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ƵŶǀĪģ��
ŶǀƠſ�ƶƳŚŴƬĭ�ĨƫŚŝ��(Westwood)�Trialeurodes vaporariorum���ƾŤƟōƶŝ�ƶĩ�Ţſř�ŢƄĩ�Źŵ�ƾŝƺų���ƶºƳŚŴƬĭ�ƽŚºƷ��ƽř

Ţſř�Ƶŵźĩ�řŶǀě�ƁźŤƀĭ�ƹ��Żř�ƾĪƿƟōƮƸƯ�šŚ�ƶƳŚŴƬĭ�ƽř�ƱŚƸū�Źŵ�ƾƯ�ŶƃŚŝ���ƪƀƳ�ŵřŶƘţ�ƶŝ�ƶūƺţ�ŚŝŵŚƿŻ��ƹ�ƪǀƀƳŚŤěŢƯƹŚƤƯ��ƶºŝ�
ŢƟō�Ƃĩ�ŶǀƠſ�Źŵ�ŚƷ�ĨƫŚŝ���ŚƷŵ�ƢǀƤŰţ�ƹ�ƾſŹźŝƵźƄů�ŵŹƺƯ�Ź�Ƃĩ��ƽŚƷŵźŝŹŚĩźě�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�šŚŞǀĩźţ�ƶƬưū�Żř��ƲŤƟŚƿ�ƽřźŝ
ƵźƄů�Ƃĩ�ŜſŚƴƯ�ƽŚƷ�ŵŹřŵ�šŹƹźƋ�źţ���ƢǀƤŰţ�Ʋƿř�Źŵ�ŶǀƠſ�ĨƫŚŝ�ƶƳŚŴƬĭ�Żř�ŚƷ��šǈŰƯ�Źŵ�ƽř�řźŝŹĥ�ƵŚǀĭ�ƽƹŹ�ŻřƖưū�ƽŹƹō��ƹ

ƶţƺŝ�ƽƹŹ�ƵŚĮƄƿŚƯŻō�Źŵ�Ʊƺţƺţ�ƽŚƷ��ŵƽŚƯŵ�Ź�ŵƹŶů�Ï� ± ÏÒ�ƶūŹŵ�ƽ�ŽƺǀƀƬǀſ��ŝƺƏŹ�ƾŞƀƳ�ŢÒ� ± ÓÍ��ŶƇŹŵ�ƵŹƹŵ�ƽ��ƽŹƺƳ
ÎÓ�ƾƿŚƴƃƹŹ�ŢƗŚſ��ƹÕ��ƾĪƿŹŚţ�ŢƗŚſƃ�Ƶŵřŵ�ƁŹƹźěƳŶŶ���ŢǀſŚƀůŶǀƠſ�ƶƳŚŴƬĭ�ĨƫŚŝ�ƶŝ�Ŷƴģ�ƵźƄů�Ƃĩ�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�

�ƪƯŚƃŶƿźěƺƬƧřŶǀưƿř�SC35%��ŹƹŶǀƠƴĩ�ƭŚƀĩƺŤƯŚǀţ���SC21.6%��řŹŚŤĩō��ƱřŹƺƠţƺƴƿŵ�ƹ�SG20%��ƪĩŹŚŤſř���ƚƫŚŝ�šřźƄů�ƽƹŹ
ƵŹƺě�ƹ�ƽ�Ʋſ�ƶŝ�Ʃƹř�ƶƬǀſƹ�ƽ�ƂƿŚƯŻō�ŢƀƿŻ�ƽŚƷ�ƾŬƴſ�ƶƏƺƛ�ƕƺƳ�Żř�Źƹ�īźŝ�Ʊŵźĩ��Ƶŵƺƫō�ƽŚƷŢƟźĭ�Źřźƣ�ƾŝŚƿŻŹř�ŵŹƺƯ��ƾſŹźŝ�

�ƚƫŚŝ�šřźƄů�šŚƠƬţ�ŶƇŹŵ�ƹ�ŢǀſŚƀůçÑ�Ʊō�ŽŚưţ�Żř�žě�ŢƗŚſ�īźŝ�Śŝ�ŚƷ��ŹŚºưǀţ�ƽŚƷ����Ŷºƿŵźĭ�ƭŚºŬƳř�ƵŶºƃ���ŹřŶºƤƯ�LC50�
ŝƶ�Ţſŵ�ƵŶƯō�ƽ�ƵźƄů�Ƃĩ��ƹ�ƭŚƀĩƺŤƯŚǀţ��ŶƿźěƺƬĩřŶǀưƿř�ƽŚƷ��ƂƿŚºƯŻō�Źŵ�ƱřŹƺºƠţƺƴƿŵ���ƶºŝ�ŚºƷ��Ŝºǀţźţ�Ñí�æèå��íî�ÒÏ�ƹ�ÒÒ�îè�

ƾě�ƾě�ƵŵŚƯ�ŽŚſř�źŝ�ƭř�ƽ�ŒƯŶƿŵźĭ�ƲǀǀƘţ�Ƶźŧ���ƶĩ�ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳ�ƚƫŚŝ�šřźƄůŶƳŹřŵ�ƭŚƀĩƺŤƯƺǀţ�ƶŝ�řŹ�ŢǀſŚƀů�ƲƿźŤƄǀŝ�ƹ��žě
Ʊō�Żř�ƶŝ�Ŝǀţźţ�ƱřŹƺƠţƺƴƿŵ�ƹ��ŶƿźěƺƬĩřŶǀưƿřƾƯ�Źřźƣ�ŶƳźǀĭ.�ě�šŚƠƬţ�ŶƇŹŵ�ƹ�ŢǀſŚƀů�ƾŝŚƿŻŹřƵŹƺ�ƽ��Ʃƹř�ƲſÔÏ��Żř�žě�ŢƗŚſ

Ʊō�ŽŚưţ�īźŝ�Śŝ�ŚƷ�ŹŚưǀţ�ƽŚƷ�Ŷƃ�ƭŚŬƳř�ƵŶƃ��ŹřŶƤƯ�LC50�ƵźƄů�Ƃĩ�ƂƿŚƯŻō�Źŵ�ƱřŹƺƠţƺƴƿŵ�ƹ�ƭŚƀĩƺŤƯŚǀţ��ŶƿźěƺƬĩřŶǀưƿř�ƽŚƷ��ŚƷ
ƶŝ�Ŝǀţźţ�ÓÒ�ÏÓ��ÓÏ�ÎÏ�ƹ�ÑÕ�ÎÒ�ƾě�ƾě��ƭř��ƵŵŚºƯ�ŽŚºſř�źŝ�ƽ��ºƯŒ�Ƶźŧ��Ŷºƿŵźĭ�ƲǀºǀƘţ�����ºŝ�ŪƿŚºŤƳ�ŽŚºſřźŝƶ��Ţºſŵ���ƵŶºƯō���ƾƯŚºưţ

ƵźƄů�Ƃĩ�ƂƿŚƯŻō�ƽŚƷ�ƵŶƃ�ƵŹƺě�ƽƹŹ�ƽ�ŶǀƠſ�Ʃƹř�Ʋſ��ƶƳŚŴƬĭ�ĨƫŚŝƶŝ�ŢŞƀƳ�ƽźŤƄǀŝ�ƾưſ�ŢǀƇŚų��ƚƫŚŝ�šřźƄů�ŶƴŤºƃřŵ�ƹ�
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ÎÑ                               ƱřŹŚƨưƷ�ƹ�ŵźƟŹŚĭŻƺƯō�ƽŵřźƯźǀě��ƵŹƺě�ƪůřźƯ�ŢǀſŚƀů�ƾŝŚƿŻŹř�ƽ��Ʃƹř�Ʋſ�����

ƵźƄů�ƵźƄů�Ʋǀŝ�Źŵ�ƭŚƀĩƺŤƯŚǀţ�Ƃĩ�Ƃĩ�ƶƬůźƯ�ƹŵ�ƽƹŹ��ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�ƽŚƷ�ƽ��ƵŹƺě�ƽ�ŶǀƠſ�ƚƫŚŝ�ƹ�Ʃƹř�Ʋſ����ƶºƳŚŴƬĭ�ĨºƫŚŝ
ƾưſ�ŵƺŝ�Ʋƿźţ.�ƲǀƴĤưƷ��ƵźƄů�Ƃĩ�ƽŚƷ�ǀưƿř�ƹ�ƱřŹƺƠţƺƴƿŵƵŹƺě�ƩźŤƴĩ�Źŵ�żǀƳ�ŶƿźěƺƬĩřŶ�ƽ��Ʃƹř�Ʋſ�ƹƵźƄů�ƽ��ƚƫŚŝƯŒŶƳŵƺŝ�źŧ���

ƱŚĭĥřƹ�ƽŶǀƬĩ��ŶǀƠſ���ƶƳŚŴƬĭ�ĨƫŚŝŶƿźěƺƬƧřŶǀưƿř� ƱřŹƺƠţƺƴƿŵ��ƭŚƀĩƺŤƯŚǀţ��ŢƀƿŻ�ƾŬƴſ��
Abstracts 

The greenhouse whitefly, Trialeurodes vaporariorum (Westwood), has been well established in the 
greenhouse ecosystems and is one of the most important pests on various greenhouse crops worldwide. 
Because of its high fecundity and resistance to commonly used pesticides, a study was conducted to 
examine the effectiveness of conventional insecticides of neonicotinoid compounds. In this study, the 
whiteflies on the ornamental plant genus Gerbera were collected from a greenhouse in the city of Mahalat 
and reared on tobacco under laboratory conditions at 25 ± 2ºC and 60 ± 5% Rate of humidity (RH) and a 
photoperiod of 16: 8 h (L: D). The toxicity of three neonicotinoid insecticides including imidacloprid 
SC35% (Confidor), thiamethoxam SC21.6% (Actara) and dinotefuran SG20% (Starkle) on the adults and 
first instar nymphs of T. vaporariorum, was evaluated using leaf dipping bioassay method. The 
susceptibility of adults was assessed at 24 hour post-treatment. The LC50 values of imidacloprid, 
thiamethoxam and dinotefuran for adults were 130.48, 52.89 and 93.55 ppm (a. i.) respectively. The 
mortality of immature stages was assessed at 72 hour post-treatment. The LC50 values of imidacloprid, 
thiamethoxam and dinotefuran for the first instar nymph were 26.65, 12.62 and 15.48 ppm (a. i.) 
respectively. The results suggest that all insecticides are more toxic on first instar nymphs than adults 
while thiamethoxam has the highest toxicity. The insecticides dinotefuran and imidacloprid can 
effectively control the adults and first instar nymphs as well. 
Key words: greenhouse whitefly, imidacloprid, dinotefuran, thiamethoxam, bioassay� 
 

