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Abstract  

With the aim of evaluating the effect of salicylic acid in improving the efficiency of the aged pumpkin seeds under drought 

stress conditions, a factorial experiment was carried out in the form of a completely randomized design with three 

replications. Pretreatment of different concentrations of salicylic acid including zero (pretreated with water), 1 and 1.5 mM 

at different drought levels of zero, -0.2, -0.4 and -0.6 MPa were investigated. Indicators of mean germination time, 

germination percentage, seedling length, seed vigor, membrane electrolyte leakage, soluble carbohydrates, soluble proteins, 

malondialdehyde, ascorbate peroxidase activity, superoxide dismutase and catalase enzymes were evaluated. The results 

showed that the pretreatment of seeds with different concentrations of salicylic acid prevented the significant decrease in 

the germination indices of the deteriorated pumpkin seeds under drought stress. So that at the potential of -0.6 MPa, the 

treatment of seeds with 1.5 mM salicylic acid increased the percentage of germination, seed germination index, soluble 
carbohydrates and soluble proteins respectively 80.2, 169.4, 51.6, 93.4% and for the activity of ascorbate peroxidase, 

superoxide dismutase and catalase enzymes, 41.2%, 12% and 11.8%, respectively, compared to the control. Based on the 

research findings, seed priming with 1.5 mM concentrations of salicylic acid is recommended in order to reduce the 

oxidative stress caused by drought for pumpkin seeds. 
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�0�/0  

 �8!�� .� �� ��'�(Cucurbita pepo L.)  	���$
?�  	W@"j�k�  	B�G�� FO�ll� �����  FB�ll� V'_�G � ���

	� d� ��� %lllE F�  #� I�+ 	��$  F�  .llll��'llll��  
(Rouhi et al., 2021) . ��'� �8� �� ��Q�� b!�� #����

�� �8!�� .���  b�� m���_n F� FQ��30  ��50  ��o�� 'X��
	� V��W��� �������� ����X �� b!�� b�� ..�� ���� .��E

 �8!�� .lll��� ��'� ����8� V�=��b������ C��lllE A  
'��A� 	_')� ���� � U�p ���'���  '�q�_�L/  I�������/ 

)2022, et al. Macedo(.  ��'ll� �8ll� �� ��Q�� b!��
�! r�_ �� �8!�� .ll��� � ?�cB���B '�ll�� C��llE r�*llE� �

.�� ?�cB�� '��� (Rouhi et al., 2021).  ���'J]_ .�@��O
 U�p ���'�lll�� #��lll��'�lllA�� C�B� F� ���8� F_�$ b��
 '����/ �� ���A� F� �s�� FB�A� b�� � F�/�� %��� r�*E ���!
 F� �8� 	D�n�B����/ ���llX�llRG %��� � I��� U�@Y��_

� I�+ �� �ll� #� .ll�W�� V��	� ������ll*_ � V�����$ 
)Rouhi et al., 2021; Wang et al., 2023( b� ��� �ll��  .

	�T@" � ��/� V��(� F� �8� I��� .lE�� ��Jt� #��� ���
���llllAG dJ� Cll���" u��� �� ��� 'll�B�� vllG�p �� ��

	� ��(lllE F� 	"��� �Z�lllR�� ���(Ranganathan et 

al., 2023) �� �� %��� �� 	G�� �� ���lllAG b�� #���� .
25  #����$ �� ���A G b�� �'E  ��� V'E  ������ 'X ��

 .�� V'E ����$ ��
�� 	�!��(Tabatabae, 2013).  
 �]�� ��lll� ��dJ� �� 	Dlll
G %�� ��������/ b���

 � V'E U�A�� 	"��� #����$ '�B�� � 'E� V'�����'��
F_��Q �� ��=�� �� #'E  �*�  � 	_� F� �s�� F"��� �� #����$

 �� %�� %��ll�50  �w�� 'll�B�� b�]_�ll�� �� �'lllllX��
	� #�JQ ������ �� �Z�R����E (Gonzalez, 2023) .

F_��Q �� 	W"�lllx� 	W�� �=� %�� b�� 'lllE� � ��Jt  	_�
 F� V���� ���lllAG � F�lllE�� F�/�� I��� ����8� F`���$

	� #�'�p�� ��_ �� I�R�� '��(Huang et al., 2023).  
 	����� �� 'llE� V'��� d�S�� ?� ?�@�llA�B�ll� '�ll��

 	D�n�B����/ ���'����/ �� �=�� 	
 �_ F� .� � 	D�B��/
 '�B��  b@��� '�B��  �����_ dlllA�B�����  ���lll���/ ��S_ V��$
 	(J� %�_ b��`(� V'��� d�S�� b�� .���� 	�'@$ � ���$

%�� .�� V��$ �� .t�Wy ������ V'_���! � V'_� ��� 
(Ashraful Alam et al., 2022) '�lll�� �]�� ���*" F� .

