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In order to investigate the effect of seed priming (pretreatment) and coating on 
seedling characteristics, root morphology and phenological stages of rice, a two-
year experiment has been conducted in the Rice Research Institute of Iran 
(Rasht) between 2020 and 2021. The experiment is performed as a factorial in a 
randomized complete block design with three replications. Experimental factors 
include two rice cultivars (Hashemi and Gohar) and the seed pretreatment of rice 
cultivars in seven levels, including (1) priming with calcium chloride (-1.25 MPa 
in 24 hours), (2) priming with potassium chloride (1.25 MPa in 24 hours), (3) 
priming with zinc sulfate (concentration of 0.5 mM in 12 hours), (4) hydro-
priming (48 hours) + coating the seeds with calcium chloride, (5) hydro-priming 
(48 hours) + coating with potassium chloride, (6) hydro-priming (48 hours) + 
coating with zinc sulfate, and (7) hydro-priming (48 hours as control). The 
results show that the highest percentage and germination rate has been observed 
with 99.5% and 0.23 seeds per day under seed priming with potassium chloride 
in the Gohar cultivar, respectively. The lowest time required to achieve 90% 
emergence has belonged to Hasehmi and Gohar cultivars through priming with 
potassium chloride and calcium chloride. The highest root length (with 24.6 cm) 
has been observed in priming with potassium chloride in the Gohar cultivar. The 
highest root dry weight in Hashemi and the Gohar cultivars has been 2.14 and 
4.9 g, respectively, in priming with potassium chloride. The results also show 
that the maximum root volume and area are obtained with 43 cm3 and 155.28 
cm2 in priming with potassium chloride in Gohar cultivar, respectively. The least 
time required to achieve maximum tillering, 50% flowering, and physiological 
maturation takes place in priming treatment with calcium chloride and potassium 
chloride. Seed priming with potassium chloride and coating with calcium 
chloride have increased grain yield by 22% and 13%, respectively, compared to 
the control. The highest biological yield is observed in potassium chloride 
priming and coating with calcium chloride treatments with 5552 and 5414 kg. 
ha-1 in Gohar cultivar, respectively. In general, rice seed priming with calcium 
chloride and potassium chloride promoted plant yield by improving seedling 
characteristics, root system, and phenological stages. 
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�3#$	 '3�. =S� �B =��#C5�'D% #� G��H�'5 �B 'C	
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1&%�1% .  

 &�'�)Oryza sativa L.( ��� !��^ 2	 P�K$� �� -#�O ��cHO "� 2H�� "�  'Y� B�#�D�	 =�� � �� "� ��� ���"�� � �3B
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#�. b� "� �� B�d2 ���% )Priya et al., 2019( b� .�� 
#�.  -���L

=�	 "� 2K "� ��� �$%'" WX� #� 2L��" *_�U,	 b'�437  ��@3 �B b� -��D�	 �B B��? ��7�� ���+	 � �#CK3

 ��$% VB'	 2��^ "#�� b�	j� �B 2H�	 �+� �-�'� B��B)FAOSTAT, 2020(.  
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��B � � � �>�C� �B -) ��7�� !#3#$� n�co 

�� ���. !� !�O '� �O��B��	 ��'S �CQ'. ��� )Farooq et al., 2007(B�O�#� . �Q'$�5 !#3 P�#? 
�  �B !��#�Q � 

�'�	 �2L��" -#%#H% ���� ����O 2�" � ��'+C�� [�DX	 �i3#�.!#3 P�#? "� -) !���B ��H3� !��D%  ���

)Hosseini Chaleshtori & Nazari, 2021 .(�B b� �-#�	 �'�	 ��7�� �i3#�.!#3 !�S ��H3� 2�#d B��B �% 
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(�� "� 2K�#cQ �B 'F�	 !#3����O ���'5 !"#�2�"  �% ��� !�q	 *#A�%'� #� � #% "� PAS &�'� ��� �#H�� �&�'�
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��B � _#� !#3	) !#3
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�O�B � 16 �+�SB 27#H  � #� y#Y��� �Y3 'C	 b�#5 '� "� WX� !#�B B�") ��'S �CQ'. ��� .	�-�@ v��C	 .���#�2 7#����# 

1100 2D�	 'C	 .��� b�l�#�	 !#	B ��_#� �+X�	 !�'O� 
h�'5 �B B��? 8/15 �O�B 2C�#� B�'. ���.  ��#3#	 'B#+	

 �B �#	") V#>�� P,	 T#d 2.4� � 2�#� ��3���O !#3 )1) � (2.��� 
�  |#,7 (  

�#	") �� *��� P��C%#Q �B R7#S �'M T�D�!#3 P	#% QB#U�2 #� �� ��'K� �B v�'  ���@d � b�	" 2D�� V#>�� �  .

!#3��C%#Q �#	") P	#  =S� �B &�'� )2H #3 � '3�. (�#H�� � -B'% V#S�� &�'� �B �Y3 WX� P	#  1 - G��H�'5 #� 

=��D%�'D% )5/22 [) 'C�7 \ �B V'. �B 24 �L#�(� 2 - G��H�'5 #� =��#C5�'D% )5/22 [) 'C�7 \ �B V'. �B 24 

�L#�(� 3 - G��H�'5 #� *#Y7�� !�� )�ED^ 5/0 2D�	 �_�	 �B 12 �L#�(� 4 - G��H�'5����3 )48 �L#�+(� �5 -B'%��B 

��� #� �=��D%�'D% 5 - G��H�'5����3 )48 �L#�+(� �5 -B'%��B #� �=��#C5�'D% 6 - G��H�'5����3 )48 �L#�+( 

� �5 -B'%��B #� *#Y7�� !�� � 7 - G��H�'5����3 )48 �L#� �� -���L �3#  ( B��)Farooq et al., 2006; Farooq et 

al., 2007; Rehman et al., 2015(. ) ���O �B 2��'�B��	 V#S�� *#U�$	3.��� 
�  �}��� (  

