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IMPACTS OF CLIMATE
CHANGE IN IBERIA

THERE WILL BE ENOUGH
AND
A FUTURE WITH LESS WATER T e

THENEAR FUTURE™

Most studies on climate change point to the Mediterranean Region, and in particular the Iberan Penia

sula, as a critically valnersble territocy (e.g. EEA 2017, Forzeri ef al. 2015, Clscar et ai. 2014). Uncertain
seasonal patterns, increasing temperatures and reduced raiafall will combime to canse  growing risk of
water scarcity, aloag with more frequest droughts, beatwaves, flash floods, wildfires, coastal erosion and
progress of desertification duse to reduced soil humidity (CEDEX, 2017).

F=

These risks will particularly impact da's d already affected
by reglonal scarcity, excessive demand and abstraction, river fragmentation and pollution. As a result, Based oa two different Greeshouse Gas (GHG)

our water sources and aliocation systems are already undes stress, and the mear fisture will bring greater emission scenarlos (A2 and Bz), the main peojec 32"/ amens s el s npasstuons
challenges i we do not change cur management and relation with rivers, wetlands and aquifers. ted Impacts include:

Overallincrease in asnual mean temperatare
and grester differences are expected daring

WHAT WILL HAPPEN TO THE CLIMATE? the spring snd mmmer, posehly reaching

CHANGE N IBEXIA

up 1o 7°C in the summer season for North.

= Country profiles EC 3 mast significant climate trends that

= remain valid in the present. The main changes and trends observed for both Portugal and Spain inciade: Worters woglons % Oscremss i muan st precpiation
S General the 20th 3 5 the global ‘m ]

-~ average, and more accentuated in winter. + Decrease in mean annual precipitation, d I l l

-~ Rainfall showed a dowmward tread over the 20th century, especially in the south. However, given bt Pamelrig ctions: s Tuzwviey I S

- the high variability of rainfall, no precise trend s yet clear for the 21th century. winfll In the eastern [berisn Pesinsuls o WALWE

= during the period 2011-40. S == o

. Frequency of longer dronghts has increased over the last 4 decades. 3010400:: 2MA70  2N-10D
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Global water stress hotspots

Wes' North America

Western South America

Southern Africa

(@
Southeast Australia

Small
l @Gohlwnusumuoupot 'h arkd ogical Organization 2021

9
ial f aff W Based on data from the Food and
Spatial extent of affected areas within . 0o Organization and the World

Global Water Stress Hotspots Resources Institute

%) wmo omm
WMO State of Climate Services: Water {5.X.2021)
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O impacto da seca no metabolismo
das plantas

Physiological changes
due to dehydration:

Abscisic acid accumulation
Solute accumulation
Photosynthesis

Stomatal conductance
Protein synthesis

Wall synthesis

Cell expansion
| | |
-0 -2 -3 -4
Water potential (MPa)
L AN
Y " .
Well-watered Plants under Plants in arid,

plants mild water desert climates
stress

Y

Pure water

PLANT PHYSIOLOGY , Third Edition, Figure 3.12 © 2002 Sinauer Associates, Inc.
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Trocas Gasosas ao nivel da folha
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Eficiéncia do uso da Agua (WUE)

¢

p,1- 11

W="= a Ao nivel da folha

E 16(e, —¢,)

. A (1— (DC) Ao nivel da planta
E(1+0,)

Biomass or Grain Yield

Transpiration or Evapotranspiration

Front. Plant Sci., 19 February 2019
Sec. Plant Physiology
https://doi.org/10.3389/fpls.2019.00103
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WUE- uma Tool para a selecao de variedades

¢

IDENTIFICATION OF NOVEL WUE WUE ASSESSMENT /
- TRAITS /GENES/TARGETS - [~ SCREENING OF HIGH WUE GENOTYPES 7]

Germplasm screenin g D ;
High-throughput genotyping, sequencing, P g Identification of Agrophyisiological traits

transcriptomics and functional genomics
Crop High-throughput
modeling and precise

s & . henotypin,
Identification candidate genes, ¥ e

/ association mapping, QTL analysis,
Silencing/ | | \

overexpression < Validation of genes/ L High WUE phenotypes
precise Gene editing traits
: e kg lection of field-
Single genes ! idi - s
e il  Pyramiding of ) validated traits

traits and genes

/ Marker-assisted '

