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Impact of Nitrogen Fertilization on Vine, Grape 
and Wine Performance of Riesling  

 
Sara E. Spayd, Extension Viticulturist/Professor1 
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NC State University 
Raleigh, NC 27695 

sara_spayd@ncsu.edu 
 
Nitrogen is an essential nutrient for the grapevine and for yeasts used in fermentation of the juice to wine. 
Nitrogen is used in the production of nitrogen containing compounds such as proteins, enzymes, amino 
acids, nucleic acids (DNA and RNA), and some flavor volatiles. Nitrogen fertilization of grapevines 
should be predicated on vine performance and nutrient status of the vines. Nitrogen relations in 
grapevines are complex varying between cultivars with regard to requirements and the relationship 
between petiole nitrogen and fruit nitrogen concentrations.  

During the early days of the development of the Washington wine industry, my colleagues and I at the 
WSU Irrigated Agriculture Research and Extension Center in Prosser were approached by Chateau Ste. 
Michelle (CSM) to conduct nitrogen fertilization research on grapes. The original intent was to work on 
Cabernet Sauvignon vines, but previous freeze injury to that cultivar prevented our working on it. So, as 
the leading wine grape cultivar at that time, early to mid-1980’s, Riesling was selected for the trial. We 
received funding and in-kind contributions in the form of the use of an 8-acre block of Riesling and labor 
from CSM. We could not have done the research without their funding and assistance.  The vineyard used 
was located at Cold Creek, WA in south central WA in the Rattlesnake Hills about 30 miles north of 
Sunnyside.  The soil was a silt loam lacking in organic matter and any native nitrogen content, ideal for 
nitrogen studies. Precipitation at the location for each year of the trial was less than 9 inches. Vines were 
uniformly drip irrigated by the grower.   

Vines received 0, 50, 100 or 200 lbs N/acre/year for three years.  Nitrogen was applied as urea-
ammonium nitrate (32% N) through the drip system with 2/3 applied pre-bloom and 1/3 applied post 
bloom. Nitrogen was applied in consecutive irrigations at a rate of up to about 30 lbs N/acre per irrigation. 
The year prior to data collection vines received a half-rate of their eventual trial nitrogen fertilization rate 
with the control vines receiving no nitrogen fertilizer. Vines were otherwise managed in the same manner 
by the grower. Each treatment was five rows wide with data collection taken from the same 10 vines 
within a plot in the center row of each plot. Experimental design was a randomized complete block 
replicated 8 times.  

Petiole samples were collected at bloom, veraison and harvest and analyzed for macro and micro-
nutrients. Fruit was sampled weekly beginning about veraison and harvested at 21oBrix. For each 
treatment-replication grapes were vinified by standard wine making practices. 

Bloomtime and veraison petiole NO3–N concentration tended to increase with increasing N-fertilization 
rate each of the three years.  Harvest petiole NO3–N concentration was only affected one of the three 
years and would not be a good predicator of vine nitrogen status. Petiole phosphorous was decreased by 



N-fertilization at all three rates, but was independent of rate. Petiole potassium was not consistently 
affected by N-fertilization rate. N-had no effect or varying effect on the micronutrients.  

One of the most obvious effects of increasing rate of N-fertilization was the stimulation of vine growth. 
Pruning weights increased with increasing N-fertilization and linearly with increasing bloomtime petiole 
NO3–N concentration. Contrarily, yield response peaked at about 1000 ppm petiole NO3–N concentration 
that corresponded to an application of 50 lbs N/acre. However, I would like to note that vine growth was 
considered excessive even at that rate.  

My WSU colleague, Dr. Robert Wample examined the role of N-fertilization on bud cold hardiness of 
these same vines. As long as grapevines are properly managed with regard to other viticultural aspects 
(such as pruning, cropload, disease management, rootstocks etc.) there is little need to be concerned with 
regard to bud cold hardiness or carbohydrate reserves that influence bud hardiness. 

