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PROJECJUSTIFICATION

The water deficit in the southeast of Spain reaches 700°tpar 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 environmentdeefs

m Low utilization
Cyclical scarcity
DI Structural scarcity

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 leyuality water resources such as
well water with high salinity. This has caused important secondary salinization sf soil

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 qualitylynaffiected by
their overexploitation and pollution by nitrates. The data reveal that more than 3000
km? 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)

1

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/CEl).

LIFE DESEACROP project is aligned with the objectives pursued with these policies
and is based basically on two pillars

The viability of irrigation wittdesalinated 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 theustainable management of desalinated
seawater for the production ottrops 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 theeatment 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 socieconomic and environmental impacts andnplications of
the management of desalinated seawater for irrigation

@ 710 replicate and transfer the results in other contexts

Figure 3.

hotovoltaic solar leachate treatmel
plant installed nearby the demonstrativ
plot.

e WHAT HAS BE DONE?

Irrigation with desalinated seawater

3.49 - 4.84 kWh/m®

Total specific energy for agricultural DSW supply |

| 0.12-0.62 kWh/m? 2.78 - 3.35 kWh/m? 0.43 - 1.04 kWh/m? 0 kWh/m? 0-0.20 kWh/m? f
—— — - —
: _ Seawater : Seawater | DSW pumping to E DSW conveyance to i Pumping for E
| intake pumping | desalination ' regulating i irrigation districts or (water distribution;
1) : processes (2) | reservoir (3) individual farmers (4) | intoirrigation |

i ; districts (5) |

Desalination Plant

- Pretreatment
- Reverse osmosis
- Post-Treatment

Figure 4.
Characteristic values of specific energy consumption (kW/fior the different stages of
desalinated seawater production and supply for irrigation in SE Spa20iy.
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Advantages Drawbacks
.Drought risk buffer resource @ High energy consumption and

carbon emissions
@ \ncrease the quality and quantity
of crop yield @ strict B, Na and Ci standards for
agricultural irrigation
@ Helps preserve soils and aquifers
@ Agronomic risks such as crop
@ solves problematic trends in soil toxicity and soil alkalization
salinization
.Lack of nutrients and
fertilization requirements

Soilless crops with recovery and treatmentdosinages

sssssssssssss

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



j LIFE16 ENV/0O0034DESEACROP
2 DESALINATED SEAWATER FRORERNATIVE AND SUSTAINABLE SOILI
- CROP PRODUCTION

w,. ..,

Deseacrop

AGUA DESALADA PARA CULTIVO

INFORME FINADIVULGATIVO
LAYMANS8S REPORT

Advantages Drawbacks

@ !rrigated crops other than soil @ High technical knowledge and
high initial capital expenditure
@ Drainages can be treated and

reclaimed for irrigation .High operating costs

@ High efficiency in the use of water @ Low water retention capacity by
_ S substrates and quick reaction of
@ High productive yields the plant to good or bad nutrition

TECHNICAL RESULTS

Figure6.

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 ba)
and field operations
(lilac bars)
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Envisaged impacts in the proposal Real impacts calculated in the project

HS HS HS sc sc HS HS HS HS
0, 0, [+ [+ 0 0 0
100%UGW 100§:GW 100;::SW 100%UGW | 100%DSW 100%UGW 100%DSW 100/;:GW OOSJESW

Yield
{kg“;ha) 140,000 140,000 307,000  88,600* 101,400 90,800 132,568 90,800 132,568
Water used 8,000 6,400 6,400 3,840 3,900 6,660 5,980 5,340 4,780
(m3/ha)
Energy used 3,840 3,072 28,480 1,843 19,422 3,197 29,780 2,563 23,804
(kWh/ha)
Specific energy
e 27,0 22,0 93,0 208 1915 35.2 224.6 28.2 1796
€O, emissions 1,014" 811 7,519 679 7,157 1,178 10,974 945 8,772
(kgcozlha) ’ 7 ’ ’ ’ ’
Specific CO, 7.24 5.79 24.49 7.66 70.58 12.97 82.78 10.40 66.16
(kgC0,/t)
€O, fixed 18,046 18,046 39,572 11,420 13,070 11,704 17,088 11,704 17,088
{kECOz/ha/Vear) ’ ’ ’ ’ ’ ’ ’ z !
Total CO, reduction
(kgCO,/ha/year) 17,032 17,235 32,053 10,741 5,913 10,526 6,114 10,759 8,316

Values refer to two cycles of tomato crop; It considers that 1 kg of tomato fixes 128,9 g CO2; HS: Hydroponic Systenh;c8i@vadioin; UG: Undergroud Water; DSW: Desalianted
Seawater; DR: Drainagé®ecovery. *Shorter tomato cycles than envisaged in the proposal; ** CO2 emissions only associated to the energy consuonjtimation.

