
  

Online ISSN: 2345-6957 

 

Journal of Crops Improvement 
 

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

 
 

University of Tehran Press 

 

Evaluation of Efficiency in Fenugreek-Black Cumin Intercropping 

Under Application of Growth-Promoting Bacteria and Nitrogen 

Fertilizer Amounts 
 

Abbas Khanamani
1
 | Enayatollah Tohidi-Nejad

2 | Gholamreza Khajoei-Nejad
3

 |  

Jalal Ghanbari
4  

 

1. Department of Plant Production and Genetics, Faculty of Agriculture, Shahid Bahonar University of Kerman, 

Kerman, Iran. E-mail: abas.khanamani@gmail.com 

2. Corresponding Author, Department of Plant Production and Genetics, and Research and Technology Institute of 

Plant Production, Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran. E-mail: 

e_tohidi@uk.ac.ir 

3. Department of Plant Production and Genetics, and Research and Technology Institute of Plant Production, Faculty 

of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran. E-mail: khajoei@uk.ac.ir 

4. Department of Plant Production and Genetics, and Research and Technology Institute of Plant Production, Faculty 

of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran. E-mail: jalalghanbari@agr.uk.ac.ir 

 

Article Info ABSTRACT 

Article type: 

Research Article 
 

 
Article history:  
Received: January 01, 2022 

Received in revised form:  

June 27, 2022 

Accepted: July 31, 2022  

Published online: April 16, 2023 

 

 

 

 

 

 

 
Keywords:  

Biofertilizer,  

fertilization efficiency,  

land equivalent ratio,  

medicinal plants,  

nitrogen use efficiency. 

This field experiment is arranged in a split-split plot based on a randomized complete 

block design replicated three times during the growing season of 2019 at Shahid 

Bahonar University of Kerman, Iran. Nitrogen fertilizer rates (no-application, 50%, 

and 100%; 0, 75, and 150 kg urea per hectare) serve as the main factor, inoculation 

with growth-promoting bacteria (non-inoculation and inoculation with Pantoea 

agglomerans) as sub factor, and different fenugreek and black cumin cropping 

systems (100:0, 75:25, 50:50, 25:75, and 0:100) as sub-sub factor. Biomass, yield, 

nitrogen use efficiency (NUE), agronomy efficiency of fertilizer (AEF), and land 

equivalent ratio (LER) are determined. The results show that the highest biomass and 

NUE of studied plants are obtained from 100% fertilization and bacteria inoculation 

in monoculture. The total LER is also significantly improved by fertilization 

(between 28-51%) and bacteria inoculation (23%), showing a higher advantageous in 

25:75 and 50:50 cropping patterns with LER values of 1.732 and 1.688, respectively. 

In contrast, reducing 50% of fertilization under bacterial inoculation increases the 

AEF, especially in fenugreek monoculture. Fertilization increasing the total NUE and 

bacteria inoculation results in the highest NUE, particularly at increased ratios of 

fenugreek. Fenugreek:black cumin cropping ratio of 25:75 under 100% N 

fertilization and bacteria inoculation with LER ≈ 2 has been the best treatment 

combination for gaining maximum overall productivity. Fertilization with 50% N 

inoculated with bacteria in the same cropping pattern can be recommended when 

fertilizer application is restricted. The present research suggests that the integrated 

application of bacteria and fertilization can enhance the overall efficiency of 

intercropping. 
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 ���	!�� ��� �����$  ?2������� K#�H 	�h  ��;!iJ  ��  �*��	J�	J �  ��a$�P !�  .�""�����*# �	c�Z (�Z ��  ��

�	��+�< ;*$� ��Aa� � (�^, 
 j��J�� ��� ����&# ��$ ��	
*
 ��F �� �"B$k ���P
J����! �! ��	H  �	�
)Wondimu et 

al., 2007(D<"� .�&D )Trigonella foenum-groecum L.( � J�&����� )Nigella sativa (T�! ��  �$����  ����
 =$	�

 ��$�lh �	#��� 	# ��i@ &� ���#&# K��� &# �$���� m��I ����*#  ����� �	#��� �$���� k$�"B �� ��	
*
 ��F)Sarwar 

et al., 2020; Dabeer et al., 2022(.  

F� &�� ���  �&
�l
n��  ��	�, ������� ���� ��o>$;* S!�p� �a�  �. �� &
���� .;J&#  ��"@  �(�b!

�! &#  ��� 
���>k#�"! �  ��� � q> �A�! �	#��� 	o� �� _�# �������  &���	
��;,> � ?�  �� ���������  �	� �����

)Tilman, 2020( .&# n�� �	�
��� ��� ������  ��!� ��
J�#�1 &DXa �� n��  ��� �U�DV! ;���!  =Xc �����

��<�#  �	�DX@� ����
 ���	o� S!�p� n�� ��	�, ������� ��� ��� ?��� �� )Li et al., 2020( . �J�	# ��

;<*� ) &������J � &D�D<"� U�DV! ;�� WD
V! ���50:50 �25:75 �75:25 �5/12 :100 �100:25 �5/37 :100 �

100:50�� K#�2! �� (  &� �� n��A
 ��
��?�# 	��� �� &D�D<"� �	�DX@ =$  � &D�D<"� �
��?�# 	� �	�DX@ =$

 ;�� ;<*� �� K� ��"!��J � &������J5/12 :100 ) �� KB�Z &������J � &D�D<"�Rahmati et al., 2020.(  ��a� �#

 �	�	# �r��I ;�� �� j��J� � &��� �	�DX@?�# 	�) ��"!��J ���2! =$29/1U�DV! ;�� �����X�� =�# �� ( � ��

 ;�� �����3:1 � 1:1 ��	! : &D�D<"�) �� �����!Abdi, 2019.( &#  U�DV! ;�� WD
V! ������� �� �&#��! ��F

