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  ก�������	
����ก����
!���ก�����������������������
����������� �!��"�
	
����ก�# ������
!#�+ �  ,  ��	
" ' ��� '$��(��  	,!����- �ก�����'�(" 
���
"�-���-������	�"���� ����������./ ����
�������   0�-'+��������������
������������
�'1-���/ 60 #�!������ ��.5 �1��1	
����ก(/��ก���'/
� 50.00 5 93.00% ����������9�&ก��
(/��ก�� 0�-���!�������������"� 500 ก���  �1��1	
��'���  40%   �(!ก�+�����("ก���� 12.0 x 
23.5 x 6.0 =�. �+���� 62 70 #�! 75%  ���	
����	
��'����"���ก  3 
��    	
�	��	
��'����+
-ก��
'+?������("ก	������0	��'���
�����!����������� � �1-���1-�ก��ก�����!��"� 1,000 ก��� �
(!ก�+�����("ก ���� 26.0 x 30.0x 8.0 =�.  �+���� 62 % ���	
����	
��'����"���ก 2 
��  
��B
+�1�
������,��&�"�+�� #�!���!������������# �� �&ก�����#�+�   �+������ก
��  ��ก 2 
��   #�!
��ก 3 
��     ?�ก���������
/�ก�������	
����ก����
!���ก�������1��1ก��	
�	��	
��'��� 
��������������
�������1	
����กB�/#(ก(/��ก���ก������������9�&ก���1�(/��ก��  �/
�ก��
������1�B�/�1ก��	
�	��	
��'���  ��������������
��������กB�+�C��!ก���������������9�&
D�  
"�1ก���������������������
����������� �!��"�	
���������ก����ก�# ������
!
#�+�  �1�B�+���������ก 2-3 
��  ���0�-ก�����!�������������"��1��1	
����	
��'��� �!��, 40% 
 �"��, 500 ก��� �(!ก�+����� 12.0 x 23.5 x 6.0 =�. 	����+
-?������("ก  �+�����1� 62% ���
	
����	
��'����"���ก 3 
��   
�����!���,��&�"�+��   �!��"�	
����ก�1���-� 5 
��  
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ABSTRACT 

  

  Water limited germination test of soybean seed for field emergence evaluating 

under drought condition was studied at Department of Plant Science, Faculty of Natural 

Resources, Prince of Songkla University, Hat Yai, Songkhla. The CM 60 and SJ 5 seed lots of 

50.00-93.00% standard germination were used. The tests were done in different seasonal weather 

conditions. The seed were planted in 500 grams soil that   had water holding capacity of 40%   in 

plastic basket sized 12.0 x 23.5x 6.0 cm. 62 , 70 and 75%  of   field capacity (FC)  were given for 

every 3 days. The seeds were placed to germinate at room temperature with plastic sheet covering 

around the shelf. The test without moisture control was done by planting the seed in 1,000 grams 

soil in plastic basket sized 26.0 x 30.0x 8.0 cm. and 62% of soil FC of water was given for every 

2 days. The field emergence under dry condition was done with daily, every 2 days, and 3 days 

watering. The results showed that the tests with moisture control had no statistically  different  

results when tested in different seasonal weather conditions. The test without moisture control, 

the seed germinated only the tests in rainy season. The water limited germination test to evaluate 

the soybean seed field emergence under dry condition with every 2-3 days watering is the test that 

planted the seed in 500 grams soil that contained moisture 40 % in plastic basket sized 12.0 x 

23.5x 6.0 cm and 62% soil FC was given for every 3 days. The germination was evaluated at 5 

days after planting. 
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  ������	
�� ( Glycine max ( L.) Merrill ) �����
������ก !"#�$%&'�()��*	ก+	,
��,�"�-". ��
���!&ก�/	01������	
��/#*��2#�+	,�3%&/��$4�"#�����+�	5��&�&�*��2#��	�ก!&ก�
�
$%&���6ก&�6� *7' +	,ก&��	#3.�$�2�8 /#ก&�+���4�����9	 27�:;8�&�&� ��5� �2<&�4<  �3%&�2<&�4<  
�2<&�!#3.�  =#� 3�  +	,"%&9	 27�:;8�>2$&�ก��/�&�&�ก�,�?�� ก&ก������	
��@�<�����&�&�$�2�8 @�
7&�,"#�/#�3%&/����
3���	 �/#�&'&$4�  "%&@�</#ก&�@�<�3%&/���
������	���&�"1+"�@��4�-6*�1#�=	
$5�9	@�<'�&/2<��ก&�������	
��@��� /&:�� �/)A3�+	,/#�&'&���62��$4�)A3� ($%&��ก�&������ก !
ก&��ก�2�, 2551)   @��E 2550/51 ��,�"�-"./#��
3�"#���&,�	4ก������	
����,/&: 0.884 	<&�-�5 
	1	�!&ก 0.904 	<&�-�5  /#9	9	 2��/"�3��/1��,/&: 217,870  2��  	1	�!&ก 220,790 2��  +	,
/#9	9	 2�L	#�.25�-�5 247 ก *	ก��/ �� �/)A3�!&ก 244  ก *	ก��/ ($%&��ก�&������ก !ก&��ก�2�, 2550)  
ก&�	1	�)���
3�"#��	4ก������	
���ก 1!&ก$7&��
3�"#��	4ก/#��ก.7&�ก&�9	 22�%& )&1+'	��/	01
���M>81#  +	,ก&��	4ก�
��
��"#�@�<9	2�6+"�"#�1#ก�5& ($%&��ก�&������ก !ก&��ก�2�, 2551)  "%&@�<
2<��.ก�,1�69	9	 2������	
��@�<$4�)A3����� 250 ก *	ก��/25�-�5��
��@�<��#.���ก�6'�&/2<��ก&�  
*1./>5���<�@�<���M>8+	,ก��/� M#ก&�9	 2"#�/#��,$ "M 7&� ($�&6��� !�.�
�-�5, 2546)  "#�$%&'�(ก&�
@�<�
�"#��	4ก@�<�20/��,$ "M 7&�!%&����2<��@�<�/	01���M>8@�<$�1'	<��ก�6'>:7&���
��@�</#!%&���
2<��
�25��
3�"#�"#���/&,$/  �
3�"#��	4ก������	
��$5��@�(5�.45@��)2ก&���&,�	4ก"#��&��.�3%&O�  "#�/�ก
/#�P(�&!&กก&�ก�,"6+	<��	���.�1�/	01���M>8   $5�9	@�<�/	01���M>8��ก�<& -/5$/�%&�$/� +	,��ก
-1<�<�. (� ��. +	,':,, 2547) *1.�L�&,'�&/+������)��$7&��&ก&�@��)2�<��+	,�<���
3� 
��5� ��,�"�-"./�ก��,$6�P(�&ก�6$7&�,)&1�3%&�	���.�1�/	01���M>8 (�����:, 2545) ก&�
��,�/ �'�&/��ก@�+�	��	4ก@�$7&�,+	<�"#�$�1'	<��ก�6'>:7&��/	01���M>8 $&/&���� �/
��,$ "M 7&�ก&�@�<�/	01���M>8@�ก&�9	 2�
�@�<'></'5&. ��)A3�+	,�� �/ก&�@�<�P!!�.ก&�9	 2�
�@�<
$/64�:8)A3� 

 � ��. +	,':, (2547) -1<�Aก�&� M#ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&)��
�/	01���M>8������	
����
��ก&���&,�	4ก@�$7&�,+	<�   �5�.�� �/��,$ "M 7&�ก&���&,�	4ก+	,ก&�
@�<�/	01���M>8@�<��/&,$/ก�6'>:7&�  *1.ก&���&,�/	01���M>8@�1 �@�2,ก�<&�	&$2 ก  "#�



 2 

�>:�74/ �<�� �6�5& $&/&����,�/ �'�&/��ก@�+�	��	4ก@�$7&�,+	<�-1<  +25�/
��@�<"1$�6@�
$7&��&ก&�@�Q1425&� R ก��  @�<9	ก&�"1$�6"#�+2ก25&�ก��   !&กก&��Aก�&ก&�"1$�6'�&/��ก
)���/	01���M>8@�$7&�,!%&ก�1�3%&"#�/#ก&�'�6'>/'�&/�
3�)���/	01���M>8)<&�*�1��&�  (�#��ก#.�2 , 
2550) +	,)<&�*�1-�5 (�>7ก&(!�8, 2550) �6�5& @�<9	ก&�"1$�6-/5+2ก25&�ก��@�+25	,Q14ก&	 
�#ก"�3�.��@�<2,ก�<&)�&1�	0กก�5&   +	,@�<1 ��� /&:�<�.ก�5&  

1����3� !A�-1<�Aก�&ก&�'�6'>/'�&/�
3�@�ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&   
��
��@�<$&/&����,�/ �'�&/��ก)���/	01���M>8������	
��@�ก&���&,�	4ก@�$7&�,+	<�-1<@�">ก
$7&��&ก&� 
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ก	
����ก�	 

 

1. ก	���ก�������������������  
 

������	
��/#� ��ก%&�� 1"&�7&'2,�����ก)����,�"�!#� (FAO, 1994) �����
�"#�
�!� (�2 6*2-1<1#@�1 ��5����"�&.�A�1 ����#.�"#�/#'�&/�>1/$/64�:8  /#ก&��,6&.�3%&  /#'�&/
����ก�115&� (pH) �,��5&� 5.5 Y 6.5 +�	5�9	 2������	
���	�ก@���,�"�-". '
� 7&'���
� @�
!�����1��#.�@�/5 ��#.��&. 	%&�4� 2&ก +	,7&'2,�����ก�L#.����
�   @�!�����1)��+ก5� 
�'��&�$#/& �>1�M&�#  �>6	�&�M&�# (ก�/��Z�&"#�1 �, 2547)   =A��/#Q14ก&��	4ก+65�����2<�Q14O�
�,��5&��1
���Q�7&'/-/ �>�&.� �	&.Q14O��,��5&��1
��$ ��&'/-ก��.&.�   +	,�	4ก�	��ก&�
"%&�&�,��5&�ก	&��1
��M���&'/-ก	&��1
��/ก�&'/  
  ���M>8������	
��"#�@�<�	4ก@���,�"�-".�������M>89$/��\1-1<��6ก&���Z�&*1.ก�/
� �&ก&��ก�2� -1<+ก5 ���M>8��#.�@�/560  $!.5  �'�$���'8 1 $>*)"�. 2  *1.������	
�����M>8��#.�@�/5 
60 @�<9	9	 2 320 ก *	ก��//-�5  �&.>ก&��ก06�ก#�.���,/&: 100 ���  2<&�"&�*�'�&$� / *�'�&
�3%&'<&�+	,*�'+��+"�'*�$ 	%&2<�-/5"�1.�1 �	4ก-1<">กQ14ก&	  (ก�/� �&ก&��ก�2�, 2540) 
���M>8$!.5 @�<9	9	 2 240 -360 ก *	ก��//-�5 �&.>ก&��ก06�ก#�.���,/&: 105 ��� /#'�&/2<&�"&�*�
'�&$� / *�'@615&� /#!%&����/	01$#/5������8�=0�282�%&   	%&2<�+)0�+��+	,/#ก&��!� (+66-/5
"�1.�1 ��/&,$%&���6�	4ก@��5��Q14O� (�>7��., 2537)   $5��������	
�����M>8�'�$���'8 1 @�<
9	9	 2 220 ก *	ก��// -�5 �&.>ก&��ก06�ก#�.���,/&: 78 ��� -/52<&�"&�*�'�&�3%&'<&�+	,*�'�&
$� / 	%&2<�/#ก&��!� (+66-/5"�1.�1 � ./@�<�	4ก@��5��Q14O� +	,���M>8$>*)"�. 2 @�<9	9	 2 
290-300 ก *	ก��//-�5 �&.>ก&��ก06�ก#�.���,/&: 94 ���   2<&�"&�*�'�&�3%&'<&�+	,*�'@6!>1 +25-/5
2<&�"&�*�'�&$� / @�<��&,�	4ก@��5��Q14O� ($�&6��� !�.�
�-�5, 2546) 
 
2. "#$%	&'���(�)*&��+#,
-�ก	�&	����ก 

 
'>:7&��/	01���M>8   �/&.�A�   	�ก�:,��/)���/	01���M>8"�3�ก��+	,+25	,�/	01"#�

+$1���ก/&�5�/ก��   -1<+ก5   '�&/$,�&16� $>"M ])���/	01���M>8   '�&/6� $>"M ]+	,+"<!� �)��
$&.���M>8  '�&/��ก  '�&/+)0�+��  '�&/�
3�  ก&��,��)���/	01����
�  '�&/�%&�>1�$#.�&.)��
�/	01  )�&1  $#  �3%&���ก  '�&/$/�%&�$/�  ��/"�3�*�'+	,+/	�"#�2 1/&ก�6�/	01���M>8 (��		7, 
2540)   @�ก&�@�<�/	01���M>8��
��ก&���&,�	4ก  '�&/��ก+	,'�&/+)0�+������'>:7&�"#�$%&'�("#�$>1 
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*1.�L�&,@�ก&���&,�	4ก@�$7&�,+	<�   '�&/��ก��
�'�&//#�#� 2    �/&.�A�   ก&���ก+	,ก&�
��Z�&)��2<��5��!&ก�/	01���M>8   !�-1<2<�ก	<&"#�$/64�:8��#.���"#�$&/&���!� (����2<��
�25�-�
-1<@�$7&�,+�1	<�/"#���/&,$/   =A��$&/&����1'�&/��ก��
�'�&//#�#� 2)���/	01���M>8-1<!&ก
ก&�"1$�6'�&/��ก/&2��&�  (standard germination test) (��		7, 2545)   $5��'�&/+)0�+��
)���/	01���M>8 �/&.�A� '>:$/6�2 )���/	01���M>8"#�"%&@�<�/	01���M>8��ก-1<�.5&���1��0�  $/�%&�$/� 
-1<2<�ก	<&"#�$/64�:8  +)0�+��  /#ก&�2�3�2��+	,ก&��!� (�2 6*2)��2<�ก	<&"#�@�<2<��
�"#�$&/&��
9	 2�
�-1< (TeKrony and Egli, 1991)  

@�ก&�9	 2�
�/#ก&�@�<�/	01���M>8"#�/#'>:7&�+	,'�&/+)0�+��+2ก25&�ก��-�  
ก&�@�<�/	01���M>8'>:7&�$4������
3��&�@�ก&�9	 2�
� "#�$&/&���5�.�� �/9	9	 2+	,	1'�&/�$#�.�
@�ก&�9	 2 �/	01���M>8"#�/#'>:7&�$4�$&/&����ก-1<1# -1<2<�ก	<&"#�2�3�2��-1<��0�@�+�	� @�"&�
ก	�6ก���/	01���M>8"#�/#'>:7&�2�%&/#ก&���ก@�+�	��<&  +	,-1<2<�ก	<&"#�2�3�2���<& (TeKrony and 
Egli, 1991) � ��. +	,':, (2547) �6�5&  ก&��	4ก������	
��*1.@�<�/	01���M>8'>:7&�$4�"#�/#'�&/
��ก/&2��&� 90% )A3�-� /#'�&/$&/&��@�ก&���ก@�+�	�-1<��,/&: 80% )��'�&/��ก
/&2��&� �.5&�-�ก02&/  @�ก�:#"#�-/5$&/&��@�<�/	01���M>8"#�/#'>:7&�$4�-1<  ��
�2<��@�<�/	01���M>8
"#�/#'>:7&�2�%&	� ก&��	
�ก@�<�/	01���M>8@�<$�1'	<��ก�6'�&/$&/&��@�ก&���ก+	,!�1ก&�@�<
��/&,$/ก�6$7&�+�	��	4ก$&/&���5�.�� �/��,$ "M 7&�@�ก&�9	 2�
�-1<1#. ��)A3� ($>! 2�&, 
2544)  

*1."���-�  @�ก&���&,�	4ก!� �-/5$&/&��'�6'>/$7&�+�1	<�/-1< +	,/�ก/#
$7&�6&��.5&�"#�-/5��/&,$/25�ก&���ก)���/	01���M>8 "%&@�<)<�/4	"#�-1<!&กก&�"1$�6'�&/��ก
/&2��&�-/5$�1'	<��ก�6'�&/��ก@�+�	� !A�-/5$&/&���%&)<�/4	/&ก%&��1��2�&�	4ก-1<�.5&�
�4ก2<�� "%&@�<2<��/#ก&���Z�&� M#ก&�"1$�6'�&/��ก)���/	01���M>8"#�/#'�&/$�/���M8+	,"%&�&.
'�&/��ก)���/	01���M>8@�+�	�@�+25	,$7&�ก&���&,�	4ก 

 
3. "#$%	&�(�)*&��+#,���-	�ก	�ก)��ก/	 

 
ก&��ก06��ก�&�/	01���M>8����ก !ก��/"#��.45@���!�ก&���&,�	4ก ��
���!&กก&�

��&,�	4ก��
��ก&�9	 2�
�)A3��.45ก�6Q14ก&	+	,$7&��&ก&� �#ก"�3�ก&�9	 2�/	01���M>8+25	,'��3�
$&/&���%&-���&,�	4ก9	 2�
�-1<�	&.Q14 !A�!%&����2<���ก06�/	01���M>8-�<�,.,��A����
��@�<ก&�
��&,�	4ก1%&�� �25�-�-1<25���
��� (��,��/, 2549) ก&��ก06��ก�&�/	01���M>8��
���	4ก@�Q14ก&	
25�-� ����ก&�!�1ก&�"#�$%&'�(��
����ก�&�/	01���M>8"#�@�<'�'>:7&�$%&���6@�<��&,�	4ก *1.�L�&,
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�.5&�. ��'�&//#�#� 2+	,'�&/+)0�+��  �P!!�."#�/#9	25�ก&��$
��/'>:7&��/	01���M>8�,��5&�ก&��ก06
��ก�& '
�  �>:�74/  '�&/�
3�)���/	01���M>8  +	,'�&/�
3�)���&ก&� @�ก&��ก06��ก�&�/	01���M>8
+66��\1��
�ก&��ก06��ก�&�/	01���M>8"#�$&/&��+	ก��	#�.�'�&/�
3�ก�66��.&ก&�-1< '�&/�
3�)��
�/	01���M>8�4ก'�6'>/*1.'�&/�
3�$�/��"M8)��6��.&ก&� (��		7 +	,':,, 2535)  �&�/.8+	,
!� .& (2543) "%&ก&��ก06��ก�&�/	01������	
�����M>8$!.5 �/	01���M>8/#'�&/�
3���,/&: 9% @��>�
ก�,1&�  "#��>:�74/ �<�� ������	& 0 �A� 90 ��� �6�5& �/	01���M>8/#'�&/��ก/&2��&�	1	�!&ก 97 
���� 79%  +	,���.&�8 (2538) "%&ก&��ก06��ก�&�/	01���M>8������	
�����M>8��#.�@�/560 +	,���M>8$!.4 
"#��/	01���M>8/#'�&/�
3� 6 Y 7% @��>�ก�,1&�  "#��>:�74/ �<���&� 3 �1
�� "%&@�<�/	01���M>8/#'�&/
��ก��,/&: 70%  +	,/#'�&/��ก	1	��.5&���1��0��/
���ก06��ก�&�&�ก�5& 3 �1
�� +$1��5& �/	01
���M>8"#��ก06��ก�&@��>�ก�,1&�"#��>:�74/ �<�� �&���,/&: 3 �1
�� /#'�&/��ก	1	���	
�
��,/&: 70%   

