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INTRODUCTION

In order to increase the amount of rapeseed oil consumed
by the fcood industry, a more appropriate fatty acid (f.a.)
‘composition of the o0il is desired. From the nutritional point
of view, an edible o0il for human consumption should contain a
high level of polyencic fatty acids, in particular linocleic
acid. On the other hand, the oxidative stability of an oil is
related to the number of double bonds in its fatty acid
chains. Due to the three double bonds in the linolenic acid,
shelf live of seedoils containing high levels of this f.a. is
reduced.

Canola oil exhibits a fatty acid composition of about
60 % — 65 % oleic (C18:1), 20 % - 25 % linoleic (C18:2), and
around 10 % linolenic (C18:3) acid. Therefore, the aims of
breeding are to increase the C18:2 fraction to 30 % and simul-
taneously to reduce the C18:3 content to less than 3 % of the
total fatty acids in the seedoil.

Due to the limited variation of the two polyunsaturated
fatty acids in the available germplasm, a mutation experiment
was initiated with spring rapeseed. Mutants were selected
exhibiting deviating f.a. compositions (Rakow 1973, R&bbelen
and Nitsch 1975). For an effective use of such alleles for the
sake of conditioning an improved o0il quality in winter rape-
seed, three different breeding strategies are applied to
improve the initially low seed yield of the mutant material.

MATERIALS AND METHODS

The original mutants of spring rapeseed, B. napus L.,
contained seedolls with about 30 % C18:2 and 3 % C18:3. These
desired alleles were transferred into winter breeding material
by recurrent <rossing using different pollinators . For each
cross, from a broad F: population plants exhibiting high lino-
leic and low linolenic acid contents {01 +* quality) were
reselected by gaschromatography (GC). Up to now three back-
crosses have been executed. For the third backcross, the
parents exhibited Canola quality:; therefore, in the segraga-
ting population selection was also directed to low gluco-
sinolate (gsl) content. In this BCsF: population, open
pollinated plants were first screened by the Palladium test
(Thies 1982) for low gsl contents. The selected plants then
were analysed for their f.a. composition resulting in 0. 0
quality. In 1989/90, 5 0.+ BCzFs, 1 010 BCsFs4 and 28 0;0 BC3Fs

* The designation refers in its first position to the given

0il quality, i.e. "zero erucic" (= 0) and "low linolenic"
(= 01) in this case, and in its second position to the meal
quality, i.e. "high glucosinolate" (= +) in this case.
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lines were field tested for seed yield (kg/ha) in a 6 % 6
lattice with three replications at Gdttingen. 0il (%),
protein {%) and gsl content (pmol/g seed) were determined by
NIR and f.a. composition (% of total f.a. in the seedoil) by
GC.

In addition tc backcrossing, seed yield is selected for
by another two different recurrent programmes. In each of
them, the base population has been derived from BC: lines with.
an improved f.a. composition. For phenotypic selection, in
which ong cycle of selection is completed every year, the
partially autogamous rapeseed species is forced inte full
allogamy by using a dominant gene (MsJ) for male sterility
isolated from the variety "Janpol" (Mathias 1985). Offsprings
of pollinated MsJ/msJ plants segregate into 50 % fertile
(msJ/msJ)and 50 % sterile (MsJ/msJ) plants. By two backcrosses
with a pollen mixture from 100 BC: lines, the MsJ gene was
transferred to a population (MsJ population) with an improved
polyenoic fatty acid content containing still 12.5% of the
genome of the MsJ source. Each year the populaticn is sown in
an isolated bklock in the field. Weak and diseased plants are
eliminated before flowering. The population is examined
several times at flowering to mark vigorous sterile plants.
These are harvested and drilled fcr the next cycle of
selection.

The s=cond recurrent system is based on the performance
of progenies of selfed plants (S:), in order to g=t more
precise genotypic information for the selection. In May 1987,
10 BCz lines each represented by two plants were selected and
crossed in a diallel manner. HYybrid plants were s=1f-
pollinated the next spring and 98 S: populations wsrs tested
together with two Cancla varieties for szed yield. The experi-
mental design was a 10 x 10 lattice with two replications in
Géttingen and Thiile. Seed yield, lodging and disease
resistance were determined. )

RESULTS

Backcrossing: To determine, in the backcrossing pro-
gramme, the effect of simultaneous selection for f.a. composi-
tion and gsl content compared to selection for <il quality
only, 0:9 lines were tested together with 01+ linss and two
high yielding (00) Canola varieties. The analysis of variance
indicated szignificant differences between genotypes for all
traits. In the average, 010 lines yielded 32.6 % and 0+ lines
20 % less than the standard varieties (Tab. 1).

Table 1. Relative means of 000 and 01+ lines compared to the
mean of two Canola varieties ("Ceres","Lirabon"=100%)
as control in seed yield and quality traits;
Goéttingen 1990

Qualiity Yield 0il Protein gsl cl8:2 c18:3
0.0 67.4 97.3 109.2 148.2 126.5 41.5
01+ 80.0 95.5 106.9 533.2 131.1 37.3
0 0 standard 100 100 100 100 100 100
00 5400 47.1 20.3 20.5 25.7 ‘11.8
kg/ha % % umol/g % %
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However, the best 01+ genotype exhibiting 2.3 % C18:3
only, reached yield levels of 92.5 % of the actual breeding
material. on the other hand, the best 0:0 line (2.6 % Cl18:3
and 20.2 umol gsl/g seed) yielded 36.4 % less than the Canola
varieties. In general, the material with the improved
polyenoic f.a. composition had a lower oil content, whereas
the protein content was increased. The gsl content of the 010
lines exceeded the Canola control by nearly 10 umol/g seed,
which indicates the urgency of further selection.

