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Modernviticulture Č Sustainability

Č high quality wines, good yield

Č low environmentalimpact
Ď lesswater use
Ď lessfungicides
- adaptation to climatechange
- cultivation techniques, delay maturation

WS     č improvewine quality & reduce water use



Water stress affects the flavonoid composition in 
'Cabernet Volos' skins, with main effects on structural 
characteristics of proanthocyanidins
R. Braidotti, A. Calderan, M. Fraccaro, K. Lisjak, A. Vanzo, E. Peterlunger and P. Sivilotti

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



Cabernet Volos
[Cabernet sauvignon x 20/3, 32.078]   

Resistant/ tolerant
to Downymildew, 
Powderymildew

Good quality

Breeding programof 
University of Udine,

Vivai Cooperativi Rauscedo,
Institute of Applied Genomics, Udine   



- Cabernet Volos / SO4

- Well watered WW vs. 
- Water stress WS (plastic cover and soil to avoid rainfall)
- WW Irrigation weekly, ʌǎ> -0.6 Mpa
- WSirrigation when ʌǎ> -1.4 Mpa

- Water stress integral
- Basic analyses
- Anthocyaninsin skin
- Gene expression analysis qPCR





Figure 1. Evolution of seasonal water deficit integrals of well-watered vines (full symbols) and water-stressed 
vines (open symbols). doyɀday of the year. 



Figure 2. Trends of mean berry weight (A); soluble solids (B); titratable acidity (C); and pH (D) of well-
watered (full symbols) and water-ÓÔÒÅÓÓÅÄ ÂÅÒÒÉÅÓ ɉÏÐÅÎ ÓÙÍÂÏÌÓɊ ÏÆ Ȭ#ÁÂÅÒÎÅÔ 6ÏÌÏÓȭ ÇÒÁÐÅÓ ÉÎ ÔÈÅ 
season 2018. doyɀday of the year. Data processed through one-way ANOVA (ns, not significant; 
*p<0.05; **p<0.01). 



Total anthocyanins 
(mg g-1 berry) 

Mean degree of 

polymerization
(mDP) 

Percentageof 

galloylation
(%G) 

Percentageof 

prodelphinidines
(%P) 

WW 1.55 11.6 21.1 19.4 

WS 2.32 11.4 21.9 21.6 

Sign. Fa *** ns ns * 

aDatawereanalysedthroughone-way ANOVA (ns, not significant; *p<0.05; *** p<0.001 



Figure 3. Trends of the relative expression of 
ǘŀǊƎŜǘ ƎŜƴŜǎ ƛƴ ǘƘŜ ōŜǊǊȅ ǎƪƛƴǎ ƻŦ Ψ/ŀōŜǊƴŜǘ 
±ƻƭƻǎΩ ƛƴ ǘƘŜ ǎŜŀǎƻƴ нлмуΥ ±Ǿ[!wм ό!ύΤ ±Ǿ[!wн 
(B); VvANR(C); VvUFGT(D); VvGAT(E) 
consisting of the sum of VvGAT1 and VvGAT2; 
±ǾCоΩрΩI όCύ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ǘƘŜ ǎǳƳ ƻŦ ŦƻǳǊ 
ƘƻƳƻƭƻƎƻǳǎΥ ±ǾCоΩрΩIŦΤ ±ǾCоΩрΩIƎΤ ±ǾCоΩрΩIƘΤ 
±ǾCоΩрΩIƛΦ ²Ŝƭƭ-watered (full symbols) and 
water-stressed (open symbols). doyςday of 
the year. 
Data processed through one-way ANOVA (ns, 
not significant; *p<0.05; **p<0.01; 
***p<0.001).

Galloylatedproanthocyanidines
healthyeffect for teeth formation

±ǾCоΩрΩI increasedblue color (3-
hydroxilated anthocyanidines) 



πōŜǊǊȅ ǿŜƛƎƘǘ ǊŜŘǳŎǘƛƻƴ ōȅ мо҈

πŀƴǘƘƻŎȅŀƴƛƴǎ č²{Σ ŎƻƴŦƛǊƳƛƴƎ ǿƘŀǘ Ƙŀǎ ŀƭǊŜŀŘȅ ōŜŜƴ ƻōǎŜǊǾŜŘΣ
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π LƴŎǊŜŀǎŜŘ ǉǳŀƭƛǘȅ ƻŦ ƎǊŀǇŜ ŀƴŘ ǿƛƴŜ ǇƻƭȅǇƘŜƴƻƭƛŎ ŎƻƳǇƻǎƛǘƛƻƴ 



