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Abstract 

Insecticide application is necessary for controlling Trialeurodes vaporariorum (Westwood) in 
integrated pest management, so if they don�t have any side effects on Encarsia Formosa Gahan, they can 
be used as alternatives for common insecticides. Therefore an experiment was conducted to investigate 
the effects of buprofezin and pyriproxyfen (IGRs) compared with fenpropathrin (pyrethroid) on E. 
formosa. Bean leaves with parasitoid pupae were immersed in insecticide solution with recommended 
concentration. In another experiment adult insects were released on a leaf disk after immersion in 
insecticide solution, thereafter, different parameters such as adult longevity, daily fecundity rate and 
percentage of egg hatching were recorded with demographic toxicology. These experiment was done 
under temperature of 26±1 ºC, 60% RH and photoperiod of 16: 8 (L: D). Pyriproxyfen and fenpropathrin 
reduced adult emergence by 27.5% and 67.8 % respectively, while buprofezin (3.8%) didn�t have a 
considerable lethal effect on parasitoid pupae. Buprofezin and pyriproxyfen didn�t have lethal effect on 
adult parasitoids while fenpropathrin caused 100% mortality in the recommended concentration. Mean 
fecundity and longevity showed no significant difference in buprofezin (59.6 ± 5.4) (14.5 ± 1.0) and 
pyriproxyfen (62.5 ± 4.8) (15.0 ± 0.9) compared with the control (64.5 ± 5.3) (15.5 ± 0.8), while 
fenprpathrin (20.4 ± 2.4) (6.6 ± 0.6) reduced these parameters. Egg hatch rate showed a little reduction in 
buprofezin and pyriproxyfen compared with the control. In summery we can conclude that buprofezin and 
pyriproxyfen are relatively safe for E. formosa and they can probably be used for integrated control of this 
pest. 
Key words: Encarsia formosa, reproductive parameters, buprofezin, pyriproxyfen, fenpropathrin 
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�����ƁƹŹ�ƲƿřźŝŚƴŝ��ŶƃŚŝ�ƾĭŶƴƄƧ�źƿŻ�ƹ��Ʒ������źºǀƯ�ƹ�īźºƯ�ƎºƤƟ�Ʊō�Źŵ�ƶºƧ�ƾŬƴºſ�ŢƀƿŻ�ƩƺưƘƯ�ƽŚ

�����Źřźƣ�ƾŝŚƿŻŹř�ŵŹƺƯ�šřźƄůƾƯ����ŢºƀǀƳ�ƾƟŚƧ�ŵźǀĭ�������������Ʊō�Źŵ�ƶºƧ�ƦºǀƟřźĭƺƯŵ�ƾºſŚƴƃ�Ʈºſ�ƁƹŹ
����ƾƯ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƾŤƀƿŻ�ƞƬŤŴƯ�ƽŚƷźŤƯřŹŚě�Ƣǀƣŵ�ƁƹŹ�ŶƳźǀĭ����ƾŝŚºƿŻŹř�ƽřźºŝ�ƶƧ�Ţſř�ƽźţ

ƵźƄů��ƂƧ��ŚƷ�ƶŝ�����ŢƟō�ƾƘǀŞƏ�šŚŞǀƧźţ�ƅƺƈų�����ƵŶƴƴƧ�ƮǀƔƴţ�ƪƯŚƃ�ƂƧ�ŚƷ��ƵŶƳŹřŵŻŚŝ�ƹ�ŶƃŹ�ƽ��ƽŚƷ
żŤƴſ���Ţſř�ƵŶƃ�ŵŚƸƴƄǀě�ƲǀŤǀƧ��ƾſŹźŝ�ƢŞƏ�ŚƷƶƘƫŚƐƯ��ƵŶƃ�ƭŚŬƳř�ƽ�ƽ�Śŝ�ƦǀƟřźĭƺƯŵ�ƾſŚƴƃ�Ʈſ�
��ƲƿřƵźƄů��ƂƧ��ŚƷ����Ţſř�ƵŶƄƳ�ƭŚŬƳř�ƱƺƴƧ�Śţ�źƔƳ�ŵŹƺƯ�ŶǀŗƺŤƿŻřŹŚě�ƽƹŹ����ƩźŤƴƧ�Śŝ�ŚŤſřŹ�ƲǀưƷ�Źŵ

����šŚŞǀƧźţ�Ʋƿř�Żř�ƶƧ�ƾŝƺų���ƵŶƴƴƧ�ƮǀƔƴţ��ƽ����šřźºƄů�ŶºƃŹ�����ƽƹŹ�ƦƫŚŝŶǀƠºſ�����ŚºƷ(Aleyrodidae)�
���Ţºſř�ƵŶºƃ�ƁŹřżºĭ�(Ishaaya & Horowitz, 1995; Ishaaya et al., 1998)����Ʋºƿř�ƾºŞƴū�šřźºŧř�

ƵźººƄů�ƂººƧ�ŚººƷ�Ʀººƿ�ŹŚººƴƧ�Źŵ�ƵźººƄů�ƂººƧƽƹŹ�ƽŶººǀŗƹźţźǀě��E. formosa�Śººţ�Ŷººƃ�ƾººſŹźŝ�
ƵźƄů�ƂƧ�ŚƷ��ƾƤǀƠƬţ�ƩźŤƴƧ�ŢƸū�ŜſŚƴƯ�ƽƦƫŚŝŶǀƠſƺƃ�śŚŴŤƳř�ƶƳŚŴƬĭ�ƳŶ��

�



 ÏÍ                                ƱřŹŚƨưƷ�ƹ�ƽŹŶǀů���šřźŧřƵźƄů�ƂƧ�ƽźǀě��ƲƿżƟƹźěƺŝ�ƽŚƷ�ƾƀƧƹźě�ƹ�ƲƟ����������������������������������������������

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ�
�ŹƺŞƳŻE. formosa�ƵźǀƠƃ�Żř�ŚƷ�ƵŶºƃ�ƶŤƿŻřŹŚě�ƽ�ƽ��ƦƫŚŝŶǀƠºſ��ƱŚºŝżǀƯ�ƽƹŹ�Żř�ƶºƳŚŴƬĭ���ŚºƷ�ƽ

��ƶƳŚŴƬĭ�Źŵ�ƞƬŤŴƯ���ƶƀſƺƯ�ƽŚƷ��ƽ�����ƹ�šŚƟō�šŚƤǀƤŰţ�ƽŹŚưǀŝ��ŚƷ�Ɩưū�ƱřźƸţ�ƾƷŚǀĭ�ƽ���ƹ�Ŷƃ�ƽŹƹō
ŶǀƬƧ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷ�ƶƏƺŝźƯ�ƽ(Gerling, 1990; Polazek et al., 1992)ƶƳƺĭ��ƽƲǀǀƘţ�Ʊō��Ŷƿŵźĭ�ƹ�

Źŵ�ƂŴŝ����šŚƤǀƤŰţ�ŹƵŵ�ƽŶƴŝ�šřźƄů��ƶƀſƺƯ��ƽ�šŚƤǀƤŰţ�ƹ�šŚƟō��ƽŹŚºưǀŝ��ŚºƷ���ŵŹƺºƯ�ƾƷŚºǀĭ�ƽ
ţƿŐ��ŢƟźĭ�Źřźƣ�Ŷǀ���ƁŹƹźě�ƽřźŝ����ŹƺŞƳŻ�Ʋƿř��ƶţƺŝ�Żř�Ʊƺţƺţ�ƽŚƷ��ƾŤƳřŻ�ƶŤƿŹřƹ��Ŷƃ�ƵŵŚƠŤſř����ƽřźºŝ

���ƶţƺŝ�řŶŤŝř�ŹƺƔƴƯ�Ʋƿř�������šŶƯ�ƶŝ�Ʊƺţƺţ�ƽŚƷÏÑ������ƁŹƹźě�žƠƣ�Źŵ�ŢƗŚſ�ƦƫŚŝŶǀƠſ���Źřźºƣ�ƶºƳŚŴƬĭ�
���ƱřŶƬĭ�žĜſ��Ŷƃ�Ƶŵřŵ����ĭ�ƽƹŚů�ƽŚƷ�ƮŴţ�ŚƸƳō�īźŝ�ƾŤƄě�ŮƐſ�Źŵ�ƶƧ�Ʊƺţƺţ�ƵŚǀ�ŚƷ�ƽ�ƦƫŚŝŶǀƠºſ�

Ǝƿřźƃ�Śŝ�ŶƃŹ�ơŚţř�Źŵ�Ţƃřŵ�ŵƺūƹ �ƾƿŚƯŵÎ± ÏÓƶūŹŵ��ƽ ƾŤƳŚſ ��ŵřźºĭ �ŢºŝƺƏŹ ��ƾŞºƀƳÒ± ÓÍ�
ŶƇŹŵ ƹ ƵŹƹŵ�ƽ �ƽŹƺƳÎÓ ŢƗŚſ ŚƴƃƹŹƿ�ƹ�ƾÕ ŢƗŚſ ƾƨƿŹŚţ �Ŷºƃ�ƽŹřŶƸĮƳ���ƹŹǇ�ƾºŤƣƹ��ŚºƷ�ƽ

