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Examples of Grapevine Winter Injury

Vine collapse - 3 year old Shiraz 
August 25, 2015

Stunted/delayed shoot growth - Merlot 
May 24, 2018
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In both cases there is no bud damage 
ŦǊƻƳ ŎƻƭŘ ǘŜƳǇŜǊŀǘǳǊŜΣ ȅŜǘ ǘƘŜ ǾƛƴŜΩǎ 
vascular system has been severely 
compromised in the previous winter.   



Location Variety

Avg 
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Black Sage Cabernet Franc -12.9 -17.7 -22.4 -23.8 -23.9 -23.5 -22.6

Oliver, east Cabernet Franc -13.1 -18.2 -22.6 -24.4 -24.1 -23.4 -22.9

Osoyoos, northeast Cabernet Sauvignon -12.9 -17.0 -22.3 -23.9 -22.8 -22.3 -22.6

Osoyoos, northeast Cabernet Sauvignon -11.9 -15.8 -21.7 -23.5 -23.1 -22.7 -22.0

Osoyoos, southeast Cabernet Sauvignon -11.8 -17.9 -23.2 -24.1 -22.5 -23.2 -22.9

Black Sage Cabernet Sauvignon -11.3 -17.5 -21.3 -24.2 -23.1 -22.5 -21.8

Osoyoos, southeast Chardonnay -14.2 -20.7 -23.5 -25.3 -24.6 -24.4 -23.8

Black Sage Chardonnay -13.1 -19.1 -22.4 -24.3 -24.4 -23.0 -22.6

Naramata Bench Chardonnay -13.6 -18.9 -22.0 -22.4 -23.1 -22.9 -22.3

OK Falls, east Chardonnay -14.2 -19.4 -23.8 -24.6 -24.4 -21.9 -22.9

Oliver, east Chardonnay -14.4 -19.0 -22.8 -23.7 -24.0 -23.1 -23.5

OK Falls, west Gewurztraminer -13.0 -19.2 -22.0 -22.8 -22.9

Oliver, east Gewurztraminer -13.2 -19.9 -22.0 -23.2 -22.7 -22.5 -22.0

Oliver, west Merlot -11.1 -13.8 -19.3 -22.0 -20.8 -19.2 -21.7

Osoyoos, northeast Merlot -12.6 -17.9 -21.3 -22.3 -23.1 -22.2 -22.3

Black Sage Merlot -12.5 -19.5 -22.4 -23.3 -22.3 -23.2 -22.8

Black Sage Pinot blanc -13.6 -19.3 -24.5 -23.0 -23.4 -22.8 -23.0

Oliver, east Pinot blanc -14.2 -20.7 -22.7 -23.1 -24.4 -22.2 -23.1

Black Sage Pinot gris -15.1 -20.0 -23.8 -24.3 -25.2 -23.8 -24.4

Oliver, east Pinot gris -16.0 -21.7 -25.1 -22.0 -25.3 -24.4 -24.7

Naramata Bench Pinot gris -12.2 -16.3 -21.8 -22.7 -23.9 -21.8 -22.6

OK Falls, east Pinot gris -16.4 -20.1 -24.0 -24.9 -25.3 -23.4 -23.7

Oliver, east Pinot gris -13.9 -19.5 -22.2 -23.6 -23.4 -22.2 -22.6

Black Sage Pinot noir -14.6 -19.3 -23.7 -25.1 -24.2 -24.1 -23.7

Kelowna Pinot noir -14.0 -20.0 -22.6 -23.7 -24.4 -23.1 -22.9

Osoyoos, northeast Pinot noir -14.6 -20.6 -23.0 -23.2 -24.4 -23.6 -24.4

Black Sage Riesling -13.4 -21.5 -22.8 -25.1 -24.1 -24.0 -23.7

West Kelowna Riesling -11.8 -17.9 -20.7 -23.3 -22.2 -22.3 -21.7

Oliver, east Riesling -16.4 -19.8 -23.1 -22.6 -22.0 -22.4 -23.2

Black Sage Sauvignon blanc -12.1 -17.3 -21.4 -23.2 -21.8 -21.6 -21.5

Oliver, east Sauvignon blanc -15.2 -18.9 -22.5 -23.5 -23.1 -22.1 -22.0

