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ABSTRACT: Eight parental cultivars and lines of bread wheat were used
in a diallel cross without reciprocals to study the nature of gene action,
combining ability and heterosis under three planting dates (15/10 ,15/11 and
15/12 ) for eight traits . Mean squares due to planting dates were highly
significant for all the studied traits in F1 and F2 generations ,indicating
overall differences between the three planting dates .Mean squares due to
genotypes ,parents and crosses were significant for all studled traits in F1
and F2 generations under the three planting dates as well as their combined
analysis except for plant height in the F1 in the third planting date for
parents.Mean squares due to interaction of planting dates with genotypes
were found to be significant for all studied traits in F1 and F2 except for plant
height in the F1 . Mean squares due to parents vs crosses as an indication to
average heterosis were signifiicant for all studied traits in the F1 and F2
generations under the three planting dates as well as for the combined data
except number of spikes /plant in the second planting date and 1000- kernel
weight in the first and third planting dates as well as the combined data in
the F2 generation.The interaction of parents vs crosses with planting dates
were significant for all studied traits in the F1 and F2 generations except for
plant height and number of kernels /splke in the F1 and 1000- kernel weight
in the F2 generation .The mean squares due to general (GCA) and specific
combining abliity (SCA) were significant for all studied traits under the three
sowing dates in the F1 and F2 generations except plant height for SCA.The
ratios of GCA/SCA variances were found to be greater than unity for all
studied traits in the F1 and F2 generations except for grain filling period
number of kernels / splke and grain yield /plant in the third planting date in
the F2 generation ,indicating that additive and additive x additive types of .
gene action were of greater importance than other types in the Inheritance of
most studied characters.

One cross (P4 xP8) was identifled as promising for wheat breeding for
improving yielding ability because both parental lines and cross possessed
the highest general and specific combining ability effects for grain yield . The
high expression of heterosis for this cross also reflected that the genetic
composition of the parents was different with respect to favorable additive
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genes.Also ,this hybrid was the best in SCA for most yield
components,dwarfism and early maturity .

All traits were influenced by both additive and nonadditive gene effects
under the three planting dates with unequal allellic frequency of the parents.
Asymmetrical distribution of positive and negative alleles among the parents
under planting dates might indicate that allelic expression was affected by
- planting date .Overdominance or partial dominance were exhibited in some
. traits under planting dates with the excess of dominant genes over recessive
genes.

The heritability estimates in narrow sense were relatively high to moderate in
the F, hybrids for all studied traits but were low for grain yield in the second
and third planting dates . For F, generation ,high to moderate heritability
estimates were detected for all studied traits but were low for grain filling
period , number of kernels /spike and grain yield /plant in the third planting
date.

Key words: diallel crosses,combining ability ,heterosis,additive genes,
overdominance

INTRODUCTION

Increasing wheat production, as a national goal, could be achieved
through increasing ‘the production pér unit area,via improving agronomic
management practices as well as the genetic potentality of the cultivar.
Sowing date is one of the most important limiting factors in wheat
production.For starting a breeding programme to improve any crop variety ,
the breeders need .to know the type of gene action and genetic system
controlling the inheritance of the interest characters.The diallel analysis
procedure is the technique of choice providing such detailed genetic
informations and identifying the proper genotypes before including them in
breeding programmes .The basis of progress in improving quantitative traits
in plant breeding is the relative importance of type of gene action invoived .
After dividing the genotypic variance into additive ,dominance and epistatic
variances by Fisher(1918),many genetic modeis were introduced to estimate
the different genetic parameters ( Griffing,1956 and Hayman& Mather , 1955).

Combining ability analysis of Griffing (1956), is most widely used
biometrical tool for evaluating parental lines in terms of their abllity to
combine in hybrid combinations .With this method, the resuliting total genetic
variation is partitioned into the effects of general combining ability ,a
measure of additive gene action and specific combining ability ,as a measure
of non-additive gene action. »

Exploitation of heterosis is considered to be one of the outstanding
achievements of piant breeding .In seif -pollinated crops like wheat the scope
for utilization of heterosis depends mainly upon the direction and magnitude
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of heterosis.The heterosis over better parent may be useful in identifying the
best hybrid combinaions but these hybrids can be immense practical value if
they involve the best cultivars of the area (Prasad et al.,1998) .

This investigation aimed to:1- get some information on the nature of
genetic system controlling yield and its components and earliness and the
importance which should be given to the wheat studied materials in a
breeding programme, 2- estimate the heterosis depending on the balance of
different combinations of gene effects as well as on the distribution of
alleles in the parents and 3- evaluate the general (GCA) and specific(SCA)
combining ability and their interactions with planting dates .

MATERIALS AND METHODS

The present investigation was carried out at El-Gemmeiza Agricultural
Research Station during three successive winter seasons 1999 / 2000 ;
2000/2001 and 2001/2002. In 1999/2000 season, all diallel crosses without
reciprocals, were made among eight spring wheat cultivares of diverse
origin. The pedigree of these genotypes is shown in Table (1). In the
2000/2001 season, thirty kernels of each of the parents and the 28 F, hybrids
were sown in the field in rows spaced 20 cm apart and 10 cm between plants
within the row, to produce the F, generation and the crossmg was repeated
to obtain additional F, hybrid seeds.

In the 2001 /2002 season, kernels from the parents, their F,’s and F,’s
were sown at three sowing dates .Each sowing date was considered as an
independent expenment with three rephcates The three dates were on the
15 *' of October ,15™ of November and 15" of December .Each experiment
was arranged in a Randomized Complete Blocks Design with three
replications .Each of the parents and their F, crosses was represented by
one row, while each F, population was represented by four rows per block.
Single kernels were planted at 10 cm.apart within row and 20 cm. between
rows of 3 meters long.Normal cultural wheat practices were applied as that
ordinary used in wheat fields of the area .At maturity, data were recorded on
a random sample of 10 guarded plants in each row from the parents ,F, and
F, generations .Eight characters were studied ,i.e.,, heading and maturity
dates (days) ,grain filling period (days ),plant height (cm.), number of spikes
per plant , number of kernels per spike ,1000- kernel weight (g) and grain
yield /plant (g).The statistical analysis procedures of Griffing’s (1956) model -
1, method 2 for combining ability ; Bhatt(1971) for heterosis and .
Hayman.,(1954) for genetic components ,were used .
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Table (1): Pedigree and origin of the eight wheat genotypes used as parents
in diallel crosses.

No |Genotype name and pedigree Source

P, gllc\l:’l'l' ob/IChb70 ICW79-0729-2AP-2AP -1AP-1AP-3AP- Syria

P, |Spn//Mcd/Coma/3/Nzr Swm777627-17TH-4H-1H-OH US.A

: P; |(ID13.1/Mit’s’ Swm 12174-18M-OM-4M-1M-OYE Mexico

P, |Lovrin 24/Coc 75 SwmB927-2Y-1Y-0Y-1AP-2AP-OAP Mexico

Ps |Sids 4=Maya’s’/Mon’s’/CMH74_A592/3/Giza 157 Egypt

P, Gen_1,m’eiza 3=Bb/7C*2//y50E/kal*3/5/Skh 8/4/Rrw/ ww'® Egypt
13/Bj’s’/IOn 3/Bon CGM4024-1GM-13GM-2GM-OGM _

P, Gemmeiza 9=Ald “s”/Huac//CMH 74 A.630/Sx Egypt
CGM 4583 -5GM- 1GM- OGM

Ps Maya74’s’/on//1160-147/3/BB/Gll/4/Chat’s’/5/Crow’s’ Egypt
CGm5820-3Gm-1Gm-2Gm-0Gm.

RESULTS AND DISCUSSION

Analysis of variance:

The analysis of variance for each of the three planting dates as well as for
~ the combined data for all studied characters in F; and F, generations are
presented in Tables (2 and 3),respectively .Mean squares due to planting date
were highly significant for all the studied traits in F, and F, generations
,indicating overall differences between the three planting dates .The mean
squares due to genotypes(parents ,F;’s and F.'s )and their interactions with
planting dates were significant for all the studied traits in the F, and F, under
the three planting dates as well as for the combined analysis except for plant
height in the F, for genotypes x planting date interaction ,indicating the wide
diversity between the parental materials and that the genotypes were
inconsistently performed at different planting dates used in the present
study .Similar results were previously drawn by El — Rassas and Mitkees
(1985), Alkaddoussi et al (1994), Eissa et al.(1994) and Hamada (2002).

Mean squares due to parents and crosses were significant for all studied
traits in the F; and F; generations except for plant height in the F, in the
three planting date for parents, while the mean squares due to the interaction
of planting date and both parents and crosses were significant in the F, and
F. generations for all studied traits except for plant height and number of
kernels /spike in the F, hybrids . These results indicated that the parental
genotypes in F; and F, generations differed in their performance for most
studied traits and varied I'n their response to planting date in all studied

790



161

Table 2. Mean squares from analysis of variance for all studied traits in each planting date as well as their bi

d analysis for the F, hybrids .

. £ Heading date (days) Maturity date (days) Grain filling period(days)
Sources of variation |g ‘comp | &7 s2 s3 Comb. 1 52 s3 Comb. s s2 5 Comb.
owing date (S) 2 2635.23** 3424.14" 124.849*
eplication (Rep.) 2 10.186 2364 1.625* 6.335 9.730* 11.763* [3.680* 6.215" 6.317
epx S 6 1.395* 8.943~ 5.404
otypes (G.) 35| 36 M8.576** 170.765** 68.938"  210.5391** [101.7562* 148.86**  116.966** 287.494** 0.911* 109.688** 73.977* 113.611**
Parents (P) T 7 |143.262* 197.779** 122.420* 433.006™ [169.746* 205.644** 144.218** 512,234 7.194™ 108.957" 68.604* 233.634"
Crosses (C.) 27| 27 p4.014™ 157.440** 56.00* 148.006* [79.188*  118,183** 101.513** 188.404™ 816" 112,771 72.861* 78.446*
Parents vs Crosses | 1 1 48.931*  341.430* 43.921* 34347 35.010'  $80.667* 343.428" 1119.745% 9,471 31.575* 140717 222.890"
GxS 70 38.844* 40.045*".. 60.483*
PxS 14 15.228* 3.687 15.560*
CxS 54 44.724" 50.225 74.001*
PveCxS 2 45.403** 19.680* 9.936"
ECA 7 7 (72,782 613932 262.017** 862.077** MA22.13**  394.767* 414,468 1121.976" [144.324* 227.319*" 159.201** 295443
CA 28| 28 |17.523 59970~ 20667  47.716* [21.657*  87.390*  42.591** 78.873* 7.555 80.28" 52.671* 68.151"
GCAx S 14 93.330* 54,693 . 117.699*
SCAxS 56 25.221* . 36.381* 46.176**
Error 70| 210 p.481 0.488 0.452 0.473 .498 0.436 0.464 0.466 .993 0.816 0.977 0.929
GCA/SCA .860 10.237 12.678 18.070 19.491 4.517 9,734 14.225 237 2.831 3.022 4.335
Table 2. Cont.
df. Plant height{cm) Number of spikes /plant Number of kemels /spike
Sources of varlation 's Comb [ 81 §2 s3 Comb, 1 52 s3 Comb. 1 52 $3 Comb.
wing date (S} 2 17921.87 440,757 6500.39"
eplication {(Rep.) 2 [21.197*  37.458"  268.917" [t2.423** 12293~ 5.617* [227.84* 211.011**  297.490*
epx S 6 109.191** 10.111* 245.481*
notypes (G.) . A5 | 35 [106.438* 96.573*  264.167* 368.131* 17.347*"  26.908**  21.226™ 52.612** [113.102** 181.83*  151.226** 325.307**
Parents (P} 7 7 43.876"* 183.588"* 166.601 483.275* 25312 47.160** 29.410* 90.419** (194,753 258.151** 212.447** 383,514
Crosses (C.} 27| 27 [89.453*  69.286**  275.067* 310.497* [15.451 22,578~ 19156 43659~ [83.927 143.168" 119.449** 212413
Parents vs Crosses | 1 A1 [302,948* 223,946 652.80*  1118.255" [12.783* 1.97T™ 19.840* 29,678 [329.28* 691.807** 580.66** 1565.98*
GxS 70 49.523 6.433 60.427*
PxS8 14 5.395 5.732* 40.918
CxS 54 61.660 6.763* 67.064*
PveCxS 2 30.723 . . 2.461* 17.786
T 7 P26.715* 391.581*" 815994 1432.611** [72.204** 91377  90.777™ 234293 [350.406* 536.28**  371.88* 1007.16*
CA 28| 28 51.369*  22.821" 126.20% 102.009** [3.632** 10.788**  3.838 T.191* 3.775* 93.214** 86.057**  154.842*
GCAXx S 14 50.838 ’ 10.032 128.721**
SCAxXS 58 49.194 5.533* 44103
Error 70 | 210 {1.228 1.197 109.454 37.293 r).387 0.695 0.410 0.497 4.622 28.557 22,390 21.856
GCA/SCA 360 17.158 6.465 14.043 19.879 8.470 23.652 32.881 .518 - 5.753 3.871 6.504

“ and ** indicate significant at 0.05 and 0.01 probability levels ,respectively
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Table 2. Cont.