�ŶƳŶǀſŹ�ƽƹŹǇ�ƭƺſ�Ʋſ�ƶŝ�ƱŚŝżǀƯ���ě�ƽřźºŝ�ŜºſŚƴƯ�ƶƬůźƯ�ŶºǀŗƺŤƿŻřŹŚ��(Ishaaya et al., 1998)��
ƵźǀƠƃ��ŚƷ��ƵŶƃ�ƶŤƿŻřŹŚě�ƽ��ƽ�ƦƫŚŝŶǀƠſ���ƶţƺŝ�ƽƹŹ�ƶƳŚŴƬĭ���ŚƷ����Ŷƃ�Ƶŵřŵ�Źřźƣ�Ʊƺţƺţ�ƽ�����Ŝǀţźţ�Ʋƿř�ƶŝ

������ƵźǀƠƃ�Żř�ŹƺŞƳŻ�ƪƯŚƧ�šřźƄů�ũƹźų�Śŝ��ŚƷ����ƹ�ŶǀŗƺŤƿŻřŹŚě�ƽƮŴţ��żƿŹ�ŚƸƳō�ƽ�������Żř�ƾŞºſŚƴƯ�ŢºǀƘưū�
ŶƯō�ŢſŶŝ�ŶǀŗƺŤƿŻřŹŚě���

������ƪƯŚƧ�šřźƄů�ƱŵŹƹō�ŢſŶŝ�ƽřźŝ��īźºŝ��ŶǀŗƺŤƿŻřŹŚě���ŚºƷ���ƵźǀƠºƃ�ƽřŹřŵ�ƽ��ƽ��Źŵ�ŶºǀŗƺŤƿŻřŹŚě�
�Ƶŵřŵ�Źřźƣ�ƽŹƺţ�ƁƺěŹŵ�Śŝ�ƝƹźƓŶƳŶƃ���ƪƯŚƧ�šřźƄů�ŹƺƸƓ�Żř�ƪŞƣ�ŵ�Ź���ƶºŝ�ƶƧ�ƽŹŵ�Śŝ�ƝƹźƓ

�ƶƫƺƫ�Ʀƿ��ƽ�Ŷƃ�ƲƿżĮƿŚū�ŵƺŝ�ƪƈŤƯ�ƝŚƠƃ�ƂƿŚƯŻō���ƶƿŸƜţ�ƽřźŝ�ƪƀƗ�ƵźƐƣ�Ʀƿ�ƶƫƺƫ�ƽŚƸŤƳř�Źŵ
���Ţƃřŵ�Źřźƣ�ƪƯŚƧ�šřźƄů���řźĭ�ƪǀƫŵ�ƶŝ�ƪƯŚƧ�šřźƄů�����ƝźºƏ�ƶºŝ�ŹƺºƸƓ�ƊºŰƯ�ƶŝ�ŹƺƳ�ƶŝ�Ƃƿ

ƶƫƺƫ��ƽ����ŢƧźů�ƂƿŚƯŻō�ƾƯ���������ƽřźºŝ�ŢƫƺƸºſ�ƶºŝ�ŶºǀŗƺŤƿŻřŹŚě�ƪƯŚƧ�šřźƄů�ƁƹŹ�Ʋƿř�Śŝ�ƹ�ŶƳŵźƧ
�ƽŹƹō�Ɩưū�ƂƿŚƯŻōƾƯ��Ŷƃ(Collier et al., 2002)��

�šřźŧř�ƢǀƤŰţ�Ʋƿř�ŹŵƵźƄů�ƂƧ��ŚºƷƽ�ƲƿżƟƹźěƺºŝ�Î�(Applaud 40% SC)��ŢƧźºƃ�Żř�Nihon 

Nohyaku��Ʋěřĥ�ƽźǀě�ƾƀƧƹźě��ƲºƟÏ�(Admiral 10% EC)�ƲƿźţŚºěƹźĜƴƟ�ƹ�Ð�(Danithol 10% EC)�Żř�

                                                
æ- Buprofezin (chitin synthesis inhibitors) 

ç- Pyriproxyfen (juvenile hormone mimic) 

è- Fenpropathrin (pyrethroid) 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏê���Ï���ÎÐÕé������������  ����������������������������������������������  �����������ÏÎ�

�ŢƧźƃSumitomo Chemical�������Źřźºƣ�ƾºſŹźŝ�ŵŹƺºƯ�ŹƺºŞƳŻ�ƪºƯŚƧ�šřźºƄů�ƹ�ƵźǀƠƃ�ƽƹŹ�Ʋěřĥ��
ŢƟźĭ� 

�
ƵźǀƠƃ�ƽƹŹ�ƂƿŚƯŻō�ŚƷ�ƽ E. formosa�

ƂƿŚƯŻō��ŚƷ��ƶĤƷŚǀĭ�ƽƹŹ���ŚƷ�������������Ŷºƃ�ƭŚºŬƳř�ŶƃŹ�ơŚţř�Ǝƿřźƃ�Źŵ�ŹŶƳŚŤƳŚƧ�ƮƣŹ�Śǀŝƺƫ�ƾĭźŝ�ƹŵ�ƽ��
���Ʋƿř�ƽřźŝ���ƪƣřŶů�ŹƺƔƴƯÏÍ��ƵźƄů�ŵŶƗ���ƽ�ƵŵŚƯ���ƽ�ƦƫŚŝŶǀƠſ���žƠƣ�ƱƹŹŵ�Śǀŝƺƫ�īźŝ�ƽƹŹ�ƶƳŚŴƬĭ�

����šŶƯ�ƶŝ�ƾĭźŝÏÑ�īźŝ�žĜſ��Ŷƃ�ƽŻŚſŚƷŹ�ŢƗŚſ��ŚƷ�ƶºƬůźƯ�ƪƯŚů�ƽ�ƽ����ŶºƃŹ�ơŚºţř�Źŵ�ƮºŴţ�
�ŶƳŶƃ�ƽŹřŶƸĮƳ���ƹŹǇ�ƾŤƣƹ��ŚƷ��ƽƦƫŚŝŶǀƠſ������������ƾºĭźŝ�žºƠƣ�ŵŶºŬƯ�ŜƈƳ�Śŝ�ŶƳŶǀſŹ�ƭƺſ�Ʋſ�ƶŝ���

��ŵřŶƘţÒ���ƵŵŚƯ�ŹƺŞƳŻ�ŵŶƗ���ƽ����źƷŚƓ�ƵŻŚţ����šŶƯ�ƶŝ�ƵŶƃÏÑ�ŢƸū�ŢƗŚſ�ƮŴţ�żƿŹ��ƾºĭźŝ�žƠƣ�Źŵ�ƽ
��Ŷƃ�ƽŻŚſ�ŚƷŹ����������ƾſŹźŝ�ęƺƨſƹźƨǀƯ�ƺƿźŤſř�Śŝ�ŶǀŗƺŤƿŻřŹŚě�ŶƃŹ�ƪůřźƯƾƯ�������ƶºŝ�ŚºƷŹƺŞƳŻ�Śºţ�Ŷƃ

ƶƬůźƯ��ƽ��Ŷƴſźŝ�ƾĭźǀƠƃ����īźŝ�žĜſ���ŚƷ���ƵźǀƠƃ�Śŝ�Śǀŝƺƫ�ƽ��ŚƷ���ŶǀŗƺŤƿŻřŹŚě�ƽ�Ð�Ï�ƵŻƹŹ�����ƩƺƬŰƯ�Źŵ
����ƵŶƃ�ƶǀƇƺţ�ŢƔƬƛ�Śŝ�ƾưſ��ƽ����ƽŚƴŞƯ�źŝÓÍÍ�śō�źŤǀƫ�ŹŚŤƨƷ�Źŵ���ƵźºƄů��ƂºƧ��ŚºƷ�ƲƿżƟƹźěƺºŝ�ƽ�

��mg (a.i)/l�ÕÍÍ���ƽźǀě�ƾƀƧƹźě�ƲƟ��mg (a.i)/l �ÒÍ���ƲƿźţŚěƹźĜƴƟ�ƹ�mg (a.i)/l �ÏÍÍ��ƶŝ��šŶƯÒ�
�ƶƏƺƛ�ƶǀƳŚŧ��ŶƳŶƃ�Źƹ�����������Ŷºƃ�ƵŵŚƠŤºſř�źƐƤƯ�śō�Żř�ŶƷŚƃ�ŹŚưǀţ�Źŵ�����������ƵźǀƠºƃ�ƽŵřŶºƘţ�Śºŝ�īźºŝ�źºƷ
��ŶǀŗƺŤƿŻřŹŚě�ÐÒ�ÏÍ�ŵŶƗ���ƶŝ������Ɵźĭ�źƔƳ�Źŵ�Źřźƨţ�Ʀƿ�ƱřƺƴƗ����ƪƣřŶºů�ƹ�Ŷºƃ�ƶºŤÎÍ���źºƷ�Źŵ�Źřźºƨţ�

ŢƟźĭ�Źřźƣ�ƂƿŚƯŻō�ŵŹƺƯ�ŹŚưǀţ��ƵźǀƠƃ��ŚƷŶǀŗƺŤƿŻřŹŚě�ŹƺƸƓ�Żř�ƪŞƣ�ŻƹŹ�ƹŵ�Śţ�Ʀƿ�ŚƷ�ƵŶƃ�ƵŚǀſ�ƽ
�������������������ƪºƯŚƧ�šřźƄů�ŹƺƸƓ�ƝƹźƓ�ƱƹŹŵ�ƹ�ƵŶƃ�řŶū�īźŝ�Żř�Ʊō�ƝřźƏř�īźŝ�ŢƟŚŝ�Żř�ƾưƧ�ŹřŶƤƯ�ƹ

��Ŷƃ�Ƶŵřŵ�Źřźƣ�����������ƁŹŚưƃ�ƵŶƃ�źƷŚƓ�ƽŚƷŹƺŞƳŻ�ŵřŶƘţ�Ŝǀţźţ�Ʋƿř�ƶŝ��Ŷºƿŵźĭ����ƶºƧ�ƾŗŚƷŶºǀŗƺŤƿŻřŹŚě�
�Żř�žěÒŶƳŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ƵŵźƯ�ŶƳŶƃ�ƞƬţ�ŹƺƸƓ�Żř�žě�ŻƹŹ�Ʀƿ�Śƿ�ŶƳŶƄƳ�źƷŚƓ�ŻƹŹ����

���šřźºŧř�ƾſŹźŝ�ƽřźŝ�ƵźºƄů��ƂºƧ��ŚºƷ������ƾºſŚƴƃ�Ʈºſ�ƁƹŹ�Żř�ƪºŨƯ�Ŷºǀƫƺţ�ƽŚºƷźŤƯřŹŚě�ƽƹŹ�
�Ŷƃ�ƵŵŚƠŤſř�ƦǀƟřźĭƺƯŵ(Carey, 1993)��ŹƺƔƴƯ�Ʋƿř�ƽřźŝ��ÏÍ�ƵźºƄů�ŵŶƗ��ƽ���ŶºǀŗƺŤƿŻřŹŚě�ƪºƯŚƧ�

�ř�ƪƇŚůƶƬůźƯ�ŹŚưǀţ�Ż�ƽ���Ʀºƀƿŵ�ƽƹŹ�ƽŵřźºƠƳř�ŹƺºƏ�ƶŝ�ŹƺƸƓ�ƊŰƯ�ƶŝ�ƾĭźǀƠƃ���ŚºƷ��ƾºĭźŝ�ƽ
��ƪƯŚůÐÍ��������Ŷƃ�ƽŻŚſ�ŚƷŹ�ƱŚŝżǀƯ�ƭƺſ�Ʋſ�ƹŹǇ�ŵŶƗ���Ʀƀƿŵ��ŚƷ��ƶºƿǇ�ƽƹŹ�ƾºĭźŝ�ƽ�ƽ��Żř�ƾƧŻŚºƳ�

����ƹŹǇ�ƶƧ�ŵƺŝ�ƵŶƃ�Ƶŵřŵ�Źřźƣ�ƽŹƺƏ�ƅƺƈŴƯ�ƝƹźƓ�ƱƹŹŵ�ŹŚĭō�ŚƷ��ŚºƷŹƺŞƳŻ�ƉźƘƯ�Źŵ�ƱŚŝżǀƯ�ƽ
ŶƴƃŚŝ�������ŵ�ƶƳƹŹřƹ�ŹƺƏ�ƶŝ�ƝƹźƓ�Ʋƿř�����������ƪºƯŚƧ�šřźƄů�ƶƳřŻƹŹ�ƹ�ƵŶƃ�ƽŹřŶƸĮƳ�ŶƃŹ�ơŚţř�Ǝƿřźƃ�Ź



 ÏÏ                                ƱřŹŚƨưƷ�ƹ�ƽŹŶǀů���šřźŧřƵźƄů�ƂƧ�ƽźǀě��ƲƿżƟƹźěƺŝ�ƽŚƷ�ƾƀƧƹźě�ƹ�ƲƟ����������������������������������������������

ƶŝ�ƶƬǀſƹ�ƽŶƳŶƃ�ƪƤŤƴƯ�ŶƿŶū�ƝƹźƓ�ƶŝ�ŹƺţřźǀĜſō���īźŝ�ƾſŹźŝ�Śŝ�ŚƷ�ƹ�ƵŶƃ�ƶŤƃřŸĭ�ƮŴţ�ŵřŶƘţ��
ƮŴţ�ŵřŶƘţ�ŚƷŶƃ�ŲƿźƠţ�ƽƵ�ŢŞŧ�ƶƳřŻƹŹ�ƾƯ�Ŷƃ��ŢƟŚƿ�ƶƯřŵř�ŹƺŞƳŻ�źưƗ�źųō�Śţ�ƪưƗ�Ʋƿřƹ��Ʋƿř�ƶŝ�

Ƴ�Żř�ƶƘƫŚƐƯ�ŵŹƺƯ�ŶǀŗƺŤƿŻřŹŚě�Ŝǀţźţ�Źřźƣ�ƾŝŚƿŻŹř�ŵŹƺƯ�ƪŨƯ�Ŷǀƫƺţ�ƹ�ŌŚƤŝ�źƔŢƟźĭ��
�

�ƪƯŚƧ�šřźƄů�ƽƹŹ�ƂƿŚƯŻōE. formosa��
īźŝ��ŚƷ���ƹŹǇ�ƽřŹřŵ�ƽŚǀŝƺƫ�ƽ��ŚƷ�������ƩƺƬŰƯ�Źŵ�ƱŚŝżǀƯ�ƭƺſ�ƹ�ƭƹŵ�Ʋſ�ƽ��ŚƷ�����ƶǀºƇƺţ�ŢºƔƬƛ�Śŝ�ƽ

ƵŶƃ��ƽ�ƵźƄů���ƂºƧ��ŚºƷƽ�ƲƿżƟƹźěƺºŝ���ƹ�ƽźºǀě��ƾºƀƧƹźě��ƲºƟ����šŶºƯ�ƶºŝÒ���Ŷºƃ�Źƹ�ƶºƏƺƛ�ƶºǀƳŚŧ�Ƶ�
(Kerns & Stewart, 2000)žě�ƹ��šŶƯ�ƶŝ�Ʊō�Żř�ÐÍ���Żř�Ʈºſ�ƾƟŚºƋř�šřźƐƣ�ƱŵƹŵŻ�ŢƸū�ƶƤǀƣŵ�

�������Ŷƃ�ƽŹřŶƸĮƳ�ŶƃŹ�ơŚţř�Ǝƿřźƃ�Źŵ�īźŝ�ƽƹŹ��������Ʀºƀƿŵ�ŚºƸƳō�Żř�žĜºſ���ŚºƷ�����źºƐƣ�ƶºŝ�ƾºĭźŝ�ƽÐ�
ƾŤƳŚſ������ƶƿǇ�ƽƹŹ�źŝ�ƹ�ƶǀƸţ�źŤƯ�ƽ����ƶºƧ�Ŷºƃ�Ƶŵřŵ�Źřźºƣ�ƽŹƺƏ�ƅƺƈŴƯ�ƝƹźƓ�Źŵ�ŹŚĭō�Żř�ƾƧŻŚƳ�
ƹŹǇ��ŚƷ��ŹƺŞƳŻ�ŽźŤſŵ�Źŵ�ƱŚŝżǀƯ�ƽ�ŚƷŶƴƃŚŝ���žƠƣ�ƱƹŹŵ�ŚƷ�ŹƺƧŸƯ�ƽÏÍ����źºưƗ�Śºŝ�ŹƺºŞƳŻ�ŵŶƗ�ÏÑ�

������������ŶƳŶƃ�ƽŹřŶƸĮƳ�ŶƃŹ�ơŚţř�Źŵ�ƶƳƹŹřƹ�ŹƺƐŝ�ƝƹźƓ�Ʋƿř�ƹ�Ŷƃ�ƽŻŚſ�ŚƷŹ�ŢƗŚſ���ŶƷŚƃ�ŹŚưǀţ�Źŵ
����Ŷƃ�ƵŵŚƠŤſř�źƐƤƯ�śō�Żř�����Żř�žěÑÕ�����ƁŹŚưƃ�ƵŵźƯ�ƹ�ƵŶƳŻ�ƪƯŚƧ�šřźƄů�ŵřŶƘţ�ŢƗŚſ��Ŷºƿŵźĭ��

����Źŵ�ƶƨƳō�ƪǀƫŵ�ƶŝ�ƲƿźţŚěƹźĜƴƟ�ŹŚưǀţ�ŹŵÏÑ�ƶºưƷ�Ʃƹř�ŢƗŚſ��ƽ�ŶºǀŗƺŤƿŻřŹŚě����ƶǀºƇƺţ�ŢºƔƬƛ�Źŵ�ŚƷ
�ƵŶƃ�mg (ai)/l�ÏÍÍ��ŶƴŤƟŹ�Ʋǀŝ�Żř�ŢƔƬƛ�Żř�řŸƫ���ŚºƷ�����ƶŞºſ�ŚºŰƯ�ƽřźºŝ�ƞºƬŤŴƯ�ƽLC50�ƹ�LC30�

Ŷƃ�ƵŵŚƠŤſř��
����ƵŶƃ�źƷŚƓ�ƵŻŚţ�ƪƯŚƧ�šřźƄů��ƾƟřźĭƺƯŵ�ƂƿŚƯŻō�Źŵ�ƽ����šŶºƯ�ƶºŝ�ŶºǀŗƺŤƿŻřŹŚě�ÑÕ��ŢƗŚºſ�

�īźŝ�ƽƹŹ��ŚƷ��Ŷƃ�ƽŹřŶƸĮƳ�ƵŶƃ�ŹŚưǀţ�ƽ����ƹ�ƲƿżƟƹźěƺºŝ�ŹŚưǀţ�Źŵ�ƽźºǀě��ƾºƀƧƹźě��ƲºƟŻř���ŢºƔƬƛ�
�ŢƔƬƛ�Żř�ƱźţŚěƹźĜƴƟ�Ʈſ�Źŵ�ƹ�ƵŶƃ�ƶǀƇƺţ LC30�ƶĤƳō�ƢŝŚƐƯ�ƪƯŚƧ�šřźƄů�žĜſ��Ŷƃ�ƵŵŚƠŤſř�

��ƶƬůźƯ�ŵŹƺƯ�Źŵ��ƽ��������������žºƠƣ�Źŵ�ƶºƳŚĭřŶū�ŹƺºƐŝ�Ŷºƿŵźĭ�ƱŚºǀŝ�ƾĭźǀƠºƃ�ŹŚưǀţ����ŚºƷ���ƽƹŹ�ƞºƬŤŴƯ�ƽ
īźŝ��ŚƷ�������źưƗ�źųō�Śţ�ƹ�Ŷƃ�ƽŻŚſ�ŚƷŹ�ƱŚŝżǀƯ�ƭƺſ�Ʋſ�ƹŹǇ�ƪƯŚů�ƽ�����Ŷºǀƫƺţ�ƹ�ŌŚºƤŝ�ƽŚºƷźŤƯřŹŚě�

ƿŻŹř�ŵŹƺƯ�ƪŨƯŢƟźĭ�Źřźƣ�ƾŝŚ��
�
�
�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏê���Ï���ÎÐÕé������������  ����������������������������������������������  �����������ÏÐ�

ƽŹŚƯō�ƪǀƬŰţ�ƹ�ƶƿżŬţ�
ƵĦƿƹ�ƾĭŶƳŻ�ƩƹŶū�ŢųŚſ�ƽřźŝ�ƽ����ƁƹŹ�Żř�ƪºƯŚƧ�šřźºƄů�Ʋºſ�Carey (1993)��ƽřźºŝ�ƹ�

�ƁƹŹ�Żř�ƪŨƯ�Ŷǀƫƺţ�ƾƴſ�ƩƹřŶū�ƪǀƨƄţ�Śŝ�ƪŨƯ�Ŷǀƫƺţ�ƽŚƷźŤƯřŹŚě�ƶŞſŚŰƯCarey (1984)�ƵŵŚƠŤſř�
Ŷƃ������źŧř�ƾſŹźŝ�ƽřźŝƵźƄů��ƂƧ��ŚƷ�����źưƗ�ƩƺƏ�ƹ�ƽŹƹŹŚŝ�ƽŚƷźŤƯřŹŚě�ƽƹŹ����ŵŹřƺºƯ�Źŵƽ��ƭŻǇ�ƶºƧ�
ŵƺŝ�Ƶŵřŵ��ƽŹŚƯō�ƪǀƬŰţ�ƹ�ƶƿżŬţ�Żř�ƪŞƣ��ŚƷ�ƶŝ�Log (x+I)ŶƳŶƃ�ƪƿŶŞţ�����ƶºƀƿŚƤƯ�ƽřźºŝ�ƽ��ŶºƇŹŵ�

�����Ƶŵřŵ��ŹƺƸƓ�ŶƇŹŵ�ƹ�ƮŴţ�ŲƿźƠţ���ŚºƷ�����������������ƶºŝ�ƱŶºƃ�ƩŚºƯźƳ�ƽřźºŝ�ƽŹŚºƯō�ƪºǀƬŰţ�ƹ�ƶºƿżŬţ�Żř�ƪºŞƣ���
���������Arcsin��ŶƳŶƃ�ƪƿŶŞţ���������ƕƺƳ�ƪŝŚƤŤƯ�šřźŧř�ƾſŹźŝ�ƽřźŝƵźƄů���ƂºƧ���ŚºƷ����Ź�ƪºůřźƯ�ƹ���ƽŶºƃ

���������ƁƹŹ�ƶºŝ�ŲƿźºƠţ�ŶºƇŹŵ�ƹ�ƮºŴţ�ŵřŶºƘţ��ƽŹƹŹŚºŝ��źºưƗ�ƩƺƏ�źǀƔƳ�ƞƬŤŴƯ�ƽŚƷźŤƯřŹŚě��ŹƺŞƳŻ
Ŷƃ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ƪƿŹƺŤƧŚƟ��

�
ƳŪƿŚŤ�

�źŧř�ƾſŹźŝƵźƄů�ƂƧ�ŚƷƪƯŚƧ�šřźƄů�ŹƺƸƓ�ƽƹŹ��
ƶƀƿŚƤƯ��ƽ�������ƶƬůźƯ�Źŵ�ƶƧ�ƪƯŚƧ�šřźƄů�ŹƺƸƓ�ŶƇŹŵ���ƽ��������ƶǀºƇƺţ�ŢºƔƬƛ�ƉźƘƯ�Źŵ�ƾĭźǀƠƃ�

ƵŶƃ��ƽ�ƵźƄů��ƂƧ��ŚƷ���ŵƺŝ�ƶŤƟźĭ�Źřźƣ�������������ƝǈŤºųř�ŚºƸƳō�Ʋǀºŝ�ƶºƧ�ŵřŵ�ƱŚƄƳ�ŶƳ�ƾºƴƘƯ��Źřŵ��ŵŹřŵ�ŵƺºūƹ��
(P<0.01, F(3, 36) = 321.4)��ƲǀĮƳŚǀƯ�(Mean ± SE)����ŶƷŚºƃ�ŹŚºưǀţ�Źŵ�ƪƯŚƧ�šřźƄů�ŹƺƸƓ�ŶƇŹŵ�

��ƲƿżƟƹźěƺººŝƽźººǀě�ƾººƀƧƹźě�ƲººƟ�ƶººŝ�ƲƿźţŚººěƹźĜƴƟ�ƹ��Ŝººǀţźţ�åç�æ± �Ò�ÖÑ��æÒ�æ± �Ö�ÖÍ��
Ñ�ç± �Ò�ÓÕ�ƹ�Ó�æ± �Ñ�ÐÍƺŝ�ŵřŵ�ƱŚƄƳ�ƶƧ�ŵƺŝ�ŶƇŹŵ�ƵźǀƠƃ�ƽƹŹ�ƲƿżƟƹźě�ŚƷ���źºŧř�ŶºǀŗƺŤƿŻřŹŚě�ƽ

�ŹƺƐŝ�ƲƿźţŚěƹźĜƴƟ�ƶƨǀƫŚů�Źŵ�ƶŤƃřŶƳ�ƾĭŶƴƄƧƾƴƘƯ�ŹřŵƂƷŚƧ�řŹ�ƪƯŚƧ�šřźƄů�ŹƺƸƓ�ŶƇŹŵ�ƽ 

Ţſř�Ƶŵřŵ��
�

�źŧřƵźƄů�ƂƧ�ŚƷƶƬůźƯ�Źŵ�ƵŶƃ�ŹŚưǀţ�ƪƯŚƧ�šřźƄů�ƾƬŨƯ�Ŷǀƫƺţ�ƽŚƷźŤƯřŹŚě�ƹ�ŌŚƤŝ�ƽƹŹ��ƽƾĭźǀƠƃ��
����ƵĦƿƹ�ƾĭŶƳŻ�ƩƹŶū��źǀƯ�ƹ�īźƯ�ƞǀƇƺţ�ƽřźŝ�ƽ�����ƪǀƨºƄţ�ŶºǀŗƺŤƿŻřŹŚě�ƪºƯŚƧ�šřźƄů�Ʋſ

