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EA
	 ���

������ 8
��G��� �� "�:2��� "E����� 8
�B
�����      "�9
��� "�:2��� 8�-���A� 
    (#
� "(��G	 "�2!��� 8
�:����� "�
@��
	"         8
�	:G
� �
��
�#�� "�62	 "��# 8
#��� -���  ,

  �� 8���	�:� ���#
��          "�:�
�
��� "���2�� "2�
���� 8
�
(
 ���G
� �(� ,L�����
	 *��G��� "���2
�
�
�
	�        "#���� ���������� ������� �
��A� �
7� �� �        ����� L����� ��:� 8
�
(
�� �6

��
�� . L������ �E�9 L������ "����� K:	
� "�	�� ��� 7.0431�?�� ���:� .  

4 .   �����
 C!��� 
<���
 
����5
 ���!��
    *�1��"	 ���1�	� �1����
 =�� D����
 D�� %� 

 �	�����) 
� @���2004*
��3 EF< A���� :( 

    O��	�� O�� �  ) �B
���� ��	%�� (         �� �� ������ �
��� 4�9
 �
�� "��G��� O���/� ��
 =��� �2���
             ":���� 8�� Z�[6 ��� \���� 8�� "		#� <�#�� �:� "	
9A� O���� �7@
� 

    �G��� ��9� ���� �  �#�B��� ���	��  .        "#��� �!� �� O��:� 4	#��� �G��� \���
 �
��
               "�#���� ��G�:� C��7���� \�2���� "	
�9��� ":���� �:� "�:������ "���
��� O���/�

         "�6����� 8
�9	��� 8
����A�� C�E��� .	
G
�� 8
��(
 "G#��	 "������� "�:���� �9B
9� .
  	���� ����� \�2
-�   -��
2� �:� O���
	 *         &�
��
�� ���� "	
9��� �R	�� ���� �G���  ���  

    "�
EA
	 "��:#�� .G
������              
�7� ����#�� �
�6�A� ��� ��2
��� "��
(��� <
�9/� �
��  
8
����� �(�� "�6����� "#��7�� 8
��(
 ����
#�� "�#�/� "���� ����
#
	.  

   L������ <�7���         ��

�  ���� O��	�� O�� �� ������ �
��� "�
�2      ���#2
� ����
�� "
              ��:� "�@�
2��� ,-��29�� <2� <
(� � ������ "���� ����
 �� �2�� ,��������� ����
                8
�2��:� ��B�	�� �
�@��� �
6���� ���� ������ *��� ��2 "�B
(�� "���
#��� "������� �@���

"�	���� .������ �E�L 15 L������ "����� K:	
� "�	�� "��� 5.77812�?�� ���:� .  

  



- 5 - 

 

��
����"�
 /���!:  

1 . �
�� ���� ���G
 L����� / A�8��
�.  
2 . �#2
� ���G
 L��������
�� N

� � ������ "����  /A�8��
�. 

3 .  ���
�� N

� � ������ "���� �� "6��2�� 8
�
(
�� O�	 �
��  L���� /A�8��
�.  
4 .  ������ "�
#	 1�2	 �� "�=
#��� L���� /�
��̂ "�G:#. 

5 .  "#�# *��2 "2�
�� L���� -���2�� ������ ) "���7�� / (�
��̂ "�G:#.  
6 .  "������� 8
�T� "���2�� "2�
���� L���� /8�����.  
7 .              "��#�/� "����� 8
�
(
 ����
#
	 ������ �
6�  �
�� �� "��G(�� ��7��� ��� L���� /

�G� "���.  
8 .  ������ *��� �
6� � ��#2
 L���� /����#��. 

5 . �����
 ��
���
 ����	 
� ������
 �������	�
� �����
 ���� 
� �:  

      �=U
	 �
�
=?� "�@���� ��� "���
��
#� �
G  ���     ����:� "�������
�� 8���(�� ���� 4���
� � 
     �:�
���� 8����� ����G
� *�������� *�	��� ��
	
 "G���� 8�-
(� ��@�
� "��G����  ����� 

 7:�=U
 8
��
#��         8������ �92�� ? �
6��� ��	# �:� "�@���� 8%�� �(�      "����(�� "��	���
�� 
"��

�� 8������� "��G(��� "���:�A��:  

�  ������ O����� 8
�' "2�
�� ��2 "��G(�� "�	���
�� *�����– "����#�� 1994.  
� 2�
�� ��2 "��G(�� "�	���
�� *�����" ������ O����� 8
�' – �
��̂ "�G:# 1994.  
� �F��� ���� ������ �� O��	�� O�� ��2 "���:�A� *����� �	���� 4– S��
 1995. 

�     "��#�/� "����� 
�������
 ����
#
	 ������ �B
#� N

�  ��2 "���(�� "�	���
�� *�����X 
 *�=
(��1996.  

�  ������ O����� 8
�' "2�
�� ��2 "��G(�� "�	���
�� *�����– "����#�� 1996.  
�  ������ "���� �
�� �� "��G(�� "�	���
�� *�����– G������ 1996.  
� ��������� N

�  "���� �
�� �� "��G(�� "�	���
�� *��X ���F	 1996.  
�  ������ O����� 8
�' "2�
�� ��2 "��G(�� "�	���
�� *�����– "2���� 1997.  
�        ������ 8
�' ��2 "��G(�� "�	���
�� *�����"�7���      -����2�� ������ "#�#� – A�   8��
��

1997.  
� "�#�� �
�� �� "��G(�� "�	���
�� *����� ��
�� ���� – "2���� 1997.  
�  ����� ��	 ���
�� 8
��(
 �
�� �� "��G(�� "�	���
�� *�����–A�  8��
�1997.  
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�             ��:� <��
��� "��:#�� ������ �B
#� N

� � "�#�/� "���� ��2 "���(�� "�	���
�� *�����
 
7
��
(� �	#� ������ O����X G
	��� 1988.  

� �
��� �
6�  ��2 "���(�� *����� �	���� �G��� �� ������ "– ����� 1988. 

�     2�
���� ��2 "��G(�� "�	���
�� *�����"       ������� O����� 8
�T� ":�
�
��� –   "�����#�� 
1999.  

6 . ��<���
 *�3
���
 ���� 
� ������
 ����:  

X  ����
���� ���
�� "�
�9 ���G
� ������ "���� ��#2
 "#���X �
��̂ "�G:# 1977.  
X ��G
� "���
 "#��� ������ �X 
�	�� 1979.  
X  ������ "���� ���G
 "��
��  �� ��� ���(
– 
���# 1985. 

7 . 
�.�
 %���	�
 ���� 
� ������
 ��	""� 
	�
 *
����5
:  

o ���/
	 "���
#���� ������ �B
#� N

�  �
�� �� "��:� *�
�
#�.  
o A
	 ������ �� *��	��� �@��� �
�� �� "��:� *�
�
#�8��
�.  
o  *�
�
#����2	�
	 ������ "�#�� "���� �
�� �� "��:� .  
o ���2	�
	 "�#�/� "���� "G#��	 ������ �
6�  �
�� �� "��:� *�
�
#�.  
o ���#��� ��
��� "����� "6��2�� 8
�
(
�� �
�� �� "��:� *�
�
#�"���2	�
	 ����:� .  
o ���:� "���#��� "������ �
�� �� "��:� *�
�
#�����2	�
	 .  
o �:� *�
�
#���G#:�	 ������ "�
�� �
�� �� "�.  
o ����#�
	 ������ 8
�' "2�
�� �
�� �� "��:� *�
�
#�.  
o 8����
	 "�

	��� "�#�/� "���� �
�� �� "��:� *�
�
#�. 



  

  

  

  

  

  

  

  

��������	
 ���
��	
� �����	
 ���
��	
  

�
��	 ���
���	
 ���
��	
 ��
�� �� �
�����
 ����  
)� .��� 	
 �! " ��# ����–��#
��	
 ���%��	 ���� 	
 ��&%�	
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� ������
 �������
 �������
���������
  

*��B� �����	��
 �������
 G�
�� 
� 9
��	3'
 2���  

���������
 �������
 Biological Control  

�<� ��B� %�������
 4
��)
 ��<H	 : 

–  ���/� "�:9�� �� 8
#�
����Arthropod predators "��#���� -
#��� �6� �B
��� �:� 3%F

 
 ���� �:� 3%F

 �
�� G
(� �	#�� 8�%.  

–  8���2�� 8!�G
�Insect parasitoids     ��:� 
7�E�	 ��(:
 ,4
	%��� *��F9�� ��	
���� �6� 
� *��2���:
� C�R
� �B
��� �:� "�%F
�
	 *��F9�� ���G/� ��(
 S(��� ��	� ,�B
��. 

–  8���2:� "E����� "��7���� -
�2/�Microbial pathogens
� �B
��� ��
7
 &%=� 
 �
(�	 4	#
���� *��6� ���� . 

�  ���	G�� -���/� C�R�� ��                %�= ����� ���� ��� ��:� 8�
� 
�� ��� 3�
#�� "�P� ��
�� O��  &
 -���/�.  

 ����� 2���� ���������
 �������
 )���	������ ( Biological control (Biocontrol)  

• ���
� -
�2/� �����	G�� -���/� ����
#
	 "�P� "2�
�� "���
��
# : 

X  "�T� *�
E�antagonists .  

X   "#�
�� competitors        ���92:� "�P� �� S�
�

 �
�� -
�2/� �=�   ��:�    ��9
���� 
 "����E��)�
���� ,-�%F��.. �H� ("�P� ��� a��
 C%�� b
���� ��. 

X                ��� 
�7���� ���
�#
� �B
��� ���� "���2�� 
7
����� �:� "@�
2� D
�
�% �6
�

 3����
"�P� "2�
��.  

 ���������
 �������
 93"	=�,%��3� : 

1 .  "���	G�� "������	�� "2�
���� :Natural biological control 

 �� �92
              �������
��� ������	G�� ���:�9/� "�P� -���� "G#��	 ���	G�� "�P� ��
�� O�� �
 "�P� �G��	 native "�P� �G�� �� ���:�U
��� �� coevolved natural enemies   

2 .  "�(�	G
�� "������	�� "2�
���� :Applied biological control 

-���/� *��(� ����
� �
#�A� ���
 ��� �92
 &%=� �#(
 &%=� ,"�T� �����	G�� ��  :  
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–  "���:(
�� "������	�� "2�
����  :Classical biological control  -����� ���� ��� �92
 
"(G���� �� "�G�
#� �� ":��� "�' "2�
��� N�
��� �� "�T� .  

–  "�
E��� "������	�� "2�
���� :Augmentative biological control *������ ��  : �92

�                "�B�	�� S��� ��� 
7�� ������
���� "�T� �����	G�� -���/� "��
�� *�
��� �
#�A� ���
 ��

conservation  
�����"	�
 ���������
 �������
 %� ��<�@ Classical biological control  

•  ��G
��� � Scolia oryctophaga (Cocquerel)       S�
��� ��� *����� L����� ��
�7� 
rhinoceros beetles (Oryctes spp.)      ���#�� 4�9� �
��2�   sugarcane grub, 

Phyllophaga smithi (Arrow). ":B
�� �	

��  Scarabaeidae  

•         S
������ �� L���� �%= .!G  �
 1�2Mauritius         ���# "��' �E *��� "2�
�� �G��� 
49(��.  

Biological pesticide) (Biopesticide   

•  "�B
�2/� 8���	���Biological pesticide)  
7�:� .:G�Biopesticide ( �
� Y:G9� �=�
        �
�� ��
��� ,"�E���� 8
		#��� �:� "9
� *��9	� ,"�B
�2/� "2�
���� 8
���� �:� .:G�
             ���
�� O�� �� D
���# 
=��6U
 ����� ,"��
����� 8���	��� ���
#
 
�� 
7����
#�� 
7:���


����� �� *��9� *�� �!� "�P� . 

• 8
���� �   "��

	��� "�
@��� ������ .�	G
� "E�� ���
 "�B
�2/� "2�
���� phytosanitary 

regulations�
	
�?�� "��
���� �
�� �� �� 1�2	��� \2��� �
�� �� .  

  I����
 %����� 
�7���
 6���
Host range of a biological control agent  

–  �B
��� C�
2�monophagous� �B
� �:� \9�
�� �2 3� "�!# �� 3�2 �B
��� �� *. 

–  ���
�polyphagous -
�2/� �� ���
�� 
=���	 �9
 �B����� �� ����� 4�9� .   

*�3�	.��
 :  

• 
7�� D
��2 �F9/� 8���2�� �:� 3%F

� S�
�
 1�2 "�T� "���	G -���� �	
�
. 

• � "#��� �:� 3%F

 
� D
	�
>3�2 �6�� �� * .  

• � �� 12	
 "G�� 8���2 �	
�
� 
7
#��
3%F

7�:� .  

• 
7�� :  
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•  "�E�/� S�
���� ground beetles   ������ S�
����  tiger beetles   "��(	� S�
������ 
 "2��/�ladybird "��
�
�?� ��	
����� social wasps  "2��/� "��	� 8���2�) ���� �#�

����� �#�� (lacewings  "2��/� "��9� .	�� �� L����� some stinkbugs	���   ��

(�� .
assassin bugs  .�
#�� 4
	%���robber flies ����#�� 4
	%�  syrphid flies   ��� L�����

 ��F9�� 4
	%��midge flies.   

�����
 A��, %� �
��@ : Dermaptera earwigs (Forficulidae) 

•  ?  "������ "��� ������ *�	  L���� 4:>� ���
�"�#��
�  "��	G �� 
7�� D
�#� �. 

• ���L� Chelisoches morio (F)        -����2�� ������� "�#�# 8
����� O��	 ��:� D
�#�
�� 
Rhynchophorus ferrugineus   ?���� "(G��	 ��7�� ��� ����� "��

�� "(G���� ��  Kerala 

 ��7�
	 )Abraham et al 1973  .(  

• L���� ��# Anisolabis maratima W�:��
	 -���2�� ������ "#�# O�	 �:� 3%F
�.  

•  S�
����Xylocoris galactinus :    ������� "�#�# 3��%�� S(��� "6��2 8
���� O�	 ��
7�
-���2�� .  

*F.�	��
:  

•  �B
��� �#� ���� �� �:� a��
 8
�B
�. 

•  �:
(
 �
2 �B
��� �� *��	� 8
��� c:7
#
.  

•  ��	
���� �� 4
	%�� �� ���
 8!�G
��� 4:>�.  

• 	��� ��6U
� "#
#2 8!�G
��� ���
�
>�/�� 8
��G��� 8���	�� "���2�� 8���.  

•    Y:G9� .:G�Parasitoid             ��B
��� ��
(
� "�E
��� ��> 
=���G� �� ��G

 �
�� 8���2�� �:� 
 "������ *�2 ":�
��� 8���2�� ���
� 
=��G
 8
�:�� �!�.  

"2��/� "�B
�> "	
� : Hymenoptera  

•  L���� Scolia erratica Smith   ":B
� �	
� Scoliidae. 

•         �
���� 8
��� �:� "���
� 8!�G
�� 8
����� 3%F

Scarabaeidae       "�:B
� ��:� ��� "	#�	� 
 S�#��Curculionidae . 

• .�2��� �:� ��	���� 8
F�
	 3%F

 . 

•   O�	�� ��2 "�:� ���
 �6 ��� *������ 8
����� �:� O�	�� �E
� S�
���� 8
��� ���
 .  



- 10 - 

 

•      "�

�2 8
��:�� ���

 ?� � �6�  L���� �%= � .     S���� �� �� �>��
	Scolia     �� ;
��	 ���
#� �� 
"������	�� "2�
����.    

"2��/� "�B
�6 "	
� Diptera 

• L����:     Sarcophaga fuscicauda Bottcher (Sarcophagidae, Cyclorhapha)   

•  8
����� �E�	 �6
�

� ":�G
�� "#�
�� 8���2 ":B
��� ���
larviparous�� �:�  �B
�.  

• �B
��� *��2�� 8!�
�� 8
��� �:� 
7

��� 3%F

 .  

•  -���2�� ������ "#�# 8
F�
	 ��
7
Rhynchophorus ferrugineus     

 ����
Paratheresia (tachinids) :   

• "2��/� "���>� "����2 �
	
� 8
��� �:� D
�:��� 8
����� ��G

: 

– Paratheresia menezesi Townsend   

X     ��G
� L�� "#�#�� �:� ����
 R. palmarum    
��=
	 "�(G��	 8���� ���� L���� �� 
Bahia     

– rhynchophorae (Blanchard)   Paratheresia   

 L�� "#�#�� �:� ��G
�� a���R. palmarum��G
�� "��	G �� "(��� 8
#��� ���
 ? ����  . 

.�
*�3���:  

Baculoviruses 

•   "�����Baculoviruses    *��	�       C�2
 C�9� ��� 8�%DNA   
7��� 280    �� D
����� D
��� 
NPV . 

• "6!6 ���
 
�= "�:�� ���
�� :  

–  �	�	2�� S������granulosis viruses (GV).   

–  C����� ;�G#�� ���
� S������nuclear polyhedrosis viruses (NPV)    

–  �6�
 ? *��F9 "������baculoviruses .   

