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Summary

The main purpose of the study was to evaluate ma-
jor and trace elements contained in topsoil from rep-
resentative plots of vineyards located in La Mancha, 
Spain, to obtain an elemental fingerprint of vines.

The samples evaluated were obtained from topsoil 
in six different plots, belonging to the region of La Man-
cha, characterized by the cultivation of vineyards (near 
189.127 ha). Twenty different vines from each plot were 
chosen to take samples from grapes, petioles and leaves. 
Analyses were carried out by X-ray Fluorescence ap-
plied on soils and dried vegetal matter. Biological Ab-
sorption Coefficient (BAC) was calculated to assess the 
uptake of minerals by vines as a function of their spe-
cific content in soil.

The BAC in leaves and grapes was very similar for 
all studied elements. High contents of Ca, Sr, Ni and 
rare earth elements (La, Ce and Nd) were found along 
with low contents in Al, Zr, Ba, Cu, Zn and Pb, and 
normal contents in the rest of the elements.

BAC in grapes was lower for the majority of the 
studied elements but it is interesting to underline the 
contents of Cs, K, Nb, Ce, Zn and Sr as possible mark-
ers of soil fingerprinting in the resulting wines. 

K e y  w o r d s :  Trace elements, Strontium, vine physiol-
ogy. 

Introduction

The chemical interaction between soil-plant systems 
is characterized by the contents of the different elements. 
In this sense, each particular system has its own specif-
ic constituents. The elemental composition in wines and 
grapes has been extensively studied in order to evaluate 
the characteristics associated with the different regions 
and varieties, mainly in an attempt to obtain an elemental 
fingerprint for products to certify designations of origin. 
In general, the vineyards cultivated in the region of La 
Mancha produce wines with their own designation of ori-
gin (D.O. La Mancha). This region represents the world’s 
largest vineyard area, with 189,127 ha, and it is formed 
by four provinces, Toledo, Albacete, Cuenca and Ciu-
dad Real (HIDALGO 1980). Evaluation of the geochemical 

properties of the vines and comparison of the elemental 
contents in soils could be of great interest for the region. 
For example, it would be possible to assess the influence 
of other factors on the composition of wines along with 
the soil plant interactions in major and trace elements, and 
to detect any external variation in the elemental contents, 
mainly as a consequence of diffuse pollution. The soils in 
the aforementioned area originate from Tertiary sediments 
(Miocene) (HIDALGO 1980). These soils were formed over 
Ordovician-Silurian rocks and originate from the erosion 
and weathering of the old Hercinic socket. In general, the 
soils of the region are classified as Luvisols, with rhodic 
or chromic character, due to the presence of iron oxides 
(FAO ISRIC ISSS, 2006). The main materials found over 
the Hercinic socket result from the weathering and erosion 
of quartzite and materials from the schist-greywacke com-
plex. However, the soils from the region of Ciudad Real 
have not been studied in great detail. 

The different properties of wine cultivars are greatly 
influenced by soil characteristics, chiefly texture and con-
tent of macro and micronutrients. Several studies have 
been carried out on Mediterranean regions and areas of 
influence to investigate soil origins, parent materials and 
their characteristics (CARLEVALIS et al. 1992, ATALAY 1997, 
GARCÍA and SANTOS 1997, YAALON 1997, YASSOGLOU et al. 
1997, ORTIZ et al. 2002, BRONGER and SEDOV 2003). Indeed, 
recently published studies have focussed on the area un-
der consideration in this paper (DE LA HORRA et al. 2008, 
CONDE et al. 2009). 

The study of geochemical soil composition provides 
information, along with other complementary data, about 
fertility and the availability of nutrients for plants. Major 
elements provide information about total structural com-
ponents and potential nutrients (WILD 1992, LANYON et al. 
2004, WHITE 2009), while contents of trace elements give 
an insight into the geochemical origin (GARCÍA et al. 2009) 
and potential toxicities (CONDE et al. 2009) of the soil.

