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Research at CRAM

* Centre de recherche agroalimentaire
de Mirabel

* Three areas of research
* Oenology and viticulture
* Crop protectionin greenhouses
* Entomology of small fruit crops

* 2 hectares research vineyard (approx
5 acres)
* New cultivar trial
e Grafting study
* Potassium accumulation study
* Geotextile trials
UV technology tests
* New spring frost protection methods
* Cover crop study
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Grape growing in Québec

Vinifera White

Vinifera Red

«Young » industry
Hybrid Red

1200 hectares under vine

180 vineyards
Hybrid White

2025-03-27 4




Hybrid cultivars
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White Grapes

other
Vidal

Seyval blanc

2025-03-27

Osceola
Vandal-

Acadie blanc

Cayuga

St. Pepin

Frontenac gris

Red Grapes

other

Frontenac noir _
Lucie Kuhlmann

Radisson

Sabrevois
Seyval noir
Marquette St. Croix
Petite Pearl
Maréchal Foch
5



Regions and weather

e Between 500 and 900 mm of rain
* Humidity

* Temperatures below -30°C in the
winter

* 15to 60 cm of snow on the ground
typically between end of December
and March

* Bud break early to mid May, harvest
September - October

2025-03-27
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Part 5a
Monitoring system for
evaluation of cold
hardiness of several
grapevine cultivars under
climatic condition of
Eastern Canada.

2025-03-27

Part 5b
Use of winter
protection systems to
reduce winter injuries
of cold sensitive
cultivars.

Part 5¢
Use of rootstocks to
improve cold hardiness
of hybrid cultivars.




Part 5a
Monitoring system for
evaluation of cold
hardiness of several
grapevine cultivars under
climatic condition of
Eastern Canada.
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Activity 5

Establishment of a
monitoring system for
cold hardiness
(LTE 10, 50, 90)

\ Development of models

for the cold hardiness
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5a: background

* Cold hardiness is dynamic

* Factors that impactvine
health will generally have an
Impact on cold hardiness

* Set of physiological,
structural and biochemical
changes that increase vine
tolerance to cold
temperature

* Without geotextile, cold
temperatures significantly
limit the choice of cultivar

2025-03-27
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5a: background

* Cold hardiness is dynamic

* Factors that impact vine
health will generally have an
Impact on cold hardiness

* Set of physiological,
structural and biochemical
changes that increase vine
tolerance to cold
temperature

* Without geotextile, cold
temperatures significantly
limit the choice of cultivar

2025-03-27
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Variety Vigor Cold hardiness References (l
Red
Baltica moderate 29°C to -34°C 1.2
Concord high 26°C to -32°C 4 5
De Chaunac moderate’high -26°C to -32°C 1,4
Frontenac high 29C to -34°C 1.2. 3.4
Léon Millot  high -26°C to -32°C 13,43
;‘:E“hal moderate 2FCto-32°C 1,343
MMarquette hizh S20°C to -34°C 1,3
Petite Petle  moderate 29°C to -34°C 1.3
Sabrevois moderate 29C to -34°C 1.3
Skandia moderate 29C to -34°C rl 23
White
at. Croix moderate high  -29°C to -34°C J 23,
EI:IT““ tish 2FCte-34°C 123
Frontenac - - v
oric high S20°C to -34°C 1.2,3
LaCrescent hich 2FCt-34°C  L2.3
; ¥
;:ﬁ:m o 2¥FCto-34°C 113
Seyval moderate 230 to -29°C 1.3. 4
St Pepin moderate 2¢Cto-34°C 135
Traminette  moderate high  -25°C to -28°C 1.4
Vandal Cliche moderate high  -26°C to -32°C 1 11
Vidal moderate 20FC to -26°C 'i: 4.5
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5a: methodology VineAlert)) oM

Replication and frequency of sampling:

* Year 1 and 2: 4to 5vines randomly sampled in
vineyard, one cane/vine, bud 3-7 (20 to 25 buds)

* Year 3: 9vines, same bud position (45 buds)
. E(i)v%/gekly sampling from October to April since

Cold hardiness evaluation by differential
thermal analysis (DTA; Mills et al 2006,
Willwerth et al. 2014)

* Bud survival, yield, pruning weights

Data analysis performed with CCOVI software

 LT10, 50 and 90 is communicated to growers every
1 to 3 weeks

Weather monitored on site with data logger

2025-03-27 12
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Results
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Results
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- Modeling efforts

* Shared data with Drs. Wang

and Londo at Cornell for
inclusion in NYUS.2

* Cold hardiness prediction
available online

* https://cornell-tree-fruit-

physiology.shinyapps.io/North_

America_Grape_Freezing_Toler
ance/

2025-03-27
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Horticulture Research, 2024, 11: uhad286 M
hittps://doi.org/10.1093/hrfuhad 286

