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ABSTRACT

The present work was conducted at the Agric. Res, Station Farm, Facully of
Agric., Ain Shams Univ, at Shalakan, Kalubia Governorate during the three successive
seasons 2004/2005, 2005/2006 and 2006/2007 using the six populations of two bread
wheal crosses lo estimale some genetic parameters for grain yield/plant and certain
related characters. The first cross was between Giza s and IBy (Cross I) and the second
one between Sids ; and IB,y (Cross 2). .

" Results revealed that mean squares due to populations were kighly significant
for most studied characters in the two crosses, indicating that the six populations within
each cross differed significanily for studied tralts. Heterosis values were positive and
significant relative to cither mid parent or better-parent values in the two crosses for most
of the studied characters, whereas heterosis values were negative and significant for days
to heading in both crosses. Positive and significant inbreeding depression values were
recorded for spike length: ir both crosses and for spikelets per spike in Cross 1, whereas
negative significant values were obtained for days to heading in Cross I and 100-kernel
weight in Cross 2. Over and complete dominance was recorded for all the studied
characters except kernels/spike in Cross 1 as-well-as plant height and grain yleid/plant in
Cross 2,

Scaling tests (A, B, C and D} indicated the presemce of non-alielic gene
inferactions for all studied traits in both crosses. Additive gemetic varlance was
significant for each of days to heading, spikes/plani, grain yield/plant and spike length in
both crosses as-well-as kernels/spike in Cross 2 and for plant height and 100-kernel
weight in Cross 1. Dominance variance was significant for each of days to heading, plant
height, spikes/plant, kernels/spike and spikelets/spike in both crosses. Epistasis effects
were significant for most studied traits in the two crosses. Broad sense heritability
estimates were relatively high and ranged from 77% to 93.83% in Cross I compared with
values from 52.8% to about 93% in Cross 2. Narrow sense heritability percentages
ranged between 41.38 and 81.59 in Cross I and between 41.25% and 77.58% in Cross 2
Jor the studied traits.

Key words: Bread wheat, Crosses, Heterosis, Inbreeding depression, Scaling tests,
Additive effects, Dominance effects, Epismis Heritability, Genetic
advance.

, INTRODUCTION
An important objective in most wheat brcedmg programs is
enhancing the genetic potential for grain yield through improving the main
yield components. The understanding of genetic behavior of the major
components determining grain yield/plant in wheat such as no. of
spikes/plant, no. of kernels/spike and average kernel weight must be known




as the first step for breeding studies. The magnitude of both additive and
non-additive effects is particularly useful to wheat breeders for developing
high yielding varieties. To increase the selection efficiency, certain
morphological and physiological traits measured on single plants in early
segregating generations (as yield selection criteria) must be determined as
important breeding goals.

Some investigators studied mode of gene action in wheat crossés
using the generation mean analysis to determine the genetic behaviour of
such major yield attributes. Additive gene effects were more important in
the inheritance of days to heading and plant height (Mahgoub 2007, El-
Sayed and El-Shaarawy 2006 and Abd El-Nour 2006b), for spike length
(Khattab and Afiah 1998 and Darwish and ‘Ashoush 2003), for no. of
spikes/plant, no. of kernels/spike and 100-kernel weight (El-Sayed and El-
Shaarawy 2006 and Khaled 2007) and for grain yield/plant (Abd-Allah 2007
and Khaled 2007). On the other side, non-additive gene effects were more
important in the inheritance of days to heading, plant height, no. of
kernels/spike, 100-kernel weight and grain yield/plant (Abd El-Aty et al
2005 and Abd Allah 2007), for spike length (Khattab and Afiah 1998) and
for no. of spikes/plant (Khaled 2007).

. Heritability estimates in wheat were reported by many investigators
in broad and narrow sense. High broad sense percentages (more than 60%)
were recorded for days to heading, plant height, no of spikes/plant, 100-
kernel weight and grain yield/plant (Mahgoub 2007 and El-Shaarawy
.2008), for spike length (El-Marakby ef al 1994 and Ismail et al 2001) for
no. of spikelets/spike (El-Marakby ef al 1994) and for no. of kernels/spike
(Khaled 2007 and Mahgoub 2007). Meantime, moderate (more than 40%)
and relatively high (more than 50%) narrow sense heritability values were
estimated for heading date, plant height, no. of spikes/plant, no-of
kernels/spike, 100-kernel weight and grain yield/plant (Mahgoub 2007 and
Ei-Shaarawy 2008) and for spike length and no. of spikelets/spike (El-
Marakby et al 1994).

