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<�	��HJ���	Hก	��>����	��� ��K����ND���	 
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Abstract 
 
Title : Study of Dripping Irrigation to find Suitable Watering Rate for Sweet Pepper  
 
By : Mr. Ditsarin Rakchat  49242001  
               Miss Solada Kongsang 49242993            
 
Project Advisor           .................................................................. 
             (Mr.Chuphan Chompuchan) 
                 ……/……/…… 

 

Sweet pepper is a nutritious vegetable and important crop in global economic. It can 
growth well in sandy loam soil with appropriate seepage drain; however, it is intolerance under 
water stress condition both deficit and excess irrigation. This research aim to study drip irrigation 
to find suitable application rate for sweet pepper. The drip irrigation was applied to sweet 
peppers, grown in pots, eight hours a day in the period of October 2009 to December 2009 with 
the different application rate of 200, 350, 500, 650 and 800 milliliters per day. The drainage water 
was measured to determine the crop evapotranspiration by water balance method.  

 
 The result showed that the drip irrigation at 200 and 350 milliliters per day could not be 
calculated by water balance method due to no drained water. While the drip irrigation at 500, 650 
and 800 milliliters per day, the crop evapotranspiration could be calculated as 8.48, 10.11 and 
8.41 millimeters per day, respectively. From the statistical test, it showed that the crop 
evapotranspiration the application rate of  500, 650 and 800 milliliters per day by are in different, 
significance level of α  = 0.05. Moreover, the average yield weight by the drip irrigation at 500 
milliliters per day was higher than others. However, the drip irrigation at 200 and 350 milliliters 
per day show no difference in the number of yield and average yield weight, comparing with the 
drip irrigation at 500 milliliters per day. Therefore, the suitable drip irrigation for sweet pepper 
should not be higher than 500 milliliters per day. 
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1. ������ 

 
 ������ก��	
���������
����������������������������� �ก���������!�"�ก��#$����ก�%	�������
&���� ��!ก�$��'���������������
���&� �ก�����������&�������("")*"!���������*"!+����ก���	$��#
$����ก�% *"!�������������!��� �ก,�'���$���'���$- .����
 (/���� �� �ก,�'���	���!	�����*"!������
�ก�!���#.��	$  (/����
 !�����0� ����.�$1.*"!&��,","�.��+'� !��ก��	�����0�ก.���*"!����!��(/�� !
�#�,"&�0/�ก���ก����ก "��.�� ก��� ก��� 	$ "��.�� ��ก*"!," ��ก��
�ก��ก��������ก��� ����.�$1. !
!��ก
�#�,"	��,","�.���&��&�#����&�.����2����� *.#0����ก��
&����$�����ก�ก��&� !���	����ก��#�,","�.
��  !�ก����ก��.�����������ก��1�+ก����#� 
  

���ก�'��������
,�ก�����+'�����+������%�34ก� 	��"����!��%���'1"ก ���	�*0$��.����*"!
��.�$�5#� ������ �ก�����0���&�	
���!1�
�)&����#����ก�������!���ก�'������ ก"���*"!��
�.����&�#
�����0	
�,","�. �ก��

�����������*��&��  *"!�����+5�+#������������1������*�"#�����"�����
6�.5����� ��ก����������� Capsicin (/�������0	
������#'���!ก�$�����$��
���&�� �>  5$��+'��
.���ก��$��1?+���ก�'�����������ก�/� *"!	���!��%&�����ก@��ก��,"�.���ก�'�������$��1?+
?��	���!��%*"!�#���ก&� ����#��.#����!��%	�������,�ก��*"!,�ก*����� 

 
���ก�'��������
�����A�����0� ����.�$1.&��	�����#'������� �!$�����&����  ������
���&�#

�����.#�ก������������	
������ก�ก�� *.#.���ก�������!��� 400 D 1,000 ��""���.� ."��G��ก�"
���!�"�ก *"!+'�	�������#���������*"!��������� (I��)����ก�'�� 1�J�*��*�#���� �J��"����5K, 2552) 
	�ก��%/ก3�+����� /�.���ก��%/ก3�ก��	�����������ก�'����'�ก��	�����*$$������ (Drip Irrigation) �����
����.��ก��	������������!��ก�$ก��� ����.�$1.������ก�'�� 
 
2. 	
��������� 

 
���������.��ก��	�����*$$������ (Drip Irrigation) �������!��ก�$ก��� ����.�$1.������ก�'�� 
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3. ������ก����ก�� 

 
������%/ก3� : ���ก�����!�"�ก	������� ���'����"���ก3.�%��.�) '������.ก��*��*�� .��$"

ก��*��*�� ����?�ก��*��*��  ���'���+��4�  
�!�!�'"�������ก����"�� : (�����ก��	�����*$$ 5"?�+) 6 .5"�+� 0/� 28 6��'�+� �.%.2552  
���65)��
���	
� : ���ก�'�� (Sweet Pepper) - (F1 Hybrid) Vega 1288   
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ก��������ก	�� 
 

�����ก��������������� 

 
������ก���	
��������	 (Consumptive Use or Evapotranspiration) %�&����������'(��)�*'+,

-./%-+01�ก����'+,%��2�3.ก-.45��0�ก�6���.����7����89,���2ก�5*
:0 2 -4:� *(�<-*���=��'+, 1 ?�� 
1. ���������'+,��	*.*7�1�ก*��A4��'����ก��	�9��-.43�B
� %��,���7��	
-�
��%833C<32%����%0�,�<3
:

?�0���'+,%)3���	
��ก'���5-.45��0�ก�6 %�+0ก:4� ก��?�0��� (Transpiration) 
2. ���������'+,�2%)01�กA�:*��5��%:���5EB
���	)������1�กA�:�������2�)
���)�����2'+,�+���

�(��0.4<321�ก���'+,%ก�2�0.4B���5%��,��1�กF�)���ก���)
��� %�+0ก:4� ก���2%)0 (Evaporation) 
 

 
 

������ 1 ������ก���	
��������	 
'+,�� : :�5.30C (2524) 

 
1�ก=��'+, 1 ������ก���	
��������	%�&����������'+,-./%-+01�ก����'+,%��2�3.ก-.45��0�ก�6���.�

���7����89,���2ก�5*
:0ก���2%)0 (Evaporation) <32ก��?�0��� (Transpiration) 
������ก���	
��������	12��ก)����
�0�9���0.4ก(5��?C��2ก�5-�?(/ 4 �04�� ?�� 
1. -=��=.����ก�6��5EB
���	 7*
<ก4 �3(����?:���
��'+,7*
�(51�ก*:���'�B0C �J�)=.��?:��	���

�����ก�6<32?:��%�K:3� %�&�B
� 
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2. ��	 7*
<ก4 	��*<32��0J�����	 %���2��	<B432	��*�+?:��B
��ก�����<BกB4��ก(� 
3. *�� 7*
<ก4 	��*���*�� ������?:��	�����*�� ?:��-����M��ก���J
�������*�� ?:��%�
��
�

���%ก3����*��)���-��'+,%�&���N�04����,� %�&�B
� 
4. ��?C��2ก�5��,�E %	4� :�O+ก���)
���<ก4��	<32?:��39ก������'+,�)
���7���<B432?�(�� P*.ก�3

%��2�3.ก ก��7M��:�*�� ก���3.ก��	?3J�*�� %�&�B
� 
 
1.  ����ก�� ������ก��������������� 
  

:�O+)�������ก���	
��������	-����M<54���ก7*
%�&� 3 ก3J4� ��2ก�5*
:0 ก��B�:1:(*������
ก���	
��������	 (ET measurements)   ก��?��:�������ก���	
��������	1�ก�
��.3�JBJ��0�:�'0� (ET 
computed from meteorological data) <32 ก����2���������ก���	
��������	1�กก���2%)01�กM�*:(* 
(ET estimated from pan evaporation) 

 
1.1 ก��B�:1:(*������ก���	
��������	 (ET measurements)  <54�7*
%�&� 2 <�:'��?��  

1.1.1 ก��B�:1:(*V*0B�� (Direct  measurement) 7*
<ก4 ก���	
M(�:(*ก���	
��������	  
(lysimeters) 89,�<54�%�&� 2 ��2%=' ?�� ��2%=':(*<557�4%ก+,0:�
��ก(5���)�(ก (non-weighing lysimeters)  
<32��2%=':(*V*0%ก+,0:�
��ก(5���)�(ก (weighing lysimeters) 

1.1.2 ก��B�:1:(*'���
�� (Indirect  measurement)  %�&�ก��:(*������%B��C��,�E'+, 
%ก+,0:�
��<3
:19�����?��:�)�������ก���	
��������	V*0��1�	
:�O+ก��-�*J3��� (Water balance) <32
:�O+ก��-�*J3�3(���� (Energy balance) 
 

1.2 ก��?��:�������ก���	
��������	1�ก�
��.3�JBJ��0�:�'0� (ET computed from 
meteorological data) %�&�:�O+ก��'+,7�47*
:(*���������'+,�2%)07�V*0B��<B412�	
�
��.3�JBJ��0�:�'0�'+,
%ก+,0:�
��ก(5ก�25:�ก���2%)0��:�%?��2)C'��-M�B�%��,�)�?:��-(��(�OCก(5ก���2%)0 <54�%�&� 3 ก3J4� 

1.2.1 :�O+?��:�������ก���	
��������	V*0�	
�
��.3�J�)=.�� (Temperature base  
estimating methods) %	4�:�O+��� Blaney-Criddle 

1.2.2 :�O+?��:�������ก���	
��������	V*0�	
�
��.3�(�-+<-���'�B0C (Radiation  
Methods) %	4� :�O+��� Makkink 

1.2.3 :�O+?��:�������ก���	
��������	V*0�	
�
��.3)3�0	��*�4:�ก(� (Combination  
methods) %	4� :�O+��� Penman 
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-�)�(5����2%'67'0 ��0��	
ก��?��:�������ก���	
��������	1�ก�
��.3�JBJ��0�:�'0�B��
<�:'����� Penman %���2�	
�
��.3'+,�+��?C��2ก�5)3�0E�04��'+,�+A3B4�ก���	
��������	���0.4��
-�ก�� A3ก��?��:�'+,7*
19��ก3
%?+0�ก(5?4�'+,:(*7*
*+ก:4�:�O+��,�E (:�5.30C , 2526) 

 
1.3 ก����2���������ก���	
��������	1�กก���2%)01�กM�*:(* (ET estimated from pan 

evaporation)  M�*:(*�2%)0M��%�&�%?��,�����)3(ก��ก����2���������ก���	
��������	1�กก���2%)01�ก
M�*:(*89,�M�*:(*�+)3�0�.�<55<32'+,�	
�����-M��+B�:1��ก�6����JBJ��0�:�'0�%�&�M�*:(*�2%)0<55 
Class A  )���M�*<55Fg�*�� 89,�%�&���B�h�������?Cก��JBJ��0�V3ก   ��ก����2���������ก���	
���
1�กM�*:(*ก���2%)0-����M'�7*
�4�0ก:4�:�O+��,�V*0ก��?��:�B��)3(กก��-�*J3���  ?4�'+,:(*7*
1�กM�*
:(*ก���2%)00(�7�4%�&�?4�%*+0:ก(5������ก���	
��������	�
����� ETo %��,��1�กก�0=�����M�*:(*ก��
�2%)0ก(53(กN�2�������A�:�
������+?:��<BกB4��ก(� 
 

2. ก��"����������ก������������������������� FAO-56  

 
 ก���	
��������	�
����� (Reference Evapotranspiration) ?��������ก��?�0����:�ก(5ก���2%)0���
1�ก��	�
�����89,��0.4��?.4��� FAO-24 7*
ก34�:M9�3(กN�2�����	�
�����:4�%�&�)/
��+?:��-.� 8-15 cm �ก
?3J�-�,�%-�� 89,�)/
��+�12B
��%�&�	4:�ก�3(�%1��/%B�5VB <32�ก?3J�%BK�����A�:*��<327�4��*��� -4:���
?.4��� FAO-56 89,�7*
��(5��J��)�4=�0)3(�ก�)�*�)
����A�:�
�����%�&���	'+,�+?:��-.� 0.12 m. �+?4�?:��
B
��'������A�:?�'+,%'4�ก(5 70 s.m-1 <32�+?4�-(���2-�'O�nก��-2'
��%'4�ก(5 0.23  

ก��?��:�������ก���	
����
�����B��:�O+��� FAO Irrigation and Drainage paper No. 56 %�&�
:�O+ก��'+,�(p����1�ก-�ก����� Penman q Monteith *(�<-*���-�ก��'+, 1 

 

)u34.01(

ee(u
273T

900
)GR(408.0

ETo
2

)as2n

+γ+∆

−
+

γ+−∆

= rrrrrrrr(-�ก��'+, 1) 

V*0'+,  
ET

o 
= Reference Evapotranspiration )��� PET [mm/day]  

   R
n 
= �������(�-+*:���'�B0C-J'O� [MJ/m2,day]  

    G = soil heat flux [MJ/m2,day]  
    T = �J�)=.�� [°C]  
    U

2 
= ?:��%�K:3�'+,?:��-.� 2 %�B� [m/sec]  

     e
s 
= ?:��*(�7������,�B(:%{3+,0���5��0�ก�6 [kPa]  
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      e
a
= ?:��*(�7����%{3+,0���5��0�ก�6 [kPa]  

                  ∆  =  ?:��	(����V?
�7������,�B(:)���V?
�?:��-(��(�OC�2):4���J�)=.��<32<��*(�  
                                            7����  (kPa  oC-1 ) 
        γ  = ?4�?�'+,���%'��?:��	��� (psychrometric constant)    (kPa  oC-1 )   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 7 

ก��� �����)ก*��� 

 

1. ����ก��� �����)ก*��� 
 

ก��'+,12%3��กก���)
���<ก4��	�(���9���0.4ก(53(กN�2=.����2%'6 ?J�-�5(B����*�� 3(กN�2�������'+,
'+,7*
%B�+0�7:
 ��	'+,�3.ก :�O+ก��%��2�3.ก %���?4�3�'J� B3�*1����'+,12B
��1(*)����)
<ก4��	 -����M<54�
:�O+ก���)
��������	��ก7*
 4 <55�)/4E ?�� 

 

1.1 ก���)
���<55{+*F�0 (sprinkler Irrigation)  
:�O+�+�-����M%3��ก�	
7*
ก(5��	'Jก	��* <B4�%��,��1�ก?4�3�'J�-.���ก19��(ก 19��(ก%3��ก�	
:�O+%��,�:�O+

��,�E7�4-����M12�	
7*
)����	
7*
<B4�)
��2-�'O�=��B,���ก *(��(��12%3��ก�	
ก��	3��2'��<55{+*F�0
%��,�-=���������'+, *�� <32��?C��2ก�5��,��+3(กN�2*(��+� (5J/��, 2546) 

1.1.1 *���+�(B��ก��89����A4��A�:*��-.���ก 
1.1.2 ?:��39ก���	(��*��'+,%�&���2V0	�CB4���	B�����ก 

  1.1.3 ����'+,�+?:��3�*%'	(���ก<32*��M.กก(*%8�27*
�4�0 
1.1.4 �(B��ก��-4����1�กV?��ก��	3��2'����0(�����'+,%��2�3.ก)�7*
�
�07�'+,12�)
���  
         '��A�:*�� 
1.1.5 ����'+,%�&�?3�,� 
1.1.6 A.
�)
���7�4�+?:���.
?:��	���/'��*
��ก���)
���'��A�:*�� 
1.1.7 B
��ก���	
����'+,�)
%ก�*A3A3�BV*0%�K:%���2ก���)
���<55{+*F�0�+�-����M  
         ��ก<55<32B�*B(��7*
�:*%�K:��ก 

 
1.2 ก���)
���'��A�:*�� (Surface Irrigation)  
%�&�:�O+ก���)
�����3(กN�2'+,���������7)37�5�A�:*��<3289�3�7���*�� 5��%:�'+,����(�)���

7)3A4��%��,��)
*��%กK5?:��	���7:
�)
ก(5��	<54�7*
%�&� 3 �.�<55?�� 
1.2.1 ก���)
���<55�4��?. (Furrow Irrigation) %�&�ก���)
���A4���4��?.%3Kก<32�)
���?4�0E 
         89�7�'��*
���
�� 
1.2.2 ก���)
���<55'4:�%�&�A�� (Border Irrigation) ก���)
���<55�+�B
���+?(�*��*
���
�� 
         '(�� 2 �
�� %��,�5(�?(5���'+,7)3%�
�'��)(:<�3�<3
:7)354�'4:�7�0(�'
�0<�3� 
1.2.3 ก���)
���<55'4:�%�&��4�� (Basin Irrigation) %�&�ก��<54�����'+,��ก%�&�<�3�<3
:  
         '�?(�3
������'+,<�3�7:
 =�0��<�3���(5�2*(5%*+0:ก(� %��,��)
�����<�3����กK12 
          '4:�<A4ก�21�0-.4A�:*��<32-�,�%-�� (5J/��, 2546) 
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1.3 ก���)
����B
A�:*�� (Subsurface Irrigation)  
%�&�ก���)
���<ก4��	V*0ก��0ก�2*(5���A�:*���)
�9����-.4�2*(5%�B��ก��	7*
 -����M'�7*
'(��<55

?.%�}*<32ก��Fg�'4�7:
�B
*��  
 

1.4 ก���)
���<551J3=�? (Micro Irrigation /Drip-Trickle Irrigation)  
%�&�ก���)
���<55%{��2%�B��ก��	V*0�+ก��?:5?J��)
���������<ก4��	?�(��32�
�0E<B454�0?�(��

�04��-�,�%-�� %��,��(กN��2*(5?:��	������*��5��%:���ก��	�)
�0.4���2*(5'+,��ก��	*.*7��	
7*
�04���4�0
-�
��?:��%1��/%B�5VB7*
�04��-�5.��C��%)��2<32%�&�7�B��?:��B
��ก�������	 ก���	
�����3(กN�2
�+��+'(���
�*+<32�
�%-+0 

 
1.4.1 �
�*+ 

(1) ��2)0(*��� %��,��1�ก%�&�ก���)
���%{��25��%:���ก��	%'4��(�� 
       (2) ��2)0(*�3(����%��,��1�ก�	
����
�0ก:4�:�O+��,� 

(3) ก��%1��/%B�5VB<32%��,�A3A3�B %��,���	7*
�(5���-�,�%-��'(,:M9�ก(�12'��)
  
      *���+?:��	����0.4B3�*%:3�%���C%8K�BCก����*B�0�����	19��+��ก �(B��ก�� 
      %1��/%B�5VB-.� 
(4) ��2-�'O�=��ก���)
�J~0 ก���)
���<55�+�	4:0%��,���2-�'O�=��ก��323�0�J~0 
(5) �	
<������
�0 %��,��1�ก�J�ก��C��ก��B�*B(���+��
��'+,12�)
���<ก4��	'Jก%:3� 
      %�+0�<?4%�}*�}*:�3C: 
(6) ก���)
���'+,�+-��323�0%ก3�����0.4 %��,�	4:03*?:��%�
��
����%ก3����*��3� 
      %��,��1�กก���)
���<55�+�*��12�+?:��	����0.4B3�*%:3� 

 
1.4.2 �
�%-+0 

(1) ก���J*B(�'+,)(:�34�0��� 
(2) %ก3����*�� %��,��1�ก%��,��)
���:�O+�+�%ก3����*��12�9�����0.4'+,A�:*�� M
��+F�Bก  
     3������12��%ก3��%)34��+�3�7�-.4��ก��	B
���)
���B��3�7�*
:0<��*(��)
 
     %ก3��3�7��0.4%30%�B��ก��	 
(3) ?:��%-+0)�0����255'4� �255'4�'+,:���0.45�*����17*
�(5?:��%-+0)�0  
     1�ก?����)���%?��,��1(ก���ก�����5:(	��	 )���1�ก-(B:C 
(4) ?4�3�'J���?�(��<�ก?4���
��-.� %��,��1�ก�255�+�B
���	
'4�<��� '4�<0ก 
      ��2O��<32'4���2O��%�&�1��:���ก 
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ก�����"��+ ,"��)������������-. 

