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ABSTRACT 
 
 The purpose of this study was to investigate microbial populations, 
physicochemical properties and levels of plant nutrients in wild forest noni (Morinda 
coreia Ham) extracts during fermentation for promoting tomato growth. It was found 
that the highest amounts of total bacterial count, lactic acid bacteria and plant nutrients 
(P, Mg, Mn, and B) were found on date the fourteenth of fermentation. In contrast, the 
highest population of yeast was observed over 21 days. After 56 days, values of pH, 
acetic acid, ethanol and electrical conductivity in this finished product were 3.66, 3.34 
g/L, 16.98 g/L and 14.47 mS/cm, respectively.   

 Lactic acid bacteria were isolated at varying days of fermentation. 
Based on the conventional method, 99 isolates (97%) were identified as Lactobacillus 
plantarum and the rest (3%) was Lactobacillus pentosus. This was confirmed by using 
API 50 CH system with 14 representative isolates. Whilst 84 yeast strains were 
isolated and identified into 4 genera by the conventional method. A representative 
yeast isolate from each genus was then selected for identification using 26S rRNA 
gene sequence and results were Saccharomyces cerevisiae (32 isolates: 38%), Pichia 
anomala (26 isolates: 31%), Pichia membranifaciens (24 isolates: 28.6%) and 
Rhodotorula mucilaginosa (2 isolates: 2.3 %).        

 Fermented wild forest noni extract required only 64-fold dilution to meet 
the minimum criterion of a phytotoxin-free fertilizer and 256 diluted extract gave the 
best germination index (157%) of cherry tomato seed. The undiluted extract comprised 
of following plant nutrients (in mg/L); N 633, P 1210, K 4356, Ca 693, Mg 536, B 50.6, 
Mn 6.09 and Zn 1.69. Besides, C/N ratio of the extract was 18 and some gibberellins 



 

 

(6) 

were also found. Therefore, the extract had the potential to use as a liquid fertilizer.  
Effects of 56 days of the extract on the growth of cherry tomato based on stem 

height, bush width and stem circle were investigated by growing one tomato seedling 
in a plastic pot containing 10 kg soil for 90 days. There were 4 treatments as follows:  
control (no fertilizer: N), chemical fertilizer (8.25 g/pot: C), the extract (5 ml/L, 100 
ml/pot: F) and chemical fertilizer + the extract (4.125 g/pot + 2.5 ml/L, 100 ml/pot: CF). 
The chemical fertilizer was added into the plants at days 0, 15, 30, and 45 while every 
7 days for the extract. The results show that after seedlings were transferred for 
planting 30, 60 and 90 days, a F set had the best growth because of the less acidity 
soil detected in the F and CF sets (pH: 6.1 - 6.4). In contrast, soil pH in the sets of N 
and C was between 5.7-6.0 and 5.5 - 5.9, respectively. In addition, yeast was found 
only in sets of soil that treated with the extract (F and CF) and the yeast count was in 
a range of 3.3 - 3.4 log CFU/g. 
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K�"�����IP���	�����C��	 

 
B = Boron 
ºC = Degree celcius 
Ca = Calcium 
CFU = Colony forming unit 
C/N ratio = Total carbon / Total nitrogen ratio 
dS = Decisiemens 
EC = Electrical conductivity  
GA3 = Gibberellic acid  
g = Gram 
IAA = Indole acetic acid  
K = Potassium 
L = Liter 
Mg = Magnesium  
mg = Milligram 
ml = Milliliter 
Mn = Manganese 
mS = Milisiemens 
N = Nitrogen 
P = Phosphorus 
µm = Micrometer 
µl = Microliter 
Zn = Zinc 
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 �� '���-��&�����$������.
���"����� +,,�� ���/���"����� �� � �0%�������
�!1��� ���/����$� 2��!�������0��,�$
�
�������&��������������$���$,'�+(&*(*($����/�3��
�0�*($���	
���
%
 ��  
�����
�4�� ������0����� ��%,�! +(&������%���/� �5���
������
'��+(&+ (6���7�/� +(&��������"�����*��
 ���"������0�!1��� �+(&�� �8�9:#��/��
�!���&��#�
�����$� *(*($�+(&������6���7�/� '��+��� ()���
2!#���
�(7� ������(�
�$

'���� �% ��4���-����
�0
�/��&�%��������&�(7���/����
�����),�����% 3�������0�!1��� �
����*$�%$2� ���
 ��0�!1��� ���	
+�(�2��!������(��'�����2��!�������+(&�!(2��!����� 
��/���0�
��������; ��� �&�  �% ��4�� �8�9:#�����"������0 
�������	
��
���������"����
*70�� *������� �'����+(0%�������0 ������ ���(��
�4���0��
�/�+(&�$
 �% <��
��=>�
(�7�
+�(�
4��+(& �*(��&�,����$�+%�(0� �/�
?����0%� ��4����	
*(�����0�%� �!� � ,7�9#��
�$
(�(�����%���)% +(&�
����!������0�!9� ,��$�����8�����$
����;� ���
 �$
+
�
��4
 
����!0 
4��(�(��4�������$ �9����� ����0��
�/�*��+(&��	
�$"��� 
!"�# (
$�
2#, 2544) 
 ��&+������,�70<������ �������0�����/�*���
� /�;������%�%0���4
�7� 
�
�
;���,�(;��(��'(����
$� ,�$'8��/�*���(������$" 3����&+�
$� �/�*���(��
����$"�,%�����%'(����(�������%�����%���)%�0%�����������$,'��-(����F(& 15-20%  � 7(���
�(���%�� 20,000 (0�
����������J �(���
����������������/�����!K
+(&;�0�%�
 ( 7(
$2$�����
+*�
�$
, 2546) ������!���������(��%
�4 ���"�����(!� �
����
 ���������"���$
����#      
3���%� � ������"���$
����# �������
�'����&��%��"��������J�� �$���
�F �6. 
1981 � ��<��&,,���*($��������"������(���(��������0�!1��� �������&�# ����� �������
6���7�/� +(&P��#' 
�����&�!0
������$���$,'����/�+(&���%# �����"����� �$
����#��0
�(������%,�! 6���7�/��0%�%$2���%8�� ��6������(7��/�� !
�%��
 �6"3���/�  7(���%# �/�
��&�7(<��% �!1��/��� ���
���6"3���/���(/���0���?
�� �*($���	
�!1��$
����#+(&�!1���%8��  
'������!1��$
����#;�0������� ��3���/������(/���������"��3����(/����0��
�/4
������&�(7�
�%�� 150 (0�
��
����F ( 7(
$2$�����+*�
�$
, 2546) ���
��3���/���(��
�4 �*($���	
�!1�
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�$
����#�����"������ ��<
���(�,;���0�
�/4
�������"���� 
������&��%���&�����0
�!

������3/4��!1��� �+(0% ���(��8����4��"������+(&*70,�$'8�����0%�   3����&,%
������
�!1��$
����# ���(��%��6��,�,�����!($
����#�
���� ��+(&�����(��3���/���0��7��
�7�
�����������(&(��
4��+(&P��#' 
 3���/��� ��<�7�3� ���;���0��&'��
#;�0 +(&�������!1�
�$
����#�
�7�����(%��/���������%��
4��� ����%8�� ��/��!1�
4����%8�� ��/� 
4��������%8��3��
��	
*($�8�9:#�����"������ ��<�����0;�0���
�&��,�()� �(�+(&�������(���	
���
$�  ��
��4
�
����!,�
'����/��%������(%��/�
4��� �����;�0 ��!($
����#2�� ���$�(���
$��% ��4 �2��!
������/� P��#' 
�/� �(���
�����&��,�������;�0����3((#�/� ;�0+�� '����
 ����& $'
 
���#',;P���� ��
;3 # +(&�/�
? �����4��"������ ��<��0�/�� !
;����/������%,�! 
6���7�/�;�0�0%� 3��<0�
��
4��� ����%8�� �*($�*���(������$" ���
  &��/���6��,��&��
��
��/� &��/���6���$
� 
������&�(��8�����*70,�$'8�+(0%������
���;�0�
�����7�%�� &��/�
��6���$
�����(7�'����0����� �  
 ���$����(7� &��/���6���$
��� ��<�(7�;�0����
Q�7�
�% +�����,�$'8�
 &��/���6���$
�; �;�0<7�����������Q�7����% ��
�4
�� ��%� ����� �(7� &��/���6
��Q�7 
�
��%Q�7�0�
+(&Q�7R
 3�����������������/� �!9�87 $�7��$
;�'���-��&�����$��
��/�

 �
��  � "��
 +(& �Q"8��  �����0��� &��/���6��%;�; ��$�*( +���
/���������
*(*($��
��%�(��Q�7�0�
���
�0��7 �� ���"������ ������(7� ���+�0��������; ��$�*(
�� &��/���6���$
�����(7��
Q�7�0�
�� ��<���;�0�(��%$2� ���
 �(7� &��/���6,
87����73��
���$,
87����7�& ��!9�87 $�����%���/4
�����, �� �����(7� &��/���6
��Q�7��
 �� ���
 ���
���%��������� ����,7�9# ��	
�0
 +��,
87����7 �� ������+�(�
4�������� �����0�(7� &��/�
��6���$
�;�0; ��(��Q�7�(7� ��/������0��
2!#�
�0�
��% ��,�������������� ��
2!# &��/���6
���$
����%;��&; ��� ��<�$�*(;�0<0��!9�87 $�(��/
�7�%�� 22°C +����
2!#�
�0�
�� ��<�$�
*(;�0+ 0%���!9�87 $�(��/
�7�%�� 23°C ����;��)��<0��!9�87 $�(�%�
�7��$
�%�� 32°C �)���
��0 &��/���6��
2!#�
�0�
�$�*(;�0��� (������$��"��, 2541) 
 ����(7� &��/���6�
Q�7�0�
 
������&��0��
2!#�
�0�
+(0%�&�0���������
�7+(���"������� '���-��&�����0
4�� ��4
�4����&� /������6�0�
+(&+�0 �0
 &��/���6
�0����
4�� ���%���
Q�7�(7����$<� 2 ����  
����� 2 %$2��0��0
+(0%�� ����%$2������ ��<
+�0��������; ��$�*(�� &��/���6�/����-����
���P��#' 
��%��������$�*(+(&�����
���$  �����0P��#' 
 4CPA (chlorophenoxy acetic acid) �%� ��0 �0
 25-50  $(($��� ���
($�� ��%���0����#�3)
�#����$�*(�� &��/���6��$� ��4
  ��/���(���(��������0���P��#' 

���(��%�
���*($� &��/���6���$
�
��Q�7 �����0
��� ����%8��
���&��	
������(/���
��
����"���� 3���
��&,%
���� ��
4��� ����%8���0���6��,�,�����!($
����# '���-��&
+,�������+(��$�+(&����# 
�����
�4������6��"����%�� +(&%$(�%�9�# (2547) �,%��
4��
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� ����%8�����(7����K� �2��!�������������$ ������$���$,'����/� '���-��&2��!
'�+���3�� ��7��
��$ �9�7 +��<�+ 0
4��� ����%8���&��	
���
$� ��0��
����+����(�� +����
����0��$�7�
#+(&�0� 7(��%$������
+���,�,�����!($
����#�
��&,%
���� �� �% ��4
���;�0 �3��2��!������/� ��
�4
�
%$����
���4
�4���
��6��"�,�,�����!($
����#�
������

4��� ����%8�����(7����K�+(&,�,����
4��� ����%8�����������$���$,'�+(&*(*($���
 &��/���6���$
� ��/����%� ��,<���&�$�2$8����
4��� ����%8��+(&�0� 7(���(��%�� ��<

��;��7�������,��0
4��� ����%8����0��$���&'��
#�$���4
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������	 
 
��  
 ���K�   ��/����%$���6����#%�� Morinda coreia Ham. ��7��
%6# Rubiaceae 
���
����%��,��,0�
 ��	
�0
; 0�/
�0
*(���,�
������ (���0
��� ��(/�� ������+����$��	

���(�� (�7���� 1)  �,��	
�,�����%�������
�0�  �7��� �
���,�%0� 4-7 �3
�$� �� ��% 10-14 
�3
�$� �� ��������	
��� '����������$�,�$�%93���,��/��(����� ������� �����%  
�(�,����(� ��	
�(�� �(��+�������	
 5 �(�,  �������%*70 5 ��
�$���7�����(�,��� *$%��
;����&��
�$���
��	
�0�
 +��(&��;�� � 5 ��� *(��	
*(�%  *$%
��*(��	
�!K �  (�7���� 2)  
 �
$�%6%$���+(&���+�����&��� �/� ��	
�/������4
���� 2�� ���$ �,��4
��7��(����&��6���%
'(� ���
 ;�� ��
 �$
���� � 7����&+�3$lm�����
��0 P�%��  ��(�3�� n(n �
��&��6;��
�,��4
�� �K��,�����9+�0+(0+(&�/4
���%;���8����
/� 8���&%�
����-����
/�+(&
8����0 �
����!,�
 ����
����%
���?  ���0��&'��
# ���
 +��
+(&�������0��+���0��	
���0� 
*0�;�  �,
�� ���!����� �(���
*(
�� �� ����	

4��� ����%8�� ������6��"�
4��� ��
��%8�����*($����(7����K��,%�� �������
��;ll5� (Electrical conductivity: EC) �73����	
������
,�,��;�0<����(&(������(/�+�� ��/�2��!�
���(&(��+(&���,2��!'�+���3�� ��7��

��$ �9 800-900  $(($��� ���($�� (�%�� +(&%$(�%�9�#, 2547) 
�����
�4
4��� ��(7����K����
 ����!���� �� 6 ��/�
 �,%�� �*(��,��4+,����������'������$
����� '���-��&+,�������
+�� ,%� �/� Bacillus cereus +(& Staphylococcus aureus ;�0; ����������r$��%
&  
�% <�+,�������+�� (,���� Vibrio parahaemolyticus +(& Salmonella spp. ���
4��� ��
��%8��(7����K���0*(�����,��4��? ��,���r$��%
& (�%�� +(&�9&, 2548) 
 ��,0�
  ��/����%$���6����#%�� Morinda citrifolia Linn. ��	
�/��
%6# 
Rubiaceae ���
����%��,���K� ��	
; 0�/
�0
�
���()� �7 1-6 � �� �,��	
�,�����% �����
�0�  �7��� '�
+(&�(�����,�&+�(  ��,�,��	
�(/�
 ��������	
����( �����%? �� �� 
�, �0�
��������% 3-4 �3
�$� �� ; � ��0�
������� �(�,�������% *(��	
�
$�*(�%       
 ��
���()� 8���
 � 1 � ()� ��/�� �$���
��	
*(�
������ �
����*(�%0� 2-3 �3
�$� �� 
��% 3-10 �3
�$� �� *$%��	
�!� �� *(���
 �������% *(+���& �����%� ����% � /���!� �����(/�
+(&��(���
��	
����%�
����!� ��,0�
 ������!9�0�
� !
;�� �/� *(+�� 3�� ����*)��0�
     
��%���,( ,���!2��! ���$������ � +�0��/����=u�� �&�7���� l���(/�� ��,
4����%�(�        
+�0����+�,+�0 +�0�0�
�
�� +�0������
 ���������Q�2$v �/� asperuloside '��
��*( �� �� 
��/��0 ��,��&��
 ,����4��0�$4 ��,
4��*�4��,��&��
  ��%
�������,0�
 (���! 3-4 �F)     
+�0��&"�� ��	
���&,�� 
�����
�4��,0�
�� �2��!��������? ���
 �,�� 100 ���   ���0
�� 
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4 ���  +�(�3��  469  $(($���  ��()� 1.4  $(($���  %$�� $
�� 43333 IU %$�� $
,��
�� 0.30 
 $(($���   %$�� $
,��� 0.14  $(($���   ;
��3�
 7.2  $(($���  %$�� $
3� 3  $(($���  ( �'
�, 
2540)  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 ����� 1 (��"9&(���0
��(7����K�������%��
��6��2�� ��� 
 

 

     

 

����� 2 (��"9&�, ������ *(���
 (8��30��) +(&*(+����(7����K� (8���%�) 
           ������%��
��6��2�� ���  
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���	��������	� 
 
4��� ����%8�� ��/�
4��������%8�� ��/��!1��$
����#
4�� �/� 
4��� �����;�0���

���� ���%��/� *�� *(; 0 %���/� ���%#+(&�6"����� �
�8�����; � �����6 '���!($
����#���
�����%�0���,��&,%
���� �� ;�0+�� +,���������4� � (Total bacterial count: TBC)  
+,�������+(��$� (Lactic acid bacteria : LAB)  �% <���/4���+(&����# 3����	
�!($
����#����$� �
��,%��<!�$,�� 2�� ���$ '����6����&,%
�����
4���������
/4���/���/�+(&���%# '����6��
�%� ��0 �0
��
4����(�����7�'����,+(&��$���&,%
��������(��'���!($
����# ��$���	

�
!8������()�(+(&<7��(��(������ ��
�7�������& $'
 ����$
����# 2��!������(�� 
2��!������� �!(2��! P��#' 
 3���/��� ��<
��;���0�
������$���$,'�;�0 ������,���
�$
����#����, ��;�0+��    ���+(��$�+(&����&3$�$� 3����$�����!($
����#��0����+(��$� �
��&�$�2$8���
�������0�
��/4��� (Blom +(& Mortvedt, 1991) +(&+,������������	
'�" (�%
�� +(&�9&, 2548)  +(&������6��"��� %
$�� (2547) �,%�����
4��*(; 0+(&
4��*���
$�
���?  �+,�������+�� (, �7�+�� ��0���� �� ��<���$�;�0��4�
�8��;�0���3$��
+(& �
���3$��
 3����	
��/4� Zymomonas sp. +(&������
��&,%
���� ��� /����$��8�%&�����	

��� (pH ����) +(&�������%,�! ����������$ ��0��/4���+(&����#���$���$,'� '����/4�����0���
��/��������$�+(&���$�;�0�
�8�%&��� �����6 �� �����$���7����*$%�
0���<�� �� ��%
����#
�� ��<���$�;�0��4�
�8�%&��� �����6+(&;�0����6���� ��<�,;�0�� ��
���� ��    

 
4��� ����%8�� ��	
87 $������0�<$�
�����$������"����
���6"�/� ���%# 3��
��	
%���!��(/���0�
�0�<$�
;�� ����,���
4����( +(&
�� ���0��
����+����(���
�(��
�0�<$�
 3��+��(&�0�<$�
�& ����*($�+(&���
��
4��� ��;���0+�������
 ��4�
��/����%��<!�$,
�����0 ��� %$2��
���� �� �&�&�%(����� �� �(���
%$2������0��,�/�+(&�����0��/��%��<!��&��#
�/�
? ���&+���
$�+(&�������%
�
���*($��� %���!�(�������0*($�
4��� ����%8��;�0 2 
��&�8� ��
�4 �/�  

  1. 
4��� ����%8�����*($�����/� ;�0+�� *�����? *(; 0 %���/� �(���
�/�
� !
;�� ��0�������%
 *�� *(; 0 %���/� �/�� !
;�� 3 ��%
 ���
4����( 1 ��%
 '��
��%���! �
������/���,��0��	
�$4
�()�? ��/�,���0(&����� �(!���(0���,���
4����(��0��0���
�
8��
&'��
�����0��/�,��)  �m�R� ��),�
�����  ����6<������� ��"�����&��$� 
������(%���;�0������
� �� ���0��,�/��(����� ��;%0��& �9 7-10 %�
 '��������+����%
����(%
�� �*� 
4��
�������%
 1:200 <� 1:1,000 -����
�0
�/���/����(�$
,�$�%9����/� (�!
�
��, 2546)  

  ������6��"����%�� +(&%$(�%�9�# (2547) �,%��<0�� ��'�� ����%��
��& �9 1/5 ��8��
& +(0%�m���,�0%�<!�(���$�����&������
4��+(0%�����%
���<!����m�
��,�0%�R�<�3����	
���� ��+,,��������$ �9����6��$� �0
��0��(/�
0���&�����$ ������$�



 7 

���!($
����#��� ���&'��
#����+,�������+(��$���0���$�;�0����4
+(&�� ��<�5���
�����$�
lm(# ����#���*$%�
0�
4��� ��;�0 

 2. 
4��� ����%8�����*($�������%# ;�0+�� �(��()��(�
0�� ��������� ��(/���!0 
��&���7 + ( �6"�$4
��%
�����%# n(n ��0�������%
�����%# 3 ��%
 ���
4����( 3 ��%
 
'��
�����%#��/��$4
��%
���%# �������/���,��0��	
�$4
�()�? ��/�,���0(&����� �(!���(0���,
���
4����(��0��0���
�
8��
& +(& �� ������$ 
4��� ����%8�� 
4��� ���!($
����# 
4�� &��0�%
��/���%��/4��!($
����#(&(��
4��(;��0%� 1 ��%
 �m�R�+(&
��;���),�
����� ����6<�������     
 �����%
,0���	
,����4���%��/��; ���0 ��($�
�� )
 ������,���� ���(�; ��m�R�+(&�%
%�

(&�(��? ���4 +(&��"�����&��$� 
������(%���;�0������� �� ���0��,�/��(����� ��;%0  
1 ��/�
��4
;� ��/��
�%��%���!�����0� ���&�����(����+(0% '��������+������(% ���0��,
�/����
����%��
��,
4��� ����%8�����*($�����/� (�!
�
��, 2546) 
 ������6��"��� &($%�(�# (2545) �������%�
4��� ����%8������ ������/��
$�
���? �% ��4����(�+(&���������'����"�����
���%�������� ��,%�� ��!9� ,��$���� �-
���8��+(&��$ �92��!��������? ��������� 1 +(& ������� 2 
 


		���� 1 �!9� ,��$���� �-���8��+(&2��!������(����
4��� ����%8�����*($�'��
��"�����
���%�������� � 

 

%��<!�$, pH ������
��
;ll5� 
(mS/cm) 

;
'����
 
(%) 

l��l���� 
(%) 

'�+���3��  
(%) 

�(0%� 3.79-4.14 0.24-4.96 0.015-0.15 0.01-0.04 0.6-4.07 
(���� 3.54-4.18 3.01-6.22 0.093-0.16 0.03-0.06 0.89 

��,�&�� 3.84 2.04 0.04 0.02 1.13 
($4
��� 3.85 1.76 0.08 0.02 11.24 
R��� 3.31 1.68 0.03 0.01 1.09 

(7�� ��
 4.59 1.38 0.01 0.002 0.34 
 &(&�� 3.59 6.60 0.15 0.02 1.45 
*��,!0 3.48-4.13 1.83-9.64 0.05-0.18 0.02-0.05 0.94-11.27 
��)���  5.04 3.31 0.33 0.14 3.26 
*����� 3.83 10.11 0.2 0.04 2.15 
��������� 4.49-5.16 0.80-1.56 0.23-0.35 0.01-0.02 0.25 
�(� 4.11 1.09 0.61 0.17 2.69 

            ��� �:  &($%�(�# (2545)   
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		���� 2 ��$ �92��!�������+(&�!(2��!��
4��� ����%8�����*($�'����"�����
���%��
������ � 

 
+��2��! (mg/L) %��<!�$, 

+�(�3��  + �
��3��  ��()� ��+� + ��
�� ���&�� 
�(0%� 22-60 152-555 9-26 0 14-33 5-9 
(���� 30 204-280 2-52 0 10-19 5-10 

��,�&�� 44 176 9 0 12 8 
($4
��� 51 268 15 0 11 9 
R��� 40 140 15 0 14 5 

(7�� ��
 22 12 21 0 10 5 
 &(&�� 60 312 24 0 11 6 
*��,!0 28-39 165-312 8-59 0 14-21 6-9 
��)���  40 376 34 0 21 15 
*����� 47 249 33 0 19 129 
��������� 180-2,751 274-329 19 1-5 52-56 9-10 
�(� 1,224 690 51 0 29 10 

 
��� �:  &($%�(�# (2545)   
 
 
� !"����#���������$�������%����	���� 
 
&�'�����&!'
"� (Lactic acid bacteria : LAB)   
 ��	
+,���������� �,�,���(���
��&,%
���� �� �,��7����%;��� �$4
��%

���/� '���&��$� ���
%
�
�&�%�������),�����%+(&���� ���/� '���,���
%
��&����
��+,�������+(��$���& �9 0.15-1.5% �����
%
��&�����!($
����#��4� � 
(Buckenhu¨skes,1997) 3���
�&�%����&,%
���� ���& ����+����
��,�!($
����#�
$��/�
 
