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ABSTRACT 

 
 The effect of sun drying methods on quality of yardlong bean seed were studied 
at Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University, 
Hatyai campus. The yardlong beans were planted on plot in June 2007 and the pods at seed 
maturation stage were harvested in October 2007.Seven methods of seed drying were applied. 
They consisted of 1) sun dried on concrete floor; 2) air dried at room temperature for 1 day and 
sun dried on concrete floor; 3 ) air dried at room temperature for 2 days and sun dried on concrete 
floor; 4) air dried at room temperature for 3 days and sun dried on concrete floor; 5) sun dried on 
the 50 cm. high stand; 6) sun dried on the 50 cm. high stand with covered plastic sheet and 7) sun 
dried on the 50 cm. high stand covered with plastic sheet and 50% shady salan. 
  The results showed that all drying methods gave high quality seed of yardlong 
bean seed. In addition, more 90% of germination rate, high vigor of more 80% of germination 
rate after accelerated aging were found in all drying methods. However, the yardlong bean seed 
quality was sensitive to high humidity, temperature higher than 43ºc and too high/slow humidity 
decreasing rate. In conclusion, the effective drying method for yardlong bean seed were using 
temperature lesser than 43 ºc and humidity decreasing rate not over 0.3% per hour. Otherwise, air 
dried and shaded were the alternative method that easy for application. However, air dried should 
not applied over 2 days. 
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 ������	
�� (Vigna sesquipedalis L. Fruw.) ���������	�����	 !"#$%&'��%()�'�*
%�	+�� �&�&� ,-./'�01
 1&�%&	�����$�#2	+�13	��4�1&�"#$+�56� 78'����.�9��13	%�4.13	:;2	�#
"#$����( �'5�(</..	 (	�%� ��	���	�,�, 2549) +��B 2546 D 2550 %&��4�1&����$�#2	 1�����$�1�
.
2<+��<�/ 257,787 - 390,175 0�< %&�#�# ,��% 14,865 ,�� �#�# ,�J#&�
 1,331- 1,760 	 7#	��%,<.0�< 
"9#</�#2	1&�()�'�*1&��# ,����	��'5� 0;5"	< !�/9��;(/-#� �'���&K��%��� �#63�& (3���L�MK��& ���K ��( 
�13%K��& J$�� /�1�� ��&
/+9%< #)���/ �'�(���'M �'����(&%� �'���% ���63�& 	�*!�63�& (3���N63�& 
63�&��%
M .36#���K��& (�$"	5� (%31�(/'��% ����63�& ��$!�6'&�&-��KM ����,5� (	�%(</�(� %
	���	�,�, 2549-) ��%1�4/
�/%&	���#2	����.6� 78'"#$!)�9�<�
+���4�1&�13	��4�1&�-./��$�1� 7;
�J��$
+�8�'+,51&�,5./	��������	
��1&�%&#�	�N$��	
�� 9��� 	�.6 +95��.�M�OP�,M	��, ;��	(2/ ������	
��
1&����$�#2	(<��+9*<�������K3M�(%��Q;1&��%#P;���K3M�	P6�	&�
�!�	,5�1&��#2	 1&�%&'��%"������1�/
���K3	��%0%<%�	��	 ",<,5./%&	��'�;�#�.	�%#P;���K3M!�	��	1&�%&#�	�N$1&�;& .
<�/0�	P,�% 	���	P6�	&�
�
�%#P;���K3M
�/%&��*9�;5��'3N8���%#P;���K3M1&��# ,0;5 7;
�J��$	���	P6�	&�
�+�(8��82% .�	��1&�
0%<�9%�$(%   
 
 	���	P6�	&�
�+950;5�%#P;���K3M'3N8��;&"#$%&�#�# ,(2/(3; ,5./�	P6�%��.�%#P;���K3M
(3	"	<1�/(�&�� 1
� ����./!�	�����$
$1&��%#P;($(%�4)�9��	"95/0�5(2/(3; "#$%&'��%(%62�NM(2/(3; 
(!�/!��1�M, 2529) +�8�'+,5 %&(8��82% .�	��"66�5.���4�1&�%&��,	"#$%&'��%��4�(�%��1KM(2/ 1&�
1)�+95�%#P;���K3M�(��.%'3N8��0�.
<�/��;��P�!�		��9�
+!-./�%#P;���K3M+�.�,��1&�(2/ 	��(#�
,��
-./(��.�9��1&�($(%+�,5�.<.� "#$	���!� *-./���4.�� 	��'�6'3%'3N8��+��$
$	���	P6�	&�
�
�%#P;���K3M+�(8��.�	���-,�5.���4� !)�����,5./#;'��%��4�+95.
2<+��$;�61&��#.;8�
7;
��P� �	�,�	�
(<��+9*<#;'��%��4��%#P;���K3M;5�
	��,�	";; 7;
�J��$+�(8��$1&����4.��# /%&��'�(2/"#$-�;"'#� 
	��#;'��%��4�;5�
	��,�	";;����( �/1&�;&1&��<�
#;	��+�5���4.��# / "#$#;,5�13�+�	���# ,0;5 
7;
�J��$��$�1�01
,�4/.
2<+	#5�(5��2�
M(2,�1&�0;5��6�#�//��"(/.�1 ,
M+��� %�N%�	 ",<%&��*9�
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'��%"������-./(8��.�	��1&�%&'��%��4�(2/ "#$%&��,	6<.
 	��#;'��%��4�;5�
"(/";;!R/
,5./!�;	��+95%&��$( 1K 8��+95(�%����#�.	+�5,�%(8��.�	��,<�/S 	�� .&	1�4/+�(8��.�	��1&�
�5.� 1)�+95#��,�	�%#P;���K3M%&'��%�5.�(2/�R/ 50 D 60 ºO 1&�����.��,��
,<.�%#P;���K3M (!�/!��1�M, 
2529) 1)�+95�%#P;���K3M�(&
9�
0;5/<�
 �%#P;���K3M������	
��1&��$
$(3	"	<%&'��%��4� 22.65% (-��*! ,�
"#$��##8, 2537) 	���	P6��	��+95%&'3N8��+�	��+�5���$�#2	+��-,�5.���4� ,5./#;'��%��4�+95
�9#�.0%<�	 � 9% (-��*! ,�"#$��##8, 2540) 
 
 ����.+95(�%���!�;	��	��#;'��%��4��%#P;���K3M������	
��;5�
� K&1&�9#�	9#�
,�%
(8��-./.�	��+��$9�<�/	���	P6�	&�
� !R/0;5�R	��	��#;'��%��4�;5�
	��,�	";;�(%�(��	�6
	���R�/#%"#$	��,�	";;1&�%&	��'#3%�#�(, 	����.	���� 	�����/"(/";;;5�
,�-<�
����.�V./	��
'��%�5.�"�/-./"(/";;1&�"�/�	 �0� "#$	��
	+95(2/-R4�!�	��4�����.�V./	��'��%��4�!�	��4�; �     
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1.  �������������������� �!	� 
 
 ������	
�� (yardlong bean 9��. asparagus bean) ���������	,�$	2#���� (Leguminosae) 
%&���.� 1
���(,�M�<� Vigna sesquipedalis L. Fruw. %&� ��	)��� ;+��-,�5.�-./1�&�".d� 	� 9��.+�
��$�1�!&� (!��3#�	�NM, 2541) ���������	1&�%&	���#2	%�	1&�(3;+��.��&
,$���..	�J&
/+,5 (Phansak 
"#$'N$, 2005) ������	
���������:;2�;&
� #)�,5�%&	���!� *�, 67,"66�#�4.
,5./	��( �/'4)�!3�9��.
�	&�
����+�	���!� *�, 67, 7;
�	&�
����+�1 �1�/1���-P%��h 	� ,�
.;��i������	 �/	5��"#$+6
�1<���4� 7;
0%<%&	����i������,�;.	 ��	 �����$66��	"	5�.
2<0%<#R	!�	� �; �%�	��	 ��	�.
%&
�%�	 ;!�	"6'1&��&
���.  Rhizobium sp. 1&�(�%���,�R/0�7,��!�!�	.�	��"#$.
2<�<�%	�6����"66
�R�/��.���
	�� +6������	
������+6��$	.6(�%+6 %&(&�-&
��-5% ;.	����;.	(%62�NM���1&�..	
6� ��N#)�,5�	#�/"#$"-�/;5��#<�/	<.� "#$1
.
..	;.	0��R/
.; �<.;.	����"66 raceme 
�	 ;,�%%3%+69��.O.	+6 ",<#$�<.;.	%&;.	 1- 6 ;.	 ;.	%&-��; 1-3 O%. ;.	6��+�,.���5� 
(!��3#�	�NM, 2541) ��	%&(&�-&
�.<.��R/�-5%"#$�-&
��#�
%<�/ �%��."	<��#&�
�����(&�4)�,�# �%#P;��&
/
.
2<8�
+�,�%'��%
�� ",<#$��	%&�%#P; 15-20 �%#P; �%#P;�����2�0,%&(&-�� �4)�,�# ;)� "#$(&(#�6 
�4)�,�# D-�� ;)� --�� "#$";/--�� -R4�.
2<	�6(�
���K3M 	���	P6��	(;1
.
�	P60;5��� 30 ��� +�
:;2�� "#$ 24 ��� +�:;2"#5/ (-��*! ,� "#$��##8, 2537) ������	
����������(%,���./1&�%&	���(%
-5�% 1-5 % 7;
%&"%#/������9$()�'�* ������ �%..	;.	�%��..�
3��$%�N 6-7 (��;�9M9#�/�#2	 
(-��*! ,� "#$��##8,  2540) 

 
 ������	
�����K3M'�;-%... �������K3M1&�0;5��6	��'�;�#�.	����.+95�9%�$(%()�9��6	���#2	
"#$%&�(��, ����1&�� 
%+�	��6� 78'+��-,��4�1&�8�'+,5 7;
8�'� �������(,�M 'N$1���
�	�K��%��,  
%9�� 1
�#�
(/-#��'� �1�M � 1
��-,9�;+9*< !�/9��;(/-#� �������K3M1&�%&	��, ;��	��.�M�OP�,M(2/ 
(-��*! ,�"#$��##8, 2537) %&�#�# ,��	(;(2/ 2,917 	 7#	��%,<.0�< %&.�
3,�4/",<�#2	�R/;.	�� �%6�� 
43 ��� ;.	"#$�%#P;���K3M%&(&-�� ��	(;%&(&�-&
�.<.� %&���4.��	"�<� %&�(9��� 	�.6 �%#P;���K3M 
(3	"	<1�/(�&�� 1
�1&�.�
3 20 ���9#�/;.	6�� %&�4)�9��	"95/(2/(3; 125.37 % ## 	��%,<.�%#P; "#$
'��%��4� 22.65% (-��*! ,�"#$��##8, 2540) 
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2.  �#	$%&�'(	�	�	)����*+	��+�������� �!	� 

 
 ������	
��(�%����#2	0;51���13	8�'-./��$�1� �!� *�, 67,0;5+�; �"1613	�� ; 
7;
�!� *0;5;&+�; ��<����1��
 %&	���$6�
�4)�0;5;& (8��'��%����	�; D ;<�/ (pH) .
2<�$9�<�/ 
5.5- 6.0 ,5./	��"(/";;,#.;��� �.6.�	��'<.�-5�/�5.�"#$��0%<,	�3	 �5�.�	���5.��	 �0�
9��.��,	�3	!$1)�+95;.	"#$��	�<�/ ",<�5�.�	��9����	 �0�1)�+95�$/�		���!� *�, 67, ����./!�	
�$66��	0%<1)�/�� ������	
���!� *�, 67,0;5+��<�/.3N982%  15 D 35 °O �<�/.3N982% 1&��9%�$(%
,<.	���!� *�, 67,.
2<�$9�<�/ 16 -24 °O (	�%(</�(� %	���	�,�, 2549-) 
 

3.  -./��/+��)�
0�������� �!	�1�#	.1
�/���	�(�������	��% 
 

 ������	
���������1&�%&7�'"#$"%#/�$6�;1)�#�
,#.;�$
$	���!� *�, 67, !R/,5./
%&	��;2"#�V./	��	)�!�;1&�;& 7�'1&��6������*9�()�'�*+�	���# ,������	
��1&�.)��8.9�;+9*< !�/9��;(/-#� 
0;5"	< 7�'7'���<�!�	���4. Pythium sp. 1&�%�	�$6�;�%��.,5�	#5�/.	+��<�/1&�%&��,	9��	"#$�%��.����
�� �%���'5�/ 7;
7'�,5�%&��(&-��d2 (-��*! ,�"#$(�
�N9M, 2523) "#$7�'�9&�
��	 ;!�	���4. Fusarium sp. 
(-��*! ,�"#$��##8, 2537) 7;
�J��$	���#2	+�:;2��"�	 (�;�.��:�8�'%) "#$:;2��(./ 
(�;�.��:�! 	�
�) -./8�'+,5 ����./!�	%&.�	���5.�.6.5��"#$%&'��%��4�(2/%�	1�4/+�; �"#$.�	�� 
7�'�9&�
�%&	���$6�;�� �%-R4�9#�/!�	�����#�4.
���'5�/"#$�<�/..	;.	 7;
+6#<�/"(;/.�	���9#�./ 
�$/�		���!� *�, 67,"#$"95/,�
 7�'.���S 1&��6 '�. 7�'+6;<�/1)�+95+6%&(&�9#�./(#�6�-&
� �9P�
0;5��;1&�+6.<.� ��	6 ;�����	#&
� 7�'�&4, ;%�	�6�%#P;���K3M"#$%&��#&4
.<.�����"%#/��9$ �6�$6�;
�%��.,5�������	
��-R4�'5�/"#$����%�	�%��.������	
��+95�#�# , 7�'��	��<�1&��	 ;!�	���4. Pythium sp. 
OR�/�	 ;	�6��	1&�.
2<+��$;�6,�)�9��.!�	"-�/;5��-5�/ 7;
�J��$��	1&�1.;.
2<6���4�; �9��.�#�
��	
1&�(�%��(	�6; � 7�'��(� % ��"�V/ "#$7�'+6!3; �6�$6�;+��$
$������	
��+95�#�# , 7�'��(� %
�	 ;0;5	�613	(<��-./���1�4/+6 #)�,5�9��.��	 �6.�	���� �%"�	1&�+6 7;
�J��$+6#<�/ %�	�6�$6�;
	�6,5�������	
��+��$
$..	;.	 (<����"�V/�	 ;	�6+61&�.
2<�$;�6	#�/ "#$7�'+6!3;�	 ;	�6+6"	<
1&�.
2<;5��#<�/ (	�%� ��	���	�,�, 2549) 
 
