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The influence of two rootstocks (SO, and 1103P) on grape quality and berry chemical composition was
studied in a factorial experiment, in field grown grapevines of cv. Shiraz (Vitis vinifera L.), subjected to
five irrigation levels [0% (T1), 25% (T2), 50% (T3), 75% (T4) and 100% (T5) of irrigation depth (IW, mm):
Class A pan evaporimeter (CPE)]. Spectrophotometric analyses of total anthocyanins (TA), total
phenolics (TP) and total antioxidant activity (AA) in grape extracts were performed. Also, total soluble
solids (TSS), total acidity, pH, total sugar content, ash, juice yield and color index of red grapes (CIRG)
of berry samples were determined. TA, TP, AA, TSS, total sugar content, ash, and CIRG values
decreased together with increasing irrigation levels. On the contrary, T4 and T5 irrigation treatments
increased total acidity, pH and juice yield of samples compared to the effects of T1, T2 and T3 irrigation
treatments for both rootstocks. Moreover, T1 or T2 treatments caused an increase in TA, TP, AA, TSS,
total sugar content, ash, and CIRG index values of grape samples in comparison to that of vines
irrigated with T3, T4 and T5 levels. Grape quality response to irrigation levels was altered by rootstocks
and quality of grapes harvested from vines grafted on SO, was higher compared to those from 1103P
under all irrigation treatments. Based on the findings, it was suggested that T2 irrigation level might be
sufficient to guarantee Shiraz yield potential without significant loss in grape quality under the study
conditions. Also, the results make it possible to recommend use of SO, rootstock under non-limiting
water conditions because of its positive on grape quality parameters, while 1103P might be better

choice under water-limiting conditions.
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INTRODUCTION

Water is the most important limiting resource for the
vineyards of the South-Eastern Anatolia region of Turkey
where water is supplied mostly by the winter rainfall that
poorly matches the water requirement of vineyards in the
region. Also, this region has the warmest climate in the
country during the growing season and it is dry from early
summer to late fall. Despite these conditions, grape is still
one of the major horticultural crops grown in the region.

*Corresponding author. E-mail: mozden@harran.edu.tr. Tel:
+90 4143440072. Fax: +90 4143440073.

Abbreviations: TA, Total anthocyanins; TP, total phenolics;
AA, total antioxidant activity; TSS, total soluble solids; CIRG,
color index of red grapes.

The total area of vineyards in this region reached 12260
ha in 2006, which is about a quarter of the total grape
production area of Turkey (Ozden and Karipcin, 2007).
Although grapevine (Vitis vinifera L.) is a traditionally
non-irrigated crop grown in a range of natural environ-
ments, grape berry composition and vine development
are highly dependent on vine water status (Jackson and
Lombard, 1993). Thus recently, vineyards have been
irrigated with drip irrigation system in the region. However,
there is a controversy about the positive and negative
impacts of irrigation on grapevine quality. It is commonly
stated that excessive water application induces vegetative
growth that causes lower fruit quality including low color,
sugar content, phenolics and unbalanced acidity of
berries (McCarthy, 1997; Esteban et al., 2001). On the
contrary, low amount of water supplement can improve
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grape quality due to reduction in vigor leading to an
increase in slight interception in the cluster zone (Matthews
and Anderson, 1988; Santos, et al., 2003, 2007; Chaves
et al., 2007). Therefore, a rational use of water in irrigation
in a given environment and cultivar is still unclear.
Rootstock utilization has been significantly increasing
since the 1970s in the world. They vary in root distribution
and affect scion responses in vigor, yield, fruit quality and
other physiological parameters (Paranychianakis et al.,
2004; Koundouras et al., 2008). Although vine response
to irrigation treatments has been extensively investigated,
rootstock effect on the quality components of grape
berries under different irrigation treatments has not been
sufficiently tested. In addition to their effect on yield, root-
stocks also significantly affect fruit quality components
such as total phenolic and anthocyanin content and vine
productivity under different irrigation treatments (Hilal et
al., 2000; Koundouras et al., 2008). The popularity of
grape, as for wine making and fresh consumption, is
getting higher as it is being a significant source of nutritional
antioxidants such as phenolics and anthocyanins (Macheix
et al.,, 1990). According to literature, the antioxidant
activity of wine, fresh grape or grape juice stems from their
phenolic compounds and anthocyanin content (Wang et
al.,, 1997; Wang and Lin, 2000; Orak, 2007). Therefore,
the objective of the study was to investigate the influences
of rootstocks and irrigation treatments on total antho-
cyanins, total phenolics, total antioxidant activity and
grape berry chemical compositions in Shiraz cultivar.

