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PROJECT JUSTIFICATION 

The water deficit in the southeast of Spain reaches 700 hm3 per year, positioning this 
region as the one with the largest deficit in Spain and one of the largest in Europe. 

The intensive agricultural practices that are carried out in the region, both in soil and 
in hydroponics, have caused serious environmental effects. 

 

 
 

Figure 1.  
        Water scarcity in Spain   

           

To face with the scarcity of water, the maintenance of food production in irrigated 
agriculture has been possible through the use of low-quality water resources such as 
well water with high salinity. This has caused important secondary salinization of soils. 

The inefficient use of fertilizers, which infiltrate the subsoil together with agricultural 
drainage, are producing continuous contamination of the aquifers. It is estimated that 
90.1% of the coastal aquifers in Spain are classified as poor quality, mainly affected by 
their overexploitation and pollution by nitrates. The data reveal that more than 3000 
km2 of aquifers (50% of the total surface) are overexploited. 
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   Figure 2. 
     Quantitative state of aquifers in southeast      
    Spain (Segura River Basin). 

 
 
 

 

Fighting against these externalities is included in various European policies that have 
been aimed at reducing the environmental costs of intensive agriculture. The most 
prominent are: the Common Agricultural Policy (CAP), the Nitrates Directive 
(91/676/EEC) and the Groundwater Directive (2006/118/EC), and the Water 
Framework Directive (2000/60/CEI). 
LIFE DESEACROP project is aligned with the objectives pursued with these policies 
and is based basically on two pillars:  

The viability of irrigation with desalinated seawater from an agronomic, economic 
and environmental points of view and 

The implementation of soilless cropping systems with recovery and treatment of 
drainages as a means of increasing agricultural efficiency and productivity while 
promoting the sustainability of intensive irrigated agriculture. 

 

 

OBJECTIVES 

The main objective is to demonstrate the sustainable management of desalinated 
seawater for the production of crops in hydroponic systems with recycle of drains 
from a productive, economic, social and ecological point of view. 

The specific objectives are: 

To evaluate the agronomic quality of desalinated seawater. 

To improve the efficiency in the treatment of drainages and increase the efficiency 
in the use of water and its productivity. 

To demonstrate the viability of replacing conventional farming systems with soilless 
systems. 
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To evaluate the socio-economic and environmental impacts and implications of 
the management of desalinated seawater for irrigation. 

To replicate and transfer the results in other contexts. 

 

 

Figure 3. 
Photovoltaic solar leachate treatment 
plant installed nearby the demonstrative 
plot.    

 
 

 

 

 

WHAT HAS BE DONE? 

Irrigation with desalinated seawater 

 
Figure 4. 

Characteristic values of specific energy consumption (kW/m3) for the different stages of 
desalinated seawater production and supply for irrigation in SE Spain in 2017.  
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Advantages Drawbacks 

 
Drought risk buffer resource 

Increase the quality and quantity 
of crop yield 

Helps preserve soils and aquifers 

Solves problematic trends in soil 
salinization 

 

 
High energy consumption and 
carbon emissions 

Strict B3+, Na+ and Cl- standards for 
agricultural irrigation 

Agronomic risks such as crop 
toxicity and soil alkalization 

Lack of nutrients and 
fertilization requirements 

 

 

 

Soilless crops with recovery and treatment of drainages 

 

Figure 5. 
Schematic of the soilless system, powered by photovoltaic solar panels to treat the 
drainages 

 
 
 
 

 



 

 
 

LIFE16 ENV/000341 DESEACROP 
DESALINATED SEAWATER FOR ALTERNATIVE AND SUSTAINABLE SOILLESS 
CROP PRODUCTION 

 

INFORME FINAL DIVULGATIVO 
LAYMANõS REPORT 

 

 

    7 

Advantages Drawbacks 

 
Irrigated crops other than soil 

Drainages can be treated and 
reclaimed for irrigation 

High efficiency in the use of water 

High productive yields  

 
High technical knowledge and 
high initial capital expenditure 

High operating costs 

Low water retention capacity by 
substrates and quick reaction of 
the plant to good or bad nutrition 

 

 

 

TECHNICAL RESULTS 

Figure 6. 

