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Abstract: Genetic analyses of experimental data of Mandarah and Silver
Montazah strains and their crosses with commercial laying hens Lohman
Brown (LB) were done to exploit the existing genetic variations for
improving some egg production traits. It was obvious from this study that
LB was superior than both developed strains for all the traits.The
differences between parents were highly significant in all the studied traits.
The studied traits showed highly significant differences between hybrids,
hybrids vs. parents and 3-way crosses vs. single crosses. The effect of
heterosis was weak and negative in single crosses when measured as a
deviation from the commercial strain (LB). Moreover, negative heterosis
revealed lower single crosses than mid-parents for the most of the studied
traits, but positive heterotic effects were found for egg number at 240 (d.)
and 52 wks of laying and egg mass till 52 wks of laying. As related to age at
sexual maturity, positive heterosis revealed a later age at sexual maturity of
the single crosses than both mid-parents and LB. The mean parents in
general had some performance higher to those of their 3-way crosses,
notably for body weight at sexual maturity and egg weights at 90, 240 d and
52 wks of production traits. The results of 3-way crosses obtained for age at
sexual maturity, egg number at 90, 240 d, 52 wks of lying and egg mass at
52 wks of production showed superiority of 3-way crosses than both single
crosses and LB. Both additive and dominance genetic components of
variance play an important role in the inheritance of egg production traits.
Since, the analysis revealed that the nature of gene effects were
predominantly additive for the most of the studied traits while, egg number
at the first 90 d of laying and egg weight at 52 wks of production were
affected by dominance genetic components. The average degree of
dominance (%) was varied from partial dominance of the high parent for
body weight at sexual maturity and egg weight at 240 d of laying to
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complete dominance of the low parent for sexual maturity, egg weight at the
first 90 d., of laying, egg number till 52 wks of production and egg mass till
52 wks of production to over dominance of the low parents for egg number
at 90 and 240 d of laying and egg weight at 52 wks of production. Additive x
Additive type of epistasis was found to be much larger in magnitude than
additive x dominance and dominance x dominance epistatic types for all the
studied traits except for body weight at sexual maturity. The former results
indicated that 3-way crosses could, consequently, allow higher genetic
gains in the performance of their progenies and would be effective in
improving most of the studied traits.

INTRODUCTION

Crossing is widely used in breeding of chicken especially between
local chicken and exotic standard strains. Local chickens appear to have an
inherent scavenging habit and they have better survival than the commercial
hybrid strains under local production conditions but they are poor egg
producers. This is so different than commercial hybrids, with their poor
immune systems, limited ranging and high food value demands. So their
crossing usually retains superb genetic vigor and excellent adaptaion and
health record. Generally, it is well known that the genetic improvement is a
complex phenomenon and it could be contributed to the components of
genetic variance. These genetic components of variance are especially
needed when applying a combined crossbred and purebred selection method
to achieve genetic progress in crossbreds (Wei and van der Werf, 1994).
Thus, biometrical analyses were used to compare different genetic groups
derived from crossing two developed strains of chickens with commercial
laying hens (Lohman Brown) to assess and quantify the dominance,
epistasis and additive genetic effects (Ketata et al., 1976). Dominance effect
is predicted to be large on some egg production traits (Fairfull and Gowe,
1990; Wei et al., 1991 a,b; Wei and van der Werf, 1993; Abou EI-Ghar et
al., 2003 and Abou EI-Ghar and Abdou, 2004). While the magnitude of
additive effect is much greater than dominance effect on some egg
production traits (Redman and Shoffner 1961; Yao 1961; Wearden et al.
1965; Szydlowski and Szwaczkowski 2001 and Abou EIl-Ghar 2009).
However, epistatic effects were detected as a major mechanism of heterosis.
Bauman (1959) proposed that epistasis is indicated if the performance of the
progeny of a cross between a single cross and a tester deviates significantly
from the average performance of the single crosses produced by crossing
two inbred lines. Crow and Kimura (1970) reported that physiological
epistasis contributes to additive, dominance and interaction genetic values
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and variances. Evidence supporting epistasis as a major mechanism of
heterosis in chickens (Sheridan and Randall, 1977; Sheridan,1980 and
Fairfull et al., 1985, 1987). The heterotic effects on egg production traits
includes variability produced by both dominance and epistasis ( Fairfull et
al., 1985,1987 and Abou El-Ghar and Abdou, 2004). The objective of this
study was to achieve genetic improvement for egg production in crossbreds
by applying a crossbred methods between two local developed strain of
chickens and a commercial laying hens.

