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Estimation of Genetic Parameters for Yield, Yield
Components and Glucosinolate in Rapeseed
(Brassica napus L.)
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ABSTRACT

Eight genotypes of rapeseed (Brassica napus L.), including six cultivars and two breed-
ing lines, were used to determine the genetic parameters for number of pods per main
axis (NPM), number of pods per plant (NPP), length of pod (LOP), number of seeds per
pods (NSP), 1000-seed weight , seed yield, and total glucosinolate. Analysis of variance
based on Hayman’s method revealed significant general (a) and specific (b) combining
ability mean squares for all traits except for 1000-seed weight, which indicated the impor-
tance of additive and non-additive genetic effects. For 1000-seed weight, only the general
combining ability mean square was statistically significant. Significant ratios of a to b
mean squares and high narrow-sense heritability estimates were observed for 1000-seed
weight and total glucosinolate, which indicated the importance of additive genetic effects
for these traits. Therefore, the efficiency of selection for improving these traits will be
high. The significant b1 (mean deviation of F;’s from their mid-parental values) mean
squares for all of the studied traits except LOP and 1000-seed weight, exhibited direc-
tional dominance and subsequently significant average heterosis. Significant maternal (c)
mean squares were observed for all of traits, except LOP. Among yield components, NPM
and NPP had a significant correlation with seed yield and can therefore be used as good
criteria for improving seed yield. The correlation between seed yield and total glucosi-
nolate was not significant, and so reducing this antiquality trait without any considerable
changes in seed yield is possible. In general, the parents PF7045/91 and BL1 were good
combiners and the crosses BL1xPF7045/91, BL1xBL2 and PF7045/91xShiralee were good

combinations for improving seed yield and total glucosinolate, simultaneously.
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INTRODUCTION

Both yield and quality related characters
have important roles for increasing the ex-
pansion of rapeseed cultivation [3,17]. Be-
sides oil quality, the meal quality also is im-
portant, and this mainly depends on the con-
tents of glucosinolates [3]. Glucosinolates
are a family of secondary plant metabolites
particulary abundant in the seed and green
tissues of the family Brassicae [4, 13, 16, 18,
23, 24].

Glucosinolates and their hydrolysis prod-
ucts have presented a major obstacle to the
utilization of rapeseed meal in animal or
human nutrition. They are considered as
antinutritional factors and have been impli-
cated in several physiological disorders in
animals, including goiter and hemorrhagic
liver syndrome [18].

Because of their detrimental effects, plant
breeders have focused on a drastic reduction
of seed glucosinolates contents in the major
oil crops of the family of Brassica, i.e. B.
napus, B. campestris and B. juncea [23].
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Significant general combining ability (gca)
and sepecific combining ability (sca) effects
of glucosinolates have been reported in B.
napus [11]. Partial dominance and high nar-
row-sense heritability were reported for total
glucosinolate [8, 11, 16]. Love et al. [14]
reported multiple additive alleles on more
than one locus for allyl glucosinolate and 3-
butenyl glucosinolate in mustard (B. juncea).

Although the improved nutritional quality
of the oil and meal has been a major breed-
ing objective of Brassica oilseed, seed yield
must be maintained and improved if these
crops are to remain competitive [3]. Because
seed yield is probably the most difficult and
costly trait to measure accurately, numerous
attempts have been made to identify the
most important yield components [3, 6, 7].
For this reason, the estimation of genetic
parameters for yield components can be im-
portant for indirect selection for seed yield.
Significant gca and sca effects were re-
ported for the number of pods per main axis
(NPM), number of pods per plant (NPP),
length of pod (LOP), number of seeds per
pods (NSP), 1000-seed weight and seed
yield in B. napus [13,19, 22]. However in
another study [21], the importance of addi-
tive genetic effects for NPP and 1000-seed
weight was emphasized.

Significant levels of heterosis for agro-
nomic and quality related traits have been
obtained in F; hybrids of both spring and
winter forms of B. napus [3]. Heterosis ef-
fects varied for each yield component, de-
pending on the environmental and/or geno-
typic effects [1, 6, 12, 13, 15]. Thakur and
Sagwal [22] reported significant high parent
heterosis for NPP, NSP and seed yield. Re-
ciprocal effects due to cytoplasmic organels
such as mitochondria, and/or choloroplast
DNA or mother genes have been reported
for both quantity [2, 19] and also quality
[17,20] characters in B. napus and other
Brassica species.

The objective of the present study was to
determine the importance of genetic parame-
ters for yield components, seed yield and
total glucosinolate in order to select a suit-
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able breeding program for rapeseed breeding
lines and cultivars.

