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B Douro Demarcated Region

One of the biggest steep slope viticulture regions of world
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B Portuguese viticulture facts & figures

11th wine producer (5t Europe);

oth position in surface with vineyard but with very low productivity (~4 ton/ha)

One of the lowest prodution / ha

Source: OIV, 2019 STATISTICAL REPORT ON WORLD VITIVINICULTURE

Wine Prod.

Country (10° HI) (10° Ha) L/Ha Tones/Ha
Germany 10,3 103 10,0 13,6
Australia 12,9 146 8,8 12,0

ltaly 54,8 705 7,8 10,6

South Africa 9,5 126 7,5 10,3
Argentina 14,5 218 6,7 9,1
France 48,6 793 6,1 8,4

Chile 12,9 212 6,1 8,3

USA 23,9 439 5,4 7,4

Spain 44,4 969 4,6 6,2
Portugal 6,1 192 3,2 4,3
China 9,1 875 1,0 1,4



B Wine production time series in Portugal

The Douro wine sector is extremely vulnerable to climate conditions

Strong
‘ interannual
variability
forced by
weather
conditions

Vineyard plantations

Vineyard restructuring
and conversion

Source: Jodo Santos (UTAD), according 1VV 2017 data



B Evolution of wine production in Douro Demarcated Region

#

4.1 ton /ha

Douro

The productivity is extremely low, when compared with the maximum allowed in DOC)
(7.5 ton/ha for red wines; 8.8 ton/ha for withe wines)

Source: IVDP (2017) RUMO ESTRATEGICO PARA O SETOR DOS VINHOS DO PORTO E DOURO



B ADVID - Research and Experimental Development main areas

Flagship Projects

Research and Experimental Development - R&ED

Impact of climate changes on the Douro

Zoning wine production potential

Functional biodiversity

Assessment of grapes quality potential

Preservation of genetic diversity

Sustainable production in viticulture

Maximizing efficiency of hillside vines

Training and dissemination



B Goals of ADVID under climate change strategic line of research

- To identify impacts of climate change in viticulture and needs of wine sector

- To promote studies to analyze evolution of climate conditions and evaluate
the application of adaptation measures, in close collaboration with the wine

sector and scientific partners at national and international level

- To recommend to winegrowers the best management practices
to reduce their vulnerability to climate change impacts, promoting
the stability of production, high quality of wines, enhancing the

resilience of wine sector




B Study conducted in Douro about Climate projections (Jones 2012)

A climate assessment for the Douro wine region: an examination for the past, present
and future climate conditions for wine production

ADVID developed a webtool that allow growers
to have access to this information in order to
support management decisions



B A climate assessment for the Douro wine region - Study Description

Climate Parameters

+ 11 climate parameters analized

Annual Precipitation (mm)

Average Annual Temperature (2C)

~ 3 greenhouse gas emission scenarios
(B2, A1B, A2) Growing Season Active Temperatures (3TA, 2C)

Growing Season precipitation(mm) — April to October

» Spatial Climate: Historic Data (1950-2000)

Growing Season Average temperature (2C) — April to October

Growing Season Maximum Temperature (2C) — April to October

» Three future time periods (2020, 2050, and 2080)

Growing Season Minimum Temperature (2C) — April to October

Huglin Index

~ Spacial Resolution: 1 km2 (100 ha) .

Winter Precipitation (mm) — November to March

Winter Maximum Temperature (2C) — November to March

Winter Minimum Temperature (2C) — November to March

Future climate conditions in the Douro Wine Region were examined using IPCC SRES projections.



B Growing Season precipitation (mm) - Historic (1950-2000)



B Growing Season precipitation (mm) - A1B Scenario 2020



B Growing Season precipitation (mm) - A1B Scenario 2050

Decline Up To -100 mm



B Growing Season precipitation (mm) - A1B Scenario 2080

-100 a -200mm (Decline Nearly -42%)



B Growing Season Average temperature (°C) - Historic (1950-200)



B Growing Season Average temperature (°C) - A1B Scenario 2020

Hot (43%)



B Growing Season Average temperature (°C) - A1B Scenario 2050

Very Hot (36%); up To + 32C



B Growing Season Average temperature (°C) - A1B Scenario 2080

Too Hot (19%), Very Hot (54%); Up To + 3 a +42C



B Huglin Index - Historic (1950-2000)

Bioclimatic Index used in viticulture that indicates
suitability of an area for vine cultivation



B Huglin Index - A1B Scenario 2020

Warm/ Very warm



B Huglin Index - A1B Scenario 2050

Very warm / Too Hot



B Huglin Index - A1B Scenario 2080

Too Hot



B Impacts (risks) of climate changes in viticulture

 Anticipation of grape ripening / Reduction in time window for harvest (ex. 2017)

Changes in grape characteristics and wine profiles

Physiological impacts in vineyards (higher water, heat and radiative stresses)

* Reduction in vineyards longevity

* Changes in pests and diseases complex (ex. More trunk diseases, mealybugs, mites)

* Impacts on soil quality (reduction in organic matter) with higher risk of erosion

Lower productivity with impacts on economic sustainability

Risk of abandonment of vineyards in drier zones

Source: Carlos Lopes (ISA)



