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Abstract

A field experiment was performed in drip-irrigatedb seedless table grape vineyards
(Vitis vinifera L. cv. Autumn Royal and Crimson)ofn 2007 to 2009 in a semiarid area of
north-eastern Spain to evaluate the effect of pestison regulated deficit irrigation (RDI) on
the grape yield and quality. The same experimdataut was used in both cultivars. Two
RDI treatments were compared with a full irrigatibeatment in both cultivars. The full

irrigation treatment (T1) was irrigated at 100 %tod net irrigation requirements (NIR). The
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RDI treatments (T2 and T3) were irrigated as Tlepkdrom veraison until harvest, which
received 80 % and 60 % of NIR, respectively. Averagter saving in T3 was around 15 %
of the seasonal water applied in the treatment filewhis saving in T2 ranged between 6 to
8 %. Similar grape yields were obtained in theedéht irrigation treatments for the Autumn
Royal cultivar during 2007 and 2009. However in @0e yield of T2 (46.0 kg vif® was
significantly higher than in T3 (34.4 kg vife For the Crimson cultivar, the grape yield of
T3 was significantly lower than T2 in 2007 and 20082009 low grape yields were obtained
in all treatments of the Crimson cultivar and nffedlences were observed between them. The
quality parameters of the berry in both cultivaerenot affected by the irrigation treatments.
Berry cracking in Autumn was high in 2007 rangimgni 14.7 to 21.4 % and very low in
2008 and 2009 ranging from 1.5 to 4.3 %. The radoadf berry cracking was attributed to
the splitting of the irrigation dose in two applices per day, one at midday and the other one
at night. Significant differences between irrigatimeatments were observed in the CIELab
color parameters of the berry skin in the Crimsoltivar. The overall results during the three
study years showed that high grape yields of vengdgyuality can be obtained with moderate
regulated deficit irrigation in the post veraisdmape without affecting grape quality in the
Autumn and Crimson seedless cultivars in the aoddions of the lower Ebro Valley in

north-eastern Spain.

1. Introduction
In 2010 the vineyard surface for table grape pridodan Spain covered an extension

of 16,000 ha, with a total grape production of 280, Mg, whereas the vineyard surface for
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wine production was 980,000 ha with a productios,800,000 Mg (MAAMA, 2011). About
94 % of the table grape production is locatedhim ¢oastal areas of south of Spain. In the
north of Spain, plantation of some commercial varelg have been recently performed, they
are achieving very high yields and with very higlality in some areas such as the lower
Ebro river basin. The high productivity and qualitiythis crop in new irrigated areas in this
region seems to be due to the use of new cultifav@rable climatic conditions and low
incidence of fungus diseases.

Many studies around the world have been perfornmethe effect of deficit irrigation
(DI) on the response of crops. Recent reviewstefdture agree to indicate that DI is a very
useful tool to stabilize yields and increase wateyductivity in areas with water scarcity
(Fereres and Soriano, 2007; Geerts and Raes, R0@:Sanchez et al., 2010). When
irrigation water supply is limited, DI becomes aefus agronomic tool since water
productivity should be the objective rather tham thaximization of the yield per unit of area
(Geerts and Raes, 2009). The term regulated défigation (RDI) is used when the DI is
applied in the drought tolerant phenological stagéshe crop that often are the early
vegetative stages and the late maturation stagesthE last three decades, RDI has been
successfully used in orchards of different fruie@ps such as peaches (Prunus persica)
(Chalmers et al., 1981; Bolamtlal., 2000a,b; Girona et al., 2003; Lopez et al., 3208pricot
(Prunus armeniaca) (Ruiz-Sanchez et al., 2000 zFaEemiento et al., 2010), plums (Prunus
domestica) (Intrigliolo and Castel, 2005), cher(iesunus avium) (Marsal et al., 2010), pears
(Pyrus communis) (Marsal et al., 2002), almondsiiBs amigdalus) (Romes al., 2004;
Goldhamer et al., 2006; Stewart et al., 2011),e0(®@lea europaea) (Iniesta et al., 2009) and
citrus (Citrus sinensis) (Garcia-Tejero et al., @(Rallester et a., 2013).

