
  

Online ISSN: 2345-6957 

 

Journal of Crops Improvement 
 

 
Homepage: https://jci.ut.ac.ir/ 

 
 

University of Tehran Press 

 

The Effects of Deficit Irrigation, Planting Date and Biofertilizers on 
Phenological Traits, Yield and Quality of Quinoa  

  

Mohammad Jabbari-Oranj
1  | Hossein Moghadam

2
 | Mohammad Reza Jahansouz

3
 | 

Ali Ahmadi
4
 | Babak Motesharezadeh

5 
  

1. Corresponding Author, Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences and 
Engineering, College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran. E-mail: 
mjabbari.oranj@ut.ac.ir 

2. Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences and Engineering, College of 
Agriculture and Natural Resources, University of Tehran, Karaj, Iran. E-mail: hmoghadam@ut.ac.ir 

3. Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences and Engineering, College of 
Agriculture and Natural Resources, University of Tehran, Karaj, Iran. E-mail: jahansuz@ut.ac.ir 

4. Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences and Engineering, College of 
Agriculture and Natural Resources, University of Tehran, Karaj, Iran. E-mail: ahmadia@ut.ac.ir 

5. Department of Soil Science Engineering, Faculty of Agricultural Engineering and Technology, College of 
Agriculture and Natural Resources, University of Tehran, Karaj, Iran. E-mail: moteshare@ut.ac.ir 

 

Article Info ABSTRACT 

Article type: 

Research Article 
 

 

Article history:  

Received: April 06, 2022 

Received in revised form: 

September 01, 2022 

Accepted: September 14, 2022 

Published online: April 16, 2023 

 

 

 

 

 

 

Keywords:  

Azospirillum,  

azotobacter,  

harvest index,  

seed saponin,  

1000-seed weight. 

 

In order to investigate the effects of irrigation, planting date, and biofertilizers 

on phenological traits, yield, and some qualitative traits of quinoa as a new plant, 

an experiment has been conducted on a farm located in Bilehsvar region of 

Ardabil Province in two cropping years from 2019 to 2021 in split - split plot 

design based on a randomized complete block design with three replications. 

Experimental factors include irrigation at three levels, including (complete 

irrigation, irrigation termination in budding stage, and irrigation termination in 

seed filling stage) as the main factor, planting date at three levels (namely 27 

July, 11 August, and 27 August) as the sub-factor, and four levels of nitrogen 

biofertilizer (the control, seed inoculant with Azotobacter, inoculant with 

Azospirillum, and inoculation with a mixture of Azotobacter and Azospirillum) 

as the sub-sub-factor. The results show that the use of complete irrigation with a 

planting date of 27 July and inoculation of Azotobacter and Azospirillum 

biofertilizers has increased the length of phenological stages and 1000-seed 

weight. In terms of harvest index, complete irrigation treatment with planting 

date of 27 July, and combined inoculation of biofertilizers have had the highest 

value, in terms of protein percentage and saponin content of seed, irrigation 

interruption at the budding stage with planting date of 27 July, while co-

inoculation with biofertilizers has given the best results, and the highest 

biological yield (620 g/m2) and grain yield (304.97 g/m2) have been obtained 

from complete irrigation treatment with planting date of 11 August and co-

inoculation of biofertilizers.  

 
Cite this article: Jabbari-Oranj, M., Moghadam, H., Jahansouz, M. R., Ahmadi, A., & Motesharezadeh, B. (2023). 
The Effects of Deficit Irrigation, Planting Date and Biofertilizers on Phenological Traits, Yield and Quality of 
Quinoa. Journal of Crops Improvement, 25 (1), 235-252. DOI: https://doi.org/10.22059/jci.2022.341247.2695 
 

 

© The Authors.                                                                    Publisher: University of Tehran Press. 
DOI: https://doi.org/10.22059/jci.2022.341247.2695 

 



  

  

 
گاه ���ان  ا��شارات دا�ش

  � زرا�ی �شاورزی
Homepage: https://jci.ut.ac.ir/ 

�رو�ی�ی: � ۲۳۴۵-۶۹۵۷شا  ال

 

 ��� �����	
 ���  ���
 ����� ��������
 ��������� ���  �� �!"�# �  ��$%&'

����
 ����
  
  

����� ���	
 ���1 | ���� ����2 | ������
 ������3 | ����� ���4 |  !"#� $%�% &'��5  

  

1 ������ 	
���� .����� ���� � ����� 	����� �! "#��� � $����%& '��
(%�) �$����%& �*
�+� � ,�-� 	
(%�) � '��+� 	�.%�).'���� �/�& � :1������ 
mjabbari.oranj@ut.ac.ir  

2 .����� ���� � ����� 	����� �! "#��� � $����%& '��
(%�) �$����%& �*
�+� � ,�-� 	
(%�) � /�& �'��+� 	�.%�).'���� � :1������ 
hmoghadam@ut.ac.ir  

