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Introduction: During many years, with the breeding operations on native hens 
of Sepahan, growth rate, age of sexual maturity, egg production, egg weight 
and many other traits of their productive performance have been improved. 
Estimation of nutritional requirements, especially metabolisable energy and 
crude protein, is necessary to achieve high fertility and hatchability and 
produce day-old chicks with appropriate quality.  
Materials and Methods: This study was conducted to investigate the effect of 
different dietary energy and protein on productive performance and egg quality 
characteristics of the improved indigenous hens in 42-53 weeks of age (during 3 
periods of 28 days). Totally, 180 Sepahan hens were assigned to a 3 × 2 factorial 
arrangements in a completely randomized. Factor 1 was different levels of 
metabolizable energy (2400, 2550 and 2700 kcal/kg), and factor 2 was levels of 
crude protein (14 and 16%). Data were collected for feed intake, egg production, 
egg weight, feed to egg conversion ratio, shell strength, shell thickness, shell 
weight, percentage of shell weight to egg weight, yolk color index, percentage of 
yolk weight to egg weight and Hough unit. In addition, during the experimental 
period, during three stages after artificial insemination, the eggs of Isfahan native 
breeder hens were collected and after numbering and grading, they were grouped 
and separated according to the treatment and repetition of the device. Incubators 
were transferred. At the end of the incubation period, the number of hatched chicks 
from each replication was counted and group weighing was performed. The 
components studied at this stage of the experiment also included fertility efficiency, 
hatchability, day-old chick weight and percentage of chick weight to hatchable 
eggs.  
Results and Discussion: According to the results of the present experiment, in 
the whole experimental period, feed intake, egg weight and egg production 
were not affected by experimental treatments (P<0.05). Egg mass weight in 
chickens fed diets containing 2550 kcal was significantly higher than chickens 
fed diets containing 2400 kcal (P <0.05) and feed-to-egg conversion ratio in 
native hens, fed diets containing 2550 kcal was lower than 2400 kcal (P 
<0.05). The highest egg shell strength (3.4 kg/cm2) was in diets containing 
2700 kcal energy and 14% crude protein and the lowest (3.02 kg/cm2) was in 
diets containing 2400 kcal energy and 14% crude protein (P<0.05). By 
increasing crude energy levels, the color of egg yolk also increased (P <0.05). 
Increasing the level of crude protein in the diet decreased Hough units of eggs 
(P <0.05). The highest rate of fertility and hatchability of hatchable eggs was 
obtained in treatments containing 2550 kcal of energy (P<0.05). Experimental 
treatments had no significant effect on the weight of day-old chicks (g) and the 
ratio of chicken weight to the weight of hatchable eggs. However, fertility 
(percentage) and hatchability rates of fertile eggs (percentage) were affected 
by different energy levels (P <0.05), so that the highest fertility rate was in 
treatments received 2550 kcal ME/kg of diets. Different levels of crude protein 
and energy and protein interactions had no significant effects on these traits. 
Embryo mortalities in the first and second weeks of the incubation period 
(percentage) were not affected by experimental treatments, but embryo 
mortalities in the third week and in the whole incubation period were affected 
by the interaction of energy levels and crude protein in the diet (P<0.05).  
Conclusion: In general, based on the results obtained under the conditions of this 
study, it seems that the diet containing 2550 kcal metabolisable energy and 14% 
protein is appropriate for feeding to Isfahan native breeder hens during the laying 
period. 
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� �&�� 4� #� H���� K�� 4� 4�Wg� N � ! 
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 �'���#$ T +xq��� �e��b�  !4� �&�1 ����#$ H�&�-��e !� �&�-��e 2×3 ��)� �8 � �L �'���#$ 4�/� 4� !  ; � �L 
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���WY ��� 2�= F0; &� 7� 4)OI %� )35 4)OI %� �  ; � �L �� &�M�� �'���#$( N � %�; ���� Tq1� �� �8 K. 42 �:-0; 
��b-G� ���� 8 .�&!� ��1� ����#$ #� K. 42 �:-0; _! 8 ! �+ 4. �&!� 28 �#!& �� ,���= 53 �:-0; 4���� F8��.   
F/L 4�Wg� ,�Y � ���� ����#$�&�� ! 4� F.� ,�&!$  S� T�O. U�-�� %J �� ! K�	�! = #� � �L �;% ���WY 4� 

%�&�� 4. [O. %J �� ! !� [O. K�	�! = � �L .8 ���0-.� ����� �'���#$  R��&�� ��.� �  ,�Y � %�M�;�& 4o -e�
4��MZ� ! &��� �;!<= %�; ��Z�� �8 ��*I F/L 4�Wg� ,�Y � ���� V�R�� ) 8Gheisari et al., 2016 ! ��L� .(

��*�� � � �L �; �!L &� ����#$ �&!� ��+ &� ���0-.��&�� �'���#$ %)1( .F.� �8 4v�&�  
  

 F��;1.  �v��M�8 h�� � ! ���&�G ����� �L �;% ��#$�'� &� ��+ �&!� V�� &�WX% 

(H�B(��6 ), H�B) �6�)(J ,�(�  #��;  �4	��/K ��81  

A  B  C  D  E  F  
�&�  0/437  2/398  1/526  4/487  2/615  5/576  

���. 4?�Z��  7/146  7/212  6/175  7/241  6/204  7/270  
��X ��*.  6/290  0/264  6/172  8/145  4/54  5/27  
K� �8 "�L  4/1  1/1  1  1  1  1  

`M�  4/2  6/2  7/2  7/2  8/2  8/2  
K����-� �� %�  9/1  4/2  9/1  4/2  9/1  4/2  

��- �� ��!&�; K���?  1/1  6/0  8/0  3/0  6/0  0  
K���v � ��  3/0  2/0  2/0  1/0  1/0  0  

V�
�� ���� �  96  9/95  9/95  8/95  8/95  6/95  
��0
e V�
�� %�  6/16  3/16  2/17  9/16  8/17  5/17  

4����-�! HM7�- ��)�  6  6  6  6  6  6  
4*.��� ��*�� � �8    

%J �� H��I  V
�?���-�)� X����  � % ?������(  2400  2400  2550  2550  2700  2700  
K�	�! =  ��G)1&�(  14  16  14  16  14  16  

 % �� �&�b�)1&�(  27/4  7/4  39/4  81/4  51/4  92/4  
 `�	?���? �.�)1&�(  38/1  29/1  36/1  27/1  34/1  25/1  

 ��G  *�e)1&�(  54/4  56/4  76/3  78/3  98/2  99/2  
 V�
��)1&�(  4  4  4  4  4  4  

 0
e H��I  � -.�)1&�(  4/0  4/0  4/0  4/0  4/0  4/0  
  ��)1&�(  23/0  23/0  23/0  21/0  22/0  20/0  

 V�.)1&�(  17/0  17/0  17/0  17/0  17/0  17/0  
K����-� + K�	-
�.)1&�(  65/0  75/0  65/0  75/0  65/0  75/0  
 K���?)1&�(  72/0  82/0  72/0  82/0  72/0  82/0  

 K���v �)1&�(  52/0  59/0  52/0  59/0  52/0  59/0  
1. A =%J �� :2400  = K�	�! = !14 �B =%J �� :2400  =K�	�! = !16 �C =%J �� :2550  =K�	�! = !14 �D =%J �� :2550  =K�	�! = !16 �E=%J �� :2700  !

