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Importance of the different crop groups in the Algarve (202023)

%ﬁ FruitCREWS

Main agriculturalcrops Area(ha) Production(t)

Cerealdor grain
Main dried legumes

Potato
Main cropsfor industry

Horticultural cultures

Main foragecrops

Main freshfruits (other than citrus)
Berries(Raspberriesand others)

Main subtropicalfruits (mainly, avocado)
Citrus

Main nuts

Vineyards
Olivetrees

2 397 4 558
24 16
319 7 238

0 0
? ?

1799 33 088

3199 12 162
271 4 802

2 500 31794

15 507 323 658

6 081 1 037

1 527 5142

9 143 4 442
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Precipitation and temperature %ﬁ FruitCREWS

Farog Portugal CampinasBrasil

“F “C Altitude: 3m Climate: Csa “C: 18.0 / °F: 64.4 mm: 499 / inch: 19.6 mm inch “F “C Altitude: 678m Climate: Cfa *C: 21.3 / °F: 70.3 mm: 1462 / inch: 57.6 mm inch
86 30 86 30 r 270 10.8
77 25 r 100 3.9 77 25 r 225 8.9
68 20 &0 3.1 68 20 180 7.1
59 15 F 60 2.4 59 15 r 135 5.3
50 10 F 40 1.6 50 10 L 3.5
41 5 20 0.8 41 5 15 1.8
32 0 r 0 0.0 32 0 r 0 0.0
01 02 03 04 05 06 o7 08 09 10 11 12 01 02 03 04 05 06 o7 08 09 10 11 12
Copyright: CLIMATE-DATA.ORG Copyright: CLIMATE-DATA.ORG
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%ﬁ FruitCREWS

NRH....... Usos da agua

ALGARVE | i e Lfone

Industria Golfe
1% / 5‘—}3
Abastecimento
Agricultura /- P;gl;;m

59%

80% de captagdes particulares
Total ~ 200 hm3/ano
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Evolution of Portuguese citrus industry @ FruitCREWS
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Evolution of Portuguese citrus industry @ FruitCREWS
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Evolution of Portuguese citrus industry @ FruitCREWS
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Evolution of the irrigated area in Algarve (ha)
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A .
Irrigation methodsin permanentcrops(2019) % FruitCREWS

Portugal Algarve

Microsprinkler Surface Irrigatign Sprinkler irrigatign : : Surface Irrigatign ) L

irrigation 4,537, 17,0737% 322,0% Microsprinkler 433 2% Sprinkler irrigatign

204 irrigation 326, 2% 15,0%
Drip irrigation Drip irrigation
233,92391% 17934 96%
Surface Irrigation m Sprinkler irrigation Surface Irrigation m Sprinkler irrigation
m Drip irrigation m Micro-sprinkler irrigation m Drip irrigation m Micro-sprinkler irrigation
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A .
Irrigation methodsof citrus orchardsin Algarve % FruitCREWS

2009 2019

Micro Surface Microsprinkler Surfi(ée I;E)i/gatiqn
sprinkler Irrigatign 392, irrigation 254, 2% 8 1%
irrigation 932 3%
8%
Drip irrigation
Drip irrigation 1317Q97%
10121, 89%
Surface Irrigation m Sprinkler irrigation Surface Irrigation m Sprinkler irrigation
m Drip irrigation m Micro-sprinkler irrigation m Drip irrigation m Micro-sprinkler irrigation
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In irrigation, the path was long, but traveled at high speed. @ FruitCREWS

Surfacdrrigation, in 1955. In the Algarve, almost all citrus are equipped with a drip irrigation system.

Q» _ SR

Fotografia de Artur Pastor
http://arturpastor.tumblr.com/post/133942398506/cenada-vida-rural-benficado-ribatejo-1955
(Consultado a-D1-2016)

@ UAlgFrct @;MEQ CHANGE Optimizing irrigation for key fruit crops in the Algarve: a contribution to climate change adaptation C EDS': 12

EUROPEAN COOPERATION

UNIVERSIDADE DO ALGARVE

IN SCIENCE & TECHNOLOGY



The lack of water in the Algarve Is a threat to

(agriculture)