3 .����� ���� � ����� 	����� � $����%& '��
(%�) �$����%& �*
�+� � ,�-� 	
(%�) ��� �! "#� /�& �'��+� 	�.%�).'���� � :1������ jahansuz@ut.ac.ir  

4 .����� ���� � ����� 	����� �! "#��� � $����%& '��
(%�) �$����%& �*
�+� � ,�-� 	
(%�) � /�& �'��+� 	�.%�).'���� � :1������ ahmadia@ut.ac.ir  

5 . 	��� � �*
�+� 	
(%�) �6�7 �*
�+� � ,�-��� �! "#��� � $����%& '��
(%�) �$����%& $����8 /�& �'��+� 	�.%�).'���� � :1������ 
moteshare@ut.ac.ir  

  

)*��� +��,-�  &��./   

 :)*���  ���%9�:; <=�>�  

  

  

��123 �'245�: 17/01/1401 

��123 �!6���% :10/06/1401  

��123 7829! :23/06/1401  

��123 ��"#�� :27/01/1402  

  

  

���:&;�� :�<   

 �,�-�� C*��D  

 ��E&�#����  

 �1�) F �;�*  

 ��G�)�# H7�G  

1�)��I9 '��.  
  

1# ��J��  � �G�& K���� �$�� #D �L� �*��#�9)�& ��M� �7�# � )�(-N� �O�P�=��8 ��M� �# �E��� $

 ��� & 	� � �M &1# '���� 1��I� �) �%����D �
�
Q �9� � 1- # '�E*�+G �) "R�� $� ���*  �) S #)�� '�E*�

����� ��* �) )1400-1398 (1# ���� ��& �9�) $ )�7 ��#  1��; ��! Y=�R �) 	
G6�-# �9 S��& $

Z[* 1* �) $�� #D S��G \����D $�9��E&�8 .
�)�� ��Q� ���(� 1* �# �8)�]�  "[R �S��& $�� #D)

 1-^�� �) $�� #D1_�` �9)  1-^�� �) $�� #D "[R �'
G�;  (1�)1# ��'��  �) �G�& K���� ��-�� ��E&�8

Z[* 1* )ab�; )�)��	�� �20 )�)��	��  �ab�; ����+G(	��1 1# '����  )�& Z[* ��+c � ���8 ��E&�8

 �E&�#���� d�-e� �# Z >-� � ,�-�� C*��D �# Z >-� ��E&�#���� �# �f# Z >-� ��f# Z >-� '�
#) 1P��E  �E���

 (,�-�� C*��D �1# '����  ��E&�8 �# S��& $�� #D )�#��& 1& )�) '�% g��E .
G 1E8�� �J �) ���8 ���8

 �G�& K����5 )�)��	��  Z >-� �a9 '��� �9)�& '�� � O�P�=��8 S^��� ��! \��I8� h��# �E��� $

1�)��I9 
G �G�& K���� �# S��& $�� #D ��N � ��G�)�# H7�G �J �� .ab�; ����+G	��  Z >-� �

a9 '��� �9)�& 1-^�� �) $�� #D "[R 1�) F �;�* '�I � � F ����; 
��) i�j= �� ��E��� $1_�` �9) 

 �G�& K���� �#ab�; )�)��	��  Z >-� �a9 '��� �9)�& � 1EG�) �� 1b E F��E+# �E��� $\ # �� F�

) O�P�=� # )�(-N�620 �E� �# ,�� ("#�� ) 1�) )�(-N� �97/304 D ��N � �� ("#���E� �# ,�� S��& $�� #

 �G�& K���� �#20 )�)��	��  Z >-� �a9 '��� �9)�& �E��� $1# �*)  .
�D  
  

:'�=#>� ���Q$ g��� �., �,
>��.� � ����+Q�.� ., � 
N^� � .k �$k�%E� 	)�� l �)1402 .(*��#� �L� a& #D ��$� ����K �G�& � �9)�&$ ��E�� �# ��M� 

P�=��8��O )�(-N� � & M � & ��� .1# $����%& ����� �25 )1 �(235-252. DOI: https://doi.org/10.22059/jci.2022.341247.2695  

  

 :�G�'��+� 	�.%�) ����%E� 1�*m�               .© .'��
����  
  

  
1	)��D 1# 1Q�� �# .  K���� �) F �� S��& ')��4  1& 	������+G15  1# �f= 	)�# ,�) �%& �� 
�# ���.)�E8� Y>� 1# �%& ��� O� ��c�    



>�!%� !?� @: %A����B ��123 4C�: � �<'�:� �2#�� !% +�DE ;�*�=52B$ '!.��� � :�D�4 :���=  237 

1)*+,* .  

a+� ���� 
�
+� �� '�+Q � ��%& ���f` � ��� 1& �-(%� F�  �n�^ ��^ �) .�*� Y*��� lD "#��� )��N& 
�&

	
N� $����%& o�]� F���  ��%& lD "#��� 	
��&�� G�#Y *D S =) F N9 1# �
  '��j# �� �G� \e# F�����f;a& �#D 

