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Abstract: Recent climate changes have caused the rising of average growing season temperatures 

leading to the advancement of vine phenological stages and to earlier harvests. This could result 

in the production of grapes with advanced berry sugar accumulation, but incomplete phenolic 

ripeness, thereby jeopardizing wine quality. This study aims to evaluate the effects of the applica-

tion of a new product consisting of yeast derivatives on the phenolic maturity and composition of 

Agiorgitiko grapes and wines, under contrasting water conditions. The experiment was arranged 

as a 2×2 factorial design in a commercial vineyard situated in southern Greece, combining foliar 

spraying with LalVigne® Mature (two applications after veraison and an untreated control) and 

water conditions (deficit irrigation and nonirrigated). Irrigation accelerated berry sugar accumula-

tion, increased berry weight and anthocyanin content, and decreased skin tannin concentration. 

Spraying with yeast derivatives did not affect phenolic content of berry components, and it had 

no effect on must attributes. Foliar application of yeast derivatives resulted in a higher phenolic 

potential of the produced wines, only when combined with irrigation.

Keywords: foliar spray, deficit irrigation, phenolic maturity, anthocyanins, tannins

Introduction
According to the International Panel on Climate Change Report, in each of the last 

3 decades the atmosphere has been warmer than in the preceding one.1 Jones et al 

reported that in a 49-year period (1950–1999), growing season average temperatures 

have increased in the world’s high-quality wine producing regions by 1.26°C, and predict 

that temperatures will increase within the 2000–2049 period by an average of 0.42°C per 

decade and 2.04°C overall.2 Global warming could push warm vine growing regions, 

such as Greece, pass the point where they can produce balanced and suitable fruit for 

winemaking, at least for certain varieties.3 Studies have shown that climate change causes 

an advancement in grapevine phenology with a shortened time between stages and an 

earlier harvest date.4–6 In the recent decades, harvests tend to occur sooner, berry sugar 

content tends to be higher6 with a consequent higher alcohol content of the produced 

wine, whereas phenolic and aromatic maturity are not always achieved.7 Lack of optimal 

phenolic maturity of grapes can lead to the production of wines with astringent tannins2 

and have negative effects on wine color, flavor, texture, and overall quality.7

Irrigation is a common viticultural practice aiming to optimize vine performance 

under semiarid conditions, most importantly in regions like Greece, where temperature 

and precipitation patterns are predicted to change, increasing the frequency of drought 
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incidents.2 In Nemea area, situated in Southern Greece, water 

shortage is the main environmental constraint for wine grape 

growing,8 as grapevines are often exposed to high water 

deficit during summer and most of the vineyards are dry-

farmed, as irrigation of grapevines is still prohibited in Greek 

Protected Designation of Origin wine producing areas. Inter-

estingly, moderate water deficit is reported to positively affect 

grape flavonoid biosynthesis, increasing the concentration 

of anthocyanins9,10 and particularly malvidin levels.11 Basile 

et al suggested that the concentration of anthocyanins and 

polyphenols was increased in Cabernet Sauvignon when the 

vines experienced a mild water deficit between fruit set and 

veraison, and a moderate-to-severe water deficit during the 

post-veraison period.12 However, under semiarid conditions, 

highly water-stressed vines can also produce poor quality 

grapes with lower color and phenolic content.13

A new foliar spray with the commercial name LalVigne® 

Mature (Lallemand Inc., ON, Canada) was developed recently, 

consisting of 100% natural, inactivated wine yeast (Saccharo-

myces cerevisiae) derivatives with the aim to improve phenolic 

compound maturity in grapes. The expected changes in the 

phenolic content of treated berries could also be explained by a 

vine-pathogen interaction, as yeasts are recognized as pathogens 

and activate plant defense mechanisms,14 thereby enhancing 

secondary metabolism in the ripening fruit.15

Vitis vinifera L. cv. Agiorgitiko is a red grape variety 

cultivated in the Nemea region of Greece, where it is used 

to produce Denomination of Origin wines, and it is the most 

widely cultivated indigenous variety for production of red 

wines in Greece. The aim of this research was to evaluate the 

combined effect of foliar application of LalVigne® Mature 

and irrigation on the phenolic maturity of Agiorgitiko grapes. 

