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Abstract 
Sart longhorn beetle, Aeolesthes sarta Solsky (Col.: Cerambycidae) is one of the most destructive 

borers attacking many tree species in Iran and some Asian countries. Despite its high economic 
importance, little information is available on its biological control agents. In this research, pathogenicity 
of entomopathogenic fungi Lecanicillium muscarium (strain DAOM 198499), Metarhizium anisopliae 
(strain DEMI-001) and Beauveria bassiana (strain PTCC5197) were tested in the laboratory for the 
pathogenicity to A. sarta larvae. The survey was conducted to determine the efficacy of various 
treatments (105, 106, 107, 108 spore/ml) against the larvae of A. sarta. Larvae of the same age were 
individually treated with conidial concentrations of fungi for 30 sec. and placed in hand-made grooves 
(diameter of 1.5 cm and length of 10 cm) in the sapwood of poplar trunks (Populus nigra, Colon 56/32). 
After 15 days, the trunks were chopped and the mortality of larvae was determined. Furthermore, Probit 
analyses were conducted calculate LC50 and LC90 

values for each fungus. The results indicated significant 
differences between treated and untreated individuals (p < 0.01). Estimated LC50 

for L. muscarium, B. 
bassiana and M. anisopliae were 8.53 × 106, 3.65 × 107, and 8.7 × 104 spore/ml, respectively. There were 
significant differences among the mortalities of fungi and concentrations (p < 0.01). M. anisopliae with the 
mean of 50.99% and B. bassiana with the mean of 30.41% had the highest and the lowest mortality, 
respectively (p < 0.05). Also, the treatments 108 and 105 spore/ml caused the highest (68.57%) and lowest 
(38.64%) mortality, respectively. Finally, the comparison of means of interaction (treatment × fungus) 
showed that M. anisopliae treatment (108 spore/ml) with 78.9% had the highest and B. bassiana treatment 
(105 spore/ml) with 16.66% had the lowest mortality.  
Key words: Sart longhorn beetle, biological control, entomopathogens, Aeolesthes sarta, Beauveria 
bassiana, Metarhizium anisopliae, Lecanicillium muscarium 
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(Zhang et al., 2001) A. chinensi�ƹ�(Marshall et al., 2003) Scolypopa australis Walker �śƺƀŰƯ�
ƵŶƃ�ŵ�ƹ�Ź�ġŹŚƣ�ƵřźưƷ�ƶŝ�ƽŵŹřƺƯ�B. bassiana�ƱřżǀƯ�Śţ�ÔÓ�ƽŚƷƹŹǇ�Źŵ��M. alternatus��ƹ�īźƯ

�ƵŵƺưƳ�ŵŚŬƿř�źǀƯ(Lai et al., 2003)���ƽŶºţŚưƳ�ƽŹŚºưǀŝ�ŹŚƄŤƳř�ƂƷŚƧ�ŦƗŚŝ�ƹ�PWN���Ʋºƿř�Ǝºſƺţ�
Ʀſƺſ�ƵŶƃ�ŚƷ��ŢſřFutai, 1997)�(Maehara &���

źĭŹŚưǀŝ�ġŹŚƣMetarhizium anisopliae źƿŵ�Żř���šŚƟō�Śŝ�ƵŻŹŚŞƯ�Źŵ�ŻŚŝśƺģ�Źřƺų�Ƶŵƺŝ�ŭźƐƯ�
���Źŵ�ƽŵŚƿŻ�šŚƘƫŚƐƯ�ƹ�ƵŹŚŝ�����������šŚºƟō�ƶºǀƬƗ�źĭŹŚºưǀŝ�ƪºƯŚƗ�Ʋºƿř�ƾƿřźŰƇ�ƹ�ƾƷŚĮƄƿŚƯŻō�ƾŝŚƿŻŹř�ƽ

śƺģ��Źřƺų��ľŚƇƺƈų�ƹ��Ĩſƺſ���ƦųŚƃ�įŚƷ���ŶƴƬŝ������ƵŹŚºƃř�šŚºƘƫŚƐƯ�Żř�ƾºųźŝ�ƶºŝ�ƶºƧ�ƵŶƃ�ƭŚŬƳř
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ƾƯ�ŵƺƃ���Ʀſƺſśƺģ�Źřƺų�Saperda populnea L.���ƢƏŚºƴƯ�Żř�ƽŹŚǀƀºŝ�Źŵ�źŝƺƴƇ�ƮƸƯ�šŚƟō�Żř�
�����ƢƿŹżţ�ƹ�Ƶŵƺŝ�ƱŚƸūÐ�å�ƾƬǀƯ������źǀƯ�ƹ�īźƯ�ŦƗŚŝ�ƵźƄů�ƹŹǇ�ƱŻƹ�ƭźĭ�Źŵ�ġŹŚƣ�ƭźĭ�Ʊō�ƱřżǀƯ�ƶŝ

æåå���Żř�ŶƘŝÔÏ�Ŷƃ�ŢƗŚſ�(Li et al., 1989)��ƲǀƴĤưƷ�ƣ�Ʋƿř��źǀƯ�ƹ�īźƯ�ŦƗŚŝ�ġŹŚÏÓ��įŶƇŹŵ
�Ĩſƺſ�įƹŹPlocaederus ferruginus Fab.�Ŷƃ�ƾƘǀŞƏ�Ǝƿřźƃ�Źŵ�(Ambethgar et al., 1999)���Źŵ

ƶƘƫŚƐƯ����Ʋěřĥ�Źŵ�ƾƿřźŰƇ�ƽ�����Żř�ƵŵŚƠŤſř�ƵŵŹƹōźƟ��ƽ�������źĭŹŚºưǀŝ�ƪºƯŚƗ�Ʋºƿř�ƽŹŚŬţ�(BIO-1020)��ƶºŝ�
�����źººǀƯ�ƹ�īźººƯ�ŜŞººſ��ƱŚººŝżǀƯ�ŢººųŹŵ�źººƷ�ƽřźººŝ�ƭźººĭ�ƹŵ�ƱřżººǀƯæåå��ŚƧ�šřźƄººůƪººƯ� �

Semanotus japonicus Lacordaire�Żř�ŶƘŝ�èå��Ŷºƃ�ŻƹŹ�(Tabata, 1992)���ƲǀºƴĤưƷ����Ʋºƿř�ŵźŝŹŚºƧ�
��Ĩººſƺſ�ŢººǀƘưū�ƂƷŚººƧ�ŦººƗŚŝ�ƥŚººų�Źŵ�ġŹŚººƣ��įŚººƷ�Anomala cuprea Hope�Ŷººƿŵźĭ� �

(Shimazu et al., 1993)��ƶƘƫŚƐƯ�Ʀƿ�Źŵ�ƾƷŚĮƄƿŚƯŻō�ƽ�ƶƿřŶū���ƽMa33����ƶºǀƬƗ�ġŹŚºƣ�Ʋºƿř�Żř�çì�
�����ƾŝŚƿŻŹř�ƾƬĮƴū�ƮƸƯ�ŢƟō����Źŵ�ƹ�Ŷƃ������šřźƄºů��šŚºƟō�źƿŚſ�Śŝ�ƶƀƿŚƤƯ�śƺºģ��Źřƺºų���ƵĦºƿƹ�ƶºŝ�ƹ�

�Ĩºſƺſ��ƦųŚººƃ�įŚºƷ��ŶºƴƬŝ�Neocerambyx mandarinus Gressitt.��Batocera horsfieldi Hope.�� �
S. populnea�ƹ�Apriona rugicollis ChevrolatŽŚƀů��źǀƯ�ƹ�īźƯ�ƱřżǀƯ�ƹ�Ƶŵƺŝ�źţƳō���Ŝºǀţźţ�ƶŝ�ŚƸ