  
 I6(J1�& =����K EL� �C�� .1�&� 6 3��1 A�B�� @��� M�0���� . I�8 �$��� ��71399  61400  


#	  
) #	B b�l�#�	°C(  

  

 -�@�	 2.���#�)mm(  

  

2A�� ���M� )%(  

1399  1400  1399  1400  1399  1400  

bB��'Q  9/15  3/12  1/158  4/149  9/84  5/72  

�$�AB��  6/19  1/18    1/58  3/43    5/77  6/80  

B�B'd  8/24  6/24    3/23  8/24    4/69  4/76  

'��  4/27  9/25    6/25  4/27    2/69  2/76  

B�B'	  3/27  2/24    80  5/87    9/77  6/82  

��'�   2/25  4/19    5/84  63    5/75  7/75  

  
 I6(J2�QR�6 �?�1 ��8 6� M�0���� . �, �ST U;$ �� =����K EL� V�? ����;�	 6 �)�B�/ ��730 ����8����  

 2K'CK7� ���3  

)ds.m(  
�C����  

 [�O P�#S 'Y�Q  

)mg.kg-1(  

 [�O P�#S =��#C5  

)mg.kg-1(  

 -h�'C��  

)%(  

 27) 
B#	  

)%(  

 b   

)%(  

 V�7  

)%(  

~�  

)%(  

93/1  94/6  1/37  185  17/0  93/0  4  48  48  
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 I6(J3�QR�6 .=����K���� G��1 ����� �$��� ��7  

=S� V#�  =S� y��  j$�	  -���� 
��B ��M  ���� y#Y���  ���� �� �	�#+	  B'KDHL  

2H #3  2	��  -��.  -#�	~�  v��C	  V�#+	  v��C	  

'3�.  
�  ����  -��. ~�'B  v��C	  V�#+	  _#�  

 :~� B�" :-���� 
��B ��M110 -90 v��C	 �"�� :~�130-110  "� ��� :~� 'B �"��130 "��  

 :
#��%#5 :���� y#Y���100-80 2C�#� :v��C	 �'C	120-100 2C�#� "� ��� :��D� �'C	120 2C�#�'C	  

 B'KDHL :=% :���B5000-3500  v��C	 ��#CK3 �B V'.�D�%6000-5000  "� ��� :_#� ��#CK3 �B V'.�D�%6500 �#CK3 �B V'.�D�%  

  

!�'� V#>�� ��#	") ��C�� ��D% z�'s � wu� #3��� �� ��M P	#% 2��YL�o ���  .b�� ��E�	 #3��� #� ��D,	 

�'D%�u�3 =�� �� ���B �� *�	 30 ���#F 2��YL�o � w5 "� -) ��e �#� #� [) 'X+	 ��  � � 
B�B �  .w5 "� 

!#3�#H�� �#HL� �!@H�m� B��	 #� G��H�'5 #3��� "� !'X� ��#d � !�'� \$d -�  �� *�	 72 �L#� �B v�,	 �#� � 

!#	B �#�� !����l� ��  �� !��M �% ���M� -) #3 �� -�@�	 ��7�� ���� .� �5 !#3�#H�� !�'�-B'%��B  ��C�� &�'� ���

 #3��� ��D%48  "� w5 � ��CQ'. ��'S G��H�'5����3 �,� �L#�\$d -B'% � �5 �����-B'%��B  .�  �#HL� #3���

!�'� ���� R�e � �5 -B'%��B ���� "� 
B#	 CMC )2�%��'% P�C	 @7�D� (
B#YC�� �  .b� 
B#	 #� �ED^ �� ���B 

 �B R�e V'. ��)100 2� ('X+	 [) 2����� �  � �� !�"� '3 10 V'. ���� &�5 2� 2� "� ��D,	 'E�B��	 !�� 

���� �C�� �  � �� 
�'H3 *#A�%'� !�q	 � �5��B )=��D%�'D% �=��#C5�'D%  �*#Y7�� !���B ( Pd�B �AcO \�C��5 

�C�� � !�'� &�5 �+�SB ��2��d -#K� 
B�B �  #� WX� 2O�#d #3��� �� 2��d #� *#A�%'� !�q	 �C$^)  �_ #� B� 

 B#>� ��� z�'M� �B 2%"#�B�  .wu� #3��� �� �B Pd�B \ 2��� 2��YL�o 
�  ��5 � �B �#� ��'S 
B�B �  #� WX� 

-) #3 \$d  ��� )Taghi Zoghi et al., 2018(.  

*#�DHL 
B#	)!"#� ���@d r�#X	 ��� V��'	 �+X�	 *��� �Q'. .2 #5��� �B ���@d �B ��� �#� �� � #% V�B �  R��'�

�$�AB�� V�B � ��� 
#	 V#>�� � #3#$� w5 "� 4 -3 2.'� -�  )30  �31 �$�AB�� 
#	 (�� b�	" 2D�� P+C�	 �  .=%�'� � #% 

�B b�	" 2D�� b�� �� B�L #$� �B '3 �u% � �D�#Q � #% 20×20 2C�#�'C	 ��� .
"���� *'%#3 �B b� �#	") !�'� '3 

�#H�� 4×3 'C	  P	#  *'% '3 �% B��13 .B�� �$% vd ��#S "� ���� !�#H�� *�#�d "� !'�.�DO !�'�!'� �%  ��"�K��

!�'� .�  
B#YC�� �'C�% � !'�.�DO "� V'% �S#� ���d &�'� "� -��"#B ����'. &�5 ���B � !�'� �'C�% nDL!#3 "'3 "� 

nDL �%!#3 'D%#��� � b� -��Y7�� P�C	 )w%����7 (�� #� �Y3 "�� w5 "� !�#%#$� � PAS "� �B 2.'� -�  nDL !#3 "'3 

�� R��'� !�'� �'C�% z���� )Echinochloa crus-galli (� blO )Carex nigra( 
B#YC�� �  .  

