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Abstract 
In order to investigate the effect of drought stress on some morphological traits, yield, yield components, and oil percentage of sesame genotypes, an 

experiment has been conducted in form of split plots in a randomized complete block design with three replications during 2018 at the Research Farm 
of Velayat University, Iranshahr. Drought stress factor includes normal irrigation (based on 100 mm evaporation from Class A evaporation pan) and 

drought stress (based on 200 mm evaporation from Class A evaporation pan) as the main factor, while sesame cultivars, including Dashtestan 2 and 5, 

Yelovait, Jiroft13, Iandraces of Dom Siah, and Darab1 have been the subfactor. Results show that drought stress significantly reduces plant height, 
number of branch and capsule per plant, number of seed per capsule and seed, biological yield, and oil yield and percentage. The increase in seed yield 

under normal irrigation conditions has been 28.67%, compared to drought stress conditions. Among all cultivars, Darab-1 has had the highest seed and 

oil yield in comparison with other cultivars under both irrigation conditions; therefore, this cultivar will be suitable for cultivation in Iranshahr. The 
correlation results show that seed yield has had a positive and significant correlation with the number of capsules per plant, number of seed per 

capsule, biological yield, and 1000-seed weight, with the highest correlation being related to seed and oil yield. 
 
Keywords: Harvest index, oilseed, seed yield, water stress, Yelovait. 
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1. �����  

E6�2 ��&��  �	.�� �N� �(G� 3� E)��3 ���0�� 3� 

���2�  �� <0��� �&�& � a  -0	c ���� 3� S4 �  *+� 

5F�=C� ��() ����&�, -
� ���2�  V��C� 

�� ���6. S��
� *0� �& E6�2 ���� 3� ��&��  �	.�� 3� 

'(+ !d��'� S�&�D��M%4 � �1	2 �M��8 ��F�: &��&. 

�1	2 )Sesamum indicum L.( ��0� �	.�� ���!�� 

$���
 3� ��0� Pedaliaceae E�� )Khajepour, 2018.( 

-0����e �1	2 3� ��� ��,�	) S�c !a0�'2 �Y�% � 

�0����  	0�4 ����f <_� !-0��0M� -0��0� � -0�M�0� 

�	. �&�� � �G	� 3� ��� -
*0$  &�O(2 &��& )Yhuda et al., 

1998 Khajehpour, 2018;.(   

-.�� �1	2 <��6 87 �,�& �0�� V�c X�O6��0. � 13 

�,�& �0�� V�c X�O6� ���6�� )Jonnalagada & Mustad, 

1996(. �0����  V�c &�+�� �& ��& �1	2 EG+ I��� 

� *
�(� aM�0� �O=) )Martainsdo et al., 1998(! ��&��%� 

)Blommers et al., 2002(! S���& �(
�*$4 )Yakhin et al., 

2017(! 1$�I� �D	� !gY� � �2 T�� a�c � h��� 

)Samsam et al., 1992( � ��0��'+ 3� �2�e S��NM�� 

)Pak Niat, 2009( 0,�� �� .&�6   

�	���  C�0�i aG� 
��- <���) � �2 ��	 & 

5F�=C� �3����2 �& ji� S�G+ �	M�  )Kazemian, 

2004(. � ��:�'2 �1	2 �& <k��� 0$�� �6� � ���� 

J��k !E�� ��� �I� 3� � 8�� -M%� E���B� S4 �0� �� 

��&�6 � ��S��� S4 �� �& l:�	� m�MO�� "�� E6�2 � 

-.�� �� E0Y02 V�� � E�& &��4 )Malakouti, 2000(. 

