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Bud dormancy: Transitions

« Dormancy starts around veraison and 4—8 weeks after shoot browning, but
neither veraison nor shoot browning are coupled with dormancy onset

» Time of veraison is driven by temperature (variable, £3—4 weeks)
» Time of dormancy onset is driven by daylength (~13 hr in PNW, stable)

* Chilling (30—60°F) or heat

shock (105_120°F) Iift Variet Year Veraison Budbreak
dormancy — Enables 4

budbreak at >50°F Chardonnay 2013-14 Augl14 Sep6 Oct31  Apri7

. 2014-15 Aug 26 Sep2 Oct26 Mar 26
Budbreak can occur any 2015-16 Jul22  Sep5 Nov3  Apr9

time after dormancy release 2016-17 Jul26 Aug3l Oct2l  Apr20

» Times of dormancy Cabernet 2013-14 Aug2l  Sep4 Nov2  Apr24
release and budbreak Sauvignon 2014-15 Sep 5 Aug 26 Nov 5 Apr 8
are both driven by 2015-16  Aug 15 Sep 4 Nov 4 Apr 13

: 2016-17 Aug1l | Aug?29 Oct27 May 5
temperature (variable)

Camargo Alvarez et al. (2020)




Cold hardiness: Dormancy required
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« Dormancy: Buds disconnect from 25
45%
canes and dehydrate — 45% water 0 {pormancy]
* Budswell: Buds reconnect to canes 5Sep 3Nov  Dayofyear 1Apr

and rehydrate — 80% water

+ Chilling lifts dormancy and makes buds more responsive to temperature

» Dormancy is a prerequisite for cold hardiness: Only dormant and post-dormant buds
can cold-acclimate and deacclimate

LTg, = Lethal temperature for 50% of buds Camargo Alvarez et al. (2020)

Life during dormancy: Carbohydrate connection
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+ Callose for sealing, starch for storage, sugar for hardiness
+ Callose seals phloem from leaf fall through budswell

» Cold temperatures: Starch converts to sugar to depress freezing point
— Cold acclimation

« Warm temperatures: Sugar converts to starch to prevent cell flooding
— Deacclimation

Eifert et al. (1961); Halldorson & Keller (2018)




Cold hardiness: Driven by temperature
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* Varieties differ, but they can reacclimate until budswell starts https://wine. wsu.edufweather




: Math enables biological insights
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Cultivar origin Initial hardiness (°C)

« Southern/coastal varieties tend to be less cold-hardy than northern/inland varieties
— Grenache, Tempranillo, Sangiovese, Nebbiolo, Barbera

 Hardier varieties tend to have earlier budbreak — More vulnerable to spring frost
 Cold hardiness model can be used as budbreak model
» Wanted: Data from California!

Ferguson et al. (2011, 2014)

Site danger: Location, location
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+ Cold air is heavy, drains down slopes and pools in draws
» Ensure free air drainage from vineyards, remove obstacles
+ Site selection: Avoid risky sites

* Wind machine: Requires thermal inversion (up to +18°F at 65 ft) and wind speed
<3.5 miles/hr; placement matters

Keller & Mills (2007)




Diurnal danger: No fun in the sun

=
(o>}

— Trunk temperature
1 — Air temperature

= - =y
(=T ) N
n L

Temperature (°C)
o

0 4 8 12 16 20 0
Hour

» Trunks are warmer than air during the day (sunshine!) and colder than air at night
— 9-14°F greater diurnal range

* Snow cover exacerbates trunk warming, especially on SW side
» Day: Deacclimation; Night: Reacclimation (slow cooling) or freezing (rapid cooling)
 Bark (phloem) injury is repaired unless cambium is damaged

Pefia Quifiones et al. (2019)

Basal danger: Cold feet hurt

» Trunk base is colder than top and cordon

+ Diurnal temperature range increases from
top to bottom

» Base is most vulnerable to cold damage

Gonzalez Antivilo et al. (2017)
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Tube danger: Move those tubes

* Field trial: 21 scion—rootstock
combinations (3 x 7)

* Field-grafting (chip budding)

‘3 in early July

J * Freeze on 31 Oct (10°F) 4

Live bark ‘r - No rootstock effect (but 99R) £
N * Grafts at 28”: 99% take,

8
Dead bark L4

71% survival
* Grafts at 10”: 91% take,
20% survival
* Lower night temperatures inside grow tubes — Remove tubes
Grafting: Most rootstocks are cold-hardier than Vitis vinifera
Field-grafting at greater height may increase success
Rootstocks, graft union: Minimal effect on scion hardiness
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Enemy within: Living with crown gall

« Agrobacterium vitis survives only in grapevine tissues (mostly xylem), no symptoms
* Introduced into vineyards via contaminated planting material
Trunk injury (cold damage, equipment) — Xylem rupture releases bacteria

Bacteria hijack wound healing response (GMO) — Callus turns into tumor
— Crown gall symptoms

Retrain symptomatic vines from asymptomatic suckers
« Bacteria persist in root debris for years - Remove roots before replanting

« Vitis vinifera is highly susceptible to A. vitis, but V. riparia and V. rupestris are
relatively tolerant — Rootstocks (but grafting = injury!)

g + Symptoms look like
water stress —
because itis




Budbreak: Critical temperatures

* Cold hardiness decreases with water content
(45% — 80% during budswell) and from
primary to secondary to tertiary bud

* Lethal temperature (LT) at budbreak:

Growth stage LTg, (°F)
Late dormancy <15
Woolly bud 26
Budbreak 28
18t Leaf 28.5
2d | eaf 29

 Bud temperature: 2—3°F warmer (day) or
2-5°F cooler (night) than air if wind <2 miles/hr

 Delay (spur) pruning to delay budbreak

Gardea (1987)
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 Before pruning: Assess bud cold damage and primary bud necrosis (Syrah)
— Retain more buds to compensate for lost yield potential
— Use minimal pruning if >75% dead buds
— Shoot-thin to target shoot numbers if desired

 Bare spur positions: Renew cordon by removal or (short) kicker canes

» Avoid early-season water stress to prevent canopy collapse
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