In wine vineyards, full irrigation is not recommettisince it increases the berry size

and this produces a decrease of the skin pulp vatioh is detrimental for the wine quality
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(Ruiz-Sanchez et al., 2010). RDI techniques haen badely used in wine grapes (Acevedo-
Opazo et al., 2010; Santesteban et al., 2011; ®fegas et al., 2012). The general practice
of RDI in vineyards consists in a reduction ofggiion in the pre veraison or post veraison
phases in order to maintain yield and improve thelity of the must (Wade et al., 2004;
Ferreyraet al., 2004; Chalmerst al., 2004). The veraison represents the transitidwesn
the berry growth to the berry ripening and it isuiacterized by a change in the color of the
skin of the berries. Usually improvement of musalgy is associated with increases of the
pulp skin ratio, intensity of the color, anthocyamiand total soluble solids contents (Williams
and Matthews, 1990).

In table grape vineyards usually full irrigation iscommended since maximum
production and size of the berries is desired (&bagt al., 2010). In table grape cultivars the
berry size, firmness, sweetness and color are irapovariables as shown by Williaresal.
(2010). These berry quality parameters differ fribia wine quality parameters and therefore
irrigation practices to optimize berry quality da@ quite different. Deficit irrigation studies in
table grape are very limited. However deficit iatign can be of interest to improve some of
the quality parameters of the berries such as ctbval dissolved solids and aromas (El-
Ansary et al. 2005).

El-Ansariet al. (2005) compared the effects of moderate (irraga® days after soil
water potential reached -15 kPa) and severe poatsem RDI (irrigation 4 days after soil
water potential reached -15 kPa) with a contrattreent (irrigation when soil water potential
reached -15 kPa) on the quality of table grapes‘Muscat of Alexandria’. Their results
showed that the moderate RDI had no effect on bewight or juice quality at harvest.
However the severe RDI decreased berry size, fissiaad acidity and increased total soluble
solids of the berries. In an experiment with thieldagrape cultivar ‘Danlas’ under different

irrigation regimes, Ezzahouani and Williams (2083)nd that the highest yield and berry
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weights were obtained in the most irrigated treatrmend no significant differences were
observed in berry acidity between treatments.

The cultivation of seedless table grape cultivagehincreased considerably in the last
decades since consumers of many countries apmeaay much the lack of seeds in the
berries and the firmness and sweetness of thesevageties. Spain is the first European
producer of seedless table grapes. Autumn Royakpts a high commercial value, with a big
berry, purple-black to black in color that matueesund mid-September in the lower Ebro
river valley. This cultivar is susceptible to beomacking, which is a serious problem because
it increases the labor required since the clusteexd to be cleaned during the maturation
phase until the harvest. At harvest, the crackeddsealso must be manually removed to
avoid cluster rot. Several authors have studiesl ghoblem in different table grape varieties,
although due to its complexity a definitive solutim solve this problem has not been reached
(Considine and Kriedemanm, 1972; Matthessl., 1987). Another problem in this cultivar
is the weak attachment of the berries to the rasoiclusters must be very carefully handled
in the harvest in order to avoid the berry loosgr{iDokoozlianet al., 2000).

Crimson is also a late-season red seedless tadge gultivar extensively cultivated in
California and Europe. This variety has excelleatirgy characteristics; berry texture is firm
and crisp, and its flavor is sweet and excellemte ©f the main problems of this cultivar is
the lack of color at harvest. It is critical thatisters be exposed to adequate sunlight during
ripening for maximum fruit coloration. The lack oicident radiation in the clusters and the
excessive crop loads delay maturity and decredseation. One extended practice to avoid
this problem is the shoot thinning and the rem@fdlasal leaves surrounding the clusters in
order to increase the incidence of light in thestdus in the overhead trellis systems.

The aim of the study is to ascertain the effectvad levels of RDI applied from

veraison to harvest on the yield and berry qualftiable grapes Autumn Royal and Crimson
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cultivars. The hypothesis is that changes in itraamanagement and the application of RDI
in the post veraison phase can maintain yield angrave berry quality and specially
decrease berry cracking in the Autumn cultivar angrove the skin color redness of the

Crimson cultivar.

