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Abstract

For monitoring the Cabernet Sauvignon nutritional status, leaf blade and petiole tissues collected in flowering and
veraison from 2018-2019 growing seasons, were analysed for main macronutrients. Sampling in flowering or veraison,
do not show significant differences in variables response. Rather than otherwise, the differences were observed between
growing seasons, and the climate variability from 2019 with heavy rain in the spring correlated with low temperatures
and the summer and autumn draught associated with hot weather, influenced the absorption of macronutrients, canopy
development, and the relationship between leaf blade and petiole macronutrients concentration. Results indicate that
leaf blade prevails over petiole for nitrogen (veraison) potassium (flowering) calcium (flowering) and magnesium
(flowering) in predicting vine nutrients status while petiole is better indicator for phosphorus (flowering stage). Grape
berry mineral main compounds are influence by dry weather and the degree of dehydration. Research results can be
used as guide in main macronutrients nutritional status in Cabernet Sauvignon, for regions with similar terroir
conditions.
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INTRODUCTION micronutrients (Fe, Cu, Mg, Mn, etc.) (Fogaca
et al., 2007). Therefore, the evaluation of soil
The soil, a huge sink of nutrients, plays a major nutrient supply is useful to establish the
role in interaction with plants and grape nutritional diagnoses for fertilization (Dobrei et
production, amid continuous climate variability al., 2016). However, testing soil samples to
(Santos et al., 2020). Some studies from last  assess the nutrient supply is not always
decade, show that in summer growing season sufficient, especially for the grapevine which
(June—August) in the soil first 50 cm, has many varieties and clones or rootstocks,
temperature was higher with about 6°C than in ~ with different growing stages and high
autumn season (September-November) (Biasi consumption of nutrients (Benito et al., 2015).
et al.,, 2019). Heat stress is shortening the  The supply of vines with nutrients from the soil
phenological stages, some starts earlier, other  can be assessed qualitatively depending on the
are delayed and grape berries composition is symptoms from the leaves (especially on the
changed (Koufos et al., 2020). Higher older leaves for macronutrients and the younger
temperature has large impact on organic matter  leaves for micronutrients) and the vigour of the
mineralization, microbial communities and vine, or quantitatively by analyzing plant
water availability (Pareek, 2017). Soil and  tissues (Costa et al., 2019). Samples
climate influence the growth and fruiting composition is variable depending on the soil
processes, the quantity and quality of the wine, fertility and fertilization, on climate variability
vineyard life, the resistance to diseases and  during the growing season, the time of day
pests (Celette & Gary, 2013). As grapevine  when samples were collected or growing stages
develops large canopy and grape yield, the (Dominguez et al., 2015).
amount of nutrients absorbed from soil Different fertilizers and the ratio achieved
increase, with an inclined balance towards between the main macroelements (N, P, K, Ca,
macronutrients (N, P, K, Ca, Mg) compared to Mg) have great influence on grape production
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with high impact on wine quality (Domagata-
Swiatkiewicz et al., 2019). The disruption of
balance among macro and micro nutrients
limits the performance of the vine (Dobrei et
al., 2016). Climate variability and heat stress
contribute to the increase of potassium levels
accumulation according to de Orduiia (2010).
In recent decades, abiotic stress has been
associated with micronutrient deficiency that
decreases production efficiency due to limited
metabolism or biosynthesis (Bencke-Malato et
al., 2019). The antagonism magnesium-
potassium is aggravated by high soil pH.

The aim of the study was to diagnose the
nutrient content of the leaf blade and petiole
tissue, in two reliable growing stages - at
flowering and veraison when diagnose is quite
similar, in two different growing seasons
(2018-2019) to can establish better fertilization
management correlated with the soil nutrients
supply and climate variability, and other
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complement observations including berry main
minerals, in the Cabernet Sauvignon variety.

MATERIALS AND METHODS

Experimental site and climate

The research was carried on in Recas
Vineyards, Timis County, east-side of
Romania, region located on the same latitude as
Bordeaux, which benefits from microclimate
with gentle Mediterranean influence, mild
winters, short springs, warm summers, long
autumns and sudden transitions from winter to
summer. During the last decade the annual
average temperature in the area was 12.52°C
and annual precipitation 547 mm. In last
decade, summers were very hot (June-August,
average 20.69 - 23.57°C). Climate data (Figure
1) were registered and collected from the
Wireless Weather Station Wi-Fi Connection
Solar Charging (Davis 6250) installed in the
vineyard.