 
4. �1��� ���(�2�
-�ก	��ก'���(�)*&��+#, 

 
�/	01���M>8$&/&����ก-1<1#+	,��1��0�  2<��-1<��6�P!!�."#�!%&����$%&���6ก&���ก

�.5&�'�6�<��+	,��#.��� �P!!�."#�!%&����$%&���6ก&���ก)���/	01���M>8 -1<+ก5 �3%& ��ก= �!� +	,
�>:�74/ "#���/&,$/ *1.�L�&,�3%&+	,��ก= �!�2<���.45@�$�1$5��"#���/&,$/ ��
���!&ก�P!!�."�3�
$��$&/&���)<&+"�"#�ก��-1< ��5� �<&�3%&/&ก�ก �-�!,"%&@�</#�� /&:��ก= �!�-/5��#.��� (��		7, 
2540)  +	,ก&���ก)���/	01���M>8@�+�	��	4ก.��)A3��.45ก�6 '>:7&��/	01���M>8   '�&/�
3� �>:�74/ 
*'��$�<&�1 �  +	,$7&�+�1	<�/@�+�	��	4ก (Hamman et  al., 2002)   

1. �3�	 �����P!!�.+�ก"#�/#'�&/$%&'�(25�ก&���ก)���/	01���M>8  �/	01���M>8�
�+25
	,�� 12<��ก&��3%&$%&���6ก&��� �/��ก@��� /&:"#�+2ก25&�ก�� (��		7, 2540) ก&�"#��/	01���M>8��ก
-1<��3�   �/	01���M>82<��-1<��6'�&/�
3���,/&: 30-60%   +2ก25&�ก��-�2&/�� 1�
� ��5� ������	
�� 
50%  (FAO, 1982 �<&�*1. Wongvarodom, 2006)   )<&�*�1 32.2%  (��		7, 2540)   �&ก@�$7&�
ก&���&,�	4ก/#�3%&-/5��#.���!,"%&@�<�/	01���M>8��ก�<& ��
���ก-1<�<�.  (Schuab et al., 2007)    
Hunter +	, Erickson (1952)   -1<�Aก�&ก&���ก)���/	01���M>8������	
�� �6�5& �� /&:�3%&"#�2�%&$>1"#�
"%&@�<�/	01���M>8������	
����ก-1<'
� 500  ก��//1 � 1 ก *	ก��/    +25�&ก/#�3%&/&ก�ก �-��&!"%&@�<
�/	01���M>8)&1��ก= �!�+	,��5&2&. (��,��/,  2549)    � ��.+	,':, (2547) -1<�Aก�&ก&���ก
)���/	01���M>8������	
��@�$7&�,�3%&"5�/)�� �6�5& �/	01���M>8'>:7&�$4�"#�/#'�&/��ก/&2��&� 
��,/&: 85%  /#'�&/��ก��#.� 3-4%  ��
���!&ก)&1��ก= �!� 1����3�!A���0�-1<�5&  '�&/�
3�1 �����
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$5��$%&'�(25�ก&���ก   @�$7&�ก&���&,�	4ก"#�/#�� /&:�3%&@��,1�6�20/'�&/!>)��1 � (field 
capacity : FC)   �����,1�6"#���/&,$/"#�$>1$%&���6ก&���ก)���/	01���M>8   Bazzigalupi +	, 
Cepeda (2005) �&.�&��5&  ก&���&,�/	01���M>8������	
��"#�@�<�3%&�,1�6 45%  FC"%&@�<�/	01���M>8/#
'�&/��ก$4�$>1 86%   @��,��5&�ก&�141�3%&)���/	01���M>8�&ก1 �/#'�&/�
3�	1	�$5�9	@�<�/	01
���M>8/#'�&/��ก�<�.	�  (Steven, 2008)   Pendleton +	, Hartwig (1973)   �&.�&��5& '�&/�'�#.1
�3%&)��1 �"#� 6 atm. "%&@�<�/	01���M>8������	
����ก-1<	1	�  +	, Senaratna +	, McKersie (1983)  
�Aก�&ก&���ก)���/	01���M>8������	
��@�$7&�,+	<�  �6�5&  �/
��@�<'�&/�
3�1 �"#��,1�6 60 40 20 
+	, 10%   FC ������	& 36 ����*/�   �/	01���M>8������	
��/#'�&/��ก/&กก�5& 90%   "#��,1�6
'�&/�
3� 20% FC )A3�-�   *1.'�&/�
3�"#��,1�6 10% FC  �/	01���M>8������	
��-/5$&/&����ก-1< 

2. ��ก45���   ก&���ก)���/	01���M>8����ก�,6��ก&�"#��ก#�.�)<��ก�6�=		8"#�/#�#� 2
+	,2<��@�<�	���&�!&กก&��&.@! 2<���&��.��ก= �!�$%&���6ก&��&.@!��
��.5�.$	&.�&�&�@�<
-1</&=A���	���&�"#�!%&���� (!��!��"�8, 2529) �/	01���M>8�
�6&��� 1$&/&����ก-1<�/
����ก= �!�
�� �/)A3� -1<+ก5 +'��" +	,"&�2,��� (��		7, 2540)   +25/#�/	01���M>8�
�6&��� 1"#�$&/&����ก-1<
@�$7&�"#�/#��ก= �!�2�%&ก�5&�ก2  -1<+ก5 )<&� +	,�(<&+��ก =A���� /&:��ก= �!�"#���/&,$/25�
ก&���ก)���/	01���M>8������	
���.45"#��,1�6 20% @�$7&��&ก&��ก2  (��,��/, 2549) !&ก
ก&��Aก�&)�� Raymond +	,':, (1985)  "1$�6ก&���ก)���/	01���M>8������	
��@�$7&�"#�/#
��ก= �!� (aerobic) +	,@�$7&�"#�)&1��ก= �!� (anaerobic) �6�5& @�$7&�"#�/#��ก= �!�/#ก&�
$�<&� ATP (adenosine triphosphate)  �� /&: 20% /&กก�5&@�$7&�"#�)&1��ก= �!�"#�/#��#.� 5%  

3.  �#$�%�(5�����(	��(   �/	01���M>8�
�!,$&/&����ก-1<2<���.45@��5���>:�74/ "#�
��/&,$/ +	,�>:�74/ "#���/&,$/25�ก&���ก�/	01���M>8������	
�� '
�  25-35 o= (FAO, 1994)  
�/	01���M>8�
�+25	,�� 1/#�>:�74/ "#���/&,$/$%&���6��ก+2ก25&�ก��   �
�6&��� 1-1<��6�>:�74/ 
2�%&�ก �-�-/5$&/&����ก-1< ��
�@�<��	&@�ก&���ก�&��ก �-� ()��(! 2�, 2534)   �/	01���M>8
2�6$���25��,1�6�>:�74/ +2ก25&�ก��-�   Hatfield +	, Egli (1974) �&.�&��5& "#��>:�74/  10 o=  
"%&@�<ก&���ก)��  hypocotyl   )���/	01���M>8������	
��@�<��	&�&�)A3� +	,�/	01���M>8������	
��-/5
$&/&����ก-1<  "#��>:�74/  40  o=   Steven (2008)  �&.�&��5&  "#��>:�74/  15 o=   �/	01���M>8����
��	
��@�<��	&��,/&: 500 ����*/�  @�ก&���ก!�����2<�ก	<&   +	,	1	���	
� 100 ����*/� "#�
�>:�74/  30 o=  ��5��1#.�ก�6ก&��Aก�&)�� Duke +	,':, (1977)  

 !&ก�P!!�."#�ก	5&�/& ��0�-1<�5&   �/	01���M>8�
�"#���ก-1<1#   �/
��-1<��6�P!!�.ก&���ก
"#���/&,$/  =A��-1<ก%&��1-�<@�ก&�"1$�6'�&/��ก/&2��&�   $%&���6ก&���&,�	4ก@�+�	�-/5
$&/&��!�1�P!!�.@�<'�6�<����/&,$/-1<   *1.�L�&,ก&���&,�	4ก*1.�&��.�3%&O�@�$7&�,+	<� 
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5. ก	��ก��7���'���(�)*&��+#,���%	��7��� 
 

$7&�,�'�#.1�3%& (water stress)   @�ก&���&,�	4ก/#  2  	�ก�:,  '
�   $7&�,�3%&
/&ก�ก �-� (water excess)   �ก 1!&ก�5���5&��,��5&��/011 �"�3��/1�4ก+"�"#�1<�.�3%&   "%&@�</#
�&ก&��.456<&�+25ก0������ /&:�<�. (1 ��ก +	,':,, /��.)    !A�"%&@�<�/	01���M>8)&1��ก= �!�+	,
��5&2&. (��,��/, 2549)  +	,$7&�,)&1�3%& (water deficit)   ����'�&/�'�#.1"#��&!�ก 1!&ก$7&�,
+	<�2&/Q14ก&	�����
���!&กก&�)&1�3%&��
�)&1O��ก � 14 ���  (2>	&ก&� +	,��Z�&, 2549)  
$7&�+�1	<�/"#�ก�,"6+	<�����$7&�"#�-/5��/&,$/25�ก&���ก)���/	01���M>8   ��
���!&ก1 �/#
�>:�74/ $4�+	,/#'�&/�
3�2�%& "%&@�<ก&���ก	1	�  -/5$/�%&�$/�  +	,2<�ก	<&-/5+)0�+�� (Helms et 
al., 1997)  � ��. +	,':, (2547) �6�5&   �/	01���M>8'>:7&�$4�"#�/#'�&/��ก/&2��&� 98.00 +	, 
96.25%  )��������	
�����M>8��#.�@�/560 +	,���M>8$!.5   /#'�&/��ก2�%&@�+�	��	4ก@�$7&�,+	<�    
*1.�/	01���M>8��#.�@�/560  +	,���M>8$!.5   ��ก@�+�	��	4ก-1< 61.32  +	, 71.25%  2&/	%&1�6   
$5���/	01���M>8'>:7&��&�ก	&�"#�/#'�&/��ก/&2��&� 83.00 +	, 75.50%   ��ก@�+�	�-1< 
40.40   +	, 59.00% 2&/	%&1�6   +	,�/	01���M>8"#��,1�6'>:7&�2�%&"#�/#'�&/��ก/&2��&� 67.25 
+	, 65.00%   @����M>8��#.�@�/560 +	,���M>8$!.5   $&/&����ก@�+�	�-1< 42.25 +	, 28.75%   
��ก!&ก'�&/��ก@�+�	�+	<�.��)A3�ก�6'�&/+)0�+��)���/	01���M>81<�.=A����1'�&/+)0�+��)��
�/	01���M>8!&ก��2�&ก&���ก"#���,�/ �!&ก'�&/��0�@�ก&���ก   +	,��	&�L	#�.@�ก&���ก  +	,
��2�&ก&��!� (�2 6*2)��2<�ก	<&"#���1!&ก'�&/$4�+	,�3%&���ก+�<�)��2<�ก	<&   ��
��@�<$&/&��
��,�/ �'5&'�&/$&/&��)���/	01���M>8"#�!,��ก@�+�	��	4ก-1</���@!. ��)A3�   !&กก&��Aก�&)��
� ��. +	,':, (2547)  �6�5&   �/	01���M>8������	
��"#���ก@�$7&�,+	<�/#2<�ก	<&"#�/#ก&��!� (2�%&ก�5&
$7&�,"#�-1<��6�3%&">ก���    

��ก!&ก�#3   -1</#ก&�@�<1���#'�&/��ก@�+�	� (field emergence index : FEI) 
65��#3�,1�6��
�'�&/�>�+��)��$7&�,�'�#.1"#��ก 1)A3�@�+�	��	4ก��
�$7&�'�&/��/&,$/)��
+�	��	4ก25�ก&���ก)���/	01���M>8   *1.@�<$%&���6ก&�"1$�6+	,'�1���M>8������	
��@�ก&�"�
+	<�   (Egli and TeKrony, 1995 )   =A��1���#'�&/��ก@�+�	�  '%&��:!&ก'�&/��ก@�+�	��&�
1<�.'�&/��ก/&2��&�   "#�+$1��A�'�&/$&/&��@�ก&���ก)���/	01���M>8@�ก&���ก@�+�	�"#�
�"#.6ก�6'�&/��ก/&2��&�"#��&!@�<'%&��:'�&/��ก@�+�	��	4ก!&ก'�&/��ก/&2��&�-1<
(Wongvarodom, 2006 ; �>7ก&(!�8, 2550) 
 
 



 8 

6. ก	�*����(�)*&��+#,���%	���"� * 

 
ก&�"1$�6�/	01���M>8@�$7&�,�'�#.1����ก&���1'�&/��ก+	,'�&/+)0�+��)��

�/	01���M>8@�$7&�,"#�-/5��/&,$/"#�@�<9	$�1'	<��ก�6$7&�+�	��	4ก!� �   =A��@�$7&�ก&�
��&,�	4ก/#$7&�,�'�#.125�ก&���ก)���/	01���M>8+	,ก&�2�3�2��)��2<�ก	<& (!��!��"�8, 2529)   
ก&�"1$�6@�$7&���&� (cold test)   ����� M#ก&�"#�@�<"1$�6�/	01���M>8)<&�*�1ก%&��1*1.
$/&'/��ก"1$�6�/	01���M>8 (AOSA, 2002)  *1.@�<1 �!&ก+�	��	4ก/# FC  40%   +	,@�<�3%&"#� 70 
% FC  ��&,�/	01���M>8"#��>:�74/  10 o= ������	& 7 ���   +	,��&,"#��>:�74/  25 o=  �#ก 4 ���  
Lovato +	, Cagalli (1993)   "%&ก&���&,�/	01���M>8 sugar beet   @�"�&."#�/# FC -/5�<�.ก�5& 40% 
@�ก�,6,  "#��>:�74/  8 o= ������	& 7 ���   +	,"#��>:�74/  20 o=  �#ก 7 ��� ��,�/ �'�&/��ก"#� 14 
����	����&,   =A���/	01���M>8"#���ก-1<1#@�$7&�1��ก	5&�+$1��5&/#'�&/+)0�+��1# $&/&���	4ก@�
$7&�"#�/#$7&��$#�.�25�$7&��&ก&���&��.0�-1<1#   +25�5&.25�ก&��)<&"%&	&.)����
3��&    �/	01O�&.
-/5$&/&��"1$�61<�.ก&�"1$�6@�$7&���&�-1<  !A�/#� M#ก&�"1$�6'�&/��ก@�$7&��.0�   
"%&*1.ก&���&,�/	01���M>8O�&."#��>:�74/  18 o=   ��,�/ �9	�/
���&.>'�6 7 ��� �	����&,��#.�'��3�
�1#.�  *1.ก&���,�/ �2<�ก	<&�ก2 !&ก!%&���2<�ก	<&"#�/#'�&/$4�/&กก�5& 4 =/. )A3�-�    �<&/#
!%&���2<�ก	<&$4�+$1��5&/#'�&/+)0�+��$4� (��		7, 2545)  � M#ก&�"1$�6"#�1#2<��@�<9	$�1'	<��
ก�6'�&/$&/&��)���/	01���M>8�
�+25	,�� 1"#�+$1�@�+25	,$7&�)��ก&���&,�	4ก!� �     

ก&�"1$�6'�&/+)0�+��)���/	01���M>8@��)2�<���
3� ��
����,�/ �'�&/��ก@�
$7&�,+	<�  "%&*1.��&,�/	01���M>8@�1 �   /#ก&�"1	��@��
��	&.�� 1 ��5� � ��. +	,':, (2547) 
-1<�Aก�&ก&�"1$�6'�&/+)0�+��)���/	01���M>8������	
����&,@�2,ก�<&�	&$2 ก 19.0 x 26.0 x 
6.0 =/.  "#�6��!>1 � 1,000 ก��/ @�<�3%& 62% FC  ">ก 2 ���  ��,�/ �'�&/��ก"#� 5 ����	����&, 
@�<9	$�1'	<��ก�6'�&/��ก@�+�	��	4ก@�$7&�,+	<�   �����: (2545) -1<�Aก�&ก&�"1$�6
'�&/+)0�+��)���/	01���M>8)<&�*�1��&� ��
����,�/ �ก&���&,�	4ก@�$7&�,+	<�@��)2�<���
3� 
*1.��&,@�1 � 2,000  ก��/ @�2,ก�<&�	&$2 ก)�&1 26.0 x 30.0 x 8.0 =/.  @�<�3%&"#��,1�6 70% FC    
����1#.�@������&, ��,�/ �'�&/��ก"#��&.> 5 ����	����&, @�<9	$�1'	<��ก�6'�&/��ก@�+�	�
�	4ก@�$7&�,+	<� ��5��1#.�ก�6ก&�"1$�6'�&/��ก)���/	01���M>8)<&�*�1 (�&� 2, 2545)  +25ก&�
"1$�61��ก	5&�"#�-/5'�6'>/'�&/�
3�"%&@�<-1<9	ก&�"1$�6+2ก25&�ก��2&/Q14ก&	  �#��ก#.�2  
(2550) -1<"1$�6'�&/��ก)���/	01���M>8)<&�*�1��&���
����,�/ �'�&/��ก@�+�	��	4ก@�
$7&�,+	<� 1<�.ก&�'�6'>/'�&/�
3�*1.��&,@�1 �"#�/# FC 40% �� /&: 350 ก��/ @�2,ก�<&
�	&$2 ก)�&1 10.5 x 22.0 x 8.0 =/.  @�<�3%&"#��,1�6 40% FC  ����1#.�@������&,  ��,�/ �'�&/
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��ก"#��&.> 7 ����	����&, @�<9	$�1'	<��ก�6'�&/��ก@�+�	��	4ก@�$7&�,+	<� ��5��1#.�ก�6 
ก&�"1$�6'�&/��ก@�)<&�*�1-�5 (�>7ก&(!�8, 2550)  =A��� M#ก&�1��ก	5&�@�<9	ก&�"1$�6-/5
+2ก25&�ก��@�">กQ14ก&	 !A�-1<�Aก�&� M#ก&�"1$�6*1.ก&�'�6'>/'�&/�
3�)���/	01���M>8����
��	
����
������� M#ก&�"1$�6-1<�.5&�ก�<&�)�&�)A3� +	,@�<@�ก&��	
�ก�/	01���M>8��&,�	4ก@�<
��/&,$/ก�6$7&�)��+�	��	4ก 
 