=K�	�! =14 �F=%J �� :2700  =K�	�! = !16.  

  
4� &� 7�  ; �e b� c�&�G 4� ! 4��X�L &�+ �#��� �:-0; �&�1 4� .8 % �X %&�+  #� �= 4-0;  ; ,���= &� 4�

(ML &!$%&����� #� c�&�G % �#��� ���M�I�� ,�� H� ,#! �;  a b� r.�-� 4�?!� c�&�G &��� #� ��e &��� HP�0� #� ! % �X
�&!� �� ! 4-0;  ; ��+ &� N �  ; %� � 4��#!& c�&�G  .8 4*.��� �&!�  ; ��+ &� aWQ �� ! ��0�� n�
-Q� ��  R��&�� %�;

V�� �?�� 4� N �  ��&��& 4��#!& &�+V�� V-
�. 4� 4L�� �� .8 %&�� V�� ��� �0I r�� 8 &� 4� %&�WX N � %�?�� %�;  `�
&� 4*� � #!& (ML ��)� ! %&!$ ,$ &� �&�� ���q+�  ; Q�! �'���#$ F*S �� X .V; K��o 4��� V�� N � %�; 4*M? �4-
78 

! !� ��&# ��� !�L 1&� �?�� V�� N � 4��#!& n�
�� �8 ��� 4� �&�1 ��Z� &� �&�� �; F*S �� X .4� &�R�� |��'�  S� 
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%�;&�M�� �U�-�� �&!� V�� %&�WX  � %!& ��?�� 1&� �?�� V�� N � ��.� � N ���)� %�; ��L�� &�  ; #!& &�  ; Q�! 
�'���#$ 4� �&�1 �:-0; ! �9. 4� �&�1 K�:���� &�/o  4-0;)28 #!& (%&�� ��&��& ! F*S 8 .1&� �?��  ; Q�! 
��'���#$ #� V�
�� ��)� V�� N � �8�?�� &� `� 4-0;  � ��)� #!& /N � ,�M; Q�! &� P �� 1 4*.��� �� X.  

 %� ��#���  �X ,#! K�:���� %V�� N ���M� � V�� N � �;% %�?��  ; �&� 7� &�  ; �����= #!& 4-0; �= ��?�� #� 
%&�WX� (ML &!$% ! 4� �&�1 �;! X �� %!#� � ��-�Z�� �� FI� 1/0 � X K�#�� 8 .r.�-� ,#! V�� N � %� �  ; 

&� 7� #�  H� ,#! V�
��V�� N � �; ��)�  � &� 7�  ; %V�� N � 4*.���  %� � .8,#! �'�  ,#! r.�-� 4*.��� !
V�� N �  &� 7�  ;V�� N � �; ��&# !� %4� H�?� ���:M;�� #� ,�� L ,#! �'� aWQ �� X. ?��� ���� %� V�� N �   ; &�

 �&!�28  ��)� n y�1�Q #� ���0-.� �� �#!&V�� N �  ,#! K�:���� &� �&!�  ; &� %�?��V�� N � �; ,$ &� �8�?�� %
 �&!�4� F.�  ! �$4� �&�1  � XV�� N � 4� %�#� h� P .F.� �8 "&��X �&!�  ; &� N �  ; H�*� c�&�G 4� 
V�� N � �� ���0-.� #� 
��V� &��� c�&�G �e b� &�  ; 4-0; �?�� � X � V�� N � %�?�� ,�M; 4-0; ! �9. 

4� �&�1 K�:���� &�/o %� � 4-0;  ; Q�! 4*.��� 8. 

 %� ��#���  �X% ��01 �0�� V�� N � &� ,���=  ; �&!� 28 ��#!& #�  ; Q�! �'���#$  �� `�V�� N � )2�=  ��
4� %�#� n��-�� (&�M��  ; ! �= #� � %&�WX ����#$�&�� &� I .Fe X ��7�-.� �= 4-.�= #�  ; K�#�� V�� N �� �� 

���0-.� #� ��:-.� ��7�-.� &��� 2�. &�'e ��&�!  �  ; �-��. (� � -� ,$ F/L 4-
78 ,8 F*S �� 8. %� � 
�#���  �X% _�0�&� ��0. ! Q�!  �!�;V�� N � �; 4-
78 ! 4� ���&$  � %!& 4'�8 ��:-.� ��b�� �#���  �X% _�0�&� 

��0. &� I �� Fe X .�9. r.�� ��:-.� _�0�&� �2�. _�0�&� ��0. #� K� �f�� H�� &� �&!�Z� Jf�8 ! ��&# 
�#���  �X% ! �9. Q�! !�; %� �  ; V�� N � #� ) 4O��&1( 4*.��� �� X.  

 4O��&1                                                                          (HU= 100 log (AH + 7.57 – 1.7 EW
0.37

)  

4O��& K�� &� 4� ،HU، !�; Q�! iAH� _�0�&� ��0. )����  -� ! (EW� ,#! V�� N � )� X( �� 8��.  
 %� ��#���  �X,#! % ��&# �-�� ���&#  ; V�� N � r.�� `�8�I 4� &�+ H��� #� ��0. �L �8 ! �� %!#� � 

��-�Z�� �� FI� 01/0� X K�#�� 8 .|G�8 ��& ��&# V�� N � �; 4� 4��.! "Yolk Color Fan" F���O� ! F*S 8.  
 %� ��#���  �X,#! % 4-.�= �4-.�= �; �= #� ,� ���M� 4� �� 72 F��. &� %�ye ��#$ `'G �8 ! �9. 

