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ANALYSIS ON GENETIC CONTRIBUTION OF SOME TRAITS
TO SEED YIELD IN RAPESEED BY ADDITIVE-DOMINANCE
GENETIC METHOD OF MIXED MODEL

ABSTRACT

A genetic model is developed with additive, dominance and genotype x environment interaction effects for
the progeny from a diallel mating design. To uncover the genetic contributions of some traits of rapeseed to
seed yield and find indicator traits for indirect selection, multivariable conditional analysis was conducted
based on this method. Therefore, an experiment was conducted to estimate genetic parameters using a half
diallel of nine international rapeseed cultivars. The 36 F1 hybrids, the parents and four additional cultivars
were planted in the breeding nurseries in 2008 and 2009. Several traits including number of pods per plant
(NPP), pod length (LP), height of the first pod (HFP), height of the first lateral branch (HFB), stem diameter
(SD), days of flowering period (FP), days to physiological maturity (DPM) and seed yield were recorded. The
genetic variance component (V) was significant for all the studied traits but the genetic variance component
(V,) was significant for NPP, HFB, HFP, DPM and SY traits and the genetic variance component (V) was
significant for HFB, HFP, LP and FP traits. There was significant positive phenotypic correlation (r,) between
seed yield with NPP and HFP and there was significant positive dominance x year interaction correlation (rp, )
between seed yield with NPP and DPM while there was significant negative dominance x year interaction
correlation (rp,,) between seed yield with HFB, LP and FP. There were significantly positive additive effects
of SY for two parents Orient and Talaye. Finally according to additive-dominance genetic model and
conditional genetic effects, the genotypes Talaye proved good general combiner for seed yield improvement
and crosses 4 x 8 (Orient x Talaye), 7 x 8 (Opera x Talaye) were found the best specific combiner for all the
studied traits.

Keywords: additive x year interaction; Brassica napus L.; diallel; dominance x year interaction

INTRODUCTION

There are many genetic models which have been developed based on the
analysis of variance (ANOVA) approaches. Some of these models, such as
North Carolina (NC) designs (Hallauer and Miranda 1981) and diallel designs
(Hayman, 1954; Griffing 1956; Gardner and Eberhart, 1966) are still widely
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used by plant breeders for genetic improving of different crops. Although using
of the above mentioned procedures (ANOVA approaches) results in good
achievements in breeding progress of many crops in last decades, but these
methods have some deficiencies in analyzing genetic models with unbalanced
data, or non-integer values of coefficients, or correlated random factors (Zhu and
Weir, 1994b; 1998). Therefore, the further development of quantitative genetics
in plant breeding has been restrained in some ways by its prevailing dependency
on ANOVA-based approaches.

Phenotypic variation of quantitative traits cannot only due to the genetic
effect (G) and environment effect (E) with genetic by environment (G xE)
interaction effects can be other important causes of this variation. The statistical
analysis of both effects was practically impossible for some genetic models with
mixed effects. Cockerham (1980) resolved this problem and proposed
methodology for constructing general genetic models and set up fundamental
principle in developing many kinds of complicated genetic models. Mixed linear
models which developed by statisticians (Hartley and Rao, 1967; Rao, 1970;
Miller, 1974) can be applied in quantitative genetics and classic plant breeding
methodology. These procedures overcome the shortcomings of ANOVA methods
for handling unbalanced data and complicated models (Rao, 1971). In analyzing
seed oil content of cotton, Zhu and Weir (1994a), proposed a genetic model of
diallel crosses based on the mixed models for estimating variance and
covariance components of cytoplasmic, maternal additive and dominance
effects, as well as direct additive and dominance effects. Development of such
mixed linear model and its application in plant breeding will create enormous
challenges for geneticists and breeders in dealing with complicated genetic
problems.

