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Abstract 
Efficacy of the essential oil of the plant species Lavandula angustifolia on the mortality, physiology and 

biochemistry of diamondback moth, Plutella xylustella L., was studied under laboratory conditions (24 ± 2ºC, 75 
± 5% R.H. and 16 L: 8 D hours). The LC10, LC30 and LC50 values of the essential oil were estimated as 0.0857%, 
0.270% and 0.599% (V/V), respectively. The repellency effect for the LC10 and LC30 concentrations on third 
instar larvae were 19.2 ± 3.61 and 34.29 ± 4.87, respectively. The approximate digestibility (AD), efficiency of 
conversion of ingested food (ECI), efficiency of conversion of digested food (ECD), relative growth rate (RGR) 
and relative consumption rate (RCR) for the treated larvae in three days showed significant differences compared 
with the controls. The effectiveness of plant essential oils on digestive enzymes, total protein, triglycerides, 
alkaline phosphatase, protease, lipase, alfa amylase, glutathione S-transferase and esterase were also significantly 
different. Our finding suggests that the essential oil of L. angustifolia can be efficiently used as a botanical 
insecticide. 
Key words: Lavandula angustifolia, essential oil, diamond back moth, toxicity, physiological indices 
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ƶƯŶƤƯ��

Ŝƃ��Ƶźºě��ŢºƄě��ƾºſŚưƫř��Plutella xylustella L.���Żř
ƿŚƃƖ�Ʋƿźţ�ƹ�ƌƯź�ţ�Źŵ�ƱŚǀƿŚĜǀƬģ�ƱŚƷŚǀĭ�šŚƟō�ƲƿźƂǀŝ�źţ�

�ŹƺºƄĩ���ƽŚºƷ��ºſř�ƱŚºƸū�Ţ(Talekar & Shelton, 1993)��
Ŝƃ��ƵźěŢƄě�ƾſŚưƫř��ƪºƀƳ�Ŷƴģ�ƽřŹřŵ����ƹ�Ƶŵƺºŝ�ƶºŝ���ŹƺºƏ

�ƩƺưƘƯ�ƢƏŚƴƯ�ŹŵŢſř�ŻƺěŚƿŵ�ŶƣŚƟ�źǀƀƯźĭ��ƶŝ�ƽŹƺƏ��ƶƧ
ƾƯ�Śţ�ŶƳřƺţ�ÎÏ�ŶƃŚŝ�ƶŤƃřŵ�ƪƀƳ�(Rivnay, 1962)����ƱŚºǀƜƏ

�Śţ�Śǀſō�śƺƴū�Źŵ�ŢƟō�Ʋƿřîå��ƩƺƈŰƯ�šŹŚƀų�ŶƇŹŵ
�ŦººƗŚŝ�řŹººƃ�Ŷ(Verkerk & Wright, 1996)��Ŝººƃ��Ƶźººě

ŢƄě�ƾſŚưƫř��ƶŝ�ƶĩ�ŵƺŝ�ƾƷŚǀĭ�ŢƟō�ƲǀƫƹřDDT��ƩŚſ�Źŵ
æîÒè�ŚƿżƳƹŶƳř�Źŵ��Ŷƃ�ƭƹŚƤƯ�řƹŚū�ƹ(Ankersmit, 1953)��

�ƶƳƺĭ�Ʋƿřŝ�ƶ�ƾƿǇŚŝ�ƾƿŚƳřƺţ��ƪŨƯ�Ŷǀƫƺţ�ƽǇŚŝ�ƾƿŚƳřƺţ�ƪǀƫŵ
ŢƟō�ƶŝ�ŢƯƹŚƤƯ�Źŵ�Ƃĩ�ŵŹřŵ�ŚƷ�(Shelton et al., 1993)��ƹ

�����ŢºƯƹŚƤƯ�ƱŚºǀƿŚĜǀƬģ�ŢºƄĩ�ƢƏŚºƴƯ�Żř�ƽŹŚǀƀŝ�Źŵ�Ʊƺƴĩř
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ŢƟō�Żř�ƽŹŚǀƀŝ�ƶŝ�ƾƸūƺţ�ƪŝŚƣ�Ƃĩ�����ŵŚºſƺƴǀĜſř�ƪºŨƯ�ŚƷ
ƹźǀě��ŚƷŶǀŗƺƴǀţƺĪǀƳƺŘƳ��ƲǀŤĪƯŹƹōƩƹŻ���ƲƿŵŚºƀĩř�ƹ�ŚºƷ���ŚºƷ