 
 ��6�(0 (2550) ก34�::4� ��ก��'*-�5?:��<BกB4�����?4�%{3+,0��2	�ก�)3�0E	J* �+:�O+ก��'��
-M�B�'+,%)��2-���ก��'*-�5?:��<BกB4���2):4��?4�%{3+,0�����2	�ก���กก:4� 2 	J*�9��7�V*�ก��
'*-�5%�+0�?�(��%*+0:?��ก��:�%?��2)C?:��<����:� (Analysis of Variance, ANOVA) 
 
1. ����ก.��/�������	�� �0/ก�����"��+ ,"��)������ 

 

1.1 �
��.3'+,����'*-�5B
��-J4�%3��ก��1�ก��2	�ก�'+,�+ก��<1ก<1�<55�กB� 
1.2 �
��.3'+,��'*-�5<B432	J*B
����1�ก��2	�ก�'+,�+?:��<����:�%'4�ก(� 
1.3 �
��.3'+,��'*-�5<B432	J*B
��%�&���-�2B4�ก(� 

 

2. ก�����"��+ ,"��)������)//����1�2� 

 
 12�	
��ก��+'+,�+B(:<��%�+0�B(:%*+0:)���3(กN�2'+,-��1�+3(กN�2%*+0:1�ก��2	�ก�<B432	J*<B4
<54���ก%�&�ก3J4�)����2*(5B4��Eก(�7*
)3�0�2*(5 %��,�'*-�5:4�ก3J4�B(:�04��%)34��+��+?4�%'4�ก(�)���7�4 
 

3. ก��)2ก"��)������ 

 

 ��ก��:�%?��2)C?:��<����:�12B
��<0ก?:��<����:�'(��)�*'+,%ก�*�9����ก%�&�-4:�EB��

-�%)BJ -�)�(5�.�<55?:��<����:�'(��)�*'+,%ก�*�9��?�� ( )
2

..
1 1

n jk

ij
i j

x x
= =

−∑ ∑
12<'�*
:0 -(/3(กN�C SST 

-����M<0ก��ก%�&� 2 -4:�?�� 
  1. ?:��<����:��2):4��?4�%{3+,0�
��.31�กB(:�04��<B432	J*?�� ( )

2

. ..
1

k

i i
i

n x x
=

−∑
 12<'�

*
:0-(/3(กN�C SSB 

  2. ?:��<����:�����
��.3=�0��B(:�04��	J*%*+0:ก(�?�� ( )
2

.
1 1

n jk

ij i
i j

x x
= =

−∑ ∑
       12<'�

*
:0-(/3(กN�C SSW   �(,�?��  SST =  SSB + SSW )3(กก��-�?(/?��ก����1�����(B��-4:�?:��<����:�
�2):4��?4�%{3+,0����
��.31�กB(:�04��<B432	J*<32?:��<����:�����
��.3=�0��B(:�04��	J*%*+0:ก(�:4�
�+?4���ก�
�0%�+0��* 

   2.1 M
��(B��-4:�*(�ก34�:�+?4���ก <-*�:4�?:��<����:��2):4��?4�%{3+,0���
�
��.31�กB(:�04��<B432	J*�+��ก%��,�%'+05ก(5?:��<����:�����
��.3=�0��B(:�04��	J*%*+0:ก(� -�J�7*
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:4�1��:�B(:�04��	J*B4��E'+,����'*-�5�+?4�%{3+,0�����2	�ก��04���
�0 1 ?.4'+,<BกB4��1�ก��2	�ก�	J*
��,�E B
���+ก��'*-�5:4��+?4�%{3+,0?.4�*5
��'+,<BกB4��ก(�V*0ก��B(��-��B�h��'+,B
��ก��'*-�5 
   2.2 M
��(B��-4:�*(�ก34�:�+?4��
�0 <-*�:4�?:��<����:��2):4��?4�%{3+,0���
�
��.31�กB(:�04��<B432	J*�+�
�0)����+��Eก(5?:��<����:�����
��.3=�0��B(:�04��	J*%*+0:ก(� -�J�
7*
:4�?4�%{3+,0�����2	�ก�	J*B4��E'+,����'*-�5�+?�%'4�ก(�'Jก	J*��0�%�+0��)
�0.4���.�*(�B���� 
 

-�%)BJ?:��<����:� df SS MS F 
�2):4��	J* k-1 SSB MSB MSB/MSW 
=�0��	J* n-k SSW MSW   

�:�'(��)�* n-1 SST     
 
V*0'+, 

  SS   =  A3�:�ก�3(�-�� 
  SST  =  A3�:�ก�3(�-��'(��)�* 
          =   SSB + SSW   

                       =  
 

( )
2

..
1 1

n jk

ij
i j

x x
= =

−∑ ∑
 

  SSB =  A3�:�ก�3(�-���2):4��	J*�����2	�ก� 
   = 

 
( )

2

. ..
1

k

i i
i

n x x
=

−∑
 

  SSW   = A3�:�ก�3(�-��=�0��	J*�����2	�ก� 

   = ( )
2

.
1 1

n jk

ij i
i j

x x
= =

−∑ ∑
 

 
   2.3 ก��?��:���6�?:��%�&���-�2 (Degree of freedom : df)  -����M<54�7*

%�&�-��-4:�%	4�%*+0:ก(5?:��<����:�'(��)�* ?�� ��6�?:��%�&���-�2�2):4��	J*�����2	�ก� <32
��6�?:��%�&���-�2=�0��	J*�����2	�ก�<B432	J* 

�(,�?��  dfT = dfB + dfW 
           (∑ni-1) = (k-1) + (∑ni-1) 

)���  n-1 = (k-1) + (n-k) 
<32  MS = A3�:�ก�3(�-��%{3+,0 

    = SS

df
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*(��(��  MSB = 
1

BSS

k −
 

   MSW = WSS

n k−
 

B(:-M�B�'+,'*-�5?�� 

   F = BMS
MSw

  V*0�+  (df = k-1,n-k) 

 

4. �0�����ก���1	�/	��5�� 

 
 �(��'+, 1  ก�)�*-��B�h�� (H0 ,H1) 
  H0 : μ1 = μ2 = r = μk 
  H1 : μ1 ≠ μ2 ≠ r ≠ μk 
 �(��'+, 2 ก�)�*�2*(5�(0-�?(/ α  
              �(��'+, 3 %3��กB(:-M�B�'+,%)��2-�<32?��:�?4�-M�B� B(:-M�B�'+,%)��2-�ก(53(กN�2���   

�
��.3<32-��B�h��'+,B
��ก��'*-�5?��  

w
F = BMS

MS
   

�(��'+, 4 ก�)�*5��%:�:�กPB?�� F > Fα ,(k-1,n-k) 
 �(��'+, 5 -�J�A3ก��'*-�5  
  M
�?4�-M�B�'+,?��:�7*
Bก�0.4��5��%:�:�กPB       12���%-O H0 <320���(5 H1 
  M
�?4�-M�B�'+,?��:�7*
7�4Bก�0.4��5��%:�:�กPB  120���(5 H0 <32���%-O H1 



 12 

���ก ��� 
 

1. "��	��"06������ก ��� 

 

 ���ก):���+M�,�ก�%��*�0.4��%�B�
�����':+��%���ก�1(*�0.4��:�6C Solanaceae -กJ3 Capsicum �+
1��:�V?�V�V8� x = 2n =24 1�<�ก��ก7*
%�&� 5 ก3J4� 7*
<ก4 Capsicum annuum L. 89,��+M�,�ก�%��*�0.4��
��2%'6%�Kก8�Vก  -4:� C.frutescens L., C. chinense jacq., C. baccatum L. <32 C. pubescens  Ruiz & 

Pavon. �+M�,�ก�%��*�0.4���%���ก��B
 V*0M.ก?
��5�0.4��)3J�Fg�6�'+,��2%'6%��.ก4��-�(0��2:(B�6�-B�C  
B4�����?��-B6(ก��	 1493 V?3(�5(-7*
�����ก%�
�7��3.ก����2%'6-%�� 1�ก�(��19��+ก���3.ก<32�(p��
�(�OJC���กก(��04��<��4)3�0��':+�0JV��<32%��,�%�
�-.4-�(034�������?�6B:��N'+, 14-15 	�:V��BJ%ก-
<32-%��7*
�����ก%�
�7�3.ก����2%'6���V*�+%8+0   ���3�06B:��N'+, 14 7*
�+ก�������ก7��3.ก��
��2%'61+� V*0A4��'��B��ก3�� B���B
<32B2:(���ก%{+0��B
���':+�%�%	+0 ���ก��ก3J4� Capsicum 

annuum L. ��� C.frutescens L.  %�&����ก'+,7*
�(5?:����0�<32�3.กก(���ก��<M5%�%	+0B2:(���ก%{+0��B
  
��B
�6B:��N'+, 18 ���กM.ก%��,�<32��7��(p����ก�9��V*0	�:0JV��'+,��0�%�
�7�B(��M�,�h���0.4��
��2%'6�%���ก� ���ก'+,�+�-%AK*1(*��0�5��V=?��%�B�
�� -4:��(�OJC'+,�+�-%AK*�
�0)���7�4�+�-%AK*��0�
5��V=?��%�B�5�J4�<32%�B)��:   %1��/%B�5VB7*
*+������'+,%�B�5�J4�<32%�B)��: <32���ก0(��+?J�?4�
'����)��-.�%�&�<)34����:�B���� %� 8+ <32�+V*0%{��2�+:�B����8+��กก:4�A(ก	��*��,�89,�A3���ก-���M�	

�(5��2'��7*
'(�����.�A3-*<32A3�B=(��C<���.� (-JO�'��0C , 2540) 
 
2. .0ก7�+������ก ���   

  
2.1 3�B
�  
���ก):��%�&�7�
�J4����*%3Kก �.�'�����3�B
�<32?:��-.�12�9���0.4ก(5�(�OJCV*0'(,:7�B
�12-.� 

0.5-1.5 %�B� ���202'+,B
�0(�%3Kก�0.43�B
��+3(กN�2%�&�B
�%*+,0:E<B4%��,�3�B
�)3(ก%1��/%B�5VB1��+1��:�
�
� 9-10 �
� 12%��,���ก*�ก )3(�1�กB�**�ก<�กB��0�*���3�B
�%*+0: 12<Bกก�,�<�����<�: B(���+ก-��
ก�,� %��,�ก�,�<����+*�ก%1��/'+,�3�0ก�,� 12%ก�*ก�,�<���%1��/%�&�-��ก�,� '��)
1��:�ก�,� %��,��9�� A3A3�B12
�9���0.4ก(51��:�ก�,� <321��:�A3B4�B
� �202<�ก3�B
�<32ก�,��+3(กN�2%�&�%)3+,0�-+%�+0:7�4�+%���� <B4%��,�
VB�9��3�B
�12ก3�<5�%�3+,0�%�&�-+���B�3 �+%����7�
 '��)
3�B
�<32ก�,�<�K�<���9��<B4กK0(�?�?:��%���2
<32�(ก)(ก7*
�4�0 ���ก):��B
��ก��*��'+,�+?:��	���-.�%�&�*���4:���'��0 �25�0���7*
*+  
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2.2 �5  
      %�&��5%*+,0: %1��/-3(5ก(� �5������ก):�� 12�+���*�)/4<5��3�0<)3�)���ก3���%�&��.�
)�ก ก
���50�: 0.5-2.5 %8�B�%�B� %��,��5%1��/ 9-11 �5 *�ก<�ก12%1��/ �5�+-+%�+0:�4��1�M9�-+%�+0:%�
�
<32-+�4:� 
 

2.3 ��ก  
%�&��2*(5��ก<ก
:'+,)0(,�3�*��7*
39กM9� 50 %8�B�%�B�  -4:���ก<���-����M<A4��ก��<�:��5�+

�(6�+ก:
��%ก�� 1 %�B� <32-����M)0(,�39ก3�7���*��7*
ก:4� 1.2 %�B�  
  

2.4 *�ก  
%ก�*5��%:��
�B���J��5<32ก�,� %�&�*�ก-�5.��C (Perfect flower) �กB��(ก%ก�*%�&�*�ก%*+,0: ก
��

*�ก��1	+��9��)���)
�03��9���0.4ก(5�(�OJC  ��2ก�5*
:0ก3+5*�ก 5 ก3+5'+,�+-4:�h��B�*ก(�%�&��.��2�(�<B4
-4:��3�0<0ก���ก1�กก(�  -4:��)/412�+-+��: ��:��%�+0:  <B45���(�OJC12�+-+�4:�1��:� 5-7 ก3+5�3�0
ก3+5<0ก��ก1�กก(�V*0B3�*  %ก-�B(:A.
%	�,��B�*�0.4ก(5V?����	(��ก3+5*�ก'+,�3�0�+�(5-�323��B(:A.
-+
%�+0: %)3��� �4:� 5��1J�0.4  0�*%ก-�B(:%�+05���(�OJC 12�0.4-.�ก:4� �(532���%ก-��+�.��4��%)����ก�25�ก
)(:�
:����)
�0.4���2*(5'+,��1B,�ก:4�)���-.�ก:4��(532���%ก-�B(:A.
  -4:�h�����%ก-�B(:%�+0?���(�7�4
<54���ก%�&�	4���+ 2-4 	4�� *�ก-����M%1��/ 7*
'(����-=�� 	4:�<-�-(�� )���	4:�<-�0�: V*0'(,:7�12
%1��/ )3(�0
�0�3.ก 1-2 %*��� 
  

2.5 A3 
%�&�A3<55 Pod-like berry �+3(กN�2%�&�ก�2%��2�+�.��4��)3�0<55%	4� �.�ก3�0�: �.�-+,%)3+,0� 

)����.�'��ก�:0 <32�.�)(:�1 h���(�:A3-(��<32)�� ก
��A3��1	+��9��)���	+�3��9���0.4ก(5�(�OJC<B4A3��2'+,
0(��4���(ก	+��9�� <B4%��,�A3<ก�(�OJC'+,�+ก
��A3�4��กK12�+A3)
�03� <B45���(�OJC'(��A3�4��<32A3<ก4	+��9�� 
A�(����A3��1)��)���5���9���0.4ก(5�(�OJC =�0��A3%�&�	4��ก3:��+A�(�ก(��%�&�	4��E%�+0ก:4� locule <ก�
'+,�0.4B��ก3��A3%�+0ก:4� Placenta 89,�%�&�B�<)�4�'+,�+%�3K*B�*�0.4<32%�&�<)34�'+,�5:4��+-��'+,ก4��)
%ก�*
?:��%AK* ?�� capsaicin ��������'+,B,���ก 5��?�(��%�+0ก���ก):�� (sweet pepper) :4� ���ก):��-+%�+0: 12
�+������?:��B
��ก�� ���B3�*-.� A3���ก'+,0(��4��12�+-+%�+0:<B4%��,��34�0�)
<ก45�B
� 12%�3+,0�%�&�-+
<*� <B4-����M%กK5%ก+,0:A3A3�B7*
'(��<55�4��<32<ก4 -�0�(�OJC'+,��(5��J��(�OJC �9�����)�4 ��112
%�3+,0�%�&�-+<*� %)3��� -
�)����4:�  
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2.6 %�3K* 
�+3(กN�2ก3�<5�?3
�07B �+-+%)3��� ���B�3 )���*� %�3��ก)J
�%�3K*7�4�+�� ���ก�(�OJC'+,�+A3���*�)/412
�+���)�(ก%�K*���*�)/4<32�+���)�(ก%�3K*��กก:4�A3'+,�+���*%3Kก  %�3K*���ก�+���*B(��<B4 2.5-5 
��33�%�B� <32V*0%{3+,0%�3K* 1,000 %�K* �+���)�(ก�0.4�2):4�� 5-8 ก�(� (���0��J	, 2540) 
 
3. ก������6���/8�   

���ก):���+3(กN�2ก��%1��/%B�5VB<553(กN�2ก��'0�0%กK5%ก+,0: (Indeterminate) ?���+ก��%1��/
'��3�B
�<32�5 -3(5ก(5%1��/'��=�:2%1��/�(�OJC V*0ก��%1��/%B�5VB'��3�B
�<32�5 �:�'(��ก��%1��/
'��=�:2%1��/�(�OJC12�+�.�<55ก��%1��/%�&�<55 sigmoid curve ?��%��,�B
��4����ก�
�A�:*�� 3�B
�120�*
B(:<32<Bกก�,�������ก0�,��9��  -4:��5กK12�0�0���*%��,�<32%��,�1��:��9��%��,�0E  ���202<�ก���ก
):���+�(B��ก��%1��/%B�5VB	
���ก <B4%��,����ก):��%1��/%B�5VB�9��1��+�5 9-10�512%��,�'0�0��ก*�ก 
<32�+ก���(p�����A3A3�B89,�<54���ก%�&� 3 �202 ?�� �202%��,�B
� %�&��202'+,A3�+�(B��ก��%1��/%B�5VB
-(��('OC<32�+ก��-2-����B�3-.�  �202'+,-�� �(B��ก��%B�5VB���A3A3�B3*3�<B412�+ก��-2-����B�3 
sucrose <32<����9��=�0��A3  �202-J*'
�0%�&��202'+,A3<ก4�+ก��-2-����B�3 hexose <B4ก��-2-�
���B�3 sucrose <32<���123*3�B�� ���202'+,���ก):����ก*�ก<32B�*A3 ก��%1��/'��3�B
� �5<32
��ก�+�(B��3*3� %��,�A3%B�5VB%BK�'+,<3
:กK�+ก��ก�21�0���)�(ก7�0(�-4:�B
� �5<32��ก%��,��9�� 19�'��)

���ก):��0(�?�%1��/%B�5VB'��3�B
�<32�57*
�+ก <B4�(B��ก��%1��/%B�5VB���B
�<32�5123*3�
%��,��1�ก�+ก��-3�0B(:��� chlorophyll  (���0��J	, 2540)  
 
4. ก���.-ก���ก ��� 
  

V*0�กB�12�3.ก���ก):��3�5�*��%�&�<�3�V*0%:
��202)4��ก���3.ก�2):4��<M: 60 - 100 
%8�B�%�B� �202�2):4��B
� 50 %8�B�%�B� ก���3.ก��%����V��12�	
�202 50 x 100-120 %8�B�%�B� �9���0.4
ก(5-�0�(�OJC <32:�O+ก���3.ก (���C����ก):�� V���<0�<�4�*�0 ���%3+�0��J�, 2552) ��ก���3.ก���ก-+<*� 
%)3��� �4:� ��0��3.ก��%����V�� %��,��1�ก�+��0Jก��%กK5%ก+,0:	
�ก:4�-+%�+0:�	
 :�O+ก��B(*<B4�ก�,� <32�3.ก
%�&�<M:%*+,0:ก3��<�3�   -4:���ก��+'+,'�ก��'*3���(��12�3.ก���ก):��3���ก�2M�����* 12 ���: 
%��,��)
��ก-����M<A4ก�21�0��ก'��*
���
��<32<�:*�,�7*
 <32ก4��ก���3.ก3�ก�2M��?:��)
���<ก4*��
%��,��)
*���+?:��	J4�	���%�+0���<32?:��3.ก�)
39กก:4�-4:�V?�%3Kก�
�0 (-JO�'��0C , 2540) 
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5. ก��� �����   
  

���ก):��%�&���	'+,7�4'�'��B4�-=����*��� )���ก���)
�����ก%ก��7� B
��ก����� 400 - 1000 
��33�%�B� B3�*P*.�3.ก (���C����ก):�� V���<0�<�4�*�0 ���%3+�0��J�, 2552) ?:��)
����04����%�+0� 
<32-�,�%-�� ?:�*.<3�)
�+?:��	����04����%�+0�<B47�4?:��)
��ก1�����(�<{212'��)
��ก%�4� B�07*
�4�0  
ก����*���12'��)
��		2�(กก��%1��/ <32���202'+,B�**�ก A3  M
�)�ก��*���<32�J�)=.��-.�12'��)
*�ก
<32A3�4���4:�7*
�4�0  ��ก��+'+,B�*A3 12'��)
A3�+���*%3Kก<�K�  
 

6. ก���	*�9:2 

  
���202<�ก'+,���ก):��0(�%�&�B
�ก3
��)
��)���J~0'+,%�&����'���5���B
�ก3
�  )3(�1�ก�(��%��,�

0
�03��3.กก�2M��12�	
�J~0 15-15-15 B3�*P*.ก�3%��2�3.ก 
 

7. ก��1-).�0ก7� 
  

���202'+,B
�ก3
�%1��/?:�{+*�4�*
:0�J~0��� 0
�0B
�ก3
� %��,��+�51��� 3-4 �5 )�9,���'�B0Cก4�� M��
B
�ก3
� ?:�3*ก���)
���%��,� �)
B
�ก3
�	2�(กก��%1��/ B
�ก3
�12<�K� <32�+��)��-����-�)�(5ก��%1��/
�����ก�)�4 ก��%B�+0�<�3��3.ก (-JO�'��0C , 2540) 

 
8. 8�").+).�=0��-���������ก ��� 

  
8.1 3(กN�2A3'+,A�*�กB� <32V�?������ก):��  

  8.1.1 ��ก��B�0��,����A3 V*0��ก��%��,�<�กA�:���A3'+,M.ก<-���'�B0C-4��12���ก�<A3
-+��:��,�<320J5B(:12%ก�*��ก��-=��'+,�+?:��%�
�<-�<32�J�)=.��-.�%���2��	�+���*�5%3Kก7�4-����M
�ก?3J�A37*
 �+ก��+A3B�0��,�%ก�*�9����ก��'*3��?�(���+�%��,��1�ก-=����ก�67�4%�������:0    
  8.1.2 ��ก��ก
�%�4� %ก�*1�กก���3.ก��	'+,��*<?3%8+0� ph B,� ��*)����+�����ก%ก��7� 
-4:��3�0���A312%ก�*%�&�<A3	��B4�1�ก�(��<A312<)
�%�&�-+���B�3<3
:12M.ก%	���V�?%�
�'�3�0'��)