Figure 7.
'Envisaged and achieved general impacts with the DESEACROP project
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G COMMUNICATION, DIFFUSION ANREPLICATION
PRESENCE IN THE MEDIA
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=g We are approaching the end of the DESEACROP project, the fourth cycle has
already ended and our researchers are analyzing the results obtained
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DESEACROP LIFE & sitio web de la empresa 2

Almeria y alrededores, Espafia - 348 contactos
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Figure 11.
LIFE DESEACRQIPkedIn
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PARTICIPATION IN CONFERENCES
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Seawater desalination for agriculture in XXXVII Congreso Nacional de Riegos, Don Benito (Badajoz), 2019
southeastern Spain: two case studies,
greenhouses and open fields A'1 1
ONGOING PROJECTS
S T b ¢ e RIEGO DE TOMATE BAJO INVERNADERO
e e’ A i CON AGUA MARINA DESALINIZADAY

REUTILIZACION DE DRENAJES

Maestre Valero, J. (1), Gallego Elvira, B.(1), Martinez Alvarez, V.(1), Martin Goriiz,
B.(1), Marin Membrive, P.(2), Valera Martinez, D.L.(2), Acosta Avilés, J.A.(1), Martinez
Martinez, Antolinos Lopez V. (1)
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OBJETIVOS

Figure 14.
3™ InternationConference on Food and
Agriculture (Malaysa; November 2018)
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National Irrigation Conference
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Figure 16.
AEDYR Conference (Toledo; October 2018)
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LIFE Deseacrop. Desal water for agriculture
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Includes a pilot plant fed by

. ! 5
g S .i. ) ™ | solar energy and drainage
i - R reuse

Target: to demonstrate the sustainable p
management of desalted seawater for TYvyy

agriculture  production  (mainly  for - \‘
hydroponic crops in closed cycle) from —J == -

the productive, economical, social and s
environmental points of view in the o
Mediterranean Region >
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Figure 17.

MEDRC CongresCyprus; March 2019) q\lFigure 18.

ational Water Conference
(Alicante; Febraury 2019)
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Se certifica que el trabajo titulado
Sostenibilidad ambiental del riego con agua marina

desalinizada y reutilizacion de drenajes en tomate bajo
invernadero

Cuyos autores son
H Bernardo Martin Gorriz; Francisco Jose Maestre Valero;
F I g.l re 19 . Belen Gallego Elvira; Victoriano Martinez Alvarez

IDAWorld Congress Dubai (Dubay; October 2019

Ha sido presentado en formato ORAL en el
X Congreso de Agroingenieria, celebrado en
la Escuela Politécnica Superior (Universidad Zaragoza),
Huesca(Espana), de 3 al 6 de septiembre de 2019.

Huesca, 0 7de septiembre de 2019
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Figure 20.
X Congreso Ibérico de Agroingenieria
(Huesca; Septembre 2019)

OBJETIVOS DEL PROYECTO
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o
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v
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o
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Flg.,lre 22 ’ iagua o4 Impacto socioeconémico
Young Water Professional. N
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November 2019) i W S—

Congreso IWA Young Water Professional Spanish Chapter 2019 2
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PUBLICATIONS IN JOURNALS

Agrcaltuca Water Massgemens 239 (20209 106257 ) Wate s
Contents lists available at SclenceDirect T Contents lists available at Sciencebirect
Agri Water Agricultural Water Management
journal homepage: www clsevier comlocate/sgwat ELSEVIER journat homepage: www.elsevior.com/locate/agwat
Review

A about fertigation costs with desali d in Producing lettuce in soil-based or in soilless outdoor systems. Which is more | )
south-eastern Spain =) economically profitable? )
V. Martinez-Alvarez ", B. Gallego-Elvira’, J.F. Maestre-Valero', B. Martin-Gorriz, J.E. Maestre-Valero™, B. Martin-Gorriz®, M. Soto-Garcia”, M.A. Martinez-Mate®,

M. Soto-Garcia" V. Martinez-Alvarez"
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Afenso XEL 48 30203 Corsapns, S
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Comrdd de Rustes Campe de Coriagma, P Ao I, 23, X201 Cartogma, Spain i e o s Coge. o A 1 253008 g, o