+,�������+(��$���	
+,�������+�� ,%�  ��7�����(  ��/��7�+�� ; ���0�����# ; �*($�
��
;3 #�����(� �0���������3�,30�
�
������$���$,'� (complex medium) �0����
����6
0��? +(&��0���#',;P������	
+�(����#,�
 (Wood +(& Holzapfel, 1995) 
 ���������+
�+,�������+(��$� ��	
��!(���? ��
�4 �/� Lactobacillus, 

Streptococcus, Pediococcus, Lactococcus, Leuconostoc, Carnobacterium, Enterococcus, 



 9 

Vagococcus, Aerococcus, Alloiococcus +(& Tetragenococcus (Wood +(& Holzapfel, 
1995) 
  � /���$���9�<������0
4����(��+,�������+(��$��� ��<���+
�;�0��	
 3 
�(!� ����? �0%���
 (Wood +(& Holzapfel, 1995) 

 1. Obligative homofermenter � ��<� +,��������%����� ��
4����(�(7'��
+(0%;�0*(*($���	
���+(��$�������������% (1 ' (���(7'���� ��<*($����+(��$�;�0 2 
' ()  *��
 Embden-Meyerhof pathway (EMP) '����0��
;3 # aldolase  ���
 Lactobacillus 
acidophilus +(& Lactobacillus ruminis +,��������(!� 
�4�� ��<*($����;�0 ���%�� 85% 
���
4����( hexose �/�
4����(��� ����#,�
��7� 6 �&��  (C6 sugar) ���
 �(7'�� +��; ��� ��<
�����(��
4����( pentose �/�
4����(��� ����#,�
��7� 5 �&��  (C5 sugar) ���
  xylose ;�0  

 2. Facultative heterofermenter � ��<�+,��������%����� ��
4����(�(7'��
+(0%��0*(*($���	
���+(��$�;�0 50%  ����&3$�$���/���2�
�( 25% +(&���3
���#,�
;����;3�# 25% *��
 Phosphoketolase pathway �(!� 
�4 ���4��
;3 # aldolase +(& 
phosphoketolase  �� ��<*($����+(��$����
4����( hexose +(&
4����( pentose ���
 
arabinose  ribose +(& xylose ;�0 ��������
;3 #���&����
0������4
��,�8�%&�$�+%�(0� �
+�
����,����� '����
;3 # phosphoketolase <7���,��4�
��� ��(7'��+(&��4
��,��� oxidation-
reduction potential (ORP) �0%�  � ��$��
�(!� 
�4 ���
 Lactobacillus plantarum +(&            
L. pentosus 

 3. Obligative heterofermenter � ��<� +,��������%����� ��
4����(�(7'�� 
1 ' (+(0%��0*(*($���	
���+(��$� 1 ' ( ����&3$�$���/���2�
�( 1 ' (+(&���3
���#,�
;����;3�# 1 ' ( '����0 Phosphoketolase pathway +(&; � ���
;3 # aldolase ��
; ��� ��<��0
4����(*��
%$<� EMP ;�0 3��+,��������(!� 
�4;�0+���(!� �� Leuconostoc +(&�(!� 
�� Lactobacillus ,��
$� ���
 Lactobacillus brevis +(& L. buchneri +,��������(!� 
�4��0

4����( hexose +(& pentose ;�0��  
 
���
# 
 ����# ��%� �������
���� �����
��
 ��4�
+���&'��
#+(&�����0��$��%� 
�������������� ��;�0 '������# �,�,���
���*($�*($�8�9:#������(���
$� ���
 �
 �� 
;%
# �,���# 
4���0 ����7� �� +(&������ ���/4
� /�,��
$� �9&����%��
����#�����0�����
���? ���
 
4��*(; 0 
4����/��  
4��*�4 +�  *���� �
/4����%# +(&������/�
? ��$�����
������;�0
���
��
 3������#����, �����
��=>�
+(&�����0������
������ '�������
2!#����,,���? +���

������� 3 '������#��%
������ ��<���$�;�0��4�
�8����� �+(&; � ����3$��
;�0 ��4��
�0��������$
����#��	
+�(��(��
+(&���#,�
 '���
�8�����; � �����6����#�&��0
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��&'��
#���
4����(;�0*(*($���	
��2�
�(+(&���3���#,�
;����;3�# �����0��(/�
4����(
������,���*($����+(��$���+,�������+(��$�
0��( ��%
�
�8����� �����6����#�(��
�
$��&��0��&'��
#������+(��$�;�0*(*($���	
���3���#,�
;����;3�#+(&
4�� �����0 pH 
��*($�8�9:#�7��4
 (Boekhout +(& Robert, 2003) '����������� �*(��������7����������#�

�&�%����&,%
���� ���/� ��$ �9�����3$��
+(&�%� ��0 �0
������$
����# �/�����#�&
 ���%$���7�+(&�� ��<��$� ���
%
;�0� /�� ����3$��
+(&�&���<0� �����&3$�$��
��$ �9�7 
(Thomas et al., 2002)  
 

		���� 3  ����#����, �����
��=>�
3�������0��$�����
�������
�����+(&���/���/�  
 
����#����, �����
��=>�
�� � �
$�������#��������0��$�����
������ 
Saccharomyces cerevisiae 

Debaryomyces hansenii 

Pichia anomala 

Pichia membranifaciens 

Rhodotorula glutinis 

Rhodotorula mucilaginosa 

Toruaspola delbrueckii 

Kluyveromyces marxianus 

Issatchenkia orientalis 

Zygosaccharomyces bailii 

Candida parapsilosis 

Zygosaccharomyces rouxii 

Candida guilliermondii 

Candida albidus 

Candida tropicalis 

Saccharomyces exiguous 

Pichia fermentans 

Trichosporon pullutans 

Hanseniapola uvarum 

Candida zeylanoides 

Brettanomyces 

intermeditus 

Candida dattila 

Candida globosa 

Candida humicola 

Candida lipolytica 

Candida parapsilosis 

Candida sake 

Candida versatilis 

Candida zeylanoides 

Candida holmii 

Candida krusei 

Cryptococcus spp. 
Debaryomyces hansenii 

Hansenula anomala 

Hansenula subpelliculoxa 

Kluyveromyces marxianus 

Kloeckera apiculata 

Pichia membranifaciens 

 

Pichia burlonii 

Pichia fermentans 

Sporobolomyces roseus 

Saccharomyces cerevisiae 

Schizosaccharomyces pombe 

Toruaspola delbrueckii 

Trichosporon cultaneum 

Trycosporum pullnulans 

Zygosaccharomyces bailii 

Zygosaccharomyces bisporus 

Zygosaccharomyces rouxii 

 

��� �: Boekhout +(& Robert (2003) 
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 ���������+
�����#�
�&��,��!( (genus) �� ��<��0(��"9&����9J�
%$���
+(&(��"9&������%$���;�0 +���������
�&��,�
$� (species)  ��%
���� ���0���6��(��"9&
���97%$��� +(&������,(��"9&�����0�
������+
���&�8� (Classification) ������#�� %$2�
�� Walker (1998)  ���
�4 
 1. (��"9&����9J�
%$��� (Morphological characteristic)  
  - (��"9&��'�'(
�,
�����+�) 
  - (��"9&�7�������3((#�
�������(% 
  - �����$� ���
%
+(&/��/�����/,��
2#+,,��6����6 
  - �7�+,,�������0�����# 
   - ascospore 
   - ballistospore 
  - �����0���0
��+�0+(&��0
������  
  - (��"9&������$�����/4��
�������(% 
   - +,,(����	
R5� (Pellicle formation) 
   - +,,���&��
 (Flocculation) 
 2. (��"9&������%$��� (Physiological characteristic) 
  - ���� �������&��,���#',;P���� 
  - �����0�����&��,��	
+�(����#,�
 
  - �����0�����&��,��	
+�(�;
'����
 
  - ���*($�� )��� (pigment)  
  - ������$��
�������� �+���
���' 3$��7 
  - �������� �'3���� �(�;��#��0 �0
 5% 10% +(& 16% 
  - �������� ��(7'����0 �0
 50% +(& 60%  
  - �������,�����0���
;3 #�7����� (urease) 
  - ����
��� cycloheximide ��0 �0
 0.01% ��� 0.10% 
  - �������,�r$�$�$����,��;��&'3�
�� ,(7,�  
                                           (diazonium blue B) 
 3. (��"9&���97%$��� (Molecular characteristic) 
  - DNA base composition (mole % G + C)  
  - DNA hybridization 
  - rRNA and rDNA phylogeny 
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���	�$��&�'�����&!'
"�&!%���
#7�8!"
��9:#�	�8��&!%8!;�� 
 �!($
����#��%
��������
��=>�
 ���,%��<!�$,�����	
*����+(&*(; 0�/�+,�������

+�� (,����0��������6 (Gram negative aerobic bacteria) +(&����#  �
�9&���+,������� 
+(��$��,��	
��
��,��( � (Mundt et al., 1967;  Mundt +(& Hammer, 1968; Schneider, 
1988  �0�'�� Wood, 1998) +��<0�%��<!�$,��7��
�8�%&���; � ����3$��
  ��%� �/4
 �%� 
��0 �0
����(/�+(&�!9�87 $����� �&�  +,�������+(��$��& �,�,���(���
���� �� �
$�
��+,�������+(��$������$���4
�
���� ����4
��7���,(��"9&���� ����/� �%� ��0 �0
��
��(/�+(& pH �% ��4�
$����/�+(&�!9�87 $�
���� �� +(&�
�&�%������ ��� /���8�%&�

���� ����(���
+�(;��)�&��(���
+�(�
$���+,�������+(��$��0%� ��%����*($�8�9:#���
��$����,�,����+,�������+(��$�+(&����#�
���� ��*(; 0+(&*�� ���
 +��%��� 
�&�(����(��� +(& &��� ��	
�0
 (Boekhout +(& Robert, 2003) 

 
&
���	<�������� (Cucumber for fermented pickle production) 

 ��������� �*(����!($
����#�
���� ��+��%�+,,2�� ���$ ;�0+�� �%� ��0 �0

����(/� �!9�87 $��
4����(/� �
$�+(&���
%
���!($
����#��4�0
 �
�&�&+�������� �� 
(2-3 %�
)  ���(/� 5-8% +(&�!9�87 $�
���� �� 15-32°C �,�!($
����#����%� Bacillus ��+(&
����# 3����	
�!($
����#�(!� ���; ��0���� �
�9&���+,�������+(��$�����0�����,���
%

0���%�� 
+���(����
�4
+,�������+(��$� ;�0+�� Pediococcus pentosaceus, Lactobacillus brevis +(& 
Lactobacillus plantarum  +(&����#�&��$� ���
%
�����%���)% ��%
�!($
����#���; ��0����(�
���
%
(+(&���;�� /����$ �9�����$� ��4
 ���
�4
� /�� pH (�(��(/� 4.5 ��0� ��, �����&
3$�$���$���4
�&��%���,��4+,�������+�� (,+(&�����$ ������$���+,�������+(��$� � /��
�$4
�!����� ���& ����+(��$���& �9 1.1% +(& pH ��7��
��% 3.3-3.5 �(�������� ��
�0%�+,�������+(��$����)��$4
 ��� ��%�����#���$����;�;�0 3������#����, � 2 �(!�  �/� �l��#
� 
����l����#'���&� ��
4����(�����(/���0��	
+�(��P�(#+(&���#,�
;����;3�# ;�0+�� 
Hansenula anomala (����!,�
 �/� Pichia anomala), Hansenula subpelliculosa, 
Saccharomyces bailli, S. delbrueckii, S. rosei, Torulopsis holmii +(& T. verstilis (Etchells 
+(& Bell, 1950 �0�'�� Wood, 1998) ��%
����#����%��/� lm(# ����#3���&���$����*$%�
0���

4����(/�+(&��0���+(��$������$���4
'��������3$;�3#�����0��$ �9���(�(+(& pH �7��4
 ���
��0 propionic acid bacteria ���$���$,'�3�������0��$�����
������;�0 lm(# ����#����,;�0+�� 
Candida krusei, Debaromyces hansenii, Pichia ohmeri +(& Rhodotorula spp. (Etchells et 
al., 1961 �0�'�� Wood, 1998)  
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�%���<�� (Olives) 
 ����� &����

4����(/���0 �0
 5-7.5% '���!($
����#��� �,�,����% ��
�/�

+,�������+(��$�+(&����# '�����,�,��������#�
����� &����& �,�,�������� ���%��
+��%����
�&�%����&,%
�����'��2�� ���$+,�������+(��$���0+�(����#',;P���� 
3��;�0+��
4����( glucose fructose +(& mannitol ���%��<!�$,�
���*($����  

 �
/�������4
��
��$� �0
������0� ����+���

4����� (0.5-2% sodium 
hydroxide) ��/�����3$;�3# phenols ��� ���7� ���
� )� &���+(&�����0;�0 &������ ������ 3���&
;�(����
%
+(&�
$����!($
����# +(&�����0 pH ��$� ��	
 7.5-8.5 ��4�
�&�%����4
��
���+��
�0%�����0� ����(0��0%�
4����(/� 2-3 ���4 ��;�(���������+(&
4����(���(&(����� ��


4�����������0�
��%��$� �0
������,�!($
����#;�0�(���(�� ��%
������	
�%��(!� ��/4����; �
�0���� ;�0+�� Gram negative aerobic bacteria (Pseudomonas spp., Flavobacterium spp., 
Aeromonas spp.) +(&�� 
�����
�4����,�(!�  coliforms (Enterobacter cloacae, 
Citrobacter spp., Klebsiella aerogenes +(&  Escherichia coli) +��� /����;�;�0 2-3 %�
 pH 
(�('��������$���+,�������+(��$�;�0+�� Pediococcus Leuconostoc +(& Lactococcus 
�����0�!($
����#�(!� ���; ��0�������;� (Wood, 1998) 

 ����� &����
��%������/,�
/�������%�0
'��,�,����+,�������    
+(��$���	
�(�� ;�0+�� lactobacilli (Lactobacillus plantarum ��% ��, Lactobacillus 

delbrueckii) +(& �����#��% �0%� �������0 pH (���� 6.0 ;���	
 4.5 �&�&
�4��0�%(� 10-15 %�
 
'��������
%
�� lactobacilli  ���$ �9�7�!���% 10-15  %�
������� (Ruiz +(& Jimenez, 
1995)  

 ��%�����  pH �&(���� 4.5 +(&�&(�;���/���? �
�%�����#',;P����� �;�
3�� � Lactobacillus plantarum ��	
��%�(�� ��4���,����#�(!� �l��#� 
����l (fermentative 
yeast) +(&���3$����l (oxidative yeast) �
��$ �9�7  '������#�(!� �l��#� 
����l 
(fermentative yeast) �&*($� ethanol, ethyl acetate +(& acetaldehyde 3�������0��$��($�
�����
�����*($�8�9:# +�����3$����l����# (oxidative yeast) �&�����0��$��%� ������� ����&����#
�(!� 
�4��0���+(��$������$���4
'��������3$;�3#�����0��$ �9���(�(+(& pH �7��4
3���&���
��0��$�����
�������
����!� (Wood, 1998)  ������6��"��� Garrido et al. (1995) ����#����,
�
��%
�4;�0+��  Hansenula anomala, Candida krusei, Saccharomyces chevalieri, Candida 
parasilopsis +(& Hansenula subpelliculosa �
����
�� Marquina et al. (1992) �0�'�� 
Wood (1998) �&,!%������#����,�/�  Pichia spp., Saccharomyces cerevisiae, Debaromyces 
hansenii, Kluyveromyces lactis +(& Rhodotorula mucilaginosa  
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���	��������	� 
������6��"����� ���������* 
�+(&(7����K���	
�&�&�%(� 90 %�
 �� 

Kantachote +(& Charernjiratrakul (2008) �,%��+,�������+(��$�����,�
���� ���������
* 
�+(&(7����K�%�
��� 1-5 �/� Leuconostoc mesenteroides subsp. mesenteroides +(& 
Leuconostoc mesenteroides subsp. dextranicum +��%�
��� 4 +(& 5 �, Lactobacillus 
plantarum �
���� ��(7����K� ������,%�
��� 6-14 �, Lactobacillus plantarum,   
Lactobacillus fementum +(& Lactobacillus brevis �
���� ��(7����K� ��%
�
�������
* 
� ����� Lactobacillus brevis ����
�4
���; ��, +(&� /��� ��;�0 21-45 %�
 ��/4�����,�

4��
� ����4 2 �
$� �/� L. plantarum +(& L. brevis '�����  Lactobacillus coryniformis �,�-��&
�
(7����K� +(&� /��� ��;�0 60-90 %�
 ��/4�����,�

4��� ����4 2 �
$� �/� L. plantarum +(& 
Lactobacillus sp.  

 
&�'����� Zymomonas spp. 
 Zymomonas �� ��<���$���$,'���� pH 3.5-7.5 +(&�
��� 5% ����
�(;�0 
���� ��<�,;�0�

4��*(; 0� �� ���
 
4��+����m(� �� 
4����(� �� +(&�,���# ��	
+,��������7�
+�� +�� (, ��(/��
���;�0 '�����$�&�,��7���
��	
�7� �
�����3((# 2-6 x 1-1.4 µm ��	
 
facultative anaerobe +(&*(�������, oxidase ��	
(, �!9�87 $����� �&� �
���
���$���$,'��/� 25-30°C �� ��<� ��
4����(�(7'�� 1 ' ( ;�0����
�( 2 ' ( +(&
���#,�
;����;3�# 2 ' ( '����0 Entner-Doudoroff pathway ��4����	
+,������������ ��<
*($�����
�(;�0�7<� 13% (w/v) �� ��%� ����������!������� *($�����
�( '�� �
(��"9&�%� +������&�%����
�� Zymomonas +(&��
���/�
? +����������� 4 (John +(& 
Nuel, 1984)  Zymomonas  � 1 ��F���# �/� Zymomonas mobilis ��&��,�0%� 2 subspecies 
�/�    Z. mobilis subsp. mobilis +(& Z. mobilis subsp. pomaceae   
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		���� 4  (��"9&�%� +������&�%����
�� Zymomonas +(&��
���/�
? �
�(!�  Gram 
negative aerobic rod 

 
Characteristic Zymomonas Acetobacter Aeromonas Gluconobacter Sphingomonas 

Gram variability occurs - + - + - 
Flagella arrangement 
    Polar only 
    Peritrichous 

 
+ 
- 

 
- 
+ 

 
+ 
- 

 
+ 
- 

 
+ 
- 

Oxygen tolerance 
   - Growth under both 
aerobic and anaerobic 
condition  
   - Growth under 
aerobic condition only 
 

 
+ 
 
 
- 

 
- 
 
 
+ 

 
+ 
 
 
- 

 
- 
 
 
+ 

 
- 
 
 
+ 

Oxidase - - + - + 
Carbohydrate 
metabolism 
- Fermentative and 
respiratory 
- Respiratory only 

 
 
+ 
 
- 

 
 
- 
 
+ 

 
 
+ 
 
- 

 
 
- 
 
+ 

 
 
- 
 
+ 

Gas from D-glucose + - D - - 
1 mol of glucose 
fermented to 2 mol of 
ethanol and 2 mol of 
CO2 

+ - - - - 

Nitrate reduction - - + - - 
Growth at pH 4.0 + + - + D 
Inhibit by novobiotin + D - + D 
Mol% G + C of DNA 47.5-49.5 51-65 57-62 56-64 60-65.4 
 
��� �: John +(& Nuel (1984) 
� �����!  +, typically positive;  - , typically negative;  D, differs among species 
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K�#L����� 
 ����/���%��(���0
+(&�,��	
*(���P��#' 
 2 �
$��/� �$,�,���(($
 

(gibberellins) +(&���3$
 (auxins) 
  

�"�����!!"�  
 �,���4+���
��/4��� Gibberella fujikuroi +(&�
�/���4
�7 ;�0 �
��%$���6����#
��%���Q"�� ��<�������
�4�����/4������(��%��4�/���������
�4%�� �$,�,���(($�+�3$� 
(gibberellic acid ��/� GA3) �����(��
�4�&�����$ ������$���$,'����/�'�������$� �
��
���3((#�� ��% '����&�!0
��������
�����,+(&����/���%��(���0
 (� ,7�9#, 2535)   
+(&��$� ���+,��3((# ���������$���� ()� ������������ �$,�,���(($
��	
������
��&��,�0%��������$
���# (terpiniods)  �'����0���&��,�0%����
%
 20 ���#,�
�&��  
3�����
%
 20 ���#,�
�&�� 
�4
��&��, �����
�%���;�'3���
���# (isopreniods) 
���
%
 4 �
�%� ����!,�
 ;�0�0
�,����$,�,���(($
�����/4���+(&�
�/���4
�7��	
���
%
 180 
�
$�  �!($
����#���������&�#�$,�,���(($
;�0 �/� ��/4��� ;�0+�� Fusarium heterosporum, F. 
moniliforme, F. oxysporum, Gibberella fujikuroi  +(& G. moniliformis +(&�7���� 3 ��	

��%�������$,�,���(($
,��
$� 
 
 
 

 

 

 
  

GA 1 GA 3 ent-Gibberellane ent-Kaurene 
 
 
 
 
����� 3 '����0����$,�,���(($
���������,��
$� 
��� �:  http://en.wikipedia.org/   
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���M"�  
 ���3$
��	
�(!� ��P��#' 
�/������ ��<���
����0��$�����/���%���3((#��
(���0
���
����%��,�$,�,���(($
 +(&���3$
����,,����/� ����$
��(�&3$�$� (Indole acetic 
acid: IAA) 3����	
���3$
2�� ���$����,�
�/�'���-��&,�$�%9�(����� �(�����+(&��%

�
/4���/�����$� ���3$
��	
������ ��!9� ,��$���� ���	
���  �'����0���	
%+�%
���; ��$� ��% 
(unsaturated ring) ���%�� auxin  ����8�"�����%�� auxein � ��<�������$���$,'� ��4��
�,%���
+,�������,��
$��� ��<��(���
 tryptophan 3����	
����& $'
�
$��
����0��	
 
indole ethanol 3�� ��!9� ,��$�(0�����3$
 � /���/�;�0��, indole ethanol �&<7���(���
��0��	
 
indole- acetadehyde +(& indole acetic acid (IAA) ��/����3$
�
����!� (�� ��
2#, 2526)  
 �
$������3$
����� ��<������&�#;�0+,�'����6��(��"9&���� � ;�0��	
 
5 �(!�  ��
�4 +(&�7���� 4 ��	
'����0������3$
������&�#�
$����?  
 
