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Abstract

The major objectives of this study were to determine and compare the effects of five sample sizes [SI (200-
F,, 100-BCjand 100-BC;) , SII (400-F, , 125-BC;and 125-BC;) , SIII (600-F, , 150-BC,and 150-BC;) , SIV
(800-F, , 175-BCand 175-BC;) and SV (1000-F, , 200-BC;and 200-BC;)] of the three segregating populations
(F, , BC, and BC;) of the cross Giza 45 x Giza 70 on the types of gene effects , broad and narrow sense
heritability as well as genotypic and additive correlations. Also, genetic parameters influence the outcomes of
predicted gains from selection index, furthermore direct and indirect selection for five studied traits. Obtained
results show that the standard error values tended to decrease as the sample size increase for all traits studied,
except lint/boll; indicating that sample size is most effective in determining the parameters significance of these
traits. Both fixable and non fixable components tended to stabilize with increasing sample size for lint cotton
yield/plant from SIII , for halo length from SIV and tended to decrease slightly for lint/boll and lint percentage
and tended to fluctuate for lint index. High to moderate broad and narrow heritability estimates were found for
all traits for most sample sizes. Heritability estimates tended to decrease from SI to SV for lint percentage.
Increasing the population size did not alter the effects of linkage, since both the magnitude and direction
appeared to be the same for most sizes of populations. Pseudo-additive correlation coefficients between lint
percentage and lint index were 1.03 and 1.05 for SI and SII, respectively due to lower values of additive
variance for lint index than additive covariance in both SI and SII. Total deviations of predicted additive
advance from predicted genetic advance according to SH-index were positive with all sample sizes due to the
presence of non-additive gene effects in the inheritance of most studied traits. The highest predicted genetic and
additive advances were observed with large sample size (SV) for both lint cotton yield and lint/boll. In contrast,
the lowest gains are showed with small sample size (SI) indicating that, extremely small populations with the
genetic and additive gains may be restricted by random loss of favorable alleles. In general, using SH-index for
improving all five studied traits simultaneously was optimal and recommendable with SIII, which gave
reasonable gains for all traits together. Concerning direct and indirect selection, the sample sizes varied in
recommendation improvement from trait to trait. SV presented the maximum predicted gains for both lint cotton
yield and lint/boll; SIII to SV for lint index , SIV and SV for halo length. SV was more logic for determination
predicted gains, where only SV gave low value of additive gain compared with genetic gain of lint percentage.
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Introduction

Successful selection is limited by the portion of
genotypic variance due to additive gene effect and
additive x additive epistatic interaction; because
these two types of gene effect can only be retained
by subsequent inbreeding. While if the non-additive
portion is larger than additive, the improvement of
the traits needs intensive selection through later
generations; when epistatic effects are significant, the
possibility of obtaining desirable segregates through
inter-mating in early generations can be achieved by
breaking undesirable linkage or by adoption of
recurrent selection for rapid improvement (Esmail,
2007). In connection with the computation of genetic
variances and means, it is of fundamental importance
to establish estimates of other genetic parameters,
such as the coefficient of heritability and genetic
variation, index of variation and genetic correlations
to predict gains, so the viability of determined

improvement program can be evaluated and the most
efficient selection strategy can be adopted
(Vencovsky, 1969).

The knowledge of the sample size in the breeding
material is necessary to determine the precisely
nature and magnitude of genetic effects to decide the
kind of breeding procedure more effective. Hence,
the efficiency of an index depends on the reliability
of parameter estimates used in its construction. Since
these estimates are often obtained from limited
material, such parameters may be subject to large
sampling errors including bias arising from different
sample sizes (Sidding, 1967). Moreover, Bliss and
Gates (1968) revealed that selection in populations of
16 and 32 individuals for F, generations resulted in
reduced genetic gain compared to selection in
populations of 64, 128, and 256 individuals from F,
generations. Predictions of genetic gain based on
statistics estimated from F, generations of larger
populations showed good agreement with realized
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genetic gain. Considerable efficiency can be gained
in a breeding program if selection is practiced in
populations of an optimum size. When populations
are extremely small genetic gain may be restricted by
random loss of favorable alleles, while very large
populations may preclude the use of more families.
However, it may be advantageous to increase sample
size in early segregating populations to allow
opportunity for desirable gene combinations to come
together. Also, Weber (1979) stated that the optimum
number of size of progenies for a given total
population size is necessary to minimize the risk of
not finding any favorable genotype in the breeding
material.