W
�M� � ��e ��  &�IM� S��� &�& 2 �� �
�*%� 5�6 

�	� ���� X�Y��� !��� &��I� ���Z2 �& !��� &��I� 

��& �& !���Z2 &��'() "
#�$�0� � ��& � �,�& -.�� 

� �2 E%�
 )Eskandari et al., 2010 Najafi & Safari, 

2011;.( Rezvani Moghaddam et al. )2005( *0� S�0� 

�	M6�& 2 ��(0���  n'MN� ���0�4 �0�o� �	I����& �� 

X�Y��� !��� &��I� ��6 !�)�% &��I� ���Z2 �& !��� 

E�
3 !��� &��'() ��& � -.�� � b��6 E6�&�� 

�1	2 .E6�& Moghani Bashi & Razmjoo )2012( 

h��*� ��&�2 2 a
#���  ���0�4 �0�o� �	I����& �� 

&��I� ��& �& !���Z2 S3�  ��&��* � &��'() "
#�$�0� 

E6���! ��� �0�o� a
#� ��  ���0�4 �� X�Y��� ��� � &��I� 

���Z2 �& ��� �	I���& .&�� W
�M� ����� ���
� ��  

"
#�$�
*0% � &��'() ��Gc /0���# �1	2 EC� a2 ��4 

S��� &�& 2 �0�o� a
#� ���0�4 �� X�Y��� !��� S3� 

��&��* ! &��'() !��& &��I� ��& �& ���Z2 �	I���& &�� 

)Mehrabi Zadeh & Ehsan Zade,  2012.( W
�M� "
 

����� 2�k� 3� ���� �� �2 &��'() ��& �1	2 �� ��()�  

�	� a2 ��4 �4)0��� ge 3� 100 �0'� �M� NO�0� �� �40��� 

ge 3� 200 �0'� �M� NO�0(� �� �6�� )Salamati & 

Danaie, 2020.( W
�M� �� ��e S��� &�& -0� /0���# � � 

�1	2 � a
#� � � ��0�4� 3� ��� ���
� � � "
#�$�
*0% 

� &��'() ��& pPM�� �	I� ��& &�+� �&E6 � �� �
�*%� 

5�6 �	� ���� &��'() ��& �& /0���# � � &��� 

����� � �2 E%�
 )Moghanibashi Najafabadi et al., 

2019(. �
�*%� �	� E��:� )3� 100 �,�& 3�0� ��4 ��0� 

� 55 �,�& 3�0� ��4 ��0�( q)�� � �2 &��'() ��& .�6 

$&0< � �2 &��'() ��& �& ��� �	� ����! M�� S�6 

�3�� �  � � ��O�& S4 �PM�� �& Vr+ &� �0�2� -��2 

&�� )Darghahi et al., 2014(. �� �
�*%� ',�% ��0�4� 3� 

EY  � 17 3��! &�O(2 V4 q)�� � �2 E
��  

�3�� �� �& �1	2 �6! �& M�01 $��0� �&�� "�� � �2 


E%� )Heidari et al., 2016(. �o�0- E��:� �%�2 ��; 

�& 'k�� <� � & �0�� 7O� �6 &��I� ��& �& !pP. 

S3� ��* ��& � &��'() ��& �*'2 �*%�
� 
��� )Dadivar 

& Khodshenas, 2007.( 
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�� +�� � -
� 2 �	� ���� �& S�G+ aG� ��-
 

<��) &��C���		2 5��0$�� �3����2 E�� � m�O
�B� �& 

T�� -0�3��  �
3 E�2 S��
� �& l:�	� (0� "�� ���8 

!&��& -
� � ��e �� p�  ����� /0���# ��  �1	2 3� 

��� ���� ���
���  !"
#�$�%��� !&��'() ��*+� 

&��'() � �,�& -.�� ��& EG+ �
���	6 /0���# ��  

<(CM��� � [
��6 �	� a2 ��4 T�1�� �6.  
  