          1) Indole acid  ;�0+�� indole acetic acid (IAA), indole propionic acid (IPA), 
indolebutyric acid (IBA) 
          2) Naphthalene acid ;�0+�� naphthalene acetic acid (NAA),  
B-naphthoxyacetic acid (NOA) 
          3) Chlorophenoxy acid  ;�0+�� 2,4-D, MCPA, 2,4,5-T ��	
�0
 
          4) Benzoic acid ;�0+�� 2,3,6-TBA, 2,4,6-TBA, 2-methoxy-3,6-dichlorobenzoic acid 
(dicamba) ��	
�0
 
          5) Picolinic acid ;�0+�� picloram  ��	
�0
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Indole-3-acetic acid        (IAA) 4-chloro-indoleacetic acid 

(4-Cl-IAA) 
2-phenylacetic acid   

(PAA) 

   
Indole-3-butyric acid        

(IBA) 
2,4-dichlorophenoxyacetic 

acid (2,4-D) 
1-Naphthalene acetic acid 

(1-NAA) 

 
 

 

2-Methoxy-3,6-dichlorobenzoic 
acid (dicamba) 

4-Amino-3,5,6-
trichloropicolinic acid 
(tordon or picloram) 

A-(p-Chlorophenoxy) 
isobutyric acid 

 
2,4,5-Trichlorophenoxyacetic 

 
����� 4 '����0������3$
������&�#�
$����?  
��� �:  http://en.wikipedia.org/   
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������6��"����%
�$6 +(&��(�� (2539) �0�'��  &($%�(�# (2545) �,%���

4��
� ����%8�� �����(0���$,�,���(($�+�3$� (GA3) '���, ���$ �9�����
��%��$� �0
 +(&�,
 ����4
<0��&�&�%(����� ��
�
��4
��4�� ���$ �9�7�!�<0���),
4��� ����%8������$4
�!�
��&,%
���� ��;%0����!9�87 $�0�
�
 42 %�
 

�������
���!
�
�� +(&�9& (2545) �0�'��  &($%�(�# (2545) �,%��
4��� ��
��%8�����*($����*(; 0 ���
  &(&�� �(0%� +(&l���� ��0�������%
��%���!� �����
���
4����(������, 3 ��� 1 +(&��0�%(�� �� 7 %�
  ���$ �9 IAA 
0���%�� 0.1  $(($��� ���($�� 
+(&; ��, GA3 +��� /��� ����	
�%(� 1 ��/�
 ��$ �9 IAA �

4��� ����%8�����(��%��$� ��	
 
0.82  $(($��� ���($�� +(& � GA3 ��& �9 33.46  $(($��� ���($�� +(&� /��� ����	
�%(� 6 
��/�
 ��$ �9 IAA �

4��� ����%8�����(��%��(/� 0.66  $(($��� ���($�� +(&; ��, GA3  �

��9����� ����	
�&�&�%(� 1 �F ��$ �9��������������$���$,'��/� IAA +(& GA3   ���$ �9 
0.51  $(($��� ���($�� +(& 18.27  $(($��� ���($�� �� (����,  
 
�%�$����N 
  &��/���6  ��/���� ��%�� tomato  ��/����%$���6����#%�� Lycopersicon 

esculentum Mill. �����7��
��&�7( Solanaceae (������$��"��, 2541) 
 
���O #$���%�$����N  
+,��� (��"9&���������;�0��	
 2 �
$� ;�0+�� 
 1. +,,; ������� (determinate type) ��&��,�0%��������0� (axillary 
raceme) +(&�������(����� (terminal  raceme) �������0��&�������0��%0
�0� ���!� 
+
�
 ; ��0���4
�0� ��0*(*($���)% +(&���!��4
 ��0������,��� &��/���6+���7���'��
 
 2. +,,������ (indeterminate type) ��&��,�0%��������0�����
�4
 ��%

�(����������$����$��0�
+(&�, �������0�����������%0
�0�  ����!� �(%  �0
�7�0�
��4
�0� ��0*(*($��0� +(&��%�����),�����%*(��%
�
 
    
+,� &��/���6�� (��"9&�����
��;���0��&'��
# +,� &��/���6;�0 2 �
$� ;�0+�� 
 2.1  &��/���6��,��&��
�� (Table tomato)  ���4+,,*(�()�+(&*(���� 
+,,*(���� �� ���*(�( �(0��+����m>( *(� /���!��& ���+���0  �
/4��
�+�) ��(/��; �
��
��%  ����
%
���8���
*( ��+(&; ��(% �����$�� +���& �������(������),�����% 
�
/������ /��+�5��(���
��	

4����( *(�&
$� ��)%8���
 3-4 %�
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 2.2  &��/���6+���7� (Processing tomato) ����
*(�&
0�� *(+�) 
��&,%
�����(���
+�5��	

4����(�&�0�  � total soluble solid content �7 ��0������,'��

+���7� ���
 �
/4� &��/���6��0 �0
 
4�� &��/���6 3�� &��/���6 ��	
�0
 
 
�%�$����N	�"��  

 ������, &��/���6���$
� ��	
��
2!#+,,������ (indeterminate type)  �(���0

�7�(/4���������0���6���0��
���������& *( ��
���()� ���&�(7�;�0���
�������0�
 ��$� 
������
�,��4+��%�
�0��(�(7���0�%(� 40 %�
 ��� �(��"9&��	
��� +(&�������*(� /�� 
75-80 %�

�,���%�
�(7� *( �(��"9&�7�;�� ��%��   &��/���6���$
��&��,�$
��%
�
����   
 �����&,��
4����  <0���	
�$
��) �()�
0���&�� ��+(& pH ����� �&� ��& �9 6-7 ��%
Q�7���
�� �&� ����!���������$,'��� &��/���6�/�Q�7�
�% ����(7� &��/���6�
Q�7R
 ����&�,
����� �� �
/������%� �/4
������6+(&�!9�87 $����7�����0 �*(*($����� �!9�87 $���
�� �&� ������,������$���$,'��� &��/���6���$
���7��&�%�� 18-24°C �!9�87 $����� �&� 
�
����$�*(�/��!9�87 $�(��/
 15-20°C +(&�!9�87 $�(�%�
 25-30°C <0��!9�87 $�(��/

�7�%�� 22°C+(&�!9�87 $�(�%�
�7�%�� 32°C  ����$�*(�&(�( ����&�
�8���!9�87 $�7
�����0�0
 &��/���6�/���%��������%���)% �
�����0
*� �()� ��$ �9���
4��+(&��������
(�( 
�����
�4�!9�87 $����7�������0�0�
�7������%� ���/���%�7�%����,(&��������%*70 � /��
��,(&��������%*70; ��!0 ���������%� �������0���������%� ��+�0��(���
��	
��
4����( +(&
<�+ 0%���& ����<���(&��������$���4
 +���); ���$����*� ���� +(&���,%���!9�87 $����7��
�����0��$������%�����  

���������
2!#�� &��/���6���$
� ��0%$2�������
2!#�0%�� )���/���0%$2�+,,�����(���

��� (Apical grafting) '����0 &��/� �%��	
�0
��+(&��0 &��/���6��
2!#���?��	
�����
2!# 
��/���5���
'�������%����%��/� Bacterial wilt  &��/���6���$
����
$� �(7��
� /�;�� � 3 ���
��
2!#�/� ��
2!#�$
� ��
2!#�$
���+(&��
2!#+3
�0� ��4 3 �����
2!#
����0������&��6;�0�%�
 +(&
��������,<� *70����
��� &��/���6���$
��
�(���0���������� (��
���
 2548) �,%��
��������(�� &��/���6���$
���7�����$'(��� (& 40-50 ,�� <0���	
 &��/���6����(7��0%���"��
�$
����# �����&��$� ��4
��& �9 10% 

 
O	
 �	�	�����	��P�
Q��	��"R�
"�L
$���%�$����N  
 '�����%;�2��!���������/��0���� � 16 �
$� (�9�����#8��%$���J��%$���, 
2541) ;�0+��  
 2��!������(�� (primary nutrient element) ��	
2��!����/��0������	
��$ �9
 �� ;�0+�� ;P'����
 (H) ���#,�
 (C) ���3$��
 (O) 3��;�0�������6 ��%
;
'����
 (N) 
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l��l���� (P) +(&'�+���3��  (K) �/�;�0����$
+���
/������/��0�����
��$ �9 ��+��
�/�;�0��,����$
��; �����������%� �0����  
 2��!������� (secondary nutrient element) �/��0�����
��$ �9 ��
���
��
 +��; � ��%� ���+�(
�
/������
�$
 ���$ �9������ ;�0+�� +�(�3��  (Ca) 
+ �
��3��  (Mg) +(&��� &<�
 (S) 
 �!(2��! (micronutrient) ;�0+�� ' ($,�$
�  (Mo) ��+� (Cu) ��()� (Fe)  
+ ��
�� (Mn) ���&�� (Zn) �(���
 (Cl) +(&',��
 (B) 
 
O	
 �	�	�����'�	���	'�R
Q��	��"R�
"�L
$���%�$����N;<�&�Q 

 
;�L
���   

;
'����
��	
2��!�/4
J�
����%�� ����/� �/��&�7���0;
'����
�
�7� 
NH4

+ ��/� NO3
-   � /���/����;
'����
�& �*(��&�,������������&�#'����
���
�4
���

���$���$,'��&�&�� �,+���&<7���&�,��	
��
��,+�� '���,�& �����(/�3����	
�����! ����
���������&�#�(�'�lm((#<7���,��4 ������,�
 &��/���6;
'����
�&�����$ ������$���$,'� 
���������+(&����$�*( <0�;
'����
 ����$
;������0���+����*((���0����;� +(&(�
�
����*(( (Pujos +(& Morard,  1997) �,%���/�������;
'����
�& ����3$
8���
�/�
�&��,����+(&(��$���� ���$,�,���(($
( �����$�'���
�������!
+��&(�(�0%������$� 
;
'����
 +��'���(������
����$���$� ��4
�0%������$� �&��,;
'����
 ������,;
'����
���
�����&��$� �!98����*( �
����*( �!98�������),���"� �� +(&�����$ (�� Q�2$v, 2538) 

  
S��S��� 
       l��l������	
2��!���������������$���$,'����/���	
��
��,�������

;
'����
 �/��&�7���0l��l�����
�7��� H2PO4
- (monobasic orthophosphate) +(& 

HPO4
2- (dibasicorthophosphate) l��l���� ��%� �����	
�
�����0���.
���������+(&

�����0��&'��
#��
4��+(&+��2��!�����/�
���0
 &��/���6  �*(��&�,�������
������
���
%
��������.
� l��l����� /����% ��,;
'����
+(&'�+���3�� �&���,��!����(/�� 
�����$ �%� +
�
���
/4�*(+(&��$ �9��%$�� $
3�+(&������+����*( (Pujos +(& 
Morard, 1997)   
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L�&���M��� 
      '�+���3�� ��	
2��!�������� ��%� ����������/������;
'����
+(&

l��l���� ������'�+���3�� �&��$���,�/�
0���%��;
'����
+(&l��l���� �
/�����2��!
'�+���3��  ��&� ��7��
�$
��	
��$ �9 �� '�+���3�� ��	
����0�����
J�
&��	

��#��&��,��% ���&,,��
;3 #+(&�/��&�7���0'�+���3�� �
�7��� K cation (K+) �

 &��/���6�,%��'�+���3��  �*(��������$� �
����*( +(&+�0;��%� *$����$�(������ 
���
 ����!���*(�����	
+*( '���� ����
�� Pujos +(& Morard (1997) +����0��)
%��
*(�����	
+*(��	
�����!�����;�0��,'�+���3�� �&��,���� �&��,�����$� ��'�+���3�� �&
��%�(������$�*(�7����*$����$ +(&'�+���3��  �,�,������������
��&,%
�����0�� )���
��*( &��/���6+(&��$� ��'���
���# (carotenoid) '���-��&;('���
 (lycopene) ��4��
��%�(��(�'�lm((#;�0����0%� �&��,��'�+���3�� �& ��$�2$�(����&��,������*�*(�����
�
 &��/���6  '�� &��/���6������'�+���3�� �& ���$ �9�
/4����(&(��
4��;�0���� �% ��4
��$ �9
4����( ����$
����# ��'���
���# +(& ;('���
 �,�
�&��,�����0%�  

 
&'!�M��� 
        +�(�3�� ��	
��#��&��,��'����0������������*
��3((#��4
�
'����7��


�7� calcium-pectate ��	
��%
��������0�/����$���$,'�'�� ����+,��3((#����(�����+(&�(��
��� ��%������0(���0
���/�+�)+� �/��&�7���0+�(�3�� �
�7��� Ca2+ <0� &��/���6���
+�(�3�� �����0���+(&����/�; ����$� +(& �������/������0�(���,��������
���(����	
��
��(/� 

 
&�����M��� 
         �/��&�7���0+ �
��3�� ������(&(���$
�
�7��� Mg2+ �/��0����

+ �
��3�� ��/����	
 co-factor ����
;3 #�(���&,, ���
 �&,,� ��,�($3� ��
���#',;P���� +(& citric acid cycle 3�� ��%� �������
�����������3((# 
�����
�4
+ �
��3�� ����	
��#��&��,���(�'�lm((# �
 &��/���6<0����+ �
��3�� �&+�������
�,(���(����	
����(/� 

 
��	�%T�� 
         �/��0������� &<�
��/����0�'����
+(&����& $'
,��
$� ���
 cystine  

cysteine +(& methionine ��4����	
��#��&��,�����������&�#�(�'�lm((#���/� � /���/�
������ &<�
�& ��,������%���
��/���(/� ������$���$,'�(�(  
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L��� 
 ',��
��	
2��!��� �,�,���
�����0��3((# ���+,��3((# ����������3((#

���0�
��%+(& ��%� ����������%� � ,7�9#�����+(&���*� �$�  ������',��
�&(�
������$���$,'������ ��������
������%
��0�,�(�4�+(&�,�(�4� �,+�����+(&��$����
������(����� +(&���+����*( &��/���6�
/�� ����������',��
 (Stoffella +(& 
Kahm, 2001) +(&�� ����+
&
��%����4�0
�(0�+(&�/���� ����!�%��&��
�0%������� �',��
 
0.3-0.4% ��
���4+���
+�(���&���
�0���(7�+(&��
���4�������& �9 3-4 ������#
�(�����0���(7� +��<0� ���$ �9',��
�
�$
 10-20  $(($��� ����$'(��� �&�����0��$��%� 
��	
�$"��� &��/���6;�0 '���&;���,��4������$���$,'�+(&�����0*(*($�(�( (Aydin et al., 
2000)  �7���',��
�
�$
��(���
+�(�� ��� pH '�� pH �����%�� 7 ',��
��7��
�7������
,��$� (H3BO3) 3����	
�7������	
��&'��
#����/� <0� pH �7�%�� 8 ',��
��7��
�7�,������/� 
B(OH)4

-    
 
����%�� 
         ���&�� �,�,�������%�0���,P��#' 
�/� +(& �,�,�����0� �
�����0�

�(�'�lm((#  &��/���6���������&���& �����/����0
�0�+(&�
�()�+�, ; ����*( �/��&�7���0
���&��������(&(���$
�
�7���  Zn2+     

 
&���	��� 
 + ��
�� �,�,���
��&,%
���������&�#+�+(&� /����7���% ��,��()� �&

��	
��%�%,�!  oxidation reduction potential ��4����	
��%��&�!0
 (activation) ����
;3 #
�(���
$� ���
 choline esterase �/�������+ ��
���,�& �����(/� (chlorosis) �� �&�%��
��0
�,����&����(�'�lm((# �!� ���,�&
0���
/����� ��,; �� ,7�9# ������$���$,'��0� ; �
���������*( �/��&�7���0+ ��
��������(&(���$
�
�7���  Mn2+     

 
L�!"�<"���  

 ' ($,�$
� ��	
��#��&��,�� nitrogenase 3�������	
������,������
;
'����
 +(&��	
��#��&��,�� nitrate reductase 3�������	
��������0��&'��
#�� NO3

- 

���/�+(&�!($
����# ��4�������%�0���,��&,%
�����0��(�'�lm((#+(&��
;3 #,��
$�  
  

���&<�  
  ��
0�������0� �
�����0��(�'�lm((# ��	
��#��&��,��'����
������
�
0������	
��%����r$�$�$���
��&,%
������3$�����
���?���/�  
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��!U�  
 ��()���	
��#��&��,+(&��%���0��(�'�lm((# ��%��
����7�3� 2��!�����
�/�
? +(&��	
��#��&��,����
;3 #�(���
$� ���
 catalase 3����%�(��%� ��	
�$"�� 
H2O2  

'!���   
 �(���
 ��%� �����������&,%
���������&�#+�+(&�����0�/�+����)%��4
 
 
'�	���P��<&!%<Q	�$��<"� (pH)  
 �%� ��	
���+(&������$
 �*(����%� ��	
��&'��
#��2��!�����+(&
�%,�! �$���� ���!($
����#�
�$
 ���
 �$
��� � pH �����%�� 5.5 �����02��! '�+���3��  
+�(�3��  +(&+ �
��3��  <7��&(&(���������$
;�0��������0�/����2��!��4 3 ;�0��� 
���
����%��,l��l���� � /�� pH ���$
�����%�� 5 �����0l���l�<7������7��
�7�����/��7�;�
��0;�0��� +(&�/�+��(&�
$����$�;�0���
�&��, pH ���+�������
 ������, &��/���6���$
��&
���$�;�0�����  pH 6-7 3����	
��� pH ����/���%
�������$���$,'�;�0�� ������+
��%� ��	
���
+(&������$
���+
���������� 5  
 

		���� 5 �&��,�%� ��	
���������$
 
 

�&��, ����� pH 
������ �� 4.5 
������ 4.5 - 5.0 
���+�� 5.1 - 5.5 
�����
�(� 5.6 - 6.0 
����()�
0�� 6.0 - 6.5 
�(� 6.6 - 7.3 
����������
 7.4 � 7.8 
�����
�(� 7.9 � 8.4 
���+�� 8.5 � 9.0 
���+�� �� 9.0 

  
         ��� � : �� ��.
�����$
, 2536  
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'Q	�	��	;SSX	$��<"� (Electrical conductivity: EC) 
 ������
��;ll5����$
��	
���
�,�,��<��%� ��0 �0
����(/� (�%� ��) ) 
��4� ��
�$
 �%� ��) ���$
��$������� ��$��
��'3����  +�(�3��  + �
��3��       
�(�;��# 3�(�l� ;,���#,��
�+(&;
������7���/������������
�� <0� ��������(/���7��

���(&(���$
�7 ����$
;��&��,��4������$���$,'����/�+(&�����0*(*($�(�( '���/��&
��$���������
4��+(&�����0��$ �9
4�������	
��&'��
#�������/��� ��<�7�;���0'��*��
+���

���' 3$�(�( (Ghassemi  et al., 1995)  
 �/�'�����%;����$���$,'�;�0
0��(� /���%� ��) ���$
��$� ��4
 +(&�/��

��) ����
�4
����� ��<���$��
�$
��) ;�0�� �
/������$
 �����&� ��(/� ����/�
0��+�������
 
�� �*(���������$����/�+�������
�0%� ������+
��&��,�%� ��) ���$
 '���$���9�
���*(��&�,����/�+����������� 6 ������, &��/���6������
��;ll5������ �&� �
���
���$��/� 8-12 ��3$3�� )
/� �� (dS/m) �������
�� Adams +(& Ho (1992) �,%��� /��
�(7� &��/���6�
�$
��� �������
��;ll5� 10 ��3$3�� )
/� �� (dS/m) ; ������0*(*($�(�(����
 �
�����������<$�$ +��� /���$
����(7� &��/���6  �������
��;ll5� 15 ��3$3�� )
/� �� (dS/m) 
�����0*(*($��� &��/���6(�(���� �
�����������<$�$ 
 

		���� 6 �&��,�%� ��) ���$
+(&�$�2$�(���������$���$,'����/� 
 

���
��;ll5�  
(��3$3�� )
/� ��) 

�&��,�%� ��)  �$�2$�(����/� 

0 - 2 ; ���)  ; ���&�,��&��/�
����/� 
2 � 4 ��) 
0�� �/����;%����%� ��)  �������$���$,'�(�(,0� 

4 ��/��7�%�� 4 ��)   
4 � 8 ��) ��
�(� ������������$���$,'����/��(���
$� 
8 � 16 ��)  �� �/��
��) ����
�4
������$���$,'�;�0 
> 16 ��)  ������!� �/��
��) ,��
$�����
�4
������$���$,'�;�0�� 

 
��� �: �9�����#8��%$���J��%$��� (2541) 
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� !"����#<"� (Soil microorganisms) 
 �!($
����#�
�$
��&��,�0%� +,������� ��/4��� ������� '��'�3�%+(&;%��� 
'��+,���������	
�!($
����#��� ����
%
 ������!�  ��%
������	
�%� Chemoorganotrophic ��/�
Heterotroph 3����0����$
����#��	
+�(��(��
+(&+�(����#,�
 ,�,�����!($
����#�$
��� �
�%� ���������
 ��������(���$
����%��<!�
�$
 +(&�%� chemoautotroph  �,�,���
���
���3$;�3#����
$
����#�
�$
 +,��������
�$
����, ��;�0+�� Arthrobacter �,��& �9 40% 
����� Total plate count '����	
��/4������ ��<��0�����;�0�%0�+(&<0� ���������������� 
���
 
4����(+(&����& $'
 ��/4��(!� 
�4�&���$�;�0�%���)%�%��+,��������(!� �/�
? 
�����
�4�� � 
Streptomyces sp. Pseudomonas sp. +(& Bacillus sp. '�� Streptomyces sp. ����,�
�$
 �
(��"9&����/,��
2!#'�������0�����#+(&���+��+�
����0
�� �$���+�� ,%� ���3$;�3#
����$
����#;�0 �
��7�;�0�
�$
���+�0+(0;�0
0���%����/4��� +(&; ��
�
�8�%&�����	
��� 

�����
�4���� ��<��0�����r$��%
&���;����(��+,��������/�
? ��%
 Pseudomonas spp. 
��	
�(!� +,�������+�� (,�7�+�� ��0����$
����#;�0�(���(���
$� ���
 
4����( ����& $'
 
+�(��P�(# ;P'�����#,�
 +(&P7 $�+��$� +,�����������(!� �/�     Bacillus spp. �$���+�� 
,%�+(&��	
�%� Gram variable �7������	
+�� ��0� endospore +,��������(!� 
�4�

�!9�87 $;�0�
��%�%0� -5 <� 75ºC  �
 pH ;�0�
��% 2-8 (�%��, 2545) 
 
  +,�����������,�
�
0��$
 ����
%
 107 - 1010 �3((#/�$
+�0 1 ���  3�� �
��$ �9 ���%���!($
����#�(!� �/�
? +(&����,��7��� �
0��$
 �� ���7� 3 order (� 6���$v, 2528) 
��
�4 

1. Order Pseudomonadales ;�0+��  
 Family Pseudomonadaceae  ���
 Pseudomonas 
2. Order Eubacteriales ;�0+��  
 Family Rhizobiaceae ���
 Rhizobium,  Agrobacterium +(&  
                      Chromobacterium  
 Family Achromobacteriaceae ;�0+�� Acromobacter +(& Flavobacterium  
 Family Micrococcaceae ;�0+�� Micrococcus +(& Sarcina  
 Family Corynebacteriaceae ;�0+�� Corynebacterium +(& Arthrobacter 
 Family Bacillaceae ;�0+�� Bacillus +(& Clostridium  
3. Order Actinomycetales  
 Family Mycobacteriaceae ;�0+�� Mycobacterium  
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 '���,%�� Pseudomonas, Arthrobacter +(& Bacillus ��	
�%���� ���7� ��
����!��
�$
 '�� �,�,���
�����������$
����#;�0��	
 CO2 +��2��! +(&
4�� '����0��
;3 #���
�(������
���3((# ���
 '�������  ;(��� +(&�&; �(�  
 
 +���$'
 ��3��  �,��$ �9 ���
�$
'���-(�����7��&�%�� 105 � 108 �3((#/
�$
+�0 1 ���  +(&�,�
���!1�� �� �% ��4%��<!�
����=u���/�
? �
�$
����,,��� ��� �� 4 ���� 
������  
 Family Mycobacteriaceae ;�0+�� Mycobacterium 

 Family Actinomycetaceae ;�0+�� Actinomyces +(& Nocardia  
   Family Streptomycetaceae ;�0+�� Streptomyces +(& Micromonospora 
   Family Actinoplanaceae ;�0+�� Actinoplanes +(& Streptosporangium  

 
 ��  �,�,���
��������(���$
����%��<!������%,
4�� ���
 �!1��/��� ,��
$�
�� ��<*($���
;3 # phytase �
�$
�,���
%

0���%��+,�������+(&+���$'
 ��3�� ��/4���
�
�$
���$�;�0���
�$
��� � pH ��	
�(�+���� ��<�
����8��+%�(0� �����	
���;�0�� pH ���
��/4�����%
�������$���$,'�;�0����7��
��% 4-8 (�9�����#8��%$���J��%$���, 2541) �� �
,�,�� ���
�$
��� '���-��&� /�� pH �����%�� 5 3��+,���������%
�����&�&�����
���$���$,'� ,�,������/4����
�$
�����%�0���,��������(���$
����%��<!��% ��,+,�������  
 ���/4����(���
$���������(��%���!��������������($�
$
+(&���P$% $�;�0 �$���� ����/4���
�����%�0���,��������$ �����$�'����0����$
+(&�����$� mycorrhiza �
�/� �
$�����/4�
������,�
�$
 �/� 
 Family Moniliaceae  ;�0+�� Aspergillus,  Botrytis,  Cephalosporium, 
                                    Monilia, Penicillium Spicaria Trichoderma +(& Verticillium  
 Family Tuberculariaceae ;�0+�� Cylindrocarpon +(& Fusarium    
          
