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Conclusions 
In our search for genetic material with high mineral content in durum wheat grains we have identified genotypes with high Fe and Zn concentrations. A positive correlation has been found between Fe 

and Zn concentration in the grain of durum wheat, suggesting that these two traits may be combined relatively easily during breeding. However the complexity of the inheritance of grain mineral

concentration plus the large environment and G x E interaction effects, slow progress in the genetic analysis of these traits. 

Results and Discussion
Variability in GY and mineral concentrations

Table 2 presents the descriptive statistics for the traits evaluated from 84 durum wheat cultivars ranked in three group, as reported in Table 1, and cultivated under the same environmental conditions. 

within the genotypes tested, there was about two-fold differences in Fe, Zn, Mn, suggesting for these elements some genetic potential to increase the concentrations of these elements in durum wheat 

grains. 

Genotype x environment interactions

The differences in the expression of the traits considered were, for about 50%, due to G x E interaction with a very small effect of E on total variance (ranged from 4 to 23% for Zn and Cu, respectively) 

and a considerable influence of G on the phenotypic values observed. This implies that for Fe, Zn, Cu, Mg, Ca more than Na, Mn and K the rankings of durum wheat genotypes were influenced by 

environment. Moreover, comparing the best Fe genotypes with the best Zn genotypes for durum wheat there were two genotypes in common (Italo and L89) indicating a relationship between gain Fe 
and Zn concentration. Although breeding activity for Fe and Zn would be difficult because G×E interactions are more prevalent for these two minerals the evaluation of large germplasm collection could 

guarantee the achievement of this objective. 

Correlations of mineral elements with grain yield and kernel weight

Higher GY  and TKW tended to be associated with a general decrease in concentration of mineral element even if the relationship was statistically significant only for GY suggesting that among the 

genotypes evaluated there was not a direct influence of the seed weight on the mineral concentrations. Different authors have already mentioned a negative correlation between yield and grain mineral 

concentrations (Oury et al., 2006). Fortunately, the Pi concentration also decreases (-0.31**) confirming the previous experiences (Liu et al., 2006) and the overall effect on the bioavailability of Fe and 

other microelements is therefore difficult to predict (Table 3). 

Particularly interesting appeared the highly significant and positive correlation between Zn and Pi (0.40***), Ca (0.63***), Cu (0.28*), Fe (0.49***), Mg (0.76***) and Mn (0.44***) suggesting that some 

genetic factors for different minerals are co-segregating, and that selection for one element (for example, Zn) will in fact result in an increase in other element (such as Fe, Mg and Mn). 

The objectives of this study were to: i) determine the variability in grain mineral cations (Ca, K, Mg, Mn, Na Cu, Zn and Fe,) and inorganic phosphorous (Pi) concentrations in a collection of durum 

wheat (Triticum durum Desf.) genotypes representative of old and modern germplasm adapted to the Mediterranean conditions; ii) estimate the magnitude of genotype x environment interaction 

effects; and (iii) examine the interrelationships among mineral concentrations in durum wheat.

Materials and Methods
Genotypes and field experiments 
A historical set of 84 Italian durum wheat cultivars belonging to three different groups were 

studied (Table 1). Experiments were carried out over two growing seasons (2004-05 and 

2005-06) at Foggia, Italy and during 2005-06 at Fiorenzuola d’Arda, PC, Italy in a 

randomized complete block with three replications. 

Grain sampling and mineral determination
Grain was crushed in an experimental mill (Tecator Cyclotec 1093) to determine grain 

inorganic Phosphorous (Pi) using the colorimetric method of Chen et al. (1956), modified for 

use on microtiter plates as indirect measure of phytic acid. Mineral element concentration 

(Ca, K, Mg, Mn, Na, Cu, Fe, and Zn) of whole meal was carried out on a Varian 730-ES 

simultaneous ICP-OES (Inductively Coupled Plasma Optical Emission Spectrometry) with 

CCD detection. 

Statistical analysis
Results were subjected to a combined analysis of variance (ANOVA) and Pearson 

correlation coefficients were used to study the relationship among the mineral elements 

evaluated. 