Physiologicalcharacterizationof Vitis hybrid cv Merlot 
Khorusunder two different water regimesin 
northeasternItaly

Alberto Calderan a,b, Alessia Cogatob,*, Riccardo Braidotti b, Giorgio Alberti b, KlemenLisjakc, Jose Carlos 
Herrera d, Enrico Peterlunger b, Paolo Sivilotti b 

ScientiaHorticulturae321 (2023) 112318



Merlot Khorus
[Merlot x 20/3, 31.125]



- Merlot Khorus/ SO4, 2020 and 2021

- Lysimeters (1.5 x 1.5 x 1.5 m, 3.375 m3)

- Well watered WW vs. Water deficit WD

- WW 100% ET0

- WD 35%ET0 

- Daily irrigation (at night) 
- Stem water potential ʌǎ, cumul. water deficit integral Sʌ
- Xylem sap flow = whole plant transpiration T



Rain
exclusion
shelter

Lysimeters





Fig. 1. Dailyreferenceevapotranspiration(ET0; mm d-1, black dots and curve), maximum vaporpressure deficit (VPD MAX; 
kPa, dark graydots and curve) and global radiation(GR, MJ m-2, light grayarea) 
from DOY 92 (1 April) to 274 (30 September) during2020 (a) and 2021 (b).



Total leaf area (m2 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
regimes

Leafarea before
trimming (m2) 
2020             2021

Leafarea after 
trimming (m2)
2020              2021

Leafarea at harvest
(m2)
2020              2021

Well-
watered

4.3 6.6 2.1 3.4 2.3 3.6

Water 
deficit

3.5 5.2 1.9 2.7 2.0 2.7 

Sign. t ns * ns ns ** *

Data were analyzed through unpaired two-tailed tςtest (ns, not significant; *, p < 0.05; **, p < 0.01). 



Evolution of water deficit integral (Sʌ) under different 
irrigation regimes, 
wellςwatered (WW, black) and 
water deficit (WD, gray) 

irrigation: 

a) 2020 (DOY 175ς254) 

b) 2021 (DOY 166ς252). 

The vertical dotted lines indicate the veraison(50% of red 
berries). 



Values of stomatal 
conductance (gs; a,b) and
net photosynthesis (AN; c,d) in 
2020 (a,c) and 2021 (b,d). 
The parameters were 
monitored under different 
irrigation regimes, wellς
watered (WW, black) and 
water deficit (WD, gray) 
irrigation. 

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



Daily average and cumulated evapotranspiration (PenmanςMonteith methods ET0), measured transpiration (T) and 
calculated basal crop coefficient (Kcb) during the sap flow working period in both treatments in 2020 and 2021. Veraison
occurred at DOY 214 (2020) and 210 (2021). 
The values of T and Kcbin WW and WD were compared through unpaired two-tailed tςtest, 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 WD 
Measured ET0 (mm) 

2020 2021

Dailyaverage Cumulated Dailyaverage Cumulated

Parameter DOY WW WD WW WD DOY WW WD WW WD

Measured
ET0 (mm)

161-213
214-255
162-255

4.2
3.3
3.8

-
-
-

215.6
139.5
355.1

-
-
-

156-209
210-252
156-252

4.5
3.8
4.2

-
-
-

245.1
163.3
408.4

-
-
-

Measured
T (mm)

162-213
214-255
162-255

3.0
3.0
3.0

2.1
1.3
1.8

154
127
281

111
57
168

156-209
210-252
156-252

3.8
3.3
3.6

2.8
0.9
2.0

205
141
346

152
41
192

Calculated
Kcb

162-213
214-255
162-255

0.72
0.83
0.77

0.52
0.41
0.47

-
-
-

-
-
-

156-209
210-252
156-252

0.83
0.85
0.84

0.60
0.25
0.44

-
-
-

-
-
-

earlyJuneςmid September



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

Berry mass (g) Relative skinmass 
(%)

Skinmass 
(mg/berry)

Relative seedmass 
(%)

Seedmass 
(mg/berry)

Irrigation
regimes

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021

Well-
watered
100%

1.34 1.40 8.99 8.51 12.05 11.96 8.28 8.69 111.07 122.05

Water 
deficit 
35%

0.97 1.11 9.35 8.52 9.04 9.45 9.26 8.84 89.51 97.95

Sign. t *** *** ns ns *** ** * ns ** ***



Effectof water regimeson berry quality at harvestin 2020 and 2021. 
Data wereanalyzedthroughunpairedtwoςtailed tςtest (ns, not significant; **, p < 0.01; ***, p < 0.001). FM, berry
freshmass; DM, skindry mass; TSS, total solublesolids; TA, titratable acidity. TSS (Brix) pH TA (g L 1) Anthocyanins
(mg/g berryFM) Anthocyanins(mg/g skinDM)