�����
�4
���, Mucor,  Rhizopus,  Pythium +(& Rhizoctonia ����0%�  
 ,�,������+(&+���$'
 ��3���
�$
�/� ��%��
��������(���3((7'(� ;�0
��	
 CO2 +(&�����&��,���#,�
���3((# +(&��$�����$
����# 3������$
����#�����$���4
<7���0
��	
+�(����#,�
+(&�(��
��+,������� ��4����$
����#�����$���4
���� ��<(&(��
l��l������0��7��
�7����(&(��
4��;�0   
 
 ����# ��$ �9������#�
�$
 ����� �� �,��7��
�$
��$ �9��4+�� 200-20,000 
�3((#����$
+�0 1 ���  ����	
�(!� ��� �,�,��
0���
�$
 ��	
����&����#��	
�!($
����#�(!� ���
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�0�������������-��&���&� ��/��$
����%��<!��������(��;�0���? ����#���+��;�0����$
 ;�0+�� 
Candida, Cryptococcus, Debaryomyces,  Hansenula,   Lipomyces,  Pichia,  Pullularia,  

Rhodotorulla, Saccharomyces, Schizoblastosporion, Torula, Torulaspora, Torulopsis,   

Trichosporon +(&  Zygosaccharomyces <�+ 0%������# �,�,���
�$

0��+���,%��<0�
���,��!�$
'�������$ �$
����%��<!'���-��&�6"�/�(�
�$
 ��/�����,�8���$
��0�� �&+��
������$����!($
����#�(!� 
�4 �����0�!($
����#�����	
'���/�(����
%
��/��$���� ( ����&<7�
+�������+(&���3$��
 (� 6���$v, 2528) 
 
 

��
T �%��'# 
 
 ��/��6��"� 
1. �����(���
+�(+(&,�,�����!($
����#�
��&,%
���� ��
4��� ����%8��(7����K� 
2. �!9� ,��$���� � - ���8�� +(&2��!������/���
4��� ����%8��(7����K� 
3. *(��
4��� ��(7����K����������$���$,'�+(&*(*($��� &��/���6���$
� 

 
 

�%L���#���'	<�Q	�%;<��� 
 

1. ���,��&�8�+(&,�,�����!($
����#�
��&,%
���� ��+(&���*($�
4��� ��(7����K� 
2. ���,�0� 7(��%$���6����#�2$,��<�*(��
4��� ��(7����K����������$��� &��/���6

���$
� 
3. *(������6��"��&��	
�0� 7(�����0
4��� ����%8�����; ����(���$�+%�(0�  +(&(������

%���!��(/���0�������"�� 
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����� 2  
 

��	
� ���������������� 
 

        
      

      
2. ����	
� 
   Bromocresol purple 
   Chloramphenicol 
   Cyclohexamide 
   Hydrochloric acid 
   Hydrogenperoxide (�!"#$% 35 H2O2) 
   Sodium azide 
   Sodium chloride 
   Sodium hydroxide 
   Sodium hydrogen phosphate 
   Tetracycline  

 

.�/01234!3$/5  
Merck 
Sigma 
Sigma 
BDH 
BHD 

  Merck 
BDH 

 Merck 
Merck 
Fluka 

1. "�;���$�<#=�>?<" (@�	3ABC C)  
   de Man Rogosa and Sharp (MRS) 
   Plate count agar (PCA)   
   Potato dextrose agar (PDA)        
   Phenol-red broth base (PBB) for lactic acid bacteria 
   WL Differential Medium (WLD) 
   Malt yeast glucose peptone agar (YM agar) 
   Fermentation medium for yeast 
   Urea agar base  
   Yeast carbon base 
   Yeast nitrogen base                                     

.�/01234!3$/5 
Difco 
Difco 
Difco 
Merck 
Difco 
Difco 
Difco 
Difco 
Difco 
Difco 
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3. A<O�5�$ 
    D-Xylose  
    Raffinose  
    D-Maltose  
    Inulin  
    D-Glucose  
    D-Galactose  
    Sucrose  
    Lactose  
    D-Cellobiose 
    D-Trehalose  
 

.�/01234!3$/5  
Fluka 
Sigma 
Fluka 
Fluka 
Merck 
Difco 
Merck 
Fluka 
Sigma 
Fluka 

 
4. �	�?T"=
?"U$%"VWC�XY 
   Autoclave 
   Auto pipette 
   Centrifuge  
   Electrical Conductivity meter 
   Gas chromatography (GC) 
   Hot plate  
   Incubator  
   Inductively coupled plasma - atomic emission  
        spectroscopy (ICP-AES) 
   Lamina air flow cabinet  
   Microscope  
   pH meter 
   Vortex mixer  

#�T;!" 
Tomy SS 325 
Eppendrof 
�V^A Harrier 18/80 
METTLER TOLEDO 
HP5890 GC-HP5972 SD 
Corning PC-420 D 
Termake 
Rerkin Elmar Optima 
4300 DV 
ISSCO BVT 125 
Olympus �V^A CH 30 
METTLER TOLEDO 
AS ONE �V^A HM-1&HM-2  
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5. B15dVe/.2�Tf>!2O�A<O�;
1C>�B@�g$4C#"Wh�U$%C��W$4C
%�i?"�2j��>/A� 
   $4C#"Wh� k�Ck1=;B1eA	�j��l��
��> 
   C�CA<O�5�$ k�C�!�A m.C���C05�  ".;�ef;n^ k.�=i$� 
   d1=;
1CiA�e 20 $/5� 
   dV=g$��5/CeO�iA�e 12x12 A/<B 
   5�î�#g��=U�= 
   2̂"g$��5/C�O�;�1.�Co.51B"#̂�=e/A ��!A3^�j4A#YC$�= 5 �pA5/�
5� #�B 30 �pA5/�
5�                                                          
  
6. �>?<"U.	2����# 
    Lactobacillus plantarum TISTR 862 
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��������
��� 
 
1. ��������������� ��!�"�#�$�%� 
 C��2O�A<O�;
1Cf>!"15���^BA3�
$4C#"Wh�: A<O�: C�CA<O�5�$ �2̂�C1. 3:10:1 
(w/v/w) 	?" f>!$4C#"Wh�2�TUC2̂1<=3$ (k�Ck1=;B1eA	�j��l��
��>) ;$1=k�C$!�=2O�	B�
�%"�e
���#.�!"#U$!B>1T=$4C#"Wh� 4.5 C/s$C�1
 3�
$=fAA<O� 15 $/5� 2�T3�
C1.C�CA<O�5�$ 1.5 C/s$C�1
 
"#̂�=21TBdt=;
1CfAd1=g$��5/CiA�e 28 $/5� f;!
�W�/
�5� 3/4 i"=d1= ;
1CuB!2�T"VX;@4
/;!"= 
(29 ± 2°C) se#u
̂
�C���5/
;1B�>?<"U$%f>!dV=g$��5/C2�T�%"�eWxe21.e!�A.Ai"=W�Cd1= se#f�^
A<O�fAdV=�g?T">̂B#u$^"�C�j (eB=g�U$%B/$�B1X#Y, 2547) WxeW�Cd1=e!B#z�d1=g$��5/C 2O�C��
;
1CkO�ABA 3 d1= d1=g$��5/C2�Tf>!;
1Ck%
�C��5/e51<=C{"CA<O�2�Te!�A$^�=i"=51Bd1=�%e1.�4=k�C
C!Ad1= 8 �pA5/�
5� �g?T"	B�
�%eBCfAC���Co.51B"#̂�= e1=�4W2�T 5 
 
 
 
 
 
 
 
 
 
 
 
 
�#��� 5 d1=;
1CiA�e 28 $/5� 2�Tf>!;
1CA<O�;
1C>�B@�g$4C#"Wh�  
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2. �������������������'��(���������� ��!�"�#�$�%� 
 
 2.1 ���)�*�+���$,���������� ��!�"�#�$�%� 

 C���Co.51B"#̂�=�g?T"5�BkB/�	��%;Y2�=kV$>�BB/2#� se#B/�	��%;YkV$/A2��#Y2�T
�
.2.�2fAC�%.BAC��;
1CptT=ue!UC^ C��5�BkA1.U.	2����#21<=;
e (Total bacterial count: 
TBC) C��5�BkA1.U.	2����#U$	5/C (Lactic acid bacteria: LAB) C��5�BkA1.kO�ABA
U.	2����# Zymomonas sp.  U$%C��5�BkA1.kO�ABA#��5YU$%�� se#5�BkA<O�;
1CB1A2�T 0 3 7 
14 21 28 35 42 49 U$%B1A2�T 56 i"=C��;
1C ptT=ue!�Co.A<O�;
1Ck�CC{"Ci"=d1=;
1Ce!B#
�2	A/	W��jk�C�>?<" e!B#C��f>!�O�$�W��jk�C�>?<">V. 70% U"$C"}"$Y �>oe.�/�BXW�CC{"C
i"=d1=;
1Cf;!�%"�e �WxeC{"C2/<=A<O�;
1C>̂B=U�C2�T	!�="#4^fAC{"CW�%
�X 20 
/$$/$/5� k�CA1<A
kt=�Co.51B"#̂�=W�/
�5� 100 
/$$/$/5� f�^iBe2�TW��jk�C�>?<"�g?T"AO�uWB/�	��%;Y2�=kV$>�BB/2#�  

 �^BAC���Co.51B"#̂�=�g?T"5�BkB/�	��%;Y2�=�	
�-C�#@�g ue!�Co.51B"#̂�=A<O�
;
1C>�B@�gB1A2�T 0 14 28 42 U$%B1A2�T 56 i"=C��;
1C f�^iBez��C$�#B2�T�%"�eW�/
�5� 250 

/$$/$/5�  ptT=C��5�BkB/�	��%;Y2�=�	
�-C�#@�g ue!UC ̂ C��B/�	��%;Y"/A2��#Y	��Y."AU$%
"/A2��#B15dV B/�	��%;YuAs5��kA21<=;
e (fA�4Wi"=uA�5�5) B/�	��%;Y;�W�/
�Xi"=l�5V 
m"�m"�1� sgU2��p�#
 U	$�p�#
  U
CA��p�#
  s.�"A  �1=C%�� U
=C�A�� ;�	^�C��AO�
umm~� (Electrical conductivity: EC)  5�BkB1e	B�
�W�AC�e-e^�= (pH)  B1eW�/
�XC�e21<=;
e 
(Total acidity) W�/
�XA<O�5�$21<=;
e (Total sugar)  B1e"VX;@4
/ U$%5�BkB/�	��%;Y;�
}"�Ys
Ag?> 2 >A/e 	?" k/.�."��$$/A (gibberellins) U$%""Cp/A (auxins) 

 
 2.2 �������������(���������� ��!�"�#�$�%� 
 

2.2.1 ���+��-�����.��)��$������
 
  f>! sterile pipette e4e51B"#̂�=A<O�;
1CkO�ABA 25 
/$$/$/5� f�^fA sterile 

normal saline 225 
/$$/$/5� U$!B�k?"k�=5^" 10 �2̂��W�A$O�e1.fA sterile normal 
saline 9 
/$$/$/5� k�CA1<Ae4e
� 0.1 
/$$/$/5� C�%k�#A<O�;
1C.A"�;��Uio= Plate 
Count Agar (PCA) .̂
2�T"VX;@4
/;!"=�W�A�B$� 48 >1TBs
=  

 
2.2.2 ���+��-�����.��)��$���+�� 

  C��5�BkA1.2O�se#e4e51B"#̂�=A<O�;
1C2�T2O�C���k?"k�=�W�A$O�e1.fAi!" 2.2.1 

�kO�ABA 1 
/$$/$/5� C�%k�#A<O�;
1Ce!B#B/l� pour plate fA de Man Rogosa and 
Sharp (MRS) 2�T�5/
 0.04% bromocersal purple U$% 5 mg% sodium azide .̂
2�T
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"VX;@4
/;!"= 72 >1TBs
= U.̂=	�tT=s	s$A�2�T
����;$?"=�".�s	s$A� AO�
�2e�".C��3$/5
�"Aup
Y	�5��$� k�CA1<AA1.kO�ABAs	s$A�2�T
����;$?"=�".�s	s$A�U$%u
̂3$/5�"Aup
Y
	�5��$� 	1e�$?"Cs	s$A�2�T
�iA�e �4W�̂�=U$%��2�TU5C5^�=C1A 	�1<=$% 10-15 s	s$A�   
it<AC1.	B�
U5C5^�=i"=�>?<" 2O��>?<"f;!.�/�V2l/�.A"�;��Uio= MRS agar U$%�Co.�1C0�
�>?<"uB!se# stab �>?<"fA MRS agar U$!B�Co.2�T 4oC �g?T"2O�C���2�#.�	�#=5^"uW 

 
         2.2.3 ���+��-��� Zymomonas  sp.   
  C��5�BkA1. Zymomonas sp. se#f>!B/l� pour plate fA"�;���$�<#=�>?<" WL 

differential (Difco) + 2% CaCO3 .̂
2�T"VX;@4
/;!"= 48 >1TBs
= A1.kO�ABAs	s$A�2�T
���
�i�#BU$%f;!3$C��2e�". catalase (+) U$% oxidase (-) 5�
B/l�i"= John U$% Nuel  
(1984) 

 
         2.2.4 ���+��-���$�	+����) 3���� 
  C��5�BkA1.#��5YU$%�>?<"��2O�se#e4e51B"#̂�=A<O�;
1C2�T2O�C���k?"k�=�W�A

$O�e1.e1=i!" 2.2.1 kO�ABA 0.1 
/$$/$/5� C�%k�#A<O�;
1C.A Potato Dextrose Agar 
(PDA) 2�T3�
 tetracycline 500 µg/ml C1. chloramphenicol 500 µg/ml (���$%$�# 
antibiotic  �5��#
se#>1T=#� tetracycline 500 mg U$% chloramphenicol 500 mg U#C
$%$�#fA phosphate buffer pH 7.2 2�TW��jk�C�>?<" 10 
/$$/$/5� k�CA1<Ae4e
���$%$�# antibiotic 2�Tue!"#̂�=$% 1 
/$$/$/5� f�^fA Potato dextrose agar 2�T3^�AC��
�^��>?<"U$%CO�$1=;$"
�;$B 100 
/$$/$/5�) .̂
2�T"VX;@4
/;!"= 72 >1TBs
=  k�CA1<AA1.
kO�ABAs	s$A�i"=#��5YU$%�� 	1e�$?"Cs	s$A�2�T
�iA�e �4W�̂�=U$%��2�TU5C5^�=C1A 	�1<=
$% 3-13 s	s$A� it<AC1.	B�
U5C5^�=i"=�>?<" 2O��>?<"f;!.�/�V2l/�.A"�;��Uio= PDA 
U$%�Co.�1C0��>?<"uB!se# streak �>?<"fA PDA slant U$!B�Co.2�T 4oC �g?T"2O�C��
�2�#.�	�#=5^"uW 

 
  2.2.5 ���)��$�).�$� ��
(����.��)��$��.+������$�4
5-���������� ��!�"�#�$�

%� 
  C���2�#.�	�#=>A/ei"=U.	2����#U$	5/C se#AO�U.	2����#U$	5/CptT=	1e�$?"C

k�Ci!" 2.2.2 �B
21<=;
e 102 s	s$A� d^�#�>?<"2�T	1eU#Cue! streak .A MRS agar 
AO�
�#!"
��UC�
 U$%�2�#.�	�#=U.	2����#U$	5/CfA�%e1.k�A1� se#"�j1#$1C0X%C��
k1e���#=51Bi"=�p$$Y �4W�̂�=k�CC��#!"
��UC�
U$%$1C0X%2�=����B/2#� e!B#C��
2e�".e1=A�< (Axelsson, 1993) 
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             2.2.5.1 C��5�Bk�".	B�
��
��dfAC����!�=C{�p	��Y."Aue""CupeYk�C
C��;
1CA<O�5�$C$4s	� se#d^�#�>?<"U.	2����#U$	5/C$=fA"�;���$�<#=�>?<"�O�;�1.
2e�".C��f>!A<O�5�$ (phenol red broth base) 2�T
�C���5/
A<O�5�$C$4s	� 1% .̂
2�T 
35ºC �W�A�B$� 18-24 >
. �1=�C5C����!�=C�e se#"�;��k%�W$�T#Ak�C��Ue=�W�A��
�;$?"=f;!3$�W�A.BC d!�u
̂�W$�T#A��f;!3$�W�A$.U$%e4C����!�=C{�p	��Y."Aue""C-
upeYfA;$"ee1CC{�p d!�
�C{�pk1e�W�A   heterofermentative lactic acid bacteria  d!�
u
̂
�C{�p;�?"
�C{�p�$oCA!"# k1e�W�A  homofermentative lactic acid bacteria  

                2.2.5.2 C��2e�".	B�
��
��dfAC��;
1C	��Ys.u}�e�5 se#d^�#�>?<"
U.	2����#U$	5/CkO�ABA 1 loop $=fA"�;���$�<#=�>?<" MRS broth 2�T
�	��Ys.u}�e�5
fAW�/
�X 2% kO�ABA 13 >A/e ue!UC^ amygdalin  arabinose  cellobiose  esculin 
gluconate  mannitol  melezitose  melibiose  raffinose  ribose  sorbitol  sucrose  
U$% xylose .̂
�>?<"uB!2�T"VX;@4
/ 35ºC �W�A�B$� 18-24 >
. .1A2tC3$C��f>!
	��Ys.u}�e�5se#e4k�CC���W$�T#A��i"= 0.04% bromocresol purple fA"�;��k�C��

̂B=�W�A���;$?"= 

   2.2.5.3 C��.̂=>�<>A/ei"=U.	2����#U$	5/Cse#f>! Identification kit (Lacto-
bacillus API 50 CHL 50300  .�/012 Bio Me�rieux, France) ptT=W�%C".e!B# API 50 
CHL �W�A"�;���$�<#=�>?<"2�Tf>!�̂B
C1.>Ve2e�". API 50 CH strip fAC��jtC0�
C�%.BAC��;
1C	��Ys.u}�e�5 49 >A/e i"=U.	2����#U$	5/C2�TU#Cue!k�CA<O�;
1C
$4C#"Wh� 2O�C��2e�".ue!se#C���i�T#�>?<".�/�V2l/�k�C"�;��Uio= MRS agar 2�T
�"�#V 
48 >1TBs
=  $=fAA<O�C$1TAW��jk�C�>?<"W�/
�5� 3 
/$$/$/5� se#W�1.f;!
�	B�
iV^A

�CCB^� 2 McFarland k�CA1<Ad^�#�>?<"f�^fA"�;���$�<#=�>?<" API 50 CHL W�/
�5� 10 

/$$/$/5� se#d^�#�>?<"f;!
�	B�
iV^A�2̂�C1. 2 McFarland fA"�;�� API 50 CHL 
k�CA1<Ad^�#�>?<"2�T�5��#
 120 u
s	�$/5� $=fA API 50 CH strip se#g#�#�
u
̂f;!
�
m"="�C�j�C/eit<A k�CA1<A.̂
2�T"VX;@4
/ 37ºC "^�A3$;$1=C��.̂
�W�A�B$� 24  U$% 
48 >1TBs
=  ;$V
U�Ck%�W�A negative control �^BA3$.BCk%�C/e�A?T"=k�C�>?<"
�C��f>!
A<O�5�$U$%3$/5C�e""C
�
�3$2O�f;! pH fA"�;���$�<#=�>?<"$e$= �1=�C5C���W$�T#A��
"/Ae/�	�5"�YfA"�;��k�C
̂B=�W�A���;$?"= se#f>! Lactobacillus plantarum TISTR 
862 �W�A51B�W��#.�2�#. AO�3$2�Tue!
��2�#.�	�#=>A/ese#f>!sW�UC�
	"
g/B�5"�Y  
API Web Stand Alone V. 1.1.0 
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2.2.6  ���78�'����'����������(��) 3��$�	+�9����������#�$�%�)"3��9 59� 
       ����,� �� ��
(��$�	+�+������(�� Barnett et al. (2003) 
       

2.2.6.1 $1C0X%2�= microscopic U$% macroscopic morphology 
  2.2.6.1.1 $1C0X%C���k�/n.A"�;��Uio=  
   $1C0X%C���k�/n.A"�;��Uio= (YM agar) se#C�� streak 

�>?<"#��5Y$=.A"�;��Uio= YM .̂
2�T"VX;@4
/;!"=�W�A�B$� 48 >1TBs
= �1=�C5$1C0X%
s	s$A� ue!UC^ �� i". �4W�̂�= 	B�

1A 	B�
e!�A 3/B;A!� U$%$1C0X%�W�A�
?"C 

  2.2.6.1.2 $1C0X%2�=�1X��AB/2#�  
                                       se#jtC0��4W�̂�=U$%iA�ei"=�p$$Y e!B#C��AO��>?<"#��5YfA

"�;���;$B YM 2�T
�"�#V 48 >1TBs
= #!"
e!B#�� methylene blue 5�Bke4e!B#C$!"=
kV$2��jAY B1eiA�e	B�
CB!�=U$%	B�
#�Bi"=�p$$Yse#f>! micrometer B1e�p$$Yu
̂
A!"#CB^� 20 �p$$Y �g?T";�	^���$�T# 

  2.2.6.1.3 $1C0X%C���?.g1AlVY  
   2.2.6.1.3.1 $1C0X%C���?.g1AlVYU..u
̂"�j1#�gj se#AO��>?<"

"�#V 48 >1TBs
=k�C"�;���;$B YM �1=�C5C���?.g1AlVYU..5^�=� �>̂A C��U.̂=51BU.. 
fission ;�?"C��U5C;Â"U.. unipolar ;�?" bipolar ;�?" multipolar budding se#
;#e�� methylene blue U$%2O� wet mount U$!B5�Bke4e!B#C$!"=kV$2��jAY  

   2.2.6.1.3.2 $1C0X%C���?.g1AlVYU.."�j1#�gj 	?" C����!�= 
ascospore se#�$�<#=�>?<"fA"�;��BV!A�"�#= acetate agar .̂
2�T"VX;@4
/;!"= 5/e5�
e4
�4W�̂�=U$%kO�ABAi"= ascospore/cell ;$1=k�CB1A2�T 3 U$%2VC�1We�;Y kA	�. 6 
�1We�;Y   

 
                2.2.6.2 	VX�
.15/2�=����B/2#�  
  2.2.6.2.1 	B�
��
��dfAC��;
1CA<O�5�$ (sugar fermentation) se#f>!�>?<"

��/T
5!A2�T
�"�#V 48 >1TBs
= k�C"�;��BV!A�"�#= YM $=fA"�;���;$B YM f;!
�	B�
iV^A
�2̂�C1. +2 (+2 	?" �
?T"�2�#.	B�
iV^AC1.C�%e�0i�B2�Ti�e��!A��eO���
��!AU5^$%��!A
;A�W�%
�X 1 
/$$/�
5� U$!B
"=�;oA��!Au
̂>1e) d^�#�>?<"#��5Y2�T5!"=C��2e�". 100 
u
s	�$/5� $=fA"�;���;$B Fermentation medium 2�T
�A<O�5�$>A/e5^�=� 	B�

�i!
i!A 2% #C�B!AA<O�5�$ raffinose 2�T
�	B�
�i!
i!A 4% (@�	3ABC C) .̂
2�T
"VX;@4
/;!"=�W�A�B$� 21 B1A .1A2tCC���W$�T#AA<O�5�$�W�AC�e se#e4k�CC���W$�T#A��
i"= bromothymol blue k�C���i�#BuW�W�A���;$?"=U$%e43$C��f;!C{�>fA;$"ee1CC{�> 
se#��#=�A3$e1=A�< 
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  3$.BC (+)     	?" ;
1CA<O�5�$ue!C{�>�5o
;$"e@�#fA 7 B1A   
  Slow positive (S) 	?" ;
1CA<O�5�$ue!C{�>�5o
;$"e;$1=k�C 7 B1A  
  3$$. (-)     	?" u
̂;
1CA<O�5�$  
  se#A<O�5�$2�Tf>!2e�". 	?" D-xylose raffinose D-maltose inulin D-glucose 

D-galactose sucrose lactose D-cellobiose U$% D-trehalose  
 
  2.2.6.2.2 	B�
��
��dfAC��f>!U;$^=	��Y."A (Assimilation of carbon 

compound) se#d^�#�>?<"#��5Y2�T5!"=C��2e�".se#f>!�>?<"��/T
5!A2�T
�"�#V 48 >1TBs
= 
k�C"�;��BV!A�"�#= YM $=fA"�;���;$B YM f;!
�	B�
iV^A�2̂�C1. +2 (+2 	?" �
?T"
�2�#.	B�
iV^AC1.C�%e�0i�B2�Ti�e��!A��eO���
��!AU5^$%��!A;A�W�%
�X 1 
/$$/�
5� 
U$!B
"=�;oA��!Au
̂>1e) d^�#�>?<"#��5Y2�T5!"=C��2e�". 100 u
s	�$/5� $=fA"�;��
�;$B yeast nitrogen base (@�	3ABC C) 2�T
�U;$^=	��Y."A5^�=� .̂
2�T"VX;@4
/;!"=  

