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Abstract

Rapeseed (Brassica napus L .) is one of the most important oilseed crops of China. The improvement
of yield and oil content is presently being emphasized for thiscrop. The objective of this study wasto
evaluate combining ability of rapeseed lines to be used in breeding for yield, oil content and other
characters. Nine inbred lines used as males were crossed to five recessive genetic male sterile
(RGMS) lines used as femalesin a factorial manner (NCI1 design) to produce 45 single crosses. The
crosses and their parents were tested at Guiyang and Zunyi, Guizhou, China in 2007-2008. The
results showed that mean squaresfor hybrids were significantly different for all characters. The SS
ratios of sum of squaresdueto GCA to sum of squar esof hybridswere0.70, 0.80, 0.88 and 0.82 for seed
yield, ail content, daysto flowering and daysto maturity, respectively, but SCA effects were significant
for all charactersexcept for daysto maturity. Thisindicatesthat both additive and non-additive gene
effects wereimportant, but additive gene effects were mor e predominant for these characters. Males
111188, 111224, and Q034 gave lar ge positive GCA effectsfor seed yield. Their respective values were
317.6, 253.1, and 383.5 kg ha. Significantly positive GCA effects for il content were detected for
lines 11224 and QH303-4A of which the respective GCA effects were 0.66 and 2.31%. The crosses of
Qianyou 8A x Q034, QH303-4A x 111224, Qianyou 3A x 2365, QH303-4A x 1190, and 24A x 111153 gave
significant postitive SCA effects of 434.6, 429.9, 427.8, 379.4, and 347.0 kg ha? for seed yield,
respectively. Therefore, they should be considered as candidatesfor future hybrid breeding program.
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I ntroduction

Rapeseed (BrassicanapusL.) isoneof themost increase of the annual yield production
important oilseed crops of China. Its production  resulting from the utilization of hybrids and the
isincreasing rapidly especialy during1990s. The  expansion of planting area of this crop.

increaseof yieldinthiscropislargely duetothe In crop breeding for hybrid varieties,
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general and specific combining ability effects
are important indicators of the potential of
inbred lines in hybrid combinations. Genera
combining ability (GCA) is the average
performance of aline in hybrid combinations,
and specific combining ability (SCA) is the
deviation of certain cross from the average
performance of the lines (Sprague and Tatum,
1942). Comstock and Robinson (1948) and
Comstock et al. (1949) devel oped three designs
known as North CarolinaDesigns|, I, and 111,
for uses to determine the importance of GCA
and SCA of breeding materias. Among thethree
designs, NClI design or factorial design hasbeen
used more frequently in plants than others to
determine combining ability and appropriate
parents of a cross among intended lines. The
estimates of male and femal e effectsfor Design
Il are equivalent to GCA effect, whilethe male
x femaleinteractionisequivalent to SCA effect
(Hallauer and Miranda, 1988). By using this
method, yield, oil content, quality characters
related to oil and meal, and other charactersin
rapeseed were studied for combining ability,
heterosis, and heritability (Shenetal., 2002; Tian
etal., 2005; Wang et al., 2007).

Therelativeimportance of additive (GCA)
and non-additive (SCA) gene actions within a
breeding population is important to determine
which breeding procedure will efficiently
improve the performance of the characters of
interest (Dudley and Moll, 1969). Many studies
have been made in rapeseed on the inheritance
of economic characters, especialy seed yield
and oil content, but the resultswerevariable. In
their materials, Brandleand McVetty (1989, 1990)
reported that GCA accounted for 88 and 44%
of hybrids sum of squares for seed yield,
respectively. Shen et al. (2002) found that
GCA accounted for 76.65% of the hybrid sums
of squares for seed yield.

The objectives of this study were to
evaluate performance of rapeseed lines for
combining ability effects for seed yield, oil
content, daysto flowering and daysto maturity,
and to identify some good lines and crosses for
future breeding programs.

