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ABSTRACT

This study was conducted at Sakha Agricultural Research Station, Cotton Research Institute, Agricultural

Research Center, Kafr EI-Sheikh Governorate, Egypt, during two growing seasons (2021 and 2022). Six
Egyptian cotton varieties were used as lines with five genotypes as testers, using line x tester analysis. Genotypes,
parents, crosses and parents vs. crosses mean squares were extremely significant for all the studied characters,
except for micronaire reading in the crosses. Giza 94 x 10229 exhibited significant useful heterosis (BP) for all the
studied characters. Lines Giza 86 and Giza 76 recorded significantly and positive desirable general combining
ability effects (GCA) for most traits while, Giza 96 was significant desirable general combining ability effects for
fiber quality characters. In this respect, testers showed that Uzbekistan had significant and positive desirable for
most yield characters while, BBB had significant desirable general combining ability effects for most studied
characters. Crosses Giza 96 x Australy13, Giza 86 x 10229 and Giza 75 x C.B.58 were significant desirable
specific combining ability effects (SCA) for some yield traits. Generally, Giza 86 could be used for improving

high yielding cotton varieties in plant breeding programs, while Giza 96 considered as beneficial parent for
breeding programs to produce new varieties characterized with best fiber quality.
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INTRODUCTION

Cotton breeding's major objectives are high yield and
adequate fiber quality properties. In a breeding program,
quality measures refer to suitable parents and promising
cross combinations based on heritability, combining ability,
and heterosis effects for yield and yield components. It was
discovered that parents and cross combinations should be
chosen based on their combining ability and gene action in
terms of phenotypic performance efficacy. Line x tester
analysis is one of the most significant statistical-genetic
approaches for obtaining information about the parents
(GCA) and crosses (SCA) (Usharani et al., 2016).

Heterosis is utilized to measure the performance of
an F4, which is produced by crossing two varieties or pure
lines, but its use in cotton has not yet reached the successive
level. Heterotic effects are used in traditional breeding
programs to assess dominance or/and epistatic variance, as
well as promising cross combinations. Dewdar (2011)
showed positive significant general combining ability
(GCA) effects in the parental genotypes for the majority of
the studied characteristics.

Linga swamy et al., (2013) revealed that the
magnitude of general and specific combining ability
variations demonstrated in the importance of additive and
non-additive gene action in the inheritance for the traits of
seed cotton yield and yield characteristics. On the other side,
the variations of genotypes, parents, and crosses were
identified as significant for seed and lint cotton yield/plant,
lint%, and uniformity index. Mabrouk et al., (2018)
indicated that mean squares for general combining ability
were significant for the traits of seed index and lint%, while
SCA mean squares was significant for all traits except lint%.
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According to Al-Hibbiny et al., (2020) found
significantly positive heterosis over mid as well as better-
parents in two crosses (Giza 89 x 10229) and (Giza 96 x
10229) for the majority of studied traits. Moreover, Giza 89
x 10229 and Giza 96 x 10229 were significantly and
negative for micronaire reading for heterosis over mid and
better parents. The sources of variation revealed significant
variances for most studied traits using line X tester analysis.
The proportional contribution due to line X tester was greater
than the contributions for lines and testers for most studied
traits. In comparison to the other parents, the lines Giza 90,
Australy 12 and Uzbekistan, in addition the tester Giza 97
showed higher cotton yield and most traits. Based on mean
performance, the hybrid combinations (TNB x Giza 94)
followed by (Giza 90x Aus.12) x Giza 86, and (Giza 96 x
Giza 94) were recognized as excellent (Yehia and El-
Hashash, 2022). Besides, Kanasagra (2022) the cross
combination GTHV-15/220 x G.Cot-20 recorded highest
and positive standard heterosis values and it was (73.92%)
for seed cotton yield/plant followed by GSHV-172 x G.Cot-
38 (22.09%) and about(20.21%) for GTHV-15/220
X GJ.Cot-101. The primary goal of this research was to
assess heterosis, combining ability, gene action for yield and
its components and fiber quality traits in some crosses
belong to Gossypium barbadense L.

MATERIALS AND METHODS

The mating design used for this experiment was line
X tester analysis. In 2021 growing season, thirty crosses were
made using eleven G. barbadense L. parents. The six female
parents (lines) were Giza 96, Giza 94, Giza 86, Giza 76,
Giza 75 and Giza 68. The five male parents (testers) were
10229 (Australian strain), Uzbekistan (Uzbekistan variety),
C.B. 58 (American Egyptian cotton variety), Australy 13
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(Australian variety), and BBB (Australian variety). The
eleven parents and their 30 F1 crosses were evaluated at
Sakha Agricultural Research Station in randomized
complete blocks design (RCBD) with three replicates during
2022 growing season. Experimental plot consisted of one
ridges of 4.0 meter in length and 60 cm in width. Seeds were
planted in hills spaced 40 cm apart and one plant was left per
hill at thinning time.

The studied characters were :-

-Seed cotton yield (g) / plant (SCY/P) (SCY/P.qg)

-Lint cotton yield (g) / plant (LCY/P)

-Lint percentage (L %)

- Boll weight (g) (BW)

-Seed index (g) (S

-Lint index (g) (LI)

-2.5% span length (mm) (2.5% SL) (mm) (UHM)
-Micronaire reading (MR)

-Pressley index (PI)

-Uniformity index (UI)

All fiber properties were measured in the Cotton
Technology Research Division's Laboratories at the Cotton
Research Institute in Giza.