Positive and -significant heterosis was obtained by several workers in
wheat for no. of spikeletes/spike, no. of kernels/spike, spike length, 100~
kerne] weight and grain yield/plant (Salama 2000 and El-Hennawy 1996)
for plant height and no. of spikes/plant (Ashoush 2006 and Dawwam et al
2007) and for heading date (Salama 2000 and El-Hennawy 1996). On the
other side, negative and significant heterosis was reported by other
investigators for days to heading, no-of spikes/plant, no. of kernels/spike,
100-kernel weight and grain yield/plant (Ahmed ef al 2005) and for plant
height and no. of spikeletes/spike (Abd El--Aty 2000 and Abd-Allah 2007).

The present investigation was curried out to determine the type of gene
action and some genetic parameters using the six populations of two bread
wheat crosses for grain yield/plant and some related attributes.
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MATERIALS AND METHODS
The field trails were started in 2004/2005 growing season in Agric.
Res. Station Farm, Faculty of Agric., Ain Shams Univ. at Shalakan, Kalubia
Governorate and lasted to 2006/2007 growing season. The materials used in
this investigation comprised three parental bread wheat varieties (Table 1),
two of which are local (Gizaies and Sids;) and the third is introduced (IB;3)
from Syria. :

Table 1. Name, pedigree and origin of the three wheat parents used in this

study,

Name Pedigree Origin
Giza 14 (P) | MRL/Buc// Seri CM93046-8M-0Y-oM-2Y-0B Egypt
Sids, (Py) HD2172/Pavon "S"//1158.57/Maya 74 "S"- SD46-4SD- | Egypt

1SD-0SD ' :
IB;3s (P3) ICW88-040b-OL-2AP-OL-OAP Syria

In 2004/2005 season, hybridization between the introduced variety
and both local ones was made to obtain the two crosses Gizases X IBis
(Cross 1) and Sids; x 1Bz (Cross 2).

In 2005/2006 season, hybridization was made between the F; hybrid
and its two respective parents to produce BC; and BC;. Some F; plants were
selfed to produce the F, generation seed, meantime, some parental heads
were selfed also to maintain parental purity. In addition, rehybridization
between the parental varieties was made to obtain new hybrid F, seeds for
each cross.

In 2006/2007 growing season, the six populations of each cross (P,
P,, ¥y, F2, BC; and BC;) were sown on 20 Nov., 2006 to evaluate them and
collect the data concerning each population in each cross. The experimental
design used was the randomized complete blocks with 5 replicates. Each
replicate consisted of single row for Py, P, and the F, populations, four rows
for each backcross and ten rows for the F; populations in each cross. The
length of the row was three meters with 20 cm apart between rows. Hills
were spaced at 10 cm within the row and thinned at one plant per hill. The
recommended cultural practices for wheat production were applied on the
experimental materials throughout the growing period. Observations and
measurements were recorded on 10 guarded plants from each row (making a
total of 50 plants for Py, P; or F,). For each backcross population (BC; or
BC,) in each cross, 25 guarded plants were randomly chosen from each
replicate for data collection. Also, for each F population, 50 guarded plants
were randomly chosen from each replicate for data collection. The
following readings and observations were recorded: days to heading, plant
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height (cm), no. of spikes/plant, spike length (cm), no. of spikelets/spike,
no. of kernels/spike, 100-kernel weight (g) and grain yield/plant (g).

Standard statistical procedures were used to obtain means and
variance for each generation (Snedecor and Cochran 1980). The genetic
variance in F, population was calculated first and so variance genetic
parameters were then estimated. The studied genetic parameters included:
heterosis expressed as the percentage increase or decrease of the F; mean
over the mid-parent (M.P) values as-well-as the better-parent (B.P) values,
inbreeding depression (L.D.) estimated as the decrease of F; mean compared
with F; mean; potence ratio (P) calculated according to Smith (1952) and
heritability in broad and narrow-sense were computed according to Warner
(1952). The expected genetic gain after one cycle of selection (the best 5%
of the F, generation plants) was calculated: according to Frey and Horner
(1957). The: significance of additive, dominance and the three .digenic
epistasis effects were determined by generation mean analysis (GMA) using
the method of Gamble(1962). Gene effects were based on six parameters
model. The slgmﬁcance of the estlmates were tested by the standard error of
each of the six parameters.

