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 ,����,%!  4��5 ,)���*�2�&�2 S�/�'.  Effectives of Bacillus velezensis UTB96 on reduction of zearalenone produced by Fusarium graminearum isolated from wheat  Zahra Davoodi1*, Hossein Saremi2, Masoud Ahmadzadeh2, Ali Malihipour3 1. Former M.Sc. student, Department of Plant Protection, Faculty of Agricultural Sciences & Engineering, University of Tehran, Karaj 31587-77871, Iran 2.Professor, Department of Plant Protection, Faculty of Agricultural Sciences & Engineering, University of Tehran, Karaj 31587-77871, Iran 3.Cereal Research Department, Seed and Plant Improvement Institute (SPII), AREEO, Karaj, Alborz, Iran.     (Received: May 17, 2020   - Accepted: August 7, 2020 ) ABSTRACT Wheat is exposed to various fungal pathogens, especially Fusarium and their mycotoxins. Zearalenone is an estrogenic toxin and one of the most popular toxins produced by the fungal agent of wheat head blight disease (Fusarium graminearum). Due to zearalenone contamination in wheat and wheat-based foods and its dangers to human and animal health, various physical, chemical, and biological measures have to be established to reduce or prevent zearalenone contamination. A F. graminearum isolate obtained from the cereal pathology department of seed and plant improvement institute was selected for further studies. Based on high-performance liquid chromatography (HPLC) analysis, F. graminearum isolate could produce zearalenone. Biological experiments showed duel-culture of Bacillus velezensis UTB96 and F. graminearum isolates decreased the fungal growth to 40%, as well as the supernatant supplied from Bacillus velezensis UTB96, which decreased the fungal growth to 54.5%. B. velezensis UTB96 strain could decrease the zearalenone to 79% but B. velezensis UTB1strain did not have any difference at 1% level to reduce the zearalenone toxin. Results showed B. velezensis UTB96 strain was capable of moderating the growth of Fusarium head blight and zearalenone contamination in wheat.  Keywords: Wheat, toxin, Zearalenone, Biocontrol agent.  
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 �'���1������2 ���  3�4������ �
UTB96  B. velezensis �*� ���� #��  ��!F. graminearum  B� �'`$�  ,K! "#�,�L'�����[ �/�  q,V ��� �,�%�� �! A�#�� � 
��! �V ;�� �! Y��X  
� 
!���)1993 (  
 1��j�#! . B% =�'E M�! B�100  �! ,��L�,-��  �,�%�� �'.#! 
'��*�.#'#B� [#� 1 �<  �! 24  [R�#  Z�?� �� �,�%��  
� LB [�6	U ��108 )CFU/ml( Z�?� ��� �'�#�� [.�� n	% �� �NA  
 GH� . [
@0 �!  6�24  �,�%�� �!,>�#! �! [R�#  Z�?� ��NA�,�� �� "]��X =�6oX �  B*�0! U ��/  ���bPDA  * 
 1�!� [)% . �� y�� �
��� M�! ��M�! � B�
!�,� Y��X � �,�%�� ���b �,��  �,�� �� B� �'8  B*��!���� \/  \T�V!��� n	% �� � 1 
 1�!� �!,X  * 
 \-?� . ��� ,� Y��X ���b �,�� � /�
 ��	�4 ��  �,��NA [V,0 �!,X Q�,�#! ,o>� y< �� 1 
��	�4 . � /�
 �,�� B�
�b B� Y��X B$0,� 
 �#� �!  6�B�j0 pL��6� &��o� Y��X  
� 
!���  Q7X �� 1 
   
 "�����!Fiddaman & Rossall, 1993).(    ����� ��
 �'��� �UTB96 B. velezensis  �*�  25� )�61 �� ����
�� #���� ����PDB B� �'`$�  �,�%�� ,K! "#�,�B. velezensis  G/�% ��� 
 1��j�#! 
!��-	/ � B*!�,V ;�� �! 