 �� )�# 
9��7	�� �� p�# lD o�]� �����& � F ��; �#D ��  �# ��9� � �� 	)�ME*� '��j# F�� �# 1-#�>� $�9��&  'D �� 
G�#

�� '�9� � 1-NQ ) ��� & '���Chenopodium quinoa Willd.1# �� (  1& �*� ��9� � �� 1& )�# ,� 
�
Q �9� � '����

a& '���� �) �� ���R $��)�# 	�+# � �*��#)��� ��) �*� 1E8Bagheri et al., 2021q#�[� �+Q 1# 	� � F�� .(  1# $��f;

a -R� ) )��) �(%7 \�� 1# ��p�# ����>� �lD "#��� �� 	)�ME*� $p�# �����& � p�# ���f` r��� �s-Ee� $�9Bagheri 

et al., 2021 ��%& .(�*� ����E� �N -R� k��� $���) '���� ��) k��� )�b�� YQ�� ��� & �%&  
 =�� ������ �p�]j�

��
��; � .
G 
9��7 ���f` � ��� � '�����%& 
�D�) \��I8� )�b�� Y*��� � M & $���) � �8�& $�f` F �t� o�! O� ��

���� ��(%� �.�) o�! �� � '�+Q '�I8���� � �NQ $��# 1��I9 ���� N G $�9)�& )�#��& �� �G� �[ j�  $�9

'D o�]� � 
 =�� ) �J
�
b� ��9r�� � ) �*� 1E7�* $���n �� ����� �p�]j� 
 =�� \��I8� $�9Bagheri et al., 

2021(. �bD����  $�9��N � ���* 1# ��� �G�& K���� 1&����� \ #  � �(�P�=��8 �� ��]7 �# �� � Lt� F���

�� 	� � �(�P�=��I 8�� ��� �K���� l�eE� �)��f �� Y*��� �G�& \ # 
���  �� q#�[� F��� u���G � 	� � 
G� 
�� '� �


�& )�b�� �N -R� )Gharineh et al., 2019 '�+Q '�I8���� � �NQ $��# Y*��� � M & $���) � �8�& $�f` F �t� .(

���� ��(%� � �* O� �� 1��I9 ���� N G $�9)�& )�#��& �� �G� �[ j�  ��* �.�) �� �9 'D o�]� � 
 =�� $�9

r�� �) �J
�
b�  $�9��* �) .�*� 1E7�* $���n �� ����� �p�]j� 
 =�� \��I8�  vM^ 1# S  $��# � 7� $�9

� 6�7 "#��� $��
��; ��E��� k��� ��� �! ��
� j� vM^ � lD � u� 1# ���&����%$ �;����� � ��
O   � N9�

\ # �� .�*� 	
G 	)�) $�9)�& l��j� O ���� $����%& $���n wIQ 1& �E��� $�� �G�
  �# 	
� ��)�Q�� $��^

1�� �9��& $  
�D� �x� 	
��&  � 'P��E S^ 	
��&  F�� )�
�� \��I8� o
9 �# 6�7 � �f# $��# 1& 
�E�9 ��M�8

a� ������( �  � �9���*  �) Y*��� '� *� N *D $��# �� ���f` )��� 1# �*�E*) 1& �#��( � $�9
����8 1# '
 %e#

*�)��� �
��& �� � +� '�9� ��� ���R 	)�ME a� ������( � �� �E&�#���� � ,�-�� C*��D �
� � � �x� $�9  'P��E  	
��&

 ����>� � 	)�N ���>� �� �9 'D 
G� �'�9� � 1%�� �# $�� N9 �) ����f` )��� � lD lfQ �# 	��� 1& 
�E�9 �=�(=��

�� � 
�9) �� \��I8� �[ j� 	
�� ` � 	
� S���� �#��# �) �� 	� �  �y�M^ � 6�7 $I e-��^ �) $
 -& \> 
����

) 
���N �M�� u j�Itelima et al., 2018���� � 1�) )�(-N� \9�& Y�* �(%7 \�� .( �� ��� & 	� � 	)��  )�G

)Telahigue et al., 2017.(  aR� �G�)�# H7�G �%9�:; �)Titicaca  F # �G�& K���� � ��* 1# 1E�#42  ��57 

 
G r��I� 
��))Lavini et al., 2014\����D .( ,�b� $�9 �� '�% ��; �) 1E8��  � $�� #D )�#��& �# 1& 
9)

	
��&I e-��^  �#��# $)�(-N� ��96 1# ��E(9 �) F� ) 
�D �� �*)Alejandro et al., 2015\9�:; �) .(  \9�& ���9

a& �L� �) 1�)��I9 '�� �N � 1& 
)�& '� # � 	)�N r��I� �� $�� #D\ # S��& $�� #D �  ��� & �) �� 1�)��I9 '�� F���

) )�N 
 =��Sezen et al., 2016���bD�� .(  F�� 1�fz� � Y*��� �G�& K���� �$�� #D {�]7 �) ��
�c ���=�[� 1&

,�b� �� o
9 F�� �#��# .�*� 1E8�. ���� 	� �  F��\9�:; He%�  1# \�&�� '
Ga&  #D Z >-� � �G�& K���� �$��

 �#�9)�& ��� & 	� � �) �E��� s-Ee� $�� G�#.
  

