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Abgtract: A factorial experiment (3 nitrogen and 3 potassium fertilization doses) was carried out in a Tempranillo vineyard
located in the 'Riberadel Duero' Apellation dOriginearea (Spain) in 2000. N and K supplies caused decreasesin delphinidin
and petunidin monogl ucoside content in grape skins. High nitrogen dosesincrease L* coordinate and chromacof the skins. High
potassium with unbalanced nitrogen supplies enhances hue and yellow component of colour. Possible effects of N and K fer-
tilization on the copigmentation of anthocyanins are discussed.

Résumé: Lafertilisation est une des techniques culturales du vignoble ayant e plus de répercussion sur laquantité et laqua:
lité delarécolte. Ladisponibilité en ééments nutritifs affecte 'accumul ation des polyphénols dansleraisin durant lamatura:
tion et, par conséquent, lacouleur et I'astringence du vin. L'objectif de cetravall est dévaluer leseffets additifs et dinteraction
de différentes doses de fertilisation azotée et potassique appliquées au vignoble sur lacomposition en anthocyanes et les
caractéristiques chromatiques des raisins cv. Tempranillo. Une expérience factorielle a été réalisée au cours del'année 2000,
dans un vignoble en pleine production, de cépage Tempranillo greffé sur 110-Richter, locaisé dans|'Appellation d'Crigine
Contrdlée «Riberade Duero» (Nord del'Espagne). Lescepsont recu troisdoses différentesdazote (0, 50 et 200g N par plante)
et troisde potassium (0, 60 et 120 g K20 par plante) dansun dessin expérimenta de blocs completsau hasard avec quatre répé-
titions. Les parcelles élémentaires étaient constituées de cing plantes. Les traitements de fertilisation furent appliqués au sol
ensillon 415 centimétres de profondeur, & coté de chague rang de plantes, utilisant du nitrate d'ammonium (335g N kg'l) et du
sulfate de potasse (500 g-K 20 kgrd). Touslestraitements recurent, par ailleurs, une dose de 65 g P20s par cep en forme de super
phosphatetriple (450 g-P205 kg1). A lavendange, les polyphénols furent extraits des pellicules de raisin et la.concentration
des anthocyanes mgjoritaires f(it déterminée au moyen de latechnique HPL C. Postérieurement, les coordonnées CIELAB
des extraits de pellicules furent obtenues pour chacun des traitements expérimentaux.

L es doses moyennes de fertilisation azotée augmenterent le rendement delavigne de plus de 18% par rapport aux traitements
sansfertilisation. Les analysesfactorielles de lavariance indiquent que lestraitements expérimentauix n'ont pas modifié Signi-
ficativement ladimension des baies, mais ont influencé le contenu en polyphénols et en anthocyanestotauix, ains quelacom-
position spécifique d'anthocyanes dansles pellicules. Cependant, les contenus de malvidine-3-glucoside et cyanidine-3-glucoside
des différents traitements expérimentaux nont montré aucune différence significative. Une importante interaction entre azote
€t potassium a été observée et aprovoqué un plus grand contenu en polyphénols desraisins quand les rapports de fertilisation
N/K appliqués éaient équilibrés. Lestraitementsa200 g N par plante ont augmenté les proportions rel atives de monogluco-
sidesdedel phinidine et pagonidine par rapport aux témoins non fertilisés, sansquelaconcentration totale d'anthocyanes ait été
atérée, produisant des mo(its plus colorés et surtout une augmentation des tonalités rouges et bleues (effets hyperchromique
et bathochromique des spectres). Les doses élevées de fertilisation potassique ont diminué les concentrations en monogluco-
sides de del phinidine, pétunidine et paéonidine dansles pellicules. Ces doses furent associées a une augmentation de latona-
lité et du composant jaune de la couleur (effet hypsochromique). D'un autre coté, les effets défavorables de doses élevées de
fomentation dinteractionsinter et intramol éculaires des anthocyanes des pellicules causées par lagrande disponibilitéen potas:
sium aurait pu étre compensé par une plus grande formation de complexes de copigmentation, induite par de plusfortes doses
dazote.
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INTRODUCTION

Phenalic composition of grapes determinesthe colour
and astringency of wines (RIBEREAU-GAYON and
GLORIES, 1987). Thetypesand concentrations of poly-
phenolsin grapes are related to the genotype, environ-
mental conditions and cultural practices (KLIEWER,
1977; GONZALEZ-SAN JOSE and DIEZ, 1992).

The anthocyaninsare the polyphenolsresponsiblefor
the colour of red grapes. These compounds, found mainly
inthe solid parts (skin and seeds) of the grapes, are syn-
thesized from veraison onwards, enhancing their concen-
tration in the skin throughout ripening (HRAZDINA,
1986).

Red berries of grapevine contain five main mono-
glucos des (malvidin-3-monoglucoside, delphinidin-3-
monoglucosde, cyanidin-3-monoglucosde, peonidin-3-
monoglucoside, petunidin-3-monoglucoside) and their
derivatives (WENZEL et al., 1987; ORTEGA et al.,
1994). Skin colour isdifferent in function of monoglu-
cos des composition. So hydroxylated monoglucosides
increase the blueness tones and metoxylated monoglu-
cosdes enhance the red component of the colour (CHEY -
NIER et al., 1989). Thestructura formsof anthocyanins
can bedtered by thepH and, inthisway, promote changes
in colour (LACOBUCCI and SWEENY, 1983).

Some studies noticed the importance of copigmenta-
tion in the stability of coloured forms of anthocyanins
(BROUILLARD et al., 1989; MINIATI et al., 1992;
BOULTON, 2001). The phenomenon of copigmentation
is due to molecular associations between anthocyanins
and other (usudly noncoloured, liketaning) organic mole-
culesin solution. These associations cause the pigments
to exhibit far greater colour than would be expected from
their concentration (BOULTON, 2001). The copigmen-
tation of anthocyaninsinduces a hyperchromic (higher
absorbance vaues) and bathochromic (higher wavelength
at which the maximum absorbance is observed in the
absorption spectra). Theassociation of anthocyaninswith
other anthocyanins (sl f-association) promotes ahyper-
chromic and hypsochromic (shorter wavelength of the
absorbance maximum) shift in the spectra (BROUL-
LIARD et al., 1989).