-~
REGIAO ALGARVE 18/03/2024
Armazenamento das principais reservas superficiais
Dados a 18 margo 2024 e comparagdo periodo homélogo 23
FONTE. Dudos APA de 18 margo 2024, 11 margo 2074 « 20 marge 2023
V util:
. RECUPERACAO
5 FACE 1/1/2024
[ : ] 46,1 Hm3
Lo crpraie I critagse nete 200 \
o S - i (valores de volume em hm3) m
&% v .41 Hm3
16% 17% 159
616 '71
\ v
" - 0,
D] i
T S
Bravura Odelouca Arade Funcho Odeleite Beliche TOTAL
sBun
focapuriode 4, ()8 .59 .29 69 w195 v69 (6 albufeiras) 1/ 0310 hen)
A0,30 A2051 A.0,00 Aa03 A042 AD18 A  321Hm3 e
Legenda: - Volume atual (hm3) Volume periodo homdlogo (hm3) % - percentagem do volume total
SINTESE | PRINCIPAIS RESERVAS REGIAD ALGARVE
As 6 albufeiras que abastecem a Regidio do Algarve totalizam um volume de cerca de 159 hm3 (cor d ad6Kdac de total de ar ).
Face 3 semana passada , ocorreu um AUMENTO de cerca de 3,21 hm3. Face ao periodo homélogo, ocorreu a DIMINUIGAO de um total de cerca de -41 hm3,

citrus production @ FruitCREWS

REGIAO ALGARVE

Armazenamento das principais reservas superficiais TOTAL ALGARVE
Dados a 21 margo 2025 e comparagao periodo homélogo "24 (6 ALBUFHRAS)
FONTE: Dados APA de 21 marco 2025, 30 setembro 2024 e 21 margo 2024 358

21/03/2025

g

358 Hm3

face PERIODO

0, HOMOLOGO
80 A f 4199 Hm3

PERIODO
HOMOLOGO:

36%

159 Hm3

Bravura Odelouca Arade Funcho Odeleite Beliche

TOTAL
face periodo 4,127 A64,4 A120 A 161 £.67,9 4259 (6 albufeiras)
hamdege’ = = oo TR T R e e e
|mm—————
Facea #.13,30 467,01 411,51 A 192 A.84,08 A3174 A 227 Hm3 30/09/2024
sojeszen  mmm o EmEE e E e EEEm s s EEEE T
Legenda: H Volume atual (hm3) % - percentagem do volume total (a cinzento as % do periodo homélogo)

SINTESE | PRINCIPAIS RESERVAS REGIAO ALGARVE (valores provisérios e sujeitos a erros de arredondamento) 21/03/2025
SITUAGAO ATUAL:
-As 6 principais albufeiras que abastecem a Regido do Algarve totalizam um volume de cerca de 358 hm3 (corr di a80% da c: total de ar ).
Por albufeira: Bravura (52%); Odelouca (77%); Arade (59%); Funcho (75%); Odeleite (95%); Beliche (90%);
EVOLUGAO:

- Face ao periodo homélogo de 2024, regista-se AUMENTO de aproximadamente 199 hm3 de dgua armazenada: 94 hm3 no Sotavento (correspondente a 47%) e 105 hm3 no Barlavento
(correspondente a 53%).

@UAlgFCT @MEQ CHANGE Optimizing irrigation for key fruit crops in the Algarve: a contribution to climate change adaptation C cosE me..

UNIVERSIDADE DO ALGARVE

EUROPEAN COOPERATION

IN SCIENCE & TECHNOLOGY



%ﬁ FruitCREWS

Article publishedin 2022

S sustainability ml\DPI

o

Article
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2,3

Manuela Moreira da Silva I _Flavia C. Resende 1, Barbara Freitas 4, Jaime Anibal 120 Antonio Martins °

and Amilcar Duarte %6:*
' Institute of Engineering, Campus da Penha, Universidade do Algarve, 8005-13% Faro, Portugal
2 CIMA—Centre for Marine and Environmental Research, Campus de Gambelas, 8005-13%9 Faro, Portugal
3 CEiiA—Centre of Engineering and Development, Avenida D. Afonso Henriques 1825,
4450-017 Matosinhos, Portugal
. Faculty of Sciences and Technology, Campus de Gambelas, Universidade do Algarve, 8005-139 Faro, Portugal
5 .i;gua*.s do Algarve, 5.A., ﬁsguaﬁ de Portugal Group, Rua do Repouso, 10, 8000-302 Faro, Portugal
b MED—Mediterranean Institute for Agriculture Environment and Development, 8005-139 Faro, Portugal
*  Correspondence: aduarte@ualg,pt
Sustainability 2022, 14, 10715, https:/ /doi.org /10.3390,/5u141710715 https:/ /www.mdpi.com/journal /sustainability

