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

tinctorius L.� (�)$�$�� �� ��$� �$�
$� �*+&� ,���� �-".

������/�!0$�1
$�2��&�)���������3 �)�"/2��$�4���+5�

	/� ����*�%#���)6�&���7�����������2�&'Alyari et al., 

20008( �9� �$��:
,���� %
$� ��$��� 	�� ���&� �;<�"*� ���

�
���=*��*� >�? $� ����� �
� �
$+�� �� @9� )���&� ��+2	���+:�

	 $+:� �+�-&� �� A
$�B$� C:+*� 	�� �D
$�2� ����9���
� �E&� � �

�*� ��+2� 	������ ����� �����"2�&� ��/�$� )$�$�� �" $+.8�

	&��������� ��F!/�� G�H �IJ� �&� �KL*� G*$+�� %�&� ��� ��!��+<

����$��	"
���M���$��F
��E&��%
�.��KL*���M-*����H&�G*�����

��$� ��+.� G�H �IJ� A
$�B$� ��� 8�)���+I��B� 1�+.� �E&� ��7��

�*� %��N.� )��NI*��+2� 8�*� ���+I��B� %
$� %
�I/-*� �$� �����$+.

	 $+:���!&�0�	�"&���� �O��&�>� �$���E&��8�	�"&���$�,�2�PQ�*

�*��������C��"*��$�;I�$�)����&��E&��$���-:+.�G&�0��K$�� $+.

��2�&�	I2$(Tekrony and  Egli., 1991) ��8	&����!���+<���

	 $+:� �������� ��� �� 	����� � �F
 �$ GR$�* S�HR ���

�*� 	IB��� �3 ��+28 $�
� 	 $+:�� � A;  ,�/��)$ �� %��N. 

