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E� i��F� !� ��)�����0 �
  ��J� j#E�  �F�$$k4 

��4	� ��  ��S�+� YT� 1�DE �Q#E� >!�� ($%��$� -

 (�R� "��! ()�4  U���� 6Tc ���� �	-T0 .���0

 ()�G� d�e��� �0 ��$��B ����  �4`�0 �Q#E� >!��

"���� 6�� �)?@Kosgey et al., 2006).(  �$$k4 !� ��RL+

�0 ���
R� ��� "��! �Q� �F  �!� �� �$$k4 !� ���� �� �

 �� .��)	� ��$��B ��� 6�� �Q#E� >!�� ($%��$�

��$,Rc  ($0 >*$��  ���0 ��7�� 1�	E d�e��� ��

"� ��$��B 1�$E	S� �0 �c	4 �0 ���7������0 �F �	�  *)�

 j#E� �����0  ��c� �. �� ���� 6��0 1��$$k4 ���2�

$��B ��� ()��0��0 ��	� ����0 �)�0  ��J� ��	� 1�DE ��

�� ����0 6$,Rc �� d�e����	�>� �0�)!�� .  �F

  ��J� j#E� �0�
$�  ��$��B ��� ����0"�����)?@ 

6��(Kovac and Groeneveld, 1990; Wilson and 

Willham, 1986 �0 6$,Rc ��$��B ($%��$� �� �$$k4 .(

 ��)	� ��$��B 67��$@ ��  ��J� j#E� �����0  ��c� 6
�

)Hanford et al., 2003.(  
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 ����RF�P�� �-�� �"��)� ��D�	�  �F��J�  6�� ���  H3�

 "���� ��	RF  ���� C.��� b��	R� "� >��@ ()*+

.6�� d	
V� H)�-4 U)�l �/)�� ���	
+� �`�0 �)�!  

�� 6��2� �0��0 �V$3� m)����  ��J� ()�  �F!�$���

�� d	L3���	�  6�	� �$G	4  ��0 ���$0 ��J� ()� !� .

�� ���D��� ��0 �	�  � ��L� 6�@ 	R�)1390 !� �$@ .(

 I�� ��J� �� HP��$G	4 1�DE ��$��B  �F������@ ()�

 6�� ��� >��*�)Amou Posht-e Masari et al., 

2013(()� �0 . I�Q  ��J� ()� �� "�0 "�!� ��$��B ���

 ����0 �,G�V� ()� i�F �()��0��0 .6�� ���� >��*�

 ���$��B  �F������@ ��$��B 67��$@  ��$��B ���

"�0 "! 1�DE I�� ��D�	� I�� �� ����0 ��	�  �F
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�  1�q  	
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 I�c1 - ���� 1�Se���,G�V� ()� �� ���D��� ��	�  �F  
Table 1. Characteristics of data used in this study 

 BWa WW 6MW 9MW YW 

No. of records 1922 1584 1387 1132 1027 

Mean (kg) 4.52 24.51 33.82 39.75 44.59 

S.D (kg) 0.8 6.38 6.5 6.66 6.75 

CV (%) 17.71 26.03 19.23 16.76 15.14 

No. of ewes 445 333 293 199 179 

Average no. of records per ewe 4.32 4.76 4.73 5.69 5.74 

a BW= Birth weight, WW= Weaning weight, 6MW= Six month weight, 9MW= Nine month weight, YW= 
Yearling weight. 

