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Abstract  
The acorn weevil, Curculio glandium Marsham, is an important forest pest of oak trees in most of 

countries as well as Iran. The pest disturbs regeneration of host trees by feeding on their acorn. The 
necessitate to control the pest as well as limitations of chemical pesticide application in natural resources, 
different indigenous entomopathogenic nematodes (EPNs): Heterorhabditis bacteriophora and 
Steinernema bicornutum were tested under laboratory conditions upon the fifth instar larvae of acorn 
weevil collected from Arasbaran forest. In the first experiment, penetration assay was conducted using a 
suspension of 4000 IJs of the EPNs per 1 ml distilled water in multi-well plates. The plates were 
incubated for 40 h at 25ºC and dead larvae were dissected. Penetration percentage was %1.6 for H. 
bacteriophora and %0.55 for�S. bicornutum. In the second experiment, H. bacteriophora and�S. 
bicornutum�were applied at different concentrations (0, 150, 250, 500, 1000 and 2000 IJs per 1ml of 
distilled water) in the 9 cm Petri plates lined with filter papers in order to test their capability of 
parasitization of the fifth instar larvae of C. glandium. The experiments were conducted at two 
temperature ranges (21-24ºC and 25-28ºC). Maximum mortality caused by H. bacteriophora and S. 
bicornutum�were %58.3, %25 (at 21-24ºC) and %63.5, %30.5 (at 25-28ºC), respectively. Therefore, H. 
bacteriophora caused higher larval mortality comparing to S. bicornutum�at both temperature ranges. 
Analysis of variance revealed significant nematode species and concentration as well as temperature 
effects on larval mortality. By increasing of concentration of nematode and temperature, larval mortality 
was raised. The highest penetration in larva and the highest mortality of fifth instar larvae of C. glandium 
was observed for H. bacteriophora under the both temperature ranges. Based on probit analysis, the LC50 
of H. bacteriophora at two temperature ranges of 21-24ºC and 25-28ºC were determined 1331 and 1037 
IJs/ml, respectively. Regression analysis showed significant relationship between concentrations and 
larval mortality in both nematodes and both temperature ranges. Therefore, H. bacteriophora comparing 
to S. bicornutum is more effective and can be suggested for complementary studies toward finding a 
suitable biocontrol agent of the pest. 
Key words: acorn weevil, Curculio glandium, entomopathogenic nematodes, biological control 
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(Nikdel & Sadaghian, 2001)�ŢƿŵƹŶŰƯ�ƶŝ�ƶūƺţ�Śŝ�ƾƟźƏ�Żř�ƵźƄů�ŵźŝŹŚƧ��ƂƧ��Źŵ�ƾƿŚǀưǀƃ�ƽŚƷ
ƶƇźƗ�����ƹ�źƇŚƴƗ�Żř�Ţſř�ƭŻǇ�ƾƘǀŞƏ�ƖŝŚƴƯ�ƽŚƷ��ƩźŤƴƧ�ƪƯřƺƗ�Ʀºƿĥƺƫƺǀŝ��ºŝ�ŢºƟō��ƶ��Żř�ƅƺƈºų

�����šřźƄů�źĭŹŚưǀŝ�ƽŚƷŶţŚưƳ�źǀƔƳ�ƾƯƺŝ�ƪƯřƺƗ�(EPNs1)��ŵƺƃ�ƵŵŚƠŤſř����ŵźŝŹŚºƧ��Źŵ�ŚƷŶºţŚưƳ����ƩźºŤƴƧ
���ƩŚſ�Żř�ŢƟō�šřźƄů�����ŹƺƄƧ�ŜƬƛř�Źŵ�Ƃǀě�ŚƷ���ƹ�ƾƿŚěƹŹř�ƽŚƷ�����ºƃ�ŪºƿřŹ�ŚƨƿźƯō�ƹ�ƵŶ����ŵřŶºƘţ�ƩźºŤƴƧ�Źŵ

�������ƶƬůźƯ�ƶƧ�ƾţŚƟō�ƅƺƈų�ƶŝ�šřźƄů�Żř�ƽŵŚƿŻ����Ʊō�ƾĭŶƳŻ�Żř�ƽř��ƥŚų�ŚƷ��ƾƯ�ƽŻ�ŶƃŚŝ���ƽŵŚƿŻ�ŢǀƤƟƺƯ�
Ţººſř�ƶŤººƃřŵ�(Ellers-Kirk et al., 2000; Mracek & Sturhan, 2000; Schroer & Ehlers, 2005; 

                                                
1- Entomopathogenic nematodes  



ÑÕ                                       �ƩŶƨǀƳƱřŹŚƨưƷ�ƹ���ō�Ʋſ�ƽŚƷƹŹǇ�ƂƴƧřƹ�ƾſŹźŝƾƯƺƏźųźſ�źų�������

 Shapiro-Ilan & Cottrell, 2005)�ƱƺǀſǇƺƯźƟ��ƽŵŶƘŤƯ�ƽŚƷżǀƳ�Ʋƿř�Żř�����ƪºŰƯ�Ŝƀºů�źºŝ�ŚƷŶţŚưƳ�
�ŢƟō�ƾĭŶƳŻ����������ƩƺƈºŰƯ�ƕƺºƳ�Śºƿ�ƹ�ŵźŝŹŚƧ�ŢǀƘƣƺƯ������ƵŶºƃ�Ŷºǀƫƺţ���ŶºƳř���Śºţ���ƱƺºƴƧæî���ŢºƟō�ƶºƳƺĭ�

����ƶŝ�ŽŚƀů�ƾƯƺƏźųźſEPNs���ƵŶƃ�ƶŤųŚƴƃ�ŚǀƳŵ�Źŵ���Ʊō�Żř�ƾºųźŝ�ƩźºŤƴƧ�ƹ�ŶƳř�����Żř�ƵŵŚƠŤºſř�Śºŝ�ŚºƷ
�ŚƷŶţŚưƳƾƯ�ƭŚŬƳř��ŵźǀĭ(Smith, 2007)��ƮƷ�ƾƘǀŞƏ�ƩźŤƴƧ�Ʋǀƴģ��ƹŵ�Żř�ƽŵřŶºƘţ�ƽŵźŝŹŚºƧ�ƹ����ƱǇŚºŝ
ŢŴſ�ƩŚŝ���ƩŚŝ�ƹ�ƱŚƃƺě�Ʀƫƺě�����ŢºƟō�ƱřŹřŵ���Ǝºſƺţ�ƶºƳƺĭ���ºƷ�ƽŚHeterorhabditis�ƹ�Steinernema��Źŵ

�ƽŚƷŹƺƄƧƥŹŚưƳřŵ��ŚƨƿźƯō��Ʋǀģ�ƶƬưū�Żř�ƞƬŤŴƯ��ƵŵŚƠŤſř�ŵŹřƺƯ�Żř�ƱŚŤƀƬĮƳř�ƹ�ŚǀƫřźŤſř�ƽ�EPNs�
ƾƯ�ŶƃŚŝ��ŚƨƿźƯō�Źŵ��ŶţŚưƳ��ƽŚƷSteinernema feltiae�ƹ�Heterorhabditis bacteriophora��Ŝǀţźţ�ƶŝ
ÓÔ�ƹ�ÕÐ�źǀƯ�ƹ�īźƯ�ŶƇŹŵ�ƽŚƷƹŹǇ�Źŵ��žºĮƯ�auripila (Winn) (Dip.: Sciaridae)�Lycoriella�

�ŵŚºŬƿř��ŶºƳŵźƧ�(Nickle & Cantelo, 1991)�����ŶºţŚưƳ�ŵźŝŹŚºƧS. feltiae���ƶºǀƬƗ��ƾƯƺƏźųźºſ�ƺºƫō��
Conotrachelus nenuphar Herbst��ƾƫŚưƃ�ƽŚƨƿźƯō�Źŵ�ţŐ���ƶºƬůźƯ�Źŵ�ƾƸūƺºţ�ƪºŝŚƣ�źǀŧ�ƽƹŹǇ��ƽ

ŢƟō�Ţſř�ƵŵźƧ�ŵŚŬƿř�(Shapiro-Ilan et al., 2002)���
Źŵ�Ʊřźƿř��Źŵ�ƵŹŚŝ��ƽ�ƾţŚƘƫŚƐƯ�šřźƄů�ƪĮƳř�ƹ�źĭŹŚưǀŝ�ƽŚƷŶţŚưƳ���ƕƹźºƃ�źǀųř�ƩŚſ�Ŷƴģ�Źŵ

