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ABSTRACT

The present investigation was carried out during 2015/2016, 2017/2018 and 2018/2019 successive
seasons using the experimental material consisting of flax parents Lis , Sakhas, Sakhas and Lsawgs ,two flax
crosses ( Lis x Sakhas) , and ,( Sakhas X Lsaiys), and the F2 ,Fsand F4 populations .Genetic variability and
divergence studies were conducted among the two crosses of flax.Phenotypic coefficient of variation (PCV)
was higher than genotypic coefficient of variation (GCV) for all the observed characters. Based on the present
study, high heritability coupled with high genetic advance was observed for seed yield per plant and three of
its more important components, number of capsules per plant, number of seeds per capsules and 1000 seed
weight . The result suggested the importance of additive gene action for their inheritance and improvement
could be brought about by phenotypic selection and may be subjected to mass or progeny or family selection
or any selection scheme.The results indicated that the selection indices were more effective than other
selection procedures in improving the most characters under study ,while the independent culling levels
selection and individual trait selection based on breeding value per plant were surpassed significantly most
other selection procedures in improving characters under study among Fz, Fs and Fs generations among the

two flax crosses .
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INTRODUCTION

Flax (Linum usitatissimum L.) is an important
oilseed crop which is having diploid chromosome number
2n=30. The genus Linum comprising over 200 species,
belong to the family linaceae..Plant breeders are
continuously searching for more effective methods of
selection in early breeding generations in order to obtain
superior genotypes from a population with a minimum
input of labor and time. The major target of flax breeders
is to produce high and good quality yielding varieties and
for fiber and seed yield.Successful pure-line breeding in
self-pollinated plants, like flax by using pedigree selection
method requires superior segregation population from
which homozygous lines could be selected ,the major
disadvantage of this method is the difficulty to identify
high yielding lines in early generations (Salas and Fridet
,1995). For this reason, Breeders may delay selection until
lines are approaching homozygousity and when sufficient
seeds is available to carry out preliminary field test.
(Hoffman,1961) defined pedigree and bulk population
breeding as the most useful methods for flax. Mourad,
(1983) and Abo-Kaied ,(2003) found that independant
culling levels selection(ICL). For straw yield and its
components gave seed and straw yields which did not
differ significantly from selection index or even from some
mean of seed and straw yields obtained by individual trait
selection based on breeding value per plant for yield and
yield components in flax crosses.Therefore independant
culling levels selection(ICL) for seed vyield and its
components was recommended to improve these traits. The
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present investigation aimed to study the magnitude of
variability, heritability estimates and expected genetic
advance under selection for seed yield per plant and its
components,and comparisons of three methods of
selection , selection indices(S.1),individual trait selection
based on breeding value per plant(B.V) and independant
culling levels selection(ICL) for two flax crosses.

MATERIALS AND METHODS

The present investigation was carried out at the
Experimental Farm of EI Gemmeiza Agric. Res. Station,
during the three successive seasons of 2015/2016,
2017/2018 and 2018/2019.The breeding materials used in
present study are F2 generation , F3 lines and F4 progenies
of the two flax crosses ( L16 x Sakha3) , and ( Sakha4 x
L541/g/3). These breeding material were planted at the
field in three replicates using randomized complete block
design in 3 rows 2 m long, spaced 10 cm apart and 5 cm
between hills. The two crosses were chosen from a half
diallel cross that was made and evaluated for type of gene
action for several agronomic trails (El Tabakh , 2017).
Data were recorded on four agronomic characteristics,
seed yield per plant (S.Y), and three of its more important
components, number of capsules per plant,(N.C.P),
number of seeds per capsule,(N.S.C), and 1000 seed
weight,(1000 S.W).The four variables were used in 16
different selection procedures according to the three
methods of selection , selection indices (S.I),individual
trait selection based on breeding value per plant (B.V) and
independant culling levels selection (ICL).Data were
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statistically analysed as the procedure given by (Snedecor
and Cochran 1980)

Estimated of phenotypic (PCV) and genotypic
(GCV) coefficients of variances were computed followed
(Burton,1952).

PCV=(VP /x)100. and GCV=(/VG /x)100
Estimated of selection index in F2, Fs, and Fs
generations:-

The calculation necessary for construction of
selection indices can be described under the following
headings:-

1- Estimates of phenotypic and genotypic variance and
covariance, phenotypic variance for F, generation was

2_ 2
calculated according to equation s2 = W

.The F, genotypic variance was estimated as the
difference between F, phenotypic variance and
environmental variance. Environmental variance was
estimated as the cubic root of the product of variance of
the two parents .Phenotypic covariance between any two
traits in F, generation was computed according to the
formula :

Covxy= =

The formula used for estimating heritability in F.
generation was as follow:-
(o) Fz

2- Derivation of optimum weighing coefficients:-

The general index formula mentioned by (Smith,

1936) and ( Hazel , 1943). | = bixq + boxo + ... +bXs =

Yi=1 bix; .The appropriate b ,s which maximize the advance

from selection are calculated by the following formula :-

1- for improving two characters while holding the third
constant, i.e. restricted selection index, b= [lm- p*GC
(CG. P1GC)! CG] P'Ga ,(Kempthorne and Nordskog
1959).