<A3�(��ก3�0%�&�-+*�  
  8.1.3 V�?�5*4�� (Leaf curl)  -�%)BJ��1�ก%	���7:�(- V*0B(:%�3+�0�4��%�&�B(:��)2��ก��
��%	���7:�(-12'��)
�5���ก*4�� �+%-+0:-3(5%)3��� �5*4��%�&�?3�,� 5�*�� M
�)�ก7:�(-%�
�'�3�0���202'+,
%�&�B
�ก3
�B
�12<?�2<ก�7�4�)
A3A3�B 89,���ก��'*3��?�(���+�กK�5:4�%ก�*V�?�5*4��1�กB(:%�3+�0�4��'�
�)
�55��B
��+3(กN�25�*�� 
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  8.1.4 V�?��กV?�%�4� (Root rot)   -�%)BJ��1�ก%	��� Rhizoctonia solani Kuhn V?�B
�12
%�4�%�&�-+���B�3��*��<M:V?�B
��+%-
��0�����-+��:89,�5��-4:�12%1��/�9��7�%ก�2�0.4B��V?�<32��ก
���ก  
  8.1.5 V�?�51J*'+,%ก�*1�ก%	���<5?'+%�+0 (Bacterial leaf and fruit spot)   -�%)BJ��1�ก%	���
Xanthomonas vesicatoria (Doidge) Downson �5�4��'+,B�*%	���12���ก�<A3-+%)3���*
���B
�5-4:�
*
��5�<A312�+3(กN�2�.�A�:��J��2  
  8.1.6 V�?%)+,0:'+,%ก�*1�ก%	����� (Fusarium wilt)  -�%)BJ��1�ก%	���Fusarium solani (Mart.) 
Sacc., Gibberella fujikuroi (Sawada)Ito.syn., Fusarium moniliforme Sheldon  %	���12%�
�'�3�0��ก<32
-4:����B
�'+,�0.4�2*(5<32�0.4�B
*��%��,���ก-4:��)/4M.ก'�3�0 ��	12<-*���ก�� V*0�5'+,�0.4B��34��
%)3��� <32�4:���กB4�1�ก�(��12�+��ก��%)+,0: ��%:3�ก3��:(� 	4:�'+,�+<**�
��1(* <32������B��%	
�
-3(5ก(� 2 - 7 :(� <3
:12%)+,0:�04��M�:� 7�4�+ก�������+ก ���ก120��B
�B�0)����5�4:�)�*                              
  8.1.7 V�?กJ
�<)
�%'+0� (Fruit rot) ���ก):��    -�%)BJ��1�ก%	��� Alternaria spp. A3���ก'+,
�+<A3%��,��1�ก)���<�3�:(�%1�2A3 )���%��,����1�กA�:<)
�B�0 %���2V�?กJ
�<)
� �(ก12�+%	�����-+*�
	��*)�9,�%ก�*�9��5�<A3 '��)
A3�+��ก��?3
�0V�?กJ
�<)
� M
�)�ก�34�07:
���%	����� 12�25�*B�*ก(� '�
�)
���ก%-+0)�0��ก�9��  
  8.1.8 V�?กJ
�<)
�)���<��<'�กV�- (Antracnose)   -�%)BJ��1�ก%	��� Colletotrichum 

piperatum (Ell.and Ev.) Ell.andHalst A3���ก12�+<A3%�&��.�7�4 )���:�ก3�-+���B�3 <A312�0�0ก:
��
��ก7����*7�41�ก(* 5��<A3��112�0�07�'(,:<32'��)
A3%�4�)�*'(��A3 %����%0�,����<A35J��39ก3� �+
%-
��0��-+*�%�&���-(�� E �9��%�&�ก�21Jก <32%�+0�%�&�:�ก3�8
��ก(�)3�0	(�� ��-=����ก�6	��� 12�+
-���C���%	����� %�&�-+	��.�4��)��� -+?�+��4�� E '��)
A3���ก%�4�<32B�*B4�ก(��04���:*%�K:  
  8.1.9 V�?B�ก5 (Frog-eye leaf spot, fruit stem-end rot)  -�%)BJ��1�ก%	��� Cercospora 

capsici Heald and Wolf  12%ก�*�9��'(,:7� V*0�กB�12�5%�
�'�3�0�5<ก4'+,�0.4*
��34�� 2 - 3 �5 <B4��
-=��<:*3
��%)��2-� ��112%�&�V�?'+,�25�* '+,'�?:��%-+0)�0 �04���J�<��7*
 %	���-�%)BJ-����M%�
�
'�3�0'Jก-4:� �����	%	4� �5 3�B
� �(�:A3<32A3 V*0<A312�+3(กN�2%�&�:�ก3� -+���B�3���* 
%-
�A4�6.�0Cก3�� 3 - 4 ��33�%�B�   
  8.1.10 V�?B
�<32�57)�
 (Phytophthora blight, fruit rot)  -�%)BJ��1�ก%	��� Phytophthora 

capsici Leonian  V�?�+�%ก�*ก(5���ก7*
'Jก�202���ก��%1��/ <32'Jก-4:������	 ��ก1�ก�+�12�+3(กN�2
��ก�� '�3�0��	7*
)3�03(กN�2 �9���0.4ก(5�202ก��%1��/<32-4:������	'+,M.ก'�3�0 
  8.1.11 V�?��<��� (Powdery mildew) -�%)BJ��1�ก%	��� Oidiopsis sp.  �5���ก'+,M.ก%	���
-�%)BJ%�
�'�3�0 12�+��-+��:?3
�0A�<��� 1(5�0.4'+,A�:*
��34�������5�5 M
�)�ก�25�*��ก�512%)3���
<32�4:� V�?�+�12%�
�'�3�0��-=��'+,�+?:��	���-(��('OCB,� �J�)=.��-.�     
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8.2 <�3�6(B�.������ก):��   
  8.2.1 7���: 12'�3�0V*0ก��*.*���%3+�0�������ก '��)
%ก�*�5�
:���)��ก <32)(:Vก��� 
(Curly top) V*0�5'+, 4-5-6 1�ก0�* <-*���ก����5�5)0(ก%�&�?3�,� 89,���ก��'*3��?�(���+�กK�5�g/)�
���7���: 
  8.2.2 %�3+�07� 12*.*���%3+�0�<32'��)
%ก�*��ก��0�*)*)����5)��ก (Leaf curl) V*0�5
�4��'+,0�*%�+0:0�: <32V?
���3� ��5�5�� �5�+���*%3Kก3� A�:�5�+1J*-+���B�3�5%)3���<32<�K�ก��5 
  8.2.3 %�3+�0�4�� 12*.*���%3+�0�'+,�5-4:�0�*'��)
0�*)��ก V*0�5���ก12<-*���ก�� )0(ก
%�&�?3�,� <32)��ก �+-+�5*4�� �5�+���*%3Kก3� ��	12	2�(กก��%1��/<32A3A3�BB,� 
  8.2.4 )���<�3�:(�<B� 12%1�2A3'��)
A3%�4�A3'+,M.ก'�3�012�+-+7�4-�,�%-��<32�4:�
ก4��A3-Jก M
�)�ก-(�%กB*.'(,:A3 12�5�.%3KกE�0.4ก9,�ก3��A389,�%ก�*1� <�3�:(�<B�:��7�4 
  8.2.5 )���ก�2'.
A(ก %�&�)���'+,�+3�B(:?4���
���
:� A�:3�B(:%�+05����2%�&�B(:�4�� 
%��,���ก1�ก7�4�)�4 E 12�5�0.4%�&�ก3J4�<'2ก��A�:�5 �202�+�12-(�%กB7*
V*0�+<M5-+*���*�:��B���ก3

)(: (���C����ก):�� V���<0�<�4�*�0 ���%3+�0��J�, 2552) 
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������02����ก��2����� 

 
 ���0��J	 (2540)  7*
69กN� %��,�� ��'O��3���O�BJ��)��B4�A3A3�B<32?J�=��%�3K*�(�OJC���ก):�� 
V*07*
'�ก���3.ก���ก):���(�OJC CaliforniaWonder ��6.�0C:�1(0<32�(p����	A(ก%�B�
�� 
�)�:�'0�3(0%กNB�6�-B�C :�'0�%�Bก�<��<-� 1(�):(*�?��h� �2):4��%*���BJ3�?� �.6. 2538 M9� %*���
%�N�0� �.6. 2539 V*0�)
�J~0-.B�B4��Eก(� �5:4�ก���)
�J~0-.B�B4��E7�4�+A3B4�ก���(p�����%�3K*�(�OJC
������ก):��  V*0%�3K*�(�OJC������ก):��<ก4'��-�+�:�'0�%��,���0J 60 :(�)3(�*�ก5��  ก���)
�J~0 22-
11-11  �(B�� 50 ก�V3ก�(�B4�7�4 <54��-4 3 ?�(�� )��� 20 40 <32 60 :(�)3(�0
�0�3.ก '��)
���ก):���+���*
���A3 8.2 x 8.98  %8�B�%�B�  ���)�(ก���A3 165.6  ก�(�  1��:�%�3K*B4�B
� 1,476.62 %�3K*B4�B
�  
���)�(ก%�3K*B4�B
� 12.4 ก�(�B
�  ���)�(ก 1,000 %�3K* 8.4 ก�(�  A3A3�B%�3K* 26.45 ก�V3ก�(�B4�7�4 <32
?:��<�K�<�����%�3K*-.�-J*  <B4ก���)
�J~0-.B� 22-11-11 �4:�ก(5V5���'��)
%�3K*�(�OJC���ก):���+?:��
��ก-.�-J* 93.75 %���C%8K�BC 
 
 -JO�'��0C (2540) 7*
69กN�%��,�� ��'O��3B4�?:��%�
�<-�'+,�+A3B4�ก��%1��/%B�5VB<32A3A3�B���
���ก):�� 7*
'�ก���3.ก���ก):���(�OJC California Wonder ��6.�0C:�1(0<32�(p����	A(ก%�B�
�� 
�)�:�'0�3(0%กNB�6�-B�C :�'0�%�Bก�<��<-� 1(�):(*�?��h�  �2):4��%*���O(�:�?� �.6. 2537 M9� 
%*����+��?� �.6. 2538 %��,�)��2*(5?:��%�
�<-�'+,%)��2-�B4�ก��A3�BA3-*������ก):�� ��-=��'+,
�+?:��%�
�<-� 30 50 70 %���C%8K�BC  �5:4����ก):��'+,7*
�(5?:��%�
�<-� 70 %���C%8K�BC �+�(B��ก��
%1��/%B�5VB�����	, �(B��ก��%1��/%B�5VB-(��('OC, �(B��ก��-(�%?��2)C<-�-J'O�, *(	�+����'+,�5 <32*(	�+
ก��%กK5%ก+,0:-.�'+,-J*  
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���ก����	
���ก����	�� 

 
���ก��� 

1. ก�
�����������*  

1. �����ก
�� 
2. ก������������� 6 ��� 
3. ������กก����ก�����ก���� 
4. ���!�"��#��ก 
5. #��%�� 
6. #�!&'(��%��)����ก 
7. ��&ก+ 
����,�ก-.%/�����%��ก���ก�0(�1�ก����������!� (���!��(�3!�ก�%��ก����������!�4�

5�6
��ก) �/�)#��4�5�"%38 2 (ก) 
 
2. ก�
�������� !"#�ก	#� 
 (9���4��ก�:��)���4#+#�!!���+�%38ก��ก�:��4��#�!!��!��"�%389�4#+4����(�;ก%38��/0����
�0�!&�� �/�)#��4�5�"%38 2 (�) 9�ก�/��4#+ก��<����6�("�8�4��ก��ก�:���=�#��%4������%38�0�!��ก��
����������(�;ก&��%��(�3!� 
 

               
                                                   (ก)                                                              (�) 

 

$�%��& 2 �/��!+��ก����������!� (ก) )�� ก�4#+#�!!��%38ก��ก�:�� (�) 
 

*���!��(�3!�ก�%��ก����������!�4�5�6
��ก 
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���ก����	�� 
                                                                                           
1. ก�
����������� 

1.1 %�������/��ก�&�����ก����������!���!�/0��/0���#��%������4���+����/09�ก
��/0����4�ก�����%3�� 2 (<���(�� 9/0(��� 5 ��%3 9�&���/��ก�&�� (��+�!���������+� 5 ��%3)  

1.2 4?���@3ก�����-6+�4�?+�� (Interpolate) ("�8�����/0���#��%��%389�4��&���/��ก�&��%38
����ก����)�+��ก����� &��)ก+ 200, 350, 500, 650 )�� 800 ���������+� 8 ?/8���� (ก������!�(���4�
ก�4������)ก+"�ก���� 8 ?/8�����+��/�) )���%��#/M�/กN-.�3�&��%38ก�����("�8�0�ก��/0�������-���� 

1.3 �/��ก�:��)��ก����������!�0�?/����� ��!9��/��ก�:��4���!�+�8��ก�+�ก����������!�("�8�4��
�����!�&�����(#�����%38�+�ก/0#�!�����!���#�+���"�ก������!&�+?�ก/0ก/0ก�:�� �/�)#��4�5�"%38 3  
 

 
 

$�%��& 3 �/กN-�ก����ก�:��ก/0ก����������!� 

 

2. ก���	(ก%��ก���� 

 2.1 (�8�ก�("��ก���"�ก�����/�%38 10 ก.6. 52 4�:��("��ก����/�)#��4�5�"%38 4 )����)�
9�ก�+����ก����3������"��/����&��)���340��ก����- 6-7 40 9�ก�/��9P�������ก�����ก�:���/�)#��4�
5�"%38 5 �!+��&ก;��� 4�ก�%����6/���3� &��������ก�����ก�:��?��ก�+�%386�9�(�1� #�(��,��9�ก#5�"
��ก�Q���)���3R��ก��/ก%,ก�/�9P�%��4��ก�(9�M���"�ก����4�?+��)ก(9�M?�� 
 2.2 (�8�4������)00�����!�4��/�%38 6 �.6. 52 ��!4������"�ก����)�+��ก�:�����ก�,+�%38)0+�ก�
4������&�� (�1�(��� 8 ?/8�����/��)�+ 8.00 �. :P� 17.00 �.9�ก�/��9P��!,�ก�4������ 9�ก�/��%��ก��/������0�!
4����(?������/�:/�&�ก+��ก�4������ 
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$�%��& 4  ก���"�ก����4�:��("�� 

 

 
 

$�%��& 5 ������"�ก������ก�:�� 
 

3. ก��+��������,��ก��-.#����/��%0. 
 3.1 ก�6����-����-ก�4?��������"�?������� 4?�������#5�"5�����ก�Q9�ก#:��3�,�,��!� 
ก��)"�)#� 9/���/��6�S� &��)ก+ �,-�5���#��-�8��)���,-�5���(T�38!, 6+�6���?���#/�"/%@.#��#,�-�8��#,�, 
?/8����)#���%��!., 6���(;��� 4?�������(��+��3���6����-��!4?�#�ก���� Penman-Montieth 
 3.2 ก�6����-����-ก�4?��������"�ก���� 4?�����������%38�0�!9�กก�:��, ����%384��4�)�+��
�/�6�� 200, 350, 500, 650 )�� 800 ��������, "���%38ก�:�� ��@3ก�6�� �������-����%384���0����-����%38
�0�!)���)�����+�!4��(�1������(��  
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4. ���"�����!1����!1���!���,��ก��-.#����/��%0.�	
1����123�"�ก��-.#����/��%0. 

4?�#:���%�#�0)00 ANOVA ("�8�%�#�06���)�ก�+��ก�4?��������"�? (ET) )��(��.(<;��.ก�
4?��������"�? ��!�3�/�����ก�%�#�0 �/��3� 

4.1 �/��#����S��ก+����!4��     H0 : μ1 = μ2 = c = μk                 
            H1 : μ1 ≠ μ2 ≠ c ≠ μk 

4.2 ก�������/0�/!#��6/M α   
4.3 (���ก�/�#:���%38(����#�4�ก�6����-      MSBF =

MSW
   

4.4 ก�����0�(�-��กe�6�� F > Fα ,(k-1,n-k) 
4.5 #,�
�ก�%�#�0 
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���������������� 

 

������ก������� 

   

���ก����	
����	����ก��	
������ก���	������������������	��� �!"�����	������ (%!&����'(, 
2540) �/"���"�ก�������0����������0�/�ก	ก���
���1ก����0�	��'1 400 2 1,000 /�44�	/�� �4��5�6ก�4
	��7
46ก (8��(/���ก���� 9
:1;'1;�"1��' 
:�	4��'1
!<, 2552) 9=�11������>1�0�ก���>ก�������ก�������0�;ก"
���ก�������	�/�7%/ 9�'�����0�����������;�ก�"�1ก��=�� 200, 350, 500, 650 ;47 800 /�44�4��� 	
��	�4� 8 
���9/1�"���� 9�'��ก�7
B�1��0��'�C>�1	
��ก�������0�;  �!4D�= (Micro-Irrigation) ;47�0�ก���������

��/�P��0��7 �'��ก��กก�7Q�1	�����0�/�=0���P
��/�Pก������0����'��&�%/�!4��0� 

 
��กก����4�1� �"�ก�P������0�;ก"���ก���� 200 ;47 350 /�44�4��� �/"%�/��Q�0�ก��%/�!4��0�

��� 	����1��ก	/��������0��
;4���/"/���0��7 �'��ก��กก�7Q�1 C>�1��0��������
������7�0��
��������1�/�
���� ����������7����0�����/"��;4�����1�>1��0���ก�������ก/��� %"��ก�P���������0� 500 650 ;47 800 
/�44�4��� %�/��Q=0���P
��/�Pก������0���1�����	R4��'	�"�ก�  8.48 10.11 ;47 8.41 /�44�	/�� ��/40���  
����=��	
��
�7%��&�D��ก�������0�	R4��'	�"�ก�  66.14% 61.27% ;47 44.42% ��/40���   

 
��กก����%� ��1%Q������/64� �"� ก�P���������0� 500 650 ;47 800 /�44�4��� ��/�
��/�Pก����

��0���1���/";�ก�"�1ก������7�� ��'%0�=�� 0.05 R7����ก�������0�	��'1 500 /�44�4��� กV	��'1���"�ก������0�
��1���ก������� �/"�0�	
�����1�����
��/�P���/�ก 	���7ก�������0�/�ก;�"���/"%�/��Q�0���0������
��

�79'�(������1�/����1ก���7 �'��0���ก/��0����%���	
4��1��0�  ;�"�'"�1��กV��/	/���	กV �4�4��กV� �"�
�!กก�P���������0����ก����%�/��Q�4���4�4������!ก��� C>�1����7%�!
����"�ก�P���������0� 200 ;47 350 
/�44�4��� 	��'1���"�ก������0���1��	���7Q����ก��0��������/"	��'1���"�ก������0���1��������ก����
����7��'�����4	�"����   
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�	
�����ก������� 

 

 1. �����ก����4��กก����4�1;�ก�"�1��กก��=0���P��1�5�W�	R4��'	�"�ก�  31.03 % C>�1
��/�P
��0�������/�=��/=4��	=4������ก="����=���7	
�����	����1/���ก/�ก��%6�	%�' Friction loss ��	%��4������"�
ก� �"�%�'�8	���������0��'�41ก�7Q�1���ก����;47����7=4��	=4������ก�6��0�ก���������="� ;47����7
	ก����ก���%�/��1����"�	���/ก� 	%��4��	����
�� �7�� ��0��4�/ 	/���
�� �7�� 41กV����7	4����41/�	ก��
ก�"��������7�� ��� ��1����ก���0�ก�7
B�1��0��'��
��  ��ก���1ก�������ก����4������1ก���>1=���0�ก��

�� 	��' �����ก����49�'ก��
�� %�/��1����"�	���/ก��ก� 	%��4��	��' ก� �����ก����4�!ก[ก�7
B�1 
 

2. 
��/�Pก������0���1���ก���� (��"�'/�44�	/��) /� �1"�1���ก��8/�;��9��/%61�>��	����'[ ;�"
�ก41/�	��'1�!�	��'�;4��%61	���/�>����ก ����7	
��	���7�"�/�ก��������/64����4��="��������>1;�ก�"�1/�ก
��ก="����� %"��ก��8�!กก�P���"�1%�
���(��� 2 /�="�%61ก�"� %�
���(��������7	
��	���7�"��7  ก��	กV ��0�
�7 �'��"�1%�
���(;�ก'�1�/"="�'�� 	����1��ก �1ก�7Q�1�����0��7 �'��ก/�/�ก	ก����%�''�1���	���/�'6"
ก� ก��ก�7Q�1�4!���ก/�����0�ก�7��'��ก��ก���;�"'�1/���0� �1%"��'�1	�4���'6"�����	����1��ก/�ก��
	��7�6���\������0����' ��1����	/����0�="���0�����7 �'/�=����
��/�Pก������0���1��="��>1����7����4����� 
;47����7	
��"�1%�
���(������ก����ก0�4�1�����ก�>1���/�ก���>1=��/���������
��/�กก�"�
ก��   