N d.f. 1000- kernel weight Grain yield /plant
Sourcas of variation Comb 1 52 53 Comb. st 52 ST Comb. |
|ISowing date (S) 2 960.067"* 12789.66
[Replication (Rep.) 4 2 897" 5.102* 7.485 16,323 10.014* 14,289
Repx S 6 7.085* 13.542
types (G.} k] 35 158.157 110.395* 310.38** [83.860 256.033** 239.401** 154,523+
Parents (P) 7 7 158.114" 146.093* 349.045 77.786 152,221+ 300.620 301.38*
Crosses (C.) 7| 7 158.189" 94.776" 297.317 [70.872* 274.827* 226.455* 110,326
Parents vs Crosses 1 1 141.600* 289.734* 392.483 M77.034 475.272* 160.407* 319.851*
GxS 70 26.386* 212.385*
PxS§ 14 21.649 . 114.624*
Cx$ 54 * 27.205* 230.914*
PvaCx§ 2 ! 37.438 398,432
A 7 7 459453 205.569% 1091.454 52.501* 353.798* 244,989 267.848*
CA 28 28 80.331 84,725 115,113 1.697** 231.591+ 238.002"* 128.24™
GCAxS 14 26.487* 291.819*
SCA xS 56 26.358* . 192.626*
Error 70 210 0.734 0.571 -0.667 .699 1.300 4,854 2.284
GCA /SCA K 5719 4.566 9.481 055 1.527 1.029 2.120
and ** indicate significant at 0.05 and 0.01 probability levels ,respectively . .
Table 3.Mean squares from analysis of variance for all studied traits in each planting date as well as their bined analysis for the F; generation .
. d.f. Heading date {days) Maturity date (days) Grain filling period (days)
Sources of variation 5 comb 1 52 s3 Comb. $1 52 53 Comb. §1 3 S3 Comb.
owing date (S) 2 2761.611* 3718.92 210.84"
eplication (Rep.) 2 13.501* 3.463" 1.114 2374 , 3.795* 0.191* 3.671 0.754 0.633
epx S 8 2,693 2.120 1.759
IGenotypes (G.) 5| 3 224" 234.261* 101.416** 312.44* [162.268* 210.896* 197.74™  493.510™ 193.324* 145.885" 93.753**  186.96*
Parents (P) 7 7 [143.262** 197.77  122.420** 433.006" [161.486* 205.644** 144.218* 502507 F2.4M*' 108.957** 68.604™  224.065*
Crosses (C.) 27| 27 p5.692  198.794 65.787*  173.293* 115,192 153.477** 81.125** 262.838* 96.635**  160.068 68.772" 161.461
Parents vs Crosses | 1 1 1.225** 1528.24** 916.378** 3225.44** |1438.90* 1797.97** 3721.15* 6658.69* [79.727* 10.954* 944.302' 615.426*
GxS$§ : T0 51.729* 38.699* 72.855*
PxS 14 15.228* 4.411** 17.995*
Cx$ 54 61.990* 43.478" 82.007*
PvsCxS$ 2 30.200* 149.673* 209.779*
IGCA 7 7 [150.276¢ 68505 258,73  855.197** M85.99 483916 272.640° 1111.127** [179.96"  226.870"* 59.765"  215.239*
[SCA 28| 28 82.707* 121.563**  82.088"* 176.751** |81.335*  147.641** 179.021* 339.106* 71.664* 125.264* 102.251** 179.880""
GCAxS 14 ' 119.43* 55.713* 125.679*
SCAxS 56 34.803 34.443 59.649*
Error 70 | 210 [0.834 0.623 0.684 0.714 t.z:u 0.824 1.100 1.053 LI865 0.954 1.722 1.514
GCA/SCA .396 5.635 4.167 4.838 875 3.142 1.522 3.276 2.511 1.811 0.584 1.196

* and ** indicate significant at 0.05 and 0.01 probabllity levels ,respectively
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Table 3. Cont.

. d.f. Plant height{cm.) Number of spikes /plant Number of kemels /spike
Sources of variatlon g ¢, ny, 51 52 53 Comb. §1 s2 s3 Comb. ] 52 53 Comb.
wing date (S) 2 16695.01* 430,256* 4661.43*
eplication {Rep.} 2 876 5.495 6.867"* 717 2,332 0.616 18.995 8.333 8.161
epx S 6 4,346 1.221 11.830*
enotypes (G.) 35| 35 (168.63* 174,872+ 348.689** 588.910** 4.099  28.182** 20.077* 48.742* 116.657** 124.57¢"* 172.748** 323.765*
Parents {P) 7 7 43,876 183.886** 166.601" 483.275* 5312  47.160**  29.410* 90.418"* h“.753" 258.151" 214.02*  585.126**
Crosses (C.) 21y 27 .982**  76.368™  289.597*" 295.315* 11.643*  24.254*  18.160"  39.649 7.198** 65.801**  41.864"  100.692**
Parents vs Crosses | 1 1 546.44* 2776.99"* 4028.78"* 9255.42** L1.9(\2‘“‘ 1.387 6.510* 2.526* 05,367  778.283" 3417.61** 4517.219**
GxS 70 | 51.695" 6.808" 45,104
PxS 14 5.395+ 5732 40,899
Cx$§ 54 63.821** 7.204* 37.086*
PvsCxS 2 48.395* 3837 291.024*
IGCA 7 7 23.95" 364307 §13.284™ 1340.23* 7.348*  94.855* 82.2689** 214.574** [209.588 26597 171.256* 589.542*
FCA 28| 28 H29.8114* 127.639+ 232.54* 401.07* .286** 11.564*  4.520* 7.284* 3.424* 29.216* 173,118+  257.321*
GCAXS 14 80,655 . 9.849* 28.644*
SCA xS 58 44,454 5.048% 49.218*
Error 70 | 210 (1.570 1.462 1.903 1.645 365 0.584 0.682 0.544 .201 8.502 7.587 8.430
GCA /SCA .495 2.854 3.497 3.341 7.452 8.185 18.164 29.458 .243 2.981 0.988 2291
* and ** Indicate significant at 0.05 and 0.01 probabifity levels ,respectively
Table 3.Cont.
s g df, 1000- karnel weight Grain yleld /ptant
Sources of variation Comb 5 52 s3 Comb. 51 52 5 Comb,
owing date (S) 2 1126,38* 7324.401*
lication (Rep.) 2 0.114 23.266* 24.201* 4.501** 0.724 2476
ep x S & 15.860" 2,567
notypes (G.) 35 35 [108.860* 112.351+ 83.760™ 237.552* 34,941 201.314* 184.4* 184.581
‘Parents (P) . 7 7 L131* 158.127+ 146,093** 349,05 [77.957 152221 300.67** 301.807**
Crosses (C.) 27 27 17.629* 104.296* 70.503 217.425* 22.129* 207.736* 66.230" 115312
Parents vs Crossaes 1 1 17.208 9.395" 8.357 0.505 79.732" 371.557 2550.57 1234.23*
Gx§ 70 33.708 117.887
Px$§ 14 21.650** 114.521*
Cx$ 54 37.502* 90,392
PvsCxS$S 2 . 15.726 883.816**
A 7 7 1359.685** ar9.910 269.28 903.93* p11.961“ 287,92 149,293 248,714
28 28 {46.154" 45.461* 37.378* 70.958* [5.6886" 179.66* 1982.801" 168.547
GCA XS 14 52.473* 150.231*
SCA xS 56 29.016" 108.80**
Error 70 210 [14.528 2167 1.451 6.048 i1.144 1.901 5.768 2.937
GCA /SCA 7.793 8.366 7.204 12.738 7.137 1.602 0.774 1.475
* and * indicate significant at 0.05 and 0.01 probability levels ,respectively
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traits except for plant height and number of kernels /spike in the F, hybrids.
These results are similar to those reported by Fissa et al. (1994), Abd E!-
Magied (1995),Awaad (2001),El-Morshidy et a/(2001)and Moustafa (2002).

Heterosis

Mean squares due to parents vs crosses ( average heterosis ) in Tables (2
and 3)were signifiicant for all studied traits in the F, and F, generations in the
three planting dates as well as their combined data except for number of
. spikes /plant in the second planting date and 1000- kernel weight in the first
and third planting dates as well as their combined data in the F, population .
The variance due to Interaction of parents vs crosses with planting dates
(Tables 2 and 3) was significant for all studied traits in the F; and F;
generations except for plant height and number of kernls /spike in the F,
hybrids and 1000- kernel weight in the F, generation .It could be concluded
that the test of potential parents for the expression of heterosis would be
necessarily conducted over a number of environmental conditions.These
findings are in agreement with those of Hendawy (1994) and Kheiraila et al.
(2001) .

Heterosis expressed as the percentage deviation of the F; performance
from its better parent for all studied traits at the three planting dates as well
as their combined data,is presented in Table (4).High positive percentages of
heterosis would be of interest in most traits under investigation ,however for
heading date ,maturity date, grain filling period and plant height ,high
negative percentages values would be useful from the breeders point of
_ view. For heading date, one cross (P2xP7) expressed significant negative
heterotic effects relative to better parent in the first ,second and third
planting dates as well as their combined analysis in the F; hybrids
Jespectively.As for maturity date , one cross (P; xP;s )expressed significant
negative heterotic effects relative to better parent at the three respective
planting dates as well as, their combined data in the F; hybrids.Hendawy
(1994) and Morad (2001), found significant heterotic effect for heading and
maturity date.With respect to grain fiiling period , one cross (P1x P; ) of the F,
hybrids exhibited significant negative (favorable) heterotic effects at the
three planting dates and their combined data. These findings are in
agreement with those of Przulj and Mladenov(1999).For plant height, seven,
nine,one and one hybrids expressed significant negative heterotic effects
relative to better parent in the first ,second and third planting dates as well as
the combined analysis ,respectively .These findings are in agreement with
those of El — Rassas and Mitkees (1985), Abd El-Magied (1995), Ashoush et a/
(2001)and El-Hosary et a/ (2000).