Temperature (o)

Precipitations (mm)

Figure 1. Climate variability during 2018-2019 growing seasons
(mean temperature and precipitations over 2010-2019 decade)

Precipitations show high variability during both
the growing and dormant seasons. The weather
in 2018 was versatile; in the last decade of
April there was a late frost, next period, the
rainfall prevented the timely accomplishment
of some works in the vineyard, followed by a
warm summer with high temperatures and a
warm autumn during the day and cool nights.
With large variability from month to month, in
2018 precipitations significantly decreased
(336 mm), but the hailstorms and heavy rains
from June decreased the grape production. In

2019 total precipitations accumulated 514.3
mm, close to the annual mean value in the area.
The first growth stages, bud break and
beginning of flowering were normal developed
in 2019. From the last decade of May,
throughout April, the last decade of June, as
well as July, due to heavy long term rainfall,
phytosanitary treatments could not be optimally
applied. The temperature values were variable
from one year to another. In 2018, weather
favoured the fast grapes ripening, registering
the earliest grape harvest in the last 40 years,
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considering that the harvesting period started
14-21 days earlier. However, the vines were
not affected by the low temperatures of winter
2018-2019 or by late spring frosts. Warm
nights and days with over 28-30 °C, but also the
draught greatly favoured the sugar and tannins
accumulation.

Soil

The slope gradient for vineyard rows rank
between 10 and 12% and altitude from 120 to
170 m. Distance was 1.2 m between vines and
2.2 interrows. Vines were double Guyot trained
and shoots were cut back at 35 cm above the
third/top trellis wire. In the fertilization
programme was applied 100 kg nitrogen early
in the spring before budburst, 40 kg phosphorus
and 120 kg potassium for one hectare area in
the dormant season (autumn).

The wine grape varieties were planted 12 years
ago on sandy loam, and loam clay soils,
medium supply of phosphorus, good in
potassium, nitrogen, and organic matter, with
pH average value around 6.28 (0-110 cm). Soil
samples were analysed for total nitrogen
phosphorus,  potassium,  calcium  and
magnesium supply level by spectrophotometer
analysis, using different colour reagents. The
analysis of the exchangeable bases (SB) was
done by the Kappen method and the humus by
the oxidimetric method.

Leaf blade and petiole sampling and analysis
The leaf blades with petiole were harvested
from the shoot in position opposite to the
bunch, at 80% flowering and during the
veraison. Each year 100 leaf blades were
harvested, but were selected only 40 for
analyses. The samples were collected between
8 to 10 o'clock when the leaves had maximum
turgidity and the soil moisture was optimal.
The leaves on the same vine were placed in the
same bag and then labelled for transfer to the
laboratory. Samples were minimum handling to
avoid the risk of contamination and transport in
insulated and cool container. Leaf blade and
petiole were washed, draught, milled, ashed,
then dilute and main components analysed. The
total plant nitrogen (N%) was determined by
near infra-red spectroscopy (NIR) with
wavelengths ranked between 780-2,500 nm,
after calibration. Phosphorus and potassium
concentration from petiole and leaf blades were
measured by inductively couple plasma -
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optical emission spectrometry (ICP-OES), after
was calibrated with standard solutions of a
different concentration. No foliar spray or drip
irrigation fertilizers were applied during
research to avoid samples contamination.
Copper fungicides and other treatments for
fungal foliar diseases control were performed
after berry set stage. Direct monitoring at
flowering stage has the advantage of nutritional
correction problems for the current crop. For
juice sampling 100 berries were crushed and
pressed. The minerals were determined by
laboratory analysis spectrophotometry.
Statistical analysis

The data were statistically analysed by
XLSTAT software version 2019.1.3
(Addinsoft, Inc. New York) for: the simple
linear regression based on Ordinary Least
Squares  (OLS), R?  (coefficient  of
determination), confidence interval (CI) and the
analysis of variance. CV%, p-value and t-test
(one-tailed) were calculated in GraphPad Prism
Version 7.04.

