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ƵŶǀĪģ�
źǀŧŐţƶƬƇŚƟ� ƹ� ŚƯŵ��ƽŹŵ� ƾƳŚƯŻ�� ƱƺǀſǇƺƯźƟ�Ţǀưſ�Silico-Sec®�� ƶƯƺţŚƿŵ�ħŚųƽƹŹ� ƪƯŚĩ�šřźƄů�ì� Śţ�æÑƵŻƹŹ��ƽ�

ƂǀƄĩ�Ĩſƺſ��Rhyzopertha dominica (F.)��ƹ�ƶƄĜƃ�ŵŹō�ƽ��Tribolium castaneum Herbst���ƾƷŚĮƄƿŚƯŻō�Ǝƿřźƃ�Źŵ
Ŷƿŵźĭ�ƾſŹźŝ��ƽŚƷŚƯŵ�Źŵ�šŚƄƿŚƯŻō�çç��çì�ƹ�èçƶūŹŵ��ƽ�ƾŤƳŚſ�ƾŞƀƳ�ŢŝƺƏŹ�ƹ�ŵřźĭ�Ò�t�ÓÒ�ŶƇŹŵŶƃ�ƭŚŬƳř����Źŵ�šřźƄů

ƶƬƇŚƟ��ƾƳŚƯŻ�ƽŚƷí�Śţ�ìç�ƉźƘƯ�Źŵ�řżŬƯ�ŹƺƏ�ƶŝ�ŢƗŚſ�æå�ƽźŤě�ƱƹŹŵ�ƾƟŚƇ�ŸƛŚĩ�ƽƹŹ�ƶƯƺţŚƿŵ�ħŚų�Żř�ƖŝźƯźŤƯ�źŝ�ƭźĭ�
ŶƴŤƟźĭ�Źřźƣ�Ƃƿŵ��žĜſšŚƠƬţ�ƁŹŚưƃ� ƶǀƫƹřƵŶƳŻ�ŵřźƟř�ƹ�ŢƟźĭ�šŹƺƇ��ƽƂƿŵ�ƽźŤě�Źŵ�ƵŶƳŚƯ�ƾƣŚŝ���ƽŚƷżǀưţŻř�ƽŹŚƗ�ƹ��řŸƛ�
ƶŝŚƄƯ�Ǝƿřźƃ� ŹŵƾƬŞƣ�ƂƿŚƯŻō��šŶƯ� ƶŝ�Ʀƿ�šŚƠƬţ�ƲǀǀƘţ�ƽřźŝ� ƶŤƠƷ�źǀųŐţƽƶĮƳ��ŶƳŶƃ�ƽŹřŵ� �źƿŵŚƤƯ�LT50ƶǀƫƹř�šŚƠƬţ��ƽ�

R. dominica�ƽŚƷŚƯŵ�Źŵ�çç��çì�ƹ�èçƶūŹŵ��ƾŤƳŚſ�ƽ��Ŝǀţźţ�ƶŝ�ŵřźĭçæ��æç�ƹ�îŢƗŚſ��ŵŹƺƯ�Źŵ�ƹ�T. castaneum��Źŵ�ƲǀưƷ
ƷŚƯŵ� Ś�ƶŝ�ŜǀţźţÒç��çìƹ��æíŶƿŵźĭ�ŵŹƹōźŝ�ŢƗŚſ����źƿŵŚƤƯLT50ƽǇŚŝ�ŢǀſŚƀů�źĮƳŚǀŝ�ƪƯŚĩ�šřźƄů��R. dominica��Źŵ
ƪŝŚƤƯ� Silico-Sec®��ƶŝ�ŢŞƀƳT. castaneum��ƶŝŚƄƯ�Ǝƿřźƃ�ŹŵŢſř��ƶǀƫƹř�šŚƠƬţ�ƽ�ƽŚƯŵ�Źŵ�ƶƳƺĭ�ƹŵ�źƷ�çç��Śŝ�ƶƀƿŚƤƯ�Źŵ

�ƽŚƷŚƯŵçì�ƹ�èçƶūŹŵ��ƾŤƳŚſ�ƽ�ƴƘƯ�ŹƺƏ�ƶŝ�ŵřźĭƾ�ƽŹřŵưĩ�źŤƹ�ŵƺŝ�ƶƐŝřŹ�Ʀƿ��ƽƶƬƇŚƟ�ƹ�ŚƯŵ�Ʋǀŝ�ƮǀƤŤƀƯ��ƽŶƃ�ƵŶƷŚƄƯ�ƾƳŚƯŻ���
�Żř�ŶƘŝ�ƽŹŚŞƳř�ŢƟō�ƹŵ�źƷ�šŚƠƬţ�ŶƇŹŵƦƿŵƺŝ�ƶǀƫƹř�šŚƠƬţ�Żř�źŤƄǀŝ�ƶŤƠƷ���řŸƫ�Silico-Sec®�ŝ�ŹƺƔƴƯ�ƶ�ŚƷŹŚŞƳř�ŮƐſ�ŹŚưǀţ�ƪŝŚƣ�

Ţſř�ƶǀƇƺţ��
ƽŶǀƬĩ�ƱŚĭĥřƹ���šŚƠƬţ��ƶǀƫƹř�šŚƠƬţźǀųŐţ�ƶƯƺţŚƿŵ�ħŚų��ƽ�Tribolium castaneum��Rhyzopertha dominica��

Abstract  
Efficacy of temperature and exposure interval on the toxicity of Silico-Sec®, a diatomaceous earth 

formulation, was� determined on 7-14 days old adults of� Rhyzopertha dominica (F.) and Tribolium 
castaneum Herbst under laboratory conditions at 22, 27, 32 ºC and 65 ± 5% R.H. Insects were exposed for 
8-72 hours to diatomaceous earth at the rate of 10 g/m2 on a filter paper inside plastic Petri dishes 
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ÓÏ                                           �ƱřŹŚƨưƷ�ƹ�ƾƿŚǀƋ���ƱƺǀſǇƺƯźƟ�ƽźǀųŐţ�ƹ�ƶǀƫƹř�šŚƠƬţ�ƾſŹźŝ�����

separately. Then the initial mortality was counted and, to determine delayed mortality, live individuals 
were held for a week in clean Petri dishes without food at the same conditions of previous experiment. 
LT50 values of initial mortality for R. dominica were 21, 12 and 9 hours at 22, 27, 32 ºC, respectively, and 
in the case of T. castaneum, they were 52, 27 and 18 hours at the same temperatures. The LT50 values 
indicated that R. dominica was more sensitive to Silico-Sec® than T. castaneum under identical 
conditions. Results indicated that the initial mortality of both species was significantly lower at 22 ºC in 
comparison with 27 and 32 ºC, and a direct relationship between temperature and exposure period was 
observed. Mortality percentage of both storage pests was higher after a week than initial mortality. 
Therefore, Silico-Sec®�can be recommended as a structural treatment of stored grain facilities. 
Key words: initial�mortality, delayed mortality, diatomaceous earth, Tribolium castaneum, Rhyzopertha 
dominica 

�
ƶƯŶƤƯ�

�ŹƹŸŝ� ƾţŹŚŬţ� ƁŻŹř� ƹ� ŢǀƠǀĩ� �ƱŻƹ� ƂƷŚĩ� ŜūƺƯ� ƵŶƃ� ŹŚŞƳř� ŹƹŸŝ� ŢƟō� šřźƄů
ƾƯ�ŶƳŵźĭ��ÏÒ��ƶŝ�ƢƬƘŤƯ�šřźƄů�ƶŤſřŹ�ŢŴſ�ƽ�ƩŚŝ�ƾƯ�ƱŚƃƺě��ŶƴƃŚŝ(Borror et al., 1989)���Żř�ƶƧ

ŢŴſ�Ʋǀŝ�ƩŚŝ�ƽŹŚŞƳř�ƱŚƃƺě�ƶƳƺĭ�Ǝſƺţ�šŹŚƀų�ƲƿźŤƄǀŝ��žƴū�ƞƬŤŴƯ�ƽŚƷ��ƽŚƷTribolium �
�ƹSitophilus�ŵŹřƹƾƯ��ŵƺƃ� Rhyzopertha dominica (F.) �ƶūŹŵ�šŚƟō�Żř�żǀƳ��ƽƹŹ�ƶĩ�Ţſř�Ʃƹř�ƽ
ƶƳřŵ�ƾƯ�ŵŹřƹ�ƽŵŚƿŻ�šŹŚƀų�šǈƛ�ƞƬŤŴƯ�ƽŚƷ��Ŷƴĩ(Dal Bello et al., 2002)��Żř�ŢƓŚƠů� řŸƫ�

ŝ�šǈƛ�ƶ�ƱřƹřźƟ�ŢǀưƷř�żŗŚů�ŢƃŚĩ�Śƿ�ƝźƈƯ�ƱŚƯŻ�Śţ�ŚƷŹŚŞƳř�Źŵ�ƵĦƿƹŢſř��
ƵźƄů�Żř�ƵŵŚƠŤſř�Ƃĩ��ƾĪƿ�ƾƿŚǀưǀƃ�ƽŚƷƁƹŹ�Żř��ƶĩ�Ţſř�ƽŹŚŞƳř�šŚƟō�ƩźŤƴĩ�ƩƹřŶŤƯ�ƽŚƷ