'$L!��  �L'4 . 
'$L!�� ! ��! �G/�u� �! [	�X M�! O�(*! �!,���! *��#!  i���V "4��b O'TR ")/�u� 1�5)����< �! )
!,�! �
!,34 ( 
 B�34 . �! >�200  �! ,��L�,-��  [�6	U108 )CFU/ml ( [)% Z�?� B� �,�%�� PDB  ���b100 "� "�  
 BV�r! 
'$L!�� "� . �� B�  /�
  
 1��j�#! 
�,�# ,o>� y< �! �,�%�� ��U . B*'	* �/�   = � B�  /�
 � ��	�45 �� �� ��� i�4! ��  $�V,0 �!,X ,-�
 ��� .
<�! 6� B�  �\# ��Tl4 �'`$� B� 
< \(b �4  
 1��j�#! n)P ��	(*! p*���# �! n���T" L�,�   ��� G/�% .B�  �M��%'4 2!,H�#! �'`$�
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!��� B�2!,H�#! 1 
 �  A'*���80  �� �  
 BV�r!  E��HPLC   
 "#�,� )Farzaneh et al., 2011.(    �7�2������1 ��  ���+' ,��- ���)��5�*� ( ������ B. velezensis UTB96  ����
�� ���� ��  25� )�61 �*�LB   [)% �!72  9��� Z�?� �� �,�%�� B�R�#LB � A'T#  �� v'�j�,�*�# �! 1��j�#! �� �,�%�� ��/8000  = � B� ���10  "��� 9��� � * 
 1�!� y'#� B>�X� �T�V �! "��)F ,22/0  
 1�!� �'7R �,���,-�� .  +.#50  B� 
'$L!�� p��� A'T?� �! ,��L�,-��4950  9��� M�! �! ,��L�,-��j_4�B 1 
  
 }'TH� . �� ML�!   /�
 ��/B� �U Z�?� ��,�%�� M�)*�� �LB  
 1��j�#! . ���� �� �'4��'-*! �� QE�b }'TH�28  = � B� {'��T# pU��4   
 ��! 35* ��� � 
<�! 6� B� �'`$�  ��T�V'�L 1�5�#� �! �\# ��Tl4"T�� n� B� 
< \(b �4  
 1��j�#!  ��� G/�% ,��L . B� �'`$�  
!��� B� �M��%'4 2!,H�#!4  A'*��� ,�!,� 80  ;�� &��o� �  
 BV�r!  E��B�j0 1 
  �� HPLC   
 ��L�*<)Alberts et al., 2006.(     ������ ��
 �'���B. velezensis UTB96  *B. subtilis UTB1 ���� ��  ��$�1 ����
�� �
��1 :�;+� %#�	 ����<� ��  �� "#�F. graminearum   
!��� B� \L�# O $0 �@�25 
�� O,0  �! O! %,/ B� � ML�!  
!��� �/3 ��T" L�,�  ��� �� �  
 BV�r! y<  BTE�V��24  +.# �  * 
 �D%'4! [R�#B� �'8 \/ 
��� "T�� n� �� �L ��'.#! 
'��*�.#'# ,� B�! U  ��/UTB96  �UTB1  �� b [�6	U ��107 )CFU/ml (B� �'8  ��'.#! 
