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ABSTRACT: This study was conducted to estimate the heritability, genetic and phenotypic 

correlations of the clutches number (CN), pauses number (PN), clutches length (CL), 

pauses length (PL), average weight of the first 70 eggs (EW70), egg mass of the first 70 eggs 

(EM70), number of days needed to produce the first 70 eggs (DN70), age at sexual maturity 

(ASM), shank length (SL) and body weight (BW) at 1, 7, 14, 21, 28 and 35 days of age and 

at the age of sexual maturity to determine the effective selection criteria for future genetic 

improvement in egg production of Japanese quail.  

 

It could be summarized the obtained results as follow: 

1. The average of CN, PN, CL and PL were 11.84clutches, 10.86pauses, 6.92days and 

1.63 days, respectively. Means of EW70, EM70, DN70 and ASM were 11.80g, 825.50g, 

87.04 days and 52.96 days, respectively. 

2. Means of BW at 1, 7, 14, 21, 28 and 35 days of age and at sexual maturity were 8.74, 

22.48, 50.81, 85.62, 127.63, 163.98 and 219.44g, respectively. The corresponding 

values of SL's at the same ages were 17.26, 22.59, 29.16, 35.22, 37.52, 39.82 and 

41.47mm, respectively. 

3. The heritability estimates of CN, CL, PN, EW70, EM70 and DN70 from sire components 

of variance were 0.92, 0.91, 0.88, 0.55, 0.55  and 0.91, respectively revealing the 

possibility of improving these traits with individual selection, but it were 0.28 and 

0.03 for the PL  and ASM, respectively  revealing the possibility of improving them by 

family selection or better management. 

4. Heritability estimates of BW at different ages ranged from 0.03 to 0.94 which 

indicated that considerable improvement in this trait could be achieved through 

efficient selection programs, however selection response for BW are expected to be 

high. Regardless of estimation method, heritability estimates for SL at 1, 7, 14, 21, 28 

and 35 days of age and ASM showed considerable variations throughout the different 

ages of growth and ranged from 0.04 to 0.63. 

5. Most clutch and egg production traits, BW and SL are genetically and phenotypically 

correlated to each other with high and significant values. Correlations between 

previous traits revealing that the estimate of one of these parameters could be used as 

a good indicator to the other parameters based on the high correlation values 

estimated in the present study. Also, the highly correlation values may be attributed 

to the pleiotropic effects and consequently performing selection in any of the two 

traits may lead to an improvement in the other trait, but further research is needed to 

support this hypothesis. 

 

INTRODUCTION 

Poultry breeders  considered  many 

traits that are economically important such 

as rate of lay, age at sexual maturity, egg 

weight, fertility, hatchability and feed 

efficiency through researches on Japanese 
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quail (JQ)  (Karabag et al., 2010). The 

reproductive performance and the 

relationships between egg weight, clutch 

length and female body size in poultry have 

been studied intensively. However, clutch 

traits have been investigated by a few 

researchers in different domestic avian 

species (Agreey et al., 1993, Bednarczy et 

al., 2000  and El–Full et al., 2005) such 

information about clutch traits of JQ is 

scarce (Karabag et al., 2010 and 

Sakunthaladevi et al., 2011). A common 

finding of large variation in both egg and 

clutch length and female body size in 

poultry have been studied intensively 

(Sonoda et al., 1985 and Erensaymn and 

Camcm, 2003).  

Egg production for an individual 

hen was described by a multiphase model, 

in which each phase is determined by 

number of eggs within a clutch and a pause 

between clutches. Cumulative egg 

production was fitted by using a function 

expressing time in terms of cumulative egg 

number (Etches and Schoch, 1984 and 

Koops and Grossman, 1992). 

Heritability estimates  of clutch 

traits and genetic correlations are essential  

to be use  as selection criteria for future 

genetic improvement to increase total egg 

mass, to get an earlier sexual maturity, to 

optimize egg weight in order to increase 

laying performance. Therefore, the present 

research was conducted to estimate the 

heritability, genetic and phenotypic 

correlation coefficients for the number of 

clutches, clutch length, number of pauses, 

pause length, age at sexual maturity, 

number of days required to produce the 

first 70 egg, egg mass of the first 70 eggs 

and average of egg weight, shank length 

and body weight at 1, 7, 14, 21, 28 and 35 

days of age and at the age of sexual 

maturity. 

 

MATERIALS AND METHODS 

This study was conducted at the 

Poultry Research Center, Faculty of 

Agriculture, Fayoum University. A number 

of 300 pedigreed females were produced by 

using 47 sires and 94 dams. The selected 

breeders were housed (two females were 

randomly assigned to each male) in 

breeding cages with the dimensions 

20x20x25cm with sloping floor for 

collecting the eggs. Eggs were collected 

daily in a pedigree system for each family 

depending on the color shell of each female 

at production rate that reached about 70%, 

when females were 11 to 14 weeks of age. 

The newly hatched chicks were wing 

banded by small size plastic bands, which 

were replaced by wing metal bands at 14 

days of age. Chicks were brooded on floor 

until 10 days of age, at that time the young 

birds were transferred to an intermediate 

battery brooder. From hatch to six weeks of 

age, all quail fed ad libitum on  a starter 

diet containing 24% CP and 2900 K 

cal/ME and water. From six weeks to the 

end of the study, a breeder diet containing 

20% CP, 2900 K cal/ME 2.25% calcium 

and 0.43% available phosphorous was 

supplied. Birds were in continuous light for 

the first two weeks of age and then reduced 

to 16 hours of light day thereafter. 

The studied or calculated traits 

were: the individual body weight (BW) and 

shank length (SL) at 1, 7, 14, 21, 28 and 35 

days of age and the age at sexual maturity. 

Clutch length consisted of number of days 

on which the bird laid an egg, while the 

number of days on which the bird did not 

lay an egg considered as pause length. The 

number of clutches (CN), clutches length 

(CL), number of pauses (PN), pauses 

length (PN), age at sexual maturity (ASM), 

number of days needed to produce the first 

70 eggs (ND70), egg mass of the first 70 

eggs (EM70) and average of the egg weight 

(EW70) were individually recorded for each 

bird.  

