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    Why Canopy Management ? 

Åcanopy management seeks to 

explain and apply the 

relationships and associations of 

vine growth, vine vigor and yield,  

canopy microclimate and 

subsequent wine quality  



   What Is Canopy Management? 

A collective practical methodology to 

achieve optimum canopy microclimate so 

that fruit and leaves receive best sunlight 

exposure and air movement within the 

grapevine canopy is achieved. 



é ñstruggling vinesò have leaves and fruit that are 
well exposed to the sun soé. Does the vine need to 
struggle or is it necessary for the leaves and clusters to  
be well exposed to the sun ? 
 



 Pioneers of Canopy Management 

Richard Smart & 
Nelson Shaulis 



 
Å better exposureé =  better wine quality and yield   

        from changing the canopy so  

        that leaves and clusters are  

        better exposed to the the sun 

Å Indirect relationship=  of sunlight exposure of clusters 

       and leaves on wine quality 

Sunlight into é Wine ð R. Smart 



                 Two Mythsé 
1. High yield = low qualityé  

Å It is only an associationébut canopy management with 

improved leaf and fruit exposure can both sustain yields 

and improve wine quality  

2. Soil effects dominate wine quality (mostly 

indirect)  

Å Soil cannot be duplicated, but canopy microclimate can 

be copied and thus the indirect and positive effects of the 

canopy on quality 

 

 

 



    Goals of Canopy       
       Management 

Insure sunlight penetration 

of the fruiting and renewal 

zone 

 



What is a Grapevine Canopy ? 
 

ÅLeaves, shoots, shoot tips, shoot stems, 

lateral shoots, tendrils, fruit, trunk, cordons 

ÅDescribed asé 

ïContinuous vs. Discontinuous 

ïDivided (one vine with separate walls/curtains of 

foliage) 

ïDense, crowded = excess leaves and shade 

ïOpen, low density = no shade 

ïInterior, exterior = % of interior leaves increase 

with a dense canopy   



é main & lateral shoots, leaves,               
tendrils, fruit, cordon, trunké  
     

 fruit 

 

  tendril 

leaves 

lateral shoots 

main shoot    

cordon trunk 

fruit 



ÅContinuous Canopy 

Å Discontinuous    

        Canopy 

                                            



Open, low density  = no shade  

** a dense canopy = increase in the 

   % of interior leaves ** 



ÅDense canopyé 

ÅLooking for fruit 

 

ÅPoorly colored fruit 

ÅYellow and dead leaves 



     Mesoclimate: Is Site Climate 

ÅRow orientation: @ 35 N latitude 17% more 
sunlight interception of N-S rows vs E-W 

ÅVine side (east or west) light exposure can 
affect: 

ïPolymerizationé that affects: 

ÅAstringency 

ÅSpectral color 

ÅColor stability  

ÅExample: Rhone with SE and E slopes along 
the Rhone, vines use mid-morning light more 
effectively than afternoon light 



    Microclimate:  Is Climate   
         Within the Canopy 

Canopy density dictatesé 

ÅSunlight quality and quantity 

ÅTemperature 

ÅHumidity 

ÅWind  

ÅEvaporation 



     Microclimate and Canopy Density 

Character Open Canopy Dense Canopy 

Sunlight Most leaves and fruit 

exposed 

Many leaves and most 

fruit in shade 

Temperature Fruit and leaves warmed 

by sunlight. At night 

outside leaves and fruit 

can be cooled 

Most fruit and leaves 

are interior so are 

close to ambient 

temperature day and 

night 

Humidity Leaves and fruit exposed 

to about ambient 

humidity values 

Wind speeds reduced 

in the canopy, humidity 

well above ambient 

Wind Speed Leaves and fruit exposed 

to about ambient values 

Wind speeds reduced 

in canopy 

Evaporation Evaporation rates similar 

to ambient values 

Evaporation rates are 

reduced in the canopy 



     Sunlight: Quantity and Quality 

Å Quantity = PAR (photosynthetically  

 active radiation) reduced as it passes 

 through the canopy 

Å Quality = 400-700nm 

wavelength, color spectrum: 

red:far red ratio altered as it 

passes through canopy  



    Temperature and Humidity 

ÅGrape berries on sunny calm days can be up to 

27o F above ambient temperatures 

ÅIf vines are not water stressed leaf temperature 

can be less than 9oF above air temperature 

ÅHumidity can build up slightly in dense 

canopies and contribute to fungal disease  

 



