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Abstract: Total nutrient content of soils and quantity of potentially available part
in plants are determined in this study. Main affecting factors of nutrient uptake
might be the geochemical conditions of soils and the applied agro-technological
methods, while the real uptake of plants can be influenced by precipitation and
evaporation conditions beside the rootstock and the used grafted scions. The
element content of grape berries of Vitis vinifera L. Kékfrankos cultivar was
studied in identical rootstocks and scions at different production areas in
Northern Hungary, during two consecutive years with somehow contrasting
natural precipitation. Significant effect of the precipitation was found on the
elements-uptake by the plants in general. Furthermore, it was also found, that the
role of production area becomes increasingly important in grape production and
quality, as well. Higher precipitation resulting greater elemental content and
variability in comparison with the drier years.
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INTRODUCTION

The climatic conditions of a production area are determined as
macro-, meso- and micro-climate. While macro-climate determines
temperature and precipitation conditions at a regional scale, meso-
climate varies according to local topographic conditions
(Gladstones 1992). According to Hunter, Bonnardot (2011), climate
has the main role in physiological processes of grapevine and thus
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determining the chemical composition of leaves and berries, the
colour of the berries and the date of ripening, etc. Drappier et al.
(2017) pointed out that the composition and character of wine
from the vineyards around Bordeaux changes with climatic change.
Bartholy, Pongracz (2010) proved that the frequency of extreme
precipitation increased in the Carpathian Basin in the second half of
the 20t century while annual precipitation slightly decreased. On
the basis of climatic models, they consider that the climate of the
region becomes drier at summers and wetter at winters in the 21st
century.

The quantity of micro- and macro-elements in the soil are
influenced not only by the soil forming processes and geological
conditions but by dry and wet deposition from the atmosphere as
well. The latter is especially significant in urban environments
(Soriano et al. 2012), therefore, the monitoring of micro- and
macro-elements in soils and plants and studying their uptake are
important.

Webb et al. (1995) studied the amount of cations regarding the
relationship between soil and must and divided them into two
groups. Cations belonging to the first group are accumulated in
grapes, of exceeding even the concentration values, found in the
soils. This group includes K, Na, Mn, Pb, Cu. Cations of the second
group appear in the pressed must of the grapes in smaller quantity
than in the soil. This group includes Ca, Sr, Zn. As a conclusion of
detailed studies Bramley et al. (2011) stated that the quantity of the
mineral components in the must is only in loose correlation with
the pedological and geochemical conditions of the production area.
Pepi et al. (2016) established a correlation between the rare earth
elements (REE) concentration in the berries and REEs available
fraction in the soil; which allowed the discrimination between the
different origins of grapes.

Based on the relationship between soil pH and the uptake of
nutrients, Candolfi-Vasconcelos et al. (1997) found significant
differences among production areas with different soil conditions.
Such concept of considering soil quality was supported by Balo et
al. (2010), and Bir6 (2015). Numerous vine studies and viticultural
research (Swinchatt 2006; Coipel et al. 2006) studied the elemental
transport in bed rock - soil type - grapevine - wine, however, with
very varying results. No direct correlation was detected in the
uptake of the different macro-, meso- and micro-elements and the
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various environmental factors. Results can be classified into two
groups. Some scientists are highlighting the importance of the
rootstocks in element-composition, while others are showing the
necessity of proper water supply. Numerous studies focused on the
joint effects of the two factors. Regarding the nutrient uptake
Kocsis et al. (2001) associates the greatest effect with rootstock-
scion relationship, showing also that dry conditions strongly
influence element uptake compared to normal, wetter vintage
years. In dry years, the potassium content of the grape must show
lower values and the effect of the rootstocks are also considered
(Brancadoro et al. 1995). According to Cus (2004), climatic and soil
conditions can modify the properties of the rootstock and scion
specifics, therefore, their effects could be different by vintage and
production area.

