one cropping season. It should be mentioned that the soil
is extremely heavy with a high proportion of clay. The irrigation was carried out according to
needs of the plant according to the irrigation model. At harvesting, apples were separated
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and classified according to size classes (higher or lower than 70 mm). Apple yields were higher
without net than with net. There were three different irrigation doses: DI (controlled deficit
at 70% of water applied), I (no deficit, 100% water applied) and WI (control, no water added).
The last dose, WI, would correspond to local apple orchard management, with the irrigation
water coming from rainfall. The highest yield of class I was observed in I without net. The
highest yield of the second class was observed in WI without net. In the apples covered by a
net, those with 100% of water applied showed the lowest yield. However, it has to be
remarked than these were data of only one growing season. Further testing will be
necessaryThe soil were the technology was exchanged is extremely heavy with a high
proportion of clay. The irrigation was carried out according to needs of the plant based to the
prediction of the irrigation model. At harvesting, apples were classified according to size
(higher or lower than 70 mm). Apple yields were higher in the row without the net than the
one with net. The last regime, WI, corresponded to local apple orchard management, with
the only water supply being the rainfall. The highest yield of Class I was observed in I regime
without net. The highest yield of the Class II was observed in WI without net. Within the trees
covered by a net, those received 100% of water demand showed the lowest yield. However,
it has to be noted than these were results of only one growing season, further validation is
necessary
3.6.2.7 Benefits
Automatic control of irrigation is an advantage as it was highlighted during the Benchmark
survey. The combination of a prediction model and monitoring with sensors allow the farmer
to have real-time data and facilitate the decision making for irrigation management.
Controlled deficit irrigation is a strategy that reduces water consumption while maintaining
yields and fruit. Based on the technology exchanged, the optimum timing for irrigation can be
determined.
3.6.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

Water use permissions are
still national problem

R

S

X

Farmers are conservative in
their
opinion
about
innovations

Possible solution(s)

This showcase is a simple model of
possible solutions. Regulatory bodies
were involved as stakeholders and
heard about regulatory related gaps.
Financial supports enable investments
in modern innovative technologies.
X

Capacity building and showcase events
can help rising awareness about
importance of irrigation on time.

T = technological, R = regulatory, S = socioeconomic
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3.6.3 Outputs
3.6.3.1 Scientific/Technical publications
Donik Purgaj, B. 2018. Racionalno namakanje v nasadu jablan. Kmetovalec: strokovna
kmetijska revija, ISSN 1318-4245, 2018, letn. 86, št. 3, str. 6-8, ilustr. [COBISS.SI-ID 4409644]
Donik Purgaj, B. 2018. Preizkus modela za napoved namakanja v sadjarskem centru Gačnik.
Občinske novice: glasilo občine Pesnica, junij 2018, letn. 22, št. 1-2, str. 18-19, ilustr.
[COBISS.SI-ID 4462124]
Unuk, T., Lešnik, M., Rozman, Č., Hudina, M., Stopar, M., Zlatić, E., Donik Purgaj, B., Mrzlić, D.,
Tojnko, S. 2018. Tehnološka navodila za izvedbo nekaterih ukrepov v pridelavi hrušk in češenj.
1. izd. Maribor: Univerzitetna založba Univerze. ISBN 978-961-286-148-3.
http://press.um.si/index.php/ump/catalog/book/328, doi: 10.18690/978-961-286-148-3.
[COBISS.SI-ID 94217985]
Unuk, T., Lešnik, M., Rozman, Č., Hudina, M., Stopar, M., Zlatić, E., Donik Purgaj, B., Mrzlić, D.,
Tojnko, S. 2018. Tehnološka navodila za izvedbo nekaterih ukrepov v pridelavi hrušk in češenj.
1. izd. Maribor: Univerzitetna založba Univerze. 87 str., 23 cm. ISBN 978-961-286-149-0.
http://press.um.si/index.php/ump/catalog/book/328. [COBISS.SI-ID 94217473]
Zupanc, V., Cvejić, R., Naglič, B., Sušnik, A., Pušenjak, M., Donik Purgaj, B., Mrzlić, D., Perpar,
A., Kastelec, D., Podgornik, M., Godeša, T., Dolničar, P., Usenik, V., Udovč, A., Korpar, P.,
Glavan, M., Pintar, M. 2018. Challenges for implementation of water saving irrigation
techniques in humid climates. V: European Geosciences Union, General Assembly 2018,
Vienna, Austria, 8-13 April 2018, (Geophysical research abstracts, ISSN 1607-7962, Vol. 20).
München:
European
Geosciences
Union.
1
str.
https://meetingorganizer.copernicus.org/EGU2018/EGU2018-6735-1.pdf.
[COBISS.SI-ID
8977529]
3.6.3.2 Participation in Scientific/Technical conferences
Table 21. List of conferences where the results of the technology exchange were presented

Provisional Title

Presentation
showcase
Presentation of
showcase

Conference

Location

Month/Year

of Lombergarjevi dnevi

Pesnica

2018

Lombergarjevi dnevi

Pesnica

2019
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3.6.3.3 Invited seminars, presentations at local events, etc.
Table 22. List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Visit of group of Excursion
producers (Slovenian)

Fruit
Maribor

centre May/2018

Visit of group
producers
(Switzerland)

of Excursion

Fruit
Maribor

centre June/2018

Presentation to the Workshop
group of experts

Fruit
Maribor

centre June/2018

3.6.4 Reference list
Annan, A.P. 1977. Time-domain reflectometry – air-gap problem in a coaxial line. Geological
Survey of Canada, Report of Activities, Part B, Paper 77-1B, 55-58.
Dasberg, S. & Dalton, F.N. 1985. Time domain reflectometry field-measurements of soilwater content and electrical-conductivity. Soil Science Society of America Journal, 49, 293297.
Sample, D.J., Owen, J.S., Fields, J.S. & Barlow, S. 2016. Understanding Soil Moisture Sensors:
A Fact Sheet for Irrigation Professionals in Virginia. Technical support
(https://www.researchgate.net/publication/311558325).
Dirksen, C., Hillhorst, M.A. 1994. Calibration of new frequency domain sensor for water soil
content and bulk electrical conductivity V: Symp. On TDR in environmental, infrastructure
and mining applications, 7-9 sep. 1994. Evaston. III., U. S. Bureau of Mines Spec. Publ., 143153.
Galleta, G.J. & Himlerick, D.G. 1990. Small fruit management. New Jersey, Prentiice-hall,
602s.
Hillel, D. 1998. Environmental soil physic. San Diego, Academic Press, 794 str.
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Mateja, M. 2011. Agricultural practices impact on soil quality and health: case study of
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Noborio, K. 2001. Measurement of soil water content and electrical conductivity by time
domain reflectometry: a review. Computers and Electronics in Agriculture, 31, 213-237.
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3.7 Decision support system for automatic irrigation management
3.7.1 General technology exchange description
3.7.1.1 Location and growing system
Farm

Chaparrito (83 ha), Pueblonuevo del Guadiana, Extremadura (Spain)
Perales de Valdueza (60ha), Lobón, Extremadura (SPAIN)

1. Location
of the Perales
farm
FigureFigure
63. Location
of Chaparrito
farm

Farmer

Haciendas Bio

Coordinates

38°56'14.55"N 6°45'18.90" W

Climate Zone

Mediterranean

Crops

Nectarine

Growing System Open field
Irrigation

Drip irrigation

Fertigation

Fertigation

3.7.1.2 Technology exchange summary
Scheduling at each moment of the growing cycle of a well-adapted irrigation planning to crop
requirements, and having enough information to make corrections during the season are two
very important factors for farmers. This is even more important in fruit growing, as it is
necessary to identify those periods in which water savings can be promoted by applying
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deficit irrigation strategies, or those in which it is necessary to ensure the maximum hydration
of the crop in order to avoid yield losses or quality problems.
Farmers currently have a lot of ‘theoretical’ information to design irrigation strategies
according to crop requirements. This is done by applying the locally adjusted crop coefficient
(Kc) values for each crop and the reference evapotranspiration (ETo), that should be obtained
from a nearby meteorological station. However, other aspects such as soil, lack of efficiency
in irrigation, problems with systems, etc. are not correctly applied in these calculations.
The application of deficit irrigation strategies in postharvest is also an important factor, as it
enables to apply less irrigation water and reduce vegetative growth and pruning expenses.
However, in many occasions, the farmer does not have enough information to apply the
correct reduction at each moment.
The decision support systems (DSS) help to design irrigation scheduling, by taking into account
all the factors of the plot affecting crop growth. They help growers to decide on the volume
and the moment of application of the irrigation. These systems, however, need to be fed with
crop water status data, so that they can correct the initial scheduling. Systems such as IRRIX,
allow the identification of the irrigation periods and perform an automatic activation of the
irrigation system according to the calculated needs, which are continuously corrected based
on a system of soil moisture sensors.
A problem that may occur while using a DSS is to identify those areas in the plot where
registering the water status data to correct the models. To do so, it is necessary to use
technology that allows characterising the spatial variability of crop and soil. The use of
satellite and aerial images to determine differences in crop development, and the
measurement of apparent electrical conductivity of the soil enable a better characterisation
of the plot and the identification of the control points.

3.7.2 Technology exchange
3.7.2.1 Description of the problem
The showcase was carried out in a farm located in the Guadiana River basin in Extremadura,
Western Spain. The area is characterised by a continental dry Mediterranean climate type,
bordering the subtropical Mediterranean climate conditions. This is a typical fruit and
vegetable production area.
‘Chaparrito’ farm has 83 hectares of fruits crops, with a planting density of 4 x 5 m. Soil and
crop are organically managed and organic products are applied in fertigation. There is a
surface drip irrigation system with different irrigation sectors. Some of the characteristics of
the farm are:


No control on the volume of applied water (not counter installed in any of the
irrigation sectors). Irrigation is based on experience of previous years and how the
crop looks like.
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The production obtained per plot is registered. However, samples to estimate
production and fruit quality and decide when and where harvest should start are not
taken before harvest.
When carrying out a soil analysis or other type of analysis, a criterion for the selection
of the sampling points is not followed.
Water requirements are calculated according to FAO methodology. Crop
requirements are adjusted according to their experience and the crop phenological
stage, being the period just before harvest the most sensitive. However, a
methodology to identify crop water status is not used. Likewise, systems to determine
the heterogeneity of the plot at soil and plant level are not used.
It is very convenient for farmers to use deficit irrigation strategies in the postharvest
period in order to reduce terminal growth of branches and to reduce winter pruning.
The farmer currently uses a traditional water reduction strategy based on experience.

3.7.2.2 Objectives
The main objective of the showcase was to demonstrate the capacity of the decision support
system IRRIX for automatic irrigation management in large farms, and to use different
technologies to select control points of several parameters to help with the determination of
an adequate irrigation dose (water meters, soil moisture sensors, crop development, stem
water potential), which will lead to water savings and reduction of nutrient losses by leaching.
3.7.2.3 Specific background on the exchange
The techniques used in the showcase showing to the farmer how to improve or control the
irrigation management have been:







Soil spatial variability was assessed by using apparent electrical conductivity (ECa)
maps (chapter 11.7 in FB). The TRL level is 8.
Soil samples were taken with the Auger method (chapter 10.20 in FB and PA 66),
followed by the analysis of texture, organic matter and N, P and K content (chapter
11.3 in FB). The TRL level is 8.
Capacitance sensors were used as soil moisture sensors (chapter 10.23 in FB). The TRL
level is 8.
Crop spatial variability was assessed by using visible aerial images (chapter 10.10 in
FB). The TRL level is 7.
Crop water status was measured by using a water potential chamber (chapter 10.15
in FB). The TRL level is 8.
IRRIX was used as a new technology of DSS (chapters 10.7, 10.8 and 11.18 in FB). The
TRL level is 6. This is an innovative web platform hosted in the cloud, which collects
the data from the sensors installed in the field, performs the processing and
interpretation thereof, makes the decision of the irrigation schedule on a daily basis
and sends this programming to the irrigation controller without the need of human
intervention.
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IRRIX platform acts as follows:
1. A seasonal plan that foresees in a large range how water will be distributed
throughout the irrigation season is given by the user. To do this, the planned irrigation
volume is established by two curves which represent the minimum and the maximum
accumulated irrigation volume admissible up to a certain date. The minimum and
maximum cumulative irrigation volume represents 10% of the estimated water needs.
The system may adjust the irrigation according to the weather and the response of
the sensors, without leaving the area delimited by these two curves.
2. Water requirements are calculated by an evapotranspiration model, whose objective
is to apply a recommended controlled deficit irrigation strategy.
3. The system receives the measurements of the soil moisture sensors and performs a
weighted average of all the data based on the weight of each sensor, which is the
product of its reliability and representativeness.
4. The system also determines a comfort zone of the crop in relation with the reference
values of the sensor (without dimensions), in such a way that it establishes a defined
band between the acceptable driest and wettest soil water states in order to adjust
the irrigation and to maintain soil water content between both limits.
IRRIX is a tool that incorporates a control algorithm combining the estimation of the crop
water requirements by using the water balance method (feed-forward control) with a
readjustment based on the sensor readings (feedback control). The IRRIX control algorithm
used is an evolution of the algorithm described in Casadesús et al. (2012).
IRRIX System was developed (by IRTA research centre) and calibrated (by UAL, Cajamar
Foundation and CICYTEX research centres) in the project RTA2013-00045- C04 funded by INIA
and FEDER founds.
3.7.2.4 Stakeholders involved
In this showcase, three stakeholders were involved:


Haciendas Bio: farm owner participating in the selection of the area to carry out the
practice and the installation of the IRRIX irrigation control system. For the operation
of the IRRIX system, it was necessary the collaboration of the technicians of the farm
who, before starting the irrigation season, met with CICYTEX staff to fix the maximum
and minimum irrigation supply in each cropping phase. They also provided plot history
and management of fertilisation and other operations to be carried out in the crop.
During the whole test, the technicians of the farm were interested in the results and
the recommendations given by the model. However, it was established that, in order
to check how the model worked with respect to its traditional management, no
changes were made to its irrigation schedule. The company also participated in the
collection of different data: water status measurements, harvesting and pruning.
Several meetings were held in relation with the management of satellite images for
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spatial variability and the measurements of crop water status carried out with
portable pressure chamber.
Hydrosoph: international leading company in irrigation advising. This company
collaborated in the showcase with the installation of its water status monitoring
system and its model for irrigation recommendations. The objective was that the
farmer could see different technologies to be applied for irrigation management, an
automatic system (IRRIX) and a recommendation system (Irristrat, which belongs to
Hydrosoph), both based on crop models supported with sensors in the field.
Agrodrone: precision agriculture company which collaborated in this showcase with
its knowledge about aerial images processing and geostatistical tools to elaborate ECa
maps.