��
�#����",'��ก	�5��  
 
  ��
���Aก�&ก&�'�6'>/'�&/�
3�@�ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&)��
�/	01���M>8������	
��"#�$&/&��@�<"1$�6'�&/��ก)���/	01���M>8-1<@�">ก$7&��&ก&� 
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����� 2 

 

���*# �#�ก$,7���5+�ก	 

 
ก&�"1	���� �/2�3�+25�1
��/ �>�&.� �.�. 2550 +	,$ 3�$>1�1
��2>	&'/ �.�. 2551  

"#��<���� 6�2 ก&��"'*�*	.#�/	01���M>8+	,+�	�"1	��7&'� �&�
��&$2�8 ':,"���.&ก� 
M��/�&2  /�&� ".&	�.$�)	&�'� �"�8 �%&�7��&1@�(5 !�����1$�)	& 
 
���*# 

1.   �/	01���M>8������	
�����M>8��#.�@�/560 +	,���M>8$!.5 !&ก�4�.8� !�.�
�-�5��#.�@�/5 
2.   2,ก�<&�	&$2 ก)�&1 12.0 x 23.5 x 6.0  =/. $%&���6@�<"1$�6'�&/��ก@�$7&�,!%&ก�1

�3%& *1.'�6'>/'�&/�
3� +	,2,ก�<&)�&1 19.0 x 26.0 x 6.0  =/. $%&���6@�<ก&�"1$�6
'�&/��ก@�$7&�,!%&ก�1�3%&*1.-/5'�6'>/'�&/�
3� 

3.   1 �!&ก+�	��	4ก  
4.   1 �	%&1�� 
5.   ก�,1&���&, 
6.   �>��	&$2 ก 
7.   )�1L#1�3%& 
8.   1 �$�ก����E� 
9.   6#ก�ก��8 

      10.  �>�ก�,1&� 
      11.  ก	5��*�/ 
      12.  -/<6��"�1 
      13.  �"��8*// �2��8 
      14.   9
��	&$2 ก@$$%&���6'	>/��
��'�6'>/'�&/�
3� 
      15.   ��$1>�� 6�2 ก&� +	,��$1>�ก�2�$%&���6ก&�"1$�6@�+�	��	4ก  
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�#�ก$, 
1.  24<��&,�/	01���M>8 
2.  �'�
�����1�>:�74/  +	,'�&/�
3�$�/��"M8 
3.  �'�
�������	,��#.1 
4.  24<�6 
5.  �<���.0��>:�74/  100=.  
6.  ��3��&�"#�$&/&��'	>/�	&$2 ก-1< 

 
�5+�ก	 

 

ก	�
� (�(�)*&��+#,��	���ก	�*��� 
�%&�/	01���M>8������	
�����M>8��#.�@�/560 +	,$!.5   !&ก�4�.8� !�.�
�-�5��#.�@�/5 

/&�&'�&/�
3� +	,"1$�6'�&/��ก/&2��&�+	<�6��!>@��>��	&$2 ก�\19�Aก@$5@�ก	5��*�/  
�ก06��ก�&@��<���.0�"#��>:�74/  10o=    @��1
��/ �>�&.� �.�. 2550    ".�.�%&�/	01���M>8"#��ก06
��ก�&@��<���.0��� /&: 1.5 ก *	ก��/  /&6��!>�>�ก�,1&�  @$52,ก�<&�	&$2 ก   �ก06��ก�&"#�
�>:�74/ �<����
��@�<-1<�/	01���M>8"#��ก06��ก�&"#��>:�74/ �<��"#��&.>   1  2  +	, 3 �1
��  +	,�/	01
���M>8"#��ก06��ก�&@��<���.0�  @�<"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&@�Q14ก&	25&� R )��7&'@2<   
*1.@�Q14O����ก"%&ก&�"1$�6@��1
��M���&'/ �.�.2550   @�Q14+	<�"%&ก&�"1$�6@��1
��
/#�&'/ �.�. 2551  +	,Q14O�"%&ก&�"1$�6@��1
���Q�7&'/ �.�. 2551   ก&�"1$�6'�&/��ก
@�+�	�@��5��Q14+	<�   "%&@��1
���/�&.� �.�. 2551  
 

ก	�*���"#$%	&'���(�)*&��+#, 
ก5��ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&+	,'�&/��ก@�+�	�   "%&ก&�

"1$�6'>:7&��/	01���M>8"#��ก06��ก�&@��<���.0�+	,"#��>:�74/ �<�� ��,ก�61<�. 
1. "�	(��ก(	
9	� (standard germination)  "%&ก&�"1$�62&/� M#ก&�"#�

ก%&��1@�ก�ก&�"1$�6�/	01���M>8)��$/&'/��ก"1$�6�/	01���M>8 (AOSA, 2002)  *1.��&,
�/	01���M>8@�/<��ก�,1&�"#��>5/�3%& !%&��� 50 �/	0125�=3%& "%& 4 =3%& /<��ก�,1&���&,@$5@�
�>��	&$2 ก  �%&-��&�@�24<��&,"#��>:�74/ $	�6 20-30 o= ������	& 16 +	, 8 �/. 2&/	%&1�6 
��,�/ �'�&/��ก'��3�+�ก �/
���&.> 5 ���+	,��,�/ �'�&/��ก'��3�$>1"<&. �/
���&.> 8 ����	����&, 
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2. "�	(7')�7�'���(�)*&��+#,  2  ��ก/$� 
  2.1     '�&/��0�@�ก&���ก  1<�.ก&��&��	&�L	#�.@�ก&���ก (mean germination 
time ; MGT)  1<�.ก&�@�<!%&���2<�ก	<&�ก2 "#���ก@�+25	,���!&กก&�"1$�6'�&/��ก/&2��&�  
/&'%&��:��	&�L	#�.@�ก&���ก)��+25	,=3%& !&ก$42� (��		7, 2550)  

                             
                          
 
�/
��  n  =  !%&���2<�ก	<&�ก2 "#���ก@����"#�2��!��6 
        D =  �&.>���"#�2��!��6 
 
2.2     ก&��!� ()��2<�ก	<&  2  � M# '
� 
2.2.1 '�&/.&�.�1)��2<�ก	<& ��&,�/	01���M>8 !%&��� 20 �/	0125�=3%& "%& 4 =3%& 

�&�6�ก�,1&���&,"#��>5/�3%& 2 +95� ��#.��/	01���M>8���� 2 +�� �5&�!&ก)�66�)��ก�,1&� 6 =/. 
+	, 13 =/. 2&/	%&1�6  �&��/	01���M>8@�<�	&.�&ก	�$451<&�	5&�)��ก�,1&���&, +	,$5��)��2<�
�5����&.)A3� �\1"�61<�.ก�,1&��>5/�3%&�#ก 1 +95� +	<�/<��+	,�%&-��&�@�<2�3���#.� 450  @�24<��&,
"#��>:�74/  25 0=.  @�"#�/
1 �/
��'�6 7 ��� ��,�/ �2<�ก	<&�ก2 �%&/&��1'�&/.&�.�1*1.��1!&ก
$5��"#�������.25��,��5&��&กก�6.�1�A��	&..�1 +	<�'%&���'�&/.&�.�1)��2<�ก	<&  

2.2.2 �3%&���ก+�<�)��2<�ก	<& �%&2<�ก	<&�ก2 !&ก)<� 2.2.1 +.ก��&@6�	#3.���ก@�<
��	
��L�&,$5��)��+ก�2<��5�� �%&-��6"#��>:�74/  800=. �&� 24 �/. (AOSA, 2002) ����
�3%&���ก+�<�2<�ก	<& +	<�'%&��:�&�3%&���ก+�<�2<�ก	<& !&ก$42� 
 

�3%&���ก+�<�2<�ก	<& =   �3%&���ก+�<�2<�ก	<&�ก2 "#��6 
       !%&���2<�ก	<&�ก2  
 

ก	�*���"�	(��ก'���(�)*&��+#,���%	����	ก�*�3�	 
1. ก	�
� (*5�  ก	�	"�	(�#"�	(:�3�   7��"�	(:�3�*5�����:��*��� 

 1.1 ก&��2�#./1 � ��
���!&ก1 �@�+�	��	4ก/# FC 20.28% ��
��@�<1 �"#�@�</# FC
��,/&: 40%  !A�9$/1 �	%&1��@���2�&$5�� 1 �@�+�	� 10 $5�� 1 �	%&1�� 3 $5��  

1.2   ก&��& FC )��1 �   $>5/2���.5&�1 �9$/�� /&: 1,000 ก��/  @$52,ก�<&
�	&$2 ก)�&1  26.0 x 30.0 x 8.0 =/.  "#����1<�.ก�,1&�   �2 /�3%&!�-�	��ก  '	>/1<&�6�1<�.

∑ Dn 
∑ n MGT = 
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ก�,1&�"#���E.ก�
3� ��
������ก��ก&��,��.)���3%&2�3�-�< 24  �/. $>5/2���.5&�1 �  !%&��� 50 ก��/25�
=3%& "%& 4 =3%&   �%&-��6"#��>:�74/   1050=  �&� 24 �/. �����3%&���ก�	���6'%&����& FC !&ก$42�  

 
             '�&/�
3�)��1 � (%)  =    �3%&���ก1 �ก5���6 Y �3%&���ก1 ��	���6    X 100 

                                                          �3%&���ก1 ��	���6 
 
1.3 ก&��&'�&/�
3�1 �   $>5/2���.5&�1 �9$/ !%&��� 50  ก��/25�=3%& "%&  4 =3%&  ����

�3%&���ก+	<��%&-��6"#��>:�74/  1050= �&� 24 �/. �����3%&���ก�	���6 '%&��:�&'�&/�
3�1 �2&/
� M#ก&�@�)<� 1.2  ��
��@�<'%&��:�&�� /&:�3%&"#�@�<@�ก&�"1$�6'�&/��ก"#�+25	,�,1�6)�� FC 

 
2. ก	�*���"�	(��ก'���(�)*&��+#,���%	����	ก�*�3�	 

@�<�/	01���M>8������	
��"�3� 2 ���M>8   ���M>8	,!%&��� 4   ก��   "#��ก06��ก�&@��<��
�.0�+	,�ก06��ก�&"#��>:�74/ �<���&� 1  2  +	, 3 �1
��  "1$�6@�+25	,Q14ก&	  *1.��&,@�1 �
�� /&: 500 ก��/  @�2,ก�<&�	&$2 ก)�&1 12.0 x 23.5 x 6.0 =/. @�<�3%&"#�  62  70 +	,  75% FC  
">ก  3  ��� "%& 4 =3%&R 	, 50 �/	01   �%&-��&���&,6���3�"#��>:�74/ �<��  '�6'>/'�&/�
3�*1.'	>/
1<�.9
��	&$2 ก"#�*'��)����3��&���&,�/	01���M>8   +	,��&,�/	01���M>82&/� M#ก&�)�� � ��. +	,
':, (2547)  *1.-/5'	>/�	&$2 ก@�<�����>1'�6'>/ (control)  "%&ก&������3%&���ก1 �"�3�2,ก�<&"#�
��&,�/	01">ก���   ��
��'%&��:'�&/�
3�!&ก�3%&���ก"#� ��	#�.�-�+	,'%&����� /&:�3%&"#�@�<  
��,�/ �'�&/��ก">ก���@��5�� 3-7  ����	����&,   '%&��:����8�=0�28'�&/��ก ��	&�L	#�.@�ก&�
��ก   +	,��1'�&/$4�)��2<�ก	<&�ก2 "#��&.> 8 ����	����&,   2�12<�ก	<&"#��,1�6'�1 ��%&-��6"#�
�>:�74/  80 o= �&� 24 �/.   �����3%&���ก+	,'%&��:�&�3%&���ก+�<�)��.�12<�ก	<&25�2<�2&/
� M#ก&���1'�&/+)0�+��)���/	01���M>8 )<� 2.2.2   "%&ก&�2��!��1�>:�74/ 2�%&$>1   �>:�74/ $4�$>1
+	,'�&/�
3�$�/��"M8�L	#�.)���&ก&�@�+25	,���6� ��:"#�"%&ก&�"1$�6 
 

ก	�*���"�	(��ก��7������%	��7��� 
�%&�/	01���M>8"#�@�<"1$�6@�Q14+	<�  /&��&,@�+�	�*1.�	4ก 1 �/	0125��	>/ 

!%&��� 50 �/	0125�=3%& "%& 4 =3%& @�<�3%&"#�'�&/�#� 
  1) ">ก��� 
  2) ">ก 2 ��� 
  3) ">ก 3 ��� 
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"%&ก&�$>5/1 �@�+�	��	4ก">ก���   !%&��� 50 ก��/25�=3%&!%&��� 4 =3%& ��
���&
'�&/�
3�1 �*1.� M#ก&��6  ��,�/ �'�&/��ก">ก��� "#��&.> 5-8  ����	���	4ก   '%&��:'�&/��ก@�
+�	�+	,��	&�L	#�.@�ก&���ก ��1'�&/$4�2<�ก	<&"#��&.>  8 ���   +	,�3%&���ก+�<�2<�ก	<&
��5��1#.�ก�6ก&�"1$�6@�$7&�,!%&ก�1�3%&  '%&��: FEI  ��
��14'�&/$&/&��@�ก&���ก@�+�	�
�"#.6ก�6'�&/��ก/&2��&� (Wongvarodom, 2006) )���/	01���M>8+25	,'>:7&� '%&��:!&ก$42�
"#�ก%&��1*1. Egli +	, TeKrony (1995) 

 
    FEI = ����8�=0�28'�&/��ก@�+�	� x 100 
                                                    ����8�=0�28'�&/��ก/&2��&� 
 
 
ก	�5�"	��,'��(�� 

 
� �'�&,�8'�&/+������)��'�&/��ก+	,'�&/+)0�+��)���/	01���M>8 ก&���ก

@�$7&�,!%&ก�1�3%&)��+25	,� M#ก&�"#�"1$�6@�Q14ก&	25&�ก��)���/	01���M>8+25	,'>:7&�)������
��	
��+25	,���M>8 ��/"�3�ก&���ก@�+�	�  +	,'�&/��ก"#���&,@�$7&�,!%&ก�1�3%&ก�6'�&/��ก@�
+�	�@�$7&�,+	<�  1<�.� M#)��+9�ก&�"1	��"&�$� 2 +66 Completely Randomized Design 
(CRD) +	,���#.6�"#.6'5&�L	#�.1<�.� M#  Duncan�s Multiple Range Test (DMRT) 
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����� 3  

  

2� 

 

1. "#$%	&�(�)*&��+#,��������������:��*�����;*�ก	�
-	�ก�� 

 
�/	01���M>8������	
�����M>8��#.�@�/560 +	,���M>8$!.5 "#��%&/&!&ก�4�.8� !�.�
�-�5

��#.�@�/5 /#'�&/�
3� 9.26 +	, 10.05%  +	,'�&/��ก/&2��&� 94.50 +	, 94.00%  2&/	%&1�6 
�/
���%&/&6��!>@��>��	&$2 ก �ก06��ก�&@��<���.0�"#��>:�74/  10 o= +	,"#�".�.�%&��ก/&!&ก�<��
�.0�6��!>@��>�ก�,1&� �ก06��ก�&"#��>:�74/ �<�� �&� 1  2 +	, 3 �1
�� ��
��@�<"1$�6@�$&/Q14 
�6�5& �/	01���M>8������	
��"�3�$�����M>8"#�@�<@�ก&�"1$�6$5��@�(5/#'>:7&�-/5+2ก25&�"&�$� 2  
(2&�&�"#� 1)   .ก��<��/	01���M>8��#.�@�/560 "#��ก06��ก�&"#��>:�74/ �<���&� 3 �1
�� "#�@�<"1$�6@�
Q14O�"#��/	01���M>8/#'�&/��ก/&2��&� 50.00%  =A��2�%&ก�5&"&�$� 2 ก�6�/	01���M>8"#�@�<"1$�6@�
Q14O����ก+	,Q14+	<�"#�/#'�&/��ก/&2��&� 61.33 +	, 68.00% 2&/	%&1�6  