 �&D�D<"� � �$�� �P$��?�# 	�� r��I ;�� �� &D�D<"� &��� �	�DX@ =$ ?�# 	� ;�� ;<*� �� �$�� &��� �	�DX@ =$

1:3 ���Z �� �� KB�Z &D�D<"� :�$��  &�?�# 	�  �A�! =$LER  ;�� ;<*� ��2:2 &# ;J� ) �!>Rezaei-chiyaneh 

et al., 2016 .(T� =�"[ �?�# 	�) =�!� �	#�	# ;<*� =$45/1�� ( �����  ;���25  +��V� �B��75  &������J �B��

Z U�DV! ;�� ���� KB� )Gholinezhad & Rezaei-Chiyaneh, 2014.(  

=$� �# �! �$�lh 	B�"@ �	b���Z qla �� ;�� T
*�J �$���� ?$�A,� �(�Z &# ����� ���  ��"@   �A�! ?��� ��	# ����

&# 9	:!	. 	B�"@ 9	:! �$���� � qla ?$�A,� � ;,����  �A�! ?��� ��	#���  ���#  ��	
�� �-$�)Ghorbanpour et 

al., 2015( . n��A
��� &# &� ���� �lh �Z�� 	�� �����T
*�J �� � U�DV! ;�� ��� �19  ��36 T� ��� �B�� 	�� ���� 

Ga�! &� ���# 9	:! �$���� ?$�A,� �	#��� ���� �  ?���!� �A �$�lh 	B�"@ ! ���P
J�i#� ��� )Li et al., 2020( .  

 ���Z �
*$� ������!���
���	�A�L ��� P!�� ��� C	S!&# � �$�- 	
��#� ��� ;�<b� ��""�  ��	
�� � &$lt� ��<�# �#

 � ���� ��<�# �� ���� WD
V! k#�"! 9	:! �$���� ����
X�� ���; �$�- �� ������ ?V# ��� �����I	# ��) Aasfar et 

al., 2021; Kordi et al., 2020( ;<b! 	o� .�$	
��#�A� ���  �� U�DV! ;�� �$���� ��<�# �� ��� C	S!������� 

 ;�� WD
V! U�DV!����J&�� &D�D<"� � )Rezaei‐Chiyaneh et al., 2021a( � ���$&�� � ��#�� ��X^!� )Rezaei-

Chiyaneh et al., 2020( ;J� ��� n��A
.  

�	
��#�A$� �	#��� �	#��� &
,�$ ?��� 	$��2! �# ��� C	S! ��� ����� ��� ��X����$ &#   ��"@$� �	<���  �# ��
��J

S!�` �$;*�	# �� 
J��#��  &#?$�A,� ;�P�� � �	�DX@ 
� ��� ��$����  ;J� ��� �,	^!)Ghorbanpour et al., 

2015( . =Xc=$� &� ��X�� ������rI�� �$ �	�# � ��"!��J ���  �� ���J�T
* ��;�� � ��� U�DV!$&��  �

D<"��&D )Abd-Elghany et al., 2017(  �iH�# � L�"
2 )Xiao et al., 2018(  �	#��� �;J� ���� ��<�# ��	
��#� ��� 

                                                                                                                                                            
1. Ancient agriculture 

2. Faba bean (Vicia faba L.) 
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 ��  ��	
�� ������ 9	:! �$���� ��<�#)Kordi et al., 2020(&^��p! �� . �	�$� ��  �	#���50  ������ ���2! �B��

 �# u�PD� �� �$��X��	
��#� ��� KZ +�P*, ��""� T�J�
. � 	
��# �� ��� ;�<b� ��""�  &# 	M"! +��?�# 	� �	�DX@ =$

&$�<����# &���1  �n�!2 �� �� �� �
��� ���Z ��  &�?�# 	�� 	B�"@ ���
S! =$ 	�_�#$=  ;<*��	#�	# !��= )35/1( 

 ������ ���;�� U�DV! )1:1 �2:2� 2:3(  �� KB�Z)Faridvand et al., 2021( .  

���a� =$� �# ������  �
*$�&# ��F K!�� &# ���H !v��= �$�lh 	B�"@ &# ���
 ���� ���"
* 	$��2! ;J� L�_ �=$�	#�"# .

 	B�"@ �D�X���������! ��� =�!v� ���� k#�"! u$	F �� . &# &a�� �#=$� &� T� 	�  ��50 ������ �B�� ��X���$  `J��


��� ! qla�  � ��� > �2#�! K$_� &# w	
J� �� WD
V! 
��� �! f��I � ����LA���
���	��! �	#�� �# ��� C	S! ��� 

�A,�$?  qla�$�lh 	B�"@ 
 `J������ �!  ��� 	B�"@ 9	:! �$���� ?$�A,� &# 	M"! �����)Miransari, 2011(.  	#

 �&^��p! =$� �� 9�� ��"<! =$� ?2� �J�	# �$���� � �$��X�� ������ 9	:! �$���� ��<�# �� ��� C	S! �	
��#

�	�# ?$�A,� �  ��	
�� 9	:! .��# U�DV! ;�� ��"!��J � ��� 

  

2 .)�� � ��	� �!  

2 .1 . �
����* +�, � �!��-�. /��0� 1��  
�$= ?��-.  (�J ��1399  &@�A! �����2�2S� ������ �������� ������� � �!	� 	"��# ����  �$��,�	ta ;�^H�! �#

 (�F57  &a�� �07  &2�H�H	���  x	@30  &a�� �14  &2�H���X�� d�P��� � 1774 �� RpJ �� 	
!$ ��L�M�� �� .

�
-$�  uX@ �� &@�A! C�I �$��X�� � ��$A�, WD
V! ���30-0 �
��J  (��a) �� =��^� �	
!1.(  

�!�>$? &# +��B +	� ����	I ��# �� ��� C�D# E	F G��H �� � ��� ,��:� K!���  �#&J  �	a� ��	���� K!�@ .