MATERIALS AND METHODS
Plant material and experimental conditions

The field experiment was carried out on an experimental vineyard
of the agricultural research and training station of the agricultural
faculty of Harran University in 2008. Shiraz cultivar grafted on
1103P (Vitis berlandieri x Vitis. rupestris) and SOy (Vitis berlandieri
x Vitis riparia) was used as plant material. Rootstock is defined as
the root system of the grapevine to which is grafted the desired
variety of grapes. Two rootstock genotypes used in this study were
characterized by different reported tolerance to dry conditions.
1103P was qualified as drought tolerant however, SO, was reported as
less adapted to limited water conditions (Winkel and Rambal, 1993;
Koundouras et al., 2008). Planting density of the vineyard, planted
in 2004, was 3.0 x 1.5 m. Vines were trained to bilateral cordon
system and spur pruned with 12 buds per plant. Row orientation
was North-South. The experimental site had a clay soil with high
permeability, pH and active lime content having low organic matter
content. The climate of the region is classified as Mediterranean
type, with hot and extremely dry summers and wet winters, with
average annual rainfall of 400 mm during the autumn and winter
months. July and August are the warmest months with almost no
rainfall.

Irrigation treatment

In this study, five irrigation regimes were used and irrigation was
applied weekly starting from the berry development (June) to
harvest (August). Irrigation water applications were based on the

ratio of irrigation water (IW, irrigation depth, mm), Class a pan
evaporimeter (CPE) located in the vineyard. Irrigation treatments
were 0% (T1), 25% (T2), 50% (T3), 75% (T4) and 100% (T5) of
IW:CPE ratio. The total amounts of water supply for the T1, T2, T3,
T4 and T5 treatments were 0, 218, 436, 654, and 873 mm, respec-
tively. To determine the amount of water supplied for the irrigation
treatments, total irrigated area was accepted as 33% of the
vineyard and daily evaporation value corrected with 33% of the
vineyard. All vines drip-irrigated by means of irrigation lines installed
30 cm above the soil surface, with drippers spaced 50 cm apart and
set to supply water at a constant pressure of 152 kPa with 4.0 L/h.
Amount of irrigation water was checked by flow-water-meter valves.
Except for the irrigation treatments, all the other standard cultural
practices in the vineyard were applied equally to all vines.

Sample preparation

Grape samples were harvested according to Rankine et al. (1962)
at commercially ripe stage. According to Rankine et al. (1962),
representative bunches from each vine were picked and berries
were collected from each bunch in the laboratory. Subsequently,
berries from each sub-sample were used for total soluble solids,
ash, total sugar content, pH, total acidity and color index analyses.
For sample extraction, berries were homogenized in an ice cold
blender after removal of seeds and a 50 g of the homogenate were
macerated in 100 ml of methanol containing 0.1% HCI and set
aside overnight in darkness. Then the extract was filtered over
Whatman No. 1 paper under vacuum and the residue was repeatedly
extracted with the same solvent until it was colorless. A 50 ml
extract was separated for determining anthocyanin content. The
remaining portions were concentrated by a rotary evaporator at
50°C and used for determining total phenolics and antioxidant
activities.