MATERIALS AND METHODS

The experimental data were collected at EI-Sabahia Poultry Research
Station, Animal Production Research Institute, Agriculture Research Center.

Experiment Design:

Two developed strains, Mandarah and Silver Montazah were
crossed as a Sire lines with a commercial laying hens Lohman Brown as a
Dam line to produce their Single Crosses; Mandarah x Lohman Brown (Mn
x LB) and Silver Montazah x Lohman Brown (SM x LB). Then crossing
these single crosses to produce 2 Three way crosses (Mn x SM x LB) and
(SM x Mn x LB) crosses. All experiment families; Mandara, Silver
Montazah, Lohman Brown, Single crosses and Three way crosses were
ajusted into Randomized Compelete Block Design with five replicates. The
observations were recorded on 545 hen pure lines, 110 hen single crosses
and 110 hen 3-way Crosses.

Management Conditions:

All management practices were similar as possible for all replicates
throughout the experiment. Artificial insemination was applied by assigning
5 females per each male. Two hatches in each mating combination were
used, for each hatch eggs were collected throughout 7 d and incubated in
full-automatic draft machine. At hatch, all chicks were wing-banded and
weighed to the nearest gram. The chicks were fed ad libitum a commercial
starter ration (19 % CP and 2800 KCal) up to 8 weeks of age, then the ration
was changed by commercial grower ration (15 % CP and 2700 KCal) up to
20 weeks of age. During the production period the pullets were fed a
commercial layer ration (16.5 % CP and 2750 KCal) and They were housed
in individual cages and received 16 hr day light. At the onset of lay eggs
were recorded and weighted daily during the first 90 (d.) of production, then
twice a week till the end of experiment.
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The Studied Traits:

Nine egg production traits were studied; i.e. age at sexual maturity
(ASM), body weight at sexual maturity (BW), number of eggs at 1* 90 d. of
laying (EN1), average egg weight through the 1% 90 d. of laying (EW1),
number of eggs at 240 d. of laying (EN2), egg weight at 240 d. of laying
(EW2), number of eggs at 52 wks of laying (EN3), egg weight at 52 wks of
laying (EW3) and egg mass throughout 52 wks of laying (EM).

Statistical Analysis:

The data derived from four crosses along with their parents were
firstly analyzed in conventional analysis of variance to test the significance
among the different genetic groups.

Heterosis percentages (H) based on both mid-parents (MP) and high-
parent (HP) were determined according to equations given by (Sinha and
Khanna, 1975) as follows:

F1- MP

H (MP) % =—————x 100
MP
Fy- HP

H (HP) % =————x 100
HP

Where: (H) % = heterosis percentage, F; = mean of crosses, MP = mid-
parents, HP = high parent (Lohman Brown).

The procesdure followed for partitioning of variance into its
components was done by using the method of (Ketata et. al., 1976). The
analysis is based on the following model,

Xijk =M + Gij + rk + eijk
Where, Xijk denotes to the phenotypic value of the single cross
between Li (commercial laying hens) and the developed strain J, M denotes
to the mean of all single and three way crosses, Gij denotes to the genotypic
value of the cross between Li (commercial laying hens) and the developed

strain J, rk denotss to the effect of replication k and eijk denotes to the error
associated with the cross ij in replication k.
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The total genetic variance was partitioned into: 6?4 = additive
genetic variance, ¢’d = dominance genetic variance, ¢% = additive X
additive epistatic variance, %+l = additive x dominance and dominance x
dominance epistatic variance.

