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�	����� � 
 

�	
����
	$�&�$'���
�����#H��	�$�(%��/� Colorimetric 
 

��.��	
  
 

!��

��'�
���$!(�$7�	�&��	�)�'�9� colorimetric :-���9�����)� Young 7�$Conway 
(1994) �*���)� Chen 7�$ Gomes (1995) 7�$ Abdulrak 7�$ Fujihara (1999) ��� �$���    
�$7�	�&��	+	
�)������'��
,*�,*	�#�	= �����>!?6�� 100 ��%�
:�
:��� �$7�	�&��	�$����

��	�6
��� (urea) 7�$ glyoxyric acid :-������~�
�����
�� phenylhydrazine hydrocloride  +	
;�;��&,��
�) phenylhydrazone ;��&?�>�(���")*�$��6#+	�6�,��������+!*��"�#
�K���)*'� 
potassium hexacyanoferrate 
�����#�	�#������ 522 	��	
�&� 

 
�	
��d�
.��%!	�#H��	�$�������	�	����
	$�& 
 

1.  &�'��#�������'$����'��'���
��&'(&*��"�#�	
��j�	�6� 
2.  �����'$���

5����$&*��
&��
�):��\�'��
 10 
���(
:5	&( 
����+!*�����'$�� pH

��$��> 3 ��	�-
�����>�����'$7�$�����>
�)���+�* 
3.  
��������'$)*'�;*�,�'���7�$
�����������'$)*'�	���
���	+	��&���#'	 4 ��&�  

&#������'$ 1 
���
��� 7�$ 20 ��&�&#������'$ 1 
���
��� +	7
$7�$�� &�����)�� !���
������
�����'$ 4-5 
�#� 
����"�#+!*

�)&$
�	+	,>$

5� 

4. 

5�&�'��#�������'$"'*�����>!?6�� �20 ��%�
:�
:��� �	
'#��$���
��'�
���$!(  
 
�	
��������"����	
����
	$�& 
 

 �$7�	�&��	 ���8�� Merck Co.,Ltd 
 NaOH 0.5 	��(��� 
 NaOH 0.01 	��(��� 
 HCl 0.5 	��(��� 
 HCl conc 
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 Phenylhydrazine hydrochoride 0.33  
���(
:5	&(  
 Potassium hexacyanoferrate 0.05 	��(��� 
 7��
�x��(  40  
���(
:5	&( 
 
�)#�
G& 

1. 
������ Spectrophotometer 
2. water bath 
3. �#��	���
�5	 
4. 	���
���	 
5. ,')'�)�����&� 
6. ��
�& 
7. !��)�)��� 
8. ��


��( 
9. 7�#�7
*'�	��� 
10. 
�$)�8��&��� 
11. 
���������� 
12. &6*7�#7,5� 

 
�	
�$�	%�	

l	��$'���
��� 
 
 
&��������$�����&�}�	 �$7�	�&��	�'��
,*�,*	 100 �����
���/��&� ��
	��	
������
+!*���'��
,*�,*	 10, 20, 30, 40, 50 7�$ 60  �����
���&#���&� )��	�� 
 1. �����$7�	�&��	 50 �����
��� +�#+	,')'�)�����&� 500 �������&� ����$���)*'� 
NaOH 0.01 	��(��� �����&� 100 �������&� ��
	��	���������&�)*'�	���
���	 
 2. 
&���� working standard �'��
,*�,*	 10, 20, 30, 40, 50 7�$ 60 �����
���&#���&�
�)���
�&����$�����
,*� 1 �����&� 5, 10, 15, 20, 25 7�$ 30 �������&� +�#+	,')'�)�����&� 
,	�) 50 �������&� 7�$���������&�)*'�	���
���	 
 3. 	�� working standards ���")*

5�+	&6*7�#7,5� 
����&*��
��+�* +!*���
����#	!�����#������
"'*+!*�$���  
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 ����

$�.� 
 

1.  	��7��
�x��( 40 
���(
:5	&( 7�#������>!?6�� �20 ��%�
:�
:���
��	
'�� 1 ��	 
#�	
���
��'�
���$!( 

2.  	�� HCl conc  7�#7,5������>!?6�� -20 ��%�
:�
:��� 
#�	����$
�������
��'�
���$!( 
3. ����$��� phenylhydrazine hydrocloride 7�$ potassium hexacyanoferrate 

�$&*��
&����'�	&#�'�	 �)��$&*��7�#
�5	
#�	���
��'�
���$!( 
 

��
&���� phenylhydrazine hydrocloride ���")*�)����� phenylhydrazine hydrocloride 

0.1663 
��� +�#+	,')'�)�����&�,	�) 50 �������&� 7�*'���������&�)*'�	���
���	 �#'	
��
&���� 
potassium hexacyanoferrate ���
�#	
)��'
�	
��
��
&���� phenylhydrazine hydrocloride 
�)�+�*�����> 0.835 
��� 