�������������Ŷƃ�ŢŞŧ�ƶƳřŻƹŹ�šŹƺƇ�ƶŝ�źưƗ�źųō�Śţ�ƪƯŚƧ�šřźƄů�ŹƺƸƓ�ƱŚƯŻ�Żř�źǀƯ�ƹ�īźƯ�Ʊō�Źŵ�ƶƧ�Ŷƃ��
�����ƪƯŚƧ�šřźƄů�ŌŚƤŝ�ƾƴŰƴƯ���ƪƨƃÎ������ƵŶºƴƷŵ�ƱŚºƄƳ�ƞºƬŤŴƯ�ƽŚƷŹŚưǀţ�Źŵ�ƽ���ƱŚºǀƯ�Źŵ�ƝǈŤºųř�

ŢſŚƸƳō������ŢƟŚƿ�ƂƷŚƧ�Ʋſ�ƂƿřżƟř�Śŝ�ŌŚƤŝ�űźƳ�ŵŹřƺƯ�ƭŚưţ�Źŵ���ƩŚưŤůřÒÍƇŹŵ���ŶƷŚƃ�Źŵ�ŌŚƤŝ�Ŷ

100

x



 ÏÑ                                ƱřŹŚƨưƷ�ƹ�ƽŹŶǀů���šřźŧřƵźƄů�ƂƧ�ƽźǀě��ƲƿżƟƹźěƺŝ�ƽŚƷ�ƾƀƧƹźě�ƹ�ƲƟ����������������������������������������������

���ƲƿżƟƹźěƺŝƽźǀě��ƾƀƧƹźě��ƲƟ�����ƲƿźţŚºěƹźĜƴƟ�ƹ��ƶºŝ���Ŝºǀţźţ�ÎÓ���ÎÑ���ÎÔ�ƹ�Ò�Õ��ŻƹŹ�ŵƺºŝ�����ƶºŝ�ŶºǀƯř
�����������ƶŝ�ŹƺƧŸƯ�ƽŚƷŹŚưǀţ�ƹ�ŶƷŚƃ�Źŵ�ƪƯŚƧ�šřźƄů�ŹƺƸƓ�ƱŚƯŻ�Źŵ�ƾĭŶƳŻ���ŜǀţźţÖ�ÎÑ���Ö�ÎÐ���Ñ�ÎÒ�

�ƹÓ�ÔƶƔůǈƯ�ƪŝŚƣ�ƂƷŚƧ�Żř�ƱŚƄƳ�ƶƧ�ŵƺŝ�ŻƹŹ��ƽźţŚěƹźĜƴƟ�ŹŚưǀţ�Źŵ�ƾĭŶƳŻ�ƶŝ�ŶǀƯř��ƶŝ�ŢŞƀƳ�Ʋƿ
�ŢſŚƷŹŚưǀţ�źƿŚſ��ƩƹŶūÎ���

�����ƵŶƴƷŵ�ƱŚƄƳ�ƶƧ�ƽŹƹŹŚŝ�ƆƫŚųŚƳ�űźƳ��ƽ��ƮŴţ�ƱřżǀƯ������������ƵŶºƳŻ�šŹƺºƇ�Źŵ�ƵŵŚºƯ�šřźƄů�ƽżƿŹ
�������ŵƺų�źưƗ�ƩƺƏ�źŨƧřŶů�Śţ�ƱŵƺŝƾƯ�ŶƃŚŝ���������ŹƺƧŸºƯ�ƽŚºƷŹŚưǀţ�ƹ�ŶƷŚƃ�Źŵ��ƶºŝ��Ŝºǀţźţ�ÎÍÒ��ÎÎÍ��

ÎÍÖ���ƹ�Õ�ÒÐ������ƵŶƴƷŵ�ƱŚƄƳ�ƶƧ�ŵƺŝ�ƮŴţ�ŵŶƗ���ƽ�����ƱřżºǀƯ�ƂƷŚºƧ��ƮºŴţ��żºƿŹ�ƴƟ�Ʈºſ�Źŵ�ƽ��ƲƿźţŚºěƹźĜ
ƾƯ�ŶƃŚŝ���������ƾƯ�ŹŚƔŤƳř�ƶƧ�ŵřŵ�ƱŚƄƳ�ƽŹƹōŵřŻ�ƆƫŚųŚƳ�űźƳ��ƵŵŚƯ�ŵƹŹ�ŚƷ��ŻƹŹ�Ʋƿźºųō�Śţ�ƵŶƳŚƯ�ƵŶƳŻ�ƽ

�������ŹƺƧŸºƯ�ƽŚƷŹŚưǀţ�ƹ�ŶƷŚƃ�Źŵ�ƾĭŶƳŻ�ƲƨưƯ�ƶºŝ��Ŝºǀţźţ�Ó�ÖÑ��Ö�ÖÏ��Õ�ÖÐ�ƹ�Ö�ÑÓ���ƮºŴţ�ŵŶºƗ�
ŶƳŹřŸĮŝ�ŹƹŹŚŝ���ơƺƟ�ƽŚƷŹŚưǀţ�ƽřźŝ�ƆƫŚų�ŲƿźƠţ�űźƳƶŝ�Ŝǀţźţ�ÖÐ�Í��ÕÖ�Í�ÕÔ�Í�ƹ�ÖÏ�Íƺŝ�ŵ��

�������������Ţſř�ŶƷŚƃ�ƶŝ�ŢŞƀƳ�ŹƺƧŸƯ�ƽŚƷŹŚưǀţ�Źŵ�ƮŴţ�ŲƿźƠţ�ŶƇŹŵ�ƾŗżū�ƂƷŚƧ�Żř�ƱŚƄƳ�ƶƧ��ƩƹŶū
Î���

ƵŶƳŻ�ŢŞƀƳ�ƽŹƹŹŚŝ�ƆƫŚųŚƳ�űźƳ�ƶŝ�ƶĤƳŚƴģ��ŵƺƃ�ƶƟŚƋř�ŲƿźƠţ�ŢŞƀƳ�ƹ�ƪƯŚƧ�šřźƄů�ƾƳŚƯ
������ŢſŶŝ�ƽŹƹōŵřŻ�ƆƫŚų�űźƳ�źŤƯřŹŚěƾƯ��������ŹƺƧŸƯ�ƽŚƷŹŚưǀţ�ƹ�ŶƷŚƃ�Źŵ�ŹřŶƤƯ�Ʋƿř��Ŷƿō�ƶºŝ��Ŝºǀţźţ�

Ò�ÔÕ���Î�ÔÎ���Ó�ÔÔ���ƹ�ÐÒ������ƵŶƴƷŵ�ƱŚƄƳ�ƶƧ��ŵƺŝ�ƮŴţ�ŵŶƗ���ƽ������Źŵ�ƵŶºƃ�ŲƿźºƠţ�ƮºŴţ�Ŷǀƫƺţ�ƎſƺŤƯ�
���ƵŵŚƯ�ƽřźŝ�ƾĭŶƳŻ�ƩƺƏ�ŚƷƯ�ƽŒ�Źŵ�źŧƮŴţ�żƿŹŢſř�ƽ���ƶºƀƿŚƤƯ�ƽ����ºţ�Żř�ƱŚºƄƳ�ŚºƷźŤƯřŹŚě�Ʋºƿř�Ő�źǀŧ
�ƽƹŹ�ƲƿźţŚěƹźĜƴƟ�ŶƿŶƃƮŴţ�żƿŹŵŹřŵ�ƽ���ƩƹŶūÎ���

ƯƶƀƿŚƤ��ƽ�ƮŴţ�ƪƧ�ŵřŶƘţ��ŚƷƶŤƃřŸĭ�ƽƵŶƃ��ŵźƟ�źƷ�ƽřŻř�ƶŝ��ƽŹƹŹŚŝ����ƞºƬŤŴƯ�ƽŚƷŹŚưǀţ�Źŵ
�ƝǈŤųřƾƴƘƯ�Źřŵ�ŵřŵ�ƱŚƄƳ�ƽ(P<0.01, df = (3, 76), F = 11.3)��ƶŝ�ƶƨƿŹƺƏ�ƲǀĮƳŚǀƯ�ƮŴţ��ŹřŸºĭ�ƽ