'��*�.#'# ��* � B*�0! U �� b [�6	U �� Y��X �!105× 2 )conidia/ml ( ��>T4  * 
 .ML�! ��   /�
 ��/B� �U 
'��*�.#'# � �,�%��  ��,0 1��j�#! Q�,�#! ,o>� y< �! �/ . �!  6� 18  ���0�!,X ���� �� �,�28  �� � {'��T# pU��  ��'4��'-*! "-���4 Z�!,
4  �! O $0 ��@� �! O,0 O! %,/ ML�! �!  * ��,0 ��'� y��#< n	% B� �/ . B� �'`$�  �� �! >� M�! �M��%'4 2!,H�#!20 "T��  ,��L  A'*���80  [R�# \�* = � B� �  * 
 }'TH�  E�� ��� �� ,-�
 ��� ,�120 $�V,0 �!,X +.# �  ��?L�!  ;�� B� 
'$L!�� �'U�HPLC  "T7X C,
 &��o�   * 
 "�����!)Samsudin, 2015.(    (�) � *+�,-  7���#  (�
#$ )'�� ����
�� ������ #���� ���1
Fusarium graminearum   p�! U Z#'4 O $0 ��� 
'$L!�� M��%'4  �L'4 "#�,�F. graminearum #�,���'�"  ;�� B�HPLC  
�)* �!�  
!��� B� M��%'4 M�!  �L'4 B� ���X B�! U M�! B%369 "� "� �[#! "  ) Q-
1 .( :���* M�!
�)*  $/� � �� 
'$L!�� M��%'4  �L'4 �� "]��X p�! U M�! "��*!'4 �!,� B% [#! "/�5)����< Z�!,
���<G�  � 6� ��/  
 1��j�#! . ��� ,� B��)� ")����<B*!� �/ �� =�a � /�5)����< Z�!,
 B$�3� ����  
 cH)� � O�(*! " 
'$L!��  �L'4 �!,�28  = � �� {'��T# pU��15  [#! ���)Martins, 2002 & Martins.(    Q-
1. O!,0'4���,% Z#'4 
'$L!��  �L'4 Y��X Fusarium graminearum.  Figure 1. Chromatogram of zearalenone produced by Fusarium graminearum. 
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!��-	/ �:  �,�%�� =!,K!UTB96 Bacillus velezensis  
'$L!�� M��%'4 G/�% ��...  ;�1 25� ������ =��UTB96 B. velezensis  ��   ��!Fusarium graminearum  1�!� M�5*��� p���>� "� 
�)* �/  �,�%�� B%  /�B. velezensis UTB96  
!��� B� !� Y��X  
� [#! ���X 40   ��	* A,�$%  E��) Q-
2 .( Q��>�� [)% ���! U � [��*'0��*< �,�%�� M�� "-���V {�	4 ��/p �<��'� "]��X )* 1 /�)� G��� .B� L�/ �'U� 1�DRp [�L'���� �'kb �! 
�)* "0 *�!����  "]��X  r ��/�
,4 B� 1 
 #��Tp ��!� �,�%��.  Z#'4 "3��)� :���* "#  A�# �� 
!��-	/ � !,�2016  ��� ,� G����< �� B�! U �! "4��j�� ��/ B. subtilis  �� Q��>4 �� Fusarium graminearum  �< [#� B� )Sierra et al., 2016 .(� "]��X  r [�L�6V M�!"  *!'4 (��*p 1�!'*�P �!  ��.�'.�L B#  �L'4 �/�  M��'��! �M��-V�'# M����($V �  p�! U Z#'4B. velezensis UTB96  
�� ).(Vahidinasab et al., 2019         Q-
2 .[)% Q��>��  �,�%��velezensis Bacillus  �  Y��X Fusarium graminearum A : [)%oP�" B: [)% B# Bo>* !�. Figure 2. Dual culture of Bacillus velezensis and Fusarium graminearum. A:Linear culture B:three-point culture.    ���+' ,��- .��/0 ��
 �'���)2������>�' (  ������B. velezensis UTB96  #�� ���� ��   ��!F. graminearum  ���_R 20  �,�%�� � E��B. velezensis UTB96  Y��X  
� [#! ���XF. graminearum  
!��� B� 5/54   /� G/�% !�  E��) Q-
3 .( 
!� G/�u� ��  
!��-	/ � �L)2011 ( "]��X  r [�L�6V ��� ,� B%  [*�4�*,�'#(supernatant)  ��/ ��.�'.�L �! O! %,/ �  �! p�! U B# Q>���B. subtilis �,% ��% * cH)� �  B%  
O! %,/  �!