Fertilization of the soil isone of theviticultural tech-
niques with agreat effect on the vineyard yield and the
quality of must and wine. The use of fertilizers usually
resultsin yield increases, but excessive or unbalanced
applications have negative effects on fruit quality.

Moderate nitrogen application before bloom enhan-
ced the anthocyanin accumulation in the grape (KEL-
LER and HRAZDINA, 1998; DELGADO et al., 2004).
Nevertheless excessive nitrogen levelsin the soil can
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delay ripening (KELLER et al., 1999), promote an inade-
quate vegetative growth (BRAVDO and HEPNER, 1987)
and compact excessively thefoliage (KLIEWER, 1977).
These effects reduce the synthesis of polyphenolsinthe
berry skinand result in poorly coloured fruit (KLIEWER,
1977, SPAYD et al., 1994, DELGADOet al., 2004). On
the other hand, anthocyanin composition of the grape ber-
ries can be changed by the nitrogen fertilization (HIL-
BERT et al., 2003).

Potassium is aso essentia for vineyield and qua-
lity. Potassium stimulates photosynthesis activity and
favours the trand ocation of sugarsto the berries. There
isaclose relationship between the presence of carbohy-
dratesand the synthesis of polyphenolsinthefruit (PIRIE
and MULLINS, 1977), and this, directly affect to grape
colour (MOHAMMED et al., 1993). Excessive potas-
sium levelsin grape berries may decrease freetartaric
acid, resultingin anincreaseinthe pH of grapejuice, and
modify its chromatic features (MPELASOKA et al.,
2003).

Theaim of thiswork wasto evauate both the addi-
tive and interactive effects of the combined gpplication
of different rates of nitrogen and potassium fertilization
upon the anthocyanin composition and colour in
Tempranillo grapes.

MATERIALSAND METHODS
| - PLANT MATERIAL

Thestudy wascarried out in 2000 in afull-production
vineyard of Tempranillo cultivar located in LaHorra
(Burgos), belonging to the 'Riberadel Duero’ Apellation
dOriginearea(Spain), a an dtitude of about 800 m above
sealeved. Thesail isflat, with asandy texture, pH of 8.4
and 7.6 g kg1 organic matter content. Considering the
field conditionsintrid, theannua minerdisation of orga-
nic matter in the soil could represent from 1 %to 3 %
(Urbano, 2001), and could liberate between 15and 45 Kg
of minerd N per hectareand year. The extractable P content
of the soil a the start of theinvestigation was 14.5 g kgL,
The exchangeable K content was 225 mg kgL, The sail
had not received any fertilization treatment in the pre-
vious3years.

Thevineyard was planted in 1990. The vine spacing
is3.0x 1.5m (2,222 vineshal) and haslocdized irriga-
tion. Vinesare grafted on 110-Richter rootstocksand are
trained to adouble Cordon Royat system with four spurs
of two budson each arm.

From April to October 2000, the vineyard received
(rainfall and irrigation) 312 mm. The summer waslong
and dry and the average recorded temperature during ripe-
ning was 17 °C.
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Il - EXPERIMENTAL DESIGN

Nineexperimenta trestmentswere studied conssting
of the combination of 3 different N (0, 50 and 200 g N
vinet) and K (0, 60 and 120 g K20 vine?) fertilization
doses, which could be previoudy conddered asnull, mode-
rate and excessive, respectively. Thetrid was carried out
in arandomized complete block design with 4 replica
tions. Each baseplot had 5 vinesinthe samerow. A vine
between each trestment aswell as between each two rows
of treated plantswasleft untreated. Each row of vines
receiving treatment was separated form the next treated
row by arow of untreated plants.

Nitrogen trestmentswere gpplied asammonium nitrate
(3359 N kgt). Potassium treatments were applied as
potassium sulphate (500 g K20 kgl). Al trestmentsindu-
ded adose of 65 g P20s per vine as superphosphate (450 ¢
P20s5 kg-1). Only one-third of the nitrogen supply was
applied a bloom (22 June), the remainder of the fertili-
zers having been gpplied to the soil at the end of March,
before budding. Fertilizerswere applied in therowsto a
depth of 15 cm and to both sides of the vines. Two drip
irrigations of 45| per plant were applied, one after each
fertilizer application.

11 - AGRONOMIC CONTROLS.

Twenty leaf samples per trestment weretaken a bloom
(22 June) and at veraison (21 August). The leaves were
taken in the oppositefirst grape cluster area of aninter-
mediate shoot insde each vine branch (OIV, 1996). The
nitrogen and potassium contentsin blades and petioles
were andyzed separately. The nitrogen content was deter-
mined by the Kjeldahl method. Potassium was determi-
ned by ashing samples at 450 °C and mineral extraction
with 2M HCI, followed by measurement of concentra-
tion in an atomic absorption spectrometer (Perkin-Elmer,
Mod Analys 100, Norwolk, USA).

Theleaf areaindex (LALI) for the different experi-
mentd treatmentswas measured a the phenological sage
of veraison by an automatic meter LAI-2000 Plant Canopy
Analyzer (LI-CORinc, Lincoln, NE, USA).

Thetota production, the number of clusters per vine,
the averageweight of acluster and the average weight of
100 berrieswere recorded for each of the experimental
trestmentsat harvest (3 October).

Thevigour of thevineswas determined from the ave-
rage pruning weight.

