
�

���� ����	 �
� ����� �����)��� (���� �	 ���� ����� ��

 ��!"� #	 $%&

'�()

 ���� �����	�
 ��� 
 � �� ���� �� �����) �� (������ ������� � �� 
� �  �!"�� � #����� $  �%&

'�($  � ) �*�+
 �*� ,   � -*�� ./�� 	0	   �1(� � �2�' #$ �� -$ � ��3
���4  .� �6� � �� 
7����  �%� �%� ���

   ��� 
� ���  ����,                 � 
%�� �%���8 �%�� -*�%� ,���2&� #	9��: -*�� , ���� ;�� -*�� ./�� 

 �$� ��:
    ��� 
�  ���� �� .  �6� <	!�7 =$�� �� ����   >�%+4 �%��� �� ?��� ����� ��)  
&"%AB�

 �* ����     �� ����8 ��� -*�� � 
 (         �+��� 
9���/ �6� � #(�4 ��: 
C�� ��� �� D:��  �  ���%� #/�C

       �� ��	4 ?����� ?��� ����� E�1	� �� �� .  �� ���$���' �	9�  D: F+G ��         E�"%C� �  �%H3� D%$� >�%+4

E�"C�I) ,#��*�� ,J�4��E������C � ?�H	C ,� (#(�4 >�K�� .  LM%C �%2N � ���� #/�C :PQ,RQ,

SQ � m/sTQ�� �"(�4 �U� � .

     ��� E��� ���' F$�"�             �%� �� ?��� ����� �� ��  ���� D: � ���� #/�C �6� ��)   �*�%� 
&"%AB�  � 

   �� ����8 ��� -*��
 (           �� ����  �H/� #/�C -$�1(� �� � #C� �� 
+3�PQ   �%�TQ     ,�%	��6 �%� �%"�   E�1%	� 

  	� >�+4�� �� ?��� ����� 1#C� �"(�$ -$�1(� ) VW/YV  &"%A�� �%�� 
 � ZY/W[    �%���8 -*�%� �%�� 

��
( .+\H*	        � #%��*�� >�+4 D: �� �� ?�*��� =	 �"%�$ %C�A] =	   &"%A�� �%�� ^�%�I �� #
  �*�%� 

)WV/WZ ��� (,  � E��� D: 	�"�$C�A] =	    %�� �%���8 �%�� -*�%� ^��I �� #
) _S/PT �%��  (�  D%: 

���C� � 	1 � 	��"$= C�A] 	  #          �*�%� �%� ?��� ����� `� ^��I ��)     &"%A�� �%�� a�%HK�
    -*�%� � 

�8 ����� ���
(���� �6� � � �� #bA� $ � >�:� �&� ?��� E��� ��c ��#C.

 �+,  �- '.	/: �����(	1$�
 , �� ����8 ��� -*�� 
,���� ,>�+4 

 ���1�

 �� �� ������ ������ �� 
HU/� -d�

� E����( #H]� � �e��� ,�+$1* f�� =	+\H*

 `$�� �� ��� 
� �	I�7 #A$� g	�� �� ��(

,f��� �9]�� �7 �	I�7  hc � ��3"� �9H8 ��

 �� �/1� ��  �!"�� , ���� #����� �9]�� �

�b��� `$�b7 `�� �� �b�� �� �� ��'�( �

 �� 
� =	� �� ,f��� E��� � #$�2� � i$��

���4 
� . � ������ ������ ��3$�� E�1	�

 � 
�h� ��Ac ./�� � #C��� �� ���


� #B9H����  . ��3$�� -*�� ���� ;h7

 �	I�7 -	I1(� ���� ;h7 �� ������ ������

#C� �7 �+$1* D� � �"H2� ������ . =	"Ad�

 ,��3$�� `j3�  �"+� � 
$� �$� ���� >�4

 k�� �+7�b/ �� #C� E' l9"d� ��3�� #c�+�

 ���� ?��� � `�� ,��3$�� �� ��4 �	6�7 `���/

�� #3	b� � a�� ,��3$���2�' E�1	� � ��3$ . ��

mnE�"C�I ?�&���� 
H9/ #o	* �j/



�

� ��!	!�7 �$�� ��� =$� � ��* 
C��

��	4 >�K�� 
��d7� �$1K7 ��� �2�' F$�"� �

��	4 ��: 
H9/ `	9�7��	4 ?�2� �� E��"� �7 ��

� L	�� ,
3:�� ��/h�� ��$��� �� #bA� ,<	:�

� ��� ��	G #c�+� `B�� ������ E'  �"+� ����

��H� �1$ .

3$�� =	�� ,������ ���p��� ��3"� ��

 �� 
��� ��3$�� 
/�� ������ ����c

�� 
B	��B� ��*�+$��( ?�H/ -d� �* ���� ��

 � #����� 
�  ���� 
9� ��3$�� �� ��

 
� `	B�7 �  ���� #����� �� qG ��'�(

�*� .��� 
B	��B� ���Ac � ��3$�� ���� ��

$1	( �3$�� a�� �* �� #C� =BH� ������ 
B

 ���� �� 
��� ���Ac ��� �$' ��8�� 
B	��B� �

��#C�2�' =$�"$�8  ���� ���� �� �B$�M�

 ��*�+$'�( 
� � ?��� ��3$��� �����

 ���� �� ���� �6� � l9"d�)�� ( ������

 
�  ���� �� ���$� E�1	� ="( �* ./��

���]_ .[

� ����� Drh/ cA���� �� ?��� ����*�6��

 ����� ��� �� #C� =BH� ����' �B�

)��*�s (E�2� ����� �)
9c�� (���� . �����

'� �� #C� ���� �� �B� � `��: 
"]�� #$

���� E��c t�7 � 
&"AB� �	U� ����)�� .(

 #$� `��: �� #C� 
7��Ac `��� E�2� �����

f�B� ,
9c�� ��* t�7 ��K$� �	U� �+"A	� ��*

��� � 
G�BC��B	�=	+8 �� ?��� �� . a�HK�

 -*�� , ���� ;�� -*�� ./�� ����� =$�

 ����8 �� � -*�� �  ���� ���2&� #	9��:

��� 
�  ���� �� 
�$� ��: � 
��.

