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ABSTRACT : Six populations of the three wheat crosses i.e. Sakha 93 X
Gemmieza 3, Sids 1 X Gemmieza 7 and Giza 170 X Gemmieza 7 were used to
study (i) The potentiality of heterosis expression for grain yleld and some of
its components and (ii) Investigation of genetical behaviour, heritability and
expected genetic advance under selection for grain yield and some of jts
components in the three wheat crosses.

The obtained results can be summarized as follows

The genetic variances within F, populations were found to be highly
significant for all traits studied in the three crosses under investigation.
Highly significant useful heterosis was detected for heading date in the
second cross Sids 1 X Gemmieza 7 and for 1000-grain weight in the first
cross Sakha 93 X Gemmieza 3 (12.51%). Inbreeding depression values were
found to be highly significant for mostly all traits studied in the three crosses
under investigation. The F-deviation (E,) found to be significant for all traits
studied in the three crosses except number of productive tillers, main culm
spike weight, main culm spike density, spike length and grain weight per
spike in the second cross Sids 1 X Gemmieza 7 and main culm spike density
and 1000-grain weight in the third cross Giza 170 X Gemmieza7. Backcross
deviation (E;) was found to be significant for number of both tillers and
productive tillers per plant, number of grains per main culm spike, grain
weight per main culm spike and grain weight per plant in the first and second
cross and for heading date and main culm spike length in the first cross and
for main culm spike weight in the second cross and 1000-grain weight in both
second and third cross. The additive genetic effects (a) were found to be
highly significant for mostly all traits studied in the three crosses under
investigation. Dominance gene effects (d) were found to be highly significant
in twenty three cases of the fourty two cases studied in the three crosses.
Highly significant additive X additive (aa) were detected in twenty out of the
fourty two cases studied. The epistatic type additive X dominance was found
to be significant in seventeen cases of the fourty two cases studied.
Dominance X dominance types of epistasis were detected to be significant in
twenty seven cases of the fourty two cases studied in the three populations
studied. Heritability estimates in both broad and narrow sense were found to
be high in magnitudes for most traits studied in the three populations under
investigation. High genetic advance under selection was found to be
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associated with high narrow sense heritability estimates for main culm spike
weight, main culm splke density, grain weight per spike and grain welght per
plant in the three crosses studied and for plant height, number of productive
tillers, main culm spike léngth, number of spikelets per main culm spike,
grains per main culm spike, graln yleld per main culm spike and splke length
in the first cross and for plant height and splke length in the second cross
and for number of productive tillers per plant, number of grains per main
culm spike, grain yleld per main culm spike and 1000-grain weight in the third
Cross.

Key words : Heterosis - gene action — wheat — heritablilty genetic advance
under selection- six generations modei

INTRODUCTION

Before the initiation of any breeding programme, the materials under
investigation should be subjected to genetic analysis to find out the relative
maghnitude of various types of the genetic variances to formulate the most
efficient breeding procedures to achieve quick and maximum improvement.

Improvement of yield in wheat through conventional breeding methods
has reached a level at which phenomenal increase seem to be rather difficult.
This warrant to think of some new breeding approach which might increase
the yield considerably. The development of hybrid wheat is one way of
increasing wheat production. Heterosls has long been observed in wheat, but
to be of potential value, a hybrid shouid be more profitable than the best
available commercial wheat varieties. The basic tools for hybrid wheat
production, such as cytoplasmic male sterility, the fertility- restoring system
_ . and cross- pollination under field conditions are available (Wilson, 1968).

The objectives of the present study are to Investigate the genetical
behaviour using six generations model (Gamble 1962), heritabllity and
expected genetic advance under selection for grain yield and some of its
components in three selected crosses.