Zhu and Weir (1994a) used minimum norm quadratic unbiased estimation
(MINQUE) method to estimate the variance components for single trait and
covariance components for multiple traits of these random factors, and also
linear unbiased prediction (LUP) method is used to predict the random effects of
these random factors. The random factors including additive effect, dominance
effect, paternal effect, and environment effect etc. For the analysis of the
phenotypic variation of quantitative traits, Abderrahmane and Zhu (2001)
centered particularly on the influence of the environment and on the interaction
between genetic and environment effects. They declared that an understanding
of the inheritance of these differences is of fundamental significance in the study
of evolution and in the application of genetics to animals and plant breeding
(Abderrahmane and Zhu, 2001).

Iran has been facing a chronic shortage of edible oil; a large quantity of edible
oil is imported annually from other countries to fill the gap between local
production and consumption. Interest in growing winter rapeseed (Brassica
napus L) in Iran is increasing due to its potential returns relative to other oilseed
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crops. Rapeseed is an annual crop, well adapted to cold climate, with a tap root
system and many lateral roots concentrated in the shallow subsurface soil and is
predominantly grown in the winter in regions of Iran where the annual average
rainfall is 300 to 400 mm (Dehghani et al., 2008). Iran has had an important
rapeseed breeding program in recent years, supported by the Seed and Plant
Improvement Institute (SPII). Increasing the genetic potential of yield, tolerance
to biotic and abiotic stresses and early maturity are important objective of
rapeseed breeding programs in Iran and other countries.

The objectives of this investigation were to ascertain genetic contribution of
some yield component traits to seed yield of rapeseed by additive-dominance
method of (Zhu and Weir, 1996), multivariable conditional analysis (Atchley
and Zhu, 1997) and find important traits influencing seed yield in the rapeseed,
which may be useful in indirect selection for breeding high yielding cultivars.

MATERIALS AND METHODS

Plant materials and experiments

The nine rapeseed parental genotypes selected for study were seven international
cultivars (Fornax, Colvert, SLM046, Okapi, Orient, Opera and Modena) from
France, Denmark, Sweden and Germany countries and two Iranian cultivars (Zarfam
and Talaye) from Iran’s Seed and Plant Improvement Institute (SPII), which had
previously been introduced for commercial release in Iran. a diallel cross, without
reciprocals, between all the parents was carried out in field to obtain 36 bi-parental
combinations in the 2007 season. The experiments were installed in a field at the
Tarbiat Modares University experimental field near the city of Tehran across two
growing seasons (2008 and 2009). In these seasons, two sets of material consisting
of parents, their 36 F, hybrids and four control genotypes including Hayola 401,
RGS003, Licord and Opera genotypes were sown.

The experiments were accomplished in layout of a simple lattice design with two
replications. To avoid plant stand failure each hill-plot was sown with three seeds of
the respective genotype and shortly after emergence the plantlets were randomly
thinned to one plant per hill-plot. Plot size was 7.2 m?, consisting of 8 rows 3 m
length of rapeseed with 30-cm between-row and 5-cm within-row spacing. The
experiment in each year received all recommended agricultural practices to ensure
normal rapeseed plant development, including liming, manual weeding and
irrigation. Each year, soil preparation was done by mould board plowing and disk.
Fertilizer application was 40 kg N x ha'! and 70 kg P,O; x ha! at planting and 30 kg
N x ha'! at stem elongation stage.

At the time of harvest, in order to control boarder effects, plants from the
sides of each plot and two rows were removed and harvest area was decreed to
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4.5 m?. Although many different traits were measured and available for analysis
but only eight important traits are offered in this paper. To measure yield
components including number of pods per plant (NPP), pod length (LP), height
of the first pod (HFP), height of the first lateral branch (HFB), stem diameter
(SD); ten random plants were harvested from each plot at the time of maturity.
Seed yield was measured at physiological maturity and yield was adjusted to
12.5% seed moisture content. Days of flowering period (FP) and days to
physiological maturity (DPM) were recorded.

