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Figure 1. The step diagram of mass rearing of Cotesia vestalis 
  

 � *+�3� �� �,�����	����� ����� 1����,�

&��H�  �� �5��Bt  

  �� fD
F� �� @
���[M � ���
C� @
AB(!� �)

&��* @
AB* ��
�U
B �) � �FA2	 @
!-. (�W* �
	

 )*) @
�, &�� ��" �" �'�� ��)+?H�" �,*<'
B @*+F� �
	

 �<'
B (	 �) .�,�� �AM(�(_, �) :'
��H �*(" �"
;A,*

&�� ����� �B ����� (	 �* � �� j
;A,* `�I1000  (A�

�AM(� (_, �) :'
��H �*(" @H E"(� .���"��+D ��, ���

) <3
2� 1'* �*500  �8�-�9 <'('�� �" (E"(� (A�

 Y�*� mB+9 U+=� G�� �" (k') ��, � <M
' q
]AW*

�S�
I E,
� h' ������ :;" �) 1�" .�� <'('�� �" ��*

 Y
-9�*5/1 G�� �� �"  .�')(� ��C=9 (A� ��" <'('�� �
	

 @
2�' :;" �)(	 �*(" ����� <�*) 0
��� ��8" �&��

&�� �Q" .)+") `�IBrassica oleracea var. 

capitata&Z� (Globe Master  <�(�)Takii �

1I*> �+9+�� N'�
9 �) (20  <!� Y�*� mB+9 <�!C')�*


�,) �="  
� h' � �� <�� �,*�W �) �(��20  �()*)(W

 �� <B* (�� �" ^�\ .�� <�� ����� �) 
	
�,6  �����

�" �� �� j
;A,* ��+D :'
��H )�+� 
" 
' � @
��	 �+D

��.
M  (n�*�3 �,
��10-7 @H �) <�� a3*(�  ��� 
	

�" @
���[M �8lF� �) h'  �
� ����� .)('QI ^
�,* -

 � <�*) �<�
� a3*(� � �� �AM(� (_, �) +k?* @*+F�

 .�� <Cc ����� 1'* �) Y�*� mB+9  �� ^
�,* <�*)("

 )+� 
" � ��  )� &;� �
"�) �<�� �* aCZ (_, )�+� 1���

)  ��*250 (�+���) ^+�,+�H 0
-2M � (�
A�	 �) ^250 

 �) �,*�W �) &�� �
	
�, .�� �'QX9 (�
A�	 �) ^(�+���

 (�3 �* �C��(9 
" �C9(�:� ����B
� �<,*�H @+S �'
	

U+�4� ����-F� � (1�A��
"H 
' �) )�+��'�.)+"  �� ��
I 

 �
	)+� � 1	H @�(AB+�B �* ���� a]M �D �)

+�,+�H 0*(A�, � ��* �'
��� 0
-?+B �^+�,+�H 0
-?+B �^

  )
-AB*  
�� <'+89 �*(" h	H � )(�+� �&�B
AI�� .

&	*(" ()+C� 0
�) e� 0
-?+B U+�4� �* �1�FS �



87 

������	
� �� ����)� ���
��� ��� �(40   �
�1 ��
!" 1396 

  

 �W �* �(��+��0(� d� 1A2"
	 � ��
Z �*:� �
	

 �* �(��+�� �*(" e� ��(�� �2�* � a��+F" �j�+�,
�

��
�"p 0�+]" ��
�"H .��  )
-AB* �S�
Z �
	(Z � �"


 ��)6  ^
�,*  ����� �) .:;" �Y�*� <'('�� <49 10 

 
�, �* eI ��� 1�?�*U+�4� 
" ��
I (�3�* �D+�;� -

:� �
	�� ^
�,* u+M. �"��+D )
'� �
�M (c* �) ���

�9+" G
�B �) &�� ��" �
	��\ �  �� �A2� [�
� 
	

�D+p �B U+�4�.�,�� �� U+�4� u+M o��(9 
" ��
I

 (	4 h' ���<�*) ��*)* �
"  �" �17  a]M U+D �) �
"

��B� ���.  