•    
�2	 ��
��	�� "����� ��(
          S������� ��
#
� "����� <��@�� 8���6U
 �� S������ 8
��#� "�
D!6� "	�
�� �� "�B!��� <��@�� 82
 8���#� -
(	�� �:�  .  

•             ������� ":B
= 8
����
#� 
7�� ,"��	G�
	 ����

 ,8���2�� O���� 8
		#� �=��    ��� "��#
#
"���2�� 8
�P� �E "�	������� "2�
����. 
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•     �!� �B
��� �
(
7 – 14 ��� D
         "��	(� ��> "�9�� &%=� ,�B
��� �	� �� 
7�E= ��	 ,   *��2�� �/ 
 *�
��� c:
 �!� ��E�� 8		#� �

	��� �B
��� �� 8:�� �� ���
 *�
E��.  

•           ��
�9��� 3�� D������ ���� �� 
7����� O�	 ���� ,C�
�
�� .
G��� �:� 8
#������ &%= W
�
 ��
"����2�� .  

• #�� 3��� 8
#���� 8�
�� L�� S�
���� �E 8:��
Oryctes      L����� "�9
� *���9	�
������ 4�9� C%�� O�	/� ��
����.  

•   ���!	�
�
�#�� ;�G#�� ���
� S���� \���
 �
Cytoplasmic polyhedrosis virus 

(CPV)�% C "���7�� ?���� "���� �� -���2�� ������ "#�# �E "��
� *-
�� )Gopinadhan 

et al. 1990.( 

•  � 4�9�              ����� "�#�#:� *����/� "������ ����/� "	
9  C�R
 ,*��2�� ����� ���� S�����
 �	
������  �7@��� "=��� 8
F�
	 ��7@ malformed    

•  "�B
�2A� "2�
���� W���	 �� 8
#������ ���� ��
2��� ��.  

 *�3���.�
 �
��@ D��:  

Anagrapha falcifera Nuclear Polyhedrosis Virus   

Helicoverpa zea Nuclear Polyhedrosis Virus  

• 
"2��/� "�B
�6� "�B
�>� "����2 8���2	 ���. 

• 
8
	9(��� *��	�� ,���� 
�!� ,"��=��� �
#�/� 8
��� �� ��G
.  

•                *������ <���
 "�E���� S������ 8
��#� ���
 �6 ���� "G#��	 ��E= .��G �� O���� �(��
�G#��� *����� 
�!� ���
�.  

• 
�� �(� �6�/� .��G �� O���� O�	�� .  

• C�
�
�� �#?�:  

–    VFN80™  ,  
– Gemstar LC, Biotrol, Elcar  

 �������3�������
Microsporidia 

•               "�:�G
��� 
�����	�#����
���  8
�9 �:� 8
���
�6��� 8
���	#�� ��	 *�
��� �!� 1�2	�� 8���

8


	��� 4�9
 �
�� 8���2�� �:�. 



- 12 - 

 

•  ����� N

�A� ��:
#�   ��

� ���> ��6U
 4	#
� "�2�� �B
��� 8
��� 8!�G
��� &%7�sub lethal 

effects 8
����� ��
�� �:� .  
• � "�# 8
���#
�� "���	 
�����	#���
��� �:� 1�2	�� 87
�19903��� *�� D
6��2 
7	 ���	 ��� .  
•  ��
7
�   
�������� L����: Nosema (Nosema locustae)  and Vairimorpha:    8
����

23��/� L���/�� "2��/� "��(
#� 8���2� "2��/� "����.  

•  L���� ��
7�Nosema fumiferanae   �G(�� ��� *���spruce budworm .   
•  L���� ��
7��Nosema locustae "��

�� "��
�
�� -
�#/
	 W
��� ������ ����� : 

NOLO Bait® and Grasshopper Attack®. � ��6U
 8�% 
 
� 
����� ��    ��	� ��� ��
��
���/� "���2�� ���G/� �� 8
���2�� .  

•  G		 ���
�-       ��	 8���� �92�� ,"�E���� �
��
�� 3 – 6    "	
9A� 1��2 �� ��	
#�  .   8���
 ?�
������ ����� ���� .  

NC and GC - control baculoviruses 

Fig. 1. Analysis of proteins in insect 
cells infected with NC, GC and a 
recombinant baculovirus control (BC) 
Spodoptera frigiperda Sf9 cells were 

harvested at 60 h post infection, lysed in 

50 mM Tris-HCl pH 8.0, 150 mM EDTA, 

0.5% NP-40, and insoluble fraction was 

removed by centrifugation at 30.000g for 

15 min. Soluble proteins were separated 

in 11% SDS-PAGE and stained with 

Coomassie blue.  

 ���	���
:  

Bacillus thuringiensis   

•        ����
� ,"��B��= ,C�9� ��� ,"�2��� "	���
        ������� "���E��� 
�!��� O��  ,8���	#

�3�2     "#�� 
7��G�8
������              ��� �
��� �� �� *����� ���
 , *��9� "�G�# G��� 
7�� 
-��7��� -
���� 8


	���� "	�
�� �� 
79!�
#� ����� "B�	�� 

•  �:� 8:��
#�"������� "�@�/� �� ������ �� �#�� .
G�.  
•   
���
�	�� ���# �E "��
(��� �� L�� ��7@ �= 
��
�	�� �
��
#� ����
 �
�� ":�����bacterial 

toxin  O�	 �	� �� �8���2�� L��� .  
•  ���#�� C�2
 8���	# W
�
bacterial toxin "2��/� "����2 8
��� �� ����:� ":

(�� .  
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Crystal protein (cry) genes 

•    
��
�	�� W
�
�              ��
� ��
���	�� �� 8���:	�� &%= ���
� 8���	#�� ���
 "�:�� �!� "���:	 �
#�
 <9�� \���
� �� �6�)14 (���D
  "����
��	�� 8���:	�� 8
��� �� crystal protein (cry) 

genes "���2 8���	�� 
7�

�  �� D!E� . 

• ��
��	�� ��	��� ":B
�	 ����� \9�
� W
���� �insecticidal (Cry) proteins   
7���#(
 ������ 
�� ���
�� "�	��  :  

–  "2��/� "����2 8���2 �:� "99�
� 8
���Lepidoptera-specific (I)   
– �����2 �:� "99�
� 8
 ���    "�2��/� "�����2� "��B
�6 8��Lepidoptera- and 

Diptera-specific (II)   
– �/� "���> 8���2 �:� "99�
� 8
��� "2�Coleoptera-specific (III)   
–  "2��/� "�B
�6 8���2 �:� "99�
� 8
���Diptera-specific (IV) genes  

*
�!��� � ����
 ���	���
 �
��@ 

• san Diego : Colorado potato beetles BT/ 

• israelensis: Mosquito larvae, black fly BT/ 

• kurstake bait: European corn borers BT/ 

• BT/Berliner-kurstake : Cabbage looper, cabbageworm, diamondback moth, 

tomato horn-worm, tomato fruit worm, grape leaf roller, & gypsy moth   
Bacillus sphaericus (strain 2362) 

• S
��d� �	

�� O��	�� 8
��� �E �:��� �#� ���
 :Culex, Psorophora and Anopholes 
 ":�:�� S��:� "�	

�� L���/� �:� ��6U
��Aedes  

•                 O���	�� 8
����� "(����� -
��/� �� 
��
�	�� .�
�
 ,O��	�� 8
��� �	� �� "�2�� 
��
�	�� �7
:

�� O��	�� 8
���� �

(�� �#�� �� 8
��� .:G
 �6� �6
�

  , �#��� <���
  .  

Bt δ-endotoxins and mode of action 

•    7�� *
�(�� 8
����       C�R
 "��
��� "E��2�� 82
 *��2:� "��E��         ��#�� ��
���	 8����:	 �
	�% 
toxin crystal "��R� ��� ��
�

 �6 ��� �� "��E7�� *
�(�� 
�!� <:
  . 

•  �#�� Y	9�Btk�#�� C�
�
 .
G� �:� W
�� 8���2�� �:� �6R���  . 
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Application Methods  

• "��
�
 -
�#U	 W
�
: 

•  VectoLex CG (Bacillus sphaericus Serotype H5a5b  
•       *�
��� �:� "��
2�� 8
	�	2�� N��
":�
���           "G�#��	 -���7�� ��� a�
� 3��� ����� -
��� ��  

�E�/� a��� �� 8��B
G�� .  
•  C�2
 ��	��� 8
�
��Bacillus sphaericus ���
 �
�� ":�
��� � L�	#� *���   ��	
�#� "�	�� 

a��� ��	.  
Bacillus thuringiensis var. tenebrionis 

•   ��E2
#��� ����Bt variety tenebrionis      "�2��/� "����> 8����2 ��:� \�9�
� 
coleopteran. 

•  �������� SG
G	 -
#��� 8
��� �E ��#�Colorado potato beetle   8!�
��� 8
���� 
 ������� .�� -
#���elm leaf beetle.  

• �:�� "(��G :  
– �(	 �� �
2�� �= 
�������� C�R�� 8
����� �	� �� �:
	� ,
��
�	�� L���� ".  
– "��	G�
	 �
��� ���� ?� "��#��	�� .�� "��/� "G#��	 �#�
�.  

• C�
�
�� �#?� :Trident  
Bacillus thuringiensis var. san diego 

•  �������� SG
G	 -
#��� 8
��� �E ��#�Colorado potato beetle   8!�
��� 8
���� 
� -
#��� ������� .�elm leaf beetle. 

• �:�� "(��G :  
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– ������ C�R�� 8
����� �	� �� �:
	� ,
��
�	�� L���� "�(	 �� �
2�� �= 
��.  
– "��	G�
	 �
��� ���� ?� "��#��	�� .�� "��/� "G#��	 �#�
�.  

• C�
�
�� �#?�:M-One   
•  �	� �� �7��� ��9�Mycogen Corporation, 5501 Oberlin Drive, San Diego, 

CA 92121  
4
����
 �����
 �3�3� � ����
 ���	���
 

• � ���#
 ����3�2  � 
��
�	:��    ��	� ��� -����2�� ������ "#�#� "E���(Banerjee & 

Dangar, 1995)  

•  L���� �
9B
#� �
 :Pseudomonas aeruginosa (Schroeter) Migula   "�:B
�� �	

�� 
)Pseudomonadacae (��	G "	
9� N%
�� �� "���7�� ?���� "(G�� �� D
�Kerala .  

•        "#�#:� "�E�� 
��
�	�� &%= �  C�	
���� ��:2
�� YE��   C�R
� ��    8
������ 8��    
����� 
 �E7
 
��
�	��
��
�	�
	 Y�(:
�� ��	 �
�� "��
�6 ��	 8���� �92�� -�%F�� �� .  

 *����.�
 :  
       ��� "���2�� "2�
���� �9
�� ����� �6�� 8
��G��� �	
�
   ��
��� �� D
����
#� "�	���� .   ����2 ����750 

                8����2�� ��� ������
	 c
�
 �
�� "9�
��� 8
��G��� 
7�=�� 8���2:� "E����� 8
��G��� �� L��

7��� 8


	��
	 *�
E�� "��
9
�?�:  

Metarhizium flavoviride Gams & Rozsypal 

•  �G��� ���#
 �
Metarhizium flavoviride Gams & Rozsypal "��(
#� �:� *�G�#:� 
 "2��/� (Thomas et al., 1995) 

• "�P� �E ��
��� 8���� �� G:��.  
• �:� *�G�#:� "���:��� ����� -���/ "7	
���� "�
��� 8
B�	�� �� ���
#� :  
•  C���29�� ������Schistocerca gregaria (Forskål   
•  aB
�2�� G
G��Zonocerus variegates ":B
� ��   Acrididae 

•  ��' L�� ���� M. anisopliae  /� "���> 8���2 4�9� 8���2�� "9
� *��9	�  "2��
        /� L�%�	 .
��� ���� �� "	�
�� �� a��
 �
��         ������ "#�# �� �9� �� ���� �
 ��� �
��

-���2��  .  
Beauveria bassiana  

• "	
� �	
� Hyphomycetes �#� 82
 Deuteromycotina 

• �� 8?!# *�� ���
�G���  Beauveria bassiana   ��
��� -
��� �� "	�
�� ��  
• ��#���� c�
�� Metarhizium and Beauveria   ���G�� <��� ?� "G�#	�� *
�2�� *���	


�������
	 "�#���� ��> 8���	#�� ��#
� �#���� conidia  
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• ��' L�� ���� B. brogniarti ���� ��9�� �� *��	� 8
���	 W
�������� 
	�
�.  
• ���  �����G��� !��� �� @2�Beauveria bassiana (Balsamo) Vuillemin  � 

Metarhizium anisopliae (Metchnikoff) Sorokin      L����� ��:� ���	� ��6U�
 
�7�
S�#�� .  

• �G��� ��� �
�� :8���2�� �� ������ 8
F�
	� 8
���� O�	 4�9� . 

•           �� -
GF�� <�E
 �
�� 8
����� ���� , �B
��� �:� �G��� ����       .��
�� ��6 *���2:� ���
�

7
�� 4	#� 
�� *��2�� �#� ����	 ����� ������ .  

Zygomycetes: Entomophthorales  

•  S���� "	
��� &%= �	
�EntomophagaL���/� �� ��� ��� ���
� : 

– Entomophaga grylli  
– Entomophaga macleodii  
– Entomophaga calopteni  
– E. praxibuli 

•  L���/� &%= ����
����
#�� ����� 
����� �� ������ ��
7
.  
• L���/� &%7� "��
�
 8
�
�� ���

 ?.  

 *����.�
 K�&	@ %� �.�	�� �
�� *
�!��
���� :  

• Entomorphthora exitialis: Spotted alfalfa aphid 

• Beauveria bassiana: Colorado potato beetle,  European corn borer  
• Hirsutella thompsonii: Citrus rust mites  
• Spicaria rileyi: Corn earworm, tomato fruit worm, cotton bollworm  

*
����� ����	3��
 *����.�
 

Beauveria bassiana   

•                 8����2��� S��#��� S�
���� 
7�� "���2�� �B����� �� �#�� 3�� ��� "	�
�
	 �G��� �%= ����
�

=��>� "2��/� "����2� "��(
#�.   

• �%-���2�� ������ "#�# ����� �E "��
� "�E���� *��(� 8.  
Nomuraea rileyi  

•        /� "����2 8���2 4�9�� 
��9�� ��� �� ����
�       C�R�� �G(�� ��� *��� �6� "2����    8��� 
 "��E��� -���/� �:� 3%F

 �
�� 8
����� �� ��	�. 

Vericillium lecanii :  
•      ��� "2��/� "7	
�
� 8���2 �E ���
#�         �:� *�G�#:� 
��
G��	 �� "��
���� 8��	�� �� ���
#� 

C�
�
 W
�� �� , S	�6��� �(����� .	��� "���(�� 8���2��� -
E�	�� "	
	%��� ���� Vertelec®  � 
Mekotal . 

Lagenidium giganteum  

• O��	�� S
��� �� ��� 8
���� "��
� "�E���� "�:	
� 8�%� -
��� �� a���.  
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Hirsutella thompsonii   
• C�
�
�� ��
��� 8
�E�2�� ��9 �:2 4�9�  Mycar® 

Paecilomyces spp     
•           /� 4
	%��� �#���� Y�(�� ��� S��
�/� L����� "2��/� "7	
�
� 8���2 4�9�O�	 .   W
��� ��

� C�
�
3�2    . 

Aschersonia aleyrodis    
• /� 4
	%�� 4�9�A� .G
���� �� O�	A� 82
� "�B��
#"�B��
#. 

A�����
 ����)
 D�� 

« :2��� Y#���� -���2�� ������ "#�# "�f	 "G	
���� 8���2:� "E����� 8
��G�:�  . 

«  -���2�� ������ "#�# *��2� "E����� 8
��G��� �� "�:
���� 8?���� "�E��� C��2�� ���(
�� .  
«         � ������ �G��� ��6��� �E2
#� �
�
�� 3�� �:� 8
#����  �
�� 8����   �� ��� �
�:    ����� ��(2

������ L�%�.  
«  �G�	 "�:
���� ":�
���� .�G "�:�
� ���2
Beauveria bassiana "2�
��� ������ �:� �B
(	 *��� 

 "	�9�� ���� -���2�� ������ "#�# *��2.  
« ���� N

�A� � Mass production 8���2:� O����� �G�:� B.bassiana.  
«     �G��� ����
#� ��6U
 B.bassiana   � �:� D
��          ��� -����2�� ������ "#�# *��2 "2�
��� �����

 �(2��.  
«       �G��
	 "6�:� ���% .!G  ��6U
B.bassiana         ������� "#�# *��2� "������ 8
�
6��� O�� �:� 

 �(2�
	 -���2��.  

    O������ �G��
�	 -����2�� ������ "#�# *��2 1��:
� �
�G9  "��(
B. bassiana    ��6 
 ��:
� ������ L���� �� 
7�!G    a� .���G ��� c�%�� , 
7�:� -
E(��� 
7�� N���
�� ��� 1
�A� 1

�G��� .:��	 -���2�� ������ "#�#	 "	
9��� �
��/�. 