Oliver, east Sauvignon blanc -12.9 -19.9 -22.9 -24.1 -23.1 -21.9 -22.9

Osoyoos, southeast Shiraz -13.1 -17.1 -22.7 -23.8 -23.7 -23.5 -24.0

Black Sage Shiraz -12.5 -16.2 -20.2 -22.9 -23.2 -21.8 -21.7

Osoyoos, northeast Shiraz -11.3 -15.2 -20.4 -21.6 -21.9 -21.1 -21.0

Osoyoos, northeast Shiraz -12.9 -16.0 -18.8 -21.4 -21.0 -21.1 -21.8

Average Bud Hardiness (all sites, all varieties) -13.4 -18.6 -22.3 -23.5 -23.4 -22.7 -22.8

2013 - 2014 Winter Grape Bud Hardiness Okanagan Valley BC

LTE - Lethal Temperature Exotherm (ęC)

Average LTE/site is the mean temperature for bud death from 3 vines at selected sites in the Okanagan Valley                               Carl Bogdanoff - Wine Grape Research Centre @ PARC

Varietal Bud Hardiness of Wine Grapes
in the Okanagan Valley
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2012 ς2013                  
11 varieties - 36 sites

Now                                 
15 varieties - 71 sites   

Sampling Protocol:

- Select sites and vines to be sampled (6 vines/site)

- Every 2 weeks from Nov 1 to Apr 1 sample 3 canes/site

- Determine hardiness (DTA) on 5 buds/cane (buds 3 - 7)

- Post bud hardiness to growers within 2 days of sampling 

Bud hardiness (LTE50) = mean bud mortality temperature of 15 buds from 3 canes per site.
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Grapevine Varieties Differ in Winter Hardiness
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Acclimation (Oct - Nov) Max hardiness (Dec - Feb) Deacclimation(Mar - Apr)

variety hardiness*ŘǳƴŎŀƴvariety hardiness duncan variety hardiness duncan

Shiraz 1.72 A Shiraz 0.82 A Gewurzt 0.94 A

Cab Sauv 1.34 AB Gewurzt 0.70 AB Chard 0.74 AB

Merlot 1.10 B Merlot 0.64 AB Cab Franc 0.52 ABC

Cab Franc 0.48 C Cab Sauv 0.42 AB Merlot 0.46 ABC

Gewurzt -0.06 C Sauvblanc 0.32 B Shiraz 0.18 BCD

Sauv blanc -0.08 C Chard -0.32 C Pinot noir -0.04 CDE

Pinot noir -0.72 D Pinot blanc -0.44 C Pinot gris -0.28 DE

Riesling -0.84 D Cab Franc -0.46 C Sauvblanc -0.38 DE

Chard -0.90 D Pinot noir -0.52 C Cab Sauv -0.40 DE

Pinot gris -0.94 D Riesling -0.56 C Pinot blanc -0.64 EF

Pinot blanc -1.08 D Pinot gris -0.62 C Riesling -1.08 F

least

most

Bud
Hardiness

ϝ wŜƭŀǘƛǾŜ ōǳŘ ƘŀǊŘƛƴŜǎǎ όɕ/ύ  bƻǘŜΥ ǇƻǎƛǘƛǾŜ ǾŀƭǳŜǎ ŀǊŜ ƭŜǎǎ ƘŀǊŘȅ ǘƘŀƴ ƴŜƎŀǘƛǾŜ ǾŀƭǳŜǎΦ

 Duncan's multiple range test - Means followed by the same letter and not significantly different

Varietal Bud Hardiness for Vitisviniferain the Okanagan Valley
(2012 - 2017)

нΦуɕ/ мΦпɕC нΦлɕCTemp range

# of samples 3 5 or 6 2 or 3
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Date Variety
BUD10 BUD50 BUD90 PHL10 XYL10