Statistical methods

A genetic model including additive and dominance effects (Zhu et al., 1993)
and their interaction effects with year (Zhu, 1996) was employed to study the
developmental inheritance of seed yield and related traits in rapeseed across two
years conditions. According to the model, unconditional genetic analysis was
conducted based on phenotypic values, which can be partitioned as:

Y =HMH+Y,+ A, +A4+D, +AY, + AY, + DY, + B, +e,,

where y,,, is the yield of entry j in tester & for replicate / and year i; p is the
grand mean; Yi is the ith year effect; 4 is the additive effect of parent j; Ak is the
additive effect of parent k; Djk is the dominance effect of parent & and parent j ;
AYij and AYik the additive x year interaction effects of parent k& and parent j;
DYijK the dominance x year interaction effects of parent k£ and parent j; bl(i) is
the block effect and eijkl is the residual effect. All of the genetic effects in the
model were random effects.

The phenotypic values seed yield conditional on phenotypic values of the
other triats can be partitioned through procedure of Zhu (1995). For conditional
analysis, SY|T represents the seed yield given the other traits (Shi et al., 2003)
which is computed for further calculating conditional variance components and
conditional genetic effects. The proportion of these parameters can uncover the
contribution of genetic variances without the influence of the given component
trait on the target trait or seed yield. Different correlation coefficients between
various traits were calculated for the phenotypic correlation coefficient (rph),
correlation coefficients due to additive effect (r,), correlation coefficients due to
dominance effect (1), and the corresponding G x Y interaction correlation
coefficients (7,,y and 7).

To test the response of genotypes to seed yield traits we performed
analysis of variance (ANOVA) using the Statistical Analysis System (SAS)
software release 6.11 (SAS 1996). Both unconditional and conditional
variances were estimated by the MINQUE method (Zhu 1992; Zhu and Weir,
1994). The jackknife method was applied to estimate standard errors of
estimated seed yield genetic variances and correlation coefficients (Miller,
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1974; Zhu and Weir, 1994). a t-test following jackknifing was employed for
testing the significance of genetic parameters. The genetic effects of the
seven parents were predicted using the adjusted unbiased prediction (AUP)
method (Zhu and Weir, 1996; Wu et al, 2006). All of the mentioned
statistical analysis was done by QGAStation software which is developed by
Chen and Zhu (2003) and up-to-date information on QGA Station is available

at http://ibi.zju.edu.cn/software/qga/index.htm.

RESULTS

Analysis of variance and variance components

The analysis of variance for parental and F1 generation in seed yield and
related traits are done and the results showed that there was variation between
parents and F1 generation regarding the eight traits (data are not shown). Both
the effects of year and genotype x year interaction were significant, suggesting
that these traits were influenced by the year and also there could be a certain
degree of heterosis in the F, genotypes.

Table 1

Estimated phenotypic variance, genetic variance components and their proportion of variance
for seven agronomic traits and seed yield (SY) in rapeseed

GPt NFP HFE HFP LP D FP DPM 5T
V. 334056° 199037 11204”°  0O000T 00000 0000O" 03381 22413357
Va 0.0000™ 471227 36455 009297 00000 144077 00000 00000
Vo 0.0000" 00000™  DOOOD™  0ODDO™  0.0000™ 0000O0™  0Qoog” 00000
Vo 2130878 1675437 67614 00700 001937 1585397 405807 30362979
v, 243563557 s022227 778827 011177 002127 3042787 114167 28172366
v, 4502189 1036851 894609 02746 0.0404 477223 158007 6O7766.80
PV

V., 623 103 132 0.0 0.00 0.00 206 160
Vol 000 4.54 4.07 3381 0.00 3.02 o.00 oo
vV, M, 000 0.00 0.00 o.00 0.00 0.00 o.00 o0n
VooV 4347 16.146 1.56 2551 4785 3322 25 68 4004

V,, additive variance; V,, dominance variance; V,xYE, additive x year interaction variance; Vy, . dominance
x year interaction variance; Vp, residual variance and V;, phenotypic variance; **, * and  respectively,
significant at 1% and 5% probability level and non-significant; ¥ GP; Genetic parameters; § PV; Proportion of
variance

