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Abstract 
Herbivore induced plant volatiles (HIPVs) can be produced by herbivores attack that affects on 

ecology and behavioural responses of natural enemies. Damaged plant attracts natural enemies due to 
change the volatile compounds constitute by an active biochemical processes. This study was conducted 
to test whether green bean HIPVs, as well as odours emitted directly from spider mites influenced the 
orientation behaviour of the predatory mirid bug, Macrolophus caliginosus Wagner. A Y-tube 
olfactometer was used to determine the attraction of the predator to herbivore induced volatiles from 
Tetranychus urticae Koch infested green bean plants over clean plants and to direct prey odours over 
clean air. The mirid bugs showed a stronger response to odours from infested plants than to those from 
clean plants. The mirids, however, did not seem to exploit odours emitted directly from the preys 
themselves. Compounds of infested and uninfested plant volatile blends were also determined by gas 
chromatography-mass spectrometry (GC-MS). Of a total of 36 infested green bean compounds, 29 
compounds are emitted either by uninfested green bean. The results from GC-MS analysis confirm that 
volatile blends emanate from bean infested by spider mites is different to clean bean and the attractiveness 
of predatory mirid bugs to infested plant over clean bean is probably resulting in these differences. 
Key words: olfactory response, two-spotted spider mite, Macrolophus caliginosus, gas chromatography, 
plant volatiles, Y-tube olfactometer, green bean 
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ƶƯŶƤƯ�

�������ƾŤƟŚºƿŹŵ�šŚºƗǈƏř�ŽŚſř�źŝ�šřźƄůŻř��ƶºŝ�ƎǀºŰƯ�����ŢºƠū��řŸºƛ�ƽƺŬŤºƀūƹ���ƵŚºĮƷŚƴě�
ƾƯ��ŶƳŻřŵźě(Elzinga, 1997)��ƥźŰƯ�ƽŚƷř�ƾƿŚǀưǀƃ�ƿƶƿŸƜţ�źŧř�źŝ�ƵŶƃ�ŵŚŬ�ƽƵŚǀĭ��ƺųř�ƱřŹ�ƾƨƿ�Żř

��ŚƿŵŹ�ƖŝŚƴƯ�ƲƿźŤưƸƯŝƾ��řźŝ�ŹŚĪƃ�ƽ�ƱřźĭŹŚĪƃ��ƾƯ���ŶƴƃŚŝ�����ƶŰƿřŹ�řŹ�ŵřƺƯ�Ʋƿř��ƽŚƷ���������Śºƿ�ƵŚºǀĭ�ƾƿŚºƤƫř
HIPVs
Î�ƾƯ��ŶƴƯŚƳ(Dicke & van Loon, 2000)���ƲƿřĩźţǀšŚŞƾƯ�ŹřĈźƟ���ŶƴƳřƺţ��ƱƺƯƺƴǀºſ�ƱřƺºƴƗ�ƶŝÏ�

�ƾƘǀŞƏ�ƱŚƴưƃŵ�ƽřźŝ�źĭŹŚƨƃ�ƪĮƳř����ŶƴƴƧ�ƪưƗ(Dicke et al., 1990; Dicke & van Loon, 2000)��
��ŶǀƫƺţHIPVs���������ƶǀƬƗ�ƵŚǀĭ�ƮǀƤŤƀƯźǀƛ�ƕŚƟŵ�ƾƗƺƳ�ŢƤǀƤů�Źŵ�ƵŚǀĭ��Źřƺų����Ʋưºƃŵ�ŜºƬū�Śºŝ�ƶƧ�Ţſř�
�ƾƘǀŞƏ�Ţưſ�ƶŝƵŚǀĭ�ŹřƺųƾƯ�šŹƺƇ���ŵźǀĭ(Sabelis et al., 1999)��ŹƶŰƿř�ľǇƺưƘƯ�ƾƷŚǀĭ�ƽŚƷ��ƶºŝ�

����Ư�ƶŝ�ƾƫƹ�Ʈƿřŵ�šŹƺƇǀ�����ƾƯ�ŶƗŚƈŤƯ�ƵŚǀĭ�Żř�Ʈĩ�Ʊřż��ƺƃƳ�Ŷƹ�ŌŚƤƫř�ƹ�ƶƿŸƜţ�źŧř�źŝ�ƵŚǀĭ�Źřƺųƽ���Ʋºƿř�
�ŵřƺƯƾƯ�šƹŚƠŤƯ�ƾƠǀĩ�ƹ�ƾưĩ�ƑŚŰƫ�Żř��ŶƳŵźĭ(Paré & Tumlinson, 1999)��ƺŝ�ŲſŚěƿŚƾƿ�ƱŚƴưƃŵ�
ŞƏǀƘƾ�ƶŝ�ƶŰƿřŹ�ƽŚƷ��ƾƯ�ƾƿŚƤƫř��ŶƳřƺţƑŚŰƫ�ƶŝ��ƪǀƨƄţ�ŵřƺƯ�ŢŞƀƳ�ƹ�ƱřżǀƯ�ƵŶƴƷŵ�ƽ�Ʊō�Śƿ�ƹ��ƹ�ƕƺƳ
ǀƠǀĩ�šƹŚƠŤƯ�źĮƿŶƨƿ�Śŝ�Ʊō�ŵřƺƯ�ŢŶƴƃŚŝ�(Paré & Tumlinson, 1999)���Ŷºǀƫƺţ�HIPVs��Ĩºƿ�ƾºƏ��

�ƩŚƘƟ�ŶƴƿřźƟ���Ʋǀŝ�ƵŚǀĭ��Źřƺų����ƾƯ�ƪƇŚů�ƵŚǀĭ�ƹ������ƶŝ��ŵƺƃ�ŹƺƏƽ�������Ŝǀºſō�ƱŚºƷŚǀĭ�ƾºŤů�ƶĩ���ƵŶºƿŵ��ºŝ�ƶ
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ŹƺººƇš����Ţººƃřŵ�ŶººƴƷřƺŴƳ�řŹ�ŵřƺººƯ�Ʋººƿř�Ŷººǀƫƺţ�ŢººǀƬŝŚƣ�ƾººĪƿżǀƟ�(Turlings et al., 1995; 

Dicke et al., 1999; Yasuyuki et al., 2004)��
ƲſMacrolophus caliginosus Wagner �Ŷƴģ�ƽźĭŹŚĪƃ��ŹřƺųÎ��Ţſř��ºƏ�ƶºĩ�ƾ�ƶºƷŵ�ƹŵ��ƽ�

�����ƶƳŚŴƬĭ�Źŵ�ƅƺƈų�ƶŝ�Ɩǀſƹ�ƾŰƐſ�Źŵ�ƹ�ƽŹŚŬţ�šŹƺƇ�ƶŝ�ƶŤƃŸĭ�ō�ƩźŤƴĩ�ƽřźŝ�ŚƷ�Ʊƺģ�ƾţŚƟ
ŶǀƠſ�ĨƫŚŝ���ƶŤƃ��ŚƷ���ƶƴĩ��ŚƷ����žĜƿźţ�ƹ�ŚƷ��ĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ŚƷƶŤƟź�ƫƹ�ƾř�Śŝ�ƿ�ŵƺūƺƯ�ƎŝřƹŹ�ƩŚů�Ʋ

