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ABSTRACT

The aim of this work was to test the effects of soil urea fertilization on yield, grape juice 

soluble solids, total acidity, and amino acid composition of Chardonnay, Welschriesling, 

and Riesling grape varieties. The experiment was conducted in a vineyard with repeated 

records of low yeast-assimilable-nitrogen content in must and the corresponding grape 

juices in years prior to the experiment. Urea was applied after completion of flowering. 

Treatments included the control without fertilization, 5.5, 16.8 and 28.1 g N vine-1. Urea 

fertilization generally increased yield components and amino acid concentrations. 

Fertilization with 28.1 g N vine-1 prolonged grape ripening, regarding soluble solids and 

total acidity values. Fertilization with 28.1 g N vine-1 was not so effective in improving 

amino acid concentration compared to other fertilization treatments. This leads to 

conclusion that fertilization with 28.1 g N vine-1 seems excessive and unnecessary 

regarding delayed fruit ripening and inconsistent effect on amino acid composition.  

Keywords: Chardonnay variety, Excessive fertilization, Riesling variety, Welschriesling 

variety, Vineyard.  
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INTRODUCTION 

Grape juice amino acid concentrations 

depend upon variety, growing conditions, 

harvest date, soil nitrogen availability, and 

nitrogen fertilization (Kliewer, 1970; Bell et 

al., 1979). Amino acid profiles of grape 

juices are usually dominated by proline and 

arginine, followed by a range of other less 

abundant primary amino acids (Hernàndez-

Orte et al., 1999; Hilbert et al., 2003; 

Hannam et al., 2016). Primary amino acids 

form an important part of Yeast Assimilable 

Nitrogen (YAN) whose low concentration 

may result in a stuck fermentation (Kunkee, 

1991; Monteiro and Bisson, 1991; Spayd et 

al., 1995; Bell and Henschke, 2005). Grape 

juice amino acid profiles have an important 

implication in the formation of higher 

alcohols and esters in wine (Bell and 

Henschke, 2005). High rates of nitrogen 

fertilizers cause nitrate pollution of 

groundwater, affect excessive vine growth 

and, consequently, delay ripening and 

enhance diseases (Coombe and Dry, 1992; 

Spayd et al., 1994). Furthermore, high rates 

of N-fertilizers could cause nitrate pollution 

of groundwater (Bell and Henschke, 2005). 

This leads to low application rates of N-

fertilizers resulting in insufficient grape 

juice YAN concentrations, especially if 

grapevines are grown on nutrient-poor soils 

(Hannam et al., 2014). However, soil 

applications of N-fertilizers can still be used 

to improve total nitrogen and amino acid 

concentrations in grape juice (Hilbert et al., 

2003; Linsenmeier, et al., 2008). Many 
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papers have dealt with the problem of 

timing, doses, and forms of N-fertilization to 

improve grape juice amino acid composition 

(Lasa et al., 2012; Garde-Cerdàn et al., 

2014; Hannam et al., 2016), thus showing 

different efficiency depending on treatment. 

This two-year study focused on the 

efficiency of urea soil application 

immediately after completion of flowering, 

in a vineyard selected for the experiment 

because of repeated records of low must 

YAN content in years prior to the study 

(personal unpublished data). The problem of 

low must nitrogen is common on 

anthropogenic pseudogley soil types which 

are poorly supplied with nitrogen. These 

soils are among the most widespread soil 

types in the northwestern region of Croatia. 

Common soil nitrogen fertilization practices 

rarely consider precise fertilization rates, 

and are often based on assessment of the 

individual grape producer.  

The objective of this study was to 

determine the effect of different urea 

application rates on amino acid composition 

of grape juices and wines from Chardonnay, 

Riesling and Welschriesling (Vitis vinifera 

L.) grapevines.  

MATERIALS AND METHODS 

Experimental Site 

A two-year study (2006 through 2007) on 

urea soil fertilization was conducted on 

Chardonnay, Riesling, and Welschriesling 

(Vitis vinifera L.) grape varieties at Jazbina 

Experimental Field (University of Zagreb, 

Faculty of Agriculture, long. 45˚ 51‟ N, lat. 