Few references on the effect of sample sizes on
genetic behavior, associations of different traits and
gains from selection are available. However, some
researchers use separately different sizes in early
segregating generations in their studies (Meredith
and Bridge, 1971; El-Kilany, 1976; Esmail, 2007;
Rahman and Malik, 2008 ; Soliman and EI-
Lawendey, 2008; Ahmad et al., 2009; Batool et al.,
2010 ; Hussain et al., 2010 ; Khan et al.,2010; El-
Lawendey and El-Dahan, 2012).

The objectives of this study were (1) to determine
and compare the effects of different sample sizes in
the three segregating populations (F, , BC, and BC,)
on the (i) types of gene effects (ii) broad and narrow
sense heritability (iii) genotypic and additive
correlations (2) to detect how previously parameters
influence the outcomes predicted gains from
selection index as well as direct and indirect
selection. (3) to detect the optimal sample size for
yield, yield components and halo length that gives
maximum advance from selection.

Materials and methods

Genetic materials and experimental procedures:
The present work was carried out at Sakha
Agricultural Research Station; Cotton Research
Institute. The experimental material consisted of the
six populations (P, P,, F,, F,, BC, and BC,) derived
from the cross of Giza 45 (P,) x Giza 70 (P;). The F,
hybrid and the three segregating populations (F, ,
BC, and BC;) were developed in 2009 and 2010
seasons, respectively. The six populations of this
cross were evaluated in a randomized complete block
design with two replicates in 2011 season. Each
replicate consisted of 120 rows; 10 rows for each of
P,,P,and F,, 50 rows for F,and 20 rows for each of
BC, and BC,. Each row was 6 m in length and 70 cm
in width. Seeds were planted in hills spaced 30 cms
apart and one plant was left per hill at thinning time.

Recommended agronomic practices and need based

plant protection measures were followed.

The data were grouped into five sample sizes
according to the number of individual plants in the
three segregating populations (F,, BC;, and BC;) as
follows;

-The first size (SI) included 200 plants for F,and 100
plants for each of BC, and BC,.

-The second size (SII) included 400 plants for F, and
125 plants for each of BC; and BC,.

-The third size (SIII) included 600 plants for F, and
150 plants for each of BC, and BC,.

-The fourth size (SIV) included 800 plants for F, and
175 plants for each of BC,; and BG,.

-The fifth size (SV) included 1000 plants for F, and
200 plants for each of BC, and BC,.

For non segregating populations (P; , P, and F)
numbers were fixed at 100 individual plants for each
of them in each size. Five traits were scored using
individual guarded plants from the six populations as
follows: lint cotton yield (g)/plant (LCY/P) , lint
(g)yboll (L/B) , lint percentage (L%) , lint index (LI)
and halo length (mm) (HL).

Statistical and genetic analysis:

Individual scaling tests were applied to the data
of the six populations as outlined by Mather (1949).
F, deviation (E,) and backcrosses deviation (E;) were
computed according to Marani (1968). Means and
variances of the six populations were used to
estimate the six parameters of gene effects, using the
Gamble's procedure (1962).
Heritability was computed in both broad (h%,) and
narrow (h%,) senses as follows:
(h%) = {[VF, - (VP, + VP, + VF,)/3]/ VF;} x 100 ...
(Allard, 1960)
(h%) = {[2VF, — (VBC, + VBCy)V/VF,} x 100 .........
(Mather, 1949)

Where:
VF, =The phenotypic variance of the F,
generation.
VF, =The phenotypic variance of the F,
generation.

VP, = The variance of the first parent.
VP, = The variance of the second parent.
VBC, =The variance of the backcross ~ first
parent.
VBC, = The variance of the backcross — second
parent.
Both genotypic (ry) and additive (r,) correlations
between studied traits were estimated as follows:
(rgij) = [G'PljF2 - (G'Pijp1+0'Pljp2+GPljF1)/3] /
{[6*PiF, — (o’Pip+o’Pip,+o’PiF,)/3][c’PjF; -
(o’Pipr+o’Pip,+o’PjF,)/3]}
(tsi) = [20PijF, — (cPijBC,+coPijBC,)] / {[26°PiF, —
(6*PiBC,+0°PiBC,)][20°PjF, ~
(6’PjBC,+0°PjBC; )]}2