The outcomes of such research would be of practical interest 

to winegrowers and winemakers alike for better manage-

ment of the phenolic maturation of Agiorgitiko grapes, and 

optimization of the sensory attributes of the produced wines.

Materials and methods
Experimental conditions 
The experiment was conducted in 2013 in a 10-year-old 

commercial vineyard in Leontio sub-region of Nemea (North-

Eastern Peloponnese, Greece), at an altitude of 300 m above 

sea level. Vineyard soil texture (w/w) was 30% sand, 25% 

silt, and 45% clay. The vineyard was planted with V. vinifera 

L. cv. Agiorgitiko grafted onto 1103 Paulsen rootstock. Vine 

spacing was 1 m and row spacing was 2.5 m, and the vines 

were trained to a bilateral cordon consisting of four spurs per 

cordon, pruned to two buds.

A trial site of three blocks was established, each block 

consisting of three buffer and two treatment rows. In each 

block, foliar sprays with LalVigne® Mature and deficit irri-

gation were applied according to a factorial experimental 

design, thus producing four treatments: control (C, non-

irrigated, non-sprayed), deficit irrigated (IR, non-sprayed), 

foliar sprayed (SP) LalVigne® Mature (nonirrigated), and 

combined deficit irrigated and foliar sprayed (IR/SP). The 

application of LalVigne® Mature consisted of two foliar 

sprayings on the whole canopy, with a dosage of 1 kg/ha of 

the product diluted in water, one on July 27, 2013 (70% of 

veraison) and one on August 1, 2013. Irrigation was applied 

by a drip irrigation system with two applications on same 

dates with a total of 70 mm of water. Canopy management 

was the same for all treatments and included shoot tucking 

and positioning, and shoot topping to 1.2 m above the bottom 

wire. Harvesting was conducted simultaneously for the four 

treatments on September 15, 2013. On the same day, 750 

berries were sampled from each replicate of each treatment. 

Phenolic content of grapes
In must several analytical parameters (sugar content expressed 

in Baumé degrees (°Be), pH, titratable, acidity) were deter-

mined in accordance with the Compendium of International 

Methods of Analysis of Wines and Musts.16 Fifty berries from 

each treatment were homogenized using Ultra Turrax T25 at 

20,000 rpm for 1 min. Total phenolic compounds and antho-

cyanin content were measured according to Iland et al; 1 g of 

the homogenate (in triplicate) was transferred into a centrifuge 

tube. An amount of 10 mL 50% v/v aqueous ethanol at pH 

2, was then added and mixed for 1 h. After centrifugation at 

4,000 rpm for 10 min, 0.5 mL of the supernatant was added to 

10 mL 1M HC1 and mixed thoroughly. After 3 h, absorbance 

at 700, 520, and 280 nm was recorded.17 

Anthocyanin content, extractable anthocyanins, and 

percentage contribution of extractable seed tannins to total 

berry tannins (seed %) were determined as described by 

Ribéreau-Gayon et al, slightly modified. An amount of 20 g 

of the homogenate was macerated for 4 h with two buffers 

of different pH. The pH of the first buffer was 1 while the pH 

of the second was 3.6. After 4 h, the macerated samples were 

centrifuged (4,000 rpm, 10 min) and then the anthocyanin and 

total phenolic content of the supernatant were measured.18

Seeds and skins of 150 berries were removed by hand 

from the grapes. Then, they were freeze-dried and finally 

ground to obtain fine powder. The extraction of skin and 

seed tannins was carried out according to previously reported 

methods.19 An amount of 3 g of the lyophilized powder was 
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first extracted with 25 mL of acetone/water (80:20, v/v) for 

3 h and then with 25 mL of methanol/water (60:40, v/v) 

for 2.5 h. The centrifuged supernatants were combined and 

evaporated under reduced pressure at 30°C to remove organic 

solvents; the residue was dissolved in water and lyophilized 

to obtain a crude tannin extract. 

Parts of the crude extracts were re-dissolved in a model 

solution (12% ethanol; 5 g/L tartaric acid; pH 3.5 adjusted 

with 1 N NaOH) for the determination of total phenol con-

tent by Folin-Ciocalteu method,20 antioxidant activity21 and 

total tannin estimation was performed with the protein pre-

cipitation assay using bovine serum albumin.22 Absorbance 

measurements were recorded on a Jasco V-530 UV/VIS 

spectrophotometer (Jasco Inc, Easton, MD, USA).