RESULTS AND DISCUSSIONS

The analysis of leaf and petiole tissue allows
the estimation of the nutritional status of the
vine, and can provide information on the
absorption and supply of soil with nutrients.
The results from leaf blade and petiole samples
analyses for macronutrients (N, P, K, Ca, Mg)
during flowering and veraison, in 2018 and
2019 growing seasons are summarized in
Figures 2, 3, 4, 5 and 6, respectively. Usually,
leaf blade is a better indicator of nitrogen (N)
status, while petiole gives more indications for
potassium (K) deficiencies or toxicity. The
significance level was established to a = .05.
Climate variability, grape variety, and soil type
can influence the concentration of main
macronutrients in petiole and leaf blade, which
reflect the absorption of nutrients by the vines.
The confidence interval (CI) is quite narrow,
which reflect a good accuracy (p < .0001) of
variables relationship for all macronutrients
analysed (Figures 2, 3, 4, 5, 6). P-value is
extremely low (p < .0001) compared to the a =
.05 risk threshold, and the differences between
variables mean are extremely significant,
conclusion also confirmed by the CI limits.



Nitrogen

Climate variability, grape variety, and soil type
can influence the concentration of main
macronutrients in petiole and leaf blade, which
reflect the absorption of nutrients by the vines.
In grapevine, spring growing stages mainly
depends on reserves stored in roots and wood
in the previous growing seasons (Costa et al.,
2019). Nitrogen has two main incorporation
phases: before “pea-size” and during veraison.
Cabernet Sauvignon is ranking as medium

flowering
concentrations

stages  higher
than petiole.

veraison
of nitrogen

and

However, petioles had higher concentrations in

phosphorus

and potassium regardless of

growing season and stage of sampling.

Around 52% in 2018 and by 64% in 2019
growing seasons from leaf blade nitrogen
variability is explained by the petiole nitrogen
concentration. In veraison stage the nitrogen
concentration in petiole explains nearly in the

same rates (59.64% and 54.96%) the leaf blade

petiole nitrogen concentration during bloom- nitrogen variability in 2018 and 2019
time, among grape varieties (Schreiner et al., (Figure 2).
2013). In present study, leaf blade show in both
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Figure 2. Nitrogen concentration in leaf blade and petiole, at flowering and veraison,
for Cabernet Sauvignon (CS) during 2017-2018 growing seasons (CI = confidence interval;
CV% = coefficient of variation; R? = coefficient of determination)
Phosphorus growing season (flowering and veraison) the

During flowering stage in both growing
seasons, phosphorus linear regression model
explain in moderate rate the phosphorus from
leaf blade (Figure 3). In the veraison stage the
relationship between the variables is changed:
the phosphorus concentration in the petiole
explains moderately the phosphorus in the leaf
(62.81%) in the first growing season and
largely (78.54%) in the second. In 2018
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phosphorus concentration was lower compared
with 2019 (leaf blade show lower variability
than petiole). In 2019, excepting the veraison
stage  the  variability @ of  phosphorus
concentration was higher in petiole than in leaf
blade. Leaf blade and petiole phosphorus
concentration is variable from flowering to
veraison and higher in the first growing season
than the second. Soil moisture due to heavy



rainfall, correlated with lower temperatures
from spring of second growing season (2019)
decreased the ability of vines roots to uptake
Leaf blade

the phosphorus. phosphorus
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Figure 3. Phosphorus concentration in leaf blade and petiole, at flowering and veraison, for Cabernet Sauvignon (CS)
during 2017-2018 growing seasons (CI = confidence interval; CV% = coefficient of variation; R? = coefficient of
determination)

Potassium

According to Conradie (1981) potassium is the
main mineral accumulated before and after
veraison, with the highest rate during ripening,
in grape berries. Potassium cation (K%)
accumulation is linked with the water
availability and correlated with berry flesh
weight and dry matter, and also contributes to
the sap flow. In the present research, there were
no differences between seasons in petiole and

leaf blade potassium concentration relationship
(Figure 4). The resulting variability rate
accounting for petiole potassium was slightly
larger in 2019 than in 2018 veraison stage.
Potassium doesn’t combine in organic
compounds and therefore is easily leached from
leaves to the soil, but has high mobility in
plants tissues and the amount removed in
grapes can be replaced from the soil sink.
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Figure 4. Potassium concentration in leaf blade and petiole, at flowering and veraison, for Cabernet Sauvignon during
2017-2018 growing season (CI= confidence interval; CV% = coefficient of variation; R? =coefficient of determination)