ÖÑ���ÖÏ���ÕÎ��ƹ�ìí��ŵƺŝ�(Fan et al., 1988)�ƲǀƴĤưƷ���śƺºģ�Ʀſƺſ�Śŝ�ƵŻŹŚŞƯ�ƽřźŝ����Źřƺºų
�ũŚƧ�ƱŚŤųŹŵ�M. alternatus��Ʈſ�ƵżǀƿŚě�ƾƃŚě��ƽƁƹŹ�źƿŚſ�Żř�ƱŚŤųŹŵ�Ţſƺě�źƿŻ�����ƵŻŹŚºŞƯ�ƽŚºƷ
�ŵƺŝ�źţźŧŒƯ(Shimazu, 1987)���ŵźŝŹŚƧ��Ţºſƺě�Ʀºſƺſ�ƶǀƬƗ�źĭŹŚưǀŝ�ƪƯŚƗ�Ʋƿř����Źŵ�ƱƹŹŚºƳ�Źřƺºų

���źºǀƯ�ƹ�īźºƯ�ŦƗŚŝ�ƾƷŚĮƄƿŚƯŻō�Ǝƿřźƃæåå����ŚºƷƹŹǇ�ŶºƃƵ�(Houle et al., 1987)ƹ���ŢǀºƇŚų�
�������Ţºſř�ƶŤºƃřŵ�ƱƹŹŚºƳ�īźºƯ�ƽŹŚºưǀŝ�ƪºƯŚƗ�ġŹŚƣ�ƽƹŹ�ƾŤƀǀƳƺĭŚŤƳō(Gemma et al., 1984)���Źŵ

ƩŚſ�źǀųř�ƽŚƷ�ƶƿřŶū���Żř�ƾƿŚƷM. anisopliae�śƺģ�ŢƟō�ƶǀƬƗ��ŹřƺųƦųŚƃ�Ʀſƺſ�ƾƿŚǀſō�ŶƴƬŝ�
��ƾŝŚƿŻŹř�ƾƿřźŰƇ�Ǝƿřźƃ�ŹŵƶƧ�ŶƃƮŴţ�ƱřżǀƯ�ƂƷŚƧ�ŜŞſ��ưƗ�ƩƺƏ�ƹ�ƽŹřŸĭ��ƪºƯŚƧ�šřźƄů�ź

Ŷƿŵźĭ�(Dubois et al., 2004)��Ʋƿř�źŝ�ƵƹǈƗ������Ʀºſƺſ�ƽŚºƷƹŹǇ�įƹŹ�ƾƷŚĮƄºƿŚƯŻō�Ǝƿřźºƃ�Źŵ�
śƺģ�ƱŚŤųŹŵ�ŹřƺųƾŝźƜƯ�Źŵǈŝ���P. ferruginus��ŵźƨƬưƗ�ƹ�ŵźƧ�ŵŚŬƿř�ƾƸūƺţ�ƪŝŚƣ�źǀƯ�ƹ�īźƯ�

ġŹŚƣ�źƿŚſ�Żř�Ʊō��ŵƺŝ�źŤƸŝ�źĭŹŚưǀŝ�įŚƷ(Ambethgar, 2003)���
ƾƬƗ��ſ�ƽŵŚƈŤƣř�ŢǀưƷř�ƮƛŹƦųŚƃ�Ʀſƺ�ŚţŹŚſ�ŶƴƬŝ���Żř�ƵŵŚƠŤºſř�ŵŹƺƯ�Źŵ�ƾƧŶƳř�šŚƘƫŚƐƯ�

ġŹŚƣ���ƵźƄů�Ʋƿř�Śŝ�ƵŻŹŚŞƯ�Źŵ�źĭŹŚưǀŝ�įŚƷ��ƽśƺģ�ŹřƺųŢſř�ƵŶƃ�ƭŚŬƳř������ƾţřŶƷŚƄºƯ�ŽŚºſř�źŝ
����ƶŤƃřŵ�ƵźƄů�Ʋƿř�ƽƹŹ�ƱŚĭŶƳŹŚĮƳ�ƶƧ�ŶƳř��ġŹŚºƣ�ƶŝ�ŢƘǀŞƏ�Źŵ�ŢƟō�ƾĭŵƺƫō�ƱŚƨƯř�����źĭŹŚºưǀŝ�įŚºƷ



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏí���æ���ÎÐÕì�������������������������������������������������������������������������ÏÐ 

��Ţſř�ƶŤƃřŵ�ŵƺūƹ�����ŝ�ƶŤƟźĭ�ƭŚŬƳř�šŚƘƫŚƐƯ���ƵżºǀĮƳř�ơƺºƟ�šřŶƷŚƄºƯ�ƵřźưƷ�ƶ�����ƢºǀƤŰţ�Śºţ�Ŷºƃ�ƽř
Őţ�İſŹźŝ�ŹƺƔƴƯ�ƶŝ�źƋŚůġŹŚƣ�Żř�ƶƳƺĭ�ƶſ�źǀŧ�ŵźǀĭ�ƭŚŬƳř�ŢƟō�Ʋƿř�ƽƹŹ�šřźƄů�źĭŹŚưǀŝ�įŚƷ� 

��
�ƹ�ŵřƺƯƁƹŹ�ŚƷ��

ġŹŚƣ�ŢƄƧ�ƹ�ƶǀƸţ�ƱŚŝżǀƯ�ƵŚǀĭ�ƹ�ƵźƄů��źĭŹŚưǀŝ�įŚƷ 

Źŵ�ƢǀƤŰţ�źƋŚů�Żř��ƶſġŹŚƣ����Ŷºƃ�ƵŵŚƠŤºſř�źĭŹŚºưǀŝ���æ��M. anisopliae��ƶºƧ�ř��Ʀºſƺſ�Ż
ƾƿŚƴů�ƾƯƺƏźųźſŚƯźų���Rhynchophorus ferrugineus (Olivier)��ƱŚŤƀǀſ�ƱŚŤſř�Źŵ�Ʊřƹřźſ�Żř�
��řŶū�ƱŚŤƀģƺƬŝ�ƹ���ƽŻŚſ���ŵƺŝ�ƵŶƃƹ��ƶƀſŒƯ�Żř�����ƵŚǀĭ�šŚƤǀƤŰţ�ƽ�����Ŷºƃ�ŢƟŚƿŹŵ�ŹƺƄƧ�ƾƨƃżě���ç��

L. muscarium�ƶƧ�ūºƿřŶºƶ�ƽ�DAOM 198499��ƱōƶƀſƺƯ�Żř�ƽƪĮƴū�šŚƤǀƤŰţ���ŹƺƄƧ�ƖţřźƯ�ƹ�ŚƷ
ƶǀƸţŶƃ��ƹ��è��B. bassiana��ƶƧƶƿřŶū��ƽPTCC5197��ƱōŻřƂƷƹĦě�ƱŚƯŻŚſ��ŚƷ�ƾŤƘƴƇ�ƹ�ƾưƬƗ�ƽ

�ƶǀƸţ�ƱřźƿřŶƿŵźĭ���
�źǀŨƨţ�ƽřźŝġŹŚƣ�����ŶºƯŚū�ŢƄºƧ�ƎǀºŰƯ�Żř�ŚƷ(Potato Dextrose Agar)�Ŷºǀƫƺţ���Ǝºſƺţ�ƵŶºƃ��

����ƱŚưƫō�ƥźƯ�ŢƧźƃƹ������ƖƿŚƯ�ŢƄƧ�ƎǀŰƯ�Śƿ��ƵŹŚƈƗ�ƽƹŚů��ƽ��Ŝǀºſ�������ƵŵŚƠŤºſř�ŻƹźŤƀºƧŵ�ƹ�ƾºƴǀƯŻ
Ŷƿŵźĭ��ŶǀƴƧƽ����ŶƯŚū�ŢƄƧ�ƎǀŰƯ�ƽƹŹ�ƵŶƃ�Ŷǀƫƺţ�ƽŚƷ���Żř�žºě����Ǝƿřźºƃ�Źŵ�ƽŹřŶºƸĮƳ�ƶºŤƠƷ�ƹŵ
ƩźŤƴƧ�����ƵŶƃ�ƽŚƯŵ�Ï�t�ÏÒ�ƶūŹŵ��ƽƾŤƳŚſ���ƹ�ŵřźĭÎÓ�ŢƗŚſ�ƾƿŚƴƃƹŹ���ƦºưƧ�ƶŝ�ÎÒ�ƾºƬǀƯ���źºŤǀƫ�

�����ƽƹŚů�ƪƿźŤſř�źƐƤƯ�śōÍÐ�Í����ƱƺŤƿźţ�ŶƇŹŵ�X-100����Ŷºƃ�Ţºƃřŵźŝ��������ƎǀºŰƯ�Żř�ŚƷŹƺĜºſƺŤſǈŝ
�ƖƿŚƯ�ŢƄƧ������Żř�žěÓ����ŵ�ƽƹŹ�ƽŹřŶƸĮƳ�ŻƹŹ��ƱŚƨţ�ƵŚĮŤſ�����ŢƗźſ�Śŝ�ƵŶƴƷŵæçå������Źŵ�ƶºƤǀƣŵ�Źŵ�Źƹŵ�

ƽŚƯŵ�Î ± ÏÑƶūŹŵ��ƾŤƳŚſ�ƽ�ŵřźĭ��ƶģŹŚě�Żř�ƵŵŚƠŤſř�Śŝ�ƹ�ƵŶƃ�Ţƃřŵźŝ�ƽƪưƬƯ��ƭƺǀƬƀǀƯ���Ʊō�ƽŚƷ
��řŶūŶƃ�����ŶǀƴƧ�ƁŹŚưƃ�Żř�žě�ƽ����ƩƺŞƬĭ�ƭǇ�ƦưƧ�ƶŝ�ŚƷ�ƶǀƸţ�ƹ�ŹŚưƃ�ƽƶƿŚě�ŢƔƬƛ��ƽ�ÎÍÕ�ƽŶǀƴƧ�

�ƾƬǀƯ�Źŵ����ŢƔƬƛ�źƿŚſ��źŤǀƫ�����ƱřżǀƯ�ƶŝ�ŚƷÎÍÔ���ÎÍÓ���ƹÎÍÒ���ƢǀƣŹ�ƢƿźƏ�Żř���������ƶºƿŚě�ŢºƔƬƛ�ƽŻŚºſ��ƶºǀƸţ
Ŷƿŵźĭ���

ƵźƄů��ƽ�����ƦųŚƃ�Ʀſƺſ�ƹŹǇ�ƪƯŚƃ�ƱŚŝżǀƯ�����ľŚºŞƿźƤţ�ƵŻřŶºƳř�ƹ�Ʋſ�źƔƳ�Żř�ƶƧ�ŵƺŝ�ŚţŹŚſ�ŶƴƬŝ�
�ŶƳŵƺŝ�ƱŚƀƨƿ��ƱŶŝ�ƩƺƏç�å�t�ÒƾŤƳŚſ���źſ�ƩƺƀĜƧ�ƉźƗ�ƹ�źŤƯÔ�Í�Ó�ÍƾŤƳŚſ��źŤƯ���ƹŹǇ�ƷŚ�Żř�

ƱƺƳŚƧ��ŵƺƫō�ƽŚƷƵ��������ƱƹŹŚƳ�ƱŚŤųŹŵ�ƽƹŹ�Żř�ŢƟō�ƶŝ���Ɩưū�ƱŚƸƠƇř�Źŵ�Ŷƃ�ƽŹƹō���ƱŚŝżǀƯ��ŢºƟō�ƾƷŚǀĭ
Ƶŵźĭ�ƪƯŚƃ�ƽƶƴǀŝ��ŹƺƐƣ�ƽŚƷ��ŵƹŶů�źƐƣ�ƶŝÏÍ�ÎÒƾŤƳŚſ���Żř�źŤƯ�Ʀƿ�ƕŚƠţŹř�ƹ�źŤƯ�źŝƺƴƇ�ƱŚŤųŹŵ

(Populus nigra, Colone 56/32)Ŷƿŵźĭ�ƶǀƸţ�ƶƫŚſ�ƵŵżƳŚě����
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ġŹŚƣ�ƽźĭŹŚưǀŝ�źŧř�ƾſŹźŝ�ƦųŚƃ�Ʀſƺſ�ƽƹŹ�ŚƷ�ŚţŹŚſ�ŶƴƬŝ��
���ġŹŚƣ�Żř�ƽŶǀƴƧ�ƱƺǀƀƳŚĜſƺſ��Śŝ�ŚƷ�ŢƔƬƛ����ƽŚƷÎÍÒ��ÎÍÓ��ÎÍÔ���ƹÎÍÕ�ƾƬǀƯ�Źŵ�ƽŶǀƴƧ���ƶŝ�źŤǀƫ

��ŶƷŚƃ�ƵřźưƷ���ƱƺºŤƿźţ�ƽƹŚů�źƐƤƯ�śōX-100���ƱřżºǀƯ�ƶºŝ�ÍÐ�Í�ŶºƇŹŵ�����ƵŵŚƠŤºſř�ƹ�ƶºǀƸţ��Ŷºƃ��
ƂƿŚƯŻō�ŹŚưǀţ�Ūƴě�Śŝ��ƹ�ƶſ�Źŵ�ŹŚƸģ�Śţ�Źřźƨţ�Źřźƨţ�źƷƪƯŚƃ��Ô�ÒƹŹǇ���ŭźƏ�ŜƫŚƣ�Źŵ�ƹľǈƯŚƧ��

�ŢƟźĭ�ƭŚŬƳř�ƾƟŵŚƈţ���šŶƯ�ƶŝ�ŚƷƹŹǇƶƤǀƣŵ�ƮǀƳƶƏƺƛ�ƁƹŹ�ƶŝ��ƽŻŚſŹƹ��ŢºƔƬƛ�ƉźºƘƯ�Źŵ����ŚºƷ
����Ǉřŵ�Źŵ�ƹ�ƶŤƟźĭ�ŹřźƣƱ�����ŶƳŶƃ�Ƶŵřŵ�Źřźƣ�ƽƹŹǇ�ƽŚƷ��ǇřŵƱ�����źƐƣ�ƶŝ�ŚƷÒ�Î����ƢưƗ�ƹ�ÎÍ�ƾŤƳŚſ����Źŵ�źŤƯ

ƶƴţ���źŝƺƴƇ�ƱŚŤųŹŵ�ƽŚƷ���ŵƺŝ�ƵŶƃ�ƶǀŞƘţ���įřźŝ�������ƽƹŹǇ�šŚƠƬţ�ƱřżǀƯ�ƾŝŚƿŻŹř�ÎÒŶƘŝ�ŻƹŹ���Ƶŵźºĭ��ƽ�
ƶƴǀŝ���ŚƷƶƘƐƣ��Ŷƃ�ƶƘƐƣ�ƹ�ƵƱǇřŵ���ƽŚƷ�ƽƹŹǇŶƃ�ƶŤƟŚƨƃ������ŚºƷƹŹǇ�ƱŶºƿŵ�Ŝǀſō�Żř�ƽźǀĭƺƬū�ƽřźŝ
Ƶŵźĭ��ƽ���ƶƴǀŝ������ƵŹř�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷ�����ƪŰƯ�Żř�Źřƹŵ�ƽ���������šŚºƜƐƣ�ƶºŝ�ƹ�ƵŶƿźŝ�ŢƃřŶƳ�ŵƺūƹ�ƹŹǇ�ƶƧ�ƾƿŚƷ

ƦģƺƧ���ƾƯ�ƪƿŶŞţ�źţ��ŶƳŶƃ��žĜſ���������źºǀƯ�ƹ�īźºƯ�ƱřżºǀƯ�ƹ�ƶºŤƟźĭ�Źřźƣ�ŶƿŵŻŚŝ�ŵŹƺƯ�ŚƷƹŹǇ����ƽřźºŝ
�ŢƔƬƛ�ƾƯŚưţ���Ŷƿŵźĭ�ƲǀǀƘţ�ŚƷ��ƲǀƴĤưƷ���Ư�����ƽƹŹ�šƺºŝō�ƩƺºƯźƟ�Żř�ƵŵŚƠŤſř�Śŝ�ŶƷŚƃ�Źŵ�źǀƯ�ƹ�īź

