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ABSTRACT: Four synthetic strains of chickens, including Matrouh (MT), Mandarah 

(MN), Silver Montazah (SM) and Inshas (IN), were used in a crossbreeding experiment 

for four years to estimate direct additive genetic effects (  ), maternal effects (  ), 

direct heterosis (  ) and maternal heterosis (  ) for age and weight of hen at the first 

egg, weight of the first egg, egg number and mass for the first 10 eggs, egg number and 

mass during 90 and 120 days of egg production, egg number and mass for two days per 

week of production, egg number and mass for one week per month of production and 

clutch sizes and pause durations during 90 and 120 days of egg production. The egg 

production traits were recorded for a total of 747 sexually mature hens belonging to the 

different genetic groups. A total of 34 sires and 230 dams from MT chickens, 32 sires 

and 199 dams from MN chickens were used to produce 2894 chicks of the parental 

generation of MN and MT. In crossbreeding generations, two-way crossbreds (653 

chicks of ½MN½MT and ½MT½MN) and three-way crossbreds (809 chicks of 

½IN¼MN¼MT and ½SM¼MT¼MN) were produced. The estimates of    on all egg 

traits studied were significantly in favour of MN strain (P≤0.01). Also, the estimates of 

   were significantly in favour of MN dams for age at first egg, most egg production 

traits and clutch sizes, while the estimates for pause durations were in favor of MT 

dams. Estimates of    were significant with favorable heterotic rates ranging from 3.8 

to 28.5 % for maturity of hen at the first egg, 19.7 to 29.3 % for egg production and 3.2 

to 36.1 % for partial egg recording (P≤0.05 or P≤0.01). The percentages of    were 

favorably positive for all clutch sizes (ranging from 13.1 to 57.4 %; P≤0.01), while they 

were favorably negative for all pause durations (ranging from -17.3 to -44.2 %; P≤0.01). 

The percentages of    were favorable with heterotic rate of -2.6 % for age at the first 

egg (P≤0.05) and 7.8 to 8.2 % for egg production (P≤0.01). The heterotic maternity was 

favorably positive and ranging from 3.2 to 10.5 % for four traits of partial egg recording 

(P≤0.05) and 4.6 to 15.5 % for most clutch sizes (P≤0.05 or P≤0.01), while they were 

favorably negative for all pause durations (-5.0 to -31.8 %; P≤ 0.05 or ≤ 0.01).  

Keywords: Egyptian chickens, crossbreeding effects, egg production, clutch sizes.  

mailto:maher.khalil@fagr.bu.edu.eg


Heba A. Hassan
1
 

111 
 

INTRODUCTION 

Crossbreeding is one of the methods used 

by poultry breeders in developing 

countries to take advantage of the genetic 

heterogeneity characterizing the local 

breeds of chickens. The major goal of 

crossing is to create superior crosses that 

will enhance the performance of native 

chickens and combine various breed 

characteristics to establish crosses with 

beneficial performance for egg 

production (Saadey et al., 2008; Lalev et 

al., 2014; El-Tahawy, 2020; El-Tahawy 

and Habashy, 2021). In Egypt, the local 

strains of chicken that had high additive 

and non-additive genetic variations are 

reported by many investigators (e.g. Iraqi, 

2008; El-Attrouny, 2011; Iraqi et al., 

2012, 2013; El-Tahawy, 2020; El-

Tahawy and Habashy, 2021). However, 

significant estimates of direct and 

maternal effects for maturity age and 

weight at the first egg, weight of the first 

egg, egg numbers and masses, partial egg 

recording, clutch sizes and pause duration  

are cited by several investigators (e.g. 

Nawar and Abdou, 1999; Szydlowski and 

Szwaczkowski, 2001; Szydlowski et al,. 

2001; Khalil et al., 2004; Iraqi et al., 

2007; Hassan, 2008; Iraqi, 2008; El-

Attrouny, 2011; El-Tahawy, 2020; 

Soliman et al., 2020; El-Tahawy and 

Habashy, 2021). In general, there were 

noticeable heterotic impacts on 

characteristics related to egg production 

when Egyptian breeds and/or strains of 

chickens were crossed (Iraqi et al., 2007, 

2012; Saadey et al., 2008; El-Tahawy, 

2020; Soliman et al., 2020). The 

percentages of direct and maternal 

heterosis obtained in the Egyptian and 

non-Egyptian studies for maturity age and 

hen weight at the first egg, weight of the 

first egg, egg numbers and masses, partial 

egg recording, clutch sizes and pause 

durations were high and significant 

(Merat et al., 1994; Zatter, 1994; El-

Hanoun, 1995; Nawar and Abdou, 1999; 

Ledur et al., 2000;  Kamali and Horn, 

2001; Kamali et al., 2001; Chen et al., 

2002; El-Soudany, 2003; Iraqi et al., 

2007; El-Attrouny 2011; El-Tahawy, 

2020; Soliman et al., 2020). However, 

using partial egg recording and clutch 

sizes in pullets’ selection could increase 

the efficacy of genetic selection and 

shortening the generation interval and 

consequently increasing the genetic gain 

in egg production and clutch sizes (El-

Labban et al., 2011; EL-Attrouny, 2011; 

El-Tahawy and Habashy, 2021). 

Unfortunately, there is little evidence in 

Egyptian studies available about the 

impact of crossbreeding on egg 

production traits, such as partial egg 

recording, clutch sizes and pause 

durations (e.g., Hassan, 2008; El-Labban 

et al., 2011; Iraqi et al., 2012; El-

Attrouny et al., 2019). So, the main 

objectives of the current study were: (1) 

to estimate crossbreeding effects of direct 

additive genetic effects, maternal effects, 

direct heterosis and maternal heterosis on 

age of hen at the first egg, egg 

production, partial egg recording, clutch 

sizes and pause durations, and (2) to 

decide which of the Egyptian strains 

could be used as a sire-strain or as a dam-

strain in chickens crossbreeding programs 

in Egypt.  