  A<O�5�$2�Tf>!2e�".fAC��2e$"=A�<
�	B�
�i!
i!A 2% #C�B!AA<O�5�$ raffinose 
2�T
�	B�
�i!
i!A 4% A<O�5�$2�Tf>!2e�".	?" maltose D-galactose  D-sucrose lactose 
raffinose D-glucose xylose inulin D-cellobiose D-trehalose   

  A"Ck�CA�<#1=2e�".	B�
��
��dfAC���k�/n�5/.s5U$%f>!���>A/e5^�=�i"=
#��5Y"�Ce1=A�<	?"  ethanol U$% methanol 	B�
�i!
i!A$% 1.5% (fA"�;�� Assimilation 
of carbon compound e1=@�	@�	3ABC C)  NaCl 	B�
�i!
i!A 10 U$% 16% (fA
"�;�� YM agar)  0.01% cyclohexamide  0.10% cyclohexamide (@�	3ABC C) 
citrate  U$%  urea 2% (@�	3ABC C) 

 
 C��"^�A3$C��2e�". 
  se#e4k�C	B�
iV^Ai"="�;��se#AO�C�%e�02�Ti�e��!A��eO�;A�W�%
�X        

1 
/$$/�
5� 
�2�.e!�A;$1=i"=;$"e2e$"= U$!B.1A2tC3$e1=A�< 
  +1     	?" "�;��iV^AU5^�;oA��!A��eO�e!�A;$1=;$"e2e$"=>1e�kAU�e=B^� 
                                 
�C���k�/n�5/.s5i"=#��5YA!"# 
  +2     	?" �;oA��!A��eO�e!�A;$1=;$"e2e$"=��=� U�e=B^��>?<"�k�/nue!e� 
  +3     	?" d!�
"=u
̂�;oA��!AU�e=B^��>?<"�k�/nue!e�
�C 
  3$$. 	?" ��!A��eO�>1e�kAU$%"�;��u
̂iV^AU�e=B^��>?<"u
̂��
��df>!A<O�5�$ue! 
 C����#=�A3$ 
  3$.BC (+)     	?" f>!A<O�5�$ue! 
�	^�	B�
iV^A +2 ;�?" +3 @�#fA 7 B1A  
  Slow positive (S) 	?" f>!A<O�5�$ue!>!�
�	^�	B�
iV^A +2 ;�?" +3 ;$1=k�C 7 B1A  
  3$$. (-)     	?" u
̂��
��df>!A<O�5�$ue! 
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                   2.2.6.3 $1C0X%2�="X4B/2#�e!B#B/l� 26S rDNA sequencing se#�^=51B"#̂�=
5�Bk2�T;ÂB# MU-OU : CRC 	X%B/2#�j��5�Y 
;�B/2#�$1#
;/e$ se#�$?"C Single 
colony k�C YM agar �$�<#=fA YM broth 6-12 >1TBs
= 2�T"VX;@4
/ 35ºC W��A�Co.�p$$Y
�>?<"2�T 10000 rpm 5 A�2�  �2"�;��2�T�;$?"2/<= AO�51B�p$$Y
�$%$�#fA TE Buffer (10 
mM Tris-HCl pH 8.0, 1 mM EDTA) 100 u
s	�$/5� 3�
f;!�i!�C1AU$!B5!
�p$$YfAA<O�
�e?"e 10-15 A�2� W��A5C5%C"Ap�C�p$$Y2�T	B�
��oB 10000-12000 rpm 5 A�2�  �Co.
���$%$�# DNA �O�;�1.f>!�W�A DNA Template �
?T"�C1e genomic DNA k�C#��5Y 
k�CA1<A�g/T
W�/
�X>/<A DNA ��g�%�^BA2�T5!"=C�� (26S rDNA)  e!B#�2	A/	 
Polymerase Chain Reaction (PCR) se#f>! genomic DNA 2�T�C1eue!�W�AU
̂U.. 2O� 
Sequencing Reaction k�CA1<A"^�A$O�e1.�.�i"= DNA se#AO� product 2�Tue!uW
B/�	��%;Ye!B#�	�?T"= Automated DNA Sequencing AO�$O�e1.�.�i"= DNA 2�T"^�Aue!
uW�W��#.�2�#.C1.��Ai!"
4$fA"/A�2"�Y�A5 �g?T";�>A/ei"=�>?<"2�T
�$O�e1.�.�i"= DNA 
(fA2�TA�<	?"�^BA 26S rDNA) fC$!�	�#=C1.�>?<"2�TjtC0�
�C2�T�Ve se#�i!�uW2�T�B.up5Yi"= 
NCBI (http://www.ncbi.nlm.nih.gov) k�CA1<A�$?"C BLAST U$!B�$?"C Nucleotide-
nucleotide BLAST (blast) k%it<A;A!�5^�=f;
̂f;!���f�^i!"
4$$=uW k�CA1<A copy $O�e1.
�.�f�^fA>̂"= Search CeWVh
 BLAST! k%
�;A!�5^�=f;
̂�Wxeit<A
� �"kAi!"
4$s;$e
���ok���#.�!"#e43$i"=C�� Blast ptT=$O�e1.i"=�>?<"2�Tit<AfA.��21eU�Ck%
�	B�

fC$!�	�#=C1.�>?<"2�TAO�
��2�#.2�T�Ve 	B�
�;
?"Ak%$e$=k�C.��21e.A$=uW.��21e$^�=
5�
$O�e1. 

 
      2.3 ���'��(�����������#�$�%� 
 
            2.3.1 �����).�����������$�.���������������$��+C�9��������� ��!�"D
$���� 

Walkley and Black method (-��)N�, 2547) 
C��B/�	��%;Y"/A2��#B15dV se#f>!51B"#̂�=A<O�;
1C>�B@�g$4C#"Wh�B1A2�T 0 14 28 

42 U$% 56 kO�ABA 2 
/$$/$/5� ��#$%�"�#eC��B/�	��%;Ye1=@�	3ABC i  
 
2.3.2 +��-��
 pH �����
����!#�� 

�Co.51B"#̂�=A<O�;
1C>�B@�g$4C#"Wh�B1A2�T 0 14 28 42 U$% 56 k�Cd1=;
1C
kO�ABA 50 
/$$/$/5�f�^fA.�C�C"�YiA�e 100 
/$$/$/5� B1e"VX;@4
/i"=A<O�;
1Cse#f>!
�2"�Ys

/�5"�Y k�CA1<AB1e	^� pH e!B#�	�?T"= pH meter 
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2.3.3 .,�������4RRS� (Electrical conductivity: EC)  
AO�51B"#̂�=A<O�;
1C>�B@�g$4C#"Wh�2�T�Co.k�Ci!" 2.3.2 2�T�%#%�B$�5^�=� B1e	^�

C��AO�umm~�e!B#�	�?T"= Electrical conductivity meter   
 

2.3.4 �������
������
 (Total acidity)  
51B"#̂�=A<O�;
1C>�B@�g$4C#"Wh�B1A2�T 0 14 28 42 U$% 56 k�C51B"#^�=i!" 

2.3.2 B/�	��%;Y;�W�/
�XC�e21<=;
ese#f>!B/l�C��u5�5�5U$%	O�ABXfA�4Wi"=C�e
U$C5/C (AOAC, 2002) e1=��#$%�"�#efA@�	3ABC i 
 
2.3.5 ��
���������+��������
  

51B"#̂�=A<O�;
1C>�B@�g$4C#"Wh�B1A2�T 0 14 28 42 U$% 56 k�C51B"#^�=i!" 
2.3.2 B/�	��%;Y;�W�/
�XA<O�5�$21<=;
efA�4Wi"=C$4s	�se#f>! phenol sulfuric 
method (Dubolis et al., 1956) (@�	3ABC i) 

 
2.3.6 4�D+�)-�������
 

B/�	��%;Yse#f>!  Crack Set 20 (MERCK) ptT="/A2��#YU$%"A/A2��#YuAs5��kA
fA51B"#̂�=d4C�W$�T#Af;!"#4^fA�4Wi"=uA�5�5e!B#���""Cp/uepYU$%C��#̂"#�$�#e!B#
B/l�i"= Koroleff  se#f>!51B"#̂�=A<O�;
1C>�B@�g$4C#"Wh�B1A2�T 0 14 28 42 U$% 56  
51B"#̂�= 1 
/$$/$/5� k�CA1<A�5/
A<O�2�TW��jk�C"/""A 10 
/$$/$/5� f�^ R1 reagent 0.1 
C�1
 (potassium peroxodisulphate, potassium carbonate) �W�A51B��̂=W�/C/�/#� 
k�CA1<Af�^ R2 reagent (40% NaOH w/v) 6 ;#e f;!	B�
�!"AfA�	�?T"= preheated 
thermoreactor TR 200 (MERCK) 2�T"VX;@4
/ 120ºC �W�A�B$� 1 >1TBs
=  C�"=e!B#
C�%e�0C�"= Whatman No.1 k�CA1<AB/�	��%;YuA�5�5e!B#>Ve Merckoquant® 
Nitrate test (MERCK) se#f�^ reagent NO3-1A 0.1 C�1
 U$% reagent NO3-2A 5 

/$$/$/5� �i#̂�f;!�i!�C1AU$!BB1e	^�C��e4eC$?AU�=2�T	B�
#�B	$?TA 517 A�sA�
5� e!B#
�	�?T"= Spectroquant ® NOVA 60 (MERCK) 

 
2.3.7 R�	R���	������
 

C��B/�	��%;Y;�W�/
�Xm"�m"�1�21<=;
efA51B"#̂�=e!B#>Ve Phosphate test 
(MERCK) e!B#C���W$�T#Am"�m"�1�;�?"m"��m5fA�4W5^�=�
��W�A soluble 
orthophosphate (PO4

3-, HPO4
2-, H2PO4-) se#C��#̂"#�$�#e!B#C�ep1$m4�/C�i!
i!A 

k�CA1<A2O�f;!�C/e��e!B#B/l� Vannado molybdophosphoric acid se#C��B/�	��%;Yf>!
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51B"#̂�=A<O�;
1C>�B@�g$4C#"Wh�B1A2�T 0 14 28 42 U$% 56 51B"#̂�= 1 
/$$/$/5� �5/
A<O�
W��jk�C"/""A 10 
/$$/$/5� �5/
C�ep1$m4�/C�i!
i!A 1 
/$$/$/5� AO�uW#̂"#fA�	�?T"= 
preheated thermoreactor TR 200 (MERCK) 2�T"VX;@4
/ 120ºC �W�A�B$� 1 >1TBs
=  
C�"=e!B#C�%e�0C�"= Whatman No.1 e4e51B"#̂�=2�Tue! 5 
/$$/$/5�3�
C1. reagent 
PO4-1 1.2 
/$$/$/5� B1e	^�C��e4eC$?AU�=2�T	B�
#�B	$?TA 313 A�sA�
5� e!B#�	�?T"= 
Spectroquant ® NOVA 60 (MERCK) 

 
2.3.8 ��).������������(����+� D"��	)\�$� �.�)\�$� �����)\�$� D���� 

	����	�����������	 9 5).�3��� Inductively coupled plasma atomic 
emission  spectroscopy 

51B"#̂�=A<O�;
1C>�B@�g$4C#"Wh�B1A2�T 0 14 28 42 U$% 56 2O�C��#̂"#se#f>!
51B"#̂�=A<O�;
1C 2 
/$$/$/5� f�^fA Vycor 51<=.A hot plate �5/
C�euA5�/C�i!
i!A 65% 
W�/
�5� 3 
/$$/$/5� �Wxeum"^"A� fA54!	B1AkAi"=�;$B�%�;#;
e 2O�kA	�. 3 �". 
2/<=f;!�#oA AO�
�$%$�#e!B#C�euA5�/C�i!
i!A 10% U$!BC�"=e!B#C�%e�0C�"=   
Whatman No.1 k�CA1<AW�1.f;!ue!W�/
�5� 10 
/$$/$/5� e!B#A<O� deionized water 
���$%$�#C�e�k?"k�=2�T
�U�̂l�5V$%$�#"#4^k%d4Ce4e�i!��	�?T"= Inductively coupled 
plasma atomic emission  spectroscopy �g?T"B/�	��%;Y;�W�/
�XU$%>A/ei"=U�̂l�5V 

 
2.3.9 ���+��-��).�������_���D��"3 9��������� ��!�"�#�$�%� 

C��2O�U;!=e!B#C��f>!A<O�;
1C>�B@�g$4C#"Wh�B1A2�T 0 14 28 42 U$% 56 
51B"#̂�=$% 50 
/$$/$/5� f�^fA vial iA�e 500 
/$$/$/5� k�CA1<A2O�f;!51B"#̂�=�#oA51B$=
U$%Uio=51BC$�#�W�AA<O�Uio=e!B#C��f>!�	�?T"= Shell Freezer 2�T"VX;@4
/ -10ºC U$!B�i!�
�4^�%..C��2O�U;!=e!B#�	�?T"= Freeze Dryer se#"�j1#;$1CC���%�;/e 	?" C��
�W$�T#AUW$=i"=���fA�d�A%i"=Uio=uW�4^�d�A%C{�p  C{�p2�Tu
̂��
��d	B.UÂAue!
d4Ce4ee!B# vacuum pump �^BAC{�p2�T	B.UÂAue!k%d4CAO�""Cse#�%..	B.UÂA 
(condensing system) ptT=�W�A�%..�#oA2�Tk1.s
�$CV$i"=A<O�""Ck�C���51B"#̂�= �
?T"
51B"#̂�=U;!=e�U$!BAO�""C
��Co.fAiBeg$��5/CU$%�Co.2�T"VX;@4
/ 4-8ºC �g?T"5�Bk;�
}"�Ys
Ag?> Gibberellins U$% Auxins e1=A�<	?" 

  
 Gibberellins    
  >1T=51B"#̂�=A<O�;
1C$4C#"Wh�2�T3^�AC��2O�U;!=U$!B 0.1 C�1
 $%$�#fA 80% 

methanol 1 
/$$/$/5�  �i#̂�f;!51B"#̂�=$%$�#�i!�C1A�W�A"#̂�=e� k�CA1<AkVe5O�U;Â=2�T



 41 

k%;#e51B"#̂�=.AU3^A Silica gel thin layer chromatography iA�e 20 x 20 
�pA5/�
5�  f;!
��%#%;^�=k�Ci".e!�A$^�=W�%
�X 1 A/<B  ;#e51B"#̂�=2�T$%$�#e�U$!B
$=.AU3^A Silica gel thin layer chromatography 50 u
s	�$/5�  �Wh�f;!U;!=U$!BAO�uW
uB!fA Solvent tank 2�T
� isopropanol: A<O�: U"
s
�A�# �2̂�C1. 8: 1: 1 �W�A51Bg� W$^"#
f;!51B"#̂�=�	$?T"A2�Te!B#51Bg�kAdt=�%#%2�= 10 �pA5/�
5� AO�U3^A Silica gel thin 
layer chromatography ""C
��"f;!U;!=C^"Ag^Ae!B#���$%$�#sWU2��p�#
�W"�YU
=
C��A� 1% B1e"15���^BA�%;B^�=�%#%2�=2�T���51B"#̂�=�	$?T"A2�TuW"#4^ �W��#.�2�#.C1.
�%#%2�=2�T51Bg��	$?T"A2�TuWkA�Ve �g?T"	O�ABX;�	^� Rf k�C�45� �%#%2�=2�T���
�	$?T"A2�Tue!;��e!B#�%#%2�=2�T51Bg��	$?T"A2�Tue! U$!B�W��#.�2�#.C1.���}"�Ys
A

�5���A 	?" gibberellic acid (GA3) 	B�
�i!
i!A 0.1 C�1
5^"
/$$/$/5� 
(Aroonrungsikul et al., 1993) 

 
 Auxins  

>1T=51B"#̂�=A<O�;
1C$4C#"Wh�2�T3^�AC��2O�U;!=U$!B 0.1 C�1
 $%$�#fA 80% 
methanol 1 
/$$/$/5� �i#̂�f;!51B"#̂�=$%$�#�i!�C1A�W�A"#̂�=e� k�CA1<AkVe5O�U;Â=2�Tk%
;#e51B"#̂�=.AU3^A Silica gel thin layer chromatography iA�e 20 x 20 
�pA5/�
5� f;!
��%#%;^�=k�Ci".e!�A$^�=W�%
�X 1 A/<B  ;#e51B"#̂�=2�T$%$�#e�U$!B
$=.AU3^A Silica gel thin layer chromatography 50 u
s	�$/5�  �Wh�f;!U;!=U$!BAO�uW
uB!fA Solvent tank 2�T
� chloroform: methanol: water �2^�C1. 84: 14: 1 �W�A51Bg� 
W$^"#f;!51B"#̂�=�	$?T"A2�Te!B#51Bg�kAdt=�%#%2�= 10 �pA5/�
5� AO�U3^A Silica gel 
thin layer chromatography ""C
��"f;!U;!=C^"Ag^Ae!B# Van Urk-Salkowski 
reagent (Ehmann, 1977) (@�	3ABC C) B1e"15���^BA�%;B^�=�%#%2�=2�T���51B"#̂�=
�	$?T"A2�TuW"#4^ �W��#.�2�#.C1.�%#%2�=2�T51Bg��	$?T"A2�TuWkA�Ve �g?T"	O�ABX;�	^� Rf 
k�C�45� �%#%2�=2�T����	$?T"A2�Tue!;��e!B#�%#%2�=2�T51Bg��	$?T"A2�Tue! U$!B
�W��#.�2�#.C1.���}"�Ys
A
�5���A 	?"  indole-3-acetic acid (IAA) 	B�
�i!
i!A 
0.1 C�1
5^"
/$$/$/5� 

 
2.3.10 ���+��-	��.���)N�"�'+,�"3 (���������� 

;$1=;
1C$4C#"Wh�ue! 56 B1A ue!5�Bk�".	B�
�W�Ag/05^"g?>e!B#C��2e�".
C��="Ci"=�
$oe
%�i?"�2j��>/A�5�
B/l�i"= Wong et al. (2001) se#C��f>!A<O�;
1C
$4C#"Wh�2�T
�"�#VC��;
1C 56 B1A W�/
�5� 20 
/$$/$/5� W��A2�T	B�
��oB�". 8000 �".
5^"A�2� C�"=3^�AC�%e�0C�"= 0.45 u
s	��
5� �g?T"CO�k1ekV$/A2��#Y f>!51B"#̂�=2�T
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3^�AC��C�"=U$!B 5 
/$$/$/5� f�^fAk�A�g�%�$�<#=�>?<"2�TW��jk�C�>?<" (��!A3^�A
j4A#YC$�= 9 p
.) 2�T�"=C!Ae!B#C�%e�0C�"= Whatman No.1 U$!Bf�^�
$oe
%�i?"�2j
��>/A� 10 �
$oe B�=U..C�%k�#$=fAk�A�g�%�$�<#=�>?<" (2O� 3 p<O�) .̂
uB!fA2�T
?eU$%
"VX;@4
/;!"=�W�A�B$� 72 >1TBs
=     	O�ABX	^�e1>A�C��="C (germination index : GI) 
5�
�45�i"= Hoekstra et al. (2002) (@�	3ABC i) se#f>!A<O�C$1TA�W�A>Ve	B.	V
 

 
2.3.11 ������������
������$� D
$9 5 Gas chromatography  

    A<O�;
1C>�B@�g$4C#"Wh�2�T
�"�#VC��;
1Cue! 56 B1A W��A�;B�T#=2�T	B�
��oB�". 
6,000 �".5^"B/A�2� �W�A�B$� 10 A�2� "VX;@4
/ 4ºC AO��^BAf�2�Tue!
�C�"=e!B#
C�%e�0C�"=iA�e 0.2 u
s	�$/5� U$!B��e�i!��	�?T"= Gas Chromatography HP 
6850 se#f>! column HP 6850, inlet temperature 240ºC, oven initial temperature 
75ºC 1 A�2�, ramp to 180ºC at 5ºC/min, ramp to 230ºC (5 min) at 15ºC/min U$%
f>! flame ionization detector 5�
B/l�i"= Yang U$% Choong (2001) 

 

3. �������� ��!�"�#�$�%�+,����)-��e)+��D+���f�f��+(����)(3�)�7�� ��� 
 

1.  �������f�����
��� 
 2O�C��2e$"=fAdV=g$��5/CeO�iA�e��!A3^�j4A#YC$�= 12 A/<B U$%
�	B�
�4= 
12 A/<B kO�ABA21<=;
e  96  dV= se#U5^$%dV=.��kVe/A 10 C/s$C�1
 U$%�W�AC���Co.
51B"#̂�=U..2O�$�# (destructive sampling) fAC���Co.U5^$%	�1<= se#
�>VeC��2e�".
e1=A�< 

 >VeC��2e�".2�T 1 u
̂f�^WV�#  (no fertilizer: N) �W�A>Ve	B.	V
 
>VeC��2e�".2�T 2 f�^WV�#�	
��45� 15-15-15 "15��  8.25 C�1
5^"dV=5^"	�1<= 
       ;�?""15�� 80 C/s$C�1
5^"u�̂ (chemical fertilizer: CF) se#f�^WV�#B1A2�T     

0 15  30 U$% 45 ;$1=#!�#W$4C  
>VeC��2e�".2�T 3 f�^A<O�;
1C>�B@�g$4C#"Wh�2�T�k?"k�=fA"15�� 1: 200         

(5 
/$$/$/5�/A<O� 1 $/5�) fAW�/
�5� 100 
/$$/$/5�5^"dV= (fermented wild 
forest noni extract: F) se#f�^B1A2�T 0 ;$1=#!�#W$4CU$%;$1=k�CA1<A2VC� 
7 B1A �W�AkO�ABA 12 	�1<=  

>VeC��2e�".2�T 4 f�^WV�#�	
��45� 15-15-15 "15��  4.125 C�1
5^"dV=5^"	�1<= 
        se#f�^WV�#B1A2�T 0 15  30 U$% 45 ;$1=#!�#W$4CU$%f�^A<O�;
1C>�B@�g 
        $4C#"Wh�2�T�k?"k�=fA"15�� 1: 400 (2.5 
/$$/$/5�/A<O� 1 $/5�) fAW�/
�5� 

100 
/$$/$/5�5^"dV= se#f�^B1A2�T 0 ;$1=#!�#W$4CU$%;$1=k�CA1<A2VC�    
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7 B1A �W�AkO�ABA 12 	�1<= (chemical fertilizer+fermented wild   forest 
noni juice: CF)  

 
2.  ���)+��$�
�� 
        AO�51B"#̂�=e/A2�Tf>!�O�;�1.W$4C
%�i?"�2j��>/A�ptT=�W�A51B"#̂�=e/Ak�C 5.	"-
;=�Y ".;�ef;n^ k.�=i$� 
�#̂"#�Co.�j0��Cg?>""Ck�Ce/Af;!;
e 	$VCe/Af;!�i!�C1A
U$!B3tT=Ueef;!U;!= 3�
e/A5�
>VeC��2e�".21<= 4 >Ve ;$1=k�CA1<A.��kVe/A$=fAdV= 
dV=$% 10 C/s$C�1
 
 
3.  �����).�����)�3��
�� 
 B/�	��%;Y�!"#$%i"=2��# (Sand) 2��#UW~= (Silt) U$%e/A�;A�#B (Clay) U$!B
AO�3$2�Tue!k�CC��B/�	��%;Y 
�UkCUk=W�%�@2i"=�A?<"e/A (soil textural class) se#
�W��#.�2�#.C1.>1<A�A?<"e/A5�
�CX�Yi"=C�%2�B=�C05��;�1�"�
�/C� (United States 
Department of Agriculture textural class) (Soil Survey Division Staff, 1993) 
 
4.  ����#����������������'� 

  
 ����#���)(3�)�7�� ��� 
  fAC��2e$"=	�1<=A�<W$4CfAUW$=�g�%W$4CkO�$"=2�T
�5�î�#g��=U�=�#o.se# 

