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Studies on the effect of indoxacarb, thiodicarb and monocrotophos on mortality of 

tobacco budworm Helicoverpa armigera (Lep.: Noctuidae) under field conditions 
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Abstract 

Considering the necessity of omission of monocrotophos from tobacco budworm, 

Helicoverpa armigera, control program, tests were carried out to assess the effect of 

indoxacarb, as an alternative in years 2005-2006. The experiments were conducted at 

randomized complete block design, using indoxacarb (Avant SC 15%) at rates ranging 200, 

250, and 300 ml/ha, and conventional insecticides thiodicarb (Larvin DF 80%) at rate of  

1 kg/ha and monocrotophos (Nuvacron SL 40%) at rate of 2 l/ha. Percent mortality was 

calculated using Henderson-Tilton formula at 1 and 3 days after spraying. A repeated-

measures analysis, general linear model (GLM), indicated a significant difference among 

treatments for percent mortality of budworm. Both indoxacarb and thiodicarb caused a high 

mortality of the larvae, whereas monocrotophos revealed the lowest effect. In general, Avant 

SC 15% at the rates between 200 and 250 ml/ha is recommended for controlling tobacco 

budworm. 
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 �'(P �3�cN%' 3�)�  Y��N� ?�%'

 &'-�� �� ��'�
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3�)� �%' �3'3 &�*� ����1
  .�(*9 I�< �3 �� ����3 (N�V �% &'-�� �� &'3)�#   � ��N+�  

�3 M(
)U�� X� &'-�� �� I���W �k#� �3 \�#(# �� ��N+�  M)% � M�3 ����E, vP'�E   

)Taghizadeh et al., 2002( .�3�%�(� !hF� �3 �(J�3 OA)	13  &'-�� (�Gu# ��'�
 � 13 �STR 

�U�� �3 (N�V �)�� M(� A(NF� �'(� ��N+� �=)
 �')d  �� �J�(	�+N	
 ���� wV)�� �^������� (�m� 

� Bt!� 3�)� ��'(P �$�  �	(
 �� Y��N� pk>�%E� ��E�
���#  �
3)V
 E@�3 ���x �� ��'�
 �

3'3 y�]Nd' 3)d �� '� �
3)V
 E@�3 I�(N�� �)�� )Malekzadeh & Javadzadeh, 2002(. 

)Khanizad et al., 2004(�U�. ��UH ^������� � D��+�3)�# �� '� D����$��EF�'  3)r� �')d 

Heliothis viriplaca Hufnagel&
 ��'��� � �$��!� �H�-� z�'(, �3   '� 3�)� E��u#�'(P  E�3'3.  

Murray et al. (2005) �'(� D��+�3)�# � 3�%)F�{%' � D����$��EF�' �� E�3'3 &�*� 

 A(NF�H. armigera�(*9 �� �$��!� �3  �� �� ^�H (N�� �������� � �E���(#(�. ��� EF� .
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 ���*�Liu et al. (2003)����1
 �3   �� E�3(� �. 3)d ��'("@ ���(�Gu#F�'  � D����$��E

 1' (N�� 3�%)F�{%'�'I�N+�� �����W ��� �
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 I�FK��

 �� E�E, ��
3��(�Gu#� �3)� �,�')
 �'� 1' D����$��EF�'  � &'EFx �%��# �'� 1'� vP'� (G
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 �%' �EF*� ���)|� �����W �'(� tr# ON%). ��(x �	�� �3 &E,)Anonymous, 2006( ��' �

tr# ��� &
 �
EF*� (G' �')r
(� O�'�(. ���  tU�(Hübner) Trichoplusia ni q�e< ���$� 

�E, 0�'-
  �%')Liu et al., 2002.( ���.EF� ��� D����$��EF�' �k��= �'(G' 3�)� �3 &

&
 O�)
 �� �N$� �z�"� �3 3)=)� ���c# �� �E, �E�3 ���� �%' . E��� �3(���� 1' ^kP I�'(��F�
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 .�3 #�)@� (G' ��  (
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)Bostanian et al., 2004( .�(*9 I�' I�FK�� � _(� }H�� ��  �')r���
 I% �3 (��  

Lygus lineolaris (Palisot de Beauvois) � -�� �3 I% (
��+, Geocoris puctipes (Say)  �E,   �%'