DB�� �� ���P
J� K!�� �	#��� WD
V! E�pJ  ����$��X�� K!��  �(����) 	PB50 ) �B��75  � (���� ��
�� �� L	
�D��

100 ) �B��150 .��# ��
�� �� (���� L	
�D�� @	, K!�@�  �	#��� L�@ � �	#��� K!�� C	S! �	
��#���  L�� ;S�)

����#���� ���M�-1 �Pantoea agglomerans strain Q4 )CFU ml
-1 107;*$� ;�	� �� ��� &��� �( (A<J ���",  �

@	, K!�@� @	,� ;<*� ���  U�DV! ;�� WD
V! ���
 	� �
�� ��) &������J � &D�D<"��	��G ���  U�DV! ;��

 &������J:&D�D<"�75 :25 �50:50  �25 :75( ��# .  

�l#��� &������J � &D�D<"�   ���. �l# ;�	� ���l# ��  ��PB��&  .�� R�2D� &$�!	
��#� ;�<b� ��""�  &DZ	! �� �� +��

  ����
 ����l# ��
#� .�� (�X@��J�	#���! &# �	#��� �L�� &DZ	! �� .���� R�2D� �;��� &DZ	! ��  � ����#> q> ��	X�

K
 &DZ	! �� K<H  �A�! &# ��� 2 ��	
 ���
�� � )Kordi et al., 2020(  L�M����.    

  

  :��1 .�G�
: ��; D���8 ��;�1 ��H? '�/5��� ���$�$C� "
,I� ,� J��: K
��0L ����� MC� B�� N76>�  
T�J�
.   

K#�H w	
J�  

)mg kg-1(  

 	P*,  

K#�H w	
J� 

)mg kg-1( 

 ��	
��   

K� 

)%( 

 ;�,	y  

������� (��<� 

Cmol(+) kg-1 

���!   

��> 

)%( 

 ��  m�:V!  

�	��y 

)g cm
-3

( 

&
$��J�  

 ;�D#�H  

��$	
��� ;$��� 

)dS m-1( 

;,�# 

327  6/6 1/0 2/7 29/0 7/1 96/7 8/1 �"� L�� 

  

                                                                                                                                                            
1. Moldavian balm (Dracocephalum moldavica L.) 

2. Mung bean (Vigna radiata L.) 
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 ���!> �� �^# =$���	, �� =�!� ���J  ��!1399 (�X@� ;��� 	
*# �� �	#���  �A�! w�J�	# ���� ��� 	$��2! �� �X�� �

 .�� U�DV! C�I �# � ����l# ���
 �� 	� ��� ��+	� �$��  ;Z�*! &#&J k#	!	
! ) K!�����[ ��$W 3 	
!�  &#

 &DB�,25 
��J� 	
!(  &D�D<"�) ���
 	� ��	# 	z� ���! uX@ �� �5/1 �
��J  &������J � 	
!5/0 �
��J (	
!  �� {$���23 

;��<$���  ��!1399 &# T� +��B   �!� .���� ;�� (�X@� ;��� �� j. &DB�,i# ����#> � ���� w�J�	# ����#> &!��	#

 ����
 a� .�� L�M���= &#  +��B �"� +��DX@ � �
J�&# ��z"!  T��	� &# �#��
J�80  �� &��#k#	!	
!  �� 	� ��	#

��$�� &DZ	! d�	� �� K<H ���� ��� �2#�! .�� L�M�� ����
 &# 	J +��BC ��	H ���P
J����! .;,	
  

  

2 .2 .2-0 ��*� 3��� �!  

&# ��z"! =��^�  � &�$� ��I  �� ���^��� �	
  	�ov� ;S� &D�D<"� &�$���	
��# �# R�2D� � ������ K
 &DZ	! �� ��� 

&D�D<"� )20  ��!	��1399&J (  &��#&#  K!�� ��F&# ��	X� �$&� ;<*� �� �� ���  �
�� .�� ;���	#�� j. ;*� ���� 

�	
 L�X� &�$� � ��� n��X� &�$� ���  ��!� �� ��75  ��	# &a��24 �� =��^� &�$� ��I  �� � ��I ;@�J.  ��

 K:,  �$�.) ���25 ��$	����!  � &������J ��	#26 	�!��! 1399  ����! 	
! �$ �� ;���	# +��DX@ �(&D�D<"� ��	#

W$��;*$� =��^� ��	# .�� L�M�� 9	F �� �� &���Z 9lZ �# `J� ��� ) ����BY &��� �	�DX@ � ���
 �� 	� ��	# (

) &������JSY&��X� �(;���	# ���  ��!� �� RpJ �Z�� �� ���75 ��
��J &a� &# ��	
 +�!24  � ��I  �> �� ;@�J

 .����  �� j|J  

&# ��z"! �2!$&*  ���>	# ���"!��J �2! �� U�DV! ;��$&* ��:S! �� ;�� �#�� ;<*� �	#�	# !��= )LER( 

;*$� w�J�	# ;�� ����� � ��X�� 	� ��	#  &p#��) �� &<J�S! &������J &��� �	�DX@ � &D�D<"� ����1(.   

 &p#��1                                                                                               (LER = (Yfb/Yf) + (Ybf/Yb) 

 &�Yf  �Yb &# G��	� ;*$�  &������J &��� �	�DX@ � &D�D<"� ������ �� 
���  �Yfb  �Ybf &# �	��G ;*$�  ����

�J &��� �	�DX@ � &D�D<"� &����� �"
*� U�DV! ;�� ��)Kordi et al., 2020(.  

����$� @���� ���1 )AEF( �	#� ���$#�� �����$ ����	# &���	
�� �$��X�� ��� J ���T
* ���  ;�� &p#�� ��)2( 

&<J�S! .��  

 &p#��2 (                                                                                            AEF (kg kg
-1

)= (Yt-Y0)/FN  

Yt: �	�DX@ �������� �)�L	
�D  (��
�� ��&# ���� ��L	
�D ��
�� �� ��� �	#��� )FN � (Y0 :�) �	�DX@�L	
�D  ��

������ (��
�� 
�	� � �� ������X  ����)��� �	#���  ��#(  ��#)Xu et al., 2012(.  

����$� )  ��	
�� 9	:!NUE( ) �������� �	�DX@ w�J�	# ���
 	� ��	#Y&# ( 9	:! 	:"@ ����  ����� ��	# ���

&,�c� 	:"@ � C�I �� ��a�! 	:"@) RpJ �Z�� �� (�:S!  > ) �$��X�� ��� `J�� ���TN &p#�� �� (()3(  &<J�S!