Determination of total anthocyanin content (TA)

TA content in the grape extracts were determined by the pH
differential method described by Giusti and Wrolstad (2001) using a
UV-vis spectrophotometer. Absorbance of the samples in 0.025 M
potassium chloride buffer (pH 1.0) and 0.4 M sodium acetate buffer
(pH 4.5) were measured at 520 and 700 nm using the equation: A=
(A)\sgo -A )\700)pH 10 - (A)\szo -A A700)pH 4.5. With a molar extinction co-
efficient of 28,000. Results were expressed as mg of malvidin-3-O-
glucoside equivalent in per 1000 g fresh fruit (Wrolstad, 1976).

Determination of total phenolic contents (TP)

TP content in the grape extracts were estimated according to the
method of Slinkard and Singleton (1977) with some modifications.
Samples of 0.03 ml were introduced into test tubes, 2.370 ml
distilled water and 0.15 ml Folin-Ciocalteu’s reagent was added and
the tubes were vortexed vigorously. After 8 min, 0.45 ml of saturated
Na,CO; was added to each tube and then each mixture was
vortexed again and allowed to stand for 30 min at room tempe-
rature. Absorbance was measured at 750 nm. Tannic acid was
used as standard. The results were expressed as mg tannic acid
equivalent (mg/kg fresh weight).

Determination of total antioxidant activity (AA)

Free radical scavenging activity of the samples was determined by
1,1-diphenyl-2-picrylhydrazyl (DPPH) assay with minor modifications
as described by Blois (1958). A 0.1 mM solution of DPPH in ethanol
was prepared. A 0.1 ml of various concentrations of the grape
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Figure 1. Total anthocyanins (A) and total phenolics (B)
measured at harvest time in grape extracts from Shiraz
grapevines grafted on SO or 1103P under five irrigation
levels (T1, T2, T3, T4, and T5). Each point represents the
average of the three measurements with + SEM.

extracts diluted in ethanol was added to 2.9 ml of DPPH solution.
The decrease in absorbance at 517 nm was measured after 5 min
of incubation at room temperature. Radical scavenging capacity of
each extract was expressed as percent DPPH radical scavenging
effect using the following equation.

DPPH scavenging effect (%) = [(Ac-As)/Ac x 100]

Where A; is the absorbance of the control in ethanol and As is the
absorbance of the grape sample. ICso, the amount of sample
extracted into 1 ml solution necessary to decrease by 50% the
initial DPPH concentration, was calculated after constructing the
percent inhibition versus extract concentration curve. Assays were
carried out in triplicate.

Analyses of other quality parameters

TSS (Brix), pH, total acidity (g/I tartaric acid) and ash (%) were
determined according to the standard methods of AOAC (1984).
Total sugar content (%) of the samples was analysed by the Lane-
Eynon method (Cemeroglu, 1992). Grape juice yield (cm®kg) was
determined by using a manually operated packaged type press (AC
Hydroulics P40H-40t, Viborg, Denmark). The pressing pressure
was increased from 0 to 3,125 kg/cm2 within 15 min (Yokotsuka,
1990). The color of grape pulp was measured with a colorimeter
(Colour Quest XE, USA) calibrated with white and blank tiles
provided by the manufacturer. The values of L*, a*, b* were
converted to a color index for red grape (CIRG) defined by Carreno
et al. (1995).

Ozden et al. 3803

Statistical analysis

The experiment was arranged as a 2 x 5 factorial design (two
rootstocks and five irrigation levels) with three replications. Each
replication consisted of nine vines in a row (n = 27). Data were
subjected to two-factor (rootstock and irrigation level) analysis of
variance, using SAS (SAS Institute, 1995). Data presented here are
means of three replicates with + SEM. The significance of mean
differences was determined by least significant differences (LSD)
test using general linear model (GLM) procedure at P < 0.05.