Stage contributions 
of the impact 
categories for tomato 
production in 
conventional system 
(CS) and hydroponic 
system (HS) irrigated 
with desalinated 
seawater (W1), and 
two more mixed of 
desalinated seawater 
with underground 
water (W2 and W3). 
Stages: Greenhouse 
structure (red bars), 
irrigation system 
(yellow bars), 
production and 
management of 
pesticides (turquoise 
bars), production 
and management of 
fertilizers (green bars) 
and field operations 
(lilac bars).
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a) CS-W1 b) HS-W1 

  
c) CS-W2 d) HS-W2 

  
e) CS-W3 f) HS-W3 
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Values refer to two cycles of tomato crop; It considers that 1 kg of tomato fixes 128,9 g CO2; HS: Hydroponic System; SC: Soil cultivation; UG: Undergroud Water; DSW: Desalianted 
Seawater; DR: Drainages Recovery. *Shorter tomato cycles than envisaged in the proposal; ** CO2 emissions only associated to the energy consumption for irrigation. 

Figure 7.  
Envisaged and achieved general impacts with the DESEACROP project. 
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5.1. 

 

COMMUNICATION, DIFFUSION AND REPLICATION 

PRESENCE IN THE MEDIA 
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Figure 8.  
LIFE DESEACROP Webpage. 
www .deseacrop.eu  

Figure 10.  
LIFE DESEACROP Twitter 

Figure 9.  
LIFE DESEACROP Facebook 

Figure 11.  
LIFE DESEACROP LinkedIn 
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PARTICIPATION IN CONFERENCES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2. 

Figure 12.  
Water Reuse IWARESA (Murcia; June 2018) 

Figure 13.  
National Irrigation Conference 
(Valladolid; June 2018) 

Figure 14.  
3th Internation Conference on Food and 
Agriculture (Malaysa; November 2018) 

Figure 16.  
AEDYR Conference (Toledo; October 2018) 

Figure 15.  
National Irrigation Conference 
(Badajoz; June 2019) 
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Figure 18.  
National Water Conference 
(Alicante; Febraury 2019) 

Figure 19.  
IDA World Congress Dubai (Dubay; October 2019) 

Figure 17.  
MEDRC Congress (Cyprus; March 2019) 

Figure 20.  
X Congreso Ibérico de Agroingeniería 
(Huesca; Septembre 2019) 

Figure 21.  
EU Projects Conference 
carried out by UPCT 
(Cartagena; November 
2019) 

Figure 22. 
Young Water Professionals 

Congress (Madrid; 
November 2019)) 
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PUBLICATIONS IN JOURNALS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3. 

Figure 23.  
Several publications in research and dissemination journals. 
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COURSES AND SEMINARS ORGANIZATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4. 

Seminar: Looking for a fair 

price of water 
Course: Fertigation optimization in hydroponics 

and recycling of drainages by desalination 

Course: Seawater desalination for agriculture 

Course: Sustainable use of desalinated seawater 

for agriculture 

New developments in the use 

of desalinated water in 

greenhouse soilless crops  

New developments in the use 

of marine desalinated water in 

intensive crops  

Desalination by reverse 

osmosis  

Figure 24.  
Several courses and seminars organised 
by DESEACROP. 
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Course: Soilless crops 

Course: Use of desalinated seawater for 

agriculture 

Seminar: Desalinated seawater for 

irrigation 

Advances and final outlooks of 

LIFE+ DESEACROP in 

greenhouse soilless crops  

Advances and outlooks of 

LIFE+ DESEACROP in 

desalinated crops with 

especial emphasis on 

holdings located in Almería 

and Nijar  

Desalination for 

agriculture. Current 

situation in South East 

Spain  

Figure 25.  
Several courses and seminars organised 
by DESEACROP. (Bis) 
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FLYERS, NEWS, PRESS 

 

 

 

 

5.5. 