2- for improving the four characters, b = P'Ga;

3- Calculation of selection indices, phenotypic value of a
plant (1) was estimated by using the formula outlined by

= Z" bi xi

i=1.0

Independent culling levels selection(ICL):In this method
acertain level of merit was stablished for each trait, and all
individuals below that level are discarded regardiess of the
superiority of their other traits ,( Hazel and Lush ,1942) and
(Hallauer et al ., 2010)

Calculations in Fs and Fs generations :Phenotypic and
genotypic variance in Fz and F4 generations were calculated
by the analysis of randomized complete blocks design as
described by( Miller et al., 1958),(Table 1)

Table 1. Analysis of variance and expected mean
squares of randomized complete blocks

Llxy]-E¥Z@)/n

design.
S.oOVv DF M.S EMS
Replications r-1 Mr
Families t-1 Mt o% +16%
Error (r-1)(t-1) Me o’

Phenotypic (c?p) and genotypic (c%g) variance were
estimated by the formula :-
o’p-c’g+ole/r o’g=(Mt—Me)/r

Calculations of phenotypic and genotypic
covariances in Fs and Fs generations between pairs of
traits,followed the same form as variance analysis,.The
covariance components for the various sources of variations
were as follows:

Table 2. Analysis of covariance between pairs of the
studied traits.

S.OV Covariance components
Replications

Families c’e.e+rcla.a
Error c’e.e

Heritability in Fz and F4 generations was estimated
as the ratio of genetic variances to the phenotypic variances,
according to (Allard , 1960)

_ 26
~ 62G+02E

Individual trait selection based on breeding value per
plant:B.V. X1, Xo, X3 and X seed yield per plant, and three
of its more important components, number of capsules per
plant, number of seeds per capsule, and 1000-seed weight,
respectively The regression of offspring on mid-
parent,however,is very little affected and it was taken as
avalid measure of heritability as shown by(Reev and
Robertson, 1953) .h?=ho,.. The regression of each F3
offsprings on mid- parent was computed from the equation:-
Sxy)—s(x)s(y)/n

s(x2)-1(9)1%/n

The breeding value of each F,,,Fsand F4 plant was
obtained by multiplying the regression value of its
offsprings on mid- parent by its phenotypic value.
Efficiency of selection procedures:-The expected genetic
advance from selecting the best 5% of F»,Fs,F4 individuals for
the tow flax crosses by using various selection procedures was
calculated for the four characters in each crosses by using the
formula suggested by (Johanson et al ., 1955).

GS =K 6Ph .¢%a/ ¢’ph
Where, K =the selection differential.

oph = phenotypic standard deviation.
c’a=the genetic varianc.c?ph=the phenotypic variance.

RESULTS AND DISCUSSION

Genetic variability is a pre-requisite for successful
selection of superior progenies from segregating generations
for further selection and can be created by hybridization. F,
is an ideal generation in which segregations and
recombination are maximum for imposing selection. Fz and
F4 generations are equally important in the process of
selection.The magnitude of recombination potential
depends on the genetic diversity of the parents. A population
is said to be superior when it shows high mean coupled with
high variability.

The mean, standard deviations, PCV and GCV for
different characters of the two flax crosses for F,,F; and F4
generations , have been shown in Table (3). Wide ranges of
variability for SY,NCP,NSC and 1000 SW were found in F,
generation, where as comparable narrow range were
detected in the Fz and F4 generations among the two flax
crosses, The mean of seed yield and its components
indicated increase in the mean value from F, generation to
Fsand F4 generations were observed,due to the effect of two
cycles of selection in F3 and F4 generations as well as the
environmental conditions . Estimates of GCV and PCV for

b yx=
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all studied characters revealed that the phenotypic
coefficient of variation PCV were higher than their
corresponding genotypic coefficient of variation GCV,
indicating the influence of environment on the expression of
these characters . High PCV and GCV were observed for
1000 seed weight in F, geneation for cross ( Lis x Sakhas)
followed by number of seed per capsules which were
moderate, while number of capsules per plant and seed
yield per plant exhibited moderate PCV and GCV ,while
PCV and GCV indicated low values for seed yield per plant
, number of capsules per plant and 1000 seed weight

however number of seed per capsules were moderate among
F3 and F4 generations. For cross ( Sakhas X Lsa1) High PCV
and GCV were observed for SY,NCP,NSC and 1000 SW in
F2 generation,while moderate PCV and GCV were observed
for NSC among Fs and F4 geneations, while PCV and GCV
were indicated low values for SY,NCP and 1000 SW among
Fs and Fs geneations. For different characters in flax
suggesting sufficientamount of variability and thus offering
better scope for genetic improvement through selection of
these traits.

