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8=�A1  '6E6� �"��	��A4)  F;� G41 �0	�6��� HI�7 ��:?�J= � >6?1��@�$'�� K6L3 �� �M ��=  Chen��	. �"��	 

 F;� G41 ��6"� � N��� ��0	 ��� �O�P�6��� %3�7 >6?1��@�$"Dubrovnik �Memphis� Andorra  �Bucharest � 

Nottingham Q�?R� .�7 
����������I �	 
�;�� �� S� �= �� �=K6L3 �� ��0	 .����� %6��) %� ����$�  '��chen  '��

 5�T�$ �� .���718 �) 33  ��0	 ���U) �'7�� �� >1 ������A4:�  ����A4) ��O C��:�6	 .������� /��J7 C6	 ��:?�J= V

 '
�"��A4)  HI�7 ���A4) ���W3 �	 0/98  G��:� .��	������ �� 57�I  N�"� �	�3�J) ������ X�ET ��7 ��6���A4)  5	

57�I C6	 5�T�$ C6���63 C��:�6	 /���"��6�;� 5�T�$ �� '��B� �� 5� �7 
���� �= 1/25  �� 5	 
�;���F6?W) �����4	 ���7 

5� 
�;�� Dubrovnik � Memphis ��  Q�� ���� �
�;�� Andorra �Bucharest  �Notingham  ��4	 5:"� 
�� ���� ��

 �� ��6�� � FB3 X�ET .���7���"��Z 57�I�� ���� C6	 �T�� �=��A4) '
�" ���A4) HI�7 ���A4) 3 � ��3� C6���6

��A4)  ��3�M .����	������ �H6[�) <	�) ���� �� 
�;�� C6	 ��4	100%  ��3�M �� .��� �6��)Hotelling-Lawley Trace  �

Roy's Greatest Root ) ���W3 C��:�6	 �����5/23( ���� �6��) ���	 �	 .��	 ��4	 G��:� 5	 5Z�)������ 57�I�� ��:?�J= � 

5� '$�� 5�6:� ���) �3  F;�Notingham  �� ���W3 C��:�6	 �����%3�
 ��=��A4) ��	� � �3 N�"� C�� �	) X�ET �� ���

 �T����A4) '
�" ���A4)  HI�7 ���A4) 53���	 ���	 ��6�� X�ET ���4
 5	 ��=���A4B	 � ���E:"�.��  

:.@
L/ .�	 IM0� �6��� ��0	 �8��!$� ���A4). 

�"@!"  

�6����=  C:7�� �	800 � >4Z 25000 �� 5��� 

�;�J��)�C  %3��) ��5:$��)�C �= ��6)� �6=� ��4:?=� .�C 

	��L3 '�
 5	 �= %�6:� ����� 5� 5:?���)��� 8%  X���) ��

��BZ� � � %�6��=� ��:4� 4=� _�9:I� ��I 5	 ��� 

 )Chugh et al., 2009.( F;� �:�6	 ��=�6���  `a�43 ��

5J6��3 ���� 5b�:U3 � ��6?3���7�� )Cribb & 

Govaerts, 2005 .(�6��� ��0	 Dc� S� ����� �=
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�3) �0	 ����� ���U) 5� �47��1300  �)4 (��
 ��6�63  ��

	 ����� ��Z� �Ma 5���  �=�0	 C�� 5�V���  e6=

������� 5	 � ������ �3�R"��� F�f �	 5� �4:?= !�� ��

�J� ���� g�?3�6� .���7��A4)  �0	�6��� a K���7 �� �U6�

�B4) h��; �	 �:?�!J= X��T �� 5����=  �:J� ��!63 5	 �

 ��1% '"� ��7 /��!� )Arditti, 1967; Harvais, 

1972��"��� 5� ���3� �� .(1 )1922 5� '7�� ��Bi� (

�3%� ���) ��=�6��� h��; �	 �:?�!J= ���	 �� 56B) �	 � �=

5	 �M ��=��6� ���" ���J� F=��$ � V"�43 '�� K6L3 

5�67 ���� X��T ����!$� 8��!$� 5���F;� � �= ��=

���M '$�	 '�� /�� 5	 ���$�a�1 %� C�� j�:[3 ��7  �

 ��k43 C�� 5	 !6� �T�9:I� '�� K6L3 C��4f ���3� 5	 �)