 ��)Ghanbari & Khajoei-Nejad, 2021( 9	:! �$���� d�XM! �K�  ��	
�� 9	:! �$���� �J�	# ;�a .

 .;,	
 ��	H A����>���! � &<J�S! ���
 ��  ��	
��  

 &p#��3                                                                                                  (NUE (g g
-1

) = Y/ TN  

AM�$& ���$j�� ����  �# ���� ���P
J� L	� ���!> ��A,�SAS   &V*�)0/9L�M�� ( ��. �	#� &*$�2! !�����= ���  �!�>

�"^! ���!> +��P� KH��Z ) ���LSD(  (�X
Z� RpJ ��5 ���P
J� �B�� ��. K�� TJ� L	� `J�� �� ��A,�Excel   &V*�)

2016.�� L�M�� (  

                                                                                                                                                            
1. Agronomy efficiency of fertilizer 
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3 .5�� � 6���   

3 .1 .�7�� ��8	. ������� #$����  9�:� ������ � 3�	.  
;*$� �����  	o� � ;�� ����� ��	
��# �# R�2D� ������� 	�ov� ;S� &D�D<"�  ��	
�� 9	:! �$���� � ���� �� �	
��# K#�2
!

 (��a) ;,	
 ��	H ;�� �����2 �	#��� E�pJ .(50  � �B��100 ;*$� ������ �B�� &# �� &D�D<"� ����  G��	�15  �31 

&# ��  ��	
�� 9	:! �$���� � �B��  G��	�8  �16  (��a) ����� ��<�# ��	#��� L�@ &# ;<*� �B��3.(  

 �X� �! �����! &���F  K��) ���1-  �(q � W��?�# 	�;*$� =$ �� ��  ��	
�� 9	:! �$���� � ����  �
��

;<*� �� R�2D� .�� KB�Z �	
��# �# R�2D� �� &D�D<"� ;*$� �;�� ����� �� &D�D<"� `J�
! � _�# ���  �$���� � ����

��� ��<�# ��  ��	
�� 9	:!� ���Z ��  ;�� ;<*� �� &�75:25 �"^! 	o� &������J :&D�D<"�  ���l! +�PB 	# ����

���Z �� .;���� ;*$� ?��� &# 	M"! &D�D<"� ;�� ;<*� ?��� &�  �# R�2D� ���  ��	
�� 9	:! �$���� � ����

;*$� ?��� �	
��#  ;�� ����� ��  ��	
�� 9	:! �$���� � ����25:75 �� &# ;<*� �� &������J :&D�D<"�  �
��

� &D�D<"� ��X�  �	<a R�2D� L�@� &# ���F �"^! 9i
I� &�  > =�# ���� .��� �����! ��  

  

  :��2DL M1�$6� �O� : �58 ��/#� P�
�
�68�1 Q�$7� P�;���8 M���
 �O� R��
,�: "
IS� T
�6� . �U
0 ��#�� �1 �;  �
�,�8 : '���

"���;��< �1 =�7>� �58 ,� "7�7	�? D9:�6�� V�W�  

 9	:! �$���� ��	
�� �
*$� �	�DX@ ����> &a�� 	��t� k#�"! 

0/0092 ns 2807 ns 2 C�D# 

0/0476** 48877** 2 ��� 

0/0026 829 4 C�D#× ��� 

0/412** 121573** 1 �	
��# 

0/0013
 

ns 211
 

ns 2 ���× �	
��# 

0/0023 668 6 C�D#× �	
��# (���) 

1/44** 425032** 3 ;�� ����� 

0/0076
 

ns 2301
 

ns 6 ���× ;�� ����� 

0/0410** 11734** 3 �	
��#× ;�� ����� 

0/0030
 

ns 725
 

ns 6 ���× �	
��#× ;�� ����� 

0/0050 1406 36 �pI 

7/11 4/11 - ) +�	��t� G$	c%( 

 ** �* �ns: &# �"^! G��	� �"^! ��B�� Y". (�X
Z� RpJ �� ��� �"^!	�h � �B�� �$ (�X
Z� RpJ �� ��� .���  

  

  :��3�U
0 �1 �?, B�C� ��68�1 �1 Q�$7� : �
��X�? ��8 ��1,�8 Y�Z< �O� .  %��[�W� : D9:�6�� V�W� �
�,�8 P'���

"���;��< �1 =�7>� �58 ,� "7�7	�? "5
,  

 &�$� �	
 ���^�  

)No plant-1(  

&�$� ��I  ��  

)g plant-1(  

 ��	
�� 9	:! �$����  

)g g-1( 

;*$� ����   

)g m-2( 
 ��X�� 

    ������ E�pJ  

- b 00/1 c 560/0 c 286  ���� 

- b 16/1   b 604/0 b 329  50 �B�� 

- a 51/1   a 649/0 a 376  100 �B�� 

    �	
��# �# R�2D�  

b 0/51  - - -  R�2D� L�@ 

a 0/62   - - -  R�2D� 

=�����! �"^! ���!> 9i
I� �H�, �;PB 	� ��	# C	
�! 9�	Z ����� ���  ����"^! +��P� KH��Z  �!�> w�J�	# ) ���LSD (�X
Z� RpJ �� (5 �! �B�� .�"��# 
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 M(?1�U
0 .  .��68�1 �1 Q�$7� : �58 ��/#� M1�$6� �O� ��O]� �C� "7�7	�? (_) D9:�6�� V�W� �
�,�8 : (N#�) '���  

F : "7�7	�? :B"���;��< :  

  

 ��<�#�	�DX@ �	
��# �# R�2D� � ������ `$�	� �� ;�� WD
V! ������� �� &D�D<"� ! ��� &#  ���   �A�! ?$�A,�

	B�"@ qla � ;��iZ ��<�# � �$��X�� ������  ��A,� �# ��a�! 	B�"@  `J��	
��#� ��� ;�<b� ��""� N ��� ;<*� 

