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

��� 

(�#�)* ��	+��, �-!
� .+,-  �� �!���� /
# 01# 2)-�3 
	� 4��5� � �6  

6���7 
68� �69��6�� �,���: 6���$

�6�;< 

4),�7 ���-� ��=
� 4� 4>�	�3 6 � � �)� ?�!���� /
# �� 2)-�3 
	� �,6�#$'(�#�)* �� @�")	!: AB� �	8<CD-EF @�	  )6�	 (?

I/JK?&/JK�L/$K�	;�	:	M��4��: ���1� N���� O��#, ��;+P3QJJJ 4),�7 ����D ���� 6
!�-3 �,-R �)�.4T),�7 6TF�� -U�,6V �T)� 

)G max(4),�7 0�-� WX	  ?�)�)GRI(4� �6��� 	# �	�� Y6� ?'J4),�7 6F�� �)�)T50(4�+� ��� ?4<)RL (4R	� �4T<)SL ( 4T�

 4),�7 
	�-!�,�	: �,�
�  ���-� �)�6.(�#�)* � @�")	!: Z�B� -�[\# ��,6), Y	EF 4��� 
,-� 	� 
-�3 �
�� �6  ��� �,� .@�")	!: O+-!��

CD?4),�7 087 4
�,� �� �)�$&/$K	# �)	] �3 (�#�)* �� �	;�	:	M� '^/$K(�#�)* �� �	;�	:	M� LRV-51-516  ���D-� ._�	: ��

 4�+� ��� 0EF ���� �� �!���� /
# 4� * �� 4<(�#�) 6T  �6�	�� �#�	E!� /
�,� 	� .O�+	T: @�"T)	!: Z�BT� �� 4T>�	�3 ?-T# �, 	T�

4�+� 4<@+�� � `��a ?b�	) 
	� 4� /
# /+,5�, 	� � 6)��� �,���X-� 6�	  4� 0�") 
-#L/$K��T� �� 
6+6T  /�	T� ?�	;�	:	M� 

4�+� 6 �6�	�� 4< .@�")	!: O�+	: 
	� 4),�7 0�-� /�	� c�	� 6�	  �, -# 4R	� ��� � �)� 6)6  4<.�d	V �� @�")	!: 4� -!�� CD 
	�

 �,I/JK4),�7 6F�� -U�,6V /�	� c�	� �	;�	:	M� 6+�-3 �)� .4� ?6�	  AB� �, /
# /+,5�,&/JK�, /�� �	;�	:	M� %4�V-� ?-�,-� 

T50 0X,6), -�X\# 4� ,� .(�#�)* -U�, O�M)	�� �, �7�	X 
	�T50 �)* 4� 0�") 
-!��� (�# 6T)��� �,���TX-� �),-+, 2)-�3 
	� .O+-#e	T�

 �,69�GRI (�#�)* 4� �),-+, 
	�LRV-51-51 O��,�� ?L^' (T�#�)* 4T� �D O+-!�� � �	8EF, ��1� ��7�	TX CW-74 0T ,� fT��# .

�� (�#�)* �, 
�,6�# 4),� Og�� 6F�� � Og�� �-;��� ?4),� �-;��� O�
< ��,�� �	� �� h�� 
	�&%K$%&L�/+	��D �4��5� 
	� 
,

6  ��	+��, �+� .+,-  01# .(�#�)* 4� Og�� �-;��� .��!� O+-!��� �7�	TX 
	�PI-537598)I/%LQ �	T!;� �� �-3�T��� (�Lesaf 

)^/%$% �	!;� �� �-3���� (�	R�� �),-+, (�#�)* 4� �D O+-!�� �Li^)L/$%% �	!;� �� �-3���� (0 ,� f��# .6�	  @�")	!: Z�B� �� �

&/J�
�� � �E
� j	�#�, �	;�	:	M� 4),�7 0�-� 	� �k� Og�� 6F�� O�� 
�,� 6 @F	V �)� .
,-� ��	� �;�!)* l�
# 4� �,� �	�) m+	!)

4),�7 
	�-!�,�	: �� � ��,� ��7� �)� (�#�)* �k� 4�d�, 4�
� ���8� 087 �� ��7�� �;�!)* l�
# �, �,�# ���) ��	E!�, 2)-�3 
	�.

�*,� 
	� 
6��� :4�d�, 4�
� ?�!���� /
# ?2)-�3 4),� �-;��� ?�k� 

4�69� 

��� ��	
� ����)Seed early vigor ( ������ ��� �� ������ ����

�� �� ! "
 # 
 �#��� ����� $���%& ��'&��( �)�� ��*+,  ,

 �!� $��� ���, .�'&��( �� ! 
 ��	
� *.� /01��! *��	�, �� �&

 2�3� �4�� /�� �0� 
  �, 56�! �7��# 8��9 ��� :��%, ��  �,

 3��� 
 $���%� ���;�� �����< ����� 
 => =��� ?� �� ? 04�� 

�.�����0!� 
 �� � @�, , ���8�,�A� BCD� $�4��� � ��
�� ! �/�� ?��
�4� 8�E�EF, �1!G� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                             1 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


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

��H 

��)���� I�J�� �*�.� ���	
� ��K� � �� �&��( =�L6� M.�N

 � � @�	�O �� ��� $*�. ?*��.��# �4+4,  04�� 8��*��&� ��&

���� �� P��Q, �� $��( *.� ��	
� ?�& *��%� )�
R.(/&P�� P��S

 T�LJ �� �J��� $��( ���O� ��L��O M��3)� IJ��  �� � �& ?��&

 *. *&��# .��� �)�� ��*+, �� U�&��( �� E0!� ������ �� *����,

 �� �( ���0�� *��	�, M��3)� ��.U�3��� ��� V4�# W�� �. ��

 ��� 
 �
*F� �8X
3� ����� 7��# 56�! ��  ��YA, 
 $���� /Z�

 M�, M��3)� �� 
 �0)�� M&�� => �� ��� �! 0!� ��L��O ��!�

 ������ �7��# �0��[� ���  �#Q�, ��� U*�. 3A�! 
 ���� *�0)� .