  

2���* .  /� ��  
 ����� ��* �) �! �) \����D F��1398  �1399 1��I� �) 1- # '�E*�+G) '�z� 1>[�� �) "R�� $�  �O#�# $�E*�� �(���*



238                                          �� �����	
 ����� ����  � �������� ����� ��� �1402 

 ��� 8��zQ � �R�� �#48  � 1Q�)12  ��� 8��zQ |�� � �R�G ��! 1> R)39  � 1Q�)27  1> R) k�M��� �# �=�NG120 

 1� =�* r��# u*�E� �# ���) Z[* �� �E�250  ��300 �- � ��:�� .
G ��Q� ��*� �E�  qN� �) \����D Sj� 6�7 $�9

 �� �M�30 �E�* �E� ��
Q q#�[� $)1(  .�*� 	
G 1}���a9 F �c  �) 1>[�� �*��G��9 ���D��* �9 1# \����D $��Q� $

 ��
Q ��G)2( .)�#  

  
H��
 1. �J!% +��E�KJ �.2L�5 � �2����C M�J N� O2���A  

EC   
)dS/m(  pH 

 a �-& ���#�&  

)%(  

 ~�  

)%(  

 �- *  

)%(  

 FG  

)%(  

�8�#   

6�7   

 F#�&  

)%(  

 'P��E   

)%(  

 �M�8  

)ppm(  

a *�E;  

)ppm(  

77/1  5/7  5/17  46  32  22  �*�  76/0  08/0  6/9  509  

  
H��
 2 �' P!- ��!
� +�� H�- �' �>�=C��< ���A .H�> �< �98  �99  

  �x&�
^ $��) u*�E� )˚C(  SR�
^ $��) u*�E� )˚C(  ��� �#�!� u*�E� )%(  ��
��# '�I � )mm(   � e�� '�I �)mm(  

  98  99  98  99  98  99  98  99  98  99  

)�)��  2/33  1/32  8/21  7/21  47  53  0  6/3  6/250  1/247  

����+G  8/27  8/29  9/17  9/17  64  60  2/43  2/34  5/129  4/220  

�+�  3/25  1/24  1/15  9/13  68  71  1/10  28  4/133  4/87  

'�#D  9/17  3/18  1/8  5/10  69  78  3/20  5/10  0/87  4/61  

��D  3/11  1/9  4/4  1/4  78  85  2/29  5/36  3/28  3/15  

S #)�� '�E*� �*��G��9 S& 	��)� :f7�� *  

  

 	� � \����D F�� �)�� aR� ��� & ��  	
G 1 +� /�& �f# � ��+ 1 +� � ���� ��> >j� 1�*m� �� 'D �f# 1& �&�&

1# )�# 1# � 1�E�#�� �%& '���� ��& ��! ���� 6�-# 1��; ��! Y=�R �) 	
G)�7 ��#�) $�9  1* �# �8)�]� S��& $�9

��E&�8 .
G �%& ���(� �N�� $�� #D) Z[* 1* �) $�� #D S��G \����D $�91_�` 1-^�� �) $�� #D "[R ��=  "[R � �9)

(1�) '
G�; 1-^�� �) $�� #D1 1# ) Z[* 1* �) �G�& K���� ��-�� ��E&�8 '����5  �	��)�)��20  � 	��)�)��5 

1# (	������+G  �# �f# Z >-� ��E&�#���� �# �f# Z M-� �Z >-� '�
#) 1P��E  �E��� )�& Z[* ��+c � ���8 ��E&�8 '����

*��D1# (,�-�� C*��D � �E&�#���� d�-e� �# Z >-� � ,�-�� C 1# .
G 1E8�� �J �) ���8 ���8 ��E&�8 '����  1 +� ��J��

 �j[* aeG S��G �E�# 1 +� ���+ �� -N� �%& �� \ ; � 	
G 	)� q N� aeG �J)��� F �� ��+# �) �G�& �E�#

a9 .�8�� ,�b� Z [�� � 6�7 �� ��! $��Q� �� S�R F �c 1�N \����D $��Q� Sj�  	�M�8 )�& .
G ,�b� $��)�#

1# ��  )��� 1# 1P��E  � ,� ��D ��M�8 ���� 	)��D '��� �) �6�7 '���D ~�*��# 	��� ����  �%& �E�# ���+ $��*

K���� �) ��� & �G�& �� -N� .