MATERIALS AND METHODS

The materials under study consisted of two
breeding lines (Yanter xTower (BL1), Cobra
xA.W (BL2)) and six cultivars (Shiralee,
Regent, Ceres, PF7045/91, Darmor, and Fal-
con), which were selected on the basis of
their different glucosinolate contents and
other agronomic characters. Genotypes were
crossed in all possible combinations, includ-
ing reciprocals. The eight parents and 56
Fy’s were grown in a lattice design with two
replications at the Research Farm of Isfahan
University of Technology (51°, 32’ E longi-
tude and 32° 32’ N latitude, 1630 m above
sea level) during November 2000. Each plot
consisted of three two meter rows. Between
and within row were 60 and Scm, spacings
respectively. Fertilizer was applied at a con-
centration of 150 kg N, 60 kg P205 and 75
kg K20 / hectare. Two thirds of the fertilizer
was applied at the time of planting and one
third of it was applied at the beginning of the
reproductive stage. The NPM and NPP were
recorded on the basis of ten randomly se-
lected plants from each plot. The LOP and
NSP were recorded on the basis of five ran-
domly selected pods on the main axis of five
plants in each plot. Seed yield was recorded
on the basis of one meter from the middle
row of each plot. Total glucosinolate was
measured by an economical and efficient
high performance liquid chromatography
(HPLC) method which was revised by
Kaushik and Agnihorti [10]. This method
involves a single step extraction of glucosi-
nolates in boiling water. The separation of
glucosinolate was achieved on a Novapack
RP-18 column (3.99 x 150mm), using 0.2M
ammonium sulphates as mobile phase and
peaks were monitored at 229 nm.

The studied traits were analyzed on the
basis of a lattice design, and the results re-
vealed that its relative efficiency compared
to a randomized complete block design for
1000-seed weight was more than one. There-
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fore, this trait was adjusted for incomplete
block effects and then all of the traits were
analyzed based on Hayman’s method [8]. In
Hayman's analysis, the @ and b mean squares
refer to additive and dominant genetic ef-
fects, respectively. The mean squares of b1,
b2 and b3 refere to mean deviation of F,’s
from their mid-parental values (average het-
erosis), differences in the mean deviaton of
F, from their parents over arrays and domi-
nance deviaton that is uniqe to each F,, re-
spectively. Whereas the ¢ (maternal) mean
square in Hayman’s method was significant,
other genetic parameters were calculated
based on Griffing’s method [5].

RESULTS AND DISCUSSION
Yield and Yield Components

Significant a and b mean squares were ob-
served for NPM, NPP, LOP, NSP, and seed
yield, indicating the importance of additive
and dominance genetic effects for these
traits (Table 1). For 1000-seed weight, only
a mean square was significant which indi-
cated the importance of additive genetic ef-
fects. A significant ratio of a to b mean
square, a high narrow-sense heritability and

a low degree of dominance were observed
for 1000-seed weight, again indicating the
importance of additive genetic effects for
this trait. Therefore, it can be concluded that
breeding programs based on the selection
method will be efficient for 1000-seed
weight. The degree of dominances greater
than one, and low narrow-sense heritability
estimates for NPP, NSP and seed yield re-
vealed the higher importance of non-additive
genetic effects for these traits. Thus they
may be improved by a hybridization method
mainly using cytoplasmic male sterility. The
importance of additive and non-additive ge-
netic effects for yield and yield components
was emphasized by Thakur and Sagwal [22],
but in another study [1] additive genetic ef-
fects was reported to be more important.
Significant positive correlations were ob-
served between seed yield and NPM and
also NPP (0.56" and 0.47", respectively),
suggesting these traits can be considered as
good criteria for improving seed yield.
Therefore, PF7045/91 and Shiralee with
positive gca effects for NPM and NPP and
also significant positive gca effects for seed
yield were considered as good combiners for
having these traits, simultaneously (Table 2).
Thakur and Sagwal [22] also reported simi-
lar gca effects for NPP and seed yield. The

Table 1. Analysis of variance based on the Hayman (1954) method for yield components, yield and

total glucosinolate in rapeseed.

