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Abstract
Objective: The study aimed at selecting the accurate model helps in improving productive traits in dairy population through compare
between inclusion and exclusion of maternal genetic effect in estimating variance components and genetic parameters of those traits.
Methodology: Data set and pedigree information were collected from 3464 Holstein-Friesian dairy records for 991 cows descended
from 99 bulls and 691 dams calved over a period of 17 years (1994-2011) for three consecutive lactations. Three multi-trait animal models
were fitted to estimate covariance components and corresponding genetic parameters. Results: The highest direct and maternal genetic
variances were in model 2 which account for covariance between direct and maternal genetic effect. Mostly, phenotypic variances were
high in full animal model for first and second lactations but in third lactation the highest being in model 3. Direct and maternal heritability
were high in model 2 in three lactations except direct heritability for days in milk in second lactation and days in milk, 305-day milk yeild
mature equivalent, fat yield and protein yield in third lactation. Ranges and standard deviations of breeding value varied between different
models but often they were high in model 1 and 3. Conclusion: Results highlight the importance of inclusion of maternal genetic effect
in designing an appropriate selective and breeding program to obtain accurate estimates of genetic parameters especially if the variation
between animals is high.
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correlations essential for predicting correlated and direct
response to selection as reported by Van Vleck 13.
This study was conducted to compare three models in
estimating genetic parameters, variance and covariance
components for some productive traits in first three lactations
in Holstein-Friesian cattle based on inclusion and/or exclusion
of direct maternal effect through the variance component
estimation restricted maximum likelihood (VCE- REML).

INTRODUCTION
Dairy calves are usually separated from their mothers
soon after birth. Thereby any maternal effect can be
assumed to have occurred prenatally1-3. Prenatal effects
include maternal additive genetic effect which mean inherent
ability of the mother to provide a suitable environment to
embryo plus maternal permanent environment effect which
include both damʼs mothering ability and the maternal non

MATERIALS AND METHODS

additive genetic effect of the dam3.
Maternal effects have been defined as any influence from

This study was carried out through a field survey of
3464 dairy records for 991 Holstein-Friesian cows, daughters
of 691 dams and 99 sires belonging to a commercial dairy
herd (Alexandria-Copenhagen Company), situated in
Cairo-Alexandria desert road and about 76 km far from
Alexandria, over a period of 17 years (1994-2011). All animals
were kept in an open system, supplied with a cool spraying
system during hot climate. Animals had a free access to
clean water. The cows were fed on Total Mixed Ration
(TMR) according to their production state. The ingredient
composition of rations were formulated according to National
Research Council (NRC, 1916) and the TMR composition was
30% corn silage, 28.6% alfalfa, 14.7% corn, 18-19% crude
protein, 7% glutein, 6.4% linseed meal, 4.6% soya beans
meal, 3% cotton seed meal, 1.3% wheat bran, 1.2% hay,
0.4% calcium carbonate, 0.3% sodium bicarbonate and
0.3% sodium chloride.
All cows were machine milked 3 times a day with 8 h
interval between milkings. Cows were dried-off about
60 days before expected calving date or abruptly at 210 days
of pregnancy. Investigated traits were days open of cows per
day (DO), days in milk of cows per day (DIM), total milk yield
per kg (TMY), 305-day milk yield per kg (305-day MY), fat yield
per kg (FY) and protein yield per kg (PY). Data were analyzed
statistically, variance components and genetic correlation
among traits were estimated via REML applying the package
VCE according to Groeneveld et al.14. Direct and maternal
heritability estimates were calculated using multi-trait analysis.
Three models were used to estimate covariance components
and corresponding genetic parameters of the studied traits.
Tested models were the follows:

a dam on its offspring, excluding the effects of directly
4

transmitted genes that affect performance of the offspring .
In mammals, environmental variation in the offspring is
partially due to genetic variation of some other traits from the
dams, such that quantitative traits can be influenced by two
genetic components, animal genotype (direct genetic effect)
and dam genotype (maternal genetic effect)5. In recent
years, some published reports demonstrated that one of the
maternal effects such as additive maternal genetic and
permanent environmental effects (or both) could significantly
affect milk yield traits.
Many factors affect milk, fat and protein yield including
direct

