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Abstract 

Beauveria bassiana is one of the biocontrol agents of saw-toothed beetle Oryzaephilus 

surinamensis. For selection the best Iranian isolates of this fungus the effect of temperature 

and germination and radial growth and virulence of three isolates of this fungus were studied 

on larvae and adult stages. Results showed that there were significant differences in 

germination and radial growth at different temperatures. Minimum temperature for 

germination and radial growth was 5ºC and maximum of those was 35ºC. Optimum 

temperature for IRAN 441C and IRAN 403C activities was 25ºC and for IRAN 440C was 

20ºC. Bioassay showed that the lowest LC50 belong to IRAN 441C for adult and larvae were 

2.51e4 and 2.31e3 respectively. The highest LC50 belong to IRAN 440C for adult and larvae 

were 3.34e5 and 9.02e3 respectively. Results showed that isolate IRAN 441C had the best 

germination and radial growth at wide range of temperatures. It had also the higher mortality 

effect on adult and larvae stages, therefore it was suitable for application in date store in 

tropical and subtropical conditions. 

Key words: Beauveria bassiana, Oryzaephilus surinamensis, Germination, Radial growth, 

virulence. 
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�    +�� ��T,- 9R�x &c(�$! �&  ���     i� *+ �I�JK!  + �Q#! �JC(� E

 �Tween 80 ZX/Z�� �1�UJ(+ E!�M 2+�TF &
 �W�1  .+ &
�%�% @	   �C!1 �C� �1 u�� t+6�+ &- Y

   +�� �� &
 \�
�!�    �J> nJ,% �Q( *+ &�    ��1 � ��� &J�+1�
         �C!� �1 f�O! 9P�M &
 ]��$! 2

  '0�7(�( ~7( �	      N �1 E��! &3��> *+ EW�M 2��        ! ��COQD �C% �� �1+1 ��cF & C	�'	   2� *+ L�

 �01�
 +�� .+�
�   u�� 2�� +��          5,C% L�CF � k� *+ ��	 v0* E C	     �<���C� L�C/T� �1 �  2��1 

&P�P  ��� ��M � '0�7(�( 	  ���! B��D 2�  ��� � 	&,  +� � �  +�
 � &JK�  D1 �T3 	 &
 &#    2�C5% ��� 

 �� �1+1 .    �% � ����7(+ <���� 9��	 k-+�% &  ���         ]�c�
 LN *+ kvM �M+� �1 ��7(+ I�JK! 
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 ���

 ����)Improved neubar (�� �1�UJ(+ .+�
��*+�0+  
	����0*  0�!�u��    �C!*� *+ ECcD *�� ��� [

�+�#! -�0+� *+ ����7(+� 1��! �!*��[ &
 ���W �J(+�E 2��1 ]��$! ZX/Z �W�1 Tween 80 

  �O% 9P�M &
	    �� � ��!� �1 f� $! 	  eSDA+Y             9,C- *+ eC#� �CO
 *�� � �C� 9,C-   �C��� 

 �1�UJ(+ 1�
�
 &- �	 *+ [�X  u�C� �CW�1   �C��   �C01�
 �1* &C0+�� 2� )Jenkins et al., 1998 .(

2�!*�                 ���CW 2�
6	! ��0+ 1+�O% � ��*1 *+ �O	(� I	a *+ �1�UJ(+ �
 �%�!�#! ���  � &CJ��
 

   *1 *+ �U	a ~7(    � u�! &p ��    @	
 ��	!.X   �% �X %    �C! 2�,C0 +�         ���C�0 2�C!*� �+�C
 �CT�1

 �� �1�UJ(+(Butt & Goettel, 2000).+ &
 �%�% @	��/P *1 ST> Y��J���*1 E!�� � �Z�×X ��Z� �

�Z�×X ��Z� � �Z�×X+�CC
 �� ��N &CC�M�! �CC�*1 � �Z�×X ��Z� � �Z�×X ��Z� � �Z�×X �1 

!	P��5	 +�
 �J�    ��,M &�M�!  �% E!�-	  * � &� vT( 9'�   2� �
 ��   �� L�v0+ �� .*� vT( 9'�    �C�

    ����N � E!�- �+�,M �
�   <���> �  �� �
 &J���   +�� �1 �!�) � �!*� e C���/,�      �1 ��C! &C
 

  �� L�v0+ ]�( .+�
�    �+�5% �� .Z     ��� &�M�! �� *+ 1�F �       �C!*� � �C� �1�UJC(+ �[     �1 �C�X 

%	  ��*1 E!�� ����    �1 I�JK! 4   +��� &
 �+�5%  % �	   9��
 L�v0+ ���� ��� .�1�P� *�(�  �+�,M 

    1�
 L�v0+ EcD <�� &
�,!�� .     ~UD �1 �+�5% �� �+�,M ~7(  ���       nC�- &C
 &- ��jK! 

nJ,% ��� �J> �    �+1 i�1 ` J0�( � �J!�     2� i�1 9�'D �1 &-           ��C% �C
 �+1 [C��> �+��( ��

+�
�  %�+�M ]1�c% �  J
�a� � �      2� I- � ��� �1+1 �+�D   +�
 ��� =m% ��&      �1�
 ��� �1+1 �+�D �!�) 

 �TJ��
 �+�D .+� ~UD @       �!1 �1 ��� nD�%+ E)+1 &
 ��� � ± .X   J0�C( &C��1 �    9C
�a� � 1+�C


c'0� X±qZ   1�
 E#JT! �W�1 �� .  ! � u�! C	            ��C! &C
 � *�� �C� �+�,CM ��Z     � 9CcH *�� 

! � u�! ]���	O�v% ��2�  �% ��	�� & .  

 3��? D�+��$�� :+�
�  +�� �� �  ���!1 �1 &� !  6v% I�JK� ��!� &�  9��
 ���W  .6v%� &

 �$% �	 ��!� E�    �!*� *+ �1�UJ(+ �
 � ��J-�� [�    gd!�- ��a YP�D �1 E  �1�jC% �    9C��
 ���CW  .

    +�� � ���!1 E!�� ����J-���&   �01�
 �� .��Q
�   ��J-�� &5a   +�� &
 \�
�! �     ��J-�C� � &b   \�C
�! 

  1�
 �!1 &
 .�#!� ! &'	/0�	 �1+1 @   (�
 ��	   +1 �T3 2�!*� &�&T!  +�   @50+1 )DMRT (   ]��JM+ �Q( �1

�    � �W�1 nX        �+6�+ L�0 *+ �1�UJ(+ �
 �W�1 SAS  1�
 L�v0+ �� .+�
� O% 		  �C�*1 @�    *+ ��T,C- 

L�0  �+6�+)Priprobit (1998-2000�� �1�UJ(+  .! � u�! ��!� *+ �1�UJ(+ �
 C	 CO�v% ��-�% 	 Cc� *+ 

  ]�! � [T-+�> ��� (�
� 	0��  1�
 i�KJ0+ �  �J�- &- ��  @AIC     �C��
 &JC�+1 +�  .AIC  C� O! � C	 ��
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  ���

%�Fda+� AkaikeO! 	��� ]�!�� *+ �1�UJ(+ �
 &- 9(+ AIC=- 2L + 2M! &c(�$! �   �C� � 1��

     -�% ���
 �J�- 2� �+�#! &3	  (�
� ]�! Y	0��       �1+1 ��J�� ���� i�KJ0+ [T-+�> b
�% �      &
 +� ��

i��Q! �$0 �%�W�% 	! &� ��0��T .+ �1� ]�!�� @LP �h-+�M ��/�kJ (maximum log-likelihood) 

  �m   ! ���J!+��> 1+�O% �  �T��
 .+�
�   (�
� e) k(� 	 �1+1 2�   �C��      L�C0 eC(�% &C-    )+ �+6C�+ C	 �

       �+6�+ L�0 &
 1�
 ��� <*+1�>Excel   T$T! � E#JT! �  ���  CQ) �   C( � 	o��/	��     kC(� &Ca�
�! 