)Tillman et al., 2002( . (
��+, I% ��� D����$��EF�' �I�FK��Podisus maculiventris 

(Say) �')r���
 I% ��� �+�
 A�9 E�3(
 \k% '� �E�E, (�� � _(� �,�')
 p�(> 1' 

Euschistus servus (Say)�� ~�k�(!#   3)� (G')Tillman and Mullinix, 2004( . ^�V3 ��(�Gu# ZE�' 

����1
 �3 D����$��EF�' �-� ����H �)k�1 ��� �'Trichogramma nr. Brassicae Bezdenko 

sensu Pinturreau �tr# 1' ^@�9   ON�1'��. ���Helicoverpa��E, ��@)# &
 3(����   �%'

)Hewa-Kapuge et al., 2003 .( Oa�N� �3 �� �%' �(J�3 ^�')H 1' -�� ����1
 M�a�' j)"�

� �%�(���� vP'� (G 3), .� �V�9 �3 A��� �'(� (
��+, I% �'(� D����$��EF�' ����1
 �

O. insidiosus�)	 �(N. ;(� &��3  �E, ����1�' Z��(hd �3�eV'  ����1
 �3)� ���rU
 ���  � �'

�(*9 I�' ��'("@  3'3 &�*� z%)N� �� ZE�' (hd �� ��(
 �3 '� ��)Studebaker & Kring, 

2003(.  

 ������, A(NF� �'(� �� �#�k��(# 1' �+�H. armigera  ��@)# �E,   ?)	)#�(�)�)� �%'

) &�(�'�)�SL 40(��   &'-�� �3 �3 (N�V  ��N+���  E,��1' ��  pk> � �3)� Z��(hd ���$� M)�%

 \�)]#E��� ��)��P v='(�3), ;79 1�a� M)�% �%(�	 1' ) Mosallanejad et al., 2002 .(

(� ��fH  I�'�3 A�% ���N,7
 �A(NF� �KFL M(� p	)� � �3 U�%� �� &)#)# s�'- I�' O  

�3)� �'(�� ^+*� �� t%  �%' )Mesbah, 1991( . &�
E�(. �'(� ?)	)#�(�)�)� (J�3 �)% 1'  

)Smith, 1993(�3(
 �'(*9 � ^$H �)k�1 �    &�*	')Kidd & James, 1991(�)	   Z��(hd �3�eV'

�E, �Nd�F, �%' .(��F� 1' �3�cN%' I�'  M)�%(G�� �� E�E=  �k$� ��d�(N�� (ht�  �'(� 

�� (m� 3�)� EF,�� �N,'3 �$�1 z�"� E,��. �E� ��#)� �3 �� ��)�% 1' �+� ��  E�')#

 ��kF. �H'�1 �3 � ���*� 3�')� �3 �� �%' D����$��EF�' t% E,�� �)	 ^+*� �)Jr%�.

�� ��+� �1)P M(� ��UH 3��.D��+�3)�# jE, ��@)# ���13 �� �'(�� &
 13 EFx �%�(� I�' �3  
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 �e�(�(N�)�*T(N�  ( �V��� ON��'� &)#)# ��S�  01)�
 � ��!�!"# -�(� �#�!�!"# OH�-� �3

 &)#)#)&'�E�1�� �0�#(�# (�3 ���O�*�k�3�' A�'  �����*� &�E� �,'3 ���U�H � E, 

�(*9 ��)
 (� 1' �3�cN%' E�3(
 M�a�' ��. �� ��e�= &E�%� ����1
 s�(, ���e�  ���N%


P' &��1N�3�]1' ���kH �� �#)� E@�3 �3 �
3)V
  ���� ��W �� &)#)# � E,�� )Mistric & 

Pittard, 1973(�	(
 �'(P �.�3  �' t% ^��, ����1
 3�)� �������# �%�(� I�' D����$��EF

) ��'�
SC 15() �$�'(	 �&).�3 ��(,( ���13 �� SRR �STR � �RR �U�� (N�V�3   t% ���N+�

 D��+�3)�#)I���W DF 80) (�3��
(	 ��(, &'(�' ������, ��� (�3 M(
)U�� X� &'-�� �� 

� ��N+�  t% ?)	)#�(�)�)�) &�(�'�)�SL 40 ()I#
 �����3 ��(, ( 13 �� Y�'� t% &')FH ��S 

