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Abstract 
In the present study, virulence of three isolates of Metarhizium anisopliae (Ascomycota, 

Clavicipitaceae) were evaluated on the second instar larvae of the onion thrips, Thrips tabaci Lindman by 
using spray potter tower at six conidial concentrations of isolates (103-108 conidia/ml) with�Thrips 
Entomopathogenic Bioassay System (TEBS) method. Causing the highest total mortality rate on thrips 
larvae and having the lowest LC50 value (2.3 × 104 conidia/ml), M. anisopliae EUT118 was selected as 
the highest virulent isolate. Afterwards, the susceptibility of female adults and 5th nymphs of Orius 
albidipennis (Reuter) was tested against this isolate of M. anisopliae without attendance of host. Results 
indicated that two stages of predator; female adults and 5th instar nymphs had similarly low 
susceptibilities to fungal infection. In general, our results revealed that the anthocorid predator, O. 
albidipennis was less affected by this isolate of fungus. As a result, these two biocontrol agents could be 
used both together in control programs of T. tabaci in greenhouses. 
Key words: Thrips tabaci,�Orius albidipennis, Metarhizium anisopliae, biological control 

                                                
ŢƟŚƿŹŵ��æê�ì�æèíìƁźƿŸě����æë�è�æèíî���

mailto:rtalaei@ut.ac.ir��
mailto:rtalaei@ut.ac.ir


ÎÓ                                                  ƱŚƿŹƺěƱřŹŚƨưƷ�ƹ���ġŹŚƣ�ƾƴǀĭōźƷŻ�ƾƷŚĮƄƿŚƯŻō�ƾſŹźŝ������

ƶƯŶƤƯ��
źţƿě�žĜǀŻŚ�Thrips tabaci LindmanřŹřŵ�Śŝ� ŝ�Ʊŵƺŝǀ�Żř�Ƃèååĭ�ǀƯ�ƵŚǀ��źºƋŚů�ƩŚů�Źŵ�ƱŚŝż

ƿĪƾƮƸƯ�Żř��źţƿĭ�šŚƟō�ƲǀƗřŹŻ�ƱŚƷŚƾ�ƶºƳŚŴƬĭ�ƹ���Ƴŵ�źºſřźſ�Źŵ�ƽř�ºǀ�ºƯ�Śƾ���ŶºƃŚŝ(Lewis, 1997; 

Capinera, 2001)��ƫƺţ�ŢƗźſǀŻ�ƪƀƳ�ŵřŶƘţ�ƲŤƃřŵ��ǇŚŝ�ƪŨƯŶƿ�ƵŚºţƺĩ��ŵŚ��ºŝ�ƩƺºƏ�Ʊŵƺ �źºƷ��ƪƀºƳ���
�ƱŚŝżǀƯ�ƲŤƃřŵ��������ƵźƄºů�ŵźŝŹŚºĩ�ŵŶƘţ�ƹ�ƞƬŤŴƯ�ƾưǀƬƣř�ƾůřƺƳ�Śŝ�ƽŹŚĭŻŚſ��ŵŶƘŤƯ�ƽŚƷ��Ƃºĩ��ƽŚºƷ�

���ŢƟō�ƩźŤƴĩ�ŢƸū�ƾƿŚǀưǀƃ��ƶŝ�����ƶƳŚŴƬĭ�Ǝƿřźƃ�Źŵ�ƵĦƿƹ�ƽř���ƶƘſƺţ�ŦƗŚŝ���ƽ�ƶŝ�ƵźƄů�Ʋƿř�ŢƯƹŚƤƯ�
ƵźƄů�ƂƧ��ƽŶǀŗƹźŤƿźƿŚě�ƽŚƷ��ƵŶºƃ�ƶţŚƯŚŝŹŚĩ�ƹ�ƵźƠƀƟƺƳŚĭŹř� ��Ţºſř(Grossman, 1994; Jensen, 

2000; Martin et al., 2003; Shelton et al., 2003; Herron & James, 2005; MacIntyre-Allen et al., 

2005)��������ƶǀƫƹř�ŪƿŚŤƳ��ŢƟō�Ʋƿř�ŢƿźƿŶƯ�ƽŚŤſřŹ�Źŵ�Ĩƿĥƺƫƺǀŝ�ƩźŤƴĩ�ƪƯřƺƗ�Żř�ƵŵŚƠŤſř�ƽ��ƶºŝ����ƵĦºƿƹ
�����Ţºſř�Ƶŵřŵ�ƱŚƄºƳ�ƂŴŝŶºǀƯř��ŚƷźĭŹŚĪºƃ�ƹ�ŚºƷźĭŹŚưǀŝ�(Ugine et al., 2005)���ġŹŚºƣ��źĭŹŚºưǀŝ�

šřźƄůMetarhizium anisopliae (Ascomycota, Clavicipitaceae) ���ƶƧƶƳƺĭ��ƽř�Ţſř��ƂƴƧřźºě�Śŝ
ƾƳŚƸū�����ƮºƸƯ�Żř�ƾƨƿ���������ƩźºŤƴƧ�ƾºŝƹźƨǀƯ�ƪºƯřƺƗ�Ʋƿźºţ��ƵŶºƴƴƧ��ƽ�žĜƿźºţ�����ƾºƯ�śƺƀºŰƯ�ŚºƷ��ŵƺºƃ� �

(Butt et al., 2001; Copping, 2004)�ƶƿřŶū�ƽźĭŹŚưǀŝ��ġŹŚƣ�ƞƬŤŴƯ�ƽŚƷ�M. anisopliaeƹǈƗ��Ƶ��źŝ
�ŻŚººǀě�žĜƿźººţ�žĜƿźººţ�ƽƹŹ�ººŝźƛ�ƾƪººĭ��Frankliniella occidentalis (Pergande)��źººţƿ�žĜ

Megalurothrips sjostedti (Trybom)�ƶƳƺĭ�Ŷƴģ�ƹ�ƽŵ�ƿ�źºĮ�����ŚºŤƳ�ƶºĩ�ƵŶºƃ�ƶºƘƫŚƐƯƿ�ĩŚºů��Ūƾ�Żř�
ƀƳŚŤěǀ�ǇŚŝ�ƪƽ�ř�ƿ��řźŝ�ġŹŚƣ�Ʋƽ����źºţ�ƩźºŤƴĩ�ƿžĜ�����řźºƃ�Źŵ�ŚºƷƿ��ƶºƗŹżƯ�ƹ�ƶºƳŚŴƬĭ�Ǝ�řƽ��Ţºſř�Ƶŵƺºŝ�� �

(Ekesi & Maniania, 2000; Butt et al., 2001; Azaizeh et al., 2002; Maniania et al., 2003; 

Ansari et al., 2007)��Ż�šŚƘƫŚƐƯ�ƱƺƴĩŚţƿŵŚƽźţ�ƩźŤƴĩ�ŢƸū�Źŵ�ƿě�žĜǀġŹŚƣ�Żř�ƵŵŚƠŤſř�Śŝ�ŻŚ�ŚƷƽ�
ŝǀŢſř�ƶŤƟźĭ�šŹƺƇ�źĭŹŚư��ŝǀźĭŹŚưƽ��ŚºƷ�ġŹŚºƣ��ƽ�Şƣ�Żř�ƞºƬŤŴƯ��ºǀ�ƪNeozygites parvispora��

Entomophthora thripidium��Verticillium lecanii��Beauveria bassiana�ƹ�M. anisopliae��Źŵ
řźƃƿŚƯŻō�ƎƿƷŚĮƄƾƶƗŹżƯ�ƹ��řƽƹŹ�ƽř�ƿŻŹř�ŵŹƺƯ�ƵźƄů�ƲƿŝŚƾŢſř�ƶŤƟźĭ�Źřźƣ��ř�Źŵ�ƶĩƿƯ�Ʋǀ��ƱŚ
řŶūƿƶ�ŚƷƽ�ġŹŚƣ�M. anisopliaeƀƳŚŤě�ǀŝ�ƪǀźŤƄƽŚſ�ƶŝ�ŢŞƀƳ�ƿƶƳƺĭ�ź�źţ�ƩźŤƴĩ�ŢƸū�Źŵ�ŚƷƿ�žĜ

ěǀŵřŵ�ƱŚƄƳ�ŻŚ�Ƶ Ţſř�(Carl, 1975; Gillespie, 1986; Sengonca et al., 2006; Thungrabeab et al., 

2006)����
Ʋſ�ƽŚƷ ƵŵřƺƳŚų�źĭŹŚĪƃ�ƽ�AnthocoridaeƮƸƯ�Żř�����ƩźºŤƴƧ�ƪºƯřƺƗ�Ʋƿźºţ������šŚºƟō�Ʀºƿĥƺƫƺǀŝ
ƶƳŚŴƬĭ�ƾƯ�ƽř��ŶƴƃŚŝ�(Van den Meiracker, 1999)� �ƶƳƺĭ�ƽ�Orius albidipennis (Reuter)�ƱřƺƴƗ�ƶŝ�
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ƮƸƯ�ƱřƹřźƟ�ƹ�Ʋƿźţ�Ʋƿźţ��ƶƳƺĭ�ƽ�žƴū�Orius Wolf��ƾŝƺƴū�ƽŚƤƿźƟō��ƾƿŚěƹŹř�ƽŚƷŹƺƄĩ�ƾųźŝ�Źŵ�
ƽŚǀſō�ƹ�ƶƳŚǀƯŹƹŚų��ƽżĩźƯ(Pericart, 1972; Fernandez & Stonedehl, 1999; Yano, 2003)ř�ƹ�ƿƱřź�

(Ghadamyari, 2000; Madadi, 1999)ƶŝ��Ư�ŹŚưƃƾ�ōƿŶ��řƿ��ƶºƳŚŴƬĭ�Ǝƿřźºƃ�Źŵ�ƶƳƺĭ�Ʋ�Źŵ�ƽř��ƭŚºưţ�
žĜƿźţ�ƮƸƯ�ƱřźĭŹŚƨƃ�Żř�ƹ�Ƶŵƺŝ�ƩŚƘƟ�ƩŚſ�ƩƺƈƟ�ƶƴƧ��ŚƷ�ƶŤƃ�ƹ�ŚƷ�ƾƯ�ŚƷ�ŶƃŚŝ����

ſŹźŝ�ŽŚſř�źŝƾ�ŚƷƽšŹƺƇ��ġŹŚƣ��ƶŤƟźĭ��M. anisopliae���Ʋƿř�ƶŝ�ƶƧ�ŵŹřŵ�řŹ�ƪǀƀƳŚŤě�Ɨ��Ʊřƺºƴ
ƵźƄů����������ƶƳŚƯŚſ�Źŵ�ƾƬƇř�ƽřżūř�Żř�ƾƨƿ�ƹ�ƾģŹŚƣ�ƂƧ�ŚƷƽ�ŶƯ�ƿźƿ��šŚƟō�Ţ��źţ�ƶƬưū�Żřƿě�žĜǀŻŚ��

�ƶŝ�ſ�ƵřźưƷ��ŵŵźºĭ�ƵŵŚƠŤſř�ƾƘǀŞƏ�ƱŚƴưƃŵ�źƿŚ(Pell & Vandenberg, 2002)���ŚºƯř�ƾºŝ�����Ʊŵƺºŝ�źºƐų
ġŹŚƣ�ŚƷƽ�ŝ�ǀ�řźŝ�źĭŹŚưƽ��ŞƏ�ƱŚƴưƃŵ�ǀƘƾ�ƗƺƋƺƯ��ƾ���ƦºƿĥƺƫƺƿżǀƟ�ƹ�ƦºƿĥƺƫƺƧř�źºƔƳ�Żř�ƶĩ�Ţſř��

Śŝƿĭ�Źřźƣ�ƶūƺţ�ŵŹƺƯ�Ŷǀ�ŵź(Goettel et al., 1995)���ƵŶºưƗ�ƽƤŰţ�ǀ��šŚºƤŹŵ���Śºŝ�ƶºƐŝřŹ�ŝǀ�źĭŹŚºưƽ�
ġŹŚƣ�ŚƷƽŝ�ǀƹŹ�źĭŹŚưƽ�HeteropteraƲſ�ŵŹƺƯ�Źŵ���ŚƷƽĭ�ǀƵŚ�Ƶŵƺŝ�Źřƺų(Sosa-Gomez et al.,1997; 

Jaronski et al., 1998; Reinter et al., 1999; Noma & Strickler, 2000)�ƶƐƤƳ�Żř�ƹ��Ōƺſ�šřźŧř�źƔƳ
řƿ�ġŹŚƣ�Ʋ��ƹŹ�ŚƷƽ�Ʋſ��ŚƷƽ��ř�źĭŹŚĪƃ�ƿƲ�źƿŻ�ƶŤºſřŹ�����ŵƹŶºŰƯ�šŚºƘƫŚƐƯ�ƽ�����Ţºſř�ƶºŤƟŚƿ�ƭŚºŬƳř���Żř

ƶƬưū�ƽƫŚƐƯ�Ʋƿř�ƾƯ�šŚƘ����źºŧř�ƾºſŹźŝ�ƶºŝ�Ʊřƺţ�B. bassiana��ƞºƬŤŴƯ�ƽŚƷźĭŹŚĪºƃ�ƽƹŹ����ƪºŨƯ�
Xylocoris flavipes (Reuter)�(Dunkel & Jaronski, 2003)��Anthocoris nemorum (Linnaeus)�

(Meyling & Pell, 2006)ƹ��ƶººƳƺĭ��ƽŚººƷžƴººū�Nabis Latreille��Oriusƹ��Geocoris Fallen�� �
(Jaronski et al., 1998)ŧř�ƹ��ź�Paecilomyces fumosoroseus�ƽƹŹ �ƽŚƷźĭŹŚĪƃOrius insidiosus 

(Say)�ƹ�O. laevigatus (Fieber)�(Sterk et al., 1995)�ƹ��Dicyphus hesperus Knight�� �
(Alma et al., 2007)�ŵƺưƳ�ƵŹŚƃř��Ʋƿř�Żř�žě��ƶºƿřŶū�Śƿ�ƶƿřŶū�ƶƧ���ġŹŚºƣ�Żř�ƾƿŚºƷ����źĭŹŚºưǀŝ�ƽŚºƷ

�����ƵźƄů�ƩźŤƴƧ�Źŵ�ƾŝƺų�šřźŧř��šřźƄů��ƽ��ƱŚƄƳ�ŢƟō���ƂƿŚƯŻō��ŶƳŵřŵ���ŝ�ƾ�źƐų����ƱŵƺŝřƿƲƶƿřŶū���ŚƷ
źǀƛ�šřźƄů�ƽƹŹ�ƾƯ�źƔƳ�ƶŝ�ƽŹƹźƋ�ƾƘǀŞƏ�ƱŚƴưƃŵ�Śƿ�ƝŶƷ��ŶſŹ(Dunkel & Jaronski, 2003)��

���ř�ƶŝ�ƶūƺţ�Śŝƿ����ŵƹŶŰƯ�šŚƘƫŚƐƯ�ƱƺƴĩŚţ�ƶĩ�Ʋƽ������ġŹŚºƣ�šřźŧř�Śŝ�ƶƐŝřŹ�Źŵ���ŚºƷƽ�ŝ�ǀ���šřźƄºů�źĭŹŚºư
ƹŹƽŚƷźĭŹŚĪƃ�ƽƯƺưƗ�ƾ�žƴū�Orius�ƶŤƟźĭ�šŹƺƇ�ř�ƹƿƳ�ŚƷźĭŹŚĪƃ�Ʋǀŝ�ƩźŤƴĩ�Źŵ�żǀĥƺƫƺƿ�Ĩ

�ƀŝ�šŚƟōǀưƷř�żŗŚů�ŹŚǀƯ�Ţƾ�Ƴ��ŶƴƃŚŝǀ�ƶŝ�ŻŚƶƴƯřŵ�ƽ��ţŚƘƫŚƐƯƾŝ�ǀ�źŤƄř�ŹŵƿƲ�ƯŻ�ǀŵŹřŵ�ŵƺūƹ�ƶƴ�Źŵ�Śţ�
ƵźƸŝ�ĭǀźƽ���Żřřƿ��Ʋ�ŞƏ�ƱŚƴưƃŵǀƘƾ�Źŵ��šŚƟō�ƩźŤƴĩ���ƂƴĪưƷ��řƿ�Ʋŝ�ƩźŤƴĩ�ƪƯřƺƗǀĥƺƫƺƿ�Ĩ��ƹ�ġŹŚƣ

źĭŹŚĪƃ����ĭŹřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ǀŵź��ƤƟƺƯ�ǀ�ġŹŚƣ�Ţ��ŚƷƽ�ŝ�ǀƶƯŚƳźŝ�Źŵ�šřźƄů�źĭŹŚư�ŚƷƽ�šŚƟō�ƩźŤƴĩ�
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��Ż�Ŷů�ŚţƿŵŚƽ�ĮŤƀŝ�ƾ����řŶū�Żř�ƵŵŚƠŤſř�ƶŝ�ƿźƷŻ�Śŝ�ƶōĭǀ�ºƴƾ�ř�Źŵ�ƹ�ŵŹřŵ�ǇŚºŝ��ºƿ��ƀºƳŚŤě��ƂƷƹĦºě�Ʋǀ�ƪ
ŝǀźĭŹŚưƽ��řŶū�ƶſƿġŹŚƣ�Żř�ƶ�M. anisopliae�ƹŹƽźţ�ƿě�žĜǀřźƃ�Źŵ�ŻŚƿŚƯŻō�ƎƿƷŚĮƄƾſŹźŝ�ƾ�ƹ�

žĜſ��ŚŤſřŹ�Źŵ�ƽ����ŞƏ�ƱŚƴưƃŵ�ŵŹƺųźŝ�šŚƘƫŚƐƯ�ǀƘƾ�Śŝ��ƿŶĪƿźĮ��ƶŝ��ƹƿ��ġŹŚƣ�źŧř�ƵĦ�ƹŹ�ƽ���źĭŹŚĪºƃ�
ſŚƀůǀźĭŹŚĪƃ�Ţ�O. albidipennisřŶū�ƶŝ�ƿƶ�ƽŻŹř�ŜŴŤƴƯ�ƿŝŚƾ�Ŷƃ����šřźºŧř�Śºţ��ºƠƴƯƾ�ƫŚºưŤůř�ƾ�

�ƹŹ�ġŹŚƣƽ����������ƶŝ�ƱřƺŤŝ�ƶƬƇŚů�ŪƿŚŤƳ�Żř�ƵŵŚƠŤſř�Śŝ�ƹ�ŹŚĪƃō�źĭŹŚƨƃ���Ư�ŹƺƏŒ����ƪºƯŚƗ�ƹŵ�Ʋƿř�Żř�ƽźţźŧ
ŝ�ƩźŤƴƧǀĥƺƫƺƿŵźŝ�ƵźƸŝ�ƶƳŚŴƬĭ�Ǝƿřźƃ�Źŵ�žĜƿźţ�Ĩ����

��
Ư�ŵřƺƁƹŹ�ƹ�ŚƷ��

�šřźƄů�ƁŹƹźě��
ƽřźŝ�ƁŹƹźě�žĜƿźţ�ŻŚǀě��Ʋſ�ƹO. albidipennisƶŝ���ţźţǀ�ƁƹŹ�Żř�ŜSengonca et al. (2006)�

ƹ�Van den Meiracker (1999)�ƁƹŹ�ƹŵ�źƷ�Źŵ�šřźǀǀƜţ�ƾƧŶƳř�Śŝ��Ŷƃ�ƵŵŚƠŤſř�����
��

ƶǀƸţ�ƹ�ġŹŚƣ�ŢƄĩ�ƽƶƿŚƯ��ƽ�ŮǀƤƬţ���
ř�ŹŵƿŚƯŻō�Ʋƿ�Żř�Ƃ�ƶºſřŶū��ºƿƶ�ƽ�EUT118��EUT119��ƹEUT120��Żř�ġŹŚºƣ�M. anisopliae�

ŚƯŻō�Źŵ�ŵƺūƺƯƿŝ�ƵŚĮƄǀĥƺƫƺƴſƺƽŝ�ƹ�ǀ�ƩźŤƴĩƺƵƹźĭ ĭǀƵŚ�Īƃżěƾ����Ŷºƃ�ƵŵŚƠŤºſř�ƱřźºƸţ�ƵŚĮƄºƳřŵ���
��ġŹŚƣƹŹƽ�ŢƄƧ�ƎǀŰƯ�Sabouraud's Dextrose Agar�ƵŹŚƈºƗ�ŶƇŹŵ�Ʀƿ�Śŝ��ƽ��źºưŴƯ�(SDAY)�

���ƾƨǀŤſǈě�ƽźŤě�ƝƹźƓ�Źŵ�ÖÍƾƬǀƯ��źŤƯ��Ʊō�Źŵ�ƝřźƏř�ƹ�ŢƄƧ�ƟřŹŚě�Śŝ�ŚƷ�Ŷºƃ�ƶŤƀŝ�ƮƬǀ���žĜºſ�
ţŹřźů�Ǝƿřźƃ�Śŝ�ŹƺţŚŝƺĪƳř�ƪųřŵƾ�æ�t�ÏÒƶūŹŵ��ƽƀƬſ�ǀ�ƾŞƀƳ�ŢŝƺƏŹ�ƹ�ŽƺÔÍ�ÓÍ ŶƇŹŵ�ƹ�

ƵŹƹŵ��ƽ��ƽŹƺƳ�ÎÓ�ƹ�ƾƿŚƴƃƹŹ�ŢƗŚſ�ÕŶƃ�Ƶŵřŵ�Źřźƣ�ƾƨƿŹŚţ�ŢƗŚſ���ġŹŚƣ�ƾƿřŻŹƺĜſř�Żř�ŶƘŝ���ŚºƷ
����ŢƄƧ�ƎǀŰƯ�Źŵ�æí���Śţ�ÏÎ����ŢƄƧ�Żř�ŶƘŝ�ŻƹŹ�������ŵƺºƷ�źƿŻ�ƪƿźŤſř�Ǝƿřźƃ�Źŵ�������Śºŝ�ŢƄºƧ�ŮƐºſ�

ƨſř��Ƶŵřŵ�Ɓřźų�ƪĜƫŚ�Ŷƃ����ƶƫƺƫ�ƪųřŵ�ƹ���ƽ���ƱƺƨƫŚƟ�ÒÍ�ƾƬǀƯ�����ƽźŤǀƫ����ƽƹŚůÏÍ�ƾƬǀƯ�����źºƐƤƯ�śō�źŤǀƫ
ƹ�ƪƿźŤſř�Tween 80�ÍÒ�ÍŶƇŹŵ��Ŷƃ�ƶŤŴƿŹ����ŹřŶƤƯÑ�Ï�ƭźĭ�ƵźƸƯ�ƽƃ�ǀƶƄ�řƽ�(glass bead)��ƶŝ

ƶƫƺƫ��ƽ���������žºƨţŹƹ�ƽƹŹ�ƶºƤǀƣŵ�Ūƴºě�šŶƯ�ƶŝ�ƹ�ƵŵƹżƟř�ƱƺƨƫŚƟ�(vortex)����ƹ��Ŷºƃ�ƵŵřŵŹřźºƣ��žºě�Żř
��ƱŶƳŚſŹ��ƮŬů��ƶŝ�ơƺƟ�ƩƺƬŰƯ�ÒÍ�Ư�ǀƬƾ�ƫǀźŤ���������Ŷºƿŵźĭ�žºƨţŹƹ�ƶºƤǀƣŵ�Ʀƿ�ľřŵŶŬƯ�����ƱƺǀƀºƳŚĜſƺſ

��ƆƫŚų�ŢƸū�ƪƇŚů����������ƭƺǀƬǀƀºǀƯ�ƹ�ƞºǀƷ�šŚºƘƐƣ�ƱŶƃ�řŶū�ƹ�ƽŻŚſ�����Ʋºưţřƹ�ƾƟŚºƇ�ŸºƛŚƧ�Żř�
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(Whatman)�ƵŹŚưƃ��ƽ�ƿĨ���Ŷƃ�Ƶŵřŵ�ŹƺŞƗ������ƽŶºǀƴƧ�ŢƔƬƛ�ƲǀǀƘţ�ŢƸū����������ŹŚưºƃ�ƩƺºŞƬĭ�ƭǇ�Żř��ŚºƷ
(Hemocytometer (Neubauer Improved, Germany))�Ŷººƃ�ƵŵŚƠŤººſř����ŢººƔƬƛ�ƲǀººǀƘţ�Żř�ŶººƘŝ

�����ƾě�ƱŵźƧ�ƢǀƣŹ�Śŝ��ƶƬƇŚů�ƱƺǀƀƳŚĜſƺſ��ƾěŹŵ���ŢƔƬƛ�źƿŚſ����ŵźĭ�ƶǀƸţ�ŻŚǀƳ�ŵŹƺƯ�ƽŚƷƿŶ���ŢƿŚƸƳ�Źŵ
ƱƺƯŻō�Żř�ƪŞƣ�ƽŶǀƴƧ�ŢƀƿŻ�ŢǀƬŝŚƣ�ƱƺƯŻō��ŚƷ��ŚƷ�ƁƹŹ�ƢŞƏGoettel & Inglis (1997)���Ŷºƃ�ƭŚŬƳř

ǇŚŝ�ľŚŞƿźƤţ�ŵŹřƺƯ�ƭŚưţ�Źŵ�ƶĩƽ�ÖÒŵƺŝ�ŶƇŹŵ����
��
řŶū�źŧřƶƿ�ŻŚǀě�žĜƿźţ�ƽƹŹ�ġŹŚƣ�ƽŚƷźĭŹŚƨƃ�Ʋſ�ƹ� ��

�ġŹŚƣ�źŧř�ŚƷƽ�ŝ�ǀźĭŹŚư�ƹŹ�ƽ��žĜƿźºţ����ŚºƷ��ƶºŝ��ƁƹŹ������������Ţºſř�ƵŶºƃ�ƭŚºŬƳř�ƾºƠƬŤŴƯ�ƽŚºƷ����ŚºƯř�
ŚŬƳōŻřƾƿ�ƶĩţŚƘƫŚƐƯ�ƾř�ƿƲ�ƴģǀ�ƹ�Ʋ�żǀƳŢƀƿŻ��šřźƄů�ƾŬƴſ�żƿŹ�ƶŝ��žĜƿźţ�ƵĦƿƹ�ŚƷ���ŹřźƟ�ŢƬƗ�ƶŝ�
īźƯ���������ƹ�ƩŚƤŤƳř�Żř�ƾƃŚƳ�źǀƯ�ƹ�������ƾƯ�Źřƺƃŵ�ŹŚǀƀŝ���ƧŚţ��ŶƃŚŝ���ƁƹŹ�Ʀƿ�Ʊƺƴ�ř�ƽřźŝ�ƖƯŚū�ºƿ��ƕƺºƳ�Ʋ
ſŹźŝƾ�������ƁƹŹ�Żř�Ʀƿ�źƷ�ƹ�ƵŶƄƳ�ƾƟźƘƯ�ŚƷ�ŚƷ�ƵŶǀƤƗ�ƶŝ��ƽ�ŵƺų�ƅŚų�ƲſŚŰƯ�ƹ�ŜƿŚƘƯ�ƲǀƤƤŰƯ�
řŵ�řŹŹ�ŶƳ(Ugine et al., 2005)��ř�ŹŵƿƁƹŹ�ƶſ�Żř�řŶŤŝř�ƂƷƹĦě�Ʋ�Tashiro cage�(Tashiro, 1967)���

Microtube assay�(Abe & Ikegami, 2005)�ƹ�Sandwich assay�et al., 2005)�(Ugin�Ŷºƃ�ƵŵŚƠŤſř���
���Żř�žě�ŢƿŚƸƳ�Źŵ��ƁƹŹ�ŵźŝŹŚĩ�����Ʊō�ƱŵƺŞƳ�ŜſŚƴƯ�ƹ�ơƺƟ�ƽŚƷ�ŚƷ����ŹřźºƟ�ŶºƇŹŵ�Ʊŵƺŝ�ǇŚŝ�ƶƬưū�Żř�

ƹŹǇ�ƽŚƷ�žĜƿźţ�Żř�ƝƹźƓ�ŻŹřƿŝŚƾ�ƁƹŹ��Thrips Enthomopathogenic Bioassay System (TEBS)�
���Ŷºƃ�ƵŵŚƠŤſř�ƹ�ƾůřźƏ�ƂƿŚƯŻō�Źŵ(Pourian et al., 2008)���ƶºŝ��ºƏ���Żř�ƁƹŹ�Ʋºƿř�Źŵ��ƶºƇǈų�Źƺ

ƾƏƺƣ������ƾſŚƨƗ�ƮƬǀƟ�ƽŚƷ���źƐƣÐ��ƕŚƠţŹř�ƹ��Ñ�ƾŤƳŚſ���źŤƯ���Ʀƿ�Śŝ��Ɯţ�ƪƯŚƃ�šřźǀǀƜţ�ƽźſǀǀ��ƕŚºƠţŹř�ź
��ƝźƓ���ŵƹŶůÐ�ƾŤƳŚſ��źŤƯ������źƐƣ�ƶŝ�Źŵ�ƽƹŹ�ƶƿƺƸţ�űřŹƺſ�ŵŚŬƿř�Î�ƾŤƳŚſ��źŤƯ���ƽŹƺºţ�ƱŶƳŚŞƀºģ�

�Ƭěƾ�źŤſř�ÏÍÍ����������Źřƺƿŵ�ƽƹŹ�ƮƬǀƟřŹŚě�ƶƿǇ�Ʀƿ�ƱŶǀƄƧ�ƹ�ƶƿƺƸţ�ŢƸū�ƂƯ�Ƶ��ƽŶƃ�ƵŵŚƠŤſř�ƾūŹŚų���
ƵŵŚƯō�Żř�žě��ƝƹźƓ�ƱŵźƧ��ŹƺĩŸƯ��źƐƣÐƕŚƠţŹř�ƹ��ÐƾŤƳŚſ��źŤƯ���ŵƪųř�ƝƹźºƓ��śō ��ŹŚºĭō�ºƿĨ�

ŶƇŹŵ���������źƐƣ�ƶŝ�ŹŚǀų�ƾĭźŝ�Ʀƀƿŵ�ƹ�ƶŤŴƿŹ�Ò�Ï�ƾŤƳŚſ����Ŷƃ�Ƶŵřŵ�Źřźƣ�Ʊō�ƽƹŹ�ƾŤƄě�ŮƐſ�Żř�źŤƯ��
���Żř�žěƿ����ƮƷ�Ƶƹźĭ�Ʀƿ��ŢƗŚſ�Ĩ�����ƭƹŵ�Ʋſ�ƹŹǇ�Żř�Ʋſ�ÎÒŵŶƗ����Ŷºƃ�ƪƤŤƴƯ�ƝźƓ�źƷ�ƪųřŵƹ��
�ř�ƪŞƣŻ��Ʊō�ƂƃŚě����������ƩŚĤŴƿ�ƽŚƯŵ�Źŵ�ŢǀƫŚƘƟ�ƂƷŚƧ�ƽřźŝ��ŚƷ�Ò�Ñ�ƶūŹŵ���ƽ�ƀƬſ�ǀŽƺ�����Ƶŵřŵ�Źřźºƣ
ŶƳŶƃ����ƵŵŚƯō�Żř�ŶƘŝ��ŢƔƬƛ�ƱŵźƧ����ƫŚĩ�ƹ�ŚƷǀƵźŞ�������Śºŝ�ƶºƳŚĭřŶū�šŹƺºƇ�ƶŝ�ƝƹźƓ��ƂƃŚě�ũźŝ�Ʊŵźĩ
ŢƔƬƛ���ƶŝ�ƽŚƷ�ţźţǀ��ŜÎÍÐ���ÎÍÑ���ÎÍÒ���ÎÍÓ���ÎÍÔ���ƹ�ÎÍÕ���ƾƬǀƯ�Źŵ�ŹƺĜſř���ŹŚƄƟ�Śŝ�źŤǀƫÔ�Íĩ�ǀ��ƭźĭƺºƬ
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�ŤƳŚſ�źŝƾ��������źƐƣ�Śŝ�ƩŻŚƳ�ƹ�ƖŝźƯ�źŤƯÏÒ�Í�Ư�ǀƬƾ���źŤƯ���ƕŚƠţŹř�ŻřÓå�ŤƳŚſ�ƾ�źŤƯƽ�ŶƳŶƃ�ƵŶǀƃŚě�����Żř�žºě
�����ƶƬǀſƹ�ƶŝ�ƝƹźƓ�Źŵ�ƝřźƏř��ƂƃŚě��ƽ�������������ƽŚºƯŵ�Źŵ�ŹƺţŚºŝƺĪƳř�ƪºųřŵ�ƹ�Ŷƃ�ƶŤƀŝ�ƮƬǀƟřŹŚě�æ�t�ÏÒ�

ƶūŹŵ��ƽ�ƀƬſ�ǀŽƺ���ƾŞƀƳ�ŢŝƺƏŹ��Ò�t�ÔÍ���ŶƇŹŵƹ������ƽŹƺºƳ�Ǝƿřźºƃ�ÎÓ�������ƹ�ƾƿŚƴºƃƹŹ�ŢƗŚºſ�Õ�
���ŶƳŶƃ�ƶŤƃřŸĭ�ƾƨƿŹŚţ�ŢƗŚſ�����Żř�žěÏÑ����ŢƗŚſ���īźƯ�ƱřżǀƯ��ƹ��šŶƯ�ƶŝ�ƶƳřŻƹŹ�šŹƺƇ�ƶŝ�źǀƯ

�ŢŞŧ�ŻƹŹ�ŢƠƷ�Ŷƃ��Ƙưūǀ�ƩƺƬŰƯ�Śŝ�ŶƷŚƃ�ŢTween 80�ÍÒ�Íţ�ŶƇŹŵ�ǀŵźĭ�ŹŚưƿŶ��ƱŚƿŚƃ��źºƧŷ�
��Ţſř��ƶƧ��ƶƿŸƜţ�ŢƬƗ�ƶŝ�ƽ�žĜƿźţ�����Ʀƀƿŵ�Żř�ŚƷ��ŚƯ�Żř�žě�ƭƺſ�ŻƹŹ��ƾĭźŝ�ƽŚƷƿƶ�ŝƺĩƾ��ƽŚºƷƹŹǇ��

��������ř�ƵŻŚţ�ƾĭźŝ�Ʀƀƿŵ�Śŝ�ƝƹźƓ�ƪųřŵ�ƶŝ�žĜƿźţ������ŹŚºǀŤųř�Źŵ�ƵŻŚºţ�ƾƿřŸºƛ�ƖºŞƴƯ�Śţ�ŶƳŶƃ�Ƶŵřŵ�ƩŚƤŤƳ
Ʊō�ŶƃŚŝ�ŚƷ��ƶƿżŬţ�ƽƵŵřŵ�ƶǀƬƧ���ƭźºƳ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷ����ƽŹŚºƯō�ŹřżºƟřSYSTAT 10�(SYSTAT, 2000)�

Ŷƃ�ƭŚŬƳř��īźƯ�ŶƇŹŵ �ƹ ř�ƪĩ�źǀƯƿŵŚŬ�řźŝ�ƵŶƃƽ�źƷ�ƿ�Żř�ĨƶſřŶū�ƿƶ�ƽġŹŚƣ�ƹŹ�ƽ��Ʋºſ�ƹŹǇ�
ƹŵƭ�źţ�ƿ������ƾĭŵƺƫō�Żř�žě�ƮŤƠƷ�ŻƹŹ�Śţ�žĜ��ƶŞſŚŰƯŶƃ���ƶŝ�ŢƬƗŹŵ�šŚƠƬţ�ŵƺūƹ�����ŶºƇŹŵ��ŶƷŚºƃ

Ư�ƹ�īźƯǀţ�Źŵ�źǀƶƬǀſƹ�ƶŝ�ŚƷŹŚư�ƽƩƺƯźƟ��Schneider-Orelli�Ŷƿŵźĭ�ŭǈƇř�(Püntener, 1981)����ƶŝ
ƵƹǈƗ��LC50ƭźƳ�Śŝ�żǀƳ��ƽŹŚƯō�ŹřżƟř�Polo-PC�Ŷƃ�ƶŞſŚŰƯ�(Leora Software, 1987)���

źĭŹŚƨƃ�Ʋſ�ŵŹƺƯ�Źŵ�O. albidipennisŻŹř�ƁƹŹ��ƿŝŚƾŵřźƠƳř����ƵŹƺºě�ƹ�ƪºƯŚƧ�šřźƄºů�ƽ�ƽ��
Ūƴě�Ʋſ��źŝ�ƿŚěƶ�ƽƁƹŹ��Dunkel & Jaronski (2003)ŻŹř�ƁƹŹ�ƹ�ƝźƓ�Źŵ�ƾţřźǀǀƜţ�Śŝ�ƿŝŚƾ�ƭŚŬƳř�

Ŷƃ�����ƵŹƺě�ƹ�ƪƯŚƧ�šřźƄů����Ūƴě�Ʋſ�ƽŚƷ���Ʋƿř�źĭŹŚƨƃ�ƶŝ�����ƶºƬůźƯ�ƱřƺºƴƗ��ƽ�����ƽřźºŝ�ƝŶºƷ��ƱƺºƯŻō�
ŶƳŶƃ�śŚŴŤƳř�(Anonymous, 1989)�řźŝ�ƽ�ƮºƷ�ŹŚŤƟŹ�Żƹźŝ�Żř�ƽźǀĭƺƬū���Ź�Żř�ƽŹřƺºų�Ɓƹ�ƶŝŚƄºƯ�

ŢƀƿŻ�����ƽŵřźƠƳř�ƾŬƴſƿ�ŚƯ�Śƿƶ�ŝƺĩƾ�����ƶºŝ�ŵřźƟř�Żř�Ʀƿ�źƷ�����ŢºƔƬƛ�Źŵ�ƶºƳŚĭřŶū�ŹƺºƏ����ƶºƏƺŝźƯ�ƽŚºƷ
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���źƐƣ�ƶŝÒ�Ð�ƾŤƳŚſ���źŤƯ����ŹŚĭō�śō�ƽƹŹÒ�ÎŶƇŹŵ���Ŷƃ�Ƶŵřŵ�Źřźƣ�ƝźƓ�Źŵ��ƮƷ�Żř�ŶƘŝ�Ʋſ���ƽŻŚºſ
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��ŹřźƟ�Żř�ƽźǀĭƺƬūƫŚưŤůř�ƾšřźƄů���ƝźºƓ�Źŵ�ƝřźƏř���ƶºŝ���ƶƬǀºſƹ�ƽ���ƶŤƀºŝ�ƮƬǀƟřŹŚºě���Ŷºƃ����ƽřźºŝ

ƵŹƺě������Ūƴě�Ʋſ�ƽŚƷ����Ŷƃ�ƪưƗ�ǇŚŝ�ƁƹŹ�ƶŝŚƄƯ�żǀƳ�������Źŵ�ƶºƬůźƯ�ƹŵ�źºƷ�ƽřźºŝ�ƂƿŚºƯŻō�Ʋƿř�Ƃºƃ�
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�Ư�ƪƇŚůƾ�Ŷƃ����ƹ�ƛ�Źŵǀ�ř�źƿ�šŹƺƇ�Ʋ��ƵŵźƯ���śƺƀŰƯƾƯ��ŶƳŶƃ��řźŝ�ƽšŚŞŧř��īźƯ�Ʊō��ŚºƷ��Ǝºſƺţ�
�ġŹŚƣ����šřźƄů�Ʋƿřƶŝ��ŹƺƏ�ƶƳŚĭřŶū�ƶŝƾŤƳŚſ�Ūƴě�ƽźŤě�ƝƹźƓ��źŤƯƽƹŹ�ƽƟŚƇ�ŸƛŚĩ�ƾ��śƺºƏźƯ�
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�ƱŶŝ�ŮƐſ�ƲƿřƵŵźƯ�šřźƄů�ř�Żř�ƿƂƃƺě�ƲģŹŚƣ�ƾ��ǈſřƿƸţ�ŶǀƶƵŶƃ��ƹ�ŚŝƯ�ǀ�ęƺĪſƹźĪ�ƾſŹźŝ
ŶƳƺƃ���

řźŝƽ�ƶƀƿŚƤƯ��ƽ���ƶƬůźƯ�ƹŵ�ŢǀſŚƀů���ƽ���������ŢºƔƬƛ�Żř�Ʀºƿ�źƷ�źǀŧŐţ�ƹ�ƾŤƀƿŻ������ƶºŝ�ġŹŚºƣ�ƽŚºƷ�
ƪůřźƯ�Ʋƿř�ƽƹŹ�ƶƳŚĭřŶū�šŹƺƇ�źǀƛ�ƱƺƯŻō�Żř����ƽźŤƯřŹŚºěTwo-Sample Kolmogrov-Smirnove�

Ŷƃ�ƵŵŚƠŤſř�ƲǀƿŚě�ƪǀƫŵ�ƶŝ����źǀƯ�ƹ�īźƯ�ƱŵƺŝLC50�ƶŞſŚŰƯ�ƪŝŚƣ�ŵƺŞƳ���
��

ŪƿŚŤƳ��
ƶƿżŬţ��ƽ���žƳŚƿŹřƹƵŵřŵ�źƷŻ�ƾſŹźŝ�ƶŝ�ƍƺŝźƯ�ƽŚƷō�ƾƴǀĭƶſƶƿřŶū���ƽEUT119��EUT120�ƹ�

EUT118���ġŹŚƣM. anisopliaeƹŵ�Ʋſ�ƹŹǇ�ƽƹŹ�ƭƶƿřŶū�Ʋǀŝ�Źŵ�ƶƧ�ŵřŵ�ƱŚƄƳ�ŻŚǀě�žĜƿźţ���ŚºƷ��Żř��
źƷŻ�źƔƳōƾƴǀĭ�ƾƴƘƯ�šƹŚƠţ��ŵŹřŵ�ŵƺūƹ�ƽŹřŵ�Ö�Ô�=�ÓÖƹÏF���ÍÍÏ�ÍP < ���ƶƀƿŚƤƯ�ƽ�ƲǀĮƳŚºǀƯ����ŚºƷ
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�ƾƴƘƯ�šƹŚƠţ��ƽŹřŵ���řŹ�ƶƿřŶū�Ʋǀŝ��ƽ�EUT119�ƹ�EUT118��ƹ�ƶƿřŶū��ƽ�EUT120�ƹ�EUT118���ƱŚƄºƳ
ŵřŵ��Tukey HSD��ååæ�åP < ���ƶƿřŶū�ƽ�EUT118�ŮƐſ�Źŵ�ƽźĭŹŚưǀŝ�źƔƳ�Żř�a�ƶºƿřŶū�ƹŵ�ƹ��ƽ�

��ŮƐſ�Źŵ�źĮƿŵb�Ƶƹźĭ��ƾƧƺţ�ƽŶƴŝŶƴŤƟźĭ�Źřźƣ���źƿŵŚƤƯ�LC50�ƶƿżŬţ�Żř�ƪƇŚů�ƽŝ�Ţǀŝƹźě�ƶ��Ţſŵ
ƶƿřŶū�Ʋƿř�ƽřźŝ�ƵŶƯō���Żř�ƵŵŚƠŤºſř�Śºŝ�ŚƷ �ƶºƯŚƳźŝ�ƽ�Polo-PC��ÎÍÓ���æ�Ñ��ÎÍÒ���ç�çƹ�ÎÍÑ���è�ç�

��ƾƬǀƯ�Źŵ�ƽŶǀƴĩ������ƽřźŝ�Ŝǀţźţ�ƶŝ�źŤǀƫEUT119���EUT120���ƹ�EUT118��ŵƺŝ����ƩƹŶūÎ�������šŹŚºŞƗ�ƶºŝ
����ƶºƿřŶū�ƶºſ�źƷ�Żř�ƶŝŚƄƯ�ŢƔƬƛ�ŵźŝŹŚĩ�Źŵ�źĮƿŵ�ƽ��ƶºƿřŶū��ŹƺĩŸºƯ��ƽ�EUT118�����šŚºƠƬţ�ŶºƇŹŵ

�����ŵƺưƳ�ŵŚŬƿř�žĜƿźţ�ƹŹǇ�ƽƹŹ�ƽźţǇŚŝ���ƪƨƃæ�źŝ�ƽřźŝ�ƶƿřŶū�Ʋƿř�ƹŹ�Ʋƿř�Żř�ƹ��ŢǀſŚƀů�ƾſŹ
Ŷƃ�śŚŴŤƳř�źĭŹŚĪƃ�Ʋſ����

��
�ƩƹŶūÎ�ƶƿżŬţ�ŪƿŚŤƳ��ƽŻř�ƵŵŚƠŤſř�Śŝ�Ţǀŝƹźě� ƶƯŚƳźŝ�ƽ�Polo-PC���Ţºſŵ�ƶºŝ�ŢºƸū����ƱŵŹƹōLC50�

ƶƿřŶū�ƶſ�ƽ�ġŹŚƣ�M. anisopliaeŻŚǀě�žĜƿźţ�ƹŵ�Ʋſ�ƹŹǇ�ƽƹŹ����
Table 1. Results from probit analysis for LC50 estimation of M. anisopliae isolates against the 

second instar larvae of the onion thrips using Polo-PC. 
 