 
3. 
��/�Pก������0���1�� ���=0���P��กก�P���������0� 500, 650 ;47 800 /�44�4��� /�
��/�Pก����

��0���/�4��ก����4�1	�"�ก�  619.40  /�44�	/�� 738.02 /�44�	/�� ;47 613.57 /�44�	/�� ��/40���  
%��=4��1ก� ���/64��18��(/���ก���� 9
:1;'1;�"1��' 
:�	4��'1
!< (2552) ก4"��=�� ���ก�������1ก����0�
�4��"�1ก��	��7
46ก
�7/�P 400 2 1,000 /�44�	/��  
  

4. �0�����4�4����;�"47�������7����4�4��/�กก�"���� Q����ก/�ก�����
!B'�'"�1%/�0�	%/� ;47
�6;4��ก��������ก�����'"�1�"�	����19�'	R��7	����1��1����6�� ��ก��ก���
��/�P�4�4����������ก�P����
�����0� 650 ;47 800 /�44�4���/��4�4��	R4��'="�����1���'���	����1/�ก��ก���ก��������� ��0�/�ก�
 ���1���
	����1��ก���ก����	
��������/"���"�ก�������0����������0�/�ก	ก���
 (8��(/���ก���� 9
:1;'1;�"1��' 

:�	4��'1
!<, 2552)   
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���������� 

 

1. ��������������� 

 
 	����1��ก"�1����0�ก����4�1	
��"�15�6\� 	ก����'!���40����	%�'��';47/���0�\�%��	�����
ก�7Q�1�0����ก��=0���P%/�!4��0�����4����� =������7�0�ก����4�1����

46ก��9�1	���� ��ก��ก���=��
�7/���7��1	����1��1����6�� ���;ก" ��'��ก;47	�4��' �'"���1ก�7Q�1 ��������	���7��'��ก�7	���/���
ก�7Q�1;47ก��ก��������ก������	�4��;�"ก���;47���1ก0������'��ก��ก��ก ��	�P�� [ �������
	��7
46ก����/�  ;47���1�/���R��'� "̂�;/41	/���� �"�/�	�4��' 	���7	/���	�4��'�7 �� �7�6���0�����
	4��'1
������ก������ก���� ���ก�����0�������ก����	ก��9�=� �1�ก  

%"��
_�����กก���0�ก�7
B�1��0��'�	����1��กก����4�1ก�7
B�1/�="�=��/=4��	=4������1
�����ก����4��ก�5�W�;47ก����4�1%61��1����ก"������7�0�ก�7
B�1��0��'�/���4�1�>1=���0�ก�7
B�1
�
�0�ก��
�� 	��' ก"������7�0�/������0�;ก"��	�����������ก����4��1;�"47ก�7
B�1 

 
2. ก���� ��!���!"� 

 
 	����1��กก�������0���;�"47���%"����>�1��%�/��Q�0���0��
����� ;�"��0���ก%"������7�!�/��0���� 
;47%"��������/"���1ก��กV�7Q6ก�7 �'��ก�
  �0����/� �1ก�P���������0��
;4���/"/�ก���7 �'��0���ก/��>1
%�/��Q�6�����"���%�/��Q����0�����/�	�"�ก� �������
����������0��/"	��'1���>1���1�>1��0���ก�����/���
���	��'1��  	����������="�ก������0����%/ 6�P(�!กก�P�ก�������0��>1=���0������;�"47ก�7Q�1/����="�
=��/���ก"������7�����0�=���1�"��
 
 
3. ก�����$�ก%&'���� 

 
 ��ก�4ก���>ก�������ก	ก���ก�����7�0��4ก����4�1����
��	����
46ก���ก����9�'ก�������0�
;  ��0��'� =���7ก0���������ก�������0����	�/�7%/=���/"=��	ก�� 500 /�44�4����"���� 	���7��ก�����0�
/�ก	ก���
�4�4���7�ก��0� ;47	
��ก��%���	
4��1��0� 
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������ก�	
  ����. 2535. ก����	�������������ก. �����ก������������ก���ก�� ก�!��"�#�$, �"�#�$. 
 
&�'�� ��ก����. �.#.#.. ��ก������ก��ก����� �	��ก���������� �. (�)��*���+�ก���*�#��,��, 
 )	���+�ก���+��!�
, �-���,����� ก�!�+��!�
��,�� �!ก"��.$���, �)�#/�. 
 
��.�&
  0*��$)� �������  ��,1�(��. 2536. ก����	�������������	ก ���, �. 214-235. 6�ก��7��! ��8�
 .��&�
7�ก. ก�$����.��&�
.9*, ก���:$ ����ก�� ก�!�, ก��$ ,.;. 
 
�'�� #<��#�����/
. 2546.  ��กก�������!��. (�)��*���+�ก���*�#��,��, )	���+�ก���+��!�
, 
 �-���,����� ก�!�+��!�
, ก"��.$���. 
 
#������*  ���ก�. 2539. ก����"��#��ก��#ก$����������������	ก ���. #>'-�.� +�#��''�1,. 
 �-���,����� ก�!�+��!�
, ก��$ ,.;. 
 
.�+���  -�'�$)�.�.�?�
. 2550.  ��ก�%		 1. �"���ก.��.
�-���,����� ก�!�+��!�
, ก��$ ,.;. 
 
A��
�.��ก-��� 1#B$��$��:$��� #B� ��C�$#�D. 2552. ก��' ��()���	ก ���.  �-�:$,�E�� http://www.xn--
 12c2cnuvx4cm.com/ก��6-S�C"�.��ก-���, 2  ����� 2553 
 
                                                                      2552. *�+��	ก ���. �-�:$,�E�� http://www.xn--
12c2cnuvx4cm.com/ก��6-S�C"�.��ก-���, 2  ����� 2553)   
 
                                                                      2552. #������,�����	ก ���. �-�:$,�E�� http://www.xn--
 12c2cnuvx4cm.com/ก��6-S�C"�.��ก-���, 2  ����� 2553)   
 
��U��
  �'�&1�ก��. 2529. �-.�#�������,��()�. (�)��*���+�ก���*�#��,��, )	���+�ก���+��!�
, 
 �-���,����� ก�!�+��!�
��,�� �!ก"��.$���, �)�#/�. 
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��&�,�.�
  ก����ก��. 2540. �	!�	��$�+�������#��!/0�/��$�ก���1�	2�	�*#������	�����	ก ���. 
 #>'-�.� +�#��''�1,.  �-���,����� ก�!�+��!�
, ก��$ ,.;. 
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�����ก��� 1 ��ก���ก�	
��ก	������ก	������������ 
 

ก�	���ก�	�ก�
���������ก�	������������ �!"���#�ก	������������$�%����ก	�&��ก�	���
����  '()��	�ก�
������*�����ก��ก	��������
� 20 ก	���� ���
����#���
���-)!��.��
����/0�ก$�1)�ก��2�
��!��.��
�3��ก	��/�$�1)����	�.��/��� ���/���� ��3�
ก�-) 1 
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$���	��-)ก��ก	������
���/�����.�0���-)�	��.ก���/5ก�
'���"!�$�1)����/�����0���5�/�.�	��/5

6
�����6���$�7ก�-)	��	������	����*�� 
 

 
 

�����ก��� 3  �	�ก�
������ 6 
������ก�	$��������$���ก��� 
 

 $���$.�7��	�ก�
�������$���"���#����/���	��$���ก�����!��	���������9��ก��.����
:�0	��1# 

 
 

 
 

�����ก��� 4 ��ก������0���	�ก�
�� 
 

 ���0��.-��ก���$�%�/-$6-�
ก�.����$.1)���$�	�;*�� 9- 10 ����ก	ก��$�	�; ������ก0����ก
	ก0	����6�����0��$�-�
 ��0กก�)�6�����
0����-ก/��ก�)���
0กก�)�6�����ก*��-ก 
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������ก � 

ก�	������
	����ก�	� !�"���#$% #!�$#�$ (Referrence Crop Evapotranspiration, ETo)  

9!�:��;� FAO Penman-Monteith 

 
��ก/�0	 

 
900

0.408 (R G ) u (e - e )n 2 s aT 273E To (1 0 .34 u )2

∆ − + γ
+=

∆ + γ +  

 
:กDE�#:F�$ก�	��!�"�����E���� 28 ;E����� 2552 
ก����� KPS Agro Met Sta. 

Tmax = 33.8   
Tmin = 22.6   
Wind Speed  3 m/s 
Sunshine  7 hr 
Altitude  7 	�ก. 
Latitude   14 � 01b N 
Wind Vane  11 m 

 
����	�.�$0�	&��ก�:  

 30.665 10 P−γ = ×  

  30.665 10 (101.2173)−γ = ×  

  

5.26
293 0.0065Z

P 101.3
293

− =  
 

 

  

5.26
293 0.0065(7)

P 101.3
293

− =  
 

 

  P = 101.2173   kpa 

           0.0673∴γ =  
 

��!
�.$	7
  U2 

                   

2 z

4.78
U U

ln(67.8(Z) 5.42)
= ×

−
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4.78
0

ln(67.8(11) 5.42)
= ×

−
 

         U2   =   0  m/s 

                   

17.27T
T+237.32503×e

∆ =
2(T + 237.3)

 
 
 
 

  

 �����        ∆ =  !
�.#��"!��*�������).0�
 

   
T T 33.8 22.6max minT T 28.2mean 2 2

+ +
= = = =  

               

17.27(28.2)
28.2+237.3

2503×e
∆ = = 0.2223

2(28.2 + 237.3)

 
 
  
 

 

 

��!
�.���*���������ก�:�-)6�� (es h ea )     

                

0 0
max mine (T )+e (T )

e =s 2
 

        

0 max
max

max

17.27(T ) 17.27(33.8)
e (T ) 0.6108 exp 0.6108 exp 5.2603

T 237.3 33.8 237.3

   = = =   + +  
 

          

0 min
min

min

17.27(T ) 17.27(22.6)
e (T ) 0.6108 exp 0.6108 exp 2.7422

T 237.3 22.6 237.3

   = = =   + +  
 

                 s

5.2603 2.7422
e 4.0012kPa

2

+
∴ = =  

   a se RH e= ×��ก  
 

                    

max minRH RH (93 43)
2 2

RH 0.68
100 100

+ +   
   
   = = =  

                ∴ ae 0.68 4.0012 2.7208= × =   kPa 
                    ( )e – e  = 4.0012 – 2.7208 = 1.2804 kPas a  

 
�������	��/-/��>� n(R G)−  

         J  =  Julian Day  
���-) 28  >.!.   J = 362  

         φ  (��0����) 14 01 'N° = 01
14

60
+  = 14.01667 degree = 01

14
60 180

π
+ ×

 
 
 

= 0.2446 Rad 

       R = R - Rn n s n l
 

        R = (1-α)Rns s 
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        $.1)�       n
R = (0.25 + 0.5 )Rs aN

 

   "���-)  n = sunshine duration, hr 

             N = *����กก�	$�o�0�	���	1� 24
ωs

π
 

            δ =  .�.$���
�����0�&0�.p��ก��  

            2
0.409sin J 1.39

365

π δ = − 
 

 

                2
0.409sin (362) 1.39 0.41rad

365

π = − = − 
 

 

         sω  = .�.6���
�����0�&0�.$
�� 
                        1cos ( tan .tan )sω φ δ−= −  

                               1cos ( tan(0.2446).tan 0.41) 1.463rad−= − − =  
          ( )G × drscR = ω .sin .sinδ + (cosj.cos .sinω )a s s

π
 φ φ   

Gsc = !5�!��-) = 118.1
                                       ( )

a

1.463× sin(0.2446)× sin(-0.41)(118.11) (1.0219)
R

+(cos(0.2446)× cos(-0.41)× sin(1.463))

 ×
=  

π  
 

                        aR 31.182=  
2

MJ

m .day
 

                                          24 24
ω 1.463 11.176s

π π
N hr= = × =  

                             ��*��  
2

8.6 MJ
R 0.25 0.5 31.182 19.597s 24 m .day( 1.487)

 
 

= + = 
 ×

π 

 

     $.1)� Albedo �1#������� ≈0.23 

     ( )R = (1-α)R 1 0.23 19.597 15.0899ns s∴ = − × =
2

MJ

m .day
 

     $.1)� ( )
0

4 4T + T Rmax,k min,k sR = σ × 0.34 - 0.14 e × 1.35 - 0.35anl 2 Rs

   
        

 

"���-) 
4 4

4 4
9

T + T (33.8 + 273.16) + (22.6 + 273.16)max,k min,k
σ = 4.903×10 × = 40.5232

2 2
−

          

              ( ) ( )a0.34 0.14 e 0.34 0.14 2.72 0.109− = − =  

                                     
5R 0.75 2 10 (Z) Rso a
− = + ×   

                               
50.75 2 10 (7) (31.182)− = + ×   

                      R 23.39so =  
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                        0

s

s

R 19.597
1.35 0.35 1.35 0.35 0.781

R 23.39

   − = − =          

                        
nlR = 40.5232×0.109×0.781

 

           
nlR = 3.45

2

MJ

m .day 

 
R = R - R = 15.0899 - 3 .45 = 11 .64n ns n l

∴ 2

MJ

m .day 

  
  

��ก/.ก�	 Penman-Montieth 
( ) ( )

( )
n 2 s a

0
2

900
0.408 R G u e e

T 273ET
1 0.34u

∆ − + γ −
+=

∆ + γ +
 

!5��-)*����กก�	!���
������.�  0.2223∆ = , nR 11.64=
2

MJ

m .day
, 0.0673γ = , T 28.2 C= ° ,  

U2   =   0  m/s, (es h ea) =1.2804  kPa 
$.1)� !5��������!
�.	����-)�5������� (G) 

  	��
��       Gdaily ≈  0 
  	��$�1�� Gmonth,i = 0.07(���� �.�$t�-)�$�1�����*�- ���� �.�$t�-)�$�1��ก5��)  
                  = 0.14(���� �.��u������- ���� �.�$t�-)�$�1��ก5��) 
  ��ก	�-�-��#�!5� 	��
��   Gdaily ≈  0 
  

 ( )0.408 R G 0.408 0.2223 (11.64 0)n∆ − = × × −   

                                                                           1.056=  

                        ( )2 s a

900 900
u e e 0.0673 (0) (1.2804)

T 273 28.2 273
 γ − = × × + + 

 

               0=  
                                           ( )21 0.34u 0.2223 (0.0673 (1 (0.34 0)))∆ + γ + = + × + ×  

                                                                           0.2896=  

     0

1.056 0
ET 3.646

0.2896

+
∴ = =   mm/day 
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������ก � 

D�	�$�!#���G������#�ก�H�#$GI���#JDJ��:����:� ก��K$KG� LE$��E9��	
M� 

DE"$KDFN9%#�DJ���� IO$ N9%#�;E����� 

 

D�	�$���ก��� 1 �������ก�	35	��/-�-)#�����ก6���		��ก�:"�ก (Ra) 
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D�	�$���ก��� 1 (DF#)  �������ก�	35	��/-�-)#�����ก6���		��ก�:"�ก (Ra) 
 

 
 
 �.��$�0� : ��0���� (Latitude) ��ก$�%���:� ��0�����-)$�%�!5��
ก �.���(� ��:�$��1� °N  
        �-)$�%�!5��� �.���(� ��:��0� °S 
         �������ก�	35	��/-�-)#�����ก6���		��ก�:"�ก ��5
�$�%� 2 1MJm day− −  
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D�	�$���ก��� 2 ����
�#�)
".�/������	��
�� (Daylight hours,N) 
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D�	�$���ก��� 2(DF#) ����
�#�)
".�/������	��
�� (Daylight hours,N) 
 

 
�.��$�0� : ��0���� (Latitude) ��ก$�%���:� ��0�����-)$�%�!5��
ก �.���(� ��:�$��1� °N  

        �-)$�%�!5��� �.���(� ��:��0� °S 
         ����
�#�)
".�/������	��
�� ��5
�$�%� #�)
".�05�
�� 
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D�	�$���ก��� 3 
��6���w (Julient Day, J) 
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D�	�$���ก��� 4 /5
�ก���6��	������	��
5��"�กก���
�����0�&/�.���>&  
      (Inverse relative distance Earth-Sun, dr) 
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D�	�$���ก��� 5 .�.$��6���
�����0�&0�.p��ก�� (Solar declination, δ ) 
 

 
�.��$�0� : .�.$��6���
�����0�& .-��5
�$�%� $	$�-�� 
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D�	�$���ก��� 6 0�	��6��.��/ �� �.���ก�:$�1��0���!. /���-��0����.
����ก����/� 

 
Air Temperature(oC) Humidity (%) Rain Evap. Cloud Sun. Wind km./hrs. Soil Temperature (oC) Date 

Max. Min. G.min. Max. Min. (mm.) (mm.) (%) (hrs.) Spd. Dir. 0 cm. 5 cm. 10 cm. 20 cm. 50 cm. 100cm. 

1 25.8 22.5 22.0 95 93 11.4 2.2 100 0.0 8.3 NW 27.3 28.0 28.2 29.0 29.9 30.6 

2 32.6 23.5 23.5 95 57 0.2 2.8 93 1.5 1.8 S 28.4 29.1 29.0 28.9 29.4 30.4 
3 33.4 24.8 24.0 94 54 T 1.8 88 8.2 2.9 NW 30.4 30.5 30.1 29.9 29.6 30.3 

4 34.7 25.2 24.1 94 48 T 5.5 69 9.8 5.0 W 31.1 31.4 30.9 30.7 30.0 30.2 

5 35.2 24.6 24.2 96 54 35.0 FULL 86 6.8 3.6 E 31.2 31.4 31.2 31.0 30.3 30.3 

6 33.6 24.5 23.5 96 54 0.6 6.6 83 8.4 1.1 N 30.6 31.0 30.6 31.2 30.4 30.4 

7 33.7 25.1 23.0 94 51 5.4 4.2 85 6.9 3.6 S 30.8 31.2 31.0 30.9 30.5 30.4 
8 34.0 25.5 24.0 94 54 0.0 3.0 50 6.8 0.0 C 31.1 31.5 31.2 31.1 30.6 30.5 

9 34.8 24.4 22.7 93 49 T 5.1 48 8.0 3.2 W 31.3 31.7 31.4 31.3 30.7 30.6 

10 34.0 23.4 23.1 94 53 67.0 FULL 61 9.2 1.4 W 31.3 31.6 31.4 31.3 31.0 30.6 

11 32.7 23.9 23.1 94 58 41.7 7.4 83 6.2 2.2 E 30.0 30.7 30.6 30.7 30.6 30.7 

12 30.8 23.6 23.5 94 71 73.6 FULL 90 3.3 1.4 E 29.7 30.4 30.4 30.5 30.5 30.7 

13 30.2 24.7 24.6 93 70 T 5.8 81 1.5 2.2 E 29.4 30.0 30.0 30.1 30.3 30.7 
14 33.2 23.7 22.7 93 55 0.0 3.4 48 8.9 1.1 N 30.1 30.4 30.2 30.3 30.2 30.6 

15 31.9 25.1 24.4 92 63 2.7 1.7 83 0.4 0.4 WNW 30.3 30.7 30.6 30.6 30.2 30.6 

16 33.0 24.5 24.0 92 58 2.7 5.3 70 7.3 2.2 NE 30.8 31.1 31.0 30.7 30.4 30.5 

17 32.7 23.9 22.9 93 58 15.2 4.2 61 6.6 2.2 NW 30.6 30.9 30.8 30.8 30.5 30.6 

18 32.8 23.8 22.9 93 60 9.6 3.5 84 5.2 1.8 W 30.2 30.6 30.6 30.7 30.5 30.6 

19 33.0 23.7 22.7 92 58 0.0 3.9 63 8.7 1.1 W 30.4 30.8 30.6 30.6 30.5 30.6 

20 33.6 24.7 23.5 93 53 T 3.2 70 6.2 1.1 NE 30.8 31.1 30.9 30.8 30.5 30.6 

21 31.3 24.6 23.6 92 59 3.5 1.0 84 2.4 1.1 S 29.9 30.5 30.6 30.8 30.6 30.6 

22 32.3 24.2 22.8 93 61 30.3 5.2 70 4.7 2.2 N 30.2 30.6 30.4 30.5 30.4 30.6 

23 30.3 23.1 22.8 93 70 4.8 1.4 81 2.1 0.4 S 29.4 30.0 29.9 30.2 30.4 30.6 

24 31.6 24.0 22.5 92 69 4.0 2.1 66 2.9 1.1 N 29.6 29.9 29.9 30.1 30.2 30.5 

25 33.7 24.0 22.5 93 49 0.2 4.5 39 9.9 1.4 ENE 30.7 30.7 30.6 30.5 30.1 30.5 

26 33.9 25.6 24.0 92 54 T 3.9 66 7.8 0.4 S 31.5 31.6 31.3 31.0 30.4 30.4 

27 33.6 25.0 24.1 93 52 5.6 4.6 68 9.6 0.4 E 31.7 31.8 31.6 31.4 30.6 30.5 

28 32.4 23.5 22.7 93 51 T 3.2 58 9.5 4 N 31.0 31.2 31.2 31.2 30.8 30.6 

29 32.0 23.0 20.8 93 56 0.0 5.6 25 9.9 2.2 N 30.6 30.7 30.7 30.8 30.6 30.6 

30 32.7 23.2 21.0 92 51 0.0 4.0 18 9.9 3.2 N 30.8 30.8 30.7 30.7 30.5 30.6 

31 32.1 22.5 19.8 93 51 0.0 4.5 9 9.9 3.6 N 30.3 30.5 30.5 30.6 30.5 30.6 

Total 1011.6 747.8 715.0 2893 1794 313.5 109.6 2080 198.5 66.6   941.5 952.4 948.1 948.9 941.7 946.6 
Mean 32.6 24.1 23.1 93 58 10.1 3.5 67 6.0 2.1 N 30.4 30.7 30.6 30.6 30.4 30.5 
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D�	�$���ก��� 7  0�	��6��.��/ �� �.���ก�:$�1���p:��ก��� 
   AGROMETEOROLOGICAL DATA FOR NOVEMBER 2009 