��ŚƷŹŚưǀţřưƗŚ�ƹ�Ʃ���ŮǀŰƈţŶƃ��šŚƗǈƏř��Ţſŵ�ƶŝ�ƶƯŚƳźŝ�Żř�ƵŵŚƠŤſř�Śŝ�ƵŶƯō��Ţǀŝƹźě�ƽƶƯŚƳźŝ�Źŵ���ƽ
SAS��������ƤƯ�ƹ�ƶŤƟźĭ�Źřźƣ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ŵŹƺƯ�řŶ��ƵŶƴƄƧ�ŢƔƬƛ�Ź��įřźŝ��ÒÍ����ƹÖÍ���LC50�ƹ�LC90��

����ŢƟō�ŢǀƘưū�Żř�Ŷƿŵźĭ�ƶŞſŚŰƯ���ƶƿżŬţ�ƽřźŝ��ƽƵŵřŵ�řŶŤŝř��žƳŚƿŹřƹ�����ŵŹƺºƯ�Ʊŵƺºŝ�ƩŚƯźƳ�źƔƳ�Żř�ŚƷ
ƶŤƟźĭ�Źřźƣ�ƱƺƯŻōƹ���Žƺƴǀſ�Žƺƣ(Arc Sin)�Ƶŵřŵ�Żř�Ƶƹźĭ�Ʊō���ŵƺºŞƳ�ƩŚºƯźƳ�ŚƸƳō�ƖƿŻƺţ�ƶƧ�ŚƷ���Śºŝ�
��ƶƯŚƳźŝ�Żř�ƵŵŚƠŤſř�����ƦºƫŚƧ�ƽ(CALC)�������žĜºſ�ƹ�ƵŶºƃ�ƶŞºſŚŰƯ����������ŶƳŶºƃ�ƽŹŚºƯō�ƪºǀƬŰţ�ƹ�ƶºƿżŬţ���

ƲǀĮƳŚǀƯ��ƶŝ�ŚƷŶƴģ�ƱƺƯŻō�ƁƹŹ�ƶƴƯřŵ��ƲƨƳřŵ�ƽřƿŚƤƯŶƿŵźĭ�ƶƀ����
��

ŪƿŚŤƳ��
�ġŹŚƣźĭŹŚưǀŝ�L. muscarium��

���ƱǇřŵ�ƶƨƴƿř�Żř�ƪŞƣ����������ƪºƇŚů�ƱŚƴǀưƏř�ƹŹǇ�Ʊŵƺŝ�ƵŶƳŻ�Śƿ�ƵŵźƯ�Żř�Śţ�ŶƳƺƃ�ƶŤƟŚƨƃ�ƽƹŹǇ�ƽŚƷ
������ƲŤŴƿŹ�Śŝ�ƶƧ�ŚƷŹŚưǀţ�Źŵ�ƹŹǇ�ŢǀƫŚƘƟ�ƹ�ƶƿŸƜţ�ŹŚŧō��ŵƺƃ�ŵƺŝ�ƵřźưƷ�Ʊƹźǀŝ�ƶŝ�ƵŹř�ƥŚų�ºŝ�ƶ����ŹƺºƏ

�������ƾƯ�źƔƳ�ƶŝ�źŤưƧ�ŶƷŚƃ�ƶŝ�ŢŞƀƳ�ŽƺƀŰƯ�ŶǀſŹ�����ƶƿżŬţ�Żř�ƪƇŚů�ŪƿŚŤƳ��ŵřŵ�žƳŚƿŹřƹ�ƽ�Ƶ��ƱŚƄƳ�ŚƷ
�ƶƧ�ŵřŵƝǈŤųř�Ʋǀŝţ��ŚƷŹŚưǀ��ŶƷŚºƃ�ƹ�ƾºƴƘƯ��Źřŵ�Ţºſř��åååÓ�å�P =��Óæ�æç�F =��Ñ�,æÒ�df =���

ƾƯ�ƲƿřźŝŚƴŝ�ƩŚưŤůř�ƶŝ�ƶƧ�ŢƠĭ�Ʊřƺţ�îî�îî���źĭŹŚưǀŝ�ġŹŚƣ�L. muscarium�ƹ�īźƯ�ŵŚŬƿř�ŦƗŚŝ�
Ţſř�ƵŶƃ�ŚƷƹŹǇ�Źŵ�źǀƯ����



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏí���æ���ÎÐÕì�������������������������������������������������������������������������ÏÒ 

��ƩƹŶūæ�ƶƀƿŚƤƯ��ƽ�ƳŚǀƯ���ƲǀĮ��������ƽŚºƷƹŹǇ�Źŵ�ƵŶºƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ����ƦųŚºƃ�Ʀºſƺſ����ŶºƴƬŝ
�ŚţŹŚſŢƔƬƛ�źŧř�Źŵ���źĭŹŚưǀŝ�ġŹŚƣ�ƞƬŤŴƯ�ƽŚƷL. muscariumƾƯ�ƱŚƄƳ�řŹ��ŶƷŵ����ŶºƘŝ�ŻƹŹ�ƵŵżƳŚě
�Ƶŵƺƫō�Żř���Śŝ�ŚƷƹŹǇ�įŻŚſ�ŢƔƬƛ�ƽŚƷ��ƪƯŚƃ�ġŹŚƣ��ÎÍÒ���ÎÍÓ���ÎÍÔ���ƹ�ÎÍÕ�Ĝſř�ƺ��ƾºƬǀƯ�Źŵ�Ź��źºŤǀƫ���ƶºŝ�

����ƱřżǀƯ�ƶŝ�ŜǀţźţÒ�ÐÕ���Ò�ÑÖ���Ò�ÓÍ���ƹ�Ò�ÔÎ���ŵŚŬƿř�źǀƯ�ƹ�īźƯ�ŶƇŹŵŶƃ�Źŵ��ƶƧ�ƾƫŚů�ŶƷŚƃ�Źŵ�
ĢǀƷ�������ƵŶƷŚƄƯ�ƽźǀƯ�ƹ�īźƯ�ƶƳƺĭƿŵźĮƳŶ���������řŶºǀě�ƂƿřżºƟř�żǀƳ�źǀƯ�ƹ�īźƯ�ƱřżǀƯ��ŢƔƬƛ�ƂƿřżƟř�Śŝ�
ŵźƧ�ƽŹƺƏ�ƶŝ����ŢƐƬƛ�ƹŵ�ƶƧæåì�ƹ�æåí���ŵƺºưƳ�ŵŚºŬƿř�ƽźŤƄǀŝ�źǀƯ�ƹ�īźƯ����ƩƹŶºūÎ�����ŢºƔƬƛ

�įřźŝ�ƵŶƴƄƧÒÍ���ƹÖÍ��ƣ�źŧř�Źŵ�ŢƟō�ƹŹǇ�ŢǀƘưū�Żř�ġŹŚL. muscariumƶƧ�Ŷƿŵźĭ�ƶŞſŚŰƯ��ƶŝ�
�ŜǀţźţÎÍÓ���ÒÐ�Õ�ƹ�ÎÍÎÍ���ÓÒ�ÐĜſř�ƺƾƬǀƯ�Źŵ�Ź�źŤǀƫ�ŵƺŝ���ƩƹŶūÏ����

��
ƩƹŶū�æ��ƶƀƿŚƤƯ�ƽƲǀĮƳŚǀƯ�ƽŚƷƹŹǇ�įƹŹ�ƵŶƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ��A. sarta�źŧř�ŹŵŢƔƬƛ����ƽŚºƷ

�ġŹŚƣ�ƞƬŤŴƯL. muscarium����
Table 1. Mean comparison of the mortality of A. sarta larvae exposed to different 

concentrations of L. muscarium. 
 