MATERIALS AND METHODS 

Crossbreeding experiment performed 

A three-way crossbreeding experiment 

was performed between four local 

pedigreed strains of chickens named as 

Mandarah (MN; Abd-El-Gawad, 1981), 

Matrouh (MT; Mahmoud et al., 1974a), 

Inshas (IN; Bakir et al., 2002) and Silver 

Montazah (SM; Mahmoud et al., 1974b). 

Two-way crossbreds (½MN½MT and its 
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reciprocal cross ½MT½MN) and three-

way crossbreds (½IN¼MN¼MT and 

½SM¼MT¼MN) were obtained. These 

four years experimental work (starting 

from February 2013 and terminated in 

2016) were carried out in the Poultry 

Breeding Research Station at Inshas, 

Animal Production Research Institute 

(APRI), Agricultural Research Center, 

Ministry of Agriculture, in cooperation 

with Department of Animal Production, 

Faculty of Agriculture at Moshtohor, 

Benha University, Egypt. The egg 

production traits were recorded for a total 

of 747 sexually mature hens belonging to 

the different genetic groups. A total 

number of 34 cocks and 230 hens from 

MT strain and 32 cocks and 199 hens 

from MN strain were randomly chosen to 

be the sires and dams to produce about 

2894 chicks of the parental generation. In 

the first generation of crossbreeding, 16 

MT cocks and 71 MN hens and 17 MN 

cocks and 96 MT hens were used to 

produce 653 crossbred chicks of 

½MN½MT and ½MT½MN. In the 

second generation of crossbreeding, 90 

crossbred hens of ½MT½MN were 

artificially inseminated from fresh semen 

of 14 SM cocks to produce 578 three-way 

crossbred chicks (½SM¼MT¼MN), 

while 61 crossbred hens of ½MN½MT 

were artificially inseminated from fresh 

semen collected from 11 cocks of IN 

strain to produce 231 three-way crossbred 

chicks (½IN¼MN¼MT). The fresh 

semen was diluted with saline as 1:1 (1 

saline: 1 semen), and each hen was 

inseminated with 0.2 ml of the diluted 

semen.  The pedigreed eggs produced 

from the six mating groups were daily 

collected for ten days and incubated 

thereafter. The genetic groups produced, 

and number of sires, dams and chicks 

used in this experiment are described in 

Table 1. 

Management practiced 
The hatched chicks were wing-banded 

and reared in floor brooder, then 

transferred to the rearing houses. In the 

laying period, the pullets of parents were 

transferred to individual cages. The birds 

produced were fed ad-libitum during 

rearing, growing, and laying periods on 

diets containing 20.4, 16 and 16.5 % 

crude protein, 3.2, 3.9 and 4.4 % crude 

fiber, and 2950, 2850 and 2700 kcal/kg of 

Metabolizable energy, respectively. The 

feed requirements were supplied 

according to NRC (1994). The pullets 

were exposed to light for 17 hours per 

day from 22 weeks of age up to the end of 

the experimental period of egg 

production. All the birds were treated and 

similarly medicated throughout the 

experimental period, and they were 

housed under the same managerial, 

hygienic and climatic conditions. 

Data and models of analysis 

Records of 747 hens from six genetic 

groups (MT, MN, ½MN½MT, 

½MT½MN, ½IN¼MN¼MT and 

½SM¼MT¼MN) were collected to 

analyze genetically the following traits: 

age and weight of the hen at the first egg, 

weight of the first egg, egg number and 

mass for the first 10 eggs, number and 

egg mass recorded during the first 90 and 

120 days of egg production, egg number 

and mass for two days of production per 

week, egg number and mass for one week 

of production per month and clutch sizes 

and pause durations during 90 and 120 

days of egg production. To estimate the 

variance components of random effects 

and heritabilities, the VCE6 software was 

used (Groeneveld et al., 2010).  
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where:   = vector of observation on the 

hen;   = vector of the fixed effects of 

genetic groups (six groups);    = vector 

of random effects of the hen (additive 

genetic);   is the incidence matrix of the 

fixed effects;    is the incidence matrix 

of the additive genetic effects;   = vector 

of random residual effects. 

Estimation of crossbreeding effects 

The coefficients (Table 2), relating the 

genetic crossbreeding effects to the 

solutions of the genetic groups were used 

to detect the differences between the 

strains in terms of direct additive genetic 

effects (  ), maternal effects (  ), direct 

heterosis (  ) and maternal heterosis 

(  ). Thus, four parameters were 

estimated according to Dickerson (1992), 

Wolf (1996) and Misztal et al. (2014):  

   [(       
 
  )         ( 

 
  

      )        
            ] 

The solutions of   were calculated by the 

method of generalized least squares 

(GLS) using the following equation:  

 ̂   (    ́ )
  
      where   was the 

matrix of coefficients of estimable 

crossbreeding effects (Table 2),    = the 

inverse of generalized variance 

covariance matrix error, with the variance 

covariance matrix of   being:      ̂  

 (    ́ )
  

. The matrix in Table 2 was 

also used to test the significance of the 

crossbreeding effects.  