Table 3. Range ,.mean , heritability(Hb), PCV and GCV,estimates for SY, NCP, NSC and 1000 SW, in Fz,Fsand F4
generations, for the crosses ( Lis X Sakhas) and ( Sakhas X Lsaz).

L1s X Sakhas Sakhas X Lsavgs
SY NCP NSC 1000SW SY NCP NSC 1000SW
F2 045-1.2 13-29 33-155 4.26-21.9 A13-1 13-29 32.-180 3.8-136
Range F3 0.72-1.17 16.56- 28 107 - 136 5.68 -10.15 0.55-1.1 15.3-233 95.-146.3 4.7-9.86
F4 0.77-125 186-276 122.-178 472-957 0.68-13 15-32 105-135 53-11.1
F. 0.86+0.12 18.11+2.25 100.+18. 9.02+2.92 87+.16 17.3+23 97.+£223 8.85+1.6
Mean Fs 0.92+0.8 2052+1.22 123.8+6.2 7.51+0.67 95+.08 19.25+10 116.2%5.1 82+.71
F4 0.99+06 2236+1.13 147+58 6.79+ 0.49 98+ .07 19.46+.96 121+5.6 8.1+.72
F2 90.62 92.75 93.86 98.94 96.60 94.97 98.61 78.30
Hb Fs 44.35 67.22 58.58 53.10 50.91 79.53 60.64 52.92
F4 57.65 65.06 63.11 64.27 59.75 70.04 53.36 56.05
F. 13.83 12.44 18.15 32.39 18.07 1341 22.82 18.72
13.17 11.98 17.59 32.22 17.76 13.07 22.66 16.56
PCV and F3 0.36 7.32 25.61 4.24 0.48 8.43 19.17 4.30
GCV 0.16 4,92 15.00 2.25 0.24 6.70 11.62 2.27
Fa 0.25 5.43 21.29 3.32 0.47 5.25 18.55 4.87
0.14 3.53 13.44 213 0.28 3.68 9.90 2.73

Seed yield per plant = (S.Y), number of capsules per plant = (N.C.P), number of seeds per capsule = (N.S.C) and 1000- seed weight = (1000- S.W)

The heritability estimate for seed yield per plant
was high (92.07%) in F, generation, and slightly decreased
to (66.98 %) in F5 generation ,while decreased to (57.65%)
in F4 generation, for cross 1 ,while for cross 2 were (96.60
%) in F2 generation, and slightly decreased to ( 50.91 %)
in Fs generation, while increased to ( 59.75 %) F4
generation .On the other hand heritability estimate for
number of capsules per plant were (92.75 %) in F,
generation, and slightly decreased to (67.22% and 65.06%)
in F3 and F4 generation, respectively, for cross 1 ,while for
cross 2 were (94.97%) in F, generation, and slightly
decreased t0(79.53%) in F5; generation, while decreased to
(70.04 %) in F4 generation , Heritability estimate for
number of seed per capsules were (93.86 %) in F
generation, and slightly decreased to (58.58%) in F3
generation, while increased to( 63.11%) F4 generation for
cross 1, while for cross 2 were (98.61%) in F» generation,
and slightly decreased (60.64% and 53.36) in Fs and Fa
generations, respectively. On the other hand heritability
estimate for 1000 seed weight were (98.94%) in F;
generation, and slightly decreased to (53.10 %) in F3
generation. while increased (64.27%) in F4 generations. for
cross 1 ,while for cross 2 were (78.30 %) in F» generation,
and slightly decreased (52.92. % ) in F5 generation, while
increased to (56.05% ) in F4 generation Similar result was
obtained by Payasi et al. (2000) , Bhateria et al. ( 2001) ,
Naik and Satapathy (2002), Abo-Kaied, (2003) , Awasthi
(2003) , Adugna and Labuschangne (2004), Joshi, (2004),
Patel , (2008), Nagaraja et al. (2009) , Bhushan et al .
(2017) , Choudary et al. (2017) and Dhirhi and Mehta
(2019)

The above mentioned suggested that a substantial
genetic advance in seed yield per plant , number of
capsules per plant, number of seed per capsules and 1000
seed weight could be expected from selection .The most
value of heritability was high. This indicates that selection
for these traits in the genotypes would be most effective
for the expression of these traits in the succeeding
generations. Therefore, a good improvement can be made
if some of these traits are considered as selection criteria in
future breeding program, if a heritability of a character is
high, selection for such a character is fairly easy as the
selected character will be transmitted to its progeny. This
is because there would be a close correspondence between
genotype and phenotype due to a relatively smaller
contribution of environment to the phenotype. It could be
indicated from the above mentioned results that a
substantial amount of residual genetic variance in the
population till F4 generation, as estimated by the genetic
variance components was observed. The magnitude of the
genetic variability which persisted in this material was
sufficient to lead for further appreciable improvement in
advanced generations.

