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Abstract

Generation mean analysis was performed using three crosses (DH4xDHY),
(DH4xSerw5) and (DH5xSerw5) to study the nature and magnitude of gene ef-
fects on vegetative characters, seed yield and oil percentage in canola (Brassica
napus L.) under two locations (Mansoura and Assiut). Type of gene action varied
with the plant traits, crosses and locations. Genotype x locations interaction was
statistically significant in the expression of all the plant traits. Number of compo-
nents of generation means varied with crosses and locations. Non-additive gene
action was involved in most of the traits in different crosses under the two loca-
tions. Also, the results showed that oil percentage (Oil %) trait influenced by
types of epistatic gene effect, which included additive x dominance (ad) and do-
minance x dominance (dd), indicating the role of non-allelic interaction in the
genetic expression of this trait. Therefore, it could be concluded that the produc-
tion of hybrids is the best breeding program for the improvement the studied
traits.
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Introduction

The Brassicaceae family con-
sists of many main field crops and
vegetables such as rapeseed. Rape-
seed was the third important vegeta-
ble oil source in the world with an
annual growth rate beyond that of
palm. Canola (Brassica napus L.) is
the oilseed crop of cold season coun-
tries. In Egypt, new varieties have
been introduced and tested for adap-
tation to Egyptian environment; espe-
cially it is successfully grown during
winter season in newly reclaimed
sandy soil (Sharaan and Ghallab,
2002).

The optimal selection and
breeding procedures for genetic im-
provement of any crop is mainly de-
pendent on the knowledge of type

and relative amount of genetic com-
ponent and the presence of non-allelic
interaction for different traits in the
plant materials under investigations.
Selection program leads to maximum
progress in improving a trait when
the additive gene action is the main
component. Heterosis in F1 hybrids
may be exploited by choosing paren-
tal cultivars in which the non-additive
effects predominated in the inherit-
ance of the more important trait. On
the other hand, to form a population
with genetic variability for the traits
studied, hybridization between genet-
ically diverse parents must be done.
Plant breeders and geneticists fre-
quently use generation mean analysis
to obtain information of gene action
controlling the economic traits in ra-
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peseed. Marjanovic-Jeromela et al.
(2014) found that the additive domi-
nant model did not suitable evidence
for plant height in all crosses of rape-
seed. Singh et al. (2014) found that
Additive genetic variance formed the
major part of genetic variance for the
important yield component dry matter
per plant. Cheema and Sadaqat
(2004) reported about the role of
changes in environment-gene effects
for different traits contributing to
yield components. Khuble er. al.
(1998) revealed that both additive and
non-additive gene effects were con-
trolling the expression of various
traits and predominant presence of
non-additive gene action was found
to control the yield in B. juncea.
Sheikh and Singh, (1998), found that
non-additive gene action was contri-
buted for most traits including oil
content and additive genetic variance
was more important for plant height
in Indian mustard (B. juncea) whe-
reas non-additive gene action ap-
peared to be predominant for all traits
except days to maturity, which was
governed by additive gene action (Pa-
tel et al., 1996). While, Singh and
Singh (1994) reported that dominance
and epistasis effects were more im-
portant for days to first flower, plant
height, siliquae/plant and yield/plant
in different generations in B. juncea.
Therefore, the present study was
carried out to obtain information
about gene action controlling the
morphological characters, yield and
its components in the three canola
crosses in order to introgression of
desirable genes into canola.
Materials and Methods
Experimental design:
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Six basic sets of generations
namely Py, P,, F,, F,, BC, and BC,
were derived from three crosses in-
volving three contrasting genotypes
of canola. Three homozygous double
haploid line of canola (Brassica na-
pus L.) i.e. DH4, DHS5 and Serw5
were used as parents in this study.
The crosses were referred as: Crossl
(DH4xDHS), Cross2 (DH4xSerw5)
and Cross3 (DHS5xSerw5). These
crosses among the accessions were
sown in winter 2011, at experimental
farm, Faculty of Agriculture Mansou-
ra Univ. In winter 2012, F; seeds
were planted in the field to produce
F, seeds; subsequent flower buds
were back crossed to produce the first
backcross (BC;) and second back-
cross (BC,) generations. Parents, F,
F,, BC;, and BC, from each of the
three crosses were sown in 2013 in a
randomized complete block design
(RCBD) with three replications, at
two locations i.e. experimental farm,
Faculty of Agriculture Mansoura Un-
iv. and experimental farm, Faculty of
Agriculture Assiut Univ. Data from
these six generations were recorded
on 5 plants for Py, P,, F; and 15 plants
for F, and 10 plants for BC,, BC,
chosen at random from each plot. The
data were recorded for the following
Agronomical traits: Number of days
to 50 % flowering (NDF); Number of
Branches/plant (NB/p); Plant height
(PH cm); Number of pod/ branches
(NP/b); Weight of 100 seeds (W100s
gm), Seed yield per plant in grams
(S.Y/P) and Oil percentage (Oil %) in
seeds.

Statistical and Genetic Analy-
sis:Using SAS software (SAS 9.1),
analyses of variances were done for
six populations (The two parents ,F,
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F,, BC, and BC,) within each cross
with respect to all the studied traits.
In addition, analysis of variance ac-
cording to (RCBD) analysis of va-
riance for the studied traits was made
to detect the significance of the ob-
served differences among and within
crosses (Singh and Narayanan, 2000).