Where:
o’Pip, = Phenotypic variance of the first parent
(trait i).
cszp, = Phenotypic variance of the first parent
(trait j).
6°P;p, = Phenotypic variance of the second parent
(trait i).
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cszpz = Phenotypic variance of the second
parent (trait j).
o°PiF, = Phenotypic variance of F, (trait i).
o?PjF, = Phenotypic variance of F; (trait j).
o°PiF, = Phenotypic variance of F, (trait i).
o°PjF, = Phenotypic variance of F, (trait j).
o’PiBC, = Phenotypic variance of BC, (trait ).
o°PjBC, = Phenotypic variance of BC; (trait j).
6’PiBC, = Phenotypic variance of BC; (trait i).
6’PjBC, = Phenotypic variance of BC, (trait j).
oPijp; = Phenotypic covariance between i and j traits
Ofpl.
oPijp, = Phenotypic covariance between i and j traits
Ofpz.
oPijF, = Phenotypic covariance between i and j traits
OfF].
oPijF; = Phenotypic covariance between i and j traits
of Fs.
oPijBC, = Phenotypic covariance between i and j
traits of BC,.
oPijBC, = Phenotypic covariance between i and j
traits of BC,.
Significance of correlation coefficients was tested as
outlined by Steel and Torrie (1960).
Classical selection index (SH-index) was
calculated from the formula of (Smith, 1936; Hazel,
1943):

SH-index = b, X; + b Xy + ... +b, X,

The appropriate index weights (b's) were
calculated from the following formula postulated by
Smith (1936) and Hazel (1943):

) =P)" . (G). (@)werernn. Application (I)
(5)=(P)" . (A). (@)rerrrrenn. Application (I1)
Where:
(b) =Vector of relative index coefficients,

(P)" = Inverse phenotypic variance-covariance
matrix,

(G) = Genotypic variance-covariance matrix,
(A) = Additive variance-covariance matrix and

(a) =Vector of relative economic values on
the basis of equally important, i.e.,
(@rey = (a)e = ()%= (@) = (@m. = 1
The expected gain for trait j (SG;) in index-based
was estimated according to the following expression:

SG; (SH-index)= i b* G; A(V(D) * .......... Application
1))
SA; (SH-index)= i b* A (V(I)) * ......... Application
(I
Where:

i denotes selection intensity obtained

considering a selection of 5%.

b denotes vector of weighting coefficients of
the traits in the selection index.
G; denotes x™ row of matrix G.
A, denotes x™ row of matrix A.
V (I) denotes index variance.
The expected gain through direct (SG,) as well as

(SA,) and indirect (SGyx) as well as  (SAyw)
selection was estimated as-

SG,=1i .08 hpxeerrerrrerienecnicnn Application (I)
SGypy=1i.08y. hpx. Ty eencennne Application (I)
SA,=i.08;. hpeevnrreicccnienee Application (II)
SAy=1i.08y. By Tagyy cernrvenens Application (II)

Where:

i denotes selection intensity obtained considering a
selection of 5% among progenies ; og, denotes
standard deviation of the genotypic variance of trait
X ; og, denotes standard deviation of the genotypic
variance of trait y ; hy, denotes square root of
heritability in broad sense , ryuy) is the genotypic
correlation between traits x and y , oa, denotes
standard deviation of the additive variance of trait
x ; oa, denotes standard deviation of the additive
variance of trait y ; h,, denotes square root of
heritability in narrow sense and rqy is the additive
correlation between traits x and y.

Results and discussions

1- Scaling test, epistatic deviation and types of
gene effects:

The standard error values (Table 1) tended to
decrease as the sample sizes increase for all studied
traits, except lint/boll indicating that sample sizes are
most effective to determine the parameters
significance of these traits. Epistatic deviations E;
and E, were in the same direction with the outcome
of A, B and C scaling tests with all sample sizes.
These indicated that the inadequacy of the additive-
dominance model and six-parameter model (i.e.
additive, dominance and interactions) identified best-
fit models with significant non-allelic. interactions for
all traits. The same finding was also reported by
Abd-El-Haleem et 4l.,(2010).

Types of gene effects using generation means are
presented in Tablel. Estimated mean effects
parameters (m), which reflects the contribution due
to the overall mean plus the locus effects and
interaction of the fixed loci were highly significant
for the studied traits with all sample sizes, denoting
that all the studied traits were quantitatively
inherited.
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Table 1. Scaling test values (A, B and C), epistatic deviations (E, and E;), standard errors and types of gene effects calculated

generations population for five cotton traits of the cross (Giza 45 x Giza 70).

using five sample sizes of segregating

Character Size Scaling test Epistasis F, mean Type of gene effects
A B C E; E, m a d aa ad dd

1 137199 041%2.02  9.60**+3.14  240**20.79  -0.48x149 438402067  -1.09:1.26 -628+3.78  -10.55%*£3.69 0895134 11514594

no 228177 066£1.94  12.24 **42.71  3.06**£0.68 -0.81£1.39  2504*%+0.54  -167£1.14 -9.59**£325 .13.86**3.15 1474123 15.48%+25.30