 

Statistical analyses:  

According to Becker  (1985), data 

were computerized using the hierarchical 
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analyses of variance and covariance 

procedure of SAS (2000) to compute the 

heritability of any studied trait and the 

genetic and phenotypic correlations among 

them. The random model fitted  all studied 

traits to calculate the genetic parameters 

was:  

Yijk =µ+Si+Dij+eijk. 

where: Yijk: is the observation on the ijk
th 

female, µ: is the population mean, Si: is the 

effect due to the i
th

 sire, Dij: is the effect 

due to the j
th 

dam mated to the i
th

 sire, and 

eijk: is the random error term. 

 

Estimation of heritability: 

Heritability estimates were calculated 

according to Becker (1985) as follows: 
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S: is the sire component of 

variance, σ
2

D: is the dam component of 

variance, σ
2

W: is the remainder of the 

genetic variance plus the environmental 

variance. Also, standard errors for 

heritability were calculated according to 

Swiger et al. (1964) as follows: 
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where:  K: coefficient of the variance 

component being estimated, MSg : the g
th

 

mean square used to estimate the variance 

component, fg: the degrees of freedom of 

the g
th

 mean square. 

Genetic correlations: 

Genetic correlations (rg) between any two 

traits were calculated using the sire, 

component of variance and covariance as 

follows: 

rg=Covxy/SQRT(σ
2

(x)*σ
2
 (y)) 

where: rg: is the genetic correlation 

coefficient, covXY: is the genetic 

covariance between traits X and Y, σ
2

X: is 

the variance component of trait X. σ
2

Y: is 

the variance component of trait Y.  

 

 

 

Phenotypic correlations: 

Phenotypic correlations (rp) between any 

two traits were estimated according to 

Becker (1985) as follows:  

RP=CovP/SQRT (σ
2

P(x)*σ
2

P(y)), 

where: CovP:  the total covariance between 

x and y traits. 

 

RESULTS AND DISCUSSION 

Means of clutch and egg production 

traits studied are presented in Table 1. The 

average of CN, PN, CL and PL were 

11.84clutches, 10.86pauses, 6.92days and 

1.63days, respectively. Means of EW70, 

EM70, DN70 and ASM were 11.80g, 

825.50g, 87.04days and 52.96days, 

respectively. These values are in agreement 

with the findings reported by 

Sreenivasaiah et al. (1997) and 

Sakunthaladevi et al. (2011) for CN, PN, 

CL, PL, ASM and EM70 and Karabag et 

al. (2010) for EW70. Low means of clutch 

traits and ASM were reported in JQ by 

Akbar et al. (2002) and Karabag et al. 

(2010). Earlier ASM for unselected JQ was 

44.9days by Camcm et al. (2002), where it 

was 48.9-49.6days by Thomas and Ahuja 

(1988), but late ASM of 63.3days was 

reported by Drbohlav and Metodiev 

(1996) in JQ. Total egg production at 160 

days was 144.1 egg for control line 

(Karabag et al. 2010). Thomas and 

Ahuja (1988) reported that 126-days egg 

production was 55-64.9egg. Drbohlav and 

Metodiev (1996) observed that egg 

production in JQ aged 150 was 80.4 eggs. 

These egg production values were lower 

than that in the present study at 87 days 

which was 70 eggs.  

Means for BW and SL at 1, 7, 14, 

21, 28 and 35 days of age and at sexual 

maturity for JQ females are presented in 

Table 2. Means of BW at one, seven, 14, 

21, 28 and 35 days of age and the age at 

sexual maturity were 8.74, 22.48, 50.81, 

85.62, 127.63, 163.98 and 219.44g, 

respectively. These results are in agreement 

with these reported by Abd El-Fattah et 
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al. (2006), Bahie El-Deen et al. (2009) 

and Karabag et al. (2010). Generally, the 

reported means for BW of JQ recorded at 

different ages indicated high efficiency of 

this bird for growth. However, the observed 

differences between the various means 

reported in the literature for BW of JQ 

recorded at a particular age may be 

possibly due to the differences in the 

climatic and managerial conditions under 

which different flocks were reared and to 

the possible differences in the genetic of 

the different flocks.  

The corresponding means of SL's 

presented in Table 2 at 1, 7, 14, 21, 28 and 

35 days of age and at sexual maturity were 

17.26, 22.59, 29.16, 35.22, 37.52, 39.82 

and 41.47mm, respectively. These results 

are in agreement with those reported by 

Yannakopoulos et al. (1995) and Farahat 

et al. (2010).  

The heritability estimates for 

studied traits obtained from paternal, 

maternal half-sib and full-sib correlations 

(h
2

S, h
2

D and h
2

S+D, respectively) of JQ 

females are presented in Table 1. In the 

present study, the genetic parameters 

whose magnitude is below 0.15 were 

considered low, 0.16 to 0.50 medium and 

those more than 0.50 were regarded as high 

and same scale was applied to correlations 

also (Dhaliwal et al., 2003). 

It should be pointed out that some 

estimates of genetic parameters were large 

and over unity and some others less than 

zero because of the negative variance 

components. Enab (1991) stated that the 

estimated heritability of some traits was 

equal to or more than one or less than zero 

(negative estimates) may be due to 

sampling error or population size. 

Heritability estimates of CN, CL, 

PN, ASM, EW70, EM70 and DN70 based on 

sire component of variance were higher 

than that from the dam components as 

shown in Table 1 which may be due to the 

high additive genetic effect, which are in 

harmony with those cited by El-Full et al. 

(2005) for Fayoumi, Dandarawi and 

Golden Montazah chickens. The h
2

S for CN 

(0.92), CL (0.91), PN (0.88), EW70 (0.55), 

EM70 (0.55), DN70 (0.91) revealing the 

possibility of improving these traits with 

individual selection, while the PL (0.28) 

and ASM (0.03) revealing the possibility of 

improving them by family selection or 

better management. Heritability estimates 

of ASM, EW70 and EM70 were similar to 

those reported by Luc et al. (1996) and 

Sakunthaladevi et al. (2011), while the 

CN, CL and PN had higher heritabilities 

than their estimates. 