 �#	") b� �B150 �� =��#C5 � 'Y�Q !#3B�% � 
��� B�% fA�	 "� k7#d -h�'C�� V'.�D�% *#Y�Q fA�	 "� R��'�

 ���+	 �� =��#C5 *#Y7�� � Pu'�100  z'U	 �#CK3 �B V'.�D�%� �� .!��M �%50 �� 
��� B�% ���B � �#5 *���25 

P�M -#	" �B -) ���B  � �S#� -� 25 �� P	#% 'Y�Q B�% .�  z'U	 � �d P�K$� -#	" �B @�� 'lB ���B  *���

 @�� ~#C5 B�% � �#550 #5 ���B � �50  z'U	 T'� PK  �� � �d P�K$� -#	" �B 'lB ���B�  .B#c�� *'% �B 

���@d 2×1 'C	 B��.  =�  "� w5 �#5 !#3B�%�� *��� ��B (#5 �7#	 � W�X�� "� PAS � �Q#o� b�	" �� b�	" 2$%

 .�B'.=3 b��e 2S#� � #% ��Xd b�� @�� ~#C5 � -h�'C�� B�% 
��#	�� *��� 5 T#d �B 2C�B 2�#"�� !�'�  .�  ��

 -� @A� B��c� ���@d �B #3�#H�� "� \ '3 �i3#�. � � � ���100  '3 �B ���f�'	'C	 �� *���  .�  
B�B ��'S 2C�B

����O !#3��� B��c� "�� '3 � #% "� w5 ��E�	 b�� �B 
� ��Bf�'	'C	  ��L�@	 �B �i3#�. ��'+C�� �#�c	 � (�#H 

 �B 
� @A� !#3��� B��c�C	f�'	'  #� B�� � #% "� w5 =C��� "��)Farooq et al., 2007.(  � ���B �A�#,	 !�'�

 �	#�'� "� ���� -� @A� �L'�Germin 2	 ��M �% 2�#	" *�	 �	#�'� b� �% �  
B#YC��  �� -� @A� #� �$%50 
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2	 �A�#,	 @�� �� ��'� B�d 'g%��? ���B3 !�'� �� 
� B# !#3'C	��#5 �	#�'� b� .��%-��B r'M "� *�5 '2�#1 

2	 �A�#,	 -#	" P�#+	 �B -� @A� ��@Q� 2�,�	 ��%)Soltani & Madah, 2010(.  

� �BB# !��B'�!#3 ��O V"_ 
"�������H� #� �$� !'�. 2QB#U� !'�.10  23�D. y�'  �D?'	 �B *'% '3 �B ����

 �D?'	)61  ���O !����% "�BBCH(2 .�  V#>��  � �$� =>? ��$� ��M ��$� \$d � '� -"� P	#  2�#"��B��	 *#Y�

���H� V#l�3 .B�� �$� WX��$� "� !��B'�R��) PS��? �#L� #� �#3 [) "� 
B#YC�� #� wu� � ��'�C�� �$� �2.�B

��  =3 .���  � � �$� �� 
��A�e T#d *��� !"#���O ��O b��e�� *#Y�Q#C	�@l3 ��D,	 "� #3 
B#YC�� = � )Jiriaie 

et al., 2014(�$� '� -"� .�$� b"�� "� #3� �B'� !#3 �� 
�  -B�B��'S "� w5 �\$d -"� �A�#,	 !�'� � �	) ��B

�$� !#	B �B #380 2C�#� �O�B �� B�'.  *�	48  �SB #� 27#C�>B !�"�'� "� �L#�001/0  #� �$� ��M .�  
B#YC�� V'.

vd "� 
B#YC��%2D�	 ��$� =>? � !'C	�M�^ r'M "� #3 =>? #� ���	 ����C�� -��B �B 'X+	 [) �B '� �$� bCd#� ��


"���� 'C�7 \ �  !'�.)Dargahi et al., 2013(�� . !��M �% �M�^ "� w5 [) =>? � [) ��7�� =>? z�Cd� bCd#� ��

�$�b��c� �#3 �� #� @�� �$� WX� .B�� �$� =>? 
���%) �X��� "� 
B#YC1 �  �A�#,	 ()Nazari et al., 2017(.  

)1(                                                                        5/0�$� ��M)×π×(�$� =>?2= �$� WX�  
=3  #� -#	" P	#  \h�7��Q *#���Ud "� � � P?�'	 2M �B b��e50 2.���� � 25��#% 'g%��? �23�D. ���B 

�� \h�7�@�Q P?�'	 R��'�55 �65  �89  !����%BBCH � �BB#  !��B'��� PHL *#�DHL .�	) � �B'� !�'� b��c� B'KDHL 

2#�� ���B � \h�7��� B'KDHL #� � �B'� �B f�'	'C	 "� '3 *'% #� �#L� 'F� �� #?!� V#>�� �  .B'KDHL ���B �B �?�� WX� 

~#��'� ���M� 14 ���B �A�#,	 � . ��  -�	") "� �#	") �#� �B 2M 2$#	") !#3#Xd w�#��� 2Cd���K 2��'� ��E�	

 �  
B#YC�� �D��#�)Bartlett, 1937( blH3 *#AF� �� �O�� #� � 
B�B �2$#	") !#3#Xd w�#��� -B�� R%'	 �@>�B��	 #3

�� �#� P	#L R%'	 �@>� !�'� .��CQ'. ��'S��5 P	��L � 2QB#U� 'F� -���L�� =S� � �#H��  �CQ'. 'E� �B ��#F 'F� -���L

�@>� .���  � P�D,� =3 � !�#	) b� �B 2$#	") !#3#Xd -B�� �#	'� b��e �'M #� 
B#YC�� "� V'� ��@Q�  !�#	)SAS 

(Version 9.1) � ��#+	 b�l�#�	#3 ~#��'� -�	") LSD �B WX� �#HC?� &�5 ���B V#>�� � .  