7.>?/ ������ � �����  

��,� "	�!� �	s�� �0 �60�X 1��X� "�	0 ��� I�� �)� !�

 �V�Y$R,4��7�) )GLM��� (��*7� )2003( SAS   ���D���

�� H��� 1�DE ���R4  ��0 60�X 1��X� . �� �G	4 I��16 

) tV�1388-1373 �(u	�  �� �G	43  �	
+ K4) tV�

��  	
+�L�c �(	
+ 6$ ��2 ��) tV� (����   �X� 

�
� H0�2��- �X� � �$��$� "!  �G	4 "!  ��0 p�c

I�� H0�2��-  �G	4 "!  ��0 p�c��0 (� "��! �� �F

 �$k�� "�	�� �0  �$���	����L-RF  ���� (� .���	0 ��

 �)�! "��!��,��$\ "�0 "�!� ���R4  ��0 �G	4 ���  ���

 i?Q �)�T� I�� !�  �����)����@ ����0 .  �F�����

 >� !� ���D��� �0 "�0 "�!�  ��0 ��$��B ���  ��$��B

) ��� ��3� �)�R����� �P���QREML��	$Q I�� (� 

��� !� ���D��� �0 ��*7�Wombat 67�� ��_�� (Meyer, 

2006) .�L)�2� v��� �0I�� ($0 ��  � n
�e�  �F �0

�
$� )  ��L� 6�@ 	R�1390 67�� 1�	E ( I�� !�

0 �)!��@ ����0  ��� ����0 ��	� 1�DE ��$��B  �F���

:�� ���D���  

y= Xb + Z1a + Z2m + Z3pe + e 

 I�� ()� �� y �1��F��� ����0 b�60�X 1��X� ����0 a ����0

�X�1�  ���)�*7� ��$��Bm �X� ����01�  ��)�*7� ��$��B

 � ����pe �X� ����01� �� �V$3� wRr � ����X  p)�4��

1��X� �� U)��l �� a	0�� 1��F��� ����0 �0 �� 60�X-

 ���� Z1 p)�4�� ��)�*7� ��$��B 1��X� �� U)��l

�� a	0�� 1��F��� ����0 �0 �� Y$2�L���� �Z2  p)�4��

 ����0 �0 ��  ���� ��)�*7� ��$��B 1��X� �� U)��l

�� a	0�� 1��F������ �Z3  1��X� �� U)��l p)�4��

�V$3� ��wRr  ����0 �0 ��  ������ a	0�� 1��F������ 

 e �+�0 1��X� ����0�� �����.���0  

��� �Q#E� >!�� !� ���D��� �0 �F m
�e� 1`��,�

"	����F  1�$E	S� �0 BLUP �$@��$0 ���� ��� .

 ($%��$� 6$,0�4 !� ���D��� �0 6DE �F  ��0 ��$��B

>!���$@ �Q#E�  �F ��G	4 I�� �0 1���	$Q ��� ��$0

�D��� �0 !� ���)*_4 K4W�@  ��DE  �)��� ����0 ��DE

�� �L)�2� �%)��) �0�� �)� !� �	s�� ()�0 .Reg  ���

��*7� )2003( SAS   .�� ���D��� ($�]RF�%�L-RF  �F

 !� ���D��� �0 *$� �V$3�  �x$4	�7 ���$��B�)*_4 W�@ -

��DE  ����0���� 60�X 1��X� . H$�� ���)*_4 W�@��DE 

DE  ��0 �� ��7�� ���+ 60�X 1��X� ����RF 1��)*_4 K4-

��DE �	0.  

  

@1� � A.���  

������ ��0���&���  

7.>?/ B/7���  

�0�)*_4 !� HE�Q ��$��B  �F������@ ��� K4��DE  ��

 I�c2 6X�� .6�� ��� ���� "��� ��G	4 "!  �)?@

 "!  �%F�� �� "! ��%F�� �� "! � �$��$� "!

�0 �%G�L�)�4 U$432/0 �47/0 �32/0 �41/0  28/0 

 ����0� �)�� ����0 ���3� �� �F����0 ���R4 .�

 �	0 ($223�Dixit et al., 2001; Abegaz et al., 2005; 

Hanford et al., 2005; Gizaw et al., 2007)(.
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 I�c2 -  ����0I�� ��D�	� �� "�0 "! 1�DE ��$��B  �F������@ )�)*_4 K4(��DE  
Table 2. Genetic parameter estimates for body weight traits in Shal sheep (single-trait analysis) 

Traita 2 . .dh S E±  2 . .mh S E±  2 . .pe S E±  2
pσ  

BW 0.32± 0.08 0.02± 0.04 0.02± 0.06 0.52 

WW 0.47± 0.08 0.01± 0.04 0.02± 0.04 11.55 

6MW 0.32± 0.07 0.01± 0.03 0.01± 0.04 29.16 

9MW 0.41± 0.13 0.00± 0.01 0.04± 0.01 26.78 

YW 0.28± 0.12 0.00± 0.02 0.04± 0.01 28.21 

2
dh = Direct heritability; 2

mh = Maternal heritability; 2pe = Ratio of maternal permanent environmental effect; 
2
pσ = Phenotypic variance; S.E= Standard error. 

a BW= Birth weight, WW= Weaning weight, 6MW= Six month weight, 9MW= Nine month weight, YW= 
Yearling weight. 

