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ABSTRACT

Some selection procedures i.e. selection index involving 10 indices and pedigree
line selection for four separately traits (lint yieldplant, bolls/plani, seeds/boll and
lint/seed) were used to improve lint yield, yield components and fiber properties in early
segregating generations; F, F; and F, of the cotton cross; (Giza 86 x Suvin).
Performances of F,; generation were higher than those of F; generation for lint
yieldplant, bolls/plant, lint'seed, boll welght, seed index and fiber strength. Deviations of
the realized advance from the predicted of lint yield determined in F; to F, generation
were positive and high for all selection procedures. The realized efficiencies relative to
pedigree selection for lint yield (Ped.,) were 283.3% for selection index involving
bolls/plant seeds/boll and lintseed (I)1;;), 211.5% for selection index involving lint
yield/plant and seeds /boll( I,;), 211.5% for selection index involving lint yield/plant and
lint/seed(l.;) and 209.4% for selection index involving lint yield /jplant bolls/plant and
lintseed (1,;3) in F; generation, Maximum gains for lint yield/plant, bolls/plant, boll
weight, seed index and fiber strength were obtained when applying selection index Ipp;.
However, pedigree selection for the traits; bolls/plant, seeds/boll and lintseed are
recommended in itself improvement. The path coefficients of lint with its components
(bolls/plant, seeds/boll and lint/seed) were changed from F; fo F, generations, This may
be arrributed to the efficlency of selection procedures application in this study.
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INTRODUCTION

Improving lint yield, yield components and fiber quality are
important objectives in breeding cotton. Gain from selection in a breeding
program depends on genetic variation within a population for a given trait,
heritability of that trait, and selection intensity (Falconer 1981).

Selection index technique was proposed by Smith (1936} and Hazel
(1943) to be used in the simultaneous improvement of several traits and to
select for relatively more heritable correlated traits. A number of studies
have reported on the selection index in cotton (Kamalanathan 1967, El-
Kilany 1976, El-Okkia 1979, Mahdy 1983, Al-Rawi and Ahmed 1984,
Hassabalia er al 1987, Mahdy et al 1987, Younis 1999, Gooda 2001, El-
Lawendey 2003, Soliman and El-Lawendey 2008 and Kassem et a/ 2008).
Numerous cotton research workers reported that lint yield, the most
important economic trait in cotton, is a complex character and depends upon
the action and interaction of a number of factors, hence Mahdy (1983) found



that the modified selection index was more efficient in improving lint yield
and its components than the conventional index and single character
selection. Also, he found that the selection index which involves lint yield,
bolls/plant and lint/seed may be recommended .Al-Rawi and Ahmed (1984)
indicated increases in efficiency of selection for yield from 1.4 to 34.0% for
various indices. The index incorporated yield, bolls/plant and seeds/boll
(Twi2) was superior to all other selection indices in the predicted advance and
is recommended therefore. Mahdy et af (1987) compared several indices of
selection. They reported that the selection index involving lint yield /plant,
bolls/plant and lint/seed (I,i3) was the only one that gave significant
increase of lint yield/plant (28.63%) and bolls/plant (20.08%) over mid-
parent. Younis(1999) mentioned that the highest realized response obtained
in the Fs generation was 15.1%over the high parent in lint yield (index I3)
and 21.5% in bolls/plant (index I;3).There were large discrepancies between
predicted and realized gains. These results were expected because genotypic
variances and covariances used to calculate predicted gains were likely
biased by certain genotypic X environment interaction. On the other hand,
El-Okkia (1979) and El-Lawendey (2003) showed that the highest predicted
genetic advance for lint yield was achieved when selecting for yield alone.
Selection for yield and the other two yield components (seeds/boll and
lint/seed) resulted in reduction of predicted advance.

Pedigree line selection is preferred by plant breeders because it is
versatile and makes the possibility of conducting genetic studies along with
the plant breeding work. Thus, pedigree line selection with selection by
independent culling levels has been utilized for cotton varietal maintenance
in Egypt.

Path coefficient analysis was used to estimate the relative
contribution of yield components to yield variation in cotton by several
workers {Ghaly et al 1990, El-Beily et al 1996, Badr et al 1999, Asad et al
2002 and Soliman ef al 2007) who reported that bolls/plant and lint/seed
contributed the greatest part of variation to cotton yield. Smith and Coyle
(1997) found that the cotton lint production and fiber quality are complex in
nature. Linkage plays a role in the association of low fiber length and/or
strength, and increased within-boll lint yield. Thus, breeding procedures that
have been successful in breaking linkages of other characters should be
successful in breaking these linkages also. The first objective of the research
reported herein was to determine the predicted and realized gains from
different selection procedures for improving lint yield. A second objective
was to determine the correlated response between selected and unselected
traits. A third objective was to determine the path analysis as affected by
selection procedures.
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. MATERIALS AND METHODS

Genetic mater;als and selectmn procedures L

The present study wa 'ut:at Sakha Agncultural Research
Station, during 2003, 2006z 7 growitig seasons. The materials uséd
were the F;, F3 and Iy gene ns,, of mtraspecﬂ'lc cotton (Gossypw{ﬂ
barbadense 1.} cross (Giza 86 x| S fn' Giza 86.was derlved frpm the cross
between Giza75 and Giza81.Suvin ¢ 2 ‘nchan variety was d loped from the
hybndlzatlon between Sujata and Vincent. J ’ e

2 iF, generation with oFiginad parents/were gréwn in o replicated rows
2 A 0 meter ‘fong=with 40 ¢m-hill space, while Tow to:tow width was-kept-85
. €m gpart; One plant wastleft per-hillaar thining. time. Self polligatiom was
practiced for all F, plants. Selfed as well as open polinated bolls/plart-of
300guarded plants were picked up sepatately and .the total seed. cotien
yield/plant was ginned and ling yield /plant, bolls/pl&nt seeds/borllv 41nt/seed
‘bol} weight, seed index and fint percentage were determined. . .