Estimation of Heterosis (H.):
Estimates of Heterosis (%) were cal-
culated as the percent deviation of F,
mean performance over that either
mid or better parent as follows ac-
cording to (Abd-El-Haleem et al.,
2010):

Heterosis from the mid-parents:

™5 T P —|2— P
ngﬁ :MTPK 1OD:WX 100
Where, Heterosis deviation

=F; — Mp & Variance of heterosis
deviation = Vg_ —|-% (Vp, +Vp )

Heterosis from the better-parent:
F, —Bp

HB_[;-% = Bp

Where, Heterosis deviation
=F, —Mp & Variance of heterosis

* 100

deviation = Vi +Vgp

The t values of T-test were calcu-
lated as follows:

Tty

Heterosizs deviation

YWVariance of heterosie deviation
Estimation of Inbreeding de-
pression (I.D.): Its value was com-
puted as the percent deviation of F,
mean than their corresponding F,
mean from the following equation
according to (Abd-El-Haleem et al.,
2010):

I.D.92% =

-
e 2 % 100

1

The t values of T-test of I.D. were calcu-

lated as follows: +,, — T, T,
o VR F Ve

The scaling test (A, B and C)
and their variances were calculated
for each trait to test the deviations of
segregation from the additive and
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dominance model of gene -effects
(were computed according to (Mather
and Jinks, 1982) and the formulae
outlined by Soher and Abd El-Aziz
(2013) as follows:

A=2BC, - P, —F, & VA= 4vy +Vp + Vg,
B=2BC,~F,—F, & VB—4Vpe +Vp + Vg,

C = 4F, — 2F; — B, — B, &VC=16% +4V; +Vy +V,
Where
Vp,. Vp,. Vg, ., Vg ,Vpe, and Ve,
were estimated according to
(Scheffe, 1959).
The t vales of T-test are calcu-
lated as follows:

L Deviation Deviation (value of A or B or C)

Standard error ~/Variance of deviation

A & B & c

i BT RE Yo = ®e
In each test, the degrees of free-
dom are sum of the degrees of free-
dom of various generations involved.
Also, the significance of any one of
these scales is taken to indicate the
existence of non- allelic interaction
(Singh and Chaudhary, 1977).

Therefore, the six parameter
model is used for estimating various
genetic components i.e.: m, a, d, aa,
ad and dd, which stand for mean ef-
fects, additive, dominance, additive x
additive, additive x dominance and
dominance x dominance gene effect,
respectively. These genetic compo-
nents and their variances were calcu-
lated according to (Jinks and Jones,
1958; khodambashi et al., 2012) as
follows:

ty =

Vg = Ve, + 16V + 3V, +2Vp +4Vgc +4Vg,
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[aa] = 2BC, + 2BC, — 4F,

& V,, = 4Vge + 4Vg + 16V

[ad] = BT, — =P, — BC, +-F,
_ 1 1
& Vo = Vg, + Vo, + Vpe, +3Vp,

[dd] = B, + B, 4 2F, + 4F, - 4BC, —4BC, &

Vga =Vp, +Vp +4Vp +16Vy +16Vgc +16Vp

Standard error of these parame-
ters and calculated “t” values were
estimated according to (Gamble,
1962; Singh and Chaudhary, 1977) in
a similar manner as done in case of
scaling test.

In the absence of non-allelic in-
teraction, the additive-dominance
model is adequate. Thus, m, a and d
their variances were estimated ac-
cording to (Jinks and Jones, 1958) as
follows:

[m] =P, + 1P, + 4F, — 2BC, — 28G;
1 1

& Va :;Up‘_ +;Vp2

[d] = 6BC; + 6BC, — 8F, —F; — P, — >

&

-
=

Vo< 36Vpe +36Vae 461V +Vy + IV Vg

Significance of the genetic ef-
fects is tested in a similar manner as
done in case of scaling test.

Analysis of variance:

Analyses of variances were
done for populations (P1, P2, F1, F2,
BC1 and BC2) within each cross with
respect to all the studied traits. In ad-
dition, analysis of variance according
to Split Block Design for the studied
traits was made to detect the signific-
ance of the observed difference
among and within crosses.

Results and Discussion

Analysis of variance: in this

investigation, six agronomical traits
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and oil % in seeds were studied in
DH4, DHS5, Serw5 and there F;’s,
F,’s, Bcl and Bc2 of Canola. There-
fore, several analyses of variance
were made in order to test the signi-
ficance of difference among crosses
as well as among populations within
crosses from the combined data over
all the two locations and the obtained
results are presented in Table 1. The
results indicated the presence of sig-
nificant differences among crosses
for all studied traits. Also, the results
revealed that the populations within
each cross exhibited significant dif-
ferences for the studied three crosses
except for Pop. within Cross 1 and 2
in the case of weight of 100 seeds
(W100s gm) and for Pop. within
Cross 3 for Number of pod/ branches
(NP/b) and seed yield per plant in
grams (S.Y./P) which showed insig-
nificant difference. This significant
variation suggested the existence of
some sort of genetic variability be-
tween the used parental lines which
might reflect their difference in their
genetic background. Therefore, the
comparisons  between  genotypic
means are valid and the partition of
this genotypic variance to its compo-
nents could be made. On the other
hand, the population within crosses
interacted significantly with locations
for all studied traits. Also, popula-
tions within each cross interacted sig-
nificantly with locations in all cases
except for Pop. within Cross 1 x L for
weight of 100 seeds and Pop. within
Cross 2 x L for number of pod/
branches (NP/b) and weight of 100
seeds. These results referred that
these crosses and their populations
behaved differently in different envi-
ronmental conditions.
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Table 1. Analysis of variance and mean squares for all studied traits of crosses and

their populations.

S.0.V. D.F. NDF | NB/p| PH NP/b | W100 | S.Y/P | Oil%

Location (L) L-1=1 20241.0%% 103.4%* | 1346.9% |905225%*| 2.079** | 656007** |897.80%*
R/L L(r-1)=4 344.2%% | 42.1%% | 7216.8%% | 22773%* | 0.096%* | 29687** | 3.06%*
Crosses (C) c-1=2 158.6%* | 18.0%* | 9691.8%* | 4409** | 0.022* | 10624* |22.09%*
CxL (c-1)(L-1)=2 51.6 83 |2967.6%* | 2093* 0.004 4022 | 10.66%*
Rep. within C x L (error 2a) L(r-1)(c-1)=8 71.1% 54 | 797.8%% | 1211% 0.003 7991*% | 0.96
Pop. within Crosses c(p-1)=15 173.3%% | 24.4%% | 2013.6%* | 5038** | 0.012%*% | 10791%* |35.42%*
Pop. within Cross 1 p-1=5 118.8%* | 40.8%* |2194.5%* | 5965%* | 0.006 | 15943%* |38.13%*

Pop. within Cross 2 p-1=5 272.6%% | 22.8%% | 1076.8%* | 8206** | 0.006 | 13154%* |33.67%*