��	�����
 :  ���
�      �
#�Q� *�
E 
�  ���

����� L���) 
��
#:��/�� S�
�#/� (   8
	��� ��)   ��(�
 ���

���
  Y������ ���

���� ��%��� (  ����2���) 
��� S�
�#�"�� (         �����

 ��
�� "���2�� 8
�P� 4�9
 *���� ��

��
:B
�:� "�	

�� L���/� 
7��� "	�
�� �� 
=����� �� -��	 :  
)Steinernematidae and Heterorhabditidae 

 ���
#
�"	�
�
	 a��
 �
�� 8
�P� �E "������	�� "2�
���� �� ��
:B
��� ��

= L���.  

• #���� �	
�
�   Steinernema   � Neosteinernema   ":B
�Steinernematidae  
•  ����)35 (���D
 S���� �	
� Steinernema  )S. feltiae, S. carpocapsae (� L���3�2  �	
� 

S���� Neosteinernema 
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• ��2 @�� ���

����� Steinernema carpocapsae   �6R�
 ?� ;
�
�� �
�6 *��� 8
��� �:� �6R
 
 *��2�� 8!�
� �:�.  

• 
��S����  �	 Heterorhabditis ":B
� Heterorhabditidae  
•  �����
)10 (S������ ���	

 L������ Heterorhabditis )H. megidis, H. indica, H. 

bacteriophora( ��� 
7��
� inquirenda 

      ������ ���
#
� D
��
�
 W
�
 
7������        "�	�
�
	 *�����
��� 8���2�� �E "������	�� "2�
��:
 �
�� 8���2�����
��� �� *���
� .G
�� �� "	�
�� �� ��
�
.  

  �1��	���
 /� 
��	�����
 L���	: Nematodes mutually associated with bacteria    a���


7��� 
7�:� -
E(��� "	
9��� 8���2�� O���  �:� *��(��� 
7�� ���

����� -
��U	 
��
�	�� &%= : 

• 
��
�	 a�
�

 Xenorhabdus  ���

����� ��S�� Steinernema.  

• 
��
�	 a�
�

 Photorhabdus S�� ���

����� �� Heterorhabditis  
• !��� 
��
�	��� ���

����� �(�� � ��B
��� *��2�� �
(� "������	�� "2�
��:� ������ 4�� �� D
	�� .  
• ��#���� !� Xenorhabdus  � Photorhabdus  
�,"������ "��� ,"�2��� "�	:# ,"��2
� �� 

":B
��� �	

 "�B��= ��> 8
�9� ,8���	# �g��
 ? Enterobacteriaceae. 

• S���� �	
� Xenorhabdus  �� "�!� 
7� L���� "#�� Steinernema.   
• S���� �	
� Photorhabdus  �� "�!� 
7� L���� "6!6 Heterorhabditis  � L���3�2  ��=  

P. luminescens   �#(��� L�� 82
 "#�� :    

����L���	�
 *
: 

–        *��9� *�� �!� �B
��� *��2�� �
(
)48 (  �
�� .:�
 "�
#D
 �B!� D
    8��
E� W
�
� 
=��G
� 

7� "#�
���� -
�2/� G
�� <��
 "���2 .  

–  �B
��� W�#� ���F
�� �B�%> ����� c�%� ���
� "�B�%> ��
9� .  
– ���
��� b
���� �� 
7
�
�2� ���

���:� 
��
�	�� N

2
.  
– �	 c�%� 
��
�	:� *�
E��� �B
��� 8
��
��	 ���
� �B
��� <���
 .��
�? 
7
��
#.  

 *��M
 ���!��

��	������� K�&	 
	�
: 

• "��

�� 8���2�� 8
��� 4�9
: 

•  White grub, Japanese Beetle, Northern Masked & European Chafer, 

Oriental Beetle, June Beetle, Billbug, Cutworms, Armyworms, Black 
Vine Weevils, Strawberry Root Weevils, Fungus Gnats, Mole Crickets, 

Carrot Weevils   and Fly Maggots. 
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���
 +�	�5
: Mass Production 

•             ��2�� ���> G�#��� �� �2�� G#��� �� 
�  8���2:� "E����� ���

����� "�	�
 "��7#�� ��
� O��>/ �� "��	
���� O��>d�C�
�
�� N

�A.  

•  ����� *��� 8���2 ���
#
G. mellonella     ��2�� G�#��� ��� ������ N

�A� O�F� 
���G:� -�%> �� c�#�� ��9� ��G� ����� �� ���	 ���
#
�.  

 2���	�
 2��: Application methods   

•            "��E�/� *
������� *��F9�� "������ -��# ,"��
����� 8���	��� a� *�7�� "G#��	 a�
  �� ,
C���� a��� �� 8��B
G�� "G#��	 �� , 4
	E�� �� %�%��� ����
 *�7�� . 

•  �9� GFE "�E���� ���G/� ��2

��  1068 kPa    ��� "���
�
�/� 8?������ �� ��
� 
      
7
2
� �G� �9� �
�� *
�������  100          ���:(
� 8?������ �� ��
���� L�� G�� �����
� 

���

����� �:� ��E��.  
• "G#��	 a�
 �6� C��� "�@�� drip, microjet, sprinkler and furrow irrigation .   
•                .�:> �� 8��
��2�� 4�(6 ���� *��
	� ���

����� .:�� �(2 "G#��	 "�

	��� 8���2�� Y�
�


 "G#��	 8
2
��� ���

����� .:��	 "�	�� "���#. 

�����
 �3�3 
��	���� 

•  L����� \���
 �
     Praecocilenchus ferruginophorus Rao & Reddy     ���
":B
� (Entaphelenchidae)  ��7�� �� -���2�� ������ "#�# 8���2 ��. 

•              "	
�9��� "#�#�� 8
��� �� "��=��� �
#�/�� -
��/� ,"�#��
�� 8
	9(�� �� ���

����� 8���
"	
9��� "#�#�� 8!�
� �� �#��� <���
� �2� �� c�%�� .  

•  ���

����� 8?!# 89��W�:��� "#�# �� "��

��:  
– Heterorhabditis indica, H. bacteriophora  
– Steeinernema riboravis, S. abbasia 

  "#�#:� "�:
���� ���G/� �E "��
� "�E���  *��(� 8
	6� ���.  
                ������� "�#�#� "�:�
��� 8����2�� "2�
�� �� 8���2:� "E����� "�:2��� ���

����� 8���
#� ���

�� -���2��L%��� *��
� ��2 "	�
��  .  
  4
��13�
 K���
 �3�3 �  
��	�����
 ����	3
Black vine beetle, Otiorhynchus sulcatus 

(F): Curculionidae, J. Econ. Entomol. 92: 651-657 

 L�� ���

����� 8:��
#�Heterorhabditis marelatus Liu & Berry   
(Rhabditida : Heterorhabditidae)
	�    
��� a�(�� "���  ��	 "	�
�� �� �� c�:��� a� �:� *��

� ��:(
� 3���:� 
��� -���#�� 4���� "#�# 8
��� ����  : 
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•    S�GF
 3��     ���

����� ��:2�	 "���#��           c�:� 8
	� ��� -���#�� 4���� "#�# 8
��� ��� O�� 
) 8
	� ��� 8
����� ��� ���� =0.7( "	#� ,  8


	��� "	
9)47(%  

• ��
(�      C?��������� *�
�	 8
GF��� 8


	��
	 ")      8
�	� ��� 8
����� ��� =1.8 (    8
�

	��� "	�#��
 "	
9���67% ,  

•  ���
����
	 "��
(�) 8
	� ��� 8
����� ��� =1.9 ( "	
9��� 8


	��� "	#��75 .%  
• ��
6�� L�	#/� �� :  
•  8�������

����� �� *��6� ���� Heterorhabditis marelatus 
�� ��  ��
�� .G
���� "	�
 N%

             ���2��� C?���������� 
7�� 8:��� �
�� "	�
�
	 "��
(� ���

����
	 "�	���� "���#?� 
7�� 8:��
#�
���

����
	.  

"��
6�� "�:(2�� "	��
��: 

• A� 8:��
��#����

�����	 "�	������ "�����# Heterorhabditis bacteriophora   ���

������
Heterorhabditis marelatus  YE
��: 

•  ���

��� 4	#
 H. marelatus ��
��� S�#��� 8
����� ��� ":�  )  8
�	��
	 
7����0.1 (   "	�#��
 "	
9��� 8


	���)9.(% 

•  ���

��� 
���	H. bacteriophora D���6U
 ��� ���
 ) 8
	�:� 8
����� ��� =0.45  8
�

	��� "	#�� 
 "	
9���34.(% 

• �� 
7G
�� 8���� ���

��� "	#� �6��   8��
� "�	�
�� H. bacteriophora   L���
�	 "���
(� H. 

marelatus �!� ���/� "�	#�� �
�/�.  

• �	
���
	 ����� �� ������� !� -
(	 �� 8
���� @2!
 ��.    

A�����
 ����)
 D��: 

X ��2�� ���(
�� "�	

�C-���2�� ������ "#�#� "E����� ���

����� 8?�� O�	 "�:�
�� .  
X ���� "�	�
�� "�:����� <��@�� 82
 8���2:� "E����� ���

���:� "�. 

X              4��� "�	�
�� YG# 82
 ������ "#�#� "F�
	�� 8���2:� "E����� ���

����
	 "2�
����
 "	�9�
	 ������ �B
#� L�%� �����.  

���&��
 ������.�
  :     ���
� 1�	�
 "��
��� ���� 8
������� �	
�
D
   �� �    ���:# �:� �6R
� *��2�� ���� "
 L���� S�� �� ��P� �����. 

•  *��� ��
�
��
9���
7
B�	 �� *%
�� "��
��� ���� �� "#�#�� �(:G
� &���
 
� �:� "���������  . 

•                  �����
�� 8
������� "������ ��� -����2�� ������� "�#�# *��2� �#�B��� ������� 
aggregation pheromone1
�A� �� ���%�� ��� �:� ���
� , .�=�: 

            Ferrugineol [(4S,5S]-4-methyl-5-nonanol)] ,   
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–  ��9���(Oehlschlager et al. 1995b, Perez et al. 1995a,b)   
•  ���
6�A� "����� �� ���

)�:�6/� ��2���(  8, 9, or 10 carbon, methyl-branched, 

secondary alcohols   
•  ��	 ��
�
��� 4G
�
�� "F� �� *�
	� ������ &%=�8���2�� &%=.  
•                 ��9
�� ���	 ��
��
 ��:
�#� ������ "#�#� �B
��� 8
������� 8
������� �:� ����� � 

������#���� C�
������ 8���2��.  
 *��������
Kairomones  /� O�	 
7(:G
 "��
��� ����   , 
�7� ":	(
�#��� 8
�B
�:� D
��� C�R
 ����

      ������� ���� ������ �� "6�	���� YB����� �	
�
    1�	�
 1�2 "�         ,�/� ��� �B
�#��� ��9� 8
�:�� -
�6
          ":���� "�#�� ���
� ������ .�%�� <�#�� \� �� ������ 4���
 8
�:�� .     4%��� ������� &%= C�R


":���� �� 1
�	�A� ��9� ��2 -������ ������ "#�# .  

)
����	3��
 A���: 

•  *���7�� ���
��#
  GC-columns and GC-temperature programs��  �� ���9
semiochemicals , 

•  ���
�#
� GC-mass spectrometry (GC-MS) in both electron impact (EI; 70 

eV) and chemical ionization (CI) modes .  c�%���� nuclear magnetic 

resonance (NMR) spectroscopy C�
����� 4���
�� Y�E�
� ���
#� .   

���&��
��	�"�
  Lethal traps baited 4
����
 �����
 �3�3�  R. ferrugineus  

•  ����
�� 8
����� 
7�� ���
#
aggregation pheromones �B
��� ������ 8
������� host 

palm kairomones . 

•  �6� ������ 8��
#� C�2
” ethyl acetate, ethyl propionate, ethyl butyrate, and 

ethyl isobutyrate  (Gries et al. 1994a) (Hallett et al. 1993a,b) .  
•           ":��G "�
#� �� ������ S�# L���� 4%��
��         ;������� ������ W�#��� �� ���
�� YB��� 

���%�� �	� �� "�
���� ����
�� 8
����� �� "G:
���� YB����� ��.  
•  8���	��
	 "#�#�� 8���2 �
(
carbaryl, carbofuran, lannate   ���� ���#�� 49� �� 

��	
9�� ��:2��G#�� L
� ��  .  
•  ����
�#� "	��
 Sugarcane , pineapple, S. palmetto, molasses   -
���� ���    ���

��
9��������� S�#� "��������  .  

��	���	��� 4
����
 �����
 �3�3 A��&� K���	: 

• "��

�� -���/� �� "��������� *��9��� <�U

:   
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–  C�2� ���
#!	 �G#4�	�
��� ������ �:� 8
2
�  
�:��� "�
2�� �� 4�(�
	  .  
– *��9��� �:� G�	7�� -
�6� 
7#�� 8�	6
 �:� *��2�� ��
#�� a���� �� <�:�
	 �G#�� <:� .  
– ���
#!	�� -
GF:� �:����� YG#�� �� �������� S�� 8	6� .  
–  ��	��
	 ���F�� C�G ������ L%� �� �G� <
E
��  *��9��� )3X4 "G#�
� �G� .(  
– 
� *��9��� �� �E���G(�� �GF� 1�2	 - .  

 9���@���&��
:  

•  ��2����	� �G#��Large bucket traps*��	� "�2G# "2
#� ����� . 

•  , ":���� L%�	 G	�
 �� O�/� �:� �E�
  
•                 �6 O�/� �:� �� ":���� L%� �� <�#�� �:� 
�  �(
#
� *��9��� ��2 "#�#�� 8
F�
	 ��G


*��9��� �2� ��#
. 

� ������
 ��� *���F�����&����� �� : 

–   �E�
��
9���   �:� �  L
�
�1.5      �@�� "�2
� �� "��:# ":�� �:�� �      "�	�
�
	 *��2	 �E�
 ��� 
 8
2
��� ���
 1�2	�:�������� L�%� �� D����	 
7�E� �
��� "	�
�� YG#  .  

– *��9��� ���� -
��� �� S�F�� ? 1�2	 -
GF�� ��#� �������� 8	6� .  
–  -�%F�� ��	� )�� L%� �G����� (L�	#� �� *��9��� ���� .  
–  �
�� "6!6 �� -
��� <
E�)�
2�� ���� �� (*��9��� "�
2 4#2 �� .  
– 
7
�� �� ��U
�� ��	 ���
� "��������� *��9��� �� L�	#� �� 8���2�� ���
 .  

 �7
��
 9
��	3���&��
�����	��
 �������
 G����� 
� �������.�
 :  
• �!� "#�#�� ��7@ ���� ���2
������ L���� �� "�#��  . 

• "���2�� "�P� &%7� "������ "�
6��� ���2
 .  
• "2�
���� 8
��� 4#�� ���2
 .  
• ? ":�
�
��� "2�
���� 8
�:�� �� ���
":�
��� 8���2:� 
=�
�G9.  
•                  �6U�

� "	��9��� "�:� ,8
�F�
	�� *
�2 ��G� *
�2�� *��� ��G 4	#	 "#�#�� ��
�� ���2


"�����
�� 8
������
	�B
��� 8
�������   .  
•  ����	 ���
#
)6 (
9��"�:(2�� "�
@��� �� �

�= ��� � .  
•  �� "#��� ��R. palmarum ��9 �
 94�7��
	 �

�= ��� "#�#  .  

4
����
 �����
 �3�3� ������
 �������� �<��� ��"���	 *���"	 A����� ����	: 

«  "��(
��
9��� 8
	6� "�E�/� "��������� "���������  �:� 
7���
��
9���"��������� "�B��7�� . 

« -���2�� ������ "#�# *��2� "	%
� ������ �
�6 �� "�:2� 8
������ \!�
#� "��(
.  
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«    O������ �G��
�	 -���2�� ������ "#�# *��2 1��:
� �
�G9  "��(
B. bassiana     ��6
           -
E(��� 
7�� N���
�� ��� 1
�A� 1��:
� ������ L���� �� 
7�!G      .��G �� c�%�� , 
7�:�

�G��� .:��	 -���2�� ������ "#�#	 "	
9��� �
��/� a�.  
«              ������� "#�#� ":�
��� *��2�� "2�
�� �� 8���2:� "E����� "�:2��� ���

����� ����
#� "��(


L%��� *��
� ��2 "	�
�� �� -���2�� . 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

����� ���	
 �� ��	
�
 ����	��� �������������� ���� �  

)� .����� 	��� �
� ���� !����	��� ����"�� ��
	��� ��#���� (  

%(  



- 24 - 

 

����� G�
�� 
� �(���� ���
���
 *������
�����
 *��� �  

4
����
 �����
 �3�3: 

 The red palm weevil, or Indian palm weevil Rhynchophorus 

ferrugineus      
�#��!��� 
�#' 4��� "#�#�� �G�
#
Melanesia       ��� ����	 "�

� "�' ���
 1�2 
��7��. 