4� �&�1 %�� 0�� %� �  ; V�� N � �� %!#� � ��-�Z�� �� FI� 01/0� X �#���  �X% .�8 F/L �#���  �X% F���P 
!� �4-.�= FM
I H���-�  ; 4-.�= r.�� ��:-.� (2�.��&)  -�! 7�� �� FI� 01/0 ����  -� �#���  �X% ! K�:���� ,$ 

F/L K��)� F���P 4-.�= %� �  ; V�� N � F*S �� 8. 1&� ,#! 4-.�= 4� ,#! V�� N � 1&� ��� ! ,#! ��&# 4� 
,#! V�� N � .8 "&��X ! 4*.��� ���  

 ����b� [���� HM� ��Z�� #� �= 4�Q � 4. �+ &� ��� ����#$ �&!� ��+ &�V�� N � �; &��� ,�Y � %
����#$�&�� (ML &!$�&�M8 #� �= ! % 4L&� ! ��#  %��,#! �'�  4� 4+�� � &� 7� ! &�M�� `�70� 4� ! �8 �;! X

 ��:-.�4L�L �'� 8 H�-�� .� �&!� ��M�� #� �=4L�L �'�  ��)� ���4L�L �;�� 0� %  ! "&�M8 &� 7�  ; #� �8
,#! �'� 8 �;! X .V�� N � �; ! ����L ��0�� �*� �� K. ! �8 4-
78 ����� �'� �� 0� 4�Q �  ; &� 4� ��
V; ��oK V�� N � �; %&!&�� ,����& .�8 F*S &!&��  �Y %h
Q �  1&�V�� N � �;������G %  4� F*
� &!&��  �Y �8

 H�V�� N � �; H��I %4L�L �'�  ��:-.� &� 4-e X &� I4L�L �'�  .�� X "&��X1 h�� � K��0 &� �.& ��&�� ��
 �&I �%&!&�� ,����& H��8 ��� ����#$ #� 4�Q � K���L4L &!$&� 4L�L ,#! �%`� �#!& ! 4� 4L�L ,#! 1&� !# ,

V�� N � �; H��I %4L�L �'� 8 4*.���.   
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���� %�; F*S �8 &� �+ ����#$ �� `M� � � &��e� SAS  4�
�)8) �� %� � (2( 4��Z� ! K�:���� %�;&�M�� 
�'���#$ �� ���0-.� #� ,��#$ 4�����o %� 4
���� K7��� �8 .  

 4O��&2                                                                                             ( Yij = μ+ Ei + Pj+ EPij+ eijk  

 �4O��& K�� &�Yij� &���  ; �;�'�i μ� K�:���� ��;�'�i Ei � S� %J ��i Pj�  S� K�	�! = iEPij�  S� %J �� H���-�× 
 ! K�	�! =eijk�  S� �OG �� ����#$ 8��.  

  

4- %�9�: 
�	 0	�1� ;<� �  

 ! K�	�! = ! %J �� U�-�� T�O.  S�V; K��o ,$ H���-�  S� ��?�� � 7�M� K�:����  � �;N M �; ,�;�9. ���� &��� %
����#$�&�� ) ����#$ �&!� H� &�42  ��53  �!L &� (�:-0;)2( &� K�	�! = U�-�� T�O. .F.� �8 4v�&�  �� 4
����

 %�&�� %J �� �Sd� ��V�  ��� ,#! %!& %N M �; %J �� [O. ����e� �� .F.� ���� 4)?�O��&�� ,�;�9. ���� &��� %
 ,#! ����e� ,���� ����WY � �L V
�?���-� H��IN � �;  #�) Fe�� ����e� �'���#$ �&!� H� &�42  %J �� [O. %� � � X

2400  4� % ?������147 O. %� � � X [2550  ! % ?������254  [O. %� � � X2700  K�	�! = T�O. .(% ?������
 �Sd� ��)� &��F8�� ����#$ K�� �+ &� ,#! ����e� ! ,� ,#!  � %. 4-e�� �; �� 4O��& &� 4)?�O� K�� #� H1�Q %
 �Sd� %J �� &��� �� � ,��� 4� F.� ���)?�O� �� �
M; &��� ,�Y � ,� ,#! 4e�P�  � %J �� U�-�� T�O. %&�WX

 %�&�� � �L �Sd� ��)� &�� �% b�I) F.� ���� U�-�� K��. &� &��� ,�Y � ,� ,#! %!&  � %1376 iSpratt & 

Leeson, 1987 �� �?! ( �Sd� #� ,� ,#! % �W=� �L �;. %!�Q % � P�Q ����#$ &� ��G K�	�! = U�-�� T�O
) ��)?�O� �G � "&��X �� �
M;Mohiti-Asli et al., 2012; Van Emous et al., 2018 2��-� �� ��y� &� ! (

����#$ %�;  #� % :�� �! X�;!<= ,� X  �% b�I)1376i Spratt & Leeson, 1987 �& ,� ,#! 4e�P� ! ,#! .��� (
�� ,��� 4� ,����  `� .Fe X  R� &� �� = r.�� %J �� F��0� 4� ��
Q H���  

 %J �� [O. ����e� ��� �L �;  c�&�G a b�� -�� �8 /��#!&N M �;   ��g���)� &�� .F8�� %4� �!q� ��#��� 4� �
 #� � �L K�	�! = [O. ����e�14  4�16 /��#!& c�&�G a b� K�:���� �1&�N M �; ��g� �����#$ �&!� H� &� ���  

��)� &�� �?�� 1&� K�:���� .F8�� %V�� N � �; F�� ����#$ �&!� H� &� ,�;�9. ���� &��� % �Sd�  U�-�� T�O.
.Fe :� &� I � �L ��G K�	�! = ! %J ��  [O. ��'���#$ �&!� H� &�2550  H��I %J �� � X����  � % ?������

FG�. #�.!  ����e� z��� � �L��)� &��  ���� ,#!V�� N �  8)05/0P<(� ��� K�	�! = U�-�� T�O.  S�  � ,#!  ����
V�� N � K�� %�;&�M�� �'���#$ �!�0� ��)� &��% ��Z�� � 7�. h� P H�*� ��&�GN M �; &� 4o X� ,�;�9. ���� &��� %

 %J �� [O. %!�Q � �L2550  � �L � X����  � % ?������V�  �  [O. #�2400 ) ��� % ?������05/0<P(� ���  F��
 �Sd� .Fe :� &� I � �L ��G K�	�! = U�-�� T�O.  

 K�� #� H1�Q 2��-��;!<=  �&�� &� �Sd�  %J ��� �L �; 4� �� 4� c�&�G a b� �;�� �� ��&�*�  ����e� ��*��
 #� �G � �� ��y� &� c�&�G %J �� &���4-e�� �;) ��*I %Ivy & Gleaves, 1976 (�� 8��;!<= 2��-� �� ��y� &� . �

 �% b�I) 4)?�O� `� &� � P�Q1376 #� �M
�?���-� %J �� �Z�&� �;�� �� 4� 8 "&��X (2750  4�2250 
 #� ����#$ �&!� H� &� 4��#!& c�&�G a b� K�:���� % ?������8/132  4�4/121  ,��� ,�'�� .Fe�� �;�� #!& &� � X

 4� �� �4�  R� �� .& V�  ���&�G a b� ,���N M �;4�Wg� %  �� �8� �L �; %�&�� %2250  %J �� % ?������
 �� 4
���� &� �M
�?���-�� �L �; %�&�� %2750  %J �� % ?������4� F�� V�ZQ  �8 ,���� �L �; ������� �� ! ��e %

 c�&�G a b� ����e� F/L ,�X� =�� 8�� �� 4O��& &� . �Sd�  K�� #� H1�Q 2��-� � �L K�	�! = [O.�;!<= �
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 �� �
M;��4-e�� �; �% b�I) ��*I %1376&� ( �&�� �;�� a b� c�&�G 4� ��#��� �;��  ! K�	�! =4-e�� �; �G � %
�;!<= ,� X )Proudfoot et al., 1988 K�	�! = ����e� ��#��� 4� c�&�G a b� �;�� �&�� &� (� �L �; �� 8�� .  