Concerning the number of spikes /plant twelve ,eight ,thirteen and seven
crosses expressed significant positive heterotic effects relative to better
parent in the first ,second ,third planting dates and the combined analysis
,respectively . For number of kernels/spike ,three hybrids (P; xP; ,P; xP; and
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Table 4 :Heterosls percentage relative to better parents values In the three planting dates as well as thelr combined data for all traits studied in the F,

Crosses
Crosses Heading date(days) Maturity date{days) Graln filling period( days) Plant helght{cm.)
81 82 S3 Comb. $1 82 S3 Comb. S1 S2 83 Comb. S1 S2 S3 Comb.
PP, 6.98 -3.75" -1.84~ -009 [-1.25* 1.30 0.36 0.17 5.52 24.80 12.07 14.06 |16.38 1.44 -1.23 -1.51
P1xPy 8.76 1053 323 7.51 2.20 -1.20* 0.20 -1.04 -19.50** -27.05** -5.61" -17.19* |30.92 439 2.96 3.52
PyxP, 0.98 4.21 -4.40~* -016 |-010 -1.80** 0.14 -0.64 1.55 -9.58" 10358 -1.07 1727 682 2.81 8.47
PPy 1.01 1266 4.95 9.31 -1.95" 423 -088 0.56 -15.48* 12.09 5.92 0.55 -3.46*  -3.07** -1.79 -3.02
PyxPs -5.47" 1200 -1.54™ 220 -005 791 =270 2.01 8.47 2.59 -4.78* 167 -0.8 -465™ -3.40 -3.49
PPy 1.97 222 -1.51" 0.89 0.15 -0.17 0.98 034 -2.75" 539 0.01 -2.66" |-3.87™ 480 -2.81 -0.31
PxP, 4.22 222 003 210 -1.78"™ 113 0.81 0.100 [-10.34™ -1.44 2.38 -3.64** |3.05 717 2.37 434
PaxPy 8.32 0.70 -253~ 1.87 097 -1.05 1961 -002 7.50 4.51 1268 8.44 3.04 -1.79*  -1.48 0.3.2
PoxP, -1.29* 052 -2.58"™ 144 -1.80* 0.49 238 0.41 1715 2236 2345 2144 |9732 362 0.89 0.89
P2xPy 8.50 1588 797 1088 |-2.98* 0.70 2.85 0.30 12.41 18.05 25.19 18.91 -1.52 -2.92* -1.70 -7.31
PaxPy -3.81" 3.68 -1.94* -3.14* |-094 055 0.91 0.19 1268 33.72 11.54 18.94 (-0.09 -2.50* -33.37" -12.85"
PaxPy -9.26™ -6.80" 512~ -7.06™ [3.18 0.09 0.92 1.34 3458 1949 1406 2223 |-2.56"™ 148 -1.38 -0.66
PaxPy 7.24 -8.22" -1.23* -561" |2.61 1.78 0.006 1.33 3163 3664 6.80 2487 6.61 5.92 473 5.70
PsxP, 7.96 -1.83 0.19 3.09 1.35 5.38 -6.87 -0.04 -76.28** 13.18 19.91 -5.85" [-0.08 -0.34 0.6 0.19
P3xPs 439 037 713 3.96 -1.36%  -3.21" -2.68* -244* |-279" 1456 3.52 4.69 -0.02 213 3.97 221
PyxPg 485 -042 -069 -1.10* |-080 -0.34 -1.97 -1.04 2,06 12.07 -1.28 -0.92 -0.12 3.78 o077 078
PyxP; 9.69 2.08 9.33 6.81 8.16 439" 051" 200 574 -41.76* -16.46* -7.08** |-7.75% -544" -0.95 -5.06
PyxPy 7.82 -3.76" §&75 295 7.02 0.02 049 238 561 8.21 - -9.65*  1.32 -1.35 374 1.68 1.66
PPy 8.54 -3.76" 7.84 5.74 -2.84" -12.88" -0.71 -5.63* {-10.12** -85.06" -0.05 -11.06* |-1.43 2.45 0.13 0.54
PoxPy -2.53"™ -7.33" -057 352 0.08 -0.02 -1.11* 036 5.31 13.33 -2.11* 556 -3.32" 349 -3.52 -0.87
PP, -1.32 687" -142" 338 0.84 -6.50" -591** -4.02" (4.70 -5.76~ -13.87** 519~ |-11.78** -6.34™ .0.55 -0.91
PPy 0.79 -1.74" 224 112 090 494 -1.24* -242™ [-383* -1119" 053 -4.80" [7.76 -6.83* -1.76 -5.38
PsxP, 7.28 1.93 7.66 4.16 0.80 -1.41*  -1.50* -1.77** [2.06 8.81 -1.30 3.26 -3.19*" 067 433 -3.73
PsxP; 12.89 0.58 1365 8.76 5§30 1.31 -0.65 1.90 -3.92" 9.02 1523  -3.44~ |-004 4.19 -1.05 1.08
PgxPy 13.13 4.27 18.30 1168 (552 1.05 4.28 3.54 -3.78™ 7.03 -9.14™ -210* |1230 6.07 489 7.46
Psx Py 1.90 -3.64** 930 253 7.60 -0.63 3.7 3.44 19.02 4386 -6.31** 529 434 433 -2.25 203
Py x Py 4.39 -247" 1081 4.24 7.26 6.46 4.94 6.21 1304 2279 -569* 1002 |1098 7.24 1094 957
Pyx Py -3.37"  1.07 1.02 -0.12  |-4.46* 615" 0.70 -3.31 [-6.27* -20.30" 0.18 -8.63* [2.18 -243™ -0.58 -0.48
L.S.D. at5% 1.127 1135 1092 1100 1146 1.073 1107 1.093 |1.619 1467 1.606 1.542  [1.801 1777 1699 9772
LS.D.at1% 1.495 1506 1449 1443 |1521 1424 1468 1433 [2.148 1947 2130 2022 2388 2358 2255 12814

* and ™ denote significant values at 0.05 and 0.01 levels of probability ,respectively
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Table 4.Cont.
Numb pikes /plant Number of kernels /spiks 1000 kernel weight Grain yield /plant
Tosses 3] 82 83 Camb. §2 S3 _ Comb. 81 [F] 83 Comb. $1 82 §3  Comb.
PPy 17.38* -1.02 11.01**  7.45* 927 048 4,06 +13.14  -1658 13.59™ 438 13.61 -2.40 -29.10 -14.23
PixPy. 46" 7.14* -2.35 2.85* -9.65 6.80 034 RB1*~ 192* 030 1.58~ 40.44™ 27.88™ 4257 -3.78
PP, 2068 4.01 7.6 571 -2240 9.05* 0.21 12.37 -3.18 0.36 201 }3.37 5.59 -1832 339
PyxPs .57 -30.96 23556 -22.21 0.93 537 1.11 -9.09 086 -7.30 -1.19 .58 9.30™ -3883 -7.38%
PyxP 259" 2271 -9.50 -10.02 9.99" 1074 11.47" .08 -21.21 2008 -18.76 6.01** -2.868 5587 -21.22
PxP; .49~ 927 648" 078 8.18* 0.42 528 1.25 275 213 0.61 17.41* 3.80* -3699 -370
PyxPy [4.01* 0.18 518" 562" 1.13 233 383 1882 1621 686 -14.37 -7.39 5458 -2683
P;xPy .35 -10.39 1422 -9.01 -1388 683 -10.34 1.17 -1396 201 -268 6.88 20.64™ 24.13™
PxP, 15.79 -31.67 473 -18.21 -7.77 -1469 -11.26 |5.48 -1320 -11.55 -1022 -4007 572 1281
P,xPg 1-30.69 -19.02 -16.31 -21.12 -1.28 -9.05 -9.13 1213  -15628 9160 -1260 33.39" 4239 4147
P,xP, 17.41 -21.11 13.05" -8.91 522 -1.29 1.66 .16**  0.36 588~ 384 -5.08 -8.15 439
PyxPy 5.30 -15.62 8.86"* 451 8.01* -16.11 027 1049 12.68™ 1.26* 172" 3245~ 0.09 1463
PyxPy 1-8.11 14.30* 19.10* 1591* 4.25 -2307 919 113.05 332~ 447 171 27.58* -53.32 -1161
P.xP, }16.25 1.38* 4.01* 1.80* 12.96* 546 9.14* 1-8.15 924 -7.84 849 331 21.26™ 462"
PyxPy 13401 -36.98 3356 -35.04 8.94 -8.98 -9.60 1292 -1942 -1364 .14.92 -10.18  -8.29 0.84
PyxPg 1729 3.70* -8.08 -21.26 8.39* 9.59* 10.90* |3.156 -1208 -9.03 832 -28.49 -1537 -20.14
PyxP; (7.59** 417" 401~ -7.35 -8.45 6.13 -1.93 27.73" 20.74* -4.30 8.57 385"
PyxPy 18.45 -1.63 -17.00 877 1878 11.29™ 12,05’ 387~ -238 17.61* 0.42 13.82*
PPy 13468 -37.84 -20.14 -31.33 -1163 -1282 -12.94 16.88* 7.91*% 11,87 7.01* 169
PPy L1444 592+ 0.71 -5.14 16.63* 16.39* 1343* 3.1~ 472% 3473~ 6962 -13.21
PPy 17.23* .549 3.97 568" 1272 727 -8.69 11.19*  10.60* 7.56 -2046 311"
PxPy 10.67* 3.76* 450 082 13.00™ 1893 1.82 498~ 797" 30.07™ 54.64* 313"
PyxPg .16 0.28 780" 084 205 2.04 -1.84 -3.68 2.70™ -3.01 <2711 1058
PyxPy 33.36 -33.84 -38.77 -3566 578 -1.74 231 432 .21 .72 274 453
PexPa +13.15  -18.58 34.57 -2365 -8.46 -4.57 $.33 -1.85 553 -31.88 -2573 -20.70
Pex Py 9.10" -8.62 -11.14 -9.42 -7.69 0.38 -1.84 1112 4.19 835 1884~ 1523
P x Py 15.57**  46.28" -12.09 17.18* 19.45* 22.18* 22.89* 0.35 -8.30 41,76 -5353 291*
Pyx Py 235" -13.76 369~ -3.54 -4.65 8.41* 213 4.47* 566" 36.03 3462 -17.05
L..S.D.at5% 1.011 1.355 1.044 1.128 7.519 7.688 7.481 1.228 1.307 1.852 3.579 2418
L.S.D.at1% 1.341 1.797 1.381 1.480 9.975 10199 9810 1629 1.714 2457 4749 3.7

* and ** denote significant differences at 0.05 and 0.01 ‘luvol; of probability ,respectively




Heterosis atigrgne action of yield and its components and some .......

P; xPg; )of the twenty eight hybrid combinations had significantly more
kernels /spike than their respective higher parents in the three planting dates
and their combined data in the F, hybrids .For 1000- kernel weight ,four
hybrids (P; xPs ,Ps xP; ,P, xPg and P; xP; )expressed significant positive
heterotic effects relative to better parent values in the three planting dates as
well as their combined data in the F, hybrids. Hamada and
Tawfelis(2001);Morad (2001) and Hamada (2002) found significant positive
heterotic effects for number of spikes /plant ,number of kerneis/spike and
1000- kernel weight .

Concerning grain yield /plant szPs , P4 xPg and Pg xP; significantly
exceeded their better parent values in the first ,second and third planting
dates as well as their combined analysis ,respectively ,in the F, hybrids.
These hybrids exhibited heterosis for one or more of studied traits
contributing yield . The heterotic magnitude ,however ,differed from case to
case.These findings are in agreement with those of AbdEIl-Aty (2000), Morad
(2001) and Hamada (2002). This finding agreed with the general trend where
the expression of heterosis for a complex trait could be explained on the
basis of component interaction , as the numerical value recorded for a
complex trait is always a function of its components .lt could be concluded
that these crosses would be efficient and prospective in wheat breeding
programs for improving grain yield .Significant positive heterotic effects
relative to higher yielding parent were also reported before by El-Hosary et
- al (2000), El-Seidy and Hamada (2000)and Ashoush et a/ (2001).