���������ŵźŝŹŚƧ�ŚƷŶţŚưƳ�Ʋƿř�Żř�ƵŵŚƠŤſř�ƱƺƴƧŚţ�ƾƫƹ�ƵŶƃ���Ţſř�ƵŵźƨƳ�řŶǀě�ƾƬưƗ������šŶºƯ�ƲǀưƷ�Źŵ�ƶŤŞƫř
��Ʊō�ŵƺūƹ�Żř�ƽŵŶƘŤƯ�ŵŹřƺƯ�ƮƧ�ƥŚųŹŵ�ŚƷ�ƴƯ�ƽŚƷ�����Ţºſř�ƵŶºƃ�ƁŹřżºĭ�ŹƺƄºƧ�ƞƬŤŴƯ�ƢƏŚ

(Nikdel et al., 2002; Parvizi, 2003; Tanha Maafi et al., 2006)���ŹƺƧŸºƯ�ŵŹřƺºƯ�ƶŝ�ƶūƺţ�Śŝ���
�������������ŵŹřŵ�ŵƺºūƹ�Ʊřźºƿř�Źŵ�ŢºƟō�šřźƄů�ƩźŤƴƧ�Źŵ�źĭŹŚưǀŝ�ƽŚƷŶţŚưƳ�Żř�ƵŵŚƠŤſř�ƱŚƨƯř�����ƲǀºưƷ�ƶºŝ

Źŵ�ŹƺƔƴƯ�ƹŵ�ƾƿōŹŚƧ�ƶƘƫŚƐƯ�Ʋƿř�Żř�ƶƳƺĭƲƿř�ŚƷŶţŚưƳ���Ǉ�ƶǀƬƗ�ƾƯƺƏźųźſ�ŢƟō�ƮŬƴě�Ʋſ�ƽŚƷƹŹ
ƪĮƴū�ƍƺƬŝ�Źŵ�ƱřŹŚŞſŹř�ƽŚƷ�Ŷƿŵźĭ�ƾſŹźŝ�ƾƷŚĮƄƿŚƯŻō�Ǝƿřźƃ����

��
ƹŹ�ƹ�ŵřƺƯ�Ɓ�ŚƷ��

Ɩưū�ƶƳƺưƳ�ƽŹƹō��
ƹŵ�ƪƯŚƃ�šřźƄů�ƪĮƳř�ƽŚƷŶţŚưƳ�Żř�ƶƳƺĭ�Steinernema bicornutum�ƹ�H. bacteriophora�
�ƥŚų�Żř��ƶƳƺưƳ�ƽŚƷ����Żř�ƵŶƃ�ƽŹřŵźŝ�������ƵŵŚƠŤſř�Śŝ�ƱřŹŚŞſŹř�ƾƬĮƴū�ƢƏŚƴƯ�����ƶºƳřƹźě�źųō�Ʋſ�ƹŹǇ�Żř��ƽ�

ƭƺƯ�īŹżŝ�Źřƺų��Galleria mellonella (L.)��ũřźŴŤſř��ŚſŚƴƃƿ��śŚºŴŤƳř�ƂƿŚƯŻō�ƭŚŬƳř�ŢƸū�ƹ�ƾ
�ŶƳŶºƃ���ŚºſŚƴƃƿ�źººŝ�ŚƷŶºţŚưƳ�ƾ����ŢºŴƿŹ�šŚƈºŴƄƯ�ŽŚºſř�ƾººſŚƴƃ���ŢºŴƿŹ��ƾŬƴºſ��źƿƹŚƈººţ�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏí���ç���ÎÐÕì�������������������������������������������������������������������������ÑÖ 

ƾƳƹźŤƨƫř�ęƺƨſƹźƨǀƯƱō��Ʋǀŝ�ŭŚƤƫ�żǀƳ�ƹ�ŚƷ�ƶƳƺĭ�ƽř�(cross breeding)��ŵŹƺƯ�Źŵ�S. bicornutum��
ŢººƟźĭ�ƭŚººŬƳř���ƭƺººſ�Ʋººſ�ƽŚººƷƹŹǇ(infective juvenile) (IJ)ƁƹŹ�ŽŚººſřźŝ�ŚƷŶººţŚưƳ�Ʋººƿř�� �

Woodring & Kaya (1988)��������ƶºƬţ�Żř�ƵŵŚƠŤºſř�Śºŝ�ƂƿŚºƯŻō�Żř�ƪºŞƣ�ŻƹŹ�Ƃºƃ�ƾºƏ�Źŵ�ƽŢººƿřƹ�� �
(White trap)�Ɩººưū��ƽŹƹō�ƩŚººĤŴƿ�Źŵ�ƹ�ºCí�ì��ŶƳŶººƃ�ƽŹřŶººƸĮƳ���ƱŵŹƹō�Ţººſŵ�ƶººŝ�ƽřźººŝ

ŢƔƬƛ�ŚƷŶţŚưƳ�ƭŻǇ�ƽŚƷ��řƢǀƣŹ�ƁƹŹ�Ż��Ŷƿŵźĭ�ƵŵŚƠŤſř�ƾƫřƺŤƯ�ƱŵźƧ(Glazer & Lewis, 2000)���
ƵƺǀƯ��ƍƺƬŝ�ƱŚŤųŹŵ�ƾƯƺƏźųźſ�ƶŝ�Ƶŵƺƫō�ƽŚƷ��ƶºƳƺĭ��ƽQ. petraea���ƶƬºƇŚƟ�Źŵ�ƽ��ƾƗŚºƠţŹř�

ÎÏÍÍ���Śţ�ÎÒÍÍ��ƪĮƴū�źŤƯ���ƩŚſ�ƵŚƯźƸƯ�ƪƿřƹř�Źŵ�ƱřŹŚŞſŹř�ƽŚƷÎÐÕÓƖưū���ƵŚĮƄƿŚƯŻō�ƶŝ�ƹ�ƽŹƹō
�ŶƳŶƃ�ƪƤŤƴƯ�����Ʋƿř�ƶŝ�ƶūƺţ�Śŝ���Źŵ�ƶƧ��ƶƬůźƯ�Ʋƿř������źųō�Ʋſ�ƽŚƷƹŹǇ��ƮŬƴě�Ʋſ�����Żř�ƾƯƺƏźųźºſ

ƵƺǀƯ��������ƾƯ�ƥŚų�ŵŹřƹ�ƹ�ƵŶƃ�ũŹŚų�Ƶŵƺƫō�ƽŚƷ�ŶƳƺƃ��ƵƺǀƯ��Ɩưū�ƽŚƷ�ƽŹƹō�ƵŶƃ���ƶŞƘū�ƪųřŵ��ŚƷƿ�Żř�ƾ
�ƾƬě�žƴū�ƱźƿŚŤſř��ŵŚƘŝř�ƶŝ��Ò�
�ÎÍ�
�ÏÍ�ƾŤƳŚſ��źŤƯ�������������ƽŚºƷƹŹǇ�ŪƿŹŶºţ�ƶºŝ�Śºţ�ŶƳŶºƃ�ƽŹřŶºƸĮƳ�

ũŹŚų���ƹ�ƦǀƨƠţ�ƵŶƃ�Ɩưū�ŶƳƺƃ�ƽŹƹō���Śºų�ƽŚƷƹŹǇũŹ���ƵƺºǀƯ�Żř�ƵŶºƃ���ƍƺºƬŝ�ƽŚºƷ���Źŵ��ƾºƏÏÑ�
ŶţŚưƳ�Śŝ�ŹŚưǀţ�Żř�ƪŞƣ�ŢƗŚſ�ƶƄǀƃ�ƝƹźƓ�Źŵ��šŚƯ�ƽř�ƶĮƳ�ơŚţř�ƾƫƺưƘƯ�Ǝƿřźƃ�Źŵ��ƽŹřŵŶƃŶƳ���

��
ŵŹƹōźŝ��ŶţŚưƳ�ŷƺƠƳ�ƱřżǀƯ��
Źŵ�����ƞƧ�řŶŤŝř�ƂƿŚƯŻō�ƲƿřæåƦƷŚģ�Żř�ƦƷŚģ��ŢƀƿŻ�ŢǀƬě�ƶſ�ƽŚƷ�����ƶºƿǇ�Ʀºƿ�Śºŝ�ƾŬƴſ