The estimated phenotypic variance and genetic variance components were
presented in Table 1 for seven measured traits and seed yield. The genetic
variance component (V) was significant for all the studied traits. It was
suggested that these traits consist on NPP, SD, FP and SY were controlled by
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dominance x year interaction effect. It was indicated, by high ratios of
dominance x year interaction variance (VDXY/Vph) for NPP, SD, FP and SY traits
indicated that utilization of heterosis could be feasible in special environments.
The additive genetic variance component (V,) was significant for NPP, HFB,
HFP, DPM and SY traits and the genetic variance component (V) was
significant for HFB, HFP, LP and FP traits. It was indicated, by low ratios of
additive genetic variance to phenotypic variance (V,/V,,) for NPP (6.83%),
HFB (1.93%), HFP (1.32%), DPM (2.06%) and SY (3.69%), that the selection
in late generation could obtain apparent genetic gain for these traits (Table 1).

Finally, it was suggested that the two agronomic traits (HFB and HFP) were
controlled by genetic main effects (additive and dominance) as well as genotype
x year interaction effects. Height to the first lateral branch is an important trait,
especially during harvest season, which makes rapeseed breeders eager for
developing high yielded cultivars with desirable plant architecture (Marjanovic-
Jeromela et al., 2008). Regarding this trait, breeding to favorable seed yield by
high values HFB could be useful during harvest season. Also, it was suggested
that the two agronomic traits (NPP, DPM and SY) were controlled by additive
genetic main effect as well as genotype x year interaction effects. Thus the
rustles of this research indicated this fact that the G x Y interactions are not
avoidable in agriculture investigations (Allard and Bradshaw, 1964; Yan and
Kang, 2003). The variation in the performance of the genotypes across
environments can be ascribed to significant changes in the GCAs of the parents
and SCAs of crosses across the environments.

Phenotypic and genetic correlation between traits

Estimated correlation coefficients of genetic components between seed
yield and other measured traits were presented in Table 2. There was
significant positive phenotypic correlation (r,) between seed yield with NPP
and HFP and there was significant positive dominance x year interaction
correlation (rp,,) between seed yield with NPP and DPM while there was
significant negative dominance x year interaction correlation (rp,) between
seed yield with HFB, LP and FP. Tak (1976) and Yadav and Singh (1996)
concluded that the strongest effect of NPP on seed yield in rapeseed. There
was no dominance correlation (r,) and additive x year interaction correlation
(r.y) between seed yield and seven agronomic traits. Also there was no high
positive or negative correlation between seed yield and the other traits (Table
2). Partial correlation analysis of some researches (Han and Liu, 1993; Li et
al., 2001) showed that number of pods per plant was positively correlated with
seed yield but on the contrary, length of pod was negatively correlated with
seed yield.
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Table 2
Estimated correlation coefficient percents of genetics components between seed yield (SY)
and seven agronomic traits and seed yield (SY) in rapeseed

Parameters  HPPve 5% HFBw, 3Y  HFP v 5% LPve 5V . SDve 5Y  FPwys 5Y . DPM ve 5%

L 3766 425 96,70 0.00 0.00 0.00 16.16
o 0.00 noo 0.00 0.00 ] 0.00 0.00
L 0.oo o.oo 0.00 n.oo n.oo o.oo 0.oo0
Tooy 63837 -51 567 17.89 54737 -1.65 -57.277 40427
T 12048 -1743 -8.32 -0.08 228 -11.39 13.79

r,, additive correlation; 1, dominance correlation; r,,,, additive x year interaction correlation; 1y, .

dominance; x year interaction correlation and r_,, phenotypic correlation; **and * respectively, significant at
ph’

1% and 5% probability level

Correlations between yield and yield-determining traits have been repeatedly
analyzed in rapeseed by different researchers (Olsson, 1960; Richards and
Thurling, 1979; Lefortbuson and Dattee, 1985; Ozer et al., 1999; Ivanovsk et al.,
2007). Also, Allard and Bradshaw, (1964) and Cooper and Byth (1996)
explained that the larger the degree of genotype by environment interaction, the
more dissimilar the genetic systems controlling the physiological processes
conferring adaptation to different environments. In other word, the significance
of dominance x year interaction correlation, indicating that all of the studied
traits were sensitive to environmental conditions and that data from additional
environments or seasons would make parameters effects more precise. The
cause of no significant phenotypic correlation between some traits and seed
yield was due to the fact of positive correlation for genetic main effects (r,) but
negative correlation for genotype x year interaction effects (r,,,) between these
traits, although some of these correlations were not significant.