3.7.2.5 Implementation of the technology
Knowledge about the spatial variability of both soil and plant development play a crucial role
when implementing efficient irrigation and fertiliser management in fruit crops. New
technologies of massive measurement (remote sensing) allow determining in a fast way the
existing variability within the plot, which is the key when defining the irrigation and
fertilisation scheduling because helps the advisor to establish the control points within the
plot for the determination of both the crop water and nutritional status.
In this case, for the application of IRRIX system it was necessary to install the soil moisture
sensor in the different selected control points. To select the sampling areas, the spatial
variability of the soil was studied.
1. Variability in the soil:
One of the most used parameters is the apparent electrical conductivity (ECa) that has been
shown as an effective and rapid indicator of soil variability and productivity. The ECa is related
to various factors such as the soil moisture, the aggregation of soil, organic matter content,
and electrolytes in the water solution. In our showcase, and before sprouting, ECa was
measured with Dualem 1s sensor (Figure 64), this sensor takes a sample each 1 meter, at two
depths, shallow (0 to 50 cm) and deep (0 to 150 cm).

Figure 64. Measure of ECa with Dualem 1s sensor in Chaparrito farm.
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ECa values are related to soil water capacity, salinity and soil texture. The dark narrow zones
have more soil water capacity than the light narrow zones (Figure 65). With these different
CEa values zones, 20 soil samples points were selected. The measurements were selected at
two different depths, (0-30 cm and 30-60 cm). Soil samples were analysed in the laboratory
to determine soil texture and organic matter.
The data showed zones with different sand content, one above 80% and an intermediate zone
ranging between 63 and 80%. pH values indicated that the soil is alkaline, and organic matter
varied between 1 and 0.5%.

Figure 65. ECa values in showcase zone (left) shallow (0 to 50 cm) and (right) deep (0 to 150 cm).

After the different zones were defined, a meeting with the company technical staff helped to
identify the different varieties and the configuration of a control zone managed with the
automatic IRRIX system. A second zone with the same characteristics of soil and variety was
chosen for standard management. Two zones were selected with the same crop and variety
(nectarine medium cycle, ‘Kaysheet’ variety) in different irrigation sectors (Figure 66):



Plot 1 (2 ha), in which automatic irrigation system (IRRIX) was applied.
Plot 2 (3 ha), where irrigation management was carried out by the farmer (FARMER).
In this zone, an irrigation system from the company Hidrosoph was installed.

Figure 66. Irrigation sector in Chaparrito farm selected for automatic irrigation technology exchange.
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2. Variability in the development of the crop and crop water status:
To demonstrate to the farmer the spatial variability existing in the plot and the differences
that can occur when carrying out the water status measurements on one point or another of
the plot, it was important to establish the water status differences in the different areas
during the showcase event, and follow up of the crop canopy development and stem water
potential on different points of each zone (IRRIX and FARMER). To do so some points were
established based on the CEA values of the surface soil (Figure 67). ‘I’ points were selected
points to install control zones for the IRRIX system. ‘H’ point was a point where the
HIDROSOPH Irristrat DSS system was installed, and ‘P’ points were other control points.
Crop development measurements were carried out by visible aerial photography at four
moments during the cropping cycle (after harvesting, before green pruning, after green
pruning and before leaf fall).

Figure 67. Different crop water status and development control points selected in Chaparrito farm.

Measurements of crop water status were done with a portable pressure chamber PUMP-UP
every two weeks on two trees and two leaves per tree in the marked control areas. The water
potential of the stem at midday (Ψstem) was measured with a pressure chamber (Model
3005, Soil Moisture Equipament, Santa Barbara, California) between 1:00 pm and 3:00 pm. At
each measurement point, 2 trees were measured and two shaded leaves per tree were
selected near the base of the trunk and covered with aluminium foil at least two hours before
starting the measurement.
The farmer was very interested in this methodology to select control points and measure
water status with a portable pressure chamber. During the showcase different control points
were determined in the whole plot, distinguishing varieties and zones of differential
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development using satellite images. In this way one day a massive measurement of the whole
plot was made, and a protocol was drawn up so that the farmer could follow it throughout
the irrigation season.
3. Soil moisture sensors and IRRIX system.
The IRRIX zone was controlled by the installation of the IRRIX automatic irrigation control
system. This system is composed of a logger that accumulates data from different sensors
installed in the farm: water meter, air temperature probe and soil moisture sensors (in
different control zones) (Figure 68). Three control zones were installed, each one being
composed of 5 capacitance probes measuring soil moisture (10Hs Decagon). The probes were
installed at two depths (30 and 60 cm) under the dripper and between drippers: probe 1, 5
(30 cm under dripper), probe 2 (60 cm under dripper), probe 3 (30 cm between drippers) and
probe 4 (60 cm between drippers) (Figure 68). Additionally, the system was connected to a
relay equipment that allowed the automatic activation of the irrigation, and to three water
meters, one for each control area. When the amount of scheduled water flowed through the
water meter, the system sent a signal to close the solenoid valve. Irrigation recommendations
were made through the DSS IRRIX system, which integrates a crop model and a learning
machine controlling the soil moisture probes and the water applied to maintain irrigation
parameters as initially set by the farmer (seasonal planning). The system was able to control
which probes were correctly working and which not by the application of different levels in
the decision-making process.

Figure 68. Components of the automatic system.
Before starting the irrigation season, CICYTEX advisors interviewed Chaparrito farmer and technical staff to
fill in the parameters of the control plan (
Table 23

Table 23). For this, it was necessary to know water schedule parameters from the farmer:
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Figure 69. Installing soil moisture sensors and IRRIX control system in Chaparrito farm.

Table 23. Control planning of Chaparrito showcase.





Estimated water requirements: the objective was to apply a controlled deficit
irrigation strategy, as recommended for the cultivar, according to the criteria
established by Haciendas Bio advisor. The strategy consisted of avoiding water stress
situations during pre-harvest, whereas reducing the irrigation contribution to
replenish only 75% of the ETc during post-harvest in order to induce a moderate water
deficit. The irrigation strategies were introduced by modifying the crop coefficient
values (Kc).
Seasonal planning: it roughly provided how water would be distributed throughout
the irrigation season. To do so, the irrigation volume was specified by two curves
representing the minimum and maximum admissible accumulated irrigation volumes
up to a certain date.
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The FARMER zone was controlled by the farmer with a traditional irrigation scheduling. The
applied water and soil moisture were monitored by HIDROSOPH Irristrat DSS system (Figure
70). This system provided the farmer with information to improve irrigation management.

Figure 70. Install soil moisture sensors and dendrometer by Hidrosoph in Chaparrito farm.

3.7.2.6 Results
The proposed automatic irrigation system (IRRIX) worked perfectly during the whole
showcase. The automatic system enabled water application according to the criteria
established by the farmer in the previously introduced seasonal planning.
Although the system automates irrigation (that is, the farmer does not need to program the
irrigation supply), the system, via web server, allows the user to see the different system
parameters. Figure 71 shows how the farmer can see the IRRIX system as a ‘traffic light’ that
indicates if the system is working correctly or if more or less water than required has been
supplied (irrigation system problems). These ‘traffic light’ enables the farmer to follow the
model recommendations and verify that everything is following what was initially established,
as well as allowing the system to be readjusted. This simple system of control takes only a few
seconds of the farmer´s time.
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Figure 71. Screenshot of the ‘synoptic’ tab of IRRIX in two different moment in crop cycle.

Figure 72 shows how it allows to obtain graphical information of the water balance, making a
balance between the applied water and the forecast of needs from historical data, which is
daily recalculated from real data taken at the farm. Temperature data are used to calculate
ETo by applying the Hargreaves equation. The system makes it possible to adjust irrigation
needs in real time, and calculates ETo with a simple measurement of air temperature. This
enables the irrigation dose to be adjusted up to 10% depending on where the reference
agrometeorological station is located, if it exists.
As it is observed, the system kept irrigation in the middle zone during the preharvest period,
between the maximum and minimum values of applied irrigation dose. However, during the
same period, the sensors installed in the area and manually controlled by the farmer (Figure
73) indicated how the farmer over irrigated in the period of fruit growth to maintain quality.
IRRIX automatic system kept water supply between a minimum and a maximum water doses
and contributed to reduce situations of over-watering by adjusting water supply depending
on the soil water content.

Figure 72. Cumulative irrigation volumes during the cropping season in pepper (left) and tomato (right) in the
sector with conventional irrigation management (red) and that with automatic irrigation (blue).
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Figure 73. Irristrat system show a soil water content in different deep (10-80 cm), Moisture water accumulated
in root zone, blue zone represents a saturation zone, green zone is a correct water content in the soil and
narrow is a zone in which the crop may suffer water stress. In the last part indicate irrigation scheduling
parameters; Water apply, crops needs, and ETo values.

Figure 74 shows a screenshot of the ‘Sensor Analysis’ tab of IRRIX, in which each sensor is
interpreted independently. The example shown is the case of a sensor located at 30 cm depth
under the dripper. It shows how the system proposes high and low reference values for each
sensor. Additionally, Figure 74 shows the representativeness value of each of the sensors,
which describes the information provided by that sensor with respect to the others.

Figure 74. Screenshot of the ‘Sensor Analysis’ of IRRIX in two different moments of the crop cycle.

In postharvest, when the farmer wants to follow deficit irrigation strategies (between 75% to
60% of water needs), Irrix balance showed values of applied water close to the maximum
values. The soil sensors indicated values of correct water status, indicating a non-stress
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situation, so that the water reduction was not enough to provoke a water stress situation
(deficit irrigation), which was the aim of the farmer in that period.
Hydrosoph soil moisture sensors showed that during the postharvest period the moisture
values fell in an area that can be considered as comfort, a suitable situation for an irrigation
strategy balanced with crop needs, but higher than those desired by the farmer. His intention
was to induce a slight stress, in which the moisture values should be close to or below the
brown line. Other sensor, included in the Hydrosoph system, that could help to observe if a
deficit irrigation strategy is being applied or not, is the dendrometer. In this case, the
dendrometer indicated continuous growth during most of the postharvest period, and mainly
during the first part of this period.
Other DSS system showed in the showcase was the commercial system Irristrat®
(HIDROSOPH), which is not an automatic irrigation system. Irristrat® is an irrigation
recommendation system, based on different sensors (soil and plant), satellite images and a
farmer vs. advisor interaction (providing only information to the farmer and not applying
recommendations in this case).
Figure 75 shows the real time model output on the water applied by the system with respect
to the limits established by the farmer at the beginning of the season. In this case, the IRRIX
system automatically maintained the amount of applied water close to the minimum line.
This is mainly because the soil moisture probes incorporated into the system adjusted the
irrigation doses to water saving values. Finally, it shows that the water applied by the model
was within the limits initially established.

Figure 75. Screenshot of the control plan.

The soil water balance showed by the soil moisture probes enabled the adjustment of the
irrigation dose to the minimum values established by the farmer, which caused important
water savings. In Figure 76, the water applied by FARMER and IRRIX is shown. The IRRIX
system not only enabled the automation of the daily irrigation schedule in a commercial plot,
but the integrated system with soil moisture probes also allowed adjusting the water doses
to produce savings close to 20% (500 mm) with respect to what was manually applied by the
farmer (700 mm). Moreover, the system could help the farmer to better adjust the deficit
irrigation strategies during the postharvest period.
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Figure 76. Water applied during the showcase period by FARMER and IRRIX.

In relation with the heterogeneity in growth and water status, Figure 77 shows the evolution
of stem water potential in the different control points. Data show how in the FARMER zone
(Figure 77-left) the variability was lower than in IRRIX zone (Figure 77-right). The main
difference between control points in IRRIX zone is the slope, being higher in points P1, P2, P4,
I4, than in I1, I2 and I3.

Figure 77. Stem water potential during the showcase period by FARMER (left) and IRRIX (right).

In relation with stem water potential differences in FARMER and IRRIX water management
(Figure 78), the water potential values indicate similar plant water status in the preharvest
and postharvest periods. There was only a period in which the IRRIX recommendation system
was modified to reduce the applied water. Values in both water management strategies were
above the deficit irrigation zone (data from Moñino et al, 2016).
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Figure 78. Stem water potential during the showcase period. Average points in the FARMER zone (H, P3, P4,
P5, P6, P7) in IRRIX (I1, I2, I3) and IRRIX zone 2 (P1, P2, P8). Red line shows the maximum water potential
recommended in each phase to deficit irrigation strategies and Green line the maximum values without
deficit.

Regarding data corresponding to the IRRIX zone 2 (higher slope), the water potential values
were similar in preharvest to those measured at FARMER and IRRIX. By contrast, during the
postharvest period, the stem water potential was the lowest. Values in the IRRIX zone 2 were
probably in the correct zone for deficit irrigation strategy. In this situation, and after pruning,
values of IRRIX were modified to control crop growth. To measure differences of the canopy
ground cover, four aerial images were taken (before and after pruning). Figure 79-left shows
the evolution of canopy cover in the selected control points. Figure 79-right shows the
difference between canopy cover before pruning and at the end of the cropping cycle (before
leaf fall). In this case, the applied deficit irrigation strategy in the IRRIX zone after pruning
reduced the development of the canopy cover. This was the intention of the farmer when
starting the irrigation season.

Figure 79. Ground canopy cover during the showcase period in all control points (left) and canopy grown in
average points in the FARMER zone and IRRIX (right).
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3.7.2.7 Benefits
IRRIX automatic irrigation programming system combines the estimation of the crop water
needs by the water balance method (feed-forward control) with a readjustment mechanism
based on the feedback (feedback control) of the soil sensors. This enables an anticipated
estimation of the irrigation needs. The system can be configured to perform different
irrigation strategies; in this case, a deficit irrigation strategy was followed.
IRRIX system could be very useful for farmers to apply deficit irrigation strategies in order to
save water and reduce the vegetative growth (pruning) while maintaining yield and fruit
quality.
An automatically controlled irrigation system would improve the water use efficiency, helping
farmers to establish adequate doses of irrigation at each moment of the crop's phenological
cycle.
The use of techniques to determine the spatial variability of the soil by using massive
measurements of apparent electrical conductivity enables the identification of zones with
different soil characteristics. This may help farmers and advisors to establish control points
where punctual measurements and soil moisture sensors should be placed and used by the
decision support system IRRIX.
The specific measurements of stem water potential and crop development help to adjust the
parameters of the DSS for irrigation management and thus manage a large crop area with a
few measurements. As a result, water applied will be the water that the plant actually uses,
with great productivities and water savings.
The use of water meters by farmers is linked with a more efficient use.
3.7.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

S

The different types of soil in a X
plot or farm.

Possible solution(s)

Encourage the use of these new
technologies for measuring spatial
variability by technicians and companies
related to technical advice, which will
help the farmer to be able to sectorize
or irrigate in a different way within a
plot

Lack of information, training
and agronomic knowledge

X

Automatic irrigation, to help to farmer
in irrigation scheduling

Deficiencies in the fertigation X
system and equipment

X

Through aid to be able to tackle these
deficiencies
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Over
irrigation
fertilisation

and

Efficient water use

X

Change in the mindset of the farmer or
more severe regulations in the excessive
use of water and fertilisers. Automatic
irrigation

X

Use of automatic irrigation system with
RDC.

T = technological, R = regulatory, S = socioeconomic

3.7.3 Outputs
3.7.3.1 Scientific/Technical publications
None
3.7.3.2 Participation in Scientific/Technical conferences
Title

Event

Location

Use of IRRIX decision FERTINNOWA final Almeria
support system (DSS) conference. POSTER
for
irrigation
management

Month/Year

October/2018

3.7.3.3 Invited seminars, presentations at local events, etc.
Table 24. List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

FERTINNOWA
Local event
showcase
results
presentation

Guadajira

November/2018

FERTINNOWA
Local event
showcase report to the
stakeholder
(HaciendasBIO)

Badajoz

November/2018
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3.8 Fertigation in soil using KNS-tables
3.8.1 General technology exchange description
3.8.1.1 Location and growing system
Farm

Proefcentrum Hoogstraten, Meerle (Belgium)

Figure 80. Location of Proefcentrum Hoogstraten in north of Belgium.