   NAKHONPATHOM METEOROLOGICAL STATION  
Air Temperature(oC) Humidity (%) Rain Evap. Cloud Sun. Wind km./hrs. Soil Temperature (oC) Date 

Max. Min. G.min. Max. Min. (mm.) (mm.) (%) (hrs.) Spd. Dir. 0 cm. 5 cm. 10 cm. 20 cm. 50 cm. 100cm. 
1 31.7 22.0 18.7 94 46 T 4.2 5 9.8 4 N 30.1 30.3 30.3 30.4 30.3 30.6 
2 31.1 21.8 19.0 92 48 0.0 4.9 16 7.4 8.3 NE 29.4 29.7 29.7 30.0 30.2 30.5 
3 26.9 20.2 20.2 94 53 2.0 5.0 81 0.0 12.6 N 27.2 28.0 28.3 29.1 29.9 30.4 
4 28.4 21.3 19.1 88 58 0.0 3.9 83 6.9 11.2 N 26.9 27.5 27.5 28.1 29.2 30.3 
5 30.6 22.6 21.0 88 52 0.0 4.9 28 9.6 1.4 N 26.1 27.2 27.4 28.2 28.9 30.1 
6 31.6 24.5 22.6 92 51 0.0 5.2 43 7.7 7.2 N 29.3 29.8 29.5 29.4 29.2 29.9 
7 32.4 22.7 19.5 93 52 0.5 5.0 13 9.5 5.0 NNW 29.9 30.2 30.0 29.9 29.5 29.8 
8 33.0 24.3 21.5 93 55 0.9 3.0 83 4.8 0.4 N 30.1 30.5 30.3 30.3 29.8 29.9 
9 34.6 23.8 21.8 95 49 0.0 3.7 33 9.3 1.1 NE 30.5 30.7 30.5 30.4 30.0 30.0 

10 35.4 24.4 21.9 94 50 0.0 3.4 25 8.7 0.0 C 31.1 31.2 31.0 31.0 30.1 30.0 
11 35.0 24.7 22.5 94 54 0.0 3.1 44 5.4 0.4 W 31.3 31.6 31.3 31.2 30.4 30.1 
12 35.4 24.7 22.4 93 46 0.0 3.9 28 8.7 2.2 E 31.7 31.8 31.6 31.4 30.6 30.2 
13 35.9 24.6 22.2 93 45 0.0 3.0 30 9.3 0.4 S 32.1 32.3 31.9 31.8 30.9 30.3 

14 35.6 25.1 22.6 92 48 0.0 3.7 43 7.3 1.1 NW 32.4 32.4 32.1 32.0 31.1 30.4 
15 35.5 25.6 23.0 91 46 0.0 4.4 40 8.3 2.9 SSW 32.2 32.4 32.1 32.0 31.3 30.6 
16 34.4 24.9 22.5 92 52 0.0 2.1 61 4.9 0.4 W 32.0 32.2 31.8 32.0 31.3 30.7 
17 34.0 24.6 22.5 92 54 1.8 5.1 65 6.0 2.2 NE 31.7 31.9 31.8 31.8 31.4 30.8 
18 29.7 20.4 20.4 93 55 T 3.1 60 5.3 5.8 N 29.9 30.5 30.7 31.1 31.2 30.8 
19 28.8 20.2 17.5 93 49 0.0 3.9 45 9.5 4.0 NNE 28.9 29.4 29.4 30.1 30.7 30.8 
20 28.6 20.4 17.7 92 50 0.0 4.7 51 9.3 5.4 N 28.8 29.1 29.2 29.7 30.3 30.7 

21 28.0 19.7 16.4 93 43 0.0 4.3 29 9.4 8.6 N 28.4 28.6 28.8 29.5 30.0 30.5 
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D�	�$���ก��� 7 (DF#) 0�	��6��.��/ �� �.���ก�:$�1���p:��ก��� 
   AGROMETEOROLOGICAL DATA FOR NOVEMBER 2009 

   NAKHONPATHOM METEOROLOGICAL STATION  
Air Temperature(oC) Humidity (%) Rain Evap. Cloud Sun. Wind km./hrs. Soil Temperature (oC) Date 

Max. Min. G.min. Max. Min. (mm.) (mm.) (%) (hrs.) Spd. Dir. 0 cm. 5 cm. 10 cm. 20 cm. 50 cm. 100cm. 
22 26.3 17.4 13.9 93 46 0.0 5.7 61 6.8 6.8 NNW 27.1 27.7 27.8 28.7 29.7 30.4 
23 27.8 16.6 12.6 94 42 0.0 3.5 43 8.6 4.0 NNW 26.9 27.4 27.4 28.2 29.2 30.2 
24 28.7 16.6 12.6 93 46 0.0 3.7 61 6.4 2.2 N 26.9 27.3 27.4 28.1 28.9 30.0 
25 30.3 17.1 12.8 93 40 0.0 2.8 33 9.1 4.7 NNE 27.1 27.4 27.4 27.9 28.7 29.7 
26 31.0 16.5 12.0 94 37 0.0 3.2 20 8.7 1.4 E 27.0 27.6 27.5 28.0 28.6 29.6 

27 31.2 17.6 13.9 94 39 0.0 2.9 3 9.4 2.9 N 27.8 28.0 27.8 28.2 28.5 29.5 
28 31.3 18.2 14.6 94 43 0.0 4.8 1 9.2 3.2 N 28.6 28.7 28.4 28.7 28.6 29.4 
29 31.7 19.5 15.7 94 44 0.0 3.1 16 9.0 3.2 NNE 29.2 29.4 28.9 29.1 28.9 29.3 
30 31.1 20.2 15.7 94 41 0.0 3.8 13 9.2 3.6 N 29.3 29.6 29.2 29.2 29.1 29.4 

Total 946.0 642.2 558.8 2784 1434 5.2 118.0 1157 233.5 116.6   879.9 890.4 887.0 895.5 896.5 904.9 
Mean 31.5 21.4 18.6 93 48 0.2 3.9 39 7.8 3.9 N 29.3 29.7 29.6 29.9 29.9 30.2 

   T = Trace of rainfall less than 0.1 millimetre    Remark: Accumulative rainfall since 1 January to 30 November = 1,152.5 Millimetres 
    FULL = Error data because of heavy rainfall  = Reoccurrence minimum temperature  Sourec:Nakhonpathom Meteorological Station  Tel./Fax. 0-3435-1945 
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D�	�$���ก��� 8  0�	��6��.��/ �� �.���ก�:$�1��>��
�!. 
   AGROMETEOROLOGICAL DATA FOR DECEMBER 2009 

   NAKHONPATHOM METEOROLOGICAL STATION  
Air Temperature(oC) Humidity (%) Rain Evap. Cloud Sun. Wind km./hrs. Soil Temperature (oC) Date 

Max. Min. G.min. Max. Min. (mm.) (mm.) (%) (hrs.) Spd. Dir. 0 cm. 5 cm. 10 cm. 20 cm. 50 cm. 100cm. 
1 30.1 19.3 15.5 94 43 0.0 6.0 4 9.1 3.6 N 28.9 29.6 28.9 29.1 29.1 29.4 

2 30.1 19.5 15.6 93 44 0.0 3.3 23 9.1 4.7 N 28.9 29.3 28.9 29.2 29.2 29.4 
3 29.9 18.4 14.4 94 46 0.0 2.6 8 9.0 4.0 N 28.8 29.1 28.9 29.0 29.1 29.5 
4 29.0 18.4 15.0 94 49 0.0 3.7 21 7.8 1.1 N 28.5 28.8 28.6 28.8 29.1 29.3 
5 29.7 17.9 14.6 93 43 0.0 3.1 30 5.6 2.2 N 27.8 28.3 28.2 28.5 29.0 29.4 
6 30.0 17.2 13.1 94 41 0.0 3.2 20 8.3 1.1 N 28.3 28.5 28.4 28.6 28.8 29.3 

7 30.5 17.2 13.5 94 42 0.0 3.3 9 8.6 1.1 NE 28.5 28.6 28.4 28.6 28.8 29.3 
8 31.2 19.0 16.0 93 44 0.0 2.8 25 8.3 1.4 N 28.8 29.1 28.8 29.0 28.8 29.2 
9 31.3 19.8 15.9 95 44 0.0 2.7 8 8.6 1.1 NW 29.1 29.4 29.1 29.0 28.9 29.2 

10 31.1 18.4 15.1 94 39 0.0 4.4 8 8.6 1.1 NE 28.9 29.1 28.9 29.1 29.0 29.2 
11 31.5 18.5 16.1 94 41 0.0 2.8 13 8.3 1.1 E 29.0 29.2 29.0 29.1 29.0 29.2 
12 31.6 18.9 15.6 94 46 0.0 2.7 1 8.6 2.2 E 28.9 29.1 29.0 29.0 29.1 29.2 
13 31.6 19.3 16.6 94 48 0.0 4.6 31 6.3 2.2 N 28.9 29.1 28.9 29.0 29.0 29.2 
14 32.5 21.9 19.5 94 47 0.0 3.0 41 7.8 2.9 N 30.0 30.2 29.7 29.6 29.1 29.2 

15 32.7 21.6 18.7 94 45 0.0 3.2 10 8.2 3.6 NNW 30.3 30.5 30.0 29.9 29.3 29.3 
16 33.5 21.1 17.9 94 43 0.0 4.3 3 8.3 0.4 NNW 30.5 30.5 30.2 30.1 29.4 29.3 
17 33.0 22.0 19.4 94 46 0.0 2.9 18 7.8 2.2 N 30.7 30.4 30.5 30.4 29.6 29.4 
18 32.2 21.8 19.2 93 47 0.0 3.3 3 8.7 1.4 N 30.9 31.0 30.7 30.4 29.8 29.5 
19 30.6 21.7 18.6 94 54 0.0 2.0 5 8.3 4.0 N 30.3 30.6 30.4 30.4 29.8 29.6 
20 29.6 22.0 18.7 94 53 0.0 4.5 24 8.1 1.8 N 30.2 30.4 30.2 30.2 29.8 29.6 

21 29.0 20.0 15.6 94 52 0.0 3.9 10 8.3 3.6 N 29.5 29.8 29.6 29.8 29.7 29.6 
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D�	�$���ก��� 8 (DF#)  0�	��6��.��/ �� �.���ก�:$�1��>��
�!. 
   AGROMETEOROLOGICAL DATA FOR DECEMBER 2009 

   NAKHONPATHOM METEOROLOGICAL STATION  
Air Temperature(oC) Humidity (%) Rain Evap. Cloud Sun. Wind km./hrs. Soil Temperature (oC) Date 

Max. Min. G.min. Max. Min. (mm.) (mm.) (%) (hrs.) Spd. Dir. 0 cm. 5 cm. 10 cm. 20 cm. 50 cm. 100cm. 
22 28.8 19.5 15.6 94 54 0.0 2.7 11 8.7 2.9 N 29.1 29.4 29.3 29.4 29.6 29.6 
23 31.0 18.0 14.4 94 42 0.0 2.3 3 8.6 1.4 E 29.1 29.4 29.1 29.3 29.3 29.5 
24 31.6 18.2 14.3 94 42 0.0 3.7 0 8.7 2.9 ESE 29.1 29.4 29.2 29.2 29.2 29.5 
25 33.2 19.0 14.5 94 40 0.0 2.5 3 8.5 1.1 N 29.2 29.4 29.2 29.3 29.2 29.4 
26 33.2 20.9 17.8 93 45 0.0 3.9 13 8.0 0.0 C 29.8 29.9 29.6 29.6 29.2 29.3 
27 34.1 21.8 17.7 94 43 0.0 2.0 8 8.5 2.2 E 30.4 30.5 30.2 30.0 29.4 29.3 

28 33.8 22.6 19.3 93 43 0.0 4.6 16 8.6 0.0 C 31.0 31.0 30.6 30.3 29.5 29.4 
29 33.9 23.6 20.2 93 46 0.0 4.2 25 8.0 1.8 SE 31.0 31.2 31.0 30.8 29.8 29.5 
30 33.7 23.2 19.5 93 47 0.0 3.3 16 8.2 1.1 E 31.0 31.2 30.9 30.8 30.1 29.6 
31 34.0 22.5 19.5 92 46 0.0 2.2 14 7.8 0.4 S 31.1 31.2 30.8 30.6 30.0 29.6 

Total 978.0 623.2 517.4 2905 1405 0.0 103.7 424 255.3 60.6   916.5 923.2 915.2 916.1 908.7 911.0 
Mean 31.5 20.1 16.7 94 45 0.0 3.3 14 8.2 2.0 N 29.6 29.8 29.5 29.6 29.3 29.4 
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D�	�$�!#����"��	\]�:K�\
	����ก�	� !�"���#$	�ก���� 

 

D�	�$���ก��� 9 6��.�������-)	������05��
��$�%�.������0	 
ก	�����-) 


���-) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
17 0.!. 52 0 0 0 0 0 0 8.5 0 20 24 3 291 134 42 74 0 106 94 179 97 
18 0.!. 52 0 3 0 0 0 0 120 7 31 138 0 60 66 15 45 434 226 134 125 0 
19 0.!. 52 0 0 0 0 0 0 30 0 178 158 30 31 232 82 26 5 404 88 258 98 
20 0.!. 52 0 0 0 0 0 0 0 0 0 47 0 18 132 144 4 10 324 66 158 132 
21 0.!. 52 0 0 0 0 0 0 10 15 1 130 26 20 143 180 618 170 136 166 378 312 
22 0.!. 52 0 0 0 22 0 280 120 166 95 124 134 28 166 200 66 86 310 594 334 160 
23 0.!. 52 90 100 8 0 300 302 10 146 50 304 340 82 143 324 495 22 597 482 176 252 
24 0.!. 52 4 79 148 12 64 112 220 122 27 186 437 37 241 166 127 333 584 664 327 321 
25 0.!. 52 20 41 10 4 134 162 79 86 20 142 124 275 113 166 141 10 252 269 427 526 
26 0.!. 52 20 30 40 23 97 190 44 66 16 146 283 82 104 148 244 225 123 610 102 480 
27 0.!. 52 0 0 0 0 0 35 99 237 55 78 396 270 165 271 234 226 411 332 474 410 
28 0.!. 52 0 0 12 33 0 135 159 236 238 250 162 432 541 338 304 424 647 531 742 726 
29 0.!. 52 0 0 160 140 0 250 220 204 103 126 425 350 318 213 454 320 591 487 490 290 
30 0.!. 52 0 0 120 110 0 208 101 244 328 83 150 425 162 245 413 166 464 612 520 560 
31 0.!. 52 0 0 13 51 0 100 76 318 277 37 421 438 460 438 447 545 544 355 535 639 
1 �.�. 52 0 0 50 36 0 181 128 344 228 50 429 366 226 410 140 186 411 600 604 556 
2 �.�. 52 0 4 98 162 7 248 322 186 279 314 320 414 230 400 594 523 237 550 593 789 
3 �.�. 52 0 0 0 48 73 175 327 237 291 250 349 387 604 330 199 237 592 454 594 614 
4 �.�. 52 0 0 54 43 79 220 116 106 215 319 179 362 629 538 424 258 740 533 468 596 
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D�	�$���ก��� 9 (DF#) 6��.�������-)	������05��
��$�%�.������0	 
 

ก	�����-) 

���-) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

5 �.�. 52 0 0 11 54 101 142 213 162 416 123 470 402 432 409 298 469 486 293 538 601 
6 �.�. 52 0 0 21 10 20 42 52 40 83 146 298 298 250 107 194 233 498 538 511 492 
7 �.�. 52 0 0 0 34 45 201 185 176 342 163 328 409 396 513 451 276 487 572 673 654 
8 �.�. 52 0 0 42 0 0 72 50 126 76 236 260 146 314 404 322 291 561 628 431 610 
9 �.�. 52 0 0 62 128 0 139 142 128 76 220 285 63 432 337 402 392 661 573 620 558 

10 �.�. 52 0 0 0 10 0 120 67 160 130 230 323 420 360 368 254 238 508 492 553 533 
11 �.�. 52 0 0 0 42 57 102 123 198 120 264 297 476 352 397 250 312 520 646 634 721 
12 �.�. 52 0 0 0 15 0 90 134 97 163 249 120 245 214 390 350 488 450 675 416 540 
13 �.�. 52 0 0 38 48 0 278 292 204 125 104 226 240 314 550 557 355 606 701 666 585 
14 �.�. 52 0 0 0 38 98 208 197 224 317 272 184 253 379 524 341 271 589 582 668 749 
15 �.�. 52 0 0 48 16 0 161 160 104 384 264 279 0 313 471 210 580 542 364 576 600 
16 �.�. 52 0 0 34 30 0 198 250 150 314 370 300 210 320 244 392 64 543 196 490 592 
17 �.�. 52 0 0 0 0 0 249 19 97 386 395 131 340 192 185 268 59 518 595 434 669 
18 �.�. 52 0 0 0 53 84 214 236 120 314 222 271 275 273 467 486 519 510 510 596 686 
19 �.�. 52 0 0 0 26 0 144 208 103 235 247 405 236 241 324 198 222 567 636 513 596 
20 �.�. 52 0 0 0 0 76 56 87 0 0 96 220 242 293 184 200 300 498 474 480 534 
21 �.�. 52 0 0 8 0 0 314 30 0 164 93 274 298 250 324 227 436 538 412 660 581 
22 �.�. 52 0 0 0 22 34 186 95 44 28 210 235 261 235 270 210 257 610 676 698 622 
23 �.�. 52 0 0 0 0 0 137 0 124 187 400 344 360 352 483 146 136 554 590 568 613 
24 �.�. 52 0 0 0 0 0 123 74 0 0 206 217 231 241 264 368 454 636 605 496 635 
25 �.�. 52 0 0 0 0 0 76 95 0 0 197 213 207 296 296 228 230 516 684 704 675 
26 �.�. 52 0 0 0 0 0 68 0 0 100 124 195 214 242 299 262 211 604 531 637 665 
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D�	�$���ก��� 9 (DF#) 6��.�������-)	������05��
��$�%�.������0	 
 

ก	�����-) 

���-) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

27 �.�. 52 0 0 0 0 0 68 26 0 260 74 169 194 150 177 202 394 647 594 478 564 
28 �.�. 52 0 0 0 0 12 98 150 238 152 247 359 382 168 420 346 520 500 732 624 720 
29 �.�. 52 0 0 0 0 0 14 0 0 247 101 161 146 170 284 231 66 414 272 418 485 
30 �.�. 52 0 0 0 0 0 144 96 0 206 110 292 250 172 314 472 251 500 611 596 626 
1 >.!. 52 0 0 0 10 15 138 248 176 268 328 212 268 258 190 322 374 376 589 612 695 
2 >.!. 52 0 0 0 0 0 109 78 0 117 182 330 394 135 244 248 262 250 216 259 707 
3 >.!. 52 0 0 0 0 0 65 0 21 202 166 106 285 84 66 198 60 604 600 393 580 
4 >.!. 52 0 0 0 0 0 120 42 40 0 183 348 398 148 457 248 425 600 482 418 580 
5 >.!. 52 0 0 0 0 0 110 38 107 0 190 310 429 236 576 323 774 602 640 584 568 
6 >.!. 52 0 0 0 0 11 0 146 248 105 162 400 149 130 482 469 532 534 435 510 570 
7 >.!. 52 0 0 0 0 0 52 31 55 124 267 140 270 511 240 200 500 550 514 338 750 
8 >.!. 52 0 0 0 0 97 128 42 106 344 239 225 292 422 570 380 404 574 681 596 623 
9 >.!. 52 0 0 0 0 20 261 44 23 124 83 324 125 402 415 356 340 351 394 444 616 
10 >.!. 52 0 0 0 0 0 76 150 0 150 208 0 224 148 608 258 242 425 598 558 586 
11 >.!. 52 0 0 0 0 0 95 44 36 112 208 220 198 420 371 268 401 588 324 596 532 
12 >.!. 52 0 0 0 0 0 168 0 0 0 150 246 84 228 396 315 370 580 434 410 572 
13 >.!. 52 0 0 0 0 0 14 0 0 0 33 152 0 134 247 94 125 435 256 559 518 
14 >.!. 52 0 0 0 0 0 41 113 0 164 234 185 245 282 309 426 363 500 450 552 608 
15 >.!. 52 0 0 0 0 0 42 0 0 161 0 143 0 185 0 108 124 438 202 299 591 
16 >.!. 52 0 0 0 0 0 112 0 14 120 407 330 36 277 584 268 323 603 390 450 580 
17 >.!. 52 0 0 0 0 0 35 0 0 0 141 195 229 376 248 201 255 562 514 591 556 
18 >.!. 52 0 0 0 0 0 40 0 0 0 20 80 330 176 330 250 362 360 180 370 550 
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D�	�$���ก��� 9 (DF#) 6��.�������-)	������05��
��$�%�.������0	 
 

