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Water deficit is one of the most important limiting factors of production in 

crops. The present study was conducted in 2019 to investigate the effect of 

different irrigation times and foliar application of humic acid on 

morphophysiological traits and yield of black beans as a split plot in a 

randomized complete block design with three replications at Zahak Agricultural 

Research Station in Sistan and Baluchestan Province. The main factor involves 

three irrigation treatments, including irrigation from planting to harvest, 

irrigation from planting to flowering, and irrigation from flowering to harvest, 

and the secondary factor includes foliar application at four levels of humic acid 

(0, 1, 2, and 3 per thousand). By increasing drought stress levels, plant height 

and width, fresh and dry forage yield, leaf area (in both stem and flowering 

stages), photosynthetic pigments, nitrogen, phosphorus (3.39%), potassium 

(20.6%), calcium of leaf, grain yield (11.27%), and biological yield (60.22%) 

has decreased, whereas proline content (31.88%) has increased, compared to the 

control. Also, by increasing humic acid levels, the values of all studied traits has 

increased. Humic acid has had a positive effect on black bean plant traits under 

drought stress conditions, so that its concentration of three per thousand reduces 

the adverse effects of drought stress, increasing the tolerance of black bean crop. 

In general, complete irrigation and application of three per thousand humic acids 

for the production of black beans seems appropriate. It is suggested that in future 

research, soil application of humic acid consumption should be investigated to 

compare the efficiency of the methods used. 
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�CY ���N /�� �3 .	�� �'�12 �� �
�(�E .�N =((+2 .����'� 
	 �2�� .	�� (*��T�\) *1^) /
�A

��?1�O(��(3 �� *N�5 �T�) ���N ��(! ��@� �?G�� �) 
	 �()�"P3) *3	 �! 
(*!��	ar\ � *3 �W# f�� 3 
	 *3	

O(��(3 .�N ��@#�  ���N �	�P')�	
�� �()�4/4  
g�'52/13 O(��(3  � �()�2/2  .	�� *��� /*��� �A
	 S�G�� O(7�> �()�

�?) � =(X� 
�
�(�E ���N "N�	 /�(?@#�� * �N 
�(��7 O)�) ">E �� ��
�,� "CX .�N f�p�� ��(� /
�A 
	 � BJ � 
�-

B) 
	 *N�5 ���G �� f�(� 
�C� �?G�� �� "N�	�� 
O�Q�7��&(> *!�()
 �� w5 .�N f�p�� 
�&3 
	 �	 ",�� �� �� ����	 H�

�(N�G �K� amG�! �?G�� 
	 �2�� �) /�� �3 �� �>�?# ��&(� =((+2 � "N�	�� ���� .�N f�p�� ��� ���E b)��� 
	 �� *3	

(�(N�G �K� "��#
 �� b)� L�	
�	 ��) "N�	��  ������� �2 ��� g��G �����2 �� � �'N�m! "��5 �R�	 ���!��X "CX .�N ��(!

������
`�� 	��+2 � �2�� _�P2
� ��(!  �3 ��x 5 /�� �� �2��D�M'�� *>	�W2 
�- � �� w5 ��������(!
 �E =(���(� �� �3��� # 

) �N ",K *��C� �	�	Ghasemi Aryan et al., 2013; Mohammadi Golrang et al., 2008���@� ���� .( ���� ��(!

������*!4�� ��(! f�(� _��N ���'�� 
	 *P(� ��3������ .	�� *3	�&(��
 ��(!) *?(>��?� ��3a
b  g�)��� (�(s� 2
�� � �� 


 e�
Rangana )1977 e�
 �� =(7��5 
(Bates et al. )973 e�
 �� `�� �Q��'(� 
(Emami )1996 �� `�� �P�> 
(

 ���) �
�� �'��'>�'�~)� e�
uv/vis- Genova bio  ��(!�'���R e�
 �� `�� B��) � B()�'5 � (��'�?��� 
��� "R�)

) O�RRayan et al., 2001� ��&p2 .�N f�p�� ( �	�	 �(?12f�� �� �	�P')� �� �3 
�&>�MSTAT-C  �M��)1/2 ����0� � (
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100 .�N D�F  

  

3 .2�� � 3��)4  

3 .1�����  .-5�� -�6�� $� ���!���#$�� ���7� � ������  

3 .1 .1-5�� -�6�� .���  

 :�.
4 +�N.-
�	�	 w���
�� ��&p2 x��'� �(Ki2 ����(� �3* +� 
�	  � �
�(�E 
�@(2O(��(3 �()�  ���X) 	�� �2�� _�P2
� ��

