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:�2 �  ��41O P������41O :� Q. P���� � �:�B (�:�B50  	���//6� �� �=//� V//,5 :� Q. :�� )24(  \//4
 �

 T��� ���� :�� 2��F% ���2�� �2�2�
��� 	
: ?4*�� �� �,�)�
��� 	
: �2�� �=�  (V,5 :� Q. .V��> ���
�����//5� �2�2�//   �//�

 ��\�� ��
 :� �2�"7B�SAS 9.1 ?4m
�4� �H��+� ��   C��7W� ]0B �2 ?Z
�2 ���:Y :� �2�"7B� ��5% ���
� �.�  

 

١ - FAST medium (1976) 
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/��0�  

  ��47
��   Q
����� ��\�% :� S#�W�2�2�  	�F� qt71��G� ?4� ��2 �� ���4%  � ��2D�����: ��41O�:�B .2�2 ��,
 

X ?4�d E�Z� ��  � ��2D�����:  ���#�2 �
��� 	
: P���� �2��41O�:�B �#�2 3�
��� 	
:� S5  �#�2�
��� 	
: �2

 ��%�1 :� Q. V,5 P������41O�:�B 	�F� qt71� ���2��  \4
 C��7W� ]0B �21% 2�2 ��,
. X ?4�d ���4% 	
��: �� 

��41O ���2 C�M �2 �:�B ��2��F% :�� ���� T��� �
��� 	
: qt71� 	���6� �=�	�F���2 C��7W� ]0B �2 �1% 7��2��. 

	*�W�2�5  � 	���2 �� ���4%E�Z� �� ���: � ��2 ��41O ���2 C�M �2�:�B  qt71�	�F���2 �� �2��F% :�� ���� T��� 

�
��� 	
:V���
 .  

   �H��+�?4m
�4� �� ��2 �G�  �#�2�
��� 	
:S5  2�2 ��,
AB���?��% ��2 ���� ��41O�:�B 	���6� �=�  A�FG���B��H. 

 ���220  ���2L�4H�B  ��11/91% �
��� 	
:Q. :� ��41O�:�B  ���2 �Y :� Q.  �25 ���2 L�4H�B  ��44/84% 

�
��� 	
: �#�2 ?��7�5 .2���
��� 	
:S5 Q. :� �41O��:�B )75%( �2  	���2 ���4%4  ���2L�4H�B  C���) �� �� �,�

1.(   

  
C���1 –  ���2 �B �G���41O�:�B �� ?4m
�4�  �#�2�
���	
:  S5�= ��45�� 	���6� �Dactylorhiza umbrosa .  

Table 1. Effect of three storage temperatures on average total germination percentage of artificial seed of orchid 
Dactylorhiza umbrosa. 

�#�2 �
���	
: (%)  

Germination (%) 

 ���2��41O�:�B )°C(  

Storage temperatures (°C) 

75c 4 
91.11a 20 
84.44b 25 

† Means within a column followed by the same letters are not significantly different at P≤0.01 according to Duncan’s 

multiple range test. 

† �2 �  3��7B ?4m
�4���  ����2 q�W��  3��7,� L�B� �� ���:Y ?Z
�2 �2 ]0B C��7W� 1% D��"% 	�F���2� �
���
.  

  

  X ?4�d  �#�2 �� ���: �G� ?4m
�4� �H��+��
��� 	
:2�2 ��,
 S5  E��\�� �����: ��41O�:�B �� �=� 	���6�  A�FG

���B��H.3  �#�2�
��� 	
:S5  V��� E��\�� \4
�����M�5  3	���2 ���4% �B �  �2	�� �=� �5 �� D�� 60  :����41O��� 

�
2�� Q. :� V,53  �#�2�
��� 	
: �� V�H
 ��7,4�30  :����41O�:�B ��7��2  C���)2.(  �#�2 ?��7,4��
��� 	
: S5

A�FG ���B) ��H.56/95Q. ( :� ��41O ���4% �� U���� �:�B90  ���2 �2 ��41O :��4  ���2L�4H�B  2�� C���)2( .

 	B���E�Z� ���   �5 2�2 ��,
 ���2 �24  ���2L�4H�B3  D��"%	�F���2�  ���: �B �  ?4���41O�:�B  2���.V��2 

	*�W�2�5  ���4% �2 �220  �25  ���2L�4H�B  ?4����2��  ��41O�:�B 60  �90  D��"% :��	�F���2�  �,
 �� �,�

 SZ�)1.(   

  
C���2 -  ���: �B �G���41O�:�B  ��?4m
�4�  �#�2�
���	
:  S5 �� �=� 	���6���H. ���B A�FG .  

Table 2. Effect of three storage times on average of total artificial seeds germination percentage of Dactylorhiza 

umbrosa. 