Statistical analysis:

Analysis of variance, partitioning of genotypes, line
X tester analysis, estimation of general and specific
combining ability were computed according to Singh and
Chaudhary (1977). Heterosis as percentage of mid and
better-parents (MP and BP) was determined according to
Steel and Torrie (1980). Heritability in both broad (h%,%)
and narrow (h%%) senses were estimated from formulas
presented by Allard (1960) and Mather (1949).

RESULTS AND DISCUSSION

Analysis of variance

Analysis of variance for eleven parents and their
thirty F1 crosses of all studied characters are showed in Table
(1). The results indicated that genotypes, parents and crosses
mean squares were extremely significant for all the studied
characters , except for MR in the crosses. Mean squares of
parents vs. crosses as indication to average heterosis over all
crosses were significant for all studied characters. Also, mean
squares due to lines, testers and line X tester were significant
for all studied characters, except for BW in both testers and
line x tester, indicating thereby that the parent lines and testers
used in the present study were divergent and that significant
differences were transmitted through the progenies. Similar
results were reported by Samreen et al., (2008), Baloch et al.
(2014), Al-Hibbiny (2015), Shaker et al., (2016), Lingaraja et
al. (2017) and Tigga et al., (2017).
The mean performance of genotypes

Mean performances related to parents as well as

crosses are presented in Table (2). For parental lines, Giza 96
showed best means for SCY/P, LY/P, 2.5% SL, Pl and UlI,
Giza 68 had the highest values for L%, and desirable MR,
Giza 86 had the highest values for BW and LI. The highest
values for SI were recorded for Giza 76. For tester, 10229
was the highest values for Sl. Uzbekistan recorded the
highest values for LCY/P, L%, LI and Ul. Australy 13
recorded the highest values for BW, BBB variety had the best
means for SCY/P, LCY/P, Pl and MR. Concerning crosses,
the results noticed best mean performances for Giza 96 x
10229 for 2.5% SL, Giza 96 x BBB for PI, Giza 86 x 10229
for BW, Sl and LI, Giza 76 x Uzbekistan for SCY/P, LCY/P
and L%, Giza 75 x 10229 for UI, Giza 75 x C.B.58 for MR.

Table 1. Mean square estimates for the studied
characters in line x tester analysis.

SOV df__SCYP@ LCYP@ L% BW(@) SI@Q)
Replications 2 954 2.70 020 0001 001
Genotypes 40 52730 12816** 885 0.14** 0.60™*
Parents (P) 10 15379** 2890 319 0.16** 0.39**
Crosses (C) 29 340435 962.34** 64.33** 0.45** 8.68**
P.vs.C 1 55689** 13362** 889** 0.12** 040**
Lines (L) 5  214741% 57357 4228 049** 123**
Testers (T) 4 89263 14998 182 004 037+
LXT 20 9211 2037 196 004 019
Error 80 30.06 490 013 002 003

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
Table 1. Continued.

SOV. df. LI 25%SLmm) PI___MR__ Ul

Replicaions 2 003 063 00L 006 070
Genotypes 40 105  350%% 073 019%* 426%*
Paens(P) 10 026  156%*  068%* 041 396**
Crosses(C) 29 1608%* 2466 343 008 2200%
P.\s.C 1 080 356 066 0L1** 375+
Lines (L) 5336 14277 242 016** 1533
Testers(T) 4 030 081  099%* 028%* 345+
LXT 20 027  143% 015 007 092*
Enor 80 002 028 004 003 034

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

Table 2. Mean performances of lines, testers with thirty
F1 crosses for studied traits.

Genotypes SCYP@ LCYP@ L% BW(g) SI(@
Lines:
Giza 96 10947 4090 3736 306 10.03
Giza%4 89.07 3347 3759 313 933
Giza 86 90.33 3408 3773 333 997
Giza76 91.70 3268 3556 298 1010
Giza75 81.93 2995 3654 259 923
Giza 68 92.73 3569 3848 276 940
Testers :

10229 90.83 3423 3768 314 1020
Uzbekistan 96.73 3806 3935 269 983
C.B58 94.30 3609 3827 286 950
Australy 13 94.00 36.14 3845 322 927
BBB 10210 3916 3835 287 9380
LSD 0.05 8.77 354 057 023 027