$5��'�&/+)0�+��)���/	01���M>8@��4���	&�L	#�.@�ก&���ก)���/	01���M>8 �6�5& 
�/	01���M>8������	
��"�3�$�����M>8"#�@�<"1$�6@�$&/Q14ก&	"#��ก06��ก�&@��<���.0�+	,"#��ก06��ก�&"#�
�>:�74/ �<��"#��&.>�1#.�ก�� /#��	&�L	#�.@�ก&���ก-/5+2ก25&�ก��"&�$� 2  (2&�&�"#� 2) $%&���6'�&/
+)0�+��@��4�)��ก&��!� ()��2<�ก	<&  �6�5& �L�&,�/	01���M>8"#��ก06��ก�&"#��>:�74/ �<���&�  
3 �1
�� /#2<�ก	<&"#�/#'�&/$4�+2ก25&�ก��"&�$� 2  (2&�&�"#� 3) *1.�/	01���M>8��#.�@�/560 "#�@�<
"1$�6@�Q14O� @�<2<�ก	<&"#�/#'�&/$4� 11.15 =/.  =A��2�%&ก�5&"&�$� 2 ก�6�/	01���M>8"#�@�<"1$�6
@�Q14O����ก"#�@�<2<�ก	<&/#'�&/$4� 12.69 =/. +25-/5+2ก25&�"&�$� 2 ก�6�/	01���M>8"#�@�<"1$�6
@�Q14+	<�"#�/#2<�ก	<&$4� 11.50 =/. $5���/	01���M>8$!.5 "#��ก06��ก�&"#��>:�74/ �<���&� 3 �1
�� "#�
@�<"1$�6@�$&/Q14  @�<2<�ก	<&"#�/#'�&/$4�+2ก25&����� 3 �,1�6 '
� �/	01���M>8"#�@�<"1$�6@�Q14
O� O����ก +	,Q14+	<� @�<2<�ก	<&/#'�&/$4� 11.89  10.46 +	, 9.10 =/.  2&/	%&1�6 $5���3%&���ก
+�<�)��2<�ก	<& �6�5& �/	01���M>8"�3�$�����M>8"#�@�<"1$�6"�3�$&/Q14"#��ก06��ก�&@��<���.0� +	,"#�
�ก06��ก�&"#��>:�74/ �<��"#��&.>�1#.�ก��@�<2<�ก	<&"#�/#�3%&���ก+�<�-/5+2ก25&�"&�$� 2  (2&�&�"#� 4)  
.ก��<��/	01���M>8��#.�@�/560 "#��ก06��ก�&"#��>:�74/ �<���&� 2 +	, 3 �1
�� "#�@�<"1$�6@�Q14O�
���ก Q14+	<�+	,Q14O� @�<2<�ก	<&/#�3%&���ก+�<�	1	�2&/	%&1�6 +	,�L�&,�/	01���M>8"#�@�<"1$�6
@�Q14O��"5&��3�"#�@�<2<�ก	<&/#�3%&���ก+�<�2�%&ก�5&"&�$� 2  
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2&�&�"#� 1 '�&/��ก)���/	01���M>8������	
�����M>8��#.�@�/560 +	,$!.5 "#��ก06��ก�&@��<���.0�+	,
"#��%&��ก!&ก�<���.0�/&�ก06��ก�&@��>�ก�,1&�"#��>:�74/ �<���&� 1-3 �1
�� "#�@�<
"1$�6@�+25	,Q14)��7&'@2< 

ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��+25	,���M>8  (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก�� +	,��ก��
� /�8@�(5���#.6�"#.6@�'�	�/�8�1#.�ก��) +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 
 
 
 

'�&/��ก/&2��&� (%)  
Q14ก&	"1$�6 

 
���M>8 /ก&��ก06��ก�& 

O����ก +	<� O� 

F-test C.V.(%) 

��#.�@�/560      
�<���.0� 90.50 A 92.59 A 89.00 A ns 5.67 

"#��>:�74/ �<���&�      
1 �1
�� 88.00 A 88.50 A 86.00 A ns 3.65 
2 �1
�� 74.50 B 74.00 B 70.00 B ns 5.75 
3 �1
�� 61.33 abC 68.00 aC  50.00 bC ** 8.66 
F-test ** ** **   

C.V.(%) 7.27 3.90 5.28   
$!.5      

�<���.0� 91.75 A 93.00 A 89.33 A ns 3.86 
"#��>:�74/ �<���&�      

1 �1
�� 82.25 A 84.50 A 84.50 A ns 6.68 
2 �1
�� 70.00 B 78.50 B 75.50 AB ns 10.79 
3 �1
�� 61.00 C 64.00 C 64.00 B ns 9.02 
F-test ** ** **   

C.V.(%) 6.23 3.36 10.81   
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2&�&�"#� 2  ��	&�L	#�.@�ก&���ก)���/	01���M>8������	
�����M>8��#.�@�/560 +	,$!.5 "#��ก06��ก�&@�
�<���.0�+	,"#��%&��ก!&ก�<���.0�/&�ก06��ก�&@��>�ก�,1&�"#��>:�74/ �<���&� 1-3 
�1
��  "#�@�<"1$�6@�+25	,Q14)��7&'@2< 

��	&�L	#�.@�ก&���ก (���)  
Q14ก&	"1$�6 

 
���M>8 /ก&��ก06��ก�& 

O����ก +	<� O� 

F-test C.V.(%) 

��#.�@�/560      
�<���.0� 3.94 B 4.35 B 3.96 B ns 6.36 

"#��>:�74/ �<���&�      
1 �1
�� 4.60 B 4.69 B 4.49 B ns 10.34 
2 �1
�� 5.64 A 5.66 A 5.82 A ns 2.22 
3 �1
�� 5.77 A 5.93 A 5.97 A ns 8.90 
F-test ** ** **   

C.V.(%) 7.94 16.58 16.98   
$!.5      

�<���.0� 3.58 B 3.71 B 3.96 B ns 8.15 
"#��>:�74/ �<���&�      

1 �1
�� 4.86 B 4.82 B 4.69 B ns 9.84 
2 �1
�� 5.27 A 5.21 A 5.22 A ns 4.47 
3 �1
�� 5.72 A 5.25 A 5.27 A ns 4.83 
F-test ** ** **   

C.V.(%) 9.04 4.82 6.58   
ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��+25	,���M>8@�'�	�/�8�1#.�ก��+2ก25&�"&�$� 2 "#�"1$�6*1.� M# 
DMRT 
 
 
 
 



 18 

 2&�&�"#� 3 '�&/$4�2<�ก	<&)���/	01���M>8������	
�����M>8��#.�@�/560 +	,$!.5 "#��ก06��ก�&@��<��
�.0�+	,"#��%&��ก!&ก�<���.0�/&�ก06��ก�&@��>�ก�,1&�"#��>:�74/ �<���&� 1-3 �1
�� "#�
@�<"1$�6@�+25	,Q14)��7&'@2< 

ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��+25	,(��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก�� +	,��ก��� /�8@�(5
���#.6�"#.6@�'�	�/�8�1#.�ก��) +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 
 
 
 

'�&/$4�2<�ก	<& (=/./2<�)  
Q14ก&	"1$�6 

 
���M>8 /ก&��ก06��ก�& 

O����ก +	<� O� 

F-test C.V.(%) 

��#.�@�/560      
�<���.0� 14.97 A 13.09 14.26 A ns 5.35 

"#��>:�74/ �<���&�      
1 �1
�� 14.14 AB 12.28 13.06 AB ns 10.67 
2 �1
�� 13.44 AB 12.42 12.26 AB ns 10.68 
3 �1
�� 12.69 aB   11.56 ab 11.15 bB ** 5.25 
F-test ** ns **   

C.V.(%) 6.63 7.26 11.07   
$!.5      

�<���.0� 13.37 A 13.77 A 14.25 A ns 9.77 
"#��>:�74/ �<���&�      

1 �1
�� 12.86 B 13.72 A 13.48 AB ns 9.44 
2 �1
�� 12.05 B 11.60 B 12.46 B ns 13.19 
3 �1
�� 10.46 bC   9.10 cC 11.89 aB ** 5.24 
F-test ** ** **   

C.V.(%) 13.06 7.51 8.82   
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2&�&�"#� 4 �3%&���ก+�<�2<�ก	<&)���/	01���M>8������	
�����M>8��#.�@�/560 +	,$!.5 "#��ก06��ก�&@�
�<���.0�+	,"#��%&��ก!&ก�<���.0�/&�ก06��ก�&@��>�ก�,1&�"#��>:�74/ �<���&� 1-3 
�1
��  "#�@�<"1$�6@�+25	,Q14)��7&'@2< 

ns, * +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 95 +	, 99%
2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��+25	,���M>8 (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก�� +	,��ก��� /�8
@�(5���#.6�"#.6@�'�	�/�8�1#.�ก��) +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

 
 

�3%&���ก+�<�2<�ก	<& (/ก./2<�)  

Q14ก&	"1$�6 

 
���M>8 /ก&��ก06��ก�& 

O����ก +	<� O� 

F-test C.V.(%) 

��#.�@�/560      
�<���.0� 53.86 55.93 A 55.25 A ns 6.59 

"#��>:�74/ �<���&�      
1 �1
�� 52.81 53.58 AB 55.25 A ns 3.43 
2 �1
�� 52.71 a 48.87 abBC 45.00 bB ** 4.49 
3 �1
�� 49.41 a 47.23 abC 44.00 bB ** 2.95 
F-test ns * **   

C.V.(%) 5.29 5.25 3.81   
$!.5      

�<���.0� 51.95 59.19 A 57.70 A ns 6.72 
"#��>:�74/ �<���&�      

1 �1
�� 49.71 49.75 B 48.75 B ns 5.24 
2 �1
�� 48.55 45.75 BC 46.25 BC ns 4.47 
3 �1
�� 46.96 43.00 C 43.75 C ns 6.26 
F-test ns ** **   

C.V.(%) 6.07 5.11 6.27   
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ก&��ก06��ก�&�/	01���M>8������	
��@��>��	&$2 ก @$5@�ก	5��*�/@��<���.0� "%&
@�<�/	01���M>8"#�@�<"1$�6@�Q14O�"#�/#'�&/��ก2�%&ก�5& *1./#'�&/��ก��,/&: 89%  )������
��	
��"�3�$�����M>8 +25-/5+2ก25&�"&�$� 2 ก�6�/	01���M>8"#�@�<"1$�6@�Q14O����ก+	,Q14+	<�  "#�
�/	01���M>8��#.�@�/560 /#'�&/��ก 90.50-92.59%  +	,�/	01���M>8$!.5 /#'�&/��ก  91.75-93.00%  
(2&�&�"#� 1) *1./#'�&/+)0�+��@��4���	&"#�@�<@�ก&���ก+	,ก&��!� ()��2<�ก	<&"#�-/5+2ก25&�ก��  
ก&��ก06��ก�&�/	01���M>8"#��>:�74/ �<�� "%&@�<�/	01���M>8������	
��"�3�$�����M>8 /#'�&/��ก	1	�
2&/	%&1�62&/�&.>ก&��ก06��ก�& *1.�/	01���M>8��#.�@�/560 "#��ก06��ก�&@��>:�74/ �<���&� 1 �1
�� 
/#'�&/��ก@��5�� 88.50-86.00%  +	,�/	01���M>8$!.5 /#'�&/��ก@��5�� 82.25-84.50% +25-/5
+2ก25&�"&�$� 2 ก�6�/	01���M>8"#��ก06��ก�&@��<���.0� $5��ก&��ก06��ก�&"#��>:�74/ �<���&� 2 +	, 
3 �1
�� "%&@�<�/	01���M>8������	
��"�3�$�����M>8/#'�&/��ก	1	�+2ก25&�ก��"&�$� 2 2&/	%&1�6 *1.
�/	01���M>8��#.�@�/560 "#��&.>ก&��ก06��ก�&  3 �1
�� /#'�&/��ก@��5�� 50.00-68.00%  +	,�/	01
���M>8$!.5  /#'�&/��ก@��5�� 61.00-64.00%  

�/	01���M>8������	
��"�3�$�����M>8"#��ก06��ก�&"#��>:�74/ �<���&� 2 +	, 3 �1
�� /#
��	&@�ก&���ก-/5+2ก25&�"&�$� 2   *1.�/	01���M>8��#.�@�/560 /#��	&�L	#�.@�ก&���ก@��5�� 5.64-
5.97 ��� +	,�/	01���M>8$!.5 /#��	&�L	#�.@�ก&���ก@��5�� 5.21-5.72 ���  =A��@�<��	&@�ก&���ก
�&�ก�5&�/	01���M>8"#��ก06��ก�&@��<���.0�+	,"#��ก06��ก�&"#��>:�74/ �<���&� 1 �1
�� "#�@�<��	&@�
ก&���ก@��5�� 3.96-4.69 ��� @����M>8��#.�@�/560 +	,@��5�� 3.58-4.86 ���  @����M>8$!.5 (2&�&�"#� 
2) +	,/#ก&��!� ()��2<�ก	<&	1	�2&/	%&1�6  *1.�/	01���M>8��#.�@�/560  /#'�&/$4�2<�ก	<&	1	�
!&ก 13.09-14.97 =/./2<� ��	
� 11.15-12.69 =/./2<� +	,�/	01���M>8$!.5 /#2<�ก	<&"#�/#'�&/$4�
	1	�!&ก 13.37-14.25 =/./2<� ���� 9.10-11.89 =/./2<� (2&�&�"#� 3) "%&����1#.�ก�6�3%&���ก+�<�
2<�ก	<&"#��/	01���M>8��#.�@�/560 /#�3%&���ก+�<�)��2<�ก	<&	1	�!&ก 53.86-55.93 /ก./2<� ���� 
44.00-49.41 /ก./2<�   +	,�/	01���M>8$!.5 /#�3%&���ก+�<�2<�ก	<&	1	�!&ก 51.95-59.19 /ก./2<� 
���� 43.00-46.96 /ก./2<� (2&�&�"#� 4) 

$�>��5& �/	01���M>8"#�-1<!&กก&��ก06��ก�&@�+25	,Q14ก&	"1$�6 /#'>:7&�"�3�
'�&/��ก+	,'�&/+)0�+�� +65����� 4 �,1�6 '
� "#��ก06��ก�&@��<���.0�+	,"#��ก06��ก�&"#�
�>:�74/ �<���&� 1 2 +	, 3 �1
��  =A��+25	,�,1�6'>:7&�/#'�&/��ก+	,'�&/+)0�+��@ก	<�'#.�
ก������$5��@�(5 *1.�/	01���M>8��#.�@�/560 /#'�&/��ก@��5��  89.00-92.59  86.00-88.50  70.00-
74.50 +	, 50.00-68.00%  2&/	%&1�6  +	,�/	01���M>8$!.5 /#'�&/��ก@��5�� 89.33-93.00  82.25-
84.50  70.00-78.50 +	, 61.00-64.00%  2&/	%&1�6 
 



 21 

2. "�	(��ก���%	����	ก�*�3�	'���(�)*&��+#,���������� 

  
ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&"#�/#ก&�'�6'>/'�&/�
3�)���/	01���M>8����

��	
��"#���&,@�1 �"#�/# FC 40.02%   @�<�3%&"#��,1�625&�R )��'�&/!>'�&/�
3�1 �">ก$&/��� *1.@�<
�&.>��,�/ �'�&/��ก@��5�����"#� 3 �A� 7 ����	����&, �6�5& ก&�@�<�&.>ก&���,�/ �@����"#� 5 
@�<9	ก&�"1$�6$�1'	<��ก�6ก&���,�/ �'�&/��ก)���/	01���M>8@�$7&�,!%&ก�1�3%&-1<1#ก�5&"#�
�&.>��,�/ ��
�� !A�@�<ก&���,�/ �"#��&.> 5 ��������&.>��,�/ �)��ก&�"1$�6 $5��ก&���,�/ �"#�
�&.> 6 +	, 7 ��� �6�5& �/	01���M>8������	
����ก-1<�<�. ���&,/#*�'�)<&"%&	&.�/	01���M>8  

ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&"#�-/5/#ก&�'�6'>/'�&/�
3� "%&@�<�/	01
���M>8������	
��"�3�$�����M>8/#'�&/��ก+2ก25&�ก���.5&�/&ก�/
��"1$�6@�$7&�Q14ก&	"#�25&�ก��
+	,@�<'>:7&��/	01���M>8"#�25&�ก�� *1.�/	01���M>8">ก'>:7&�)��������	
��"�3�$�����M>8-/5$&/&��
��ก-1<@�ก&�"1$�6@�$7&�,!%&ก�1�3%&"#�-/5/#ก&�'�6'>/'�&/�
3�@�Q14+	<� ��/�A��/	01���M>8
��#.�@�/560 "#�/#'�&/��ก/&2��&�2�%&ก�5& 74.50% "#�"1$�6@�Q14O�  +	,�/	01���M>8"#�/#'�&/��ก
/&2��&�2�%&ก�5& 68.00% "#�"1$�6@�Q14O����ก (2&�&�"#� 5)   +25�/	01���M>8"#�/#'�&/��ก
/&2��&� 86.00% )A3�-�  "#�"1$�6@�Q14O����ก+	,Q14O�.��$&/&����ก-1<-/5+2ก25&�ก��"&�
$� 2 @�+25	,�5��'>:7&�)���/	01���M>8   $5���/	01���M>8$!.5   "#�/#'�&/��ก/&2��&�2�%&ก�5& 
78.50% "#�"1$�6@�Q14O� -/5$&/&����ก-1<��5��1#.�ก�6�/	01���M>8">ก'>:7&�"#�"1$�6@�Q14
+	<�    +	,�/	01���M>8"#�/#'�&/��ก/&2��&� 82.25-84.50% $&/&����ก-1<�/
��"1$�6@�Q14O�
���ก+	,Q14O���5��1#.�ก�6�/	01���M>8"#�/#'�&/��ก/&2��&� 89.33-93.00% (2&�&�"#� 6)  +25/#
'�&/��ก+2ก25&�ก���.5&�/&ก +$1��5&ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&*1.-/5/#ก&�
'�6'>/'�&/�
3� �/	01���M>8������	
��/#'�&/��ก25&�ก��"�3�@�+25	,�,1�6'>:7&�)���/	01���M>8
+	,$7&��&ก&�)��+25	,Q14ก&	"#�25&�ก�� ��/�A���	&"#�@�<@�ก&���ก+	,ก&��!� ()��2<�ก	<& 

ก&�'�6'>/'�&/�
3�@�ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%& "%&@�<�/	01���M>8
)��+25	,�,1�6'>:7&�)��������	
��"�3�$�����M>8/#'�&/��ก-/5+2ก25&�ก��@�ก&�"1$�625&�Q14
ก��)��">ก�,1�6ก&�@�<�3%&  *1.ก&�@�<�3%&"#� 62% FC  "%&@�<�/	01���M>8/#'�&/��ก2�%&ก�5& 90%  ��ก
-1<2�%&ก�5&ก&�@�<�3%&"#� 70 +	, 75% FC  "#��/	01���M>8/#'�&/��ก-/5+2ก25&�ก�� (2&�&�"#� 5  +	, 6) 
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2&�&�"#� 5 '�&/��ก@�$7&�,!%&ก�1�3%&)���/	01���M>8$#��,1�6'>:7&�  "#���&,"#�"1$�6@�Q14
25&�ก��)��������	
�����M>8��#.�@�/560 

ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99% 2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��ก&�"1$�6"#�-/5'�6'>/'�&/�
3�+	,ก&�"1$�6"#�/#ก&�'�6'>/
'�&/�
3� (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��  +	,��ก��� /�8@�(5���#.6�"#.6@�'�	�/�8
�1#.�ก��)  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 