MS
No. of No. of pods  Length of  No. of 1000-Seed  Yield Total glu-
SOV pods on per Plant pod Seeds per  Weight cosinolate
Df main axis Pod
Rep. 1 430.75" 50775 4.09 50527 244" 3559.00" 306.75"
a 7 29.9 1006.86 " 1.08™ 33.15™ 1.26™ 8934.29™ 33642.48"
b 28 87.34™ 464.63" 0307 13.07™ 0.10 7656.66" 1853.00™
bl 1 820.67"" 4896.96 " 0.13 78.39™ 0.01 62481.23 " 4087.16 ™
b2 7 5917 617.317 0.58 4.14 0.11 2443.63™ 2141.877
b3 20 60.45™ 189.57" 0.21 12.93™ 0.11 6740.00 ™ 1640.18™
c 7 71.53™ 1038.17™ 0.01 10117 022" 18703.94™ 1141.63™
d 21 59.93™ 421407 0.15 19.217 0.11 5696.47" 1200.24™
Error 63 12.68 49.17 0.14 3.23 0.09 587.11 64.52
MSgca / Mssca 0.34 2.17 3.607 253" 1267 1.17 18.16 "
Degree dominance 8.47 2.63 1.63 2.29 0.38 3.36 0.92
Narrow-sense 0.02 0.20 0.28 0.22 0.61 0.12 0.69

heritability

“, ™ Significant at p< 0.05 and 0.01 probability levels, respectively.

28.0.V are defined in the text
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Table 2. Estimates of gca effects for yield components, yield and total glucosinolate in eight

parents of B. napus.

No. of No. of Length No. of 1000-Seed Total

pods on pods per  of pod Seeds per Weight glucosenolate
Parents main axis Plant Pod Yield
BIl -0.79 3.53 0.14 0.68 -0.20" 12237 -32.69
Falcon 0.41 0.76 0.18 0.23 027" 222 53.69"
PF7045/91  1.07 9.73" 023" -1.09™ 0.13 1356  -34.94™
BI2 -1.67 7537 0.11 136" 0.11 15917 -11.46™
Ceres 0.28 -1.09 0.05 0.73 029 20297 43.98™
Regent 0.43 7217 2015 -1.40™ 0.11 4.19 -7.54"
Darmor -0.68 0.26 0.13 0.49 -0.17" -19.15™ 671"
Shiralee 0.95 1.55 -0.23 -0.98 0.04 23.177 -433"

*, ™ Significant at p<0.05 and 0.01 probability levels, respectively.

parents BL2 and Falcon had significant posi-
tive gca effects for NSP and 1000-seed
weight respectively, so they can be consid-
ered as good combiners for each of these
traits.

Except for LOP and 1000-seed weight, the
mean squares of b1 and b3 were significant
for yield and other yield components, indi-
cating significant heterosis and sca for yield
and yield components except for LOP and
1000-seed weight. The b2 mean square was
significant for NPM, NPP and seed yield,
indicating significant differences of domi-
nance deviation of the F; from the mid pa-
rental value among the arrays. The crosses
BL1xCeres, BL1xDarmor, Falcon x BL2
and Falcon x Regent had significant positive
sca effects for NPP (Table 3). For NPM, the
crosses BL1xBL2, BL1 x Regent, Falcon x
BL2 and Ceres x Shiralee had high signifi-
cant positive sca effects. For LOP, the best
combination with a significant positive sca
effect was BL2 x Regent. For NSP, the
crosses BL1 x Darmor, BL1 x Shiralee, Fal-
con x Ceres, PF7045/91 x Darmor and BL2
x Regent with significant positive sca ef-
fects were considered as good combinations.
None of the crosses had significant positive
sca effects for 1000-seed weight. The top
five combinations with positive sca effects
for seed yield were Ceres x Shiralee, Falcon
x Ceres, Falcon x Regent, BL1 x Falcon and
Darmor x Shiralee, with seed yields of
5828.32, 5403.50, 5569.83, 5698.83 and
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5498.67 kg/hectare, respectively. Among
these crosses, at least one of their parents
had significant positive gca effects for seed
yield. In a previous study, [22] similar re-
sults were reported. Therefore gca effects
can be considered as a good criterion for
predicting sca effects on seed yield.

None of the crosses showed significant
positive high parent heterosis for yield com-
ponents simultaneously (Table 4), indicating
compensatory effects of yield components.
Although a significant positive correlation
was observed between NPM and NPP, only
one of the crosses (BL1 x Regent) had sig-
nificant positive high parent heterosis for
both traits, simultaneously. LOP and NSP
were under non-additive genetic effects, but
due to low variability among parents, few
crosses showed significant heterosis for
these traits. Most of the crosses with high
heterosis for NPP, also showed high hetero-
sis for seed yield, therefore NPP can be con-
sidered a better criterion than NPM for seed
yield heterosis prediction. The crosses Fal-
con x BL2, BL1 x Darmor, Falcon x Dar-
mor and BL2 x Darmor exhibited significant
positive high parent heterosis for NPP. For
NSP the crosses BL1 x Darmor, BLI1x
Shiralee and PF7045/91x Darmor had sig-
nificant positive high parent heterosis and
were considered as good combinations for
this trait. In earlier studies, [3,6,12,13,22]
significant heterosis for yield components
and seed yield in B. napus and other Bras-
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Table 3. Estimates of sca effects for yields components, yield and total glucosinolate in a diallel

crosses of eight parents of B. napus.