16˚ 0‟ E). Soil type was anthropogenic 

pseudogley with clay texture and depth of 

110 to 130 cm, characterized by low organic 

matter content, low pH, and limited nutrient 

content.  

The growing season average temperature 

(April to October) in 2006 was 17.5°C, with 

425.5 mm precipitation. The growing season 

in 2007 had similar average temperature of 

17.6°C, but the measured precipitation was 

significantly higher, with 560.9 mm. Non-

irrigated, 21 years old Vitis vinifera L. 

varieties grafted on SO4 (Vitis riparia×Vitis 

berlandieri) were trained to double Guyot, 

leaving 24 buds per vine. Plantation density 

was 4,167 vines per hectare (2 m between 

rows and 1.2 m between grapes). Vines were 

managed according to usual commercial 

practices for this viticultural area. 

Application of glyphosate was used along 

the vine row (1 m wide) to eliminate ground 

vegetation. Shoots exceeding the height of 

the trellis were hedged to 20 cm above the 

last wire, 4 weeks before veraison.  

The vines received no fertilizer in the year 

preceding the experiment. Soil analysis was 

done prior to the first experimental year 

(March 2006) and showed that soil was very 

acid with a surface pH (in KCl) of 4.2 (0 to 

30 cm depth). The soil was very poor in 

organic matter, ranging from 0.7% (0 to 30 

cm depth) to 1.5% (30 to 60 cm depth). The 

deep horizon of soil was richer in organic 

matter due to the trenching of soil up to 60 

cm depth, performed prior to the planting of 

vines. Available P and K were very low 

ranging from 6 mg of P2O5 100 mg
-1

 soil, 

and 14 mg of K2O 100 mg
-1

 soil, 

respectively. The soil was moderately 

supplied with nitrogen, ranging from 0.07 (0 

to 30 cm depth) to 0.12% (30 to 60 cm 

depth). Since all experimental varieties were 

grown in the same vineyard, three soil 

samples were pooled together to get the 

average data analysis.  

Treatments and Experimental Design 

The experiment used a random block 

design, with four treatments in three 

replications for each variety. Each plot 

consisted of 8 continuous vines, with 8 

untreated vines as a separation between 

plots. There were also two non-treated rows 

between experimental ones. Thus, each 

treatment consisted of 24 vines. There were 

12 grape samples per experimental variety. 

Urea was chosen for its high availability 

when dissolved in the soil. Fertilization was 
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performed immediately after completion of 

flowering, corresponding to stage 26 

according to modified Eichorn and Lorenz 

system (Coombe, 1995). In both years of the 

study, Urea dissolved in water was applied 

manually to the soil surface, all across the 

plot and directly beneath the vines. Each 

experimental vine was watered to facilitate 

urea dissolution and movement to the roots. 

Treatments were four levels of fertilization 

as follows: (1) control without any 

fertilization (“C”), (2) 5.5 (“N1”), (3) 16.8 

(“N2”), and (4) 28.1 g N vine
-1

 (“N3”). The 

cumulative application rates were 23 kg N 

ha
-1

 year
-1

 for N1 treatment, 70 kg N ha
-1

 yr
-1

 

for N2, and 117 kg N ha
-1

 yr
-1

 for N3.  

Yield Components and Juice Analysis 

Grapes were harvested manually at their 

full maturity when the total soluble solids 

(SS) of 200 g of randomly collected berries 

remained constant for a few days. In 2006, 

Chardonnay was harvested on 27
th
 

September (270
th
 Day Of the Year- DOY), 

while Riesling and Welschriesling were 

harvested on 30
th
 September (273 DOY). In 

2007, Chardonnay was harvested on 5
th
 

September (248 DOY), Riesling on 12
th
 

September (255 DOY) and Welschriesling 

on 13
th
 September (256 DOY). Each 

treatment and replicate was harvested the 

same day and processed separately. Number 

of clusters and yield per vine were 

determined, so cluster weight and yield per 

vine were calculated based on collected data. 

After crushing and destemming, the grapes 

were pressed and put into 15-L vessels. 

Grape juice samples were collected 

immediately after pressing, for soluble 

solids, total acidity and pH analysis. 