001 1146 463 075 030 035

F1 crosses

Giza 96 x 10229 10947 4386 4006 274 10.20
Giza 96 x Uzbekistan 11027 4357 3952 276 1007
Giza 96 x C.B.58 9543 3633 3807 293 1037
Giza96 x Australy 13~ 10193 4099 4022 277 950
Giza 96 x BBB 10927 4318 3952 275 960
Giza 94 x 10229 10683 4132 3867 317 1030
Giza 94 x Uzbekistan 10290 4135 4018 328 10.20
Giza94xC.B.58 11473 4535 3953 334 990
Giza 94 x Australy 13 95.77 3775 3943 316 10.03
Giza94 x BBB 10183 3963 3892 328 993
Giza 86 x 10229 97.37 3954 4060 347 1113
Giza 86 x Uzbekistan 97.10 3873 3990 316 1067
Giza 86 x C.B.58 96.50 3728 3863 309 10.73
Giza 86 x Australy 13 82.00 3319 4048 317 1060
Giza 86 x BBB 10430 4324 4145 318 1053
Giza 76 x 10229 12813 5369 4190 330 1040
Giza 76 x Uzbekistan 13513 5694 4213 315 1030
Giza76 xC.B.58 13067 5288 4047 314 1007
Giza76 x Australy 13~ 107.70 4386 4073 320 1010
Giza76 x BBB 13487 5610 4159 319 1020
Giza 75 x 10229 99.10 3511 3544 318 1010
Giza 75 x Uzbekistan 92.00 3382 3676 314 1030
Giza75xC.B.58 93.83 3501 3732 320 1080
Giza 75 x Australy 13 79.13 28838 3650 313 1050
Giza 75 x BBB 10620 3777 3b57 327 10.77
Giza 68 x 10229 10610 4181 3940 284 1043
Giza 68 x Uzbekistan 11063 4467 4037 288 1060
Giza68xC.B.58 11330 4494 3967 300 1050
Giza 68 x Australy 13 95.47 36.79 3853 287 977
Giza 68 x BBB 11607 4669 4023 328 1030
LSD 0.05 7.60 307 049 020 024

001 992 401 065 026 031
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Table 2. Continued.

Genotypes LI(g) 25%SL(mm) PI MR Ul
Lines
Giza 96 5.99 34.43 1123 357 88.00
Giza%4 5.62 3253 1037 440 86.23
Giza 86 6.04 3293 1067 450 84.73
Giza76 5.58 33.03 1020 387 8557
Giza75 5.34 32.60 9.70 380 85.10
Giza 68 5.88 33.30 1043 340 8570
Testers
10229 6.17 3197 1033 437 8430
Uzbekistan 6.38 32.83 1007 397 8493
C.B58 5.89 3247 1000 395 8387
Awustraly 13 5.79 31.70 950 420 84.23
BBB 6.10 3245 1060 357 8490
LSD 005 024 0.84 0.30 028 09
001 031 110 0.39 037 122
F1 crosses
Giza 96 x 10229 6.82 35.77 1167 413 8777
Giza% xUzbekistan ~ 6.58 34.77 1083 437 8787
Giza9%6xCB.58 6.37 3545 1133 405 8723
Gza%xAusralyl3  6.39 3557 1130 390 87.63
Giza 96 x BBB 6.27 35.00 1180 387 86.83
Giza 94 x 10229 6.50 3340 1060 407 8713
Giza%xUzbekisen  6.85 31.80 1030 420 8557
Giza94xCB.58 647 33.03 1053 420 86.13
GzadxAusalyl3 653 3200 9.77 400 86.10
Giza94 x BBB 6.33 3267 1057 387 86.87
Giza 86 x 10229 761 3337 1070 457 8593
Giza86xUzbekisten  7.08 3543 1050 407 8707
Giza86xCB.58 6.76 3453 1093 390 86.10
Giza8xAusraly1l3  7.21 34.27 1057 423 86.87
Giza 86 x BBB 746 33.80 1087 387 8590
Giza 76 x 10229 750 33.00 1057 437 8567
Giza76xUzbekisn ~ 7.50 33.23 1060 387 8553
Giza76xCB.58 6.84 3443 1033 400 8357
Gza76xAsraly13  6.94 3227 1037 410 8397
Giza 76 x BBB 7.26 3393 1093 390 84.40
Giza75x 10229 554 34.37 1037 393 8813
Giza75xUzbekisten  5.99 33.07 1007 383 87.13
Giza75xCB.58 643 3220 1020 377 86.23
Giza75xAudraly13  6.04 32.77 9.90 377 86.33
Giza75xBBB 5.94 3287 1070 387 8640
Giza 68 x 10229 6.78 34.00 1117 423 86.13
Giza68xUzbekisn ~ 7.18 34.37 1037 400 85.80
Giza68xCB.58 6.90 33.80 1097 387 8537
Giza68xAusraly13  6.12 33.77 1040 390 8513
Giza68 x BBB 6.93 33.90 1057 393 84.83
LSD 005 020 0.73 0.26 025 081
001 027 0.96 0.34 032 106
Heterosis:

The genetic diversity was an important source of
variability, resulting in the creation of new recombinations
that differed from the parent and, as a result, the finding of
heterosis. Also, heterosis is expressed as a percentage
divergence of F1 mean performance from both mid and
better-parents.  Heterosis indicates that F; crosses
were superiority in some traits than its parents, which leads to
superiority in adaption. Data showed positive heterosis is
generally regarded as favorable for all studied traits, with the
exception for micronaire reading.

The magnitude of heterosis over mid as well as better
parents for studied traits were presented in Tables (3) and (4).
Heterosis over mid-parents are relative for SCY/P, sixteen
out of thirty F1 crosses possessed positive and highly
significantly heterotic effects which varied between (8.40%)
for Giza 86 x BBB to (43.43%) for Giza 76 x Uzbekistan,
while twelve crosses were positively significant for heterosis
over better-parent which varied between (9.10%) for Giza 75
x 10229 to (39.73%) for Giza 76 x 10229.