�u =	��7 ^��I �� �� 
7����� �� 
B$ ��� ��

?v$� #	H*� �� ��� ��	�,#C� ���c�� ��

 ����#C� >�+4  .�� ��� ���	I�C ��	� =$� 

 ���]  ����PR���� 
� =7 E�	9	�  . >�+4 ��

 ���� ��*��	� #�7 l9"d� ��* �+$'�( 
� �

�9H8 �� ��	4 
� ��: :�� 
��� ���� �]��

 
��� ���� ,#��� ��2+	��� � �� w�d"��

 � w�� =��c �$ =$�bH� ?�+��� �]����

 ��* #HA:�� 
��� ���� ,#����� ��2+	���

7 ��2+	��� t��"� x+	7�C� ?�++� 1	H

 �*�9	C � ����  �!"�� ��* #HA: =	+\H*�

�*�b���. =$� 
� � �� ���� ��*��	� ��8� 


4�$� ���� ./�� #C� =BH� �*�+$'�( ��

���4  ���� . >�&+* >�+4 ���� �B+$� �� �8�7 ��

� #����� ���� #����� �� qG ��*�+$'�( �&$�

��� ���$� #	C�A] ,#C� =	$�G #� ����� 

��I ,��� ���� � 
��:� �$ D: E��"� �4�

 ���� �� ��"H� #	C�A] �� ��H� 
$�C�+�

 #28 
bC�+� `] ?� �� E��7 
� ,�+��� �"���

�� ���� �� 
��� ������� ��	4�98 >�+4 ��

� =	+\H*�  ���� ��3$�� -*�� �K	"� �

�	I�7 �+$1* -*��#(�$ #C� E'.

 ���] �3I�M� �� f�* ��* D: �� #A7

D$� >�+4 l9"d�)����  �H3� ( �

 =		37 =	+\H* � ���� �� 
��� ����������

 �� �� #C� ���� ����� � �* D: =$� #	C�A]

 ��c �� �� 
��:� �$ D: E��7 
� E' �� ?��0"C�

 ��"�	� #���!� ���� �� 
��� ����� ����� �

 �F$��7 � 
(�3� ,
$�C�+� �+*� 
� E��� ��H� 

 � �	I�7 �+$1* E��7 
� E' �� ?��0"C� �� �K	"� ��

 �98  ���� ��3$�� �� =	+\H*� ��� -*��

��H� ��	4.



�

�����2���� 

 �� 
��� 
B	��B� ���Ac � ���� �6� ��� �

�� E' ��3I�M� ������ ������ ���� ��

��� �+N �� ����� � �� #C� ?�� >�K�� ���$�

�� ?��� �2�'D	+� 
�.

* � ��G � ) Perry Hall, 1959( �� �+"(�$� ,

            � ���%] �%8� ,�%��� #%��� ,���%� #/�C

     ��� 
B	��B� ����� �� ���� ?�����      �%6� �%	��I �%�

���� ��� 
+3�.

yA7��� E��BH* )Bartesch et al, 1986 ( ,

        ����  �H/� #/�C � ���� 
"��� ���"�� ���6�

   �� 
B	��B� ����� ��   �$�%C  �  �%���� �%3I�M� .

       =	%	37 ;� �� ����%� E�1%	� 
��$�� ���� �2�'

          �*�%� 
%�� ����8 ��� =		37 � 
�$� ��:

 ����� ?��0"C� .        �9%��] ��%* ?��� `	9�7 � �$1K7

     #%��� �� ��*�H	7��   �%�� #%�* �   #/�%C

 ���%%�m/sP_��� E�%%�� � 
%%�$� ��%%: �%%�

�%%��  ���%%�� �%%� z%%	7�7 �%%� 
%%�� �%%���8?R_Q

��]��R_��� "(�$ -*�� #C� �.

%%����qE��%%BH* � )Evans et al,1990 (,

         �%2N � ,���� #/�C � 
"��� ���"�� ���6�

 LM%%%CPQ ,RQ ,SQ� m/s TQ ���%%%		{7 �%%%� � 

          �%� 
B	��%B� ����� E�1	� � 
�� ����8 ���

  ����� �3I�M� �$�C .         -$�1%(� �%� �%� �%+"(�$� �2�'

   ��� ��� ���� #/�C      � -$�1(� ?�� ��c ��* �

   E�1	� �� 
�� ����8 ���TQ��� (�$ -*��   �%"

#C�.

 E��BH* � x��7)Tang et al, 1991 ( ,

 �� � J�/ l9"d� ��* �"$�� ���� #	C�A]

 � ?��� ��: �3I�M� ��� ���� �� 
��� 
&"AB�

 E�1	� ,E�AB$ #��� � �� ��� ?��� ;�14

 �* �"$�� �H* ���� 
&"AB�   ���] �8� �

cR_ ���� ���� �� #C� 
"I�] �� �"�	� �	A�  % 

 �*RR E�1	� �� 
��&+* � ���� ���&	"��C �8� 

 �� �"H� #���PQ ���] �8� ,#C� ���

 � ���� �* ���� 
&"AB� E�1	� �� ��6� =	$�G

�1(� ��$� ���� #/�C -	&"A�� E�1
 D: ���� 

�*��1(� l9"d� $� -
$���.

