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INTRA- AND INTERPOPULATTON IMPROVEMENT IN SPRING BRASSICA NAPUS
- J.D. Patel, M. Elhalwagy, D.G. Charme, and I. Grant

Allelix Crop Technologies, A Divisicon of Pioneer Hi-Bred Production,
Itd., R.R.$4, Georgetown, Ontario, CANADA L7G 4S7.

INTRODUCTTION

Recurrent selection describes a variety of population improvement
processes whereby the frequencies of desirable alleles contributing to
the expression of quantitative traits are increased through a cyclical
process of selection and intercrossing. Recurrent selection has been
applied successfully in both self- and cross-pollinated crops, but the
greatest levels of improvement have been obtained in open pollinated
species (Hallauer and Miranda, 1981). Population improvement is an
important component of canola breeding programs aimed at cammercial
hybrid development. This is because the development of new hybrids .

randan inbreeding, followed by evaluation of the large number of
poss:ble hybrid combinations is extremely inefficient, espec;Lally if no
provsion is made within the breeding program to produce improved
pc;mlatlonsasafutumsotmeofparem:allm

Single populations can be improved using intrapopulation methods
such as Sl per se, S, per se, mass selection, or half-sib selection. In
order to Increase heterosis between two populatlons over time, however,
interpopulation approaches such as full-sib (FS) or half-sib (HS)
reciprocal recurrent selection (RRS) must be used. Thampson and Hughes
(1986) described a few of the methods of population improvement which
have been applied in winter B. napus in Eurcpe. Recurrent selection has
alsomenreportedmoﬂseedmmlprape, B. campestris (Downey and
Rakaow 1987).

The objectives of the current investigation were: (1) to apply S;
per se selection to a single population, and (2) to apply full-sib RRS to
two heterotic populations which were to be used as an ongoing source of
inbreds in a commercial hybrid development program.

MATERTAIS AND METHODS

Two heterotic populations, A and B (cycle zero = Cp), were each
synthesized by intercrossing 15 Fls involving six different cultivars. -
The classification of the 12 cultivars into A or B blocks was carried ocut
according to Hallauer and Miranda (1981). The information on yield
heterosis needed for classification was ocbtained from a 16 x 16 diallel.

Approximately 150 plants from each of Cp A and Cp B were grown in
the greenhouse during the winter of 1987. At flowering, 92 full-sibs were
produced by hand-crossing plants reciprocally. At the same time, a raceme
on each plant was selfed to produce S1 seed. The 92 full-sibs were
divided into four sets of 23 families each, with three cammon checks.
Each set was planted in a separate, two-réplicate RCED experiment at two
locations in western Canada. Six row plots (18 cm row spacing, 3 m x 1.4
m), were used throughout, with a seeding rate of 4.5 kg/ha. Seed yield
(ka/ha) arﬂdaystomab.zntywererecordedmall plots at both
locations. The S; families representing the 92 full-sibs were grown in an
Ontario mursery for visual evaluation.

The genetic and phe.notyplc variances among full-sib familias, and
broad-sense heritabilities were calculated for each trait in each
experiment, using standard formulae. All variances were pooled across
experiments, then pooled estimates were calculated for all parameters.

Twenty-two full-sibs were selected from the Cy experiments. An attempt
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’ wasmadetoselectequalmmbersoffull—sibsfranﬂmefmme@erimnts.
TheszmnpopulammAaMBrepMngﬂxeselected full-sibs were
planted in the greenhocuse during the fall of 1987, then J.nte::crossed to
synthesize C; A and C; B.

By the end of 1990, three full cycles (C;, C; and C3) of full-sib
RRS had been campleted. Each cycle followed the same three steps: (1) FS
and S; pmductlon in winter, (2) FS and S; evaluation in summer, and (3)
resynthesis in the fall. Details of population sampling and FS evaluation
for all cycles are summarized in Table 1.

In the Cy, Cp, and C3, 0il and protein analysis for each entry at
each location was done on bulked seed samples obtained from both
replicates. In these cases, gemtype % location variances were used as
errortemstotestﬂxesmmfxwmeofmeansquam, and to estimate
heritabilities.

Teble 1: S\mma.ry of FS evaluation and selection from Cp to Cj.