Anthocyanins were extracted with acidified methanol (0.1% 

HCl 12 N) from 1 g of dried skin powder three successive times 

(for 4, 18, and 24 h). After centrifugation, the supernatants 

were combined and analyzed for total anthocyanins.18 High-

performance liquid chromatography (HPLC) analysis was 

carried out for the determination of monomeric anthocyanins 

on a Restek pinnacle II C18 (Restek Corporation, Bellefonte, 

PA, USA), 250×4.6, 5 μm at a flow rate of 1 mL/min, with a 

10 μL injection volume, detection at 520 nm, and the following 

solvent program: 90% eluent A for 1 min, then from 90% to 

50% in 22 min, from 50% to 5% in 10 min, which was kept 

isocratic for a further 2 min. Eluent A was 10% aqueous formic 

acid and eluent B methanol. Identification and quantification of 

anthocyanins was performed by establishing a calibration curve 

for malvidin-3-O-glucoside (Mv) as described in Kallithraka 

et al.23 Results were expressed as μg Mv per g dry skin weight 

(SkW). All analyses were performed in triplicate.

Microvinification
Triplicate fermentations were performed for each treatment, 

one for each field replicate. After crushing and destemming, 

40 mg/L SO
2
 (as potassium metabisulfite) and 3 g/hL Safizym 

Colour (Fermentis, Marcq-en-Baroeul, France) were added 

to the grapes. Lyophilized yeasts of the commercial strain 

UCLM S377 (S. cerevisiae; Fermentis) at 20 g/hL, previously 

hydrated in water (15 min, 38°C) and yeast nutrients  Bioferm® 

Xtrem (Fermentis) at 20 g/hL were also added. Beginning on 

the second day of fermentation, and for the following days, 

two punch down timings per day were conducted.

After 7 days of maceration at controlled temperature 

(23°C–25°C), the wines were pressed and transferred to 

other tanks for malolactic fermentation after inoculating 

with Viniflora® Oenos™ (Oenococcus oeni; Chr. Hansen, 

Hørsholm, Denmark) bacteria. Malolactic fermentation 

was completed at room temperature after 1 week. The wines 

were racked, supplemented with 50 mg/L SO
2
 (as potassium 

metabisulfite), filtered, bottled, and stored at 15±2°C in the 

dark until analyzed.

Analytical wine parameters
In wines, several analytical parameters (alcohol content, 

pH, titratable, acidity, hue, color intensity, total  polyphenol 

index – OD280) were determined after bottling according 

to the Compendium of International Methods of Analysis 

of Wines and Musts.16 In addition, total phenolic content 

by Folin-Ciocalteau method,20 total anthocyanin content, 

ionization index, total tannins,18,22 antioxidant activity,21 and 

monomeric anthocyanins by HPLC23 were also determined. 

All analyses were performed in triplicate. 

Statistical analysis
A two-factor analysis of variance (ANOVA) was used to 

test the main effects and interactions of yeast application 

and irrigation on grape and wine composition, using SPSS 

software (version 20.0; IBM Corporation, Armonk, NY, 

USA). One-way ANOVA was also conducted to explore dif-

ferences among individual treatments. Comparison of means 

was performed using Duncan’s multiple range test at p≤0.05.

Results
Grape growth and must  
composition components
Foliar application of yeast derivatives alone had no effect 

on berry (BW) and seed (SeW) weight, neither on sugar 

content (°Be), titratable acidity (TA) nor pH (Figure 1). Yeast 

application only affected SkW, with higher values for C vines 

as compared to sprayed ones (Table 1). BW and SkW were 

strongly affected by water status, increasing means with 

irrigation; however, irrigation did not affect SeW (Table 1). 

BW was increased by 16.3% and 15.3% in IR and in IR/SP 

respectively (p≤0.05) compared to C, and a similar trend 

was observed for SkW values (Figure 1). Concerning juice 

composition, grapes of irrigated vines presented higher °Be 

and lower TA in the must than nonirrigated ones (Table 1), 

but pH was not affected by irrigation (Table 1 and Figure 1). 