Attainment of 21oBrix was delayed with increasing rate of N-fertilization. Control vines were harvested 
96 days post bloom while with increasing nitrogen fertilized vines were harvested 102, 105 and 112 days 
post bloom, respectively. Juice titratable, malic and tartaric acid and potassium concentrations were not 
affected by N-fertilization with fruit harvested at equivalent oBrix. Juice pH increased linearly with 
increasing N-fertilization. Juice total-N, free amino-N, ammonia and most individual amino acids 
concentrations increased linearly with increasing N-fertilization.  Comparable wine components (i.e.  
soluble solids – alcohol, etc.) followed similar patterns as juice components with regard to response or 
lack of response to N-fertilization.   

Nitrogen fertilization has a number of implications with regard to winemaking. Wine volatile acidity 
increased with N-fertilization and likely reflects increased incidence of Botrytis and other rots that 
resulted from not only the longer hang-time required to ripen the fruit, but the higher source of N-food in 
the fruit for the causal organisms.  Increasing rate of N-fertilization also increased the bentonite demand 
for protein stabilization of the wine.  One of the wines from the 200 lbs N/acre vines required over 24 lbs 
bentonite/1000 gallons wine to stabilize the wine. This was over the legal limit for bentonite addition. 
Nitrogen fertilization also affected concentrations of some monoterpenes, higher alcohols and esters in the 
wines with the 0 N and 200 N significantly differing in aroma. 

As I indicated earlier, N is needed not only for the vine’s health and productivity, but also for the health 
and productivity of the yeasts used in fermentation.  Agenbach (1977) reported that concentrations greater 
than 140 mg yeast assimilable nitrogen (YAN) were required to complete fermentation of a 21o Brix 
white juice at 55oF. Monteiro and Bisson (1991) found that attainment of maximum yeast cell yield 
required 540 mg ammonia/L of juice.  In our work, we found that an application of 100 lbs N/acre was 
required to achieve a concentration of 150 mg YAN/L of juice.  Only 2 of 16 juices from vines receiving 
0 lbs N/acre completed fermentation, while 7 of 16 juices from vines receiving 50 lbs of N/acre 
completed fermentation. However, based on other portions of the study we concluded that excessive 
canopy growth and an unacceptable delay in fruit maturation occurred when more than 50 lbs of 
N/acre/year were applied.  Additionally, residual urea in wines increased with increasing rate of N-
fertilization. Urea is of concern because it reacts with ethanol during prolonged wine storage to produce 
ethyl carbamate, a mild carcinogen under voluntary limits with TTB. Excessive remaining N in wines can 
also provide a source of food for spoilage organisms, such as Brettanomyces, in wine. 

In conclusion, no more than 50 lbs of N-fertilizer/year should be applied to Riesling vines on soils that are 
deficient in nitrogen. Soil and petiole concentrations should be monitored as well as vine performance to 
determine the need for when nitrogen needs to be applied and judicious applications should be made to 
avoid excessive vine growth, delayed fruit ripening and the potential for residual N in the wine. Where N 
is limiting during fermentation, fermentation aids such as di-ammonium phosphate is a relatively 
inexpensive supplemental source of N to add to the must. Others are currently looking into different 
timing of N applications to boost juice nitrogen concentrations while minimizing impact on vine growth 
and fruit ripening.  
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First Year Report on Bird Damage Studies in Grapes 
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Introduction 
Fruit production is a critical component of the global economy. Production of blueberries, cherries, and 
grapes continues to increase (FAO 2010). In 2010, for example, the value of U.S. sparkling and non-
sparkling wine exports was $1.02 billion (Hodgen 2011). In addition, increasing human fruit and 
vegetable consumption is a goal of the Food and Agriculture Organization of the United Nations (2003) 
and the World Health Organization (2010) because of the strong positive effects of fruits and vegetables 
on health (e.g. Lock et al. 2005). Thus, addressing threats posed by fruit crop pests and improving 
productivity and profitability is of great economic and social importance. 
 
Fruit loss to birds is a long-standing and costly problem (Virgo 1971, Dolbeer et al. 1994, Simon 2008) 
that has received little coordinated attention from researchers, leaving producers with few effective 
management options. U.S. producers lose tens of millions of dollars each year through direct losses and 
often ineffective efforts to deter birds (USDA 1998). In addition to outright consumption, birds damage 
fruit, leading to increased susceptibility to other pests and pathogens (Pritts 2001, Duffy & Schaffner 
2002, Holb & Scherm 2008) and reduced product quality.  
 