RESULTS AND DISCUSSION 

Direct additive effects (  ) 
The generalized least square solutions 

given in Table 3 indicate that direct 

additive effects for maturity of hen at the 

first egg, egg production and partial egg 

recording were mostly significant 

(P≤0.01), being favorable for MN strain 

by -4.0 % (-6.2 d) for AFE, 9.1 % (120 g) 

for BWFE, 5.4 % (2.4 egg) for EN90, 4.4 

% (88 g) for EM90, 3.6 % (2.3 egg) for 

EN120, 2.5 % (71 g) for EM120, -11.1 % 

(-1.7 d) for PF10E, 3.9 % (0.7 egg) for 

EN2DW, 6.2 % (0.8 egg) for EN1WM 

and 1.9 % (11.6 g) for EM1WM, i.e. 

maturity of hen at the first egg and egg 

production traits of Egyptian chickens 

could be improved by crossbreeding. The 

negative estimates for AFE and PF10E 

indicate that MN hens reported earlier 

AFE and a reduction in laying period of 

the first ten eggs, i.e. an excellent 

indication for hens with a high rate of 

laying in the early stages of egg 

production is PF10E. Khalil et al. (2004) 

and Iraqi et al. (2007) found that direct 

effects on AFE were mostly significant 

and ranged from -1.9 to -16.2 % (P<0.05 

or P<0.01). El-Tahawy (2020) in crossing 

local Sinai with Alexandria chickens 

reported that the estimates of direct 

effects were in favour of Alexandria 

chickens by 5.0 d for AFE, 19.6 egg for 

EN90 and 725 g for EM90. Soliman et al. 

(2020) reported that the estimates of 

direct additive effects in crossing 

Alexandria with Lohmann strains were 

significant for ASM, EN90, EW90 and 

EM90 traits. In crossing Sinai (SI) with 

Lohmann Brown (LB) chickens, El-

Tahawy and Habashy (2021) found that 

the direct effects were significantly in 

favour of LB breed for AFE and PF10E, 

while the
 
estimates were significantly in 

favour of LB chickens for EN90, EW10, 

EW90 and EM90 traits.  

The direct effects on clutch sizes were in 

favour of MN strain for clutches 

containing more than five eggs during the 

first 90 days (-8.9 %) and 120 days (-23.4 

%) of egg laying, while the estimates 

were insignificantly lower in clutches 

containing less than five eggs during the 

same periods of egg production (-2.5, -

3.5, -1.6 and -6.8 % for CS190, CS390, 

CS1120 and CS3120, respectively; Table 
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4), i.e. MN chickens showed a drop in 

clutches with less than five eggs and an 

increase in clutches with more than five 

eggs during the first 90 and 120 days of 

egg production. Hassan (2008) reported 

similar trend of direct effects on clutch 

size of the same strains of MN and MT 

and their cross of ½MN½MT. 

The negative estimates of direct effects 

for pause durations were significantly in 

favour of MN hens during the first 90 and 

120 days of egg production (Table 4). 

The negative estimates indicate that MN 

hens are favorably characterized in pause 

durations relative to MT hens by 12.3 % 

(1.6 d) for PD190, 26.6 % (1.4 d) for 

PD590, 31.1 % (1.1 d) for PD1120 and 

26.2 % (1.4 d) for PD5120, respectively. 

Similarly, Iraqi (2008) when crossing MN 

with MT chickens found that the 

estimates of direct effects for pause 

durations were in favour of MN chickens 

by 54.2 % for pauses of more than five 

days during the first 90 days and by 33.0 

% during the initial 210 days of egg 

production, while the pauses for one and 

two days were in favour of MT by 2.4 

and 3.9 % during the first 90 and 210 

days of egg production, respectively. 

Also, El-Attrouny (2011) in crossing 

Golden Montazah with White Leghorn 

found that direct effects were in favour of 

White Leghorn with a decrease in the 

pause duration by 11.5 and 11.1% during 

the first 90 and 120 days of egg 

production, respectively. 

Maternal effects (  ) 

The solutions of maternal effects and 

their percentages for maturity of hen at 

the first egg, egg production and partial 

egg recording indicated that most of the 

solutions were significantly in favour of 

MN dams relative to MT dams by -2.9 % 

(-4.5 d), 8.6 % (114 g), 3.8 % (1.5 g), 5.8 

% (2.6 egg), 6.8 % (136 g) and 3.3 % (92 

g), 10.8 % (1.7 d), 3.0 % (25 g) and 10.8 

% (16 g) for AFE, BWFE, WFE, EN90, 

EM90, EM120, PF10E, EM2DW and 

EM1WM, respectively (P<0.05 or 

P<0.01; Table 5).  Hassan (2008) using 

the same crossbreeding scheme reported 

estimates of maternal effects to be in 

favour of MT chickens by 4.2, 4.6, 3.8 

and 3.5 % for BWFE, EN90, EM90 and 

EN210, respectively. Khalil et al. (2004) 

in crossbreeding experiment involving 

White Leghorn and Baladi Saudi 

chickens found that the percentages of 

maternal effects were significantly in 

favour of White Leghorn by 1.9 % for 

AFE, 36.4 % for EN90 and 26.5 % for 

annual egg production (P≤0.01). El-

Tahawy (2020) in a crossbreeding 

experiment involving Sinai and 

Alexandria chickens, reoprted significant 

estimates of maternal effects
 
in favour of 

Alexandria chickens by 10.6, 12.4 and 53 

% for AFE, EN90 and EM90, 

respectively (P≤ 0.0001). Soliman et al. 

(2020) reported that the estimates of 

maternal effects were significant and in 

favour of Alexandria chickens for ASM, 

and insignificant for EN90, EW90 and 

EM90 traits. El-Tahawy and Habashy 

(2021) showed that the maternal effects 

were significantly in favour of LB dams 

for EW90, but the
 
estimates for AFE, 

PF10E, EN90, EW10 and EM traits were 

insignificant. Assefa et al. (2021) 

observed significant estimates for 

maternal effects on age at first egg in 

crossing Fayoumi with White Leghorn 

chickens. 