Phenolic content of grapes
In pooled data of irrigation and yeast applications (Table 2), 

total anthocyanin and total phenol levels were affected by 

both irrigation and yeast treatment, but only when results 

were expressed on a per berry basis, with higher levels for 
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irrigated and non-sprayed grapes, respectively. Among the 

four treatments (Figure 2), SP grapes had the lowest total 

anthocyanin and total phenol content per berry (antho-

cyanin content per berry was reduced by ~30% and total 

phenol  content per berry by 35% in SP as compared to C). 

A  significant irrigation × yeast application interaction was 

also observed for total phenols (in absorbance units (au)/

berry); when irrigation regimes where analyzed separately, 

differences between yeast treatments were observed only for 

nonirrigated vines (2.31 au/berry for non-sprayed as com-

pared to 1.50 au/berry for sprayed vines) while no differences 

were observed between yeast treatments for the irrigated 

vines (2.40 and 2.35 au/berry, respectively). 

Concerning individual anthocyanins (Dp, delphinidin-3-O-

glucoside; Cn, cyanidin-3-O-glucoside; Pt, petunidin-3-O-

glucoside; Pn, peonidin-3-O-glucoside; Mv, MvAc, malvidin 

3-O-acetate-glucoside; MvCm, malvidin 3-O-coumarate-

glucoside), there were few differences among treatments in 

the levels of monomeric anthocyanins and their esters in berry 

skins (Figure 3). Pt production was enhanced both by deficit 

irrigation and yeast application (0.07 mg/g of skins for IR, IR/

SP, and SP compared to 0.05 mg/g of skins for C), while Pn was 

higher in SP (0.07 mg/g of skins). As shown in Table 3, neither 

irrigation nor yeast application showed any significant impact 

on individual anthocyanin concentrations in berry skins, with 

the exception of Dp between yeast applications.

Irrigation and yeast application did not exert any significant 

effect on skin and seed phenolic composition (Table 4), with 

the exception of skin tannins in mg catechin/skin g between 

irrigation regimes (higher levels in nonirrigated vines). The 

antioxidant activity of skins and seeds did not differ among 

different treatments (Table 4 and Figure 4). There was also no 

interaction between irrigation and yeast application for any of 

the measured parameters (Table 4).

Wine composition
Similar to grape juice composition, the foliar application of 

yeast derivatives did not affect any of the wine parameters mea-

sured (Table 5); in contrast, irrigation increased wine alcohol 

concentration, pH, and color hue, and decreased the TA, which 

is in agreement with the higher sugar content and the lower 

acidity of the grapes of irrigated vines (Table 1 and Figure 1). 

There was no significant yeast × irrigation  interaction for any 

Figure 1 Grape growth (A) and juice composition (B) components at harvest.
Notes: Different letters within a parameter denote significant differences (Duncan’s 
test p≤0.05). 
Abbreviations: BW, berry weight; C, control; IR, deficit irrigated; IR/SP, combined 
deficit irrigated and foliar sprayed; SP, foliar sprayed; SkW, skin weight; SeW, seed 
weight; °Be, Baumé degrees; TA, titratable acidity.

○Be TA (g/L)

a a
a a a a

a a a

a

b b

C IR IR/SP SP

pH
0.0

BW

A

B

SkW

G
ra

pe
 g

ro
w

th
 c

om
po

ne
nt

s 
(g

)
Ju

ic
e 

co
m

po
si

tio
n 

co
m

po
ne

nt
s

SeW

a a

a a a a

b b

a a

b b

C IR IR/SP SP

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

0.0

2.0

4.0

6.0

8.0

1.0

1.2

1.4

1.6

1.8

2.0

Table 1 Irrigation (I) and yeast application (Y) effects on grape growth components measured at harvest

Factors Treatments BW SkW SeW °Be TA pH

I Nonirrigated 1.57b 0.355b 0.089 12.3b 4.92a 3.63
Irrigated 1.84a 0.462a 0.096 13.3a 4.40b 3.73

Y Non-sprayed 1.72 0.425a 0.093 13.0 4.56 3.70
Sprayed 1.69 0.392b 0.093 12.5 4.76 3.66