Michigan State University received a Specialty Crop Research Initiative grant from the U.S. Department 
of Agriculture in 2011 to investigate bird damage to fruit crops. With partners from Trinity Western 
University, Oregon State, Washington State, Cornell, and the U.S.D.A. National Wildlife Research 
Center, we are studying the economic costs of bird damage and consumer responses to potential 
management techniques. Our ultimate goal is to provide robust information to growers on cost-effective, 
efficacious bird management strategies that are also environmentally sustainable. 
 
Our goals for the first year were to determine damage levels in four fruit crops across three regions of the 
country and to assess the best methods of sampling birds to determine the species that cause the most 
damage and their relative abundance. The three geographic regions are Michigan, New York, and the 
Pacific Northwest. Here I report on data from wine grapes in Michigan. We are currently analyzing the 
data for other crops and in other regions. 
 
Methods  
We sampled 15 blocks of Pinot Noir grapes in Leelanau and Grand Traverse Counties in 2012. We 
divided each block into four edge strata and one interior stratum because of previous work suggesting that 
edge strata show higher levels of damage (Tracey & Saunders 2010). Thus, measuring damage levels in 
different strata provides more precise and accurate estimates of damage over entire blocks. In addition, 
we will be able to determine whether edges next to particular land-cover types are more susceptible to 
damage because we recorded adjacent land-cover types. Following Tracey & Saunders (2010) we 
randomly selected a horizontal distance from the vine and a vertical distance from the ground to find a 
cluster to sample for 20 plants in each of the five strata. We then estimated damage to clusters based on 
photos and diagrams showing different percentages of damage (Figures 1 and 2).Sampled blocks had 
different levels of bird management. For example, some were netted and some were not.  



We calculated the average 
percent damage over all 
plants within a stratum. We 
also calculated the 
proportion of each block 
covered by each stratum. 
We then weighted each 
stratum’s damage average 
by its proportion of the 
block to determine the 
damage estimate over the 
entire block. We then 
averaged these estimates to 
calculate percent damage 
over all the sampled blocks. 
 
Observers conducted one or 
two 15-minute bird counts 
at randomly selected 
locations within blocks that 
were sampled for damage. 

Figure 1. Estimating percent damage in Pinot Noir, Grand Traverse region, 
Michigan, 2012.  

 
Observers recorded all individual birds seen within 25 meters of the point. We also deployed motion-
sensitive cameras in six vineyards. These cameras take pictures which they detect motion. 
 
Results 
Edges tended to have higher bird damage 
than the interiors. North, east, and south 
edges showed about 16% damage while 
west edges showed about 10% damage. 
Interiors had slightly higher than 9% 
damage. Given that interior strata make 
up most of the area of most blocks, the 
overall weighted damage estimate over 
the 15 blocks was a bit less than 10% 
(Figure 3). There was great variability in 
percent damage from one block to the 
next with a range of less than 1% to over 
35%.  
 
There is some suggestion, although we 
need to do more robust analyses, that 
edges near land-cover types that provide 
little cover and/or few perching sites for 
birds, like mown areas and paved roads,        Figure 2. Sixty-seven percent bird damage, photo by John  
suffer less damage than those near                 Tracey.   
land-cover types that have more woody  
vegetation.  
            



  
 
Figure 3. Percent bird damage in edges and interiors of 15 Pinot Noir blocks, Grand Traverse region, 
Michigan, 2012. 
 
During 7.25 hours of observations in 14 vineyards, observers detected two birds, a vesper sparrow 
Pooecetes gramineus, and a house finch, Carpodacus mexicanus. During 778 hours of cameras being 
deployed in six vineyards, 20 birds were detected. Birds detected included American robins, Turdus 
migratorius, and european starlings, Sturnus vulgaris (Figure 4).  
 
Discussion 
Edges had greater damage than interiors, as 
expected (Tracey & Saunders 2010). Future 
work to investigate the effectiveness of bird 
management techniques could potentially 
focus on edges. Management techniques 
applied only to edges could reduce damage 
enough to make such spatially applied 
management more cost-effective than, for 
example, netting a whole vineyard. However, 
this idea needs testing. 
 