Efficiency of selection procedures to improve seed yield
for the cross ( Lis X Sakhasand (Sakhas X Lsaugs)

Efficiency of different selection procedures in
improving seed yield and its compopnents, measured in
terms of the expected and realized respone to selection, are
presented in Table (4) for cross (Lis X Sasha 3) Results
indicated that the actual gains realized by the different
selection procedures for improving seed yield in F3 and Fs4
generations , exceeded their respective predicated gains in
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F2 and F3 generations , except those obtained by selection
procedures(S.l no. 9, and 1CL1234) with values 9.28 and
12.09 %, respectively in Fs; generation, and selection
procedures (B.V Xz ) with value 8.74 % in F4 generation.
The highest actual efficiency values for improving seed
yield realized in F3 generation were (30.81, 30.81,
30.81,30.81,31.20, 0.81, 31.07, 31.07, 26.01, 30.61,
17.40,13.95,16.50 and 24.85%) obtained by the different
selection procedures (S.1 no. 1,2,3,45,6,7,8,10,11, B.V
X1, B.V X3, B.V Xzand B.V X4) , respectively. The highest
actual efficiency values for improving seed yield realized in
Fs4 generation were (33.58, 34.38, 34.38, 32.81, 35.82,
34.38, 36.74,36.66, 7.96, 26.00, 36.23, 21.63, 17.13, 18.32
and 20.21% obtained by the different selection
procedures(S.l no. 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, B.V Xj,
B.V Xz, B.V X4 and ICLiss), respectively. The 1CL12ss
selection procedures showed highest actual efficiency
values for improving seed yield in Fs generation than (S.I no
9) in F; generation , and than (B.V Xz ) in F4 generation.

Table 4. Efficiency of selection procedures, as percentages of
F2, F3, F4 generations, for seed yield in terms of the
expected and realized respone to selection for two

flax crosses
Cross 1 Cross2
( L1s X Sakha) (Sakhas X Lsa1/g/la)

NO SP F3/F2 F4/F3 F3/F2 F4/F3
1 1.1234 30.81 33.58 25.09 36.25
2 1.123 30.81 34.38 25.09 37.05
3 1.124 30.81 34.38 25.09 37.05
4 1.234 30.81 32.81 25.09 37.05
5 1.134 31.20 35.82 25.09 36.99
6 1.12 30.81 34.38 25.47 37.05
7 1.13 31.07 36.74 25.09 37.71
8 1.14 31.07 36.66 25.47 37.71
9 1.23 9.28 17.96 25.09 12.31
10 1.24 26.01 26.00 23.76 34.28
11 1.34 30.61 36.23 25.09 37.79
12 B.V X1 17.40 21.63 23.12 31.72
13 B.V X2 13.95 17.13 21.12 12.16
14 B.V X3 16.50 8.74 12.93 22.22
15 B.V X4 24.85 18.32 22.43 25.32
16 ICL 1234 12.09 20.21 16.67 19.06

EGS 13.61 10.24 15.68 14.81

For cross (Sakha 4 x Lsa1), results indicated that the
actual gains obtained by the different selection procedures
for improving seed yield in F3 generation were highest than
their  respective predicated gains, for selection
procedures(Sl,no.1, 2, 3,4,5,6,7,8,9, 10, 11, B.V X1, B.V
X2, B.V X4 and ICL12zs) respectively, which exceeded the
expected genetic advance with actual efficiency values
(25.09, 25.09, 25.09,25.09,25.09, 25.47, 25.09, 25.47,
25.09,23.76, 25.09,23.12, 21.12, 22.43 and 16.67 %), while
the actual gains obtained by the other different selection
procedures, (B.V Xsz) were less than their respective
predicated gains with actual efficiency values 12.93 % in F3
generation, while the actual gains obtained by the different
selection procedures in F4 generation were highest than their
respective predicated gains, for selection procedures (SI. no.
1,2,3,4,5/6,7,8,10, 11, B.V X3, B.V X3, B.V X4 and
ICL1234) , respectively, which exceeded the expected genetic
advance with actual efficiency values (36.25, 37.05, 37.05,
37.05,36.99,37.05,37.71, 37.71, 34.28,37.79,1.72 ,22.22,
25.32 and 19.06 %, respectively, while the actual gains