  
 F��;2.  S� T�O. U�-�� %J �� ! K�	�! =  � K�:���� N M��?�� � 7�M� ,�;�9. ���� &��� %�;  
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 H��I %J ��
FG�.  #�.!

  � % ?������)
(� X����  

2400  2220  2291b 69b 4/112  6/61  4/56  7/34b 26/3a 

2550  2207  2312b 105b 9/111  8/62  7/60  1/38a 95/2b 

2700  2260  2499a 262a 0/112  3/62  4/59  0/37ab 04/3ab 

SEM =��)�)5(    843/22  455/21  052/19  534/0  497/0  345/1  849/0  070/0  
��)� ��M-Q� [O. %&��  257/0  0001/0  0001/0  762/0  231/0  093/0  028/0  015/0  

 K�	�! = [O.
(1&�) � �L  

14  2222  2352  143  6/111  2/62  6/58  4/36  08/3  
16  2236  2382  148  6/112  3/62  1/59  8/36  07/3  

SEM =��)�)5(  652/18  518/17  555/15  436/0  406/0  098/1  693/0  058/0  
��)� ��M-Q� [O. %&��  585/0  237/0  817/0  131/0  845/0  744/0  711/0  968/0  

�� S� H���-�  
  
  

%J ��× K�	�! =  

2400 × 14  2210  2288b 61b 9/111  6/61  8/55  3/34  a28/3  
2400 × 16  2230  2294b 78b 9/112  6/61  1/57  1/35  ab23/3  
2550 × 14  2182  2312b 135b 6/111  1/63  7/61  9/38  c87/2  
2550 × 16  2232  2311b 75b 2/112  6/62  6/59  3/37  abc03/3  
2700 × 14  2272  2456a 233a 3/111  9/61  3/58  1/36  abc1/3  
2700 × 16  2247  2542a 292a 7/112  6/62  6/60  9/37  bc98/2  

SEM =��)�)5(  303/32  342/30  943/26  755/0  703/0  902/1  201/1  099/0  
 [O.��)� ��M-Q� %&��  518/0  312/0  110/0  878/0  697/0  477/0  352/0  386/0  

SEMK�:���� �&���-.� %�OG : �;  

  
K�:���� ,#! V�� N � K�� �;&�M�� �!�0� ��)� &��% F8��.  ����#$ K�� #� H1�Q 2��-� �� t��O��;!<= ,� X 

 �� �&�� &� ��� % :�� �Sd�  ,#!  � c�&�G K�	�! = ! %J �� T�O.V�� N � "&��X ���; �� �  '-�� ) ��Mohiti-

Asli et al., 2012; Van Emous et al., 2018; Wilson & Harms, 1984 .( �Sd� ,���� %J �� �-e��&�  � 
����-�� V�� N � ! ��� ��g� 4� &� ,#! ,$ ��Z�� �� �� r.�� �;!<= ,� X )Spratt & Leeson, 1987 (�.& �  !

�q�� 8 ,#! V�� N � �)��� #� ����Z �� ��g� &� ����-�� ,$ F.� .�� ����e� ,���� �%J �� ,#! V�� N � ����e� 
4-e�� ! F�� ,$ ����e� ,#! ��&# F.� �8  ��. 4�  �Y #� ��� %J �� � �L &� ,#! V�� N ��  �Sd� K�	�! = ! %�;�.� 
4���$  ���%�&�� F�M;� F.� .&� �&�� 1&� K�	�! = � �L ����WY �;!<= ,� X )Keshavarz & Jackson, 1992 (
�q�� �� � -I!� K�	�! = � �L K�� 12 �� 19 1&�  �g-� �8�� ,#! V�� N � K�� 2 �� 4 � X  ��g� ;��G ��  . �G �

�;!<= ,� X )Joseph et al., 2000 (��,� �� � 4�Wg� �� [O. 14 1&� K�	�! = F*
� 4� !� [O. 16 ! 18 1&� 
&� �&!� ���-�� ! H��!� �&!� �?�� 4� �;�� ��)� &�� ,#! V�� N � �� K. 30 �:-0;  Z�� ! �� S� ,$ �� 4-0; %�; )� 

}!� #� �?�� 4���� Fe��. &� ����#$ % :�� Lopez & Leeson )1995 (�q�� �� � [O. 10 &� 1&� 4
����  ��
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T�O. 12� 16 ! 18 1&� K�	�! = 4� �;�� ,#! V�� N � 4� �&�1 ��)� &��%  Z�� 8. ,$  �;,��� �� � ����e� �� 
�;�� &� ,���� K�	�! = 4� ����e� ! �;�� &� ,#! V�� N �  Z�� ;��G 8 .&� ����#$  P�Q �� ����e�  1&�

K�	�! = � �L ,#! V�� N � F��  �Sd� &� I .Fe :�   
 4)?�O� `� &� �% b�I)1376 (�� �.& �  S� T�O. U�-�� %J �� ! K�	�! =  � %!& K�:���� ,#! V�� N � �+ 

�&!� �;% U�-�� ! H� �&!� V�� &�WX% N � �;% &��� ���� ,�;�9. �q�� 8  ����� U�-�� %J �� ! K�	�! = &� 
�&!� �;% 4�?!�  �Sd� ��)� &��%  � ,#! V�� N � 4-8�� �?! &� �&!� �;% ����� ! �����= K�� �� S� ��)� &�� ���*� F.� .#� 
e +� &� ��M� �&!� �; ,#! V�� N � p�� � 4� ���Y � 4� %J �� ! K�	�! = V�  � a b� �� �� � K���=  � #� �! X %�; 

 :�� ���� F.� . �Y #� H���� 4�Wg� %�  Sl�  � ,#! V�� N � H���� ��7�-�J ���<� ,#! ,� ! K. ���  � ,#! V�� N � 
 Sl� F.�. ,�M; &�+  ,#! K. ����e� �� ����#$ K�� &� 8  �� 4�V�� N �  &� ��� 4-*?� �Fe�� ����e� %�� ���? #�

4� F8��  R�  �Y #�  S� K. 4� �� ����e� �,$ ,#! V�� N � ����e� �� ����  S� ,#! ,� ���  Sl� F.� .� �# �#��� 
V�� N � F��/� &� 4� 4O.�! �#��� ��&# %� 4� �&�! %� Z� V�� �8 � -�� ! �#��� ��&# F��  �Sd� ,#! ,� &� I �&��. 

