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ABSTRACT 
 

 Variance components of birth weight (BW), weaning weight (WW) and pre-
weaning average daily gain (ADG) in Barki lambs were estimated by Multitrait 
derivative free restricted maximum likelihood (MTDFREML). Six different animal 
models were fitted by including or excluding genetic maternal effects, maternal 
permanent environmental effects and covariance between direct and genetic maternal 
effects in order to determine the most appropriate model. Genetic maternal effects 
appeared to be the most important effects under the conditions of this study. The most 
appropriate model was that allowing for the genetic direct effects, both the genetic and 
permanent environmental components of the dam effects and the covariance between 
direct and maternal genetic effects (Model 6). From this model estimates of the 
heritability for genetic direct effect (h2) were 0.29, 0.23 and 0.22 for BW, WW and 
ADG, while for maternal effects (m2) were 0.05, 0.39 and 0.08 for the same traits. The 
genetic correlations between direct and maternal effects (ram) were positive for BW 
and ADG (0.78 and 0.37, respectively) and negative for WW (-0.34). The genetic 
direct correlation between BW and WW and between BW and ADG were 0.44 and -
0.40, respectively. The corresponding genetic maternal correlation estimates were 
0.54 and -0.34. The genetic direct and genetic maternal correlations between WW 
and ADG were 0.35 and 0.05. The study concluded that maternal effects have to be 
accounted for when estimate genetic parameters for BW, WW and ADG. The ram 
value obtained suggested that ADG is a good selection criterion for carrying out a joint 
selection on lamb's growth capacity (direct effects) and ewe's suckling ability 
(maternal effects). 
Keywords: Direct and maternal effects, genetic parameters, early growth, Barki 

lambs. 
 

INTRODUCTION 
 

The genes of the individual, the environment provided by the dam 
and the other environmental effects are the main factors controlling growth of 
mammals (Albuquerque and Meyer, 2001). Hence, ignoring the genetic 
contribution of the dam to the phenotypic value of her progeny and over 
looking the genetic covariance between the direct and maternal effects 
should raise paramount problems in selection programs aiming at maximum 
genetic improvement of early growth (Willham, 1980). 

In Barki sheep, for which some estimates of genetic and phenotypic 
parameters of early growth are found in the literature (e.g. Fahmy, 1967; 
Fahmy et al., 1969; Aboul-Naga and Afifi, 1982; Abdel Aziz, 2000), the role of 
maternal effects on early growth traits is still to be investigated. This has been 
searched in other sheep breeds using extensively single trait animal models 
(e.g. Hagger, 1998; Maria et al., 1993; Tosh and Kemp, 1994; Ligda et al., 
2000; Neser et al., 2001 and Dugma et al., 2002) and infrequently multitrait 
animal models (e.g. Okut et al., 1999). 
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The aim of the present study on Barki sheep was to estimate genetic 
parameters for body weights at birth and weaning and pre-weaning growth 
rate using multitrait animal models involving the genetic maternal, maternal 
permanent environmental effects and genetic direct-genetic maternal 
covariance beside the genetic direct effects. 
 

MATERIAL AND METHODS 
 

Source of data. The data used in the present study were collected over 20 
years started in 1963 and ended in 1995 on an Egyptian North Western coast 
Barki sheep experimental flock belonging to Desert Research Center, 
Ministry of Agriculture and Land Reclamation, Egypt. 
Management. As a rule, mating season takes place around July and lambing 
starts around December each year. Following their birth, lambs were ear-
tagged and kept with their dams to suckle their milk until weaning at 4 months 
of age.  
Traits considered. For each lamb, the body weights at birth (BW) and 
weaning (WW) were recorded just before the morning suckling, and the 
average daily gain (ADG) between birth and weaning was calculated. 
Estimation of genetic and phenotypic parameters. Multitrait animal 
models were fitted to BW, WW and ADG. Six different models of analyses 
were fitted, by ignoring or including genetic maternal effect, covariance 
between genetic direct and genetic maternal effects. Random effects fitted to 
the six models are summarized in Table 1.  
 