Phenotypic and genetic contribution ratios of traits to SY

The ratios of genetic contribution for different traits due to seed yield are
summarized in Table 3. Although there was no significant contribution of
genetic main effects of all traits to SY, there was large contribution of
dominance x year interaction. It was suggested that there was need for
considering indirect selection in specific environments on the agronomic traits
of F1 crosses. Also there was no significant contribution of additive x year
interaction. It was implied that indirect selection on the agronomic traits could
not obtain improvement for seed yield even in specific environments. The
phenotypic contribution ratios were significant for all the seven agronomic
studied traits. It was revealed that the phenotypic variation of seed was
significantly contributed by these agronomic traits (Table 3).
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Table 3
Estimated phenotypic and genetic contribution ratios of agronomic trait to seed yield (SY) in rapeseed

Parameters  HNPPvs 3% HFBws, 5Y  HFPve 5Y  LPva 3Y . SDwva BY  FPwve 5Y . DPM va, 5Y

CR. 193 ip3 305 inl an 317 373
CRn 0.00 ooo 0.00 0.00 0.00 0.00 0.00
CR..v 0.00 ono 0.0o o.oo o.oo 0.00 0.00
CRp.v 4333 47297 50.49° 46.26° 49381 46.97 4546
CR,, 5145 57167 60.587 55487 60677 56.007 58887

CRA, additive contribution ratios; CR,, dominance contribution ratios; CR,,, additive x year interaction
contribution ratios; CR;, ., dominance x year interaction contribution ratios and CR_, phenotypic contribution
ratios; **and * respectively, significant at 1% and 5% probability level

ph®

Rameah et al. (2003) and Marjanovic—Jeromela et al. (2007), who found that most
of the total genetic variability for some of agronomic traits in rapeseed crosses, were
due to both additive and non-additive gene effects. Thus, conditional analysis could
help to clarify the presence of genetic effects due to new gene expression that could not
be detected by unconditional analysis. Significant conditional residual variances
showed that the performance of seed yield due to the other traits were also influenced
by sampling errors (data are not shown). Similar results for significance conditional
residual variances were reported by the other researchers such as Shi et al. (2002) in
paddy rice and Zhang et al. (2007) in sponge gourd.

Predicted additive effects of seed yield (SY) and contributed additive effects fable
of agronomic trait to SY in rapeseed
Parants Condr fnitac tdld.uw- iffocts of fraits to 5% . oy
HPP HFE HFF LP sD FP DFM
Farnax . -0.007 0.020 o0n17 . 0.030° 0.024° 0032 . 0.032° -0.464
Okapi 0087 0008 0101 -0.000™ 0006 01027 <0098 0637
SLMO46 00457 0079 0063”7 007" 0083 on7” <0069 -0.8607
Orient 0006 on2ge oni7 0.030° 0.048 ono 0.041 168597
Colvert -0.002 -0.004 -0 002 0.002 -0.001 onog -0.011 -0.305
Zarfam anos -0.020 0n1e -0.011 -0.009 0017 -0.004 -0.640°
Opera 0083 o098 opez” 0.0s5” 0.058"" ons2” 0.085" 0472
Talays 0034”7 0.054" 0044 " 00437 0041" npse” 0.0447 22547

Modena 0013 0.0o0 0Nzl -0.002 -0.011 onol -0.021 -0.535°

**and * respectively, significant at 1% and 5% probability level
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Contributed additive genetic effects of traits to SY