RESULTS
Evaluation of TA, TP concentrations, and total
antioxidant activities (AA) of grape samples

TA was affected by rootstocks and irrigation treatments
with decreasing tendency from T1 to T5 (Figure 1A).
When rootstock data were analyzed separately for each
irrigation treatment, SO,-grafted vines had a greater
impact on TA in comparison to 1103P-vines. In addition,
TA was significantly affected by irrigation treatments with
decreasing means from T1 to T3, whereas no significant
differences (p < 0.05) were found among T3, T4 and T5
treatments for any rootstock. Under T1 treatment, TA
reached values up to 1452 mg/kg for SO,-vines and up to
957 mg/kg for 1103P-vines. The TA of T5 treatment
decreased by 51.2% compared to T1 in SO4-vines and by
38.0% in 1103P-vines (p < 0.05). The effects of
rootstocks and irrigation levels on TP content in Shiraz
grapes are given in Figure 1B. Irrigation treatments had a
significant effect on TP values of SO4-grafted vines
(ranged from 2130 to 1255 mg/kg). On this rootstock, TP
of T1 treatment reduced by 15.3% compared to T2
treatment while the decrease was only 9.4% for 1103P-
vines. Although T3, T4 and T5 treatments did not affect
TP value of samples harvesting from 1103P-vines, each
of the irrigation treatments was significantly effective (p <
0.05) on TP for SO4-vines. Under the study conditions,
rootstock effect on TP content, significant differences
between rootstocks were found for all irrigation treat-
ments except for T5 and samples of SO,-vines displayed
significantly higher TP values in comparison to 1103P-
grafted vines. The method of scavenging stable DPPH
radical is a widely used method to evaluate AA of
samples in a short time. In this assay, the DPPH radical
scavenging capacity of different extract volumes (0.1 to
1.0 ml) derived from grape samples in SO, or 1103P-
grafted vines and subjected to five irrigation levels was
measured (Figures 2A - B). Antioxidant capacity of samples
was expressed as DPPH scavenging (%) versus extract
concentrations.

Under five irrigation treatments, the DPPH radical
scavenging capacity of different extract volumes for SO,-
grafted vines was different from each other especially at
0.1, 0.2, and 0.4 ml. Irrigation treatment effect on the
DPPH scavenging capacity of SO,-grafted vines decreased
significantly (p < 0.05) in the following order: T1> T2>
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Figure 2 (A-B). DPPH radical scavenging capacity (%) of
grape extracts at different volumes (0.1-1.0 ml) from Shiraz
grapevines grafted on SO, (A) and 1103P (B) under five
irrigation levels (T1, T2, T3, T4, and T5).

T3> T4> T5 at 0.1, 0.2, and 0.4 ml extract volumes,
respectively. However, under the same irrigation treat-
ments, no significant difference was observed among 0.6,
0.8 and 1.0 ml samples for the inhibition percentage of
DDPH (Figure 2A). Antioxidant capacity of grape samples
in 1103P-grafted vines showed very similar variation
pattern for the inhibition percentage of DDPH at the same
concentrations (Figure 2B). However, the amount of fruit
juice required to scavenge 50% of DPPH (ICs, values of
samples harvested from SO,-vines) was significantly
lower compared to 1103P-vines. The highest ICsy values
(ranging from 0.2853 to 0.4197 mg/ml) were obtained
from vines on 1103P, whereas the lowest ICs, values
(ranging 0.2033 to 0.3268 mg/ml) were measured in
sample from SO,-vines. Especially grape extracts from
T1 treated vines grafted on SO4 or 1103P showed the
lowest ICs, values, 0.2033 and 0.2853 mg/ml, respectively
(Figure 3). I1Cs values decreased in the following order of
irrigation treatments T1> T2> T3> T4> T5 and rootstocks
S0,>1103P. ICsq values were significantly affected by
irrigation levels and rootstocks. SO, was much more
sensitive decreasing in the ICs value in comparison to
1103P. Lower ICs, value, indicating higher antioxidant
capacity, was observed in samples obtained from SO,-
grafted vines as found with the inhibition percentage of
DPPH as well.
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Figure 3. ICsp (mg/ml) of grape extracts from Shiraz
grapevines grafted on SO4 or 1103P under five irrigation
levels (T1, T2, T3, T4, and T5). Each point represents the
average of the three measurements with + SEM.