2. ���� 	 �	� �  

-
� ����� �& ��� 1397 �& )�*� ���B0BC� ��D���& 

E
F� �G����
� ��+� .�6 Bi	� �G����
� �& 0k�� 

S�M�c�'� �*2�� -0� ��:��  �
�0%��s+ 58 +�& � 

55 B08& �� 61 +�& � 23 B08& �8�6 � t�)��  

�
�0%��s+ 26 +�& � 53 B08& �� 27 +�& � 25 B08& 

�$�(6 �� X�Y��� [��M� 591 �M� 3� ji� �
�& �& ',�% 

345 ��M��'02 *2�� S�M�� S�M�0� � S�M�c�'� v8�� 

.E�� [
��6 V4 ��
��  Bi	� T�� � "�� �� 

S�M���� ��  T�� � S�M��3��  ��MI� .E�� ���
� ��  

%0*
�� � 60(0��
 ;�� ��34
� �& ���+ )1( w��� ��6 

.E��  

�
��34 �  5��,5�2��  &����6 �& 7$�8 9�: 

;�'���  <��2 �%&�=� �� � ����� T�1�� .�6 ��(0� 

�	� ���� <��6 ���0�4 ��(I� ) J�����100 �'0��M� 

�0NO� 3� "M�� �0NO� JP2 A( � �	� ���� ) J�����

200 �'0��M� �0NO� 3� "M�� �0NO� JP2 A( � S��	) 

<��) �',� � /0���# ��  �1	2 <��6 S�M�M6&2! 

S�M�M6&5! !E
���'
 E%�0+13! �&�� �'C� T& ��0� � 

V���&1! � S��	) <��) �)�% .��&�� 5�0'() �&��4 �3�� 

-0�3 <��6 aN6 l0() � EG+ E6�2 5�0'() "�
& � 

j0i�� T�1�� .E%�� �  5�2 ��
��34 ����& ��Gc 

n
&� � ��: ��Gc �M� � ',�% n
&� E6�2 60 

�M����M� � ',�% ��� n
&� E6�2 10 �M����M� &��. 

5�2 �  ��',� � ',�% 200 �M��� �M� � 5�2 �  �

�)�% � ',�% 100 �M��� �M� 3� �D
��
 ���8 .�	M6�& 

 J�����W
�M� <,�k 3� 
*1� �� ;100 T���'02 

S#��M0� b$�� �& ��M�  3� vO	� ���� � �Y�% � J�Me *0� 

� 70��� 110 � 100 T���'02 �& ��M�  �&�YM�� .�6 

E�2 �&  & ��� &�&����� �  5��,���2 � �Y
&� T�1�� 

�6 � ���B� �r� &��� E6�2  ��Gc J�����T���'02 �& 

��M�  .&�� �& ��: ���& �6� ��M	2 n')��  3�  �& 

'k�� �& �� �6 ���� T�1�� �6 � ���� S�0�� � a2��� 

7��	� 5�0'() "	� S&�2 5��, E%��. �& [���� 

S��4 ��� �& ����3 2 d�� ����  �3�� <
�(M� � &�3 � d�� 

���Z2�  <
�(M� � ��G8�� ��6 !&�� E6�&�� �� E�& 

T�1�� .�6 ���
���  �����&��� <��6 X�Y��� ��� 3� 

<C� �
�� ��� 3� ji� -0�3 �� ��GM�� ��� � '0�� �M� 

�3������0� .�6 ����	� �3������0� &��'() ��& � 

!"
#�$�0� ge 3� prk ��� 06�k �� E6�&�� 3� `�i� 

[�� �  �k�� ��
��34 T�1��  �6� &��'() ��& � 

"
#�$�0� 7�k�� T���'02 �& ��M�  &��4��  .�6S3� 

 ��&��* �� �&�YM�� 3� ��3��� ��M01
& LIBROR ��� 

EB-330H E��� E2�6 Shimadzu �� E8& )001/0( 

�3������0� .�6 &��I� ���Z2 �& ��� � &��I� ��& �& 

���Z2 3� W	e ��� h��(6 � -00I� �6.   