Among factors determining water supply, vintage and the water
budget conditions of the soil worth mentioning as these together
influence the uptake of nutrients of plants in relation to the stress
tolerance of the rootstock. Water supply is influenced by slope and
soil conditions apart from precipitation. Andres de Prado et al
(2007) studied the chemical composition of wines in the case of
soils having different water budget conditions. Beside those
parameters, the extreme drought conditions had significant effect
also on the characteristics of the wines.

Objective of the present study was to compare different wine
grape production sites and the effect of annual variability of natural
precipitation regarding some of the elements, taken up by grape
fruits.

MATERIAL AND METHODS

The present research was carried out on 9 study plots in the area of
the Eger wine region in the north-eastern part of Hungary (Table
1). Examinations were performed on Vitis vinifera L. Kékfrankos
grapevine cultivar grafted on Berlandieri x Riparia, T.5.C. rootstock
with vertical shoot positioning (VSP).
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Table 1. Main characteristics of plantations in the study areas.

Vineyards GPS Row and vine Training Year of
Coordinates distance system planting

Koélyuktet6 - KT N47.864; 3.00x1.20 m Umbrella 1993
E20.383

Nagy-Eged-diilé N47.920; 3.00x 1.00 m Umbrella 1988
lower - NEA E20.420

Nagy-Eged-diilé N47.922; 3.00x 1.00 m Umbrella 1988
upper - NEK E20.418

Sikhegy - SH N47.916; 3.00x 1.00 m Umbrella 1989
E20.431

Vidra - VD N47.907; 3.00x 1.00 m Guyot 1988
E20.419

Juhszalagos - N47.867; 3.00x1.00 m Guyot 1995
JAYA E20.483

Szériihely - SZH N47.885; 3.00x 1.00 m Umbrella 1995
E20.496

T6-bérc- TB N47.872; 3.00x 1.00 m Medium high 1998

E20.289 cordon

Nagy- N47.867; 3.00x 1.00 m Umbrella 1985

galagonyds - NG E20.365

The amount of precipitation was recorded by using a BES-06
tipping bucket rain gauge developed by Boreas Ltd.
(www.boreas.hu) in automated meteorological stations operating
during 7 study areas with the accuracy of 0.1 mm.

Fruit samples of grapes were all taken on the same day in the
ripening season directly before harvesting in the different plots.
Sampling was performed on the 3rd of October in 2010 and on the
24th September in 2011 due to differences in ripening. Sampling
was performed on the basis of the random walk method. Samples
were taken from bunches of various sizes at different heights from
both sides of a given wine row. From various parts of bunches
around 100 berries were taken from each plot. Samples were
washed in distilled water after sampling and then dried in
desiccators at 80°C. Finally, grapes were homogenized by using
porcelain mortars. Destruction and exposition was made by using 5
ml cc. HNO3z and 2 ml H;0, (VWR, Hungary Ltd). The substrates
were filtered via 228 nm filter-paper and diluted to 30 ml. A
Perkin-Elmer 3000 FAAS device was used for destruction and
elemental analyses were performed using an ICP-OES device.
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RESULTS AND DISCUSSION

The relationship between precipitation and element uptake in

different vintages

Automated meteorological stations were placed into 7 production

areas out of the 9 plots (K8lyuktetd, Sik-hegy, T6-bérc, Szérlihely,

Juhszalagos, Nagy-Eged-d@l6 lower and upper). The amount of

precipitation in 2010 was 2-3 times higher than in 2011 (Figure 1).
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Figure 1. Amount of annual rainfall for 2010 and 2011 at production areas of
grapes, assessed by meteorological stations (mm). Further details in text.
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Since the amount of precipitation might significantly influences
the element uptake of plants, the elemental content of grape
samples from the two years were compared.

