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SUMMARY

Three local chicken strains were used in a crossbreeding program (first phase) that was maintained at
the Poultry Research farm, Fac. of Agriculture, Menoufia Univ. during the seasons 2018-2020. Then, the
second phase was carried out during the seasons 2020-2023 between the chosen genetic groups (plan of
mating: Figure 1). The first generation was obtained during the season 2021-2022. In the second phase
(recent study), 7 genetic groups (Sinai strain, Gimmizah strain and Silver Montazah strain, GSSM,
MSSG, SGMS, and SMGS crosses) were tested. The three parental strains of Sinai, Gimmizah, and Silver
Montazah were reared till 90 days of egg production (all traits were recorded), then were crossed-mated
(plane of mating) to obtain crosses and reciprocals.

All the experimental parents and hatching chicks received the same managerial treatments. All trap-
nested eggs produced from each breeding cage were individually recorded according to the genetic group
and collected daily for 7-day period. At hatch, the chicks were wing banded and weighed. Brooders with
the starting temperature of 32°C for the first week after hatching and then decreased by 2-3°C each week
thereafter. At eight weeks of age, the chicks were sexed, weighed, and moved to the rearing house.

Chicks were brooded in a floor brooder, watered continuously, and fed ad libitum during the brooding
period a commercial starter diet containing 19.43% crude protein and 2916 kcal /kg, then at 16 weeks the
ration was changed to a layer ration containing 17.1% crude protein and 2760 kcal /kg.

Studies traits:
The traits studied were measured and recorded for all strains and crosses.

Egg production traits: Egg production traits were individually recorded as follows:
1- Average age at sexual maturity (ASM).

2- Eggs produced during the first 90" days of production (EN90).

3- Average weight of the first five eggs (EWSM).

4- Body weight at the first egg (BWSM).

5- Body weight at 35 weeks (BWM).

6- Average weight of five eggs at 35 weeks (EWM).

7- Daily feed consumption at maturity (DFC35).

8- Feed conversion (efficiency) to eggs at maturity (EFE35).

The most important results could be summarized as follows:
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FIRST GENERATION:

In this generation, there were 7 genetic groups (including 3 pure: Sinai, Gimmizah, and
Silver Montazah in addition to 4 crosses: JSX),

Live Body weight:

Highly significant differences in body weight between all studied groups (i.e., parental/crosses). The
heaviest live weight among all genotypes (pure and crosses) recorded by cross SGMS at the early period
of age till 8" week of age (33.03, 271.6, and 544.0 g for BWh, BW4, and BWS8, respectively) with no
significant differences between this cross and either Gimmizah or Montazah pure strains. Thereafter, at
the late period, BW12 and BW16 Gimmizah strain recorded the heaviest body weight (835.7 and 1177.2
g, respectively, without statistical differences with Montazah strain; however, there were significant
differences noticed between Gimmizah and Montazah strains on one hand, and all other either pure or
cross strains in the current research. The lightest weight at 16 weeks of age was observed in Sinai and
SMGS, at 1041.3 and 1036.1 g, respectively.

Morphological traits:

Shank length at 8 weeks of age differed significantly among pure and cross genotypes. The tallest
shank recorded by Gimmizah chickens (average of 4.9 mm) and the shortest shank detected in MSSG
cross (average of 4.28 mm), Sinai chickens have an average shank length of 4.43 mm. In addition, the
average shank length of 7.4 mm and 7.38 mm at 16 weeks of age was measured for Gimmizah and GSSM
cross, respectively. The lowest shank length at 16 weeks of age was observed in Sinai chickens (7.13 mm
in pure genotypes) and in SMGS (7.06 mm in crosses). Analysis of variance indicated that shank length at
16 weeks of age showed highly significant variability between different genotypes under investigation.

Genotype did not significantly affect wattle length or width. Wattle length ranged between 3.1 mm for
Sinai chickens and 3.51 mm for Gimmizah chickens (regardless of sex); moreover, wattle width ranged
between 2.85 and 3.41 mm for Sinai and GSSM chicken genotypes, respectively.