IV - BERRY SAMPLING AND ANALY SES

At harvedt, an average of 100 berriesfrom each base
plot were picked and weighed, removing the skinsfrom
pulps and seeds. The musts obtained from the pulp and
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seed fraction allowed us to determine the content of
solublesolids (g L1) and total acidity (g L1 tartaric acid)
according to the officid method of analyss established
in the EEC 2676/90 Regulations (EUROPEAN COM-
MISSION, 1990).

The skin fraction was subjected to aprocess of extra-
ction of polyphenoalic compoundsto determine: tota poly-
phenols (SINGLETON and ROSSI, 1965), total
anthocyanins (GARCIA-BARCELO, 1990) and speci-
fic anthocyanin composition. The chromatic features
of extracts were aso measured. The extraction of poly-
phenalic compounds was carried out asfollows: 7.5 ml
of distilled water and 10 ml of an acid hydroal coholic
solution (10 % ethanol, 5 g L tartaric acid) were added
to the skins (collected from 100 berries). The pH was
adjusted with sodium hydroxideto 3.6. Next, 32.5ml of
distilled water were added and the mixture was kept at
35°C with dugging for 4 hours. The samplewas cooled,
centrifuged at 2,000-g for 5min and filtered through glass
wool.

The concentration of individual anthocyaninswas
determined by high-performanceliquid chromatography
(HPLC). Extracts were filtered through 0.2 um filters
prior to analysis The equipment used was a Hewlett
Packard/Agilent 1100 (Palo Alto, CA), coupled with
diode array detector and controlled by Agilent
ChemStation software. The columnwasaHypers| ODS,
5pm, 200 x 4.6 mm. Thefollowing mobile phaseswere
used: formic acid:water (15/85): solvent A; metha-
nol:water:formic acid (45/45/10): solvent B; methanal:
solvent C. gradient ution was applied a 0.8 ml/min flow
rate, according to the program: linear gradient from 75 %
A and 25% B to 20 % A and 80% B in 25 min, 100 %
C for 5 min. Spectrawere recorded every second bet-
ween 250 and 600 nm with a bandwidth of 1.2 nm.
Anthocyanins were quantified using the standard mal-
vidin 3-O glusoside solution.

The colour of the extracts was evaluated with a
JASCO V-530 UV/VIS spectrophotometer. The absorp-
tion spectrum from 380 to 780 nm was obtained and the
wavelength for the maximum absorption (3max) was
registered. The coordinatesL* a* b* wererecorded using
the D65 Illuminant asreference (CIE, 1986). Thevaues
L*, a and b* describeauniform three-dimensond colour
space where the L* value corresponds to adark-bright
scae (0 black; 100 white), the a* valueto agreen-red
scale (negative value, greenness, positive, redness) and
the b* valueto ablue-yellow (negetive value, blueness,
positive yellowness). The hue angle (h) is caculated as
arctg (b*/a*), and reflects the degree of brownness. The
chroma (C*), calculated as[(a*)2 + (b*)2] 1/2, express
the colour intensity (BAKKER et al., 1986).
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V - DATA ANALYSIS

Theinfluence of the fertilization treatments on the
anthocyanin composition and chromatic parameters of
the skins were studied by factorial analysis of variance
applying models of fixed effects. The mean separations
were determined by the LSD test.

RESULTSAND DISCUSSION

Nitrogen and potassium fertilization of the soil resul-
ted in a significant increase in the contents of these
nutrientsin the leaf blades at bloom. The plantstreated
with the highest nitrogen or potassium doses (200 g N
per vineor 120 g K20 per vine) had the highest nitrogen
or potassium contentsin theleaf (figure 1). However,
lower fertilization levelsdid not Sgnificantly increasethe
nutrient levelsin the leaves compared with the control.
Inall experimental trestments, nitrogen contentsat bloom
were|ower than reference ones ca culated by authorsfor
‘Ribera del Duero’ Apellation d'Origine area
(GONZALEZ and MARTIN, 2005), whereasthe values

31,00 - b
30,50 -
30,00 -
2950 - a
29,00 -
2850 -
28,00

Bloom blade N content (g kg™')

0 50 200

Dose of nitrogen (g Nivine)

obtained at veraison were included in optimal interval.
Potassium contents in petioles and blades, collected at
bloom or at veraison, dwayswereincluded between the
reference margins.

Potass um trestments enhanced the nitrogen content
in petioles at veraison (figure 2). Thisfact showsthat
potassium suppliesimprove the assmilation of nitrogen
(URBANO, 2001). Both nutrients are synergistic.

Although the experimental treatments changed the
leaf composition, they did not significantly affect the
vigour (pruning weights between 1.10 and 1.30 kg per
vine) or theberry size (tablel), inlinewith the results of
BELL and ROBSON (1999). However, many authors
have showed that excessive nitrogen supply can decrease
significantly the berry size (RODRIGUEZ-LOVELLE
and GAUDILLERE, 2002; HILBERT et al., 2003).

The ANOVA of yield values was not significant
(P<0.05) for potassum fertilization doses. Regardless of
potassium treatments, theyield of vinesreceiving 50 g

8,40 - b
8,20 -
8,00 -
7,80 |
7,60 - a
7,40
7.20
7,00 " . .
0 60 120

Dose of potassium (g K,O/vine)

Bloom blade K content (g kg™)

Figure1- Nitrogen (A) and potassum (B) contentsin leaf bladesat bloom for the different nitrogen (mean values of
all potassium applications) and potassum (mean values of all nitrogen applications) treatments, respectively.

Vaueswith different letters are significantly different (P<0.05, LSD test)

Contenu d'azote (A) et de potassum (B) dansleslimbesdesfeuillesalafloraison pour chacun destraitementsdefertilisation azo

tée (Moyenne detouslestraitementsde potassium) et potassique (moyenne detouslestraitementsd'azote), respectivement.
Lesvaleurs avec lettres différentes sont significativement différentes (P< 0.05, test LSD).

