&=, UNIVERSITA
 JfK § DEGLI STUDI
%2’ DI UDINE

HIC SUNT FUTURA,

SUSTAINABILITY
IN VITICULTURE

Enrico Peterlunger
University of Udine, Italy

ForumBizkaikol'xakolina
Txakolinarermuseoarlxakolingunea
Bakig Novemberldh 2025



Modern viticulture C Sustainability

b 4

C highquality wines, good yield

C low environmentalimpact
D lesswater use
D lessfungicides
- adaptationto climate change
- cultivation techniques, delaymaturation

WS € improvewine quality & reduce water use



Water stress affects the flavonoid composition in

'‘Cabernet Volos' skins, with main effects on structural

characteristics oproanthocyanidins
R.Braidotti, A. Calderan, M. Fraccaro,Lisjak A. Vanzo, E. Peterlunger an&WRilotti

ActaHortic. 1390. ISHS 2024. DOI 10.17660/ActaHortic.2024.1390.4 Proc. XI IS on Grapevine Physiology and
Biotechnology



CabernetVolos
[Cabernet sauvignon x 20/3, 32.078]

Resistanttolerant

to Downymildew,

Powderymildew
Goodquality

Breedingorogramof
University of Udine,
Vivai Cooperativi Rauscedo,
Institute of AppliedsenomicsUdine



- Cabernet Volos / SO4

- Well watered WW vs.

- Water stress WS (plastic cover and soll to avoid rainfall)
- WW rrigation weeklypn a >-0.6 Mpa

- WSirrigation whena a >-1.4Mpa

- Water stress integral

- Basic analyses

- Anthocyaninsin skin

- Gene expression analysis gPCR



Measurement of the leaf water potential

Sap d isible-
Petiole before the sap drop enda::f n':l;:‘::'e;;nt
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Figure 1. Evolution of seasonal water deficit integrals of wellvatered vines (full symbols) and waterstressed
vines (open symbols)doy z day of the year.
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Figure 2. Trends of mean berry weight (A); soluble solids (B); titratable acidity (C); and pH (D) of well
watered (full symbols) and waterOOOA OOAA AAOOEAO
season 2018doy z day of the year. Data processed through ongay ANOVA (ns, not significant;

*p<0.05; **p<0.01).
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WW 1.55 11.6 21.1 19.4

WS 2.32 11.4 21.9 21.6

S|gn Fa S ns ns *

aDatawere analysedhroughone-way ANOVA (ns\ot significant *p<0.05; *** p<0.001
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Figure 3. Trends of the relative expression of
GFNBSG 3ISySa Ay GKS 0S5
+2t2aQ AYy (0KS aSlaz2y H
(B);VVANRC);VVUFGTD); VVGATE)

consisting of the sum of VVGAT1 and VVGATZ,;
+PJCoQpQl 6CO O2yaraitAy
K2Y2ft232dzaY ++@0CoQpQl FT
+ @ Co Qp watarael (fall Syimbols) and
water-stressed (open symbolgjoy ¢ day of

the year.

Data processed through ongay ANOVA (ns,

not significant; *p<0.05; *p<0.01;

***p<0.001).

Galloylatedporoanthocyanidines
healthyeffect for teeth formation
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Physiologicatharacterizationof Vitis hybrid cv Merlot
Khorusundertwo different water regimesin
northeasternltaly

Alberto Calderan,, AlessiaCogato.;, Riccardd3raidotti., Giorgio Alberti, KlemenLisjak, Jose Carlos

Herrera.,, Enrico Peterlunger PaoloSivilotti
ScientiaHorticulturae321 (2023) 112318



Merlot Khorus

[Merlot x 20/3, 31.125]




- Merlot Khorus/ SO4, 2020 and 2021
- Lysimeters (1.5x1.5x1.5m, 3.37§ m
- Well watered WW vs. Water deficit WD

- WW 100% EJ

- WD 35%ET,

- Dally Irrigation (at night)

- Stem water potentiah gcumul water deficit integrab,
- Xylem sap flowr whole plant transpiratiol
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Total leaf area (/per plant+ standard error of the mean) in 2020 and 2021.
The vines were manually topped at DOY 171 and 174 in 2020 and 2021, respectively.