I×Y ns ns ns * ns ns

Notes: Statistically significant differences within a factor are indicated by different letters (p≤0.05); *represents significance of the irrigation × yeast application (I×Y) 
interaction at p≤0.05.
Abbreviations: ns, not significant; BW, berry weight; SkW, skin weight; SeW, seed weight; °Be, Baumé degrees; TA, titratable acidity.
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Table 2 Irrigation (I) and yeast application (Y) effects on phenolic potential of grapes

Factors Treatments
Anthocyanins  
(mg/berry)

Anthocyanins  
(mg/berry g)

Total phenols  
(au/berry)

Total phenols  
(au/berry g)

I Nonirrigated 1.25b 0.83 1.87b 1.25
Irrigated 1.63a 0.88 2.38a 1.28

Y Non-sprayed 1.63a 0.91 2.36a 1.32
Sprayed 1.25b 0.80 1.89b 1.20

I×Y ns ns *** ns

Notes: Statistically significant differences within a factor are indicated by different letters (p≤0.05); ***represents significance of the irrigation × yeast application (I×Y) 
interaction at p≤0.001. 
Abbreviations: ns, not significant; au, absorbance units.

Figure 2 Phenolic potential of grapes at harvest.
Notes: Different letters within a parameter denote significant differences (Duncan’s test p≤0.05). 
Abbreviations: au, absorbance units; C, control; IR, deficit irrigated; IR/SP, combined deficit irrigated and foliar sprayed; SP, foliar sprayed.
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Figure 3 Anthocyanin concentration (mg/g skin fresh weight) of Agiorgitiko grape skin at ripeness stage. 
Notes: Different letters within a parameter denote significant differences (Duncan’s test p≤0.05).
Abbreviations: Dp, delphinidin-3-O-glucoside; Cn, cyanidin-3-O-glucoside; Pt, petunidin-3-O-glucoside; Pn, peonidin-3-O-glucoside; Mv, malvidin-3-O-glucoside; MvAc, 
malvidin 3-O-acetate-glucoside; MvCm, malvidin 3-O-coumarate-glucoside; TMA, total monomeric anthocyanins in mg of malvidin-3-O-glucoside/g of skins; TAE, total 
anthocyanin esters in mg of malvidin-3-O-glucoside/g of skins; C, control; IR, deficit irrigated; IR/SP, combined deficit irrigated and foliar sprayed; SP, foliar sprayed.
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of the wine composition parameters;  however, when combined, 

deficit irrigation and yeast application seemed to result in the 

production of wines with higher alcohol concentration (13.8 

for IR/SP) and higher pH (Figure 5). There was no effect of 

either yeast application or irrigation on wine color intensity. 

There were no significant factor effects and interac-

tions for the concentration of the individual anthocyanins 

in the produced wines (Table 6), in accordance with their 

respective results in grape skins. However, when treatments 

were considered separately (Figure 6), the combined deficit 

irrigation and yeast application treatment seemed to result 

in the production of wines with higher levels of MvCm, lead-

ing to higher total monomeric anthocyanin content. On the 

contrary, when applied without irrigation (SP), yeast foliar 

spray showed the lowest anthocyanin concentration of wine 

among the four treatments (Figure 6).

Table 3 Irrigation (I) and yeast application (Y) effects on anthocyanin concentration (mg/g skin fresh weight) of Agiorgitiko grape skin 

at ripeness stage

Factors Treatments Dp Cn Pt Pn Mv MvAc MvCm TMA TAE

I Nonirrigated 0.050 0.035 0.060 0.062 0.631 0.059 0.344 0.838 0.403
Irrigated 0.057 0.034 0.068 0.064 0.736 0.061 0.377 0.959 0.438

Y Non-sprayed 0.049b 0.034 0.061 0.057 0.684 0.059 0.361 0.884 0.420 
Sprayed 0.058a 0.036 0.067 0.069 0.683 0.062 0.360 0.913 0.421 

I×Y  ns ns ns ns ns ns ns ns ns

Note: Statistically significant differences within a factor are indicated by different letters (p≤0.05). 
Abbreviations: ns, not significant; Dp, delphinidin-3-O-glucoside; Cn, cyanidin-3-O-glucoside; Pt, petunidin-3-O-glucoside; Pn, peonidin-3-O-glucoside; Mv, malvidin-3-O-
glucoside; MvAc, malvidin 3-O-acetate-glucoside; MvCm, malvidin 3-O-coumarate-glucoside; TMA, total monomeric anthocyanins in mg of malvidin-3-O-glucoside/g of skins; 
TAE, total anthocyanin esters in mg of malvidin-3-O-glucoside/g of skins.

