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Summary
Irrigation-induced salinity is a major constraint to crop production in many countries. K+/Na+
discrimination is a trait which enhances salinity tolerance in bread wheat compared to durum
wheat, and is present in the wheat ancestor Aegilops tauschii. An experiment is described to
assess K+/Na+ discrimination, and other traits, in a number of synthetic hexaploid wheat
genotypes, produced by crossing Ae. tauschii with durum wheat. The durum parents of the
synthetics were also used in the experiment, along with the CIMMYT test set of salt tolerant
entries, and some synthetic hexaploid-based drought-tolerant germplasm. K+/Na+ ratios were
lower in the durum parents than in the elite synthetics, confirming that the trait was present in
the synthetics, and demonstrating its successful transfer from Ae. tauschii to the synthetic
hexaploid wheat (2n=6x=42, AABBDD). The 14 best-performing synthetics had similar
K+/Na+ ratios to the tolerant check S24. There were highly significant correlations between
K+/Na+ discrimination and fresh weight within the durum parents, the elites, and the
CIMMYT set. Backcrosses of some elite synthetics with the drought-susceptible hexaploid
Opata failed to show the same level of discriminatic;>n as Opata.
The potential of two elite synthetics which were also tolerant to waterlogging, and one
tolerant to multiple biotic stresses, for use in breeding programmes for stressed conditions
was noted.
Keywords: K+/Na+ discrimination, wide hybridisation, salinity tolerance, synthetic hexaploid
wheat, durum wheat, Triticum turgidum
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Introduction
Salinity is a major constraint to crop production in irrigated agriculture in many parts of the
world, and although bread wheat (Triticum aestivum L.) is commonly regarded as moderately
tolerant to the stress durum wheat (I'. turgidum L.) is more susceptible (e.g. Francois et al.
1986). One of the reasons for this is the absence in durum wheat of the trait for enhanced
K+/Na +discrimination, which is carried on the long arm of chromosome 40 in bread wheat
(Shah et al. 1987) and is also present in D genome ancestors of wheat, for example the diploid
Aegilops tauschii. (syn. Ae. squarrosa; T. tauschii) (Gorham, 1990a).
The D genome of Ae. tauschii is homologous to the D genome of bread wheat. For wheat
improvement one route is therefore via bridge crosses that utilize synthetic hexaploids (SH).
Synthetics are produced by crossing T. turgidum (2n=4x=28; AABB), with Ae. tauschii
{2n=2x=I4; 0). T. turgidum is generally used as the female parent. Earlier work at CIMMYT
has shown that there is less imbalance between chromosome numbers in the embryo and
endosperm when higher ploidy species are used as the female parent (Mujeeb Kazi, 1995).
Further, embryo regeneration is more efficient when durum wheats are the female parents in
synthetic hexaploid production. The result of the cross is an F1 hybrid with 21 chromosomes
(ABO): these are doubled with colchicine to produce the 42 chromosome synthetic hexaploid
(AABBOO) (Mujeeb Kazi et al, 1996). Approximately 800 synthetic hexaploids have been
produced at the International Maize and Wheat Improvement Centre (C1MMYT), and an elite
set of95 was designated for further study in terms of morphology, growth, disease and abiotic
stress resistances.
While durum wheat is not yet a major crop of irrigated wheat-producing areas such as the
Indo-Gangetic basin in India and Pakistan, there is increasing interest in its use as a higher
value crop for such situations, and there is therefore interest in increasing its salinity
tolerance. It is also subject to salinity stress in many parts of the Middle East and the
Mediterranean basin where it is a major cereal. The objective of the work described here was
to characterise the elite set for K+/Na+ discrimination, in an attempt to identify those lines with
potential use in breeding programmes to increase first the salinity tolerance in bread wheat,
and subsequently use cytogenetic protocols to transfer the 0 genome diversity into durum
cultivars.

Materials and Methods
Experiments were carried out to assess K+/Na+ discrimination in a range of material obtained
from CIMMYT, including a population of elite synthetic hexaploid genotypes. A total of 140
accessions were used: 97 elite synthetic hexaploids, 35 of the tetraploid parental lines, and 13
hexaploid genotypes from the CIMMYT salinity test set (Diaz de Leon et al. 1999), but with
Pasban 90 and POW 34 substituted by Ciano 79 and the highly tolerant genotype S24, the
progeny of a cross of the two tolerant wheats LU26S from Pakistan and Kharchia 65 from
India (Ashraf and O'Leary, 1996). Opata is a CIMMYT wheat with known drought
susceptibility. Backcrosses were made at CIMMYT of this genotype with some of the
drought-tolerant elite synthetic hexaploids (Trethowan et al, 2000), and 5 tolerant progeny,
together with Opata, were tested to see whether they were also positive for salt tolerance.
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The trial was conducted at the University of Wales, Bangor, field station at Pen-y-Ffridd, in a
glasshouse with heating and supplementary lighting. There were 4 replications of a
randomised block design, grown in plug trays over John Innes No. I compost irrigated with
saline nutrient solution. As the objective of the work was to study differences in K+/Na~
discrimination, no non-saline controls were used, and salinity was gradually raised after
germination to a final level of I 00 mol m- 3 NaCl, with CaC!i added to maintain an Na:Ca ratio
of20: I . The plants grew rapidly . They were grown for 21 days after attaining the final salinity
level, a total of 35 days growth in saline conditions, and were harvested when most had 6
leaves. Assessments were made of above ground fresh weight, height and number of leaves.
and between 2 and 4 fully expanded leaves per accession were removed and frozen . Sap was
extracted using the methods of Gorham et al. ( 1984) and analysed for Na+ and K+ using a
flame photometer.

