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%N �O��P )��,�!� %����.    ��%�� �0 ��� -���  �� L�� u���� A��= �!��= �M� A�
%N �O��P ��� Q��� W-�X <�  Bv�8����  �����vN  �5v�5� <�  >v�
  ��v���  ��v�� *�5�5� )��[ k�= *�5�5� 50% ����  �5v�5� + 50%  )��v[ k�= �5�5�* 75% ���� �5�5� + 25%  )��v[  k�v=  �5v�5�* 25% ���� �5�5� + 75% )��[ k�=  �5v�5�*  �P�v!  *�5v�5� ���� �5�5� � �����N {5O �� w"  >v`�a  *�,v- 250* 500* 1000* 2000 � ppm4000 ��� Q��� )��,�!� %����.    �5�
� 
+	 ��%�� �)��*  6�7 8��*  �!��= �M� A�
%N �O��P ��� Q���  �v=  )��,�v!� <�  �v! \5vv6 ]��vvP )(R24 solani Rhizoctonia*  Sclerotinia (Scl11) sclerotiorum �  nicotianae Phytophthora (Ph51) �@ �= S����W��� A����= ^�! *_[< ��%�!5�  �v�� � ^�! )��! �5�5� ��%	"�=* d� 6� .%"    ����2�	 
+	 �9�7�	�2�� 2	 �:� ;��'��� 8��*  ��� Q��� %�85� )%" �= )��,�!� <� I�� cG�[� �= V��� >�@  A��=�=��<��  �vM�  %vN  vP�O��  ��5v�  )��,�v!�  ���vP .>D�� V��� >�@ ��9 ��� ���9 f� <� �G@5��  �%v" �� A��� 121 �&�� m5�4�! � ���D ?�  �,v4���  �v=  �%v�   20 *���P� �� A��� ^��� ���P )��� .%" fs! � v�V�  >v�@ A��X >`�a�
A �,-  (%
�v")* 250* 500* 1000* 2000 � ppm4000 ��� Q��� ��H� ��� v�.%  v��V�  >v�@  A��vX >`�a�
A |��r� ��� Q��� �=  Wv[��  �v��A �v
 A ��v!��W ����r .%" 24 >��! f� <� �� L�vr  v���V ��  �v��A *�v
 ��:4 ��= ��P 7 ������� <� "�X�� >�@  �v! )<��  ]��vP ��"���= � �� B@�� �
 ��� A���P )��� .%" ���A�
 �� W[�� �5��=5:6� �� ��� A25 �&�� m5�4�! �;6��� A)%" � ��P d5��vv4�� ]��vvP �vv� ��vv�< ���vv"� h�vv! V�vv�� >vv�@ �� ?���A�
 %
�" �� ���!A�H L��� )8 hZ-(  )<�%v6�  A�v��  %v" )2011 .,al et Yanar.(  %v-��  ��%v6���<�= <�  %v"� d5���4�� ]��P �= )��,�!� <� �5��D  ��<�Z!��� .%����    = ((C-T)/C) ×100 %-�� ��%6���<�=  �@ �� �9 C ��P %"� d5���4�� %
�" )�������( � T ��P %"� d5���4�� �65�6 )�������( >!�.     