Tablel - Vineyield, berry weight and values of must composition parametersfor thedifferent nitrogen treat-
ments (average of all potassum fertilization doses).
Vaueswith different | ettersin the same column are significantly different (P<0.05, LSD test)
Rendement du vignoble, poidsdesbaies et paramétresdela composition du modt
danslestraitementsd'azote (moyenne desdoses defertilisation potassque).
Lesvaeurssuivies de lettres différentes danslaméme colonne sont significativement différentes (P< 0.05, test LSD)

Dose of nitrogen Yield Weight Soluble solids Total
(g N per vine) (Kg.vine'1) of 100 berries(g)  content (gL-1)  acidity
0 6.20 b 2425 a 2255a 445a
50 737 a 2355a 2280 a 433 a
200 6.52 ab 2382 a 2135b 447 b
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Tablell - ANOVA mean squares of the concentration (mg-L-1) of total polyphenals, total anthocyanin,
malvidin 3-glucoside (Mv-3-gl); delphinidin 3-glucoside (Dp-3-gl ); petunidin 3-glucoside (Pt-3-gl);
peonidin 3-glucoside (Pn-3-gl ); cyanidin 3-glucoside (Cy-3-gl ) in berry skins,
accor ding to the nitrogen (N) and potassium (K) fertilization treatments.

Significancelevels P<0.05 (*) ; P<0.01 (**).

Carrésmoyensdel'analyse de variance dela concentration (mg-L-1) de polyphénols et anthocyanestotaux,
malvidine-3-glucoside (Mv-3-gl); delphinidine 3-glucoside (Dp-3-gl); pétunidine 3-glucoside (Pt-3-gl);
paeonidine 3-glucoside (Pn-3-gl) an cyanidine-3-glucoside (Cy-3-gl) danslespelliculesderaisin,
en fonction destraitementsdefertilisation azotée (N) et potassique (K).

Niveaux de signification : P<0.05 (*) ; P<0.01 (**).

if;?i];?o{:lf po]yT];)ftl:]ols anthzg;z;]nins My-3-gl Dp-3-gl Pt-3-¢l Pn-3-¢l Cy-3-¢l
N 125895 ## 46794 =x 3684.69 1047.98 *# 57043 *x 2241 = 1.79
K 33002 68993 7743.21 835.57 *x 435.77 *# 143.32 =¢ 9.33
N*K 130056 #** 73412 *+  11302.66 819.67 *=* 601.09 *=* 49.55 11.02 *
Block 4149 18601 9647.56 42.68 347 35.17 3.02
Error 2166 9880 4505.80 139.75 61.86 21.38 3.11

N per plant was significantly higher than untreated
corttrals, but not sgnificantly differed fromthe vinesreca-
ving 200 g N/plant (table I). There were no differences
(P<0.05) between treatments for the number of clugters
per vine and the average cluster weight. It isgeneraly
accepted that nitrogen fertilization can improve the
vineyard yidd, especidly when soilsaredeficient inthese
nutrients (SPAY D et al., 1994). Nitrogen stimulates plant
growth and the attainment of a sufficient leaf area.
Nevertheless, an excessive invigorating effect of nitro-
gen may compact thefoliage, decreasing the exposureto
sunlight, and the photosynthetical capacity of the vines

0,68 - b
0,66 -
0,64 -
0,62 A
0,60 A
0,58 A a
0,56 A
0,54 -
0,52 T T 1

0 60 120
Dose of potassium (g K,Olvine)

Veraison peptide N content (g kg™)

Figure2 - Nitrogen contentsin leaf petiolesat veraison
for the different potassum treatments (mean values of
all nitrogen applications).

Vaueswith different |etters are significantly different (P<0.05,

LSD test)
Contenu de potassum dansles pétiolesdesfeuillesala ver ai-
son pour chacun destraitementsdefertilisation potassique

(moyennedetouslestraitementsd'azote).
Lesvaleurs avec lettres différentes sont significativement différentes
(P<0.05, test LSD).

(WINKLER et al., 1974; SMART and ROBINSON,
1991). However, thelow yield detected in vines recei-
ving higher nitrogen fertilization levelsdoesnot seem to
be due to reduced photosynthesis as aresult of changes
in canopy structure and /or the light microclimate, asno
sgnificant differencesin theleaf areaindiceswere detec-
ted between treatments (values between 0.7 and 1.2,
P=0.17).

Regardless of potassium treatments, the fruits from
thevinesfertilized a the highest nitrogen dose had lower
soluble solids content than the control ones (tablel).
However, thetreatmentsreceiving s multaneoudy 200 g
N and 120 g K20 per plant reached 227 g-Kg'1, avaue
not significantly different from unfertilized controls.
Excessive nitrogen delaysthe sugar accumulaioninthe
grapesduring ripening (SPAYD et al., 1994; KELLER
et al., 1999). Nevertheless, balanced potassium supplies
lessen the adverse effects of excessnitrogen levelsonthe
sugar content inthe must (FREGONI, 1980). Potassium
nutrition stimul ates photosynthetic activity and favorsthe
trand ocation of sugarsto thefruit.

Potassium doses of 60 and 120 g K20 per vine cau-
sed sgnificant reductionsin thetotal acidity of the must
compared with the trestments with no fertilizer applica-
tion (4.09 and 7.08 vs 4.99 g L tartaric acid). Loss of
acidity iscaused by excessvemigration of K* cationsto
the fruit, which produces potassium hitartrate from tar-
taric acid (FREGONI and VERCES], 1995).

TheN and K fertilization treatments did not signifi-
cantly affect pH vaues of the must (means between 3.64
and 3.75) and, therefore, they did not produce changesin
the molecular structures of the anthocyaninsin solution
(LACOBUCCI and SWEENY, 1983, CORMIER et al.,
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Tablelll - ANOVA mean squaresof the CIEL AB coordinates measured in extracts of berry skins,
according to thenitrogen (N) and potassum (K) fertilization treatments.