Average block damage levels were high, 
around 10%, although damage varied greatly 
from one block to another. Further data 
analyses should provide insights into the  Figure 4. European starling captured by a motion- 
reasons for such variability which could               sensitive camera, Grand Traverse region, MI, 2012. 
include levels and intensity of bird management  
or percent of forest cover in the landscape surrounding a given block. 
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The height of the vines, approximately eyelevel in many blocks, made it difficult for field technicians to 
be able to see the entire block and detect birds effectively. The cameras provided a more complete record 
of bird visits for a given time period in a given site but are costly and pose logistical challenges. Future 
bird sampling in vineyards will likely involve a combination of observers moving through vineyards to be 
able to more effectively find birds, and cameras, deployed in a targeted fashion to maximize bird 
detections. 
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New Wines from Alternative Grape Varieties 
 

Paolo Sabbatini 
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Department of Horticulture, Michigan State University, Plant and Soil Sciences Building 
1066 Bogue Street, Room A20, East Lansing, MI 48824-1325 

Phone: 517/355-5191, ext 302, E-mail sabbatin@msu.edu 
 
In the early 70’ in Michigan 95% of the wines produced were made from Concord, Niagara, or Delaware 
grape cultivars; 40 years ago any grape variety was alternative for the wine industry. In 2012 less than 5% 
of the Michigan wine is made from these cultivars. This historical change in less than 40 years was driven 
by several factors mainly related to market demand, but was made possible by University and private 
cultivar efforts (Tab 1). Several trials demonstrated that numerous cultivars of vinifera and hybrids were 
able to ripen in short season and were sufficiently cold hardy to overcome the winter in premium sites. 
 
Table 1. Michigan acreage of grapes as 2011 (2011 USDA survey: http://www.nass.usda.gov). Vinifera 
represents 11.8% of the total land dedicated to grapes in Michigan and Riesling is the most widely 
planted cultivar (34% of the vinifera acreage). From 2006 (1718 acres) to 2012 (2490 acres) wine grape 
planting increased +39%. (+772 acres).  

Grapes Acres % of the 
total Top Vinifera Acres % of Vinifera 

acres 
Concord 9,030 60.2 Riesling 595 33.7 
Niagara 3,480 23.2 Pinot noir 235 13.3 
Hybrids 725 4.5 Chardonnay 215 12.2 
Vinifera 1,765 11.8 Pinot gris 210 11.9 
Total 15,000 100 Cab. Franc 155 8.8 

 
After site selection, a wine grape grower’s selection of a cultivar to plant is pivotal to determine the 
success of a vineyard. A priori evaluation of potential (a) winter injury injury/damage, (b) yield and 
quality of grapes and (c) quality of wines must be addressed before planting any cultivars in challenging 
environments. The goal of cultivar trials is to provide growers and winemakers with higher quality grape 
cultivars from which to choose in planting, resulting in the production of higher quality wines which will 
enhance the competitiveness for appellation wines, regionally and nationally.  

 
However, higher levels of aromatic compounds in whites or color in reds potentially found in new 
vinifera grape cultivars cannot compensate for yields that are below any economic threshold for the 
growers. In fact, living in a competitive and globalized grape and wine trade, the market is the driving 
force for quality/cost ratio of our vineyard operations and wine production. This is challenging for 
Michigan vineyard operators or for operators in any other cool-cold climate growing region. The choice 
of a grape cultivar, and of clones within it, is, and will continue to be, key factors to reconcile these 
difficult challenges.  
 
 



The first and most fundamental question that may be posed for a new viticultural region concern is 
genotype adaptation to the environmental conditions of that region. The questions posed and the 
answers produced may be beneficial on several levels. The most obvious is the determination that a 
valuable, previously non-cultured cultivar is adapted to the region. Less often appreciated is the finding 
that an "unknown" or "new" cultivar, breeding, or clonal selection in not adapted and costly trial and error 
planting and culture by industry persons can be avoided. Key environmental factors for the Eastern U.S. 
and especially in the Great Lakes region are frequency and severity of winter cold episodes, sufficient 
length and heat unit accumulation of the growing season and frequency of damaging spring freeze 
episodes. In the Great lakes region determination of suitability for cultivation of wine grapes (Vitis 
vinifera) is done mainly considering winter cold events or disease pressure than matching a cultivar to a 
specific mesoclimate for a specific wine quality or style production like in more established viticultural 
areas of the world. However, like in renowned production districts of the world in the past, wine cultivar 
and site selection are the pivotal information for a developing young industry.     
 