  

C�)5 1. �&E/!F� �0�!	!
 � �(04!  G�/ H	+) '�� �8 30(  

E
��  ��
�M�$� (dS.m-1)  pH  -��2 �$4 (%)  S#��M0� (%)  �Y�% )ppm( a0��Me )ppm(  E%�� ;��  
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�3���� ��0� �,�& -.�� �� �&�YM�� 3� h�� x��NM�� 

�� �Pk � ��DM�& '�2�� T�1�� �6 )Shayesteh et al., 

2010(. *1�
 ���
g�� �&�&�  �� �&�YM�� 3� T����*%� SAS 

N�� 1/9 � �B�
� �0D��0- �  �� �&�YM�� 3� S��34 �	c 

	��&�� -���& �& ji� W	e �,�& T�1�� .�6 �� ����� 

���+ 
*1� g��
��� ���+) 2( bN�� �6 2 �& 

���
� ��  &��� !����� ���B� ��i� b 3� ��i� a 

�M��*� E�� � ���� <k -
� !X�f�� ��i� b � �& 

vO	� <0�����	 & S4 �	I
 �����× ���0�4 )rb( � �����× 

���0�4× /0���# )rab( M��6 .�6 S��34 -
� �& vO	� 

)rb � rab( 3� ��� ����4 �	I���& !��� -
����	� -
� �& 

vO	� �����& �� a  �$�e1 .���6 ���*� ��i� b EO�� � 

��i� a mF�(Mk� � <0$& E0 �� ���
� �  �� �6�� 

)Motakefi et al., 2019(.  

  

3. ���� 	 ��   

3 .1. !"#�� �#�    

W
�M� 
*1� g��
��� S�����	 & �0�o� �	I���& ��a  �	2 

�	� ���� � /0���#  �& ji� "
 �,�& �� X�Y��� 

��� ���6�� ���+) 2.(   

W
�M� �
�B� -0D��0��  ��a  �	2 �	� ���� � 

/0���#  S��� &�& 2 �& �  �& [
��6 ���0�4 ��(I� � 

�	� ���� �0� ��-
 X�Y��� ��� 3� /0���#  S�M�M6&2 

� a2 ��-
 S4 3� /0���#  E
���'
 � E�& ��4 <�6) 1.(  

  
C�)5 2. K0�L9 �04;8 M9�0�#� �1�0���� �.�'��&� :!8&92 ��� );<= >�8 N0#'
 ���!O C&	P� � A<8 �(�/  

�00s� v��	�  
 +�&  
�&�34  

X�Y���  
 ���  

 &��I�  
�)�% ��6  

 ���Z2 &��I�  
��� �&  

 ��& &��I�  
���Z2 �&  

 S3�  
��&��*   

 &��'()  
"
#�$�0�  

 &��'()  
��&  

 b��6  
E6�&��  

�,�&  
-.��  

&��'()  
-.��  

�����  2  1/175  58/0  3/468  46/35  06/0  1172660  2036437  2/695  86/11  547498  
���0�4  1  **3039  *02/3  *2/405  **22/36  **44/0  **4231503  **985272  ns34/72  **69/26  **183612  

 ��i�a  2  94/0  14/0  17/9  10/0  002/0  10573  33073  44/3  69/0  8902  
a8�  5  **2743  **62/16  **4/813  **8/139  **32/1  **4659578  **723465  *9/101  *42/4  **188975  
a8�×���0�4  5  **9/171  ns17/0 ns57/1  ns33/0  ns002/0  ns216100  ns63299  ns87/11  ns16/0  ns15057  

 ��i�b  20  55/38  69/0  35/90  42/2  01/0  123126  54789  58/41  71/1  14413  

(%) 5��00s� 7
�f  4/5  3/20  4/19  22/5  81/3  6/6  7/17  6/20  67/2  46/18  
ns :Q)+ �&5� F���8 �<P��#� � * � ** � S!8'8 �<P� �#� �� T&U. 5 � 1 .)���  

  

  
V(
 1. 'W� A<= A<8 �(�/ ' X��8�# �8& :!8&92 ��� );<=  

  
1. Pooled 

  

a
b

g

bc
d dec

de

h

d
e

f

0

50

100

150

200

 S�M�M6&2  S�M�M6&5 E
���'
  E%�0+13   V���&1 ��0� T& �&��

�8&
 X

��8
�#

 )
cm(

�� :!8&92

��(I� ���0�4 ���� �	�
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�� /0���# ��  &��� ����� &�� � q)�� � �2 

