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Influence of foliar application of phenylalanine and urea at two doses to
vineyards on grape volatile composition and amino acids content
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Summary

The aim was to study the effect of phenylalanine
(Phe) and urea (Ur) foliar applications to vines at two
dosages on grape volatile and amino acid content. Re-
sults showed that the foliar application of both dosages
of phenylalanine and the highest dose of Ur favored the
synthesis of the aromatic positive compounds, decreas-
ing the presence of C6 compounds in the grapes. Total
amino acid content was not modified by the treatments.
The treatment that most affected the concentration
of amino acids was the lowest dose of Ur, increasing
the content of seven amino acids. Phe applications in-
creased the concentration of this amino acid. Therefore,
foliar treatments with Phe and Ur were a suitable tool
to improve grape volatile composition without affecting
grape total nitrogen content.

Key words: nitrogen compounds; aromatic composi-
tion; must; grapevine; fertilization; leaves application; Vitis vini-
fera.

Introduction

Vine requires the input of nitrogen fertilizers to
growth and to guarantee an appropriate grape juice nitro-
gen composition. 140 mg N-L! of yeast assimilable nitro-
gen (YAN), ensure a correct development of the alcoholic
fermentation (BELL and Henscuke 2005). Traditionally,
vineyard fertilization is carried out by adding fertilizer to
the soil, to be absorbed by plant roots. Foliar fertilization
allows a quickly and efficient assimilation of applied prod-
ucts by the plants (Lasa ef al. 2012).

Nitrogen addition to the must can be limited or even
avoided, if nitrogen fertilization is suitable. A common
practice in winemaking is to supplement the must with di-
ammonium phosphate (DAP) to prevent problems related
to nitrogen deficiency, but the must continues to be poor
in amino acids, and the nitrogen supplementation of grape
juice with amino acids improved the wine volatile compo-
sition (GARDE-CERDAN and ANCIN-AZzPILICUETA 2008, ToRr-
REA et al. 2011). Among the flavors, the compounds that
have been more studied belong to the family of terpenes.

C,; norisoprenoids derived from oxidative degradation of
carotenoids. Few esters are present in grapes, whose aroma
is usually described as fruity. Benzenoids free forms are
derived from phenolic acids. C6 compounds are produced
from harvest time until the beginning of fermentation,
which are responsible for certain herbaceous and vegetal
character of musts and wines (ZALACAN et al. 2007).

It was considered of interest to study the effect of fo-
liar application to the vineyard of different nitrogen sourc-
es on grape and wine composition. In a first season, phe-
nylalanine (Phe) and urea (Ur) were the nitrogen sources
that provided the best results in order to improve grape and
wine quality. These treatments were applied at a dose of
0.9 kg N-ha'! and increased the concentration of several
amino acids, the varietal aroma and trans-piceid through
Phe applications, while Ur improved stilbenes in grape and
wines (GARDE-CERDAN et al. 2014, GARDE-CERDAN et al.
2015a, b). Based on this, we considered in the present work
to increase the dosage of both nitrogen sources, in a second
year of study, using Phe and Ur, at the same dose as the first
year (0.9 kg N-ha') and increasing dosage (1.5 kg N-ha'').
The aim was to study the effect of foliar applications to
vineyard of two different doses of Phe and Ur on grape
volatile and amino acid content.

Material and Methods

Samples and grapevine treatments:
The field study was performed on Vitis vinifera "Tempra-
nillo' grapevines located in an experimental vineyard of
La Grajera (42°26"27"N, 2°30'54"W, at 640 m above sea
level) during the 2013 vintage. Four foliar treatments were
tested compared with an untreated control, using urea and
phenylalanine at two different doses: Url and Phel at
150 mg N-vine! and Ur2 and Phe2 at 250 mg N-vine™.
The treatments were prepared as aqueous solution with
their corresponding concentration, using Tween 80 as wet-
ting agent at 0.1 % v/v. In the untreated grapevines a water
solution containing only Tween 80 was applied. The treat-
ments were repeated to the grapevines at veraison and one
week later. 200 mL-vine! of each solution were sprayed
over the leaves, applying in each treatment 0.9 kg N-ha'
for Url and Phel and 1.5 kg N-ha! for Ur2 and Phe2, as-
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suming a total of 3,000 plants-ha'. The treatments were
performed in triplicate and were arranged in a complete
randomized block design with 3 vines for each replication.
Subsequently, the grapes were harvested at their optimum
technological maturity, and then were destemmed and
crushed. Immediately after, the oenological parameters
were determined in the musts. Aliquots of each sample
were frozen in order to determine their volatile composi-
tion and individual amino acids content.