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+	 8��*�<( )Fungicide( �� 8��*���?��	 )Fungistate( ��� -��� �=�5`	� �!��= ����� ]��P��@ ��  ]��vP ����v4�� ��� Q���* ?4�� �O��P ���
�����  �v@  %v"�  �O��vP ��  �vH69 )%
��� %���;6 A�� V��� >�@ ��9 ���  ��v�9  >v�@�� %" � %"� �� d%� %"� ]��P A�� V��� >�@ f� <� ?� ��,
 �!��= .%���� d%� %"� ]��P �=��5	� �M� ]��P �v�@ ��� Q��� � %"� ]��P �� V��� >�@ %�%&  �v=� ��5v	  �vM� ]��P ����4�� >ZM %����.    @�3A0� B�'!0����C  w��vv�<9 �vv=��5vv- Wvv��5�@�D �� Svv8�P F�vvx �G��vv@ �D��z� �= �� �5�@�D ��� Q��� %�85� )%" <� �����N |��r� �5�5� �� >�
 h�! � >`�a �� w" h�! �� �!  ���v:� A�� �! \56 ]��P �� h�! A��� �� )�;����<9 d� 6� .%"    3�1�7C ���� �: ���  3�1�7C �D�( E�(
0��% ��� -���  �= �&5� �= e���6 �o��� )%" �� �l��� *�=���  A�
�M� %vN �O��P ��� Q��� c5=�� �= S�@��A�
 85	D� � A�
%�!�  �v89 �5&5� �� �9 ��  %v"�=)2009 ,& Niamsa Baimark } Ma 2011 ,et al.(. L���=�	=  �v=  )��,�v!� <� I�� chen-Amen  � ) ����:�
1997( S�@��A�
 85	D� � A�
%�!� �89 ��� Q��� q��r�!� %���� � �= )��,�!� <� )�;�!�  �D���5��v���@  A<�v� ��5:!���:s!� ���& )Agilent HP,( �=  ��vzr��  �5�v! �:���! A�G�s@ )30 ��� *�5x 25/0  �v��� �v��  *�v�P 25/0 ��:����� >��rN(* <�� W��X d5��
 �=  p5v�[ 999/99 � ����& 9/0 �������8 �= ���P� ���!�	" d� 6� %".  ���6�= ����� �5�! �= A��� 50 �&�� m5�4�! �= �%� ?� ���P� \��" %���� � �= >��! 4  �v&��  �v=  �v��P�  �v= A��� 230 �&�� m5�4�! %�!� � )� ���P� |P5�  >v"��. fs! �= >��! 5 �&��  �v=  �v��P�  �v=  A�v�� 280  �v&�� m5�4�!  %�v!� � 2  �v��P�  |vP5�  >v"��.  A�v��  uv��B�   250 �&�� m5�4�!* _ X u��B� ?� �:�����8� � >Z46 >��s!� _
 10:1 �5=.    3�1�7C F (� E�(
0��% ��� -���   �5v	D  Wv@ �� ���  Q��v�  �v= )��,�vv!� <� I�� Senter  � ) ����vvv:�
1989( � )�;�vvv!� ���5�D���:svvv!� �%vvv� EZ201 Lambda Spectrometer Vis/UV PerkinElmer )<�%6� A���.%" L�	R�
 ��B�� A�
%�!�  �v89 ���  Q��v�  �v= )��,�vv!� <� I��  analytical official of Association chemists )1990( � ��Bvv�� L��5vv:�6 �vv= )��,�vv!� <� I�� Coresta )1968( L���� %����.    �����  
+	 ��%�� �)��* ��� -���  e��vv�6 vv�B �� f6�vv���� gvv���M ��� Q��vv� �vv= ]��vvP�vv
A 
solani Rhizoctonia* sclerotiorum Sclerotinia � 

nicotianae Phytophthora ��vv�6 ��� �vv@ gvv���M ��� *Q��vv� >`�a ��� Q��� � �M� W=���� ��� Q��� �= >`�a A��  ]��vP  �v
 �� h�! ����X� 1% A���9 �	���� ���%"�=  ��%&)1(.  e���6 �4���� L�;6��� ��Mg� ��� Q��� �= ]��P �
���6 ��� �@ �65�6 ��� Q���  Wv-�X <�  Bv�8���� 25%  ��v��  �5v�5� + 75% )��vv[ k�vv= �5vv�5� �� >vv`�a ppm4000* %vv"� d5���vv4�� �vv
 �vv! \5vv6 ]��vvP solani Rhizoctonia *
sclerotiorum Sclerotinia �  Phytophthora

nicotianae �� %- %-�� ���	@  .��v@  L�v	R�
 ���  Q��v� W-�X <�  Bv�8���� 25%  ��v��  �5v�5� + 75%  )��v[  k�v= �5vv�5� �� >vv`�a�vv
A 500* 1000 � ppm2000 � �� >`�a�
A 1000 � ppm2000 �=  Sv���� %v"�  d5���v4�� ]��vvvP�vvv
A solani Rhizoctonia �  Sclerotinia

sclerotiorum �� %- %-�� ���	@ .�5�6 ��� Q���  Wv-�X <� B�8���� )��[  k�v=  *�5v�5�  �v���  �5v�5� � 75%  ��v�� �5�5� + 25% )��[ k�= �5�5� �� >`�a ppm4000 %"� 
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+	... -��� ��� d5���4�� ]��P solani Rhizoctonia �� %-  %v-��  ��v�	@ .%6��@ ��� Q��� W-�X <� B�8���� 75% ����  �5v�5� + 25% )��[ k�= �5�5� ��  >v`�a ppm4000  )�Gv�  �v=  ��v�	@  %vv"� d5���vvv4��  ]��vvP solani Rhizoctonia* ]��vvvP 
sclerotiorum Sclerotinia �� B�6 %- %-��  ��v�	@  5v�6 �  ��%&)2(.    G��H 1- @�3A0 J7���	� K0
�+ ��� -��� 
� 8��*�%� ��� ��	2� /�0�0  -��L� 
��M0  @H�� ��	2C  ��N7��� .���
�  

Rhizoctonia solani Sclerotinia sclerotiorum  Phytophthora nicotianae  ��� -���  7  **10/4891  **80/7360  **01/2159  OP'�  5  **31/22319  **84/23893  **34/19761  ��� -��� × OP'�  35  **43/473  **54/736  **29/245  �RS  96  79/17  62/17  71/28  E�
� .	