  

7.>?/ A��7���  

�%�L-RF ����0 ($0 �V$3�  �x$4	�7 ���$��B  �F

 I�c �� 1�DE3  �%�L-RF .6�� ��� ���� "���

 ����� �� ��$��B5/0 4 "! ($0) �4 ( �$��$� "!  �G	

97/0  (�%F�� �� "!  �%F�� �� "! ($0) 

 ����� �� 1�DE ($0 �x$4	�7 �%�L-RF27/0  "! ($0)

 �4 ( �$��$� "!  �G	497/0  "!  �%F�� �� "! ($0)

�� ���+ (�%G�L�)6� !� *$� �V$3� �%�L-RF .08/0 

 �4 (�%F�� �� "!  �G	4 "! ($0)99/0  "! ($0) ��

 �$k�� (�%G�L�) "!  �%F���	0 �� �F����0 ()� .

 �	0 ($223� �)�� ����0 ���3�(Dixit et al., 2001; 

Hanford et al., 2005; Hanford et al., 2006; Gizaw 

et al., 2007).  "! ($0  `�0  6-P� ��$��B �%�L-RF

�� "���  �$��$� !� p@ "�!� �0  �$��$� "!  �G	4-

�F� o	+ ��J� j#E��� �$G� ($�� �� ��� d�e���  �F-

 �%�L-RF .�	� �,0 ($�� �� "�!� �	-T0 �0 �_�� ���	4

 !� ��R� ��$L0 ���	� U
\� �� 1�DE ($0 �V$3�

"��� ��� ()� .6�� 1�DE ($0 ��$��B �%�L-RF ���F�

 �L)�2� �� ��DE��h d�e��� �0 �c	4 6$RF��0  d�e���

K4�*7�  ��0 ��DE 6�� d�e��� 63E �))Mrode, 

2005.(  

������ =&���C/ ����  

 "! ��G	4 "!  ��0 (���) �Q#E� >!�� ($%��$�

 "!  �%F�� �� "! ��%F�� �� "! � �$��$�

 �. �� �%G�L�)16  !� ���D��� �0 �I���)*_4 �F K4 -

  ��DEW�@) U$4�4 �0 ��DE30-  58) �(63  448  �(

)261 -  230) �(237 -  282)  (132 -  189 6��0 (

 I�c) ���4�$@ �Q#E� >!�� ($%��$� .( ��� ��$0

 ����0 ��	� 1�DEULQ �0  !� ���D��� �0 �G	4 I��

�)*_4 �F K4  ��DEW�@H�� �� ��DE  �F1  �45 

.6�� ��� ���� "���  
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 I�c3 - �%�L-RF (�V+ ($)�@) �x$4	�7 �(�V+  `�0) ��$��B  �F  ��D�	� �� "�0 "! 1�DE ($0 (*����@ H���) �V$3�

I��  
Table 3. Genetic (above diagonal), phenotypic (below diagonal) and environmental (in the parentheses) 

correlations between body weight traits in Shal sheep 

Traita BW WW 6MW 9MW YW 

BW - 0.5 0.63 0.61 0.67 

WW 0.27 (0.1) - 0.78 0.71 0.59 

6MW 0.3 (0.08) 0.75 (0.72) - 0.97 0.91 

9MW 0.31 (0.12) 0.69 (0.68) 0.96 (0.95) - 0.96 

YW 0.3 (0.13) 0.61 (0.65) 0.9 (0.92) 0.97 (0.99) - 

a BW= Birth weight, WW= Weaning weight, 6MW= Six month weight, 9MW= Nine month weight, YW= 
Yearling weight. 

 I�c4 - >!�� ($%��$��$@ �Q#E�  �F ($%��$�) �,G�V� ��	� ��� �. �� ��� ��$0EBV( ��$��B ��� �)GT(  

 ��$��B 67��$@)GP(  !� ���� 6��0�)*_4 �F K4  ��DEW�@ ��DE I�� ��D�	� �� "�0 "! 1�DE  ��0  
Table 4. Average predicted breeding values over the study period (average EBV), genetic trend (GT) and 
genetic progress (GP) obtained from single-trait and five-trait analyses for body weight traits in Shal sheep 

Traita Average EBV (g) GT± S.E. (g/year) GP (g) 

BW Single-trait -30 -3 ± 0.4 ns 1 

Five-trait 58 4 ± 0.6 ns 118 

WW Single-trait 63 32 ± 0.3 ns 316 

Five-trait 448 35 ± 0.4 ns 918 

6MW Single-trait -261 -18 ± 0.25 ns 404 

Five-trait 230 10 ± 0.37 ns 438 

9MW Single-trait -237 27 ± 0.35 ns 522 

Five-trait 282 28 ± 0.47 ns 672 

YW Single-trait -132 -3 ± 0.14 ns 60 

Five-trait 189 11 ± 0.39 ns 379 

a BW= Birth weight, WW= Weaning weight, 6MW= Six month weight, 9MW= Nine month weight, YW= 
Yearling weight. 
ns Non significant (P>0.05). 