2. Material and methods

2. 1. Experiment description

The same field experiment was conducted in the atiRoyal and Crimson plots of
a commercial vineyard located in the Santa Barlcaramercial orchard, in the county of
Caspe (Zaragoza, Spain) (41.16 °N, 0.01 °W) duzb@y, 2008 and 2009. Both table grape
cultivars were grafted on Richter 110 rootstock Pérlandieri x V. rupestris) planted at a
distance of 2.5 m between vines and 3.5 m betwees.rRow direction was northwest to
southwest. The vines were planted in 2002 in ayséam soil. The vine rows were planted
in an elevated soil levee around 0.3 m high and Wide. The soil of the plots has been
developed upon colluvial deposits of higher rivemrdces. It is deep, properly drained, with
quite coarse textures, a considerable percentaggooks, with a high calcium carbonate
content (> 40 %), with no sodicity (SAR = 2.4) asigghtly saline (Electrical conductivity,
ECe < 4 dS m) (Soil Survey Division Staff, 1993). The soil ifassified as a Xeric
calcigypsic, coarse loamy, mixed (gypsic), therr(foil Survey Staff, 1999, 2006). The
average values of soil field capacity and permamealiing point in the 0-30 cm soil layer
were 26 % and 10 % in gravimetric basis. The awewsajl bulk density was 1600 Kg'n
The vines were trained to an overhead Spanishdmdaktrellis system, with vertical metallic
stakes which holds a wire grid located at 2.2 meneltthe vine canopy develops. The trellis

system is covered with a white screen net madeigif-tiensity polyethylene (Criado and
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Lopez, Almeria, Spain) at a height of 2.5 to 3.@lmve the ground level for crop protection.
This net was translucent with individual openings1@ mnf (2.2 mm x 5.4 mm). The
reduction of solar radiation of this net measuradthe field was 15 % (Moratiel and
Martinez-Cob, 2012). The vineyard was managed dougito the usual cultural practice in
the farm. Cluster pruning was performed just dfteit set in order to obtain a uniform bunch
load per vine. The vineyard was irrigated with g dirigation system with one lateral in each
row of vines with integrated self compensating &t of a discharge of 2.2 [*hspaced 0.5
m. During the 2007 irrigation season irrigationgevapplied daily at night. In 2008 and 2009
the irrigation timing was changed from a singlehmigpplication to two irrigation events, one
at noon and a second one after midnight. Each hagefour main branches and every winter
the vines were pruned to maintain this structune.aélditional summer pruning of the shoots
in a strip 0.5 m wide between vine rows was peréminaround veraison to improve light
penetration in the clusters. Soluble fertilizersevapplied with the drip irrigation system.

Climatic characterization of the three experimeg&ars was performed using the data
from the automated agrometeorological station “&tl®-Plano Espés” of the SIAR network
(Spanish National Network of Agrometeorological tietas for Irrigation). The station is
located in Caspe County at UTM coordinates: UTM>»3W9, UTMY 4576848 (41.19° N,
0.05° W) and altitude of 175 m. This station resosdmi-hourly data of air temperature, air
relative humidity, wind speed and direction, satdiation and precipitation. An automated
meteorological station was also installed in theeyard in order to obtain precipitation data
in the experimental plots.

Daily values of vineyard crop evapotranspiratioil {Hor the three studied years were
estimated multiplying the reference evapotransipimatET,), computed using the FAO
Penman-Monteith (Allen et al., 1998) by crop caméints (Kc) adjusted for this particular

vineyard. The daily meteorological data recordethat“El Suelto-Plano Espés” station were
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used for estimation of BT Seasonal curves of daily Kc were developed uiegorocedure
described by Allen et al. (1998). First, the duwatand dates of the different crop growth
stages needed for the calculation of the Kc weterdened from the soil ground cover data
that was measured by digital photography alongctbe cycle in the different treatments of
both cultivars (Blanco et al., 2010). Secondly,utated vineyard crop coefficient values
(Allen and Pereira, 2009) were adjusted for thrharacteristics: a) the precipitation and
average E{ during the initial stage, and the averages of vdpded and minimum relative
humidity recorded at the “El Suelto-Plano Espéstish during mid and end-season stages;
and c) the effect of the plastic mesh in reduciiig &sing a net coefficient of 0.65 determined

by Moratiel and Martinez-Cob (2012) in a vineyasighbor to this experiment.