 "%#/ ������*9�9�R�/1&�1)�#�
�#�# ,������	
��.
<�/�3�"�/ "%#/1&�()�'�* 0;5"	< 
��#&4
.<.�1&�;2;	 ��4)��#&4
/,�%(<��-./
.;.<.� ;.	.<.� "#$��	.<.� 1)�+95,5�������	
���$/�	
	���!� *�, 67, ;.	�<�/ "#$��	0%<(%62�NM %&	���$6�;�3�"�/+�(8��.�	��"95/"#5/ ��#&4
.<.�
�/
������9$�)�7�'+6;<�/1&��	 ;!�	���4.0���(�-5�(2<������	
��.&	;5�
 (-��*! ,�"#$��##8, 2535) 9�.� 
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"%#/����!�$,5�����7;
9�.��!�$�-5�0�	�;	 �8�
+�#)�,5����� 1)�+95,5�	#5�������	
��,�
 �5��$6�;
+��$
$,5�7, 1)�+95,5�"#$����9&�
� 9�.��!�$��	����#�
!3;�-5�1)�#�
7;
	�;	 ��	(�1)�+95;.	�<�/
9��.�!�$�-5�0�	�;	 �8�
+���	���� 9�.��.�+61)�+95�	 ;�(5�(&-��';�'&4
�0�%� �5��$6�;�3�"�/
1)�+95+6�<�/ (�%����$6�;0;5,#.;:;2�#2	 9�.�	�$125��		�;	 �13	(<��-./������	
�� ��#&4
0d
;2;	 ��4)��#&4
/6� ��N
.; +6.<.�"#$,�;.	-./������	
�� 1)�+95+69��.
.;.<.�9/ 	 9��.;.	�<�/ 
�$6�;�3�"�/+�(8��.�	��"95/"#$��1 4/�<�/ 0�-��	�;	 ��4)��#&4
/+6.<.� 1)�+95+69/ 	 "'�$"	�P� 
"#$0�";/;2;	 ��4)��#&4
/+61&�.
2<�$;�6	#�/ 1)�+95+6%&#�	�N$�����mn�(&";/ %�	�6�$6�;�3�"�/
+�(8��.�	��"95/"#5/ (	�%(</�(� %	���	�,�, 2549	) 

 
 	���V./	��"#$	)�!�;7�'"#$"%#/ 1)�7;
	��J&;�<�
�	����'� �71O&��<�%	�6
.&1� 0;.$7O# 9��."'P�"1� 50 1&�7'�,5�����9#�/�#2	 27 "#$ 30 ��� ����.�V./	��7�'7'���<�!�	
���4. Pythium sp. (<��7�'+6;<�/  +95	)�!�;,5�1&�����7�'���1)�#�
 7�'��(� %"#$��"�V/ �%��.�6
.�	��-./7�'+95J&;�<�(���V./	��	)�!�;;5�
"%�7'"O6+�.�,�� 30-45 	��%,<.�4)� 20 # ,� 7�'
+6!3; �V./	��	)�!�;7;
J&;�<�
�	����;5�
�6�7�% #9��.�;.7O#��6�� (, � .�,��,�%J#�	13	S 
5-7 ��� ()�9��6"%#/ ��#&4
.<.� �V./	��	)�!�;7;
+�5(���'%& '��M76O�#"d� 9��. '��M76d2��� 
'#3	�%#P;	<.��#2	9��.7�
�./	5�9#3%"1�	��'#3	�%#P; 9�.��!�$��	����#�
!3; 9�.��.�+6 
9�.�	�$125��	 ��#&4
0d �V./	��	)�!�;7;
J&;�<�;5�
 �6,�0Od#21� � �%��.�69�.�+�;.	
��$%�N 20% 9�	%&	���$6�;�3�"�/ '���<� 13	 4-5 ��� 9��. �%��.�6��#&4
0d�$6�; 5 ,��,<. 

.; �<�13	 7-10 ��� ()�9��60�-��"#$0�";/ �V./	��7;
J&;�<�;5�
	)�%$���6� ��N1&��6	��
�$6�;7;
�<� 2 '��4/9<�/	�� 3 ��� (	�%(</�(� %	���	�,�, 2549 	) ����./!�	������	
���������1&�%&
	���$6�;-./7�'"#$"%#/%�	"#$,5./+�5(���'%&�V./	��	)�!�;%�	 ;�/��4�	���# ,��	(;,5./
�	P6�	&�
�+��$
$1&��#.;8�
!�	�#,	'5�/-./(���'%& OR�/%&�$630�51&�J#�	-5�/-�;(���'%&",<#$�� ; 
 
4. �	�%.�	+3�4�����+�5%$��678 
 
 '��%��4�-./�%#P;���K3M '�. �4)�1&�%&.
2<.
<�/. (�$8�
+��%#P;���K3M .�!.
2<+��<./�<�/
9��.�'#�.67%�#	3#-./(��,<�/S +��%#P; 7;
0%<��%�4)�1&�����(<����$	.6-./(���'%&+��%#P; 
�4)�1&�����'��%��4�-./�%#P;%&�#.
<�/%�	,<.'3N8��+��$9�<�/	���	P6��	���%#P;���K3M (��##8, 2540) 
	���	P6�	&�
��%#P;���K3M+��$
$(3	"	<1�/(�&�� 1
� OR�/�����$
$1&��%#P;���K3M%&'��%/.	"#$'��%"-P/"�/
(2/(3; ",<�%#P;���K3M
�/'/%&'��%��4�+��$;�6(2/�	 �	�<�1&�!$�	P6��	��0�50;5.
<�/�#.;8�
 �%#P;���K3M 
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1&�%&'��%��4�(2/ %&	���(��.%'3N8��.
<�/��;��P� ����./!�	'��%��4�-./�%#P;���K3M%&�#,<.	�$6��	�� 
9�
+! "#$	��(#�
,��-./(��.�9��1&�($(%+�,5�.<.�-./�%#P;���K3M (��##8, 2540) ;�/��4� 	��#;
'��%��4��%#P;���K3M+95��P�1&�(3;9#�/	���	P6�	&�
�!R/��������./!)����� ����.�V./	��	���(&
9�
!�		��($(%
'��%�5.�!�		��9�
+!+�.�,��1&�(2/-./�%#P; 7;
�J��$	���!� *-./!3# �1�&
M !R/�<�
��	��'��%/.	
"#$'��%"-P/"�/-./�%#P;���K3M+95.
2<�$;�6(2/ �	P6��	��0�50;5.
<�/�#.;8�
 (��$�.%, 2549: �����
, 
2542) 	��#;'��%��4�,5./	�$1)�.
<�/�$%�;�$��/ 9�	#;+�.�,��1&���P��	 �0�.�!1)�+95�%#P;(2*�(&

'��%/.	"#$'��%"-P/"�/0;5 "#$9�	1)�	��#;'��%��4��5��	 �0�.�!1)�+95�%#P;(2*�(&
'��%/.	
"#$'��%"-P/"�/ !�		���-5�1)�#�
!�	���4.7�'"#$	��9�
+!-./�%#P;���K3M ��%1�4/	��#;'��%��4�
�%#P;���K3M+95"95/�	 �0� 
�/1)�+95�%#P;���K3M0;5��6'��%�(&
9�
0;5/<�
  Nangju "#$'N$, (1980 
.5�/7;
 63*(%, 2546) ��
/���<� +�	��#;'��%��4��%#P;���K3M1&�%&'��%��4�(2/ 0%<'��+�5.3N982% 
(2/	�<� 43 ºO 0%<��<���4�!$1)�+95�%#P;���K3M%&'��%/.	#;#/.
<�/��;��P� !�/!��1�M (2529) 1&��$63
�<�.3N982% 1&�+�5#;'��%��4��%#P;���K3M 0%<'���	 � 43 ºO 9��. 110 ºd �5�+�5.3N982% (2/.�!1)�+95
�%#P;0;5��6.��,��
 ��<� ��	.<.�",	 1)�+95,5�	#5�� ;�	,  9��. �%#P;,�
 Copeland (1976) 0;5
"(;/�$;�6'��%��4�"#$�#,<.�%#P;1&��$
$,<�/S ;�/�&4 
 
 - �$;�6'��%��4�-./�%#P;+��<�/  45-60% ����'��%��4�-./�%#P;-N$1&��!� *
.
2<6�,5����OR�/�%#P;
�/0%<(%62�NM�,P%1&� 1&�!$�	P6�	&�
������%#P;���K3M0;5 
 
 - �$;�6'��%��4�-./�%#P;+��<�/ 20-55% ����'��%��4�-./�%#P;1&��$
$(3	"	<
1�/(�&�� 1
� �%#P;%&'��%��4�(2/"#$�%#P;%&	��9�
+!+�.�,��1&�(2/ �%��.�)�%�	./��%	��1)�+95�	 ;
'��%�5.�(2/ 9�	0%<%&	���$6�
.�	��1&�;&�. ���4.�%#P;.<.�0;5��6'��%�(&
9�
0;5/<�
 !�		���	P6
�	&�
�"#$�'���./!�	� ��%1�4/���4.��"#$"%#/
�/�-5�1)�#�
0;5/<�
 
 
 - �$;�6'��%��4�-./�%#P;+��<�/ 18-20% ����'��%��4�1&��%#P;1�,<.'��%
�(&
9�
!�	�'���./!�	�	# +�	����;"#$���6��3/(8�� ",<�%#P;
�/'/%&.�,��	��9�
+!(2/ 1&�.�!
�	 ;.��,��
0;5!�	($(%'��%�5.� ���4.��"#$"%#/
�/�-5�1)�#�
0;5/<�
 

 
 - �$;�6'��%��4�-./�%#P;+��<�/ 10-13% ����'��%��4�1&�(�%����	P6��	��
�%#P;���K3M0;5;&+��$
$��#� 6 -12 �;�.� +�(8��.�	��1&�"95/ "%#/
�/(�%����!� *"#$1)�'��%�(&
9�

0;5 "#$�%#P;0;5��6'��%�(&
9�
7;
/<�
!�	�'���./!�	�����./!�	"95/�	 �0� 
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 - �$;�6'��%��4�-./�%#P;+��<�/ 8-10% ����'��%��4�1&�(�%����	P6��	���%#P;
���K3M0;5;& +��$
$��#� 1-2 �B "%#/�!� *"#$�-5�1)�#�
0;5�5.
%�	 ",<�%#P;0;5��6'��%�(&
9�
0;5
/<�
!�	�'���./!�	� 
 
 - �$;�6'��%��4�-./�%#P;+��<�/ 4-8% ����'��%��4�1&��#.;8�
+�	���	P6��	��
"66�Q;��R	+�8���$1&��V./	��	��"#	��#&�
�'��%��4�	�6.�	��8�
�.	0;5 
 
 - �$;�6'��%��4�-./�%#P;1&�.
2<+��<�/ 0-4% ����'��%��4�1&�.�!1)�+95�%#P;�	 ;
	����	,��0;5+��%#P;���6�/�� ; ����'��%��4�1&�"95/�	 �0� ()�9��6�%#P;���6�/�� ; .�!�	 ;.��,��

	�6�%#P;0;5 !�	(8��1&�%&.�3%2#. (�$!)����%�	 
 
 	��+95'��%��4��%#P;���K3M1&�"95/+950;5��6'��%��4��� �%-R4�!��R/�<�/ 33-60% ����
'��%��4�1&�1)�+95�%#P;�� �%/.	  
 
5.  �&6��	�%.�	+3�4��+�5%$��678 

 

 	��#;'��%��4��%#P;���K3M1&�+�5%&  2 � K& '�.  
  
 5.1 �	�%.�	+3�4�-%!�&6�6+3	
& � K&�&4.���
'��%�5.�!�	"(/.�1 ,
M "#$/
9��.#%+�(8��1&�"95/ �9%�$()�9��6	���# ,�%#P;���K3M+��� %�N�5.
 ����./!�	����	��#;'��%��4�
7;
.���
K��%��,  !R/'�6'3%	�$6��	��0;5
�	!�1)�+95�%#P;���K3M�	 ;'��%�(&
9�
!�	.3N982% 
(2/�	 �0� OR�/.�!(2/�R/ 70 ºO 1&�1)�+95�%#P;",	�5��0;5 7;
�J��$	��,�	�%#P;1&�"	$..	!�	��	"#5� 
��%1�4/'�6'3%.�,��	��#;'��%��4�-./�%#P;0;5
�	 (Almekinders and Louwaars, 1999; Acquaah, 
2001; Poctor, 1994) 	��,�	";;7;
%�	+�5��#� 3-5 ��� 1�4/�&4-R4�.
2<	�6�� ;��� :;2	�# 8���$1&�+�5 
�� %�N�%#P; (McDonald and Copeland, 1997; Babasaheb, 2004) 	��"�<�%#P;9��.��	������4�6�/S 
6�#��,�	"#$%&	��	#�6����'��4/'��� �<�
+95	��#;'��%��4�0;5��P�-R4�"#$(%�)��(%. #��,�	�%#P;���K3M
'��������4�O&�%�,M����.�V./	��	��OR%-./'��%��4�!�	; � (�%���+�5��$7
��M0;5.
<�/����"#$
%&��$( 1K 8�� 	��;�	P6�%#P;0;5/<�
 �	�,�	�6�/15./1&�%&	��,�	�%#P;���K3M���6�"'�<0%50�<1&�
	-R4�
(2/!�	�$;�6��4�; � 1-2 d3, 9��."-��0�56����9��.-��.'� ����	���<�
1)�+95	��#;'��%��4�
0;5�#;&-R4� (!�/!��1�M, 2529) 
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 5.2 �	�%.�	+3�4�-%!�&6��� ����	��.6�%#P;+95"95/7;
.���
'��%�5.�!�	�'���./
�,M
"#$"�/#%!�	��;#% ����,���<�
��'��%��4�..	!�	�%#P;���K3M � K&�&4��6�<�%&��$( 1K 8��;&1&�(3; 
����$(�%���'�6'3%.3N982% 1&�+�5.6�%#P;0;5"#$(�%���.6�%#P;0;5����!)����%�	 ",<%&'<�+�5!<�
(2/
7;
�J��$+��<�/1&��4)�%��%&��'�(2/�9%�$()�9��6	��#;'��%��4�-./�%#P;���K3M+�.3,(�9	��%�# ,
�%#P;���K3M ����$(�%���'�6'3%��!!�
,<�/S 0;5,�%,5./	�� (�����
, 2542) "#$��!!36��0;5%&	���)�
�����(;3%�+�5�������4.��# /"1��4)�%��%�	-R4� "#$%&�1'� '� K&	��+�5�#�//��1&�%&��$( 1K 8��
 �/-R4� 
 
  ( �/1&�,5./')��R/�R/+�	��#;'��%��4��%#P;���K3M+950;5�#;& '�. (!�/!��1�M, 2529)  
 

  1) .�	+3�4�����+�5%$��678 	��#;'��%��4�-./�%#P;���K3M+950;5'3N8��;&��4� 
,5./1��6�<��%#P;���K3M%&'��%��4�%�	�5.
�1<�0�����.���6.3N982% 1&�+�5+95�9%�$(% �5��%#P;���K3M%&
'��%��4�(2/"#$�)�%�#;'��%��4�1&�.3N982% (2/ !$1)�+95�%#P;���K3M0;5�	 ;��6'��%�(&
9�
0;5 !R/,5./
�� �%#;'��%��4�;5�
.3N982% 1&�,�)�	<.�!R/'<.
�� �%(2/-R4� �%��.�%#P;���K3M�� �%"95/#/  
  2) �7�*#0+&���13��%.�	+3�4� .3N982% 1&�+�5#;'��%��4��%#P;���K3M 0%<'���	 � 
43 ºO 9��. 110 ºd �5�+�5.3N982% (2/.�!1)�+95�%#P;0;5��6.��,��
 +�#�	�N$��	.<.�",	 1)�+95
,5�	#5�� ;�	,  9��.�%#P;,�
 
