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Effect of Pre-treatments of Gibberellic Acid and Freezing on some Seed 

Germination Traits of Two Wild Almond Species under in vitro and in vivo 

Conditions 
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3���1= ��� �7�>  ���7 ���� ��4�/!�3 ��
�� .�� 3���1= �7 @��<  �2�AB6!�"  C�DE�3GA )��  <50 <100  �150 

�4�	��8 �7 +4�D���1 � (�"! 12  �24 G��6 	8��H4I �� 	8-�% �9� �
�8!�" 	"�:  ��7�� � �;�� 7��� 	6��� ���J G��8. 

3���1= �7 ��7  ��6 ���K4%�% �2� ��7 C�DE� !�"18  �16- N�4H�6 ���7   ��	8-�% 9�� � � �� �O
= �7 � P�I >4��

Q4����� G/: >4��	 �R6� �S (MS)  	6����� .��4D
�" �/
� �7 <7�7�   �G��6 	8-�%  �9�����T 	�U�!��7 �� �:���7 

3GA ��7 �! 7���
� G�H
 �� �"�� �V��3� G��� .�4�D/�W ���HI�� @�T �7 �/�� @�T � �
�8 	"�:  ��7�� �7 %4��� 150 

�4�	��8 �7 +4�D 3GA  ��1�� 
��1�� 	K4%�% 24  �12 G��6 	8��H4I  �73GA ����= G67.  >4�� �7 � 7���
� >���� �7

P�I �X�8�  � �7 W��%Y��	8-�% )92( �� �
�8 �� Z��	"�:  ��7�� 7��<  �"���4% �Q�7 �� ��� �U� [\DI�	!��7 G���
 . @�T
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 ��7  W�������
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GI�7  �d��% ��� ����� �7�>  	B4�� ���H��
 ���J �7��D6� 7����
�4Q� )26(.  �71�� b�� dulcis �
�8�"! 1�7�!  ��7�� 1�

/f�	 � ���8-	�"! ��48	6��� �J ]���D���  �
��7 �:����7 �7 ����
�6��� �7�DH8!� 	� ������: )30.( [��U� 1��%�W ��W 

�
�8� �"	���% �
�8 ���"! 	"�:  ��7�� )Prunus scoparia( �;�� � )Prunus elaeagnifolia( ��
 �����7.   
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1-  :G����7 i���%22/4/98                             :_��9. i���% 12/11/98  

2- �� K4%�%!��/
�7 W4/4.  ��4/
�7 � ���� 	6�����: 3E�	
��
�� ����< !1���/: ��R/
�7< .����� <1��4� <1��4� ��Q/
�7  

) :54
��DR+� GH. <@�kH� ���H��
 *shekafan@shirazu.ac.ir.(  

3- In vivo                                          4- Rosaceae    
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G6� . n�� o��� �D6�. [9f	QD�I �4V�R	 �V�� ��3  � �7	8-�% �7 9�� H�4��! �
�8 1��"! Prunus �	7�� )18 <21(. 
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����"	 
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����"	  ��
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"4H:���4� +��4<5 H�=��V�5 6�4�< 64��
�4�"�  �K4:�%!�" +���	  ��
��71��	8-�%�
� )15.(  	"7���6 1� �7��D6� <�D6�� W�� �7

 ]�� �� g�T��45  � �7 ��� ��4O� K�6 1��	8-�% �
�8 �9�C�DE� !�" b�� Prunus ��G6� � )7 .(��4%� 

^40�%����:!�"  ��� ��
��3GA !��� G��6 �4/E�� �� 	8-�% �"�9�  ����"�� �Q�7 _��_��I dq� �""7	  �7��D6� 7���

 ���J G6� �D��8)23(. _��V8 3��V�� �7 7���
� �2� �� Z��%�� �7 	��"	8-�% G6� 7���� C�DE� !�"�9�<  ��� �% �� �DH
�7 ��

 1���� b�� !��� 	���V8Prunus G6� ��/
 ����� .  �: 	���
= 1���� �7�> � ����4�/�! -�%���  �9���87�-
�"!  � �;��  ��7��

	"�: 	Df �D6�. ����  �
�E�8 �7��1 �42r%  	B4�� �4sD� d����	� ���J �7 @\DI� � 7�48	8-�% �=�" 	� 7����7��<  �1����

�	���% H
�D. 1�4d 8 G��� G/:4"�	 !��� 	8-�% �9��" �7 7��D6� ��%�: ���1 ]���  .7�:W������� � �7�W  3"�-.. �2�43 

%4�"���! 3GA  � �� 7���
�	8-�% ���7  ���� ��4�/�! �9� �7 �
�8 /f�	 6��� 7��� ��7��	 G��8 ���J .  
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   3"�-. W�� @�61397  ��Q/���1= �7 G/:8 G���4"�	  �1�GH�����! �4� ��Q/
�7 <!1���/: ��R/
�7 ���
� 1���  �

!�"�9�  ��7�� �
�8 �7 	/f�� ���
��7�� !�"  �;�� � 	"�:G��8 ���J �7��D6� 7��� .��7�� �9� "�:	 f�
 ]����%�� 1�4�  �1���7

�=�J 1��4� �7  ��9� � �;��1 
1 �
�I �,B��4��  �;�� G�7 3E� �7n����=! .�� !���  	6���	8-�% "�9��= !�U� ��� � � �"

�6  3���1=��]��   ��1.�� ���
�  

!	� �"
�#$ �%� :&'��
� (��)� 3GA  �*� ��+  ,-.  	� /0*��.�  1��
* 2�/� 	  

   !�"�9�	"�:  ��7��  GE6 �D6�. ���� �;�� ���1  ���4%3GA  �74 AB6 )��  <50 <100 �150 	�4�8 �7 � (�D4+ �7 ��

�1�� 
��1 	12  �24  G��6 	8��H4I >���� �7 bt6 .��D��8 ���J���D6  K4%�% W�� ��	��71��8 ���
:  ]�� ��1  �7 �,4J7

 dR+�70%  bt6 ��7 @���� !���% b:���: 20%  ̂ ��6 ����:�t4" !���7)5% ]�� �� (10  �,4J7��]��  �T�
 !���D��8���J 

 �B,� g= �� �/DH� ��f�� �6 �= 1� b. ����D6 Q4����� G/: >4�� !�� ��� 	��71��8 !�"�9� .�� ���
�	  �S�R6�1 