genetic

effect,

maternal

genetic

effect

and

environmental effects. Assessment of phenotypic and
genetic variations between individuals has a great role in the
determination of direct additive genetic value of milk
production traits in cattle population as reviewed by
Pantelic et al.6.
Both direct and maternal effects should be taken into
consideration to realize the optimum genetic improvement
in selection programs as showed by Robison7. Success in
designing breeding strategies can be evaluated through
actual change in additive genetic value (breeding value) as
the proportion of predicted change of the breeding value
mean for the same trait under condition as mentioned by
Jurado et al.8.
Inheritance of economic traits in dairy cows is cytoplasmic
rather than nuclear in origin, so heritability from daughter
dam regressions are higher than those estimates from
paternal half-sib analysis9,10. Cytoplasmic origin was a
significant source of variation in yield traits of dairy cattle11.
Huizinga et al.12 attributed 13% of variation in milk economic

C
C
C

returns and 10% of variation in milk, fat and protein yields to
cytoplasmic components.

Model 1: Y = Xb+Z1a+e
Model 2: Y = Xb+Z1a+Z2m+e with Cov (am)#0
Model 3: Y = Xb+Z1a+Z2m+e with Cov (am) = 0

Genetic evaluations of dairy cows for some economic
traits have been shown to depend mainly on estimation of

where, Y is a vector of records for studied traits; b, a, m and e
are vectors of fixed, direct genetic, maternal genetic effects

variance, covariance, heritability, genetic and phenotypic
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and the residual effects, respectively. The X, Z1 and Z2 are

RESULTS

corresponding design matrices associating the fixed, direct
genetic, maternal genetic effects to vector of Y. With

(AG1) was considered and the variances and co variances

A summary of the data and descriptive statistics of all
traits in the data set used for parameters estimation in the
three lactations are presented in Table 1. The means of yield
traits ranged from 8625, 8098, 264.1 and 219 kg for TMY,
305-day MY, FY and PY, respectively to 8950, 8801, 268 and
220 kg, respectively. Coefficient of variation (CV%) were in
the range of 35.48, 25.69, 37.61 and 38.03%, respectively to
40.25, 31.19, 42.63 and 41.67%.
Variance covariance components and heritability

were:

estimates for all traits in three lactations are given in Table 2-4,

assumption of direct additive genetic, maternal additive
genetic and residual effects are normally.
The model had the following distributional assumptions:
E (Y) = Xb, E (a) = 0, E (m) = 0, E (e) = 0
The inverse of the numerator relationship matrix

respectively. Additive genetic variances were higher in
model 2 than those for both model 1 and model 3 for the

Var (a) = A σ2a, Var (m) = A σ2m, Var (e) = I σ2e

studied traits in all lactations except for DIM, TMY, 305-day MY,
where, F a, F
2

2

and F

2

are variances due to direct additive

FY and PY in the second lactation. Maternal genetic variances

genetic, maternal genetic effect and random error,

were higher in model 2 than those for both model 1 and

respectively. And A is the additive genetic relationship matrix

model 3 for the studied traits in all lactations. However,

and I is the identity matrix15. Standard errors of genetic

residual and phenotypic variances were higher mostly in

correlations were calculated using the approximate formula

model 1 and model 3 than their corresponding values in

m

e

16

model 2.

17

according to Robertson and Falconer and Mackay .