��1��0N �J��� U�&��( �� ?��*+, ?� � 7�# �� => ��� F� ?�&

 �� �� �!� $*.  �9 \��3�( ��� U���, P1�]��� 
  0���& ?��&

)�^(1�� �P)_`(P��� �)_^(��%� $��.�.U��� ���� �� a� L(

_� �, b`�� M�� �� =�L6� P<
� *D�� ^`?�&*��!� *�D�� 

�
*K 
 V�c	���	 *�!� d�e# �� f�A.�  �< = S�_��, __

\��� ��� ���<
� ����� V�� U����J ��� $���%& �P�c,
 N *D��

 ��!� $��� B 6�)b.(���4�� T�L0Y� g[���� ?��&��3%�� ��

4� ��E)�� �/�� 8��D �� a� L( ��0�!�� P�� �� 
 $��� 3��>

 h��! �� $���( P�� �4� ��!� \ 01�( h��K ��  ��#� ?��& .

i�,��j ������� P�� ���� ��!� ?� � a� L( ?�& ������ ��� �����

 �%F0� �]�0�j � g[��� P�� ��  , �3k��K �'&��( lLK � �� $m�


 �� ��%&� *.�� . �� *�.� ���	
� �K� � ������� �� ��# � ����N 

����� ?�3�� ������ 8*� *���� ��� ������  n��*�K ����� �����

 ����� �J ! �4�� 8��D�e# 
 ��� �O��! 
 ��S ���0�!� ��S

  ���#9 �� ����o���# ���� �� ��'&��( �������, �� ��� �!�

 *����� ME� ��� ?j �� .U����]%& 
 U�1���� )_�(�������� ��

����� � �� a� L( p�O�� ?�&��� ��� �0��[� TL0Y� /�j� �! �

> �!� ��*���� $*����+� f��, i�,��j P�� �� ?��� $*&�4�� �&

 �� �*���%� i�,��j �� ?��[ PI-568848 p
�E� i��,��j 
 P� ,

PI-250083 :�1K �����  Z� �� P�X P� , �0��[� M�, �� ���

*���� .���<
� ���� U�&��( �� �# � ?
� �0) ( 8��D �!� �

)����! U�� q���0)> 
 a�� L( ��3�L� (�4��� ��� ��� U�4�� ?��&

 "� Y0�!� 
 9��o� ��� �� ? , rG� 
  04�� ��) s �� a� L(

 *�������# � P� ��� 7�# �� =>)_H.(V�%� � ����� ��� ����& 

���LN U���S X���� �	���]	�� p ��� ���� h���]�C( PL���,�PEG 

)Polyethylene glycol (�� . �� ?3%!� h�LF� ��;�� ��	� �� W

����� �+	�6� �� => ��1��0N ���, ?� � @L<� ��+�A[ ���4� ���

 $��o0�!� �$*�. h �0�� W��F� �� �]4�# ��%F, ������� ?� �

�� ��.)����_
�t.(��1��0N �!� � TL0Y� ?�&=>W!�, 

PEG �,  oD 56! �� u�/�wl�0���
 ��! ?
�  �� h�]�!�N�q� 

a� L(Ute �LF� �u��� 
_t�� �� K ���� �� 8u`l���� 

�0��! ����� P�q���� �� ��� U�4� �� ( T�L0Y� ?��&��%�, ����

 �� x�) i�,��j �! ?� � @�, ,H��tH
RRy�� *�D�� *�.�� .

/��O�Ute ���LF� 
 P� 04���� u��� M���, �� ��  �rQ��, P� ��0%� 

�) ��N �0��[�)u�.(U��
 ))�H(��%+	� z�]J P��+, ?� �

 � P���� ��]4��#  ���� � �� a��� L( p���O�� W�� ��. �� �� p���O�

 �� �&�q4������>b��1����0N 56��! =>)u/`w�H/`w�^/`w


_/�wh�]!�N�q� (P�� �� ��%� $*&�4� 
 ��� �� O �!� � ����

 ��+� 8
�o, �p�O�� ������ ��� WA, �� 8�o�D  �Z� �� ?��� ����

 �4�� h�[ �{ ?��[ �� ���� ���
 P��+, ?� � �A!��� ���+� �S

�]4# �� p
�E� p�O���!� .$��Y!�|! 
 U�0o�)_b(�!� � ��

 ��1���0N T�L0Y� B�6�! 3��� 
 ?���. T�L0Y�  ����E�  �rQ, 

����� ?
�  � ?3%!� ?�&��� ���_
 U�� q���0)> /O� _/�O� 

���r> ?���� �]4�# 
 ?���. M��, ��� *�0�.�� pCJ� a� L(

 �'&��( ?
�  � �,
�o0� P��� ��{ $��� �& ���r> ��1���0N �� ?��&

 ]4# TL0Y� ��!�  ,*�*�. �.M�����> ?� �� ?���1�� ?��&

 ������ l�LK � �� �]4# �%F, ������� U��&��( ?
�  �� ����

 ��A�N *�����  q�� )�(����! �)^
_u(U�� q���0)> �)u_(8�9 �

)_t(U��� 
 p�(����! �)u�(:*��J �)H
�`(����Y� �)_(


p*�()u
�u(�!� $*. p�;��.P�� �� ���, �� �� 8�JC[� ��

���������� ��� ����	
� *��.� 
 �����  ����! ���� �1����E� �� a��� L(

8X�eF� ��!� 7*�� �J���)_H(���Z�� ��� M&
m�N P��� �

������ ?�3��� p}��, M���
 ������� ������a�� L( i��,��j 

��1��0N B�6! �� �A1�=>��1��0N P� 0%� P��+, �?�&=>��

Ψmin )Minimum water potentials (�������� ?� ���� ������

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                             2 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


* ��	+��,)(�#� 4��5� � �6  �-!
� .+,-  �� �!���� /
# 01# 2)-�3 
	� 

��R 

��ji�, ������ �J ! W��
� �!� � 3�� 
 a� L( ?�& �� ����

 ������ ?�3���  �q�� ��� �0��[� ��1��0N 56! ���S ��� 
 ����

�) ( p�;�� P<
� 
 ���� � ]L%J.