MATERIALS AND METHODS

The present experiment was carried out at the Experimental farm, Faculty
of Agriculture, Minufiya University at Shebin El-Kom during the three
successive seasons 2003/2004,2004/2005 and 2005/2006. Five common wheat
varicties were used to establish the experimentai materials for this
investigatlon. Each two parents were crossed in 2003/2004 to obtain F, sceds
of the three crosses. In 2004/2005 season, a part of the obtained hybrid seeds
of the three crosses Sakha 93 x Gemmleza 3, Slds 1 x Gemmieza 7 and Giza
170 x Gemmieza 7, was sown and the rest belng saved to the next season. F,
plants were self-pollinated and backcrossed to both parents to obtaln F, and
backcross seeds. The six populations Py, P,, Fy, Fy, BC, and BC, were sown
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using randomized complete block design with three replicates in 2005/2006
growing season. Each replicate comprised 25 rows of F,, 10 rows of both BC, .
and BC, and 5 rows of any nonsegregated populations. The rows were 3
meters long with 20 cm. between rows and 10 cm. between plants within
rows. Normal agricultural wheat practices were applied as usual for the
ordinary wheat fields in the area. Heading date was recorded on an individual
plant basis. At maturity, twenty guarded plants were randomly chosen from
each row for subsequent measurements as follows:

Heading date, plant height, number of tillers per plant, number of
productive tillers per plant, main culm spike length, number of spikelets per
main culm spike, main culm spike weight, number of grains per main culm
spike, grain weight per main culm spike, main culm spike density, spike
iength, grain weight per spike, grain yield per plant and 1000-grain weight.

Statistical analysis:

The t-test was used to examine the existence of genetic variance between
parental means. Statistical procedures used herein would only be computed
if the F, genetic variance was found to be significant. A one tail (F) ratio was
used to examine the existence of genetic variance within the F, population.
The degree of freedom for this test was considered as infinity. If calculated
(F) ratio was equal to or larger than the tabulated ones, various biometrical
parameters needed In this investigation would be computed. Heterasis (H),

was expressed as percent increase of the F; mean performance above the
respective better parent, i.e. (F;- B.P) B.P x 100. Inbreeding depression (I.d.)
was measured as the average percent decrease of the _F, from the F,. F,
deviation (E4), was calculated as the deviation of the F; mean performance
from the average of F; and mid-parent value. Backcrosses deviation (E;), was
computed as the deviation of the two backcrosses performance from the F,
and mid-parent performances. The valldity of some estimates were examined
by t-test. Nature of gene action was studied according to the relationships
illustrated by Gambie (1962). In this procedure the means of the six
populations of each cross were used to estimate six parameters of gene
action. A test of significance of these parameters was conducted by the t-
test. Heritability was estimated in both broad and narrow senses for F,
generation, according to Mather's procedure (1949). The predicted genetic
advance under selection (AG) was computed according to Johnson et al.,
(1955). This genetic gain represented as percentage of the F, mean
performance was also obtained following (Miller et al., 1958).

RESULTS AND DISCUSSION

Varietal differences in response to their genetic background were found
to be highly significant in most characters under investigation in each of the
three crosses studied. The genetic variances within F; populations were also
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found to be highly significant for all traits studied In the three crosses under
investigation. Consequently, the various genetical parameters used in this
investigation were estimated for all traits studied. The existence of the
significant genetic variability in F, populatlons in spite of the insignificant
differences between the parental cultlvars for some characters in the three
crosses, may suggest that the genes of like effects were not completely
associated in the parental cuitivars i.e. these genes are dispersed ( Mather
and Jinks , 1982). Means and variances of the six populations P,, P,, Fy, Fy,
BC, and BC, for all traits studied in the three crosses are given In Table ( 1).

Heterosis was estimated as the percent increase of the F; mean
performance above the respective better parent values. The expression of
heterotic effects for all traits studied are presented in Table ( 2 ). Highly
significant negative useful heterosis was detected for heading date only in
the second cross Sids 1 X Gemmieza 7 which consider to be a potential
advantageious materials in this concern. Highly significant useful heterosis
was also detected by Hendawy (1994b), Hewezi (1996), EL-Sayed (1997),
Hendawy (1998), Saad (1999), EL-Seidy and Hamada (2000), Comber (2001)
and Seleem (2001). As for plant height, no useful heterotic effects were
detected in the three crosses under investigation., Similar results were
previousiy obtained by Hewezi (1996). As for 1000-grain weight, only Sakha
93 X Gemmieza 3 was found to exhibit highly significant useful heterosis
which amounted to 12.51% over the respective better parent. Highly
significant usefui heterosis for 1000-grain weight was obtained by ElL-Sayed
(1997), Saad (1999), Afiah et al. (2000), EL-Hosary et al., (2000), Esmail and
Kattab (2002), Hendawy (2003) and Seleem (2006).