 
 ��/��	
����
	$�& 
 
 
�$�'	'�
���$!(�)�'�9�	�� &*��
��������)'�
@&�,��
'��&#�
��

�)�~�
�����+	
���#�	
�#�,�� standards 7�$ optical density ,��&�'��#���$&*��+�*�$�$
'��+!*	*�������)
�#�����$   
���")* :-���$&*�����
#�	
'����� optical density �$�)�� :-��+	
�����
��'�
���$!(7&#�$�����&*��    
"�#

�	 10 &�'��#�� 7�$+	
��'�)�#�,�� standards 7�$ blank �$+�*	���
���	+	
���)��� 
 

 1.  ��
�&&�'��#��/standards/	���
���	 (blank) 1 �������&� +�#+	!��)�)���,	�)         
15 �������&� 

 2.  
&��	���
���	 5 �������&�  
 3.  
&�� NaOH 0.5 	��(��� �����&� 1 �������&� 
 4.  �	����$���+	!��)�)���+!*
,*�
�	 
 5.   	��!��)�)�����
 ,*� 4 ������������$���"�&*�+	 water bath �����>!?6�� 100 ��%�-


:�
:��� 
��	
'��  7 	��� 
 6.  ��
	��		��!��)�)�����
 ,*� 5 "�7�#+		���
�5	
��	
'�� 5 	��� 
 7.  +	7&#�$!��)�)���+!*
&�� HCl 0.5 	��(��� �����&� 1 �������&� 7�*''�)�#� pH 

+!*��6#�$!'#�� 2-3  



 

 

55 

 8.  
&������$��� phenylhydrazine hydrochloride 5 �������&� �	+!*
,*�
�	7�*'&*�+	
water bath 7 	��� 

 9.  ��
	��	�*��!��)�)�����
 water bath "�7�#+	�#��7��
�x��( (alcohol bath) 
:-��7�#7,5������>!?6�� - 20  ��%�
:�
:��� 
��	
'����#��	*�� 2 	���  

10. ��
�& HCl conc 3 �������&� 7�$ potassium hexacyanoferrate 1 �������&�  
11. �	+!*
,*�
�	 7�*'
�+�# cuvetted �����&� 4.5 �������&� &�������"'*�����>!?6��!*��	�	

20 	��� 
12. �#�	�#�
��)6)
��	7������'����'����	 522 	��	
�&� �������� �����)+	
���#�	�#� 

optical density ,��&�'��#�� 7�$ standards �$&*�������#���')
�5'�����)
�#�����$���")* (
���$��
����$
���	!��"�) 

 
��	%��
) 
 

 *   +	
��'�
���$!(�����7�
 K*�&*��
���)��� pH ����$
&�� HCl ��
,-�	 
 *   ,��	&�	��� 5 7�$ 8 !�


�)�~�
������*�+!*
�$&�*	�~�
������)�
��
������>!?6��,��

water bath +!*�6�,-�	")* 
 *   ,��	&�	��� 6 !�
��>!?6��,������$����)���*�

�	"�+!*���
���)��>!?6��,��    

	���
�5	�)�
&��7��
�x��(��"�;�� �$�#'�+!*����$�������>!?6���)&�����")*
�5',-�	 
  **  ,��	&�	��� 8-12 �$&*�������#��&#�
	���� 
  
 �	
��	��G 
 
       ���	'>�'��
,*�,*	 (�����
���&#���&�) ,��&�'��#�� �)�+�*��
��
�*	��*���&�}�	 
�����K%-
8��!�����	9(�$!'#���'��
,*�,*	,�� �$7�	�&��	 (7
	 X) 
�� optical density   
(7
	 Y) �'��
,*�,*	,���$7�	�&��	+	&�'��#�� (��������&#���&�) 7�$�����K���	'>    
�'��
,*�,*	��
	���!	�
��
�
��,���$7�	�&��	 (158) 
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��.��	
��	��G�	#
��	G�	
 .���� ����)�.�/&���
�� 
 


.��%!	�  ��	���!	�
 275 
���
��� ,�������'$1.442 ��&�&#�'�	 :-��
��'�
���$!(         
�$7�	�&��	7�$
�)�6��
+	�����'$ ��'#� �����'$ 1 ��&���$
��)*'��$7�	�&��	 3,652.11 
�����
��� 
�)�6��
 325.60 �����
��� �����K���	'>�����>
��,����
,���$7�	�&��	  

�)�6��
 �	���	9(��'��	 7�$����	����("	�&�
�	")*)��	�� 

 

1. #
��	G�	
 .���� ���$'���
��� 
  
 1.1)  ��	��G#
��	G�$'���
��� (������
.�/�.�)  
 =�����>�$7�	�&��	+	�����'$ (�����
���/��&�/'�	) x �����>�����'$����!�) 

(��&�) 
 =3,652.11 x 1.442 = 5,267.81  �����
���/'�	 
 
1.2)  #
��	G�$'���
��� (��������/�.�) 

=�����>�$7�	�&��	+	�����'$ (�����
���/'�	)/	���!	�
��
�
��,���$7�	�&��	 
(158)  
  =5,267.812/158  