�
�- �M�$�. ,��� �*�)��&���"�'Livington et al., 19908(��

,��*9� �
� �"�/
$�J�T��� �$� )�$�N.� 	&� �E&� )�����U!IQ*� )��

�1
$�2� ��� �E&� ��7��� A
$�B$� �� �E&� ������� ,�"��� �+�-&

�*� VW<$� �D�=*� ���H*� �)���&9� �- 9� �*�/.� ��� 	�� �+2X�

�*� Y�/�$� �E&� ,�2� Y�I"��� �+2'Basra et al., 2004� 8(�%
$

	!/:��$�T���	 $+:�4��0�,�"���A
$�B$�)����/�.�)���E&�� �

��$� 8�*� Y�� �� �"�/
$�J� 	�� �B����"�����E&� �Z�:� )���&9�

��$�8�Y�$�	!R�*��E&�	��)�+<�	&'@9��F
��B�@E:�(�>����

'���"0������������
��/�2+�&�)���"
9�B�[��2�(	 $+:��$��� �

	 $+:� >+�� 	!R�*� 	&� ����� �$� ��� 	I2$E�� ��� ��J��� �

'	�
�� �2�� �� %�":� 1�+.� �"0� \�5*�	�� (�� �*� ��&

'Bradford, 1995� 8(�
�? 9� �$��E&� 	��)$�$�� ,�2� ��/�.� )��

�]��&��E&��"�/
$�J���"IH������&�HJ�	&���H ��
6�&��*��;*

�A".� �� C��"*� 1
$�2� ��� Y+5=*� ��/�� �� ��7��� �+�-&

�*���+2'Reed et al., 2007� 8(T�$�����$����R�U!IQ*�)��

��� ����� ������ A
$�B$� ]��&� �"�/
$�J� 	�� ��$� �9

	 $+:��I�$+"F
���������2��������E&�� ��*�	������'Demir 

                                                 
1 vigor 
2 Hydration 

Kaya et al., 2006; MiarSadegi et al., 2011b8( ��I��& ��

�$��F/� (Bastia et al., 1999) �� ����T�$�� 	& )�������

T����2� ]��&� �� �!�� )���E&� ��� �"�/
$�J� U!IQ*� )���

�$�N. 	.+& �� �^&�*�I* �$�N. _�< �� �	.+& �$�N. 	 $� �� �_�<�

��� �$�� 	 $� � �� - �
� ��F!/� �&�
��+�-&.��

������!�H��� ���$ �
 C���. �!"B � +*�+�� � �*��2�& 	��

&	�$+"� M�3". �""�, �!�$���2� A;  �/-* $� >�� �F*���)���

[�B� �� �&$�& A".�)�� ,� � � ��# ,� � �*�)��&��"��'Szalai 

et al., 2000� 8(T�$��%
$�&� �"�*� ��$�� �+:�� �
��	��

���$���!�H������3 ����"
9�B��$�)���H&�)���)�;$ G� �����

�2� � �+/  �I"� �%�!�.$ ��& � 	IH& ��2 	 �������� �K$�`7".�

��$���-:+.�G&�0 'Raskin, 19928(��� 	H
�;*�)$ 	��$+I*� ��

� �$��F/�'(Metwally et al., 2003)��� a�. ��R� ��

A-:�	IB�
 Arabidopsis � �$�� >�? $ ��!�H��� ���$ �$�

	&��$+"� \�<�& ,�""� C��9�)�� +�.$��H�$ �<� �� 	 $+:�� ��

�E& �B�N* � ���� 8M��%�"� ���$� ��!�H�� �� �3!#�bcd�

�!�*��6+* �� A
$�B$ ���� 	 $+:�� ��E&� 	:+� �� �B �KL*�

��+& .(Szepesi et al., 2005))��F2� ��$��F/���'Shekari 

et al., 2010(� T�$�� � ���	�� "�/
$�J� ��&�����)���E& �&�

��!�H��� ���$ C:+* �
��� �. ���� ������ 	������)���

��� ,�2 �� 	���* A
$�B$ �&�
�8�9���IH�/���� �
6�& $� %�&�

���� ��� ���� � �$�;* ���� ,��* ��+. ,�2 ���

	������)�� 	&���+: ,�*9 � �+/ � ,����*.�+Z��� � �$��F/��

(Kaur et al., 2005)�T�$�� �� �$ ���NB �����Q* �������

�+Q  	!��R �$ )���E& M
$�J����� ,�2 �� 	H
�;* �& ���2�

�.6�& �+& 	� %
$ �*$ �$ �.6�&� _
�< ��+& ���NB M
� 9�)���

����� �� >��+&�I* ������ ��3  ������ ���I"�� ����.�+"
$ ��

4�7HB� ������ ��I"�� �
���� ��
�/ 8��G*$+�� %
$� 	�+/?*

C:+* $A
$�B ��� �$�� 	 $� � ��F!/� �
���8��� 	�:+.�

��F!/��A
$�B$ �2�  �$ �"�/
$�J �*��$+. 	& �$�;I�$ ^
�� ��

@+!D* ������ 'Ashraf and Foolad, 2005� (� ,��7I�$�

�I��& �9��� �$ ���"� ��
$E# �&+<� e�� � ^��. )��2�+��

,��2$ ���'�Subedi and Ma, 20058( ��

������)$�:$��$�\������)�$E��K$�	H
�;*�������&�A
�*�9�%
$

�	�"&�)������$���!�H�����&��"�/
$�J����"�/
$�J������T��

	���������E&���+/ �4�BWI�$��&�
��$���%��N.��� f� �!��)��

P��2� �3 � �$� ���2� )���E&� �� ,�2� ��/�.� )���E&� %�&��)��
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$�2����,�2���+.�)����)$

&�+�8 

 

