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Importance of YAN
• Successful fermentations rely on adequate must 

nitrogen availability
– Free amino nitrogen . . . . Proline is not assimilable
– 150 mg/L considered to be accepted minimum
– Maximum?



• Yeasts use nitrogen to form: 
– Amino Acids
– Polypeptides
– Proteins 

Role of Nitrogen for Yeast

Edalls, 2012



Yeast Nitrogen Uptake 
• Yeast use a mechanism called nitrogen catabolite

repression (NCR).

• NCR mediates the selection of good nitrogen sources

• Good (N) sources ammonium, glutamine and 
asparagine.

• Less preferred arginine, alanine, aspartate, glycine and 
glutamate.

• Poorer nitrogen sources: urea and proline.



Turbidity vs Must Nitrogen

Spayd, Nagel and Edwards, 1995cv. Riesling



Styger et al 2011

Aroma/Flavor



Styger et al 2011



Styger et al 2011

Aroma/Flavor



Nitrogen Source Makes a Difference

AWRI 796, cv. Chardonnay
Torrea et al., 2011



Low Must YAN

• Results

– Low yeast population

– Increased risk of stuck fermentation

– Increased hydrogen sulfide

– Decreased production of aroma compounds



Can Inorganic Nitrogen Additions 
Suffice?

• Must YAN’s 
– Increase stuck fermentations below 140-150 mg/L
– Higher YAN’s not associated with stuck fermentations

• Why not prophylactically add DAP or equivalent?



• Results
– Increased ethyl acetate, acetic acid and volatile 

acidity

– Increased haze-causing proteins, urea, ethyl 
carbamate and biogenic amines

– Increased risk of microbial instability and atypical 
ageing characters

High	Must	YAN



Nitrogen Cycle



Good
• Must nitrogen constituents strongly correlate with applied 

fertilizer
– Total nitrogen and amino acids

• Potential for yield increases

Bad
• Alter source:sink relationships….in a bad direction
• Increases in yield may be accompanied by decrease in fruit 

maturity and sugars
• Must urea, pH, aldehydes and VA can increase.
• Phenolics and grape-derived aroma compounds can be impacted 

due to altered fruit exposure

Fertilization Impact on Musts



Fertilization Impact on YAN

Ough and Lee 1981



Ough and Lee 1981

Fertilization Impact on Fermentation 
Time



• Plants use nitrogen to form 
– Amino Acids
– Polypeptides
– Proteins 
– Chlorophyll
– Pyrazines
– Lecithins

• Plant fat

Role of Nitrogen in Plants

Edalls, 2012



Uptake of organic nitrogen by plants

New Phytologist
Volume 182, Issue 1, pages 31-48, 5 FEB 2009 DOI: 10.1111/j.1469-8137.2008.02751.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8137.2008.02751.x/full#f3



• Decomposition of organic matter

• Applied fertilizer (urea, ammonium and nitrate)
– Commercial fertilizer UAN 32

• Rain water
– In polluted areas, rain water can be equivalent to applying 

25 lbs N/acre

• Soil (N) compounds converted to nitrate
– More soluble, easily absorbed when irrigated
– Nitrosomonas and Nitrobacter

Sources	of	Nitrogen



After: Bell and Henschke, 2005

Nitrogen Inputs:
Wine Composition



Spayd and Andersen-Bagge, 1996Study Period: 1986-1990

Nitrogen Management in the Vineyard
• Large seasonal variation



Nitrogen Management in the Vineyard

Spayd and Andersen-Bagge, 1996
Study Period: 1986-1990

• Ammonia, arginine, 
proline: largest variance

• Amino acid profiles have 
some varietal dependence



• Nitrogen is the most widely needed vine nutrient in 
vineyards.

• Grapevines do not readily show symptoms of deficiency.
– Growth and yields are reduced before symptoms arise. 