ƶƯŶƤƯ��
ƶƳŚŴƬĭ�šǇƺƈŰƯ�ƵŻƹźƯř�ƽř��ƶŝ��ƶºūƺĭ�ƹ�ŹŚǀų�ƅƺƈų��ƾºĮƳźƟ���ƶºƳ���ŹƺºƄĩ�Źŵ�ŚºƸƴţ���ƽŚºƷ

ƶƘſƺţ�ƶŤƟŚƿ�ƽ�ƶŤƟźƄǀě�Śŝ�ƾŤƘƴƇ�ŹƺƄĩ�Źŵ�ƶĪƬŝ��šŚƳŚĪƯř�Ʋƿźţ�Źŵ�ƽŚƷ�ƩŚů��šřżǀƸŬţ�Śŝ�żǀƳ�ƶƘſƺţ
ƾƯ�ŢƄĩ�ƵŵŚſ�ŵƺƃ��ŶǀƠſ�ĨƫŚŝ��ƾţŚƟō�ŚƷŚŝ��ŵ�ƶºĩ�ŶƴŤƀƷ�Ɩǀſƹ�Ƃƴĩřźě�ƹ�ŵŚƿŻ�ƽŵŚƈŤƣř�ŢǀưƷř�Ź

ƶƳŚŴƬĭ�źŨĩř�ŢƄĩ��ŚƷ�ƙŚŝ�ƹ�ƕŹřżƯ��Ƃƃƺě�źƿŻ�ƽŚƷ��ƹ�ƾŤƴƿŻ�ƹ�ƾƗřŹŻ�ƱŚƷŚǀĭ�Żř�ƽŹŚǀƀŝ�ƽƹŹ�ŚƷ
ŶƳŹřŵ�ŵƺūƹ�źưŨƯźǀƛ�ƹ�źưŨƯ�ƱŚŤųŹŵ�żǀƳ��Ƶźǀƃ�Żř�ƶƿŸƜţ�Śŝ�šŚƟō�Ʋƿř�ƽ���ƹ�ƱŚºŝżǀƯ�ƱŚƷŚǀĭ�ƽŶƳƹō

ƽŹŚưǀŝ�ƪƯřƺƗ�ƩŚƤŤƳř�ƾƯ�ŵŹřƹ�šǇƺƈŰƯ�ƶŝ�ƽŶƿŶƃ�šŹŚƀų��ƾƷŚǀĭ�ƽřŻ�ŶƳŹƹō����ŶºƃŹ�ƲǀƴĤưƷ
ƶƘſƺţ�ƹ�ƽ�ġŹŚƣ�ƖƟŵ�ĨƬƀƗ�ƽƹŹ�ŢǀƟƹźěŚſ�ƽŚƷ�������ŦºƗŚŝ��šřźºƄů�Żř�Ƶƹźºĭ�Ʋºƿř�Ǝºſƺţ�ƵŶƃ

ƾƯ�ƩƺƈŰƯ�ŢǀƠǀĩ�ŶƿŶƃ�ƂƷŚĩ�ŵƺƃ��ŶǀƠſ�Żř�ƶƳƺĭ�ƹŵ��ƦƫŚŝƭŚƳ�ƶŝ��ƽŚºƷ��ŶǀƠºſ���ƶºƳŚŴƬĭ�ƦºƫŚŝ��
Trialeurodes vaporariorum (Westwood)���ƶºŞƴě�ƦƫŚŝ�ŶǀƠſ�ƹ��Bemisia tabaci (Gennadius)��Żř�

�ƽŵŚƈŤƣř�šŚƟōƸƯ�ƮƱŚƸū�Źŵ���Ʊřźƿř�ƶƬưūŻřŶƴŤƀƷ�(Bi & Tosccano, 2007)���
ŤƯ��ƵŻƹźƯřŐŝ�Źŵ�ƶƳŚƠſǀŹƺƄĩ�źŤƄ�ŚƷƽ�ƃ�ƩźŤƴĩ��ƱŚƸūǀưǀŚƾƿ�ƶŝ���ŢºǀƘưū�Ɩƿźſ�ƩźŤƴƧ�ƪǀƫŵ
ƵŚººţƺĩ�Źŵ�šŚººƟō�šŶººƯ�źººŧř�ƹ�ƮººƄģ�ƽŵŚººƈŤƣř�šŹŚººƀų�Żř�ƽźǀĭƺººƬū�Źŵ�Ʊō�źººǀĭ��řŹřŵ��Ʊŵƺººŝ

ƾĭĦƿƹ�ŢǀƘƣƺƯ�Źŵ�Ʊō�Ɩǀſƹ�ŵźŝŹŚƧ�ƪǀŞƣ�Żř�ƾƿŚƷ�Ư�ƽŚƷ��ƞƬŤŴƹ��żǀƳƲǀŗŚě����ƶºŝ�ƶºƴƿżƷ�űźƳ�Ʊŵƺŝ
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ƶƯŚƳ�Ƴř�ƽƵźƄů�ƲưŬ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÎÒ 

šŚƟō�ƩźŤƴƧ�Źŵ�ƱřƹřźƟ�ƾƫŚƯ�šřŶƿŚƗ�Ʃƺƈů�ƹ�ŵƺſ�řźŝƽ�ĭ�ŢƓŚƠůǀ�ƬºƇř�ƂƤƳ�ƱŚƷŚƾ�ř�řŹƿ��ŚºƠ
Ưƾ��Ŷƴĩ(Gorman et al., 2007)��ƁƹŹ�ŚƷƽ�ƃ�ƩźŤƴĩǀưǀŚƾƿ�ƶºŝ�ŜƬƛř���ƫŵ�ºǀ��Śƴºƃō�ƭŶºƗ�ƪƾƿ��ƟŚºĩƾ�

ƝźƈƯ�ŰƇ�ƩƺƇř�ƶŝ�ƱŚĭŶƴƴĩǀƵŻŹŚŞƯ�Ů�ƽ�ƃǀưǀŚƾƿƶŝ���ŝ�ŹƺƏƾ�ƹŹ�ºƿ�ƶ��ºƯ�ƭŚºŬƳřƾ�ĭ�ºǀŵź��ŤƳŹŵǀ��ƶºŬ
ƵƹǈƗ�ŤƳ�Ʃƺƈů�ƭŶƗ�źŝǀƶŬ�ƽ�ŻřŹŵ�Źŵ�śƺƬƐƯ��ƶºŝ�ŜūƺƯ��šŶƯ��ƮºƷ���ŞƏ�ƩŵŚºƘţ�ƱŵŹƺºųǀ�ºƘƾ��Żř

ƭƹŚƤƯ�ƶƬưū�ŢƟō�ƶŝ�ŢŞƀƳ�šřźƄů�ƱŶƃ�Ƃĩ��ƶºūŹŵ�šŚƟō�ŹƺƸƓ�ƹ�ŚƷ��ƽ�ºƯ�ƭƹŵƾ��ŵƺºƃ����Źřźºƨţ
Ʈſ�ƶƳŚŴƬĭ�Źŵ�ƾƃŚě��ŜŞſ�ŚƷ�ƂƿřżƟř��ƾŝŚŴŤƳř�ŹŚƄƟƽƹŹ�šŚƟōƶŝ�ƹ���ƶŝƺƳ�ƽ���ƂƿřżºƟř��ŵƺºų���ŶºƃŹ

ƮƸƯ�šŚƟō�Żř�ƾƌƘŝ�Źŵ�ŢƯƹŚƤƯ��ŶǀƠſ�ƶƬưūŻř�ƦƫŚŝ�ƶƳŚŴƬĭ�Ţſř�ƵŶƃ���ŢƯƹŚƤƯ��Ʋºƿř���ƶºŝ�ŢºƟō
ƵźƄů�Ƃĩ�ŚƷƽ�ƵźƠƀƟ��ƳƺŘƳǀţƺĪǀŗƺƴǀŶƽ�ƛ�ƹǀƀŝ�Żř�ƵźǀŹŚƽ��ƁŹřżĭ�ƱŚƸū�ƍŚƤƳ�ŻřŶƿŵźĭŢſř�Ƶ��

ǇŚŝ��ƪƿǇŵ�Żř�ƾƨƿ�Ʈſ�šŚƘƟŵ�Ʊŵƺŝ�ŹŚƧ�ƭŶƗ��ƾƃŚěōƵźƄů�ƾƿ�ƂƧ���Ơºſ�ŢºƯƹŚƤƯ�Śƿ�ƹ�ŚƷǀŶ���ĨºƫŚŝ
�ƶƳŚŴƬĭƵźƄů�ƶŝ�ƂƧ�ƶǀƇƺţ�ƽŚƷ�ƾƯ�ƵŶƃ�ŶƃŚŝ��ƶƫŚƀƯ�ƪů�ƽřźŝ�ƽ��Ʋƿř�ŢƯƹŚƤƯŢƟō��ƹ�ƾºſŹźŝ��

ƵźƄů�ŵŹƺƯ�Źŵ�ƢǀƤŰţ�Ƃĩ�����ŵźŝŹŚºĩ�ƵŻƹźºƯř�ƶºĩ�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�šŚŞǀĩźţ�ƶƬưū�Żř�ƞƬŤŴƯ�ƽŚƷ
ƽŵŚƿŻ�źƔƳ�ƶŝ�ƽŹƹźƋ��ŶƳŹřŵ�ƵŶƴĪƯ�šŚƟō�ƩźŤƴĩŹŵ��ƾƯ�ŶſŹ�(Bi & Tosccano, 2007)��ƵźƄů��Ƃĩ