          =33.341 ��������/'�	 
 
 1.3)  ��	��G#
��	G�$'���
��� (��������/�����
.����	��.���'������/�.�) 

        =33.341/(	���!	�
&�'�� 0.75) = 33.341/(2750.75)  
          =0.494 ��������/
���
���	���!	�

�7�����
/'�	 

 
2. #
��	G�	
 .���� ���
(%+
��  
 
   2.1)  ��	��G#
��	G�
(%+
�� (������
.�/�.�) 

        =�����>
�)�6��
+	�����'$ (�����
���/��&�/'�	) x �����'$����!�) (��&�)  
        =325.60 x 1.442 = 469.649 �����
���/'�	 
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 2.2)  #
��	G�
(%+
�� (��������/�.�) 
          =�����>
�)�6��
+	�����'$ (�����
���/'�	)/	���!	�
��
�
��,��
�)�6��
 (168) 
          =469.649/168 = 2.796 ��������/'�	 
 
 2.3)  #
��	G�
(%+
�� (��������/�����
.����	��.���'������/�.�) 
        =2.796/(	���!	�
&�'�� 0.75) =  2.796/(2750.75)  
          =0.041 ��������/
���
���	���!	�

�7�����
/'�	 

 
3. #
��	G�	
 .���� ����)�.�/&���
�� 
 

 3.1)  ��	��G#
��	G�	
 .���� ����)�.�/&���
�� (��������/�.�) 
          =�����>�$7�	�&��	+	�����'$ (��������/'�	) + �����>
�)�6��
+	�����'$              

(��������/'�	) 
          =33.341 + 2.796 = 36.137 ��������/'�	 

 
           3.2)  #
��	G�	
 .���� ����)�.�/&���
�� (��������/�����
.����	��.���'�-   
�����/�.�) 

          =�����>�$7�	�&��	 (��������/
���
���	���!	�

�7�����
/'�	) + �����>   

�)�6��
 (��������/
���
���	���!	�

�7�����
/'�	) 

          =0.494 + 0.041 = 0.535 ��������/
���
���	���!	�

�7�����
/'�	 
 
4. �	
�.���
	$�&�)����
�%&*��

��� (Microbial Nitrogen, MN) 
 

 4.1)  ���
�����(+(,-������	*�� (X, ��������/�.�) 
        X =(Y/0.85) - (0.30 W 0.75) (Pimpa et al., 2001) 
           =(36.137/0.85) - (20.26) 
           = 22.25 ��������/'�	           
             
���� Y = 
��,����
,���	���	9(��'��	+	�����'$ (��������/'�	) 
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 4.2)  �	
�.���
	$�&�)����
�%&*��

��� (�
.�*��

���/�.�) 
        =[X (��������/'�	) x 70] / [0.073 x 0.83 x 1,000] (Pimpa, 2002) 
        =[22.25 x 70] / [60.59] = 25.71 
���"	�&�
�	/'�	 

             
���� X = ��'��	���)6):-� (��������/'�	) 
 

#H��.%�������%� ����.��	
�.(#
��	G�)����
�%&���
$��	$
+����(%�"���)�.�/&���
����   
���	#H��	�$ 
 

1 
���#��")*,������	����(��'��	���#�
�#�
�� 0.83 (Chen and Gomez, 1995) 
2 �#�"	�&�
�	+	��'��	���#�
�#�
�� 70 �����
���"	�&�
�	&#��������� 
3 ��)�#'	,����'��	"	�&�
�	+	����	����(�'���

�$
��$�6
�	���#�
�#�
�� 11.6 : 100 
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�	�����   
 


	
	��	
����
	$�& ���+��	��J�
� 
 

	
	��	�������� 1 ;�
��'�
���$!(�'��7����'	�����>! *����7���6����7!*����
�	")* 

(
���
���'�&K�7!*�&#�&�'&#�'�	) ,�������	
����?��+&*
�%;6*���")*���
! *����7���6����7!*�7�$��!��,*	
����;�����")*������:
)���-  
���"�)(7�$
�)	�'�����
 

     
SOURCE DF SS MS F 

PERIOD 4 3.726 0.931 7.72 ** 
COW 4 2.826 0.707 5.85 ** 
TRT 4 0.606 0.151 1.25 ns 
ERROR 12 1.440 0.121  
TOTAL 24 8.607   
                                                                 CV = 8.703% 
 

	
	��	�������� 2 ;�
��'�
���$!(�'��7����'	�����>! *����7���6����7!*����
�	")*  

(
���(
:5	&(	���!	�
&#�&�'&#�'�	) ,�������	
����?��+&*
�%;6*���")*���
! *����7���6����7!*�7�$��!��,*	
����;�����")*������:
)���-   
���"�)(7�$
�)	�'�����
 

 
SOURCE DF SS MS F 

PERIOD 4 0.635 0.159 12.04**  
COW 4 0.818 0.204 15.48** 
TRT 4 0.089 0.022 1.69 ns 
ERROR 12 0.158 0.013  

TOTAL 24 1.701   
                                                            CV =8.538%  
 



 

 