Pop. within Cross 3 p-1=5 128.4%% | 9.6% |2769.3*%*| 944 0.024%* | 3276 |34.47%*

Pop. within Crosses x L c(p-D(L-1)=15 | 77.8%% | 12.3%* | [312.0%*| 2423%* | 0.010% | 15195%* |11.80%*
Pop. within Cross 1xL| (-D@L-1)=5 100.4% | 20.7%% | 1478.6%* | 1792* 0.006 | 21825%* | 7.38%*

Pop. within Cross 2x L| (p-D(L-1)=5 262 | 11.5%* | 988.3%*% | 2956%* | 0.005 | 15659%* |12.38**

Pop. within Cross 3x L| (p-D)(L-1)=5 | 106.7%* | 4.6 |1469.1**| 2521** | 0.019** | 8102* |15.66**

Rep W Pop.xCrosses (error b) | cL(p-1)(r-1)=60 | 55.0%* | 5.7** | 882.0** | 1980** | 0.007 | 5611** | 1.77**
Rep. within Pop. x cross 1| L(p-1)(r-1)=20 | 59.8* | 6.2%* | 899.9** | 1776** | 0.008 | 6110** | 0.71*
Rep. within Pop. x cross 2| Lp-1)(r-1)=20 | 312 | 7.0%* | 889.3** | 2315%* | (.004 6093* | 3.53%*
Rep. within Pop. x cross 3| L(p-D(r-1)=20 | 74.2%* 3.9 | 856.8%* | 1848** | 0.008* 4631 1.09%

*, ** Significant at 0.05 and 0.01 levels probability, respectively
Where: L= Locations=2, r=replications=3, p =no. of populations=6, c¢ = no. of crosses=3

Mean performance:

The six population means and
their stander error of studied crosses
for all traits were calculated and the
obtained results are shown in Tables
2, 3 and 4. The mean values showed
that the inbred line DH4 was the
highest parent for number of
branches/plant (NB/p) (9.20), number
of pod/ branches NP/b (104.7),
weight of 100 seeds (W100s gm)
(0.35) and Seed yield per plant in
grams (S.Y./P) (114.1), while this in-
bred was the lowest parent for num-
ber of days to 50 % flowering (NDF)
(65.7) and Oi1l% (33%). The inbred
line DHS was the earliest parent for
number of days to 50 % flowering
(NDF) (60.2) and the highest for
O11% (36.75%), while it appeared to
be the shorter parent for plant height
(PH cm) (183.5) and the lowest par-
ent for weight of 100 seeds (W100s
gm) (0.34). The parental line SerwS5
was the highest parent for plant
height (PH cm) (192.7), while it was
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the lowest parent for number of pod/
branches (NP/b) (88.7) and Seed
yield per plant in grams (S.Y./P)
(93.2). On the other hand, the results
showed that the crosses which in-
volved at least one of the highest par-
ents with respect to any one of stu-
died traits had the highest mean val-
ues for these traits. For instance, the
Ist cross (DH4xDHS5) was the earliest
for number of days to 50 % flowering
(NDF) and the highest hybrid for
weight of 100 seeds (W100s gm)
with means values 61.1 and 0.33 gm,
respectively. In addition, the 2nd
cross (DH4xSerw5) was highest hy-
brid for number of pod/ branches
NP/b, seed yield per plant in grams
(S.Y./P) and Oil% with means values
100.3, 93.2 and 37.25%, respectively.
While, the 3rd cross (DH5xSerwS5)
was highest hybrid for number of
branches/plant (NB/p) and plant
height (PH cm) with means values
7.73 and 203.0, respectively. The re-
sults showed that the F2 generations
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of the (1* and 3™) and (1%, 2" and
3'%) appeared to be superior over their
F1 hybrids for number of days to 50
% flowering (NDF) and Oil% in the
two locations and their combined.
These findings reflected the presence
of transgressive segregation and/or
epistasis which indicated to the role
of additive and epistasis gene effects
in the inheritance of these traits with
respect to the previous crosses. Fur-
thermore, the F, generations of the
three crosses in the two locations and
their combined were less than corres-
ponding values of F; hybrids for the
number of branches/plant (NB/p),
plant height (PH), number of pod/
branches (NP/b), weight of 100 seeds
(W100) and Seed yield per plant in
grams (S.Y./P). These results reflect
the presence of heterotic effect and
non-additive genetic variance plays
the major role in the inheritance of
these traits.

The results also revealed that
the backcrosses means of most of
studied crosses tended toward the re-
spective recurrent parents in most of
studied traits preferred the role of ad-
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ditive and dominance gene action ef-
fects. Also, these results showed de-
sirable negative values of heterosis
over mid-parents and better-parent
for number of days to 50% flowering
trait of all studied crosses except for
3rd cross with values -2.94, -6.95, -
4.90 and-5.43, respectively. While
the 3rd cross (DH5xSerw5) showed
positive values of heterosis over mid-
parents and better-parent for the
number of branches/plant (NB/p),
plant height (PH) and number of pod/
branches (NP/b). Also, the Ist
(DH4xDH5) and 2% (DH4xSerw5)
crosses showed positive values of he-
terosis over mid-parents and better-
parent for the Oil %. Positive in-
breeding depression was observed for
plant height trait for all crosses with
values 6.45, 1.80 and 4.68, respec-
tively. In  addition, the Ist
(DH4xDHS5) and 2sd (DH4xSerw5)
crosses showed positive inbreeding
depression for number of pod/
branches (NP/b). This indicates the
role of dominant gene action in the
inheritance of this trait.
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Table 2. Mean performance of six generations in three canola crosses for two loca-
tions and their combined data as well as heterosis and inbreeding depression
for vegetative traits.

Traits Number of days to 50 % flowering (NDF)
Crosses DH4xDHS5 DH4xSerw5 DHSxSerw5
Generations | Mans. | Asu. | Comb. | Mans. | Asu. | Comb. | Mans. | Asu. | Comb.