The degree of dominance (h) was estimated according to equations given by
(Griffing, 1950). (h) = (6?d / 624)*°

6’A = additive mean square, 6’d = dominance mean square.
RESULTS AND DISCUSSION

Means:

Generally, the commercial strain LB was superior to both Mandarah
and Silver Montazah strains in means of all the studied traits as showen in
Table (1). Where, it has 158 d for age at sexual maturity (ASM), 1751 g for
body weight at sexual maturity (BW), 58 egg for egg number at the first 90
d of laying (EN1), 59 g for egg weight at the first 90 d of laying (EW1), 157
egg for egg number at 240 d of laying (EN2), 62 g for egg weight at 240 d
of laying (EW2), 202 egg for egg number at 52 wks of laying (EN3), 63 g
for egg weight at 52 wks of laying (EW3) and 12.9 kg for egg mass at 52
wks. of laying (EM). It could be concluded that LB mostly contains genes
having both additive and non-additive positive effects for these traits that
were not present in Mandarah and Silver Montazah strains. This finding
dealt with that cited by Sheridan (1986). On the other hand, the single cross
Mandrah x LB was superior to the other single cross Silver Montazah x LB
for ASM (188vs 189 d.), BW (1610 vs 1581g.), and EN1 (41vs 36 egg),
while the opposite situations were found for EW1 (52.2 g.), EN2 (154 egg),
EW2 (55 g.), EN3 (210 egg) and EM (11.8 kg). In general the results of
parental strains and single crosses showed that single crosses had better
means of ASM, BW, EW1, EN2, EW2, EN3, EW3 and EM compared with
mid of Mandarah and Silver Montazah parents (188 d., 1595 g., 51 g., 142
egg, 54.5 g., 195 eqg, 56 g., and 10.9 kg. vs. 189 d., 1518 g., 47.4 g., 123
egg, 51.9 g., 145 egg, 53.3 g., and 7.7 kg., respectively). Although, the
single crosses means of the studied traits were lower than the commercial
strain (LB) means in this regard. These results mean that dominance tended
to the higher parent (LB) of the previous traits. Contrarly, the mean of single
crosses for EN1 (38 egg) was lower than both mid- parents of Mandarah
with Silver Montazah and the commercial strain LB (44 and 58 egg). This
means that dominance towards low parents (Mandarah and Silver Montazah
strains) was observed for this trait.
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Moreover, means of 3-way cross Silver Montazah x Mandrah x LB
for ASM, EN1, EN2, EN3 and EM were better than the other 3-way cross
Mandarah x Silver Montazah x LB (156 d., 73 egg, 181 egg, 240 egg and
13.9 kg. vs. 159 d., 64 egg, 168 egg, 226 egg and 12.9 Kg., respectively).
The contrasts are shown for BW, EW1, EW2 and EW3, respectively. Also,
the 3-way crosses showed the highest performance of their means for ASM
(158 d.), EN1 (68 egg), EW1 (52.1 g.), EN2 (175 egg), EW2 (56.3 g.), EN3
(233 egg), EW3 (57 g.) and EM (13.3 kg.), when combared with the single
crosses means and for all the studied traits when combared with the
corresponding estimates of Mandarah and Silver Montazah means.
Moreover, the 3-way crosses means were exceeded the commercial strain
LB in EN1, EN2, EN3 and EM traits but they had the same age at sexual
maturity. The results of egg production traits were in agreemrnt with those
reported by (El-Housari et al., 1992; Nawar and Bahei El-Deen, 2000; Iraqi
et al., 2007 and Iraqi, 2008). These results showed clearly that the trait EM
which is a combination of two traits egg number and egg weight, and it was
mainly affected by the first one. Moreover, epistatic effects may control the
inheritance of egg number and egg mass traits. These observations are
needed when applying a combined crossbred and purebred selection method
to achieve genetic progress for egg production in crossbreds. The same
conclusion was cited by Wei and van der Werf (1994).