�
������������ �

�	&���!�H�����&��"�/
$�J���Kg.�����&��+3"*��	H
�;*������$

��� �
h++B�+*� 4���+5�� ���&� �&� �"�/
$�J������ �&� �9

�+/ di	��������2�!�� M0�� �� �!�� )���C�0� ��� ��
�*�9�

e+!&� j�<����$��� Y��� ��� �$�F.� A2� �&� �B��5.� G*��� )��

dXkl� $�� �.�;�;=.� 	���*� ������? �� ,��� $�� )������� ,�F

�B��� >�? $� 8&� �E&	��)������� 4�;�;=.� ���*� �$� 	IB�� ���

����*� ��/�� ��� A
�*�9� �$� G�0� Y��� ��� 	�� �
���� 	�-.� ��? �

�+&�,�2���mF.8��

Y��� ,�*� %
����B� ���dXkl� �$�;*� ��2��� �$� G�0�Onn�

	&� >+� +*9� 4�7HB� �+�� ��IF�� ��� >��+!������� ��$+"F
� �+<

� AQJ� %�*��H
�� �$� `J� �� �2���+� �&� %�*�� oD�� �� �

�
���� o�DH.� 8���?
$� 	I�J� �� )+:� �Z���B� �$� ,��7I�$� �&� `p�

�2�8�G*�2�4�����b�Y+<�	&��2���U
���b�G�$+B��&����I*�

bn�I �����+&� �I*� 8U
��� )��� 	!��B�� �2��� )��dn�I �����I*

�2� 	IB��� �3 � ��� 8��� ,�*� ��-�
��$� G
$�$� ��� ���E&� �2��

	&�+��B��� >�? $� �I��� 4�� 8�)����/�.� A
�*�9� %
$� ��

� ���2� �E&� G*�2� ��
�*�9',�� � � ��/�.� �E&� (��E&� �"�/
$�J� �

	&�� G*�2� oD�� A2� ��� ���$� ��!�H���� 	!���inn� �knn��

dOnn� �dqnn� �Onnn� �Oinn���"�/
$�J������ �� �6+*��F�*

'�D;*�@9��&���/�.(��2�>�? $8��

�����#�	�-.��$�`J��"�/
$�J��-:�3!����!�H���U!IQ*�)��

� 4�*� 	&� � �!�� )���E&� ����$Oi���� �V�.$� )�*�� ��� �����

�3!#�	<+#� ���$� ��!�H��� U!IQ*� )���� �2� ��� 8�`p�

�4�*�	&�V�.$�)�*��������E&ik��$�`J���,�2����������

r��0��&�� +7���s����$����������$��*�	&�>$��.�%�H�+&����A�

� �2�G;I"*�	���*�	&��2����-:�8�������/�����)���&9�%��$

)���&9� �� �B��� >�? $� �2��� �$� `J�4��� )�N&� )������� ��

�7��
�������B���>�? $���&�8��

�������2����$�`J	�������$�N.��	&�,��������)����M3"*�4�+�

�"IB����$�0�T��/2���+*�8�4������)$�&�� �*��T��/2�G/�

	������ �$�N.� 	�� �B�
� ��
�J�� ��� ,���� ���� )��� �<X�����

� � �*��0�&��&�K��$+I*�8�	D&$���$�,��7I�$��&��������������

                                                 
1�Performance 

��.�&$����`�$�	IB�
����t.'Ellis and Roberts, 1981�(�)$�&

	 $+:�	&�� ���
����	���=*��
��4�+�u 

ERv  N/ � (ni × di)                                                            �

�	D&$��%
$���ER���������������(Emergence rate)�� ni 

	������ �$�N.�� ���� ��� ,�2� ���� )�� di� � N�G�� �$�N.

	��������$�,�2�����)��8��

����������������
�- �����(EP, Emergence Percent)��$��

	������ �$�N.� %
��9��G�� 	&� 	IB�
� �$�;I�$� �� ,�2� ���� )��

&�,�2�	I2���)���E&	��*9����8 

EP = 100 (ni / N)                                                      � 
ni	�������$�N.������,�2�����)��N�,�2�	I2���)���E&�G���

�*��2�&8��

���� ����������P��2(EI, Emergence Index)�,��7I�$� �&�

� �+ �9� w"&� 	IB�
� ���t.� 	��N*� �$'Benech Arnold et al., 

1991�(	 $+:�)$�&�	&�� ����
����	���=*��
��4�+�u��

EI= (dn-1 ×E1) + (dn-2 × E2) + (dn-3 × E3) + … 
� 	�dn� � ���� ���� ��E&� >�/.� 	�� )���� %
��9����En��$�N.� �

��������,����������E&n��$�>$�8��

�����������������*��%�� ��*(Mean Time of Emergence)�

�&�� �.�&$�� �� `�$� 	IB�
� ���t.� 	D&$�� �$� ,��7I�$'Ellis and 

Roberts, 1981�(	&��2�	���=*��
��4�+�8 

�n                  �MTE = � (nd)/� ���
��� 	D&$�� %
$� ��� n� �<� ��� ,�2� ���� ��E&� �$�N.� �d� �����d��

� ��2� ���� )$�I&$� �$� ������ �$�N.�n	������ �$�N.� G�� ���)��

�*�,�2������2�&8��

����,�$� $� )$�&�� ,��I��� �$� x�&� oD�� )���,�$� $���oD�� )��

x�&'��Y�*VM-900 E/K�(�2�,��7I�$� 8��+3"*�%
$�)$�&dn�

	&�	.+&�	!R�*�����B��5.�4�+�4������q�.��l���2$��&����&

	H���G�$�����	!��BW&����2��G;I"*�,���
�*�9�	&�� +!
� �)��

x�&������$�:��$�`J�������	.+&�x�&�oD����+�E*�,��I����&���

,�$� $��2�)���8�M��%�"�Y+<���	�
�����������	�
�����$�N.

