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Summary  

For the last decades Spanish vineyard has experienced a deep 
transformation by allowing irrigation, changing the traditional 
bush into a possible full mechanized VSP and cultivar changing 
map was also took into account. Tempranillo has led the change to 
replace the white grapevines, such as in La Mancha; however 
results in these warm areas were not as expected. Under these 
conditions, low yield, low acidity and uncouple sacharimetric and 
phenol maturity usually is obtained. Within this frame an 
experimental trial was set up with the goal to know other cultivars 
that could better perform than Tempranillo in warm areas in a 
sustainable viticulture. The agronomic performance of Graciano, 
Tempranillo and Petit Verdot was studied under two water 
regimes for years in a row (2007-2010). Optimal water supply (I1) 
was established around Ψl>-1.2MPa during maturation, while 
restricted water availability was set down to Ψl>-14MPa (I2), both 
around midday. When statistic differences arose, Graciano yielded 
the highest as due to both higher berries per cluster and berry 
weight. Tempranillo had the highest vegetative development as 
expressed through pruning weight or leaf area indexes under 
optimal or deficit water availability. These made Tempranillo to 
hasten berry maturity while Graciano and Petit verdot need some 
more weeks. Differences in sugar content were found, Graciano 
hardly ripen when the season is not hot which makes this cultivar 
up to very warm areas. Tempranillo had the lowest acidity and 
highest pH. Phenol content was the highest for Petit verdot and 
Graciano – when maturation was completed – while Tempranillo 
had the lowest. 

INTRODUCTION  
 

During the past decade Spanish vineyard map has 
renewed its varietal offer to couple customer demand to 
offered production. Thus, many traditional, hot, viticultural 
areas such as La Mancha, Extremadura or Andalucia, has 
turned from bush, white cultivars to trellis, red ones. 
Tempranillo has been the most widely planted cultivar and 
other possible cultivars have been slipped either because of 
the scarcity stock in nurseries - as they were not generally 
demanded in the past - or lack in its performance outside 
their main production area. Tempranillo is a very sensitive 
variety that performs excellent on cool nights during 
maturation, on the contrary, in very warm areas, 
sacharimetric and phenol maturity uncouple and it lacks 
acidity and phenol content. These responses are more 
pronounced under severe water stress. On very warm areas 
(Winkler and Amerine zones end-III and IV), spring flush 
growth should be kept under control to avoid excess of 
water demand later on the season and maturation should be 

delayed until average monthly temperature is ranging 15-
20ºC which involve having mature, healthy leaves at 
maturation.  These objectives can be reached through 
practices, such us irrigation and increasing crop load, or by 
choosing the proper vegetal material. Within this frame a 
trial was set to study agronomic and physiology response of 
Graciano and Petit verdot cultivars as an alternative to 
Tempranillo in warm areas. 

MATERIAL AND METHODS  

The trial was carried out during 2009 and 2010 
growing season in El Socorro experimental vineyard at 
Colmenar de Oreja (Madrid). The parcel is 800 m a.s.l. 
Growing degree days (ºC) was 2183 and 1733 from 1st 
April to 31st October in 2009 and 2010 respectively. 
Agronomic response and stomata performance was studied 
in cv Graciano, Petit verdot and Tempranillo grafted onto 
41B under two water regimes, in order to establish a 
minimum leaf water potential (Ψl) at midmorning around -
1.2 MPa (I1) and -1.4 MPa (I2) during maturation. When 
necessary, I1 drip irrigation started to ensure shoot growth 
until fruitset, and during that time I2 was 0.5·I1. 
Afterwards, I2 was reduced to get leaf water potential -
1.4MPa during maturation. When soil water content 
provided shoot growth until fruitset, irrigation started when 
Ψl at midmorning was either -1.2 or -1.4 MPa for I1 and I2 
respectively. Water applied was 249 and 118 mm in 2009 
and 139 and 39 mm in 2010 for I1 and I2 respectively. Vine 
spacing wass 2.0 x 1.0 m, crop load was 12 shoots per m of 
row on 6, 2-buds unilateral cordon vertical trained system. 
Five plants on each cultivar and irrigation treatment were 
tagged in block three for physiological and leaf area 
measurements. Leaf area index (LAI) was measured in June 
and August according to Sanchez-de-Miguel et al. (2010) 
from 5 shoots per single vine. Leaf photosynthesis and 
stomatal conductance was measured with an IRGA (Li-
6400) at 10:00 12:30 and 17:30 hours (UTC) at pea size 
(June) and maturation period (August) in 2010. Five leaves 
per cultivar and irrigation treatment were measured, taking 
two days to complete all measurements. Water potential 
was measured on the same leaves as photosynthesis with a 
pressure chamber according to Scholander et al. (1965) and 
Turner (1988). Besides, water potential was weekly 
measured at midmorning to adjust the I1 and I2 irrigation 
doses previously based on a percentage of the ETo (mm) - 
that used to be 0.3·ETo for I1 – from weather station at the 