Coordinates 51°27.2’N 4°47.7E altitude 16 m
Climate
Zone

North West Europe

Crop

Strawberry

Growing
System

Soil cultivation, open field or protected

Irrigation

Yes, only in first days after planting

Fertigation

Yes, on a daily basis with t-tape
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3.8.1.2 Technology exchange summary
KNS-tables are the ideal solution to limit the remaining nitrogen residues in the soil at the end
of a soil cultivation of strawberry. Fertigation of soil-grown strawberry in Belgium is
conducted with t-tape in raised beds. Nowadays growers apply nutrients on a daily basis and
try to make sure that the total plant need is covered. Some of the growers somewhat take
into account nitrogen reserves in the soil as seen in soil samples taken at the beginning of the
cultivation. However, the mineralisation rate of the soil is never part of the fertigation
strategy and growers are applying to much nutrients to complete the cultivations.
KNS-tables are easy to assemble and start from the total nitrogen need of the cultivation. This
need is divided over the different weeks of the length of the cultivation. The weekly supply of
nitrogen is calculated taking into account both the reserves in the soil and the mineralisation
rate. With KNS, the grower only fertigates for the part to complete the plant need and an
exaggerated application of nutrients is avoided. The main advantage for Belgian growers is
that they can respect the European norm of 90 kg N/ha while using the KNS-tables. In Belgium,
growers are restricted in their fertilisation rates if the soil samples of the previous year are
exceeding the European norm. With KNS, growers do not have to fear these restrictions,
because the norm will be easily respected. KNS is the ideal strategy to fulfil the plant need in
soil cultivations of strawberry, with the maintenance of production rates and fruit quality.

3.8.2 Technology exchange
3.8.2.1 Description of the problem
All strawberry soil cultivations in Belgium are fertigated with t-tape in raised plastic beds.
Belgian growers use short day cultivars, mainly Elsanta. Cold stored plant material is planted
between mid-March and mid-June on several dates. This way, a production period is realised
from May until September. Growers fertigate based on the plant need for nitrogen and based
on the shortages of nutrients in the soil shown by a recent soil sample. Mineralisation is not
taken into account and mostly the residue of nitrate in the upper 90 cm of the soil exceeds
the European norm of 90 kg/ha.
In Germany a system called the Kulturbegleitenden Nmin Solwerte-system or the KNS-system
is applied. In this system, a KNS-table is constructed to obtain the weekly dosages of nitrate
in fertigation based on the nitrate levels in the soil and the nitrogen mineralisation rate.
Monthly soil sampling and knowledge about the mineralisation capacity of the soil are needed
to apply a KNS based fertilisation strategy. Proefcentrum Hoogstraten (PCH) constructed KNStables for strawberry soil cultivations and set up several demonstrative trials during the
FERTINNOWA project to convince growers to start using KNS-tables. With the system,
production and quality can be maintained, while strongly lowering the nitrate residue in the
soil at the end of the cultivation. This way, the impact on the environment by leaching can be
limited.
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3.8.2.2 Objectives
Using a KNS-table for the fertigation of strawberry grown in soil, we aim to end the cultivation
with a lower nitrogen content as residue in the upper layer of the soil. At the same time, we
would like to maintain production rates and quality of the fruit similar to those obtained by
growers now while fertigating to the complete plant need (without taking mineralisation into
account).
3.8.2.3 Specific background on the exchange
KNS-tables are already used in German vegetable cultivations in soil (Zeigler et al, 1996) and
are therefore on TRL 9. KNS is based on the theoretical weekly nitrogen need of the cultivation
and soil samples taken throughout the cultivation. With also taking into account the expected
mineralisation rate of the soil, the KNS-table calculates how much the weekly nitrogen supply
should be to successfully grow the crop. The climate conditions in Germany are similar as in
Belgium. Only small adaptations towards length of the crop and nitrogen need were necessary
to make usable KNS-tables for strawberry in Belgium.
The exchange of technology from Germany to Belgium took place at the start of the
FERTINNOWA project and two demonstrative trials were conducted on strawberry soil
cultivation at Proefcentrum Hoogstraten.
3.8.2.4 Stakeholders involved
The main target group of the trials are the strawberry growers in Belgium with soil
cultivations. Regularly, soil samples in Belgium indicate that nitrogen residues in the upper 90
cm of the soil are above the European norm of 90 kg/ha. A change in the fertigation practice
is required to take into account the mineralisation rate. KNS-tables are a reliable method to
fulfil the nutritional need of the crop and are now being advised by consultancy programs in
strawberry cultivation and by the control agencies like VLM and VMM in Belgium.
3.8.2.5 Implementation of the technology
Short day cultivars of strawberry like the main variety Elsanta in Belgium have a nitrogen need
of 160 kg/ha, including a 40 kg/ha reserve to cope with swift growth due to optimal growing
conditions. This total need is divided over the total growing period of each cultivation and will
serve as the basis of the KNS-table. In the sandy soils of Belgium a weekly mineralisation rate
of 5-6 kg/ha can be expected.
Before the start of the cultivation, a first soil sample is taken to know the nitrogen reserves in
the soil at the start of the cultivation. After 4-5 weeks a second soil sample should be taken
to adjust the table to the current nitrogen content of the soil. Through simple calculations the
weekly nitrogen supply rates can be obtained in KNS-tables (Figure 81).
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Figure 81. An example of a KNS-table used in 2016 on strawberry with a total plant need of 120 kg N/ha and
a starting soil sample of 21 kg N/ha.

3.8.2.6 Results
Within FERTINNOWA, Proefcentrum Hoogstraten conducted a number of demonstrative
crops to convince growers of the reliability of KNS-tables as a fertigation strategy in
strawberry.
In 2016, the strawberry cultivar Elsanta was planted in raised beds in open fields on 14 June.
The harvest period ran from 25 July until 23 August. Fertigation was conducted through tTape using the fertilisers Agrolution 313 and Agrolution 316. A KNS-table was constructed
based on a mineralisation rate of 6 kg N/ha and two soil samples (Figure 81).
Weekly fertigations were conducted in a control plot and in the KNS-plot. In the control plot
the total plant need of 120 kg N/ha were planned to be fertigated. Due to very warm
harvesting conditions, the complete fertigation rate could not be administered, and at 99 kg
N/ha the harvest was completely finished. The KNS-table suggested only a total nitrogen rate
of 56 kg/ha (43% reduction!) and finished with a similar production rate and fruit quality
(Figure 82). The residue levels in the soil were 40 kg N/ha in the control plot and only 13 kg
N/ha in the KNS-plot.
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Figure 82. Harvest patterns of a conventional strawberry crop fertigated according to the plant nitrogen
uptake (Plant need) and of a crop fertigated according to KNS recommendations (KNS) during the 2016
growing season. It is observed that both harvest patterns were similar.

In 2017, the strawberry cultivar Elsanta was planted in raised beds in open fields on 13 June.
The harvest period ran from 25 July until 21 August. Fertigation was conducted through tTape using single soluble fertilisers in an A- and B-bin system. A KNS-table was constructed
based on a mineralisation rate of 6 kg N/ha and two soil samples (Figure 83).

Figure 83. KNS-table used in 2017 on strawberry with a total plant need of 120 kg N/ha and a starting soil
sample of 86 kg N/ha.

Weekly fertigations were conducted in a control plot and in the KNS-plot. In the control plot
the total plant need of 120 kg N/ha was fertigated. The KNS-table suggested only a total
nitrogen rate of 39 kg/ha (68% reduction!) and finished with a similar production rate and
fruit quality (Figure 84). The residue levels in the soil were 164 kg N/ha in the control plot and
only 24 kg N/ha in the KNS-plot.
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Figure 84. Harvest patterns of a conventional strawberry crop fertigated according to the plant nitrogen
uptake (Plant need) and of a crop fertigated according to KNS recommendations (KNS) during the 2017
growing season. It is observed that both harvest patterns were similar.

3.8.2.7 Benefits
Strawberry growers are faced with high nitrogen levels in the soil after the last harvest in their
soil cultivations. Mandatory soil samples are being requested by control agencies in Belgium
and growers are being limited in their fertilisation rates based on the residues of nitrate in
the previous growing season. For growers it is important to maintain production rates of their
crops which can be hampered by the restrictions as demanded by control agencies. A KNStable is a simple strategy to take into account the weekly plant needs of the cultivation, the
nitrogen content of the soil (soil samples) and the expected mineralisation rate. Using a KNStable, growers will limit their fertigation rate to only the remaining need of the cultivation.
This reduction in nutrient supply is calculated towards the demand of the crop and therefore
not interfering with the production rate of the cultivation or the fruit quality. As a
consequence, the remaining residue levels of nitrogen will be constantly lower than the
European norm of 90 kg N/ha, and restrictions in fertilisations are no longer demanded by
the environmental control agencies.
3.8.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

S

Possible solution(s)

Strawberry growers in soil are
reluctant to change the way
of growing due to very small
financial margins

X

Extra governmental support, change in
marketing behaviour (quality above
origin of fruit)

Soil samples need to be taken
on a regular and timely basis.

X

Education of staff to take soil samples
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Growers often do not find the
time to do this
Growers are not willing to use
the KNS-tables due to the
simple calculations they have
to do.

X

Educating staff or advisors to prepare
the calculations

Growers are not adopting
their strategy because results
in research are not the same
as what they see in their
fields.

X

Subsidies for growers to allow trials on
large fields at grower sites

T = technological, R = regulatory, S = socioeconomic

3.8.3 Outputs
3.8.3.1 Scientific/Technical publications
Melis, P., Vanderbruggen, R., Berckmoes, E., De Vis, R., Audenaert, J. & Vandewoestijne, E.
(2016). Bemesten volgens wat de bodem te bieden heeft. Proeftuinnieuws, 20, 15-17.
Melis, P., Stoffels, K. & Vervoort, M. (2017). Fertilisation based on KNS-table. Newsletter
Proefcentrum Hoogstraten, July-August 2017, 4-5.
Melis, P., Vanderbruggen, R., Berckmoes, E., Vandewoestijne, E. & Delcour, I. (2018).
Vollegrondsaardbei kan voldoen aan nitraatnorm. Proeftuinnieuws, 5, 16-17.
Melis, P., Stoffels, K., Vervoort, M. & Van Delm, T. (2016). KNS fertilisation system of
strawberry soil cultivation in Belgium. ISHS strawberry symposium, Quebec, Canada.
3.8.3.2 Participation in Scientific/Technical conferences
Table 25. List of conferences where the results of the technology exchange were presented

Provisional Title

Conference

Location

Month/Year

Poster:
KNS ISHS
strawberry Quebec, Canada
fertilisation system of symposium
strawberry
soil
cultivation in Belgium

August/2016

Poster:
KNS
fertilisation system of
strawberry
soil
cultivation in Belgium

September/2018

International
demonstration
Mechanisation
strawberry

Meerle, Belgium
and
fair
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3.8.3.3 Invited seminars, presentations at local events, etc.
Table 26. List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Experiences with KNS- National study event Hoogstraten,
tables
strawberry Flanders, Belgium
Belgium

December/2016

KNS in soil cultivations

August/2017

Grower meeting

Meerle, Belgium

KNS:
fertilisation Workshop reducing Meerle, Belgium
according to the supply impact
on
the
of the soil
environment

October/2017

Fertigation
of Workshop
strawberry in soil using FERTINNOWA
KNS-tables in Belgium

Delft,
Netherlands

November/2017

KNS fertilisation in soil Study event
cultivation strawberry growers

for Meerle, Belgium

February/2017

Experiences with KNS- Study event on Kinrooi, Belgium
tables
strawberry
and
Asparagus

June/2017

KNS in strawberry

March/2018

Grower
planning
2018

meeting, Meerle, Belgium
research

KNS-tables
as Showcase
event Meerle, Belgium
fertilisation strategy in FERTINNOWA
strawberry

April/2018

3.8.4 Reference list
Zeigler J., Strohmeier K. & Brand T. (1996). Nitrogen supply of vegetables based on the ‘KNSsystem’. Acta horticulturae, 428, 223-233.
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3.9 Prescriptive-corrective management of nitrogen for soil-grown vegetable
crops
3.9.1 General technology exchange description
3.9.1.1 Location and growing system
Farms

Research Centre of Cajamar and Trial Farm of UNICA Group cooperative, El
Ejido, Almería (Spain)

Figure 85. Location of the Research Centre of Cajamar (in red) and the Trial Farm of UNICA
Group cooperative (in blue)

Coordinates 36.793392 N, 2.719860 W
Climate
Zone

Mediterranean

Crops

Pepper and tomato

Growing
System

Soil with sand mulching under greenhouse

Irrigation

Drip irrigation
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Fertigation

Application of macro and micronutrients by automatic injection equipment
with Venturi system. Nutrients supplied from multi-tank system

3.9.1.2 Technology exchange summary
The problem that was addressed in this technology exchange was the substantial nitrate (NO 3) contamination of aquifers associated with intensive vegetable production in greenhouses in
Almeria. To reduce NO3- aquifer contamination, it is necessary to reduce NO3- leaching loss;
to do so, it is necessary to improve both crop N management and crop irrigation management.
In this technology exchange, UAL demonstrated methods to improve N management and
Cajamar Foundation (FC) demonstrated methods to improve irrigation management. These
demonstrations took place as an improved combined management package for both N and
irrigation which was demonstrated in two different crops, a pepper and a tomato crop, by
comparing to conventional management (CM).
The selection, results and benefits of the improved methods for irrigation management are
described in the report prepared by FC.
The selection of the improved methods for N management was based on broad revision of
available technologies including those presented and discussed at the benchmark workshop,
presented in the PAs, and those referred to in the scientific literature. The methods selected
were those that were judged as being scientifically the most relevant for this vegetable
production system, and the most practical for local growers.
The results demonstrated that the VegSyst-DSS could effectively develop plans for the applied
N concentration and that it was possible to follow this plan when formulating the applied
nutrient solutions that were applied in all irrigations. In the two crops, compared to CM, the
applied N concentration was reduced by following the recommended plan prepared by
VegSyst-DSS. Combined with the reduction in the total irrigation volume, because of
improved irrigation management, there were large reductions in the total amount of applied
N in both crops. In the pepper crop, where NO3- leaching was measured, there was a
substantial reduction in the total NO3- leaching loss.
Regular sampling of the soil solution, with ceramic cup soil solution samplers, combined with
rapid analysis using the LAQUAtwin nitrate meter provided an effective monitoring system of
the immediately available soil N supply. Increasing tendencies s were indicative of a
continually excessive N application in the CM treatment. Relative to the soil solution [NO3-] in
CM, with the improved management packages there was (a) continually appreciably lower
soil solution [NO3-] in the pepper crop and (b) appreciable periods of constant soil solution
[NO3-] in the tomato crop indicating adequate N management.
Petiole sap [NO3-] was an effective indicator of crop N status in the pepper crop, where it (a)
indicated that the improved management package provided adequate crop N status, and (b)
indicated that the conventionally-managed treatment received excessive N. However, while
petiole sap was effective with pepper, the results with tomato suggested that more work is
required before this method can be introduced locally with this species.
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Large numbers of measurements with the LAQUAtwin nitrate meter with both applied
nutrient solution and soil solution suggested that this system provided generally accurate
measurement of [NO3-] in these two media.
The benefits of this work were that it showed that (a) the VegSyst-DSS can provide effective
plans of the N concentration in the nutrient solution, (b) that soil [NO 3-] can be used to
monitor the immediately available soil N supply, (c) the petiole sap [NO 3-] appears to be a
sensitive measure of crop N status of pepper, and (d) that the LAQUAtwin can provide
accurate measurement of [NO3-] in nutrient and soil solution. These methods can contribute
to large reductions in the amounts of N applied and in NO3- leaching loss.
These methods shave potential for use in other systems. In some cases, e.g. VegSyst-DSS and
petiole sap [NO3-], the methods would require adaptation to another system.