�	 .'"� 5:$�� ���; ���E:"� ���3 � ��7 56B)  /��!� N�"�

Q�" �� ����3M N�!�) ������� 2007	 �86 �� 126 �6�63 �

%� m���� /��$ �� %T�P ���� �@� ��=�6���  � �����	

) '"� ��7 %T�P ���� C�� �� ������Lee, 2011.( 

�6��� >6?1��@�$2
  ����6) Orchidaceae 5�JZ �� 5� '"� 

n�!	  C��)��= ��6) �3 ����� ��=�6��7�	 Dressler, 

1993)( >4Z C�� �6��� ���P  66 �3 %3�7 �� 5�����7 

)Liu et al., 2016; Chien et al., 2015( . ��6���

>6?1��@�$ ��6��� �� o�4Z �3�	 � ���	 Q����1���3 ��=

���1��4" %p3 ���=���� � �6"M �;�7  �C6R6�6$ ��!b�3

�7�	 �3 �6b��:"� Q�J7 C64qJ= � �!����� ��4���)2006)  

,.(Chen et al ���$ 5	 �9L43 ������ %6b� 5	 �  ���	 54��;

%� %� C:7�� � �=  � 
��� �	 � r������ �n�!	 ��=

 

1. Knudson 

2. Phalaenopsis 

���	 %� ���4
 5	 @�	 ������" C64qJ=�� ������ ��6� �� � 

>4Z C��) o��L3 �� ������	 'U4T �� ��6��� ��=

�3��6��� ����3� .�7�	 �� ��@� ��6�63 'U4T 5	 �=

%p3 ���=����  �4f � �!b�3 ���1��4" ��6b��:"� ��4���)

� ������7 %���) ������ )(Chugh et al., 2009 . ��6���

 �	 >6?1��@�$75%  C��) FB3 ������ ��= ��6��� /��$

�3 ��J7 5	 ��6��� >4Z ���2009) Ardit,.(  ��

53���	�=� ���A4B	�84�!� �S  ���U) N�"� �	 V"�43 F;�

� X�ET���� 3 X��T��6�� 	 5�6C  '"� C�J3 X�ET

�:?�J=�  '�p3�� 3E4� ) �7�	 5:7�� ��Z�Johnson and 

Wichern, 1988( .�:?�J=� � �� X�ET6��=� 3�����) 

:�s6�� �� L36t� ) �7�	Falconer, 1989�:?�J= .(� 

)�4$6R� :�s ��=�u� %3�76�� L3 �6t� 3��7�	  ��a 5	 5�

W:?36F ������ ��6��� ���U) �� 'ET ��� UJZ ���$� ��6' 

3�����) ��7 ��=��3 .�:?�J=� )��s6R� ��W3 5	 5:?	���� 

PcT�� ��� %p3)�>�� �!$����'"� 'ET �� ( � ��W3�� 

�s��=  5	��3�� �s��= �!��S b� 5	 5� �� F= 5	6% 

������>�� � j�:[3 'ET �� ������ 3���7 ������6��� 

3��4� .������ �L) �6% �:?�J=�� )��16C� ��O�V 

�:?�J=� 5Eb�3 �	 ����=  �M36�? 3��4�. ��� 5Eb�3 ���= 

����� ��O��� ��O 5� '"��V v:36� 1686	4�  �	 ��44�

v:36� ������ �� ("�16��� 3��4�3�� .6C  ��=�u� F= 5Eb�3

v:36� 1686	4���44� v:3 �	6� �a �� ("�1�` v:36� 1686	4� 

� ��44���� 3 ��6�? 3���"� )Jhon et al., 2002.( 

	��L36' ?1��@�$6>  w
�	���B	 8��� b�)6�  ��BZ �� �M

���� �� � ��7� �) �4��3����� Q�9L3 )����T Q��� 

������ 8[	�  '"�)Chen & Chang, 2006( .
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/����= ��3M� 	 �� ���	 5�6C E3 X�
ca� ���	6��  ���U)