� �ƱŚĭŶƳźě�ƹ�ƱřŹřŶƳŚŤƀě�ƶŝ�Ţǀưſ� �ƝŶƷ�źǀƛ�šřŵƺūƺƯ�ƽƹŹ�śƺƬƐƯŚƳ�šřźŧř�ƪǀƫŵ�ƶŝ�ƹ�źƐų
ŢƀƿŻ� ƎǀŰƯ� ƾĭŵƺƫōƳō� ƝźƈƯ� Żř� ŶƿŚŝ� �� ŚƸ� ƱŚĪƯř� Ŷů� ŚţƁƹŹ� ƹ� ƽŹřŵŵƺų��ƽźĮƿŵ� ƽŚƷ

�ŚƸƳō�ƲƿżĮƿŚū�ŵƺưƳ(Fields, 1998)��ƁƹŹ�Żř�ƵŵŚƠŤſř�ƵŻƹźƯř�ǀƟ�ƽŚƷ�ƽŚƷŚƯŵ�ƽźǀĭŹŚĪŝ�źǀƔƳ�ƾĪƿż
ƶŤƀƷ�šŚƘƄƘƄţ��ƲǀƿŚě�ƹ�ǇŚŝ��ƽř�ƾŝŚţƺţźě�ƹ��ƾĪƿżǀƟ�ƪƯřƺƗ�Żř�ƵŵŚƠŤſř��ƹ�ŹƺƳ��šƺƇ�������ƶŝ

�Ţſř� ƶŤƟźĭ� Źřźƣ� ƶūƺţ� ŵŹƺƯ�ƽŹŚŞƳř�šŚƟō� ƩźŤƴĩ� ŹƺƔƴƯ(Banks & Fields, 1995)� �ħŚų��ƽŚƷ
ŚƟō�ƩźŤƴĩ�ŜŞſ�ƾĪƿżǀƟ� ŹƺƏ� ƶŝ� ƶĩ�ŶƴŤƀƷ�ƽŵřƺƯ� ƶƬưū� Żř� żǀƳ� ƶƯƺţŚƿŵƾƯ�ƽŹŚŞƳř�š��ƹ�ŶƳŵźĭ

ƱƺǀſǇƺƯźƟ�� ƾţŹŚŬţ� ƽŚƷŚƸƳō� Żř�Ƃǀŝ�Ñåŝ� ŚĪƿźƯō� Źŵ�Ţſř� ƩŚſ�� ƶ�Źŵ� ŹƹŸŝ�ŢƓŚƠů� ŹƺƔƴƯ
ƾƯ�ƶŤƟźĭ�ŹŚĪŝ�ŚƷŹŚŞƳř�ŵƺƃ�(Korunic, 1998)���ƶƯƺţŚƿŵ�ħŚųƪǀƫŵ�ƶŝƵŵŚƠŤſř��ƽ�ƱŚſō���Ʈĩ�Ţǀưſ

ƽƹŹŹ� ŚƿŚƤŝ� ƲŤƃřŶƳ� �ƱřŹřŶƳŚŤƀě�ƽƹŚě� ƹ� ŵƹŶŰƯŚƳ� ƽŹřŵŹŚŞƳř� źưƗ� �ƾƿřŸƛ� ŵřƺƯ�ƽŹřŶƿ��ƽřźŝ�
ŢƀƿŻ�ƎǀŰƯ�ŢƓŚƠů�žƳřĥō�Ǝſƺţ�ƹ� Ƶŵƺŝ�ŜſŚƴƯ�ƽŹŚŞƳř�šŚƟō�ƩźŤƴĩÎ� ƵŶŰŤƯ�ŢƫŚƿř�ō�ŚƨƿźƯ

                                                
��æ Environmental Protection Agency (EPA) 
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏì���æ���ÎÐÕë�������������������������������������������������������������������������ÓÐ 

ŝ� ƶƵŵŚƯ�Ʀƿ�ƱřƺƴƗ�ƽ�ƾŝ�źƐų��ƾƟźƘƯŢſř� ƵŶƃ�Ʋƿř�źŝ� ƵƹǈƗ���ƽŚĪǀƬǀſ�ƽƹŚů�ƶƯƺţŚƿŵ�ħŚų�
ƾŝ�ƾƯ�ƪĪƃ��ƶĩ�ŶƃŚŝŽŚſř�źŝƱŚƏźſ�šŚƤǀƤŰţ�ƾƬƬưƫř�Ʋǀŝ�žƳřĥō�ƁŹřżĭ�ÎĪǀƬǀſ��ƾŝ�ƽŚ��ƪĪƃ

�ƢƬƘŤƯƭƺſ�ƪƀƳ�ƶŝƵźƄů��Ƃĩ��ƹ�Ƶŵƺŝ�ŚƷ�ŶƣŚƟƱŚƏźſ�ŢǀƇŚų��ƾƿřŻ�Ţſř(Fields et al., 2002)��
�Ʋƿř�ħŚųƲǀƴĤưƷ�ƶƳƺĮĤǀƷ�źǀŧŐţƶƳřƺū�šŹŶƣ�źŝ�ƾŗƺſ���ŢǀƠǀĩ��ƾƳŻ��šŚǀƇƺƈų�źƿŚſ�ƹ�ƮƘƏ
�ƶƳřŵ�ŵŹřŶƳ(Aldryhim, 1990; Korunic et al., 1996)��ħŚų�ƾƯ�řŹ�ƶƯƺţŚƿŵ�ƽŚƷ��Śŝ�ƍƺƬŴƯ�Źŵ�Ʊřƺţ

Śƿ� ƹ� šǈƛŝ�� ƶŵźŝ� ŹŚĪŝ� ƽŹŚŞƳř� šŚƟō� ƭŚưţ� ƩźŤƴĩ� ƽřźŝ� ŚƷŹŚŞƳř� Źřƺƿŵ� ƹ�ƞĩ� ŹŚưǀţ� šŹƺƇ�
(Golob, 1997)��ƾƯ�żǀƳ�ƽŹŚŞƳř�šŚƟō�ƾųźŝ�ƽƹŹ�ƾĭŶƴƴĩŹƹŵ�ŢǀƇŚų�ƽřŹřŵ�ƶƯƺţŚƿŵ�ħŚų��ŶƃŚŝ

�ƶŝ�ƾţƹŚƠŤƯ�ŢǀſŚƀů�ƽŹŚŞƳř�šřźƄů�ƹ�ƲƿřƾƯ�ƱŚƄƳ�ŵƺų�Żř�ħŚų�ŶƴƷŵ�(Korunic, 1998)��
White & Loschiavo (1989)�� ŹŚŝ� Ʋǀƫƹř� ƽřźŝźǀŧŐţ� Żŵ�ìç�åƾƬǀƯ��ƾŤƳŚſ� źŝ� ƭźĭ��ƖŝźƯ� źŤƯ

Ʃĥƹźŗō�ŚƨǀƬǀſÏŝ�ŵźĭ�Ʀƿ�ƶĩ�ƾ�ƪƯŚƧ�šřźƄů�ƽƹŹ�řŹ�Ţſř�źŧřOryzaephilus mercator Fauv. �ƹ�
Tribolium confusum Du Val.�ŶƳŵźĩ�ƾſŹźŝ.�ƶƧ�ƶǀƫƹř�šŚƠƬţ�ƁŹŚưƃ�æÒƶǀƳŚŧ���æ��Ò��æÒ��èå��ƹ

Óåžě� ƶƤǀƣŵ�šŹƺƇ� ƱŵźƧ� ŹŚưǀţ� Żř�ŢƟźĭ��� ŵřŵ� ƱŚƄƳ�� ƶƧ�Śŝ� ƪƯŚƧ�šřźƄů�šŚƠƬţ� ŶƇŹŵ
ŶƯ�ƂƿřżƟřƾŝ�ŵźĭ�šŹƹŚŬƯ�Źŵ�ƽźǀĭŹřźƣ�ƱŚƯŻ�š�ƾƯ�ƂƿřżƟř�źŧř�ŶŝŚƿ��

ƵźƄů�ƶŝ�ŢŞƀƳ�šŚƟō�ƱŶƃ� ƭƹŚƤƯ� ƹ�ƽŹŚŞƳř�šŚƟō�ƽŵŚƈŤƣř�ŢǀưƷř� ƶŝ� ƶūƺţ� Śŝ�Ƃĩ��ƽŚƷ
ƵźƄů�Ʊŵźĩ�ƲƿżĮƿŚū� �ƾƿŚǀưǀƃ�ƩƹřŶŤƯ�Ƃĩ�ƾƯ�ƽŹƹźƋ�źĮƿŵ�ŜſŚƴƯ�ƽŚƷ�ŶƃŚŝ� �ƺƔƴƯ�ƲƿŶŝ�Ź