  3) .�	+3�4���+$��68����	�	) 	��#;'��%��4��%#P;���K3M,5./+�5.�	��
9��.#%1&�%&'��%��4�(�%��1KM,�)� 0%<'���	 � 60% 
 
6.  <�����	�%.�	+3�4����+�<�
=�.7�#	$�+�5%$��678 

 
 	��#;'��%��4��%#P;;5�
"(/";; ����� K&1&��{ 6�, 	��+��-,�5.�()�9��6�	�,�	�
��

<.
 ����� K&1&�0%<(�%����{ 6�, 0;5.
<�/%&��$( 1K 8��+�:;2��9��.+�(8��1&�%&'��%��4�(�%��1KM
(2/ �.	!�	�&4+����1&�%&"(/";;!�;"#$.�	���5.�.�!1)�+95.3N982% (2/	�<� 45 ºO (</�#+95'��%��4�
�%#P;#;#/��P��	 �0� !����4.�
��.6� ��N+	#5� �8�
�.	-./�%#P;9;,��.
<�/��;��P� +�-N$1&����4.�
��.
(<��1&�#R	#/0�
�/��4�.
2< (8����<��&4.�!����(��9,3()�'�*1&�1)�+95�%#P;���K3M�(&
9�
"#$(2*�(&
'��%/.	
"#$'��%"-P/"�/ (Harrington, 1972 .5�/7;
 ���/�M, 2537) ��*9�9#�	-./	��,�	";; '�. 0%<(�%���
'�6'3%.3N982%  "#$(8��"�;#5.%0;5 (McDonald and Copeland, 1996) !�		���R	��	��#;'��%��4�
�%#P;���K3M7;
	��.6 "#$,�	";; �6�<� 	��#;'��%��4�1�4/(./� K&1)�+95�%#P;���K3M%&'3N8��0%<
",	,<�/	���%��.�	P6��	���%#P;���K3M0�5+��$
$(�4� ",<+��$
$
�� �%#P;���K3M1&�#;'��%��4�;5�
	��
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,�	";;%&'��%/.	,�)�	�<��%#P;���K3M1&�#;'��%��4�;5�
	��.6 (Thomson, 1979) Shephard "#$ Smith 
(1996) �6�<� 	��#;'��%��4��%#P;-5��d~�/ Sorghum biocolor (L.) Moench ;5�
	��,�	";; 1)�+95
�%#P;���K3M%&'��%"-P/"�/,�)�	�<��%#P;���K3M1&�%&	��#;'��%��4�#;#/.
<�/�5�S +�1&��<% Hor (1976 
.5�/7;
 .��%NM, 2544) �6�<��%#P;���K3M����# (/ (Arachis hypogaea L.) 1&�#;'��%��4�;5�
"(/";;
1)�+95�%#P;���K3M%&'��%"-P/"�/,�)�	�<��%#P;���K3M1&�'��%��4�#;#/.
<�/�5�S 8�
+,595./���6.�	��1&�
.3N982%  22 °O '��%��4�(�%��1KM 50% 	��#;'��%��4��%#P;���K3M�� 	1�4/�#"#$"
	�%#P;0�,�	";; 
�6�<� 	��#;'��%��4�1�4/�#1)�+95�%#P;���K3M%&'��%/.	(2/	�<��%#P;1&�#;'��%��4�1&�"
	�%#P;..	!�	�# 
(%��M��&, 2533) 	��#;'��%��4��%#P;���K3M.
<�/�5�S ;5�
#%+�1&��<%!�	�$1��/(%;3#	�6'��%��4�(�%��1KM
-./.�	�� .�!����� K&	��#;'��%��4��%#P;���K3M1&�%&��$( 1K 8��.&	� K&9�R�/ �
����� (2542) 1)�	��
#;'��%��4��%#P;���K3M-5��1&���;"#5��)�0�0�51&��<% 1)�+95�%#P;���K3M%&'��%/.	%�,����	�6'��%
"-P/"�/(2/(3; "#$%&�%#P;�5���� %�N�5.
(3; ��&(%�/�M "#$'N$ (2541) 1)�	��#;'��%��4��%#P;
�����9#�./7;
	���)��R�/#%+�1&��<% 2 ��� "#5��)�0�,�	";;+95"95/"#5�!R/��; �6�<� %&(�;(<���%#P;;& 
(2/(3; 58% +�:;2"#5/ "#$ 64% +�:;2�� ()�9��6�%#P;���K3M	�$�!&�
6�-&
�1&�#;'��%��4�7;
	��
�)���	0�#;'��%��4�1&�.3N982%  20 + 2 °O ������#� 10 ��� �6�<� �%#P;���K3M%&'��%/.	%�,����
	�6'��%"-P/"�/(2/(3; (Demir and Ermis, 2005) ()�9��6�%#P;���K3M���� common vetch 1&�#;'��%��4�
;5�
	���)��%#P;0��R�/#%0�51&�.3N982%  20 ºO ��� 48 �%. 1)�+95�%#P;���K3M%&'��%/.	(2/ #;!)����
�%#P;��	,�� �%#P;,�
 "#$!)����,5�	#5�� ;�	,  (Samarah et  al., 2004; Samarah, 2005; Samarah, 
2007)  
 
 �%#P;���K3M1&�%&'��%��4�(2/,5./'<.
S �$6�
'��%��4�..	;5�
.3N982% ,�)�����.+95'��%��4�
'<.
S �$6�
..	.
<�/(%�)��(%. ����.0%<+95�	 ;	��J&	-�;-./.��
�$"#$���4.�
��.1&�1)�+95�	 ;,5�	#5� 
� ;�	, 9��.�%#P;���K3M(2*�(&
'��%/.	 	���)��%#P;1&�%&'��%��4�(2/%�,�	";;+�(8��1&�%&";;!�; 
1)�+95��#�.	�%#P;J&	-�;"#$�%#P;(2*�(&
'��%%&�&� ,0� �%#P;���K3M�����	K�*��� ��<� -5�� -5��7�; 
"#$-5��d~�/ '��#;'��%��4�+95�9#�. 10-11% (<���%#P;���K3M����4)�%�� ��<� �����9#�./ ����# #/ "#$
#$93</ '��#;'��%��4�+95�9#�. 8-9% (�����
, 2542) ;�/��4� !R/,5./#;'��%��4�+95�9%�$(%	�6(8��
-./�%#P;"#$�� ;��� ()�9��6+��-,�5.���4� '��%��4�-./�%#P;���K3M1&�1)�+95(�%����	P6��	��+950;5
.
<�/�#.;8�
,5./%&'��%��4�,�)�	�<� 10% !R/(�%����	P6��	��0�50;5��� (!�/!��1�M, 2529) "(;/
+95�9P��<� 	��#;'��%��4�+950;5�%#P;���K3M'3N8��;&,5./;)��� �	��+95�9%�$(%OR�/",	,<�/	�� 0�,�%
�� ;��� "#$(8��"�;#5.%-./.�	�� 7;
�%#P;���K3M1&��	P6�	&�
�%�%&'��%��4�(2/,5./'<.
S #;'��%��4� 
0%<+�5'��%�5.�(2/!��	 �0� "#$'��#;'��%��4�1�4/��	"#5�!R/��;9#�/�%#P;"95/"#5� ����.�V./	��
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0%<+95�%#P;�(&
9�
!�		��",	�5�� 7;
�J��$�%#P;���K3M������	
��1&�%&7'�/(�5�/1&��(&
9�
0;5/<�
+�
�$9�<�/	��#;'��%��4�,5./%&	��!�;	��1&��9%�$(% ����.+950;5�%#P;���K3M1&�%&'3N8��;& 
 
7.  .7�#	$����+�5%$��6781��*�=	��	<�&
 
 

 '3N8���%#P;���K3M ����#�	�N$-./�%#P;���K3M1�4/	./1&�"(;/..	%��<�%	�� OR�/
��$	.6;5�
 '��%6� (31K � '��%%&�&� ,"#$'��%/.	 '��%��4� '��%"-P/"�/ '3N(%6�, 1�/	�
8�� 
0;5"	< (& -��; �4)�9��	"#$'��%(%�)��(%. 7�'"#$"%#/1&�, ;"#$1)�'��%�(&
9�
+95	�6�%#P;���K3M 
;�/��4� '3N8���%#P;���K3M",<#$#�	�N$!R/%&'��%()�'�*,<.�25�# ,"#$�25+�50%<�1<�	�� 1�4/�&4-R4�.
2<	�6
(8��"�;#5.%"#$	��!�;	�� �	�,�	�1&��# ,���(<��+9*<%�	,5./	���%#P;���K3M1&�%&'3N8��;& ����.
�� �%'��%%���+!"#$#;'��%�(&�
/+�	�����$�#2	 7;
�J��$'3N8���%#P;���K3M+�;5��'��%/.	"#$
'��%"-P/"�/ ()�9��6+��-,	�����$�#2	1&�%&.�	���5.���4� �	�,�	�,5./	���%#P;���K3M1&�0%<%&7�'
"#$"%#/1&�, ;%�	�6�%#P;���K3M ����$(8��;�/	#<���9%�$"	<	���$6�;"#$	���!� *�, 67,-./7�'
"#$"%#/ (��##8, 2540) �.	!�		��#;'��%��4�"#$'��%/.	"#5� '3N8���%#P;���K3M1&�()�'�*+�
�$9�<�/	���# ,
�/,5./;2'��%(�%���+�	���!� *�, 67,-./,5�	#5�+��2�'��%
����	 
.;"#$
�4)�9��	"95/-./,5�	#5� '��%��P�+�	��/.	+��2�-./��#�1&�+�5+�	��/.	 '��%(�%���+�	���	P6
��	��+��2�-./	����</.�
3 "#$'��%(%62�NM-./7'�/(�5�/"#$.��
�$8�
+��%#P;+��2�	���)�
0ddV�;5�
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��
�7����.8 
 
 ����.�R	��	��#;'��%��4��%#P;���K3M-./������	
��7;
	��,�	";;"#$	��,�	";;
�<�%	�6	���R�/#%� K&,<�/S 	�� 1&�%&�#,<../'M��$	.6"#$'3N8���%#P;���K3M������	
�� ����.+�5+�	��!�; 
	���# ,�%#P;���K3M+95%&'3N8��,�%(8��.�	��+��$9�<�/	���	P6�	&�
� 
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����� 2 
 

���%7 �7���8/���&6��	 
 
 	��1;#./1)�1&�"�#/1;#./"#$.�'���{ 6�, 	���1'7�7#
&�%#P;���K3M 8�'� ��
�����(,�M 'N$1���
�	�K��%��,  %9�� 1
�#�
(/-#��'� �1�M � 1
��-,9�;+9*< .)��8.9�;+9*< 
!�/9��;(/-#� �� �%	��1;#./,�4/",<�;�.�%&��'% 2550 "#$( 4�(3;	��1;#./�;�.�,3#�'% 2550 
 
���%7 

 

 1. �%#P;���K3M������	
�����K3M'�;-%.. 
 2. �3�
(2,� 15-15-15 "#$�3�
'.	 
 3. 
�	)�!�;��,�2��� 
  - 
�	)�!�;7�' '� �71O&�+.&1� 0;.$7O# "#$�6�7�% #    
  - 
�	)�!�;"%#/ '��M76O�#"d� '��M76d2��� "#$.$6�"%P	, �   
 4. 	�$;�����$ 
 5. �2�-�� 
 6. 0%5()�9��61)�'5�/ 
 7. ���.	d�/ 
 8. -�,�4/(2/ 50 O%. 
 9. 	�$;5/-��;�(5��<��2�
M	#�/ 60 O%. 
 10. �#�(, 	+( 
 11. ,�-<�
���/"(/ 50 %  
 12. ,�-<�
 
 

�7���8 

 

 1. ,25���$�%#P;���K3M  
 2. ,25.6  
 3. �'���./���/#$�.&
;  
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 4. .<�/�4)�'�6'3%.3N982%  
 5. ,$"	�/+(<�%#P;���K3M()�9��6��</.�
3 
 6.  �'���./��;'<�	���)�0ddV� 
 7. �1.�M7%% �,.�M 
 
�&6��	 
 

 �#2	������	
�����K3M'�; %... ����.�# ,�%#P;���K3M +��;�.��:�8�'% �.�. 2550 
7;
�,�&
%; �;5�
	�� 0�;$ 0�"�� "#$0����� 
	"�#/-��; 5 × 1 %. !)���� 32 "�#/ ��5�
1�/�; ��$9�<�/"�#/ 50 O%. +(<�2�-�� .�,�� 100 	.	.,<.0�< "#$�3�
'.	.�,�� 500 	.	.,<.0�< 
9#�/
	"�#/ +�5�$
$�#2	 50 × 70 O%. "#$�./	5�9#3%;5�
 '��M76d2��� 2 	��%,<.9#3% 9
.;
�%#P;���K3M9#3%#$ 4 - 5 �%#P; +95�4)�13	���S #$ 1 '��4/ +�,.���5�,#.;	���#2	 9#�/�#2	��$%�N 
10 ��� 1)�	���#2	O<.%"#$9#�/�#2	��$%�N 14 ����.�"
	,5�	#5�������	
��+95�9#�.9#3%#$ 2  
,5� 9#�/�#2	 17 ��� 1)�	���2�7'� ��5.%+(<�3�
(2,� 15 - 15 -15 +�.�,�� 20 	.	.,<.0�< 9#�/�#2	 
18 ��� J&;�<�
�	���� '� �71O&�+.&1� 0;.$7O# 9#�/�#2	��$%�N 21 ��� 	)�!�;������;5�
!.6
��5.%1)�	����	'5�/ 9#�/�#2	 25 ��� J&;
�'��M76O��"d� �<�"%#/ 9#�/�#2	 32 ��� J&;
�.$
6�"%P	, � �V./	��9�.� "#$9#�/�#2	 35 ��� +(<�3�
(2,� 15 - 15 -15 +�.�,�� 20 	.	.,<.0�<   
 �	P6�	&�
���	1&��$
$�%#P;(3	"	<1�/(�&�� 1
� 1&��$
$��	������	
���� �%"95/"#$%&(&
�4)�,�#.<.� (-��*! ,� "#$��##8, 2537) +��;�.�( /9�'% �.�. 2550 �)�%�#;'��%��4�7;
	���)�
��	%�+(<+�	�$;5/ !)������$%�N 150 ��	 (��$%�N 500 	��%) +�",<#$	�$;5/	�$!�
��	+95�,P%
	�$;5/ 1)�	��#;'��%��4�� K&	��,<�/S 7 � K&	�� ;�/�&4   
 1 ,�	";;6���4�O&�%�,M 
 2. �R�/#%1&�.3N982% 95./ 1 ����<�%	�6 ,�	";;6���4�O&�%�,M   
 3. �R�/#%1&�.3N982% 95./ 2 ����<�%	�6 ,�	";;6���4�O&�%�,M   
 4. �R�/#%1&�.3N982% 95./ 3 ����<�%	�6 ,�	";;6���4�O&�%�,M    
 5. ,�	";;6�-�,�4/(2/ 50 O%. 
 6. ,�	";;6�-�,�4/(2/ 50 O%. '#3%�#�(, 	1&�7'�/(2/ 10 O%. 
 7. ,�	";;6�-�,�4/(2/ 50 O%. '#3%�#�(, 	"#$,�-<�
���/"(/ 50 % 1&�7'�/
(2/ 10 O%. 
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 ",<#$� K&1)� 4 O4)� 1)�	����;.3N982% ,�/	#�/8�
+�	./+���#���$%�N 12.00 �. 
-./13	��� -./",<#$� K&	��#;'��%��4� ��5.%(3<%��	!)���� 4 ��	 × 4 O4)� +�",<#$� K&���/�4)�9��	��	 
"#$�%#P; �)�0�.61&�.3N982%  105 ºO ������#� 24 �%. ���/�4)�9��	"95/"#$')���N'��%��4�-./��	 
"#$'��%��4��%#P; ,�%� K&	��1&���
/��7;
 ��##8 (2545) !�	(2,�   
 