inbreeding depression is measured as the percent deviation of F, from F,
mean performance. The estimates of inbreeding depression values are
presented in (Table 2). inbreeding depression values were found to be highly
significant for nearly all traits in the three crosses under investigation. it is of
interest to note that heterosis in F, generation should be followed by
appreciable reduction in F, generation, since the two parameters are two sids
of the same phenomena. The present results were found to agree with this
expectation in most cases and that was previously obtained by Esmail and
Kattab (2002), Darwish and Ashoush (2003) and Hendawy (2003). On the
contrary, this expectation was not fulfilled in some cases, where significant
heterosis and insignificant inbreeding depression were obtained. The
contradiction between heterosis and inbreeding depression estimates couid
be due to the presence of linkage between genes in these materials ( Van der
Veen, 1959 ).

Genetic analysis of generation means to give estimates of additive (a),
dominance (d) and the three epistatic effects (aa), (ad) and (dd) were
obtained according to relatlonships illustrated by Gamble (1962) and
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presented in Table (2). The estimated mean effects parameter (m), which
reflects the contribution due to the over-all mean plus the locus effects and
interaction of the fixed loci, were found to be highly significant for all traits in
the three crosses. The additive gene effects (a) were found to be highly
significant for all tralts in the three crosses studied except main cuim spike
length, number of spikelets per main culm spike, main culm spike weight,
number of grains per main culm spike, grain weight per main culm spike,
main cuim spike density, spike length and grain weight per plant in the first
cross. Also, the additive genetic effects did not reach the significant level in
the second cross for heading date, plant helght, number of spikelets per
main culm spike, spike length, grain weight per spike and 1000-grain welght,
however, in the third cross, the estimates of the additive genetic effects were
found to be insignificant for number of grains per main cuim spike, grain
weight per spike and grain weight per plant. it is of interest to mention that
the presence of the additive genetic effect in the inheritance of these traits
would suggest the potential for obtalning further improvement of the
characters which exhibited highly significant estimates of additive effects (a).
Dominance gene effects (d) were found to be highly significant for heading
date and main cuim spike weight In the three crosses under examination.
Also, the estimated values of dominance gene effects were detected to be
highly significant for plant height, main culm spike length, main culm spike
density, spike length, grain weight per spike and grain weight per plant in the
first cross. In the second cross, dominance gene effects were found to be
significant for plant height and number of spikelets per main culm spike.
Dominance gene effects were also found to be highly significant in the
second and third cross for number of productive tillers, number of grains per
main culm spike and 1000-grain welght. However, in the third cross only, the.
estimated values of dominance gene effects were detected to be highly
significant for number of tillers per plant, spike length and grain weight per
plant.

Highly significant additive X additive (aa) epistatic type was found for
heading date, main culm spike weight and 1000-grain weight in the three
crosses studied. The estimated values of additive X additive epistatic type
were detected to be significant for main cuim spike length, spike length and
grain weight per plant in the first and third cross and for number of tillers per
plant, number of productive tillers per plant and number of grains per main
culm spike in the second and third cross and for plant height, main culm
spike density and grain weight per spike in the first cross and for plant height
and grain weight per main culm spike in the second cross only. The
estimated values of additive X dominance (ad) types of digenic epitasis were
found to be significant for heading date, plant height, main culm spike
iength, grain weight per spike and 1000-grain weight in the first cross

_1075 %'



Table (1): Means (X) and variances (Sz) of P1, P2, F1, F2, BC1 andBC2 populations of the three crosses 1 (Sakha 93 X
Gemmieza 3) , 11 (Sids 1 X Gemmieza 7), 111 (Giza 170 X Gemmieza 7), for all traits studied .

Characters Cross 1 Cross2 Cross3

P4 P2 F1 F, | BCy4 | BC2 | Py P, Fi F, | BCy| BC2:| Py P2 Fi F, | BCy | BC,

eading date (days) | % | 852 |94-48(36.52] 61.7 |90.6562.72(00.93]91.33| 85.5 |82.96]88.17|67.0892.38| 65.8 |86.76|85.43(90.43(86.39
52 1571|512 |0.973|35.48|21.72|28.72] 2.13 | 4.19 | 2.74 |23.30]20.72|17.91] 2.74 | 3.82 | 2.19 |22.36|15.02|14.78