60 


	
	��	�������� 3 ;�
��'�
���$!(�'��7����'	�����>! *����7���6����7!*����
�	")*  
(
���
���'�&K�7!*�&#�
���
���	���!	�

�7�����
&#�&�'&#�'�	) ,��     
�����	
����?��+&*
�%;6*���")*���! *����7���6����7!*�7�$��!��,*	

����;�����")*������:
)������"�)(7�$
�)	�'�����
 

 
SOURCE DF SS MS F 

PERIOD 4 979.317 244.829 10.68 ** 
COW 4 1062.640 265.660 11.59 ** 
TRT 4 146.520 36.630 1.60 ns 
ERROR 12 275.168 22.931  

TOTAL 24 2463.645   
CV = 8.578% 

 
 


	
	��	�������� 4 ;�
��'�
���$!(�'��7����'	�����>��!��,*	���
�	")* (
���
���     
'�&K�7!*�&#�&�'&#�'�	) ,�������	
����?��+&*
�%;6*���")*���! *����7��-
�6����7!*�7�$��!��,*	
����;�����")*������:
)������"�)(7�$     

�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 0.0010 0.0002    1.68 ns 
COW 4 1.4003 0.3501 2397.71** 
TRT 4 0.0943 0.0.236 161.55** 
ERROR 12 0.0017 0.0001  
TOTAL 24 1.4973   

CV = 0.471% 
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	��	�������� 5 ;�
��'�
���$!(�'��7����'	�����>��!��,*	���
�	")* (
���(
:5	&(

	���!	�
&�'&#�'�	)  ,�������	
����?��+&*
�%;6*���")*���! *����7���6����-
7!* �7�$��!��,*	
����;�����")*����� �: 
)������"�)(7�$            

�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 0.013 0.003 50.22** 
COW 4 0.001 0.000 4.13** 
TRT 4 0.011 0.003 42.73** 
ERROR 12 0.001 0.000  
TOTAL 24 0.026   

 CV =0.936%  
 
 

	
	��	�������� 6 ;�
��'�
���$!(�'��7����'	�����>��!��,*	���
�	")* (
���
���        

'�&K�7!*�&#�
���
���	���!	�

�7�����
&#�&�'&#�'�	) ,�������	
����
?��+&* 
�%;6*��� ")* ���! *����7���6����7!*�7�$��!��,*	
����           
;�����")*������:
)������"�)(7�$
�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 12.7235 3.1809 49.54** 
COW 4 19.5729 4.8932 76.21** 
TRT 4 18.9252 4.7313 73.69** 
ERROR 12 0.7704 0.0642  
TOTAL 24 51.9920   

 CV = 0.7132% 
 

 



 

 

62 


	
	��	�������� 7 ;�
��'� 
���$!(�'��7����'	�����>��!�����
�	")*��� �!�) 
(
���
���'�&K�7!*�&#�&�'&#�'�	) ,�������	
����?��+&*
�%;6*���")*���! *�- 
���7���6����7!*�7�$��!��,*	
����;�����")*������:
)������"�)( 
7�$
�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 3.7355 0.9339 7.02** 
COW 4 4.1786 1.0446 8.75** 
TRT 4 1.0380 0.2595 2.17 ns 
ERROR 12 1.4324 0.1194  
TOTAL 24 10.3845   

CV =  5.272% 
 
 

	
	��	�������� 8 ;�
��'� 
���$!(�'��7����'	�����>��!�����
�	")*��� �!�) 

(
���(
:5	&(	���!	�
&�'&#�'�	) ,�������	
����?��+&*
�%;6*���")*���! *�-     
���7���6����7!*�7�$��!��,*	
����;�����")*������:
)������"�)( 
7�$
�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 0.789 0.197 15.07** 
COW 4 0.825 0.205 15.65** 
TRT 4 0.140 0.035 2.67 ns 
ERROR 12 0.157 0.013  
TOTAL 24 1.908   

CV =5.200%  
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	��	�������� 9 ;�
��'� 
���$!(�'��7����'	�����>��!����� �!�)���
�	")* 
(
���
���'�&K�7!*�&#�
���
���	���!	�

�7�����
&#�&�'&#�'�	) ,��            
�����	
����?��+&* 
�%;6*���")*���! *����7���6����7!*�7�$��!��,*	
����  
;�����")*������:
)������"�)(7�$
�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 1171.5934 292.8963 12.90** 
COW 4 921.3296 230.3324 10.14** 
TRT 4 231.3675 57.8419 2.55 ns 
ERROR 12 272.5154 22.7096  
TOTAL 24 2596.8058   

CV =  5.217% 
 
 

	
	��	�������� 10 ;�
��'�
���$!(�'��7����'	�����>��	����'�&K����
�	")*��
! *�- 

���7���6����7!*� (
���
���&#�&�'&#�'�	)  ,�������	
����?��+&*
�%;6*         
��� ")*���! *����7���6����7!*�7�$��!��,*	
����;�����")*�����    
�:
)������"�)(7�$
�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 1.3020 0.3255 15.48** 
COW 4 1.2729 0.3182 15.13** 
TRT 4 0.0995 0.0248 0.18** 
ERROR 12 1.4121 0.1177  
TOTAL 24 8.8614   