��M0 )%(    6/8  5/9  4/11  **: �	�� ����� h�! ����X� 1%      ��(�2�5
+	 8��*�<( �� 8��* ���?��	 ��� -���  �� �5�5� k�= )��[ A�
����� <� )%" %�85� Q��� ��� >vv`�appm4000  ]��vvP A��Rhizoctonia solani * 75%  + �5�5� ����25%     >v`�a �� �5v�5� k�v= )��[ ppm4000 ]��vvP A�� A�vv
Rhizoctonia solani  �
Sclerotinia sclerotiorum *25%    + �5v�5� ��v��75%   >vv`�a �� �5vv�5� k�vv= )��vv[ppm4000  �vv�
 A�� ]��vvP  >vv`�a �� �5vv�5� �vv��� � �vv�8��� ��5vv� A�vv
 ppm4000  ]��vvvP A��Rhizoctonia solani  A���� ]��P >�8��D>!%= e���6 ���< *%6�5= ��@ >�@�� <� )%�9 ?4�� %�%& >�@ V��� �� ^5D A�
����� �O��P A�
�� �O��P %"�  W:") %6��%6 ���61.( E�(
0 �D�( 3�1�7C-��� ��� ��%  S�@�� ���& |�x   �v6�r=��@ <� )��,�v!� �v= �
  A�v
  A��vv �NIST  �Wiley  <� � ��vv�6 .%6%vv" ���vv!�	" S�@�� ���!�	"     ��v��X� %v-�� �v@ �5v= �5ZP ��5� �
  <� w�vv= ���vv!�	"80%  .%vv"�=2 -  �5vv	D �vv4@5�� �����D   �v= )%v" ���!�	" �85	D S�@�� L���799/14% S�@�� .�5= %	6�� A�;�� A�
2�6 -  *�5v	D �4@5�� A� 2 -�vv4@5�� -4 - � �5vv	D *�5vv	D Wvv���4 - �5vv	D Wvv��� �= �= S����034/14 *648/4 *600/4  �204/3  %-��     %6%vv" ���vv!�	" Q��vv� ��� |vv��r� A�vv
����� ��   ��%&)3.(         
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+	��% B���?� ��� -��� � OP'��%� U'?V� /C 
� 8��*�%� ��� �� 	2/�0�0  ��� -���  OP'� )ppm(  ���� �9�7�	�2�� 2	 �:� ;��'���� 8��*  
Rhizoctonia solani Sclerotinia sclerotiorum  Phytophthora nicotianae  #�
S W
� /�0�0  0  o00/0  m00/0  p00/0  250  n10/11  m00/0  op10/11  500  lm20/22  l10/11  no20/22  1000  ijk00/37  i30/33  lmn30/33  2000  fg20/59  f60/66  ijk10/48  4000  a00/100  bc80/88  ab80/88  75%  + /�0�0 ����  25% /�0�0 W
� #�
S  0  o00/0  m00/0  p00/0  250  ij87/38  f60/66  hij53/55  500  ef60/66  cd30/83  efgh60/66  1000  bc30/83  bc87/88  cdef17/72  2000  bc30/83  ab43/94  cdef17/72  4000  a00/100  a00/100  ab87/88  25%  + /�0�0 ����  75% /�0�0 W
� #�
S  0  o0/00  m0/00  p00/0  250  de17/72  f60/66  ij00/50  500  a00/100  cd30/83  efgh60/66  1000  a00/100  a00/100  bc30/83  2000  a00/100  a00/100  ab87/88  4000  a00/100  a00/100  a00/100  /�0�0 @<��  0  o00/0  m00/0  p00/0  250  jk00/37  jk20/22  jkl40/44  500  gh80/51  hi00/37  ghi20/59  1000  ef60/66  g50/55  ghi20/59  2000  bc10/85  de70/77  defg30/70  4000  a00/100  ab27/96  cdef00/74    
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+	... -��� ���   B[: 1- G
?L( �:� ;��'���� 8��* 1( Sclerotinia sclerotiorum� 2( Rhizoctonia solani  �  3( Phytophthora nicotianae \5�0 ��� -��� ��1�0 #�: 2	 25% ���� /�0�0  +75% #�
S W
� /�0�0   @�.��� ]�'V� #�: �� \�!� O<(  A( V��� >�@ c5�r� )%" �= {9 ���� *(%
�") B( V��� >�@ c5�r� )%" �= ��� Q��� ppm250* C( V��� >�@ c5�r� )%" �= ��� Q��� ppm500* D( V��� >�@ c5�r� )%" �= ��� Q��� ppm1000* E( V��� >�@ c5�r� )%" �= ��� Q��� ppm2000* F( V��� >�@ c5�r� )%" �= ��� Q��� ppm4000   G��H 3- E�(