Grouping Mean of mortality Concentrations (spore/ml) 
A 71.5 1 × 108 

AB 60.5 1 × 107 
BC 49.5 1 × 106 
C 38.5 1 × 105 
D 0 Control 

Means with different letters in each column are significantly different at 5% (Duncan test) 
��

ƩƹŶū�ç�ŹřŶƤƯ��LC50��ƹLC90ƽřźŝ�ġŹŚƣ��L. muscarium�ƽƹŹ�ƹŹǇ�A. sarta���
Table 2. LC50�and�LC90 for L. muscarium on A. sarta larvae. 
 

P Chi square Intercept ± SE 95% fiducial limits a Concentrations 
(spore/ml) 

 

0.008 6.99 -2.4 ± 0.92 1.15 × 109 ��  9.36 × 105 8.53 × 106 LC50 
0.008 6.99 -2.4 ± 0.92 2.12 × 1024 ��  5.02 × 108 3.65 × 1010 LC90 

a Lower - Upper; SE = Standard Error 

��
�ġŹŚƣ�źĭŹŚưǀŝB. bassiana��

ƶƿżŬţ���ŵřŵ�žƳŚƿŹřƹ�ƽ�Ƶ�����ƶºƧ�ŵřŵ�ƱŚƄºƳ�ŚƷ��Ʋǀºŝ�ƝǈŤºųřţ���ŚºƷŹŚưǀ��ŶƷŚºƃ�ƹ�ƾºƴƘƯ��Źřŵ�Ţºſř�
�åååÎ�å�P =��ÕÕ�æÓ�F =��Ñ�,æÒ�df =��ƾƯ�ƲƿřźŝŚƴŝ�����ƩŚºưŤůř�ƶºŝ�ƶƧ�ŢƠĭ�Ʊřƺţîî�îî���ġŹŚºƣ� �



ÏÓ                                           �ƱřŹŚƨưƷ�ƹ�ƾƳŚǀƃōźƟ���ġŹŚƣ�ƶſ�ƾƴǀĭōźƷŻ�ƾƷŚĮƄƿŚƯŻō�ƾſŹźŝ������

B. bassiana�īźƯ�ŵŚŬƿř�ŦƗŚŝ�Ţſř�ƵŶƃ�ŚƷƹŹǇ�Źŵ�źǀƯ�ƹ���ƩƹŶūè�Żř�ƪƇŚů�ŪƿŚŤƳ��ƶƀºƿŚƤƯ�ƽ�
ƲǀĮƳŚǀƯ�įŚƷ�ƽŚƷƹŹǇ�Źŵ�ƵŶƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ�ƦųŚƃ�Ʀſƺſ���ŚţŹŚſ�ŶƴƬŝ����Żř�ŶºƘŝ�ŻƹŹ�ƵŵżƳŚºě
ŽŚưţ�ŚŝŢƔƬƛ���źĭŹŚưǀŝ�ġŹŚƣ�ƞƬŤŴƯ�ƽŚƷB. bassiana�řŹƨƳřŵ�ƁƹŹ�ƶŝ�Ʋ�ŮƐſ�Źŵ�ŪƴěƇŹŵ���Ŷ

�ƾƯ�ƱŚƄƳ�ŶƷŵ�����ŢƔƬƛ�Śŝ�źĭŹŚưǀŝ�ġŹŚƣ�Żř�ƵŵŚƠŤſřæåíƾƬǀƯ�Źŵ�ŹƺĜſř����ƹ�īźºƯ�ƱřżǀƯ�ƲƿźţǇŚŝ�źŤǀƫ
���ŵźƧ�ŵŚŬƿř�řŹ�źǀƯ�ƹ����ĢǀƷ�ŶƷŚƃ�Źŵ�������ŶƿŵźĮƳ�ƵŶƷŚƄƯ�ƽźǀƯ�ƹ�īźƯ�ƶƳƺĭ���ƵŶƴƄƧ�ŢƔƬƛ����įřźŝ�ÒÍ��

�ƹÖÍ��ŚƷƹŹǇ�ŢǀƘưū�ŻřġŹŚƣ�źŧř�Źŵ��B. bassianaƯ�ƶƧ�Ŷƿŵźĭ�ƶŞſŚŰ�Ŝǀţźţ�ƶŝ�ÎÍÔ���ÓÒ�Ð��ƹ
ÎÍÎÎ���ÍÓ�ÎĜſř�ƺƾƬǀƯ�Źŵ�Ź�źŤǀƫ�ŵƺŝ���ƩƹŶūÑ����
��

�ƩƹŶūè��ƶƀƿŚƤƯ�ƲǀĮƳŚǀƯ�ƽ�ƽŚƷƹŹǇ�įƹŹ�ƵŶƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ�A. sarta�źŧř�ŹŵŢƔƬƛ����ƽŚºƷ
ġŹŚƣ�ƞƬŤŴƯ�B. bassiana���

Table 3. Mean comparison of the mortality of A. sarta larvae exposed to different 
concentrations of B. bassiana. 

 

Grouping Mean of mortality Concentrations (spore/ml) 
A 55.55 1 × 108 
A 44.44 1 × 107 
B 22.22 1 × 106 
B 16.16 1 × 105 
C 0 Control 

Means with different letters in each column are significantly different at 5% (Duncan test) 

��
ƩƹŶū�Ñ��ŹřŶƤƯ�LC50��ƹLC90ƽřźŝ�ġŹŚƣ��B. bassiana�ƽƹŹ�ƹŹǇ�A. sarta���

Table 4. LC50�and�LC90 for B. bassiana on A. sarta larvae. 
 

P Chi square Intercept ± SE 95% fiducial limits a Concentrations 
(spore/ml) 

 

0.02 5.36 -4.79 ± 2.07 4.28 × 109 ���� 1.14 × 105 3.65 × 107 LC50 
0.02 5.36 -4.79 ± 2.07 1.7 × 1026 ���� 1.62 × 109 1.06 × 1011 LC90 

a Lower - Upper; SE = Standard Error  

��
�źĭŹŚưǀŝ�ġŹŚƣM. anisopliae��

�ƶƿżŬţ�Żř�ƪƇŚů�ŪƿŚŤƳ�ŵřŵ�žƳŚƿŹřƹ�ƽ�Ƶ������ƶºƧ�ŵƺºưƳ�ƆŴƄºƯ�ŚºƷ��ƝǈŤºųř�ƾºƴƘƯ��ƽŹřŵ�Ʋǀºŝ�
ţ��ŚºƷŹŚưǀ��ŵŹřŵ�ŵƺºūƹ�ŶƷŚºƃ�ƹ��åååÎ�å�P =��ÐÑ�çç�F =��Ñ�,æÖ�df =�������ƩŚºưŤůř�ƶºŝ�ƲƿřźŝŚºƴŝ

îî�îî���ġŹŚƣM. anisopliaeŢſř�Ƶŵƺŝ�ŚƷƹŹǇ�Źŵ�źǀƯ�ƹ�īźƯ�ŵŚŬƿř�ƪƯŚƗ���ƶƀƿŚƤƯ�ƽ�ƲǀĮƳŚºǀƯ��



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏí���æ���ÎÐÕì�������������������������������������������������������������������������ÏÔ 

ŢƔƬƛ�Ǝſƺţ�ƵŶƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ��ġŹŚƣ�ƞƬŤŴƯ�ƽŚƷM. anisopliaeƽŚƷƹŹǇ�ƽƹŹ���Ʀºſƺſ�
ƦųŚƃ��ŚţŹŚſ�ŶƴƬŝ������ƾĭŵƺƫō�Żř�ŶƘŝ�ŻƹŹ�ƵŵżƳŚě�����ƶºƧ�ŵřŵ�ƱŚƄƳ��ŢºƔƬƛ����ƽŚºƷÎÍÔ���ƹ�ÎÍÕ���ƲƿźŤƄºǀŝ