1�
�� .LT50+�� �& ��� �+6�+ L�0 n�- �
 I�JK! Curve Experts(�$! �� &c.  

  

'��B1 E$� �   

   1�
�� 3� ��� �9
 �;# 
!� �1  ���  -3�F8 # : C(��
�  �C��           C
 &C- 1+1 2�,C0 ��C� L�Cv0+ 	 @

&0+�� 0*� +�� �&   �C��    3��CD IC�JK! �   �C��!1 �1 �      CTO! ���CU% IC�JK! �  �+1�    1�+1 1�C��   

)F= 100/45, df = 2, α = 7.1 .(��Q
�+�� &- � &IRAN 441C+�+1 ��0+�% ��&0+��   C0*�
  C	�J,� 

+�� �1 &
 9c'0� &IRAN 440C � IRAN 403C 1�C
  . CTV��	  CTO! zdJC)+ @� �+1�! �1  C	 2+6

&0+�� 0*�+�� �& ���3��D I�JK! ���+�M �1  ���1 I�JK!  C�  �C� ��)F = 86.162, df = 20,  

α = 7.1 .(
 C	�J,� &C0+�� @  C0*�+��  C�&  �C�� IRAN 441C � IRAN 403C �C!1 �1 � .X  &C��1 

J0�(� +�
 � 1+�
�+�� � &IRAN 440C�!1 �1 � .ZJ0�( &��1 � 1�
 ����,! 1+�
�� .�-	 �!1 &T

+�
� &0+��  0*�  +�� &�� �&    ��X   J0�C( &��1 �   
 � 1+�C
 C	,	  �C!1 &T4X  J0�C( &C��1 �    1�C
 1+�C
  

) ]���� .(  

! �1	+�� 2��& ���(��
 1��! �+�� � &IRAN 441C���!1 �
 +� �%N�
  C	  1�C- EC�$% �J, .

%{H	 ���!1 �� 4Z   � 4X  J0�( &��1 �    &0+�� [��- �1 1+�
 0*�     +�� �1 &
 9c'0 2� � 1 &�  �J�- �/

 9(+ �1�
 .+�  @�&J��    ����- �
 ��� '
 	���  ##$! *+ 	  �� &- @�  B��CD   �C�� � 	!�U C	   &COP�Q! 9'

!�  1�+1 9#
�Q! �TT-)Hall & Papierok, 1982 .(  

&0+�� 0*� B��D B. bassiana�!1 �1 � *+ �%N�
 4XJ0�( &��1 � +�
0 1 C	 1�
 <�+6C
 6 C� ��

9(+ Walsted et al., 1970) .(&0+�� ��� L�v0+ ��OP�Q! &
 &��% �
 0*�+�� �1  C� &IRAN 440C 

 �IRAN 403C160 k� &
 �1�
 n.  
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 ��	

 G�!�H6�#! �! &'	/0�	0* &0+�� �W�1 @�+�� �& ��� B. bassiana   

$! �1	 9,- eSDA���!1 �1 �I�JK!   
Table 1- Comparison of the mean germination percentage of different isolates  

of B. bassiana on SDA medium in different temperatures 

����� ���	 
���
��  ���)SD±%Mean germination( 

35ºC 30ºC 25ºC 20ºC 15ºC 10º C 5ºC 

����� ��  

strain code 

0.03J±0.37 0.1I±8.45 0.2FG±25.01 0.3D±78.  100 A  0.7B±89.33 0.7I±11.51 IRAN 441C 
0J±0.037 0.08J±1.27  0.7G±23.29 0.6B±89.03 0.3D±76.66  1.8D±75.22 1.93 ±0.2J IRAN 440C 
0J±0.03 0.1H±18.33 0.7F±27.56 0.6E±38.87 0.3C±82.98 1.8D±77.24 0.2J±1.5 IRAN 403C 

/0�	!	@ ��� +�+1 �      
 2�J( �� �1 &
�,! z��M  C	    C)+ L�CF �/0�  CTO! zdJ�      �QC( �1 �+1

 ]��JM+X %�Tc! �
�&T!+1 �T3 2�!*�  +�@50+1 ! � ���
 .  
Means within a column followed by the same letter are not significantly different at the 

5% level using Duncan Multiple Range test.  