   ��.�M�OP�,M'��%��4� =  ( ) 100
�4)�9��	(;

/�4)�9��	"95-�4)�9��	(;
×  

 
 	��,�	";;#;'��%��4����#$ 8 �%. ,�4/",<��#� 08.00-16.00 �. 9#�/!�	��#� 16.00 �. 
�)���	������	
��13	� K&	��#;'��%��4�%��	P60�5+�95./�{ 6�, 	���%#P;���K3M 1)�	��#;'��%��4��%#P;���K3M
+95%&'��%��4���$%�N 9% "#5���;�%#P;���K3M..	!�	��	-./",<#$� K&	��#;'��%��4� �)��%#P;���K3M
0�1)�'��%($.�; "#$(3<%�%#P; 300 	��% × 4 O4)� "
	./'M��$	.6-./�%#P;#�	�N$,<�/S ,�%
� K&	��1&���
/��7;
 ��##8 (2545) �����%#P;;& �%#P;#&6 �%#P;�5�� ���/",<#$./'M��$	.6 "#$')���N
������.�M�OP�,M-././'M��$	.67;
�4)�9��	 
 
 �	�%���.7�#	$�+�5%$��678 
 
 (3<%�%#P;!�		��#;'��%��4�",<#$� K&1&�1)�'��%($.�;�6�4./,5� ("
	�%#P;#&6"#$
��#�.	-./�%#P;..	) 0�1;(.6'3N8�� ;�/�&4 '�. 
 
 1. .�	+���+	
?	�  
 
  1;(.6'��%/.	%�,����,�%� K&+�	L	��1;(.6�%#P;���K3M-./(%�'%
	��1;(.6�%#P;���K3M�$9�<�/��$�1� (ISTA, 2003) 7;
���$�%#P;���K3M+�%5��	�$;��1&��3<%�4)�
"66 BP (between paper) !)���� 50 �%#P; × 4 O4)� ��/+�,25���$.3N982% (#�6 20 D 30 ºO ������#� 
16 "#$ 8 �%. ,�%#)�;�6 (#�6	��0�,#.;	�����$ ��$�% �'��%/.	'��4/"�	�%��.���$0;5 5 ��� 
"#$'��4/(3;15�
�%��.���$0;5 8 ��� ')���N9���.�M�OP�,M'��%/.	-./�%#P;���K3M1&����$+�",<#$O4)� 
��%�R/,5�	#5�� ;�	,  "#$�%#P;��<� 
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 2. .�	+/�5�/�   
 
  ')���N"#$1;(.6'��%"-P/"�/-./�%#P;���K3M 5 � K& '�. 
 

  2.1 ���	�@���!1��	��� (mean germination time; MGT) +�5-5.%2#!�		��
,��!��6,5�	#5��	, 1&�/.	13	���!�		��1;(.6'��%/.	%�,���� �)�%�')���N��#��J#&�
+�	��/.	 
,�%� K&	��1&���
/��7;
 ��##8 (2545) ;�/(2,� 

MGT =Σ Dn / Σn 

 
   7;
   n = !)�����%#P;1&�/.	+����1&�,��!��6 
    D = ���1&�,��!��6 
 
  2.2 �	��	�''(	 �)��%#P;���K3M!)���� 25 �%#P; × 4 O4)� ���/�4)�9��	%&9�<�

����	��% �)�0�"�<+��4)�	#���6� (31K � 75 %# +�,25'�6'3%.3N982% 1&� 20 ºO ������#� 24 �%. �)��4)�1&�
0;5!�		��"�<�%#P;���K3M%���;	���)�0ddV� ����0%7'�O&�%�,<.�O�, �%,� (µS/cm) ,�%� K&	��1&�
��
/��7;
 ��##8 (2545)  ;�/(2,� 
 
      	���)�0ddV� =  '<�	���)�0ddV�.<��!�	�'���./��; (0%7'�O&�%�,<.�O�, �%,�) 
         (µS/cm)                        �4)�9��	 25 �%#P; (	��%) 
 

  2.3 .�	+!	�	�/��.�	+!	�!�%���
�����	 ���$�%#P;���K3M#/+�%5��	�$;��
���$1&��3<%�4)� 2 "�<� ��&
/�%#P;���� 2 "�� 9<�/!�	-.66�-./	�$;�� 6 O%. "#$ 13 O%. ,�%#)�;�6 
7;
��/�%#P;���K3M+950%7'�0�#M9��.,�-./�%#P;.
2<;5��6�-./	�$;�����$ �Q;1�6;5�
	�$;��
�3<%�4)�.&	 1 "�<� "#5�%5��	�$;�����$9#�%S +95%&�(5��<��2�
M8�
+� 1 O%. "#$8�
�.	 6 O%. 
!)���� 4 O4)�S #$ 25 �%#P; "#5��)�0���/+95�.&
/����%3% 45º +�,25���$(8��%�;1&�.3N982%  25 ºO 
�%��.'�6 8 ��� ��6!)����,5�	#5��	, "#$�)�%���;'��%
����	"#$'��%
��
.; 7;
��;!�	(<��
1&������.
,<.�$9�<�/��		�6
.;�R/�#�
��	"#$�#�

.; (AOSA, 2002)   
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  2.4 �4�	*���/*�����
�����	 7;
�)�,5�	#5��	, 1&���;'��%
����	"#$
.;!�	
-5. 2.3) �.�+6�#&4
/..	+95�9#�.�J��$(<��-./#)�,5� �)�0�.61&�.3N982%  80 ºO ������#� 24 �%. 
���/�4)�9��	"95/-./,5�	#5� "#5�')���N9�	���!� *-./,5�	#5�+��2��4)�9��	"95/,<.,5� (AOSA, 
2002) !�	(2,� 
 

 �4)�9��	"95/-./,5�	#5� = 
 5��	, !)����,5�	#

��	, /-./,5�	#5�4)�9��	"95  

 
   2.5 �	�=��	!7 �)��%#P;���K3M!)���� 50 �%#P; × 4 O4)� +(<,$"	�/��/+�.<�/
�4)�'�6'3%.3N982% +95�%#P;.
2<�9��.�$;�6�4)� '#3%;5�
	�$;��9��/(�.� %�M����.	���4)�9
;#/6��%#P; 
�Q;��.<�/�4)�"#$1)�	����</�%#P;���K3M������	
��1&�.3N982%  42 ºO ������#� 48 �%. (��##8 "#$'N$, 
2533) "#5��)��%#P;%�1;(.6'��%/.	%�,���� 
 
�	�&�.	�*8���+0� 
 
 � �'��$9M�#-./� K&	��#;'��%��4�1&�%&,<.'3N8���%#P;���K3M .�,��	��#;'��%��4�
"#$'��%��4�-./��	"#$�%#P; .3N982% 8�
+�	./������	
�� "#$./'M��$	.6-./�%#P;���K3M +�5"�� 
	��1;#./"66 completely randomized design (CRD) ���&
6�1&
6'<��J#&�
 7;
� K& Duncan�s 
multiple range test (DMRT) 
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����� 3 
 

<� 
 

1.  �	�%.�	+3�4�����+�5% 

 
 ������	
��1&��	P6�	&�
�1&��$
$�%#P;(3	"	<1�/(�&�� 1
� 1&���	�� �%"95/"#$%&(&�4)�,�#.<.� 
�%#P;%&'��%��4� 22.25% (,���/1&� 1) �%��.�)���	%�#;'��%��4�;5�
	��,�	";; "#$�R�/#%1&�.3N982% 95./
�<�%	�6	��,�	";;� K&,<�/S 	�� �6�<� � K&	��#;'��%��4�(<��+9*<+�5��#� 5 ��� +�	��#;'��%��4�
#;#/�9#�.��$%�N 9% 
	��5� 2 � K& '�. � K&�R�/#% 3 ����<�%	�6,�	";;6���4�O&�%�,M1&�+�5��#���% 
6 ��� "#$� K&,�	";;6�-�,�4/'#3%;5�
�#�(, 	 +�5��#���&
/ 4 ��� 7;
	��#;'��%��4�13	� K&1)�+95
�%#P;������	
��%&'��%��4�+��<�/ 9.05-9.13% (,���/1&� 1) OR�/0%<%&'��%",	,<�/1�/(� ,  � K&,�	
";;6���4�O&�%�,M"#$� K&,�	";;6�-�,�4/1)�+95�%#P;%&	��#;'��%��4�+�.�,��+	#5�'&
/	��7;

0%<",	,<�/	��1�/(� , +� 3 ���"�	 (,���/1&� 2) 7;
+�	��,�	";;���"�	 �%#P;%&	��#;'��%��4�
+�.�,�� 6.50-6.65%,<.��� "#$��$%�N 2% +����1&� 2 "#$ 3 ",<+����1&� 4 	��,�	";;6���4�
O&�%�,M%&	��#;'��%��4�+�.�,�� 1.91% OR�/%�		�<�	��,�	";;6�-�,�4/ 1&�%&'��%��4�#;#/+�.�,�� 
1.46% 1)�+95+����1&� 5 -./� K&,�	";;6���4�O&�%�,M �%#P;%&'��%��4�#;#/+�.�,����&
/ 0.60%  
OR�/,�)�	�<��%#P;1&�,�	";;6�-�,�4/1&�%&'��%��4�#;#/+�.�,�� 1.40%  

 
 	��#;'��%��4�;5�
	���R�/#% 1)�+95�%#P;%&'��%��4�#;#/+����"�	+�.�,�� 3.00-3.58% 
OR�/",	,<�/	��1�/(� ,  (,���/1&� 2) (<��	���R�/#%+����1&� 2 1)�+95�%#P;%&'��%��4�#;#/+�.�,�� 
1.89-2.13% "#$	���R�/#%+����1&� 3 �%#P;%&'��%��4�#;#/+�.�,�� 1.09% 	���)��%#P;%�,�	";;
9#�/!�	�R�/#% 1)�+95�%#P;%&'��%��4�#;#/+�.�,�� 3.40-3.77% OR�/�%#P;1&�%&'��%��4�,�)� %&	��#;
'��%��4�#/+�.�,��1&��5.
	�<� 7;
� K&1&�%&	���R�/#% 1 "#$ 2 ��� "#5��)�%�,�	";;6���4�O&�%�,M 
�%#P;%&'��%��4�#;#/+�.�,��+	#5�'&
/	��+��<�/ 3.77-3.76% OR�/0%<%&'��%",	,<�/	��1�/(� ,  "#$%&
'��%��4�#;#/",	,<�/	��1�/(� , +�.�,�� 1.03-2.90% !��%#P;%&'��%��4�+	#5�'&
/	��+��<�/ 9.11-9.13% 
",<	���R�/#% 3 ��� 1)�+95,5./+�5��#�+�	��#;'��%��4��%#P;���K3M�� �%-R4� 1 ��� ����.���6'��%��4�
+��%#P;+95�9#�. 9.13% (,���/1&� 1) 
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		����  1 '��%��4�-./�%#P;������	
���$9�<�/	��#;'��%��4�1�4/��	;5�
	��,�	";; "#$	���R�/#%
 �<�%	�6	��,�	";; 
 

'��%��4�-./�%#P; (%) 
� K&	��,�	";; 

���1&� 1 ���1&� 2 ���1&� 3 ���1&� 4 ���1&� 5 ���1&� 6 
,�	";;6���4�
O&�%�,M 

15.60E 13.60G 11.56K 9.65MN 9.05O - 

�R�/#% 1 ��� +  
,�	";; 
6���4�O&�%�,M 

18.67B 14.90F 12.20IJ 10.14LM 9.11NO - 

�R�/#% 2 ���+  
,�	";; 
6���4�O&�%�,M 

19.17AB 17.28C 13.52G 10.62L 9.12NO - 

�R�/#% 3 ���+  
,�	";;6���4�
O&�%�,M 

19.25A 17.32C 16.23D 12.83H 10.56L 9.13 NO 

,�	";;6�-�,�4/ 15.72DE 13.81G 11.98JK 10.52L 9.12NO - 
,�	";;6�-�,�4/ 
'#3%�#�(, 	 

14.63F 12.62HI 10.28L 9.09NO - - 

,�	";;6�-�,�4/
'#3%�#�(, 	"#$  
,�-<�
���/"(/ 

17.41C 14.81F 12.56HI 10.56L    9.10NO - 

F-test ** 
C.V. (%) 2.85 
** = ",	,<�/	��1�/(� , 1&��$;�6'��%����.%��� 99%  
'<��J#&�
1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K&� DMRT 
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		����  2 .�,��	��#;'��%��4�-./�%#P;������	
���$9�<�/	��#;'��%��4�1�4/��	;5�
	��,�	";; 
 "#$	���R�/#%�<�%	�6	��,�	";; 
 

.�,��	��#;'��%��4�-./�%#P; (%,<.���) 
� K&	��,�	";; 