No. of No. of No. of 1000-
Length . Total
Crosses pods on pods per of pod Seeds Seed Yield lucosinolate
main axis _ Plant P per Pod  Weight &

BL1 x Falcon 212 1.11 0.16 0.11 -0.10 48797 2336
BL1xPF7045/91 3.75" 6.09 -0.23 1.05 0.06 28.00" 2.59
BL11 x BL2 539" 1.91 0.14 0.38 0.06 27.03" -17.19™
BL1 x Ceres 3.33 1136 0.02 -1.89" -0.11 -34.00" -10.39™
BLI x Regent 7.69™ 229 -0.11 -0.09 -0.04 3072 733"
BL1 x Darmor 0.01 12.64™ -0.07 1.927 -0.03 21.14" 7.83"
BLI x Shiralee -5.44™ 9377 0.10 2317 0.03 -59.03 ™ 230
FalconxPF7045/91 2.97 3.79 0.13 1.87 0.04 28.74™ 3.10
Falconx BL2 550" 1579  -0.05 -0.70 0.22 -1.27 439
Falcon x Ceres 2.30 2.23 0.26 225" 0.21 63.59™ 8.54"
Falcon x Regent -0.48 8.38" -0.03 -0.26 0.10 49.097 35177
FalconxDarmor 0.48 -0.05 -0.06 -1.20 0.08 -53.01" 5.15
Falcon x Shiralee 1.77 6.58 0.17 0.87 -032"  -55.28" -1.42
PF7045/91xBL2 0.59 -2.34 0.20 0.77 0.18 34.05™ 2.27
PF7045/91x Ceres 2.24 -10.757  -0.17 2187 0.14 -5.03 -36.81"
PF7045/91xRegent  -4.06" 2.39 036" 2577 018 26417 1496
PF7045/91xDarmor  -1.15 7.85" -0.06 3.097  -0.02 19.87" 16.02™
PF7045/91x Shiralee  4.29" 5.26 0.24 -1.69 0.09 7.82 -5.79
BL2x Ceres 5550 -13.057 0507 -0.80 -0.13 -49.83™  48.88"
BL2 x Regent -2.10 1.51 0.35" 1.08 0.02 -16.77 -9.94™
BL2 x Darmor 485" 6.86 -0.03 -0.02 022  -18.34 2.74
BL2 x Shiralee -1.31 4.72 -0.17 1.50 -0.12 27.89™ 841"
Ceres x Regent -1.80 -3.04 0.13 3767 -0317 0.64 751"
Ceres xDarmor 3.57° 5.56 -0.08 -0.41 0.11 -2.19 -4.12
Ceres xShiralee 423" 3.52 0.17 0.24 0.13 68.14™ 20.63™
Regent x Darmor 3.24 0.37 -0.32 -0.91 0.09 31987 -38.84"
Regent x Shiralee 1.65 5.64 0.10 -0.28 0.12 23.35" -18.64™
Darmorx Shiralee 2.54 -4.74 0.45 0.09 0.01 4227 5.19

“, ™ Significant at p<0.05 and 0.01 probability levels, respectively.

sica species have been reported. The top five
combinations with significant positive high
parent heterosis on seed yield were Falcon x
Regent, Falconx Ceres, Falconx PF7045 /
91, BL1xFalcon and Regentx Darmor with
seed yields of 5569.8, 5403.5, 5286.83,
5683.33 and 4928.17 kg/hectare, respec-
tively. Since crosses with high sca effects
for yielded more than those with high het-
erosis for seed yield, it can be concluded that
the sca effect is a more realistic criterion
than high parental heterosis for seed yield
prediction.

Significant ¢ mean squares, indicating ma-
ternal effects, were observed for yield and
yield components except for LOP (Table 1).
Therefore, the direction of crosses is impor-
tant for these traits and in crosses with sig-
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nificant negative reciprocal effects, (Table
5) their reciprocal crosses must be used.
Significant maternal effects have been re-
ported for yield components and seed yield
in B. napus [2] and B. rapa [19].

Total Glucosinolate

Significant a and b mean squares were ob-
served for total glucosinolate, indicating the
importance of additive and non- additive
genetic effects for this trait (Table 1). A sig-
nificant ratio of a to b mean squares, a low
degree of dominance and a high narrow-
sense heritability estimate were observed for
total glucosinolate, indicating a greater im-
portance of additive genetic effects for this
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Table 4. Estimates of high parent heterosis for yield components, yield and total glucosinolate, in

the diallel crosses of eight parents of B. napus.