No significant differences were detected between the two
vintages in the case of certain elements like Ba, Mn and Ni. In
contrast, Al, Ca, Fe, K, Mg, Na, Zn were present in grapes in a
significantly larger quantity in the vintage of 2010. This can be
explained by an intensified sap flow in the plants driven by the
greater amount of precipitation. As a result, higher amount of
elements enter the plant and thus they appear in the berries in
higher quantity as well. Cu, Cr, Pb, however, were present in the
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berries in significantly greater quantity in the vintage of the drier
year, 2011 (Figure 2, Table 2). This can be explained with the fact,
that all three elements were deposited from the atmosphere in the
greatest quantity. This means mostly spraying in the case of copper
which was deposited on the surface of grapes in large quantities
(Weng et al. 2003). It can be washed from the berry surface
moderately with rain, therefore in drier years it is present in
significant amounts on the berry skin (Brun et al. 1998; Deluisa et
al. 1996). The quantity of copper measured among the grape
samples depends mostly on the type of chemicals used in the
course of spraying, on the number of sprayings and on the time
passed from the last spraying, till the date of sampling and this was
not observed in the present study. Cr appear in the atmosphere as
aerosols settling onto the surface of the Earth with either wet or
dry deposition. Following dry deposition rain washes it into the soil
from the leaves and different plant parts and this explains why it
was found in smaller quantity in the sample from 2010 when the
amount of precipitation was greater. Pb in the soil can be hardly
taken up by plants thus atmospheric deposition has the most
important role (Alloway 2012). Pb gets onto the surface of the
Earth by dry deposition thus in drier years, it appears on the
surface of plants and of grape bunches in greater quantities, that
are not washed away by precipitation.

Table 2. Differences of certain elements between vintages from 2010 and 2011
(Mann-Whitney test; bold letters: p<0.05).

Al Ba Ca Cr Cu Fe K
Mann-
Whitmeyy 000 54500 8000 24500 10.000  30.000 30000
VA 4157  -1.011 -3.695 -2773 -3.580 -2425  -2.425
Asymp. Sig. 000 312 000 006 000 015 015
(2-tailed) : : : : : . .
Mg Mn Na Ni Pb In
Mann-
Whitney U 8.000 55.500 .000 60.500 .000 18.000
VA -3.695 -953 -4.157 -.666 4158  -3.119
Asymp. Sig.
(2 xailed) .000 341 .000 506 .000 .002
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Figure 2. Statistical parameters of the elemental content of berries from vintages
of 2010 (1) and 2011 (2) (minimum, maximum, median, lower quartile, upper
quartile) as the average of the studied nine area.

Studying the elemental composition of the berry samples of the
two years significant differences were found not only in the
average quantity of individual elements and in the minimum and
maximum values, but also in the standard deviation of the values
(Tables 3 and 4). In the wet year of 2010 the standard deviation of
values was higher in the case of Al, Ba, Ca, Cr, Cu, Fe, K, Na, Ni, Zn
compared to that of 2011. Standard deviation of values of
manganese and lead was the same in the two years while in the
case of magnesium the values of 2011 showed greater standard
deviation. This suggests that besides the effect of vintage, the effect
of production area increases when the years show higher annual
precipitation values regarding the nutrient quantity of grapes
related to dry matter.
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Table 3. Standard deviation values of the berry samples of 2010 (mg/kg).