P, 60.6 0.9 70.7 H5.4] 65.7]:] 6.6 | 60.6 40.9 70.7 1£5.4/65.67H6.56| 51.9 |{1.3| 68.5 £{8.0| 60.2 {10.44
P, 51.9 11.3] 68.5 [48.0[ 60.2 [:]10.4] 59.9 [+]0.4] 69.9 [}2.2]64.93{5.66] 59.9 [t]o.4 69.9 [2.2] 64.9 -] 5.66
F, 54.1 1H1.0{ 68.1 [£4.2 61.1 1 8.2 | 56.7 F{1.7| 67.5 [:{3.2(62.1016.39| 56.9 [51.0| 70.6 50.9| 63.8 K 7.53
F, 58.9 2.8| 68.2 [£3.4 63.5 1 5.8 | 56.4 [{1.5] 67.1 [:{0.9|61.78}5{5.97| 59.5 [51.8 69.2 154.7| 64.3 H 6.22
BC; 58.4 H1.1| 66.5 [£4.1/ 62.5 4 5.1 | 58.8 [{0.9] 72.3 [:{1.0/65.57}+{7.43| 57.4 [51.2| 67.8 [55.6| 62.6 H 6.79
BC, 58.2 0.6 68.3 [2.6| 63.3 1 5.8 | 60.7 F1.3| 73.5 [£0.4]67.1347.06| 57.4 H0.5| 72.9 43.4| 65.1 | 8.73
LSDy.05 2.6 8.8 433 2.1 5.0 2.56 2.0 8.4 4.11
LSDy.o: 3.6 12.3 5.87 3.0 7.0 3.47 2.8 11.8 5.57
Hwmp% -3.91 -2.15 -2.94 -5.97 | -3.98 -4.90 1.79 1.97 1.89
Hpg,% 4.11 -0.58 -6.95 -5.45 -3.43 -5.43 9.63 3.02 5.87
I. D.% -8.88 -0.03 -3.95 043 0.59 0.52 -4.45 1.95 -0.91
Traits Number of Branches/plant (NB/p)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Generations | Mans. | Asu. | Comb. | Mans. | Asu. | Comb. | Mans. | Asu. Comb.
P, 109 13| 7.5 H{14[9.20 1 220 [ 10.9 15 13| 7.5 [£14]9.20 [ 220 | 8.4 07| 69 Hf15] 7.63 | 135
P, 8.4 Ho7| 69 15763 135| 7.5 B{13| 7.1 B{10|7271H 1| 7.5 H13| 7.0 | 727 | o1
F, 6.8 03| 63 HH14]6.53 1 09 | 8.3 ko8| 6.6 {os| 743 11| 8.0 [H12| 7.5 14| 773 B 123
F, 6.1 F{06| 6.6 F{04|6.34 03| 7.2 [H15] 6.8 [H12]6.99 [+ 126 | 7.4 [Hos| 6.2 P 10| 6.78 B 09
BC; 6.7 Hoo| 7.0 tHo6|6.83 1 057 | 7.9 p{10| 6.8 {10|7.35 105 | 7.0 [Hos| 6.2 {H07| 6.60 | 075
BC, 7.0 Hos| 7.0 Hos|7.00 05| 7.5 Eos| 7.0 Fos|727H 02| 6.7 Hoa| 6.8 [Hos| 6.75 | o3
LSDy s 1.5 2.0 1.18 2.1 1.8 1.29 1.6 1.9 1.18
LSDy.o1 2.1 2.8 1.59 2.9 2.5 1.76 2.2 2.7 1.60
Hwmp% -29.41 | -12.96 | -22.38 -9.82 | -9.59 -9.72 0.84 7.18 3.80
Hg,% -37.42 | -16.81 -2899 | -2393 | -12.39 | -19.20 -4.76 5.66 1.31
I. D.% 10.78 -5.67 2.89 12.63 | -2.36 5.98 7.78 17.26 12.36
Traits Plant height (PH cm)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Generations | Mans. | Asu. | Comb. | Mans. | Asu. | Comb. | Mans. | Asu. Comb.
P, 195.51{122| 174.3 {129(184.9 162 |195.5}H122(174.3}{129/184.9} 162 | 185.3 [H151| 181.7 } 55| 183.5 | 104
P, 185.3H{15:1| 181.7 14 55 [183.5{ 104 [199.3} 7.0 |186.01{108/192.7}5 109 | 199.3 [ 70| 186.0 {1 108| 192.7 | 109
F, 181.7{ 25| 182.0 {1 104{181.8F{ 68 |190.01125(180.3}{11.6/185.2}5 120 | 213.3 [ 95|192.7 }{172|203.0 | 163
F, 165.98{121|174.3 1122(170.11 18 [187.6]H102(176.1}H122{181.8/5 119 | 199.0 [+ 63| 188.0 {1 62| 193.5 |5 84
BC; 171.0{17.1| 181.5 14 88 [176.31{ 134 [194.01+{191|190.8} 83 |192.4[5 133 | 180.5 [{118| 182.5 [ 144| 181.5 |1 113
BC, 178.21{183] 190.5 14 98 |184.31{ 148 [182.7}{155|188.4[ 83 |185.5/5 117 | 179.0 (105 189.1 {177 184.1 |5 142
LSDy.05 247 | 182 145 | 237 | 194 | 145 18.7 | 23.0 14.1
LSDy.o1 34.7 25.5 19.7 33.1 27.2 19.6 26.2 323 19.0
Hy,% 460 | 225 | 129 | 376 | 0.09 | -1.92 | 1092 | 4.81 7.93
Hg,% 7.09 | 018 | -1.68 | -4.68 | -3.05 | 380 | 7.02 | 3.58 536
1. D.% 8.69 | 4.21 6.45 129 | 234 | 180 6.72 | 2.42 4.68

*, ** Significant at 0.05 and 0.01 levels probability, respectively
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Table 3. Mean performance of six generations in three canola crosses for two loca-
tions and their combined data as well as heterosis and inbreeding depression
for Yield traits.