��ƮƷ�ƾƟŚƇ�ŸƛŚƧ�ƵŻřŶƳř��ƽ���ŶƳŶƃ�ƵŶǀƃƺě�ƦƷŚģ�������ŢĜǀěƹźƨǀƯ�Żř�ƵŵŚƠŤſř�Śŝ�žĜſ��ÒÍ�źŤǀƫƹźƨǀƯ���Żř
ƱƺǀƀƳŚĜſƺſIJs/ml �ÑÍÍÍ��ƪƯŚƃÏÍÍƵŵƺƫō�ƹŹǇ���Śƿ�ƵŶƴƴƧIJ��ƽƹŚůŶţŚưƳ�S. bicornutum ��źƷ�Źŵ

ƱƺǀƀƳŚĜſƺſ�Ŝǀţźţ�ƱŚưƷ�ƶŝ�ƹ�Ʃƹř�ŢǀƬě�Żř�ƦƷŚģ�H. bacteriophora�ƶºƿŚƯ�ƭƹŵ�ŢǀƬě�Źŵ����ƾºƳŻ
ŶƳŶƃ����������ƱŚºưƷ�Śŝ�ƾƟŚƇ�ƽŚƷŸƛŚƧ�żǀƳ�ƭƺſ�ŢǀƬě�Źŵ����ŹřŶºƤƯ���źºƐƤƯ�śō�����ŶƷŚºƃ�ŹŚºưǀţ�ƱřƺºƴƗ�ƶºŝ�

�Ŷƿŵźĭ�śƺƏźƯ��ŹŚưǀţ�ƶſ�Ŝǀţźţ�ƲƿŶŝ���Ŷºƃ�ƶºŤƟźĭ�źƔƳ�Źŵ�Źřźƨţ�Ƶŵ�Śŝ�ŹŚưǀţ�źƷ�ƹ��Źŵ����ƶºſ�źºƷ
ŢǀƬě��ƦƷŚģ�Żř�Ʀƿ�źƷ�ƪųřŵ�źųō�Ʋſ�ƹŹǇ�Ʀƿ�ŚƷ�C. glandium�ƪƤŤƴƯƹ���Źŵ�ŻƹŹ�ƹŵ�šŶºƯ�ƶŝ�
ƽŚƯŵ�ºCÏÒ��ŶƳŶƃ�ƽŹřŶƸĮƳ���ŶƘŝ����ŵƹŶů�ŻřÑÍ�ŢƗŚſ����ŵƺūƹ�ƾſŹźŝ�ƲưƋ����Źŵ�ƵŵźºƯ�ƽŚºƷƹŹǇ�
źƷ��ŢǀƬě�Żř�Ʀƿ�ŚƷ��Ƨƺƴǀŝ�źƿŻ�Źŵ�ƵŵźƯ�ƽŚƷƹŹǇƺƹ�ŮƿźƄţ�źƫ�ŵŹřƹ�ƽŚƷŶţŚưƳ�ŵřŶƘţ���ƪºųřŵ�ƶŝ�ƵŶƃ

���Ŷƿŵźĭ�ƁŹŚưƃ�ƹŹǇ�źƷ�������ƽŚºƷƹŹǇ�ŵřŶºƘţ�ŽŚſř�źŝ�ƹŹǇ�źƷ�ƱŶŝ�ƶŝ�ŶţŚưƳ�ƶƳƺĭ�źƷ�ŷƺƠƳ�ŶƇŹŵ
ŶţŚưƳ�(IJs)ƩƺƯźƟ�ŽŚſř�źŝ�ƹ�ƵŶƃŵŹřƹ��P = N×100/T�Ŷƃ�ƶŞſŚŰƯ� �ƩƺºƯźƟ�Ʋƿř�Źŵ�T� N ƹ P��ƶºŝ



ÒÍ                                       �ƩŶƨǀƳƱřŹŚƨưƷ�ƹ���ō�Ʋſ�ƽŚƷƹŹǇ�ƂƴƧřƹ�ƾſŹźŝƾƯƺƏźųźſ�źų�������

���ƶǀƫƹř�ƽŚƷŶţŚưƳ�ŵřŶƘţ�Ŝǀţźţ��ƽ�ƶƿŚƯ���ƾƳŻ���ƦƷŚģ�ƶŝ�ƵŶƃ���ƁŹŚưƃ�ƽŚƷŶţŚưƳ����ƶºƃǇ�źƷ�Źŵ�ƵŶƃ�IJ�
ŵŹřƹ�ƵŵźƯ�ƹŹǇ�źƷ�ƱŶŝ�ƶŝ�ƵŶƃ��Źŵ�ƹ�ƾƯ�ƱŚƄƳ�řŹ�ŷƺƠƳ�ŶƇ�ŶƴƷŵ�(Glazer & Lewis, 2000)���

��
ƽŹŚưǀŝ�ƾſŹźŝ�ƾƿřŻ���

���ƭŚŬƳř�ƽřźŝ���ƽŹŚºưǀŝ�ƂƿŚºƯŻō���ƹŵ�ƾºƿřŻ���������ƽŚºƷƹŹǇ�ƽƹŹ�ŶºţŚưƳ�ƶºƳƺĭ�ƾƯƺƏźųźºſ���ƞºƧ�
ƽźŤě�Ƃƿŵ�����źƐƣ�Śŝ�ƽŚƷÖ�ƾŤƳŚſ������ƮƷ�ƾƟŚƇ�ŸƛŚƧ�Śŝ�źŤƯ��ƵŻřŶºƳř��ƽ��������Źŵ�ƹ�ƵŶºƃ�ƵŶƳŚºƃƺě�ƽźºŤě��

���Ʊō�Żř�ŚƷŹŚưǀţ�ƭŚưţ���Ŷƃ�ƵŵŚƠŤſř�ŚƷ������źƷ�ƽřźŝ�ƶƧ�ƽŹƺƏ�ƶŝ����ŢºƔƬƛ�Żř�Ʀƿ����źƠºƇ�ƽŚºƷ��ÎÒÍ��
ÏÒÍ��ÒÍÍ��ÎÍÍÍ�ƹ�ÏÍÍÍ�IJs/ml���ƽźŤě�Ūƴě����ƹ�ƵŶƃ�śŚŴŤƳř�Ƃƿŵ����Ʊō�ƞƧ�ƾƟŚƇ�ŸƛŚƧ����Śºŝ�ŚƷ
ç�ƾƬǀƯ��ǀƫ�������ƶºƿŚƯ�ƶºƏƺŝźƯ�ŹŚưǀţ�ƱƺǀƀƳŚĜſƺſ�Żř�źŤ����Ŷºƿŵźĭ�ƾºƳŻ����žĜºſæç��ƮŬƴºě�Ʋºſ�ƹŹǇ��

ƾƯƺƏźųźſ�C. glandiumŶƃ�Ƶŵřŵ�Źřźƣ�ƽźŤě�źƷ�Źŵ���ƽźŤě�Źŵ�Ƃƿŵ������ƽŚºū�ƶºŝ�ŶƷŚºƃ�ƽŚºƷ
�ŶţŚưƳ�ƱƺǀƀƳŚĜſƺſ����ƾƬǀƯ�ƹŵ�Żř������Ŷƃ�ƵŵŚƠŤſř�źƐƤƯ�śō�źŤǀƫ��ƽźŤě��ƵŵŚƯō�ƽŚƷ�������šŶºƯ�ƶºŝ�ƵŶºƃ
�����ƽŚƯŵ�Źŵ�ŻƹŹ�ƶſºC�ÏÑ��ÏÎ�ƶĮƳ����ƹ�ƽŹřŵƹ�īźƯ�ŪƿŚŤƳ�����ƶºſ�Żř�ŶºƘŝ�ƵŶºƃŹŚưǀţ�ƽŚƷƹŹǇ�źǀƯ
��Ŷƿŵźĭ�ƾſŹźŝ�ŻƹŹ������������ƽŚºƯŵ�Źŵ�ƂƿŚºƯŻō�Żř�ƶºƬůźƯ�ƲƿřºCçí��çÒ���������šŹƺºƇ�ƱŚºưƷ�ƶºŝ�żºǀƳ�

Ŷƿŵźĭ�ƾůřźƏ���ƶºƃǇ�ƶƧ�Ţſř�źƧŷ�ƱŚƿŚƃ������ŶºţŚưƳ�ƶºŝ�Ƶŵƺºƫō�ƽŚºƷƹŹǇ�ƽH. bacteriophora�
ƵƺƸƣ�ƽř�ĬƳŹ���ƪƨƃæ��ƶƳƺĭ�ŵŹƺƯ�Źŵ�ŚƯř��ƽS. bicornutum�ƶƃǇ�Ə�ĬƳŹ�ŚƷ��ƵŶºƳŻ�ƹŹǇ�ƱŶŝ�ƾƘǀŞ

�ŶƴŤƃřŵ�řŹ��ƶƿżŬţ��ƽ��Ƶŵřŵ�ƽŹŚƯō���Źŵ�ƶŝ�ƍƺŝźƯ�ƽŚƷ�ƹ�īźƯ�ŶƇ�Żř�ƾƃŚƳ�źǀƯ�ƶƳƺĭ����ŶºţŚưƳ�ƽŚºƷ
ƶƴƯřŵ�ƹŵ�Źŵ�ƽƭźƳ�Śŝ�ƾƿŚƯŵ��ŹřżƟř�SAS���ƶŞºſŚŰƯ�ƽ�LC50ƹ��LC90��ƭźºƳ�Śºŝ���ŹřżºƟř�SPSS, 13.0�

(SPSS, 2004)ƶǀƸţ�ƹ��ƽ�ƱƺǀſźĭŹ�ƍƺƐų�ƹ�ŚƷŹřŵƺưƳ��ƶƏƺŝźƯƭźƳ�Śŝ�ŹřżƟř�Excel�ŢƟźĭ�ƭŚŬƳř��
ƱŚƿŚƃ�Ţſř�źƧŷ��ƶƧŶƷŚƃ�Źŵ�šŚƠƬţ�ŵƺūƹ�ŵŹřƺƯ�Źŵ��ƩƺƯźƟ�Żř�Abbott (1925)��ŶƇŹŵ�ŭǈƇř�ƽřźŝ
ƹ�īźƯ�Ŷƃ�ƵŵŚƠŤſř�ŚƷŹŚưǀţ�Źŵ�źǀƯ���

��
ŪƿŚŤƳ��

Źŵ��ŢººǀƬě�Źŵ�ƾººſŹźŝ�ŵŹƺººƯ�ƽŚƷŶººţŚưƳ�ŷƺººƠƳ�ŶººƇŹŵ�ƲǀººǀƘţ�ƂƿŚººƯŻō�ŚººƷ��ŷƺººƠƳ�ƱřżººǀƯ� �
H. bacteriophora�ƹ�S. bicornutum�Ŝǀţźţ�ƶŝ�Ó�Î���ƹÒÒ�Í��Ŷƿŵźĭ�ƲǀǀƘţƾƴƘƿ���ŷƺƠƳ�šŹŶƣ�

ƶƳƺĭ�ƽƶƳƺĭ�źŝřźŝ�ƶſ�ŵƹŶů�Ʃƹř��ƽ ŵƺŝ�ƭƹŵ����



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏí���ç���ÎÐÕì�������������������������������������������������������������������������ÒÎ 

��ŢƀƿŻ�ƂƿŚƯŻō�Źŵ�����ƹ�ƾƟŚºƇ�ŸºƛŚƧ�ƽƹŹ�ƾŬƴºſ��ƽźºŤě��Ƃºƿŵ����ŹƺºƏ�ƶºŝ��ŚºƷ����šŹŶºƣ�ƾºƬƧ
ƽŹŚưǀŝ�ƾƿřŻţ��ƶƳƺĭ�ƹŵ�ŐƶƴƯřŵ�ƹŵ�źǀŧ�ƽƹ�īźƯ�źŝ�ŚƷŶţŚưƳ�ŢƔƬƛ�żǀƳ�ƹ�ƾƿŚƯŵ���Ʋſ�ƽŚƷƹŹǇ�źǀƯ
�źųōC. glandium�ƝǈŤųř�ƽřŹřŵ�ƾƴƘƯ�ŶƳŵƺŝ�Źřŵ���ƶºƳƺĭ�ƹŵ�źƷ�Źŵ�ŢƔƬƛ�ƂƿřżƟř�Śŝ�ƽ��ƹ�ŶºţŚưƳ�

�ƶƴƯřŵ�ƹŵ�źƷ�Źŵ�ƽƶƐŝřŹ�ƹ�ŢƟŚƿ�ƂƿřżƟř�ŚƷƹŹǇ�šŚƠƬţ�ƾƿŚƯŵ��ƽ���ƹ�īźºƯ�ƹ�ŢºƔƬƛ�Ʋǀºŝ�ƮǀƤŤƀƯ��
�ƵŶƷŚƄƯ�źǀƯŶƃ�ƲǀƴĤưƷ��ŚƷƹŹǇ�īźƯ�ƂƿřżƟř�ŜŞſ�ŚƯŵ�ƂƿřżƟř�Ŷƿŵźĭ��ŵŹƺƯ�ƪƯřƺƗ�ƪŝŚƤŤƯ�źŧř�

ƾſŹźŝ���ƹ�ƶƳƺĭ�ƪŝŚƤŤƯ�źŧř�Żř�źǀƛ�ƶŝ�ŵ�ƶƴƯř�ƽƾƴƘƯ�ƝǈŤųř�ƽřŹřŵ�ƾƿŚƯŵ����źºǀƯ�ƹ�īźƯ�ŵŚŬƿř�Źŵ�Źřŵ
�ŵƺŝ��ƩƹŶūæ����

��
�ƩƹŶūæ�ƶƿżŬţ���źųō�Ʋſ�ƽŚƷƹŹǇ�źǀƯ�ƹ�īźƯ�žƳŚƿŹřƹ�ƽ C. glandiumŢƔƬƛ�źǀŧŐţ�ŢŰţ��ƽŚƷ

ƹŵ�šƹŚƠŤƯ�ƶƴƯřŵ�ƹŵ�Źŵ�ŶţŚưƳ�ƶƳƺĭ��ƾƿŚƯŵ�ƽCçÑ�çæ�ƹ�Cçí�çÒ���
Table 1. ANOVA of C. glandium larval mortality exposed to different concentrations of H. 

bacteriophora and S. bicornutum at 21-24ºC and 25-28ºC. 
 

Source of variation df MS F P 
Species 1 59.99 1188 ** 0.0001 

Temperature 1 0.88 7.9 ** 0.006 

Species × Temperature 1 0.064 0.01 ns 0.90 
Concentration 5 102.63 1149.3 

 0.0001 

Species × Concentration 5 4.71 21.9 ** 0.0001 

Temperature × Concentration 5 0.40 7.22 ** 0.0001 
Species × Temperature × Concentration 5 0.62 10.3 ** 0.0001 

E 96 0.07   

Total 119    

   CV = 5.74% 
**Significant difference at 1% level. ns: none significant. 

��
ƹ�īźƯ�źŨĩřŶů����ƽŚºƯŵ�Źŵ�źºǀƯ�ºCÏÑ��ÏÎ��Ǝºſƺţ�H. bacteriophora��è�ÒÕ�����ŢºƔƬƛŹŵ

çååå�IJs/ml���Ǝſƺţ�ƹS. bicornutum��Ó�ÏÓ����ŢƔƬƛŹŵæåååIJs/ml �����ƹ�ŶºƯō�Ţºſŵ�ƶºŝ��Źŵ
ƵŵƹŶŰƯ�ƽƾƿŚƯŵ��ºCçí�çÒƹ�īźƯ�źŨƧřŶů��ƶƳƺĭ�Ǝſƺţ�ŚƷƹŹǇ�źǀƯ�ƽƩƹř� Ò�ÓÐ��ƺĭ�Źŵ�ƹƶƳ�ƽ�
�ƭƹŵÒ�ÐÍ��ƶƧ�ŵƺŝƹ�īźƯ�ƱřżǀƯ�Ʋƿř���ŢƔƬƛ�Źŵ�ƶƳƺĭ�ƹŵ�źƷ�Źŵ�źǀƯçåååIJs/ml ��ƪƇŚůƃŶ���ƶŝ

�Ŝǀţźţ�ƲƿřƽŹŚưǀŝ�ƿřŻƾ�H. bacteriophora�ƵƺºǀƯ�ƾƯƺƏźųźſ�ƮŬƴě�Ʋſ�ƹŹǇ�Źŵ�����ƍƺºƬŝ�Źřƺºų



ÒÏ                                       �ƩŶƨǀƳƱřŹŚƨưƷ�ƹ���ō�Ʋſ�ƽŚƷƹŹǇ�ƂƴƧřƹ�ƾſŹźŝƾƯƺƏźųźſ�źų�������

Żř�Ƃǀŝ�S. bicornutum�ƶƴƯřŵ�ƹŵ�źƷ�Źŵ�ƹ�Ƶŵƺŝ�ƽ�ƾƿŚºƯŵ���ºCçÑ�çæƹ��ºCçí�çÒ���ƹ�īźºƯ���źºǀƯ
ǀŝŵ�ƽźŤƄŢƔƬƛ�ƭŚưţŹ�ŵźƧ�ŵŚŬƿř�ŚƷ����

ƶƀƿŚƤƯ��ƽ����ƹ�īźƯ�ŶƇŹŵ�ƲǀĮƳŚǀƯ��ŢƔƬƛ�Źŵ�ƾƯƺƏźųźſ�ƽŚƷƹŹǇ�źǀƯ����ƵŵŚƠŤºſř�ŵŹƺºƯ�ƽŚƷ
��ƶƴƯřŵ�źǀŧŐţ�ŢŰţ�ƩƹŶū�Źŵ�ƞƬŤŴƯ�ƾƿŚƯŵ�ƽŚƷ�çŢſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ������ƽŹƺºƏ�ƶºŝ��ƶºƧ��Ʋºƿř�Źŵ

��ƾƯ�ƵŶƷŚƄƯ�ƩƹŶū���ĭ�ƹŵ�źƷ�Źŵ�ŚƷƹŹǇ�źǀƯ�ƹ�īźƯ�ŶƇŹŵ�ŚƯŵ�żǀƳ�ƹ�ŢƔƬƛ�ƂƿřżƟř�Śŝ��ŵƺƃƶƳƺ�ƽ�
���������ŢƔƬƛ�ƹŵ�Ʋǀŝ�ƾƫƹ�Ţſř�ƶŤƟŚƿ�ƂƿřżƟř�ŶţŚưƳæååå���ƹ�çååå�IJs/ml��ƾƴƘƯ�ƝǈŤųř���Źřŵ��ŵƺūƹ

ŵŹřŶƳ����
��

�ƩƹŶūç�ƶƀƿŚƤƯ��ƽƹ�īźƯ�ŶƇŹŵ�ƲǀĮƳŚǀƯ�����ƾƯƺƏźųźºſ�źºųō�Ʋſ�ƽŚƷƹŹǇ�źǀƯC. glandium�
ŢƔƬƛŹŵ�ƹŵ�ƞƬŤŴƯ�ƽŚƷ�ƶƴƯřŵ�ƹŵ�ŢŰţ�ŶţŚưƳ�ƶƳƺĭ�ƽ�ƾƿŚƯŵ����

Table 2. Mean comparison of C. glandium larval mortality exposed to different doses of two 
nematode species at two temperature ranges. Temp. = Temperature. 

 
  Concentration (IJs/ml)   

Nematode Temp. 150 250 500 1000 2000 Means LSD 
%5 

21-24C 5.75 9.95 15.0 38.30 41.65 22.1 
H. bacteriophora 

25-28C 8.63 13 .05 21.50 55.60 59.90 36.4 
0.87 

21-24C 2.47 5.90 8.40 28.55 27.75 14.6 
S. bicornutum 

25-28C 5.35 9.0 14.90 45.85 46.0 24.2 
0.87 

 Means 5.6 8.3 15.0 42.1 43.8  1.38 

��
ƶƿżŬţ��ƽƵŵřŵ�Ţǀŝƹźě��ƶŞſŚŰƯ�ƹ�ŚƷ�ƽ�LC50�ƹ�ƶƳƺĭ�ƹŵ�ƶƴƯřŵ�ƹŵ�ƽ�ŵřŵ�ƱŚƄƳ�ƾƿŚƯŵ��ƶƧ

�źƿŵŚƤƯ�ƾƬĩ�ŹƺƏ�ƶŝLC50ƶƳƺĭ�Źŵ��ƽ�H. bacteriophoraŻř�źŤưĩ��ƶƳƺĭ� S. bicornutum��Ƶŵƺºŝ�ƹ
���źƿŵŚƤƯ�Żř�ŚƯŵ�ƂƿřżƟř�Śŝ�ƶƳƺĭ�ƹŵ�źƷ�ŹŵLC50�ƶŤſŚĩ�ƾƯ�ŵƺƃ���ƩƹŶūè���źŝŚƴŝ��ƩźŤƴĩ�Źŵ�Ʋƿř

��ŢƟō�ƵƺǀƯ�ƾƯƺƏźųźſ��ƍƺƬŝ�Źřƺų����ŢƔƬƛ�������ºƤǀƣŹ�ƱƺǀƀºƳŚĜſƺſ�Śƿ�ƲǀƿŚě�ƾƬǀų���ŶºţŚưƳ�Żř�ƾ� �
H. bacteriophora��ƲŤƄƧ�ƽřźŝÒå��ŶţŚưƳ�ƶŝ�ŢŞƀƳ�ŹŚưǀţ�ŵŹƺƯ�ŵřźƟř�S. bicornutum�ƭŻǇ�

Ţſř�����������ƵƺºǀƯ�ƾƯƺƏźųźºſ�ƽŚƷƹŹǇ�ŢǀſŚƀů�ƱřżǀƯ��źĮƿŵ�šŹŚŞƗ�ƶŝ�������ƶºŝ�ƍƺºƬŝ�Źřƺºų� �
H. bacteriophoraƶŝ�ŢŞƀƳ��S. bicornutum�ƹ�Ƶŵƺŝ�źŤƄǀŝ��ƶºƴƯřŵ�ƹŵ�źƷ�Źŵ�ƕƺƋƺƯ�Ʋƿř�ƽ�
ŵŚŤƟř�ơŚƠţř�ƾƿŚƯŵ���
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��ƩƹŶūè�ƶƿżŬţ�ŪƿŚŤƳ��ƽ�ƵŵźºƯ�ƽŚƷƹŹǇ�ƹ�ŢƔƬƛ�ƮŤƿŹŚĮƫ�ƱƺǀſźĭŹ�ƹ�Ţǀŝƹźě��ƽ�ƾƯƺƏźųźºſ�� �
C. glandium� 

Table 3. Probit analysis results and probit/log regression line of C. glandium larval mortality.  
 

Regression line    
(y = bx + a) R2 LC90  

(IJs/ml) 
LC50  

(IJs/ml) 
Temprature Nematode 

Y = 0.41x + 3.16  0.9306 1331 9799 21-24C 

Y = 0.50x + 2.95  0.9357 1037 5232 25-28C 
H. bacteriophora 

Y = 0.39x + 2.56  0.9148 5481 67758 21-24C 

Y = 0.37x + 2.68  0.8689 4062 46402 25-28C 
S. bicornutum 

��
��

 
��

ƪƨƃæ��ƶƀƿŚƤƯ�����ƵŶƳŻ�ƹŹǇ�ƽ����ƽ�ƲǀŗŚě���ƵƺǀƯ�ƾƯƺƏźųźſ�������ƵŵźƯ�ƹŹǇ�Śŝ�ƍƺƬŝ�Źřƺų��ǇŚºŝ����ŢºŰţ��
ŶţŚưƳ�źǀŧŐţ�H. bacteriophora����

Fig. 1. Comparison of live C. glandium�larva (lower) with dead one (upper)�exposed to H. 
bacteriophora. 