   

3 .1 !6  � �7�� .�����   

 �% B�B -#$� R%'	 �@>� &#C�=3'� ��% ��5 � =S� �L'� � ���B '� �#H�� -� @A�2�c	 ���O) ��� ��B4 .(

��  =S� �B '3 �B 2D%��M2��'�B��	��5 � �L'� � ���B ������ &�'� ��� �#H�� -� @A� B�A�� �3#  �#H�� �� �A�� ��

���� =S� �B ��@Q� b� �% �$���� '3�. 
� ��� 2H #3 =S� �� �A ���O) B�� '�5(.  �#A�C�� b��e b�'�#��

	2 ���� V#S�� �% B�  ��C�3 2_#� 2Kh�7�@�Q ��Y�% � 2K�C�h P���#C5 !���B 2	�� V#S�� �� �A�� 
� 

)Khademi et al., 2021(=3 . =3'� b�l�#�	 ��#+	 &#C� b��e ��5 � =S� ��%�B '3 �B �% B�B -#$� �#H��  =S�

� �5 "� '�_#� G��H�'5 !#3�#H�� �B -� @A� ���B 2��'�B��	 ���O) B�� ��� -B'%��B5 #C��� b�H3 �B .(Saadat 

et al. (2015) �#�s� � �5 ��C �B�� ��� 23B P�7B� �5 B��	 B�O� -� @A� �L'� -#	" "#^) �B '�dj� pL#� 
��3B

� �5 !#3��� -��� !#3��� #� ��#+	 �B ��B .��� 
�  � �5Saadat & Ehteshami (2015) 2��'� �B  '�Fj�

� �5-B'%��B � �5 �% ��B�B (��@. nDC�	 -#3#�. �B ���-B'%��B ����O '� ��� � �C �B '�Fj� -#3#�. ��'+C�� � 2�"

����O �B '�dj� pL#� B���	 2d'� �B.��� 
�  2�"  

                                                                                                                                                            
1. Interpolation 
2. Biologische Bundesanstalt, Bundessortenamt and Chemical Industry 
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 I6(J4=�  6 ��� @I�8 Z4�� ��B[, .1 A��4��;�, �, A��� @A(	 BC8 .$�8 6 (T�� �1 G��1 �250 A(	BC8 (T�� 

 #� -#	"50 -� @A� ���B -�  @A� �L'� ���B -�  @A� �O�B !B�")  *�'��q� f�#�	  

n.s 45/0 n.s
3 -10×2/0 n.s 01/36 1  �#�  

94/1 2-10×1/0 83/41 4  (�#�) T�D� 
*08/44 *2-10×4/0 *25/887 1  =S� 

n.s 03/0  n.s
4 -10×1/0 n.s 58/0 1  �#�× =S� 

**15/3 **2-10×5/0 **41/71 6  ��5�#H�� 

n.s 01/0 n.s
4 -10×5/0 n.s 43/0 6  �#�× ��5�#H�� 

**45/0 **3-10×4/0 **17/10 6  =S�× ��5�#H�� 

n.s005/0 n.s
4 -10×3/0 n.s 27/1 6  �#�× =S�× ��5�#H�� 

37/1  3-10×2/0 67/25 52  2$#	") !#Xd 

97/19 07/7 56/5 -  ) *�'��q� R'o%( 

ns �*  �:** �� V�L R��'��c	2  �!��B�c	2  ���B \ � &�5 �#HC?� WX� �B !��B	2 .�� #�  

  
 I6(J5�7�1 . =�  6 ��� =�4�1 G��1 �21 A��4��;�,  �, A��� @A(	BC8 .$�8 6 (T��50 A(	BC8 (T��  

 #� -#	"50 -� @A� ���B )day( -� @A� �L'� )1.day-1(  -� @A� ���B ��5�#H�� =S� 

c5/7 e18/0 fg67/88 =��D%�'D% #� G��H�'5 2H #3 

de1/7 c2/0 de17/91 =��#C5�'D% #� G��H�'5  

b86/7 f17/0 gh83/86 *#Y7�� #� G��H�'5 !��  

e01/7 c2/0 ef00/90 +G��H�'5����3 � �5=��D%�'D% #� -B'%��B  

c64/7 e18/0 g83/87 +G��H�'5����3 � �5=��#C5�'D% #� -B'%��B  

b9/7 f17/0 hi83/85 +G��H�'5����3 � �5*#Y7�� #� -B'%��B !��  

a52/8 g16/0 i83/84 �3#    

fg37/6 c2/0 b5/96 =��D%�'D% #� G��H�'5 '3�. 

h02/6 a23/0 a5/99 =��#C5�'D% #� G��H�'5  

d21/7 f17/0 d00/92  #� G��H�'5*#Y7�� !��  

f51/6 b22/0 bc00/96 +G��H�'5����3 � �5=��D%�'D% #� -B'%��B  

g36/6 d19/0 c17/94 +G��H�'5����3 � �5=��#C5�'D% #� -B'%��B  

de1/7 f17/0 d00/92 +G��H�'5����3 � �5*#Y7�� #� -B'%��B !��  

c56/7 g16/0 def5/90 �3#   

	b�l�#�  z�Cd� ���C�3 T'C$	 z'? \ PS��? !���B �% -�C� '3 �B !#3�c	2  z�Cd� PS��? -�	") ~#��'� !��B�c	2 .������ ���B &�5 WX� �B ��B  

  

 'F�=3'� ��% ��5 � =S� �L'� � ���B b'�_#� �% B�B -#$� &�'� ��� �#H�� -� @A��� #� R��'�5/99  � ���B

23/0  �,� "�� �B ��� #� G��H�'5 ���O) �  
�3#$	 '3�. =S� �B =��#C5�'D%5 #C��� b�H3 �B .(Anwar et al. 