�Żř�ŶƿźěƺƬĩřŶǀưƿřźƿŻ�ƪǀƴǀţƺĪǀƳƹźƬĩ�Ƶƹźĭ�(cholornicotinyl)���źƿŚºſ�ŶºƴƳŚưƷ�ƹŶǀŗƺƴǀţƺĪǀƳƺŘƳ���Żř�ŚºƷ
ƵźƄů�Ƃĩ�žě�ƹ�ĨǀưŤƀǀſ�ƽŚƷ�ƾƀěŚƴǀſ�ƾƯ�ŶƃŚŝ�ƵźƄů�ƵŻƹźƯř�ƶĩ��ƟźƈƯźě�Ƃĩƾ�ƶƳŚŴƬĭ�Źŵ��ŚƷ
Ţſř��ƵźƄů�Ʋƿř�ƹ�Ţſř�ƾſŚưţ�ƹ�ƾƃŹřƺĭ�źŧř�ƽřŹřŵ�Ƃĩ�řźŝƽ�Ư�ƵŶƴĪƯ�šřźƄůŒƹ�Ţſř�źŧ��ƶŝ
ƁƹŹ�ƩƺƬŰƯ�ƞƬŤŴƯ�ƽŚƷ�ŵŶƋ��ħŚų�Źŵ�ƾƷ�ŹŸŝ�ƾƳƺƠƗ��ƹƩƺƬŰƯ�ƵŚǀĭ�ƾƿřƺƷ�ƭřŶƳř�ƾƃŚě��ŵźŝŹŚĩ

řŵŵŹ�ƾƯ�ƵŚǀĭ�śŸū�īźŝ�ƹ�űŚƃ�ƹ�ƶƄƿŹ�ƵřŹ�Żř�ƹ�ŵƺƃ�(Bi & Tosccano, 2007)���
ƶƴǀƯŻ�Źŵ�ƽ�ƵźƄů�Ŷƴģ�ŢǀſŚƀů�ƾŝŚƿŻŹř�Ƃĩ��ŶƿźěƺƬĩřŶǀưƿř�ƶƬưūŻř���ƹ�ƚƫŚŝ�ƪůřźƯ�ƽƹŹ

�ƚƫŚŝŚƳƠſǀŶ�ƶƳŚŴƬĭ�ĨƫŚŝ��Wang et al. (2003)�ƯŻōƂƿŚ��řŹ�ƾƸŝŚƄƯ�ƽŚƷŶƳŵřŵ�ƭŚŬƳř��ƶŬǀŤƳ�Ʋƿř�ƶŝ�ƹ
�ŶƳŶǀſŹƵŹƺě�ƽƹŹ�ŶƿźěƺƬĩřŶǀưƿř�ƶĩ�ƽ����ºƯ�ƽŶºƃŹ�ƪºůřźƯ�źƿŚſ�Żř�Ĩƿ�ƲſŒ�źţźŧ�ƹ�ŵƺºŝ��ºţŐ�źǀŧ
�ƾƿǇŚŝ�żǀƳƵźƄů�ƽƹŹ�ƽ�ŵřŵ�ƱŚƄƳ�ŵƺų�Żř�ƚƫŚŝ��ƵźƄů�ţ�ƂĩǀƳ�ƭŚƀĩƺŤƯŚǀ�ř�ŶºƴƳŚƯ�żƿưǀźěƺƬĩřŶ�ºƿ�Ŷ

ƶŝ�ƫŚƘƟ�ŢƬƗǀſ�ŢǀưŤƀǀ��ƳǇƺºƏ�źºŧř��Ĩƾ��ţŶºƯƾ�ƹŹƽ��ºƀŝǀŹŚƽ���ƵŶºƴĪƯ�šŚºƟō�Żř�ƽ�ĭ�ºǀƷŚƾ�ŵŹřŵ�� �
Bi & Toscano (2007)�ŚƯŻō�ŹŵƿƂ�ŚƷƽ�ƹŹ�ŵƺųƽ�ƠſǀŶ�ƹŹ�źŝ�ƶƳŚŴƬĭ�ĨƫŚŝƽ�ĭǀšƺţ�ƵŚ��ºĮƳźƟƾ��

Ưǀ�ƱřżLD50�ƵźƄů�ř�ƂĩƿưǀźěƺƬĩřŶƿŶ��ţǀŵ�ƹ�ƭŚƀĩƺŤƯŚƿ��ƶºŝ�řŹ�ƱřŹƺºƠţƺƴ��ºƃǀƵƺ�ƽ����Źŵ�Ʈºſ�ŵźŝŹŚºĩ
ƹŹ�ħŚųƽ�ƶŝ��ƚƫŚŝ�šřźƄů�ţźţǀ�ŜÑ�ìí���èÓ�æå��ƹè�æÓ�ěƾ�ěƾ�ƭř�ŝǀŶƳŵźĩ�ƱŚ��ŚŤƳƿŚƯŻō�ŪƿƂ�ŚƷƽ�
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ÎÓ                               ƱřŹŚƨưƷ�ƹ�ŵźƟŹŚĭŻƺƯō�ƽŵřźƯźǀě��ƵŹƺě�ƪůřźƯ�ŢǀſŚƀů�ƾŝŚƿŻŹř�ƽ��Ʃƹř�Ʋſ�����

��Ơºſ�ƚƫŚºŝ�šřźƄů�ƶĩ�ŵřŵ�ƱŚƄƳ�ƱŚƳōǀŶ����ºſŚƀů�ƶºƳŚŴƬĭ�ĨºƫŚŝǀŝ�Ţǀ�źŤºƄƽ��ţ�ƶºŝ�řŹǀ��ƹ�ƭŚºƀĩƺŤƯŚ
ŵƿŶƳŹřŵ�ƱřŹƺƠţƺƴ��ƴĤưƷǀƲ���ƢŞƏƤŰţǀšŚƤ�Mason et al. (2000)��ţǀƭŚƀĩƺŤƯŚ���Žƹźºƿƹ�ƩŚºƤŤƳř�Żř�

TYLCV�(tomato yellow leaf curl virus)�ŶǀƠſ�Ǝſƺţ�ĭƺƬū�ƶŞƴě�ĨƫŚŝƾƯ�ƽźǀ�Ŷƴĩ���ƶǀƬƗ�ƲƿřźŝŚƴŝ
ŶǀƠſ�ĨƫŚŝ�ŚƷ�ƾƯ�ŶƃŚŝ�ƶŤƃřŵ�ƾŝƺų�ŵźŝŹŚĩ�ŶƳřƺţ��ƵƺŰƳ�ƽ�ƲƿŶŝ�żǀƳ�Ʊō�ƪưƗ���Ʋºƿř�ƶĩ�Ţſř�šŹƺƇ
ƵźƄů�ŶƋ�ƅřƺų�Śŝ�Ƃĩ�ƶƿŸƜţ�Źƹŵ�ƹ�ƽř��ŵƺų�ƾĭŶƴƴĩ�ƶºŝ���ƮºƄģ�ŹƺºƏ�ĭ�ºǀźƽ���ƶºƿŸƜţ�Żř�ƖƳŚºƯ�ƽ�
ŶǀƠſ�ĨƫŚŝ�Žƹźƿƹ�ƶŝ�Ƶŵƺƫō�ƽŚƷƹ���ƶŬǀŤƳŹŵ��������Žƹźºƿƹ�Ʋºƿř�ƩŚºƤŤƳř�ƂƷŚºĩ�ŜºūƺƯ�ƾºƯ��ŵƺºƃ��

ƱřŹƺƠţƺƴƿŵ�Ƴǀż�ƵźƄů�����źºƿŻ�ƹ�ŚƷŶºǀŗƺƴǀţƺĪǀƳƺŘƳ�Ƶƹźºĭ�Żř�ƽŶºƿŶū�Ƃĩ���ƪºǀƴǀţƺĪǀƳřŹƺƟ�Ƶƹźºĭ��ŚºƷ�
(furanicotinyl)�ƾƯ�ŶƃŚŝ��ƵźƄů�Ʋƿř��ƂƧ�ƵźƄů�ƭƺſ�ƪƀƳ�Ƃĩ���ƽŶºǀŗƺƴǀţƺĪǀƳƺŘƳ�ƽŚƷ��śƺºƀŰƯ

ƾƯ�ŵƺƃ�(Wakita et al., 2003)��ƁŹřżĭ�ƢŞƏ�ƽŚƷ�Li et al. (2000)��ƵźƄů�ƾƫřƺŤƯ�ŵźŝŹŚƧ�ƂƧ�ŚƷ�ƽ
�ƾƯŚŤºſř�ƹ�ƭŚƀƧƺŤƯŚǀţ��ŶƿźěƺƬƧřŶǀưƿř���ƾºƯ�Ŷºƿřźě����ƾƘƏŚºƤţ�ŢºƯƹŚƤƯ�ŶºƳřƺţ�(cross-resistance)��Źŵ

ƠſǀŶ�ƶƳŚŴƬĭ�ĨƫŚŝ�ŶƴƧ�ŵŚŬƿř���
ƵźƄů�Ƃĩ�ŚƷƽ�ƳƺŘƳǀţƺĪǀŗƺƴǀŶƽ���ƩźºŤƴĩ�ŢƿźƿŶƯ�Źŵ�ƾưƸƯ�ŹŚǀƀŝ�ƂƤƳ�źǀųř�ƩŚſ�Ŷƴģ�ƾƏ

ƵŶƴĪƯ�šŚƟō�ƾƤǀƠƬţ��ƶƬưūŻř�ŶǀƠſ��ĨºƫŚŝ��ŚºƷ���ƶŤºƃřŵ���ŶºƳř(Lagalante & Greenbacker, 2007)���Źŵ
ƢǀƤŰţ��źƋŚů�źŧř�ƵźƄů�Ŷƴģ��ƵŹƺºě�ƪůřźƯ�ƽƹŹ�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�Ƃĩ�ƽ���ƵźºƄů�ƹ�Ʃƹř�Ʋºſ�ƽ�
�ƚƫŚŝŶǀƠſ�ƶƳŚŴƬĭ�ƦƫŚŝ�ƾſŹźŝ��ŢǀſŚƀů�ƱřżǀƯ�ƹřƿŻ�ƪůřźƯ�ƲƿŤƀƾ�źƷ�ƶŝ�ƵźƄů�Żř�Ĩƿ�Ƃĩ�ŚƷ�

řźƃ�ŹŵƿŚƯŻō�ƎƿƷŚĮƄƾ��ƲǀǀƘţŢſř�ƵŶƃ���
��

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
Ɩưū�ƁŹƹźě�ƹ�ƽŹƹō�šřźƄů��

ǀƠſŶ��ĨƫŚŝƶƳŚŴƬĭ�ƽƹŹ�Żř�ƶţƺŝ�ƽŚƷ��Źŵ�řźºŝŹĥ��ƶºƳŚŴƬĭ�ƽř�Źŵ��šǈºŰƯ��Ɩºưū�ƽŹƹō��ºƃŶ�ƹ�
�ƂŴŝ�Ǝſƺţ�šŚƤǀƤŰţƵŵŹ�Ư�šřźƄů�ƽŶƴŝŒƶƀſ�ƽ�ƵŚǀĭ�šŚƤǀƤŰţ��ƾƿŚſŚƴƃ�ŵŹƺƯ�ŹƺƄĩ�ƾĪƃżě