G o�]� 6�7 �) 1# 	
G�&� �G�& $�9 \����D F�� �) .
G ,�b� �E*) ���� 

 s�)� 1-��850 �E�* 1��# 1-��8 � �E�  s�)� $�� �97 �E�*  a&���) �E�285700  .
G 1E8�� �J �) (��E(9 �) 1��#

�f# �
E#� ���8 a&��� 1# �#� E*) �+Q �%& p�# a&��� �# �9  .
G S��^ �J)��� a&��� O�� �� -N� �# �C* � 	
G

 �E��� $�9)�& ���� & �f# Z >-� $��#�E&�#���� ,�&�&�& MG386293  ���-����# ,�-�� C*��D MH130055 )�
�� �# �

108 �- � O� �) 	
� ��-* $�E&�# �� ,�
&�9 �� ��-j� �E =  .
G 1 +� ��%& lD � 6�7 ��> >j� 1�*m� �� ��9

a9 �f# Z >-� 1��� �E+# ��
���c $��# �*��; �N� ��-j� �� F �c  �� ��) � 1��* u j� �) �� -N� 1 -& .
G 	)�ME*� �9

                                                                                                                                                            
1 S��& $�� #D ��N � �) . ab^ 1# $�� #D 1���� \G )�
��3120 1_�` 1-^�� �) $�� #D "[R ��N � �) ���E(9 �) Y�(��E�  ab^ 1# $�� #D 1���� �) )�
�� 1# �9)1040 

 ab^ 1# $�� #D 1���� ��+c )�
�� 1�) '
G�; 1-^�� �) $�� #D "[R ��N � �) ���E(9 �) Y�(��E�2080  �)��� ��E(9 �) Y�(��E�208 �- � �E�. 
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�f# � �8�� ,�b� l�E8D �� O%7 �� �; �9  qN� �) '
G1  �=�2 �E�* ) 

G �%& $�E�Bagheri et al., 2021 .(

�G�& K���� �) �%& '���; �� 
�# 1-��8�# $�� #D �#� F =�� He%� $�9 .
G 	)�) � � �� $��� r�� 1# 	
G ���� 	�

s-� �# 1# 
G� 	��) ��! �) ��9 $�9 ��# �8D �# 	����� $��# � �E*) ���� �8D �� ���7 \&  1# ��
 M�& ��� N G $�9

 '�I �3/0  �=�5/0 ��# O*�* 1 -� �# ��E(9 �) ,���- & O� '�I � 1# F���p � ��E(9 �) �E =  1-^�� �) ���72-3 

	��
� )��� ��M� .
G 	)�ME*� ���# �G $� �1_�` �� ��� )�
�� �'
GI�* �� ��� )�
�� S� S� �� ��� )�
�� ��9)  ��9)

 '�I � � ��f# F ����; 
��) ��G�)�# H7�G �O�P�=� # )�(-N� �1�) )�(-N� �1�)��I9 '�� ���
 *� �� ��� )�
��

.)�# 1�) �) )�Q�� F �;�*  

1# ��J��  �� ���) $P�=��8 S^��� '��� F  ��'
GI�* �� ��� �1_�` �9) �� ��� �S� �9) 1& ��R�� �(��
 *� �� ��� �

50 1��# 
��)  $P�=��8 1-^�� 1# ��& �9 $�9�J)���  

 *�K���� �9 '���; �) .
�)�� ��L 1-^�� 'D 1# d�#�� $

 ��! 1# �[*� �G�& u7 �) ��]j� �
G� S]84 a  ����� �# �E�  �� �; � 	
G �G�)�# F 8�! �� 1 G�^ �L� �E�

(%7 �) '
� $��) �# ��) 1��+� '�D70  �
� 1# )��� �E�* 1Q�)24 ) 
�)�� F  �� 1�) )�(-N� ����*Emam & 

Pirasteh Anousheh, 2014	��
� $��# .( ) ��
-b& 	�.E*) � �� a�9 r�� �� 'P��E  $� �Sharpe et al., 2001 (

) 1[#�� �� 'P��E  
��) 	
G 	)�ME*�1j� �� �; .
G F  �� () 1[#�� �) 'D ')�)���R � 'P��E  
��) 1�*�2 
��) (

) 
G 1�*�j� F ����;Emam & Pirasteh Anousheh, 2014.(  

 1[#��1(                                                 1�N 'P��E  
��) =
�E = �- � �8�]� 
 *� ab^×�8�]� 
 *� 1E =���×�.���×���

,�� 1# 1�N '��
  

 1[#��2(                                                                                  25/6× 'P��E  
��)= 1�) F ����; 
��)  

a9 F �c ) 1[#�� �� �F �;�* '�I � F  �� $��#3 () 
G 	)�ME*�Koziol, 1991.(  

 1[#��3(         Saponin (mg)/fresh weight= (0.0423) ×foam height (cm) +o.oo8/sample weight (g)  

1[#�� F�� �) 1& �Saponin (mg)/fresh weight F �;�* '�I � :1# $��� 1�) '�� ,���9� Foam height (cm) : k�M���

\����D 1=�= �) s&  �Sample weight 1�N '�� :�� G�#.
  