�� E��BH* � J�	4) Borgious et al, 1999( ,

 � ���� #/�C -$�1(� �� �� ��� ?��� ;�14

 ��  >�+4 E�	���P_ �� S_ ��: ,�	��6 �� �"� 

���$ 
� -*�� ��$�� >�+4 ��* �� 
�� ����8.

�/� / �	3��"

��$ �*�"���G |�� =�  ����� ��b/  �3I�M� ��� 

 C�� ��
         %: �  ���%�  #/�C        �%�   �%��� D

�� � 	      >�%+4 �� �� ?��� ����� E�1)� %$D ( �

 ���� �6�.     ��8  )P( ,   {"�  		�*��     �%3I�M� ��%� 

� E��� �
�*� .

  ��8)P .({"�	�*���3I�M� ��� .

  ���� D:)>�+4(  ���� #/�C)m/s(

J�4��

#��*��

E���

C	?�H

���C�

m}

W}

Z}

Y}



�

       ( -$�%��' �%� ��%�$���' �	9�     z%I�: � `%$�"��

|��h���    #/�C �H	7 �� �� 
(���7  ���%� )T

LMC( �     D%:    >�%+4 ��%*)_ LM%C (�  � �%C

   >�K�� ��B7#(�4.    �H	7 �* ����PQQ ��%/  �%�

   �� -$���' � w�d"��.       �%2N � ���%� #/�%C

LMC  :=	$�G #/�C ~$ m/s PQ,   #/�%C ~%$

gC�"�m/s RQ,   ���%� #/�%C ~%$ m/sSQ � 

 �C ~$      ���%� �"b%A� #/m/sTQ     �%"(�4 �%U� � 

��.

  �� ���$���' �	9�       �H3� D$� >�+4 D: F+G ��

  E�"%C�I E�"%C� �)   ,#%��*�� ,J�%4�� E��%� ,

   � ?�H	C���C� (  >�K��#(�4.     ��%� ��%* �%���

     � l9"d� ��* D: �� ��	�  �    LMC �� 
"C� ���

    #����� � ��' iH8 �/1� �� )     `%	I� =%$� ��

  ��*�� ������ w�d"�� -$���' ���� DI�C(qG

  �' iH8 ���         ��%� �%� l9"d� ��* �"$�� �� 

~$ ?��     E�AB$ 
M	�� g$��� � )����#���(

��:  �+"(�4�� �7  %�   ��%� E�%AB$ �%2�' #  .� %$ ��

�	   � �� #��� E�1� � 	    #%C� �6�� ����� E�1 .

   ���' >�K�� �� `b:$   4 ?����� �*�� #��� ���	��

��.   #���          ?��0"%C� �%� � �7 �$�G J�C� �� �*��

����"%%%%%%%C� � ?�%%%%%%%� E�%%%%%%%	� ;� �� �

)S352.2(ASAE     ���] �8� � ,PSQ �8�

     ��� �� � ���&	"��CP�     �� ?��0"%C� �%� #/�C E�'

��' #C��.+\H*	=
�� ����8 ��� I�� 	� �*�� 

� � =		37 ���4 ^��I �*�� �H	7 E��+/$�.

`B� )P(,7�H� 	���� ?�&"C� ��� ?��0"C� �

C��
� �� ���� �6� �� 	 �� ?��� ����� E�1

�* ��E' ?�+*� `	B�7 ��* #HA: �  E��� �


��*�.� $ =/���� ����� ?�&"C�
 gC�7 �� #C� 

!!��	8�c =
 �"(�4 ��: ?��0"C� ��� 

#C�]Z[.E�H* � E��� `�� �� ��
 �*�

�* #HA: `��� ?�&"C��� $#C� � .$ ?�&"C� �

��7��"�I� $�
,$ �7�+$�,�$ � ��� ��0�

�� ?��H*��/ �� 
"�&�� E� ���� � $ � `$

�� ?����2&�.

�7���"�I� $�
���  ~$ ,?�&"C� � ?��0"C�

�7���"�I� $�
��( ~7 �� ��:_/Q�d� zC� ,

#��� #c�C#C� 1$�b7 Ee�7��  .�� `b:�7�� ,

7�+$� ?�&"C� ~$#C� �"(�4 ��: �� ��  � ���

#C� ?�� `�� E' �� ��C .7�+$� �0	s�  �"+� �

#C� �7�� �� .� ����7 
� ��  �"+� � ���

� ~	7���7�� ��	4 >�K�� ?�� �1$ ������� �$ �

� 
"C� ���
"C� ��*  �"+� �� ?��0"C� ��

4 ���	�� .��� ���"�� ��7�� , ��� ~$

~$ E' �� �� �� #C� ?�� x+	9G�� ��0� 

��� �M: ��TQ #C� �"(�4 ��: �"H	"��C

�c�N 
� E' �� ?��H* �� .�� �� ��� ��0� ��

 �� �� �19( 
"�&�� ��/RQ ��+2G ��� �"H	"��C

� �"H	"��C F+G �� D* `��!� ��� ���"�� ~$ �

� ,#C� �"(�4 ��: ���� E��� >�&+* ��

�� ?�$�� ~$ �* 
"�&�� t�� ,��0� �M: 

�Q� �"H	"��C�+� 
� 
� . � ��0� �$� �

� �* 
"�&��� � `$ ~$ ,��� �� ����� ���

�� �� #C� �"(�4 ��: E' ��P_��/ �I�I

�� �� #C� �"(�4 ��: �$�G f�M3�� 
B	"C�

� ���	4 
���: �* ���� �2�' ��  �H/� ����

 
� #$��* E� ���� ��* 
"�&�� f�� �� ����

����.