Table 4 Irrigation (I) and yeast application (Y) effects on phenolic composition of Agiorgitiko grape skin and seeds at harvest

Factors Treatments
Skin Seeds

SkC TSkP SkAA SeC TSeP SeAA

I Nonirrigated 2.21a 11.91 0.04 16.27 53.08 0.13
Irrigated 1.55b 11.04 0.04 17.64 54.75 0.15

Y Non-sprayed 1.86 11.98 0.04 18.90 57.26 0.16
Sprayed 1.90 10.98 0.04 15.01 50.57 0.13

I×Y ns ns ns ns ns ns

Note: Statistically significant differences within a factor are indicated by different letters (p≤0.05). 
Abbreviations: ns, not significant; SkC, skin tannins in mg catechin/skin g; SeC, seed tannins in mg catechin/seed g; TSkP, total skin phenols in g of gallic acid/skin g; TSeP, 
total seed phenols in g of gallic acid/skin g; SkAA, skin antioxidant activity in mM trolox/skin g; SeAA, seed antioxidant activity in mM trolox/skin g.

Figure 4 Phenolic composition of Agiorgitiko grape skin and seed at harvest: skin 
and seed tannins and phenols (A) and skin and seed antioxidant activity (B). 
Notes: Different letters within a parameter denote significant differences (Duncan’s 
test p≤0.05).
Abbreviations: SkC, skin tannins in mg catechin/skin g; TSkP, total skin phenols in g 
of gallic acid/skin g; SeC, seed tannins in mg catechin/seed g; TSeP, total seed phenols 
in g of gallic acid/skin g; SkAA, skin antioxidant activity in mM trolox/skin g; SeAA, seed 
antioxidant activity in mM trolox/skin g; C, control; IR, deficit irrigated; IR/SP, combined 
deficit irrigated and foliar sprayed; SP, foliar sprayed.
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Table 5 Irrigation (I) and yeast application (Y) effects on alcohol 
content, TA, pH, and color properties of the produced wines

Factors Treatments Alcohol 
(% v/v)

TA
(g/L)

pH Color  
intensity

Color  
hue

I Nonirrigated 12.2b 5.4a 3.63b 8.46 0.66b

Irrigated 13.5a 4.9b 3.73a 8.50 0.73a

Y Non-sprayed 12.9 5.1 3.68 8.63 0.70
Sprayed 12.9 5.2 3.68 8.32 0.69

I×Y ns ns ns ns ns

Note: Statistically significant differences within a factor are indicated by different 
letters (p≤0.05).
Abbreviations: ns, not significant; TA, titratable acidity.
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Irrigation and yeast application did not affect the param-

eters of wine phenolic composition (Table 7), with the excep-

tion of a significant irrigation × yeast application interaction 

for antioxidant activity. In fact, differences between yeast 

treatments for AA were observed only in nonirrigated vines 

(10.55 mM trolox /L for non-sprayed as compared to 7.44 

mM trolox/L for sprayed vines), while no differences were 

observed between yeast application treatments under irrigated 

conditions (7.67 and 9.77 mM trolox/L, respectively). How-

ever, when treatments were considered separately (Figure 

7), wines produced from the combined IR/SP treatment had 

higher anthocyanin concentration (288 mg/L) and higher 

total phenol concentration (193 mg of gallic acid/L). There 

were no differences among treatments for C, TT, and OD280.

Discussion 
Irrigation increased BW and SkW, without affecting SeW. 