o�� � �,�� 	�

�� g�EF, P�� �������. a� L( i�,��j R��� ��� �� i�,��j 

p�� ��Y�.�( ���<� � �LF� �U�O�� �LF� �U��oD� �LF� ?�& ��

 U�����O��_R^P��������
 �_^� 
LRV51-51 
ti�����,��j 

��� ������# �p���� ?���&CH-5 �CW-74�Hartman �PI-537598 �

PI-537636 �Lesaf �Kino-76 
S-541 *. $��o0!� .M�����>

�� �� �], ��! �� �)��e, ~C��� B [ @	�O �� ����0��) 8��D 

�#�� �� *.� VO�,� ?��� �� �±_` �0��! ���� �� ( 8*� ��

�_ �
� *. p�;�� �]���, �� .����� ?�&��0��) �� �]� i�,��j

 ��� ��1��0N B�6! p
� ��0��) 
 �+	�6� ��1��0N 56! ���S ��

=> � oD ���. b/`w�t/`w
_/�w�0) (  Z� �� h�]!�N�q� 

*. .��1��0N V%� �� $��o0!� ��  Z� ���� ?�&�LN PL�,� h��]�C(

H``` ��0!� gA[ �+	%P%)��� 
 �'�� �)_R(����, *�. .?� ��

  oD ��1��0N h�]!�N�q� )*&�. (*�. $��o0�!�  6E� => �� .��

T�� ��� *. $��o0!� $*. �� 0!� ? 0N �
 s �� �M����> P��

 $��%. P%,�
 �)�D �<�� �*J V� �� U>����� $*�. $*��.�N .

����&��*! �� L��|�& *D�� V� h�LF� �� /� 8*����E�O� 

���oJ*� *�*. .��� ],  & ��_����� �*J /	��! ���
 �s

? 0N ?�0F� �`�L�� ��1��0N ��  0�	 x�) ?�& *. $��� �� O .��

 ��YA,  r� �� ��1��0N  ���, �� ? �(�L� ��Z�� �� M����> ��
�

 ��� �C0#� U�3�� �� 
 *. U�
 @, � ��[ �� ? 0N �
 s �=>

 *��� ( �)���� ����> ��  6E� => ��	
� U�
)H
�_(.���&���� 

����� �4�� h�[ �� *�*. �EL, $�� ���> �Su�L��  04��� ��  0�

 *.��)^.(

����� U�3�� ������� ?� � i�,��j ��� �����  n��*K ��& ����

 ����Gmax)Maximum germination ( 
 *��D�� @1��K  ���

����� �J ! �#�. ��� ���GRI)Germination rate index (

 �� *��D�� @1��K �  ���� W����
� g��� [ �� �� ��],  ��& �� �
�

 *. �A!�F�)_�.(

Gmax (%) = n 12 ×  25-1 × 100 ]�[

GRI (%/d) = Σ [ ( Gi – Gi-1) / i ] ]_[

W��
� P�� �� :n 12����� ?�&��� ��*+, �/�&���
� �
� �, $��i

\��%. �
� ����� ����Gi������ ?�&���� *D�� �
� �� $��

 �\��%.Gi-1 *D�� ?�&�������� �AO \��%. �
� �� $��.

/& �� U*�!� �, U��� 8*� P��S�`������ *D�� ��� ����

T50 )Time to reach 50% of germination ( �
� @1�K  ��

 � oD ��1��0N 56! �! ?� �b/`w
t/`w�A�!�F� h�]!�N�q� 

*��.)�b
�t.(���� 3���� M������> ?����0�� �� $� �)��e��, ����[

 �4��� h��[ 
 =�Y0�� �'&��( ��� ��SRL)Rootlet length(


�O�! ��� �SSL)Shootlet length (  �& �� i��,��j  �& ?� ��

�0��! @1K  � �� ], *. �A!�F�  0� .

$��*��� 8�oD �)��e�, ~C���� B �[ @�	�O �� $*�. ? ��(

�� ����0��) 8��D �) ( �� O z�����
 ��3;, ���� .����, ���

 ����� *D�� ���0� �� P�� ��$��� �� ��� ��*A, 
 �LD� ?�& $*.

)��
�� ?�($��� ���� ���4� �LD� ?�&��� �O ?����> ��3;, ���� 

�) ( .�����  n��*K M���
 ����E� �� i��,��j  �& ?� �� ���

��1��0N ?�&=>��	��+� :��!�  �� ]Gmax= β0 + β1Ψ +β2Ψ
2[

*��. $��� \�� ���)��
�t.(���	��+� P���� ��Ψ��1����0N =>

)h�]!�N�q�(�β0�β1
β2��� U���! (� @�� �� *��.�� .���

 ��1���0N �O�*K �i�,��j  & ?� � $*. P��+, 8X��+� �� ���,

=>)Ψmin (����� TO�, ?� � h 0�� W�� . �� ��� $*.) �0%�

 ���`����� *D�� ��� (
> �*. ��.

/& P�<
� *�D�� 
 ����� � ]L%J U�3�� ������� ?� � P��S

 i��,��j �� ?��*�+, �/��� W�� �. �F, ���� �� $� �� p��� ?��&

 ��J��� h��! 3����N �� $*. p�;�� M����>tuw�ut_����S �� 

$�4��� � �
�� ! ���. /�� ?��
�4� 8�E�EF, �1!G� $�q01��

)h*�0+� �E6��(U�0�!� � �L���O �)��E6�� h*�0+�(U���1�'( �

) �1� ( �E6�� (������ 
) �!� ! �E6�� (�� �O $��o0�!� �����

�) ( .8���L%J �� zN �$�q01��  & �� M����> P�� p�;�� ?� � 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                             3 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


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

��t 

��67$.p)	+�,� 4+5q# )Y	��-� O�M)	�� (4),�7 -U�,6V -� 4�d	B� ���� 
	���!�	� -[, �)�)Gmax(4),�7 0�-� WX	  ?�)�)GRI(?