Additionally, grape juice samples for amino 

acid analysis were frozen at -18°C. Total 

Soluble Solids (TSS) were determined using 

refractometer (expressed in °Brix) and Total 

Acidity (TA, g L
-1

) was measured by 

titration with 0.1M NaOH according to OIV 

method (OIV, 2013).  

Amino Acid Analysis 

Chemicals and Reagents 

 The 15 standards of L-amino acids, o-

phtaldehyde, iodoacetic acid, propionic acid, 

2-sulphanylethanol, and disodium hydrogen 

phosphate were purchased from Sigma-

Aldrich (St. Louis, MO, USA). Acetonitrile, 

dimethylsulfoxide, and methanol were 

obtained from JT Baker (Derventer, 

Netherlands). 

Preparation of Standard Solution, 

Reagents, and Sample Derivatization  

Analysis of amino acids was performed 

according to the method described by Pripis-

Nicolau et al. (2001) with suitable 

modifications for our analysis.
 

Standard 

solutions of amino acids were prepared in 

water. Few drops of 1M HCl were added. 

Borate buffer was prepared by dissolving 6.2 

g of H3BO3 in 800 mL of distilled water and 

adjusting the pH= 9.5 with 4M NaOH. The 

final volume of 1,000 mL was made up by 

water. The ophtaldehyde (750 mg) was 

dissolved in 5 mL methanol, and 0.5 mL of 

2-sulphanyletanol was added. The solution 

was made up to 50 mL with borate buffer. 

The iodoacetic solution was prepared by 

adding 3.5 mg of iodoacetic acid in 50 mL 

of borate buffer and pH was adjusted to 9.5 

with 4M NaOH. 

HPLC Analysis  

HPLC analysis was performed using Agilent 

1100 Liquid Chromatograph, equipped with a 

fluorescence detector (Agilent 1200). The 

excitation and emission wavelengths were 356 

nm and 445 nm, respectively. Separation of 

amino acid derivates was obtained by 

Lichroshere RP 18 column (125 mm×4 mm×5 

μm). Precolumn derivatization was done using 

o-phtaldialdehyde and iodoacetic acid. Mobile 

phase A was a mixture of 230 mL of 250 mM 
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Table 1. Injection program of on-line derivatization and gradient elution program. 

a) Injection program 

 

  b) Gradient 

elution program 

Command Amount 

(μL) 

Vial Reagent Speed 

(μL min
-1

) 

 

 

 Time % B Flow 

DRAW 10 VIAL 1 H2O 300   0 5 0.800 

EJECT 10 VIAL 100  300   2 10 0.800 

DRAW 10 VIAL 1 H2O 300   35 10 0.800 

EJECT 10 VIAL 100     45 30 0.800 

DRAW 2 SAMPLE VIAL  300   80 30 0.800 

DRAW 0 VIAL 1 H2O    85 40 0.800 

DRAW 5 VIAL 2 IDA 300   110 80 0.800 

DRAW 0 VIAL 1 H2O    115 80 0.800 

MIX 12 IN AIR  500, 15 TIMES   120 50 0.800 

WAIT 2 MIN       125 5 0.800 

DRAW 5 VIAL 3 OPA 300      

DRAW 0 VIAL 1 H2O       

MIX 17 IN AIR  500, 15 TIMES      

WAIT 2.50 

MIN 

         

MIX 17 IN AIR  500, 15 TIMES      

WAIT 2.50 

MIN 

         

INJECT         

 

disodium hydrogen phosphate, 200 mL of 250 

mM propionic acid and 20 mL of dimethyl 

sulphoxide adjusted pH to 6.65 with 4M 

NaOH followed by the addition of 65 mL of 

acetonitrile and made up to 1,000 mL with 

water. Mobile phase B was a mixture of 400 

mL of acetonitrile, 330 mL of methanol, 70 

mL of dimethyl sulphoxide and 200 mL of 

water. Flow rate was 0.8 mL min
-1
. The 

analysis time was 125 minutes. A sample of 

must was filtered through 0.45 μm PTFE 

(Phenomenex, USA) membrane filters prior 

analysis. Injection program of on-line 

derivatization and gradient elution program is 

described in the Table 1.  