)2011( ����O ���B ��@Q� RA� !@H�m� nDC�	 *#A�%'� #� &�'� ��� G��H�'5 ��C �B -#�� b�l�#�	 �3#% � 2�"

����O -#	" *�	�'D% � =��#C5�'D% #� G��H�'5 'F� b�� b� �B �% �  2�"~�HD	 =��D%G��H�'5 .B�� '�  &�'� ���

�� �X���  �B 2K�7��#C	 ����2M =�E�� �[) [�O ����O "� ��5 2K�7��#C	 !#3���'Q \',� � !@H�m� �B 2�"

=�'5 !#3��� �
�  -� @A� �L'� � ���B2	 B�A�� ���$�� )Ibrahim, 2016 .(��� G��H�'5  '� 2��'�Fj� 
����B'��B

 *#%',� !��=���#K	 �'#d� ��7�� ("�B'5 � ���� !#3DNA ) ��C�3 '�gK� ��M �BLutts et al., 2016 .( 2M

 2$3�45Khan et al. )2018 (��7#cQ ��@Q� �� �� !�q	 B��	 #� &�'� ��� �#H�� -� @A� �L'� � ���B ��@Q� P�7B 

2C�) �X��� b�H3 �B .��B�B �A�� (-���#��D.) 2H@�) '�^ � ("_#�#% � "����%�'5 �"#��H�B ���%�'5��) 2H@�) 2�����%�

Huang et al. )2021(  !#$^ B�A�� �� �� G��H�'5 'F� �B -� @A� �L'� � ���B ��@Q� 2Kh�7�@�Q P�7B

�>�C� �B � 2H��5�C��  z��� �3#%7�'CK7���  �A�� #3.��B�B  
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=3 b��e  ���B �% B�B -#$� &#C� -� @A�� �5 !#3�#H�� �B-B'%��B  #�=��#C5�'D% �=��D%�'D%  �*#Y7�� !�� 

�� R��'�90 �83/87  �83/85 �� � 2H #3 =S� �B ���B R��'�96 �17/94  �92 ���O) B�� '3�. =S� �B ���B 5 .(

� �5-B'%��B  #�=��D%�'D% �=��#C5�'D%  ���*#Y7 !�� �� R��'�25 �12  �6 �� � 2H #3 =S� �B ���B R��'�37 �

19  �6  �L'� B�A�� RA� �3#  �#H�� �� �A�� '3�. =S� �B ���B�  -� @A�  ���O)5�� .(2	 'E� ���

� �5 -B'%��B HK� r'M "� &�'� ����7��#C	 �D?'	 P�H�2  ���B B�A�� RA�2	 -� @A� B�  ���� fS�� �B .

��5 ��M |#,7 "� 
� �#H2 ����O P?�'	�"2 ��5 ���� �� �A��  
�$��#H�� 2$#	") 2M .��C�3 '��DO V#. \ �DL

 ���B f'�� -� @A�� �5 'F� �B 23B��7#cQ ��@Q� �� �� !@H�m� *#A�%'� #� ���=@�) !#3 !#3@>��  ���#	 
���%

 ���+	 ��@Q� R7#S �B 2C�" !h'�� h�#  WX� ��@Q� �"��	) #Y7)ATP @C�� ��@Q� �RNA  �DNA B��c� ��@Q� �

!���%�C�	 B'KDHL !#+��� �#? b�L �B � ��B�B �A�� #3)Shivankar et al., 2003( . �c��� � � � �-) '� 
��L

 ��� "� P�#? �i3#�. R�#�	
� �#H�� H	\',� 2#H��5 !#$^ ��7#�� �DL �� ��� bK �27�D� =��+� �
� 

P�M b����'5 � -� ��%�� !#3) � #� 2C�"'�^ ��� �� 
��3BIbrahim, 2016.(  

  

3 .2 �� ��%8 .50 ��� ��  �7��  

 'F� �% B�B -#$� &#C�=3'� ��% ��5 � =S���B ��O V"_ !#3"�� '� �#H�� �� 2�#50  ���B -� @A�2�c	 B�� ��B

 ���O)4 .(�� �% B�� b� "� 2%#? 'o#? �3�45 &#C� ��5 \��K� !'�.�#%  � G��H�'5 -���_�	'Q �B ��� �#H��

� �5��B ��O V"_ -#	" *�	 �3#% pL#� 23B �� 2�#50  ���B -� @A� =S� �B '3 �B2��'�B��	 2	 B� 

 ���O)5�� .(��M2D%� ��5 �% B�B -#$� b�l�#�	 ��#+	 &#C� b�� ��3�45 B��	 =S� �B '3 �B ��� �#H��2-1  -#	" "��

��B ��O V"_ �� 2�#50  ���B -� @A� ���O) B�B �3#% ��5 .(  

=% �% B�B -#$� &#C���B ��O -#	" b'� �� 2�#50  ���B -� @A� #� '3�. =S� �B02/6  �37/6 �� "�� R��'�

'5 �B #� G��H�=��#C5�'D%  �=��D%�'D%  ���O) �  
�3#$	5 .(=3 b��e =% �� -���� ��O V"_ !#3"�� b'�50 

 ���B -� @A� #� @�� 2H #3 =S� �B01/7  �1/7 �� "��� �5 �B R��'�-B'%��B  #�=��D%�'D%  #� G��H�'5 �

=��#C5�'D%  ���O) �  (��@.3��� �2Q'M "� .(��O -#	" b'�  �� -����50  ���B -� @A� �B =S� �B '3 �B

 ���O) �  
�3#$	 �3#  �#H��5 �B .( #C��� b�H3Nawaz et al. )2016 (��B'% (��@. @��  #� &�'� ��� G��H�'5

*#��'% =��D% ����O =��7��#C	 \',� r'M "� � y�'  ��O V"_ -#	" *�	 �3#% RA� b����'5 @C�� � 2�"50 