The results showed that heterosis over mid-parent
shown that twenty five crosses out of thirty F; crosses were
significantly and positive heterosis for LCY/P which ranged

from (6.02%) for Giza 75 x C.B.58 to (60.96%) for Giza 76 x
Uzbekistan, while, eighteen crosses were significant positive
heterosis over better parent ranged from (4.47%) for Giza 94
x Australy 13 to (56.83%) for Giza 76 x 10229.

Table 3. Heterosis as percentage of mid parents (MP) in
thirty crosses for studied traits of cotton.
Crosses SCYP@ ICYPE@ L% BWE SI@
Giza 96 x 10229 930* 16.74** 6.77* -1167** 0.82**
Giza%xUzbekisten 695  10.36** 303** -406** 134**
Giza9%6xCB.58 -633  -562** 066** -096** 6.14**
Gza%xAwsrly13 020 6.42** 6.09** -1183** -155**
Giza 96 x BBB 329 788 440*%* -7.31%* -319**
Giza%94x10229  18.77*%* 2207* 276** 122%* 546**
Giza%xUzbekistan 10.76** 1550** 445** 1273** 643**
Giza94xCB.58 25.14** 3040** 423** 1153* 513*
GzaUxAudraly13  4.62 848 370** -058** 7.89**
Giza 94 x BBB 6.54 9.13** 250** 957 383**
Giza 86 x 10229 749  1575%* 7.68** 7.32%* 1041**
Giza86x Uzbekisten 381 737%*  354** 515%*  7.74**
Giza86xCB.58 453 626 16/ 011 1027**
Gza86xArly13 -11.03** -547* 6.27** -326** 10.23**
Giza 86 x BBB 840* 1808** 897** 274** 658
Giza76x10229  40.39** 60.48** 14.41** 801** 246**
Giza76xUzbekistan 4343**  60.96** 12.49** 11.18** 3.34**
Giza76 xCB.58 40.50** 53.77** 962** 7.48** 272%*
Gza76xAusraly13  15.99**  27.47** 10.06™* 3.28** 4.30**
Giza 76 x BBB 39.18** 56.18** 1255** 912** 251**
Giza75x10229  14.72** 940** -452** 11.24** 395**
Giza75xUzbekisten  2.99 -055  -311** 19.22** B.04**
Giza75xCB.58 649 6.02** 024 1745** 1530**
Gza7oxAdry13 -10.04** -12.60** -2.66** 7.75** 1351**
Giza 75 x BBB 1541 930** -503** 19.93** 13.13**
Giza68x10229  1560** 1959** 346** -3.79** 646**
Giza68xUzbekistan 16.78** 21.13** 373** 588 10.23**
Giza68xC.B.58 21.15** 2521** 336** 694** 11.11**
Gzat8xAusraly13 225 244 017 407 4.64**
Giza 68 x BBB 19.14%% 2477 473 16.71*%* 7.20%*
LSD 0.05 7.60 307 049 0.20 0.24
001 9.92 401 0.65 0.26 031
*and ** significant at 0.05 and 0.01 levels of probability, respectively.

Table 3. Continued.

Crosses LI 25%Smm) _PI___MR__UI
Giza9%6x10229  1219%*  7.73* 810~ 420 183~
Giza% xUzbekistan 638**  337%% 1729 1593%* 162%*
Giza96xCB.58 7.31%*  598%  B75% 7.76%* 151**
Giza%xAusraly13 856%* 756  900%* 043 1.76%*
Giza9%6xBBB  386* 466  800%* 841** 044
Giza94x10229  1018%F  357%% 2429 722%% 21w
Giza%4xUzbekistan 14.16%*  -270%%  082** 040 -0.02
Giza94xCB.58 1245%%  164% 344 060 127+
Gia%xAustaly13 1447 036  -168%* -698** 102*
Giza%xBBB 802 054  079% -203** 152%
Giza86x10229  2468% 2827  190** 301** 168**
Giza86xUzbekistan 14.06%*  7.75%%  120%% -3.94%* 263+
Giza86XCB.58 1330%*  5BI¥ 58I -7.60%* 214**
GizaS6xAusialy13 21.90%* 603  479%% -268%* 282%
Giza86xBBB  2201%  339%%  210%F 413 128%*
Giza76x10229  27.63*%  L154%  202%% 607** 086*
Giza76xUzbekistan 25.38**  091*  461%* -128** 033
Giza76XCB.58 1028%% 514  231%* 235%% 36+
Gia76xAusraly13 2207%* 031  525%% 165%* -L10**
Giza76XBBB  2437%% 364  513%* 493 -008*
Giza75x10229  -365%* 645 349%* -367** 4,05%*
Giza75XUzbekistan 220%*  107%%  185%% -120%* 249%
Giza75xCB.58 1453**  -102%*  355%* -280%* 207+
GizatoxAudialy13 849%* 1029  312%% 583k 1 g7+
Giza75xBBB  394%*  105%  542%% 493 165
Gizab8x10229  1260%* 4197  754%* QQI** 133**
Gizab8xUzbekistan 17.06%*  393%  114** 860** 057
Giza68XCB.58 17.20%%  279%  7.34** 522%* (069
GizaB3xAustaly13 495%% 3007 435 263 020
Giza68xBBB  1577*%  312% 048 1292 -055
LD 005 020 0.73 026 025 081

001 027 096 034 032 106

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
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Table 4. Heterosis as percentage of better parents (BP) in
thirty crosses for studied traits of cotton.