Using 5%, selection  intensity the plants having “the | hlghest
performance in each selection. procedures were saved. ~These gave a total of
53 F; selected progenies (ﬁfteen supenor progemes from each selection
procedure).

In 2006 seasomn, part of selfed seeds of 53 selected progenies were
evaluated with a random sample of bulked seed of F; generation in a
randomized complete blocks desxgn w1th three rephcates Expenmental plot
was of single row as carried jn 2005. -

The 53 progemes were ranked usmg fourteen selecnon procedures
The five superior progenies of each’ selectlon procedurcs were seleCted using
9.4% selection intensity. In' 2007 séason, selfed seeds of selected progenies

{18 progenies) were evaluated with a-random sample of bulked seed of Fy
generation in a randomized complete: blocks .design with three replicates.
Experimental plot was lay out as same as carried out in 2006.The planting
dates were April 14,10and 17 in 2005, 2006 and 2007, respecuvely
Selection procedures were as follows:

2

Isiz = Selection index involving lint yield/plant, bolls/piant and ¢ .-
seeds/boll. SRR

Iwi3 = Selection index involving lint yieid/plant, bolls/plant and a
lint/seed. -

Iw2z = Selection index involving liat yield/plant, seeds/boll and_
lint/seed. _ , , ‘ _ S

Ii;; = Selection'index involving bolls/plant, seeds/boll and lint/seed.

T = Selection index involving lint yield/plant and bolls/plant.

Tw2 = Selection index involving lint yield/plant and seeds/boll. .

Ins = Selection index involving lint yield/plant and liny/seed.
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T - Selection indexX invuiving bolls/plant and seeds/boll.
Lia - Nelection indev invoiving bolls/plant and lint/seed.
1 = Seleciion index involving seeds/boll and lint/seed.
FPed.w = Pedigree selection for lint yield/plant.

Ped.; = Padigree selection for bolls/plant.
P.i- = Pedigree selection for seeds/boll.
red.a = Pedigree selection for lint/seed.

The studied characters were: lint yield (g)/plant (3.). bolls/plant
(x,), seeds/boll {x;), lint (g)/seed (x3), boll weight (g). seed index {g), lint
percentage, fiber length at 2.5% span length (mm), fiber strenzth {g/tex).
vellowness degree (1),

Statistical and genetic analysis

Heritability in broad sense was calculated according to the foliowing
“Xpressions.
VFy-(VPL+ VP,)2 x 100

VE,

azg x 100 { Walke: 19507
g=p

h% {in F2 Zeneration) =

h% (in P3 and Fy generation) =

Where:
VF, = The phenotypic variance of the F¥; population.

VP, = The variance of the first parent (Giza 86).

VP; = The variance of the second parent {Suvin).

o’g = The genotypic variance of the F; and F, generations.
o’p = The phenotypic variance of the F; and F4 generations.

The phenotypic and genotypic coefficients of variation were
estimated using the formula developed by Burton (1952).

The relative importance or economic values (a;) was calculated
according to Walker (1960).

a (lint vield/plant)y=X, XX

a1 (bolls/plant)=X,.Xs

2 (seeds/bol)=X, X;

a; (lintseed) =X;.X;

Where: X's represent the mean values of the studied characters.

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

(b)=(P)". (G). (a)
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Where:
(b)=Veciy of relative index coefficients,
{(PY'=Inv¢ - ¢ phenotvpic variance-covariance matrix,
((G)=Geno ypic variance-covariance matrix and
fa)y=Vector ui relative economic values.

The forn 11 suggested by Smith (1936) and Haze! {1943) was v :d
in calculating vari» s selection indices:

Predicic ¢ improvement in lint yield on the basis of an index was
ostimated accordir 2 to the following expression:
~zlection advance TA)= SD(Zb.-.()'giw)“2 ‘ Walker 1960)
W here:
SD denote: :election differential in standard units.
b;  denoter ndex weights for characters considered in an index.
o g denotes ¢ enotypic covariances of the characters with vield.

Predicted g:retic advance in lint yield based on pedigree selection
was estimated from e following expression:
(AG,) due to selectio for X=K.ogi/opi { Miller and Rawlings 1967).
Also, the pre iicted response in any selected and unselected character
was calculated as suy :1ested by Robinson e o {1951) and Walker (1960).
The realized .ains was calculated as deviation of generation mean
for each character irom procedure mean of that character. The path
coefficient analysis a formulated by Dewey and Lu (1959) was estimated.

RESULTS AND DISCUSSION

Heritability veiues in broad-sense, phenotypic (PCV) and genotypic
(GCV) coefficients o variation. and means for all traits are presented in
Table (1). With an ex« 2ption for seeds/boll in the three generations and boil
weight in Fy and F; g nerations, estimates of heritability for all traits were
high. In spite of the h gh heritability estimates recorded for most traits but
these esiimates are oft« n obtained from limited material, and therefore, such
parameters may be su: ject to large sample errors including biases arising
from G x E interaction.