Combining ability

The analysis of variance for combmmg ability as outlined by
Griffing's(1956) method 2 model 1 for each planting date and combined data
for all studied traits is shown in Tables (2 and 3).The mean squares
associated with general (GCA) and (SCA)specific combining ability were
significant for all studied traits under the three sowing dates in the F, and F,
generations except plant height for specific combining abllity in the F,
" hybrids in the third planting date .Both additive and non additive gene effects
were involved in determining the performance of ail studied traits . Also, GCA
1 SCA ratios for grain filling period , number of kernels / spike and grain yield
Iplant in the third planting date in the F, generation were less than unity
,jindicating the predominance of non-additive gene action in the inheritance
of such traits. On the other hand , high GCA /SCA ratios which exceeded the
unity were detected for other trais cases, indicating that additive and additive
x additive types of gene action were more important than non additive gene
effects controlling these traits .The mean squares of interaction between
planting date and both GCA and SCA combining ability were significant for
all studied traits in the F, and F, generations except plant height for general
combining ability x pianting date and SCA x planting date in the F, hybrids ,
revealing that the magnitude of additive , additive x additive and non additive
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types of gene action varied from one planting date to another .Similar results
were previously drawn by Ronga et a/ (1995) ,El-Morshidy et a/ (2001)and
Moustafa (2002).

General combining ability effects:-

1-In F, generation : -

Estimates of GCA effects of the individual parental lines for each studied
trait in the three planting dates as well as their combined analysis in the F,
generation are presented in Table (5).General combining ability effects were
found to differ significantly from zero in all cases. High positive values would
be interest for all traits in question except heading date , maturity date , grain
filling period , and plant height whereas high negative effects would be
useful from the breeders point of view .Parental cultivars Sids 4(Ps) ,
Gemmeiza 3(P¢) , and Line P; expressed significant negative effects for
heading and maturity. dates in the three pianting date as well as the
combined analysis, indicating that the three genotypes could be considered
as good general combiners for developing early genotypes . For grain filling
period ,significant negative GCA effects were detected for Line P; in the
second and third planting dates as well as their combined data. Therefore ,
the line P; was considered as the best combiner for decreased grain filling
period .For plant height, the parental cultivars Sids 4(Ps), Gemmeiza 3(Ps) ,
line Py and line P, gave the highest significant negative GCA effects in the
three planting dates as well as the combined data.Therefore these parents -
were considered as the best general combiners for these traits .For number
of spikes / plant, line P, ,line P, and cultivar P; expressed significant positive
general combining ability effects for this trait in the three planting dates as
well as the combined analysis . For number of kernels/ spike ,parental
cultivar Sids 4(Ps) gave significant positive combining ability effects ,
therefore this parent was considered as the best combiner for this trait in the
three planting dates as well as the combined analysis .Parental line P,
,cultivar sids 4(Ps) and cultivar gemmeiza 3(Pg) expressed significant positive
general combining ability effects for 1000-kernel weight in the three planting
dates as well as the combined analysis ,while the parent line P, gave the
highest significant positive general combining ability effects in the three
planting dates as well as the combined analysis for grain yield /plant .
Therefore this parent was considered as the best combiner for this trait. It is
worth to note that the parental line P, which possessed high general
combining ability effects for grain yield / plant , showed the same for one or
more of the traits contributing to grain yield .

2- F, generation

Estimates of GCA effects of the individual parental lines for each trait in
the three planting dates as well as their combined analysis in the F,
generation are presented in Table (6).The parental cultivars Sids 4(Ps) and
Gemmelza 3(Pg) showed highly significant negative general combining ability
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Table 5.Estimates of general combining ability effects of parents for all characters studied under the three planting dates as well as their combined data In the F,

population. .
Parents Heading date Maturity date Grain filling period
S1 82 83 Comb. S2 S3 Comb. $1 S2 S3 Comb.
P1 10.695 6.554 0.821 2.690 3.885 1.424 1.641 - H1.080" -2.668" 0.603 -1.048*
P2 10.529 2.310 0.504 1.114 1.842 0.794 0.541 1.540* -0.468* 0.290 -0.572+
P3 2,320~ -0.659 -0.005 -0.995* 5377 -2.759*  -3.543"* -0.173 4.718* -2.753* -2.548"
P4 10.862 -0.372* -0.529" -0.013 -0.750~  -0.595™  -0.482** +0.963* -0.378* -0.066 -0.469*
PS £3.630~ -6.192" -5202~  -5.008* -3.240~ 3115 -3.268™ 0.183 2951 2.086 1.740
P6 +1.240**  -7.409** .2,625"*  -3.758* 4271 -3.565" 4441 -3.346** 3138 -0.940" -0.382"
P7 2.085 3.624 3.054 2.924 3.615 3.874 4.707 [4.536 -0.008 0.820 1.782
: P8 .009 2144 3.984 3.045 4.295 3,944 4.544 .383 2151 -0.040 1.498
L.S.D.(gi)at 5% o.310 0.268 0.281 0.112 0.308 0.356 0.136 .464 0.332 0.446 0.164
S.D.(gi) at 1% 0.411 0.356 0.372 0.147 0.409 0.472 0.179 .615 0.441 0.591 0.215
S.D.(gl- gj)at 5% 10.469 0405 - 0.424 0.174 0.466 0.538 0.212 .701 0.502 0.674 0.254
L..S.D.(gl- gj)at 1% 0.622 0.538 0.563 0.228 i 0.618 0.714 0.277 .931 0.666 0.894 0.333
* and ** denote significant at 0.05 and 0.01 levels of probabllity ,respectively
Table 5.Cont. ' -
Parents Plant height Number of spikes/plant Number of kemeis/sp
81 S2 S$3 Comb. S1 S2 83 Comb. 82 83 Comb.
P1 0.336 -4.056™ 2126~  .2473* |0.03¢ 1.318* 0.080 0.453* 2.002** 1.547 1.192*
P2 1470 .2.166 -5.880*  -3.002* .426 -0.215 0.160 -0.160 -0.104 0.774 1.050™
P3 .343 1.536 3.763 2.547 Ems" 1.245" 1.563* 1471 -4.010 -2.265 3135
P4 .708 3.216 4,126 3.350 203" 1.595 1.356™ 1.718" -2.347 -2.085 -2.589
PS5 [4.243" 2,900 -5.133"  4.092~ |-2.303 -3.775 -3.650 3,209 5.779* 4.930™ 5.008™
P& 3.633 -3.026 -5.173** .-3.944" |[0.586 -1.188 -0.993 -0.922 -0.704 -0.559 -0.634
P7 F1.080* 1.913 2.246 1.036 f1.246™ 0.621™ 1.099* 0.989™ 0.779 -1.409 0.229
P8 I5.383 5.473 7.976 6.277 10.800 0.398* 0.283* -0.039 -1.394 -0.932 1421
..S.D.{gi)at 5% p.425 0.410 0.468 0171 .205 0.259 0.281 0.098 0.991 . 0.936 0.387
S.D.(gl) at 1% 10.564 0.545 0.622 0.224 .272 0.344 0.372 0.129 1314 1.241 0.507
S.D.(gi- gj)at 5% j0.643 0.621 0.708 0.265 .310 0.392 0.424 0.152 1.498 1.415 0.589
L-S.D.(gi- gj)at 1% Jo.854 0.824 0.940 0.347 411 0.521 0.563 0.199 1.987 1877 0.786

* and ™ denote significant at 0.06 and 0.01 levels of probability ,respectively
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Table 5.Cont.
Parents 1000 -kernel weight Grain yield /plant
s S2 S3 Comb. S1 S2 - 83 Comb.
P1 -3.684 -3.905 -2.406 -3.298 2.018 2.098* 0.388 0.157
P2 2.884 5229 -3.826 -3.980 -1.268 -1.624 -1.254 -1.382
P3 278 -2.899 -2.260 -2.812 +3.005 -2.867 4.388" -0.494
P4 702" 1.107* 0.953 0.921* 3.586* 0.880* 2,332 2.166*
P5 14,9204 2,997 2.130™ 3.352* 1-1.678 8,127 -1.965 -3.257
Pé 15.665" 6721 6.120* 6.168"" 2.411" 3.897 -5.087 0.407
P7 11.431 0.400" 0.013 -0.339 4.208" 0.283 0.232 1.575*
(] -0.117 0.806* «0.723 -0.011 .2.238 3.759" 0.964 0.828*
L..S.D.(gl)at 5% 283 0.291 0.256 0.108 .284 - 0.387 0.748 0.201
L.S.D.(gl) at 1% B.MG 0.386 0.341 0.142 377 0.814 0.993 0.264
L.S.D.(gl- gj)at 5% 429 0.440 0.388 0.168 .429 0.585 1.132 0.312
L.S.D.(gl- g))at 1% X ) 0.584 0.515 0.221 .570 0.777 . 1.501 0.409

epeweH vy

*and ** denote significant at 0.05 and 0.01 levels of probabllity ,respectively

Table 6 Estimates of géneral combining abllity effects of parents for all studled characters under the three planting dates as well as their combined data In the F,

generation.
o, . Heading date i Maturity date Grain filling period
i $1 S2 83 Comb. °| S1 2 . $3 Comb. S1 S2 s3 Comb.
P1 10.536 6.097 0.460 2.364 0.072 4.270 1.433 1.876 -0.609* -1.827* 0.973 -0.487*
P2 .850 2.897 0.900 1.882 -0.902** 0.963 '2.026 0.695 F2.752* -1.934 1.126 -1.186*
P3 +2.00"  -0.472" -0.266" 0.913 2429 4913 4736~  -4.026™ 0.429* . -4.440* 4470 -3.113"
P4 0.123 -0.082 -0.546"  -0.168~ |0.099 -0.830"*  -0.063 -0.330™ 10.223 0.747 0.483 -0.162*
P5 4,116 -8.659™ .5120~  .65.298* |3.512** -2.920*  -2.313* .2, 915* 0.604 3.739 2.806 2.383
P6 1,543 6472~ .2.683 -3.566™ [4.109™ -3.710*  -4.980™  -4.266"" |2.565" 2762 -2.296** -0.700*
P7 2.560 2.664 3.596 2.940 6.137 3.156 3.730 4.341 3.577 0.492 0.133 1.401
P8 .590 2027 3.660 2.759 987 3.983 4,903 4.624 2.397 1.955 1.243 1.865
I..S.D.{gi)at 5% .235 0.236 0.226 0.091 .239 0.224 0.230 0.090 0.338 0.306 0.334 0.128
L.S.D.(gl) at 1% .312 0.314 0.301 0.120 .318 0.297 0.306 0.118 .448 0.406 0.443 0.168
L.S.D.(gi- gj)at 5% 356 0.358 0.344 0.141 .362 0.339 0.348 0.140 511 0.463 0.507 0.197
L..S.D.(gi- gl)at 1% 0.472 0.475 0.456 0.185 .480 0.450 0.462 0.184 .678 0.615 0.673 0.259