�".
�iA�e CB!�= x #�B x �4= �2̂�C1. 2 x 15 x 2 �
5� U$%B�=dV=W$4C
%�i?"�2jU5^
$%dV=ptT=
�e/Ai"=>Ve2e�".U..5^�=� 21<= 4 >VeC��2e�".se#B�=U..�V^
U$%W$4C
5!AC$!�
%�i?"�2j��>/A�2�T
�"�#V 30 B1A e1=�4W2�T 6 

         �#��� 6 $1C0X%i"=UW$=�g�%W$4CkO�$"= 51<="#42̂�T 5.	";=�Y ".;�ef;n^ k.�=i$�  
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 3.1 �
$oe
%�i?"�2j��>/A� C��W$4Cf>!B/l��g�%fAC�%.%�g�%5!AC$!�2�T
�iA�e 
45 x 60 �pA5/�
5� $tC 10 �pA5/�
5� U$%�k�%�4�%.�#A<O�2�Te!�A$^�=i"=C�%.%�g�% 
�^BAe/A2�Tf>!�g�%5�Ce/Af;!U;!=se#f>!�B$� 3 "�2/5#Y k�CA1<A�̂"Ae/A2�T5�CU;!=e�U$!B  
3 �^BA WV�#	"C 1 �^BA UC$. 1 �^BA 	$VC�	$!�f;!�i!�C1AU$%W�1.3/B;A!�e/Af;!���#. 
U$!Bs�#�
$oe
%�i?"�2j��>/A�f;!�W�AUdBse#f>!u
!2�.�W�A�̂"=�$oC� �%#%;^�=C1A
�%;B^�=UdBW�%
�X 5 �pA5/�
5� U$!BC$.�
$oee!B#UC$..�=� �eA<O�f;!>V^
 �
?T"5!A
C$!�"�#Vue! 15 B1A #!�#$=f�^dV=g$��5/CiA�e 4 x 6 A/<B ptT=.��kVe/A3�
"#4^  ;$1=k�C

%�i?"�2j��>/A�
�"�#Vue! 1 �e?"A 	1e�$?"C5!A2�T
�iA�efC$!�	�#=C1A#!�#$=W$4CfAU5^$%
dV=i"=U5^$%>VeC��2e�". dV=$% 1 5!A  
 3.2 C��f�^WV�#�	
�	�1<=$% 8.25 C�1
 (>VeC��2e�". 2) U$%	�1<=$% 4.125 C�1
 
(>VeC��2e�". 4) se#f�^kO�ABA 4 	�1<= 	?" B1A2�T 0 k%3�
	$VC�$!�f;!�i!�C1.e/AC^"A
W$4C U$!B;$1=k�CA1<Ak%f�^WV�#B1A2�T 15 30 U$% 45 ;$1=k�C#!�#$=W$4C  
 3.3 C��f�^A<O�;
1C f>!A<O�;
1C2�T�k?"k�=fA"15�� 1:200 fAW�/
�5� 100 

/$$/$/5�5^"dV= (>VeC��2e�". 3) U$%f�^A<O�;
1C2�T�k?"k�=fA"15�� 1: 400 fAW�/
�5� 
100 
/$$/$/5� (>VeC��2e�". 4) �
?T"B1A2�T 0 U$%�e2�Ts	A5!A2VC� 7 B1A �W�AkO�ABA 
12 	�1<= (90 B1A i"=C��W$4C)  
 2VC>VeC��2e$"=
�C���eA<O�B1A$% 1 	�1<= fAW�/
�X 100 
/$$/$/5�5^"dV= 
 
5.  ���)�*�+���$,��
�� 
 C^"AW$4Cg?> �Co.51B"#̂�=e/A2�Tk%f>!W$4CfAU5^$%>VeC��2e�".e!B#C��f>!2̂"
g$��5/CiA�e��!A3^�j4A#YC$�= 5 �pA5/�
5� �Co.e/AfAdV=U..2U#=
V
kAdt=C!AdV=
k�CA1<A3�
	$VC�	$!�f;!�i!�C1A f�^fAdV=g$��5/CW�%
�X 0.5 C/s$C�1
 �g?T"f>!fAC��
B/�	��%;Y�A?<"e/A �
.15/2�=kV$>�BB/2#�U$%�
.15/2�=�	
�i"=e/A (B1A2�T 0)  
 �%;B^�=2�T2O�C��2e$"= �V^
�Co.51B"#̂�=e/A21<= 4 >VeC��2e$"= >VeC��2e$"=
$% 4 51B"#̂�= 2�T�%#%�B$� 30  60  U$% 90 B1A �g?T"f>!fAC��B/�	��%;Y�
.15/2�=kV$
>�BB/2#�U$%�
.15/2�=�	
�i"=e/A se#
���#$%�"�#ee1=k%C$^�B5^"uW  
 
6.  -�� �����$�(��
�� 
 >1T=51B"#̂�=e/AkO�ABA 25 C�1
 f�^fA sterile normal saline 225 
/$$/$/5� �g?T"
�k?"k�= 10 �2̂� U$%�k?"k�=	�1<=$% 10 �2̂� �W�A$O�e1.fA sterile normal saline          
9 
/$$/$/5� B/�	��%;Y;�W�/
�XkV$/A2��#Y21<=;
e  5�
i!" 2.2.1  B/�	��%;Y;�W�/
�X
U.	2����#U$C5/C 5�
i!" 2.2.2  U$%B/�	��%;Y;�W�/
�X#��5YU$%�� 5�
i!" 2.2.4   
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7.  .��	���+����).��- ��$!�"(��
�� 
C��B/�	��%;Y	VX�
.15/2�=�	
�-C�#@�gi"=e/A se#5�BkB/�	��%;Y 	^� pH 

(f>!"15���^BA e/A:���$%$�#sgU2��p�#
	$"u�eY (KCl) 1 s
$��Y  �2̂�C1. 1:5) 	^�C��
AO�umm~� (f>!"15���^BA e/A:A<O� �2̂�C1. 1:5)  B/�	��%;YW�/
�Xl�5VuAs5��kA21<=;
e 
5�
i!" 2.3.6 m"�m"�1�21<=;
e 5�
i!" 2.3.7  sgU2��p�#
 U	$�p�#
 U
CA��p�#
 
U
=C�A�� s.�"A �1=C%��5�
i!" 2.3.8  U$%"/A2��#B15dVse# Walkley and Black 
method  5�
i!" 2.3.1 (@�	3ABC i)  
  
8.  ���)-��e)+��D+(��"3  
 C��.1A2tCC���k�/n�5/.s5fAB1AU�C2�T#!�#$=W$4C  ;$1=k�CA1<A.1A2tCfAB1A2�T 
30 60 U$%B1A2�T 90 W�%C".e!B# 

8.1 	B�
�4=i"=$O�5!A (�pA5/�
5�) se#B1e	B�
�4=�W�A�pA5/�
5�k�Cs	A5!A
5/e3/Be/Adt=W$�##"e2�T�4=2�T�Ve 

8.2 iA�ei"=2�=gV^
 (�pA5/�
5�) B1e	B�
CB!�=i"=2�=gV^
fA$1C0X%l��
 
>�5/se#u
̂#CW$�#f.2�T#!"#$=  

8.3 ��!A�".B=i"=$O�5!A (�pA5/�
5�) f>!��!A�>?"CB1e�".$O�5!A se#B1e.�/�BX
$O�5!AptT=�4=k�C3/Be/AW�%
�X 5 �pA5/�
5� U$!BAO�uW2�.C1.�B"�Y�A�#	��Y$/W�W"�Y  
 
9. �����).�����(5��#� 
 C��B/�	��%;Y2�=�d/5/i"=	^�e1>A�C��="C (Germination index) f>! One-Way 
Analysis of Variance k�CA1<AB/�	��%;Y	B�
U5C5^�=se#f>! Duncan�s Multiple 
Comparison Test U$%C��B/�	��%;Y 	^� pH i"=e/A, 	^� EC i"=e/A, l�5V"�;��fAe/A 
kV$/A2��#YfAe/A, C���k�/n�5/.i"=5!A
%�i?"�2j��>/A�21<=e!�A	B�
�4=  iA�ei"=2�=
gV^
U$%iA�ei"=$O�5!Ase#f>!�	�?T"=
?"2�=�d/5/ 	?" Multivariate General Linear 
Model �A?T"=k�C
�C��B1e51BUW�5�
;$�#51Bg�!"
C1AU$%B1ep<O� (;$�#	�1<=) k�CA1<A
�W��#.�2�#.	B�
U5C5^�=�%;B^�=>VeC��2e�". se#f>! Duncan�s Multiple Rang 
Test AO���A"fA�4W	^���$�T#U$%	^��.�T#=�.A
�5���A C��B/�	��%;Y3$�d/5/f>!sW�UC�
 
SPSS version 10.1 �O�;�1. Windows 
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 3  
 

 
 
1.  
 
1.1  
 
1.1.1  
  (TBC) 

 (LAB)   3.59  2.85 log CFU/ml  

 7  3   TBC  7.22 log 

CFU/ml  LAB  5.54 log CFU/ml  14  

 TBC  10.11 log CFU/ml  LAB  8.65 log CFU/ml 

 21  TBC  LAB  7.96  6.96 log CFU/ml 

 (56 : 8 )  TBC  LAB  3.71  1.19 log CFU/ml 

   2.47 log CFU/ml  

 3 7  14  4.56 5.18  5.37 log CFU/ml 

  21   5.65 log CFU/ml 

 28  4.69 log CFU/ml  (56 ) 

 3.99 log CFU/ml   2.88 log CFU/ml 

  Zymomonas sp. 
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Total bacterial count

Yeast

Lactic acid bacteria

 
 

 7   

   28   
 

 

1.1.2   
 

 102  

 

  

  Lactobacillus 
 13    

amygdalin  arabinose  cellobiose  esculin gluconate  mannitol  melezitose  melibiose  

raffinose  ribose  sorbitol  sucrose   xylose 

 102  

 (  7     1)  

 14     0 7 14 21 28 35 42 49 

 56  species   API 50 

CHL test  Lactobacillus plantarum TISTR862 

   API Web Stand 
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Alone V. 1.1.0  Lactobacillus plantarum  (99.5% identity) 8  (WF0-1,  

WF7-1, WF14-1, WF14-3, WF21-1, WF35-1, WF49-1, WF49-9)   Lactobacillus 
plantarum  (99.9% identity) 5  (WF7-7, WF28-1, WF35-4, WF42-1, WF56-1) 

 Lactobacillus  pentosus (99.9% identity) 1  (WF21-6)  8  

 
  7  14  

 

 
  

(
) 

 

Am
yg

da
lin

 

Ar
ab

in
os

e 
Ce

llo
bi

os
e 

Es
cu

lin
 

G
lu

co
na

te
 

M
an

ni
to

l 

M
el

ez
ito

se
 

M
el

ib
io

se
 

Ra
ffi

no
se

 

Ri
bo

se
 

So
rb

ito
l 

Su
cr

os
e 

Xy
lo

se
 

0 WF0-1 + + + + + + + + + + + + - 

WF7-1 + + + + + + + + + + + + - 7 

WF7-7 + - + + + + + + + + + + - 

WF14-1 + + + + + + + + + + + + - 14 

WF14-3 + + + + + + + + - + + + - 

WF21-1 + + + + + + + + + + + + - 21 

WF21-6 + + + - + + + + + + + + + 

28 WF28-1 + + + + + + + + + + + + - 

WF35-1 + + + + + + + + + + + + - 35 

WF35-4 + + + + + + + + - + + + - 

42 WF42-1 + + + + + + + + + + + + - 

WF49-1 + + + + + + + + + + + + - 49 

WF49-9 + + + + + + + + - + + + - 

56 WF56-1 + + + + + + + + + + + + - 

Lactobacillus 
plantarum 

TISTR862 

+ + + + + + + + + + + + - 

 

: + =  

- =  
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  8   API 50 CH test  

 Program computer API Web Stand Alone V.1.1.0 

 
Fermentation 

(day) 

Number 

of 

isolate  

Isolates Specific LAB % Identity 

  L. plantarum TISTR 862* L. plantarum 99.9% 

0 10 WF0-1 L. plantarum 99.5% 

WF7-1 L. plantarum 99.5% 7 

 

10 

WF7-7 L. plantarum 99.9% 

WF14-1 L. plantarum 99.5% 14 

 

13 

WF14-3 L. plantarum 99.5% 

WF21-1 L. plantarum 99.5% 21 

 

15 

WF21-6 L. pentosus 99.9% 

28 12 WF28-1 L. plantarum 99.9% 

WF35-1 L. plantarum 99.5% 35 10 

WF35-4 L. plantarum 99.9% 

42 12 WF42-1 L. plantarum 99.9% 

WF49-1 L. plantarum 99.5% 49 10 

WF49-9 L. plantarum 99.5% 

56 10 WF56-1 L. plantarum 99.9% 

 

*  
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1.1.3  
 

  0 7 14 21 28 35 42 49  56  84  

 colony  YM 

  

 4   

  1  32  (38%)  5.5 x 7 µm ± 

SD  0.9 x 0.6 µm  colony    

 ascospore  

 1-4 ascospore  ascus  acetate agar  7  (  9) 

 glucose sucrose cellobiose   

raffinose maltose galactose   xylose inulin lactose trehalose 

  ethanol  

(NaCl) 10%   citrate   methanol   (NaCl) 

16%  cyclohexamide  0.01%  0.10%  urea  (  10  

 11   12)  1       

26S rRNA  Saccharomyces cerevisiae  

99%  Saccharomyces cerevisiae   1  13  

  2   26  (31%)  5 x 7.5 µm ± 

SD 0.9 x 0.7 µm  colony     

 ascospore 

  4 ascospore  ascus  acetate agar  28  (  

9)  maltose galactose sucrose raffinose glucose  

  xylose inulin lactose cellobiose   trehalose 

  ethanol 

 (NaCl ) 10%    Methanol   

(NaCl )16%   cyclohexamide  0.01%  0.10%  citrate  

urea  (  10   11   12)  26S rRNA 

 Pichia anomala   100% 
  2  13 

  3  24  (28.6%)  4 x 6.5 µm ± 

SD  0.8 x 0.9 µm  colony     
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 ascospore 

  4 ascospore  ascus  acetate agar  21  (  

9)  glucose    xylose raffinose maltose 

inulin galactose sucrose lactose cellobiose  trehalose  

 ethanol   (NaCl) 10%  methanol  

 (NaCl) 16% cyclohexamide  0.01%  0.10%  

citrate  urea   (  10   11   12)  

26S rRNA  Pichia membranifaciens   99% 

 Pichia membranifaciens    3  13 

  4   2  (2.4%)  5 x 11 µm ± SD 

0.9 x 1.7 µm   colony     

  ascospore (  

9)  maltose galactose sucrose raffinose glucose xylose  

  lactose inulin cellobiose   xylose 

raffinose maltose inulin glucose galactose sucrose lactose cellobiose trehalose  

 ethanol  (NaCl) 10%  16%  

cyclohexamide  0.01%  0.10%  citrate  urea  

 Methanol   (  10   11   12) 

 26S rRNA  Rhodotorula 
mucilaginosa  99%   4  13 
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  9 

  
 

  

Group 1 Group 2 Group 3 Group 4 

 32 26 24 2 

  

  

 

 

  

 

  

 

   

 (µm) 5.5 x 7 5 x 7.5  4 x 6.5  5 x 11 

 ascospore ascospore ascospore asexual spore 

 

 10 

  
    

Isolate Sugar fermentation test 

Group 1 Group 2 Group 3 Group 4 

Number of isolate 32 26 24 2 

Xylose - - - - 

Raffinose S + - - 

Maltose S + - - 

Inulin - - - - 

Glucose + + - - 

Galactose S + - - 

Sucrose + + - - 

Lactose - - - - 

Cellobiose + - - - 

Starch + - - - 

Trehalose - S - - 

 

 (+)    7  

(S)    7  (Slow positive) 

(-)     
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 11  

  

 

Isolate Sugar assimilation test  

Group 1 Group 2 Group 3 Group 4 

Number of isolate 32 26 24 2 

Maltose + + - + 

Galactose + + - + 

Sucrose + + - + 

Lactose - - - - 

Raffinose + + - + 

Glucose + + + + 

Xylose - - - + 

Inulin - - - - 

Cellobiose + - - - 

Trehalose - - - + 

 

    (+)      +2  +3  7    

                 (-)      
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 12 

  

 

Isolate Substrates 

Group 1 Group 2 Group 3 Group 4 

Number of isolate 32 26 24 2 

1.5% Ethanol  + + + + 

1.5% Methanol  - - - - 

10% NaCl tolerance + + + + 

16% NaCl tolerance - - - + 

0.01% Cyclohexamide - - - + 

0.10% Cyclohexamide - - - + 

Citrate + - - + 

2% Urea - - - + 

 

     (+)     +2  +3 

 7  

                  (-)    

 

           13 

  56   102   API 50 CHL 

 Lactobacillus plantarum (99   97%) 

 56  3  (3%)   Lactobacillus pentosus 

 21  

 26S rRNA  56   84  

  (t=0)  Saccharomyces cerevisiae  Rhodotorula 
mucilaginosa   S. cerevisiae  49  R. mucilaginosa 

 7     Pichia 
membranifaciens   7  35  42  56 

   Pichia anomala   14  56 

 56  
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 13 

  
 

Lactic acid bacteria Yeast  Fermentation 

day Genus and species Number of 

isolate  

Genus and species Number of 

isolate  

0 L. plantarum   10 S. cerevisiae 

R. mucilaginosa 

8 

2 

7 L. plantarum   10 S. cerevisiae 

P. membranifaciens   
5 

6 

14 L. plantarum   

 

13 

 

S. cerevisiae 

P. membranifaciens  
P. anomala   

5 

5 

2 

21 L. plantarum   

L. pentosus 

12 

3 

S. cerevisiae 

P. membranifaciens  
P. anomala   

4 

5 

4 

28 L. plantarum   

 

12 S. cerevisiae 

P. membranifaciens  
P. anomala   

3 

4 

5 

35 L. plantarum   

 

10 S. cerevisiae 

P. membranifaciens  
P. anomala   

3 

4 

5 

42 L. plantarum   

 

12 S. cerevisiae 

P. anomala   
2 

3 

49 L. plantarum   

 

10 S. cerevisiae 

P. anomala   
2 

4 

56 L. plantarum   10 P. anomala   3 

Total  102 Total        84 
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1.2  -  
 

1.2.1  pH    
   pH 4.43  3.70 

 14   28  42   56  pH  

3.73  3.67  3.66    (EC)  12.2  mS/cm  14 

 15.3 mS/cm  42  56  14.2  14.4 

mS/cm   8 

 

  14   1°C  

(28°C)  14  

 8%  14  1.8%   

1.4% 1.2%  0.8%  28 42  56  

  0.22% 

 0.44%  0.52%  0.70%  0.96%  14 28 42  56 

  9  

 

 

2.5

3

3.5

4

4.5

5

0 14 28 42 56

Fermentation (day)

p
H

10

11
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14
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16

E
C

 (
m

S
/c

m
)

pH

EC

 
 8  pH    (EC) 

  28   



57

 14   

 28    

 

 

( ) 

 

(°C) 

 

 (°C) 

0 31 31 

14 29 28 

28 29 29 

42 29 30 

56 28 28 
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Acidity

Sugar

 
 

 9 

  28  
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1.2. 2       
    

  (primary nutrient element)   

 (  10) 

 140  

 56   633  

 270   1360  

 14  28  42  56  1086 1190  

1210 /     3566   14 

 3318   28  42   56  

3796  3982  4356    N: P: K  

1: 1.9: 25, 1: 2.6: 6.6,    1: 2: 7.3, 1: 2: 6.9  1: 1.9: 6.8   0 14 28 42  

56   
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 10     
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  (secondary nutrient element)  

  11  605  

 736 816  818   14 28  42   56 

  693  

  399   

 536   

 

 

 

0

100

200

300

400

500

600

700

800

900

0 14 28 42 56
Fermentation (day)

C
a

 a
n

d
 M

g
 (

m
g

/l
)

Ca Mg 

 
 

 

 
 11   

  28   
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  (micronutrient)     12 

 

 0.16  0.04   14  6.34  

2.02   28  4.85  1.32   

 42  5.45  

6.09    1.45  1.69    

 

 

 

0

1

2

3

4

5

6

7

8

0 14 28 42 56

Fermentation (day)

Zn
 an

d �
n (

mg
/l)

Zn 

�n 

 
 

 

 

 12  

  28   
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  (  13)   0.33  

 0.53  14   28 42  56  57.6 68.0  50.6 

 

 

 

0

10
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0 14 28 42 56

Fermentation time (day)

B
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n

 (
m

g
/l

)

 
 

  13  

 28   

 

 

 -  

  1:10 

 12.08 mS/cm, pH 5.81, Organic Matter 25.2 g/L, 

Organic carbon 14.6 g/L, C/N ratio  115.6, Total N 126 mg/L, Total P 237 mg/L, 

Total K 3,652 mg/L, Total Ca 580 mg/L, Total Mg 381 mg/L, Total B 0.7 mg/L, Total Mn 

0.3 mg/L  Total Zn 0.5 mg/L 

 10   (56 ) 

 15    

4.5    4.48  1.22   

  1.15  1.34   

 38  42  
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  153   EC  12.2 mS/cm 

 14.4 mS/cm  pH  4.43  3.66       

 

 15   -

 

 

   

 1:10  

(t = 0) 

 

(56 ) 

 

t56/t0 

EC (mS/cm) 12.0 12.2 14.4 - 

pH 5.81 4.43 3.66 - 

Organic Matter (g/L) 25.2 23.5 19.2 - 

Organic carbon (g/L) 14.6 13.6 11.1 - 

C/N ratio 115.6 97.3 17.5 - 

Total N (mg/L) 126 140 633 4.50  

Total P (mg/L) 237 270 1,210 4.48 

Total K  (mg/L) 3,652 3,566 4,356 1.22 

Total Ca  (mg/L) 580 605 693 1.15 

Total Mg  (mg/L) 381 399 536 1.34 

Total B  (mg/L) 0.7 0.33 50.6 153 

Total Mn  (mg/L) 0.3 0.16 6.09 38 

Total Zn  (mg/L) 0.5 0.04 1.69 42 

 

-   
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  23.5  

 13.63  C/N ratio  97.3 

  C/N ratio  

 56    19.2  11.1 

  C/N ratio  17.5  16 

 

 16   C/N ratio 

  28  

 

 

Fermentation 

(day) 

Organic matter 

(g/L) 

Organic carbon 

(g/L) 

C/N ratio  

0 23.5 13.6 97.3 

14 22.5 13.1 25.4 

28 22.2 12.9 24.7 

42 19.4 11.3 19.6 

56 19.2 11.1 17.5 
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1.2.3   (Gibberellin)  (Auxin) 
   gibberellic acid 

 (Std.)  Rf   0.70 ( ) 

 0 (  1  3 )  Rf   0.35  

 14 (  4  6)  Rf  2   0.53  0.60 

  Rf 2  

14   Rf  (  14)  

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 14  (gibberellins)   

               gibberellic acid ,  1-3  0 , 

            4-6  14,  7-9  28,  10-12  42 

            13-15  56  

 
 
 
 
 

Std. 1 2 3 54 6 7 8 159 1110 1312 14
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   indole-3-acetic acid (IAA) 

 (Std.)  Rf   0.56 ( )  15 
 Rf   

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 15  (auxin)   

               indole-3-acetic acid ,  1-3  0 , 

            4-6  14,  7-9  28,  10-12  42 

            13-15  56  

 
 
 
 
 
 
 
 
 

11Std. 3 4 65 7 8 9 141312 151 2 10 11
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1.2.4   
     

 

 Saccharomyces cerevisiae  

 56    1.7%  0.03%  0.33% 

 (  17)  

 

 17   56   

 

   

(%) 

*  

(%) 

 

(%) 

  

(%) 

 

 

 

0.33  1.7 0.03 

*  0.03% 
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1.2.5 
 

  

 (Germination index)  50% (Zucconi et al., 1985)  

 56   8   1024 

 7   (p=0.05)  16  

256   157% (a)  128   512  

 147  144%  (b)  64   114% (c) 

 1024   92% (d)  

8  16  32    5.25% (g)  11.37% (f)  36.1% (e)  

 

 

 

 

g
f

e

c

b
a

b

d

0

20

40
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180

8 16 32 64 128 256 512 1024

Two fold dilution 

G
e

rm
in

a
ti

o
n

 i
n

d
e

x
 (

%
)

 
 

 16   56    

 

               (p=0.05) 
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2. 
 