Materialsand Methods

Plant M aterials

Fourteen rapeseed lines which have low
erucic acid and glucosinolate contents with
different developing backgrounds were used in
this study. Among them, five recessive genetic
male sterile lines (RGMS) which have 50%
sterile and 50% fertile plants were used as
females and nine inbred lines were used as
males. These male and female lines are shown
with basicinformationin Table 1. These parents
were planted in Sept. 2006, and crosses were
made in spring, 2007. At the flowering stage,
mal e sterile plants were identified and tagging
was made on RGMS lines. Young buds in the
inflorescence of plants in female and male
parents were covered before blooming with
white paper bag. Flowers of male sterile plants
covered were pollinated manually with fresh
pollen collected from male parents. Five RGM S
lineswere obtained by crossing male sterilewith
malefertile plants of the samelinemanually. Nine
male lines were produced by self-pollination.
Seeds of each cross or line were harvested,
threshed and the bulk of 8-10 plants was made
for testing.

Fidd Experiment

All 45 crosses and 14 parents were
evaluated at two locations, Guiyang and Zunyi,
Guizhou, China. Both locations grow rapeseed
(BrassicanapusL.) extensively. The experiment
was conducted in arandomized complete block
design with three replications. Plots consisted
of tworowsof 5-minlengthwith 45-cminterrow
and 33.3-cm intrarow spacings. Each plot
contained 60 plants. Traditional methods of
planting for rapeseed practiced in China were
used at each location. At Guiyang, al the 60
entries were planted in hills on Sept 26, 2007,
and thinned to two plants per hill. The experiment
at this location was harvested from May 7
through May 19, 2008. At Zunyi, all 60 entries
were planted in seed bed to produce seedlings
on Sept 12, 2007. The seedlings were
transplanted with two plants per hill on Oct 14,
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2007. The harvest was made from May 17
through May 25, 2008.

Data Collection

The following attributes were measured
at both locations:
Days to flowering: The number of days from
planting until 50% of plantsflowered.
Days to maturity: The number of days from
planting until 90% of the plants matured.
Seed yield: Theweight of seedin kilogram per
hectare. The seeds were harvested and
seed yield was determined in the
following manner:

100- X
100 -7,

s

10,000
= X

XFW.

Seed yield

whereY =yieldinkg hal, X = moisture content

(measured), Y= standard moisture content

(9%), FW. = harvested yield in kg plot?, A =

harvested area (m?).

Percentage of oil: Oil content was determined
by Near-infrared refl ectance spectroscopy

(NIRS).

Statistical Analysis

Data recorded for each character from
individual locations were first analysed to
determine the homogeneity of variances. They
werethen used to perform combined analysis of
variance. The lines used as parents in this
experiment were considered fixed and the
locations of the experiments were considered

Table 1. Descriptionsof 14 parents, 5femalesand 9 males, used in thisstudy

Designation Prominent character Origin
Females

QH303-4A Highoil content withyellow seed- A mutant from an open-pollinated variety
coat Youyan no.6.

24A Low oil content Introduced from Sinan county, Guizhou province.

Qianyou 3A  Early flowering and maturity Introduced from Yunan province.
Low oil content

Qianyou 6A  Yellow seed-coat, late flowering Derived from ahybrid variety named Shuzano. 6

in Shichuan province

Qianyou 8A  High ail content with yellow Derived from a hybrid combination named You

seed-coat 1162 in Guizhou province
Males

2313 High oil content with yellow A mutant from an open-pollinated variety
seed-coat Youyan no.2.

2365 High oil content with yellow A progeny of cross 9511115 x 111501
seed-coat

111153 High oil content, early A progeny of cross 8909 x 9002
flowering

111176 Early maturity A progeny of cross 325 x 8907
High oil content, early

111188 flowering A progeny of cross 210 x 207

111199 Highoil content A progeny of cross 206 x 225

111224 High ail content Aninbred line named 2236

Q034 High oil content, late maturity A progeny of cross 9511120 x 111507

1190 Yellow seed-coat, late flowering A progeny of cross R x 8904
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arandom sampl e of locationsin which rapeseed
wasgrown inthisareaof Guizhou. The analyses
of variance for the experiment were made by
using Data Processing System 9.50 whose
copyright belonging to Tang Qiyi, China.