CV =  9.445% 
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	��	�������� 11 ;�
��'�
���$!(�'��7����'	�����>��	����'�&K����
�	")*��
! *�- 
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SOURCE DF SS MS F 
PERIOD 4 1062.1798 265.5450 11.37** 
COW 4 1108.9707 277.2427 11.87** 
TRT 4 139.2686 34.8172 1.49 ns 
ERROR 12 280.1939 23.3495  
TOTAL 24 2590.6130   

CV =  9.518% 
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SOURCE DF SS MS F 
PERIOD 4 767.0420 191.7605 1.32** 
COW 4 28158.9847 7039.7462 48.42** 
TRT 4 1618.6078 404.6520 2.78** 
ERROR 12 1744.6374 145.3864  
TOTAL 24 32289.2719   

  CV =  3.227% 
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SOURCE DF SS MS F 
PERIOD 4 0.3103 0.0776 2.46** 
COW 4 0.3615 0.0904 2.86** 
TRT 4 0.2481 0.0620 1.96* 
ERROR 12 0.3790 0.0316  
TOTAL 24 1.2988   

CV =  3.434% 
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SOURCE DF SS MS F 
PERIOD 4 10575.1496 2643.7874 7.91** 
COW 4 29328.9872 7332.2468 21.93** 
TRT 4 3459.9042 864.9760 2.59 ns 
ERROR 12 4012.9348 334.411  
TOTAL 24 47376.9758   

CV =  3.622% 
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SOURCE DF SS MS F 
PERIOD 4 1.8192 0.4548 6.80** 
COW 4 0.9595 0.2399 3.59** 
TRT 4 0.5156 0.1289 1.93 ns 
ERROR 12 0.8026  0.0669  
TOTAL 24 4.0970   

CV =  3.694% 
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SOURCE DF SS MS F 
PERIOD 4 7560.6118 1890.1530 17.20** 
COW 4 3068.5040 767.1260 6.98** 
TRT 4 598.2726 149.5682 1.36 ns 
ERROR 12 1318.9689 109.9141  
TOTAL 24 12546.3574   
                                                            CV =  7.994% 

 
  
 



 

 

67 


	
	��	�������� 17 ;�
��'�
���$!(�'��7����'	�����>���&�	�'����
�	")*��
! *�-    
���7���6����7!*� (
���&#�
���
���	���!	�

�7�����
&#�&�'&#�'�	) ,��    
�����	
����?��+&*
�%;6*���")*���! *����7���6����7!*�7�$��!��,*	
����   
;�����")*������:
)������"�)(7�$
�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 0.0115 0.0029 3.34** 
COW 4 0.0289 0.0072 8.41** 
TRT 4 0.0081 0.0020 2.36 ns 
ERROR 12 0.2524 0.0210  
TOTAL 24 2.9269   

   %CV =  7.932 
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SOURCE DF SS MS F 
PERIOD 4 767.420 191.7605 1.32 ns 
COW 4 28158.9847 7039.76.62 48.42** 
TRT 4 1618.6078 404.6520 2.78 ns 
ERROR 12 1744.6373 145.3864  
TOTAL 24 32289.2719   

   %CV = 3.227 
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SOURCE DF SS MS F 
PERIOD 4 3.4197 0.8549 5.75 ns 
COW 4 1.2726 0.3192 2.14 ns 
TRT 4 1.4620 0.3655 2.46 ns 
ERROR 12 1.7836 0.1486  
TOTAL 24 7.9379   

CV =3.434%  
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SOURCE DF SS MS F 
PERIOD 4 2.1759 0.5440 17.29** 
COW 4 0.6422 0.1606 5.10** 
TRT 4 0.2186 0.0547 1.74 ns 
ERROR 12 0.3774 0.0315  
TOTAL 24 3.4142   

   %CV =  8.3735 
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SOURCE DF SS MS F 
PERIOD 4 535.7757 133.9439 20.90** 
COW 4 258.8810 64.7202 10.10* 
TRT 4 50.0056 12.5014 1.95 ns 
ERROR 12 76.9177 6.4098  
TOTAL 24 921.5799   

   %CV =  8.555 
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SOURCE DF SS MS F 
PERIOD 4 2.1033 0.5258 8.19** 
COW 4 1.4885 0.3721 5.80** 
TRT 4 0.3304 0.0826 1.29 ns 
ERROR 12 0.7704   
TOTAL 24 4.6927   

   %CV =  9.423 
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SOURCE DF SS MS F 
PERIOD 4 549.4925 137.3731 10.86** 
COW 4 605.2668 151.3167 11.96** 
TRT 4 75.2147 18.8037 1.49 ns 
ERROR 12 151.7672 102.4978  
TOTAL 24 1381.7411 12.6473  