RESULTS AND DIS.CUSSION

Analysis of variance and mean performance

The significance of mean squares for the studied traits of the six
populations for the two bread wheat crosses are given in Table (2). All the
studied traits showed highly significant variances among the various
populations except number of kemnels/spike in the first cross. These results
indicated that the six populations within each cross are genetically differed
from each other for most of the studied traits. Mean performance of the
different characters for all populatlons and their standard errors are
illustrated in Table (3).

Heterosis, inbreeding depression and potence ratio

Heterosis, inbreeding depression and potence ratio estimates in the
two crosses for all studied traits are presented in Table (4).The percentages
of heterosis compared to mid-parent values are positive and significant for
each of plant height (7.82% and 7.74%), number of spikes/plant (40.75%
and 22.31%), spike length (7.8% and 7.69%), number of spikelets/spike
(7.52% and 17.13%), 100-kernel weight (12.69% and 6.06%) and grain
yield/plant (9.71% and 22.17%) in Cross 1 and Cross 2, respectively.
Meantime, heterosis percentage was highly significant for number of
kernels/spike (10.73%) in Cross 2 only. On the other hand, negative and
highly significant mid-parent heterosis values were detected for days to
heading (-7.37% and -3.23%) in crosses 1 and 2, respectively.
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Table 2. Mean squares for the studied characters, using the six
populations data in two bread wheat crosses

Mean squares

Sou_rc? of & | Days to Plant Ne. of Spike Neo. of No. of I:e‘:’?:- " G:;:l
variation ooty | eight i o oyant | length | spikelets | kernels | CC ;t !3' it
B | (em) | SPikes/pd (cm) | Japike | /fspike | "B P
. . . (4] g
Cross 1(Giza168xIB1E)
Replications | 4 | 105 512 0.31 005 0.17 697 0.06 281
Generations | 5 | 65627%% | 16745 | _ 93a7% 1.076%% | 3.085% | 1475 | 0.894%* | o608
Error 20| o039 45 040 0.0 .15 621 003 | 185
Croas 7 (Sids1xIB18)
Replications 0.203 9.391 0247 0.067 0.308 12552 | 0036 | 1075
Generations | 5 | 208495 | 57665 | 37240 15450% | 10.519%% | coom4er | 0.675%+ | 27.561%¢
Error 70 | 0634 5.854 041D 0035 0.136 7505 | 0038 | 230

*'++ Significant at 0.05 and 0.01 probsbility levels, respectively

Table 3. Mean performance + standard error for the studied characteristics, using
the six populations data in two bread wheat crosses

Population
Character Cross
P, P;. Fy F BC, BC:
1 12442019 | 128164023 | 116962024 ‘23'2’;* ‘23'29;* 122.80 025
Days to heading 13594 | 1535+
2 | 126924028 | 128142023 [ 123404023 | 153 3334 L narss0ss
Ti374z | 102882
Plant height 1 [ 97344060 | 107744065 | 110564044 | ") 116 | 10633107
(cm) 1 | 107964068 | 107742065 | 116202075 | 11264 | 10883 | o0 mriom
092 | 119
iills | 635+
No. of 1 aszz02s | seeson | 70ss026 | B ot | Te2x028
spikes/plact 1 6464020 | SE4%011 | 7404027 ‘élfs* 624 | 1ns0m
Tiste | 1251¢%
Spike leogth 1| 1sezo08 { nms00 | 1268009 | T3 2o | 1222010
2 | 1246+011 | 11722009 | 13022013 : 4820,
(cm) o i t ?; * 11;36% | P
2248+ 2385+
No. of 1| 24012 | 222004 | 2022013 | 240 28 | Bazsoas
spikelets/spike 2 | 21002019 | 221013 | 25302019 2%":?,* 22Ux | nireey
51.59% 5490 +
No. of 1 | sasezose | samzo6s | sersroes | 4T 90 | sazesrz
kernels/spike 2 | soaz=os7 | sams063 | ssioxoss | LY | B¢ | somesrm
5.06 £ 505+
100-kernel 1 4142004 491004 511+ 005 0.06 0.06 544 £0.07
weight (g) 2 4834004 | 494004 | 5164006 56735* 41t | se3s00s
Ti7d: | 1503¢
Grain t | 1ss2s02 | w5029 | o1sazaon | 1574 s13s | 18382051
yicldiplaat (g) 2 13934649 | 1752029 | 19264050 2%35‘;* 1630 | 19m0e
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Table 4. Mid-parent and better parent heterosis (%), inbreeding
" depressing (I.D. %) and potence ratio (P) for the studied
characteristics, using the six populations data in two bread