3.9.2 Technology exchange
3.9.2.1 Description of the problem
There are approximately 30,000 ha of relatively simple plastic greenhouses, with low to
medium levels of technology in the coastal regions of province of Almeria in southeast Spain.
The location of these greenhouses, in favourable climatic conditions from mid-autumn to midspring, enables vegetable production crops before that of open field crops. Appreciable
production occurs during the winter and early to mid-spring periods. 90% of the greenhouses
grown crops in soil.
The greenhouses of Almeria are associated with considerable nitrate (NO3-) contamination of
underlying aquifers. Consequently, nearly all of the areas where greenhouses are
concentrated in Almeria have been designated as being Nitrate Vulnerable Zones (Junta de
Andalucía, 2008) in accordance with the European Union Nitrates Directive (REFS), which
requires the implementation of improved management practices to reduce nitrate
contamination from greenhouse vegetable production (Junta de Andalucía, 2015). The
concentrations of NO3- in aquifers underlying the areas where greenhouse are concentrated
in Almeria have increased dramatically in recent decades and in many zones are several times
the EU limit. Pressure to implement improved practices, from administration and from
northern European markets will increase in the coming years.
Nitrate contamination of aquifers is caused by NO3- leaching from agricultural production. It
is well established that NO3- leaching is strongly influenced by crop management practices of
both nitrogen (N) and irrigation. A survey of grower management practices, in Almeria
greenhouses, established that the management of both N and irrigation were based on the
experience of growers and/or local technical advisors (Thompson, 2007). N management was
based on the use of fixed ‘recipes’ and irrigation was based on fixed schedules; both were
adjusted based on the appearance of the crop and climatic conditions (Thompson, 2007). For
both N and irrigation, applications exceed crop requirements (Thompson, 2007) resulting in
NO3- leaching.
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There has been appreciable research work in Almeria during the last 20 years to develop and
adapt improved management practices and tools to improve crop N management to
appreciably reduce nitrate leaching loss (Thompson et al. 2015. 2017a, 2017b). There are two
approaches to improving N management: (1) prescriptive management, a plan N fertiliser is
developed that is specific to the site and climate characteristics of an individual crop
(Granados et al., 2013; Thompson et al., 2017b), and (2) corrective management in which
monitoring techniques are used to assess the crop’s N status or immediate supply, and then
to make appropriate adjustments to ensure optimal conditions (Granados et al., 2013;
Thompson et al., 2017b). Two promising methods of monitoring are soil solution analysis and
sap analysis; both of which can be quickly analysed on the farm using rapid analysis systems
(Thompson et al. 2015, 2017b). In this way, the grower or a technical adviser can rapidly
assess the adequacy of the N management being applied and make adjustments.
Additionally, there has been considerable research work in Almeria on improved
management practices for irrigation (Thompson et al. 2015, 2017b). Given that NO3- leaching
is a consequence of both excessive N and irrigation application, management to appreciably
reduce NO3- leaching requires both improved N and irrigation management. Research has
demonstrated the value of the combination of prescriptive and corrective management and
of the effectiveness of combined improved management of both N and irrigation (Granados
et al., 2013).
In this work, improved N management using both prescriptive and corrective management
was combined with improved irrigation management to reduce NO3- leaching and to improve
N and water use efficiency. The component of irrigation management was the responsibility
of the Cajamar Foundation, and is reported in their technology exchange report.
3.9.2.2 Objectives
The main objectives of this work were:



To demonstrate practices that improve management of N in greenhouse vegetable
crops grown in soil
To demonstrate that these practices can contribute to an appreciable reduction in
NO3- leaching loss

3.9.2.3 Specific background on the exchange
The technologies of improved N management that were showcased were:
1. The VegSyst-DSS system was used to develop site and crop specific plans for N
application. VegSyst-DSS is a computer program that operates in Microsoft Windows.
It
can
be
downloaded
in
English
or
Spanish
from
https://w3.ual.es/GruposInv/nitrogeno/VegSyst-DSS.shtml. VegSyst-DSS is referred
to in The Fertigation Bible in Technology Description (TD) 11.18, ‘Decision Support
Systems (DSSs) for supporting nutrient management’. The TRL level is 7.
2. Soil solution analysis is a method that has been researched for 20 years, mostly in
Almeria, but also in other countries. Considerable work has been done in recent years
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by researchers from UAL in the context of greenhouse-grown vegetable crops in
Almeria. The use of soil solution analysis to assist with crop N management is
described in The Fertigation Bible in Technology Description (TD) 11.7, ‘Soil solution
analysis’. The TRL level in the context of Almeria is level 8.
3. Sap nitrate analysis is a long-established method for assessing the N status of
vegetable crops. Considerable work has been done in recent years by researchers
from UAL in the context of greenhouse-grown vegetable crops in Almeria. The use of
sap analysis to assist with crop N management is described in The Fertigation Bible in
Technology Description (TD) 11.13, ‘Sap analysis’. The TRL level in the context of
Almeria is level 7.
4. The use of rapid analysis systems to measure the nitrate concentration in sap and
samples of soil solution is an established technology. It is described in The Fertigation
Bible in Technology Description (TD) 11.17, ‘Rapid on-farm analysis of nutrients’. This
is a well-established technology; the TRL level is 9. The LAQUAtwin nitrate rapid
analysis system was used. Additionally, the NT-Sensor was used, but there were some
problems with the electrode. Both systems are described in The Fertigation Bible in
TD 11.17.
5. Measurements were also made with the Apogee MC-100 and AtLEAF chlorophyll
meters. This technology is described in The Fertigation Bible in Technology Description
(TD) 11.14, ‘Chlorophyll meters’. While this is a well-established technology for
research applications; the TRL level, in the context of commercial farming in Almeria
is 6. There were issues with the sufficiency values being used; consequently, these
measurements were not considered for N management in these two showcase crops.
3.9.2.4 Stakeholders involved
The stakeholder, the UNICA group of cooperatives, was very involved during the showcase.
The demonstration with tomato was conducted in the trial farm of UNICA. Two separate but
identical irrigation sectors available in a greenhouse on the farm were used for the
demonstration. In each sector, different ‘packages’ of fertigation management were applied.
In one sector, the fertigation management package was based on the experience of the farm
manager and the recommendations of a technical advisor working for UNICA. In the other
sector, the fertigation management package consisted of a combination of improved
irrigation management practices and improved N management practices, which are described
subsequently.
The other showcase was carried out with pepper at the research centre of Cajamar, which is
where the agricultural researchers of the Cajamar Foundation are based; the Cajamar
Foundation is another partner in the FERTINNOWA project. The research centre of Cajamar is
next to the trial farm of UNICA group of cooperatives. Both showcases were collaborations
between the UAL and the Cajamar Foundation.
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In the showcase with pepper at the research centre of Cajamar, there were also two separate
fertigation sectors. In one of them, fertigation followed local commercial practice, and in the
other improved management practices were used.
The experimental farm of UNICA was within walking distance of the research centre of
Cajamar where the seminars associated with three showcase events were held; this facilitated
visits to the crops during the showcase events.
3.9.2.5 Implementation of the technology
In each of the two showcase trials, an improved fertigation management package (IM) was
compared to conventional fertigation management (CM). The improved management
package consisted of both (a) improved irrigation management, and (b) improved N
management practices. The improved irrigation practices are described fully in the
Technology Exchange report ‘Automatic irrigation system for soil-grown vegetable crops’
prepared by the Cajamar Foundation. Briefly, they consisted of the use of tensiometers that
automatically initiated irrigation. The improved N management practices are described in
section 2.3 of the current (i.e. the UAL) report. Hereafter, their use will be described. In both
trials, above-ground drip irrigation was used. Fertilisers were applied by fertigation, through
the drip system, will complete nutrient solutions applied in all irrigations after the first week;
water, without nutrients, was applied in the first week.

Figure 86. The title screen of the VegSyst-DSS.

The N concentration in the supplied nutrient solution of the IM treatment, for four-week
periods, was initially calculated using VegSyst-DSS. During the two trials, the N concentration
was adjusted in response to the results of monitoring with the NO 3- concentration in the soil
solution and in petiole sap. The soil solution and petiole sap were sampled every two weeks.
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The NO3- concentration was determined within two hours of obtaining the samples, using a
LAQUAtwin nitrate rapid analysis system. The nitrate concentration in the sap was evaluated
by comparing the measured values to locally determined sufficiency values. The NO 3concentration in the soil solution was evaluated by the tendency over a series of consecutive
measurements; an accumulation of NO3- suggesting excess N application and a reduction
generally suggesting insufficient N was being applied. When there was a discrepancy between
the information being provided by the sap and soil solution analysis, priority was given to the
soil solution analysis.

Figure 87. A ceramic cup soil solution sampler.

Figure 88. Preparing petioles for sap extraction.

Figure 89. Extracting sap from pieces of petioles.
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The LAQUAtwin nitrate rapid analysis system was evaluated by comparing, the [NO3-]
measured with this system, to the [NO3-] of the same samples measured in the laboratory
using standard laboratory equipment and procedures.

Figure 90. Introducing samples into LAQUAtwin systems for rapid analysis.

3.9.2.6 Results
1. Pepper crop grown at the Research Farm of Cajamar
The N concentration ([N]) in the applied nutrient solution in the improved management (IM)
was consistently appreciably less than in conventional management (CM). The average [N]
applied was 8.2 and 11.1 mmol/L, in the IM and CM treatments, respectively (Figure 91). The
applied [N] followed the intended concentration, calculated by VegSyst-DSS, reasonably well.
The reduction in IM, during 66-80 DAT (Days After Transplant), occurred because preirrigations of water only were applied before each application of nutrient solution, to reduce
the electrical conductivity of the soil solution which had been increasing. Subsequently, from
87-115 DAT, the [N] of the IM nutrient solution was intentionally steadily increased.

Figure 91. The N concentration in the nutrient solution applied to the pepper crop in the CM and IM
treatments, and that recommended by VegSyst-DSS, during the cropping season.
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The total volume of nutrient solution applied to the IM was much less than that of the CM
treatment, being 380 and 437 mm, respectively. Irrigation management is more fully
described in the showcase report prepared by Cajamar Foundation. As a result of the much
lower total irrigation volume and the lower applied [N], the total amount of N applied was
much lower in the IM treatment, being 439 kg N/ha compared to 710 kg N/ha in the CM
treatment. The reduction was 38% of the N applied in the CM.
The on-going increase in the NO3- concentration ([NO3-]) of the soil solution in the CM
treatment is indicative of an excessive supply of N throughout the crop (Figure 92). Soil
solution [NO3-] was generally appreciably less in the IM compared to the CM treatment. The
fluctuations in the IM soil solution [NO3-] reflected the variations in the applied N
concentration (Figure 91) referred to previously. Given that fruit production were very similar
in the CM and IM treatments (data presented later), soil solution [NO3-] in the range of 2-8
mmol/L appears to be sufficient for pepper growth and production.

Figure 92. The NO3- concentration in the soil solution of IM and CM treatments during the cropping season.
The vertical lines correspond to ± the standard error (n=4).

The evolution of sap [NO3-] is shown in Figure 93. Initially, sap [NO3-] was low in both
treatments, but it subsequently increased rapidly to being in excess of the locally-determined
sufficiency value of 5500 mg NO3-/L suggested for Almeria (R.B. Thompson, personal
communication). Values greater than this sufficiency value were maintained for the rest of
the crop. From 75 DAT on, appreciably higher sap [NO3-] was continually detected in the CM
treatment, compared to IM, which was consistent with the higher nutrient solution [N] and
appreciably higher soil solution [NO3-] in CM. The sap [NO3-] data suggested that luxury N
uptake occurred in the CM treatment.
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Figure 93. The NO3- concentration in petiole sap of IM and CM treatments during the cropping season. Also
included are the minimum and maximum sufficiency values of Hochmuth (2012) and a locally-determined
sufficiency value, for sweet pepper.

Nitrate leaching, measured using free-draining, re-packed lysimeters (4 x 2 m, 0.6 m deep),
was 63 and 168 kg N/ha- in the IM and CM treatments, respectively (Figure 94). The reduction
was equivalent to 65% of the N leached in the CM treatment.

Figure 94. Accumulated nitrate leaching from the IM and CM treatments during the cropping season.

Total fruit production in the IM and CM treatments was very similar being 10.5 and 11.0
kg/m2, respectively. The N fertiliser application rate per unit of fruit production was 4.2 and
7.1 kg N/t, respectively. Given the legal limit for pepper established by regional legislation is
5 kg N/t (Junta de Andalucía, 2015), the IM management, unlike the CM management, was
within this limit.
2. Tomato crop grown at Trial Farm of UNICA Group cooperative
The N concentration ([N]) in the applied nutrient solution in IM was very similar to that in CM
until 196 DAT, after which that of IM was appreciably reduced while CM remained constant
(Figure 95). The average [N] applied, throughout the crop, was 7.4 and 10.0 mmol/L, in the
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IM and CM treatments, respectively. The applied [N] followed the intended concentration,
calculated by VegSyst-DSS, very well.
Total applied irrigation volumes were 308 and 528 mm, for IM and CM, respectively. The total
amounts of N applied were 321 and 737 kg N/ha, respectively; the reduction being 57% of the
CM amount.

Figure 95. The N concentration in the nutrient solution applied to the tomato crop in the CM and IM
treatments, and that recommended by VegSyst-DSS, during the cropping season.

Soil solution [NO3-] increased steadily throughout the crop for the CM treatment (Figure 96),
suggesting continual excess N application. In IM, it increased during 9-92 DAT suggesting
excess N application during this period, and thereafter, it was relatively constant to 176 DAT
suggesting good N management. Subsequently, it fluctuated similarly (Figure 96) to the [NO3] of the nutrient solution (Figure 95).

Figure 96. The NO3- concentration in the soil solution of IM and CM treatments during the cropping season.
The vertical lines correspond to ± the standard error (n=4).

The sap [NO3-] of both treatments was below the locally-determined sufficiency value
throughout the crop (Figure 97), and both treatments were generally similar. These data
suggested that (1) that petiole sap [NO3-] is responsive to the applied [NO3-] rather than the
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amounts applied, and (2) further work is required with this method with tomato in local
conditions.