�  -� @A� ���B .Farooq et al. )2006( ��5 �% ��C �B �#�s� 2$3�45 V#>�� #�  � =��D%�'D% #� &�'� ��� �#H��

��7#cQ ��@Q� r'M "� =��#C5�'D%2C�) !#3 � y�'  !�'� V"_ -#	" *�	 �3#% RA� 2�����%�50 ����O ���B 2�"

��5 �  (��@. #C��� b�H3 �B .�  &�'� �B� [) #� &�'� ��� �#H��  ��O V"_ -#	" *�	 �3#% RA� =��#C5�'D%

 �� -����10  �50  �  -� @A� ���B)Rehman et al., 2015( 2$3�45 2M .Ali et al. (2021)  -#	" �3#%

����O ��O V"_ @C�� � =�	'� ���� v��� [) [�O �27�D� =��+� ��@Q� �� �� G��H�'5 'F� �B &�'� 2�"DNA  �

RNA .��B�B �A�� "��	) #C� � #Y7) �"#�h����3B �"#�#Y�Q ���� ���#	 2H@�) '#d� T',� ��@Q� �Soltani et al. 

(2009)  �A�5 ��� G��H�'5 �% ��C �B �#�s�)Gossypium hirsutum L.(  -� @A� !�'� V"_ -#	" *�	 ������90 

.�3B �3#% �3#  �#H�� �� �A�� �� ���B �c7#X	� '� !�-#$� &�'� !�  !B��c� ��7#cQ ��@Q� r'M "� G��H�'5 B�B

=@�) "�*����3��'% =��7��#C	 �B '�.�B !#3��K7�	�'%#	 bC�K  RA� #3��u�7 �@>� � "#���'5 �("��	) #C� � #Y7)) #3 #3

 �c��� � � � !�'�f'� -� @A� RO�	 �#�� �B � b��O ����O y�'  ��O V"_ -#	" �3#% �2�" 2	  B� 
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)Sharma et al., 2014(=3 . -�7#	 ��@Q� r'M "� =�� ���D� #� &�'� ��� G��H�'5 �% �  (��@. b��e !B  ��3�7)

 ��O V"_ -#	" *�	 �3#% RA� "_#�#% �50  �  &�'� �B -� @A� ���B)Du et al., 2019(. 

  

3 .3&'�� ;�	7�<� .  

 � �#� 'F�=3'� ��% ��5 � =S��M '� �#H��2�c	 �$� \$d -"� � � ���O) B�� ��B6 ��� b� ��	 �#	") &#C� .(

�� �$� ��M � #% V�B � ��� �#� �B �% R��'�5/18  �9/19 2C�#��� @�� \$d -"� � 'C	 R��'�44/2  �73/2  V'.

 ���O) B��7�� .(2	 'E� ��� �#� �� �A�� V�B �#� �B &�'� �$� \$d -"� � ��M ��@Q� ����� � #% P�7B

b�#5 �DHO "� 2}@O *#Q�Cd�  ���O) #	B -B��12�_�M � ( ���� v�'  b� �B �% � #� � � 
��B ��M -B�� *�	 �B #3

��� -#	"2	 P+C�	 �$� �� �� !@C���CQ f�#�	 !'�.���%  

�� &#C���B  #� �$� ��M b'�_#� �% B�B -#$� 
�	)6/24  �1/22 2C�#��� 'C	��'� #� G��H�'5 �B R=��#C5�'D% 

 �=��D%�'D%  ���O) �  
�3#$	 '3�. =S� �B8 #� G��H�'5 @�� 2H #3 =S� �B .(=��#C5�'D%  �*#Y7�� !��  RA�

 ���O) ��# ��@Q� �$� ��M � 8�� .( 'E�	2  ��M ��@Q� �����$ �� �e  ��D�#S ��@Q� '� G��H�'5 '�Fj� P�7B

7�D� 
���B ('C�. v��� �% � #� b��O 2Basra et al. )2005 ( 2$3�45 2M .��� 
�  ��j� @��Karim et al. 

)2020 ( -#	" *�	 �B =��D%�'D% #� G��H�'5 ��B'% (��@.12  G��H�'5����3 � �L#�24  ��@Q� RA� �L#�

 2DAD� =$e #���7 
#�. �$� ��M)Vigna unguiculata(  -��#KH3 � �'�� *#c7#X	 .� )as cited in Nazari, 2018( 

 RO�	 #3��� �B ��'��D. P���#Y�Q !B -�@�	 ��@Q� r'M "� G��H�'5�H�m� B��	 �% B�B -#$�-#	"#� 3B !#3#$^ 2

 ��7�� � 
�  !���%�C�	ATP  � � ��@Q� RO�	 �% �CQ# ��@Q�� �$	2 .BB'.   

  
 I6(J6=�  6 ��� @I�8 Z4�� ��B[, .��;�,�1 �21 A��4 �QR�6 G��1 F�5���/ E���� 6 ���� ��7  

\h�7��Q P?�'	  

�$� WX�  �$� =>?  �$� \$d -"�  �$� ��M  
 �O�B

!B�")  
*�'��q� f�#�	   2.���� #� -#	"

\h�7�@�Q 

 #� -#	"50 

23�D. ���B 

 'g%��? #� "��

�>�52�" 
**58/490 n.s 19/92 n.s 86/138 **68/1670 **96/372 **69/1 **19/38 1  �#�  

51/225 81/57  5/81 08/16 03/7 05/0 86/0 4  (�#�) T�D� 
** 01/4922 ** 76/2304 * 05/3575 ** 91/5420 ** 25/2315 ** 13/47 n.s 10/2 1  =S� 

n.s 58/0 n.s 19/0 n.s 76/5 n.s 26/8 n.s 11/18 n.s3 -10×4/0 n.s 14/1 1  �#�× =S� 
**83/138 **63/228 **11/109 **98/1649 **42/442 **43/2 **64/39 6  ��5�#H�� 

n.s 72/7 n.s 41/0 n.s 69/1 n.s 57/2 n.s 46/1 n.s 003/0 n.s 06/0 6  �#�× ��5�#H�� 

n.s 37/6 n.s 09/4 n.s 27/8 **53/101 **03/21 **00/1 **9/28 6  =S�× ��5�#H�� 

n.s 17/5 n.s 52/0 n.s 37/2 n.s 96/0 n.s 55/0 n.s 004/0 n.s 08/0 6  �#�× =S�× ��5�#H�� 

