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What are your goals?

- Grow grapes uniformly to specifications!

- Depends on type, variety, site
• Red wine grapes: Minimize berry size

Optimize fruit exposure (more on east side)
• White wine grapes: Tolerate larger berries

Beware of over-exposure!

- Don’t compromise next year’s crop!
- Drip irrigation = method of choice



How hard can it be?

• Water and nutrients limit productivity
• Seasonal variability

- Rainfall: amount and frequency
- Evaporation: temperature

• Spatial variability
� Soil water-holding capacity
- Soil texture (loam/sand)
- Rooting depth
- Organic matter

• Vine age & size
- Leaf area

- Pruning technique



Need a drink?

Drink in moderation:
<500 mm/year

® Grapevines are drought-tolerant!

But drink frequently:
Budbreak - bloom <5%  (<25 mm)
Bloom - fruit set 15%    (75 mm)
Fruit set - veraison 60%  (300 mm)
Veraison - harvest 20%  (100 mm)
Harvest - leaf fall <5%  (<25 mm)

Fill up soil profile at end of season
(Frost & start-up ‘insurance’)
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The…short of it

• Growth requires water for cell expansion (D� cells/xylem)

• Water deficit ® growth �

® root:shoot ratio �

• Vigor and tendrils indicate water status



Evaporation

Use/beware of competition!



Not too much and not too little



Cell expansion
Cell division

(modified from
Coombe 2001)

Xylem flow reverses

Later stress, smaller effect

Berry Growth

Fruit set

Bloom Days after bloom



Irrigation

Irrigation

Days after irrigation

> 15 Brix?

(Lag phase)

(~20 Brix)

Don’t let ‘em dry out!



Blowing up 
a grape

Bunch 2
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Low carbs but overweight

0 100 200 300

Leached sugar (mg)

0

5

10

15

20

25

B
er

ry
 s

ug
ar

 (
B

rix
)

 Concord, r = -0.80***
 Merlot, r = -0.88***

• Water through skin 
® Berry volume �
® Sugar �

• Humid nights 
• Rainfall
• Overhead irrigation?
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Fruit quality: Some water deficit is good

• Berry size �
• Seed ‘maturity’ � (?)
• Acidity � (malate, but not tartrate)
• pH �
• Color � (berry size + anthocyanin production)
• Tannins � (little change?)
• Flavonols � (little change?)

• Carotenoids � (®®®® aroma?)
• Amino acids � (arginine)



• Sugar accumulation less sensitive than berry growth

® Some deficit is beneficial, but too much too late is detrimental!

Fruit quality: More is better…?
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• Controlled application of water 
deficit with a goal in mind

• Create optimum canopy size
- Sufficient leaf area to produce 

and ripen fruit
- Optimum fruit exposure to 

maximize quality

• Enhance fruit character

Deficit Irrigation
Coming to a vine near you!



RDI - Regulated
Deficit
Irrigation

PRD - Partial
Rootzone
Drying

Dry WetWet Dry

Deficit Irrigation
What’s hot?

Dry Wet



• Restrict growth and improve quality
• Soil-water deficit over time

® Apply after fruit set
® Results in plant-water deficit
® Reduces berry size and yield

• Soil-water deficit over space

® Apply throughout season
® No plant-water deficit
® Maintains berry size and yield

RDI - Regulated
Deficit
Irrigation

PRD - Partial
Rootzone
Drying

Deficit Irrigation
Does it matter?



Small is 
beautiful!

RDI - Regulated
Deficit
Irrigation

PRD - Partial
Rootzone
Drying

Yield (tons/acre)
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Berry weight (g)
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Water less before veraison 
to limit berry size

Water more after veraison 
to prevent weight loss

Theory to PracticeTheory to Practice



Complication

NUTRIENTSNUTRIENTSWATERWATER

INTERACTION

1 - 3 kg N/ton
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Deficit irrigation and nutrition

Food for yeastFood for yeast: RDI needs more N than PRD
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• Deficit irrigation useful for most red wine grapes: avoid
early stress (fruit set, bud fruitfulness!), mid-season excess 
(berry size!) & late stress (shriveling!)

• Berry size & sun exposure less important for white wine grapes

® RDI less suited for white grapes than is PRD
• More water may delay ripening (acid & flavor retention)

® Advantage in hot seasons/sites (early varieties)

Varieties: The Reds and the Whites

• Think of Pinot noir as a red white grape (avoid excessive stress!)