Figure 26.  
LIFE-DESEACROP flyer. 
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Figure 27.  
Some LIFE-DESEACROP press releases. 
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NETWORKING 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.6. 

Networking with AZUD ð Visit to the 

company 

Networking with Project LIFE DRAINUSE 

Networking with General Water Director 

Networking with Project LIFE AGREMSOIL 

Figure 28.  
LIFE-DESEACROP Networking 
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REPLICATION ð BUSSINESS CASES 

 

 

 

 

 

 

 

 

 

Networking with Project ERANET JPI DESERT 

Networking with Project RTC SEARRISOST 

Figure 29.  
LIFE-DESEACROP Networking 
(Bis) 

5.7. 

Figure 30.  
Bussiness case: Comunidad de Regantes Campo de Cartagena (October 2020) 
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PROJECT OBJECTIVES AND RESULTS ACHIEVED 
The main objective of the project is to demonstrate the viability and sustainability of 
the use of desalinated seawater for the irrigation of crops in closed hydroponic 
systems in the Mediterranean region, from a productive, economic, social and 
environmental point of view. 

Sub-objective 1. To characterize the current and planned capacity in the short and 
medium term of desalinated water production and the potential area for hydroponic 
crops that can be irrigated with these resources. 

In the southeast of Spain, the total investment in seawater desalination plants and 
associated distribution systems amounts to more than û1,500 million for a total 
production capacity of 362 Mm3/year, of which up to 268.3 Mm3/year could be used 
for irrigation.  

 

  Figure 31.  
Evolution of agricultural 
supply of desalinated 
seawater in southeastern 
Spain by desalination 
plant. The total 
production in the public 
and private plants is also 
described. Martínez-
Alvarez et al. (2019) 
(Water 2019, 11, 1233; 
doi:10.3390/w11061233) 

 

On the other hand, the results of the characterization of the potential surface for 
hydroponic crops indicate that in the Almería region there are more than 30,000 ha 
dedicated to protected cultivation under a greenhouse, of which approximately 
6,000 ha are dedicated to substrate cultivation. These 6,000 ha have a high potential 
to implement the developments demonstrated with the LIFE DESEACROP project.  

 

  Figure 32.  
Evolution of the greenhouse and substrate cultivation area in the province of Almería 
(south/east of Spain) 
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Sub-objective 2. Evaluate the quality of desalinated water supplied for irrigation and 
analyze its adaptability for different crops based on their requirements for optimal 
production. 

The physico-chemical quality of desalinated seawater is unique and is characterized 
by its low concentration of calcium and magnesium ions and high sodium, chloride 
and boron concentrations.  

 
  Figure 33.  
Main characteristics of 
the water produced in 
the coastal desalination 
plant of Carboneras 
compared with quality 
standards for irrigation in 
soilless cultivation 
published by De Kreij et 
al. (1999) 

 

These differences in quality mean that irrigation with desalinated seawater, if not 
managed properly, can have effects on the alkalization of the soil. 

 

   Figure 34.  
Potential risk of soil sodicity in the medium-
long term, evaluated using the sodium 
adsorption ratio (SAD) and the electrical 
conductivity (EC) of the irrigation water. 
The points represent the AMD values 
supplied by the four largest desalination 
plants in the Segura Basin, the Tajo-Segura 
aqueduct and brackish groundwater in the 
study area 

 

 

Additionally, irrigation with water of these unique characteristics requires an expert 
adaptation of fertigation programs, considerably increasing costs, which is why 
mixing strategies represent a more than viable option to lower costs.  

   

  Figure 35.  
Increase in the cost of fertigation (FgC) 
for the scenarios of total and partial 
replacement of desalinated seawater. 
Martínez-Álvarez et al. (2020) 
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Sub-objective 3. Increase efficiency of water use and prevent nutrient leaching 
through treatment and recirculation of drains. 

The experimentation of the LIFE+ DESEACROP project has made it possible to 
demonstrate the feasibility of treating agricultural drainage for its subsequent reuse in 
crop irrigation. This treatment eliminates their filtration to the aquifer and therefore 
their subsequent contamination. 