�G���������.��������x�&����������x�&��.������x�&

�"IB����$�0��&�
��$���+*��� 8,�$� $�)$�&��	.+&�	�
��)�����)��

��$��N&��� � �2� �y����e����$��0���&�	�!�&� �&� ,�2�@�QI $

	�
��Y+<���G;I"*�,���
�*�9�	&�	!��BW&�	�
��)+�IH2���&���

�I ��� CHR�,�$� $� �I*��2� )���� 8$�:� �$� `J >$� $� ������)��

�4�*�	&���,�2�	I2$E�����J�G�$��������
�F
��$������ik�

�)�*���������zb�	:����S+�H!��"IB����$�0���9���. 
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�	�
��Y+<��&�	�
����������M�H;.��$�	�
���+<�����

	&��*9����8��
  � = RDw/ RL 

�	D&$��%
$�������	�
���+<������RDw��	�
���������

'mg�(��RL� �	�
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               Figure 1. The seedling growth of safflower treated with different levels of salicylic acid���
         �

 
Refrences ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� �
Alyari H, Shekari F, Shekari, F (2011) Oil seed crops. Agronomy and Physiology. Amidi Publication Company 

[In Persian with English Abstract]. 
Ashraf M, Foolad MR (2005) Pre-sowing seed treatment-a shotgun approach to improve germination growth and 

crop yield under saline and none-saline conditions. Advan. Agronomy 88: 223-271. 
Basra SMA, Ashraf M, Iqbal N, Khaliq A, Ahmad R (2004) Physiological and biochemical aspects of pre- 

sowing heat stress on cottonseed. Seed Science and Technology 32: 765-774. 
Bastia DK, Rout A.K, Mohanty SK, Prusty AM (1999) Effect of sowing date, sowing methods and seed soaking 

on yield and oil content of rainfed safflower grown in Kalahandi, Orissa. Indian Journal of Agronomy 44: 
621-623.�

Benech Arnold R, Fenner RM, Edwards P (1991) Changes in germinabilty, ABA content and embryonic 
sensitivity in developing seeds of Sorgum bicolor L. Moench induced by water stress during filling. New 
Phytology 118: 339-348. 

Bradford KJ (1995) Water relations in seed germination. In: Kigel J, Galili G (Eds), Seed development and 
germination. pp. 351-396. Marcel Dekker Inc., New York.�

Demir Kaya M, Okcu G, Atak MA, Kolsarici O (2006) Seed treatment to overcome salt and drought stress 
during germination in sunflower. European Journal of Agronomy 24: 291-295. 

Doulatabadian A, Moddares Sanavy SAM, Etemadi F (2008) Effect of pretreatment of salicylic acid on wheat 
(Triticum aestivum L.) seed germination under salt stress. Iranian Journal of Biology 4: 692-702. [In Persian 
with English Abstract].  

Donaldson E, Schillinger WF, Stephen MD (2001) Straw production and grain yield relationships in winter 
wheat. Crop Science 41: 100 106.�

Ellis RH, Roberts EH (1981) The quantification of aging and survival in orthodox seeds. Seed Science and 
Technology 9: 373-409. 

Fariduddin Q, Hayat S, Ahmad A (2003) Salicylic acid influences on net photosynthetic rate, carboxylation 
efficiency, nitrate reductase activity and seed yield in Brassica juncea. Photosynthet 41: 281-284.�

Foti S, Cosentino SL, Patane C, a Agosta GMD (2002) Effects of osmoconditioning upon seed germination of 
sorghum (Sorghum bicolor L. Moench) under low temperatures. Seed Science Technology 30: 521-533. 

Halmer P( 2004) Methods to improve seed performance in the field. In: Benech-Arnold RL, Sanchez RA (Eds), 
Handbook of Seed physiology; Application to Agriculture. pp: 65-125.�

Handro W, Mello CM, Manzano MA, Floh EIS (1997) Enhancement of stem elongation and flower bud 
regeneration by salicylic acid. R. Bras. Fisiol. Veg 9: 139-142. 