Cycle Yr Sp * Total ¥Ss/ Checks Reps No. of No of No. of
sample # FSs test @ tests locs. FSs sel.
Co 1987 150 92 2 3 2 4 2 33
C; 1988 250 96 24 2 2 4 2 20
C, 1989 300 96 24 2 2 4 2 24
C3 1990 350 96 24 2 2 4 2 23

@ Checks for Cp = Westar, Regent and BBSyn-1, C; = Westar (duplicate
* Number Sp plants sampled per population prior to blackleg screening

Two other populations, €y € and Cy D, were also synthesized in the
fall of 1986. Pop. C was based an eight, high combining cultivars from
the original diallel. Pop. D was based on the 14 earliest, high-yielding
crosses, also from the original diallel. In each population, mild
selection for yield, maturity, and blackleg resistance was practised,
using S, per se selection. These two populations were merged by
intercrossing selected S1 lines from populations C) Camd C; D. The
resulting population, Cy E, was subjected to Sy per se selectlon for seed
o:Llanclprotem OnemmdredandﬂurteenCOszranCoEwereevaluated
in 1989, using the modified augmented design (MAD II), 33 of which were
intercrossed to synthesize C; E. In 1990, 150 S;s were evaluated, 35 of
which were intercrossed to form C, E.

RESULTS

The carbined analysis of variance over two locations indicated that
mean squares due to genotype were significant for all the traits under
consideration. Genotype X envirormment mean squares, pooled over all four
experiments were significant for yleld in each cycle, indicating the
presernce of significant GxE for yield. The mean values of FSs, Westar,
ard selected FSs for seed yield, days to maturlty, % oil, % protein, and
blackleg ratings over four sets (trials) in different cycles are
presented in Table 2. Westar was present as a check in each trial in each
cycle. For each character recorded, the difference between the mean of
all FSs and Westar, andthemeanofselectedFSsarﬂWestar expressed in
phenotypic standard deviation units, were calculated. The dlffenexw&s
over all four experiments for dlfferent traits in different cycles are
sumnarized in Table 2.

The mean yield of Cp FSs exceeded that of Westar by 11.6%; by Cs,
the difference had increased to 24.5%. The mean difference between the
mean of all FSs and Westar increased from 0.9 standard deviations (sd) in
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Table (2): Effects of three cycles of FS RRS on different parameters =
, N
Yield (Kg/ha) Days to mature oil % Protein % Blackleg M
Parameter - o
co c1 c2 c3 co c1 c2 c3 co c2 c3 co c2 c3 c2 c3 m
Q
o
MEANS
fs 2820.4 1790.3 1465.7 2481.5 92.5 85.4 83.1 85.5 44.9 44,5 44.8 25.0 25.1 25.0 1.87 1.60
Westar 2525.6 1544.1 1135.0  1991.8 88.8 B4.8 88.1 85.9 44.9 43.7 44.8 25.3 25.6 25.4 4.25 3,90
Selected FS 2941.8 1925.1 1478.1 2634.9 91.6 84.8 88.0 85.6 44.8 44.4 45.2 25.0 25.3 24.8 1.37  1.20
DIFFERENCES EXPRESSED IN STANDARD DEVIATION
FS - Westar 0.9 1.6 3.7 2.2 2.8 1.1 0.0 -0.6 0.0 0.8 0.1 -0.5 -0.8 -0.5 -3.28 -3.62
FS Sel - Westar 1.5 2.4 3.8 2.9 2.3 0.0 -0.1 -0.4 -0.1 0.6 0.4 -0.5 -0.6 -0.7 -3.98 -3.00
Sel. differentiat 0.4 0.9 0.1 0.7 0.7 -1 -0 0.2 -0.1 -0.2 0.3 0.0 0.3 -0.2 -0.69 -0.62
COMPONENTS OF VARIANCE
Genetic variance 57940.7  10958.9 2040.7  13384.4 0.8 0.2 0.2 0.2 1.2 0.7 0.8 0.4 0.3 0.4 = =
G x E variance 22842.4 10305.2 . 15020.9 46180.3 0.2 0.3 0.1 0.0 - - - - - - - -
Heritability 74.0 44.0 25.6 27.0 50.3 54,0 57.7 53.9 84.6 75.3 66.9 7.7 714 743 - -
CGV% 8.5 5.8 3.1 4.6 1.0 0.5 0.6 0.6 2.4 1.9 1.9 2.4 2.0 2.6 - -
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Cp to 2.2 sd by C3. In Cp, the average FS maturity was 2.8 days later

than Westar. This improved to 1.0 day later than Westar in ¢, equlvale.nt
to Westar in Cp, and slightly earlier than Westar by C3 (Table 2).

Cg to Cy, %seedou increased by 0.82 s4, hrt%seedpmtemdeclmedby
0.36 sd. Selection pressure for % protein was increased in Cy, Yesulting
maoasdmcreasemc:, this was accampanied, however,bya0415d
reduction in % oil. For blackleg resistance, the mean difference between
all FSs and Westar was -3.28 sd which increased to -3.62 in C3. The
frequency distribution of FS means, expressed in phenotypic sd for ¢y vs.
C3, is presented in Fig. 1 for seed yield and days to maturity.