�	�� 	# 'J4),�7 6F�� �)�)T50(?4�+� ��� 4<)RL (4R	� �4<)SL(

8� ���, ����� ?���> ���� SL 

8�oD T50 
Gmax GRI T50 RL 

��1��0N B�6!)P(u_**R`/u`utt **^b/t^Ht **�t/_HH **Hu/�b_H **t^/__b 
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P�q���� A�/uuB�/_^Cu/��D^/u

i�,��j P�q���� 8
�o, U�0!  & �� h�%0K� 56! �� 7 04� VS�� � K V� �O�*K �� �&���+� *D�� �1�� ��� .B�6! �� ��� � 8
�o,

�!� $*. �0.�� 2�3� �
 K �� => ��1��0N.

M�, *������# � U*. 3A! ?� � ? 04�� z��. �� .B�6�!  r�

TL0Y� ����� �J !  � => ��1��0N ��+� ��� ��� ���.���[ ��

�L� �� => ��1��0N M&�� �� �,  oD_/�wh�]�!�N�q� �J �! 

����� ���� ��� @��, , �`/�u�_�/HH
_u/ttM&��� *�D��

 ��� U�4� .i�,��j P�����
 ���� �� ?�&_^�
 U��o�D� ��LF� �

LRV-51-51���� i���,��j 
 P� ,X���� W��!�0� ����[ CW-74 

����� �J ! ��*E� P� 0%� f�%;� �� �� ���b*�0�.�� 56! .

�0��[� B�6! ���E0�  �rQ,×?� � i�,��j GRI ��+� ���� ��� .

�� �� M��, U�*�E) W�� �. �� ��� ���Y.�( i�,��j �� ?��[

 ����� �J ! M��, 56�! �!  & �� ��� �����# � �A!��� ���

 ������� �J ��! �� ?*�*��. ���)� ����S� 
 *���� ( ����� 3���� 

i�,��j :C�� �� *&�. 56! �� �� �<� � 
 U�O�� �LF� ?�&

CM���, 56��! �� *�0��.�� �� ��O t/`w�J ��! �� h�]��!�N�q� 

����� i�,��j P�� �� ��X�� ��� *���� �����# � �&)h
*��u.(

��+� ���E0�  r� �0���[� B�6�! ���×�#��. ?� �� i��,��j 

����� �J ! \��3�( 3���  q�� �J��� U�&��( �� �# � �� ���

 �!� $*.)_�H��_
�R.(

4< 4�+� ���)RL(

i�,��j ?�& �4�� h�[  Z� �� �!� � ���� �S�,
��o0� M���
 

*������ U�4���)�]��.u.(i���,��j �*&���. 56��! �� �� ���&

�4�� �S N ���6O ?�& $�,�� 
 =�+4�� �  , �� 
 *����� �����# 

 �'&��( P�� �/�C� M�, W�� . �4��� ?���� �& ��S �7���� ?��&

 *�L� 
 T�+� �� �*���� ? , ��� ?���[ ����%, i��,��j �� ��&

 M�, 56!b/`wi��,��j �� ��# � 
 h�]!�N�q� 56�! �� ��&

M�, t/`w�4�� h�[ �� h�]!�N�q� �A1� ? 04�� �S*&�. ��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                             7 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


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

�H_ 

b

a

b

c
0

2

4

6

8

10

12

14

16

0 -0.4 -0.8 -1.2

 

@; %.@�")	!: -�[\# 4�+� ��� -� CD 
	� (�#�)* �� 4< 2)-�3 ���-� ���� 
	� 

*���� �����# � .�4�� h�[ ��%&� M��, W�� . �F, a� L( 

��!� $*�. \��3�( 3��� 8�+	�6�  ��! ��)�H�__
_H(.��� 

�� M�, M��3)�_/�w: 0�!� ���O => M&�� �� 
 h�]!�N�q� 

�4�� h�[ �� ?*�*. M&�� �?�&��� *. $*&�4� �S.��� ��

 ��,  o�D �� => ��1���0N M&��� ��b/`w��� h�]�!�N�q� ���[ 

W!�0�R�/t�0��! �4�� h�[ �� M��3)�  0� 
 *�. �D�K �S

B�6�! ��� => ��1���0N M&��� ���t/`w
_/�w�h�]��!�N�q� 

�� W!�0� ��[b_/`
Hu/b�0��! *&��. ��� �A1�� M&��  0�

$*�� *. .P�����
 p��O��_^�
U��O�� _R^h��[ P� 04��� ��

�4�� ��� ������# � ��S *��)�]�.b.(
 i��,��j ����E0�  �r�

 �4�� h�[ ?
�  � => ��1��0N ��+� �S���� ��� . ��9 ��� p�X

 
  o�D ��1���0N B�6! �� �{ �!�_/�w8
��o, h�]�!�N�q� 

��+� i�,��j P�� �� ?��� M��, 56! �� 
 $*4� $*�� �&t/`w

� 8
�o, h�]!�N�q� i�,��j P� i�,��j �� ��� �� ?�&  �q�� ?�&

 *. ��].>  0��)$��� ��!� $*4�� $��� U�4�� ��& .( f��%;� ��

i�,��j i��,��j �� �A1� ���Y.�( ?��n0!� �� ��� �� ?�& ?��&

*���� U�4� ? , � ����#.

4R	� ��� 4<)SL(

�O�! h�[ W!�0� ��[ ��i��,��j ����%, �� ��S 56�! �� ��&

 �� M�� *&�.��0��! ����  0� .=> ��1���0N M&��� ����h��[ 

�O�! �S���%, i�,��j �&�����+� ��[ ��)�� M&��� ?���.��� 

���  o�D �� => ��1��0N M&�� �� �� ?�F�_/�w�h�]�!�N�q�

 �O�! h�[ �S��@�, , �u/���R`/t�
Hu/^t*�D�� M&���

��� U�4��� .��M���, B�6��!t/`w
_/�w�h�]��!�N�q� *��.� 

���*�S �����%, i�,��j �&$*&�4�� *4��)�]�.�.(P��� ��

 $��*�� ���� ?�& 0����N U��� �� M����> ? ��(��O��! h��[ ��S

 ��� U�4� M�, �� ? 04�� ��!�1K.��  �q�� 8��E�EF, ����0� 

��!� @L6� P�� *�G� 3�� U�&��(  ��!)H��`
�u.(P� ,X���

 �O�! h�[ U> P� 0%� 
 �<� � �LF� i�,��j �� �Si��,��j ��� 

S-541 gL+, �.��.