The solutions of maternal effects for 

clutch sizes were favorable by 10.1, 12.2, 

15.4 and 40.2 % for CS390, CS590, 

CS3120 and CS5120 in pullets mothered 

by MN dams, respectively (P<0.05; Table 

6). On the other hand, the estimates were 

significantly in favor of pullets mothered 
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by MT dams for pause durations, where 

the estimates were moderately favorable 

by -17.6, -13.4 and -28.5 % for the pauses 

during the first 90 days and -25.6, -32.2 

and -30.6 % for the pauses during the 

initial 120 days of egg production. A 

similar trend was observed by Hassan 

(2008) who reported that hens mothered 

by MT dams were superior in pause 

durations relative to those mothered by 

MN dams. This concept of maternal 

effects notified for clutch sizes and pause 

durations indicate that crossbreeding 

could increase the clutch sizes with the 

decrease in pause lengths and 

consequently improving egg production 

in the Egyptian chickens (Iraqi et al., 

2007; Hassan, 2008; El-Tahawy, 2020). 

Direct heterosis (  ) 
The generalized least square solutions of 

direct heterosis were highly significant 

for all traits studied (P<0.05 or P<0.01; 

Table 7). The negative estimates of direct 

heterosis of -5.9 d (with -3.8 %) for AFE 

and the positive estimate of 1.8 g (with -

4.6 %) for WFE indicate that crossing 

MN with MT chickens was associated 

with a decrease in the age of the hen at 

the first egg and an increase in the weight 

of the first egg when MN and MT 

chicken breeds were crossed. The 

negative estimate of direct heterosis for 

AFE was also reported by Khalil et al. 

(2004) who reported a decrease of 2.7 %, 

Iraqi et al. (2007) who reported a 

decrease of 27.1 %, and Hassan (2008) 

who reported a decrease of 4.9 %. 

Soliman 

 et al. (2020) reported that the estimates 

of direct heterosis were significant for 

ASM, and insignificant for EN90, EW90 

and EM traits. 

For weight of hen at the first egg, egg 

production and partial egg recording, the 

estimable solutions of direct heterosis 

were mostly moderate (P<0.01; Table 7), 

being 28.5 % (377 g), 29.3  % (13.3 egg), 

28.8 % (495 g), 24.9 % (15.7 egg), 19.7 

% (555 g), 36.1 % (5.7 d), 13.2 % (52 g), 

17.4 % (3.2 egg), 17.9 % (147 g), 10.6 % 

(1.4 egg) and 8.8 % (53 g) for BWFE, 

EN90, EM90, EN120, EM120, PF10E, 

EMF10E, EN2DW, EM2DW, EN1WM 

and EM1WM, respectively. These figures 

indicate that crossing MN with MT was 

associated with significant heterotic 

effects on body weight at sexual maturity, 

egg number and mass and partial egg 

recording during the first 90 and 120 days 

of egg production. Similarly, Hassan 

(2008) reported significant estimates of 

direct heterosis to be 36.1, 28.7, 26.2 and 

20.4 % for EN90, EM90, EN210 and 

EM210 and Iraqi et al. (2012) reported 

significant estimates to be 23.0, 29.2, 

18.1 and 21.7 % for EN90, EM90, EN120 

and EM120, respectively. Recently, El-

Tahawy (2020) reported significant 

estimates of direct heterosis to be 16.3 % 

for EN90. El-Tahawy and Habashy 

(2021) stated that the estimates of direct 

heterosis were insignificant for AFE, 

PF10E, EN90, EW10, EW90 and EM90 

traits. Assefa et al. (2021) reported that 

crossing Fayoumi with White Leghorn 

chickens exhibited high positive heterotic 

effects for body weight at first egg and 

negative heterotic effects for age at first 

egg. 

The solutions of direct heterosis for 

clutch sizes were positive and favorable 

for all clutch sizes during the initial 90 

and 120 days of egg production (P≤0.01), 

the estimates ranging from 16.6 to 57.4 % 

(Table 7). On the other hand, the 

percentages of direct heterosis for all 

pause durations were negative during the 

first 90 and 120 days of egg production 

(P≤0.01), the estimates ranging from -

17.3 to -44.2 % (Table 7). These 
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estimates illustrating that crossing MN 

with MT chickens could significantly 

improve the clutch sizes and pause 

durations in the Egyptian chickens. 

Hassan (2008) cited that crossing MN and 

MT chickens was associated with long 

clutches and short pauses of egg 

production. El-Attrouny (2011) reported 

negative and highly significant estimates 

of direct heterosis for pause days of egg 

production during the first 90 and 120 

days (-17.9 and -15.6 %). Isa et al. (2020) 

showed that heterotic effects were 

negative and low for AFE but positive for 

egg numbers and clutch sizes in crossing 

Rhode Island Red with White Leghorn 

chickens. Also, they observed moderate 

heterosis for egg numbers at early (17.3–

21.6%) and late periods of laying (13.8–

17.4%).  

Maternal heterosis (  ) 

The negative estimates of heterotic 

maternity for AFE (-2.6 %) indicate that 

using crossbred hens mothered by 

½MN½MT and ½MT½MN crossbred 

dams was associated with a decrease in 

age of hen at the first egg along with an 

increase in the laying rate of the first 90 

and 120 days of egg production (Table 8). 

Khalil et al. (2004) when crossing Baladi 

Saudi with White Leghorn chickens in 

Saudi Arabia found that the percentages 

of maternal heterotic effects were 

favorably negative and significant for 

AFE (-16.4%; P<0.01).  