ก	�����-) 

���-) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

19 >.!. 52 0 0 0 0 0 12 25 0 0 94 142 176 166 174 294 186 345 460 506 495 
20 >.!. 52 0 0 0 0 0 0 25 96 0 157 220 315 186 250 325 326 355 500 516 536 
21 >.!. 52 0 0 0 0 0 0 0 0 0 104 184 216 356 156 245 442 323 510 528 515 
22 >.!. 52 0 0 0 0 0 0 22 0 0 151 183 250 233 207 265 180 184 521 500 434 
23 >.!. 52 0 0 0 0 18 88 17 95 0 154 227 250 322 250 251 235 292 398 473 504 
24 >.!. 52 0 0 0 0 0 33 0 0 0 149 236 235 306 248 201 270 536 485 676 584 
25 >.!. 52 0 0 0 0 0 16 22 56 0 97 104 205 238 250 273 150 446 357 482 574 
26 >.!. 52 0 0 0 0 0 55 0 0 0 148 213 240 220 196 168 174 524 412 578 535 
27 >.!. 52 0 0 0 0 0 24 51 0 0 174 206 0 232 264 264 186 485 448 500 528 
28 >.!. 52 0 0 0 0 0 23 0 0 0 59 128 164 232 228 195 294 445 481 584 600 
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D�	�$���ก��� 10 6��.���	�.�������-)�1#�#�$�%�.����$.0	 
 


���-) 1 2 3 4 200 ml 5 6 7 8 350 ml 9 10 11 12 500 ml 13 14 15 16 650 ml 17 18 19 20 800 ml 
17 0.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.641 9.406 9.641 9.582 13.221 13.111 13.690 5.757 11.445 14.213 16.747 15.866 17.904 16.182 19.116 19.446 17.105 19.364 18.758 
18 0.!. 52 5.509 5.426 5.509 5.509 5.488 9.641 9.641 6.335 9.448 8.766 12.918 9.971 13.772 12.120 12.195 16.086 17.491 16.664 5.950 14.048 15.810 18.345 18.592 22.036 18.696 
19 0.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.641 8.814 9.641 9.434 8.869 9.420 12.946 12.918 11.038 11.514 15.645 17.188 17.766 15.528 10.908 19.612 14.929 19.336 16.196 
20 0.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.641 9.641 9.641 9.641 13.772 12.478 13.772 13.276 13.325 14.268 13.937 17.794 17.628 15.907 13.111 20.218 17.684 18.400 17.353 
21 0.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.641 9.365 9.227 9.468 13.745 10.191 13.056 13.221 12.553 13.965 12.946 0.881 13.221 10.253 18.289 17.463 11.624 13.442 15.205 
22 0.!. 52 5.509 5.509 5.509 4.903 5.357 9.641 1.928 6.335 5.068 5.743 11.155 10.357 10.081 13.001 11.149 13.331 12.395 16.086 15.535 14.337 13.497 5.674 12.836 17.628 12.409 
23 0.!. 52 3.030 2.754 5.289 5.509 4.145 1.377 1.322 9.365 5.619 4.421 12.395 5.399 4.407 11.514 8.429 13.965 8.979 4.269 17.298 11.128 5.592 8.759 17.188 15.094 11.658 
24 0.!. 52 5.399 3.333 1.432 5.178 3.836 7.878 6.556 3.581 6.280 6.074 13.028 8.649 1.735 12.753 9.041 11.266 13.331 14.406 8.732 11.934 5.950 3.746 13.028 13.194 8.979 
25 0.!. 52 4.958 4.380 5.233 5.399 4.992 5.950 5.178 7.465 7.272 6.466 13.221 9.861 10.357 6.197 9.909 14.791 13.331 14.020 17.628 14.943 15.094 14.626 10.274 7.547 11.885 
26 0.!. 52 4.958 4.683 4.407 4.875 4.731 6.969 4.407 8.429 7.823 6.907 13.331 9.751 5.977 11.514 10.143 15.039 13.827 11.183 11.706 12.939 18.648 5.233 19.226 8.814 12.980 
27 0.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.676 6.914 3.113 7.086 12.257 11.624 2.865 6.335 8.270 13.359 10.439 11.458 11.679 11.734 10.715 12.891 8.979 10.742 10.832 
28 0.!. 52 5.509 5.509 5.178 4.600 5.199 9.641 5.922 5.261 3.140 5.991 7.217 6.886 9.310 1.873 6.321 3.002 8.594 9.530 6.225 6.838 4.214 7.409 1.598 2.038 3.815 
29 0.!. 52 5.509 5.509 1.102 1.653 3.443 9.641 2.754 3.581 4.021 4.999 10.935 10.302 2.066 4.132 6.859 9.145 12.037 5.399 9.090 8.917 5.757 8.621 8.539 14.048 9.241 
30 0.!. 52 5.509 5.509 2.204 2.479 3.925 9.641 3.911 6.859 2.920 5.833 4.738 11.486 9.641 2.066 6.983 13.442 11.155 6.528 13.331 11.114 9.255 5.178 7.712 6.611 7.189 
31 0.!. 52 5.509 5.509 5.151 4.104 5.068 9.641 6.886 7.547 0.881 6.239 6.142 12.753 2.176 1.708 5.695 5.233 5.839 5.592 2.892 4.889 7.051 12.257 7.299 4.435 7.761 
1 �.�. 52 5.509 5.509 4.132 4.517 4.917 9.641 4.655 6.115 0.165 5.144 7.492 12.395 1.956 3.691 6.383 11.679 6.611 14.048 12.781 11.279 10.715 5.509 5.399 6.721 7.086 
2 �.�. 52 5.509 5.399 2.810 1.047 3.691 9.448 2.810 0.771 4.517 4.386 6.087 5.123 4.958 2.369 4.634 11.569 6.886 1.542 3.498 5.874 15.507 6.886 5.702 0.303 7.100 
3 �.�. 52 5.509 5.509 5.509 4.187 5.178 7.630 4.820 0.634 3.113 4.049 5.757 6.886 4.159 3.113 4.979 1.267 8.814 12.423 11.376 8.470 5.729 9.530 5.674 5.123 6.514 
4 �.�. 52 5.509 5.509 4.021 4.324 4.841 7.465 3.581 6.445 6.721 6.053 7.850 4.986 8.842 3.801 6.370 0.578 3.085 6.225 10.797 5.171 1.653 7.354 9.145 5.619 5.943 
5 �.�. 52 5.509 5.509 5.206 4.021 5.061 6.859 5.729 3.774 5.178 5.385 2.314 10.384 0.826 2.699 4.056 6.005 6.638 9.696 4.986 6.831 8.649 13.965 7.217 5.481 8.828 
6 �.�. 52 5.509 5.509 4.930 5.233 5.295 9.090 8.484 8.208 8.539 8.580 11.486 9.751 5.564 5.564 8.091 11.018 14.957 12.560 11.486 12.505 8.318 7.217 7.960 8.484 7.995 
7 �.�. 52 5.509 5.509 5.509 4.572 5.275 8.401 4.104 4.545 4.793 5.461 4.352 9.282 4.738 2.507 5.220 6.996 3.774 5.481 10.302 6.638 8.621 6.280 3.498 4.021 5.605 
8 �.�. 52 5.509 5.509 4.352 5.509 5.220 9.641 7.657 8.263 6.170 7.933 11.679 7.272 6.611 9.751 8.828 9.255 6.776 9.035 9.888 8.738 6.583 4.738 10.164 5.233 6.680 
 9 �.�. 52 5.509 5.509 3.801 1.983 4.201 9.641 5.812 5.729 6.115 6.824 11.679 7.712 5.922 12.037 9.338 6.005 8.621 6.831 7.106 7.141 3.829 6.253 4.958 6.666 5.426 

10 �.�. 52 5.509 5.509 5.509 5.233 5.440 9.641 6.335 7.795 5.233 7.251 10.191 7.437 4.875 2.204 6.177 7.988 7.768 10.908 11.348 9.503 8.043 8.484 6.803 7.354 7.671 
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D�	�$���ก��� 10 (DF#) 6��.���	�.�������-)�1#�#�$�%�.����$.0	 
 


���-) 1 2 3 4 200 ml 5 6 7 8 350 ml 9 10 11 12 500 ml 13 14 15 16 650 ml 17 18 19 20 800 ml 
11 �.�. 52 5.509 5.509 5.509 4.352 5.220 8.071 6.831 6.253 4.187 6.335 10.467 6.500 5.592 0.661 5.805 8.208 6.969 11.018 9.310 8.876 7.712 4.242 4.572 2.176 4.676 
12 �.�. 52 5.509 5.509 5.509 5.096 5.406 9.641 7.162 5.950 6.969 7.430 9.282 6.914 10.467 7.024 8.422 12.009 7.162 8.263 4.462 7.974 9.641 3.443 10.577 7.162 7.706 
13 �.�. 52 5.509 5.509 4.462 4.187 4.917 9.641 1.983 1.598 4.021 4.311 10.329 10.908 7.547 7.162 8.986 9.255 2.754 2.562 8.126 5.674 5.344 2.727 3.691 5.922 4.421 
14 �.�. 52 5.509 5.509 5.509 4.462 5.247 6.941 3.911 4.214 3.471 4.634 5.041 6.280 8.704 6.803 6.707 7.465 3.471 8.511 10.439 7.471 5.812 6.005 3.636 1.405 4.214 
15 �.�. 52 5.509 5.509 4.187 5.068 5.068 9.641 5.206 5.233 6.776 6.714 3.195 6.500 6.087 13.772 7.389 9.282 4.930 12.120 1.928 7.065 7.106 12.009 6.170 5.509 7.699 
16 �.�. 52 5.509 5.509 4.572 4.683 5.068 9.641 4.187 2.754 5.509 5.523 5.123 3.581 5.509 7.988 5.550 9.090 11.183 7.106 16.141 10.880 7.079 16.637 8.539 5.729 9.496 
17 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.641 2.782 9.117 6.969 7.127 3.140 2.892 10.164 4.407 5.151 12.615 12.808 10.522 16.279 13.056 7.768 5.647 10.081 3.608 6.776 
18 �.�. 52 5.509 5.509 5.509 4.049 5.144 7.327 3.746 3.140 6.335 5.137 5.123 7.657 6.308 6.197 6.321 10.384 5.041 4.517 3.608 5.888 7.988 7.988 5.619 3.140 6.184 
19 �.�. 52 5.509 5.509 5.509 4.793 5.330 9.641 5.674 3.911 6.803 6.507 7.299 6.969 2.617 7.272 6.039 11.266 8.979 12.450 11.789 11.121 6.418 4.517 7.905 5.619 6.115 
20 �.�. 52 5.509 5.509 5.509 5.509 5.509 7.547 8.098 7.244 9.641 8.132 13.772 11.128 7.712 7.106 9.930 9.833 12.836 12.395 9.641 11.176 8.318 8.979 8.814 7.327 8.360 
21 �.�. 52 5.509 5.509 5.289 5.509 5.454 9.641 0.992 8.814 9.641 7.272 9.255 11.211 6.225 5.564 8.064 11.018 8.979 11.651 5.895 9.386 7.217 10.687 3.856 6.032 6.948 
22 �.�. 52 5.509 5.509 5.509 4.903 5.357 8.704 4.517 7.024 8.429 7.168 13.001 7.988 7.299 6.583 8.718 11.431 10.467 12.120 10.825 11.211 5.233 3.416 2.810 4.903 4.090 
23 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.641 5.867 9.641 6.225 7.843 8.621 2.754 4.297 3.856 4.882 8.208 4.600 13.882 14.158 10.212 6.776 5.784 6.390 5.151 6.025 
24 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.641 6.253 7.602 9.641 8.284 13.772 8.098 7.795 7.409 9.269 11.266 10.632 7.768 5.399 8.766 4.517 5.371 8.373 4.545 5.702 
25 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.641 7.547 7.024 9.641 8.463 13.772 8.346 7.905 8.071 9.523 9.751 9.751 11.624 11.569 10.673 7.823 3.195 2.644 3.443 4.276 
26 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.641 7.768 9.641 9.641 9.172 11.018 10.357 8.401 7.878 9.413 11.238 9.668 10.687 12.092 10.921 5.399 7.409 4.490 3.718 5.254 
27 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.641 7.768 8.924 9.641 8.993 6.611 11.734 9.117 8.429 8.973 13.772 13.028 12.340 7.051 11.548 4.214 5.674 8.869 6.500 6.315 
28 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.310 6.941 5.509 3.085 6.211 9.585 6.969 3.884 3.250 5.922 13.276 6.335 8.373 3.581 7.891 8.263 1.873 4.848 2.204 4.297 
29 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.255 9.641 9.641 9.544 6.969 10.990 9.338 9.751 9.262 13.221 10.081 11.541 16.086 12.732 10.632 14.543 10.522 8.676 11.094 
30 �.�. 52 5.509 5.509 5.509 5.509 5.509 9.641 5.674 6.996 9.641 7.988 8.098 10.742 5.729 6.886 7.864 13.166 9.255 4.903 10.990 9.579 8.263 5.206 5.619 4.793 5.970 
1 >.!. 52 5.509 5.509 5.509 5.233 5.440 9.227 5.839 2.810 4.793 5.667 6.390 4.738 7.933 6.390 6.363 10.797 12.670 9.035 7.602 10.026 11.679 5.812 5.178 2.892 6.390 
2 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 6.638 7.492 9.641 8.353 10.550 8.759 4.683 2.920 6.728 14.185 11.183 11.073 10.687 11.782 15.149 16.086 14.902 2.562 12.175 
 3 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 7.850 9.641 9.062 9.048 8.208 9.200 10.852 5.922 8.546 15.590 16.086 12.450 16.251 15.094 5.399 5.509 11.211 6.060 7.044 
4 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 6.335 8.484 8.539 8.250 13.772 8.732 4.187 2.810 7.375 13.827 5.316 11.073 6.197 9.103 5.509 8.759 10.522 6.060 7.712 

 5 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 6.611 8.594 6.693 7.885 13.772 8.539 5.233 1.956 7.375 11.403 2.038 9.007 -3.416 4.758 5.454 4.407 5.950 6.390 5.550 
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D�	�$���ก��� 10 (DF#) 6��.���	�.�������-)�1#�#�$�%�.����$.0	 
 


���-) 1 2 3 4 200 ml 5 6 7 8 350 ml 9 10 11 12 500 ml 13 14 15 16 650 ml 17 18 19 20 800 ml 
6 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.338 9.641 5.619 2.810 6.852 10.880 9.310 2.754 9.668 8.153 14.323 4.627 4.986 3.250 6.797 7.327 10.054 7.988 6.335 7.926 
7 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.208 8.787 8.126 8.690 10.357 6.418 9.916 6.335 8.256 3.829 11.293 12.395 4.132 7.912 6.886 7.878 12.726 1.377 7.217 
8 >.!. 52 5.509 5.509 5.509 5.509 5.509 6.969 6.115 8.484 6.721 7.072 4.297 7.189 7.575 5.729 6.197 6.280 2.204 7.437 6.776 5.674 6.225 3.278 5.619 4.875 4.999 
9 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.090 2.451 8.429 9.007 7.244 10.357 11.486 4.848 10.329 9.255 6.831 6.473 8.098 8.539 7.485 12.367 11.183 9.806 5.068 9.606 
10 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 7.547 5.509 9.641 8.084 9.641 8.043 13.772 7.602 9.764 13.827 1.157 10.797 11.238 9.255 10.329 5.564 6.666 5.895 7.113 
11 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 7.024 8.429 8.649 8.435 10.687 8.043 7.712 8.318 8.690 6.335 7.685 10.522 6.859 7.850 5.839 13.111 5.619 7.382 7.988 
12 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 5.013 9.641 9.641 8.484 13.772 9.641 6.996 11.458 10.467 11.624 6.996 9.227 7.712 8.890 6.060 10.081 10.742 6.280 8.291 
13 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.255 9.641 9.641 9.544 13.772 12.863 9.585 13.772 12.498 14.213 11.100 15.315 14.461 13.772 10.054 14.984 6.638 7.768 9.861 
14 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.511 6.528 9.641 8.580 9.255 7.327 8.676 7.024 8.071 10.136 9.393 6.170 7.905 8.401 8.263 9.641 6.831 5.289 7.506 
15 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.484 9.641 9.641 9.351 9.338 13.772 9.833 13.772 11.679 12.808 17.904 14.929 14.488 15.032 9.971 16.472 13.800 5.757 11.500 
16 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 6.556 9.641 9.255 8.773 10.467 2.562 4.683 12.781 7.623 10.274 1.818 10.522 9.007 7.905 5.426 11.293 9.641 6.060 8.105 
17 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.676 9.641 9.641 9.400 13.772 9.888 8.401 7.465 9.882 7.547 11.073 12.367 10.880 10.467 6.556 7.878 5.757 6.721 6.728 
18 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.539 9.641 9.641 9.365 13.772 13.221 11.569 4.683 10.811 13.056 8.814 11.018 7.933 10.205 12.120 17.078 11.844 6.886 11.982 
19 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.310 8.952 9.641 9.386 13.772 11.183 9.861 8.924 10.935 13.331 13.111 9.806 12.781 12.257 12.533 9.365 8.098 8.401 9.599 
20 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.641 8.952 6.996 8.807 13.772 9.448 7.712 5.096 9.007 12.781 11.018 8.952 8.924 10.419 12.257 8.263 7.823 7.272 8.904 
21 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.641 9.641 9.641 9.641 13.772 10.908 8.704 7.823 10.302 8.098 13.607 11.155 5.729 9.647 13.139 7.988 7.492 7.850 9.117 
22 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.641 9.035 9.641 9.489 13.772 9.613 8.732 6.886 9.751 11.486 12.202 10.605 12.946 11.810 16.967 7.685 8.263 10.081 10.749 
23 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.145 7.217 9.172 7.024 8.139 13.772 9.530 7.520 6.886 9.427 9.035 11.018 10.990 11.431 10.618 13.993 11.073 9.007 8.153 10.556 
24 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.732 9.641 9.641 9.413 13.772 9.668 7.272 7.299 9.503 9.475 11.073 12.367 10.467 10.846 7.272 8.676 3.416 5.950 6.328 
25 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.200 9.035 8.098 8.993 13.772 11.100 10.908 8.126 10.976 11.348 11.018 10.384 13.772 11.631 9.751 12.202 8.759 6.225 9.234 
26 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.126 9.641 9.641 9.262 13.772 9.696 7.905 7.162 9.634 11.844 12.505 13.276 13.111 12.684 7.602 10.687 6.115 7.299 7.926 
27 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 8.979 8.236 9.641 9.124 13.772 8.979 8.098 13.772 11.155 11.514 10.632 10.632 12.781 11.390 8.676 9.696 8.263 7.492 8.532 
28 >.!. 52 5.509 5.509 5.509 5.509 5.509 9.641 9.007 9.641 9.641 9.482 13.772 12.147 10.247 9.255 11.355 11.514 11.624 12.533 9.806 11.369 9.778 8.787 5.950 5.509 7.506 

Mean (73 days) 5.458 5.412 5.140 5.049 5.265 9.096 6.585 7.260 7.268 7.552 10.275 8.959 7.413 7.292 8.485 10.658 9.523 10.234 10.024 10.110 8.969 9.103 8.435 7.112 8.405 
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D�	�$���ก��� 11 6��.���	�/��>� ��ก�	�������ก5�1#$�%�$��	&$'7�0& 
 

 ก	�����-) 