4� �6��� 	# �	��'J4),�7 6F�� �)�)T50(

�,  oD �� �0��[� M�, M��3)� ��t/`w�o�D �h�]!�N�q� T50 

��X�[ �0!��N �� M��, M��3�)� d�e�# ��� �*.  ,b/`w��, 

t/`w�#��! ��X��[ �� �LK � P�� h�[ 8*. �� h�]!�N�q� .

i�,��j 8
�o, �� ��F	 �� �& ���+� 3��� �(m�
 P���� ��� . �n��

i���,��j �� ������# ?���&P�q������ ���LK � �� �56��! ���! T50 

��X�[ i��,��j �� �A1� ? , ������# � ���� �� a�� L( ?��&

*���� .i�,��j P�� �� 3�� ��� �� ?�&�$��,�� U��O�� �LF� P� �, 

4�
+�
��
�

4<
)

�
!)	
�

-!
�

(

CD @�")	!:)�	;�	:	M�(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                             8 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


* ��	+��,)(�#� 4��5� � �6  �-!
� .+,-  �� �!���� /
# 01# 2)-�3 
	� 

�Hu 

b cd

ab c
b cd

d e

ab
a

cd

d e
e

d e d e d e d e d e
e

0
1

2
3
4

5
6
7
8

9
10

��ن
�� ����

ا �
�� ���
�

ن ��
�� ر��
ز �

���� ��
�

�� ���
�ا�

����
���

� ��
 ���
�� ��!
"#

27
9
��ن
���� ر�
ز

2 9
5
$���
� ا�%
ور

LR
V

51
51

C
H

5
C

W
74

L e
sa

f
H

a r
tm

an
Ki

no
7 6

S
54

1
P I

5 3
75

98
PI

53
76

36

d
c

b

a

0

1

2

3

4

5

6

0 -0.4 -0.8 -1.2

 

@;  I.4�+� ��� .��!� �� 4<$'-�3 (�#�)* 2)@; '.@�")	!: -�[\# 4R	� ��� -� CD 
	� (�#�)* �� 4< 
	� 

2)-�3 ���-� ���� 

�, U��� 8*��`����� *D�� ��� ���� �� ��� .B�6! ���E0�  r�

 �0��[�×?� � i�,��j T50��+� ��� ��� .��� ��� U�4��  �� P��

i���,��j  ��Z� �� ��1����0N T��L0Y� B�6��! �� ���&T50�
 M����

 �0.�� �,
�o0� *�� .i��,��j �h��n� ?� � 
 U��o�D� ��LF� ?��&

 P����
_^� 
  oD ��1��0N B�6! �� �� b/`w�� h�]�!�N�q� 

*�0�.�� �� �O  , � $
 (�M��, 56�! �� t/`w�� h�]�!�N�q� 

:C�C*�0) ( �� O )h
*�b.(��� ��!�  ��9 ��� p�X �0A	�

 M�, 56!_/�w��,��j ���%, �� h�]!�N�q� i?��n0�!� ��� ��&

 /O�LRV-51-51 ��  �0%� M�����> $�
� h��[ �� �`*�D�� 

����� 
 ���Y.�( i�,��j 
� 3�� 
 *�0.�� ���CW-74 �� ��� 

M�, B�6!t/`w
_/�w������ U�3�� h�]!�N�q� ��� �����`

*�! � *D���*�*4� ���
 ?���> 8�A!�F� �� .

(�#�)* ��	+��, 4��5� .+,-  �� 2)-�3 
	� 

��!� ��Z�� �� �� M����> P� i�,��j �� ���� � �]L%J ��� ���&

 �4� �� X�� ��� U�4�� ���) ( 8��D /�� W�� . ?� � $3���N

 �� M�� W!�0� �� ���� � ]L%J P� 04�� ����� ���0]& �� P�, 

i��,��j ��� ���� � ��4�� ��!� � ��F, $�q01�� ���S ?��&

 ����#PI-537598 �Lesaf 
CH-5 ��� .����� P�<
� *�D��

 i�,��j ���� �� ��&�H/_���, *�D�� �H/u`@��, , ��� *�D�� 

i�,��j �� gL+0� U�O�� ?�&_R^
CW-74 ���  ��0� .P� 04��

 �� M�� W!�0� �� P<
� � ]L%Ju``��� 3�� ��0]& �� p (�L�� 

i�,��j 
�PI-537598 
Lesaf ��.�� gL+, .U��O�� i��,��j

_R^ Y� g[������  ���K h�K �� ��8���D ��� ��4�� T�L0

 �� �4� $3���N ������# � P<
� 
 ���� � ]L%J P� 0%� �� ��.