The solutions of maternal heterotic 

effects for all egg production traits were 

significantly moderate (P<0.01); the 

estimates were 7.8 % (3.6 egg), 8.2 % 

(163 g), 7.8 % (4.9 egg), and 8.1 % (227 

g) for EN90, EM90, EN120 and EM120, 

respectively (Table 8). These significant 

estimates reflect superior magnitude of 

heterotic maternity effects on egg number 

and egg mass during the initial 90 and 

120 days of egg production. Iraqi et al. 

(2012) when crossing MN with MT 

chickens cited that the estimates of 

maternal heterosis were 10.9, 10.7, 8.3 

and 9.1 % for EN90, EM90, EN120 and 

EM120, respectively. Khalil et al. (2004) 

in crossing Baladi Saudi and White 

Leghorn hens, found positive and highly 

significant maternal heterosis on egg 

number at 90 days and annual egg 

production (19.1 and 12.3 %; P<0.01).  

The effects of heterotic maternity on 

partial egg recording were significant in 

four traits out of six, indicating that 

crossbred dams were superior by 10.5 % 

(1.7 d) in PF10E, 7.2 % (1.3 egg) in 

EN2DW, 3.2 % (1.4 egg) in EN1WM and 

10.5 % (1.7 g) in EM1WM relative to the 

parental MT and MN chickens (Table 8). 

These superiorities in crossbred dams 

indicate that the rate of egg laying was 

increased in hens mothered by crossbred 

dams, i.e. heterotic maternity for most 

partial egg recording traits were 

considerably favorable in hens mothered 

by crossbred dams. Iraqi et al. (2012) 

reported that the percentages of maternal 

heterotic effects were -6.6, 8.7, -2.0, 4.1 

and 3.8% for PF10E, EN2DW, EM2DW, 

EN1WM and EM1WM, respectively. 

The estimable heterotic maternities for 

clutch sizes were moderately positive and 

significant for most clutch sizes during 

the first 90 and 120 days of egg 

production by 11.2 % (1.5 egg) for 

CS190, 4.6 % (1.1 egg) for CS590, 15.5 

% (1.9 egg) for CS1120, 7.8 % (1.2 egg) 

for CS3120 and 15.3 % (1.4 egg) for 

CS5120 (Table 8). For pause durations, 

the percentages of maternal heterotic 

effects were negative and ranged from -

5.0 to -17.3 % during the first 90 days 

and from -6.9 to -31.8% during the first 

120 days of egg production (Table 8), i.e. 
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pause durations were decreased due to the 

increase in heterotic maternity.  

CONCLUSIONS 

Based on the estimates of direct additive 

genetic and maternal effects, Mandarah 

chickens could be used as a sire-strain 

and Matrouh chickens as a dam-strain to 

improve maturity age and weight of hen 

at the first egg, egg production, partial 

egg recording and clutch sizes studied, 

while a reversible trend in favour of 

Matrouh chickens was observed for pause 

durations. Crossing Mandarah with 

Matrouh chickens was associated with 

high percentage of direct and maternal 

heterosis for most traits of hen maturity at 

the first egg, egg production, partial egg 

recording, clutch sizes and pause 

durations.  
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Table (1): Genetic groups and numbers of cocks, hens, pullets and chicks used in the 

experiment. 

Generation Cock genetic 

group (No) 

Hen genetic 

group  

(No) 

No. of pullets Chick genetic group  

(No) 

Parental generation:    

 MT (34) MT (230) 357 MT (1479) 

 MN (32) MN (199) 240 MN (1415) 

 Total = 66 Total = 429 Total = 597 Total = 2894 

First generation of crossing:    

 MT (16) MN (71) 150 ½MT½MN (394) 

 MN (17) MT (96) 194 ½MN½MT (259) 

 Total = 33 Total = 167 Total = 344 Total = 653 

Second generation of crossing:    

 SM (14) ½MT½MN (90) 156 ½SM¼MT¼MN (578) 

 IN (11) ½MN½MT (61) 71 ½IN¼MN¼MT (231) 

 Total = 25 Total = 151 Total = 227 Total = 809 

Grand total 124 747 1168 4356 
*
 MN, MT, IN and SM = Mandarah, Matrouh, Inshas and Silver Montazah strains of chickens, 

respectively; No = Numbers used in each group. 



Egyptian chickens, crossbreeding effects, egg production, clutch sizes. 

111 

 

Table (2): Genetic groups of chicks with their sires and dams and coefficients of the 

matrix relating genetic group solutions of chicks with crossbreeding effects. 

Chick genetic 

group 

Sire Dam No. of 

hens 

Coefficients of the matrix 

G
I
 G

M
 H

I
 H

M
 

MT MT MT 230 1 1 0 0 

MN MN MN 199 1 1 0 0 

½MT½MN MT MN 71 0.5 0.5 1 0 

½MN½MT MN MT 96 0.5 0.5 1 0 

½SM¼MT¼MN SM ½MT½MN 90 0.5 0.25 0 1 

½IN¼MN¼MT IN ½MN½MT 61 0.5 0.25 0 1 
*
 MN, MT, IN and SM = Mandarah, Matrouh, Inshas and Silver Montazah strains of chickens, 

respectively; G
I
, G

M
, H

I 
and H

M
 = Direct additive genetic effect, maternal effect, direct heterosis 

and maternal heterosis, respectively.  

 

Table (3): Generalized least square solutions for direct additive effects (G
I
=G

I
MN-G

I
MT) 

and their standard errors (SE) and percentages for maturity of hen at the first egg, egg 

production and partial egg recording. 