\ |
selection (MAS)/

| Biotechnologies

WUE EFFICIENT & STRESS TOLERANT VARIETIES
nuggieiu eual., 2019
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Isotopos estaveis

13C 180 1N 34S stable isotopes

°H
Element | Isotop | Abundance (%)
e

Carbon 2C 98.89
13C 1.11

Nitrogen 1N 99,63
BN 0,37

4 Hydrogen H 99,98
’H 0,02

Oxygen 160 99.759
180 0.204

()
C AMPLE

(72c)
C TANDART

For Carbon PDB =1.12372%
For Oxygen VSMOW = 0.20052%

813C [%o] = —1|*1000

After Hayes, 1983

Os is6topos integram, indicam, registram e rastreiam
processos fundamentais através do fracionamento isotopico (por
exemplo, enzimas, metabolismo, altitude, temperatura, uso da

terra, origem geografica)



Fixacdo do carbono durante a fotossintese — ‘impresséao digital”

RuBisco

813Cair = '78 %0

Atmospheric CO,

Assimilation
during
photosynthesis



Fixacdo do carbono durante a fotossintese — ‘impresséo digital”

d13C nas plantas em C3 (e.g. videira)

stomata 370 ppm SECA

closed co, ~8%o

stomatal pore

O resultado isotdpico final
depende do modo como a
fotossintese decorreu

. COs

‘L
glucose (CgH120s)
- 19 %o

d13C da matéria
organicadepende da
fisiologia da planta




d13C nas plantas em C3 (e.g. videira)

Seca

Estomas abertos 370 ppm Estomas fechados 370 ppm

stomatal pore ——

r"'j"

ucose (CHiZ0y) ﬂglucose (CsHi20¢)

T
Transpiragao aumenta
TPy DA Y ARG It e S A R Sy
rFotossintese aumenta

d13C glucose +25% d13C glucose +19%




313C na matéria organica pode ser usado para avaliar o WUE

Lower WUE

Higher WUE it
— 15 20 25 30 0 1 2 3 4

Intercellular CO,, Pa A/E (mmol mol-)

FiGURE 36. The relationship between carbon isotope com-  mistletoes and host plants in central Australia (Reprint
position (3"°C) and (A) average intercellular CO, concen-  with permission from Ehleringer et al. 1985). Copyri
tration, and (B) daily photosynthetic water-use efficiency, 1985 American Association for the Advancement
assimilation/transpiration (A/E). The data points refer to  Science.

(In Lambers et al., 2000)
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OBJETIVOS

(0LOQUIO FINAL Drmserene Conhecer melhor os efeitos da seca na fisiologia da videira,
:7:{}”:0302{ S ‘%%v particularmente WUE, e explorar novas proxies que possam
eraaae ao csporao . . N
i ' revelar variedades adaptadas a seca.

N

=X/
\"‘& T g RS 8
Projaty da 1) Wing CliAdyut
SEI L0 ATACI ENIZACa 0N ASKASTASAATShEm Wt apraaas
(CETIUTIOSH EX TETaCO eI ITuTicaS{PDRZ07090120310]10]

* Quais os padrdes de 613C (refletindo a WUE) de variedades
de videira europeias, em condi¢des né&o irrigadas (sequeiro)
sob um contexto climatico mediterraneo,

* Qual a contribuicdo da origem das variedades nas
assinaturas isotopicas (62C) para potenciais ajustes a
seca,

« Existe ou ndo uma uma relacao entre 83C no sumo da
baga e no floema, e se este ultimo pode ser uma
ferramenta complementar para discriminar variedades com
elevada WUE (e potencialmente melhor adaptadas a seca).
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e 172 variedades disponiveis no campo
amplografico (com e sem rega (n=1032)

 Amostragem de amostras de Floema durante
Agosto

 Amostragem dos bagos no final do periodo de
maturacao (n=1032)

29 de Novembro 2022, INIAV- 2 Portos



PORQUE BAGOS

As uvas sao um sumidouro de carbono extremamente eficiente, integrando as
condicdes fotossintéticas durante todo o periodo de maturacao e sao
consideradas um indicador adequado a longo prazo da WUE da planta em
algumas castas de videira

PORQUE FLOEMA

Considerando que 613C de matéria organica soluvel em agua no floema contém
carbono recentemente assimilado e espera-se que responda mais
dinamicamente as condi¢des ambientais (de curto prazo) e as caracteristicas
das espécies. A seiva do floema 613C tem o potencial de ser um tracador
integrador de mudancas em todo o nivel do dossel e uma ferramenta para
estimar as taxas de assimilacao de carbono no nivel do dossel e a condutancia
estomatica da planta inteira.
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Figure — Grapevine varieties (n=172) assigned to clusters based on berry juice and phloem
carbon isotope composition (8'3C) under no irrigation rain-fed (NI-rf) conditions (see
varieties names in Table 1).