Predicted additive genetic effects of seed yield and contributed additive effects of
seven traits to SY were given in Table 4. There were significantly positive additive effects
of SY for two parents (Orient and Talaye). For parent Orient, the positive additive effects
of SY resulted mainly from traits SD and DPM while for parent Talaye, the positive
additive effects of SY resulted from all studied traits. Having large additive effect of SY
and contributed positive additive effects of all agronomic traits to Talaye could serve as
a good parent in selection for favorable traits with high SY. The other seven parents had
negative additive effects of seed yield, although most of them contributed positive
additive effects of the agronomic traits, revealing less importance of additive effects of
these traits contributed to seed yield (Table 4). Although we did not find additive genetic
effects for the above traits but some researchers emphasized the importance of additive
genetic effects for some traits such as NPP and LP in rapeseed (Brandle and McVetty,
1989; Singh et al,, 1995; Rameah et al., 2003).

In this study, different values of seed yield were registered and the hybrids had
somewhat increased value compared with their parents. Similar results were reported by
Pospisil and Mustapic (1995) and Marinkovic (2004). The negative additive effects were
mainly due to HFP and FP for Okapi parent, HFB, HFP, LP, SD, FP and DPM for
SLM046 and DPM for Modena. There were no significant additive effects of TS for
parents Fornax and Colvert. Although LP, SD, FP and DPM had positive contribution to
additive effects of SY for Fornax, but none of the measured traits had positive or negative
contribution to additive effects of SY for Colvert. However, the seven agronomic traits
contributed significant negative additive effects to SY in SLM046 and Okapi. It is
possible that the other traits contributed positive additive effects to TS of SLM046 and
Okapi.

Contributed dominance effects of traits to SY

For all F, crosses, the predicted dominance effects of SY and contributed dominance
effects of seven agronomic traits to SY were presented in Table 5. There were positive
dominance effects of SY for 16 combinations including 1 X 3,1 x5,1x9,2x3/2x9 3
X6,4%x54x6,4%x84x9 5x7 5%x86x7 6x%x8 6x9and7 x 8 crosses. The
positive dominance effect of SY was resulted from different traits for different crosses but
most of the positive dominance effect of SY was resulted mainly from all traits. In
contrast, the positive dominance effect of SY was from traits NPP and FP for cross 1 x 9
and from traits LP, FP and DPM for cross 4 x 5. Also, the positive dominance effect of
SY was from traits NPP, LP, FP and DPM for crosses 5 x 7 and 5 x 8 (Table 5). In earlier
studies, (Lefort-Buson and Dattee 1982; Downey and Rimer 1993; Thakur and Sagwal
1997) significant dominance effects for seed yield and yield components in B. napus and
other Brassica species have been reported.
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Table 5
Predicted dominance effects of seed yield (SY) and contributed dominance effects (%)
of agronomic trait to SY for F1 crosses in repressed
Contribated domymance effects of twadts to 57
Crosses . Y
HEP HFB HFP LP 5D FP DPM

1=2  -0.1082 -p.11587  -0.11917  -p.0982°  -00939° -0.1119° -00451 -109 52"
1x3 0.16967 022397 022087 027907 017037 021417 023657 214387
1=4 029977 .029217° -030277 -D2602° -026797 -026107 -p2381 260087
1=5 025587 026057 027837 029477 020317 026077 024227 104377
1=6 00146 009527  D.0883° 00418 00378 0.0257 00731 27.50
1=7  -00619 -0.13727 -p1505T -D.1s4sT -p1LT -01154° 00640 -127457
1=%  -039277  -03007° 034397 -D3738  -03648 03726 -031347 365737
1=0 00653° -0.0128 00035 00262 0.0486 0.0643°  -00%560 4938
1x3 0.1158" 00308 004027 0114537 p.l30l 0.1473 01048 111477
x4 00402 -D0.0832° -00551°  -0.0432 -0.0339 -0.0390 -00430 -38.68°
35 00447 0.0273 00715 -0.12077  -0.0563 -00832° -00%583 -60.71°
2x6 -026457 027727 -0.28337  -023357  -021497 02306  -03254°  -232277
2x7 003467 017657 0.15637  0.0530 00301 0.0330 no0g9g’ 4727
1«8 01481 -00001°  -0.10997 005617 019057 011010 -D24267 120 547
2=9 030047 020477 020607 027717 02638 021057 028817 277547
3«4 00714 -0.0278 -00383  -DO0622°  -00257  -00814°  -DD148 -43.69°
Ix§  -0D550 n.o71g’ 00269 -DO67T°  -0.1040°  -0.0154 -00662 00 40°
Y 01038 017527 022487 02016 024697 02808 02795 20741
3«7 -0.1142° -p.0288" -00626°  -0.14547  -0.1160° -0.1007° -0.17437 124547
3x%  -00276 -0.10417 -00450°  -D0623°  -0.0304 -00114 -00g24° -36.75°
3«0 -pas23” -02046"  -0.19577  -p21307  -0.17es” -0.16937  -p118270 -1e23s”
4x5 00143 0.0293 00363 010307  0.0666 0.0627 01108 7642
46 01283 021027 018287 021357 0.1973 020887 015007 203487
4«7 -034587 027607 -032787  -D35447 -038847 035827 04219 374807
4xg 03233" 027147 028837 033387 034637 034247 03295 340777
40 020227 030097 027427 016687 018477 0DAB10T 01537 17597
5w 0018s 00177 -00030 00374 -00193 -00711 00047 -0 33