X�Y��� ��� �6. �	� ���� � <0$& � �2 �
�6 J��4 

!�$�'� �6� � a0�B� ��'� �  �1	� � � �2 �6� 

��
�� ��0� ��  &�6. �� +�� � -
� !W
�M� ��S��� EY� 

-0$�� {��e ��0� ���� |Yk �B� �& -0	c �i
��6 � �2 

�6� ��
�� ���6�� � a  �M��� �� -
� !W
�M� Ahmad et 

al. )2013( h��*� ��&�2 2 �	� ���� �<0$& 

����00s� 2 �& E0If� V4 �$�'� ��0� �&�+� ��!&��4 

q)�� � �2 �6� 8�� � X�Y��� ��� ��.&�6 � �2 

X�Y��� ��� �1	2 EC� �	� ���� �& I$�i� ��D
& 

*0� h��*� ��6 E�� )Jesús Pérez-Bolaños & 

Guadalupe Salcedo-Mendoza, 2018(. Rahimi & 

Mazaheri )2004( h��*� ��&�2 2 �	� ���� ��� 

��0�� �	I����& �� X�Y��� S�&�D��M%4 E6�& � ��C� 2 

�	� �
�6 ���� 7O� � �2 25 ��,�& X�Y��� ��� �& 

�
�B� �� ��(0� T�) �	� .�6 S43��
�+ 2 �& -
� !�
��34 

-0� /0���# ��  �����&��� 3� }�C$ ���
� ��  ��
�� 

X�Y���) ��� � &��I� (��6 �& [
��6 ���0�4 ��(I� a  

5��Y� �	I����& &�+� !E6�& ��S��� EY� -
� 

/0���# ��  � }�C$ ��0M�# �� a  pPM�� ����& � -
� 

pPM�� -�(� E�� �& I��� aM�0� �
��� � �
 �& 

E)�� S�6*O� � �6� 0$�� S4 �  �&�� .�6��  

  

3. 2. ���$# �%& '()*   

J����� W
�M� &��I� ��6 �)�% EC� �0�o� �	� ���� 

�& ji� W	e �,�& � /0���#  �& ji� "
 �,�& 

�	I� ��& �6 ���+) 2.( �
�B� -0D��0� �  S��� &�& 2 

&��I� ��6 �)�% �& [
��6 ���0�4 ��(I� �& �
�B� �� 

�	� ���� �0� �� .&�� �& -0� /0���# !�  �0� ��-
 � 

a2 ��-
 &��I� ��6 �)�% �& ��� � 70��� 3� 

/0���# ��  E%�0+13 � E
���'
 <,�k �6 ���+)3.(   
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a6/886  a00/50  a61/26 a1782 a6625  a23/3  a46/35  a71/61  cd56/2  V���&1  

Z�'[ G'L�� �� '� \&L. ]�.#' \&�$O )<^ �<�#� �# 6(9#� �� _U. K<� )��� �<P� �#� .>-!9   
  

  

  

  

  

  

  

  



� !�" �#�� �$�% �&	�� ��'���% �&(��#)*+ ,�!-� 

  

 ����24 �  ���	
1 �  ���1401 

46

  

-
����	� ��S��� 10M� ��0� &�2 2 /0���#  E
���'
 

�& [
��6 �	� ���� �6� ��
�� a2 ��� E6�& � �� 

� �2 !�6� �
����� <(C� [
��6 �	� ���� �� ���� 

&�� a ��% &�2. W
�M� � ��e ��  &�IM� S��� &�& 2 

�	� ���� 7O� � �2 &��I� ��6 �)�% �1	2 

�� &�6 )Eskandari et al., 2010; Jain et al., 2010; 

Rezvani Moghaddam et al., 2005(. 