The heritability estimates of BW 

and SL at one, seven, 14, 21, 28 and 35 

days of age and the age at sexual maturity 

are given in Table 2.  

Heritability estimates of BW at 

different ages ranged from low to high 

(0.03 and 0.94). Similar trends are reported 

by El-Fiky (1991), Abd El-Fattah et al. 

(2006) and Bahie El-Deen et al. (2008). 

Generally, the review of the reported 

estimates for heritability of BW recorded at 

different ages in JQ lead to conclude  that a 

considerable improvement in this trait 

could be achieved through efficient 

selection programs where the selection 

response for BW are expected to be large. 

Heritability estimates of BW at seven, 14, 

21, 28 and 35 days of age and at sexual 

maturity based on sire component of 

variance were higher than that from the 

dam components indicating high additive 

genetic effect. The estimates of h
2

D  for 

hatch weight was higher than the h
2

S 

estimates which indicated the presence of a 

large maternal effect due to the fact that 

hatch weights of the full-sibs were similar 

since eggs produced from the same dam are 

similar in weights (Stino et al., 1981 and 

El-Gindy, 1984). 

Regardless of estimation method, 

heritability estimates for SL at one, seven, 

14, 21, 28 and 35 days of age and the age at 

sexual maturity showed considerable 

variations throughout different ages of 

growth ranging from 0.04-0.63. It can be 

seen that SL28 had relatively higher 
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heritability than other ages. The estimates 

of h
2

S of SL at one, seven, 21, 28 and 35 

days of age and the age at sexual maturity 

were higher than h
2

D indicating high 

additive genetic  effect, whereas, the h
2

D of 

SL14 was higher than h
2

S which may be due 

to non-additive effects, primarily 

dominance and maternal. Similar results 

are reported by Farahat et al. (2010).   

The estimates of genetic (rg) 

correlations based on sire covariance 

components and phenotypic correlations 

(rP) among clutch and egg production-

related traits in JQ females are given in 

Table 3. The estimates of rg between CN 

and other studied traits ranged from a high 

negative (-0.99) with CL to a high positive 

(0.99) with PN and DN70. The rg of CN was 

negative with CL being -0.99. This result is 

in agreement with that reported by Halaj 

(1983). However, CN found to be 

moderately to highly correlated with PN 

(0.99), PL (0.27), PL (0.27), ASM (0.51), 

EW70, EM70 (0.34 each) and ND70 (0.99). 

The CL was found to be genetically 

negatively correlated with each of ASM  

(-1.28), EW70, EM70 (-0.12 each) and ND70 

(-0.83) and was of low magnitude (0.08) 

with PL. Similar results were reported by 

Sakunthaladevi et al. (2011).   

 PN was positively correlated with 

PL, ASM, EW70, EM70 and DN70 being 

0.26, 0.49, 0.36, 0.36 and 0.99 respectively. 

Conversely, PL found to be negatively 

correlated with ASM, EW70 and EM70 

ranging from -0.42 to -0.67 and was of 

medium magnitude of 0.48 with DN70. 

Similar trends of negative rg estimates were 

obtained between ASM with both EW70  

(-0.64) and EM70 (-0.63), which revealed 

that early maturing birds will lay more 

number of eggs, but with small size 

(Sakunthaladevi et al. 2011). Whereas, 

ASM had high positive rg of 0.84 with 

DN70 which revealed that early mature birds 

will need more time to produce their first 

70 eggs. High and positive rg was obtained 

between EW70 and EM70 (1.0) whereas, 

lower correlation of 0.20 was obtained with 

DN70 as shown in Table 3. 

The estimates of rP between CN and 

other studied traits ranged from a small 

negative rP (-0.08) with ASM to a positive 

rP with each of PN, EW70, EM70 and DN70 

(0.99, 0.16, 0.16 and 0.69, respectively, 

(P<0.01). These results indicated that as the 

CN increased, both EW70 and EM70 

significantly increased. CL had negatively 

significant rp with each of PN, PL, EW70, 

EM70 and DN70. Significant positive rg 

were found between PN and each of EW70, 

EM70 and DN70. PL had significant positive 

rg with DN70. Positive rg was found 

between EW70 and EM70 and ASM as 

shown in Table 3. The CL is negatively 

correlated with the PL indicating that 

selection of females for longer CL would 

result in the birds with shorter PL and more 

egg production. Similar results were 

reported by Sakunthaladevi et al. (2011).  

Phenotypically, CN positively correlated 

with PN, EW70, EM70 and ND70 (P≤ 0.01: 

0.99, 0.16, 0.16 and 0.69, respectively) 

however, negatively correlated with CN  

(-0.85) and conversely, CL negatively 

correlated with PN, EW70, EM70 and ND70 

ranged from -0.13 to -0.85. The CN 

contributes positively to the egg production 

while the CL contributes negatively to the 

egg production. In other words, as CN 

increased each of PN, EW70, EM70 and 

ND70 increased however, these traits 

decreased as CL increased.  PN positively 

correlated with EW70, EM70 and ND70 

being 0.15, 0.15 and 0.69, respectively. 

Similar trends of positive correlations were 

found between PL and ND70 (0.46, P≤ 

0.01). Contrary, Sakunthaladevi et 

al.(2011) indicated that as the CL 

increases, the egg production of the Black 

JQ increased (P<0.05) and conversely as 

the PL increased egg  production decreased 

(P<0.01), when the effect of weight at first 

egg was normal. They also reported that the 

CL contributes positively to the egg 

production while the PL contributes 

negatively to the egg production.  
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Genetically, BW1 had positively 

medium to high correlations with BW's at 

all ages except at seven days of age and 

sexual maturity which negatively correlated 

being -0.55 and -0.87, respectively. 

Phenotypically, similar trends of significant 

medium to high correlations were found 

among BW at different ages studied except 

between BW1 and each of BW7, BW14 and 

BW28 which were low and insignificant, 

but negatively correlated with BWSM (-

0.16, P≤0.01). These values were nearly 

equal with the findings reported by Abd 

El-Fattah et al. (2006) and Farahat et al. 