��� .�� $3����N /�� �4� @!��� 
 ��(��! i�,��j P�� P�� ����

 �1�� g[��� P�� .i�,��j  ��! *��	�, ��1��0N �� 3�� ��� �� ?�&

 *����� �����# � �����N .i��,��j P��� ��  �q�� � �[ �� ?��&

 ������#PI-537636 �Kino-76 
CW-74 
 ������ � ��]L%J �� 

P���N P<
� *���� �����# � ? ,)h
*��.(

�� Y	EF O�� �M!"� 

����� �J ! �#�. ���)GRI (����� M��, B�6�! ����%,

 �4�� h�[ /& ��S ��+� 
 �An� �q01� �.�� ?���)h
*�H.(

�� P�� ���� �4��� h��[ g�� [ �� U��, M��3�( ��� �A1�� ��S

�,��ji�%F0� ?�& ��%� p�*O�  , .56�! �� �#��. P��� �0A	� 

4�
+�
��
�

4<
)

�
!)	
�

-!
�

(

4R
	�

��
�

4<
)

�
!)	
�

-!
�

(

CD @�")	!:)�	;�	:	M�(
(�#�)*	�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                             9 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


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

�Hb 

��67I.4� �6��� 	# �	�� -� (�#�)* � CD @�")	!: -�[\#'J4),�7 6F�� �)�)��� r"V -�(

��1��0N => ?�&)h�]!�N�q�(

i�,��j �& oD b/`wt/`wP�q���� 

�LF� U��oD� ab �`/�a�t/�c^b/Ha-d u/u

U�O�� �LF� bt^/�b^b/�a��/bat/_

�<� � �LF� b``/_bc RR/_cuR/Hb-e R/u

U�O��_R^ b�u/�b^R/�bHu/�ab �/u

P����
_^� a_`/�aH�/�ct`/Habc _/u

LRV-51-51 b��/�ab R^/�bc `R/Hab �/u

CH-5 bHu/�c^^/_cbu/Ref `/b

Lesaf bt_/�b��/_c^u/Hc-f t/u

Hartman bbb/_c^R/_c`t/Ref _/b

Kino-76 bR_/�c��/uc�b/Hc-f t/u

S-541 bt^/�bbt/_cb`/Rdef ^/u

PI-537598 b`_/_c^_/_cut/Ref �/b

PI- 537636 b__/_ctb/uc��/Rfb/b

P�q���� At/�B�/_CH/H

i�,��j P�q���� 8
�o, U�0!  & �� �� �& h�%0K� 56! �� 7 04� VS�� � K V� �O�*K ���+� *D�� �1��� ��� .��� ���� � 8
��o,

�!� $*. �0.�� 2�3� �
 K �� => ��1��0N B�6!.

��67'.(�#�)* �, 
�,6�# ��	+��, �+� .+,-  01# �5�+	: 0�� �� ���-� ���� 2)-�3 
	� 

$�q01�� W!�0� �!� � �F, ?�& 

i�,��j �&���� � ]L%J)��0]& �� p (�L��(���� P<
� *D�� P<
� � ]L%J )��0]& �� p (�L��(

�LF� U��oD� ^/H`�  c�/_t c_/�R`  e

U�O��_R^ �/�_^  c_/_� d_/�uu  e

LRV-51-51 u/Rt�  bu/_t bc ^/_�^  d

CH-5 u/�`_t  au/_R cu/_t`  bc 

CW-74 H/RR�  bH/u` at/_u�  d

Lesaf �/�`�R  aR/_^ a^/u�u  ab 

Hartman �/tb`  b^/_t bu/_bu  cd 

Kino-76 ^/R�_  b�/_^ b^/_�t  d

PI-537598 u/���u  au/_^ bb/u_H  a

PI-537636 �/RbR  b�/_^ ab u/__`  d

P�q���� U�0!  & �� h�%0K� 56! �� �*���� 7 04� � K V� �O�*K �� ���&���+� 8
�o, *D�� *���*� ���.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                            10 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


* ��	+��,)(�#� 4��5� � �6  �-!
� .+,-  �� �!���� /
# 01# 2)-�3 
	� 

�H� 

��67 Q.� r+,-a�4),�7 0�-� WX	  O�� �M!"� 4),�7 
,57, -M+� 	� �)� �, �X-� � CD @�")	!: AB� �	8< �� �)� 

4��5� Y	EF 
,

��1��0N B�6! ����� �J ! �#�. ���)GRI(

=>)Ψw( oD b/`wt/`w_/�w

����� n��*K ���)Gmax(

 oD ∗∗t_/`�R/``RH/`w�`/`w

b/`w∗∗Ru/`∗∗t_/`∗∗H�/`b`/`

t/`w∗�u/`∗∗t�/`∗∗^_/`uH/`

_/�w`�/`∗�^/`∗�H/`∗∗^t/`

�4�� h�[ �S)RL(

 oD u_/`�H/``�/`w`_/`

b/`w∗∗Hb/`∗�_/`∗�R/`�t/`w

t/`wbR/`∗∗Ht/`∗∗Ru/`�R/`

_/�w`R/`_^/`�H/`∗∗RR/`

�O�! h�[ �S)SL(

 oD `�/`w�_/`�H/`∗∗HH/`

b/`w`u/`�_/`w_H/`�H/`w

t/`w_^/`∗∗H�/`∗∗t`/`u_/`

_/�w��/`w`H/`w_�/`wu�/`

�, U��� 8*��`����� *D�� ���)T50(

 oD ∗∗ ^`/`w∗∗ R�/`wuu/`w�`/`w

b/`w∗HR/`w∗∗ ^b/`w∗∗ R_/`w_u/`w

t/`wb_�/`w∗∗ tt/`w`�/`w

P<
� *D�� ∗Hb/`w�_/`w∗H_/`w`_/`w

���� � ]L%J _�/`w_t/`w�u/`w�b/`

∗
∗∗ :����+� @�, , h�%0K� B�6! �� ����
�*D�� 

��1��0Nt/`w/& �h�]!�N�q� ?��& 0����N  q�� �� ��X�� �q01�

 �4��� h��[ ���+� ��� ����� ��S)**Ruu/`(��O��! h��[ ��S

)**t``/`(������ *D�� 
����)**^_�/`(��� U�4�� .� ���  �Z

�� /��C� M��, ��� �1���E� �� ��1���0N 56�! P�� *!�)b/`w

h�]��!�N�q� (�o��D �����, ����h���[ �O���! ���!� ���S�M&���� 

��+� ��� U�4� ?��� ./& 04�� M�, P��S)_/�wh�]!�N�q� (��

�����  0����N �!  & ��ZKC� ���O M&�� ��� 56�! *�0�.�� ?�

@!��� i�,��j M���
 P��+, ?� � ? , a�� L( ?��& M��, ��� 

�� �0��[� *.�� ./&���+� 
 ��An� �q01�� �J �! P��� ?���

����� h��%0K� 56�! �� 
 ��1��0N B�6! ���%, �� ����%���

 �����  n��*K i��,��j ��� ��� U�4� 
 *. �D�K ��� ��&����� 

����� �� *.� *�������# � �A!��� ��� .
 ��o�� ���A,�� ����


��+� ����� �J ! �#�. P�� ��� 
 ��� �oD T50 ��� U�4�� 

������ ?� �� p�X U��� �*.� �J ! M��3)� �� ��3A�! 
 ����

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                            11 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