In this experiment, the lines used as male
and femal e parents were crossed in accordance
with the pattern described for Design Il by
Comstock and Robinson (1948). The mean
squares for male parents and for female
parents are independent estimates of general
combining ability (GCA) effects. The male x
female interaction mean sguare is an estimate
of specific combining ability (SCA) effect. When
hybrids were evaluated in more than one
environment, the model wasasfollows:

Yiw = m+E+Ryt+G+G+ 5+
(GE)ii+ (GE); + (SB)iji + €ju

where

Yiju = observed value of the ij"™ hybrid in
the kI plot,

m = grandmean,

E = effectof thel™environment (1 =1, 2),

Rux = effect of k™ replication in the I
environment,

G = the average effect (GCA) of the it"
male parent on its cross,

G = the average effect (GCA) of the j™
female parent on its cross,

S;j = the deviation average effect of the

ij™ cross from expected performance
based on the parents average effects
(SCA),
(GBE)ii, (GE);, and (SE)y
= the interactions with environments
for the effects defined previously,

eju = the error associated with the ijki™
observation;

and where

i = 1,2,...,m;m=9(m=number of mae),

i = 1,2, .. f f=5(f = number of
femae),

k = 1,2, ..., r,r=3(r = number of
replication),

| = 1,2 .., € e=2(e=number of
environment).

For each character, the GCA estimates
(gior g) for all parental linesand SCA estimats
(sj) for @l hybrid genotypes were calculated
according to Beil and Atkins (1967) asfollows:

g = Mi-y)
g = (¥v-y)
si = Vi-Yi-yity.)

where yj; is the mean of the hybrid of the cross
between i" female and thej"" male parents, y; is
the mean of al hybridsinvolving thei™ female
parent, y; is the mean of all hybrids inlolving
the ™ male parent, and y _ is the grand mean of
hybrids.

Standard errorsfor g;, g and s; eatimates
were calculated by using the respective mean
squares as follows:

SEgca = MSe/ mre(for females)
SEgca = MS,/ fre(for males)
SEscn = MSe/re

where MS, , MS;e and MS;, are the respective
females x environments, males x environments
and females x males x environments mean
squares. Two-tailed t tests were used to test the
significance of the g; or g; and s; estimates
deviated from zero.

To evaluate the relative importance of
additive and non-additive genetic effects of
each character, SS ratio was calculated as
suggested by Pixley and Frey (1991) and Lee
etal. (2005) asfollows:

SSratio=(SS, +SS) / SSyybrid

where SS;, SS;, SSyywig aretherespective males,
females, and hybrids sum of squares. Thecloser
theratio isto unity, the greater the influence of
additive genetic effects on the character.

Resultsand Discussion

Combining Ability Analysisof Variance

The combined analyses of variance were
made after the data for all characters of both
locations were analysed and found error
variances were homogeneous (Table 2).



Suranaree J. Sci. Technol. Vol. 17 No. 1; January - March 2010 43

Differencesamong hybridswere significant for

all characters (Table 2). The mean squares
attributable to male and female parentage of
hybrids provide a measure of GCA effects for
the two parental groups, respectively. The data
indicated that GCA effects were significant
(P<0.05) for al charactersfor malesand females,
but seed yield.

Partitioning of the hybrid sums of squares
into variations due to males (GCA,,), females
(GCAy) and females x males (SCA) showed that
GCA effects accounted for over 70% of the
hybrids sum of squares for each character
(Table 2). The SSratiowas 0.70 for seed yield,
indicating that both additive and non-addtive
gene effects were important for this character.
Similar value of SS ratio for seed yield in
rapeseed was found by Shen et al. (2002). In
this study, the SS ratios of oil content and days
toflowering were0.80 and 0.88, respectively, but
both GCA and SCA effects were significant,
indicating that additive effects were more
important than non-additive gene effects for
these two characters. Similar SS ratio for oil
content was reported by Brandle and McVetty
(1990). However, Shen et al. (2002), who used

different genetic materials, reported that genetic
effects for oil content were almost entirely
additive as they found that SCA effects were
not significant. The SSratio for daysto maturity
was0.82 and SCA effectsfor thischaracter were
not significant, indicating that additive effects
were predominant for this character.