)25 (G0�
 ^4
 )MS/2( .�
�� G/:  

1	� �"
�#$�%� : �
34-� /
3�+  �*� ��+  /0*��.�  1��
* 2�/� 	  

   � �;�� !�"�9�	"�:  ��7�� �/DH� 1� b. 	��X �D6�. ��<  �B,� g= �7 � �7�7 ���J �7 �D�" 5� ]�� ��7!��7 �°C  18 

 � °C 16- ��D��8 ���J.  v�%� !��7 �7 �"24  G��6= .�� w�� [�x g �"�9� �7��
 y��I 1� b. �V��� 1��z �i� g  [�x)

� !��7 �7 ��� ����� �9� !��f ]�� �7 i� � G��8 ���J v�%4  G��6 (�� g= bt6�"�9�  � �
�� G/: �6�� �77 �
�E�8 �

�� ��7!  °C 2 ± 25  	�H
 G��T� �70  % .��D��8 ���J  

1.� �"
�#$  

   3���1= W���� ���R% ��7 3���1= ��
�� W�� �� �V��� 1� y��I 1� b. �"�9� �: ]���% 4H,% ���8 �7 ��8 5� .�
�� ^� ��

 �� 	��X �D6�. [9f 1� b. _�� � ��� 	��71��8 Y�� !�� G/: >4��Q4�����	 � �R6�S 
4^ G0�
 )MS/2( :G/ 

.�
�� ���8 �D6�. �7��
 ��� ���� �Q�7 G/: �6�� �7  �
�E�8 �7 � ��!��7  °C 2 ± 25  	�H
 G��T� �70% J��D��8 ���.   

  

 

 

1- Murashige and Skoog 
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��1 �1�� 5� �720  G��6 � � �7 1��	8-�%  � 1� b.30 1�� {I�� ��� !�" d����� @�T � ���HI�� @�T�/ 

����46� >I 3:KHf�� 	D
�6 �D��1��
�.�� !�48  �7= @�� 3���1�%  �1�  <���HI�� 5/I ��%  �1� /I �� 5��/ ����46� 

 �1��%@��KG 224-1 S  ���+= KHf�� 	�4���8<  ��%  �1� d: 5/I �1� � d:  c���� 1� �1� %�   �/�� � ���HI�� 5/I �

KHf�� 	�4���8 �1��
�48�! ��.  

  �1��
�84�! � �7 � G��6 	8-�% _�� �� Maguire  )24( .�� ���
�  

GP=
∑(�1���%�71�
����9�����×���) 

�9�d:����
 )� �7 	8-�% (  

∑(	
� ����!�"�9��
����71�%1�� )

�
   =GR ) G��6	8-�%(  

 n :  1�� 7��U%  

 ���
� !��� �1Y ���150  �  �7	8-�% )T50 �� ��6��� ��1 �B��� N�6� �� (  

T50= ti+(N/2- ni) (tj-ti)/nj-ni 

N  :����  d: �9����-�%< ni �nj   ���� �9� ���-�%��]��   	U��%�7 G4U|� nj</2N <ni ،ti-tj  1 (1��) ����� K4%�%  !���

_����!�" ni  وnj. 

	
��	� 
���
�  

  ��1=�3�" ��]��  ��D:���d K+�J �7  }�T��d��: ��T �7�e%	١)CRD(  ��4 ���R%  ���R% �" �7 � W4�5 �% 20  �9����!  �"

%4��� �7�7 .�� ���
� 1� �7��D6� �� �"��
��V�� SAS  �EH
4,9 ��:��! � �4Q
�4W �7�7�" �� �7��D6� 1� ���1= LSD AB6 �7 @��Df� 

5 < �
�� �H��,� . 

01� � 2�
3�  

�%� 3GA �* �� 	 �7/�89 � ��+  

  ��4D
!�" �,���H �4Q
�4W �" @���)1( 7�7 ��/
  �:���:��T	 ���4% WD��8 �0
 �7 ���� 3GA  � �7 <���4% ���1 ]�� �

	8-�% 	"�:  ��7�� ����T 	�U�.7�� �;�� 1� �D/4� !��7 �%Y���W � �7 	8-�% )100�
�8 �7 �" �7 ( G0�
 �7150�4�	 �� ��8

+4�D 3GA  �7�1��  	
��124  G��6G67 �� .��= ^"W4�X ����  �: 	��"1��50 % ) 	8-�%50T ( v��%�	��D��  3��V�� ��

54+��4� �46�  .G��� 3"�: �7	"�:  ��7��  �" �7�1�� �7 
��1	 12  �24 �V�� �� G��6�3  G0�
3GA  ��150 �4�	��8  �7

+4�D  G��6	8-�% ����T �U�	!��7 �V���3 �G�� . G��6	8-�% !�"�9�  7��� �
�8 �7	6���  �7AB6!�" 50  �100 �4�	��8 

3GA <�U� ]���%	��7! �� �� ��R��Q 7��
 ��/
�
  AB6 �7 ���150 �4�	��8 + �74�D 54+��4��46�< �%Y���W �4��V  G��6

	8-�%  �7	"�:  ��7�� �U� ]���% �: �� ��"�/�	��7!  �� ���Q�7 AB6!�" ��W ^40�%	"�48 ��� ����:  �
�8 �7 � G��7

�V�� �X�8� �;���3  G0�
54+��4� �46� �V�� K�6�3  G��6	8-�% ]���% ��� �� �9��" 	�U���7  .7��
� �0
 ��	�6� �R	 

Y7 1��d � �7 ]���%4��V 	8-�% 9��"� �
�8 �7!�" ��
 ��7�� C�DE�	 � 1�4��V 0�% ]���D�4^����:!�"  �9� �7 7���� ���

���� � K��� �:	7�� �
�8 �%�" �7 i6�. �� 4%�"���! 3�:�� <C�DE�!�" %���D�	 ��"7 ��/
 7�I 1� )27(. 7����: 

54+��4��46� !��� �� ���
 	QD�I �4V�;�+��5 H� �74��! b�� 1�!�" 84"�	 1� ����  b��Prunus 6� ]��2� ��4��  G6�

)4 <6( .��4���� dR/� �: G6� 	8-�% ��
��71�� 7��� d4+7 �� ��7�� !�"�9� !�"	8-�%  �7����� G6� .%4��� �`9�"� �`� 

54+��4� �46� o��� �V��3� G�H
 54+��4� �46� �� 5�V4H�= �46�  ���7�`9�  �7 ���4D
 o��� ��`V�3� �7 `� 	8-�% �`9��" 

	�77�8 )18(. �4+��4WH% � @�D�: �7 �"��n 	8-�% �9� ����T ,DH�4^  ��� � �
��7 G+�I7�DI�� �V�� �� ���3 �|�K 
�H/:	 

7����� H
�D.4d  g=�DI�� D
 �7 �4�� OH%4d  ���7 �� g= 7����DI�� 	�7��� @��
7 �� .�W ��=��� �T�d  ����DI��  ��	��"7 .