wheat crosses
Heterosis (%) ({iD.) % P)
aract - Croml 4 - Cross2
Character | —\fid. | Better | Mid- | Better | Crossl | Cross2 | Cross1 | Cross2
parent | parent | parent | parent
Days to
" ST3TE D L5088+ | 3038 | 277 | 501% | D15 497 £.77

heading
Plantheight | ;g0e | 261¢ | 7740 | 763% | 287 | 306 | 154 | 7590
(em)
No. of 40.75% | 25.53%% | 22315 | 1455% | 1457 | 945 | 336 | 3.29
spikes/plant _
spike length T804+ 7.46** 7.69%* 4.49%* g21* | 791« | 2415 2.51
{cm}
No. of . - - " .
spikelets/spike 7.52 6.85 17.13 13.96 6.42 12.72 12.00 6.16
No. of .. ARE
kernels/spike 4.76 353 10.73* 598 9.10 13.06 403 2.39
100-kernel . R . T
‘weight (2 1296% | 422 | 606 | 530 105 | 1oseee | 154 | 842
Grain N - o )

ield/plant (g) 9.71 35 22.17 97 208 572 1.62 .95

Better-parent heterosis values were positive and significant for each
of plant height (2.61% and 7.63%), number of spikes/plant (25.53% and
14.55%), spike length (7.46% and 4.49%) and number of spikelets/spike
(6.85% and 13.96%) for Cross 1 and Cross 2, respectively. In addition,
positive and significant better parent heterotic effects were detected for
number of kemels/spike, 100-kemel weight and grain yield/plant in Cross 2
only (5.98%, 5.3% and 9.71%, respectively). On the other side, negative
significant heterosis values were revealed for days to heading (-5.98% and -
2.77%) in Cross 1 and Cross 2, respectively. These pronounced heterotic
effects estimated for the most studied characters indicated the importance of
such crosses in wheat breeding programs for improving grain yield/plant
and its main components. Similar findings were reported by Salama (2000},
Ahmed et al (2005), Abd- Allah (2007) and Dawwam et al (2007).

As shown in Table (4), positive significant inbreeding depression
values were obtained for each of spike length (9.21% and 7.91%) in Cross 1
and Cross 2, respectively as-well-as for number of spikelets/spike (6.42%)
in cross I only. On the other side, negative and highly significant inbreeding
depression values were obtained for days to heading (-5.01%) in Cross 1
and -for 100-kernel weight (-10.46%) in Cross 2. The information about
inbreeding depression is useful to test the potentiality of F» seeds after
reducing the heterosis in F, generation due to the reduction of
heterozygousity caused by inbreeding. Thus, it is logical expectation that the
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expression of heterosis in F; may be followed by reduction in F,
performance for some of the studied traits especially those having high
heterosis values. These results are in close agreement with those obtained by
Salem and Abd El-Dayem (2006), Abd- Allah (2007) Abd El-Nour (2006 a
‘and b) and Khaled (2007)

Potence ratios given in Table (4), indicated that over dominance is
revealed for each of days to heading towards the earlier parent in Cross 1
and towards the higher parent for no. of spikes/plant, spike length and no. of
spikelets/spike in the two crosses as-well-as for 100- kernel weight in Cross
1 only. Complete dominance of the higher parent was revealed for plant
height and grain yield/ plant in Cross 1 only. Meantime complete
dominance towards the earlier parent was obtained for days to heading in
Cross 1 whereas complete dominance towards the higher parent was
detected for no. of kernels/spike and 100-kerne! weight in Cross 2. These
results are in harmony with those found by Abd El-Aty et al (2005), Abd El-
Nour (2006a), Hendawy and Seleem (2007) and Mahgoub (2007).

Mode of gene action

As shown in Table (5) the scaling tests (A, B, C and D) for the
studied characters indicated that at least one of the non-allelic interactions is
significant for all the studied traits except no. of kemnels/spike in Cross 1,
indicating the adequacy of the six parameters model to explain the type of
gene action controlling the traits in the two crosses. Nature of gene action
was estimated for all the studied traits in both crosses accordmg to Gamble
(1962).