Trait Symbol No 

of 

hens 

Actual 

mean 

G
I 

solution 

(units)  

SE G
I
 as 

%
+
 

Sexual maturity:       

Age of hen at the first egg (d) AFE 747 154 -6.2
**

 0.04 -4.0 

Body weight of hen at the first egg (g) BWFE 747 1420 120
**

 0.45 9.1 

Weight of the first egg laid (g) WFE 747 39.4 0.3
ns

 0.01 0.8 

Egg production:       

Egg number during the first 90 days of 

laying (egg) 

EN90 712 45 2.4
 **

 0.06 5.4 

Egg mass during the first 90 days of laying 

(g) 

EM90 712 1958 88
 **

 2.45 4.4 

Egg number during the first 120 days of 

laying (egg) 

EN120 710 62 2.3
 **

 0.09 3.6 

Egg mass during the first 120 days of 

laying (g) 

EM120 710 2728 71
 **

 3.97 2.5 

Partial egg recording:       

Period of the first ten eggs laid (d) PF10E 708 16 -1.7
**

 0.03 -11.1 

Egg mass for the first ten eggs laid (g) EMF10E 708 411 5.1
ns

 0.09 1.2 

Egg number for two days per week of 

production (egg) 

EN2DW 707 18 0.7
*
 0.03 3.9 

Egg mass for two days per week of 

production (g) 

EM2DW 707 784 0.8
ns

 1.21 0.1 

Egg number for one week per month of 

production (egg) 

EN1WM 708 13.5 0.8
*
 0.02 6.2 

Egg mass for one week per month of 

production (g) 

EM1WM 708 593 11.6
*
 0.99 1.9 

+ G
I 
percentage computed as [Estimate of G

I
 in units /(MN+MT)/2]x100; ns= non-significant; 

*=P≤0.05 and **=P≤0.01.  
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Table (4): Generalized least square solutions for direct additive effects (G
I
=G

I
MN-G

I
MT) 

and their standard errors (SE) and percentages for clutch sizes and pause durations. 

 

Trait 

Symbol No 

of 

hens 

Actual 

mean 

G
I 

solution 

(units) 

SE G
I
 

as 

%
+
 

Clutch sizes (egg):       

Clutch size of one egg during the 

first 90 days of production 

CS190 662 4.9 -0.1
ns

 0.01 -2.5 

Clutch size of three eggs during the 

first 90 days of production 

CS390 584 2.9 -0.1
ns

 0.01 -3.5 

Clutch size of five eggs and more 

during the first 90 days of 

production 

CS590 550 1.7 -0.9
*
 0.01 -8.9 

Clutch size of one egg during the 

first 120 days of production  

CS1120 662 6.1 -0.1
ns

 0.02 -1.6 

Clutch size of three eggs during the 

first 120 days of production 

CS3120 609 3.7 -0.8
ns

 0.03 -6.8 

Clutch size of five eggs and more 

during the first 120 days of 

production 

CS5120 586 2.1 -1.6
*
 0.01 -

23.4 

       

Pause durations (d):       

Pause duration of one day during 

the first 90 days of production 

PD190 702 9.5 -1.6
**

 0.02 -

12.3 

Pause duration of three days during 

the first 90 days of production 

PD390 340 1.6 -0.1
ns

 0.01 -1.9 

Pause duration of five days and 

more during the first 90 days of 

production 

PD590 360 1.2 -1.4
**

 0.01 -

26.6 

Pause duration of one day during 

the first 120 days of production 

PD1120 703 12.6 -1.1
**

 0.02 -

31.1 

Pause duration of three days during 

the first 120 days of production 

PD3120 400 1.9 -0.1
ns

 0.01 -5.5 

Pause duration of five days and 

more during the first 120 days of 

production 

PD5120 361 1.2 -1.4
**

 0.01 -

26.2 

 
G

I 
percentage computed as [Estimate of G

I
 in units /(MN+MT)/2]x100; ns= non-significant; 

*=P≤0.05 and **=P≤0.01. 
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Table (5): Generalized least square solutions for maternal effects (G
M

= G
M

MN-G
M

MT) 

and their standard errors (SE) and percentages for maturity of hen at the first egg, egg 

production and partial egg recording. 

Trait
+
 No of 

hens 

G
M

 solution 

(units)  

SE G
M

 as %
++

 

Sexual maturity:     

AFE, d 747 -4.5
*
 0.8 -2.9 

BWFE, g 747 114
**

 0.8 8.6 

WFE, g 747 1.5
*
 0.3 3.8 

Egg production:     

EN90, egg 712 2.6
*
 1.4 5.8 

EM90, g 712 136
*
 5.7 6.8 

EN120, egg 710 1.4
ns

 1.7 2.3 

EM120, g 710 92
*
 7.6 3.3 

Partial egg recording:     

PF10E, d 708 1.7
*
 0.6 10.8 

EMF10E, g 708 7.6
ns

 1.8 1.8 

EN2DW, egg 707 0.4
ns

 0.5 1.9 

EM2DW, g 707 25
*
 20.3 3.0 

EN1WM, egg 708 0.4
ns

 0.2 2.8 

EM1WM, g 708 16
*
 11.9 10.8 

+ 
Traits as defined in Table (3); 

++ 
Percentage computed as [Estimate of G

M 
in units 

/(MN+MT)/2]x100; ns= non-significant; *=P≤0.05 and **=P≤0.01 

 

Table (6): Generalized least square solutions for maternal effects (G
M

= G
M

MN-G
M

MT) 

and their standard errors (SE) and percentages for clutch sizes and pause durations. 