ţ�ƹŐŢƟźĭ�Źřźƣ�Ŷǀƿ��ƵźƄů�Ʋƿř�ƶţƺŝ�ƽƹŹ��Ʊƺţƺţ�ƽŚƷƁŹƹźě�ơŚţř�Źŵ�Śŝ����ŵƹŶºů�ƽŚºƯŵ�Ï��t��ÏÒ�
ƶūŹŵ�ŽƺǀƀƬǀſ�ƽ�ŢŝƺƏŹ�ƹ�ƾŞƀƳ�Ò��t��ÓÍ��ŶƇŹŵƵŹƹŵ�ƹ�ƽ��ƽŹƺƳÎÓ����ƹ�ƾƿŚƴºƃƹŹ�ŢƗŚºſÕ�

�ƾĪƿŹŚţ�ŢƗŚſŶƃ�Ƶŵřŵ�ƁŹƹźě��ƶŝ�ƂƿŚƯŻō�ƭŚŬƳř�ŹƺƔƴƯ�ŶǀƠſ�ƽƹŹ�ŚƷ�ƶƳŚŴƬĭ�ĨƫŚŝ��īźŝ�Żř��ƽŚƷ
ƶƳŚŴƬĭ�ŹŚǀų�Ʊřƺū��ƽř��ƱŚƐƬſ�ƮƣŹ��Ŷƿŵźĭ�ƵŵŚƠŤſř���
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ƶƯŚƳ�Ƴř�ƽƵźƄů�ƲưŬ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÎÔ 

ƂƿŚƯŻō�ŢƀƿŻ�ƽŚƷ�ƾŬƴſ��
ƵźƄů�Ƃĩ���ŶºƿźěƺƬƧřŶǀưƿř�ƪƯŚƃ�ƾƄƿŚƯŻō�ƽŚƷ��ŹƹŶºǀƠƴĩ��SC35%����ƭŚºƀĩƺŤƯŚǀţ��řŹŚºŤĩō��

SC21.6%��ƹ�ƱřŹƺºƠţƺƴƿŵ��ƪĩŹŚŤººſř��SG20%���ƶººƧ�ŶºƳŵƺŝ�źººƷ�ƶºſ��ŻřƵƹźººĭ��ƵźºƄů�Ƃººĩ�ƽŚººƷ�
ƽŶǀƿƺƴǀţƺƨǀƳƺŘƳ��ƹŢĩźƃ�ŢųŚſ�źƿŚŝ�(Bayer crop science)�ƾƯ�ŶƴƃŚŝ���
ŢƀƿŻ�ƽřźŝ��ƾŬƴſƠſǀŶ�ƶƳŚŴƬĭ�ĨƫŚŝ�ƁƹŹ�Żř�ƶƏƺƛ�Źƹ�īźŝ�Ʊŵźĩ����ưºſ�ƩƺºƬŰƯ�Źŵ�ŚºƷƾ�

Ŷƃ�ƵŵŚƠŤſř�(Horowitz et al., 2004)��ƂƿŚƯŻō�ƭŚŬƳř�ŢƸū�ŚƷƽ�ŢƀƿŻ�ƾŬƴſ��īźŝ���ƭŻǇ�ƽŚºƷ�Żř
ƶţƺŝ�Ŷƃ�ƵŶǀģ�ŹŚǀų�ƽŚƷŶƳ��ƹě�ž�ŻřŶǀĤǀěƱ��ƶŞƴěīźŞƯŵ�Źƹŵ�Ʊō��ŚƷ�ƶƫƺƫ�Źŵ���ƽƹŚºů�Ĩģƺĩ�ƽŚƷ

ŤƟźĭ�Źřźƣ�ƶƿŚě�ƽƹŹ�śō�Ŷºƴ���ƵŵŚºƯ�ƽ�Triton X-100����ƱřżºǀƯ�ƶºŝåæ�å�����ƵŵŚºƯ�ƱřƺºƴƗ�ƶºŝ�ŶºƇŹŵ�ƽ�
�ŢƳŚŤĪƟŹƺſ(surfactant)�ų�ŢƸūǀž�īźŝ�źŤƸŝ�ƱŶƃ�ŚƷƽ�ųǀŢƔƬƛ�ƭŚưţ�ƶŝ�ŹŚ�Ŷƿŵźĭ�ƶƟŚƋř�ŚƷ��
ƶǀƸţ�ƽřźŝ�ƽ�ƩƺƬŰƯ����Ŷºƃ�ƵŵŚƠŤºſř�ƭƺưºſ�ƽŹŚŬţ�ƱƺǀſǇƺƯźƟ�Żř�ƆŴƄƯ�ŢƔƬƛ�Śŝ�ƾưſ�ƽŚƷ��

ƵźƄů�Żř�ƽŹŵŚƯ�ƩƺƬŰƯ�Ʀƿ�ŢŝƺƳ�źƷ�Źŵ�ŹƺƔƴƯ�Ʋƿř�ƽřźŝ�ŢƔƬƛ�źƿŚſ�ƹ�Ŷƃ�ƶǀƸţ�ƂƧ��Ʋƿř�Żř�ŚƷ
ŝ�ƽŹŵŚƯ�ƩƺƬŰƯƶ�ŶƯō�Ţſŵ��ƂƿŚƯŻō�ŢƀƿŻ�ƽŚƷ�ŝ�ƾŬƴſ�ŢºƔƬƛ�ƲǀǀƘţ�ƽřź���ƵŶƴºƄƧ�ƽŚºƷ����ƹŵ�Śºŝ
ƂƿŚƯŻō�ƽźſ�ŚƷƽ�Ŷƃ�ƭŚŬƳř�ƾƬƇř�ƹ�ƾţŚƯŶƤƯ��ƂƿŚƯŻō�ŚƷƽ�ţŚƯŶƤƯƾ��ƶƧ�ƾŤƔƬƛ�ƹŵ�ƲǀǀƘţ�ƽřźŝ

�ƾĭŶƴƄƧÏÍ���ƹÕÍ��ƾƯ�ŵŚŬƿř�řŹ��ŶƳŵźƧ��ŢƔƬƛ�Żř�ƽŵŚƿŻ�ŵřŶƘţ�Śŝ�Ÿě�šŹƺƇ�ŚƷƿŢƟź����ƹŵ�Ʋºƿř
ŢƔƬƛ��ŢƔƬƛ�ƵŶƴƄƧ�ƽŚƷ�ƽ�ŶƳŵƺŝ�ƲǀŗŚě�ƹ�ǇŚŝ��Źŵ�ƾƿŚƸƳ�ƂƿŚƯŻō��ƶƬºƇŚƟ�ƩƺƯźƟ�Żř�ƵŵŚƠŤſř�Śŝ�ƽ�

��ƾưŤƿŹŚĮƫÒ�ƶƬƇŚƟ�Źŵ�ŢƔƬƛ�ƽ�ǇŚŝ��ƹƲǀƿŚě��ƱŚƯŻ�ƩƺƏŹŵ�ƂƿŚƯŻō�ƹ�Ŷƃ�śŚŴŤƳř�Ð���Źřźºƨţ�ŹŚŝ
Ŷƿŵźĭ�2003)�(Robertson et al.,���ŢºƔƬƛ���ƵŵŚƠŤºſř�ƽŚºƷ�������ƽŹŚºŬţ�ƱƺǀºſǇƺƯźƟ�ƽŚºƴŞƯ�źºŝ�ƵŶºƃ
ƵźƄů�ƂƧ��ŚƷƂƿŚƯŻō�Źŵ���ƵźºƄů�ƽŚºƷ�ƽ����ƚƫŚºŝ��ƽřźºŝ��ŹƹŶºǀƠƴĩèÒå��Ò�íì��Ò�Òç��çæ��ƹçÒ�Ò�
ƾě�ƾě��řŹŚŤĩō��ƭřæåí��ÒÑ��Ñ�èç��Ñ�æÓ��ƹèç�Ñ�ƾě��ƾºě���ƪĩŹŚŤºſř�ƹ�ƭřçåå��æÒå��ÒÍ��çå��ƹæå�
ƾě�ƾě�ƭř���ƹƂƿŚƯŻō�Źŵ��ƵŹƺºě�ƽŚƷ�ƽ����Ʃƹř�Ʋºſ��ƽřźºŝ��ŹƹŶºǀƠƴĩÒ�íì��ÐÒ��Ò�æì��ìÒ�í��ƹìÒ�æ�
ƾě��ƾºě���řŹŚºŤĩō��ƭřç�Ñè��Ó�çæ��í�æå��Ñ�Ò��ƹåí�æ��ƾºě��ƾºě��ƭř���ƪĩŹŚŤºſř�ƹÑå��èå��çå��æå��ƹÒ�
ƾě�ƾě��ƭřŵƺŝ���

ŢƀƿŻ�ƽřźŝ��ƾŬƴſƵźƄů�ƽ�ƚƫŚŝ��īźŝ�ŹŚǀų�ƽŚƷ�ƶŝ���ƪºƯŚƧ�ŹƺºƏ��ŢºƔƬƛ�Źŵ���ƞºƬŤŴƯ�ƽŚºƷ�
ƵźƄů�Ƃĩ�ŚƷ��šŶƯ�ƶŝçå�ƶǀƳŚŧ�ƶƏƺƛ��ŹƹƃŶŶƳ���ŹŚưǀţŶƷŚƃ��ƪƯŚºƃ��śō���ƵŵŚºƯ�ƽ�Triton X-100�

ƶŝ��ƱřżǀƯåæ�å��ŶƇŹŵŵƺŝ���žĜſīźŝ�Śţ�Ŷƃ�Ƶŵřŵ�ƵŻŚūř�ľǈƯŚĩ�ŚƷ��ĨƄųƺƃŶƳ���žěƾŝ�Żř��ƺºƷƁ�
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ÎÕ                               ƱřŹŚƨưƷ�ƹ�ŵźƟŹŚĭŻƺƯō�ƽŵřźƯźǀě��ƵŹƺě�ƪůřźƯ�ŢǀſŚƀů�ƾŝŚƿŻŹř�ƽ��Ʃƹř�Ʋſ�����

�ƱŵƺưƳŶǀƠſ�ĨƫŚŝ�ƽŚƷ��ƚƫŚŝƽŵ�ŻŚĭ�Śŝ�Ŷǀƀĩř��ŵƹŶů��ƲŝźĩÐÍ�ÏÍ�ŶǀƠſ�ŵŶƗ��žƠƣ�źƷ�ƪųřŵ�ĨƫŚŝ
�ƾĭźŝ�ŝ�Żř�ƪŞƣ�ƹ�Ŷƃ�Ƶŵřŵ�Źřźƣƶ�ƁƺƷ��ƱŶƯōƱō��ŚƷ��žƠƣ��ŚƷ�ƽŹƺºƏ���īźºŝ�ƶºŝ�����ƪºƈŤƯ�ŹŚºǀų�ƽŚºƷ

�ƶĩ�ŶƿŵźĭŶǀƠſ�ĨƫŚŝ�ŚƷ�Źřźƣ�īźŝ�ŢƄě�Źŵ�ŶƳźǀĭ��ƽřźŝ�ƶĮƳ�ƲŤƃřŵ�īźŝ�źŤƸŝ�ƶŝ�ŚƷ���ƾƤƟř�šŹƺƇ
�ŻřƾƳ�ƶŝ�ƾĪǀŤſǈě�ƽŚƷ�ƶǀĪţ�ƱřƺƴƗ�Ŷƃ�ƵŵŚƠŤſř�ƵŚĭ���Żř�ŶƘŝ�ƚƫŚŝ�šřźƄů�źǀƯ�ƹ�īźƯ�ƱřżǀƯ�žĜſ
ÏÑ��ŢƗŚſ�ƁŹŚưƃŶƿŵźĭ���

ŢƀƿŻ�ƽřźŝ�ƵŹƺě�ƾŬƴſ�Ʃƹř�Ʋſ�ƽīźŝ�������ƽźºŤě�ƪºųřŵ�Źŵ�ƮºŴţ�ƶºŝ�Ƶŵƺƫō�ŹŚǀų�ƽŚƷ���ƽŚºƷ
�ƮºŴţ�ƶĩ�Ŷƃ�Ƶŵřŵ�ƵŻŚūř�ƹ�ŢƟźĭŹřźƣ�ƁŹƹźě�ƅƺƈŴƯ�ơŚţř�Źŵ�ƾĪǀŤſǈě����ŶƳƺºƃ�ŲƿźºƠţ�ŚºƷ��

ưƃƁŹŚ�ƵŹƺě��Ʃƹř�Ʋſ�ƽŚƷ�ƵŹƺě�ƽ�ƵŶƳżų�ƽ�Ĩƿ�ƵŻƹŹ���Ö���ƮºŴţ�Żř�ŶºƘŝ�ŻƹŹ��ƽŹřŸºĭ��ƹ��Żř�ƪºŞƣ
ƭŚŬƳř�ŢƔƬƛ�Śŝ�ƂƿŚƯŻō�ƭƺưſ�ƞƬŤŴƯ�ƽŚƷ�ŢƟźĭ�šŹƺƇ���īźºŝ����Źŵ�ŹŚºǀų�ƽŚºƷ��ŶƷŚºƃ�ŹŚºưǀţ�

ƶƏƺƛ�źƐƤƯ�śō�ƪųřŵ�ŶƳŶƃ�Źƹ���ƱŚƯŻ�ƩƺƏ�Źŵ�ƂƿŚƯŻō�źƷÐ�Ŷƃ�ŹřźĪţ�ŹŚŝ���ƾŝŚƿŻŹřźǀƯ�ƹ�īźƯ��
ÔÏ�ƹźƟ�Żř�ŶƘŝ�ŢƗŚſ�ŝƮſ�ƩƺƬŰƯ�Źŵ�īźŝ�Ʊŵź��Śŝ�źưƃƱŵ�ƵŹƺě��ƽŚºƷ����ŢºƟźĭ�šŹƺºƇ�ƵŶºƳŻ��
ƵŹƺě�ƾƿŚƷ�ĨƄų�ƶĩ���ƵŶƃ�ŶƳŵƺŝƶŝ�Śƿ�ƹ��řŶū�īźŝ�Żř�ƾƳŚſōƾƯ��ŶƳŶƃ�ŶƳŶƃ�ƾƤƬţ�ƵŵźƯ���

řźŝƽ�ŻŹřƿŝŚƾ�Ż�ƍƺƐųƿŢƀ�Ŭƴſƾ�ƵźƄů�Ƃĩ�ŚƷƽ�ŚƯŻō�ŵŹƺƯƿƹŹ�Ƃƽ���ƹŵ�Żř��ƝŶºƷ�ŢƟō
ƁƹŹ�lethal dose ratio (LDR)��ƹtoxicity ratio (TR)�ſřŶƃ�ƵŵŚƠŤ�(Robertson et al., 2003)���

��
šŚƗǈƏř�ƪǀƬŰţ�ƹ�ƶƿżŬţ��

ƵźƄů�ƶŝ�ŢƟō�ŢǀſŚƀů�ƱřżǀƯ�ƾŝŚƿŻŹř�ƽřźŝ�Ƃĩ�ŚƷƽ��ƹ�ƞƬŤŴƯƘţ�ǀºǀƲ��Żŵ�Ǝºų�����šŚºƠƬţ
ƵźƄů�Ƃĩ�ƶƬůźƯ�Źŵ�ŚƷ�ƽ�ƵźƄů�ƽ�ƵŹƺě�ƹ�ƪƯŚĩ�ƽ��Ʋſ�ºƿ�ƶºƯŚƳźŝ�Żř�Ĩ�ƽ�ŝƹźě�ºǀ�ƹ�Ţ�ƭźºƳ��ŹřżºƟř�� �

SAS 6.2ƹ���ƶŞſŚŰƯ�ƽřźŝ��ƽTR��ƹLDR�ƭźƳ�Żř�żƟřŹř�Excel 2007�Ŷƿŵźĭ�ƵŵŚƠŤſř���
��

ŪƿŚŤƳ�ŦŰŝ�ƹ��
�ŹřŶƤƯLC50�ƵźƄů�Ƃĩ�ŚƷ�ƞƬŤŴƯ�ƽ��ƽƹŹŶǀƠſ�ƚƫŚŝ�šřźƄů�ƶƳŚŴƬĭ�ĨƫŚŝ��

ƚƫŚŝ�šřźƄů�šŚƠƬţ�ŶƇŹŵ�ƹ�ŢǀſŚƀů�ƾŝŚƿŻŹř���ƶºƳŚŴƬĭ�ƦƫŚŝŶǀƠºſ���çÑ����Żř�žºě�ŢƗŚºſ
ŽŚưţ�Ʊō�īźŝ�Śŝ�ŚƷ�ŹŚưǀţ�ƽŚƷ��ƵŶƃƶĩ�ŵřŵ�ƱŚƄƳ�ŹřŶƤƯ�LC50�ŝƶ�Ţſŵ�ƵŶƯō�ƽřźŝ��ƵźºƄů��Ƃºĩ��ºƷ�ƽŚ

ƹ�ƱřŹƺƠţƺƴƿŵ��ŶƿźěƺƬĩřŶǀưƿř�ƶŝ�ƭŚƀĩƺŤƯŚǀţ��ŜǀţźţÑí�æèå���ÒÒ�îè���íî�Òç��ƾºě��ƾºě���ŽŚºſřźŝ�ƭř
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ƶƯŚƳ�Ƴř�ƽƵźƄů�ƲưŬ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÎÖ 

ƵŵŚƯ�ƽ�ƯŒ�ƵźŧƯƾ�ŶƃŚŝ���ƩƹŶūæ����������Ʋºƿř�ƶºƧ�Ţºſř�Ʋºƿř�źĮƳŚºǀŝ�źƿŵŚºƤƯ�Ʋƿř�źºƄůƵ����ƶºŝ�ŢŞºƀƳ
ƵźƄů�Źřŵ�řŹ�ŢǀſŚƀů�ƲƿźŤƄǀŝ�ƭŚƀĩƺŤƯŚǀţ�Ƃĩŵ�ƞƿŵŹ�Źŵ�ŶƿźěƺƬĩřŶǀưƿř�ƹ�ƱřŹƺƠţƺƴƿŵ�ƹ���ƽŚºƷ
ƣ�ƽŶƘŝ�ŹřźƾƯ�ĭǀŶƳź��ƪĪƃ�A�æ���ŵŚƤƯƿŚŤƳ�Żř�ƪƇŚů�źƿ�ŪTR��ƹLDR�ŝ�ƶĩ�ŵřŵ�ƱŚƄƳǀ�ƍƺƐų�Ʋ

Żŵ���ƵźƄů�šŚƠƬţ�Ƃĩ�ƹ�ƱřŹƺƠţƺƴƿŵ�ƭŚƀĩƺŤƯŚǀţ�ŚƤƯ�Źŵƿ�Śŝ�ƶƀŶƿźěƺƬĩřŶǀưƿř�ƴƘƯ�ƝǈŤųřƾ�Źřŵƽ�
�ŵŹřŶƳ�ŵƺūƹ�ƩƹŶūè����

��
�ƩƹŶūæ��ŶǀƠſ�ƚƫŚŝ�šřźƄů�ŢǀſŚƀů��ƶŝ�ƶƳŚŴƬĭ�ĨƫŚŝ��ƶºſ�ƵźºƄů���Ƃºĩ��Źŵ�ƽŶºǀŗƺƴǀţƺĪǀƳƺŘƳ

ŚƯŻōƿƂ�ŚƷƽ�ŻƿŢƀ�Ŭƴſƾ�ƶƏƺƛ�ƕƺƳ�Żř�Źƹƽ�īźŝ� 

Table 1. Susceptibility of greenhouse whitefly adults to three neonicotinoid insecticides, 
using leaf dipping bioassay system. 

 

Insecticide N. C. N. I. 
Slope 
(± SE) 

Intercept 
(± SE) 

LC50* (CL95%) Pr x2 

Imidacloprid 5 352 1.31 ± 0.27 -2.78 ± 0.55 130.48 (84.54-221.94)  0.93 0.42 
Dinotefuran 5 394 1.47 ± 0.24 -2.91 ± 0.45 93.55 (66.59-145.72)  0.99 0.10 
Thiamethoxam 5 364 1.25 ± 0.29 -2.16 ± 0.45 52.89 (34.94-103.53)  0.94 0.36 

 N.C. = Number of concentrations.   N. I. = Number of insects. 
 * LC values are mg a.i./l. 