It is generally reported that berry size is increased by 

 irrigation,24 and according to Roby and Matthews, skin and 

seed mass per berry increase linearly with berry mass.25 

Smaller berries are preferable for winemaking, because 

the skin-to-pulp ratio of small berries is higher than in 

larger ones,26 which is important as most of the important 

chemical compounds for winemaking are extracted from 

the skins. Regarding must composition, irrigation was 

found to accelerate pulp ripening as it was associated with 

higher sugar content and lower acidity of the grape must at 

harvest,27 leading to wines with higher alcohol and lower 

TA. The higher must sugar levels of irrigated vines could 

be associated with an increased leaf assimilation rate and 

sugar translocation into the berries under more favorable 

water conditions.28 

Irrigation increased anthocyanin and total phenol content 

(mg per berry) but had no impact on their concentration (mg/g 

of berry fresh weight). It seems as though the difference in 

anthocyanin content per berry could be the result of higher 

Figure 5 Alcohol content (% v/v), TA (g/L), pH, and color properties of the produced wines.
Notes: Different letters within a parameter denote significant differences (Duncan’s test p≤0.05).
Abbreviations: TA, titratable acidity; C, control; IR, deficit irrigated; IR/SP, combined deficit irrigated and foliar sprayed; SP, foliar sprayed. 
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Table 6 Irrigation (I) and yeast application (Y) effects on anthocyanin concentration of the produced wines

Factors Treatments Dp Cn Pt Pn Mv MvAc MvCm TMA TAE

I Nonirrigated 8.91 7.70 12.14 11.06 141.34 18.92 18.38 181.15 37.30
Irrigated 9.26 7.65 14.60 12.80 205.86 24.91 26.17 250.17 51.08

Y Non-sprayed 8.98 7.63 12.78 11.84 176.40 21.49 20.11 217.62 41.60
 Sprayed 9.19 7.72 13.97 12.01 170.81 22.34 24.44 213.70 46.78
I×Y  ns ns ns ns ns ns ns ns ns

Abbreviations: ns, not significant; Dp, delphinidin-3-O-glucoside; Cn, cyanidin-3-O-glucoside; Pt, petunidin-3-O-glucoside; Pn, peonidin-3-O-glucoside; Mv, malvidin-3-O-
glucoside; MvAc, malvidin 3-O-acetate-glucoside; MvCm, malvidin 3-O-coumarate-glucoside; TMA, total monomeric anthocyanins in mg of malvidin-3-O-glucoside/g of skins; 
TAE, total anthocyanin esters in mg of malvidin-3-O-glucoside/g of skins.
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SkW of the berries of irrigated vines compared to those from 

nonirrigated ones. Various authors reported an increase in 

skin anthocyanin levels under water deficit,29, 30 while others 

have observed little or no effect under different conditions.31 

Water deficit effects on berry phenolic compounds are often 

contrasting, depending on the period of water application 

and the severity of water restriction.32 Irrigation resulted in 

a lower tannin concentration in skins, confirming the results 

of Bucchetti et al,33 but tannin levels of the seeds remained 

unaffected. Wine phenolic composition was also not changed 

by irrigation.

Foliar application of yeast derivatives had no effect 

on BW and SeW, in accordance with other authors who 

investigated this product,34,35 but it decreased skin mass, 

contrary to the findings of previous studies reporting a 

significant increase in berry skin thickness with foliar yeast 

Figure 6 Anthocyanin concentration of the produced wines. 
Notes: Different letters within a parameter denote significant differences (Duncan’s test p≤0.05).
Abbreviations: Dp, delphinidin-3-O-glucoside; Cn, cyanidin-3-O-glucoside; Pt, petunidin-3-O-glucoside; Pn, peonidin-3-O-glucoside; Mv, malvidin-3-O-glucoside; MvAc, 
malvidin 3-O-acetate-glucoside; MvCm, malvidin 3-O-coumarate-glucoside; TMA, total monomeric anthocyanins in mg of malvidin-3-O-glucoside/g of skins; TAE, total 
anthocyanin esters in mg of malvidin-3-O-glucoside/g of skins; C, control; IR, deficit irrigated; IR/SP, combined deficit irrigated and foliar sprayed; SP, foliar sprayed.
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Table 7 Irrigation (I) and yeast application (Y) effects on phenolic composition of the produced wines

