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Barley mutant heterosis and fixation of ‘F,- performance’ in doubled haploid lines
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Abstract

The phenomenon of mutant heterosis was studied in barley using F,
hybrids developed from crosses involving two mutants derived from
the same parent variety (067AR x 032AR), or from crosses of mutants
with their parent varieties (Diva x 228DV: 437TMG x Mg 4170). The
agronomic performance (plant height, tillers per plant, kernel number
and weight per plant) of F, hybrids was evaluated in relation to the
corresponding parent variety used for mutant development. Wide-space
sowing (0.06 m*/plant) was applied to allow the full expression of hybrid
vigour. The hybrids significantly exceeded their parent varieties in vari-
ous yield parameters in each year of the experiment. Depending on the
cross, the level of heterosis ranged from 39.45% to 82.1% for kernel
number and from 44.45% to 91.2% for kernel weight, as an average
of observations over three years. The increased yield of hybrids was
accompanied by an increase in spikes/plant, without significant changes,
in most cases, in yield components such as kernels/spike and 1000-
kernel weight. The height of F, plants remained similar to the cor-
responding parent variety. Doubled haploids (DH) were developed
through anther culture from three F| hybrids to determine whether the
heterotic effect could be fixed, even partly, in homozygous lines.
Twenty-eight, 42, and 68 DH lines per cross were produced, and evalu-
ated in the field, space-planted at 0.06 m*/plant, together with hybrids
and parent varieties. The best-performing DH lines were evaluated
again the following season in a conventional field trial. We were able
to select 1.5-14.3% of ‘F,-performing’ DH lines per heterotic cross
combination, which, in two years of studies, reached the yield of het-
erotic hybrids and significantly out-yielded the parent variety in plot.
The yield potential of DH lines was better expressed under a wide
sowing density, but even under normal growing conditions, the yield of
the best selected DH lines surpassed their corresponding parent varieties
by 17.7-30.1%.
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Heterosis, resulting from crosses involving barley mutants
developed from the same parent variety, was observed in vari-
ous experiments dealing with a number of plant species (Micke
1976, Maluszynski et al. 1989). The use of mutants with the
same genetic background for production of heterotic hybrids
offers several advantages compared with traditional crosses of
distantly related cultivars or breeding lines. Mutants from the
same parent variety may differ in several but yet limited number
of genes. The majority of their genetic material, including genes
controlling such characters as grain quality, cooking quality,
flavour, malting quality, etc., remain unchanged (Maluszynski
et al. 1989). When semi-dwarf (sd) mutants are used as cross-
components, the height of F, hybrids is not expected to exceed

the height of their parent variety or the height of the sd mutant.
In previous experiments, several barley mutants were identified
which had significant yield heterosis when crossed with each
other or with a parent variety (Maluszynski et al. 1988).

The practical application of the mutant heterosis phenom-
enon seems unrealistic if a three-line system for hybrid seed
production has to be applied, where cms-, maintainer- and
restorer lines are necessary. The development of doubled hap-
loid methods for production of homozygous plants has opened
possibilities to ‘fix” even a part of the heterotic effect and to
investigate how much of the heterosis depends on over-
dominance versus additive effects of dominant genes or gene
interaction. The preliminary results of these investigations have
indicated that some doubled haploid lines developed via anther
culture from F, of mutant crosses may achieve the yield of
heterotic hybrids (Maluszynski and Szarejko 1994). The first
effort to ‘fix’ the heterotic effect in barley DH lines was under-
taken by Kasha et al. as early as 1977. F, plants from crosses
between barley cultivars were used in their experiment for pro-
duction of doubled haploids through the ‘bulbosum’ method.
Similar studies were conducted in wheat (Triticum aestivum
L.) (Suenaga 1994) and rice (Oryza sativa L.) (Ba Bong and
Swaminathan 1995) with production of high-yielding DH lines
from heterotic hybrids obtained in crosses of commercial culti-
vars. This paper presents the first attempt to explore the poten-
tial of mutation-induced genetic variation for the development
of heterotic hybrids and high-yielding doubled haploid lines in
barley. The results of the experiments leading to the production
of ‘F,-performing’ DH plants from crosses of barley mutants
or mutants with their parent varieties are reported in this paper.
The term ‘F,-performing’ is used here as a term of convenience
to describe DH lines, produced from heterotic hybrids, showing
yield parameters similar to F,.

Materials and Methods

Evaluation of barley mutant heterosis in a long-term experiment:
Mutants from the collection of semi-dwarf spring barley (Hordeum
vulgare L.) of the Department of Genetics, Silesian University, were
used as parents for the production of heterotic hybrids. Stable mutants
of later generations, at least M,,, were used in this study. They were
developed from the following spring barley varieties (called ‘parent
variety’ in mutagenic experiments): ‘Aramir’, ‘Diva’ and ‘Mg 4170’
(breeding line). Mutants were obtained by double treatment of seeds of
parent varieties with N-methyl-N-nitrosourea (MNH), according to
the method developed by Maluszynska and Maluszynski (1983). The
following cross combinations were investigated: mutant 067AR x mu-
tant 032AR; ‘Diva’ x mutant 228DV, mutant 437MG x "Mg 4170
(breeding line).
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