Irrigation | Leafareabefore Leafarea after Leafareaat harvest
regimes | trimming (m?) trimming (m?) (m?)

2020 2021 2020 2021 | 2020 2021
Well 4.3 6.6 2.1 3.4 2.3 3.6
watered
Water 3.5 5.2 1.9 2.7 2.0 2.7
deficit
Signt ns * ns ns *x *

Data were analyzed through unpaired tanled t¢test (ns, not significant; *, p < 0.05; **, p < 0.01).



Water deficit integral (MPa days)

Water deficit integral (MPa days)
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Evolution ofwater deficit integral(S, ) under different

irrigation regimes,
wellcwatered (WW, black) and
water deficit (WD, gray)
irrigation:

a) 2020 (DOY 12854)

b) 2021 (DOY 16@52).

The vertical dotted lines indicate theeraison(50% of red

berries).
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Values ofstomatal
conductance(gs a,b) and

net photosynthesigAN;c,d) in
2020 @,0 and 202114,d).

The parameters were
monitored under different
irrigation regimesyvellg
watered (WW, black and
water deficit (WD, gray
irrigation.

Each data point is the mearnstandard error of
the mean (vertical bars) of eight replicates.
Data were analyzed through unpaired two
tailedtctest (ns, not significant}, p <0.05;**,
p <0.01;*** p < 0.001).



Daily average and cumulated evapotranspiration (Pengivonteith methods EJ), measured transpiration (T) and
calculated basal crop coefficierK¢ during the sap flow working period in both treatments in 2020 and 2U2iaison
occurred at DOY 214 (2020) and 210 (2021).

The values of T artdcbin WW and WD were compared through unpaired fti@ded tctest, and the results showed that the differences were always
significant at ***,p <0.001. 2020 2021 Daily average Cumulated Daily average Cumulated Parameter DOY WW WD WW WD DOY WW WD WW W
Measured ETO (mm)

2020 2021

Dailyaverage Cumulated Dailyaverage Cumulated

Parameter DOY WW WD WW WD DOY WW WD WW WD
Measured 161213 4.2 - 215.6 - 156209 4.5 - 245.1 .
Ef(mm) 214255 3.3 - 139.5 - 210252 3.8 - 163.3 -
162-255 3.8 - 355.1 - 156252 4.2 - 408.4 -

Measured 162213 3.0 2.1 154 111 156209 3.8 2.8 205 152
T (mm) 214255 3.0 1.3 210252 3.3 0.9 { ’

162255 3.0 1.8 281 168 156252 3.6 2.0 Caa6 1923
Calculated 162213 0.72 0.52 - - 156209  0.83 0.60 - -
K., 214255 0.83 0.41 - - 210252  0.85 0.25 - -
162255 0.77 0.47 - - 156252  0.84 0.44 - s

early Junec mid September



Effect of water regimes on berry components at harvest in 2020 and 2021.
Data were analyzed through unpaired tgtailed t¢test (ns, not significant?, p <0.05;**, p <0.01;***, p <
0.001).

Berry mass (Q) Relativeskinmass | Skinmass Relativeseedmass | Seedmass
(%) (mg/berry) (%) (mg/berry)

Irrigation 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
regimes

Well 1.34 1.40 8.99 8.51 12.05 11.96 8.28 8.69 111.07 122.05
watered
100%

Water 0.97 1.11 9.35 8.52 9.04 9.45 9.26 8.84 89.51 97.95
deficit

35%

Slgnt *%k%* *%* nS ns *%* *%* * ns *%* *%k%*



Effectof waterregimeson berry quality at harvestin 2020 and 2021.

Datawere analyzedhrough unpairedtwoctailed t¢test (ns, not significant **, p <0.01;***, p <0.001). FMberry
freshmass; DMskindry mass; TS$tal solublesolids TA titratable acidity TSS BriXY) pH TA (g L 1) Anthocyanins
(mg/g berry FM) Anthocyaningmg/g skinDM)

TSSBrix) olg TA (g B) Anthocyanins(mg/g | Anthocyanins(mg/g
berry FM) skinDM)