Comb length and width showed significant differences by genotype in the current study. Comb length
measured 4.29 mm (SMGS genotype) to 4.85 mm (Gimmizah genotype). Males showed larger comb
length and width measurements compared to females within a range of 7.38 and 6.40 mm (Gimmizah and
GSSM, respectively) for males and a range of 3.59 to 3.50 mm (for the same genotypes) for females.

Heat tolerance traits:

Results showed that different genotypes didn’t differ significantly in vent temperature with a general
average of 107.57 ° F (P=0.330). Wing-bar temperatures differed significantly among genotypes,
including pure and cross lines. The skin (wing-bar) temperature was higher in Sinai chickens (105.32°F),
and the lowest recorded was in SMGS cross (103.91°F). Feather temperature ranged between 93.4 ° F
(for SMGS cross) and 99.1 ° F (for Sinai chickens) with a general average of 96.77 °© F. Analysis of
variance showed highly significant differences between genotypes studied.

The respiration rate of different genotypes averaged 134.2 t/m, with a range of 132.6 to 136.2 t/m in
SMGS and Gimmizah chickens, respectively. Genotypes from the current study don’t differ statistically
in respiration rate (P=0.722).

Production traits:

Age at sexual maturity averaged 181.8 days across all genotypes studied in recent work, ranging from
176.2 days (MSSG) to 189.6 days (Gimmizah chickens).

Egg numbers during the first 90 days of the production cycle (EN90) ranged between 31.3 and 43.4
eggs (Montazah and MSSG, respectively). Significant differences have been noticed between genotypes
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under investigation (P=0.036). All crosses from the recent study achieved higher EN90 than the parental
lines (pure lines), ranging from 37.2 (SMGS) to 43.4 (MSSG) eggs, compared to 31.3 (Montazah) and
37.0 (Gimmizah) eggs.

Egg weight at sexual maturity ranged between 35.8 to 39.2 g (SMGS and Gimmizah chickens,
respectively) with a general mean of 37.3 g. Moreover, EWM ranged from 43.9 to 48.5 g for the same
genotypes as EWSM (i.e., SMGS and Gimmizah chickens, respectively).

The lightest and heaviest body weights at sexual maturity were recorded for the pure genotypes (i.e.,
Sinai and Gimmizah strains). Crosses that included Gimmizah and Silver Montazah strains in the parental
lines, as dams, showed heavier weight than those that included Sinai chickens in the dam position.
Analysis of variance revealed statistically significant differences in body weight between genotypes at
both ages (BWSM and BWM).

Feed efficiency traits:

The average daily feed consumption across all genotypes in the recent study was 85.8 g/day, ranging
from 82.14 g/day (Sinai) to 90.25 g/day (GSSM). Statistically significant differences were observed in
DFC35 among studied genotypes, the highest feed consumption recorded by GSSM hens, and the lowest
feed consumption in a day recorded for Sinai hens. The best feed utilization was observed for the cross
MSSG, which used 4.56 g of feed to produce one gram of eggs. analysis of variance doesn’t reflect
significant differences between studied genotypes (P=0.697).

CROSSBREEDING EFFECTS:
Live body weight:

Direct genetic effects for body weight at approximately all ages investigated were positive for SG and
GS parental genotypes. On the other hand, negative estimates of vi have been reported for body weight in
SM and MS parental genotypes, with few exceptions.

Estimated maternal effects ranged from low to medium values, fluctuating between negative and
positive for the studied genotypes at different ages. Negative maternal effects were observed for GS and
MS, with Sinai chickens taking the dam position in these genotypes. Other genotypes in which the Sinai
strain served as the sire during formation (i.e., SG and SM) showed positive maternal effects on body
weight at all ages. Maternal effects detected in the current study for body weight at different ages ranged
between -0.05 (BWh) and 32.15 (BW16).

All crosses from the recent study showed negative heterosis percentages for BWh, ranging from -
2.376 to -3.843. In later ages, i.e. BW4, BW8, BW12 and BW16 positive heterosis (%) was detected for
this trait, the highest heterosis effect observed at 4 weeks of age located in range of 39.772 % (SMGS) to
75.622 % (MSSG), the same trend regarding positive medium to high heterotic effect for all crosses was
noticed for body weights at 8, 12 and 16 weeks of age.

