Walter J. Clore

« Father of Washington’s
wine industry

30 Years of Irrigation Research:
What’s Next?

* Not the father of irrigation
research

“Irrigation was by the furrow method.
Two or three irrigations each season
have been sufficient for these varieties.”

Clore et al. (AJEV, 1972)

WASHINGTON STATE
G[ JNIVERSITY

Markus Keller

The early days

Pre-1990 (Age of the IAREC Bobs) V
« Drip irrigation becoming standard for wine grapes 4

« Typically no cover crop (tilling between rows is common)

« 1983: First WSU-IAREC irrigation research vineyard planted
« 1987: WSU-PAWS starts providing ET, data

« Field trial 1985 — 1990 (Cabernet S., Riesling, Chenin blanc)
« Goals: - Harden off vines for winter survival

« Vines use little water before
bloom (<10% of season)
— Low K,

- Develop crop coefficients for ET, = K. x ET,

« Deficit irrigation (50% ET,) only during ripening period, and soil
water replenished after harvest (near leaf fall) « Water use peaks near

veraison — High K,

“The ability of growers to properly implement irrigation scheduling/
water management in late summer is critical to the sustained, long-
term production of V. vinifera vineyards in central Washington.”

Evans, Spayd, Wample et al. (AWM, 1993)

« Post-veraison decline due to
deficit irrigation (50% ET,)

The middle ages Wz, S
V ‘ / ///////% Regulated deficit irrigation as a water
1990 — 2000 (Advent of RDI) LY (N s . s sass |

Vitis vinifera production #

« Increasing use of cover crops (seasonal or permanent)
« 1992: Start of WSU/SMWE irrigation research collaboration
« Field trial 1992 — 1996 (Sauvignon blanc)
« Goals: - Control canopy development (shoot vigor)
- Improve fruit quality while maintaining yield
« Adoption of regulated deficit irrigation (“crude” RDI)

« Water deficit before or after fruit set: High (near field capacity)
vs. low (near permanent wilting point) - HH, HL, LH, LL

« >50% reduction in irrigation
water use (1 — 1.7 acre-ft)

« Shoot growth control achieved
Bmmmiininenomins by 30 days post-bloom
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The new millennium

Post-2000 (Refining RDI)

« AgWeatherNet provides ET,, for irrigation scheduling
* Industry RDI “standard”: 70% ET, from fruit set to harvest

« Field trials 1999 — 2003, 2008 — 2010, 2011 — 2013

(Cabernet Sauvignon)

« Goals: - Optimize timing and extent of water deficit
- Test interactions with crop load
- Manipulate wine style in the vineyard 2
« Severe water deficit before or after veraison (25 — 35% ET,) ‘

“Quantitative information could be used to fine-tune RDI strategies
in order to produce fruit to winery specifications (e.g., for blending
options) while maintaining vine capacity and cold hardiness.”

Keller, Smithyman & Mills (AJEV, 2008)
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Regulated Deficit Irrigation Alters Anthocyanins, Tanulns and
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The value of fundamental research
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Figure 4. (A) Wie phenolics and polymeric pigrents; and (B) extraction of skin
and seed tannins as affected by four RDI reaments during three growing seasons
in ied-rown, ownooted Caberret Sauvignon rapevinesin the Columbia Velley,
WA (USA). IS: industy standard; ED: early deficit (it se 10 véraison); LD: lte
defct (véraison to harvest);FD: full season deficit (it set to hrvest). %, *%, and

icate significant differences for Duncan tet and p < 0.05, p < 0.01 and p <
0001, respectively. N.5: o sgnifican.

* More severe water deficit

increases wine color and
astringency

* Vintage effect 2 Irrigation

effect

* Dehydration does not make

berries more mature

pre-harvest irrigation

Myth: Late-season irrigation dilutes wine quality
Old-world laws and new-world winemakers prohibit or restrict

2004: Start fundamental grape physiology experiments
Goals: - Investigate grapevine and berry water relations

- Test hydraulic isolation theory (dogma)

- Provide evidence for or against dilution myth

Use displacement sensors, root pressure chamber, dye,

microscopy, growth model calculations

“There is little scientific evidence that late-season water uptake by
the roots and transport to the fruit is detrimental to grape quality.”

Keller, Smith & Bondada (JXB, 2006)

Interactive Effects of Deficit Irrigation and Crop Load
on Cabernet Sauvignon in an Arid Climate
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Research Article
Deficit Irrigation Alters Grapevine Growth, Physiology,
and Fruit Microclimate

Markons Keller."* Pascgal Romero* Hemt Golil** Russel P. "mh\'m.u
Willism R Riley. L. Federico Casassa.*’ and James F. Harbert

o, gt A Rerch s Eximoon Cot. Wi

W st Vitcltne Depassosss s Tiyiehe o Cmerty Sk L O

CAOMO

*Comespoutung austor (wkeler s )

Admevedomens Tus vk v Sned by WSU's A Resench Come,
Wnkingon S Groge md Wion Revmch Pogrm Sie. Mool Woe Exon. i

Ea

w(nn.\lr»\(uﬁ.lmr\hvmﬂ!«\ ung Doctors program. The asboes thank J. Cors foc
Mills, G Coemasss, J. Ferguson. sad A Kawskam e sechoicat
b ety

bociamobyery b el
Maanicrt uhauned Mic e
Copymate © 2016 by e Areic Societyfe Esciory ¢ Viteinee Allrighes seserod

