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Overview

* Intro

* What does the vine need and how much of it over time?
* Role of nutrients in vine growth / deficiency symptoms
* Soilin supplying water and nutrients

* Analyze vine nutrient status

* Fertilizer amount and application methods

* Cover crops to enhance soil health



Goals of optimizing nutrition

All plant parts grow in healthy manner
Minimum

Optimal canopy:
better light, air and spray penetration
improved bud fruitfulness
less disease
lower management costs
riper fruit
easier to manage fruit zone

Excessive canopy:
Lots of shade- increased humidity in canopy interior
more.disease, more labor A\|C|

higher pH wines (K+)
Crewledse Kratk £TGHIBR  Penn State
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Essential Plant Nutrients for Growth

Derived from soil and/or fertilizer

Macronutrients Micronutrients
Primary: | Zn —Zinc

N — Nitrogen B — Boron

P — Phosphorus Fe — Iron

K — Potassium Mn — Manganese
Secondary: Cu — Copper

S — Sulfur | Mo — Molybdenum

Mg — Magnesmm Ni — Nickel

Ca - Calcium Cl - Chlorine

Obtained from water and air: Carbon, Hydrogen and Oxygen
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Pot-in-pot experimen
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Vine P (g)
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Vine K (g)
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Vine B (mg)
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Vine Zn (mg)
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Overview

* Role of nutrients in vine growth / deficiency symptoms
* Soilin supplying water and nutrients

* Analyze vine nutrient status

* Fertilizer amount and application methods

* Cover crops to enhance soil health



Nitrogen (N)

* Role: Vital for vegetative growth; key
component of amino acids,
proteins, chlorophyll, and enzymes.

* Effects of deficiency: Pale leaves,
reduced shoot growth, poor yield.

* Excess: Excessive vigor, shading,
poor fruit set and color, delayed
ripening.

CUlthAIg
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Phosphorus (P)

* Role: Essential for energy
transfer (ATP), root
development, flowering, and
fruit set.

* Deficiency: Stunted growth,
poor root system, delayed
maturity.

* Excess: May cause
micronutrient (e.g., Zn, Fe)
Imbalances.

CUltihvAIg
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Potassium (K)

- ) N

* Role: Regulates water
balance, enzyme activation,
sugar transport, and berry
ripening.

* Deficiency: Leaf burn
(marginal chlorosis), poor
color and sugar in fruit, weak
vines.

* Excess: Canlead to
magnesium or calcium
deficiencies, wine pH.
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Calcium (Ca)

* Role: Strengthens cell walls,
important for root and shoot tips,
membrane stability.

* Deficiency: Shoot tip death, poor
root growth, berry disorders (e.g.,
cracking). ‘Grape BER’

* Limited mobility: Young tissues
show symptoms first.




Magnesium (Mg)

* Role: Central atom in
chlorophyll, crucial for
photosynthesis and sugar
transport.

* Deficiency: Interveinal chlorosis
(yellowing between veins),
particularly in older leaves.



Sulfur (S)

* Role: Needed for amino acids
and proteins, chlorophyll
formation (Catalyzes the
conversion of inorganic N into
protein).

* Deficiency: Similar to nitrogen
(yellowing), but affects young
leaves first.

CULthVA

Knowledge ba elopme

d




Iron (Fe)

* Role: Essential for
chlorophyll synthesis and
respiration.

* Deficiency: Interveinal
chlorosis in young leaves,
common in high pH soils.

Knowledge based Development



Zinc (Zn)

* Role: Hormone (auxin)
synthesis, enzyme
function, fruit set.

* Deficiency: “Little leaf”
and short internodes,
poor flowering and berry
set.

CUltihAIG
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Boron (B)

* Role: Pollen tube growth,
fruit set, cell wall formation.

* Deficiency: Poor fruit set,
shot berries, zigzag shoots.

deficient excess
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Copper (Cu)

* Role: Enzyme cofactor, lignin
synthesis, disease resistance.

* Deficiency: Reduced shoot
vigor, chlorosis, distorted
leaves.




Manganese (Mn)

* Role: Involved in
photosynthesis and
enzyme systems.

* Deficiency: Interveinal
chlorosis, often confused
with iron deficiency.
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Molybdenum (Mo) (lesscommon in
viticulture)

* Molybdenum (Mo) (less
common in viticulture)

3-

.1
* Role: Assists in nitrogen
metabolism. . T b

* Deficiency: Rare; may
appear as nitrogen deficiency
in low-Mo soils.




Leaf diagnosis confusion...

-

Redblotch virus

Hopper damage

Leafroll virus :
(machinery)

Pierce’s disease CUlT] l®
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Overview

* Soil in supplying water and nutrients

* Analyze vine nutrient status

* Fertilizer amount and application methods

 Other methods to enhance soil health (cover crops/ mulches etc)



Soil in supplying water and nutrients

* Nutrients can only be taken up under moist conditions
* Nutrient movement to the plant surface

* Active and passive uptake of nutrients

* Solute movement by concentration gradient very slow — (promote
fertigation)

e Root movement towards nutrients



Soil pH

>

Acidity Neutral Alkalinity
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Very strong

Proffitt, T @rd CarfipbelzClatse: . (2012).