F]am holght (emy | % | 54 [114:1]100.7]117.2/90.15]107.61120.3(113.31114.3/110.2]117.6[116.5[02.67(115.3(114.5/111.5[105.3117.3
s? | 6.32 | 7.27 [14.96(125.6(62.69(73.03| 5.15 | 4.85 | 7.83 | 149 | 67.5 {127.1(12.37| 8.27 | 6.95 |88.78)45.45] 85.9

Number of tillers per | X | 4.1 |4.63 | 4.77 | 6.93 | 5.8 |6.75| 7.6 | 5.37 | 5.97 | 6.18 | 7.78 | 6.18 | 5.83 | 5.0 |5.37|7.07 | 6.49 | 4.92
$2(1.33|1.41|2.74 | 8.65 | 5.15| 5.85 | 3.35 | 2.38 | 3.07 | 6.49 | 3.7 | 4.48 | 2.14 | 2.02 | 2.25 | .60 | 4.84 | 2.31

X |3.87 | 4.63 | 4.27 | 6.36 | 5.37 | 6.17 | 6.8 | 4.87 | 5.563 | 5.51 | 7.08 | 5.78 | 5.47 | 5.4 | 5.07 | 6.95 | 5.73 | 4.62

roductive tillers | 8% [1.02{1.01] 1.4 |7.71 | 4.07|5.23 | 2.58 | 2.05 | 2.81 | 5.20| 3.5 | 4.61]| 2.46 | 3.63 | 3.17 | 9.83 | 6.96 | 6.31
ain culm spike X [11.78(11.13{11.45{12.24]10.94|11.06(13.87(14.13| 14.8 |14.04|14,3613.46] 10.8 |13.92|12.65/13.13(11.91]13.63
52 |#209]0.344/0.144 2.12 | 1.2 | 1.34 |0.447]0.926|0.683|1.661| 1.18 | 1.57 | 0.66 |0.510]0.441] 1.51 | 1.52 [0.603

0.of spikelets / main| X |20.43[20.67|20.57|21.38(21.15(21.23|23.07|24.13|24.07|23.26| 23.28(23.78(21.85(24.67|23.17|23.69|22.73| 24.2
$2{0.39|0.58 | 0.25 | 4.62| 2.6 | 2.64 | 1.51 [1.085| 1.03 | 3.43 | 2.44 | 2.72 | 1.5 |0.875|0.833] 2.97 | 2.51 | 2.03

ain cuim spike X [3.13 | 3.32 | 3.45 | 4.13 | 3.62 | 3.45 | 4.53 | 5.3 | 4.71| 4.89 | 5.44 | 6.08 | 4.01 | 5.00 | 4.32 | 4.64 | 4.12 [4.55
cight (gm) s?|0.24|0.23{0.31]1.52] 0.91 | 1.02 [0.2450.953)0.424|2.774/1.655]1.812]0.3320.111]0.163]0.7680.425)0.611
No.of grains per main| X |45.57|48.34] 40.6 (60.24|50.52(51.11|74.04(72.77| 70.7 |64.31|71.27|79.85|59.07/68.63| 64.8 |71.55] 64.1 |66.76]
ulm spike s? |53.20/54.24/53.83(317.9|198.6/182.9]78.52110.2|82.42]191.9]207.6|106.6|31.86 33 76|32.17[137.7(95.09/83.15
rain weight per X | 2.45 | 2.44 | 2.45 | 3.08 | 2.97 | 2.91] 3.8 | 4.30 | 3.55 | 3.5 | 4.06 | 5.06 | 2.81 | 3.86 | 3.31 | 3.56 | 3.45 [3.72
ain culm spike(gm) | 52 |0.133]0.262] 0.24 | 1.19 | 0.81] 0.7 | 0.4 | 0.8 |0.293] 0.88 | 0.52 | 1.00 |0.059]0.144]0.139) 0.66 |0.509[0.293
ain culm spike X [1.88|1.84 ]| 1.8 | 4.78 | 1.93 | 1.91 | 1.67 | 1.71 | 1.63 | 1.67 | 1.63 | 1.78 | 1.96 | 1.77 | 1.84 | 1.82 ] 1.92 [1.78
Eensity s? |0.013/0.003(0.0010.0420.021/0.028(0.007]0.008!0.004{0.024/0.018{0.0130.028|0.004 0.009}0.031|0.012/0.003
i X {10.07]10.09] 10.1 {11.23[10.02| 9.91 |12.64|13.23|13.28|113.04| 13 |13.61] 9.95 [13.06(11.96|12.33|10.9212.41
pike length (em) | o2 15 £9510.335/0.329] 2.68 | 1.53 | 1.8 [ 0.88 | 0.65 | 0.66 | 2.38 | 1.4 | 1.76 | 0.51 |0.562]0.554}1.301] 1.42 |0.665
X | 2.14 | 1.82 | 1.82 | 2.36 | 2.27 | 1.63 |2.086]3.065|2.316] 2.79 | 2.66 | 2.63 | 1.87 | 3.23 | 2.41 | 2.58 | 2.67 | 2.85