Table 1: Co)variance components fitted† to models used in the analyses 

 
Model 

(Co)variances fitted‡ 

2
a 2

m am 2
c 2

e 

1 ●    ● 

2 ●   ● ● 

3 ● ●   ● 

4 ● ● ●  ● 

5 ● ●  ● ● 

6 ● ● ● ● ● 
†: components marked ● are included in the model 

‡: 2
a : genetic direct variance, 2

m : genetic maternal  variance, am : genetic direct- genetic 

maternal covariance, 2
c : maternal permanent environmental variance, 2

e : error 
variance. The animal models used to estimate (co)variance components were: 

Model 1 
Model 2 
Model 3 
Model 4 
Model 5 
Model 6 

y = Xb + Za a  + e 
y = Xb + Za a  + Zc c + e 
y = Xb + Za a  + Zm m  + e 
y = Xb + Za a  + Zm m  + e 
y = Xb + Za a  + Zm m + Zc c + e 
y = Xb + Za a  + Zm m + Zc c + e 

 
 

with am = 0 

with am = A 2
am  

with am = 0 

with am = A 2
am  

where:  y is the vector of observations of the three traits; b, a, m, c, e are vectors of fixed 
effects (year of lambing, sex of lamb, type of birth and age of dam), direct additive 
genetic effect, maternal genetic effect, maternal permanent environmental effect and 
the residual effects, respectively; X, Za, Zm and Zc are incidence matrices related to 
observations, b, a, m and c, respectively. 
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The first and the second moments of the model were assumed to be: 
E(y) =Xb, E(a) = E(m) = E(p) = E(e) = 0. V(a) = σ2

a A, V(m) = σ2
m A, V(p) = 

σ2
p In, V(e)= σ2

eI and cov (a,m) = Aσam. where: A is the numerator relationship 
matrix between animals,  σ2

a is the genetic direct variance, σ2
m is the genetic 

maternal variance, σam is the genetic covariance between direct and maternal 
effects, σ2

c is the maternal permanent environmental variance, σ2
e is the 

residual variance, and Id and Ir are identity matrices with order equal to 
number of animals and records, respectively. 

The estimation was carried out for the six models with derivative-free 
REML (Mayer, 1990) using multiple-trait derivative free restricted maximum 
likelihood (MTDFREML) Program of Boldman et al. (1995).  
 The importance of the random effects were assessed by comparing 
the log likelihood (log L) of models 1 through 6.  
 

RESULTS AND DISCUSSION 
 

Phenotypic variation. Phenotypic variation of body weight at birth and 
weaning and pre-weaning average daily gain are presented in Table 2. Much 
larger amount of phenotypic variation was observed for pre-weaning growth 
rate (32.5 %) than for body weights at birth (15.0%) and weaning (26.7%). 

 
Table 2: Descriptive statistics for the traits considered in the present 

study 

Item Birth 
weight 

Weaning 
weight 

Pre-weaning  
daily gain 

Unit 
Mean 
Coefficient of variation % 

kg 
3.8 
15.0 

Kg 
17.4 
26.7 

g/day 
113.3 
32.5 

 
Importance of genetic maternal and maternal permanent environmental 
effects. This importance was judged by log L values given in Table 3. The 
inclusion of maternal permanent environmental effects in addition to genetic 
direct effects improve the log L significantly (Model 2 vs. Model 1). A further 
significant improvement in log L resulted by adding genetic maternal effects 
(Model 5 vs. Model 2). To the model already fitting only genetic direct effects 
(Model 1), the addition of genetic maternal effects instead of maternal 
permanent environmental effects resulted in significantly better log L (Model 3 
vs. Model 2). Hence, genetic maternal effects appeared to be the most 
important effects under the conditions of this study, and the most appropriate 
model tested was that involving the genetic direct effects, both the genetic 
and permanent environmental components of the dam effects and the 
covariance between direct and maternal genetic effects (Model 6).  
Estimates of (co)variance components and heritabilities for BW. Taking 
account of either or both of the total maternal effects (m2 + c2) in model 6 
reduced genetic direct effects (a2) and direct heritability (h2) compared with 
model 1, where maternal effects were ignored. The estimate of the total 
maternal effects (m2 + c2 + ¼ h2 + √h2 * √m2 * ram  Notter, 1998) was 0.82, 
indicating that the maternal effect is more important than the direct effect. 
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Ignoring maternal permanent environmental effects in Model 3 resulted in 

higher genetic maternal variances (2
m) and the corresponding m2 estimates 

compared with Model 5 and 6, where c2 were fitted. Thus failure to take 
account of c2 + m2 together and c2 alone resulted in an overestimation of h2 
and m2, respectively. The same conclusion was reported by Saatci et 

al.(1999) on Welsh Mountain lambs. The relative values of 2
a and 2

m and of 
h2 and m2 were greatly influenced by the model adopted (Model 3 through 6), 