I�@� F@��� F� ?�@�A�B��	� '�B�� F
�� ��� %�_ � ��E
 Cw � T@�&� 	D�n�B����/ ��� '� ���/ d�S�� �� �����

F_��Q � ���ll���/  #�� U8Q  V��$ �(_  'llE�	� �W�� 	_�
��� �=� �� N���� b�� b��`(� .'�� ?���lllA�� '�lll��  �

�E�*_� F� ���$��� z"�� V��$ �� 'E� V'��� d�S�� b�� 	]
%��	� 	Y��� ��ll�) ��lllEBehnam et al., 2019.( 

 #���D(� � 	B���Q(Jumali et al., 2011)  N@!� '��/����
#n �� ?�@�lllA�B�lll� '�lll�� �����(�� F� V'��� 0lll��� ���

#n b�� .'�+�*��� �� %�� 	B��]�lll� �����lllA� :C��lllE ��
#n V'���'� ���#����p�� )Chaperonesb�c����  ( ���

) 	����y j�EHeat Shock Proteins( #�'�A�� 	�_�   ��
#n �.�B����� V'��� ���ll���� ��� C�����ll� ��S_ F��_�= ���

) ��_n��'��� CDB�Sinapyl alcohol dehydrogenase  (
) ��ll_n��'ll��� CllDB � Cll�� �ll�� llll�Cinnamyl alcohol 

dehydrogenase � (	� i������ll�-450 )Cytochrome-

P450	� (  V'��� d�S�� b�� 	Q��G ������ ������ .'�lllE��
%�� ��S_ 	W@�&� I�DlllE� F� F� #��� F/�lll{�  �8� ��(��

 � ������ U� F� #��(_ F/�{ �  ?�_����'�� .
 � H���
I�@��|�� ��� 	lllE�� �� 	lllE�_ ���=� %��� .JQ ��

	� ���O V��W��� ���� %�����$ )Ashraful Alam et al., 

2022V��(_ ��J t� b����� �� ���� lllA� .( '� lll�� F�  '_ �
 V��$ 	_�'�A�� 	�_� r�/� d�A�� F)��� N*� ?�@�A�B��

	� %�� H���lllE .� � 	��_ ��� ��_ %�� �� }� � ���$
.�B�)/ #'_ ���$��� ���� �� 	)�*+ .�)lll{� F�  V��$ ���

)Chen et al., 2023 9Ahmad et al., 2020 .(%�� ��(��
 �8� 	����� ��*J� .JQ ������� ��� ?� #���" F� �8�

%�� ����� ����� 	� ���O V��W�ll�� ���� ����'�llA�� � ���$
	� V��� �8� F� �'y �� U� U8Q V��Q� #� �� F� ��lllE
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F_��Q F@y�� Flll� r�(s� �� F@y�� �� ���$ ���lllX 	_�
)Rouhi et al., 2021.( 	/�E) #���D(� � ���Sharafizad 

et al., 2013%�� '_��� ����$ ( �� i'�$ ����8� ��(��
F_��Q ."�� � 'X�� ��*J� F� �s�� ?�@�A�B�� '���  	_�

F
�� I�+FO�� � Fp 	D
G %�� .�� F��� ^G�E � Fp
) #���D(� � ���*� .'���$Kabiri et al., 2014 ��Jt� (

  	Dlll
G %�� .�� ?�@�lllA�B�lll� '�lll�� ��(�� '��lllE��
F`���$) F_�'���ll� ���Nigella sativaN�ll�� �� �� ( ���

 ������ %��ll� � 	��p #��lll��'ll�lllA���� �� 	lllE�ll_  
 #���llDll(ll� � 'll(lly� .��ll(ll_ ~llWlly 	ll*llllA_ .ll��ll+�  

)Ahmad et al., 2012 '_��� V'��ll
� ��G %����� �� (
%�� ����8� F� ."�ll� ?�@�llA�B�ll� '�ll�� �� V'llE ��(��

F_��Q �� ���J� F`���$ F��� � 	_� '��E  ����8� �� FA ����
d��_� .�B�)/ � .E�� %�� .�� ��'�A���� � �Z���� ���

%�� ����8� �� '��llE ����8� �� ��Z�� ���llA� V'llE ��(��
 ���D��� b�/��  �{�y %��� �� >'� ����� b�� �� .���

F_ ��Q a�� ��� .J Q ��� �8�  ?� n�B����/ .� W�� � 	_�
��� � �8!�� .� �� ��'� F�/�� I��� 	E �_ a��  �=� %

%�� �� V��W��� �� 	D
G %�� �� �� ?�@�A�B�� '��� ��(��
d��_� .ll�B�ll)/ � 	��ll�(�lllE��� ��llWlllX �� Fll�D� ��ll�

	�_�..�� V��� 	_�'�A��  

F� � ���0��  

 �ll� h���� b�� :%��ll��� i�lls_� Cll�� � 	��ll�$ ����
 i�@" V�]
 ����� �� �8!�� .� �� ��'� �8� �� V��W�� �

8ll� �n�B��D� � V�ll]llll
_�� �����lllll
� V'llDllll
_�� �  
 �8!�� .lll��� ��'� ����8� .'lllE i�s_� ���lll� 	@"��

)Cucurbita pepo L. var. styriaca #���� .��lllE �� (
.'E F�J� #�JWX� �8�  

F_��Q #����  #���� b�� ���Q� �� C*O :���'_��ll�� 	_�
 ?� d�'�  .��@����� I�@�� �� 	_�W"'{  .JQ ���8�

 �'�  F�  'llllX��5 O F� �O�) '� �/�$ ���Rouhi et al., 

2021F_��Q #���� i�s_� .JQ }�lll� .(  ���'_��lll�� 	_�

F� ���8� �'�12  ���� �� ���25 	�_�lll� FQ�� F� � ���$
 8ll!�ll� b�� ���(Between paper)  ���O 	��ll���� ����

 ���� i�s_� �� C*O V��W�lll�� ���� ����8� F���_ V�O .'��/�$
���A�  V'E98 � .�� F� 'X�� 'X�� F*���� .@" .'�

 	������  V'lllE ���lllA� ���� #���� �� C*O ���8� F���_ V�O
 .��� V'lllE ���lllA� ���� I�("�� �� }� F���_ V�O ./� ��J�

F_��Q ���)�	@�� �� �� %�� ���G ���8� 	_�Flll
�� ��� Fp
'E F�/�$ �S_ ��.(ISTA, 2007)  

 V'E ���A� ���� I�("�� .JQ :V'E ���A� ���� #���� 
 ��')�100 ���� ����� F� 	lllX�lllR&� >��t �� �8� ���

���� ��� ���8�) 'lllE V��� ���O '_��� ��@/ .(./�$ ���O ��
 V'lllE ���lllA� ���� ���� i�Z ����40 	�_�lll� FQ�� �� ���$

 ��'y 	*llA_ .��+�100 � 'llX�� ���'J]_ #��� �'�48 
��� ."��  .(Delouche and Baskin, 1973)  
%��#��� ��(�� F�  #'llE��� �� }� ���8� :��8� �'�

10 .S@! �� 	B�@�� �� ."��%��) �WX  ��� V'E  ��(��
  (U� ��1  �5/1 	@�� ���O ?�@�lllA�B�lll� '�lll�� �� �Z��

%�� I�("�� #�'� ��� V'lllE ��� ����8� �� .'��/�$ �� ��(��
 '��lllE #���" F� %�� 'O�/ b��`(� � %�� M�Ylll� i�(�

F� .'E  V��W�� �� I�*_� �l
�lAE  �Y�� U� H� �� ���8� #
F� � V'lllE �'�24  �� '��/�$ ���O ���� ���� �� ."�lll�

 �� 	(�_ }�ll� .'_��$��� F�B�� .��+� F� � V'llE ?ll
G
F_��Q #���� .JQ ���8� ���� �]�� 	(�_ � ���'_���� 	_�

.'_'E V��W��� 	D���DB� .��'� #����  
 b@��� 	@� �� 	Dll
G %�� I�("�� .JQ :	Dll
G %��

L$ I�D�6000 .S@! ��  (�Y�� U�) �WlllX ���2/0-  
4/0-  �6/0-  I�Dll����]�(MPa)  'llE V��W�ll��(Michel 

and Kaufmann, 1973) I�ll+ %ll��ll��� ��llJll�ll_� �� .
F`���$HG �� ��V��'_� %�F_�(_ � 'llllE ���$ F� ���$

../�$ i�s_� T@�&� ���������� b��)� ��S��  
V��'_ � ���������� �� V'llllE ���$ 'llllX�� :%�����

Fll_��Q) 	��llJ_ 	_�final germination percentage �� (
) FY���1 'E F*���� ((Yan, 2015):  
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FY���)1(  ��� = ���� � × 100  

Ni�8� C� ��')� :F_��Q ������(E �G� ��� �� V�� 9
N�8� C� ��')� :��  

F_��Q #��� Hll����)	_�MGT) FY��� �� (2 F*ll���� (
 'E (Ellis and Roberts, 1981):  

FY���)2(  �� = ∑��/�  

  Z��  FY ��� ��D  ��! � �� ���( lllE ��� ��� ��') �
F_��Q � 	_�n F_��Q ����8� ��')� ��� �� V��D	� ik�.'E��  

F� �� ^G�llllE) F` ��� $ 	B�+VI) FY ��� �� ��_ (3 (
 'E F*����(Sepehri and Rouhi, 2016):  

 FY���)3(  �� = ∑(��� × ��)/100  

FGP'X�� : F_��Q	��J_ 	_� 9SLF`���$ I�+ :  
 .��'� V�]��� �� V��W�� � �� :	D���DB� .��'� #����

 	D���DB� ,��(CyberScan PC 510) 	D���DB� .��'�  
V��'_� ���8� I�@�� �� ��D��� ���� .'lllE ���$50  �� �8�

 ?
 G #�� �'��� .'���$ V��W�� � ��(�� �� ���� ���D� F�
������ Fll@�llll�� Fll� �ll��8ll� ?ll� .llO� �ll� i�$ i����  

(Sartorius BA310S) V��'_� F� ���8� }�lll� .'lllE ���$
 ���y >��t250 	@�� � C���� (���� bB��) �Y�� U� ���B

 ���� �� ������D_� �� � V'_�llE�� 	Dll
� ?��ll�L� Hll���
25 	�_�ll� FQ�� �� }� .'_'llE V��� ���O ���$24  ."�ll�

������D_� �� �8� V��� � U� ���y >��t  I�@�� � ���G
F� �'�30  ��40 V��'_�  'lllE V��(� 	���� F� F�_�= ���$

 ���� �� I�@�� 	D���DB� .��'�25 	�_�lll� FQ�� ���$
 ��_ ('��lllE) �Y�� U� 	D���DB� .��'� ../�$ ���lllX

 ���� ��25 	�_�llll� FQ�� .��'� ��'�� �� � b��)� ���$
 'lllllE �lllA� ��ll(�� �� �� V'll�� .lllll�'ll� 	D���DB�  

(Hampton and TeKrony, 1995) FY��� �� V��W�lll�� �� .
)4 ���� ����� �8� #�� NAy�� 	D���DB� .��'� #���� (

:'���$ b��)� F_�(_ ��  

 FY���)4(  .��'� = 	D���DB�)1-g1-µS.cm(  
.��'�U� 	D���DB��Y��  

)1-µS.cm(  
-  .��'��8� I�@�� 	D���DB�  

)1-µS.cm(  
#���8�(g)  

V��'_����'�O ���$ ���'�O :I�@��  �� I�@�� ���
 #���_�(Irigoyen et al., 1992) V��'_�.'E ���$  

bll�llcll���ll� ���ll/��ll� ��� �� :I�ll@ll�ll� ��ll�  
(Bradford, 1976) V��'_� .JQb�c���� ���$ I�@�� ���

.'E V��W���  
V��'ll_��� #�B�ll� ������ ���$ � b��)� :'ll��'llB�

V��'_��� #�B�� ������ ���$F� '��'B�  ^G�lllE #���"
Fll� 	B �@ llll� a�lllll
! Fll� Nll�llll��I���ll� ��� 	� _ �ll�  

(Cavalcanti et al., 2004) .'E i�s_�  
V��'_ �d��_� .� B�) / ���$	�_� ��� .� B�) / :#�'� lllA��

d��_�  �� #n��'�� '�llA���� >�llR� #���� g�ll���� �Z����
 ��� I�+240 V��'_� ������/���D��� ��� F� � ����_�_ ���$

F� � 'llECDllE 	@�� �� d��_� 'y��'llE ����$ b�c���� i�$ 
(Cakmak and Horst, 1991) .d��_� .�B�)/  '�llA�����ll�

 ���y� �� .)_�(� �� d��_� 	��_��� #���� g�ll�� �� ����(llA��
 ��� I�+�� i��B�������@�����_ ���_560  ��� �� ��_ ����_�_

F� ������/���D�ll��	@�� �� d��_� 'y�� ���llX i�$ b�c����
'� ��$ #�� � )Giannopolitis and Ries, 1977.(  .l�B�) /

d��_�  '�A������ � �Z���� F��
� ��_ ��'�A���� �����D��
 #���� g�llll�� �� � ������/���D�lll�� ��� F� ��� �(lllA��

 ��� I�+�� ��ll���Dlll�� #��lll��'ll�lllA��290  ����_�ll_
V��'_�F� � ���$	@�� �� d��_� 'y�� ���lllX b�c���� i�$

$'���$ ���� )Nakano and Asada, 1981.(  
F��s� � 	
����� M�+ ���X F� %����� :����� ���

 I���k_ ���� � i�s_� 	/��lllR� KL��� M�+ NB�O �� C������/
V��� #���F_��Q 'lllX�� ���j�� C�'*� �� 	_� g���lll�

)arcsinV��� }_����� F��s� .'llE V��W�ll�� ( �� V��W�ll�� �� ��
���/� i�_9.1  SAS, b�]_��� FlllA���� � ./�$ ���lllX ��

 #���� H���LSD .'E i�s_� 'X�� ,�� I�(�y� �Y���  
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G=� � H��"�  

����  �I�1�8  

V��� }_����� F��s� ,���_ 	D
G %��  �=� ��� #�
_ ��
F� ���(���� �#� C������=� V��(�F_��Q 'X�� �� �� �� 	_�

�Ylll� 	�)� 'lllX�� ?� I�(�y� I�'Q) 'lllE ���1 �� .(
F_��Q 'llX�� b���ll
��  %�� #�'� H���llE ����8� F� 	_�

%��	�)� >L�G� F�  .llllE�� h@)� V'llllE ��( �� ��  ����
#� ���W� ���  '��lllE�'_ �]�'D�%�� ����8� �� �� ��(��

	�)� V'lll
_ I�'Q) ��� ���2F_��Q 'lllX�� b���(� .( 	_�
%�� ����8� F� �WlX %�� �� �� ..lE�� h@)� V'l
_ ��(��

�� C�llA_�2/0- F_��Q'llX�� b���Z��  I�Dll����]� �� 	_�
%�� .S@! �� ��(��5/1 	@���Z��  ?�@�lllA�B�lll� '�lll��

	�)� >L�G� ��(�� b�� ��� 'lllE V'��lll
� .S@! �� ����1 
	@����/ �����(�� �� }� ..E�'_ �Z��  %�� U� �� ��(��

 I�'Q) ./�$ ���O �')� F*�� �� �Y��2 .�� ��� C��O .(
 F�C�lllA_��� �� ���4/0-  �6/0-  �'_�� ��_ I�Dlll����]�

 C�A_��� F��
�2/0-  I�'Q) 'E V'��
� I�D����]�2.(  
 ?�@�llA�B�ll� '�ll�� ������  F@llX�y ,���_ g�ll�� ��

F_��Q 'X�� ��*J� NQ�� �8!�� .��� ��'� ��8� 	_�
F_��Q �� ?�@�A�B�� '��� .*w� ��=�� .'E	� �� 	_� F� #���

N���� b�� �=� ) ��� .*A_ b@��� ������� ��Sharafizadeh, 

2017 .( �� ?�@�A�B�� '��� F� .�� V'E ����$ b��`(�
F_��Q U� U8Q %���/� � �8� b�c���� ���lll� �� ��=�� 	_�

	� ��*J� �� ��8�'ll
&� )Abdollahi et al., 2016.(  %��
 F� .� � V'E  �
 ��� �� �� 	(J� %�_ ?�@�A �B��  '�� �

����$ �� .t�Wy%�� ����� �� # F�E �� V'_���! � V'_� ���
%�� � ���=� %��� NQ�� ?�@�A �B��  '�� � �� �8� ��(��

F_��Q ���������� ��*J� � %�� �� 	E �_ F� .� � V'E  	_�
) ���� .���Y� �J_� ,���_ �� �ll{�y h���� Fs��_Kabiri et 

al., 2014; Apon et al., 2023 �_�n ��R G b�� �� .(
 �_�E �(Zhang and Shang, 2010) %�� �=� '�� � ��(��

) ���G ����8� ��� ?�@�A�B��Cucumis sativus .�� (
 'X�� '��E�� #��� � V��� ���O 	���� ���� �� ���E %��

F_��Q	�)� %���/� V'lllE ��(�� ����8� 	_� ..lllE�� ����
 ��*J� �� j��� 	@��" �� ?�@�llA�B�ll� '�ll�� b����� b��

	�_� r�/� d�A��A��.'_��� 	/�)� %�� .�� 	_�'� 

����  ��08 J��"01�8  

 � 	Dlll
G C������=� � 	@lllX� ���=� ��� #�lll
_ ,���_
%�� ��� ��� 	�)� 'llllX�� ?� I�( �y� �Ylll� �� ��( ��

 I�'Q)1	�)� ���W�  %�� #�'� H���lllE �� .( b�� ����
#� >L�G� ��� '
_ V'��
� T@�&� �����(�� ����8� �� ��

%��� V'llll
_ ��(��	�) I�'Q) ��� ���2 %�� '�'llll
� .(
 �� 	Dlll
G2/0-  F�6/0-  #�� � Hlll���� I�D lll��� �] �

F_��QF�  ��� %���/� �� 	_� Hlll���� b���lll
�� F� ���+
F_��Q #���%�� ����8� �� 	_� C�lllA_��� �� V'lll
_ ��(��

6/0- F� ������ b���(� � 'llE V'��ll
� I�Dll����]� N����
.S@! �� ���5/1  �1 	@�� �Z�� '�lll��?�@�lllA�B�lll� � 

%�� 'lllE .*= 	Dlll
G M�Ylll� i�(� �� �Y�� U� ��(��
 I�'Q)2  	Dll
G M�Yll� i�(� �� F� ��� 	B�y �� b�� .(

	�)� >L�G�.S@! b�� ���� ��� '�lll��?�@�lllA�B�lll� 
#� ���W� ��� '
_ V'��
� �� ��%�� � �Y�� U� ��(��i'" 

%�� ��ll(��	�)�.��� ��� 	� ��llJt� #�ll���� 'll_��� Nll@!�
#n ��S_ ?�@�llA�B�ll� '�ll�� �����(�� F� V'��� 0ll��� ���
#n#����p V'���'k� ���b�c����  ��  	����y j�llE ���

#�'�lllA�� 	�_�#n � ��.�B����� V'��� ���lll���� ��� ���
 'll�+�ll*��� �� %�� 	B�ll�]�lll� ��ll���lllA� �ll� Fll��_�ll=  

(Jumali et al., 2011)  �@�A�B�� '��� ������ �� b������� ?
%�� F�  C( �� #���� '� �llllE .��� %���/� �� #�� �� $ �� ��

 ���� ��� %���/� �� ?�@�A �B��  '�� � F� .� � V'E  ����$
 V'��� d�S�� �� 	lllx)�  b�lllA�� '�_�� 	���$ 'lllE� ���

I�@� 	_�� .
_ %��� � b�������� .�� ���O 	���$ ���
 b�� �� .'�� %��� �� #����$ ��� �� %�� 	W�� ����=��

Y���	/�lllE F#���D(� � ��� )Sharafizad et al., 2013 (
%�� '��E �� #�"�� ?�@�A �B��  '�� � �� i'�$ ����8� ��(��

F_��Q #��� H� ��� %��� F��s�� 	D
 G %�� .�� 	_�
.'���$ V���) ��O��2014 Zadehbagheri, �� %��� ��_ (
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F_��Q #��� �'�%�� Fs��_ �� �� ��� ����8� 	_� ��(��'��� �� .��� ����$ ?�@�A�B��  

 I�'Q1- F_��Q ��WX }_����� F��s��8!�� .��� ��'� V'E��� ����8� 	_� 

Table 1- The ANOVA of germination characteristics of aged pumpkin seeds 

 
��)��� b�]_���  

Mean Squares 

�����o� �*�� 

S.O.V 

 FQ��
�����  

df 

GP MGT SL VI EC Car Pr MDA CAT SOD APX 

%����(��  

Priming 
3 783.96** 14.03** 6.32** 5.54** 114.51** 59.22** 9.58** 447.53** 0.003** 28.83** 0.023** 

%��  
Stress 

3 3324.98** 74.79** 65.89** 49.77** 230.47** 1318.45** 114.00** 3737.02** 0.02** 271.55** 0.042** 

%�� ��(��%�� *  
Priming*Stress 

9 53.71** 0.71** 1.40** 1.85** 1.78* 20.43** 0.97** 48.45** 0.0007** 9.92** 0.0017** 

�YG 
Error 

32 2.45 0.20 0.17 0.033 0. 75 0. 60 0.017 2.92 0.00004 0.22 0.0004 

�����o� N��{ %)(  
CV (%) 

- 3.94 5.10 10.01 9.30 3.18 6.69 3.66 3.08 3.79 2.41 2.35 

	�)�   N���� F�'X�� ?�  'X�� ,�� I�(�y� �Y� �� ���,**,*  
F_��Q 'X��  	_�  :GP  F_��Q #��� H���� 	_� :MGT     F`���$ I�+ :SL  ^G�EF���	B�+  F`���$ :VI    	D���DB� .��'� :EC     I�@�� ���'�O :Car  b�c�����  I�@��   �� :Pr  

 �� #�B��  '��'B� :MDA    �Z����  :CAT    ����(A��'�A������ :SOD    ��'�A���� �����D�� :APX 
**,* Respectively significant of 1 and 5 percent of probability 

S.O.V: Source of Variation, df: degree of freedom, CV: Coefficient of Variation, GP: Germination Percentage, MGT: Mean Germination 

Time, SL: Seedling Length, VI: Vigor Index, EC: Electrical conductivity, Car: Carbohydrates, Pr: Protein content, MDA: Malondialdehyde 

content, CAT: Catalase, SOD: Superoxide dismutase, APX: Ascorbate peroxidase 

  

 I�'Q2-  �=� b�]_��� FA���� %��	D
G %�� H���E .�� �8!�� .��� ��'� V'E��� ����8� ?�n�B�/��� ���X�RG ��  �8� ��(��  
Table 2- Mean comparison of seed priming effect on morphological characteristics of aged pumpkin seed 

under drought stress conditions 

 

����(�� 
Treatments 

	D
G %�� 
Drough Stress 

(MPa) 

F_��Q 'X��	_�  

Germination  

Percentage 

F_��Q #��� H����	_�  

Mean Germination Time 

(day) 

F`���$ I�+ 
Seedling Length 

(cm) 

F��� ^G�E 
Vigor Index 

 ?�@�A�B�� '���5/1	@���Z��  
Salicylic acid 

1.5 mM 

0 70.71 a 4.20 h 8.64 a 6.11 a 

-0.2 43.31 b 8.52 fg 3.67 c 1.59 d 

-0.4 36.80 c 9.26 ef 3.39 d 1.24 def 

-0.6 34.25 cd 9.67 de 2.86 cde 0.97 fgh 

 ?�@�A�B�� '���1 	@���Z��  
Salicylic acid  

1 mM 

0 70.37 a 4.36 h 8.55 a 6.01 ab 

-0.2 41.97 b 8.65 f 3.58 c 1.50 de 

-0.4 35.66 cd 9.37 ef 3.14 cd 1.12 efg 

-0.6 33.91 cd 9.85 de 2.85 cde 0.96 fgh 

%��U� ��  ��(��  
Hydro-priming 

0 70.29 a 4.61 h 8.06 a 5.66 b 

-0.2 32.66 d 9.97 de 3.31 cd 1.07 fg 

-0.4 27.72 e 10.55 bcd 2.95  cde 0.81 ghi 

-0.6 23.43 g 11.10 abc 2.14 ef 0.49 ij 

'��E 
nonprime 

0 45.33 b 7.52 g 5.02 b 2.28 c 

-0.2 27.00 ef 10.21 cde 2.95 cde 0.80 ghi 

-0.4 24.00 fg 11.28 ab 2.41 def 0.58 hij 

-0.6 19.00 h 12.00 a 1.88 f 0.36 j 

b�]_���	�)� ���W� #��� �� �� F��
� >��y ����� ��� #���� �� 'X�� ,�� I�(�y� �Y� �� ����LSD '_��'_  
In each column means followed by the same letter are not significantly different at the P < 0.05 level 