�ºŝǀř�Ʋ�ºƿ�ĭ�ƹ�źĭŹŚĪºƃ�Ʋǀ�Ư�ƱŚºƷŚǀ���ºſŹźŝ�źºŤưĩ�ƱŚºŝżƾ��ƵŶºƃ�Ţºſř�(Fischer & Leger, 1996;  

Koskula et al., 1999; Nedstam & Johansson-Kron, 1999; Arno et al., 2003)���ƶƘƫŚƐƯƃ�ƹƴ�ŢųŚ
ƂƴƨưƷźŝ��źĭŹŚƨƃ�Ʋǀŝ�ŵƺūƺƯ�ƽŚƷM. caliginosus�ƶŰƿřŹ�ƹ�ƽŚƷ��ƱŚƷŚǀĭ�ƾƿŚƤƫř��ƱŚŝżǀƯƶŝ�ƦưƧ�

ŚƯŻōƿƂ��ŚƷƽ�ſŚƴƃŹŚŤƟŹ�ƾ�ƃ�ƹ�ǀưƾżŬţ�ƿƶƾƯ��ƵƺŰƳ�ƱŵƺưƳ�ƲƃƹŹ�ƲưƋ�ŶƳřƺţ�ƽ�ř�ƪºƯŚƘţ��ºƿƹŵ�Ʋ��
�ŦƗŚŝƶƯŚƳźŝ�Źŵ�źĭŹŚƨƃ�Ʋƿř�źţźŧŒƯ�ŵźŝŹŚƧ�šŚƟō�ƾƤǀƠƬţ�ƩźŤƴƧ�ƽŚƷç�ŵŵźĭ��

ƹĦě�Ʋƿř�Żř�ƝŶƷƂƷ��źĭŹŚĪƃ�Ʋſ�ƾƿŚƿƺŝ�ŲſŚě�ƾſŹźŝ�M. caliginosus��ƶºŰƿřŹ�ƶºŝ���ƽŚºƷ�
�Śǀŝƺƫ�ƵŚǀĭ�ƾƿŚƤƫř�ƶƴĩ�ƶŝ�Ƶŵƺƫō�żŞſ�ƽ�Koch� Tetranychus urticae����ƲǀºƴĤưƷ�ƹ�ƮƫŚºſ�ƵŚºǀĭ�źŝřźŝ�Źŵ

ƶƘƫŚƐƯ��ƽ�����ƶŰƿřŹ�ƶŝ�źĭŹŚƨƃ�Ʋƿř�ŲſŚě��ƽ��ƶƴĩ�ƾƴƬĩ���ƽ�ƹŵ�ƶƨƫ������ħŚě�ƽřƺƷ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƽř�ƾƯ��ŶƃŚŝ��
ƲǀƴĤưƷ����ƴƃ�ƹ�ƶƿżŬţ���ƶŰƿřŹ�Ʋƿř�ƾƿŚſŚ����ƾƟřźĭƺţŚºƯƹźĩ�ŻŚºĭ�ĨǀƴĪţ�Śŝ�ŚƷ��Ə�ºǀ��ºƯźū�Ūƴºſ�ƞƾ���

(GC-MS)��ƶƀƿŚƤƯ�ƹ���ƽ����ƵŶƴƷŵ�ƪǀĪƄţ�ƞƬŤŴƯ�šŚŞǀĩźţ���ƽ�ƶŰƿřŹ����ƶƯŶƇ�ƵŚǀĭ�Żř�ƾƃŚƳ�ƽŚƷ���ƹ�ƵŶºƿŵ
źĮƿŶĪƿ�Śŝ�ƮƫŚſƤŰţ�Ʋƿř�źĮƿŵ�ƝŶƷ�ǀƯ�Ƣƾ�ŶƃŚŝ��

�
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ�

ƂƿŚƯŻō�ƭŚưţ�Źŵ��Żř�ŚƷƶĤƷŚǀĭ��ƾĭźŝ�ƹŵ�ƽŚƷ�æÒƵŻƹŹ���ŚǀŝƺƫżŞſ�(Phaseolus vulgaris L.)��
��ƮƣŹPremil��Ŷƿŵźĭ�ƵŵŚƠŤſř�����ƱřŶƬĭ�Źŵ�ƱŚƷŚǀĭ������źƐƣ�ƶŝ�ƾƿŚƷæå����ƩƺƏ�ƹ�í�ƾŤƳŚſ�����Ŷƃ�ƶŤƃŚĩ�źŤƯŶƳ��

ƩźŤƴĩ�Ǝƿřźƃ�Źŵ�ƱŚƷŚǀĭ�ƁŹƹźě�ƵŶƃ�ƽ�ƽŚƯŵ�Śŝ�ƶƳŚŴƬĭ� ºCæ�t�çÒ��ƾŞºƀƳ�ŢŝƺƏŹ��Ò�t�ìå���ƹ
�ŵƺƿźěƺŤƟí�ƹ�ƾĪƿŹŚţ�ŢƗŚſ�æÓŶƃ�ƭŚŬƳř�ƾƿŚƴƃƹŹ�ŢƗŚſ���

                                                
�Î  Polyphage 

�Ï  Integrated pests management (IPM) 



ÕÏ                               ��ƽźǀƘƯŹŚƨưƷ�ƹƱř���źĭŹŚƨƃ�Ʋſ�ƾƿŚƿƺŝ�ŲſŚěMacrolophus caliginosus�����

Śĩ�šřźƄů�ƪƯƿĨ�ƵŻƹŹ�ƽźĭŹŚĪƃ�Ʋſ��M. caliginosus�Ţĩźƃ�Żř�EWH, Bio Production�
�ħŹŚưƳřŵ���Ŷƿŵźĭ�ƶǀƸţ�������ƂƿŚƯŻō�Ǝƿřźƃ�Śŝ�źŤƄǀŝ�ƽŹŚĭŻŚſ�ŢƸū��Ʋſ�Ʋƿř���ŚƷ������ŻƹŹ�ƹŵ�šŶºƯ�ƶºŝ�

ƶƴĩ�ƶŝ�Ƶŵƺƫō�ƽŚǀŝƺƫ�ƱŚƷŚǀĭ�ƽƹŹ�ƽŶƳŶƃ�ƽŹřŶƸĮƳ�ƲţŹŚţ���ƶƴĩ�ƽ��ƶºĪƫƹŵ�ƲţŹŚºţ���ƽř ��ƱŚºƷŚǀĭ�ƽƹŹ
���ƮƣŹ�żŞſŚǀŝƺƫPremil���ŹŵžƠƣ������ŵŚƘŝř�ƶŝ�ƾƿŚƷÓæ�×�ÓÓ�×�ìÒ�ƾŤƳŚſ���������ƽŹƺºţ�ƹ�ƶƄǀƃ�Ǝſƺţ�ƶĩ�źŤƯ

��ŵƺŝ�ƵŶƃ�ŹƺƈŰƯ�řżƳŚĭŹř�ƶƳŚŴƬĭ�Źŵ���źĩŷ�ǇŚŝ�Źŵ�ƶĩ�ƾƐǀŰƯ�Ǝƿřźƃ�Źŵ�ƹ�ƮƫŚſ�ƱŚƷŚǀĭ�Żř�řŶū�ƽř
Ŷƃ�Ƶŵřŵ�ƁŹƹźě�Ŷƿŵźĭ��

ƾƿŚƿƺŝ��ŪƴſY�ƪĪƃ�(Y-tube olfactometer)ƶƫƺƫ�Ĩƿ�Żř��ƽƶƄǀƃ������źºƐƣ�ƶºŝ�žĩźºǀě�ƽřÒ�ç�
ƾŤƳŚſ����źŤƯ�����Ʊō�ƾƬƇř�ƽƹŻŚŝ�ƶĩæÒ�ƾŤƳŚſ����������ƭřŶĩźƷ�Ʊō�ƾƗźƟ�ƽŚƷƹŻŚŝ�ƹ�źŤƯçå�ƾŤƳŚºſ�����ƩƺºƏ�źºŤƯ
ŶƴŤƃřŵ���Ŷƃ�ƶŤųŚſ�������ŤƯ�ƶŰƿřŹ�ƖŞƴƯ�ƶŝ�ƾƗźƟ�ƽŚƷƹŻŚŝŚŬƿř�ƭƹřŶƯ�ƽřƺƷ�ƱŚƿźū�ƹ�ŶƳŶƃ�ƪƈŵŶƃ�Ƶ

ŝ��ƶſƹǀƶƬ��ƽ��řƺƷ�Ěưě��������ƩŚƘƟ�ƩŚƛŷ�Żř�ƖŞƴƯ�Ĩƿ�Ǝſƺţ��ƵŶƃ����ƶƳřƺŤºſř�ƶºŝ�ŵƹŹƹ�Żř�ƪºŞƣ�����ƖºŞƴƯ�ƽŚºƷ
�Ơƈţ�ƶŰƿřŹǀ�Ŷƿŵźĭ�ƶ�������ƾŝŵ�Ĩƿ�Ǝſƺţ�řƺƷ�ƱŚƿźū�ƱřżǀƯ������������Ƶŵřŵ�Źřźºƣ�ƾƬºƇř�ƽƹŻŚŝ�Źŵ�ƶĩ�řƺƷ�Ūƴſ
�ŵƺŝ�ƵŶƃ�����ƱřżǀƯ�ƶŝ�Ò�æ������ƮǀƔƴţ�ƶƤǀƣŵ�Źŵ�źŤǀƫ�Ŷƃ����ƪĪƃæ���Ʋƿř�ƾƿŚƿƺŝ�Ūƴſ������ƥŶºƳř�šřźºǀǀƜţ�Śºŝ�

�ƩŶƯ�ŽŚſřźŝ Takabayashi & Dicke (1992)��ƹ�ƾůřźƏŶƃ�ƶŤųŚſ��

ƪĪƃæ�ŚưƳ�ƿţŚưƃ�Ƃǀƺŝ�ÊĨƿŚƾƿ �ŪƴſYƪĪƃ�� 

Fig. 1. Schematic representation of Y-tube olfactometer. 

 Set like the opposite 
side 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏì���ç���ÎÐÕë�������������������������������������������������������������������������ÕÐ 

�ƵŵŚƯō�ƽřźŝ���ƶƏƺŝźƯ�ƂƿŚƯŻō�ƭŚŬƳř�Żř�ƪŞƣ�ŻƹŹ�ƶſ��Ƶŵƺƫō�ƱŚƷŚǀĭ�ŹŚưǀţ�ƽŻŚſ��ƶºĤƷŚǀĭ�ƹŵ��ƽ�
æÒ�ƵŻƹŹ���ƽ�����Śŝ�ƭřŶĩ�źƷ�żŞſŚǀŝƺƫ�æÒåƶƴĩ��ƽƵŵƺƫō�ƚƫŚŝ��Ŷƃ�ƽŻŚſ��ĭǀƶĤƷŚ�ŚƷƽƳ�ƮƫŚſ�ǀ�ºưƷ�ƶŝ�żǀ�Ʋ

�ƶƳŚŴƬĭ�Źŵ�ƶĩ�ŵřŶƘţ�řƽĭ�Żř�Źƹŵ�ƹ�řżŬƯ�ǀ���ŚºƯŻō�Źŵ�ŶºƳŵƺŝ�ƵŶºƃ�Ƶŵřŵ�ƁŹƹźě�Ƶŵƺƫō�ƱŚƷŚƿƂ��ŚºƷƽ�
ƺŝƿŚƾƿ�Ŭƴſƾ����ŶƴŤƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ����źŧř�ƾſŹźŝ�ƽřźŝƯ��ƶºŰƿřŹ�ƮǀƤŤºƀ�ƽ�ƶºƴĩ��ƽ��ƽƹŹ�ƲţŹŚºţ�

����źĭŹŚĪƃ�ŲſŚěç�����ƂƿŚƯŻō�ƭŚŬƳř�Żř�ƪŞƣ�ŢƗŚſ�����ŵřŶƘţ�èåå�ƶƴĩ���ƽ����ƖºŞƴƯ�ƽŚƷŹŶƴƬǀºſ�ƪųřŵ�ƚƫŚŝ�
����ŶƴŤƟźĭ�Źřźƣ�ƶŰƿřŹ��ř�ŹŵƿšŶƯ�Ʋ�ƶƴĩ��ſ�ƪųřŵ�ŚƷǀƫƺţ�ƶŝ�šŹŵŚŞƯ�ŚƷŹŶƴƬǀƳ�ŹŚţ�ŶǀŶƳŵźĩ�ż����Żř�ƪŞƣ

��ƾƿŚƿƺŝ�šŚƄƿŚƯŻō�ƭŚŬƳř������ƾŬƴºſ�������ƶºƘƫŚƐƯ�ŵŹƺºƯ�šřźºƄůçÑ��ŢƗŚºſ����ƝźºƓ�Źŵ�������Ĩºģƺĩ�ƽŚºƷ
��ƾĪǀŤſǈěçÒ�ƾƬǀƯ��ŶƳŶƃ�Ƶŵřŵ�ƾĮƴſźĭ�ƽźŤǀƫ��ƾƿŚƿƺŝ�ƂƿŚƯŻō�����ƽŻŚºſŚƷŹ�Śºŝ�ƾŬƴºſ�ºƿ��Ʋºſ�Ĩ

ƵŵŚƯ�ÊźĭŹŚƨƃ�ƽƾƯ�ƕƹźƃ�ƾƬƇř�ƽƹŻŚŝ�Źŵ�ƵŻƹŹ�ŹŚƸģ��Ŷƃ��ŚſŚƷŹ�Żř�žěƵźƄů��ƽŻ�ƽ�źƔƳ�ŵŹƺƯ�
ƾƯ�ƾŝŚƿŵŹ�ƾƿŚƿƺŝ�ƽŚƷƹŻŚŝ�Żř�ƾĪƿ�ŢƿŚƸƳ�Źŵ�Śţ�Ŷƃ�ŶƿŚưƳ�śŚŴŤƳř�řŹ�Ūƴſ��ŲſŚě �šřźƄů�ƾƿŚƿƺŝ

����������Żř�źŤưƧ�ƱŚƯŻ�šŶƯ�Źŵ�ƶƧ�ƾţŹƺƇ�Źŵ�ŚƸƴţÒ�ƶƤǀƣŵ�����ƪƣřŶů�ì��ƾŤƳŚºſ�������ƽŚºƷƹŻŚŝ�Żř�ƾºĪƿ�Żř�źºŤƯ
��ƾƯ�řŹ�ƾƗźƟ��ƺưǀěƳŶ�����ƾƯ�Źřźƣ�ƩƺŞƣ�ŵŹƺƯ���ŢƟźĭ��ƵŵŚƯ�������Ʒ�šŶƯ�Ʋƿř�Źŵ�ƶĩ�ƾƿŚƷ����ŚºƷƹŻŚŝ�Żř�ƭřŶºĪĤǀ