2.2. Experimental design and irrigation treatments

In each cultivar the experimental design was asamged block with three replicates.
The experimental unit was a subplot of 15 vinesedhadjacent rows of 5 vines each. The
three central vines of the central row were usedstimpling and data recording. Three
irrigation treatments, based upon a percentage haf het irrigation requirements
(NIR = K*ETy - Rainfall) from veraison till harvest, have beapplied: a control (T1),
irrigated at 100 % of the NIR and two RDI treatnse(i2 and T3), irrigated as T1 during all
irrigation season, except during the post veraisilin harvest period when different
percentages of NIR were applied, 80 % and 60 %IBfiN T2 and T3, respectively. In order
to apply the differential irrigation treatmentsetbriginal drip laterals of treatments T2 and
T3 were changed from veraison to harvest. In treatnT2 drip laterals with 1.6 L™
integrated self compensating emitters, spaced thdbvere installed and in treatment T3
laterals with 1.6 L 1 integrated self compensating emitters, spacedn).&ere installed. In

treatment T1 the original lateral drip lines witliagrated self compensating emitters of 2.2 L
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h?, spaced at 0.5 m were used. Irrigation duratios the same in all treatments but the
differential irrigation was based in the laterabahiarge. Volumetric water meters were

installed to record the amount of water appliedach treatment.

2.3. Measurements

Soil volumetric water conteny) was measured at 0.1, 0.2, 0.3, 0.5 and 0.8 rthdep
with a frequency domain reflectometry (FDR) proBm\{iroscan, Sentek Technologies, Pty
Ltd., Stepney, S.A. 5069, South Australia). Twoh@® per treatment were installed in the
row of vines at two sites in each treatment andivarl Since the emitters were installed at
short distances to create a homogeneous wetted dand the lines of vines, two FDR
probes were installed in the vine rows at 0.5 arzb In from the central vine of the
experimental unit to obtain a mean value of thé water content in each treatment. Hourly
readings of the 24 sensors of the FDR permaneritegran each table grape cultivar were
stored in a datalogger. The six access tubes dévazuthat hold the FDR probes were
vertically inserted in the soil by drilling a hotd a bigger diameter than that of the access
tube because of the high stoniness content ofdheT® avoid air gaps and ensure a good
contact between the access tubes and the soildaiguhe space between the access tube and
the soil was filled with soil slurry. Hourly valuesf Bv were taken during the three
experimental years in both table grape cultivars.

The trunk perimeter was measured at 1 m abovedihswgface at the beginning and
end of the growing season in 2008 and 2009 in battivars. Data were used to determine
the trunk cross section (TCS, Bnand the absolute and relative growth of the trvinks.

Phenology by visual observation (Coombe, 1995), @artbpy cover evolution using
digital photography were determined. Photograph®waken with a digital camera Olympus,

modelu810 (Olympus, Tokyo, Japan) placing the cameréhergtound and focused upwards
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covering a quarter of the whole spacing of a vih@% x 1.75 m). The images included the
leaves (green color) and branches (brown colornagthe white color of the net. The images

were processed with the GIMP program (availablenatv.gimp.org, by selecting exactly a

quarter of the vine area. The GIMP program was ueetlansform the picture into black

(leaves and branches) and white (clear screen)spiXbe histogram of the black and white
pixels was calculated, giving a value of the petage of the black pixels which represented
the shaded ground cover.

During fall, the central three vines of each exmpemtal unit in both cultivars were
individually harvested, counting the number of tdus and weighing. A subsample of two
clusters per vine was processed in the laboramrgontrol the berry quality parameters.
Weight, size (longitudinal and equatorial diameteryl firmness (Durofel, Agro Technologie,
76440 Forges Les Eaux, France) were measured ubsasple of 20 berries. Total soluble
solids content measured with a pocket refractonmatatel PAL-1 (Atago Co., LTD, Minato-
Ku, Tokyo, Japan) pH and titratable acidity (tagaacid g L) of the grapes’ juice were
measured. To determine the percentage of berrkiogmn the different irrigation treatments
of the Autumn cultivar, two additional clusters wesrocessed, separating and weighing the
healthy and cracked berries. Color CIELab parametere determined in a subsample of 20
berries per experimental unit in each treatmenthef Crimson cultivar using a colorimeter
Konica Minolta model CR-200 (Konica Minolta Inc.pRyo, Japan). The CIELab is a very
complete model to define the color that was dewsdopy the French Commission
Internationale de I'éclairage, hence its CIE itsétidhe model describes all the colors visible
to the human eye. The model uses three coordiniategpresents the lightness of the color
(L* = 0 yields black and L* = 100 indicates whited¥ represents its position between
red/magenta and green (negative values indicatengsehile positive values indicate

magenta) and b* represents its position betweelowehnd blue (negative values indicate