Esimatesof GCA

Estimates of general combining ability for
seed yield and other characters of each parent
for both parental groups when combined
into single cross hybrids are presented for all
charactersin Table 3. Although GCA effectsfor
seed yield were highly significant, they were
mostly negative. Twolines, namely, males|11188
and Q034 gave significant positive effects for
thischaracter. Their respective GCA effectswere
317.6and 383.5kg ha'. Malell1224 dso gavea
large positive effect for seed yield with the GCA
effects of 253.1 kg ha™. This showed that these
males were good combiners for seed yield and
should be used as parents in a breeding
programtoimprove seedyield. Most femalelines
gave GCA effects for seed yield but none were
significantly different from zero. However, lines

Table2. Mean squaresfrom combined analysesof variancefor combining ability of yield, ail
content, daystofloweringand daystomaturity of rapeseed grown at two environments

Mean squares

Sour ces df

Yield oC DF DM

Hybrids a4 1046054** 13.75** 59.68** 16.07*
GCA(Males) 8 2585316* 8.28* 142.52** 47.97%*

GCA(Females) 4 2867803 104.18** 293.26** 49.14

SCA (MalesxFemal es) 32 433520** 3.81** 9.78** 3.96
HybridsxEnv. a4 294168** 1.50** 3.41** 8.89**
MalesxEnv. 8 554313** 2.39*%* 2.54** 6.93**
FemalesxEnwv. 4 654358* * 2.97** 1.27%* 59.60* *
Malesxfemal esxEnv. 32 184109** 1.09 3.90** 3.04*

Pooled error 232 30918 0.81 0.31 2.01

SSratio 0.70 0.80 0.88 0.82

* ** ggnificant at 0.05 and 0.01 levels of probability, respectively.
Abbreviations: OC = ail content; DF = daysto flowering; DM = days to maturity;

Env. = environment.
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Qianyou 6A and 24A were among the best
choicefor improving seedyield.

Therewere significant differencesamong
males and females for oil content (Table 2).
However, the significance corresponded to
negative GCA effects of both male and female
parents (Table 3). Significant positive GCA
effectsof 0.66 and 2.31% were detected for lines
111224 and QH303-4A, respectively. These
two parents should be good combiners for ail
content.

Significant GCA effects were found in
6 malesand all 5 femalesfor daysto flowering
(Table 3). Significant and positive GCA effects
were expressed by males 2365, 111199, 1190 and
females 24A, Qainyou 8A withthe GCA effects

values of 2.86, 0.62, 2.89, 1.79, and 2.88 days,
respectively. These parents should be good
combinersfor lateflowering. Males111153, 111176,
111188, females QH303-4A, Qianyou 3A and
Qianyou 5A gavesignificant and negative GCA
effectsof -1.91,-0.58,-4.08,-1.10,-2.93, and-0.64
days, respectively. These parents should be
good combinersfor early flowering.

Four male lines were found to show
significant GCA effects for days to maturity
(Table 3). Among them, lines 2365 and 1190
showed significant and positive GCA effects
with thevalues of 2.00 and 1.03 days; lines 2313
and I11176 showed significant and negative GCA
effects with the values of -1.67 and -1.80 days.
These results indicated that days to maturity

