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INTRODUCTION

Cadmium (Cd) is an highly toxic heavy metal because of its solubility in water, which determines a rapid distribution in the ecosystem. In agricultural soils, Cd
pollution is an increasing problem due to soil amendment and intense use of phosphate fertilizers that contain Cd among various heavy metals (Schitzendubel et
al., 2001). High levels of Cd in crops are a concern in human diets (Buchet et al., 1990) particularly in cereal grains that represent large portion of human food
(Wagner, 1993). Indeed, the major part of Cd reaching the human body derives from wheat (Jorhem and Sundstrom, 1993). Compared to bread wheat (Triticum
aestivum L.), durum wheat (T. turgidum L. var durum) has a genetic propensity to accumulate Cd in kernels. However, considerable genotypic variation in grain
Cd accumulation was observed in durum wheat (Li et al., 1997). This genotypic variability in Cd uptake suggests that genetic studies can provide means of
developing molecular markers linked to the trait(s) governing Cd uptake and required in breeding programmes for the selection of low Cd uptake lines and ensure
safety and marketability of durum wheat grown in Cd containing soils.

RESULTS AND DISCUSSION

For the characterization of durum wheat lines concerning Cd accumulation, six lines (considered low Cd uptake), five lines (considered high Cd uptake) and
twelve recombinant inbred lines derived from high/low Cd uptake cultivars and unknown for their propensity to accumulate Cd were included in this analysis.
Plants were grown both on agriperlite beds and on hydroponic culture and treated with 0,5 M CdS0,. Cd content was quantified at forth leaf stage (Fig. 1A and
B). A random amplified polymorphic DNA (RAPD) technique allowed the identification of OPC-20 marker correlated to Cd content. It is linked in coupling to the
high cadmium allele and assay for making low Cd uptake selection showed that OPC-20 was associated in 80% of the cases to Cd phenotype (Penner et al.,
1995). Therefore, a molecular screening using OPC-20 marker was performed in all lines (Fig. 2). The results indicate a positive correlation between the OPC-20
marker and the Cd phenotype in all tested lines with the exception of L 9 (Fig.2 red circle).
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Fig.1: Determination of Cd content in high and low Cd uptake wheat lines and recombinant inbred lines. A: on agriperlite beds. B: in hydroponic culture. Fig. 2: PCR analysis using OPC-20 marker.

As expected, lines with high propensity to accumulate Cd showed high Cd content. Conversely, among lines previously considered low Cd uptake, three showed
Cd levels similar to that of the high Cd uptake lines. In addition, the OPC-20 marker was detected in these three lines confirming the association between the
marker and the high Cd uptake phenotype.

Cadmium accumulation of several lines selected from the above reported tests, plus a new line (Low 7), was also measured during plant development in leaves,
stems, spikes and finally in grains. Plants were grown in hydroponic solution and treated with 0,7 M CdSO0,. As reported in Fig. 3 similar pattern of Cd
accumulation was observed in different plant parts for all tested lines. This result suggest that screening for Cd accumulation can be performed at early
developmental stage.
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Fig. 3: Cd accumulation in leaves, stems, spikes and grains of several lines previously tested.

The addition of zinc (Zn) to soils has been reported to affect the accumulation of Cd in crops (Grant and Bailey, 1998), although contrasting results are reported in
literature. Therefore, the effect of Zn on Cd accumulation in durum wheat using a soil-free nutrient solution system was examined. Three lines were selected for
their different tendency to uptake Cd. Plants were grown in hydroponic solution, with the addition of 0,5 M CdSO, in the presence of low Zn (1,0 M ZnSO,) or
high Zn (10 M ZnS0O,). Cd content was measured in leaves, stems, spikes and grains. Results reported in Fig. 4 clearly indicated that in hydroponic solution the
presence of high Zn concentration leads to increased Cd content in all plant parts. The effect of Zn on Cd uptake from the soil is under investigation.
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Fig. 4: Cd accumulation in leaves, stems, spikes and grains of three selected lines treated with low and high Zn concentration.
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