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Summary. Rapeseed (Brassica napus) is a predominantly 
selfpollinated crop with about one-third outcrossing. The 
outcrossing rate may be influenced by environmental 
factors, and hence changes in the heterozygosity level of 
a variety may occur during multiplication. In an investi- 
gation on environmental variation in outcrossing, we 
estimated the outcrossing rate in the Swedish spring 
rapeseed cv 'Topas'  by isozyme analysis and found that 
outcrossing varied from 12% to 47% over five locations 
in Sweden, Denmark and Germany. Among flowers at 
different positions on the same plant, average outcross- 
ing varied from 11% at the top to 39% at the bottom of 
the plant. In conclusion, environmental factors can 
greatly influence the outcrossing rate in rapeseed, and an 
investigation therefore merit further studies. 
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Introduction 

Rapeseed is a partially allogamous crop with an average 
outcrossing rate of between 20 % and 40%. Nevertheless, 
rapeseed breeders mainly use the same breeding methods 
as for self-pollinated crops, and in many breeding pro- 
grams pure line varieties are developed. As an alternative 
approach, Schuster (1969) and others proposed produc- 
ing synthetic varieties by open pollination of mixtures 
from two or more lines. Such synthetic varieties can 
partly capitalize on yield heterosis, which can be more 
than 30% (for review, see Becker 1987; Downey and 
R6bbelen 1989). Synthetic varieties in rapeseed have 

Correspondence to: H.C. Becker 

been proven to be superior in both yield and yield stabil- 
ity (L6on 1991). 

I f  synthetic varieties are pursued, a selection for a 
high amount of outcrossing should be very effective to 
gain a short-term increase in yield (Becker 1989). Such a 
selection should be possible, for there exists a consider- 
able amount of genetic variation for the outcrossing rate 
(Olsson 1960; Rudloff and Schweiger 1984; Rakow and 
Woods 1987; Lewis and Woods 1991). The main problem 
when establishing synthetic varieties is that the environ- 
mental conditions during multiplication may influence 
the outcrossing rate and hence lead to unpredictable 
changes in the level of heterozygosity and yield. Informa- 
tion on the influence of environmental factors on the 
outcrossing rate in rapeseed is very limited. The only 
publication we know of is a report by Miindges-Christ- 
mann and K6hler (1990), who observed a difference in 
the outcrossing rate between 2 different years for one of 
three varieties investigated. 

The objective of the study presented here was to 
investigate the variation in outcrossing rate in spring 
rapeseed under various environmental conditions. Two 
different types of environmental influences were investi- 
gated, (1) the effect of five different geographical loca- 
tions, and (2) the effect of  the within-plant flower posi- 
tion. 

Material and methods 

Materials 

Outcrossing was estimated in the Swedish spring rapeseed cv 
'Topas'. This cultivar showed the highest isozym polymorphism 
of a number of cultivars investigated; of 17 enzymes analyzed, 
'Topas' was polymorphic for 3 of them (Damgaard 1990). The 
distribution of the various isozyme patterns for these three en- 
zymes is shown in Fig. 1. 
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9 2 7  @ Fig. 1. Distribution (number of plants) of the 
various isozyme patterns within cv 'Topas'; 
classes used in progeny analysis are encircled 

Field experiments 

Outcrossing rate was estimated in plants grown in plots at a 
normal plant density and routine cultural practices at five loca- 
tions in 1989. The locations were K61Nick in middle Sweden 
(Ostg6taland), Sval6v and Landskrona in southern Sweden 
(Skgme), Dyngby in Denmark (Jylland), and Natendorf in north- 
ern Germany (Liineburger He• Plot size varied between 
10 x 10 m and 20 x 20 m at the various locations. The plots were 
only separated by a broad surrounding path from other rape- 
seed, which has been shown to be sufficient to prevent outeross- 
ing from outside the plot (Becker et al. 1991). 

Estimation of outcrossing 

Outcrossing was estimated by comparing the isozyme patterns 
of mother plants with their progeny. Plants (200-300) taken 
from the center of each plot were analyzed electrophoretically, 
and those with 'rare' patterns (encircled in Fig. 1) were harvested 
and their seedlings analyzed. The 'rare' diaphorase (DIA) and 
glucosephosphate isomerase (GPI) patterns were single banded; 
plants with such patterns were assumed to be homozygous and 
seedlings with a pattern differing from that of the mother plant 
were regarded as outcrossings. In mother plants with 'rare' shiki- 
mate dehydrogenase (SDH) patterns one of the two typical 
bands was absent, and seedlings from these mother plants show- 
ing both typical bands were regarded as outcrossings. The out- 
crossing frequency was corrected by taking into consideration 
the probability of undetectable outcrossings from plants with 
'rare' patterns. In Dyngby, six to nine pods of each plant were 
analyzed, each with nine seeds; at the other locations three pods 
of each plant, each with ten seeds, were analyzed. All of these 
pods were taken from the middle part of the main stem. Addi- 
tionally, in Dyngby, from each plant eight to ten pods were taken 
from the top, the middle and the bottom of the raceme, and one 
seed from each pod was analyzed. 