The observed phenotypic and genotypic coefficients of variability
were larger in F» th.n those of the succeeding generations for lint
yield/plant, bolls/plant, ;eeds/boll and lint percentage. Both PCV and GCV
in F3 generation were hiyrher than Fy for lint yield/plant, bolls/plant, seed
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Table 1. Estimates of broad sense heritability (h%,), phenotypic (PCV) and
genotypic (GCV) coefficients of variation, means and standard errors
{SX) for the ten studied characters in F;, F; and F, generations.

Character Generation W PCY % GCV % Mean + Sx
Lint yield (g)/plant F. .1 300 25.3 2427+ 0.42
{Xw) F; 759 26.3 229 28.33 + 3.66
F, 64.0 21.4 17.1 31.80 + 4.08
Bolis/plant (x,) F, 715 19.9 253 20,14 + 0,35
| 76.1 26.0 227 26.67 + 139
Fy 531 29.5 14.9 28.56 + 4.01
Seeds/bol} ¥, 43.4 8.4 55 18.31 + 0.69
(xz) F; 303 6.9 38 18.21+1.05
Fy 354 8.3 5.0 1724 + 1,16

Lint {(g)/seed (x3) F; 50.0 83 5.9 0.066 + 0.0003

F, 833 7.2 6.6 0.059% + D.002

¥, Ti.0 8.6 7.2 0.063 + 0.003
Boll weight (g} ¥, 4.4 7.6 4.5 327 +0.01
Fs 428 7.1 4.7 2.77+0.15
F, 74.3 9.4 8.1 2.93 + 0.14

Seed index (g) [ Fa 515 6.3 4.8 1136+ 0,04 |

Fs 82.2 7.1 6.4 9.38 + 0.28
F, 392 6.4 4.9 10.56 + 6.43
Lint percentage F, 69.5 4.1 34 36.92 £ 0.09
F; 90.1 3.4 32 38.52 +0.41
F, 84.6 37 3.4 38.19 + 0.55
Fiber length at2.5% Fs 89.0 540 4.7 30.81 + 0.51
span fength {(mm) Fq4 87.1 5.0 4.6 30.47 + 0.55
Fiber strength (g/tex) ¥, 74.9 58 50 34,77 £ 1.01
F, 68.6 6.1 5.1 35.65 + 1.22
Yellowness degree Fs 93.7 9.7 9.4 924+022
{+h) L ¥, 894 8.7 8.2 8.87 + 0.25

index, fiber length at 2.5% span length and yellowness degree. This
indicates that, the magnitude of the genetic variability persisted in these
material was sufficient for providing rather substantial amounts of
improvement through the selection of superior progenies. Similar results
were obtained by Meena et g (2001) and El-Lawendey (2003).

Comparing means of F4 generation with those F3, it is apparent that
the means of F4 were higher than those of F; for lint yield/plant, boils/plant,
lint/seed, boll weight, seed index and fiber strength. This attributed to the
efficiency of selection procedures application in this study. Similar results
were obtained by Meena er a/ (1991) and Meena et af (2001).

Gain from selection for lint yield/plant
Predicted and realized advances from selection procedures for lint
yield alone are presented in Table (2), whereas Table (3) presents data of
lint components. The highest predicted genetic advance from F, generation
was obtained with the indices Iy, ly; and I;2. Because bolls/plant, seeds/boll
and lint/seed have a large direct effects and the contribution of the three
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Table 2. Predicted and realized gains from the different selection procedures for improving lint yield (g)/plant in
F3, I'5 and F4 generations.

Selection Predicted gain F; Realized gain F; D Predicted gain F, Realized gain F, D
precedures i ii% iii% i _ ii% iit% i . ii% iii% L% iii%
| NP 10.00  41.2 93.7 [ 1073 ( 389 | 100.0 [ -0.73 | 9.5] 33.6 96.2 2.34 7.5 1000 | 7.17
Luia 9.71 40.0 91.0 | 10.69 | 3838 99.6 | -0.98 | 9.44 33.3 95.4 4.90 158 | 2094 | 4.54
Ty2s - 12.39 | SL1 116.1 | 160.73 | 389 | 100.0 | T.66 | 13.40 | 473 | 1355 | 2.34 7.5 100.0 | 11.06
Iz 1256 ; 51.8 | 117.7 | 9.99 36.2 93.1 257 | 1340 ) 473 | 1355 | 6.63 21.3 | 2833 | 677
| 9 9.97 41.1 934 | 10.73 | 389 | 100.0 | -6.76 | 9.51 336 96.2 2.34 7.5 100.0 | 7.17
I 1338 1+ 5501 | 1254 | 1044 | 379 | 973 294 | 13,10 { 462 | 1325 § 495 159 | 211.5 | 8.15
Lys 13.07 | 53.9 | 1225 | 1044 | 379 97.3 263 | 1284 | 453 | 1298 | 495 159 | 2115 | 7.89
Iy, 1291 | 532 | 121.0 { 8.56 3.0 79.8 435 | 1150 { 406 | 1163 { 2.76 8.9 1179 | 8.74
Lia 12.68 | 52.2 | 118.8 | 9.69 35.1 90.3 299 1277 | 451 | 1291 | 2.19 7.0 93.6 | 10.58
Iz -0.19 | -0.8 -1.8 | -191 -6.9 | -17.8 | 1.72 7.49 264 757 | -2.01 -6.5 | -859 { 9.50
Ped. ,, 10.67 | 44.0 | 1000 | 10.73 | 389 ; 100.0 ; -0.06 | 989 349 | 100.0 | 2.34 1.5 160.0 | 7.55
Ped,, 10.18 | 41.9 954 | 10.04 | 364 93.6 0.14 9.73 34.3 98.4 4.07 13.1 173.9 | 5.66
Ped., 0.09 04 0.8 -0.50 | -1.8 -4.7 0.59 | -2.01 -7.1 -203 ( -6.17 | -19.9 | -263.7 | 4.16
Ped.; 2.00 8.2 187 ) -0.94 | -3.4 -3.8 2.94 L_.}i‘/ 12,2 N 351 ) 223 | 72 ) 953 | 570

Fy=2427 F,=2833 F,=31.80 Check mean (F:)=27.57  Checkmean  (F))=3107
(i) Predicted and realized gains as lint (g)/plant.

