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��	��
����ก����ก��    
 

3.1 ��������ก���������	� � 

 
3.1.1 ��������ก��� 

  1. �����	ก��� Dynamic Root Floating Technique (DRFT) �!ก"#$%�&'ก�()*
+,- %.�,-/0�1$ก)��23/ �24'�'564�23/ก�()*7809'4� 45×60×12 cm @A-*0,�B('��	ก9'4�  
44×60×3 cm 34*)/	(��$�24'�(4*564�23/ก�()*780 9'4� 45×60×15 cm  D4/E'�11F��GH0)4ก4I 
(Sonic 1�(' AP1200) �+�*E'1	�5,- 3.1  
 

 

    
    
    
    
    
    
    
 

�!����  3.1 �����	ก��� DRFT 
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3.1.2 ���	� � 

3.1.2.1 ก413N%O14$.P.4Q'7R1%F'5!S*.0� +41%O0,5,-E�2 %ก1� Analytical Reagent  
Potassium sulfate (K2SO4) (Fisher chemicals)  
Boric acid (H3BO3), Sodium hydroxide 
(NaOH) ��$ Sulfuric acid (H2SO4) 

(Ajax Finechem, New Zealand) 

 
3.1.2.2 ก413N%O14$.P.48)+8)1!+5!S*.0�+41%O0,5,-E�2 %ก1� Analytical Reagent  

Perchloric acid (HClO4) (LAB-SCAN, Irland) 
Ammonium molybdate 
(NH4)6Mo7O24.4H2O) 

(Riedel-de Haen, Germany) 

Ammonium metavanadate (NH4VO3) (Merck, Germany) 
Nitric acid (HNO3) (LAB-SCAN, Irland) 

 
3.1.2.3 ก413N%O14$.P.47m�5+%@,/0 +41%O0,5,-E�2%ก1� Analytical Reagent  

Potassium chloride (KCl) (BDH, England) 
Potassium hydroxide (KOH) (Ajax Finechem, New Zealand) 
Perchloric acid (HClO4) (LAB-SCAN, Irland) 

 
3.1.2.4 ก413N%O14$.P.4 �O�%@,/0 �0ก',%@,/0 ��$%.�oก+41%O0,5,-E�2 %ก1�   
Analytical Reagent  

Strontium Chloride Hexahydrate 
(SrCl2.6H2O) 

(Ajax Finechem, New Zealand) 

 
             3.1.2.5 ก413N%O14$.P.4Q'%R15 (NO3

-) +41%O0,5,-E�2 %ก1� Analytical Reagent  
Aluminium sulfate (Al2(SO4)3.18H2O) (Ajax Finechem, New Zealand) 
Brucine sulphate hydrate (C23H 26N2O4) (Ajax Finechem, New Zealand) 
Antimony Sulfate (Sb2(SO4)3) (Merck, Germany) 
Sulfuric acid (H2SO4) (Ajax Finechem, New Zealand) 
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3.2 ���ก��ก����#�
    
 

���ก������$�������� %&� !� 

  3.2.1 ก����$�'(ก������$ 

�B'ก415��)*��� 2×5×2 �8O5)%1,/�E'ก41+�(0+0�	1#P (Factorial in 
Completely Randomized Design) F64'3' 3 @S64 @S64�$ 20 R2'7�/0,�GFF!/ก415��)* 3 �GFF!/ 
�1$ก)��23/    
�GFF!/5,- 1: �'N�mt�Q�2�ก( O$'24%.o�.)0m!'u�P KA 019 (A0 ) ��$B!กก4�.)0O)+m!'u�P7104'4 (A1)   
�GFF!/5,- 2: +41�$�4/u4R�)4.415,-E�2��230,O(4 EC %5(4ก!� 2.1 dS/m Q0(%RN0+41%+1N0�1$+N5uND4m  

(B0) +41�$�4/u4R�)4.415,-E�2��230,O(4 EC %5(4ก!� 2.1 dS/m %RN0+41%+1N0
�1$+N5uND4m (Apsa-80® (B1), Tween-80® (B2)) )!R14O340%92092' 5 mL R()+41�$�4/
u4R�)4.415,-E�2��23 30 L +41�$�4/u4R�)4.41 (%3+7ก2, 2006) 0,O(4EC %5(4ก!� 2.0 (B3) 
��$ 4.5 dS/m (B4) �1N04R1 30 L   