TSS (°Brix) pH TA (g L-1) Anthocyanins(mg/g 
berry FM)

Anthocyanins(mg/g 
skinDM)

Irrigation
regimes

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021

Well-
watered

26.6 28.9 3.10 2.80 7.40 9.10 1.63 2.15 46.2 56.5

Water 
deficit

27.8 27.3 3.21 2.85 5.38 7.63 2.65 2.62 64.1 69.2

Sign. t ** ** Ns ** *** *** *** *** *** **



CONCLUSIONS Merlot Khorus
- Characterizationof physiologicaland productiveresponseof the 

new cultivar Merlot Khorus
- ʌǎwith 35% ET0 resistedto WS with high values(>-1.15 Mpa)
- Gsand A decreasedasexpected́ tighter stomatalcontrol

- WS Č positive influence

- Merlot Khorussuitablefor dry farming or deficit irrigation
management

- Avoidexcessof vigour



Artificial ripening of grape seed phenolics in Pinot noir and 
Cabernet Sauvignon 
Filippo Del Zozzo, Joshua VanderWeide, EsmaeilNasrollahiazar, Enrico Peterlunger, 
Laura Rustioni, and Paolo Sabbatini

BIO Web of Conferences 44, 06002 (2022) 
https://doi.org/10.1051/bioconf/20224406002 
CO.NA.VI. 2020



- Cool climateviticulture 

- Short growingseason influencegrapeseedmaturation
- Management of fruit technological ripening, in vineyard or post-

harvest, is pivotal for wine quality. Ďoxidationof flavan-3-ol-monomers

- Ďseedbrowning    čbitterness

- Impact of vineyard or cellar practices on seed phenolic fraction 
remains poorly understood.

Aimof experiment:
- Evaluate seed color change, phenolic composition, extraction 
potential after an oxidationinduced by a freezingtreatment.



- cv:       Pinot noir,         Cabernet sauvignon 

- at:       Veraison,           harvest

- Freezing treatment: 24hours at -20°C
- Thaw: different timing

- T20I20       no freezing no thawing, CONTROL
- T20I40 no freezing, thawing40°C
- T-20I20       freezing -20°C, thawing20°C
- T-20I40       freezing -20°C, thawing40°C

!ƴŀƭȅǎƛǎ ŀŦǘŜǊ рΩΣ мƘΣ оƘΣ рƘΣ нпƘ



Basic fruit quality analysis of PNand CSberries at veraisonand harvest. 

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

Cultivar
Veraison Harvest

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



Color Index graph for PN(A, C) and CS
(B, D) at veraison(A, B) and harvest(C, 
D). The black symbols correspond to 
the not frozen treatments, the white
to the freezingtreatments. The circle
corresponds to the incubation at 20 °C 
and the triangle at 40 °C. 

- Black NOT FROZEN
- White FREEZING

- Circle incubation   20°C
- Triangle incubation    40°C 

Different letters identify significant different means and *, 
** and *** mean significant difference per P<0,05, P<0,01 
and P<0,001, respectively.
3.2. Phenolic



Heatmap displaying the metabolomic profile of phenolic acids, 
flavonols, stilbenes, catechins,and procyanidins after three 
hours of incubation. Data was log 10 transformed and 
treatments were expressed as a percent change from the 
control (T20I20). Both axes are clustered, and red and blue 
represent a percentage increase and decrease of compounds, 
respectively. 

4 
BIO Web of Conferences 44, 06002 (2022) 
https://doi.org/10.1051/bioconf/20224406002 CO.NA.VI. 2020



Control seedcells(A) and after freezing (B). 
The freezing (-20 °C) causedcollapsingof cellmembranes(B).

VibratomeSeries 1000® TissueSectioningSystem. Stainedwith propidiumiodide. Pictures 
takenusinga Nikon DS-Fi3 camera attachedto an Eclipse Ni-E® uprightmicroscope. Images 
wereprocessedusingNIS-ElementsBasic ResearchSoftware. 



- Freezing Čcolor darkeningsimilarto naturalprocess

- Most changesin the first 3 hours
- Differencesbetweencultivars
- Modified seedtannincontent

- total phenolsPN čCS č, 
- catechinsPN=, CSĎ, 
- gallicacid PNčCS č, 
- phenolicacids PNčCS č
- epicatechingallate PN ĎCSĎ)

- Furtherstudy for impact of this technique on bitterness, 
astringency, flavour



Double-Pruning Grapevinesasa Management Tool

to Delay Berry Ripening and Control Yield
Alberto Palliotti,1 Tommaso Frioni,1 Sergio Tombesi,2 Paolo Sabbatini,3

Juan Guillermo Cruz-Castillo,4 Vania Lanari,5 Oriana Silvestroni,5

Matteo Gatti,2 and Stefano Poni2*

Sangiovese, centralItaly, training system spurcordon

SHF ïStardardHand-Finishing - February

LHF ïLate Hand-Finishingïshootsat10 cm

VLHF ïVery Late Hand-Finishingïshootsat20 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.