Phenotvpic recurrent selection

The base population for the two recurrent selection
systems consisted of 01+ BC: lines derived from backcrosses
with a broad spectrum of low erucic acid, high yielding
varieties. The first cycle of phenotypic selection was started
in 1988/89. The f.a. composition of the MsJ population after
cycle 1 and 2 is shown in Table 2.

Takle 2. Fatty acid composition (%) and linoleic desaturation
rate {(LDR= C18:3/C18:2} in the MsJ-population in two
consecutive selection cycles

Cycle Year Ccl6:0 cl8:1 cl8:2 c18:3 LDR

Ci 1989 4.4 63.2 24.7 3.0 0.12
Cz 1990 4.5 58.1 29.6 3.6 0.12

The ratio of C18:3 to C18:2 demonstrates that the popula-
tion d4id not change with respect to the polyenoic fatty acid
composition. From each cycle, seeds from about 30 fertile
plants were stored for later evaluation of the selecticn gain
as well as for comparison of genetic progress by phenotypic
versus S; selection.

S; recurrent selection

The first selection cycle based on the performance of S
lines at two locations was completed in 1989. The 01+ material
vielded in the average 14.7 % less than the mean of the stan-
dard varieties "Ceres" and "Lirabon" (4080 kg/ha). The seed
vield ranged between 2500 kg/ha and 4500 kg/ha indicating a
broad variabidity in alleles controlling yield. Unexpectedly
several S: lines reached and even exceeded the yield level of
the standards already after the first recombination cycle. 10
S: lines were selected based on their seed yield, origin and
fatty acid composition. Line 16 outyielded varieties by 11 %
and exhibited no more than 2.8 % linolenic acid (Tab. 3).

~ The seed yield of the selected lines ranged from 3900

kg/ha to 4330 kg/ha. However, all lines exhibited only a
moderate lodging and disease resistance. The polyenoic f.a.
composition of the S:'s variied between 25 % to 29.4 % for
Cl8:2 and for Cl1l8:3 between 2.8 % and 5.1 %. Stored seed of
these 10 S;-lines was drilled in August 1989 and the recombi-
nation for the second cycle was provided for by crossing in a
diallel manner making plant to plant crosses with 10 plants
per Si.
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Table 3. Rzlative seed yield (00=100%), scores of lodging
rzsistance (lodg) and diszase resistance (res; l1l=low,
9=high)) and f.a. composition (%) of the selected S
lines w<owpared to the mean of the standard varieties
"Ceresg" and "Lirabon"
S1 line Yield Lodg Res c18:1 cig:2 c18:3
16 111.0 4.0 4.3 57.6 27.9 2.8
45 103.2 3.2 5.3 61.1 25.86 3.6
59 101.5 4.3 5.3 61.6 28.2 3.7
62 100.5 5.7 6.2 62.3 29.2 3.0
34 100.0 4.5 5.3 59.2 25.0 5.1
30 100.0 3.7 4.8 1.1 26.9 2.9
84 99.0 5.8 6.0 58.4 27.5 2.8
17 98.0 5.2 5.5 57.8 26.7 4.1
53 97.8 6.7 5.7 56.8 29.4 4.1
58 85.6 5.3 5.8 63.5 27.5 3.7
00 {standard) 100
00 (standard) 40890 7.3 7.7 54.3 24.5 11.3
kg/ha score score % % %
DISCUSSION

Lines with an improved fatty acid composition and fairly
high seed yields appeared after two backcrosses already
(see.also Krdling 1989). Moreover, by recombining RBC: lines,
cne particulary high yielding Si1 line with the desired oil
quality was identified. Therefore, a reduced lineclenic acid
content in the seedoil does not necessarily cause physio-
logical disturbances as assumed by Thies (1971). Similar to
mutants in flax (Tonnet and Green 1987) and sunflower
(Sperling et al. 1990) we assume our mutants to result from a
change in the ER desaturation system which only is activa
during embryo development.

Despite of an overall higher share of the winter rapeseed
genome in the BCs, no higher yielding lines were identified in
comparisiom to BC:. Therefore, an additional selaction for low
glucosinolate content reduces yield again. In comparing winter
rapeseed lines selected exclusively for seed yisld and lines
selected simurltaneously for low gsl and erucic acid content,
Sauermann 2t al. (1987) demonstrated the lower yielding capa-—
city at the quality selection path. The limited number of
selected 0:0 plants in the segragating generation reduced
selection gains for seed yield. However, using developed 0,0
lines in further crosses with Cancla varieties, the genetis
progress for seed yield will increase, since now selection is
only necessary for fatty acld composition which allows for a
higher number of selected 010 plants.

The evaluation of the effectiveness of the two recurxrsnt
selection systems will be finally determined only after the
completion of several cycles. Simplicity and lower costs sup-
port mass selection, while for quantitative traits genctypes
are identified with higher presicion by progeny tests. In the
BSK maize population, Si: selection was 5 times more effective
for yield than mass selection (Hallauer 1985). In our S: test,
a broad genetic variability was found in the material ang,
therefore, high genetic progress is to be expected.
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CONCLUSION

-2lleles £2r an improved polyencic fatty acid composition do
not rastrict 7isld performwance.

-Simultaneous selection for low gsl and desired cil quality
raducss selzction gain for se=d yield.

-S1 recurrent selection seems to be an effective method to
accumulate favourable alleles for szed yield in a 01+ base
population.
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