 

  4    1  (N)  2 

 15-15-15  8.25  (C)  0 15  30  

45   3  1: 200 (FW) 

 100   0  7  

 12   4  15-15-15  4.125 

 0 15  30  45         

1: 400 (CF)  100    0  

7   12  

 

 

2.1  
 

 (Loamy sand)  (sand) 84.19%  (silt) 

8.58%  (clay) 7.23%  18 

 
 

 18  
 

Composition % 

               Sand  84.19 

               Silt    8.58 

               Clay    7.23 

            Texture Loamy sand 
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2.2  pH  
  

 (p=0.05)  2   pH 

 ( )   30   

  

  0  30  60   90     pH 6.29  6.11  6.40   6.18  

+  0  30  60   90  pH  

6.32  6.09  6.16  6.14  

    

0  30  60   90  pH  5.89  5.95  5.76  5.75  

  0  30  60   90 

 pH 5.83  5.53  5.62  5.48    17  

   

b NS bc bb
NS c

b

a NS
a

a
a

NS b a

0

1

2

3

4

5

6

7

0 30 60 90

Cultivation day

p
H

    



 +

 
 

 17  pH 

  

 NS=  (p>0.05) 

              (p=0.05) 
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2.3   
  :   1:5 

 0 60  90  

  1.17-1.86 dS/m  30 

  1.86 dS/m  +

    1.40 

1.10  0.8 dS/m  

 (p=0.05)  18  

 

 

NS
NS

c

NS

NS

NS

a

NS

NS

NS

d

NS
NS

NS

b
NS

0

0.5

1

1.5

2

2.5

0 30 60 90

Cultivation day

E
C

 (
d

S
/m

)

  



 +

 18 

  

 NS=  (p>0.05) 

              (p=0.05) 

 

 

 



71

2.4  (Primary plant nutrient) 
       

 

  (  19) 

   

 271 1,841  114     

  397 983  126 

   

 251 1,178  108  

 +   

 366 1,503  123    

4 

  ( ) 

   

+  

  90 

 0  

  137  354   

   253  220 

   174  163 

  +  

  143  315   

 (p=0.05) 

    

+  125 188 

165  201   +

 (p=0.05) 
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 19  0 

 90  

  

 

 

 

 

 
   

+

 

 (mg/kg) 271NS 397NS 251NS 366NS 

 (mg/kg) 1841 a 983 b 1178 b 1503 ab 

 

0 

 (mg/kg) 114NS 126NS 108NS 123NS 

 (mg/kg) 137 c 253 a 174 b 143 c 

 (mg/kg) 354 a 220 c 163 d 315 b 

 

90 

 (mg/kg) 125 d 188 b 165 c 201 a 

 

NS=  (p>0.05) 

  (p=0.05) 

 

 

 

 

2.5  (Secondary plant nutrient)  
    (Ca)  (Mg) 

 

    (Ca)  

(Mg)  4  

   +

  3374-3953 

  70-88  (  20) 

  90  

 0   4 
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 (p=0.05)  7235  196 

    

5969  167  

  5724  122  +

  5788   151 

 (  20) 

 

 20 

 0  90   

 

 

 

 

 

 
   

+

 

 (mg/kg) 3627NS 3374NS 3751NS 3953NS  

0 
 (mg/kg) 70NS 78 NS 88 NS 85 NS 

 (mg/kg) 7235 a 5724 c 5969 b 5788 c  

90 
 (mg/kg) 196a 122d 167b 151c 

 

NS=  (p>0.05) 

  (p=0.05) 

 

 

 

 

 

 

 

 

 

 

 



74

2.6  (�icronutrient)  

    (Mn)  (Zn)  (B) 

 4   

  +

  21 

  90  

 0   4  

 (p=0.05) 

 53    82  

  3.4  

     51    

  118  4.8    

  42 80  3.9 

  +   

   39 69  3.8    
 

 21  

 0  90  
 

 

 

 

 

   

+

 

 (mg/kg) 20NS 20NS 24NS 21NS 

 (mg/kg) 41NS 36NS 56NS 45NS 

 

0 

 (mg/kg) 2.3NS 2.9NS 3.7NS 3.3NS 

 (mg/kg) 53 a 42 c 51 b 39 d 

 (mg/kg) 82 b 80 c 118 a 69 d 

 

90 

 (mg/kg) 3.4 c 3.9 b 4.8 a 3.8 b 

 

NS=  (p>0.05) 

  (p=0.05) 
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2.7  
 

   33 

  32   40 

 +   36  

 (p=0.05)  19 

  90  

   

+  26 26 26  27  

 19 

 

NS
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 +

 
 

          19  

      NS=  (p>0.05) 
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3.  
     

         0 30 60  90 

 0  7.06-7.78 log CFU/g 

  30 

 6.88-7.03 log CFU/g 

  60 

 30 

 7.02-7.41  log CFU/g   90 

+  7.46 log CFU/g  

 (p=0.05)   

   6.87  6.93  7.03 log 

CFU/g    20  4 

  

NS
NS NS

b
NS NS

NS

b

NS

NS
NS

b

NS

NS NS

a

0
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2
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4

5

6
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T
o

ta
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a
l 
c
o

u
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t 
(L

o
g
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F

U
/g

)

  



 +

 
 

 20    

           

 NS=  (p>0.05) 

              (p=0.05) 
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 4  
 

 
 
1.  
 
1.1  
1.1.1  

  

 (Total bacterial count: TBC) 

 (Lactic acid bacteria: LAB) 

 14  

  TBC 

 ( ) 

 21  (  7) 

 

 

  

 

 (  7) 

 

 (  , 2547)   

 
1.1.2   

 

 56   102   API 50 CHL  Lactobacillus 
plantarum  97%  56 

 Lactobacillus pentosus (3%)  21 (  8  13) 

 2   Facultative heterofermenter 

 C5  C6  Phosphoketolase pathway  
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 2   

 Kantachote  Charern�iratrakul (2008)  Leuconostoc mesenteroides 

subsp. mesenteroides  Leuconostoc mesenteroides subsp. dextranicum  1-5 

  Lactobacillus plantarum  4  5  

  

  21 

 

      

  Saccharomyces cerevisiae   Pichia anomala  pH 3.0 
   Pichia membranifaciens   pH 2.5 (Praphailong  Fleet, 1997)  

 Kennes et.al (1991)     

 Lactobacillus plantarum  Saccharomyces cerevisiae  

pH   Lactobacillus plantarum  

  Saccharomyces cerevisiae  
Rhodotorula mucilaginosa   S. cerevisiae  49    

R. mucilaginosa  7   S. cerevisiae 

 38%  (  13)  pH  

4.4  R. mucilaginosa  

 (Moore  Breedveld, 1989)  7 

  pH  3.7  R. mucilaginosa 

   Pichia membranifaciens   7 

 35  42  56    Pichia anomala  
 14  56  S. cerevisiae 

    P. anomala   

(killer toxin)   S. cerevisiae  P. membranifaciens  
   Fatih et. al. (2006)       

P. anomala    pH 3 - 5.5   4 - 40°C 

 60%   50°C  P. membranifaciens  
  pH 3.0 - 4.8 

 5 - 20°C (Santos  Marqina, 2004) 

 28 - 31°C   S. cerevisiae   P. membranifaciens  
 P. anomala   
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1.2  
1.2.1  -  

 

-   pH  (EC) 

    (  8) 

 heterotroph (  1.1.1) 

      

  

 phosphoketolase pathway  L. plantarum  L. pentosus (  1.1.2) 

 facultative heterofermenter  8%  1.8% 

 pH  

4.4  3.7  EC 

 12.2  mS/cm  14  28  

(15.39 mS/cm)   EC 

  pH 

  15 

 1:10  12.08 

mS/cm  14.47 mS/cm 

 Tester et al. (1977)  Prachyaki� et al. (2008) 

 

 

   Ca2+  PO4
3-  

  

 CO2     

 

  (  15  16)  C/N ratio 

 97  17.5   C/N ratio 

 15-20 (Kayhanian  Tchobanoglous, 1993) 

 

 (  14) 
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1.2. 2    
  (  10) 

 140   

 56   633  

 1360   14 

 

  15 

  

     

   4.5   

 4.48  1.22    

 1.15  1.34    

38  42   

 153  

 

   3566    

14  3318  

 

  (Bishop  Lark, 

2007)  (  11)   605 

  42  (818 ) 

   

  (  12  13)    

 

 0.5   153   28  

  pH  7 

 ( , 2546) 

 

  0.063%   0.14%  0.43% 
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 693   536   6.09 

  1.69     50.6  

  

 22  23  (2545) 

       

 (2544) 

 (  

23)  C/N ratio  17.5 

 15-20 (Kayhanian  Tchobanoglous, 1993) 

 
 

 22    -

  

 * pH EC 

(mS/cm) 

N 

(%) 

P 

(%) 

K 

(%) 

1.  3.79-4.14 0.24-4.96 0.015-0.15 0.01-0.04 0.6-4.07 

2.  3.54-4.18 3.01-6.22 0.093-0.16 0.03-0.06 0.89 

3.  3.84 2.04 0.04 0.02 1.13 

4.  3.85 1.76 0.08 0.02 11.24 

5.  3.31 1.68 0.03 0.01 1.09 

6.  4.59 1.38 0.01 0.002 0.34 

7.  3.59 6.60 0.15 0.02 1.45 

8.  3.48-4.13 1.83-9.64 0.05-0.18 0.02-0.05 0.94-11.27

9.  5.04 3.31 0.33 0.14 3.26 

10.  3.83 10.11 0.2 0.04 2.15 

11.  4.49-5.16 0.80-1.56 0.23-0.35 0.01-0.02 0.25 

12.  4.11 1.09 0.61 0.17 2.69 

13. 3.5-5.6 3-79 0.03-1.91 -1.06 0.05-2.0 

14.  3.66 14.47 0.063 0.14 0.436 

   *  1-12  ( , 2545)   

       13  

                         89  (   2543 - 2545) 

       14  
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 23  

  

 

 (mg/L)  * 

Ca Mg Fe Cu Mn Zn 

1.  22-60 152-555 9-26 0 14-33 5-9 

2.  30 204-280 2-52 0 10-19 5-10

3.  44 176 9 0 12 8 

4.  51 268 15 0 11 9 

5.  40 140 15 0 14 5 

6.  22 12 21 0 10 5 

7.  60 312 24 0 11 6 

8.  28-39 165-312 8-59 0 14-21 6-9 

9.  40 376 34 0 21 15 

10.  47 249 33 0 19 129 

11.  180-2,751 274-329 19 1-5 52-56 9-10

12.  1,224 690 51 0 29 10 

13. 43-1,190 95-350 -850 -100 -150 2-58

14.  693 536 - - 6.09 1.69 

- =  

   *  1-12  ( , 2545)   

       13  

                         89  (   2543 - 2545) 

       14  

 

1.2.3   (Gibberellins)                          
 (Auxins) 

  

   

  gibberlic acid (GA3)  Rf 

  0.70 (  14)  0 (  1 

 3 )  Rf   0.35    14 (  4  6)  Rf  

2   0.53  0.60   Rf 2 
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 14   Rf 

   

 1  gibberellic acid (GA3)   Rf 

  

 (Canavalia gladiata DC)  Tamura et.al (1967) 

  Rf 0.3  Rf 0.6    

  (2545)   (2546) 

      indole-3-acetic 

acid (IAA) 0.5   gibberellic acid (GA3) 18.27  

 1   8  

 
1.2.4   
     

(  17)  

Phosphoketolase pathway             
S. cerevisiae  56   1.7%  

 0.33%    1%  

  P. anomala      

S. cerevisiae  (silage)  Pichia 

 Candida (Jonsson  Pahlow, 1984)   pH 

  

 (Woolford  Pahlow, 1998)  

 

1.2.5  
  

(Germination index)  50% (Zucconi et al., 1985)  

 8   16  64  

 114%   256  

 157% 

 (Paré et al., 1997)  0.33% 

 1.70% 



90

 512   1024  

  

  1:200   pH 3.99  EC 1.38 mS/cm 

    3.16   6.05  

 21.7   3.46   2.68 

  0.03   0.008   

0.25  

   

    

 10  (Farooqi et al., 1994)  

 

2.  
 

 

-

   pH   

        

  

 
2.1  

  (Loamy sand)  18 

 

 ( , 2538) 

 

2.2  pH  
  (  0) 

 pH  5.83-5.89 

+  pH    pH 6.29  

6.32  (  17)   pH 

   6.0-7.0 ( , 2538)  

pH  
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+   pH 

   

 (2545)  1   pH 

 0.08-0.34 pH unit  

  90  

 0.8-1.86 mS/cm  

 15 mS/cm  (Adams  Ho, 1992) 

 

2.3  (Primary plant nutrient)  
  251-

397  (0.025-0.039%)  983-1841 

 (0.098-0.184%)  108-126  (0.0108-

0.0126%)  (2538)  

  150-1,000  

  50-100   100-400 

  

 (  0 )  

  90  

  

   

  

   (  0)  108-126 

   

 

  3.2-4% 
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2.4  (�econdary plant nutrient)  
(Micronutrients) 

  3374-3953 

  70-88   20-24 

  2.3-3.7   36-56 

  

   50-100  

 2-5   20-24  (Aydin et al. 2000)    

 3  

  5,800-9,000   1,100-

1,200  

  

  

3.  
 

   4  7.06-7.78 log CFU/g  

 30  6.8-7.03 log CFU/g   90 

+

 (  20) 

 pH  (  17)  

 pH 6-8 ( , 2541) 

 pH 5.75  5.48  

+  pH 6.18  6.14 

 

 

  pH 4-8 ( , 2541) 

 pH  

 (  21) 

    pH 
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 +  (  22)  

  P. anomala  
  

 β -1,3 glucanase  Pichia 
membranifaciens (  )

 Botrytis cinerea  (Santos  

Marquina, 2004)  12 

 Plant growth-promoting rhizobacteria (PGPR)   

PGPR  auxins  gibberellins  cytokinins 

 (Cocking, 2003)  

  P. anomala  
 (Fredlund et.al. 2002) 

   Druvefors et.al. 2005  P. anomala 
 Penicillium roqueforti  

 P. anomala 
  Aspergillus flavus (Petersson  Schnurer ,1995) Aspergillus 

parasiticus,  Aspergillus niger,  Aspergillus pullulans (Polonelli et al., 1987) Botrytis 
cinerea (Masih et al., 2000) Penicillium notatum (Polonelli  Morace, 1986)  

Cladosporium cladosporioides  (Petersson  

Schnurer ,1995)  killer toxin  Candida albicans (Masih et al., 2002) 

  

 

4.  
  0  

  30-90  

  

  (p=0.05)  23-25 

  

    

 14  (  14)  

  (2546) 
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 3   

 Colletotrichum capsici  
 1   

  

   

 .  .  

(http://www.tmd.go.th)  

   30.2ºC 31.9ºC  34.1ºC  

 64%  55%  52%   15ºC-25ºC 

 50-65% (Pu�os  Morard, 1997) 

   (2538) 

 18ºC  30ºC   Ho 

(1987) 

  30ºC 

 

   

 

 

 

   (  22) 
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 5 
 

 
 

1.  Lactobacillus plantarum  Lactobacillus pentosus 
  pH 

   
 

   4.5     4.48 
 1.22     1.15  

1.34    38  42  
  153 

 
 200-500   C/N ratio   18 

 EC 1.38 mS/cm  
 1:200     

  
 
2.  Saccharomyces cerevisiae (38%), Pichia 

anomala (31%) ,  Pichia membranifaciens (28.6%)      Rhodotorula mucilaginosa  
(2.4 %)   Pichia anomala  Pichia membranifaciens  2  

 
 
3. +   pH 

  
 
4.   
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1.  

 
 
2.  

  
 
3. 

  
 
4.  
 
5. -  

 
 
6.     
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. . 2536. . 

. 30  2536, 44-46. 

 . 2541. . 70 . : 

.   

. 2541. . 547 . : 

  .  

 . 2547. .  

 .  

 . 2546.  

.  

 .  

 . 2545. . 216 . : . 

   . 2547. 

.  

 . 

 ,    . 2548. 

. .  . 27(3): 601-

615. 

 . 2544. . 320 . 

  

.  

 . 2538. . 210 . :  

 .  

 . 2546. - . 197 . :  

.  

 . 2540. : .261 . 

:   .  

 . 2545. 

.   

.  

. 2547. . . .  

4/2547 : 43-47. 
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.  
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 . 

 . 2526. . 147 . : . 
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  .  

Adams, P., and Ho, LC. 1992. The susceptibility of modern tomato cultivars blossom-

end rot in relation to salinity. Hort. Science 67, 827-839.  

Aroonrungsikul, C., S. Sukprakarn, S. Shigenaga and E. Nawata. 1993. Analysis of 

endogenous gibberellic acid abscisic acid and ethylene in cucumber seed 

(Cucumis sativus L.). Kasetsart  J.(Nat. Sci. Suppl.). 27(5), 21-26 

AOAC. 2002. Official Methods of Analysis of the Association of Official Analytical 

Chemists 15th ed. Vol II. The Association of Official Analytical Chemists, Inc. 

USA. 

Axelsson, L.T. 1993. Lactic acid bacteria : Classification and physiology. In Lactic Acid 

Bacteria. (ed. Salminen, S. and Wright, A.V.) New York: Mercel Dekker. pp. 1-

64. 

Aydin, G., Mehmet, A.,Yakup, C., and Hesna, O. 2000. The effect of zinc and boron 

toxicity in tomato plants (Lycopersicon esculentum L.) Turk J Agric. 24, 505-509. 

Barnett, J.A., Payne, R..W., Yarrow, D. 2000. Yeasts: characteristics and identification.     

(3rd ed.). Cambridge: Cambridge University Press.  pp.1139. 

Bishop, T.F.A., and Lark, R.M. 2007. A landscape-scale experiment on the changes in 

available potassium over a winter wheat cropping season. Geoderma. 141, 384-

396. 

Blom, H., Mortvedt, C. 1991. Anti-microbial substances produced by food-associated 

micro-organisms. Biochem. Soc. Trans. 19, 694 698. 

Boekhout, T., and Robert, V. 2003. Yeasts in food. New York: Woodhead publishing Ltd. 

pp. 69-116.  



99
Buckenhu¨skes, H.J. 1997. Fermented Vegetables. In: Doyle, M.P., Beuchat, L.R., 

Montville, T.J. (Eds.), Food Microbiology:Fundamentals and Frontiers, ASM 

Press, Washington D.C. pp. 595 609. 

Cocking, E.C. 2003. Endophytic colonization of plant roots by nitrogen fixing bacteria. 

Plant soil. 252, 169-175. 

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A., and Smith, F. 1956. Phenol 

sulfuric total sugar. Anal. Chem. 28- 350. 

Druvefors, U.A., Passoth, V., and Schnurer, J. 2005. Nutrient effects on biocontrol of 

Penicillium roqueforti by Pichia anomala J121 during airtight storage of wheat. 

Appl. and Environ. Microbiol. 1865-1869.  

Ehmann A. 1977. The Van Urk-Salkowski reagent-a sensitive and specific chromogenic 

reagent for silica gel thin-layer chromatographic detection and identification of 

indole derivatives. J. Chromatogr.132, 267-276. 

Farooqi, A.H., Shukla, Y.N., Sharma, S., and Bansal, R.P. 1994. Relationship between 

gibberellin and cytokinin activity and flowering in Rosa damascene Mill. Plant 

growth regul. 14, 109-113. 

Fatih, I. , Altinbay, D., Acun, T. 2006. Killer toxin of Pichia anomala NCYC 432; 

purification, characterization and its exo-beta -1,3-glucanase activity. Enzyme 

and Microb Teachnol. 39, 669-676. 

Fredlund, E., Druvefors, U., Lingsten, K., Boysen ME., and Schnurer, J. 2002. 

Physiological characteristics of the biocontrol yeast Pichia anomala J121. FEMS 

Yeast Res. 2,395-402. 

Garrido, A., Garcia, P., and Brenes, M. 1995. Olives fermentation. Food Sci and 

Technol. 8, 31-127. 

Ghassemi, F., Jakeman A., and Nix HA. 1995. Mechanism of salt tolerance in non-

halophytes. Ann. Rev. Plant  Physiol. 31, 149-190. 

Hoekstra, N.J., Bosker, T., and Lantinga, E.A. 2002. Effects of cattle dung from farms 

with different feeding strategies on germination and initial root growth of cress 

(Lepidium sativum L.). Agric. Ecosyst and Environ. 93, 189 196. 

Ho, L. 1987. Hybrid tomato seed production. In. FFTC Book Series No. 36. Improve 

Vegetable Production in Asia. Taiwan. 

John, G. H., and Nuel, R.K. 1984. Genus IX Zymomonas. In Garrity, G.M.(ed.). Bergey  

Manual of Systematic Bacteriology. Volume 2 (2nd ed.).pp. 282-287. Baltimore: 

The William & Wilkins. 



100
Jonsson, A., and Pahlow, G. 1984. Systemic classification and biochemical 

characterization of yeasts growing in grass silage inoculated with Lactobacillus 

cultures. Anim. Res. and Dev. 20, 7-22. 

Kantachote, D., and Charernjiratrakul, W. 2008. Effects of initial air removal on 

microorganisms and characteristics of fermented plant beverages. Pakistan 

J.Biolo Sci. 11(2), 173 -180. 

Kayhanian, M., and Tchobanoglous, G.1993. Characteristics of humus produced from 

the anaerobic composting of the biodegradable organic fraction of municipal 

solid waste. Environ. Technol. 14, 815-829. 

Kennes, C., Veiga,M.C., Dubourguier, H.C.,Touzel, J.P., Albagnac, G.,Naveau,H., and 

Nyns, E.J. 1991. Trophic relationships between Saccharomyces cerevisiae and 

Lactobacillus plantarum  and their metabolism of glucose and citrate. Applied 

and Environ. Microbiol. 1046-1051. 

Masih, E.I., Alie, I., and Paul, B. 2000. Can the grey mould disease of the grape-vine be 

controlled by yeast? FEMS Microbiology Letters 189, 233-237. 

Masih, E.I., and Paul, B. 2002. Secretion of beta-1,3-glucanases by the yeast  
         Pichia membranifaciens and its possible role in the biocontrol of Botrytis cinerea 

causing grey mold disease of the grapevine. Current Microbiol. 44, 391-395. 

Moore, M., and Breedveld, M. 1989. The role of carotenoids in preventing oxidative 

damage in the pigmented yeast, Rhodotorula mucilaginosa. Arch. Biochem. 

Biophys. 270, 419-31.  

Paré, T., Gregorich, E.G., and Dinel, H. 1997. Effects of stockpiled and composted 

manures on germination and initial growth of cress (Lepidium sativum). Biol. 

Agric. Horticulture 17, 3 11. 

Patricia,I. 1999. International Potash Instituta Coordinator India. Recent techniques in 

fertigation of horticultural crops in Israel. (cited 15 January 2004) Available from: 

http:// www.ipipotash.org/presentn/rtifohc.html  

Petersson, S., and  Schnürer, J. 1995. Biocontrol of mold growth in high moisture wheat 

stored under airtight conditions by Pichia anomala, Pichia guilliermondii and 

Saccharomyces cerevisiae. Appl. and Environ. Microbiol. 61, 1027-1032. 

Polonelli, L., Dettori, G., Cattel, C., and  Morace, G. 1987. Biotyping of micelial fungus 

cultures by the killer system. European J. Epidemiol. 3,  237-42. 



101
Polonelli, L., and  Morace, G. 1986. Reevaluation of the yeast killer phenomenon. 

J.Clinic Microbiol. 24, 866-869. 

Prachyakij, P., Charernjiratrakul, W., and Kantachote, D. 2008. Improvement in the 

quality of a fermented seaweed beverage using an antiyeast starter of 

Lactobacillus plantarum DW3 and partial sterilization. World J Microbiol 

Biotechnol.  

Praphailong, W., and Fleet, G.H. 1997. The effect of pH, sodium chloride, sucrose, 

sorbate and benzoate on the growth of food spoilage yeasts. Food Microbiol. 14, 

459-468. 

Pujos, A., and Morard, P. 1997. Effects of potassium deficiency on tomato growth and 

mineral nutrition at the early production stage. Plant and Soil. 189, 189-196.   