*and ™ denote significant at 0.05 and 0.01 fevels of probabllity ,respectively
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Table 6.Cont.
Parents Plant height Number of splkes/plant Number of kernels/spike
81 §2 83 Comb. S2 S$3 Comb. §1 Ss2 s3 Comb.
P1 F1.129" -3.313** -2.610*" -2.351* 1.416™ 0.175 0.573* -1.604 2.401* 4,360 1.718*
P2 12.075" -2.343" 4.797" 23.072" -0.040 0.138 0.160 0.382 2.394* -0.426 0.783*
P3 2.137 2.126 4.379 2.881 1.191* 1.645* 1471 -3.394 -6.089 -3.376 -4.286
P4 .437 2.800 3.975 3.071 1.249" 1.351* 1.689" 3.767 -8.435 -2.870 -4.357
P5 2.758" 3.376 5737 3.957 -3.805 -3.658 -3.381 266 5.780" 5873 5.970*
Pé [4.495* -3.760* -5.434" -4.563" -1.103 -1.225 0.997 -0.320 0.227 1.293 0.400
P7 10.204 2,193 2.782 1.726 0.679* 1.276" 1.102+ 3.679* 1.171 -2.430 0.773*
P8 15,680 5,673 7.442 6.265 0.413" 0.298" 0.002 +1.130 0.551 -2.423 -1.001
L.S.D.(gi)at 6% 1.376 0.371 3.555 0.814 0.283 0.217 0.094 1.299 1.816 1.808 0.623
L.S.D. I at1% .499 0.483 4,716 1.067 0.376 0.288 0.123 1.724 2.409 2133 0.817
IL.S.D. t 5% .569 0.562 5375 1.261 0.428 0.329 0.145 11.964 2.745 2431 0.965
L.S.D. (gl- ghat 1% .756 0.745 71431 1.664 0.568 0.436 0.191 2.606 3.842 3.225 1.266
*and ** denote significant at 0.05 and 0.01 levels of probability respectlvely
Table 6.Cont.
1000- kernel weight * Graln yleld /plant
Parents 3] s2 & Comb. $1 52 s3 Comb.
P1 13.374 -1.550 -0.57 -1.831 -1.285 1.818™ 2.008" 0.847*
P2 1.912 -5.886 -4.470 -4.093 .302 -1.166 -2.441 -1.101
P3 3.892 «2.662 -2.350 -2.868 1.866 -2.380 1.085* -1.053
P4 .997 0.488 0.456" 0.648" 1.346™* 0.565* 1.565 1.158*
P5 14.435% 2133~ 0.543" 2.370* 1.013 -5.994 -2.864 -3.290
Pé 714 6.197 6.033 5.881** 1.5613* 2.805* -1.880 0.813*
P7 1,338 0.228 0.043 -0.355 3.263** 0.899* -0.508 1.218 =
P8 0.928 1.059" 0.313 0.148 -2.261 3.452+ 3.035+ 1.408**
L.S.D.(gl)at 5% .295 0.500 - 0.409 0.327 .363 0.468 0.816 0.228
L.S.D.(gl) at 1% 1.718 0.863 0.543 0.430 482 0.621 1.082 0.299
'L.S.D.(gi- allat 5% 11.958 0.756 0.619 0.508 .549 0.708 1.234 0.354
L.S.D.(gi- glat 1% 12.597 1.003 0.821 0.666 729 0.939 1.637 0464

*and ** denote significant at 0.05 and 0.01 ievels of probabllity ,respectively
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effects for heading date in the three planting dates as well as their combined
data revealing that both cultivars could be considered as excellent general
combiners for developing early genotypes .For maturity date cultivars sids 4
(Ps), gemmeiza 3 (Pg) and line P; as well as for grain filling period P, line
showed highly significant negative estimates of general combining ability
effects in the three planting dates as well as their combined analysis
,revealing that these cultivars couid be considered as excellent general
combiners for developing early genotypes.Concerning plant height, the
cultivars Sids 4 (Ps),Gemmeiza 3(Pg) cultivar and line P, exhibited highly
significant negative general combining ability effects in the three planting
dates as well as their combined data . The cultivar Gemmeiza 9 , line P, and
line P3;,had highly significant positive general combining ability effects for
number of spikes / plant in three planting dataes as well as their combined
data .For number of kernels / spike, cultivars Sids 4 (Ps)proved to be the best
general combiner in the three planting dates as well as the combind analysis
. The cultivars Sids 4(P;) and Gemmeiza 3{Pg), showed highly significant
positive values of general combining ability effects for 1000- kernel weight in
three planting dates and their combined analysis, proving to be excellent
general combiners in this respect . The Line 4 exhibited significant positive
general combining ability effects for grain yield / plant in the three planting
dates and their combined data, proving to be good general combiner for this
trait .
Specific combining ability effects :-
1- F1 hybrids

Estimates of the specific combining ability effects of the F; hybrids for the
studied traits in the three planting dates as well as the combined analysis are
presented in Table (7).Significant negative specific combining ability effects
in the three planting dates as well as their combined analysis were obtajned
for heading date in four crosses ,i.e cultivars Gemmeiza 3 and Gemmeiza 9
with each of line P, and line P, .Concerning maturity date, the four hybrid
combinations P,x Pg ,P, xPs ,P, xP; and P, xP; showed highly significant
negative specific combining ability effects in the three planting dates as well
as their combined analysis. As indicated before the parental cultivar
Gemmeiza 3(P;) , proved to be an excellent general combiner for heading
date and maturity date in the three planting dates as well as the combined
data .As for grain filling period ,the two hybrids combinations P, xP; and P;
xP; were found to exhibit highly significant negative specific combining
ability effects in the three planting dates as well as the combined analysis
.Earliness if found in what is favourable for escaping from destructive
injuries by stress conditions and intensive production .Regarding plant
helght twelve ,(ten ,one and three hybrids exhibited significant negative
specific combining ability effects in the first ,second ,third planting dates as
well as their combined analysis ,respectively .However the cross P5 xP8 was
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Table 7.Estimates of specific of combining ability effects of F, crosses for all studied traits under the three planting dates as well as their combined data
in the F, generation .

Crosses Heading date Maturity date Grain filling period
$1 S2 S3  Comb. $2 S3 Comb. §1 S§2 S3 Comb.
PxP; 272 -4.997* 0.962 -0.264 0.770* 0.251 0.028 -2.667* 4,227 -0.711 0.283
£1xPs 1.889 4172 1.762 2.607 -5.893" 0.252 -3.449* 090" -10.065* -2.014* -£.056**
PyxP, 0.165 1.882 -1.067*  0.330 0.210 3.974 2,299 .969 -2.092** 5.032 1.969
PPy 1.072 0.356 -2.917 0.495* 3.812 -2.376" -0.282 -3.357 3.454 0.542 0.213
PPy -3.167 4.572 -3.287 0.627 4.602 -5.776" -1.020** 11.279 0.03 «2.487 0.392
PyxP; 1.470* 1135 -1.434* -0.589** -0.230 -1.118* -0.950* }-0.030 -1.365* 0.315 -0.360
PyxPy .332 1.872 0.164 0.680 0.842 0.207 0.611* -3.297* -1.029* 0.372 -1.291*
PaxPy j0.242 -1.594* -3.611 -1.654* -2.387 1.387 -0.956* 1-2.113* -0.792 4.998 0.697
PyxP, 1.347**  0.582 -0.197 -0.320 3.196 4547 2.668 H.279 2814 4,745 2.879
PxPg 1.407*  6.158 -1.091** 1.220 2.288 2,097 0.554 F1.313** 3.872 3.188 -0.665*
P;xPg 081 -5.561* -4.061** -4.567 -2.567 -1.735* ~2.139* 1.956 3.004 2.325 2.428
P;xP; L.917*  -1.2684™ «2.241* -2.474% -1.357 -1.245 -0.846+ 13.979 -0.092 0.995 1.627
PxPy .014* 4727 -0.404 -3.048* 0.182 -3.685* -1.152* 4.910 <3.281~ 1.896
P3xP, .702 2418 0.168 1.430 7.938 -7.988** 0.047 5,520 -8.157* -1.382**
PyxPg .357 2971 -0.491 -1.273" -1.370** 0.272 -0.456* 1.800 0.218 0.816
PyxPy 1.035 0.575 -1.861** -0.083 2118 1.327 1.005 1.6544 3.188 1.088
PyxPy p.585 -0.094 3.858 1443 .147 -2.148** -2.002** $.052 -6.007 -3.445
PyxPy |-0.797" -4.791* 0.728 -1.619* -4.040** -3.355+ -1.785* 0.750 -4,084* -0.185
PoxPs — p.3s52 -2.261* -0.011 -0.839* -14.520* -0.645 £.174* -12,259" -0.634 -5.534"
PPy F.321 5681 -1.481** -2.827 ~1.530** -2.245" -1.823* 4.150 -0.764 1.004
PPy 2,091*  .5,351+ -1.861** -3.100** -5.830* -6.755+ -4.809* -0.479 -4.894* -4.708"
PPy .354 0.285 -2.667* -0.908* -4.280* -1.428* -2.892 -4.576" 1.228 -1.983+
. PsxPy 11.185 1.162 2258 1.635 -1.273 -0.495 -1.027 -2.435 -2.754* -2.563
PgxPy 1.015 -5.941"* 0.478 -1.482* 0.926 -4.372+ -1.002* 6.867 -4.851* 0.479
PsxPy M.162 -2,337 3.915 0.910 -0.267 0.987 0.858 2,070 -2,927 -0.051
PuxP; .191 -5.204% 2,508 -0.992 £.317 0.161 -1.673 -1.022* -2.347 -0.681*
PexPy 779 -3.657 3.678 0.600 2.189 0.554 1.543 5.847 3.124* 0,943
PyxPy F1.324* 4.738 -1.034"  0.793 -3.810* 371 -1.664* -8.540" 4,745 -2.458"
L.S.D.si] ats % 0.722 0.726 0.698 0407 0.6886 0.708 0.403 0.93¢9 1.028 0.570
L.S.0.slf at1 % “10.968 0.983 0.928 0.534 0.910 0.939 0.520 1.248 1.384 0.747
L.S.D.slj-sik at § % —r.oes 1.076 1.034 0.601 1.018 1.048 0.598 1.391 1.522 0.844
L,S.D.sij-sik at 1% h.417 1.428 1.372 0.788 1.351 1.3 0.784 1.796 2.019 1.107
*and ** denote significant at 0.05 and 0.01 levels of probability ,respectively
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Table 7.Cont.
: Plant height Number of spik Numbser of ker Ispi
Crosses A s2 s3 Comb. s2 $3__ Comb. s2 S3__ Comb.
PxP; }0.12 -1.128 3.870 0.807 1.012* 0.151 0.731** 4.154 2.070 3.579"
P4xPy +0.466 0.468 -1.439 -0.479 1.947* 0.811* 1.215+ -2.329 4.487 0.482
PyxP, 10.833 2328 -1.169 3.997 0.677 0.938 0.347 -7.318 5.713* 0.464
PyxPy +1.836* - -1.795" 1.877 0618 -0.188 -0.151 0.234 0.900 3.770 3.203*
PyxPs -0.566 3211 2.207 0.523 -1.524 £0.918 -0.627 6.887" 2.850 3.607
P1xPy 4,233 0.8 -5.442 -2.947 0.774 1.114*  0.380 4.511 -2.026 0.555
PyxPy [4.043* 0.178 -5.069 -3.087 0.759 0.424 0.340 0.435 0.100 -0.358
PxP, .680 -3.535* 0.280 -0.858 0.371 -1.018 0.183 -5.889 am -1.292
P;xP, 4.32* 1.624 3.083 0128 -3.820 0.791 -1,502 -0.508 -3.189 -1.910
P2xPs T0.576 -1.865* -10.402 -3.897 1467 0.218 0.379 -0.992 -3.876 4.316
PyxPs 313 -1.948* -24.006* -8.547 -1.534 1.418* £.593 3.094 3.870 3.087
P;xPy 1.986" -0.101 1.977 -0.037 0.417 1.851* 0.328 4.381 -4.806 1.689
PaxPy .07 1.218 3.483 1.590 2.049* 2.261* 1.274* 2.004 -10.546 -3.71
PaxP, .633 1.054 1.440 1.678 1.114* 0.634 0177 4.307 -1.716 2.059
P3xPs 247 -1.036 0.353 -0.950 0.483 -0.265 -0.436 0.924 0,859 0.364
PaxPy o 0.114 -1.319 1.767 -2.965 1311+ -0.780 1.211 1.087 2,345
PsxPy 2,90 4,238 0.800 -2.112 3.315 0.711* -0.825 -0.265 3.443 1.383
PixPy +1.043 2.914 0.859 0.337 1.451* -1.811 0.064 10.987 1.937 4,013
PyxPy -3.87* -1.3758* -2.876 -2.707 -1.088 0.838 -0.248 -1.026 4.666 -2.308
PyxPy 16.033* -0.858 -3.646 -3.512 2.409* 1.388* 1.3119* 7.090* 5.280* 4.028"
PxP; -8.833** 4.011** 1.837 -3.089 . 0,025 0.428 0.834* -3.285 3.737 -1.956
PuxPy 510" -6.825" -3.089 4.841* 1.658* 0,698* 0.990" 7.301* 6.430* 8.407*
PyxPy 1.6.736** 0.984 2.300 0.849 1.364* 0.414 1.227 4.041 3.970 2,078
PgxP; -0.836 1.064 -2.818 -0.862 0.281 -1.585 0.872 6.287" 4.427 5.138
PyxPy 13.986 0.448 -1.842 0.565 -1.418 0.873 -0.794 -3.582 1.987 -0.221
PexP; 2.20 0.614 -1.152 0.583 1.679* -0.018 0.465° -5.982 -5.289 -3.236
PsxPy [1.923 0.168 7.087 3.089 3179+ 0.408 1.155" 5137 8.833** 6,727
PrxPy .523 -2.285" -1.862 -0.541 0.537 0.591 0.299 -3.805 4.030 1.020
S.D.sij at5 % 1.184 1.140 10.699 3.617 0.868 0.667 0.418 5.567 4,929 2,769
S.D.sij at1 % 1.831 1.512 14.45 4.743 1.152 0.885 0.548 7.385 6.539 3.631
S.D.sij-sik at § % 1.708 1.686 16.128 5.352, 1.285 0.988 0.618 8.237 7.293 4.097
S.D.sij-sik at 1 % .266 207 21,394 7.018 1.705 1310 0.811 10.927 9.676 5.373
and ** denote significant at 0.05 and 0.01 levels of probability ,respectively
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Table 7.Cont.
1000- kernel weight Grainyi T
Crosses 1 52 ) Comb. 3] s Comb.
PP, (3036 2901 XETT 0.398 0470 1994 0372
PoxP, 023~ 3701 0,166 1.852% 3196+ 2,916 2,196~
PyxP. 376 0571 -0.046 -0.080 -3.882 3.440% 0.333
PP 940> 6AT1 5.976+ 4,699~ 8.802 1.894 3778
PP 0,852 -5.952 8413 4.408 4999 5830 <471
P oxP; 1.243% 1797 -2.606 1.020 0.237 -10.160 0.361
FyxPy 236 5.204 -3.670 4703 ° 5728 11.888 6.737
PP, H.787+ 4708 0.253 0.889 5811 8.827 2,670
PP, L1722 4315 -3.860 -3.208 -15.848 5.783 -2.402
PP l0.416 0871 -1.003 0763 9,149~ 2.215 5421
PoxPe 814 B.670" 9.673 6.019~ -2.200 3.504% 0.935
PyxP; (4,055 4002 0413 0.148 13,304~ 0618 4756~
PoxPs 2,202 5118 3183 2,033+ 11,662 9416 -0.288
PyxP, 2,698 4645 -3.626 -3.656 1.883+ 9.273% 2,365
PyxPy Lo.389 -5.601 3738 3242 2442 5.628 1633
PyxPe T4 A1.326 -0.203 -0.081 - 10764 2872 4.940
PyxP; 0.862 12,3954 10.513 7.348~ 0.218 0.206 0.591
PyxPy 11.176 1.455% 1.350 0.543° 8.724 10.508+ 7119
PPy 2,163 7.224 6916 5.434" 0.889 10,028+ 3079
PoxPe 227 3734 3,303 3818~ 12,262 A7.150 0.064
PoxPs b 057+ 3.822 2,933+ 2937 1.399 6.604 -0.192
: PexPs .76+ 2.715% 0.780* 1783 10,524 3.820~ 1.0110
PyxPe 967" ormr 1.650 0.031 3,160 1784 0.807
PPy 11.136 4.587 2143 2815 2,640 2194 0.797
PaxPe lo.016 -2.674 0473 0.943 -8.801 4416 -1.405
PexP; 527 -1.558 -0.566 0199 1.682 10,490~ 4,024~
PexPy 0,782 2,668+ 3,036 1,850 12076+ -5.882 2,702+
PrxPy 4,110 2,289 .0.858 1914 -16.879 -2.002 -5.036
503 25 % l0.870 0.803 0.787 0.484 1.187 2.298 0.895
S.D.9i] at1 % 1.154 1.184 1.044 0834 1,575 3.046 1174
SDsijskal 5% 1.267 1.321 1.165 0718 1767 3.396 1.324
ILS.D.sijsilk at 1% h.707 1.752 1.545 0.838 233 4.505 1737