Variances:

Regarding the variations among the different genetic groups, it is
evident from (Table 2) that all egg production traits studied were
statistically differ significantly (P<0.01) among replicates and among
genotypes. The same trend was found among parents, between hybrids and
within LB. It also appears from Table 2 that the interaction effect of hybrids
vs. parents, single crosses vs. Mandrah & Silver Montazah, single crosses
vs. LB, 3-way crosses vs. Parents, 3-way crosses vs. Mandrah & Silver
Montazah, 3-way crosses vs. LB and 3-way crosses vs. single crosses were
highly significant for all of the studied traits. The insignificant estimates of
differences among genetic groups for ASM traits were found in between
Mandarah and Silver Montazah strains, between single crosses and between
3-way crosses, also their estimates of variance for EW3 were insignificantly
different. In addition, the variations for EW1 in between Mandarah and
Silver Montazah strains. The estimates of variation for BW were rather
insignificant in between single crosses. These findings of variation for egg
production traits support the previous estimates of means of the different
genetic groups.
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Heterosis:

The degrees of heterosis on the bases of mid-parents and high
Parent (commercial strain LB) were presented in Table 3. It was notcied that
the trait ASM had positive heterotic effects when assumed as a difference
between single crosses mean and the means of mid-parents and high Parent
(5.4 and 19.3 %, respectively). This means that dominance tended to the
higher parent of this trait. On the other hand, the traits EN2, EN3 and EM
had positive heterosis percentages on the base of mid-parents 6.0, 19.0 and
15.4, respectively, but on the base of high parent they showed negative
heterosis percentages (-10.0, -3.0 and -15.3, respectively). Therefore, it
could be concluded that dominance toward the lower parent was found in
these traits. These results agreed with the finding reported by Fairfull et al.
(1983) who reported that the crosses of the better parental lines can be
expected to maintain the average superiority of their parents. The remaining
traits (i.e. BW, EN1, EW1, EW2 and EW3) showed negative heterotic
effects on the bases of both mid-parent and high parent, this means that
dominance for low parent was found for these traits. Otherwise, the
estimates of heterosis for single crosses showed that the single cross Silver
Montazah x Mandarah (SM x Mn) had better estimates of heterosis
percentages than the reciprocal cross Mandarah x Silver montazah (MN X
SM) for EW1, EN2, EW2, EN3 and EM traits, while the contrasts were
found for ASM, BW, EN1 and EWS3 traits.

Also it could be seen from Table 3 that the 3- way crosses mean was
beter than both single crosses and high parent for ASM, EN1, EN2, EN3
and EM traits and the estimates of heterosis percentages on the base of mid-
parents (single crosses & LB) were -11.5, 53, 19, 18 and 14.7, respectively.
These estimates were -0.1, 19, 17, 15 and 3.1 % on the base of high parent
(LB). This means that dominance toward the better parent LB was found for
these traits and their inheritance may be affected by non-additive effects
especially over-dominance and/or epistatic effects. The same conclusion
was observed by (Jinks and Jones, 1958; Cheverud and Routman, 1995 and
Fairfull et al., 1985, 1987). On the other hand, the traits BW, EW1, EW?2
and EW3 had negative heterosis percentages -6.1, -3.3, -1.5 and -2.6 on the
base of mid-parents, respectively.These traits showed the same negative
directions of heterosis on the base of high parent LB (-11.6, -12.5, -10.0 and
-10.3, respectively). Which means that dominance for low parent (single
crosses) was found for these traits. Further discussion of the results of
heterosis percentages in Table 3, the 3-way cross (SM x Mn x LB) was
superior to the other 3-way cross (Mn x SM x LB) in heterosis percentages
for ASM, EN1, EN2, EN3 and EM traits, while (Mn x SM x LB) was
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superior for BW, EW1, EW2 and EW3 traits. Such results may fitt the
hypothesis that using Silver montazah as a sire parent and Mandarah as a
dam parent would benefit for some egg production traits. The same findings
agreed with those reported by Fairfull (1990); Boutrous (1998); Nawar and
Abdou (1999); Nawar and Bahie El-Deen (2000); Iraqi et al., (2007) and
Iragi (2008).