 #� �;! X�;!<= ,� X  �,�&�7M; ! % b�I)1387( ���  �Sd� c�&�G �e b�  � ,#! V�� N � �& F*w� "&��X �� � .
4� &�+4� % 4� ��#��� ����e� c�&�G �e b�  ����� �%J �� K�	�! = ! %�;�.� 4���$ �-e��&� ����e� 4-e�� !  Z�� 4� 

����e� ,#! V�� N � &� �+ �&!� �;% U�-�� �� �� X . �% b�I) 4)?�O� `� &�1376( �!q�  � H���� 4�Wg� %�� 
H���� ��7�-�J ,#! ,� ! K. �& ���  � ,#! V�� N �  Sl� �-
���.  

 K�� #� H1�Q 2��-��;!<=  �� �&�� &� �Sd� ��)� &��  ���� ,�Y � %�?�� ,��� %!&  � � �L %J ������#$�&�� 
 �� U?��� �&!� H� &�4-e�� �;) ��*I %Spratt & Leeson, 1987 �&�� &� ( �Sd�  ,��� %!&  � %J �� ����e� F*w�

V�� &�WX ,�Y � %V�� &�WX  �-8�X &��� ,�Y � �� ! ��&�Z��� 8�� �� 4O��& &� . �Sd�  U�-�� T�O.  � K�	�! =
 �?�� K�:����V�� N � "&��X %�;  �?�� ����e� ��)?�O� �G � .F.� �8 4v�&� ��!�0-�V�� N �  ����e� 4Z�-� &� �&

���� ,�'� K�	�! = a b�� ��&�1&� �;!<= #�  :�� �G � 4�  #� ��� K�	�! = a b� 4� �� � ,��� �;1/18  &� � X
  S� #!&��)� &�� �8 %!& %V�� �WX& ,#! �� %V�� N � /��#!&N M �;  F.� 4-8��)Spratt & Leeson, 1987( 4-*?� .

 �?�� %!&  � �M/� �� S� %�&�� ��� 4�ML #� �O��� H����V�� N � �� 8��2��-� . H1�Q #� �;!<=  �% b�I)1376 (
 � %!& K�M; ���� N � �; ���  :���� K�� h�O� ��� 4� T�O. U�-��  %J ��)2250� 2500 ! 2750 (! T�O. 15 ! 17 

1&� K�	�! = ��G  � K�:���� �?�� 4�X &� H� �&!� V��  %&�WX)71-24 ( S� ��)� &�� F8�� .  
�� 4L�� 4� K��  4�,#! V�� ���� N � #� n y�1�Q 1&� �?�� V�� N � &� ,#! V�� N � 4� F.� �� ��$ 

�� ,��� K��o ,��� � �  ; !� H��� ��e ! �G � #� H����  Sl�  � ,$  �; � ,#! V�� ���� N �  �Sd� &�WX F.�. 
��)?�O� ��Z�� �8  �% b�I)1376 (,#! %!&  � ���� N � %�; ���� ,�;�9. ,�'� ��� 4� T�O. U�-�� %J �� 

&� � �L  � %!& ,#! V�� ���� N �  �Sd� ��  % :�� ����#$ &� �4)?�O� K�� 2��-� aqG � .F.� ���� �% b�I)
1376 (T�O. �!�0-� K�	�! = ���� ,#! V�� N � F�� �&  �Sd� &� I ���� F.� .4� %&�+ 4� ����e� K�	�! = � �L 

4� ����e� ���� ,#! V�� N � ,$ &� ����#$  Z�� 8 .���� ,#! �!�0� V�� N � &� H� �&!� ����#$ K��  T�O.
� �L ��G K�	�! = U�-�� �'���#$ %�; ��)� �*� &�� �,�&�7M; ! % b�I) ,����� #� �;! X .�1387( &� 2��-� 

��G ,���� �-8�� H����  Sl�  � 1&� �?�� ! ,#! V�� N �  � ���� ,#! V�� &�WX �Sd� N � F.� ! �� ����e� 
1&� ��?�� ���� ,#! V�� ��� N � ����e� ��� ��.  "&! = &� V/� %�;&��)� #� �7� c�&�G H�*� h� P &�

V�� ,�Y � �� &�WX V�� �?�� ,���� V; ! c�&�G a b� V; F01 K�� 4*.��� &� � �# �8��  &� I  R�� N �
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�� �� ,�'� ! � �X 4� 4� ;� V�� �?�� Q�!  ; %�#� |G�8 .F.� �8 a b� c�&�G &��� 4o N � a b� 
%J �� 4� %�#� ��?� V�� N � "!& ���I� %� � �.& � h� P H�*� c�&�G ���� ! �� 4L�� 4� !� &��� %�� 

a b� c�&�G ! �?�� V�� N � �� ,��� �� HI�Q ,� � &��� c�&�G ��e b� �?�� V�� N � �&  w��Q ! ��#�� 
c�&�G �& ��*/� .�'�� �q�� � P�Q 4)?�O� 2��-� aqG � 8  �% b�I)1376( 4� �� ����e� T�O. U�-�� 
%J �� #� 2250 4� 2500 ! 2750 �% ?������ h� P H�*� c�&�G 4� V�� N � �!& �'���e� 4-8�� F.� .  
 S�  � ���WY � �L K�	�! = ! %J �� U�-�� T�O. K�:���� ��01 �0�� V�� N � �;% ��?��N M �; ���� &��� %

&� ,�;�9. �!L )3( �8 4v�&� F.� .%�;&�M�� ��M�� 4)?�O� K�� &� �8  � ��01 �0�� V�� N � �; ���� &��� %
 ,�;�9.V; ,�o F���P �4-.�= ,#! �4-.�= ,#! 4-.�= 4� ,#! V�� N � ,#! 4� ��&# ,#! 1&� ! ��&# ,#! �V�� N � 

 �Sd� ��)� &��% F8�� .�?�Q&� ��7�-.� �4�  F�� 4-.�= �Sd� � I ��G K�	�! = ! %J �� U�-�� T�O.Fe :� &� ���   S�
 H��I %J �� T�O. H���-�FG�. #�.!  � �L ��G K�	�! = !��)� &��  84� &�+ 4� %���  � 4-.�= ��7�-.� K�V�� N � 

)4/3   � � X�����-��. (� � -� &� (� �L %� ) %J �� K� �f�� 4� ���2700  ! (% ?������V�  �) ��G K�	�! = K�14 
) F.� 4-8�� �& (1&�05/0P< ��&# ��& |G�8 .(4� &�+ ��)� &�� F�� % �Sd� Fe X &� I � �L %J �� U�-�� T�O.� 

4��X 4�  H��I %J �� ����e� �� 4� %�FG�. #�.! ) Fe�� ����e� ��� ��&# ��& |G�8 �� �L05/0P< ��0. _�0�&� .(
)����  -�) Fe�� �;�� � �L ��G K�	�! = ����e� �� !�; Q�! ! (05/0P< .(  

  
F��; 3.  S� T�O. U�-�� J ��% ! 	�! =�K  � ��:���K ��01 �0�� V�� N � N �&� �;&��� % ���� ,�;�9. 
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�� S� ��1�  