CV =9.466%   
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SOURCE DF SS MS F 
PERIOD 4 0.0360 0.0090 6.69** 
COW 4 0.1125 0.0281 20.89** 
TRT 4 0.0087 0.0022 1.62 ns 
ERROR 12 0.0162 0.0013  
TOTAL 24 0.1734   

   %CV =  4.870 
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SOURCE DF SS MS F 
PERIOD 4 11.0955 2.7739 11.41** 
COW 4 3.2842 0.8211 3.38* 
TRT 4 1.3980 0.3495 1.44 ns 
ERROR 12 2.9163 0.243  
TOTAL 24 18.6940   

   %CV =  4.751 
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SOURCE DF SS MS F 
PERIOD 4 2.6240 0.6560 10.68** 
COW 4 1.5607 0.3902 6.35** 
TRT 4 0.2953 0.0738 1.20 ns 
ERROR 12 0.7372 0.0614  
TOTAL 24 5.2173   

   %CV =  7.212 
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SOURCE DF SS MS F 
PERIOD 4 711.2606 177.8152 14.87** 
COW 4 602.2359 150.5590 12.59** 
TRT 4 65.8378 16.4595 1.38 ns 
ERROR 12 143.5175 11.9580  
TOTAL 24 1522.8518   

    %CV =  7.213 
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SOURCE DF SS MS F 
PERIOD 4 1.9196 0.4799 15.99** 
COW 4 0.6576 0.1644 5.48** 
TRT 4 0.1504 0.0376 1.25 ns 
ERROR 12 0.3601 0.0300  
TOTAL 24 3.0877   

   %CV = 10.016 
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SOURCE DF SS MS F 
PERIOD 4 459.3773 114.8443 19.20** 
COW 4 261.5610 65.3902 10.93** 
TRT 4 37.2918 9.3229 1.56 ns 
ERROR 12 71.7851 5.9821  
TOTAL 24 830.0152   

   %CV =  10.111 
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SOURCE DF SS MS F 
PERIOD 4 0.0115 0.0029 3.34* 
COW 4 0.0289 0.0072 8.41** 
TRT 4 0.0081 0.0020 2.36 ns 
ERROR 12 0.0103 0.0009  
TOTAL 24 0.0589   

   %CV =  7.515 
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SOURCE DF SS MS F 
PERIOD 4 3.4197 0.8549 5.75** 
COW 4 1.2726 0.3182 2.14 ns 
TRT 4 1.4620 0.3655 2.46 ns 
ERROR 12 1.7836 0.1486  
TOTAL 24 7.9379   

   %CV =  7.137 
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SOURCE DF SS MS F 
PERIOD 4 2.1760 0.5440 17.29** 
COW 4 0.6422 0.1606 5.10* 
TRT 4 0.2186 0.0547 1.74 ns 
ERROR 12 0.3774 0.0315  
TOTAL 24 3.4142   

   %CV =  8.374 
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SOURCE DF SS MS F 
PERIOD 4 535.7757 133.9439 20.90** 
COW 4 258.8810 64.7202 10.10** 
TRT 4 50.0056 12.5014 1.95 ns 
ERROR 12 76.9177 6.4098  
TOTAL 24 921.5799   

   %CV =  8.555 
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SOURCE DF SS MS F 
PERIOD 4 29.7417 7.4354 0.98 ns 
COW 4 44.1852 11.0463 1.45 ns 
TRT 4 61.6221 15.4055 2.03 ns 
ERROR 12 91.1807 7.5984  
TOTAL 24 226.7297   

   %CV =  4.432 
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SOURCE DF SS MS F 
PERIOD 4 33.7359 8.3590 1.06 ns 
COW 4 36.3315 9.0829 1.15 ns 
TRT 4 44.6655 11.1664 1.42 ns 
ERROR 12 94.6204 7.8850  
TOTAL 24 209.0533   

   %CV =  4.259 
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SOURCE DF SS MS F 
PERIOD 4 171.3915 42.8479 5.75** 
COW 4 73.0413 18.2603 2.45 ns 
TRT 4 31.3729 7.8432 1.05 ns 
ERROR 12 89.3962 7.4497  
TOTAL 24 365.2019   

    0%CV = 4.75 
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SOURCE DF SS MS F 
PERIOD 4 230.1785 57.5776 4.48** 
COW 4 103.8995 25.9749 2.02 ns 
TRT 4 62.9889 15.7472 1.23 ns 
ERROR 12 154.0660 12.8388  
TOTAL 24 551.1329   

   %CV =  6.365 
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SOURCE DF SS MS F 
PERIOD 4 771.4883 192.8721 12.14** 
COW 4 113.5222 28.3806 1.79 ns 
TRT 4 111.2980 27.8245 1.75 ns 
ERROR 12 190.6003 15.8834  
TOTAL 24 1186.9088   

   %CV =  7.814 
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SOURCE DF SS MS F 
PERIOD 4 23.0791 5.7707 0.75 ns 
COW 4 35.7629 8.9407 1.16 ns 
TRT 4 82.4265 20.6066 2.67 ns 
ERROR 12 92.4784 7.7065  
TOTAL 24 233.7469   