Significancelevels P<0.05 (*) ; P<0.01 (**).

Carrésmoyensdel'analyse de variance des coordonnées CIEL AB desextraitsde pelliculesderaisin obtenues
pour chacun destraitementsdefertilisation azotée (N) et potassique (K).

Niveaux de signification : P<0.05 (*) ; P<0.01 (**).

Source of L* a* b* C* h*
variation
N 355.44 *# 556.44 ** 57.89 ** 569.47 ** 378.96 **
K 87.86 201.31 * 13.37 ** 188.58 * 157.19 **
N*K 13094 * 180.29 * 4.53 ** 187.52 * 34.64 **
Block 24.96 36.76 0.31 34.56 4.92
Error 42.81 55.92 0.87 56.38 549

1997). So nitrogen and potassium could modify the grape
colour by intervening directly in the synthesis of specific
anthocyanins and/or other phenolsthat can influence
colour by copigmentation (BOULTON, 2001).

Nitrogen and potassium availability for the vineswas
an important factor in phenolic ripening. The fertilizer
applications sgnificantly modified the anthocyanin com-
position of the grape skin at harvest (table I1), aresult
gmilar tothose HILBERT et al. (2003) reported for nitro-
genincv. Merlat. Tablell showshow, apart from the addi-
tive effect of thefertilization trestments, therewasasoa
significant N x K interaction on the polyphenal, total
anthocyanin, del phinidin-3-glucoside, petunidin-3-glu-
coside and cyanidin-3-glucoside contents.

The changes observed in the level and specific com-
position of the anthocyaninsled to significant modifi-
cationsof the chromatic characterigtics of the skin extracts.
Additive and interactive effects of the nitrogen and potas-
sum treatmentswere found for dl the CIELAB coordi-
nates (tablelll).

[- TOTAL POLY PHENOLSAND ANTHOCYANIN
COMPOSITION

A comparison of the meansfor total polyphenolsin
skinshighlightstheeffect of N x K interaction (figure 3A).
With averagelevelsof potassum fertilization, theincrease
of nitrogen dose caused asignificant decrease (P<0.05)
inthe content of total polyphenals, whereaswhen potas-
sium supply were high, the treatments with maximum
nitrogen dose resulted in higher concentrations of these
compounds. Excessive nitrogen supply can reduce the
synthesis of polyphenolsin the berry skin (KLIEWER,
1977; SPAYD et al., 1994). High nitrogen availability for
the vines affects the metabolic pathways of athocyanins
indifferent points, and enhancesthe degradation of poly-
phenols during the final steps of berry ripening (HIL-
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BERT et al., 2003). Adequate potassium nutrition could
compensate the adverse effects of nitrogen excessbecause
it stimulates the trand ocation of sugarsto the fruit (see
resultsdiscussed above). Thisindirectly benefitsthe syn-
thesis of phenolic components during ripening, which
isclosely related to the presence of carbohydratesin the
grape (PIRIE and MULLINS, 1977, MOHAMMED et
al., 1993).

TheN:K ratiointhelesf bladesa bloom ranged from
3.1t05.1. For the skinswith the highest concentrations
of polyphenoals, the N:K ratioswere 3.6-4.3, much higher
than those considered by Fregoni (1985) asoptima (1.90-
240).

Theeffect of N x K interaction ontotal anthocyanins
detected in ANOVA (table 1) produced a mean separa:
tion similar to total polyphenols. With null or medium
levelsof potassium fertilization, theincrease of nitrogen
doses tended to decrease the content of total anthocya-
ninsin the skin (figure 3B), whereaswhen potassum sup-
ply were high, the concentrations for treatments with
maximum nitrogen dose were not different than controls.
Regardless of potassium treatments, the intermediate
nitrogen dosewas associated with produced higher antho-
cyanins content (600 mg L-1) compared to standard extra-
cts (532 mg L1, P<0.05). KELLER and HRAZDINA
(1998) have observed that moderate nitrogen levelsfavour
theformation of flavonoidsin grapes. Onthe other hand,
adequate nitrogen levels stimulate the activity of phe-
nylaanine ammonialyase (PAL), whichisinvolvedin
anthocyanin synthesis (KATAOKA et al., 1983).

When the principal effects of the trestments on the
anthocyanin composition of the skins were analysed
(tablelV), doses over 50 g N/vinewere observed to cause
decreases of up to 50 % and 38 % (compared with the
controls) inthelevels of monoglucosides of delphinidin
and petunidin respectively. No effect of the nitrogen fer-
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Table!V - Mean concentration (mg-L-1) of anthocyanins, malvidin 3-glucoside (Mv-3-gl); delphinidin 3-gluco-
sde (Dp-3-gl); petunidin 3-glucoside (Pt-3-gl); peonidin 3-glucoside (Pn-3-gl ) and cyanidin 3-glucoside (Cy-3-
gl), in berry skins, according to the nitrogen (average of all potassum doses) and potassum (aver age of all
nitrogen doses) fertilization treatments.

Vaueswith different lettersin the same column are significantly different (P<0.05, LSD test).

Concentration moyenne (mg-L 1) desanthocyanes, malvidine-3-glucoside (Mv-3-gl) ; delphinidine 3-glucoside (Dp-3-gl);
pétunidine 3-glucoside (Pt-3-gl); paeonidine 3-glucoside (Pn-3-gl) and cyanidine-3-glucoside (Cy-3-gl),
danslespdliculesdesbaies pour chacun destraitementsdefertilisation azotée (moyenne destraitementsde potassum)
et potassique (moyenne destraitementsd' azote).

Lesvdeurs suivies delettres différentes danslaméme colonne sont significativement différentes (P< 0.05, test LSD).