Crosses SCYP(@QLCYP(@ L% BW(@ SI(@

Giza 96 x 10229 000 723 632** -1275** 000

Giza96 xUzbekistan  0.73 6.54** 043 -991** 0.33*

Giza9%6xC.B.58 -12.82** -11.17** -053 -425** 332**
Giza%xAustraly 13 -6.88 023 459 -14.06** -532**
Giza 96 x BBB 018  558** 305%* -10.24** -4.32**
Giza 94 x 10229 1761 20717 263** 106** 0.98**
Giza% xUzbekistan 637  862** 212** 480** 373
Giza94xCB.58 2167** 2567** 330* 6.72** 4.21**
Giza¥xAustraly13  1.88 447 254% 207 750%*
Giza94 x BBB -0.26 120  148** 501 136**
Giza 86 x 10229 719 1549 774** 420 9.15%
Giza86 xXUzbekistan  0.38 176 141*%* 501> 7.02**
Giza86xCB.58 233 331  095%* -7.21** 769
Giza86xAudraly 13 -12.77** -816** 527** -480** 6.35**
Giza 86 x BBB 215 1042** 808** -440** 569**
Giza 76 x 10229 39.73** 56.83** 11.19** 531** 196™*
Giza76 xUzbekistan 39.70** 4958** 7.08** 043** 198**
Giza76xCB.58 3856** 46.51** 574** 526** -0.33*
Giza7T6xAustraly 13 14.57** 21.37** 593** -062** 000

Giza 76 x BBB 3209** 4326** 845> 7.05* 0.99**
Giza 75x 10229 9.10* 256  -596** 149** -098**
Giza75xUzbekistan  -4.89  -11.15*%* -657** 17.00** 4.75**
Giza75xC.B.58 -0.49 299  -249*% 11.90** 13.68**
Giza75xAustraly 13 -15.82** -20.08** -507** -2.90** 13.31**
Giza75xBBB 4.02 -355*  -7.27%* 1407 9.86**
Giza 68 x 10229 1441%*  17.15%* 239** -956** 220%*
Giza68xUzbekistan 14.37** 17.35** 259** 447 7.80**
Giza68xC.B.58 20.15** 2452** 308 513 10.53**
Giza68xAustraly13 156 181 013 -1096** 3.90**
Giza 68 x BBB 13.68** 19.24** 455% 1453 510**

LSD 0.05 8.77 354 057 023 0.27
001 1146 463 0.75 0.30 0.35
*and ** significant at 0.05 and 0.01 levels of probability, respectively.

Table 4. Continued.

Crosses LI 25%Smm) Pl MR __UI

Giza%x10229 1052 387 386 1580 027
Giza%xUzbekistan 309**  097*  -356** 2243** -0.15
Giza9%xCB.58 645%*  295%  089** 1355 -087
Giza%xAusraly13 677%%  320%%  059% 935%% 042
Giza9%6xBBB 201  165%% 504 g4I 133+
Giza94x10229 530 448  225%% B87F* 104*
Giza%4xUzbekistan 7.39%*  -315%*  -064** 588%* -077
Giza9%4xCB.58 990  154%* 161 633 012
Gia%xAustaly13 1283  -164**  579%* -476** 015
Giza%xBBB  381** 041 031* 841** 073
Giza86x10229  2335% 132  031% 458% 142
Giza86xUzbekistan 1L01%*  75Q%¢  -156** 252%% 251%*
Giza86XCB.58 1191%*  486™  250% -127** 161%*
Giza86xAusraly13 19.38%*  405%%  -094** 0.79%* 252+
Giza86xBBB  2231% 263 188 841 118*
Giza76x10229 2158  -010  -69.16%* 1293** 0.12
Giza76xUzbekistan 1756** 061  -69.07** 000 -0.04

Giza76xC.B.58 16.18*  424*  -£9.84** 345** -234**
Giza76xAusraly13 19.91**  -2.32*%*  -69.75** 6.03** -1.87**
Giza 76 x BBB 1913  272%*  -68.09** 9.35** -1.36™*
Giza75x10229  -10.14** 542 0.32* 351** 356
Giza 75 xUzbekistan -6.14** 0.71 -1.31*%*  0.88** 2.39**
Giza75xCB.58 916**  -1.23** 000 -0.88** 1.33**
Giza7s5xAustraly 13 4.27** 051 -2.94**  -0.88** 1.45**
Giza 75 x BBB -2.53** 0.82 0.94**  8A41** 153**
Giza68x10229  9.96** 2.10** 703> 2451** 051
Giza68 xUzbekistan 12.48**  3.20™* -0.64** 1765 0.12
Giza68xC.B.58 17.20**  150** 5117 13737 -0.39
Giza68xAusiraly13  4.13** 140 0.32* 1471 -0.66
Giza 68 x BBB 1371  1.80** -0.31* 1569** -1.01*
LSD 005 024 0.84 0.30 028 094
001 031 110 0.39 037 122

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

Also, results indicated that twenty four crosses out of
thirty F, crosses for L% relative to heterosis over mid-parent
had been positive and significant which ranged from (0.66%)
to (14.41%) for Giza 96 x C.B.58 and Giza 76 x 10229,
respectively, while, twenty two crosses seemed significant

positive heterosis over better-parent which varying from
(0.95%) for Giza 86 x C.B. 58 to (11.19%) for Giza 76 x
10229. Heterosis over mid-parent regarding to BW revealed
that twenty crosses out of thirty F; crosses exhibited highly
positive significant heterosis, which ranged from (1.22%) for
Giza 94 x 10229 to (19.93%) for Giza 75 x BBB, while,
heterosis over better-parent indicated that, sixteen crosses
were positive and significantly heterosis, which ranged from
(1.06%) to (17.00%) for the crosses Giza 94 x 10229 and
Giza 75 x Uzbekistan, respectively.