The metabolism of trace elements in plants has been 
widely studied (WILD 1992, KABATA-PENDIAS 2001). How-
ever, every plant-soil system (KABATA-PENDIAS 2001, MO-
LINA et al. 2006) has to be specifically studied, since the 
behaviour could differ depending on the elements present 
in a particular system. In all cases studied previously, plant 
composition (leafs, fruits, juices, tubers, etc.) always re-
flected the chemical properties from the environment of 
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Given the importance of the aspects outlined above, the 
main objective of the work described here was to charac-
terize the contents of major and trace elements in different 
parts of the vines from the region of Campo de Calatrava, 
the varied soils and vineyards of which are representative 
of La Mancha Region (Ciudad Real, Spain). Another aim 
was to assess the pattern in the accumulation of major and 
trace elements in the different parts of the vines.

Materials and Methods

S t u d i e d  a r e a :   The area under investigation 
was near to the municipality of Carrión de Calatrava in the 
province of Ciudad Real (Fig. 1). This location was chosen 
because of its soil diversity and because the vineyards cul-
tivated are of the 'Cencibel' variety ('Tempranillo') grafted 
onto '110-Richter'. Dry farming and low vine conduction, 
pruned in spurs is the traditional management regime in 
this area (the La Mancha Region has its own designation 
of origin, D.O. La Mancha). These soils represent 27.2 % 
of the total regional area dedicated to the cultivation of the 
wine grape (HIDALGO 1980, AMORÓS et al. 2008). The main 
use of the cultivars is in the production of premium-quality 
wines (PILLET 2007). 

The area is formed by a smooth topography with alter-
nating quartzitic hills (AMORÓS et al. 2010) and Miocene 
plains. The valleys show hydromorphic soils and qua-
ternary sediments. In addition, some volcanic intrusions 
could be present within the described elements. The great 
variability of soils with different geological origins and 
specific evolutions offers one of the greatest edaphically 
diverse regions of the World (DE LA HORRA et al. 2008, 
CARLEVALIS et al. 1992). 

The altitude and locations of the plots are indicated 
in Tab. 1. The samples evaluated were obtained from top-
soil in six different plots, with three samples taken from 

cultivation (KABATA-PENDIAS 2001, CASAÑAS et al. 2003, 
DI GIACOMO et al. 2007, CHOPIN et al. 2008, PESSANHA et al. 
2010). In the particular case of grape composition, the el-
emental content will be influenced by soil composition as 
well as the variety and maturity of the cultivars and the 
climatic conditions (POHL 2007). 

The first attempt to evaluate the provenance of a wine 
by studying multi-elemental analysis was reported by KWAN 
et al. (1979). More recently, several studies have been car-
ried out in different areas and, as pointed out by SEPARI-
NAS et al. (2008), the use of Inductively Coupled Plasma 
has provided a wider range of elements and much lower 
limits of detection. The metal content found in cultivars 
was independent of the age of vines and was more related 
to the metal content in the soil at the time of analysis. In 
this sense, the multi-elemental analysis of grapes became 
very important for the producer to demonstrate the au-
thenticity of the area of provenance and to show potential 
situations of specific metal contamination in soils (GALANI-
NIKOLAKAKI et al. 2002, KMENT et al. 2005, GALGANO et al. 
2008, PANEQUE et al. 2009, FIKET et al. 2011). Factors that 
have become very important include the variability of ele-
ments in soils, the behaviour of plants with a specific ele-
ment, the amount of a specific detectable trace element, 
the geographic location and the global environment and its 
interactions. All of these properties can define the chemical 
composition of a particular grape, and subsequently that of 
the wine, thus emphasizing the importance of knowledge 
of the “terroir” for each particular wine (HUGGET 2006). In 
the case of Spanish wines, most products with a designa-
tion of origin have been studied in relation to their soils of 
provenance (BARBASTE et al. 2002, GONZÁLVEZ et al. 2009, 
PANEQUE et al. 2010), except for the various vineyards of 
La Mancha, where the vines have poorly been studied in 
relation to the soil properties, particularly in terms of their 
contents of trace and major elements (AMORÓS et al. 2008, 
AMORÓS et al. 2010).

Fig. 1: Location of plots.
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The software packages Microsoft Office EXCEL 2007 
(Copyright© Microsoft 2008) and STATGRAPHICS Plus 
5.1 (Copyright© 1994-2000 Statistical Graphics Corp.) 
were used for statistical analyses and to produce figures.