6/53 82/108 82/62 48/32 05/15 77/4 34/1 52  2$#	") !#Xd 

84/5 89/11 1/12 92/6 49/13  71/11 02/6  -  ) *�'��q� R'o%( 

ns �*  �**�� : V�L R��'��c	2  �!��B�c	2  ���B \ � &�5 �#HC?� WX� �B !��B	2 .�� #�  

  
 I6(J7 I�8 �9� .�QR�6 �1 G��1 F�5���B�/ �Q(�8� �, �6� 6 ���� ��7  

 \h�7�@�Q 2.���� #� -#	")day( �$� WX� )cm2( �$� =>? )cm3(  �$� \$d -"� )g( �$� ��M )cm( �#� 

b81 b94/77 b6/26 b44/2 b5/18 ��� 

a87 a86/86 a9/30 a73/2 a9/19 V�B 

	b�l�#�  z�Cd� ���C�3 T'C$	 z'? \ PS��? !���B �% -�C� '3 �B !#3�c	2  z�Cd� PS��? -�	") ~#��'� !��B�c	2 .������ ���B &�5 WX� �B ��B  
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 I6(J8�7�1 . =�  6 ��� =�4�1 �21 ��;�, �QR�6 F�5���1 ��)�;$ 6 ���� ��7  

 \h�7��� B'KDHL  

)kg.h-1(  

�$� WX� 

)cm2( 

�$� =>? 

)cm3(  

�$� \$d -"� 

)g( 

�$� ��M 

)cm( 
��5�#H�� =S� 

gh3263 h58/70 gh2/23 f-i81/1 gh1/17 =��D%�'D% #� G��H�'5 2H #3 

i2870 f92/78 g5/23 e14/2 c1/21 =��#C5�'D% #� G��H�'5  

i2840 g07/76 i8/20 e-h95/1 c0/21 *#Y7�� #� G��H�'5 !��  

fg3341 i74/65 j5/18 hi7/1 e6/18 � �5+G��H�'5����3=��D%�'D% #� -B'%��B  

f3460 c17/90 e7/32 efg03/2 d8/19 � �5+G��H�'5����3=��#C5�'D% #� -B'%��B  

h3128 f29/80 f00/29 ghi73/1 f7/17 � �5+G��H�'5����3*#Y7�� #� -B'%��B !��  

i2743 j36/59 k8/16 i51/1 h7/16  �3#    

c5058 b37/103 b5/38 a06/4 b1/22 =��D%�'D% #� G��H�'5 '3�. 

ab5414 a28/115 a00/43 a9/4 a6/24 =��#C5�'D% #� G��H�'5  

e4616 d92/85 e2/33 ef13/2 f7 /17 *#Y7�� #� G��H�'5 !��  

a5552  c16/90 c2/37 bc38/3 fg4/17 +G��H�'5����3 � �5=��D%�'D% #� -B'%��B  

b5360 e56/82 f5/29 b67/3 e4/18 +G��H�'5����3 � �5=��#C5�'D% #� -B'%��B  

d4773 g42/74 h5/22 cd11/3 d6/19 +G��H�'5����3 � �5*#Y7�� #� -B'%��B !��  

e4626 i00/66 d5/20 d81/2 h9/16 �3#   

	b�l�#�  z�Cd� ���C�3 T'C$	 z'? \ PS��? !���B �% -�C� '3 �B !#3�c	2  z�Cd� PS��? -�	") ~#��'� !��B�c	2 .������ ���B &�5 WX� �B ��B  

  

=% #� @�� �$� ��M b'�7/16 2C�#��  (��@. 2H #3 =S� �3#  �#H�� �B 'C	  ���O)8 .(=3 b��e � �5 -

-B'%��B  #�=��D%�'D% �=��#C5�'D%  �*#Y7�� !�� �� B��? R��'�11 �19  �6  � 2H #3 =S� �B ���B�� B��? R��'�

3 �9  �16  &�'� �$� ��M ��@Q� RA� �3#  �#H�� �� �A�� '3�. =S� �B ���B�   ���O)8.(  

 &#C�=3'� ��% ��5 � =S�� �5 B�B -#$� �#H��� �5 � G��H�'5 -���_�	'Q #� &�'� ��� 23B-B'%��B  RA�

 ���O) �  �3#  �#H�� �� �A�� �$� \$d -"� B�A��8 .(B�O�#�  =S� �B '3 �B �% B�B -#$� &#C� !'�'� b�

2��'�B��	 � �5 !#3�#H�� �� �A�� �$� \$d -"� B�A�� �B G��H�'5 !#3�#H��-B'%��B �� x��B�� '�'F�	!��M �%

�� '3�. � 2H #3 V#S�� �B �$� \$d -"� b'�_#� R��'�14/2  �9/4  #� G��H�'5 �B V'.=��#C5�'D% �� �	) ��B

 �%� �5 �#H�� �� �A��-B'%��B  V#S�� b� �B�� R��'�26  �34  ���O) �  �$� -"� ��@Q� RA� ���B8�� .( 'E�

2	� �5 B��	 B�O� ����$� ��'d �B '�dj� pL#� ��� z�'M� �B 
��3B �e)Saadat & Ehteshami, 2015(  � 
� 

�$� \$d -"� �3#% pL#� ���#+C	2	 �e �� &#C� .B� B�� � �5 �% ��� -) "� 2%#? 
�	) #� &�'� ��� -B'%��B