C� ��� =$� �� ?�&"C� �� ;� �� ��"�� �� #

7�+$� �� ?��0"C��� � �U� ��� ?����� � �7��

 �� �* 
"�&�� E��� #/�C �7 ��� 
� D	U+7

�U� ��� 
Mc #/�C�C��. �� qG' ���37 �B�

�* 
"�&�� ��)��� (,�	C�U� ��� ?����� ��



�

����' ��� ��*�� ,
B	"C� ��* �I�I ��-$�

� ��� ��$ ?��"A��:� ���	4 
�� q�C �

� `$ #C� �9	C� ��98 f��)�* 
"�&��( , ��

 #/�C$ #c��+��*�� �7 ��� 
� ?��� #��]

��: �* 
"�&�� `��!� �� ���	4 ��� #/�C ��

�U����	4 ��: ���� #�7)  �� �*$ ���� �� �

�
� 	�+( .����  �H/� �� qG,�*��  ��  `c��

A	�� w�7�G ?�&"C� �98 � 
B	"ChG �� � iH8

���� 
� ��' . E�1	� �*�� ��' iH8 �� qG


� ��	4 ?����� �2�' 
4�$� ������� .

          
%�� ���� `H/ ?�&"C� #c�C � 
]��� �� qG

�*�� #(�4 ��� .  � �%H	7 �* 
�� ���� ����

  ,��B7PQQ        #%�7 ?�&"%C� �%� � w�d"�� �� ��/ 

    #(�4 ��: ����          �%H	7 �%* 
%�� ���� �� qG �

          �%� ��%	4 ?���%�� �*�� �� ?��� ����� E�1	� .

          � ��*�%s ����� ��� �� ��  ����� E�1	�

        �%� �%"(�4 �%U� � 
��2� ����� .    ?���%�� ���%�

     ��*�%s ����� ��	4 )      �%* �%���  
&"%AB�  � 

    ���� ="����� t�7 �*  (     �� ?��0"C� 
$�+	� q] ��

      �%$� �%] � �� ��� =$� ��    ��%* �%��� D%�N

%%� �%%2�' E�� � ��%%8 �%%��� ?��%%7 �� ?�%%$� ���%%� �

   E�� �� ���� ���I�� 	����H� E�	� %� 
  �%� 

           �%* �%��� ��*�s 
4�$� ���� ��� �K	"� � �

�d��  %� 
 �%$��4 .       E�1%	� ��%	4 ?���%�� ���%�

            ��%	4 ?���%�� -$�%��' �� �*�%�  
��2� �����

         %� DI�C ��*�� � �� ?��0"C� 
�� ����8 ��� �

        
%H� ?�%$� �%2�' �� �� ��*�s ���� ���4 y	*

              � �%+"(�4 ��%: 
%�� �%���8 -$�%��' #%�7 ��

       �%	I�� 
�� ����8 ��� �� �2�' 
�� ����8 ��� )

�*�%%� �%%H	7 ( �%%� �%%A$�!� .  E�1%%	� �%%K	"� � �

    �%� �d%�� 
�� ����8 ��� -*��.  -$�%��' 

  ��%%�� � 
%%�� �%%���8RQ���&	"��%%C �%%8�  �

 � �7�+	�e#(�4 >�K�� �� #�* ��� ��.

1
2

3

4

5

`B�)P.(?��0"C� ���  ?�&"C� ~	7�H���� ��� ���� 
�*��  :Pn�7�+$� Rn�7��Sn ��� ��0� TnE� ���� 
"�&��_n`$

�� ?����2&�.



�

45� / 6��7�

89�-�
� �� '��	/ ����� ����� 

  ��8 )R(,���c  	�* D: �� ����+4 l9"d�  >)�$D (�� ���� >�K�� �� `b:
.

 D: >��)>�+4( #���)���(�� ����8
I�� 	 �)���(

J�4��

#��*��

E���

C	?�H

���C�

R�/�

P_/�

�_/�

RQ/�

Q�/�

��/��

�S/��

T�/��

�S/��

�Q/��

   ��8)R(, ���c 	  �%* D%: �� ���  l%9"d� 

  >�+4)�$D ( %�� ���� >�K�� �� `b:
  %� E�%�� � 


�*� .

   4 ?����� �� qG	��  ���%c ,    %�� ���%� 
   �*�%� 

 �� >�K�� .      ����� E�1	� ,�*�� 
�� ���� �� qG

   �� ��	4 ?����� ?��� .     �� �*�� �� ?��� �����

     ��*�s ����� ��� ��)  
B	��%B� �����( ,

 � �*�%%� 
&"%%AB� �%	U� � �%%2�' ="%%����� t�%7

   
��2� �����)       
%�� �%���8 �%�� -*�%�( � ,

"(�4�U� � �   �%� �b%C���� �%6�    l%9"d� `%���/

      ��  ���� D: � ���� #/�C k�+���  E�1	� ��

   �%� 
C�� ,�����.     � 1	I�%�' �� q%G  � �%$1K7

         �d%�� q��$�� �$1K7  ��8 �� �* ?��� `	9�7

  ��         �%�   �%��� D: � ���� #/�C�6� �� ��

       ��� ~$ LMC � �*�� �� ?��� ����� E�1	�

#C� �� 
+3� .