	)�) �9 �E7���(� �� '�� N!� $��# ������ 1�Ib� �� S�R �%����D $������ �9  �-���# '���D q��! ���*��#)��� 

 �� 	)�ME*� �# �C* � 1E8�� ���R,� ��I8� SAS ) 1e�1/9 a*� .
G 1�Ib� (�9��)�N  u*��,� ��I8� Excel  1���>� �

F .� � �9  Z[* �) I 5  '���D �� 	)�ME*� �# 
��) 
�c1���) $� .�8�� ���� F(�)    

  

3 1��!2 . 34�  

 Y&�� 1�Ib� g��E	)�) �9  � �G�& K���� �$�� #D �L� )�) '�%�9)�& ��M� �# �E��� $1_�` �9) �S� �9) ���
 *� �

 '��1�)��I9 1�) F �;�* '�I � � F ����; 
��) ��G�)�# H7�G �1�) )�(-N� ����� ��)  ��
Q) �*� 	)�#3(.  

  

3 .1 �� #� .5+�67�  

�9��N � � �G�& K���� $�9)�& �E��� $� Lt� ���� ��)  �#'
GI�*  ��
Q) 
)�) '�%3 .(���bD�� 1&  
�# $�� #D ��N �

 ��1_�` �9)  ��N��
G � Lt� �# $'
GI�*  .)�
 '�%a9 F �c  1���>� g��EF .� � �9  S#�>E� �L����� ��) F # $

 �G�& K���� �$�� #D ��9)�& ��
Q) )�) '�% �E��� $31# .( $��!  1&\ # ��I�* �� ��� )�
�� F� ) '
G51/7  �� (���

 1-^�� �) $�� #D "[R ��N �'
G�;  �G�& K���� �# 1�)5 ����+G	��  � �E��� )�& �# Z >-� ,
� �a& �� �� ��� )�
�� F�
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) '
GI�*16/4  �G�& K���� �S��& $�� #D ��N � �� (���20 ��)�)	��  Z >-� �a9 '���  ,�-�� C*��D �# �E&�#����1# �*) 

 S(G) 
�D1 .(  

  
 H��
3�1 @S� ��=�: &��T 4�D�: � '!.��� ��L
� � '!.��� )% U�%!� +�DE �J!% B$2;�*�=5 +�DE V:!� )2LW1 �2�#� . �1 �:�:  

���  z� "���  
 1Q�)  

$)��D  

���#�� F .� �  

'
GI�* '��� u*�E�  '��� u*�E� 1_�` �9)  S� '��� u*�E� �9)  ��
 *� '��� u*�E�  1�)��I9 '��  

��*  1  ns074/0  **851/75  **352/93  **122/763  ns016/0  

�[7) ��* S7�) ���(�1(  4  615/1  669/0  504/0  282/4  001/0  

$�� #D  2  ns097/0  **58/44  **441/41  **673/444  *079/0  

��* ×$�� #D  2  ns087/0  ns310/0  ns087/0  ns365/0  ns004/0  

��* S7�) ���(�×  �[7)$�� #D2(  8  275/0  719/0  741/0  060/2  016/0  

�G�& K����  2  **042/3  **581/274  **670/74  **781/522  *101/0  

)�&  3  **77/22  *031/6  **580/78  **574/36  **487/0  

�G�& K���� ×)�&  6  **461/2  **473/6  *294/3  **431/3  **120/0  

��* × K�����G�&  2  *449/0  *141/1  ns004/0  *421/3  ns007/0  

��* ×)�&  3  ns160/0  ns555/0  ns462/0  ns104/0  *034/0  

��* ×�G�& K���� ×)�&  6  ns120/0  ns162/0  ns245/0  *747/0  ns003/0  

$�� #D ×�G�& K����  4  ns222/0  **810/23  **841/5  **352/14  **236/0  

$�� #D ×)�&  6  *368/1  *692/4  *831/2  *560/0  ns017/0  

$�� #D ×�G�& K���� ×)�&  12  *919/0  *341/2  *005/2  **028/2  *026/0  

��* ×$�� #D ×�G�& K����  4  ns296/0  ns685/0  ns636/0  ns199/0  ns003/0  

��* ×$�� #D ×)�&  6  ns155/0  ns217/0  ns125/0  ns156/0  ns007/0  

��* ×$�� #D ×�G�& K���� ×)�&  12  ns 216/0  ns241/0  ns192/0  ns146/0  ns014/0  

�%����D 	��EG�  44  536/0  72/1  37/1  797/0  026/0  

) ���  z� Y��n%(  -  74/12  65/2  75/1  78/0  95/3  

  
 )��'� H��
3�1 @S� ��=�: &��T 4�D�: � '!.��� ��L
� � '!.��� )% U�%!� +�DE �J!% B$2;�*�=5 +�DE V:!� )2LW1 �2�#� . �1 �:�:  

 "������  z�  
 1Q�)  