Horticulture
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Article

NYUS.2: an automated machine learning prediction
model for the large-scale real-time simulation of
grapevine freezing tolerance in North America

Hongrui Wang', Gauray D, Moghe?, Al P Kovaleski®, Markus Keller', Timothy E. Martinsan®, A Harrison Wright®, Jeffrey L. Franklin®,
Andréanne Hebert-Hach#® | Caraline Provost®, Michasl Reinks’, Amaya Atucha’, Michael G North? | Jennifer P Russo’, Pierre Helwi®, Michela Centinari” and
Jagon P Lenda® -
Senoal of Integrative Plant , Horticulture Section, Cornell AgriTech, Cornell University, Gensva, NY 14458, USA
a, NY 14850, USA
, Madizan, WI 53706, USA
achington State University, Prosser, Wa 99350, USA
Mavea Scotia, BAN 1]5, Canada

re de Recherche Agrealimentai
Research and Exte
& Edouard Martell
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Accurate and real-time rnuni.lmirl? of grapevine freezing tolerance is crucial for the sustainability of the grape industry in cool climate
vitieultural reglons, However, on-site data are limited due to the complexity of measurement, Current prediction models underperform
under diverse elimate conditions, which limits the large-scale deployment of these methods, We combined grapevine freezing tolerance
data from multiple regions in North America and generated a predictive model based on hourly temperature-derived features and
cultivar features using AutoGluon, an automated machine learning engine, Feature importance was quantified by AutoGluon and
SHAP (SHapley Additive exPlanations) value, The final model was evaluated and compared with previous models for its performance
under different elimate conditions, The final medel achieved an overall 1.36"C root-mean-square ervor during model testing and
outperformed two previous models using three test cultivars at all testing regions. Two feature importance quantification methods
identified five shared essential features. Detailed analysis of the features indicates that the model has adequately extracted some
biological mechanisms during training, The final model, named NYUS 2, was deployed along with two previous models as an R shiny-
based application in the 2022-23 dormancy season, enabling large-scale and real-time simulation of grapevine freezing tolerance in
Morth America for the first time.

Currently, the monitoring programs for grapevine freezing tol-

Introduction

a mainly rely nea the dormant bud low t ra-
The global and regional distribution of perennial plants is pri- ETRNCS MATY 1oy BTt MEASMITE e forman: Bur iow empers

ture exotherm (LTE), 2 burst of heat released when intracellular

rn_ar.'.y' cnnst:ained_ by abiotic SirEGEeH associated with regional .o formation cocurs, using a methad called differential thermal
climate. For example, the cultivation of European grapevines [Vitis analysis [OTA) [5). DTA is conducted in programmable freezers,
vinifera) in mid-winter cold regions in North America presents with buds exposed to a gradual decrease in temperature from
a sigmficant challenge, as the mimimum temperatures in these 0°C to & lethal temperature {-40 to —50°C) at specific rates (eg

regions sometimes excead the plants’ maximum freezing toler- —4°C-h~'), and LTEs are recorded as a voltage change by a thermo-
ted damage is therefore a major limiting factor electric module placed under sample plates [6, 7]. Although this
1 these regions [1-4]. Along method facilitates a rapid ment of bud freezing tolerance

sment of axidative brawning |4, 6, 8]
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FREEZING TOLERANCE DATA UPLOAD BETA

Modeling efforts

Welcome to the Cornell Grapevine Freezing Tolerance monitoring program and prediction application. This
is a new application, please be patient and reach out if you experience any glitches. The application is not
optimized for mobile use at this time, we are working on that capacity. If you are going to use a mobile

. device, landscape orientation will increase functionality.
* Shared data with Drs. Wang
L]
Explanation of data at this site:
a n d LO n d O at C O r n e ll fo r 1) The default plot shows grape freezing tolerance data at Geneva, NY. To see the most up to date Finger
. . . Lakes data, you can leave this as the default.
I n C lu S I O n I n N YU S . 2 2) ) If you want to see our freezing tolerance prediction for other weather stations, please click on one on

the map BELOW
3) The graphical freezing tolerance plots are interactive and allow you to select from the cultivars we are

° C O ld h a rd i n e S S p re d i Cti O n ;1;::[22336?; well as cultivars where we don't collect real-time data, but have prediction models. All data is
available online

Please select o station to view dato. Updated on 2025-03-25
* https://cornell-tree-fruit- e ' 4 e e,

