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Overview
• Water and soil -properties and flow
• Soil plant atmosphere continuum
• Crop demand
• Deficit irrigation in vineyard management
• Irrigating according to measurements 
• Planning irrigation regime



Water properties and water flow



Water properties

• Size, shape, and polarity
• High surface tension
• Cohesion, adhesion, and capillarity
• High tensile strength

Levin UCD







Root zone water availability- soil tension



Dodoma soil



Dodoma soil
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Metergroup



Soil-Plant-Atmosphere Continuum

Soil, -0.5 MPa

Trunk, -0.8 
MPa

Leaf, -1.0 MPa

Air, -100.0 MPa

Resistance



Evaporative Flux Model:

𝐾 =
𝐸

𝛹𝑠𝑜𝑖𝑙 −𝛹𝑙𝑒𝑎𝑓

Ψpd = Ψsoil …?

Conductance
Soil water 
potential

Leaf water 
potential

Transpiration

Soil-Plant-Atmosphere Continuum

Zhang et al 2018



K: conductance  (-resistance)

• Isohydric vs anisohydric plants

• Predawn balance between leaf and soil water tension

• Root surface 

• Cavitation in the trunk or leaf veins



Crop demand



Evaporative Demand (ETo)

• It is a function of net radiation, vapor pressure deficit and wind.  
• Reference evapotranspiration (ETo) is used as a measure of 

evaporative demand. 
• ETo can be obtained from a weather station or by other means 

(class A pan).

Allen et al 1998



ETo : reference Evapotranspiration

Symbol Description Units

ETo Reference evapotranspiration mm/day

Rn Net radiation at the crop surface MJ/m²/day

T Mean daily air temperature (Tmax + Tmin)/2 °C

u₂ Wind speed at 2 meters m/s

eₐ Actual vapor pressure (from RH or Tmin) kPa

Penman                       /                   class A pan



Crop requirement (ETc)
ETc = ETo x Kc 
• where ETc = vineyard evapotranspiration, ETo = reference 

evapotranspiration and Kc = crop coefficient. 
• It predicts ET of a non-stressed crop growing under optimum 

conditions.

Larry Williams UCD



Kc- phenological stages
Can calculate from Eto/Etc 
(lysimeter data) but the vine 
spacing is very important

Larry Williams UCD

Allen et al (1998)



Kc factor

• Evapotranspiration rates depend on the percentage of ground 
shaded by a crop

• Estimate of a maximum Kc based on a ground cover of 30 to 50% 
would be 0.51 to 0.85 (Larry Williams UCD)

Allen and Pereira (2009)



Kc : shaded area

Mark Battany UCD

“0.5-1.2 m2 leaves/kg grapes”
Kliewer and Dekoozlian 2005

min max
m2/kg: 0.5 1.2
cm/kg: 5000 12000
cm/200g: 1000 2400

leaf cm2: 100 10 24
leaf cm2: 200 5 12



Larry Williams UCD



Kc over time

Larry Williams UCD



GDD Formula

The basic formula to calculate daily GDD is:

Tmax: Daily maximum temperature
Tmin: Daily minimum temperature
Tbase: Base temperature (crop-dependent, e.g., 10°C for corn)



Kc with GDD
• Kc calculated from lysimeter
• ETo Penman calc
• Kc=ETc/ETo 
• Start of GDD at mid march
• Kc<0.2 hard to measure

Larry Williams UCD





Phenological 
stages

Vincent et al. (2012)



Phenological Stage GDD (Base 10°C) Description

Budbreak 50–100 First green tissue appears from the bud

3–5 Leaf Stage 150–200 Photosynthetic capacity begins to ramp up

Inflorescence Visible 250–350 Flower clusters (inflorescences) become visible

Flowering Begins 400–500 First flowers open

Full Bloom 500–600 50% of flowers are open

Fruit Set 600–700 Fertilization results in tiny developing berries

Berries Pea-Sized 800–1000 Berries grow and separate from cluster

Veraison 1100–1300 Onset of ripening; sugars begin accumulating

Harvest (Maturity) 1600–2100+ Depends on cultivar and intended wine style

GDD to reach different phenological stages

Van Leeuwen et al (2008)



Deficit irrigation in vineyard 
management



General vine response to water stress

Levin UCD



Rating shoot tips to determine drought state

Levin UCD



Physical signs of water stress 

• Tendrils most sensitive, 
• Then leaves, then internode 

length, 
• Leaf angle avoids sun as 

drought grows: 
• Leaf drop increases sharply 

above -1.5 Mpa

Levin UCD



Reproductive growth is less sensitive

Levin UCD



Pre-veraison growth rate more sensitive

Levin UCD



Drought stress and grape quality?



Irrigating according to 
measurements.



Irrigating according to measurements.

• Tensiometer 
• Capacitance, TDR 



Irrigating according to measurements.

• pressure bomb



Irrigating according to measurements.

• Sap flow
• Dendrometer



Irrigating according to measurements.

• Eddy covariance 



Planning irrigation regime



Data required
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Data required… and calculated values
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Root zone storage

• Drip or flood?



Water balance
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Kc
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Exercise in spreadsheet

• Use the excel sheet in the folder called “class exercise for after 
lecture”
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