Table . Grapevine varieties (name; grape color: R=red, W=white; and

code), grouped by 53C patterns (see clusters

in Fig. 1).

Cluster 1 and 2 Cluster 3 Cluster 4 Cluster 5 and 6
variety Code  Variety Code  Variety Code  Variety Code
AmorNao-MeDeixes R _Amor  Almafra W Alm Amaral R Ama_ Aharelhdo Ceitdo R ANC
Arinto do Interior W Al Amostrinha R Amo  Antdo Vaz W At Azalw Aza
Cercial W Cer  AwssoW Ave Bastardo Branco W BasB  Azal Espanhol R AzaE
Chenin W Che  BastardoR Bas Binzelo W Bin  BagaR Bag
Corropio N Cor Beba W Beb Boal Espinho W~ BoaE  BatocaW Bat
Dona Branca W Don  Bical W Bic Borragal R Bor  Boal Vencedor W BoaV
Feteasca Alba W Fet Boal Ratinho W BoaR  CarmasquenhoR  Car  Carignan R Car
Galego Dourado W Gal Caladoc R cal Casteldo Branco W CastB Cayetana W Cay
Malvasia Rei W MalR  Cascal W Cas Cerceal Branco W CerB  Cidreiro R Cidr
Malvasia CandidaW ~ MalC ~ Casteldo R Cast  Cinsaut R Cin  Diagalves W Dia
Marufo R Maru  Chacelas W Cha Dedo de Dama W DedB  Dogal W Doc
Muller Thurgau W Mul  Cidadelhe R cid Dedo de Dama R DedR  Encruzado W Enc
Patorra R at Corifesto R Com  Donzelinho R DonzT Esgana Cao W EsgC
Tinta Bragdo R Br  Dolcetto R Dol Esganinho W Esg  Fonte Cal W Fon
Tinta Pomar R TP Esganoso W Esga  Espadeiro R Esp  Loureio W Lou
Trincadeira das Pratas W TiP Gouweio Estimado W~ GouE  EspadeiioMole R EspM Macabeo W Mac
Verdelho W Verd  JaenR Jae Folgasdo W Fol  Malbec R Mal

Larido W Lar Gewurtztraminer W Gew  Marselan R Mar
Alicante Bouschet R Ali Malvasia W Malv  Gouveio W Gou  Merlot R Mer
Aharelhdo R Al Manteiido W Man Gouweio Preto R GouP  Moscatel Graido W Mos
Aladurgo W AMd Monwedro R Mon Granho W Gra  Pé Comprido W Pe
Aharinho W AN Moscatel Galego W MosGB  Jampal W Jam  Prieto Picudo R Pri
Arinto W/ At Moscatel Galego R MosGT  Lameiro W Lam  ProseccoW Pro
Arinto do Pico W AP Pedral R Ped Negra Mole R Neg  Sauvignon W Sau
Bobal R Bob  PicalR Pic Pardina W Pard  Sousdo R Sou
Cabemet Franc R CabF  Pilongo R Pil Perrum W Per  Terantez do Picow  TerP
Camarate R Cam  Preto Martinho R PreM  Preto CardanaR  PreC  Tinta Midda R TinM
Femdo Pires W Fer Rabigato Moreno W RabM  Rabigato W Rab  Touriga Nacional R Tou
Grenache R Gre  Riesling W Rie Rabo de Ovelha W RabO  Vermentino W Ver
Malasia Fina W MalF  Roal R Roa Silvaner W Sil - Verdejow Verdj
Molar R Mol Rufete R Ruf Siria W sir  Vinhao R vin
Moscatel Nunes W MosN  Séo Mamede W sao Tinta Canalha R TinCv  Alffocheiro R Al
Mourisco BrancoW ~ Mou  Syrah R Syr Tinta FranciscaR  TinF  Aragonez R Ara
Parellada W Par  Tamarez W Tam  TintaGorda R TG Barcelo W Bar
Pedro Ximenez W PedX  Tinta Bamoca R T8 Tintinha R Tt Bastardo Tinto R BasT
Roupeiro Branco W Rou  Touriga Fémea R TouF  TourigaFrancaR  TouFr Branjo R Bra
sangiowese R San  UaCiow Uac  Viosinho W Vios  Cabernet Sauignon R Cabs
Sarigo W Sar  Viognier W vio Donzelinho Branco W DonzB
Talia W Tal Vital W Vit Douradinha W Dou
Tinta Caiada R TG Zinfandel R Zin Luzidio W Luz
Tinta Grossa R TinGr Mantetdo PretoR ~ ManP
Trajadura W Tra Moreto R Mor
Trincadeira R i Petit Maseng W Peth
Trincadeira Branca W TriB Petit Verdot R Petv
Pinot Noir R Pin
Ramisco R Ram
Samarrinho W sam
Sercial W Ser
Terrantez W Ter
Tinto Céo R TinCao
Tinta da Barca R Tinds
Uva Salsa W Uas