Traits Number of pod/ branches (NP/b)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Generations | Mans. | Asu. | Comb. | Mans. | Asu. | Comb. | Mans. | Asu. | Comb.
P, 136.7(+208| 72.7 |+ 48 [104.7} 37.6 |136.7|+{208| 72.7 [+ 48 |104.7 | 37.6 | 122.6 [£[3856| 70.1 |+ 64| 96.3 [+[38.0
P, 122.6[4386| 70.1 |4 64 | 96.3 [+ 38.0 [108.5/+{423| 68.9 [+|153| 88,7 || 35.8| 108.5 [+|423| 68.9 |+{153 88.7 H{3s:8
F, 122.0{305| 70.0 [£[53| 96.0 [ 34.8 [132.9]+{3638| 67.8 || 13 |100.3 [+ 42.6 | 119.5 [=|256| 78.7 |+48| 99,1 |+[27.7
F, 117.1[4161| 60.6 |4 57 | 88.9 [ 32.8 [128.3=[104] 67.7 [ 69 | 98,0 [ 34.2{ 129.0 [|171| 74.7 |={84]101.9}{32.1
BC; 156.0( 46| 72.8 (= 88 |114.4[£ 46.0 |158.5(+(283| 73.8 [ 3.1 [116.1+ 49.8| 141.3 E{102| 61.7 [H38(101.5}44.2
BC, 142,41 225 75.8 |£ 44 |109.1 [+ 39.3 [165.2[H346| 82.6 [+ 42 |123.9H 50.3| 132.2 [£{378| 70.0 |+59|101.1+418
LSDy s 43.8 11.9 21.5 54.7 13.3 26.7 55.1 14.8 27.0
LSDy.n 61.4 16.7 29.1 76.7 18.6 36.1 77.3 20.8 36.6
Hwmp% -5.89 -1.87 -4.46 8.40 -4.19 3.79 3.40 13.34 7.14
Hpg,% -10.73 -3.62 -8.26 -2.78 | -6.70 -4.14 -2.56 12.37 2.87
I. D.% 3.99 13.50 7.46 341 0.21 2.33 -8.00 5.15 -2.77
Traits Weight of 100 seeds (W100s gm)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Generations | Mans. | Asu. | Comb. | Mans. | Asu. | Comb. | Mans. | Asu. | Comb.
P, 0.38 £ 0.04| 0.31 [£[0.07| 0,35 || 0.06 | 0.38 |£[0-04 0.31 (1007 (.35 [£{0.06| 0.42 [[0.02 0.27 |[0-06| (.34 [+0.09
P, 0.42 (002 0.27 [H0.06| 0,34 [£ 0.09 | 0.41 [£001]0.29 [+0.03| 0,35 [£{0.07| 0.41 [£[001] 0.29 |£0.03 (.35 [0.07
F, 0.38 [£0.03| 0.28 [H0.06| 0.33 [ 0.07 | 0.38 [+{002] 0.27 [£[0.04| 0.32 [ 0.07| 0.41 [£[0.0s] 0.22 [Ho.06 0.32 fHo.11
F, 0.41 [Ho02| 0.32 [+[0.03] (.36 || 0.05 | 0.38 |-£{0.04] 0.31 [£[0.04| 0.35 [ 0.05| 0.41 |[{0.05| 0.34 [o.04] 0.38 [[0.05
BC, 0.39 [£0.03| 0.32 [H004| 0,36 [ 0.05 | 0.39 [+{002] 0.29 [=[0.04| 0.34 | [ 0.06| 0.42 [£[0.05] 0.30 |[+{0.03 0.36 [{0.07
BC, 0.40 (003 0.30 [Ho01| 0.35 [ 0.06 | 0.41 [{002] 0.31 [=[0.03] 0.36 || 0.06| 0.42 [[o.01] 0.34 [+{o.06 0.38 F{0.06
LSDy s 0.04 0.09 0.047 0.05 0.08 0.043 0.05 0.09 0.049
LSDy.n 0.06 0.12 0.063 0.07 0.11 0.058 0.08 0.12 0.067
Hwmp% -4.84 -4.34 -4.63 -5.69 |-10.02 -7.55 -1.77 -19.71 -9.02
Hg,% -8.36 | -10.09 -5.09 -9.03 |-13.30 -7.10 -1.93 -21.76 -9.89
I. D.% -6.90 | -14.56 -10.14 -2.13 | -15.84 | -7.85 -1.97 -52.76 | -20.08
Traits Seed yield per plant in grams (S.Y/P)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Generations | Mans. | Asu. | Comb. | Mans. | Asu. | Comb. | Mans. | Asu. | Comb.
P, 180.9{366| 47.3 [£[115|114.1 1| 77.1 |180.9]{366|47.3 [£[115|114.1 [+ 77.1 | 148.9 [634] 48.0 |+{40| 98.5 |+[68.4
P, 148.9{634) 48.0 [£[ 40| 98.5 |+| 683 |132.3|{s22|54.1 [£[211] 93.2 [+ 68.7| 132.3 [+[s22| 54.1 |+211] 93.2 |[68.7
F, 76.2 |£{299| 53.3 |£[218| 64.8 || 26.6 |115.7]+{250(70.7 [[18:1| 93,2 [+{31.5| 135.3 [+[167| 49.4 |+{39] 92.4 |+[483
F, 74.6 [H152| 61.2 [£199] 67.9 [ 17.4 | 89.1 |+{28565.3 [ 50| 77.2 |{22.4| 97.3 |+[325] 57.3 |+ 63| 77.3 303
BC; 115.71313| 74.3 |+H225]| 95,0 =+ 33.3 |141.7|£336]| 65.6 (= 56 [103.6[ 46.9| 113.9 [£[210| 59.0 [£/127| 86.5 [+{33.
BC, 113.4}{146| 73.8 [£[154] 93.6 [+| 255 |145.1|1{436| 83.8 || 96 | 114.5+43.9| 108.4 [|422| 77.1 |+[254 92.7 |2[35.5
LSDy s 63.6 30.5 334 81.4 23.6 40.1 86.9 26.4 43.0
LSDy.n 89.1 42.8 45.3 114.1 33.1 54.4 121.9 37.0 58.3
Hwmp% -53.77 | 11.86 -39.06 | -26.10 | 39.54 | -10.05 -3.76 -3.23 -3.62
Hpg,% -57.86 | 11.00 -43.24 | -36.02 | 30.72 | -18.28 -9.13 -8.69 -6.19
1. D.% 2.19 -14.89 -4.84 23.02 7.60 17.17 28.10 -15.97 16.32

*, ** Significant at 0.05 and 0.01 levels probability, respectively
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Table 4. Mean performance of six generations in three canola crosses for two loca-
tions and their combined data as well as heterosis and inbreeding depression

for Oil % trait.