(2010).  

Genetically, positive medium to 

high correlations (0.18 to 0.92) were found 

between SL's at all ages studied except 

between SL1 and SLSM (0.07). Similarly, 

there were significant positive phenotypic 

associations among SL's at all ages studied 

ranged from 0.19 to 0.64 except between 

SL1 with SL35 and between SLSM with SL1, 

SL7 and SL14 which were insignificantly 

correlated. These values were nearly equal 

with the findings reported by Farahat et al. 

(2010).   

The rg estimates between BW and 

SL recorded at different ages were positive 

and moderate to high in magnitude 

however, negative correlations were found 

between BW1 with each of  SL7 and SL14 (-

0.04 and -0.82), BW7 with SL35 (-0.11) and 

BWSM with SL35 and SLSM (-0.40 and -

0.15) as shown in Table 4. Similar results 

were reported by Farahat et al. (2010). 

Similar trends of significant positive 

medium to high phenotypic (0.14 to 0.59) 

correlations were shown between BW's and 

SL's at different ages of measurements 

whereas,  insignificant correlations were 

found between BW21 with SLSM, BW35 

with SL7, BW35 with each of SL7 and SLSM 

and BWSM with each of SL1, SL7 and SL14 

(Table 4). This result is in agreement with 

that reported by Farahat et al. (2010). 

These results should emphasize the 

importance of the SL in the genetic 

manipulation of the structural material of 

the body, precisely to avoid any 

unfavorable reduction in the body skeletal 

support like what happened in broiler 

chickens.  

The rg estimates between BW and 

SL recorded at different ages were positive 

and ranged from moderate to high in 

magnitude (Table 4). Similar trends were 

reported by El-Fiky et al.  (1991) and 

Bahie El-Deen (1994). BW1 was positively 

correlated with each of BW14, BW21, BW28, 

BW35, SL1, SL21, SL28, SL35, and SLSM, 

while, the rg estimates between BW1 and 

each of BWSM, SL7 and SL14 was negative. 

BW7 was positively correlated with each of 

BW's and SL's at all ages except for SL35. 

Positive high rg estimates were found 

between BW14 and of BW's and SL's at all 

ages. BW21 had positive rg estimates with 

each of BW28, BW35, BWSM, SL1, SL21, 

SL28, SL35, and SLSM. BW28 were positively 

correlated with BW35, BWSM and SL at all 

ages. BW35 was positively correlated with 

each of BWSM and SL at all ages. BWSM 

was positively correlated with each of SL1, 

SL21 and SL28, while, the rg between BWSM 

and each of SL35, and SLSM was negative. 

SL's at all ages studied were positively 

correlated with each other as mentioned in 

Table 4.  

The rP estimates between BW and 

SL recorded at different ages studied were 

positive and high in their estimates (Table 

4). BW1 had positive significant rp with 

each of BW21, BW35, SL1, SL7, SL14, SL21 

SL28 and SL35, while, the rp between BW1 

and BWSM was negative. BW7 was 

significant positively correlated with each 

of BW's and SL's at all ages except for SL35 

and SLSM. BW14 was positively correlated 

with each of SL and SL at all ages except 

for SLSM. Significant positive rp were found 

between BW21 with each of body weight 

and SL at all ages except for BWSM. 

Phenotypically, both CN and PN were 

significantly increased as BW1 increased 

(0.33 and 0.32) whereas significantly 

decreased as each of BW at seven, 14, 28 

days of age and at sexual maturity 
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increased with low to medium rP ranged 

from -0.13 to -0.34 for the former and -0.12 

to -0.33 for the later. Insignificant low 

phenotypic correlations were noticed 

between ASM and BW's at different ages. 

Genetically, either CN or PN had negative 

rg with each of BW7, BW14,  BW21, BW28 

and BWSM ranged from -0.22 to -0.93 for 

the former and -0.24 to -0.93 for the later 

however, positively correlated with both 

BW1 and BW35 (CN: 0.57 and 0.13 and PN: 

0.58 and 0.15, respectively). ASM had 

similar trends towards BW's at different 

ages with both CN and PN were obtained. 

Kardy et al. (1986) reported that the 

phenotypic and genetic correlations 

between age at sexual maturity and six 

week BW were -0.34 and 0.29. On the 

other hand, El-Fiky (1991) stated that the 

phenotypic and genetic correlations 

between age at sexual maturity and six 

week BW were 0.73 and 0.79; respectively. 

It can be seen that these BW's 

contributes negatively to the CN and ASM. 

Conversely, CL had positive rg with each of 

BW7, BW14, BW21, BW28 and BWSM ranged 

from 0.27 to 0.86 however, negatively 

correlated with both BW1 and BW35 (-0.55 

and -0.01) indicating that these BW's 

contributes positively to the CL. As BW at 

one-day up to 21 days of age increased, PL 

increased with rg ranged from 0.05 to 0.76 

however, negative rg estimates were found 

between PL and each of BW28, BW35 and 

BWSM (-0.23, -0.34 and -0.22, 

respectively). 

Low to moderate phenotypic 

correlation trends found between each of 

BW7, BW28 and BWSM (-0.14, -0.17 and -

0.14, respectively) with ND70. However, a 

wide range of positive rg estimates between 

either BW1 or BW21 (0.03 to 0.94) and 

ND70 as shown in Table 5. Low to medium 

significant rp estimates are shown between 

both EW70 and EM70 ranged from 0.14 to 

0.27 each. A wider range of positive rg 

estimates between either of EW70 (0.01 to 

0.84) or EM70 (0.02 to 0.84) and BW from 

one up to 35 days of age was found 

whereas, BWSM negatively correlated with 

both EW70 and EM70 (-0.24 and -0.25, 

respectively). Genetically, BW1 and BW21 

contributed positively to ND70 however, 

each of BW's at other ages of 

measurements was negatively correlated 

with ND70.  