Hay RKM, Walker A J (1989) An introduction to the physiology of crop yield. Longman Ltd. 
Hayat S, Fariduddin Q, Ali B, Ahmad A (2005) Effect of salicylic acid on growth and enzyme activities of wheat 

seedlings. Acta Agronomy Hungary 53: 433-437. 



��
��

����<�#������:��N�+���,%��-,.,�,/�%�01,���+����2�3��5�,6�7�37+�����,1���NNN F=

Hus JL, Sung JM (1997) Antioxidant role of glutatnione associated with accelerated aging and hydration of 
triploid waremelon seeds. Physiologa Plant 100: 967-974. 

Kaur S, Gupta AK, Kaur N (2005) Seed priming increase crop yield possibly by modulating enzymes of sucrose 
metabolism in chickpea. Journal of Agronomy and Crop Science 191: 81-87.�

Lee SS, Kim JH, Hong SB, Yuu S H, Park E H (1998) Priming effect of rice seeds on seedling establishment 
under adverse soil conditions. Korean Journal of Crop Science 43: 194–198.�

Livington NJ, De Jong E (1990) Matric and osmotic potential effects on seedling emergence at different�
temperatures. Agronomy Journal 82: 995-998.�

Metwally A, Finkemeier I, Georgi, M, Dietz KJ (2003) Salicylic acid alleviates the cadmium toxicity in barley 
seedlings. Physiology and Biochemistry of Plant 132: 272- 281.�

Miar Sadegi S (2011) Effects of salicylic acid priming on some morphological and physiological charactristics of 
canola (Brassica napus) under drought stress. M.Sc. Thises in Agronomy. Zanjan University. Iran. [In 
Persian with English Abstract]. 

Miar Sadegi S, Shekari F, Fotovat R, Zangani E (2011) The effect of priming by salicylic acid on vigor and 
seedling growth of canola (Brassica napus) under water deficit condition. Journal of Plant Biology 6: 55-70. 
[In Persian with English Abstract 

Raskin I (1992) Role of salicylic acid in plants. Annual Review of Plant Physiology. Plant Molecular Biology 
43: 439-463.  

Reed DW (2007) Applied physiology of horticultural crops. Colegio de Post graduados Campus Montecillo. 
Hort. 604. 

Sakhabutdinova AR, Fatkhutdinova DR, Bezrukova MV, Shakirova FM (2003) Salicylic acid prevents damaging 
action of stress factors on wheat plants. Bul. Journal of  Plant Physiology. Special Issue: 314-323. 

Shakirova FM, Sakhabutdinova RA, Bezrukova MV, Fatkhutdinova RA, Fatkhutdinova DR (2003) Changes in 
the hormonal status of wheat seedlings induced by salicylic acid and salinity. Plant Science 164: 317- 322. 

Shekari F, Baljani R, Saba J, Afsahi K, Shekari F (2010) Effect of seed priming with salicylic acid on growth 
characteristics of borage (Borago officinalis) plants seedlings. Journal of New Agricultural Science 6:�
47-53. [In Persian with English Abstract]. 

Sivritepe N, Sivritepe HO, Eris A (2003) The effects of NaCl priming on salt tolerance in melon seedlings grown 
under saline onditions. Journal of Agricultural Science 97: 229-237. 

Subedi KD, Ma BL (2005) Seed priming does not improve corn yield in a� humid temperate environment. 
Agronomy Journal 97:211-218. 

Zalai G, Tari I, Janda T, Pestenácz A, Páldi, E (2000) Effects of cold acclimation and salicylic acid�on changes 
in ACC and MACC contents in maize�during chilling. Biology of Plant 43: 637-640.�

Szepesi Á, Csiszár J, Bajkán S, Gémes K, Horváth F (2005) Role of salicylic acid pre-treatment on the 
acclimation of tomato plants to salt- and osmotic stress. Acta Biology. Szeged. 49: 123-125.�

Tekrony DM, Egli DB (1991) Relationship of seed vigor to crop yield: a review. Crop Science 31: 816-822. 
Yoon BYH, Lang HJ, Greg Cobb B (1997) Priming with salt solutions improves germination of pansy seed at 

high temperaturers. Hort Science 32: 248-250. 