Traits Qil percentage (Oil %)
Crosses DH4xDHS5 DH4xSerw5 DHS5xSerw5
Generations | Mans. | Asu. | Comb. [Mans.| Asu. | Comb. | Mans. | Asu. | Comb.
P, 36.5 (1 05| 29.5 [+ 05|33,00[+ 3.86 | 36.5 [+] 05| 29.5 ([ 0.5 (33,00 3.86| 40.2 (= 03| 33.3 || 0.6|34,83|+3.76
P, 40.2 [ 03| 33.3 | 063675+ 3.76 [ 37.2 |1 03| 32,7 [+| 03 |34.92 2.48| 37.2 [ 03| 32,7 (£ 03(34,92|+{2.48
F,; 38.3 1 03| 36.0 |+ 05(37.17[H 1.33|40.0 |+ 05 | 34.5 |+ 05 |37.251H3.05| 36.8 [+ 03| 32.5 || 05|34.67 |+ 2.40
F, 41.0 [ 02| 37.3 [{ 123914+ 2.17|40.3 [+ 03| 35.9 || 14 |38.08[2.57| 37.9 | 13| 34.6 [+ 13(36.25[+{2.18
BC; 40.7 1 07| 36.4 || 04 [38.54|+ 2.38 | 38.8 | 09| 34.7 (| 23 |36.7512.75| 40.8 [t 01| 33.3 [ 09(37.04]+ 4.19
BC, 39.7 | 05| 37.2 [+ 1.0 (38.42[+ 1.55|38.5 |+ 27| 38.3 (| 1.9 |38.42(+ 2.08| 42.0 [+ 04| 37.3 [ 0439,63 |+ 2.63
LSDgs 0.81 1.3 0.74 2.1 2.4 1.56 1.1 1.3 0.80
LSDy.o 1.13 1.9 1.00 3.0 34 2.08 1.5 1.8 1.08
HMp% -0.00 | 14.59%** 6.57 8.60** | 10.99** 9.69 -4.74%* | 4.56* -0.60
HBp% -4.56** | 8.00 ** 1.13 7.62%* | 5.61** 6.68 -8.30** | -0.51 -0.72
I. D.% -6.96%* | -3.55 -5.31 -0.69 -4.03 -2.24 -3.02 -6.32 -4.57

*, ** Significant at 0.05 and 0.01 levels probability, respectively

Gene action:

The results of scaling tests (A, B
and C) for vegetative and yield traits
in each location in addition to their
combined data are shown in Tables 5
and 6, respectively. The values of
scaling tests were non-significant in
all crosses for all traits except for 1%
cross (DH4xDHS5) for number of days
to 50 % flowering (NDF) in Mansou-
ra location. This finding indicating
the absence of epistasis and the addi-
tive-dominance model is adequate to
interpret gene effects in these crosses.
While, the six-parameter model is va-
lid to explain the nature of gene ac-
tion. The results showed that the es-
timates of mean effects parameter
(m), which reflects the contribution
due to the overall mean (additive)
plus the locus effects (dominance)
found to be highly significant for
number of days to 50 % flowering
(NDF) in Mansoura location. In gen-

17

eral, the crosses exhibited different
magnitude and sign of gene action
types with different locations. There-
fore, it could be more accurate, con-
centrating on the results obtained
from the combined data over both lo-
cations. The results showed that the
estimates of additive gene effects (a)
values were positively for most of the
studied crosses. While, the domin-
ance gene effects (d) were larger in
magnitude than the corresponding
values of additive effects (a) in the
three crosses except for number of
branches/plant (NB/p) in all crosses
and for number of days to 50 % flo-
wering (NDF) in the 1% cross
(DH4xDHS). This fact suggests that
the major role of dominance gene ac-
tion in the inheritance of these traits
and the higher frequency of dominant
genes in the parental lines, which in-
volved in these crosses for these
traits.
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Table 5. The scaling test and estimates of the genetic components: additive, domin-
ance and interaction parameters as well as standard errors of three canola
crosses in two locations and their combined data for vegetative traits.