�! &� ��<�# �� �X�! ?2� ����� ��� �	�DX@ � ���# &
��� )Kordi et al., 2020; Vafadar-Yengeje et al., 

2019( . �WD
V! +�^��p! ��) &D�D<"� � &��$��� U�DV! ;�� �� �	P*, ������ 	o�Abd-Elghany et al., 2017 	o� �(

) n�! � &$�<����# ;�P�� � �	�DX@ 	# �$��X�� � �
*$� ������Faridvand et al., 2021�	
��# �	#��� 	o� �(  ���

�	�# 	# ��� C	S! ) &��$��� � ��#�� U�DV! ;�� ���Rezaei-Chiyaneh et al., 2020 ��<�# 	# ������ 	o� � (

) iH�# � &$�<����# U�DV! ;�� �� �	�DX@Vafadar-Yengeje et al., 2019 .;J� ��� n��A
 ;<b! (T� =�"[ �

��# �# R�2D� �	
;�<b� ��""� N2  �S$� U�DV! ;�� T
*�J �� � &,�D@ +�� �� )Kordi et al., 2020( � #���� � 

���$&�� )Rezaei-Chiyaneh et al., 2020( �  �	#����2�PD� � ����X���$  � � n�! U�DV! ;�� �� �
*$� ������

 &$�<����#)Faridvand et al., 2021( �"^! ��<�# Ga�!  .;J� ��� �	�DX@ ���  

  

3 .2 .������� �
�� �� 3�; ���<. � �
�� =
> #��  
 �"
,	
 ��	H �	
��# �# R�2D� 	�ov� ;S� &D�D<"� �� &�$� �� �	
 ���^� � ���� E�pJ 	�ov� ;S� &�$� ��I  ��

 (��a)4 �X� .(  (��a &� ��F)3( �!  ��� ���Z �� ����  �	#��� &�50 �"^! +��P� �$��X�� ��� �B��  ���� �# ����

 RpJ (�X@� �����  ���100 �I  �� �$��X�� ��� �B�� ���� &# ;<*� �� &�$� �51  .��� ?$�A,� �B��T� =�"[ �

 �� &�$� �� �	
 ���^� �R�2D� L�@ &# ;<*� �$�$	
��# R�2D�22  (��a) ��� ?$�A,� �B��3.( 

;*$� ?$�A,�   �A�! �	#��� �# &D�D<"�  ��	
�� 9	:! �$���� � ����100  	�$� 9	F �� ��	
��# �# R�2D� � ������ �B��

�!  ����� ������ `$�	� �� &�$� ��I  �� �� ?$�A,� &#100  U�#	! �	
��# �# R�2D� `$�	� �� �	
 ���^� ?$�A,� � �B��

 (��a) ���#3�! &� ( K#�H k#�"! �� 	��!���� ���P
J� � &$lt� ��<�# �� ����� ��� kH�� 	og! w	
J�. ?��-. ��� D<HA�� �   ���

&� ���  �# �������A,�$? � ���$&� � ��A,$? J	
J�� 
���  ���! &#�$�lh q> �� �Aa� � �	�DX@� 
 �	�DX@� ��� ��<�# �� 

!�  ���)He et al., 2015(. ?�# �"[ 	�  K��) �� �����! &D�D<"� �
�� �� �� 	$��2! =$	�1.(  

  

(N#�) (_) 
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  :��4DL M1�$6� �O� : �
�
�68�1 Q�$7� : �;���8 M���
 �O� R��
,�: "
IS� T
�6� .  ���a� : "5
, b5� D0: �1 �;"7�7	�? "5
, ,� '�G   
&��# �� �	
 ���^� &�$� ��I  �� ����> &a�� 	��t� k#�"! 

126 ns 0/082 ns 2 C�D# 

7/44
 
ns 

*
0/410 2 ��� 

83/3 0/028 4 C�D#× ��� 

*
548 0/171

 
ns 1 �	
��# 

15/5
 
ns 0/006

 
ns 

2 ���× �	
��# 

72/8 0/084 6 �pI 

15/1 23/7 - ) +�	��t� G$	c%( 

 � *ns :&#  G��	��"^! (�X
Z� RpJ �� ���5 �"^! 	�h � �B��.���  

  

3 .3 .� ��!��" #$����  9�:� ������ � � �� ��?�-@  
 K#�2
! +�	o� � ;�� ����� ��	
��# �# R�2D� ������� 	�ov� ;S� &������J  ��	
�� 9	:! �$���� � &��� �	�DX@

 (��a) ;,	
 ��	H �	
��# �# R�2D� � ������ �# ;�� �����5 `$�	� �� �	
��# �# R�2D� &� ���  ��� Y$�
� .(100 

�"^! ��<�# Ga�! ������ �B��  �$���� � �	�DX@ ��� ��	# Y$�
� =$	
�# (�:Z � R�2D� L�@ &# ;<*�  ��	
�� 9	:!

K��) �� &������J  ���2  �3 �R�2D� L�@ `$�	� �� .(?�# 	��� �� &��� �	�DX@ =$ ���Z �� �� KB�Z �
��  R�2D� &�

&# .��X�  �	<a R�2D� L�@ &# ;<*� �� ;�� ;<*� ?��� �� ���� �	�DX@ ?��� �# �# R�2D� �&��X�  ��"@ �� �	
�

 ������ `$�	�100  ;�� ;<*� �� �B��75:25 �"^! 9i
I� &������J :&D�D<"�  R�2D� L�@ � �
�� �� �# ����

;<*� �� R�2D� ;<b! 	o� ��a� �# .����  ���  � &��� �	�DX@ 	# ���� �"^! 	o� �&������J ;�� =�$�. ;<*� �� �;�� ���

K��) ����  ��� 	B�"@ 9	:! �$����  ���2 � 3.(  

  

  :��5DL M1�$6� �O� : �58 ��/#� P�
�
�68�1 Q�$7� P�;���8 M���
 �O� R��
,�: "
IS� T
�6� .  �
�,�8 P"��� ��(7X
 �1 �;

�U
0 ��#�� : D9:�6�� V�W� "7�7	�? �1 =�7>� �58 ,� "���;��< '���  
;*$� ����   ��	
�� 9	:! �$����  &��� �	�DX@ ����> &a�� 	��t� k#�"! 