'�&/��ก@�$7&�,!%&ก�1�3%& (%) 

Q14ก&	"1$�6 

ก&�'�6'>/'�&/�
3�
+	,�� /&:ก&�@�<�3%& 

(% FC ) 

�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) O����ก +	<� O� 

 
F-test 

 
C.V.(%) 

-/5'�6'>/'�&/�
3�      
62  89.00-92.59 57.00 aA 0.00 b 43.00 aA ** 21.39 

 86.00-88.50 28.50 aB 0.00 b 24.66 aB ** 14.96 

 70.00-74.50 24.00 aB 0.00 b   0.00 bC ** 14.71 

 50.00-68.00   0.00 C 0.00   0.00 C   

F-test  **  **   
C.V.(%)  26.04  14.03   

'�6'>/'�&/�
3�      

62  89.00-92.59 87.50 AB 78.00 ABC 79.00 B ns 7.83 
 86.00-88.50 76.00 BCD 70.00 BCD 70.00 C ns 11.59 
 70.00-74.50 56.25 E 57.75 D 58.00 D ns 4.98 
 50.00-68.00 32.50 F 35.00 E 37.50 E ns 13.46 

70  89.00-92.59 82.50 ABC 83.00 AB 92.00 A ns 5.90 
 86.00-88.50 86.50 AB 83.75 A 88.00 B ns 8.89 

 70.00-74.50 73.00 CD 73.25 D 74.00 C  ns 7.65 

 50.00-68.00 60.50 E 56.00 D 62.00 D ns 7.33 

75  89.00-92.59 89.00 A 84.50 A 84.00 B ns 3.78 

 86.00-88.50 87.75 AB 84.00 A 82.00 B ns 5.81 

 70.00-74.50 74.50 CD 79.50 ABC 78.50 BC ns 6.77 

 50.00-68.00 65.00 DE 66.00 CD 58.50 D ns 6.52 

F-test  ** ** **   
C.V.(%)  7.73 9.39 5.59   
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2&�&�"#� 6 '�&/��ก@�$7&�,!%&ก�1�3%&)���/	01���M>8$#��,1�6'>:7&�  "#���&,"#�"1$�6@�Q14
25&�ก��)��������	
�����M>8$!.5 

ns +	, ** = -/5+2ก25&�"&�$� 2  +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��ก&�"1$�6"#�-/5'�6'>/'�&/�
3�+	,ก&�"1$�6"#�/#ก&�'�6'>/
'�&/�
3� (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��  +	,��ก��� /�8@�(5���#.6�"#.6@�'�	�/�8
�1#.�ก��)  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

 

'�&/��ก@�$7&�,!%&ก�1�3%& (%) 
Q14ก&	"1$�6 

ก&�'�6'>/'�&/�
3�+	,
�� /&:ก&�@�<�3%& 

(% FC ) 

�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) O����ก +	<� O� 

 
F-test 

 
C.V.(%) 

-/5'�6'>/'�&/�
3�      
62 89.33-93.00 75.33 aA 0.00 c 22.00 bA ** 11.79 
 82.25-84.50 24.66 aB 0.00 b 20.00 aA ** 22.94 
 70.00-78.50 29.33 aB 0.00 b   0.00 bB ** 17.34 
 61.00-64.00 28.00 aB 0.00 b   0.00 bB ** 19.29 

F-test  **  **   
C.V.(%)  19.36  13.83   

'�6'>/'�&/�
3�      
62 89.33-93.00 79.50 ABC 80.25 A 78.50 BC ns 3.71 
 82.25-84.50 72.00 CD 69.00 ABC 72.50 C ns 8.54 
 70.00-78.50 54.00 EF 51.50 DE 49.00 DE ns 10.48 
 61.00-64.00 44.50 F 44.00 E 40.25 E ns 4.77 
70 89.33-93.00 81.00 AB 81.00 A 91.00 A ns 5.86 
 82.25-84.50 80.50 ABC 74.50 AB 79.00 BC ns 8.30 
 70.00-78.50 70.00 CD 52.50 BC 64.50 D ns 11.88 
 61.00-64.00 60.50 DE 54.50 CD 60.50 D ns 14.67 
75 89.33-93.00 89.00 A 82.66 A 87.50 AB ns 8.48 
 82.25-84.50 85.00 AB 78.66 A 81.50 AB ns 5.62 
 70.00-78.50 76.50 BC 74.00 AB 76.66 C ns 5.71 
 61.00-64.00 71.50 CD 71.00 ABC 68.50 C ns 5.60 

F-test  ** ** **   
C.V.(%)  7.64 8.96 7.60   



 24 

�/	01���M>8������	
�����M>8��#.�@�/560  "#�/#'�&/��ก/&2��&� 90% )A3�-�  +	,2�%&
ก�5& 70%   /#��	&�L	#�.@�ก&���ก@�$7&�,!%&ก�1�3%&"#�/#ก&�'�6'>/'�&/�
3�+2ก25&�ก��"&�$� 2   
*1.�/	01���M>8"#�/#'�&/��ก/&2��&� 70-90%  @�<��	&@�ก&���ก-/5+2ก25&�ก��"&�$� 2  (2&�&�"#�
7)  $5���/	01���M>8$!.5 "#�/#'�&/��ก��,/&: 80% )A3�-� "#�ก&�@�<�3%& 62 +	, 70% FC  +	,�/	01
���M>8"#�/#'�&/��ก/&2��&� 90% "#���&,*1.@�<�3%& 75% FC  (2&�&�"#� 8)  �/	01���M>8/#��	&�L	#�.@�
ก&���ก+2ก25&�ก��"&�$� 2    $5���/	01���M>8'>:7&�2�%&/#��	&�L	#�.@�ก&���ก-/5+2ก25&�"&�$� 2  
+	,�/	01���M>8'>:7&�2�%&	�  @�<��	&�L	#�.@�ก&���ก�� �/)A3�2&/	%&1�6   

$%&���6ก&��!� ()��2<�ก	<&)���/	01���M>������	
��"#���&,@�$7&�,!%&ก�1�3%&/#
'�&/+2ก25&�ก��"�3����M>8  '>:7&�)���/	01���M>8 +	,�,1�6ก&�@�<�3%& �.5&�-�ก02&/  �/	01���M>8
'>:7&�$4�@�<2<�ก	<&"#�/#ก&��!� (�2 6*21#ก�5&  +	,ก&�"1$�6@�Q14+	<�@�<2<�ก	<&"#�/#ก&�
�!� (�2 6*22�%&ก�5&ก&�"1$�6@�Q14O�+	,Q14O����ก  (2&�&�"#� 9, 10, 11 +	, 12)  
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2&�&�"#� 7 ��	&�L	#�.@�ก&���ก@�$7&�,!%&ก�1�3%&)���/	01���M>8$#��,1�6'>:7&�  "#���&,"#�"1$�6
@�Q1425&�ก��)��������	
�����M>8��#.�@�/560 

ns +	, ** = -/5+2ก25&�"&�$� 2  +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��ก&�"1$�6"#�-/5'�6'>/'�&/�
3�+	,ก&�"1$�6"#�/#ก&�'�6'>/
'�&/�
3� (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��  +	,��ก��� /�8@�(5���#.6�"#.6@�'�	�/�8
�1#.�ก��)  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 
 

��	&�L	#�.@�ก&���ก (���) 
Q14ก&	"1$�6 

ก&�'�6'>/'�&/�
3�+	,
�� /&:ก&�@�<�3%& 

(% FC ) 

�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) O����ก +	<� O� 

F- 
test 

C.V.(%) 

-/5'�6'>/'�&/�
3�      
62 89.00-92.59  5.51 aAB 0.00 b 5.09 aA ** 13.46 
 86.00-88.50  4.07 aB 0.00 b 4.14 aB  ** 10.01 
 70.00-74.50  7.53 aA 0.00 b 0.00 bC ** 7.57 
 50.00-68.00  0.00 C 0.00  0.00 C   

F-test  **  **   
C.V.(%)  4.55  10.73   

'�6'>/'�&/�
3�      
62 89.00-92.59  4.15 aE 3.45 bD 3.52 bE ** 6.91 
 86.00-88.50  4.69 DE 4.37 C 4.41 D ns 11.11 
 70.00-74.50  5.26 CD 5.31 B 5.41 ABC ns 3.93 
 50.00-68.00  6.43 aA 5.48 bB 5.94 cA ** 1.71 
70 89.00-92.59  4.47 aE 3.47 bD 3.59 bE ** 5.04 
 86.00-88.50  4.57 DE 4.55 C 4.93 BCD ns 10.67 
 70.00-74.50  5.22 CD 5.47 B 5.06 BCD ns 7.10 
 50.00-68.00  6.08 aAB 5.59 abAB 5.15bABCD ** 5.28 
75 89.00-92.59  4.20 aE 3.32 bD 3.47 bE ** 5.04 
 86.00-88.50  4.53 DE 4.54 C 4.70 CD ns 4.80 
 70.00-74.50  5.57 BC 5.48 B 5.18 ABCD ns 5.13 
 50.00-68.00  6.61 aA 5.79 bA 5.58 bAB ** 5.57 

F-test  ** ** **   
C.V.(%)  6.89 2.98 7.95   
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 2&�&�"#� 8 ��	&�L	#�.@�ก&���ก@�$7&�,!%&ก�1�3%&)���/	01���M>8$#��,1�6'>:7&� "#���&,"#�"1$�6
@�Q1425&�ก��)��������	
�����M>8$!.5 

ns = -/5+2ก25&�"&�$� 2   +	,* +	, ** = +2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 95 +	, 99%  
2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��ก&�"1$�6"#�-/5'�6'>/'�&/�
3�+	,ก&�"1$�6"#�/#ก&�'�6'>/
'�&/�
3� (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��  +	,��ก��� /�8@�(5���#.6�"#.6@�'�	�/�8
�1#.�ก��)  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

��	&�L	#�.@�ก&���ก (���) 
Q14ก&	"1$�6 

ก&�'�6'>/'�&/�
3�+	,
�� /&:ก&�@�<�3%& 

(% FC ) 

�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) O����ก +	<� O� 

F- 
test 

C.V. 
(%) 

-/5'�6'>/'�&/�
3�      
62 89.33-93.00 3.80 a   0.00 b 3.78 aB ** 15.74 
 82.25-84.50 4.31 b   0.00 b 5.24 aA ** 12.20 
 70.00-78.50 4.08 a   0.00 b 0.00 bC ** 18.42 
 61.00-64.00 4.83 a   0.00 b 0.00 bC ** 21.44 

F-test  ns  **   
C.V.(%)  15.05  15.19   

'�6'>/'�&/�
3�      
62 89.33-93.00 4.92 aB   3.48 bD 4.02 abDE ** 9.48 
 82.25-84.50 4.98 aAB    4.43 bC 4.35 bCD ** 3.63 
 70.00-78.50 5.20 AB    5.26 B 5.27 AB ns 3.75 
 61.00-64.00 5.87 A    5.51 AB 5.25 AB ns 6.00 
70 89.33-93.00 4.78 aB    3.38 bD 3.40 bE ** 1.57 
 82.25-84.50 5.06 aAB    4.60 bC 4.72 abBC * 4.44 
 70.00-78.50 5.14 AB    5.46 AB 5.38 AB ns 5.62 
 61.00-64.00 5.83 A    5.66 A 5.48 A ns 4.67 
75 89.33-93.00 4.40 aB    3.37 bD 3.46 bE ** 3.98 
 82.25-84.50 4.46 B    4.41 C 4.51 CD ns 5.72 
 70.00-78.50 4.54 B    5.50 AB 5.20 AB ns 14.80 
 61.00-64.00 5.82 A    5.52 AB 5.52 A ns 3.25 

F-test  ** ** **   
C.V.(%)  6.89 3.69 6.78   
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2&�&�"#� 9 '�&/$4�2<�ก	<&@�$7&�,!%&ก�1�3%&)���/	01���M>8$#��,1�6'>:7&� "#���&,"#�"1$�6@�Q14
25&�ก��)��������	
�����M>8��#.�@�/560 

ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99% 2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��ก&�"1$�6"#�-/5'�6'>/'�&/�
3�+	,ก&�"1$�6"#�/#ก&�'�6'>/
'�&/�
3�  (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��  +	,��ก��� /�8@�(5���#.6�"#.6@�'�	�/�8
�1#.�ก��)  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

'�&/$4�2<�ก	<&@�$7&�,!%&ก�1�3%& (=/./2<�) 
Q14ก&	"1$�6 

ก&�'�6'>/'�&/�
3�+	,
�� /&:ก&�@�<�3%& 

(% FC ) 

�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) O����ก +	<� O� 

F- 
test 

C.V. 
(%) 

-/5'�6'>/'�&/�
3�      
62 89.00-92.59 6.60 aA 0.00 b 3.98 aA ** 13.47 
 86.00-88.50 5.32 aB 0.00 b 2.50 bB ** 4.87 
 70.00-74.50 3.57 aB 0.00 b 0.00 bC ** 16.20 
 50.00-68.00      0.00 C       0.00    0.00 C   

F-test  **  **   
C.V.(%)  15.10  13.72   

'�6'>/'�&/�
3�      
62 89.00-92.59  8.10 A 6.06 BCD   7.79 BC ns 13.36 
 86.00-88.50  6.46 BCDE 6.00 BCD   7.22 BC ns 14.00 
 70.00-74.50  5.70 DE 5.94 CD   5.86 C ns 11.25 
 50.00-68.00  5.27 E 5.35 D   5.76 C ns 8.81 
70 89.00-92.59  7.32 bABC 6.58 bABCD 10.53 aA ** 10.17 
 86.00-88.50  7.73 bAB 6.58 bABCD 10.21 aA ** 12.08 
 70.00-74.50  6.82 ABCD 6.72 ABCD   6.46 BC ns 4.16 
 50.00-68.00  6.02 CDE 5.95 BCD   5.92 C ns 6.68 
75 89.00-92.59  7.70 bAB 7.07 bA   10.27 aA ** 6.99 
 86.00-88.50  8.06 A 7.27 A    8.97 AB ns 14.85 
 70.00-74.50  7.39 AB 6.83 AB    7.02 BC ns 4.49 
 50.00-68.00  5.76 DE 5.93 ABC    6.77 C ns 12.32 

F-test  ** ** **   
C.V.(%)  9.24 6.36 14.06   
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2&�&�"#� 10 '�&/$4�2<�ก	<&@�$7&�,!%&ก�1�3%&)���/	01���M>8$#��,1�6'>:7&� "#���&,"#�"1$�6@�Q14
25&�ก��)��������	
�����M>8$!.5 

ns = -/5+2ก25&�"&�$� 2   +	, * +	, ** = +2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 95 +	, 99%  
2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��ก&�"1$�6"#�-/5'�6'>/'�&/�
3�+	,ก&�"1$�6"#�/#ก&�'�6'>/
'�&/�
3�  (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��  +	,��ก��� /�8@�(5���#.6�"#.6@�'�	�/�8
�1#.�ก��)  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

'�&/$4�2<�ก	<&@�$7&�,!%&ก�1�3%& (=/./2<�) 
Q14ก&	"1$�6 

ก&�'�6'>/'�&/�
3�+	,
�� /&:ก&�@�<�3%& 

(% FC ) 

�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) O����ก +	<� O� 

F-test C.V. 
(%) 

-/5'�6'>/'�&/�
3�      
62 89.33-93.00   6.27 aAB   0.00 b    4.12 abAB ** 15.84 
 82.25-84.50   7.80 aA   0.00 c    3.76 bA ** 18.85 
 70.00-78.50   4.38 aB   0.00 b    0.00 bB ** 19.12 
 61.00-64.00   4.27 aB   0.00 b    0.00 bB ** 12.12 

F-test  **  **   
C.V.(%)  18.36  12.53   

'�6'>/'�&/�
3�      
62 89.33-93.00 9.21 aAB 5.37 bD   8.33 aABCD ** 7.79 
 82.25-84.50 6.76 aDE 5.09 bD   7.58 aBCD ** 10.24 
 70.00-78.50 6.41 E 5.57 CD   5.82 D ns 6.10 
 61.00-64.00 6.69 E 5.26 D   6.24 CD ns 14.43 
70 89.33-93.00 7.84 aCD 5.68 bBCD   9.12 aAB ** 11.92 
 82.25-84.50 8.13 aBC 5.70 bBCD   8.71 aABC ** 7.46 
 70.00-78.50 8.25 aBC 5.67 bBCD   6.97 abBCD * 11.48 
 61.00-64.00 8.23 aBC 5.30 bD   6.65 abBCD * 6.78 
75 89.33-93.00 8.55 bABC 6.33 cA 10.11 aA ** 5.74 
 82.25-84.50 9.49 aBC 6.10 bAB 10.24 aA ** 5.33 
 70.00-78.50 7.94 C 6.19 AB   7.22 BCD ns 11.14 
 61.00-64.00 7.97 C 5.48 D   7.97 BCD ns 12.63 

F-test  ** ** **   
C.V.(%)  6.64 4.81 14.53   
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2&�&�"#� 11  �3%&���ก+�<�2<�ก	<&@�$7&�,!%&ก�1�3%&)���/	01���M>8$#��,1�6'>:7&� "#���&,"#�"1$�6
@�Q1425&�ก��)��������	
�����M>8��#.�@�/560 

ns +	, ** = -/5+2ก25&�"&�$� 2  +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99% 2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��ก&�"1$�6"#�-/5'�6'>/'�&/�
3�+	,ก&�"1$�6"#�/#ก&�'�6'>/
'�&/�
3� (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��+	,��ก��� /�8@�(5���#.6�"#.6@�'�	�/�8
�1#.�ก��)  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 
 

�3%&���ก+�<�2<�ก	<&@�$7&�,!%&ก�1�3%& (/ก./2<�) 
Q14ก&	"1$�6 

ก&�'�6'>/'�&/�
3�+	,
�� /&:ก&�@�<�3%& 

(% FC ) 

�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) O����ก +	<� O� 

F- 
test 

C.V. 
(%) 

-/5'�6'>/'�&/�
3�      
62 89.00-92.59   37.75 aA 0.00 b 28.75 aA ** 12.51 
 86.00-88.50   30.31 aB 0.00 b 27.25 aA ** 14.60 
 70.00-74.50   33.37 aB 0.00 b     0.00 bB ** 11.09 
 50.00-68.00     0.00 C 0.00    0.00 B   

