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Introduction

Nowadays, in addition to the need to produce a sufficient quantity of healthy, toxin-free feed
and foodstuffs suitable for human consumption, increasing emphasis is placed on the
protection of the environment (soil protection, protection of natural and agricultural
ecosystems, preservation of biodiversity, etc.) and on questions concerned with profitability.
Like crop production and agronomy, plant breeding must also satisfy these new criteria. The
life-span of plant varieties and hybrids in general cultivation has now been reduced to 5-6
years, leading to an enormous increase in the number of varieties available each year and
acccleration in breeding activities. This increasing speed can only be achieved at a cost, which
is reflected in the price of developing new varieties.

In the course of maize breeding, inbred lines are developed as the result of several steps of
selection and self-fertilisation. The 6-8-year breeding cycle can be shortened in a number of
ways. With the help of a winter generation, for instance, it can be reduced to half. The in vivo
monoploid method elaborated by Chase (1969), or improved variants of this, can be used to
develop doubled haploid (DH) lines, which reduce the breeding process to a single year. A
further possibility is anther culture, which is now a routine technique in cereal breeding (Bed6
et al., 1996). In the case of maize the starting point for this technique was the use of exotic
lines carrying haploid induction ability (Dieu, Beckert, 1986). The agronomic properties of
these lines are not favourable under Hungarian climatic conditions (e.g. late flowering,
protracted vegetation period, high grain moisture content at harvest, etc.), but genotypes with
commercial value proved to be recalcitrant (Brettell et al., 1981; Genovesi, Collins, 1982).

An efficient anther culture system has been evolved in the Cell Biology Department of the
Agricultural Research Institute of the Hungarian Academy of Sciences, with which a large
number of DH lines can be produced each year. The aim of the present research was to test
DH maize lines in the field to determine what role these hybrids could play in the field
production of maize for animal and human consumption in the future.

Methods

Twelve DH maize lines were used as parental components in a crossing experiment. The DH
lines were developed from combinations of exotic Chinese lines with androgenic ability and
recalcitrant inbred lines used in commercial hybrids from Martonvésar. The latter were mostly
related to Todent or to the Hungarian heterosis source Mindszentpusztai Yellow Dent (MYD).
The DH maize lines were produced in tissue culture with various proportions of the
recalcitrant genotypes (F, and BC, combinations).

The male testers were sister line crosses (SLC), three belonging to the Iodent (IodSLC),
Lancaster (LancSLC) and Iowa Stiff Stalk Synthetic (ISSS SLC) groups, and one unrelated to
these (nrSLC). FAO 390 and FAO 450 standards were used in the experiment, which was laid
out in a randomised block design in three replications in the experimental nursery of the
Agricultural Research Institute of the Hungarian Academy of Sciences. The grain yields (t ha”
"y were expressed in terms of 15 % grain moisture content.

The results were evaluated using single factor analysis of variance, as described by Svab
(1981).

665

DOI: 10.1556/CRC.34.2006.1.166



Vol. 34 No. 1 2006 Cereal Research Communications

Results and Discussion

The results achieved for hybrids developed using each of the testers on DH lines are presented
in Figures 1—4 (only the names of the DH components are given for each point).

The FAO 450 standard yielded more than hybrids with a DH parental component, but the
yields of the DH143 x nrSLC, DH143 x lodSLC, DH64 x ISSS SLC, DH57 x nrSLC and
DHI141 x nrSLC hybrids did not differ significantly from that of the standard (12.53 t ha™).
The yields of several hybrids exceeded that of the FAO 390 standard (10.73 t ha™") or were
not significantly different. The grand means for the yields of the four crossing series (IodSLC:
9.80 t ha™'; LancSLC: 9.64 t ha™'; ISSS SLC: 10.01 t ha™; nrSLC: 11.39 t ha™) differed
significantly from each other.

An analysis of the grain moisture values showed that, with two exceptions (DH56 x IodSLC
and DH57 x 1odSLC), the hybrids exhibited significantly higher values than the FAO 390
standard (16.97 %). Values similar to that of the FAO 450 standard (21.50 %) were recorded
for 17 DH hybrids, while the grain moisture contents of 22 hybrids were intermediate to those
of the two standards. No significant differences were observed between the grand means of

the four crossing series (IodSLC: 19.80 %; LancSLC: 20.61 %; ISSS SLC: 20.65 %:; nrSLC:
20.66 %).
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Yield and grain moisture content do not provide a complete picture of the value of a hybrid
without information on the vegetation period of the given combination. One of the parameters
used to calculate the vegetation period is the number of days from sowing to flowering. With
two exceptions (DH63 x TodSLC and DH63 x LancSLC) the hybrids flowered significantly
later than the FAO 390 standard, while the flowering date of 29 hybrids did not differ
statistically from that of the FAO 450 standard. Significant differences were observed
between the grand means of the four crossing series (IodSLC: 76.61 days; LancSLC: 76.93
days; ISSS SLC: 78.18 days; nrSLC: 79.71 days).
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Flgure S: Days from sowling to flowering Figure 6: Days from sowling toflowering
(Todent x DH hybrlds; 2005) (Lancaster x DH hybrids; 2005)
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Conclusions

It can be seen from the yield figures that doubled haploid lines developed from crosses
between Chinese lines of unknown pedigree and lines chiefly related to Iodent exhibited
poorer combining ability with lodent and Lancaster partners, while they combined well when
ISSS and nrSLC were the sources of heterosis.

The majority of the hybrids had a greater resemblance to the FAO 490 standard as regards
flowering date and vegetation period. Hybrids with later flowering dates and longer vegetation
periods gave higher yields, while their grain moisture contents did not differ significantly
from those of earlier flowering hybrids.

Most of the hybrids examined did not compare favourably with the yield, grain moisture and
flowering data of the standards. Various combinations involving line DH 143, however, had
yields close to that of the FAO 450 standard (11.48-11.90 t ha™) and lower grain moisture
content (19.00-20.03 %). In two of these hybrids the number of days to flowering was 76,
which is significantly less than for the FAO 450 standard. This suggests that lines developed
using the doubled haploid technology could be suitable for the development of competitive
hybrids. In addition to approaching or equalling the standard mean for agronomic traits, they
can be developed within a single year, considerably accelerating the process of line
development.
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