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Nutrient Demand Factors

• Soil

• Previous crop

• Inputs

• Irrigation

• Vineyard Practices
»Cultivation
»Cover Crops



Fruit Demand of Nutrients

• Nitrogen  N 2.92

• Potassium  K 4.94

• Phosphorus  P 0.56

• Calcium  Ca 1.0

• Magnesium  Mg 0.2

• Zinc  Zn 0.0015   5 TPA = 0.1 oz

• Boron B 0.00065            = 0.05 oz



Actual Deficiency vs Induced

• Variety/Rootstock

• Antagonistic

• Water Quality

• Irrigation

• Soil pH

• Rainfall

• Biological



“Barnes Effect”



Lime Induced Chlorosis



Rootstock Tolerance
to Calcareous Soils

Rootstock % Active Lime in Soil
Fercal 50+
41B, 333EM 40
161‐49C 25
Kober 5BB, 420A, 140Ru, Borner 20
99R,110R,1103P,SO4 17
St George 14
Ganzin,1202C 13
3309C,1616C 11
4453M 10
101‐14 9
Riparia Gloire, Castel 196‐17 6
Schwarzmann Med
Freedom Med
Ramsey Med
Dogridge High



Rootstocks with Zinc Deficiency 

• Dogridge

• Ramsey (Salt Creek)

• St. George

• Freedom



Availability of Micro‐Nutrients

• Soil Parent Material
• pH
• Texture

– Clay type and amount
– O.M.
– Competition

• Climate
– Soil Temperature
– Leaching
– Weathering

• Soil pH



Soil Types Associated with 
Micronutrient Deficiencies

Mn, Zn, CuMn, Zn, CuCu, ZnOrganic

Mn, B-MoClay Loam

Mn, BMnMoClay Loam

Mn, B, Cu, FeMn, BMoLoam

Mn, B, Cu, FeMn, B, CuMo, Cu, ZnSandy loam

Mn, B, Cu, Zn, FeMn, Cu, ZnMo, Cu, ZnSandy

pH > 7pH  6-7pH < 6Texture/Type



Monitoring Nutrients

• Soil
• Tissue
• Water
• Visual
• Yield History

• Timing
–Bloom
–Veraison
–Pre‐Harvest
–Other?















Zinc Deficiency

-Zn Normal
Chardonnay





Boron 

Deficient

Excessive







Confusion from Symptom Overlap



Zn deficiency

GFLV



Chimera



GFLV “Yellow Mosaic”



Application Methods

• Soil

• Irrigation

• Foliar

• Timing

• Formulation

• Organic



Soil

• Effective +
• Cost Efficient +
• Long term +
• Slower ‐

• Band
• Place near water/active roots
• Formulation

– Salts   ZnSO4 ZnO
– Chelates
– Organic





Irrigation
• Effective +
• Less labor +
• Moderate term +
• Injector or solutionizer
• More management ‐

• Place near water/active roots 
• Band

• Formulation
– Salts   ZnSO4, Zn(NH4)PO4

– Chelates
– Mixture



Foliar Spray

• Convenient +
• Fast +
• Short term ‐
• More expensive ‐
• Timing important ‐

• Timing
– Pre bloom
– Post harvest

• Formulation
– Salts  
– Basic
– Oxides
– Chelates
– Organic ? 



Foliar Application Factors
• Timing

– Pre bloom
– Post harvest

• Concentration – dilute better
• Spreader/Sticker 
• Weather

– Temperature
– Relative Humidity

• Low biuret urea boost

• Formulation
– Sulfate salt Cheaper      ZnSO4

– Basic Safer            ZnCO3

– Oxides Less soluble    ZnO
– Chelates Expensive
– Organic ?  Costly and less effective)



Foliar Spray Summary

• Timing  2‐3 weeks

• Formulations Basic, chelates, salts, oxides

• Rates low concentrations

• Conditions Low Temps, High R.H., wind



Materials
• Solubor Na2B8O13 ∙ 4H2O 20.5%
• Borax Na2B4O7 ∙ 10H2O 11
• Boric Acid H3BO3 17
• Borate 48 Na2B4O7 ∙ 10H2O  14.9
• Colemanite Ca2B6O11 ∙ 5H2O 10

• Zinc Carbonate ZnCO3 52%
• Zinc Sulfate ZnSO4 36
• Zinc Oxide ZnO 80
• Zinc Chelates ‐ 9‐14
• Zinc lignosulfates ‐ 5‐12
• Zinc polyflavonoids ‐ 7‐20



Zinc Application Methods

0.7 ‐1.4 lbZn chelate 1 ‐2 gal

0.4 ‐0.8 lb1 ‐2 lbZnSO4
PreBloom2.9 lb5 lbsZnCO3Foliar

Winter/Spring18 – 54 lb50 ‐150ZnSO4Soil

3 – 13.93-9 galZn Chelate

Early50-150 lbs          18 – 54 lbZnSO4Drip
TimingActual/AcRate/AcreMaterial



Boron Application Methods

per year1.0 lbs5 lbsmaximum

PreBloom0.2 -0.4 lb1-2 lbsSoluborFoliar
Fall/Winter Berm1-2 lbs5-10 lbSolubor

per 4 year4.0 lbs20 lbsmaximum

Fall/Winter Broadcast1.0 lbs5 lbsSoluborSoil

0.2-0.4 lb1-2 lbs2-4X

Early0.1 lb0.5 lbSoluborDrip
TimingActual/AcRate/AcreMaterial



Cost Comparison for Zinc

20  *2.65 lbZnCO3  52%Foliar

7246 galZn EDTA 6.5%

5036100 lbZnSo4 36%Drip
Cost $ActualAmount/AcMaterial

*  Material $5

Application        $15



Other Micro Nutrients

• Fe – almost always a pH relatedsoil problem 

• Mn – similar to zinc, often in poorly drained 
areas & wet years

• Cu – similar to excess boron or nitrogen, rare

• Mo – poor set & berry growth, sandy soils, rare
– Combination formulations helpful for long term, but… $

• S – mimics nitrogen

• Ca – serpentine soils, almost exclusively



Phosphorus















Summary

• Monitoring
– Observe
– Keep Records
– Know soil type (map)
– Tissue Analysis petioles at  bloom (veraison) ‐ blades B, Na, Cl as diagnostic

• Correction Method
– Drip
– Foliar
– Soil

• Timing
• Formulations
• Rates

– Dilute concentrations
• Conditions

– Temperature
– Relative Humidity

• Winery feedback from juice analysis ‐ communication

“Best thing to put on your vineyard is your shadow” anonymous



Happy Harvest 2009