On the other hand, heterosis over mid-parent proven
that 28 out of 30 crosses were exhibited highly significant
positive heterosis for SI which ranged from (0.82%) for Giza
96 x 10229 to (15.30%) for Giza 75 x C.B.58, While, Giza
96 x Uzbekistan and Giza 75 x C.B.58 recorded positive and
significant heterosis over better-parent ranged from (0.33%)
to (13.68%), respectively.

The results indicated that twenty nine out of thirty F;
crosses of heterosis over mid-parents were significant with
positive heterosis for LI, which ranged from (2.20%) for Giza
75 x Uzbekistan to (27.63%) for Giza 76 x 10229, while,
heterosis over better parent revealed that 27 out of 30 crosses
were significantly positive heterosis which ranged from
(2.91%) for Giza 96 x BBB to (23.35%) for Giza 86 x 10229.

With regard to 2.5% SL, 25 out of 30 F; crosses had
to be significant and positive heterosis over mid-parent which
ranged from (0.91%) to (7.75%) for Giza 76 x Uzbekistan
and Giza 86 x Uzbekistan, respectively, whereas, heterosis
over better-parent displayed that 21 out of 30 F1 crosses were
found to be significant and positive heterosis which ranged
from (0.97%) to (7.59%) for Giza 96 x Uzbekistan and Giza
86 x Uzbekistan , respectively.

Concerning PI, data showed that 29 out of 30 crosses
were highly significant positive heterosis over mid-parent
which approximately (0.48%) for Giza 68 x BBB and
(9.00%) for Giza 96 x Australyl3, while heterosis over
better-parent showed that thirteen crosses had significant
positive heterosis which about from (0.31%) for Giza 86 x
10229 to (7.03%) for Giza 68 x 10229. Heterosis over mid
parent revealed that twelve of thirty crosses for micronaire
reading were offered highly significant with negative
direction ranged from (-1.28%) for Giza 76 x Uzbekistan to (-
7.69%) for Giza 86 x C.B.58, on the other side, heterosis over
better-parent recorded five crosses were negative and
significant heterotic effects which ranged from (-0.88%) for
Giza 75 x C.B.58 and Giza 75 x Australy13 to (-6.87%) for
Giza 94 x 10229. Heterosis over mid-parent indicated that
twenty out of thirty crosses were significantly positive
heterosis for uniformity index and ranged from (0.86%) for
Giza 76 x 10229 to (4.05%) for Giza 75 x 10229, whereas
heterosis over better-parent showed that eleven crosses were
positive and significant which ranged from (1.04%) to
(3.56%) for Giza 94 x 10229 and Giza 75 x 10229,
respectively. Generally, Giza 94 x 10229 exhibited
significant useful heterosis (BP) for all the studied characters.
Similar results agreed with those reported by Patel et al.
(2014), Srinivas et al. (2014), Usharani et al. (2014), Khan et
al .(2015), Sultan et al., (2018) and Al-Hibbiny et al., (2019).
Combining ability estimates

The estimates of GCA and SCA in this study are
presented in Tables 5 and 6. The line Giza 94 showed
significant and positive GCA desirable for BW. On the other
side, the variety Giza 96 was significant and positive
desirable GCA effects for 2.5% SL and PI, while, Giza 68
had significant and positive desirable GCA effects for
LCY/P, L% and LI.
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Table S. Estimates of general combining ability (GCA) effects
of eleven cotton parents for the studied traits.

Parents SCY/P(g) LCY/P(@@ L% BW(g SlI(g
Lines
Giza 96 -0.53 -0.22 0.08 -0.31** -0.35**
Giza 94 -1.39 -0.73 -0.05  0.14** -0.22**
Giza 86 -10.35%*  -341**  0.82** 0.11** 0.44**
Giza76 2150  10.88**  1.97** 010* -0.08
Giza75 -11.75**  -7.69**  -3.08** 0.08* 0.20**
Giza 68 2.51 1.17%* 0.25** -0.13** 0.02
LSD 0.05 2.77 1.12 0.18 007  0.09
0.01 3.62 1.46 0.24 010 011
Testers
10229 2.03 0.75 -0.05 002 0.13**
Uzbekistan 2.20 1.37*%* 0.42** 004 0.06
C.B58 161 0.16 -0.45** 001 0.10*
Australy 13 -12.13**  -4.90** -0.08 -0.05 -0.21**
BBB 6.29** 2.63** 0.16* 006 -0.07
LSD 0.05 253 1.02 0.16 007  0.08
0.01 3.31 1.34 0.22 009 0.10

*and ** significant at 0.05 and 0.01 levels of probability, respectively.
Table 5. Continued.