Electrophoresis 

The interplant outcrossing rate was estimated by isozyme 
electrophoresis on starch gels (12% Connaught). The following 
three enzymes were assayed: shikimate dehydrogenase (SDH, 
EC 1.1.1.25), glucosephosphate isomerase (GPI, EC 5.3.1.9), and 
diaphorase (DIA, EC 1.6.4.3). The isozymes were analyzed either 
in fresh young leaves taken from plants in the field before flow- 
ering or in young seedlings. Seeds were germinated on wet perlite 
for about 5 days in a growth cabinet at 24 ~ Cotyledons were 
placed in 50 gl homogenization buffer (TRIS-HC1, pH 7.2, con- 
taining mercaptoethanol, Soltis et al. 1983) and ground by 
means of a mechanically powered glass rod. Samples were load- 
ed on paper wicks (Whatman 4). A modified buffer system 1 of 
Soltis et al. (1983) was used with 0.02 M histidine-HC1 (pH 8.0) as 

Table 1. Outcrossing rate (• 95% confidence interval) at differ- 
ent locations 

Location Number Outcrossing 
of plants rate [%] 

Sval6v 8 32.3 • 12.1 
Landskrona 10 46.8 • 10.0 
K61bfick 10 12.2 • 8.6 
Dyngby 7 32.2 • 20.4 
Natendorf 9 45.1 • 7.4 

Table 2. Influence of flower position on outcrossiug rate 

Plant Outcrossing rate [%] 

Bottom Middle Top 

1 60 60 20 
2 56 60 10 
3 60 10 0 
4 0 0 10 
5 38 20 0 
6 30 30 0 
7 30 50 40 

Mean 39,1 32.9 11.4 

p a - -  0.29 ~ 0 . 0 0 2 - -  
-0.0002 

a Probability values for non-significant difference between the 
means, Fisher's exact test 

gel buffer and 0.4M citric acid (pH 7.0) as electrode buffer. The 
gels were run for about 4 h at a constant voltage of 125 V (ap- 
proximately 80-90 mA). Gels were sliced horizontally into three 
layers and stained according to Soltis et al. (1983) for SDH and 
GPI (agar overlay) and according to Vallejos (1983) for DIA 
(liquid stain). 

Results 

The outcrossing rate in the cv 'Topas'  was estimated at 
five locations in 1989; the results are given in Table 1. The 
most northern location, K61bfick, showed only 12% out- 
crossing, a value that was significantly lower than those 
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for all other locations. The other locations had outcross- 
ing rates between 32% and 47% and did not differ signif- 
icantly from each other. 

At one of the locations, Dyngby, the outcrossing was 
estimated separately for seedlings raised from flowers 
from different parts of the plant. Table 2 shows that flow- 
ers at the top showed a significantly lower outcrossing 
rate than flowers in the middle or lower parts of the 
raceme. 

Discussion 

The outcrossing analyses in this paper are based on phe- 
notypic rather than genotypic frequencies. As a conse- 
quence of this, the outcrossing rate is slightly underesti- 
mated, for not all of the outcrossings from heterozygous 
pollen parents are detectable. However, this should not 
affect the comparison between different environments. 

More reliable estimators can be expected from multi- 
locus approaches based on genotype frequencies (Brown 
et al. 1990). Rapeseed is an allotetraploid species, how- 
ever, and in such species no unambiguous relationship 
exists between genotype and electrophoretic pattern. For 
example, a genotype with the three-banded pattern in 
GPI (see Fig. 1) can be either homozygous for two differ- 
ent alleles at two loci located on the homoeologous 
chromosomes or heterozygous at one or both of these 
loci. In completely homozygous doubled-haploid rape- 
seed lines three-banded GPI patterns are quite common 
(unpublished results). 

The average outcrossing rate of plants from the five 
locations was 34% ; this agrees well with what we expect- 
ed from the literature. However, locations do exist with 
values significantly below and above this rate, and it has 
to be confirmed whether a similar variation exists be- 
tween different years. A large unpredictable environmen- 
tal variation in outcrossing rate would be a severe ob- 
stacle for a reproducible seed production of synthetic 
varieties. 

The outcrossing rate was also greatly influenced by 
the position of the flower on the plant. In rapeseed flow- 
ering starts with the lowest flower of the main raceme 
and ends with the flowers at the top of the side branches. 
Two alternative interpretations of the influence of flower 
position are possible: this effect can either be a result of 
an accidental change in climatic conditions towards the 
end of the flowering period in this particular environ- 
ment, or there may be a general tendency for outcrossing 
rates to change during the flowering period, as observed 
in other species (Brown et al. 1990). These two possibili- 
ties can not yet be specified, and our results demonstrate 
that determination of the overall level of outcrossing in 
the population requires a carefully randomized sampling. 

For practical breeding purposes it may be interesting 
to manipulate the amount of outcrossing, e.g., by chang- 

ing plant density or adding bee hives. To our knowledge 
nothing is known about the relative contribution of the 
three possible mechanisms for outcrossing in rapeseed: 
insect pollination, wind pollination, and direct mechani- 
cal contact among flowers from different plants. A better 
understanding of the biological basis of outcrossing may 
explain the large variation between various environ- 
ments, and we have begun experiments to investigate this 
question. 

In summary, we conclude that environmental influ- 
ences affect outcrossing rate in rapeseed to a large extent 
and thus merit further studies. A better understanding of 
factors influencing outcrossing is of interest for all cate- 
gories of rapeseed breeding: for the breeding of pure 
lines, it is interesting to reduce undesirable outcrossing; 
for the breeding of synthetic varieties, it is important to 
increase the outcrossing rate, and for breeding hybrids a 
reliably high amount of outcrossing is a prerequisite for 
seed production. 
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