$)��D  

���#�� F .� �  

1�) )�(-N�  O�P�=� # )�(-N�  �G�)�# H7�G  1�) F ����; 
��)  1�) F �;�*  

��*  1  *788/1310  **041/7957  ns0011/0  **639/9  *306/0  

�[7) ��* S7�) ���(�1(  4  661/63  041/1  0002/0  020/0  722/3  

$�� #D  2  **89/174594  **92/667208  *935/19  **731/83  **321/28  

��* ×$�� #D  2  ns307/55  ns340/0  ns0001/0  ns259/0  **233/0  

��* S7�) ���(�×  �[7)$�� #D2(  8  109/52  340/0  0002/0  154/0  706/0  

�G�& K����  2  **203/15545  **855/165716  **822/391  **886/3  **835/6  

)�&  3  **21/28654  **518/65409  **409/92  **955/419  **078/4  

�G�& K���� ×)�&  6  *168/1012  **093/2423  *467/31  **940/2  **063/1  

��* ×�G�& K����  2  ns890/60  ns753/0  ns0004/0  ns265/0  **067/3  

��* ×)�&  3  ns124/63  ns168/0  ns0008/0  ns284/0  **591/1  

��* ×�G�& K���� ×)�&  6  ns366/52  ns529/0  ns0005/0  ns074/0  **053/3  

$�� #D ×�G�& K����  4  **88/6466  **362/10599  **702/60  **218/3  **417/0  

$�� #D ×)�&  6  **74/1493  **113/5415  *184/20  **502/2  **666/0  

$�� #D ×�G�& K���� ×)�&  12  *502/814  *756/1069  **3/43  *533/0  **787/0  

��* ×$�� #D ×�G�& K����  4  ns603/53  ns359/0  ns0002/0  ns096/0  **888/1  

��* ×$�� #D ×)�&  6  ns711/53  ns401/0  ns0007/0  ns113/0  **430/0  

��* ×$�� #D ×�G�& K���� ×)�&  12  ns457/59  ns569/0  ns0003/0  ns008/0  **379/0  

�%����D 	��EG�  44  36/355  53/761  641/11  522/0  046/0  

) ���  z� Y��n%(  -  47/8  22/6  77/6  36/4  87/2  
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 N.C1 � 4C�: 32��1 B����%A N%��#� !?� .�<'�:L	> �1 ��� '��X1 !% �#�2� � ��=�: �' Y�C  

) Y�#> !< �' M!#"� [�!�Y�"� &�=<'  ����=X� ��' ��% ��<����1 \�>�!%  �.��' Y���A�� C�%�.( 

  

�� '���  �M�K���� �9 �G�& s-Ee� $Y�^�#  �E��� )�& k�� Lt�  �) ����ME�'
GI�* '�%  Z >-� � �*� 	)�)

 �E��� $�9)�& �#1# 	:��  Z >-�a9 '���  1& �*� 	
G h��#'
GI�* ��M�� ����) .
EM # ��>�� ��)��  �) ��
GI�* ')�E8�

 �G�& K����ab�; ����+G	�� 1# �J �� 
*� 1# S =)  1# ��� ��) \9�&20 )�)��	��  � �*��9)�& Y�* 1# �E��� $

'����9 
 =�� 	
���I8� $�9 ���; 1-NQ �� �[ j� w�* S���� \9�& � 
G�'P �9 $$��N # ��  �) "���� h��#'
GI�* 

	
G 1E8�� .�*�  �) "���� $)��� $�91��Q ��  �# Z >-� �L� �) �f#�9)�&	)�N r��I� �� �E��� $  
�)Soleimani 

Fard et al., 2013; Hafeez et al., 2004 .(  

 �� ��� )�
��'
GI�*  '�I � �# � ��x� �.E��N9 1�) F �;�*���� ��)  �� ��� )�
�� �# �S� �9) '�� �1�) )�(-N� �

1�)��I9  � �M�� �.E��N9 �1�) F ����; 
��) ����� ��)  ��
Q) )�) '�%4 �# .(� 7t�  �)'
GI�*  F �;�* '�I � �f#

 � �8�� \��I8� 1�)S� �9)  F�� 1& )�E8� ��M�� ����)� 7t�  S^��� �) F ����; 
��) �1�)��I9 '�� \9�& h��# 
G�

.�*� 	
G 1�) )�(-N� � 1�)  

  

3 .2 �� #� .)8�9 ���  

���� � Lt� �E��� $�9)�& � �G�& K���� �$�� #D ���* 	)�* ���L� 1_�` �� ��� )�
�� �# $��)  ��
Q) �G�) ��� & �9)3 �) .(

 1�=�[�Portar et al. )19961_�` 1-^�� k��G �# $���# �L� �G�& K���� ( a9 .�G�) 1��; �9)  u*�� 1& �*��# �) F �c

Robertson et al. )20051_�` �� ��� �# �G�& K���� ���L� �8�� ���� ( ���� $
�9 �)�7 � �I-& �) �9)  �) .)�# ��)