• Problems arise more frequently from nitrogen toxicity, 
than deficiency

• Premium grape production tends to focus on vineyard de-
vigoration

Importance in Vineyard



• Not easily detectable.
• Uniform pale green to yellowish color
• Possible decreases in yield and berry quality

Nitrogen	Deficiency

Magarey, MacGregor, Wachtel, Kelly 1999



• Symptoms
– Leaves turn dark green 
– Burn occurs if prolonged exposure
– Poor fruit set
– Occurs mostly in young vines

• Mechanism of Toxicity
– Excess N leads to a build up of specific enzymes 

and NH4+ which can lead to Ca+ deficiency. 

Nitrogen Toxicity

Magarey, MacGregor, Wachtel, Kelly 1999



Petiole/Blade Analyses

Christensen, 2002N application: 0-400 lbs/Ac; 4 year study



After: Bell and Henschke, 2005



Timing of Nitrogen Application

Proffitt and Campbell-Clause, 2012



Rootstock Effect on Nitrogen Uptake

• Vigor roughly related to nitrogen uptake

Christensen, 2002



Rootstock and Fertigation Success

• Arginine and Proline
• Cv. Shiraz
• Ammonium nitrate
• Weekly application

Holzapfel and Treeby, 2007



Cluster Exposure and Amino Acids
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Courtesy Thomas Rost, UC Davis



The Exposure Conundrum

Must Nitrogen?

Full
Exposure
•Skin tannin
•High sugar
•High color
•Low green
•Low acid

•Reduced disease pressure
•Increased risk of sunburn

Full
Shade

•Low tannin
•Low sugar
•Low color
•Low fruit
•High green
•High acid
•Increased disease pressure



• Foliar applications of urea can increase 
YAN in grapes

• Timing is important
• Absorbed urea is converted to other forms 

of N

Lasa et al., 2012

Foliar Applications of Urea

I: Preveraison, II: veraison, III: postveraison



Foliar Applications of Urea

I: Preveraison, II: veraison, III: postveraison Lasa et al., 2012



Foliar Applications of Urea

Lasa et al., 2012



Bell and Henschke 2005

Vineyard (N) Effect on Fusel Oils



Bell and Henschke 2005

Vineyard (N)Effect on Esters



Indirect Effects?

• Can YAN be influenced indirectly?
• Can nitrogen application indirectly 

influence other grape components?



Irrigation – Indirect?

Hannam et al., 2013
cv. Merlot, 5-year study, Okanagan Valley



• Responsible for floral aroma

• Major Varietals-Muscat of Alexandria, Riesling and 
Gewürztraminer

• Compounds-monoterpene diols, linalool, geraniol, nerol, 
citronellol and etc. which are liberated during fermentation

• Studies link canopy microclimate to total monoterpene 
development

• Nitrogen application can increase vegetative growth and canopy 
density, consequently decreasing monoterpene development

Monoterpenes

Linalool

-P. Ribereau-Gayon et al. 1996



• Responsible for herbaceous, vegetative and 
bell pepper aromas/flavors

• Major varietals: Merlot, Cabernet Sauvignon, 
Sauvignon Blanc

• Compounds: IBMP, IPMP, SBMP

• Indirect effect of increased leaf layers and 
fruit shading increasing levels of pyrazines.

Methoxypyrazines



• Excessive nitrogen can affect canopy microclimate and sun exposure to 
grapes

– Budburst-Bloom N applications associated with increase in vegetative growth
– Decreases beneficial compounds and increases unwanted characteristics

• An adequate amount of fertilizer is needed to ensure YAN levels are 
sufficient for yeast processes.

• DAP can help early to mid fermentation problems; prophylactic DAP use 
can lead to negative character (i.e.: EtAc, VA)

• Must nitrogen has a direct effect on flavor and aroma compounds

• Growers and winemakers need to find optimal nitrogen applications to 
avoid negative effects. 

• Moderation is key!

Take Home Messages