 �#�2�
���	
:  
Germination% 

���: D�� ��41O�:�B (:��)  

Storage time (day)  
61.67b 30 
93.33a 60 
95.56a 90 

† Means within a column followed by the same letters are not significantly different at P≤0.01 according to Duncan’s 

multiple range test. 

 † �2 �  3��7B ?4m
�4���  ����2 q�W��  3��7,� L�B� �� ����2 ��d ���:Y ?Z
�2 �2 ]0B C��7W� 1% D��"% 	�F���2� �
���
.  
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Fig. 1. The interaction of temperature and storage time on total germination percentage of Dactylorhiza umbrosa 

artificial seeds. E The error bars show the standard error of three replications. 
SZ� 1 /E�Z� �� ��2 � ���: 1O��4�:�B  ��  �#�2�
��� 	
:S5  	���6� �� �=���H. ���B A�FG.  �01 ���
 �m
�4� ��01 

2���
�7B� �B ���Z% VB� .  

 

   �#�2 ?4m
�4� �H��+��
��� 	
: C�M �2��41O�:�B  2�2 ��,
AB���%?��  ���2��41O�:�B  :� ��4>��� V;�

�
��� 	
: ���2 	���6� �=�4  ���2L�4H�B  �#�2 ?��7�5 ���
��� 	
:)33/33% (� 2��  ?4� �#�2�
��� 	
: ���4% �2

 	���220  �25  ���2L�4H�B  qt71�	�F���2 � C���) V���
 2���3.(  

  

C��� 3-  �#�2�
���	
:  �� �=� 	���6�B A�FG ��H. ����2 C�M ��41O�:�B (V//,5 :� S�8)  ��//�2 �//B �24 320  �25 

 ���2L�4H�B.  
Table 3. The percentage of artificial seeds germination of Dactylorhiza umbrosa during storage (before 
culturing) in three temperatures (4, 20, and 25 ° C). 

 �#�2�
���	
:  ���2 �2��41O�:�B  
Germination (%)  during storage 

 ���2��41O�:�B  
Storage temperature (° C) 

33.33c 4 

64.44a 20 

53.33b 25 

† Means within a column followed by the same letters are not significantly different at P≤0.01 according to Duncan’s 

multiple range test. 

† �2 �  3��7B ?4m
�4���  ����2 q�W��  3��7,� L�B� �� ����2 ��d ���:Y ?Z
�2 �2 ]0B C��7W� 1% D��"% 	�F���2 �
���
.   

  

  �#�2 ?��7,4��
��� 	
:�2 P���� ��41O�:�B  D�� �290 ��41O :�� �� ��2 �2 �:�B4  �20  ���2L�4H�B  �

 D�� �2 �Y ?��7�530 ��41O :�� �:�B ���2 �24  ���2L�4H�B  SZ�) �� �� �,�2 .( 

 2��F% ?��7,4� :�� ���� T��� �
���	
: )89/2 ��41O 	���6� �� �=� �2 (:�� �2 ���60 ��41O :�� �//� �� �//,� �:�B

 SZ�)3  C��� �4 	
��: �� ���4% ?4� � (30  �90 	�F� qt71� :��C���) �,
 �� �,� ���2 4 .( 
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Fig. 2. The interaction of temperature and time on the percentage of artificial seed germination in storage 

conditions (before culturing). Error bar shows the standard error of three repeats. 
SZ� 2- E�Z� �� ��2 � ���: ��  �# �2�
��� 	
: �2 	���6� �=� P������41O�:�B (V,5 :� S�8) .01 ���
� �m
�4� ��01 2���
�7B� 

�B ���Z% VB� . 

  

C��� 4- 2��F% :�� �:` ���� T��� �
���	
:  	���6� �� �=���H. ���B A�FG3 Q. ��%�1 :�  ���: 1O��4�:�B.  
Table 4. The number of days required to start Dactylorhiza umbrosa artificial seeds germination, after the end of 

the storage time. 

 T��� ���� �:` :�� 2��F%�
��� 	
:� �=�  
The number of days required for artificial seeds 

germination 

 D�� ���: ��41O�:�B (:��)  
Storage time (day) 

1.55b 30 

2.89a 60 

1.22b 90 

† Means within a column followed by the same letters are not significantly different at P≤0.01 according to Duncan’s 

multiple range test. 

† �2 �  3��7B ?4m
�4���  ����2 q�W��  3��7,� L�B� �� ����2 ��d ���:Y�� ?Z
�2 �2 ]0B C��7W� 1%  D��"% �F�	��2� �
���
 .  

Fig 3. Comparison of artificial seeds germination after three storage time of 30, 60 and 90 days. 

SZ� 3 / �H��+��
��� 	
:� �=�	���6� �  ���: �B :� Q.1O��4�:�B 30 360  �90 .�:��  
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Fig. 4. The interaction of temperature and storage time on artificial seed germination percentage, after storage 

and 50 days after culture. Error bar shows the standard error of three repeats. 