Phenotypically, SL at earlier ages 

from one-day up to 14 days of age 

significantly and negatively correlated with 

both CN and PN being -0.13, -0.12 and -

0.13 each, respectively while, positively 

correlated with SL35 (0.19, P≤0.01). 

Similarly, CL was positively correlated 

with SL1 (0.12, P≤0.05) and whereas, 

negatively correlated with SL35 (-0.21, 

P≤0.01). Both EW70 and EM70 had positive 

correlations with SL1 (0.19 each), SL21 and 

SL28 of 0.13 each whereas, other 

relationships between SL's at other ages 

with each of PL, ASM. Similar trends of 

medium to high negative rg estimates was 

found between both CN and PN with SL's 

from one-day up to 28 days of age ranging 

from -0.29 to -0.83 each whereas, 

positively correlated with SL35 and SLSM 

(CN:0.64 and 0.32 , PN:0.63  and 0.31, 

respectively). Conversely, SL's at all ages-

except at 35 days of age were positively 

contributed to CL ranging from 0.14 t0 

0.77 while negatively correlated with SL35 

(-0.53). Similar trends of negative 

correlations between PL with each of SL1, 

SL7, SL28, SL35 and SLSM ranging from -

0.01 to -0.59 whereas, it positively 

correlated with SL14 and SL21 (1.14 and 

0.48). As SL increased ASM decreased 

indicating that SL at all ages studied-except 

at 28 days-negatively contributed to ASM. 

The increase in SL28 resulted in later ASM. 

Positive moderate to high rg estimates were 

shown between SL's at all ages studied with 

both EW70 and EM70 (0.24 to 0.90 each). 

As SL at all ages, except at 21 and 35 days 

of age, increased ND70 decreased whereas 

longer ND70 obtained as either SL21 or SL35 

increased. 

Positive rg estimates was found 

between CN and each of BW1, BW35, SL35, 
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and SLSM, while, the rg between CN and 

each of BW7, BW14, BW21, BW28, BWSM, 
SL1, SL7, SL14, SL21 and SL28 was negative. 

CL was positively correlated with each of 

BW7, BW14, BW21, BW28, BWSM, SL at all 

ages studied-except at SL35, while, the rg 

between CL and each of BW1, BW35 and 

SL35 was negative. Positive rg estimates 

were found between PN and each of BW1, 

BW35, SL35 and SLSM, while, it negatively 

correlated with each of BW7, BW14, BW21, 

BW28, BWSM, SL1, SL7, SL14, SL21 and 

SL28. PL had positive rg estimates with 

BW1, BW7, BW14, BW21, SL14 and SL21, 

while, the rg estimates between PL and 

each of BW28, BW35, BWSM, SL1, SL7, 

SL28, SL35 and SLSM was negative. Positive 

rg correlations estimates were found 

between ASM and each of BW1, BWSM and 

SL28 while, it negatively correlated with 

each of BW7, BW14, BW21, BW28, BW35, 

SL1, SL7, SL14, SL21, SL28, SL35 and SLSM. 

EW70 and EM70 had positive rg with each of 

BW and SL at all ages except for BWSM. 

DN70 was positively correlated with each of 

BW1, BW21, SL21 and SL35, while, the rg 

estimates between DN70 and each of BW7, 

BW14 BW28, BW35, BWSM, SL7, SL14, SL21, 

SL28 and SLSM were negative  as shown in 

Table 5. 

Significant positive rp was found 

between CN and each of BW1 and SL35, 

while, the rp between CN and each of BW 

and SL at all ages except for BW1 and SL35 

was negative. CL was significant positively 

correlated with each of BW28, BWSM, and 

SL1, while, the rp estimates between CL and 

each of BW1, BW7 and SL35 was negative. 

Significant positive rp were found between 

PN and each of BW1 and SL35, while, it 

significant negatively correlated with each 

of BW7, BW14, BW28, BWSM, SL1, SL7 and 

SL14. EW70 and EM70 had significant 

positive rp with each of BW and SL at all 

ages except for BWSM. DN70 was 

significant negatively correlated with each 

of BW7, BW28 and BWSM as shown in 

Table 5. 

In conclusion, most of clutch, body 

weight and shank length are genetically and 

phenotypically correlated with each other 

with high and significant values. 

Correlations between the previous traits 

revealing that the estimates of one of these 

parameters could be used as a good 

indicator to each other based on the high 

correlation values which obtained in the 

present results. Also, the high correlation 

values may be attributed to the pleiotropic 

effects and consequently performing 

selection in any of the two traits may lead 

to an improvement in the other trait, but 

further research is needed to support this 

hypothesis.

  
Table (1): Means and heritability estimates based on paternal (S), maternal 

half-sibs (D) and full-sib (S+D) variance components for clutch, 

pause and some egg production traits of Japanese quail females. 

Trait Means ±SE 
Heritability estimates ±SE 

S
2
 D

2
 (S+D)

2
 

CN clutch  11.84± 0.39 0.92±0.03 -0.02±0.08  0.45±0.05 

CL days  6.92 ± 0.37 0.91±0.03  0.04±0.08  0.47±0.06 

PN pause  10.86±0.39 0.88±0.03 -0.04±0.08  0.43±0.04 

PL  days  1.63±0.03 0.28±0.02  0.28±0.11  0.28±0.93 

ASM days  52.96±0.38 0.03±0.01 -0.12±0.10 -0.05±0.01 

EW70 gram  11.80±0.06 0.55±0.02 -0.09±0.09  0.23±0.74 

EM70 gram 825.50±4.42 0.55±0.02 -0.09±0.09  0.23±0.01 

ND70  days  87.04±0.76 0.91±0.04 -0.30±0.09  0.31±0.01 

CL: Clutch length, CN: Clutch number, PL: Pause length, PN: Pause number,
 

ASM Age at first egg, EW70: Average weight of 70 eggs, EM70: Egg mass of the 

first 70 eggs and ND70: Number of days needed to produce the first 70 eggs. 
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Table (2): Means and heritability estimates based on paternal (S), maternal half-sibs 

(D) and full-sib (S+D) variance components for body weights and shank 

lengths at different ages of Japanese quail females. 