Statistical Analysis 

All analyses were performed separately by 

cultivar using two-way Analysis Of 

Variance (ANOVA), with year, treatment, 

and year×treatment interaction as 

independent variables in the model. Multiple 

tests of differences between means of the 

significant factor levels were performed 

using Bonferroni correction (P≤ 0.05). When 

the interaction year*treatment was found 

significant in the model, multiple 

comparisons were made between means of 

different treatments within the same year 

with appropriate Bonferroni correction. A 

canonical discriminant analysis was 

performed to evaluate the utility of amino 

acids in grape juice samples for 

discrimination between treatments within 

each cultivar. Squared Mahalanobis distance 

was calculated between centroids of 

treatments based on amino acids 

composition, and significance of these 

differences was determined. Data were 

analyzed using SAS statistical software, 

version 9.4 (SAS Institute, Cary, NC).  

RESULTS AND DISCUSSION 

Yield Components and Juice Quality 

Yield and juice quality parameters are 

presented in Table 2. Higher yield was 

produced in the second year of the study, 

regardless of treatments. Yield parameters  
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Table 2. Yield components and juice analysis as affected by soil urea fertilization in Chardonnay, 

Welschriesling and Riesling vineyard (2006 and 2007).
a
 

 

Yield per vine 

(kg) 

Cluster weight 

(g) 

Soluble solids 

(°Brix) 

Total acidity 

(g L-1) 
pH 

Chardonnay  

Treatment  

2006 

C 3.6 b 113.7 ab 24.2 a 11.7 c 2.98 a 

N1 3.6 b 100.0 b 24.0 ab 11.9 b 2.87 c 

N2 3.7 b 129.4 a 23.8 b 10.5 d 2.96 b 

N3 4.0 a 116.6 ab 22.2 c  12.8 a 2.96 b 

 Sig * * * * * 

2007 

C 4.2 a 138.6 22.0 b 7.4  c 3.14 ab 

N1 4.3 a 141.3 22.0 b 8.1 a 3.13 b 

N2 4.0 b 121.2 22.6 a 7.7 b 3.11 c 

N3 4.2 a 137.6 22.0 b 8.1 a 3.15 a 

 Sig * ns * * * 

Year      

 2006 3.7 b 114.9 b 23.6 a 11.7 a 2.94 b 

 2007 4.2 a 134.7 a 22.2 b 7.8 b 3.13 a 

 Sig * * * * * 

Treatment×Year * * * * * 

Welschriesling 

Treatment 

2006 

C 3.3 b 118.8 22.4 a 6.5 d 3.93 a 

N1 3.3 b 112.4 22.0 b 6.7 c 2.91 b 

N2 3.5 a 124.8 21.8 b 7.1 b 2.94 a 

N3 3.5 a 109.6 21.8 b 7.3 a 2.87 c 

 Sig  * ns * * * 

2007 

C 3.8 c 128.0 20.2 a 6.2 b 3.32 c 

N1 3.8 c 125.1 20.2 a 6.4 a 3.37 ab 

N2 4.0 b 133.8 19.8 b 6.3 ab 3.36 b 

N3 4.3 a 121.0 19.6 b 6.4 a 3.38 a 

 Sig * ns * *  * 

Year      

 2006 3.4 b 116.4 22.0 a 6.9 a 2.91 b 

 2007 4.0 a 127.0 20.0 b 6.3 b 3.36 a 

 Sig * ns * * * 

Treatment×Year * ns ns * * 

Riesling 

Treatment 

2006 

C 3.5 b 94.6 a 23.0 d 10.2 d 2.59 a 

N1 3.7 a 99.2 a 24.8 a 13.6 a 2.54 b 

N2 3.0 c 80.6 b 24.0 c 13.4 b 2.53 b 

N3 3.7 a 97.4 a 24.4 b 11.2 c 2.59 a 

 Sig  *  * * * * 

2007 

C 3.8 c 106.5 b 21.2 b 8.7 d 3.05 c 

N1 3.8 c 97.5 d 21.6 a 8.9 c 3.10 b 

N2 4.2 a 116.7 a 21.2 b 9.4 b 3.13 a 

N3 4.0 b 102.6 c 21.2 b 9.6 a 3.10 b 

 Sig * * * *  * 

 