 �):;"  <49�8�-�9 <'('���  <49 Y�*�� ���� �)

:'
��H  N'�
9 �) ��R+A'�*�
I �
	�+C,� ��
B
	� 1�?�*

10 �9+" �� �,
�� �) �  
�(�9 1B �" &�� �
	3 �A-	�* 

�,��B� ����� �) 
�, �* eI �" .�� ^
�,*1'*�+_F�� 500 

 ���I  ��� �B �+C,�C. vestalis �"  *(	U+�4� � jH 

a2� 30%  �)e-Z h'  ��
B
	� hS+�) )
="* �"

15×15×15 �A,
B�(A� ( mB� �)����� (	  &��

 )*)�*(Z����
B
	� .) ��=" �
	5  )*�=9 1�	 
" (<"+,

 ��R+A'�*�
I �" �a.*+M 10 ���  N'�
9 �)) �
	20  �(�930 

 �(�910 )(� �)*20  � )*)(�30  ()*)(�&	 .<M(� 0�+. -

1�FS�  ���
�
�, �* eI �A-	 �) �* &�� ��" �
	��\ )*�=9

 ���50  �+k?* 0�+]" �9+"X  �kA-	 �+l" G�
�

�� � �9�+.�) ���,
ABH �" @
'� �)
]AZ* )Loke et 

al., 1996; Morallo-Rejesus et al., 1996( 

))�� �) �3(� �* �9+" �) ��\� �) ��'�� 
9 ��	
�4-1 

eI �A-	 ����� �" ~
�, U
8A,* �* � ()�� �
!S  �) ��\

) @��(I 
9 ��'�� ��3(� �* �9+"12 -5  eI �A-	 U
8A,* �*

����� �" ~
�, ((  ��B��,)+" " 
Bt U+�4� ��
I ��

)Eusebio and Morallo-Rejesus, 1996; 

Ventura, 1996; Mitchell et al., 1997 .( ^�\

 �"U+�4� �� <B* (�� 
" ��
IBt )U�(�A�"g 1 +���^(� 

�
A�	 �) ( Y�*�� �)6  ��,
�4-2  �C9(� �,
ABH K
B* (")

 (�)
]AZ* @
'�.�� ^
�,* ��� a]M U+D �)   

������ � F��'T F�5 -'��	����� �@�� 1
�B

 >�3���
"�/+  

 ���
B
	� (	 �* eI �A-	 h'�) ��
9 6  �����

 �" f�=A�) ��'
��H �"
;A,* <'
B �)@
���[M � ���
C� �* (

 � �8�-�9 <'('�� <49 :;") ����� :;" �) �* h' (	

 )*�=9 (�'
��� <'('�� <49 :;"100  ��\ 
' ^+B 1B

E� &�� ��" ^�
!S <C2,) &2�A'�*�
I �.�) � �� ���H

"a���9 ���I )*�=9�+C,�  ��"  �"" ���I )*�=9 Y+��

a���9*�=9 � �+C,�  ��a���9  (�-� )&�� ��"  ��" (

�� 1��=9 )Karimzadeh et al., 2004(.  �2'
8� �*("

 �) 0�
2W @*��� �):;" ����� �^
kF	 U+]4� <�*)(" 

 )*�=950  �9+" �)����� :;" (	   �
�h' "� �+D

 j
;A,* �M)
]9��  ��9+" (	 �) 0�
2W 0�� ��� 

^*�,*�'*+	 �
	 ) ��*�+W <2Z h' a�
�^
F"  (B

)heads(" �(s(" ^
F" (B �" a]A� �
	 ��+I �
	

)wrapper leafs(" � () �,+�*(�I �
	frame leaf ((

(" ) 1'(� &A2�B K
B*Greene et al., 1969(  
"

���) ('� ��F" 1��=9�� )Mailloux & Belloncik, 

1995 :(1 ) (�3 �'QX9 @��" �(2 )1-0% s(" }lB �
	

 )�+W �,+�*(�I � ��+I �� �(3 )5 -2% s(" }lB �
	

 )�+W �,+�*(�I � ��+I(B �" 0�
2W @��" �  �� �(4 

)10 -6% s(" }lB )�+W �,+�*(�I � ��+I �
	 
" �  ��

(B �* �R�� �'QX9 �(5 )30-11% s(" }lB �
	 � ��+I

 �,+�*(�I )�+W �  ��&W� mB+A� )*�=9 �
	�'QX9 �*

 ���(B � (6 ) �* :�"30 %s(" }lB	 � ��+I �


 )�+W �,+�*(�I&W� �  ���'QX9 )�=A� �
	(B ��� �*(. 