FG�. H��I %J �� #�.! (� X����  � % ?������)  

2400 06/3  4/34  7/8  3/7 c 4/28  4/7  9/84  

2550 21/3  0/34  7/8  7/7 b 7/27  2/7  0/83  

2700 22/3  9/33  6/8  2/8 a 3/28  0/7  9/81  

SEM =��)�)5(   087/0  572/0  108/0  096/0  238/0  132/0  815/0  

��)� ��M-Q� [O. %&��   597/0  396/0  754/0  0001/0  162/0  118/0  081/0  

(1&�) � �L K�	�! = [O.  
14 16/3  4/34  6/8  8/7  3/28  4/7 a 6/84 a 

16 17/3  8/33  7/8  6/7  0/28  0/7 b 0/82 b 

SEM =��)�)5(  071/0  443/0  088/0  078/0  194/0  108/0  666/0  

��)� ��M-Q� [O. %&��  937/0  316/0  837/0  115/0  263/0  013/0  012/0  

�� S� H���-�  

  

  

 %J ��× K�	�! =  

2400 × 14  02/3 c 8/33  7/8  4/7  5/28  4/7  7/84  

2400 × 16  09/3 bc 9/34  7/8  1/7  2/28  4/7  2/85  

2550 × 14  05/3 bc 0/33  4/8  8/7  9/27  5/7  1/85  

2550 × 16  36/3 bc 0/35  9/8  6/7  6/27  8/6  9/80  

2700 × 14  40/3 ab 5/34  8/8  2/8  5/28  3/7  0/84  

2700 × 16  04/3 c 1/33  4/8  2/8  0/28  7/6  8/79  

SEM =��)�)5( 123/0  786/0  152/0  136/0  337/0  187/0  153/1  

��)� ��M-Q� [O. %&��  032/0  389/0  077/0  413/0  911/0  097/0  099/0  

SEMK�:���� �&���-.� %�OG : �;  
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4L�� 4� 4�Wg� !  �Sd� ,$  � ���1�bG �0�� V�� N � &� N � %�; &��� %�&�� F�M;� .F.�  �����#$ K�� 2��-� �� �
M;
�;!<=  :�� ,� X )Lopez & Leeson, 1995 (,��� �� � ���0-.� #� &�/o [O. K�	�! =  � �L)10� 12� 14 ! 16 1&� ( � 

%!& ,#! 4-.�= ! 1&� ,#! 4-.�= 4� ,#! V�� N �  �Sd� ��)� %&�� F8�� .����e� ,���� c�&�G �e b� 4�  ����e�
�F���P ��7�-.� ! ,#! 4-.�=  Z�� �8 F.� 4� xf�M-Q� 4� H�?� ����e� ,���� V�
�� �-e��&� �� 8�� ."&��X #� �G �  �;

 ���)McDaniel & Brake, 1981 (aqG � ��� R� �8 �� �q�� �� � ����e� ,���� %J �� �-e��&� &� N � %�; &��� 4� 
�;�� F���P 4-.�= ! ��7�-.� ,$  Z�� �8 F.�. K�� 4� 4L�� ��  T�O.  �Sd� F�� c�&�G a b� � P�Q ����#$ &� 4�

��)�  ��g� ��� 4-.�= F���P ! 4-.�= ,#! Fe :� &� I c�&�G ��G K�	�! = ! %J �� U�-�� ��� ��� �F8�� %&��  K� �
V�� 4-.�= ��7�-.� ��� 4� 8 �;�'� %&�M�� &� N � V� ! %J �� K� �  �� ��y� &� .F.� �� � Fe��&� �& ��G K�	�! = K� �

2��-�  ��*I)Lopez & Leeson, 1995( 4� �q�� �� � ����e� K�	�! = � �L 4� ����e� 1&� ��0. ! Q�! !�; 4� �&�1 
 �Y ��)� %&��  Z�� �8 ! F�� ,$ �;�� 1&� ,#! ��&# 4� ,#! V�� N � �q�� �8  ����e� ����#$ K�� &� ��G K�	�! =

) ��*I 2��-� �� te��� &� 4� 8 !�; Q�! ! ��0. _�0�&� �;�� z��� � �LHammershoj & Kjaer, 1999��� ( . #� �7�
�;!<= ,� X  �% b�I)1376 S� ( T�O. U�-�� %J �� ! K�	�! =  � K�:���� ,#! V�� N � %�; ���0-.��&�� %� � K��)� 
F�0�� ���0. ,#! ���&# 1&� ,#! ��&# 4� ,#! V�� �N � Q�! !�; ! ,���� ��7�-.� 4-.�= �& �.& � �� � ! �q�� ��M� �� 
����e� V�� � %J �� H��I FG�. #�.! �� �L ,#! ��&# ! 1&� ,#! ��&# 4� ,#! V�� N � ����e� Fe�� .4L�� 4� F���P 
4-.�= V�� N � &� ,�� L 4L�L �'� ��� F�M;� �&�� .�;�� F���P 4-.�= z��� �� ��8 &��� n$ ��� % � #� V�� N � &� 
,�� L 4L�L �'� #� F.� 4-e& ! 1&� m �  ��! ����L &� V�� N � %�; 4-.�= c#�� ����e�  ���)Roque & Soares, 

1994 .(4-*?� �#f 4�  �� F.� F���P ��� #� Q 4-.�= ��� ��q7'� ��Z�� �� �� 4� %&�+ 4� ����e� ,���� V�
�� � �L 
! V�R�� ,��*� ,$ 4� ����e� F���P 4-.�=  Z�� �8 ! #� F����I 4L�L %&!$&� ��  ;��)McDaniel & Brake, 1981 .(

%�L z�� 4�Wg� 4�  R� �� .& ����e� h� P ����M; &� 4�X N � %�; &��� ���� &� K�� �� � &� �+ H
� %�; 4� �?��-� 
�;�� F�0�� V�� N � ! 4� �<�! _�0�&� ��0.  Z�� �8 ! &� 4Z�-� Q�! !�; F*
� 4� 4)?�O�  �% b�I) ��*I13764� ( &�+ 

H��I �/L�� �;�� 4-e��  F.�)3/3 Q�!(&� . K�� ��bG 2��-� "&��X  �% b�I)  �G�1376,�'� ( �� ;� 4� �!q�  � 
_�� � �L ���WY H���� %�)-� #� 4�ML 4L&� �&� Q �r��� K. �� = ! �� ,��# %&�/:� V�� N � ���  � ��01 �0�� 

 Sl� �-
; .��L! ��01 n��O��� #� 4�ML ����� ,��� �&!� ��)e V�� �%&�WX UI�� %�; ��f�+ �� K�� !� �&!� ���)e 
� � ,8 %�; �= �=&� ��� �� ����  � ��01 �0�� V�� N � �;  Sl� .8��  