but 2
a and h2 were always larger than their corresponding maternal values 

(2
m  and m2). The c2 value was greater than m2. A similar trend was observed 

using the single-trait animal models on Merino lambs by Duguma et al.(2002).  
The moderate h2–values obtained using the most comprehensive 

multitrait model (M6) for BW of Barki (0.29, Table 3), Columbia and 
Rambouillet (0.33, Okut et al.,1999) and Targhee (0.32, Okut et al., 1999) 
lambs were in agreement with the values obtained from single-trait analyses 
on Chios (0.38, Ligda et al., 2000) and Hampshire (0.39, Tosh and Kemp, 
1994) lambs but much higher than the values reported on Romanov (0.04, 
Maria et al., 1993; 0.07, Tosh and Kemp, 1994), Dorper (0.11, Neser et al., 
2001), Polled Dorset (0.12, Tosh and Kemp, 1994) and Merino (0.19, 
Duguma et al., 2002) breeds. 
Estimates of (co)variance components and heritabilities for WW. As in 
BW, the proportion of direct genetic variance and consequently the direct 
heritability decreased when any of the maternal effects was fitted in the 
model. Fitting the maternal permanent environmental effects (Model 2) was 
associated with relatively greater reduction in h2 than fitting the genetic 
maternal effect (model 3). Both the maternal permanent and the genetic 
maternal effects were greater than the genetic direct effects.  

The low direct heritability estimate obtained from the most 
comprehensive multi-trait model for WW in the present study on Barki (h2 = 
0.23, Table 3) and in that of Okut at al.(1999) on Columbia (0.05), Polypay 
(0.25) and Targhee (0.24) were comparable to the values obtained in the 
literature using corresponding single-trait models by Neser et al.(2001) on 
Droper (0.20, and Tosh and Kemp (1994) on Romanov (0.14) and Polled 
Dorset (0.25). 
Estimates of (co)variance components and heritabilities for ADG. 

The estimates of the genetic direct, genetic maternal and maternal 
permanent environmental variances followed different pattern as compared 
with WW. The proportions of genetic maternal and maternal permanent 
environmental effects were much lower than the genetic direct effects. 

The full multitrait model (M6) estimated ADG to be lowly heritable in 
Barki (h2 = 0.22, Table 3), Polypay (0.22, Okut et al., 1999) and Targhee 
(0.20, Okut et al., 1999). These values were comparable to those obtained 
from single-trait analysis on Merino lambs (0.27) by Duguma et al.(2002).  

Relative importance of maternal effects on BW and WW. Genetic 
maternal effects had comparable influence on BW (m2

 = 0.05 to 0.38) and 
WW (m2

 = 0.12 to 0.39) than on ADG (m2= 0.08 to 0.14). However, maternal 
permanent environmental effects influenced WW more than BW (c2 = 40.1 vs. 
30.1% in model 2; 39.6 vs. 15.1% in model 6). 
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Table 3: Estimates of (co)variance components, direct, maternal and 
total heritabilities and genetic direct-genetic maternal 
correlation of birth weight, weaning weight and average daily 
gain resulted from various model 

 
Item 

Model 

1 2 3 4 5 6 

Birth weight, BW 
Variance components: 

Direct genetic, 2
a 

Maternal permanent environmental, 2
c 

Maternal genetic, 2
m 

Residual, 2
e 

Phenotypic, 2
p 

Direct-maternal genetic covariance, am 

Heritabilities: 
Direct, h2 
Maternal, m2 
Total, h2

t 
Direct-maternal correlation, ram 

 
 

11.42     
…. 
….. 
6.43 

17.85 
…. 

 
0.64 
…. 
…. 
…. 

 
 

5.11 
5.30 
…. 

7.20 
17.61 

…. 
 

0.29 
….. 
…. 
….. 

 
 

8.63 
…. 

6.83 
2.52 
17.98 

…. 
 

0.48 
0.38 
0.67 
…. 

 
 

7.60 
…. 

6.12 
2.79 
18.54 
2.03 

 
0.41 
0.33 
0.74 
0.30 

 
 

6.10 
2.79 
3.14 
6.45 

18.48 
…. 

 
0.33 
0.17 
0.42 
…. 