3 .(H(� �2 �� �2�� _�P2
� =�31  �3/31 *'��)�� �'� �?G�� �2 "N�� ���� �� �
�(�E � ���� �
�(�E ��3
�@(2 
	 S(2�2

�! ��3��� *3	�N  ���X)4 .(B3 =( Y ��?1� 
�&3 
	 �) 
�@(2 *N�5O(��(3 �()�  _�P2
� =��2y��) �2��8/31 

*'��) ���X) "N�	 �
 (�'�5.(  

 :O�4 PJ� 
�@(2 � �A
	 x 5 ]^) 
	 �
�(�E 
�@(2O(��(3 �()�  �K� `�� ]^) {R�N �� �A
	 O� ]^) 
	

* +� 
�	 ���X) "N�	 �3 ���X) *��R H 2 �	�) �K� =(���(� ����0� .(5 �� 	�	 ���� (H(� �2 `�� ]^) =�

)47/79 *'��).����'�^) �� (�� �3�N ] .��E ")	B3 =( Y  �	�) �K� =(���(� ����0�O(��(3 �()�  ���X)6 	�	 ���� (

 ��H(� �2) �E 
��0� =�15/73 *'��)O(��(3 
�&3 
	 �) �
�@(2 ]^) �� (.����'� �� �()� .��E ")	 H 2 b���N 
	

B��� *�E 
�Y	 �N
 �� b,2�� *��Q�7��&(> ��+> ��3� ���> 
���
 ��+> �(G�� 
	 g�')	 ���T DE H3�� "?#�r'R� 

*� H3�� `�� ]^) � �2�� ��- �p('� 
	 � ��N���� )Mirabad et al., 2013.(  
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 =���3 	�4-�� �4  ��� ���4
# �(/9
#
1-
� %�NQ R,�/-
� �/AS. T/�8, .?��
�! ���
 �� ��U�� -	�V �!	  

�((n2 ., �  �	��E �X
	  /�+��� =(���(�  


���2  2  391/17  05/94  33/1151458  44/1226944  

�
�(�E  2  *3/348  *28/1857  **33/46758958  ** 77/3965277  

 ��^Ra  4  51/24  07/159  66/1246666  44/74444  

O(��(3 �()�  3  **86/80  ** 62/168  **55/11571180  ** 59/3002592  

 �
�(�E× O(��(3 �()�  6  ns98/1  ns 6/2 ns0/150625  ns59/90092  

 ��^Rb  18  29/8  26/2  29/130671  59/40092  

) /��((n2 S��F%(    26/10  21/2  25/6  92/7  

ns
  * �**: ��S(2�2 �(\ * +� 
�	 � * +� 
�	 
	 ]^) ��@'G� 5  �1 .�A
	  

  
 =���4 . ���4 ��- �-��4E -���. �;
 W�2,��� ��/�$���@/� �V�� ��U�� -	  ��� ���4
# -	 ��-�4	-
� ��!�!	  

�
�(�E U�^) / "PA  (�3�N) ���� �
�(�E  �! �?G�� �2 "N�� ���� �� �
�(�E*3	  �! �?G�� �� �
�(�E"N�	�� ���� �2 *3	  

�2�� _�P2
� )cm(  a07/31  a31/31  b86/21  

`�� ]^) )cm2( a 47/79  b08/70  b82/54  

�>�?# �2 	��?@# )kg/ha(  a1935  a1802  b972  

�>�?# O�R 	��?@# )kg/ha( a6/799  a5/742  b41/505  

*��3�^) �
�	 ���  ����E g�)��� � '�3 V�'�� a��GLSD * +� /��P2 �T�> �A
	 x 5 ��@'G� ]^) 
	 .� '�3 
�	  

  
 =���5 . �;
 W�2,��� ��/�$�?��
�! ���
 ��@/� ���4 ��- �V�� ��U�� -	  ��� ���4
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� ��!�!	  
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�&3 
	 O�  
�&3 
	 �	  
�&3 
	 �)  

�2�� _�P2
� )cm(   c93/24   bc62/26   b9/28   a85/31 

`�� ]^) )cm2(  d2/63   c25/66   b9/69   a15/73  

�>�?# �2 	��?@# )kg/ha(   d1257   c1431   b1 a647  a1944 

�>�?# O�R 	��?@# )kg/ha(  d88/509   c11/631   b708   a881 

*��3�^) �
�	 ���  ����E g�)��� � '�3 V�'�� a��GLSD * +� /��P2 �T�> �A
	 x 5 ��@'G� ]^) 
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�	  
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�(�E *3	 ar'R�* +� 
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�C��
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�(�E ��(! � �	�� ��(! �N
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 	�R �

B� b���N �� f��0� ��G�2 � 
")� ��N *�E����� �	��?@# =����� �  �K� =(���(� ����0� .")� �	�� �(7�2 �3�N ]^)

O(��(3 �	�)  ���X) �()�6H(� �� 	�	 ���� ( ) �2 	��?@# 
��0� =��21944 ) O�R � (
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	 f�!�?(�881 