Results and Discussion
Results will be discussed with particular reference to the performance of the elite synthetic
material. The durum parents were of significantly lower fresh weight than the CIMMYT test
set and the elite synthetics (which were similar to each other), but heavier than the
backcrosses . The durums were shorter than the C!MMYT test set, and the elite synthetics . The
elite synthetics were taller than the synthetic hexaploid/Opata backcross lines (data not
shown) .
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Figure l shows the sodium and potassium contents of the various classes. In terms of leaf Na+
content, there were significantly higher concentrations in the durum wheats , while the elites
h~d a similar level to the CIMMYT test set (Figure I) . Potassium was lo west in the durum
parents and the Opata backcrosses, and highest in Opata. The elite synthetics showed much
better K+/Na+ discrimination than their durum parents (Figure 2), and had a similar level to
the CIMMYT test set. Overall, the highest K+/Na+ levels were in Opata, with its backcross
derivatives being similar to the CIMMYT test set.
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It is clear from these results that the trait for
K+ /Na+ discrimination had been successfully
transferred from Ae. tauschii into the
synthetics, and in no case was the K+/Na+
discrimination of the synthetic lines lower
than in the durum parent. This confirms the
work of Gorham (l 990a), who concluded
after examination of amphiploid hybrids that
the trait was dominant in crosses of Ae.
tauschii with species in which the trait was
absent, including T turgidum. He also
( l 990b) found low leaf Na+ and high leaf K+
concentrations in synthetic hexaploids
produced by crossing tetraploid Triticum
species with Ae. tauschii, confirming the
dominance of the trait in synthetic hexaploid
wheats.
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Figure 2. Shoot K+/Na+ ratios of wheat
genotypes grown at I 00 mo! m· 3 NaCl. Data
are means +/- standard errors for the various
classes.

There were highly significant correlations on an overall basis (all genotype means) between
K+ /Na+ discrimination and fresh weight (Table I), indicating that at this early growth stage
K+/Na+ discrimination was reflected in terms of salinity tolerance . Within the durum parents,
the CIMMYT set and the elites there were also significant or highly significant correlations.
However, the correlation ofK+/Na+ with fresh weight in the Opata lines was just nonsignificant at the 0.05 level.

Table I: Correlation coefficients (r) between K+/Na+ ratio and shoot fresh weight of wheat
genotypes. Individual plant basis.
Overall

Durums

CIMMYTs

Elite synthetics

Opatas

r

0.433

0.271

0.373

0.443

0.455

p

<0.001

0.001

0.009

<0.001

0.050

There was great variability among the elite synthetics for K+/Na+ discrimination (Figure 3),
with genotype mean values ranging from almost 5 to less than 0.5, with a mean of 2 .04 and
standard deviation of 1.79. This value compares well with the mean of the CIMMYT set of
2.26. However, there was no significant cor:elation between the K+/Na+ ratio in .t he synthetics
and that of their respective durum parents (r = 0.038, p = 0.715), neither was there any
association of particular Aegilops parents with good K+/Na+ discrimination in the
synthetics{r=0.011, p=0.915).
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Figure 3. K+/Na + ratios of elite synthetic hexaploid wheat genotypes, grown at I 00 mol m·3
NaCl for 35 days, showing the range of variation within the population . Genotypes are ranked
from highest to lowest: space does not perrriit individual identification.
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Figure 4. K+/Na+ ratios of the 14 best-performing synthetic hexaploids, together with
tolerant (S24) and susceptible (Oasis) check varieties from the CIMMYT test set. The
number after the oblique identifies the Ae. tauschii accession. Vertical bars represent
standard errors.
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Figure 4 shows the best perfonning elite synthetic lines, in tenns ofK+/Na+ ratio, together with
the tolerant check S24 and the susceptible check Oasis. Although standard errors were very high.
all the synthetics had similar K+/Na+ ratios to S24, and ratios were significantly higher than in
Oasis. Of the elite lines CETA/Ae. tauschii 895 and SCA/Ae. tauschii 409 are also tolerant to
waterlogging (Villareal et al. 200 I), although the latter is susceptible to leaf and stripe rust.
CETA/Ae. tauschii I 027 has multiple biotic stress resistance (Mujeeb-Kazi et al. 1999). There
would therefore appear to be considerable potential for this gennplasm in saline, and salinewaterlogged situations. Unfortunately, the elite synthetic genotypes are not yet fit agronomically,
being difficult to thresh, and so require further backcrossing with well-adapted cultivars of
regional specificity.
Munns et al. (2000) found low Na+ accumulation and high K+/Na+ discrimination, of similar
magnitude to bread wheat, in several selections of durum wheat, and suggested that these had the
potential to improve salt tolerance in durum breeding programmes. However. from our analysis it
does not appear that the durum cultivars which were the parents of the elite synthetic lines had
K+/Na+ levels that could contribute to durum wheat improvement.
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Figure 5. Fresh weights and K+/Na+ ratios of Opata and backcrosses of Opata with selected
elite synthetic hexaploid wheats.

None of the synthetic hexaploid/Opata backcrosses with superior agronomic types showed
K+/Na• discrimination to the same level as Opata, and neither were their fresh weights as high
(Figure 5). Hence a rapid output to fit agricultural goals was not realized through these 5 elite
drought tolerant lines.
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