Crosses No. of No. of Length  No. of 1000- Yield Total
pods on podsper  of pod  Seeds Seed glucosi-
main axis  Plant per Pod  Weight nolate

BL1 xFalcon 7.11 24387 0.21 3.45 -0.34 101.55" 6.48
BL1xPF7045/91 10.517 12.18 -0.59 3.08 0.04 92.10™ 1.18
BL11 x BL2 3.96 16.88" 0.11 1.90 -0.25 58.49™ -7.63
BL1 x Ceres 10.617 478 -0.07 -1.00 -0.31 -3.93 -52.82"
BL1 x Regent 10.58™ 17.58" -0.39 1.63 -0.55 88.45"  -49.58"
BL1 x Darmor 3.73 35.40™ -0.23 4687  -0.27 52.53" 24177
BL1 x Shiralee 0.55 -2.83 -0.27 444"  -0.26 -9.86 -15.39
FalconxPF7045/91 10.92™ 7.10 0.28 3.50 0.13 104.45™  -16.027
Falconx BL2 5.28 39.49™ -0.04 0.38 0.29 19.91 -0.05
Falcon x Ceres 10.79™ -7.13 0.22 2.70 -0.12 121.66" 52.49"
Falcon x Regent 3.60 33.90" 0.07 1.05 0.07 131.64" 43.44™
FalconxDarmor 5.40 28.94™ -0.18 1.10 -0.13 6.11 14.26
Falcon x Shiralee 8.96" 10.35 0.32 2.60 -0.32 -16.13 10.07
PF7045/91xBL2 1.03 -7.33 -0.21 0.53 0.21 66.58" 9.60
PF7045/91x Ceres 10.08™ -11.15 -0.63 -3.06 0.03 48.16" -81.49™
PF7045/91xRegent 0.67 228 -0.66 -2.52 -0.36 51.26" -29.54™
PF7045/91xDarmor ~ 4.42 10.65 -0.60 407" -0.02 74.20™ -18.23"
PF7045/91xShiralee  12.14" 9.35 -0.02 -1.23 0.14 58.32" 25727
BL2x Ceres -5.85 230707 -0.64 0.78 -0.53 -51.16" 27.68"
BL2 x Regent -2.30 17.23" 0.01 0.53 -0.18 6.37 -30.97"
BL2 x Darmor -6.16 27.55™ -0.23 1.32 -0.50 -18.35 -8.04
BL2 x Shiralee -0.99 0.20 -0.59 1.37 -0.19 4891 11.94
Ceres x Regent 2.15 2038 -0.26 2.58 -0.91™ 66.29" 9.77
Ceres xDarmor 8.36" 430 -0.35 0.30 -0.44 40.12 -20.56"
Ceres xShiralee 11.29™ -12.10 -0.30 -0.53 -0.26 84.78"™ 6.56
Regent x Darmor 6.24 21.38" 078"  -0.24 -0.39 101257 -55.53"
Regent x Shiralee 6.28 1.44 -0.21 0.88 -0.14 64.47" -32.53"
Darmorx Shiralee 8.00" -1.48 -0.09 1.18 -0.25 64.99" 1.55

*, ™ Significant at p<0.05 and 0.01 probability levels, respectively.

trait. In previous studies, the importance of
additive genetic effects for glucosinolates in
B. napus [11,16] and also in Brassica juncea
was emphasized [14]. The parents BLI,
PF7045/91 and BL2 with significant nega-
tive gca effects and low gluciosinolate con-
tent (< 30uM gr-1dry meal) were considered
as good combiners for this trait (Table 2).
The b1, b2 and b3 mean squares were sig-
nificant for total glucosinolate, indicating
significant average heterosis, directional
dominance and significant sca effects, re-
spectively (Table 1). Significant negative
sca effects of total glucosinolate were exhib-
ited for the crosses which had one parent
with a significant negative gca effect (Table
3). The crosses BL1x PF7045/91, BL1 x
BL2, BL1 x Regent, PF7045/ 91 x Shiralee
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and RegentxDarmor with low or significant
negative sca effects had a low total glucosi-
nolate content (9.61,13.29, 27.08, 29.59 and
21.56 uM gr-1dry meal, respectively), so
they can be considered as good combina-
tions for improving total glucosinolate.

The crosses BL1xPF7045/91, BL1xBL2,
BL1xRegent and PF7045/91xShiralee with
significant positive and negative high parent
heterosis for seed yield and total glucosi-
nolate, respectively can be considered as
good combinations for improving seed yield
and total glucosinolate, simutaneously (Ta-
ble 4).