The combination of the ultrafiltration process with recycled membranes and reverse 
osmosis has proven to be an effective alternative to physical-chemical pretreatment, 
allowing the optimization of the UF process and giving continuity to the LIFE 
TRANSFOMEM project (LIFE13 ENV/ES/000751).   

Throughout the project, 60.4 m3 of drainage has been treated, of which 33.7 m3 
(56 %) have been recovered, reducing the overall consumption of irrigation water. In 
addition, the collection and treatment of drainage has prevented its discharge into 
the aquifer, avoiding its contamination and reducing environmental effects.  

  Figure 36.  
Evolution of the flows 
treated and recovered 
by the reverse osmosis 
treatment system 
powered by solar 
panels during the four 
growing cycles 

Sub-objective 4. Optimize the use of desalinated water in hydroponic systems for 
different crops in order to increase quality and productivity. 

The project proposal indicated that tomato production would increase by 119 % 
(from 140,000 to 307,000 kg/ha) when irrigating with better quality AMD. In our 
demonstration trial, tomato production increased from 90,800 to 132,568 kg/ha; i.e. 
an increase of 46 %, and the use of water for irrigation was reduced by 11 % (from 
5,340 when irrigated with well water to 4,780 m3/ha when irrigated with AMD in a 
drainage recirculation scenario. lower than expected shows that irrigation with AMD 
allows to increase crop productivity (kg/m3) significantly compared to irrigation in 
well water or irrigation in soil. The lower production obtained in our test is basically 
due to cycles shorter tomato than expected and the appearance of the pest absolute 
that caused production losses in the four growing cycles. 

Regarding the quality of the fruit produced, irrigation with AMD has not influenced 
the quality of the fruit. The main results of the effect of irrigation with AMD on fruit 
quality have been published in Antolinos et al. (2020).  

Sub-objective 5. Assess the viability of replacing conventional crops with hydroponic 
crops irrigated with desalinated seawater, providing performance indicators of 
energy and water consumption, carbon footprint and costs and profitability of the 
crop. 
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The project proposal indicated that tomato irrigation with AMD could increase the 
energy consumed 7.4 times (from 3,840 kWh/ha/year in a hydroponic irrigation with 
well water to 28,480 kWh/ha/year in a hydroponic irrigation with AMD) and the 
emission of CO2 into the atmosphere (from 1,014 kgCO2/ha/year in a hydroponic 
irrigation with well water to 7,519 kgCO2/ha/year in a hydroponic irrigation with 
AMD). Our results indicated similar increases in energy consumption and CO2 
emissions (from 3,197 kWh/ha/year and 1,178 kgCO2/ha/year in a hydroponic 
irrigation with well water at 23,804 kWh/ha/year and 8,772 kgCO2/ha/year in a 
hydroponic irrigation with AMD without recirculation of drains). However, these 
indicators expressed specifically related to production were slightly higher in our 
demonstration trial as a consequence of the lower production obtained (see sub-
objective 4) basically due to shorter tomato cycles than expected and the appearance 
of the plague absolute tuta that produced production losses in the four growing 
cycles.  

With regard to the carbon footprint, although the final balance was lower in our 
demonstration test with respect to that estimated in the project proposal (32,053 
kgCO2/ha/year foreseen in the project and 8,316 kgCO2/ha/year calculated in the 
project), the tomatoes, despite being irrigated with desalinated water, the reduced 
production and the tuta problems, behaved as carbon sinks.  

Sub-objective 6. Evaluate the socioeconomic and environmental impacts of the use of 
desalinated water for irrigation, in order to inform political authorities about the 
challenges for the future sustainable management of water resources for agriculture.  

The recovery of 64 % of drainage water for irrigation and the management of the 
remaining 36 % by mixing with other flows such as rainwater represents reaching 
discharge 0 in our demonstration trial. This circumstance means that our agriculture 
model completely avoids the risk of contamination of the aquifer, therefore helping its 
conservation and sustainability.   