��
ţƶƿżŬ�ƱƺǀſźĭŹ�ƽŵ�ƱŚƄƳ�żǀƳ�ƵŵźƯ�ƽŚƷƹŹǇ�ŵřŶƘţ�Ţǀŝƹźě�ƹ�ŢƔƬƛ�ƮŤƿŹŚĮƫ�ŵř�ƶƐŝřŹ�ƶƧ�ƽ�

ƾƴƘƯ�ƹ�ŢŞŨƯ�Ʋǀŝ�ƽŹřŵ�ƹ�ŢƔƬƛ�ŚƷƹŹǇ�źǀƯ�ƹ�īźƯŵŹřŵ�ŵƺūƹ����ƲǀǀŞţ�ŜƿźƋ(R2)�ƱƺǀſźĭŹ�Ǝų�
�Śŝ�ŢƔƬƛźǀƯ�ƹ�īźƯƶƳƺĭŹŵ���ƽH. bacteriophoraŚƯŵ�Źŵ���ƽŚƷºCçÑ�çæ�ƹ�ºCçí�çÒƶŝ��Ŝǀţźţ�
�Śŝ�źŝřźŝÖÐÍÓ�Í��ƹÖÐÒÔ�åƹ��ƶƳƺĭ�Źŵ�ƽ�S. bicornutum�ơƺƟ�źƿŵŚƤƯ�źŝřźŝ�Ŝǀţźţ�ƶŝ�Śŝ�ÖÎÑÕ�Í�



ÒÑ                                       �ƩŶƨǀƳƱřŹŚƨưƷ�ƹ���ō�Ʋſ�ƽŚƷƹŹǇ�ƂƴƧřƹ�ƾſŹźŝƾƯƺƏźųźſ�źų�������

��ƹÕÓÕÖ�å���������ƂƿřżƟř�Śŝ�ŚƷƹŹǇ�Źŵ�źǀƯ�ƹ�īźƯ�ƱřżǀƯ�ƽŵƺƘƇ�ŶƳƹŹ�ŶƿŒƯ�ƶĩ�ŶƳŵƺŝ����ŶºţŚưƳ�ŢºƔƬƛ�
ƾƯ��ŶƃŚŝ���ƪĪƃè�����

����ƹ�īźƯ�ƱřżǀƯ�šřźǀǀƜţ�ƾƴŰƴƯ�źǀƯ�����ƶºƳƺĭ�ƹŵ�Ǝſƺţ�ŚƷƹŹǇ����Źŵ�ŶºţŚưƳ����ƶºƴƯřŵ�ƹŵ�ƽ�
ƾƿŚƯŵƠŤƯ�ŢƔƬƛ�Śŝ�ƹ�šƹŚ��ƪƨƃ�Źŵ�ƞƬŤŴƯ�ƽŚƷçŢſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�����
��

��
��
��
��
��
��
��

��ƪƨƃÏ����ƹ�īźƯ�ƱřżǀƯ��źǀƯ�ƵƺǀƯ�ƾƯƺƏźųźſ�ƮŬƴě�Ʋſ�ƽŚƷƹŹǇ��źǀŧŐºţ�ŢŰţ�ƍƺƬŝ�Źřƺų�ƹ�ŚºƯŵ��
ŢƔƬƛ�ŶţŚưƳ�ƞƬŤŴƯ�ƽŚƷ�ƽŚƷ�H. bacteriophora�ƹ�S. Bicornutum���

Fig. 2. Effect of different nematode concentrations of H. bacteriophora and S. bicornutum, 
and temperatures on the mortatlity rate of fifth instar larvae of C. glandium. 

��
ŦŰŝ��

ƽŹŚưǀŝ�ƶƳƺĭ�Źŵ�ǇŚŝ�ƾƿřŻ��ƽH. bacteriophora��Ʊō�źŤƄºǀŝ�ŷƺƠƳ�šŹŶƣ�ƶŝ�ƶūƺţ�Śŝ��Ó�Î���Źŵ
���Śŝ�ƶƀƿŚƤƯÒÒ�Í������ƵřźưƷ�ƹ���ƽźŤƧŚŝ�ƱŵƺŝPhotorhabdus��Śŝ���ƮºƷ�ƽźŤƧŚºŝ�ƶŝ�ŢŞƀƳ�ƶƧ�Ʊō���ŢƀºƿŻ

ƶƳƺĭ�����ƵźƄů�ŵřƺƯ�źĮƿŵ�ƽ�����ƾƯ�Ŷǀƫƺţ�ƽźŤƄǀŝ�ƂƧ��ŶƴƧ���Ţſř�ƶǀūƺţ�ƪŝŚƣ����ŷƺºƠƳ�šŹŶƣ�ŢƬƗ�ľŚƴưƋ
źŤƄǀŝ�H. bacteriophora�ƵŶŗřŻ�ƲŤƃřŵ�ƱřŶƳŵ�ƽ�ŶƴƳŚƯƾŤƄě��(dorsal tooth)ƾƯ���ŶƃŚŝ�ƶŝ�řŹ�Ʊō�ƶƧ

Żř�ŷƺƠƳ��ƵźƄů�ƱŶŝ�ŶƬū�ƢƿźƏ�ƱŶŝ�ƾƘǀŞƏ�ŸƟŚƴƯ�ƵřŹ�źŝ�ƵƹǈƗ�ƾƯ�ŹŵŚƣ��ŵŻŚſ���
���ƾƯƺƏźųźºſ�ƽŚºƷƹŹǇ�Ŝǀţźţ�ƲƿŶŝC. glandium����ŶºţŚưƳ�ƽřźºŝ�ƾŞºſŚƴƯ�ƱŚºŝżǀƯ�� �

S. bicornutum��ŶƴŤƀǀƳśƺƬƐƯ�Źŵ�ľŚŞƿźƤţ�ƹ��Ʊō�Żř�ƾƃŚƳ�źǀƯ�ƹ�īźƯ�źŨƧřŶů�Ǝƿřźƃ�ƲƿźţÒ�èå��
Ţſř�Ƶŵƺŝ��ƶƘƫŚƐƯ�ƶŝ�ŢƿŚƴƗ�Śŝ�ƾƟźƏ�Żř�ƽ�Shapiro-Ilan & McCoy (2000)��Ǝƿřźƃ�Źŵ�Ʊƺģ� �
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�ƪƨƃÐ�ƶƿżŬţ��ƽ���ƹ�īźºƯ�ƱřżºǀƯ�šřźºǀǀƜţ�Ţǀŝƹźě�����ƽŚºƷƹŹǇ�źºǀƯC. glandium����źǀŧŐºţ�ŢºŰţ
ŢƔƬƛ��ƽŚƷ��ƞºƬŤŴƯ��ŶºţŚưƳH. bacteriophora��ƹS. bicornutum�ƹŵ�Źŵ��ƶºƴƯřŵ�ƽ��ƽŚºƯŵ�

ºCÏÑ�ÏÎ�(A)ƹ��ºCÏÕ�ÏÒ�(B)���
Fig. 3. Probit of mortality rate variation of C. glandium larvae exposed to different 

concentrations of H. bacteriophora and S. bicornutum (A) at 21-24ºC and (B) at 25-
28ºC. 

��
ƶƗŹżƯ����������ƩźŤƴƧ�Ǝƿřźƃ�ƶƧ�ƶƳŚŴƬĭ�ƹ�ƵŚĮƄƿŚƯŻō�ƶŝ�ŢŞƀƳ�ƽř�ƵŶƃ�ŶƳŹřŵ�ƽř���źŤưƧ�šřźƄů

ƮƷ�ƹ�ŶƴŤƀƷ�ŽŚƀů�ƶƘƫŚƐƯ�ŽŚſř�źŝ�Ʋǀƴģ�ƽ�et al. (1999)�Belair���ŵźŝŹŚƧ��ƶƳƺĭ�ŹŚƸģ�
�žƴººū�ƽŚƷŶººţŚưƳ�ŻřSteinernema��īźººŝ�ŢººƟō�ƽŚººƷƹŹǇ�ƶººǀƬƗ�šŚººƛŚŝ�ŹřƺººųŜǀººſ���

Choristoneura rosaceana (Harris) (Lep.: Tortricidae)����ƶƧţ�ƂƷŚƧ�ƕƺƋƺƯŐ�ƪƯŚƗ�źǀŧ
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ÒÓ                                       �ƩŶƨǀƳƱřŹŚƨưƷ�ƹ���ō�Ʋſ�ƽŚƷƹŹǇ�ƂƴƧřƹ�ƾſŹźŝƾƯƺƏźųźſ�źų�������

���ţ�řŹ�ƾŗřźŰƇ�Ǝƿřźƃ�Źŵ�ƾŤƀƿŻ�ƩźŤƴƧƿŐƾƯ�Ŷǀ������Ǝƿřźºƃ�Źŵ�ŢºƟō�źºǀƯ�ƹ�īźºƯ�řŸƫ��ŶƴƧ
�����Żř�źŤưƧ�ŚƷŶţŚưƳ�Ʋƿř�Śŝ�ƶƗŹżƯ��ľǇŚưŤůř�Ŝǀţźţ�ƲƿŶŝ�ƹ�ŵƺŝ�ŶƷřƺų�ơƺƟ�źƿŵŚƤƯ��ƶºƳƺĭ��ƽ� �

H. bacteriophora�ŜſŚƴƯ�ŜţřźƯ�ƶŝ�ƶƳƺĭ�Żř�źţ�ƽ�S. bicornutumŵƺưƳ�ŶƷřƺų�ƪưƗ�����
��ƾſŹźŝ�ŽŚſř�źŝ���ƞƬŤŴƯ�ƲǀƤƤŰƯ�ƽŚƷ��ƶºưǀƳ�ƹ�įźǀƀƯźĭ�İůřƺƳ�ƽŚƷŶţŚưƳ�Źŵ����įźǀƀºƯźĭ
����ƦƿŵżƳ�ƹ�ŚƯŵ�ƂƿřżƟř�Śŝ������ŶţŚưƳ�ŶƃŹ�śƺƬƐƯ�ƽŚƯŵ�ƶŝ�Ʊō�ƱŶƃ���ŝƽźŤƧŚ�ƽŹŚưǀŝ���ƽƹŹ�ŶţŚưƳ�ƾƿřŻ

ƵźƄů�ƽƾƯ�ŵŚƿŻ�ƱŚŝżǀƯ��ŵƺƃ�.(Kepenekci et al., 2004; Shapiro-Ilan & Cottrell, 2005)�Źŵ�
���ƶƴƯřŵ�żǀƳ�ƶƘƫŚƐƯ�Ʋƿř��ƽ�ƾƿŚƯŵ�ţ�Ő�ƾƴƘƯ�źǀŧ��Źŵ�ƽŹřŵ����ƹ�īźºƯ�ƱřżǀƯ�������ŵŹƺºƯ�ƽŚºƷƹŹǇ�źºǀƯ

����ŵřŵ�ƱŚƄƳ�ŶţŚưƳ�Ǝſƺţ�ƂƿŚƯŻō���ƶƬůźƯ�ƶŤŞƫř���ƱŚŝżǀƯ�ƾĭŶƳŻ�ƽ�Ʋºƿř�Źŵ�ƮƷ���ƂºƤƳ�ŵŹƺºƯ�
ŵŹřŵ�ƾưƸƯ��ƾƟźƏ�Żř�et al. (2003)�Belair�Ƶŵřŵ�ƱŚƄƳ�ľǇƺưƘƯ�ƶƧ�ŶƳř���ƢƏŚºƴƯ�ƽŚƷŶºţŚưƳ�

ƶƴǀƸŝ�ƽŚƯŵ�ƵŹŚů�ƽƶƫƹżƿř�ƶŝ�ŢŞƀƳ�ƽźţǇŚŝ��ŶƳŹřŵ�ƩŶŤƘƯ�ƢƏŚƴƯ�ƽŚƷ��ţŚưƳ�ƶģ�źĭř�ƽŚƷŶ
����ƶƘƫŚƐƯ�Ʋƿř�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ��ƶǀůŚƳ�ƾƯƺŝ���ƽ���ŶƴŤƀºƷ�źǀſŵźſ�ƹ�ƩŶŤƘƯ������Ʋºƿř�ŵƺºūƹ�Śºŝ�

��ţ� ŚƯŵ�ƂƿřżƟřŐ�ƾƴƘƯ�źǀŧ���ƽŹŚưǀŝ�Źŵ�ƽŹřŵ���Ʊō�ƾƿřŻ��ƃřŵ�ŚƷŢ���������ƱŚºƴǀưƏř�Ʃƺƈºů�ƽřźºŝ�ŚƯř
��źŤƄǀŝ��ƶƴǀƯŻ�Ʋƿř�Źŵ��ƽ��ƶƳƺĭ�ƾſŹźŝ�������ƶƀƿŚƤƯ�Śƿ�ƹ�ƶƤƐƴƯ�Źŵ�źĮƿŵ�ƽŚƷ�ƽ�ŵŹƺƯ�ƽŚƷŶţŚưƳ�

ƶƳƺĭ�Śŝ�ƂƿŚƯŻō�Ţſř�ƭŻǇ�źǀƀƯźĭ�ƾůřƺƳ�ƽŚƷ����
ƶŤƨƳ��ƽ��������ţ�ƽřźŝ�ŜſŚƴƯ�ƽŚƯŵ�ŵŹƺƯ�Źŵ�ƶƧ�ƽźĮƿŵ�ŐźƧŷ�ƪŝŚƣ�ŶţŚưƳ�źǀŧ�ƾƯ�ƿř�ŶƃŚŝ�Ʋ

������������ƶƳƺĭ�Śƿ�ŚƷŶţŚưƳ�Ʋƿř�Żř�Ʀƿ�źƷ�ƾŗřźŰƇ�ŵźŝŹŚƧ�šŹƺƇ�Źŵ�ƶƧ�Ţſř����ƶºǀƬƗ�źºĮƿŵ�ƽŚƷ
źųō�Ʋſ�ƽŚƷƹŹǇ�ƵƺǀƯ�ƾƯƺƏźųźſ�ƍƺƬŝ�Źřƺų��ţŐƱō�źǀŧ�ŚƷƶưǀƳ�Źŵ�ƹ�ƥŚų�ƪųřŵ�Źŵ��ƽ�

��ŶƯ�żǀŗŚě�ƭƹŵ�����ƵŹƹŵ�Ʋƿř�Źŵ�ƶƧ�ŵƺŝ�ŶƷřƺų�źƔƳ�ƽ�����ƶºŝ�ŢŞƀºƳ�ƥŚºų�ƪºųřŵ�įŚƯŵ�ƾƳŚƯŻ�
Ɵ�����Ţſř�źŤưƧ�ƱŚŤƀŝŚţ�ƹ�ŹŚƸŝ�Ʃƺƈ��Śŝ�ţ�ŵƺūƹ�Śŝ�ƾŤů�ƩŚů�ƲƿřŐ��Źŵ�ǇŚºŝ�ƽŚƯŵ�ŢŞŨƯ�źǀŧ

����ƵŚĮƄƿŚƯŻō�Źŵ�źǀƯ�ƹ�īźƯ�ƂƿřżƟř��ŚƯŵ�Źŵ�źǀƯ�ƹ�īźƯ�ƱŚưƷ�ƶŞſŚŰƯ�ƽŚƴŞƯ���ƲǀŗŚºě�ƽŚƷ
ŵƺŝ�ŶƷřƺų���ƶºƘƫŚƐƯ�Źŵ�ƽ�Kepenekci et al. (2004)���Źŵ�ƶºǀƧźţ�Źŵ���ºţ�Śºŝ�ƶºƐŝřŹŐ��ŹŚºƸģ�źǀŧ

ƽŚƷŶţŚưƳ�Żř�ƲƿźŤſř�EPNs�ƵƺǀƯ�ƾƯƺƏźųźſ�ƽŚƷƹŹǇ�ƶǀƬƗ�ƽơŶƴƟ���Curculio elephas 

Gyll.��żǀŗŚě�Źŵ�ƵŚǀſ�ƽŚƿŹŵ�ƪůřƺſ�ƥŚų�ƪųřŵ�Źŵ�ŢƟō�ƽŚƷƹŹǇ�ƩźŤƴƧ�ƝŶƷ�ƶƧ�Ƶŵƺŝ�
Ţſř��Ƨ�ƾƴƿźŤſřƥŚų�ƪųřŵ�ƶŝŚƄƯ�ƽŚƯŵ�Źŵ�ƶ��Ʊō�ŹŵƩŚſ�Żř�ƖƣƺƯ���ţŐ�ƶŤƃřŵ�ƾŞſŚƴƯ�źǀŧ

Ţſř�ƵŶƿŵźĭ�ƾƟźƘƯ�ŢƟō�ƩźŤƴƧ�ƽřźŝ�Ţſř���
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ƶƿżŬţ����Ƶŵřŵ�Ţǀŝƹźě�ƽ����ƶƳƺĭ�ƹŵ�ƽŚƷ�����ŚƯŵ�Źŵ�ŶţŚưƳ�����ƶºƧ�ŵřŵ�ƱŚƄƳ�ƵŵŚƠŤſř�ŵŹƺƯ�ƽŚƷ
H. bacteriophora��Źŵ�ƶººƴƯřŵ�ƽ��ƾƿŚººƯŵ�ºCçí�çÒ���ƲƿźººŤưƧ�ƲŤººƃřŵ�Śººŝ���źƿŵŚººƤƯ�LC50�� �

�IJs/ml�æåèì���ƹ LC90�IJs/ml�ÒÏÐÏ����ƹ�ŢºſřŹřŵ�řŹ�Ţǀŝƹźě�Ǝų�Ŝǀƃ�ƲƿźŤƄǀŝ�Źŵ�
ƶƴƯřŵ�ƽ�ƾƿŚƯŵ�ºC�çÑ�çæżǀƳ�����Żř�źŤƄºǀŝ�Ǝºų�Ŝǀƃ�ƲŤƃřŵ�Śŝ��ƶºƳƺĭ�ƽ� S. bicornutum���ƽřŹřŵ
LC50�Śŝ�źŝřźŝ� IJs/mlæèèæƾƯ��ŶƃŚŝ��ƩƹŶūè�������šŹŶºƣ�ƲŤºƃřŵ�ƪºǀƫŵ�ƶŝ�ƶƳƺĭ�Ʋƿř�řŸƫ

ƶŝ��Ʊō�ƶŝ�ƵźƄů�źŤƄǀŝ�ŢǀſŚƀů�Śƿ�ƹ�ƵźƄů�Źŵ�źŤƄǀŝ�ƾĭŶƴƄƧ��ƶƳƺĭ�ƱřƺƴƗ�ƽŜſŚƴƯ���źţ
�ƶƳƺĭ�ƶŝ�ŢŞƀƳ��ƽS. bicornutum��ƾſŹźŝ�ŢƸū����ƾƯƺƏźųźºſ�ŢºƟō�ƶǀƬƗ�ƾŗřźŰƇ�ƽŚƷ

ƵƺǀƯ�ƽƾƯ�ŵŚƸƴƄǀě�ƍƺƬŝ��ŵƺƃ�ŵ�řźƿŻ�ƶƴƯřŵ�ƹŵ�źƷ�Ź�ƽ�ƾƿŚƯŵţ�Őźǀŧ��Żŵ�ƲƿźŤưƧ�Śŝ�śƺƬƐƯ
ŵŹřŵ�řŹ��ƶƘƫŚƐƯ�Źŵ�ƽţ�ŐƶƳƺĭ�źǀŧ��ƽŚƷHeterorhabditisƹ��Steinernema carpocapsae�ƹ� �

S. feltiae��ƽŚºƷƹŹǇ�ƽƹŹ��ƾƯƺƏźųźºſ�Otiorhynchus sulcatus (Fabricius)�Ǝƿřźºƃ�Źŵ��
ƶƳŚŴƬĭ�����ŚƨƿźƯō�Źŵ�ƽřżǀƳ�ƶƳƺĭ����ƽŚƷHeterorhabditis��ƿř�Śŝ��ŵŚŬÖÓ����źţźŧŒºƯ�źǀƯ�ƹ�īźƯ
ƶƳƺĭŻř��ƽŚƷSteinernema��Żŵ�ŹŵƵŵƺŝ�ƶŝŚƄƯ�ŶƳř��(Smith, 2007)�� 

�šŚººƘƫŚƐƯShapiro-Ilan et al. (1999)�ƲƀººƯ�ƽŚººƷƹŹǇ�ƶººƧ�Ţººſř�ƵŵźººƧ�ŢººŝŚŧ�
ƶƄƿŹ�ƾƯƺƏźųźſ��Diaprepes abbreviatus (L.)��źŝřźŝ�Źŵ�Ʊō�Ʊřƺū�ƽŚƷƹŹǇ�ƶŝ�ŢŞƀƳ�

ƽŚƷŶºººţŚưƳ�Heterorhabditis indica��H. bacteriophora�ƹ�Steinernema riobrave�
ŽŚƀů�ŶƳźţ��źĭř���ƵƺǀƯ�ƾƯƺƏźųźſ�ŵŹƺƯ�Źŵ�ƶģ�Źřƺų�ƶƀºƿŚƤƯ�ƍƺƬŝ��ƽ���ƞºƬŤŴƯ�Ʋǀƴºſ�

Ʋƿř�ƹ�Ʊō�ƾĭŶƳŻ�Ǝƿřźƃ�ƶŝ�ƶūƺţ�Śŝ�ŚƯř�Ţſř�ƶŤƟźĮƳ�ƭŚŬƳř�ƽƹŹǇ��ƶƬůźƯ�ŚƸƴţ�ƶƧ�ƽ�Ʋſ�
����ŝ�ƥŚų�ƪųřŵ�Ʊō�ƮŬƴěƶ��ƾƯ�źſ�ŵźŝ���Żř�ƵŵŚƠŤſř�šŹƺƇ�ŹŵEPNs���Ţºſř�źºŤƸŝ��ƶºƯŚƳźŝ�ƽ�
������źųō�Ʋſ�Źŵ�Ʊō�ƩźŤƴƧ�ƮŬƴě����ŵźǀĭ�ƭŚŬƳř�ƽƹŹǇ�����ƪºųřŵ�Ʊō�ƽŚƷƹŹǇ�ƾƬŞƣ�Ʋǀƴſ�řźƿŻ

��ƵƺǀƯ��ŢųŹŵ�ƽƹŹ��������ƭřŶƳř�Źŵ�ŚƷŶţŚưƳ�ŵźŝŹŚƧ�ƹ�ŶƳŹřŵ�Źřźƣ����ŵźŝŹŚƧ�ƶŝ�ŢŞƀƳ�ƾƿřƺƷ�ƽŚƷ
����Ţſř�ƽŵŚƿŻ�šǈƨƄƯ�ƽřŹřŵ�ƥŚų�Źŵ�Ʊō��ƶƳƺĭ�Śŝ�ƾƸŝŚƄƯ�šŚƘƫŚƐƯ�ƶĤƳŚƴģ�ƶŤŞƫř���ƽŚºƷ

�ŶţŚưƳ�ƞƬŤŴƯŹ�ƽƹC. glandium�ƾƯ�ƭŚŬƳř�Ŷƃ��ŵŹƺƯ�Źŵ�ƽźŤƸŝ�šƹŚƌƣ���ƱřżºǀƯ�ƹ�ƵƺŰƳ
ţŐźǀŧ��ƶºƳƺĭ����ƶºƤƐƴƯ�ƽŚºƷ��ƽ�������������ºţ�šƹŚºƠţ�Śºƿ�ƹ�ŢºƟō�Ʋºƿř�ƽƹŹ�ƱřŹŚŞºſŹř�Ő�ƶºƳƺĭ�źǀŧ���ƽŚºƷ

Steinernema�ƹ�Heterorhabditis��ƾƯ�ƶŗřŹř��Ŷƿŵźĭ�����ŵƺºūƺƯ�ƖŝŚºƴƯ�ƶºŝ�ƶūƺţ�Śŝ�ŚƯř�����Ʋºƿř
ƾſŹźŝ�Ʋǀƫƹř�EPNs�Źŵ�ƵƺǀƯ�ƾƯƺƏźųźſ�ŢƟō�ƩźŤƴƧ��ƍƺƬŝ�ŹřƺųƾƯ�ŶƃŚŝ���



ÒÕ                                       �ƩŶƨǀƳƱřŹŚƨưƷ�ƹ���ō�Ʋſ�ƽŚƷƹŹǇ�ƂƴƧřƹ�ƾſŹźŝƾƯƺƏźųźſ�źų�������

ƽŹřżĮſŚĜſ 

�����������ƹ�ƽŻŹƹŚƄƧ�šŚƤǀƤŰţ�żƧźƯ�Żř� řŹ�ŵƺų�ƾƳřŵŹŶƣ�ƹ�źĪƄţ�ŜţřźƯ�ƱŚĭŶƳŹŚĮƳ��ƖŝŚƴƯ
�ƵŚǀĭ�Ƶƹźĭ��ƾƣźƃ�ƱŚŬƿŚŝŹŷō�ƱŚŤſř�ƾƘǀŞƏ��ƾĪƃżěƵŶĪƄƳřŵ�ƽżƿźŞţ�ƵŚĮƄƳřŵ�ƽŻŹƹŚƄĩ��

�ƾſŚƴƃŶţŚưƳ�ƵŚĮƄƿŚƯŻō��ƶƀſŒƯ�ƹ�ƽƪĮƴū�šŚƤǀƤŰţ��ţ�źƏŚų�ƶŝ�ŹƺƄĩ�ƖţřźƯ�ƹ�ŚƷŐ�ƲǀƯ
�ƹ�ƭŻǇ�šŚƳŚĪƯřƾƯ�ƭǈƗř�ƢǀƤŰţ�Ʋƿř�ƽřźūř�Źŵ�šŶƗŚƀƯ�ŶƳŹřŵ���
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