SZ� 4- E�Z� �� ��2 � ���: ��  �#�2�
���	
:  P���� :� R��1 :� Q. 	���6� �=�1O��4�:�//B  �50 V//,5 :� Q//. :��. 

�01 ���
 �m
�4� ��01 2���
�7B� �B ���Z% .VB�  

  

  	B���E�Z� ��  ���: D�� � ��21O��4�:�B �� �#�2 �
��� 	
:�=� 	���//6� Q//. :� R��//1 :� P���//� 1O��4�:�//B � 

50 :�� Q. :�  V,52�2 ��,
 ��41O�2 �:�B  ���2 ���4%4  ���2L�4H�B  D��"%�F�	��2�  ?4//� �//#�2�//
��� 	
: �2 �// 

 ���: �B1O��4�:�B VB� �2��
 2����3 ����M��5 �7,4� �#�2 ?��//
��� 	
:�2 �� �=//� �2 ��//� ��//41O 60  ?��//7�5 � :��

 �#�2�
��� 	
: �290 �� �� �,� :��  SZ�)4( ���4% �2 �
�� ?�� .20  ���2L�4H�B  �//� �� �//,� \//4
����M��//5  ��//�4%

60  ���4% � ?��7,4� :��90  ?��7�5 :���
��� 	
: 2�2 ��,
 �� ���4% �7�*� �530  D��"% :���//�F	���2  �//�60  �90  ��//,
 :��

 .2��
X ?4�d  �#�2�
��� 	
: ���4% �230  �60  ���2 �2 :��25 ���2 L�4H�B  � 2�//� �//m�2 ���2 �2 �� ���4% ��
��  \4


 ���: �2 ?4� D��"% �;�%60  �90  D��"% �5 2�� :���F�	���2 2��//
 ��,
  SZ//�)4( . �//#�2 ?��7//,4��//
��� 	
: �� �=//� �2

1O4�����  D�� �260  ���2 �2 :��4  �//��2L�4//H�B  �//� U�//��� �Y ?��//7�5 �90  :��1O��4�:�//B  ��//�2 �220  �//��2

 L�4H�B�30  :��1O��4�:�B  ���2 �225  ���2L�4H�B  SZ�) 2��4.(  

12�  

   E �-. ?�� �2 �#�2 ?��%`���
��� 	
:S5 �2 ���4% 4 ���2 L�4H�B  D�� ��90  :���  ���4% ���220 ���2 

L�4H�B  D�� �260 :�� �� �� �,� �#�2 ?��7�5 .�
��� 	
:S5 �� U����  ���4%30  ���4% �B �  �2 :�� 	���22�� 

)SZ� 1( .E �-. �2�45�� ��� ��� ���
� 	��8 �� �3�  ��41O�:�B �� �=� 	���6�  ���2 �225  ���2L�4H�B  V�H


 ���2 ��4  ���2L�4H�B AB���?��%  ��2 V;��
��� 	
: 	���6� �=���45��� ��x�  	�Aranda Wan Chark Kuan 

‘Blue’×Vanda coerulea Grifft. ex. Lindl.  �Cymbidium bicolor Lindl 9��\> ��� VB� )7 315( qt71� ?�� .	��
��% 

 	7H�: �+0�� 	���  � _Y P���� � �F*�0� 2��� ��45�� T�
 D��"% :� 	��
�Y�  ����. ��45��� �5�1 �VB  �*�7F� ^M���

 :�4
 ����2�  �?4��. �
��2 �����M�5  ��45�� S> �
��� _��1 ���2 VB�5�1:� �2�"7B� �� �*�7F� ^M���  :� 	����B ���4%

 ?4�	�2�� )18(3 	%��#�2�5 �45����  ���4�E �-. �2 ��� ��  `�� � �2�� ��4H��> 	F4�M ��M ���� 	���2 :�4
 ��%`

�H
 � �7��2V  ?4��. �� ��2 ��L�HW��7H  �%. \>����� 9 VB� �5 ��41O�:�B ���5�%��.��  �*�HI5��� �� D�� ��: 

�4G�% ��2 VB� .�� ?�� 3C�W jB�. �� �=� 	���6� �� ���2 ��41O�:�B �� �
�> 	 �4> 	m7H� 2��2 )6.(  
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   �#�2 ?��7,4��
��� 	
: A�FG 	���6� �=����B. ��HQ. :�  ��%�1��41O�:�B V,5 �3  ���4% �� U����60  �2 :��4 

 ���2L�4H�B 9��\> .2�� �� �=� ��� ��45�� 	���6� Lindl Coelogyne breviscapa ��41O��� �2 ���2 4 ���2 

L�4H�B V�H
 �� �Y	��  �5 �2 ���2 25  ���2L�4H�B ��41O 3�
�� �#�2 �
��� 	
:��%`�� �� ��,
 �2�
2 )16.(   

  AB���?��%  ���2��41O�:�B ����  :� ��4>����
��� 	
:	���6� �=� ��H. ���B A�FG  P���� 	M �2��41O�:�B 3

 ���24  ���2L�4H�B  .2����41O�:�B ���� ?4��. ���2 �2 E �5 V4*�F���  �� �=� 	Z4*���7� 	���6� ��� �5  ?��

 ����	�2�� �2����  %�� S1�2 �=v����
��
\�� � ��� ~"W 	���6� �=� Q �2 n� V*�W 
C�F��4 	8�� �
��� )83 11(. 