Os ajustes de eficiéncia do uso da dgua (WUE)
sob stresse hidrico foram feitos
independentemente da origem climatica.



Table . Grapevine varieties (name; grape color: R=red, W=white; and Cluster 1 and 2

code), grouped by 313C patterns (see clusters in Fig. 1).

Variety Code

Cluster 1 and 2 Cluster 3 Cluster 4 Cluster 5 and 6 Va r ety CO d €
Variety Code ari Code Variety Code Variety Code ~ H AI|Cante BOUSChet R AI|
Amor-Ndo-Me-Deixes R Amor Alm Amaral R Ama  Aharelhdo Ceitio R ANC Amor-Nao-Me-Deixes R Amor -
Avinto do Interior W Al ostrinha R Amo Antéo Vaz W Ant  AzalW Aza . . . Alvarelhdo R Alv
Cercial W e Ave Bastardo Branco W BasB ~ Azal Espanhol R AzaE Al’ln'[O dO |n'[erIOI' W A”I ~
Chenin W 3 Bas Binzelo W Bin  BagaR Bag Alvadurdao W Ald
Corropio N o Beb  Boal EspinhoW  BoaE Batoca W Bat rcial W r . .
Dona Branca W Bic Borragal R Bor  Boal Vencedor W BoaV Cercia Ce Alvarinho W Alvi
Feteasca Alba W oal Ratinho W BoaR  CarrasquenhoR  Carr  Carignan R Car H . .
Galego Dourado W a Cal Casteldo Branco W CastB Cayetana W Cay Chen I n W Che Annto W An
Malvasia Rei W 2 Cas Cerceal BrancoW CerB  Cidreiro R Cidr . - B -
Mahasia Candida W <t Cast  GinsautR Cin  Diagalves W bia Corropio N Cor Arinto do Pico W AriP
Marufo R Cha Dedo de DamaW DedB Dogal W Doc
Muller Thurgau W Cid Dedo de DamaR  DedR  Encruzado W Enc Dona B ranca W Don Bobal R Bob
Patorra R Com Donzelinho R DonzT Esgana Céo W EsgC
:nta zragao: :nzr Eol Esgagmhn:l Esg fonle. Ca\INW fon FeteaS ca A| ba W Fet Cabemet Franc R CabF
oGl Cooa e W e A ot oo ol Camarate R Cam
Verdelho W Verd h Jae Folgasdao W Fol Malbec R Mal a ego Ou ra O a Fernéo P | res W Fer
2 Lar Gewurtztraminer W Gew  Marselan R Mar . .
Alicante Bouschet R~ Ali Malv  Gouwio W Gou  Merlot R Mer Malvasia Rei W MalR Grenache R Gre
Alarelhdo R v Man Gouweio Preto R GouP  Moscatel Graido W~ Mos i .
Anadurio W Mon  Granho w Gra  PéCompidow e Malvasia Candida W MalC Malvasia Fina W MalF
Alvarinho W oscatel Galego W MosGB  Jampal W Jam Prieto Picudo R Pri
2:::22\2 o | ameiro W Prosecco W Marufo R Maru Molar R Mol
Bobal R Pic Pardina W Pard  Sousdo R Sou MOSCateI Nunes W MOSN
Cabemet Franc R Pil Perrum W Per Terrantez do PicoW  TerP M u I | er Th u rg au W M ul .
Camarate R eto Martinho R PreM  Preto CardanaR ~ PreC  Tinta Mitida R TinM Mourisco Branco W Mou
Fernao Pires W hbigato Moreno W RabM  Rabigato W Rab  Touriga Nacional R Tou Patorra R Pat
Grenache R i Rie Rabo de Ovelha W RabO  Vermentino W Ver Parellada W Par
Malvasia Fina W Roa Silvaner W sil Verdejo W Verdj 1 3 1
Molar R Ruf Siria W Sir Vinhdo R Vin Tlnta Bragao R TInBr Pedro Ximenez W Pedx
Moscatel Nunes W 50 Mamede W Sao Tinta Carvalha R~ TinCv  Alfrocheiro R Alf ] i .
Mourisco Branco W Syr Tinta Francisca R TinF Aragonez R Ara TI nta P Om ar R TI n P ROU pe"O BranCO W ROU
Parellada W h Tam Tinta Gorda R TinG Barcelo W Bar . . . -
Pedro Ximenez W nta Barroca R TinB  Tintinha R Tt BastardoTitoR  BasT Trincadeira das Pratas W TriP Sangiovese R San
Roupeiro Branco W buriga Fémea R TouF Touriga Franca R~ TouFr  Branjo R Bra .
Sangiovese R a Ca UaC  Viosinho W Vios  Cabemet Sawignon R Cabs Verdelho W Verd Sarigo W Sar
Sarigo W Vio Donzelinho Branco W DonzB Ali
Talia W Vit Douradinha W Dou Tal 1a W Tal
Tinta Caiada R i Zin Luzidio W Luz i
Tinta Grossa R i Mantetido Preto R ManP Tinta Calada R Tinc
Trajadura W Moreto R Mor
Trincadeira R i Petit Maseng W PetM I M f' z 1 7 2 Tinta Grossa R TinGr
Trincadeira Branca W Petit Verdot R Petv e n t I I Ca I I l O S e e n t re ) a S Trajadura w Tra
Pinot Noir R Pin
Ramisco R Ram : H H Trincadeira R Tri
wwew = Variedades que fizeram os maiores neace! _
Sercial W Ser Trincadeira Branca W TriB
Terrantez W Ter