Results and Discussion

S o i l  c h a r a c t e r i s t i c s :  General data for the 
soils of the studied plots are given in Tabs 1 and 2. Even 
soils located in plots next to each other show large vari-
ation in their properties. In particular, the organic matter 
content is highly variable due to the different manure sys-
tems used by each farmer. These soils have a basic pH and 
they contain medium to high contents of calcium carbon-
ate. These soil characteristics are very common in the re-
gion of La Mancha (CARLEVALIS et al. 1992, HIDALGO 1980, 
DE LA HORRA et al. 2008). In this particular case, the mo-
bilization of metallic elements that are normally adsorbed 
in clay (KABATA-PENDIAS 2001) is more effective in acidic 
media (WILD 1992, WHITE 2009). The electrical conductiv-
ity results do not suggest any problem related to salinity 
(WILD 1992). The most frequent textural class is the loam 
type, with a clay content that does not exceed 20 %.

Soils were classified as Chromic Luvisols or Petric 
Calcisols (FAO ISRIC ISSS, 2006). A description of the 
soils has been published previously (DE LA HORRA et al. 
2008, CARLEVALIS et al. 1992, AMORÓS et al. 2010). 

C o n t e n t s  o f  m a j o r  e l e m e n t s  i n  t h e  
s o i l - v i n e  s y s t e m :  The results for the total contents 
of major and trace elements are shown in Tab. 3 for each 
plot. The data are arranged from 1 to 6, according to the 
number of plot. The first six results are denoted CE and 
these represent the soils. The CE designation comes from 
the name of the vine variety cultivated in the studied plots, 
which is known as 'Cencibel' in La Mancha ('Tempranillo' 
is the best-known name worldwide since it is used in La 

each plot. At the same locations, a total of 20 different 
vines from each plot were chosen to take samples from 
grapes, petioles and leaves. The samples were kept in bags, 
marked, dated and submitted to the same elemental analy-
sis procedure. 

A n a l y t i c a l  P r o c e d u r e s :  All analytical de-
terminations were carried out according to SCS-USDA 
guidelines (SCS-USDA 1972). All samples were extracted 
and analysed in triplicate. 

Soil texture was determined using the hydrometer 
method (GEE and BAUDER 1986). Soil pH was measured 
in H2O and in 0.1 M KCl using a 1:2.5 soil/solution ra-
tio. Electrical conductivity was measured on a 1:5 soil:
water extract. The soil organic matter was quantified by 
the Walkley and Black wet oxidation method (NELSON and 
SOMMERS 1982). Soil colour was measured using Munsell 
Color Charts (Munsell Color Co. 1998). The determina-
tion of calcium carbonate was carried out with a calcime-
ter. The active calcium carbonate equivalent or 'active lime' 
was determined with NH4-oxalate as described by DROUIN-
EAU (1942).

The trace elements analysis with the major and trace 
elements obtained as percentage (%) and ppm (mg∙kg-1), 
respectively. 

Soils samples were taken at the beginning of the sum-
mer of 2010. On 16th July 2010, 20 leaves were taken from 
20 vines from each plot. The leaves were taken from op-
posite the first cluster in order to ensure that all the leaves 
were of the same age. The leaves were dried and the limbo 
and petiole were separated. About 2 g of each sample were 
hand milled and analysed using the same fluorescence 
spectrometer.

On 28th August 2010, 500 grains of grapes were taken 
from each plot. The grapes were dried, lyophilised and 
hand milled prior to analysis using the same fluorescence 
spectrophotometer. All of the vegetal material was ana-
lysed after fine milling in a Teflon mill.

T a b l e   1

Properties of plots. Altitude, location, organic matter, active lime and total carbonates

Plot  
identification

Altitude 
(m) Coordinates Organic 

matter (%)
Active 

lime (%) % CaCO3

M1 623 39º05’09.1’’ – 03º51’09.1’’ 1.9 2.50 4.5
M2 627 39º03’31.9’’ – 03º49’00.6’’ 1.5 7.38 16.4
M3 636 39º02’41.1’’ – 03º52’12.3’’ 1.2 10.63 9.8
M4 621 39º03’23.3’’ – 03º52’31.9’’ 3.2 10.63 23.9
M5 618 39º03’11.7’’ – 03º52’36.2’’ 1.0 3.00 3.0
M6 631 39º02’08.7’’ – 03º52’33.0’’ 3.6 14.88 25.5