 ��8)S(         � ���%� �6� � �*�� 
&"AB� E�1	� ,

             E�%�� � E' �%�  �%��� D: � ���� #/�C �6�

 �*� 
� . � � %$          #/�%C �%2N �%* � , ��%8 =

  �%* D: ,�����   � J�%C� �%� >�%+4  %	  �%�� E�1

&"A��
  %C�A] � 	 �*�%� #�   #/�%C � �%2�' 

�"H� �� ������$� �� =	�"�$��� ?�� z7�� ,=.

   #/�C �m/sm},  �!� � $       �%* #/�%C �%� �%A�

�$ �"H� �&$ &"A�� =
     #%C� ?��� ) �*��  . �

�$  �"H� #/�C =$ � =	 &"A�� E�1
   ����� �*�� 

    J�4�� D: ��)}�/}  �%��  ( � �	 �"%�$ � = %	 E�1

    D: �� �����#��*��) }W/m ���  (  #C� ?���

  �* D: �� � $   � ?����� � �&	 � =$    ��: D: �� =

  �%�� �"(�4 . � � %$      %� fh"%c� #/�%C =	 � = %	 E�1

&"A��
      �%* D%: �%� �  � l%9"d�  %$  -]�%( ��

�	� #%%A%%$%%� fh"%%c� ��	 �p���%%] �%%� D%%: �� =

&"A�� `:��]�
 g!( �W/}#C� ���  .

 #/�%%C �m/sW}� ,%%	&"%%A�� E�1
 � �*�%%� 

�!�$     #/�%C �� �Am/sm} � ,	   #%C� �"%� . � � %$ =

 � #/�C	  1�"H�$ � =	 &"A�� E�1
    ��%��� �*�� 

    J�4�� D: ��)mW/W  �%��  ( � �	 �"%�$ � = %	 E�1

    D: �� ��������C�) }}/V ���  (  #%C� ?��� .

 � �$  � #/�C =	 %� fh"c� 1	� = %	 &"%A�� E�1




�

  �* D: ���   � l%9"d�  %$   � J�%A�� ��	   � #%A

 � fh"c�	           �%�� `:��%]� �p���%] �%� D: �� =

&"A��
 �*�� [�/W#C� .

 #/�%%C �m/sZ},    E�1%%	� �%%B+$� �%%� ?�h%%/ 

      d� ��%* D%: �� 
&"AB�       �� �%� #b%A� l%9"

#%%C� �"%%�	� `%%b: #/�%%C� =	%%� fh"%%c� ,%%	 E�1

         �7 E�$�H� � �"�	� l9"d� ��* D: �� 
&"AB�

#%%C�  . %%C D%%: ,#/�%%C =%%$� �	�%%"H� ?�H$ =

C�A]	          >�:� �� #bA� ���� ����� � ��c �� � #

�$  � � #C� ?��� E��� �&	 &"%A�� E�1
 �*�%� �

  E'PS/RS    � #C� ?��� ��� �	�"�$  %C�A] =	#

 � �$        � �"%��� #%��*�� D: � #/�C =� %	 E�1

&"A��
 �*�� � E' QS/S�   #%C� ?��%� �%��  .

�	 &"A�� E�1
 �*�� �  C D: 	    D: �� #bA� ?�H

  #��*���/PR      #%C� ?��%� �"H� ���  .   �� �%3�

 C D:	  �* D: ,?�H�      ���%C � E��%� ,J�4�� �

 7�7 ��	 C�A] z	 �"H� #�     �!� � � �"��� � $  �%A

  �*�� D: �� 7�7 �%� #� %	 z_�/� ,�_/R �  �P/Q

C�A] ���	�"H� #���� �"��� .

   #/�C �m/sY}        
%� #/�%C =$�7 
����� �� ,

�%%* D%%: �%%H* ,�%%����� >�%%+4 	�"%%�$ �%%�� =

&"A��
             � �%��� `%b: #/�%C �%C �� #bA� � 

%%� fh"%%c�	� =%%	&"%%A�� E�1
�%%* D%%: �%%� �

 A� l9"d�	  #C� J�A�� � . � �$  � #/�C = %	 1

7�7	 �A] zC	      �%* D%: �%� #�     �%+��� l%9"d� 

  #/�Cm/sZ}  E�H*� #C�      ?�%� `��] z	7�7 

     C D: E' � � #C�	 �"H� ?�H$  =)��/ZZ ���  (

   � #��*�� D: �	�"�$  =)Z�/Vm ���  (  �%��

&"A��
    ��� �"��� � �*��  .�A]$    �%* D%: #�

%%C	?�H,J�%%4�� ,���%%C � E��%%� �7�7 �%%� %%	 z

�P/P�,�Q/�,�Q/T   � TP/Q  H� ���      D%: �� �%"

#C� ?��� #��*��.

    ��8 �)T(    �� ����8 ��� -*�� ,
    D%: �� 

�*�     �* #/�C � >�+4 l9"d� �    ,���� l9"d� 

�	  #C� ?�� E� .� � $  �  ��8 =	  �* D: 1�   >�%+4 

  � J�C� ��	     %�� ����8 ��� -*�� E�1
    � �%2�' 

 �* #/�C�   �"H� �� l9"d� $  � �� =	�"�$=, z7�� 

��� ?��.

    �� �8�7 �� �* ?���� � $ �  ��8 = %	  %� ?�*�%�� 1


   �1(� �� �� ���$  ���� #/�C -,    %��� ���%� 
  �� 

      %�� �%���8 �%�� -*��
    �%* D%: �  l%9"d� ,

�1(�$  -$       � � l9"d� >�:� -+��� ��� #C� �"(�$ =

#C� ?��� ���0"� ��� .