  

3. 3. ���$# +�,-� �� �#�   

W
�M� S��� &�& 2 �	� ���� �& ji� W	e �,�& � 

/0���#  �& ji� "
 �,�& �� &��I� ���Z2 �& ��� �0�o� 

�	I����& E6�& ���+) 2.( W
�M� �
�B� -0D��0��  

�2�k 3� S4 E�� 2 �	� ���� 7O� � �2 &��I� 

���Z2 �& ��� EO�� � [
��6 ���0�4 ��(I� ��6 E�� 

� �& -0� /0���# !�  �0� ��-
 &��I� ���Z2 �& ��� 3� 

�&�� �'C� T& ��0� � /0���#  V���&1 � a2 ��-
 S4 3� 

/0���#  E%�0+13 �E�& ��4 ���+) 3.( 3��� �	� 

���� 3� l
�: � �2 ji� ~�� � h*
� S4 �  �1	� 
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� �	
��% �� .&�6 3� p�: �D
& �	� ���� ��: ���& 

���Z2 � & �� ����2 �&�2 � 3� &��I� ��& �� .� �2 ��'2��: 

� �2 V4 V�8 J�M�& ;�� �: �(� ��
�3 �1	� � 

� �2 �0$�� <� � �
�*%� h*
� S4 �  .�6 !-
����	� &��I� 

a2 ��� <� �& 8�� �',� � ���Z2 <
�O� ��6 .E�� 

��P) �� !-
� �	� ���� �1	� � h*
� ���� 3� ���Z2�  

� ��
� ���Z2��  <0��� ��6 ��� ��6��  �)�% �6 � 

-
�� 70��� &��I� ���Z2 �& ��� � �2 E%�
 2 -
� W
�M� 

�� W
�M� Jain et al. )2010( EB��i� .&��& S4 �  S�0� ��&�2 

2 'k�� � �'� �& �1	2 J��k-
�� 'k�� � �	� 

���� E�� � �	� ���� �& -
� 'k�� q)�� � �2 

&��I� ���Z2 �& ��� � &��I� ��& �& ���Z2 ��.&�6  

3. 4. ���$# ���� �� +�,-�   

�0�o� �	� ���� � /0���#  �& ji� "
 �,�& �� &��I� 

��& �& ���Z2 �	I���& �6 ���+) 2.( J����� �
�B� 

-0D��0� �  -0� 9�i� ���0�4 pPM�� ����4 �	I����& 

&�+� .E6�& &��I� ��& �& ���Z2 �& [
��6 ���0�4 

��(I� �0� �� &�� � �	� ���� 7O� � �2 &��I� ��& 

�& ���Z2 �6. �	2�� /0���# ��  3� ��� &��I� ��& �& 

���Z2 *0� ��0�� 5��YM� ��&�� ���� �� 2 �0� ��-
 

&��I� ��& �& ���Z2 3� /0���#  V���&1 � a2 ��-
 S4 3� 

/0���#  S�M�M6&2 �E�& ��4 2 �� /0���# ��  

S�M�M6&5 � E
���'
 pPM�� ����4 �	I����& E6��� 

���+) 3.( �!�'2��: �	� ���� q)�� v
��� �& <2 

<k��� !�(� � �2 ���& �6� � �(� !�I0O: &��I� ���Z2 

�& ��� � &��I� ��& �& ���Z2 �6 2 W
�M� -
� � ��e 

�� W
�M� Pouresmaiel et al.  )2013( EB��i� .&��&  

�� +�� � W
�M�! a2 ��-
 &��I� ��& �& ���Z2 `���� 

� /0���#  S�M�M6&2 ��&. ��
 3� <
F& a2 ��S&�� &��I� 

��& �& ���Z2 -�(� E�� E0���k -
� /0���#  �& 

����� �� &�� Bi	��� � <0$& �0� ��S&�� X�Y��� ��� S4 

EO�� � �
�� /0���# �  �&�� �6�� 2 -
� ��� �1	� 
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� �0� �� ��&  3� ���Z2 �& -
� /0���#  ��6 .E��   
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��� �2�k 3� S4 E�� 2 �0�o� �	� 

���� � /0���#  �� S3�  ��&��* �& ji� "
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/0���# !�  �0� ��-
 S3� ��&��*  3� /0���#  V���&1 
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5��Y� /0���# ��  n'MN� �1	2 3� ��� S3� ��&��*  

h��*� ��6 E�� )Pusadkar et al., 2015.( �!�'2��: 

a2 S&�� V4 ;�� 7O� 3��� s�005�� #�$�%���
��! 