ƢǀƤŰţ�Ʋƿř�Źŵ�šŹŶƣƵźƄů���ƱƺǀſǇƺƯźƟ�ƾƄĩSilico-Sec®�ŚųħƶƯƺţŚƿŵ��ƹ�źǀŧŐţƶƬƇŚƟ�ƹ�ŚƯŵ��ƽ�
�ƹ�ƂǀƄĩ�Ĩſƺſ�ƪƯŚĩ�šřźƄů�ƩźŤƴĩ�Źŵ�ƾƳŚƯŻƶƄĜƃ�ŵŹō�ƽŢƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ���

�
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ�

� ƪƯŚĩ� šřźƄůƂǀƄĩ� Ĩſƺſ��R. dominica� ƹ� �ƶƄĜƃ�� ƽŵŹō� �Tribolium castaneum 

Herbst��ǀţźţ�ƶŝ�Ŝ�ŻřƶƳřŵ��ƽŚƷƵŵƺƫō�ƽ�šŹŷƺū�ƹ���ƵźƄů�ƂŴŝ�ƁŹƹźě�ơŚţř�Źŵ�ŵƺūƺƯ��ƾſŚƴƃ
ƵŶƨƄƳřŵ�ƽƽŻŚſřŶū�ƶǀƯƹŹř�ƵŚĮƄƳřŵ�ƽŻŹƹŚƄĩ��Ŷƃ�ƁŹƹźě��ƪƯŚĩ�šřźƄů�ƶƄĜƃ�ŵŹō�ƽ��ƽƹŹ

�ƪƯŚƃ�ƾƿřŸƛ�ƎǀŰƯîÒ���ƹ�ƭŶƴĭ�ŵŹōÒ��ƺŬŝō�źưŴƯ�ƹ�ƁŹƹźě� �ƪƯŚĩ�šřźƄůƂǀƄĩ�Ĩſƺſ�

                                                
��æ International Agency for the Research of Cancer (IARC)� 

�ç  Silica aerogel 
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ÓÑ                                           �ƱřŹŚƨưƷ�ƹ�ƾƿŚǀƋ���ƱƺǀſǇƺƯźƟ�ƽźǀųŐţ�ƹ�ƶǀƫƹř�šŚƠƬţ�ƾſŹźŝ�����

�ƽƹŹ�ƲƿŹŻ�ƮƣŹ�ƭŶƴĭŢƟźĭ�šŹƺƇ���ƲƿřšřźƄůƽŚƯŵ�Źŵ��Ò�åt��çíƶūŹŵ��İŤƳŚſ�į�ŵřźĭ �ƹ
ƾŞƀƳ� ŢŝƺƏŹ Ò� t�ÓÒ�ŶƇŹŵ��ƁŹƹźěŶƴŤƟŚƿ�� Żř� ŶƘŝ� ƹÓƆƫŚų� ƪƀƳ��ƽŻŚſ�ƂƿŚƯŻō��ŚƷ�ƽ

ŢƀƿŻ�ƾŬƴſō�ƽƹŹ�ƸƳŶƃ�ƭŚŬƳř�Ś��
�ƱƺǀſǇƺƯźƟSilico-Sec®�Ţĩźƃ�Żř�ƶƯƺţŚƿŵ�ħŚųBiofa �Ŷƃ�ƶǀƸţ�ƱŚưƫō� ��ƪǀƨƄţ�šŚŞǀĩźţ

ƵŶƴƷŵ�ƽƱƺǀſǇƺƯźƟ�Ʋƿř�ƪƯŚƃ�SiO2 �îç��� Al2O3è��� Fe2O3æ��ƹNa2O �æ��ƾƯ��ƲǀĮƳŚǀƯ�ƹ�ŶƃŚŝ
ƵŻřŶƳř�ƽƱō�šřŹŷ� �í�Śţ�æç��źŤƯƹźƨǀƯŢſř�(EG MSDS, 2001)��ƶƬƇŚƟ�ƹ�ŚƯŵ�źŧř�ƾſŹźŝ�ƽ�ƾƳŚƯŻ�

ƵźƄů�ƾƿŚƳřƺţ� Źŵ��ƾƄĩ� ƱƺǀſǇƺƯźƟSilico-Sec®��ħŚųƶƯƺţŚƿŵ��ƽƹŹ�ƪƯŚĩ�šřźƄů�ì� Śţ�æÑ�
ƵŻƹŹ�ƽ�ƶƄĜƃ�ŵŹō�ƽƂǀƄĩ�Ĩſƺſ� ƹ���ĭ� źƔƳ� Źŵ� ƱƹŶŝƵźƄů�žƴū�ƲŤƟź�ƁƹŹ�ŽŚſř� źŝ��

Arthur (2000)�źǀǀƜţ�ƽźƈŤŴƯ�Śŝ�ŢƟźĭ�šŹƺƇ��ƽřźŝ�ƵŶƃ�ƶǀƇƺţ�Żŵ��ƲƿřƺǀſǇƺƯźƟƱ�ŹŚưǀţ�Źŵ�
��ŚƷŹŚŞƳř�ŮƐſæå ƖŝźƯźŤƯ�źŝ�ƭźĭŢſř��(EG MSDS, 2001)��źƔƳ�Źŵ�ƢǀƤŰţ�Ʋƿř�ƭŚŬƳř�ƽřźŝ�ƶƧ

Ŷƃ� ƶŤƟźĭ� �Ƃƿŵ�ƽźŤě�� ƾĪǀŤſǈě�ƽŚƷƶŝ�ƾƬųřŵ� źƐƣ�í�íƾŤƳŚſ��� źŤƯƹŚƀƯ��ƾƬųřŵ�Ţůì�Óå�
ƾŤƳŚſ�ƖŝźƯ�źŤƯƟźĭ�Źřźƣ� ƵŵŚƠŤſř�ŵŹƺƯ�Ţ� ��ƽźŤě�ƾƬųřŵ�ŢůŚƀƯ�ƹ� ƵŶƃ�ƶǀƇƺţ�Żŵ�ƶŝ�ƶūƺţ� Śŝ
Ƃƿŵ�� �ŚƷÓåƾƬǀƯ��ŵƺŝ� ƭŻǇ� ƽźŤě� źƷ� ŮƐſ� ŹŚưǀţ� ƽřźŝ� ƶƯƺţŚƿŵ� ħŚų� Żř� ƭźĭ� �ƂƿŚƯŻō�ŚƷ�Źŵ�

�ƽŚƷŚƯŵçç��çì� ƹ�èçƶūŹŵ��ƾŤƳŚſ�ƽ��ƾŞƀƳ�ŢŝƺƏŹ� ƹ� ŵřźĭÒ�t�ÓÒ�ƾƨƿŹŚţ� Źŵ�ŶƇŹŵ�ƭŚŬƳř�
ĭŢƟź��ŚƯŵ�źƷ�ƽřźŝ��çÑ�ƶŝ�ƍƺŝźƯ�ƶĩ�Ƃƿŵ�ƽźŤě�Ò�ƱŚƯŻ�í��æÓ��çÑ��Ñí�ƹ�ìç�Źŵ�ŢƗŚſ�Ñ�

�ŶƷŚƃ�ŹŚưǀţ�ƵřźưƷ�ƶŝ�ŹřźĪţ�ŵƺŝ�ƶǀƸţ�ŸƛŚƧ�ƹ�źƐƣ�Śŝ�ƾƟŚƇ�í�íƾŤƳŚſ���ƱƹŹŵ�źŤƯ�ŚƸƳō�Żř�Ʀƿ�źƷ
Ŷƃ�ƶŤƃřŸĭ���Ʊŵźĩ�ƶƟŚƋř�Żř�ŶƘŝÓåƾƬǀƯ���ƽźŤě�Źŵ�ŵƺūƺƯ�ƾƟŚƇ�ŸƛŚĩ�ƽƹŹ�ƶƯƺţŚƿŵ�ħŚų�ƭźĭ

Ƃƿŵ�� ŚƷ�ŵŶƄƳ� ƶƟŚƋř� ƶƯƺţŚƿŵ�ƥŚų�ŶƷŚƃ� ŹŚưǀţ� Ź�ƹ�ŤƃřŸĭ�Ʋ�Źŵ�� �ŚƸƳōƽźŤě��Ʀƿ�šŶƯ� ƶŝ� ŚƷ
ŶƳŶƃ�Ƶŵřŵ�ƱŚĪţ�ƶƤǀƣŵ���ŹŚƧ�ƲƿřŢưƀƣ�ƶŝ�ƶƯƺţŚƿŵ�ƥŚų�šřŹŷ�ƱŶǀŞƀģ�ŜŞſ��ƽźŤě�ƾƬųřŵ�ƽŚƷ

ƾƟŚƇ�ŸƛŚƧ�ŮƐſ�ƹ�Ƃƿŵźŧř�Źŵ���ĨǀţŚŤſř�ƽƹźǀƳŶƿŵźĭ���ŢƃŸĭ�Żř�ŶƘŝÒ�ƶƤǀƣŵ���ƾƳŚƯŻ�šŶƯ
ř�ƭŻǇ�šřŹŷ�ŢƀƄƳ�ƽřźŝ�ƶĩŢſ���æÒƵźƄů�ŵŶƗ��ƽ�ƹ�ƂǀƄĩ�Ĩſƺſ�ƪƯŚĩ�ƶƄĜƃ�ŵŹō�ƽ�Źŵ�

ƽźŤě�ŚƷ�ƽŻŚſŚƷŹ�ƃŶƳō�Źŵ�ƽƹŹ�ƹ�ƵŹŚưƃ�ƹ�ŚƯŵ��ƱŚƯŻ�ŚƸ�Ŷƿŵźĭ�ũŹŵ�ƂƿŚƯŻō�ŹřźĪţ�į��žĜſ��
įźŤě�ƽŚƷŚƯŵ�Źŵ� ƵŶƃ�ƮǀƔƴţ�ƽŚƷŹƺţŚŝƺĪƳř�Źŵ� ŚƷ�çç��çì�ƹ�èçƶūŹŵ��ƾŤƳŚſ�ƽ��ŢŝƺƏŹ�ƹ�ŵřźĭ
�ƾŞƀƳÒ�t�ÓÒ�ŶƴŤƟźĭ�Źřźƣ�ŶƇŹŵ�Żř�ŶƘŝ�šŚƠƬţ��í� �æÓ��çÑ��Ñí�ƹ�ìç�řżŬƯ�ŹƺƏ�ƶŝ�ŢƗŚſ�
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏì���æ���ÎÐÕë�������������������������������������������������������������������������ÓÒ 

ƹ�Ŷƃ�ƁŹŚưƃ�ţřźƄůƶƧ�ƾ�ƵŶƳŻ�� �ŶƳŵƺŝ�ƶŝƂƿŵ�ƽźŤě�ƽŚƷ�żǀưţ��ƹŶƣŚƟřŸƛ��ƶŝŚƄƯ�Ǝƿřźƃ�Źŵ�
ƹ�ƪƤŤƴƯ�ƾƬŞƣ�šŚƠƬţ�ƲǀǀƘţ�ƽřźŝ�ƶŤƠƷ�Ĩƿ�šŶƯ�ƶŝ�źǀųŐţƽƽŹřŶƸĮƳ�ŶƳŶƃ���

� ƪƿŹƺŤĩŚƟ�ƂƿŚƯŻō� Śŝ� ƹ�ƾƟŵŚƈţ� ľǈƯŚĩ� ŭźƏ�ŜƫŚƣ� Źŵ�ƂƿŚƯŻō�Ʋƿř�ŚƯŻ� Ʃƹř� ŹƺŤĩŚƟ�ƹ� Ʊ
ŚƯŵ�ƭƹŵ�ŹƺŤĩŚƟ��ŢƟźĭ�ƭŚŬƳř�ŹřźĪţ�ŹŚƸģ�Źŵ��ŵƺŝ�źƠƇ�ŶƷŚƃ�šŚƠƬţ�ƶĩ�Ʋƿř�ƪǀƫŵ�ƶŝ��ŮǀŰƈţ�

�Śŝ�źǀƯ�ƹ�īźƯ�ŶƇŹŵšƺŝō�ƩƺƯźƟ�Żř�ƵŵŚƠŤſř�ƭŚŬƳřŶƄƳ�� �ƶƿżŬţ�Żř�ƪŞƣ�ƽƽŹŚƯō���źǀǀƜţ�ŢƸū�
Ƶŵřŵ�ƪĪƃ�ƶƐŝřŹ�Żř�ŚƷ�ƽ�x Arc sinŶƃ�ƵŵŚƠŤſř�� �ƶƴƯřŵ�Ŷƴģ�ƱƺƯŻō��ƽř�ƩŚưŤůř�ŮƐſ�Źŵ�ƲĪƳřŵ
� ƽŹŚƯōÒ� �Żř� ƵŵŚƠŤſř� Śŝ�ƭźƳ�� ŹřżƟřMSTATC�� ƽřźŝƶƀƿŚƤƯ�ƽ� ƽŹŚƯō�Ƶŵřŵ�� ƽŚƷƷŹƺŤĩŚƟƾƿŚ��ƶƧ
ƾƴƘƯ��ŹřŵŶƳŵƺŝ��ƶŝ�ŢƟŹ�ŹŚƧ��ƶŞſŚŰƯ�ƽźƿŵŚƤƯ��LT50�Śŝ�ƭźƳ��ŹřżƟřSPSS 10�ƹ�ƁƹŹŢǀŝƹźě���ƭŚŬƳř
�Ŷƃ(SPSS, 1999)���
�

ŦŰŝ�ƹ�ŪƿŚŤƳ�
ƵźƄů�źŧř�ƾſŹźŝ�ƶǀƫƹř�ƾƄĩ�ƽǇƺƯźƟ��ƱƺǀſSilico-Sec®�ƶƯƺţŚƿŵ�ħŚųƽƹŹ��ƪƯŚĩ�šřźƄů�

æÑ�ÔƵŻƹŹ��ƽƂǀƄĩ�Ĩſƺſ�� ƹ�ƶƄĜƃ�ŵŹō�ƽ� ŵřŵ� ƱŚƄƳ�� ƶƧƱŚƯŻ�ŢƃŸĭ� Śŝ��ŶƇŹŵ�ƲǀĮƳŚǀƯ�
ƾƯ�ƂƿřżƟř�šŚƠƬţ�ŶŝŚƿ�ƂǀƄĩ�Ĩſƺſ�ŵŹƺƯ�Źŵ�ƶĩ�ƽŹƺƏ�ƶŝ��ƱŚƯŻ�Źŵ�šŚƠƬţ�ƲƿźŤƄǀŝ���ƽŚƷçÑ�

�ƹÑí�ƽŚƯŵ�Źŵ�ŢƗŚſ�èçƶūŹŵ��ƾŤƳŚſ�ƽ��ƱŚƯŻ�ƹ�ŵřźĭìç�Źŵ�ŢƗŚſ�Ŷƃ�ƵŶƷŚƄƯ�ŚƯŵ�ƶſ�źƷƹ���
ƴƘƯ� šƹŚƠţ� ĢǀƷƾ�ō� Ʋǀŝ� ƽŹřŵƸƳŢƃřŶƳ� ŵƺūƹ� Ś� �ƲƿřźŝŚƴŝ��řŹ�ƂǀƄĩ�Ĩſƺſ�šŚƠƬţ� źŨĩřŶů�

ƾƯ��ƱŚƯŻ�Źŵ�ƱřƺţçÑ�ƽŚƯŵ�ƹ�ŢƗŚſ�èçƶūŹŵ��ƾŤƳŚſ�ƽ��ŵźĩ�ƵŶƷŚƄƯ�ŵřźĭ�ƩƹŶū�æ���
ƶǀƫƹř�šŚƠƬţ�ƾſŹźŝ�Źŵ�ƵŶƯō�Ţſŵ�ƶŝ�ŪƿŚŤƳ�ƶƄĜƃ�ƽ��Ʋǀŝ�ƶĩ�Ţſř�ŜƬƐƯ�Ʋƿř�źĮƳŚǀŝ�ŵŹō�ƽ

ƷŚƯŵ� ƽŚçì� ƹ�èçƶūŹŵ��ƾŤƳŚſ� ƽ�ƱŚƯŻ� Źŵ� ŵřźĭ�� ƽŚƷÑí� ƹ�ìçŢƗŚſ���ƽŚƯŵ� ƲǀƴĤưƷ� ƹ�èç�
ƶūŹŵ��ƽƾŤƳŚſ��ƱŚƯŻ�Źŵ�ŵřźĭçÑŢƗŚſ��ƴƘƯ�šƹŚƠţ�ƾ��ƽŹřŵŵŹřŶƳ�ŵƺūƹ��ƲƿřźŝŚƴŝ���šŚƠƬţ�źŨĩřŶů
ƶǀƫƹř�ƶƄĜƃ�ƽ��ƱŚƯŻ�Źŵ�ŵŹō�ƽÑí�ƽŚƯŵ�ƹ�ŢƗŚſ�çìƶūŹŵ���ƽƾŤƳŚſ�ŵřźĭ��ƱŚƯŻ�Śƿ�ƹ�çÑ�ƹ�ŢƗŚſ�
�ƽŚƯŵèçƶūŹŵ��ƽƾŤƳŚſ���Ţſř�ƵŶƷŚƄƯ�ƪŝŚƣ�ŵřźĭ�ƩƹŶū�ç����ƆŴƄƯ�ƲǀƴĤưƷ�ƂƿŚƯŻō�Ʋƿř�Źŵ

ƶǀƫƹř�šŚƗŚſ�Źŵ�ƂǀƄĩ�Ĩſƺſ�ƶĩ�Ŷƃ�ƽƶƄĜƃ�ƶŝ�ŢŞƀƳ�ƽźŤƄǀŝ�šŚƠƬţ�ŹŚưǀţ�Żř�žě���Żř�ŵŹō�ƽ
ƾƯ�ƱŚƄƳ�ŵƺų�ŶƷŵ��ƶĩ�ƽŹƺƏ�ƶŝ�íƂƿŚƯŻō�ƕƹźƃ�Żř�žě�ŢƗŚſ��ƶǀƫƹř�šŚƠƬţ�ŶƇŹŵ�ƲǀĮƳŚǀƯ��ƽ�

� ƽŚƷŚƯŵ� Źŵ�ƂǀƄĩ�Ĩſƺſçç� �çì� ƹ�èçƶūŹŵ��ƾŤƳŚſ� ƽ��Ŝǀţźţ� ƶŝ� ŵřźĭíì�çî� �îí�çÓ�ƹ�
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ÓÓ                                           �ƱřŹŚƨưƷ�ƹ�ƾƿŚǀƋ���ƱƺǀſǇƺƯźƟ�ƽźǀųŐţ�ƹ�ƶǀƫƹř�šŚƠƬţ�ƾſŹźŝ�����

æç�ÑæƶƄĜƃ�ƹ���Ŝǀţźţ�ƶŝ�ŵŹō�ƽçì�Ñ��ÑÑ�î�ƹ�åç�æè��Ŷƃ�ƶŞſŚŰƯ�ŶƇŹŵ�ƱŚƯŻ�ŢƃŸĭ�Śŝ�ƾƫƹ�
ƶƄĜƃ�šŚƠƬţ��ƂƿřżƟř�żǀƳ�ŵŹō�ƽ�ŢƟŚƿ��

��
� ƩƹŶūæ��ƶƀƿŚƤƯ�ƽšŚƠƬţ� ŶƇŹŵ� ƲǀĮƳŚǀƯ�� ƹ� ƶǀƫƹř�źǀųŐţ� ƽ� tŹŚǀƘƯ� ƽŚƐųŻŵ��æå�źŝ� ƭźĭ�

źŤƯ�ƖŝźƯSilico-Sec®�ƽƹŹƪƯŚĩ�šřźƄů��R. dominica�ƱŚƯŻ�Źŵ�ŚƷƯ�ƽƞƬŤŴ��
Table 1.�Mean initial and delayed mortality (%) � SEM of R. dominica adults exposed to 10 

g/m2 Silico-Sec® at different exposure intervals. 
 

Exposure interval (hour)��
72 48 24 16 8 Mortality  Temp. 

85.73 ± 0.12a 71.2 ± 1bc 41.07 ± 1.5d 29.71 ± 0.79de 29.87 ± 1.66de Initial 
100 ± 0a 100 ± 0a 100 ± 0a 93.33 ± 0.33b 86.66 ± 1c Delayed 

22 ºC 
89.3 ± 0a 78.57 ± 0.37ab 66.86 ± 3bc 60.39 ± 1.12c 26.98 ± 1.45e Initial 
100 ± 0a 100 ± 0a 100 ± 0a 96.66 ± 0.16ab 93.33 ± 0.33b Delayed 

27 ºC 

89.3 ± 0a 89.3 ± 0a 85.73 ± 0.12a 64.32 ± 1.66c 41.12 ± 0.83d Initial 
100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a Delayed 

32 ºC 

Means followed by the same letter for initial (1st, 3rd and 5th lines) and delayed (2nd, 4th and 6th lines) 
mortalities separately at three temperatures are not significantly different. Duncan�s multiple range test�at 
p = 0.05. Temp. = temperature. 

�
� ƩƹŶūç��ƶƀƿŚƤƯ�ƽšŚƠƬţ� ŶƇŹŵ� ƲǀĮƳŚǀƯ�� ƹ� ƶǀƫƹř�źǀųŐţ� ƽ� tŹŚǀƘƯ� ƽŚƐų� Żŵ�æå�źŝ� ƭźĭ�

źŤƯ�ƖŝźƯSilico-Sec®�ƽƹŹźƄů��šř�ƪƯŚĩT. castaneum�ƱŚƯŻ�Źŵ�ŚƷƯ�ƽƞƬŤŴ��
Table 2.�Mean initial and delayed mortality (%) � SEM of T. castaneum�adults exposed to 10 

g/m2 Silico-Sec® at different exposure intervals. 
 

Exposure interval (hour)��
72 48 24 16 8 Mortality  Temp. 

64.89 ± 0.33b 36.14 ± 3.37c 11.43 ± 0.12de 16.60 ± 0.12d 4.27 ± 0.12e  Initial 
89.3 ± 0b 89.3 ± 0b 89.3 ± 0b 56.93 ± 0.5d 39.14 ± 1f Delayed 

22 ºC 
89.3 ± 0a 82.15 ± 0.16a 29.97 ± 0.12c 13.02 ± 0.33de 9.44 ± 0.45de Initial 
89.3 ± 0b 89.3 ± 0b 89.3 ± 0b 76.98 ± 0.33c 46.92 ± 1e Delayed 

27 ºC 

89.3 ± 0a 89.3 ± 0a 84.13 ± 0.5a 19.49 ± 0.45d 13.02 ± 0.33de Initial 
100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a Delayed 

32 ºC 

Means followed by the same letter for initial (1st, 3rd and 5th lines) and delayed (2nd, 4th and 6th lines) 
mortalities separately at three temperatures are not significantly different. Duncan�s multiple range test�at 
p = 0.05. Temp. = temperature. 

�
ƾƬƗ� �ƶŤƠƷ�Ʀƿ� ƱŚƯŻ� Żř� ŶƘŝ� ƵŶƃ� ŵŚŬƿř�šŚƠƬţ� ŶƇŹŵ� ƲǀĮƳŚǀƯ� ƾſŹźŝ� Źŵ��ƶĩ� Ʋƿř� ƮƛŹ

Ƃƿŵ�ƽźŤě�Źŵ�šřźƄů��Żř�ƽŹŚƗ�ƽŚƷƶĮƳ�ƶƯƺţŚƿŵ�ħŚų�ŶƳŵƺŝ�ƵŶƃ�ƽŹřŵ��šŚƠƬţ�ŶƇŹŵ�ƲǀĮƳŚǀƯ�
ŢƟŚƿ�ƂƿřżƟř�ƱŚƯŻ�ƂƿřżƟř� Śŝ� ��ƽŚƯŵ�Źŵ�ƶŤŞƫřèçƶūŹŵ��ƾŤƳŚſ�ƽ��ƲǀĮƳŚǀƯ�ƶƳƺĭ�ƹŵ�źƷ�Źŵ� �ŵřźĭ
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏì���æ���ÎÐÕë�������������������������������������������������������������������������ÓÔ 

�šŚƠƬţ�ŶƇŹŵæåå���Ŷƃ�ƩƹŶū�ƽŚƷ�æ�ƹ�ç���ƵŶƴƷŵ�ƱŚƄƳ�ƕƺƋƺƯ�Ʋƿř�ƽƵźƄů�ƭřƹŵ���ħŚų�ƾƄĩ
ƂƿŚƯŻō�Źŵ�żǀƳ�ƾƠƬŤŴƯ�ƲǀƤƤŰƯ�ƹ�Ţſř�ƶƯƺţŚƿŵ�ƽŚƷƱƺǀſǇƺƯźƟ�Śŝ�ƾŬƴſ�ŢƀƿŻ���šƹŚƠŤƯ�ƽŚƷ

ţ�řŹ�ŜƬƐƯ�Ʋƿř�ƶƯƺţŚƿŵ�ħŚųƿŐƵŵƺưƳ�Ŷǀ��ŶƳř(Korunic, 1998; Fields et al., 2002)��
ƶŤƟźƄǀě�ƩŚƿŶƿźƠƳƺŤĜƿźĩ�ƮŤƀǀſ�ƽřŹřŵ�ƽŹŚŞƳř�šŚƟō��ƶŝ�ŹŵŚƣ�ƶĩ�ŶƴŤƀƷ�ƽř�ŻŚŝ�ƹ�śō�śŸū

ţŐƱŚƄƟřźƏř�ƾƿřŸƛ�ŵřƺƯ�Żř�ŵƺų�ŻŚǀƳ�ŵŹƺƯ�śō�ƲǀƯ�ŝ��ƶǈƛ�ƵĦƿƹƾƯ�š��ŶƴƃŚŝ(Chapman, 1971)��
ƵŵŚƯ� ŵƺūƹ�žě�ƽŹŚƧ�ƂƷŚƧ�ŜūƺƯ� ƾƿřŸƛ�ō�ƱŶŝ� ƱŶƃ�ƦƄų�ŢƸū� Źŵ� ƶƯƺţŚƿŵ�ƥŚų� ƾƿ

ƾƯ�ƵźƄů�ŵŵźĭ��ƾƯ�ƶŤƠƷ�Ʀƿ�ŢƃŸĭ�Żř�ŶƘŝ�ƶƳƺĭ�ƹŵ�źƷ�ƪƯŚƧ�šřźƄů�šŚƠƬţ�ƂƿřżƟř�řŸƫ��ŶƳřƺţ
ō�ƾſźŤſŵ�ƭŶƗ�ŢƬƗ�ƶŝƸƳŶƃŚŝ�ƾƿřŸƛ�ƵŵŚƯ�ƶŝ�Ś��šŚƤǀƤŰţ�ŪƿŚŤƳ�White & Loschiavo (1989)��żǀƳ