   %CV =  4.658 
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SOURCE DF SS MS F 
PERIOD 4 2.6366 0.6591 4.74* 
COW 4 2.0545 0.5136 3.69* 
TRT 4 0.7319 0.1830 1.32 ns 
ERROR 12 1.6684 0.1390  
TOTAL 24 7.0915   

CV =9.784%   
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SOURCE DF SS MS F 
PERIOD 4 0.0003 0.0001 1.82 ns 
COW 4 0.0008 0.0002 3.91** 
TRT 4 0.0003 0.0000 1.25 ns 
ERROR 12 0.0006 0.0000  
TOTAL 24 0.0021   

   %CV =  13.745 
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SOURCE DF SS MS F 
PERIOD 4 14691.0003 3672.7498 8.72** 
COW 4 12784.1525 3196.0381 7.59** 
TRT 4 3183.5981 795.8995 1.89 ns 
ERROR 12 5054.4280 421.2023  
TOTAL 24 35713.1779   

   %CV =  7.894 
  
 
 

 



 

 

80 


	
	��	�������� 43 ;�
��'�
���$!(�'��7����'	�����>���&�	�'�����#��")* (
���          
&#�
���
���	���!	�

�7�����
&#�&�'&#�'�	) ,�������	
����?��+&*  

�%;6*���")*���! *����7���6����7!*�7�$��!��,*	
����;�����")*�����
�:
)������"�)(7�$
�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 3.1712 0.7928 8.31** 
COW 4 0.8671 0.2168 2.27 ns 
TRT 4 1.1569 0.2892 3.03 ns 
ERROR 12 1.1443 0.0954  
TOTAL 24 6.3396   

CV=8.696%  
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SOURCE DF SS MS F 
PERIOD 4 2.0835 0.5209 3.63* 
COW 4 2.5349 0.6337 4.41* 
TRT 4 0.7372 0.1843 1.28 ns 
ERROR 12 1.7242 0.1437  

TOTAL 24 7.0798   
CV=9.248%  
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SOURCE DF SS MS F 
PERIOD 4 0.0005 0.0001 3.04 
COW 4 0.0007 0.0002 3.89** 
TRT 4 0.0003 0.0001 1.56 ns 
ERROR 12 0.0006 0.0000  
TOTAL 24 0.0022   

   %CV =12.198 
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SOURCE DF SS MS F 
PERIOD 4 193.5675 48.3919 17.22 ** 
COW 4 78.6067 19.6517 6.99 * 
TRT 4 15.3180 3.8295 1.36 ns 
ERROR 12 33.7309 2.8010  
TOTAL 24 321.2230   

CV =7.990%   
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SOURCE DF SS MS F 
PERIOD 4 0.0339 0.0085 16.91** 
COW 4 0.0328 0.0082 16.37** 
TRT 4 0.0025 0.0006 1.27 ns 
ERROR 12 0.0060 0.0005  
TOTAL 24 0.0752   

CV = 7.621%  
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SOURCE DF SS MS F 
PERIOD 4 19.6407 4.9102 1.32 ns 
COW 4 720.8104 180.2026 48.40** 
TRT 4 41.4466 10.3616 2.78 ns 
ERROR 12 44.6560 3.7230  
TOTAL 24 826.5737   

CV = 3.227%   
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SOURCE DF SS MS F 
PERIOD 4 0.0083 0.0021 2.43 ns 
COW 4 0.0090 0.0022 2.76 ns 
TRT 4 0.0062 0.0016 1.95 ns 
ERROR 12 0.0094 0.0008  
TOTAL 24 0.0329   

CV = 3.382%   
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SOURCE DF SS MS F 
PERIOD 4 270.8515 67.7129 7.91* 
COW 4 750.9395 187.7349 21.93** 
TRT 4 88.5937 22.1484 2.59 ns 
ERROR 12 102.7954 8.5663  
TOTAL 24 1213.1800   

   %CV = 3.623 
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SOURCE DF SS MS F 
PERIOD 4 0.0481 0.0120 7.19* 
COW 4 0.0251 0.0063 3.76* 
TRT 4 0.0135 0.0034 2.01 ns 
ERROR 12 0.0201 0.0017  
TOTAL 24 0.1068   

CV= 3.649%  
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SOURCE DF SS MS F 
PERIOD 4 29.5465 7.3866 1.76 ns 
COW 4 54.0122 13.5030 3.21 ns 
TRT 4 7.7608 1.9402 0.46 ns 
ERROR 12 50.4434 4.2036  
TOTAL 24 141.7628   

   %CV =  5.997 
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SOURCE DF SS MS F 
PERIOD 4 0.0143 0.0036 3.63* 
COW 4 0.0192 0.0048 4.89* 
TRT 4 0.0011 0.0003 0.27 ns 
ERROR 12 0.0118 0.0010  
TOTAL 24 0.0464   

CV = 6.588%   
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SOURCE DF SS MS F 
PERIOD 4 21.2562 5.3140 0.79 ns 
COW 4 140.0189 35.0047 5.17* 
TRT 4 16.2667 4.0667 0.60 ns 
ERROR 12 81.1767 6.7647  
TOTAL 24 258.7185   