Al Ba Ca Cr Cu Fe K Mg Mn Na Ni Pb Zn
Min. 0.383 0.033 41.789 0.014 0.407 0.864 241.280 12.880 0.097 2.320 0.005 0.266 0.178
1st Qu. 0.507 0.041 47.477 0.015 0.417 0.978 348.965 14.275 0.134 2.773 0.011 0.318 0.345
Median 0.603 0.069 52.323 0.017 0.463 1.131 390.160 15.425 0.150 3.230 0.016 0.361 0.371
Mean 0.656 0.070 51.395 0.023 0.513 1.173 396.105 14.957 0.161 3.352 0.044 0.362 0.397
3th Qu. 0.742 0.084 55.061 0.021 0.597 1.276 420.735 15.758 0.174 3.725 0.033 0.407 0.426
Max. 1.105 0.150 60.300 0.070 0.734 1.572 599.460 16.060 0.302 4.900 0.253 0.475 0.953
Deviation 0.214  0.035 5.392 0.016 0.120 0.235 106.168 1.110 0.056 0.817 0.070 0.068 0.196
Table 4. Standard deviation values of the berry samples of 2011 (mg/kg).
Al Ca Cr Cu Fe K Mg Mn Na Ni Pb Zn
Min. 0.148 0.028 31.400 0.022 0.676 0.585 237.300 10.840 0.073 1.710 0.015 1.512 0.171
1st Qu. 0.164 0.038 37477 0.023 0.708 0.733 272.018 11.535 0.096 1.870 0.017 1.600 0.192
Median 0.242 0.047 39.093 0.024 0.720 0.756 296.500 12.555 0.142 2.015 0.019 1.643 0.220
Mean 0.238 0.048 39.735 0.024 0.730 0.841 303.081 12.465 0.144 2.007 0.019 1.634 0.218
3th Qu. 0.277 0.055 40.956 0.024 0.757 0.927 318.565 13.073 0.169 2.123 0.021 1.682 0.238
Max. 0.367 0.078 49.499 0.026 0.816 1.260 424.870 14.500 0.286 2.270 0.023 1.722 0.299
Deviation 0.071 0.016 4906 0.001 0.042 0.209 54.363 1.153 0.056 0.168 0.003 0.068 0.038
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It is clear that according to literature references, the uptake of
most elements - even if not all of them - varies from vintage to
vintage depending primarily on the amount of annual precipitation.

Impact of rainfall distribution over the year on elements
uptake

The second aspect of the present work was to study the variation of
the quantity of different elements in the berries within two years
with different amounts of precipitation.

Using the daily precipitation data of the plots equipped with a
meteorological station, Spearman’s rank correlation was
performed in order to understand correlation with elemental
concentration. In the course of the study, three periods were
identified within the two studied years. Apart from annual
precipitation data, the amount of precipitation in the growing
season and also in the ripening periods was considered, as well
(Table 5). As a result of different conditions of the two vintages, the
length of the phenological phases and the date of harvest were
different. The start of the growing season was taken as 1st April
(bud break) while the starting date of ripening was determined to
be 1st August. The end of the growing season and the ripening
period are indicated by the date of harvest, 5th October in 2010
and 25th September in 2011.

Table 5. Amount of annual rainfall in 2010 and 2011, and also for the growing
season and ripening (mm).

Production Total Growing Ripening Total Growing Ripening
area for season period for season  periodin
2010 in 2010 in 2010 2011 in 2011 2011
KT 1125.9 793.4 206 389.2 218.6 25.5
SH 949.9 693.5 204.7 329.6 185 16.9
TB 985.4 696.6 206 468.1 320.8 439
SzH 956.5 652.6 202.8 383.1 226.6 5.8
]Sz 952.4 632.1 183.2 354 203.8 6
NEA 680.5 4323 227.1 3729 213.2 16.5
NEF 1120.4 805.4 2529 359.8 186.4 7.9
FD 924.5 603.5 165.8 380.5 219.1 23.8
VP 1058.4 729.5 189.2 505.4 300.1 18.4
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In 2010 with relatively high amount of precipitation, the annual
amount of it shows weak positive correlation with calcium and
nickel, and weak negative correlation with copper. Considering the
growing season, weak negative correlation was found with
aluminium and copper while weak positive correlation was
detected with nickel. Calcium, however, showed medium positive
correlation (r=0.567; p=0.112). During ripening the amount of
precipitation showed medium positive correlation with calcium
(r=0.770; p=0.015), sodium (r=0.603; p=0.086) and lead (r=-0.31;
p=0.025) while with iron and zinc weak positive, with barium and
chromium weak negative correlations were found (Table 6).