ARTICLEINFO ABSTRACT ARTICLE INFO ABSTRACT

o Desalinaied sea water (USW) provides 4 seady agricultural water supply that avercomes climatalogical st Kepmori: This a1 pesents a0 esonomic asessnnt of two lestce production sysens, sl culiveion (5 and

Detinsticn gt ot Gtre o secu sed s st iy ' wicraraed e o the et Ak sechaoger trent i under theve supgdy

imipaten ster desslination foe isigation has bees. massively emplemented in south-esstern (SF) Spuin Watr peaductivy waabitiey

raprer e e et o e Net peccnt vabie I the T sy, he i, the i prodiciy, e s, O v et w55, 35,

Yose Ut ventional water sources with DSW due 1o its higher price and the seed for additional fertilization. This article O I 59,57 and

o coe. DSW for isrigacion. The S E— value (NPV) in the NFT system 3.1 Gmes higher than in u- SC system, which indicated that the m yem
Increases in ccnts o sally (100 with could be & more gy tham SC. Homeever,

mmcmdlwnkwwwwuwmmhsw
The sesults show that the total replacement of conventional resources implies & fert

Higher than n the NFT sysem, which
cont nerease
equivaien 10 32-35.5% of the cro prodaction cons. Hweve, eplacin oty 50 % of the convention e

‘and the higher profitabllity isk of the NFT systemn. 1 this sene, the higher investment and operationsl costs
he NTT armem I 0o bower o of roictl s (0079 vers 0190, wich der i -

5 157%) Btios, posoned the it shove the NTT ssiem. The sensivity sl 10 e price of DSW shomed &
stthough . edced by more than bl fegpive NPV nthe S cl o e 1000 of rigaion wth LW rom o e piceof 11 €. Soch
Laxabing at igat e ty losses negative NPV was resched from 1.6 €/m” in the NPT system. Reganding the sensitiviey analysis for letnuce yield,
129.1%), which only he NPV became megativ in the SC system o & yicld of 6,000 ke e 9 the NFT systems under 100% of
1%). o irvigation with DSW when yield was less ian 215,000 kg/ha/yoar. In short, the rosdts indicated that the NFT
compensate for the Icrease n the fetigtion cot e arealstic fo (radiioasl crops (> 15 % for melon —
od al crope (< 10%)

: e s o e ety kst e

maintain agriculrural proficabilty.

Agua desalinizoda |

water
. ey Principales aspectos del riego con agua marina h
anie desalinizada en la cuenca del Segura

Effects of I.rrigation with Desalinateq Seawater and : e o
Hydroponic System on Tomato Quality %3 RIEGO CON AGUA MARINA DESALINIZADA.

‘Vera Antolinos, Maria J. Sinchez-Martinez, José F. Maestre- Valero, Antanio Lopez-Gomez and
Ginés B. Martinez-Hemindez *

\grestos Engincring Depasment, Universdad o o

iy [

et FNA anmo ey

i e e ety s
- Tl

Recived: 24 Deaember 2019; Acaepied: 10 February 2020; Published: 13 February 2020 pddiar

Abstract: The use of desalinated seavater (DSW) as an altemative to conventional water resources

is gradually gaining more inferest due to the strong st and increasing pressure on waler

resources in semi-arid regions. Furthermore, 3
I

ey

Pty
d through the whole year

and hydroponic-related high crop y!h‘l. Nevertheless, the effects of DSW irrigation in hydroponic
systems toavoid Tosses In this study,

e hmh.yn; Ramye and Racymo) of s 4 gricoLa  Fruticulty byt T
irrigation tretements (1, DSW; T2, DSWjwell water mix; and T3, e e b / BNGEL | cuitura

The saluble solid samples ﬂnshly comlated - dry matter cme 00 - : 7 e e
content) grown and T3 irigation sh & “Bri) -
although such differences (<06 *Brix) with T1 might ot be 5(nsﬂnally appreciated. Similarly,
although T3 y than Tt samples such dif ek groeccr
apprecated by t T ditions had 1.1-1.2-fold higher
ditions showing hyd: T3 samples had the high -

(21 21, Tomato & Racymo displayed higher color index (cheve) than . Ramyle egiteing
hydroponic T1 labed with the

411 mg/kg T irmigation of tomatoes cv.
lower than 10% were observed in the tomatocv. Kacymn The highest total antioxidant capacity, which
was highly correlated to the total phenalic content (R? =0.80), was found for hydroponic T1 samples
with 163771243 Conclusively, the use of DSW would not
compromise the consumer acaeptance of tomatoes due to the low {not appreciable) quality diflrences,
witheven the total Furthermore,

the mix of
s .