Irrigation 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
regimes

Well 26.6 28.9 3.10 2.80 7.40 9.10
watered

Water 27.8 27.3 3.21 2.85 5.38 7.63
deficit

S | g n t ** ** N S ** *k* *k*k *k*k *k* *k*k **




CONCLUSIONS Mekatorus

- Characterizatiof physiologicabnd productiveresponseof the
new cultivar Merlotkhorus

- A awith 35% EJresistedto WS with highvalues(>-1.15 Mpa)

- Gsand Adecreasedsexpected tighter stomatalcontrol

- WSC positiveinfluence
- Merlot Khorussuitablefor dry farming or deficitrrigation

management
- Avoidexcesf vigour



Artificial ripening of grape seed phenolics in Pinot noir and
Cabernet Sauvignon

FilippoDel ZozzoJoshua/anderWeideEsmaeiNasrollahiazaEenricoPeterlunger,
LauraRustionj andPaoloSabbatini

BIO Web of Conferencdg, 06002 (2022)

https://doi.org/10.1051/bioconf/20224406002
CO.NA.VI. 2020



- Coolclimate viticulture

- Shortgrowingseasonnfluencegrapeseedmaturation
- Management of fruit technological ripening, in vineyard or pos
harvest, Is pivotal for wine quality. 5 oxidationot flavan3-o-monomers
D seedbrowning & bitterness
- Impact of vmeyard or cellar practices on seed phenolic fractio
remains poorly understood.

Aim of experiment
- Bvaluate seed color change, phenolic composition, extracti
potential after anoxidationinduced by dreezingtreatment.



- ¢cv.  Pinot naoirr, Cabernet sauvignon
- at:  Veraison harvest

- Freezing treatment24 hoursat -20°C
- Thaw different timing

- T20120 no freezing oawing CONTROL
- T20140 no freezingthawing40°C

- T-20120 freezing20°C,thawing20°C

- T-20140 freezing20°C,thawing40°C

lyIftéeara FFG4SNI pQE MKZI oKX pl



Basic fruit quality analysis 8Nand CSberries atveraisonandharvest

Total Soluble Solids (TSS), pH and Titratable Acidity (TA) were analyzed to
determine the technological maturity of the collected samples.

Veraison Harvest
Cultivar

TSS°BX pH TA (g/L) TSS°BX pH TA (g/L)

PN 9.1 2.79 29.2 17.5 3.21 11.2

CS 11.2 2.83 35.0 18.1 3.13 9.0
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3.2. Phenolic



B total phenols
:3 tatal catechins
3 (+)- catechin
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Heatmap displaying thenetabolomic profileof phenolic acids
flavonols stilbenes catechins,andprocyanidinsafter three
hours of incubation. Data was log 10 transformed and
treatments were expressed as a percent change from the
control (T20120). Both axes are clustered, and red and blue
represent a percentage increase and decrease of compoun:
respectively.

BIO Web of Conferencdgl, 06002 (2022)
https://doi.org/10.1051/bioconf/2022440600Z20.NA.VI. 202(



Controlseedcells(A) and after freezing (B).
The freezing-R0 °C)causedcollapsingof cellmembranes(B).

VibratomeSeries 1000®issueSectioningSystem Stainedwith propidiumiodide. Pictures
takenusinga Nikon D$i3 camerattachedto an Eclipse NE®upright microscope Images
were processedisingNISElementBasicResearclsoftware.



FreezingC colordarkeningsimilarto natural process

Most changesn the first 3 hours
Differencedetweencultivars
Modified seedtannin content

- total phenolsPNC C&C ,

- catechins®N=, CB,

- gallicacid PN C&C ,

- phenolicacids PN CX

- epicatechingallate PND C®)

Furtherstudy for impact othis technique onbitterness
astringencyflavour



Double-Pruning Grapevinesasa Management Tool
to Delay Berry Ripening and Control Yield

Alberto Palliottiy Tommaso Frioni,Sergio TombesiPaolo Sabbatin,
Juan Guillermo CruastillosVania LanargOriana Silvestron,
Matteo Gattkand Stefano Potfi

Sangiovesegentralltaly, training systenspurcordon
SHF1 StardardHandFinishing - February

LHF T Late HandFinishingi shootsat10 cm
VLHF T Very Late HandFinishingi shootsat20 cm

Am. J. Enol. Vitic. 68:4 (2017)



Figure 1 (A) Mechanical prepruner at work
in the spur-pruned cordon trained
Sangiovese vineyard, and (B) vines just
after the prepruning treatment in winter.
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Figure 2 (A) Detail of hand-finishing (HF) performed on very late HF when the apical shoots growing
on preshortened canes were at BBCH-19 (~20 cm long with eight to nine unfolded leaves), and (B)
pre- and post-HF comparison.