 2006 3.5 b 93.0 b 24.1 a 12.1 a 2.6 b 

 2007 4.0 a 105.8 a 21.3 b 9.2 b 3.1 a 

 Sig * * * * * 

Treatment*Year * * * * * 

a N1, N2 and N3: Indicate treatments of soil urea fertilization of 5.5, 16.8, and 28.1 g N vine
-1

, respectively. C 

indicates control treatment without fertilization. Means with the same letter are not significantly different within 

cultivars and years (mean separation by Bonferroni correction at P≤ 0.05). * and ns: Indicate significant at P≤ 0.05 and 

not significant, respectively. 
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were also slightly increased by nitrogen 

fertilization, similar to Hannam et al. (2016). 

The differences were caused by the 

differences in cluster number per vine (data 

not shown), and not by increased cluster 

weight. Cluster weight values were not so 

responsive to fertilization treatments, 

especially in 2007 year, but were generally 

higher in fertilization treatments. There was 

an effect of experimental year on yield 

parameters, except on Welschriesling cluster 

weight, the same as for the interaction 

between year and treatment. 

 Higher yield reflected on juice quality, 

since higher SS values were measured in 

2006. This could be also related to 

meteorological conditions, since 2007 had 

significantly higher precipitation. For 

example, in 2007 September, 136 mm was 

recorded, while in 2006 September only 68 

mm of precipitation was recorded. The 

highest SS values, indicating earlier 

ripening, were never found in N3 treatments. 

Riesling grape juice SS values were 

increased by N1 treatments in both years. 

N2 treatment affected the highest SS values 

in Chardonnay grape juices from 2007. This 

is not in accordance to many other reports 

that stated that nitrogen fertilization 

generally affected lower SS values in grape 

juice (Peacock et al., 1991; Spayd et al., 

1994, Bavaresco et al., 2001). 

Grape juice TA was affected by nitrogen 

fertilization, resulting in significantly higher 

TA levels in almost all experimental juices, 

when compared to the control. The only 

exception was Chardonnay N2 grape juice 

from 2006, which had the lowest TA level. 

This result is similar to previous works (Bell 

et al., 1979; Christensen et al., 1994). 

Regarding pH values, no consistent trends 

were observed. Generally, N3 grape juices 

had the lowest SS values and the highest TA 

level, so, it could be concluded that 

fertilization with 28.1 g N vine
-1

 

significantly prolonged grape ripening.  

Year effect was observed for all grape 

juice chemical components and for each 

cultivar. The interaction between year and 

treatment was observed for all grape juice 

chemical components, except for 

Welschriesling SS values.  

Grape Juice Amino Acid Composition 

Grape juice amino acid compositions of 

experimental cultivars are presented in 

Tables 3-5. Cystein is the only amino acid 

that did not consistently responded to 

applied treatments. Year effect on grape 

juice amino acid composition was observed 

for all amino acids, except for glycine and 

phenylalanine in Chardonnay, and leucine in 

Riesling juices. The interaction between 

year and treatment was not observed only 

for cysteine in Welschriesling grape juice.  

There were five major amino acids in 

grape juices, measured each year in grape 

juices from all cultivars: arginine, histidine, 

alanine, tyrosine, and glutamate. These 

amino acids accounted for approximately 

65% of the total amino acid content, 

although this percentage varied from 52 to 

75%, depending on the variety and year.  

Arginine was the predominant amino acid, 

accounting for about 31% of the total free 

amino acid concentration. This is in 

accordance to many other authors (Bell and 

Henschke, 2005; Bouzas-Cid et al., 2015). 

The percentage of arginine in Welschriesling 

grape juice even exceeded 40% of the total 

amino acid concentration. Still, arginine 

concentrations in the present experimental 

juices were very low when compared to 

other works (Huang and Ough, 1991; Spayd 

and Andersen-Bagge, 1996). Significant 

quantities of alanine was found in 

Welschriesling and Chardonnay juices, the 

latter being in accordance to Huang and 

Ough (1991).  

Cysteine followed by glycine and 

isoleucine were among the less abundant 

amino acids. They accounted for less than 

5% of the total amino acid content.  