(ii%) Predicted and realized gains percentage as estimated from generation mean and check means, respectively.
(i1i%) Predicted and realized gains as a pereentage of the response to truncation pedigree selection for lint yield only.
(D) Deviations of realized gains from predicted gains are given as lint (g)/plant.
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Table 3. Predicted and realized responses to selection by using fourteen different selection procedures which
estimated from F;, F; and F4 means for bolls/plant, seeds/boll and lint/seed.

Bolls/plant (x,) Seeds/boll (x3) Lint {g)/seed {xy)
Selection { Predicted | Realized | Predicted | Realized | Predicted | Realized | Predicted | Realized Predicted Realized Predicted Realized |
procedures| response F; | response Fy | response F | response Fy | response Fy | response F; | response Fy | response Fy| response F2 | response ) response K response F;
i (%) i Jii% | 0 6% 0 (6% ] 1 [ii%] 1 [§i% | i [ii%]| 1 |Iii% i ii% i ii% i ii% i ii%

L1z 7.14 | 355 [10.08] 36.3 | 8,73 | 32.7 | 4.02 | 153 |-0.001[-0.01 | -0.42) -2.3 |-0.02}-0.11 {-L.00 | -5.7 lEEM}I)O 0.00 (0.0010| 1.8 (0,000004| 0.007 | 0001 | 15
Lwi 718 { 35.7 933 | 33.6 { 511 | 30.4 | 536 | 20.5 {-0.007{-0,04 | -0.16( 0.9 [-0.02|-0.11{-0.55( -3.1 [0.0000] 0.00 [0.0014| 2.5 | 0.00001 | 0.017 { 0.001 | 15
| =5 8.87 | 44.0 (10.08] 363 (12.08] 453 | 4.02 | 15.3 [-0.001|-0.01 | -0.42( -2.3 |[-0.07 | -0.38 | -1.00 -5.7 [0.0000( 0.60 20.0010] 1.8 | 0.00002 | 9.034 (0.001 | 1.5
I 8.00 | 39.7 | 9.61 | 34.6 [12.21| 458 | 6.44 | 24.6 [-0.040/-0.221-095| -53 [-0.18]-0.99] 0.01 | 0.1 |0.0000] 0.00 |0.0022] 3.9 | 0.00004 | 0.068 [ 0.000 { 0.0
) - 7.07 | 35.1 110.08] 36.3 | 8.60 | 32,2 | 4.02 | 15.3 |0.000( 0.00 | -0.42 “23 [.005{-027(-1.00{ -5.7 [0.0000{ 0.00 (0.0010| L8 {0.00001 { 0.017 | 0.001 1.5
| 9,57 | 47.5 } 9.51 ) 34.2 |11.51] 43.2 | 529 | 20.2 |-0.001]-0.01 | -0.81 ] -4.5 | -0.14}-0.771-0.38| -2.2 |0.0000| 0.00 10.0027) 4.8 (0.0°0004 ) 0.068 | 0.001 | 1S
Ias 892 | 443 | 9.51 | 34.2 |11.25] 422 | 5.29 | 20.2 [0.000] 0.00 | -0.81 | 4.5 {-0.13|-0.71 j-0.38| -2.2 {0.0000] 0.00 10.0027] 4.8 | 0.00004 | 0.068 | 0.001 | 1.8
Y 10.18| 50.5 | 8.35 | 30.0 ;10.84) 40.6 | 3.36 | 12.8 [-0.019{-0.10|-0.22 | -1.2 |-0.03|-0.16-0.09| -0.5 |0.0060 | 0.00 1-0.0002| -0.4 |0.000001 | 0.007 |-0.001| -1.5
1 1038} 51.5 | 9.90 1 35,6 [12.21| 45.8 | 3.57 | 13.6 [-0.204-1.11 | -1.21 | -6.7 |-0.24|-1.32[-0.67 -3.8 [0.0000( 0.00 10.0020| 3.6 | 0.00004 | 0.068 | 0.000 [ 0.0
I +2.791-139)-4791-17.2]-10,19/ -382 1 -2.78 | -10,6 |0.751) 410 | 0.42 | 2.3 | 0.66 ) 3.62 | -0.47] -2.7 |0.0002] 0.30 )0.0062{ 1L.1 | 0.0021 | 3.559 } 0.004 | 5.9
Ped.w | 842|418 |10.08| 363 ] 905 | 33.9 | 4.02 | 15.3 {0.020] 0.11 [-0.42] -2.3 | -0.34]-1.87|-1.00] -5.7 |0.0015) 2.27 |0.0010| L8 )} 0.0020 | 3.390 |0.001) 1.5
Ped. 8.87 | 44,0 |1036] 373 {924 | 346 | 5.10 | 19.5 |-0.351|-1.92|-1.20| -6.7 | -0.341-1.87 | 0.44| -2.5 (0.0018| 2,73 |0.0018( 3.2 | 0.0010 | L.695 | 0.000| 0.0
Ped., [-1.38] -69 (-237| -85 (-1.87 ) -7.0 {-5.02 (-19.2{1.369| 7.48 | 2.55 { 14.2 | 0.67 { 3.68 | 0.10 ; 0.6 [-0,0025; -3.79 .0.0030] -5.4 | -0.002 (-3390(-0.001{ -1.5
Ped; V051 25 [-250]| -9.0 | 1.70 | 6.4 [-2.34| -8.9 |-0.690{-3.77 [ -0.80| -4.4 | -0.60!-3.291-095| .54 [0.0056} 8.48 |0.0068] 12.1 | 0.0060 |10.169] 0,004 ] 59