*and ** denote significant at 0.05 and 0.01 levels of probability ,respectively
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the best for shortness.Ten ,eleven ten and nine hybrids had significant
posltive specific combining ability effects for number of spikes /plant in the
first ,second and third planting dates as well as the combined analysis,
respectively. The best combinations were P, xP; and P, xP; in the three
planting dates and their combined analysis for this trait .For number of
kernels /spike ,seven ,ive four and nine parental combinations had
significantly positive specific combining ability effects in the first ,second
and third planting dates as well as the combined data ,respectively .The
* cross P4 xPg gave significant positive specific combining ability effect for this
trait in the three planting dates as well as the combined analysis .For 1000-
kernel weight, line P, with each of Sids 4(Ps) ,Gemmeiza 3(P;) ,Gemmeiza
9(P;) ,line Ps , Py xP5 and P, xP; were found to exhibit significant positive
specific combining ability effects in the three planting dates as well as the
combined analysis .Concerning grain yield /plant the two crosses P; xP; and
P, xPs showed highly significant positive specific combining ability effects in
the three planting dates and their combined data .It is of interest to mention
that line P, was found to be an excellent general combiner for grain yield
iplant ,therefore the hybrid combinations P, xP; would be of practical
importance in a breeding programme for developing either hybrid wheat
cultivars or pure lines since it surpassed the best performing respective
parent for the trait in view in the three planting dates as well as the combined
analysis and contained one excellent combiner for this trait .

2-F2 generation

Estimates of the specific combining ability effects of the hybrids
combinations in the three planting dates and their combined data are
presented in Table (8).For heading date, the seven hybrid combinations P,
xPs P, xP; ,P, xP, P, xPg ,P; xP; P, xPs and P, xP; showed significant
negative specific comblning ability effects in the three planting dates and
their combined data .Concerning maturity date the eleven crosses
combinations P; xP, ,P,xP; ,P, xP; ,P; xPs ,P, xPs ,P, xP; , P4 xP5 ,P4 xPg ,P,4
xPs , P; xPg and P; xP; showed significant negative specific combining ability
effects in the three planting dates as well as their combined data .As showen
before three parental genotypes line P, ,sids 4 and Gemmeiza 3 proved to be
excellent general combiners for this trait in the three planting dates and their
combined data(Table 6) .Significant negative specific combining ability
effects.for grain filling period were detcted in the three planting dates as well
as.-their combined data in five crosses( P; xP;,P3xP; ,P4xPs ;Ps xPs and P; xPjg)
.As for plant height, the eleven hybrid combinations P, x Pg, Py x P; , Py x Py
sP2X Pg , Py xP7 Py X Pg, Py x Ps, Py xPg ,P4x Pg , Ps x P; and P; x P8 were found
to exhlbit significant negatlve specific combining ability effects in the three
planting dates .it is of interest to mention that line P, cultivar sids 4 and
cultivar Gemmeiza 3 were found to be good general combiners for this trait
,however the remaining five parents P, , P3, P4, P; and P; were detected to be