s? j0.126}0.153]0.153] 0.85 | 0.63 | 0.59 |0.598] 0.71 | 0.84 | 2.62| 1.71 | 1.83 |0.054)0.186{0.138] 0.74 [0.571]0.347

X [8.18 | 8.46 | 8.46 |15.52|11.69| 9.98 [14.13]14.14]12,06|15.26 18.29|13.72]10.25|17.24|12.37|17.73] 15.3 |12.94

s? | a.52 [12.21]12.21{102.2[62.63]69.04|17.42|16.19| 15.7 52 18|35.04 37.13}11.09|24.73|27.02|76.55| 48.4 |62.72

X [53.96(53.7160.71|60.76|58.66| 54.8 |47.38|59.98|50.23| 55.9 |61.45|63.96(46.86|56.12|50.97|50.43|54.25|57.34

s? | 5.7 |61.89/51.26]94.86|72.19|67.76|46.39)48.50(17.22|111.9|92.32|77.32]19.67| 7.18 |13.21|53.98|52.43|23.35
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Table (2 ): Heterosis, inbreeding depression and gene action parameters in the three crosses 1 (Sakha 93 X

Gemmieza 3) , 11 (Sids 1 X Gemmieza 7), 111 (Giza 170 X Gemmieza 7) for all traits studied .

Heterosis| Inbreedin F2 Backcross Genetic action parameter
Characters | Cross | ™, depressiong% devéa:tion deviationE2| m a d aa ad dd
1 | 13.29" | 1535 | -11.48" | -12.80~ | 81.7* | 8.13~ | 826.98™ | 20.3" | 12.77 | 5.22
eading date 2 | -9 297+ 536 438 | 8296 | 1.09 | 1303« |1866" | 1.20 | -15.9=
days)
3 142 2.35* 473" 0.97 85.43" | 4.04~ | 959~ |11.92+| -0.76 |-132.86*
- 1 | 17.95% | 1637~ | 16.98~ 278 | 125.55" | 474~ | -72.52 | -73.5™ | -3.05° | 79.4~
fant height 2 0.618 3.34% 52" 33 1102+ | 1.07 | 2461 |27.38=| 24 |[-33.98~
3 | 30.86™ 2.61* 2.28* 4.16 1156~ |-12.05=| 875 | 078 | 075 | -7.54
1 3.02 0453~ | 2.36% 341~ 6.93~ | 096 | 241 | 262 | 068 | 4.21
l““‘b‘” of 2 | 4776~ | 5567 1.36™ 432" 618" | 1.6~ | 1495 | 32¢ | -0.325 |-11.83+
lers per plant
3 8.98 31.66" | 1.45™ 0.176 707~ | 157 | 596~ | 546" | 1.61= | 541~
wmber of 1 778 48.95% 2.4+ 3.02~ 6.36™ | -0.8° | -235 | 236 | 042 | -3.88
roductive ‘2 | -18.68* 0.362 0173 1.5* 551" | 1.3~ | 338~ | 368~ | 0.335 | -6.67
tiers 3 7.3 37.08* 1.7+ 0.155 695" | 1.11* | 747 | 7.4~ | 1.08 | 741~
1 2.8 7.16= | 0.818= | 091~ | 1212~ | 012 | -5.085~ | -5.08 | -0.445* | 6.85~
‘:‘u‘:‘(’m;"“‘" 2 | a7e~ 514" 20.36* 098 | 1404~ | 09~ | 028 | 052 | 1.03~ | 2.48
3 | 912+ 3.8~ 0.625™ 0.53 1343~ | 472= | 445 | 444 | 018 | 038
o of spikelets | 1 | 0484 3.94" 082~ |  1.26 2138~ | 008 | 074 | 076 | 004 | -1.76*
main culm 2 | -0.249 33 | 0575% | -0.61 2326~ | 05 | 18 | 108 | 003 | 014
pike 3 57 2.2¢ 0.5* 0.55 2360 | 147~ | 094 | 08 | 011 | 02
1 3.92 4971~ | 0793 | 0.395 413~ | 047 | -2.16= | -2.38~ | 0.285 | 1.59
::;,;‘;L"l‘;;p"‘e 2 | 143~ -3.82 0.078 1.9~ 4.89* | -0.64~ | 328~ | 348+ | 0.255 | -7.27*
3 | 543" | 741" 0.205* 0.2 464~ | 043~ | 145" | 122¢| o011 | 162