Figure 97. The NO3- concentration in petiole sap of IM and CM treatments of tomato during the cropping
season. Also included are the minimum and maximum sufficiency values of Hochmuth (2012) and a locallydetermined sufficiency value, for tomato.

Nitrate leaching was not measured in the tomato crop.
Total fruit production in the IM and CM treatments was very similar being 13.0 and 13.3
kg/m2, respectively. The N fertiliser application rate per unit (tonne) of fruit production was
2.5 and 5.5 kg N/t, respectively. Given the legal limit for tomato, established by regional
legislation, is 6 kg N/t (Junta de Andalucía, 2015), IM management was well within this limit,
and CM management was just within the limit.
3. Use of rapid analysis to measure [NO3-] in nutrient and soil solution
Measurement of [NO3-] in nutrient and soil solution from the pepper and tomato crops, with
the LAQUAtwin ion selective electrode provided similar results to laboratory analysis (Figure
98, Figure 99, Figure 100 and Figure 101).

Figure 98. Nutrient solution, pepper crop. NO3- concentration measured with LAQUAtwin system compared
to laboratory. n=102
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Figure 99. Nutrient solution, tomato crop. NO3- concentration measured with LAQUAtwin system compared
to laboratory. n=132.

Figure 100. Soil solution, pepper crop. NO3- concentration measured with LAQUAtwin system compared to
laboratory. n=149.

Figure 101. Soil solution, tomato crop. NO3- concentration measured with LAQUAtwin system compared to
laboratory. n=154.
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3.9.2.7 Benefits
1. VegSyst-DSS
Use of the VegSyst-DSS provided a fertiliser plan that was specific to the conditions of a
particular crop. The plan takes into account, the following factors:





The dates of the crop
The expected climate conditions during the period (temperature and solar radiation
in the greenhouse)
Soil mineral N in the root zone at planting
Recent manure applications

This provides an appreciable advance over the conventional practice of using a standard
recipe for N applications. This commonly results in excess N being applied.
2. Measuring soil solution N NO3-- concentration
Measuring the [NO3-] of the soil solution from the root zone of a crop provides a measure of
the N that is immediately available to the crop. The tendencies of soil solution [NO3-] with
time, together with broad sufficiency ranges, provide information of the adequacy of crop N
management. Tendencies over three measurements provide information that suggest that
excess or insufficient N is being applied. The use of broad sufficiency ranges e.g. 3-15 mmol
NO3-/L also enables interpretation of single measurements. This combination of soil solution
suction samplers and a rapid analysis system, such as the LAQUAtwin nitrate meter, provides
a relatively simple and cheap method to monitor crop N status.
Currently, the only method that growers have to assess the adequacy of the N supply is total
N analysis of leaves, which is generally only used to diagnose a problem. It is not practical for
on-going monitoring of a fertigated crop that receives N every 1-4 days, because of the need
to periodically assess the adequacy of crop N management and the time it takes to receive
results from an analytical laboratory.
The soil solution samplers are used by a number of vegetable growers in this area, mostly for
monitoring the electrical conductivity (i.e. salt concentration) of the soil solution. Combining
soil solution sampling with the use of a rapid analysis system to measure the [NO 3-], will
provide growers with an effective system for monitoring the adequacy of the N supply.
3. Measuring petiole NO3- sap concentration
In the pepper crop, the [NO3-] of petiole sap was a useful indicator of crop N status, and clearly
demonstrated that the CM treatment received excess N.
However, in the tomato crop, petiole sap [NO3-] in both treatments were appreciably less than
the available sufficiency values, particularly during the first 90 DAT. It is not clear why the
petiole sap [NO3-] values determined in tomato in this crop were so low in relation to the
locally-determined sufficiency value. There may be varietal issues.
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The results with petiole sap analysis generally suggest that this method, when used with the
locally-determined sufficiency value can be used to assist with crop N management of sweet
pepper. With pepper, the method is clearly sensitive, but should be used with caution. It is
recommended that it be used in combination with monitoring of the soil solution [NO 3-].
More work needs to be done with tomato, in local conditions, before the [NO3-] of petiole sap
can be recommended to tomato growers.
4. Use of rapid analysis to measure [NO3-] in nutrient and soil solution
The LAQUAtwin provided generally accurate measurement of the [NO3-] in the nutrient
solution and soil solution. While somewhat less accurate than laboratory analysis, it generally
provided a very good indication of the [NO3-]. The LAQUAtwin system does not require any
sample preparation or the addition of any chemicals, the system is easily and rapidly
calibrated, and provides each measurement in less than one minute. The results are
immediately available.
The alternative to using a rapid analysis system is analysis in a commercial laboratory, which
involves the issues of preparing and sending samples, and there is usually a time delay of at
least several days, and often appreciably more, before the results are received by the grower.
3.9.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

S

Possible solution(s)

Growers are reluctant to take
soil samples, as required for
VegSyst-DSS for lack of time
and cost of analysis

X

Strong encouragement. Could be
obligatory in certification schemes.
Could be obligatory in Nitrate
Vulnerable Zones. Co-operatives could
provide low cost analysis.

Many growers do not have
computer skills to use the
VegSyst-DSS

X

Technical advisers could use the
VegSyst-DSS to prepare a plan prior to
each crop. Training programs.

Growers may consider that
the preparation of a N
fertiliser plan using a
computer program is not
necessary.

X

Could be obligatory in certification
schemes. Could be obligatory in Nitrate
Vulnerable Zones. Training programs to
demonstrate ease of use and that little
time required.

Growers do not have time
required for regular sampling
of soil solution and/or sap

X

Could be obligatory in certification
schemes. Could be obligatory in Nitrate
Vulnerable Zones. Training programs to
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demonstrate value, ease of use and that
little time required
Growers do not have time
required or the interest to use
rapid analysis systems

X

Could be obligatory in certification
schemes. Could be obligatory in Nitrate
Vulnerable Zones. Training programs to
demonstrate value, ease of use and that
little time required

Growers do not have time to
analyse the data provided by
monitoring approaches

X

Could be obligatory in certification
schemes. Could be obligatory in Nitrate
Vulnerable Zones. Training programs to
demonstrate value, ease of use and that
little time required. Various methods
such as charts, tables, and decision
support systems can be made available
to assist with interpretation.

T = technological, R = regulatory, S = socioeconomic

3.9.3 Outputs
3.9.3.1 Scientific/Technical publications
Magán, J. J., Gallardo, M. L., Fernández, M. D., García, M. L., Granados, M. R., Padilla, F. M. &
Thompson, R. B. Showcasing a fertigation management strategy for increasing water and
nitrogen use efficiency in soil-grown vegetable crops in the FERTINNOWA project. XXX
International Horticultural Congress ISHS, 13-17 August 2018, Istambul (Turkey). Abstract.
Magán, J. J., Gallardo, M. L., Fernández, M. D., García, M. L., Granados, M. R., Padilla, F. M. &
Thompson, R. B. Showcasing a fertigation management strategy for increasing water and
nitrogen use efficiency in soil-grown vegetable crops in the FERTINNOWA project. Acta
Horticulturae. In press.
3.9.3.2 Participation in Scientific/Technical conferences
Table 27. List of conferences where the results of the technology exchange were presented

Provisional Title

Conference

Location

Month/Year

Management
strategy
for
the
optimisation of the
nitrogen fertigation in
vegetables:
FERTINNOWA project

Technical
seminar San
Javier, December/2017
‘Integral and dynamic Murcia (Spain)
management of plant
nutrition for effective
protection of the
environment’
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Technologies for an
efficient use of water
and
nutrients:
FERTINNOWA project

Technical
seminar Almería (Spain)
‘Sensors
for
an
efficient use of water
and nutrients’

May/2018

FERTINNOWA
thematic network

Workshop of EIP-Agri Almería (Spain)
‘Connecting
innovative projects:
Water & Agriculture’

May/2018

Showcasing
a XXX
International Istambul (Turkey) August/2018
fertigation
Horticultural
management
Congress
strategy
for
increasing water and
nitrogen
use
efficiency in soilgrown
vegetable
crops
in
the
FERTINNOWA project
Monitoring of the
nutritional status of
the crop by using
ceramic cup soil
solution samplers and
sap analysis

Technical
seminar Paiporta,
‘Use of sensors and Valencia (Spain)
other technologies to
optimise fertigation
management’

November/2018

3.9.3.3 Invited seminars, presentations at local events, etc.
Table 28. List of events where the technology exchanged was presented

Title

Event

Optimised
management of water
and
fertilisers:
FERTINNOWA project

Presentation of the El Ejido, Almería February/2018
showcase activity in (Spain)
FERTINNOWA
project to growers
of
La
Caña
cooperative

VegSyst-DSS decision Showcase
support system for growers
estimating
the

Location

Month/Year

for El Ejido, Almería March/2018
and (Spain)
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nitrogen requirements advisors of UNICA
of crops
group cooperative
Monitoring of the soil
solution with suction
probes and with rapid
analysis equipment
Monitoring
crop
nutrition with sap
analysis
Advance of results in
demonstrative trials in
tomato and pepper
Demonstration
of
rapid analysis systems
for measurement of
nitrate and potassium
in petiole sap and soil
solution
VegSyst-DSS decision Showcase for other El Ejido, Almería March/2018
support system for growers
and (Spain)
estimating
the advisors
nitrogen requirements
of crops
Monitoring of the soil
solution with suction
probes and with rapid
analysis equipment
Monitoring
crop
nutrition with sap
analysis
Advance of results in
demonstrative trials in
tomato and pepper
Demonstration
of
rapid analysis systems
for measurement of
nitrate and potassium
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in petiole sap and soil
solution
VegSyst-DSS decision
support system for
estimating
the
nitrogen requirements
of crops

Showcase
for El Ejido, Almería April/2018
growers
and (Spain)
advisors of La Unión
auction

Monitoring of the soil
solution with suction
probes and with rapid
analysis equipment
Monitoring
crop
nutrition with sap
analysis
Advance of results in
demonstrative trials in
tomato and pepper
Demonstration
of
rapid analysis systems
for measurement of
nitrate and potassium
in petiole sap and soil
solution
VegSyst-DSS decision
support system for
estimating
the
nitrogen requirements
of crops

Showcase
for El Ejido, Almería May/2018
growers
and (Spain)
advisors of SUCA
cooperative

Monitoring of the soil
solution with suction
probes and with rapid
analysis equipment
Monitoring
crop
nutrition with sap
analysis
Advance of results in
demonstrative trials in
tomato and pepper
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3.10 Technologies to improve irrigation and fertigation management in soilbound crops
3.10.1 General technology exchange description
3.10.1.1 Location and growing system
Farm

EARL Mas du Républicain, Saint Rémy de Provence (France)

Figure 102. Showcase location in Provence, France

Coordinates 43°79'70'' N 4°85'67'' E
Climate
Zone

Mediterranean

Crop

Tomato

Growing
System

Soil in greenhouse

Irrigation

Drip irrigation

Fertigation

Application of macro and micronutrients by fertigation equipment

3.10.1.2 Technology exchange summary
In South of France, more and more growers are subject to additional regulations in terms of
management of irrigation water and nitrogen. This is in addition to general concern about
many ecological issues, and increasing societal pressure for cleaner agricultural production
with less inputs of water, fertilisers etc.
Decision-making tools for irrigation management have been used successfully in open field
and greenhouse production. They are commonly used with field crops and fruit trees;
however, there is appreciably less use with vegetable crops. New information and
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communication technologies are making significant improvements to sensor technologies
and decision-making tools to make them easier to use. This is particularly the case for data
transfer which makes it possible to send data directly to a computer or smartphone and which
greatly facilitates the acquisition, storage and consultation of the measured data in order to
make decisions on irrigation.
The tools used for monitoring fertilisation in south-astern France are mainly PILazo
monitoring and Nitratest soil analysis. These methods have been standardised and used for
some years in southern France. This has enabled the acquisition of good reference values for
many vegetable crops. These techniques have been mostly used by technical advisers.
Farmers have found them difficult to use, and few farmers are currently using them
frequently during a crop. Therefore, it is necessary to identify and promote easy-to-use and
rapid tools that are attractive to producers.

3.10.2 Technology exchange
3.10.2.1 Description of the problem
In the region of Provence in France, the quality and availability of water for agriculture is not
a problem for the moment. However, the state looks closely at agricultural practices and
several environmental guidelines have been established to reduce impact of human activity,
including farming. Vegetable growers are aware of the interest to reduce inputs (water,
fertilisers and pesticides) and to optimise the efficiency of the use of these inputs.
3.10.2.2 Objectives
The main objective of this showcase activity was to demonstrate new innovative technologies
that can help growers to improve their fertigation management of soil grown vegetable crops.
We selected and combined various measurement technologies to monitor the availability
level of soil water and nitrogen, crop N status, the supply of water and N according to crop
needs. The specific objectives were to:





Optimise irrigation in a soil grown crop
Optimise and reduce fertilisation
Promote an efficient use of water while avoiding yield decreases
Demonstrate some easy-to-use technologies that enable growers to monitor the crops
nutritional and water status

3.10.2.3 Specific background on the exchange
During the two growing seasons of the showcase, the following technologies were used:


Granular matrix sensor (Watermark sensor): technology used for many years by
advisors and experimental stations. It is referred to in The Fertigation Bible in
Technology Description (TD) 10.21, ‘Granular matrix sensors’. The TRL level is 9.
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Capacitance probe (Sentek): technology used in orchards and soil-bound system. It is
referred to in The Fertigation Bible in Technology Description (TD) 10.23, ‘Capacitance
probe’. The TRL level is 9.
Flow meter controller: technology used in horticulture and gardening. The TRL level is
9.
Ceramic cup soil solution samplers: technology used in Spain and other countries with
soil grown vegetable crops. It is described in The Fertigation Bible in Technology
Description (TD) 11.7, ‘Soil solution analysis’. The TRL level in the context of France is
6.
PIlazo method and sap analysis in laboratory. The first method is a technology used
for many years by advisors and experimental stations for quick sap nitrate analysis,
whereas the second is a service given by some commercial laboratories. In the present
showcase, the samples were sent to NovaCropControl, which is a laboratory in The
Netherlands. The use of sap analysis to assist with crop nutritional management is
described in The Fertigation Bible in Technology Description (TD) 11.13, ‘Sap analysis’.
The TRL level is 9.
Nitratest: the use of rapid analysis systems to measure the nitrate concentration in
sap and samples of soil solution is an established technology. It is described in The
Fertigation Bible in Technology Description (TD) 11.17, ‘Rapid on-farm analysis of
nutrients’. This is a well-established technology. The TRL level is 9.
Dualex: fluorescence sensor is a technology used for experimental purposes in the
assessment of crop nutritional status from indirect measurements of leaf chlorophyll
and flavonol contents. This technology is described in The Fertigation Bible in
Technology Description (TD) 11.16, ‘Fluorescence sensors’. The TRL level is 6.

3.10.2.4 Stakeholders involved
For this showcase we had one stakeholder implicated directly in the project (ARDEPI). The
others were technology providers.