The ¢ mean square was significant for total
glucosinolate, indicating the presence of ma-
ternal effects and the direction of cross
should therefore be considered. In a previ-
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Table 5. Estimates of reciprocal effects for yield components, yield and total glucosinolate in the

crosses of eight parents of B. napus.

Crosses No. of No. of Length No. of 1000- Yield Total glu-
pods on pods per of pod Seeds Seed cosinolate
main axis Plant per Pod Weight
BL1 xFalcon 2.97 -10.98™ 0.12 -0.10 -0.28 -55.937 122
BL1xPF7045/91 -6.59" -6.68 -0.22 -0.63 0.24 -20.98 3.03
BL11 x BL2 0.31 6.38 -0.07 0.45 -0.17 20.16 -5.62
BL1 x Ceres 0.55 -3.28 0.07 -0.75 0.04 -18.76 -5.03
BLI x Regent 1.08 -0.33 -0.06 0.48 -0.20 -15.61 -15.27"
BL1 x Darmor 2.58 -5.40 -0.14 0.23 0.18 -1.10 -5.67
BLI x Shiralee 0.60 433 0.17 0.04 -0.19 22.63" 3.26
FalconxPF7045/91 3.33 15.25 -0.05 -0.40 -0.04 -45.90™ -22.08™
Falconx BL2 -7.82" -20.49™ 0.23 0.43 0.17 91.42™ 2.06
Falcon x Ceres 1.88 -6.13 -0.13 0.40 -0.05 37.96" -10.42°
Falcon x Regent -1.75 -0.30 0.18 -1.20 0.02 -28.93 -25.56"
FalconxDarmor 430" -1.06 0.05 1.10 -0.08 33177 0.54
Falcon xShiralee 6.24" 12.757 -0.30 0.80 0.45™ 70307 -25.53"
PF7045/91xBL2 1.13 18.68™ -0.15 1.68 -0.09 34.88™ -20.07"
PF7045/91x Ceres -2.03 5.25 -0.42 2617 -0.20 -47.34™ 0.87
PF7045/91xRegent  12.35 13.63™ 0.13 673" -0.13 61.82" 23327
PF7045/91xDarmor  0.63 -9.80" -0.09 -2.63" 0.17 22317 41.76"
PF7045/91xShiralee  2.56 24.60" 0.27 248" 0.12 72797 -2.84
BL2x Ceres -1.55 -16.80" -0.07 -1.38 0.23 49.07” 19.39”
BL2 x Regent -0.05 8.43" -0.08 218" 0.04 24927 22,94
BL2 x Darmor -0.93 6.85 0.25 1.69 0.44"™ -32.48" 18.32"
BL2 x Shiralee 2.86 5.70 -0.08 0.64 0.14 58.54™ -17.90™
Ceres x Regent -2.10 -1.13 -0.27 -4.08" 0.06 -5.84 23.377
Ceres xDarmor 621" 220557 -0.06 1.50 -0.07 -9521™ -20.03™
Ceres xShiralee 409" -11.40 0.01 2.78" -0.06 -3.06 -3.94
Regent x Darmor -2.36 -17.787 -0.02 -1.84 0.18 -50.16™ -5.47
Regent x Shiralee 243 -8.54" -0.24 -1.63 0.21 61.91" 27717
Darmorx Shiralee 2.45 16.53" -0.18 1.78 0.00 61.99" 5.89

" Significant at p<0.05 and 0.01 probability levels, respectively.

ous study, [14] the importance of maternal
effects for glucosinolates was emphasized.
In order to obtain combinations with low
glucosinolate, the reciprocal crosses of com-
binations with significant positive reciprocal
effects (Table 5), should be used. The corre-
lation between seed yield and total glucosi-
nolate (—0.13) was not significant, so the
improvement of total glucosinolate without
any considerable change in seed yield is
possible.

CONCLUSION

On the basis of the ratios of a to b mean
squares, degree of dominances and narrow-
sense heritability estimates, it was concluded
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that additive genetic effects were more im-
portant for total glucosinolate and 1000-seed
weight, while non-additive genetic effects
were more important for other yield compo-
nents and seed yield. Therefore, the effi-
ciency of selection for total glucosinolate
and 1000-seed weight will be high, but other
traits should be improved on the basis of
hybridization methods. Among yield com-
ponents, NPM and NPP had a significant
positive correlation with seed yield, there-
fore, they can be considered as good criteria
for improving seed yield. On the other hand,
the narrow-sense heritability of NPM and
NPP were low and it was high for 1000-seed
weight, and so defining an index for selec-
tion based on these traits will be effective in
a breeding program. The correlation be-
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tween seed yield and total glucosinolate was
not significant, so reduction of total glucosi-
nolate without any considerable change in
seed yield is possible. In general, the parents
BL1, BL2 and PF7045/91 and the crosses
BL1 x Falcon, BL1 x PF7045/91 and BL1
xBL2 were respectively good combiners and
combinatons with regard to improving all
the traits, simultaneously.