O(��(3 
�&3 
	 �) 
�@(2 
	 (
�'�3 
	 f�!�?(� O(��(3 �� ")� ��N e
�&! .	�� �()� �()� �� o��- H��&>� ���'1� 

�Q��'(� `���3 �  f��	 H��&>� `���3 S,) 	�,C� H��&>� 
�N
 "����	�2 � _�P2
� ) �N �2��Ayas & Gulser, 

2005H(� �� ")� ��N e
�&! ����	 H����E 
	 .(  "J?\ =��2y�� � ���� �
�(�E 
	 ���� �2�� O�R ��� =��2

O(��(3 �� �()�) ��E ")	Hosseinian et al., 2019�� x��'� �� (")	 H3�45 x��'� �� �F�G H3�45 
	 ���E ��3

B3 ��N��q .	
�	 *���R  
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3 .1 .27� -�6�� .���  

�.
4 +�N.-
�	�	 w���
�� ��&p2 x��'� :* +� �(Ki2 ����(� �3 O(��(3 � �
�(�E 
�@(2 
�	  ���X) 	�� �2�� _�P2
� �� �()�6 .(

 ���X) �
�(�E �	�) �K� =(���(� ����0�7�� 	�	 ���� ( H(� ) �2�� _�P2
� 
��0� =��239 *'��) b)�'� H 2 ]^) �� (�'�

�! �?G�� �2 �
�(�E)* +� ar'R� �3�N ]^) �� �� 	�� (*3	 B3 .� '>�! 
��T V�'�� �
��E ���! O� 
	 � �'N��� 
�	  �� =( Y

) ���X �� �X�28O(��(3 �	�) �K� =(���(� ����0� 
( H(� 
�()� 2�� _�P2
� 
��0� =��2) �5/44 *'��) �) �
�@(2 ]^) �� (�'�

O(��(3 
�&3 
	 �� �()�O(��(3 .��E ")	 �� �()� *���
�3 /��K� o��- � �� �(Ki2 �� B�(7���'���3 *7�?) S,) H��&>� _�P2
� 

��(! *�) 	�NAbdzad Gohari & Sadeghipour, 2019; Dadnia, 2017.(  

 :O�4 PJ� � �
�(�E 
�@(2 �K�O(��(3 �()�  `�� ]^) "PA �� �A
	 O� ��@'G� ]^) 
	* +� 
�	  ���X) 	��

6) `�� ]^) ��&(� =��2y�� .(120*'��).����'� ��3��� �
�(�E �3�N 
�@(2 
	 (�N  ���X)7 
	 �) "J?\ .(


�&3O(��(3 �()� ) `�� ]^) 
��0� =��2y�� &(�5/116*'��).����'� ���X) 	�� �
�	 �
 (8H3�� .( 
	 `�� �N
  �K�

�R H 2*� *� ���2�� � ��� #O� N��) �)�5* 	�|N �|'>�!�J�
	 .���� ���R H 2 =*� 
 e�'�! 
	 � `�� ]^)

�C��� "(! ��+2 ��&(� 	��1� �
 ��3�*��  )Sikuku et al., 2010.(  

  
 =���6��@/� ���4 R,�/-
� �/AS. T/�8, .L� ��U�� -	  ��� ���4
# �1
�� � �(/9
#
1-
� ��!�!	  

�((n2 .�� �  �	��E �X
	  
    /�+��� =(���(�    

�2�� _�P2
� `�� ]^)  �>�?# �2 	��?@#  �>�?# O�R 	��?@#  


���2  2  4/15  37/58  1/3778611  ns14/3840346  

�
�(�E  2  *82/279  **6/1982  **7/153560277  ** 44/143355383  

 ��^Ra  4  44/10  7/27  4/3226944  24/2667486  

O(��(3 �()�  3  **53/519  ** 8/370  **6/30349629  ** 31/33836335  

 �
�(�E× O(��(3 �()�  6  ns1/9  ns 8/15 ns4/199907  ns79/280299  

 ��^Rb 18  79/3  8/12  3/417870  44/361200  

) /��((n2 S��F%(    42/5  3/3  73/5  78/8  

ns
  * � **��S(2�2 �(\ * +� 
�	 � * +� 
�	 
	 ]^) ��@'G� 5  �1 .�A
	  

  
 =���7 .��@/� ���4 ��- �-��4E -���. �;
 W�2,��� ��/�$� L� ��U�� -	  ��� ���4
# -	 ��-�4	-
� ��!�!	  