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

�HH 

�)�� *&��# M&�� U*. ./&
 *&��. ��1��0N B�6! �� P��S

t/`��+� 
 �o�� ��A,�� �h�]!�N�q� ��� P<
� *D�� P�� ?���

 ����� �J ! �� �� �*. �D�K ��� i��,��j �� ?��[ ��� ����&

  �Z� X�� P<
� *D��CW-74 ����� �� ������# � �A�!��� ���

*���A� .
 P�<
� ?��0F� P��� ��o�� ��A,�� �� ���, ��  �� P��

 ���� P�c,
 N)��(��P�c,
 �N M&��� ��	� �� *���, h��+) ?��&

 ����� U�� � �� �]�	���0� *.�� ��� .i�,��j �!� � ����� ?�&

 i�,��j  n�� �� ��� U�4� M����> ��1��0N �� ����# ?�& *��	�, 

����� 8�*O �� X��  �q�� � �[ �� 
 *�������# � ������N ���

i�,��j U�O�� *���� ��� �� ?�&_R^�� ������N ~�0A1� � ]L%J ��

����� 8�*O �� *�0.�� /�� W�� . M��, B�6! �� �A!��� ���

 *������# � �0��[� .��+� ��A,�� ���0� P�� �� ���, �� P�� ?���

 ����� �J ! J 
 ��� *4� �D�K � ]L% .�� $*�> �!� �� ���0�

 �0)�� �� �4Y� ����! ?
�  ��  q�� ?�&)^(p*��( �)t(���Y� �

)_(p�q	 U�&��( �� �# � 
)�R(������ �LK � ��A,�� �� ����

��+� �< 
 �o�� ����� � ]L%J �� �� *�0)�� �����.�� �E��6� .

���� ��� ��{ ��� U�4�� M����> P�� ���0� �L� ��[ ��? �(

PEG ���O M&�� @��� �� �'&��( ���� ���, ��. .����O ��0]�

 �4�� h�[ M��3)� ���%&� M��, W�� �. �� ��Sb/`w
t/`w

��� a�� L( $���( �� �� �4��� h��[ ��%&� �� ��� h�]!�N�q�

 �]4# ��<
� $��( U���J ��� U�4�� *�1N .�����[� M&��� ���

 �O�! *.� �4�� �� �A1� ? 04�� ��!�1K ��S ��S ��� U�4�� .

��)�� *�&��# M&��� �'&��( "
 # g%J P�� ���� ./�& P���S

 ������ �J �! M&��� @���� �M��, B�6�! M��3)� 
 ����

 �� U*�!� �, U��� 8*� U> @O�+0��`����� *D�� �&���� ���

 M��, 56�! �� ��� ?���[ ��� ���0)�  �#Q�, �� 8*. ��_/�w

i�,��j ���%, �� h�]!�N�q� ?��n0�!� �� �&LRV-51-51  �0%� 

���`*���� ����� �&��� �� *D�� . �n�� ��� P���  �q�� �����

i�,��j z�]J ����Y�.�( 3� �� ��� �� ?�& �� ? �0�� ��%+	�

 ����� �LK � �C0�#� P��� �� �� *���� U�4� M�, �� �A1� ���

 �� �]�0�j ��� �� U���, ���� ���	
� 8�*�O ���A�� ?� �� ?��m��

i�,��j  ]L%J ��1��0N �� ����# ?�& ��� X��� �$��o0�!� U���,

��%� .i�,��j P�� �� M��3( �� �6�� . �� 8��D ��� �� ?�&

 i��,��j �� �(LRV-51-51 @�!��� ��+��
 ��  �Z� �� ? �,

 ����� �J ! ��  �q�� ?�! �� 
 ��� �����# � � ]L%J 
 ���

 i�,��j P�� 3�� �!� � ���� ����# ?�&�i�,��j Lesaf ����0� 

��� U�4� ? 0��.

s�
�,5M�	 

/���� ?��
�4��� 8���E�EF, �1��!G� ����
�+� �� �L���!
 P�*���

  ]4, �*���%� /&� ) �� M&
mN P�� p�;�� 8���]�� �� $�4��� �

�� �����*O 
�� (.

��	
� ���� ��	E!�, 

�.p� ���3,.��.�uRu.�]�j�	��3�) ���A� *.� 
�J��� U�&��( �%�)�]� �> �J��� p�LJ �%;�(.�%� , :f.�]S�� �p.B.*.�� 

��eF�p.
 ? �e�f.�.?���>�*D .?��� :*O U�0!> 8���40��*�4� .b`b�FoD .

_.p �p*E� *�4%� .�ut�.i�,��j M��3( 
 �]4# �� ��
�E� ?�&���+� ������� �J�3� 
 $�q4����> W�� . �� p
�E� ?�& ��Y� ��

�J��� .U���N �!��.��� ���� BCD� *.�� �4� $*]4��� �8�,�A� ��� �. $�q4��� �?��
�b��FoD .

u.B �?*�4� U��%�K�.f �.� 
 ? O�� .=����N .�uR` .��1��0N  r� �LN �� �D�K TL0Y� ?�& �� p}�, /�*! �
 L� 
 h�]�C( PL�,�

�����  � 8�� K ���� $��, ��� /�� p*�( ?�& .?��
�4� ����D 
 p�LJ �)�: (uRwbH.

b.� ��L��� .�uRt .�#��. �a� L(w,*�	�w� e� .U�( ( �+�A[ ����� 
 ?��
�4� p�LJ $�q4��� 8���40�� .�bb�FoD .