Keywords: lycopene; i

m Imernstonal Jourmal of G
Erm ik Gori

. water i P o Y
Article

Artide

Aquifer Sustainability and the Use of Desalinated
Seawater for Greenhouse Irrigation in the Campo
de Nijar, Southeast Spain

Characterization of the Agricultural Supply of
Desalinated Seawater in Southeastern Spain

O, EL RIEGO

Victoriano ¥ José A. i 140, Luis J. Bel Urefia ', Juan E. Velasco-Mufioz '® and
Belen (.allegrhl'.lvlu  and Bernardo Martin-Gorriz (v() \ \( vl’ \ Diego L. Valera 20
Agricultural Engineering (.A-nlzr Technical Um\mrv ot Cartagena, Paseo Alfonso XIII 48, 4 ' ! Department of '-f\"-\k“'l‘ Business, Research Centre CLAIMBITAL “f‘“ﬂh‘“l University of Almeria,
30203 Cartagena, Spain; JEM. MIG-O); YO P | el A L8 My
foet Ay DESALINIZADA ? Oxparinms ot Epioing Remaris e CIAMBITAL ooy of Ao, . Scrmnio s/,
. G i . Tol.: + 3 W 4 l 04120 Almeria, Spain; dvalera@usles
2 e 2 W * Comespondence: punartval es Tel 434950015192
o en el sureste espanol o
Received: 30 April 2019; Accepted: 12 June 2019; Published: 13 June 2019 updates st 71 Wiy 3% Mt i S ot s okt
Abstract: The increasing shortage of water for crop irrigation in arid and semiarid regions is Abstract: In the Campo de

encouraging the use of non-conventional resources. In the last decade, seawater desalination has

been dael»p«i Dased on the tseof ;mundun-l For many years, aquifers have been ov mxplmkd
consolidated its position as an alternative source to increase the supply for agricultural irrigation in almost

t s planned
Spain and lsrael, where the farmers’ acceptance is progressively rising, despite the supply price being i to improve this situation and to aquifer However the aqiter
e Uit o thas e P ke i Rt Ptk g i stll e s oo seawater foc irigatian. I this
of desalinated seawater production and supply to agriculture in the southeast of -:;-am and analyzes x "r":u"‘u 5 T T Tmn‘h:mﬁ:‘k ‘: ‘aquifer
ke) questions such asits role in regional waler planing, theinfrastructure nesded for conveyance sustainability. The study aimed to identify the variables which conditian the use of this water
pepiikiiz frst , and the final price resource, as well as the kinds of incentives that encourage this option. For this purpose, a survey

) dlatnton. s oy oo 2 kot cou e e e sty b e g

farmers. The study is on N cted from

Fa art e . The resul fysis allowed P e

plants and irrigation district managers through technical questionnaires and personal intorviews. Jinab igation. Furthermore, the g e showed e varaies ht
The results show how seawater desalination is effectively alleviating the regional constraints in Gtk e i el s ou W Gt Ao i availability of
the irrigated agriculture supply, and why it is becoming strategic to maintaining food production " i sy P different i available for iigation. The incentives

and sociceconamic development. However, the high-energy nd associated costs in
comparison with other water sources limit a more widespread use for agriculture, and for this reason
desalinated water still only plays a complementary role in most irrigation districts.

promoting the use of desalinated seawater for rrgation that 18c0! macoarage fermrs are the

Keywords: aquifers; sustainability; desalinated seawater; horticulture; cluster analysis; binary
Keywords: P P water price; agriculture resilience. = logistic regression

Figure 23.
Several publications in research and dissemination journals
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Course: Fertigation optimization in hydroponics
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Several courses and seminars organised

Course: Sustainable use of desalinated seawat
for agriculture
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Desalination for
agriculture. Current

situation in South East
Spain

Seminar: Desalinated seawater fa
irrigation
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B
. Deseacrop
IJORNADA CATEDRA TRASVASE Y SOSTENIBILIDAD JOSE MANUEL CLAVER VALDERAS
AGUA MARINA DESALINIZADA PARA RIEGO AGRICOLA.
SITUACION ACTUAL Y ASPECTOS AGRONOMICOS A CONSIDERAR

FECHA:Jueves 19 de abril de 2018

LUGAR: Salén de Actos de la Escuela Técnica Superior de Ingenieria Agronémica.
Universidad Politécnica de Cartagena. Paseo Alfonso X, 48. CARTAGENA
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Figure 25.
Several courses and seminars organised
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Contactos