3 8=�� �� ����J
 �� �u�3 X�ET���=� ��	�  ������A4B	

����� J=�6' ����� ��	�4	 .'"��C �:?�J= �� ���E:"�� 

36�� � �	 �'"� 
�"�3 X�ET�C �:?�J= Q�P�  X�ET

	 Q��U3 � '�
 5t	��6C J� ���� �� X�ET���=� � ��f�C 

�5t	� ���U) ��� %3�
 � 5:I�47������ 3��4�  

 )Lee & Kaltsicks, 1973.( �=�A1 ��� �� 5�� 

�:?�J=� c� X�ET�Q� �7 
����� 	 5� ��� ����6C  Q�a

"%� ���U) �5)�	 m�E)�� �	 5��4�= �� 5��4" ������� %��= 

��:?�J= ����4U3 � '�p3� '7�� ��Z� . ������ � ���

�s��1� �:?�J=� E43� �;� �=��� �	� �=��� ���� 5���Z� 

 ��� � 5q�� ��7 ��	 5	 x�	�3C6���63  �� �= �� �s��1

)�4$ gt"6R� )��s �6R� ��� ���� ��  

)Misra et al., 2003.( N�"��	 	 G��:� 5�� ��3M '"� 

 j�:[3 X�ET ��:?�J= ��� 5� �4=20  S[63 y6)��s

��7 
���� � �= ��4=� %� 5;�"6�� =�:?�J�  ���U) �	 '�p3

� �= 5���Z6��� Q�a 5��4" � �=����  %� 5���Z ��7 ��	

) ��� ����Radhakrishna et al., 2004.( 

 ��:?�J= ��� 5� ����� �"��	 ���ET X25 )��s6y 

�6��� 8 ��7 
���� /�c�4	 �� 5b�" �:��G 5� ��� ���� 

 n�!	 ������%���= � �=6�� �:?�J=�  5��4" ���U) �	 '�p3

� �=6�� ���� )37/0�( 5� '"� C�� ��4=� ���� 5� 5f�=

'"� �:��!	 ��6� ������ ��7�	 �:�6	 ��6� 5��4" ���U). 

��J
 /�:?�� %��= 5	 �4U3��a���� �:?�J=�  '�p3

����� ) %� ��� �	0/76 � (8[	 W$�� ) %�0/89 5:7�� (

4qJ= .'"�6C �:��G � m�E)�� 5� ���� ����6�� �:?�J=� 

%� ���U) �	 '�p3�= �� �= 6��� )0/95 �= �� 5��4" ���U) �(

�6�� )0/48� ( ) %� ���0/31(  .���� 5	 5Z�) �	

8=�A1�= ���7 
���� �16��B4� 5� ��784�!� �6��� �	 �=

N�"� 5�JZ �� �)�ET � ���6��� � �= �� 5��4" ���U)6��  �

%� ����= �6� X��T �Miano et al., 2015)( .

 ��99[:3�=�6� ���A4B	 �	84�!� ���� 5	 �6� ���W3 �

�"�4:3�  ���������� :�s6�� 3��4���)  %�; �� D��=� 5	

1686	4� ��	 5� �4"�	 ��7� U)66C � %T��$��� �  F�

)��s6y��=  � ����!��� 4qJ= � �= �M ����!� 
�
6C 

U)66C  � ��Z��� :�s 5	��) ��Z� 
�
6�� )��s6y�=  ��

������ 57�I�� 3 ���E:"���44�. 	 ��6C /����= ������ 

v:3 �4f6��� ������ 5Eb�3 5	��= �T��� ������ 57�I��  �

������  5	%3�
�:JB3 �=�C /���= �3�47�	 

)Mohammadi and Prasanna, 2003 .( �� ���

��6��� ���� � >6?1��@�$ /���1 �� ��J
 Xc��3 �=

�3 �= �M 8��!$���6��� '[" 8��!$� '�
 5	 5� �7�	 �=

 �t���7 �� ��6��� ��0	 ���A4) 
�
 !6� � ����� `��a ��

 '"� ��=�6� ���� �4��32009) ,.Chugh et al.(  ��4��)