• ����� G#�/� .���
	 ����� �� ���� 8:(
��
7�� 
	 :  
• 
��� "�	���� 8��
�A� *�21985.  
•  "����#�� "�	���� "�:����1987.  
•  ���� 1990.  
•  "�	���� �9� "���7��1992.  
• � 
��
	#1994.  
•  ��B��# � ��G#:� "���� "���
7�� "����/� "�:����1999.   

                ������� -���� �� "	
9��� ������ �B
#� �(�	 c�%� "�P� &%7� ���#�� �
�
�A� �� �
#�A� �=
#
 .G
���� �� 4
9��� "	
9����� "�P� �� "��
��� "��:#�� .G
���� . 

  
 

•   "���       ,"���
7�� "����/� "�:���� ,*�2
��� "�	���� 8��
�A�  "�:��   , ����	��    "��	���� "��:����
            ��7�� ,8����� "���  ,�G� "��� ,"�	���� �9� "���7��  ,�
�� "�G:# ,"����#��  ����  "�
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��!#A�  ,
�#�����  ,"   ,�
�	
��� ,���	:��� ,
���	 ,��7�� ,��!�

 ,�

#�
	 ,
��? C�# �  
��
	�#
3��� ���� . 

• 3��/� L���/� S�#�� 8���2 ��  : 

• Rhynchophorus bilineatus    
•   R.cruentatus.   
•    palmarum  R.  
•   papuanus R.   
•   phoenicis R.   
•   schach R.   
•   vulneratus R.   

)
 / 	 
� I��� ��!� D���
 =<�: 

• A�� 4�(6��"6��2�� ;������ .
��. 

• � ��:(
�� ��
��	 C�E��� ����� G
�� "(G�� "9
�.  
•  �B
#��� N��� ��
��)8
�:��� ( "��
��� "�(�� �� "��=��� H��
����� .
#�� �:� " *�
���� ".  
• % ������ .
# �
�2 "��
7� .G
��C.%���� ":��G�� ���(��  .  


 A���A����:  

•     ��	 O�	�� S(��2X5    "����� <��@:� D
�	
 �
��  ��        �6�
 �
��� ���/� "���� *��F9 8
��� 
              "��2�� "�B
���� "�#�/� �:� "E�
(�� "��(�� 
7�� -���U	 "=���	 3%F

 1�2 �
E�� ��G��

.
#�� ����.   

•       �
��� "#�� 
7�� 8
�!#�  "�	�U	 "����� ��
 )    
7� �� ��% ������� O�	�   "
# �  8
�!�#�
�
��� "�	#� .(  

•  ��	 "����� ��� ��
��)36X78 ( G#�
��� ��� D
���)55 (D
���.  
•    "����� ��2

��               ��� 
�7��G �9� ����� "��
E�	 "���� "(��� 
7��2 ���
 -��%�  )5 X 

5.5 ( �� 
7E��� �#)2.5 X 3 ( �#.  
•     *�� -��%��� ��
#
)12X20 (���D
    N��
 ����	#� G#�
��� ���       *��� a��
 ":�
� *��2 
7�� 

)2.5 X 3.5 (�7�.  
•  �� *��2�� a��
� O�	�� �E
 �6 *�� �� �6�� �6�/� N���

)2X3 (�7��.   

 �7
���
 *�	����
�3�3�� : 

• ��
�� ���� palm    Date .  
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•  ��7�� ��� ����Coconut palm .   
•  8���� ����Oil palm.  
•  ������ ������Ornamental palm. 

• #�� ���� ��  Sugar palm. 

•  ��
# ����Sago palm .   
•  ��:��� ������Royal palm  .   
•  C�	�� ��
�� ����Wild date (toddy) palm.   
• �����
	 ����       Palmyra palm. 

•       ����Nigbong palm       .  

•            ����Sedang palm   .   
•           ����   Talipot palm  .  

� ���&5
 D
��@���&��
 �����
 =�� C��	�
 ��.�� : 

•  ����� ":���� �#� �� .
���� 4�(6 ����3�2 *��2�� ���G� ���� .  

• ����    �F�9 �B
#   �����   %  ��:�� ��	C       "	
�9��� ":���� L%� �:� "7��� "2B��    c�%��� 
                     "�(G�� ��� �� L%���� ��:� "	
�9A� "�(G�� ��� "����
� "	G� "�	�� *�
�� ����

N

��)*�
����( .    
• .
#�� �� -����� 4���� ����� -��
= � c
7
.    
•         "��
��� "�(�� "	
9  "�
2 �� *�
���� �� S���� 8�� �    �B
#��� 8��) 8
��:���(     L%�� ���2 

�/� ":����.
#�� �:� "�B��7�� 4������� ��  .  
•         S����� "(G�� 8��
 �� .
#�� �� "	
9A� �E�� ��� ":���� �#��
 *������ "	
9A� "�
2 ��

�               "	
9A� ��
�
 ? �
2 
7�� \:�
�� 4�� *�B
��� "���� *��6� ��> ":���� Y	9
� *�
���� �
"��:#�� �
��/� �:�.    

• S���� ��2�� ��� ������ 8��� �:�� �� ":���� "	
9  ��� .  
• 
7
�� �� ":�
��� *��2�� "��2� ":���� ���� 8
����� O�� 8�9 L
�# .  

���&5
 ��!	�
 �7�3� �
 �3�3�4
����
 ���� : 

•  *��2�
	 "	
9��� .G
���� �� "#�#�
	 4
9� ���� �B
#� �(��� 
7�� "��
��� .G
����  . 

•  "������� "�
@��� ":�. 

•  "	
9?� �
�
�� ���2
 �� �7� ��� ������� ��2:��� 
7�� "��
��� .G
����  .  
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  ���&5
 E��� %���@ :       1��2�� ������� �B
#��� �� "	
9A� �6�
)��� 3 – 10 8���#  (  �� 3�
#�	�
 L
�
�� �2� "	�
�� YG#3 �
�
� .A� @2!
�":���� �� "��

�� .G
���
	 "	
9: 

– �B
#���� 4������� N��� "(G��.   

– "6��2�� ;������ 4���� �G� ��
�� .  
– .�%��� N��� ��
�� .  
– O���(��� 8��
�2�� 
76�2
 �
�� .
��/�� 4�(6�� .  
– ��� .
# �:� 4���� G
	'��� .  
– L%��� *��
� "(G�� �� "��
��� "�B��7�� ��%��� .  
– *�
���� "(G�� .  
– ":���� "�� �� 4���� �����.   

 �3�3�
 ����	 : Oligidic Diets For Culture of Rhynchophorus :  

•      -����2�� ������� "�#�# 8��	�Rhynchophorus ferrugineus (Olivier)   D
(	
�# 
(Rananavare et al. 1975)   ��7�� ��� .
# W�#� �� �G� �:�coconut palms.  

•  �
��Rahalkar et al. (1972)  49(�� ��# �U	 sugarcane   ���� ��� ���	� ���
#� 
49� N��	 c�%� "#�#�� "�	�
 �� ��7��    C�%�F
�� ���P� *�
� �� ��#��nutrient agar  

"#�#�� 8
��� �
F9 "�%F
� .  
• 49(�� ��#� ":�
��� �G(�� ���
#
D
��2 �	�/� 8
����� "�%F
�  .  
•  �
�� c�%�(Rahalkar et al. 1978, 1985)    �B�%�> G�#� �:� 8
����� "�	�
 "��
��V	 

 ��
 C�2� ��
�9)<
��� ( ��#�� 49�sugarcane bagasse (fiber)  .�2�#� �� �
�� 
� *����� ��7�� �����"@�
2 ����� 8
���

����� ��
����� ����#  .  

•    G�:� ���
#�              ���7�� ���� 8��� ,��#�� ,�
����� ,��#�� 49� <
��� ,*�%�� .�2#� ��
 c���	��	�� O�
2�propionic  

•  8
����� "�	�
�.     	 �E�
� "#�#�� 3��%� ���
U   ��2 4���100       "��G� ��� 4��� �
�
�# 
 *���2 "��� �:� @�2
� "	G� a
��°C 29 
=��G
 O�F�  C�B� "��� ��  8!�
�  

•   ���
�    �� ��%� �6�   ��2 8
��
2500           ��� �G� 
7��� "::	� a
�� "�G� �� 4��� �
�
�# 
 "6!6 �� ��	
 �
�� ;
�
���O�	�� �E� O�F� �
� .  

•  O�	�� �(����   *����2 "��� 82
 ����� 4G� .�� �� ��29 °C 29  ���B� "���� " 
8
����� �:� ��92��� S(��� O�F�. 
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 ������
 �� �	Diet Preparation: 

• �� G#��� ���
�  ��� �B�%�F :50 ����> D
   C���
�	�� ���P� ���  bacto-agar (Difco 

Laboratories, Detroit, MI), .  

• 1892-
� �
�
�# .  
•  
7��� 8
���

�� 4�	21.4C�2
 ���> :    

vitamins A (5000 I.U.), E (30 I.U.), C (60 mg), B1 (1.5 mg), B2 (1.7 mg), 

B6 (2 mg), B12 (6 µg), D (400 I.U.), and K1 (25 µg), folic acid (400 µg), 

niacinamide (20 mg), biotin (30 µg), pantothenic acid (10 mg), calcium 

(162 mg), phosphorus (125 mg), iodine (150 µg), iron (18 mg), 

magnesium (100 mg), copper (2 mg), zinc (15 mg), manganese (2.5 mg), 

potassium (40 mg), chloride (36.3 mg), chromium (25 µg), molybdenum 

(25 µg), selenium (25 µg), nickel (5 µg), tin (10 µg), silicon (10 µg), and 

vanadium (10 µg).  
•  "�
EA
	��  "@�
2�� ������ preservatives �6� :  

 m-para-hydroxybenzoate [14% solution in 95% ethyl alcohol (25 ml)], 

sorbic acid [12.5% solution in 95% ethyl alcohol (37.5 ml) in preliminary 

tests or 6.28 g sorbic acid potassium salt in refined diets],  
• 2�� ���#

�	�� ��#�����= ��:4M potassium hydroxide .    

*������ 
7
-N�
 �3��
 �� �	 : 

•         �� 8
���

���� 8?�#	� -
�6
#
	 ������ "�
� G:�
500       *��� G!� "G#��	 -
� 4��� �
�
�# 
               ����2 ��
�#�� ��� ���� �� 
7G:� ��	 ������ 49
 ,��
(���5.7  ��
�  .    G��:��� ��(��

autoclaved���   *20 "��� �:�� "(��� 120��B� "��� ". 

• c��2
�� �� "������� 8
���

���� 4�	2 ��� N��
 G�:��� ��	� 
����.  
• �B�%F�� G#��
	 "9
� 4���� �� �
2 �=� G#��� 49� .  
•      �B�%F�� G#��� ��	� 
����
       � "��� �(�
� G#��� ���� *��F9 *��2 ���3�2    *
��� "G#��	 *

4�� ��� .  
• 4���/� �GF
"��7
:� 4�(6�� �� ���
7�� �
�� "�G>/� "G#��	 .  
•  ��	24"�2 8
���	 ��	
� "
���� 8
����� ���
� "�B�%F�� G
#�/� \2�
 "�
# .  
•            *���2 "�� �:� "�E
2 ���� 8
����� �� "�B�%F�� G
#�/� �E2
29      *��
� � "��B� "��� 

 ���(�	 "�B�E13 -�E "�
# ��  11 �!@ "�
# photoperiod of 13:11 (L:D).    

 =�� I��	 ��7
-N�
 ��3�)
 /���: 

• 50���> D
C��
�	 ��' .  

• 12.5���> D
"����� 8
���

�� 8?�#	� .  
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• 25 �� 4��� �
�
�# 14 % ���
	���� ��:2�m-para-hydroxy benzoate .   
• 37.5c�	��#�� O�
2 ��:2� 4��� �
�
�# .  
• 7.5���#

�	�� ��#�����= ��:2� 4��� �
�
�# .  
• 1892-
� 4��� �
�
�# .  
•  ���
100���> D
 "�# 4�� ���� �B�%> G#� 100 4��� �
�
�#   
•  ��9��� :Rahalkar et al. (1978, 1985) for culture of R. ferrugineus .   

��	����
 *�3��"�
:  

•  8
����� -
(	 "	#�100% ��	
#� "#�� �!� c:7
#��� G#��� ���(� ,)3.13 (���>D
. 

• "	#� �:�� ":�
��� 8���2�� j��	� )70.(%  
•  ":�
��� 8���2�� N���� "����� ��G
 *�� ;���

48.5 – 65��� D
.  

 ���
���
 �������
 :Cultural Control 

�6� "�P� ��E O�� �� ��
#
 �� ���� "�:(2�� �9
2�� "��� �
��� �� ��� : 

•  "6��2�� :Tillage   ����2�� C��2
 �
�� �9
2�� 
�
(	 ��G	 c�%�   ��%�	� O����/� , 8
"��B���� �
>�d� C�%��� L������ .���
 O�F� �
>�/�. 

• O�/� "�GF
 :Mulching �
>�/� �:� *�G�#:� �	
�� �� c
#!	�� �� "(	G "G#��	. 

•  �9
2�� 
�
(	 .�2Burning �
>�/�� 8���2�� 8
�(	
� �� \:�
�� O�F�. 

•  "��
(��� <
�9/�Resistant varieties �9 ��2
   8
		�#� ��� �9
2�� �:� @�
2
 8

8���2�� �� O���/�. 

•  ":�2
��� <
�9/� :Tolerant varieties   �� �@��� OF	 �9
2�� N

�  �:� "�:	
(�� 
7�
O���/� �� 8���2�� "��
7� . 

• "������� *����� :Crop rotation   �G�
� ����
�
	 "�:
�� ��9
2� "���� ���
��  ��E�
  �?� "2�
��� "(��G    /� ��E O��� 8���2��� �
>  O���)     �:� a��
 �
�� "9
� *��9	

 �9
2�� 
�
(	.( 

• A� 4�
�
 8
	��  �
�92�� H��

 � :Altering planting or harvest dates    
�7�
��V	
 8
�P� ��E O��. 

•               ���� �� �9
2�� *�
��� ��E O��� 8
	�:� ����� ����� �:� ��
#
 �
�� "������� �
��/�
"�P� . 

*
�!��� ����"��
 *�	����
 Host plant resistance to insects 

• #�� �� L
��:� "����
����� �B
#��� �� D���� 8
	��� ��2��8���2�� �E : 
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– 
7�:� "�%F
��� 8���2:� �
E� ��6U
 8�% "��
��� ���� �:� 8
	��� .���� C�2
   .  
–         �6�� .���/� �� �B����� �� ����� �:� "��
2�� .���/�    ��
����� "���� .���/�� "��


7�:� 8���2�� "�%F
 ��� "�
�  4	#
.  
–             �
2 ��E ��92 ��� 
=���� ��2

� 
7�:� 8���2�� "�%F
 8


	��� O�	 ��2



N

�A� �� �9
2�� �:�.   
– 
=��> �� 8���2�� ��
��� "E�� �6�� 8


	��� O�	. 

• ��2:� 8


	��� "��
(� ����� 8��(��� &%= ���� �	
�
8�  

�������
� ������
 
� *
�����
 ����	3
: 

– "	
9A� "(G�� �� 4����� <�:�� ����� D���� ":���� <@�
 . 

– 	 ���7� �� *�� ������ a�3�2V"���2�� 8���	��� .   
–   	 ������ ����
3�2V             *�
����� "�(G�� ��� 4���� "���  ��	 "	#
���� "���2�� ����
�� 8���	� 

������ �B
#��� �9� ��
���;.  
–                 "����A� �
�� �#� ":���� �� 4������� �� <�#�� "���  ��� ;������ -���� �:� ��	� �E�

8?
2�� <�E� �� ��G�� �� S	���� 8��#/
	 .  
–     	� 8���	��
	 4
9��� ������ �(2�
  L
�
�)10�# (  "	
9A� �E�� ��     ���#��� 8�	6
	 c�%� 

 ��G	 "�����20 – 30�
�
�# D�A� "(G�� ��2 � "	
9 ��	��� �(2 O�F) ����
10 (% .  
–     *��� �B
#��� ��>)5X10 ( 	 .B
��3�2V           8���� �  *���2�� ����� ��
(� "���2�� 8���	��� 


7:���.    
–   .��� "	�
�� 4:(
)5X8�# (           �� "�	�
�� �� "B	
���� 8
����� �
(� ��	��� ��:2�	 ":�#��� 3��
�

":�#��� L%� ���� .  
–     ������/� ���#�� \���� �E�
)����#��
# ( ����	2X3  ��#
� "	
9��� 8


	��� 8���� �� 

":�(6�� "	�
�
	 �� S	���� 8��#/
	 
7(:> ��2� �6 4���� �� <�:�
	 .  
–              �B
�#��� �� ������� "����  ���� *
���� �� "�P� �� \:�
:� ���2� 4
9��� ������ "��� 

3���:� D���9� ���
 ? �
2 "������ 4�
�	 
7���� .  