Broad-sense heritability estimates varied from 25.6% to 75.8%
for yield, and from 50.3% to 61.6% for maturity. For blackleg ratings,
heritabilities were not calculated because observations were recorded on
a 0 to 5 scale. Heritability estimates for % oil and % protein were
higher than those for seed yield and days to maturity.

The estimates of genetic variance for seed yield varied from year to
year. During 1989, drought affected trials at both locations, compressing
the range for seed yield. The genetic variability, expressed as a
percentage of the mean (GCV) for seed yield and days to maturity, reduced
slightly from Co to Cy, but changed very little thereafter.

The analysis of variance of unreplicated data from the modified
augmented design. (MAD II) showed no s:.gmflcmrt row, colum, or row X
colunn effects for either yield or maturity in ¢y and Cy. The effects of
cne cycle of Sy per se selection for % oil and % protein in Population E
are summarized in Table 3. 0il content mproved by 0.27 sd, and % protein
by 1.64 sd; however, yield declined by 0.6 sd in the same cycle.

Table 3: Effects of ane cycle of S; per se selection in Population E.

Parameter: Seed Vield Maturigg' % 0il % Protein
o &1 5] G 9 &1 Co =1

Means:

S1 1467 2200 91.9 86.8 46.0 44.8 23.6 24.3
Westar 1179 2078 91.0 85.8 45.6 43.8 24.6 24.8
Sel s;s 1491 2452 91.8 85.9 46.2 45.4 23.7 24.0

Differences expressed in standard deviation units:
Sq-Westar 0.9 0.3 .4 0.5 0.6 Q.
3 1

0 8 =2.1 -0.4
Sel~Westar 1.0. 0.8 0. 0.1 0.7 3

DISCUSSION

The presence of significant heterosis in rapeseed (Schuster and
Michael, 1976; Sernyk and Stefansson, 1983; Grant and Beversdorf, 1985),
and the existence of pollination control systems (cytoplasmc—genetlc
male sterility, aMS, and sporophytic self-incompatibility, SI), provide
the elements necessary for commercial hybnd developrent. This has
resulted in hybrid breeding activites in several centers, and B. napus
hybndsbasedmc\sarﬁonSIhavemcentlybeenmglstemdmcznada.

The original Cg A and Cy B populations exhibited hetercsis for yield
relative to a comercial check cultivar, Westar. Yield hetercsis
increased an average of 4.3% per cycle over three cycles of RRS. The
majority of Cp full-sibs were also later maturing than Westar. However,
response to selection for earliness in the first cycle (Co to ¢;) was
very dramatic. This was expected, as maturity is simply inherited in B.
napus, and earliness is partially dominant. By C3, most of the full-sibs
were both earlier and higher yielding than Westar. The positive
improvements in both traits indicate that these improved populations will
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be a good future source of high-yielding, early-maturing hybrlds.

While improvements in yield and maturity are important, increasing %
seedo:.land%seedprotemlsalsoessentlal, since these are the
constituents which are of econamic mport:ametothecrustm\gnﬂustry
0il and protein are strongly negatively correlated, as the experiences in
this study demonstrate: selectlonfcronmcoarﬂc increased % oil at
the expense of protein, while in the C,, increased selection pressure for
% protein mprcvedpmtemcorrtentattheespenseofou

During C;, Cy ard C3, smgle plant selection for blackleg resistance
was carried cut prior to pa:.r:mg plants for full-sib production (Table
1). In C; and C3, disease ratings were recorded on FS families in a field
disease nursery, arxionlytmsemﬂ'xmodemtetogoodraslstamewere
selected for recombination. This resulted in a general improvement in the
mean level of resistance of the populations from C; to Cs.

When the breeder wishes to improve several traits, the overall
response to selection is affected by correlations among the traits under
consideration. It becomes extremely difficult to improve all traits in
the same cycle. A better approach is to cull for different traits in
different cycles. In this study, while progress for oil and protein was
relatively low from Cp to C3, a few FSs with high oil and protein, high
vield, and blackleg tolerance were available for further breeding.

Intrapopulation improvement using Sy per se selection resulted in
mcreasedo:.larxipmtemcontentlnmp E. 'IhJSpopulatlonhasnotbeen
selected rigorously for yield and maturity, but is viewed as a future
source of improved lines with superior quality and disease resistance.

The main goal of this recurrent selection program is to develop
germplasm sources for a hybrid program. Reciprocal full-sib selection is
designed to capitalize on both general and spec1flc canbining ability
(Hallauer, 1984), and is a one year cycle in spring rape when greenhouse
facilities are used. In any cycle, selfing can be continued in selected
Sls to produce finished inbred lines, or §; x Sy or S, x Sy full-sibs can

be produced and evaluated for further selection of specific combinations.
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