�
�(�E U�^) / "PA  (�3�N) ���� �
�(�E  �! �?G�� �2 "N�� ���� �� �
�(�E*3	  �! �?G�� �� �
�(�E"N�	�� ���� �2 *3	  

�2�� _�P2
� )cm( a32/38  a08/39  b36/30  

 ]^)`�� )cm2( a120  b5/111  c72/94  

�>�?# �2 	��?@# )kg/ha(  a4046  b3006  c2070  

�>�?# O�R 	��?@# )kg/ha( a2763  b1599  c1044  

*��3�^) �
�	 ���  ����E g�)��� � '�3 V�'�� a��GLSD * +� /��P2 �T�> �A
	 x 5 ��@'G� ]^) 
	 .� '�3 
�	  

  
 =���8 . �;
 W�2,��� ��/�$�?��
�! ���
 ��@/� ���4 ��- L� ��U�� -	  ��� ���4
# -	 ��-�4	-
� ��!�!	  

O(��(3 U�^) �()�  �3�N   
�&3 
	 O�  
�&3 
	 �	  
�&3 
	 �)  

�2�� _�P2
� )cm(  d3/27   c41/32   b46/39   a52/44  

`�� ]^) )cm2(  d47/101   c28/106   b61/110   a5/116  

�>�?# �2 	��?@# )kg/ha(   d2403   c2851   b3228   a3681  

�>�?# O�R 	��?@# )kg/ha(  d1224   c1523   b1957   a2503  

*��3�^) �
�	 ���  ����E g�)��� � '�3 V�'�� a��GLSD * +� /��P2 �T�> �A
	 x 5 ��@'G� ]^) 
	 .� '�3 
�	  
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* +� �A
	 O� ��@'G� ]^) 
	 �>�?# O�R  ���X) �N 
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�'�3 
	 f�!�?(�

)2763 �� �
�(�E �3�N 
�@(2 
	 �>�?# (
�'�3 
	 f�!�?(� ���X) ��E ")	7B3 .( O(��(3 �	�) �K� =(���(� ����0� =( Y  �()�

�	 ����H(� �� 	 ) �2 	��?@# 
��0� =��23681 ) O�R � (
�'�3 
	 f�!�?(�2503  
	 �) 
�@(2 �� �>�?# (
�'�3 
	 f�!�?(�

O(��(3 
�&3  ���X) 	�� �()�8�	�P')� .( �� O(��(3 �()� �N
 f���� *���3 ��3 �
 d#�� *�	�N �� "?# �E H��&>�  DmX

��A� # � ��� 
�Q��'(� 
B(�?� 
�P�> B()�'5
 
=3E 
& � � ��
 � w� ) ")�Erkossa et al, 2002(. Sabouri et al. 

)2018��?1� � *��R H 2 /��K� *)
�� �� (O(��(3 L?'M� U�^) *N�5  H��&>� �� �� � '>�! �p('� ���� ��
 �()�

O(��(3 "J?\ *� H��&>� O�R ��� 
�()�B3 �F�G H����E x��'� �� �� ���� .	
�	 *���R 

  

3 .2 .&8�9 :-4�� ����� �;�<  � ���!����"�# =�>; �?�� :����  

 A�2,-�A8:�
81 ��! :O(��(3 � �
�(�E 
�@(2  �(>�?� /�PA �� �()�a 
b * +� �A
	 O� ��@'G� ]^) 
	 �� �  	�� 
�	

 ���X)9B3 .(  �
�(�E ���0'� /��K� =( Y ×O(��(3  �(>�?� �� �()�b * +� �A
	 O� ��@'G� ]^) 
	  ���X) �N 
�	9 .(

 ���� �
�(�E �K� ����0�H(� �� 	�	  �(>��?� 
��0� =��2a )019/1 *?(�) �� �(>��?� � (`�� �2 ��� f�! �� f�!207/1 

*?(��� (*��R H 2 f�#) �
�(�E �3�N 
�@(2 
	 (`�� �2 ��� f�! �� f�!  ���X) ��E ")	10H(� .(  
��0� =��2

� �(>��?a �� �� � �� S(2�29811/0  �22/1 *?(�O(��(3 
�&3 
	 �) 	��
�� �� `�� �2 ��� f�! �� f�! �� �()� ")	

 �(>��?� ���� ]^) =�� �� ��Ea O(��(3 
�&3 
	 �	 "J?\ �� * +� ar'R� �()�  ���X) "N��� 
�	11 ����0� .(

O(��(3 � �
�(�E 
�@(2 ���0'� �K� =(���(� �()� ��  �(>��?� 
��0�b H(� �� 	�	 ���� ) �E 
��0� =��26267/0 *?(� f�!