F 1= 20.]4 E 2= 18.3] F 1= 0.066
T 4= 26.67 Check mean (Fi) = 27.80 F,=1821 Check mean (Fy) =18.0 F .= 0.059 Check mean (F3} = 0.056
_ Check mean (F) = 26.21 _ Check mean (Fy) = 17.56 _ Check mean (F,) = 0.068
Fi«i= 28.56 Fa4= 17.24 Fas= 0.065
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characters to lint yield/plant was responsible for 86.5% of the toial ~.ration
(Tables 4 and 5). On the other hand, the lowest predicted genet:~ dvances
for lint yield were obtained when selecting for seeds/boll with i ¢ >d (I23)
due to negative indirect effects on lint yield/plant through the ;nteraction
between two characters.

The highest realized genetic advance from F; generavor for lint
yield occurred when selecting for w2, Iw2;, lw1 and Ped.,,. Estin.ztes of the
direct effects on lint yield through bolls/plant (0.981), seeds/boll (¢.234) and
lint/seed (0.246) indicated that these three characters were the most effective
yield contributing (Table 3). Similar conclusions reported were reported by
Badr er ai (1999).

Deviations of the realized advance from the predicted of lint
yield/plant using different selection procedures from F; to F3 generations are
presented in Table (2). These deviations were positive and low for most
indices. The close agreement between predicted and realized responses to
Ped.,, and Ped.; may be due to the non additive effects which were relatively
of minor importance and the additive genetic effects would appear to be
predominant.

Maximum predicted and realized advances from F; and [y
generations, respectively for lint yield were achieved when selecting for
bolls/plant with seeds/boll and lint/seed (Iy23). These main attributes of lint
yield were responsible for about 99.8% and 99.2% in F; and F, generations,
respectively (Table 5). The lowest predicted and realized gains for lint yield
arose with pedigree selection for seeds/boll (Ped.;). This may be attributed
to low value of heritability of seeds/boll in the three studied generations
(Table 1).

Deviations of the realized advance from the predicted of lint yield
from F; to F4 generations (Table 2) were positive and high for all selection
procedures. These results were expected because planting date of Fy
generation was later than those of F5 generation.

Generally, realized relative efficiencies for different selection
procedures for improving lint yield/plant as estimated from F; and F,
generations are shown in Table (2), Figures 1 and 2. The indices Iya, lw23
and l.; were equally efficient with pedigree selection for lint yield/plant
(Ped.,,) in F3 generation. The realized efficiencies relative to selection for
Ped.,, were 283.3% for 1,23, 211.5% for I3, 211.5% for I,; and 209.4% for
Iw13 in F4 generation. This study demonstrates that the efficacy of a selection
procedure such as ljz; is limited by the contribution of total direct and
indirect effects and available genetic variability in a population. These
results are in good agreement with those obtained by El-Kilany (1986),
Younis (1999) and El-Lawendey (2003).

163



Grams

TRG(FY)

BPG(F2)

Selection procedures
Fig.1.Predicted and realized gains for lint yield from F2 and FJ generations, respectively.
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Flg.2.Predicted and reallzed gains for {int vield from F3 and F4 generations, respectively,
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Table 4. The direct (in brackets) and indirect effects on lint yield/plant
through bolls/plant, seeds/boll and lint/seed in F;, F3 and F,

generations.
_' Correlation
Character | Generation | Bolls/plant | Seeds/boll | Lint/seed coefficient with

yield

F; (0.985) -0.045 0.010 0.951**

Bolls/plant F; (0.981) -0.061 0.043 0.963**

F (0.931) 0.036 -0.087 0.880%**
F; -0.159 0.278) [ -0.098 0.021

Seeds/holl F; -0.258 (0.234) -0.098 -0.122
F, 0.087 {0.388) -0.143 0.333

| 0.040 -0.109 (0.251) 0.183**

Lint/seed F; 0.173 -0.093 (0.246) 0.326*
L Fy -0.194 -0.132 (0.420) 0.094

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

Table 5. Components (direct and joint effect) of bolls/plant, seeds/boll
and lint/seed to lint yield/plant in F;, F; and F, generations.