�3 (N�V � ��N+�  E��,)A)U"� �,�.D
 �� (�3  Z)U� \V�P  M�JF� �� �� 3)� �	3�]# ^��� ���

E��*�j I�o�. I�F% �����W Helicoverpa(�  �KFL ���  &)#)# ���'�	(
 M�a� .)"�j ����1�' 

� $��!�O�(� 1' �,�{�% 1' ^kP 1�� X� 'EN�' �� 3)� p�(> I�' �� ������# ( ��3�)h� �#)�  

� D�rN�' �	3�]# KFL M(� �����W 3'Ee# ��+�#' \]� ��O(� &)#)#  &
 ���  0���, ��

E, .��'3(����
 ��� �Ee� � �� �T ��� �R � ���� 1)� �,�{�% 1' b. 3 �����W 3'Ee# �� 

E�1jKFL M(�  O &)#)#�#)� &��� �3 E, 0���, �� .��cU# E@�3 ������# �3 ��W  1' �3�cN%' ��

F� A)�(	&)%�E � �k%�"� &)NU�#  E�3(
)Henderson & Tilton, 1955(.  

1001% ×⎥⎦
⎤

⎢⎣

⎡

×
×−=

CaTb

CbTa
Mortality  

&
 �3 ��: Ta  = 3'Ee#��W �E�1  ����# �3 1' b. ��,�{�%Tb = 3'Ee# ��W�E�1  �3 

����# 1' ^kP  ��,�{�%Ca  = 3'Ee#��W�3 �E�1   1' b. E��,A)U"�  � D
 �� �,�.Cb  = 3'Ee#

��W�3 �E�1   1' ^kP E��,A)U"� �� D
 �� �,�. E,��.  

�-a# ���cU# E@�3 �k%�"� 1' b.Ob����'� �1'E�' 0�� ��   ��'(+# ���)repeated-
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measures (M(� X�� �� �  �'-	'SPSS E, M�a�' .�Fe� ���c# 3)=� ^�V3 ��  ^��!N� �'(G' �3 �'3

�3'3 ����
 O�-a# ��,�{�% 1�� �3 A�% -�� � t% �3 A�%  ��� �)> �� �1�� (� � A�% (�

E, M�a�' ���
'E= . &)�1
 �� t% �������# I�J���� �1�%'E= �(N*�� �P3 �'(�Tukey-HSD 

�	(
 ��)@ .�3'3 &3)� A��(� (�L ��)@ �3 Ee� �� &
 ^�Ek# 1'  1' �?)+e� ?)F�% �� ��

&)�1
  �(N�'��. (�L ���Kruskall-Wallis�
 ;fNd' 3)=� A��N9' �%�(� �'(�  I�� ���

�(*9 �������#  ��)C����#  ( �Mann-Whitney � ������# I�' ��3 �� �3 O$��!� �'(� 

�N%3 &
 �EF� E, �3�cN%' ��.  
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A�% �>  ����5�B � �5�C �	(
 ��)@ �%�(� I�' �� ~W)�e� Om9f� ^��P ��e�= 

�KFL M(��3  H�-��#�!�!"# O&)#)# � A�' ���� �3 0�#(�# 3'3(3)�*� ��� 3)�  .�3  A�%���B 

 4���# �3�5 � ��� 3'3(� �3 A�% ���C �3 ��3'3(�  
 �����
3)V�� ��W  ���H. armigera �3 

H�-�3�� O ����1
 &')N� �� 3)� �E9 �� �E, 3'3 M�a�' '� �� .4���# �3 �)	 ����(� 1'  ��� 

�*���1
 Ee� 1�� � ��'3(����
 A)U"� E, M�a�' �,�. .(����
��'3 �� ��W ��e�= 1' �Ee� �

�E�1 � �5 �C �� ��i  ����	(
 ��)@ �,�. A)U"� 1' b. 1��  . &'-�� taF. 1�� �3 ��'

 3�E9 E��, �3 ���W ��e�=Ci % ���� �,�{�% 1' ^kP 1�� X� �3 &
 ��e�= �� �k$�

3'3 &�*� .�� �3 �� ��)> �� 3'3 ��'3' '� 3)d E��� -�� Ee� �� &
 1' ���� I�' �� t�3 1�i %

E�%� ��V�' ��e�= .�� s)<)� I�'  �(� ��'-	' � ����1 j��3 I�' �W�� ���(
 ^�V3 �� E�')#