Treatments Mv-3-gl Dp-3-gl Pt-3-gl Pn-3-gl Cy-3-gl

Nitrogen

(g N per vine)
0 21675 A 56.03 a 5036 a 20.08 a 941 a
50 18296 A 37.67 b 36.57 b 18.00 a 875 a
200 20796 A 39.88 b 3340 ¢ 18.09 a 838 a

Potassium

(g K0 per vine)
0 23026 A 55.56 a 48.64 a 2351 a 999 a
60 19697 A 49.03 a 4484 a 18.07 b 8.58 a
120 180.37 A 38.99 b 36.84 b 17.09 b 8.37 a

tilization was detected on the malvidin-3-glucosi de content
of the skin, which accordswith the observationsof HIL-
BERT et al. (2003). However, other authors report that
nitrogen availability does have a definite impact on the
levels of thesemonoglucosidesin grapes (KELLER and
HRAZDINA, 1998; KELLER et al., 1999).

Applying potassium did not modify the concentra-
tion of thetotal anthocyanins concentration in the skins
(tableIl), which agreeswith MORRIS et al. (1980) for
cv. Concord; but it did modify its specific composition.
At maximum dose, potassium significantly reduced the
peonidin monoglucoside contents compared with the
untreated control (table V). On the other hand, the effect
of potassium doses over monoglucosides of delphinidin
and petunidin was dependent of nitrogen doses (N x K
interaction showed intable11). With no nitrogen addition
or with the intermediate dose, the application of 120 g
K20/ineto thevineyard led to significant reductions
in the content of both monoglucosides compared with the
rest of thetreatments (figure 4A and 4B). When the high
potassium doseswere ba anced with asufficient nitrogen
supply, these reductions were not detected.

[ - CHROMATIC FEATURES OF GRAPES

Astable V shows, the average nitrogen dose (50 g
N/vine) produced amgjor increasein thehue (h*) andin
the yellow component (b*) of the colour of the extracts
in relation to the reference values, but did not modify
colour density. The moderate supply of nitrogen to the
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vineyard may have caused ahigher level of ederification
of the sugars of the anthocyanin molecules, mainly del-
phinidin and petunidin, with acids such as acetic or p-
coumaric (ABRIL and CASP, 1999), thusincreesing the
total anthocyanin content of the grape skins. Thishigher
degree of esterification may havein turn preconditioned
the anthocyaninsto establish intramolecular hydropho-
bicinteractions; thiswould have produced ahypsochro-
mic shift in the absorption spectrum of the extracts
correponding to the 50 g N/vine doses compared to those
obtained from the untreated plants, and shifted the maxi-
mum toward the yellow area (Amax = 522 vSAmax = 525,
P<0.01). It agreeswith what MINIATTI et al. (1992)

report.

Regardiessof theleve of potassum fertilization, the
application of 200 g N/vine significantly increased the
chromaticity and the red and blue shades of the extracts
with respect to the control, aswell as decreased their lumi-
nosity and hue (table V). The high nitrogen uptake may
have predisposed the monoglucosides -especidly of del-
phinidin and petunidin- to form more copigmentation
complexes, causing a hyperchromic and bathochromic
effect inthe absorption spectraof theextractsinrelation
to those of untreated vines (Amax = 526 VS. Amax = 525,
P<0.01), which accordswith SOMERS (1986). Thismay
have contributed to the decreased anthocyanin content
of the skins (table 1), assuming that the vines treated
with 200 g N/vine had enough cofactorsin the skinsto
form copigmentation complexes (BOULTON, 2001).

J. Int. &ci. Vigne Vin, 2006, 40, n°3, 141-150
©Vigne et Vin Publications | nternational es (Bordeaux, France)



Rubén DELGADO et d.

TableV - Additive effect of the nitrogen fertilization treatments
on CIELAB coordinatesmeasured in extracts of berry skins.
Vdueswith different lettersin the same column are significantly different (P<0.05, LSD test).
Effet additif destraitementsdefertilisation azotée sur les coordonnées CIEL AB desextraitsdepdliculesderaisin.
Lesvdeurssuivies delettres différentes dansla méme colonne sont significativement différentes (P< 0.05, test LSD).

Dose of nitrogen

* # # # #
(g N per vine) L a b ¢ H
0 77,39 a 24,84 a -0,87 a 2492 a -0,26 a
50 81,97 a 18,56 a 1,68 b 28,70 a 6,45 b
200 71,14 b 32,17 b -2,69 ¢ 3245b -4,77 ¢
:1200 900- )
i a 800 1
S 1000 2 =
£ X b b o 700
»n a £ a a
% goo{ @b ] b < 6001 a a
€ 600 b @ a 3. 5001 a
E_‘ 5400- aa
T 400 & 300
(=] ©
- 200 8 200
1001
0 ¥ 0
0 60 120 o 60 120

Dose of potasium (g K,0/vine)

Dose of potassium (g K,0/vine)

Figure 3 - Combined effects of nitrogen and potassium fertilization treatments
on total polyphenol content (A) and total anthocyanin content (B) measured in extractsfrom berry skins.
Vaueswith different letters are Significantly different (P<0.05, LSD test).
Effetscombinésdestraitementsdefertilisation azotée et potassique

sur lesteneursen polyphénals (A) et en anthocyanes (B) desextraitsdes pelliculesderaisin.
Lesvaleurssuivies de | ettres différentes sont significativement différentes (P< 0.05, test LSD).

When the chromatic features of the grape skin were
andysed exclusively in relation to the treatments with
potassium fertilizer, an increase was observed (P<0.01)
intheydlow shade of the extractsfrom vinestreated with
120 g K20 (b* = 1.54) compared with the unfertilized
ones (b* =0.56). Furthermore, ahypsochromic effect was
recorded in the absorption spectraof the skin extracts of
vinestreated with 120 g K2O/vinein relation to those
untreated (Amax = 524 vs. Amax = 525, P<0.01). Thesefin-
dings support the hypothesis that the highest potassium
dose too might have favoured -though to alesser extent
than theintermediate nitrogen dose- the formation of acy-
lated derivatives of the anthocyanins, aswell astheir
hydrophobic molecular interactionsin the grape skin,
especidly those of delphinidin-3-glucoside, petunidin-3-
glucoside and peonidin-3-glucoside. It would beinteres-
ting to contrast this hypothesisin further sudies.