Results indicated that almost all GCA estimates were positive for all studied genotypes, except for the
SM genotype (Sinai sires x Silver Montazah dams), which had negative GCA estimates for BW at hatch,
12, and 16 weeks of age. The highest positive GCA values recorded for the SG genotype regarding body
weight ranged between 1.068 g (at hatch) and 62.278 g at the 16™ week of age. So, the genotype SG is
recommended for crossing to improve body weight in native chicken strains as the best combiner when
the breeding plan is based on a crossbreeding scheme.

Specific combining abilities fluctuated in sign between low negative (-0.592 g) at hatch (MSSG cross)
and high positive (79.855 g) at 16 weeks of age (GSSM cross) for body weight. Results from recent work
indicated that the largest SCA values were observed across all genotypes in the GSSM cross (including
Gimmizah males and Silver Montazah females in their origin). However, the lowest SCA estimates were
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observed for the SMGS cross (which originated from Silver Montazah females and Gimmizah males).
Cross GSSM showed the highest positive estimates of SCA during all investigated ages, reflecting its
superiority in SCA at the late (8-16 weeks) of age due to non-additive effects. It also highlighted the
importance of accounting for non-additive genetic effects when planning the production of commercial
lines.

Phenotypic traits:

Data from a recent study indicated that the direct (vi) genetic effect for SM genotype (sired by Sinai
strain) has a negative sign for different phenotypic characteristics measured in the recent study, including
shank, wattle, and comb size. On the other hand, positive estimates of v; have been reported for the GS
genotype (sired by the Gimmizah strain) for the same traits.

Maternal effects showed small (negative and positive) estimates for all studied phenotypic traits and
genotypes (parental) with a range of -0.25 to 0.25 millimeters. Most m; values are positive for SM and
MS genotypes; however, they are negative for SG and GS genotypes.

Heterosis % ranged from 37.621 to 53.698% for shank length; 17.959 to 55.189% for wattle size
(length and width); and 17.367 to 34.739% for comb size (length and width). The greatest heterosis % for
all studied traits was observed by crossing SG males and MS females to establish SGMS hybrid (which
contains Gimmizah females 25% and Silver Montazah males 25% in their conformation, in addition to
50% Sinai).

General and specific combining abilities were positive for the studied traits, with few exceptions for
parental (GCA) and cross (SCA) genotypes; none exceeded unity.

Heat tolerance traits

Direct (vi) genetic effects fluctuated among small negative -0.16 (for rectal temperature) and relatively
small 4.5 (for respiration rate) positive effects for all genotypes, inclusive of current research. Maternal
(m;) effects ranged from 0.09 to 1.45 for heat tolerance traits in the GS genotype. On the other hand,
negative m; values (0.09 to -1.45) have been observed for the SM genotype.

Crosses between different purebred lines in the current study didn’t yield high estimates of GCA and
SCA,; either general or specific combining abilities were not of a magnitude, and their values were small
and fluctuated between negative and positive.

Egg production traits

Preferably, a genetic effect was observed for the MS genotype (originated by crossing Silver
Montazah sires with Sinai dams) regarding all egg production traits, including ASM (-6.43 days), EN90
(2.5 eggs), EWSM (5.5 g), EWM (-0.21 g), BWSM (-16.35 g), and BWM (-80.21 g). On the other hand,
the genotype SM from parental lines showed an unfavorable direct genetic effect on ASM, EN9O,
EWSM, and EWM among all investigated genetic groups (2.55 d, -1.48 eggs, -3.26 g, and -1.34 g,
respectively).

Genotype has direct genetic effect on body weight at sexual maturity either positively (GS and SG
genotypes) or negatively (SM and MS genotypes), it is clear that the genetic origin of parental lines
played an important role on the sign of the direct genetic effect, since genotypes that have Gimmizah
strain in its component positively affected body weight however the genotypes which involved Silver
Montazah strain in its origin negatively affected body weight.