Table 1: Least squares means, standard deviations and coefficients of variation for different productive traits in three lactations of Holstein cows
Traits

Second lactation (Mean±SD)

CV (%)

Days open (DO, day)

First lactation (Mean±SD)
185.9±131.7

70.84

CV (%)

155.5±120.1

77.23

Third lactation (Mean±SD) CV (%)
154.9±116.7

Days in milk (DIM, day)

398.9±126.6

31.73

355.2±100.2

28.21

344.0±102.9

29.91

Total milk yield (TMY, kg)

8950±3480.9

38.89

8680±3080

35.48

8625±366.7

40.25
31.19

75.34

305-day Milk yield (305-day MY, kg)

8801±2261

25.69

8310±2281

27.44

8098±2526

Fat yield (FY, kg)

268.0±100.8

37.61

264.1±100.4

38.01

264.6±112.8

42.63

Protein yield (PY, kg)

219.0±83.28

38.03

220.0±84.29

38.31

219.3±91.39

41.67

SD: Standard deviation, CV%: Coefficient of variation per percent
Table 2: Variance components of the first lactation order in Holstein cows
Trait/Estimates
DO

DIM

TMY

305-day MY

FY

PY

Model

F2a

F2m

1

2417.6

2

3432.6

1109.2

3

2350.4

173.74

1

3957.3

2

5331.2

1650.3

3

3744.1

35.39

1

30839.7

2

39528.9

11061.2

3

28268.9

2116.3

1

14570.9

2

17664.9

8202.2

3

13278.3

2748.7

1

1984.4

2

2880.6

883.5

3

1838.0

57.62

1

1222.5

2

1629.1

538.2

3

1119.4

96.73

Fam
-1496.1

-2572.2

-15295.5

-7687.4

-1306.4

-664.3

F2e

F2p

h2a±SE

12575.4

14993

0.161±0.048

11880.9

13431

0.256±0.191

0.083±0.075

12435.8

14960

0.157±0.331

0.012±0.487

h2m±SE

10936.2

14894

0.266±0.073

10464.5

12302

0.433±0.277

0.134±0.219

11061.0

14840

0.252±0.235

0.002±0.147

81218.2

112058

0.275±0.071

76790.4

96790

0.408±0.145

0.114±0.169

81601.3

111986

0.252±0.191

0.019±0.702

34273.4

48844

0.298±0.049

30535.3

41028

0.431±0.226

0.200±0.048

32693.5

48721

0.273±0.128

0.056±0.382

7325.1

9310

0.214±0.051

6837.8

7990

0.361±0.293

0.111±0.084

7397.4

9293

0.198±0.157

0.006±0.010

4965.7

6188

0.198±0.055

4688.9

5528

0.295±0.295

0.097±0.105

4980.8

6197

0.181±0.129

0.016±0.458

ram±SE
-0.767±0.366

-0.867±0.274

-0.731±0.184

-0.639±0.182

-0.819±0.091

-0.709±0.329

DO: Days open, DIM: Days in milk, TMY: Total milk yield, 305-day MY: 305-day milk yield, FY: Fat yield, PY: Protein yield, F2a: Direct additive genetic variance,
F2m: Maternal additive genetic variance, Fam: Direct maternal genetic covariance, F2e: Residual variance, F2p: Phenotypic variance, h2a: Direct heritability, SE: Standard
error, h2m: Maternal heritability and ram: Direct maternal genetic correlation
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Table 3: Variance components of the second lactation order in Holstein cows
Trait/Estimates
DO