obtained by the other different selection procedures (SI,no.
9 and B.V X;) were less than their respective predicated
gains with actual efficiency values 12.31, and12.16 %
respectively . The 1CLyss selection procedures showed
highest actual efficiency values for improving seed yield in
F3 generation than the selection procedures ( B.V X3) and
than (SI, no.9 and B.V X)) in F4 generation . These results
are in agreement with El-Kilany, (1976) and Mourad,
(1983), they reported that the realized resopnses in yield for
most of selection procedures were pronouncedly lower in
magnitude than their respective expected ones in Fz and F4
generations, and they added that results indicate that those
results were expected because genotypic variance used to
calculate the expected genetic gains were likely baised by
certain X environment interaction variance being included in
estimates of genotypic value.This point of view was
supported by Byth et al (1969)who pointed out that, in
soybean, the expected genetic gains were less useful, and
they concluded that the actual gains computed across
environments were the only accurate criteria for comparing
the relative values of selection procedures when substantial
genotype X environment interaction exist.Data obtained
regarding the realized resopnses in seed yield obtained by
different selection procedures in improving seed yield
revealed that the actual gains in seed yield obtained by
restricted selection index were higher than their respective
predicated gains in most cases of selection procedures in F3
and F, generation . The highest value of actual gains
indicating the pronouncedly effect of different selection
procedures in improving seed yield in base population. It
could also be shown that individual trait selection based on
breeding value per plant for fiber and straw yield and
independent culling level selection, were superior in
improving these characters. This result coincide with Eagles
and Frey (1974) and Mourad, (1983) , who reported that
selection for one trait only, was superior in improving that
trait. In the meantime , individual trait selection based on
breeding value per plant for the components of seed yield,
were also superior in improving seed yields. Several
workers suggested the use of yield components in selection
for improving seed yield (Momtaz, 1965 , Badwal et al ,
1971 and Vijayakumar and Vasudeva 1975) . The use of
selection indices in most cases, were more efficient
improving straw and seed yield than independent culling
level selection. This results was in agreement with those
obtained by (Hazel and Luch 1942) ,who found that
selection index method was more efficient than independent
culling level selection but it was usually more expensive.
Individual trait selection based on breeding value per plant
for seed yields, were superior in improving these characters.
This result coincide with , Eagles and Frey (1974) who
reported that selection for trait only, was superior for
improving that trait.

Comparison of selection procedures for cross (Lis X
Sakhas):-

Means seed yield per plant (S.Y), and three of its
more important components, number of capsule per
plant,(N.C.P), number of seeds per capsules,(N.S.C),and
1000-seed weight,(1000-S.W), for the lines selected by the
sixteen different selection procedures , of the F», Fzand F4
generations and the two parents of the cross ( Lis X Sakhas)
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with the expected genetic advance under selection are given
in Table (5)

Analysis of variance indicated that there were non-
significant differences between all of the selection procedures
for the seed yield per plant and number of capsule per plant
among F, Fsand F4 generations .For number of seeds per
capsules there were non-significant differences in F; |
generation ,while there were significant differences in Fzand
F4 generations. For 1000-seed weight there were significant
differences in F, generation ,while there were non- significant
differences in Fzand F4 generations.

Seed yield per plant:-

The expected genetic advance decreased from F; to
F3 to F4 generations with values of 25.86, 13.61 and 10.24
respectively for seed yield per plant, this due to decreased of
variance. The means of seed yield per plant obtained for
different selection procedures in Fz generation were lower
than their respective predicted ones except the selection
procedures obtained by selection procedures (S.1 no.1,2 ,3,
5,6, 7,8, BV X; and BV Xa,), respectively, while all
selection procedures exceeded their respective predicted in
F4 generation, this mean that these selection procedures
were overpridected ( El-Kilany ,1976 and Mourad ,1983).
All of selection procedures obtained by the three methods of
selection for improving seed yield per plant exceeded the
higher and the lower yielding parent (Sakha 3) and (L) in
F2 ,Fs and F4 generations, except selection procedures (Sl
no. 9) in F3 generation were lower than the lower yielding
parent (Lie)

Number of capsules per plant:-

The expected genetic advance decreased from F to
F3 to F4 generations with values of 23.80, 14.35 and 11.46,
respectively, for number of capsules per plant, this due to
decreased of variance. All of selection procedures obtained
by the three methods of selection for improving number of
capsules per plant exceeded the higher and the lower
yielding parent among F,, Fs and F. generations, except
selection procedures (BV Xs) in F, generation were lower
than the lower yielding parent.

Number of seeds per capsule :-

The expected genetic advance decreased from F, to F3
to Fs4 generations with values of 35.15, 9.52 and 6.75,
respectively for number of seeds per capsule, this due to
decreased of variance ,the means of number of seeds per
capsules for selection procedures (Sl.no. 2 and 7)
respectively, exceeded the higher yielding parent (Sakha 3),
while the other selection procedures (SI.no. 6, 9, BV X3, BV
X2, BV Xy, ICL123, 5, 1, BV X4, 11, 4, 8 and 3) exceeded the
lower yielding parent (L 16). However, selection procedures
(S1.n0.10) only were lower than the lower yielding parent
(L) in F2 generation. Analysis of variance indicated that
there were significant differences between all of the selection
procedures for improving number of seeds per capsule among
Fs; and F4 generations, the means of number of seeds per
capsules for selection procedures (Sl no. 1, 2, 3, 6, 5,4,
ICL12s4, 7 and 8) respectively, exceeded the higher yielding
parent (Sakha 3),while the other selection procedures
(S1.n0.11, 10, 9, BV X4, BV X3, BV X; and BV X3) exceeded
the lower yielding parent (L 1) in F3 generation, while in F4
generation all of selection procedures obtained by the three
methods of selection exceeded the higher and the lower
yielding parent.