�4+��4W �2� �H%�n X ���7 3"�: �7 ����:4�� ���6	� �  WDHR�	QD�I  �	8-�% �"�9� G6� �D��7 �: "�� ���"7 ��/
4G 

 

١- Completely randomized design 
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����"	 	QD�I  �9��
�8!�" ��7�� � ��" 	� ���� )21(. �V��3� G��6 	8-�% 9���"! ��4%� ��� �� W4+��4� WR�� �G6  �� 

��%�: �7�: ��] 1��� GI�61�6� o��� n��H% 	8-�% ���  ���7��
@  �=�� 3"�: W4Q
�4� 1��� 	8-�% ���� ��7 )16(.  

  

 @���1-  �2�!�"  <�
�8 ]�� � ���154+��4� �46�  �� � �7	8-�%< 	8-�% G��6 � � � �J�6 @�T��/  ���7 >���� �7

.!� �/4� 

Table 1. Effects of species, duration and GA3 on percentage of germination, germination rate and shoot and root 
length in in vitro condition. 

†In each column, means with the same letters (small letters for interactions and capital letters for the main effects) 
are not significantly different at 5% probability level using LSD test. 

†��D6 �" �7< W4Q
�4�!�" ���7! [�f!�" ) P�D/�[�f!�" ��� 5X�:! 3�R�"���"  �[�f!�" ��� S�V�! �2�!�" � �	 AB6 �7 (@��Df� 5% 

 ���1=LSD ���7!  [\DI�	�U���7 
4��DH.  

�
�8 

Species 

���1  

Time 
(h) 

�46� 54+��4� 
 3GA  

)1-mg L (  

 ���150% 

	8-�%  

T50 

(Day)  

  � �7	8-�%  

Germination 
(%) 

	8-�% G��6  

Germination 
rate  

���HI�� @�T  

Shoot length 
(cm) 

�/�� @�T  

Root 
length 
(cm) 

	"�:  ��7��           

Prunus 

scoparia  
12  0  †9.2 efg 60 bc 0.06  d-g 1.92 efg 7.4 d 

    50 8.2 gh 70 bc 0.09 cde 2.44 c-g 14.9 abc 

    100 7.0 h 100 a 0.14 bc 3.34 abc 15.3 abc 

    150 5.7 h 100 a 0.22 a 4.12 ab 18.6 ab 

  24  0 13.1 ab 45 c 0.06 d-g 1.36 fg 12.10 cd 

    50 12.6 abc 85 ab 0.08 def 2.86 cde 14.86 abc 

    100  11.3 cd 100 a 0.1cd 3.18 bcd 20.4 a 

    150  10.5 def 100 a 0.2  ab 4.48 a 20.5 a 

�;��           

Prunus 
elaeagnifolia 

12  0  10.3 cde 45 c 0.02 g 1.08 g 12 cd 

    50  9.5 def 60 c 0.04 efg 1.34 fg  13.58 bcd 

    100  8.7 fgh 65 bc 0.04 efg 2.64 cde 15 abc 

    150  7.9 gh 85 ab  0.06 d-e 2.84 cde 15.88 abc 

  24  0  14.1 a 50 c 0.02 g 2.10 d-g 10.82 cd 

    50  13.9 a 50 c 0.02 g 2.18 c-g 10.84 cd 

    100  12.7 abc 65 bc 0.03 fg 2.8  cde 13.42 bcd 

    150  11.6 bcd 100 a 0.04 efg 3.28 bc 17.14 abc 

�2�!�" 	� �                

Main effects �
�8 

Species  

	"�:  ��7�� 

Prunus 
scoparia  

9.7 B 82.5  A 0.11 A 2.97 A 13.5  A 

    �;�� 

Prunus 
elaeagnifolia  

11.1 A 68.7  B 0.03  B 2.28  B 15.5  A 

           
  3GA  0  11.7 A 51.2  C 0.03 C 1.6  D 9.95  C 

    50  11.1 A 72.5 B 0.06  BC 2.2 C 14.6  B 

   100  9.9 B 88.7  A 0.07 B 2.9 B 16.04 AB 

    150  8.9 C 90    A 0.13   A 3.6  A 18.05 A 

           
  ���1  12  8.4 B 81.8 A 0.08  A 2.4 A 13.5 A 

  Time  24  12.5 A 69.3   B 0.06  B 2.7 A 15.5  A 
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��1 �1�� �7 �" �7	 12  �24  G��6 �
�8 �7 �" �7 � G0�
 3��V�� ��3GA  �� ��  1�150 	�4� @�T �� �D4+ �7 ��8

 �� �7�V�� ���HI��) @���1.( �4�D/�W ���HI�� @�T �7 �
�8  	"�:  ��7�� )48/4D
�6	�D�( �7 %4��� 150 �4�	��8 + ��4�D 

54+��4��46�  � �1��
��1	 24 G��6 ��	�U� ]���% �: ��= G67^" .7�7 ��/
 �"�� �� �� !��7W4�X �4�D/�W � @�T��/  �7

 �
�8	"�:  ��7��  �7G0�
!�" 100  �150 �4�	��8 + �74�D 3GA % �74��� 12 �� G��6��= G67< �U� ]���% �X�8�	!��7 

�7 �"4W G0�
 �"% ��4��� 24 G���
 G��6  dR�)1.( �7 �;��  �" �7G0�
 3��V�� �� �X�8� <	
��1 �1�� �7  ��150 4��	��8 

+ �74�D 3GA 3��V�� W�� ��� <G��� 3��V�� �/�� @�T 	�U�7��
 ��7. 