Parents LI(@@ 25%SL(mm) PI MR ul
Lines
Giza 96 -0.22** 1.55%* 0.73**  0.04 1.28
Giza%4 -0.17** -1.18**  -0.31** 0.05 0.17
Giza 86 0.52** 0.52** 005 011* 0.9
Giza 76 0.51** -0.39** -0.10*  0.03 -1.56
Giza75 -0.72** -0.71**  -041** -0.19** 0.66
Giza 68 0.08* 0.21 003 -003 -0.73
LSD 0.05 0.07 0.27 0.09 0.09 0.30
0.01 0.0 0.35 012 012 0.39
Testers
10229 0.09* 0.22 0.19** 0.20** 0.61**
Uzbekistan  0.16** 0.02 -0.21** 0.03 031*
CB58 -0.08* 0.15 006 -006 -0.42**
Australy 13 -0.17** -0.32**  -028** -004 018
BBB 0.001 -0.07 0.25** -0.14** -0.32**
LSD 0.05 0.07 0.24 0.09 0.8 0.27
0.01  0.09 0.32 011 011 0.35

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

Table 6. Estimate of specific combining ability (SCA)

effects of the 30 F1 crosses for studied traits.
Crosses SCYP(QLCYP(Q L% BW({ SI©
Giza 96 x 10229 2.16 152 0.63** -0.07 0.12
Giza% x Uzbekistan ~ 2.79 0.62

038 00l 006

Giza%xCB.58 -1145** 541** -096** 013 0.32**
Giza% x Australy 13 - 8.79** 430 082** 003 -0.23*
Giza 96 x BBB -2.29 -103 011 010 -0.27**
Giza 94 x 10229 0.39 050 -063** -009 010
Giza%4 xUzbekistan ~ -3.72 -111 042 007 007
Giza94xC.B.58 8.71** 412 063 008 -0.27**
Giza%4 x Australy 13~ 349 157 016 004 017
Giza 94 x BBB -887** -408** -058** -002 -007
Giza 86 x 10229 -0.12 040  043* 024 027
Giza86 x Uzbekistan  -0.56 -103  -073** 001 -013
Giza86xC.B.58 -0.56 -127 1137 014 -010
Giza86x Australy 13~ -1.32 031 034 001 008
Giza 86 x BBB 2.56 222 109~ -009 -0.13
Giza 76 x 10229 -1.20 025 058~ 009 006
Giza76xUzbekistan ~ 5.63 287 035 001 003
Giza76xC.B.58 176 003  -045* -007 -024*
Giza76x Australy 13 -7.47*  -393** -056** 006 0.0
Giza 76 x BBB 128 0.78 007 -007 006
Giza 75x 10229 301 025 -083* 002 -0.52**
Giza75x Uzbekistan ~ -4.26 -167 003 -0003 -0.25*
Giza75xC.B.58 -183 073 145 -0003 021*
Giza75x Australy 13~ -2.79 034 026 -0004 0.22*
Giza 75 x BBB 5.86 102 -091** 003 035
Giza 68 x 10229 -4.25 -192 019 015 002
Giza68x Uzbekistan 012 0.32 031 -005 022*
Giza68x C.B.58 3.38 180 047 001 008
Giza68x Australy 13 -0.71 -129  -103** 005 -0.34**
Giza 68 x BBB 147 1.09 044* 025%* 005

Table 6. Continued.

LSD 0.05 6.20 251 040 016 019
0.01 8.10 3.27 053 021 025

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

Crosses LI(@ 25%SL(mm) PI MR Ul

Giza 96 x 10229 0.24** 0.23 009 013 -031
Giza%xUzbekisten  -0.07 -0.56 0.34** 027 009
Giza9% x C.B.58 0.04 -0.01 011 004 018

Giza%xAusraly13  0.07 058 019 -013 035
Giza 96 x BBB -0.21* -0.24 017 -006 -032
Giza 94 x 10229 013 0.60* 006 -020* 017
Giza%xUzbekisten  0.16 -0.80** 016 010 -1.10**
Giza94xC.B.58 001 031 012 019 019
Giza%xAusraly13  0.16 -0.26 031> -003 -0.08
Giza94 x BBB -0.20* 0.15 003 -006 082*
Giza 86 x 10229 0.30** -1.14 020 0.24* -1.05**
Giza86x Uzbekistan  -0.30™* 114 0001 -009 039
Giza86xC.B.58  -0.39** 011 016 017 014
Giza86xAusraly13  0.15 031 013 014 068*
Giza 86 x BBB 0.24** -041 009 -012 -016
Giza 76 x 10229 0.20* -0.60* 018 012 043
Giza76xUzbekisten  0.13 -0.16 025 -021* 060
Giza76xCB.58  -0.29** 091  028* 001 -064
Giza76xAusraly 13 -0.10 -0.79** 008 009 -048
Giza 76 x BBB 0.06 0.63* 013 -001 009
Giza 75x 10229 -0.53** 1.09** 007 010 068*
Giza75xUzbekisan  -0.16 -0.004 003 -003 -002
Giza75xCB.58  052** -1.00** 010 -001 -020
Giza75xAusraly13  0.21* 0.03 007 -003 -033
Giza75x BBB 0.04 012 021* 017 -013
Giza 68 x 10229 -0.09 -0.19 029 005 007
Giza68xUzbelistan  0.23** 0.38 011 -002 004
Gizab8xCB.58  0.19* 031 022 006 033
Giza68xAusraly13  -0.49™* 012 002 -005 -014
Giza 68 x BBB 0.15 0001 037 008 -030
LSD 005 017 0.60 021 020 066
001 022 0.78 028 026 086