LCY/P m -342%+167 022185  14.69**42.42  3.67**£0.61 -1.60£1.33 25 66%*+0.45 2026106  -13.62%%:2.90 -17.88**+2.79 -1.82£1.15  21.07**+4.89
v 407159 -0.26£1.76  13.70**£222  3.42%*20.55 217128 2541#%4038  -2.10%20.99 -13.76**42.62  -18.03**£2.50 -1.91£1.09  22.36**+4.54

v 41251 -0.40£1.63  12.66**+2.12  3.16**+0.53 2265121 2515+4:034  -2.06*0.90 -12.91**12.40 -17.18**x226 -1.86£101  21.70%*+4.17

[ -0.21*+x0.03 -0.09**+0.03 0.07+0.05 0.018+0.01 -0.15**+0.02 1.00**£0.01 .0.10%*+0.02 -0.38**+0.06 -0.38**+0.06 0.06**+0.02 0.68%*+0.09

m  -0.19**+0.03 -0.10 **3+0.03 0.05+0.04 0.011+0.01 -0.15%*+0.02 1.00**+0.01  -0.09 **+0.02 -0.34*%+0.05 -0.34 **+0.05 -0.05*+0.02 0.63**+0.08

L/B m  -0.19**+0.03 <0.11**+0.02 0.02+0.03 0.004+0.01 -0.15**+0.02 0.99**+0.01 -0.08**+0.02 -0.31**+0.04 0.31**+0.04 -0.04*+0.02 0.61**+0.07
v -0.18**+0.03 -0.10**+0.02 -0.002+0.03 -0.001+0.01 -0.14**+0.02 0.99%%+0.01 .0.09**0.01 -0.28%*+0.04 -028%**+0.04 -0.04**+0.016 0.56**+0.07

vy -0.19**£0.02 -0.10** +0.02 -0.02+0.03 -0.005+0.01 -0.14**x0.02 0.98**10 01 -0.09**+0.01 -0.27%*+0.04 2027**+0.03  -0.04**+0.015 0.55**+0.06

I 4.07**+0.34 0.91**+0.34 3.19**+0.72  0.80**x0.18 249**£025 36 77%*10.17  -0.96**+0.22 1.57+0.82 1.79*+0 81 1.58%*:023  -6.77**+1.14

m- 3.46**+0.36 0.89**£0.31 2.64**+0.51 0.66**+0.13 2.17**+024 3663%*10.12  -1.26**+0.21 1.49%+0.64 1.71**+0.63 1.29%%£023  -6.05%*+1.00

L% Im  3.16**4034  082**+028  3.09**+043  077**0.11  1.99**2023  3675%+20.09  -1.37+*+0.20 0.67+0.55 0.89:0.54  117**+021  -4.87**09]
v 307**4032  084**2026  3.06°*+039 077**+0.10  1.96**40.22 3674*%+0.08 -1.43**+0.18 0.630.49 0.85:048  1.11**+020  -4.76**:0.83

\Y 3.09**+0.30 0.67*+0.26 3.17**+0.36 0.79**+0.09 1.88**+0.21 36.77%*%£0.07  -1.34**+0.17 0.37+0.45 0.59+0.44 121%%£0.19  4.35**+0.78

1 062*+0.13 0.1120.12 0.41+0.21 0.10+0.05 0.36**+0.09 5.58*%+0.05 -0.12+0.08 0.39+0.26 0.32+0.25 025%*+009  -1.05**+0.39

I 046**+0.13 0.04£0.11 035*20.16  0.09*+0.04  0.25**20.09  556%+2003  -0.17*+007 0224021 0.14:020  021**:008  -0.64+0.34

LI m 039**0.12 007+0.10  0.56**0.15  0.14**20.04  023**20.08  561#+:003  -0.21%*£0.07 -0.02+0.18 -0.09+0.18 0.16%+0.07 -0.370.31
v 0.32%*£0.11 0.06+0.10  0.65**+0.14  0.16**20.03  0.19*+0.08  5644#2002  -0.25%*+0.06 -0.200.17 0.270.16 0.13£0.07 -0.11£0.29

v  032**40.11 002009  0.67**+0.13  0.17**20.03  0.17*+008  564#x2002  -0.23**£0.06 0274016  -0.34*£0.15 0.15%£0.07 001027

[ -1.82**x039  -0.90*:0.44  -3.81**0.71 -095**+0.18 -136**+030  3663*+:0.16 0.40+0.26 2.00*0 84 1.09:0.83 -0.46+0.28 1.63£127