�=�A1� �� �� �	 5t	������ 57�I�� �:?�J= �� 	6C 

 X�ET��A4) ��� �6��� ?1��@�$6> .'"� ���� 
���� ��C 

 8=�A1���	 "��	 ��:?�J= 5t	��� 	6C  j�:[3 X�ET

��A4) "� ���	6��  �� �u�3 X�ET 5	��A4) 5W�a ���4	 

"� ��0	 o��t36��  N��� �G41  F;��6��� U) �66C �:B	�C 

 �k� �� F;�%3�
�=� ��A4) ��	53���	 ���=  
���� ���A4B	

.�7  

N�+ � <0$"�	  

 ���	 �"��	 ��:?�J= � ������ 57�I�� ��A���=� 

��A4) �� G41 F;� �6��� >6?1��@�$ �� K6L3 '�� 
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Chen� 8=�A1 ���Z �� Q�" 1398 �� ������3�M '�� 

'$�	 ������� ������� ������� ����� ��Z� �7 .G41 F;� 

�6��� >6?1��@�$ %3�7 Dubrovnik �Memphis� 

Andorra �Bucharest � �Nottingham �� 5��[���� �� 

'7���1 56B) �7 .�� ��3�zM ��������$� �	 ���E:"� �� 

r��" ��� 5��3 �6��� 5� �� ����� '�u X�
��:I� ��3��" 

8=�A1��= �J�
 � �:U4T ����� '�u ��7 '"� )���J7 

'�u m��:I�  003695( 
���� �7 )%�7 1.( 

 

  

J1 1- O%,*  �%� ���"@
/+0 9(P I@1 +< I+0<0 9(P Q0,�205�.  

Figure 1- Orchid inoculation syringe registered with the Patent Office.  

    