COMUNIDAD DE USUARIOS DE LA COMARCA DE NiJAR
Antonio Lépez Ubeda (Antonio.lopez@upct.es)
UNIVERSIDAD POLITECNICA DE CARTAGENA
Coordinador del proyecto: José Francisco Maestre Valero
(Josef.maestre@upct.es)

UNIVERSIDAD DE ALMERIA (CIAIMBITAL)

Diego Luis Valera Martinez (dvalera@ual.es)

VALORIZA AGUA

Antonia Elena Campos Pozuelo (ecamposp@sacyr.com)

CUCN @ =) Universidad
@ 4y Poitécnica
B uvirsoaDr Ak de Cartagena

Il Objetivo Principal

El objetvo principal de DESEACROPes demostrar la viabilidad y
sostenibilidad del uso de agua de mar desalinizada para el riego de cultivos
en sistemas hidroponicos cerrados en la region mediterrinea, desde un
punto econémico, social y

Caracteriz v
la produccién de agua desalinizada y la superficie potencial para
cultivos hidropdnicos que puedan ser regados con estos recursos.

Evaluar la calidad del agua desalinizada suministrada para riego y
analizar su adaptabilidad para diferentes cultivos en funcidn sus
requerimientos para una dptima produccién.

Aumentar eficiencia del uso del agua y prevenir lixiviacién de
nutrientes mediante el tratamiento y recirculacién de los drenajes.

Optimizar el uso de agua desafinizada en sistemas hidroponicos
para diferentes cultivos con el fin de aumentar la calidad y
productividad.

Valorar la viabili plazar lo:

cultivos hidropdnicos regados con agua de mar desalinizada,
proporcionando indicadores de rendimiento del consumo de
energia y agua, huella de carbono y costes y rentabilidad del
cultivo.

Evaluar | bientales del
desalinizada para riego, con el fin de informar a las autoridades
politicas sobre los desafios para a futura gestién sostenible de los
recursos hidricos para la agricultura.

Transferir los resultados a otras regiones ewropeas e
internacionales con contextos similares de escasez de recursos
hidricos.

Figure 26.
LIFEDESEACRORP flyer
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Il Paquetes de trabajo

A. ACCIONES PREPARATORIAS
A1 Caracterizacién de la produccion de agua de mar desalinizada actual y
pravista a corto y medio plazo para los regadios del sureste de Espafia

B. ACCIONES DE IMPLEMENTACION
21 Configuracidn de las parcelas experimentales

82 Confi

83 Respuesta del cultivo y del suelo a los tratamientos de riego y a la
recirculacién de drenales tratados

8 plande

C. MONITOREO DEL IMPACTO DE LAS ACCIONES DEL PROYECTO
1 T del riego con

agua de mar desalinizada

D. CONCIENCIA PUBLICA Y DIFUSIGN DE RESULTADOS
D1 Divulgacién de los resultados del proyecto

E. GESTION DEL PROYECTO
E1 Gestidn y monitoreo del proyecto

£2C i d Impacto

£3 Capitalizaciény plan de sostenibilidad a largo plazo
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epmurcia.es | europapress

» Regién de Murcia 28/03/2018
Agricultura colaborara con el CEBAS y la ms, P
b 8

UPCT en la difusién de proyectos de cultivos y silversidad de Alifieria ss inen
sin suelo o murce UPCT y Univi
UPCT y Universidad de Almeria se unen para pﬁ? ll‘,tllls(c)ar soluciones a la escasez de agua

Fuente: CARM buscar soluciones a la escasez de agua de cultivo °

El director general del Agua, Miguel Angel del
Amor, se reunié hoy con los coordinadores de
los proyectos LIFE sobre el uso de sistemas
cerrados de cultivo sin suelo, Vicente

£Now. (EUROPA PRESS)-

e Martinez y José Maestre, del Centro de
Ry Edafologia y Biologia Aplicada del Segura
(CEBAS) y Ui de

Cartagena (UPCT).

Los proyectos 'LIFE DrainUse, Re-utiization of drainage solution from
soilless culture in protected agriculture. From open to close system’
y 'LIFE Deseacrop Desalinated seawater for alternative ad
sustainable soilless crop production’ se financian con fondos de la
Unién Europea y tienen el objetivo comdn de demostrar la
viabilidad de una i y y
basada en el uso de

sistemas cerrados de cultivo sin suelo (hidropénicos); es decir, con
y de los drenajes y sus

nutrientes, siguiendo sistemas de economia circular. Los resultados
de las pe las bases técnico-
il menos

mavins denalinizada en ua novedows cscuito cermado pasalos

‘asteucién docente

EL SANEAMIENTO ES CLAVE
PARA LA SALUD Y EL MEDIO
AMBIENTE

ri 9 DE NOVIEMBRE

ientificas para el
dependiente del uso del suelo y de los recursos hidricos.