  �4+��4W�" ��% o����5  ���3E�!�" ��"	� �48� �� �-�� �J�6 �	�
�� .W4+��4� o��� @�U�!1�6 =^�V
 �4"��V4+ ���:� 

=��+ =\4�1 � ��� �V��3� G4+�U� �W� =^�V
 ����  ����V�% �7��!�" Iz4��!� � ��,D
@  �=�� ���� ����� � �V��3� ��48 ��� 

	�7�� )28(. ^"W4�X< �46� 54+��4� �� 5���% ^4H,% �DI��!�  �d��T ��� �DI��  ��� �"  �7K��� ���< �� �-��  �7

���
�!�" �"�	� �"�48� C�DE� 	�7�� )22(. ��4D
!�"  3"�-. W�� ���D���!�" Rawat )29 (��!  ��
� �H�"�	����. ��4� 

G6� ��� �: 3GA +�U�4G V
=�^ ��1�+�� �	]��H� H:���:41\-H:�4-���) 1�
4�RHV
= �: (�^ 	� � VD�6�D�! 8 �74��"�  G6�

�V�� ���3 �	�"7 .^"W4�X ��% K����5 GI�6 � 3R�= �
�= �� S�� 1� �= @�,D
� � 1��:�6	�7�. @��Df� ��  7��1��%�5 

GI�6 % �2� �7 3R�= �
�= �� �= @�,D
� � 1��:�64��� 54+��4��46� �V�� K��� �O�% �
�3 3E� �7 ���!�" ��"	� 84�� 

�	<7�� 7 3E� �R����Q!  1��7���"  �����
�!�" 	�4�1��1 
4V  d,D����� �: �V���3  ������/ 7��7 	. �7 �� )1.( 
 

 

       
                          (C+�)                                             (g)    (y)                                     (7) 

 

Fig. 1. Effect of GA3 (150 mg L-1) on in vitro seed germinaition and growth of Badam Kohi and Arjan. A-B) 
control and GA3 treatment in Arjan; C-D) control and GA3 treatment in Badam kohi. 

 dR�1-  �2�3GA )150 	�4� �� (�D4+ �� ��8	8-�%  ��� � �9�	"�:  ��7�� �;�� �  ���7 >���� �7�/4�!�g � C+� .( �"��   � ���4%

3GA  �7	"�:  ��7��� 7 � y(   ���4% � �"��3GA  .�;�� �7 
  

�+  2#	 
/
:�
� ,<"/ 	  

  ��	�:��T [\DI� �U�	!��7  �7�%  �1� � ���HI��4W  �7�
�8 ��7�� "�:	 )950 	�4�� (��8 �;�� )690 	�4� ��"�/� (��8

 G0�
 3��V�� �� � ��3GA  �� ��  1�150 	�4� ���HI�� �1� �D4+ �7 ��8����T 	�U� 3�R�"�� .G��� 3��V�� !��73GA  �

 �� 	"�48 �
�8 � ���1�%  �1�  ��V4� W��D�: �: 7�7 ��/
 ���HI���%  �1�  W��D/4� � �"�� �� Z���� ���HI���%  �1� 

 ���4% �� Z���� ���HI��150 	�4� �7 ��8�D4+ 3GA �1�� �7 �7  	
��112  �24 .7�� G��6  !��� {I�� W�� ��V4��	"�:  ��7� 

 AB6 �7150 	�4� �D4+ �7 ��83GA  	
��1 �1�� �712  G��61276 	�4� ���1 �7 � ��824  G��61322 	�4� !��� � ��8

 ���1 �7 �;�� �
�812  G��61268 	�4�.7�� ��8 �4�D/�W �%  �1� ���/  �
�8 �7	"�:  ��7�� )3220 �4�	��8% �7 (4��� 

150 �4�	��8 + �74�D 7 �� �: �� d �f��Q %4�"��� �" �7 �7 �U� [\DI� �
�8	!��7 
 �;�� .7�7 ��/
 ��4V ���7! �4�D/�W 

�1� �% ���/  AB6 �7150 �4�	��8 + �74�D  3GA  �7 �" �7�1�� 
��1	 12  �24  G��67�� �,� �7 �:��H  [\DI� �"�� ��

	�U�!��7 .7�7 ��/
 ��  7����:3GA �V�� o����3 ���� S�� ��� � �:�W �V���3 ���� �V�� K��� S���3 ����:VD�6�D� AB6 

84�� � ��`V�3� 4�`V�� �7��!�" 9
�	� �DI�6 ���  �7 ���4D
 �V��3�  �1��% 	�7�� )9.( 	���V8 �7 Rout �  ����R�")28( 

7�7 ��/
�
 �� W4+��4�  ��� 3��V��o��� @�O
�7  3��V���%  �1� 	� .7���4+��4W  K6��� G0�
 �734.  1�	8-�%  <�9���V�� 

 A                                            B                                                 C                                           D 
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�� W���: =����� 	8-�%  ����1 �42r% � ���J	�"7< ��! ��� 64^DH ���/!� @�O
�7�" �0
 1� �1�  ^�f ��2�� �7�� � :4�4G 

���/  Y�� ��	�7�� )5.( 

2#	 
/
:�
� =<� 	 ,<"/  

   <	"�48 �
�8 �7 �" �7�4�D/�W �4��V 5/I �1�  �7) ���HI�� �;��153 	�4�� ��8  �7	"�:  ��7�� 185	�4�(��8  �7

 7����: �2�150 	�4���8 + ��4�D  ���1 �724  ��"�/� G��6�� �: �U� ]���%	��7! �"�� �� G�H
 �� 7�I 7�7 ��/
�
  

 @���)2 .(3�R�"��  ���4% � ���1 <�
�83GA ) �/�� 5/I �1� W��D/4� �: 7�7 ��/
214 	�4���8  G0�
 �7 (150 

	�4���8 	�U� ]���% �Q�7 !�"���4% �� G�H
 �: ��= G67 �� �D4+ �7 .7�7 ��/
 �� !��7� �
�8 �7 �" �7 
��1 �1�� �7 �" �7	 

12  �24 � <G��64��V 150 	�4���8 + �74�D 3GA ���U� ��T	��7! �V�� K�6�3 � 5/I �1���/  .�� 7�I �"�� �� G�H


�42r% 3GA �`� ��`V�3�  �1�I`5/ �48�  ��	����% �`� %`�42r  �=�`� �V��3� V4��� 6�D�`VD�  �:`3"� %`b�� 
`��!  1���� 