Oenological parameters: Mustoenological
parameters were analysed according to OIV (2003).

Analysis of grape volatile compounds:
Volatile compounds were analyzed by the method exposed
by GARDE-CERDAN ef al. (2015a). These compounds were
extracted by a Solid Phase Microextraction (SPME) fib-
er (DVB/CAR/PDMS, 50/30 mm) (Supelco, Bellenfonte,
PA, USA). Volatile compounds were separated in a Hewl-
ett-Packard G1800C, GCD series II (Palo Alto, CA, USA)
gas chromatograph-electron ionization detector (GC-MS)
equipped with a SPB™-20 fused silica capillary column
(30 mx 0.25 mm L.D. x 0.25 mm film thickness) (Supelco).

Analysis of amino acids by HPLC: Ami-
no acid analysis was performed by the method described
by Garde-Cerdan et al. (2014). Reversal-phase HPLC Ag-
ilent 1100 Series (Palo Alto, USA) was used. 5 mL of the
sample was mixed with 100 pL of norvaline, and 100 pL of
sarcosine (internal standards). This mixture was submitted
to an automatic precolumn derivatization with OPA (Agi-
lent) and with FMOC (Agilent).

Statistical analysis: The statistical analysis
was performed using SPSS Version 21.0 statistical package
for Windows (SPSS, Chicago, USA). The volatile com-
pounds and amino acids statistical analysis was submitted
to a variance analysis (ANOVA), and the means were sep-
arated by Duncan test, at p < 0.05. For volatile and nitrogen
compounds, several comparisons were carried out. On the
one hand, each treated sample was compared with the con-
trol (appears as ANOVA Control in Tabs 1 and 2, F of Fish-
er and p-value). On the other hand, the samples Phel and
Phe2, and Url and Ur2, were compared in order to study
the effect of the dose for each nitrogen source (shown in
capital letters in Tabs 1 and 2); and on the other hand, sam-
ples Phel and Url, and Phe2 and Ur2, were compared in
order to study the effect of the nitrogen source for each
dose (shown in lowercase letters in Tabs 1 and 2).

Results and discussion

Effect of treatments on must oeno-
logical parameters: The results on must oeno-
logical parameters are discussed by Portu ef al. (2015).
In brief, the treatments applied to the grapevines did not
affect most of the oenological parameters, except for total
acidity, tartaric acid and malic acid. These differences were
more related to the dose applied rather than the nitrogen
source applied.

Effect of treatments on grape vola-
tile content: Relative area of benzyl alcohol, total
benzenoids and total positive compounds increased, and
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total terpenoids, (Z)-3-hexen-1-ol and total C6 compounds
decreased through Phel applications. In a previous study,
the same trend was observed (GARDE-CERDAN ef al. 2015a).
Phe?2 increased relative area of geraniol, total terpenoids,
methyl jasmonate, benzyl alcohol, 2-phenylethanol, and
total positive compounds compared to control (Tab. 1). Url
applications increased relative area of geraniol, -ionone,
and benzyl alcohol, while (Z)-pf-damascenone, 2-pheny-
lethanal and total benzenoids were decreased compared to
control. Terpenoids, C , norisoprenoids, esters, benzenoids
and C6 compounds decreased their content in the grapes
after the treatment with urea (GARDE-CERDAN et al. 2015a).
Ur2 applications increased relative area of geraniol, methyl
jasmonate, benzyl alcohol and total positive compounds,
while 2-phenylethanal, (E)-2-hexenal and C6 compounds
decreased with respect to the control grapes. If the dos-
age for the same nitrogen source was compared, Phel in-
creased TDN and (E)-2-hexenal relative area compared to
Phe2. Phe2 samples showed higher relative area of a-terpi-
neol, total terpenoids and methyl jasmonate than Phel. Url
decreased relative area of (Z)-B-damascenone, total esters,
benzyl alcohol, 2-phenylethanol, 2-phenylethanal and total
benzenoids respect to Ur2.