AGRONOMIC PERFORMANCE OF GRACIANO, PETIT VERDOT AND 

TEMPRANILLO GRAPEVINE CULTIVARS (Vitis vinifera L.) UNDER TWO WATER 

REGIMES 



experimental site. LAI was measured according to Sanchez 
de Miguel et al. (2010) from 5 shoots per single vine. From 
veraison a 100-berry sample per single plot was collected to 
follow 100-berries weight (g), SST (ºBrix), pH and 
Titratable acidity to pH=8.2 endpoint. At harvest another 
100-berries sample was collected to quantify phenol 
maturity according to Glories et al. (1992). Plot size 
consisted on 14 control-plants for each cv and irrigation 
treatment plus two border at the beggining and end of the 
row parcel. Agronomic data were analysed as an 
experimental design with two factors on a complete 
randomized 4-block design being “cultivar” the main factor 
and “irrigation” a split-plot on cultivar. Physiological data 
were analysed as two factors on a complete randomized 
design. When cultivar x water regime was significant an 
independent analysis for I1 and I2 was performed. Analysis 
was computer with the mstat-c (Michigan state University 
ver. 2.1) 

 

RESULTS AND DISCUSSION  
 

Both seasons highly differ in the climatic evolution along 
the growing period; while 2009 was hotter than usual, 2010 
was cooler and rains and snow during the rest 2009-10 
period guaranteed plenty of soil water supply well 
advanced in the season. Irrigation started in May for I1 and 
I2 in 2009 and it was in mid-July in I1 and at the end of 
August in I2 in the 2010 season. 
 
Vegetative growth. Soon in the season cultivars differ in the 
vegetative expression (Table 1) both in 2009 and 2010. 
Tempranillo performs as the most vegetative cultivar in 
2010, and in 2009 no differences appear between Graciano 
and Tempranillo although the trend towards 2010 results is 
drawn. Vegetative growth parameter is more sensible to 
differentiate cultivars than water potential (Jones 1992); In 
June, there are not differences between cultivars in leaf 
water potential while there are in LAI (Table 1) and these 
differences in LAI between cultivars arise in I1 2009 and 
2010 and in I2 2010, even under water potential not 
limiting shoot growth (Baeza et al. 2007).  In August 
differences follow the trend started in the season. When 
differences between water regimes arise in 2009 
Tempranillo is the most sensible cultivar to water deficit as 
LAI in June was reduced 70%, Graciano reduced a 55% 
and Petit verdot 14%; in August differences are less 
highlighted than in June and LAI reduced down to  41% for 
Graciano and 48% for Tempranillo. Petit verdot is the only 
one whose differences are higher in August than in June, 
showing that shoot growth rate is lower but steady along 
the season; probably the lower Petit verdot LAI early in the 
season involves lower water demand by transpiration, and 
soil water depletion is slower and more gradual than in 
Graciano and Tempranillo, and thus saving water to keep 
shoot growth longer time in the season. 
 
Yield partitioning. No differences were obtained in yield in 
2009 between cultivars although the scaling in cultivars 
was significant in 2010 (Table 2). Graciano yielded the 
highest followed by Tempranillo and Petit verdot. Graciano 
has a big cluster due to its huge berries per cluster number, 
however berry size is normal and fertility (clusters/shoot) is 

fair. Fertiliy in 2009 is affected by 2008 conditions when 
no-irrigation was applied to I2 and thus fertility in 2009 is 
lower than in 2010 in this treatment. Tempranillo fertility is 
very sensitive to water deficit and its sacrifices crop load 
under severe water stress which makes this cultivar not 
recommended for hot areas if water supply is not ensure; on 
the other hand, it recovers fertility easily after one year in 
I2 with a small quantity of water, 118 mm. Petit verdot 
balances its small berry size (Table 2) and cluster weight 
with a high fertility, even under water deficit; this response 
makes this cultivar up to hot areas or water deficit 
conditions. 
 