��
 ��������������
 4�3.� 

•  "������	�� "2�
���� :Biological Control ���
� : 

–  �E���� 4	#��� Milky spore disease  
–  8���2�� �:� ":�G
��� ���

����� insect-parasitic nematodes  
–  "�E���� 8
��G���  :fungal pathogens   ��6�  :Beauveria bassiana   � 

Metarrhiizium  



- 31 - 

 

• :9��� ������� �"�� :Phermone Traps   O���� S�
���� �� *��	� 8
��� ��9� ���
#
� 
   -����2�� "�(:2�� O�� �=� �:(�
 C%�� O���� O�� �6 ��� ��
�#�� 
7��
��red ring 

disease             ��� "�P� "2�
�� W�
��	 �E�	 ���(�� %
�
� O�F� *��2�� "���:# "	���� c�%�� 
� ���� .G
�� �� �
@��� �%7	 ����� �6"�P .  

•  "��
����� "2�
����  :           ��E *��� "2�
�� �:� ��92:� "	�
�� ":�
��� 8���	��� �
��
#
	 c�%�
-
#����� .���
��
P
	 :   

1 .  "��!��� "2�
����  control curative��
� ��9� �(	
� ��6U
 8�% 3   O��	�� ��E� ��	 
              G�#� �� c�% ����� ,8
	��� �:� �:���� ��E�� �92� �� �	�� �#(��    SG�#>� �7��

�
���:����
�� ,�����
���� ,��#�� �
��
#
	.  
2 .    "�B
���� "2�
���� controls preventative          �
��
�#
	 "��P� "�2�
�� W���	 �� ���
#
� 

 8���	�imidacloprid, and thiamethoxam.   "��(�� ��� ":���� ��F	 c�% �
�� )  ������
 <�:��� <�#�� (     ���� &%= �� ,��	��� ��:2�	 ��#d�         8
	
�9  ���92 ���� �:� ��
#
 "�:

*����. 

   
G������ 4
����
 �����
 �3�3 ��� ������ ����� 9���  

Integrated Pest Management for date palm in the Gulf States 

��	�
 ���� *��� ������ ����� 9���� ����	�
� E���
:  
 ����� N

2��� �:� 
�	 ��(
 "���:�   "��:� "���  : 

1 . -
G� "(G���
	 
7
�B
	�� "���2�� ������ 8
�P <9�  . 

2 . "��
9
�?� 
7
��=�� 8
�P� �
�
�� �� ��
� ���:�  Y#�	 �
�(�� .  
3 .              -����d� ���� ���� -
�� � "(G���� �� 8
�T� "������	�� "2�
��:� *���� "���
��
#  �E�

8
�T� �����	G�� .  
4 .      "�	�
	 c�%� "������	�� "2�
���� �9
�� ����
           "���(
 4�#2 D
��#�� 
�7��(�
� 8����2�� 

"��(��� 8���2�� .  
5 . ������ Y�(:
	 ��� 
7� �
�� 8���2�� ���� ����
.  
6 . "������	�� "2�
���� �
@� �
�
��� 8���2:� �����	G�� -���/� "�
�2 ���
� ����
 .  

 %� 	� I-�
� ���"��
 ����)
 9��� 4�!�,: 

1-  �(2�� "�
@�field sanitation .  

2- �
�� �
  "���2�� 8���	���� ,"���2�� 8���	��� ,8
�������� ,*��
G�� ������ , 8
������� N

�  
3- "������	�� "2�
���� �B
#�� "��
9
�?�� "����� 3����� "#���.  
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2��� %� ���	�
� �����
 *��� ������ 
� �����	��
 �������
 G�
�� ���	�
:  

P� ���� ���� ������� ��2�� �
@� ���G
G#�/� .���� ���� W�:��� "(G��� 8
�. 

1-               .��� ������� 8
�' "9
� *��9	� ������� ��2:� "�E
��� "������� 8
�P
	 "�B
� ���
"�

	��� "�
@��
	 "9
��� "������ 8
#
(���.   

2-         8���	��� ����
#� ��@�
� "���� �� "���:�  "��� -
�� )    ����2
� �����
��� �
�	
�?� , ���#
��
� 8���	���":G
�� (��
�� ���� 8
�' "2�
��� "���
#����. 

3-             ���#�� \���
�� c�% ����� 8


	��� "�
��	 "9
��� �
��A�� 4���
��� ��=U
�� "�@�� �
�
��
 
7
2�
�� .�G� 8
�T�.  

4-  "�:(2�� ��������� S���� �
�
��Farmer Field School   ��	� �� �
��/� �
�
�� O�F� 
��������� .   

���! 4�!�,�����
 *��M �����	��
 �������
 G�
��� ����� : 

�
P� �� W�:��� ��� *��
#�	 "������ 8
�@���� ��(
: 

1-  ������ 8
�P ":�
�
��� "2�
���� W���	 �
�� �� 8
��:���� ��
	
� "���� "�	� -
���.  
2- ���
��� ������ 8
�P ":�
�
��� "2�
���� W���	 �� ��9
���
	 "�B
� ���.  
3-  1��2
���
��� ������ 8
�P ":�
�
��� "2�
���� W���	 �� "������ 8
��:���� .  
4-  8���
R��� �(�� "�:(2�� 8��
����� "���:�A.  
5-  8
�9�
�� &%= %���
� ��!�� ����
�� �
�� .  

  

  

  

  

  

  

  

  

  



 

 ����� ���	
���
 ��	�
�
Beauveria bassiana  

 ���� �� ���
���
 �
����� ��� ������
 ��
���
��
����
 �����
  

�
��  :".� .$��%�
 &���  

 &������
 ��	�– ()��  ���
�����	 *��+��
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 ��.�� ����	���
 ����	�
Beauveria bassiana  

 �3�3 �  �� 
��5
 �	����� =�� A�<O��
 ��
���
�4
����
 �����
  

            8���2:� "E����� "(����� "�2�� 8
�B
��� �� "����� ��� 8���2:� "E����� 8
��G��� �	
�

                 �
�#�A� *���� 4	#	 c�%� 
=����� ��:(
� 
7:
� <�7	 "���2�� 8
�P� "2�
�� �� 
7����
#� �
 �
��

           	 �B
#�	 �(2�� �� 
7�!G  �� ����
 �B
#�	 
7��6��� �:� ��92�� �:�      ��� ��6��
�� "�
��� "G�#
                  �����  "��7�#	 ����� 
��� "9���� *���
� "��
�9 8
B�	 �:� "�2 ��6���	 ���
 8
��G��� L����

"�:(2�� 8!�
��:� Y�
9 
7�� �E2
#�.  

                *���2��� ��G��� L���	 *���� "����� "@(� "�(�	G
�� "2�
���� �� 8
��G��� ����
#� 4:G
�
  B
#�� "�B�	�� <��@��� "��7
#���     �
��
�? 
�=���
 ������� �B
�#���� "��7
#��� *��2�� G#� �� *�

        8
���
� "������ "�
6��� 3�
#� c�%�� ,"	
9A� 8��2��      ����
 .G
���� "���2�� *������ ����� 
=
"2�
���� ;
��� *��2� ����� ":�
���� 8��� ":�
���� "(��G �	
�
� ,
=�
�
�� "(��G�.  

 ���3�� ������� ��.�
Beauveria bassiana  :  

               ��#

�� ���(:� ��
6�� <9��� �� *�� ��/ D
��
9
�� D���	 8���2:� "E����� 8
��G��� 8%��
 �G��� 4	# 
���� ���B. bassiana ���2�� ������ D!

� D
�B
	� D
E�� Bombyx mori L���� �� 

           �
�� 8���� c�% �� 
	���� G#� ���:	� 
#���� 
��
G�  �� *��
���� 
7
�	�
     O����� 4	�# �� �(
�� 
            O���� ��#� "��
���� ������� "	#
�� ��� �� "�	�
�� .�G �� �:�Mascardino      � 
���
G�  ��� 

Muscardin 
#��� �� ��  ��
��� -
� �� Agostino bassi  �
��# �� "��(�� �
#��� 3���� 1835 
– 1836     O���� �� ���� 
  �		#3�2 3        ��:� ���#
 ��� &%= �
�� 8
��G��� A3�2   "�2�� 8
�B
��� 

  ��
���� �
� ":�:� 8���#	 c�% ��	� ����2�� �� �	 8���2�� �� D
E�� 4	#� C%�� "(�����Balsamo  
 "�# ��1839 &
�#� �G��� "#���	 Botrytis Bassiana �%�= �E��� �@� ��    �
���
��� �
�� �� 

Beauverie  � Vuillemin     �
��# ��� "�����9
� "�������	 "#���	 1910 – 1911  &
���#� 
Beauveria bassiana "9�
��� �� "��
���� 8
��G��� �� &
��9� Fungi imperfecti  �� @�2!�� 

  ��=� �G�:� ��
��� ��:��� �#A�Vuillemin) Balsamo (Beauveria bassiana   ��:� ��
��� 
�����
� �
#���� ��
�
�� �� ����
� ��%�� -
�:��� -
�#�.  

   � �
�
�?� ���
� �G���        ��2�� ��
�� O���  �:� "��
��� �
��(	 ���
�     O��� 4	�#�� 8��
         ��2�� L���� �� ��	� ��� �
(�� 4�9�� ,"2��/� "����2 "	
� 8
��� �� O�	/� �����#
���� 8��

      9  ��G
#� 
�� ,"������� ":�
��� 
=���G� ��� G "	
� ��� C���       L����� �� ������ �� "E�	��� -��%
 �� ,8���2���  ���
� 8?!# �    .G
���� �� *         "��������?� <���@�� ��� "�:�U
� "�:
���� "����F���
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   c�% �������              4
��� ���� �� �G�:� �B��� ����

� ,"	�G���� *���2�� 8
��� �� �

�
�
2� L
#
� 
              "�B
��>� "2��/� "��9�� "2��/� "���>� "2��/� "����2 4
� �� "�#�B� "�9	� D
	��(
 "���2��

 �(
#�� "2��/�         ����2 �92 �
 �(�� ,��2
���� 8�%� "2��/� "�200        ,��G��� �%�7� C���2 �B
� 
                ,*�
�E�� "��
9
�?� 8���2�� L���� �� ��6��� �E "���	G�� <��@�� 82
 �
�� C��2 ��� �����

 "	
9Q� "��
��� "�#
#2�� 8�% "�#�B��� �:B��� �=�� :  ���	��� ����� *���Galleria pomonella , 
 .
# �
�2��/� *�%��� �	Ostrinia nubilalis  ;
��
�� �
�6 �
�2 , Carpocapsa pomonella ,

 *����	��� 4������� *���Pieris brassicae SG
��G	�� -
��#��� ,)�������:��� (Leptinotarsa 

decemliniata "��
	
��� -
#����� , Popilia japonica   8
��:����� "�(	 ,Blissus Ieucopterus ,
�2�� ������ "#�# -��Rhynchophorus ferrugineus  -
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� D
�:��� 
=����  ���� 
�� ,-
��� �� �
� ��� ��  200    ,SG
G	 �� 20 
 ,���
#�� ��20 �
�' �� �-
� �
� ��.  

  �
��' ���
#�� ����	
# "B�	Sabouraud dextrose agar :      �������� ��� 
�7� ������
)SDA+ Y ( ��)SDAY(. 
7�/ ���
#
   
�7��  D
�
�E� D
�B�� 0.2 %   *������� \:�
�#�Yeast 

extract       �� ��6��� "�	�
� L��� 8
B�	�� �E�� �	
�
� ,          ��� ����

� 8
���G��� L����� 40   ��� 
  ,���
#���10    ,��
		 �� 2     ,*������ \:�
#� �� 15    -
� *�
� ��� �
�' �� .     �� 
�7
����� �=� ��

      1�2 ��BE 
��
�	�
	 
76�:
 �
�
2�            N
�
�A ������ 3�
#� �:� D
	�
> ���
#
� 
=���� "	#
�� ��> 
7�
�� �� 
7�
��
#? 8
�������� �� *��	� 8
���"�:(2�� 
7�� 
�	 4�
�
.  

 ��
		 ����:��� "B�	Glucos peptone agar :  �� ���

�20 ,����:� �� 10 ,��
		 ��2 
    ,*������ \:�
#� ��15                ��G(�� "��	�
� L���� 8
B�	�� �E�� �� �=� ,-
� *�
�� ��� �
�' �� 

B.bassiana.  

 �
�' ��
		 8:� "B�	Malt peptone agar : � 8
B�	�� ���� ��     "��	�
� 
7����
�#� ��
 ��
�
��� �� ���

� ���
#
 8��� 
�� "�G���� 8
��G15 %8:�) ������ 8	�
#� \:�
#�Malt extract 

D
��
�
 L
	�� (2 – 3 % ��
		2 – 3 %-
� �
� ��� �
�'.  
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 "B�	 �	
�
PDA 3�2 3 62
�	�� �� ��6��� 
7���
#�� *����� 8
B�	�� �    ��G��� "��	�
� @��2� �B. 

bassiana �G���� Paecilomyces farinosus   
�7�� C�
��
�� �E2
#���� ,L���/� �� 
=��>� 
          � ���� "	#�	 *������ \:�
#� ���  <
E� ��� ����
#?� ���#� �7#3�2 /      8
��9 ���#2
� ��
�

             "��G���� 8
���G��� L����� �@��� D
����
#� 8
B�	�� �6�� �� ,"B�	��Hyphomycetes     "�B�	 ��7� 
)SDA+Y ( #� �����            8
��������� �� *��	� 8
��� �:� ��92:� "�	�
��� @�2��� ����� �� 
7����

)1997 ,Goettel & Inglis.(  

       ����	
# "B�	 �E2
 �
6��� ��	# �:��)SDA+Y (    � �
� �� 8
���� ���	3�2      ��:� J��� 
�2*                �

 1�2 .	G�� -
G> �:� �
	

�	 ���� �� <���
 �� C�
	 .
	G� �E�
� ":(
#� "��
2 ��  �	


                 ����#
 �
�� , 
7E�	 .�� �
� �� 8
���� �E�
� ��:F
���� �� O�	:� ����� "�2
� �� 8
������
 SU� �� Y����� �G(��� -
��� �� �
�Beaker "�# 2 G�F�� 4:(� �� �
� Stir bar   �
��# ��:� 

 �#�G
�F� ���� 8�%Magnetic stirring heater  8
��
(� ���

 ? 1�2	 ������� "��# G	E
� 
                 ��E�/�� ,����A� �2��� �� ":2�� C� �� �
�:> 1�2� ? 1�2	 *���2�� "��� G	E
 
�� "�B��=

             ������ <
E
� ,�
�P� �6 *������ \:�
#� �6 ��
		�� �6 ���
#���� "�
EV	 -�	����     8
����	 -
��� 
             2
�� *��� "B�	��� 8
	�	2 �� �
� ���

 �� ��� 4�:(
�� "��# 
7	��
#
 1�2	 *��F9    ��
�� �= ��E

      ������ ���� "�
E  ��	 "�
��� "#�
�
� ���
 .    "��
#�� "B�	�� �(
�
���     "��
��� .���� Flasks  "�# 
500     ����2 ���	 �� 300   GFE
 �G(�� �� 8����#	 .������ �GF
� .��� ��� ��  ���   <�9
�� 

       J<
�� a���� ��	� -�� ���	 �� "	���� ��G ���� �    ���
#� �E�/� ��� "��7#	     "���
��� .���� �
         �������
	 ���(
 
�� � "�G>/� ��� �
�2  ��� 4��� "��
��� *���2�� 8
��� ��2

 "�G>� 8�% ���  

     /� �� ��� G(� 
7
�# <9
��         Y��#� ?� .������ ���2 ��6:6 �� "B�	�� ��2 ���� ?� 4�� ���2
	
     �� 
7
���2 "��� O
���50     /� �� �E�
 �� �	� �k    ��(�
�� ��	 ,<!��
�     D
��B�� ��	
� "B�	�� c�



                  "���� O����
 
���� C�
	 .
	G� �� "B�	�� 49 ��	�� &��7G
 �
 YG# �:� �6 <!��
�/� ����
  
7
���2��    ����2 50     ��� 
�7
���2 "��� O���
 �� �	� "����� �� -
7
�?� �
� 1�2	 �k45 �% � �k

          	�� ����
 �� C�:��� ���	 47:	 .����� ":�
�� �
� ���U
 1�2        
��� ,
�7
���2 "��� ���� -G		 "B�
             c�% C�R� 1�2 "��
� *���2 "��� �:� �=� "B�	�� 49 4��
 4����          ��� ���	� -��� ���	
 

                    ���� *���6� ��
��� 4	�#� 
��� .
�	G/� "�G>/ �:����� YG#�� �:� ��6�
� -
��� �� 
=��
2�
   �G� c�
#!	�� �� C�
	 .
	G� ����
#  �E���,
7����
#�9�� �
�� �#    ���(�
�� *�=
�� 
7�:� ��92

      � *�� ����
#Q� �=� "9
���� 8
����� �� S
��� ��3�2      ,��7���� 8����� ��� ���6��� ���
� *
    
7�9�� .
	G/� c��2
 �
�� "9
��� 8
����
#?� �� ?  ��
�
�  1:6 c�#	 .	G�� �� "B�	�� 49
�

 
2 4:9
�� -�	 ��	 
7��2
	 Y�#� ?� "��
# �=� ��2	 
7E�	 .��   3�
�#� YG�# �:� �92� �
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     *��� .
	G/� c�

� S�
�
��24             ����
 ? D
	�
> *��9� *�
�� 
7����
 ���� 
�� �
��
#?� �	� "�
# 
�:� *���2 "��� �:� L�	#� 8�k.  