B Some examples of climate extreme event impacts
- - -

“Sun burn” effect in 4-6 August 2018



B Measures to be implemented on news vineyards

Avoiding unfavourable exposition (south) to prevent sun burn events



= Water, heat and radiative stresses in August / September 2017
/



B Adaptation measures to climate change and period of implementation

Vineyard re-location (Zoning)
Varieties X Roostocks selection
Vineyard design and shading
Training and pruning systems
Deficit irrigation
Soil management

Canopy management

Adaptation strategy

Oenological techniques

Harvest date management

>
Short term Medium term Long term

Period of implementation Adapted from ADVICLIM (2016)



B Adaptation measures to climate change under study in Douro Region

a) Preservation and study of genetic diversity of Portuguese varieties

b) Application of kaolin as a leaf protector against thermal and light stress

c) Management of Deficit Irrigation (RD)

d) Other studies ongoing (application of biochar to soil;, shadow nets;
precision viticulture techniques)



B Genetic diversity in Portugal

Number of authoctonous varieties cultivated / km2 in Europe
according to national official lists
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B Douro region — a genetic diversity reservoir



Public-private association founded 2009 with the following goals:
— Conservation of INTRAVARIETAL genetic variability in pots and field trials

— Promote studies on growing and winemaking attributes of 200 autochthonous

varieties

Stop genetic loss of Portuguese varieties

30



The conservation park

So far:
- =30 000 genotypes conserved in field trials

- over 16000 genotypes conserved at the
experimental Pole of over 200 Portuguese native
grape varieties (target: 50 000 genotypes)

31



m Intervarietal diversity as a climate change adaptation measure

Possibility to perform polyclonal selection, with different goals
Select varieties with higher stress resistance

Ex: Tempranillo (Tinta Roriz in Douro) variety

30 selected genotypes with priority to anthocyanins are now in a second cycle of
comparison in 6 trials (4 in the Douro, 1 in Dao, 1 in Alentejo);

Selection of more heat tolerant genotypes is ongoing in a trial in Alentejo



B Most used varieties in Douro region

Casa do Douro, 2002

Touriga Franca, one of the most used variety, exibit a higher resistence to climate impacts

Studies are going at Insituto superior de Agronomia (Lisbon) about its leaf anatomy



B Classes of altitude in Douro region

Cota (m)

I s0/100
B 100200
B 200/400

- 400/700

700/1000

. 1000/1300

1300/1600

Topographic and geographical conditions allow to

5 ar . Fonte CAOP e Instituto do Ambiente.
relocate grape varieties (zoning)



B Zoning strategy was studied for main red varieties used in Douro

Touriga Nacional Touriga Franca

Tinta Amarela

Source: Paulo Costa

Source: Oliveira, A.A (2001)



Understanding which are the best combinations of rootstocks X Varieties to
face climate change...



Application of sunscreen protection (Kaolin) to vineyards
-




Application of sunscreen protection (Kaolin) to vineyards

;

This technique result in:

- Reflection of part of radiation

- Reduction in internal temp. of leafs and grapes

- Reduction in transpiration rate

- Higher efficience of photossynthesis

- High stomate condutance

- Reduction of leaf and grape sun burn phenomena



B Promote the efficient use of water — Deficit irrigation trials

Irrigation is strongly regulated in the Douro Wine Region

RDD - Sub Regions
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Two varieties under study: Touriga Nacional and Touriga Franca



® Trial installed in a comercial vineyard under study since 2002

{‘4‘:’! I
ReaL CompANHIA VELHA

30 et 60% ETc- Evapotranspiration corrected
Modalities of Deficit irrigation

BOnN




= Sholander chamber pression - An important tool for assessing hydric status

Pre-dawn water potential (MegaPa) evolution in 2017 o
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= Pre-dawn water potential (MegaPa) evolution in control plot (nor irrigated) (2002-2019)
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= Analysis of production / plant (2002-2019)

kg / plant
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= Analyses of grape quality (2014 - 2019)
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The two modalities of Deficit Irrigation did not result in negative impacts in Antocianins
and Tannins



B In available places, install water reservoirs
-




= Ongoind studies- Application of “BIOCHAR” to vineyard soil

;

BIOCHAR- charcoal produced from plant matter that cab be applied to soil to
improve its characteristics

Pre-dawn water potential evolution (MPa) in 2017



* Ongoind studies- Application of “shading nets”

e
to reduce radiative and heat stresses




B Work ongoing related with precision viticulture

* Project WINESPECTRA - Management of deficit irrigation in vineyards based on
vegetation indexes

* Partnership: Sciences faculty of University of Porto, ADVID, Real Companhia Velha and Symington Family Estates

Evaluate the potential of vegetation indexes based on reflectance data, to
estimate water status of vineyards

* Project VINIOT - Network-based precision viticulture service loT sensors for
digital transformation of SMEs in the SUDOE space

* Partners: AIMEN, AGACAL, ADVID, IFV, INRA, AGAMELARIOJA, FEUGA, IRSTEA

Creation of a new technology monitoring service for vineyards in real time,
to assess relevant parameters in viticulture such as water status, grape
maturity or pest and phytosanitary status



= General conclusions

There are several adaptation measures to climate change

The adaptation measures should not be applied in a general way, but
validated in different terroirs, years and different production objectives
(ideally by each wine company)

Serious and long-term studies are needed to allow us to correctly
diagnose the problem and consequently define the most appropriate
solutions

Those studies should result in guidelines that allow the
recommendation of most effective adaptation measures to reduce
viticulture's vulnerability to climate change
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