�K���@ 7�L  V��� 	ll���� �� �=� '���$ ^&ll
� F`���$ I�+ ���
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%�� C�����F� 	D
 G � ��(�� �� �� #� 	@X � ���=� V��(�
 ?� I�(�y� �Ylll�	�)� 'lllX�� I�'Q) 'lllE ���1 �� .(

%�� F� '���$ ^&
� %�� #�'� H���EI�+  �8� ��(��  
%�� i'" F� .*A _ �� F`���$ >L�G� ��� ��� %���/� ��(��

	�)�#� b�� ����I�'Q) 'll
_ V'��ll
� ��2 M�Yll� �� .(
%��  	Dlll
G %�� �� i�� � I�� �=� .lllA_���_ �8� ��(��

	�)�� F`���$ I�+ ��� ���� �� F� '�p��  'llE�� F�llE�
 C�lllA_���6/0-  I�Dlll����]� %�� '�lll�� �� ����8� ��(��

	�)� >L�G� ?�@�A �B��%�� ����8� �� ���� V'
 _ ��(��
 I�'Q ) ��� ��s ��2	� ��J t� b����� .( '_ ��� '� lll��

 V'��� d�S�� '�B�� �� ?���� �� ?�@�llA�B�ll� 'llE� ���
	� V�ll�$ �'lllllE� ��ll�'ll����/ �� ��*J� NllQ�� ���$

(Ashraful Alam et al., 2022)	/�lllE . #���D(� � ���
)Sharafizad et al., 2013%�� '� �/���� ( ����8� ��( ��

 �� i'�$ '�� � F`���$ 'E � �� %���/� NQ�� ?�@�A�B��
) C�JA B� .'���$ 	D
 G %�� .��Al-Sahil, 2016 �� (

 Flls� � _�� �� ��ll�G Fll`��ll�$ I�+ �� %���/� 	�����
%����(��  #��� ���llE H���llE .�� ?�@�llA�B�ll� '�ll�� ��

 �� ��=�� �� ?�@�lllA�B�lll� '�lll�� 'lll�� 	� �S_ F� .'_��(_
d�lllA��� #��� g��� ��lll
/ ~Wy �� ��=�� �� � 	��J�_� ���

 #� �� .�)*� F� � %���/� �� 	B�@�  d�A�� � F)��� 	B�@�
%� �  H� ��llllE .ll��  V�ll�$  'lllllE�	�  ��* J �  �� 'll��ll�  

)Behnam et al., 2019 '_��(_ ��Jt� b����� b�� .( '�� �
 ��ll
/ ~Wy �� d�ll���� #�� .S@! �� ��=�� �� ?�@�llA�B�ll�

	� ?(� 	B�@ll� #��� g��� �� '�ll�� b�� b��`(� .'��(_
 �������� d��_� .�B�)/ %���/� � ������  d�A B����� �� ��=��
 �� �� %�� H���E .�� ������/ � ���@$ #����  I�@� ��

	� ����� F� 'll
&� d�llA�� �� 	(���llA� ��=�� ��*���� b��
 V��$ 'E � .��J_ �� � 	B�@�  ���(� � #'E  C��+  	B�@�

 .����  

  

�K���@ ���� 1.�L M;��  

	�)�  }_����� F��s� �� ClllX�y ,���_ ���=� #��� ���
d��� � ��(�� %�� 	@lllX� �=�  %�� 	@lllX�#� %�� �� ��

�'Q) ��� #�
 _ 'X �� ?� �Y�  �� F��� ^G�E  ����I  
1 %�� �� ��ll
�� �8� F��� ^G�llE  %�� #�'� H���llE �� .(

 .S @! F�  ��'� � b���lll
�� � ���5/1 	@�� �Z�� '� lll��
%�� �� F� .lllE�� h@)� ?�@�lllA�B�lll� � �Y�� U� ��(��

%�� ����8�	�)� ���W� V'llll
_ ��(�� �� � .llllE�� ����
 .S@! �� #� ���W�1 	@�� �Z�� '���	�)� ?�@�A�B�� ���

'Q) ��*_ I�2 	Dll
G �� .(2/0-  b���ll
��  I�Dll����]�
.S@! �� N���� F� F��� ^G�lllE ���5/1  �1 	@�� �Z��

 '�ll��%�� � ?�@�llA�B�ll� '�� .ll�� F� �Y�� U� ��(��
 I�'Q)2.S@! b�� >L�G� F� ��� 	B�y �� b�� .( ���

 '�ll��	�)� �]�'D� �� ?�@�llA�B�ll� b�� b��`(� .��*_ ���
%�� �� ClllX�y F��� ^G�lllE ����8� � �Y�� U� ��(��

%��	�)� ���W� V'
_ ��(�� I�'Q) '
_ V'��
� ����2 .(
 C�lllA_�� � ��4/0- 	�)� >L�G�  I�Dlll����]� b�� ����

���%�� T@�&� ��� �� �Ylll� b�� �� .'lll
_ .*= ��(��
%��  	D
G?� �� �Y�� U� ��(�� I�� .S@! �� �� '���

� ����8� �� �]�� ��ll� �� � ?�@�llA�B�ll�%� V'll
_ ��(��
	�)� >L�G� I�'Q) .E �'_ ����� ���B F� ����2 �� .(

 C�llA_���6/0-  	Dll
G F��ll
� ,���_ '_�� ��_ I�Dll����]�
2/0-  I�'Q) ��� I�Dlll����]�2 F��� ^G�lllE �� ��*J� .(

%�� Fs��_ �� �8� �� ��(�� '�lll�� �� ��B �� ?�@�lllA�B�llll�
)Gharib and Hegazi, 2010) ���  (Ahmad et al., 

2012) ��@�   (Mir-Mahmoudi et al., 2014�Dll
�_ � ( 

(Apon et al., 2023) %�� H���lllE .�� %�� i'" � ��
) .�� V'E ����$Sharafizadeh, 2017.(  '_��(_ ��Jt�

 .�B�)/ %���/� h��+ �� ?�@�A �B��  '�� � �� �8� ���(����
d��_�F_��Q ��� ���lll�  �L��� �� � � �WB� '� _�� 	_�RNA 

*�� � 	����DNA F_ ��Q .� W�� ��'� ����� F� �� � 	_�
	�)� ���X F� �� �8�	� ��*J� ���� .'
&�  
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1"�.��":.� <�� ��089  

 	D���DB� .��'� ���� }_����� F��s� �� CX�y ,���_
 �=� � 'llX�� ?� �Yll� �� 	@llX� ���=� ��(_ ^&ll
�
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Table 3- Mean comparison of seed priming effect on physiological characteristics of aged pumpkin seed 

under drought stress conditions 
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 ?�@�A�B�� '���
5/1	@���Z��  

Salicylic acid 

1.5 mM 

0 18.57 j 30.65 a 9.26 a 24.12 j 0.263 a 29.66 a 0.421 ab 

-0.2 25.33 h 9.86 c 2.83 d 56.02 h 0.182 cd 19.07 d 0.314 c 

-0.4 28.08 fg 7.15 d 2.33 e 60.13 fg 0.176 cde 18.13 de 0.319 c 

-0.6 28.67 ef 5.11 efg 2.05 ef 64.71 de 0.170 def 16.92 fg 0.288 d 

 ?�@�A�B�� '���  
1 	@���Z��  

Salicylic acid 

1 mM 

0 18.63 j 30.681 a 9.11 a 24.48 j 0.265 a 28.06 b 0.426 a 

-0.2 25.41 h 9.83 c 2.8397 d 57.22 gh 0.188 c 18.12 de 0.308 c 

-0.4 28.23 fg 7.03 d 2.30 e 61.03 efg 0.180 cd 17.44 ef 0.306 c 

-0.6 28.92 ef 4.91 efg 1.69 h 66.13 cd 0.162 cd 15.90 gh 0.271 ef 

%��U� ��  ��(��  
Hydro-priming 

0 20.21 i 29.18 a 8.61 b 24.97 j 0.254 a 27.81 b 0.408 b 

-0.2 26.89 g 7.82 d 2.75 d 62.77 def 0.155 fg 17.98 e 0.261 fg 

-0.4 29.89 de 6.51 de 2.16 ef 65.78 cd 0.132 h 17.19 ef 0.245 h 

-0.6 31.15 cd 3.85 fg 1.69 h 70.73 b 0.117 h 15.69 h 0.229 i 

'��E 
nonprime 

0 26.86 g 18.11 b 5.63 c 47.29 i 0.212 b 20.21 c 0.277 de 

-0.2 32.51 bc 7.13 d 1.11 h 65.11 d 0.180 d 17.67 ef 0.247 gh 

-0.4 33.47 ab 5.15 ef 1.10 h 69.13 bc 0.167 d-g 16.10 gh 0.229 i 

-0.6 34.24 a 3.37 g 1.06 h 77.10 a 0.152 g 15.11 h 0.204 j 

b�]_���	�)� ���W� #��� �� �� F��
� >��y ����� ���'_��'_  'X�� ?�  I�(�y� �Y� �� ����  
In each column means followed by the same letter are not significantly different at the P < 0.01 level 
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