I I I ® ""i'""- c "'._...._c. - ) . -.» -.-'.-,.:‘:-'- '. e ‘ e L
physiology.shinyapps.io/North = "= .. ULy AR I
. . . . . * “* o o W e 2. .
America_Grape_Freezing_Toler = &%~ © - - - Gy ?.-_ g
. l""':' - = . -':. -' -:' ~ .' cag . niessn_ng

ance / . :.-,,.£ !‘..C'-. B ] ; :. . o. .,. -,;,'?: .".": f:.':v".::" . n .5

i L o 2 AN T L s S g
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5a: Conclusions ViﬂEAIert ))

* OQutcomes
* We have built a bud hardiness monitoring system for the Quebec industry
* Published 24 newsletters so far over three years
* Now on VineAlert and the Cornell Grapevine Freezing Tolerance website

e Observations and conclusions

e Site and annual differences are important and we need to keep
monitoring if we want a robust model

* Maximum hardiness of the hybrids is attained and being documented
* Differences not confirmed yet

* Hardiness of Vitis vinifera similar to hybrid until geotextile are installed

2025-03-27 19
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Activity 5
Part 5a Part 5b Part 5c
Monitoring system for Use of winter Use of rootstocks to
evaluation of cold protection systems to improve cold hardiness
hardiness of several reduce winter injuries of hybrid cultivars.
grapevine cultivars under of cold sensitive
climatic condition of cultivars.
Eastern Canada.

2025-03-27 20




Knowledge acquisition
on winter protection
systems with geotextile

2025-03-27

Activity 5

Part 5b
Use of winter
protection systems to
reduce winter injuries
of cold sensitive
cultivars.
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Development of an optimal
use guidelines on timing of
installation and removal and
types of geotextile

~
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5b: geotextile technology

* Approx. 95% of covered vines are
covered with geotextiles (as reported
to Conseil des vins du Québec)

* We cover all V. vinifera.... And a lot of
hybrids

* Vidal, Seyval, Maréchal Foch, Lucy
Khulmann, New York Muscat, Acadie....

* Technical and logistical challenge

+
oy T,

P o AaNNaa
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5b: geotextile technology

* Questions:

* Does the type of geotextile makes a
difference?

* Does the timing of geotextile
installation and removal influence
vine physiology?

2025-03-27 23
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Type of geotextiles and moment of CRAM
Installation and removal

L * 3types of géotextiles (Arbopro, Hibertex
2mm et Hibertex 3mm)

* 2 timing of installation and 2 timing of
removal
* 4 combinations (early/early, early/late,
late/early, late/late)

|« 5 sjtes, 3 cultivars, 3 winters (between
2018 and 2022)

* Combinations trials of types x timing as
well

CRAM 2024 24




Results
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The snow and the geotextile act synergistically to
maintain non-lethal temperatures around the vines
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Results

AT = Temp under geotex — Temp outside

Warmer
under
geotextile

Colder
under
geotextile
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Results
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No predictable impact of types

Site B - Pinot noir

2021 2022
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Installation did not matter, but removing CRAM
early Is important

2021
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5b: conclusions

* Types of geotextiles
* No differences in temperature under the geotextile
* Because no differences between the types of geotextile, no impact on
yield or fruit quality
* Timing of installation and removal
 Small differences during acclimation, but larger one at deacclimation
* Could make a difference on hardiness and timing of budbreak
* Smallimpact on yield and yield components

* Install the geotextile you have, whenever you can... but remove it
early

2025-03-27 30
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Activity 5
Part 5a Part 5b Part 5c
Monitoring system for Use of winter Use of rootstocks to
evaluation of cold protection systems to improve cold hardiness
hardiness of several reduce winter injuries of hybrid cultivars.
grapevine cultivars under of cold sensitive
climatic condition of cultivars.
Eastern Canada.
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Activity 5

Evaluate the use of
Part 5¢

rootstock to improve
cold hardiness of hybrid \ N
improve cold hardiness

grapevines , )
of hybrid cultivars.

Evaluate the impact of /

rootstock on yields, berry
chemistry and wines

2025-03-27 32
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5¢: background

* Phylloxera resistance on vinifera
* What about hybrids?

* Adaptation to soil
* Acidity
« Composition
* Drainage

* Impact on vigour

* Impact on berry chemistry and aroma

e Impact on cold hardiness?