check for
updates

Citation: Moreira da Silva, M.;
Resende, F.C.; Freitas, B.; Anibal, |.;
Martins, A.; Duarte, A, Urban
Wastewater Reuse for Cilrus
[rrigation in Algarve, Portugal—
Environmental Benefits and Carbon
Fluxes. 5||.lafru'rrre.'.‘r'|'.ff_1y 2022, 14, 10715.
https:/ S dodorg F10.3390/
sul4l710715

Academic Editor: Dino Musmarra

Received: 24 May 2022
Accepted: 25 August 2022
Published: 28 August 2022

Fublisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https:/ /
creativecommons.org / licenses /by /

4.0/

Funded by

@ UAlg Fcr @MED CHANGE  Optimizing irrigation for key fruit crops in the Algarve: a contribution to climate change adaptation C cosE me.. 14

EUROPEAN COOPERATION

UNIVERSIDADE DO ALGARVE

IN SCIENCE & TECHNOLOGY



Caracterizacao quimica das aguas subterraneas ¢
efluente tratado ao longo do periodo experimenta
(médiark desvio padrao).

--Nao referido;
U néo quantificado;
(1) Valor Maximo Recomendado na Lei 236/98, Anexo XVI;

Parameter

Ammonia mg L1- "t

BOD,, 20°C mg L1 O,
Bmg L1?

Camg L

Femg L?

Li mg L

Mg mg L1

KmgL?

Na mg Lt

Chlorides mg L CI-
EC,20°C dSm)
Phosphates mg L1 P
Mn mg L1 Mn

Mo mg L1

Semg L

V mg L1

Fluorides mg L1
Nitrates mgL?1- . p
Oxidability mg L1 O,
pH Sorensonscale
SAR

Sulphatesmg L12 . 4
TDSmg L1

(2) Normas de Qualidade constantes da Lei Portuguesa 119/2019 e do Regulamentpé@ng -1
2020/741, para frutas que nao estdo em contacto direto com a agua de irrigagéo[54}'rurbidity NTU

(3) Limite de Quantificacao;

Escherichiazoli
CFU/100mL

Groud water
(GW)

0.023+ 0.020

U
0.08+ 0.02
52,5+ 1.1

U

U
51.2+ 11.4
35.6x 194

123+ 6

395+ 138

1.45+ 0.04

<0.12%3)

Natural Water
for Irrigation
VMR @

0.20
0.005
0.02
0.10
1.0

50

6.58.4
575

640
60

100

Treated
effluent(TE)

3.92+ 1.59

10.1+ 53
0.16+ 0.03
341+ 1.1
0.44+ 0.03
0.11+ 0.01
349+ 7.0
23.4+ 11.7
142+ 25

311+ 94

1.29+ 0.23

0.5+ 0.34

0.02+ 0.01
0.21+ 0.15
<0.019
<0.013®
0.15+ 0.02

4+ 1

U
7.87x 0.14
41+ 0.6
171+ 15
830+ 166
3.5+ 1.8
7.5t 24

2 to 100

Quality
standard for
water reuse @

10
Al k

5 (Fésforo total)

0.2
0.01
0.02

0.1

2.0

15 (Azoto Total)

A



- - | @ FruitCREWS
Carbon emissions related to energy consumption in pumping water

for irrigation andfertilisation of orchards.