$�E&�# �L� �%����D ��� ��! ��� ~���) $�9 
��� 9 �# 
G� 	
���I8� $�9 
)�) \��I8� �� 1�) )�(-N� � O�P�=��8 S^

)Hamidi et al., 2011a9 .( F .� � 1���>� g��E F �c ���� S#�>E� �L� �9  �E��� $�9)�& � �G�& K���� �$�� #D F # $��)

1_�` �� ��� )�
�� �J ��  ��
Q) )�) '�% �9)31# �( $��! \ # 1& 1_�` �� ��� )�
�� F��� D ��N � �� �9) K���� �# �=�N�� $�� #

 �G�&20 a9 Z >-� � 	��)�)�� ) ,�-�� C*��D � �E&�#���� '���67/53 a& � (��� 1_�` �� ��� )�
�� F���  $�� #D "[R ��N � �� �9)

 �G�& K���� �# 1�) '
G�; 1-^�� �)5 ) �E��� )�& Z >-� ,
� � 	��)�)��83/45 1# (���  S(G) 
�D �*)2 $�9)�& )�#��& .(

K���� �) O�P�=� #  1# ����) � 	
G �E+# 	� � �%��� 
G� 1& �*� 	
G h��# $�� #D ��[* ~�*��# ���ME� �G�& $�9
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9�G)�E��� )�& �# Z >-� '�
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1_�` $�E&�# �IQ 1& ,�-�� C*��D � �E&�#���� �E��� $�9)�& � $�� #D .
 *� �9)  
 =�� �# 
�E�9 	� � 
G� 6�j� $�9

'����9 O��j� $�9 ��& \��I8� � 	� � 
G� 	
��&�p�! ���+ �) � 	� � �N � �n� )��+# YQ�� �1%�� lfQ ���  '
G ��

�� 	� � O�P�=��8 S �̂�� ) 
�GYasari & Patwardhan, 20071_�` �� ��� )�
�� .(  )�(-N� ���
 *� �� ��� )�
�� �# �9)

���� � �M�� �.E��N9 O�P�=� # )�(-N� � 1�)  ��
Q) )�) '�% ��)4.(  

  

3 .3 �� #� .:; ���  

 Y&�� 1�Ib� g��E	)�) �9 ���* 	)�* ���L� )�) '�%  �� ��� )�
�� �# �E��� )�& � �G�& K���� �$�� #DS� �9)  �) ��� &

 ��NE^� Z[*1  
��)���� ��)  ��
Q ) )�#3 .(  

  

  
 N.C2 � 4C�: 32��1 B����%A N%��#� !?� .�<'�: �1 ��� '��X1 !% �#�2� �)^=_ �<' ��=�: �'.  

) Y�#> !< �' M!#"� [�!�Y�"� &�=<'  ����=X� ��' ��% ��<����1 \�>�!%  �.��' Y���A�� C�%�.(  

  
H��
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GI�* �� ���  00/1                    

1_�` �� ��� �9)  ns17/0-  00/1                  

S� �� ��� �9)  *21/0-  ns19/0  00/1                

��
 *� �� ���  ns15/0-  **46/0-  **68/0  00/1              

1�) )�(-N�  **32/0-  **38/0-  **31/0  **69/0  00/1            

O�P�=� # )�(-N�  ns06/0-  **37/0-  **78/0-  **31/0-  ns18/0  00/1          

�G�)�# H7�G  ns16/0-  ns16/0  ns11/0  ns02/0-  *27/0  ns01/0-  00/1        

1�)��I9 '��  **34/0-  ns06/0  ns14/0  ns06/0  ns14/0  ns06/0-  **4/0  00/1      

1�) F ����; 
��)  **64/0-  ns17/0  ns19/0  ns09/0  ns10/0  ns07/0-  *24/0  **67/0  00/1    
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3 .7�������� ��$%&' .  
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 F # �G�& K���� � ��*42  ��57 ) �*� 	
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F�� 1# 1Q�� �# ��8�� \��I8� ��� & 1�) F ����;  'D 1b E �) 
#�� �� \��I8� 	� � �) 'P��E  
��) �E#�!� \�� u���G �) 1&

 .
#�� �� \��I8� I  F ����; 
��)���ME� 1# �G�& K���� � Lt� �j� ��� & 	� � �) ,�7 F ����; ��
>� ')�#  u���G S =)
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�)�� r��I� ���ME� �[ j�Gonzalez et al., 2012) 1�=�[� �) .(Bagheri et al., 2021 �) F ����; 
��) (

� ��P  F # 1�=�[�)��� $�903/15 -17/18 a9 � Lt� �)�# � zE� 
��)  �E&�#���� '��� ��� 1�) F ����; 
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� 1# ���  )�) '�% $��))Singh et al., 2016; F.A.O, 2017(1� ��P F ����; '�I � .  ��� & $�9
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��)Angeli et al., 2020'�� � �G�)�# H7�G �# 1�) F ����; 
��) .( 
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