<  � ��.�'.�L =�_H)� �/  "jT�H� *�!� . �! "-�B�! U �/ 1�!� {�#! ,� �/� ?o# G)% �! QE�b" � HPLC  "	% ��/ ��.�'.�L �,%  �L'4 .8�W ($#"  �3$4 B% �!� 
�)* "�,U L'4  ��.�'.�L�1 
  
< Z#'4  M��-V�'#[#! . ��!� "	% "]��X  r �!'P M��-V�'# )Ongena & Jacque, 2008(  �M�)*��   
� �! [�*!'�* B�! U M�! $% �,�0'TU B
'P [�D� Q��R Y��X.  =�7K! M�! �"  $%�! U �p  �!'P �� �/ ��.�'.�L �! �'%@� \��*'0��*< �'P 	* 1��j�#!"  $%.  M-	� B�! U M�! ,8 �! !� Y��X [#!� �� "�!@F �!'� \�>��� [��X� &  ,��#�/��%���#  A,�$% $% .G�� ,4  1 
 1�!� 
�)* B�! U B%  ��/B. subtilis ����	� �/�  �! !� 
�/��0  ��>L! &�,8p*���# � y'%,# 1��0 "R�V�"  $% . �� p�! U  �M��-V�'# ��/ ��.�'.�L �,�%�� M�! ,5�� M�!,��$�  *�,%  �L'4 !� M����($V � M��'��!M�)*�� 
< B
'P [�D� Q��R Y��X  
� �! [�*!'4 �/  $% �,�0'TU )Dunlap et al., 2011( .
�	/ �'8  B%  � 
 1��
!�! Up 1��j�#!  �� 1 
G/�u�  ��* ,r�b �/ ��.�'.�L  �L'4 �� "�^�� "��*!'41 
��� � ��!�.  
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3 .#�,�" ,K! �,�%�� M�)*�� Bacillus velezensis  Y��X  
� ���Fusarium graminearum A :4���	� B : /�
. Figure 3. Effect of Bacillus velezensis supernatant on Fusarium graminearum growth A: Treatment B: Control   ������ �
3�4 2������1 ��
 �'���B. velezensis UTB96  #�� �
��1 ��F. graminearum  1�!�  B%  *�!� 
�)* �/�'U���  �� G����< �!,-4 
���  "4��j4 �WT�H� ��/*�!,`  ��  
� 
!��� �,�� "$T% �  )* 1 /�)� �,�%�� �  /�
 ��/  �3$4 �/ ��?L�!   $�
!� =��j4 �*�) Q-
4 .( G/�u� �� \��*'0��*< B%  
 1�!� 
�)* A!��� � M�! �V[�L'����  �!,V ��/B. subtilis  Y��X B� [7�* Rhizoctonia solani   ���!� ��� �� "	�>��� [7�* B� '?*� �� ���� B% "]��X  r [�L�6V �R�� ,4^ "� �,�)��  B% �'
�"   *!'4L� B��Q  "jT�H� Q�!'R BT	U�!  � ��)�*! ��,�%�� ,�)�� "-�L'���� [�L�6V AD?*!  Z�!,
 �� 1!,	/ �!,V �!'� M�! ,�)�� �,�@� �! ��!���� �R�� B%  
�� Y��X �!,� B$�3� i'V "����"� ,0��	��  
� �'
 .���< M�$e	/G� ��/  �� B�L�!  M�!�,% [��K G/�u� [�L'���� [�L�6V B% !,V ��/�   
� 
< �� �,�%�� B% "�)% Z�?� B� �"]��X  r�"  $%  "5�����!� .B� 
!'$R  A�~� �! "k6�?��Z �/� )% [BT	U�!  Nutrient Agar �!,� "j�6r ��/,��� ��(�! �!,V [�L'����  �L'4  *�,%.   �L'4 M�,�)�� ,� �!,V [�L'���� [)% Z�?� B� }'�)PDA( �'� )Fiddaman & Rossall, 1993 .( M�! B� BU'4 �� #�,�"  �/�"  O R [TR [V,0 B(��* 
!'4)H�,K! " [�L'����  ,r�b G/�u� �� �!,V ��/L� B��Q  \/!,V  [)% Z�?� ��* � �,�%�� p$�3� ���� 
�'7*)NA ( [��* m#�$� �!,V [�L'����  �L'4 �!,� B% [#!.      Q-
 4. ,K! L'�����[ �!,V ,�%��� velezensis  Bacillus ��  
� Y��X A : /�
 B : �� ��	�4L'�����[ �!,V ,�%���. Figure 4. Effect of Bacillus velezensis volatile metabolites on Fusarium graminearum growth A: Control B: Treatment by Bacillus velezensis volatile metabolites. 