Trait Age Means ±SE 
Heritability estimates ±SE 

S
2
 D

2
 (S+D)

2
 

B
o
d

y
 w

ei
g
h

t 

1 day    8.74±0.09 0.20±0.04  0.82±0.10 0.51±0.95 

7 days  22.48±0.43 0.73±0.03  0.27±0.08 0.49±0.03 

14 days  50.81±0.82 0.81±0.03 -0.07±0.08 0.38±0.01 

21 days  85.62±1.18 0.94±0.03 -0.13±0.08 0.41±0.01 

28 days 127.63±1.65 0.90±0.03  0.21±0.07 0.56±0.01 

35 days 163.98±1.32 0.25±0.01 -0.03±0.09 0.11±0.01 

At SM 219.44±2.71 0.65±0.03 -0.27±0.09 0.19±0.01 

S
h

a
n

k
 l

en
g
th

 

1 day   17.26±0.08 0.55±0.02  0.04±0.08 0.29±0.98 

7 days   22.59±0.14 0.36±0.01  0.11±0.09 0.23±0.17 

14 days   29.16±0.17 0.17±0.02  0.31±0.09 0.24±0.06 

21 days   35.22±0.18 0.49±0.02  0.10±0.08 0.29±0.11 

28 days   37.52±0.14 0.63±0.03 -0.38±0.10 0.12±0.16 

35 days   39.82±0.10 0.15±0.01  0.04±0.09 0.10±0.20 

At SM   41.47±0.11 0.19±0.01  0.07±0.09 0.13±0.22 

 

 

 

 

Table (3): Genetic (above diagonal) and phenotypic (below diagonal) correlation 

coefficients between clutch, pause and some egg production traits in 

Japanese quail females. 

Trait CN CL PN PL AFE EW70 EM70 ND70 

CN clutch 1 -0.90          0.99  0.27  0.51  0.34  0.34  0.99 

CL days -0.85** 1 -0.90  0.08 -1.28 -0.12 -0.12 -0.83 

PN pause  0.99** -0.85** 1  0.26  0.49  0.36  0.36  0.99 

PL  days  0.02
NS

 -0.05
NS

  0.02
NS

 1 -0.67 -0.42 -0.42  0.48 

ASM days -0.08
NS

  0.02
NS

 -0.08
NS

 -0.06
NS

 1 -0.64 -0.63  0.84 

EW70 gram  0.16** -0.13*  0.15* -0.02
NS

  0.05
NS

 1  1.00  0.20 

EM70 gram  0.16** -0.13*  0.15* -0.02
NS

  0.05
NS

 1.00** 1  0.20 

ND70  days  0.69** -0.67**  0.69**  0.46** -0.05
NS

  0.09  0.09
NS

 1 

CN: clutch number, CL: average clutch length, PN: number of pause, PL: average pause 

length,
 
ASM: Age at first egg, EW70: Egg weight of number 70, EM70: Egg mass of the 

first 70 eggs and ND70: Number of days needed to produce the first 70 eggs.  

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 

0.01 level (2-tailed).
  

NS 
insignificant. 
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Table (4): Genetic (above diagonal) and phenotypic (below diagonal) correlation coefficients between each of body weight and shank 

length at different ages and clutch, pause and some egg production traits in Japanese quail females. 

Trait BW1 BW7 BW14 BW21 BW28 BW35 BWSM SL 1 SL 7 SL 14 SL 21 SL 28 SL 35 SLSM 

BW1 1 -0.55 0.84 1.12 0.43 1.90 -0.87  0.66 -0.04 -0.82 1.19 0.53  3.07  1.23 

BW7 -0.06 1 1.05 0.56 1.01 0.87  0.94  0.87  1.16  1.62 0.95 0.87 -0.11  0.85 

BW14  0.08  0.69** 1 0.80 0.99 1.05  0.60    0.66  1.09  1.52 1.02 0.98  0.41  1.35 

BW21  0.25**  0.48** 0.78** 1 0.83 1.36  0.04  0.71   0.86  1.24   1.23 0.76  1.15  1.33 

BW28  0.04
NS

  0.62** 0.74** 0.65** 1 0.98  0.71  0.49  1.08  2.04 1.36 1.03  0.25  1.13 

BW35  0.13*  0.31** 0.39** 0.44** 0.59** 1  0.24  0.68  1.54  2.86 1.49 1.48  1.30  0.93 

BWSM -0.16**  0.31** 0.19** 0.01
NS

 0.31** 0.37** 1  0.26  0.47  1.45 0.69 0.44 -0.40 -0.15 

SL 1  0.18**  0.29** 0.25** 0.15** 0.26** 0.23**  0.23** 1  0.23  0.74 1.07 0.78  0.28 0.07 

SL 7  0.28**  0.58** 0.51** 0.39** 0.45** 0.23**  0.15*  0.29** 1  0.35 0.79 0.85  0.68  1.57 

SL 14  0.14*  0.50** 0.59** 0.43** 0.52** 0.28**  0.17**  0.27**  0.51** 1 1.25 2.15  2.45  3.47 

SL 21  0.21**  0.36** 0.53** 0.55** 0.55** 0.39**  0.08
NS

  0.19**  0.38**  0.50** 1 1.43  1.08  1.94 

SL 28  0.17**  0.24** 0.38** 0.42** 0.47** 0.41**  0.20**  0.19**  0.31**  0.33** 0.53** 1   0.92  0.18 

SL 35  0.24**  0.09
NS

 0.25** 0.37** 0.32** 0.44**  0.03
NS

  0.08
NS

  0.25**  0.23** 0.43** 0.64** 1  1.50 

SLSM  0.08
NS

  0.04
NS

 0.09
NS

 0.17** 0.14* 0.29**  0.22** -0.05
 NS

  0.10
NS

  0.02
NS

 0.15* 0.35** 0.48** 1 

BW1: body weight at day-old of age, BW7: body weight at seven days of age, BW14: body weight at 14 days of age, BW21: body weight at 21 

days of age, BW28: body weight at 28 days of age, BW35: body weight at 35 days of age, BWSM: body weight at first egg, SL1: shank length 

at day-old of age, SL 7: shank length at seven days of age, SL14: shank length at 14 days of age, SL21: shank length at 21 days of age, SL 28: 

shank length at 28 days of age, SL 35: shank length at 35 days of age, SLSM: shank length at first egg.  