T a b l e   2 

Properties of plots. Texture, pH, electric conductivity and colour

Plot identification pH (1:2.5) Texture E. C. (dS/m) Colour Dry
M1 8.31 Sandy loam 0.77 5 YR 4/6 (yellowish red)
M2 8.43 loam 0.77 7.5 YR 5/4 (brown)
M3 8.11 loam 0.73 5 YR 3/4 (reddish brown)
M4 8.18 loam 0.83 7.5 YR 4/3 (brown)
M5 8.44 Sandy loam 0.78 7.5 YR 3/2 (dark brown) 
M6 8.11 loam 0.85 7.5 YR 4/4 (brown)
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Rioja). The results for elemental contents of leaves (CEH), 
petioles (CEP) and grapes (CEU) are also included in 
Tab. 3 and follow the corresponding plot number. 

Major and trace elements are presented together, even 
if their concentrations differ in magnitude (the former are 
represented as percentages and the latter in ppm), in order 
to elucidate their potential interactions as these could not be 
compared readily on using the same order of magnitude to 
measure concentrations. These two parameters have been 
used together to ascertain the origin of other products such 
as potatoes (CASAÑAS et al. 2003, DI GIACOMO et al. 2007). 
The average and standard deviations of the total contents 
are represented in Tab. 4.

In the case of major elements we detected that the 
contents of Si, Al and Ca are predominant for the soils in 
the region. These results are as expected given the minera-
logical characterisation of the studied soils (DE LA HORRA 
et al. 2008, CARLEVALIS 1992). The macronutrients are 
found in suitable concentrations for nutrition of the plants 
(WILD 1992). One exception is the case of K, which has a 
lower concentration than the average found in the soils of 
the region (0.82 %), mainly when the results are compared 
with those for soils from granitic regions (HUGGET 2006). 
The Ca/Mg and Ca/K ratios are high and they can result in 
absorption problems for Mg and K (LANYON et al. 2004). 
However, the most frequent problem is ferric chlorosis due 
to low Fe absorption, which can decrease the productivity 
even without any evident symptoms (GRUBER 2002). 

Mn contents are low when presented as an average val-
ue (0.065 %) with the exception of plot 4, which contains 
remnants of volcanic rocks. A high Mn content has been 
pointed out as being responsible for the particular nature of 
some wines from Beaujolais (HUGGET 2006)

C o n t e n t s  o f  t r a c e  e l e m e n t s  i n  t h e  
s o i l - v i n e  s y s t e m :  The presence of low levels of 
Zn (41 ppm) and Pb (19 ppm) is inferior as compared to 
other wine-growing regions such as Champagne (300 ppm 
and 100 ppm, respectively) (CHOPIN et al. 2008), Oporto 
(ALMEIDA and VASCONCELOS 2003) and other areas that have 
suffered contamination by spills (MADEJON et al. 2003).

Data for Cu were not included in Tabs 3 and 4 because 
results obtained on the soil range from 15 to 20 ppm. How-
ever, variations in the Cu content for leaves range from 
below the limit of detection to 133 ppm, depending on 
whether the plot has recently undergone fungicidal treat-
ment or not. Significant amounts of Cu were detected when 
the plots showed symptoms of contamination through 
treatment (POHL 2007). In any case, in the studied area, Cu 
treatments are not frequent and this element does not reach 
the levels found in other wine-growing regions, which 
have typical values of around 100 ppm (ALMEIDA and VAS-
CONCELOS 2003, CHOPIN et al. 2008). 

The particularly high Fe levels found in these soils 
warrant special mention, even if this element is present 
in normal proportions (3.8 %) with respect to world soils 
(WILD 1992) and other soils of La Mancha (CARLEVALIS 
et al. 1992, DE LA HORRA et al. 2008). However, some 
symptoms of chlorosis were apparent due to the presence 
of Ca and the high pH of the soil solution (GRUBER 2002), 
a problem that can be especially prevalent if the rootstock 
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is not chosen appropriately (WOOLDRIDGE 2010). The Ba/Sr 
ratio is displaced due to the abundance of Sr in the lime-
stone soils of La Mancha (CONDE et al. 2009) and because 
the content of Ba is low compared with the average for 
world soils (KABATA-PENDIAS 2001). Sr is of special inter-
est because it can replace the Ca in many physiological and 
structural features due to the similar ionic radius of these 
elements (ROLLINGSON 1993). 