Assessment of quality parameters

Influences of rootstocks and irrigation levels on TSS,
color index, total sugar content and ash of samples are
shown in Figures 4A - D. T1 grapes had higher TSS
(25.5; 24.0 brix) than T2 and other irrigated vines in SO,
or 1103P, respectively. Moreover, vines irrigated with T2
showed slightly higher TSS than the TSS value of T3, T4
and T5 (Figure 4A). However, the samples from T3, T4
and T5 treatments had similar TSS values in both
rootstocks, indicating that those irrigation levels did not
significantly delay ripening. At the time of harvest, signifi-
cant reduction in color index of grape samples increased
in parallel with increasing level of irrigation water (Figure
4B). Among the irrigation treatments, T1 treated vines
showed the highest color index in both SO, and 1103P
rootstocks in comparison to the other irrigation levels
(Figure 4B). However, vines grafted on SO, exhibited
higher color index compared to 1103P at all irrigation
levels. Total sugar content of berries obtained from SO,
grafted vines subjected to different irrigation treatments
ranged from 23.93 to 21.78%, however, total sugar content
varied from 22.96 to 19.66% in the berries collected from
vines grafted on 1103P rootstocks (Figure 4C). It was
also observed that increasing amount of irrigation water
brought about a sharp decrease in total sugar content of
berries from vines grafted on 1103P in comparison to
vines grafted on SO, (Figure 4C). The evolution of ash
percent in samples from vines grafted on 1103P treated
with T1, T2 and T3 were very similar and the variations
were found in T4 and T5 irrigation treatments. On the
contrary, increasing irrigation levels resulted to a significant
decrease in ash percent of berries collected from vines
grafted on SO, (Figure 4D). There was no detectable
difference between SO, and 1103P rootstocks at T4 and
T5 irrigation levels. Total acidity, pH and grape juice yield
are important parameters for evaluation of grape juice
quality. Their values are illustrated in Figures 5A - C.
While total acidity, pH and grape juice yield of T1 grapes
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Figure 4. Total soluble solids (A), color index (B), total sugar
(C), and ash (D) measured at harvest time in grape extracts
from Shiraz grapevines grafted on SO4 or 1103P under five
irrigation levels (T1, T2, T3, T4, and T5). Each point
represents the average of the three measurements with *
SEM.
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were the lowest levels, the highest values of these
parameters were measured in T5 grape samples in both
rootstocks. The results showed that total acidity of
samples significantly increased starting from T1 to T5 for
both rootstocks (Figure 5A). However, the effect of T2, T3
and T4 on pH level of samples were negligible compared
to T5. Also pH value of samples taken from 1103P-
grafted vines were significantly higher in comparison to
pH value of SO,-grafted vine samples (Figure 5B).
According to the results, higher amount of juice yields
(543, 480 cm3/kg) were obtained with T5 treatment for
both rootstocks, while the lower amount of juice yields
(455, 480 cm3/kg) were measured in T1 treated vines on
SO, and 1103P, respectively. Also, grape juice yield of
vines on 1103P was significantly higher than that of vines
on SO, with for all irrigation treatments tested in this
study (Figure 5C).

DISCUSSION

Irrigation increases photosynthesis, yield and grape quality
depending on the amount of water applied, cultivar,
environmental conditions and other cultural practices
(Escalona et al., 2003; Cifre et al., 2005). The results of
this study showed that increasing irrigation level
decreased TA, TP, AA, TSS, total sugar content, ash and
CIRG index values. However, it is interesting to note that
the same irrigation treatments increased total acidity, pH
and juice yield of berries collected from vines grafted on
SO, or1103P rootstocks. Moreover, T1 or T2 irrigation
treatments caused an increase in TA, TP, AA, TSS, total
sugar content, ash, and CIRG index values of grape
samples compared to that of vines irrigated at T4 or T5.
Similar findings in different grape cultivars were reported
by Chaves et al. (2007) and Santos et al. (2007) that
fruits harvested from non-irrigated and lower-irrigated
vines exhibited higher concentrations of TA and TP than
those presented by fully irrigated vines. The significant
decrease in TA, TP, AA, TSS, total sugar content, ash
and CIRG index values of samples in increasing irrigated
vines on both rootstocks may be attributed to the excess
water flow into the berries which results to dilution of the
sugar content, and also decreases flavor compounds
(phenolics and anthocyanins) in the skin of Shiraz
grapes. On the other hand, low amount of water supply
(T2 or T2 treatments) displayed positive effects on grape
quality by reducing grape juice and thus resulted in an
increase in skin to juice ratio. This could increase the
concentration of total anthocyanins and total phenolics in
Shiraz grapes as indicated in earlier studies conducted
by Medrano et al. (2003) and Chavez et al. (2007). In our
study, quality parameters of Shiraz grapes decreased in
parallel to the increasing amount of applied irrigation
water. The higher amount of irrigation water supply, the
lower TA, TP, AA concentrations was detected in the
berries of Shiraz vines grafted on SO, or 1103P. These
results showed that although higher amount of water
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Figure 5. Total acidity (A), pH (B), and juice yield (C)
measured at harvest time in grape extracts from Shiraz
grapevines grafted on SO4 or 1103P under five irrigation
levels (T1, T2, T3, T4 and T5). Each point represents the
average of the three measurements with + SEM.