1 -2.16**+036  -0.89*x040  -2.68**+053 -067**:0.13  -1.53**x0.28  3691%s10.1] 0.22+0.24 0.54£0.67 0374065  -063*:025  3.42%*x1.09

HL m -211*#033  -0.92*4037  -321**4046 -0.80**+0.11  -1.51"*2026 3678+++009 026022 110 0.57 0.19+055  -0.60*:024  2.83*++0.95
IV 222444032 -0.97'*2034  -457**2043  -L14**20.01  -1.59%*2025 36 44%+20,08 023£020  229**+0.52  1.39**:050  -0.63**022 1.80*£0.90

v -2.17**+0.30 -0.93**+0.32 -4.60**+0.40 -1.15**£0.10  -1.55%**+0.23 34 43#*+0.07 0.24+0.18 2.40%*+047 1.50%*+0.45 -0.62%*+0.20 1.60+0.83

*and ** significant at the 0.05 and 0.01 levels of probability, respectively.
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The additive gene effects (a) were significant and

negative for all studied traits except lint cotton
yield/plant with the first three sample sizes (SI , SII
and SIII) and halo length with all sample sizes. These
results indicate the great importance of increasing
BC, and BC, sizes to detect the additive significantly
for lint cotton yield/plant. Significant additive x
additive epistatic type was detected for both lint
cotton yield/piant and lint/boll with all sample sizes,
and for lint percentage (SI and SII) , for lint index
(SV) and for halo length (SIV and SV).
Dominance gene effects (d) were significant for lint
cotton yield/plant with four sample sizes , lint/boll
with the five sample sizes , lint percentage with
SII ,and halo length with SI, SIV and SV. However,
the negative value of (d) observed for both lint cotton
yield and lint/boll with all sample sizes, indicated
that alleles responsible for less value of these traits
were dominant over the alleles controlling high
value. This conclusion is in agreement with that
obtained by Esmail (2007). Dominance x dominance
type of gene action (dd) was significant for lint
cotton yield/plant, lint/boll and lint percentage with
most sample sizes , and for lint index with SI as well
as halo length with SII to SIV. Also, additive x
dominance type of digenic epistasis (ad) was
significant for lint/boll , lint percentage , lint index
and halo length with most sample sizes. Similar
results were observed by Bhatti et al., (2006) for
fiber length. However, both fixable — additive as well
as additive x additive - and non fixable— dominance,
dominance x dominance as well as additive x
dominance - components tended to stabilize with the
increasing of sample sizes for lint cotton yield/plant
from the third size and for halo length from the
fourth size, and tended to decrease slightly for
linvboll and lint percentage. But, they tended to
fluctuate for lint index. These results indicated the
importance of increasing sample size to get the
precision and trust in these parameters

2- Broad and narrow sense heritability:

High to moderate broad and narrow heritability
estimates (Table 2) were found for all traits with
most sample sizes. The low difference between broad
and narrow sense heritabilities may be due to the
presence of fixable components — additive and
additive x additive — in the inheritance of most
studied ftraits. Heritability estimates tended to
decrease from SI to SV for lint percentage. Also, the
estimates of narrow sense were higher than their
corresponding broad sense estimates with all sample

sizes except with SV. This could be attributed to

small sample sizes (SI, SII, SIII and SIV), which
gave the lower values of backcrosses variances
(VBC; + VBC,;) than those obtained from
environmental variances (VP + VP, + VF,)/3, where
both of them were subtracted from F, variance (VF3)
in both formula of broad and narrow sense

heritabilities , in addition VF, multiply by 2 in case
of narrow sense heritability formula. These results
confirmed the importance of increasing sample sizes
to avoid the bias arising from using small sample
sizes for lint percentage.

Table 2. Broad (h%) and narrow (h%) sense
heritability values calculated using five sample
sizes of populations for five cotton traits of the
cross (Giza 45 x Giza 70).

Parameter Size LCY/P L/B L% LI HL
I 53.5 667 823 670 683
il 64.2 66.3 80.5 657 66.6
w2, I 655 68.8 79.5 68.0 62.7
IV 635 66.7 788 684 65.7
V 640 66.1 774 68.0 642
1 26.0 58.3 1162 588 63.8
1I 62.9 539 91.1 450 55.3
K2, 1 626 67.8 81.9 54.1 388
IV 523 63.3 803 545 56.6
vV  63.0 654 694 492 573

3- Genotypic and additive correlations:

