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INTRODUCTION

Rapeseed is a partially allogamous crop with an
average amount of outcrossing between 20 and 40%.
Nevertheless, rapeseed breeders mainly use breeding methods
for self-pollinated crops and in many breeding programs
pure line varieties are developed.

It has been proposed by Schuster (1968) and others to
produce synthetic varieties by open pollination of mixtures
from two or more lines. Due to the partial outcrossing,
such synthetic varieties should have higher yields than
their parental lines, for the amount of heterosis in
rapeseed can be more than 30% (for review see e.g. Becker
1987, Downey and Rébbelen 1989).

There exists a considerable amount of genetic
variation for the outcrossing rate (Olsson 1960, Rudloff
and Schweiger 1984, Rakow and Woods 1987). If synthetic
varieties are achieved, a selection for a high amount of
outcrossing should theoretically be very effective (Becker
1989).

One problem when establishing synthetic varieties is
a possible environmental influence. Uncontrollable factors
like climatic conditions may influence the outcrossing rate
and so lead to unpredictable changes of heterozygosity and
of yield level under multiplication. The only information
found in the literature on the importance of environmental
conditions is a report by Mindges-Christmann and Kéhler
(1990), who observed a difference in the outcrossing rate
between two years for one of three varieties investigated.

The aim of the present investigation is to estimate
the degree of outcrossing in spring rapeseed under various
environmental conditions and to compare the relative
importance of genotypic and environmental variation.

"MATERIALS AND METHODS

Materials
The material consisted of spring rapeseed varieties of
double low quality.

Estimation of Qutcrossing

The interplant outcrossing rate was estimated by
isozyme electrophoresis using two different approaches:

a) The Swedish variety Topas was found to be
polymorphic for 4 isozyme loci. Plants that were homozygous
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for 'rare' allels at these loci were identified in the
field and the progeny of these plants was analysed in the
seedling stage. Outcrossing from plants with the same
pattern cannot be detected and so the amount of outcrossing
is slightly underestimated, but this does not influence the
comparison between different environments. Experimental
details are described by Damgaard (1990).

b) Varieties with different electrophoresis patterns
were grown in 1:1 mixtures. Single plants were identified
in the field and in seedlings of their progeny selfings and
outcrossings were distinguished. For calculating
outcrossing rates it was assumed, that half of the
outcrossings were from the opposite variety and therefore
detectable by electrophoresis.

Field Design

The outcrossing rate was estimated in plots grown with
normal plant density at different locations in Sweden,
Denmark and Northern Germany in 1989 and 1990. The plot
size varied between 100 and 400 m2 and outcrossing was
determined in the centre of the plots. It is assumed, that
a possible outcrossing from plants in adjacent plots can be
neglected. To verify this assumption, the outcrossing rate
between adjacent plots was estimated. It was observed, that
outcrossing over a distance of more than 5 m had a very low
frequency (Fig.1).

1 — Average outcrossing j
15 < - 95% Confidence beit ]

Outcrossing from adjacent plots [%]

Distance to adjacent plots [m]

Fig. 1. Outcrossing from adjacent plots
in the variety Korall.
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RESULTS

Two different types of environmental influences were
investigated: the effect of location and the effect of
flower position within the plant.

The outcrossing rate in the variety Topas was
estimated at 5 locations in 1989 and at 3 locations in
1990. The amount of outrossing differed between 11 and 44%.
The effect of the location was highly significant whereas
no significant differences between the years was observed.

Natendorf
Germany 100 km

Fig. 2. Qutcrossing rate in the variety Topas at various
locations in 1989 (upper figure) and 1990 (lower figure).

Five mixtures of two varieties each were grown at 3
locations in 1989. Both the variation between genotypes and
the variation between locations were significant, but the
influence of locations was much more pronounced (Table 1).
Here again, Ko&lbadck in Middle Sweden hat a much lower
outcrossing rate than the two locations in Southern Sweden.

To investigate the influence of the position of
flowers within the plant, the outcrossing rate was
estimated separately for pods from the top and the middle
part of the plants (Table 2). The position of the flowers
within the plants significantly influenced the outcrossing
rate, but the results differed between locations. The most
striking effect was observed in Dyngby, where the
outcrossing rate at the top of the plants was much lower
than in the middle part.
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Table 1. Genotypic and environmental influences on the
outcrossing rate in variety mixtures.

Mixture Location

Svalév Landskrona Kdlback Average

Korall + Hanna 14.6 50.6 11.3 25.5
Korall + Elin 46.7 60.3 2.3 36.4
Korall + Kajsa 55.7 53.3 9.0 39.3
Korall + Legend 48.7 71.0 8.7 ' 42.8
Korall + Loras 13.3 35.3 13.3 20.6
Average 35.8 54.1 8.9

Table 2. Degree of outcrossing in the variety Topas in
pods from the top and from the middle part of the plant.

Year Location f N Outcrossing rate [%]
Top Middle
1989 Dyngby 7 11.6 35.8
1990 Svaldv 5 18.7 33.3
Landskrona 5 38.7 44.0
Kélbick 8 34.2 21.7
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DISCUSSION

Some of the results presented are preliminary and
require a more detailed statistical analysis. Nevertheless,
the most important result is beyond doubt, for the two
years and the two experimental approaches (Fig. 2, Table 1)
agree well: the outcrossing rate largely differed between
the various locations from about 10% to more than
50%. An interesting question is, which environmental
factors are responsible for this variation.

We have no convincing explanation for the large
influence of the location on the outcrossing rate. To our
knowledge, nothing is known on the relative contribution of
the three possible mechanisms for the outcrossing in
rapeseed: insect pollination, wind pollination, and direct
mechanical contact among flowers from different plants. A
better understanding of the biological reasons of
outcrossing could probably explain the large variation
between various environments, and we have started
experiments to investigate this question.

CONCLUSIONS

It is concluded, that environmental conditions
influence the outcrossing rate to a large extend. The
underlying biological reasons for this are not yet known. A
better understanding of factors influencing outcrossing is
of interest for all categories of rapeseed breeding:

- for breeding pure lines, it is interesting to reduce

undesirable outcrossing,

- for breeding synthetic varieties, it is important to

increase the outcrossing rate, and

- for hybrid breeding, a reliably high amount of

outcrossing is a prerequisite for seed production.
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