�"
8� �*(" � �[�2' �) �) )(��� �:;"  ^
kF	 ������

 )*�=9 U+]4� <�*)("30 �,+,  a�
� �,+, (	)5  )��

&��(`�I (	 �*   �
� ����� :;"h' "� �M)
]9 �+D

�� j
;A,* ]4� ��M
x* �
!�(" @)(� *�� �* eI � U+

�*�
" �" �x(�  )
�H  @����.  

���� 3�8��;�,  

 )*)<MH :'
��H �
	:�     @+vB��F	 U+v�(M mvB+9 
v	

   1�vv" (vv�� � s(vv� �vv.�) �) 0�
vv-9 � �vv� }�4vv]9 @+vvA��9



88 

&'(�  :)*5, 0�
�" � �,
!-.*  )*�&����" �8�-�9 <'('�� ... 

) ���Avvv2�? b*(vvv4,* �vvv'��9 mvvvB+9 
vvv	�
�9logistic 

analysis of deviance (   .�v� av��49 � �v'��9  )*)  �
v	

 &2�A'�*�
I �.�) ��,9 mB+9  � �v'��9 ���A2�? b*(4,* �'��

  avvvv��49 �vvvv�.  �vvvv"  )+vvvv�� <vvvv��    )*�
vvvv� :F�*(vvvvI

)overdispersion ( )*) �) �
vv	 �
vvlW �
vv� �vv"U
vv��+F'
" 

)binomial��
vvvvvv� �
vvvvvvlW �* (U
vvvvvv��+F'
" )quasi-

binomial(   )
-AB* �v� . )*)     mvB+9 0�
v2W 0�v� �
v	

U�vv��A'�
vvk? �
vv	 -) �vvlWlog-linear models ( 
vv"

@+vvv2'+I �
vvvlW  )*) �  mvvvB+9 )(vvv��� �
vvv	@+vvv��H t 

)Student's t test ( �v')(� a��49 � �'��9  )Crawley, 

2013    ��
v�H av��49 � �v'��9 ̂ 
9 .(  m�v4� �)R 2.10.0 

) �� 
̂�,*R Development Core Team.(  

  

���	=  

>���D��
: �	����1�, Bt  

 )�+� �
	�
�9 �� )*) @
�, ���A2�? b*(4,* �'��9


-9 :'
��H�F=� 0�) ��*)F7,24 = 3.739; P < 

0.001 &�� ��" �
	��\ ��� (" (�� � s(� )
�'* (_, �* (

 (�� � s(� 1'(A� � 1'(A��" ��'�+l" .�FA�*) ����� �)

 (c* �) o�9(A" @�("
9H1  � �
A�	 �) (A�? @�("
9H5/0  �) (A�?

 U���) ��H )+�+" �
A�	1 ��� �+l" .() @�("
9H1  �) (A�?


A�	a"
Z 
AC2, ���A, U�(�A�" � (� � �,)*) @
�, )+W  �* �?+CZ

 (�� � s(� 1'(A��" o�9(A")52/72  �92/70  (�.�) ��� *�

 �'*�
� �B�(" .�,)(� )
�'* &�� ��" �
	��\

@+�B\+�(M  �
	Bt  �	 �� )*) @
�, &�� ��" ��� 1'*

@+�B\+�(M
	  �*A3 � �FA2	 �*)�+W(" �?+CZ a"
Z �'*�
� �

 (�3 �* :��
	 <?
2F� � <,*�H (9\
" �'*�
��FA�*) � .