Figure4illugtratestheinfluenceof N x K interaction
on the chromatic characteristics of the grape skins
(table I11). With no nitrogen addition or with the inter-
mediate dose, the gpplication of 120 g K20/vineto the
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vineyard tended to reduce the colour intengity inthe extra-
cts (remarkable reductionsin the content of monogluco-
Sdesof delphinidin and petunidin), while intensifying
theyelow component. Nevertheless, these effectsdid not
take place when the high potassium doseswere balanced
with asufficient nitrogen supply.

Since the total anthocyanin content was not atered
by adding potassum, the high availability of the element,
in the absence of enough nitrogen, might be thought to
have exerted somekind of action that would promotethe
inter/intramolecul ar association of anthocyaninsin the
grape skins. Conversaly, when ahigh level of nitrogen
was availableto the vines, thetendency of the potassum
to induce inter/intramol ecular interactions was possibly
neutralised by the greater formation of copigmentation
complexes stimulated by the high nitrogen doses.

CONCLUSIONS

Theresultsof thisstudy show that nitrogen and potas-
sum fertilization can modify thetota polyphenals contert,
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Figure4 - Combined effects of nitrogen and potassum fertilization treatments on delphinidin 3-glucoside content
(A); petunidin 3-glucoside content (B) and CIELAB coordinates(C, D, E and F)
measured in extractsfrom berry skins.

Vaueswith different letters are significantly different (P<0.05, LSD test)

Effetscombinésdestraitementsdefertilisation azotée et potassique sur lescontenusen delphinidine 3-glucoside (A); pétunidine 3-

glucoside (B) et lescoordonnéesCIELAB (C, D, E et F) desextraitsdespelliculesderaisin.
Lesvaeurssuiviesde lettres différentes sont significativement différentes (P< 0.05, test LSD)

anthocyanin composition and the copigmentation of antho-
cyaninsin Tempranillo grapes. Thereisastrong nitrogen
X potassum interaction effect, so optima N:K fertiliza-
tion ratios may enhance the polyphenol synthesisand
improve the chromatic features of grape berries. For the
cultural conditions considered in thiswork, the optimal
N:K ratio in cv Tempranillo blades (at bloom) ranged
from3.6t04.3.

Acknowledgements : The present work was supported by grant n°
VA-52/00A from Consgjeriade Educacion y Culturadela Juntade
Cadtillay Ledn (Spain). Theauthorsare grateful to Grandes Bodegas
S.AA. for ther collaboration to carry out our research.

REFERENCES

ABRIL I.and CASPA., 1999. L oscompuestosfendlicosdd vino.
Alimentacion. Equiposy Tecnologia, 12, 97-103.

BAKKER J., BRIDLE P. and TIMBERLAKE C.F., 1986.
Triestimulus measurements (CIELAB76) of port wine
colour. Vitis, 25, 67-78.

BELL S.J.and ROBSON A., 1999. Effect of nitrogen fertiliza-
tion on growth, canopy density, and yidd of VitisviniferaL.
cv. Cabernet Sauvignon. Am. J. Enal. Vitic., 50 (3), 351-
358.

BOULTON R., 2001. The copigmentation of anthocyaninsand
itsrolein the color of red wine: A critical review. Am. J.
Enoal. Vitic., 52 (2), 67-87.

BRAVDOB. andHEPNER'Y ., 1987. lrrigation management and
fertigation to optimise grape composition and vine perfor-
mance (Review). Acta Horticulturae, 206, 49-67.

BROUILLARD R,, MAZZA G.,SAAD Z., ALBRECHTGARY
AM. and CHEMINAT A., 1989. The copigmentation reac-
tion of anthocyanins. amicroprobefor the structural study
of agueous solutions. J. Am. Chem. Soc., 111, 2604-2610.

CHEYNIERV.,BASREM. and RIGAUD J,, 1989. Mechanism
of trans-caffeoyltartaric acid and catechin oxidation inmodd

J. Int. &ci. Vigne Vin, 2006, 40, n°3, 141-150
©Vigne et Vin Publications | nternational es (Bordeaux, France)



Rubén DELGADO et d.

solutions containing grape polyphenoloxidase. J. Agric.
Food Chem, 37, 1069-1071.

CIE. 1986. Colorimetry (2nd edition). Ed. C.L.E., Viena

CORMIER F., COUTURE R., DO C.B., PHAM T.Q. and
TOUNG V H., 1997. Properties of anthocyaninsfrom grape
cell culture. J. Food i, 62 (2), 246-248.

DELGADOR., MARTIN P.,, DEL ALAMO M. and GONZA-
LEZ M.R., 2004. Changesin the phenolic composition of
grape berries during ripening in relation to vineyard nitro-
gen and potassium fertilization rates. J. Sci. Food Agric.,
84, 623-630.

EUROPEAN COMMISION, 1990. Regulation (EEC) N° 2676/90
of 17 September 1990. Community methodsfor theanaly-
gsof wines, 0001-0192. In Official Journal of the European
Communities L272 (3 October 1990), Ed by European
Commision, Brussels.

FREGONI M., 1980. Nutrizione y fertilizzacione della vite. Ed.
Edagricole, Bologna.

FREGONI M,, 1985. Exigencesdéementsnutritifsen viticulture.
Bull. OIV, 58 (650-651), 416-434.

FREGONI M. and VERCESI A., 1995. Rel ationships between
mineral status of Pinot noir grapevines and must acidity.
Acta Horticulturae, 383, 229-232.