40 spuauoduwod JussayIp 8y} JO UOIIDIBP BY

oneueA

uru

~peelq



8.0}

Table (2): Cont.

Heterosis Inbreeding F2 |Backcross! Genetic action parameter
Character  [Cross % depression { deviation |deviation
% E1 E2 m a d aa ad dd
] 1| 16.03" | -23.74% 6.46™ | 14.06™ | 50.24** | .0.59 | -4.07 2.3 0.81 -30.42*
o.of grains per| 451 9.04* 7.74% 7.02* | 64.31" | -8.58* | 42.3* a5~ | 9.22~ | 509,03
ain culm spike
3 558~ | -10.48* 7.2 221 | 71154 | -2.66 | -23.69™ | -24.64™ | 212 20.22*
rain weight 1 0 .25.71* | 0633~ | 0985** | 308" | 006 | -0.555 | -0.56 0.055 | -1.41"
per main culm 2 | 19,43 1.44 0.323" | 148~ | 3.85% | = 37~ | 424~ | 0705 | 7.19"
pike (gm) 3 | 4428~ | -7.55% 0.24* 0.525 | 356~ | -0.27* | 0.075 0.1 0.255* | -1.15
1 4.26* 111 -0.05* 0.18 178 | 0.02 0.5 | 0.56 0 .0.92"
h:"‘:ify""“ spikel 5 | 4 gge -2.45 0.01 0.09 167 | -045+ 1 o0.08 044 | 043 | 032
3 642 1.09 0.033 | -0.005 | 1.82 | 0.14* | 0.095 0.12 0.045 0.11
1 | o089 | -11.19* 1.4 025 | 11.23** | 011 | -504* | -5.06™ | 0.12 5.56"
c""',';e length 2 0.378 1.81 0068 | -0.605 | 1304~ | 039 | 0595 | -094 | 0.685~ | 215
3 -8.42* .3.09* 0.598* | -0.135 | 12.33** | -1.49~ | 224~ | -2.66~ | 0065 | 293~
o 1| 14.95" | -28.67* 0.46* 0.1 2.36* | 0.64* | -1.8~ | -1.64* | 048~ | 1.44*
I‘;‘e’f‘s"p‘i':(:'?;‘:m 2 | .2447 | -2047 0.344 0.395 | 2.79* | 0.03 -0.84 -0.58 0.52* 0.217
3 | -25.39™ .7.05 0.1 056 | 258 | -0.18 0.58 0.72 0.5 -1.84%
T 1 0 | -83.45" 713 489 | 1552= | 171 | 186" | 187 | 1.85 8.96
"f';:;‘?g':‘n) 2 | 471" | -26.53* 2.16* 582~ | 15.26* | 4.57 | 0.905 298 | 458+ | 1461
3 | -28.26 | 4333~ 4,67 243 | 1773 | 236 | -15.82* | -14.44" | 586~ | 10.19
] 1 12.51% -0.082 3.49% 4.09 | 60.76* | 3.86* | -9.26 | -16.1™ | 3.74* | 18.29"
‘;?ghgt’(“‘;:) 2 | -16.26™ | -11.29* 3.95" 21.5~ | 559~ | 261 | 2377~ | 272~ | 379* | -10.22
3 -9.18" 1.06 0.8 9.13* | 50.43* | -3.00* | 535~ | 2146~ | 154 | -39.72%
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and for main cuim spike length, number of grains per main culm spike, grain
weight per main culm spike, main culm spike density, spike length, grain
weight per spike, grain weight per plant and 1000-grain weight in the second
cross and for number of tillers per plant, number of productive tillers per
plant, grain weight per main cuim spike and grain weight per plant in the
third cross.