°F °F °F °F °F

1/13/2014 Merlot - 6.5 - 9.5 - 10 1 - 4.5

1/13/2014 Syrah - 8 - 9 - 11.5 2.5 - 5.5

1/13/2014 Chardonnay - 10 - 12 - 13 0.5 - 8.5

1/13/2014 Cabernet Sauvignon - 8.5 - 10.5 - 12.5 1 - 14

1/7/2014 Malbec - 10 - 12 - 13.5 1.5 - 5.5

1/3/2014 Sangiovese - 4.5 - 7.5 - 10 6.5 - 4.5

1/3/2014 Barbera - 9.5 - 11.5 - 130 2.5 - 8.5

1/3/2014 Nebbiolo - 9 - 12 - 14 7 - 6.5

1/9/2014 Zinfandel - 8.5 - 10.5 - 13 3 - 6.5

1/9/2014 Petit Verdot - 10.5 - 11.5 - 13.5 1 - 7

1/9/2014 Lemberger - 6 - 8.5 - 11.5 1.5 - 8.5

1/9/2014 Grenache - 5 - 8 - 9.5 3.5 - 3.5

1/3/2014 Pinot noir - 10 - 12.5 - 14 1.5 - 9.5

1/2/2014 Gewurztraminer - 7 - 10.5 - 13 1 - 16

1/2/2014 Auxerrois - 9 - 12 - 13 1.5 - 7.5

1/2/2014 Sauvignon blanc - 5 - 9 - 10.5 7.5 - 7

1/2/2014 Pinot Gris - 8 - 12 - 13.5 0.5 - 8

1/7/2014 Semillon - 5 - 9.5 - 12 1.5 - 9

1/8/2014 Muscat blanc - 5 - 9.5 - 10 - 0.5 - 8.5

1/8/2014 Green Veltliner - 8.5 - 10.5 - 12 1.5 - 6

1/8/2014 Chenin blanc - 8 - 10 - 13.5 2 - 7.5

1/8/2014 Alvarinho - 11.5 - 13.5 - 15 1.5 - 8.5

1/7/2014 Riesling - 11 - 12.5 - 14.5 - 3.5 - 18.5

1/7/2014 Concord - 17 - 19 - 20 - 8.5 - 21.5

Last updated by Lynn Mills on Jan 14, 2014 at 10:11 AM

WSU Grapevine Cold Hardiness - Research and Extension

Google
WSU grape cold hardiness

ҥ   °C = (°F ς32) x 5/9

http://wine.wsu.edu/extension/weather/cold-hardiness/
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On average:

- Phloem is 5.6°C less 
hardy than buds        
(PHL10 ςBUD10)

- Xylem is just as hardy or 
hardier than buds

http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314MR.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314SY.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314CH.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314CS.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314MB.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314SG.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314BA.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314NB.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314ZI.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314PV.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314LM.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314GR.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314PN.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314GW.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314AX.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314SB.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314PG.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314SM.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314MU.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314GV.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314CB.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314AV.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314WR.GIF
http://wine.wsu.edu/research-extension/files/graphs/cold-hardiness/1314CD.GIF
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Grapevine Varieties Differ in Phloem Winter Hardiness

* Plotted are 2nd order polynomial equations of WSU Phl10 data 2013-2018
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Phloem Hardiness Relative to Bud Hardiness 
(Bud50 ςPhl10)

* Duncan multiple range test ςmeans with the same 
letter are not significantly different.

Grapevine Varieties Differ in Phloem Winter Hardiness

Å Phloem appears to be 
much less tolerant of cold 
temperatures than buds.

Å Varietal ranking of buds 
and phloem hardiness are 
dissimilar, indicating 
phloem hardiness is 
unrelated to bud hardiness.

Å For overall cold tolerance 
Sauvignon blanc maybe 
just as vulnerable to cold 
temperatures as Shiraz.

(Dec 15 - Feb 15)

variety

hardiness 

difference 

(°C)

Duncan*
rank 

Bud50

rank 

Phl10

Riesling 5.6 A 7 8

Chardonnay 6.5 AB 5 7

Cab Sauv 6.8 ABC 3 6

Merlot 6.9 ABC 2 5

Shiraz 8.0 BCD 1 4

Pinot noir 8.1 BCD 6 2

Pinot gris 8.5 CD 8 3

Sauv blanc 8.7 D 4 1



No freeze injury

-мсɕ/

Partial freeze injury

-нлɕ/

Partial freeze injury

Complete freeze injury

-нпɕ/

-нуɕ/

Cross-Sections of Merlot Canes Exposed to Falling Temperatures

Images recorded 
January 11, 2016

(6 days post freezer trt )