�ƶŰƿřŹ�ƽŚƷŹŚưǀţ��ƾưƳ�śŚŴŤƳř�řŹ�ŶƳŵźĩ�ƾŝ�ƱřƺƴƗ�ƶŝ���ŲſŚě(no choice)�ŢŞŧ�ƾƯ�ŶƳŶƿŵźĭ���Żř�žě
���źƷ�ƾƿŚƿƺŝ�ŲſŚě�ƾŝŚƿŻŹřæåƵźƄů��ƶƫƺƫ��ƽ�YƾƿŚƿƺŝ�ƪĪƃ���ƪĪƫř�Śŝ�Ūƴſìå����ƶŤºƀƃ�ƾºƯ���ƹ�Ŷºƃ

ƶƔƠŰƯ����ƶŰƿřŹ�ƽŹřŶƸĮƳ�ƽŚƷ��ƊƿƺƘţ�ŢſřŹ�ƹ�Ěģ�ƽŚƷƹŻŚŝ�Ʋǀŝ�ŚƷƾƯ�Ťůř�Śţ�ŶƳŶƃ�ƶƳƺĭ�źƷ�ƩŚư
��������Ŷſźŝ�ƪƣřŶů�ƶŝ�ƾƫŚưŤůř�ƱŹŚƤţ�ƭŶƗ�Żř�ƾƃŚƳ�ƽŚƐų������Źŵ�ƂƿŚƯŻō�źƷÑ��ŻƹŹ�źƷ�Źŵ�ƹ�ŻƹŹ�Śŝ��èå�

��źĭŹŚĪƃƹ�����Ŷºƃ�ŹřźĪţ�šřźƄů�ƹ�ƶŰƿřŹ�Żř�ŶƿŶū�ƖŝŚƴƯ�����ƕƺºưŬƯ�ŹŵÎÏÍ��řźºŝ�źĭŹŚĪºƃ�ƽ��źºƷ�
ŚƯŻōƿƂ�����ƾƿŚƿƺŝ�ƂƿŚƯŻō�ƹŵ��ŢƟźĭ�ƭŚŬƳř�źƿŻ�ŭźƃ�ƶŝ�ƾŬƴſ���æ��ƵŵŚƯ�ƾƿŚƿƺŝ�ŲſŚě����ƚƫŚºŝ�ƽŚºƷ
ſ�Ʋ�źĭŹŚĪƃM. caliginosusƶŰƿřŹ�ƶŝ��ƽƶƴĩ�ƶŝ�Ƶŵƺƫō�żŞſŚǀŝƺƫ�ƵŚǀĭ��ƽ��ƶºŰƿřŹ�ƪºŝŚƤƯ�Źŵ�ƲţŹŚţ��ƽ�

ƮƫŚſ�ƵŚǀĭ�ƹ��ç��ƵŵŚƯ�ƾƿŚƿƺŝ�ŲſŚě�ƚƫŚŝ�ƽŚƷƲſ���źĭŹŚĪºƃ�M. caliginosus��ƶºŰƿřŹ�ƶºŝ��ƽ�ƶºƴĩ��ƽ�
�ƲţŹŚţ�ƵŚǀĭ�Źƺƌů�ƱƹŶŝ��ħŚě�ƽřƺƷ�Śŝ�ƶƀƿŚƤƯ�Źŵ��

��ƽřźŝ���ƶŰƿřŹ�ƾƿŚſŚƴƃ�ƹ�ƶƿżŬţ������Śºŝ�ƾƷŚºǀĭ�ƽŚƷ�����ĨºǀƴĪţ�Żř�ƵŵŚƠŤºſř�����ƾƟřźĭƺţŚºƯƹźĩ�ŻŚºĭ���
Əǀƞ��Ưźū�Ūƴſƾ��������řżŬƯ�ŹƺƏ�ƶŝ�Ƶŵƺƫō�ƹ�ƮƫŚſ�ƱŚƷŚǀĭ�źƷ���ŵřŶƘţ�ƶŝ�ƭřŶĩÑ�ƶºĤƷŚǀĭ��ƽ�ƾºĭźŝ�ƹŵ��

�ƝźƓ�ƪųřŵ�ŚƷƽ��ŶƳŶƃ�Ƶŵřŵ�Źřźƣ�ƽźŤǀƫ�Ĩƿ�ƾƿƺƃŻŚĭ���ƝźƓ�Ʋƿř�ƽŵƹŹƹ��ŚºƷ����ƽřƺºƷ�ƱŚºƿźū�ƶºŝ�
źŤƬǀƟ������Ƴō�ƾūƹźų�ƹ�ƩŚƘƟ�ƩŚƛŻ�Ǝſƺţ�ƵŶƃ����ƶƬţ�Ĩƿ�ƶŝ�żǀƳ�ŚƸ��ƽĩ�ƶŰƿřŹ�ƶƬǀƯ�ƪƯŚƃ�ƶ��ƶƳřƺŤºſř�ƽř��ƽř



ÕÑ                               ��ƽźǀƘƯŹŚƨưƷ�ƹƱř���źĭŹŚƨƃ�Ʋſ�ƾƿŚƿƺŝ�ŲſŚěMacrolophus caliginosus�����

�ƽƹŚůçÒåƭźĭ�ƾƬǀƯ�(Buchem bv, Apeldoorn, the Netherlands) �Tenax-TA���ƽŹƺºţ�Śºŝ�íå�Óå�
�ŵƺŝ�ƂƯ���Ŷƿŵźĭ�ƪƈŤƯ���Ɩưū�ƶŰƿřŹ�ƽŹƹō�Ƶŵƺƫō�ƹ�ƮƫŚſ�ƵŚǀĭ�ƽřźŝ�ŚƷ�źƷ�����ƶºŝ�ŹřźºĪţ�ƶſ�Źŵ�ƭřŶĩ
�šŶƯîå�šŶƃ�Śŝ�ƾƿřƺƷ�ƱŚƿźū�Śŝ�ƶƤǀƣŵ�æååƾƬǀƯ���ƭŚŬƳř�ƶƤǀƣŵ�Źŵ�źŤǀƫŶƃ��

�Ɩººưū�ŹřźººƟ�šŚººŞǀĩźţ���ƵŚĮŤººſŵ�ƦººưƧ�Śººŝ�ƵŶººƃ�ƽŹƹōAutomated thermal desorber  

(ATD 400, Perkin-Elmer)ƶƬţ�Żř�������ƵŚĮŤºſŵ�ƶºŝ�ƾƿŚºſŚƴƃ�ƹ�ƶºƿżŬţ�ƽřźºŝ�ľŚŞƣŚƘŤƯ�ƹ�řŶū�ŚƷ��ŻŚºĭ�
ƾƟřźĭƺţŚººƯƹźĩ�(HP G 1800 A GCD system)�źººƿŻ�šŚººƈŴƄƯ�ŚººŝŶƳŶººƃ�ƪººƤŤƴƯ���ƱƺŤººſ�

DB-Wax (30 m × 0.25 mm × 0.25 µm)�ƱƺŤſ�ŹŚƄƟ��ƭƺǀƬƷ�ƪƯŚů�ŻŚĭ�� KPaÑíƶƯŚƳźŝ���ƽ�ƾƿŚƯŵ�
oC�ÑÒ��šŶƯ�ƶŝæå�Śţ�ƶĩ�ƶƤǀƣŵ� oCçÑå�űźƳ�Śŝ� oC/minÓ�šŶƯ�ƶŝ�ƹ�ƶŤƟŚƿ�ƂƿřżƟř�èå�ŢŝŚŧ�ƶƤǀƣŵ�
ƾƯ��ŶƳŚƯ�������ƱƺǀſřżǀƳƺƿ�ƽĥźƳř�Śŝ�ĨǀĪƠţev�ìå��ƾƯ�ƭŚŬƳř��Ŷƃ��ƶƀƿŚƤƯ�ƢƿźƏ�Żř�šŚŞǀĩźţ�ƾƿŚſŚƴƃ��ƽ
Ƶŵřŵ�ŝ�ƽŚƷ�ƶ��ºŞǀĩźţ�Śºŝ�ƵŶƯō�Ţſŵ�ƖºūźƯ�šŚ�G1035A-WileyLibrary (Hewlett-Packard)��ƭŚºŬƳř�

Ŷƿŵźĭ��
Ƶŵřŵ�����ƂƿŚƯŻō�Żř�ƪƇŚů�ƽŚƷ�ŚƷ�ƾƿŚƿƺŝ�ƽ�����������ƽŚºĩ�ƖºŝźƯ�ƱƺºƯŻō�Ĩºưĩ�ƶŝ�ƾŬƴſ(chi-square)�

Ŷƿŵźĭ�ƶƀƿŚƤƯ.ƵŵŚƯ���ƽŚƷM. caliginosus�ƶĩ�ƾŝ�ŵřźƟř�ƱřƺƴƗ�ƶŝ�ŶƳŵƺŝ�ƵŶƃ�ŢŞŧ�ŲſŚě���ƱƺºƯŻō�Źŵ�
ŶƳŶƿŵźĮƳ�ƑŚŰƫ�(Moayeri et al., 2006a, b)��

�
ŦŰŝ�ƹ�ŪƿŚŤƳ�

�ŹŵƩƹř�ƂƿŚƯŻōƾƿŚƿƺŝ��ŬƴſƾƵŵŚƯ��ĭŹŚƨƃ�Ʋſ�ƽŚƷź�M. caliginosus���ƾºƴƘƯ�ŹƺºƏ�ƶŝ�Źřŵƽ�
ƱŚƷŚǀĭƵŵƺƫō��ƶŝ�ƶƴƧ�ƲţŹŚţ�ƽƹŵ��ƶĪƫ���ƽřT. urticae���řŹ��ƮƫŚºſ�ƱŚƷŚǀĭ�ƶŝ�ŢŞƀƳ��ƹ�Ƶŵřŵ�Ůǀūźºţ��ƶºŝ
�Ţưſ�Ʊōƃ�ŜƬūŶŶƳ��ååæ�åP<��ædf: ��ìî�æèx2: �����ƂƿŚºƯŻō�Ʋºƿř�Źŵ��ƕƺºưŬƯ�Żř�ÎÏÍ��Ʋºſ�
źĭŹŚƨƃ�ƶƘƫŚƐƯ�ŵŹƺƯ��ŵřŶƘţ�ÔÕƶƴƧ�ƶŝ�Ƶŵƺƫō�ƱŚƷŚǀĭ�Ţưſ�ƶŝ�ŵźƟ�ƹ��ÐÕ�źĭŹŚƨƃ��źĮƿŵ�Ţưſ�ƶŝ

ŶƳŶƃ�ŜƬū�ƮƫŚſ�ƱŚƷŚǀĭ���ƪĪƃAÏ���
�ŪƿŚŤƳƶŝ��Ţſŵ���ƵŶƯōƂƿŚƯŻō�Ʋƿř�ŹŵƱŚƄƳ��ƵŶƴƷŵ�ƽĭŹŚƨƃ�Ʋſ�ƾƿŚƳřƺţ�ź�M. caliginosusŹŵ��

�ƶŰƿřŹ�ƾƿŚſŚƴƃ��ƽŚƷ����żŞſŚǀŝƺƫ�ƵŚǀĭ�ƾƿŚƤƫřƵŵƺƫō�ƶŝ�ƴƧƶ�ƲţŹŚţ�ƽ���ƽƺŬŤºƀū�ƽřźºŝ�Ʊō�Żř�ƵŵŚƠŤſř�ƹ�
ƾƯ�ŵƺų�ŹŚƨƃ�ŶƃŚŝ.�����ƁŹřżºĭ�ƶºŝ�ŚºƴŝVenzon et al., (1999)���źĭŹŚƨºƃ�Ʋºſ�Orius laevigatus  

(Fieber) (Het.: Anthocoridae)�ƶţƺŝ�ƶƴƧ�ƶŝ�Ƶŵƺƫō�ŹŚǀų�ƽŚƷ��ƽƲţŹŚţ�ƹŵ��ƶºĪƫ���ƽř�ƶºŝ�řŹ��ƶºţƺŝ��ƽŚºƷ�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏì���ç���ÎÐÕë�������������������������������������������������������������������������ÕÒ 

�ƮƫŚſŶƷŵ�ƾƯ�Ůǀūźţ��ƲǀƴĤưƷ�ƾƸŝŚºƄƯ�ŪƿŚŤƳ���ƽřźºŝ��Ʋºſ�ĭŹŚƨºƃ�źAnthocoris nemorum (L.) 

(Het.: Anthocoridae)�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�(Dwumfour, 1992)�����ŪƿŚºŤƳ�Ɲǈºų�źºŝ��ơƺºƟ���Ʋºſ�
�źĭŹŚƨƃDicyphus hesperus Knight (Het.: Miridae)ƶƳƺĮĤǀƷ����ƶºŰƿřŹ�ƶºŝ�ƾºŰǀūźţ��ƽ��ƱŚºƷŚǀĭ�
ƶūƺĭ���ƶŝ�Ƶŵƺƫō�ƾĮƳźƟ��ƶƴƧ�Ʋƿř����Śŝ�ƶƀƿŚƤƯ�Źŵ������ƶºūƺĭ�ƮƫŚºſ�ƱŚºƷŚǀĭ�����ƾºĮƳźƟř������ŵřŶºƳ�ƱŚºƄƳ�ŵƺºų�Ż�

�McGregor & Gillispie, 2004���Ůǀūźţ�ƭŶƗ�Ʋſ�D. hesperus��ƶºŰƿřŹ�ƶŝ�ƽ�ƵŚºǀĭ����ƲºƨưƯ�Ƶŵƺºƫō�
���ƆǀŴƄţ�ƭŶƗ�Żř�ƾƃŚƳ�Ţſř�źĭŹŚƨƃ���Ŷǀƫƺţ�Ʊřƺţ�ƭŶƗ�ƶŰƿřŹ��ƝźºƏ�Żř�ƵŚºǀĭ���Żř�ƲǀºƴĤưƷ�Śºƿ�ƹ�

�����ƶƧ��ŶƃŚŝ�ƹŵ�Ʋƿř�Ʋǀŝ�ƂƴƨưƷźŝ����źŤºƄǀŝ�šŚƗǈƏř�ƽřźŝ��Śŝ�ƿ�Ťºƀƾ������ºŝ�ƾºƬǀưƨţ�šŚºƄƿŚƯŻō���ƶƹ�ºƿ�ƵĦ
źŝſŹƾ�ŚƷƽĭ�šŹƺƇ�ƾƫƺƨƫƺƯ�ǀŵź��

�ƾƿŚƿƺŝ�ƭƹŵ�ƂƿŚƯŻō��ƾŬƴſƾƯ�ƱŚƄƳ�ƶƧ�ŶƷŵƶŰƿřŹ��ƽ�ƵŚǀĭ�Źřƺų��ŹŚƨƃ���ƹ�ƾƿŚƸƴţ�ƶŝ�ŹƺƏ�ƶŝ
��ƮǀƤŤƀƯ���ƱƹŶŝƌů�ƵŚǀĭ�Źƺ���Ʋſ�ƽřźŝ�������ŢºƀǀƳ�ƾŝŚºƿŵŹ�ƹ�ƾƿŚſŚƴƃ�ƪŝŚƣ�źĭŹŚƨƃ�ƽŚƷ���ƶºƿżŬţ�ƽ�
ƽŹŚƯō���ƾƴƘƯ�šƹŚƠţ����ŢƸū�Źŵ�ƽŹřŵ��������ŹŚƨƃ�ƽƺŝ�Ţưſ�ƶŝ�ƂƿŚƯŻō�ŵŹƺƯ�šřźƄů�ƽźǀĭ��ƽřƺºƷ�Śƿ�

ƾưƳ�ƱŚƄƳ�ƥŚě�ŶƷŵ��ÓÒ�åP = ��ædf: ��çæ�åx2: ��ƕƺưŬƯ�Żř��ÎÏÍźĭŹŚƨƃ�Ʋſ��ƶƘƫŚƐƯ�ŵŹƺƯ�Źŵ�
řƿŚƯŻō�ƲƿƂ��ŵřŶƘţ�ÒÓ�ƹ�ŹŚƨƃ�ƽƺŝ�Ţưſ�ƶŝ�ŵźƟ�ÓÎŶƳŶƃ�ŜƬū�ƥŚě�ƽřƺƷ�Ţưſ�ƶŝ�źĭŹŚƨƃ��
��ƪĪººƃBÏ����ººŝ�ŪƿŚººŤƳ�ƶ�ƵŶººƯō�Ţººſŵ�ƽ���ƶŝŚººƄƯ�ơƺººƟšŚººƘƫŚƐƯ�et al. (1984)�Sabelisƹ��

et al. (2001)�Gnanvossou��ŢſřƶŰƿřŹ�ŶƳŵřŵ�ƱŚƄƳ�Ŝǀţźţ�ƶŝ�ƶƧ�ƽƶƴƧ��ƽƹŵ�ƶƨƫ���ƶºƴƧ�ƽřźºŝ�ƽř�ƽ�
�źĭŹŚƨºººƃPhytoseiulus persimilis Athias-HenriotƶºººŰƿřŹ�ƹ��ƽƶºººƴƧ��ƽ�řƹŚºººſŚƧ�żŞºººſ���

Mononychellus tanajoa (Bordar)�ƶƴƧ�ƽřźŝ��ƽŚƷźĭŹŚƨƃ��Typhlodromalus manihoti Moraesƹ��
T. aripo DeLeonŶƴƴƧ�ŜƬū�Ƴ�ƵŤƀǀŶƴ��ŵƺūƹ�Ʋƿř�Śŝ��šŚƘƫŚƐƯ�(1986)�Dong & Chant��Ɲǈų�źŝ

ŪƿŚŤƳ����ƂƷƹĦě�Ʋƿř�ƹ�ơƺƟ��ƾƯ������ƱŚƄƳ�ƶƧ�ŶƃŚŝƯƾ��ŶƷŵ�Śū�Ƴ����ƶƴƧ�ƞưƳƺţƹźě�ƹ�ƪƯŚƧ�ƱřŹƺ��ƽ�źĭŹŚƨƃ�
P. persimilisƶŝ�ƶŰƿřŹ�Ţưſ��ƽƶƴƧ��ƽƱŚŝżǀƯ��Tetranychus pacificus McGregorŜƬū�ƾƯ��ŶƳƺƃ��

��ŪƿŚŤƳ��ƂƿŚƯŻō��źƋŚů���ƪĪƃBÏ��ţŐ�ƾƯ�Ŷǀƿ�������ƪºŞƣ�ƂƿŚºƯŻō�Źŵ�ƶƧ�ŶƴƧ�����ƪĪºƃAÏ���śŷŚºū���ƽŚºƷ�
�Ƶŵƺƫō�ƵŚǀĭ�Żř�ƾƃŚƳ�ƾƿŚƿƺŝƵŵƺŝ��ŜƬū�ŜŞſ�ƶƧ�Ţſř��źĭŹŚƨºƃ�Ʋºſ��M. caliginosus�ĭ�ƵŶºƿŵź�ƹ�

ƶŰƿřŹ��ƶƴƧ�ƽŚƷŝ�ƶŵƺųŵƺų�ƽţ�ŐŢſř�ƶŤƃřŶƳ�źĭŹŚƨƃ�ƽźĭƺŬŤƀū�ŹŚŤƟŹ�Źŵ�ƽźǀŧ��
�ƶƀƿŚƤƯ�ƾſŹźŝ������ƶƿżŬţ�Żř�ƪƇŚů�ŪƿŚŤƳ�Ʋǀŝ�ƽř���ƾƫƺƨƫƺƯ�ƾƿŚſŚƴƃ�ƹ��ţ���ŹřźºƟ�šŚŞǀƧź���ƵŚºǀĭ�Żř
���ƶƴƧ�ƶŝ�Ƶŵƺƫō�żŞſŚǀŝƺƫ��ƽ�ƹŵ��ƶĪƫ�������������ŹřźºƟ�šŚºŞǀƧźţ�ŵřŶºƘţ�ƶºƧ�ŵřŵ�ƱŚºƄƳ�ƮƫŚºſ�ƵŚǀĭ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƽř�

�



ÕÓ                               ��ƽźǀƘƯŹŚƨưƷ�ƹƱř���źĭŹŚƨƃ�Ʋſ�ƾƿŚƿƺŝ�ŲſŚěMacrolophus caliginosus�����

�
ƪĪƃç��źĭŹŚĪƃ�Ʋſ�ƾƿŚƿƺŝ�ŲſŚě�M. caliginosus�ƶŝ�(A)���ƶºƴĩ�ƶºŝ�Ƶŵƺºƫō�żŞſŚǀŝƺƫ��ƽ��Źŵ�ƲţŹŚºţ�

�ƹ�ƮƫŚſ�ƵŚǀĭ�źŝřźŝ(B)ƶŰƿřŹ��ƽħŚě�ƽřƺƷ�źŝřźŝ�Źŵ�ƶƴĩ�� ųřŵ�ŵřŶƗř���ƱŚºƄƳ�ƪǀƐŤºƀƯ�źƷ�ƪ
ƵŶƴƷŵ��ƽ���������ƶŰƿřŹ�ƖŝŚƴƯ�ƶŝ�Ƶŵřŵ�ŲſŚě�ŵřźƟř�ŵřŶƘţ��Ţºſř��NC��ƱŚºƄƳ���ƵŶºƴƷŵ��ƽ����ŵřźºƟř�ŵřŶºƘţ�
ƾŝ���ƾƯ�ŲſŚě��ŶƃŚŝ��������Ŷǀƴĩ�ƶƘūřźƯ�ƲŤƯ�ƶŝ�źŤƄǀŝ�šŚŰǀƋƺţ�ƽřźŝ��åÒ�åP<�*��ƱƺƯŻō�ƖŝźƯ�
ƽŚĩ���

Fig. 2. Olfactory response of M. caliginosus to (A) green bean infested with T. urticae versus 
clean green bean and (B) odour from adults T. urticae versus clean air. Numbers in 
bars represent individual predators that moved towards the volatiles. NC indicates the 
number of tested individuals that did not respond. See text for more explanation. 
* P<0.05 (chi-square test). 