DIM

TMY

305-day MY

FY

PY

Model

F2a

F2m

1

523.0

2

1323.2

735.5

3

883.4

254.35

1

2528.0

2

1586.3

1141.6

3

952.7

178.49

1

139594.0

2

37119.5

7816.5

3

25810.6

1003.02

Fam

F2e
45405.0

1

1599141.0

2

20920.0

6304.1

3

13664.9

568.94

1

989818. 0

2

4206.5

660.5

3

2853.3

104.72

1

470884

2

2537.7

272.8

3

1716.1

8.69

-242.1

-947.6

-11404.5

-8794.7

-1465.3

-722.5

F2p
45928.0

h2a±SE

h2m±SE

ram±SE

0.011±0.168

11713.4

13287.8

0.099±0.029

0.055±0.022

12374.5

13512.3

0.065±0.018

0.019±0.004

37869

40397

0.285±0.183

7732.9

8565.6

0.185±0.038

0.133±0.028

8365.7

9496.9

0.100±0.021

0.019±0.005

348714

488308

0.274±0.161

58238.8

80365.8

0.462±0.048

0.097±0.031

64213.4

91027

0.284±0.026

0.011±0.007

4233936

5833076

0.307±0.166

32293.6

41928.3

0.499±0.052

0.151±0.045

36050.7

50284.5

0.272±0.025

0.011±0.005

2231354

3221172

0.288±0.101

6287.8

8224.2

0.511±0.044

0.080±0.023

6687.7

9645.7

0.296±0.027

0.011±0.013

1165628

1636511

0.285±0.078

4537.7

5903.1

0.430±0.038

0.046±0.016

4903.3

6628.1

0.259±0.033

0.001±0.004

-0.245±0.265

-0.704±0.127

-0.670±0.111

-0.766±0.063

-0.879±0.071

-0.868±0.099

DO: Days open, DIM: Days in milk, TMY: Total milk yield, 305-day MY: 305-day milk yield, FY: Fat yield, PY: Protein yield, F2a: Direct additive genetic variance,
F2m: Maternal additive genetic variance, Fam: Direct maternal genetic covariance, F2e: Residual variance, F2p: Phenotypic variance, h2a: Direct heritability, SE: Standard
error, h2m: Maternal heritability and ram: Direct maternal genetic correlation
Table 4: Variance components of the third lactation order in Holstein cows
Trait/Estimates
DO

DIM

TMY

305-day MY

FY

PY

Model

F2a

F2m

1

1433.9

2

2292.2

850.8

3

1106.3

288.99

1

2162.5

2

2482.8

954.7

3

2352.7

174.78

1

38489.0

2

47695.8

8236.3

3

36282.9

2155.54

1

22211.1

2

25464.1

3407.5

3

19960.5

1990.34

1

4319.1

2

5831.2

988.4

3

4263.1

21.38

1

2533.9

2

3287.3

508.0

3

2400.9

215.97

Fam
-976.7

-84.0

958.2

13.5

121.6

128.8

F2e

F2p

h2a±SE

11291.4

12725

0.113±0.053

h2m±SE

10584.6

11774.3

0.195±0.104

0.072±0.027

11223.3

12619

0.088±0.024

0.023±0.010

7698.9

9861

0.780±0.064

7157.2

9123.6

0.272±0.068

0.105±0.043

7429.7

9957

0.236±0.030

0.018±0.009

68637.2

107126

0.640±0.042

64666.1

92702.6

0.515±0.046

0.089±0.050

68831.9

107270

0.338±0.031

0.020±0.008

37767.7

59979

0.629±0.044

35872.2

54651.8

0.466±0.052

0.062±0.038

38027.8

59979

0.333±0.033

0.033±0.013

7462.3

11781

0.633±0.038

7237.6

9378.1

0.622±0.104

0.105±0.054

7597.1

11882

0.359±0.036

0.002±0.002

5242.4

7776

0.674±0.037

4861.1

6837.3

0.481±0.048

0.074±0.027

5163.3

7780

0.309±0.030

0.028±0.009

ram±SE
-0.699±0.162

-0.057±0.325

0.221±0.350

0.005±0.286

0.081±0.215

0.119±0.320

DO: Days open, DIM: Days in milk, TMY: Total milk yield, 305-day MY: 305-day milk yield, FY: Fat yield, PY: Protein yield, F2a: Direct additive genetic variance,
F2m: Maternal additive genetic variance, Fam: Direct maternal genetic covariance, F2e: Residual variance, F2p: Phenotypic variance, h2a: Direct heritability, SE: Standard
error, h2m: Maternal heritability and ram: Direct maternal genetic correlation

Regarding heritability, direct and maternal heritabilities

breeding values were mostly obtained from model 1 and 3 for

were higher in model 2 than those obtained from model 1

the studied traits in all lactations except DO and DIM

and 3 for all studied traits in all lactations except DIM, TMY,

those were higher in model 2 in the third lactation. Spearman

305-day MY, FY and PY in the third lactation and DIM in the

correlation coefficients of breeding value among different

second lactation for direct heritability. Direct maternal genetic

models for the studied traits in three lactations are presented

covariances (Fam) and correlations (ram) were negative for the

in Table 6. Positive and negative coefficients were significant

studied traits in all lactations except TMY, 305-day MY, FY and

among different models except model 1 and 2 for TMY,

PY in the third lactation.