���1&� 1 ���1&� 2 ���1&� 3 ���1&� 4 ���1&� 5 ���1&� 6 
,�	";;6���4�
O&�%�,M 

6.65B 2.00JK 2.04JK 1.91JKL 0.60P - 

�R�/#% 1 ��� +  
,�	";; 
6���4�O&�%�,M 

3.58D 3.77D 2.70FGH 2.06JK 1.03O - 

�R�/#% 2 ��� +  
,�	";; 
6���4�O&�%�,M 

3.08EF 1.89KL 3.76D 2.90FG 1.50LMN - 

�R�/#% 3 ��� +  
,�	";; 
6���4�O&�%�,M 

3.00EF 2.13JK 1.09NO 3.40DE 2.27IJK 1.43MNO 

,�	";;6�-�,�4/ 6.50B 1.91JKL 1.83KLM 1.46MN 1.40NO - 
,�	";;6�-�,�4/ 
'#3%�#�(, 	 

7.62A 2.01JK 2.34IJK 1.19NO - - 

,�	";;6�-�,�4/
'#3%�#�(, 	"#$ 
,�-<�
���/"(/ 

4.84C 2.60GIH 2.25IJK 2.08JK 1.40NO - 

F-test ** 
C.V. (%) 10.08 
**  = ",	,<�/	��1�/(� , 1&��$;�6'��%����.%���  99 %  
'<��J#&�
1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K& �DMRT 
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 	��#;'��%��4�;5�
	��,�	";;6�-�,�4/1&�%&	��'#3%�#�(, 	1)�+95�%#P;%&'��%��4�
#;#/+�.�,��1&���P�	�<�� K&	��.���S 7;
+����"�	%&'��%��4�#;#/+�.�,�� 7.62% OR�/",	,<�/1�/(� , 
	�6� K&	��#;'��%��4�.���S 13	� K& "#$#;#/+�.�,�� 2.01 "#$ 2.34% +����1&� 2 "#$ 3 ,�%#)�;�6  
OR�/%&.�,��#;#/+��$;�6�;&
�	��1�/(� , 	�6� K&	��,�	";;6���4�O&�%�,M (<��+����1&� 4 %&'��%��4�
#;#/+�.�,����&
/ 1.19% (,���/1&� 2) OR�/1)�+95	��#;'��%��4�;5�
� K&�&4+�5��#�(�4�1&�(3;��&
/ 4 ���
�1<���4� "#$�%#P;%&'��%��4�#;#/�9#�. 9.09% (,���/1&� 1)  
 
 	��#;'��%��4�;5�
	��,�	";;6�-�,�4/ '#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 
50% �%#P;%&'��%��4�#;#/,�%#)�;�6+�.�,��'<.�-5�/(%�)��(%. 7;
'��%��4�+����"�	#;#/+�.�,�� 
4.84% "#$#;#/,�%#)�;�6+����1&� 2 �R/���1&� 4 +�.�,�� 2.60, 2.25 "#$ 2.08% ,�%#)�;�6 "#$+�
���1&� 5 %&'��%��4�#;#/+�.�,�� 1.40% (,���/1&� 2) OR�/#;#/+�.�,���;&
�	��1�/(� , 	�6� K&,�	";;
6�-�,�4/"#$1)�+95�%#P;%&'��%��4�#;#/�9#�. 9.10% (,���/1&� 1) 
 
 !�		��#;'��%��4�;5�
	��,�	";;"#$	���R�/#%�<�%	�6	��,�	";;� K&,<�/S 	�� 
"(;/+95�9P��<� �%#P;%&.�,��	��#;'��%��4����� 2 #�	�N$ (�2�1&� 1) '�. 	��#;'��%��4�;5�
	��,�	";;
1&�0%<%&	���R�/#% 1)�+95�%#P;%&.�,��	��#;'��%��4�,�)�#/,�%#)�;�6,�%���1&�#;'��%��4� 7;
'��%��4�
#;#/.
<�/��;��P�+����"�	"#$+��$;�6+	#5�'&
/	��9#�/!�	��4� (<��� K&	��#;'��%��4�1&�%&	���R�/#%
	<.��)�%�,�	";; � K&1&�%&	���R�/#% 1 ��� %&.�,��	��#;'��%��4�+����1&� 1 "#$ 2 +	#5�'&
/	�� 
9#�/!�	��4�%&.�,��	��#;'��%��4�#;#/,�%#)�;�6 (<��� K&1&�%&	���R�/#% 2 "#$ 3 ��� �%#P;%&.�,��
	��#;'��%��4�#;#/+��<�/	���R�/#%,�%#)�;�6 "#$%&.�,��#;'��%��4��� �%-R4�+����1&��)�..	%�
,�	";; 9#�/!�	��4�!R/%&.�,��	��#;'��%��4�#;#/,�%#)�;�6+�.�,��+	#5�'&
/	�� 	��#;'��%��4�
;5�
	��,�	";;1&�'#3%;5�
�#�(, 	 1)�+95%&	��#;'��%��4�%�	1&�(3;+����"�	 "#$�%��.%&	�����/"(/ 
1)�+95.�,��	��#;'��%��4�#;#/+��$;�6���	#�/ 
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0
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1 2 3 4 5

��#�(���)

.�,
��
	�
�#
;'

��
%�

�4� 
(%

)

,�	";;6���4�O&�%�,M
,�	";;6�-�,�4/
,�	";;6�-�,�4/'#3%;5�
�#�(, 	
,�	";;6�-�,�4/'#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50%  

(�)  

 

0

1

2

3

4

1 2 3 4 5 6

��#� (���)

.�,
��
	�
�#
;'

��
%�

�4� 
(%

)

�R�/#% 1 ��� + ,�	";;6���4�O&�%�,M
�R�/#% 2 ��� + ,�	";;6���4�O&�%�,M
�R�/#% 3 ��� + ,�	";;6���4�O&�%�,M

.

 
 

0���� 1 .�,��	��#;'��%��4�-./�%#P;������	
��1&�#;'��%��4�;5�
	��,�	";; (	) "#$	���R�/#%
�<�%	�6	��,�	";; (-)   

 

,�	";;6���4�O&�%�,M
,�	";;6�-�,�4/
,�	";;6�-�,�4/ '#3%;5�
�#�(, 	
,�	";;6�-�,�4/ '#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50%
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2.  �	�%.�	+3�4����� � 

 
 ������	
��1&��	P6�	&�
�1&��$
$�%#P;(3	"	<1�/(�&�� 1
� ��	%&'��%��4� 23.51% (,���/1&� 3) 
OR�/��	%&'��%��4�(2/	�<��%#P;1&�%&'��%��4� 22.25% "#$	��#;'��%��4�;5�
	���R�/#%�<�%	�6	��,�	";; 
1)�+95��	%&	��#;'��%��4�+�#�	�N$�;&
�	�6�%#P;���K3M (,���/1&� 4 "#$�2�1&� 2) 7;
��	%&'��%��4�
(2/	�<��%#P;,#.;��#�	��#;'��%��4�-./13	� K&	��#;'��%��4� 
	��5� +����1&� 2 -./� K&	���R�/#% 
3 ����<�%	�6,�	";;6���4�O&�%�,M +����1&� 3 -./� K&	���R�/#% 1 "#$ 2 ����<�%	�6 ,�	";;6�
��4�O&�%�,M � K&,�	";;6�-�,�4/'#3%;5�
�#�(, 	 "#$� K&	��,�	";;6�-�,�4/'#3%;5�
�#�(, 	
"#$,�-<�
���/"(/ 50% 1&���	%&'��%��4�1&�,�)�	�<��%#P;�#P	�5.
 (<��+����1&� 4 "#$ 5 ��	%&	��#;
'��%��4�+�.�,��1&�+	#5�'&
/	��	�6�%#P; 
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		����  3 '��%��4�-./��	������	
���$9�<�/	��#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6
 	��,�	";; 
 

'��%��4�-./��	 (%) 
� K&	��,�	";; 

���1&� 1 ���1&� 2 ���1&� 3 ���1&� 4 ���1&� 5 ���1&� 6 
,�	";; 
6���4�O&�%�,M 

16.82CD 13.61G 11.14K 9.75O 9.07P - 

�R�/#% 1 ��� +  
,�	";; 
6���4�O&�%�,M 

19.77A 14.48F 12.56I 10.56LM 9.18P - 

�R�/#% 2 ���+ 
,�	";; 
6���4�O&�%�,M 

19.85A 17.01CD 13.58G 10.98KL 9.15P - 

�R�/#% 3 ���+  
,�	";; 
6���4�O&�%�,M 

19.17B 17.12C 15.78E 13.11H 10.66LM 9.12P 

,�	";;6�-�,�4/ 16.67D 13.73G 11.56J 10.08NO 9.14P - 
,�	";;6�-�,�4/ 
'#3%�#�(, 	 

15.63E 12.58I 10.32MN 9.15P - - 

,�	";;6�-�,�4/
'#3%�#�(, 	"#$  
,�-<�
���/"(/ 

16.77CD 14.67F 12.91HI 10.85KL 9.19P - 

F-test ** 
C.V. (%) 2.24 
** = ",	,<�/	��1�/(� , 1&��$;�6'��%����.%��� 99%  
'<��J#&�
1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K&� DMRT 
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		���� 4 .�,��	��#;'��%��4�-./��	������	
��1&�#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6
 	��,�	";; 
 

.�,��	��#;'��%��4�-./��	 (%,<.���) 
� K&	��,�	";; 

���1&� 1 ���1&� 2 ���1&� 3 ���1&� 4 ���1&� 5 ���1&� 6 
,�	";; 
6���4�O&�%�,M 

6.69B 3.21GH 2.47KL 1.39TS 0.68U - 

�R�/#% 1 ��� +  
,�	";; 
6���4�O&�%�,M 

3.74E 5.29C 1.92NOP 2.06MNO 1.32ST - 

�R�/#% 2 ��� +  
,�	";; 
6���4�O&�%�,M 

3.66EF 2.84IJ 3.43FG 2.60K 1.83OPQ - 

�R�/#% 3 ��� +  
,�	";; 
6���4�O&�%�,M 

4.34D 2.05MNO 1.34ST 2.67JK 2.45KL 1.54RS 

,�	";;6�-�,�4/ 6.84B 2.94I 2.17MN 1.68PQR 0.84U - 
,�	";;6�-�,�4/ 
'#3%�#�(, 	 

7.88A 3.05HI 2.26LM 1.17T - - 

,�	";;6�-�,�4/
'#3%�#�(, 	"#$ 
,�-<�
���/"(/ 

6.74B 2.10MN 1.76PQR 2.06MNO 1.66PQ - 

F-test ** 
C.V. (%) 5.57 
**  = ",	,<�/	��1�/(� , 1&��$;�6'��%����.%��� 99 %  
'<��J#&�
1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K& �DMRT 
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(�) 
 

0
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8
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1 2 3 4 5

��#� (���)

.�,
��
	�
�#

;'
��
%�

�4� 
(%

)

,�	";;6���4�O&�%�,M

,�	";;6�-�,�4/(2/ 50 O%.

,�	";;6�-�,�4/'#3%;5�
�#�(, 	

,�	";;6�-�,�4/'#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50%
 

(�)  

0

2

4

6

1 2 3 4 5 6

��#� (���)

.�,
��
	�
�#
;'

��
%�

�4� 
(%

)

�R�/#% 1 ��� + ,�	";;6���4�O&�%�,M
�R�/#% 2 ��� + ,�	";;6���4�O&�%�,M
�R�/#% 3 ��� + ,�	";;6���4�O&�%�,M

 
 
0����  2 .�,��	��#;'��%��4�-./��	������	
��1&�#;'��%��4�;5�
	��,�	";; (	) "#$	���R�/#% 

�<�%	�6	��,�	";; (-)  

,�	";;6���4�O&�%�,M
,�	";;6�-�,�4/(2/ 50 O%. 
,�	";;6�-�,�4/ '#3%;5�
�#�(, 	
,�	";;6�-�,�4/ '#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50%
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3.  �7�*#0+&#	!1����� ������ �!	��*�=	��	�%.�	+3�4� 

 
 	��#;'��%��4�������	
��1�4/��	;5�
	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";;
� K&	��,<�/S 	�� 1)�+958�
+�	./��	������	
���$9�<�/	��#;'��%��4�+�",<#$���%&.3N982% '��%",	,<�/
	��,�%",<#$� K&	��#;'��%��4� "#$+�",<#$�<�/-./	��#;'��%��4� (,���/1&� 5) 7;
"6</����  
2 #�	�N$ '�. 	��,�	";; 1)�+95	./������	
��%&.3N982% �� �%-R4�+��<�/���1&� 1-2 "#$(2/(3;+����1&� 3 
"#$ 4 "#5�#;#/+����1&� 5 OR�/%&.3N982% 8�
+�	./.
2<+��<�/ 37.00-43.50 ºO 
	��5�	��,�	";;1&�
%&	��'#3%;5�
�#�(, 	1&�%&.3N982% 8�
+�	./(2/�R/ 45.25 ºO  "#$ 45.50 ºO  +����1&� 3 "#$���1&� 4 
,�%#)�;�6 ()�9��6	��#;'��%��4�;5�
� K&�R�/#%�<�%	�6	��,�	";; 1)�+95	./��	������	
��%&.3N982% 
"6</���� 2 �<�/��<�	�� '�. +��<�/-./	���R�/#%1)�+95	./��	������	
��%&.3N982% .
2<+��$9�<�/ 
25.50-27.75 ºO "#$�%��.�)�%�,�	";;6���4�.3N982% 8�
+�	./�� �%(2/-R4�+����1&� 3 "#$ 4 7;
%&
.3N982% 8�
+�	./(2/(3;0%<�	 � 41.50 ºO  "#$%&.3N982% 8�
+�	./#;#/+����1&� 5 "#$ 6 OR�/0%<
",	,<�/1�/(� , 	�6	��,�	";;6���4�O&�%�,M+����1&� 5 "#$ 6 "#$� K&#;'��%��4�;5�
	���R�/#%  
3 ��� �<�%	�6,�	";;6���4�O&�%�,M %&.3N982% 8�
+�	./+�	��#;'��%��4�7;
�J#&�
,�)�	�<�� K&	��
#;'��%��4�� K&	��.���S "#$+�5��#�%�		�<�� K&	��.���S +�-N$1&�	��,�	";;1&�%&	��'#3%�#�(, 	
+�5��#��5.
	�<�� K&	��.��� S  

 
 !�		���R	���9P�0;5�<� .3N982% 8�
+�	./-./	��#;'��%��4�������	
��1�4/��	 
-R4�.
2<	�6'��%��4�-./��	 7;
+��<�/��	%&'��%��4�(2/%&.3N982% 8�
+�	./,�)�	�<� "#$�� �%-R4��%��.
��	%&'��%��4�#;#/"#$#;#/.&	'��4/�%��.��	%&'��%��4�#;#/ 	��'#3%;5�
�#�(, 	 1)�+95	./������	
��
%&.3N982% �� �%(2/-R4� ",<�%��.%&	�����/"(/ 1)�+95	./������	
��%&.3N982% +	#5�'&
/	�6	��,�	";;
7;
,�/ 
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		����  5  .3N982% +�	./��	������	
�� 1&�#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";; 
 

.3N982% 8�
+�	./ (º O ) � K&	��#;'��%��4� 
���1&� 1 ���1&� 2 ���1&� 3 ���1&� 4 ���1&� 5 ���1&� 6 