  

 !� ���D��� �0 �G	4 "! ��$��B ����)*_4K4  �F  ��DE

W�@ ��DE�0 U$4�43-  4  ����0 I�� �� ���� �0 �� �

��,�  ���� y�3GC$234 ()� W)��� .�	-� ����  K)�*�

��7�)�	0 ($223� !� ���0  �F(Klerk and Heydenrych, 

1990; Mokhtari and Rashidi, 2010) .�F����0 �h���  

  �4`�0 �0�
$�  6�� ��� ����� "�DG	� !� ���0

(Shrestha et al., 1996; Bosso et al., 2007)��,� . ���

�� "��� �G	4 "! ��$��B ��� "�	-� �. �� �� �F�
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I�� �G	4 "! ��  �$$k4 ��$��B �s� !� �,G�V� ��	�  �F

��0�� �� 6�� ����� z� ��J� ()�  �F �-�c !� ���	4


c6e� !� ���� 1��.�e� !�  �$�	 �_$�� �� �)�!

�0 6-P� ���� K) �G	4 "! �)�*7� ($%��$� .�)� d�LQ

 !� ���D��� �0 �Q#E� >!���)*_4 W�@ U
\� �� ��DE

I�� !� �4`�0 �F�)*_4 K4 H��) ��� 6��0 ��DE1 .(

 � �F �� �Q#E� >!�� ($%��$� ��� �	,E�)*_4 K4-

W�@  ��DE ��DE� I�� �81 ��� �� �0 >!�� �0 �)�F

�Q#E�  ���R��� ��-G� �� 6�� a	0�� �
� �0 �4`�0

 ��	� ��� �. �� �G	4 "!  ��0 ��$��B 67��$@ .6����

 �0 �s��)*_4K4  �FW�@  ��DE ��DE U$4�4 �01  118 

�� ($223� �)�� ����0 !� �4 ($)�@ �� ��� 6��0 ���-

 ���0)Hanford et al., 2005; Hanford et al., 2006(.  

-0.20

-0.10

0.00

0.10

0.20

0.30

0.40

73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88

A
ve

ra
ge

 p
re

di
ct

ed
 b

re
ed

in
g 

va
lu

es
 (

kg
)

Year of birth

five-trait

single-trait

  

Fig. 1. Variation in mean of breeding value of Shal lambs for birth weight during 16 years 
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Fig. 2. Variation in mean of breeding value of Shal lambs for weaning weight during 16 years. 
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Fig. 3. Variation in mean of breeding value of Shal lambs for 6-month weight during 16 years. 
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Fig. 4. Variation in mean of breeding value of Shal lambs for 9-month weight during 16 years. 
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Fig. 5. Variation in mean of breeding value of Shal lambs for yearling weight during 16 years. 
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Abstract 

In this research genetic trends for body weight traits of Shal lambs, including: birth weight (BW), weaning 
weight (WW), 6-month weight (6MW), 9-month weight (9MW) and yearling weight (YW) were studied over a 
16-year period. Genetic parameters were estimated using restricted maximum likelihood (REML) method under 
animal model and breeding values of animals were predicted with Best Linear Unbiased Prediction (BLUP) 
methodology with single-trait and five-trait animal models. Genetic trends were estimated by regressing the 
mean of breeding values on year of birth. Direct heritability for BW, WW, 6MW, 9MW and YW were estimated 
0.32, 0.47, 0.32, 0.41 and 0.28, respectively. Genetic trends for these traits from both single- and five-trait 
analyses were estimated (-3 and 4), (32 and 35), (-18 and 10), (27 and 28), (-3 and 11) g per year, respectively, 
and were non-significant (P>0.05). Also, genetic progress for these traits from both single- and five-trait 
analyses were calculated (1 and 118), (316 and 918), (404 and 438), (522 and 672) and (60 and 379) g in studied 
period, respectively. The highest genetic trend was for WW, which had the highest heritability. Despite 
relatively high heritability for all studied traits, insignificant genetic trends for these traits indicate an 
undesirable selection program in Shal sheep.  

Keywords: Genetic trend, Shal sheep, Animal model, Body weight  
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