Genetic Variance Components:

The components of genetic variance presented in Table 4, reflected
that additive genetic component 62A was positively higher estimated than
dominance component o2d for ASM, BW, EW1, EN2, EN3 and EM (3.12,
0.013, 2.9, 19.9, 7.3, 239 and 0.381 vs. -1.55, 0.004, -3.2, -385.9, 2.2, -595
and -0.971, respectively). These results indicated that additive components
may be detected in the inheritance of these traits. Same conclusion was
reported by Redman and Shoffner (1961); Yao (1961); Wearden et al.
(1965); Szydlowski and Szwaczkowski (2001) and Abou El-Ghar (2009).
Furthermore, two of the studied traits showed higher estimates of c2d 81.8
and 1.3 for EN1 and EWS3, respectively. The corresponding additive mean
squares (02A) were -3.5 and -0.105, respectively. Therefore, the inheritance
of these traits may be affected by non-additive effects especially over-
dominance. The same conclusion was reached by Jinks and Jones (1958)
who reported that over-dominance may be responsible for heterosis, when
the dominance components were greater than the additive components of
variation.

Further analysies fit the presence of over dominance effects on EN1
and EW3 traits that the ratio of the mean square of dominance to the
additive mean square (/) were estimated to be -4.8 and -1.6, respectively.
Such results suggested that over-dominance of the low parent was
controlling the inheritance of EN1 and EW3 in the single crosses. On the
other hand, partial dominance of the high parent was important for both BW
and EW? traits, their / values were 0.57 and 0.6, respectively. While partial
dominance of the low parent was found for ASM it’s % value was -0.71.
Also complete dominance was present in the inheritance of EW1 and EM
and over-dominance was controlling the inheritance of EN2 and EN3 their 4
estimates being -1.05, -1.1, -4.4 and -1.6, respectively.

Regarding the 3-way crosses results, it could be concluded that
epistasis effects were controlling the inheritance of the studied traits.
Cheverud and Routman (1995) reported that some epistatic effects were
confounded within the measurement of additive effects. It was noticed from
Table 4, that the estimated additive x additive epistatic components of
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genetic variance (o%) seem to be highly significant positive for all the
studied traits except for BW which had insignificant variation of additive x
additive type of epistasis. In addition the insignificant negative estimates of
additive x dominance and dominance x dominance types of epistatic mean
square (o%+l) suggestes that non-allelic interaction was the major source of
variations in egg production traits and additive x additive type of epistasis
may be responsible for heterosis in 3-way crosses. These results were
confirmed with findings of (Sheridan and Randall, 1977; Sheridan,1980;
Fairfull et al., 1985, 1987 and Abou EI-Ghar and Abdou, 2004).

CONCLUSION

Generally, the former results showed clearly that annual egg yield by
kg., (EM) was largely affected by the rate of lay (EN), such traits were
genetically controlled by both additive effect and additive x additive type of
non-allelic interaction. Moreover, the 3-way crosses achieved superiority of
egg number and egg mass means than both single crosses and the
commercial strain . So, these observations are needed to select the best
crossbred method, which achieves the most higher genetic progress for egg
production in crossbreds. The present findings suggestes that the 3-way
crosses would be effective in improving annual egg production yield.

465



R.Sh.Abou El-Ghar, et al.

Table (1): Means and sd of some egg production traits from crossing two
developed strains with Lohman Brown