10
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blue and positive values indicate yellow). The CdBLmodel has been used widely to
measure the color of different fruits including pea (Carreno et al., 1996).

Statistical analyses were performed using AnalysisVariance (ANOVA) and
General Linear Model (GLM) procedure of the SAS 8dftware (SAS Institute, 2004).

Multiple comparisons among treatments were perfdrosng Duncan test &= 0.05.

3. Results

Figure 1 presents the monthly values of precigitatiecorded in the experimental
vineyard, and air temperature and air relative ity recorded in the automated
agrometeorological station “El Suelto-Plano Esplging the three study years. Precipitation
is not evenly distributed along the year. Maximumwnthly values of precipitation occurred in
the spring months. Annual precipitation in the ekpental plot was 274, 310 and 288 mm in
2007, 2008 and 2009, respectively. The averageahmpracipitation for the period between
2004 and 2011 in the automated agrometeorologiaabs “El Suelto-Plano Espés” was 304
mm. Temperature regimes were very similar in thredhstudy years. The average annual
mean temperature was 14.9, 14.8 and 15.8 °C in, 220008 and 2009, respectively. The
evolution of air relative humidity was also veryndar in the three study years. An increase
of the air relative humidity was observed in thenths of April 2007, May 2008 and April
2009, corresponding with the maximum precipitatrafues.

The annual values of reference evapotranspiratidn)(were 1455, 1388 and 1502
mm in 2007, 2008 and 2009, respectively. Maximunmthly values of E§ occurred in July
with values of 249, 236 and 252 mm in 2007, 2008 2009, respectively (Table 1). The
seasonal values of the calculated vineyard evapgpraation (ET) were almost the same in

both cultivars. In the Autumn cultivar the seasda®} varied between 890 mm in 2007 and

11
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813 mm in 2009. In the Crimson cultivar the seab&Ta varied between 894 mm in 2007
and 842 mm in 2009 (Table 1).

During the three study years irrigation was appbliedy from April to October. The
maximum depths of irrigation water were appliedtieatment T1 with seasonal values
varying between 808 mm in 2008 to 877 mm in 200theAutumn cultivar and between 704
mm in 2008 and 855 mm in 2007 in the Crimson cattifTable 2). The irrigation water
applied in treatment T2 was around 60 mm lower tienirrigation water applied in T1 in
both cultivars. In treatment T3 this reduction wl&3 mm in the Autumn cultivar and 126
mm in the Crimson cultivar. Rainfall during theigation season in both cultivars was 235,
256 and 231 mm in 2007, 2008 and 2009, respectively

Differential irrigation in treatments T2 and T3 ré¢@l in the veraison phase that
occurred on August 7 in 2007 and 2008 and Julyn18009 in the Autumn cultivar. In the
Crimson cultivar the veraison phase started in 30lyn 2007, August 7 in 2008 and July 22
in 2009. Differential irrigation lasted till the drof grape harvest, which was performed at
various picks and at different dates between trddhaiof September until middle of October.

The reduction of irrigation water in treatments d2d T3 in both cultivars did not
show a clear decrease in the soil water contenngltine period of RDI. The monthly values
of the average soil water conteftv] in the row of vines in the top 0.8 m of the smibfile
during the post veraison phase did not show lovedwes in the RDI treatments during the
three experimental years (Table 3). During thedghrears the average volumetric soil water
content in the top 0.8 m soil layer increased Irtrahtment in both cultivar along the season
reaching maximum values in August and Septembe20Dv an important reduction éfv
was observed in October. In general terms@taavas higher in Crimson than in Autumn. In
2007 the©v of the different treatments was higher in Crimgban in Autumn in all

measurements. In 2008 treatments T1 and T2 hachigilues ofov in Crimson than in

12
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Autumn. However in treatment T3 very similar valwé®©v were obtained in both cultivars.
In 2009 treatment T2 had also higher value®win Crimson than in Autumn but very slight
differences were found between cultivars in treati:mell and T3. The seasonal average
value of©v for the three treatments and both cultivars ¥abetween a minimum of 32.3 %
and a maximum of 41.1 %.