+?+�" �
	)��*(M @
�� �)>h'�  U�(�A�" 1'(9\
" �.�)

�'*�
�  �) �" <C2, �(A!" )(��� � )*) @
�, *�

 <!�  >�(I 1'* �) �1'*("
F" .<�*) (k') @+�B\+�(M

 @
'� �,
ABH �" @��B� 0�+. �) &�� ��" <�=� j+�(B

��)
]AZ*  .��  )
-AB* U�(�A�" �*  

�
"�/+ >�3�� � F��'T F�5 -'��	����� �@��  

@
�, J'
A, &�� ��" �
	��\ &2�A'�*�
I �.�) �� )*)

 �+C,� mB+9C. vestalis  ��) ^
9 �) 1�" ��
B
	� �
	

�F=� 0�
-9 ����� :;" �) U���) <�*) �*)2�" .( -

��+D��'('�� <49 :;" �) &2�A'�*�
I �.�) � �8�-�9 <

)2/71 -5/59�" (�F=� �+D <49 :;" �) @H �* (A��" ��*)

) �'
��� U(AF�9/11 -0)+" ( . ��� &�� ��" 0�
2W 0��

 &���F=� 0�
-9 ����� :;" �) 1�"<�*) �*) )df = 98, 

z-value = 1.97, P < 0.05.( �"��+D ��� 0��

 0�
2W) �8�-�9 <'('�� <49 :;" �)17/0±16/3�" ( -

� �+D�F= <49 :;" �) @H �* (A��" ��*) �'
��� U(AF�

)11/0±24/2)+" (�?
3�) .�F=� (�c
9 �A'('�� G�� ��� -

) <�*�, )(��� (" ��*)df = 58, t = -0.4137, P = 

0.681b(]� �" �x(�  )
�H &�� (B h' @�� 1�k,
�� .( -

a.
3 � �FF� � �8�-�9 <'('�� <49  �� �'
��� U(AF�

�" o�9(908/0±63/1  �06/0±67/1 .)+" ^(�+���  

  

2H�  

 ��+" ��R+A'�*�
I f�-�9 �� )*) @
�, (x
3 �=?
l�C. 

vestalis  �<MH �"�(��� :�Bt �� �
�2" <MH �,*+9

 �"+W �" @
!-.* @
AB* &�� Y�*�� �) *� &�� ��" @+S �!�

1'* ("  �[� fM+� f�-�9 1'* .�F� �
!� <�=� �
!� T�
" ��

� &�� ��"&	 ��� �� )*) @
�, 1�FSG�� 1'�k'
� �,*+9 -

 (�3 �*  )
-AB* 
9��) 0
MH U(AF� U+=� �
	:� �
	

 � �l�4� <2'� 0*(lW :	
� T�
" �  �� (�'
���

.))(� @H )��� @
�XD � &�� ��" <��
8� �* �(��+��   

�,+� �
�,) �) &�� ��" �
	��R+A'�*�
I 1'(9��H�
� �
	

C. vestalis� D. semiclausum �O. 

sokolowskii �D. subtilicornis  �D. collaris 

��) �F�
"Talekar and Shelton, 1993; Sarfraz 

et al., 2005; Furlong et al., 2013 �+C,� .(C. 

vestalis  �* :�" �)20 ��
B)�*� <"+, �"  U(AF� �+_F�

fM+� 
!,H �* ��
�2" ��  ��  )
-AB* h�B[� ��'>+?+�" 

)+" .�,* E�B� �=�CD G(A2� �*�*) �,+� 1'* �" <C2, �(9

 �+C,�D. semiclausum �� �) *� &�� ��" � ��
"



89 

������	
� �� ����)� ���
��� ��� �(40   �
�1 ��
!" 1396 

  

 �1I*> � 1�S �^
FA'� �@*+'
9 ���?
� (�_, �fD
F� �* ��
�2"

 )�*� fD
F� @H �" ��F'* @��" <B*  )*) �*(Z ��3 )�+�

) ��
"  ��Sarfraz et al., 2005.( 

  

 &��01 - ! �	�����
 #� 6�]����) �� ��� *��+ d��I� 1�,± SE e
���5�f/� �� �.� 1�, 1���
� *��/� 1�, ��� �G �� (
��  