2��-� p�� � 4�  S�  K�	�! = ! %J �� U�-�� T�O. � ���WY � �L K�:���� ��01 4L�L �'� V�� N � �;% 
��?��N M �;&� ,�;�9. ���� &��� % �!L )4( �8 4v�&� F.� .��M�� %�;&�M�� 4)?�O� K�� &� �8  � ��01 4L�L �'� 
V�� N � �; ,�;�9. ���� &��� %V; ,�o  4L�L ,#!`� �#!& )� X( ,#! ! 4L�L 4� ,#! V�� N � )1&�(�  �Sd� 

���) &��% F8�� .�?�Q&�  ,���� �4�40O� &��%  ,���� ! (1&�)4L�L &!$&� ��)�) %4L�L �; ��)� 4� F*
� �8?�-� %
V�� N � �;������G %  ��:-.� &� �8h
Q �  F�� (1&� �Sd� ) Fe X &� I %J �� U�-�� T�O.01/0P<(� 

4� &�+%  4����  � ,���� K�40O� &��%  %J �� 4� ��� ���;&�M�� &�2550  U�-�� T�O. .���� �� � Fe��&� % ?������
 K�	�! = ! %J �� H���-� �� S� ! ��G K�	�! = �Sd� ��)� &�� �-I! .�-8�� ��01 K��  � %4L�L &!$&� %h
Q �  ��)�

 ��)� 4� F*
� %�?�� 4L�LV�� N � �; %40O� &��  �X &� I ����#&� �&�� (1&�) .8 ;��G �!�0-� 2��-� ��4� &�+%  �4�
 F�� F01 K�� �Sd� ~�; 4-0; ��0�� .Fe :� &� I �'���#$ %�;&�M�� #� `�  �&!� �!� ! �!� %�;4L�L �'�  (1&�)

 F�� �Sd� Fe :� &� I �'���#$ %�;&�M��� ���  �&!� H� &� ! ��. 4-0; &� ��0��4L�L �'�  F�� �Sd�  H���-� �� S�
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J �� T�O.) Fe X &� I � �L ��G K�	�! = ! %05/0P< � �L ��G K�	�! = ! %J �� T�O. �� ��g� 4o X� .(4� &�+ 
 H�-
� �Sd� ��)� &�� U�-�� HQ� � &� ����L ��0��  � %4L�L �'�  �&!� H� !4L�L �'� 4-8��  �����  �;��

V; ,��# 4-0; &� ����L ��0�� ����e� z��� � �L ��G K�	�! = ! %J ��  �&!� H� ! ��.4L�L �'� .F.� �8  
  

 F��;4.  S� T�O. U�-�� %J �� ! K�	�! =  � K�:���� ��01 4L�L �'� V�� N � N �&� %�; &���  K. &� ,�;�9. ����42  ��53 �:-0; 
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�� S� ��1�  
FG�. H��I %J �� (� X����  � % ?������) #�.!  

2400 7/61  35/41  01/67  6/72 ab 3/60 b 

2550 8/62  02/42  95/66  0/78 a 3/69 a 

2700 1/62  71/41  2/67  1/69 b 1/60 b 

SEM =��)�)5(  464/0  402/0  338/0  911/1  708/1  
��)� ��M-Q� [O. %&��  251/0  508/0  863/0  010/0  001/0  

(1&�) � �L K�	�! = [O.  
14  1/62  60/41  00/67  4/74  1/64  
16  3/62  8/41  1/67  1/72  3/62  

SEM =��)�)5(  379/0  328/0  276/0  560/1  395/1  
��)� ��M-Q� [O. %&��  768/0  691/0  711/0  294/0  371/0  

�� S� H���-�  
  
  

 %J ��× K�	�! =  

2400 × 14  8/61  30/41  8/66  7/73 b 4/59 c 
2400 × 16  6/61  40/41  22/67  5/71 b 2/61 bc 
2550 × 14  9/62  24/42  20/67  2/82 a 0/72 a 

2550 × 16  7/62  80/41  70/66  9/73 b 6/66 ab 
2700 × 14  7/61  26/41  94/66  4/67 b 0/61 bc 
2700 × 16  5/62  16/42  46/67  7/70 b 2/59 b 

SEM =��)�)5(  656/0  568/0  479/0  70/2  42/2  
��)� ��M-Q� [O. %&��  687/0  505/0  511/0  120/0  352/0  

SEM: K�:���� �&���-.� %�OG �;  

  
 F��;4 .4����  S�) T�O. U�-�� %J �� ! K�	�! =  � K�:���� ��01 4L�L �'� V�� N � N �&�  K. &� ,�;�9. ���� &��� %�;42  ��53 (�:-0; 

)���*  
�;(;  �)�K),A?*  Q��

�P=� (�O),) )�,  

 F�� �5P8  �P�*

(�O),) 

 H�, �5P8  �P�*

(�O),) 

 �5P8  �P�*

(�O),) H(� 

 #)�, V6  �P�*

(�O),) 

�� S� ��1�  
FG�. H��I %J ��  #�.!

(� X����  � % ?������)  

2400  2/83  8/5  6/1  9/4  3/12  
2550  9/88  1/3  5/1  2/4  7/8  
2700  3/87  9/3  9/0  2/4  0/9  

SEM =��)�)5(  711/1  906/0  592/0  818/0  347/1  
��)� ��M-Q� [O. %&��  073/0  114/0  641/0  814/0  138/0  

(1&�) � �L K�	�! = [O.  
14  3/86  5/4  3/1  5/4  3/10  
16  6/86  0/4  4/1  3/4  7/9  

SEM =��)�)5(  397/1  906/0  484/0  668/0  100/1  
��)� ��M-Q� [O. %&��  891/0  633/0  885/0  861/0  719/0  

�� S� H���-�  
  
  

 %J ��× K�	�! =  

2400 × 14  8/80  8/5  7/2  9/5ab 3/14a 

2400 × 16  7/85  8/5  6/0  9/3bc 2/10bc 

2550 × 14  6/87  0/4  8/0  4/5bc 2/10bc 

2550 × 16  2/90  1/2  1/2  0/3bc 3/7c 

2700 × 14  6/90  7/3  3/0  3/2c 4/6c 

2700 × 16  9/83  0/4  4/1  1/6ab 6/11bc 

SEM =��)�)5(  42/2  28/1  84/0  16/1  91/1  
��)� ��M-Q� [O. %&��  058/0  114/0  099/0  022/0  047/0  

SEMK�:���� �&���-.� %�OG : �;  
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) ��M)� %J �� [O. � P�Q ����#$ &�2550 ) f�� %J �� [O. �� 4
���� &� (� X���� &� % ?������2700 
 ! %&!&�� ����e� z��� (� X���� &� % ?������4L�L &!$&�) ��)?�O� �G � 2��-� �� 4� �8 %�vq7�&q� �0.��  !