Calcium

In both years petiole calcium of Cabernet
Sauvignon variety, explained in large ratios
(81.98% and 83.12% respectively) the
variability of these macronutrients in the leaf
blade during flowering stage. Quite different
was the situation for veraison, when higher
calcium variability from petiole compared to
leaf blade was found. In flowering stage (in
both  growing seasons), the calcium
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concentration variability was higher in petiole
than leaf blade, while in veraison stage the
limits of variability were narrow in both
seasons (Figure 5). Calcium is presumably in
antagonism with potassium and magnesium;
therefore interactions between calcium and
previous macronutrients have to be considered
when nutrient programs are applied (Benito et
al., 2013).
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Figure 5. Calcium concentration in leaf blade and petiole, at flowering and veraison, for Cabernet Sauvignon
during 2017-2018 growing seasons (CI = confidence interval; CV% = coefficient of variation;
R? = coefficient of determination)

Magnesium

Medium influence of magnesium concentration
from petiole was found in both growing
seasons in samples from flowering stage.
During veraison, linear regressions indicated
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that petiole magnesium had larger influence on
leaf blade, and was quite similar across years.
Regarding the variability of the magnesium
concentration, was higher in the petiole
compared to the leaf blade (Figure 6).
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Figure 6. Magnesium concentration in leaf blade and petiole, at flowering and veraison,
for Cabernet Sauvignon during 2017-2018 growing seasons (CI = confidence interval;
CV% = coefficient of variation; R? = coefficient of determination)
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Climate  variability = correlated  with
grapevine nutrition influence on grape yield
and berry composition

Berry composition is important for both
viticulturists and winemakers. Mineral status is
influenced by many factors as soil,
translocation from roots to canes and shoots,
crop load, number of berries on cluster, cultural
practices or vine vigour, climate variability and
microclimate.

At ripening stage, berry composition was
different during two growing seasons; berries
from 2018 had higher level of anthocyanins
than those from 2019.

Climate variability correlated with grapevine
nutrition influenced the berry composition and
yield. Rainfalls from the 2019 flowering season
have positive influence on titratable acidity
(TA) level (Table 1).

By contrary, soil moisture had little impact on
TA level at grape maturity. In both growing
seasons, TA level was negatively correlated
with the temperature (variables involved
diurnal and nocturnal temperature) from early
growing season to ripening stage.

However, the higher pH berry juice at ripening
was found in the warmer 2019 growing season,
and was correlated with higher sugars
concentration (Table 1).

Nitrogen

In 2018, the nitrogen in petiole and leaf blade
show higher concentration in veraison
compared to flowering stage, and was opposite
in 2019. The variability of nitrogen
concentration in petiole and leaf ranked to a
large extent, being generally higher in petiole.

Table 1. Grape yield and main production parameters for Cabernet Sauvignon variety
during 2018-2019 growing seasons

Yield Cluster Berry Pruning weight °Brix pH TA Total
(kg/vine)  weight (g)  weight (g) (kg/vine) (g/) anthocyanins
mg/1
2018 4.8 106.55 1.30 1.38 22.14 354 1776 66.75
2019 5.6 128.30 1.42 1.25 23.50 372 742 54.20

Table 2. Results for macro - and trace elements in Cabernet Sauvignon grape berries during 2018-2019 growing seasons

N K P Ca Mg B Fe Cu Mn Zn
pg berry™
2018 1472+ 3842+ 288+ 471 + 142 + 14 + 52+ 2.6+ 22+ 1.1+
86.4 103.17 39 13 6 1.2 0.4 0.18 0.18 0.19
2019 1524 3925+ 295+ 475 + 149 + 12+ 57+ 29+ 24+ 14+
+92.6 112.05 42 44 8 0.9 0.6 0.21 0.3 0.21

According to Vrignon-Brenas et al., (2019), the
post harvest application has the same influence
on petiole nitrogen concentration like that
applied at flowering; in the present research,
the first nitrogen application was before
budburst. According to Costa et al. (2019)
results, usually fertilization is positive
correlated with nitrogen concentration in the
petiole. Lower temperature and heavy rainfed
in flowering stage in 2019 growing season, are
correlated with the higher influence of petiole
on leaf blade nitrogen concentration. The
higher vigour of Cabernet Sauvignon facilitates
more nitrogen accumulation, because large
canopy need more nitrogen during budbrake
and flowering stages.

More favourable climate during veraison stage
from 2018 (Figure 1) and the availability of
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nitrogen from soil, facilitate the increase of
nitrogen concentration in petiole and leaf blade;
lower petiole and leaf blade nitrogen
concentration during second growing season in
veraison stage (2019) is correlated with less
humidity from June and July.