305-day MY, FY and PY in the second lactation as well as

Estimates of breeding values for the traits under study in

model 1 and 3 for DIM, FY and PY in the second lactation were

all lactations are given in Table 5. High ranges of estimated

non-significant.
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Table 5: Maximum, minimum, standard errors and range of estimated breeding values of milk productive traits for all animals obtained from multi statistical animal
model analysis for first, second and third lactation in Holstein cows
First lactation
Second lactation
Third lactation
---------------------------------------------------- -------------------------------------------------------------------------------------------------------------------Variables
Models
SD
Minimum Maximum Range SD
Minimum Maximum
Range
SD
Minimum Maximum Range
DO
1
28.86
-85.13
157.92
243.05
17.11
-120.73
46.07
166.80
20.21
-74.53
105.38
179.91
2
28.62
-81.78
159.26
241.04
16.88
-69.47
90.82
160.30
18.94
-72.22
139.95
212.16
3
30.75
-89.04
164.47
253.51
17.44
-58.92
74.46
133.37
22.12
-79.01
119.33
198.33
DIM
1
33.42 -101.78
187.76
289.54
227.41
-990.43
752.21
1742.64
29.26
-136.13
97.22
233.35
2
32.18
-95.87
181.41
277.28
16.09
-60.44
52.93
113.36
29.63
-140.57
97.98
238.56
3
34.28 -128.04
193.66
321.71
19.24
-79.98
74.14
154.12
29.02
-130.90
92.57
223.47
TMY
1
102.38 -319.34
628.21
947.55
149.72
-99.25
954.47
1053.72
132.65
-487.97
395.89
883.86
2
96.35 -293.81
589.66
883.47
94.03
-334.59
284.98
619.57
126.08
-462.99
375.08
838.07
3
104.69 -315.77
621.66
937.43
110.43
-379.06
350.63
729.68
139.00
-514.45
463.48
977.93
305-day
1
82.59 -344.40
372.24
716.64
19.45
-148.40
71.94
220.34
102.07
-381.63
292.00
673.64
MY
2
78.06 -328.30
364.25
692.55
69.84
-348.99
216.72
565.71
95.03
-350.97
252.29
603.26
3
85.47 -387.96
431.29
819.25
78.34
-363.92
230.31
594.23
108.21
-406.26
310.38
716.64
FY
1
23.07
-71.20
100.93
172.14
158.60
-867.00
97.99
964.99
44.15
-145.66
131.05
276.71
2
21.96
-67.55
97.63
165.18
32.35
-118.39
112.63
231.02
43.21
-141.52
128.61
270.13
3
27.20
-91.14
129.50
220.64
37.67
-134.38
138.50
272.88
50.44
-171.95
152.11
324.06
PY
1
17.31
-59.16
58.19
117.34
121.93
-733.02
121.69
854.71
34.27
-118.68
99.76
218.44
2
16.25
-56.23
54.70
110.93
24.71
-93.04
83.40
176.44
32.61
-110.45
94.81
205.26
3
19.11
-68.91
66.21
135.12
28.84
-105.14
102.22
207.36
37.95
-131.21
116.94
248.15
DO: Days open, DIM: Days in milk, TMY: Total milk yield, 305-day MY: 305-day milk yield, FY: Fat yield, PY: Protein yield and SD: Standard deviation
Table 6: Spearman correlation coefficients of the first, second and third lactation in Holstein cows
Traits
DO (Models)
DIM (Models)
TMY (Models)
305-day MY (Models) FY (Models)
PY (Models)
---------------------------------- -------------------------------------------------------------------------------------------------------------------------- --------------------------Models
Models
1
2
1
2
1
2
1
2
1
2
1
2
First lactation
2
0.997** 0.998**
0.997** 0.997** 0.997**
0.997**
3
0.830** 0.834**
0.851**
0.849**
0.873** 0.889**
0.888** 0.904**
0.830**
0.826**
0.854**
0.858**
0.04ns
0.038ns
-0.016ns
2
-0.204** -0.084**
-0.024ns 0.683**
-0.068** 0.889**
0.110** 0.862**
0.035 ns
0.897**
0.010 ns
0.891**
Second lactation
3
-0.258** 0.810**
-0.023ns
2
0.301** 0.392**
0.367** 0.378** 0.341**
0.353**
Third lactation
3
0.809** 0.284**
0.922**
0.386**
0.958** 0.361**
0.952** 0.357**
0.902**
0.331**
0.922**
0.336**
DO: Days open, DIM: Days in milk, TMY: Total milk yield, 305-day MY: 305-day milk yield, FY: Fat yield, PY: Protein yield, ns: Non-significant, **p<0.01