 
 

5.23 
2.10 
0.91 
8.18 

18.13 
1.71 

 
0.29 
0.05 
0.46 
0.78 

Weaning weight, WW 
Variance components: 

Direct genetic, 2
a 

Maternal permanent environmental, 2
c 

Maternal genetic, 2
m 

Residual, 2
e 

Phenotypic, 2
p 

Direct-maternal genetic covariance, am 

Heritabilities: 
Direct, h2 
Maternal, m2 
Total, h2

t 
Direct-maternal correlation, ram 

 
 

11.15 
…. 
…. 

18.18 
29.33 

…. 
 

0.38 
…. 
…. 
…. 

 
 

6.41 
11.68 

…. 
11.03 
29.12 

…. 
 

0.22 
…. 
…. 
…. 

 
 

9.89 
…. 

10.19 
9.09 
29.98 

…. 
 

0.33 
0.34 
0.50 
…. 

 
 

8.33 
…. 

7.78 
14.77 
27.77 
-3.11 

 
0.30 
0.28 
0.27 
-0.39 

 
 

8.53 
11.65 
3.53 
5.71 

29.42 
…. 

 
0.29 
0.12 
0.35 
…. 

 
 

6.45 
0.92 

10.82 
7.06 

28.05 
-2.80 

 
0.23 
0.39 
0.27 
-0.34 

Pre-weaning average daily gain, ADG 
Variance components: 

Direct genetic, 2
a 

Maternal permanent environmental, 2
c 

Maternal genetic, 2
m 

Residual, 2
e 

Phenotypic, 2
p 

Direct-maternal genetic covariance, am 

Heritabilities: 
Direct, h2 
Maternal, m2 
Total, h2

t 
Direct-maternal correlation, ram 

 
 

13.94 
…. 
…. 

31.03 
44.97 

…. 
 
 

0.31 
…. 
…. 
…. 

 
 

7.12 
0.30 
…. 

37.10 
44.52 

…. 
 
 

0.16 
…. 
…. 
…. 

 
 

10.43 
…. 

6.35 
28.74 
45.36 

…. 
 
 

0.23 
0.14 
0.30 
…. 

 
 

8.06 
…. 

4.03 
29.44 
44.80 
3.27 

 
 

0.18 
0.09 
0.33 
0.57 

 
 

12.57 
1.15 
6.28 

24.88 
44.88 

…. 
 
 

0.28 
0.14 
0.35 
…. 

 
 

10.11 
9.23 
3.67 

20.66 
45.93 
2.26 

 
 

0.22 
0.08 
0.33 
0.37 

Trivariate complex log L* 56119 
(1) 

56167 
(2) 

56224 
(3) 

56172 
(4) 

56206 
(5) 

56239 
(6) 

*: The following differences are significant (P< 0.001): (6)>(5)>(4)>(1); (3)>(2)>(1); (5)>(2). 

 
Relative importance of genetic maternal and maternal permanent 
environmental effects. In model 5 involving genetic maternal and maternal 
permanent environmental effects, the c2 estimate for WW was higher than 
that of maternal heritability (0.40 vs. 0.12). This could be an indication of 
larger influence of the environment on milk production. (Ekiz, 2005). 



Shemeis, A. R. 

 142 

Correlations between genetic direct and genetic maternal effects for 
BW, WW and ADG. Examining the estimates given in Table 3 for the 
concerned models, it appears that negative correlation between genetic direct 
and genetic maternal effects was significant for WW (ram = -0.39 in Model 4 
and -0.34 in Model 6) Such antagonism between the effect of a lamb'sl genes 
for growth and those of maternal contribution reduces the total heritability and 
imply that genetic improvement of WW would be difficult since an increase in 
one component would result in a decline in the other. Several authors derived 
similar trend (ram =-0.41, Burfening and Kress, 1993; -0.42, Abegaz and 
Duguma, 2000; -0.59, Torshizi et al., 1996; -0.94, Fadili et al., 2000; -0.97, 
Maria et al., 1993; -0.74, Tosh and Kemp, 1994; -0.55, Neser et al., 2000;          
-0.58, Neser et al., 2001). However, Tosh and Kemp (1994), Nasholm and 
Danell (1996) and Yazdi et al.(1997) contradicted this antagonism (ram = 0.47 
and 0.51, respectively). The correlations were positive for BW (0.30 in Model 
4 and 0.78 in Model 6, Table 3; 0.35, Neser et al., 2001; 0.18, Yazdi et al., 
1997; 0.11, Nasholm and Danell, 1996) and ADG (0.57 in Model 4 and 0.37 
in Model 6, Table 3)  