supply had a positive effect on fruit juice yield, it had a
negative effect on quality, due to color loss and low sugar
content. Similar findings regarding higher amount of water
application were observed in different grape cultivars as
well (Calo et al., 1997; Esteban et al., 1999, 2001). On
the contrary, limited water supply positively affected

quality of grape juice by increasing fruit color, soluble
solids, total sugar content and pH as reported earlier
studies. For the DPPH assay, the lower the ICs, value is,
the better the radicals’ scavenging capacity, particularly
proxy radicals which are the propagators of the auto-
oxidation of lipid molecules and thereby break the free
radical chain reaction (Frankel, 1991). Based on our
findings, the bleaching of DPPH solution increased
regularly with increasing amount of fruit extract in a given
volume of solution. Also, strong relationship was observed
between TA, TP concentrations and ICs, values. The
bleaching action of the samples was attributed to the
presence of phenolic compounds in the grape extracts.
Lower ICs, values were obtained from T1, T2 and T3
vines with the higher TA, and TP concentrations compared
to the other irrigation treatments. Our findings are
supported by Orak (2007) who presented the relationship
between TA, TP concentrations and AA capacity of
grapes. It was determined that grape cultivars with higher
TA and TP contents had higher AA capacity. According to
the data obtained, both SO, and 1103P rootstocks were
found significantly effective on quality components and
chemical compositions of berries under the same irrigation
levels. However, these effects were altered by the
amount of water applied, in terms of quality and berry
components. Under the same irrigation treatments, TA,
TP, AA, TSS, total sugar content, ash and CIRG index
values of samples obtained from vines grafted on SO,
were higher than those from 1103P. However, total
acidity, pH and fruit juice yield of grape samples harvested
from vines on 1103P was higher, compared to vines on
S0O,. Based on the literature, the difference observed in
rootstock effects on quality components and berry chemical
compositions under the irrigation treatments could be
explained with a high vegetative growth of vines on
1103P compared to SO, rootstock. It was reported that
rootstocks affected characteristics of grapevine variety
including amount of yield, yield quality, canopy growth
and drought resistance. 1103P rootstock genotype is well
adapted to warm regions and more resistant to drought
conditions compared to SO,. On the contrary, SO,
rootstock genotype is more vigorous than 1103P under
non-limiting water conditions. Rootstock impact on berry
quality parameters could be caused by difference in their
root structure and consequential difference in their water
use efficiency. Because vine canopy is in balance with its
root system, bigger canopies are associated with larger
root system (Southey and Jooste, 1992). Also it is com-
monly known that 1103P has a dipper and larger root
system compared to SO, rootstock genotype. In this
context, higher vegetative growth of vines grafted on
1103P compared to SO, grapevine rootstock was
associated with a larger root system (Swanepoel and
Southey, 1989; Koundouras et al., 2008). Moreover, SO,
was reported to have low biomass, shallow rooting and
higher water flow resistance compared to 1103P (Herralde
et al., 2006). Therefore, the results make it possible to



use SO, rootstock under non-limiting water conditions
because of its quality effect, while 1103P might be a
better choice under water-limiting conditions.