The abundance of Ni is relatively high, at 43 ppm, with-
out reaching levels of contamination (REINMANN 2001). 

Rare earth elements (REE) are also present and partic-
ularly abundant are Ce (64 ppm) and Nd (29 ppm). The La 
content is around 30 ppm, showing low levels of amount 
in the plant and, for that reason data were not shown in 
Tab. 3. Other trace elements such as V, Cr and Co are at 
normal or low levels. The content of Rb is particularly low. 
This element is characteristic of granitic areas (ALMEIDA 
and VASCONCELOS 2003, HUGGET 2006). The behaviour of 
Rb is of interest as it can replace the K in physiological 
functions as these elements have a similar ionic radius 
(ROLLINGSON 1993). 

In relation to the content of trace elements in the plant, 
it can be stated that there are very few global references, 
although major elements and micronutrients have been 
widely studied (LANYON et al. 2004, WHITE 2009). The con-
tents of the different elements found in vines of the stud-
ied region, when compared to other plants referred in the 
bibliography (KABATA-PENDIAS 2001), can be summarized 
as follows:

- Similar contents: Ca, K, Mg, Ba, Cu, Mn and Ni
- Higher contents: P, S, Co, Cr and V 
- Lower contents: Na, Pb and Zn.
It can be observed from the results in Tab. 3 that certain 

elements accumulate in the plant, e.g. Cs (KABATA-PENDIAS 
2001). The role of fungi in the uptake of nutrients (White, 
2009) has been pointed out for elements such as P (KABA-
TA-PENDIAS 2001, WHITE 2009) in the active participation of 
the absorption and mobilization of trace elements (CAMPOS 
et al. 2009). This pattern was not found in our case for Rb 
(low content in the studied soils) or Cd (not detected by 
the analytical technique used). We agree in pointing out 
elements that are very weakly uptaken as Zr, Sc, Fe and Al 
(KABATA-PENDIAS 2001). However, the Ba content showed 
a relatively high level in our plots.

Regarding the published foliar analysis data for evalu-
ating the nutritional status of the vine (WILD 1992, 2009 
LANYON et al. 2004), all elements obtained in our study are 
within the limits that are considered normal, with the ex-
ceptions of K (0.7 %) and Zn (15 ppm), which are present 
at relatively low levels without reaching deficiency. In oth-
er regions, such as the Douro in Portugal (PESSANHA et al. 
2010), similar results for leaves were obtained in K, Ca and 
Fe, higher levels in Cu, Zn and Rb and lower levels in Sr. 
In the Champagne region, CHOPIN et al. (2008) twice the 
amount of Zn in leaves and very similar contents for Pb in 
comparison to our study.

The contents of different elements in leaves and peti-
oles are shown in Tab. 3 and it can be observed that the 

T a b l e   4

Average (X) and standard deviation (S) for major and trace elements. For identification purposes, s is used for soil, 
h for leaf, p for petiole and u for grape samples. The concentrations are expressed in % for major elements (from Na 
to K) and in ppm for trace elements (from V to Nd). Bioadsorption levels are represented by Biological Absorption 