Quantitatively, Chardonnay was the 

variety with the highest concentration of 

total primary amino acids (regardless of the 

fertilization treatments), while Riesling 

grape juices had the lowest concentrations.  
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This confirms previous work by Yokotsuka 

and Fukui (2002) who claimed that Riesling 

had the lowest amino acid concentration in 

grape juice among 6 experimental varieties.  

Chardonnay and Riesling grape juices 

from 2006 were richer in amino acids than 

juices from 2007, but Welschriesling grape 

juices from 2007 had higher level of amino 

acids than those from 2006. In general, 

amino acid concentrations were greater in 

2006, probably caused by favorable climatic 

conditions, since 2006 was a drier year. This 

trend is in accordance to Hannam et al. 

(2013) and Ortega-Heras et al. (2014) who 

observed greater amino acids concentrations 

in the drier year. 

Nitrogen fertilization generally increased 

concentrations of amino acids over those of 

the control samples (Tables 3-5). This 

pattern is similar to previously reported 

results of Free Amino Nitrogen (FAN), 

ammonium ion (NH4+) and Yeast 

Assimilable Nitrogen (YAN) values in the 

same grape juices (Karoglan et al., 2011). 

The concentration of total amino acids in 

grape juices was increased with urea 

fertilization by more than 100% in 

Chardonnay (in 2006) and Welschriesling 

(in 2007) grape juices. The N3 treatment 

was the most effective in increasing amino 

acid content, especially in 2007. This is in 

accordance with the study of Neilsen et al. 

(2010) who found out that application of 80 

kg of urea-N ha
-1

 at bloom was sufficient to 

increase grape juice YAN status above the 

140 mg L
-1

.  

Amino acids that were most responsive to 

nitrogen fertilization were aspartate, 

arginine, valine, phenylalanine, isoleucine, 

and leucine. The concentration of histidine 

was the highest in the control grape juices 

from Riesling 2006, and Chardonnay 2007. 

Other amino acids concentrations varied 

depending on variety, year, and fertilization 

rate. N3 treatment indeed increased amino 

acid concentration in grape juices over the 

control ones, but the treatment was not so 

effective when compared to other 

fertilization treatments, especially N2. It is 

notable that N2 treatment was even more 

effective in increasing amino acids 

concentration than N3 in 2006 year, 

especially regarding Riesling and 

Welschriesling juices. Furthermore, N1 

juices of Chardonnay and Riesling from 

2006 year had the highest total amino acid 

concentration. Therefore, having in mind the 

delayed ripening and not so consistent effect 

on increase of amino acid level in grape 

juices, N3 fertilization seems excessive and 

unnecessary. This is similar to work of Ough 

and Lee (1981), who found out that 

additional increase in fertilizer rates did not 

affect concentrations of total nitrogen and 

arginine in must. Furthermore, Nielsen et al. 

(2013) found out that soil N fertilization did 

not consistently improved grape juice YAN 

concentration, thus implying that soil N 

fertilization is not reliable for improving 

grape juice N status.  

However, nitrogen fertilization did not 

always give consistent and clear results, 

regarding juice amino acid concentration. 

Accordingly, some specific amino acids as 

well as total amino acids concentration tend 

to decrease with the increase of nitrogen 

fertilization rates. Similar results are 

reported by Bell et al. (1979) and Monteiro 

and Bisson (1991) who claim that nitrogen 

compounds in grape juices do not always 

follow the increase in the nitrogen 

fertilization rates. Lasa et al. (2012) stated 

that increase of juice YAN and total amino 

acid concentration after foliar urea 

application depend on season and time of 

application. The same authors claim that 

later applications (veraison or 3 weeks after 

veraison) were more effective in increasing 

juice N compounds than application 3 weeks 

before veraison. The present study as well as 

many previous results (Lasa et al., 2012; 

Garde-Cerdan et al., 2014; Hannam et al., 

2016) lead us to the conclusion that nitrogen 

fertilization does not always show clear and 

consistent effect on grape composition, since 

the results tend to vary in different 

experiments. 