Dominance X dominance (dd) epistatic effect was found to be significant
for number of grains per main culm spike and 1000-grain weight in the three
crosses and for plant height, main cuim spike length, grain weight per main
culm spike and main culm spike density in the first and second cross and for
heading date, number of tillers and number of productive tillers per plant in
the second and third cross and for spike length and grain weight per spike in
the first and third cross. However, dominance X dominance epistatic effects
were detected to be significant for number of spikelets per main cuim spike
in the first cross only and for main culm spike weight and grain weight per
plant in the second cross only. It is worth to mention that the three epistatic
types aa, ad and dd were found to be accompanied by significant estimates
of both E; and E; epistatic scales in most tralts studied and that woulid
ascertained the presence of epistasis in such large magnitude as to warrant
great deal of attention in wheat breeding programs. Also, concerning the
relative importance of both additive and dominance gene action, it was found
that the later was greater in magnitude in all traits studied in the three
crosses under investigation (Table 2 ). Consequently, it could be concluded
that the presence of both additive and non-additive gene action in mostly all
traits studied would indicate that selection procedures based on the
accumulation of additive effects should be successfui in improving all traits
under investigation. However, to maximize selection advance, procedures
which are known to be effective in shifting gene frequency when both
additive and non-additive genetic variances are involved would be preferred.
Similar resuits were previously reported by EL-Hennawy (1995) and Hendawy
(1998) for heading date, EL-Hosary et al., (2000) and Moussa (2005) for plant
height, EL-Sayed and Moshref (2005) for number of productive tiilers,
Comber (2001) for main culm spike length, EL-Hennawy (1991) for number of
spikelets per main culm spike, Hewezi (1996) for number of grains per main
culm spike, Comber (2001) for grain weight per main culm spike , Ei-Seidy
and Hamada (2000) and Shahid et al., (2005) for spike length, Hewezi (1996)
and Moussa (2005) for grain weight per spike, EL-Sayed and Moshref (2005)
and Moussa (2005) for grain weight per plant and Hendawy (1994b), Hamada
(2003) and Moussa (2005) and for 1000-grain weight.
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Heritability in both broad and narrow sense and genetic advance under
selection were computed and the obtained results are presented in Table (3).
High heritability estimates in broad sense were found for all traits studied in
the three crosses under investigation except for number of productive tillers,
main culm spike length, number of grains per main culm spike and grain
weight per main culm spike in the second cross and; number of tillers per
plant and spike length in the third cross, where moderate estimates of broad
sense heritability were detected for these characters. High estimates of
narrow sense heritability were found for main culm spike weight, main culm
spike density and grain weight per spike in the three crosses under
examination and; plant height, spike length and grain weight per plant in the
first and second cross and; heading date in the second and third cross. Also,
in the first and third cross, high heritability estimates in narrow sense were
found for number of productive tillers, main culm spike length, number of
grains per main culm spike and grain weight per main culm spike and for
tillers number per plant and number of spikelets per main culm spike in the
first cross and for 1000-grain weight in the third cross only. Moderate narrow
sense heritability estimates were found for the rest of the traits studied
except for main culm spike length, number of grains per main culm spike and
. grain weight per main culm spike in the second cross where low estimates of
narrow sense heritability were detected (Table 3 ). The differences in
magnitudes of both broad and narrow sense heritability estimates were
found for most traits under investigation would ascertained the presence of
both additive and non-additive genetic variance in the inheritance of most
traits in the three crosses under investigation as previously obtained from
gene action parameters study. The same conclusion previously reached by
Hendawy (1994a) and Moussa (2005) for heading date, EL-Hennawy (1995),
EL-Hosary et al., (2000) and EL-Sayed and Moshref (2005) for plant height,
Hendawy (1994b) and EL-Hennawy (1995), for number of productive tiliers,
Comber (2001) for main culm spike length, Hewezi (1996) for number of
spikelets per main culm spike, Hewezi (1996) for number of grains per main
culm spike, Comber (2001) for grain weight per main culm spike , Shahid et
al., (2005) for spike length, Seieem (1993) and Moussa (2005) for grain weight
per spike, EL-Hennawy (1991), Hendawy (1994c) and Moussa (2005) for grain
weight per plant and Eissa et at {1994), EL-Hosary et al., (2000) and Shahid
et al., (2005) for 1000-grain weight.