Power Consumption
in water pumping(kW) Nitrogen JPhosphoru g CQe. kgt
kg CGe
kg kg of oranges
870

3449

Water source for

Irrigation

Borehole water
(groundwater)

733 858.968 7.32

Treatedeffluent 1734 76.7 683 431.662 3.68
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6“ FruitCREWS

Advantages of using treated effluents

Benefitsin the agroecosystem
A Airrigation with treated wastewateris technologicallyfeasiblefor wateringcitrus orchardsand

A It cancontribute to improving carbonfluxes, reduceGHGemissionsand promote carbonsequestration

A GHGemissionsrelated to orangeproduction may decrease,
A Dueto reducingenergyconsumptionfor pumpingwater for irrigation,
A needto apply smalleramounts of synthetic fertilizers, sincethe treated effluent hasa higher concentrationof

nitratesand phosphateshan groundwater

Benefitsfor the soil
(Theorganicmatter contentin treated effluentsis higherthan in groundwaterand surfacewater)

A Theuseof treated effluentspromotesanincreasein soil OM,
A Soilwater retention,
A Improvementof plant growth
A Greatercarbonsequestration
A Greaterfruit production

cosE m
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Advantages of using treated effluents @ FruitCREWS

Otherenvironmentalbenefits
A Waterreuseavoidsoverexploitation of coastalaquifers,reducingsalineintrusion

A Reducesutrient dischargesn the RiaFormosaavoidingeutrophicationphenomena

A Potential of citrus orchardsto sequesterGHGsemitted by urban wastewater treatment plants, and its potential

contribution to carbonneutrality of urbanwaste water treatment.

ocosE m
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Limitations %“ FruitCREWS

A Locationof mostWWTPshearthe coast(awayfrom orchardsandlow elevations)
A Needfor water transportinfrastructure(costs)

A Treatmentcost

A Saltwaterintrusioninto plumbingsystems; water salinity

A Legalaspects




RecovenandResilienc®lan @ FruitCREWS

PRRCO05i03-1-000010 Valorization of traditional genetic resources: new crops and irrigation water
management in the context of climate change.

6 ¢ 6 ¢

Entidades executoras do projeto

«ferrg §FCT MED ¥A AMAL (7’ -, O A > HUBEL (/03 g | AGRUPA
T" OAVERSIADE DO MLCAIE =] d COTHN 7\ SlStentabice P\ Mil Plantas  —— =
e Pescas do Algarve L ‘:lmlc m“% Pmduz:np?a;(uargoﬁz ‘va 0

nidade Intermunicipal do Alga Sustentabilidade

Financiamento: Este projeto é financiado pela Unido Europeia através do programa PRR, projetoPRRC05-i03-1-000010.
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-
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@ FruitCREWS
Objectives of the AGRO+EFICIENTE project

Almprove soil fertility and water retention capacity;
AReduce irrigation doses, with the use of deficient irrigation techniques or soil cover,
without reducing productivity;

A Use species and cultivars with economic viability, better adapted to the scenario resulting from climat
change,;

A Integrate traditional varieties into the production system, making plant material available to the
marketing circuits;

A Carry out promotion, awareness, dissemination, training and editing of publications to communicate
the objectives of the projects.

AGRO+EFICIENTE




Regulated deficit irrigation (RDI) trial on avocado @ FruitCREWS

v o w

- CultivarW1l | aa Q

- Orchard age6 years 2 3 . 5 6 7 5 5 10 i 2 1
1 1 1 1 1 1 1 1
- Farmer:Diamantino TrindadeGacela/elhg; 2 2 2 2 ) 2 2 2 2 ) 2
- Treatments 3 3 3 3 3 31 s S 3
: Yy " 4 4 4 | e 4 - 4] 4 4 4
- CDI: Conventional drip irrigation (10€24C) 5 5 .;.!m' i 5 5 5 5
: 90%ETC; 6 61 6 6 6 6 6 6 6 6
RD#20: 80%ETC; ! di i % ! ! ? / ! !
) P OURE T 8 8 8 : 8 8 8 8 8 )
- RDI30: 70%ETC. 9 S 2 9 9 9 9 9 S 9
- Irrigation reduction periodAugust to October 2024 10 fol | ”—‘49"_‘ ﬂ 010 10
- Trial assessments 11
- Monitoring of fruit growth, SPAD index, and -
13
productivity. 14
- Monitoring of soil moisture levels using installed soil 15
robes 16
P : 17 7
- Collection of soil samples to determine soil CNALE Qs SELISNAYSYG(lt RSaAIy®
microbiology.
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Regulated deficit irrigation (RDI) trial on avocado @ FruitCREWS

InstaIIatlon of the RDI trraI in avocado orchard including the water flow meters used to verify the Water used for each
treatment.
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Regulated deficit irrigation (RDI) trial on avocado @ FruitCREWS