Vegetative growth of both cultivars was very similathe three experimental years in
both cultivars. Very little variation in the evoiom of the soil ground cover along the three
studied seasons was observed between the differigattion treatments (Figure 2). Canopy
development was faster in the Crimson than in thauskn cultivar. Maximum values of soil
ground cover (around 90 %) were reached slighthneoin the Crimson than in the Autumn
cultivar. Canopy cover would probably have reach@d % but usual management practices
include a slight thinning of the shoots in a cenb@nd between the vine rows in order to
increase light penetration to the lower areas ef ¥ine canopy and clusters. The sharp
decrease in soil ground cover observed in the @rntsiltivar in 2009 (Figure 2) was due to
a more severe manual thinning performed the fiestknof August. This thinning reduced the
soil ground cover from around 90 % to 75 % whilethe others seasons the thinning was
lower. Maximum values of soil ground cover werectead around the beginning of the
veraison phase in each cultivar and almost atdngegime in the three irrigation treatments
during the three study years (Figure 2). No sigaiifit differences of soil ground cover at the
veraison phase were found between treatments. 0id 26d 2008 all the treatments in both
cultivars reached almost full cover with valuesoil ground cover ranging between 84.3 and
90.6 %. In 2009 soil ground cover at the veraisbaspe ranged between 89.6 and 91.6 % in
the Autumn cultivar and between 72.9 and 76.4 $henCrimson cultivar (Table 4).

No significant differences of the trunk cross smtt(TCS) of the vines between

treatments were found in 2008 and 2009 in bothivauk (Table 5). The average value of

13
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TCS for the three irrigation treatments in 200820@&s 25.6 chin Autumn and 33.4 cfrin
Crimson. The TCS was lower in the Autumn cultivaart in the Crimson cultivar. Similar
results were found in the relative growth of thenk cross section (RGTCS) with lack of
significance between treatments in both years @ &pl However, the RGTCS in the Autumn
cultivar was higher than in the Crimson cultivaheTaverage value of RGTCS for the three
irrigation treatments in was 73 % in Autumn andt Crimson.

Results of grape production, number of cluster aretage weight of the cluster of the
different treatments in the Autumn and Crimsonicats varied between years (Table 6). In
2007 no significant differences were observed @s¢hvariables between irrigation treatments
in the Autumn cultivar. However in the Crimson owdr significant differences between
treatments were observed. Grape production (28\@ri€}) and the number of clusters (62.4
clusters ving) of T3 were significantly lower than correspondirajues in T2 (47.7 kg vifle
and 101.4 clusters vife No effect of the irrigation treatments on thester weight was
observed. The average cluster weight for the threm@ments was 0.79 kg in Autumn and 0.47
kg in Crimson (Table 6).

In 2008 differences between treatments were obddrvéoth cultivars in the grape
production and on the number of clusters. Grapéymiion and the number of clusters per
vine of T3 were significantly lower than correspomglvalues in T2 in both cultivars. As in
2007 no effect of the irrigation treatments in thester weight was observed in both cultivars.
The average cluster weight in 2008 in Autumn (k@Pwas very similar to the weight of the
previous year. However in the Crimson cultivar thester average weight in 2008 (0.73 kg)
was higher than in 2007 (0.47 kg) (Table 6).

In 2009 no significant differences were found ie tirape production and the number
of clusters per vine between the different treatmém the Autumn and Crimson cultivars.