Table 5. Means of SY, NCP, NSC and 1000 SW obtained by
the different selection procedures, of segregating
generations for the cross (Lis x Sakha).

sy NCP
F2 F3 F4 F2 F3 F4
7 104 1 113 7 118 9 221 9 2487 9 2653
2 102 2 113 8 118 10 209 10 22.73 10 2556
6 102 3 113 11 118 2 206 13 2263 4 24.24
8 100 4 113 5 117 6 205 1 2222 1 2411
11 100 5 113 1 116 3 204 2 2222 2 2389
4 099 6 113 2 116 4 199 3 2222 3 23.89
3 097 7 113 3 116 1 196 4 2222 6 23.89
1 094 8 113 6 116 11 189 6 2222 13 2367
14 093 11 113 4 115 7 188 15 21.95 16 2348
9 092 10 109 10 109 13 188 12 2158 5 22.87
10 091 15 108 16 1.09 8 187 7 2100 15 22.80
5 090 16 105 12 105 14 1827 8 21.00 11 22.64
12 087 12 102 9 102 12 1820 11 21.00 8 2247
13 087 14 101 15 102 16 17.83 14 20.82 14 22.33
16 086 13 099 13 101 5 17.80 5 2069 7 2227
15 085 P2 094 14 094 P2 17.72 16 19.48 12 21.22
P2 084 9 094 P1 093 P1 1654 P2 19.20 P2 21.20
PL 083 P1 090 P2 091 15 1653 P1 1850 P1 18.9
GS 2586 GS 1361 GS 10.24 GS 23.80 GS 14.35 GS 1146
NSC 1000 SW
F2 F3 F4 F2 F3 F4
2 1133 1 129.06 14 153.42 8 1268 11 956 15 10.16
7 11269 2 129.06 12 14678 3 1259 7 941 13 9.83
P2 111.80 3 129.06 7 14121 4 1237 8 941 14 975
6 11051 6 127.79 8 14057 10 12.38 10 9.41 12 950
9 11051 5 12491 11 137.83 11 12.37 4 9.25 P2 8.86
14 10648 4 12305 13 137.83 1 11.82 12 919 5 866
13 10242 16 121.99 2 13672 5 11.60 5 914 4 862
12 10235 7 121.22 3 136.72 P2 8.76 P2 891 11 8.60
16 10228 8 12122 6 13672 6 872 1 880 1 856
5 9849 P2 11980 5 13636 7 871 2 880 10 856
1 9615 11 11886 1 13555 16 859 3 880 2 B854
15 9578 10 116.24 15 134.44 13 843 14 879 3 854
11 9296 9 11522 9 13424 14 837 13 874 6 854
4 919 1511502 4 13383 P1 84 20 868 8 846
8 89.76 13 113.46 16 13362 12 821 15 864 7 843

3 8747 12 112.08 10 12744 9 7.79 P1 855 P1 835
P1 86.55 14 113.02 P2 1156 15 7.67 9 823 16 8.19
10 83.01 P1 9850 P1 957 2 729 6 818 9 7.69
GS 3515 GS 952 GS 6.75 GS 54.75 GS 14.25 GS 16.04

1000 seed weight:-

The expected genetic advance decreased from F;
to F3 to F4 generations with values of 54.75, 14.25 and
16.04, respectively, for 1000-SW, this due to decreased
of variance, the results indicated that the means of 1000
SW for selection procedures (SI. no. 8, 3, 4, 10, 11, 1
and 5), respectively, exceeded the higher yielding parent
(Sakha 3),While the other selection procedures (SI. no. 6,
7, 16, BV X; and BV X3) exceeded the lower yielding
parent (L1s). However the other selection procedures ( SI.
no. BV Xi, 9, BV X4 and 2) were less than the lower
yielding parent (Lig)) in F2 generation, the selection
procedures(Sl. no. 11, 7, 8, 10, 4, BV X; and 5) exceeded
the higher and the lower yielding parent , while the
selection procedures (SI. no. 1, 2, 3, BV Xs;, BV Xy,
ICL1234 and BV X4) exceeded the lower yielding parent
(L1e). However the other selection procedures (SI. no. 9
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and 6) were less than the lower yielding parent (L1s) ) in
Fs generation. In F4 generation, the selection procedures
obtained by( SI. no. BV X4, BV Xz, BV Xz and BV Xi)
exceeded the higher and the lower yielding parent (Sakha
3) and (Lis) .While the selection procedures (SI. no. 5, 4,
11,1, 10, 2, 3, 6, 8 and 7 ) exceeded the lower yielding
parent (Lis), however the other selection procedures (SI.
no. ICLi3, and SlI. no. 9) were less than the lower
yielding parent