*#Y7�� � =��#C5�'D% �=��D%�'D% �$� \$d -"� !�� �� �3#  �#H�� �� �A�� �� R��'�13 �34  �15  =S� �B ���B

 � 2H #3=3 b��e 20 �31  �11  ���O) B�B ��@Q� '3�. =S� �B ���B8.(  

 � �#� 'F�=3'� ��% ��5 � =S��#H�� 2�c	 �$� WX� � =>? '� ���O) B�� ��B6�� &#C� .(��B  -) "� 2%#? 
�	)

�� xB�� ��� �#� "� '�_#� V�B �#� �B @�� �$� WX� � =>? �% ���!��M �$� =>? � #% V�B � ��� �#� �B �%

�� R��'�6/26  �9/30 2C�#�RcK	'C	 �� @�� �$� WX� � R��'�94/77  �86/86 2C�#�	'C	f�'  ���O) B��7 &#C� .(

�� �$� WX� � �$� =>? b'�_#� �% B�B -#$� b�l�#�	 ��#+	 #� R��'�43 2C�#�RcK	'C	  �28/155 

2C�#� f�'	'C	  #� &�'� ��� G��H�'5 �B=��#C5�'D% �� '3�. =S� �B ���O) �	) ��B8 �% B�B -#$� &#C� .(

� �5 -B'%��B  #� &�'� ���=��D%�'D% �=��#C5�'D%  �*#Y7��  B��? 2��'�B��	 =S� �B '3 �B !��95-10  ���B

 � �$� =>?52-10  ���O) B�B ��@Q� �3#  �#H�� �� �A�� �� �$� WX� ���B8 .(Nazari et al. )2017(  2M

��5 �% ��CQ#�B 2$3�45 �@D% �B �$� WX� 27#le � =>? ��@Q� RA� ��� �#H��)Brassica napus( � .  
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3 .4,�-�.��/ #$�% .  

��5 � =S� *�'F� B�B -#$� w�#��� �@>� &#C���B ��O V"_ -#	" *�	 '� �#H���>�5 'g%��? �� 2�# �2�"50  ���B

2�c	 \h�7�@�Q 2.���� � 23�D. ���O) B�� ��B6�� .(�� &#C� 2D%��M��B  2H #3 =S� �% ��� -) ��	 
�	)

���� =S� �� �A���. 
� f'� �� B�d 2$�" � 2$�� "#Q '3�� �% B'% P	#% '�2	 'E� ��M �B z�Cd� b� ���

 =S� b� 2��� 2.4� � 2K�C�h P���#C5 #� �� � � 
��B2	 -���  ��O V"_ -#	" *�	 �% B�B -#$� &#C� .B'% ��O��

�>�5 'g%��? �� -������ '3�. � 2H #3 V#S�� �B 2�" R��'�59  �72 �� "�� ���O) B9 -#$� b�l�#�	 ��#+	 &#C� .(

=% �% B�B-#	" '���B ��O V"_ !#3����O 'g%��? �� 2�# �2�"50 �� \h�7�@�Q 2.���� � 23�D. ���B  #� R��'�

59 �82  �118  � 2H #3 =S� �B "��=3 b��e  #�72 �93  �133  ���O) �  
�3#$	 '3�. =S� �B "��9.(  

�� &#C� �2D%��M� �5 � G��H�'5 �% B�B -#$�-#	" �3#% RA� &�'� ��� -B'%��B��B ��O V"_ !#3 �� 2�#

2	 \h�7��Q P?�'	� �5 � =��#C5�'D% #� G��H�'5 'F� .B�  ��O V"_ -#	" *�	 �3#% RA� =��D%�'D% #� -B'%��B

��B�>�5 'g%��? �� 2�#�� 2�"  �#H�� �� �A�� "�� �$3 � �  R��'� ���O) �  �3#7=% .( ��O V"_ -#	" b'�

 �� -����50  #� 23�D. ���B83  �82 �� "��� �5 �B R��'� �  
�3#$	 =��#C5�'D% � =��D%�'D% #� &�'� ��� -B'%��B

 ���O)9��� �% B�B -#$� b�l�#�	 ��#+	 &#C� .(��B ��O V"_ -#	" *�	 b'� #� 2Kh�7�@�Q 2.���� �� 2�#131  "��

�� �3#  �#H�� �B=% .�	) ��B #� @�� \h�7�@�Q 2.���� �D?'	 �� -���� ��O V"_ -#	" b'�122 � �5 �B "�� -B'%��B

 ���O) �  
�3#$	 =��#C5�'D% � =��D%�'D% #�9=3 .(  � =��#C5�'D% �=��D%�'D% #� G��H�'5 �% B�B -#$� &#C� b��e

*#Y7�� �� !���e ��Y3 R��'� B�B �3#% �3#  �#H�� �� �A�� �� \h�7�@�Q 2.���� ��O V"_ -#	" *�	 "�� �� � �#

 ���O)9 � =��#C5�'D% �=��D%�'D% #� !B�'�  � 2H #3 V�#M V#S�� �B &�'� ��� G��H�'5 �% �  
B�B -#$� 2$3�45 �B .(

�>�5 y�'  ��O V"_ -#	" *�	 *#���K�) 23�D. y�'  � � �d ���s �2�" B�B �3#% "�� &�5 #� �� ��)Khademi et 

al., 2021(� �5 �% �  B�B -#$� 2$#	") . !����'	 -"�� ��� -B'%��B)Linum usitatissimum(  ��O V"_ -#	" *�	

 B��? �� 23�D.14 -10  B�B �3#% �3#  �#H�� �� �A�� "��)Karanam & Vabez, 2010( �3#% �DL #C��� b�H3 �B .

"_ -#	" *�	 ��B�B �A�� #3�#H�� b� �B -� @A� �L'� � ���B -B��_#� �� �� 2Kh�7��Q P?�'	 P�HK� ��O V
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