 
Figure 1. Relationship between Ball-Berry index and stomatal 
conductance for Graciano, Petit verdot and Tempranillo in 2010 
growing season. 

 
Fig. 2. Relationships between Ball-Berry index and stomatal 
conductance for I1 and I2 water regimes. Data collected in June 
and August 2010 from Graciano, Petit verdot and Tempranillo. 
Highly significant differences were found between water regimes 
but it did not between cultivars. 

 
Fig. 3. Relationships between Ball-Berry index and stomatal 
conductance for Graciano (Gr), Petit verdot (Pv) and 
Tempranillo (Tp) under I2 water regime in August 2010. Highly 
significant differences (P>0.01) were found between cultivars. 



Table 1. Vegetative development (LAI, m2/m2) and leaf water potential at midday (MPa) for Graciano, Petit verdot and 
Tempranillo under two water regime,s I1 is -1.2MPa and I2 is -1.4MPa during maturation period. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cv: cultivar, WR: water regime. Sig.: signification for *,**,***,ns is significant for P<0.05, P<0.01, P<0.001 and no significant 
respectively. Mean separation by Duncan’sTest for P=0.05. When cv x WR was not significant mean separations is in the I1 rows but 
refers to both irrigation treatments; when cv x WR is significant mean analysis was done for I1 and I2 independently and mean 
separation is for I1 and I2.  
 
Table 2. Yield partitioning in 2009 and 2010 growing seasons for Graciano, Petit verdot and Tempranillo under two water 

regimes, I1 is -1.2MPa and I2 is -1.4MPa during maturation period. 
100-berries 
weight  (g) 

Cluster/shoot Cluster weight  
(g) 

Berries/cluster Yield 
(Mg/ha) 

Cultivar WH 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Graciano 122 b 138 a 1.0 b 1.4 b 269 a 319 a 221 a 233 a 14.5 28.0 a 
Petit verdot 111 b 109 b 1.8 a 2.6 a 110 b 124 c 96 b 114 c 11.0 17.0 b 
Tempranillo 

 
I1 
 152 a 147 a 1.1 ab 1.4 b 172 ab 230 b 111 b 156 b 10.9 20.0 b 

Graciano 102 116 b 0.6 b 1.3 140  285 137 248 4.6 21.6 
Petit verdot 101 97 c 2.0 a 2.5 69 94 65 96 7.1 13.6 
Tempranillo 

 
I2 
 150 144 a 0.3 b 1.3 53 207 36 144 1.2 16.1 

cv ** *** ** *** * *** *** *** ns * 
WH ns *** * ns *** * * ns *** ** Sig. 

 
cv x WH ns * * ns ns ns ns ns ns ns 

cv: cultivar, WR: water regime. Sig.: signification for *,**,***,ns is significant for P<0.05, P<0.01, P<0.001 and no significant 
respectively. Mean separation by Duncan’sTest for P=0.05. When cv x WR was not significant mean separations is in the I1 rows but 
refers to both irrigation treatments; when cv x WR is significant mean analysis was done for I1 and I2 independently and mean 
separation is for I1 and I2.  
 

 
Table 3. Must composition at harvest in 2009 and 2010 for Graciano, Petit verdot and Tempranillo under two water 

regimes, I1 is -1.2MPa and I2 is -1.4MPa during maturation period. 
 

SST 
(ºBRIX) 

pH Ac. Total Titulable 
(g ac.tartárico/ L) 

Extractable Antocians 
(mg/L) 

IPT 
Cultivar WR 

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 
Graciano 26.5 18.4 b 3.25 b 3.31 7.20 b 6.4 1084 a 474 b 70 b 45 b 
Petit verdot 23.7 22.9 a 3.24 b 3.33 8.59 a 7.9 1117 a 541 ab 87 a 43 ab 
Tempranillo 

I1 
25.5 24.3 a 3.37 a 3.30 6.33 c 5.5 617 b 770 a 56 c 64 a 

Graciano 28.7 a 20.6 b 3.33 3.27 6.76 6.0 1333 a 592 100 49 
Petit verdot 23.1 c 23.2 a 3.23 3.26 7.64 7.8 871 b 786 75 62 
Tempranillo 

I2 
25.6 b 24.4 a 3.45 3.34 5.20 5.3 973 b 868 62 71 

cv * ** ** ns *** ns 
(P=0.055) * * ns 

(P=0.065) ** 

WH ns ns 
(P=0.06) ns ns *** ns ns ** ns * 

Sig 
 

cv x WH * ns ns ns ns ns * ns * ns 
cv: cultivar, WR: water regime. Sig.: signification for *,**,***,ns is significant for P<0.05, P<0.01, P<0.001 and no significant 
respectively. Mean separation by Duncan’sTest for P=0.05. When cv x WR was not significant mean separations is in the I1 rows but 
refers to both irrigation treatments; when cv x WR is significant mean analysis was done for I1 and I2 independently and mean 
separation is for I1 and I2. 
 