F-test  **  **   
C.V.(%)  5.12  14.16   

'�6'>/'�&/�
3�      
62 89.00-92.59 47.87 A 32.66 C  36.00 DE ns 17.36 
 86.00-88.50 37.62 CD 38.33 AB 40.50 BCDE ns 7.52 
 70.00-74.50 37.75 CD 31.25 C 32.00 EF ns 8.54 
 50.00-68.00 37.75 aCD 24.75 bBC 35.16 aF ** 6.20 
70 89.00-92.59    42.00abABC 36.00 bABC 51.50 aAB ** 10.61 
 86.00-88.50  44.50 abAB 39.12 bAB 50.50 aABC ** 8.35 
 70.00-74.50  38.12 CD 37.62 AB 38.12 DE ns 6.30 
 50.00-68.00  38.37 BCD 36.62 ABC 37.62 DE ns 3.50 
75 89.00-92.59  43.00 bABC 40.75 bA 58.00 aA ** 5.74 
 86.00-88.50  43.75 ABC 39.16 A 40.00ABCD ns 12.00 
 70.00-74.50  42.12 ABC 39.16 AB 40.00 CDE ns 5.32 
 50.00-68.00  34.37 D 37.33 AB 38.25 DE ns 12.11 

F-test  ** ** **   
C.V.(%)  7.21 5.71 13.07   
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2&�&�"#� 12 �3%&���ก+�<�2<�ก	<&@�$7&�,!%&ก�1�3%&)���/	01���M>8$#��,1�6'>:7&� "#���&,"#�"1$�6
@�Q1425&�ก��)��������	
�����M>8$!.5 

ns +	, ** = -/5+2ก25&�"&�$� 2  +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��)��ก&�"1$�6"#�-/5'�6'>/'�&/�
3�+	,ก&�"1$�6"#�/#ก&�'�6'>/
'�&/�
3�  (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��  +	,��ก��� /�8@�(5���#.6�"#.6@�'�	�/�8
�1#.�ก��)  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 
 

�3%&���ก+�<�2<�ก	<&@�$7&�,!%&ก�1�3%& (/ก./2<�) 
Q14ก&	"1$�6 

ก&�'�6'>/'�&/�
3�+	,
�� /&:ก&�@�<�3%& 

(% FC ) 

�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) O����ก +	<� O� 

F-test C.V. 
(%) 

-/5'�6'>/'�&/�
3�      
62 89.33-93.00 46.00 aA 0.00 b 45.00 aA ** 4.85 
 82.25-84.50 27.00 aB 0.00 b 23.75 aB ** 15.51 
 70.00-78.50 27.83 aB 0.00 b    0.00 bC ** 15.24 
 61.00-64.00 19.25 aC 0.00 b    0.00 bC ** 18.18 

F-test  **  **   
C.V.(%)  17.32  11.20   

'�6'>/'�&/�
3�      
62 89.33-93.00 46.12 abAB 36.87 bC 48.50 aBC ** 10.57 
 82.25-84.50 43.50 aAB 34.00 bABC 38.87 abDE ** 6.17 
 70.00-78.50 41.00 B 37.75 BC 38.62 CDE ns 5.32 
 61.00-64.00 42.00 AB 37.00 BC 38.25 DE ns 5.81 
70 89.33-93.00 44.75 AB 38.62 BC 45.00 CD ns 15.86 
 82.25-84.50 48.12 A 39.12 ABC 45.00 CD ns 10.53 
 70.00-78.50 43.75 AB 38.75 BC 40.25 CDE ns 6.45 
 61.00-64.00 44.00 AB 36.87 C 41.25 CDE ns 8.56 
75 89.33-93.00 46.00 bAB 43.75 bA 65.50 aA ** 4.16 
 82.25-84.50 48.50 bAB 39.12 cABC 58.00 aAB ** 6.52 
 70.00-78.50 44.50 aAB 32.66 bAB 42.12 aE ** 6.45 
 61.00-64.00 43.87 AB 38.62 BC 39.16 CDE ns 5.36 

F-test  ** ** **   
C.V.(%)  6.31 5.93 11.42   
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3.  ก	��ก��7���'���(�)*&��+#,���������� 

  
ก&��	4ก������	
��@�+�	�@�Q14+	<�"#�@�<�3%&">ก��� ">ก 2 ��� +	,">ก 3 ���   

�6�5&   �/	01���M>8��#.�@�/560 /#'�&/��ก	1	�2&/	%&1�62&/'�&/�#�)��ก&�@�<�3%&"#�	1	�  *1.
+2ก25&�"&�$� 2 @��/	01���M>8"#�/#'�&/��ก/&2��&� 70-90%  "#�ก&�@�<�3%&">ก 3 ���  (2&�&�"#� 13) 
"#��/	01���M>8/#'�&/��ก@�+�	�2�%&ก�5&"#�ก&�@�<�3%&">ก���+	,">ก 2 ���  +	,+2ก25&�"&�$� 2 
2&/	%&1�62&/'�&/�#�ก&�@�<�3%&"#�	1	�@��/	01���M>8"#�/#'�&/��ก/&2��&� 50-70%   $5���/	01
���M>8$!.5  /#'�&/��ก@�+�	�+2ก25&�"&�$� 2 �L�&,�/	01���M>8"#�/#'�&/��ก/&2��&� 61-64%  
"#�ก&�@�<�3%&">ก 3 ���  /#'�&/��ก@�+�	�2�%&ก�5&ก&�@�<�3%&">ก���+	,">ก 2 ���  

$%&���6'�&/$&/&��@�ก&���ก@�+�	�)���/	01���M>8������	
��"#��"#.6ก�6'�&/
��ก/&2��&�@��4�)�� FEI  �6�5&   �/	01���M>8">ก'>:7&�)���/	01���M>8������	
��"�3�$�����M>8/#
'�&/$&/&��@�ก&���ก@�+�	�-/5+2ก25&�"&�$� 2 @�+�	�"#�@�<�3%&">ก��� *1.�/	01���M>8
��#.�@�/560 /# FEI )���/	01���M>8'>:7&�$4�+	,2�%&	�2&/	%&1�6 @��5��  96.66-72.50%  +	,�/	01
���M>8$!.5 /# FEI �.45@��5��  93.54-71.42%  $5��@�+�	�"#�@�<�3%&">ก 2 +	, 3 ��� �/	01���M>8
��#.�@�/56 0  /#'�&/$&/&��@�ก&���ก+2ก25&�"&�$� 2 2&/'>:7&��/	01���M>8����$���5�� *1.
�/	01���M>8"#�/#'�&/��ก/&2��&� 86.00-88.50 +	, 89.00-92.59%   /# FEI �.45@��5��  73.58 Y  
86.94 %  =A��$4�ก�5&"&�$� 2 ก�6�/	01���M>8"#�/#'�&/��ก/&2��&� 50.00-68.00 +	, 70.00 - 74.50%  
"#�/# FEI �.45@��5�� 45.00-69.34%  (2&�&�"#� 13)   $5���/	01���M>8$!.5  /#'�&/$&/&��@�ก&���ก
+2ก25&�"&�$� 2 2&/'>:7&��/	01���M>8����$&/�5��  *1.�/	01���M>8"#�/#'�&/��ก/&2��&� 82.25-
84.50 +	, 89.33-93.00%  /# FEI �.45@��5�� 74.44-89.78% =A��+2ก25&�"&�$� 2 ก�6�/	01���M>8"#�/#
'�&/��ก/&2��&� 70.00-78.50%  /# FEI �.45@��5��  61.14-64.53 %  +	,�/	01���M>8'>:7&�2�%&"#�/#
'�&/��ก/&2��&� 61.00-64.00% /# FEI �.45@��5�� 45.13-61.80%  +$1��5& �/	01���M>8������	
��/#
'�&/$&/&��@�ก&���ก@�+�	�	1	�"�3�2&/'>:7&��/	01���M>8"#�	1	��/
���"#.6ก�6'�&/��ก

/&2��&�+/<@�+�	�"#�@�<�3%&">ก���  +	,.����ก-1<@�+�	�-1<	1	��/
��@�<�3%&"#�'�&/�#�	1	� 
�/	01���M>8������	
��"�3�$�����M>82�6$���25�'�&/�#�)��ก&�@�<�3%&@�+�	� @�

�4�)����	&�L	#�.@�ก&���ก25&�ก��  *1.�/	01���M>8��#.�@�/560 "#�/#'�&/��ก/&2��&� 90%  )A3�-�  
+	,2�%&ก�5& 70%  /#��	&�L	#�.@�ก&���ก">ก'�&/�#�ก&�@�<�3%&-/5+2ก25&�ก��  (2&�&�"#� 14)  +25�/	01
���M>8"#�/#'�&/��ก/&2��&� 70-90%  "#��	4ก@�+�	�"#�@�<�3%&">ก��� @�<��	&�L	#�.@�ก&���ก�<�.
ก�5&"&�$� 2 ก�6+�	�"#�@�<�3%&">ก 2  +	, 3  ���   $5���/	01���M>8$!.5  "#�/#'�&/��ก/&2��&�  
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82.25% )A3�-� @�<��	&@�ก&���ก@�+�	�-/5+2ก25&�ก��">ก'�&/�#�ก&�@�<�3%&+	,�/	01���M>8"#�/#
'�&/��ก/&2��&�2�%&ก�5& 78.50% "#��	4ก@�+�	�"#�@�<�3%&">ก��� @�<��	&�<�.ก�5&"&�$� 2 ก�6@�
+�	�"#�@�<�3%&">ก 2 +	, 3 ��� 

�/	01���M>8������	
��"�3�$�����M>8/#ก&��!� ()��2<�ก	<&@�+�	�"#�@�<�3%&"#�'�&/�#�
25&�ก��-�@�"&��1#.�ก��   *1.�/	01���M>8@�<2<�ก	<&"#�/#'�&/$4�+	,�3%&���ก+�<�	1	�"&�$� 2 2&/
'>:7&�)���/	01���M>8"#�	1	�+	,2&/'�&/�#�)��ก&�@�<�3%&"#�	1	� (2&�&�"#� 15 +	,16) 

 
2&�&�"#� 13   '�&/��ก@�+�	�+	, FEI )���/	01���M>8$#��,1�6'>:7&�)��������	
�����M>8��#.�@�/5 

60 +	, $!.5 "#���&,@�+�	�@�Q14+	<�"#�@�<�3%&">ก���  ">ก 2 ��� +	,">ก 3 ��� 

ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99% 2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��@�+25	,���M>8  (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก��+	,��ก��� /�8
@�(5���#.6�"#.6@�'�	�/�8�1#.�ก��) +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 

 
 

'�&/��ก@�+�	� (%) "#�@�<�3%& 1���#'�&/��ก@�+�	�  
"#�@�<�3%& 

 
���M>8+	,�,1�6'>:7&� 
(% '�&/��ก/&2��&�) ">ก��� ">ก  

2 ��� 
">ก  
3 ��� 

 
 

F-test 

 
 

C.V. 
(%) 

">ก��� ">ก  
2 ��� 

">ก  
3 ��� 

��#.�@�/560         
89.00-92.59    89.50 80.50  78.50  ns 7.73 96.66 86.94 A 84.78 A 
86.00-88.50    76.50 a 74.66 a 67.33 b ** 3.58 83.60 81.59 A 73.58 A 
70.00-74.50    65.25 a 58.25 a 49.00 b ** 5.54 77.67 69.34 B 58.33 B 
50.00-68.00    50.75 a 37.00 b 31.50 c ** 5.28 72.50 52.85 B 45.00 B 

F-test      ns ** ** 
C.V.(%)      5.94 3.19 9.69 

$!.5         
89.33-93.00    87.00 83.50  76.00  ns 9.24 93.54 89.78 A 81.72 A 
82.25-84.50    84.50 75.00  66.50  ns 12.40 94.59 83.95 A 74.44 A 
70.00-78.50    63.50 50.66  48.00  ns 11.45 80.89 64.53 B 61.14 B 
61.00-64.00    50.00 a 44.50 a 32.50 b ** 8.63 71.42 61.80 C 45.13 C 

F-test      ns ** ** 
C.V.(%)      13.29 16.57 13.43 
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2&�&�"#� 14   ��	&�L	#�.@�ก&���ก@�+�	�)���/	01���M>8$#��,1�6'>:7&�)��������	
�����M>8    
��#.�@�/560 +	,$!.5 "#���&,@�+�	�@�Q14+	<�"#�@�<�3%&">ก���  ">ก 2 ��� +	,">ก 3 ��� 

ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��@�+25	,���M>8  (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก�� +	,��ก��� /�8
@�(5���#.6�"#.6@�'�	�/�8�1#.�ก��) +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

 
 
 
 
 
 
 

 

��	&�L	#�.@�ก&���ก (���) @�+�	�"#�@�<�3%& ���M>8+	,�,1�6'>:7&� 
(% '�&/��ก/&2��&�) ">ก��� ">ก 2 ��� ">ก 3 ��� 

F-test C.V. 
(%) 

��#.�@�/560      
89.00-92.59 3.25 B 3.27 C 3.29 C ns 2.57 
86.00-88.50 3.31 bB 4.41 aB 4.59 aB ** 2.87 
70.00-74.50 3.74 bAB 4.85 aAB 5.30 aA ** 8.69 
50.00-68.00 4.67 A 5.05 A 5.52 A ns 9.01 

F-test ** ** **   
C.V.(%) 12.23 5.22 3.81   

$!.5      
89.33-93.00 3.29 B 3.29 B 3.37 B ns 2.73 
82.25-84.50 3.37 AB 3.53 B 3.39 B ns 3.08 
70.00-78.50 3.48 bA 4.64 aA 4.95 aA ** 3.77 
61.00-64.00 3.41 bAB 4.86 aA 5.07 aA ** 10.18 

F-test ** ** **   
C.V.(%) 1.87 3.86 9.52   
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2&�&�"#� 15 '�&/$4�2<�ก	<&@�+�	�)���/	01���M>8$#��,1�6'>:7&�)��������	
�����M>8��#.�@�/5 60   
+	, $!.5 "#���&,@�+�	�@�Q14+	<�"#�@�<�3%&">ก���  ">ก 2 ��� +	,">ก 3 ��� 

'�&/$4�2<�ก	<& (=/./2<�) @�+�	�"#�@�<�3%& ���M>8+	,�,1�6'>:7&� 
(% '�&/��ก/&2��&�) ">ก��� ">ก 2 ��� ">ก 3 ��� 

F-test C.V. 
(%) 

��#.�@�/560      
89.00-92.59 6.18 aA 6.71 aA 5.49 bA **   3.86 
86.00-88.50 6.67 aA 5.66 bA 4.84 cB **    4.19 
70.00-74.50 5.35 aB 4.91 bB 4.31 bB **   8.08 
50.00-68.00 4.17 C 4.81 C 3.84 C ns 11.83 

F-test ** ** **   
C.V.(%) 4.68 9.86 5.61   

$!.5      
89.33-93.00 6.21 bA 7.57 aA 6.44 bA **   6.41 
82.25-84.50 6.55 aB 6.62 aA 5.20 bB **   5.44 
70.00-78.50 7.77 aA 5.78 abB 3.40 bBC ** 16.45 
61.00-64.00 4.15 aC 2.02 bC 1.50 bC ** 27.08 

F-test ** ** **   
C.V.(%) 4.44 17.63 15.79   

ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��@�+25	,���M>8  (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก�� +	,��ก��� /�8
@�(5���#.6�"#.6@�'�	�/�8�1#.�ก��) +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
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2&�&�"#� 16  �3%&���ก+�<�2<�ก	<&@�+�	�)���/	01���M>8$#��,1�6'>:7&�)��������	
�����M>8��#.�@�/5   
60 +	, $!.5 "#���&,@�+�	�@�Q14+	<�"#�@�<�3%&">ก���  ">ก 2 ��� +	,">ก 3 ��� 

ns +	, ** = -/5+2ก25&�"&�$� 2   +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99%  2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��@�+25	,���M>8 (��ก��� /�8�	0ก���#.6�"#.6@�+���1#.�ก�� +	,��ก��� /�8
@�(5���#.6�"#.6@�'�	�/�8�1#.�ก��) +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

 
 
 
 
 
 
 

�3%&���ก+�<�)��.�12<�ก	<&  (/ก./2<�) 
@�+�	�"#�@�<�3%& 

���M>8+	,�,1�6'>:7&� 
(% '�&/��ก/&2��&�) 

 ">ก��� ">ก 2 ��� ">ก 3 ��� 

F-test C.V. 
(%) 

��#.�@�/560      
89.00-92.59 56.95 aA 46.97 bA 45.64 bA ** 3.25 
86.00-88.50 52.40 aA 46.50 abB 43.23 bB ** 6.41 
70.00-74.50 45.55 aB 43.05 bB 36.31 cC ** 8.33 
50.00-68.00 41.86 aC 38.33 bC 25.53 cD ** 8.93 

F-test ** ** **   
C.V.(%) 5.29 5.33 7.70   

$!.5      
89.33-93.00 64.12 aA 62.15 abA 60.52 bA ** 9.93 
82.25-84.50 65.53 aA 58.50 bA 44.94 cB ** 8.66 
70.00-78.50 61.86 aA 54.61 bA 28.55 cC ** 13.08 
61.00-64.00 47.89 aB 25.28 bB 28.41 bC ** 18.70 

F-test ** ** **   
C.V.(%) 9.01 14.79 13.16   
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4. �5+�ก	�*���"�	(��ก���%	����	ก�*�3�	�&������(5�"�	(��ก���%	��7��� 