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

Furthermore, Giza 86 had significant and positive
desirable GCA effects for L%, BW, SI, LI and 2.5% SL.
Also, Giza 76 was significant and positive desirable GCA
effects for SCY/P, LCY/P, L%, BW and LI. While, Giza 75
was significant and positive desirable GCA effects for BW
and Sl and negative desirable for MR. Although, the tester
10229 was significant and positive desirable GCA effects for
S, LI, Pl and Ul. Whereas, Uzbekistan had significant and
positive desirable for LCY/P, L%,LI and UI. Besides, C.B.58
showed significant and positive desirable GCA effects for SI.
BBB showed significant and positive desirable GCA effects
for SCY/P, LCY/P, L% and PI as well as negative desirable
for MR.

The results of SCA effects for crosses Giza 96 x
Australy 13, Giza 86 x 10229 and Giza 75 x C.B.58 gave
some of yield traits experienced strong positive SCA effects.
The SCA affects for some fiber properties were non-
significant but desirable in the other crosses. Similar results
are accordance with Igbal et al. (2005), Abdel-Hafez, et al.
(2007), Preetha and Raveendran (2008), Dahiphale et al.
(2015) and Kaleri et al. (2015) .

Proportional contribution

Proportional contribution of lines, testers and lines x
testers interaction for the studied traits are presented in Table
(7). Except PI, all the studied traits showed that lines were
contributed higher than testers and lines x tester interaction.
However, for most studied traits, the proportion contribution
of lines x tester interaction was greater than that of testers.
Similar results were reported by Swetha et al., (2018), Balcha
etal., (2019), Yehia and El-Hashash (2019) and Yehia et al.
(2022).

Genetic parameters

Understanding gene action assists in the selection of
parents for use in hybridization programs, as well as the
selection of an acceptable breeding strategy for genetic
enhancement of specific quantitative traits. As a result, to
develop a successful breeding program, a plant breeder must
understand the sort of gene action involved in the expression
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of distinct quantitative traits. Table (8) shows the genetic
variance component and dominance degree ratio determined

Table 7. Proportional contribution (%) of Lines, Testers
and Lines x Testers interaction for studied traits.

for all studied traits. Non-additive genetic variance was larger  Traits Lines Testers  Lines X Testers
than additive genetic variance for all traits. SCY/P (g) 66.48 22.11 1141
These findings revealed that additive effects played a ~ LCY/P (g) 7401 15.48 10.51
relatively little role in the manifestation of these features, L% 81.99 2.83 1518
compared to non-additive effects. Results showed that the ~ BW (9) 7315 4.28 22.57
hybridization program would be effective in improving the SHg) 5343 12.73 3384
.- . . . LI (g) 72.00 5.08 22.92
majority of the traits studied. Average degree of dominance 5 557'c) (mm) 69.17 313 2769
was greater than one, which indicates the existence of over- ) 63.66 2088 1546
dominance for all the studied traits. Similar results were R 2373 3450 4177
presented by Nassar (2013), Komal et al. (2014), Yehiaand Ui 70.44 12.70 16.86
Hassan (2015) , Mokadem et al. (2016) and El-Shazly,
(2018).
Table 8. The partitioning of the genetic variance for studied traits of cotton.
Genetic parameters SCY/P (g) LCY/P(g) L % BW () SI(g LI(@ 25%SL(mm) Pl MR Ul
o’E. 10.02 1.6333 0.0433 0.0067 0.01 0.0067 0.0933 0.0133 001 0.1133
H% 80.4 86.1 95.5 66.1 875 93.8 834 818 545 73.2
H?, 39.9 422 315 153 125 18.8 16.0 273 9.1 28.3
(c°D. *A)* 1.01 1.02 143 1.83 245 2.00 2.05 141 2.24 1.26

High to moderate broad sense heritability estimates
(Table 8) were found for all studied traits. (h?%,%) estimate
was the highest for L% which recorded 95.56% , while for
BW and MR were recorded moderate values 66.1% and
54.5% , respectively. Narrow sense heritability estimates
(h%%) were ranged from 42.2% for LCY/P to 9.1% for MR.
High differences between broad and narrow sense
heritabilities may be due to the presence of non-fixable
components in the inheritance of most studied traits. Similar
results were observed by Khalifa (2010), Gopikrishnan et al.
(2013), Farooq et al. (2014), Ahsan et al. (2015) , Khalifa et
al., (2016), El-Shazly (2018) and Al-Hibbiny (2020).

CONCLUSION

Mean squares of parents vs. crosses as indication to
average heterosis over all crosses were significant for all
studied characters. Giza 94 x 10229 exhibited significant
useful heterosis (BP) for all the studied characters. The non-
additive gene effects were predominant for all the studied
characters. High differences between broad and narrow sense
heritabilities were observed. Giza 86 and Giza 76 were the
best combiner for yield and its yield components, while Giza
96 was the best combiner for fiber quality properties.
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