,�	";; 
6���4�O&�%�,M 

38.75HI 39.75EFGH 41.25CDE 41.50CD 39.25GH - 

�R�/#% 1 ���+ 
,�	";; 
6���4�O&�%�,M 

26.00L 38.50HI 41.25CDE 41.50CD 39.25GH - 

�R�/#%2 ���+ 
,�	";; 
6���4�O&�%�,M 

25.50L 26.75KL 40.00DEFG 41.25CDE 39.25GH - 

�R�/#% 3 ���+ 
,�	";; 
6���4�O&�%�,M 

26.00L 26.50KL 27.75K 41.25CDE 38.75HI 37.25IJ 

,�	";;6�-�,�4/ 39.00H 39.75EFGH 43.50B 43.25B 40.50DEFG - 
,�	";;6�-�,�4/
'#3%�#�(, 	  

41.00CDE 41.25CDE 45.25A 45.50A - - 

,�	";;6�-�,�4/
'#3%�#�(, 	"#$ 
,�-<�
���/"(/     

38.5HI 39.50FGH 40.75CDEF 42.25BC 37.00J - 

F-test ** 
C.V.(%) 2.38 

   **  = ",	,<�/	��1�/(� , 1&��$;�6'��%����.%���   99 %  
  '<��J#&�
1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K&� DMRT 
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./
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,�	";;6���4�O&�%�,M
,�	";;6�-�,�4/
,�	";;6�-�,�4/'#3%;5�
�#�(, 	
,�	";;6�-�,�4/'#3%�#�(, 	"#$,�-<�
���/"(/ 50 %
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.3N
98
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./

��
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�R�/#% 1 ��� + ,�	";;6���4�O&�%�,M
�R�/#% 2 ��� + ,�	";;6���4�O&�%�,M
�R�/#% 3 ��� + ,�	";;6���4�O&�%�,M

 
 

0����  3 .3N982% +�	./��	������	
�� 1&�#;'��%��4�;5�
	��,�	";; (	) "#$	���R�/#%�<�%	�6 
	��,�	";; (-) 

 

,�	";;6���4�O&�%�,M
,�	";;6�-�,�4/
,�	";;6�-�,�4/ '#3%;5�
�#�(, 	
,�	";;6�-�,�4/ '#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50%
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4.  ��.8���������+�5%$��678����� �!	� 

  
 	��#;'��%��4��%#P;���K3M������	
��1�4/��	;5�
	��,�	";; "#$	���R�/#%�<�%	�6
	��,�	";;� K&,<�/ S 	�� 1)�+95%&./'M��$	.6-./�%#P;;& �%#P;#&6"#$�%#P;�5�� %&'��%",	,<�/
	��1�/(� ,  (,���/1&� 6) 7;
%&!)�����%#P;;&+��<�/ 90.94 D 93.58% �%#P;#&6+��<�/  2.06-3.32% 
�%#P;�5��+��<�/  1.63-2.95%  "#$�%#P;1&��2	7�'"#$"%#/�-5�1)�#�
+��<�/ 2.73 D 3.62% � K&	��
,�	";;6���4�O&�%�,M %&�%#P;;&!)���� 91.19 % +	#5�'&
/	��	�6� K&	��,�	";;6�-�,�4/��%�R/
./'M��$	.61�4/�%#P;#&6 �%#P;�5�� "#$�%#P;1&��2	7�'"#$"%#/�-5�1)�#�
 	��#;'��%��4�1&�%&	���R�/#%
"#$� K&	��,�	";;1&�%&	�����/"(/ 1)�+95%&�%#P;;&!)������ �%-R4� "#$./'M��$	.6.���S %&!)����
#;#/ ",<� K&	��,�	";;;5�
	��'#3%�#�(, 	 1)�+95�%#P;;&!)����#;#/ "#$�� �%!)�����%#P;#&6
"#$�%#P;�5��   
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		����  6 ./'M��$	.6-./�%#P;���K3M������	
��1&�#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6
 	��,�	";; 

*  "#$ **  =  ",	,<�/	��1�/(� , 1&��$;�6'��%����.%��� 95 �"#$ 99 %  ,�%#)�;�6 
'<��J#&�
+�'.#�%�M�;&
�	��1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K&� DMRT 
 
 
 

�%#P;�(&
  
�%#P;;& �%#P;#&6 �%#P;�5�� �%#P;1&��2	7�'"#$

"%#/1)�#�
 
� K&	��#;'��%��4� 

(%) (%)
,�	";; 
6���4�O&�%�,M 

91.19B 2.76B 2.65A    3.40AB 

�R�/#% 1���+,�	";;
6���4�O&�%�,M 

92.09B    2.51BC    2.07AB 3.33AB 

�R�/#% 2 ���+,�	";;
6���4�O&�%�,M 

93.58A 2.06C 1.63B 2.73B 

�R�/#% 3 ���+,�	";;
6���4�O&�%�,M 

92.08B    2.47BC    1.98AB     3.47AB 

,�	";;6�-�,�4/ 
 

91.57B 2.66B    2.15AB 3.62A 

,�	";;6�-�,�4/'#3%
�#�(, 	  

90.94C 3.32A 2.95A 2.79B 

,�	";;6�-�,�4/'#3%
�#�(, 	"#$,�-<�

���/"(/  

93.18A 2.25C 1.80B 2.77B 

F-test ** ** * * 

C.V(%) 2.72 11.12 17.48 10.54 
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5.  .7�#	$����+�5%$��678����� �!	�����%.�	+3�4�%��!�	
	�/%% /���	<O���+=�+����	
	�/%% 
 

 5.1 �	�������+�5%$��678 

  �%#P;���K3M������	
��1&�#;'��%��4�1�4/��	;5�
	��,�	";; "#$	���R�/#%�<�%	�6
	��,�	";;� K&,<�/S 	�� %&'��%/.	+��<�/ 91.00 D 95.00% OR�/%&'��%",	,<�/	��1�/(� ,  (,���/1&� 7) 
%&,5�	#5�� ;�	, +��<�/ 3.50 D 5.50% 7;
0%<",	,<�/	��1�/(� ,  "#$%&!)�����%#P;,�
",	,<�/
	��1�/(� , .
2<+��<�/ 1.50 D 4.00% 7;
	��#;'��%��4�;5�
	���R�/#% 2 ����<�%	�6 ,�	";;6�
��4�O&�%�,M "#$� K&,�	";;6�-�,�4/'#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50% %&�%#P;,�
!)����
,�)�(3; "#$� K&#;'��%��4�;5�
	���R�/#% 3 ����<�%	�6,�	";;6���4�O&�%�,M %&�%#P;,�
!)����(2/(3; 
OR�/1)�+95	��#;'��%��4�������	
��1�4/��	;5�
	���R�/#% 2 ��� �<�%	�6,�	";;6���4�O&�%�,M "#$� K&
,�	";;6�-�,�4/'#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50% %&�%#P;���K3M1&�%&'��%/.	(2/(3; '�. 
95.00 "#$ 94.50% ,�%#)�;�6 "#$	��#;'��%��4�;5�
	���R�/#% 3 ��� �<�%	�6,�	";;6���4�O&�%�,M 
"#$� K&,�	";;6�-�,�4/1&�%&	��'#3%�#�(, 	%&�%#P;���K3M1&�%&'��%/.	��.�M�OP�,M,�)�(3; '�. 91.00% 

 
 	��#;'��%��4�������	
��1�4/��	;5�
	��,�	";;6���4�O&�%�,M 	��
	��4� "#$'#3% 
�#�(, 	 +95�%#P;���K3M1&�%&'��%/.	 "#$./'M��$	.6-./�%#P;���K3M1&����$0%<",	,<�/	�� 	���R�/#%
+��$
$��#�1&��9%�$(%"#$	���<�
���/"(/ �<�
+95�%#P;���K3M������	
��%&'��%/.	%�	-R4� "#$
%&!)�����%#P;,�
�5.
#/ (<��	���R�/#%1&����-R4� "#$	��,�	";;1&�%&	��'#3%�#�(, 	 1)�+95�%#P;���K3M
%&!)����,5�	#5�� ;�	, "#$�%#P;,�
�� �%%�	-R4�  
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		���� 7 '��%/.	 ,5�	#5�� ;�	,  "#$�%#P;,�
+�	��1;(.6'��%/.	%�,����-./�%#P;���K3M 
 ������	
��1&�#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";; 

 ns              = 0%<",	,<�/	��1�/(� ,  
 * "#$ **  = ",	,<�/	��1�/(� , 1&��$;�6'��%����.%��� 95 "#$ 99�%  ,�%#)�;�6 
 '<��J#&�
+�'.#�%�M�;&
�	��1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K& �DMRT 
 

'��%/.	 ,5�	#5�� ;�	,  �%#P;,�
 
� K&#;'��%��4� 

(%) 
,�	";;6���4�O&�%�,M  92.50BC 4.50 3.00AB 
�R�/#% 1 ���+,�	";;6���4�O&�%�,M  91.50C 5.00 3.50AB 
�R�/#% 2 ���+,�	";;6���4�O&�%�,M 95.00A 3.50 1.50B 
�R�/#% 3 ���+,�	";;6���4�O&�%�,M 91.00C 5.00 4.00A 
,�	";;6�-�,�4/ 92.50BC 5.50 2.50AB 
,�	";;6�-�,�4/ '#3%�#�(, 	 91.00C 5.50 3.50AB 
,�	";;6�-�,�4/ '#3%�#�(, 	 
"#$  ,�-<�
���/"(/  

94.50AB 4.00 1.50B 

F-test ** ns * 
C.V. (%) 1.60 26.84 35.95 
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 5.2 .�	+/�5�/�����+�5%$��678 
 
  �.	!�	;2'��%(�%���+�	��/.	-./�%#P;���K3M������	
��1&�#;'��%��4�
;5�
	��,�	";;"#$	���R�/#%�<�%	�6	��,�	";;;5�
� K&	��,<�/S 	��"#5� 
�/%&	���R	��'��%"-P/"�/
-./�%#P;���K3M+��2�"66,<�/ S ��$	.6;5�
 ��#��J#&�
1&�+�5+�	��/.	 '��%(%62�NM-./7'�/(�5�/
-./�%#P;���K3M;5�
	����;	���)�0ddV� 	���!� *-./,5�	#5�+��2�-./'��%
����	"#$
.; "#$
�4)�9��	"95/-./,5�	#5��	,  "#$��	
8��	���	P6��	���%#P;���K3M;5�
� K&	����</.�
3 
 

  5.2.1 ���	�@���!1��	��� 
 
   	��#;'��%��4��%#P;���K3M������	
��1�4/��	;5�
	��,�	";; "#$	���R�/#%
�<�%	�6	��,�	";;� K&,<�/S 	�� 1)�+950;5�%#P;���K3M������	
��1&�%&��#��J#&�
+�	��/.	+��<�/ 6.02 D 
6.86 ��� OR�/%&'��%",	,<�/	��1�/(� ,  (,���/1&� 8) 	��,�	";;6���4�O&�%�,M 1)�+95�%#P;���K3M%&
��#��J#&�
+�	��/.	 6.63 ��� 0%<",	,<�/1�/(� , 	�6� K&�R�/#% 1 "#$ 3 ����<�%	�6,�	";;6���4�
O&�%�,M "#$� K&	��,�	";;6�-�,�4/ 1&��%#P;���K3M%&��#��J#&�
+�	��/.	+��<�/ 6.43 D 6.55 ��� � K&	��
#;'��%��4�1&�1)�+950;5�%#P;���K3M/.	0;5��P�1&�(3; '�. � K&�R�/#% 2 ��� �<�%	�6,�	";;6���4�O&�%�,M 
"#$� K&,�	";;6�-�,�4/'#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50% �%#P;���K3M+�5��#��J#&�
+�	��/.	
��&
/ 6.02 ��� "#$ 6.20 ��� ,�%#)�;�6 "#$� K&,�	";;6�-�,�4/'#3%;5�
�#�(, 	 1)�+950;5�%#P;���K3M
%&��#��J#&�
+�	��/.	%�		�<�	��#;'��%��4�;5�
� K&.���S '�. %&��#��J#&�
+�	��/.	 6.86 ��� 
 
   � K&	��#;'��%��4��%#P;%&�#,<.'��%��P�+�	��/.	-./�%#P;���K3M 
	���R�/#%����	 �0�"#$	��#;'��%��4�1&�%&.3N982% (2/�	 �0� ��<� 	��,�	";;1&�%&	��1&�'#3%;5�

�#�(, 		#�61)�+95�%#P;���K3M/.	0;5�5�#/ 
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		���� 8 ��#��J#&�
+�	��/.	 "#$	���)�0ddV�-./�%#P;���K3M������	
��1&�#;'��%��4�;5�
	��,�	";; 
 "#$	���R�/#%�<�%	�6	��,�	";; 

* "#$** = ",	,<�/	��1�/(� , 1&��$;�6'��%����.%��� 95 "#$ 99%  ,�%#)�;�6 
'<��J#&�
+�'.#�%�M�;&
�	�� 1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K&�DMRT  
 

  5.2.2 �	��	�''(	 

   	���)�0ddV�-./(��#$#�
1&�"�<�%#P; ����,���&4��;'��%"-P/"�/-./
�%#P;���K3M������	
��+�;5��'��%(%62�NM-./7'�/(�5�/-./.��
�$,<�/S -./�%#P;���K3M1&������#!�	
	��#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";;� K&	��,<�/S 1&�"(;/'��%",	,<�/
1�/(� ,  7;
�%#P;���K3M%&	���)�0ddV�",	,<�/	��+��<�/ 20.50 D 24.86 0%7'�O&�%�,<.�O�, �%,� 
(,���/1&� 8) � K&,�	";;6���4�O&�%�,M	�6� K&,�	";;6�-�,�4/'#3%;5�
�#�(, 	 1)�+950;5�%#P;���K3M
1&�%&	���)�0ddV�%�		�<�� K&.���S +��<�/ 24.51- 24.86 0%7'�O&�%�,<.�O�, �%,� �./#/%� '�. � K& 
�R�/#% 1 ��� �<�%	�6,�	";;6���4�O&�%�,M "#$� K&,�	";;6�-�,�4/ 1&�1)�+95�%#P;���K3M%&	���)�0ddV�
+��<�/ 23.43 D 23.44 0%7'�O&�%�,<.�O�, �%,� "#$� K&�R�/#% 3 ����<�%	�6,�	";;6���4�O&�%�,M 
1)�+95�%#P;���K3M%&	���)�0ddV� 22.30 0%7'�O&�%�,<.�O�, �%,� � K&	��#;'��%��4�1&�1)�+95�%#P;���K3M
%&	���)�0ddV�,�)�(3; '�. � K&�R�/#% 2 ����<�%	�6,�	";;6���4�O&�%�,M "#$� K&,�	";;6�-�,�4/'#3%

� K&	��#;'��%��4� 
��#��J#&�
+�	��/.	 