�GFF!/5,- 3: ก41O3�O�07�/3Nu,�,3D4m Q0(E+( (C0) ��$E+( Tricoderma harzianum CB-Pin-01 (C1)  
 )!R14+(3' 15 g R()+41�$�4/u4R�)4.415,-E�2��23 30 L 
   

�B'B!*ก415��)*�!*R()Q�',S 
A0B0C0   A0B0C1   A0B1C0     A0B1C1   A0B2C0    A0B2C1   A0B3C0    A0B3C1    A0B4C0     A0B4C1 
A1B0C0   A1B0C1   A1B1C0     A1B1C1   A1B2C0    A1B2C1   A1B3C0    A1B3C1    A1B4C0     A1B4C1 
 

3.2.2 ���ก������$ 

 1. ��	กO$'24%.o�.)0m!'u�P KA 019 ���Qx7�17�'Nก+P %5O'NO DRFT 9'4� 
2×7.2×2.5 m �1N04R1'S64 800 L F64'3' 1,200 R2' 3N%O14$.P.4�1N04#u4R�)4.41E'+41�$�4/u4R�
)4.41ก()'��$.�!*ก41��	ก �1$ก)��23/ Q'7R1%F'5!S*.0� Q'%R15 8)+8)1!+5!S*.0� 
7m�5+%@,/0 �O�%@,/0 �0ก',%@,/0 ��$%.�oก 7�/3Nu, AOAC (2000) �!*R414*5,- 3.1                  
 2. D4/.�!*%กo�%ก,-/3B�B�NR��23 '64+41�$�4/u4R�)4.415,-Q�2F4กก41��	กO$'24
m!'u�P%.o�.)0 F4ก92) 1. �1N04R1 30 L E+(E'�����	ก��� DRFT 9'4� 45×60×15 cm (1	�5,- 3.1) 
%mt-)'64ก�!�04��	กO$'24m!'u�P%.o�.)0 KA 019 ��$B!กก4�.)0O)+m!'u�P7104'4),กO1!S* R40
3Nu,ก415,-ก64.'�Q32E'92) 3.2.1 564ก415��)*%�&'%3�4 40 3!'.�!*/24/��	ก E'71*%1t)'���%�y�              
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# �B'ก3N�4%5O7'7�/,ก41%ก"R1 0.43N5/4�!/+*9�4'O1N'51P 3N5/4%9R�GRR4', 1$.3(4*%�t)'
0Nz�'4/' 2551 zA* %�t)'ก�0D4m!'uP 2552 
 

3.3 ��	����0������(��ก'�ก������$ 
 

 3.3.1 3N%O14$.P�1N04#+41�$�4/u4R�)4.411$.3(4*�64%'N'ก41IAก"4 F'+NS'+��
ก41IAก"4 5,-E.2�GFF!/ R(4*{ %กo�R!3)/(4*+41�$�4/u4R�)4.41E'1$�� (APHA, 2005) 5�ก{ 10 3!' 
O1!S*�$ 100 mL %�&'%3�4 40 3!' �!*�+�*E'R414*5,- 3.1 
 

1���$��� 3.1 m4140N%R)1P��$3Nu,ก413N%O14$.PR!3)/(4*'S64 
 

m4140N%R)1P 3Nu,3N%O14$.P 
1. pH,  Electrical   
    Conductivity (EC) 
    and Temperature 

%O1t-)*3!�O(4O340%�&'ก1�-�(4* 1�(' HI 8733 (Hanna Instrument ) 

2. Dissolved Oxygen    
    (DO) 

%O1t-)*3!��1N04#))ก@N%F'5,-�$�4/E''S64 1�(' HI 9142 (Hanna 
Instrument ) 

3. Total Kjeldahl     
    Nitrogen (TKN) 

Kjeldahl Nitrogen Method (AOAC Official Method 973.48, 2000) 

4. Total Phosphorus  
    (TP) 

Spectrophotometric Molybdophosphate Method (AOAC Official 
Method 973.56, 2000) 

5. Potassium (K) Flame Photometric Method (AOAC Official Method 893.02, 2000) 

6. Magnesium (Mg) Atomic Absorption Spectrophotometry Method (AOAC Official 
Method, 974.27, 2000) 

7. Calcium (Ca)   
  

Atomic Absorption Spectrophotometry Method (AOAC Official 
Method, 974.27, 2000) 