    <��= !=3 3� ��� �9
# � ���� 
!� >��1   �F��  -3�F8 # :�
 C(��  �C��    2�,C0 ��C� L�Cv0+ 

!�   
 &- �T�1	! ��� @	�'	!��+�� �& ���  �C��!1 �1 IC�JK! �   CTO! zdJC)+ ���CUJ! � �+1� 

 1�+1 1���)F= 66.61, df = 2, α = 0.01 .(��Q
�+�� &- � &IRAN 441C+�+1 �
  C	�J,�  �C�� @

!	�'	!��+�� � � &IRAN 440C+�+1 ��J�- �! ��� @	�'	!�� 9C(+ �1�
  . CTV��	 C)+ @ zdJ

TO!�  �+1�  ! �1 	   ! �C�� 2+6 C	�'	!�� +��  C�&   �C��     �C��!1 �1 IC�JK! �      1�+1 1�C�� ���CUJ!   

)F = 937.16, df = 20, α = 0/01 (
CC	�J,�! �CC�� @CC	�'	!��+�� CC�& �CC�� IRAN 441C�   

IRAN 403C�!1 �1 � .XJ0�( &��1 �   +�C
 � 1+�C
�+��  C� &IRAN 440C �C!1 �1 � .Z  &C��1 

J0�(�   �� ����,! 1+�
 .�-	  +�
 �!1 &T�  ! ��� 	�'	!��  +�� &�� �&     �C�X    J0�C( &C��1 �    � 1+�C



	,	&T  �!1 4XJ0�( &��1 � 1�
 1+�
 ) ]���. .(  

+��� &IRAN 403C�!1 �1 � �Z � �XJ0�( &��1 �  +�+1 1+�C
� ! �C��  C	�'	!��
  C	�J,� 

P�M �1 �1�
�+�� &- � &IRAN 441C���!1 �1 � 4Z � 4XJ0�( &��1 �  �1 &
 9c'0 1+�
+��� &

1�  ! �C�� �C/ C	�'	!�� �%N�C
 � 1+1 2�,C0  . Ferron (1977) �C!1�  +�C
 YC(�T! �   B��CD �C��   

B. bassiana  +�.4 �% .XJ0�( &��1 � 9(+ �1�- <�+6
 1+�
 .#$% f
�Q!	 1 ��C#� �C/�   B��CD  
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B. bassiana�!1 �1 � � �% 4ZJ0�( &��1 � P� �� �1+1 9,- 1+�
��!1 � .^J0�( &��1 �   1+�C


+�
���� ! 	�'	!��1�
 2+�TF Y(�T! �� (Hussey & Tinsdey, 1981) .  

  

 G�!�I6�#! �! &'	/0�	F�O� ��� @�! 	�'	+�� L��& ��� B.  bassiana   

$! �1	 9,- eSDA���!1 �1 �I�JK!   
Table 2- Comparison of the mean mycelial radial growth of isolates of  

B. bassiana on SDA medium in different temperatures 

����
��
�� ��� 
�� ���� ��)SD±Mean of radial growth of mycelium(  
�� �����  

strain Code 
5ºC 10ºC 15ºC 20ºC 25ºC 30ºC 35ºC 

IRAN 441C 0.04M±0.035 0.067K±0.39 0.86H±1.53 1.18CD±2.21 1.27B±2.39 1.33A±2.62 1.29A±2.69 
IRAN 440C 0.06M±0.07 0.58J±0.946 0.89HI±1.44 1.18FG±1.89 1.18DE±2.11 1.14EF±1.99 1.1G±1.82 
IRAN 403C 0.19L±0.25 0.75I±1.39 1.18E±2.06 0.78J±2.86 1.22BC±2.27 1.17E±2.04 1.12EF±1.98 