0��% 1�L�� ���5�L: #�: �� ��� -��� @� ^�� ��	
9�0���
( �2�9 �4�[5�
?[_5	 ��
H  E�(
0 ;�7  (@��*�) ��	�2�� /��2  ) -��� ��� �� �`�7 �	�?!�%(  2-G�L� ��(�?�  769/17  799/14  2�6 -��G�L� ��(�?�  626/26  034/14  2-��(�?�-4-G�L� B�?�  424/21  648/4  G�L�  888/13  600/4  4-G�L� B�?�  483/17  204/3    3�1�7C F (� E�(
0��% ��� -���  m�!��= e���6 *������� )�G��=  5v����A  Sv�@�� A�v
 A�
%�!� �89 � 85	D*� L��5:�6 �5�5� B�6 A���� p�5[ %N �vv=��:�� �vv� %vv"�=)2013 ,& Yoshimura Oramahi } 2005 ,& Gul Zaidi.( e���6 ���6 ���  �v@ =� L���v�  ��Bv�� L��5:�6 �� )��[ k�= �5�5� � L����@ �9 c5=�� �=  �P�v! �5�5� >!�. L�	R�
  �v���  �5v�5� A����  L���v��=  ��Bv�� �5	D W@ � %�!� W@  �v� %v"�=.  �v=  �v&5�  �v=  e��v�6  B�8�v69 ������" ��� Q���  Wv-�X <�  A�v
�����  �����vN  �5v�5�* p�5[ ������" �9 ���,�� <� ��� Q��� W-�X <�  �����vN {5vvO >vv!�  ��%vv&)4(. L���=�vv	= �M� A�vv
%vvN �O��vvP A�
����� ��� Q��� %�85� )%" <� �����N �5�5� >��  ��Mg� W=���� S�@��A�
 �5&5� ���P .>D��         
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?�1) �(	(/d	�  ��0�[�7  �'��)(;
9  ���� /�0�0  2480  -  4/77  #�
S W
� /�0�0  4100  -  4/860  50% ���� /�0�0 + 50% #�
S W
� /�0�0  3760  -  4/389  75% ���� /�0�0 + 25% #�
S W
� /�0�0  3400  -  7/89  25% ���� /�0�0 + 75% #�
S W
� /�0�0  3880  -  9/489  @*�5 /�0�0  17680  11/1  0/77  @<�� /�0�0  37540  67/1  2/182  .����� ��)  11800  99/0  0/0    ���  ��� Q��� A���� p�5[ ��69 *�6�%�v4@�  %vN  *�v=��:�� %N �6���5�*A� >D9*��@ %N ��;6� � ?���� )%v		@  %v"� )��� �� %"�=�@  g�	� Lv��  *p�5v[  Sv�@�� A�v
  ������v" �5&5� �� �9 >!�. )�G� �v=  Lv��  )��,�v!� <�  A�
%6��v4� A<����@ ��6�5�% �= w
�@ ���589A�
  >v4�<-  �v���� �"�6 <� I<5! %6��4� ��  �����vN  �v
�  )%v" ��  >v��Zx ?�@ .%	@ K%
 <� L�� u���� ��ZM�   A�v
�M� %vN  �O��vP ��� Q��� W-�X <�  Bv�8����  �����vN  �5v�5�*  ���v!�	" � )<�%6� A���S�@��A�
 �MT� �= >�8��D %N �O��P �9  .�5v= e��vv�6 Lvv�� uvv���� ��vv�6 ��� �vv@ ��� Q��vv� �� V���vv" �
�;����<9 �= %"� ]��P�
A  A��v��=�<A  Rhizoctonia

solani Wvvv���) ^�vvv! _vvv[< *(�5vvv�5�  Sclerotinia

sclerotiorum Wvvvv���) ��%�vvvv!5� �vvvv�� (�5vvvv�5� � 
nicotianae Phytophthora Wvv���) ^�vv! )��vv! (�5vv�5� �=�	�� ��5-���A   A�v
�M� ��%v6���<�= �  ��v�	@ ��%v		@ >"��. >�-�[ �8��	@ ��� Q���  Wv-�X <�  Bv�8����  *5Z��v= �����vvN {5vvO � ��vv
��� �vv����� �� ��vv�	@ �vv4=A�� <� A�
������= �
��� � �6�5�X W��"  ��vD9  *�
�v��  A��@�v= ��@d�D �n� )���  �5v[ �  �v6���5� ��  ��v�����   ��v���� |��r� �= ��ZM� )%�!�  >v!� ) ,& Yoshimura Oramahi2013 }2012 .,al et Wang }2009 .,al et Choi(.  e��v�6 ������� ���6 ��� �@   A�v
�M� �v8��	@ ���  Q��v�  �v=  >v��   �5v&� Sv�@�� A�v
  85v	D� �� �9  >v!� )&  Yodthong 2009 ,Niamsa }9200 ,& Niamsa markBai } et Wei 2010 .,al }2011 .,al et Ma }2012 .,al et Marumoto(. ����vv�� Svv�@��A�vv