Coefficient of genotypic and additive correlations
among different character combinations are given in
Table 3. Generally, additive correlation cocfficients
were higher than genotypic correlation coefficients
with most sample sizes. The correlation coefficients
revealed that lint/boll , lint percentage and lint index
had positive and significant with lint cotton
yield/plant at most sample sizes. Also, lint/boll had
positive associations with both lint percentage and
lint index. Lint percentage exhibited positive
association with lint index, but it showed negative
correlation with halo length. Only additive
correlation between lint index and halo length was
significantly negative with SIII to SV. Thus,
increasing the population size did not alter the effects
of linkage, since both the magnitude and direction
appeared to be the same for most sizes of populations.
This agrees with the report of Bliss and Gates (1968).
On the other hand, the relationship between halo
length and lint/boll changed from negative (SI and
SII) to positive (SIII, SIV and SV). However, halo
length showed only positive additive association with
lint cotton yield/plant with four sample sizes.
Pseudo-additive correlation coefficients between lint
percentage and lint index were 1.03 and 1.05 for SI
and SII, respectively, due to that values of additive
variances for lint index being lower than additive
covariances in both SI and SII. These results
coincided with those reported by Singh et al. (1985).
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Table 3. Estimates of genotypic and additive (in bracts) correlation coefficients under five sample sizes of

population between all pairs of studied traits.

Trait Size LCY/P /B L% i
1 0.20%*
(0.22%%)
I 022+
(0.36%%)
0.20%*
LB 0 gy
0.15%%
v (0.18*%)
0.17%%
v (0.21%%)
1 0.33%* 0,68+
(0.45%%) (0.84%%)
I 0.28% 0.63+%
(0.33%%) (0.90%%)
023+ 0.52%%
0,
L% 1 (0.14%%) (0.58**)
v 0.20%* 0.50%%
(0.06) (0.55*%)
N 0.19%% 0.49%%
(0.02) (0.51%%)
1 0.28%* 0.69% 0.50%
(0.31%+%) (0.81*%) (1.03%%)
. 0.24% 0.67°% 0.89%
(0.26**) (0.84%%) (1.05*%)
. " 0.22% 0.58%* 0.86%%
(0.15%%) (0.58%%) (0.93*%)
v 0.17%% 0.55% 0.86%F
(-0.02) (0.56**) (0.93*)
N 0.17%* 0.55%% 0.84%
(-0.02) (0.57+%) (0.91*%)
-0.08 20.10 -0.15% 20.03
! (0.31*%) (-0.26**) (-0.15*%) (0.08)
. -0.12% 20.08 -0.10%% 20.07
(0.01) (-0.13*) (-0.29%%) (-0.09)
N ' ~001%* .
. - 004 0.01 021 005
(0.32*%) (0.09) (-0.46*%) (-0.12*%)
0,01 0.05 -0.19%* 20.05
v (0.39%+) (0.16%%) (0.38%%) (-0.19%%)
N 20.01 0.09 20,207+ 20.04
(0.23%%) (0.204%) (-0.37+%) (-0.16*%)

*and ** significant at the 0.05 and 0.01 levels of probability, respectively.

4- Predicted gains from selection:

Total deviations of predicted additive advance
from predicted genetic advance according to classical
selection index SH-index selection (Table 4) were
positive with all sample sizes. This may be due to the
presence of non-additive gene effects in the
inheritance of most studied traits (Table I). On the
other hand, negative individual deviations for halo
length with all sample sizes may be interpreted on
basis of additive covariances between halo length
and each of lint cotton yield , lint/boll , lint

percentage and lint index, which were higher than
their corresponding genotypic covariances. The
highest predicted genetic and additive advances were
observed with the largest sample size (SV) for both
lint cotton yield and lint/boll. This comes from the
fact that the expected frequency of the desired trait
genotype is always higher in case of large sample
size than in case of small sample size. Also, Jansen

(1992) suggested that selection procedures have

often been discussed based on the criterion of
achieving a sufficiently high probability of obtaining
the desired genotypes.
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Table 4. Mean of selected progenies (Xs), predicted gains (PG) according to genetic and additive portion by
classical selection index (SH-index), and deviations between predicted genetic and additive gains (D) under
five sample sizes of populations of studied traits in the F, generation.