En la reunién se abordaron las principales lineas de accién de ambos
y se acords la pi de jornadas técnicas para la
i icacién de los a los agentes

Agrcferesal s sdeiane, cusnde s desaiciel e snatics e
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NETWORKING

Networking with AZUD & Visit to the
company

Networking with Project LIFE DRAINUSE

Networking with Project LIFE AGREMSOIL

P T

Figure 28.
LIFEDESEACROP Networki
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Figure 29. i ~-
LIFEDESEACROP Networking
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I
and sustainable

Agua de mar desalada como alternativa y produccion
sostenible de cultivos hidropénicos ‘

Informe de transferencia de resultados para la Comunidad de
Regantes del Campo de Cartagena

CONCESIONES

SacYragua

Bussiness case: Comunidad de Regantes Campo de Cartagena (October 202(
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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
environmertal point of view.

@ Subobjective 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 t
production capacity of 362 Mryear, of which up to 2683 Mm3/year could be used

for irrigation.

180

160 | Seawater desalination plants: I Figure31.
140 | s Campo de Dalias W Carboneras l — EVOIUtlon Of agl'ICl_.l|tU I‘al
Aguilas m La Marina ,ﬂ’ su pply of desalinated

120 A

seawater in southeastern

Mazarrén = Escombreras Spaln by desa"nat|0n
=1 s Torrevieja mm Aguilas-Guadalentin plant The total
1 mmvaldelentisco === Public SWDPs production in the public

60 and private plants is also

e Private SWDPs

DSW supply for irrigation (Mm? y?)

- described. Martinez

Alvarez et al. (2019)
01— o= (Water 2019, 11, 1233;
P R, doi:10.3390/w11061233)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

On the other hand, the results of the characterization of the potential surface for
hydroponic crops indicate that in the Almeria region there are more than 30,000 ha
dedicated to protected cultivation under a greenhouse, of which approximately

6,000 ha ae dedicated to substrate cultivation. These 6,000 ha have a high potential
to implement the developments demonstrated with the LIFE DESEACROP project

35.000
Evolution of the greenhouse area in Almeria 6000 | Evolution of the substrate culture area in Almeria
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Figure32.
'Evolution of the greenhouse and substrate cultivation area in the provinceAdheria
(south/east of Spain)
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@ subobjective 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 physicechemical 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

Degree of rltles:‘riction on use Figure33.
Parameter Ca,:‘l;ir:egtzas None mscllie:'::e Severe mam charact?jrlstlcas . of
EC 20 2C (dS/m) 0,50 <0.75 0,75-2,25 >2.25 e water pro UC? !I"I
Bicarbonates (mg/L) 50,6 <120 120-360  >360 the coastal desalination
Boron (mg/L) 0,79 <0,33 >1.08 plant of Carboneras
Sodium (mg/L) 80,1 <69 5230 compared with quality
Chloride (mg/L) 129,9 <106 >355 standards for irrigation in
- - soilless cultivation
Comparison between average Yvater quality of the. DSW from published by De Kreij et
Carboneras DP and water quality standards for soilless crops al (1999)
18 (after De Kreij et al., 1999) 11 '

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

\
SLIGHT TO \\\\ . Figure34.

//// MODERATE Potential risk of soil sodicity the medium-
Lo long term, evaluated using the sodium
adsorption ratio (SAD) and the electrical
conductivity (EC) of the irrigation water.

s The points represent the AMD values
orrevieja . ‘ g
® Souiie e supplied by the four largest desalination
w: EScuNRae SNLP plants in the Segura Basin, the T&egura

LA v aqueduct and brackish groundwater in the
© Tagus-Segura transfer

20

N

‘\\-:

-~
3

A

-
o

SAR (mmol L1)°5

o

© Brackish groundwater StUdy area
N MMMMIIMIMDINI

Electrical conductivity (dS m™')

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.

|\ Total replacement = Water cost (WC)
Partial replacement = Fertilizer cost (FzC)

Figure35.

Increase in the cost of fertigation (FgC)
for the scenarios of total and partial
replacement of desalinated seawater.
Martinez-Alvarez et al. (2020)

g
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@ subobjective 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 eliminatelseir 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 physibamical 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 i of drainage has been treated, of which 33.7 I
(56 %) have been recovered, reducing the overathtnsumption 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.