806



08

Table 8.Estimates of specific of bining ability effects of crosses for all studiad traits under the three planting dates as well _as their bined data in the F, generation .
[ Crosses Heading date Maturity date Grain filling period
S1 S2 S3 Comb. S1 S2 S3 Comb. $2 S3 Comb.
PyxP; 2.162 -5.323% -0.146 -1.102* 1.276* -2.636" -4.128* -2.680"* 2.686 -3.982" -1.578*
PyxPy 2.979 2.38 1.663 2.341 18.026* 8. 75" -7.641* -7.472* 913 -9.306* -9.813
PP, 2.062 4.660 -1.612" 1.703 11.613 ~1.443* 0.428 0.189 -6,103* 2,041 -1.803
P4xPs 1.877 3.2 -4.229" -3.145" 1.408* 2613 -3.485 -0.759* 5933 0.754 2,386
P4xPg |5.267** 1.863 -1.682** -1.762* 4.832 3676 -2.568* -1.241* 1.823 -0.885 0.520
PyxP, .837**  0.763 -3.962* Q012 .33 391+ 0.858 -0.579 4,673 4821 2432
_PyxPy .682 2,376 -3.026** -0.022 -5.2246% 2478 -3.876* -2.216" - 0.100 -0.852 -2,193*
PxP; -1.263* -8.11* -4.552 -3.638* F3.532" 1.973 5,278 -3.594* 3.136 -0.728 0.043
PaxPy 303 -3.863%  -1.0986* 2,754 -2.726* 4933 -4,008* -0.600 8.796 2912+ 2153
_PpxPs .010*  5.623 -4.322 057 -5.412* -1.278* -1.588" -2.760" -6.900* 2734 -2.189*
PxP F4.733* 6793  .7.286" -5.264" 339 -3.98* -3.005* -4.108" 2.813 4,361 2.156
PaxP; F6.137* 2,793 4212+ -4.381* 1.140 -0.166 0.521 0.498 2.52¢ 4734 4.879
P;XPy 183 2913 0.887 3413 1.613 0.62 -1.115* 0.33¢ 3.8 -1.972* 3.782
P3xPs 2.087™  5.008 1.620 1.800 7.188 8.378 5.385 2180 4.797 +.B88
PyxPy 1372 -5.206™  -2.679* -2.504 -1.99+ 0.684 -0.218 3.218 3.344 2.288
P3xPg _b.o18 -0.656 -4.089* -1.576* 1.008 1.514 0.866 1.683 5.604 2442
PyxP; 1.387" 1.41 1.563 0.528 -8.18** -9.091+ -7.782" -10.59 -10.655 .31
PixPy -3.567 .-8.276**  -0.393 -4.081* 8.526 -5.226* -3.806* 178 -4.828* 0.472
P4xPy 2143 178 -1.122* -1.676" AT.716* -10.465*  -11.334™ -16.956™ -9.342 -9.659"*
PaxPy +2.033*  -6.976**  -5.666" -4.892 -1.62+ -11.348  -6.881"* 6.356 -5.628% -0.769
PxPy 10.637 -1.343  .3.812 -4.931™ -7.073** -5,155 -3.832 3.218 -1.342 1.098
PPy jo.282 -3.43" -3.809* -2.318* -5.786** -3.791+ -8.380" -2.356* 0.017 -3.061**
. PsxPg 1.392 -1.123  3.707 1.328 -4,296" -1.328* -2.387* -3.173 -8.036™ 3712
PaxP; 0.822 -4.156** -0139 -1.187 2.583 -5,235*+ -1.788* 8.74 -5.096* -0.600
PyxPy 1.476 -1.443 2,097 0.710 1.803 -2138™ 0.449 3246 -4.235* -0.260
PexP; 2.400** -5.008" 1,850 -1.852 -4.520" -1.761* -2173 0.486 -3.602 -0.321
PgxPy 1.552 -8.36* 2.820 -0.682" -1.886™ 0.644 0.245 4.493 -2.175 0.807
PxPy -1.617 4473 -1.892* 0.387 -5.233 £.628* -5.681* -9.726* -4.935 -6.089""
SD.all at§ % .8516  0.822 0.861 0.500 0.945 1.092 0.807 1.817 1.367 0.728
L.S.D.slij at1 % 1.262 1.091 1143 0.656 1.254 1449 0.797 1.350 1.814 0.955
L.S.D.sljsik at 5 % 1.408 1.217 1.274 0.740 1.399 1.618 0.899 1.08 2,023 1.072
L.S.D.sljsik at 1% .868 1.615 1.691 0.971 1.856 2.144 1.0799 1.998 2.684 1.414
*and ** denote significant at 0.05 and 0.01 levels of probability ,respectively
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Table 8.Cont.
Plant hsight Number of spikes/pl Number of kemels/spik
Crosses 1 52 §3__ Comb. 52 S3__ Comb. 52 §3___ Comb.
PyxP, 0.634 -1.545* 1.828 -0.083 0.517 0.803 0.580* -4.865 -5.039 -3.912
PyxPy 2,014 -1.839 0.185 -1.222 1.867 0.497 0.658** -2.925 -1.599 -3.605
PyxPy 5,180 -0.652 -2.511 0.678 0.540 0.229 -0.488 -1.822 1.745 0.737
PxPy 4,027 2.030 .1.248 -0.249 -0.356 -1.022 -0.349 -3.315 -5.195 -2.026
PyxP, [-3.470" 5.109* 2,777 -3.785* -2.376 -1.046 0.891 - 2.767 -1.708 1.127
PyxPy -3.087 9,249 ~11,531* <7.955* -1.688 0.660 -0.048 -2.015 -3.322 -0.847
PxPy 1.320" -2.875* -3.527 -2.574 0.737 1.643 1.138* -2.542 «5.365 -2.762
PxP; .685 5.739 -7.094“ «3.382* 0.357 -1.249 -0.050 0,914 -2.692 -1.082
PixPy -5.844* 0.814 1.275 -1.251* -4.792 ~0.842 -1.841 1.884 -0.472 -0.563
PyxPg 10.327 -2.489 -10.297 -4.364* 1477 0.997* 1.208** -1.609 -1.822 -4.017
PoxPs +3.604" -4.209** -18.657* -8.823 -1.176 0.640 0.544 -7.692 -11.099 -5.397
P,xPy -5.187 -1.849* -3.344* -3.460* -0.452 0.847 0.121 -8,375 -11.449 -5.427
PxPy .434 -3.375* -2.807 2212 1.870* 1.897 0.516* 1 -3.335 -5.025 . -3.632
PyxPy -1.490* 1.220 0.385 0.031 1.047 0.320 0.060 -3.809 $.232 -5.001
P3xPg 840" -4.129* 0.692 -2.326* 0.018 -0.739 -0.148 3.030 -2.282 -0.565
P3xPy -5.017 -3.669 5.187 -4.818 -2.869 1137 -0.509 2.247 1107 3.266**
PyxPy 7.134 -8.776% -0.187 -4.385* -3.312 1.877 -0.568 397 -1.042 0.424
PaxPy -2.034* -0.269 5.661* -2.851 0.343 ~2.272 -0.637 -4.695 -0.152 -1.681
PxPg 437+ 3.275* , B.571 -4.428* b -2.099 0.267 -0.836 0.167 -5.295 -2.710
PPy 281 -2.049* 8131+ -5.153 3.047+ 1.610** 1.476* 4917 0.627 1.942¢
PxP; 18.197 - -4.522* 2,848 -3.290* 0.803* 0.382 0.775* -5.832 -4.955 -5.420
PxPy -4.184* -11.415 -4.847 6,842 1.527 1.267* 1.182* 7.707* 3.100 4.162"
PsxPg 2.435 -2.032 0.695 0.332 1717 1.517 1.493* -0.642 -6.755 -3.8632
PgxPy -5.747* -3.305+ -8.087 -8.703* -0.359 -1.709 -1.107 -2.425 -1.908 -2.973
PsxPy 18.180** -2.966" -2.254* -4.467 -0.936 -1.059 -1.089 -8.152 -5,718 -8.257
PexPy -1.087 1.87 -2.451 -0.640 0.887 -0.265 -0.238 -4.342 0.215 -5.953
PexPy 0.542 0.894 5.452 2.229 2.410* 1.715* 0.867** 0.997 1.374 0.962
PyxPy 1.426 0.287 0.0685 0.592 0.200 0.575 0.388 0.247 0.890 0.410
S.D.sij at5 % n.308 1.259 1437 0.759 0.796 0.880 0.437 3.037 2.869 1.720
S.D.sij at1 % i1.731 1.671 1.906 0.996 1.056 1.141 0.573 4.030 3.806 2.255
L.S.D.sij-sik at 5 % 1.931 1.863 2,126 1.124 1.178 1.273 0.648 4.4%4 4.245 2.545
S.D.sij-sik at 1 % 2.562 2.472 2.821 1.474 1.563 1.689 0.847 5.962 5.5632 3.337
*and ** denote significant at 0.05 and 0.01 levels of probability ,respectively
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Table 8.Cont
1000- kernel weight Grain yield/plant
Crosses 51 s2 s3 Comb. Z 53 Comb.
PxPy 1852 4764 a5 0681 A320 oA A1.870
PyxPy. 4,527 5.501* -0.246 3,260 10.219+ 8,850 0.991
PoxPs 0.737 2.849% 0.246 1.311 4.625 0.535 1533
PoxPy 0,233 0.972 4593+ 1777 5501 -2.701 2.084"
PxPy L3.679 -1.958 -1.663 -2.400 -7.699 .7.485 -5.609
PyxPy 1.040 1475 0.383 0.970 -3.793 5.267 1.828
PxPs 669 .5.487 5.643 5.599 7.945 . -11.109 6.093
PoxPy 088 .2.684 0.653 0.058 7.485 3167 -2.701
PyxPs To.991 2171 1.183 4.7 14.941 -5.481 -8.262
PyxPy 12.220 1.380 1.426* 0727 6.451 4282+ 4754
PaxPy 924 1.387 4.303= 2872 4781 -0.002 -1.026
PexPy 3,655 4755% 2,873 -0.580 9,824 1.107 3.401"
PyxPy 401 4992 0.790 2061 9.071% 4,049 4521
PyxPy 1.345 5638 -1.508 - .3.163 0173 11.657 0.923
PyxPs 717 4.548 -1.260 -1.696 4.201 4.510 -3.026
PsxPs L2.495 .2.679 -5.483 3,519 A1.734 4128 -5.619
PyxPy 458 7721 7.140 6.106™ 2128 0.234 0313
PyxPy 115618 2158 0.763 . 2374 7310 42227 4751
PaxPs 627 1.232 -2.500 0,679 4.079 5.609~ 0.949
PyxPy 1.281 2,834 -0.856 1.086 8.253% 7675 -0.432
PyxP; 11.268 2.935% 3.400 2.534% 1.440 7.414 3337
PyxPy 4,284 2472 2.863% 2331 7.473% 3.828% 1.019"
PexPs 4,277 1.457 -0.876 1.519* 1.345 2912 -0.926
) PoxP; L7.802 -0.207 -4.986 4332 2.080% 0.349 0.378
PexPy 2.487 -3.404 -2.556 1167 -9.533 4794 4,500
PexPy h 958 3,872 1176 0.254 2,082 6.831~ 772
PexPy 1.974 4764 7.086+ 4608 4.600% 5512 0.220
PyxPy 4.328 2,001 0.810 0.045 18.427 8017 8475
SDsl ais % 3.970 1.533 1,255 1.456 1.438 2.502 1.015
S.D.slj at1 % 5.267 2034 1.665 -1.910 1.806 3319 1.331
S.D.sijskats % 5.874 2,269 1887 2155 2125 3.702 1.502
L.S.D.slj-stk at 1% 7793 . 3011 2.463 2.826 2.819 4911 1.870

*and * denote significant at 0.05 and 0.01 levels of probability ,respectively
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among the poorest general combiners for this trait .With regard to the
number of spikes /plant, the four hybrid combinations P, xPs ,P, xPs, Ps xP;
and P; xP;s exhibited significant positive specific combining ability effects in
three planting dates as well as their combined data .Also , the cross P, xP;
exhibited significant positive specific combining ability effects for the
number of kernels /spike and 1000- kernel weight in the three planting date
and their combined data . For grain yield/plant, the three hybrid combinations
P, xPs ,P; xPg ,P, xP3 exhibited significant positive specific combining ability
- effects in the three planting dates as well as their combined data . The resulits
obtained here concerning general and specific combing ability effects could
generally indicate that the best hybrid combinations for their SCA effects
were obtained from crossing between parents having high x high, high x low
or low x low GCA effects.Consequently ,it could be concluded that general
combining ability effects of the parental lines were generally unrelated to the
specific combining ability effects of their respective crosses .

Genetic components

Estimates of the genetic components presented in Table (9), showed that
additive genetic variance (D) was significant for all studied characters in the
three planting dates in the F; and F, generations except for plant height in
the third planting date in the F; hybrids.These results indicated that the
additive gene effects played a major role in the inheritance of all traits in F,
and F; generations.The dominant component (H,) was significant for all
studied traits in the three planting dates in the F, and F, generations except
plant height In the third planting date In the F, hybrids.Values of (H,) for all
studied tralts were greater than the respective (D)in the three planting dates
in the F; and F, generations except heading date in the first and third planting
dates in the F, ; maturity date in the first planting date in the F, ; plant heght
in the second planting date in the F;; number of spikes /plant in the first and
third planting dates in the F, and F, generations;number of kernels /spike in
the first planting date in the F; and grain yield /plant in the first planting date
in the F;. generation .The component of variation due to the dominance
effects associated with gene distribution (H,) was significant for all tralts
studied in the three planting dates in the F; and F, generations .All H, values
were smaller than H, values for all traits except plant height in the third
planting daté in the F, ,which complies with the theoretical assumption of
Hayman (1954) and could be a further proof for the unequal proportions of
positive and negative alleles in the parents at ali loci for these traits
,indicating unequal aIIeI frequency .The overall dominance effects of
heterozygous loci (h ) were significant for all studied traits in the three
planting dates in the F, and F, generations except heading date in the third
planting date in the F, ;grain filling period in the second planting date in the
F,, the first and the second planting dates in the F,;plant height in the third
planting date in the Fi;number of spikes /plant in the second planting date in
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Table 8 :Additive (D) ,d {H) g Jc vari and their derived parameters for ali traits_under the three planting date in the F, and F; generations
Components Heading date Maturity date Grain filling peried
of variance S1 S2 S3 S1 $2 S3 s1 S2 S3
47.5912.80"  65.7415.22* 40,6413.09* .37£1.46"  68.31£13.80™  47.8116.97* 28.7032.34 35.9918.27 22.4919.01%
47.4546.11  65.69111.57"  40.57£5.42* 3.4022,80%  68.24%19.87  47.71%10.27"  [26.85%10.67* 36.00£16.04* 22.30£10.94"
8.7416.45"  84.90112,00"  32,35:7.12™ 53£3.33"  118.89431.97™* 54.01116.03* 2.45£5.39* 121.57£19.02™  80.96120.70™
7.45114.06* 146.6212B.61** 70,34112.47" [76.8448.45™  172.75:45.68 163.54123.62** [106.99124.52** 193,01£36.88* 126,05£25.16™
17.4745.61" 64.12110.44"  22.2816.19™ 2.8012.90**  93,88127.81™ 457211395 9.15£4.69™ 95.02+16.55"  56,71:18.01™
7.34£12.3"  118.43123.15™ 58.37+10.85" [76.6015.61™  149.33139.74™ 158.21120.55" [82.70121.34"  148,09£32.09* 108.22$20.88*
[F,}7.9543.76* 55,9317.01* 7.15%4.15 8.4611.94"  95.16118.65™  56.2319.35* 1.24+3.15* 5.03£11.10 23.08314.17
37.8818.20™ 250.82115.52™ 150.2417.28 35.88£3.76*"  294.84126.66* 610.34213.78" [12.80%14.31 1.65£21.62 154.67t14.67
[Fij39.7618.62 -3.44112.33 32,3647 12 5613.42 398.68132.86 -2.59116.48 2.5815.54™ 28.46119.55 21.11121.27
50.46114.45" .9.42127.35 17.25%12.82 12.3046.83 26.83146.95 18.59124.27 3.23426.21 43.23137.92 32.37125.85
.16740.935  0.1811.74. 0.1611.03 .2110.48 0.2324.63 0.2542,32 .3610.78 0.3212.75 0.3713.01
0.302£2.03 0.2313.85 0.23+1.80 .4210.93 0.3016.82 0.3513.42 .6313,55 0.3115.34 0.56£3.64
0.777 1.138 0.892 0.659- 1.319 1.082 1.216 1.837 1.897
1.277 1.493 1.316 1.215 1.591 1.851 1.995 2315 23717
0.162 0.188 0.172 0.232° 0.197 - 0211 0.172 0.196 0.176
0.185 0.201 0.207 0.242 0.216 0.241 0.193 0.191 0.214
0.466 0.872 0.321 1.686 1.013 1.229 0.385 0.053 0.407
2.404 2.116 2.573 3.079 1.974 3.857 0.184 0.011 1.429
Herlitability 0.678 0.735 0.766 0.827 0.531 0.715 0.559 0.414 0.468
{N.S) 0.368 0.633 0.543 0.634 0.462 0.301 0.395 0.335 0.123
-0.083 0.501 -0.183 -0.837 0.714™ 0.850* -0.241 0.341 0.573
0.846* 0.747 0.520 0.276 0.737 0.857 -0.373 0.469 0.552
0.004 0.251 0.033 0.701 0.610 0.723 0.088 0.116 0.328
0.718 0.558 0.270 0.076 0.544 0.735 0.139 0.220 0.304