 85vv	D�  %vv	6��
*�5@�vv��� ��<�vv@ )Cresol(* *�5;	���vvvv! ����vvvv�� �vvvv4@5�� �5vvvv	D )Methoxyphenol derivatives( � �5:��vv@ <� L��vv��H� S�@��A�
 85	D� %	�4
 �@ ���= p�5[ %N  �O��vP ��� Q��vv� �vv� %65vv")2012 .,al et Souza } & Mathew 2015 ,Zakaria }1992 .,al et Ikergami(. ��  �v�
��� I��B� %" �@ �5&� %�!� ?��!� �� ��	@ S�@��A�
 85	D� �� ��� Q���  %v�85�  )%v" <�  �����vN  {5vO  SZv!  �5vZH= >�vv-�[ %vvN �:����vv= Svv�@��A�vv
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Antifungal effects of liquid smoke from pyrolysis of tobacco waste  

on plant pathogenic fungi 
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Abstract      The objective of this study was to investigate the antifungal effects of liquid smoke from tobacco waste on three plant pathogenic fungi and identification and measurement of compounds effective on the antifungal properties of liquid smoke. The waste was pyrolyzed in furnace in the absence of oxygen, and smoke was converted to liquid smoke by refrigerant. Antifungal effects of liquid smoke were tested against Sclerotinia sclerotiorum, Rhizoctonia 
solani and Phytophthora nicotianae causing tobacco sore shin, collar rot and black shank disease agents, respectively. Six concentrations of the liquid smoke 0, 250, 500, 1000, 2000 and 4000 ppm were prepared and mixed with culture medium. The results of variance analysis showed that the effect of liquid smoke, concentration and the interaction of liquid smoke on concentration in limiting the fungal growth were significant at 1% probability level. Mean comparison of the effect of liquid smoke on these fungi showed that liquid smoke of 25% midrib + 75% scrap pyrolysis in 4000 ppm concentration had 100 percent mycelial growth control on the above fungi. In addition, the liquid smoke pyrolysis of above treatment in low concentrations caused 100 percent mycelia growth control of Rhizoctonia and Sclerotinia. According to research reports, the presence of phenolic compounds, organic acids and alkaloids constituents in liquid smoke is an agent of antifungal effects. Therefore, extraction of these constituents from liquid smoke was carried out and qualitative analysis was done by gas chromatography and mass spectrometry (GC/MS) and quantitative analysis of total phenol and alkaloids was done by spectrophotometer method. The results of this research showed that the effects of alkaloids constituents on the control of fungi were more than phenolic and organic acids constituents in liquid smoke from tobacco waste. The results showed the high potential of the liquid smoke of pyrolysis to be used as a biological control of pathogenic fungi.  
Keywords: Biomass, biological control, pyrolysis, phenol, nicotine, liquid smoke. 