Genotype Traits

ASM BW EN1 EW1 EN2 EW2 EN3 EW3 EM
Parents
LB 158+12.4 |1751+£164 | 58+12.3 |59.64£3.7 | 157+£25 |62.5%#4.3| 202+36 |63.5£3.9 | 12.9+2.7
Mn 189+14.3 |1489+166 | 40+12.2 |47.442.6 | 11719 |51.6%£1.4| 135422 |53.1+2.6 | 7.2+1.2
SM 190£8.6 |1547+175 | 48411.3 |47.4+3.5 | 129422 |52.2+1.9| 155425 |53.5¢1.5 | 8.3£1.3
Mean 178+19.3 |1601+203 | 49+14.0 |51.746.7 | 135+28 |55.7#5.9| 165+40 |57.0#5.7 | 9.6+3.1
Single Crosses
MnxLB 188+1.8 |1610+177 | 41+11.2 |49.943.1 | 130+13 |54.0+1.6| 179+27 |56.0+1.2 | 10.0£1.6
SMxLB 189+2.5 |1581+174 | 36+11.2 |52.2+2.7 | 15448 |55.0+0.8| 210+25 |55.9+1.1 | 11.8#14
Mean 188+2.2 |1595+175 | 38+11.5 |51.0+3.1 | 142+16 |54.5+1.4| 195430 |56.0+1.1 | 10.9+1.7
3-way Crosses
MnxSMxLB 159+7.9 |1586+150 | 64+8.8 |53.4+3.7 | 168+10 |57.0+1.6| 226+15 |57.1+1.2 | 12.9+0.9
SMxMnxLB 156+4.8 |1509+155 | 73+8.9 |50.843.9 | 18149 |55.5+2.3| 240+17 |56.8+2.2 | 13.9+1.1
Mean 158+6.7 |1547+157 | 68+9.8 |52.1+4.0 | 175+11 |56.3+2.1| 233+17 |57.0+1.8 | 13.3£1.1
Total Hybrids |173+16.1 [1571+168 | 53+18.4 |51.6+£3.6 | 158+21 |55.4+2.0| 214431 |56.5+1.6 | 12.1+1.9

ASM = age at sexual maturity, BW = Body weight at sexual maturity, EN1 = Egg number
at the 1st 90 d. of laying, EW1 = Egg weight at the 1st 90 d. of laying, EN2 = Egg number
at 240 d. of laying, EW2 = Egg weight at 240 d. of laying, EN3 = Egg number at 52 wks. of
laying, EW3 = Egg weight at 52 wks. of laying, EM = Egg mass at 52 wks. of laying, LB =
the commercial laying hens Lohman Brown, Mn = Mandarah strain, SM = Silver Montazah
strain, MnxLB = single cross Mandarah x Lohman Brown, SMxXLB = single cross Silver
Montazah x Lohman Brown, MnxSMxLB = 3-way Crosses Mandarah x Silver Montazah x
Lohman Brown, SMxMnxLB = 3-way Crosses Silver Montazah x Mandarah x Lohman
Brown.
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Table (2) Mean squares of some egg production traits from crossing two
developed strains with Lohman Brown

SOV

o
fy

Traits

ASM

BW

EN1

EW1

EN2

EW2

EN3

EW3

EM

Bet. Rep.

3242**

0.133**

664**

436.7*%*

2917**

102.9**

6820**

66.1**

40.8**

Bet. Genotypes

48013**

2.841**

24615**

5060.2**

99132**

3858.5**

252475+

3613.9**

1284.2**

Error

~
o

77

0.022

111

7.4

281

5.1

563

45

2.4

Bet. Parents

**%

**%

**%

**%

**

**

**

**

**%

Bet. MNn&SM

NS

**

**

NS

**

**

**

NS

**

Within LB

[EEN
S

**

*

**

**

**

**

**

**

**

Bet. Hybrids

*%

**%

**%

**%

**%

*%

*%

*%

*%

Bet. Single Crosses

NS

**%

**%

**%

*

NS

*%

Bet. 3-way Crosses

NS

**%

*%

*%

NS

*

Hybr. vs. Parents

**

**

**

**

S.Cvs. Mn &SM

**

**

**

**

S.Cvs. LB

**%

**%

**%

3-way vs. Parents

*%

**%

*%

3-way vs. Mn &SM

*%

**%

**%

3-way vs. LB

S e R G G EIRI LN N ES

**

**

**

3-way vs. S.C

1

**

**

**

**

**

**

**

ASM = age at sexual maturity, BW = Body weight at sexual maturity, EN1 = Egg number
at the 1st 90 d. of laying, EW1 = Egg weight at the 1st 90 d. of laying, EN2 = Egg number
at 240 d. of laying, EW2 = Egg weight at 240 d. of laying, EN3 = Egg number at 52 wks. of
laying, EW3 = Egg weight at 52 wks. of laying, EM = Egg mass at 52 wks. of laying, LB =
the commercial laying hens Lohman Brown, Mn = Mandarah strain, SM = Silver Montazah
strain, S.C = single 3-way = 3-way crosses, * = significant at 5 % level, ** =highly