As presented in Table (5) additive gene effects appeared to be
important in the inheritance of spike length in both crosses, days to heading
in Crossl and number of kernels/spike in Cross 2 revealing positive and
highly significant estimates and suggesting the potential for obtaining
further improvement of these traits via selection in early generations. These
results are in agreement with those previously revealed by Abd El- Nour
and Moshref (2006), El-Sayed and El-Shaarawy (2006), Abd Allah (2007),
Khaled (2007), Mahgoub (2007) and El-Shaarawy (2008).

On the other hand, negative and significant additive effect was
obtained for plant height in Cross 1 only. Negative and highly significant
additive effects were estimated for each of no. of spikes/ plant and grain
yield/ plant in both crosses and for days to heading in Cross 2 only as-well-
as for 100- kernel weight in Cross 1 only.

As presented in Table (5), positive significant dominance effects
were detected for spike length in Cross 1 only and for no. of spikelets/spike
and no. of kernels/spike in both crosses. Meantime, negative significant
dominance effects were revealed for days to heading, plant height and no. of
spikes/ plant in both crosses, and for grain yield/plant in Cross 2 only. From
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Table 5. Estimates of scaliug tests and gene effects for the
studied characteristics, using the six populations data in
the two bread wheat crosses (1 and 2)

Character. Seali-gtst gene effect

A B C D M a d [* ad dd
Days to 1 |65100] 050 [ 4800 | -1.10 [122.81%%] 1130 | 7.10%¢ | 2.200% { 6.01°" [.9.229»
heading 2 3620 ] 1gmer | 7.500% {09500 [123.50%4 )1 4300] 2230 | 1.90%* |.1.64%%] 3700
Pantheight | | | 214 | 5640 2036001182700 L1 7use| - aae [2msave 365400 350 [aas2es
(cen) 2 |6.50%% | 5800 | 24600 [ 7.38%% |112,64°%( 0.24 [ -6.41%* [-14.76%%] 0.70* [27.06%+
No. of 1 }-1.150 |2.500e ] 800w | 2270+ | g110% |-120%+] 249% | 440+ .137% | 0385
spikes/plant 1 3 [gg2ex {1400 | 55000 ] 2.46%% | BA0%* [D70%%] -3.57%% | 4020 | 2220 4344
Spike lougth | 1| 0.55° {0.16% [ 2.83¢% [-161°%| 11.50+* {03044 [ 4k3ee | 3200 | 071° | 3.60%
(em) 2 Jossse| agve | 226% | 020 | 1199+ |0g2+*| 0.53 | 040% | 090+ | 3.06%
Ne. of 1 |-119°%] 061 | 2810% |-231%¢] 22470 | 043 | 6.30% | a62*+ | 0.58 [-Ga30e
spikeletiipike |7 [ 7gee [ 3.16% [ 548% { 027 | 2208%% | 009 | 4.24%0 | 0.54%% | 1.38%% | 4400
No. of t | ose | 297 jissaee| s010 [ s1s9e+ | 059 [ 14610 | 120304 246 | 8355
kerwelsfipike | 5 |.2.92¢4{11.24%¢ 19.10%% | -5.39%% | 50.51°% | 4.73%% | 16.410% | 10.78% [ 14,164 | -2.46%+
100 kermed 1 [-034*s] 0.87% [ 095+ | 037 | 5.09% [030%¢] 134 [orses | 002 247
weight () 2 (08s*e[ 12000 ] 27504 ] 035 | 570% ] 021 | 040 {070% | 035 | -13s
Grain 1 338 | -1.12 -1.69 197 | 17.74%* [-324%4] 235 395 |-4.51%%| 62l
yieldiplant (g | 3 | 013 ]-2.760¢).103700] 437 | 20,300 [-3.230%] 52500 | 2 7une [mees | 6110e

* *+ gionificant at 0.05 and 0,01 probability levels, respectively

a = additive effect
d =dominance effect
aa = additive x additive Interaction

2d = additive x dominance Interaction
dd = dominance X dominance Interaction
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the previous results it could be concluded that the dominance gene effects
had significant contribution in the inheritance of some traits under study and
the selection should be achieved in advanced generations as homozygosity
become fixable.