166 ns 0/00007 ns 19/4 ns 2 C�D# 

**
118079  

**
0/01961  

**
9832 2 ��� 

244 0/00007 26 4 C�D#× ��� 

**
80331  

**
0/01461  

**
4258  1 �	
��# 

3632
 ns 0/00062

 ns 144
 ns 2 ���× �	
��# 

858 0/00024 71/4 6 C�D#× �	
��# (���) 

**
238055  

**
0/10879  

**
32694  3 ;�� ����� 

**
5362  

**
0/00123  

**
602  6 ���× ;�� ����� 

**
5290  

**
0/00076  

**
222  3 �	
��#× ;�� ����� 

572
 ns 

*
0/00038  

*
112 6 ���× �	
��#× ;�� ����� 

280 0/00013 38/3 36 �pI 

43/7 59/7 50/7 - ) +�	��t� G$	c%( 

 � * �**ns: &#  G��	��"^! (�X
Z� RpJ �� ���1  �5 �B�� � �"^! 	�h.���  
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 M(?3 .��68�1 �1 Q�$7� : �58 ��/#� P�;���8 M1�$6� �O� ��O]� �C� "���;��< D9:�6�� V�W� �
�,�8 .F : "7�7	�? :B."���;��< :  

  

3 .4 .�7�� � ��!��" 3�	.  
;*$� �����  (��a) ;,	
 ��	H ;�� ����� �� �	
��# � ;�� ����� �� ��� K#�2
! +�	o� 	�ov� ;S� &������J �� ����

4 .(;*$� R�2D� � ������  K��) ����� ?$�A,� ;�� ������� L�X� �� �� ����4- =$� �# .(q � W�� &# �(�Z �! 	z�  �J�

 ;�� ;<*� �� R�2D� � ������ 	�ov�75:25  &D�D<"� :&������J?�# 	� ;<*� 	$�J ��  ������ .���# ��100  �� �B��

��� L�@ &# ;<*� �	�DX@ ?$�A,� =Xc ;�� ;<*� =$��� �� ���  ������ (��^! ��	�DX@ ��
��50  ����� �B��

 K��) �	�4-  .(W��&# ��F ;*$� �;�� ;<*� =$� �� A�� �	
��# �# R�2D� �&#��! �� &# ;<*� �� ����  L�@ � �
��

 K��) ��� ��<�# R�2D�4- .(q  
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 M(?4�U
0 ��#�� .  .(_) �58 ��/#� : ��68�1 �1 Q�$7� : (N#�) �58 ��/#� : �;���8 M1�$6� �O� ��O]� �C� "���;��< '���

F : "7�7	�? :B"���;��< :.  

  

 �&D�D<"� �# &#��!?�# 	� &������J � ��V� U�DV! ;�� �J�	# �� .�� KB�Z �
�� �� �� A�� &������J �	�DX@ =$

���  ���  &�?�# 	� ���^� =$(�����,  �� &��� ���^� �&��# ��� (�����,  �	�DX@&������J  &������J r��I ;�� ��

�� KB�Z )Gholinezhad & Rezaei-Chiyaneh, 2014 U�DV! ;�� �� �	�DX@ ?��� .(�2! ��$&*  �# ��


�� �&# ��X@ ��F �! ����� 
� ���&M  T��	�T� 	� 
� ��� RpJ �Z�� ��  ��;<*� ���# U�DV! ;�� ��� . ?���

) &������J � ��V� �	�DX@Gholinezhad & Rezaei-Chiyaneh, 2014 &��$��� � ��#�� �()Rezaei-Chiyaneh et 

al., 2020( # � &D�D<"� � ���J ���"��)Rezaei-Chiyaneh et al., 2021b( �� &# ;<*�  .;J� ��� n��A
 �
��  

	�DX@ ?$�A,� �=$� 	# ��i@ ;�� ;<*� �� &������J &��� �75:25  �# R�2D� � ������ `$�	� �� &������J :&D�D<"�

 &M�
� �� �	
��# ���P
J� KX�! k#�"! ��&��
 `J�� w	
J� �� ��� ���P
J� &# 	M"! &� ;J��>	��!  k#�"! ���!  ���

)Abd-Elghany et al., 2017(. ;<*� �J�	# �� ��
J�� =�X� ��  ;<*� �&D�D<"� � &��$��� U�DV! ;�� WD
V! ���

 ;��3:1  �� n��A
 �	�DX@ 	b���Z &#  ��J� ��	# ;�� ;<*� =$	
�#)Abd-Elghany et al., 2017( Y$�
� .

) �$�� � &D�D<"� U�DV! ;�� �� &#��!Rezaei- chiyaneh et al., 2016��A
 ���J ���"��# � &D�D<"� � ( ��� n

 ;J�)Rezaei-Chiyaneh et al., 2021b( .  

  

3 .5 . C��� ������ ��7  

�"^! 	o� ��  ��� Y$�
� �# R�2D� ������� ��� ) =�!� �	#�	# ;<*� 	# ;�� ����� � �	
��#LER (��a) ;��� (6 .(

 &� ���  ��� Y$�
�LER G��	� L�X� �� K�  ���X�� ���?�# 	�  U�DV! ;�� T
*�J �	�	# ��  ��� &� ��# �$ ��

�� &# ;<*�  (��a) ;J� �
��7  K�� �6 .(T� =�"[  �&D�D<"� ;�� ;<*� ?$�A,� � R�2D� ������� �#LER # ��	

 (��a) ���  ��� ?$�A,� ���
 =$�7 .(  

 �=$� 	# ��i@LER  	�ov� ;S� &������JT�	# ?"�  � ;�� ����� �� �	
��# � ;�� ����� �� ���LER  A�� K�

 	�ov� ;S�T�	# ?"�  (��a) �"
,	
 ��	H ;�� ����� �� ���6 �X� .( �!  ��� Y$�
� &� ��F  K��) ���5-  �(W��

 �;�� WD
V! ������� �� ������LER &# �!� ��� ��<�# �� &������J �! 	z�  ;�� ����� ��  > 	o� �J�25:75 

 &������J :&D�D<"�T� 	�  .��#&# ��F �"^! ?$�A,� &# 	M"! WD
V! ������� �� A�� �	
��# �# R�2D� �&#��!  ���LER 

 K��) �� &������J5- .(q  

(N#�) )_( 
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  :��6"
IS� T
�6� . DL M1�$6� �O� : �58 ��/#� P�
�
�68�1 Q�$7� P�;���8 M���
 �O� R��
,�:  ,� f��0 ��1��1 �	U� �1 �;

"7�7	�? : "���;��< =�7>� �58  
8� 9'�� ���!�� �:�(  35'5:;1 9'�� ���!�� �:�( 3(!/0,'< 9'�� ���!�� �:�( ��!�= 3>�� �''?
 ��,;� 

1/199 ** 0/168 ** 0/493 ** 2 A�5� 

2/075 ** 0/306 ** 0/821 ** 2 ��� 

0/015 0/0093 0/0028 4 A�5� ×��� 

1/617 ** 0/386 ** 0/423 ** 1 ����,� 

0/002
 
ns 0/007

 
ns 0/004

 
ns 2 ��� ×����,� 

0/017 0/0092 0/010 6 A�5� ×(���)����,� 

0/092 ** 2/595 ** 3/656 ** 2 ��� ��� ! 

0/054 * 0/022
 
ns 0/061 ** 4 ��� ×��� ��� ! 

0/0006
 
ns 0/028

 
ns 0/035 * 2 ����,� ×��� ��� ! 

0/0041
 
ns 0/0022

 
ns 0/0005

 
ns 4 ��� ×����,� ×��� ��� ! 

0/015 0/010 0/009 24 ,CD 

43/7  7/12  8/10  - (/2��) F!�''?
 G��H 

 � * �**ns&# : �"^! G��	� (�X
Z� RpJ �� ���1  �5 �"^! 	�h � �B��.���  

  

  :��7�58 ��/#� : ��68�1 �1 Q�$7� P�;���8 M���
 �O� ��O]� �C� "7�7	�? : "���;��< =�7>� �58 ,� f��0 ��1��1 �	U� .   

K� =�!� �	#�	# ;<*� )LER ( ) &D�D<"� =�!� �	#�	# ;<*�LERf( ��X�� 

  ������ E�pJ 

1/319 c 0/676 c ���� 

1/684 b 0/768 b 50 �B�� 

1/997 a a933/0   100 �B�� 

  �	
��# �# R�2D� 

1/49 b 0/708 b R�2D� L�@ 

1/84 a 0/877 a R�2D� 

  ;�� ����� 

1/732 a 0/411 c 25F:75B 

1/677 a 0/797 b 50F:50B 

1/590 b 1/17 a 75F:25B 

=�����! �"^! ���!> 9i
I� �H�, �;PB 	� ��	# C	
�! 9�	Z ����� ���   �!�> w�J�	# ����"^! +��P� KH��Z ) ���LSD (�X
Z� RpJ �� (5 �! �B��  .�"��#B :

 �&������JF.&D�D<"� :  

  

 ;�� ������� �� ������ 	o�50:50  �75:25 &# � ��# &#��! &������J :&D�D<"� �! 	z�  �
�"����<�# 	o� �J�

  �A�! 	# ������LER ;<*� =$� ��  K��) ��# 	�����! ��6 �	
��# �# R�2D� .(�"^! ?$�A,� &# 	M"!  &# ;<*� K� ���

 (��a) �� R�2D� L�@7 �=$� 	# ��i@ .(?�# 	� 	$��2! =$LER  ������ �� K�100  ���l! ;�� ������� �� �B��

 ;$A! ;�� ������� =$� �� ������ � �� KB�Z?�# 	� ;�� ����� &# ;<*� �25:75  ���  ��� &������J :&D�D<"�

 K��)6 .(  
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 M(?5 ��/#� : ��68�1 �1 Q�$7� M1�$6� �O� : (N#�) �58 ��/#� : �;���8 M1�$6� �O� ��O]� �C� "���;��< f��0 ��1��1 �	U� .

 .(_) �58B P"���;��< :F"7�7	�? :.  
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 M(?6��1��1 �	U� . .�58 ��/#� : �;���8 M1�$6� �O� ��O]� �C� M8 f��0 B P"���;��< :F"7�7	�? :.  

  

 �#�"^! ?��� ��a� ;*$� ����� ��� ;<*� �� ����*# �� &��� �	�DX@ � ���� ;�� ��� � U�DV! ;�� �� �	�DX@

T� 	� �	#�  	�$� &��
 �� ��  �"^! &#�	�# ��� D�� T� 	� ��;* )Rezaei-Chiyaneh et al., 2021a(���� .�$ _�#� 

;<*�  ���� �� U�DV! ;��$= `J�� &� &^��p! 	$��2! LER ��� ��$v�  �#$&
,� ���  �� ����*# &"�!� �� +�^��p!

U�DV! ;�� T� ����I ���� )Vafadar-Yengeje et al., 2019; Weisany et al., 2015; Gholinezhad & 

Rezaei-Chiyaneh, 2014(.  	$��2! ?$�A,�LER  �	#��� � ;��� ����� �� &������J ;<*� ?$�A,� `$�	� ��

;<*�  K��) (��^
! ;�� ���5( ! ��� �Z ��  ���� ���P
J� �# ���>	��! #  ��! �  �!� �� k#�"! ���= &��
 ���  WD
V!