GARCIA-BARCELO J,, 1990. Compuestos fendlicos, 8.3-8.33.
In: Técnicas Analiticas para Vinos. Ed. G.A.B., Moja
Olérdola

GONZALEZ, M.R. and MARTIN, P., 2005. Valores de refe-
renciaparad diagnésticofaliar del vifiedo cv. Tempranillo
enlaRiberadd Duero. Lassmananitivinicola, 3073, 2198
2202.

GONZALEZ-SAN JOSE, M.L. and DIEZ, C., 1992. Rdationship
between anthocyanins and sugars during the ripening of
grape berries. Food Chemistry, 43, 193-197.

HILBERT G., SOYERJP,, MOLOT C., GIRAUDON J, MILIN
S, and GAUDILLERE, JP., 2003. Effect of nitrogen sup-
ply on must quaity and anthocyanin accumulation in ber-
riesof cv. Merlot. Vitis, 42(2), 69-76.

HRAZDINA G., 1986. Glucosylation of flavonoid compoundsin
Hippeastrum. Bull. Liaison Groupe Polyphenols, 13, 27-
32

KATAOKA, I.,KUBO, Y., SUGIURA, A. and TOMANA, T.,
1983. Changesin L-phenylaanineammonia-lyase activity
and anthocyanin synthesis during berry development of
three grape cultivars. J. Japanese Society Hortic. i, 52,
273-279.

KELLER M. and HRAZDINA G., 1998. Interaction of nitrogen
availability during bloom and light intensity during verai-
son. |1, Effects on anthocyanin and phenolic development
during graperipening. Am. J. Enal. itic., 49 (3), 341-349.

KELLER M., POOL R.M. and HENICK-KLING T., 1999.
Excessive nitrogen supply and shoot trimming canimpair
colour development in Pinot noir grapesand wine. Augtral.
J. GrapeWine Res,, 5, 45-55.

KLIEWERW.M., 1977. Influence of temperature, solar radiation
and nitrogen on coloration and composition of Emperor
grapes. Am. J. Enal. Vitic., 28, 96-103.

LACOBUCCI G.A. and SWEENY J.G., 1983. The chemistry
of anthocyanins, anthocyanidinsand rdlated flavylium sdlts.
Tetrahedron, 39, 3005-3038.

MOHAMMED S, SINGH D. and AHLAWAT V.P., 1993.
Growth, yield and quality of grapes as affected by pru-
ning and basd application of potassum. J. Hort. i, 22,
179-182.

MINIATTI E., DAMIANI P. and MAZZA, G., 1992.
Copigmentation and self-association of anthocyaninsin
food models system. Ital. J. Food i, 4, 109-116.

MORRISJR., CAWTHON D.L. and FLEMING JW., 1980.
Effectsof high rates of potassum fertilization on raw pro-
duct quality and changesin pH and acidity during storage
of Concord grapejuice. Am. J. Enal. Vitic., 31 (4), 323-328.

MPELASOKA B.S,, SCHACHTMAN D.P,, TREEBY M.T. and
THOMASM.R., 2003. A review of potassium nutritionin
grapevineswith specia emphasis on berry accumulation.
Augtral. J. Grape Wine Res, 9, 154-158.

OIV, 1996. Résolution VITI 4/95. Diagnodtic foliare: une métode
harmoniseé. Bull OIV, 69, 779-780.

ORTEGA M.D.,RIVASJC., VICENTE JL. and SANTOSC,
1994. Diferenciacion de variedades de uvastintas por su
composicion antocidnica. Revista Espariola de Cienciay
Tecnologia delos Alimentas, 34 (4), 409-426.

PIRIEA.JG. and MULLINSM.G., 1977. Interrelationships of
sugars, anthocyanins, total polyphenols and dry weight in
theskin of grapesberriesduring ripening. Am J. Endl. Vitic.,
31, 34-36.

RIBEREAU-GAYON P. and GLORIESYY ., 1987. Phenalicsin
grapesand wines, 247-256. In: proceedings of Sx Audtralian
WineIndustry Technical Conference. Lee, T. ed. Audrdian
Industrial Publishers. Addlaide.

RODRIGUEZ-LOVELLE B. and GAUDILLERE JP., 2002.
Carbon and nitrogen partitioning in either fruiting or non-
fruiting grapevines. effectsof nitrogen limitation beforeand
after veraison. Augt. J. Grape Wine Res,, 8, 86-94.

SINGLETON V.L. and ROSS, JA., 1965. Colorimetry of total
phenalicswith phosphomolibdic phosphotungstic acid rea
gents. Am. J. Enal. Vitic., 16 (3), 144-158.

SMART, R. and ROBINSON, M., 1991. Sunlight into wine.
Addaide, Audtralia: Winetitles.

SOMERST.C., 1986. Assessment of phenolic componentsin viti-
cultureand enology, 257-260. In: Proceedingsof the Sixth
Audtralian Wine. ed Ind. Tech. Conf. Adelaide.

SPAYD SE., WAMPLERL., EVANSR.G, STEVENSR.G.,,
SEYMOUR B.J. and NAGEL C.W., 1994. Nitrogen ferti-
lization of White Rieding grapesin Washington. Must and
wine composition. Am. J. Enal. Vitic., 45, 34-42.

URBANO P., 2001. Tratado de Fitotecnia general. Ed. Mundi-
Prensa, Madrid.

WENZEL K., DITTRICH H.H. and HEIMFARTH M., 1987. Die
Zusammensetzung der Anthocyane in den Beeren ver-
schiedener Rebsorten. Vitis, 26, 65-78.

WINKLERA.J,COOK JA., KLIEWERW.M.andLIDERL.A.,

1974. General Viticulture. University of California Press,
Berkeley, Cdifornia

Manuscrit regu le 30 novembre 2005 ; accepté pour publication, aprés modifications le 24 juillet 2006

J. Int. ci. Vigne Vin, 2006, 40, n°3, 141-150
©Vigne et Vin Publications I nternational es (Bordeaux, France)