ţ� řŹ�ŜƬƐƯ�ƲƿřƿŐƾƯ� Ŷǀ�ŶƴƧ� ��ƲǀƤƤŰƯ�ƲƿřƪƯŚĩ�šřźƄů��O. mercator� ƹ�T. confusum�ŵ� řŹ�Ź
ƱŚƯŻ�ŶƳŵƺưƳ�ƁŹŚưƃ�řŹ�ƶǀƫƹř�šŚƠƬţ�ƹ�Ƶŵřŵ�Źřźƣ�Ʃĥƹźŗō�ŚƨǀƬǀſ�šŹƹŚŬƯ�Źŵ�ƾƫřƺŤƯ�ƽŚƷ���žĜſ

ŝ� ƶ�šŚƠƬţ� ƲǀǀƘţ� ŹƺƔƴƯźǀųŐţƽ�ţřźƄů�ƶƧ� řŹ� ƾ� ƵŶƳŻ�ŶƳŵƺŝ� ƵŶƳŚƯ��ƽźŤě� Źŵ� ƶŤƠƷ�Ʀƿ� ƽřźŝ
ŵƂƿ�ŵŚƯ� ƱřƺƴƗ� ƶŝ� ŵŹō� Żř� ƽŹŚƗ� Śƿ� ƹ� ƽƹŚů� ƽŚƷƵ�ƽƶĮƳ� ƾƿřŸƛ��� ƽŹřŵŶƳŵźƧ� ��šŚƠƬţ� ŶƇŹŵ

Ƃƿŵ�ƽźŤě�Źŵ�ƶƳƺĭ�ƹŵ�źƷ�ƪƯŚƧ�šřźƄů�ƵŵŚƯ�ƽƹŚů�ƽŚƷ�ƽ�Źŵ�řŸƛ�ƶĩ�ƾŤƫŚů�ƶŝ�ŢŞƀƳ�ƾƿřŸƛ�
ƴƘƯ�ŹƺƏ�ƶŝ�ŵƺŞƳ�šřźƄů�ŹŚǀŤųřƾ�ŢƟŚƿ�ƂƷŚĩ�ƽŹřŵ�(White & Loschiavo, 1989)��

�ŪƿŚŤƳŢſŵ�ƶŝźŝ�ŢƫǇŵ�ƵŶƯō�ĩ�ŵŹřŵ�Ʋƿř�ƵźƄů�źŧř�ƶ�ƾƄĩ�ƱƺǀſǇƺƯźƟ�Silico-Sec®�ħŚų�
ƶƯƺţŚƿŵ�ƹ�ƶǀƫƹř�šŚƠƬţ�ƾſŹźŝ�Źŵ�źǀųŐţƶƳƺĭ�ƹŵ�źƷ�Źŵ�ƽ��šřźƄů�ƶĩ�ƾƳŚƯŻ�šŶƯ�ƂƿřżƟř�Śŝ

ƾƯ�Źřźƣ�ƶƯƺţŚƿŵ�ħŚų�ƉźƘƯ�Źŵ�ƪƯŚĩ�ƾƯ�ƂƿřżƟř��ŶƳźǀĭ�ŶŝŚƿ��Źŵ�šŚƠƬţ�ƲƿźŤƄǀŝ�ƶƧ�ƽŹƺƏ�ƶŝ�
�ƱŚƯŻìçƯŻ�ŹƺŤƧŚƟ�Ʋǀŝ�ƹ�Ŷƃ�ƵŶƷŚƄƯ�ŢƗŚſ�ƱŚ�ƴƘƯ�ƝǈŤųř�ŚƷƾ��Ţƃřŵ�ŵƺūƹ�Źřŵ�ƩƹŶū�ƽŚƷ�

è�ƹ�Ñ���Cook et al. (2002)�żǀƳ�ƵźƄů�źŧř�ƾſŹźŝ�Źŵ�Żŵ�ƾƄĩ æåŻř�ƖŝźƯźŤƯ�źŝ�ƭźĭ�ƱƺǀſǇƺƯźƟ��
Silico-Sec®�ƶƯƺţŚƿŵ� ħŚų� ƽƹŹ� ŹŚŞƳř� ŮƐſ� ŹŚưǀţ� Śŝ�� ƪƯŚĩ� šřźƄůƶƄĜƃ�ƽƶƳřŶƳŵ��Źřŵ��

L.�Oryzaephilus surinamensis���ŶƇŹŵ�ƶƧ�ŶƳŵřŵ�ƱŚƄƳ�ƪƯŚĩ�šřźƄů�šŚƠƬţ�ŻřÒç���Żř�žěì�
ƶŝ��ŻƹŹ�îî���Żř�žěæÑƵźƄů�ƾƿŚƳřƺţ�ƂƿřżƟř�źĮƳŚǀŝ�ƶĩ�ŶǀſŹ�ŻƹŹ���ƾƄĩSilico-Sec®��ŢƃŸĭ�Śŝ
�ƱŚƯŻŢſř��

ƶƿżŬţ�ƵźƄů�źŧř�žƳŚƿŹřƹ�ƽ�ƽźǀųŐţ�ƹ�ƶǀƫƹř�ƾƄĩƱƺǀſǇƺƯźƟ��Silico-Sec®�ƶƯƺţŚƿŵ�ħŚų�
Źįƹ�ƪƯŚĩ�šřźƄů�ƂǀƄĩ�ĨſƺſƶƄĜƃ�ƹ���ŵŹō�ƽŝ�ƶĩ�ŵźĩ�ƆŴƄƯƲǀ�ƽŚƷŚƯŵ�çç��çìƹ��èç�
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ÓÕ                                           �ƱřŹŚƨưƷ�ƹ�ƾƿŚǀƋ���ƱƺǀſǇƺƯźƟ�ƽźǀųŐţ�ƹ�ƶǀƫƹř�šŚƠƬţ�ƾſŹźŝ�����

ƶūŹŵ�ƾŤƳŚſ�ƽ�ŵřźĭƴƘƯ�ƝǈŤųř�ƾ�� ŵƺūƹ� ŹřŵŵŹřŵŚƯŵ�ƂƿřżƟř� Śŝ� ƹ��ƵźƄů�ƾƿŚƳřƺţ���ħŚų�ƾƄĩ
�ƶƯƺţŚƿŵƾƯ�ƂƿřżƟř�ŶŝŚƿ���ƲǀƴĤưƷƴƘƯ�ƱŚƯŻ�ƹ�ŚƯŵ�ƪŝŚƤŤƯ�šřźŧř�ƾ��ŹřŵŢſř��ƩƹŶū��ƽŚƷè�ƹ�Ñ���

ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳƶƧ�Śƿŵ�ƥŚų�šŹƹŚŬƯ�Źŵ�šřźƄů�ƽźǀĭŹřźƣ�ƱŚƯŻ�šŶƯ�ƹ�ŚƯŵ��ŶƿŶƄţ�źŧř�ƶƯƺţ
ŶƳŹřŵ�ƾĭŶƴƴƧ��ƤƯźƿŵŚ�źǀǀƜţ�ŜƿźƋ��CV��ƽřźŝ�ƵŶƃ�ƶŞſŚŰƯ�ƹ�ƶǀƫƹř�šŚƠƬţ�źǀųŐţ�ƽ��Ʀƿ�Żř�ŶƘŝ

ƶŤƠƷ���ƵŶƴƷŵ�ƱŚƄƳ�ƽ�ŵŚƿŻ�Ţƣŵ��ƹ�ƩƺŞƣ�ƪŝŚƣ�ŪƿŚŤƳ�ƱŵƺŝŢſř�ƢǀƤŰţ��ƩƹŶū��ƽŚƷè�ƹ�Ñ���
�
�ƩƹŶūè�ƶƿżŬţ��ƽžƳŚƿŹřƹ��Żŵ�æå�ƖŝźƯźŤƯ�źŝ�ƭźĭ�Silico-Sec®�ƽƹŹ�ƪƯŚĩ�šřźƄů�Ʀſƺſ�

��ƂǀƄƧR. dominica��ŹŵŚƷŚƯŵ�ƶƬƇŚƟ�ƹ��Ư�ƾƳŚƯŻ�ƽŚƷƞƬŤŴ��
Table 3. ANOVA of R. dominica adults exposed to 10 g/m2 Silico-Sec® at different 

temperatures and exposure intervals. 
 

F values P Source of variation Degrees of 
freedom Initial Delayed Initial Delayed 

Interval 4 98.097** 9.818** 0.000 0.000 
Temperature 2 42.209** 7.363** 0.000 0.0017 
Interval î Temperature 8 6.165** 3.272** 0.000 0.005 
Error 45     
Total 59  CV = 12.25% 3.36% 

** Significant difference at 1% level. Data were transformed based on Arc sin� x .  

�
ƩƹŶū�Ñ�ƶƿżŬţ��ƽžƳŚƿŹřƹ�Żŵ� æå�źŝ�ƭźĭ��ƖŝźƯźŤƯSilico-Sec®�ƽƹŹ��ƪƯŚĩ�šřźƄůƶƄĜƃ��ƽ

ŵŹō��T. castaneum��ŹŵŚƯŵ�ŚƷƶƬƇŚƟ�ƹ��Ư�ƾƳŚƯŻ�ƽŚƷƞƬŤŴ��
Table 4. ANOVA of T. castaneum� adults exposed to 10 g/m2 Silico-Sec® at different 

temperatures and exposure intervals. 
 