 #/�%%C �m/sm},�%%"H� $ �%%�� � -*�%%� =

 %%�� �%%���8
  E��%%� D%%: � )�_/P�%%��  ( �

�	�"�$=     ���%C D%: � �) �Q/�  �%��  (  �"%���

#C� .   #/�C �m/sW}, �  %	     �%�� -*�%� E�1

 �� ����8
   �!� � �*�� $       #/�%C �%� �%Am/sm},

�	     �"H� E' � � ?��� �"�$      �%���8 �%�� -*�� =

��
     J�4�� D: � )T�/S ���  (   #/�C �+��� �

m/s m},� ��%%� 	�"%%�$���%%C D%%: � -*�%%� =�

)�P/����  (#C� �"���.

 #/�%%C �m/sZ},� %%	%%�� �%%���8 �%%�� 1
 �%%� 

�1(�$  ���� #/�C -,   -*�� $  #%C� �"(� .� � %$ =

   � �p�� �] #/�C %	        �%���8 �%�� � -*�%� E�1

��
   C D: � 	  ?�H)�Q/P� ���  (      � `%:� �%] �

   J�4�� D:R�/PR ���  (      fh"%c� � �%�� �"���

�$ �� =��/_#C� ��� .



�

 ��8)S( .AB� E�1	��*�� 
&"�E' ��  ���� D: � ���� #/�C �6� � ���� �6�.

 ���� #/�C)m/s( D:>�+4
&"AB� �*�� (%)

PQ

J�4��

E���

���C�

C	?�H

#��*��

*)PR/Q (Q�/Q

)P�/Q (PP/Q

)RP/Q (P_/Q

)_S/Q (_P/Q

)�Q/Q (QR/P

RQ

J�4��

C	?�H

#��*��

E���

���C�

)Q�/P (PR/R

)_S/Q (SP/R

)Q_/T (_�/T

)_T/P (�P/T

)R�/Q (QQ/_

SQ

C	?�H

J�4��

E���

���C�

#��*��

)TS/P (PS/RS

)T�/T (TT/R�

)SQ/PR(P�/SS

)��/T (T�/S_

)��/R (QS/S�

:;

C	?�H

J�4��

E���

���C�

#��*��

)_S/� (��/SS

)��/T (��/TT

)S_/� (��/T�

)�R/_ (��/_Q

)TR/PQ(S�/_P

 * ���/�3� f����� 1"���G `c��	� E��� � �
�+*� .



	

  ��8 )T .(�� ����8 ��� -*��
E' ��  ���� D: � ���� #/�C �6� � ���� �6� � �*�� .

 ���� #/�C

)m/s(
 D:>�+4�� ����8 -*��
(%) 

PQ

E���

C	?�H

J�4��

#��*��

���C�

*)�R/Q (�_/P

)R�/Q (Q�/R

)Q_/R (R_/R

)_S/Q (QQ/S

)TP/P (�Q/�

RQ

J�4��

C	?�H

#��*��

E���

���C�

)S�/R (T�/S

)T�/R (S_/T

)TQ/T (��/�

)_T/R (R�/�

)�P/S(�P/�

SQ

J�4��

���C�

#��*��

E���

C	?�H

)TR/T (R�/PR

)Q�/S (�S/PR

)SQ/R (P_/��

)P�/_ (SQ/P�

)RS/R (�Q/P�

:;

#��*��

C	?�H

���C�

J�4��

E���

)_T/_ (P�/P�

)��/_ (��/RP

)�Q/� (��/R�

)_�/� (P�/SQ

)QQ/_ (�S/SR

 *  3� f����� 1"���G `c�� ���/�	� E��� � �
�+*� .

  #/�C �m/sY},� 	 %��� ���� E�1
  -*�%� �� 

  �� ����8 ���
  c �*�� 	 %9
 � 	     #/�%C �� �"%�

�*�  #C� `b:  . � �$  �"H� #/�C =$  %C�A] =	 #

     � #��*�� D: ��	�"�$      �"%��� E��� D: � =

� fh"c� � #C�$ �� =��/PS#C� ��� .

 �!� ��$   �%*  ��8 �A�) S (  �)T( ,     %� ?�*�%�� 


  &"A�� �� ���
        �%� #bA� ���� ����� � �*�� 

     %�� ����8 ��� -*�� #I�]
    � D%U� �� 	 �"%��

   � � #C� ���c��$        �%* #/�%C � �%� �� ?��

�!7 l%%9"d�$�%%"� �%%b$� ���%%�� F���%%� �7�7%%	 z

%%C�A]	%%�  �%%��� >�%%:� �%%� # � �%%�' #%%C�



�


    �%* #/�C � ����c�m/sZ}   � m/sY}   �%� 

�"�$ h��� F$��� E�A�.

     �� ����8 ��� -*�� #I�] �
    ���%+N D%U� 


    � 18 �� ���� ��8�$    �%* #/�C � ��+�m/sm}

  �m/sW}     � #/�C �� �* � 	�"�$ C�A] =	  � #

 ���C D:�    #%C� �"%���  . %+\H*	    #/�%C � =

*��m},W}   � m/sY}        %C D%: � >�� �%b7 	 ?�H

 #C� �"��� . �2� �$ "� #	 9� �K
  �*  ��8 �) Z (

  �)Y (�$    �1(� �� �� #C� =$  ���� #/�C -, � 	 E�1

&"A��
   �* D: �� �     �1%(� >�%+4 l9"d� $  � -

  �� ����8 ���
   -*�� $  #%C� �"(� .� %$ "� =	  �%K

"� �����	#C� J�/ ��� � ?�� ;�14 �K]�[

.