Figure 3 Photos taken in 2015 on (A) 3 Aug during veraison, showing
clusters on nAr e B)whZAAuy dwirg drwottipening,an d  (
showing clusters on fndelayed" shoot s.



Total soluble solids (Brix)
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Figure 5 Interactive treatment year effects on total soluble solids at
harvest. For each treatmemtyear combination, vertical bar represents
SE (n =5). SHF, standard héinghing, LHF, late harfchishing, VLHF,
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Figure 6 Seasonal changes of total soluble solids and titratable acidity in 2015 and 2016

on spur-pruned Sangiovese vines mechanically prepruned in February and subjected to handfinishing (HF)
at different times: February (SHF, standard HF) and after budburst, when apical shoots on canes retained
with prepruning operation were ~10 cm long (LHF, late HF) or ~20 cm long (VLHF, very late HF). Data points
are means of three replicates of 50-berry samples. Vertical bars represent SE. H indicates harvest date.
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Figure 7 Node fertility in 2014, 2015, and 2016 of spur-pruned Sangiovese vines mechanically prepruned
iIn February and subjected to handfinishing (HF) at different times: February (SHF, standard HF) and after
budburst, when apical shoots on canes retained with prepruning operation were ~10 cm long (LHF, late
HF) or ~20 cm long (VLHF, very late HF). Each bar is the mean of 20 vines + SE.



Sustainability
Breeding foresistanceresilience
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the white varieti es registered Iin 2015

55.100

| | Kelos | Neps | Ryos___




the red varieties registered in 2015

58.083 Cabenet Eidos CabSauvgnon x Banca

32.078 Cabernet Volos CabSauvignon x 20/3
31.122 Merlot Karthus Merlot x 20/3
31.125 Merlot x 20/3

Regent x 20/3

Cabernet Eido Cabernet Merlot Merlot Julius
Volos Kanthus Khorus



the varieties registered in 2020

109-033 109-052 156537 156-312
Pinot Iskra Kersus PinotKors  Volturnis



Breedingisgoingz2y x

.~ (tracrRNA-CrRNA chimera)
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Book onresistantvarietiesworldwide

LaurentTorregrosaThierry Lacombe,
HernanOjeda,eds
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Encyclicaletter

Laudatoa A Q
Saint FranciBymn

«Take care obur
common home



Sustainability
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The Vineyard «Laudatb A Q

Pope FranciCenter forHigherEducationat

Castel Gandolfsummerresidence of the Popes,
to giveeducationto vulnerablepeople,refugees migrants etc.

Theteachingis about sustainablilitywork, to «take care obur
common home, the Planet Earth».

Practicalcitivity, includinga vineyard: anexampleof zeroemission
vineyard lessapplicationof fungicides sustainablgechniques.



To use the resistant grapevine varieties, the task to plan and follc
0 KBaudatosiQé OGAYSeélF NR YR GgAYS
has been assigned by the Pope to

Enrico Peterlungeand RobertoZironi
University of Udine.

A great honor for us, and a great responsibility.

COMMISSIO DE FRUCTU VINEAE
International commission



COMMISSIO DE FRUCTU VINEAE

International commission

Enrico Peterlunget)niversitadi Udine, coordinator
RobertoZironi Universitadi Udine, coordinator
LuigiMoio, Universitadi Napoli Federico Il, pres. OIV
Antonio Morata, UniversidaBolitecnicade Madrid
Hans Schultz, Hochsch@&isenheinuUniversity
LaurentTorregrosalnstitu Agrg Montpellier

Jancis Robinson, London

Francesc&imercat| secretary

P. Fabio Baggioresponsibleof Borgo Laudata pr@lect,sinceDec8, 2024 Cardinal
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Castel Gandolf@ «Laudatoa neyard¢ September2024



Castel Gandolf@ «Laudatoa A viheyardg September2025
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