*Phenotypic correlation is significant at the 0.05 level (2-tailed), **correlation is significant at the 0.01 level (2-tailed),
 NS 

insignificant. 
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Table (5): Genetic and phenotypic correlation coefficients between each of body weight 

and shank length at different ages and clutch, pause and some egg production 

traits in Japanese quail females. 

Trait Correlation CN CL PN PL ASM EW70 EM70 ND70 

BW1 Phenotypic 

Genetic 

 0.33** 

  0.57                                                      

-0.33** 

-0.55 

 0.32** 

 0.58 

-0.02
NS

 

 0.76 

-0.06
NS

 

 4.60 

 0.26** 

 1.85 

 0.26** 

 1.85 

 0.23** 

 0.94 

BW7 Phenotypic 

Genetic 

-0.29** 

-1.09 

-0.28** 

  0.72 

-0.28** 

-1.08 

-0.04
NS

 

 0.05 

-0.11
NS

 

-1.02 

 0.10
NS

 

 0.01 

 0.10
NS

 

 0.02 

-0.14* 

-0.75 

BW14 Phenotypic 

Genetic 

-0.13* 

-0.70 

  0.11
NS

 

  0.62 

-0.12* 

-0.71 

-0.03
NS

 

 0.23 

-0.07
NS

 

-2.10 

 0.14* 

 0.42 

 0.14* 

 0.43   

-0.09
NS

 

-0.41 

BW21 Phenotypic 

Genetic 

 0.07
NS

 

-0.22 

-0.02
NS

 

  0.27 

 0.07
NS

 

-0.24 

-0.02
NS

 

 0.58 

-0.05
NS

 

-0.87 

 0.18** 

 0.77 

 0.18** 

 0.78   

-0.09
NS

 

 0.03 

BW28 Phenotypic 

Genetic 

-0.28** 

-0.59 

 0.25** 

  0.48 

-0.27** 

-0.59 

-0.10
NS

 

-0.23 

-0.05
NS

 

-0.95 

 0.20** 

 0.25 

 0.20** 

 0.25 

-0.17** 

-0.61 

BW35 Phenotypic 

Genetic 

-0.02
NS

 

  0.13 

-0.01
NS

 

-0.01 

-0.02
NS

 

 0.15 

-0.09
NS

 

-0.34 

-0.03
NS

 

-2.37 

 0.27** 

 0.84 

 0.27** 

 0.84 

-0.06
NS

 

-0.17 

BWS

M 

Phenotypic 

Genetic 

-0.34** 

-0.93 

 0.28** 

 0.86 

-0.33** 

-0.93 

 0.05
NS

 

-0.22 

-0.02
NS

 

 0.85 

 0.01
NS

 

-0.24 

 0.01
NS

 

-0.25 

-0.14* 

-0.98 

SL 1 Phenotypic 

Genetic 

-0.13* 

-0.61 

 0.12* 

 0.55 

-0.13* 

-0.57 

 0.01
NS

 

-0.19 

-0.04
NS

 

-0.72 

 0.19** 

 0.50 

 0.19** 

 0.42 

 0.04
NS

 

-0.55 

SL 7 Phenotypic 

Genetic 

-0.12* 

-0.83 

 0.07
NS

 

 0.59 

-0.12* 

-0.83 

-0.05
NS

 

-0.31 

 0.01
NS

 

-1.42 

 0.05
NS

 

 0.73 

 0.05
NS

 

 0.73 

-0.09
NS

 

-0.63 

SL 14 Phenotypic 

Genetic 

-0.13* 

-1.11 

 0.11
NS

 

 0.77 

-0.13* 

-1.09 

 0.01
NS

 

 1.14 

 0.01
NS

 

-3.12 

 0.10
NS

 

 1.24 

 0.10
NS

 

 1.24 

-0.05
NS

 

-0.19 

SL 21 Phenotypic 

Genetic 

-0.04
NS

 

-0.29 

-0.02
NS

 

 0.29 

-0.04
NS

 

-0.29 

-0.05
NS

 

 0.48 

 0.02
NS

 

-3.58 

 0.13* 

 0.90 

 0.13* 

 0.90 

-0.14
NS

 

 0.13 

SL 28 Phenotypic 

Genetic 

 0.03
NS

 

-0.32 

-0.02
NS

 

 0.36 

 0.04
NS

 

-0.32 

-0.04
NS

 

-0.25 

-0.03
NS

 

  0.99 

 0.13* 

 0.48 

 0.13* 

 0.48 

-0.06
NS

 

-0.31 

SL 35 Phenotypic 

Genetic 

 0.19** 

 0.64 

-0.21** 

-0.53 

 0.19** 

 0.63 

-0.03
NS

 

-0.01 

-0.01
NS

 

-1.67 

 0.02
NS

 

 1.63 

 0.02
NS

 

 1.63 

 0.06
NS

 

 0.43 

SLSM Phenotypic 

Genetic 

 0.04
NS

 

 0.32 

 0.05
NS

 

 0.14 

 0.04
NS

 

 0.31 

 0.09
NS

 

-0.59 

-0.07
NS

 

-0.22 

 0.10
NS

 

 0.24 

 0.10
NS

 

 0.24 

-0.05
NS

 

-0.17 

CN: clutch number, CL: average clutch length, PN: number of pause, PL: average pause 

length,
 
ASM: Age at first egg, EW70: Egg weight of number 70, EM70: Egg mass of the 

first 70 eggs and ND70: Number of days needed to produce the first 70 eggs. BW1: body 

weight at day-old of age, BW7: body weight at seven days of age, BW14: body weight at 

14 days of age, BW21: body weight at 21 days of age, BW28: body weight at 28 days of 

age, BW35: body weight at 35 days of age, BWSM: body weight at first egg, SL1: shank 

length at day-old of age, SL 7: shank length at seven days of age, SL14: shank length at 