 � �	  1�$ � ?�
   7�7 �� ��� 	 C�A] z	  �* D: #�

&"%%A�� �%%�� ^�%%�I ��  �%%���
 -*�%%� � 

%%�� �%%���8 �%%��
 #/�%%C � m/sW}$ E�%%A�

#C�.

   �<�� �=	   ���>�       � �>� ?3>@5� �>�� / > A	B

�����

           �d%�� q��%$�� �%$1K7  ��8 �� �B�' �� qG

        � �*�%� �%� ?��� ����%� E�1%	� =	%� �%� ��

     ���%� #/�%C l9"d� |�MC     D%: �   �%���,

   ,��� ��8��� 
+3� fh"c� ��      �%+��� �+N E���' 

              >�%/ �%$ ��%8� E�%� �d%�� ���%� =B��� ��

        �%* =	&��%	� =	%� fh"%c� ��8� ) {"� %		  �%* ��

�"%%A���(� |�M%%Cl%%9"d� ) {"�%%		�%%* ��u %%	 ?�

�"A���(, �� ?��0"C�  .

   ��8 )_(         E�%��' � �%* =	&��	� �A$�!� �K	"� ,

    ��� =B��� �� �+��� �+N �*�	� E� .    ��8 =$� �

     ,�*�%� 
&"AB� =	&��	�   -*�%�    �%���8 �%��

          LMC �  ,�*�� �� ��� ����� `�� �*�� 
��

��� ?�� �A$�!� ��� ~$)P= 0.01 .( �M��H*

           
&"%AB� =	&��%	� =	%� �%*�	� E���  ��8 ��

,�*��  -*�%�            `%�� �*�%� 
%�� �%���8 �%�� 

      �C l9"d� |�MC� ,�*�� �� ?��� ����� #/

          �%* =	&��	� � ��� ��8� �� 
+3� fh"c� ����

 k?��4 �C �a ,b, c � d��� ?�� ��+� �"C� .

 #/�%%%C � �*�%%%� 
4�%%%$� ���%%%� =$�%%%"H�

m/sPQ)��/S���(   #C� ?��� ) ,.      #/�%C � 

m/sRQ�	         #/�%C �%���� �%C ���] ����� E�1

m/sPQ #C�  .   #/�C �m/sSQ � 	   ����%� E�1

     �� #bA�m/sPQ  ��%]   �PR        �%� #b%A� � �%���� 

m/sRQ�1(� ����� F+G  ���] $ -$#C� �"(�.

   #/�C �m/sTQ, � 	�"�$  � ���� =$4�
  �*�� 

 #%%C� ?��� ))��/�P�%%��  .(� �%%$ #/�%%C =

�	    %��� ���%� E�1
   &"%A�� �� 
    �*�%� )_R/T_

�%%�� ( #/�%%C �%%� #b%%A�m/sSQ,_/P �%%���� 

 ��� �����
      %�� ����8 ��� -*�� �� 
   �*�%� 

)ST/R� ��� ( , �/P  �1(� ����� $  -$     � #%C� �%"(�

    `� a�HK� �  �����_/P    �1%(� �%���� $  -$  �%"(�

#C�. � $"� =	�1(� �� �� �K$� ���� #/�C - %	 E�1

     �1%(� �*�� �� ?��� �����$  %� -
$ �%��,  �	b%�

     �$�%C ���� ?�� ;�14 F$�"�]Z[ � �  ��%�

#C� >�+4 � �$�C ,��]Y[.



��

 ��8)_ .(�A$�!�=B��� �� �+��� �+N E���' J�C� �� �"A��� ?�	u ��* �	{"� �� ~$�* � �*�� �� ?��� ����� =	&��	� .

�"A��� �		{"�                                                  �"A��� ?�	u �		{"�

�*�� 
&"AB�      (%) -*�� 
�� ����8 ���(%)����� `�    (%)

���� #/�C)m/s(

PQZ�/}  dZm/Z  d��/S  d

RQ�Y/Z  cPS/�  c��/�  c

Z}�_/SQ  bP�/P_  bQT/T�  b

TQVW/YV  aZY/W[  a�[/�m  a

  ���� D:)>�+4(

C	?�H�S/PT a�W/mm a�_/R� a

J�4��S_/P�  bQT/PP aS�/SQ  b

#��*��R_/RS cRR/PP aT�/ST c

E���P�/RP c_S/PT b�Q/S_ c

���C��Q/RR cRQ/PT bPQ/S� c

+\H*	  � ?�*��� =
     �* #/�C � �� ��� �   ��%� 

)SQ   � m/sTQ (   &"A�� �� `��] ����
  �*�� 

 �!� �$     �� ����8 ��� -*�� �� �A
 c 	9
 � 	 �"�

  � � #C�	    &"%A�� ���%� E�1
      �%���� �� ���%] 

  ����  �� ����8 -*��
  #%C�  .   �%* #/�%C ��

�G	$=,   � ���� #/�C 	    � � ��c �6� �"��  -*�� 

  �� ����8 ���
     � � � #C� �"���4 $   #/�%C =

 � �*	  %�� �%���8 ��� -*�� ���� E�1
  ���%] 

&"A�� ���� ����� ��
#C�*��  .

    ��8 �)_( ,   �* D: �      � J�%C� �%� >�+4  %	 E�1

      �"H� �� �2�' �� ?��� ����� `�  � �� 	   z%7�� �"�

 ��� ?�� .     %��� ���%�  iH8 `��] ����� `�


&"%%%A�� ��
%%%�� �%%%���8 �%%%�� -*�%%%� � 


#C�*��.