���ƲƿżƟƹźěƺŝ��ŶƷŚƃ�Źŵƽźǀě�ƾƀƧƹźě�ƲƟ�ƶŝ�Ŝǀţźţ�Ö�ÕÒ��Ô�ÕÎ�ƹ�Õ�ÖÍ�ƝǈŤųř�źĮƿŶƨƿ�Śŝ�ƹ�ŵŶƗ�
ƾƴƘƯ��Źřŵ�ŢƃřŶƳ���������Śŝ�ƲƿźţŚěƹźĜƴƟ�ƶƧ�ƾƫŚů�Źŵ�Õ�ÐÖ�����ųř�ŶƷŚƃ�Śŝ�ƮŴţ�ŵŶƗ���ƝǈŤƾƴƘƯ�Źřŵ��Ţºƃřŵ�

��ƩƹŶūÏ�� ƶƀƿŚƤƯ�ƽ�ƹ�ŶƷŚƃ�Źŵ�ƶƧ�ŵřŵ�ƱŚƄƳ�ƞƬŤŴƯ�ƽŚƷŹŚưǀţ�Źŵ�ƮŴţ�ŲƿźƠţ�ŶƇŹŵ�ƲǀĮƳŚǀƯ�
��ƲƿźţŚěƹźĜƴƟƶŝ��Ŝǀţźţ�Ò�ÖÎ���ƹ�Ò�ÖÍ����Ʈſ�Źŵ�ƹ�ƮŴţ�ŲƿźƠţ�ƲƿźţǇŚŝ�ŶƇŹŵ�ƽźǀě��ƾºƀƧƹźě��ƲºƟ��Śºŝ�

Ï�ÕÓ�������ƂƷŚƧ�ŶƷŚƃ�ƶŝ�ŢŞƀƳ�ŶƇŹŵ�ƾƴƘƯ��Źřŵ��Ţſř�ƶŤƃřŵ���ƶƀƿŚƤƯ��ƽ��ºƏ�ƲǀĮƳŚǀƯ�ƽŹŚƯō���źºưƗ�Ʃƺ
����ƝǈŤºººųř�ŚºººƷŹŚưǀţ�Ʋǀºººŝ�ƶºººƧ�ŵřŵ�ƱŚºººƄƳ�ƪºººƯŚƧ�šřźºººƄůƾºººƴƘƯ�ŹřŵŵŹřŵ�ŵƺºººūƹ�ƽ�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏê���Ï���ÎÐÕé������������  ����������������������������������������������  �����������ÏÒ�

(P<.01, df = (3, 76), F = 7.81)�����������ƲƿżƟƹźěƺºŝ��ŶƷŚºƃ�Źŵ�ƪºƯŚƧ�šřźºƄů�źºưƗ�ƩƺºƏ�ƲǀĮƳŚºǀƯ
ƽźǀě��ƾƀƧƹźě��ƲƟ����ƲƿźţŚěƹźĜƴƟ�ƹ�ƶŝ��Ŝǀţźţ�Ñ�ÎÒ���Ò�ÎÑ���Ö�ÎÒ���ƹ�Î�Õ����ƳŚƄƳ�ƶƧ�ŵƺŝ�ŻƹŹ�źĮ���ƂƷŚºƧ

ěƹźĜƴƟ�ŹŚưǀţ�Źŵ�źưƗ�ƩƺƏ�Ţſř�ƲƿźţŚ��ƩƹŶūÏ���
�

�ƩƹŶūÎ������ƪºƯŚƧ�šřźºƄů�ŌŚºƤŝ�ƹ�ƾºƬŨƯ�Ŷǀƫƺţ�ƽŚƷźŤƯřŹŚě�E. formosa���ƽŚºƷŹŚưǀţ�ƹ�ŶƷŚºƃ�Źŵ�
��ƲƿżƟƹźěƺŝƽźǀě�ƾƀƧƹźě�ƲƟƾĭźǀƠƃ�ƱŚƯŻ�Źŵ�ƵŶƃ�ŹŚưǀţ��ƲƿźţŚěƹźĜƴƟ�ƹ���

Table 1� Reproduction and survival parameters of E. formosa exposed to buprofezin, 
pyriproxyfen and fenpropathrin in the pupal stage. 

 
 

Control Buprofezin Pyriproxyfen Fenpropathrin Parameters 

105.1 110.5 109.5 53.7 Gross fecundity rate (egg) 
94.6 92.9 93.8 46.9 Gross fertility rate (egg) 
0.9 0.84 0.86 0.87 Gross hatch rate 

0.93 0.89 0.87 0.92 Net hatch rate 
84.8 79.9 89.2 38.2 Net fecundity rate (egg) 
78.5 71.1 77.6 35 Net fertility rate (egg) 
4.57 4.4 4.56 3.84 Mean egg per day 
5.69 5.73 5.78 5.03 Egg/female/day 
4.12 3.72 3.91 3.35 Mean fertile egg per day 
5.27 5.1 5.02 4.61 fertile egg/female/day 

14.9 13.95 15.45 7.6 Expectation of life at 
emergence 

8.18 8.77 8.03 5.16 Mean age gross fecundity 
7.71 7.8 7.77 4.67 Mean age gross fertility 

�
�źŧřƵźƄů�ƂƧ�ŚƷ�ƪƯŚƧ�šřźƄů�ƪŨƯ�Ŷǀƫƺţ�ƽŚƷźŤƯřŹŚě�ƽƹŹ���Źŵ�ƵŶƃ�ŹŚưǀţÑÕŹƺƸƓ�Ʃƹř�ŢƗŚſ���

ƶƀƿŚƤƯ���ƽ�������������ƶºƧ�ŵřŵ�ƱŚƄƳ�ƞƬŤŴƯ�ƽŚƷŹŚưǀţ�Źŵ�ƪƯŚƧ�šřźƄů�ŌŚƤŝ�ƱřżǀƯ�ƵźºƄů���ƂºƧ���ŚºƷ�ƽ
���ƹ�ƲƿżƟƹźěƺŝƽźǀě�ƾƀƧƹźě�ƲƟƵŶƃ�ƶǀƇƺţ�ŢƔƬƛŹŵ���Źŵ�ÑÕ�źŧř�ƪƯŚƧ�šřźƄů�ƽƹŹ�Ʃƹř�ŢƗŚſ�

������Źŵ�ƲƿźţŚěƹźĜƴƟ�ŚƯř��ŶƳŹřŶƳ�ƾĭŶƴƄƧÑÕ���������ŦºƗŚŝ�ƵŶƃ�ƶǀƇƺţ�ŢƔƬƛ�Źŵ�Ʃƹř�ŢƗŚſ�ÎÍÍ��ŶºƇŹŵ�
��šŚƠƬţƾƯ��������ƵŶƴºƄƧ�źºƿŻ�ŢƔƬƛ�źŧř�ƾŝŚƿŻŹř�ƽřźŝ�řŸƫ��ŵƺƃ�ƽ����ƪºƯŚƧ�šřźºƄů�ƽƹŹ�ƲƿźţŚºěƹźĜƴƟ�



 ÏÓ                                ƱřŹŚƨưƷ�ƹ�ƽŹŶǀů���šřźŧřƵźƄů�ƂƧ�ƽźǀě��ƲƿżƟƹźěƺŝ�ƽŚƷ�ƾƀƧƹźě�ƹ�ƲƟ����������������������������������������������

����ŢƔƬƛ�Żř�ŶǀŗƺŤƿŻřŹŚěLC30Ŷƃ�ƵŵŚƠŤſř���ƮŴţ�ƪƧ�ŵřŶƘţ�ƲǀĮƳŚǀƯ�ŚƷ����źºƷ�ƽřŻř�ƶºŝ�ƵŶºƃ�ƶŤƃřŸĭ�ƽ
ƵźƄů��ƽ����ƲƿżƟƹźěƺŝ�ŹŚưǀţ�Źŵ�ƵŵŚƯ��Ö�ÓÎ���ƹƽźǀě�ƾƀƧƹźě�ƲƟ��Ò�ÒÕ���ŶƷŚƃ�Śŝ�Ò�ÓÓ����ƝǈŤºųř
ƾƴƘƯ��Źřŵ��Źŵ��ŢƃřŶƳ�������ƲƿźţŚěƹźĜƴƟ�Ʈſ�ƶƧ�ƾƫŚů��Õ�ÎÔ�������ƝǈŤºųř�ŶƷŚƃ�Śŝ�ƾºƴƘƯ�Źřŵ���ƶºƧ�Ţºƃřŵ�

�Ţſř�ƽŹƹŹŚŝ�ƶƔůǈƯ�ƪŝŚƣ�ƂƷŚƧ�Żř�ƱŚƄƳ��ƩƹŶūÐ���
Źŵ� ƮŴţ� ŲƿźƠţ� ŶƇŹŵ� ƲǀĮƳŚǀƯ�ƲƿżƟƹźěƺŝ� ƽŚƷŹŚưǀţ��ƽźǀě�ƾƀƧƹźě�ƲƟ��Śŝ� ƲƿźţŚěƹźĜƴƟ� ƹ