CV = 19.148%   
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SOURCE DF SS MS F 
PERIOD 4 0.0032 0.0008 0.66 ns 
COW 4 0.0127 0.0032 2.59 ns 
TRT 4 0.0031 0.0008 0.64 ns 
ERROR 12 0.0147 0.0012  
TOTAL 24 0.0337   

   %CV = 18.679 
 
 

	
	��	�������� 56 ;�
��'�
���$!(�'��7����'	�����>"	�&�
�	���,����
����6�7�$ 

�����'$ (
���&#�&�'&#�'�	) ,�������	
����?��+&*
�%;6*")*���! *�- 
���7���6����7!*�7�$��!��,*	
����;�����")*������:
)������"�)(      
7�$
�)	�'�����
 

 
SOURCE DF SS MS F 
PERIOD 4 41.3681 10.3420 1.20 ns 
COW 4 250.9500 62.7375 7.26** 
TRT 4 8.9587 2.2397 0.26 ns 
ERROR 12 103.7203 8.6434  
TOTAL 24 404.9971   

CV = 6.154%  
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SOURCE DF SS MS F 
PERIOD 4 0.0169 0.0042 3.02 ns 
COW 4 0.0042 0.0010 0.75 ns 
TRT 4 0.0012 0.0003 0.22 ns 
ERROR 12 0.0168 0.0014  
TOTAL 24 0.03910   

CV =5.643%   
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SOURCE DF SS MS F 
PERIOD 4 257.3195 64.3299 4.63* 
COW 4 21.7674 5.4418 0.39 ns 
TRT 4 21.2949 5.3237 0.38 ns 
ERROR 12 166.8582 13.9048  
TOTAL 24 467.2399   

CV =6.287%   
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SOURCE DF SS MS F 
PERIOD 4 367.8973 91.9743 6.22* 
COW 4 154.3571 38.5893 2.61 ns 
TRT 4 54.9681 13.7420 0.93 ns 
ERROR 12 177.3550 14.7796  
TOTAL 24 754.5776   

CV =11.648%   
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SOURCE DF SS MS F 
PERIOD 4 0.624 0.0156 5.47** 
COW 4 0.0123 0.0031 1.07 ns 
TRT 4 0.0091 0.0023 0.80 ns 
ERROR 12 0.0342 0.0028  
TOTAL 24 0.1181   

CV =11.641%  
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SOURCE DF SS MS F 

PERIOD 4 807.0400 201.7600 2.51 ns 
COW 4 1324.2400 331.0600 4.11 * 
TRT 4 380.2400 95.0600 1.18 ns 
ERROR 12 965.9200 80.4933  

TOTAL 24 3477.4400   
CV = 13.256%  
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SOURCE DF SS MS F 

PERIOD 4 10.8744 2.7186 9.03** 
COW 4 42.5344 10.6336 35.34** 
TRT 4 1.6264 0.4066 1.35 ns 
ERROR 12 3.6112 0.3009  

TOTAL 24 58.6464   
CV =2.983%   
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SOURCE DF SS MS F 
PERIOD 4 0.1290 0.0323 4.07* 
COW 4 0.0136 0.0034 0.43 ns 
TRT 4 0.0412 0.0103 1.30 ns  
ERROR 12 0.0952 0.0079  
TOTAL 24 0.2790   

   %CV =  17.264 
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SOURCE DF SS MS F 
PERIOD 4 0.0001 0.0000 0.21 ns 
COW 4 0.0021 0.0005 3.94* 
TRT 4 0.0014 0.0004 2.69 ns 
ERROR 12 0.0016 0.0001  
TOTAL 24 0.0053   

CV = 20.403%   
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SOURCE DF SS MS F 
PERIOD 4 0.1271 0.0318 3.72* 
COW 4 0.0206 0.0052 0.60 ns 
TRT 4 0.0391 0.0098 1.15 ns 
ERROR 12 0.1025 0.0085  
TOTAL 24 0.2895   

CV = 16.140%   
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SOURCE DF SS MS F 
PERIOD 4 1.1086 0.2771 4.75* 
COW 4 0.8687 0.2172 3.72* 
TRT 4 0.3168 0.0792 1.36 ns 
ERROR 12 0.7002 0.05835  
TOTAL 24 2.9944   

CV = 9.754%   
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SOURCE DF SS MS F 
PERIOD 4 1176.8672 294.2168 4.93* 
COW 4 173.8571 43.4643 0.73 ns 
TRT 4 296.1627 74.0407 1.24 ns 
ERROR 12 715.9203 59.6600  
TOTAL 24 2362.8073   

   %CV = 16.116 
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SOURCE DF SS MS F 
PERIOD 4 429.6274 107.4068 8.77** 
COW 4 68.3704 17.0926 1.40ns 
TRT 4 107.6810 26.9202 2.20ns 
ERROR 12 146.9226 12.2435  
TOTAL 24 752.6014   

CV =17.542 %  
 
 
 
 