ARDEPI: this is a Regional Association for Irrigation Management. It is a non-profit
association dealing with irrigation issues in vegetables and tree crops. We worked with
ARDEPI to follow crop water status. Firstly, they evaluated the irrigation installation of
the grower and helped us to position the capacitance and granular matrix sensors.
Then they ensured the monitoring of irrigation with the grower.
Sentek: it is an Australian company specialised in irrigation technology that develops
capacitance probes. They work in all types of crops; they provided us with capacitance
probes and consulting advice.
Agralis: it is a French company located in South-West of France. It is Sentek’s local
distributor. They provided us with a capacitance probes and they trained us to use it.
Agroressources: it is a French company specialised in irrigation consulting and
technology providing. They provided us with the Watermark granular matrix sensors.
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3.10.2.5 Implementation of the technology
The showcase was conducted during two years in 2017 and 2018 in soil-grown tomato crops
in a greenhouse. For both years, each parameter was followed every week. In 2017, both
types of irrigation probes, sap analysis, PILazo, Nitratest with auger method and soil suction
samplers were used. In 2018, capacitance probe, flow meter controller, soil suction samplers,
Dualex sensor, PILazo and Nitratest were used. The following parameters were controlled
during the crop: the sanitary state, the development stage, temperature (air and soil) and
atmospheric humidity.
Below is presented the methodology used for the technologies demonstrated in the two years
of the showcase.
1. For irrigation management:





Granular matrix sensor: it was positioned in the middle of the crop. Six sensors were
positioned at two in order to collect as much data as possible: 3 at 15 cm and 3 at 25
cm. Data were logged with a Monitor data logger and were transmitted to a computer.
Capacitance probe: the probe was positioned in a representative area of the crop. The
probe had sensors that measured soil water content at 15, 20 and 25 cm soil depths.
Data were directly available on smartphone and computer thanks to the Aqualis
interface.
Connected flow meter controller: it was located at the entrance to the field drip
irrigation system. The amount of water distributed to the crop was available on the
Solem website and software.

For these technologies, data were consulted at least two or three times a week, and were
available for the grower by smartphone whenever they were required.

Figure 103. View of capacitance probe installed.
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Figure 104. View of Connected water meter installed.

2. For fertilisation management:









PILazo: every week (before 10 am), 15 young adult leaves were pressed to extract sap.
It was diluted to 1/20th and the concentration of N-NO3- was measured by colorimetry
using a Nitracheck reader. Those data are compared to the CTIFL decision grid (C.
Raynal) to decide on any adjustments to nitrogen fertilisation.
Sap analysis: Every two weeks, 15 young leaves and 15 older leaves were sampled
and sent to a Dutch laboratory for analysis. They measured the concentration of all
macro- and micro-nutrients e.g. calcium, magnesium, sodium, etc., content of the
young and older leaves.
Nitratest and auger method: every week, 15 soil samples are taken from the plot, and
mixed in the APREL laboratory. An extract of 100 g of homogeneous soil was diluted
in 100 mL of distilled water. The solution was shaken and filtered by reverse filtration.
The NO3- concentration of the filtered solution was measured by colorimetry using
the Nitrachek reader.
Ceramic cup soil solution samplers: 10 samplers were randomly distributed in the plot.
Every week soil solution was obtained from the samplers and the NO3- concentration
in the solution was measured colorimetry (Nitracheck reader) (Figure 105).
Dualex sensor: one day a week (at the same time as the PILazo Method) we measured
chlorophyll, anthocyanin and carotenoid content in 20 to 30 young adult leaves
(youngest fully developed leaf) on. To acquire references, we decided to also test 20
medium age leaves (fully developed but not senescent) on both sides of the leaf
(superior and inferior). The chlorophyll measurement is related to the crop N status
(Figure 106).
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Figure 105. View of ceramic cup soil solution sampler installed.

Figure 106. View of Dualex sensor.

3.10.2.6 Results
The showcase was conducted with a soil-grown tomato crop. The tomato seedlings had been
grafted onto a rootstock of a different variety. To optimise fertigation management, various
technologies were used in combination.
1. Irrigation monitoring


2017 growing season:

For irrigation monitoring, two types of probes were used in 2017: a capacitance probe
(Sentek) and a granular matrix sensor (Watermark). For the capacitance probe, data were
available in real time on the web. The user interface showed the soil water content at three
depths and the total amount of soil water in the in 0-30 cm soil profile (Figure 107). This

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

165

Transfer of INNOvative techniques for
sustainable Water use in FERtigated crops
probe also measures the temperature and the quantity of ions in the soil in VIC units
(Volume Ion Content) at the three depths.

Figure 107. Cumulative moisture level (mm) resulting from capacitance probe measurements in 2017.

The granular matrix sensor system consisted of 6 sensors connected to a data logger
(Monitor). For the showcase, we placed 3 sensors at 25cm and 3 sensors 40 cm. Data were
directly available in the field or by data transfer to a computer fitted with Monitor software.
These sensors measure the soil matric potential which is a measure of the force of retention
of water in the soil (measured in cbar). At 0 cbar, the soil is full of water and the increase of
values reflects the increasingly strong retention of water by the soil. These measurements are
presented individually for each sensor (Figure 108).

Figure 108. Granular matrix sensor measurements via Monitor (cbar)

For irrigation management, the capacitance sensor data were easy to read and soil water
status could be rapidly assessed in real time. The installation is relatively simple but requires
careful and thoughtful positioning of the probe within a field. Growers can interpret the data
after a training period. Regardless of the monitoring system used, it is necessary to have a
record of the volumes of water applied, for which it is necessary to install a water flow meter.


2018 growing season:

In 2018, only the capacitance probe was installed to control irrigation. The variety cultivated
(Marbonne from Gautier semences in Noire de Crimée type) was used, it is sensitive to
variations in water supply, and can suffer from fruit cracking problems. Because of difficulties
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with the installation of the capacitance probe in 2018, the results in 2018 were not as precise
as in 2017. When the crop was transplanted, we installed the probe with wet mud between
the wall of the plastic access tube and the soil in the augered hole, to ensure good contact
with soil. However, the mud did not dry at depth, and the measured soil moisture values were
too high. We replaced the probe without mud; however, the soil was too dry and there was
not good contact between the probe and soil. Finally, we installed it a third time in moister
soil, and after this installation, the data were more accurate. The probe provided information
that enabled us to follow soil water status and enabled the grower to better manage
irrigation. In the earlier part of the crop, a moderate lack of water induced some cracks in
fruit epidermis in the first harvest, and plant growth was restricted. This was expressed by
difficulties in setting fruit, necrosis at the extremities of some leaves, and a lack of vigour.
Then at the beginning of June, improved irrigation scheduling enabled better fruit quality and
better development of plants.

Figure 109. Cumulative moisture level (mm) resulting from capacitance probe measurements in 2018.

Another tool was installed in the irrigation system: a flow meter controller. The flow meter
controller was positioned at the beginning of the irrigation distribution system and recorded
the volumes of water applied. It was connected by WIFI and the data were available through
Internet on a computer or smartphone (Figure 110).
With the detailed and accurate information of water applied, it was possible for the grower
to detect any problems in the irrigation network and to know exactly the cumulative amount
of water applied to the crop.
2. Fertilisation management
During 2 years, fertilisation was followed by two methods: monitoring of the soil solution and
monitoring in plant tissue. In plant tissue we used the PILazo method, which 2017 was
complemented by sap analysis in laboratory (NovaCropControl) and in 2018 by a chlorophyll
meter (Dualex).
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Figure 110. Connected water meter tested in 2018 and example of results obtained for monthly water
consumption.



2017 growing season:

PILazo provides only data for nitrate concentration for sap from leaves. The objective in 2017
(with lab analysis) was to have data on the concentration of macro- and micronutrient
contents in the plant, in addition to N.
The PILazo method is used in south-eastern France; there are several references for vegetable
crops (Figure 111). Comparison was not possible between the two nitrogen evaluation
methods used in this work, because the sampled tissues were not the same, being sap from
both young and old leaves for sap analysis and only sap from the youngest expanded leaf for
PILazo. However, both methods showed that crop N status was adequate throughout the
crop. For the other nutrients it was interesting to follow the evolution of their concentration
in sap (Figure 112), but the lack of reference values for these nutrients for tomato in our
region did not allow us make adjustment to the supply of these nutrients.
To complete those analyses, the immediate supply of nitrogen in soil was monitored using
both the auger method and with suction cup samplers (lysimeter). In both methods,
Nitratest© was used to measure the nitrate concentration which was used to guide N
fertilisation of the tomato crop. The goal of the first year of experiment was to become
familiar with use of suction cup samplers and to determine the best location for placing them.
Ten suction cup samplers were placed in the plots at two depths (10 and 25 cm). We
experienced great difficulty to extract soil solution and a high variability between the different
suction cup samplers. It was impossible to evaluate the samplers for optimal depth and
positioning and to assess the reliability of the measurement.
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Figure 111. Nitrate content in plant with PILazo method (up) and by sap analysis (down) (kg/ha).



2018 growing season:

In 2018, a new tool was showcased to follow nitrogen status of the plant: the DUALEX sensor.
This sensor measures directly in the field the amount of chlorophyll, carotene and flavonoids
in leaves and calculates the Nitrogen Balance Index (NBI index) that is correlated to crop
nitrogen status. As this tool was new and we had few reference values, it was decided to
follow two types of leaves: adult leaves and young adult leaves (youngest fully developed leaf)
with measurements made on both sides of these leaves.
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Figure 112. Sap analysis for K, Ca and P (from up to down) on tomato in 2017.

The PILazo method was also used. As can be seen in Figure 113, plant nitrogen status was less
than the PILazo reference values from the end of April to the middle of June. Then, until the
end of the summer, these values suggested that the crop had sufficient nitrogen.
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Figure 113. Nitrogen status measured by PILazo method (red) and with NBI Index Dualex (blue).

The Dualex sensor was very easy to use and provided quick results.

Figure 114. Correlation between NBI index young adult leaves and PILazo (A) and adult leaves and PILazo (B).

Both methods provided the same tendencies and fluctuations during the season (Figure 113).
However, as we do not have as many references as for Dualex NBI measurements, it is difficult
to use this information to adjust fertilisation. Nitrogen status in soil was followed in exactly
the same way than 2018 as it was in 2017. The auger method and Nitratest suggested that
the crop had sufficient N during the season.
Concerning the ceramic cup soil solution sampler, we had trouble extracting the solution and
most of the time the cups were dry. We were not able to identify the source of the problem.
For the management of fertilisation, the method of auger soil sampling and Nitratest© are
easy methods to use and they provide reliable and standardised results. However, we note
that growers do not use these methods on their own.
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3.10.2.7 Benefits
Technology

Benefits

Granular matrix sensors

Easy installation
Affordable price
Quick adoption by farmers

Capacitance probes

Easy reading of data with smartphone
application
Easy data interpretation

Sap analysis

Quick sampling
Accurate results

PILazo

Validated method with references on
vegetable crops
Simple to do in the field
Direct results

Nitratest

Quick method
Used with both soil and plants

Dualex

Easy data collection
Direct results

Ceramic cup soil solution samplers

Extraction of soil solution directly in the
field

Connected water meter

Automatic measurement of crop water
supply
Allows quick detection of leaks or other
problems in the irrigation system
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3.10.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

R

S

Possible solution(s)

Growers are often reluctant
to take soil samples for soil
analyses for lack of time and
the cost

X

Intensify the measurement by advisors.

Growers are often reluctant
to sample leaves and analyse
NO3- and measure with PILazo
method

X

Intensify the measurement by advisors.

Some difficulties to install the X
capacitance probe

Prohibitive cost of some
technologies such as Dualex

Install probes when the soil is wet.
Prepare a very detailed technical sheet
and ensure the help of a specialised
technician for the initial installation
X

Collective purchase through advisors.

Dualex is very promising, but X
there are not enough
reference values for it to be
used by growers.

Develop managing grid to extend the
use to growers

Ceramic cup soil solution X
samplers: large difficulties to
use in soil (positioning,
extraction of soil solution,
homogeneity).

Do not use in clay soil which can block
pores of ceramic cup of sampler. Find an
effective way of maintenance. Requires
further study on ways to optimise
performance in these soils.

T = technological, R = regulatory, S = socioeconomic

3.10.2.9 Outputs
3.10.2.10

Scientific/Technical publications

None
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3.10.2.11
Title

Participation in Scientific/Technical conferences
Event

Location

Innovative
FERTINNOWA final Almeria, Spain
technologies
for conference, poster
monitoring fertilisation session
and irrigation on a soil
bound tomato crop
3.10.2.12

Month/Year

October/2018

Invited seminars, presentations at local events, etc.

Table 29. List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

Tools for monitoring Showcase event
fertigation on tomato
crop soil-bound under
cover

St Rémy de September/2017
Provence, France

Tools for monitoring Showcase event
fertigation on tomato
crop soil-bound under
cover

St Rémy de September/2018
Provence, France

Tools for monitoring General
fertigation on tomato APREL
crop soil-bound under
cover
FERTINNOWA project Med’Agri
and presentation of
APREL showcase

assembly, St Rémy de 2016, 2017, 2018
Provence, France

Avignon, France

October/2018
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3.11 Plant and soil nutritional status sensors in processing tomato
3.11.1 General technology exchange description
3.11.1.1 Location and growing system
Farm

Perales de Valdueza (60 ha surface plot), Lobón, Extremadura (SPAIN)

Figure 115. Location of ‘Los Perales’ farm

Farmer

Roma Ltd. (Conesa group)

Coordinates 38°51'46.38" N 6°32'18.34" W
Climate
Zone

Mediterranean

Crop

Processing tomato

Growing
System

Open field

Irrigation

Subsurface drip irrigation

Fertigation

NPK in fertigation

3.11.1.2 Technology exchange summary
One of the main problems in the fertilisation management in commercial plots is the lack of
technical knowledge for the adjustment of the crop fertilisation requirements in relation with
yield, phenological phase and spatial variability. This, in many cases, makes the farmer overfertilise the plot to avoid deficiencies. Hence, the objective should be the adoption of
methods and sensors helping to establish an accurate fertilisation in each area during the
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growing season for a more efficient production. However, advisors do not have sufficient
knowledge about these techniques and these measures are strongly influenced by the spatial
variability. To reduce these problems, transfer of knowledge is a crucial factor. The aim of this
showcase was to determine the influence of spatial variability on the evaluation of nitrogen
status in processing tomato with different sensors in order to help advisors to design more
efficient fertilisation management strategies, locate the measurement points and select the
adequate sensors.
The showcase was conducted in 2017 in a commercial plot belonging to CONESA group, with
the medium cycle (125-135 days) tomato variety H-1311. Spatial variability was characterised
from NDVI images obtained with the Sentinel 2 satellite the previous year, and from
measurements with a ECa sensor (see 2.4.1). These data permitted the selection of different
control points in relation with crop and soil texture to evaluate the crop nutritional status
during the whole growing cycle. Different sensors measuring fertilisation status were
evaluated in combination with lab plant analysis to determine variability and
representativeness of the measurements used to determine plant nutritional status.
Results showed that spatial variability had an important influence on the sampling and
measurements of nutritional status in a processing tomato crop. The different measurements
taken with SPAD and Dualex sensors showed high variability in each of the selected points,
and even in the same plant, especially when the crop was fully developed. The leaf analysis
values helped to demonstrate an over-fertilisation situation in all zones, especially in the first
crop phase.