F; generation F; generation F4 peneration

Sources (&) %o cd | % CD %
Bolls/plant (B/P) 0.971 75.54 0.963 72.24 0.866 56.02
Seeds/boll (§/B) 0.077 6.01 0.055 4.10 0.151 9.74
Lint/seed (L/S) 0.063 491 0.061 4.55 0.176 11.38
(B/P) x (S/B) R -0.088 6.86 -0.121 9.05 0.068 4.39 -
(B/P) x (L/S) 0.020 1.58 0.085 6.38 -0.163 10.51
(S/B) x (L/S) -0.055 4.25 -0.046 3.43 -0.111 7.16
Residual 0.012 0.85 0.003 0.25 0.013 0.80
CD refer to coefficient of determination % refer to percentage contributed

Gain from selection for selected bolls/plants, seeds/boll and lint/seed
Predicted and realized responses to selection obtained from using
different selection procedures for bolls/plant, seeds/boll and lint/seed are
given in Table (5). The indices I;; and Ped.; gave high values of predicted
and realized advances for bolls/plant from F, and F; generations,
respectively. The index involving bolls/plant, seeds/boll and lint/seed (I;23)
showed the highest predicted and realized responses from F; and F,
generations, respectively for bolls/plant. There was close agreement
between lint yield/plant and bolls/plant for predicted and realized gains.
These agreements suggest that selection for increased lint yield/plant will
result in an increase in the bolls/plant. Pedigree selection for seeds/boil
(Ped.;) gave high values of gains for seeds/boll in all studied generations.
The highest gains from selection for lint/seed were obtained by using Ped.s.
Therefore, pedigree selection for bolls/plant, seeds/boll and lint/seed are
recommended in itself improvement. The large discrepancies between
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predicted and realized gains for bolls/plant, seeds/boll and lint/seed were
expected because genotypic variances and covariances used to calculate
predicted gains were likely biased by certain genotypic X environment
interaction. Similar results were obtained by Singh er &/ (1986), Younis
(1999) and El-Lawendey (2003).

Gain from selection for unselected boll weight, seed index and lint
percentage

Realized gains exceeded predicted gains from selection for boll
weight in F; and F, generations, respectively. On the other hand, predicted
gains exceeded realized gains from most selection procedures for boll
weight in F3 and Fy generations, respectively. This shifting may be due to
the shifting in heritabilities (Table 1) and correlation coefficients with lint
yield (Tables 7 and 8) from F, to F4 generations. The highest predicted
advances for boll weight from F, and F; generations were obtained by using
Ped.; and I3, respectively. The index I23 gave high value of realized gain
for boll weight in F; generation. This may be interpreted on the basis of the
kind of association between lint yield/plant, bolls/plant and boll weight for
index Iz;3.

Data in Table (6) indicated that the highest predicted gains were
achieved for seed index by using Ped.; and I;; from F, and F; generations,
respectively. The index [»; was superior to all selection procedures in
amount of realized gain for seed index. There is a clear indication that index
1123 could accomplish increases of lint yield/plant, bolls/plant, boll weight
and seed index in F4 generation.

In the three studied generations, the selection index involving
seeds/boll and lint /seed (L,;) and pedigree selection for lint/seed (Ped.s)
were the most effective in improving lint percentage in comparison with
other selection procedures. This may be attributed to positive correlation of
lint/seed with lint percentage. Similar results were obtained by Culp and
Harrell (1975).
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Table 6. Predicted and realized responses to sclection by using fourteen different selection procedures which estimated from F,,
F3 and F; means for boil weight, seed index and lint percentage traits.

Boll weight (g) Seed index (g) Lint percentage

Selection | Predicted [ Realized | Predicted | Realized | Predicted | Realized | Predicted | Realized | Predicted | Realized | Predicted | Realized

procedures| response F | response F;f response ) | response F, | response Fy | response F;| response Fy | response I, | response Fy response Fy| response Fs | response F,
i Jii% ] b Ji% ] 0 % | b % b Ji% | i Jii% ) i lii% | i Ji% )] & |i% (| i [|ii% ) i [ii%]) i |ii%

[ 0.001{ 0.03 [ 0.01 | 0.4 [-0.003]-0.11 (-0.16] -5.1 [-0.001{-0.01 | 0.30 | 3.3 [0.029] 0.31 |-0.01] -0.1 | 0.06 | 0.16 [-0.19] -0.5 |-0.03]-0.08] 0190 0.5

| = +0.001(-0.03! 0.09 | 3.4 [0.004] 0.24 | -0.04] -1.3 [0.000{ 000 | 048 | 52 [0.056] 0.60 | 0.23 | 2.1 | 0.06 | 0.16 {-0.43| -1.1 |-0.05]-0.13)-0.26( -0.7
| 0.600( 0.00 [ 0.01 [ 0.4 |0.061] 0.04 |-0.16| -5.1 |-0.002{-0.02( 0.30 | 3.3 [0.055| 0.59 |-0.01) -0.1 | 0.14 | 038 {-0.19( -0.5 |-0.03|-0.08! 0.19 | 0.5
Iin 10.002)-0.06| 0.02 | 0.7 [0.002] 0.07 | 6.04 | 1.3 -0.003/-0.03] 0.65| 7.1 [0.128) 1.36 | 0.27 | 2.4 | 0.07 [ 0.19 |-0.55] -1.4 | -0.07]-0.18]-0,72( -1.9
| 0.00i| 603 [ 0.0¢ | 0.4 [0.006] 0.00 [-0.16] -5.1 }0.001(-0.01{ 0.30 | 3.3 [0.038] 0.41 |-0.01] -0.1 | 0.09 [ 0.24 {-0.19( -0.5 |-0.02|-0.05! 0.19 | 0.5
0001} 0.03 ! 0.06 | 2.2 [0.004] 0.14 |-0.01) -0.3 |0.000) 0.00 | 0.68 | 7.4 [6.125] 1.33 | 0.26 | 2.3 | 0.10 [ 0.27 | -0.41| -1.1 |-0.06]|-0.16|-D.47] -1.2
| 0.001] 0.03 | 0.06 | 2.2 10.004; 0.14 |-0.01] -0.3 | 0,002]-0.02] 0.68 | 7.4 [0.122] 1.30 | 0.26] 2.3 | 0.21 | 0.57 J-0.42 | -L.F |-0.05]|-0.13]-0.47| -1.2
| 10.001] -0.03-0.62 | -0.7 |-0.001]-0.04 | -0,05] -1.6 |-0.011}-0.10] 0.04 | 0.4 10.007| 0.07 |-0.13] -1.2 [-0.03[-0.08 | -0.04) -0.1 |-0.01|-6.03)-0.01| 0.0
I 10,007 -0.21{-0.06{ -2.2 |-0.005)-0.18 |-0.11 | -3.5 [0.015} 0.13 | 0.43 | 4.7 [0.086 0921001 0.1 [0.08]0.22]-0.09| -0.2 |-0.01]-0.03]-0.04] -0.1
Iy 0.099] 3.03 1 0.26 | 9.7 |0.420)15.16]-0.03] -1.0 [0.003{ 0.03 [ 0.39 | 4.3 |L195[12.74{-0.05( -0.5 | 129 1349 | 1.58 | 4.2 | 139 3.61 | 1.30] 34
Ped.. (0.034] 1.04 | 0.01 ] 0.4 10.059) 2.13 |-0.16| -5.1 |0.003 0.03 | 0.30 | 3.3 [0.416] 4.43 [-0.01 | -0.1 [ 0,69 | 1.87 [-0.19] 0.5 [-0.24|-0,62| 0.19 | 0.5