Coefficient (BAC) followed by H for leaf, P for petiole and U for grape

 Xs Ss Xh Sh Xp Sp Xu Su BACH BACP BACU
Na 0.082 0.026 0.007 0.006 0.025 0.012 0.010 0.009 0.089 0.302 0.126
Mg 0.921 0.130 0.442 0.103 0.619 0.146 0.039 0.014 0.480 0.672 0.043
Al 3.924 1.912 0.055 0.011 0.007 0.002 0.004 0.005 0.014 0.002 0.001
Si 23.886 4.720 0.820 0.276 0.027 0.008 0.019 0.008 0.034 0.001 0.001
P 0.086 0.011 0.179 0.041 0.125 0.044 0.060 0.009 2.078 1.447 0.700
S 0.049 0.010 0.222 0.031 0.075 0.015 0.036 0.006 4.568 1.550 0.751
Ca 9.839 5.110 2.750 0.630 1.693 0.457 0.072 0.029 0.280 0.172 0.007
Mn 0.065 0.022 0.012 0.006 0.005 0.001 0.004 0.000 0.183 0.076 0.060
K 0.829 0.441 0.734 0.315 0.802 0.334 0.844 0.422 0.885 0.967 1.019
Fe 3.839 0.786 0.056 0.013 0.003 0.002 0.002 0.001 0.014 0.001 0.001
V 73.683 20.577 6.933 1.760 4.133 0.924 3.000 0.629 0.094 0.056 0.041
Cr 70.750 18.540 5.183 0.366 4.300 0.167 4.967 1.325 0.073 0.061 0.070
Co 11.983 1.875 2.783 0.440 2.717 0.214 2.867 0.350 0.232 0.227 0.239
Ni 42.933 16.022 2.050 0.423 0.983 0.223 1.583 0.864 0.048 0.023 0.037
Zn 41.917 6.124 15.617 3.435 16.617 6.078 6.433 1.209 0.373 0.396 0.153
Rb 56.100 11.930 3.917 0.747 4.933 1.181 4.933 0.665 0.070 0.088 0.088
Sr 190.217 90.336 133.550 65.579 118.817 52.356 28.783 12.162 0.702 0.625 0.151
Nb 17.883 4.377 4.250 0.524 4.100 0.498 5.050 0.399 0.238 0.229 0.282
Cs 4.267 1.360 5.450 1.111 5.267 2.675 9.133 2.272 1.277 1.234 2.141
Ba 287.383 29.603 39.483 5.191 39.833 5.200 27.983 4.064 0.137 0.139 0.097
Ce 63.800 11.941 10.767 4.330 9.267 2.938 13.517 3.879 0.169 0.145 0.212
Pb 19.667 3.184 3.550 1.763 2.417 1.610 4.100 0.126 0.181 0.123 0.208
Nd 29.083 6.443 4.300 2.862 5.033 1.694 5.333 2.812 0.148 0.173 0.183
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studied calcareous soils are very rich in this element) and 
for Fe, Ba and rare earth elements. In contrast, the vine has 
a very low affinity for Rb (very low content in the studied 
soils) and for Ni and Pb, both of which are present at very 
low levels in the studied plots.

The BAC values in the leaves are very similar to those 
obtained in the petiole and are higher than the average val-
ues for the grape in all cases.

C o r r e l a t i o n  b e t w e e n  e l e m e n t a l  c o n -
c e n t r a t i o n  i n  s o i l  a n d  p l a n t :  Having de-
scribed the average levels of bioaccumulation for each ele-
ment, we attempted to establish a model for the behaviour 
of each particular element obtained in this study. This was 
achieved by comparing the different concentrations of ele-
ments in the soils, leaves and grapes. In general, a trace ele-
ment (whether essential or not) will be accumulated in the 
plant according to a sigmoid-type function as its concentra-
tion in the soil is increased (KABATA-PENDIAS 2001). 

We are aware that the number of plots used for the area 
is too low to establish general laws for the region. How-
ever, one of the objectives of the present study was to out-
line general trends in order to guide future studies on the 
behaviour of vines cultivated in our region for each trace 
element. In this sense, we established simple linear correla-
tions (WHITE 2009) between the content of each element in 
the soil and its contents in leaf and grape in vines.

The results are shown in Tab. 5. In most cases, the cor-
relations are positive but not significant. Significant cor-
relation does occur in leaf values for Mg, K, V, Cr, Sr and 
Ce, whereas for grapes the only positive and significant 
correlation was obtained for Sr.

We appreciate that the significant correlations for Sr 
and Cr are similar to those obtained for other elements such 
as P (WHITE 2009) and Hg in woody species (MOLINA et al. 
2006). In contrast, in the case of Zn it seems that a definite 
pattern is not obtained, as shown by the low concentra-
tion models for unpolluted soils (MADEJÓN et al. 2003). 
The behaviour for Sr, Zn and Cr for the soil-leaf system is 
represented in Fig. 2 and in all cases a positive increasing 
correlation is observed.

As an example of accumulation in the fruit, we can 
highlight the case of Sr in Fig. 3, which again shows a posi-
tive and significant correlation. 