Factors Treatments Anth TC TT TP OD280 AA

I Nonirrigated 205 177 2.29 139 49.9 9.00
Irrigated 266 177 2.36 180 52.0 8.73

Y Non-sprayed 245 178 2.14 144 50.1 9.12
Sprayed 226 176 2.51 175 51.7 8.61

I×Y ns ns ns ns ns **

Notes: **Represents significance of the irrigation × yeast application (I×Y) interaction at p≤0.01.
Abbreviations: ns, not significant; Anth, total anthocyanins in mg/L; TC, tannins in mg of catechin/L of wine; TT, total tannins in g/L of wine; TP, total phenols in mg of gallic 
acid/L of wine; OD280, total polyphenol index; AA, antioxidant activity in mM trolox/L of wine.

 applications.36 Application of yeast derivatives had no effect 

on must sugar concentration, pH or TA in accordance with 

Portu et al,34 while Villangò et al reported variable effects of 

yeast derivative spray on grape TA and pH across different 

harvest dates and vintages.36 

Foliar spraying had no effect on total anthocyanin and total 

phenol content per g of BW, in accordance with previous stud-

ies under similar climatic conditions.34 Yeast application had no 

impact on individual anthocyanin composition of berry skins, 

with the exception of Dp, the levels of which were increased 

by yeast application. Portu et al presented similar results, but 

found increased Mv content instead of Dp.34 In contrast, Vil-

langò et al observed, under cooler climate conditions, a posi-

tive or no significant effect of foliar yeast sprays on pigment 

accumulation across different harvest dates and experimental 

years, and they consistently found a higher anthocyanin extract-
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Figure 7 Phenolic composition of the produced wines. 
Notes: Different letters within a parameter denote significant differences (Duncan’s test p≤0.05).
Abbreviations: Anth, total anthocyanins in mg/L; TC, tannins in mg of catechin/L of wine; TT, total tannins in g/L of wine; TP, total phenols in mg of gallic acid/L of wine; 
OD280, total polyphenol index; AA, antioxidant activity in mM trolox/L of wine; C, control; IR, deficit irrigated; IR/SP, combined deficit irrigated and foliar sprayed; SP, foliar 
sprayed.
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ability in sprayed grapes.36 Differences between the latter work 

and our results could be related to the differences in climatic 

conditions and vine water relations between the two regions; it 

is possible that under the semiarid conditions of Greece, water 

conditions had a more marked influence on berry secondary 

metabolism,27 masking the effects of yeast derivative appli-

cation. Moreover, the decreased phenolic content per berry 

under yeast application in the present study, is possibly related 

to the thinner skins of treated berries since anthocyanin and 

total phenol concentrations (mg/g BW) were similar between 

sprayed and non-sprayed vines.34 Yeast application did not 

influence skin and seed tannin concentration, as also reported 

by Portu et al.34 Similarly, Villangò et al found no effect of 

foliar spray on seed maturity.36

Yeast application had no effect on alcohol concentra-

tion, TA or pH of the wines produced. The same result was 

reported by Portu et al in Tempranillo34 and Villangó et al in 

Syrah.36 There was also no impact on color intensity or color 

hue.34 In accordance with the results of grapes, foliar yeast 

spraying had no influence on anthocyanin composition of 

the wines.35 Portu et al reported similar findings34 (with the 

exception of Mv),34 while Villangó et al found no effect of 

yeast derivatives on wine anthocyanin concentration across 

different harvest dates and vintages, with the exception of one 

case per year, where anthocyanin concentration was higher 

in wines produced from treated vines.36 Yeast application did 

not affect wine total phenolics34,36 and tannin concentration.34 

Lissarrague et al showed a significant increase in wine tan-

nins caused by yeast application on Syrah grapes,35 while 

Villangó et al reported contrasting results among harvest 

dates and vintages regarding the concentration of monomeric 

catechins in wines from the foliar spray-treated grapes.36 

However, in this study, wines produced form the combined 

IR/SP treatment had a higher anthocyanin concentration and 

higher total phenols.

Conclusion
In this work we investigated the effect of the application of 

yeast derivatives (LalVigne® Mature) on Agiorgitiko grape 

phenolic maturity and wine phenolic composition. Accord-

ing to our results, the application of yeast derivatives did not 

substantially modify the phenolic maturity of pulp, skins, and 

seeds, while it seemed to promote wine’s phenolic potential 

only when associated with irrigation. Maybe a higher appli-

cation rate or frequency of LalVigne® Mature is required to 

elicit the responses expected for Agiorgitiko grapes, in the 

semiarid climate of Southern Greece. 
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