Table3. Estimatesof general combining ability (GCA) effectsfor four character sof rapeseed

lines
Lines Yield Qil content Daysto Daysto
flowering maturity
(kg ha) (*0) (no,) (no.)
Males
2313 129.1 -0.24 -0.48 -1.67**
2365 -404.8** 0.40 2.86** 2.00**
111153 -209.9 -0.06 -1.91** 0.20
111176 -253.8 0.38 -0.58* -1.80**
111188 317.6* -1.16%* -4.08** 0.83
111199 -288.1* -0.18 0.62* 0.56
111224 253.1 0.66* 0.19 -0.64
Q034 383.5** 0.14 0.49 -0.50
1190 73.3 0.06 2.89** 1.03*
LSD 0.05 (m) 266.6 0.55 0.57 0.94
LSD 0.01 (m) 350.7 0.73 0.75 1.24
Females
QH303-4A 32 2.31** -1.10** 0.28
24A 129.0 -0.39 1.79** 0.45
Qianyou 3A -393.8** -1.38** -2.93** -1.46
Qianyou 6A 187.7 0.01 -0.64** -0.33
Qianyou 8A 73.9 -0.55* 2.88** 1.06
LSD 0.05 (f) 2158 0.46 0.30 2.06
LSD 0.01 (f) 284.0 0.60 0.40 271

* ** . significant difference fromzero at 0.05 and 0.01 level s of probability, respectively.
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of crosses involving lines 2365 and 1190 were
relatively longer, and daysto maturity of crosses
involving lines 2313 and 111176 wererelatively
shorter than other crosses. For female parents,
none of them gave significant GCA effects for
this character.

For individual male parents, males 2313,
111188, 111224 and Q034 gave high seed yieldin
their cross combinations (Table 4). Their high
yielding potential was associated with high GCA
effects. These lines should be useful in future
breeding programs. For female parents, high
mean squares of GCA effectsfor seedyield were
associated with negative GCA effectsof certain
parents, four femalesgave positive GCA effects
but none of them were significant. However, the
yield expression shown in Table 4 suggested
that four femal eswith positive GCA effectswere
quite good combiners.

The early maturity related to negative
GCA effectsof daysto maturity. Both males2313
and 111176 gave significant and negative GCA
effects, indicating that these two lines should
be useful in future breeding programs for
earliness.

SCA Effects

Specific combining ability effects were
significant for all characters except for days
to maturity (Table 2). The estimates of these

values are shown in Table 5 for seed yield, oil
content, daysto flowering and daysto maturity.
Significant SCA effects for seed yield were
foundin 6 crosses. Among them, 5 crossesgave
positive SCA effects. The highest positive SCA
effect was found in the cross of Qianyou
8A x Q034 with the value of 434.6 kg ha?,
followed by crossesQH303-4A x 111224, Qianyou
3A x 2365, QH303-4A x 1190 and 24A x 111153,
withthe SCA effectsof 429.9, 427.8, 379.4, and
347.0 kg hal, respectively. These results
indicate that these crosses should be
considered in the production of hybrids for
high seed yield.

Among 45 crosses, significant SCA
effects were found in 9 crosses for oil content.
Among them, 3 crosses gave positive SCA
effects. The highest positive SCA effect was
found in the cross of 24A x I11153 with the
value of 1.45%, followed by crosses Qianyou
6A x 11176 and Qianyou 6A x 1190 which gave
the SCA effectsof 1.09 and 1.02%, respectively.

Significant SCA effects were found in
7 out of 45 crossesfor daysto flowering. Among
them, 2 crosses gave positive SCA effects
while5 crosses gave negative SCA effects. The
highest positive value of SCA effect wasfound
inthe crossof QH303-4A x 111188 withthevalue
of 1.63 days. Significant negative SCA effects
of days to maturity were found in 3 out of

Table4. Meansfor yield and oil content of high yielding cr ossesaver ageover twolocations

Characters Yield Qil content Daysto Daysto

flowering maturity
(kg ha'’) (%) (no.) (no)
Qianyou 8Ax Q034 3,090 39.44 176 241
Qianyou 6Ax Q034 3,052 39.96 175 241
QH303-4Ax 111224 2,884 43.38 172 241
24A% 111188 2,789 37.82 171 241
24Ax 2313 2,786 39.35 175 241
Qianyou 8Ax 111188 2,782 38.62 172 244
Qianyou 6AXx 111224 2,711 40.72 174 240
QH303-4Ax 1190 2,653 42.63 176 243
24Ax Q034 2,620 39.46 177 242
Qianyou 6Ax 2313 2,572 40.05 173 240
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45 crosses. The lowest negative value of SCA
effect was found in the crosses of Qianyou
3A x 111224 and Qianyou 6A x 111199 with the
value of -1.64 days. These crosses should be
considered in breeding for early maturity.