Comparison of selection procedures for cross (Sakhas x
Lssvgs) :-

Analysis of variance indicated that there were non-
significant differences among all of the selection
procedures for the seed yield per plan, number of capsules
per plant and number of seeds per capsule among F, and
F4 generations, while there were significant differences in
Fs generation, however for 1000-seed weight there were
significant differences in F, , F3 and Fs generations.
(Table 6)

Table 6. Means of SY, NCP, NSC and 1000 SW obtained
by the different selection procedures, of
segregating generations for the cross, (Sakhas x
Ls41/g/3)

SY NCP

F2 F3 F4 F2 F3 F4

7 097 109 7 120 6 2087 1 23.00 9 23.84
2 096 1.09 120 9 2073 2 23 13 2222
6 0.96 1.09 120 3 20.33 3 23.00 16 21.45
12 0.96 1.09 119 2 2013 4 23.00 P1 21.20
9 095 1.09 119 10 19.80 5 23.00 10 20.82
13 0.95 1.09 119 4 1953 7 23.00 12 20.82
14 0.95 1.09 119 1 1893 9 23.00 1 20.62
16 0.95 1.09 119 13 18.93 11 23.00 2 20.56
8 094 1.09 118 7 1873 6 2293 3 20.56
11 094 11 1.09 117 12 1860 8 22.78 4 20.56
P2 094 10 107 12 114 14 1833 10 2262 6 20.56
3 093 12 107 16 112 16 18.28 13 22.44 15 19.80
4 093 15 106 15 1.09 11 17.67 16 21.86 11 19.76
5 093 13 105 14 106 5 17.47 12 20.67 5 19.69
10 092 16 1.03 9 097 8 17.07 15 20.67 7 19.69
1 091 14 098 13 097 151547 P1 202 8 19.69
P1 085 P2 092 P2 093 P2 16.16 14 18.67 14 19.18
15 072 P1 088 P1 0.86 P116.08 P2 17.20 P2 16.56
GS 36.02 GS 15.68 GS 14.81 GS 26.28 GS 18.80 GS 13.00

©COo~NOUMWNR
= =
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NSC 1000 SW

F2 F3 F4 F2 F3 F4

125.31 1294 5 12472 8 11.47 P2 9.45 10.05
126.25 1294 1 12459 10 10.94 P1 8.88 9.90
124.01 1294 15 12416 3 10.42 10 8.75 0.84
118.94 1294 16 12272 1 10.29 12 8.72 9.84
117.72 1294 7 12250 5 10.29 14 8.71 9.81
116.50 12942 8 12250 11 10.14 13 853 9.81
12 111.96 12942 2 12236 4 986 6 850 9.77
4 110.58 12942 3 12236 P2 9.11 16 847 9.77
11 109.66 128.89 12 12222 6 852 8 845 9.59
16 108.91 128.35 13 122.03 P1 8.43 11 8.39 9.54
5 107.87 13 127.15 9 12187 2 807 1 839 16 8.95
P1 107.75 16 12559 4 12152 7 807 2 839 P1 872
1 105.49 10 12336 6 12152 9 807 3 839 P2 821
3 96.01 P1 11500 11 121.38 13 742 4 839 12 816

5

7
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oo~
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B
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10 91.10 15 11353 14 116.53 15 6.89 839 9 8.02
8 86.17 12 113.02 10 1163 14 6.70 839 13 7.99
P2 8516 14 103.81 P1 1131 16 655 9 839 14 7.86
15 82.37 P2 9440 P2 105233 12 6.09 15 7.14 15 7.75
GS 4643 GS 880 GS 747 GS47.78GS 13.7 GS 1546

Seed yield per plant :-

The expected genetic advance decreased from F; to
F3 to F4 generation with values of 36.02, 15.68 and 14.81,
respectively ,for seed yield per plant, this due to decreased
of variance, the means of seed yield per plant obtained for
different selection procedures in F3 generation were higher
than their respective predicted ones except the selection
procedures obtained by selection procedures (B.V Xs),
while in F4 generation .The means of seed yield per plant
obtained for different selection procedures were higher than
their respective predicted ones except the selection
procedures obtained by selection procedures, (SI,no. 9 and
B.V X3) .This mean that these selection procedures were
overpridected (El-Kilany, 1976 and Mourad ,1983) .
Selection procedures obtained by (S, no. 7, 2, 6, BV X1, 9,
BV Xz, BV X3, ICL1234, 8 and 11),respectively, exceeded the
higher and the lower yielding parent ( L s41) and (Sakha 4) in
F2 generation, while the selection procedures(S I. no. 3, 4, 5,
10 andl),respectively, exceeded the lower yielding parent
(Sakha 4),however (BV Xa), were lower than the lower
yielding parent Sakha 4),while in F3 and F4 generations the
means of seed yield per plant for all selection procedures
exceeded the higher and the lower yielding parent .
Number of capsules per plant:-