 ��7�3�
 �7���
Liquid medium:     ��� "	:�9 <�9��� 8
�B�	�� 8
���� S�� �� ���

� 
      (�
�� ��	 ":B
# �(	
 1�2 �
�P� "�
E          O��	 ���� *��
#� ����� 3��/� ������ O�	 <
E� ��� ��

               "�
�#!	 ��6���� ��:� ���92:� ���
#
 ������ 3�
#� �:�� ,8
��G��� L����Blastospores 
 "�B��= ��> 8
�������Submerged conidia ;
(:� ���
#
 Inoculum <9� 8
B�	:� �� 
�� "	:9

 C�R��� �� ����
� �G��� ��� *�
� �
9
�� 8
������.  

 �����.�
 =�� A�<O��
 ��
���
:  

              G#� �� 
7	 G�2� 
� ��	 D��6U
 8���2�� O���� 8
		#� �6�� 8
��G��� �	
�
�  D��@� 
=�
�
�
                
�=���� O���� *��� �� 
�� ��6����
	 
7�
#�� 1�:
 .��G �� "�#
#� "�9	 
7:B��� 4�9
 
7�/

      �� �6R
� ":��G *�
� D
	�
> .�F
#� 
=�
�6 �          8����2:� "�E����� 8
���G��� "��
�� �:� "B�	�� ���
 8
=
�
� *�� �� 
7E���� <��
�:  

1 . D
�2 �G��� ����
 ����
# .  
2 . "B�	�� �� 
=�
�
�� "���� "�������� ��6����� ����
. 

3 . O���� *��� ����
#�� "	
9A� ;
��. 

4 .  �B
��� ���
)��
	� ��>.( 

5 .  �B
��� �:� ��6U
��)��
	� ��>.( 

6 . �� 8?
2��"�B
	�. 

 �G��� ���
�B. bassiana% ��U	 �   \��/� ��:�� 8���2�� �
�� O���  �:� "��
� *��� 
    S��#�� "�:B
� ��� L���� 
7�� 
�	 "2��/� "���� "	
�� ":�
��� 8���2��Fam. Curculionidae 

             ��� "�����F��� .G
���� �� "��
� "��
�� 8�% *���
� 8?!# ��� ,-���2�� ������ "#�# 
7���  ,"��:
�
 "��

�� ������
	 �G
�� �6U
�� �
(��� "	
9A� �:� �
��� �� D
�#
2 D���� �G��� �
�
�� G#� 4�:�� :  

 P'�@$ A�
���
 :  

        ��	 
7G
�� �
�� �(� 8
��G��� L���� �@��20 – 30       �
2 ��� *��9	 
7G
�� ��
#�� �k8  �2� �k
 � ����35 �G��� ��� �9�� �2� �kB. bassiana �#
�  �� �:�� �
��6 ��  44  8
������� �k

 ��	 �(
 �:6���24 k– 30�k  
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 P����<$ ������
 :  

                 "��
��9�� "�B�	�� �:� �� �B
��� �:� �G��� ��� �2���� D
�	
 D���6� "�	#��� "	�G��� ��6

 <:
��
/� �� N

2
� �G��� 
7�� 
�	 L���B. bassiana:�� "�	#� "	�G�� �  ��� 90 %   "�:2�� ���

�3�2 *               ��:� "�������� ��6������ ����2�� ����
� *��2�� ���� �� ���#�:���� ��� *�
� �= G(� 
               4�#�� N
�
2
 8����2:� "E����� 8
��G��� �� ��6��� �(
��� ,"	
9��� 8���2�� 16� YG#
                  L����� ��� ���6��� ��G
#
 1�2 D
2�29 S�� �%=� "2�
� "	
9  1�2
 ��� D��� "��
� "	�G�

 �G���� 8
��G���               ��� "���
� 4#� ���
� *���E ��� C��2�� 
7:B
� �
(
� "	
9A� 1�2
 �� "
    �
�� �(�� ,"	�G���1975 Ferron ��           S
#2�� �B
��� ���
��� �� �G��� ��6��� ��!
 ���� �� 

  �R� �� "	
9Q�C ��    J<
� ��� 8
	�             "�	�G� 4#� ���
 ��� "2�
� "	
9  1��2� ��6����� �� 
� 8:�# �(�� ,"��
� �G��� *��� 1�2	�� �� ��6��B. bassiana   ��:� ;
���	 �:B
� "	
9  �:� 

       ��	 �(
 "�	#��� "	�G��� �� 8
���50 – 70 %       "	
9 � ��6����� 8
	�  4#� ����
 "�
� "�9	�
               4�#� �:� ��92:� D
����E S�� �B�� ���	 
=���
 ���� ,"�	#��� "	�G��� 4#� L
�
�V	 �B
���

 ��� �(:� ,"��
� 8��1960 Cermakova �G��� �� B. bassiana  1��
6�� ����� �
(�� 4�9� 
 SG
G	�� -
#��� 8
����Leptinotarsa decemliniata   "�	�#� "�	�G� �:� 50%  ����� ,

Mechalas 1963 & Dunn *��2 �
(�� 4�9� �G��� S�� �� Lygus hesperus �G��� �:� 
       �#�	�� .���� "#�#� ":�
��� 8���2�� �
(�� 4�9� ��       ���	 82���
 8�� 4#�	 �80 – 100 %

    "	�G� 8
��� �:�75 %  �88 %  �100 %     8����� "	#� 8E����� ���  65 %   ��:�60 %
 "�	#� "	�G�)El-Sufty & Bourai,1987.(  

P�<��<$  4� �
:  

              ����
� D��@� "���� ��� �:� <���� ��> 8���2:� "E����� 8
��G��� �:� &����	 -�E�� ��6U

   � ����� �� &��6U
            c�%��� "�G
�#�� S���� �6R
 "�
� "�9	� *���2��� "	�G��� 8�%�
	� 3��

                C�R�
� 
�7��6��� �
� �:� ���
� 8
��G��� G
�� �:� D
�	:# ":��G *�
�� ��
	��� S���� -�E
��           4#
�� ? 
�� "	�G��� O
����� *���2�� "��� ���   ��    �� �(�� ,8
��G��� �
=���� �
�
��3 

 �G��� ��6��� O���
B. bassiana ��   *���� *��
	��� S���� "��� 3  8
�
�#  ���   
�7:
� 
)Muller – Kogler, 1965.(  

              8���
�� O��
�
� ,O��
�� *�
�� D
�	
 8
��G��� ��6��� �:� "��#��	�� .�� "��/� ��6U
 <:
��
   C�R� ":��G��              8����2�� 1�6� �:� ��6����� ����
 ���� ���#�:���� ��� G�	6
� ��6����� �
�  

 ":B
���)Macleod et al, 1966; Krieg et al, 1981( ��2

 8?!#��� L���/� O�	 ���
� ,
       *�
�� ��� �(:� *��9� *�
�� ��6U
��60            4�
�#�� ��6U�
�� �� ��6���:� ������ ��:�� �:(� ��� ,"(��� 
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 �
�� �(:� "��#��	�� .�� "��d�Cantwell, 1974 ��      ��G��� ��� ��
?!�# ��:� "�#���  
Cochliobolus              "�!�#�� �� "��/� &%7� "��
(� �6�� "������ ��6����� 8�% "�!#�� �� 82E�� 

 �G��� ��G
#� 
�� ,-
E�	�� ��6����� 8�%Hirsutella thompsonii .�� "��d� O��
�� ��2
 
 
7:�� G�	6
 �:� �
��� "��
� ":��G *�
�� "��#��	��)Tuveson & McCoy,1982.(  

 ��6U
 <:
��    S���� -�E )  ��>��  ��
�9�� -�E��� ��
	�(      ,
7
�!#� 8
��G��� L���/ D
�	
 D���6� 
 �G��
�B. bassiana C��� D
�	
 Muller – Kogler,1965    ����6��� 8
�	�  �� &���� �6U
� ? 

    �
�� 
���	 -�E�
	Teng,1962       �G��� S�� L���� O���
 �� ��     *-
E  *�
� 4 – 5   8
�
�# 
 3����   *�
��  �G��� "�	�
 �� �
��	�� �

@2!� ��� ,��6����� N

�B. bassiana N

2� ��� 

�� ��6����� �� *��	� 8
��� ���

 ��� "���� D
	��(
 *-
E  *�
� .  

P���
�$  Q����
:  

               
��� L����/�� ,����
�� "(G�� �� �B
#�� b
���
	 D���6� 8���2:� "E����� 8
��G��� G
�� �6U
�
 
��� 8?!#��               8�2
 �
2 �
��� ���� �:� ��F
��� b
���� <��@ 82
 ����
�� D
�B�� ��G
#
 "�G�

   ��> <��@����         :��� �� �B
��� �:� "��
# "��G� �
��� ����
	 
7� "�
����      G���
� ,"B�	�� �� �� 
               ��=��
� ��
�
� G��
 L���/� �@��� ,
7� 4#
�� b
�� ��#� 
���� �=��
� 
7:B
� ����
� 
����


����% ��G� �� 4G� b
�� ��#� 3"��
�� *���2 8
��� .  

                ���F
��� b
����� <��@ ��2

 �� ��G
#
 8
��G��� �� 8?!# ����

 �� *�
2�� .G
���� ���
             N

2
 �=� ,"���� 8��
� �� 8���2�� �� 
7	 "9
� �B��� �:� c��
� �
��� ���G��   "��
�� 

      �	 �E "	#
�� �B
#�	 
7����
#  ����� *��
#��        &%�=� ,"��G�
��� *�
E�� 8���2�� L���� O
               8�#�� 8��
� �� ��#
 �
�� "��
���� *���2�� 8
���� "��
��� "�	#��� "	�G��� �:� ��
�
 L���/�
                "�(G�� �� c�%�� *�2
��� "�	���� 8��
�A� "���	 "����� S�� *�
�  ��� ,�
��� ���� �:� *��9�

��� �
 "����#�� "�	���� "�:���
	 <�G(�� �G�:� 8?�� ��
�6 B. bassiana  ������ L���� �� 
   ��%�� ":�
��� 8���2�� �:�3             ��G��� 8?��� "�#��� �
� "	�
�� ��� -���2�� ������ "#�# 

             �E ;
��	 
7����
#� �
� ,�G�:� "����F� "�!#� *�2
��� "�	���� 8��
�A� "���	 �:��#
� �����
�
    -���2�� ������ "#�#) ���#�� ���
(
��         ��� �� -���2�� ������ "#�#� "���2�� "2�
���� L����� "

     �
�#� ���:��� ��
�
�� S:��2000 – 2002       ���G���� ,"�������� "���
:� "�	���� "�@���� ,( ,
      A� 8
G2� ���
(
 ����� "�9���� �
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����� "����� S�� �
(G�� �� C���� �
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��� "�	���� 8��
�A� "���	       �9
 "��
��� "�	#��� "	�G��� �� 8
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�	�
>
         �	�
�� �� \�/� �:�� 8���� �� *�
�� D
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���� *��
��� &%= �!� ��#
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�6� c�% �� ��� 
��� "�G�
��� "����F��� 8?!#:�"B�	�� �� 
=����
 �:� @�
2
 .  

 ������
 �	��<�� I�!��
 �7���
:  

                 C� @�2!� ? �� c�% �>�� ,8���2�� L���� �� ��6��
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�� *�� �V�            ���
 "�
� *��
(�� ,�B
��� *��2:� "������ "�
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  ��������       8
#�
����� 8
�:��G�� �6� 
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 �
        �� ��
6 �� ��
��� C� �:F��� �G(��� -
��� ����
#�#        ��= <����
:� "���#�� *��
(��� ��	���� �� : �% 

    ����
 
���� �
�)� (%    ����
 ��E2
 �����)4 (%      &���(� -�� %�U� �� 
��:��)4 (    �����
 ��)� (%
 ���  <�E��) �X4  (-
��� �� -��.  

  �
6�)1 : (    ����
 ���
���� 
���� �
� �%  37 %     ����
 ��:2� ��E2
 �����3 %    %�U� �� 
��:��3  �� 
    ����
 ������ ��37 %   ���  <�E��)37 X 3 (34      �:� �92�� -
� �� 37       ���:2� ��� ��� 

  &����
3%               �6 ��:2��� �� &��E2
 4�:G��� ����
:� "��
#� "��� %�U� �� *��
(� ���� c�% �:�� ,
 -
��
	 ��2�� ":��
�� /� ����
�� 3�
#� �:�.  

  �
6�)2 : (    &����
 ��2� 
����80 %     &����
 ��2� ��E2
 �����60%     %�U� �� 
��:� ,60    ��� �� 
80 % -
��
	 "����� ":��
���  80�� .  

 9�"�	�
 2��:  

        C�R
 "(��G	 -���� ":�
�� ��(�
�� �� <�7����          �� �	 "(�
��� "(����� "�2�� 8
�B
��� ���� �
� 
   :� S��� ,�:��� *����
���       �(���� -���� O��� 
���� "��� ��(�
��    -��7�� ��     C�R� 
� ��    *�� �6�:
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�� 1�:
:� ��9� C� �� 
7��(�
 �
 �
�� -
��/� ���� @�2 4�� c�%�� ����
#?� �	� 3���
 �������/� .��	 8
��
����� 8���/� <�:F
	 Aluminium foil  ���(�
�� ��	 
7@�2�  ���   ���2 

,����
#?�                  "G�#��	 .�:F
 �� "�G>� 8�% ���
 �� 4��� 8
B�	 �� ���
2� �:� "��
2��� ����/� 
�� 
�
��
#?� ��� ?  ��(�
�� ��	 Y
�
 ?� �G(�� �� 8����#.  
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 "(����� 8
�B
��� �� "�����
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���� ��
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�	�� \��/� �:�� 8
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��� &%= �� *��	� "����� c
�= c�% �>�� �
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 �
��� *���2��  � 1�2 "�     � *�
� ��G �:� 8���� 1�2         �B
���� ��E C���2�� ��(�
�� ��
�� c�%�� ,"���
 "
����� *���2�� "��� �:� .����� �2��Thermal death point 
=��� c:7� *���2 "��� ��� �=� 

 8����� O���
�� 8��� .����� �2�� �B
���Thermal death time   8���� ��? 8��� �9�� �=� 
   �� �E���
 ��� �B
���           8
��B
��� L������ 1��:
�� *��	 D
	�
> �!�
��� ��%= �6U
�� ,"���� *���2 "��

 "6�:����:�
��� ��%= %�� 4�� c�%����(�
�� .�G �
�
�� ��� �
	
�?� �� �.  

 "	G��� *���2�
	 ��(�
��Moist heat sterilization :      C� "�	G��� *����2�� 
�7�� ���
�#

     �� �
�	 ���� �� ������ ���#
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�7� ��� c��% �
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�� ��
�� GFE 82
 -
�



- 64 - 

 

  <!��
�/�Autoclave  � �=�      > �� N���� ���� �% �
7        ��2
��� ���� �
�2V	 �:(� ���� 4
	 �� -
G
                 "����	 
�7��(�
 ������ -
��/� ":�
�� ���� 1�2 ��(�
�� *�
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��� �
�	 GFE� *���2�� "��� ��
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 �� �:�� *���2        ":�
���� C�R
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��� �
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=���
 ���       "���E��� "�2�� 
�!��� �
� 
              *���� D
	�
> ��(�
�� �
�� &�6�
� "�:��� ��!	�
��	� "���F�� "��	G�� �
#� "��
� "�6��
����15   "�(��� 

  �:�121   GFE� �k15 D!G�      "�	���� "9�	�� �:� )Ib/in 15 (       8
����	 ����
2���� -
����� 8
B�	:�
  *��F9)2 – 3 �
�  (       ��(�
�� *�
� ����
� "�������� "��
���� 8���/����  20      -
����� 8
�B�	:� "(��� 

          *��� ��(�
�� �
� ��� *��	��� 8
����� "�
2 �� ���
2����20 – 25     "��� �:� "(��� 126     O��	 ��� �k
              
�7��(�
 �
��E ����� ? ������ O�	 c
�=� ,"9
� 8!�
�� ���
#
 �
�� 8?
2��     ��� D����� 

    "��=��� ������� 8����� �6� <!��
�/�      
 ,
7��(�
� 3��� .�G L
	
  4���      ��@2��� "��
���� @2!
              4���� �� 4�� "6��2�� 8
�!��
�/� �� �
�/� 8���7�
 �� �>��
	� <!��
�/� ����
#� ��� ������

 "(��G�� &%7	 ��(�
�� ��� �:� 
� *
���� �� 
7����
#� �:� ��:�
���:  

•       -
��� �
�	 ��9� "��=/� ����           ��� �
�2  ��� 4�� c�%� ���
2���� 8
B�	��� ����/� ���� 
              ��� �
�2  4�� ��(�
�� -
7
�� ��	� ,"��G(�� 8����#�� �6� "��
#� 8����# ����
#� �� "�G>/�

"�G>/�.  