��?1� � �
�(�E �3�N 
�@(2 
	  (`�� �2 ��� f�! �� O(��(3 
�&3 
	 �) *N�5 �� �()� ���X) ��E ")	12.(  

 *R��*� �PG �
 	�R �(>��?� ��&(� *��R H 2 ��- 
	 ��3�(! 3�� �(>��?� ��&(� ���	 *R�� 
	 � �  � H

*� * +� *�3�� ���
 
�+7�^� =�� 
	 .���� �&(��
 
	 �
�	 ���@� �� ����� ��3  H 2 "12 ��3 *�E b���N �� ",��

*� �
 *�3�� ���
 =�� .�N ��3��� H 2 �� H(5 �� ty�@'G� ���2 =(� �� "?# B�&�E ='>
  �&' )�(� ��3�&(��
��3 

B3 � �&' )�'> ) 
�C� �� ��N ��&p2 ��07� =( Y�E &'   /���2�?! B�&�E .	�	 ",�� H 2 b���N 
	 �3  =�� �?@X �� ���(7

B�&�E �� *��R H 2 b���N "12 �(>��?� &' ) H3�� � 	
�	 �(>��?� &' ) 
	 *@C� H0� �� ")� �3  �� "+��@� �(7	

 /���2�?! B�&�E "(7�+> *� ���(7 �N�� )Dalal & Tripathy, 2012��0� H3�� ���	 ��y	 �� .(�&(��
 
  �&' )�'> ��3

*� �
 *��R H 2 "12 �(>��?� ��()��(����'> 
�&' )�'> ���')	 � ")r5��?� ��@'R�) S��M2 �� t���@# ���2  
�3

�E H ��� ) 	�	 ",�� *���
�3 /yr'R� � *��'�� �4(��� �� �3Naghavi et al., 2015 �(>��?� *7��7�� S��M2 .(

�� *7�'(> ��(p�� ��N��X "?# �K� 
	 =��(>
�5 �0?G ��ROS *� /
�A �r(>��?� B�&�E �� � *� =����� � .	�(!  ���2

*���'�� �� "P! * +� � =��2 
�	  � ���> �E 
	 �� ")� ")r5��?� �
�'R�) S��M2 
*7�?) 
�'R�) 
	 �((n2 =��2

����� � �(>��?� ��&p2 *�(7���'� ���7�� *� h
 ���	 ��3 ) �3	Severino & Auld, 2013� .(� *?�
�-
 *�  ���2

�� *��R H 2 "12 �(>��?� ��	�0� 
	 H3�� �� "P!H(� S��M2 "?# ")� �E &' ) �� ",�� �(>��?� �2. 

Hosseinzadeh et al. )2016 ���N H3�� (�&(��
�3 �� �
 *�E H 2 �y�� U�^) 
	 	��� ��0'�� H3�� �(7	

`�� �
��F �A� # � *��+�   H3�� �K� 
	 �� *N�� �(2��(��� H 2 H��&>� � D�Y ���E 
	 ��+2 �� *N�� *���

���! ��?) 
	 �4(��� ��+> ��3 ��
 =�� ��&p2 � *!�� ��3�&(�3 �'���	 �&(��
 H3�� .���  H 2 "12 �&' )�'> ��3

B�Y �(��7 
	 *��R*?,?� )Afshar Mohamadian et al., 2018 � (�(��7 )Saglam et al., 2011( )�2=(001� b 
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 ",K ��")� ��()
 . �(>��?� ��&(� H3��a  �(7�2 H��&>� �� ����� *��R H 2 �K� 
	ROS *� ��?) 
	  =�� .�N��

����	�
  
	 � ��()��(����5 S,) 	��E ��3 �&(��
 =�� ��&p2 �p('� *� �3  /��((n2 
�(>��?� ��&(� H3�� �� � ���N

�� ��3�(! 
	 �(7�2 
��0� 
	 �	���	�X� *� ) ��ESadeghipour & Aghaei, 2012 .(Rasti Sani et al. )2014 ( &(�

�(>��?� H3�� b ��	�� ��(� &��T �(��7 
	 *��R *- �
. Yasar et al. )2010 ( 
	 �
 �(>��?� ���'1� /��((n2

�(2��Q d#�� H 2 �� 	�	 ���� x��'� .��	�	 
��T *)
��	
�� *��R H 2 b���N "12 &,) �(��7 ��3  ���'1� H3��

�(2��Q 
	 �(>��?��N &,) �(��7 ��3. Davoodi fard et al. )2012 (O(��(3 �� ��	�� ��(�  �� �()�DmX 	�,C�  � DE

�A� #  *��m\S,) �&(��
 &' )�(� H��&>�.�N �3  

  
 =���9 � �-��4E -���. ��.  ��� ���4
# 	�(��� �
A�
 � �,�\� �Q�:� ]�(/9
/A�1 %�NQ R,�/-
� �/AS. .?��
�! ���
  

�((n2 .�� �  
 �X
	  
�	��E  

    /�+��� =(���(�  
 �(>��?�a  �(>��?�b �� �(>��?�  =(7��5  ���	 	��?@# "��� 	��?@# �	�2  


���2  2  ns001/0  ns00/0  ns000/0  016/0  ns65/204763  ns7/1985277  
�
�(�E U�^)  2  **101/0  ** 137/0  **091/0  **4/3812  **8/11363686  **7/203035277  