�.f �? ;O .� 
.�L��� .�ut�.�����  � �]4# 
 ?��.  �rQ, �A�N /O� 
� �'&��( *.� 
 ��� .��� 
 h���t)b: (�`Hw�`^.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

                            12 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html


* ��	+��,)(�#� 4��5� � �6  �-!
� .+,-  �� �!���� /
# 01# 2)-�3 
	� 

�HR 

H.������ p.f �.
 ? O���.���Z� .�uRR.Ji�,��j �%+	� z] &0!� �� :*J ?��LN �� $��o �PL�, (h�]�CH``` .����D 
 p�LJ

?��
�4� �_)�: (u^w�^.

R.:� ��� ��0N�( .�uRb .�A�� /�� �J��� �]�j�	��3�) ?�& .�%� ,)�.p.f 
 ���*� ! .�]S��(.*�4� �&�q4��� ���� 8���40�� .

p���S ��S .b_b�FoD .

8. Blum, A., B. Sinmena and O. Ziv. 1980. An evaluation of seed and seedling drought tolerance screening tests in 
wheat. Euphytica 29: 727-736. 

9. Bouslama, M. and W. T. Schapauch.1984. Stress tolerance in soybean. I. Evaluation of free screening techniques for 
heat and drought tolerance. Crop Sci. 24: 933-937. 

10. El-Sharkawi, H. M. and  I. Springuel. 1977. Germination of some crop plant seed under reduced water potential. 
Seed Sci. and Technol. 5: 677-688. 

11. Emmerich, W. E. and S. P.  Hardegree. 1990. Polyethylen glycol solution contact effect on seed germination. Agron. 
J. 82: 1103-1107. 

12. Emmerich, W. E. and S. P. Hardegree. 1991. Seed germination in polyethylen glycol solution: Effect of filter paper 
exclusion and water vapor loss. Crop Sci. 31:454-458. 

13. Farshidfar, E., R. Mohammadi and J. Sutca. 2002. Association between field and laboratory perdictors of drought 
tolerance in wheat disomic addition lines. Acta Agron. Hungarica  50: 377-381. 

14. Fernandez, G. and M. Johnston. 1995. Seed vigour testing in lentil, bean, and chickpea. Seed Sci. and Technol.  
23: 617-627. 

15. Fernandez – Martinez, J. 1997. Update on safflower genetic improvement and germplasm resources. Proceedings 
IVth International Safflower Conference. Bari ( Italy ) . June 2-7. 187-195. 

16. Froozan, K. 1997. A technigue for screening of drought and saline resistant safflower varieties during germination 
and plant growing. Proceedings IVth International Safflower Conference. Bari (Italy) . June 2-7. 170-171. 

17. Grzesiak, S., W. Filek, G. Skrudlik and B. Niziol. 1996. Screening for drought resistance: evaluation of seed 
germination and seedling growth for drought resistance in legume plants. J. Agron. and Crop Sci. 177: 245-252. 

18. Hardegree, S. P. and W. E. Emmerich. 1994. Seed germination response to polyethylene glycol solution depth. Seed 
Sci. and Technol. 22: 1-7. 

19. Hunter, J. R. and A. E. Erickson. 1952. Relation of seed germination to soil  moisture tension. Agron. J.  44: 107-
110. 

20. Jensen, R. D. 1971. Effects of soil water tension on the emergence and growth of cotton seedlings. Agron. J.  
63: 766-768.  

21. Johnson, R. C., V. L. Bradley, Ghorpade and J. W. Bergman. 1997. Regeneration and evaluation of the U. S. 
safflower germplasm collection. Proceedings IVth International Safflower Conference. Bari ( Italy ), June 2-7, 
page 215-217. 

22. Knowles, P. F. 1958. Safflower. Adv. in Agron. Vol. 10. Academic press, NewYork, NY.  
23. Kpoghomou, B. K., V. T Sapra and C. A. Beyl. 1990. Screening for drought tolerance: Soybean germination and its 

relationship to seedling response. J. Agron. and Crop Sci. 164: 153-159. 
24. Maftoun, M. and A. R. Sepaskhah. 1978. Effect of temperature and osmotic potential on germination of sunflower 

and safflower and on hormone-treated sunflower seeds. Can. J. Plant Sci. 58 (2): 295-301. 
25. Maguire , J. D. 1962. Speed  of  germination  aid in selection and evaluation for seedling emergence and vigor. Crop 

Sci. 2 : 176-177. 
26. Merrill, S. D., D. L. Tanaka, J. M. Krupinsky and R. E. Ries. 2001. Safflower root growth and water use in 

comparison with other crops. Vth international safflower conference, Williston, N. D., U. S. A. 227-231. 
27. Michel, B. E. and M. R. Kaufman. 1973. The osmotic potential of  polyetylene glycol 6000. Plant physiol. 51: 914-

916. 
28. Parmar, M. T. and R. P. Moore. 1968. Carbowax 6000, Manitol and sodium choloride for simulating drought 

conditions in germination studies of corn (Zea mays L.) of strong and weak vigor. Agron. J. 60: 192-195. 
29. Redman, R. E. 1974. Osmotic and specific ion effects on the germination of alfafa. Can. J. Bot. 52: 803-808. 
30. Sionit, N., M. Kheradnam and S. R. Ghorashy. 1973. Effet of different osmotic potentials of media on germination 

of three safflower varieties. Physiologia-plantarum 29 (2): 272-273. 
31. Smith, R. L., C. S. Hoveland and W. W. Hanna. 1989. Water stress and temperature in relation to seed germination 

of pearl millet and surghum. Agron. J. 81: 303-305. 
32. Somers, D. A., S. E. Ullrich and M. F. Ramsay. 1983. Sunflower germination under simulated drought stress. 

Agron. J. 75: 570-572. 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

2.
12

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
24

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dorl.net/dor/20.1001.1.24763594.1385.10.2.12.9
https://jstnar.iut.ac.ir/article-1-550-fa.html
http://www.tcpdf.org