���������ƹ�ƵŵźƧ�ŵŚŬƿř�řŹ�źǀƯ�ƹ�īźƯ�ŶƇŹŵ��Ƶƹźĭ�Ʀƿ�Źŵ��ƾƯ�Źřźƣ��ŶƳźǀĭ����ƶƧ�ƾƫŚů�Źŵ��ŢƔƬƛ�źƿŚſ���Źŵ�ŚƷ
�ƭƹŵ�Ƶƹźĭƭƺſ�ƹ�ŤƟźĭ�Źřźƣ�Ŷƴ���ƩƹŶūÒ����ŵŚŬƿř�ƽřźŝ�ƭŻǇ�ŢƔƬƛÒÍ�ƹ�ŶƇŹŵ�ÖÍ�īźƯ�ŶƇŹŵ�

ƹŹǇ�ŢǀƘưū�Źŵ�źǀƯ�ƹ��ġŹŚƣ�Ǝſƺţ�ŚƷ M. anisopliaeƶƧ�Ŷƿŵźĭ�ƶŞſŚŰƯ�ŚƷƹŹǇ�ƽƹŹ�Ŝºǀţźţ�ƶŝ��
ÎÍÑ���Ô�Õ��ƹÎÍÖ���Õ�ÕĜſř�ƺƾƬǀƯ�Źŵ�Ź�źŤǀƫ�ŵƺŝ���ƩƹŶūÓ����

��
�ƩƹŶūÒ��ƶƀƿŚƤƯ�ƲǀĮƳŚǀƯ�ƽ�ƽŚƷƹŹǇ�įƹŹ�ƵŶƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ�A. sarta�źŧř�ŹŵŢƔƬƛ����ƽŚºƷ

ġŹŚƣ�ƞƬŤŴƯ�M. anisoplia����
Table 5. Mean comparison of the mortality of A. sarta larvae exposed to different 

concentrations of M. anisoplia. 
 

Grouping Mean of mortality Concentrations (spore/ml) 
A 78.90 1 × 108 
A 71.18 1 × 107 

AB 62.03 1 × 106 
B 54.35 1 × 105 
C 0 Control 

Means with different letters in each column are significantly different at 5% (Duncan test) 

��
ƩƹŶū�Ó��ŹřŶƤƯ�LC50��ƹLC90ƽřźŝ�ġŹŚƣ��M. anisopliae�ƽƹŹ�ƹŹǇ�A. sarta���

Table 6. LC50�and�LC90 for M. anisopliae on A. sarta larvae. 
 

P Chi square Intercept ± SE 95% fiducial limits a Concentrations 
(spore/ml) 

 

0.01 2.608 -2.17 ± 1.3 1.1 × 106 ��  7.5 × 10-9 8.7 × 104 LC50 
0.01 2.608 -2.17 ± 1.3 1.7 × 1039 ���� 1.8 × 108 8.8 × 109 LC90 

a Lower - Upper; SE = Standard Error  

��
ƺţ�źŧřŏƦųŚƃ�Ʀſƺſ�ƹŹǇ�źǀƯ�ƹ�īźƯ�ƽƹŹ�ŢƔƬƛ�ƹ�ġŹŚƣ�ƭ�ŚţŹŚſ�ŶƴƬŝ��

ƺţ�źŧř�ƲǀǀƘţ�ƽřźŝŏ�ġŹŚƣ�ƭ�ƹŢƔƬƛ���ƞºƬŤŴƯ�ƽŚºƷŹŵ���ºǀƯ���ƹŹǇ�źºǀƯ�ƹ�īźºƯ�ƱřżA. sarta��
ƶººƿżŬţ�ƽ�Źŵ�žƳŚººƿŹřƹ��ƪººƿŹƺŤƧŚƟ�ƂƿŚººƯŻō�ŜººƫŚƣŶººƃ�ƭŚººŬƳř��ŢººƔƬƛ�źººŧř�ƶººƧ�ŵřŵ�ƱŚƄººƳ�ũŚººŤƳ� �

�åååÎ�å�P =��ÑÕ�çÑ�F =��Ñ�,Ñî�df =�ƶƳƺĭ�ƹ��ƽġŹŚƣ���åååÎ�å�P =��Ó�æèæ�F =��Ï�,Ñî�df =����
ƾƴƘƯ�ƹŵ�źƷ�ƾƯ�Źřŵ�ŶƴƃŚŝ����



ÏÕ                                           �ƱřŹŚƨưƷ�ƹ�ƾƳŚǀƃōźƟ���ġŹŚƣ�ƶſ�ƾƴǀĭōźƷŻ�ƾƷŚĮƄƿŚƯŻō�ƾſŹźŝ������

�����ġŹŚƣ�Ǝſƺţ�ƵŶƃ�ƵŵŚŬƿř�šŚƠƬţ�ƲǀĮƳŚǀƯ�ŚƷ����������ƶºƴƯřŵ�Ŷºƴģ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�źƔƳ�ŵŹƺƯ�ƽ��ƽř
��������ŢºƟźĭ�Źřźºƣ�ƶƀºƿŚƤƯ�ŵŹƺºƯ�ƲƨƳřŵ�����ġŹŚºƣ�ƭŚºưţ�Ʋǀºŝ�Źŵ������ġŹŚºƣ��ƵŶºƃ�ƵŵŚƠŤºſř�źĭŹŚºưǀŝ�įŚºƷ� �

M. anisopliae�ǀƯ�ƹ�īźƯ�ƱřżǀƯ�ƲƿźţǇŚŝź�ŵźºƧ�ŵŚŬƿř�řŹ�����ġŹŚºƣL. muscarium�ƶºŞţźƯ�Źŵ���ƭƹŵ�ƽ
��ŮƐſB���ġŹŚƣ�ƹB. bassianaƶŞţźƯ�Źŵ���ƭƺſ�ƽ��ŮƐſC���ŢƟźĭ�Źřźƣ�ƩƹŶū�ƽŚƷ�ì�ƹ�í����

��
�ƩƹŶūì��ƶƀƿŚƤƯ�ƽƲǀĮƳŚǀƯ��ƵŶƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ��ƽŚƷƹŹǇ�ƽƹŹA. sarta���ġŹŚºƣ�źºŧř�Źŵ���ƽŚºƷ

ŝźĭŹŚưǀ�� 
Table 7. Mean comparison of the mortality of A. sarta larvae treated with different fungal 

entomopathogens. 
 

Grouping Mean of mortality Fungal entomopathogen 
A 50.99 M. anisopliae 
B 43.82 L. muscarium 
C 30.41 B. bassiana 

Means with different letters in each column are significantly different at 5% (Duncan test) 

��
�ƩƹŶūí��ƶƀƿŚƤƯ�ƽ�ƲǀĮƳŚǀƯ�ƽŚƷƹŹǇ�įƹŹ�ƵŶƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ�A. sarta��ƵŵżƳŚě��Żř�ŶºƘŝ�ŻƹŹ�

�ŽŚưţŚŝŢƔƬƛ��ġŹŚƣ�ƞƬŤŴƯ�ƽŚƷ�źĭŹŚưǀŝ�įŚƷ� 
Table 8. Mean comparison of the mortality of A. sarta larvae, 15 days after treating with the 

different concentrations of fungal entomopathogens. 
 