��
�ƩƹŶūç��ƵŹƺě�ŢǀſŚƀů�ŚƷƽ�ŶǀƠſ�Ʃƹř�Ʋſ��ƶŝ�ƶƳŚŴƬĭ�ĨƫŚŝ�ƶſƵźƄů��Ƃĩ�Źŵ�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ

ŚƯŻōƿƂ�ŚƷƽ�ŻƿŢƀ�Ŭƴſƾ�ƶƏƺƛ�ƕƺƳ�Żř�Źƹƽ�īźŝ� 
Table 2. Susceptibility of greenhouse whitefly first instar nymphs to three neonicotinoid 

insecticides, using leaf dipping bioassay system. 
 

Insecticide N. C. N. I. 
Slope 
(± SE) 

Intercept 
(± SE) 

LC50* (CL95%) Pr x2 

Imidacloprid 5 318 1.31 ± 0.18 -1.87 ± 0.26 26.65 (20.65-36.75) 0.73 1.28 
Dinotefuran 5 339 1.90 ± 0.28 -2.26 ± 0.36 15.48 (12.20-19.43) 0.81 0.95 
Thiamethoxam 5 375 2.55 ± 0.29 -2.81 ± 0.34 12.62(10.77-14.64) 0.85 0.77 

 N.C. = Number of concentrations.   N. I. = Number of insects. 
 * LC values are mg a.i./l. 

��
�ŹřŶƤƯLC50�ƵźƄů�Ƃĩ�ŚƷ�ƞƬŤŴƯ�ƽ��ƽƹŹƵŹƺě�Ʃƹř�Ʋſ�ƽŚƷ�ŶǀƠſ�ƚƫŚŝ�ƶƳŚŴƬĭ�ĨƫŚŝ��

ƵŹƺě�ŢǀſŚƀů�ƾŝŚƿŻŹř�ƽ�Ʃƹř�Ʋſ�ƶƳŚŴƬĭ�ƦƫŚŝŶǀƠſ���ÔÏ�Ʊō�ŽŚưţ�Żř�žě�ŢƗŚſ����Śºŝ�ŚºƷ
īźŝ�ŹŚưǀţ�ƽŚƷ��ƵŶƃƶĩ�ŵřŵ�ƱŚƄƳ�ŹřŶƤƯ�LC50�ŝƶ�Ţſŵ�ƵŶƯō�ƽřźŝ�ƵźƄů�Ƃĩ�����ŶºƿźěƺƬĩřŶǀưƿř�ƽŚºƷ

ƶŝ�ƭŚƀĩƺŤƯŚǀţ�ƹ�ƱřŹƺƠţƺƴƿŵ�Ŝǀţźţ�ÓÒ�ÏÓ��ÑÕ�ÎÒ��ƹÓÏ�ÎÏ��ƾě�ƾě�ƭř����ƵŵŚºƯ�ŽŚºſř�źºŝ�ƽ��ºƯŒ�Ƶźŧ
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ÏÍ                               ƱřŹŚƨưƷ�ƹ�ŵźƟŹŚĭŻƺƯō�ƽŵřźƯźǀě��ƵŹƺě�ƪůřźƯ�ŢǀſŚƀů�ƾŝŚƿŻŹř�ƽ��Ʃƹř�Ʋſ�����

Ưƾ�ŶƃŚŝ���ƩƹŶūç����ƶƧ�Ţſř�Ʋƿř�źĮƳŚǀŝ�źƿŵŚƤƯ�ƲƿřƵźƄů��ºţ�ƲƿźŤƄǀŝ�ƭŚƀĩƺŤƯŚǀţ�ƂĩŐ�Źŵ�řŹ�źǀŧ
ƵŹƺě�ƩźŤƴĩ�ƽ�Ʃƹř�Ʋſ�Źřŵŵ�ƞƿŵŹ�Źŵ�ŶƿźěƺƬĩřŶǀưƿř�ƹ�ƱřŹƺƠţƺƴƿŵ�ƹ��Źřźƣ�ƽŶƘŝ�ƽŚƷ�ƾºƯ�ĭǀ�ŶºƳź�

�ƪĪƃ�B�æ���ŵŚƤƯƿŚŤƳ�Żř�ƪƇŚů�źƿ�ŪLDR�ƵźƄů�Ƃĩ�ŚƷ�ƶƬůźƯ�Źŵ�ƽ�ƵŹƺě�ƽ��ƲſƩƹř���ŵřŵ�ƱŚºƄƳ
�ƶĩ�Źŵ�ƍƺƐųŢƔƬƛ���ƵźƄů�šŚƠƬţ�Ƃĩ�ŝ�ŚƷǀźƯ�ƲřƵŹƺě�ƪů�ƽ�ƵźƄů�ƹ�Ʃƹř�Ʋſ�ƽ��ƝǈŤųř�ƚƫŚŝ
ƴƘƯƾ�Źřŵƽ��ŵŹřŵ�ŵƺūƹ�ƩƹŶūè����

��
�ƩƹŶūè��ŚƤƯƿƶƀ�ƽ�ŢǀſŚƀů�ƶƬůźƯ�ƹŵ�ƽ�ĭŶƳŻƾ�ŶǀƠſ�ƶƳŚŴƬĭ�ĨƫŚŝ��źƄůƵ�ƽ��ƚƫŚºŝ���ƹ�ƵŹƺºě�ƽ�

Ʃƹř�Ʋſ���ƶŝ�ƶſƵźƄů��Ƃĩ�ŽŚſř�źŝ�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳLDR��ƹTR� 
Table 3. Comparison of susceptibility of first instar nymphs and adults of greenhouse 

whitefly to three neonicotinoid insecticides based on LDR and TR. 
 

TR LDR èi Insecticide 
1 1(0.01-92.2) 2.12 Imidacloprid (adult)� 

1.39 1.38(0.01-122) 1.97 Dinotefuran (adult) 
2.46 2.47(0.02-215.53) 1.72 Thiamethoxam (adult) 
4.89 4.95(2.83-8.64)* 1.42 Imidacloprid (nymph) 
8.42 8.56(4.79-15.30)* 1.18 Dinotefuran (nymph) 

10.33 7.46(4.28-13.01)* 1.24 Thiamethoxam (nymph) 
 � Concentration-mortality line of imidacloprid (adults) as an index compared with other treatments, using TR and LDR. 
 * There is a significant difference between concentration-mortality line of imidacloprid (adults) and other lines. 

��
ƴĤưƷǀŵŚƤƯ�Ʋƿŝ�źƶ�Ţſŵ��Żř�ƵŶƯōTR�ƵźƄů�ƶĩ�ŵřŵ�ƱŚƄƳ�Ƃĩ�ŚƷƽ�ţǀŚŵ�ƹ�ƭŚƀĩƺŤƯƿ��ƱřŹƺºƠţƺƴ
ƶƬůźƯ�Źŵ�ƽ�ƶŝ�ƾĭŹƺě�ţźţǀ�ŜÎÍ��ƹÕ�ưſ�źŝřźŝƾ��ƵźºƄů�Żř�źţ���Ƃºĩ�ŶºƿźěƺƬĩřŶǀưƿř��ƶºƬůźƯ�Źŵ�ƽ�

ƵźƄů�ƽ�Ţſř�ƪƯŚĩ��řźŝŚƴŝƿƲ��ſŹźŝƾ�ŪƿŚŤƳ�Ż�ƁƹŹ�ƹŵƿŢƀ�Ŭƴſƾ����Ơºſ�ƶºĩ�ŵřŵ�ƱŚºƄƳǀŶ���ĨºƫŚŝ
ƶƳŚŴƬĭ��ƶŝ�ƹ�ºƿ�ƵŹƺºě�ƵĦ�ƽ���Ʋºſ�Ʃƹř���ƶºŝ�ƵźºƄů����ƭŚºƀĩƺŤƯŚǀţ�Ƃºĩ�ƹ��ƱřŹƺºƠţƺƴƿŵ�ŽŚºƀů��ř�źºţŻ��

ŶƿźěƺƬĩřŶǀưƿř�Ưƾ�ŶƃŚŝ����ƩƹŶūÐ����
ŚŤƳƿ�ŪźƋŚů�šŚƤǀƤŰţ�Ơſ�ƚƫŚŝ�šřźƄů�ƶĩ�ŵřŵ�ƱŚƄƳǀŶ�ſŚƀů�ƶƳŚŴƬĭ�ĨƫŚŝǀŝ�ŢǀźŤƄƽ���ƶºŝ

ţǀ�ŵ�ƹ�ƭŚºƀĩƺŤƯŚƿ�ŶººƳŹřŵ�ƱřŹƺºƠţƺƴ���ºƴĤưƷǀººţ�ƲŐ�źǀŧ��ƵźºƄů����ƹŵ�Śººŝ�ƶºƀƿŚƤƯ�Źŵ�ƭŚººƀĩƺŤƯŚǀţ�Ƃºĩ
ƵźƄů�ƵŹƺě�ƽƹŹ�źĮƿŵ�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�Ƃĩ�ƽ�ŤƄǀŝ�ƚƫŚŝ�šřźƄů�ƹ�Ʃƹř�Ʋſ�Ţºſř�ź���ƵŹƺºě�ƹ�ƽ�

�Ʃƹř�Ʋſ�żǀƳſŚƀůǀŝ�ŢǀźŤƄƽ�ř�źŝřźŝ�Źŵ�řŹƿƵźƄů�Ʋ�Ƃĩ��ŵŹřŵ�ƚƫŚºŝ�šřźƄů�ƶŝ�ŢŞƀƳ�ŚƷ����Ʋºƿř
Śŝ�ŪƿŚŤƳ�ŪƿŚŤƳ�šŚƤǀƤŰţ�Bi & Toscano (2007)�ŵŹřŵ�ŢƤŝŚƐƯ���šŚƘƫŚƐƯ�ƢŞƏ���źºǀųř�ƲǀºƤƤŰƯ��Źŵ
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ƶƯŚƳ�Ƴř�ƽƵźƄů�ƲưŬ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÏÎ 

ƶŝ�ŵźŝŹŚĩ�ƩƺƬŰƯ�šŹƺƇ��ħŚų�Źŵ�ƾƃŚě�ĨǀưŤƀǀſ�ƭŚƀĩƺŤƯŚǀţ�����ƱřŹƺºƠţƺƴƿŵ�ƹ�řŶǀưƿř�ŶºƿźěƺƬĩ�
ƶŝ�Ŝǀţźţ�ţŐ�źǀŧƽźŤƸŝ�ŶƴŤƃřŵ��ŚƯŻō�ŹŵƿƂ�ŚƷƽ�ŚƤƯ�ŚƯƿƶƀ�ƽ�źƿŵŚƤƯ�LC50���ƶºſ�Ʋƿř�ƵźºƄů���Źŵ�Ƃºĩ
źƯřůƪ�ƵŹƺě�ƽ��ƹ�Ʃƹř�Ʋſ�šřźƄůƠſ�ƶĩ�ŵřŵ�ƱŚƄƳ�ƚƫŚŝǀŶ�ĨƫŚŝ�ŚƷƽ�Ɩưū�Źƹōƽ���šǈºŰƯ�Żř�ƵŶƃ