Traits Number of days to 50 % flowering (NDF)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Scaling test
and parame- | Mans. Asu. [Comb.| Mans. | Asu. [Comb.| Mans. | Asu. Comb.
ters
A 220 [Hax|-5.931"5-1.871"5"| 0.40 |[4.5)6.3314'0"|3.3714"5"| 5.87 [Hona| 3.47 67| 120 [Huuss
B 10.40% |4 | 0.00 15°[5.2005°5"| 4.87 14'°[9.6014'3°|7.23 113" -2.00 (e8] 5.20 116 1.60 [Ha2a0
C 14.80 [Hi0s6-2.91 115" 5.94 1f*s’| -8.18 [4)'+°17.200 "5 17,6911 12.13 W'F|-2.78 Y| 4.68 [Hasmo
* . 46.82* 47.2 %
" 7 s 726615 6565i3'§'2 °7 A Z) ks 471'0523 o4 L5 64.72 14| 64.46 [Hasso
a 0.23 || 232 1.10 Heos|2.72 Heos| 0.33 |H1.14|0.40 H634|0.37 Hs.75| -4.00* H1.16|-0.70 Heo7| -2.35 H 6.54
d § 953 920 390 59.4 190|439 oas 311 940
-4.40 | |1040|13.48}8 37 |-3. 7414 5| 28.56 [4°5| 0 H's| 8 1 |-11.67H 0 [12.12H s | 0.23 [Hoos
aa -2.20 iw,zs = - = - = - = - = - = = - = -
ad -4.10 || 271 - ° - - - - - - - - -
dd 1040 Ebies| - | - | - -] - - - - - -
Traits Number of Branches/plant (NB/p)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Scaling test
and parame- | Mans. | Asu. [Comb.| Mans. | Asu. [Comb.| Mans. | Asu. | Comb.
ters
A -4.27 HH503| 013 [390(-2,071d477| -3.40 |H551-0.47 4301931533 -2.40 475 -1.93 [H443| 2,17 [H4e8
B -1.20 [H471| 0.87 pH460|-0.17 467 -0.73 |482| 0.40 p388|-0.17p5443| -2.13 [580|-0.87 ({405 -1.50 [+ 51
C -8.60 [+ 726 | -0.44 [H560|-4.52 809 5.98 |H'5"|-0.78}+8.1-3.381 )| 2.36 s3] -4.16 07| -3.26 H o4
m 6.50 (H730| 576 tHse1| 6.13 [Hs0s| 7.32 |H'37| 6.59 [£8456.96 96| 10.11 R{921| 5,61 88| 7.86 |[H 92
a 1.23 HHz20s| 0.33 [{139] 0.78 H{19s| 1.70 [3{187] 0.23 H{147(0.97 {186 0.47 5173 -0.10 [142| 0.18 |H 161
d 2,03 HH1902| 2.96 3| 0.46 '3’ -1.34 [47%%] 0.66 B{'5’|-0.34/47° -8.82 73| 0.41 || -4.21 [H2a
aa - - - | - | - |- - | - | - - | - |-
ad - - - | - | - |- - | - | - - | - |-
Traits Plant height (PH cm)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Scaling test
and parame- | Mans. | Asu. [Comb.| Mans. | Asu. [Comb.| Mans. | Asu. | Comb.
ters
A -35.20 (H5351| 6.7 [H385(-14.31H485| 2.5 | H491|27.0H403|14.7 469 -37.7 [H454| -9.3 H527| -23,5() [H4987
B -10.67 (Hs676| 17.3 40| 3.3 518 -24.0 525 10.4 {462 -6.8 (99| -54.7 [H453| -0.4 p552( -27.53 H{5248
C -80.64 [H77.10| -22.7 11'%|-51.714929| -24.6 |[4798|-16.6H925(-20.61%00| -15.3 [H692| -1.0 R{ss2| -8.17 [Hs349
m 155.66 Hos98] 131.3 1'% 143,542 194.3% [afssa 1226':!:943 160 Llonel 269.3 ffwo| 26 Ldoas| 23095 o
a 5.0 H1438] -3.7 [H136| 0.7 H148) -1.9 |H99|-5.8 HH142(-3.9 H136| 7.0 HH124| -2.2 HH148| 4,58 [H1386
d 14.92 0 1213 15| 68.1 17| 227 W7V 1‘;5'121;" 61.4 175" 2253 12| -18.4 |47 121857
aa - |- - | - | - | - - | - - - |
ad - |- - | - | - | - - | - - - |
dd

The scaling tests (A, B and C), M = Mean, [a] = Additive effects, [d] = Dominance effects, [aa] = Addi-
tive X additive effects, [ad] = Additive X dominance effects, [dd] = Dominance X dominance ef-

fects *, **: Significant at 5% and 1% level of probability, respectively.
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Table 6. The scaling test and estimates of the genetic components: additive, domin-
ance and interaction parameters as well as standard errors of three canola
crosses in two locations and their combined data for yield traits.

Traits Number of pod/ branches (NP/b)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
anac:::'fnﬁ;s Mans. Asu. |Comb. | Mans. | Asu. |Comb. | Mans. | Asu. |Comb.
A 53.4 B9 2.9 R 4s|28.2 132 47.4 [Heoo| 7.1 (298 27.3 [121| 40.6 [ 873|-25.4H398 7.6 [H1100
B 403 {5 992| 11.4 1 352 25,9 H1065| 89,1 [H{1002] 28.6 H{390| 58.8 (11186 36.5 [ 986 -7.7 H394| 14.4 [H1014
C -34.7 H17124|-40.5H] 625 (-37.61844] 2.5 [H1473] -6.5 H[708| -2.0 HH183.8] 46.1 1513 2.3 |H743|24.2 H|169.4
m 1.2 (5180 16,5 12| 8.9 152097 -11.4 [+H149.1] 28.6 H{724| 8.6 H{207.4 84.5 Hi590(104.9[{824(94.7 H{1969
a 7.0 207 1.3 B 91| 4.2 300 14.1 [H296| 1.9 R 11| 8.0 H{292| 7.1 R332 0.6 [H115| 3.8 H| 296
d 342.8 H{4385(122.7k{1806(232.8kt{520.8| 414.8 |1p94.1| 117.2 1£170.8 266.0 155317 143.2 F400.6| 94,7 [H198.6| 24,2 H492.6
aa - - - |- - | - | - |- - |- - - - |- - |-
ad - - - |- - | - | - |- - |- - - - |- - |-
Traits Weight of 100 seeds (W100s gm)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
anac:::'fnﬁ;s Mans. Asu. |Comb. | Mans. | Asu. |Comb. | Mans. | Asu. |Comb.
A 0.02 {013 0.05 {022 | 0.03 {021| 0.02 [H0.17|-0.01 1023 0.01 15 024] 0.012 15 015 0.11 [50.22| 0.06 || 025
B 0.01 {014 0.04 k{023 | 0.03 {023| 0.02 [H012| 0.06 {018 0.04 5020|0013 |5 013 0.16 [ 018 0.09 || 01
C 0.07 {o24] 0.14 k{041 | 0.10 B 00| -0.01 [H026| 0.11 H{045] 0.05 15 0.42| 0.017 15 030| 0.36 [ 0.41]0.19 || 0.44
m 0.44 025|034 pf 044|039 B{o2| 0.35 [H030| 0.35 [047] 0.35 [ 045| 0.406 [ 032| 0.37 [ 0.42( 0.39 | [ 0.2
a -0.02 = 0.04| 0.02 | 008 | 0.00 H0.07| -0.01 [H0.04| 0.01 k£ 0.07| 0.00 = 0.07( 0.001 |5 0.03| 0.01 [H0.07(0.00 |£|0.07
d -0.06 061 0,02 | 107 ]-0.04 1 102 0.12 R{0.74[-0.08 k[ 1:10] 0.02 B 17| 0.034 B 0.74| 0.03 | 1.00| 0.03 || 1.2
aa - - - |- - | - | - |- - |- - - - |- - |-
ad - - - | - - - | - |- - |- - - - |- - |-
Traits Seed yield per plant in grams (S.Y/P)
Crosses DH4xDH5 DH4xSerw5 DHS5xSerw5
anac:::ilﬁ;s Mans. Asu. |Comb. | Mans. | Asu. |Comb. | Mans. | Asu. |Comb.
A 25.6 1649| 48.1 B{1187] 11.2 1633 -13.3 |£Pooo| 13.3 {817 -0.0 1887 -56.5 1912 20.7 | 783|-17.9|:£ 1686
B 1.5 [51902] 46.4 (892 | 24.0 1610 42.2 2156 42,8 H{977| 42,5 B1824) -50.9 Rse 50.7 [Hfios] -0.1 |£[1804
C -184.0 (2522 43.0 [ 164.7| -70.5 H230.2| -188.3 [287.0| 18.6 [H[146.5 -84.9 H247.5(-162.7 [H310.1] 28.3 [H139.3|-67.2|£|273.6
m 5.0 |H2782| 3.8 H{2001| 0.6 |H2524| -60.6 {3038 13.2 {1579 -23.7 k2669 85.3 Hi310.6 7.9 |H176.8 46.6 |+[272:9
a 16.0 [5742| -0.4 i 152| 7.8 t5677| 24.3 [H809| 3.4 H{198 10.4 B{700| 83 s8] 3.1 [{214| 2.6 |&|677
d 207.1 H{7262|203.1 k{5056(205.1 (H{659.0| 422.4 [H818.7] 151.1 P98 286.8157203| 2,0 8019 156.0[551.3) 77.0 |[7000
aa - - - | - | - | - |- - |- - | - |- - |-
ad - - - |- - | - | - |- - |- - - - |- - |-