       Wind and Evaporation 
ÅWind speed in the center of dense 

canopies can be 10% compared to 

measurements above the canopy 

ÅEvaporation rates are reduced within a 

dense canopy: reduced evaporation 

can increase incidence of disease   

ÅPowdery mildew 



      Canopy Management 

1. Microclimate interaction with leaf and cluster 

exposure 

2. How grapevines respond to climate 

3. How grapevines function (growth and physiology) 

4. Canopy assessment 

5. Canopy management solutions = trellis method 

6. Trellis construction type 



   Canopy Microclimate and   
      Grapevine Physiology 

ÅPhotosynthesis 

ÅTranslocation (movement of assimilates) 

ÅTranspiration  

ÅRespiration 

ÅPhytochrome 

ÅWater relations 



    Canopy Microclimate and    
       Grapevine Physiology 

Å Photosynthesis 

 

 

 

 

Å Dependent on stomata to diffuse in CO2  

Å Light saturated at ~800 uEm-2 s-1(5-6000ft c.) 

Å Low light in interior = NO photosynthesis 

Å Youngest fully mature leaves most Pn active 

Â6 CO2 + 6 H2O                  C6H12O6 + 6 O2 

sunlight 

chlorophyll 



    Canopy Microclimate and  
     Grapevine Physiology 

ÅPhotosynthesis levels off at ~800 uE m-

2 s-1  = grape leaves , become òlight 

saturatedò  

ÅTemperatures <50o F and >95o F = 

inhibited photosynthesis 

ÅPhotosynthetic rate for 

leaves on canopy exterior 

ÅLow rates at bottom due to 

shading 

 



    Canopy Microclimate and  
      Grapevine Physiology 

Å Respiration ï reverse of Pn energy produced from Pn products 

ïTemperature dependent, rate doubles with every 10 C or 
18o  

Å Translocation ï chemicals/products of photosynthesis moved in 
vine.  Controlled by sources and sinks. 

Å Phytochrome ï hormone-like substances interact with enzymes 
that  possibly affect glucose, fructose, phenolics, malic acid, K and 
pH.  Influence leaf aging and abscission; influenced by light quality 

Å Water relations  -  open canopy = more transpiration which 
requires more water 



     Growth of Grapevines 

ÅAnnual growth cycle 

ÅShoot development 

ÅShoot vigor 

ÅGrowth balance in grapevines 



     Annual Vine Growth Cycle 
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    Growth Balance in Grapevines 

ÅSevere pruning (approximately 20-40 nodes) = 
vigorous shoots, can get ñbull canesò 

ÅConversely, phylloxera, nematodes, poor soil 
(or not properly prepared) = restricted root 
growth and small shoot system 

ÅBalanced cropping system encouraged 

ÅAdjust vines to the seasonôs conditions 



Canopy Microclimate and Yield 

ÅCluster initiation 

ïFlower primordia for next year is initiated at 

flowering time this year 

ïRenewal zone leaves need light for next 

yearôs crop to develop as cluster and flower 

primordia (anlagen) 



Canopy Microclimate and Yield 

ÅFlowering and fruit set 

ÅCold, wet weather = reduced 
#berries/cluster, small seedless berries 

ïShade = reduced fruit set 

ÅBerry growth 

ïIndividual berry size and sugar reduced or 
delayed by shade 

ÅDisease 

ïShaded canopies = encourage disease 



Canopy Microclimate and Quality 

ÅLow yield and low vigor associated with high 

quality 

ÅSHADE causes reduced wine qualityé 

ïReduced: sugar, anthocyanin and phenols, tartaric 

acid, monoterpenes, varietal or fruit character on 

nose and palate 

ïIncreased: potassium and pH, malic acid, 

ñherbaceousnessò, Botrytis and Phomopsis bunch rot 

 