�
�������ƾƯ�ƮƫŚſ�ƱŚƷŚǀĭ�Żř�źŤƄǀŝ�ƶƴƧ�ƶŝ�Ƶŵƺƫō�ƱŚƷŚǀĭ�Żř�ƵŶƃŶƗŚƈŤƯ�ŶƃŚŝ�����ƵŚĮŤºſŵ�ƦºưƧ�ƶºŝ�GC-MS�

ľŚƗƺưŬƯ�Ïî������ƹ�ƮƫŚſ�ƱŚƷŚǀĭ�Żř�ŜǀƧźţ�ÐÓ����Ƶŵƺºƫō�ƱŚºƷŚǀĭ�Żř�ŜºǀƧźţ���ƹ�ƦºǀƨƠţ���Ŷºƃ�ƾƿŚºſŚƴƃ
��ƩƹŶūÎ���ƶŰƿřŹ�Ŷǀƫƺţ�ƾƿŚƳřƺţ�ƽŚƷ �Źŵ�ƾƿŚƤƫřŻř�Ƃǀŝ��ÏÐ���ƵŚºǀĭ�ƶºƳƺĭ���ƶºŝ�ƢºƬƘŤƯ�ÎÐ��ƵŵřƺƳŚºų�

�ƱƺƴƧŚţŢſř�ƵŶǀſŹ�ŢŞŧ�ƶŝ�(Dicke & Vet, 1999)��ƢǀƤŰţ�Źŵ�źƋŚů��ÏîƾƿŚſŚƴƃ�ŜǀƧźţ���Żř�ƵŶƃ
����ƶŰƿřŹ�šŚŞǀƧźţ�Źŵ�ƮƫŚſ�ƱŚƷŚǀĭ��ƽ����ƶƧ�ŶƳŹřŵ�ŵƺūƹ�żǀƳ�Ƶŵƺƫō�ƱŚƷŚǀĭ�ľŚůǈƐƇřƶŰƿřŹ�ŚƸƳō�ƶŝ����ƽŚºƷ
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃÏì���ç���ÎÐÕë�������������������������������������������������������������������������ÕÔ 

�Śƿ�żŞſ�GLV
Î��ƾƯ�ƶŤƠĭ�ŵƺƃ����ƲƿřšŚŞǀƧźţ�ľŚƯƺưƗ����Żř�Ƶƹźĭ�ō�Ŷƫ�ƱƺŤƧ��ŚƷŶǀŗ��ƪƨƫř��ŚƷ����ŚƷźŤºſř��ŚºƷ�ƹ��

ţźƲě�ƾƯ�ŚƷ�ľŚŞƿźƤţ�ƶƧ�ŶƴƃŚŝ�żŞſ�ƱŚƷŚǀĭ�źŨƧř�Źŵ�ŵƺūƹ�ŶºƳŹřŵ��(Hansson et al., 1999)�����ƶºĤƳō�ŚºƯř
�������ƾƯ�Źřźƣ�ƶūƺţ�ŵŹƺƯ�ƂƷƹĦě�Ʋƿř�Źŵ�źŤƄǀŝ�ŵźǀĭ���šƹŚƠŤƯ�šŚŞǀĩźţ��ƶŰƿřŹ��ƽ�����ƶºŝ�ŢŞƀƳ�Ƶŵƺƫō�ƵŚǀĭ�

��Ţſř�ƮƫŚſ�ƵŚǀĭ�����ŌŚƤƫř�źŧř�Źŵ�ƶƧ�ƵŚǀĭ�Źřƺų�ƾƏ��ƩŚºƘƟ�ŶºƴƿōźƟ�Ʀƿ���ƶƯŶºƇ�ƵŚºǀĭ�Żř���ƵŶºƿŵ��ŶƗŚºƈŤƯ�
ƾƯ��ŶƳƺƃ(Dicke et al., 2003)��

ƷƠ��šƹŚƠŤƯ�ŜǀƧźţ�Ţ�ƶŝ����Ţſŵ�����ƾſŹźŝ�Ʋƿř�Źŵ�ƵŶƯō�ƪƯŚƃ�3-Pentanone��Isopentylacetate��
1-Butanol, 3-methyl acetate��3-Hexen-1-ol, propanoate��(E,E)-á-farnesene��Methyl salicylate�

ƹ�2,6,10,14,18,22-Tetracosahexaene�ƾººƯ��ŶººƃŚŝ��ƩƹŶººūÎ���ŹŵơƺººƟ�šŚººŞǀƧźţ�Ʋǀººŝ����ƪººǀŤƯ
ƫŚſǀšǈǀƀ��ƾŞǀƧźţ�Ţſř�ŜºƬū�ŢǀƇŚų�ƶƧ��Ƨ���ƶºƴƧ�ƽřźºŝ�Ʊō�ƾĭŶºƴƴ�ƽ��źĭŹŚƨºƃ�P. persimilis�

�ƎſƺţDicke et al. (1999)�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳŢſř���ƲǀƴĤưƷŜƬū�źŧř����šŚºŞǀƧźţ�ƾĭŶºƴƴƧ�(E,E)-á-

farnesene����ƗŚƈŤƯ�šǈǀƀǀƫŚſ�ƪǀŤƯ�ƹ����������Ʋºſ�ƽřźºŝ�ƪǀƀě�ƶŝ�Ƶŵƺƫō�ƱŚƷŚǀĭ�Żř�ƵŶƃŶ�����źĭŹŚƨºƃ�ƽŚºƷ
Anthocoris nemoralis (Fabricius)�Ţſř�ƵŶƃ�ƁŹřżĭ�żǀƳ�(Drukker et al., 2000)��Ʋºƿř�Źŵ���Ʋǀºŝ�

ƶŤĪƳ��ƽ��Ŝǀĩźţ�ƅƺƈų�Źŵ�ƶūƺţ�ƪŝŚƣ�(E,E)-á-farnesene����ř�ƾºƟźƘƯ�ƹ�ƾƿŚºſŚƴƃƿ��źºƯƹżȕ��Ʋºƿř�
�ƽřźŝ�ƵŶƴƷŵŹřŶƄƷ�ƱƺƯźƟ�ƱřƺƴƗ�ƶŝ�ŜǀĩźţƵŚǀĭ�ųŹřƺƶŤƃ�ŶƴƳŚƯ�ƾƳř��ŚºƷ �ƾºƯ��ŶºƃŚŝ�(Francis et al., 

2004)�������Ǝſƺţ�ŵřƺƯ�Ʋƿř�ŮƃźţƵŚǀĭ��Źřƺų���šŹƺƇ�Źŵ����ƾºƃŚƳ�źƐų���Żř�ŵƺºūƹ������Śºƿ�ƾºƘǀŞƏ�Ʋưºƃŵ�
���ƾƯ�ƾƿřŸƛ�ƖŝŚƴƯ�ŵƺŞưĩ�����ƮƷ�ƖƟŵ�ŜŞſ�ƶĩ�ŶƃŚŝ�ƶƳƺĭ�ƾƯ�ŚƷ�ŵŵźĭ����ƶºūƺţ�Śŝ�ƹ�ƾƬƯŚĪţ�ŦŰŝ�Ĩƿ�Źŵ