 ��^Ra  4  001/0  000/0  001/0  35/0  5/168146  7/1055277  
O(��(3 �()�  3  **028/0  ** 015/0  ** 038/0  **44/35  **2/5960055  **1/23775185  
 �
�(�E× O(��(3 �()�  6  ns001/0  **001/0  ns 001/0 **68/26 **9/874764  **6/797129 

 ��^Rb  18  001/0  000/0  001/0  2/1  18/97755  8/192314  
/��((n2 S��F )%(    79/2  95/3  14/2  42/1  24/7  24/6  
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  * �**: ��S(2�2 �(\ * +� 
�	 � * +� 
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	 ]^) ��@'G� 5  �1 .�A
	  

  
 ��
	
 =���9 � �-��4E -���. ��.  ��� ���4
# 	�(��� �
A�
 � �,�\� �Q�:� ]�(/9
/A�1 %�NQ R,�/-
� �/AS. .?��
�! ���
  

�((n2 .�� �  
 �X
	  
�	��E  

/�+��� =(���(�  
  �Q��'(�  �P�>  B()�'5  B(�?�  B��)  
      `��      


���2  2    ns035/0  019/0  000/0  00/0  000/0  
�
�(�E U�^)  2    **79/16  **53/5  **17/0  ** 006/0  ns001/0  

 ��^Ra  4    033/0  027/0  000/0  000/0  000/0  
O(��(3 �()�  3    **54/0  ** 85/1  **028/0  ** 01/0  ** 001/0  
 �
�(�E× O(��(3 �()�  6    **44/0 ** 129/0 **001/0  ns000/0  ns 000/0 

 ��^Rb  18    02/0  016/0  000/0  000/0  000/0  
/��((n2 S��F )%(      29/3  72/0  79/0  86/0  97/18  

            ns
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�	 � * +� 
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J� �;
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�
�(�E U�^)  �3�N  *3�?! �?G�� �2 �
�(�E  �2 *3�?! �� �
�(�E "N�	��  
 �(>��?�a  )mg/g FW(  a019/1  c8358/0  b9325/0 

)  �� �(>��?�mg/g FW(  a207/1  b048/1  a19/1 

) `�� B(�?�%(  b131/1   c107/1   a153/1  
*��3�^) �
�	 ���  ����E g�)��� � '�3 V�'�� a��GLSD * +� /��P2 �T�> �A
	 x 5 ��@'G� ]^) 
	 .� '�3 
�	  

  
 =���11 �;
 W�2,��� ��/�$� .?��
�! ���
  ��� ���4
# -	 ��-�4	-
� %�NQ ���4 ��- �4  

O(��(3 U�^) �()�  �3�N  
�&3 
	 O�  
�&3 
	 �	  
�&3 
	 �)  
 �(>��?�a  )mg/g FW(  c8611/0   b9056/0   a9689/0   a9811/0  

) �� �(>��?�mg/g FW(  d076/1  c118/1  b178/1  a222/1 

 B(�?�) `��%(  d088/1   c12/1   b146/1    a167/1  
) `�� B��)ppm(   b035/0   b044/0   a057/0   a06/0  

*��3�^) �
�	 ���  ����E g�)��� � '�3 V�'�� a��GLSD * +� /��P2 �T�> �A
	 x 5 ��@'G� ]^) 
	 .� '�3 
�	  
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�
�(�E U�^)  O(��(3 U�^) �()�  
���	 	��?@#  

)kg/ha(  

"��� 	��?@#�	�2  

)kg/ha(  

 �(>��?�b   

)mg/g FW(  

=(7��5 

)µmol/g FW(  

`��  �Q��'(�  

)%(  

`�� �P�>  

)%(  

 `�� B()�'5

)ppm(  

�3�N  

�PA  


�&3 
	 O�  


�&3 
	 �	  


�&3 
	 �)  

ef1454  

cd2102  

b3322  

a4382 

d8967 

c11370  

b12900  

a13770 

c5167/0  

c5333/0  

b5667/0  

a6267/0  

f17/61 

f22/61  

f34/61  

f74/62  

d83/2  

c17/4  

c23/4  

c2/4 

c177/0  

ab183/0  

b183/0  

a185/0  

d28/1  

cd31/1  

b38/1  

a42/1  

 �?G�� �2 �
�(�E

�!*3	  

�PA  


�&3 
	 O�  


�&3 
	 �	  


�&3 
	 �)  

h8/546  

gh6/854  

fg1121  

fg1112 

j2700  

i3600  

gh4833  

f5767 

h2867/0  

h3167/0  

g3767/0  

f41/0 

e27/73  

e98/72  

e35/73  

e06/73 

b05/5  

b07/5  

b07/5  

b08/5 

h161/0  

g166/0  

f172/0  

de174/0 

h06/1  

gh09/1  

g12/1  

f16/1 

 �� �
�(�E

�!  �2 *3	

"N�	��  

�PA  


�&3 
	 O�  


�&3 
	 �	  


�&3 
	 �)  