Conclusions

Results from the analysis of variance for
combining ability demonstrated that both GCA
and SCA effects were important for most
characters of rapeseed included in this study.
Relative importance of GCA and SCA effects
for each character as examining by the SSratio

of sum of squares due to GCA effects to
hybrids sum of squares showed that, for all
characters, GCA effects were more important
than SCA effects. However, SCA effects were
significant in the expression of seed yield, oil
content and days to flowering, indicating that
non-additive gene effects also contributed to
the variation observed for these characters.
Therefore, the performance of single cross
hybrids may be adequately predicted on the
basis of GCA effects, and the best hybrids
should be obtained from crosses between
parents having high GCA effects.

From the present study, it may be

Table5. Estimatesof specificcombiningability (SCA) effectsfor four char acter sof rapeseed

Cr 0sses
Crosses

Characters Males
Females 2313 2365 111153 111176 111188 111199 111224 Q034 1190

Yield QH303-4A 181.9 185  -801  -842 -217.6 -289.6  429.9* -3380  379.4*
24A 330.2  -4086* 347.0+ 1715 1448 -613 -1166  -90.1 -316.8
Qianyou3A  -2635  427.8* 42  -294 1515 2090 -1711 -2901  -383
Qianyou 6 A 573 1219 -1309  -67.1 -2385 1215 723 2836 -2202
Qianyou8A  -3058  -1506  -140.2 91 1508 204 -2145  4346* 196.0

LSD0.05=343.3 LSD0.01=451.9

Oil content  QH303-4A 024  -091* -058 005 -004 040 074  -049 059
24A 0.32 021  145** -087* -029 047 021 004  -154**
Qianyou3A  -0.58 028 051  -044 021 041 -026 013 -025
Qianyou 6 A 0.62 051  -148* 109 -055 -L73** 0.38 014  1.02*
Qianyou8A 060  -009 0.1 017 067 046  -107* 018 0.8

T LSD0.05=0.83 T LSD0.01=1.10

Daysto  QH303-4A -0.63 020 08  -037 163 -007 -097 -093 033

flowering 24 064  -169¢ 024 074 024 104  -136 134 -122
Qianyou3A  -0.97 070 097 013 -170* -023 070  -110 150
Qianyou 6 A 0.74 090 -300** -033 -016 -203* 107 160*  1.20
Qianyou 8 A 022 011 099  -018 001 129 055  -091 -181*

T LSD0.05=1.58 LSD0.01=2.08

Days QH303-4A -0.18 0.32 029 -138 049 009 029 -001 012

to maturity  24A 0.99 0.15 012 -055 -151* -008  0.45 015 029
Qianyou3A  -0.77 0.23 036 053 056 116 -164* 023 -064
Qianyou 6 A 0.26 -0.74 040 056 010 -164* -010 043 073
Qianyou8A  -0.29 004  -116 084 037 047 101 079  -0.49

LSD0.05=1.40 LSD0.01=1.84

* ** - ggnificant difference from zero at 0.05 and 0.01 levels of probability, respectively.
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suggested that males Q034, 111188 and 111224
should be good combinersand used extensively
in a breeding program aimed at developing
breeding materials to improve yield as they
gave high GCA effects. Males Q034 and 111224
were one of the parents in the cross
combinations with high SCA effects for seed
yield. 111224 also gave high GCA effect for oil
content. Males 2313 and 111176 should be used
infuture breeding programsfor earlinessasthey
gavesignificantly negative GCA effectsfor days
to maturity.

The highest yielding hybrids with
considerable portions of both GCA and SCA
effects should be the best choice for rapeseed
breeders. In this study, top eight single cross
hybrids (Table 4) were found to give positive
GCA effectsfor both parents and positive SCA
effects. Therefore, these crosses should betaken
as candidate hybridsin future rapeseed breeding
programs, especially crosses with high oil
content.
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