�J
6X�  ��� 5��3�� ��3�zM �) ��3����I 53��� '7�� .�� 

��)�( 10 ����I �� �?R�Q�=�� 5� �� ��3�zM  ��� 5��3 ��7 

��	�� ��	� �3�M�8 ��=�0	 "�6�� � Q�?R��=�� 5� �� 

CJB	 ��3  ��� 5��3�7����	 � ��	� �3�M�8 ��=�0	 N��� 

���E:"� �7 .�=�0	� N��� �� 5�P�3 !�" ���	 Q�?R� � 

�=�0	� "�6�� �� 5�P�3 ��B;�� ��7 Q�?R� 861 �� 

"�6��� %3�� � ���f6�� ��7 '7���	 �7��. �	 5Z�) �5 

��5�4  �3�M�8  ��3 ����I ��
���� �7 ��=�0	 N��� � 

"�6�� 5	 X��T ��3!J= �� L36K '�� 5:7�� �7�� .>1 

��  ��� 5��3 �	 5Z�) 5	 5�4�� ������4� ��=�0	 ��6?	 !�� 

�6��� ���7� ���	 Q�?R��= �� 5�P�3 861 �� ���6��I � 

��	 ��7 %3�� �� "5;� %���4=� ��Z ��7 � ���	 ������4� 

5	 ������3�M Q�W:�� �4:$�� .���	 ������4� ��:	� Q�?R��= ��� 

oM ��" 5	 X�3 10 �) 15 5W6;� 5:?7 �7 �) ����bM 

�Lt" {�1 ���� .>R" �	 <��3 ����$�i �� �) 5" ��	 � 

�= ��	 5	 X�3 10 5W6;� ��:?7 � ���	M ���7 .���	 

 ������4��)��6J� Q�?R��= 5	 X�3 5 5W6;� �� ��t	��= 

��7 ������4� ����� Q��L3 '�����R6= F��" )%5 (5	 

���J= 1 ��t; C6|�)-20 5a���� � ��t	�= ���) ���� �7 

)� 
�J) ~�t" Q�?R�  ������4���7. >1 �� C:?7 �	 oM 

�tW3 ��7 ������4� 5	 X�3 5" ��	� �� 5�P�3 ��U	 

Q�?R��= �� ��t	 ��7 ������4� 5	 ���J= Q���)� %70 5	 

X�3 30 56��u ���) ���� �7� � �� 5�P�3 �IM 3 ��	 �	 oM 

�tW3 ������4� ��7 	 5��a %3�� 5:?7 �7�� .>1 �� 56B) 

5��3 Q��L3 � ���!$� ���M ��� ���b� K6L3 '�� �= �� 

�c��)� �	 ��3� 121 5Z�� N�6?�" � ���$ 105 
����6� 

�	 :��"��:3 <	�3 5	 X�3 20 5W6;� .�7 ������4� 
�J) 

5�67��= '�� �� S;�)� �7� �	 ��3� 24±2 5Z�� 
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Figure 2- Capsule formation (a, b) and seeds cultured after sterilization on culture medium. 
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Figure 3- Phalaenopsis cultivars used in the experiment. 
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Figure 4- Dendrogram of similarity between cultivars and treatments based on germination factors.  
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Table 2- Mean comparison of different germination characteristics based on grouping and clustering between 

treatments. 
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Table 3- Results of discriminant analysis for confirmation of germination factors. 
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Table 4- Significant tests of grouping for germination of 5 cultivars of Phalaenopsis orchid. 
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Figure 5- Propagation of Phalaenopsis orchid by seed: a) Difference of germinated seed (green) and non-

germinated seed (white) for counting and determining germination percentage in different treatments b) 

Immature seed (right side) and mature seed (left side) c) Difference of germination in Superior cultivar 

(Nottingham) and non-superior cultivar (Dubrovnik). 
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Abstract 

Nowadays, in vitro techniques are proposed for commercial and rapid propagation of Phalaenopsis 

species. The present study aims were investigating the quality of seed germination of 5 cultivars of 

Phalaenopsis orchid, and correlation of their traits in the culture medium. The study was conducted using 

the green and ripe seeds in terms of 5 cultivars of orchid as Dubrovnik, Memphis, Andorra, Bucharest and 

Nottingham in a factorial experiment based on a completely randomized design. The capsules were 

formed using self-pollination of flowers in each cultivar. The green seeds were harvested at the stage of 

completely formed capsules and the ripe ones were harvested at the stage of initial browning of the 

capsule shell. The seeds were cultured on Chen's culture medium. The number of germinated and non-

germinated seeds were counted 18-33 days after their culture. The following factors were measured for 

each treatment: germination percentage, germination rate, germination index, mean daily germination, 

mean germination time and coefficient of germination rate. Correlation coefficient of %98 between the 

measured characteristics indicated a significant correlation between germination rate and germination 

index. The results of cluster analysis that was conducted based on all the measured germination 

characteristics showed the maximum mean distance between clusters; ultimately, that separated into two 

groups at Euclidean distance of 1.25 which Dubrovnik and Memphis cultivars were classified in the first 

group and Andorra, Bucharest and Notingham cultivars were classified in the second group. The key 

characteristics in separating cluster among the groups were considered to be germination percentage, 

germination rate, germination index and mean germination time. Discrimination function analysis test 

confirmed the grouping among the cultivars in a 100% manner. Both Hoteling-Lawley Trace as well as 

Roy's Greatest Root tests showed the highest value of 5.23 to confirm the grouping. It is concluded that 

using cluster analysis and correlation coefficient Notingham had the highest value in germination factors 

based on the germination percentage, germination rate and germination index which were regarded as key 

traits for the breeding programs. 

Keywords: Germination, Orchid, Propagation, Seed.  
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