3.11.2 Technology exchange
3.11.2.1 Description of the problem
The showcase was carried out at a farm located in the Guadiana River basin in Extremadura,
Western Spain. The area is characterised by a continental dry Mediterranean climate type,
bordering the subtropical Mediterranean climate conditions. It is a good area for processing
tomato production, with cropping cycle from mid-April to mid-September.
This is the case of ‘Los Perales’ farm, with about 250 hectares of different varieties of
processing tomato. All field operations are mechanised, from transplanting to harvesting, and
surface drip irrigation has been replaced with the more efficient subsurface drip irrigation,
which enables fertigation.
Climate change and the fertilisation limits imposed in Nitrate Vulnerable Zones (NVZ) force
farmers to perform an efficient fertiliser management to maximise production and quality,
while preventing nutrient losses by leaching or runoff to ground and surface waters, according
to the existing regulations. Moreover, the size of the plots, variability of transplanting dates
and the high soil heterogeneity make sensors essential to monitor and arrange the
performance of differential water and fertiliser management strategies to avoid yield losses
and save inputs.
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The farmer takes soil samples for nutritional analysis prior to planting. However, results are
often used for simple information as no fertilisation balance is made comparing crop
extractions and initial nutrient contents. This should be done in precision farming scheme.
Measurements during cultivation are often used in a localised manner, without having a clear
protocol for obtaining representative points in the plot. Farmer uses reference values from
leaf analyses; however, these analyses are not quick measurements as they have are sent to
a laboratory. Furthermore, their cost is relatively high.
3.11.2.2 Objectives
The objectives of this showcase were to evaluate different technologies to determine the
plant nutrient status during the crop cycle. Different measurements were carried out, from
soil nutritional status (by using rapid soil analysis) to plant measurements, with laboratory
media sensors, rapid sap analysis and optical sensors.
The objectives behind the implementation of technologies for rapid measurement of the
nutritional status of soil and plant were:



To provide tools enabling the determination of plant nutritional status during the
growing cycle.
To evaluate precision and variability of measurements of these technologies and their
usability.

3.11.2.3 Specific background on the exchange
The techniques used in the showcase to show farmers how to control soil and plant status
and improve fertigation were the followings:




In the soil:
o Soil analysis: samples were taken with the Auger method (chapter 10.18 in FB
and PA 66), followed by the analysis of texture, organic matter and N, P and K
(Chapter 11.5 in FB). The TRL level is 9. The use of soil analysis to assist with
crop N management is described in chapter 11.7 of FB, ‘Soil solution analysis’.
The TRL level is 8.
o Nitrate content in soil as fast method with Nitrachek sensor. The NT-Sensor
was also used. Both systems are described in chapter 11.17 of FB.
For crop development:
o Leaf analysis: traditional destructive leaf analysis with measurement of N, P
and K.
o Sap analysis: the use of rapid analysis systems to measure the nitrate
concentration in sap and samples of soil solution is a well-established
technology. It is described in chapter 11.17 of FB, ‘Rapid on-farm analysis of
nutrients’. The TRL level is 7. The Nitracheck nitrate rapid analysis system was
used, and additionally, the NT-Sensor. Both systems are described in chapter
11.17 of FB.
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o Colourimeter methods: measurements were also made with SPAD and DUALEX
chlorophyll meters. This technologies are described in chapter 11.14 of FB,
‘Chlorophyll meters’. While this is a well-established technology for research
applications, the TRL level in the context of commercial farming is 5.
3.11.2.4 Stakeholders involved
Two stakeholders were involved but only at the level of assigning us their facilities to carry
out all the planned activities. Plants were monitored from seedling until harvest stage,
obtaining results for effectiveness demonstration. There was no interfering with the standard
labours and the planning for fertiliser application. We showed them how all these
technologies could help to make decisions in the daily management of irrigation and
fertilisation. Stakeholders were ROMA Ltd. and Processed Vegetables of Extremadura
CONESA, both belonging to the same group as the largest processing tomato company in
Spain.
The objective was that the attendees to the showcase events could interact with technologies
currently available to determine the crop nutritional status, check the quality of these
measurements, the timing and the need for expertise in the interpretation. Finally, it was
important to use technologies enabling the evaluation of plot heterogeneity to identify the
best points to carry out the control measures.
During the technology exchange a workshop was held to let users know the technologies and
how they are used.
3.11.2.5 Implementation of the technology
For the practical demonstration of the technologies to characterise the spatial variability of
the plot, a trial was proposed in a commercial plot of processing tomato crop of 60 ha (Conesa
Group), H-1311 variety (Heinz Co) during the 2017 growing season. The characterisation of
the spatial variability (SV) was used to determine the control points for nutritional status
monitoring during the cropping cycle. The soil SV was determined by measuring CEa with a
massive electromagnetic induction sensor (Dualem 1s). This sensor takes a sample every 1
meter at two depths, shallow (0 to 50 cm) and deep (0 to 150 cm). The measurement was
made before planting, with wet soil. Data obtained in the plot were analysed by using
geostatistical tools for the elaboration of CEa maps. In the case of crop SV, satellite image
from sentinel 2 (ESA) was used to determine the reflectance of the crop and thus estimate
the NVDI index in each of the areas of the plot. The selected image was from previous year,
obtained in the moment of maximum crop development, treated and analysed with the free
geographic information system QGIS.
Three zones (a, b and c) were selected regarding SV measurements (soil and plant). In each
of the zones, 3 replicate points were located, excepting in ‘zone b’, in which a fourth point
was added (Figure 116Figure 116).
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Figure 116. Measurement locations in the zones a (triangles), b (circles) and c (squares) in 2017.

1. Soil analysis
Sampling points were marked in the plot after planting and a soil analysis was performed
using the Auger method to determine texture, organic matter and initial nitrogen and
ammonium contents at the surface (0-30 cm) and deep zones (30-60 cm).
To make an efficient fertilisation in processing tomato, it is essential to determine the
nitrogen balance of the crop, so inputs and outputs of the system can be clearly identified.
Hence, it is necessary to know the initial nutritional content of the soil. For this, a
measurement of the initial nitrogen content was made in each control zone on the same
sample collected for texture determination. The second measurement was carried out 40
days after planting, as the crop was already developing, and the last one after harvest.
The nitrogen content in the soil was measured with rapid method. Two different sensors were
used, Nitrachek and Imacimus (NTsensor Ltd.).

Figure 117. Views of sample collection for soil analysis and determination of nitrogen content in the soil.

2. Plant analysis
Nutritional crop status was measured with different methodologies:


Destructive methods:
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o Leaf analyses were carried out at three different moments at the same points
where the rest of the measurements were made. For the determination of leaf
nutrient contents (nitrogen, phosphorus and potassium), 20 leaves were
collected early in the morning at the measurement area, selecting young fully
developed leaves. Collected samples were subsequently washed with distilled
water and dried at 65°C until constant weight.
o Sap analysis is a quick but destructive method. At least 20 healthy, fully
developed young leaves are taken. The folioles should be removed, leaving just
the petiole (Figure 118Figure 118 left), cleaned with distilled water, then the
petioles are cut in small pieces (Figure 118Figure 118 middle) and, by pressure,
the sap is extracted (Figure 118Figure 118 right). Then, with a portable
reflectometer, which in our case was the RQFlex and Imacimus, colour is
measured with some test strips.

Figure 118. Preparation of the sample for sap extraction: separation of the petiole from the leaf (left), cutting
the petiole (middle) and placing the extracted liquid in vials (right).



Non-destructive massive: by doing a total of 10 measurements per point (5
measurements in two plants) each 15 days, with different optical sensors:
o The SPAD sensor is a chlorophyll meter (Figure 119Figure 119 left) which
measures the differential absorption of light related to the chlorophyll content.
The measurement with this equipment is very simple; by closing the clamp and
after two seconds the measurement is made and registered.
o The DUALEX sensor (Figure 119Figure 119 right), like the previous one, is a
chlorophyll meter. It estimates the chlorophyll content (CHL) by the ratio of
leaf transmittances between red and NIR, but also measures the equilibrium
index of nitrogen, the flavonoid content (Flav), which increases under
conditions of nitrogen deficiency, and the anthocyanin content. The nitrogen
balance index, NBI, is calculated as the relationship between CHL and Flav.

All sensors were compared with the rapid measurement of nitrogen and potassium (sap
analysis with Rqflex 10) and leaf analysis.
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Figure 119. Sensor SPAD 502 (left) y Sensor DUALEX (right).

3.11.2.6 Results
1. Soil sampling
Before planting, a soil analysis was carried out to determine the texture and initial nitrogen
content in the surface (0-30 cm) (blue bars) and deep layers (30-60 cm) (orange bars) at the
selected control points (Figure 120Figure 120). The initial soil samples indicated that it was
mainly a sandy loam soil with low organic matter content (<1%). The nitrogen content was
measured with rapid methods (Rqfleck and Imacimus). The initial nitrogen content was high
since a background fertiliser had been already applied (Figure 120Figure 120a). Nitrogen
content was higher in ‘zone a’ than in the others, both at surface and deep. It also indicated
a better capacity for initial crop development. This higher concentration may be related to
some textural differences, as a slight increase in clay was found compared to the other zones,
where the soil showed higher sand contents. Lower nitrate leaching could promote higher
initial nitrate content before base fertilisation. This indicates the importance of making an
initial determination of soil nutrient contents before background fertilisation to optimise
nutrient supply.
In the case of fertiliser content in the deepest layers, same pattern was observed. However,
low nitrogen contents were found.
At the second measurement date, 40 days after transplant, when the crop was at fruit setting
(Figure 120Figure 120b) in ‘zone a’ and ‘zone b’, the blue arrows indicate the variation in the
soil nitrate contents. Data obtained in ‘zone c’ indicate not only lesser plant contents, but
higher drainage to the deeper layers. This is possibly due to a lesser plant development, with
a lower nitrate uptake and thus an inadequate water application leading to more drainage.
After harvesting, a nitrate data collection in the soil was carried out to identify the amount of
nitrate remaining in the soil, not being used by the crop. Thus Figure 120Figure 120c indicates,
again, high nitrogen uptake in ‘zone a’ compared to the others. By contrast to the previous
data, there was a significant increase in the soil nitrogen content in ‘zone b’, both in surface
and deep layers. It is necessary to identify possible over fertilisation during this last cropping
phase in relation with crop needs. Rapid methods were compared with soil analysis in
laboratory and a good relation was found (Figure 121Figure 121).
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c)
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Figure 120. Measurement of soil nitrogen content during the flowering phase (a), fruit setting (b) and after
harvesting (c).

Figure 121. Relationship between the soil nitrogen content obtained in laboratory and with rapid method.
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2. Leaf analysis
Regarding measurements of the plant nutritional status, nitrate foliar content in percentage
at the beginning of flowering phenological stage is shown in Figure 122Figure 122-up-left. no
differences were observed between the sampling points. However, it was found that in all
zones leaf nitrogen content was above the established reference values for processing tomato
(Hartz and Hanson, 2009). Likewise, in Figure 122Figure 122-up-right, data corresponding to
maximum flowering and fruit set are shown and differences may indicate a possible over
fertilisation of the crop. Only ‘zone a’ was above reference values, ‘zone b’ was between these
values and ‘zone c’ was below.
Regarding potassium, no differences was observed between the sampling points. However it
was found that in all zones leaf potassium content was below the established reference values
for this crop in the first flowering period (Figure 122Figure 122-down-left). This did not occur
in those samples taken in the maximum flowering and fruit setting period, where no large
differences were found between the sampling points, probably lower in the most developed
zone as the plant used more potassium.

Figure 122. Measurement of % nitrogen (up) and potassium (down) in leaf of each one of the zones in
phenological moment of first flower (left) and in the fruit set (right). *, statistic difference p<0.05 with Tukey
Test.

Regarding sap analysis, the resulting values were low in relation to those recommended in
the literature (for instance, the recommended values according to Hartz and Hanson (2009)
are > 800 ppm during the first flowering (June 1) and > 3500 ppm during the fruit set (July 1))
(Figure 123Figure 123).
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Figure 123. Nitrate content in sap with RQFLEX during first flowering (left) and fruit set (right).

Figure 124. Nutritional status measurement and coefficients of variation with SPAD (up) and Dualex (middle
and down) sensors.

In relation with the nutritional content measurements with SPAD and Dualex sensors (Figure
124Figure 124), data showed no differences between zones, although other measures have
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indicated differences in development and nutritional status between the different zones. This
similarity can be due to high variability between measurements as observed in all parameters,
specially flavonoids, where the variability was the highest. It would be necessary then to
increase the number of measurements at each control point in order to reduce that
variability.
3.11.2.7 Benefits
1. Measuring soil solution NO3- concentration:
Measuring nitrate concentration of the soil solution from a crop root zone expresses the
immediately available nitrogen to the crop. The tendencies with time of nitrates in the soil
solution, together with broad sufficiency range, provide information on the adequacy of crop
nitrogen management. These measurements provide information that suggests that excess
or insufficient nitrogen is being applied. This combination of soil samples in laboratory and a
rapid analysis system, such as the Nitracheck nitrate meter, provides a relatively simple and
cheap method to monitor crop nitrogen status. The main drawback is the need of having a
soil solution. Sensors like Imacimus enable measurements without disturbing the soil.
However, careful cleaning of the measuring nanotubes should be done and measurements
are normally less accurate.
As the evolution of soil analysis during growing cycle shows, soil nitrogen monitoring is an
important factor when determining how much of it is available for cultivation. In this case,
the farmer makes an initial measurement of the nitrogen soil content before planting, usually
months before, which means that the actual contents will not be well represented. Soil
solution samplers are not used by growers in this area. Soil samples are normally taken to
laboratories to determine soil parameters and if an amendment before transplant is
necessary. This analysis is done in a single point, which may be non-representative.
2. Measuring petiole sap NO3- concentration
In processing tomato, the nitrate concentration in petiole sap was a useful indicator of crop
nitrogen status and clearly showed that ‘zone a’ received excess nitrogen. Sap analysis
indicated low values in relation to the high values shown by soil and leaf analysis.
The results with petiole sap analysis suggest that this method, when managed with the locallydetermined sufficiency value, can be used to assist with crop nitrogen management. More
work needs to be done with tomato, in local conditions, before the nitrate concentration of
petiole sap can be recommended to tomato growers.
3. Use of rapid analysis to measure [NO3-] in nutrient and soil solution
The Rqfleck provided generally accurate measurement of the nitrate concentration in the
nutrient solution and soil solution. While somewhat less accurate than laboratory analysis, it
generally provided a very good indication of the nitrate concentration. The Rqfleck system
does not require any sample preparation or the addition of any chemicals, the system is easily
and rapidly calibrated, and provides each measurement in less than one minute. The results
are immediately available.
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The alternative to use a rapid analysis system is the analysis in a commercial laboratory, which
involves the preparation and sending of samples, and also a time delay of at least several days
before the results are available.
4. Use of non-destructive sensors to measure [NO3-] in plants
The different measurements taken with SPAD and Dualex sensors showed high variability in
each measuring point and even in the same plant, more when the crop was fully developed.
This makes it difficult for farmers to interpret and understand results.
The need for a high number of measurements and to perform subsequent analysis of the data
prevent farmers to use them for direct decision making in the field. In greenhouse conditions,
with more controlled environments, these sensors have been used by the UAL team to give
recommendations for doses of nitrogen. However, these recommendations should be
adjusted to local conditions, the type of crop and even the variety. This indicates that these
systems can detect nitrogen deficiencies in situations of severe deficiency, but do not indicate
over fertilisation situations which are the most common in the area.
Currently, the only method that growers have to assess adequacy of nitrogen supply is
analysis of total nitrogen in leaves, which is generally only used to diagnose a problem. It is
not practical for on-going monitoring of a fertigated crop that receives nitrogen every day,
since it is required to periodically assess the adequacy of the crop nitrogen management, and
also the time it takes to receive the results from an analytical laboratory.
3.11.2.8 Bottlenecks preventing the adoption of the exchanged technology
Bottleneck

T

Growers are often reluctant
to take soil samples for soil
analyses for lack of time and
cost

R

S

Possible solution(s)

X

Encourage the use of easy, fast
measurement sensors and results in real
time.