Variable Size Application Xg PG PG% D
1 Genetic(l) 50.42 13.93 57.14 10.74
Additive(1l) 36.65 3.19 13.08
I Genetic(l) 53.44 18.21 72.72 -0.16
Additive(1l) 54.24 18.37 73.36
. Genetic(l) 54.65 18.99 74.01 0.96
LCYp 1 Additive(1l) 54.45 18.03 70.27
v Genetic(l) 54.65 18.56 73.04 4.19
- Additive(1l) 52.90 14.37 56.55
v Genetic(l) 54.65 18.89 75.11 -0.39
Additive(l]) 55.76 19.28 76.66
N I Genetic(l) 1.08 0.05 5.00 0.00
Additive(Il) 1.09 0.05 5.00
I Genetic(l) 1.12 0.08 8.00 0.02
\ Additive(1l) 1.11 0.06 6.00
- L/B 1 Genetic(l) 1.14 0.10 10.10 0.00
. Additive(ll) 1.13 0.10 10.10
N\ v Genetic(l) 1.14 0.10 10.10 0.03
Additive(1l) 1.09 0.07 7.07
\ * v Genetic(l) 1.14 0.10 10.20 -0.01
Additive(l) 1.15 0.11 11.22
I Genetic(l) 38.53 1.45 3.94 ~2.63
Additive(1l) 40.28 4.08 11.10
I Genetic(l) 38.93 1.85 5.05 0.28
Additive(dl) 38.35 1.57 4.29
L% I Genetic(I) 38.92 1.72 4.68 0.99
Additive(l) 37.63 0.73 1.99
v Genetic(l) 38.92 1.71 4.65 1.62
Additive(l) 36.85 0.09 0.24
v Genetic(l) 38.92 1.66 4.51 2.17
Additive(l) 36.04 -0.51 -1.39
I Genetic(l) 6.16 0.39 6.99 -0.15
v Additive(ll) 6.49 0.54 9.68
I Genetic(l) 6.66 0.72 12.95 0.38
Additive(1l) 6.32 0.34 6.12
LI 1 Genetic(l) 6.68 0.73 13.01 0.33
Additive(1]) 6.35 0.40 7.13
v Genetic(l) 6.68 0.71 12.59 0.46
. Additive(ll) 6.10 0.25 4.43
' v Genetic(l) 6.68 0.71 12.59 0.65
) T Additive(Il) 5.76 0.06 1.06
N I Genetic(l) 36.90 0.18 0.49 -1.33
' Additive(ll) 39.00 1.51 4.12
: ' 1 Genetic(l) 36.80 -0.07 -0.19 -0.39
N Additive(@l) 37.50 0.32 0.87
HL I Genetic(l) 36.80 0.01 0.03 -0.66
Additive(Il) 38.50 0.67 1.82
v Genetic(l) 36.80 0.24 0.66 -1.66
Additive(1]) 39.80 1.90 5.21
v Genetic(l) 36.80 0.24 0.66 -1.00
Additive(1D) 38.60 1.24 3.40
I Genetic(l) . 16.00 73.56 6.63
Additive(ll) 9.37 42.98
I Genetic(l) ] 20.79 98.53 0.13
Additive(Il) 20.66 90.63
Total gain I Genetic(l) i} 21.55 101.83 1.62
Additive(Il) 19.93 91.30
: v Genetic() ) 21.32 101.04 4.64
* Additivedl) 16.68 73.51
v Genetic(l) i} 21.60 103.08 1.42
Additive(1]) 20.18 90.97
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On the other side, the lowest gains are shown
with the smallest sample size (SI), indicating that
when populations are extremely small the genetic
and additive gains may be restricted by random loss
of favorable alleles. However, the increase of sample
sizes caused gradual decrease in lint percentage. This
could be interpreted on the basis of the gradual
decrease of heritability values in both broad and
narrow sense of this trait from SI until SV (Table2).
In general, using Smith-Hazel index for improving
all five studied traits simultaneously was optimal and
recommended with SIII (F, equal 600 plants), which
gave reasonable gains for all traits together.

Comparing total gain from direct selection for lint
cotton yield with those of other traits (Table 5),
revealed that the gain from direct selection was
higher than those of others. Because lint cotton yield
exhibited greater magnitude of genetic and additive
variances across all sample sizes. Also, the results in
Table 5 showed that the highest predicted gains were
generally achieved when direct and indirect selection
are used per se. Similar results were obtained by El-
Lawendey and El-Dahan (2012). However,
recommended sample sizes for improvement varied

from trait to trait. SV presented the maximum
predicted gains for both lint cotton yield and lint/boll;
SIII to SV for lint index and SIV and SV for halo
length. Concerning lint percentage, SV was more
logic for determination of predicted gains, where
only SV gave low value of additive gain compared
with genetic gain. Indirect selection from direct
selection for yield and its components had little gains
for halo length with most sample sizes. This was
related to the extremely small magnitudes of genetic
and additive association between those traits and halo
length.

Results obtained indicate that direct and indirect
selection is easy to apply and its optimal use when
the breeder wants to improve a single trait only, it
does not take into account their additive or genetic
association in consideration. For this reason direct
and indirect selection is never as efficient as the
Smith-Hazel index to realize improving all the
studied traits simultaneously. However, total additive
gain from Smith-Hazel index appeared to be reduced
more than that from direct selection for lint cotton
yield with SV.