Trait
+
 No of 

hens 

G
M 

solution 

(units) 

SE G
M

 as 

%
++

 

Clutch sizes (egg):     

CS190 662 0.03
ns

 0.03 0.6 

CS390 584 0.29
*
 0.02 10.1 

CS590 550 0.30
*
 0.02 12.2 

CS1120 662 0.08
ns

 0.03 1.3 

CS3120 609 0.58
*
 0.02 15.4 

CS5120 586 1.03
*
 0.02 40.2 

Pause durations (d):     

PD190 702 -1.47
**

 0.03 -17.6 

PD390 340 -0.21
*
 0.01 -13.4 

PD590 360 -0.45
**

 0.01 -28.5 

PD1120 703 -0.94
**

 0.04 -25.6 

PD3120 400 -0.59
*
 0.02 -32.2 

PD5120 361 -0.49
**

 0.01 -30.6 
+ 

Traits as defined in Table (4); 
++ 

Percentage computed as [Estimate of G
M 

in units 

/(MN+MT)/2]x100; ns= non-significant; *=P≤0.05 and **=P≤0.01.  
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Table (7):  Generalized least square solutions and percentages for direct heterotic effects 

(H
I
) and their standard errors (SE) for hen maturity at the first egg, egg production and 

partial egg recording, clutch sizes and pause durations. 

Trait
+
 No of 

hens 

H
I 

solution 

(units) 

SE H
I
 

as 

%
++

 

 

Trait 

No 

of 

hen

s 

H
I 

solution 

(units) 

SE H
I
 as 

%
++

 

Sexual maturity:    Clutch sizes 

(egg): 

   

AFE (d) 747 -5.9
*
 0.07 -3.8 CS190 662 1.6

**
 0.02 13.1 

BWFE (g) 747 377
**

 0.76 28.5 CS390 584 1.1
**

 0.07 16.6 

WFE (g) 747 1.8
*
 0.02 4.6 CS590 550 1.3

**
 0.01 14.2 

Egg production:    CS1120 662 1.4
**

 0.04 16.5 

EN90 (egg) 712 13.3
**

 0.10 29.3 CS3120 609 1.5
**

 0.02 23.9 

EM90 (g) 712 495
**

 4.48 28.8 CS5120 586 2.1
**

 0.14 57.4 

EN120 (egg) 710 15.7
**

 0.15 24.9      

EM120 (g) 710 555
**

 6.72 19.7      

Partial egg recording:    Pause 

durations (d): 

   

PF10E (d) 708 5.7
**

 0.05 36.1 PD190 702 -1.79
**

 0.03 -21.4 

EMF10E (g) 708 52
**

 0.15 13.2 PD390 340 -1.2
**

 0.11 -17.3 

EN2DW (egg) 707 3.2
**

 0.05 17.4 PD590 360 -1.3
**

 0.01 -20.9 

EM2DW (g) 707 147
**

 2.04 17.9 PD1120 703 -1.4
**

 0.04 -38.4 

EN1WM (egg) 708 1.4
**

 0.04 10.6 PD3120 400 -1.8
**

 0.03 -44.2 

EM1WM (g) 708 53
**

 1.68 8.8 PD5120 361 -1.5
**

 0.01 -34.3 
+ 

Traits as defined in Tables (3&4); 
++ 

Percentage computed as [Estimate of H
I
 in 

units/(MN+MT)/2]x100; ns= non-significant; **=P≤0.01.  



Egyptian chickens, crossbreeding effects, egg production, clutch sizes. 

111 

 

 

 

 

 

 

 

Table (8):  Generalized least square solutions and percentages for maternal heterotic 

effects (H
M

) and their standard errors (SE) for hen maturity at the first egg, egg 

production, partial egg recording, clutch sizes and pause durations. 

Trait
+
 No of 

hens 

H
M 

solutio

n 

(units)  

SE H
M

 

as 

%
++

 

 

Trait 

No 

of 

hens 

H
M

 

solution 

(units) 

SE H
M

 as 

%
++

 

Sexual maturity: Clutch sizes (egg) 

AFE (d) 747 -4.3* 0.04 -2.6 CS190 662 1.5
**

 0.01 11.2 

BWFE (g) 747 16.4
ns

 0.43 1.2 CS390 584 0.2
ns

 0.01 0.07 

WFE (g) 747 0.01
ns

  0.01 0.03 CS590 550 1.1
*
 0.05 4.6 

Egg production:    CS1120 662 1.9
**

 0.07 15.5 

EN90 (egg) 712 3.6
**

 0.06 7.8 CS3120 609 1.2
*
 0.06 7.8 

EM90 (g) 712 163
**

 2.56 8.2 CS5120 586 1.4
**

 0.09 15.3 

EN120 (egg) 710 4.9
**

 0.09 7.8      

EM120 (g) 710 227
**

  3.84 8.1      

Partial egg recording: Pause durations (d) 

PF10E (d) 708 1.7* 0.03 10.5 PD190 702 -1.63
**

 0.12 -17.3 

EMF10E (g) 708 0.7
ns

 0.09 0.2 PD390 340 -0.8
*
 0.02 -5.0 

EN2DW (egg) 707 1.3
*
 0.03 7.2 PD590 360 -0.8

*
 0.01 -5.7 

EM2DW (g) 707 6.5
ns

 1.17 0.7 PD1120 703 -1.2
**

 0.12 -31.8 

EN1WM (egg) 708 1.4
*
 0.02 3.2 PD3120 400 -1.2

*
 0.05 -11.6 

EM1WM (g) 708 1.7
*
 0.03 10.5 PD5120 361 -1.1

*
 0.01 -6.9 

+ 
Traits as defined in Tables (3&4)

 

 ++
 Percentage computed as [Estimate of H

M
 in units/(MN+MT)/2]x100; ns= non-significant; 