Abstract: A defice imguon wal wae contcted with Seld grows Cobemt Suvigion
sapesines n the Colanbia Valley of soudbessern Waskingion. Fos iigwion egimes were
appied i four replicated blocks 1 replce vavioos roctions o crop evapomnaspirmioa (ET.)
Seneenfout s s harvest. Thee rstseat, wese dsignaiod ET e (1008 of T, ET, (0%
of ET) ETy (2% of ET\ md ETisin (25% of ET, befere vermce s0d 100% of ET,
ereaer) Lest woer s 30 g2 exchange, <vnapy geneh od macrochimae, 308 seld

fonmseion wese exalisied over e yeurs Despite yeacly varon i gowing season

Journal of

rimental

DA

o RDlg, 1 =-0.78
“w. ROl r=-071
. RDlg, r = -0.74

Berry weight (g)

08

08
2000 3000 4000 5000 000 7000

Barries per vine

Figure 4 Relationship betueen berry number per vine and harvest berry
weight of own-rooted Cabernet Sauignon grapevines. Data were pooled
across five seasons and are for vines without crop adjustment only (all p <
0001, n=

« Pre-veraison irrigation
can be cut to 25% ET,

« Pre-veraison water deficit
more important than post-
veraison deficit

« Both crop load and water
determine berry size
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Figure 4 Ambient temperature and simulated cluster temperatures during o week
tter veraison o feld-rown Cabernet Sauvignon igated at vrious factons of crop
evapotranspiration (denoted by subscrpts of ET,) in 2011, Each line represerds the

e of eight iButtons placed on both the exterior and terior faces of cifferent
clsters and logging temperature at 10-min itervals, The ambiers emperatute was
Togoed hourly by an ansite weathe sttion

» Water deficit increases fruit
sun exposure

» Sun-exposed berries are
hot berries

« Too little water too late
(25% ET,) is detrimental to
vines and wine

Fig. & Movemet o e bl e b fsin s truah e
sylar nd of attached post-veraison Merlo (A, C) and D) grape
s Cros st o ecepacloece [ 8y 1d ot el s of
the berry (C, D). Not: the red coloration outside of the xylem (C, D) s due 10
anhocyarins athr tha bsic fuchsin.

* Ripening berries are not
hydraulically isolated

« Itis very difficult to alter
berry size after veraison

« Hang time may lead to
berry shrinkage

« Late-season irrigation
reduces berry shrinkage
but does not dilute fruit
composition
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. e Back to the future: What’s next?
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== Evapotranspiration (ET,) Grower
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~ == Soil moisture w/ | = ET,

== Soil moisture w/ RDI

» Sugar demand of ripening
berries overrides severe

Acre-Inches

i 10

water deficit }@@l
* The xylem recycles surplus o
phloem water from berries 00

to the shoot (overflow)

Weeks after April 1

Trouble with K, Updating K,
« Washington (Yakima Valley) K too low for ripening period * K. = Function of canopy surface area (site-specific)
« Most vineyard expansion in warmer AVAs * Test use of UAVs (drones) to determine and map K,
« Climate change is altering the GDD—K_, coupling * Precision irrigation to cost-effective scale
— Hot growing seasons and/or warm sites: K drops to zero * Apply K, to both hand-pruned and mechanized vineyards

before harvest
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Tailoring deficit irrigation g PRD: Coming to a vineyard near you?
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Wiear| 7 I """

* Partial Rootzone Drying (fruit set through harvest)
+ Easy to manage (irrigate dry side) and water-conserving

« Wine styles differ between varieties (red, white...)
Response to water stress varies among varieties
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+ Pessimist (isohydric) versus optimist (anisohydric) | 4™ 2015: Wine Science Center opens at WSU Tri-Cities
categorization too simplistic A * Field trial 2014 — 2016 (Chardonnay, Riesling)

« Match irrigation frequency and extent of water deficit to Yot * Goals: - Maintain berry size and yield
varietal physiology and desired end use of the grapes - Reduce bitterness, astringency in wine

Optimize RDI for red varieties
- Avoid late-season water stress
- Prevent berry shrinkage during hang-time

Adopt PRD for some white varieties
- Avoid excessive fruit sun-exposure

More fruit with less water (WUE)

- Subsurface irrigation?




Heat waves and drought Funding sources

* Heat waves and droughts are becoming more frequent « WSU Agricultural Research Center
® 2010: New WSU-IAREC wine grape research vineyard planted
® 2015: Four growth chambers installed at WSU-IAREC
« Field trials supported by growth chamber experiments

* WA State Grape and Wine Research Program
- Washington State Wine Commission
- WSU (Legislative Appropriation)

- Goals: - Test interactions between heat and water stress - Washington Wine Tax

- Generate knowledge and recommendations that will

- » USDA Northwest Center for Small Fruits Research
empower growers to cope with drought and heat

* USDA (WSDA) Specialty Crop Block Grant Program
« Ste. Michelle Wine Estates

- Distinguished Professorship

« Hydrocooling during temperature peaks

- In-kind Contributions (Field Trials)

Thank you!