/0�	!	@ ��� +�+1 �      
 2�J( �� �1 &
�,! z��M  C	      CTO! zdJC)+ L�CF �/0��      �QC( �1 �+1

 ]��JM+X %�Tc! �
�!*� &T!+1 �T3 2� +�! @50+1 � ���
 .  
Mean within a column follow by the same letter are not significantly different at the 5% 

level using Duncan multiple Range test.  

+� �J0 @�      (��
 *+ ��!� 9(�
 ��Fda+ � S�   �C��  &C0+��    C0*�         t�,CT! &C
 \�C
�! N�C�JM+ 

+���& ���3��D �! � 1�� .+��� &IRAN 441C ( 2�JC(+ �1 bD+� 2+�+�( 2�J(��� *+  C	 � 2�J'

    +�� � i� �
 2�J'3��
�    + �
�T
 �1�
 L�
 � ��+�M @ ���    
 +� �%N�C
  C	    C! EC�$% �J,�   �CT- . �1

P�M�+�� &- � &IRAN 403C! �T,� 2�J(��� &
 \�
�! �  +�+1 &C- ���
� +�C� � i� �  nCT) 

  ���!1 � 9(+�      � �1 &
 9c'0 +� �J�- +�� 1 &� 
 �/	  ! E�$% �J,�  �T- .  1 &OP�Q! �1��/�   �
 &- 

��� +�� �& ��� + �0+�� Mcb1  �Mcb6  �Mcb8  �Mcb11  �Mcb12   � Mcb18       yK,C! ��C� L�Cv0+ 

1�
�  &0+�� &- � 0*� +�� �  &Mcb11         +�� � i� �
 &0�J(� 2�J(��� 2� t�,T! &- � L�
     �1 �1�
 �%

�!1� 4X  J0�( &��1 �    0* &0+�� �W�1 1+�
�  
 2� 	  1�C
 �J, .   +�� EC
�#! �1 C�  &Mcb8   �C!1 �1 � 

� ��
6!	� P�O� &0�
	&0+�� 9 0*� 9�+�0 )Majidi-Shilsar et al., 2003 .(�( ��OP�Q!�##$! �	 @

 �1+1 2�,0    +�� &- �0+�&  ��� 3��D �    '!�
 fa�T! t�,T! �
 	�� �0+�% ��    �C!�
 EC�$% �� 
  C	�J,� 
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 ���

+�� &
 9c'0�& ���+�� � i� �
 �J'� &P�JO! fa�T! �T(Fargues et al., 1992)  .  

 � D3!8�3���
�#� : +�� &(� + &�0+��  (��
 1��! � �0+�% ��� 
 	����+6�� �� �  ��� EM+�! � 

     (��
 1��! E!�- ��,M � ��N�  �TJ�+1 +�  .  �C�� EM+�! @J)�( �1�P� *+ ~>�  ��,CM � ��N 

     +�� &( *+ �1�UJ(+ �
 E!�-�  �!*� 1��! &�  �7( � [�   2�� �Z *�� �     T,C- *1 ~7C(   ��XZ   � `` 

  5U% &
 �W�1	 +�
 n�           ]��� �1 &- �� &c(�$! ��N � E!�- �+�,M 4     9C(+ ��C� ~5OT!  .