 
!&กก&�� �'�&,�8"&�$� 2 �/
�����#.6�"#.6'�&/��ก)���/	01���M>8������	
��"#���&,

@�$7&�,!%&ก�1�3%&"#�/#ก&�'�6'>/'�&/�
3�+	,@�<�3%& 62 70 +	, 75% FC ">ก 3 ��� ก�6'�&/��ก@�
+�	�@�$7&�,+	<�"#�ก&�@�<�3%&">ก 2  +	,">ก 3 ��� (2&�&�"#� 17 +	, 18)  �6�5& � M#ก&�"1$�6"#�
ก&�@�<�3%&  62% FC "%&@�<�/	01���M>8������	
��"�3�$�����M>8/#'�&/��ก-/5+2ก25&�ก��"&�$� 2 ก�6
'�&/��ก@�+�	�@�$7&�,+	<�"#�@�<�3%&">ก 2 +	,">ก 3 ��� )���/	01���M>8�ก
�6">ก�,1�6'>:7&�
@�">ก$7&�)��Q14ก&	"1$�6  $5��ก&�"1$�6"#�ก&�@�<�3%&  70 +	, 75% FC "%&@�<�/	01���M>8
!%&���/&ก/#'�&/��ก$4�ก�5&'�&/��ก@�+�	�@�$7&�,+	<�   1����3�  � M#ก&�"1$�6'�&/��ก
@�$7&�,!%&ก�1�3%&!A�2<��/#ก&�'�6'>/'�&/�
3���
��@�<$&/&��"1$�6�/	01���M>8@�">ก$7&�
�&ก&�)��Q14ก&	"#�25&�ก�� ก&���&,"#�/#ก&�@�<�3%& 62% FC ">ก 3 ��� @�<9	��,�/ �-/5+2ก25&�ก��
@�">ก$7&�)��Q14ก&	+	,/#'�&/��ก�,1�6�1#.�ก�6'�&/��ก@�+�	�@�$7&�,+	<�"#�ก&�@�<�3%&
">ก  2-3 ���  
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2&�&�"#� 17 '�&/��ก@�$7&�,!%&ก�1�3%&"#�/#ก&�'�6'>/'�&/�
3�"#�"1$�6@�$7&�Q14ก&	"#�25&�ก��   
+	,'�&/��ก@�+�	�@�Q14+	<�"#�@�<�3%&"#�'�&/�#�25&�ก�� )���/	01���M>8'>:7&�25&�ก��
)��������	
�����M>8��#.�@�/560 

ns = -/5/#'�&/+2ก25&�"&�$� 2   * +	, ** = +2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 95 +	, 99% 
2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��@�+���1#.�ก��  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

'�&/��ก@�$7&�,!%&ก�1�3%& 
 (%) 

 
 

'�&/��ก@�$7&�,+	<�
@�+�	� (%) 

�� /&:�3%& (%FC) '�&/�#�ก&�@�<�3%& 

 
 

ก&�
"1$�6 

 
�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) 

 
 
62 

 
70 

 
75 

 
 

">ก 2 ��� 
 

">ก 3 ��� 

 
 
F-test 

 
 
C.V. 
(%) 

89.00-92.59 87.50 82.50 89.00    80.50   78.50 ns 7.41 
86.00-88.50 76.00 ab 86.50 a 87.75 a    74.66 ab   67.33 b ** 7.55 
70.00-74.50 56.25 bc 62.50 b 74.50 a    58.25 bc   49.00 c ** 7.77 

 
O�
���ก 

50.00-68.00 32.50 b 59.00 a 65.00 a    37.00 b   31.50 b ** 8.15 
89.00-92.59 78.00 83.00 84.50    80.50   78.50 ns 8.64 
86.00-88.50 70.00 ab 88.00 a 84.00 ab    74.66 ab   67.33 b * 9.90 
70.00-74.50 57.75 b 61.50 b 79.50 a    58.25 b   49.00 c ** 6.19 

 
+	<� 

50.00-68.00 35.00 b 58.00 a 66.00 a    37.00 b   31.50 b ** 10.35 
89.00-92.59 79.00 b 92.00 a 84.00 ab    80.50 ab   78.50 b * 6.49 
86.00-88.50 70.00 cd 83.75 a 78.50 b    74.66 bc   67.33 d ** 3.84 
70.00-74.50 58.00 b 58.50 b 76.75 a    58.25 b   49.00 c ** 5.99 

 
O� 

50.00-68.00 37.50 b 61.50 a 58.50 a    37.00 b   31.50 b ** 9.59 
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2&�&�"#� 18   '�&/��ก@�$7&�,!%&ก�1�3%&"#�/#ก&�'�6'>/'�&/�
3�"#�"1$�6@�$7&�Q14ก&	"#�
25&�ก��  +	,'�&/��ก@�+�	�@�Q14+	<�"#�@�<�3%&"#�'�&/�#�25&�ก�� )���/	01���M>8
'>:7&�25&�ก��)��������	
�����M>8$!.5 

ns = -/5/#'�&/+2ก25&�"&�$� 2    * +	, ** = +2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 95 +	, 99% 
2&/	%&1�6 
'5&�L	#�."#�/#��ก��25&�ก��@�+���1#.�ก��  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

 
 

 

 

 

 

 

 

'�&/��ก@�$7&�,!%&ก�1�3%& 
(%) 

 '�&/��ก@�$7&�,+	<�
@�+�	� (%) 

�� /&:�3%& (%FC)  '�&/�#�ก&�@�<�3%& 

 
 

ก&�
"1$�6 

 
�,1�6'>:7&� 
(% '�&/��ก
/&2��&�) 

 
 
62 

 
70 

 
75 

  
">ก 2 ��� 

 
">ก 3 ��� 

 
 

F-test 

 
 

C.V. 
(%) 

89.33-93.00 79.75 ab 84.75 ab 89.00 a  87.00 a 76.00 b ** 5.66 
82.25-84.50 72.00 80.50 85.00  75.00 66.50 ns 10.83 
70.00-78.50 54.00 b 70.00 a 76.50 a  50.66 b 48.00 b ** 8.37 

 
O� 
���ก 

61.00-64.00 44.50 b 63.00 a 71.50 a  42.50 b 32.50 c ** 8.96 
89.33-93.00 80.25 81.00 82.66  87.00 76.00 ns 6.76 
82.25-84.50 69.00 74.50 79.00  75.00 66.50 ns 8.64 
70.00-78.50 51.50 b 64.50 ab 76.66 a  50.66 b 48.00 b ** 11.59 

 
+	<� 

61.00-64.00 44.00 b 60.50 a 71.00 a  44.25 b 32.50 b ** 12.81 
89.33-93.00 78.75 ab 91.00 a 87.50ab  87.00ab 76.00 b * 7.78 
82.25-84.50 72.50 b 79.00 ab 89.50 a  75.00 b 66.50 b ** 8.27 
70.00-78.50 49.00 b 52.50 b 74.00 a  50.66 b 48.00 b ** 8.74 

 
O� 

61.00-64.00 40.25 cd 54.50 b 68.50 a  44.25 c 32.50 d ** 9.71 
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����� 4 

 

�5�	$, 

 

1. "#$%	&�(�)*&��+#,��������������:���ก	�<ก/	 

 
  �/	01���M>8������	
�����M>8��#.�@�/560 +	,$!.5  =A��-1</&!&ก�4�.8� !�.�
�-�5
��#.�@�/5 �����/	01���M>8"#�/#'>:7&�$4�  /#'�&/��ก/&2��&�@��,1�6 90%   /#'�&/�
3� 9-10%   
�/
���%&/&�ก06��ก�&@��>��	&$2 ก@�ก	5��*�/@��<���.0�"#��>:�74/  10 0= �&���,/&: 12  �1
�� 
(�1
��/ �>�&.� �.�. 2550- �1
���Q�7&'/ �.�. 2551)  �/	01���M>8"#�-1<.��'�/#'�&/��ก/&2��&�
+	,'�&/+)0�+��-/5+2ก25&�ก�6�/	01���M>8ก5��ก&��ก06��ก�& *1.�/	01���M>8��#.�@�/560 �� �/+$1�
ก&�	1	�)��'>:7&�@��/	01���M>8"#��ก06��ก�&@��>�ก�,1&�"#��>:�74/ �<���&� 3 �1
�� "#�@�<
"1$�6@�Q14O�"#�/#'�&/��ก+	,ก&��!� ()��2<�ก	<&2�%&ก�5&"&�$� 2 ก�6�/	01���M>8"#�@�<"1$�6
@�Q14O����ก+	,Q14+	<� ):,"#��/	01���M>8$!.5 .��/#'�&/��ก+	,'�&/+)0�+��-/5+2ก25&�@�ก&�
"1$�6"�3�$&/Q14 ก&��ก06��ก�&�/	01���M>8������	
��@��>�ก�,1&��ก06"#��>:�74/ �<��  "%&@�<�/	01
���M>8/#'�&/��ก	1	�2&/�&.>ก&��ก06��ก�&  *1.�/	01���M>8/#'�&/��ก	1	�+2ก25&�"&�$� 2  �/
��
�ก06��ก�&�&� 2 +	, 3 �1
�� 2&/	%&1�6 +	,�/	01���M>8"#��ก06��ก�&@��>�ก�,1&��&� 3 �1
�� /#
'�&/��ก	1	���	
�2�%&ก�5& 70%  =A��$�1'	<��ก�6 ก&��Aก�&)�����.&�8 (2538)  �/	01���M>8"#�@�<@�
ก&�"1$�6/#'>:7&�25&�ก��2�3�+25'�&/��ก 50%  ��
��@�<$&/&���Aก�&"�3��/	01���M>8"#�/#'>:7&�
25&�ก��  +	,@�$7&��&ก&�@�Q14ก&	+2ก25&�ก�� 
  
  
2. ก	�*���"�	(��ก���%	����	ก�*�3�	 

 
  ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&"#�-/5/#ก&�'�6'>/'�&/�
3�  "%&@�<�/	01
���M>8������	
��/#'�&/��ก+2ก25&�ก��-�2&/Q14ก&	"1$�6��5��1#.�ก�6�/	01���M>8)<&�*�1-�5  (�>7
ก&(!�8, 2550)   +	,)<&�*�1��&� (�#��ก#.�2 , 2550) *1.ก&�"1$�6@�Q14+	<� �/	01���M>8-/5
$&/&����ก-1< ��
���!&ก1 �/#'�&/�
3��<�./&ก��#.� 1.57-2.45% (2&�&�"#� 19)   =A���ก 1!&ก$7&�
�&ก&�2��ก	&����"#�+�<�/#'�&/�
3�$�/��"M8��#.� 61%  (2&�&�"#� 20)   "%&@�<�� /&:'�&/�
3�@�
1 ���	
��<�.ก�5&"#�ก&�"1$�6@�Q14O�+	,Q14O����ก =A��1 �/#'�&/�
3� 7-8%  !A�"%&@�<�/	01���M>8
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��ก-1<@�$7&�"#��&ก&�/#'�&/�
3�$�/��"M8 70 +	, 89% 2&/	%&1�6   ��ก!&ก�#3 �/	01���M>8����
��	
��.��+$1�ก&�2�6$���25�ก&���ก@�$7&�,!%&ก�1�3%&+2ก25&�ก��2&/���M>8+	,'>:7&��/	01
���M>8!,��0�-1<�5& �/	01���M>8"#�/#'�&/��ก/&2��&� 50-68%  -/5$&/&����ก-1<"�3�$&/Q14ก&	
"1$�6 ):,"#��/	01���M>8"#�/#'�&/��ก/&2��&� 61-64%   ��ก-1<@�ก&�"1$�6@�Q14O����ก  
$5���/	01���M>8"#�/#'�&/��ก/&2��&�2�%&ก�5& 78.50%  )��"�3�$�����M>8-/5$&/&����ก-1<@�ก&�
"1$�6@�Q14O� �������&,�/	01���M>8/#'>:7&�	1	�+	,/#�&.>ก&��ก06��ก�&@��<���.0��&�ก�5&
�/	01���M>8"#�@�<"1$�6@�Q14O����ก+	,Q14+	<� 
 
2&�&�"#� 19  '�&/�
3��L	#�.)��1 �"#�@�<"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&  "#�/#ก&�'�6'>/+	,-/5

/#ก&�'�6'>/'�&/�
3�)���/	01���M>8������	
�����M>8��#.�@�/560 +	,$!.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

** =  +2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99% 
'5&�L	#�.@�+���1#.�ก��"#�/#��ก��25&�ก��   +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
* O����ก  =   /#�� /&:�3%&O� 35.1 - 90.0 //. / ��� 
    O�          =  /#�� /&:�3%&O� 10.1 - 35.0  //. /��� 

'�&/�
3��L	#�.)��1 � (%)  
*1.�3%&���ก+�<� 

Q14ก&	 ก&�'�6'>/'�&/�
3� �,1�6ก&�@�<�3%& 
( % FC) 

��#.�@�/5 60 $!.5 
  62 11.44 c 11.45 c 

O����ก* /# 70 13.40 b 13.42 b 
  75 14.88 a 14.88 a 
 -/5/# 62   8.36 d  7.71 d 
  62 11.35 c 11.40 c 

+	<� /# 70 13.40 b 13.48 b 
  75 14.78 a 14.52 a 
 -/5/# 62   1.57 e   1.45 e 
  62 11.78 c 11.88 c 

O�* /# 70 13.54 b 13.51 b 
  75 14.67 a 14.50 a 
 -/5/# 62   8.16 d 7.22 d 

F - test   ** ** 
C.V.(%)   3.18 3.09 
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ก&�'�6'>/'�&/�
3�1<�.ก&�'	>/1<�.9
��	&$2 ก@�ก&�"1$�6'�&/��ก@�
$7&�,!%&ก�1�3%&   �5�.'�6'>/'�&/�
3�@��&ก&�@��
3�"#�"1$�6'�&/��ก-1<   *1."%&@�<�&ก&�/#
'�&/�
3�$�/��"M8�.45@��,1�6 98.99-100% (2&�&�"#� 20)  *1.-/5+2ก25&�ก��@�">กQ14ก&	 "%&@�<1 �
"#�@�<"1$�6/#'�&/�
3�-/5+2ก25&�ก��2&/Q14ก&	  +25+2ก25&�ก��2&/�� /&:ก&�@�<�3%&   *1.ก&�
@�<�3%&"#� 62% FC 1 �/#'�&/�
3�@��,1�6 11.35-11.88% ก&�@�<�3%&"#� 70% FC  1 �/#'�&/�
3�@�
�,1�6 13.40-13.54%  +	,ก&�@�<�3%&"#� 75% FC  1 �/#'�&/�
3�@��,1�6 14.50-14.88%  =A��1 �@�
$7&�"#�/#'�&/�
3�@��5�� 11.35-14.88% (2&�&�"#� 19)  -/5"%&@�<�/	01���M>8'>:7&�$4�"#�/#'�&/��ก
��,/&: 80% )A3�-�  /#'�&/��ก+2ก25&�ก��"&�$� 2    +25�/	01���M>8"#�/#'�&/��ก2�%&ก�5& 80% /#
'�&/��ก	1	�@�ก&�"1$�6"#�@�<�3%& 62% FC  �/
�����#.6�"#.6ก�6ก&�"1$�6"#�@�<�3%& 70 +	,  
75% FC  *1.2�%&ก�5&�.5&�/#��.$%&'�("&�$� 2    ��/�A�'�&/+)0�+��)���/	01���M>8   �.5&�-�ก02&/  
ก&�"1$�6@�Q14+	<�   �/	01���M>8/#'�&/��ก+	,'�&/+)0�+��2�%&ก�5&�	0ก�<�.�/
���"#.6ก�6ก&�
"1$�6@�Q14O�+	,Q14O����ก  �&!�������&,@�Q14+	<�  �&ก&�/#�>:�74/ $4�ก�5& (7&�"#� 1)  
 
2&�&�"#� 20  '�&/�
3�$�/��"M8�L	#�.)���&ก&�6� ��:"#�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&"#�-/5/#

+	,/#ก&�'�6'>/'�&/�
3�)���/	01���M>8������	
�� 

ns +	,  ** =  -/5+2ก25&�"&�$� 2 +	,+2ก25&�"&�$� 2 "#��,1�6'�&/��
��/��� 99 % 
'5&�L	#�.@�+���1#.�ก��"#�/#��ก��25&�ก��  +2ก25&�"&�$� 2 "#�"1$�6*1.� M# DMRT 
 

'�&/�
3�$�/��"M8 (%) � M#ก&�"1$�6+	,�� /&:ก&�
@�<�3%& (% FC) Q14O����ก Q14+	<� Q14O� 

F- test C.V. (%) 

-/5/#ก&�'�6'>/'�&/�
3�      
62%        89.00 A 61.00 C    70.00 B ** 3.47 

/#ก&�'�6'>/'�&/�
3�      
62% 100.00 98.99 99.00 ns 5.38 
70% 100.00 99.00 100.00 ns 4.57 
75% 100.00 99.80 100.00 ns 5.49 
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7&�"#� 1  �>:�74/ �L	#�.)���&ก&��&.���@��,��5&�"1$�6ก&���ก@�$7&�,!%&ก�1�3%&)���/	01

���M>8������	
�� 
 

 

3. ก	��ก��7���'���(�)*&��+#,���������� 

 
  ก&�"1$�6'�&/��ก@�+�	�)���/	01���M>8������	
��"#�$7&��&ก&��ก
�6-/5/#
O�2ก  +	,/#'�&/�
3�$�/��"M8@��5�� 70-80%  /#�>:�74/ �L	#�. 28-30  %= (7&�"#� 2) "%&@�<�/	01���M>8
������	
��/#'�&/��ก@�+�	�	1	�2&/'�&/�#�)��ก&�@�<�3%&+	,'>:7&��/	01���M>8"#�	1	� *1.
ก&��	4ก"#�@�<�3%&">ก��� �/	01���M>8"#�/#'�&/��ก/&2��&� 90% )A3�-�  /#'�&/��ก@�+�	�/&กก�5& 
85% )A3�-�  �/	01���M>8"#�/#'�&/��ก/&2��&� 80-90%  /#'�&/��ก@�+�	� 75-84% +	,�/	01
���M>8"#�/#'�&/��ก/&2��&� 50-68%  /#'�&/��ก@�+�	� 50%  $%&���6ก&��	4ก@�+�	�"#�@�<�3%&
">ก 2 +	, 3 ��� �/	01���M>8'>:7&�1#"#�/#'�&/��ก/&2��&� 80% )A3�-� /#'�&/��ก@�+�	� 65-
80%  +	,�/	01���M>8"#�/#'�&/��ก/&2��&� 50-70%  /#'�&/��ก@�+�	� 30-60%  $%&���6
'�&/$&/&��@�ก&���ก@�+�	�"#��"#.6ก�6'�&/��ก/&2��&�@��4�)�� FEI !,��0�-1<�5& �/	01
���M>8������	
��"#�/#'�&/��ก/&2��&� 90% )A3�-� /#'�&/$&/&��@�ก&���ก@�+�	�'5��)<&�$4� 
*1./# FEI  93-96%  @�+�	�"#�-1<��6�3%&">ก��� +	,/# FEI 	1	�2&/	%&1�62&/'>:7&��/	01���M>8"#�
	1	�!�/#  FEI  ��	
� 71-72%  +	,	1	�2&/'�&/�#�ก&�@�<�3%&+	,'>:7&��/	01���M>8"#�	1	�  *1.
!,��0�-1<�5&  �/	01���M>8"#�/#'�&/��ก/&2��&��<�.ก�5& 70%  -/5'��@�<�	4ก@�+�	�"#�-1<��6�3%&
�<�.ก�5&">ก 2 ��� +	,�/	01���M>8"#�/#'�&/��ก/&2��&��<�.ก�5& 80% -/5'��@�<�	4ก@�$7&�"#�
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-1<��6�3%&�<�.ก�5&">ก 3 ���  ���&,!,"%&@�</#'�&/��ก@�+�	�2�%&ก�5& 50% "#�$%&'�( '
� �/	01���M>8
������	
��/# FEI  "#�25&�ก��'5��)<&�ก�<&��,��5&�'>:7&��/	01���M>8"#�	1	�  +	,+2ก25&�ก��-�2&/
$7&�ก&�@�<�3%&@�+�	�1<�. !A�"%&@�<!%&����2<��/#ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%& =A��
@�<9	"#�-1<@ก	<�'#.�ก�6ก&���ก@�+�	�-1<1#ก�5&  �#ก"�3�����8�=0�28'�&/��ก/&2��&�"#�2 16�
L	&ก.��/#ก&���	#�.�+�	�2&/�&.>+	,$7&�ก&��ก06��ก�&�#ก1<�. 
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�� /&:�3%&O� �>:�74/ $4�$>1 �>:�74/ 2�%&$>1 �>:�74/ �L	#�.