���-) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

17 0.!. 52 100.00 100.00 100.00 100.00 100.00 100.00 97.57 100.00 96.00 95.20 99.40 41.80 79.38 93.54 88.62 100.00 86.75 88.25 77.63 87.88 
18 0.!. 52 100.00 98.50 100.00 100.00 100.00 100.00 65.71 98.00 93.80 72.40 100.00 88.00 89.85 97.69 93.08 33.23 71.75 83.25 84.38 100.00 
19 0.!. 52 100.00 100.00 100.00 100.00 100.00 100.00 91.43 100.00 64.40 68.40 94.00 93.80 64.31 87.38 96.00 99.23 49.50 89.00 67.75 87.75 
20 0.!. 52 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 90.60 100.00 96.40 79.69 77.85 99.38 98.46 59.50 91.75 80.25 83.50 
21 0.!. 52 100.00 100.00 100.00 100.00 100.00 100.00 97.14 95.71 99.80 74.00 94.80 96.00 78.00 72.31 4.92 73.85 83.00 79.25 52.75 61.00 
22 0.!. 52 100.00 100.00 100.00 89.00 100.00 20.00 65.71 52.57 81.00 75.20 73.20 94.40 74.46 69.23 89.85 86.77 61.25 25.75 58.25 80.00 
23 0.!. 52 55.00 50.00 96.00 100.00 14.29 13.71 97.14 58.29 90.00 39.20 32.00 83.60 78.00 50.15 23.85 96.62 25.38 39.75 78.00 68.50 
24 0.!. 52 98.00 60.50 26.00 94.00 81.71 68.00 37.14 65.14 94.60 62.80 12.60 92.60 62.92 74.46 80.46 48.77 27.00 17.00 59.13 59.88 
25 0.!. 52 90.00 79.50 95.00 98.00 61.71 53.71 77.43 75.43 96.00 71.60 75.20 45.00 82.62 74.46 78.31 98.46 68.50 66.38 46.63 34.25 
26 0.!. 52 90.00 85.00 80.00 88.50 72.29 45.71 87.43 81.14 96.80 70.80 43.40 83.60 84.00 77.23 62.46 65.38 84.63 23.75 87.25 40.00 
27 0.!. 52 100.00 100.00 100.00 100.00 100.00 90.00 71.71 32.29 89.00 84.40 20.80 46.00 74.62 58.31 64.00 65.23 48.63 58.50 40.75 48.75 
28 0.!. 52 100.00 100.00 94.00 83.50 100.00 61.43 54.57 32.57 52.40 50.00 67.60 13.60 16.77 48.00 53.23 34.77 19.13 33.63 7.25 9.25 
29 0.!. 52 100.00 100.00 20.00 30.00 100.00 28.57 37.14 41.71 79.40 74.80 15.00 30.00 51.08 67.23 30.15 50.77 26.13 39.13 38.75 63.75 
30 0.!. 52 100.00 100.00 40.00 45.00 100.00 40.57 71.14 30.29 34.40 83.40 70.00 15.00 75.08 62.31 36.46 74.46 42.00 23.50 35.00 30.00 
31 0.!. 52 100.00 100.00 93.50 74.50 100.00 71.43 78.29 9.14 44.60 92.60 15.80 12.40 29.23 32.62 31.23 16.15 32.00 55.63 33.13 20.13 
1 �.�. 52 100.00 100.00 75.00 82.00 100.00 48.29 63.43 1.71 54.40 90.00 14.20 26.80 65.23 36.92 78.46 71.38 48.63 25.00 24.50 30.50 
2 �.�. 52 100.00 98.00 51.00 19.00 98.00 29.14 8.00 46.86 44.20 37.20 36.00 17.20 64.62 38.46 8.62 19.54 70.38 31.25 25.88 1.38 
3 �.�. 52 100.00 100.00 100.00 76.00 79.14 50.00 6.57 32.29 41.80 50.00 30.20 22.60 7.08 49.23 69.38 63.54 26.00 43.25 25.75 23.25 
4 �.�. 52 100.00 100.00 73.00 78.50 77.43 37.14 66.86 69.71 57.00 36.20 64.20 27.60 3.23 17.23 34.77 60.31 7.50 33.38 41.50 25.50 
5 �.�. 52 100.00 100.00 94.50 73.00 71.14 59.43 39.14 53.71 16.80 75.40 6.00 19.60 33.54 37.08 54.15 27.85 39.25 63.38 32.75 24.88 
6 �.�. 52 100.00 100.00 89.50 95.00 94.29 88.00 85.14 88.57 83.40 70.80 40.40 40.40 61.54 83.54 70.15 64.15 37.75 32.75 36.13 38.50 
7 �.�. 52 100.00 100.00 100.00 83.00 87.14 42.57 47.14 49.71 31.60 67.40 34.40 18.20 39.08 21.08 30.62 57.54 39.13 28.50 15.88 18.25 
8 �.�. 52 100.00 100.00 79.00 100.00 100.00 79.43 85.71 64.00 84.80 52.80 48.00 70.80 51.69 37.85 50.46 55.23 29.88 21.50 46.13 23.75 
9 �.�. 52 100.00 100.00 69.00 36.00 100.00 60.29 59.43 63.43 84.80 56.00 43.00 87.40 33.54 48.15 38.15 39.69 17.38 28.38 22.50 30.25 
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D�	�$���ก��� 11 (DF#) 6��.���	�/��>� ��ก�	�������ก5�1#$�%�$��	&$'7�0& 
 

 ก	�����-) 

���-) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

10 �.�. 52 100.00 100.00 100.00 95.00 100.00 65.71 80.86 54.29 74.00 54.00 35.40 16.00 44.62 43.38 60.92 63.38 36.50 38.50 30.88 33.38 
11 �.�. 52 100.00 100.00 100.00 79.00 83.71 70.86 64.86 43.43 76.00 47.20 40.60 4.80 45.85 38.92 61.54 52.00 35.00 19.25 20.75 9.88 
12 �.�. 52 100.00 100.00 100.00 92.50 100.00 74.29 61.71 72.29 67.40 50.20 76.00 51.00 67.08 40.00 46.15 24.92 43.75 15.63 48.00 32.50 
13 �.�. 52 100.00 100.00 81.00 76.00 100.00 20.57 16.57 41.71 75.00 79.20 54.80 52.00 51.69 15.38 14.31 45.38 24.25 12.38 16.75 26.88 
14 �.�. 52 100.00 100.00 100.00 81.00 72.00 40.57 43.71 36.00 36.60 45.60 63.20 49.40 41.69 19.38 47.54 58.31 26.38 27.25 16.50 6.38 
15 �.�. 52 100.00 100.00 76.00 92.00 100.00 54.00 54.29 70.29 23.20 47.20 44.20 100.00 51.85 27.54 67.69 10.77 32.25 54.50 28.00 25.00 
16 �.�. 52 100.00 100.00 83.00 85.00 100.00 43.43 28.57 57.14 37.20 26.00 40.00 58.00 50.77 62.46 39.69 90.15 32.13 75.50 38.75 26.00 
17 �.�. 52 100.00 100.00 100.00 100.00 100.00 28.86 94.57 72.29 22.80 21.00 73.80 32.00 70.46 71.54 58.77 90.92 35.25 25.63 45.75 16.38 
18 �.�. 52 100.00 100.00 100.00 73.50 76.00 38.86 32.57 65.71 37.20 55.60 45.80 45.00 58.00 28.15 25.23 20.15 36.25 36.25 25.50 14.25 
19 �.�. 52 100.00 100.00 100.00 87.00 100.00 58.86 40.57 70.57 53.00 50.60 19.00 52.80 62.92 50.15 69.54 65.85 29.13 20.50 35.88 25.50 
20 �.�. 52 100.00 100.00 100.00 100.00 78.29 84.00 75.14 100.00 100.00 80.80 56.00 51.60 54.92 71.69 69.23 53.85 37.75 40.75 40.00 33.25 
21 �.�. 52 100.00 100.00 96.00 100.00 100.00 10.29 91.43 100.00 67.20 81.40 45.20 40.40 61.54 50.15 65.08 32.92 32.75 48.50 17.50 27.38 
22 �.�. 52 100.00 100.00 100.00 89.00 90.29 46.86 72.86 87.43 94.40 58.00 53.00 47.80 63.85 58.46 67.69 60.46 23.75 15.50 12.75 22.25 
23 �.�. 52 100.00 100.00 100.00 100.00 100.00 60.86 100.00 64.57 62.60 20.00 31.20 28.00 45.85 25.69 77.54 79.08 30.75 26.25 29.00 23.38 
24 �.�. 52 100.00 100.00 100.00 100.00 100.00 64.86 78.86 100.00 100.00 58.80 56.60 53.80 62.92 59.38 43.38 30.15 20.50 24.38 38.00 20.63 
25 �.�. 52 100.00 100.00 100.00 100.00 100.00 78.29 72.86 100.00 100.00 60.60 57.40 58.60 54.46 54.46 64.92 64.62 35.50 14.50 12.00 15.63 
26 �.�. 52 100.00 100.00 100.00 100.00 100.00 80.57 100.00 100.00 80.00 75.20 61.00 57.20 62.77 54.00 59.69 67.54 24.50 33.63 20.38 16.88 
27 �.�. 52 100.00 100.00 100.00 100.00 100.00 80.57 92.57 100.00 48.00 85.20 66.20 61.20 76.92 72.77 68.92 39.38 19.13 25.75 40.25 29.50 
28 �.�. 52 100.00 100.00 100.00 100.00 96.57 72.00 57.14 32.00 69.60 50.60 28.20 23.60 74.15 35.38 46.77 20.00 37.50 8.50 22.00 10.00 
29 �.�. 52 100.00 100.00 100.00 100.00 100.00 96.00 100.00 100.00 50.60 79.80 67.80 70.80 73.85 56.31 64.46 89.85 48.25 66.00 47.75 39.38 
30 �.�. 52 100.00 100.00 100.00 100.00 100.00 58.86 72.57 100.00 58.80 78.00 41.60 50.00 73.54 51.69 27.38 61.38 37.50 23.63 25.50 21.75 
1 >.!. 52 100.00 100.00 100.00 95.00 95.71 60.57 29.14 49.71 46.40 34.40 57.60 46.40 60.31 70.77 50.46 42.46 53.00 26.38 23.50 13.13 
2 >.!. 52 100.00 100.00 100.00 100.00 100.00 68.86 77.71 100.00 76.60 63.60 34.00 21.20 79.23 62.46 61.85 59.69 68.75 73.00 67.63 11.63 
3 >.!. 52 100.00 100.00 100.00 100.00 100.00 81.43 100.00 94.00 59.60 66.80 78.80 43.00 87.08 89.85 69.54 90.77 24.50 25.00 50.88 27.50 
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D�	�$���ก��� 11 (DF#) 6��.���	�/��>� ��ก�	�������ก5�1#$�%�$��	&$'7�0& 
 

 ก	�����-) 

���-) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

4 >.!. 52 100.00 100.00 100.00 100.00 100.00 65.71 88.00 88.57 100.00 63.40 30.40 20.40 77.23 29.69 61.85 34.62 25.00 39.75 47.75 27.50 
5 >.!. 52 100.00 100.00 100.00 100.00 100.00 68.57 89.14 69.43 100.00 62.00 38.00 14.20 63.69 11.38 50.31 -19.08 24.75 20.00 27.00 29.00 
6 >.!. 52 100.00 100.00 100.00 100.00 96.86 100.00 58.29 29.14 79.00 67.60 20.00 70.20 80.00 25.85 27.85 18.15 33.25 45.63 36.25 28.75 
7 >.!. 52 100.00 100.00 100.00 100.00 100.00 85.14 91.14 84.29 75.20 46.60 72.00 46.00 21.38 63.08 69.23 23.08 31.25 35.75 57.75 6.25 
8 >.!. 52 100.00 100.00 100.00 100.00 72.29 63.43 88.00 69.71 31.20 52.20 55.00 41.60 35.08 12.31 41.54 37.85 28.25 14.88 25.50 22.13 
9 >.!. 52 100.00 100.00 100.00 100.00 94.29 25.43 87.43 93.43 75.20 83.40 35.20 75.00 38.15 36.15 45.23 47.69 56.13 50.75 44.50 23.00 

10 >.!. 52 100.00 100.00 100.00 100.00 100.00 78.29 57.14 100.00 70.00 58.40 100.00 55.20 77.23 6.46 60.31 62.77 46.88 25.25 30.25 26.75 
11 >.!. 52 100.00 100.00 100.00 100.00 100.00 72.86 87.43 89.71 77.60 58.40 56.00 60.40 35.38 42.92 58.77 38.31 26.50 59.50 25.50 33.50 
12 >.!. 52 100.00 100.00 100.00 100.00 100.00 52.00 100.00 100.00 100.00 70.00 50.80 83.20 64.92 39.08 51.54 43.08 27.50 45.75 48.75 28.50 
13 >.!. 52 100.00 100.00 100.00 100.00 100.00 96.00 100.00 100.00 100.00 93.40 69.60 100.00 79.38 62.00 85.54 80.77 45.63 68.00 30.13 35.25 
14 >.!. 52 100.00 100.00 100.00 100.00 100.00 88.29 67.71 100.00 67.20 53.20 63.00 51.00 56.62 52.46 34.46 44.15 37.50 43.75 31.00 24.00 
15 >.!. 52 100.00 100.00 100.00 100.00 100.00 88.00 100.00 100.00 67.80 100.00 71.40 100.00 71.54 100.00 83.38 80.92 45.25 74.75 62.63 26.13 
16 >.!. 52 100.00 100.00 100.00 100.00 100.00 68.00 100.00 96.00 76.00 18.60 34.00 92.80 57.38 10.15 58.77 50.31 24.63 51.25 43.75 27.50 
17 >.!. 52 100.00 100.00 100.00 100.00 100.00 90.00 100.00 100.00 100.00 71.80 61.00 54.20 42.15 61.85 69.08 60.77 29.75 35.75 26.13 30.50 
18 >.!. 52 100.00 100.00 100.00 100.00 100.00 88.57 100.00 100.00 100.00 96.00 84.00 34.00 72.92 49.23 61.54 44.31 55.00 77.50 53.75 31.25 
19 >.!. 52 100.00 100.00 100.00 100.00 100.00 96.57 92.86 100.00 100.00 81.20 71.60 64.80 74.46 73.23 54.77 71.38 56.88 42.50 36.75 38.13 
20 >.!. 52 100.00 100.00 100.00 100.00 100.00 100.00 92.86 72.57 100.00 68.60 56.00 37.00 71.38 61.54 50.00 49.85 55.63 37.50 35.50 33.00 
21 >.!. 52 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 79.20 63.20 56.80 45.23 76.00 62.31 32.00 59.63 36.25 34.00 35.63 
22 >.!. 52 100.00 100.00 100.00 100.00 100.00 100.00 93.71 100.00 100.00 69.80 63.40 50.00 64.15 68.15 59.23 72.31 77.00 34.88 37.50 45.75 
23 >.!. 52 100.00 100.00 100.00 100.00 94.86 74.86 95.14 72.86 100.00 69.20 54.60 50.00 50.46 61.54 61.38 63.85 63.50 50.25 40.88 37.00 
24 >.!. 52 100.00 100.00 100.00 100.00 100.00 90.57 100.00 100.00 100.00 70.20 52.80 53.00 52.92 61.85 69.08 58.46 33.00 39.38 15.50 27.00 
25 >.!. 52 100.00 100.00 100.00 100.00 100.00 95.43 93.71 84.00 100.00 80.60 79.20 59.00 63.38 61.54 58.00 76.92 44.25 55.38 39.75 28.25 
26 >.!. 52 100.00 100.00 100.00 100.00 100.00 84.29 100.00 100.00 100.00 70.40 57.40 52.00 66.15 69.85 74.15 73.23 34.50 48.50 27.75 33.13 
27 >.!. 52 100.00 100.00 100.00 100.00 100.00 93.14 85.43 100.00 100.00 65.20 58.80 100.00 64.31 59.38 59.38 71.38 39.38 44.00 37.50 34.00 
8 >.!. 52 100.00 100.00 100.00 100.00 100.00 93.43 100.00 100.00 100.00 88.20 74.40 67.20 64.31 64.92 70.00 54.77 44.38 39.88 27.00 25.00 
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D�	�$���ก��� 12 6��.���	�/��>� ��ก�	�������ก5�1#$�%�$��	&$'7�0& 	�� 7 
�� 
 

��0	�ก�	������� �������
���� 500 ml �������
���� 650 ml �������
���� 800 ml 
ก	�����-) 9 10 11 12 13 14 15 16 17 18 19 20 

Week 2 (After Transplant) 
	
. 7 
�� 625.000 515.000 593.400 594.000 543.692 548.154 495.692 588.154 437.125 497.000 499.000 568.625 

mean /day (%) 89.286 73.571 84.771 84.857 77.670 78.308 70.813 84.022 62.446 71.000 71.286 81.232 
avg 83.121 77.703 71.491 

week3 (After Transplant) 
	
. 7 
�� 542.600 497.800 304.600 325.800 447.077 462.000 405.077 437.846 316.000 261.875 314.750 285.875 

mean /day (%) 77.514 71.114 43.514 46.543 63.868 66.000 57.868 62.549 45.143 37.411 44.964 40.839 
avg 59.671 62.571 42.089 

week4 (After Transplant) 
	
. 7 
�� 342.200 452.200 206.800 166.600 264.462 295.077 346.769 322.923 261.500 284.625 219.625 164.125 

mean /day (%) 48.886 64.600 29.543 23.800 37.780 42.154 49.538 46.132 37.357 40.661 31.375 23.446 
avg 41.707 43.901 33.210 

week5 (After Transplant) 
	
. 7 
�� 493.600 406.800 332.200 300.200 333.538 244.769 302.154 338.154 225.875 164.125 200.875 174.875 

mean /day (%) 70.514 58.114 47.457 42.886 47.648 34.967 43.165 48.308 32.268 23.446 28.696 24.982 
avg 54.743 43.522 27.348 

week6 (After Transplant) 
	
. 7 
�� 310.000 326.800 342.000 388.800 390.615 330.923 377.692 390.000 229.125 280.375 230.375 146.750 

mean /day (%) 44.286 46.686 48.857 55.543 55.802 47.275 53.956 55.714 32.732 40.054 32.911 20.964 
avg 48.843 53.187 31.665 

week7 (After Transplant) 
	
. 7 
�� 552.200 439.200 370.600 347.000 428.308 374.923 447.231 374.154 186.875 188.500 169.875 155.625 

mean /day (%) 78.886 62.743 52.943 49.571 61.187 53.560 63.890 53.451 26.696 26.929 24.268 22.232 
avg 61.036 58.022 25.031 
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D�	�$���ก��� 12 (DF#) 6��.���	�/��>� ��ก�	�������ก5�1#$�%�$��	&$'7�0& 	�� 7 
�� 
 

��0	�ก�	������� �������
���� 500 ml �������
���� 650 ml �������
���� 800 ml 
ก	�����-) 9 10 11 12 13 14 15 16 17 18 19 20 

week8 (After Transplant) 
	
. 7 
�� 461.600 436.600 338.400 275.400 525.385 396.154 382.308 398.769 294.500 262.250 285.000 150.875 

mean /day (%) 65.943 62.371 48.343 39.343 75.055 56.593 54.615 56.967 42.071 37.464 40.714 21.554 
avg 54.000 60.808 35.451 

week9 (After Transplant) 
	
. 7 
�� 508.200 428.600 376.200 362.600 350.923 198.154 353.231 208.769 247.000 251.750 246.750 169.375 

mean /day (%) 72.600 61.229 53.743 51.800 50.132 28.308 50.462 29.824 35.286 35.964 35.250 24.196 
avg 59.843 39.681 32.674 

week10 (After Transplant) 
	
. 7 
�� 611.000 503.000 433.800 515.200 444.923 374.769 444.308 404.308 265.250 396.750 296.125 203.125 

mean /day (%) 87.286 71.857 61.971 73.600 63.560 53.538 63.473 57.758 37.893 56.679 42.304 29.018 
avg 73.679 59.582 41.473 

week11 (After Transplant) 
	
. 7 
�� 700.000 518.800 440.800 370.600 422.000 463.846 414.769 424.769 389.875 296.125 239.875 244.750 

mean /day (%) 100.000 74.114 62.971 52.943 60.286 66.264 59.253 60.681 55.696 42.304 34.268 34.964 
avg 72.507 61.621 41.808 

week12 (After Transplant) 
	
. 7 
�� 300.000 223.800 190.600 219.200 194.769 194.154 203.538 199.385 118.250 132.375 92.250 92.125 

mean /day (%) 100.000 74.600 63.533 73.067 64.923 64.718 67.846 66.462 39.417 44.125 30.750 30.708 
avg 77.800 65.987 36.250 
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������ก L 

ก�	�9G#]�!#�����$GI�D�_9:� ! ANOVA 

 

D�	�$���ก��� 13 ก�	�ก���� f �-)	�������/��!�; 0.05 
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D�	�$���ก��� 13 (DF#) ก�	�ก���� f �-)	�������/��!�; 0.05 
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DE�#:F�$ก�	�9G#]�!#�����$GI�D�_9:� ! ANOVA 

 
0�
��5��ก�	��/��6��.��$�	-��$�-��!
�.0ก05��6��$��	&$'7�0&ก�	�#�����6���1#$�%� "��.-6��.��

���05��-� 

GE
9��̀��� 

(��E$���% �$ก	\I�$) 

ก	����!�"�� 

500 ml 

ก	����!�"��  

650 ml 

ก	����!�"��  

800 ml 

2 83.121 77.703 71.491 

3 59.671 62.571 42.089 

4 41.707 43.901 33.210 

5 54.743 43.522 27.348 

6 48.843 53.187 31.665 

7 61.036 58.022 25.031 

8 54.000 60.808 35.451 

9 59.843 39.681 32.674 

10 73.679 59.582 41.473 

11 72.507 61.621 41.808 

12 77.800 65.987 36.250 

Sum 686.950 626.586 418.491 

 
 ��� 
  H0 : �	�.��ก�	�#��������� 3 ก	�-ก�	�������$�5�ก�� 
  H1 : �	�.��ก�	�#��������� 3 ก	�-ก�	�������*.5$�5�ก�� 
 

��;�ก�	��� 

 

�E"���� 1  ก�����/..0�@�� (H0 ,H1) 
   H0 : µ1 = µ2 = µ3   
  !�5ก�� H1 : µ1 ≠ µ2 ≠ µ3 
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�E"���� 2 ก�����	�������/��!�; ∝= 0.05 

�E"���� 3 $�1�ก0�
/��0��-)$�.��/.��!���
�!5�/��0� 0�
/��0��-)$�.��/.ก����ก���6��   
             6��.����/..0�@���-)0���ก�	��/��!1�  

   F = B

w

MS

MS
; T = 83.121 + � + 36.25 = 1732.027 

  SST  =  2
2

1 1

n jk

ij
i j

T
x

n= =
−∑ ∑  ; n = 33 

   =  23 11 2

1 1

1732.027

33ij
i j

x
= =

−∑ ∑  

   = (83.1212 + �. + 36.252) - 
21732 027

33

.      