 ��U�DV! ;�� c���R  ���)Salehi et al., 2018(� 	# ��i@ .$= � 	$��2!LER  �� ���P
J����! &��
 �� ��	# �$Aa

�!  ��� &^��p! =$�  &# ;<*� &������J U�DV! ;�� �U�DV! ;�� �� &��
 �� 	� ;<b! �	$l.	�ov� ��a� �# &� ���

(N#�) (_) 
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��  ;�� .;J� ����  ��� �	�_�# ;$A!  > �
��+_�2# �# U�DV!  �"��!&D�D<"� ��! ����� ���S!$; ��� �� ��	
 

 C�IU�DV! ;�� ��  ����
 �# h�	L���  ?��� ���! &M�
� �� &� ���� ?$�A,� &# 	M"! ����� �	�# ���  �$���� �D�� 

��� T
*�J )Salehi et al., 2018( ._�# �$���� A�� &
�l
 +�^��p! �� =�!� �� ���P
J� 	�;�� �� ��� U�DV!  ;<*�

&# �� 
��� ;J� ��� n��A
 )Abd-Elghany et al., 2017; Vafadar-Yengeje et al., 2019( . Y$�
� ��$v� ��

 �� n��A
 �&^��p! =$�&� ?�# 	�) =�!� �	#�	# ;<*� =$45/1�� ( �����  ;���25  +��V� �B��75  &������J �B��

�� KB�Z )Gholinezhad & Rezaei-Chiyaneh, 2014 .(T� =�"[ �?�# 	� ;<*� �� =�!� �	#�	# ;<*� =$2:2  ��

 &D�D<"� :�$�� U�DV! ;��&# ;J� �� &# ;<*� &��
 �� =$� U�DV! ;�� �	�	# ��  ��� &� �!> �� ;��� �


)Rezaei-Chiyaneh et al., 2016.(   

 �� U�DV! ;�� �� ;�� ;<*� ?��� ��	�DX@ ��<�# �# A�� R�2D� � ������ �=$�	# ��i@&# �-$�  ;�� ;<*� ��

25 :75  �� =�!� �	#�	# ;<*� � ��X�  �	<a &������J :&D�D<"�&# ��F  K��) ��� ?$�A,� ��a�� K#�H2  (��a �7 =$� .(

 � �	�DX@ ��<�# �� 	�$� &^��p! �� KB�Z Y$�
� �# Y$�
�LER  ;2#�p! �$��X�� ������ �	#��� �# U�DV! ;�� ��

 ;���)Vafadar-Yengeje et al., 2019( .
 ������ &# &
*#�� WD
V! K!��@ ;�D#�H � �X�DH� J	
J��  	B�"@

�������! �	#� ��^,�;��� ,�A$����$�� # �����X���$  ;J�)He et al., 2015(^��p! �� .& 	c�Z �	#��� � ��� �2�PD�

��� C	S! �	
��# � &���	
�� I	#� �Aa� ��� �	�DX@  ��	
�� 9	:! �$���� � �	�DX@ ��A,� &��
 �� 	� �� ��$? ��� 

�� ��$ &� c	,�& 	# �"<! &^��p! =$� T�! ��� ��<�# �	�# ���  ��$v� �� ���l! �����X�� �	#��� �# U�DV! ;�� T
*�J

�! �"������ .� �$��X�� ��Z� ��	c 	B�"@� �	#� �X����� ���
 � ��� ?$�A,� &# ���H &� ���#  �	�DX@���
  �"
*�

)Vafadar-Yengeje et al., 2019( .��<�# LER  �# �� �	
��# �# R�2D� � ������ (��a) &^��p! =$�7�! (  �����

	o� KB�Z �*��K �""� �� �
J	
J� ��<�#qla � � �$�lh 	B�"@  C�I) ���#Weisany et al., 2015(.  

  

3 .6 .#$����  9�:� 1� ������ � � $����  �	� �@��� ������  

 K��) ;,	
 ��	H ;�� ����� � �	
��# �# R�2D� ������� K#�2
! 	o� 	�ov� ;S� �$��X�� ��� �	#��� �@��� �$����7 .(

 ������ RpJ �� m�:I &# �� ��� �@��� �$���� �	
��# �# R�2D� &� ���  ��� Y$�
�50 ;<*� L�X� �� �B��  ���

 � ��� ��<�# ;���&# ��F � �	�_�# �$���� �� �D� �	#��� &# ;<*100  .��# �����I	# ��� �B��?�# 	� �� �$���� =$

��  �	#��� RpJ �� &D�D<"� �
��50  ;�� ;<*� ��  > (�<�� &# � �	
��# �# R�2D� � ������ �B��50:50  =�X� �

&# .�� KB�Z ���X�� G��	�  �	
��# �# R�2D� �$���� �;�� ����� �� &D�D<"� ;<*� ?$�A,� �# ��D� ��F ?$�A,� ��

 ��� �@��� �$����?�# 	� ;<*� L�X� �� � ��# &# R�2D� ����� E�pJ � ;�� ��� �"^! ��F  �� ��� 9	:! �$���� ����

&# &D�D<"� �� ��� �@��� �$���� 	$��2! .��� ��<�#  �&������J ������ �	�DX@ &# ;<*� 	�_�# ���:
H� �	�DX@ ����� K���

?�# 	�  K��) ��#7.(  

�$����  K#�2
! 	o� � ������ 	�ov� ;S� (&D�D<"� � &������J  ��	
�� 9	:! �$���� d�XM!) K�  ��	
�� 9	:!

 K��) ;,	
 ��	H ;�� ����� �� R�2D�8�"^! ?$�A,� &# 	M"! ������ E�pJ ?$�A,� .(  9	:! K� �$���� ���

 K��) ��  ��	
��8-�����! Y$�
� �# &#��! .(W�� @��� �$���� ��	# ��� �&���	
�� ��� �?�# 	� 9	:! �$���� =$

�� ��  ��	
��  Y$�
� .�� KB�Z �	
��# �# R�2D� `$�	� �� &D�D<"� �
��T� =�"[ &# �!  ��� �D� ��F  ?$�A,� &� ���

 ;�� ����� �� &D�D<"� ;<*�&# �-$�  K��) ��  ��	
�� 9	:! K� �$���� ?$�A,� &# 	M"! �R�2D� `$�	� ��8-  (q

 &�&# ��F ��X@ &# K���  ��I ���! �����?�# 	�  K��) ��# &������J ������ �	�DX@ &# ;<*�8 .(  
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