W o AR ) S L B).
Soil moisture monitoring probes: (a) access tubes for the Dhdeatek
2000, and (bprill&Dropprobes for continuous measurements.
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Regulated deficit irrigation (RDI) trial on avocado @ FruitCREWS

2 20 > K
Monitoring of fruit growth (a), SPAD index (b),
yield per tree (d).
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Regulated deficit irrigation (RDI) trial on avocado @ FruitCREWS

Preliminaryresults from the first year of the regulated deficit irrigation (RDI)trial in
avocadounderthe soilandclimate conditionsof the Algarve

250.0
a
a
a a
200.0 I I
3
5
2150.0
=
E
5
& 100.0
<%
>
<
50.0
0.0
CDI RDI-10 RDI-20 RDI-30

Effect of regulated deficit irrigation (RDI) on the average fruit weight of avocado (g).RDI was applied from AugustdiEet@Oct
2024, resulting in water savings of 518.4 liters per tree for thel®Dieatment, 1036.8 liters per tree for RR0, and 1552 liters
pertreeforRBb n @/ 5L I O2y @Sy &KcPRPLO= refulded dBficitirligation witld 10% water savings:RD¥
regulated deficit irrigation with 20% water savings;RBD regulated deficit irrigation with 30% water savings. Values wélséime

f SGTGSNR aK2gSR y2 adldAradoAaolrftte aAayAFAOLIYl RAFFSNBYOSa «

PEAN C
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Regulated deficit irrigation (RDI) trial on citrus zﬂ Cu. . l6ANEIAG
Osresultadosdo primeiro anode ensaiosovao
serobtidoscom amonitorizacaoda colheitade

- Cultivarr¥5 ® W2 n &des) o h NJ y IS Agosto/setembr02025.

- Orchardage:9 yearsold

- Plantingdensity. 6x3,5

- Farmer FrusoalCacela Velha)

=
4
5
6
7
8
9
10
1
12

- Treatments
- CDI: Conventional drip irrigation (1024 C)
: 90%ETC,;
- RD120: 80%ETC,;
- RDI30: 70%ETC.

PERPEBERENGLELREEweaNanswn -

Cabecal de rega:
4 electrovalvulas
4 caudalimetros

Irrigationreductionperiod: After June fruit drop until prenarvest.

Trial assessments

- Monitoring of fruit growth, SPAD index, and productivity.

SLELRREBRBNRR|RERESEENELEE

- Monitoring of soil moisture levels using installed soil
probes.

- Collection of soil samples to determine soil microbiology.

SEEGEAREBBBYBREBNREBBNRR

Ba656E882888Y

ot L s T oy B
Experimental design of the trial and harvest monitoring for year 0.
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Regulated deficit irrigation (RDI) trial on citrus @ FruitCREWS

7
2 S ’
N e i e > ~ R 0

Installation of the RDI trial in citrus orchard, including the water flow meters used to verify the
water used for each treatment.
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Regulated deficit irrigation (RDI) trial on carob trees @ FruitCREWS

- Orchardage:4 years
- Graft 2023and 2024

- Farmer Mafalda Salessomes (Meloal, Faro)

- Treatments
- T21 Coventionalrip irrigation (L00%ETC)
: RDI25 (75%ETC)
- T2 RD&0 (50%ETC)

Irrigationreductionperiod: Juneto October2024

Trial assessments

- Monitoring the growth of the grafted shoot, the

diameter of the stem and the SPAD index.
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Average daily water consumption (DWC) of pitaya @ FruitCREWS

To assess crop evapotranspiration To assess the effect of new growth
- Crop Pitaya(Selenicereusndatus. o
_ _ _ _ Transpiration
- Triallocation Universityof Algarve
- Methods

- Using a weighing lysimeter to measure average

Evaporation

daily water consumption (DWC) in pgtown

pitaya plants.

- Evapotranspiration was measured in uncovered G-0O
pots, while covered pots assessed plant Transpiration No growth
transpiration. PC-0

_ _ Uncovered pot
- The impact of new vegetative growth on

transpiration and evapotranspiration was also
assessed.

- Trialperiod: summerandwinter.

PC-1

Covered pot G-1

Controlled growth
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