* P≤0.05; ** P≤0.01; *** P≤0.001; ns = not significant.

5BIL-28, 5BIL-46, 5BIL-85, 5BIL-90, CTA432, CTA440, CTA478, CTA491, CTA503, CTA529, L102, L29, L38, 

L83, L89, L91, L95.

“Advanced” Linee in avanzata fase di selezione

Adamello, Arcobaleno, Bradano, Brindur, Bronte, Ciccio, Cirillo, Claudio, Colorado, Colosseo, Cosmodur, 

Creso, Duilio, Dupri, Fortore, Gargano, Gianni, Giotto, Giusto, Grazia, Iride, Italo, Karel, Latino, Lesina, Marco, 

Matarrese, Messapia, Nefer, Neodur , Ofanto, Parsifal, Platani, Polesine, Preco, Primadur, Produra, Quadrato, 

Radioso, Rusticano, S.Carlo, Saadi, Sansone, Simeto, Solex, Svevo, Tiziana, Torrebianca, Tresor, Valforte, 

Valgerardo, Valnova, Varano, Verdi, Vesuvio, Vetrodur, Vitromax, Zenit.

“Modern” Varietà a taglia ridotta rilasciate tra il 1974 e il 2000

Aziziah, Cannizzara, Capeiti8, Cappelli, Grifoni235, Matarese, Russello, Taganrog, Timilia, Trinakria.

“Old” Varietà rilasciate tra il 1900-1973

Table 1. Genotypes included in the study and grouped in old, modern and advanced 

Table 2. Grain yield (GY), thousand kernel weight (TKW) and mineral concentrations in 

3 groups of durum wheat cultivars grown in Italy.

Table 3. Pearson correlation coefficients among GY, TKW, Pi, Ca, Cu, Fe, K, Mg, Mn, 

Na and Zn of 84 durum wheat genotypes across 3 environments in Italy.

8.729.1-40.932.78.328.5-46.333.96.333.7-41.436.4Zn (mg/kg)

16.721.6-33.826.614.019.2-37.726.117.321.6-36.929.4Na (mg/kg)

9.042.9-59.847.77.841.3-57.447.88.843.0-57.849.3Mn (mg/kg)

8.91056-148111695.71056-141711716.51248-15351337Mg (mg/kg)

7.14062-520845874.74087-527447726.64061-50234420K (mg/kg)

10.136.6-51.342.513.533.6-65.643.312.341.6-60.646.6Fe (mg/kg)

12.46.0-9.67.118.45.8-14.07.519.75.9-10.47.4Cu (mg/kg)

13388-64047010.0406-63948812.1415-619507Ca (mg/kg)

9.40.46-0.660.559.10.47-0.760.599.90.48-0.690.62Pi (mg/g)

7.639.0-50.846.28.335.8-53.045.110.635.0-48.943.7TKW (g)

6.05.03-6.265.457.93.56-5.865.218.43.67-4.554.09GY (t /ha)

CV %RangeMediaCV %RangeMediaCV %RangeMedia

Advanced

(n=17)

Modern
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1.000.18ns0.44***0.76***-0.06ns0.49***0.28*0.63***0.40***-0.08ns-0.41***Zn

1.000.00ns0.16ns-0.02ns0.15ns-0.11ns0.10ns0.19ns-0.02ns-0.37**Na

1.000.52***-0.13ns0.25*0.19ns 0.27*0.03ns-0.16ns-0.15nsMn

1.00-0.23*0.44***0.35***0.54***0.16ns-0.10ns-0.53***Mg

1.00-0.18ns0.07ns0.06ns0.03ns-0.12ns0.08nsK

1.000.08ns0.28*0.20ns0.16ns-0.19nsFe

1.000.33**-0.01ns-0.06ns-0.06nsCu

1.000.33**-0.16ns-0.24*Ca

1.00-0.27*-0.31**Pi

1.000.39***TKW

1.00GY

ZnNaMnMgKFeCuCaPiTKWGY