The positive correlation between direct and maternal genetic effects for 
birth weight indicates that selection for maternal ability of the ewe would 
expect to be associated with some increase in BW of her progeny. This is in 
disagreement with the negative values of -0.35 to -0.64 obtained in the 
literature (Burfening and Kress, 1993; Abegaz and Duguma, 2000; Tosh and 
Kemp, 1994; Ligda et al., 2000 and Torshizi et al., 1996).  
Correlations among BW, WW and ADG at phenotypic, genetic direct, 
genetic maternal and permanent environmental levels. For all the models 
(Table 4) the relationship between BW and ADG were negative in terms of 
phenotypic, genetic direct effect, phenotypic, genetic maternal effect and 
maternal permanent environmental effects. The correlation was also negative 
between BW and WW at maternal environmental level.  

Examining the correlation results presented in Figure 1 for the most 
appropriate model (Model 6), the order of magnitude differs according to the 
variance component considered. The positive correlation between BW and 
WW was highest at the genetic maternal level (0.54) followed by the values in 
terms of genetic direct effects (0.44) and phenotypic effects (0.20). The 
correlation was negative at the level of maternal permanent environmental 
level. The highest correlation values between BW and ADG was at the 
genetic direct level (-0.40) followed by that estimated at the phenotypic level 
(-0.35), genetic maternal (-0.34) and maternal permanent environmental (-
0.08) level. The estimation of correlation coefficient between WW and ADG 
resulted in the highest value at the maternal permanent environmental levels 
(0.60) followed by that obtained in terms of genetic direct (0.35), phenotypic 
(0.11) then genetic maternal (0.05) effects.  
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Table 4: Direct genetic , maternal genetic, maternal permanent 
environmental, residual and phenotypic correlations among 
body weights at birth (BW) and weaning (WW) and 
preweaning growth rate (ADG) estimated using various 
multiple-trait animal models. 

 

Type of correlation 

 

Model* 

Correlated traits 

BW and WW BW and 

ADG 

WW and 

ADG 

Direct genetic 1 

2 

3 

4 

5 

6 

0.85 

0.98 

0.03 

0.17 

0.90 

0.44 

-0.86 

-0.18 

-0.95 

-0.08 

-0.72 

-0.40 

0.99 

0.04 

0.29 

0.13 

0.34 

0.35 

Maternal genetic 3 

4 

5 

6 

0.04 

0.12 

0.47 

0.54 

-0.99 

-0.23 

-0.93 

-0.34 

0.15 

0.26 

0.14 

0.05 

Permanent environmental  2 

3 

5 

6 

-0.76 

-0.91 

-0.32 

-0.85 

-0.85 

-0.01 

-0.99 

-0.08 

0.47 

0.01 

0.32 

0.60 

Residual 1 

2 

3 

4 

5 

6 

0.31 

0.89 

0.91 

0.69 

0.41 

0.97 

-0.99 

-0.11 

-0.01 

-0.77 

-0.13 

-0.34 

0.33 

0.36 

0.01 

0.07 

0.60 

0.51 

Phenotypic 1 

2 

3 

4 

5 

6 

0.36 

0.31 

0.41 

0.35 

0.28 

0.20 

-0.44 

-0.13 

-0.30 

-0.44 

-0.11 

-0.35 

0.53 

0.29 

0.03 

0.01 

0.32 

0.11 

*: See Table 1. 
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Fig. 1: Genetic direct, phenotypic, genetic maternal and maternal 

permanent environmental correlations between birth weight, 
weaning weight and preweaning average daily gain (ADG) 
estimated from the most comprehensive model (model 6). 
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Conclusion. It is evident that maternal effects have to be accounted for when 
estimating genetic parameters for BW, WW and ADG. Overestimation of the 
h2 estimates resulted from ignoring both maternal genetic and maternal 
environmental effects. Likewise, overestimation of m2 resulted from exclusion 
of maternal permanent environmental effects. Foetal growth, measured by 
BW, is largely influenced by direct genetic effects, with an important foeto-
maternal regulation as shown by a strong positive genetic correlation 
between direct and maternal effects. From a selection point of view, WW is 
heritable enough to allow an efficient selection for direct genetic effects at the 
level of the lamb. However, for this trait selection solely for direct genetic 
effects could result in deterioration of the maternal ability because of the 
negative correlation between maternal and direct genetic effects (ram = -0.39). 
In view of the high positive value of ram , the ADG would be considered a 
good selection criterion for carrying out a joint selection on lamb's growth 
capacity (direct effects) and ewe's suckling ability (maternal effects).  
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   مو       ناسددت ر                                                                  تقددر ا معالدداعو معيامل ددت علددواا معكاددي معان ددا قددا ماددة  معنا ددا معالددا ت