Ruiz, J.L., and Jimenez, R. 1995. Availability of essential B-group vitamins to 

Lactobacillus plantarum in green olive fermentation brines. Appl and Environ 

Microbiol. 61, 1294-1299.   

Santos, A., and Marquina, D. 2004. Killer toxin of Pichia membranifaciens and its 

possible use as a biocontrol agent against grey mould disease of grapevine. 

Microbiol. 150, 2527-2534. 

Soil Survey Division Staff. 1993. Soil Survey Manual. United States Department of 

Agriculture United States Government Printing Office. Washington D.C.437 pp. 

 Stoffella, P.J. and Kahm, B.A. 2001. Compost utilization in horticultural cropping 

systems. New York: Lewis publishers. 414 pp. 

Tamura, S., Takahashi, N., Murofushi, N., and Yokota, T.1967. Isolation of two new 

gibberellins from immature seeds of Canavalia gladiata DC. Planta 75, 279-282. 

Tester, C.F., Sikora, L.J., Taylor, J.M., and Parr, J.F.1977. Decomposition of sewage 

sludge compost In soil. I. Carbon and nitrogen transformations. J. Environ. 

Quality. 6, 459-463. 

Thomas, K.C., Hynes, S.H., and Ingledew, W.M. 2002. Influence of medium buffering 

capacity on inhibition of Saccharomyces cerevisiae growth by acetic and lactic 

acid. Appl and Environ Microbiol. 68,1616-1623. 

Walker, G. M. 1998. Yeast physiology and biotechnology. 350 pp. England: John Wiley 

& Son Ltd. 

Wong, J.W.C., Mak, K.F., Chan, N.W., Lam, A., Fang, M., Zhou, L.X.,Wu, Q.T. and Liao, 

X.D. 2001. Co-composting of soybean residues and leaves in Hong Kong. 

Bioresource Technol. 76, 99 106. 



102
Wood, B.J.B., and Holzapfel, W.H. 1995. The Genera of Lactic Acid Bacteria. 398 

pp. London: Blackie Academic.  

Wood, B.J.B. 1998. Microbiology of fermented foods. (2nd ed.). 440 pp. London: 

Thomson Science. 

Woolford, M.K., and  Pahlow, G. 1998. The silage fermentation. In Wood, B.J.B.(ed.). 

Microbiology of fermented foods (Vol.I). pp. 73-96. London: Thomson Science. 

Yang, M. and Choong, Y. 2001. A rapid gas chromatographic method for direct 

determination of short  chain (C1-C12) volatile organic acids in foods. Food 

Chemis. 75: 327-331. 

 Zucconi, F., Monaco, A., Forte, M. and Beritodi, M. 1985. Phytotoxins during the 

stabilization of organic matter. In: Gasser, J.K.R. (Ed.), Composting of 

agricultural and other wastes. Elsevier, London, pp. 73 86. 

Wikipedia the free encyclopedia, Gibberellic acid, April 10, 2008. Available from: 

http://en.wikipedia.org. 



103
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



104
 

  
 
 

 
Assimilation of carbon compound 
   stock  10    
 Yeast nitrogen base   6.7   
   5      
  Distilled water 100  
   100ºC  

 50ºC 
 0.45   5   

  
  10  stock solution   10  stock solution 

  10  stock solution 0.5   4.5 
   

 
 Carbohydrate fermentation broth 
 Phenol-red broth base 15.0  
 Glucose  10  
 Distilled water  1,000   
   pH  
7.4  110ºC  15  10  
 
Christensen Urea agar 
 Peptone   1.0  
 Sodium chloride 5.0  
 Dihydrogen phosphate 2.0  
 Phenol red  0.012  
 Distilled water  1,000     
   pH  6.8   20  

 121ºC  15  15  
 45-50ºC  urea  20% 
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 0.45   100  
  13x100   3   slant  

 
Cycloheximide Medium: 0�01%  0�1%  
 Cycloheximide  0.1  (  0.01%) 
 Cycloheximide  1.0  (  0.1%) 
 Acetone  2.5   
 Yeast Nitrogen Base (Difco) 6.7  
 D-glucose    10.0  
 Distilled water  100    
  cycloheximide  acetone 

  0.45 
  0.5   4.5  
  

 
Fermentation medium 
 Yeast extract   3.0  
 Peptone   5.0  
 D-glucose    20.0  
 Distilled water  1,000   
   0.2% bromothymol blue 4  

 16x150    5  
 110ºC  15  10  

 
Fermentation medium  
  stock  6% (w/v)  
raffinose  12% (w/v) 

 0.45   5  
  

 Basal medium  
 Yeast extract   4.5  
 Peptone   7.5  
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   0.2% bromothymol blue 4 
/Basal medium 100   16x150  

  4   121ºC  15  
15   stock  2   Basal medium  
 
Malt yeast glucose peptone agar (YM agar) 
 Malt extract   3.0  
 Yeast extract   3.0  
 Peptone   5.0  
 D-glucose    10.0  
 Agar   20.0  
  Distilled water                     1,000               
    

 121ºC  15   15     pH  
5.5  
 
 MRS (de Man Rogosa and Shape) agar 
 Proteose Peptone 10.0   
 Beef Extract  10.0   
 Yeast Extract    5.0   
 Dextrose  20.0   
 Polysobate 80    1.0   
 Ammonium Citrate   2.0   
 Sodium Acetate   5.0   
 Magnesium Sulfate   0.1   
 Manganese Sulfate   0.05   
 Dipotassium Phosphate   2.0   
 Agar   15.0  
 Distilled water  1,000  
     pH 

 6.5  121ºC  15   15  
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 MRS (de Man Rogosa and Shape) broth 
 Proteose Peptone 10.0   
 Beef Extract  10.0   
 Yeast Extract  5.0   
 Dextrose                    20.0   
 Polysobate 80  1.0   
          Ammonium Citrate                 2.0   
          Sodium Acetate                    5.0   
          Magnesium Sulfate                0.1   
 Manganese Sulfate 0.05   
 Dipotassium Phosphate 2.0   
 Distilled water  1,000  
    pH  6.5 

 121ºC  15  15  
 
Plate count agar  
 Pancreatic digest of casein  5.0  
 Yeast Extract  2.5  
 Glucose  1.0   
 Agar  15.0  
  Distilled water                      1,000     
   pH       
7.0± 0.2  121ºC  15  15  
 
Potato dextrose agar 
 Potato starch  4.0   
 Dextrose  20.0  
 Agar  15.0  
  

 121ºC  15   15  
 45-50ºC  pH  3.5  10% tartaric acid   
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Potassium acetate agar 
 Potassium acetate 10.0   
 Glucose   1.0   
 Yeast extract   2.5  
 Distilled water  1,000      
   agar  1.5% 

  18x150   5 
 121ºC  15   15  

 slant  
 
WL Differential Medium 
 Yeast extract   4.0   
 Pancreatic Digest of Casein 5.0   
 Dextrose  50.0   
 Monopotassium phosphate 0.55  
 Potassium chloride 0.425  
 Calcium chloride  0.125  
 Magnesium sulfate 0.125  
 Ferric chloride  0.0025  
 Manganese sulfate 0.0025  
 Agar  20.0   
 Bromcresol green 0.022   
 Cycloheximide  0.004   
 Distilled water  1,000      
  

 121ºC  15   15  
 45-50ºC  pH  6.5±2  1% sodium carbonate   
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YM agar 
 Yeast extract    3.0   
 Malt extract    3.0   
 Peptone   5.0   
 Dextrose  10.0   
 Agar  15.0  
  

 121ºC  15   15  
 45-50ºC  pH  3-4    

 
YM broth  
 Yeast extract   3.0   
 Malt extract   3.0   
 Peptone  5.0   
 Dextrose  10.0   
  

 121ºC  15   15   
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  (  3 �2O2) 
 35% H2O2 8.6  
 Distilled water 1,000.0  
  
 
  
 1. Crystal violet 

 -  A:  crystal violet 2.0   95% ethyl alcohol  
   20  

-  B:  ammonium oxalate 0.8   
  80  

  A  B   24 . 
 crystal violet staining reagent 

 2. 95% ethyl alcohol 
 3. Gram iodine (mordant) 
  1.0   potassium iodine 2.0   

  300  
 

 4. Safranin (conunterstain) 
  safranin  2.5   95% ethylalcohol  10  

 100  
 
  ascospore  
 1. 5% Malachite green  
   Malachite green 5   100  

 Whatman No.1  
 2. 0.5 % Safranin 
  safranin  0.5    95% ethylalcohol  10  

 100   
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  ascospore  smear  fix 
  Malachite green  smear  3-5  

 3-6    
 0.5 % Safranin  30     

  ascospore   
 
 Bromocresal purple  1% 
 Bromocresal purple 1.0  
 Distilled water  100.0  
  bromocresal purple   95% alcohol 

 bromocresal purple  100  
 
 Sodium azide 
 Sodium azide  1.0  
  Distilled water                     10.0  
  sodium azide   

 
 
Van Urk-Salkowski reagent  

(A) Van Urk reagent  
- 1 g p-dimethylaminobenzadehyde 
- 50 ml conc. HCL 
- 50 ml  absolute ethanol 

(B) Salkowski reagent 
- 2.03 g FeCl3.6H2O 
- 500 ml water 
- 300 ml conc. H2SO4 

Van Urk-Salkowski reagent  A:B =  1:3 



112

  

 

 

 

1.   Titration method (AOAC, 2002) 

 

     

 1.  (  20   soda lime ) 

 2.  0.1 N NaOH (NaOH 4 g.  1 ) 

   

  

 0.1 N NaOH 

 Acid potassium phthalate (  2   120ºC )  

0.3   volumetric flask  100   

100    Acid potassium phthalate (�HC8H4O4)   phenolphthalein (

 1   95% 100 ) 3   0.1 N 

NaOH  

 

    (N)   =        �HC8H4O4 x 1000 

 ml.  0.1 N NaOH x 204.229 

 

               

 

 

  1    

phenolphthalein 3   0.1 N NaOH 

  

 

  ( /100 )   =   N x V x 90 x 100 

                                   1000 x 1 

    N =  0.1 N NaOH      

                 V =  0.1 N NaOH   
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2.   Phenol-sulfuric method  (Dubois et 
al.,1956) 

 

  

          1.  (reagent grade 95.5% , specific gravity 1.84)  

          2.   5%   5   100 

   

 

 

1.  20x150   

 2    

2.  5% 1    2-3  

 

          3.  5    10   

 20   490   

Plot curve  OD  

 

 

1.    0.35  

 100    10 35 50 

70  2   

2.  2   

 5% 1    2-3  

  

3.  5    10   

 20   490  

4.  OD  
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y = 0.0078x

R
2
 = 0.9991

0

0.1

0.2

0.3

0.4

0.5

0.6

0 20 40 60 80

 ( )

 49
0 

 
  1 

 490  

 

 

3. -  (pH)  

 

 

  (�Cl) 1    �Cl 74.56  

 deionized  1  

 

 

  10   1   50  

     20-30   pH meter  pH 
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4.  (electrical conductivity)  

  5    deionized  25 

   30  

 conductivity meter  

 

5.  

  

 

 1.0 N potassium dichromate (K2Cr207):  potassium 

dichromate 49.04  (  105   3 )  

volumetric flask  1   deionized  1  

 0.5 N Ferrous ammonium sulfate hexahydrate (Fe (NH4)2(SO4)2.6H2O): 

  Fe (NH4)2(SO4)2.6H2O 196.07   deionized  

15   1    

  (Sulphuric acid)  96% (96% w/w H2SO4)  

 Ferroin indicator:  1, 10-phenanthroline ferrous sulfate indicator 

1.485    Fe SO4.7H2O 0.695   deionized 100   

 

 

  1  (  0.5-2 ) 

 Erlenmeyer flask  250     1.0 N potassium dichromate 10 

   15   30  

 75    Ferroin indicator  3-4  

 0.5 N Ferrous ammonium sulfate hexahydrate 

   Blank  

 

 

 Fe+2 

 N1 V1 = N2V2 

 N1 = 1.0 x 10 / V1 

  N1 =  Fe2
+ (1 ) 

 V1 =  Fe2
+  

    Blank ( ) 
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 N2       =  �2Cr2O7 (1 ) 

 V2       =  �2Cr2O7 (10 ) 

 % Organic Carbon   =    (N2 x V2)  (N1 x V1)     x 0.399 / soil wt 

         =    (1.0 x 10)  (N1 x V1)   x 0.399 / soil wt 

 % Organic Matter    =    (1.0 x 10) - (N1 x V1)    x 0.6717 / soil wt 

         = % Organic Carbon x 1.724 

 

6. Germination index: GI (Wong et al., 2001) 

 

GI: germination index  

RSG: The percentages of relative seed germination  

RRG: The percentages of relative root growth 

   

Number of seeds germinated in fermented wild forest noni extract RSG (%)  

=
       Number of seeds germinated in control (Distilled water) 

 

X 100 

 

Mean root length in fermented wild forest noni extract RRG (%)  

=
Mean root length in control (Distilled water) 

 

X 100 

 

RSG x RRG 
GI (%) 

 

=
100 
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1.   DNA Sequencing electropherogram  

  
   

  1  1  DNA Sequencing electropherogram 
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  2   2   DNA Sequencing electropherogram 
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  3  3  DNA Sequencing electropherogram 
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   4  4  DNA Sequencing electropherogram 
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WF0-1 + + + + + + + + + + + + - 
WF0-2 + + + + + + + + + + + + - 
WF0-3 + + + + + + + + + + + + - 
WF0-4 + + + + + + + + + + + + - 
WF0-5 + + + + + + + + + + + + - 
WF0-6 + + + + + + + + + + + + - 
WF0-7 + + + + + + + + + + + + - 
WF0-8 + + + + + + + + + + + + - 
WF0-9 + + + + + + + + + + + + - 

0 

WF0-10 + + + + + + + + + + + + - 
WF7-1 + + + + + + + + + + + + - 
WF7-2 + + + + + + + + + + + + - 
WF7-3 + + + + + + + + + + + + - 
WF7-4 + + + + + + + + + + + + - 
WF7-5 + + + + + + + + + + + + - 
WF7-6 + + + + + + + + + + + + - 
WF7-7 + - + + + + + + + + + + - 
WF7-8 + + + + + + + + + + + + - 
WF7-9 + - + + + + + + + + + + - 

7 

WF7-10 + - + + + + + + + + + + - 
WF14-1 + + + + + + + + + + + + - 
WF14-2 + + + + + + + + + + + + - 
WF14-3 + + + + + + + + - + + + - 
WF14-4 + + + + + + + + + + + + - 

14 

WF14-5 + + + + + + + + + + + + - 
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WF14-6 + + + + + + + + + + + + - 
WF14-7 + + + + + + + + + + + + - 
WF14-8 + + + + + + + + + + + + - 
WF14-9 + + + + + + + + + + + + - 
WF14-10 + + + + + + + + + + + + - 
WF14-11 + + + + + + + + + + + + - 
WF14-12 + + + + + + + + + + + + - 

14 

WF14-13 + + + + + + + + + + + + - 
WF21-1 + + + + + + + + + + + + - 
WF21-2 + + + + + + + + + + + + - 
WF21-3 + + + + + + + + + + + + - 
WF21-4 + + + + + + + + + + + + - 
WF21-5 + + + + + + + + + + + + - 
WF21-6 + + + - + + + + + + + + + 
WF21-7 + + + + + + + + + + + + - 
WF21-8 + + + + + + + + + + + + - 
WF21-9 + + + - + + + + + + + + + 
WF21-10 + + + - + + + + + + + + + 
WF21-11 + + + + + + + + + + + + - 
WF21-12 + + + + + + + + + + + + - 
WF21-13 + + + + + + + + + + + + - 
WF21-14 + + + + + + + + + + + + - 

21 

WF21-15 + + + + + + + + + + + + - 
WF28-1 + + + + + + + + + + + + - 
WF28-2 + + + + + + + + + + + + - 
WF28-3 + + + + + + + + + + + + - 
WF28-4 + + + + + + + + + + + + - 
WF28-5 + + + + + + + + + + + + - 

28 

WF28-6 + + + + + + + + + + + + - 
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WF28-7 + + + + + + + + + + + + - 
WF28-8 + + + + + + + + + + + + - 
WF28-9 + + + + + + + + + + + + - 
WF28-10 + + + + + + + + + + + + - 
WF28-11 + + + + + + + + + + + + - 

28 

WF28-12 + + + + + + + + + + + + - 
WF35-1 + + + + + + + + + + + + - 
WF35-2 + + + + + + + + + + + + - 
WF35-3 + + + + + + + + + + + + - 
WF35-4 + + + + + + + + - + + + - 
WF35-5 + + + + + + + + - + + + - 
WF35-6 + + + + + + + + - + + + - 
WF35-7 + + + + + + + + - + + + - 
WF35-8 + + + + + + + + - + + + - 
WF35-9 + + + + + + + + - + + + - 

35 

WF35-10 + + + + + + + + + + + + - 
WF42-1 + + + + + + + + + + + + - 
WF42-2 + + + + + + + + + + + + - 
WF42-3 + + + + + + + + + + + + - 
WF42-4 + + + + + + + + + + + + - 
WF42-5 + + + + + + + + + + + + - 
WF42-6 + + + + + + + + + + + + - 
WF42-7 + + + + + + + + + + + + - 
WF42-8 + + + + + + + + + + + + - 
WF42-9 + + + + + + + + + + + + - 
WF42-10 + + + + + + + + + + + + - 
WF42-11 + + + + + + + + + + + + - 

42 

WF42-12 + + + + + + + + + + + + - 
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WF49-1 + + + + + + + + + + + + - 
WF49-2 + + + + + + + + + + + + - 
WF49-3 + + + + + + + + + + + + - 
WF49-4 + + + + + + + + + + + + - 
WF49-5 + + + + + + + + + + + + - 
WF49-6 + + + + + + + + + + + + - 
WF49-7 + + + + + + + + + + + + - 
WF49-8 + + + + + + + + + + + + - 
WF49-9 + + + + + + + + - + + + - 

49 

WF49-10 + + + + + + + + - + + + - 
WF56-1 + + + + + + + + + + + + - 
WF56-2 + + + + + + + + + + + + - 
WF56-3 + + + + + + + + + + + + - 
WF56-4 + + + + + + + + + + + + - 
WF56-5 + + + + + + + + + + + + - 
WF56-6 + + + + + + + + + + + + - 
WF56-7 + + + + + + + + + + + + - 
WF56-8 + + + + + + + + + + + + - 
WF56-9 + + + + + + + + + + + + - 

56 

WF56-10 + + + + + + + + + + + + - 
 

: + = , - =   
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   2   49 
 API 50 CHL test  API Web Stand Alone V. 1.1.0 

Lactobacillus sp. 

Tube Test W
F0

-1
 

W
F7

-1
 

W
F7

-7
 

W
F1

4-
1 

W
F1

4-
3 

W
F2

1-
1 

W
F2

1-
6 

W
F2

8-
1 

W
F3

5-
1 

L. 
pla

nta
rum

 

0 CONTROL - - - - - - - - - - 

1 Glycerol - - - - - - + - - - 

2 Erythritol - - - - - - - - - - 

3 D-Arabinose - - - - - - - - - - 

4 L-Arabinose + + + + + + + + + + 

5 D-Ribose + + + + + + + + + + 

6 D-Xylose - - - - - - + - - - 

7 L-Xylose - - - - - - - - - - 

8 A-Adonitol  - - - - - - - - - - 

9 Methyl-βD-Xylopyranoside - - - - - - - - - - 

10 D-Galactose + + + + + + + + + + 

11 D-Glucose + + + + + + + + + + 

12 D-Fructose + + + + + + + + + + 

13 D-Mannose + + + + + + + + + + 

14 L-Sorbose - - - - - - - - - - 

15 L-Rhamnose - - - - - - + - - - 

16 Dulcitol - - - - - - - - - - 

17 Inositol - - - - - - - - - - 

18 D-Mannitol + + + + + + + + + + 

19 D-Sorbitol + + - + + + + + + + 

20 Methyl-αD-Mannopyranoside - - + - - - - + - + 

21 Methyl-αD-Glucopyranoside - - - - - - + - - - 

22 N-Acetylglucosamine + + + + + + + + + + 

23 Amygdalin + + + + + + + + + + 

24 Arbutin + + + + + + + + + + 

25 Esculin ferric citrate - - - - - - - - - + 
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   2   ( ) 

 

Lactobacillus sp. 

Tube 

 

 

 

Test 

W
F0

-1
 

W
F7

-1
 

W
F7

-7
 

W
F1

4-
1 

W
F1

4-
3 

W
F2

1-
1 

W
F2

1-
6 

W
F2

8-
1 

W
F3

5-
1 

L. 
pla

nta
rum

 

26 Salicin + + + + + + + + + + 

27 D-Celibiose + + + + + + + + + + 

28 D-Maltose + + + + + + + + + + 

29 D-Lactose (bovine origin) + + + + + + + + + + 

30 D-Melibiose + + + + + + + + + + 

31 D-Saccharose (sucrose) + + + + + + + + + + 

32 D-Trehalose + + + + + + + + + + 

33 Inulin - - - - - - - - - - 

34 D-Melezitose + + + + + + - + + + 

35 D-Raffinose + + + + + + + + + + 

36 Amidon (starch) - - - - - - - - - - 

37 Glycogen - - - - - - - - - - 

38 Xylitol - - - - - - - - - - 

39 Gentiobiose + + + + + + + + + - 

40 D-Turanose + + + + + + - + + + 

41 D-Lyxose - - - - - - - - - - 

42 D-Tagatose - - - - - - - - - - 

43 D-Fucose - - - - - - - - - - 

44 L-Fucose - - - - - - - - - - 

45 D-Arabitol - - + - - - - + - - 

46 L-Arabitol - - - - - - - - - - 

47 Potassium Gluconate + + + + + + + + + - 

48 Potassium 2-ketogluconate - - - - - - - - - - 

49 Potassium 5-ketogluconate - - - - - - - - - - 
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Lactobacillus sp. 

Tube Test W
F3

5-
4 

W
F4

2-
1 

W
F4

9-
1 

W
F4

9-
9 

W
F5

6-
1 

0 CONTROL - - - - - 

1 Glycerol - - - - - 

2 Erythritol - - - - - 

3 D-Arabinose - - - - - 

4 L-Arabinose + + + + + 

5 D-Ribose + + + + + 

6 D-Xylose - - - - - 

7 L-Xylose - - - - - 

8 A-Adonitol  - - - - - 

9 Methyl-βD-Xylopyranoside - - - - - 

10 D-Galactose + + + + + 

11 D-Glucose + + + + + 

12 D-Fructose + + + + + 

13 D-Mannose + + + + + 

14 L-Sorbose - - - - - 

15 L-Rhamnose - - - - - 

16 Dulcitol - - - - - 

17 Inositol - - - - - 

18 D-Mannitol + + + + + 

19 D-Sorbitol - - + + + 

20 Methyl-αD-Mannopyranoside + + - + + 

21 Methyl-αD-Glucopyranoside - - - - - 

22 N-Acetylglucosamine + + + + + 

23 Amygdalin + + + + + 

24 Arbutin + + + + + 

25 Esculin ferric citrate - - - - - 
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Lactobacillus sp. 

Tube 

 

 

 

Test W
F3

5-
4 

W
F4

2-
1 

W
F4

9-
1 

W
F4

9-
9 

W
F5

6-
1 

26 Salicin + + + + + 

27 D-Celibiose + + + + + 

28 D-Maltose + + + + + 

29 D-Lactose (bovine origin) + + + + + 

30 D-Melibiose + + + + + 

31 D-Saccharose (sucrose) + + + + + 

32 D-Trehalose + + + + + 

33 Inulin - - - - - 

34 D-Melezitose + + + + + 

35 D-Raffinose + + + + + 

36 Amidon (starch) - - - - - 

37 Glycogen - - - - - 

38 Xylitol - - - - - 

39 Gentiobiose + + + + + 

40 D-Turanose + + + + + 

41 D-Lyxose - - - - - 

42 D-Tagatose - - - - - 

43 D-Fucose - - - - - 

44 L-Fucose - - - - - 

45 D-Arabitol + + - - + 

46 L-Arabitol - - - - - 

47 Potassium Gluconate + + - - + 

48 Potassium 2-ketogluconate - - - - - 

49 Potassium 5-ketogluconate - - - - - 

: + = , - =   