� ƝǈŤųř� ŶƷŚƃƾƴƘƯ�Źřŵ� �ŵřŵ� ƱŚƄƳ� ƽƶŝ��ŹƺƏƽ�ƶƧ�Źŵ� ƮŴţ� ŲƿźƠţ� ŶƇŹŵ��ƽźǀě�ěƾƀƧƹź�ƲƟ�
�ÔÖŶƇŹŵ�� �ŵ� �ŵřŵ� ƱŚƄƳ� ƽźŤƄǀŝ�ƂƷŚƧ� ŚƷŹŚưǀţ� źƿŚſ� ƶŝ�ŢŞƀƳ�ƲƿżƟƹźěƺŝ� Ʈſ� ƶƧ� ƾƫŚů� Ź

ţ�ƲƿźŤưƧŐ�Ţƃřŵ�řŹ�źǀŧ�Õ�ÕÒŶƇŹŵ����ƶƀƿŚƤƯ�ƽ�ƱŚƄƳ�ƪƯŚƧ�šřźƄů�źưƗ�ƩƺƏ�ƲǀĮƳŚǀƯ�ƽŹŚƯō�
ƲƿżƟƹźěƺŝ�ƶƧ�ŵřŵ��ƹƽźǀě�ƾƀƧƹźě�ƲƟţ�ƪƯŚƧ�šřźƄů�źưƗ�ƩƺƏ�ƽƹŹ�Ő�źǀŧƾƴƘƯ�ŹřŵƶŤƃřŶƳ���Źŵ�

Ƨ� ƾƫŚů� ŹƺƐŝ� řŹ� ƪƯŚƧ� šřźƄů� źưƗ� ƩƺƏ� ƲƿźţŚěƹźĜƴƟ� Ʈſ� ƶƾƴƘƯ�ŹřŵŢſř� Ƶŵřŵ�ƂƷŚƧ� ƽ��
� �ƲƿżƟƹźěƺŝ� ƽŚƷŹŚưǀţ� ƹ� ŶƷŚƃ� Źŵ� ƪƯŚƧ� šřźƄů� źưƗ� ƩƺƏ� ƲǀĮƳŚǀƯƽźǀě�ƾƀƧƹźě�ƲƟ�ƹ�

�ƲƿźţŚěƹźĜƴƟƶŝ�Ŝǀţźţ�Ó�ÎÒ��Ó�ÎÑ��Ï�ÎÑ�ƹ�Î�Ò�ŵƺŝ�ŻƹŹ���ƩƹŶūÐ���
�
ƶƘƫŚƐƯ�ƽ�ƕƺƳ�ƪŝŚƤŤƯ�šřźŧř�ƵźƄů�ƂƧƶƬůźƯ�ƹ��ƽŻ�ƽŶƃŹ�ŶǀŗƺŤƿŻřŹŚě�ŹƺŞƳ�

�����ƶƨƳō�ƪǀƫŵ�ƶŝ�šŚƄƿŚƯŻō�Ʋƿř�ŹŵƵźƄů�ƂƧ�ŚƷƽ���ƶºƬůźƯ�ƹŵ�Źŵ�ƶºƘƫŚƐƯ�ŵŹƺºƯ��ƽ��ƹ�ƾĭźǀƠºƃ�
���������ŶºƴŤƟźĭ�Źřźºƣ�ƾºſŹźŝ�ŵŹƺºƯ�ƪºƯŚƧ�šřźƄů��������Żř�ƾºƨƿ�ƪƣřŶºů�ƶºƧ�ŵŹřŵ�ŵƺºūƹ�ƩŚºưŤůř�Ʋºƿř�

ƵźƄů��ƂƧ��ŚƷ�������������ƪºƯŚƧ�šřźºƄů�ƹ�ƾĭźǀƠƃ�ƪůřźƯ�Źŵ�Ʀƿĥƺƫƺǀŝ�ƽŚƷźŤƯřŹŚě�ƽƹŹ�ƾţƹŚƠŤƯ�šřźŧř�
���ºƫ��ŶƃŚŝ�ƶŤƃřŵ������������������Ŷºƃ�ƾºſŹźŝ�šǇŚºưŤůř�Ʋºƿř�ƪºƿŹƺŤƧŚƟ�ƱƺºƯŻō�Żř�ƵŵŚƠŤºſř�Śºŝ�řŸ���ƩƹŶºūÑ���

ƵźƄů��ƂƧ��ŚƷŝ�řŹ�źưƗ�ƩƺƏ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƽƶ��ŹƺƏƾƴƘƯ�Źřŵţ�ŢŰţ�ƽŐ��ŶºƳŵřŵ�Źřźƣ�źǀŧ���ƩƹŶºūÒ���
ŝ�ƶƽŹƺƏ�ƶƧŝ�řŹ�źưƗ�ƩƺƏ�ƲƿźţŚěƹźĜƴƟ�Ʈſ�ƶ��ƲǀĮƳŚǀƯ�ƶƧ�ƾƫŚů�Źŵ��ŵřŵ�ƂƷŚƧ�ƶƔůǈƯ�ƪŝŚƣ�ŹƺƏ

��������źºƷ�Źŵ�ƪºƯŚƧ�šřźºƄů�źưƗ�ƩƺƏ�������ƵźǀƠºƃ�ƪºůřźƯ�Żř�Ʀºƿ���ìè�å���Ò�æè������ƪºƯŚƧ�šřźºƄů�ƹ��
�ìÑ�å���Ñ�æç��������ƝǈŤųř�źĮƿŶƨƿ�Śŝ�ŹŚưǀţ�ŵŹƺƯƾƴƘƯ��Źřŵ�ƃřŶƳ�Ţ���ƱŚºƯŻ�ƹ�Ʈſ�ƕƺƳ�ƪŝŚƤŤƯ�šřźŧř�

�ŵźŝŹŚƧ�ƶƬůźƯ�ƽŶƃŹ����źưƗ�ƩƺƏ�Źŵ�żǀƳƾƴƘƯ�Źřŵ�ŵƺŞƳ���ƩƹŶūÑ���
ƵźƄů�źƷ�ƽřŻř�ƶŝ�ƮŴţ�ŵřŶƘţ�ƲǀĮƳŚǀƯ�ƽ�ƵŵŚƯ��ƽŹƹŹŚŝ� �ŤŴƯ�ƽŚƷŹŚưǀţ�Źŵ�źĮƿŶƨƿ�Śŝ�ƞƬ

�ƝǈŤųřƾƴƘƯ�Źřŵ��Ţƃřŵ�ƽƶŝ�ƽŹƺƏ�ƶƧŝ�řŹ�ƽŹƹŹŚŝ�ƲƿźţŚěƹźĜƴƟ�Ʈſ�ƶ��ƂƷŚƧ�ƶƔůǈƯ�ƪŝŚƣ�ŹƺƏ
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� ŵřŵ�� ƩƹŶūÒ� ��ƵźǀƠƃ� ƪůřźƯ� Żř� Ʀƿ� źƷ� Źŵ� ƪƯŚƧ� šřźƄů� ƽŹƹŹŚŝ� ƲǀĮƳŚǀƯ� ƶƧ� ƾƫŚů� Źŵ�
�ìÒ�è���èæ�Òç��ƪƯŚƧ�šřźƄů�ƹ��îÒ�è���çç�Òæ��ƝǈŤųř�źĮƿŶƨƿ� Śŝ� ŹŚưǀţ� ŵŹƺƯ�ƾƴƘƯ�Źřŵ�

ŢƃřŶƳ���ƽŹƹŹŚŝ�Źŵ�żǀƳ�ŵźŝŹŚƧ�ƱŚƯŻ�ƹ�Ʈſ�ƕƺƳ�ƪŝŚƤŤƯ�źŧřƾƴƘƯ�Źřŵ�ŵƺŞƳ���ƩƹŶūÑ���
ƶƀƿŚƤƯ��ƽ�����ƵźºƄů�źƷ�ƽřŻř�ƶŝ�ƮŴţ�ƲǀĮƳŚǀƯ��ƽ��ŻƹŹ�Źŵ�ƵŵŚºƯ�����ƶºƳřŻƹŹ�ƽŹƹŹŚºŝ�ƲǀĮƳŚºǀƯ���Źŵ

���ƝǈŤųř�ŚƷŹŚưǀţƾƴƘƯ��Źřŵ�ŢƃřŶƳ�ƽ����ƩƹŶūÑ������������Źŵ�ƪºƯŚƧ�šřźƄů�ƶƳřŻƹŹ�ƽŹƹŹŚŝ�ƶƧ�ƾƫŚů�Źŵ
�źƄů�ƹ�ƵźǀƠƃ�ƪůřźƯ�Żř�Ʀƿ�źƷŹŚưǀţ�ŵŹƺƯ�ƪƯŚƧ�šř��ƝǈŤųř�źĮƿŶƨƿ�Śŝ�ƾƴƘƯ�Źřŵ�ŵřŵ�ƱŚºƄƳ�ƽ��

�����ƪƯŚƧ�šřźƄů�ƮŴţ�ŵřŶƘţ���ŻƹŹ�Źŵ��ƶƬůźƯ�Źŵ�ƶƧ�ƽƾĭźǀƠƃ���æÒ�å���Òæ�Ñ���Ŷºƃ�ŹŚºưǀţ�ŵƺŝ�Ƶ��ŶºƳ
��ƶƬůźƯ�ƶŝ�ŢŞƀƳ��ƽƪƯŚƧ�šřźƄů���æè�å���åæ�Ò����ƪǀƫŶºŝ�ŚºƯř��ŵřŵ�ƱŚƄƳ�ƂƷŚƧ��ƾºƴƘƯ�Źřŵ��ƱŶºƃ�

�����Ʋƿř�Źŵ�ŵźŝŹŚƧ�ƱŚƯŻ�ƹ�Ʈſ�ƕƺƳ�ƪŝŚƤŤƯ�šřźŧřƳ�ƍŚŞţŹřƾư����ŵƺºưƳ�ƾºƬƧ�šƹŚƌƣ�Ʊřƺţ���ƩƹŶºūÑ���
����ƪƨƃ�ƶƧ�ŹƺƐƳŚưƷÏ���ƱŚƄƳ�ƾƯ�ŶƷŵ�����ŝ�ƲƿźţŚěƹźĜƴƟ�Ʈſ�ŚƸƴţ�ƶ��ƮƄģ�ŹƺƏ�������Źŵ�ƮºŴţ�ŵřŶƘţ�ƽźǀĭ�ŻƹŹ

�����ƶƬůźƯ�Źŵ�ŶƷŚƃ�ƶŝ�ŢŞƀƳ�řŹ��ƽ���������ƶºƬůźƯ�Źŵ�ƹ�ƂƷŚºƧ�ƾĭźǀƠºƃ�ŹŚưǀţ���ƽ������ƪºƯŚƧ�šřźºƄů�ŹŚºưǀţ�
Ţſř�Ƶŵřŵ�ƂƿřżƟř��

��
ƩƹŶū�Ï��šřźŧř�ŢƔƬƛ�ƶǀƇƺţ�ƵŶƃ��ƽ�ƵźƄů�ƂƧ�ŚƷ�ƽƹŹ�ƽŚƷźŤƯřŹŚě�ƩƺƏ��źưƗ��ƽŹƹŹŚŝ�ŵřŶƘţ�

ƮŴţ�Źŵ�ŻƹŹ�ƹ�ŶƇŹŵ�ŲƿźƠţ�ƮŴţ�šřźƄů�ƪƯŚƧ�E. formosa�ŹŚưǀţ�ƵŶƃ�Źŵ�ƶƬůźƯ�ƽ�
ƾĭźǀƠƃ���

Table 2. Recommended dose effects of insecticides on adult longevity, egg per female, 
number of egg production per day and egg hatch percentage of E. formosa exposed 
to insecticide in the pupal stage. 

 
Adult 

longevity* 

Mean ± SE 
Egg per female 

Mean ± SE 
Number of egg 
production per 

day 
Mean ± SE 

% Egg hatch 
Mean ± SE 

Treatment 

15.4 ± 1.1 A 85.9 ± 7.9 A 5.6 ± 0.3 AB 91.5 ± 0.68 A Control 
14.5 ± 1.6 A 81.7 ± 8.1 A 6.3 ± 0.4 A 88.6 ± 0.75 B Buprofezin 
15.9 ± 1.4 A 9.08 ± 8 A 6 ± 0.3 AB 86.2 ± 0.7 C Pyriproxyfen 
8.1 ± 0.9 B 39.8 ± 4.3 B 5 ± 0.3 B 90.5 ± 0.8 AB Fenpropathrin 

*- Means within a column followed by the same letter are not significantly different (Duncan, P>0.05). 

�
�
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�ƩƹŶūÐ.�šřźŧř�ƵźƄů�ƂƧ�ŚƷ�ŶƇŹŵ�ƹ�ŻƹŹ�Źŵ�ƮŴţ�ŵřŶƘţ��ƽŹƹŹŚŝ��źưƗ�ƩƺƏ�ƽŚƷźŤƯřŹŚě�ƽƹŹ�
�ƪƯŚƧ�šřźƄů�ƮŴţ�ŲƿźƠţE. formosa�Źŵ�ƵŶƃ�ŹŚưǀţ�ÑÕŹƺƸƓ�Ʃƹř�ŢƗŚſ�æ��

Table 3. Effects of insecticides on adult longevity, egg per female, number of egg production 
per day and egg hatch percentage of E. formosa exposed in the first 48 hours of 
emergence1. 

 
Adult 

longevity* 

Mean ± SE 
Egg per female 

Mean ± SE 
Number of egg 
production per 

day 
Mean ± SE 

% Egg hatch 
Mean ± SE 

Treatment 

 

15.7 ± 1.3 A 66.5 ± 7.9 A 4.8 ± 0.2 B 90.2 ± 0.9 A Control 
14.6 ± 1.6 A 61.9 ± 7.5 A 4.8 ± 0.4 B 85.8 ± 1.1 B Buprofezin 
14.2 ± 1.1 A 58.6 ± 7.0 A 4.7 ± 0.1 B 79 ± 1.4 C Pyriproxyfen 
5.1 ± 0.53 B 17.9 ± 3 B 5.6 ± 0.3 A 80.9 ± 2.5 BC Fenpropathrin 

Î- Means compared with LSD test. 
*- Means within a column followed by the same letter are not significantly different.  

�
�

��ƩƹŶūÑ����������ŲƿźºƠţ�ŶƇŹŵ�ƹ�ŻƹŹ�Źŵ�ƮŴţ�ŵřŶƘţ��ƽŹƹŹŚŝ��źưƗ�ƩƺƏ�ƽŚƷźŤƯřŹŚě�šŚƘŝźƯ�ƲǀĮƳŚǀƯ�
�ƮŴţE. formosaƪƿŹƺŤƧŚƟ�ƱƺƯŻō�Źŵ���

Table 4. Mean square of adult longevity, egg per female, number of egg production per day 
and egg hatch percentage of E. formosa in factorial statistical analysis. 

 
Adult 

longevity 
Egg per 
female 

Number of egg 
production per 

day 
% Egg 
hatch Degree of 

Freedom 
Treatment 

17.29** 120.6 ** 1.06 ns 0.09 ** 3 Insecticides (T) 
1.19 ns 0.56 ns 10.13 ** 0.12 ** 1 Developmental 

stage (S) 
0.78 ns 2.14 ns 11.65 ** 0.02 ns 3 T X S 
0.61 4.19 1.39 0.01 152 Error 

**- Effects of insecticides on the parameters are significantly different. 
ns- Effects of insecticides on the parameters are not significantly different.  

�
�
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�ƮŴţ�ŲƿźƠţE. formosa�ƪƿŹƺŤƧŚƟ�ƱƺƯŻō�Źŵ��

Table 5. Effect of insecticides on longevity, egg per female, number of egg production per 
day and egg hatch percentage of E. formosa in factorial statistical analysis. 

  
Adult 

longevity* 

Mean ±SE 
Egg per female 

Mean ± SE 
Number of egg 
production per 

day 
Mean ± SE 

% Egg hatch 
Mean ± SE 

Treatment 

15.5 ± 0.87 A 64.47 ± 5.3 A 4.74 ± 0.18 A 90.48 ± 0.69 A Control 
14.52 ± 1 A 59.68 ± 5.4 A 4.9 ± 0.17 A 86.58 ± 0.62 B Buprofezin 

15.05 ± 0.9 A 62.55 ± 4.8 A 4.86 ± 0.15 A 83.09 ± 1.1 C Pyriproxyfen 
6.6 ± 0.6 B 20.38 ± 2.4 B 4.54 ± 0.28 A 84.62 ± 1.46 BC Fenpropathrin 

*Means within a column followed by the same letter are not significantly different (Duncan, P>0.05). 
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�ƪƨƃÎ��ƪƯŚƧ�šřźƄů�ŌŚƤŝ�űźƳ�E. formosa�ƵźǀƠƃ�Żř�ƵŶƃ�ũŹŚų�ƵŶƃ�ŹŚưǀţ�ƽŚƷ.�
Figure 1. Survival rate of adult E .formosa exposed to insecticides in the pupal stage. 
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Ţſř�ƵŶƃ�ƁŹřżĭ��
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�ŶƿŚưƳ�ƱřźŞū�řŹ�ƪƧ(Croft, 1990)��
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E. formosa�  

Figure 2. Interaction between insecticides and exposed time, in pupa and adult stages of E. 
formosa on longevity, fecundity, egg hatch percentage and number of egg 
production per day. 
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