)*� �  ����H. armigeraE,��  . � A�' ���1�� �� ~�	(@ ����
 O$��!� � ��k%�"� I�'(��F�

A)U"� 1' Ee� M)% E, 3�E"� �,�. .# ���% �'(G' ^�V3 �� �� �,'3 �=)# E��� ��'u �(�d

)delayed toxicity(� _(� ��'-	' &�+�' D����$��EF�'   �,�{�% j��3 (d'�' �3 �	
 (��

�E, �E��*� �NV�9 I�Fx ^	)�
 �*. �'(� �K��Fx �3�'3 3)=�   �%')Guessan et al., 2007.(  

 Y��N�O�-a#b����'� )  0�� ��GLM ( A�E= �3��E, �3'3 &�*�   �%' . I��

�(*9 �� �1
 3�)� ��� ���)������# I�� &)�1
 (� � ��"V(�Gu# �����W (�� � _(� ��� 

�Fe� ���c# &)#)# OKFL M(� �,'3 3)=� ��'3 . 1�� �3 A�% Ok��= �% ^��!N� �'(G'
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 ������ ��� �� ����	 
��
� ����� GLM �������� ���� � ��� ����� ������   

���!  �����" ��� � #�� ��� $%H. armigera 

Table 1- Results of a repeated measure (GLM) analysis indicating between-subjects effects 

and within-subjects contrasts of insecticides on mortality of H. armigera larvae. 

Source of variance df MS F P 

Tests of between-subjects effects 

Intercept 1 59.616 5776.282 < 0.001 
Insecticide 4 0.344 33.352 < 0.001 
Error 15 0.01032   

Tests of within-subjects contrasts 

Year 1 0.025 2.506 0.134 
Year × insecticide 4 0.083 8.349 0.001 

Error (year) 15 0.010   

Sampling day 1 0.116 15.560 0.001 

Sampling day × insecticide 4 0.005 0.649 0.636 

Error (sampling day) 15 0.007   

Year × sampling day 1 0.087 25.197 < 0.001 

Year × sampling day × insecticide 4 0.007 2.138 0.126 
Error (year × sampling day) 15 0.003   

  

�3'3 �
EF�'(.  A�% �3 �,�{�% 1' Ee� M)% 1�� �'(� ���5�CEe� �N9 -��   1'  

 ^�Ek#)?)+e� ?)F�% (3)k� A��(� .
 O�-a# ��= I�'(��F� 1' �N,7
 A�% EF��� ����  

 �(N�'��.�� &)�1
)Kruskall-Wallis(�Fe� ���c# �a�N� �3 �� E, �3�cN%'   ������# I�� ��'3  

�m9f�   E,)x2 = 14.04, df = 4, P = 0.007( . &)�1
 �� ������# ��3 �� �3 O$��!� Oa�N�  

)Mann-Whitney( A�E= �3 /�E, �3'3 &�*�   �%' .�mUL M��# �a�N� I�' p��h� ��+� ��� 

���
'E= ��(
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 /!��01 ���W ��cU# E@�3 I�J���� H. armigera �������# �3   

&��1 �3 t% qUNr� �,�{�% 1'Ee� qUNr� ���  
Table 2- Mean percent mortality (± SE) of H. armigera larvae caused by  

different chemicals at different time intervals after spraying. 

Days after 

application 

Indoxacarb 

300 ml/ha 

Indoxacarb 

250 ml/ha 

Indoxacarb 

200 ml/ha 
Thiodicarb Monocrotophos 

1st day-2005 99 ± 0.006aA 95 ± 0.02a 96 ± 0.02a 86 ± 0.04a 46 ± 0.04b 

3rd day-2005 100 ± 0.0aB 96 ± 0.02b 94 ± 0.02b 85 ± 0.08bc 50 ± 0.12c 

1st day-2006 96 ± 0.03aA 85 ± 0.04ab 71 ± 0.07b 87 ± 0.04ab 67 ± 0.06b 

3rd day-2006 100 ± 0.0aB 99 ± 0.02a 96 ± 0.03a 100 ± 0.0a 82 ± 0.03b 

A Means within a row followed by different letters are significantly different (Tukey-HSD, P < 0.05). 
B Means within a row followed by different letters are significantly different (Mann-Whitney, P < 0.05). 
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