 

 

  Figure 37.  

Indicator values for the different strategies. H: Hydroponic; S: Soil; T1: AMD; T2: Well 1 and T3: 

Well 2 
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Sub-objective 7. Transfer the results to other European and international regions with 
similar contexts of scarcity of water resources. 

Through the LIFE+ DESEACROP project, different potential areas of project 
implementation were identified and characterized. 

 

 

  Figure 38.  
Potential areas for the 
implementation of the 
DESEACROP model in 
Europe 

 

 

Several business cases were prepared following the three-layer Canvas model. 

 

  Figure 39.  
Canvas model to 
develop business 
models 

 

 

 

Finally two business cases were presented to the Community of Irrigators of Campo 
de Cartagena and the MINISTRY FOR AGRICULTURE, FISHERIES, AND ANIMAL 
RIGHTS from Malta. 

       

  Figure 40.  
Presentation of DESEACROP business cases to (a) Agriculture Directorate Rural Affairs 
Department of the Ministry for Agriculture, Fisheries, and Animal Rights of Malta and (b) 
Comunidad de Regantes del Campo de Cartagena in Spain 
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RESULTS OBTAINED AS REGARDS BORON 

Boron is an essential trace element for the growth, development and productivity of 
horticultural crops. Its availability in soil and irrigation water is an important 
determinant of agricultural production. However, signs of toxicity can appear when 
plants are exposed to high concentrations of B, and there is generally a small window 
between deficiency and toxicity. 

 

   

  Figure 41.  
Theoretical relative yield influenced by 
the boron of the soil solution. Source: 
Gupta et al., 1985 

 
 

 

Boron concentrations in surface irrigation waters are generally less than 0.1 mg/l, but 
can exceed 1 mg/l in some supplies such as desalinated seawater. Boron toxicity 
symptoms are generally the result of the combination of B concentration in irrigation 
water above 1 mg/L and handling of sensitive crops, therefore there is increasing 
concern about the risk of toxicity associated with irrigation with desalinated seawater 
when handling sensitive crops. 

The boron concentration in desalinated seawater during the demonstration trial was 
close to 1 mg/l (Figure) as specified in the production regulation in Spain for 
production in coastal desalination plants (max. 1 mg/l of boron). 

  

 

  Figure 42.  
Boron content in irrigation water 
for each treatment. T1: AMD; T2: 
Well 1 and T3: Well 2 

 

 

 

Tomato has been described in the literature as a Boron tolerant crop with sensitivity 
levels between 4 and 6 mg/l (Maas 1990). 

In our demonstrative trial, the effects of Boron on the soil for each crop cycle are 
presented in the following figure. 

6.1. 
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  Figure 43.  
Evolution of boron concentration in the soils of the three treatments (T1: AMD; T2: Well 1 
and T3: Well 2; (a) first cycle, (b) second cycle, (c) third cycle and d (fourth cycle) 

In the demonstration trial, no significant accumulation of boron was observed in the 
soil during the four cultivation cycles. Maximum concentrations reach levels < 2.0 
mg/kg, which is considered a medium level (Thiagalingam, 2000). This medium level 
indicates that there is no risk of phytotoxicity or deficiencies from this element 
(Horneck et al., 2011). 

In our demonstrative trial the effects of Boron on the crop for each crop cycle are 
presented in the following figure. 

 

   

  Figure 44. 
Evolution of boron 
concentrations in the 
plants of the three 
treatments (T1: AMD; 
T2: Well 1 and T3: Well 
2; (a) first cycle, (b) 
second cycle, (c) third 
cycle and d (fourth 
cycle) 

 
 

The levels reached exceed in some samplings the threshold concentration of 100 
mg/kg cited in the bibliography as the concentration from which negative effects 
could begin to be observed in tomato cultivation (Junta de Extremadura, 1992). 
However, tomato is a boron tolerant crop as discussed above and no negative effects 
on the crop have been seen. 
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Figure 45.  
LIFE-DESEACROP After LIFE Plan 
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