ŵŹřŵ�(Sarfraz et al., 2005, 2007)�����Śºŝ�ƩźºŤƴĩ�ŵŹƺºƯ�Źŵ�
ƽźŤƧŚºººŝ�Bacillus thuringiensis��Żř�ƽŹŚǀºººƀŝ�Źŵ�żºººǀƳ
Ţưƀƣ�Ţſř�ƵŶƃ�ƁŹřżĭ�ŢƟō�Ʋƿř�ŢƯƹŚƤƯ�ƱŚƸū�ƽŚƷ�

(Tabashnik, 1994)��ƲƿřźŝŚƴŝ��ƁƹŹ�ƲƿżĮƿŚū�ƽŚƷ��ŶƿŶū
�Ʋƿř�ƩźŤƴĩ�ƽřźŝōŢſř�ƽŹƹźƋ�ŢƟ��žƳŚſř��ƽŚƷ�ƾƷŚǀĭ

��ƾºƯ�šŚºƟō�ƢƟƺƯ�ƩźŤƴĩ�ƽřźŝ�ƾŞſŚƴƯ�ƖŝŚƴƯ��ŶƴºƃŚŝ����řźºƿŻ
���ƾŞºſŚƴƯŚƳ�šřźºŧř�ƹ�ŶƴŤƀƷ�ƾŝŚŴŤƳř�ƝŶƷ�ƩƺƈŰƯ�ƽřźŝ

��ŶººƳŹřŶƳ�ƎǀººŰƯ�ƽƹŹ(Singh & Upadhyay, 1993;  

Isman, 2000, 2006)��ƱŚƯŻŚſ�ƶūƺţ�źƋŚů�Ʊźƣ�Źŵ���ƽŚºƷ
�ƶŝ�ƾƳŚƸūŵƹŶŰƯ�����ƹ�ƾƿŚǀưǀºƃ�ƭƺưºſ�Żř�ƵŵŚƠŤºſř�Ʊŵźĩ
ƲƿżĮƿŚū�Ʊō�Ʊŵźĩ��ŚƷƮĩ�ƭƺưſ�Śŝ�����ƵŶºƃ�ƝƺºƐƘƯ�źºƐų
�Ţſř�ƩŚſ�Żř�ƪŞƣ�ƶĩ�ƾƯƺưſ�Żř�ƵŵŚƠŤſř�ƹÎÖÕÍ���Ŷºǀƫƺţ

Ƶŵźĩ�ƭǈƗř�ƕƺƴưƯ�řŹ�ƵŶƃ�ŶƳř���ƾưƬƗ�ƖŝŚƴƯÏÒ���źǀųř�ƩŚſ
ƾƟźƘƯ���Ţºſř�ƾƷŚǀĭ�ƶƿƺƳŚŧ�ŢǀƫƺŝŚŤƯ�Ŝǀĩźţ�ŚƷŶƇ�ƵŶƴƴĩ

ŢǀƫŚƘƟ�ƽřŹřŵ�ƶĩ��šřźŧř�źƿŚſ�Śƿ�ƹ�ƶƿŸƜţ�ƾĭŶƳŹřŵŻŚŝ�ƽŚƷ
�ƾưſŻō�ƎǀŰƯ�Źŵ�ŢƟō�šřźƄů�ƽƹŹ��ŶƴŤºƀƷ�ƵŚĮºƄƿŚƯ�

(Koul & Dhaliwal, 2001; Regnault-Roger et al., 2005)��
ŽƹŵƺųƺƐººſř��Lavandula angustifolia��ƶººĤŤųŹŵ��ƽř

�ƽřźŝ�Ʃƹř�ƶūŹŵ�Źŵ�ƶĩ�Ţſř�ƱŚǀƿŚƴƘƳ�ƵŵřƺƳŚų�Żř�ƶƫŚſŶƴģ
ƶǀƸţ��ƪĭ�Żř�žƳŚſř�ƽŚƷ�ƾƯ�ŢƄĩ�Ʊō�źƐƘƯ�ŵƺƃ����ƶºģźĭř
�ƪºĭ�����ƽŹŚºŬţ�Ʊō�ĨºƄų�ƹ�ƵŻŚººţ�ƽŚºƷ�żººǀƳ�Ţººſř�ƵŶºƃ�� �

(Renaud et al., 2001)���ƽřŹřŵ�ŽƹŵƺųƺƐººſř�žƳŚººſř
ŵźŝŹŚĩ�ƽŚƷ�źƐƗ�Źŵ�ƵŵźŤƀĭ��Ţſř�ƾƄƿřŹō�ƖƿŚƴƇ�ƹ�ƽŻŚſ

ƂƯřŹō�ƅřƺų�ƽřŹřŵ�ƹ�ŶƋ��ƂŴŝ��ƹ�ƾĭŵźƀƟř�ŶƋ��ŲƠƳ
�ŶƋƾƯ�ƾŝŚƸŤƫř��ŶƃŚŝ(Cavanagh & Wilkinson, 2005)��Źŵ�

ƾſŹźŝ�Verma et al. (2010)��žƳŚſř�ƾƴƛƹŹ��ŽƹŵƺųƺƐſř
�ŶƴƷ�ŶƴƸĩřźţƹř�ƶƤƐƴƯ�Źŵ��ŢºƟźĭ�Źřźƣ�ƪǀƬŰţ�ƶƿżŬţ�ŵŹƺƯ

�ƪƯŚƃ�ƶĩÐÔ�ƶĩ�ŵƺŝ�Ŝǀĩźţ�ÕÎ�ÖÔ�����ƪǀĪºƄţ�řŹ�ƲºƛƹŹ
ƾƯ�ŵřŵ�����ƪºǀƫŚƴǀƫ�šŚŤºſř�ƪƯŚºƃ�ƾƬƇř�ƽřżūř��ÓÒ�ÑÔ����

ƩƺƫŚƴǀƫ�)ÍÓ�ÏÕ�������šŚŤºſř�ƪǀƫƹŶºƳřƹǇ�ÐÑ�Ñ���ƹ���ŚºƠƫō
�ƪǀƴǀěźţ�ÔÒ�Ð���ŵƺŝ���

Manzoomi et al. (2010)���žƳŚºſř�ƾĭŶƴºƄĩ���ƽŚºƷ
Lavandula officinalis��ƹArtemisia dracunculus��ƽƹŹ�řŹ

�ƚƫŚŝ�šřźƄů�ĨſƺſCallosobruchus maculatus (F.)�Źŵ�
žƳŚſř�Ʋƿř�ƢƟƺƯ�šřźŧř�ƹ�ƾſŹźŝ�ŹŚŞƳř���ƩźºŤƴĩ�řŹ�ŚƷ��Ʋºƿř

��ŶºƳŵźĩ�ƁŹřżºĭ�ŢƟō����ƶºƴĩ�šřźºŧř���žƳŚºſř�ƾºƄĩ��ƽŚºƷ�
Foeniculum vulgare��L. officinalis�ƹ�Laurus nobilis�

�ƶººƴĩ�ƽƹŹVarroa destructor Anderson & Trueman��
ƮƸƯ�ƪƀƗ�ŹƺŞƳŻ�ƾƴƬĩ�Źŵ�ŢƿŻřŹŚě�Ʋƿźţ����ƾºſŹźŝ��Ŷºƃ�ƹ

��ŹŚºƸŝ�ƪºƈƟ�Źŵ�ŽƹŵƺųƺƐſř�žƳŚſř����ŶºƇŹŵ�ƲƿźţǇŚºŝ
ŵřŵ�ƱŚƄƳ�řŹ�ƩźŤƴĩ�(Figen et al., 2012)���žĮƯ�ƩźŤƴĩ�Źŵ
žƳŚſř�żǀƳ�ƾĮƳŚų��ƽŚƷMentha piperita�ƹ�L. angustifolia�
�řŹ�ƾŝƺų�ƪǀƀƳŚŤě�ŶƳŵřŵ�ƱŚƄƳ(Bosly, 2013)��ţŐźǀŧ��žƳŚſř

