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Introduction

The study of iron chlorosis appearance in vineyards has been 
widely studied due to the negative effects it produces on the crop. 
This is especially true in basic soils with a high carbonate content. 
In these cases, the appearance of iron deficiency in plants is quite 
normal [1].

The P.G.I. Montilla Moriles is located in the southwest of Spain. 
The representative soils of the study area are Regosols, Vertisols, 
and Luvisols [2], which are distinguished by high active limestone 
contents and, as a result, pH values. In this context, it favors the 
presence of this deficiency in iron. These soils are developed on 
calcareous materials that are more or less weathered and consol-
idated.

This work aims to determine what type of soil meets the condi-
tions to cause iron chlorosis in the grapevine variety V. vinífera L. cv. 
Pedro Ximénez grafted on V. chasselas x V. berlandieri.

Materials and Methods

According to its geographical distribution, four profiles were 
sampled for each soil type using an 8-cm-diameter auger; Regosols 
(R-1, R-2, R-3, R-4), Vertisols (V-1, V-2, V-3, V-4); and Luvisols (L-1, 
L-2, L-3, L-4). Samples were taken from five control sections of 25 
cm, from the surface to a depth of 1.25 m since the highest per-
centage of vine roots are located above this depth (20–80 cm) [3]. 
The soil samples were air-dried before being broken down with 
a roller and passed through a sieve with a mesh size of 2 mm to 
separate coarse and fine-earth fractions. Fine-earth fractions were  

 
used for the chemical analysis. The average value of three replicates 
per sample was used for all analytical assays. On each soil sample, 
the following determinations were performed: Soil pH in H2O was 
measured in saturated paste; texture was determined by the Bouy-
oucos method; soil carbonate content in a Bernard calcimeter by 
reaction with HCl; soil organic matter was determined by K2Cr2O7 
oxidation; CEC; Fe-total and Fe-AEDT [4]; and Fe-oxalate, extract-
ed with ammonium oxalate [5]. Soils were classified according to 
the World Reference Base [6]. Finally, using the Statgraphics plus 
Software Version 5.1 statistical package [7]. A cluster analysis per-
formed taking into account the average values of the four profiles 
sampled for each soil type for the five control sections considered.

Results and Discussion

Figure 1 shows the dendrogram performed on the average val-
ues of the four profiles sampled for each soil type for the five con-
trol sections considered (1: 0-25; 2: 25-50; 3: 50-75; 4: 75-100; 5: 
100-125 cm). Regosols sections RE1 RE2 RE3 RE4 RE5; Vertisols 
sections VE1, VE2, VE3, VE4, VE5 and Luvisols sections LU1 LU2 
LU3 LU4 LU5, for the ten variables considered pH(H2O); % Sand; 
% Silt; % Clay, % Carbonates; % Organic Matter; CEC; Fe-total and 
Fe-AEDT; and Fe-oxalate.

As can be seen, there are two groups, Regosols on the one hand 
and Vertisols and Luvisols, more evolved soils, on the other. This 
difference is based on the fact that the Regosols present, in gen-
eral, the lowest values for all the determined variables except for 
sand and silt. For Vertisols and Luvisols, except in the three deepest 
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control sections, the opposite of Regosols occurs. This may be due 
to the more limestone nature of the deeper control sections in the 
case of Luvisols. On the other hand, regardless of the type of soil, a 

greater similarity is observed between the superficial layers of the 
soil Figure 1.

Figure 1: Schematic representation of a typical electrochemical cell. R -> Reference electrode, W -> Working electrode, C → Counter 
electrode, V -> voltmeter A -> amperemeter

Likewise, a series of indices were tested to try to predict the 
influence of these soils on the possibility of chlorosis of the Pedro 
Ximénez vineyards in the P.G.I. Montilla-Moriles. Of all of them, the 
one that seems to best fit the chlorosing characteristics of these 
soils is the Fe-oxalate/limestone ratio.

In this sense, Regosols present values from 9x10-3 to 1.5x10-2 
but are always lower than the other two types of soils, whose val-
ues range from 0.4 to 0.9 for Vertisols and from 0.2 to 2.0 for Luvi-
sols. Finally, it should be noted that in Luvisols there is a notable 
decrease in this index with depth, corresponding to the disappear-
ance of illuviation horizons and the appearance of horizons with 
more carbonate contents.

Considering the dendrogram obtained and the values of the in-
dices studied, regosols seem to be the most propitious to promote 
iron chlorosis in vineyards, although the variety Pedro Ximénez 
grafted on V. chasselas x V. berlandieri seems insensitive to the ap-
pearance of this deficiency.
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