ACKNOWLEDGEMENTS

The authors wish to thank Karaj Institute
of Seed and Plant Improvement for provid-
ing genetic materials and measuring glu-
cosinolate.

REFERENCES

1. Brandle, J. E. and McVetty, P. B. E. 1989.
Heterosis and Combining Ability in Hybrids
Derived from Oilseed Rape Cultivars and
Inbred Lines. Crop Sci., 29: 1191-1194.

2. Campbell, D. C, and Kondra, Z. P. 1978. A
Genetic Study of Growth Characters and
Yield Characters of Oilseed Rape.
Euphytica., 27: 177-183.

3. Downey, R. K., and Rimer, S. R. 1993. Ag-
ronomic Improvement in Oilseed Brassicas.
Advan. Agron., 50: 1-150.

4. Giamoustairs, A. and Mithen, R.1996. Ge-
netics of Aliphatic Glucosinolates. IV. Side-
chain Modification in Brassica oleracea.
Theor. Appl.Genet., 93: 1005-1010.

5. Griffing, B. 1956. Concept of General and
Specific Combining Ability in Relation to
Diallel Systems. Aust. J. Biol. Sci., 9: 463-
493.

6. Gupta, V. P., Sehon, M. S., and Satiga, D. R.
1991. Studies of Genetic Diversity, Heterosis
and Combining Ability in Indian Mustard
[Brassica juncea L. (Czern&Cross)]. Indian
J. Genet., 51(4): 448-453.

7. Gupta, V.P, Kaur, S., and Singh, P. 1997.
Combining Ability Analysis for Yield and its
Component in Brassica napus L. Crop Im-
prov., 24 (1): 140-142.

8. Hayman, B. I. 1954. The Theory and Analy-
sis of Diallel Crosses. Genetics, 39: 789-809.

9. Hu, Z. L. 1988. A Genetic Analysis of
Qualitative Characters in Oilseed Rape

150

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Rameah, Rezai and Saeidi

(Brassica napus L.). Crucifereae Newsletter,
No. 13. 58.

Kaushik, N., and Agnihorti, A. 1999. High
Performance  Liquid  Chromatographic
Method for Separation and Quantification of
Intact Glucosinolates. Chromatographia.,
49(4/5): 281-284.

Krzymanski, J., Pietka, T. Krotkam K. and
Michalski, K. 1995. Glucosinolate Content
in F1 Hybrids Double-zero Winter Sewde
Rape. Rosling Oleisite., 16(1):13-14.
Lefort-Buson, M. and Dattee, Y. 1982. Ge-
netic Study of Some Agronomic Characters
in Winter Oilseed Rape (Brassica napus L.)
II. Genetic Parameters. Agronomie. 2: 323-
332.

Leon, J. 1991. Heterosis and Mixing Effects
in Winter Oilseed Rape. Crop Sci., 31:281-
284.

Love, H. K., Rakow, G., Raney, J. P., and
Downey, R. K. 1990. Genetic Control of 2-
propenyl and 3-butenyl Glucosinolate Syn-
thesis in Mustard. Can. J. Plant Sci. 10: 425-
429.

Mather, K. and Jinks, J. L. 1982. Biometrical
Genetics, 3rd Edition. Chapman and Hall,
London.

Mou, T. M., and Liu, H. 1988. Genetic Stud-
ies on Total Content of Glucosinolates in
Seeds of Rape (Brassica napus L.). Cruci-
fereae Newsletter, No. 13: 52-53.

Pleines, S., and Friedt, W. 1989. Genetic
Control of Linolenic Acid Concentration in
Seed Oil of Oilseed Rape (Brassica napus
L.). Theor. Appl. Genet., 78(6): 793-797.
Salunkhe, D. K., Chavan, J. K. Adsule, R. N.
and Kadam, S. S. 1992. World Oilseeds:
Chemistry, Technology, and Utilization.
Chapman and Hall, London.

Singh, J. N., and Murty, B. R. 1980. Com-
bining Ability and Maternal Effects in Bras-
sica campestris L. Var.Yellow Sarson.
Theor. Appl. Genet., 56: 263-272.

Singh, P., Kaur, S. and Gupta, V. P. 1995.
Genetic Analysis for Fatty Acid in Brassica
napus L. Crop Improv., 22(1): 29-32.