§x7 024577 0.1825 02024 027457 02858 030047 012707 28528"
§xg 0.1584™ 0.0231 000%5 010167 0.118%° 0.1324 011587 110417
Sx0 028717 -D.12857 014217 -D.14267  -0.1484°  -0.16887 -0D0447 -149. 21"
§x7 0.1338" 02103 023807 02152 023037 023277 018237 230387
68 00410 0.1046" 0oea7 005800 0.1002° 0.0853° 0087 77.00°
Gx0 T 019457 p174e” o020 nogzs 0.0662° 01113 7774
T8 0.5230" 049287  D49357 0.5045 053647 051857 0s198 531357
7«9 00171 -00521° 00213 -00121 001346 -0.0467° 00453 -1.29

gx0 02126 -0.0983 -0.12397 -p17R4T 025677 -021287 -D1g4sT -23so17

**and * respectively, significant at 1% and 5% probability level

There were negative dominance effects of seed yield (SY) for 16
combinations consiston 1 x 2,1 x4, 1 x7,1x8,2%x4,2%x5 2x6,2x%x8, 3x
4,3 x5/ 3x7,3x7,3x83x9,4x7 5x9and8 x9 crosses (Table 5).
Similar to positive additive effects, the negative dominance effect of SY was
resulted from different traits for different crosses but most of the positive
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dominance effect of SY was resulted mainly from all traits. For most of the F,
crosses presented in Table 5, there were the highest contributed dominance
effects due to LP and FP among the seven agronomic traits. Only for four of 35
crosses, which had no significant dominance effects of SY, HFB, HFP and DPM
for crosses 1 x 6 and 2 x 7 had also the contribution to dominance effects of SY
among the agronomic traits investigated.

Although seed yield and other related traits of rapeseed was influenced by
environmental effects and sampling errors due to the significant residual
variance, the genetic variance due to V. (dominance X year interaction)
accounted for relatively more variation. Hence these traits were mainly
influenced by dominant and dominance x year interaction, with V_, effect the
most important player. The dominance x year interaction provides a measure of
the stability of the mean effects of dominance and non-allelic interaction over
years, its variance ratio in the present instance suggesting moderate instability
(Allard, 1956). Therefore, in the genetic control of seed yield and most traits
which studied in this investigation, non-allelic interaction of a complementary
type was inferred, and it proved to be quite stable in different environments.
Dominance relationships in the genetic control of traits appeared to shift with
environmental changes.