 

 

 

JUNE AUGUST 
2009 2010 2009 2010 Cultivar Water 

regime 
 LAI  Ψl (MPa) LAI  Ψl 

(MPa)  LAI  Ψl (MPa) LAI  Ψl (MPa) 

Graciano 1.64 a - 0.95 0.87 b -0.64 2.41 b -1.53 b 1, 61 b - 0.94 a 
Petit verdot 0.71 b -0.91 0.83 b -0.69 1.47 c -1.40 a 1,25 b -0.75 a 
Tempranillo 

I1 
2.12 a -1.03 1.36 a -0.68 2.94 a -1.52 b 2,45 a - 1.06 b 

Graciano 0.73 -1.20 0.82 -0.61 0.98 -1.59 1,42 -1.24 
Petit verdot 0.57 -1.15 0.91 -0.63 0.61 -1.46 0,99 -1.27 
Tempranillo 

I2 
0.64 -1.16 1.50 -0.69 1.41 -1. 64 2.44 -1.40 

cv *** ns *** ns *** ** *** *** 
WR *** *** ns ns *** * ns *** Sig. 

cv x WR *** ns ns ns ns ns ns ns 



 
Must composition. Results greatly differ between seasons 
corresponding to the different climatic conditions each year. 
In 2009 all cultivars ripen both under I1 and I2 water 
regimes although differences arise under I2 water regime. 
Petit verdot was the one that maturity lasted longer; it 
almost reached 24.0ºBrix - that it was the benchmark we 
decided to trigger harvest - to ripen 14.5 and 4.6 Mg/ha in 
I1 and I2 respectively. Graciano reached the highest SST 
content probably overripe under I2. In 2010 Graciano did 
not fulfil the standards and kept unripe under I1and I2 
(Table 3) because of the high yield (Table 2). Both 
Graciano and Petit verdot were unharvest until 7th October 
2010 when weather forecast announced a rainy period next 
days. Rather than a bad result this performance, both in 
Petit verdot and Graciano, shows that they are advocate to 
hot areas. GDD in 2010 was 1733ºC which is corresponds 
to a warm area rather than hot one. All cultivars obtained a 
good pH although Tempranillo stood out in 2009 with the 
highest score as a potassium-friend variety; these 
differences disappear when environmental conditions are 
cooler in 2010. This makes Tempranillo not recommended 
for hot areas while Petit verdot and Graciano performs 
better under hot situations. Titratable acidity follow the 
same pattern as pH and the scaling between cultivars is the 
same although no differences are shown in 2010. Phenol 
content was the highest for Graciano and Petit verdot in 
2009 while it reversed in 2010 when these cultivars, 
particularly Graciano, did not reach 24ºBrix, another 
evidence these cultivars performs better under long, warm 
to hot, growing seasons. 
 
Physiological response. To look into stomata response 
Ball-Berry index vs stomata conductance was plotted (Fig. 
1,2,3). This index considers photosynthesis response (µmol 
CO2/(m2·s) ) scaled to relative humidity (%) and CO2 
concentration at the stomata microenvironments conditions 
as stomata response is highly sensitive to ambient changes. 
All 2010 data (June and August) were pooled together and 
there were not differences between cultivars (Fig. 1) but 
under water restricted conditions (I2) in August (Fig. 2). 
When all data were pooled together there were differences 
between water regimes (Fig.3); this shows that water 
availability weights more on stomata performance than the 
possible differences between cultivars. 

Conclusions 
 
Differences between cultivars in vegetative growth appear 
early in the growing season, before water potential is 
limiting shoot growth. This is a cultivar response depending 
on apex activity. Graciano and Petit verdot performed better 
under the hot growing season while Tempranillo did it in 
the cooler one. Petit verdot and Graciano have higher 
phenol content than Tempranillo when mature. Graciano 
yielded the highest both in I1 and I2 water regimes. No 
differences in stomata performance were found between 
cultivars under regulated deficit irrigation (I1) but it was 
under severe restricted water supply (I2). 
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