Conclusion

Based on the results, it may be concluded that rootstocks
and irrigation levels play direct role on grape quality in
terms of TA, TP, AA concentration and berry chemical
composition of Shiraz grapes. Moreover, T2 irrigation
level for the both rootstocks might be sufficient to
guarantee Shiraz yield potential without significant loss in
grape quality under the study conditions. When aiming to
achieve the quality standards for premium wines, the
data of this study, may be great relevance in evaluating
rootstocks for dry and non-limiting water conditions.
Therefore, the results make it possible to recommend
SO, rootstock under non-limiting water conditions, while
1103P might be a better choice under water-limiting
conditions. Finally, the results implied that the choice of
the appropriate rootstock might be crucial to improve
grape quality and berry composition under limited water
resource conditions.

REFERENCES

Association of Official Analytical Chemists (1984). Official methods of
analysis. Association of official analytical chemists (AOAC), 14th. ed.,
Whashington, DC, USA.

Blois MS (1958). Antioxidant determinations by the use of a stable free
radical. Nature, 181: 1199-1200.

Calo A, Tomasi D, Crespan M, Costacurta A (1997). Relationship
between environmental factors and the dynamics of growth and
composition of the grapevine. Acta. Hortic. 427: 217-232.

Carreno J, Martinez A, Almela L, Fernandez-Lopez, JA (1995).
Proposal of an index for the objective evaluation of the color of red
table grapes. Food Res. Int. 28: 373-377.

Cemeroglu B (1992). Meyve ve sebze isleme endistrisinde temel analiz
metodlar. Biltav yayinlari, Ankara.

Chaves MM, Santos TP, Souza CR, Ortuno MF, Rodrigues ML, Lopes
CM, Maroco JP, Pereira JS (2007). Deficit irrigation in grapevine
improves water-use efficiency while controlling vigour and production
quality. Ann. Appl. Biol. 150: 237-252.

Cifre J, Bota J, Escalona JM, Merano H, Flexas J (2005). Physiology
tools for irrigation scheduling in grapevine (Vitis vinifera L.) An open
gate to improve water-use efficiency. Agric. Ecosyst. Environ. 106:
159-170.

De Herralde F, del Mar Alsina M, Aranda X, Save R, Biel C (2006).
Effects of rootstock and irrigation regime on hydraulic architecture of
Vitis vinifera L. cv. Tempranillo. J. Int. Sci. Vigne Vin. 40: 133-139.

Escalona JM, Flexas J, Bota J, Medrano H (2003). From leaf
photosynthesis to grape yield: Influence of soil water availability. Vitis,
42(2): 57-64.

Esteban MA, Villanueva MJ, Lissarrague JR (1999). Effect of irrigation
on changes in berry composition during maturation. Sugars, organic
acids, and mineral elements. Am. J. Enol. Vitic, 50: 418-434.

Esteban MA, Villanueva MJ, Lissarrague JR (2001). Effect of irrigation
on changes in the anthocyanin composition of the skin of cv
Tempranillo (Vitis vinifera L.) grape berries during ripening. J. Sci.
Food. Agric. 81: 409-420.

Frankel EN (1991). Recent advances in lipid oxidation. J. Sci. Food.
Agric. 54: 495-511.

Ozden et al. 3807

Giusti MM, Wrolstad RE (2001). Characterization and measurement of
anthocyanins by UV-visible spectroscopy. In: Current protocols in
food analytical chemistry, Wrolstad RE (Eds.), John Wiley & Sons:
New York.

Hilal 1A, Collesano G, Williams LE (2000). The effect of rootstock and
applied water on vine water status and gas exchange of Cabernet
Sauvignon. Acta Hortic. (ISHS). 526: 163-168.

Jackson D, Lombard P (1993). Environmental and management
practices affecting grape composition and wine quality. A review. Am.
J. Enol. Vitic. 44: 409-430.