•           D
	��(
 "��
#� 
7�� "����� �E�
 ���
2���� -
���� 8
B�	�� ��(�
 "�
2 ��     �� -
�A� ��2 <9�� 
*���E�� "�
2 �� ��2�� �6:6� �6�/� �:�. 

•               -
��� �
�	 GFE �9� �%  ?  <!��
�/� Y
� �
� ? ��(�
�� -
7
�� ��	��      ���9 "��!��� 
         
7
���2 "��� O���
 �
2 D
�B��� -G		 4
	�� Y
��� ���  40 – 50       
�7����  �
�� ��6 �k

����
#?� �
2 
7����
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��B
��� �� ��6��� ��6��� ��2
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 ������ ���#
�
	 ��(�
��Red heat sterilization : �
 �=�   -
��6� ���
�#�� ���#� �
�� ��(
                 G�!���� Y�(:
�� �	  <��G� �:� c�% �
�� 8
����� Y���
 �� 8
B�	�� Y�(:
 �� ����� �6� �
��/� O�	

      *��
	� 
7E���
	 "������� Y���
�� 8�������     ���	 47� ��        �� 
7���G� S�GF
	 �� ����2?� "��� 
     
7E���
 �6 ��
6�?� ��2���    � ���	 47�    *��9� *�
�Flaming       ��2��
�	 ����� ��� ��2�� 4��� 

�
�
�!� "�:	
(�� ���� ��2��� �� 1�2 ���	 47��.  

 L
��A
	 ��(�
��Radiation sterilization :  <�> ��(�
 �� "��/� L���� O�	 ���
#
 ����
 �
��� *���2�
	 
7
:�
�� ��2

 ? �
�� "���
#!	�� ����/�� 8���/�� Y�(:
��   "���/� ���
�#
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	�
>� ,"�

 "��#��	�� .��Ultar violet rays �� 
7

��� ��G ;���
� �
�� 260 ��  270   ��=� ��������::� 
3����                   ��� 
�7�:� ���92�� �
�� "9
� 8
	�� �� 
=����
 ���� �
��� "(����� "�2�� 8
�B
�:� �
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#� ��� @2!�� ,"99�
��� 8
�����    � -
�6� "��/� &%= ���    1�2 ����        ��:� �	:�# ��6U�
 
7� �
 � 8
��G���	    �� 
�� "��������� ��6����� "9
�7          ���� �F:F
�� �:� "���E *��� 
7�� �2G# ��6U
 8�% 


"��/� &%= �� "��
� "	#� ��2� N
���� �� @2!�� -
��/�.  

 Y���
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	 ��(�
��Filtration sterilization : � ���
2��� ��(�
� Y���
�� ���
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7	 �
�
                 
�=���
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�� ����#��� 8
���
��	��� 8
�����A� �6� "��
��� *���2�� 8
���	 �6U
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���
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 ? "(��� 4�(6 8�% "9
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2��� �� ���
2��� &%= ���
 ���� ,8
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�
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	(
#� ����� �� -��7�� K"�B��= �� "�B
� -��= K���
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#�Haemocytometer       �����
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 .�G .��� �E�� �= 
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��G��� ��6��� L���� ���� �	��� S
�(�� "��� "��7#� "��#� c�%� ������ 3�
#� �:�
                  ��� ���2�� *��2� �� ���� 8��� ��� ����
� D!9� "99�� �=� ,4
#2�� "��� "��7#� 8���2:�
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�
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=�6��� 
7:E�� L���� ���
� ,"�	G�� O��>/�    ��
��/� L���� )Neubauer (   �� "��9� �=�
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�#� ��:� 4��
��� ,G��G��� N����� ���� 8
�	����� 
�!��� ;�E�� "G
#	�
	 ���
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 �=� S
�(�� *�2� �
�	� "2����� �� *�
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2
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G
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    <�2 "B�= �:�H        �� *�
	� "2����� ����� ,.:���� 
7�!� �� 4
#��       -
�GF� D
�
�
 "	#
�� "(G�� 
Cover                 <�9
�� �� -G		 "(��� "9
� �� .:���� 4�# �%  1�2	 YG#�� �:� �E�� \
� ��
�� 

8
�	����� 
�!��� ���� d��� 4
#�� -
GF�� �� "2����� ��!
 �:��.  

    ��F9�� �	���� ��21/4000      q�� �
 �%V� 4����� �
��:��� ��       	 �
�� �G��� .:��	 �	���� �%=  �
4       � �� �� ��6����� ��� ���� ��6��� 3�2 )  �# C�3 (    .�:���� ��4 × 4000×1000 =16 ×610  ,

         �� "�:� �� 
�!� �� *��F9�� 8
�	���� ���
�16 �	�� D
 ��F9     *�2���� "��:��� �
�	��  D� 0.02   ��#
0.02   �# 0.01      "�:��� k�� �
 �%V� , �#        ��� "�:��� ���� ��6����� ��� �
�� .:���
	 �  *�2 64   ��� ���� 

   � �� �� ��6�����3�2   � �� ��  .:�)  ��# C�3 = (0.02 × 0.02 × 0.01 × 64) = 1000000/4 × 
64 = (16000000 = 16 × 810             G�#�
� 4��E� *��F9�� 8
�	���� �� ���� �
 �%  �
9
�!�� , 

       �� ��F9�� �	���� �� ��6����� ���4 × 610        G#�
� 4�E� 
�!��� �� ���� �
 �% � ,     ��6������ ��� 
 "�:��� ��*�2���� �� 2.5 × 510.   

  � ��� S
�(�      �
��


� ��
�� �����
 �
 .:�� �� 8
�������    
7�� J�� �1 : 9)      ������
 �
 C�100 
*�� (          ���
�� �� "2����� -
G> �E��� D
�
�
 G#��� �� 4��#������� ;�#� �:� "2����� �E� �
�

       ���� �� �6�� �� "���� "G(� �E� �
��    �/� �2�� <9
�� ��� .:     3��� -
GF�� �� "2����� .9!
� �: 
            C� ����
 ���� ��� 8
�>����� ���� d�� 1�2 -
GF��� "2����� ��	 .:���� �
��# *������ ����
	

  J%B���� "�B��= 8
�
(�          "�B����� "#���� 82
 "2����� <9
�� G	E �
� 10       ;��#� c���2
 �
��� 
      �G
(
�� G�G� C�� �
2 4��#�������    "#���� ��F� �6��    *�(�� 40       ��F�9�� G	
�E�
	 G	E�� �
�� 

             *��� *-
E  ��� 4��#������ �:� "2����� c�

 �6 
�!��� ���� 8
�������� 3�� �
23 – 5  .B
��� 
            ��� "2����� c�

 �
�� 4:2
#� �� ���� �
 �% � D
�
�
 8
�������� �(
#
 �
2     ��/� �:� "�
# <9� *

  /� �� ���  � ? ���2            8
�	���� ���� *����
��� 8
�������� �� �
�� ,"2����� �:� "����� <�
 �U	 Y�#
     �� ���
 1�2	 *��F9��16 �	�� D
   � "�:� ���� 3�2      �
�
�� �
� D
	�
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�#��� �� D
�B���� 
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 #��� 
�:���      ��� �� �
� ���� ����
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�� �:�      �	���� L!E� ���� *������� ��6�� ������ c:
�   ��:� *�
 �:�/� ���:E��      � <9 �� �
��/� 4
�
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P
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��F9 �	�� ��� 
�������� ���  

 ��� "�:�)1(  2X4X1X6X5X��9 X4X1X1X4X3X1   =38  

 ��� "�:�)2(  1X5��9 X3X3X4X2X1X2X1X5X4X1X2X3X1   =38  

 ��� "�:�)3(  ��9X3X3X2X1X4X3X4X1X1X��9 X��9 X1X2X2X4   =31  

 ��� "�:�)4(  1X1X1X4X3X4X2X1X1X4X3X2X4X1X1X3   =36  

 ��� "�:�)5(  3X5X1X ��9 – ��9 – ��9 – 4X3X4X1X1X3X4X1X1X3   =34  

     �� ��6����� ��� L����5    C� 
�!� 80  ��	�� D
  ��F�9 D� = 38+38+31+36 = 34 = 177 
� �� �� ��6����� ����2 3 �:9/� .:���� �� :  

        *��F9�� 8
�	���� �� ��6����� ��� 
����
#� �%  =177/80)        ���� G�#�
� ��:� ��92:�
    �	���� �� 8
���������2���� ( ×4 × 610)     ��
:�:��� ��
�� ��2���� ( ×100      <����
�� ���
��  =

885000000 = 8.85 × 810
������ /��.  

   ��� ��� 
����
#� �%     
�!��� �� ��6��= 177/5)         ��� 8
��������� ��� G#�
� �:� ��92:�
  "��:����2����* ( ×2.5 × 510)    �
:�:��� ��
���2���� ( ×100)  <���
�� ��
�� = (885000000 = 
8.85 × 810
������ / ��.  

          ��
6  ��2�	 -
GF��� "2����� <�@�
 �
� ���� -
7
�� ��	70 %     
�7
@�2� �� 
7@�2� 
7����
�
   �� <
�� �
 �% �   C/ "2����� �:� .:��          �����
 �����9�� ��#�����= �� 
7:�#> �
� 4	# 1 %  ��6

 �	
6  ��2� �� �6 �G(��� -
��
	70.%  

    &����
 .:�� ��E2
2 × 810 
������ /  �� :    ����2 ��� �
�0.1       �
��� 8
��������� �� �� 
    �#
#?� .:���� ��E2
)S (     
7�� �� �

�� �����
�1 : 9    � 8
�������� �� �6      <����
�� �� "��� �

        �� 8
�������� ��� L���� �
� �%V� ,���/�80 �	�� D
   �= 166      � �� �� *������� ����� ���� 3�2  
  �#
#/� .:���� ��)S) = (166/80( ×4 × 610 × 100 = 8.3 × 810 .   4���:G��� ����
��2 

 ×810      �#(
 �%  ,�� ��� 8.3 × 10   �:� 2 × 810 = 4.15   �:� ��92:� c�%��    4�:G��� ����
�� 
 <
E���  �#
#/� .:���� �� �� �� 3.15-
��� �� �� .  

� ���� �� 
�������� ��� ����
3�2  �G� �� B. bassiana) :    S��� ��� �����
�� 3��� 
  ��/� �:� 8����� (   ��� �
�0.2          "�
EV	 .:�� �� 
=��E2
 �
�� 
�������� �� G	E�
	 20   -
� �� 

)S (    ,��
�� <���
�� �
��        �	���� �� 
�������� ��� G#�
� �� O��	��2����      ��
�6�� <������ �� 
1.5     � �� �� ��6����� ��� ���� ,3�2  .:���� �� )S (  ��=1.5 × 4 × 6

10 × 100 = 6 × 8
10 ,
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         �� *����� 
7��� �
 �
�� 
�������� "��� �/�20       �� 
�������� ��� ���� �� 0.2     ��= �� 6 × 8
10 
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The life cycle of Steinernema starts with an egg, four juvenile stages, males and 

females. The third stage infective juvenile (IJ) of the life cycle is adapted 

physiologically and morphologically to live outside of the body of the host. The 

IJ is always enclosed inside the cuticle of the second stage juvenile, it has a non-

functional mouth, anus and a much reduced alimentary canal but well developed 

head papillae and amphids which assist it in locating its host. The IJs are 

attracted to chemical cues such as C02 and insect excretory products, which are 

emitted from hosts. Once the IJs come in contact with a potential host they enter 

through the natural openings, the mouth, anus or spiracles. In case of S. 

carpocapsae the preferred route is via the spiracles, mouth and anus in case of S. 

glaseri, mouth and spiracles in case of S. scapteriscae. However IJs of 

Heterorhabditis can enter directly through the cuticle using the dorsal tooth 

located in the head region. 

Entomopathogenic nematodes can be divided into two groups according to the 

way by which they become attracted to their host: 

1. Ambushers The IJs of these nematodes wait for their host to move close 

before they enter: these nematodes are more or less "lazy". The ambusher 

nematodes show a characteristic nictating behaviour in which the IJs stand 

upright by lifting 2/3 of their bodies into the air and using the caudal region as a 

foot. Examples of nematodes, which show this behaviour, are S. carpocapsae and 

S. scapteriscae. 

2. Cruisers These are the nematodes which respond positively to chemical cues 

emitted from their hosts and they move actively to their hosts. Example of this 

group is S. glaseri. 

Once the IJs enter the host they move to the haemocoel where they open their 

mouth and anus and release the symbiotic bacteria which they carry within their 

guts. The bacteria start to proliferate and reproduce inside the host. As a result of 

the bacterial development septicemic death of the host occurs. The bacteria have 

also been shown to produce a series of other chemicals, mainly indol derivatives 

which inhibit the development of other microflora within the insect body. The 

bacteria also suppress the immune system of the insect host. The nematode feeds 

on the bacterial cells as well the decomposed parts of the insect body to develop 

into the fourth stage juveniles and adults. The nematodes complete several 

generations inside the host body until the contents of the cadaver are completely 

consumed by the developing nematodes, when development ceases and the third 
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stage juveniles start leaving the cadaver of the insect (see Fig 1 & 2). 

One of the major differences between Steinernema and Heterorhabditis is that the 

Us of Heterorhabditis develop only in the first generation to adult hermaphrodite 

females and in the second generation develop to amphimictic adults (Le. separate 

males and females). In the case of Steinernema Us of all generations develop into 

amphimictic adults. Members of the first generation adults in both genera are 

larger than the second  

generation ones. The size of the host influences the number of generations of 

nematodes as well as the size of the developing nematodes. 

After mating inside the host, female nematode lay eggs through the vulva to 

hatch within the insect host body to the subsequent stages. However due to 

nutritional signals nematode eggs may hatch inside the body of the female and 

destroy, this phenomenon is known as Endotokia mardicidia. Depending on the 

species of nematode, size of the host and other environmental conditions, the 

number of generations produced in the host will be determined. When the body 

of the host is depleted of nutrient, the third stage IJs leave. the insect cadaver to 

search for new hosts. 
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The Symbiotic Bacteria 

Steinernema spp are symbiotically associated with specific bacteria which are 

always carried monoxenically within the intervesticular gland of the nematode 

gut. This bacterium was first noticed by Bovien, in 1937 during his studies in the 

description of 5. bibionis = (5. feltiae). The bacterium associated with 

entomopathogenic nematode was originally identified as Achromobactor 

nematophilus. Later more research studies conducted by several scientists have 

explained the relation of the symbiosis between the nematode and the bacteria. 

The genus 5teinernema is associated with Xenorhabdus spp, while 

Heterorhabditis is associated with closely related species Photorhabdus 

luminescens. (see table 1 for different bacterial symbiotic associations between 

different nematode species). Photorhabdus bacterium differs from Xenorhabdus 

bacterium in several phenotypic as well as biochemical characters such as 

positive bioluminescence and catalyse activity. Also, poor DNA relatedness has 

been found to exist between the two genera. And detailed comparisons of 16S 

rRNA sequences for the two genera did not distinguish them, other biological 

differences between the two genera such as the production bacteriocin but in 

different ways in terms of ultrastructure and physiological events. Also, the 

difference between the two genera was demonstrated by their interaction with 

nematodes; P. luminesces does not support the development of any 5teinernema 

species in vitro but may support cultures of non-host Heterorhabditis spp. 

Similarly Xenorhabdus spp do not support the development of any 

Heterorhabditis spp in vitro but may support cultures of non-5teinernema spp. 

The relation between the nematode and the bacteria is mutualistic and symbiotic. 

The IJs carry the bacteria within their gut, the function of the symbiotic bacteria 

is to provide a good environment and food for the nematodes to reproduce and 

develop. Both genera of Xenorhabdus and Photorhabdus were placed in the 

family Enterobacteriaceae. Also both Xenorhabdus and Photorhabdus are gram-

negative rods, non-sporulating, oxidase negative with both respiratory and 

fermintative metabolism. 

Phase shift of bacteria is a well described phenomena in microbiology however, 

the definition of phase variation in both Xenorhabdus and Photorhabdus, states 

that the existence of primary and secondary form variants with morphological 

and functional dimorphism. Several methods are used to distinguish between 

phase one and phase two for example both phases have distinctly different 

colony morphologies however both variants do not show any difference in 

pathogenicity to the host G. mellonella. 

Other differences between the two bacterial phases can be summarized as the 

follows: 

(1) Phase one produces ranges of antibiotics while the secondary form does not 

produce antibiotics. 
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(2) Phase one adsorbs certain dyes and develops large intracellular inclusions, 

whereas phase two does not adsorb dyes, and forms insufficient intracellular 

inclusions. 

(3) Phase one is supposed to be superior to phase two in its ability to support 

nematode propagation in vitro. 