significant at 1% level, NS = insignificant
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Table (3) Heterosis percentages from mid parent (MP) and high parent (HP)
for some egg production traits

Crosses Traits
ASM | BW | ENL | EW1 | EN2 | EW2 | EN3 | EW3 | EM
Single Crosses |-F20(MP) | 54 002 | 21 | -08 | 6 [-170 | 19 | -13 | 154
H%(HP) | 193 | -89 | 33 | -143 | -10 | 129 | -3 | -11.9 | -153
MLB H%(MP) | 85 | 06 | 16 | 67 | 5 | 54 | 6 | -39 | 02
H%(HP) | 192 | 81 | 29 | -16.3 | -17 | -13.7 | -11 | -11.8 | -21.9
SMALB H%(MP) | 86 | 41 | 32 | 24 | 8 | -41 | 18 | -45 | 111
H%(HP) | 19.4 | 97 | 38 | -124 | -2 | -120 | 4 | -120 | -86
sway Crosses |F2o(MP) | -115 | 61 | 53 | 33 | 19 | 15 | 18 | 26 | 147
H%(HP) | 01 | -11.6 | 19 | -125 | 17 | -100 | 15 | -103 | 3.1
H%(MP) | 80 | 56 | 30 | 24 | 17 | 21 | 19 | -45 | 127
MOSMXLB  Fhoerpy | 08 | 04 | 12 | <104 | 7 88 | 12 | -101 | 03
H%(MP) | 97 | 94 | 5 | -91 | 17 | 55 | 16 | -49 | 106
SMXMNXLB  Mosip) | 1.0 | 138 | 26 | <147 | 16 | <112 | 19 | -106 | 58

ASM = age at sexual maturity, BW = Body weight at sexual maturity, EN1 = Egg number
at the 1st 90 d. of laying, EW1 = Egg weight at the 1st 90 d. of
laying, EN2 = Egg number at 240 d. of laying, EW2 = Egg weight at 240 d. of laying,
EN3 = Egg number at 52 wks. of laying, EW3 = Egg weight at 52 wks. of laying, EM =
Egg mass at 52 wks. of laying, LB = the commercial laying hens
Lohman Brown, Mn = Mandarah strain, SM = Silver Montazah strain,
S.C = single 3-way = 3-way crosses, (MP) = mid parent, (HP)= high parent (LB), H% =
Heterosis percentages
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Table (4): Components of genetic variation for some egg production traits

Traits Componentsﬂof genetic variance
G62A 62d h o2i o2J+l
ASM | 312 | -155 | -0.71 | 412243 ** | -18692 "°
BW | 0.013 | 0.004 | 057 | 1.007™ | -0.005™
EN1 -35 81.8 | -4.8 | 397441** | -17926 "°
EW1 2.9 -32 | -1.05 | 505** 2.0
EN2 | 199 | -385.9 | -4.4 | 479952** | -21640°
EW?2 7.3 2.2 0.6 1440%** 59.0 \®
EN3 239 505 | -1.6 | 638339** | -28522 N°
EW3 | -0.105 | 1.3 -36 | 4314** | -156 ™
EM | 0.381 | -0.971 | -1.1 | 2447.8** | -109.6 "°

6?A = Additive genetic variance, 6>d = Dominance genetic variance, h = the degree of
dominance, 6% = Additive x Additive type of epistatic variance,

o2 J+| = Additive x Dominance and Dominance x Dominance types of epistatic variance,
** = highly signigicant of variance, NS = insignificant of variance
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