1* ciclo 22 ciclo 3 ciclo 42 ciclo Figure 36
Total agua tratada (m?) 6,3 25,2 14,9 13,9 Evolution of the flows
Produccidn total de permeado (m?) 2,9 12,3 9,6 8,9 treated and recovered
Agua recuperada total (%) 46% 49% 64% 64% b h .
Agua consumida en limpieza de UF (m?) 2,5 8,1 2,1 0,5 y the reverse osmosis
Agua consumida en limpieza de UF (%) 40% 32% 14% 4% treatment SyStem
Rechazo (m?) 0,9 4,8 3,3 45 powered by solar
Rechazo (%) 14% 19% 22% 32% panels durlng the four

growing cycles

@ Subobjective 4. Optimize the use of desalinated water in hydroponic systems for
different crops in order to in@ase quality and productivity

The project proposal indicated that tomato production would increase by 198
(from 140,000 to 307,000 kg/ha) when irrigating with better quality AMD. In our
demonstration trial, tomato production increased from 90,800 182,568 kg/ha; i.e.

an increase of 486, and the use of water for irrigation was reduced by % (from
5,340 when irrigated with well water to 4,780 fiha when irrigated with AMD in a
drainage recirculation scenario. lower than expected shows that irrigativith AMD
allows to increase crop productivity (kg 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 thespabsolute
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 havebeen published in Antolinos et al. (2020).

@ Subobjective 5. Assess the viability of replacing conventional crops with hydroponic
crops irrigated with desalinated seawater, providing performance indicators of
energy and waterconsumption, 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 28,480kWh/hal/year in a hydroponic irrigation with AMD) and the
emission of CQ into the atmosphere (from 1,014 kgC#&hal/year in a hydroponic
irrigation with well water to 7,519 kgC&halyear in a hydroponic irrigation with
AMD). Our results indicatedsimilar increases in energy consumption and £0
emissions (from 3,197 kWh/halyear and 1,178 kgG@M@al/year in a hydroponic
irrigation with well water at 23,804 kWh/halyear and 8,772 kgCfhalyear in a
hydroponic irrigation with AMD without recirculation ofdrains). 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 #redappearance

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 prgpb (32,053
kgCO/halyear foreseen in the project and 8,316 kgGfhalyear calculated in the
project), the tomatoes, despite being irrigated with desalinated water, the reduced
production and the tuta problems, behaved as carbon sinks

@ Subobijective 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 compldely avoids the risk of contamination of the aquifer, therefore helping its
conservation and sustainability

ESTRATEGIES ESTRATEGIES

ITEM INDICATOR ITEM INDICATOR

WTL | HT2 | BT3 | ST | sT2 | 5T3 HTL | HT2 | HT3 | ST | 5T2 | 573

Crop yield | Average crop yield (kg/ha) | 66.438 | 64.375 | 44,675 | 55.378 | 54.311 | 47.353 CFOiEE:ET:;ﬁ'a?Pe' 15621 | 14,024 | -166 | 9,649 | 8242 | 4,247
Direct costs (€/ha) 39,837 | 39,712 | 37,458 | 36,577 | 36,494 | 35,280

Farm net margin per

4,451 | 2,854 |-11,336 | 218 -589 | -5,184

Indirect costs (£/ha) 11,897 | 11,897 | 11,897 | 10,158 | 10,158 | 10,158 hectare (€/ha)
Total production costs Gross margin per unit of
P (e/he) 51,734 | 51,609 | 49,359 | 46,735 | 46,652 | 45,438 irrigation water (€/m’) 665 | 574 | 0.08 | 564 | 518 | 277
Net margin per unit of
Unitary production costs &in p 189 | 117 | s1s | 013 | 035 | 339
Cost (ehe) 07787 | 0.8017 | 11048 | 0.8435 | 0.8530 | 0.3596 | | profitability | _irrigation water (€/m?)

measures measures Crop gross margin per
power use (£/kwh)

Unitary energy costs (€/kg) | 0.0173 | 0.0185 | 0.0233 | 0.0009 | 0.0009 | 0.0009 Farm nat margin par power

Unitary water costs (€/kg) | 0.0169 | 0.0166 | 0.0169 | 0.0148 | 0.0138 | 0.0112 1.50 1.30 -0.02 22.57 20.73 11.10