 �,�&�7M;1395 K�� .�&�� F���O� (�;!<= ,� X ) %J �� T�O. �� S� �.& � &�2540  !2750  (� X���� &� % ?������
��w� �?�� ��01 ! � 7�M�  �N M �;1&� 4� �� � "&��X �?�� �&!� �+ K�&$ &��� % 4L�L %&!$&�  #�V�� N � %�; 

4� �8�?��  4��.!N � %�; 4�Wg� �8  ��� �L %�; [O. �� J ��% &� ��M)� 4
���� �� ,$ ���; � �L 4� �� J ��%  K���=
Fe��&� �����M V�  � ���. �;�� [O. J ��% � �L h*. ����e� &!&��% ! ����e� ��)� 4L�L %�; �?�� `� 4L&�% 

 K�� .8�;!<= ,� X 1&� 4� ���M� ���� 4L�L %&!$&� �;�� �� J �� [O.% ��*/� Fe�� ,$ F�� ! 4� ����e� h*. 
[O. &!&��% ���� �-Q ! 1&� 4L�L &!$%  #�V�� N � �; &!&�� %J �� [O. 4� �;! X &� V;% K���= % � �& Fe��&� 
�� �  ��������  � .���  

�.& � &� 2��-�  S� 4L�L 1&�  � K�	�! = U�-�� T�O. ,�'� %&!$&� ���� K� �f�� 4� ! K���= K� �  1&�
4L�L 4� %&!$&� h�� � 4� � �L  %!�Q %�;5/17  !10 1&� K�	�! = t�)�  ! ����� ���
Q) F8�� �&�-� 81392 .(

�;!<= #� �;! X ,� X )Lopez & Leeson, 1995,�'� ( ���� T�O. 4� U�-�� K�	�! = ��G ) � �L14 �16 �
18  !20  � (1&� 4L�L F����I  �Sd� %&!$&� ��)� %&��  �;! X .�&�� F���O�  P�Q ����#$ 2��-� �� 4� �-8��

�;!<= #� ,� X )Van Emous et al., 2018&��X (  � % �Sd� � �L ��G K�	�! = U�-�� T�O. 4� �� � "
4L�L �%&!&�� V�� ����L ��0�� ! %&!$&� N � 4L�L �&!� &� �-8�X &��� %�; V; .F8�� �'�  `� &� �K��o

) 4)?�O�Pearson & Herron, 1982"&��X ( �� � N � 4� 4�Wg� %�; �8 �� f�� K�	�! = 4� �<�! ��:�; a b� 
� �L �� %J �� 4L�L 1&� �;�� �K���= �& %&!$&� ,�'� �� �;� 4� K�� V/� �8�� ����e� #� 1&� ��0�� ����L 

&� 4-0; 4L�L �!� ����e� ! �'� V�� ��)� N � %�; &� n��)� 4L�L %�/-�� F.� �'�. ,$ &�/�� �; �-8�� 4� 
��0�� K��L &� K�� xf�M-Q� K. 4� H�?� ��*M� ���� %Wg� &� V�� �N  4� �F.� %��� 4� T�O. %f�� K�	�! = ��G 

��� K�� ��*M� (0� � �& � 7�. T�O. K�	�! = %f�� � �L &� ��G #��� %��)� 4� #� K���-�! �; ����  K���-�!B12 �& 
f�� �� �� � K�	�! = � �# ���# z��� h� �� K�� K���-�! &� V�� N � �8 &� ! 4Z�-�  � �&I 4L�L %&!$&�  �Sd� 
�� ) �&�WXPatel & McCinnis, 1977� �L &� � P�Q ����#$ &� .( 4� 4� ���; V; &�+  &� K�	�! = ! %J �� �,��#

K���= �� K� �f�� ���� [O. K� � ���Z�$#� .F.� ����  �f�� �&!� H� ��0�� ! ��. 4-0; ��0�� �� 4�  �!Q70 
��*�� � 1&� ,� �4L�L h
Q � ���� �`'G #�  =K�	�! H�7'� ��G �F.� �8 ��� K�	�! = �M/� &� 4).�� 

! ����L ?�� 4L�L V?�. .�&��  

  

5- %>���  
��$  

4� ���&�+ �� 4L�� 4� 2��-� H1�Q #� K�� �;!<= 4�  R� �� .& � �L ���WY %!�Q 2550 % ?������ %J �� H��I 
FG�. #�.! ! 14 1&� K�	�! = ��G F/L N M/�Wg�  ���� &��� %�;&� ,�;�9. �+ �&!� V�� %&�WX h.��� 

8��.   
  

6 - *���"-@ � ��4�  

 #�%&�7M; %�;  � -�� ,���&�� ! ,� �� ��#&�"�� � Tq1� ��<�   �w7� !N � ���� ,�;�9."  !" N � ��!�)� F� 8
V�� ,���� ��  S�� &��� ! &�WX"�� ����&I !  7'� � .�� X  
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7 - B9�3� C"�D�  

~�;  (e��� �&�)� 4��Xr.�� ,�X�
��� �;!<= .�&�� ��L!  
  

8- B��3�  

����� ���
Q ��P ���i F� 8 ! &�� �4�M. )1392( . F����I  � ��G K�	�! = U�-�� T�O. �� S� ����#&�4L�L &!$&� �%
�.�= ! 4L�L ,#! ,�.� G ���� ,�Y � ��M�� %�; .���� ���?�� ��������01 ���. �&�M8 ��!� ��. . 448-39. 

��).�*� �% b�I )1376( .T�O. U�-�� %J �� ! K�	�! = ! �� S� ,$  � ,��� V�� %&�WX ,�Y � &��� ���� ,�-.� ,�/01� .
"&��X ���/� T + �������� :�� � ������� %#&!�'� ! (���� �)�*+ ,�/01�. 

�% b�I ��).�*�� ,��0�0�i��� � ��P&&�= i���L  0��/L�  ! iK
Q��8 ,����;K�
Q � )1387( . S� ���0-.� #� "!& %�; U�-�� 
4�Wg� 4�Q � %�  � � 7�M� ! ��01 �0�� V�� N � N �&� %�; ���� ,�/01� .4�Z� �;!<= ! �X�#�.� 78� 73 -65. 

�% b�I i��).�*� ! ,���XV.��?���� � )1375( .�� S� T�O. U�-�� %J �� ! K�	�! = � �L �&!� "&! =  � � 7�M� 
N � �;% ���� &� �+ �&!� V�� &�WX% .4�Z� ���� %#&!�'� ,� ��� 27 )2(� 29-35. 

�vq7�&q� �0.��� iV���  ����
Qi4?�*� �.  ���1� �O���i&��#�� ��vq7�&q� �0.�� ! iK�
Q %��M�� &�= ��� � 
)1395�� S� .( [O. %J �� ! K����-�  � � 7�M� ! ��01 ��w��?�� N � %�; &��� �-8�X K�&$ �+ �&!�  .�?��

�;!<= ���� ���?�� %�; .7 )13( �15-9.  
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