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!��-	/ �:  �,�%�� =!,K!UTB96 Bacillus velezensis  
'$L!�� M��%'4 G/�% ��...   ������ ��
B. velezensis UTB96  ���� ��  ����
�� �
��125� )�61 PDB  "#�,� B� BU'4 ��  ��/HPLC �,�%�� �B. velezensis UTB96  �! +�5  !� 
'$L!�� [�*!'4 ���B� �'8  Q��% h�� ��# $% � . Q-
 B� BU'4 ��5 "$?$� ,�� �o# �%�� ��	�4 B# ,/ �!,� 
'$L!�� 
!��� ��* � ,jE "���,�  [#!L�b��" B%   /�
 ��/��	�4B� �'8  M�5*��� �'�?�500 "� "� [#! 
'$L!�� "� .� 
�)* M�!"  /�  ,K�� 9��� Z�?� �� 
'$L!�� G/�% �� �,�%�� B%[#! .M��%'4 "�!��  ,��# ��* � 
'$L!�� �! M��%'4'-��� �! "k6� Z#'4 M��%'4DV< BT	U�! �/ B�! U  �,�%�� ��/B. subtilis  ;�!�0 B�
@0 �� 1 
 *! Cho et al., 2010; Farzaneh et al., 2012; Tinyiro et al., 2011) (.    Q-
 5. O!,0'4���,% Ks4,�  ")/�%! Up� ,�%���� "�UTB96 B. velezensis �� ��
!� 
'$L!�� +� �! �! 35*� B� = � 5 ��� �� ���� 30 U��p �T#�{'  Z�?� ���PDB A : /�
 B :4���	 ��b� ,�%���.  Figure 5. Chromatogram of zearalenone degradation under Bacillus velezensis UTB96 treatment after 5 days at 30 °C on PDB culture. A: Control B: Treatment by BV96 isolate.   2������1 ���7�  ���+' ,��- ���)��5�*� ( ������B. velezensis UTB96   ����
�� ���� ��  )�61 ��PDB �,�%�� "L'T# 2��P ���_R ,�Ks4 Bacillus velezensis  �,���% ��'� �� 1 
��� :���* �� 
'$L!�� G/�% �� M�� "4��j4 M�$e	/ �[
! * [>��o� �,�%�� \�>��� )* 1 /�)� GH� M�! ��  /�
 �� ��	�4 B*'	* . !���M �'U�;�!�0 "P,� {�#! ,� � A'T# ��/ �/ � ���%����,������" ��$*��  Bifidobacterium � Propionibacterium  �Lactococcus �"  $*!'4  "-���V A�_4! &�,8 �! !� M��%'4DV<  $*�� "$��%'4h�� ��# $$% � )5201 et al.,Ahlberg (.  G/�u� �� �� "L'T# 2��P ���_R ,�Ks4 O R B� BU'4 �� ���* ,r�b
'$L!�� 
!����  A�	�b!�h� ��# 
 
  *�� [TR B� ���!� �'U� �,�%�� A'T# "-���V.  {�#! ,�1�!� �/ � 1 )*,)�$� �,�%�� �1��j�#!��'� ��?L�!   �L'4 "T�  Q	R �'X "L'T# 2��P ��/ ���%�#�"  $% .  B],0! &�,8 �! M��%'4'-��� G/�%  m�,H4  B� [7�* "����"L'T# 1�!'�� B� A�_4! 1!� Tb "	�!� " 4! M-�L �[#! "-���V A�_"���!�� 
< B� [7�* ��!� :
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���  B-T� [#! ,� M��%'4'-��� [#! M-	�  B� !� �/ �!'�	#" ,4�  $% Q� 74. B�  
!'$RB*'	*  B� [#! M-	� 
'$L!�� A'$L!�� �jL< O�* B� G4�>�)� ,��#B%  �4 B# "7�%,4 	# ,�!,� ��3]" ,4 [#! 