Table 2. List of the varieties grown at the NWMHRS (Northwest Michigan Horticulture Research Station 
in Traverse City) and at SWMREC (Southwest Michigan Research and Extension Center in Benton 
Harbor). Vinifera vines are grafted on 101-14 rootstock, and hybrids are own-rooted. Vinifera is trained 
as VSP (vertical shoot positioning) and hybrids as high cordon, planted 6 – 8 feet apart, in rows 10 feet 
apart, respectively.   

In parallel with the field adaptation of 
a wine grape genotype are the twin 
economic factors of processed quality 
and economically acceptable levels of 
yield per unit land area. For a new 
genotype to be acceptable, therefore, 
it must survive, and produce 
economically acceptable levels of 
crop that can be processed into value 
added production that is competitive 
in the marketplace.  
 
There is also a need for an assessment 
of relative susceptibility to prevalent 
pest and disease problems of the 
region. These may be closely 
associated with both economic yield 
and subsequent processed quality. As 
chemical options for vine protection 
decline, this factor will become of 
increasing importance. In Michigan, 
there are trials centrally located within 
each of the two major grape producing 
regions.  
 
The data for the SW Michigan 
location (approximate growing degree 
days are 3400-3600 at base 50EF) are 

of minimal value in NW Michigan (approximate growing degree days 2400-2600). For precisely this 
same season, similar trials in other states near the Great Lakes are useful only in so far as they can help us 
select a genotype likely to have a chance of acceptance. Experimental wines are produced and maintained 
by the Viticulture and Enology Team at MSU (Spartan Cellars) in the Department of Horticulture to 

NWMHRS SWMREC 
Albariño 
Brianna 
Cabernet Franc 
Chambourcin 
Cinsault 
Corot Noir 
Dornfelder 
Frontenac 
Gruner Veltliner 
La Crescent 
Lagrein 
Madeline Angevine 
Moscato Canelli 
Moscato giallo 
Muscadella du Bordelais 
Muscat Ottonel  
Noiret 
NY76.0844.24 
NY81.0313.17 
Orange muscat 
Pinot Noir 
Rkatsiteli 
Semillon 
Siegerrebe 
St. Croix 
Teroldego 
Tocai Friulano 
Touriga National 
Vidal 
Zweigelt 
Fiano 
Feher Szagos 

Albariño 
Barbera 
Brianna 
Cabernet Sauvignon 
Dolcetto 
GM 311 
GM 318 
GR 7 
Gruner Veltliner 
Lagrein 
Marquette 
Marsanne 
Merlot 
Muscat Blanc a Petits Grain 
NY76.0844.24 
Petite Syrah 
Rousanne 
Sauvignon blanc 
Sauvignon blanc musque 
Sauvignon Gris 
Semillon 
Tempranillo 
Teroldego 
Tocai Friulano 
Valvin Muscat 



provide an across vintage assessment (vertical evaluations) as well as across genotype for a given year 
(horizontal evaluation).  
 
As part of the National NE 1020 Project, wine grape variety trials were established in southwestern and 
northwestern Michigan in 2008 to evaluate their potential for commercial production. Grape variety 
recommendations are crucial, based on specific performance tested in the variety trials. The variety trial 
project in Michigan is in association with the national project NE 1020, which involves more than 20 
states in eastern U.S. and the West Coast. Entitled “Coordinated Wine Grape Variety Evaluations in the 
Eastern USA,” the project’s objectives are to (1) evaluate the viticultural characteristics and wine quality 
potential of grape cultivars and clones of economic significance throughout the eastern USA, and, (2) 
characterize the viticultural and wine quality potential of emerging cultivars based on regional needs.  
32 varieties are grown in northwestern Michigan at the Northwest Michigan Horticulture Research 
Station (NWMHRS) in Traverse City, and 25 varieties grown in the southwestern Michigan at the 
Southwest Michigan Research and Extension Center (SWMREC) in Benton Harbor (60% vinifera and 
40% hybrids, 50% reds and 50% whites).The trials will provide Michigan growers and winemakers with 
higher quality grape varieties from which to choose in planting, resulting in the production of higher 
quality wines which will enhance the competitiveness for Michigan appellation wines, regionally and 
nationally. The Viticulture team will continue to collect data from the 2008 planting. Data collected on 
selected varieties included yield at harvest, cluster weight, number of clusters per vine, clusters per vine 
with rot, and pruning weights. At harvest, basic fruit chemistry was measured. Spartan Cellars produced 
experimental wines from several promising varieties, following the NE1020 protocol for experimental 
micro-vinification.  
 