The number of clusters per vine in Autumn was lot@n in previous years. However the
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cluster average weight in 2009 was higher in aljation treatments than in previous years.
Cluster mean weight of treatment T3 of the Auturahivar was significantly higher than the
rest of the treatments. The grape production amdbeu of clusters per vine of Crimson in
2009 were lower than in previous years. Probalayyileld reduction in 2009 was due to the
incidence in 2008 and 2009 of late-season bunch eexrosis (BSN) or sugar accumulation
disorders in this cultivar. This physiological dider affected the normal translocation of
assimilates to the cluster producing soft shrivdédedies that decreased yield and affected the
commercial harvested clusters (Krasnow et al., 20T@e causes of these physiological
disorders are uncertain but they are generallycgassal with nitrogen, calcium or magnesium
deficiency, nutritional imbalances and excess pitation or rainfall (Caps and Wolf, 2000;
Krasnow et al., 2010). No significant differenceergv found between treatments in the
Crimson cultivar in 2009 with an average clustergiveof 0.48 kg. This value was similar to
the one in 2007 but lower than that of 2008.

The berry quality variables were very similar thghaut the three study years (Table
7). No significant effects of irrigation treatmemere found in the berry weight, diameter,
height, firmness, and °Brix and pH of the grapegun both cultivars and in the different
study years. There was a year effect in some odtidied parameters. In the Autumn cultivar
the berry size was bigger in 2009 than in 2007 200@B. The firmness and °Brix in 2008 in
Autumn and Crimson cultivars were lower than in ¢tiger two years. This was probably due
to a delay in the ripening in 2008 due to meteay@ial conditions. The high variability in the
grape production, number of clusters per vine, teluaverage weight and berry quality
parameters have contributed to the lack of sigamfieffect of the irrigation treatments among
these variables in the different study years.

There are important differences between the Autanuh Crimson cultivars mainly in

the color of the skin, size and sweetness of theyb&he average weight of the berry
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measured in all irrigation treatments and studys/@athe Autumn was around 7.0 g while in
the Crimson cultivar was 4.7 g. The average berayndter was 20.2 mm in the Autumn
cultivar and 16.9 mm in the Crimson cultivar. Themage berry height was 24.1 mm in the
Autumn cultivar and 23.0 mm in the Crimson cultiv@he berry firmness was a little higher
in Autumn (68.2 %) than in Crimson (61.4 %). Theesimess of the berry juice was also
lower in Autumn (16.6 ° Brix) than in Crimson (24Brix). The pH of the berry juice was
similar in both cultivars with an average value3d.

The berry cracking percentage in the Autumn cultivas between 14.7 % in T1 and
21.4 % in T3 in 2007 whereas it was almost nedkgib 2008 and 2009 with values ranging
between 1.5 and 4.2 % (Table 8). The low crackialgies in 2008 and 2009 may be due to
the change in the irrigation practice in 2008 aR@ that consisted in splitting the daily
irrigation dose in two applications per day, onenadday and the other application at night.
However there is not a clear evidence of this $aute other physiological and meteorological
factors can affect berry cracking. No significaiffeslences were found in the berry cracking
percentage between irrigation treatments in 20@V 2008. In 2009 the berry cracking was
significantly higher in T1 (4.2 %) than in T2 (1%6) and T3 (2.2 %); however the values of
berry cracking in that year were very low and noljems were detected in the commercial
harvest.

CIELab color parameters of the berry skin of therSpn cultivar measured at harvest
were determined for the different irrigation treatits and study years (Table 9). The L*
represents the lightness of the color, the a* sgts its position between red and green and
b* its position between yellow and blue. All thelmoparameters varied in a narrow range
and the differences between irrigation treatmentsyears were low. The L* ranged between
29.9 and 36.1, a* ranged between 6.5 and 10.9 amanged between 5.6 and 7.2. The skin

color of the berries in all the treatments and wtyears was red and quite uniform in the
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clusters. However significant differences were diete® between the irrigation treatments in
the different years. In 2007 the a* parameter of (9b) was significantly higher than in
treatments T2 (7.6) and T3 (7.5) and no differeneese found in the L* and b* parameters.
In 2008 no differences were found in L*, a* andg#rameters between irrigation treatments.
In 2009 the L* parameter of T3 was significantlywkr than that of T1 and T2. The a*
parameter of T3 was higher than that of T1 and T b* parameter of T3 and T1 were
lower than that of T2. These differences betweeattnents did not show a clear tendency in

the change of color due to the irrigation treatraent

4. Discussion

Many studies have demonstrated that RDI is a malctnd useful technique to
improve fruit quality and reduce irrigation applicen when water availability is limited (Ebel
and Proebsting, 1993; Bolamtial., 2000a,b; Mpelasoka and Behboudian, 2002; Rorgero
al., 2004; Fereres and Soriano, 2007). Most of thdies have been performed on deciduous
and citrus orchards but very few on table grapes.