0.43 0.26 -117 0.51 -1.38 | -13.54

ilizati use (£/kwh
Unitary fertilization costs | 0115 | o.0a3s | 0.0s81 | 0328 | 0.0328 | 00335 (E/lWh)
(£/kg) Gross margin perunittonne |, ;| o7 | 50p | 125 | 129 | os
Unitary labour cost (€/kg) | 0.3509 | 0.3557 | 0.4813 | 0.4046 | 0.4108 | 0.4566 of €0, (£/tonne) -
Net margin per tonne of
Land productivity (€/ha) | 55,458 | 53,736 | 37,292 | 46,226 | 45,336 | 39,528 COrzg(é‘ﬁonne) 033 | 022 | -111 | 003 [ 005 | -l11
Water productivity (€/m?) | 23.60 | 2201 | 17.06 | 27.03 | 2658 | 25.82 labouruseperhectare | oo | aac | 3ss | 373 | 372 | 30
d
Productivity | Labour productivity (€/day) | 142.7 | 139.2 | 1041 | 1238 | 1218 | 1087 Labuuﬁui‘:;z :}umtuf
— ! _Labo 01653 | 0.1581 | 0.1640 | 0.2183 | 0.2180 | 0.2354
measures E"”grgm':‘]d'"'w 534 | 438 | 386 | 10812 | 10831 |103.28 | | Social | irigation water {days/m?)
Productivity per tomme of indicators Lab“zruseﬁngh 0.0374 | 0.0358 | 0.0371 | 0.8733 | 0.8721 | 0.9415
s (&/tomne) 415 | 409 | 384 | 558 | 662 | 847 (days/kwh)
Labour use pertonne of | a1 | 00204 | 0,0350 | 0.0483 | 0.0543 | 0.0772
CO; (days/tonne)
Figure 37.

Indicator valuesor the different strategies. H: Hydroponic; S: Soil; T1: AMD; T2: Well 1 and T3:
Well 2
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@ subobjective 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¢haracterized

3 SELECTED CASES IN DIFFERENT LOCATIONS

PUGLIA REGION, ITALY

Figure38.

RRRRAE A ' Potential areas for the
' - ® implementation of the
T DESEACROP model in

Europe

COASTAL AREA OF MALTA

1 DESALINATION PLANT
BUSINESS CASE

Several business cases were prepared following the tHeger Canvas model

W
SUSTAINABLE BUSINESS MODEL : Triple Layer Business Model Canva\sﬁMC).:
O Key partners .
O Key activities Flguresg'
Bl ke Canvas model to
Value proposal .
O Relationship with customers develop bUSIneSS
O Customer Segments models
O Key resources
Q Channels
O Cost structure
Q Sources of income
Q Social and environmental cost
| O Social and environmental benefit

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

Figure40.

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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a RESULTSBTAINED 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 taggccan appear when
plants are exposed to high concentrations of B, and there is generally a small window
between deficiency and toxicity

100+ L
)
| |
ot
o | Optimum | Flgure41
60 | Ronge For | . Theoretical relative yield influenced by

Plant
Growth |

| |
—3|Deficiencyle__ k Toxicity_____y
|

Range | Range
|

204 | l

the boron of the soil solution. Source:
Gupta etal., 1985

Relative Yield (%)

20 40 & 80 100 120

Soil Solution B(mgBL™)

Boron concentrations in surface irrigation waters are generally less than 0.1, gt

can exceed 1 mgl 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 ofoxicity 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).

1400

HSuelo 0O Hidropénico
1200 -

?

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

Boro (ng/l)
g 8

-
g

™
8

T1 I T2 ‘ T3
Tomato has been described in the literature as a Boron tolerant onofh 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.
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Figure43.
Evolution of boron concentration in the soils of tiree 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. Mendm 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.

300
i:; .-unmmum B SUELD 1 a) . B HIDROPONICD 0 SUELD b)
- 100 1
B
B .
g Figure44.
o1 Evolution of boron
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nov-18 . feb-13 nw—lsn feb-19 | now-18 . feb-19 - " Jul- - N ul -. o plants of the th ree
treatments (T1: AMD;
z WHIDROPONICO 13 SUELD i: EHIDROPONICO 0 SUELD [;|) T2. We" 1 and T3. We"
_wo o _ 2; (a) first cycle, (b)
Sio 3 second cycle, (c) third
[ §w cycle and d (fourth
. " cycle)
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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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a OUR AFTERLIFE PLAN

Greenhouse
demonstration

Webpage and
the Media

Environmental
policies

LEE
DESEACROP

(LIFE ENV/ES/000341)

Communitation,
difusion and
dissemination
of materials

Transfer
seminars

Technical and
scientific
publications

QFinge 45.
IFEDESEACROP After LIFE Plan
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