Optical sensor technologies X
(reflectance) while promising,
require more development
for
practical
use
in
horticulture

A serious research program dealing with
crops in a given region or a co-ordinated
research program. Calibration is
required for varieties.

The different types of soil in a X
plot or farm.

Encourage the use of these new
technologies for measuring spatial
variability by technicians and companies
related to technical advice, which will
help the farmer to be able to sectorise
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or irrigate in a different way within a
plot
Lack of information, training
and agronomic knowledge

X

Carry out workshops and showcase
these technologies in commercial plots
continuously
either
by
the
administration or by the companies that
sell these technologies

Deficiencies in the fertigation X
system and equipment

X

Through aid to be able to tackle these
deficiencies

Over
irrigation
fertilisation

X

Change in the mindset of the farmer or
more severe regulations in the excessive
use of water and fertilisers

and

T = technological, R = regulatory, S = socioeconomic

3.11.3 Outputs
3.11.3.1 Scientific/Technical publications
Campillo, C., Carrasco, J., Millán, S., Martínez, L. & Prieto, M.H. 2018. Use of sensors and
spatial variability to fertilization management in processing tomato. 15 th ISHS Symposium on
the Processing Tomato. 11-15 June. Greece. Abstract.
Campillo, C., Carrasco, J., Millán, S., Martínez, L. & Prieto, M.H. 2018. Use of sensors and
spatial variability to fertilization management in processing tomato. Acta Horticulturae. In
press.
3.11.3.2 Participation in Scientific/Technical conferences
Table 30. List of conferences where the results of the technology exchange were presented

Provisional Title

Conference

Available tools for an
efficient
use
of
nitrogen fertilization
in
commercial
vegetable production

1st EUVRIN workshop Almeria
EUVRIN
Working
Group
Fertilization
and Irrigation

Agrifood days
Tomato
Modernization

Location

on Technology
to Don Benito
improve processing
tomato
irrigation
efficiency

Month/Year

May/2017

October/2017
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Fertigation efficient
management
in
processing
tomato
commercial
farm
showcase
report.
FERTINNOWA project
Use of sensors and
spatial variability to
fertilisation
management
in
processing tomato

Ferdoñana: Últimas Bonares
tendencias y casos
prácticos
sobre
sistemas de ayuda a la
decisión de riego.

March/2018

13th
international Greece
symposium
of
processing
tomato
(ISHS)

June/2018

Experiences in the
application of new
technologies for the
irrigation
and
fertilization
management
in
commercial plots

2st EUVRIN workshop Bleiswijk
EUVRIN
Working
Group
Fertilization
and Irrigation

September/2018

3.11.3.3 Invited seminars, presentations at local events, etc.
Table 31. List of events where the technology exchanged was presented

Title

Event

Location

Month/Year

FERTINNOWA
Local event
showcase
results
presentation

Guadajira

November/2017

FERTINNOWA
Local event
showcase report to the
stakeholder (CONESA)

Villafranco
Guadiana

FERTINNOWA
Local event
showcase report to the
stakeholder
(AGRODRONE)

Badajoz

del December/2017

March/2018

3.11.4 Reference list
Congedo, L. 2016. Semi-Automatic Classification
http://dx.doi.org/10.13140/RG.2.2.29474.02242/1

Plugin

Documentation.

DOI:
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Fortes, R., Millán, S., Prieto, M.H. & Campillo, C. 2015. A methodology based on apparent
electrical conductivity and guided soil samples to improve irrigation zoning. Precision
Agriculture, 16, 441–454.
Gómez-Miguel, V. D., Sotés, V. & González-SanJosé, Y.M.L. 2017. Teledetección no es Teleadivinación: La importancia de las causas en Viticultura de Precisión. In: BIO Web of
Conferences, Vol. 9, p. 01022.
Hartz T.K. & Hanson B. 2009. Drip irrigation and fertigation management of processing
tomato. University of California Vegetable Research and Information Center.
Plant, R.E. 2001. Site-specific management: The application of information technology to crop
production. Comp. Electron. Agric., 30(1-3), 9–29.
Kitchen NR, Sudduth KA, Drummond ST. 1999. Soil electrical conductivity as a crop
productivity measure for claypan soils. J Prod Agric,12, 607–617.
Kitchen, N.R., Sudduth, K.A., Myersb, D.B., Drummonda, S.T. & Hongc, S.Y. 2005. Delineating
productivity zones on claypan soil fields using apparent soil electrical conductivity. Comp.
Electron. Agric., 46(1-3), 285–308.
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4 Conclusions
The adoption of fertigation was an important step to optimise both water and nutrient use
efficiency in horticultural crops. Nevertheless, contamination of aquifers and surface water
have been observed in regions where fertigation is used intensively. This is related to the
excessive application of water and nutrients to the crop in order to ensure yield, and as a
consequence of the low incentive water and nutrient savings to imply.
Drip irrigation can be an efficient system to supply water and nutrients to the crop and it is
an extended irrigation technology in Europe. However, in northern Europe irrigation is not
very extended outdoors because of the climatic conditions, and advantages and management
of drip irrigation are not well known, so that many growers are reluctant to use this system.
The exchange of knowledge between southern and northern Europe and the showcase of this
technology in Belgium by PCG has allowed showing to the growers a number of benefits in
comparison to other irrigation systems, such as the reduction of evaporation, the lower weed
and disease pressure, the lower energy consumption, no irrigation frequency restriction, no
influence of weather conditions like wind, no restriction on giving water during the morning
while bumblebees pollinate flowers, it is ideal system for fertigation, etc. This provoked that,
despite not having significantly higher yield than other irrigation systems, growers were very
interested in drip irrigation during the showcase events.
As soil cropping is the most extended horticultural system, special attention must be paid for
irrigation and fertigation management of soil-bound crops. This growing system has several
peculiarities, as a consequence of the uneven characteristics of the soil and the significant
release of nutrients from the soil reservoir and by mineralisation of the organic matter, which
must be taken into account for irrigation and fertigation management.
Spatial variability, especially in large farms, is a main limiting factor for precise irrigation and
fertigation management of soil-bound crops, as uneven water and nutrient retention in the
soil tends to promote differential crop development and requirements. If not using tools to
determine that spatial variability in the farm, irrigation and fertilisation management tends
to be done uniformly in the plot, generating greater heterogeneity in the crop. There are
several innovative remote sensing technologies (rapid and massive measure of the apparent
electrical conductivity of the soil, and analysis of aerial or satellite images) which can be
applied to characterise plant and soil spatial variability, but they are not well known by
growers and advisors. The exchange and showcase of these technologies by CICYTEX has
permitted showing their potential for the selection of control points in the plot where doing
more representative soil and crop sampling with important cost saving, and the adjustment
of irrigation and fertiliser supply in each zone of the plot, thereby improving the use efficiency.
Furthermore, image analysis also showed capability to identify areas with higher expected
production and to contribute to better design the harvesting plan. However, optical sensor
technologies like reflectance, while promising, still require higher development for practical
use in horticulture as calibration is necessary for different crops and varieties.
Regarding the use of tools for the improvement of the irrigation management, the water
balance method has been traditionally applied for the calculation of water requirements. In
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the FERTINNOWA project, several partners participating in T5.2 have gone beyond
exchanging and showcasing different advanced decision support systems. That is the case of
INTIA with sigAGROasesor-DSS platform, which is a Geographic Information System platform
for specific crop management optimisation of each plot included in GIS-PAC, giving
recommendations of irrigation based on weather forecasts and the specific conditions of the
plot. The correct performance of this system was validated by measuring plant water status
according to established methodology. The results were satisfactory although further testing
of the reliability of the system in different soil types and crops is still convenient. In Slovenia,
CAFS exchanged an innovative irrigation forecasting model for apples which integrates soil
moisture sensors (TDR probes) in order to optimise controlled deficit irrigation, taking into
account the peculiarities of the climate, soil and crop. The system allowed rationalised
consumption of water for irrigation while optimising yield and quality. Finally, CICYTEX
exchanged IRRIX, an innovative web platform that combines the estimation of the crop water
requirements by using the water balance method with a readjustment based on soil moisture
sensor readings, and that allows the automation of the irrigation. It was shown that precise
irrigation with this system allowed significant water savings close to 20% and that, like CAFS’
system, can be adequate for the implementation of deficit irrigation strategies. However, it is
not commercially available at the moment, being supported by IRTA research centre (Spain).
It would be necessary to go further by creating a commercial platform accessible for
interested users.
Showcase activities were a good opportunity to highlight the benefits of using different soil
water status sensors helping in decision making about when and how much to irrigate, and
to transfer knowledge to the final users about the interpretation of data supplied by these
sensors. That was the case of PCG with manual tensiometers, which had a lot of interest in
Belgium for controlling irrigation in outdoors vegetable crops because, despite being a robust
and relatively cheap sensor, are still not well known by growers. The disadvantage of manual
sensors related to the necessity of frequent readings can be solved by installing sensors with
automatic data transmission to the cloud and easy visualisation by computer or mobile
phone, like the capacitance sensor showcased by APREL and IVIA, which allows measuring the
soil water content at different soil depths and easily determining the wetting front, thereby
giving useful information for the optimisation of irrigation management. However, large soil
and climate spatial variability limits the extension of irrigation recommendations based on
localised monitoring points and makes necessary to identify representative points in the field
where installing the sensors. Remote sensing can be a big help for this selection.
On the other hand, soil moisture sensors give an opportunity for automatic irrigation, which
is a request of the growers, as long as the cost and the easiness of use being acceptable, as
these are important issues in relation with the adoption of the technologies. For that reason,
a simple and affordable (but reliable) automatic irrigation system for soil-grown vegetable
crops based on tensiometers was developed and showcased by FC. This system allowed
adjusting the supply of water to the requirements of the crop and significantly reducing the
use of water and leaching while maintaining production with acceptable cost and limited
supervision requirements. These benefits were especially evident when using non-optimal
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quality water for irrigation as, if combined with soil solution samplers, allowed easily reducing
the leaching fraction according to the soil salinity by adjusting the dose of water per irrigation.
Similarly to irrigation, fertigation management in soil bound crops can be assisted by using a
prescriptive and/or a corrective strategy. For prescriptive management, there are available
fertiliser recommendation schemes and DSSs, but not adjusted for all areas and growing
systems, so that previous work is still necessary for the adoption of these tools. In Belgium,
PCH exchanged KNS-system for nitrogen recommendations from Germany, where it is
commercial practice. In this case, only small adaptations were necessary as climatic
conditions are similar. A KNS-table is a simple strategy to take into account the weekly plant
needs, the nitrogen content of the soil (determined from soil samples) and the expected
mineralisation rate, which limits the fertigation rate to only the remaining need of the crop,
thereby not interfering with the production rate of the crop or the fruit quality and
maintaining remaining residue levels of nitrogen in the soil constantly lower than the
European limit. However, larger trials at farm sites will be necessary to convince growers
about yield to not be affected, as results in research are not the same as what they see in
their fields.
In southern Spain, UAL showcased VegSyst-DSS, a DSS for nitrogen recommendations in soilgrown vegetable crops under greenhouse calibrated and validated for the local conditions.
This tool provided a fertiliser plan that was specific to the conditions of a particular crop and
has meant an appreciable advance over the conventional practice of using a standard recipe
for N applications. VegSyst-DSS was combined with different monitoring tools in a
prescriptive-corrective strategy management. This included the measure of nitrate
concentration in the soil solution (extracted with ceramic cup soil solution samplers) and in
the petiole sap, being both measures carried out by using a relatively cheap rapid on-farm
analysis tool (portable selective ion-meter). The tendencies of soil solution nitrate
concentration with time, together with broad sufficiency ranges, provided information of the
adequacy of crop nitrogen management, whereas the nitrate concentration of petiole sap
was a useful indicator of crop nitrogen status in pepper crop. However, values of nitrate
concentration of petiole sap in tomato were appreciably less than the locally-determined
sufficiency values, even in the crop with conventional management. Hence, more work needs
to be done with tomato, in local conditions, before the nitrate concentration of petiole sap
can be recommended to tomato growers. In any case, significant reductions in nitrogen
application were achieved by using the proposed prescriptive-corrective management
strategy (even higher than 50%!).
Other two partners of T5.2, APREL and CICYTEX, also showcased various plant and soil
nutritional status monitoring tools. In southern France, there are currently available methods
for quick determination of the nitrate concentration in soil (auger soil sampling together with
Nitratest) and plant sap (PILazo), which are easy methods to be implemented giving reliable
and standardized results. However, growers do not practice them autonomously. For that
reason, additional tools were exchanged and showcased during the FERTINNOWA project
trying to achieve a more successful implementation at commercial level. Sap analysis in
laboratory allowed achieving data of all macro- and micronutrient contents in the plant.
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However, as no references were available in the area, it was not possible to actually adjust
fertilisation based on the measured values. DUALEX sensor was used to achieve information
about plant nitrogen status by correlation with the NBI index calculated from chlorophyll,
carotenoid and flavonoid content in leaves. It was really easy to use and quick but it is
expensive and, as no so many references were available as for PILazo, it was more difficult to
drive fertilisation. Regarding ceramic cup soil solution samplers, there were a lot of problems
for soil solution extraction and high variability between probes. Hence, more experimental
work will be necessary before implementing these technologies at commercial level in the
area.
Similar results were achieved in Extremadura (Spain), where growers take soil samples for
analysis in laboratory to make decisions about possible amendments before planting but
these are usually carried out too early, so that the measure can significantly differs from the
actual soil nutrient content at disposition of the crop in the moment of the transplant.
Furthermore, for the assessment of the nitrogen nutrition, the only available method is leaf
analysis, which is generally only used to diagnose a problem. However, it is not practical for
on-going monitoring of a fertigated crop. CICYTEX showcased the rapid measure of nitrate in
the soil and sap by using quick analysis equipment (Nitracheck), as well as the use of optical
sensors (SPAD and DUALEX) for the evaluation of the nitrogen nutrition. Measure of soil
nitrate content with Nitrachek sensor was a fast and useful method. Petiole sap analysis could
be used to assist in fertilisation management if having locally-determined sufficiency values,
so that more work needs to be done in local conditions before its recommendation to
growers. Measurements taken with SPAD and DUALEX sensors had high variability, especially
with fully developed crop, making difficult the interpretation of results. Optical sensors
require higher development for practical use in horticulture as calibration is required for
different varieties.
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