Therefore, modification of the time of soil 

urea application, in addition or in 

combination with foliar fertilization, could 
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(a) (b) 

Figure 1-a). Position of cv. Chardonnay grape juice from different treatments in the space defined by 

the first two canonical variables from canonical discriminant analysis using their amino acid composition 

in the two years of study. b) Vector diagram of correlation of grape juice amino acid composition and the 

first two canonical variables based on different treatments shown in Figure 1-a. 

 

solve the problem of low N in grape juices 

from our experimental vineyard.  

Many of these amino acids are precursors 

of higher alcohols and esters, important 

flavor compounds in wine (Bell and 

Henschke, 2005). Three nonpolar branched-

chain amino acids, such as valine, leucine, 

and isoleucine, are direct precursors of 

higher alcohols and volatile fatty acids 

(Styger et al., 2011). In this study, these 

amino acids appeared in very low 

concentrations, accounting for an average of 

7.3% in Welschriesling juices to 10.9% in 

Riesling juices. However, nitrogen 

fertilization increased the respective amino 

acids concentrations. Threonine greatly 

affects wine aroma composition, due to its 

relation to odorants from the fatty acid 

synthesis. Thus, Chardonnay exhibited the 

greatest aromatic potential regarding 

threonine concentration in the grape juice, 

irrespective of the treatments. Nitrogen 

fertilization, however, affected greater 

threonine concentrations. In the present 

study, Welschriesling juices had the highest 

concentrations of phenilalanine, amino acid 

known as a precursor of β-phenylethanol 

and isobutanol (Hernàndez-Orte et al., 

2002). In this study, phenilalanine content 

was also strongly affected by vineyard 

nitrogen fertilization.  

It has been reported that glutamine, 

asparagine, arginine, glutamate, serine, 

alanine and aspartate showed the best 

correlation with yeast cell growth (Monteiro 

and Bisson, 1991). Regarding this fact, 

nitrogen fertilization, particularly N3 

treatment, caused significant increase in 

arginine and aspartate concentration in all 

juice samples and in both years. 

Concentrations of other mentioned amino 

acids varied within varieties and years.  

Based on 15 amino acids, Canonical 

discriminant analysis between grape juices 

of all experimental cultivars from different 

treatments and the two years of research 

shows highly significant squared 

Mahalanobis distances between all 

treatments.  

Based on position of Chardonnay grape 

juices from different treatments on scatter 

plot from the first and second canonical 

variables, and correlation of amino acids 

with the first two canonical variables 

(Figures 1-a and -b), it can be seen that 

distance between the control and N3 

treatment is based on higher content of 

serine, threonine, phenylalanine, arginine, 
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(a) (b) 

Figure 2-a) Position of cv. Welschriesling grape juice from different treatments in the space defined by 

the first two canonical variables from canonical discriminant analysis using their amino acid composition 

in the two years of study. b) Vector diagram of correlation of grape juice amino acid composition and the 

first two canonical variables based on different treatments shown in Figure 2-a. 
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(a) (b) 

Figure 3-a) Position of cv. Riesling grape juice from different treatments in the space defined by first two 

canonical variables from canonical discriminant analysis using their amino acid composition from two 

years of study. b) Vector diagram of correlation of grape juice amino acid composition and first two 

canonical variables based on different treatments shown in figure 3a. 

 

 

aspartate and valine in N3 grape juices. 

Regarding Welschriesling grape juices, 

distance between N3 and other treatments 

can be explained by the highest tyrozine 

concentration in N3 juices. Distance 

between the control and fertilization 

treatments is explained by lower 

concentration of all amino acids, except 

threonine and cysteine in the control grape 

juices (Figures 2-a and -b). 

Regarding Riesling juices, distance 

between N3 treatment and all other 

treatments can be explained by the higher 

content of aspartate, arginine, threonine, 

glycine, histidine and phenylalanine in N3 

grape juices. Distance between N2 and other 

treatments, especially the control ones, is 

explained by higher content of glutamate 

and leucine in N2 grape juices (Figures 3-a 

and -b).  

Despite nitrogen fertilization, the 

presented concentrations of amino acids 

were very low and, probably, insufficient for 

alcoholic fermentation completion. This 
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claim could be corroborated with previously 

reported results of Free Amino Nitrogen 

(FAN) and Yeast Assimilable Nitrogen 

(YAN) concentrations in the same grape 

juices (Karoglan et al., 2011). Furthermore, 

wines from such nitrogen-poor grape juices 

would probably have low concentrations of 

fermentative volatile compounds.  