Several researches demonstrated that draught
can decrease the nutrients uptake from soil (due
to nutrients mineralization or less nutrient
diffusion in the soil) and the nitrogen
concentration and phosphorus in tissues (Parker
et al., 2011; Fila et al.,, 2014). Year to year
variability of nitrogen concentration in petiole
and leaf blade was reported by Benito et al.
(2013) in Garnacha Tinta variety, Schreiner et
al. (2013) in Pinot Noir or Romero et al. (2014)
in Tempranillo variety. In present study, overall
lower variability of nitrogen concentration



recommends both leaf blade and petiole from
veraison stage, for nitrogen status of the vine.
Similar results were found in Garnacha Tinta
(Benito et al., 2013) and Tempranillo (Romero
et al, 2014). However, Conradie (1981)
reported that petiole is better indicator of
nitrogen status in vines than leaf blade, because
is more sensitive to variation. Large doses of
nitrogen applied in vineyards can influence the
absorption and interact with other nutrients
(Helwi et al., 2015).

Phosphorus

Phosphorus concentration in petiole was found
to be higher than in leaf blade according to
Klein et al. (2000) founding. Large variability
in petiole phosphorus concentration in Red
Grenache variety (Benito et al., 2013) indicate
leaf blade to be more useful for phosphorus
diagnose in wine grapes varieties. On contrary,
phosphorus  was  the less  abundant
macronutrient in leaf petiole (4.0 g kg™!) found
by Arrobas et al. (2014) in cv. Viosinho Blanc.
In present research, the higher phosphorus
concentration in petiole compared to leaf blade
and less variable in leaf blade flowering stage
in the first growing season, recommends this
macronutrient as phosphorus status in Cabernet
Sauvignon.

Potassium

Cabernet sauvignon show lower variability
from flowering to veraison and from year to
year, compared with nitrogen. Lower
variability is contrary to the observations of
Romero et al. (2014) and Benito et al. (2013)
which suggest that petioles are better indicators
of potassium status from vines compared to
leaf blade, due to better response after
potassium supply. In present study, the
regression model for potassium concentration
indicates that petiole had medium or lower
influence on leaf blade potassium. The draught
from the last growing seasons and over
cropping, can explain the lower levels of
potassium in vines analysed tissues. According
to Abbasi et al. (2016) less humidity in soil
decrease potassium uptake due to lower
mobility, transpiration rate and declined of
roots membrane transporters. Potassium level
has been found to be variable from one year to
another by Christensen (2000) and his research
results confirm limits variability from 30 to
50% in the same vines from the same vineyard,
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depending on rootstock, variety and soil
moisture. Therefore, Cabernet Sauvignon leaf
blade (flowering stage) lower variability during
both growing seasons can be a better predictor
of potassium status.

Calcium

Calcium commonly range between 1.0-2.0%
and can increase to 3.5% in petioles when
potassium and magnesium are lower, according
to Christensen (2000) findings. In preset study,
some calcium uptake over 2% in leaf blade and
petiole can be partly explained by the new roots
which usually start to grow after bloom stage
and the balanced soil pH.

This statement is according with de Herralde et
al. (2010) findings, which indicates that roots
main functions are nutrient and water uptake,
and those with @ < 2 mm, are often
mycorrhized. Higher calcium concentration
(25.7 g kg'!) in petiole samples collected at
veraison was found by Arrobas et al. (2014) in
cv. Viosinho Blanc from Portugal.

Conradie (1981) research results in Chenin
Blanc show that little amount of calcium is
accumulated before and after budburst due to
the reserves used for new growth from vines
roots. However, Cabanne and Doneche (2003)
after studying the calcium accumulation in
Cabernet Sauvignon, Merlot, Semillon and
Sauvignon Blanc varieties from Bordeaux
vineyards concluded that calcium concentration
increased from flowering to veraison.