Ped., |~0.0 -1.531-0.06] -2.2 |0.029 1.05 |-0.08] -2.6 |0.002] 0,02 | 048 | 5.2 |0344|3.67 [0.02| 0.2 {033 ] 0.89 [-0.30] -0.8 |-0.43[-1.12([-0.27| -0.7
Ped: (0.138) 4.22 | 021 ] 7.9 |0.001) 0.04 |-0.06) -1.9 }0.493/-4.3G6|-0.61 | -6.7 -0.331}-3.53/-0.23| -2.1 ] 0.11 | 0.30 [ 0.48 | 1.3 | 0.63 | 0.08 |-0.15 -0.4
Ped.; [0.030]0.92 | 0.12 ] 4.5 |0.130{ 4.69 |-0.05) -1.6 |0.314{ 278 | 0.61 | 6.7 {0.608] 6.48 | 025 23 | 1.12]3.03 | 1.21| 3.2 | 082 213 | 0.88( 2.3

F:=327 F:=1130 F1=3692
Bam=277 Check mean (F;) = 2.67 F =938 Check mean (F;) =9.17 5. —3852 Check mean (F3) = 38.00
E’ . Check mean (F,) = 3.13 E T Check mean (F,) = 11.07 E’ =0 Check mean (F,) = 37.90
F.=293 F s=10.56 Fq.=3819
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Table 7. The direct (in brackets) and indirect effects on lint yield/plant
through boll weight, seed index and lint percentage in F», F3 and
Fs generations,

Boll Lint Correlation
Character | Generation . Seed index coefficient with
weight percentage .

yield
F, (0.070) 0.009 0.016 0.096
Boll weight F; (0.047) 0.202 -0.006 0.243
F, (0.488) 0.005 -0.002 0.491*
F 0.018 (0.037) -0.044 ¢.011

Seed index F; 0.024 (0.398) -0.032 0.390%*
F, 0.276 (0.009) -0.006 0.278

Lint F, 0.005 -0.008 (0.210) 0.208**
percentage F; -0.003 -0.151 (0.085) -0.069
i F, 0.009 6.001 (-0.088) -0.079

* and ** significant at 0.05 and 0.01 leveis of probability, respectively.

Table 8. Components (direct and joint effect) of boll weight, seed index and
lint percentage to lint yield/plant in F,, F; and F, generations.

F, generation F; generation F; generation
Soureces ) % cb Yo CD %
Boll weight {(BW) 0.005 0.49 0.002 0.21 0.238 23.71
Seed index (SI) 6.001 0.13 0.159 15.08 0.0001 0.01
Lint percentage (L%) 0.004 4,39 0.007 0.69 0.008 0.78
(BW) x (SI) 0.001 0.13 0.019 1.80 0.005 0.47
{BW) x (L%) 0.002 0.23 -0.001 0.06 -0.002 0.15
(SI) x (L.%) -0.003 0.32 -0.026 2.43 -0.0001 0.01
Residual 0.99 94.31 0.84 79.73 0.751 74.87
CD refer to coefficient of determination % refer to percentage contributed

Gain from selection for fiber properties

Predicted and realized gains of fiber properties from fourteen
different selection procedures are presented in Table (9). The highest
predicted gains for fiber length at 2.5% span length occurred when selecting
for seeds/boll and lint/seed (I2;) and pedigree selection for lint/seed (Ped.3).
Tables (10) and (11) showed that the direct and indirect effects of lint
yield/plant from fiber length at 2.5% span length were not sizable in F3
generation. The pedigree selection for lint/seed (Ped.;) and Iw1; exhibited the
highest realized gains of 4.1% and 2.6%, respectively for fiber length at
2.5% span length relative to F4 check mean. Tables (10) and (11) indicated
that the direct effect of fiber length at 2.5% span length was positive and
sizable to lint yteld/plant in F4 generation.

Concerning fiber strength, Tables (10) and (11) cleared that the
direct effect was low in magnitude in F3 generation. On the other hand, the
direct effect and relative importance of fiber strength were high in
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Table 9.  Predicted and realized responses to selection by using fourteen different selection procedures which
estimated from F; and F; means for fiber properties.