(���) 
	���)�0ddV� 
(µS/cm) 

,�	";;6���4�O&�%�,M 6.63AB 24.86A 
�R�/#% 1 ���+,�	";;6���4�O&�%�,M 6.51AB 23.43B 
�R�/#% 2 ���+,�	";;6���4�O&�%�,M 6.02C 20.75D 
�R�/#% 3 ���+,�	";;6���4�O&�%�,M 6.55AB 22.30C 
,�	";;6�-�,�4/ 6.43ABC 23.44B 
,�	";;6�-�,�4/ '#3%�#�(, 	 6.86A 24.51A 
,�	";;6�-�,�4/ '#3%�#�(, 	"#$  
,�-<�
���/"(/  

6.20BC 20.50D 

F-test * ** 
C.V.(%) 4.62 1.80 
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;5�
�#�(, 	"#$,�-<�
���/"(/ 50% 1&�1)�+95�%#P;���K3M%&	���)�0ddV�+��<�/ 20.50-20.75 0%7'�O&�%�
,<.�O�, �%,�  
 
   	��#;'��%��4�������	
��;5�
� K&,�	";;6���4�O&�%�,M"#$� K&,�	";; 
6�-�,�4/'#3%;5�
�#�(, 	 1)�+95�%#P;���K3M%&'��%(%62�NM-./7'�/(�5�/�%#P;���K3M�5.
(3; ����./!�	
%&	���)�0ddV�(2/(3; (<��� K&�R�/#% 2 ��� �<�%	�6,�	";;6���4�"#$� K&,�	";;6�-�,�4/'#3%;5�

�#�(, 	"#$,�-<�
���/"(/ 50% 1)�+95�%#P;���K3M%&'��%(%62�NM-./7'�/(�5�/;&1&�(3; !R/1)�+95
�%#P;���K3M%&	������09#-./(��8�
+��%#P;..	%��5.
 %&	���)�0ddV�,�)�(3; 
 

  5.2.3 �	��&Q�
&�-
���
�����	 
 
   �%#P;���K3M1&�%&'��%"-P/"�/%&.�,��	���!� *�, 67,-./,5�	#5�(2/	�<�
�%#P;1&�%&'��%"-P/"�/-./�%#P;,�)� 7;
��;'��%(�%���+�	��(�5�/�4)�9��	"95/ "#$	��
�;,��-./��	
"#$
.;+��2�'��%
��-./��	"#$
.;-./,5�	#5� �%#P;���K3M������	
��1&�#;'��%��4�1�4/��	;5�

	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";;� K&,<�/S 	�� 1)�+95�%#P;/.	+95,5�	#5��	, 1&�%& 
'��%
����	0%<",	,<�/	��1�/(� ,  7;
%&'��%
����	+��<�/ 15.11 D 16.33 O%.,<.,5� (,���/1&� 9) 
	��,�	";;6���4�O&�%�,M 1)�+950;5�%#P;1&�%&,5�	#5�%&'��%
����	 16.33 O%.,<.,5� %�		�<��%#P;
���K3M1&�#;'��%��4�;5�
� K&	��.���S � K&�R�/#%�<�%	�6,�	";;6���4�O&�%�,M 1)�+95�%#P;���K3M%&'��%
��
��	-./,5�	#5�.
2<+��<�/ 15.11 D 15.91 O%.,<.,5� (<��� K&��/,�	";;6�-�,�4/1&�'#3%"#$0%<'#3%
�#�(, 	 "#$� K&1&�%&	��'#3%�#�(, 	"#$,�-<�
���/"(/ 50% 1)�+95�%#P;���K3M%&'��%
����	
-./,5�	#5�.
2<+��<�/ 15.20 D 15.60 O%. ,<.,5� 
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		����  9 '��%
����	 '��%
��
.; "#$�4)�9��	"95/-./,5�	#5�-./�%#P;���K3M������	
�� 1&�#;
 '��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";; 
 

ns "#$ ** =0%<",	,<�/	��1�/(� ,  "#$",	,<�/	��1�/(� , 1&��$;�6'��%����.%��� 99%   
'<��J#&�
+�'.#�%�M�;&
�	��1&�%&.�	��,<�/	��  ",	,<�/	��1�/(� , 1&�1;(.67;
� K&�DMRT 

 
  	��#;'��%��4� ;5�
	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";; 
1)�+950;5�%#P;���K3M1&�/.	+95,5�	#5� %&'��%
��
.;+��<�/ 14.90 D 16.98 O%.,<.,5� OR�/",	,<�/	��
1�/(� ,  (,���/1&� 9) 	��,�	";;6���4�O&�%�,M 1)�+95�%#P;���K3M/.	+95,5�	#5�%&'��%
��
.; 
15.68 O%.,<.,5� 0%<",	,<�/	��1�/(� , 	�6�%#P;���K3M1&�#;'��%��4�;5�
� K&�R�/#% 1 ��� �<�%	�6,�	
";;6���4�O&�%�,M "#$� K&,�	";;6�-�,�4/ 1&��%#P;���K3M+95,5�	#5�%&'��%
��
.; 15.58 "#$ 
15.61 O%.,<.,5� ,�%#)�;�6 � K&	��#;'��%��4�1&�1)�+95�%#P;���K3M/.	+95,5�	#5�1&�%&
.;%&'��%
��
(2/(3;'�. � K&�R�/#% 2 ��� �<�%	�6,�	";;6���4�O&�%�,M "#$� K&	��,�	";;6�-�,�4/'#3%�#�(, 	
"#$,�-<�
���/"(/ 50% 1&��%#P;���K3M+95,5�	#5�%&'��%
.; 16.87-16.98 O%.,<.,5� (<��� K&�R�/#% 
3 ��� �<�%	�6 ,�	";;6���4�O&�%�,M"#$� K&,�	";;6�-�,�4/1&�%&	��'#3%�#�(, 	 1)�+950;5�%#P;
���K3M1&�/.	+95,5�	#5�%&'��%
��
.;�5.
1&�(3; '�. ,5�	#5�%&'��%
��
.; 14.90 D 15.22 O%.,<.,5�  
 

'��%
��-./,5�	#5� 
��	 
.; � K&	��#;'��%��4� 
(----O%.,<.,5�---) 

�4)�9��	"95/-./,5�	#5� 
(%	.,<.,5�) 

,�	";;6���4�O&�%�,M 16.33    15.68AB 66.33C 
�R�/#% 1 ���+,�	";;6���4�O&�%�,M 15.11    15.58AB 66.50C 
�R�/#% 2 ���+,�	";;6���4�O&�%�,M 15.91 16.98A 70.86A 
�R�/#% 3 ���+,�	";;6���4�O&�%�,M 15.19 15.22C    66.08BC 
,�	";;6�-�,�4/ 15.20 15.61AB    67.14BC 
,�	";;6�-�,�4/ '#3%�#�(, 	 15.24 14.90C 65.87C 
,�	";;6�-�,�4/ '#3%�#�(, 	"#$  
,�-<�
���/"(/  

15.60 16.87A 70.35B 

F-test ns ** ** 
C.V.(%) 6.06 6.05 2.49 
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  �%#P;���K3M������	
��1&�#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6
	��,�	";; 1)�+950;5�%#P;���K3M/.	+95,5�	#5�%&�4)�9��	"95/+��<�/ 65.87D70.86 %	.,<.,5� OR�/
",	,<�/	��1�/(� ,  (,���/1&� 9) 	��#;'��%��4�;5�
� K&,�	";;6���4�O&�%�,M +95�%#P;���K3M1&�/.	
+95,5�	#5�%&�4)�9��	9��	"95/ 66.33 %	.,<.,5� 0%<",	,<�/1�/(� , 	�6�%#P;���K3M1&�#;'��%��4�;5�

� K&�R�/#% 1 ����<�%	�6,�	";;6���4�O&�%�,M "#$	��,�	";;6�-�,�4/'#3%�#�(, 	 OR�/1)�+950;5
�%#P;���K3M1&�/.	+95,5�	#5�%&�4)�9��	"95/ 66.50 "#$ 65.87 %	.,<.,5� ,�%#)�;�6 	��#;'��%��4�
;5�
� K&�R�/#% 3 ����<�%	�6,�	";;6���4�O&�%�,M "#$� K&,�	";;6�-�,�4/ 1)�+950;5�%#P;���K3M1&�
/.	+95,5�	#5�%&�4)�9��	"95/,�)�(3; 66.08 D 67.14 %	.,<.,5� (<��	��#;'��%��4�;5�
� K&�R�/#% 2 
����<�%	�6,�	";;6���4�O&�%�,M "#$� K&,�	";;6�-�,�4/'#3%�#�(, 	"#$,�-<�
���/"(/ 50 % 
+95�%#P;���K3M1&�/.	+95,5�	#5�%&�4)�9��	"95/(2/(3;7;
%&�4)�9��	"95/-./,5�	#5� 70.35-70.86 %	.
,<.,5� 
  
  �%#P;���K3M������	
��1&�#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6
	��,�	";; +95,5�	#5�1&�%&'��%
����	0%<",	,<�/	�� ",<%&'��%
��
.;"#$�4)�9��	"95/",	,<�/
	��1�/(� ,  7;
	��#;'��%��4��%#P;���K3M;5�
� K&�R�/#% 2 ��� �<�%	�6,�	";;6���4�O&�%�,M "#$
� K&	��,�	";;6�-�,�4/1&�%&	��'#3%�#�(, 	"#$,�-<�
���/"(/ 50 % +95�%#P;���K3M1&�%&	���!� *
-./,5�	#5�(2/(3; "#$� K&	��#;'��%��4�;5�
	���R�/#% 3 ��� �<�%	�6,�	";;6���4�O&�%�,M "#$
� K&	��,�	";;6�-�,�4/1&�%&	��'#3%;5�
�#�(, 	 +95�%#P;���K3M1&�%&'��%�!� *-./,5�	#5�,�)�(3; 
 

 5.2.4 �	�=��	!7 
 
  	����;'��%(�%���+�	���	P6��	���%#P;���K3M+��2�-./	��/.	
9#�/��</.�
3-./�%#P;���K3M������	
��1&�#;'��%��4�;5�
	��,�	"; "#$�R�/#%�<�%	�6	��,�	";;
� K&	��,<�/S �6�<� �%#P;���K3M%&'��%"-P/"�/",	,<�/	��1�/(� ,  7;
�%#P;���K3M%&'��%/.	9#�/
��</.�
3+��<�/ 83.50 D 93.00% (,���/1&� 10) 	��#;'��%��4�;5�
� K&,�	";;6���4�O&�%�,M 1)�+95
�%#P;���K3M9#�/��</.�
3%&'��%/.	 84.50% 0%<",	,<�/1�/(� , 	�6�%#P;���K3M1&�#;'��%��4�;5�
� K&�R�/
#% 3 ����<�%	�6,�	";;6���4�O&�%�,M 1&��%#P;���K3M9#�/	����</.�
3%&'��%/.	 84.00% � K&	��#;
'��%��4�;5�
	���R�/#% 1 ��� �<�%	�6,�	";;6���4�O&�%�,M 1)�+95�%#P;���K3M9#�/	����</.�
3%&'��%
/.	 86.00% 7;
	��#;'��%��4�;5�
� K&�R�/#% 2  ����<�%	�6,�	";;6���4�O&�%�,M "#$� K&,�	";;
6�-�,�4/1&�%&	��'#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50% +95�%#P;���K3M9#�/	����</.�
3%&'��%
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/.	(2/(3; 92.50-93.00% (<��� K&	��#;'��%��4�;5�
� K&,�	";;6�-�,�4/ +95�%#P;���K3M9#�/	����</
.�
3%&'��%/.	 89.50% "#$� K&#;'��%��4�;5�
	��,�	";;6�-�,�4/1&�%&	��'#3%;5�
�#�(, 	+95
�%#P;���K3M9#�/��</.�
3%&'��%/.	�5.
1&�(3; '�. 83.50%  
 
 	��#;'��%��4�;5�
	��,�	";;"#$	���R�/#%�<�%	�6	��,�	";;� K&,<�/S 

�/1)�+95�%#P;���K3M1&��<��	����</.�
3%&!)����,5�	#5�� ;�	, "#$�%#P;,�
",	,<�/	��1�/(� ,  7;

%&,5�	#5�� ;�	, +��<�/  5.50 D 10.00% (,���/1&� 10) "#$%&�%#P;,�
+��<�/ 1.50 D 8.50% 	��#;
'��%��4�;5�
	��� K&,�	";;6���4�O&�%�,M +95�%#P;���K3M1&��)�0���</.�
3%&!)����,5�	#5�� ;�	, (2/(3; 
10 .00% �$;�6�;&
�	�6�%#P;1&�#;'��%��4�;5�
� K&	��,�	";;6�-�,�4/'#3%;5�
�#�(, 	 1&�+95�%#P;���K3M
1&��<��	����</.�
3"#5�%&,5�	#5�� ;�	,  8.50% �%#P;���K3M1&�#;'��%��4�;5�
	��,�	";;6�-�,�4/ 1&�
#;'��%��4�;5�
	���R�/#% 1 ��� �<�%	�6,�	";;6���4�O&�%�,M "#$�R�/#% 3 ��� �<�%	�6,�	";;6�
��4�O&�%�,M 1&��%#P;���K3M9#�/��</.�
31&�+95,5�	#5�� ;�	, +��<�/ 7.00-7.50% (<��	��#;'��%��4�
�%#P;���K3M;5�
� K&�R�/#% 2 ��� �<�%	�6,�	";;6���4�"#$� K&	��,�	";;6�-�,�4/1&�%&	��'#3%;5�

�#�(, 	"#$,�-<�
���/"(/ 50% 1)�+95�%#P;���K3M1&��<��	����</.�
3%&,5�	#5�� ;�	, !)����,�)�(3; 
 
 	��#;'��%��4��%#P;���K3M������	
��1�4/��	;5�
� K&	���R�/#% 3 ����<�%	�6 
,�	";;6���4�O&�%�,M "#$� K&,�	";;6�-�,�4/1&�%&	��'#3%;5�
�#�(, 	 +95�%#P;���K3M1&����$9#�/
	����</.�
3%&�%#P;,�
!)����(2/(3; 8.50 "#$ 7.50% ,�%#)�;�6 �./#/%� '�. �%#P;���K3M1&�#; 
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		����  10 '��%/.	 ,5�	#5�� ;�	,  "#$�%#P;,�
-./�%#P;���K3M9#�/	����</.�
3-./�%#P;������	
��
 1&�#;'��%��4�;5�
	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";; 
 

'��%/.	 ,5�	#5�� ;�	,  �%#P;,�
 
� K&	��#;'��%��4� 

(%) 
,�	";;6���4�O&�%�,M 84.50CD 10.00A 5.50B 
�R�/#% 1 ���+,�	";;6���4�O&�%�,M 86.00C 7.50B 6.50B 
�R�/#% 2 ���+,�	";;6���4�O&�%�,M 93.00A 5.50D 1.50D 
�R�/#% 3 ���+,�	";;6���4�O&�%�,M 84.00CD 7.50B 8.50A 
,�	";;6�-�,�4/ 89.50B 7.00BC 3.50C 
,�	";;6�-�,�4/ '#3%�#�(, 	 83.50D 8.50AB 7.50A 
,�	";;6�-�,�4/ '#3%�#�(, 	 
"#$ ,�-<�
���/"(/  