Table 1. The efficacy of different pesticides against P. xylostella (mean ± SE mortality) on sampling 

dates after pesticide application 

Pesticide efficacy (%) (mean ± SE)    

Sampling date after application time   

10 days after 5 days after Formulation (AI%) Insecticide treatment dosage) 

72.5 ± 7.6 a 63.4 ± 7.4 a1 SC10 Atabron (1 lit ha-1) 
70.9 ± 7.4 ab 61.2 ± 6.5 ab WP 32UL/g Belthirul (1 kg ha

-1
) 

62.8 ± 6.0 abc 50.4 ± 6.3 abc SC 32UL/g Biolep (2 kg ha
-1

) 
57.9 ± 6.2 cd 43.9 ± 6.9 bcd WP 32UL/g Antario (1 kg ha

-1
) 

54.5 ± 4.8 cd 39.4 ± 4.9 cd SC15 Avaunt (0.25 lit ha-1) 
47.9 ± 4.1 d 30.5 ± 5.1 d EC 10 Consalt (1 lit ha-1) 
39.8 ± 3.7 e 19.7 ± 3.5 e SC10 Atabron (0.75 lit ha

-1
) 

36.6 ± 3.2 e 15.5 ± 2.6 e SC10 Atabron (0.5 lit ha
-1

) 

1. The different letters within columns show a significant (P < 0.05) difference (Tukey’s HSD). 
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Table 2. Percentage parasitism of the diamondback moth larvae by Cotesia vestalis in field (Mobarakeh 

and Flavarjan counties, Isfahan province, Iran) 

1. The means and standard errors were estimated from the data of 6 different farms. 

2. IM and CC denote integrated management and chemical control, respectively. 
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Percentage parasitism 

(mean ± SE; n
1
 = 6)  

P t-value df CC IM
2 

Sampling time (date) 
< 0.001 5.31 10 6.9 ± 0.5 59.5 ± 9.9 The 1

st
 (8 July 2014) 

< 0.001 8.27 10 11.9 ± 1.0 71.2 ± 7.1 The 2nd (18 July 2014) 
< 0.001 14.65 10 1.3 ± 0.2 70.2 ± 4.7 The 3

rd
 (29 July 2014) 

< 0.001 7.43 10 0.0 ± 0.0 66.9 ± 9.0 The 4
th

 (8 August 2014) 
< 0.001 10.22 10 1.1 ± 0.2 68.6 ± 6.6 The 5

th
 (18  August 2014) 

< 0.001 6.62 10 7.8 ± 0.8 63.0 ± 8.3 The 6
th

 (29  August 2014) 
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Abstract 

The overuse of insecticides against the diamondback moth (Plutella xylostella) has 

developed pesticide resistance in many field populations of this pest. In the present study, 

the integrated management (IM) of P. xylostella using the parasitoid Cotesia vestalis and 

the microbial pesticide Bacillus thuringiensis var. kurstaki, in comparison with chemical 

control (CC) was examined in common cabbage fields of Isfahan province (central Iran). 

The results indicated that the percentage of parasitism of the P. xylostella larvae by C. 

vestalis was significantly different between the two management strategies for all the 

release times. The percentage of parasitism was significantly higher in IM (59.5-71.2) 

compared with the CC (0-11.9) section of the fields. In addition, the mean damage index 

of P. xylostella was higher on the part under IM (3.16±0.17) compared with the CC part 

(2.24±0.11). However, there was no significant effect of management strategies on yield; 

the mean weight of a marketable cabbage head was 1.63±0.08 and 1.67±0.06 under IM 

and CC practices, respectively. IM resulted in a greater parasitism with no yield 

reduction, which is indicative of success of biological control-based pest management. 

The study proved that combining the native parasitoid C. vestalis and the microbial 

pesticide Bt may successfully check natural populations of P. xylostella in common 

cabbage fields of Isfahan province. These findings indicated that chemical control of P. 

xylostella can be replaced by integrated management, which reduces environmental risks 

and prevents pesticide resistance and pest resurgence. 
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