                            كااذج معم يم  اتلررة معلواا
               أمار امغب شا س

  -          مدددرمشب شدددنام    86     ص.ب.   –              جاالدددت  ددد   شددداس   –              ل دددت مععام دددت   –                     سدددو ماكتددداج معم ددديمكا 
    لا. ا  –        معقاهاة        11211
 

      زيداد                  الفطدام ومتوطدط ال    عندد     وزن   الد      مديدد و  ال    عندد      لوزن        لصفات ا                        تم تقدير مكونات التباين 
  .  MTDFREML               المصدرية بطريقدة              تمددن البرىدى   فدى                            الوزن من المديدد تتدى الفطدام            اليومية فى 

     الأم،     لدى إ                           للتدثييرات الوراييدة الراة دة          إهمالادا                              نماذج تيوان مختلفة فى ضدماا وو    6               تمت موائمة عدد 
         لتدثييرات           لمباشدر  وا ا                                والتغداير بدين التدثييرات الوراييدة       الأمد                                             التثييرات البيئية الدائمة المت لقدة بالتدثيير 

     لأميدة                                                           النمدوذج الأكيدر موائمدة. وىدد ووضدتت هدذا الدراطدة ون التدثييرات ا     إلدى                  الأمية وذلد  للوصدو  
       لنمدوذج                             ون النموذج الأكير موائمدة هدو ا       ووتضح                                              الورايية هى الأكير وهمية تتت ظروف هذا الدراطة. 

   ت ا        والتددثيير           ورايددة الأم     إلدى                                               التدثييرات الوراييددة المباشددر ، التدثييرات الراة ددة          الاعتبددار             الدذ  يثخددذ فدى 
   يم  ىدد   (.  6     مددوذج                                                                             يددة الدائمددة وكددذل  التغدداير بددين التددثييرات الوراييددة المباشددر  والتددثييرات الأميددة  ن     البيئ

  ،   92 . 0                            ( باطددتخدام هددذا النمددوذج كانددت   2h                                            الددورايى المقدددر  مددن التددثيير الددورايى المباشددر           المكدداف 
  ة                                                 على التوالى بينما القيم المقدر  من المكونات الأميد  BW    ،  WW   ،  ADG       لصفات        0299  ،     0290

  2m   )   ون الارتبدداط الددورايى بددين التددثييرات        ووتضددح  .     0200  ،     0202  ،     0200                 لددنفا الصددفات كانددت                                 
             علدى التدوالى(       .020  و       ADG    02.0 و  BW                 كدان موةبدا لصدفتى   )amr(                         الورايية المباشر  والأمية 

                                                        يم م امدت الارتباط الورايية المقدر  من المكونات المباشر   ى            (. وىد بلغت -    ww    0200     لصفة         وطالبا
   ادا                              . بينما كانت القيم المقابلة ل  ADG  و   BW      صفت     بين   -    0200 و  WW  و   BW          بين صفتى        0200

          المقددر مدن                                     ، علدى التدوالى. وون الارتبداط الدورايى  -    0200  ،       0200                            والمتطوبة مدن المكوندات الأميدة 
     قددير            فدى تالدة الت      0200       يقابلد        0200    كدان   ww و BW                                         ونات التباين والتغاير المباشر  بين صفتى  مك

                                          المبنى على مكونات التباين والتغاير الأمية.
          عنددد تقدددير          الاعتبددار                                  ون التددثييرات الأميددة يةددو ون توضدد  فددى      إلددى                 وىددد خلصددت الدراطددة   

      لميدد           مرتلة من ا                                لم د  الزياد  اليومية خد  ال                                 للوزن عند الميدد وعند الفطام وكذل                 الم الم الورايية 
           شدر   التدى                                                                                 تتى الفطام. وكانت القيمدة المتتصد  عليادا لم امد  الارتبداط الدورايى بدين التدثييرات المبا

    يدد       صدفة ة  ADG                                                                        ترة  إلى وراية التم ( والتثييرات الأمية  التى ترة  للأم ( تشدير إلدى ون صدفة 
   لدى                                                      و المشدتر  لكد  مدن ىددر  التمد  علدى النمدو ومقددر  الن ةدة ع                           لدنتخاو لكوناا طتضدمن الانتخدا

        تغذيت .