Singh, D., Malik, V. and Singh, H.
1995.Gene Action of Seed Yield and Other
Desirable Characters in Oilseed Rape (Bras-
sica napus L.). Ann. Biol. Luddhiana, 11(1-
2): 94-97.

Thakur, H. L., and Sagwal, J. C. 1997. Het-
erosis and Combining Ability in Oilseed
Rape (Brassica napus L.). Indian J. Genet.,
57:163-167.


https://dorl.net/dor/20.1001.1.16807073.2003.5.3.5.6
https://jast.modares.ac.ir/article-23-5486-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-28 ]

[ DOR: 20.1001.1.16807073.2003.5.3.5.6 ]

Estimation of Genetic Parameters in Rapeseed JJA\b;‘ ][‘

23. Velasco, L., and Becker, H. C. 1998. Analy- 24. Velasco, L. and Becker, H. C. 2000. Vari-
sis of Total Glucosinolate Content and Indi- ability for Seed Glucosinolates in a Germ-
vidual Glucosinolates in Brassica spp. By plasm Collection of the Genus Brassica.
Near-inferared Reflectance Spectroscopy. Genet. Resour. Crop Evolution, 47: 231-238.

Plant Breed., 117: 97-102.

dySdas slial (o Sdas gl S5 ¢ Lajlel yly 9T 4
134 55 oY i) eSedS Ol Juny

Slarw .3 9 Loy g, 4l .y
oS

g odd ol (¥ g g pdy o Jele T3S oSSy ol

T —ry 48l w o e Sl =S u_i_g._l_)j sla ol Ly >yl yo
Oy edle Ho a5y slaxrd e Jgb cdaign yo e o>l uaxrs
S0 JS DY i) eSe)S (lian g 4o dySlae caily o
O by wlwl o wiloyly 433 L35 51 )35 oo Lidwl
sl Dlogra(b) wgasd o (@) 0gae goodpn S5 o dols (oo
edg oy a5y ylda Ghe s LSS wl 4y axdlas 0350 Oliwgns
00 LAl 3l w e g il el ol g8 and®l sy LA 4S
udold hid 41y Sl 03y ¢luo cowl LT SO0 JUS
G5O Lo a5 o)l po c a0 xS Hlogre egee saodon S5
T e TR e T L e D S e e e T L B
Yo oga 3 Syled andald 5 Hlogre wgas s odonSyS
b ol gue JS OV i) eSS o a5l Hlde (s sl 2
028 P D Olawgas SS0) JJUS Ho il p8 ol S
N S T e i ) L sl ol il ﬁl)lj 4o 5
Gy oSS G121 51y sxe Olaose gSSlae 390 4o
e Jeb s Ldsw ! 43 Olowgns A?_A)Lf gl)_)(bl) ledyua
Aoxaidyog Hlod g a Il 8L L 41y Hlde (O)s g
Axdlbo d)g0 Olpwgnsd 4 dS ¢l jo Hlo gxo huwglo gu)gse
oSS Lo JjjTH c bl 0y Qo g s LS w! 4
1o Oliwsas olE sl (0 gyole Of 331 Hlogre Olayss
Sl ool ol 3 51 cudl olbday Glis e Jab s LiSSiw!
D0 S s LSS w4y 4=l 040 Olawgas 4 S
ol A8l Ho ANe SluxrS o Sdas sl >l G Ho L ud Lo
Lo solos=e audio S ¢l ylo 454y o e dluxd
S g g vwlio Ol Glgizs T cuddey 45l 0 3 3Sdae
Dl oexr M dexg pde LAl oo libw!l Jold o Slae
ool g LS LSl 450y ouSdes s JS oY) eSS o
J—2 xS e 1y oS Lo by oelhels Sosgns
—w )= 0= 0 oy lw oo 45100 O 3 Sdae O >N o
9 wwlio ,wgae iS5 syl > BLL g PF7045/91 slad g

151


https://dorl.net/dor/20.1001.1.16807073.2003.5.3.5.6
https://jast.modares.ac.ir/article-23-5486-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-28 ]

[ DOR: 20.1001.1.16807073.2003.5.3.5.6 ]

Rameah, Rezai and Saeidi

Gmd e Sy 5 11 s> PF7045/91 x Bll 5 PF7045/91 x Shiralee (s La 335

JS oV ey eSelS Gliuoe g 45l

152

dySdas sl cwlio wgns
BN U I '


https://dorl.net/dor/20.1001.1.16807073.2003.5.3.5.6
https://jast.modares.ac.ir/article-23-5486-en.html
http://www.tcpdf.org