5c¢: rootstock trial
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* 1.20 m (vine) x 2.44 m (row)
2025-03-27

e

Combinaisons Cépages Porte-greffes
1 Frontenac 3309
2 Frontenac Gris 3309
7 3 Frontenac Blanc 3309
Cépages Porte-greffes 4 Aldamiina 3309
.. . 5 Baltica 3309
Adalmiina Pied franc 6 Marquette 3309
7 Frontenac SO4
Baltica 101-14 8 Frontenac Gris S04
9 Frontenac Blanc S04
10 Aldamiina SO4
Frontenac 3309C = i <08
. . . 12 Marquette S04
Frontenac blanc Riparia gloire e pm—— Riparia Gloire
. 14 Frontenac Gris Riparia Gloire
Frontenac gris SO4 15 Frontenac Blanc Riparia Gloire
16 Aldamiina Riparia Gloire
Ma rq uette 17 Baltica Riparia Gloire
18 Marquette Riparia Gloire
19 Frontenac 101-14
20 Frontenac Gris 101-14
. . 21 Frontenac Blanc 104-14
* Planted in Oka in 2013 22 |Aidamiina 101-14
23 Baltica 101-14
* 8vine of each combo in each block with RCBD 2 Marguette 101-14
rontenac Frontenac
* Double cordon, 8 buds per cordon 2 romenac s frontenac 81l
rontenac Blanc Frontenac Blanc
: 28 Aldamiina Aldamiina
* Well-drained sandy loam = Lo e
30 Marquette Marquette

34
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5c¢c: methods

* Vine development monitoring
* Phenology
* Vigour and growth
* Periderm formation
* Disease susceptibility and mineral deficiency
* Bud survival

* Harvest parameters
* Yield
* Berry chemistry

* Winemaking

2025-03-27 36




Results

e Check out

Provost et al.
2021

2025-03-27

. horticulturae [ﬁl\n\w

Article

Rootstocks Impact Yield, Fruit Composition, Nutrient
Deficiencies, and Winter Survival of Hybrid Cultivars in

Eastern Canada

Caroline Provost *, Alexander Campbell and Frangois Dumont
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Abstract: Grafting cold-hardy hybrid grapevines may influence their attributes under different
pedoclimatic conditions and may also contribute to cold-hardiness, influence plant physiology, and
affect yield and fruit composition. In a six-year study, we evaluated bud survival, plant development,
nutrient deficiencies, yield, and fruit composition for three cold-hardy grape varieties: Frontenac,
Frontenac blanc, and Marquette. The grape varieties were grafted on four rootstocks: 3309C, 504,
Riparia Gloire, and 101-14. The final combinations were own-rooted. The six-year research period
indicated that cold-hardy hybrids were affected differently by each rootstock. Magnesium deficiency
was lower for grafted Frontenac and Frontenac blanc compared with own-rooted vines, but bud
survival and grapevine development were not affected by rootstock. Moreover, results related to yield
components showed that there are significant differences between rootstocks and own-rooted vines.
Frontenac was the least affected grape variety compared to Frontenac blanc and Marquette, where
only cluster weight and berry weight were impacted. Overall, for the two Frontenac varietals, we
also observed a greater maturity for fruits of vines grafted on 101-14 and 3309C compared with own-
rooted vines. Grafting affected fruit composition for Marquette differently, where the lowest grape
maturity was observed for fruits on vines grafted on 504, This study demonstrates that rootstocks
affect cold-hardy hybrids, highlighting their potential under eastern North American conditions.

Keywords: cold-hardy hybrid; rootstock effect; cold climate; Frontenac; Marquette

1. Introduction

Growing grapes in cold climates presents several challenges to overcome. Grape
production is a relatively recent industry in eastern Canada, and growers must adapt their
techniques to achieve high grape quality at the end of the season. Cold injury to grapevines,

choart oravrinoe coacarne and coil conditioane $hat ans Ao Foas forbiles and rnacwrbhe Aratned
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Selected results

Effect of Rootstock on Bud Survival by Cultivar
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B 3309C Bl Riparia gloire
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Selected results

Trunk Diameter by Rootstock and Cultivar
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Selected results

Magnesium Deficiency (Horsfall-Barratt Scale) by Rootstock and Culti
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Yield (kg/vine)
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Selected results

Soluble Solids (Brix) by Rootstock and Cultivar
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5c¢: outcomes

* Rootstocks influence cold-hardy hybrid grapevines, with effects
varying by cultivar

* Bud survival and vine development were not significantly affected
by rootstock choice

* Other parameters were impacted to some degrees
* Magnesium deficiency was greatly impacted by rootstock
* Yield components were variable
* Impact on fruit maturity was cultivar dependant

* Rootstocks may provide a useful tool for adapting cold-hardy
hybrids to eastern North American growing conditions.

2025-03-27 43



Activity 5 (2018-2023) > Activity 14 (2023-2028)

Part 5a
Monitoring system for
evaluation
f Activity 14a \

1. Understanding the
interrelation of cold
hardiness and dormancy
2. Identifying hardiness-

related metabolites
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Part 5b
Use of geotextile

¢

/ Activity 14b \
Understanding the
impact of geotextile on
dormancy and hardiness
with consideration for
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CRAM

Part 5¢
Use of rootstocks

light

soil temperature and
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Activity 14c
Cold protection with
new technologies

1.Cellulose nanocrystal
2.Abscicic acid
3.Heated wires

\
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