The scaling tests (A, B and C), M = Mean, [a] = Additive effects, [d] = Dominance effects, [aa] = Addi-

tive X additive effects, [ad] = Additive X dominance effects, [dd] = Dominance X dominance ef-
fects *, **: Significant at 5% and 1% level of probability, respectively.
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This fact may explain the pres-
ence of heterobilitosis in these
crosses and reduction of F, genera-
tions than their F; hybrids mean in
these crosses with respect to these
traits. These results are agreed with
Marjanovic-Jeromela et al (2014) for
plant height in rapeseed (Brassica
napus L.); Singh et al. (2014) for
seed yield per plant in Brassica jun-
cea L.; Cheema and Sadaqat (2004)
for number of siliquae/plant which
showed very high value of dominance
compared to additive effects. Also,
Ali et al. (2015) reported that plant
height was controlled both by addi-
tive and non-additive gene actions;
however, dominance was predomi-
nant due to greater SCA value.

The results of scaling tests (A, B
and C) for Oil present in each loca-
tion in addition to their combined da-
ta are shown in Tables 7. The values
of scaling test were significantly in
all crosses from the combined data.
Also, the results showed that the es-
timates of mean effects parameter

(m), which reflects the contribution
due to the overall mean (additive)
plus the locus effects (dominance)
found to be highly significant for all
crosses. Dominance component was
much higher than additive compo-
nent. Additive x additive interaction
term had negative sign in 1% cross
(DH4xDHS) for two locations and in
2°¢ cross (DH4xSerw5) in location
one, while, it had positive sign in 3"
cross. On the other hand, Additive x
dominance had positive sign in 1%
cross (DH4xDHS5) for two locations
and in 2*¢ cross (DH4xSerw5) in lo-
cation one. Dominance x dominance
interaction was positive in 2*¢ cross
(DH4xSerw5) in location one. These
results are in agreement with Cheema
and Sadaqat (2004) reported that ad-
ditive and non-additive type of gene
action controlling its expression for
oil content. Also, Kant and Gulati
(2001) reported different parameters
across different crosses and environ-
ments.

Table 7. The scaling test and estimates of the genetic components: additive, domin-
ance and interaction parameters as well as standard errors of three canola
crosses in two locations and their combined data for Oil % trait.

Traits Qil percentage (Oil %)
Crosses DH4xDH5 DH4xSerw5 DH5xSerw5
Scaling test
and parame- | Mans. | Asu. | Comb. | Mans. | Asu. | Comb. | Mans. Asu. |Comb.
ters
A 6.50%% "5 7,33+ "2 6,92 Heis| 1.17 R{178| 533 was| 325 |[H74] 4.67%* ' 4.50%% 4% 4.58 'Y
B 0.83 B[ 5.00% %[ 2.92 tHsee| -0.17 [H565(9.50%% k32| 4.67 [Ho02| 10.00%* || 0,33 14| 9.67 e
C 10.37*i1i9 14.38*:&4: 12.47 i]g,z 7 44%% o 12'39*:!:5.84 992 i]z].s 0.78 :t4.',811.06**:h5§2 5.92 ill,s
m AL00 Lol 37 5011137517 Lioa|40.28% |, [35.89%| 1, 135.96% [l 37 g gu [J12]4 sgeels]12]26:54 J1as
a 1.00 %] -0.75 B{"'| -1.88 Rf270| 0.33 29| -3.67 30| -0.96 29| -1.17 4% |-4.00%*1 ;[ -0.04 k318
d 333 W% 2.64 K%Y 6.85 B3] -3.28 [doas| 5.86 s 721 B 12.06% |5 410 [5(30.71 17
aa 333 w5 -1.94 %) - -6.44 Ho11| 2,44 psa| - 13.89* %' 2.78 W% -
ad 2.83 &Y 1.17 WY - 0.67 [H294| -2,08 ps10| - -2.67 B'|-2.42¢Y -
dd -4.00 14-10.394°| - 544 17172845 - 28.56%1 [16.61(]'| "
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The scaling tests (A, B and C), M = Mean, [a] = Additive effects, [d] = Dominance effects, [aa] = Addi-
tive X additive effects, [ad] = Additive X dominance effects, [dd] = Dominance X dominance ef-
fects *, **: Significant at 5% and 1% level of probability, respectively.

Conclusion

According to the present study,
it is concluded that environment-gene
effects have dramatic changes for dif-
ferent traits contributing to yield or
yield itself. So, for different environ-
ments one has to suggest different se-
lection criteria for the improvement
in the yield. For those traits that are
controlled by additive gene action,
simple selection in early segregated
generations 1s suggested, whereas for
those traits controlled by non-additive
gene action selection in later genera-
tions would be more effective.
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