 



        Canopy Microclimate  
                   and  
         Grapevine Diseases 

ÅPowdery mildew and Botrytis bunch rot 

ïEncouraged by shaded, dense canopy with 

low air movement, high humidity and 

resulting slow drying 

ÅSpray effectiveness 

ïOpen canopy = uniform and adequate 

application 

ïDense, shaded canopy = many leaf layers 

and poor protective spray penetration 



1. Maximize leaf area exposed to sunlight 

2. Canopy height to alley width should not exceed 

1:1 

3. Avoid shade 

4. Balance shoot growth with fruit development 

5. Uniform fruiting and renewal zones via positioning 

 

     Canopy Microclimate and        
        Grapevine Physiology 
 
Altered via 5 Basic Principles 



 Principles of Canopy Management:   
Principle 1: Leaf Exposure to Sun 

-- productivity increases when % 

sunlight intercepted by leaves 

increases:   i.e. sunlight that reaches 

the vineyard floor is wasted - ? 

ïNorth to south rows, closely spaced 

ïThin, tall curtains of foliage 

ïRapid and uniform leaf development in 

spring via short shoots vs. long shoots  



Årows and canopies should be spaced 

to avoid shading the cropping and 

renewal zone of adjacent rows 

ÁRenewal zone ï portion of canopy 

where buds develop for next years crop 

ÁShould balance maximizing sunlight 

interception with minimizing shade 

 

 Principles of Canopy Management:    
            Principle 2: Spacing 
 



Canopy Height to Row Width Ratio 

Orange angles represent the relationship of space 

between rows & time that sunlight reaches floor vs canopy 



ÅCanopy shade in the fruit and renewal zone 
should be avoided 

ÅNegative effects of shadeé 

ïElevated potassium, pH, TA,  

ïReduced pigmentation, phenols and soluble 
solids 

ïUnderdeveloped varietal character and possible 
increased vegetative character (Bordeaux reds) 

ïPossible promotion of disease 

ïReduced bud fruitfulness 

ïReduced bud, cane and wood hardiness  

 Principles of Canopy Management:    
             Principle 3: Shade 



      Principles of Canopy  
    Management:  Principle 3 

AVOID 

SHADE!! 



ÅShoot growth and fruit development should be 
balanced 

ÅIdeal leaf area to fruit weight is 7-14 cm2/gram 
of fresh fruit or a Ravaz Index (RI) of 5-10.   

ÅRI = lbs fruit/lb cane prunings in a season 

ÅA measure of balance is the Ravaz Index.  For 
well balanced vines pruning weights should 
maintain at 0.2 to 0.4 lbs/ft of canopy*   

 Principles of Canopy Management:  
            Principle 4: Balance 



ÅUniformity of fruiting and renewal zones 

ïFacilitates both mechanization and hand operations 

ïEasier to remove leaves from the fruit zone when 

shoots arise from a uniform height 

ïFruit more rapidly harvested when not spread over a 

larger area 

ïUniformity of bud break and shoot growth enhanced * 

 

  Principles of Canopy Management:    
            Principle 5: Uniformity  



     Take home messageé 
Å Final wine quality derived from grape composition 

Å Grape composition influenced by: 

ïCultivar 

ïClimate 

ïSite 

ïCultural practices 

ÅCanopy management = cultural practicesé 
Consequently, canopy management can 
significantly influence fruit composition & 
resulting wine quality 



      Application of Canopy   
     Management Principles 

ÅHow to identify problem canopies 

ÅHow to decide which options to use 

ÅHow to implement selected options 



  Benefits of Canopy Management 

ÅImproved wine quality 

ÅImproved winegrape yield 

ÅReduced the incidence of some 
diseases 

ÅPossible reduction in production 
costs via mechanization 



Canopy Management Methods? 