Positive and highly significant additive x additive type of epistasis
was detected for each of days to heading, no. of spikelets/spike and no. of
kernels/spike in the two crosses and for spnke length and 100- kernel weight
in Cross 1 only.

Negative significant additive x additive epistasis effects were
estimated for each of plant height and no. of spikes/plant in the two crosses
and for spike length, 100-kemel weight and grain yield/ plant in Cross 2
only.

Positive and highly significant dominance x dominance type of epistasis
was detected for plant height and grain yield/plant in the two crosses and for
days to heading, no. of spikes/plant, spike length and no. of spikelets/spike in
Cross 2 only.

On the other side, negative and highly significant dominance x
dominance effects were revealed for some characters in both crosses.

Positive significant additive x dominance type of epistasis was détected
for spike length in the two crosses and for days to heading in Cross 1 only as-
well-as for no. of spikelets/ spike and no. of kernels/ spike in Cross 2 only.
Meantime, negative significant additive x dominance type of epistasis was
obtained for no. of spikes/ plant and grain yield/ plant in both crosses and for
each of days to heading and plant height in Cross 2 only. Similar results were
recorded by Abd El Aty et al (2005), El- Sayed and El-Shaarawy (2006), Abd
Allah (2007) and El- Shaarawy (2008).

As presented in Table (6) broad sense heritability estimates were
relatively high for most studied traits which ranged from 77.06% for spike
length to 93.83% for no. of kernels/spike in Cross I and from 52.81% for spike
length to 92.98% for no. of kernels/spike in Cross II. High broad sense
heritability values were also reported by El-Marakby et al (1994). El- Sherbeny
et al (2000), Ismail et al (2001), Hamada et al (2002), Mahgoub (2007).

As shown in Table (6), moderate to high narrow sense heritability
percentages were estimated for most studied characters which ranged from
41.38% for grain yield/ plant in Cross 1 to 81.59% for days to heading in the
same cross. Regarding Cross 2, narrow sense heritability estimates ranged from
41.25% for spike length to 77.58% for plant height. These results are in
accordance with those reported by El-Marakby ef al (1994), El- Sherbeny et al
(2000), Ismail et al (2001), Abd El-Aty and katta (2002), Hamada (2003), Abd
El- Nour (2006 a) and Khaled (2007).

The expected genetic advance upon selection as a percentage of the F
generation mean (Ag %) was calculated and presented in Table (6). The
predicted genetic gain percentages are high for most studied traits ranging from
5.49% for daysto headingto 79.70% for no. of spikes/plantin Cross 1
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Table 6. Heritability estimates in broad and narrow sense and predicted genetic gain from one cycle of selecting the
highest 5% of the F; population for the studied characters, using the six populations data in the two bread

wheat crosses

Heritability % Genetic response
Characters Cross 1 Cross 2 Cross 1 Cross2
Narrow Broad Narrow % of F2 ' % of F2
Broad sense sense sense sense Absolute mean Absolute mean

Days to heading 83.52 81.59 $9.93 68.33 6.74 5.49 9.68 7.83
Plant height (cm) 93.79 81.23 88.60 77.58 26.92 23.67 9.70 8.61
No. of spikes/plant 78.88 48.80 . 72.85 59.65 6.46 79.70 3.75 46.36
Spike length (cm) 77.06 47.56 52.81 41,25 1.30 11.34 0.97 8.17
No. of spikelets/spike B85.55 60.80 78.80 66.48 3.03 13.77 4.58 20.76
No, of kernels/spike 93.83 70.79 92.98 62.98 25.33 49.10 21.64 42.84,
100-kernel weight (g) 88.30 74.11 ~ 81.09 61.19 1.53 30.36 0.56 9.83
Grain yield/plant (g) 89.84 41.38 86.95 66.82 2.15 12.16 14.54 71.64
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compared to a range of 7.83% for days to heading and 71.64% for grain yield/
plant in Cross 2. These results are in harmony with those obtained by Khattab
and Afiah (1998), EL-Sayed and El-Shaarawy (2006), Abd EI-Nour (2006 a)
and Abd- Allah (2007).

These results indicated that selection could be effective in early
generations when the additive gene cffects play an important role in the
inheritance of the characters under study while the selection will be more
effective in the late scgregating genevations if the dominance gene effects had
the greatest contribution of the inheritance of the desired characters and the
selection procedure based on the accumulation of additive effects may be very
successful in improving of these characters.
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