   = 98965.366 h 90906.608  
                      = 8058.758 

 SSB =  2 2

1

k
i

i i

T T

n n=

 
−∑   

 

 

   = 
 

2 23

1

1732.027

33
i

i i

T

n=

 
−∑   

 

 

   = 
2 2 2 2686 950 626 586 418 491 1732 027

11 11 11 33
+ + −

. . . .  

   = 94513.2 - 90906.608 = 3606.592 
  SSW   = SST - SSB 
   = 8058.758  - 3606.592 
   = 4452.16 
  MSB = 

1
BSS

k −
 

   = 3606 592

3 1−
.  

   = 1803.296 
  MSW = WSS

n k−
 

  = 4452 166

33 3−
.  

   = 148.406 
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/�$�0�!
�.�	�	
� df SS MS F 

	��
5��#�� 2 3606.592 1803.296 12.151 
 ����#�� 30 4452.166 148.406   

	
.�����.� 32 8058.758     
 

6����-) 4 ก������	�$
�
�กp0!1� F > Fα ,(k-1,n-k) 
�	�$
�
�กp0!1� F > F0.05,(2,30) = 3.32  (*����กก�	$�o�0�	�� ก�	�ก���� F�-)	����

���/��!�; 0.05)  
6����-) 5 /	��3�ก�	��/��  

/	��3� $�1)����ก F �-)!���
�*��$�5�ก�� 12.151 > 3.32 �(����$/> H0 /��
5�ก	�-�-)����������� 
3 ��0	� �1#�#�����0ก05��ก�� �-)	�������/��!�; 0.05 
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N���ND�� 
0�
��5��ก�	��/��6��.��$�	-��$�-��!
�.0ก05��6���	�.��ก�	�#�����6���1#$�%� "��.-6��.�����

05��-� 
6��.����/��6��.��/��0� ก	�-�-)������� 500, 650, 800 ml $�	-��$�-���	�.��ก�	�#�����6���	�ก�
�� 

��5
�$�%�.����$.0	 
 

/�����&�-)                 
(��������1#��ก	����) 

ก	�-������� 
500 ml 

ก	�-������� 
650 ml 

ก	�-������� 
800 ml 

2 11.386 13.912 16.499 
3 8.218 11.203 9.275 
4 5.744 7.860 7.318 
5 7.539 7.792 6.026 
6 6.407 9.522 6.978 
7 8.115 10.388 5.516 
8 7.242 10.887 7.812 
9 8.084 7.104 7.200 

10 8.040 10.321 9.139 
11 8.724 11.033 9.213 
12 9.696 11.814 7.988 

sum 89.195 111.836 92.963 
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6��.����/��6��.��/��0� ก	�-�-)������� 500, 650, 800 ml $�	-��$�-���	�/��>� ��ก�	�������6���	�ก
�
�� ��5
�$�%�$��	&$'7�0& 

 
/�����&�-)                 

(��������1#��ก	����) 
ก	�-������� 

500 ml 
ก	�-������� 

650 ml 
ก	�-������� 

800 ml 
2 83.121 77.703 71.491 
3 59.671 62.571 42.089 
4 41.707 43.901 33.210 
5 54.743 43.522 27.348 
6 48.843 53.187 31.665 
7 61.036 58.022 25.031 
8 54.000 60.808 35.451 
9 59.843 39.681 32.674 

10 73.679 59.582 41.473 
11 72.507 61.621 41.808 
12 77.800 65.987 36.250 

sum 686.95 626.586 418.491 
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������ก  c 

��;�ก�	���ก	\
d#$�"���:9 

  

#J
ก	�̀ 
1.�
�0�ก3�� 
2.ก	���������6�����ก7*�� 
3.���.��กก��	1�ก�����ก"��� 
4.6
������/0�ก 
5./�.��� 
6./��*�$���������ก 
7.0�*ก5 
 

 
 

�����ก��� 9  ���ก	�&��ก�	���ก	������������ 
 

 

��;���� 
1. ����
�	�
0�ก3�����$�%���ก������	��'()���������/�����������. "��!
�.��
6(�����5ก��6
����� 

/���	��6
����� 6 ��0	 !
�.��
6���
��-)�����
!
	��
ก
5�6
��	�.�� 7-8 '.. ��!
�.��
�����5������
!
	��
ก
5�!
�./��ก	�������5������ 10 '.. ���/���� ��3�
ก�-) 11 
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�����ก��� 10  ��ก���ก�	6��
� 

 
 2.$���	�������6��ก	�����$�1)��/5ก�����ก"���'()�0��*
�$�%��5���	�.�� 7 '..���/���� ��
3�
ก�-) 12 

 
 

�����ก��� 11  $���	��-)6
�$�1)��/5ก�����ก"��� 
 

3. ���6
������/0�ก.�$���"���
�������.�-)�����6�� 1 "���	�.��$��
5����6
��������*��
*.5$�-��6�����6�����()� ��ก�������6
����-)$�����
�/5��*���6
����� 6 ��0	 ���/���� ��3�
ก�-) 13 

 
 

�����ก��� 12  $���	��-)6
���$�1)����$�%���ก��� 
 

4. ����
�	�
0�ก3�����.-��ก���$�%�6�$ก-)�
"��!
�.��
6(�����5ก��6���6��6
����� /���	��6
����� 
6 ��0	 !
�.��
!
	.�กก
5�!
�.ก
���6
���������5�������	�.��10 '.. ��ก�����#��
�$�����������/��
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����6��6
�"�����6�����#��ก��ก�����ก"����-)$���*
���
 �
��-)$��1�������������#�!-.0����ก��
���
$6�� ���/���� ��3�
ก�-) 14 

 
 

�����ก��� 13  $����
�$6��*���ก	�����$�1)�$�%�0�
�(�ก�����ก"��� 
 

5. �#��
��5�����	��ก�����ก"��� 2-3 	����
���$6��ก����ก6
� ��ก�����#�!-.0����
����
�$ก7�
���$	-��	��� ���/���� ��3�
ก�-) 15 

 
 

�����ก��� 14 �#��
��5�����	��ก�����ก"���$�1)��(�����5� 
 

6.����
��-)���*
���6�� 1 �/56
����	�� "�����������-)��.����/5��6
�35��ก�����ก"��� ��ก�����#�
����������.�/5$6��*���	�$���6��6
����-)$���*
���
 ���/���� ��3�
ก�-) 16 

 
 

�����ก��� 15 �/5�
��-)���*
���6��	ก��6
����-)$���*
� 
 

7.$���	�/�.���"���#��
�������.��6��1 ��
�/5��$/���
������5������/���� ��3�
ก�-) 17 
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�����ก��� 16 �/5/�.�����$/���
��-)$���������. 
8. $���	�����ก��6
� "���5��6(��.���กก��6
��	�.�� 2 '..��
�/50�*ก5��*���	��-)$������/����

 ��3�
ก�-) 18 

 
 

�����ก��� 17  $���	��-)ก��ก	�����$�1)��/50�*ก5 
 

9.���/��*�.��(��������������ก �/5/��*���	�0�*ก5��ก������ก�
����5�$�1)�*.5�������	�)
��ก 
/5
�/��*��-ก�������*�$/-��$6��ก��/�.0� ���/���� ��3�
ก�-) 19 

 
 

�����ก��� 18  �/5�5�/��*���0��0������$	-��	��� 
 

10.�/5������
�	��$�1)��	����6��/�.���0�.!
�.0���ก�	 /�.������50)��������*��$	7
 ���5/��������
*��#�� ��$.1)�/�.������5/��ก
5�	������6
�����������*�� 
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������ก   

��;�ก�	������#ED	�ก�	e��G���	E]ก�	��!�"��K]]LJ���� (Micro-Irrigation) 
 

/���	��ก	�������������1�*��
5�$�%�ก�	������������ �!'()�.-���กก�	$�.1��ก�	����������������
!1��#����กก�		����6������������������ก.�����5��-)05�$6��ก���
�'()���.-ก�	!���
���0	�ก�	*�����5�
��ก�	/�;$/-� �����5�"���#�/.ก�	 Darcy-Weisbach /.ก�	 Bernoulli ��/.ก�	ก�	*�����5�6�� 
Hazen -William ���/����/.ก�	�-) 3, 4, 5, 6 �� 7 '()��������0	�ก�	*�����5���ก/�0	����กก�	
�����.�$�	-��$�-��ก�� 
 
/.ก�	 Darcy-Weisbach 

 
Major Loss (hf) 

2L VH = ff D 2g

       
         �������...../.ก�	�-) 2 

  $.1)�    
f = /�.�	�/��>��!
�.$/-����� (Friction Factor) 
L = !
�.��
�5� 
D = $/��35��:���&ก���6���5� 
V = !
�.$	7
6��ก�	*��$t�-)�35���5� 
g = !
�.$	5�$�1)����ก	�"��.�5
�6��"�ก = 9.81 m/s2 

 
"���-) Friction factor ��*����ก ก�	�5��ก	�� Moody Diagram �	1� /�0	��กก�	*������

	��$	-����ก�	*�����u����
� 05/���	��ก�	*�����5�6��ก	������������ /..0����$�%�ก�	ก�	*��
��	��$	-��$�	��$�%��5��-).-6���$�7ก.�ก 

 

��ก�	*����	��$	-�� (Laminar Flow) !5� ƒ ��.-!5�����-� 
 

64
f =

Re  
           �������...../.ก�	�-) 3    

 
 

$.1)� VD
Re =

ν
           

  D     =  $/��35�:���&ก����5� 
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  V     =   !
�.$	7
6��ก�	*��$t�-)�35���5� , m/s 
  ν     =   !
�.��1� �-)���� �.� 20 ��:�  =  10-6  m2/s 

-  
 Minor Loss (hm) 

2V
H = Km

2g    
         ���.�������...../.ก�	�-) 4    

 
 

  $.1)�   hm = !5�!
�./�;$/-�	�� (Minor loss)  
                           V  = !
�.$	7
6��6��*�� �����5�  
   g   =  Dimensional Constant 
   K   =  /�.�	�/��>��6�� Minor loss "���-) !5�/�.�	�/��>��(K) 6�� Minor loss .-!5� 

          05��B 6(�����5ก��#���6�� Minor loss "��$t���!1� 
 

(1) Entrance loss   $ก��6(��$.1)�6��*��*����ก���6�����;5 �	1� �5��$ก7��������  
      ���-) 2 !5�/�.�	�/��>��0��6�$6����.�ก����$�-��*	 6(�����5ก����ก���6�� 
     	��	5�����$6��$�%����ก ������$6��$	-�� ก�	/�;$/-���ก���$6��ก7��.-!5�����.�ก   
     /�.�	�/��>��6�� Entrance loss .-!5���� ���-) 2 

    
 
 
 
 
 
 
 
  

�-).�: >�;�	, ..�.�. 
 

   (2) Exit loss .-!5�$�5�ก�� 1.0 ����กก	�- "��*.56(��ก����ก���6��	��	5�������ก  
     6��*���-)*����ก��ก�����5�/5�$6��/�5�����;5.-!5�!
�.$	7
6��*���-)*��  
     ��ก ����.�ก��*.5�1�
5�.-!
�.$	7
6��6��*�������$ก7� �������������6�� 
     ���6��*��ก	�����.�*� �������!5� K .-!5�$�5�ก�� 1 

�����ก��� 19  /�.�	�/��>��6�� Entrance loss 
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/.ก�	 Bernoulli 

 

   

2 2P V P V1 1 2 2+ +
γ

 Z   =   +  + Z  + h1 2g 2gγ f2
∑   ����� /.ก�	�-) 5    

 
 

  $.1)� P   =   	������$/���5� , กก/0	.'.. 
   V   =   !
�.$	7
6��6��$��
  ,  $.0	/
����- 
   g   =  	�"��.�5
�6��"�ก 
   Z   =   !5�	����#���!
�./�� , $.0	 
            hf∑ = 3�	
.6��ก�	/�;$/-�$��6������ (Head  Loss) , $.0	 

 
/.ก�	ก�	*��6�� Hazen-William 
 
   ( )6 2.63 0.54Q = 3.587×10 ×C× D ×S−     .�����/.ก�	�-) 6    

 
 
  $.1)� Q   =   ��0	�ก�	*��, ��.../
����- 
   

S   =  ก�	$/-�$��$�1)����ก!
�.2��05���()���5
�!
�.��
6���5� = hf/L
 

   D  =  $/��35�:���&ก���6���5� , .����$.0	  
   C  =   /�.�	�/��>��'()�6(�����5ก��#���6���5�  
 
 "���ก0�!5� C �-��#�/���	���5���.505$.1)��5�����.-����ก�	�#����$��).6(��!5� C ก7������$	1)��B ��ก�	
��ก����)
*�$.1)�0���ก�	��0	�ก�	*��6���������5�$ก5�.�ก���.�#� C = 100 "��$t�����5����)���ก	�-�-)$�%�
�5�$��7ก��5� ���$�%��5�6���$�7ก!5� C ���������$��1�$�-�� 80 h 60 (
�����&, 2529) 
 ��5��*	ก70�.$�1)����ก�5�6��/���������.-6���$�7ก.�ก$�-�� 1.5 mm !5� C �(�!
	.-!5�����.�ก 
/���	��"!	�����-� ��*�����ก�	�������!5� C �-)$�.��/.05�ก�	!���
�05�*�   
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�>-ก�	����0	�ก�	*����กก�	����� 
  

�5�ก	�������ก$�%� 5 ก	�-ก�	������� !1� 200, 350, 500, 650 �� 800 .������0	 ก	�-�� 4 ก	����� 
�ก0�
��5��ก��5.ก�	������� 800 .������0	 ก	�����-) 17 
  

��ก/.ก�	 
  Q= V/t   
 $.1)�   Q = ��0	�ก�	*�� (ml/s) 

   V = �	�.�0	�����-)��� = 500 .������0	 
    T = $
���-)������� 8 #�)
".�  

                    
-2

800
8Q = = 2.778 ×10 ml / s = 800.064 ml / 8hr

60 × 60

  
    

 
 
 

   

 /	��3�ก�	�����6����กก	�����/����0�	���-) 1 

 

�>-ก�	����0	�ก�	*����ก�p��- 
  

��กก	������-) 17 ���/���� ���-) 7 
 
ก����� !5� Z = 0.017 $.0	  ,Kinlet = 0.5,  Koutlet =  1 (��!5���ก ���-) 2), Diameter 6���5� = 0.15 

$'�0�$.0	 = 0.0015 $.0	, L = !
�.��
6���5� = 40 $'�0�$.0	 = 0.4 $.0	, �-)���� �.� 20 ��:� .-!5� 
6 2ν = 10 m / s−  
 

��*�� 2 -2 2A = × 0.15 = 1.767 ×10 cm
4

 
 
 

π
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�����ก��� 20 ก	������������ก	������-) 17    
 


�>-ก�	!���
� 
 $�1)����กก�	*�����5�.-6���$�7ก.�ก�(��1�
5�$�%�ก�	*����	��$	-�� (Laminar Flow) 

��ก/�0	ก�	*����	��$	-�� 64 VD 64ν
f = ;Re = f =

Re ν VD
 

   

��ก/�0	 ก�	/�;$/-�����������ก  
2L VH = ff D 2g

         

     

264ν L VH =f VD D 2g

              

     

( )( )

( )( )

64ν LV
H =f 2D 2g  

     

( )( )

( )( )

-664×10 0.4V
H =f 20.0015 2×9.81 

     
H = 0.5799 Vf  

��ก/�0	 ก�	/�;$/-��������	��                    
2V

H = Km 2g
 

 Inlet               2
2V

H = 0.5 = 0.025Vm 2g
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 Outlet                V 2H =1 =0.05Vm 2g

2
 

             2 2 20.025V +0.05V = 0.H = 075Vm∑  
        

      
( ) 2H +H =0.5799V+0.075Vmf∑  

 

��ก/�0	/.ก�	 Bernoulli 

                                                        
2 2P V P V1 1 2 2+ +

γ
 Z   =   +  + Z  + h1 2g 2gγ f2

∑  *          

                                                                                  Z  =   + Z
2
2

2 + h1 f2g

V
∑                                                                                              

                                                                               ( ) ( )2 20.32 =  0.051v  + 0.32-0.017  + 0.5799v+0.075v      

               20 =  0.126v  +0.5799v -0.017 
               v = 0.029m / s 
                                                                   
��ก/.ก�	��0	�ก�	*��6�� Hazen-William   

             ( )6 2.63 0.54Q = 3.587×10 ×C×D ×S−         

 $.1)�  

            

HfS =
L

  ;  H = 0.5799v = 0.5799×0.029 = 0.0168f  

                                                             0.0168
S = = 0.042

0.4
∴  

  Assume !5� C=15 
  D = Daimeter ,mm 

           ��*��     ( )6 2.63 0.54Q = 3.587×10 ×15×1.5 ×0.042−  

             5Q = 2.822 10 l / s−×  
             Q = 812.74 ml / 8hr  800 ml / 8hr ��ก��0	�ก�	*��6��ก�	�����≈   

*�.��$�0� /�$�0��-)0��0�
�	 
2P V

+ 
γ

1 1
2g

 �� 
P2
γ

   ��ก$�	��
5�ก	������������$�o�2���.-

	�$����(�*.5.-	������*.5.-!
�.$	7
$ก��6(����ก	�������*.5.-	������$/���5�.-05!
�.$	7
��$/���5�    
(/	��3�ก�	�����6����กก	�����/����0�	���-) 1) 
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D�	�$���ก��� 14 $�	-��$�-����0	�ก�	*����กก�	��������p��- 
 


	���D	 

(ml) 

ก	\
d#$

��� 

#ED	�ก�	e��L�กก�	

�9�#$ (ml/8hr) 

#ED	�ก�	e��L�ก

�hij� (ml/8hr) 

����KDกDF�$	\��F�$#ED	�ก�	e��

L�ก�hij�K�\ก�	�9�#$ (%) 

1 320.35 200.00 60.18 
2 348.18 200.00 74.09 
3 290.44 200.00 45.22 

200 

4 374.17 200.00 87.09 
5 465.39 350.00 32.97 
6 579.71 350.00 65.63 
7 505.79 350.00 44.51 

350 

8 465.39 350.00 32.97 
9 561.29 500.00 12.26 

10 691.75 500.00 38.35 
11 645.06 500.00 29.01 

500 

12 579.11 500.00 15.82 
13 683.02 650.00 5.08 
14 705.53 650.00 8.54 
15 691.75 650.00 6.42 

650 

16 814.58 650.00 25.32 
17 813.07 800.00 1.63 
18 814.58 800.00 1.82 
19 888.81 800.00 11.10 

800 

20 980.25 800.00 22.53 
Nc���:����KDกDF�$ 31.03 

  
 ��0	�ก�	*����กก�	���������ก�p��-.-!5��ก��$!-��ก��'()���0	�ก�	*����ก�p��-.-!5�.�กก
5�
!��$�%�!5�$t�-)�$�5�ก�� 31.03 % 6����0	�ก�	*����กก�	����� 05�	�.�������-)*�������.-!
�.!���$!�1)��
��ก!5��-)!
	��$�%� $�1)����ก.-ก�	/�;$/-� Friction loss ��$/���
��-)05�ก���5�/��*�$�1)�������������
ก	�����	�ก�
�� 
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