'$L!�� �'P �!�  �'
 Q� 74 )Mirocha et al., 1979; Sadiq et al.,2019.(    ������ ��
 �'���  ���B. velezensis UTB96  * B. subtilis UTB1  ����
�� �
��1 ���� �� �� "#� :�;+� %#�	 ����<� �� ��$�1F. graminearum  {�#! ,�  :���*B� [#� 1 �< M�5*��� p���>� �  ��	�4 ��/ B. velezensis UTB96  dD�P!  /�
 B� [7�*"$6�  
!��� B� 
'$L!�� �� G/�%  E�� �� �!�79 [
!�  E�� .L�b��"  p�! U B%UTB1 B. subtilis  �� "$6� =��j4  X�V  E�� n� �o#  �'� �!�) A� U1 �  Q-
6 .("#  A�	R!  *�!� 
�)* ��* 
!��-	/ � !� �! Up B. subtilis HG77  � Y��X  
� �! O $0 ��� ,� '4� [6*�	� 1�5)����< Z�!,
 �� 
'$L!��  �L"   $% )Sierra et al., 2016 .( [#! ,%a B� O�^  �L'4  M��%'4 [?4 � [#! B�! U � B*'0 S'* B� B���!� Ks4 ,5�� �� [��X� ��* � "o�?� Z�!,
 �� 
� ,��� ,� ��*�0�!�,-�\� �/  ��!� �!,X)Sanchis et al., 2004; Cotty & Bhatnagar, 1994; Kokkonen et al., 2005 .(     A� U1 . ,�Ks4! U�B �/� UTB96  B. velezensis  �B. subtilis UTB1 
'$L!�� M��%'4 G/�% ��  Table1. Effect of Bacillus velezensis isolates on zearalenone reduction ۵ -١- *Treatments grouping۵ -٢- Zearalenone reduction (%)  ۵ -٣- Mean of zearalenone (ppb)  ۵ -۴- Bacterial isolates  ۵ -۵- B  ۵ -۶- 79  ۵ -٧-   ۵ -٨- BV96  ۵ -٩- A  ۵ -١٠- 8  ۵ -١١-   ۵ -١٢- BS1  ۵ -١٣- A  ۵ -١۴- -  ۵ -١۵-   ۵ -١۶- Control      Q-
6 .O!,0'4���,% 
'$L!�� 1 
 �L'4  Z#'4Y��X Fusarium graminearum ��	�4 [?4 ,�%���UTB96  velezensis  Bacillus � B. subtilis UTB1� +� �! 18 ��� �� ���� 28 U��O $0 �@� ��� {'��T# p. A : /�
 �B:  �� ��	�4,�%��� BV96 C : �� ��	�4,�%��� BS1. Figure 7. chromatogram of zearalenone produced by Fusarium graminearum under Bacillus velezensis UTB96 and B.surtilis UTB1 treatment after 18 days ar 28 °C on wheat seed A: Control B: Treatment by BV96 isolate C: Treatment by BS1 isolate 
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