�1+1 1��! �1 ���+�� &( 1�
��- *+ EW�M �+ &� C0+�� B. bassiana �CJ�- � @AIC -�% *+ �C� C	 Y

 J'vP [T-+�>	       &�� ]�! �
 ]�!�0 � n� � �	   ca :(�> �
 �	O�   ��% ]�! � 	$�    ca :C(�> �
 	 CO� 

�
 EW�M1�� )E5� ��� �  �..(  

! �1CC	+�� &CC( 2�CC��CC!*� 1��CC! &��CCJ�- [� ��T,CC- *1 @XZ+�� &CC
 \�CC
�! �CCW�1 CC� &  

IRAN 441C�� �%�% &
 ��N � E!�- �+�,M 	]1�O! Y ^e+X�/. � 4e+4�/.  1�C
 .
 C	�J,� @

 �+�#!LC50 +�� &C
 \�
�!  C� &IRAN 440C�� �   %�% &C
 � ��N � EC!�- �+�,CM  C	 ]1�CO! Y 

Xe+4^/4   � 4e+Z./` 1�
  .+�
�T
�      ��� &�M�! &
 &J'
 ��T,- *1 @� n(�(     +�� � �C� C�&   �C�� 

 �!*� 1��!�  1�
 ���UJ! [ .+�           ���C% EC
�D ��Ca &C
 E!�- �+�,M �1 *1 @�
  C	  �C���N *+ �J,

!�  ���
 .�#!� ���+1��0 &' *1 ��   ! � u�! 	      ! 2�,0 E!�- �+�,M � ��N ��        �C
 ��dCF &- ��1

�>	�     ���N �1 ��T,- *1 21�
 @ � �	  (�
� e) Y	 0 2�6	   C! �%�T% �     + � �C��
 C�     2�,C0 &��'C! @

!�       �1 ����N &- ��1�  0�!* &�W�� n�         �C�*1 &C
 EC!�- �+�,M *+ yK,! � +6� �    ��7C(+ ��CT

��'M �TJ'� �% .  



  

 ��������� ����� �	 
� �
� ����� B. bassiana��� �� ������	 ���� ���� ���� � �!" # ���$ !�	  

Table 3- Lethal doses of different isolates of B.bassiana regarding larvae and adults of saw-toothed beetle 
 

����� ��  
Isolate code 

���	
 ���
  

Developmental 
stages 

AIC χ
 

 ���
���LC50 ��� 
� %��  
Log LC50 at 95% 
confidence level 

  ���
���LC99 ��� 
� %��  
Log LC99 at 95% 
confidence level 

����	� ���� 
Distribution 

functions 

�!"#�	$
 &�
 
Regression 

models 

Adult 115.53 0.54 
2.51e+4 

(1.18e+4, 4.45e+4) 

3.96e+6 

(8.62e+5, 1.32e+8) 
Logestic 6 

IRAN 

441C 
Larvae 135.76 0.64 

2.31e+3 

(5.42e+2, 6.03e+3) 

2.62e+5 

(5.34e+4, 1.99e+7) 
Logestic 6 

Adult 127 0.6 
2.45e+5 

(9.04e+4, 2.01e+6) 

2.61e+8 

(3.24e+6, 1.21e+11) 
Normal 2 

IRAN 

403C 
Larvae 142.2 0.68 

6.65e+3 

(1.65e+3, 3.38e+4) 

7.87e+5 

(9.21e+4, 7.06e+9)  

Normal 2 

Adult 119.74 0.56 
3.34e+5 

(1.24e+5, 3.19e+6) 

2.17e+7 

(1.14e+7, 1.01e+13) 
Normal 2 

IRAN 

440C 
Larvae 141.23 0.48 

9.02e+3  

(2.51e+3, 5.84e+4) 

4.67e+7 

(1.24e+7, 5.16e+14)  

Normal 2 

  

2: All / Nothing with Natural Response Rate 
6: Preference with Natural Preference 
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Fig. 1- Dose-mortality curve in adults: a- isolate IRAN 441C,  

b- isolate IRAN 403C and c- isolate IRAN 440C 
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Fig. 2- Dose-mortality curve in larvae: a: isolate IRAN 441C,  

b: isolate IRAN 403C and c: isolate IRAN 440C 
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Fig. 7- Lethal time of isolates at different dosages on adults 
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Fig. 8- Lethal time of isolates at different dosages on larvae 
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