Maternal (m;) effect fluctuated between negative and positive estimates on all traits under
investigation (ASM, EN90, EWSM, EWM, BWSM, and BWM). Desired maternal effect observed for
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Sinai-sired genotypes; however, an undesirable maternal effect was observed in genotypes that Sinai
strain contributed to dams from its origin.

Heterosis % for ASM showed a negative (desirable) direction for GSSM and MSSG genotypes, but
with low estimates (-1.086% and -1.105%, respectively). Heterosis % for EN90 exhibited negative,
moderate estimates of -15.53 (SMGS) and -16.91 (SGMS), and slightly negative, low estimates of -7.343
(GSSM) and -7.787 (MSSG).

Egg weight (EWSM) showed a negative h; for SG and MS genotypes, whereas it was positive for SM
and GS genotypes. The same trend was noticed for heterosis percentage for all studied genetic groups.
Moreover, EWM showed an opposite trend in h;, but not in H%, since all genotypes from the recent study
exhibited positive H% estimates ranging from 0.217 (SMGS) to 7.427 % (MSSG).

All parental genotypes showed positive GCA in ASM except the MS (-1.356) genotype. However,
negative estimates of GCA were noticed for all genotypes except the SG line (0.769 eggs) in EN9O.
Positive GCA for all studied traits has been detected for the SG genotype; in contrast, the SM genotype
exhibited negative GCA in all traits except ASM, reflecting undesirable complementarity with other
genotypes for egg production.

Fluctuations between positive and negative SCAs were noted for egg production traits for all direct
and reciprocal crosses in the recent experiment. The best SCA values recorded by GSSM cross-showing
Sinai-sired crosses indicated notable effects on all traits under investigation.

Feed efficiency traits:
The worst genotype in feed utilization efficiency was GS (0.23 g/day and 2.18 g feed/g egg).

The best maternal effect on feed efficiency traits at 35 weeks of age was observed in SG and GS
genotypes, which reduced the feed used to produce the same mass of eggs (negative m;).

Heterosis percentage for every single cross in recent work was negative for either DFC between -
23.185 (GSSM) and -30.526 % (MSSG), or feed efficiency, since negative H% estimates were detected
(except SGMS cross 24.004%) and ranged from -6.844 to -27.813 %.

The better combiner for daily feed consumption in the recent study was the GS genotype (-6.912 g),
but this does not apply to the FE trait, since the SG genotype showed the best GCA (-0.751 g) among all
studied genetic groups. The most efficiently utilized cross among the involved crosses in current research
is the SMGS and MSSG crosses, which yielded negative estimates of SCA for these traits.

SECOND GENERATION:

In this generation, 7 genetic groups were obtained: 3 pure lines (Sinai, Gimmizah, and
Silver Montazah) and 4 crosses (H1, H2, H3, and H4).

Means of Production traits:
Body weight at different ages:

Statistical analysis revealed highly significant differences among all studied groups (i.e.,
parental/crosses), except BWh. The heaviest live weight among all strains (pure and crosses) recorded by
the cross H2 at all ages till 16™ week of age (33.51, 266.6, 513.5, 869.5, and 1126.5 g for BWh, BW4,
BW8, BW12, and BW16, respectively) with no significant differences between this cross and the
Gimmizah pure strain. The lightest weight observed during the recent study's experimental period for H1
was 32, 43, 214.5, 403.0, 705.4, and 955.2 g for BWh, BW4, BW8, BW12, and BW16, respectively.
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Phenotypic traits:

Shank length at either 8 or 16 weeks of age differed significantly between pure and cross genotypes.
The tallest shank recorded by Gimmizah chickens averaged 4.95 and 7.34 cm at 8 and 16 weeks of age,
respectively. The shortest shank was detected at the 8th week of age in H3 cross (average of 4.15 cm),
and Sinai chickens have an average shank length of 4.51 cm.

Wattle length ranged between 2.66 mm for Gimmizah chickens and 3.19 mm for H4 cross chickens
(regardless of sex); moreover, wattle width ranged between 2.49 and 2.94 mm for H1 and H4 chicken
genotypes, respectively, as combined values for males and females.