Grouping Mean of mortality Concentrations (spore/ml) 
D 0 Control  
C 37.776 1 × 105 
C 42.650 1 × 106 
C 51.166 1 × 107 

AB 57.183 1 × 108 
Means with different letters in each column are significantly different at 5% (Duncan test) 

��
��ƲǀƴĤưƷƶƀƿŚƤƯ��ƽƲǀĮƳŚǀƯ��įŚƷŢƔƬƛ�ƪƯŚƗ�ƶŝ�ƍƺŝźƯ�ƲƨƳřŵ�ƁƹŹ�ƶŝ�ƱŚƄƳ�ƶƧ�ŵřŵ��ŹŚºưǀţ��

æåí�ƾƬǀƯ�Źŵ�ŹƺĜſř���źŤǀƫ�ŚŝÒÔ�ƲƿźŤƄǀŝ�ŶƇŹŵ���ŮƐſA�ƹ��ŹŚưǀţÎÍÒ�ƾºƬǀƯ�Źŵ�ŹƺĜſř���źºŤǀƫ��Śºŝ�èí�
�����šŚƠƬţ�ƱřżǀƯ�ƲƿźŤưƧ�ŶƇŹŵ���ŮƐſC���ŵ�řŹ������ŵƺºưƳ�ŵŚŬƿř�ƵŶƃ�ŹŚưǀţ�ƽŚƷƹŹǇ�Ź.�����Ʋºƿř�źºŝ�ƵƹǈºƗ
�ƱƺƯŻō�Ʋƿř�Żř�ƪƇŚů�ŪƿŚŤƳ�ƂƿřżƟř�Śŝ�ŜſŚƴŤƯ�řŹ�šŚƠƬţ�ƂƿřżƟř�ŢƔƬƛ�ŮƐſ�Źŵ�Ò�ƱŚƄƳ�ŶƇŹŵ�
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ŵřŵ��Ƭţ�Żř�źŤƄǀŝ�šŚƠÒÍ�ƂƿŚƯŻō�šŶƯ�ƩƺƏ�Źŵ�ŶƇŹŵ��ÎÒŻƹŹ����Źŵ�ƎƤƟŢƔƬƛ�ŚƷ�ƽÎÍÔ�ƹ�ÎÍÕ�
ƾƬǀƯ�Źŵ�ŹƺĜſř�Ŷƿŵźĭ�ƵŶƷŚƄƯ�źŤǀƫ����
ƶƀƿŚƤƯ��ƽ�ƲǀĮƳŚǀƯ��ŚƷ���������ŹŚưǀţ�ƶƧ�ŵřŵ�ƱŚƄƳ�ơƺƟ�ƪƯŚƗ�ƹŵ�ƪŝŚƤŤƯ�źŧř�ƲǀǀƘţ�įřźŝ�æåí�Źŵ�ŹƺĜſř�

ƾƬǀƯ��źŤǀƫ�ġŹŚƣM. anisopliaeŚŝ��î�ìíƲƿźŤƄǀŝ����ŮƐſA�ƹ��ŹŚưǀţÎÍÒƾƬǀƯ�Źŵ�ŹƺĜſř��źŤǀƫ�ġŹŚºƣ�� �
B. bassiana��ŚŝÓÓ�ÎÓ��šŚƠƬţ�ƱřżǀƯ�ƲƿźŤưƧ�ŶƇŹŵ��ŮƐſH�ŵ�řŹ���ŵŚºŬƿř�ƵŶƃ�ŹŚưǀţ�ƽŚƷƹŹǇ�Ź

�ŵƺưƳ��ƩƹŶūî�����
��
ƩƹŶūî��ƶƀƿŚƤƯ�ƽƲǀĮƳŚǀƯ��ƽŚƷƹŹǇ�ƽƹŹ�ƵŶƃ�ŵŚŬƿř�źǀƯ�ƹ�īźƯ�A. sarta��ŢºƔƬƛ�źŧř�Źŵ���ƽŚºƷ

źĭŹŚưǀŝ�ġŹŚƣ�ƶſ�šƹŚƠŤƯ���
Table 9. Mean comparison of the mortality of A. sarta larvae treated with the different 

concentrations of three fungal entomopathogens. 
  

Grouping Mean of mortality Concentrations (spore/ml) Fungi 

H 0 Control  
H 16.16 1 × 105  

GH 22.22 1 × 106 B. bassiana 
DEF 44.44 1 × 107  

BCDEF 55.55 1 × 108  
    

H 0 Control  
BCDEF 54.35 1 × 105  
ABCDE 62.03 1 × 106 M. anisopliae 

ABC 71.18 1 × 107  
AB 78.90 1 × 108  

    
H 0 Control  

FG 38.5 1 × 105  
CDEF 49.5 1 × 106 L. muscarium 

BCDEF 60.5 1 × 107  
ABC 71.5 1 × 108  

Means with different letters are significantly different at 5% (Duncan test) 

��
ŦŰŝ��

�ġŹŚƣL. muscariumƶƴƯřŵ�ƽřŹřŵ����ƵŵźŤƀºĭ�šŚºƘƫŚƐƯ�ƹ�Ƶŵƺŝ�ƾƘǀſƹ�ƾƳŚŝżǀƯ�ƽ��ƵŹŚºŝŹŵ�ƽř��ƽ
ƶŞƴū����ƽŹŚưǀŝ�ƱƺƴƧŚţ�ƾƫƹ�ƵŶƃ�ƭŚŬƳř�Ʊō�ƞƬŤŴƯ�ƽŚƷ��ƦųŚºƃ�Ʀſƺſ�ƽƹŹ�Ʊō�ƾƿřŻ����ŚţŹŚºſ�ŶºƴƬŝ

���ƵŶƄƳ�ƶƘƫŚƐƯ��ŵƺŝ��ƇŚů�ŪƿŚŤƳƽŹŚưǀŝ�ƅƺƈų�Źŵ�ƪ����Ʀºſƺſ�ƽŚºƷƹŹǇ�ŢǀſŚƀů�ƱřżǀƯ�ƹ�ƾƿřŻ
ƦųŚƃ��źĭŹŚưǀŝ�ġŹŚƣ�ƶŝ�ŢŞƀƳ�ŚţŹŚſ�ŶƴƬŝL. muscarium�ŵŚŬƿř�ŚƷƹŹǇ�Źŵ�ġŹŚƣ�Ʋƿř�ƶƧ�ŵřŵ�ƱŚƄƳ�
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�ŽŚſř�źŝ�ƹ�ƵŵƺưƳ�ƽŹŚưǀŝŢƔƬƛ�ƵŶƴƄƧ�ƽŚƷ��ƽÒÍ���ƹÖÍ��ƾƯ��ƶƧ�ŵźƧ�ƍŚŞƴŤſř�Ʋǀƴģ�Ʊřƺţ�ƱřżǀƯ
�Śưǀŝ�ƪƯŚƗ�Ʋƿř�ƶŝ�ŢŞƀƳ�ŚƷƹŹǇ�ŢǀſŚƀůƾƯ�ǇŚŝ�źĭŹ�ŶƃŚŝ���ƲƿřźŝŚƴŝ�ƾƯ��Ʊřƺţ�ƶºŬǀŤƳ�Ʋǀƴģ���ƽźºǀĭ

ƦųŚƃ�Ʀſƺſ�ƶƧ�ŵƺưƳ�ġŹŚƣ�ƽřźŝ�ƽŶƿŶū�ƱŚŝżǀƯ�ŚţŹŚſ�ŶƴƬŝ�L. muscariumƾƯ�ƹ�Ƶŵƺŝ��Ʊřƺţ��Żř
ƲƿřġŹŚƣ�ƶƯŚƳźŝ�Źŵ��ƽƩźŤƴƧ�Ʋƿř��ŢƟō�ŵƺưƳ�ƵŵŚƠŤſř� 

ġŹŚƣ�Żř�źĮƿŵ�ƽŹŚǀƀŝ�ŶƴƳŚƯ���źĭŹŚưǀŝ�įŚƷB. bassiana�ºſƺſ�Żř�źĮƿŵ�ƾųźŝ�ƶǀƬƗ�Ĩ���įŚºƷ
ƦųŚƃ���ǀƯ�ƹ�īźƯ�ŚƸƳō�Źŵ�ƹ�ƶŤƟźĭ�Źřźƣ�ƾŝŚƿŻŹř�ŵŹƺƯ�ŶƴƬŝź�ƵŵƺưƳ�ŵŚŬƿř���Ţºſř�����ŪƿŚºŤƳ�Żř�ƾºųźŝ