C.I. 99% C.I. 99% C.I. 95% C.I. 95% 
Upper Lower 

LC50 
Upper Lower 

df X2 Slope ± 
SE 

No. Metarhizium 
isolates 

1.6 × 108 3.2 × 105 4.1 × 106 4.7 × 107 6.3 × 105 4 0.4188 
0.224 ���

0.047 
360 EUT119 

1.6 × 106 1.4 × 104 2.2 × 105 1 × 106 3.4 × 104 4 1.2003 
0.286 � 
0.051 

360 EUT120 

1.1 × 105 2.1 × 102 2.3 × 104 8 × 104 4.3 × 102 4 2.8644 
0.360 � 
0.051 

360 EUT118 

��
ƽźŤƯřŹŚěźǀƛ�ƱƺƯŻō�ŪƿŚŤƳ ŵřŵ�ƱŚƄƳ�ƶĩ�ſŚƀůźƔƳ�ŻřǀŻ�ƪůřźƯ�Ţ�ºƿŤƀƾ����ƶºŝ�źĭŹŚƨºƃ�Ʋºſ�

řŶūƿƶ�ƽ�M. anisopliae EUT118ŝ��ǀ�Ʋ�ƵźƄů�ƽŹƺě�ƹ�ƪƯŚƧ�Ƶ�ƽ����ƾºƴƘƯ�šƹŚºƠţ�ƮŬƴºě�Ʋºſ���ƽŹřŵ
�ŵŹřŶƳ�ŵƺūƹ�Kolmogorov-Smirnov Two Sample��ÎÐÑ�Í� �P��ŚŤƳ�źŝŚƴŝ�ƿ���ƹ�ƪƣřŶºů��ƪºƇŚů�Ū

�ř�šŚƠƬţ�ŶƇŹŵ�źŨĩřŶůƿŬŵŚ�řŶū�Ǝſƺţ�ƵŶƃƿƶ�ƽ�EUT118ƶŝ��ţźţǀźŝřźŝ�Ŝ�Õ�ƹ�ÐÔ��řźºŝ�ŶºƇŹŵ�ƽ�
ƵźƄů��ƽ����ƹ�ƪƯŚƧ�Ó���ƹ�ÏÕ��řźŝ�ŶƇŹŵ�ƽ�Źƺě�Ƶ��ƽ����ŵƺŝ�ƮŬƴě�Ʋſ���ƪĪºƃ�Ï����ƶºƧ��Śºě�ŹřŵƺºưƳƿƂ�ÎÍ�
ƵŻƹŹ�����Ư�ƹ�īźƯ�ƽǀ�ř�źƿŵŚŬ��ƹŹ�ƵŶƃƽ���ƶƬůźƯ�ƹŵ�Ʋƿř��Żř�ŹŚĪƃ�Ʋſ�źĭ��Śºŝ�ŢºƔƬƛ��ÎÍÕ�ƴĩ�ºǀŶƽ�Źŵ�

ƯǀƬƾ�ƫǀźŤ�Źŵ��ƪƨƃÐŢſř�ƵŶƯō����
��
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Īƃ�ƪÎ��ƯǀĮƳŚǀř�šŚƠƬţ�ŶƇŹŵ�ƲƿŵŚŬƃ�ƵŶ�(± SE)�ƹŹƽƹŵ�Ʋſ�ƹŹǇ�ƭźţ�ƿě�žĜǀ���ƶºſ�Ǝºſƺţ�ŻŚ
řŶūƿƶ�ƽ�EUT119����EUT120����EUT118�����ġŹŚƣ�ŻřM. anisopliae����ŹŵÓ�ƞƬŤŴƯ�ŢƔƬƛ�Źŵ�

�šŶƯÔŻƹŹ���Ɲƹźůƛ�ǀźŝ�ƶŝŚƄƯǀƴƘƯ�ƝǈŤųř�ŵƺūƹ�źĮƳŚƾ�Ư�Źřŵƾ��ŶºƃŚŝ��Tukey HSD��
åÒ�åP < ����

Fig. 1. Mean percentage mortality (± SE) caused by M. anisopliae isolates on second-instar 
larvae of the onion thrips at six conidial concentrations after seven days. Values with 
different letters are significantly different from each other (Tukey HSD, P < 0.05). 

��
�ŦŰŝ��
ƳŻŹř�Żř�ƪƇŚů�ŪƿŚŤƿŝŚƾ�ƶſŻř�ƶƿřŶū��M. anisopliaeƶƧ�ŵřŵ�ƱŚƄƳ�řŶū�ƹŵ�ƿŝƺƬƐƯ�Ŷů�Śţ�ƶƾ�

��Ƶŵƺƫō�ƶŝ�ŹŵŚƣ����ƹŵ�Ʋſ�ƽŚƷƹŹǇ�ƱŵźƧƭ����ŹŚºưǀŝ�ŵŚºŬƿř�ŦºƗŚŝ�ƹ�Ƶŵƺŝ�žĜƿźţ�ƽ��ƾºƯ��ƺºƃƳŶ�ƹ��ř�ºƿ�Ʋ
ţǀƿŐŶƽźŝ�Ţſř��źƿŚſ�šŚƘƫŚƐƯ�ƤƤŰƯǀƲ��źŨĩř�ŶƳŵźĩ�šŚŞŧř�ƶĩ�ƶºƿřŶū���ƽŚºƷM. anisopliae�ƽřŹřŵ�

��ĭŹŚºưǀŝ�šŹŶºƣ���ŶƴŤƀºƷ�žĜƿźºţ�ƽƹŹ�ƾƿǇŚºŝ�ƽź(Gillespie, 1986; Vestergaard et al., 1995; 

Maniania et al., 2003; Sengonca et al., 2006; Thungrabeab et al., 2006)��Źŵ��ƢºǀƤŰţ���źºƋŚů
���Ŷƃ�ƵŶƷŚƄƯ�ŢƔƬƛ�Źŵ�ƶƧ�ƽŚƷ�ƶŝŚƄƯ��źƷ�Żřƶſ�ƶƿřŶū����ŶºƇŹŵ�źŨĩřŶºů�ƹ�ƪƣřŶů���īźºƯ���źºǀƯ�ƹ

ƶƿřŶū�Żř�ƾƃŚƳ��ŚƷ ƶŝ�ţŚŝ�źŝřźŝ�Ŝǀţź�ìæ�çèƹ�çè�îÑřźŝ�ƽřŶū�ƿƶ�ƽ�EUT118��çå�ƹ�Óå�ììřźŝ�ƽ�
řŶūƿƶ��ƽ�EUT120����ƹ�ìæ�æî�ƹ��íÓ�Óå�řźŝ�ƽ�řŶū�ƿƶ��ƽ�EUT119ŵƺŝ����Ʋǀŝ�ŹŵƶſƶƿřŶū��ƶƿřŶū���ƽ

EUT118ƶƿřŶū�ƹŵ�ƶŝ�ŢŞƀƳ��ƽ�EUT120ƹ��EUT119�źţǇŚŝ�ƽźĭŹŚưǀŝƽźţ�ƹŹǇ�ŢǀƘưū�Źŵ�ƿžĜ� �
��
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ƪĪƃÏ��ƯǀĮƳŚǀƬţ�ŶƇŹŵ�Ʋř�šŚƠƿŵŚŬƃ�ƵŶ�(± SE)�ƹŹƽ�ƵŹƺě�ƽ��Ʋºſ�ƪƯŚĩ�šřźƄů�ƹ�ƮŬƴě�Ʋſ�
O. albidipennis�Ǝſƺţ��EUT118���M. anisopliae���ŹŵÓ�ŢƔƬƛƞƬŤŴƯ��Żř�žě�ÔŻƹŹ�����

Fig. 2. Mean percentage mortality (± SE) caused by M. anisopliae EUT118 on 5th nymphs 
and adults of O. albidipennis at six conidial concentrations after seven days.  
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ƪĪƃÐ���ƱŚƄƳ�ŹřŵƺưƳ�ƵŶƴƷŵ��ƽƯ�ƹ�īźƯ�ǀř�źƿŵŚŬ�ƹŹ�ƵŶƃƽƵŹƺě�ƹ�ƪƯŚĩ�šřźƄů��ƽŪƴě�Ʋſ��Ʋſ�
�źĭŹŚĪºƃ�O. albidipennis���ƎºſƺţEUT118�M. anisopliae�Śºŝ��ŢºƔƬƛ��ÎÍÕ�ƴĩ�ºǀŶƽ�Źŵ�

ƯǀƬƾ�ƫǀźŤƵŹƹŵ�Źŵ��ƽŚě�ƿƂ�ÎÍƵŻƹŹ����
Fig. 3. Curves indicating caused mortality by M. anisopliae EUT118 at 108 conidial 

concentration against 5th nymphs and adults of O. albidipennis during 10 days 
monitoring. 
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ŵźƧ�ŵŚŬƿř�ŻŚǀě��ƶƿřŶū�ƽ�V275ġŹŚƣ��M. anisopliaeŶĩ�Śŝ�ƶĩ��EUT118�ƱƺǀƀĪƬĩ�ŹŵġŹŚƣ����ƽŚºƷ
���šřźƄů�źĭŹŚưǀŝƵƹźĭ�ƵŚǀĭ�ƾĪƃżě����ƾƯ�ƽŹřŶƸĮƳ�ƱřźƸţ�ƵŚĮƄƳřŵ�����ŵƺƃ�Ʋǀƫƹř�ƽřźŝ�ŹŚŝŻř���ƶºƳřƹźě�ƽ�

��Ŝǀſ�ƭźƧCydia pomonella (L.)�ƽźĭŹŚưǀŝ�šŹŶƣ�ƹ�ƵŶƃ�ƽŻŚſřŶū�Ʊō��šŚƟō�ƾųźŝ�ƽƹŹ�żǀƳ�
�Ţſř�ƵŶƃ�ƶƘƫŚƐƯ(Ansari et al., 2007)��ŝ�ŪƿŚŤƳ�ƶ�Źŵ�ƵŶƯō�ŢſŵźƋŚů�ƢǀƤŰţ�ƽǇŚŝ�ƪǀƀƳŚŤě�ƶĩ��

�ƶƿřŶū�ƲƿřŤƴĩ�ŢƸū�Źŵ�řŹ��ƾºƯ�ƱŚƄƳ�ŻŚǀě�žĜƿźţ�Ʃź��ŶºƷŵ�����ƲǀºƤƤŰƯ�ƾºųźŝ�ŪƿŚºŤƳ�Śºŝ���ŢºƤŝŚƐƯ�
Ưƾ�Ŷƴĩ�ƶŝ���ŹƺºƏƽ���ƶºĩVestergaard et al. (1995)��ƶºƘƫŚƐƯ�Źŵ�ƽ��ƽźĭŹŚºưǀŝ��Ūƴºě�ƶºƿřŶū��ƽ�ġŹŚºƣ�� �

M. anisopliae��ƹŪƴěƶƿřŶū��ƽ�ġŹŚƣ�V. lecanii�ƾŝźƛ�žĜƿźţ�ƽƹŹ�ƪĭ��F. occidentalis���Ʋºƿř�ƶŝ�
ŶǀſŹ�ƶŬǀŤƳŶƳưƷ�Ʋǀŝ�Źŵ�ƶƧ�ƶ�ƽŶū�ƶƿř�ŚƷƽŚƯŻō�ŵŹƺƯ�ƿƂƶƿřŶū���ƽ�V275��ġŹŚºƣ�M. anisopliae�
�źƷŻ�źŨƧřŶůōĭǀƴƾ���šŚºƠƬţ�ƹ����������������Ţºſř�ƵŵźºƧ�ŵŚºŬƿř�ƪºĭ�ƾºŝźƛ�žĜƿźºţ�ƹŹǇ�ƽƹŹ�řŹ����ƲǀºƴĤưƷ��� �

Ansari et al. (2007)�Əƾŵƺų�šŚƘƫŚƐƯ��ŶƳŵźƧ�ƁŹřżĭ��ƶƧƶƿřŶū�ƽ�V275��ġŹŚºƣ�M. anisopliae�
�źǀƠƃ�ƹ�ƹŹǇ�Ţſř�ŹŵŚƣƵ�ƽů�Źŵ�řŹ�ƪĭ�ƾŝźƛ�žĜƿźţ�ƾŝƺƬƐƯ�ŹŚǀƀŝ�Ŷƹ�Ƶŵƺƫō��ŶºƴƧ�ƩźŤƴƧ����ƢºŞƏ�

�ƢǀƤŰţSkrobek et al. (2008)ƶƿřŶū���ƽ�V275�Ǝƿřźƃ�Źŵ�Invivo�ƪƿřƹř�Źŵ�ƹ�ƱŚŝżǀƯ�īźƯ�Żř�ƪŞƣ�
źƟōƿŶƴ������������ƲǀƀºƧƹźŤſŵ�Żř�ƽŵŚºƿŻ�źƿŵŚƤƯ�Ŷǀƫƺţ�ƶŝ�ŹŵŚƣ�ƾĭŵƺƫō�A���ƹ�B��ƾºƯ��������Źŵ�ƶºƧ�ŶºƃŚŝ�řżºƟřƿ�Ƃ

ĭōźƷŻǀƴƾƂƤƳ�ġŹŚƣ�řżƀŝ�ƾƿŵŹřŵ���Thungrabeab et al. (2006)�ƽźĭŹŚưǀŝ�ƾſŹźŝ�Źŵ�ÑÎ�řŶūƿƶ�
�Ŷƴģ�Żř�������������ƶƿřŶū�ŹŚƸģ�ƶƧ�ŶƳŶǀſŹ�ƶŬǀŤƳ�Ʋƿř�ƶŝ�ŻŚǀě�žĜƿźţ�ƽƹŹ�źĭŹŚưǀŝ�ġŹŚƣ�ƶƳƺĭ�ƽ��ƶºŝ�ƍƺŝźƯ�
��ġŹŚºƣM. anisopliae��īźºƯ���ƹ����ƽǇŚºŝ�źºǀƯÓÒ���ŶºƇŹŵ���ŵźºĩ�ŵŚºŬƿř�žĜƿźºţ�ƽƹŹƵ�ƹ��ƑŚºŰƫ�Żř�

ƽźĭŹŚưǀŝ�ř��ƿ�řŶū�Ʋ�ºƿƶ�����řŹ�ŚºƷ��ŮƐºſ�Źŵ��ƽźĭŹŚºưǀŝ��ǇŚºŝ��(HPL)���ƹ����ƶºſřŶū��������Ʋǀºŝ�šŚºƠƬţ�Śºŝ�ƶºƿ� �
Ò�ÓÑ�Ö�ÐÍ�ŶƇŹŵ��řŹ���������ƎºſƺŤƯ�ƽźĭŹŚºưǀŝ�ŮƐſ�Źŵ�(MPL)����Źřźºƣ��ŶºƳŵřŵ�����ŚºŤƳ�ƪºĩ�ŹŵƿƱō�Ū��ŚºƷ�

ƱŚƄƳ�ƵŶƴƷŵ�ƽŤě�ƶƿřŶū�ƽǇŚŝ�ƪǀƀƳŚ���ƽŚºƷM. anisopliae�ř�Źŵƿ�ŝ�ŵŚºŬǀ�ŹŚºưƽƹŹ�ƽ���ƹ�ƝŶºƷ�ŢºƟō�
ƤƟƺƯǀŢ�Ưōǀż�Ʊō�ŵźŝŹŚĩ�Ʊŵƺŝ�ŢƸū�Źŵ�ŚƷƾƯ�ŻŚǀě�žĜƿźţ�ƩźŤƴƧ��ƃŚŝŶ���

ųźŝ�ŽŚſř�źŝƾŚƘƫŚƐƯ�źŨĩř��ƶŤƟźĭ�šŹƺƇ�šƶƿřŶū���ġŹŚƣ�ƽŚƷM. anisopliae��ƱŚƴưºƃŵ�Śŝ�
�žĜƿźţ�ƾƘǀŞƏ��ƶŝ�����ƶŝ�ƶƧ�ŚƷźĭŹŚƨƃ�ƵĦƿƹ���źǀƛ�šřŵƺūƺƯ�ƱřƺƴƗ��ƾƯ�ƝŶƷ���ƾƯ�ŹŚĭŻŚſ��ŶƴƃŚŝ���ŶºƃŚŝ

(Goettel et al., 1995; Ekesi et al., 1998; Maniania et al., 2003)�ř�ƿƹ�ƲƿĭĦƾƳ�ǀśƺƬƐƯ�ż��Ʊŵƺŝ
�ř�ŵźŝŹŚĩƿ�ƲġŹŚƣŹ�Źŵ�řŹ�ŚŤſřƽƶƯŚƳźŝ��ƽŶƯ�ƿźƿƠƬţ�ŢǀƤƾźţ�ƿžĜ�����ºƯ�ƱŚƄºƳ�ŢºƟō�ƽŚºƷƾ�ŵ��ŶºƷ���Źŵ
ŚŤſřŹƽ����ƵŵŚƠŤſř�ƶŝ�ƍƺŝźƯ�šŚƘƫŚƐƯ���ƽ�����ŝ�ƩźŤƴĩ�ƪƯřƺƗ�Żř�ƭŏƺţ�ǀĥƺƫƺƿ���ŚºƷŵŹƺųźŝ�ƹ�Ĩƽ��ƫŚºưŤůř�ƾ�
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ƹŹ�ƪƯřƺƗ�ƲƿřƽŶưƷ�ƿ�ġŹŚƣ�źŧř��źĮM. anisopliae�ƹŹƽźĭŹŚĪƃ�Ʋſ��O. albidipennis��ºſŹźŝƾ�
ŵźĭƿŶ���ř�Źŵƿ��ƱƺƯŻō�Ʋ�ƇŚųǀŢ�ƮƷ��ƺųŹřƽ��ǇŚºŝ�ƽ��Ʋºſ���ŚºƷƽ���źĭŹŚĪºƃ�Anthocoridae��ƶºŝ��ƹ�ºƿ�ƵĦ

źĭŹŚĪƃ�O. albidipennis�Źŵ�ƶƘƫŚƐƯ�ƽŚƯŻō�ƿƷŚĮƄƾ��ŦƗŚŝ�ºƇŚų�ƁƹŹ�ƶĩ�Ŷƃƾ��ŵŵźºĭ�ŷŚºŴţř���
����ƶƧ�šŹƺƇ�ƲƿŶŝ�ƵŹƺě�ƮƷ�ƹ�ƪƯŚĩ�šřźƄů�ƮƷ��Ūƴě�Ʋſ�ƽŚƷŝƶ�ŵřźƠƳř�šŹƺƇƽŚƯ�ƿƶ�ŝƺĩƾ��ƵŶºƃ�

����šŶƯ�ƶŝ�ƹÎÍ�Ư�ŻƹŹǀĭŵƺƫō�ƱřżƾſŹźŝ�ƾ��Ŷƃ��ŚŤƳƿƶŝ�ƍƺŝźƯ�ŪƤŤƀƯ�ƂƃŚě�ǀŢƔƬƛ�Śŝ�Ʈ�ŚƷƽ�æåè�
�Śţæåí�ƴĩǀŶƽƯ�Źŵ�ǀƬƾ�ƫǀŝ�źŤǀř�źĮƳŚƿƶƬůźƯ�ƹŵ�źƷ�ƶĩ�ŵƺŝ�Ʋ�ƽŻ�ƿŤƀƾźĭŹŚĪƃ�ƶŝ� ƿƯ�Ĩ�ºǀ��ƶºŝ�Ʊřż

�ſŚƀů�ġŹŚƣǀ��Ư�ƱŚƄƳ�Ţƾ�ŶƴƷŵŝ�ƹ�ǀř�Żř�ƶƬůźƯ�ƹŵ�Ʋƿ�źƔƳ�ƲƴƘƯ�šƹŚƠţƾ�Źřŵƽ��ŵŹřŶºƳ�ŵƺºūƹ�����Śºŝ
ƶƀƿŚƤƯ��ƽ�źƷŻ�ōĭǀƴƾ�řŶū�ƿƶ��ƽ����źƔƳ�ŵŹƺƯ��ƽƹŹ�����źţ�ƹŹǇ�ƹ�źĭŹŚĪƃƿĜ�ř�žƿ�ŤƳ�Ʋǀ�����ƶºĩ�Ŷƃ�ƪƇŚů�ƶŬ
źĭŹŚĪƃ��ř�ƶŝ�ŢŞƀƳƿřŶū�Ʋƿƶ�řŹřŵƽ�ƿŞƀƳ�ŢƯƹŚƤƯ�ĨƾƯ�ƾ�źƤţ�ƹ�ŶƃŚŝƿ�ľŚºŞ�ŢºƔƬƛ�Źŵ������ǇŚºŝ�ƽŚºƷ
�ţ�ŢŰţŐŧǀ��Ư�Źřźƣ�źƾ�ĭǀŵź��Śſƿ��ƭŚŬƳř�šŚƘƫŚƐƯ�ź���ƯŻ�Źŵ�ƵŶƃǀƶƴ��ƽ�ſŹźŝ�ƾ���ġŹŚºƣ�źŧř���ŚºƷƽŝ�ǀ�źĭŹŚºư�

ƹŹ�šřźƄůƽƲſ��ŚƷƽƳ�źĭŹŚĪƃ�ǀŝ�żǀĭŵƺƫō�źĮƳŚƾ�Ʈĩ�ƿĭŵƺƫō�ƭŶƗ�ŚƾƲſ��ŚƷƽ�Anthocoridae��ƶŝ
ġŹŚƣ�ŚƷƽŝ�ǀźĭŹŚư�Ư�ƾ�ŶƃŚŝ�ƶŝ��ŹƺƏƽ�ƶĩ�Jaronski et al. (1998)�ŻŹř�Źŵ�ºƿŝŚƾ�ƶºƗŹżƯ��řƽ��ƶºƿřŶū�ƽ�
GHA�ġŹŚƣ�B. bassiana�ƬƗǀšřźƄů�ƶ�ƛǀź�ƶƗŹżƯ�Źŵ�ƝŶƷ�ƽŢƔƬƛ�ŵźŝŹŚĩ�Śŝ�ƶŞƴě��æåæè���Ò�æ�

���ƶĩ�ŶƳŵźĩ�ƵŶƷŚƄƯ��ŹŚŤĪƷ�Źŵ�ŹƺĜſř�Ʋƿřŗƺſ�źŧř�ġŹŚƣƾƹŹ�ƽ�ƶƳƺĭ���ƽŚºƷ��žƴºūNabis��Orius�ƹ�
Geocoris����ƹ��żǀƳųźŝƾ��ƛ�šřŵƺūƺƯ�ǀź���ŵ�ƝŶºƷƿ����ƹ�ŢºƃřŶƳ�źºĮ��ŚƷźĭŹŚĪºƃ��Żř�ƽŹŚºƗ�ĭŵƺºƫōƾ�

ģŹŚƣƾ�ŶƳŵƺŝ��Dunkel & Jaronski (2003)�ŝ�ƾſŹźŝ�ŹŵǀźĭŹŚưƽ�ġŹŚƣ�B. bassianaźĭŹŚƨƃ�ƽƹŹ��
X. flavipes�ƶƿřŶū�ƶƧ�ŶƳŶǀſŹ�ƶŬǀŤƳ�Ʋƿř�ƶŝ�ƽ�GHAŹƺĩŸƯ�ġŹŚƣ��ŢºƔƬƛ�Źŵ�ÎÍÎÐ���Ò�Ï��ŹƺĜºſř�

��ŹŵŹŚŤƨƷ���ƶǀƇƺţ�ŢƔƬƛ���ŲƬƯ�ƽřźŝ�ƵŶƃ���ƾƯƺŝ�ƽŚƷ�����ƀºŝ�šřźºŧřǀ��ºưƧ�ŹŚƾ�����źĭŹŚƨºƃ�ƽƹŹ�řƿ��ŵŚºŬ
Ưƾ�Ŷƴĩ��ř�Źŵƿ�ŢƔƬƛ�Ʋ��ŲºƬƯ�ŢºǀƘưū����ƽŚºƷMelanoplus sanguinipes (Fabricius)��ÒÍ��ŶºƇŹŵ�

���řŶǀě�ƂƷŚƧ����ƫŚů�Źŵ��ŵźƧƾ�������īźºƯ�űźºƳ�Ʋºƿř�ŵŚŬƿř�ŢƸū�ƶĩ�������ŢºǀƘưū�Źŵ�ġŹŚºƣ�Ǝºſƺţ�źºǀƯ�ƹ
��ŤŞƀƳ�ƶŝ�źĭŹŚƨƃƾ���ŵƹŶů�ÎÒÒ�řźŝ�źŝ��ƶǀƇƺţ�ŢƔƬƛ�ƵŶƃ��ƽ��ƶƗŹżƯ����ƶƿřŶū�Żř�ƽř�ƽ�GHAƳ��ºǀŻŚ��ŵƺºŝ��

ƲǀƤƤŰƯ�Ʋƿř��ƶŬǀŤƳ�Źŵ�ŝǀ�ŶƳŵźĩ�ƱŚ��ƶºƧ�ƶºƿřŶū�ƽ�GHA���ġŹŚºƣB. bassiana�ƶºƯŚƳźŝ�Źŵ��ƽ��ƩźºŤƴƧ�
ŲƬƯ�Ʀƿĥƺƫƺǀŝ�ŚƨƿźƯō�Źŵ�ƾƯƺŝ�ƽŚƷ�ƹŹ�ƾƠƴƯ�źŧř�ƽźĭŹŚƨƃ��X. flavipes��Ʋưºƃŵ�ƹŵ�Ʋƿř�ƹ�ŵŹřŶƳ�

ŞƏǀƘƾ�ƾƯ���Ƴřƺţƴ������Źŵ�ƾƄƿřżƟř�źŧř�Śŝ�Ŷ�ƮƷ�ŹŚƴƧ����ƩźŤƴĩ�ŢƸū�ŲƬƯ���ŚƷ�ŶƳƺƃ�Ƶŵźŝ�ŹŚĩ�ƶŝ���Źŵ�ƶºƘƫŚƐƯ�ƽ�
ƮƷźŝ�ƂƴƧ�źĭŹŚƨƃ�Ʋǀŝ�ƾƯƺưƗ�D. hesperusźĭŹŚưǀŝ�ġŹŚƣ�ƹ��P. fumosoroseusƠſ�ƽƹŹ�ǀŶ��ĨƫŚŝ
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ƶƳŚŴƬĭ��Trialeurodes vapopariorum (Westwood)�Ǝƿřźƃ�Źŵ�� ƶƳŚŴƬĭ��ƽř���ƶºƧ�Ŷƃ�ƵŶƷŚƄƯř�ºƿƲ�
���ŵƹŶů�ġŹŚƣÓÓ�ÒÒ��ƵŹƺě�ŶƇŹŵ��ŚƷƽ�ŢƟō���ƾƯ�Ʋǀŝ�Żř�řŹ�Ơſ�ŢǀƘưū�ƮƧřźţ�ƹ�ŵźŝǀŶ���ƶºƳŚŴƬĭ�ĨƫŚŝ

�������ƶǀƇƺţ�ŢƔƬƛ�Śŝ�ƂƃŚě�ŹŚŝ�ƶſ�Śŝ�řŹ���ƵŶƃ�Î�Ï��źŤǀƫ�Źŵ�ƭźĭ����ƾºƯ�ƂƷŚƧ�ƾŝƺų�ƶŝ��ŶºƷŵ���Ʋºƿř�Źŵ�
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