ÅManipulation of leaves and shoots (canopy 

microclimate) to maximize the vineôs use of 

sunlight and alteration of the balance 

between shoot and fruit growth 

Å  Techniques: 

ÇWinter pruning - traditional shoot density and location 

ÇShoot thinning - excess shoots removed 

ÇSummer pruning ï hedging and topping 

ÇShoot devigoration ï shoot length + leaf area; train down  

ÇLeaf removal - from cluster zone 

ÇTrellis system -       canopy area       canopy density 



     Canopy Management:  
         A Practical Guide 

ÅRequirements: management skills, good 

timing*, experience and work 

ïPruning 

ïShoot thinning 

ïShoot positioning 

ïLeaf pulling 

ïHedging 

ïCluster thinning 

Practical Goal:  

uniform, thin, canopy 

open to airflow and 

spray coverage   



                  Pruning 

ÅMaintain shape or canopy ñarchitectureò 

ÅSpread spurs or canes evenly along trellis 

ÅBalanced pruning/cropping =  # of 
buds/shoots/clusters matched to last yearôs 
growth as expressed as wt. of cane prunings 

ÅTime requirement: varies with system and 
vine density and age = approximately 30-60 
hours/acre 



 Winter Pruning 

 



   Shoot 
Thinning 



       Shoot Thinning 

ÅReduce shoot 

congestion, crop load 

Å@ 6-12inches 

ÅSterile, ñnon-countò 

nodes, sometimes 

cluster bearing 

shoots, especially in 

hybrids 



           Shoot Thinning 

Remove: 

ïñsuckersò (shoots) at base and trunk; 

remember spare parts 

ïRemove unfruitful shoots:  too dense, wrong 

direction for system, small weak shoots 

 

 



           Cluster Thinning 



    Thinning ï when should it be done ? 

ÅEarlier: - Should be post fruit-set*  

ïalters CHO nutrition 

ïIncreased berry size 

ïIncreased rate of sizing 

ÅGood for young vines where growth and 

vine shape is the primary goal 
 



Thinning ï when should it be done? 

ÅLater: But how late?  Before veraison 

ïQuick changes 

ïColor and sugar respond 

ïSize difference less obvious 

ïGood for many wine grapes- so you get 

smaller berries, control early season vigor 



Crop Reduction in Mature Vines 

ÅEarly (pre-bloom): Remove shoots 

ïLeave only ñcountò shoots 

ïRemove suckers/water sprouts 

ÅAdjust crop down based on seasonal conditions 

mid-way between bloom and veraison 

ÅAfter veraison:  Remove clusters (green drop) 

ïUse crop estimates and experience 

ïRemove obviously late maturing clusters:  what is left 

will be more uniform 

 





  Thinning From a Wine Point of Viewé 

ÅVine vigor plays a role 

ïWhen to thin? 

Å after fruit set 

Å and before veraison 

Å after veraison to remove green clusters (ñgreen 
dropò) and non-uniform clusters. Impact? 

ïDesired berry weightsévariety differences 

ÅMerlot  < 1.1 grams 

ÅCabernet Sauvignon 0.90 to 1.0 g/berry  



        Shoot Positioning 

ÅTiming- pre-bloom through shoot elongation 
(May to July) 

ïShoot tucking: if foliage wires are not movable 

ïShoot tying: expensive but precise 

ïMoveable catch wires 

ïShoot combing: used on downward training 
systems, after shoots toughen but prior to tendril 
entanglement 

ïMaintain form and foliage separation 

ïIf narrow row spacing:  shoot positioning helps 

ÅTime required:  20-60 hours/acre    



             Leaf Pulling 

ÅBasal leaf removal: 1o leaves and laterals 
subtending the basal nodes on each shoot 

ÅTiming:  beginning about 10 days after bloom 
throughout season 

ïintensity and frequency  depends on variety, rainfall, 
vigor, training system and wine style goal 

ïVery important when vines 5-10 years old   

ÅTime required:  5-15 hours/pass, 1-3 passes/yr   



     When and How Much? 

ÅLeaf thin 20-30 days after berry set 

(Berry pea size @ 7mm).  Earlier? 

 

ÅLate leaf removal is not beneficial. 

ÅLittle effect on pH, potassium, malic. 

ÅFruit more subject to sun scald. 



    Mechanical Leaf Removal 