14 days of age, SL21: shank length at 21 days of age, SL 28: shank length at 28 days of 

age, SL 35: shank length at 35 days of age, SLSM: shank length at first egg. *Phenotypic 

correlation is significant at the 0.05 level (2-tailed), **correlation is significant at the 0.01 level 

(2-tailed),
 NS 

insignificant. 
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 الولخص العربي

 سالسل البيض وبعض الصفات االًتاجية الوتعلقة بها في السواى الياباًى التحليل الىراثى لصفات

 

 جيهاى شعباى فرحات واًصاف احود الفل

 هصر-جاهعة الفيىم-قسن إًتاج الدواجي-كلية الزراعة بالفيىم

 

جى اجزاء ْذِ انذراسة بٓذف جقذٚز قٛى انًكبفئ انٕراثٗ ٔ االرجببط انٕراثٙ ٔ انًظٓز٘ نصفبت عذد ٔطٕل 

ببنجزاو، عذد االٚبو انالسية   بٛضة70 فحزات انحٕقف عٍ اَحبج انبٛض، ٔسٌ ٔكحهة أٔل  ٔطٕلسالسم انبٛض، عذد

 بٛضة ببنٕٛو، انعًز عُذ ٔضع أٔل بٛضة ببنٕٛو، طٕل قصبة انزجم ببنًههًٛحز ٔٔسٌ انجسى ببنجزاو عُذ 70الَحبج أٔل 

.   ٕٚو ٔكذنك عُذ عًز انبهٕغ انجُس35ٗ، 28، 21، 14، 1،7اعًبر 

 

 :أظهرت الٌتائج ها يلى

 سهسهة، 11.84) فحزات انحٕقف  ٔطٕلعذدٔعذد ٔطٕل سالسم انبٛض كبَث قٛى انًحٕسطبت نصفبت  .1

ببنجزاو، عذد االٚبو انالسية الَحبج   بٛضة70، ٔسٌ ٔكحهة أٔل (ٕٚو عهٗ انحٕان1.63ٗ ٔ 6.92ٔجٕقف 10.86

 .(ٕٚو عهٗ انحٕان52.96ٗٔ 87.04  ٔجزاو825.5، 11.8) بٛضة ٔ انعًز عُذ ٔضع أٔل بٛضة ببنٕٛو 70أٔل 

 35، 28، 21، 14، 1،7 ٔسٌ انجسى ببنجزاو ٔطٕل قصبة انزجم ببنًههًٛحز عُذ كبَث قٛى انًحٕسطبت نصفبت .2

 جزاو 163.98ٔ219.44 ،127.63 ،85.62 ،22.48،50.81 ، 8.74) ٕٚو ٔكذنك عُذ عًز انبهٕغ انجُسٗ

 .(  يههًٛحزعهٗ انحٕان41.47ٗ 39.82ٔ،  37.52، 35.22، 29.16، 22.59، 17.26)ٔ  (عهٗ انحٕانٗ

 سالسم طٕلٔ (0.92)عذد سالسم انبٛض نصفة يٍ يكَٕبت انحببٍٚ األبٕٖ سجهث قٛى انًكبفئبت انٕراثٛة  .3

  بٛضة70ٔكحهة أٔل  (0.55)ببنجزاو   بٛضة70ٔسٌ أٔل ٔ (0.88)فحزات انحٕقف  عذدٔ (0.91)انبٛض 

يًب ٚشٛز انٗ ايكبَٛة جحسٍٛ ْذِ  (0.91) بٛضة ببنٕٛو 70ٔعذد االٚبو انالسية الَحبج أٔل   (0.55)ببنجزاو 

  فحزات انحٕقفطٕلانصفبت ٔراثٛب عٍ طزٚق االَحخبة انفزدٖ بًُٛب كبَث قٛى انًكبفئبت انٕراثٛة نصفبت 

يُخفضة ٚشٛز انٗ ايكبَٛة جحسٍٛ ْذِ انصفبت عٍ طزٚق  (0.03) ٔانعًزعُذ ٔضع أٔل بٛضة ببنٕٛو (0.28)

 .بذرجة افضم االَحخبة انعبئهٗ أجٕفٛز انزعبٚة انبٛئٛة

 جزأح  بقٛىاظٓزت قٛى انًكبفئبت انٕراثٛة نصفبت ٔسٌ انجسى عُذ االعًبر انًخحهفة يذٖ ٔاسع يٍ االخحالف .4

بغض انُظز عٍ طزٚقة انحقذٚز ٔاالججبِ انعبو نقٛى انًكبفئ انٕراثٗ انًقذر يٍ يكٌٕ بٍٛ انًُخفض ٔانعبنٗ 

 .ٔكذنك انحبل ببنُسبة نصفة طٕل قصبة انزجمجببٍٚ األة اعهٙ يٍ انًقذر يٍ قٛى يكٌٕ جببٍٚ األو 

 .بٍٛ ٔسٌ انجسى ٔ طٕل قصبة األرجم قٛى يزجفعة ٔيعُٕٚةقٛى يعبيالت االرجببط انٕراثٗ ٔ انًظٓز٘ سجهث  .5

ٔسٌ انجسى ٔطٕل قصبة األرجم عُذ االعًبر انًخحهفة سالسم انبٛض ببعضٓب ٔبصفبت  صفبتارجبطث  .6

 .ارجببط ٔراثٙ ٔيظٓز٘ بقٛى يزجفعة ٔيعُٕٚة

 

سالسم انبٛض   بٍٛ صفبتٔراثٙ ٔانًظٓز٘  ٔيعبيالت  االرجببط الانٕراثٛة  انًكبفئبتٔانخالصة أٌ قٛى

 كبَث يزجفعة ٔيعُٕٚة ٔاَّ ًٚكٍ اسحخذاو ْذِ انصفبت فٙ ٔسٌ انجسى ٔطٕل قصبة انزجم عُذ االعًبر انًخحهفةٔ

  .بزايج انحزبٛة انًخحهفة نححسٍٛ االداء االَحبجٗ فٙ انسًبٌ انٛبببَٗ