higher than those reported by Alemam21 being 24.7%. High
CV% could indicate possibility for a genetic improvement.
The current means and standard errors for TMY in three
lactations were lower than those obtained by Hussain et al.22
being 1194±9, 1311±10 and 1354±10 kg, respectively.
High milk yield usually indicates good caring and nutrition
programs.
Kadarmideen et al.23 calculated means and SD for
305-day MY, fat yield and protein yield to be lower than
those calculated in the present study for 305-day MY
(6851±1599 kg) and higher fat (270±65 kg) and protein
(224±52 kg) yield, respectively in UK dairy cows. Furthermore,
Konig et al.24 calculated means and SD for 305-day MY and
DO to be 3867±1257.6 kg and 129.5±64.3 days on 2764 and
1623 in Northern Thai dairy cattle, respectively.
In the same line with the present study, Schutz et al.11
applied different animal models on milk production traits in
dairy cattle to compare among full animal model, full animal
model with covariance and without covariance between direct
and maternal genetic effect. Additive genetic variances
for 305-day MY were 575,951, 323,483 and 583,040 kg for

DISCUSSION
The primary objective of this study was to compare
among different models to show the importance of inclusion
or exclusion of maternal genetic effect during formulation
selecting and breeding planes for future genetic
improvement.
In this study the overall adjusted means for days open
were higher than those reported by Kadarmideen et al.18
being 107 days but lower than 162.7 days obtained by
Shalaby19 compared to second and third lactations in the
present study. Days open is considered an indicator for
reproductive performance which has high unfavorable values
in this study indicating that high producing cows might have
been exposed to negative energy balance at re-breeding time.
Regarding days in milk, the overall adjusted means for
DIM were higher than those calculated by Shalaby et al.20
being 319.8±128 days in early lactation in Friesian cattle in
Egypt and Shalaby19 being 353.9±93.5 days in commercial
herds in Egypt compared to second and third lactations of
the present study. The CV% for DIM in three lactations were
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Diop et al.26 applied multiple-trait animal model by REML
using three models to estimate direct, maternal, grand
maternal genetic variances for growth traits in Gobra beef
cattle and they concluded that an efficient model should
include direct genetic, maternal genetic and direct-maternal
genetic covariances that maternal genetic effects are essential
specially at 18 months of age and they argued that grand
maternal effect could be excluded from the model.
Conflicting results were recorded by Schutz et al.11 who
reported that maternal genetic effects are not important in
most of yield traits in dairy cattle but only they can improve
the accuracy of animal model. Furthermore, they stated that
direct additive genetic and maternal genetic effects did not
affect phenotypic variance of milk yield, fat yield and fat
percentage for Holsteins in New York.
El-Awady et al.27 estimated variance, covariance, genetic
parameters and breeding values using multi-trait animal
model (MTDFREML) and concluded that presence of maternal
effect associated by presence of genetic variation which
enables mass selection for growth traits in Rahmani lambs in
Egypt. They added maternal effect should be considered in
breeding value estimation that excluding maternal effect
during breeding value estimation may lead to inefficient
breeding value. Different from present findings, Hassen et al.28
pointed out that direct additive genetic variances and direct
heritability estimates were higher than maternal genetic
variances and maternal heritability estimates for early growth
traits in lambs.
Referring to heritability, Konig et al.24 calculated direct
heritability using VCE-REML for 305-day MY (0.35±0.028) and
DO (0.03±0.004) to be smaller than those present in the
current study except models 1 and 3 in second lactation and
model 3 in third lactation for milk yield and model 1 in second
lactation for days open. Increasing heritability in model 2
means that when the maternal effects are present but not
considered the estimate of direct heritability would decrease
than if maternal genetic effects are considered. Moreover,
Mohammadi et al.29 argued that low direct genetic
association between all traits indicated low genetic response
would be expect through mass selection and indirect selection
should be applied such as reproductive traits for improvement
of growth traits in shal sheep.
Concerning breeding value, Sahin et al.30 observed that
breeding values for 305-day MY were positive in years and
negative in others, which may be due to unknown reasons or
using sires with unknown estimated breeding values. They
concluded that breeding value has a great role in genetic
improvement of production traits. However, Tilki et al.31
mentioned that there is no positive or negative breeding
values observed during different years.