The Pathogencity of the Symbiotic Bacteria 

Death of the insect after infection with the nematode and the release of the 

symbiont is due to the ability of the symbiont to tolerate the hormonal 

antimicrobial system of the insect. It is also due to the ability of the bacteria to 

multiply within the haemolymph resulting in an increase in the haemocytes 

which release the toxic lipopolyasacharides (LPS) causing what is known as 

septicaemia to the insect. The bacteria also produce antibiotics capable of 

inhibiting the growth of many different bacteria and fungi which helps to 

maintain an environment more favourable to the multiplication of the bacteria 

and nematode. 
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Table 1: Symbiotic Bacteria associated with different species of .EPNS: 

Bacterial symbiont Species 

Xenorhabdus bovlenii Stelnernema kraussei 

X. polnarii S. glaserl 

X. bovienll S. feltiae 

X. bovlenii S. affinis 

X. nematophllus S. carpocapsae 

Xenorhabdus sp. S. anomall 

X. bovienll S. intermedia 

Xenorhabdus sp. S. rara 

Xenorhabdus japonlcus S. kushldai 

Xenorhabdus sp. S. scapterisci 

Xenorhabdus sp. S. ritteri 

Xenorhabdus sp. S. neocurtlllae 

Xenorhabdus sp. S. rlobravae 

Xenorhabdus sp. S. longlcaudum 

Xenorhabdus sp. S. serratum 

Xenorhabdus sp. S. cubana 

Xenorhabdus sp. S. blcornutum 

Photorhabdus luminescens Heterorhabditis bacteriophora 

P. IOminescens H. zealandica 

P. luminescens H. megidis 

P. luminescens H. indicus 

P. lumlnescens H. brevicaudis 

P. luminescens H. argentinensis 

P. luminescens H. hawaliensis 

P. luminescens H. hepialus 

P. lumlnescens H. marelatus 
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(a) Behaviour: In spite of tile fact that entompathogenic nematodes can parasite 

a wide range of hosts in the laboratory, certain nematode species or isolates will 

control specific insect in the field better than others. The behavioural differences 

of different species can affect efficacy, for example some nematodes that actively 

move vertically in the soil such as S. glaseri are usually more effective against 

the larvae of scarabaeid insects probably because they are better able to reach 

their hosts. The mole cricket Scapteriscus spp are more susceptible to S. 

carpocapsae because S. carpocapsae juveniles do not migrate from the site of 

application where they were applied while the mole crickets tend to remain 

nearer to the surface of turfgrass. 

(b) Host susceptibility: Host susceptibility is mainly determined by the ability of 

the nematode to penetrate the insect host. Entomopathogenic nematodes are 

considered to have a range of host insect. Some species of Steinernema e.g. S. 

carpocapsae juveniles infect 250 insect species from over 75 families in 11 

orders. 

The most susceptible hosts to nematodes are the ones that can easily be 

penetrated by them. However the occurrence of a variety of species of 

entomoapthogenic nematodes even in one location implies an evolutionary 

development resulting in distinct character of every species including the 

development of specific nematode-host associations. The susceptibility of 

different insects to Xenorhabdus depends on the ability of the host defence 

mechanism to limit the bacterial proliferation within the host. The LD50 values 

for the bacteria range between 50 - 500 cells. 

 (c) Moisture: Moisture is the most important abiotic factor limiting the survival 

and the movement of the nematodes in the soil. The survival of steinernematid 

nematodes is considered to be higher in relatively dry soil provided the rate of 

drying is slow. Rapid desiccation is fatal to many steinernematids and 

heterorhabditids. Nematode activity and efficacy are severely restricted when 

moisture levels are insufficient for nematode movement and persistence and 

excessive moisture levels can also inhibit nematode infectivity by immobilising 

the nematode due to the forces of surface tension. Also, high soil moisture can 

remove the oxygen from the soil and may influence the survival of IJs. 

 (d) Soil type: Several factors, which affect the nematode in soils, are porosity, 

aeration, water content, temperature and chemistry of the soil. Soil texture and 

pore size determined by the size of the soil particles, which can greatly affect 

nematode movement, host finding strategy and ability to survive. Horizontal and 

vertical nematode dispersal, pathogenicity and survival decrease as the overall 

proportion of silt and clay increases. The ability of S. glaseri and S. carpocapsae 

to infect hosts decreased as the  
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content of clay increased. Nematode survival in most soils is not affected by pH 

in the range 4-8 although survival and pathogenicity of S. glaseri and S. 

carpocapsae were greatly decreased at pH 10 and high concentrations of 

ammonia. 

e) Temperature: Temperature has a profound effect on all aspects of the biology 

of entomopathogenic nematodes, such as development, respiration, survival, 

dispersal and host finding ability. Climatic conditions and the geographic origin 

of the nematode affect survival if adequate water is available. S. carpocapsae, a 

temperate species of entomopathogenic nematode, can survive better in sandy 

loam soil and at a range of temperature between 5-15°C than at 35°C, whereas S. 

glaseri  

a subtropical nematode can survive better at 35°C. .. The survival of 

entomopathogenic nematodes seems to be affected by the degree of activity and 

the amount of the stored food reserves within the nematode body. Some species 

of Heterorhabditis and S. feltiae survive better at lower temperatures and this 

may be due to the fact that these nematodes are less active at lower temperatures 

and a longer period is needed for them to deplete their food reserves. Studies 

have shown that. nematodes applied when soil temperatures were less than 16°C 

were less effective against white grubs than when similar applications were made 

to soils at 21-30°C. Application of the nematodes to fields at temperatures lower 

than 12-14°C will always fail to control insects, the failure in control may be due 

to the effect of the temperature on the nematodes themselves or on the symbiotic 

bacteria or due to both factors. 

f. Ultraviolet light: The entomopathogenic nematodes are extremely vulnerable 

to ultraviolet radiation because they are very sensitive to direct sunlight. Due to 

this, application of nematodes should be done in late afternoon or early in the 

evenings, The severity of the effect of the ultra violet light may vary according to 

nematode species, for example the IJs of some species of entomopathogenic 

nematodes are extremely sensitive and they become inactivated by exposure 

levels that do not affect S. carpocapsae. 
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Production, formulation and storage of Entomopathogenic 
Nematodes: 

 +�	�, %���	� ���!	�
��	�����
*
�!��� � ����
  
Entomopathogenic nematodes have been produced for 68 years by  

a variety of means; e.g. insect infection or on artificial media by axenic or 

monoxenic culture, in solid and liquid phase fermentation. For small-scale 

production and for laboratory uses, IJs are commonly cultured using G. 

mellonella, but this method is too expensive for mass production. 

For small-scale production, the method of choice in the USA, Europe and China 

is still solid phase culture, developed by Bedding in the early. The original patent 

involved soaking an inert carrier (shredded foam) in  

a protein-rich medium (e.g., soy peptone, yeast extract, or offal). This substrate 

was then put into plastic bags, autoclaved, and inoculated with the symbiont 

bacteria. After a few days, the nematodes were inoculated. When nematode 

multiplication ceased, the IJs were washed out of the foam, and stored in air-

bubbled water. This method has since been modified by many of the commercial 

manufacturers. Solid phase culturing has the advantage that it can be used to 

culture most nematode species. Furthermore, the capital costs are low and the 

technique is not technically demanding. However, liquid culture is preferred for 

large-scale production. The production outputs can be as high as 100,000 Ijs/ml 

from 15,000-80,000 litre fermenters Currently, five 5teinernema species (S. 

carpocapsae, S. feltiae, S. scapterisci, S. riobravae and S. glaseri) and two 

Heterorhabditis species (H. bacteriophora and H. megidis) are produced 

commercially. However, the mass production of heterorhabditid species has not 

been successful in the USA, and as a consequence steinernematid species have 

dominated on the commercial market. In contrast, the liquid culture of 

heterorhabditid species in Europe has not been a problem, although formulation 

and storage methods are still not ideal. The reason for this odd occurrence is 

likely to reside in the culturing technique used in.. the USA and Europe, but since 

production methods are commercial secrets further inferences are not possible. 

Nematode processing for formulation is necessary for two reasons: to extend 

shelf life and to allow transport, delivery and application. The average shelf life 

of steinernematid nematodes is 3-6 months, which compared with 2 years for 

chemical pesticides makes marketing nematodes difficult. The problem lies in the 

fact that the quality of IJs produced on artificial media is compromi~ed; for 

example, lipid contents are lower compared with insect-reared nematodes. 

Furthermore, the Us can utilize their lipid energy reserves rapidly.. Infective 

juveniles have been formulated with. a number of different materials, including 

clay, gel-forming polyacrylamides, pOlyether-polyurethane sponge, vermiculite 

and peat. Most of the above formulations were designed to restrict the movement 

of the Us and hopefully their utilization of energy reserves, they also required 
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cold storage to keep the nematodes viable. However, restricting movement was  

not sufficient to reduce the utilization. The breakthrough came with the 

development of a water-dispersible granular formulation. This formulation 

allowed the Us to enter into a partial anhydrobiotic state extending nematode 

survival and shelf life for up to 6 months. The added advantage was that this 

could be achieved at room temperature, eliminating the need for cold storage. 

Commercialisation of Entomopathogenic Nematodes: 

Large-scale commercial yields of entomopathogenic nematodes require 

economies of scale in other words decreasing costs with an increasing scale of 

operation. Without economies of scale, commercial production of 

entomopathogenic nematodes will remain a cottage industry. The mass 

production of entomopathogenic nematodes has evolved from the first large scale 

in vitro liquid fermentation production method. Bioinsecticide companies 

produce entomopathogenic nematodes monoxenically using the solid-bed process 

developed by Robin Bedding in 1981, or by liquid fermentation method adopted 

by many companies. In the solid bed process high labour costs limit the 

economies of scale, whereas in liquid fermentation highly efficient production of 

many steinernematids species has been achieved. However there are some 

hiccups in production of heterorhabditids due to the instability of Photorhabdus 

bacteria in the fermenters. 

Formulation of entomopathogenic nematodes plays an important role in the 

process of the commercialising these nematodes. Firstly they have to be 

immobilised to prevent loss of glycogen and lipid reserves. Immobilisation can 

be accomplished by maintaining the nematodes in aqueous suspension at low 

temperatures (between 5-15°C), but this approach is not commercially desirable. 

Nematode immobilisation can be achieved by storing them in polyacrylimide and 

alginate gels or by partial desiccation in clay. Shelf storage of formulated 

steinernematids such as S. carpocapsae can be achieved for up to 5 months at 

room temperature or up to 12 months under refrigeration. Heterorhabditids, 

whether formulated or not do not have a long shelf life and always suffer high 

mortality during storage. Entomopathogenic nematodes unlike other insect 

pathogens have been exempted from registration in the USA by the 

environmental protection agency. 

Effect of Entomopathogenic Nematodes on Non-target Organisms: 

Data about the impact on the impact of EPNS on non-target insects have been 

obtained from research of laboratory bioassays and at optimal conditions they 

may be considered lethal to any insects they encounter in soil especially when 

applied at high concentrations in the field. However under field conditions many 

non target insects escape nematode infection, however the effect of 

entomopathogenic nematodes on predatory insects was that adult stages of most 

predators is minimum and these adults are less susceptible than immature stages. 



- 86 - 

 

Also S. carpocapsae was found not to infect earthworms but these nematodes 

were able to develop in damaged bodies of earthworms. Terrestrial isopods were 

found to be susceptible to entomopathogenic nematodes. It is generally regarded 

that in nature, entomopathogenic nematodes have a restricted host range, and 

behave as opportunistic organisms rather than broad-spectrum bio-insecticides. 

 

Essential Laboratory Protocols Needed For Practical Work with 
Entomopathogenic Nematodes 

1. Culture of The Wax Moth Galleria mellonella: 

Late instar larvae of G. mellonella are used wide to for production and 

maintenance of cultures of EPNS as they are highly susceptible to nematode 

infection and also they can be reared easily in the lab. The artificial diet on which 

G. mellonella larvae are reared consists of the following ingredients: 

(a) 200 gm of oat meal 

(b) 50 gm of Brewers yeast.  

(c) 80 ml of pure honey. 

(d) 70 ml of glycerol. 

Mix all ingredients thoroughly and introduce the formed paste to a glass 

container with fine perforations in the lid. Introduce about 20-30 g of freshly laid 

eggs of G. mellonella to the container and covered with the food paste. Keep the 

containers at 28 ± 2°C (70% RH) and for 5-6 weeks. Pick late instar larvae by 

hand and use 

for EPNS research experiments. For egg production keep about 15 last instar 

larvae inside one of the containers to pupate and develop into adults. The adult 

moths always lay their eggs on the top of the plastic boxes or on the edges of the 

lid. Collect the egg carefully and avoid squashing the eggs. 

2. Invitro production of Entomopathogenic Nematodes in semi-soild 
medium: 

Prepare the following Ingredients modified from Bedding Method for each genus 

as follows: 

Genus Steinernema 

Kidney of beef  70g 

Beef fat  109 

Nutrient Agar  5g  

Water              20ml 
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Genus Heterorhabditis  

Kidney of beef  60g 

Beef fat  20g 

Nutrient Agar  5g  

Water   20ml 

Blend all ingredients in blender till homogeneous mixture is achieved. Pour 10 -

20 ml of the mixture into flat autoclavable glass trays. Autoclave the trays and 

leave to cool for room temp. Add 2ml of 1 day old culture of symbiotic bacteria 

cone. = 107/ml and incubate for day at 28°C. Inoculate each try with 1000 

surface sterilised IJ. Incubate at 28°C for 1-2 weeks. Harvest the emerging IJs 

from the 

media using washing and decanting. 

3. Mass production of Entomopathogenic Nematodes in Liquid Culture: 

a. Media constituents (For 500 litre fermenter add the following:  

 6.25Kg of 1.25% w/v Spray-dried egg yolk 

 12.5 kg 2.30% w/v Yeast extract 

 1.15 gm 0.23% w/v sodium chloride (plain noniodized) 

 30litre of 6.0% v/v Corn oil 

First Mix Yolk dried powder to the oil together. Then mix yeast extract and the 

salt in the water and add this mix to the oil yolk powder mix. Autoclave the 

mixture at 121°C for 30 min. 

Let the mixture cool down to 25°C. 

b. Bacterial inoculation: Bacteria should be isolated from the haemolymph of 

Galleria mellonella larvae infected with Specific nematode isolate and smeared 

on NBTA agar plate. Prepare starter culture of 10 ml in sterile Falcon tube and 

use the starter culture to inoculate 1000 ml flask of Nutrient Broth. Incubate at 

28°C in a shaking incubator (at 150rpm). 

Check the purity of the bacteria by: 

 1. Smear on N BT A plates 

  2. Microscopic examinations. 

Once that is done transfer the bacterial inoculums to fermenter through the 

inoculum's port. 

Leave to grow in the media within the fermenter for 2 days. 

Check the bacterial growth and bacterial phase and the intensity of the growth 

after 2 days. It is always better to determine the nematode viability at this stage. 

Inoculate 20 litre off Bacterial culture conc 3X10
7
 cells to 500 litre fermenter. 
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c. Nematode inoculation: Surface-sterilised infective juvenile in sterile water 

and 1% formalin solution for hr, wash with sterile water and let the nematode to 

settle over night in the sterile water over night under the laminar air flow cabinet. 

Temperature at time of nematode inoculation should be 26-28°C. 

The volume of the nematode inoculum should be in the range of 5-10% of the 

culture volume. 

e.g for 500 litre culture add 25 litre of Juveniles concentration of 2Xl06. 

Nematode are also pumped through the inoculum port. 

d. Culturing Conditions within the fermenter: Initial pH 6.9-9.0, pH rise 

during the fermentation process. 

Keep the air flow between 300litre /min 

Keep Temperature between 25-28°C. 

e. Nematode Harvesting: Centrifuge at 3000 for 3-5 min. 

3. Isolation of the Symbiotic Bacteria: 

Symbiotic bacteria will be isolated from the haemolymph of Galleria mellonella 

larvae infected with Specific nematode 24hr earlier by smearing on NBTA agar 

plate. 

Pick one colony to be used in preparing 10 ml starter culture of in sterile Falcon 

tube and use the starter culture to inoculate 1000 ml flask of Nutrient Broth. 

Incubate at 289C in a shaking incubator (at 150rpm). 

Check the purity of the bacteria by: 

1. Examining the colony morphology 

2. Smearing on NBTA plates 

3. Microscopic examinations 

4. Preparation of NBTA (Nutrient Bromothymol Agar) Plates: 

37g of Nutrient Agar 

1000ml of H20 

25mg of Bromothymol Blue Powder 

4 ml of filtrated 1% Triphenyl-tetrazolium Chloride solution 

Autoclave at 121°C for 30 min allow to cool to 60°C then pour inside sterile 

plastic 

Petri-plates (Laminar Air flow Cabinet). 

5. Preparation of Nutrient Broth: 

30 9 of Nutrient Broth Powder 
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1000 ml of distilled water 

Autoclave at 121°C for 30 mln allow to cool to room temperature before 

inoculation with symbiotic bacteria. 

Dr Sami A. Elawad  

Alhamrania UAE  

December 2004 
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