Phloem Damage 
Rating

0 = 0%
1 = 1 - 10%
2 = 10 - 80%
3 = 80 - 95%
4 = 95 - 100%
(- xylem damage)
4x = 95 - 100%
(+ xylem damage)

0

1

3

4x

pith

xylem

phloem

Bud LTE50 = -23.7

SuRDCWine Grape 
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Assessing Cold Temperature Injury to Phloem Tissue

Expt. 1   Steadily Decreasing Temperatures

156
5 bud
canes

12
bundles

of 13
canes

freezer
Ҩ ǘŜƳǇ
-нɕ/κƘǊ

remove at
-12, -17, -18,
-19, -нлΣ ΧΦΦ
-25, -нуɕC/hr

8 canes assessed
for bud & 

phloem damage

5 canes rooted
then scored for 

BB, shoot & 
root growth
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80
5 bud
canes

8
bundles

of 10
canes

freezer
Ҩ ǘŜƳǇ
-нɕ/κƘǊ
to -18ɕ/

remove at
-16 then at

-муɕCat 0, 1,
2, 4, 8, 24 hrs

5 canes assessed
for bud & 

phloem damage

5 canes rooted
then scored for 

BB, shoot & 
root growth

Expt. 2   Constant Temperature (-муɕ/ύ

Average LTE50 -ннΦтɕ/

Average LTE50 -нмΦнɕ/



Rating

Range in 
phloem 

damage (%)
Equivlentto: 
(WSU extension)

Average T
exposure
όɕ/ύ

% bud 
break

҈ мɕ ōǳŘ 
mortality

% 
clusters/ 

shoot

% total 
shoot 
length

% total 
root 

length

1 1 - 10 phloem10 -20.6 0 10 5 2 9

2 10 - 80 phloem50 -22.2 0 34 16 25 69

3 80 - 95 phloem90 -23.5 69 47 30 59 99

Measured & 
Actual Bud 
Mortality

LTE50
Differential 

Thermal Analysis

Actual   
10% bud 

death

Actual   
50% bud 

death

Actual   
90% bud 

death

Difference             
(LTE50 - actual 50% 
мɕ ōǳŘ ŘŜŀǘƘύ

ŀǾŜǊŀƎŜ όɕ/ύ-21.2 -20.4 -22.5 -23.6 -1.3

Comparison of 1° bud mortality as determined 
by standard DTA (LTE50) versus that by visual 
inspection (actual bud mortality).

Results - Expt. 1   Steadily Decreasing Temperatures
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Average of 7 test runs

Relationship of phloem injury with % reduction in 
normal shoot and root growth for canes rooted in 
water. (average Bud LTE50 -22.3)

Average of 5 test runs. Normal shoot and root growth was determined with canes exposed to -мнɕ/ ǘŜƳǇŜǊŀǘǳǊŜǎΦ

Dead 1° bud



Results - Expt. 2   Constant Temperature (-муɕ/ύ

Bud and phloem mortality for Merlot canes 
exposed to a constant non-lethal cold temperature

R² = 0.9849

R² = 0.9731
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Average of 4 test runs 

Å Initial bud & phloem damage prior to sampling canes averaged 5% & 13%, respectively.
Å At -18°C for 8 hours, bud damage averaged 29% & phloem damage averaged 90%.
Å The duration of constant non-lethal cold temperatures has a greater effect on phloem 

tissue than on buds.  

Average LTE50 -22.7°C. 

Merlot canes at 6 weeks post 
freezer treatment



Cold Temperature Injury to Roots

-рɕ/ -уɕ/ -ммɕ/-мпɕ/

Merlot/3309C

Dormant vines stored 
at 2°C are exposed to 
sub-zero temperatures 
for 24 hours

-рɕ/ ŀƴŘ -уɕ/ ƴƻǊƳŀƭ ǎƘƻƻǘ ϧ 
root growth

-ммɕ/ ŘŜƭŀȅŜŘ ōǳŘ ōǊŜŀƪΣ ǎƭƻǿŜŘ 
shoot growth, old roots mostly 
killed with new roots originating 
from wood

-мпɕ/ ŘŜƭŀȅŜŘ ōǳŘ ōǊŜŀƪΣ ŀƭƳƻǎǘ 
no shoot growth, old roots killed 
& no new root growth 

SuRDCWine Grape Research