Overall low variability of potassium from one
year to another in both leaf blade and petiole
(flowering and veraison) from Cabernet
Sauvignon, recommends this macronutrient for
wine grape varieties in study nutrient status.
Magnesium

The negative correlation between magnesium
and potassium concentration was documented
by other researchers (Gransee & Fiihrs 2013;
Domagata-Swigtkiewicz et  al,  2019).
However, magnesium concentration is positive
influenced by  phosphorus  application
according to Skinner and Matthews (1990).
Leaf blade in both flowering and veraison in
first growing season show less variability,
therefore can be used for magnesium status for
future nutrition with the macronutrient in the
vineyard. In Shiraz variety from Riverina
(Australia), while phosphorus concentration
decline from spring to the end of growing



season similar to nitrogen, calcium and
magnesium increased in substantially amounts
in leaves, with the highest calcium
concentration in flowering stage and
magnesium at berry set stage (Benito et al.,
2013). Conradie (1981) research results show
that in Chenin Blanc variety, magnesium
absorption was not significant three weeks
before budburst and after one month; instead,

magnesium increased in leaves during
flowering stage till veraison.
Climate  variability = correlated  with

grapevine nutrition

Nitrogen berries content at harvest can offer the
plant status for this macronutrient for the whole
season; nitrogen accumulates during berries
development with a considerable dropping in
the first stage of veraison (50% in the skin and
seeds), but higher amounts of nitrogen decrease
the grape production (Amiri & Fallahi, 2007).
According to Satyanarayana (1972) the
nitrogen level from leaves is a major indicator
in grape yield. The more dry vintage 2018
decreased the nitrogen content in Cabernet
Sauvignon berries at harvest and was less
altered in fruits the next vintage year (Table 2).
Potassium is one of the most necessary nutrient
in grapevine and large amounts are removed
with grape yield (Kodur, 2011). It is absorbed
by vines during all stages, but mainly after
veraison, with a sharp increase during ripening
and has greatly influence on grape juice pH.
Leaf potassium concentration was not
significantly different between the two growing
seasons but less humidity during veraison and
ripening in 2018 season, decreased potassium
uptake by roots; the content in berries was
lower compared to 2019 season. On contrary,
Etchebarne et al. (2009) doesn’t found in
ripened berries potassium  concentration
modified by water availability for plants.
Component of the nucleic acids and ATP,
phosphorus accumulate in grape berries during
the whole growing season but mainly after
veraison; translocation from leaves increase
phosphorus into bunches to almost 300 pg
berry”! in both growing seasons. Structural role
of the calcium in berries cell wall and
membranes increases until veraison (decreased
after). The calcium accumulation depends of
vine water status and was lower in 2018
growing season. Magnesium which is involved
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in photosynthesis and can be found mainly in
leaves is absorbed in small quantities in grape
berries especially in seeds (before, during and
after veraison) was also influenced by vine
water status; magnesium concentration in
berries reached 142 in the first growing season
and 149 ug berry™! respectively in the second;
the magnesium from petiole doesn’t show any
link with berry quality (Table 2). Research
results of Panceri et al. (2013) for calcium and
magnesium content in grape berries during dry
weather, confirm the concentration increase of
both minerals in grape juice. Boron deficiency -
which is associated with draught stress,
decrease pollen tube growth and pollen
germination is limited, resulting hen and chick
syndrome — was observed in June-July 2019
vintage. No significant differences were found
in grape juice between growing seasons for Fe,
Mn and Zn which accumulates mainly in berry
pulp and skin, and their concentration is
associated with the migration from the skin to
pulp and positively influence by dehydration;
Galgano et al. (2008) found similar results. The
presence of Cu in grape juice is influenced
mainly by copper fungicides treatments and
was higher in more dehydrated berries during
2019 vintage (Table 2).

CONCLUSIONS

The comparison with other results is difficult
because terroir is different within the same
region; however, most of the petiole and leaf
blade concentrations found ranked around
those reported in the literature which signifies
that the vineyard area nutritional status is
adequate for Cabernet Sauvignon growing. The
higher temperature from 2019 growing season
(the highest from 1960), negatively influenced
the macronutrients accumulation in leaf blade
and petiole both in flowering and veraison
stages, comparing to more balance growing
season of 2018. Leaf blade macronutrients
concentration was more uniform excepting
phosphorus  which is better predicted by
petiole. Flowering stage was more reliable for
predicting nutritional status of the vines
excepting nitrogen. Results can be useful as
guide for Cabernet Sauvignon grape growers in
similar terroir. Climate change but especially
climate variability influence on grapevine



nutrition requires further research not only on
this variety but also on others, as well as for the
essential microelements for vines. Dry weather,
lower water activity and water loss from berry
during development, veraison and ripening,
induces changes in the soluble solids and
mineral composition and is related with their
concentration which is positive correlated with
the degree of dehydration.
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