�������Ţſř�Ƶŵƺŝ�šřźƄů�Ʋƿř�ƽƹŹ�ġŹŚƣ�ŶƿŶƃ�šŚƠƬţ�ŵŚŬƿř�Żř�ƾƧŚů����ƽƹŹ�ƶºŤƟźĭ�ƭŚŬƳř�ƢǀƤŰţ�ŚƸƴţ
ƦųŚƃ�Ʀſƺſ��Ǝſƺţ�ŚţŹŚſ�ŶƴƬŝArshad & Hafiz (1983)Ţſř�ƶŤƟźĭ�ƭŚŬƳř�����ŪƿŚºŤƳ��Ţºſŵ�ƶºŝ�

�ƵŶƯōƶƘƫŚƐƯ�Ʋƿř�Żř��źĭŹŚưǀŝ�ġŹŚƣ�ƶƧ�ŵřŵ�ƱŚƄƳ�ƾƷŚĮƄƿŚƯŻō�ƽB. bassiana��ŵŚºŬƿř�ŦƗŚŝ�Ð�ÖÑ��
ƦƿźŰţ�ƹ�ƵŶƃ�ƪƯŚƧ�šřźƄů�Źŵ�źǀƯ�ƹ�īźƯ��ƂƿřżƟř�żǀƳ�ġŹŚƣ�Śŝ�ŽŚưţ�źŧř�Źŵ�ƵźƄů�Ʋƿř�ƽźƿŸě

�Ţſř�ƶŤƟŚǀƳ���ƶƘƫŚƐƯ�Źŵ����źƋŚů�ƽ�������ƵźƄºů�Ʋƿř�ƽŚƷƹŹǇ�źǀƯ�ƹ�īźƯ����ƽ�śƺºģ��Źřƺºų���ƶºŝ�źŨƧřŶºů�
ÒÒ�ÒÒ�ŶǀſŹ��ƶƧ�Śŝ��ŪƿŚŤƳŢſŵ�ƶŝƵŶƃ�ƭŚŬƳř�šŚƘƫŚƐƯ�Żř�ƵŶƯō�Ǝſƺţ��Arshad & Hafiz (1983)�

����������Ţſř�ƵŵŚŤƟř�ơŚƠţř�źŤưƧ�źǀƯ�ƹ�īźƯ�ƱřżǀƯ�ƹ�Ƶŵƺŝ�šƹŚƠŤƯ��������ƪºǀƫŵ�ƶºŝ�Ţºſř�ƲºƨưƯ�šƹŚºƠţ�Ʋƿř
��ƶƿřŶū�Ʊŵƺŝ�šƹŚƠŤƯ��ŝ�ƽŚƷ��ƶ�ŤƟŹ�ŹŚƧƶ�ŶƃŚŝ�ƶƘƫŚƐƯ�ƹŵ�Ʋƿř�Źŵ���ġŹŚƣ�Źŵ�źĭŹŚưǀŝ�įŚƷ�ƶƿřŶū����ƽŚºƷ

��ƽźĭŹŚưǀŝ�źŧř��ƞƬŤŴƯ��ŶƳŹřŵ�šƹŚƠŤƯ�����ƿřźƃ�źƿŚſ�ƲǀƴĤưƷƎ���Żƹźºŝ�Źŵ�żǀƳ�ƱŚŝżǀƯ�ŵřĦƳ�ƹ�ƂƿŚƯŻō�
�šƹŚƠţ�Ʋƿř���ŵŹřŵ�ŢƫŚųŵ�ŚƷ���������������ƪºǀƫŵ�ƶºŝ�Ţſř�ƲƨưƯ��ŪƿŚŤƳ�Źŵ�ƝǈŤųř�ŵƺūƹ�ƪƿǇŵ�Żř�źĮƿŵ�ƾƨƿ

ŶƃŚŝ�ƂƿŚƯŻō�ƹŵ�Ʋƿř�Źŵ�ƵŶƃ�ŹŚưǀţ�šřźƄů�ƾĭŶƳŻ�ƪůřźƯ�Ʊŵƺŝ�šƹŚƠŤƯ���ƾƷŚĮƄƿŚƯŻō�ƾŝŚƿŻŹř
ƶƘƫŚƐƯ�Źŵ�ǀſƺŝ�ƵŶƃ�ƭŚŬƳř�ƽƶƬ��ƽArshad & Hafiz (1983)�Ƶŵƺºŝ�ƪƯŚƧ�šřźƄů�ƽƹŹ����ƾƫŚºů�Źŵ�

ƶƘƫŚƐƯ�Źŵ�ƶƧ�źƋŚů�ƽƽŚƷƹŹǇ�Żř��A. sarta��Ţºſř�ƵŶºƃ�ƵŵŚƠŤſř���������Źŵ�ġŹŚºƣ�Ʋºƿř�ƩŚºů�źºƷ�ƶºŝ
ƦųŚƃ�Ʀſƺſ�ƽŚƷƹŹǇ��ŶƴƬŝ�ŚţŹŚſ�ŪƿŚŤƳ�ƹ�ƵŵƺưƳ�ŵŚŬƿř�ƾƸūƺţ�ƪŝŚƣ�źǀƯ�ƹ�īźƯŢſŵ�ƶŝ�ƵŶƯō�

�ƢǀƤŰţ�Żř�źƋŚů�����ŪƿŚŤƳ�Śŝ�Ţſŵ�ƶŝƧ�Żř�ƵŶƯō��šŚƟō�źƿŚſ�ƶǀƬƗ�źĭŹŚưǀŝ�ġŹŚƣ�Ʋƿř�ŵźŝŹŚśƺģ�Źřƺų�
��ƵŵřƺƳŚų�ƶŝ�ƢƬƘŤƯ�ƽ�Cerambycidae�ľŚŞƿźƤţŵŹřŵ�ŢƤŝŚƐƯ��ƾƯ�ġŹŚƣ�Ʋƿř�ƶŬǀŤƳ�Źŵ������ƱřƺºƴƗ�ƶºŝ�ŶºƳřƺţ

����ƦųŚƃ�Ʀſƺſ�źĭŹŚưǀŝ�ƪƯŚƗ�Ʀƿ��Ĩſƺſ�Żř�źĮƿŵ�ƾųźŝ�ƹ�ŚţŹŚſ�ŶƴƬŝ�ƦųŚƃ�įŚƷ���ŭźºƐƯ�ŶƴƬŝ
ŶƃŚŝ����

�źĭŹŚưǀŝ�ġŹŚƣM. anisopliaeƿ�ƱřƺƴƗ�ƶŝ��šŚƟō�ƶǀƬƗ�Ʀƿĥƺƫƺǀŝ�ƩźŤƴƧ�ƪƯŚƗ�Ʀśƺģ�Źřƺų�ƹ�
���Ĩºſƺſ�ƵĦƿƹ�ƶŝ����ƦųŚºƃ�įŚºƷ������İºƯ�ŭźºƐƯ�ŶºƴƬŝ��ŶºƃŚŝ�ƹ���Źŵ�ƽŵŚºƿŻ�šŚºƘƫŚƐƯ���ƵŹŚºŝ���ƾŝŚºƿŻŹř�ƽ
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����ơƺƟ�šŚƘƫŚƐƯ�Żř�ƵŶƯō�ŪƿŚŤƳ�ŚŝƪƇŚů�Żř�źƋŚů�ƢǀƤŰţľŚŞƿźƤţ������Źŵ�ġŹŚºƣ�Ʋºƿř�ƹ�ƶŤºƃřŵ�ŢºƤŝŚƐƯ�
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ŵƺưƳ�ƶŝ���ƾƯ�źƔƳ�ƶƧ�ŶſŹƾƯ�źĭŹŚưǀŝ�ġŹŚƣ�Ʋƿř��ƩźŤƴƧ�ŢƿźƿŶƯ�Źŵ�ŶƳřƺţA. sarta ����ƵŵŚƠŤºſř�ŵŹƺºƯ

ŵźǀĭ�Źřźƣ���
��

ƽŹřżĮſŚĜſ��
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