*and ** denote significant at 0.05 and 0.01 levels of probabillity ,respectively
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Table 9.Cont. |
Plant height Number of spikes/plant Number of kernels/spike
(Components of varlance s 52 53 | s 52 | s s2 s3
D Fy W7.36%9.2T%  60.4623.31"  17.57441.28 192049  1538$1.51" 0.6110.41" [58.0615.28™  74.84210.31~ 60.80%12.49™
F; |47.4438.08"  60.6715.77"  54.85$2590* [B.3110.33** 15.5111.72" 9.6710.51" §1.75¢11.09~  83.21i7.86™  68.80111.08"*
H F, [65.04321.31™ 24.6247.63"  64.63194.91 L27$41.12**  15.74£3.48™ 4.7930.95™ .88112.15™  89.26223.71*  113.62%28.72
! F; |128.35£18,58 112.36+13.28" 241.531£59.55" W.1740.76* 17.18£3.96™ S5.91:1.17™ H11.81225.51™ 115.11£18.07 171.92425.47
H Fy 57.99£18.54~ 237016.63"  69.18£82.57 .85£0.98"  12.10+3.02" 3.9310.83 .88£10.57*  80.68£20.63"  79,17$24.98"
2 Fy [112.50216.16* 110.29t11.56™ 213.23451.80* [3.9740.66™ 13.39£3.44™ 5.0241.02~ [89.52£22.19"  83.70£15.72"  141,71222.16™
I Fi MH9.44312.43 36.411445"  90.49155.37 9930.65* 0174203  3.1710.65" [51.02£7.00™  108.56113.83™ 90.88116.75"
F, M17.56£10.84" 485.3747.75™ 660.67+34.74" 0.25¢0.44  0.13%2.31  0.96£0.68 47.15£14.86"  126.12410.54™ 659.59£14.86*
F Fi, [0.59+21.90  11.30%7.84 -104.38197.56 |1.36£1.15  7.03$3.57*  -2.3640.98 [22.97#10.49"  14.97124.37 45.08+29.52
F, 18.17£19.10  16.96113.65  -44.10461.21 [1.0420.78  6.69+4.07  -0.94%1.21 §1.20£26.22*  85.80£18.58"  82.51126.18"
€ Fy [0.59£3.09 0.73%1.10 37.96£13.76* .24%0.16  0.33+0.50  0.18£0.13  §.84%1.76™ 11.21£3.43*  10.0114.16*
F, [0.5122.69 0.5211.92 0.6818.63 0.12£0.11  0.2140.57  0.2240.17  [3.153.89 2.8312.62 2534369,
(HJD)*® F 1.710 0.638 1917 0.722 1.011 0.705 0.963 1.092 1.367
F, 1.644 1.360 2.098 0.709 1,052 0.788 1.345 1176 1.580
H/4H [ 0.223 0.240 0.267 0.225 0.192 0.205 0.212 0.225 0.174
& F, 0.219 0.245 0.221 0.237 0.195 0.212 0.200 0.181 0.208
hotH Fy 0.852 1.536 1.307 0.518 0.014 0.806 1111 1.346 1.147
T Fa ENZT 4128 3.098 0.064 0.010 0.182 1.643 1.506 3.948
Heritabifity F, 0.592 0.789 0.515 0.805 0.640 0.845 0.540 0.521 0.457
(N.S) F; 0.440 0.448 0.540 0.769 0.638 0.793 0.309 0.377 0.178
' Fs 0.421 0.354 0.212 0.428 0.192 0.244 0.163 0.369 -0.051
Fy 0.875™ 0.824 0.211 0.090 0.618 0.612 0.828* 0.399 0.917
R Fs 0.177 0.125 0.045 0.183 0.037 0.059 0.026 0.136 0.002
| [ 0.766 0.679 0.044 0.008 0.382 0.374 0.687 0.159 0842 |

*and ** denote significant at 0.05 and 0.01 levels of probability ,respectively
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Table 9.Cont.
1000- kernel weight Grain yleld /plant
Components of variance = ) s3 3 82 s3
D Fy [28.0712.96™ 52.4117.14% 48.4415.81* 25.55£2.93* 50.22423.23* 98.50141.01*
Fz [24.6617.91™ 51.7916.00" 48.00£3.07** 25.5711.46* 50.11215.42 98.33119.59™
H Fy [38.3516.82 113.24116.43* 84.11:13.37 46.0946.75* 300.22£53.41* 390.05294.26™
' F, 155.36218.20* 63.48113.80* 52.33t7.06™ [21.5413.37 232.08236.46* 232.43145.05"
H Fy 4.96+5.93* 97.01+14.28" 76.37£11.63" 43.9215.87 296.02146 47 256.75182.01"
: Fa 7.01£15.83" 654.85212.01* 45.3248.14™ 16.14£2.93 229.23130.85* 177.67139.18™
h? Fy .1323.97 23.1019.58* 49.06x7.80* 178.0943.94** 77.74131.16* 25.57154.98
F, .76410.61 1.1318.05 0.5744.12 N2.9011.96** 60.68420.69 417.62£26.28*
F Fy -20.1427.01 2.03118.89 17.57113.74 18.2716.94 7.35254.91 189.531101.88
Fa -20.77+18.70 8.84114.18 20.8747.26* 17.7733.48" 17.15336.46 142.50£46.30™
E [ 0.3010.98 0.2842.38 0.2511.93 .3720.97 0.5117.74 1.70313.66
F; 70£2.63* 0.9112.00 0.6911.02 .4110.48 0.6215.14 1.8916.53
" (MDY Fy - 1103 1.469 1317 1.343 2.445 1.989
F; 1.498 1.107 1.044 0.917 2.151 1.537
Hy/4H, Fy 0.176 0.214 0.226 0.238 0.247 0.164
Fy 0.212 0.216 0.216 0.187 0.246 0.191
hylH, F4 0.165 0.238 0.642 1.778 0.262 0.088
F; 0.016 0.021 0.013 0.799 0.264 2.350
Heritabllity Fy 0.819 0.575 0.499 0.613 0.240 0.242
(N.S) Fs 0.620 0.638 0.585 0.597 0.236 . 0.102
r Fy -0.408 -0.448 -0.643* 0.101 -0.030 0.522
F, 0.564 0.218 -0.326 0.375 0.216 0.896™
R? F, 0.165 0.201 0.413 0.010 0.001 0.272
Fy 0.341 0.047 0.106 0.141 '0.046 0.804
*and ** denote significant at 0.05 and 0.01 levels of probabliity ,respectively
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the F, and in the three planting dates in the F, ;1000-kernel weight in the first
planting date in the F, and in the three planting dates in the F, generation and
grain yield /plant in the third planting date in the F,.This result indicated that
the effects of dominance was due to heterozygosity .The covariance of
additive and dominance (F) was not significant for all studied traits in the
three planting dates in the F, and F, generations except heading date in the
first and third planting dates in the F; and in the first planting date in the F,
;grain filling period in the first planting date in the F; ;number of spikes /plant
“in the second planting date in the F, ;number of kernels /spike in the first
planting date in the F, and in the three planting dates in the F, ;1000-kernel
weight in the first planting date in the F, and the third planting date in the F,
and grain yield /plant In the first and the third planting dates in F,
generations . The F value was negative for heading date in the second
planting date in the F, and F, generations ;maturity date in the third planting
date in the F, and the first planting date in the F;;plant height in the third
planting date in the F; and F, generations ;number of spikes /plant in the first
and the third planting dates in the F, and the third planting date in the F,
generation; 1000-kernel weight in the second planting date in the F, and F,
and grain yield /plant in the first planting date in the F, indicating an excess
of recessive over dominant alieles (Table 9).These results are in agreement
with those obtained by AlKaddoussi et a/ (1994), Hassan,ef al. (1996),Hamada
and Tawfelis (2001) and Morad (2001).

The degree of dominance (H1ID)"'5 was higher than unity for all studied
traits in the three planting dates in the F; and F, generations indicating an
overdominance effect except heading date in the first and the third planting
dates in the F; ,maturity date in the first planting date in the F, ;plant height in
the second planting date in the Fs;number of spikes /plant in the first and
third planting dates in the F, and F; generations;number of kernels /spike in
the first planting date in the F,and grain yleld Iplant in the first planting date
in the F, generation were the value of (H, /D)™ ®was less than unity, mdlcatmg
a partial dominance effect .Values of H,/4H, in the three planting dates in the
F, and F; generations for all traits were less than 0.25 except plant height in
the third planting date in the F;, revealing asymmetrlc distributions of
positive and negative alleles among parents . The h?H, values for all studied
traits in three planting dates in both generations suggested that there were
one or more pairs of genes affecting the inheritance of these traits .The
heritability in narrow sense estimates were relatively high to moderate in the
F1 hybrids for all traits studied except grain yield in the second and third
planting date a which showed low narrow sense heritability values .For F,
generation ,high to moderate heritability estimates were detected for all traits

-studied except grain filling period , number of kernels /spike and grain yield
Iplant in the third planting date, indicating low narrow sense heritabilities
.Heritability estimates in narrow sense for F1 hybrids were more than F2
generation for all traits studied except plant height in the third planting date
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and 1000-kernel weight in the second and third planting dates . These results
agreed with those found by Przulj and Mladenov(1999); Hamada and Tawfelis
(2001) ;Hamada (2002) and Moustafa (2002) .

The correlation coefficient (R )values between yr and (Wr +Vr) were -
significant and positive for heading date in the first and second planting date
in the F, generation ;maturity date in the second and third planting dates in
the F;and in the second and third planting dates in the F; ;plant height in the
first and second planting dates in the F, ;number of kernels /spike in the first
.and third planting dates in the F, ;1000-kernel weight in the third planting
date in the F, and grain yield /plant in the third planting date in-the F,,
indicating that the dominant genes were operating towards decreasing these
traits .Significant negative values were observed for maturity date in the first
planting date and 1000-kernel weight in the third planting date in the F,,
indicating that the dominant genes were operating towards increasing these
traits while the other traits were msngmficant ,indicating ambidirectional
dominance .The square values of (R*) were less than unity for all traits
studied under the three planting dates, suggesting that none of parental lines
was completely dominant or recessive for genes controlling any of these
traits. These results agreed with those reported by Hassan,et al. (1996) and
Yadav et al (1998).
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