Comb length and width didn’t show significant differences due to genotype in the second generation.
Heat tolerance traits:

Results showed that genotypes differed significantly in vent temperature, with a general average of
106.22 °F (P<0.01).

Wing-bar temperatures differed significantly across genotypes, including pure and cross lines. Higher
temperature of skin (wing-bar) detected in Sinai chickens (102.99°F) and the lowest one recorded for H3
cross (99.47°F).

Feather temperature ranged between 94.24°F (for Gimmizah chickens) and 97.22°F (for Sinai
chickens), with a general average of 96.11°F. Analysis of variance showed highly significant differences
between genotypes studied.

Respiration rate was recorded at an average of 125.2 times per minute across all genotypes, with a
range of 112.8-136.6 times/minute in H4 and Gimmizah chickens, respectively. Statistical significance
was detected between genotypes from the current study in respiration rate (P<0.01).

Egg production traits:

Age at sexual maturity averaged 185.3 days across all genotypes studied in recent work, ranging from
165.7 days (Silver Montazah) to 199.7 days (H1 cross chickens). All pure lines sexually matured earlier
than all crosses. Analysis of variance revealed significant differences (P<0.01) among the genotypic
groups studied. The highest variation (28 days) was observed among Gimmizah and H1 hens (199.7 vs.
171.7 days).

Egg numbers during the first 90 days ranged between 24.9 and 34.5 eggs (H2 and Sinai hens,
respectively). Highly significant differences have been noticed between genotypes under investigation
(P<0.01).

Unexpectedly, all crosses of hens produced lower eggs than pure genotypes, with an overall average
of 29.4 eggs during the first 90 days of the egg production cycle, which matured significantly later.

EWSM ranged between 35.5 to 38.3 g (Silver Montazah and H1 chickens, respectively) with a general
mean of 37.9 g. Moreover, EWM ranged from 42.4 to 58.0 g for Silver Montazah and H2, respectively.
Analysis of variance didn’t reflect any significant differences between genetic groups in recent work in
egg weight either at sexual maturity or at maturity.

Body weight at sexual maturity (BWSM) and at maturity (BWM) ranged between 1077.9 to 1196.3 ¢
for H3 and Gimmizah hens, respectively (overall average of 1135.4 g) at sexual maturity, and between
1167.9 to 1319.5 g for H3 and Gimmizah hens, respectively (average of 1235.3 g) at 35 weeks of age, i.e.,
BWM. Crosses that included the Gimmizah strain in parental lines as dams (H2) showed a heavier weight
of 1176.2 compared to other crosses. Analysis of variance revealed statistically significant differences in
body weight between genotypes at both ages (BWSM and BWM).
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Feed efficiency traits:

The average daily feed consumption across all genotypes in the recent study was 90.29 g/day, ranging
from 88.83 g/day (H1) to 91.81 g/day (H4). Insignificant differences in DFC35 were observed among the
studied genotypes; crosses consumed more feed than the parental pure genotypes in the second
experimental generation. However, feed consumption was higher in hybrids; the best feed utilization was
observed in the cross H3, which used 4.35 g of feed to produce 1 g of eggs.

CROSSBREEDING EFFECTS IN SECOND GENERATION:
Body weight at different ages:

The average direct genetic effect for body weight across all ages investigated was positive for the
MSSG parental genotype. On the other hand, negative estimates of v; have been recorded for body weight
across all other genetic groups used as parental lines, with few exceptions (the SMGS genotype recorded
negative estimates of vi at all ages).

Negative maternal effects were observed for MSSG and SMGS genotypes; however, GSSM and
SGMS lines showed positive maternal effects on body weight across all ages.

All crosses from the recent generation showed negative heterosis for body weight at all studied ages,
ranging from -1.172 % (H4 for BWh) to -18.867 % (H3 for BW8).

Results indicated that estimates of GCA for body weight at different ages (BWh, BW4, BW8, BW12,
and BW16) were positive for MSSG and SGMS; however, it was negative for GSSM and SMGS. So, this
genotype is recommended for crossing to improve body weight in native chicken strains as the best
combiner when the breeding plan is based on a crossbreeding scheme.