%0*
#�$�
�� � �06�0(0��
 &�IM�� �& �0S� � �� &�6 2 

�& �G�
E q)�� � �2 &��I� ��& � S3� ��& �� &�6 

)Rezvani Moghaddam et al., 2005(.  
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�*M	��M% �& �0- ��&�  � �2 �� ���
 2 78�IM� S4 S3� 

��&��*  � �2 � ��� .E%�
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� � �2 ������� � <0$& 

�PM�� �& ��BM�� &��� �r.�
 �6�� 2 �& E
�G� �,�& 

(2� 3� ��&�  � ��: <��2 ���0< �� ���6 � �
 ��&�
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2 <0��� �� ���6 � �3���� �%�2 �
�*%� S3� � ��N� 

E6�& � � -
� 70��� S3�  ��&��* � �2 �� ���
.  

Ahmadi & Bahrani )2009( �� ����� 5�6 � S��3 

��()� �	� ���� h��*� ��&�2 2 �	� ���� �� 

2���� 2S&� ���& S�6�e !��& q)�� 2� � '()�&� ��& � 

S3� ��&��*   6�. Golestani & Pakniyat )2015( �� 

I$�i� ���� /0���#��  �1	2 h��*� ��&�2 2 EC� 

�	� ���� S3� ��&��*  � �2 ��0e &�2 � -0� 

/0���#��  &��� ����� 3� ��� -
� ���
� pPM�� 

����4 �	I����& &�+� E6�&! 2 a �M��� �� W
�M� -
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�
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3. 6. �)�
4( ���� 	 5���6��    

�0�o� �	� ���� � /0���#  �� &��'() ��& � "
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�& ji� ��(Mk� "
 �,�& �	I���& �6 )���+ 2.( 

W
�M� �
�B� -0D��0��  S��� &�& 2 EC� �0�o� �	� 

���� &��'() ��& � "
#�$�0� � �2 ��0e &�2! 

� ���: 2 �	� ���� � 70��� 7O� � �2 15/12 � 

29/22 �,�& &��'() "
#�$�0� � ��& EO�� � [
��6 

���0�4 ��(I� �6 �& -0� /0���# !�  �0� ��-
 � a2 ��-
 

&��'() ��& � "
#�$�0� �70��� `���� � /0���# ��  

V���&1 � S�M�M6&2 &�� ���+) 3.( �0� ��S&�� &��'() 

��& � "
#�$�0� �& [
��6 ���0�4 ��(I� �� ����� � <0$& 

�6� �0� �� !S� �0� �
�*%� &��I� ��6 �)�% � �
�*%� 

&��I� ���Z2 �& ��� .�6�� h��*� ��6 E�� 2 �� 

�
�*%� ',�% ��0�4� � &�1
� �	� !���� &��'() ��& 

���#0/ � � �1	2 � �2 E%�
 )Moghanibashi 

Najafabadi et al., 2019!( 2 �� W
�M� � E�& ���4 �& 

-
� � ��e a  ����� .&��&  

�	� ���� �1	� � ��G� !*M	��M% 70�4 ���. 