efg1290  

de1728  

c2444  

b3342 

i3567  

h4433  

fh5400  

e7033 

ef4267/0  

de4533/0  

d46/0  

d4733/0 

d81/89  

c52/95  

b43/98  

a6/102 

a17/6  

a2/6  

a18/6  

a34/6 

f171/0  

ef172/0  

cd175/0  

b181/0 

f17/1  

ef19/1  

e23/1  

c32/1 

��') �3*� �
�	 ���  ����E g�)��� � '�3 V�'�� a��GLSD �A
	 x 5 ��@'G� ]^) 
	 * +� /��P2 �T�> .� '�3 
�	  

  

W�#��6�	�	 w���
�� ��&p2 x��'� :* +� �(Ki2 ����(� �3 O(��(3 � �
�(�E U�^) 
�	  	�� `�� =(7��5 ���'1� �� �()�

 ���X)9B3 .( �
�(�E ���0'� �K�  =( Y ×O(��(3 * +� �K� �A
	 O� ��@'G� ]^) 
	 `�� =(7��5 ��&(� �� �()�  "N�	 �
�	

 ���X)9H(� .( ) =(7��5 
��0� =��26/102 �! �?G�� �� �
�(�E 
�@(2 
	  (�2 ��� f�! �� ������(� � "N�	�� �2 *3	

��?1� O(��(3 
�&3 
	 �) *N�5 �� �()� ���X) ��E ")	12. .(Bagheri Zadeh et al )2014 ( .@p2 �� � 'N�	 ��(�

H 2 �� ����'� �)�5 O� 	��E =(7��5 *��R � ��3�(! 
	*��� 3 �N�  �� ��3�(! �� � =(��5 ��3��	 
�
�N 
*��R �?()�

���) *?���# *� *7�?) ��(N DE �(���'5 H3�� d#�� �� *� 
��T �(Ki2 "12 ���N  "J?\ ���� 
���(!B(J 2��  ���3  �


.� � ��(5 ���	� H 2 b���N "12 DE DmX �2 � 3	 H��&>�  H3�45 x��'�Shoghiyan & Roozbahani )2017 	�	 ���� (

��  =(7��5 ��&(� *��R H 2 b���N 
	18 D�?^� �
�(�E �� ",�� �A
	 &��T �(��7 
	 ">�� H��&>�.  

O(��(3 �()�  H��&>� S,) ")� =�@� ��3�(! 
	��m5q�P� �7�?) ���\ 
wP 2 � &' )�'> "#�) H��&>� 
*

 �	��y�� � =(�2��5 &' ) H��&>� � *��+� �A� # DmXB3 =( Y &>����
�3 �,N "(7�+> H�� ��(! 
	 �3	�N .B3 =( Y 

O(��(3 �� �
 *��@)r5 ���\ B'�() *!�  �
����5 /��K� �()�B�&�E "(7�+> H��&>� �?()� "7�R	 � *���(��� *'�E ��3

*� f�p�� ��?) �&@)� B(J 2 
	=(�2��5 U�^) H��&>� .�3	*� =(7��5 � ��?1� ��3 �� ����2 �� ��Kl� 
�- DE /�P?2

) � � ��(!�?X ��?)Shen et al., 2020 .(����E =�� 
	">�� 
	 =(7��5 � ��� *2�,(��2 .@p2 H H 2 "12 &,) ��3

*� *��R  ��(! ���2� ��� 
	
�E B3��> ��(! ���� ���
 b(1� �� DE DmX ���	� f�p�� ���� �
 f�y b���N ��G �2 ����2

�&@)� B(J 2 ���� *7E /�,(��2 =�� ��  	��?@# H3�� S,) ���# =(@3 � �	�� ���@3 �&' )�'> /��(7�2 a�W� ��

*� �(J� *7E /�,(��2 �� �	�P')� =����� � .	�N O(��(3 �()� �Q��'(� *7E /�,(��2 H��&>� o��- �� � =(�2��5 � ��� 
�	

 /��K� ��G �2 � ��N �#����� b���N 
	 ��(! 	��?@# � �N
 H��&>� S,) � (�E ��3�()�*� H3�� �
 H 2 �3	

)Ayas & Gulser, 2005; Karimi et al., 2016 .(  

�,
	 	�(��� � �
�(�E 
�@(2 :O(��(3 �()� ���0'� �K� � �E  �3 �A
	 O� ��@'G� ]^) 
	 ���	 	��?@# ��* +� 
�	 

 ���X) 	��8 .(H(� �2 �� ���	 	��?@# =�4382 �?1� � �
�(�E �3�N 
�@(2 
	 
�'�3 
	 f�!�?(�� 
�&3 
	 �) *N�5

O(��(3 �()�  �B� �2) �E =�8/546 �! �?G�� �2 �
�(�E 
�@(2 
	 (
�'�3 
	 f�!�?(���?1� f�# � *3	 *N�5
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�@(2 ���) �� ",�� �3�N �
�(�E 
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�-