Koundouras S, Tsialtas IT, Zioziou E, Nikolaou N (2008). Rootstock
effects on the adaptive strategies of grapevine (Vitis vinifera L. cv.
Cabernet-Sauvignon) under contrasting water status: Leaf
physiological and structural responses. Agric. Ecosyst. Environ. 128:
86-96.

Macheix JJ, Fleuriet A, Billot J (1990). Fruit Phenolics. p. 357. CRC
Press Inc., Boca Raton, FL, USA.

Matthews MA, Anderson MM (1988). Fruit ripening in Vitis vinifera L.:
Responses to seasonal water deficits. Am. J. Enol. Vitic. 39(4): 313-
320.

McCarthy MG (1997). The effect of transient water deficit on berry
development of Shiraz (Vitis vinifera L.). Aust. J. Grape Wine Res. 3:
102-108.

Medrano H, Escalona JM, Cifre J, Bota J, Flexas J (2003). A ten-year
study on the physiology of two Spanish grapevine cultivars under
field conditions: effects of water availability from leaf photosynthesis
to grape yield and quality. Funct. Plant Biol. 30: 607-619.

Orak HH (2007). Total antioxidant activities, phenolics, anthocyanins,
polyphenoloxidase activities of selected red grape cultivar and their
correlations. Sci. Hortic. 111: 235-241.

Ozden M, Karipgin MZ (2007). Present state and production dimensions
of GAP (Southeastern Anotalian Project) viticulture. V. GAP
Agricultural Conference 2007, Sanliurfa, Turkey, 17-19 October, pp.
478-485.

Paranychianakis, NV, Aggelides S, Angelakis AN (2004). Influence of
rootstock, irrigation level and recycled water on growth and yield of
Soultanina grapevines. Agric. Water Manage. 69: 13-27.

Rankine BC, Cellier KM, and Boehm EW (1962). Studies on grape
variability and field sampling. Am. J. Enol. Vitic. 13(2): 58-72.

Santos TP, Lopes CM, Rodrigues ML, Souza CR, Maroco JP, Pereira
JS, Silva JR, Chaves MM (2003). Partial rootzone drying: effects on
growth, and fruit quality of field-grown grapevines (Vitis vinifera L.).
Funct. Plant Biol. 30: 663-671.

Santos TP, Lopes CM, Rodrigues ML, Souza CR, Silva JR, Maroco JP,
Pereira JS, Chaves MM (2007). Effects of deficit irrigation strategies
on cluster microclimate for improving fruit composition of Moscatel
field-grown grapevines. Sci. Hortic. 112: 321-330.

SAS (1995). SAS/STAT user’s guide. Version 6.12. SAS Institute, Cary,
North Carolina.

Slinkard K, Singleton VL (1977). Total phenol analysis: Automation and
comparison with manual methods. Am. J. Enol. Vitic. 28: 49-55.

Southey JM, Jooste JH (1992). Physiological responses of Vitis vinifera
L. (cv. Cheninblanc) grafted onto different rootstocks on a relatively
saline soil. S. Afr. J. Enol. Vitic. 13: 10-12.

Swanepoel J, Southey JM (1989). The influence of rootstock on the
rooting pattern of grapevines. S. Afr. J. Enol. Vitic. 10: 23-28.

Wang H, Cao G, Prior R (1997). Oxygen radical absorbing capacity of
anthocyanins. J. Agric. Food Chem. 45: 304-309.

Wang SY, Lin S (2000). Antioxidant activity in fruits and leaves of
blackberry, raspberry and strawberry varies with cultivar and
development stage. J. Agric. Food Chem. 48: 140-146.

Winkel T, Rambal S (1993). Influence of water stress in grapevines
growing in fields: from leaf to whole plant level. Aust. J. Plant Physiol.
20: 11-18.

Wrolstad RE (1976). Color and pigment analyses in fruit products. In:
Agricultural Station Bulletin 624, Oregon State University.

Yokotsuka K (1990). Effect of press design and pressing pressures on
grape juice components. J. Ferment. Bioeng. 70: 15-21.