!�$�'� ��0e � ~�� ��'� ��&�6 )Guo et al., 2016.( 

Javadi et al. )2013( h��*� ��&�2 2 &��'() �
�G� �& 

�1	2 ��=C� E2���� � ����(  ���
� ��  n'MN� 

� �0� ���6�� 2 �DM�O(  �&�
3 �� &��'() � ��*+� 

&��'() .&��& �& -
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��34! EC� �	� ����! &��I� 

���Z2 �& !��� &��I� ��& �& ���Z2 � S3� ��&��*  
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� <���) �& E
�G� 

-00I� ��		2 &��'() !�	M�  -
����	� � �2 &��'() ��& � 

"
#�$�0� EC� [
��6 �	� ���� <��8 ���M�� .&�� �& 

-0(  i��� Sanchez-Reinoso et al. )2018( h��*� 

��&�2 2 � �2 &��I� ���Z2 �& !��� &��I� ��& �& 

���Z2 � � �2 S3� ��&��*  �1	2 EC� �	� ���� 

�1	� � � �2 &��'() � ��*+� &��'() .�6  

J����� W
�M� �
��34! /0���#  S�M�M6&2 ����& 

a2 ��-
 &��'() ��& � "
#�$�0� &��. � ��� �� ��� 

�Z0���# J��k � �	� ���� �6��. a �M��� �� -
� 

!W
�M� h��*� ��6 E�� 2 ���8�� 2 �& [
��6 �	� 

���� &��'() ���F�� !����& ����& <(C� �O�� 

�0� ��� � ���� ���	6�� )Samsam et al., 1992.( 

� �2 &��'() ��& �& ��� �	� ���� �� ��  S��� �6�� 

3� M�� S�6 �3�� �  � � ��O�& S4 �PM�� �& Vr+ 
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)Moghanibashi Najafabadi et al., 2019.( W
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� ��e ��  &�IM� S��� &�& 2 �	� ���� &��'() ��& 

� "
#�$�0� �� � ��: �	I� ���& � �2 .&�& <0$& � �2 

&��'() ��& � !"
#�$�0� � �2 b��6 ji� ~�� �& 

�� ��(0� EC� �	� ���� &�� 2 Vr+ ��� �& I��+ 

� �0� �� � �2 &�& � � vO� S4 �&�� "�� ��0$�� 

� �2  E%�
 )Eskandari et al., 2010 Guo et al., 2016; 

Javadi et al., 2013;.( �& -
� � ��e /0���#  V���&1 

�0� ��-
 &��'() ��& � "
#�$�0� �� .E6�& -
� /0���#  

3� ��� X�Y��� ��� *0� E0If� ���'i� �� ���& .&��   

  

3. 7. 8%& 9&��)   

W
�M� S��� &�& 2 �0�o� /0���#  �& ji� ��(Mk� W	e 

�,�& �� b��6 E6�&�� �	I���& �6 ���+) 2.( lO: 

W
�M� �
�B� -0D��0� !�  �0� ��-
 b��6 E6�&�� 3� 

/0���#  E%�0+1 <,�k �6 2 �� �&�� �'C� T& ��0� �& 

"
 ���� ����4 ���8 E6�& ���+) 3.( b��6 E6�&�� 

���0I� 3� EO�� S3� ��& � <2 ��0� E�� � /0���# ��  

�e ��=C� b��6 E6�&�� ���F�� ����&. pPM�� -0� 

/0���# �  �& b��6 E6�&�� ������� mF�(Mk� �6�� 3� 

pPM�� ��0M�# -0� S4 �  3� ��� E0%�� ��=M�� 

5��0$�� *M	��M%� � �N� ��
�3 � ��& �6�� 

)Mehrabi & Ehsanzadeh, 2011.(  
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��6 -
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��6 �	� ����! ����00s� 3� 

'(+ � �2 X�Y��� !��� � �2 �*0D����  !�*M	��M% 

�
�*%� g�����'% 0$�� � � �2 S������ ���M���2 �& 

S� �0� �� ��� & � �1	� � � �2 &��'() ��& �� &�6 

)Guo et al., 2016(. h��*� ��6 E�� 2 �	� ���� 

�1	� � � �2 S������ �*M	��M% ��6 � -
� X�f�� �& 

E
�G� q)�� � �2 �
���2 �
�0(06�M% *M	��M% ��6 � 3� 

-
� l
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