8. Iron (Fe) Atomic Absorption Spectrophotometry Method (AOAC Official 
Method, 974.27, 2000) 

9. Nitrate (NO3
-) Brucine Method (AOAC Official Method 973.50, 2000)               
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 3.3.2 3N%O14$.P�1N04#u4R�)4.41E'E�R!3)/(4*mt�.�!*/24/��	ก 30 ��$ 40 3!'                            
�!*�+�*E'R414*5,- 3.2 
 3.3.3 �1N04#O�)718y��P %), �, ��$�O715,')/�P 3N%O14$.P7�/ 
Spectrophotometric Method (Wellburn, 1994) mtS'5,-E� ��$O340/4314ก.�!*/24/��	ก 30 ��$            
40 3!' �!*�+�*E'R414*5,- 3.2                 
 
1���$��� 3.2 m4140N%R)1P��$3Nu,ก413N%O14$.PR!3)/(4*mt� 
 

m4140N%R)1P 3Nu,3N%O14$.P 
1. ก41%กo�R!3)/(4*mt� ก10m!}'45,-�N' (2547) 
2. Total Kjeldahl   
    Nitrogen (TKN) 

Kjeldahl Nitrogen Method (AOAC Official Method 955.04, 2000) 

3. Total Phosphorus  
    (TP) 

Spectrophotometric Molybdophosphate Method (AOAC Official 
Method 958.01, 2000) 

4. Potassium (K) Flame Photometric Method (AOAC Official Method 893.02, 2000) 
5. Magnesium (Mg) Atomic Absorption Spectrophotometry Method (AOAC Official 

Method, 975.03, 2000) 
6. Calcium (Ca)   
  

Atomic Absorption Spectrophotometry Method (AOAC Official 
Method, 975.03, 2000) 

7. Iron (Fe) Atomic Absorption Spectrophotometry Method (AOAC Official 
Method, 975.03, 2000) 

8. Nitrate (NO3
-) SpectrophotometricMethod (Jones, 2001) 

9. Chlorophyll a, b and  
    Carotenoid 

Spectrophotometric Method (Wellburn, 1994) 

10. Leave area and root  
      length 

 Delta-t Devices Ltd model Delta-T SCAN (DT Scan) 
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  3.3.4 1$�!�O$�''ก41%F1N�%RN�7RBN��กRN9)*mt�5,-O3�O�0�23/3Nu,�,3D4m7�/E�2 
T. hazzianum CB-Pin-01 @A-*1$�!�O$�''�1$ก)��23/ 5 1$�!� Ot) 1) = R2'�กRN 2) = R2'�O1$
�ก1o'%�oก'2)/ 3) = E� R2'�O1$�ก1o' ��$14กก���64 4) = E�@,�%.�t)* %.,-/3 R2'�O1$�ก1o'��$
14กก���6404ก 5) = R2'R4/ �!'5AกB�5�ก { 5 3!' 1$.3(4*�64%'N'ก41IAก"4 (�!����*F4ก 3,1I!ก�N� 
��$O#$, 2544) 
 3.3.5 �!'5Aกก41%F1N�%RN�7R9)*mt� 5�ก { 2 3!' �1$ก)��23/ O340+	* 9'4�%+2' 
B(4'I	'/Pก�4*R2' ��$F64'3'E� 1$.3(4*�64%'N'ก41IAก"4 
 3.3.6 �!'5AกO(4ก41'64Q88�4 O340%�&'ก1�-�(4* �1N04#))ก@N%F'5,-�$�4/Q�2E'
'S64 )�#.D	0NE'+41�$�4/u4R�)4.41 5�ก { 2 3!' 1$.3(4*�64%'N'ก41IAก"4   
 3.3.7 �!'5AกB�B�NR�1$ก)��23/ 'S64.'!ก+� 'S64.'!ก�.2* ��$)!R14+(3''S64.'!ก
�.2*R2'R()14ก .�!*/24/��	ก 30 ��$40 3!'  
 3.3.8 R2'5�'ก41B�NR 

3.4 ��	����0�'���$�2�1�  
                        '6492)0	�3N%O14$.PB�54*+zNRN .4O(4O340��1�13' ��$%�1,/�%5,/�O(4%��,-/7�/
3Nu, Duncan�s Multiple Range Test (DMRT) 
 
 

 

 
 

 
 

 
 

 