ƶƬůźƯ�ƹŵ�źƷ�Źŵ��ř�ƶŝ�ŢŞƀƳƿưǀźěƺƬĩřŶƿŚƤƯ�Źŵ�ŶƿƵźƄů�ƹŵ�Śŝ�ƶƀ�ŵ�Ƃĩƿ�ºſŚƀů�źĮǀ�źºŤưĩ�Ţƽ�
řŵŶƳŹ��ƴĤưƷǀƯ�Ʋ�ºǀ�ƱřżLC50�řƿưǀźěƺƬĩřŶ�ºƿ�ƶºŝ�Ŷ���ƩƺºƬŰƯ�šŹƺºƇ��ºƃŚěƾ�ƹŹƽ�ĭ�ºǀƵŚ��ƶºƧ��Ǝºſƺţ� �

Bi & Toscano (2007)��çîí�ěƾ�ěƾ�ŵźĭ�ƁŹřżĭ�ƭřƿŶ�Ţſř�Ƶ�ŚƤƯ�ŹŵƿŚƯŻō�Śŝ�ƶƀƿ��ŚºƯ�Ƃ�Ñí�æèå�
ěƾ�ěƾ�ƭř��ƀŝǀƯ�źţǇŚŝ�ŹŚƾ�ŶƃŚŝ��ŚŤƳƿŚƯŻō�ŪƿƂ�ŚƷƽ�ƶŝ�ƱŚƳō�ƴƃƹŹƾ�ƱŚƄƳ�ƵŶƴƷŵ�ƽ�Ưǀţ�ƱřżŐŧǀ�ǇŚºŝ�źƽ�

ƵźƄů�ĩƂ�ŚƷƽ�ƳƺŘƳǀţƺĪǀŗƺƴǀŶƽ�ƃ�ƶŝǀƵƺ�ƽ�ŚƤƯ�Źŵ�ħŚų�Źŵ�ŵźŝŹŚĩƿ���ƩƺºƬŰƯ�Śºŝ�ƶºƀ��ºƃŚěƾ�ĭ�ºǀ�ƵŚ
Ưƾ�Źŵ��ŶƃŚŝ�ƫŚůƾ�ŚƯŻō�Źŵ�ƶĩƿƂ�ŚƷƽ�ř�ŵźŝŹŚĩ�ŚƯƿƵźƄů�Ʋ�Ƃĩ�ƹŹ�ŚƷƽ�ĭ�īźŝ�ºǀ��ºƃ�ƶºŝ�ƹ�ƵŚǀƵƺ�ƽ�
�ƶƏƺƛ�Źƹƽ�ĭ�īźŝǀŢſř�Ƶŵƺŝ�ƵŚ���šŚƘƫŚƐƯ�ƢŞƏNauen et al. (1999)��ſ�ŵźŝŹŚĩ�ŹŵǀưŤƀǀř�Ĩ�ºƿ�Ʋ

ƵźƄů�Ƃĩ�žě�ŚƷ�ĭ�Ǝſƺţ�śŸū�ŻřǀƩƺĪƫƺƯ�ƵŚ�ŚƷƽ�ƶŝ�Ʈſ��ƪƯŚĩ�ŹƺƏ�ĭ�ƕƺƳ�ƶŝ�ƶŤƀŝǀƱŚƯŻ�ƹ�ƵŚ��
ƫƺŝŚŤƯǀƵż��Ư�ƹ�ƵŶƃƾ�ĩźţ�ƶŝ�ŶƳřƺţǀƀŝ�šŚŞǀưſ�ŹŚƾ�ŶŞţƿ�ƪƃ�ŵƺ��ºţ�ƹŐ���ƵźºƄů�ƽƹŹ�řŹ�ƽźŤºƄǀŝ�źǀŧ
ĮŝŸŵŹřŹŵ���ƫŚůƾ�ľǇƺưƘƯ�ƶĩ�ŢƟō�Ƃĩ�ŚƷƽ�ƣŚŝƾ�ƹŹ�ƵŶƳŚƯƽ�ƶŝ�īźŝ�ĩźţ�šŹƺƇǀŢſŵ�šŚŞ���ƵŵŹƺºŴƳ
ƣŚŝƾ�Ưƾ�ŶƴƳŚƯ��Źŵ�ƶƳŚŴƬĭ�ƵźƄů�Żř�ŚƷ�Ƃĩ��ŶǀƠºſ�ƩźŤƴĩ�ŢƸū�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�ƽŚƷ��ĨºƫŚŝ����ƶºŝ�ŚºƷ

ƾƯ�ƵŵŚƠŤſř�ŵŚƿŻ�ƱřżǀƯ��ŵƺºƃ�ƹ�����ƶºŝ�ŢŞºƀƳ�ŢºƯƹŚƤƯƱō���ŚºƷ�����ƭŚºƀĩƺŤƯŚǀţ�ŶºƴƳŚƯ�ŶºƿźěƺƬĩřŶǀưƿř��
ƾƯŚŤſř�ƵźƄů�źƿŚſ�ƹ�Ŷƿřźě�Ƃĩ�Ţſř�ƂƿřżƟř�ƩŚů�Źŵ��ƶŤſŵ�Ʋƿř�Żř�ŚƷ��ƶƳŚŴƬĭ�Źŵ����šǈºŰƯ�ƽŚºƷ

ƵźƄů�Żř�żǀƳ��ƂĩĩřŶǀưƿřŶƿźěƺƬ�ƶŝ�ƵźƄů�Ĩƿ�ƱřƺƴƗ�Ƃĩ�ŶǀƠſ�ƩźŤƴĩ�ƽřźŝ�ŪƿřŹ���ƶºŝ�ƶƳŚŴƬĭ�ĨƫŚŝ
ƾƯ�ƵŵŚƠŤſř�ŵŚƿŻ�ƱřżǀƯ�ƵźƄů�Żř�ƶŤſŵ�Ʋƿř�Żř�ƵŵŚƠŤſř�Źŵ�ƶĩ�Ţſř�ƭŻǇ�ƲƿřźŝŚƴŝ��ŵƺƃ�Ƃĩ��Ţƣŵ�ŚƷ

ƶŝ�řŹ�ƭŻǇ��ƵŵŚƠŤºſř�Żř�ƹ�ŵźŝ�ŹŚĩ�ƽ����ƶºŝ�šŚºŞǀĩźţ�Ʋºƿř�������ŢºƸū�ƹ�ŶºƿŻŹƹ�śŚºƴŤūř�ƭƹřŶºƯ�šŹƺºƇ
ŢƯƹŚƤƯ�Żƹźŝ�Żř�ƽźǀĭƺƬū��ŵƵƹźĭ�źƿŚſ�Śŝ�śƹŚƴţ�Ź�ŵźĩ�ƵŵŚƠŤſř�ƾƿŚǀưǀƃ�ƽŚƷ���

ƾſŹźŝ�ƢŞƏ�ƽŚƷ�Bi & Toscano (2007)���ŵŹƺƯ�Źŵ��źºŧř��ƵźºƄů�ƶºſ���ƽŶºǀŗƺƴǀţƺĪǀƳƺŘƳ�Ƃºĩ�
�ŶƿźěƺƬĩřŶǀưƿřƱřŹƺƠţƺƴƿŵ�ƹ�ƭŚƀĩƺŤƯŚǀţ����ƵŹƺě�ƽƹŹ�ƽ�Ʃƹř�Ʋſ�ŶǀƠſ�ƵŹƺě��ƶƳŚŴƬĭ�ĨƫŚŝ�ƽ��Ʋſ

�ƶŝ�ŢŞƀƳ�ƩƹřŶƿźěƺƬĩřŶǀưƿř�ƭŚƀĩƺŤƯŚǀţ�Śŝ�ƶƀƿŚƤƯ�Źŵ����źºŝřźŝ�ŹŚºƸģ���ŵƺºŝ�ŽŚºƀů�źºŤưĩ���ŚºŤƳƿ�Ū
ŚƯŻōƿƂ�ŚƷƽ�ƹŹ�ŚƯƽ�ƵŹƺě�ƽ�Ƴ�Ʃƹř�Ʋſǀţ�ƶĩ�ŵřŵ�ƱŚƄƳ�żŐŧǀƵźƄů�ź�ţ�Ƃĩǀ�ŢŞƀƳ�źŝřźŝ�ƶƳ�ƭŚƀĩƺŤƯŚ
�ƶŝŶƿźěƺƬĩřŶǀưƿř�Ư�źţǇŚŝƾ�ŚŤƳ�Śŝ�ƹ�ŶƃŚŝƿř�ŪƿƮƷ�ƱŚƤƤŰƯ�Ʋ�Ƴřƺųƾ�ŵŹřŵ���
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ÏÏ                               ƱřŹŚƨưƷ�ƹ�ŵźƟŹŚĭŻƺƯō�ƽŵřźƯźǀě��ƵŹƺě�ƪůřźƯ�ŢǀſŚƀů�ƾŝŚƿŻŹř�ƽ��Ʃƹř�Ʋſ�����

         

��
ƪĪƃ�Î��ƶƀƿŚƤƯ�ƽ�ŢƔƬƛ�ƍƺƐų���ƵźƄů�ƶſ�šŚƠƬţ��ƾƄƿŚƯŻō�ƂĩƶƬůźƯ�ƽƹŹ�ƽ�(A)�ƵźƄů�ƽ�

�ƹ�ƚƫŚŝ(B)�ƵŹƺě�ƽ�ŶǀƠſ�Ʃƹř�Ʋſ�ƳŚŴƬĭ�ĨƫŚŝ�ƶ�Ɩưū�ƽŹƹō���ƶºƳŚŴƬĭ�Żř�ƵŶºƃ�ƽ��řźºŝŹĥ��Źŵ
šǈŰƯř��ƿƱřź���

Fig. 1. Comparison of concentration-mortality lines for the three insecticides on (A) adults 
and (B) first instar nymphs of T. vaporariorum collected on Gerbera in the 
greenhouse in Mahalat, Iran.  