previous models, respectively. While, additive variance for FY
were 1130, 1179 and 1130 kg, respectively. The previous
results of Schutz et al.11 contradicted the results of the
present study in which the highest variance components
were detected in model 2 for first and third lactations and in
model 1 for second lactation. Most of productive traits not
only depend on genetic potential of an animal but also on
maternal effect plus environment either permanent or
temporary.
Similarly, maternal genetic variances for 305-day MY were
59,609 and 14 kg for models accounted for cov (am) = AFam
and model account for cov (am) = 0, respectively. For previous
productive traits maternal effects are essential in case of
selection for these traits especially if the covariance between
animals is high. While, maternal genetic variance for fat yield
was 1 in both models (model 2 and 3), but here in this study
the highest was obtained in model 2.
Phenotypic variances for 305-day MY and FY were
contradicted the present study, the highest yields were
2,314,464 and 3448 kg found in model with cov (am)#0.0,
respectively. In the present study, if maternal effect was
present but not considered (cov (am) = 0), phenotypic
variances could have been higher than if maternal effects
were considered but both of them were lower than additive
direct and phenotypic variances which contain at least part of
maternal effect. This finding is agree to that of Meyer25 who
reported that models that do not depend on maternal genetic
effect would lead to an increase in estimates of additive
genetic variance and direct heritability.
Furthermore, Schutz et al.11 estimated residual variance
for FY to be in agreement with that of the present study in first
and third lactations, the highest fat yield was 1299 kg
obtained in model with cov (am) = 0.0. Indicating that
maternal effect should be considered during formulation of
selecting plans even if there is no variation among animals.
However, residual variance for 305-day MY was different
from this study that the highest variance being 981,646 kg
obtained in model with cov (am)#0. Maternal effect is
essential during designing an efficient breeding program
therefore, ignoring it would lead to upward biased estimation
of covariance components.
Conversely, Schutz et al.11 estimated direct maternal
genetic covariance for 305-day MY being lower (138.660 kg)
than those obtained in the current study in first, second and
third lactations. Negative direct-maternal genetic covariance
suggests that selection for short days open will be associated
by correlated increase in milk yield. Regarding fat yield, direct
maternal genetic covariances were lower than (-14 kg) those
obtained in the present study.
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6.

Standard deviations of the present study showed high
estimates in different models in all lactations. High standard
deviations for these traits indicate the presence of high
genetic variations among animals and eventually increase the
possibility of selection of sire for these traits, which reduce
bias from selection and achieve the best accuracy of
predictions. The previous findings are in consonance with the
findings of Kadarmideen et al.18 and Shalaby et al.20.
Regarding the spearman correlation coefficients of the
breeding values, Shokrollahi and Baneh32 stated that if there
was a positive genetic correlation between two traits this
indicates that the same genes or genes with pleiotropic
functions influence these traits and selection policy for these
traits should depend on selection for these traits at each stage
of life such as weight gain in later ages leads to improvement
of body weight at older age in Arabi sheep.
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