Table 5. Percent predicted gains (PG%) according to genetic (1) and additive (II) portion by direct and indirect
selection under five sample sizes of populations of F, generation,

Variable Size Application LCY/P L/B L% LI HL
1 Genetic(l) 5711 16.17 .73 326 5.46
Additive(Il) 27.74 7.85 327 1.58 265
I Genetic(l) 78.99 14.78 3.30 20.00 10.81
Additive(T]) 77.44 14.49 3.24 19.61 10.60
Genetic(l) 77.99 678 1193 2.30 922
LCYp 1 Additive(T]) 74.52 6.48 11.40 2.20 8.81
v Genetic(l) 76.91 11.16 12.29 6.80 11.09
Additive(l]) 63.34 9.19 10.12 5.60 9.13
N Genetic(l) 79.06 12.03 13.19 4.33 23.00
Additive(T]) 71.77 11.84 12,98 -4.26 22.63
. Genetic(l) 479 2871 18.34 13.69 10.50
Additive(Tl) 4.18 25.09 16.03 11.97 9.18
I Genetic(l) 9.75 3170 18.66 12.95 1055
Additive(ll) 7.93 25.78 15.18 10.53 8.58
UB - Genetic(l) 13.45 38.86 24.56 0.4 1151
Additive(T]) 13.25 38.29 24.20 -0.43 11.34
v Genetic(l) 13.44 39.84 24.27 532 789
Additive(Tl) 12.76 37.81 23.03 5.05 7.49
v Genetic(l) 13.65 39.92 24.43 14.59 10.28
Additive(l]) 13.49 39.46 24.15 14.43 10.16
. Genetic(l) 3.94 8.54 10.62 8.14 1.96
Additive(l]) 5.56 12.07 15.01 11,50 277
I Genetic(l) 123 525 10.75 7.79 4.69
Additive(Il) 1.39 5.94 12.16 8.81 5.30
Lo - Genetic(l) 217 7.46 11.03 6.70 437
Additive(l]) 2.24 7.68 11.36 6.90 450
v Genetic(l) 207 520 1095 T 6.55 2.69
Additive(ll) 221 531 1117 6.68 275
v Genetic(l) 2.07 5.05 10.70 8.90 2.59
Additive(I]) 1.86 453 9.58 7.97 2.32
. Genetic(l) 6.94 1085 13.76 19.04 713
Additive(ll) 6.09 9.53 12.08 17.50 6.26
L . Genetic(l) 3.22 11.47 12.18 20.83 8.47
Additive(T]) 221 7.86 8.34 1427 5.80
Th Genetic(]) 6.85 12.52 16.76 25.04 8.06
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Additive(l]) 5.44 9.94 13.31 19.90 6.40
v Genetic(l) 6.57 11.37 16.48 25.26 4.65
Additive(T]) 5.23 9.06 13.14 20.13 3.71
v Genetic(l) 6.45 11.23 16.31 26.32 5.68
Additive(l) 4.67 8.13 11.81 19.05 4.11
I Genetic(l) 0.50 -3.97 -0.43 0.69 8.71
Additive(1) 0.47 -3.71 ~0.40 0.64 8.14
i Genetic(l) 0.34 -2.37 -0.92 -0.20 9.18
Additivedl) 0.28 -1.97 -0.77 -0.17 7.62
HL 1 Genetic(l) 0.21 -2.01 1.91 -1.50 8.91
Additive(Il) 0.13 -1.24 1.18 -0.93 5.51
v Genetic(l) 0.83 -1.15 2.63 -1.33 10.20
Additive(1l) 0.72 -0.99 227 -1.15 8.79
v Genetic(l) 0.82 -1.12 2.58 2.06 10.16
Additive(l) 0.73 -1.00 2.31 1.83 9.07
I Genetic(l) 73.28 60.30 35.56 45.72 33.76
Additive(Il) 44.04 50.83 39.45 43.19 29.00
I Genetic(l) 93.53 60.83 43.97 61.37 43.70
Additive(T) 89.25 52.10 38.15 53.05 37.90
Total gain I Genetic(l) 100.67 63.61 66.19 32.10 42.07
Additive(Il) 95.58 61.15 61.45 27.64 36.56
v Genetic(l) 99.92 66.42 66.62 42.60 36.52
Additive(Il) 84.26 60.38 59.73 36.31 31.87
v Genetic(l) 102.05 67.11 67.21 47.54 51.71
Additive(Il) 98.52 62.96 60.83 39.02 48.29
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