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 ñregularò shoots; and (B) on 21 Aug during fruit ripening,

showing clusters on ñdelayed" shoots.



Figure 5 Interactive treatment × year effects on total soluble solids at
harvest. For each treatment × year combination, vertical bar represents
SE (n = 5). SHF, standard hand-finishing, LHF, late hand-finishing, VLHF,
very late hand-finishing.



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.



Figure 7 Node fertility in 2014, 2015, and 2016 of 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). Each bar is the mean of 20 vines ± SE.



Sustainability:
Breeding for resistance/ resilience

Breeding programstartedin 1998by:

University of Udine

Vivai Cooperativi Rauscedo (VCR)

Institute of Applied Genomics(IGA)

2015 ς10cvsregistered
2020ς4 cvsregistered



the white varieti es registered in 2015

Selection Name Cross

34.111 Fleurtai Tocaix 20/3
34.113 Soreli Tocaix 20/3
76.026 Sauvignon Kretos Sauvignon x 20/3
55.098 Sauvignon Nepis Sauvignon x Bianca

55.100 Sauvignon Rytos Sauvignon x Bianca

Fleurtai Soreli Sauvignon Sauvignon Sauvignon

Kretos Nepis Rytos



the red varieties registered in 2015
Selection Name Cross

58.083 Cabernet Eidos CabSauvignon x Bianca

32.078 Cabernet Volos CabSauvignon x 20/3

31.122 Merlot Kanthus Merlot x 20/3

31.125 Merlot Khorus Merlot x 20/3

36.030 Julius Regent x 20/3

Cabernet Eidos Cabernet

Volos

Merlot

Kanthus

Merlot

Khorus

Julius



109-033 
Pinot Iskra

109-052 
Kersus

156-537 
Pinot Kors

156-312 
Volturnis

the varieties registered in 2020



Breeding is goingƻƴΧ
New methods

- CRISPR-CAS9

Č First grapevinemodifiedwith Crisprplantedin the 
vineyard September2024 (modifiedChardonnay, 
susceptibilityto PM, University of Verona)

Č Modify Susceptibilitygenes(S-genesύΧ

Č InterferenceǿƛǘƘ wb! όwb!ƛύΧ



Book on resistantvarietiesworldwide

Laurent Torregrosa, Thierry Lacombe, 
HernànOjeda, eds.

IssuedAugust 7, 2024



Encyclicalletter

Laudato ǎƛΩ
Saint Francis hymn

«Take care of our
common home»



Sustainability:

Environmental Economical Social

ExamplesΧΦ 



The Vineyard «Laudato ǎƛΩ»

Pope Francis: Center for HigherEducationat

Castel Gandolfo, summerresidence of the Popes, 

to giveeducationto vulnerablepeople, refugees, migrants, etc.

The teachingisaboutsustainabilitywork, to «take care of our
common home, the Planet Earth».

Practicalacitivity, includinga vineyard: an exampleof zero emission
vineyard, lessapplicationof fungicides, sustainabletechniques.



To use the resistant grapevine varieties, the task to plan and follow 
ǘƘŜ άLaudatosiΩέ ǾƛƴŜȅŀǊŘ ŀƴŘ ǿƛƴŜ 
has been assigned by the Pope to 

Enrico Peterlunger and Roberto Zironi, 
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 Peterlunger, Universitàdi Udine, coordinator

- Roberto Zironi, Universitàdi Udine, coordinator

- Luigi Moio, Universitàdi Napoli Federico II, pres. OIV

- Antonio Morata, Universidad Politécnicade Madrid

- Hans Schultz, Hochschule GeisenheimUniversity

- Laurent Torregrosa, Institu Agro, Montpellier

- Jancis Robinson, London

- Francesca Vimercati, secretary

- P. Fabio Baggio,  responsibleof Borgo Laudato ǎƛΩproject, sinceDec8, 2024 Cardinal



Castel Gandolfo



Castel 
Gandolfo



Castel Gandolfo ς«Laudato ǎƛΩ» vineyardςSeptember2024



Castel Gandolfo ς«Laudato ǎƛΩ» vineyardςSeptember2025