��
ƵźƄů�ţ�ƱřŹƺƠţƺƴƿŵ�ƂĩŐ��ƵŹƺºě�ƹ�ƚƫŚºŝ�šřźƄů�ƩźŤƴĩ�Źŵ�ƾŝƺƬƐƯ�źǀŧ�ƽ���ƲºſƩƹř���ŵƺºų�Żř
ŵřŵ�ƱŚƄƳ��Ŝǀĩźţ�Ʋƿř��ţŐƵŶƴĪƯ�šřźƄů�ƽƹŹ�ƾƿǇŚŝ�źǀŧ�ƽ�ƶŤſřŹ�ƽ�Hemiptera�Ʋſ�źŝ�ƪưŤƄƯ���ŚƷ

ƶŤƃ�ŶǀƠſ��ŚƷ�ĨƫŚŝ�ƿř�Żř�šŚƟō�źƿŚſ�ƹ�ŚƷ�ŵŹřŵ�ƶŤºſřŹ�Ʋ����ºţ�ƲǀºƴĤưƷŐ����ƽƹŹ�ƾºưĩ�ŹŚǀºƀŝ�Ōƺºſ�źǀŧ
��ŵŹřŵ�ƱŚĭŶºƳźě�ƹ�ƱŚºƿżŝō�ƹ�ƱřŹřŶƳŚŤƀě�(Wakita et al., 2005)����ƵźºƄů�Ʋºƿř�����Śºŝ�ƶºƀƿŚƤƯ�Źŵ�Ƃºĩ

ŶƿźěƺƬĩřŶǀưƿř�ţŐƵŹƺě�ƹ�ƚƫŚŝ�šřźƄů�ƩźŤƴĩ�Źŵ�řŹ�ƽźţǇŚŝ�źǀŧ�ƽ��ƲſƩƹř�ŶǀƠſ����Żř�ƶºƳŚŴƬĭ�ĨºƫŚŝ
ŵřŵ�ƱŚƄƳ�ŵƺų���

ƂƿŚƯŻō�Źŵ�ŢƀƿŻ�ƽŚƷ�ƾŬƴſ�ŬƳřƭŚ�ƵŶƃƵźƄů�ƾƯŚưţ�ƾưſ�ŢǀƇŚų���Ƃĩ����ƾºƄƿŚƯŻō�ƽŚºƷ
ƵŹƺě�ƽƹŹ�ƽ�Ĩƿ�Ʃƹř�Ʋſ�ƵŻƹŹ�ƽ�ŶǀƠſ�ƶƬůźƯ�Żř�źŤƄǀŝ�ƶƳŚŴƬĭ�ĨƫŚŝ�ƽ�ƾƯ�ƚƫŚŝ�šřźƄů�ŶƃŚŝ���ƶŝ
źĮƿŵ�ƱŚǀŝ��ƵŹƺě�ƽ�ŽŚƀů�Ʃƹř�Ʋſ�ƵźƄů�Ʋƿř�źŝřźŝ�Źŵ�ƶƬůźƯ�Ʋƿźţ�Ƃĩ��ŵƺºŝ�ŚƷ��Ż�ºƿ��ƹ�ŹřŶºƤƯ�řź

ƫŚƘƟǀżƳō�Ţƿ�ƮP-450�Źŵ�ŝ�ƚƫŚŝ�šřźƄůǀ�Ţſř�źŤƄ(Gorman et al., 2007)��ƲǀƴĤưƷ����ƱŚºƄƳ�ŪƿŚŤƳ
ƾƯ�ƶĩ�ŵřŵ��ƱřƺţřƿƲ�ƵźƄů�Ƃĩ�ƶƬůźƯ�ƹŵ�Źŵ�řŹ�ŚƷ�ƽ��ƹ�ƵŹƺěƵźƄů��ƽ��ŵźºĩ�ƵŵŚƠŤºſř�ƚƫŚŝ����Ʋǀºŝ�Źŵ

B A 
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ƶƯŚƳ�Ƴř�ƽƵźƄů�ƲưŬ���Ʊřźƿř�ƾſŚƴƃèæ���æ���ÎÐîå�������������������������������������������������������������������������ÏÐ 

ƵźƄů�Ƃĩ���ƭŚƀĩƺŤƯŚǀţ�ƽŚƷŶƿźěƺƬĩřŶǀưƿř�ƱřŹƺƠţƺƴƿŵ�ƹ��ƵźƄů��ƂƧ���šřźºƄů�ƽƹŹ�ƭŚºƀĩƺŤƯŚǀţ
ƵŹƺě�ƹ�ƚƫŚŝ�ƽ�Ư�ƶưƷ�Żř�Ʃƹř�ƲſŒŵƺŝ�źţźŧ��ƲƿřźŝŚƴŝ��ŢƯƹŚƤƯ�ŢƿźƿŶƯ�Śŝ�ƍŚŞţŹř�Źŵ�Ţſř�ƽŹƹźƋ
ƵźƄů�ƶŝ�Ƃĩ�ŚƷ��ƶŝ�ƵĦƿƹ�ľŚƇƺƈų�ƾƘǀſƹ�ŵźŝŹŚĩ�ƵŻƹźƯř�ƶĩ��ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�šŚŞǀĩźţ��ƩźŤƴĩ�Źŵ

ƶƯŚƳźŝ��ŶƳŹřŵ�ƵŶƴĪƯ�šŚƟō��ƽř�ƵźƄů�Żř�ƾƫƹŶū�ƹ�ƲƿƹŶţ�Ƃĩ�ŚƷƽ�Ʊō�ƝźƈƯ�ƽřźŝ�ƞƬŤŴƯ���Źŵ�ŚºƷ
řŹř�ƶƳŚŴƬĭ�Śƿ�ƶƗŹżƯƿ�Śţ��ŵŵźĭ�ƶ�ŻřřżƟřƿ�ŢƯƹŚƤƯ�Ƃ�ƵźºƄů�ƕƺƳ�Ʀƿ�ƶŝ�����ƅŚºų�ƂºƧ�ƺºƬūĭǀƽź�

ŵƺƃ���
ǇŚŝ�ƶŝ�ƶūƺţ�Śŝ�Ʈſ�šŚƘƟŵ�ƹ�ŢƔƬƛ�Ʊŵƺŝ�ƃŚěƾ�ƵźƄů�Ƃĩ�ƬƗ�ŚƷǀ�Ơºſ�ƶǀŶ����ƹ�ƶºƳŚŴƬĭ�ĨºƫŚŝ

Ŷƴģ�ƬƀƳƾ���Ʊŵƺŝ�ƹƀƳŚŤěǀǇŚŝ�ƪƽ�ƵźƄů�ƶŝ�Ʊō�ŢƯƹŚƤƯ�Ƃĩ��ŚºƷ�(Bi & Toscano, 2007)�ŹƹźºƋ��ƽ�
Ťů�Ţſřƾ���ŹźºĪƯ�ŵźŝŹŚĩ�Żř�ƱŚĪƯǇř�ºƿ��ƵźºƄů�ƕƺºƳ�Ĩ���ŢºƔƬƛ�Źŵ�Ƃºĩ��ŚºƷƽ��Śºŝ��ŢºƔƬƛ�Żř�źţǇ

Ƈƺţǀƶ�Źřŵŵƺų�ƵŶƃƽ�ƵźƄů�śƹŚƴŤƯ�ŵźŝŹŚĩ�Źŵ�ƹ�ŵŵźĭ�Ƃĩ�Ƴ�ŚƷǀƘſ�żƾ�ƵźƄů�Żř�ŵƺƃ�Ƃĩ�ŚƷƾƿ�
ƵƺŰƳ�ƹ�ƪŰƯ�ƶĩ�ƽ�ţŐŧǀţƹŚƠŤƯ�źƾ�ŶƳŹřŵ��řżƟř�Żř�ƖƳŚƯ�Śţ�ŵƺƃ�ƵŵŚƠŤſřƿ�Ơºſ�Źŵ�ŢƯƹŚƤƯ�ƂǀŶ���ĨºƫŚŝ
ŶƳŵźĭ�ƶƳŚŴƬĭ��řźŝƽ�ƵźƄů�ƲŤƃřŵ�Ƃĩ�ŚƷƽ�ŹƹźƋ�ƕƺƴŤƯƽ��ƤŰţ�ƶºĩ�Ţſřǀ�ř�Źŵ�šŚºƤ�ºƿƯŻ�Ʋǀ�ºƴ�ƶ

ŶƃŚŝ�ƶŤƃřŵ�ƶƯřŵř�ƱŚƴĤưƷ��ř�ŹŚƴĩ�Źŵ�ƶŤŞƫřƿſŹźŝ��šŚƘƫŚƐƯ�Ʋƾ�Ʊō�Ōƺſ�źŧř�ƹŹ�ŚƷƽ�ƠƯ�šřźƄůǀ�Ŷ
Ƭĩ�ƹǀŶƽ��ƶƳŚŴƬĭ(Gorman et al., 2007)ŢƟō�ƍǈŤųř���Ƃĩ���ŢºƸū�Źŵ�ƵřźưƷ�ŵřƺƯ�Żř�ƵŵŚƠŤſř�ƹ�ŚƷ
ǇŚŝ�ŹŚĩ�Ʊŵźŝōƾƿ�Ʊō�ŹƹźƋ�ŚƷƽ�Ţſř��ƯřǀƤŰţ�ŶƳƹŹ�Ţſř�ŶǀřŹŵ�šŚƤƿƲ�ƯŻǀƹŹ�Żř�ƶƴŶƳ��ŚĭŻŚºſŹƽ�
ƠſǀŶ�ƁƹŹ�Śŝ�ƶƳŚŴƬĭ�ĨƫŚŝ�ŚƷƽ�ŶƳŚưƳ�ŜƤƗ��ƩźŤƴĩ���
��

ƽŹřżĮſŚĜſ��
řƿƤŰţ�ƲǀƤŰţ�ƂŴŝ�Źŵ�ƢǀƵźƄů�šŚƤ�ſŚƴƃƾ��ƽŻŹƹŚƄƧƯŒƶƀſ�ƽ�ƤŰţǀĭ�šŚƤ�ºǀƵŚ��Īºƃżěƾ�

Ŷŝ�ƶĩ�Ŷƃ�ƭŚŬƳř�ŹƺƄĩƿƲ�ſƹǀƯŚưţ�Żř�ƶƬƾ�ţŚſřǀƳřŵŹŶƣ�Ʊō�ƭźŤŰƯ�ƪƴſźě�ƹ�Ŷƾ�Ưƾ�ŵƺƃ���
��
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