**=P≤0.01. 
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 انمهخص انعربي

ي نهبيض، طول بيضة، إنتاج انبيض، انتسجيم انجزئمكونات انخهظ نعمر اننضج عنذ أول 

في خهظ أربعة سلالات من انذجاج  عن وضع انبيض سلاسم وضع انبيض، وفترات انتوقف

 انمصري
أحمذ حسنهبة 

1،1 
، ماهر حسب اننبي خهيم

1
، محمود مغربي عراقي

1
انجنذي، جعفر محمود 

1
، أيمن اننجار

1 

 يصر -خايؼح تُها  -كهيح انسراػح تًشرهر  -قسى الإَراج انسيىاَي  -1
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تإسرخذاو أرتؼح سلالاخ يسرُثطح يٍ انذخاج ذشًم يُذرج، يطروذ، أرتؼح سُىاخ  ذجنًأخريد ذدرتح خهظ 

إَشاص وانًُرسِ انفضي نرقذير انرأثيراخ انىراثيح انردًؼيح انًثاشرج، انرأثيراخ الأييح، قىج انخهظ انًثاشرج 

كرهح ل تيضح، فررج وضغ انثيض، وقىج انخهظ الأييح نصفاخ ػًر ووزٌ انذخاخح ػُذ أول تيضح، وزٌ أو

يىياً يٍ إَراج انثيض، ػذد وكرهح انثيض نًذج  121 ، 91تيضاخ، ػذد وكرهح انثيض خلال  11انثيض لأول 

شهر يٍ الإَراج، طىل سلاسم خلال نًذج أسثىع وازذ  رّأسثىع يٍ الإَراج ، وػذد انثيض وكرهنكم يىييٍ 

. ذى ذسديم صفاخ إَراج انثيض نؼذد ياً يٍ إَراج انثيضيى 121 ،91وضغ انثيض وفرراخ انرىقف خلال 

أو يٍ  231، أب  34ذى إسرخذاو ػذد  دخاخح في ػًر انُضح اندُسي يٍ انًداييغ انىراثيح انًخرهفح.  747

كركىخ يٍ خيم الآتاء انُقيح انًُذرج  2894أو يٍ سلانح يُذرج لإَراج ػذد  199 ،أب  32سلانح يطروذ، و 

يطروذ، ½يُذرج½كركىخ يٍ  653)يٍ انخهظ انديم الأول انثُائيح في خهطاٌ انذى إَراج ويطروذ. 

كركىخ يٍ  819)يٍ انخهظ انديم انثاَي انثلاثيح في خهطاٌ انيُذرج( و½يطروذ½

ذى ذقذير ذأثيراخ انخهظ تإسرخذاو طريقح يُذرج(. ¼يطروذ¼يُرسِ فضي½يطروذ، ¼يُذرج¼إَشاص½

كاَد قيى  .BLUPF90تإسرخذاو ترَايح  Generalized least-squaresانًؼًًح انًرتؼاخ انصغري 

في صانر سلانح انًُذرج. كًا كاَد وانرأثيراخ انىراثيح انردًؼيح يؼُىيح ندًيغ صفاخ انثيض انًذروسح 

يؼظى صفاخ وضغ أول تيضح وانرأثيراخ الأييح يؼُىيح نصانر الأيهاخ انًُذرج نصفاخ َضح انذخاخح ػُذ 

صفاخ انرىقف ػٍ وضغ انثيض ػهً  انرأثيراخ الأييحض وطىل سلاسم وضغ انثيض، تيًُا كاَد إَراج انثي

%  28.5 إنً 3.8نصانر الأيهاخ يطروذ. كاَد َسة قىج انخهظ انًثاشرج يرغىتح وذراوزد تيٍ ويؼُىيح 

 36.1إنً  3.2ويٍ  % نصفاخ إَراج انثيض 29.3 إنً 19.7نؼًر انُضح ػُذ أول تيضح، وذراوزد تيٍ 

ندًيغ صفاخ  يؼُىياً يرغىتح يىخثح و% نصفاخ انرسديم اندسئي نهثيض. كاَد َسة قىج انهديٍ انًثاشرج 

يرغىتح ندًيغ قىج انهديٍ سانثح و%، تيًُا كاَد  57.4 إنً 13.1طىل سهسهح وضغ انثيض وذراوزد تيٍ 

انخهظ الأييح يؼُىيح  %. كاَد َسة قىج 44.2-إنً  17.3-تيٍ صفاخ انرىقف ػٍ وضغ انثيض وذراوزد 

% لإَراج انثيض. كاَد قىج  8.2 إنً 7.8% نهؼًر ػُذ أول تيضح، وذروازد تيٍ 2.6-ويرغىتح تًؼذل 

نرسديم اندسئي اصفاخ يٍ % لأرتؼح  11.5 إنً 3.2وذراوزد تيٍ  يؼُىياً يرغىتح يىخثح وانخهظ الأييح 

سانثح قىج انخهظ الأييح ثيض، تيًُا كاَد % نًؼظى صفاخ طىل سلاسم وضغ ان 15.5 إنً 4.5نهثيض، وتيٍ 

وخهصد %.  31.8- إنً 5.1-يرغىتح ندًيغ صفاخ فرراخ انرىقف ػٍ وضغ انثيض تُسة ذراوزد تيٍ و

انذراسح أَّ يًكٍ إسرخذاو دخاج انًُذرج كسلانح أتىيح ودخاج يطروذ كسلانح أييح ورنك نرسسيٍ ػًر انُضح 

 ثيض وفرراخ انرىقف يٍ وضغ انثيض.وصفاخ إَراج انثيض وطىل سلاسم وضغ ان