 �#�2 ?��7,4��
��� 	
: E4.V,5 :�  �2 	M D��90  :����41O�:�B  �� ��2 �24  �20  ���2L�4H�B  qt71� ����

	�F��m��Z� �� ��2  D�� �2 �Y ?��7�5 �30  :����41O�:�B  ���2 �24  ���2L�4H�B � .�� �� �,���2�� �2�2�  ��,
 

	�� 2  D�� E��\�� ����41O�:�B  ���2 �2 �24  �20  ���2L�4H�B  �#�2�
��� 	
: P���� �2 	���6� �=�

��41O�:�B  	���2 ���4% �2 E��\�� ?�� �5 V��� E��\�� \4
25  ���2 L�4H�B.�,
 �� �,� 	� �r
 ���B�  ?�� �
��

 ���2 �2 �2 	,��\��4  �20  ���2L�4H�B  C�� ���2 �2 �M�1 �� �� �7,4� 	B�7B2 V4���8�2����  �=v� 2����  �2

 	���6� �=� Q��%��VB� ���: ���� ��  �5 2��� �� �2�2 ���8� �=� �2  P�����
��� 	
: AB����
 ���
 ��!* :�(	Z���%) 3

�� 	���6� �� �=� :� �2��F% �2�"7B�  :��� �6�� 	��=
 �2 2���� �=� C�HI5 H
��%7�� ���� �� �2 	M D�� ��41O�:�B 

�
��� 	
:�7��2 .����� �7�*�3  ���2 �2 �
�� ?��25 ���2 L�4H�B  	���6� P���� �2 �� �4> ��� ���� AB��� ���2 �5

 3VB���D��#  �2�2 �� V1���Z� � �44v% ���2 ���
� ���: D�� E��\�� ��	�F���2�  �2 .VB� �7���
	B�����   ?4,4.

�5 ��� ����� �� E��\�� D�� ��41O�:�B �#�2 �
��� 	
:�2 P���� ��41O�:�B E��\�� 	����� .S4*2 ?�� ��� �2�"7B� :� 

l��� 	��=
 2���� �2 C�HI5 �=� ��B���4 ���5�%��. � �� C��
2 �Y ��� � �
��� 	
: ��4���� ) VB�22.(  

   �#�2 ?��7,4��
��� 	
:5 :� Q. �� �=� �2 V,1O��4���  D�� �260  ���2 �2 :��4  ���2L�4H�B  �Y ?��7�5 �

 �� U����90  :��1O��4�:�B ���2 �2 4 � 20  ���2 L�4H�B� 30  :��1O��4�:�B  ���2 �225  ���2L�4H�B  2��
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Research article 
 

Effect of Temperature and Storage Duration on Germination Process of 

Encapsulated Protocorms of Dactylorhiza umbrosa 

 

Z. Mahdavi, Sh. Dianati Daylami*,S. Aliniaefard and A. Fadavi11 

 

 

 The extinction threatens some native orchids which has economic value. Artificial seed 
technology can prevent the extinction of these plants and can be suitable for producing and 
exporting of product. In this study, protocorms of Dactylorhiza umbrosa were encapsulated. 
The effects of three temperature treatments 4, 20, and 25°C were investigated during three 
periods 30, 60, and 90-days of artificial seed storage. Percentage of artificial seed 
germination during storage conditions, after storage, total percentage of germination and 
number of days required for germination incidence, were investigated. The highest 
germination percent during storage conditions was related to 90-days storage at 4 and 25 ° C, 
and the lowest obtained after 30 days at 4 ° C, which did not show any germination. The 
highest germination percentage of artificial seeds after storage and cultivation was observed 
in 60 days stored seeds at 4 °C. The highest total percentage of germination was obtained 
after 60 and 90 days storage at 20 and 4 °C, respectively. The highest number of days befor 
germination incidence was observed after 60 days of storage. The best treatment for storage 
of artificial seeds was 4 °C for 30 and 60 days, which showed the lowest percentage of 
germination during storage conditions and the highest percentage of germination after 
culturing. 
Keywords: Artificial seed, Sodium alginate, In vitro culture, Orchid. 
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