�V��3� AB6 ��S G�H
 7�7 .��4D
�"	/"�-. ! ��! ���1 �
�E�: �٢  �: 7�7 ��/
3GA �V�� o����3  ���HI�� 5/I �1�

) �� ^J� �7 �" �74 �� �: (��4D
!�" ��W  �7 3"�-.�5 G6� �D6��. �V��3�  �1�5/I ��"�48 �"�9� �7! ���4% 34.  ���

� ��4+��45 6�4�  �� G�H
!�"�9� ���4% 34. ��/
<  >6�%Ansari ) ����R�" �13% .G6� ��� _��V8 (4��� 84��"�  ��3GA 

�4��V H,%4^ �DI��!� ���^DH N�� ���/ +��4� +�T ��� �� ���� �:	 �	7�� 1 ���7� �	.��: 	R� 7 1�d�Y �V��3�  �1�5/I 

�J�6 �X>6�% 3GA �� @��Df�< �V��3� � �7�� H,% �4^ �DI��!�  1���� �42r% �� GI�6  �G4+�U� �"���� �W4H: � W4���:�D��6 

.����  �7��4%�	��" �: 	8-�% n��6�% ���
� 	�7��< 	/E�  �= 1��� !��U� ��c� ��� � �V��3� 	8-���"  �7�H��,� �� 

	��"��"�48 �G6 �: 	8-�% 7 ���%�� =�
1 �:�7� .�
 

!
�-�� ��/ 	 � ��+ �* �
34-� �%�,<�� 2	�* >"��� /� 
���  

  ��4D
�" ��/
 7�7 �: %4��� 7���
� ) °C 16- (�7 �" �7 �
�8 �� ��T	�U�!��7 K�6 �V���3 7� � � G��6 	8-�%  �

 3"�: T50�� .�4�D/�W � �7 )96 (� G��6 	8-�% )4/1 (1�� �7 �9� �7 �
�8 ��7�� /f�	 v��%� 7�D�� )@��� 3 .(%4��� 

�
��7� 
4V �� ��T	�U�!��7 K�6 �V���3 @�T ���HI�� � @�T ���/ �7 �" �7 �
�8 84"�	 G�H
 �� ��"� ��.  

!
�-�� ��/ 	 � ��+ �* �
34-� �%�,<�� 2	/� 	 2	�* >"��� /� 
� ��  

 89�� 	 2�?�� �* �
34-� �%�� ��+  

  ��4D
!�" .43%4��� �: 7�7 ��/
 �9� 	8-�% � �7 �� 7���
� �/4� ���� � ���7 >���� �7 �7 7���
� ���4% K�6 !�

	�U� 3��V����7 	8-�% � �7 �� �"�� �� G�H
  @���)4 .( � �7 W��%Y�� �X�8�	8-�% )92 	/f� ��7�� �
�8 �� Z���� (

��� �7 .7��
 ��/
 �� !��7��U� [\DI� G/: >4�� � 7���
� >���� �7 �"���4% �Q�7 �� ��� <7�� P�I >4�� �7 � 7���
� >�

%4��� �U� ]���% 7���
�	��7!  �7 �" �7 �"�� �� G�H
 	8-�% G��6 �7 ���
�8 	"�:  ��7��  �;�� � P�I >���� �7 ���7�� 

7�:�/4� ���7 >���� �7 ��� <	�U� ]���% W�� !�^" .7��
 ��7 W4�X 7���
� 3"�: K�6 T50 � ���7 >���� �7 �7 ����

�/4�!�  .�� .43 "7���6	 ���! 9��	��" ���7 �:! �I�7 	QD�I	 �� �� ��DH�1 7�6 ���7 <��DH"4�!1�6  �``�O� 3``,
	 

 �``��� �9``� 	QD�I WD``HR� � 	8-�% �``��=�� �7	���: )20.( �``�7! ) W``4��.4  ���7N�4H�6 ( @�kH� �; ��4� o���

	� W4+��4� GI�67��  �:�����=�� n��H% ��0�� �9� c�
 �� �DH� 	8-�% 	� 	"�48 �
�8 ����%  �``� �� ��``�4% W``��

``��"���4%	 ��
�� �� 1� �7��D``6��7��4�4``� !�"	 ^" � 7�``: K``4:�% <�9``� �D``6�. [9``f W4�X)23.(  _��V8���  G6�

R/% �� ���� K�
� ���64<d 1�67�1=!  �@�U� !1�6"4+���4D4R	 !��� V�%�� k%��.4W�" Iz �D6�/
 �4��  �9� �7 ���!��� 

9s%�� � �����	7�� �� ��W _�� �� � G�q� �2� 	8-�%	87��9 )31.( I��	 �� �"�9��� ���6 ��!  �D6�. �% �
�� ����� �����E�

�=�"  � 7��7�� [�R�	8-�% �= �7�" 77�8 1�
= )15���6 .(7	" �%�:� ��] 7 �7�"��! 1�� ��  ������� 5� ��P 	����6 �� 

9�� �G6 �% ��V�� �� GHR� �Ig� 9�<� 1��� ���67	" V4
 3"�:  ����)2(. ����>  P�I�i�71  G6� WR�� ��DH�1 de� �7

�� ��T!�4Q�/X  K�6	8-�% ^" ��"�9� ��� W4�X! �+�6��X  7��)17.( ���67	"  �7�T��[ �:�7 	QD�I �+��V4� 5�;

����� �2�� �G6  �����  3"�: ��ABA � �V��3� �����"!�" ���P ��� ��
�� �"���� W4+��4� �	7�� )8.(  d������6< 

 

1- Pistacia atlantica                                      2- Pistacia khinjuk 
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��V�� �� 5���% GI�6 W4+��4� ���7<�1 ���P�"! 7�Q�!  ���U�@ �	��: �: K�6 �V��3� G��6 	8-�% 	�7��  ��� 3"�: 

�%1� �����"!�" ����71�
� � �V��3� �%1� �����"!�" ���P K�6 �V��3� d4H
�D. 	8-�% �	7��. ��W +7 �� G6� WR�� ���4d 

s%44� 6 �74+�4G  �/
�� +�U�4G V
=��	 ���� )31.( 

  

@��� 2-  �� 54+��4� �46� � ���1 <�
�8 �2��%  �1� �/�� � ���HI�� 5/I � !� �/4� ���7 >���� �7.  

Table 2. Effect of species, time and GA3 on shoot and root fresh weight (FW) and dry weight (DW) in in vitro 
condition. 