Respect to the lowest dose of the nitrogen sources,
Phel samples showed higher 2-phenylethanal and total
benzenoids relative area than Url, while (Z)-p-dama-
scenone, [-ionone, total esters and (Z)-3-hexen-1-ol was
higher in Url samples. Respect to the highest dose, Phe2
presented higher geranyl acetone and total terpenoids rel-
ative area than Ur2, while Ur2 samples showed higher lin-
alool, B-ionone, methyl jasmonate, TDN, hexyl acetate and
total esters relative area than Phe2. ANCIN-AZPILICUETA et al.
(2013) reported that Ur treatment applied to the grapevines
did not affect the concentration of 1-hexanol and benzyl
alcohol in wine. In this work, 1-hexanol in grapes was not
affected by the treatment, while the relative area of benzyl
alcohol was greater in Ur2 samples.

a-Terpineol and geranyl acetone were the major terpe-
noids in the grapes, while (E)-f-damascenone and B-ion-
one were the major C , norisoprenoids found. Concentra-
tion of these compounds depends on microclimate factors
such as temperature and light, thereby nitrogen supplemen-
tation to the grapevines increases vegetative growth and
consequently canopy density in comparison to grapevines
receiving no supplementary nitrogen (BELL and HENSCHKE
2005). Nitrogen fertilization increased the content of
B-damascenone but decreased the concentration of vitis-
pirane, actinidol, and TDN in 'Riesling' wines (LINSENMEIER
and LonunerTz 2007). 2-Hexen-1-ol acetate was the major
ester found in grapes, while 2-phenylethanol and 2-pheny-
lethanal were the major benzenoids found. The major C6
compounds in grapes were 1-hexanol and (E)-2-hexen-1-
ol. C6 compounds concentration in grapes varied accord-
ing to the season, vine vigor as well as canopy exposure
(Yuan et al. 2018). Lower nitrogen supplementation to soil
in Pinot noir decreased (E)-2-hexenal and 1-hexanal con-
tent in grapes (YUAN et al. 2018). These authors suggest-
ed that lower nitrogen supply affected either the fatty acid
substrates or the enzymes activities, which could result in
lower content of C6 compounds.
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Effect of treatments on grape ami-
no acid content: The most abundant amino acids
were Arg, Pro, and Gln, while the least abundant were Ile,
Gly, and Lys. Compared to control, it was observed that
foliar application of Phel increased the synthesis of Trp
and Phe, decreasing Cys, Cit and Orn (Tab. 2). Trp and
Phe are precursors of positive compounds for the wine aro-
ma, such as tryptophol and 2-phenylethanol, respectively.
Phe?2 increased the Trp, Phe Tyr, Gly and Lys, decreasing
Orn content. Url improved the synthesis of Pro, Glu, Ser,
Trp, Val, Ile and Gly. However, Ur2 only increased Ser,
Trp and Lys content. Ser, Trp, Val and Ile are precursors of
some higher alcohols such as 1-butanol, 1-hexanol, isoa-
myl alcohols, and isobutanol, while Ser and Trp are good
nitrogen sources for Saccharomyces cerevisiae (BELL and
HenscHkE 2005).

As for the effect of dosage with respect to the applica-
tion of Phe, the concentration of GABA and Gly increased
with the dose applied. In Ur, the concentration of GABA,
Ser and Val decreased proportionally to the concentration
applied. Comparing the nitrogen source using the lowest
dose, the concentration of GABA, His, Cys and Gly in the
must was higher when Ur was applied than Phe, while the
concentration of Phe in grapes was greater when Phe was
applied to vineyards. For the highest dose, GABA, Phe
and Tyr increased when Phe was applied compared to Ur.
The observed effect on grape nitrogen composition after
the application of Phe and Ur was lower than in a previ-
ous study (GARDE-CERDAN et al. 2014), in which the lowest
dose of both nitrogen sources (0.9 kg N-ha') was used.
This could be due to the total concentration of amino ac-
ids in the control being smaller (981 mg L") than in the
present study (1883 mg-L), so that the plant had higher
nitrogen requirements.

Conclusions

Both treatments with phenylalanine (Phel and Phe2)
and the highest dose of urea (Ur2) enhanced the plant syn-
thesis of total positive compounds and decreased the lev-
els of C6 compounds in the 'Tempranillo' grapes. Grape
content of total amino acids was not modified by any of
the treatments carried out in the grapevine. The foliar ap-
plication that most affected the amino acids was the Url,
increasing the content of seven free amino acids. The ap-
plications of Phe increased the concentration in the grapes
of Phe. Phe and Ur foliar applications were a good tool
to enhance grape volatile composition without affecting its
nitrogen content.
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