DISCUSSION

Dominance genetic effects are important in formulating breeding strategies in
most cases. In the present investigation, dominance x year interaction genetic
effects played a major role in the inheritance of seven traits and seed yield of
rapeseed. Additive genetic effects also affected some traits such as NPP, but
were of little importance due to its smaller effects and significant interaction
with year. The additive effects, on the contrary, did not interact with years and
had smaller effect on the traits. The major role of dominance genetic effects and
dominance X year interaction effects in controlling most traits and seed yield
suggests that selection in early segregating generations should not be effective in
bringing about desirable changes in these traits. The involvement of non-
additive genetic effects in the inheritance of yield component traits in rapeseed
was previously reported by Brandle and McVetty (1989), Singh er al. (1995),
Rameah et al. (2003) and Marjanovic—Jeromela et al. (2008).

The response of a genotype to environmental changes is determined by
phenotypic plasticity which is shown by the genotype when its phenotype of
a given character is able to be altered by environmental influences (Allard and
Bradshaw 1964; Bradshaw 1965). This concept can be applied to genetic effects
consist on additive and dominance effects. The null hypothesis of no dominance
x year interactions was rejected for certain differences between the dominance
effects (Table 1). The tests for qualitative interactions revealed that the
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interactions genetic effects with the environment were quite different. Witcombe
and Whittington (1971) found in rapeseed that when the physical effect of
environmental factors on germination of seeds was unlike, as between
temperature and water potential, every genotype had different phenotypic
plasticities of germination speed and each plasticities was specific to a particular
environmental factor. If genotype X environment interactions depend on the
physical nature of the environments, separate analyses corresponding to each of
the environmental factors to be tested might be useful for studying the
phenotypic plasticity (Miura et al., 1988).

Conditional analysis was developed for analyzing conditional variance
components and conditional genetic effects (Zhu, 1995; Atchley and Zhu, 1997).
This method can be used for evaluating more genetic variation and pure genetic
effects of target trait such as seed yield conditional on given variables such as
yield components (Xiao et al., 2007). Thus, the contribution of one agronomic
trait to certain seed yield of leaves can be measured by conditional analysis. It
can uncover not only the contributed genetic variance but also the contributed
genetic effects for individual parent or F1 cross due to traits. Seed yield is an
important target for oilseed production and it was observed that all seven traits
and specially NPP, FP and DPM had significant effects on seed yield. Similar
results could also he obtained analyzing partial correlation of all traits. Therefore
number of pods per plant should be given more attention as the main traits of
selection. Similar results have been reported by other researchers who suggested
NPP as the one of the most important trait in determine of rapeseed yield (Li et
al., 2001; Zhang and Zhu, 2006).

Although certain interpretations of the diallel mating design may be prone to
error, this procedure has proved useful in providing basic information about the
genetic relationships among the rapeseed cultivars selected for this investigation.
This information should be effectively exploited in selecting specific crosses for
more exhaustive testing of genetic mechanisms controlling seed yield. For
detecting additive, dominance and their interaction with environment effects,
Zhu (1994) developed an additive-dominance genetic model that requires data
from parental, and F1 generations. The use of such models may help improve
the rapeseed breeder’s understanding of the underlying gene action, and provide
a better estimate of the heritability of a given trait. Analyses of variation in
segregating generations of certain crosses from the diallel has provided more
detailed information on the genetic control of seed yield. The diallel analysis
should also prove useful in screening cultivars for use as parents in a breeding
program aimed at modifying improvement seed yield through selection.

Finally according to additive-dominance genetic model and conditional genetic
effects, the genotypes Talaye proved good general combiner for seed yield
improvement due to all measured traits. Flowing to this cultivar, Orient can be used
for a genetic material in rapeseed breeding programs. Also, crosses 4 x 8 (Orient X
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Talaye), 7 x 8 (Operax Talaye) were found the best specific combiner for all the
studied traits flowed by 3 x 6 (SLM046 x Zarfam) and 1 X 5 (Fornax x Colvert)
crosses. This outcome could be a good indicator to identify the most promising
genotypes to be utilized either as F1 hybrids or as a resource population for further
selection in rapeseed improvement. For making reliable recommendations, it is
essential to investigate the relationship among these traits, other traits which are not
shown in this paper and oil content for rapeseed. This topic will be considered in
detail in a subsequent paper because both oil content and seed yield are the important
properties for food and industrial use of rapeseed.
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