Specific combining abilities fluctuated in sign between low positive 0.137 g at hatch (H1 cross) and
high-negative -98.245 g at 16 weeks of age (H3 cross) for body weight. Cross H4 showed the highest
positive SCA estimates across all investigated ages, reflecting its superiority due to non-additive effects.
It also highlighted the importance of accounting for non-additive genetic effects when planning the
production of commercial lines.

Phenotypic traits:

The highest v; for shank length was observed in the MSSG genotype, with a positive sign (0.16 mm);
however, the largest direct genetic effect for wattle size (length) was observed in the SMGS genotype,
also with a positive sign (0.30 mm). Regarding comb length and width, the highest vi values were
observed for the SGMS genotype (0.47 and 0.40 mm, respectively).

Maternal effects showed small (negative and positive) estimates for all studied phenotypic traits and
genotypes (parental) with a range of -0.04 to 0.39 millimeters.

Results indicated that h; estimates for studied traits, including shank, wattle, and comb size in all
genotypes, were small and had a positive sign.

Medium negative heterosis percentages ranged from -0.962 to -8.389 % for shank length; -1.997 to -
22.188 % for wattle size (length and width); and -4.338 to -17.639 % for comb size (length and width).
The greatest heterosis % for all studied traits was observed by crossing GSSM males and SMGS females
to establish H1 hybrid (which contains Gimmizah males 25% and Silver Montazah females 25% in their
conformation, in addition to 50% Sinai).

Low general and specific combining abilities were detected for the studied traits, fluctuating between
negative and positive values for parental (GCA) and cross (SCA) genotypes; none exceeded unity.
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Heat tolerance traits:

Two genotypes from recent work, GSSM and MSSG, showed positive v; estimates; however, the other
2 genotypes, SGMS and SMGS, showed negative v; values for the studied heat tolerance traits. The
maternal (m;) effect showed both positive and negative effects in the current generation.

Percentages of heterosis ranged between -0.750 (rectal temperature) and -15.506 % (respiration rate).

Neither general nor specific combining abilities are of a magnitude, and their values were small and
fluctuated between negative and positive values.

Egg production traits:

Genetic effects (i.e., vi, m; and r;;) observed for all genotypes (originated by crossing some crosses
that were produced from some local Egyptian strains, including Sinai, Gimmizah, and Silver Montazah)
regarding all egg production traits, including ASM, EN90, EWSM, EWM, BWSM, and BWM, didn’t
show any significant changes in egg production. In a recent experiment, however, some parental
genotypes showed desirable effects on ASM (negative), but they achieved unfavorable genetic effects on
EN9O (negative).

Maternal (m;) effect fluctuated between negative and positive estimates on all traits under
investigation (ASM, EN90, EWSM, EWM, BWSM, and BWM).

Heterosis % for ASM showed a positive (unfavorable) direction across all achieved crosses, with
moderate to slightly high estimates ranging from 5.906% to 10.704%.

All genotypes from the recent study exhibited negative and positive H% estimates, ranging between -
3.325 % (H1) and 21.644 % (H2) for EWSM. The heterosis % was negative across all genetic groups for
both BWSM and BWM.

Positive and negative estimates of GCA were observed for all egg production traits. crosses in a recent
experiment. The best values of SCA recorded by H4 cross.

Feed efficiency traits:

The best maternal effect on feed efficiency traits at 35 weeks of age was observed in SGMS and
SMGS genotypes, which reduced the daily feed intake required to produce the same mass of eggs
(negative m;); however, the best maternal effect on feed conversion was observed in GSSM and MSSG
genotypes.

Heterosis percentage for every single cross in recent work was positive for DFC, ranging between
2.753 % (H1) and 6.200 % (H4); negative H% estimates were detected for feed efficiency and ranged
from -3.783 % to -18.156 %.

The better combiner regarding daily feed consumption in the recent study was the SMGS genotype (-
0.893 g), which reflected the FE35 trait (-0.029 g). Moreover, the MSSG genotype showed the best GCA
(-0.399 g) among all studied genetic groups.

The most efficient cross used in the current research is the H1 cross, which yielded negative SCA
estimates for either DFC35 or FE35 traits.
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