�
�8 

Species 
 

���1  

Time 
(h) 

 54+��4� �46� 

3GA  
)1-mg L( 

�%  �1� 

�HI����  

Shoot 
FW (mg) 

�%  �1� 

�/�� 

Root 
FW 
(mg) 

�1�  �%  

d: 

Total FW 
(mg) 

 5/I �1�

���HI�� 

Shoot 
DW 
(mg) 

 5/I �1�

�/�� 

Root 
DW(mg) 

 5/I �1�

d: 

Total 
DW (mg) 

	"�:  ��7��            

Prunus 
scoparia 

  

12  0  
†608 d 470 cde 1080 efg 136 ab 36 f-h 172  bc 

    50 1100 ab 500 cde 1600 cd 152 ab 72 bcd 224 bc 
    100 1114 ab 600 c 1720 c 158  ab 91 bc 250 b 
    150 1276 a 3220 a 4498 a 165 ab 214 a 382 a 

  24  0 484 de 325 de 809 g 130 b 44 efgh 160 bc 
    50 706 cd 543 cd 1248 d-g 147 ab 56 def 186 bc 

    100  1058 abc 560 dc 1618 cd 156 ab 67 cde 240 b 
    150  1322 a 1206 b 2528 b 185 a 98 b 254 ab 

�;��            

Prunus 

elaeagnifolia 
12  0  

664 d 260 ef 924 fg 118 bc 18 hi 136 bc 

    50  686 d 440 dce 1126 efg 118 bc 48 defg 166 bc 

    100  764  bcd 474 dce 1308 c-f 155 ab 53 def 210  bc 
    150  1268 a 543 cd 1742 c 158 ab 86 bc 250 b 
  24  0  210 e 40f 255 h 61 d 16 i 77 c 

    50  572 d 422 dce 994 fg 74 cd 26 ghi 94  c 
    100  626 d 502 dce 1128 efg 147 ab 52 defg 192 bc 

    150  810  bcd 658 c 1468 c-f 153 ab 67 cde 229  bc 

	� � !�"�2�            

Main effects �
�8 

Species  

	"�:  ��7�� 

Prunus 
scoparia  

950 A 930 A 1880 A 150 A 80 A 230 A 

    �;�� 

Prunus 

elaeagnifolia 

690 B 410 B 1110 B 120 B 40 B 180 B 

            
  3GA  0  490 C 270 C 760 C 110 B 20 D 170 B 

    50  760 B 470 B 1240 B 110 B 50 C 160 B 
   100  890 B 550 B 1440 B 150 A 70 B 220 AB 

    150  1160  A 1390 A 2550 A 160 A 100 A 270 A 
            
  ���1  12  930 A 810 A 1750 A 140 70 A 220 A 

  Time  24  720 B 530 B 1250 B 130 A 50 B 190 A 

†In each column, means with the same letters (small letters for interactions and capital letters for the main effects) 
are not significant at the 5% probability level of the LSD test. 

 ��D6 �" �7W4Q
�4�!�" ���7! [�f!�" ) P�D/�[�f!�" ��� 5X�:!  � 3�R�"��[�f!�" ��� S�V�! 	� � !�"�2� AB6 �7 (@��Df� 5%  ���1=

LSD ���7!  [\DI�	�U���7 
4��DH.  
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 @���3-  �2�!�" �
�8  7���
� � ��� �7 <	8-�%  G��6	8-�% � � � �J�6 @�T��/ �/4� ���� >���� �7!�.  

Table 3. Effects of species and freezing on percentage of germination, germinaition rate and shoot and root length 

under in vivo conditions. 
�
�8 

  Species 

 ��7 

Temperature 
Celsius (°C) 

 ���150  �  �7

	8-�%(1��)  

T50 (day) 

 � �7	8-�%  

Germination 
%  

G��6 8-�%	  

 �9�)�7 1��(  

Germination 
rate  

���HI�� @�T 

Shoot 
length (cm) 

�/�� @�T 

Root 
length 
(cm) 

	"�:  ��7��       

Prunus 
scoparia 

18 †6.67 b 40 b 0.2 c 9.5 b 5.6 c 

 -16 3.9 c 96 a 1.4 a 15 a 11.6 a 

�;��       

Prunus 

elaeagnifolia 
18 10.9 a 29 b 0.1 c 4.3  c 3 d 

 -16 7.63 b 78 a 0.7 b 11.3 b 9.4 b 

	� � !�"�2� 

Main effects 

      

�
�8       

Species 	"�:  ��7�� 

Prunus 
scoparia 

5.2 B 68 A 0.8  A 12.2 A 8.6 A 

 �;�� 

Prunus 

elaeagnifolia 

9.2 A 53 B 0.4 B 7.8 B 6.2 B 

��7       

Temperature 18 8.7 A 34 B 0.15 B 6.9 B 4.3 B 

 -16 5.7 B 87 A 1.1 A 13.2 A 10.5 A 

†In each column, means with the same letters (small letters for interactions and capital letters for the main 
effects) are not significant at the 5% probability level of the LSD test.  

 ��D6 �" �7W4Q
�4�!�" ���7! [�f!�" ) P�D/�[�f!�" ��� 5X�:!  � 3�R�"��[�f!�" ��� S�V�! 	� � !�"�2�AB6 �7 ( @��Df� 5%  ���1=

LSD ���7!  [\DI�	�U���7 
4��DH. 

 

!.; / 	 
/
:�
�",<  

   �7 �" ���HI�� @�T�
�8 	"�:  ��7�� . �7 �;�� �43 %4��� �V�� 7���
��3  ���7 >���� �7 3��V�� W�� ��V4� ��� <G���

�/4�	�U� !�7��
 ��7  @���)4	�U� 3��V�� K�6 P�I >4�� � 7���
� ���4% .( .�� �"�� �� G�H
 ���HI�� @�T ��7

���/4� ���7 >4�� 1� �D/4� P�I >4�� �7 ���HI�� ��� 	�:��T >4�� � 7���
� >���� .7�� !�MS  3��V�� K�6 @�T

���/  �
�8 �7 �;��)6/13 	D
�6	"�:  ��7�� � (�D� )12 D
�6	�D��H
 (�"�� �� G  dR�) �� 7�I2(�V�� K�6 ���6 .�3 �4�� 

 �;1OX3GA V
=)�^ ����:�4+�%  @�U� dR�3GA� �7 (��/�X Y ��� � ����+=	7�� �V�� �:�3 � @�T��/ �	�
��%  Z��%�� �7

� ���W  ���� c�|��)12.( ��7 �7! �.4�W �"��J! �V�� 1�D:��� � @�����3 �	���� "7���6 �:	 �V�� o��� �9��3  G0�


�"�9� �7 V:��8� 1�D:���! ���6 7��� �V�� � ����3 �"��J! �V�� o��� @�����3 �4�D/ 6�D67	 �7���9
 !�"	�  �7 ����� ��

D
4�� �V�� �� �����3  ���@�O
�7 �	) 7��21� G6� ��� _��V8 .(i<g= P��� 3��V�� K�6 n
��� n�� � 	8-�% !�"

	� 	R�;�+��V4�	�
 	��O�% �� W4+��4� �: !��: <7��� 7�� ����" ���6 �� ���� � �"7 ���
� �
��% ��� W�� 1�  o������ 7��O�>� 

�4V�;�+�	� �9� ���7 ! 7��)3.( %4��� �i g= �44s% o��� G��O
 �7G�H
�"! 
����"	 
��7	 � n�
 �� �9�4+��4W  �� �"��I

. 7�I �:b  Y �� @�,D
� 1��� = �� ���+@�U�!1�6 V
=�^�"! ��V�%����: Iz4�� �9
	� �9�   K�6��%5� 84��  !�"�e�� g9� �7

�9
<	� �V���3 +�U�4G ^�V
=�" +���D� �4^H 84��  �^" W4�X�V���3 k%��. <�"��J G0�
4W<�" 6�4�"�! +=	 
�U� !�"�e�� �	 

8 G�����4 �	7�� � 1� ��W ��� 84�� �J ��! 	���:  ����V4 �V�� �� �= ����3 	��"7 )31 .(  
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 @���4- �2� �
�8 G/: >4�� � 7���
� < �� G��6 � � �7	8-�%< � � �J�6 @�T��/ �/4� ���� � ���7 >���� �7.!�  

Table 4. Effect of species, freezing and culture medium on germination percentage, germination rate, shoot and 

root length in vivo and in vitro condition. 
�
�8 

Species 
 

G/: >4�� 

Culture 
medium 

��7 

Temperature 
˚C 

 ���150  �7

�  	8-�%  

T50 (day) 

 �  �7	8-�%   

Germinati
on % 

 G��6	8-�%  

Germination 
rate 

���HI�� @�T 

Shoot 
length (cm) 

�/�� @�T 

Root 
length 
(cm) 

	"�:  ��7�� MS       

Prunus 
scoparia 

 18 †12.1 abc 35 b 0.04 c 1.7 d 5.6  c 

  -16 8.2 d 75 a 0.06 c 3.2 d 12 a 

 P�I   

   Soil 

      

  18 9.3 bcd 20 b 0.12 bc 10.4 b 2.4 de 

  -16 4.7 e 92 a 0.32 a 13.8 a 10.5 ab 

        

�;�� MS       

Prunus 

elaeagnif

olia 

 18 14.06 a 35 b 0.03 c 1.3 d 4.9 cd 

  -16 10.5 bcd 70 a 0.06 c 2.5 d 13.6 a 
 P�I    

  Soil 

      

  18 12.5 ab 16 b 0.05 c 6.1 c 1.2 e 
  -16 9.2 cd 80 a 0.17 b 13.1 a 8 bc 

	� � !�"�2� 

Main 
effect 

       

 �
�8 

species 

      

  	"�:  ��7�� 

Prunus 
scoparia  

8.7 B 65.7 A 0.11 A 5.7 A 7.6 A 

   �;�ا  

Prunus 

elaeagnifolia 

11.5 A 58.7 A 0.07 B 4.3 A 6.9 A 

        

 G/: >4��       

 Culture 
medium 

MS 11.2 A 56.1 B 0.04 B 2.1 B 5.5 B 

  P�I  Soil      9.1 B 67.8 A 0.14 A 7.9 A 9 A 

        

 ��7       

 Temperature 18 12.1 A 45.2 B 0.03 B 2.3 B 3.5 B 

  -16 8.1 B 79.2 A 0.15 A 7.7 A 11 A 

†In each column, means with the same letters (small letters for interactions and capital letters for the main 
effects) are not significant at the 5% probability level of the LSD test. MS; Murashige and Skoog (1962).  

 ��D6 �" �7W4Q
�4�!�" ���7! [�f!�"  ) P�D/�[�f!�" ��� 5X�:!  � 3�R�"��[�f!�" ��� S�V�! 	� � !�"�2�(  AB6 �7@��Df� 5%  ���1=

LSD ���7!  [\DI�	�U���7 
4��DH.   

  

�+  2#	 =<� 	 / 	 
/
:�
�",<  

  8 �
�8 �7 �" �74"�	 %4��� ) 7���
�°C 16- (����T �V�� K�6 ��7��U��3 �%  �1�  @���) �� 7�I �"�� �� G�H
 ���HI��

5� .(4�D/�W �%  �1�  �� Z���� ���HI��	"�:  ��7�� )1227 	�4���8��� �7 (�>  �
�� ���" �� .7�� 7���
��%  �1� ��<�/ 

4%��� �V�� K�6 7���
��3 � 5/I �1���/ � ��� ���W �V���3  .7��
 ��7��U���	�:��T  �1�5/I �/�� ) �;��80 	�4���8 (
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� ����� �7��/ 	"�:  ��7�� )40 	�4���87�� ( ��� 3��V�� K�6 7���
� �X�8� 	"�48 �
�8 �7 �" �7 .�%  �1�  W�� ��� �� �/��

 3��V��	�U���7  .7��
��	�:��T  �;�� �
�8�%  �1�  �� G�H
 !�D/4� �/����7�� 	"�:  .G��7  

  ���6 �V�� o����3 ��D��! D��� g=	 84��"� �	� �: 7��	���% � G�8�W �V�� o��� ����3 �%  �1� �	77�8 )1 .( !1���


����R�" � !�48 )11 ( �
7�: ��4��"��7! �.4�<W  K����V���3 � 7�R�����/ 	���4D
 �� �: 7�� 5� �7 3"�-. W�� !�"

 .G6� �D6��� �7 ]���%4��V �"��J! k%��. <1�D:��� � V:��84W 6� � d:4�=�4�� +��.4W  �U� � d�J ��f�� �7 1�"7���6	  _��V8

7�8��� �V�� � G6��3  �7 1�D:��� � V:��8 G0�
!�"�9� ���6���7 �o�� �V���3 � 5/I �1�	 7��)21 .(�V��3�  �1�5/I 

�48� /���`� (Viola odorata)   �7	���7 ���4% C° 14- � °C 18- 8`V_��  ����4��� �: G6� �W� G+�f WR�� �G6 	��
  1�

��2!�" ���6 �� �
����"! �	��OD
  �9f[ �= 	8�4X�"  �5���% �48� !��� 4+�%` ��I���"! /4�`�D ���� )10(. 
 