wee e gjustes de seca (maior WUE).

Tinta da Barca R TindB
Uva Salsa W Uvas
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Figure — Correlations between carbon isotopic composition (313C, %o) of berry juice and phloem for 172 different grapevine varieties,
subjected to two water treatments: (a) Full irrigated (FI) and (b) Non-irrigated rainfed (NI-rf). Linear fit (with full lines when statistically
significant and a dashed line when the trend was not statistically significant) for all varieties (black line, and Pearson coefficient of
correlation r and coefficient of determination R2) and for each group (colored lines). Note that y-axis has different scales in (a) and

(b).
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Berry juice Phloem

Figures — Boxplots of the differences between the two water
treatments: full irrigation (FI) and no-irrigation rain rainfed conditions
(NI-rf), considering the carbon isotopic composition (3'3C, %o) of
berry juice and phloem for the 6 clusters generated (see Fig. 1).
Different letters represent significant differences (p<0.05) among
clusters and open dots the outliers.

Clusters based on phloem and grape &'3C at NI-rf

As variedades apresentaram nao so6 diferencas
na WUE, mas também um maior fecho
estomatico em condicOes de seca

(a) berry juice (b) phloem
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Conclusodes

Através do estudo de um grande numero de castas (172), sob clima mediterranico e dois
tratamentos hidricos, demonstramos a grande plasticidade fisiolégica das castas.

Esta plasticidade pode permitir que as videiras mantenham a produtividade e a qualidade sob
gestao sustentavel da agua (sem irrigacao artificial), particularmente sob um clima do tipo
mediterraneo.

Ajustes de WUE a seca foram comuns entre as variedades, mas muito mais pronunciados em
certas variedades [J grande regulacédo estomatica destacada pelo alto floema 8'3C em condicdes de
sequeiro nao irrigadas e aumento do enriqguecimento de 13C ao comparar irrigacao total com
condic¢des néo irrigadas.

Estes resultados reforcam a importancia das medidas isotépicas no floema (83C) como uma
ferramenta promissora complementar para avaliar as respostas de curto e longo prazo (sazonal e
anual) a seca em videiras.

Assinatura isotopica de carbono do floema como uma TOOL valiosa para avaliar os
ajustes fisioldgicos entre castas europeias de videira sob um clima mediterranico
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