Conclusions

From the results obtained in this study it can be con-
cluded that novel and relevant information about the behav-
iour of vines cultivated in Campo de Calatrava (Subregion 
of La Mancha- Spain) has been obtained. The results show 
that the plants accumulated elements in different parts de-
pending on the geochemical properties of the soils. This is 
especially evident in the case of trace elements, the pres-
ence or absence of which could show soil provenance and 
act as a geochemical fingerprint for the fruit. This study 
could be important for the chemical identification of wines 
produced in this region. The studied plots are representa-
tive of the area and are varied in their composition. The 

contents are similar for the trace elements. The major ele-
ments do show some differences, for example in Na, where 
the content is higher in petiole, and in Al, Si, Ca, S, Ca, Mn 
and Fe, which show lower values in petioles than in leaves. 
Several differences could also be detected in some major 
elements (P, K, Ca and Mg) depending on the variety and 
rootstock (WOOLDRIDGE 2010).

According to the results in Tab. 3, the contents for the 
different elements in the fruit are always lower than in the 
leaves, except for K, since the accumulation of this element 
is reported to increase as the fruit ages (WHITE 2009). 

On the other hand, the contents of some trace elements 
could enable differentiation of the origin of products, in 
keeping with other trace and major elements described in 
the bibliography that could be of interest in relating the 
plant with the soil of provenance (Ba, Cr, Li, Rb, Sr, Ca, 
Mg, Mn and Na) (CASAÑAS et al. 2003, KMENT et al. 2005, 
POHL 2007, DI GIACOMO et al. 2007, ALMEIDA and VASCON-
CELOS 2003, GALGANO et al. 2008). 

In the Douro region (Portugal), PESSANHA et al. (2010) 
obtained similar results in cultivars for K, Fe and Zn, high-
er levels for Cu and Rb and lower levels for Ca and Sr. 
The contents obtained for trace elements are very low in 
comparison to other regions and species, particularly if the 
soil suffered some contamination (REINMANN 2001, MADE-
JON 2003).

B i o a c c u m u l a t i o n  o f  e l e m e n t s :  The level 
of bioaccumulation was calculated as the ratio between the 
concentration of any studied element in the leaf, petiole or 
grape of the vine and the concentration found in the cor-
responding soil. The capacity of a plant to uptake nutrients 
is measured as the ratio of the element in the plant and its 
concentration in the soil. This ratio is called the Biologi-
cal Absorption Coefficient (BAC), Index of Bioaccumu-
lation (BA) or Transference Factor (TF) (KABATA-PENDIAS 
2001). 

BAC values for the vines and the studied soils are 
shown in Tab. 4. Comparison of the values obtained for 
leaves with the values obtained from the literature (KABA-
TA-PENDIAS 2001) allows the following conclusions to be 
drawn for the different major and trace elements accumu-
lated in the different parts of the vines: 

- Values obtained for the major elements that are high-
er than or close to 1: S (4.56), P (2.07) and K (0.88 in leaf, 
0.96 in petiole and 1.01 in grape). In the case of Cs, the 
values are 1.2 in the leaves and petiole and 2.1 in the fruit. 

- Values obtained for different elements in the range 
0.1 to 1. This group includes Mg (0.48 in leaves and 0.67 in 
petiole), Ca (0. 28) and Mn (0.13) amongst the major ele-
ments. Trace elements belonging to this class are Sr (0.70), 
Zn (0.37), Nb (0.23), Co (0.23), Pb (0.18), Ce (0.17), Nd 
(0.14) and Ba (0.14).

- Values obtained for different elements in the range 
0.01 to 0.1. The major elements in this group with low 
BAC values are: Na (0.08), Al and Fe (0.01) and Si (0.03). 
The trace elements included in this group are V (0.09), Cr 
and Rb (0.07) and Ni (0.03). 

Peculiarities in the BAC values for the vine, in com-
parison to other plants, include the high affinity for Sr (the 
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tion for V, Cr, Sr and Ce in leaves. For the grape, however, 
the only element that showed identical behaviour was Sr.

Nonetheless, further research is recommended in or-
der to deeply study the elemental relationship between soil 
and vines of La Mancha region, evaluating more plots and 
using higher sensitive analytical techniques for some ele-
ments, such as ICP-plasma, to show a more adjusted geo-
chemical fingerprint in the fruits.
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