  &"%%A�� �%%�� ^�%%�I �� 
�%%"H� $ ��%%!� =

%%C�A]	 %%C D%%: � #	 ?�H)�S/PT�%%��  ( �

�	�"�$      #��*�� D: � ��!� =)R_/RS  �%��  (

    �* D: � #C� �"���� J�4�� ,   ���%C� E��� �

 7�7 ��	 � z	 � =$     ��� �"(�4 ��: D: �� = .  ?�*�%��

�
      %� �%� ��%� 	    &"%A�� �%�� =
    �%* D%: �

#��*��,    ���%C � E��� �    %+3� fh"%c� 
  �� 

   � ��� ���� ��8�	 � =$       %C >�%:� � �* D: =	  � ?�H

 fh"c� J�4��,  +3�  
   #%C� ��  . %+\H*	  %� =	 =

C	+3� fh"c� J�4�� � ?�H
#C� �� .

     �� ����8 ��� -*�� �U� ��
,  �%"H� $   ���%� =

�G$��     J�4�� D: � )QT/PP ���  ( � �	�"�$ =

   E��� D: �)_Q/PT �%��  (    D%: � �%�� �"%���

�*� � $ � �&	 � =$     �%��� ��: D: �� = . %�	   D%: =



��

�*� C 	  ?�H,      %+3� fh"c� #��*�� � J�4�� 


 � ��	  � ��� #A %$             � E��%� D%: �� �%� �%* D%: =

���C�  +3� fh"c� 
  ���� ��  .\H*+	 � =	  �� =

   ���C � E��� D:�    %+3� fh"%c� 
    ��%8� �� 

����.

      � ?�*��� ?��� ����� `� ^��I ��
     �%� ��%� 

�"H�$  �G ���� =$��   C D: � 	  � � ?�H	�"�$  � =

 ���C D:�        �%* D%: � #%C� �"��� �  J�%4�� ,

    7�7 �� E��� � #��*��	 � z	 � =$    ��: D: �� =

���� .�	 � =	&��	   ��� ����� `� =   �* D: �� ?�

#��*��,    ���%C � E��� �    %+3� fh"%c� 
  �� 

   � ��� ���� ��8�$          %C D%: �� �%� �%* D: =	  � ?�H

  +3� fh"c� J�4��
 �� ,  ����   .�	    �%* D%: =�

C	� J�4�� � ?�H	+3� fh"c� 1
#C� �� .

"�	 � �K$�&�      ��8 �� �� )_ ( %�
     #%(�4 E��%7 

�$   � �� #C� =	&��	    %��� ���%� =
   &"%A�� �� 


 9� ��	   >�:� �)PR/RQ ��� ( , �/P  � ����� 	&��	 =

 ��� ����
     �� ����8 ��� -*�� �� 
   >�:� �� 

 l9"d�)_T/PQ���  (#C�.



��

2����

1. ASAE. 1993. ASAE S352.2 Dec 92 - Moisture measurement - unground 
grain and seeds. In ASAE Standards 1993, 449. St. Joseph, MI: ASAE.

2. Bartsch, J.A., C.G. Haugh, K.L. Athow and R.M. Peart. 1979. Impact 
damage to soybean seed.ASAE Paper No. 79-3037. St. Joseph, MI: ASAE.

3. Evans, M. D., R. G. Homes and M. B. McDonald. 1990. Impact damage to 
soybean seed as affected by surface hardness and seed orientation. 
Transactions of the ASAE 33(1):234-240.

4. Fiscus, D. E., G. H. Foster and H. H. Kaufmann. 1971. Physical damage of 
grain caused by various handling techniques. Transactions of the ASAE 
14(3):480-485.

5. Macdonald. M. B.1985. Physical seed quality of Soybean. Seed Science 
and Technology. 23. 601-628.

6. Perry, J.S. and C.W. Hall. 1965. Mechanical properties of pea beans under 
impact loading. Transactions of the ASAE 8(2):191-193.

7. Tang, J., S. Sokhansanj and F. Sosulski. 1991. Determination of the 
breakage susceptibility of lentil seed. Cereal Chemistry 68(6):647-650.

8. Bourgeous, L., J. Moes., and E. H. Stobbe. 1995. impact of threshing on 
hard spring wheat seed vigor.Canadian Journal of Plant Science.76: 215
221.



��

Determining the Susceptibility of Wheat Seed Varieties to Impact 
Damage

Abstract
Mechanical damage to seeds that happens in harvesting, handling and other 
processes is an important unfavourably influencing the quality of seeds. Seed 
damage result in lower grain value, storability problem, and reduced seed 
germination and seedling vigor and subsequent yield of crops.
Tests were conducted to determine the extent of damages to wheat seeds due to 
impact (cracks or splits and reduce in percent germination). The effet of wheat 
seed varierty and impact velocity was determined. Wheat seed varierties selected 
for testing included curent popular varieties (Zagros, Kohdasht, Maron, Simereh 
and Sardari). Four impact velocity; 10, 20, 30 and 40 m/s were used. 
Results showed that effets of impact velocity and seed variety on seed damages 
are significantly. Seed damages increased when impact velocity was increased 
from 10 to 40 m/s (45.52 % cracks or splits and 26.34% reduce in germination). 
Impact results confirmed observations that Kohdasht wheat seed was more 
susceptible to percent physical damage (23.25%), Maron wheat seed was more 
susceptible to percent reduce in germination (14.53%), and Sardari wheat seed 
had the highest level of total damage (sum of percent physical damage and 
percent reduse in germination) than other wheat seed varties.

Keywords: physical damage, reduce in germination, impact, wheat


