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 �0�34 ��5:  �	=K� �#�	"-� �>�	��Callosobruchus maculatus.  Evaluation of fumigant toxicity and behavioral effect of mint and rosemary essential oils on the cowpea weevil   Azam Amiri1* and Faezeh Bagheri2 1.Assistant Professor, College of Geography and Environmental Planning, University of Sistan and Baluchestan, Zahedan, Iran 2. Assistant Professor, Faculty member Department of Plant Protection, Faculty of Agriculture, Shiraz University, Shiraz, Iran.     (Received: June  12,  2020   - Accepted: March  6, 2020 ) ABSTRACT The cowpea weevil is one of the most important pests of legumes in the farms and warehouses, which causes a lot of damage. Plant essential oils are an excellent alternative to many pesticides to control pests. In this study, the behavioral response of newly emerged cowpea weevil was compared against the fumigant toxicity of two essential oils of mint and rosemary, and then, the differences in their mode of action were examined according to the constituents. Insects’ behavioral changes under the influence of essential oil treatment were investigated, and the mortality of insects was recorded up to 24 hours after treatment, every two hours, without opening the Petri dish lid. Results showed that the toxicity of both essential oils was statistically similar, but the type of insect behavior before death was different in the mint and rosemary essential oils. Unlike the mint essential oil, insects exposed to rosemary essential oil showed signs of overstimulation, the opening of the upper and lower wings, tremors, and death-related seizures. According to the research results, both essential oils had strong insecticidal properties on the cowpea weevil, but according to the symptoms of death, it seems that rosemary essential oil can affect GABAergic receptors on the one hand and acetylcholinesterase enzyme inhibition on the other hand and affects the nervous system and causes insect death, but under the influence of mint essential oil insect death occurred without specific symptoms, requiring further research about the mode of action of the essential oil in this insect.  Keywords: Essential oil, rosemary, mint, Callosobruchus maculatus . 
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 ]�� ���� 567- ��12 3*4* �� ( )W(���	 ������ � �H� �H� ����� .-�*� �C�=�� Table 1. Determination of the cowpea weevil mortality under treatment with different doses and times of the rosemary essential oil Time (h) n Slope±SE χ2 LC10 (µl/lair) LC50 (µl/lair) LC90 (µl/lair) P 6 270 2.02± 0.66 4.85 50.5 (13.9-71.8) 216.4 (145.8-1009.2) 927.2 (371.4-57966.) 0.005 8 270 2.11±0.61 4.25 36.3 (9.7-54.5) 146.8 (110.8-299.0) 593.5 (294.0-6995.0) 0.002 10 270 2.20±0.57 5.66 29.1 (8.4-44.9) 111.2 (79.5-220.7) 425.0 (242.0-2243.4) 0.001 12 270 1.96±0.54 6.58 21.4 (3.7-36.9) 96.7 (72.2-141.8) 435.9 (236.2-3226.7) 0.004 18 270 3.37±0.60 15.96 29.8 (10.2-44.2) 71.6 (51.1-92.4) 171.8 (124.0-398.1) <0.0001 24 270 3.56±0.61 15.64 30.3 (11.7-43.9) 69.5 (50.4-88.2) 159.0 (117.8-325.5) <0.0001    J�AM2 .,(��Y ����
 ]�� ���� 567- ��12 3*4* �� ( )W(���	 ������ � �H� �H� �',- .-�*� �C�=�  Table 2. Determination of the cowpea weevil mortality under treatment of different doses and times of the mint essential oil Time (h) n Slope±SE χ2 LC10 (µl/lair) LC50 (µl/lair) LC90 (µl/lair) P 8 270 2.97±0.69 10.70 46.1 (17.1- 63.9) 124.3 (96.0- 218.5) 335.1 (199.6- 2014.1) <0.0001 10 270 3.38±0.68 9.65 42.6 (20.6- 57.4) 102.0 (82.2- 137.6) 244.1 (168.2- 644.7) <0.0001 12 270 2.57±0.60 12.47 26.6 (3.9- 43.6) 83.8 (57.9- 125.5) 263.7 (158.2- 1959.0) <0.0001 18 270 3.20±0.63 13.57 25.8 (6.6- 40.0) 64.9 (43.5- 85.3) 163.4 (115.1- 447.8) <0.0001 24 270 3.63±0.66 15.59 26.0 (7.3- 39.5) 58.6 (38.0- 76.3) 132.1 (132.1- 298.6) <0.0001    	*�) %�&'( .-�*� �H   .-�0*� ) Ce P��
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166  ����� � !�: ����#� �$� � %�&'( )�	* %+����� ����� � �',- .-�*�� ��...     J�AM3 .���� �H Y�#�? ���` ���+ KA'B; �C. maculatus  y�,� ��) Ce �H�C�=� � �',- � ������ .-�*� Table 3. Lethal times of different concentrations of rosemary and mint essential oils against C. maculatus Essential oil Concentration (µl/lair) Slope±SE χ2 LT10 (h) LT50 (h) LT90 (h) P rosemary 113.55 1.83±0.48 8.47 2.5 (0.4-4.3) 12.5 (9.7- 16.9) 62.7 (34.3- 383.3) <0.0001 rosemary 151.4 4.22 ±0.70 9.9 3.9 (2.4- 4.9) 7.8 (6.6- 8.8) 15.8 (13.4- 20.9) <0.0001         mint 37.85 1.83±0.63 9.34 8.7 (3.4- 11.8) 43.7 (25.2- 621.2) 218.5 (67.6- 88240.) 0.002 mint 75.7 3.17 ±0.57 13.5  5.8 (3.7- 7.2) 14.7 (12.6- 18.2) 37.3 (26.9- 72.0) <0.0001 mint 113.55 2.79 ±0.54 13.03 4.0 (2.1- 5.6) 11.7 (9.9- 14.1) 33.8 (24.1- 69.5) <0.0001 mint 151.4 4.06 ±0.87 14.2 2.8 (1.1- 4.0) 5.8 (4.1- 6.8) 12.0 (10.3- 16.1) <0.0001   S\
2 . AT��]�� ���� C. maculatus  y�,� �� 5�#�? ���`) Ce �H �C�=� �.-�*� �H�',- � ������ �  Figure 2. Mortality rate of C. maculatus exposed to different concentrations of rosemary and mint essential oils   9:�   �00+ ���00��� � �00',- .-�00*� %00�&'( )�	00* d00���7�B:� S��; 8��3 ��� ��12 3*4* �567- �  8�0+49: �       AH�0
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 5,@�6� 8�+49: � Y�� ��4+ ��� 5+ 5��+�� �.-�*�  �0H  K��� ��0B- ��   A0-� )Mirkazemi et al.., 2010; Heydarzade et al.., 2011; Zandi Sohani and Ramezani, 2012.(   
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