92.50A 5.50D 2.00D 

F-test ** ** ** 
C.V. (%) 1.58 12.65 19.72 

** = ",	,<�/	��1�/(� , 1&��$;�6'��%����.%��� 99%  
'<��J#&�
+�'.#�%�M�;&
�	��1&�%&.�	��,<�/	�� ",	,<�/	��1�/(� , 1&�1;(.67;
� K&�DMRT 
 

 '��%��4�;5�
	��,�	";;6���4�O&�%�,M "#$� K&	���R�/#% 1 ��� �<�%	�6,�	";;
6���4�O&�%�,M 1&�+95�%#P;���K3M���$9#�/��</.�
3%&�%#P;,�
 5.50 "#$ 6.50% ,�%#)�;�6 	��#;'��%��4�
;5�
� K&,�	";;6�-�,�4/ +95�%#P;���K3M1&����$9#�/	����</.�
3%&�%#P;,�
 3.50% � K&	��#;'��%��4�
1&�+95�%#P;���K3M9#�/	����</.�
3%&!)�����%#P;,�
,�)�(3; '�. � K&	���R�/#% 2 ��� �<�%	�6,�	";;6�
��4�O&�%�,M"#$� K&,�	";;6�-�,�4/1&�%&	��'#3%;5�
�#�(, 	"#$,�-<�
���/"(/ 50% +95�%#P;���K3M 
1&����$9#�/��</.�
3%&�%#P;,�
 1.50 "#$ 2.00% ,�%#)�;�6  
 

 	��#;'��%��4�������	
��1�4/��	;5�
	��,�	";;6���4�O&�%�,M "#$	���R�/#%��� 
3 ��� �<�%	�6	��,�	";; +95�%#P;���K3M1&����$9#�/��</.�
3%&'��%/.	 "#$./'M��$	.6-./�%#P;
���K3M1&����$0%<",	,<�/	�� 	���R�/#%+��$
$��#�1&��9%�$(%"#$	���<�
���/"(/ �<�
+95�%#P;���K3M
1&����$9#�/��</.�
3%&'��%/.	%�	-R4� "#$%&!)�����%#P;,�
�5.
#/ (<��	��,�	";;1&�%&	��'#3%
�#�(, 	 1)�+95�%#P;���K3M1&����$9#�/��</.�
3%&'��%/.	,�)�(3; "#$%&!)����,5�	#5�� ;�	, "#$�%#P; 
,�
�� �%%�	-R4� 
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����� 4 
 

�&�	�8 
  
 
1. ��
	�	�%.�	+3�4�/���7�*#0+&�������� �!	�����%.�	+3�4�%��!�	
	�/%%/��<O���+=�+���

 �	
	�/%% 

 

 ������	
�����K3M'�; %... 1&��	P6�	&�
�1&��$
$��	�� �%"95/"#$%&(&�4)�,�#.<.�OR�/�����$
$ 
1&��%#P;���K3M(3	"	<1�/(�&�� 1
� +95�%#P;���K3M1&�%&'��%��4� 22.25% "#$%&�4)�9��	"95/ 125.37 % ## 	��%
,<.�%#P; OR�/%&'<�+	#5�'&
/	�6�%#P;���K3M1&��$
$(3	"	<1�/(�&�� 1
� !�		����
/��-./ -��*! ,�
"#$��##8 (2540) 7;
��	%&'��%��4� 23.51% �$9�<�/	��#;'��%��4� (8��.�	��%&'��%��4�(�%��1KM
�J#&�
+��<�/ 73.6-83.5% %&'��%��P�#% 0.0 - 4.1 	%,<.�%. .3N982% �J#&�
+��<�/ 25.8-28.3 ºO "#$
%&�� %�N�4)���+��<�/���1&�9�R�/ "#$���1&� 4 �� %�N 22.2 "#$ 25.0 %%. (<��'��%
�����-./
"(/";;.
2<+��<�/ 2.0-5.3 ����7%/,<.��� OR�/(8��7;
1���0�%&#�	�N$"95/ ((���&.�	���	�,�'.9/(M, 
2550) �%#P;���K3M������	
��1&�#;'��%��4�;5�
	��,�	";;+����1&� 1 %&'��%��4�#;#/ 6.74-6.84% 
OR�/����.�,��	��#;'��%��4�(2/(3;�1<�	�6��$%�N 0.28-0.285% ,<.����7%/ OR�/0%<�	 �.�,��	��#;
'��%��4�1&��#.;8�
,<.'3N8���%#P;���K3M+�.�,�� 0.30% ,<.����7%/ (��##8, 2540) 
	��5�1&�#;'��%��4�
;5�
	��,�	";;1&�%&	��'#3%;5�
�#�(, 	1&�%&.�,��	��#;'��%��4�+����"�	 7.62% �1<�	�6 0.32% 
,<.����7%/ 	��#;'��%��4�;5�
	���R�/#%1&�.3N982% 95./ 1)�+95�%#P;%&'��%��4�+����"�	#;#/+�.�,�� 
3.00-3.58% OR�/",	,<�/	��1�/(� ,  .�!�	 ;!�	,)�"9�</1&���/�R�/#% (<��+�/��1&� 2 "#$ 3 %&.�,��
	��#;'��%��4�,�)�	�<�'�. 1.89-2.13% "#$ 1.09% ,�%#)�;�6 OR�/�	 ;!�	�%#P;%&'��%��4�,�)�#/"#$
	���)���	%�,�	";;9#�/	���R�/#% 1)�+95'��%��4�-./�%#P;%&	��#;'��%��4�+�.�,�� 3.40-3.77% 
",	,<�/	��,�%�$;�6'��%��4�1&��9#�.+��%#P; (<��	��#;'��%��4�;5�
� K&	��,�	";;6�-�,�4/'#3%
;5�
�#�(, 	"#$,�-<�
���/"(/ �%#P;%&	��#;'��%��4�+�.�,�� '<.�-5�/(%�)��(%.	�<�� K&	��.���S 
(,���/1&� 2) 
 
 	��#;'��%��4�������	
��1�4/��	;5�
	��,�	";;13	� K& %&.3N982% 	��#;'��%��4�
(<��+9*<0%<�	 � 43º� OR�/����.3N982% 1&�+�5#;'��%��4��%#P;���K3M1&�0%<�	 ;'��%�(&
9�
,<.�%#P;���K3M 


	��5� � K&	��#;'��%��4�;5�
	��,�	";;6�-�,�4/ "#$� K&	��#;'��%��4�;5�
	��,�	";;6�-�
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,�4/1&�%&	��'#3%;5�
�#�(, 	 +����1&� 3 "#$ 4 1&�%&.3N982% (2/	�<� 43 ºO ",<�%��.%&	��'#3%;5�
,�-<�

���/"(/ 50% 1)�+95%&.3N982% +�	./������	
��1&�#;'��%��4�#;#/%�.
2<�$9�<�/ 37.00-42.25 ºO 
,#.;	��#;'��%��4� (,���/1&� 5) 

 
 	��#;'��%��4�;5�
	��,�	";;6�-�,�4/%&.3N982% 	��#;'��%��4�0%<",	,<�/	��
%�	��	 	����/,�	";;6���4�O&�%�,M 1�4/�&4����$	��#;'��%��4�;5�
	��,�	";;6���4�O&�%�,M%&
'��%��4�!�	��4��5.
%�	 ��%1�4/�$9�<�/	��#;'��%��4�.�	��%&#%��;�5.
%�	 .&	1�4/	��#;'��%��4�
;5�
	��,�	";;6�-�,�4/	P
�/%&	�$;5/�./.
2< !R/1)�+95%&.�,��	��#;'��%��4�0%<",	,<�/	�� (,���/1&� 5)  

 
2.  <�����	�%.�	+3�4�
=���.8������+�5%$��678  

 
 	��#;'��%��4��%#P;���K3M������	
��;5�
	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";;
13	� K& 1)�+950;5�%#P;���K3M1&�%&�%#P;;& 90.94-93.58% 	��#;'��%��4�1&�%&.3N982% (2/	�<� 43 ºO 1)�+95
%&�%#P;#&6 "#$�%#P;�5��!)������ �%-R4� OR�/(.;'#5./	�6   Nangju "#$'N$, 1980 (.5�/7;
 63*(%, 
2546) "#$!�/!��1�M (2529) 1&��$63�<�  .3N982% 1&�+�5#;'��%��4��%#P;���K3M 1&�(2/	�<� 43 ºO .�!1)�
+95�%#P;0;5��6.��,��
0;5 "#$	��#;'��%��4�.
<�/��;��P�
�/1)�+95�	 ;	��",	�5��-./��4�� �-./
�%#P;0;5 (McDonald and Copeland, 1997) 	��#;'��%��4�1&�%&	���R�/#%"#$%&,�-<�
���/"(/ �<�

#;!)�����%#P;#&6"#$�%#P;�5�� 7;
�J��$	����/�R�/#%  1)��./�;&
�	�6 �
����� (2542) 1&��6�<�
	��#;'��%��4��%#P;-5�� 7;
1)�	��,�	+�1&��<% 1)�+95%&�%#P;�5��1&�,�)�#/ ()�9��6�%#P;1&�7�'"#$"%#/
�-5�1)�#�
 �R/"%5%&!)����",	,<�/	��+�",<#$� K&	��#;'��%��4� ",<�<��	 ;!�		��	�$!�
-./�%#P;
1&��2	7�'"#$"%#/�-5�1)�#�
%�		�<��	 ;!�	� K&	��#;'��%��4� 

  
 .
<�/0�	P,�% !�		���R	�� %&�%#P;�5��!)����0%<%�	��	 ����./%�!�		���R	���&4
1)�	��#;'��%��4��%#P;1�4/��	 OR�/(<��-./��	%&'��%��4�(2/	�<��%#P;,#.;��#�	��#;'��%��4� !R/
�<�
+95�%#P;0%<"95/��P��	 �0� "#$�<�
�V./	��0%<+95�%#P;�2	"(/";;"#$#%�5.�7;
,�/  ;�/��4�
	��#;'��%��4��%#P;���K3M������	
�� '��#;'��%��4�1�4/��	 OR�/�<�
#;'��%�(&
9�
!�	�%#P;#&6"#$
�%#P;�5�� "#$1)�+95��;0;5/<�
	�<�	����;+�#�	�N$��	(; 7;
�J��$	���# ,!)����%�	S 1&�,5./
��;;5�
�'���./��; ",<,5./�$%�;�$��/'��%�(&
9�
����./!�	�%#P;%&'��%��4�,�)� (Copeland, 1976)  
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3.   <�����	�%.�	+3�4�
=��	���/��.�	+/�5�/�����+�5%$��678 
 
 	��#;'��%��4��%#P;���K3M;5�
	��,�	";; "#$�R�/#%�<�%	�6	��,�	";;13	� K&
�%#P;���K3M1&�%&'3N8��;&%&'��%/.	 91.00-95.00% .
<�/0�	P,�% 	��#;'��%��4�;5�
� K&1&��9%�$(% 
��<� � K&�R�/#% 2 ��� �<�%	�6,�	";;6���4�O&�%�,M "#$� K&,�	";;6�-�,�4/'#3%�#�(, 	"#$,�-<�

���/";; 50 % 1)�+950;5�%#P;���K3M%&!)�����%#P;,�
"#$,5�	#5�� ;�	, #;#/ "#$�%#P;���K3M
��	��'��%"-P/"�/0�50;5;&+�13	#�	�N$-./	��1;(.6 
	��5� '��%
����	-./,5�	#5� 1�4/�&4����$
����./!�		��1;(.6%&	��+95�4)�.
<�/��&
/�. (<��	��#;'��%��4�;5�
� K&1&�0%<�9%�$(%1)�+95�%#P;���K3M
%&'��%"-P/"�/#;#/��<� 	���R�/#% 1 "#$ 3 ��� "#5��)�0�,�	";; 	��,�	";;7;
	��'#3%�#�(, 	 
����,5�  

 
4.  �	�%.�	+3�4��+�5%$��678����� �!	�%��!�	
	�/%% /���	<O���+=�+����	
	�/%% 

 

 	��#;'��%��4�;5�
� K&	��,�	";; "#$	���R�/#%�<�%	�6	��,�	";;13	� K&	��
+�	���R	���&4(�%���+�5#;'��%��4��%#P;���K3M������	
��0;5�%#P;���K3M1&�%&'3N8��;& .
<�/0�	P,�%
�%#P;���K3M������	
��'<.�-5�/,.6(�./,<..3N982%  "#$	��#;'��%��4�+�.�,��1&�(2/"#$�5��	 �0� 
,5./�$��/0%<+95%&	��#;'��%��4�+�.�,��1&���P��	 �0�"#$�	 ;.3N982% 1&�(2/	�<��	N�M	��#;'��%��4�
�%#P;���K3M1&��#.;8�
 	��#;'��%��4�+�(8��1&�0%<�9%�$(%	P%&�#1)�+950;5�%#P;���K3M#;#/ 1�4/
!)�����%#P;;& '��%/.	 "#$'��%"-P/"�/#;#/,<.����./	��0��R/��	
8��	���	P6��	�� ;�/��4� !R/
,5./,��!,��.
<�/+	#5� ; +95%&	��#;'��%��4�+�.�,��"#$.3N982% 	��#;'��%��4�1&��#.;8�
,<.
'3N8���%#P;���K3M 7;
�J��$+�(8��.�	��1&��5.�"#$"95/;5�
	��,�	";;"#$�R�/#%+�(8��1&�"95/ 
�V./	��.3N982% "#$"(/";;;5�
	�����/"(/ (�%����<�
��	���#�# ,"#$'3N8��0;5;&-R4� 
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����� 5 

 

�7� 

 
 1. 	��#;'��%��4��%#P;���K3M������	
��1�4/��	;5�
	��,�	";; "#$	���R�/#%�<�%	�6
	��,�	";;13	� K& +�	���R	��(�%���+�5#;'��%��4��%#P;���K3M 7;
+95�%#P;���K3M1&�%&!)�����%#P;;&
"#$%&'3N8��;& 7;
%&'��%/.	 90% -R4�0� %&'��%"-P/"�/(2/7;
%&'��%/.	9#�/��</.�
3 80% -R4�0�  
 
 2. �%#P;���K3M������	
��'<.�-5�/.<.�09�,<..�,��	��#;'��%��4� "#$.3N982% 
	��#;'��%��4�!R/'���$��/0%<+95%&.3N982% 0%<�	 � 43 ºO "#$%&.�,��	��#;'��%��4�+�.�,�� 0.3% 
,<.����7%/  
 
 3. 	��#;'��%��4�+950;5�%#P;���K3M������	
��1&�%&'3N8��;& '��,�	";;1�4/��	%&
	�����/"(/ 0%<+95%&.3N982% 1&�(2/�	 �0� "#$��	�2	"(/7;
,�/  9�	0%<%&1&�,�	1&�(�%���	��'��%��4�
0;5'��,�	";;
	+95(2/!�	��4�; � "#$9�	!)�����,5./�R�/#%+�95./ ,5./�$��/0%<+95����	 � 2 ���  
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