 
7&�"#� 2  �� /&:�3%&O� +	,�>:�74/ $4�$>1 �>:�74/ 2�%&$>1 +	,�>:�74/ �L	#�.)��+25	,���@��5��

�,��5&����"#� 18-25  �/�&.� �.�. 2551 
"#�/& : $�&�#�>2>� ./� ".&$�)	& ('���$8) (2551) 
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7&�"#� 3  '�&/�
3��L	#�.)��1 �ก5��ก&�@�<�3%&)��+25	,���@��
3�"#�@�+�	��,��5&�ก&���&, 8 ��� 

(���"#� 18-25  �/�&.� �.�. 2551) 
 

 

4. ก	���(5�"�	(��ก'���(�)*&��+#,�����������&���ก	�&	����ก���%	��7��� 

 
  !&ก9	ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&)���/	01���M>8��#.�@�/560 +	,
���M>8$!.5 �6�5&  2<��"%&*1./#ก&�'�6'>/'�&/�
3� 1<�.ก&�'	>/9
��	&$2 ก !A�$&/&��@�<"1$�6
-1<@�">ก$7&��&ก&�@�">กQ14ก&	25&�R ก�� +	,@�<9	$�1'	<��ก�6'�&/��ก@�+�	�@�$7&�,
+	<�"#�/#ก&�@�<�3%&">ก 2-3 ��� "%&*1.ก&���&,@�1 ��� /&: 500 ก��/ "#�/#'�&/!>'�&/�
3�1 � 62% 
FC @�2,ก�<&)�&1 12.0 x 23.5 x 6.0 =/. @�<�3%&">ก 3 ��� �&���&,"#��>:�74/ �<����,�/ �'�&/��ก
"#��&.> 5 ��� =A��$&/&��"1$�6@�2,ก�<&)�&1�	0ก	� +	,@�<1 ��� /&:�<�.	�  "1$�6@�
	�ก�:,�1#.�ก�6ก&�"1$�6�/	01���M>8)<&�*�1��&� (�#��ก#.�2 , 2550) +	,)<&�*�1-�5 (�>7ก&(!�8
, 2550)  

 

 

 

��� 

0 1 4 3 2 5 6 7 8 
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����� 5 

 

�#� 

 

  1. ก&�"1$�6'�&/��ก@�$7&�,!%&ก�1�3%&"#�/#ก&�'�6'>/'�&/�
3�)���/	01���M>8
������	
�����M>8��#.�@�/560 +	,$!.5 $&/&��'�6'>/$7&�'�6'>/'�&/�
3�"#�@�<9	ก&�"1$�6-/5
+2ก25&�ก��2&/$7&�Q14ก&	"#�+2ก25&�ก��-1<@��/	01���M>8">ก�,1�6'>:7&� 
 
  2. �/	01���M>8������	
��/#'�&/��ก@�+�	�	1	�2&/'�&/�#�ก&�@�<�3%&"#�	1	� +	,
'>:7&��/	01���M>8"#�	1	� *1.@�+�	�"#�@�<�3%&">ก���$&/&���	4ก*1.@�<�/	01���M>8"#�/#'�&/��ก
/&2��&� 70% )A3�-�  @�+�	�"#�@�<�3%&">ก 2 +	, 3 ��� '��@�<�/	01���M>8"#�/#'�&/��ก/&2��&�
/&กก�5& 70 +	, 80% )A3�-� 2&/	%&1�6     ��
��@�</#'�&/��ก@�+�	�-1<-/52�%&ก�5& 50%     +	,
�/	01���M>8������	
��/#'�&/��ก@�+�	�-1<$4�$>1��,/&: 93-96% )��'�&/��ก/&2��&�  @�
+�	�"#�@�<�3%&">ก�����,/&: 86-89% )��'�&/��ก/&2��&�   @�+�	�"#�@�<�3%&">ก 2 ��� +	,
��,/&: 81-85% @�+�	�"#�@�<�3%&">ก 3 ��� 
 
  3. � M#ก&���,�/ �'�&/��ก@�+�	�)���/	01���M>8������	
����
��'%&�����2�&�	4ก
@�$7&�,+	<�"#�@�<�3%&">ก 2-3 ���   $&/&��"%&*1.ก&���&,�/	01���M>8@�1 �"#�/# FC ��,/&: 40% 
FC �� /&: 500 ก��/ @�2,ก�<&)�&1 12.0 x 23.5 x 6.0 =/. @�<�3%& 62% FC ">ก 3 ���  '	>/1<�.9
�
�	&$2 ก  �&���&,@�$7&��>:�74/ �<��  ��,�/ �'�&/��ก"#��&.> 5 ���  
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��ก�	��	��5� 
 

ก�/� �&ก&��ก�2�. 2540. ก&��	4ก�
�-�5. ก�>��"�� : ก�/� �&ก&��ก�2�   ก�,"����ก�2�+	,
$�ก�:8.  

 
ก�/��Z�&"#�1 �. 2547. ������	
��. ก�>��"�� : ก�/��Z�&"#�1 �   ก�,"����ก�2�+	,$�ก�:8. 
 
)��(! 2�  $��2 ��,�&. 2534. ก&�9	 2�/	01���M>8�
�. $�)	& : 7&'� �&�
��&$2�8    

':,"���.&ก�M��/�&2   /�&� ".&	�.$�)	&�'� �"�8  � ".&�)2�&1@�(5. 
 
!��!��"�8  1����2�&. 2529. �"'*�*	.#�/	01���M>8. ก�>��"�� : 7&'� �&�
�-�5�& ':,�ก�2� 

/�&� ".&	�.�ก�2��&$2�8 
 
1 ��ก "����5&/, � ".& 2�3�ก5�$ก>	 +	, �&�# ! �,�#�#. /��. ก&���ก+66+	,�"'*�*	.#ก&�@�<�3%&

+ก5�
�.  ก�>��"�� : �'�ก&��ก�2�. 
 
2>	&ก&� +ก<�+ก5� +	, ��Z�& ��Z�&ก4	. 2549. 9	)��$7&�,)&1�3%&!&ก'�&/+	<�+	,'�&/�'�#.1

�ก	
�25�	�ก�:,"&�$�#�� ".&6&���,ก&�+	,�/+"6�	 =A/)��'&�8*6-��1�2@�)<&�
�,.,2<�ก	<&. �.� !�./�&� ".&	�.)��+ก5� 11 : 260-268. 

 
���.&�8   ��2����M8. 2538. �"'� 'ก&���5��&.>�/	01���M>8������	
����
����,�/ ��&.>ก&��ก06��ก�&@�

�)2�<���
3�. � ".&� ��M8� ".&�&$2�/�&6�:; 2   /�&� ".&	�.$�)	&�'� �"�8. 
 
��,��/  ���.$��$1 ]. 2549. � ".&�&$2�8+	,�"'*�*	.#�/	01���M>8. ก�>��"�� : $/&'/�/	01���M>8

+�5���,�"�-"..    
     
��		7  $��2 ��,�&. 2540. �"'*�*	.#�/	01���M>8. $�)	& : 7&'� �&�
��&$2�8 ':,

"���.&ก�M��/�&2    /�&� ".&	�.$�)	&�'� �"�8  � ".&�)2�&1@�(5. 
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��		7  $��2 ��,�&. 2545. 6"�� 6�2 ก&��"'*�*	.#�/	01���M>8. $�)	& : 7&'� �&�
��&$2�8   
':,"���.&ก�M��/�&2  /�&� ".&	�.$�)	&�'� �"�8  � ".&�)2�&1@�(5. 
 

��		7 $��2 ��,�&. 2550. 6"�� 6�2 ก&��"'*�*	.#�/	01���M>8. $�)	& : 7&'� �&�
��&$2�8  ':,
"���.&ก�M��/�&2  /�&� ".&	�.$�)	&�'� �"�8  � ".&�)2�&1@�(5. 

 
��		7  $��2 ��,�&, )��(! 2�  $��2 ��,�& +	,�4��ก1 ]  :��'8�&�. 2535. 9	)���>:�74/ +	,6��!>

7�:;825�ก&��ก06��ก�&�/	01���M>8�����)#.�@��)2�<���
3�. �. $�)	&�'� �"�8  14 : 319 -326. 
 
� ��.  �����*�1/, ��		7  $��2 ��,�&, )��(! 2�  $��2 ��,�& +	, �&(��.  M�&�>Z . 2547.  
      '�&/��ก)���/	01���M>8������	
��@�+�	��	4ก+	,� M#"1$�6'�&/��ก��
��ก&��	4ก@� 
      $7&�,+	<�. �. $�)	&�'� �"�8  �"". 26 : 609-616.  
 
�#��ก#.�2   $1�
��.  2550. ก&�'�6'>/'�&/�
3�@�ก&�"1$�6'�&/��ก)���/	01���M>8)<&�*�1

��&���
����,�/ �'�&/��ก@�+�	�@�$7&�,+	<�. � ".&� ��M8� ".&�&$2�/�&6�:; 2     
/�&� ".&	�.$�)	&�'� �"�8. 

 
�&� 2  $��$1 ก&(!�8. 2545. ก&�"1$�6'�&/��ก)���/	01���M>8)<&�*�1@�$7&�,�'�#.1�3%&.   
      � ".&� ��M8� ".&�&$2�/�&6�:; 2  /�&� ".&	�.$�)	&�'� �"�8. 
 
�>7ก&(!�8  �$�,. 2550. ก&�'�6'>/'�&/�
3�@�ก&�"1$�6'�&/��ก@�$7&�!%&ก�1�3%&)���/	01

���M>8)<&�*�1��
��ก&��	4ก@�$7&�,+	<�. � ".&� ��M8� ".&�&$2�/�&6�:; 2  
/�&� ".&	�.$�)	&�'� �"�8. 

 
�>7��. +ก<�/#��.. 2537. ก&����6��>����M>8������	
��)����,�"�-".. ก�>��"�� : $�&6��� !�.�
�-�5  

ก�/� �&ก&��ก�2�. 
 

$�&�#�>2>� ./� ".&$�)	& ('���$8). 2551. �&.�&��>2>� ./� ".&��,!%&��� �E 2551. $�)	&: $�&�#
�>2>� ./� ".&$�)	& ('���$8) ก�/�>2>� ./� ".& ก�,"���'/�&'/. 

 



 48 

$�&6��� !�.�
�-�5. 2546. $�>��&.�&�� !�.�
�-�5. ก�>��"�� : ก�/� �&ก&��ก�2� ก�,"����ก�2�
+	,$�ก�:8. 

 
$%&��ก�&������ก !ก&��ก�2�. 2550. ������	
�� : )5&������ก !ก&��ก�2�. ก�>��"�� : $%&��ก�&�

�����ก !ก&��ก�2� ก�,"����ก�2�+	,$�ก�:8   53 : 26 - 27. 
 
$%&��ก�&������ก !ก&��ก�2�. 2551. ������	
�� : $�&�ก&�:8+	,+��*�</$ �'<&�ก�2�"#�$%&'�( �E 

2551. ก�>��"�� : $%&��ก�&������ก !ก&��ก�2� ก�,"����ก�2�+	,$�ก�:8. 
 
$>! 2�&  ���/��
3�. 2544. 9	)��ก&���5��&.>�/	01���M>8)<&�*�1��&�25�ก&��!� (�2 6*2+	,

9	9	 2. � ".&� ��M8� ".&�&$2�/�&6�:; 2  /�&� ".&	�.$�)	&�'� �"�8. 
 
�����:  ! 228M��/. 2545. ก&�"1$�6'�&/��ก@�$7&�,�'�#.1�3%&��
����,�/ �'�&/+)0�+��)��

�/	01���M>8)<&�*�1��&�. � ".&� ��M8� ".&�&$2�/�&6�:; 2 
/�&� ".&	�.$�)	&�'� �"�8. 

 
�&�/:8 ��#� ! 228 +	,!� �&2  *'�21��'0�. 2543. ก&��$
��/$7&�)���/	01���M>8������	
��"#��ก06

��ก�&7&.@2<$7&�'�&/�
3�$�/��"M82�%&+	,$4� ก&���	#�.�+�	�@�'�&/��ก '�&/+)0�+�� 
�//�6������8/#�6 	 2#3+	,ก&��!� ()����
3��&. �.� �&ก&��ก�2�  18: 148-163. 

 
AOSA. 2002. Seed Vigor Testing Handbook. Contribution No.32 to the Handbook on  Seed 

Testing. Washington : The  Association of Official Seed Analysts. 
 
Bazzigalupi, O. and Cepeda, S. 2005. Relations between soil moisture and the metsulfuron 

methyl effects on the seedling growth of soybean (Glycine max L. Merr.).  
  RIA 34 : 101-110. 
 
Copeland, L.O. and McDonald, M.B. 1995. Principles of Seed Science and Technology.  

Minneapolis : Burgress Publishing Company. 
 



 49 

Duke, S.H., Schrader, L.E. and Miller, G.M. 1977. Low temperature effects on soybean 
mitochondrial respiration and several dehydrogenates during imbibition and germination. 
Plant Physiol. 60 : 716-722. 
 

Egli, D.B. and TeKrony, D.M. 1995. Soybean seed germination, vigor and field emergence. Seed 
Sci. and Technol. 23 : 595-607. 

 
FAO. 1994. Tropical  Soybean : Improvement and Production. Rome : Food and Agriculture 

Organization of  the United Nations. 
 
Hamman, B., Egli, D.B. and Gwen, K. 2002. Seed vigor, soilborne pathogens, pre-emergent 

growth and soybean seedling emergence. Crop Sci. 42 : 451-457. 
 
Hatfield, J.L. and  Egli, D.B. 1974. Effect of temperature on the rate of soybean hypocotyl 

elongation and field emergence. Crop Sci. 14 : 4423-426. 
 
Helms, T.C., Deckard, E.L. and Gregoire, A.P. 1997. Corn, sunflower and soybean emergence 

influenced by soil temperature and soil water content. Agron. J. 89 : 59-63. 
 
Hunter, J.R. and Erickson, A.E. 1952. Relation of seed germination to soil moisture tension. 

Agron. J. 44 : 107-109. 
 
Lovato, A. and Cagalli, S. 1993. Sugar beet (Beta vularis L.) seed vigour compared in  
 laboratory and field tests. Seed Sci. and Technol. 21 : 61-67. 
 

Pendleton, J.W. and Hartwig, E.E. 1973. Soybeans : Improvement, Production, and Uses. 
Madison : American Society of Agronomy. 

 



 50 

Raymond, P., Al-Ani, A. and Pradet, A. 1985. ATP production by respiration and fermentation, 
and energy charge during aerobiosis and anaerobiosis in twelve fatty and starchy 
germinating seeds. Plant Physiol. 79 : 879-884. 

 
Schuab, S.R.P., Braccini, A.L., Scapim, C.A., Franca-Neto, J.B., Meschede, D.K. and Avila, 

M.R. 2007. Germination test under water stess to evaluate soybean seed vigor. Seed Sci. 
and Technol. 35 : 187-199. 

 
 
Senaratna, T. and McKersie, B.D. 1983. Dehydration injury in germinating soybean seeds. Plant 

Physiol. 72:620-624. 
 
 
Steven, J. 2008. Interplanting of a deficient soybean stand. Master of  Science Thesis. University 

Missouri-Columbia. 
 
TeKrony, D.M. and Egli, D.B. 1991. Relationship of seed vigor to crop field : A  review. Crop 

Sci.   29 : 1528-1534.    
 

Wongvarodom, V. 2006. Soybean Seed Field Emergence and Its Evaluation under Water Stress 
Conditions by Water-limited Germination Test. Doctor  of  Philosophy Thesis. Prince of  
Songkla University.  

 

 

 

 

 

 

 

 



 51 

����
52���'� � 
 

:���  �ก#� �&�$&��>71&  ��4�"� 
�������	
����ก�<ก/	 4842045 
�#A5ก	�<ก/	  

�#A5 :�����	��� �B�����	�)�ก	�<ก/	 
� ".&�&$2�6�:; 2 $�&6���"'*�*	.#�&�/�'	 2547 

(�
��&$2�8) ':,�ก�2��&$2�8�'���#M��/�&�  
   

 
�#�ก	�<ก/	  (����*��������-	�ก	�<ก/	) 

• ">�ก&��Aก�&��
���1 �"&�-�O�ก�&�"#�/�&� ".&	�.*�� =&1  ��,�"��=��8�6#. 
 

ก	
�&5(&,�2 7&-2��	� 

• �>71&   ��4�"�  ��		7  $��2 ��,�& +	,)��(! 2�  $��2 ��,�&. 2552. ก&�'�6'>/
'�&/�
3�@�ก&�"1$�6'�&/��ก@�$7&�!%&ก�1�3%&)���/	01���M>8������	
�� ��
��
��,�/ �'�&/��ก@�+�	�@�$7&�,+	<�. �.��,!�/�ก	<&�!<&'>:"�&�	&1ก�,6�� 
�"". 27 (3) (ก��.&.�-M���&'/ 2552) 

 
 

 

 

 

 

 

 

 
 
 