F values P Source of variation Degrees of 
freedom Initial Delayed Initial Delayed 

Interval 4 280.782** 216.41** 0.000 0.000 
Temperature 2 125.889** 124.76** 0.000 0.000 
Interval î Temperature 8 27.52** 61.449** 0.000 0.000 
Error 45     
Total 59  CV = 15.02% 4.04% 

** Significant difference at 1% level. Data were transformed based on Arc sin� x .  

�
ŤƳ�šŚƤǀƤŰţ�ŪƿŚArthur (2000)�ŵřŵ�ƱŚƄƳ��ƶƧ�ŵźŝŹŚƧ�Śŝ�ƱƺǀſǇƺƯźƟProtect-It �ƶƯƺţŚƿŵ�ħŚų�
Żŵ�Śŝ�Òŝ�ƭźĭ�ƶƳƺĭ�ƹŵ�ƪƯŚĩ�šřźƄů�ƶǀƬƗ�ƖŝźƯźŤƯ�ź�ƽ�T. castaneum��ƹT. confusum�ŚƯŵ�ƶſ�Źŵ�
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏì���æ���ÎÐÕë�������������������������������������������������������������������������ÓÖ 

�çç��çì�ƹ�èçƶūŹŵ��ƾŤƳŚſ�ƽ�ŵřźĭ���ƾŞƀƳ�ŢŝƺƏŹ�ƶſ�ƹ�Ñå��Òì�ƹ�ìåŶƇŹŵ�����šřźƄů�šŚƠƬţ
ƪƯŚƧ�T. castaneum��ƽŚƯŵ�ŹŵçìƶūŹŵ��ƾŤƳŚſ�ƽ�ƾŞƀƳ�ŢŝƺƏŹ�ƹ�ŵřźĭ�Ñå��ƽŚƯŵ�ƲǀƴĤưƷ�ƹ��èç�
ƶūŹŵ�ƾŤƳŚſ�ƽ�Ź�ƹ�ŵřźĭŢŝƺƏ��ƾŞƀƳ�ƽŚƷÑå�ƹ�ÒìŶƇŹŵ��Żř�žě���ŢƃŸĭ�ƶŤƠƷ�Ĩƿƶŝ�æåå��
ǀſŹŶ��ƶƳƺĭ� ƶĩ�ƾƫŚů� Źŵ�ƽ�T. confusum ��ŵƺų� Żř�ƽźŤƄǀŝ�ŢƯƹŚƤƯ�ƱƺǀſǇƺƯźƟ�Ʋƿř� ƶŝ�ŢŞƀƳ

ŵřŵ�ƱŚƄƳ� �ƶŬǀŤƳ�ƹř�ƽźǀĭ�ŵźĩ��ƶƧƾŞƀƳ�ŢŝƺƏŹ�ƂƷŚĩ�ƹ� ŚƯŵ�ƂƿřżƟř� Śŝ�ƵźƄů�źŧř���ħŚų�ƾƄĩ
ƾƯ�ƂƿřżƟř�ƶƯƺţŚƿŵ�ŶŝŚƿ��
� ŽŚſř� źŝ� ŪƿŚŤƳţ� ƢǀƤŰżǀƳ� ƹ� źƋŚů�ƁŹřżĭ�ƽŚƷ� ƽŵŶƘŤƯ�� ƶƧ� ŻřźǀŧŐţ�Ţǀưſ� źŝ� ŚƯŵ�

ħŚų�ƽŚƷƶƯƺţŚƿŵ��ŵŹřŵ�ŵƺūƹ�ƽŹŚŞƳř�šřźƄů�Źŵ�(Fields & Korunic, 2000)��ŦƗŚŝ�ŚƯŵ�ƂƿřżƟř�
ƵźƄů� ƾƿŚƳřƺţ�ƂƿřżƟř�ħŚų� ƾƄĩ�ƾƯ� ƶƯƺţŚƿŵ� ƽŚƷ�ƶƬƇŚƟ� ƹ� ŚƯŵ� Ʋǀŝ� ƹ� ŵŵźĭ�ƽƶƐŝřŹ� ƾƳŚƯŻ��ƽ�

ŵŹřŵ�ŵƺūƹ�ƮǀƤŤƀƯ���ŻźƏ�ƶŝ�ƶūƺţ�Śŝ�ŶŞƀĤŝ�ƵźƄů�ƱŶŝ�ŮƐſ�ƶŝ�ŶƿŚŝ�ƶƧ�ƶƯƺţŚƿŵ�ħŚų�ŵźƨƬưƗ
ƶƿǇ�śŸū�Śŝ�Śţ�ƽ�ƵźƄů�īźƯ�ƹ�ƱŶŝ�śō�ƲŤƟŹ�Ţſŵ�Żř�ŜŞſ�Ɓřźų�ŵŚŬƿř�ƹ�ƩƺĪǀţƺĩ�ƾƯƺƯ�

ŵŵźĭ�� ƹ�� ƶūƺţ� Śŝ� ƶŝźƠů� ƽƹŚů� ƶƯƺţŚƿŵ�ħŚų�šřŹŷ� ƶƧ�ƲƿřƵ�ƽŚƷ�ƾƿŚƳřƺţ� ƶĩ� ŶƴŤƀƷ� ƽżƿŹ�
ƩƺƨƫƺƯ�śŸū�ƶƿǇ� ƽŚƷ�ƽƾěř� ƾƯƺƯ��ƳŹřŵ� řŹ� ƵźƄů� ƩƺĪǀţƺĩ� Ŷ(Korunic, 1998)��ŹŶƣ� źƷ� řŸƫ�

� źŤƄǀŝ� ƶƯƺţŚƿŵ�ƥŚų�šŹƹŚŬƯ� Źŵ�šřźƄů�ƽźǀĭŹřźƣ� ƱŚƯŻ�šŶƯ�ŶƃŚŝƽźŤƄǀŝ�šřŹŷ���ƽƹŹ
�ƱŶŝ�ŮƐſŚƸƳō�ģ�ŶƷřƺųŞƀǀ�ŶƶƧ�ŢƃŸĭ�Śŝ�šŚƠƬţ�ƂƿřżƟř�ƪǀƫŵ�ƾƯ�ƱŚƯŻ�ŶƃŚŝ���Żř��źĮƿŵ�ƝźƏ

ř�šřźƄů�ƾƿŚŬŝŚū�ƹ�ħźŰţ�ƂƿřżƟř�ŜŞſ�ŚƯŵ�ƂƿřżƟƾƯ�ŵƺƃ�ƶŬǀŤƳ�Źŵ�ƹ�Ƴō�ƩƺĪǀţƺĩ�Śŝ�ŚƸ�ħŚų
�ƶƯƺţŚƿŵ�ŽŚưţźŤƄǀŝƽƶƯŶƇ�ƹ�ƶŤƟŚƿ��ƽƾƯ�ƽźŤƄǀŝ��Ŷƴǀŝ����ƲǀƴĤưƷ�ŚƯŵ�ƂƿřżƟř�ǇŚŝ�žƠƴţ�ŜŞſ

ƹ� Żř� ƱŶŝ�śō�ƲŤƟŹ�Ţſŵ� Żř�ƶƳŻƹŹ�ƾƀƠƴţ�ƽŚƷƾƯ�šřźƄů��ƺƃŵ�(Fields & Korunic, 2000)��
�ƲƿřźŝŚƴŝİƯ���ƱřƺţƶŬǀŤƳ�ŵ�ƶƧ�ŵźƧ�ƽźǀĭİƯ�šŶƃ�řŹ�ƮƷ�źŧř�ƱŚƯŻ�ƹ�ŚƯ�ŶƴƄŴŝ��

źƿŵŚƤƯ�LT50��ƱŚƴǀưƏř�ŵƹŶů�ƹƵŶƃ�ƶŞſŚŰƯ�ƵŶƴƷŵ�ƱŚƄƳ��ƽ�ƪƯŚƧ�šřźƄů�źŤƄǀŝ�ŢƯƹŚƤƯ�
ƶƄĜƃ�ŵŹō� ƽ� źŝřźŝ� Źŵ�ƱƺǀſǇƺƯźƟ�Silico-Sec®ƶƯƺţŚƿŵ� ħŚų��Ĩſƺſ� Śŝ� ƶƀƿŚƤƯ� Źŵ�ƂǀƄĩ�
ƾƯ��ŶƃŚŝ�ƩƹŶū�Ò���šŚƤǀƤŰţ�ŽŚſř�źŝ�Korunic (1998)ƶƳƺĭ���žƴū�ƽŚƷTribolium �ƶŝ�ŢŞƀƳ�
ƶƳƺĭ�ƽŚƷ�Cryptolestes spp.��Oryzaephilus spp.��Sitophilus spp.ƹ��R. dominica��ŢƯƹŚƤƯ

ƱƺǀſǇƺƯźƟ�źŝřźŝ�Źŵ�ƽźŤƄǀŝ�ŶƳŹřŵ�ƶƯƺţŚƿŵ�ħŚų�šƹŚƠŤƯ�ƽŚƷ��ƾſŹźŝ��ƪƯŚĩ�šřźƄů�ƱŶŝ�ŮƐſ
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ÔÍ                                           �ƱřŹŚƨưƷ�ƹ�ƾƿŚǀƋ���ƱƺǀſǇƺƯźƟ�ƽźǀųŐţ�ƹ�ƶǀƫƹř�šŚƠƬţ�ƾſŹźŝ�����

ƶƄĜƃ�ŵŹō�ƽŵřŵ�ƱŚƄƳ�ƾƳƹźŤƨƫř�ęƺĪſƹźĪǀƯ�Śŝ�ƶƧ�ƽŵ�šřŹŷ��ƱŚĪǀƬǀſ�ŶǀƀĩřÎ�ħŚų�Żř�ƽźŤưĩ�
�ƱŶŝ�ƶŝ�ŮƐſ�Ŷůřƹ�ƽřŻř�ƶŝ�ƶƯƺţŚƿŵŚƸƳōƾƯ��ƀģŶŞƹ� �ƪǀƫŵ�Ʋƿř�ƶŝ���ƽźŤƄǀŝ�ƪưŰţ� ƵźƄů�Ʋƿř�

ƶƳƺĭ�źƿŚſ�ƶŝ�ŢŞƀƳ��ŵŹřŵ�ƶƯƺţŚƿŵ�ħŚų�ƶŝ�ƽŹŚŞƳř�ƽŚƷ(Fields & Korunic, 2000)��
�
�ƩƹŶūÒ��źƿŵŚƤƯ�LT50��ƹƱŚƴǀưƏř�ŵƹŶů��Żŵæå�ƱƺǀſǇƺƯźƟ�ƖŝźƯźŤƯ�źŝ�ƭźĭ� Silico-Sec®��ħŚų

�ƶƯƺţŚƿŵƽƹŹ��ƪƯŚĩ�šřźƄůR. dominica �ƹ�T. castaneum�Ưŵ�ŹŵƞƬŤŴƯ�ƽŚƷŚ��
Table 5. LT50 values and confidence limits of R. dominica and T.�castaneum adults exposed 

to 10 g/m2 Silico-Sec® at different temperatures. 
 

Chi-
square 
(df = 3) 

P 
b 

var. 

Probit/log 
regression line 

y = bx + a 

C.L. 
(95%) 

LT50 

(hour) 
Temp. n Species 

6.21 0.09 0.56 y = 2.7x + 1.4 8-47 21 22 ºC 300  
5.74 0.12 0.74 y = 3.2x + 1.4 10-14 12 27 ºC 300 R. dominica 
2.01 0.55 1.18 y = 4.1x + 1.1 nc 9 32 ºC 300  
         

6.01 0.1 0.76 y = 3.4x � 0.8 31-276 52 22 ºC 300  
16.52 0.00 0.96 y = 5.2x � 2.5 nc 27 27 ºC 300 T.�castaneum 
17.71 0.00 1.64 y = 6.9x � 3.6 nc 18 32 ºC 300  

b var. = b variance; C.L. = confidence limit; n = number; nc = not calculated; Temp. = temperature.   

�
� ŹřŶƤƯChi-squareƶūŹŵ� Śŝ��ƽ�įŵřŻō�è�įŹŚƯō�ƩŚưŤůř�ŮƐſ�įřźŝ�åÒ�å� =Į�źŝřźŝ�íç�ì�

İƯ�� ŶƃŚŝ(Zali & Jafari Shabestari, 1997)� ƶƧ�� ƪƯŚĩ�šřźƄů� ŵŹƺƯ� Źŵ� ƎƤƟƶƄĜƃ�ŵŹō� ƽ�Źŵ�
�įŚƷŚƯŵçì�ƹ�èçƶūŹŵ��ƾŤƳŚſ�ƽ��ŵřźĭŵŚƤƯ�ƿ�źChi-square�ŝǀ�ŹřŶƤƯ�Żř�ƂŹƺƧŸƯ��ŵƺŝ��ƩƹŶūÒ���

ƶǀƤŝ� Źŵ� �ƲƿřźŝŚƴŝ�� ŵŹřƺƯ�ƽưƏř� Śŝǀ� ƱŚƴîÒ��ƾƯ�� ƶƧ�ŢƠĭ�ƱřƺţŵŚƤƯƿ�ƵŶƃ� ƵŶƷŚƄƯ�ź ŵŚƤƯƿ�ŵŹƺƯ� ź
řţ�řŹ�ŹŚƔŤƳƿŐǀİƯ�Ŷ�Ŷƴĩ��

ƵźƄů�ƽǇŚŝ�šŹŶƣ�źĮƳŚǀŝ�ƶƬƇŚů�ŪƿŚŤƳ��ƱƺǀſǇƺƯźƟ�ƾƄĩSilico-Sec®��Śųħ�ƽƹŹ�ƶƯƺţŚƿŵ�
�ƪƯŚĩ�šřźƄůƶƄĜƃ�ŵŹō�ƽ ƂǀƄĩ�Ĩſƺſ�ƹƾƯ��ŶƃŚŝ� �ƶŝ� ƶūƺţ� Śŝ�ƥŚų� ƭźĭƺƬǀƧ� źƷ�Ţưǀƣ�

�ƶƯƺţŚƿŵ�ŵƹŶů�ÒååååƩŚƿŹ���ƹ�ŵŹřŶƳŚŤſř��ƝźƈƯ��ŹřŶƤƯæåååƾě��ƾě��ƭřƦƿ�ŚƿŹŵ�ƭźĭƺƬǀƧ��źƷ�
ƶƿǇ�ŹŚưǀţ�Źŵ�ƶƬƛ�Ʋţ�ƽ�èåƾŤƳŚſ��ƶƬƛ�ƾƿƹŹ�ƽźŤƯ��(Bridgeman, 1998)��ŢǀƟźƓ�ƶƧ�ƾţŹƺƇ�Źŵ�

� ƺƬǀſÒååå� �ŶƃŚŝ�Ʋţ�ìî�ƭźĭƺƬǀƧ�Silico-Sec®��ƶƿǇ� ŹŚưǀţ�ƽřźŝ�ƽ�ÐÍƾŤƳŚſ��ƿƹŹ�ƽźŤƯƾ�ƶƬƛ�

                                                
�æ  Silicon dioxide 
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏì���æ���ÎÐÕë�������������������������������������������������������������������������ÔÎ 

� ƵŶƃ� ŵŹƹōźŝ� Ţưǀƣ� ƶƧ� Ţſř� ŻŚǀƳ� ŵŹƺƯ� Ʋţ� źƷ� Źŵìîå� ƩŚƿŹ�ŵƺŝ� ŶƷřƺų��ƲƿřźŝŚƴŝ�ŵźŝŹŚĩ��
Silico-Sec®İƯ� ƽŵŚƈŤƣř��ƲǀƀƧƺŤƀƟ�ƅźƣ� źǀƔƳ� ƾƴǀųŶţ� ƭƺưſ� Ɲǈų� źŝ� ƹ� ŶƃŚŝ��ƽŹřŶƿŚě�

Ʀƿ�ƹ�ƶŤƃřŵ�ƽŵŚƿŻ�Ʀƿ�Żř�Ƃǀŝ�šŶƯ�ƶŝ�ŚƷŹŚŞƳř�Źŵ�ƶƬƛ�ŢƓŚƠů�ƽřźŝ�Ʊō�ƝźƈƯ�ŹŚŝ��ƾƟŚƧ�ƩŚſ
Ţſř��ƶƧ�ƾƿŚŬƳō�Żō��ƲǀƴĤưƷ�źŝ��ƲǀƀƧƺŤƀƟ�ƝǈųƵŶƳŚưǀƣŚŝ�ƽř�ƽŹŚŞƳř�šǇƺƈŰƯ�ƽƹŹ��ŵŹřŶƳ�
ƾƯ�ƶƯŚƳźŝ�Źŵ�ŶƳřƺţ�ŚƷ�ŢǀƘưū�ƩźŤƴĩ�ŢƿźƿŶƯ�ƽƽŹŚŞƳř�šŚƟōŶƴĩ�ŚƠƿř�ƾưƸƯ�ƂƤƳ�� 

�
ĮſŚĜſżƽŹř�

ŜŴŤƴƯ� Ʋǀƀů� ƽŚƣō� šŚưůŻ� Żř� ƱŚĭŶƳŹŚĮƳ��ŹŚǀƷŚǀĭ� ŢƧźƃ� ƪƯŚƗ� źƿŶƯ��ƶǀƸţ� ƽřźŝ�
�ƱƺǀſǇƺƯźƟSilico-Sec®��Ţĩźƃ�Żř�ƶƯƺţŚƿŵ�ħŚųBiofa ��ƲǀƴĤưƷ�ƹ�Ƶŵźĩ�źƨƄţ�ƹ�źƿŶƤţ�ƱŚưƫō

�ŻřŹŚĪưƷƽ�ƿŚƣō�ƽŚƷơō�źŤĩŵ�ƹ�ƽŹŚƸŝ�Ƃţō�ƱŚ�ƾƯǈƛ�ƮƳŚų�ŹŚĩźſ�ƹ�ŚǀưţŹō�šŚƤǀƤŰţ�żƧźƯ�Źŵ�
ŶƳŹřŵ�řŹ�ƱŚƴŤƯř�ƩŚưĩ��
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