;<.�� =
��� �>�6 !��
�? �
�� �4 �/�@� �!� 1
1-
��A/9
#
/(� � 	�(��� �� � 4
#��� �� � ��. 9-/B ��! C�8D� 4E�-��   137 

H(� �2  .	��B3 =( Y  �� �
�(�E 
�@(2�! �?G�� 	��?@# 
"N�	�� �2 *3	H(� �2�! �?G�� �2 �
�(�E 
�@(2 �� ",�� �-

�! b���N 
	 �
�(�E �� �	�� "(+T�� =�� ����(� ��� =�� ."N�	 *3	 ��(! �!� � �'N�	 �	��� "(@3� ���	 ��N�5 � *3	

 	�N ��mn2 D�R*� ���2���T 	��?@# �  .���@� �(7�2 *7�,T  

 b���N 
	 �(7	 �	 �� ")� =�@� H 2 ���	 	��?@#���� H3��
  *��H3��  `�� ]^) �� &' )�'> H3�� d#��

 ��N ��(! 
	
	 �  �p('� SX�� ., � ������ H3��*�	�N  "7�G =�� 
	 �*'G  ���	 �&M� ������ B3�N�� `
&�
 �� "?#

 
�&' )�'> 	��� 	�X� f�#	��?@# *� H3��2 �!� 
���	 a�- �� .�����	�! ���� 
	 H  �� *���>�ar\*3	  ��P2�

 ���	 	��+2 H3�� d#�� ��� =�� �'P(�)�&M� ������ (*�N3 .	�*���   
	 �&' )�'> 	��� 
�N�� =(��5 �&M� ������ ��

 ����E �A� #*� .@p2	��� ��0'�� B'�() ��
 �� *P � 
�R��� O� 	�p�� S,) ��� =�� � � ��� 
	 ���E�3 ��N  
	 �

C�*� 	��� ��0'�� � �0� H3�� d#�� "�� =�� 
	 �� 	�NH3�45 ty�@'G�  ���	 	��?@# H3�� d#�� ��N��q �(7	 �	 �3

�N �2�� 
	) ")� �Davoodi et al., 2018.(  *R��H3�45 ���! H(� ��	�@� e
�&!  ���	 	��?@# H3�� ��&(� =��2

*� �� �	�� *���� �?G�� 
	 *��R H 2 
	 �� ����2�(7	 0) b�! ���� � �N�� *��R H 2 �K� 
	 �3 "()��G �� 3	

)� *��R H 2 �� �?G�� =�� 	���) "Abedi Baba-Arabi et al., 2011 .(O(��(3  �� �()�o��-  ",c� /��K�

 �� *��Q�7��&(>X�K� �?@ ��?) B�(7���'� �� `�� �(>��?� "J?\ H��&>� 
*3�(! ��3 �� {7�R &' )�'> ��&(� H��&>� 


*��m\ �A� # DmX �	��y�� 
���'�7� ��0'�� ����X � ���! /y	�,2 ��&(� �	�	 H��&>�  ��p('�
	  H��&>� d#�� �E

*� ��3�(! 	��?@#	�N )Shen et al., 2020; Nardi et al., 2002.(   

Beheshti et al. )2016
( ��?1� � *�E H 2 O(��(3 *N�5 �()� �	�@� e
�&! � *)
�� �(��7 
	 �
 /��K� �� �
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	 � 	��50 *?(� � �(M,2 �'�	��
�� O(��(3 �()� 
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	 �'(7(
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�� ��&p2 x��'� : � �
�(�E U�^) ��	�	 ���� �3O(��(3 �()� �
�(�E ���0'� �K� � ×

O(��(3 �()� "��� 	��?@# �� �K� �	�2* +� 
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�&3 
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�'�3 
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 �� ")�O(��(3 (��
 B�&�E "(7�+> H��&>� �� �()��"(7�+> H��&>� S,) �� *� ��(! �&' )�'>) 	�NDelfine et al., 

2005� .(��?1O(��(3 *N�5  H��&>� S,) �()�"����	�2 ������
 ) �NGholami et al., 2015 H3�45 x��'� �� �� (

B3 �F�G .	
�	 *���R  

O�4 _9��8�, ���X) 	�	 ���� w���
�� ��&p2 x��'� :9O(��(3 � �
�(�E U�^) ( �E ���0'� �K� � �()�  ��&(� �� �3

* +� �A
	 O� ��@'G� ]^) 
	 `�� �Q��'(� (3 � �
�(�E 
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