In the dry year of 2011, the total amount of precipitation
showed significant correlation with chromium (r=-0.767; p=0.016)
and copper (r=-0.720; p=0.029), and medium correlation with
manganese (r=-0.633; p=0.067). Studying the growing season,
significant correlation was found only with copper (r=-0.703;
p=0.035), while medium correlation was detected with chromium
(r=-0.575; p=0.105) and manganese (r=-0.567; p=0.112). In
contrast, in the ripening period significant correlation was found
only with aluminium (r=0.750; p=0.20), while weak correlation
was detected with calcium, copper, manganese and zinc (Table 7).

The amounts of precipitation showed different correlations with
different metals in the different studied periods in the two studied
years. This enables to draw the conclusion that metal intake and
accumulation are much more dependent on the amount of
precipitation in the given year than on the distribution of
precipitation in time.

117



Acta Biol. Plant. Agriensis 6: 108-122

Table 6. Spearman’s rank correlation test of precipitation in 2010,

Al Ba Ca Cr Cu | Fe K Mg | Mn | Na | Ni Pb Zn

total Correlation -233| .083 | .417 | .235 | -483 | .133 | -.150| .000 | -.017| .133| .377 | .025 | -.126

Coefficient

Sig. (2-tailed) .546 | .831 | .265 | .542 | .187 | .732| .700 | 1.000| .966 | .732| .318 | 949 | .748

N 9 9 9 9 9 9 9 9 9 9 9 9 9
growing Correlation -417 | -133 | .567 | .176 | 333 .083 | -.183| .017 | .150 | .183 | .427 | -.117 | .033
season Coefficient

Sig. (2-tailed) 265 | .732 | .112 | .650 | .381 | .831| .637 | 966 | .700 | .637 | .252 | .764 | .932

N g 9 9 9 9 9 9 9 9 9 9 9 9
ripening Correlation .084 | -452 | ,770* | -.392 | .109 | .469 | -.126| .117 | .159 | .603 | -.105| -,731*| .361
period Coefficient

Sig. (2-tailed) .831 | .222 | .015 | .296 | .781 | .203 | .748 | .764 | .683 | .086| .788 | .025 | .339

N 9 9 9 9 9 9 9 9 9 9 9 9 9
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Table 7. Spearman’s rank correlation test of precipitation 1n 2011.

Al Ba

total Correlation .067 | -.017

Coefficient

Sig. (2-tailed) .865| .966

N 9 9
growing Correlation -017 | .200
season Coefficient

Sig. (2-tailed) 966 | .606

N 9 9
ripening Correlation ,750* | -.183
period Coefficient

Sig. (2-tailed) .020| .637

N 9 9

Fe K Mg
.267 | -.167 | -.100
488 .668 | .798

9 9 9
267 | -.017 | -.017
488 | 966 | .966

9 9 9
.033| .100| .000
.932| .798 | 1.000

9 9 9

Mn Na Ni Pb Zn
-.117|.210( .033| .150
.765| .587 | .932| .700
9 9 9 9
.100| .319 | .117| .283
798| .402 | .765 | .460
9 9 9 9
.150| .017| .183
700 | 966 | .637
9 9 9
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CONCLUSIONS

The effects of vintage were studied in two years (2010 and 2011)
with contrasting climatic conditions. The results supported of
preliminary hypotheses, that precipitation can significantly
influence on the quantity of elements taken up by grapevine.
Statistical analyses revealed that the effect of the production area is
more characteristic in years with more precipitation (2010 in this
case) regarding the elemental content related to dry matter content
of grape berries. At the same time, no significant correlation was
found between the uptake of certain elements and the amount of
precipitation measured in the growing season and also in the
ripening periods. This suggests that the intake and accumulation of
the studied elements are much more dependent on the
precipitation in a certain year than on the distribution of
precipitation in time.
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