�ƶǀŞƃ�ƶŝ��������ƵŚǀĭ�Ǝſƺţ�Ŝǀĩźţ�Ʋƿř�ƽŻŚſ�����ƶŝ�ƾƯ�źƔƳ����ŶſŹƶƧ���źƟ�Ʋºƿř�Żř�ƵŚǀĭō�����Ĩºƿ�ƱřƺºƴƗ�ƶºŝ�Ŷºƴƿ
�����ƖƟŵ�ƽřźŝ�ƾƗŚƟŵ�ƮƀǀƳŚĪƯƵŚǀĭ���Źřƺºųř���������ƾºƯ�ƵŵŚƠŤºſř�ƶƯŶºƇ�Żř�žºě�Ʊ���Ŷºƴĩ���ƲǀºƴĤưƷ���ŢǀºƇŚų�

ƖƟŵ��ƶŰƿřŹ�ƾĭŶƴƴĩ�������ƽřźŝ�ƾƿŚƤƫř�ŹřźƟ�ƽŚƷƵŚǀĭ��Źřƺų�ƮƷ�Ʊř���źǀƛ�ƹ�ƶƳƺĭ��ƮƷ��ƶºƳƺĭ�ƽ�ƵźºƄů��ƽ��ƪºƯŚƗ�
�Ţſř�ƵŶƃ�ƁŹřżĭ�šřźƧ�ƶŝ�šŹŚƀų(Dicke & van Loon, 2000)��źţ�Ŷǀƫƺţ����ƱƺºƯźƟ�ƶǀŞºƃ�ƾºŞǀĩ

ŹřŶƄƷ�ƵŶƴƷŵ�ƽ�Ǝºſƺţ�ŹŚŝ�Ʋǀƫƹř�ƽřźŝ�ƾƷŚǀĭ�ƖŝŚƴƯ�Ǝſƺţ�šřźƄů��Gibson & Pickett (1983)�Żř�
Ŝǀſ�ƵŚǀĭ��ƾƄůƹ�ƾƴǀƯŻ(Solanum berthaultii Hawkes)ƶŤƃ�ƽŚƤƫř�Ǝſƺţ��ƽ��ƁŹřżºĭ�ƺºƬƷ�żŞſ��
Ţſř�ƵŶƃ��ƢǀƤŰţ�Źŵ ŝ�ŶƴƿōźƟ�Ʋƿř�źƋŚůŚǀŝƺƫ�ƵŚǀĭ�ƽƹŹ�Żř�ŹŚŝ�Ʋǀƫƹř�ƽřźƴĤưƷ�ƹ�żŞſ��źºŧř�Źŵ�Ʋǀ
ƶƴĩ�ƽŚƤƫř�ƽƹŵ�ƲţŹŚţ��ƶĪƫ��ƾƯ�ƾƟźƘƯ�ƽř�ŵƺƃ��

                                                
�Î  Green leaf volatiles 



ÕÕ                               ��ƽźǀƘƯŹŚƨưƷ�ƹƱř���źĭŹŚƨƃ�Ʋſ�ƾƿŚƿƺŝ�ŲſŚěMacrolophus caliginosus�����

�
ƩƹŶū�æ������ƶŰƿřŹ�Żř�ƵŶƃ�ƾƿŚſŚƴƃ�šŚŞǀĩźţ�����ƱŚƷŚǀĭ�ƽ�żŞſŚǀŝƺƫ�ƶºƴĩ�ƶŝ�Ƶŵƺƫō����ƱŚºƷŚǀĭ�ƹ�ƲţŹŚºţ�ƽ

�ĨǀƴĪţ�Śŝ�ƮƫŚſGC-MS���ƵŶƃ�ƵŶǀƄƧ�Ǝų�ŚƸƳō�źƿŻ�ƶƧ�ƽŵřŶƗřƱŚƄƳ��ƵŶƴƷŵ��ƾţŚŞǀĩźţ�ƽ
ƵŚǀĭ�Śŝ�ƶĩ�Ţſř�ƶƴĩ�ƽŹřƺų�ƵŶƃ�ŚƤƫř�ƲţŹŚţ�ƽŢſř���źƿŵŚƤƯ�ƱŚƄƳ��ƵŶƴƷŵ��ŮƐſ�ŶƇŹŵ�ƽ

ƾƯ�ƪĩ�Żř�ŹřŵƺưƳ�źƿŻ�ŶƃŚŝ��
Table 1. Detected compounds from infested green bean with spider mites and from clean 

green bean by GC-MS technique. Underlined figures indicate the compounds 
induced by feeding of spider mite. The amounts indicate %peak area of total. 

 
Compound Retention time Infested green 

bean 
Clean green 

bean 
Hexan 1.97 0.34 1.06 
Isobutyl isopentanoic acid ester 2.23 0.31 1.09 
Cyclotrisiloxane hexamethyl 2.60 0.67 0.44 
Acetic acid, ethyl ester  2.79 0.27 3.38 
3-Pentanone 3.79 1.49 - 
Hexanal 6.14 0.24 0.56 
Isopentylacetate 7.83 0.20 - 
1-Butanol, 3-methyl acetate 7.86 0.11 - 
1-Penten-3-ol 10.00 2.80 1.99 
N-Heptanal 11.06 0.21 1.78 
Limonene 11.61 0.08 5.57 
Trans-2-hexanal 12.49 0.14 0.48 
Dodecane 12.72 0.28 0.57 
Trans-beta-ocimene 14.27 3.41 0.20 
3-Octanone 14.37 0.16 0.40 
N-hexyl acetate 15.21 0.33 0.09 
Octanal 15.64 0.03 0.39 
(E)-4, 8-Dimethyl-1,3,7-nonatriene 16.42 62.32 52.52 
3-Hexen-1-ol, acetate 17.09 0.17 0.07 
6- Methyl-5-hepten-2-one 17.26 0.07 0.17 
1-Hexanol  18.11 0.07 0.29 
3-Hexen-1-ol, propanoate 18.80 0.31 - 
Cis-3-hexen-1-ol         18.95 4.97 10.35 
3-Octanol 19.36 2.79 0.63 
Acetic acid 20.44 0.32 1.04 
1-Octen-3-ol 20.75 2.87 1.32 
Butanoic acid, 3-hexenyl ester 20.92 1.43 0.65 
Cis-3-hexenyl 2-methyl butanoate 21.25 0.51 0.24 
N-decyl aldehyde 21.85 0.40 1.12 
Linalool 23.09 1.07 0.45 
Butanoic acid 24.67 0.10 0.06 
(E,E)-á-farnesene 27.34 0.09 - 
Methyl salicylate 27.68 0.10 - 
Butyl butyrate 29.66 0.77 1.18 
Hexadecanoic acid 45.93 0.16 0.12 
2,6,10,14,18,22-Tetracosahexaene 49.78 0.12 - 
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�ƂƷƹĦººě�Źŵ�źººƋŚů��ŜººǀƧźţ4,8,12-Trimethyl-1,3(E),7(E),11-Tridecatetraene��Żř�ƶººƧ
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Ţſř�ƵŶƃ�ƾƟźƘƯ�(Dicke et al., 1999; Sabelis et al., 1999)�ƶŰƿřŹ�Żř��ƽŚƷ��řŚǀŝƺƫ�ƵŚǀĭ�ƾƿŚƤƫ��żŞºſ
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