Soil aluminum in relation to pH

(From Terry Bates)
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Adjusting Soil pH

Best to do it with a clean and open field

Remember: soils will progressively acidify with
normal farming practices

Find the right range according to viticulture and
wine making goals and pH status

Low pH — problems with Al toxicity and P
deficiency

— Adjust with lime or gypsum (1000x more soluble)
— Lime also adds Ca and Mg (dolomitic)

— Incorporate as deep as possible

High pH can affect vine growth i /

Recommended range: 5.5-7.0
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Indication of what is available to plants in soil water

CulthAid e

Proffitt, T. @i Camipbel=Clatsg, ). (2012).



Soil testing

* Method -
* 2 depths
* mixed sample from at least 4 locations

* Interpreting lab results
* pH (easiest to adjust before planting!)
* compost will cover micronutrient requirements
* Macronutrient requirements from irrigation water and fertilizer



Soil fertility is not a good predictor of grapevine
nutrient status- (Schreiner)

* Soil Tests Measure What's There, Not What's Taken Up

* Grapevine Roots Access Nutrients Selectively

* Soil Fixation and Mobility Complicate Interpretation
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Overview

* Analyze vine nutrient status
* Fertilizer amount and application methods
 Other methods to enhance soil health (cover crops/ mulches etc)



Plant tissue sampling

& Adequate =

Toxic or

< luxury =2

consumption
- P

Yield and vine performance

Response to fertilizing

Tissue nutrient concentration
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Leaf sampling protocol

* Be as consistent as possible
* Same leaf every time

* Bloom or veraison

* Avoid contamination

* About 50 leaves

* Oven-dry at 75C




Plant testing

* Leaf vs petiole
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Bloom Leaf N% at 5 N Supply Rates

3.25
3.00 A
2.75 - 7.5 m
==5.625 MM
2.50
sl 3.75 mM
2.25 2.25 m
1.125 mM
2.00
1.?5 T I T ] | |

2010 2011 2012 2013

Lowest N Returned

Veraison Leaf Nod 0 High N in 2015
2.75 L‘\\

2.50 -
2.25 7 ——7.5mM
2.00 - . y —#—5.625 mM
1.75 - — - % wte—3.75 MM

- ® ¢ 2.25 mM
1.50 -

1.125 mM

o \id
1,[1) T ] T | T

2010 2011 2012 2013 2014 2015 2016 wiedae *paglSehreinér- USDA



Juice Brix at 5 N Supply Rates
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Tissue guidelines (Oregon, USA)

Nutrient Time Units Petiole Leaf Blade
Deficient | Excessive | Deficient safe Excessive
N bloom % 2.2 > 2.40 4.25
véraison % 0.35-0.40 1.8 >2.00 2.5
p bloom % 0.15 0.17 >0.20
véraison % 0.05 0.1 >0.11
K bloom % 0.75-1.50 3.25 0.7 > 0.80 1.5
véraison % 0.50 - 0.60 0.6 >0.70 1.25
Ca bloom % 1 1
Mg bloom % 0.2 0.18
Mn bloom ppm 20 20
Zn bloom ppm 20-25 15-20
B bloom ppm 20 - 25 20 125
Cu bloom ppm 3-5 25 - 50 3-5 250
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K-Mg competition in ‘Concord’
(From Terry Bates)
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Overview

* Fertilizer amount and application methods
 Other methods to enhance soil health (cover crops/ mulches etc)
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Fertilizer types and application methods

* Adjust pH or fertilize?
* Macro in irrigation water or fertilizer
* Micro via compost
 Zn? B?
* Soil apply or foliar?
* Micro is possible by foliar but not macro (Peter Christensen).
* For sandy soils split applications of conservative nutrients (N)



HOW mUCh to apply’) Nutrient |Symbol|Kg/Metric Ton

Potassium K 2.47
Multioly b b Nitrogen N 1.46
JHIPYY a.rves. y Phosphorus P 0.28
concentration in the _
table CaIC|um. Ca 0.5
. Prunings? Magnesium Mg 0.1
. lron Fe 0.00525
e e @ oo
extra 20% margin for N Copper Cu 0.000575
and K. Boron B 0.00055

12 (ton/ha) *1.5 (N kg/ton) *1.2 =21.6kg/ha N requirement

Peter Christerisén' :GrapevineMineral Nutrition



Cover crops / mulches

e Soil Health Improvement: Cover crops, especially those with
deep roots like rye grass and fescue, can improve soil structure,
making it more friable and stable.

 Erosion Control:

* Weed Management: Cover crops can outcompete weeds

* Soil Temperature Regulation:

« Water Management: Improve water infiltration and dry the soil

 Nutrient Cycling: Cover crops can fix nitrogen and improve
nutrient availability in the soil.

* Pest and Disease Control: Some cover crops can help control
nematodes and other soilborne pests.
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Conclusions

* Soil nutrient sampling before planting- pH?
* Leaf sampling (not petiole) at bloom or veraison.

* Sample pruning weight and track it over time, keep track of yields
SO you have an estimate of how many nutrients were removed per
year- apply this amount with an extra 20% for N and K.

* Better to correct based on visible deficiency symptoms (than to
apply if you don’t know what you’re doing) -Tony Wolf (2018)
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