The expected genetic advance decreased from F; to
F3 to F4 generations with values of 26.28, 18.8 and 13,00,
respectively. All of selection procedures obtained by the
three methods of selection for improving number of
capsules per plant (SI,n0 . 6,9, 3, 2, 10,4, 1, BV X, 7, BV
X1, BV Xs, ICLigss, 11, 5, 8 and BV X,) ,respectively,
exceeded the higher yielding parent (Sakha 4) and the lower
yielding parent (L ssa1) in F2 generation. While in F3
generation .All of selection procedures obtained by the three
methods of selection exceeded the higher and the lower
yielding parent except selection procedures (BV Xs3) only
were lower than the lower yielding parent (Lsa1). However
in F4 generation the means of number of capsules per plant
obtained by the three selection procedures (SI,ho . 9,
BVX, and I1CL1234 ) exceeded the higher and the lower
yielding parent, while the other selection procedures
exceeded the lower yielding parent (L s41).
Number of seeds per capsule :-

The expected genetic advance decreased from F to
F; to Fs4 generations with values of 46.43,8.80 and

7.47 respectively, for number of seeds per
capsules, this due to decreased of variance,the means of
number of seeds per capsules for selection procedures (
SIno.2,7,9,BV X3,6, BVX; BV Xi; 4, 11,
ICL1234 and 5) respectively, exceeded the higher

yielding parent (Sakha 4),while the other selection
procedures (Sl.no. 1, 3, 10 and 8) exceeded the lower
yielding parent (L s41). However (BV Xa ) were lower than
the lower yielding parent (L s41) in F2 generation, the means
of number of seeds per capsule for selection procedures (1,
2,3,4,5,7,9,11, 8, 6, BV Xy, ICL1234 and 10), respectively,
exceeded the higher yielding parent (Sakha 4).While the
other selection procedures (BV X4, BV X; and BV X3)
exceeded the lower yielding parent (L sa1) in F3 generation.
While in F4 generation all of selection procedures obtained
by the three methods of selection for improving number of
seeds per capsule exceeded the higher and the lower
yielding parent (Sakha 4) and (Ls41).
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1000 seed weight:-

The expected genetic advance decreased from F2to F3
to F4 generations with values of 47.78, 15.45 and 13.7,
respectively for 1000- SW, this due to decreased of variance.
The results indicated that the means of 1000 SW for selection
procedures (SI. no. 8, 10, 3, 1, 5, 11 and 4), respectively,
exceeded the higher yielding parent (L s41). While the
selection procedures (SI. no. 6) only exceeded the lower
yielding parent, (Sakha 4). However the other selection
procedures( SI. no. 2, 7,9, BV Xz, BV X4, BV Xs, ICL1234
and BV Xi) ,were less than the lower yielding parent (Lsz1) in
F, generation. Morevoer in F; generation all selection
procedures were less than the highest and lower yielding
parent ,in F4 generation the selection procedures (SI. no. 10,
11,4,6,7,8, 2, 3,5, 1 and ICL1234) respectively, exceeded the
higher and lower yielding parent . Wheares the other selection
procedures (SI. no. BV Xy, 9, BV Xz, BV X3 and BV X4)
were less than the higher and the lower yielding parent.

The results indicated that the wvarious selection
procedures differd in their ranking sequence for means of all
studied characters over the three generation, this may be due
to the interaction between the the genotype selected by
different procedures and the environment, specially that
should be noted that F,, F3, F4 generations were grown at three
different years 2015/2016, 2017/2018 and 2018/2019,
respectively. The results exhibit in most cases that the
selection index ranked the first however Individual trait
selection based on breeding value per plant were the ranked
the scanned, while the third for improving seed yield per plant
were the Independent culling levels selection throw the three
generations. The results indicated that the selection indices
and the independent culling levels selection and individual
trait selection based on breeding value per plant were
surpassed significantly most other selection procedures in
improving seed yield per plant and its components in Fz, Fs
and F4 generations. Sometimes, the method of selection
indices and Independent culling levels were superior in
improving seed yield per plant and its components, this
conclusion is in agreement with those obtained by Weiss et al
(1947) and Kalton ,(1948) .Falconer, (1960) mentoined that
only the phenotypic values of Individuals can be measured,
but it is the breeding values that determines their influence on
the next generation. Finney 1962 concluded that in some
circumstances Independent culling levels selection and
tandem selection might compare more favourably with index
selection method. Eagles and Frey (1974 ) noted that selection
for one trait was superior in improving that trait, but indexes
and method of Independent culling levels tended to be
superior in improving over all economic value. Vijayakumar
and Vasudeva (1975) concoluded that indirect selection for
seed yield by capsule number, appeared to be the effective
method for improving linseed, although,. Kempthorne and
Nordskog (1959), suggested the use of restricted selection
index to improve some traits while the mean of chosen trait
included in the index was held constant.
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