CONCLUSIONS 

The effect of different rates of soil urea 

fertilization on yield components, grape 

juice soluble solids, total acidity, and amino 

acid composition of Vitis vinifera L. 

Chardonnay, Welschriesling, and Riesling 

vines was studied (Table 2). The results 

confirmed that yield parameters were 

slightly increased by urea fertilization. 

Fertilization with 28.1 g N vine
-1 

significantly prolonged grape ripening, since 

those grape juices had the lowest soluble 

solids values and the highest total acidity 

level.  

Chardonnay juices had the highest 

concentration of total primary amino acids, 

regardless of fertilization treatments. Amino 

acids aspartate, arginine, valine, 

phenylalanine, isoleucine and leucine were 

most responsive to soil urea fertilization. 

Urea fertilization strongly affected increase 

in amino acid composition, with 28.1 g N 

vine
-1 

having the strongest effect, especially 

in more humid 2007 year. However, it 

should be mentioned that fertilization with 

28.1 g N vine
-1 

was not so effective when 

compared to fertilization with 5.5 and 16.8 g 

N vine
-1

, respectively. This leads to the 

conclusion that fertilization with 28.1 g N 

vine
-1 

seems excessive, expensive, and 

unnecessary regarding delayed fruit ripening 

and inconsistent effect on amino acid 

composition.  

Finally, despite soil urea fertilization, the 

obtained grape juice amino acid 

concentrations remained very low and 

insufficient for successful alcoholic 

fermentation process. Further investigations 

should focus on finding more appropriate 

soil urea application time, possibly in 

combination with foliar application.  
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 ترکیة آمینو اسید در آب انگورسفید تحت تاثیر کوددهی خاک تا اوره

م. کاراوگلان، ل. ماسلو تاندیک، م. اوسرشاک، م. میهالجویک زولج، ب. کوزینا، و ا. 

 جرمل

 چکیده

، ّذف ایي پژٍّص تزرسی اثز کَددّی خاک تا اٍرُ رٍی عولکزد، هَاد جاهذ هحلَل در آب اًگَر

، ٍ Chardonnay ،Welschrieslingارقام  اسیذیتِ کل، ٍ تزکیة آهیٌَ اسیذ در اًگَر ضاهل

Riesling  تَد. آسهایص در تاکستاًی اًجام ضذ کِ در سال ّای قثل اس اجزای آسهایص، هکزرا هقذار

ارش تاکستاى کن گش ( در اًگَر لِ ضذُ هزتَط تِ ّواى آب اًگَر اس آىyeastاست قاتل جذب هخوز )

ضذُ تَد. کَد اٍرُ تعذ اس کاهل ضذى هزحلِ گل تِ خاک افشٍدُ ضذ. تیوار ّای آسهایص ضاهل: ضاّذ 

در ّز تاک تَد.  Nگزم  6/88در ّز تاک، ٍ  Nگزم  8/61در ّز تاک،  Nگزم  5/5تذٍى کَددّی، 

هَادجاهذ تِ طَر کلی هصزف کَد اٍرُ تاعث افشایص اجشای عولکزد ٍ غلظت آهیٌَ اسیذ ضذ. اس ًظز 

در ّز تاک هٌجز تِ طَلاًی ضذى رسیذى اًگَر ضذ.  Nگزم  6/88 هحلَل ٍ اسیذیتِ کل، کَددّی تا

ایي تیوار در هقایسِ تا دیگز تیوارّای کَدی تاثیز چٌذاًی در تْثَد غلظت اسیذّای آهیٌِ ًذاضت. ًتیجِ 

ًظز هیزسذ سیزا تاعث تاخیز  ٍغیز ضزٍری تِ در ّز تاک سیادُ اس ًیاس Nگزم  6/88ایٌکِ کَد دّی تا 

 در رسیذى اًگَر ضذُ ٍ اثزات ًا ّوخَاى ٍ تی ثثاتی رٍی تزکیة آهیٌَ اسیذّا دارد. 
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