The most restricted irrigation treatment (T3) ot tpresent study resulted in an
average water saving ranging from 105 to 144 mminigation season when compared to
the control treatment (T1). This water saving repres around 15 % of the seasonal applied
irrigation water of the control treatment T1. Wasavings in T2 in relation to the control
ranged between 51 and 70 mm per irrigation seasate( savings of 6 to 8 % of water
applied in T1).

The soil moisture data presented in Table 3 did engilain clearly the soil water
regime of the different irrigation treatments dgri007 to 2009. In theory the soil moisture
of treatment T1 from veraison to harvest shouldhigher than in T2 and T3 since T1

received the highest amount of irrigation waterwdweer the control treatment (T1) in both
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cultivars had similar values of soil moisture oervower than RDI treatments (T2 and T3) in
August and September. In general all the valuesibfmoisture were very high, even higher
than field capacity. Probably these high valuesalf water content were due to the location
of the FDR access tubes, adjacent to the emitteralain the row of vines. However some
differences were observed between treatments imgrdgege yield and the number of clusters
per vine. The highest differences between treatsiengrape yield occurred in the Crimson
cultivar in 2007. The lowest productivity of treant T3 of the Crimson cultivar was
confirmed by the lowest accumulated grape prododig vine) and productivity (kg crf

of TCS) values during the three years of the s{idple 10). These accumulated productivity
parameters in T3 were significantly lower than i@ T the Crimson cultivar and no
significant differences were found between treatimiém the Autumn cultivar. Nevertheless,
other non-controlled agronomical factors and thghhiariability of the observed variables
contributed to decrease the significance of thassitzal analysis. It seems that there was a
higher effect of the meteorological conditions aicle year than that of the irrigation
treatments. As an illustrative example, the produacof the three irrigation treatments of the
Crimson cultivar in 2009 were around half of thelgiobtained in the other two study years
and no significant differences were found betwesmattments in that year. However this
production reduction was not observed in the Autwuliivar that had similar production
levels than the other years. Probably in the 2@@3en the incidence of the late season bunch
stem necrosis that occurred in 2008 and a moreeselgster pruning were the causes of this
grape yield reduction. The decrease in grape ptadum Crimson in that year was due to
the lower number of clusters per vine and lowerstedlu mean weight while in Autumn
cultivar, besides a lower number of clusters paeythe grape yield was maintained similar

to the other years due to a higher cluster meaghwei 2009 (Table 6).
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Among the quality parameters, berry cracking isnaportant and expensive problem
when growing high quality fruit, especially tableages. This problem is generally attributed
to the lack of calcium in the fruit or to an excesater application in the maturation phase
(Oparaet al., 1997). This was the reason to study RDI in tbeteraison phase. In our
study, the Autumn Royal cultivar showed high beargcking levels in 2007 (between 14 %
and 17 % of the berries were affected), whereg008 and 2009, the level of damage was
negligible. The differences in the irrigation reginn 2008 and 2009 with two irrigation
applications per day instead one daily applicaiioR007 can explain the differences in berry
cracking results. These results support the idaiaftequent water applications to the Autumn
cultivar eases this problem, while sudden suppiiegreat doses of water increases its
development. The water application at midday mighte improved the water supply to the
berries at the moment of maximum evaporative dematwvever the effect of the split
irrigation on berry cracking is not still clear. Wiour results it has not been possible to link
the berry cracking intensity to the amount of watgoply in irrigation.

The RDI treatments in the Crimson cultivar produsgghificant differences in the
CIELab color parameters of the berry skin but rendls in these parameters were clearly
observed. However in general the color of the beag red in all treatments and years.

The overall results during the three study yeaosveld that it is economically feasible
to grow these types of table grape cultivars inghd conditions of the Middle Ebro Valley.
High grape yields of very good quality can be aledi with a careful management and
moderate regulated deficit irrigation in the post®on phase without affecting grape yield

and quality.
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