Table 3. Yield and basic fruit chemistry data collected in 2011 (harvest) at the Northwest Michigan 
Horticulture Research Station (NWMHRS) in Traverse City.  

 
During the Northwest Michigan 
Horticultural Research Center Annual 
Open House (August 23, 2012), Dr 
Sabbatini and Dr Elsner presented an 
update on the cultivar trial. Results on 
viticultural and enological 
performances of the several cultivars 
grown at the station (Table 3) were 
shared with winemakers and grape 
growers of the Traverse City area. 
Several winemakers (Table 4) 
expressed and interest in collaborating 
with the project and they will use part 
of the experimental fruit for their 
micro-vinification trails.  

 
 
 
 
 
 
 
 
 
 

Cultivar LBS/vine 
Brix 
(%) pH 

TA 
(g/L) 

Albariño 5.3 20.0 3.30 8.6 
Bordelaise M. 4.7 21.9 3.07 9.7 
Brianna 15.2 20.8 3.50  
Cabernet Franc 8.7 19.7 3.41 6.8 
Cinsault 7.6 17.2 3.31 6.8 
Corot Noir 16.9 18.0   
Dornfelder 10.8 20.8 3.17 8.1 
Feher Szagos 3.0 23.2 3.55 4.8 
Fiano 4.3 23.7 3.13 7.1 
Frontenac 15.2 23.0 3.30  
Grüner Veltliner 19.1 18.4 3.51 4.8 
La Cresent 15.2 23.6 3.20  
Lagrein 5.1 20.6 2.93 13.4 
Madeleine Angevine 8.7 21.0 2.91 5.7 
Moscato Canelli 1.5 20.5 3.20 9.3 
Moscato Giallo 5.3 21.0 3.17 8.9 
Muscat Ottonel 2.8 20.7 3.31 4.9 
Noiret 9.5 19.0 3.20  
NY76.0844.24 10.1 21.6 2.90  
NY81.0315 11.7 19.7 3.20 6.6 
NY81.0315.17 11.7 21.6 3.20  
Pinot Noir 5.6 23.5 3.23  
Rkatsiteli 7.5 19.5 3.27 6.5 
Semillon 7.7 18.9 3.27 6.7 
St. Croix 11.8 19.2 3.30  
Teroldego 9.4 19.8 2.83 14.1 
Touriga Nacional 3.4 21.0 3.33 6.6 



Table 4. Winemakers and wineries that requested the use of experimental grapes coming from the SW and 
NW variety trials (NE1020 Project) for micro-vinification trials.  

Winemaker Winery Variety 
Adam Satchwell 

 
Shady Lane 

 
Muscadella du Bordelais, Teroldego, Touriga National, 

Feher Szagos 
Lee Lutes 

 Blackstar Farm Valvin Muscat, Noiret, Muscat Cannelli, Orange Muscat, 
Muscat Ottonel, Prosecco 

Cornel Olivier 
 2LADS Semillon 

Vladimir Banov Blackstar Farm Rkatsetelli 
 

Brian Hosmer 
 Chateau Chantal 

Siegerrebe, Albarino, Gruner Veltliner, Rkatsetelli, 
Dornfelder, Zweigelt, Corot Noir, NY76.0844.24, 

NY81.0315.17 
Mike DeSchaaf 

 
Hickory Creek 

 Prosecco, Semillon, Teroldego, Lagrein 

Mike Laing 
 L. Mawby Orange Muscat, Muscat Ottonel, Prosecco 

Rocky Roe (Gravity Winery) and Wally Mauer (Domaine Berrien) are interested in working with fruit 
from experimental varieties during the 2013 harvest. 
 