Fiber length at 2.5% span length (mm}) Fiber strength (g/tex) Yellowness degree (+h)
Selection | Predicted response | Realized response | Predicted response | Realized response | Predicted response | Realized response
procedures F, F, F; F, F; F,

i ii% i ii% i ii% i ii% i ii% i ii%
| [ -0.02 -0.06 0.45 1.5 0.04 0.12 1.56 4.4 -0.07 -0.76 -0.06 -0.7
L -0.03 -0.10 0.78 2.6 -0.07 -0.20 1.97 5.6 -0.07 -0.76 -0.15 -1.6
| NP9 -0.02 -0.06 0.45 1.5 0.07 0.20 1.56 4.4 -0.10 -1.08 -0.06 -0.7
| P -0.01 -0.03 0.18 0.6 -0.06 -0.17 2.21 6.3 -0.04 -0.43 ¢.14 1.5
| -0.01 -0.03 0.45 1.5 0.05 0.14 1.56 4.4 -0.07 -0.76 -0.06 -0.7
| 9 -0.02 -0.06 0.12 0.4 -0.03 -0.09 1.59 4.5 -0.09 -0.97 -0.04 -0.4
| Y -0.01 -0.03 0.12 04 -0.02 -0.06 1.59 4.5 -0.09 -0.97 -0.04 -04
I, -0.05 -0.16 -0.28 -0.9 -0.07 -0.20 0.88 2.5 -0.07 -0.76 -0.19 -2.1
Iz -0.04 -0.13 -0.02 -0.1 0.02 0.066 1.24 3.5 -0.08 -0.87 -0.02 -0.2
Ii; 1.23 3.99 0.72 24 -1.58 -4.54 -2.38 -6.7 -0.28 -3.03 0.06 0.7
Ped.,, -0.03 -0.10 0.45 1.5 0.51 1.47 1.56 4.4 .50 -5.41 -0.06 -0.7
Ped., -0.23 -0.75 -0.15 -0.5 0.52 1.50 1.80 5.1 -0.45 -4.87 0.22 2.4
Ped.; 0.14 0.45 -0.74 2.4 -0.55 -1.58 -0.52 -1.5 0.01 0.11 0.40 4.4
Ped.; 0.58 1.88 1.25 4.1 0.52 1.50 -0.93 -2.6 -0.18 -1.95 -0.36 -4.0

T ;=301 F,=34.77 F,=024

F (=30.47 F,=35.65 F,=887

Check mean (F,) = 30.50 Check mean (F, )= 3530 Check mean (F,) = 9.11
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Table 10. The direc: {:n brackets) and indirect effects on lint yield/plant
through fibcy properties in F; and F, generations.

I Fiber . .
| Fiber Correlation
Character Geaeratios zlgl:/gt;l T!‘ strength (}’:lr;‘:?fzs) coefficient
) Iel‘;gtl':l : {g/tex) £ with yield
‘{ Fiber length at F, 0.010) -0.014 ~3.007 -0.010
2.5% span length F, (0.219) 0.011 -0.023 0.207
Fiber strength F.: -0.001 (0.126) -5.013 0.122
(g/tex) | 0.005 {0.444) £.001 0.450
Yellowness F, 0.000 0.005 (-0.315) -0.300*
degree (+b) F, -0.071 0.005 (0.072) 0.006

* and ** significant at 0.05 aud 0.01 levels of probability, respectiveiy.

Table 11, Components (direct and joint effect) of fiber properties to lint
yield/plant in F; and F, generations.

F, generation F, generation

Sources <h % <D %
Fiber length at 2.5% span length (2.5% SL) 0.0001 | 0.011 0.048 4.706
Fiber strength (g/tex) (S (g/t) 0.0184 | 1.826 0.197 | 19.291
Yellowness degree (+b) 0.0990 | 9.825 0.005 0.503
(2.5% SL) x [S (g/9)] -0.0003 | 0.028 0.005 0.476
(2.5% SL) x (+b) -0.0001 | 0.014 | -0.010 [ 6,997
[S(g/)] x (+b) -0.0034 | 0.339 0.001 0.075
Residual 0.8863 | 87.957 | 0.754 | 73.952
CD refer to coefficient of determination % refer to percentage contributed

magnitude and exceeded the other fiber traits in F4 generation. Thus, there is
disagreement between predicted and realized gains in fiber strength when
using the various models of selection procedures. However, pedigree
selection for bolls/plant (Ped.;) and lint/seed (Ped.;) showed the highest
predicted gains for fiber strength. While the indices Iy and Ij;3 exhibited
the highest realized gains.

Regarding yellowness degree, the path analysis affected after the
first cycle since, the negative correlations among lint yield and yellowness
degree in F3 generation changed to positive in Fy generation (Table 10).
Although there are differences between the predicted and realized gain from
selection, the trends for the wvarious procedures are similar. Pedigree
selection for lint yield or bolls/plant gave low values (desirable values) of
predicted gains. While the indices Ped.; and I;; showed the lowest realized
gains. Similar results were recorded by Smith and Coyle (1997) and Badr e¢
al (1999).

Finally, maximum gains for lint yield/plant were changed from
generation to generation when applying of selection indices. However,
selection index on the basis of bolls/plant and lint/seed and/or seeds/boll,
with lint yield/plant would appear to be most effective for the improvement
of lint yield and some economic traits. Also, pedigree selection for the traits;
bolls/plant, seeds/boll and lint/seed are recommended in itself improvement
only.
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