Genetic advance under selection which are given in (Table 3) show the
possible gain from selection as percent increase in the F; over the F, mean
when the most desirable 5% of the F, plants are selected. Genetic advance
under selection (AG%) was fo}nd to be high in magnitude for number of
tillers per plant, number of productive tillers per plant, ‘main culm spike
weight, number of grains per main culm spike, grain weight per main culm
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Table (3):Heritability estimates, genetic advanced ( Ag) and genetic advance
expressed as a percent of F, means (Ag%) for all characters
studied in the three crosses under mvestlgation

I RS CROSS HERITABILITY GENETIC ADVANCE
CHARACTE S Narrow o
Broad sense sense Ag AG%
I 1 87.86 56.91 6.95 8.51
Heading date (days) 2 90.07 72.89 7.26 8.75
3 86.96 66.73 6.5 7.61
1 92.42 91.9 21.21 | 18.09
Plant height (cm) 2 96.01 69.45 17.47 15.85
3 89.64 52.05 101 9.06
[ 1 78.84 72.83 4.41 63.64
umber of tillers per plant 2 61.94 54.39 285 46.12
3 54.23 47.55 2.12 29.99
L 1 85.2 79.38 4.54 71.38
umber of productive tillers| 2 53.11 46.61 2.24 40.11
3 68.60 65.01 4.2 60.43
l ain culm spike length ; gz -4,2 )g-?;g 0294119 169. '5655
3 64.24 59.40 1.5 11.42
I:o .of spikelets / main cuim ‘g :I'zlg 48‘:’2 ?'gg 1; 1931
3 62.99 47.14 1.678 7.05
[ cumspieweight |3 | S0 | 7% | 1% | £
3 73.70 65.10 1.18 25.43
Isoof grains permaincuim | 3| 9300 | 1030 | Toa | iein
pike 3 76.32 70.52 17.05 | 23.82
forainweantper maincuml 3| 5237 | Z3 | as | isoe
ke (gm) 3 82.73 78.49 1.31 36.8
1 86.51 83.33 0.352 19.78
ain culm spike density 2 73.61 73.83 0.226 13.54
3 74.51 68.63 0.249 13.68
1 84.34 75.75 2.56 22.8
ISpike length (cm) 2 69.33 67.32 2.14 16.41
3 58.34 47.43 1.12 9.08
1 83.06 56.47 1.07 45.34
rGrain weight per spike (gm) 2 72.67 64.89 216 77.42
3 82.97 75.95 1.35 52.17
1 90.56 71.18 14.82 95.49
JGrain weight per plant (gm) 2 68.50 61.69 9.18 60.16
3 72.67 54.84 9.88 55.75
1 58.24 52.47 10.53 17.33
1000 grains weight (gm) 2 66.57 48.19 10.5 18.78
3 75.26 59.62 9.02 17.89
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spike, main culm spike density, grain weight per spike, grain weight per plant
and 1000-grain weight in the three crosses studied and; main culm spike
length, number of spikelets per main culm spike and spike length in the first
cross only and for spike length-in the second cross and plant height in the
first and second cross. Relatively low genetic advance were obtained for the
rest of the traits studied (Table 3). Johnson et al. (1955) reported that
heritability estimates along with genetic gain upon selection were more
valuable than the former alone in predicting the effect of selection.

On the other hand, Dixit ef al. (1970) pointed out that high heritability is
not always associated with high genetic advance, but in order to make
effective selection, high heritability should be associated with high genetic
gain. In the present investigation, high genetic gain was found to be
associated with high narrow sense heritability estimates for main culm spike
weight, main culm spike density, grain weight per splke and grain weight per
plant in the three crosses studied and for plant height, number of productive
tillers, main culm spike length, number of spikelets per main culm spike,
number of grains per main culm spike, grain weight per main culm spike and
spike length in the first cross and for plant height and spike length in the
second cross and for number of productive tillers per plant, number of grains
per main culm spike, grain welght per main culm spike and 1000- grain
weight in the third cross only. Therefore, selection for these traits in these
three populations should be effective and satisfactory for successful
breeding purposes, however, selection for the rest of the characters studied
could be of less effectiveness.
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