  

 @���5-  �� 7���
� � �
�8 �2��1�� � ���HI�� 5/I � �%��/ �/4� ���7 >���� �7.!� 

Table 5. Effect of species and freezing on shoot and root fresh, dry weight in vitro condition. 

In each column, means with the same letters (small letters for interactions and capital letters for the main effects) 
are not significant at the 5% probability level of the LSD test.  

 ��D6 �" �7W4Q
�4�!�" ���7! [�f!�"  ) P�D/�[�f!�" ��� 5X�:!  � 3�R�"��[�f!�" ��� S�V�! 	� � !�"�2��Df� AB6 �7 (� @5%  ���1=

LSD ���7!  [\DI�	�U���7 
4��DH.  

  

  

  

  

  

  

�
�8  

Species 

 ��7 

Temperature 

 (˚C) 

�%  �1� 

���HI��  

Shoot fresh 
weight (mg) 

�%  �1� �/��  

Root fresh 
weight 
(mg)  

 5/I �1�

���HI��  

Shoot dry 
weight (mg) 

 5/I �1�

�/��  

Root dry 
weight (mg) 

�/�� @�T 

Root 
length 
(cm) 

	"�:  ��7��             

Prunus 
scoparia  

18  †837 b 212 b 80  b 22 b 5.6 c 

  -16  1227 a 275 b 176 a 65 ab 12 a 

�;��         

Prunus 

elaeagnifolia  
18  307 d 330 ab 67 b 73 ab 

 
2.4 de 

 
  -16  605 c 404 a 146 a 105 a 10.5 ab 

	� � !�"�2�  

Main effect  
      

 

�
�8 

Species  
      

 

  
	"�:  ��7�� 

Prunus 
scoparia  

1030 A 240  B 120 A 40 B 
 

4.9 CD 
 

  
�;��          

Prunus 

elaeagnifolia  

450 B 360 A 100 A 80 A 13.6 A 

��7 

Temperature  

       

  18  570 B 270 A 160 A 40 B 1.2 E 

  -16  910 A 330 A 70 B 80  A 8 BC 
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          A                                    B                                   C                                    D  
 

 
                          

 
Fig. 2.  The effect of freezing on Badam Kohi and Arjan seed germinaition under in vitro conditions. A and B, 

freezing and control treatments in Arjan respectively. C and D, freezing and control treatments in Badam 
Kohi, respectively. 

 dR�2- �/4� ���7 >���� �7 �;�� � 	"�: ��7�� �9� 	8-�% �� 7���
� �2�!�. ��
� ���4% � �"��  K4%�% ��  g �  C+�	"�: ��7�� �7 7�. 

.�;�� �7 7���
� ���4% � �"�� K4%�% �� 7 � y  
  

!��3�
��� 

  � �7W� -.�3"< �:���7 34. ��4%� 9�� �� 3GA ���-��  �7AB6 150 �4�	��8 �7 +4�D . �43 %4���  7���
� �7 3"�: K�6

T50  ��V��3� �7�   �G��6 	8-�%  �^"W4�X ���HI�� @�T  �/�� � �78 �7 �"�
� 	"�:  ��7�� �;�� � �"�� �� G�H
 ��. 

���4%  !�"�9� 7���
��
�8 �7 �" �7 G/: � P�I  ��)���7�� ( �� G�H
G/:  >���� �7 ���7�/4�!�  ����)���7�� ( 3��V��

 	/��� ����� !�D/4�  ��/
 .7�7��V��  <W�� ��!����7!�"  �� �H��,� �7 P�I �7 !��81�6��"�48 G��� G/: 1� d �f !�"

 .G���
 7�����4D
!�"  W��3"�-. 	� �� ��R�� W��7���
� ���4% 1� �: �"7  �� G�H
 P�I >���� �77���
�  ���7�/4�!� 

 7����: �^40�%����:  ����������  ���1 � ���V" !�D�: ��V4� �� K6��� 	"��!���  �4+�%�.���"!  !�9�	"�:  ��7��  �;�� �

�7 �
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�4. �71  �7��D6�7��
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Effect of Pre-treatments of Gibberellic Acid and Freezing on some Seed 

Germination Traits of Two Wild Almond Species under in vitro and in vivo 

Conditions 

  
M. Asadi and A. Shekafandeh*11 

 

 Three experiments were carried out under in vivo and in vitro conditions to evaluate the 
effects of gibberellic acid (GA3) and freezing on germination and growth of Prunus scoparia 

(Badam Kohi) and Prunus elaeagnifolia (Arjan) species. In the first experiment, treatments 
were 4 concentrations of GA3 (0, 50, 100 and 150 mg/L) and two soaking duration time (12 and 
24 h). In the second and third experiments, the effects of different temperatures (18 and -16 °C) 
on the germination and growth of different species in soil and on tissue culture MS (Murashig 
and Skoog) media were investigated. The results showed that both seed germination percentage 
and germination rate increased significantly using GA3 and freezing treatments. The highest 
shoot length (4.48 cm) and root length (20.5 cm) were obtained in P. scoparia in 150 mg L-1 
GA3 and duration time of 24 and 12 h, respectively. In freezing conditions (-16 °C) and in soil 
medium, although the highest germination percentage (92%) was related to Badam Kohi, but it 
did not show any significant difference with other treatments in freezing and MS medium. 
Shoot length of both P. scoparia and P. elaeagnifolia species increased with freezing 
pretreatment, but this increase was not significant under in vitro condition. The results of this 
study make it possible to use freezing treatment in soil conditions to produce seedling rootstocks 
of P. scoparia and P. elaeagnifolia in the nursery with shorter duration time and lower cost 
than other methods. 
Keyword: Prunus elaeagnifolia, Prunus scoparia, Gibberellic acid, freezing, germinaition. 
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