��Ʃƹř�Ʋºººſ�ƹŹǇ�ƽƹŹ�ŽƹŵƺųƺƐºººſř�ƭźºººƧŜǀºººſ��� �
Cydia pomonella L.���ŵŹƺƯ�żǀƳ�ƾſŹźŝƶŤƟźĭ�Źřźƣ�Ţſř�

(Peter et al., 1999)� 
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ƁƹŹƹ�ŵřƺƯ�ŚƷ 

ŽƹŵƺųƺƐſř�ƵŚǀĭ�žƳŚſř�ƶǀƸţ��
�ŚŤƳřŹŚƯ�ƵŶĪƬĭ�Żř�źƔƳ�ŵŹƺƯ�ƵŚǀĭ�īźŝ�źƀƯřŹ����ƶºǀƸţ

Ŷƃ���ƱŚƯŻ�Źŵ�ƵŚǀĭ�Ʋƿřƪĭ�Żř�ƪŞƣ��ƾƷŵ�Ɩºưū��ƽŹƹō�ƹ��Śºŝ
�žě�ƹ�ƵŶƃ�ƶŤƀƃ�śō���ƶƿŚºſ�Ǝƿřźºƃ�Źŵ�ƱŶƳŚĪºƄų�Żř��

Ŷƃ�śŚǀſō�ƾƣźŝ�śŚǀſō�Ǝſƺţ��žƳŚſř�ŢƸū���Żř�ƽźºǀĭ
ƵŚĮŤſŵ�žƳŚſř�ƽźǀĭ��źŬƳƺƬĩ��Ŷƃ�ƵŵŚƠŤſř���ƵŚĮŤſŵ�Ʋƿř

ƶŝŌżū�źǀƐƤţ�Śŝ�������řŶºū�ƵŚºǀĭ�Żř�řŹ�ƾºƴƛƹŹ�žƳŚºſř��Ōżºū
ƾƯ�Ŷƴĩ��ŹŚŝ�źƷ��ÒÍ��źºƔƳ�ŵŹƺƯ�ƵŚǀĭ�Źŵƺě�Żř�ƭźĭ��ŹŵÔÒÍ�
ƾſ��šŶƯ�ƶŝ�źƐƤƯ�śō�ƾſÏÑ���ƹ�ƵŶºƃ�ƵŶƳŚƀǀų�ŢƗŚſ

�ƪƤŤƴƯ�źŬƳƺƬĩ�ƵŚĮŤſŵ�ƱƺƫŚŝ�ƶŝ�žĜſ�Ŷºƃ.����ƾºƴƛƹŹ�ŻŚºƟ
���śō�ƽřźºŝ�ƹ�ƵŶºƃ�řŶºū�ƪƇŚů�����ƾºƴƛƹŹ�žƳŚºſř�ƽźºǀĭ

ƶŝ���Ŷºƃ�ƵŵŚƠŤºſř�ƮƿŶſ�šŚƠƫƺſ�Żř��ƵŶƯō�Ţſŵ����žƳŚºſř
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ƶǀƸţ�ƵŶƃ��ƶƄǀƃ�Źŵ��ƩŚĤŴƿ�Źŵ�ƹ�ƾĮƳŹ�ƽŚƷ�Ñ���ƶºūŹŵ��
ƶĮƳ�Ŷƃ�ƽŹřŵ���

��
ƂƿŚƯŻō�ƽŚƷ�ƾŬƴſ�ŢƀƿŻ��

�ƭŚŬƳř�ƽřźŝ�ƲƿřƹŹǇ��ƂƷƹĦě��Żř�ƞƬŤŴƯ�Ʋǀƴſ�ƽŚƷ
řżƬĩ�ƕŹřżƯƽ�Ɩưū�ũźĩ�ƝřźƏř��ƽŹƹō�ŶƳŶƃ�Ǝƿřźƃ�Źŵ�ƹ

�ƽŚƯŵ�Źŵ�ƾƷŚĮƄƿŚƯŻōç�t�çÑ��ŽƺǀƀƬſ�ƶūŹŵ���ŢŝƺƏŹ
�ƾŞƀƳÒ�t�ìÒ��ƹ�ŶƇŹŵÕ��ƹ�ƾĪƿŹŚţ�ŢƗŚſÎÓ���ŢƗŚºſ

řżƬĩ�ƽƹŹ�ƾƿŚƴƃƹŹ����řźºěř�ƮºƣŹ�����ƅƺºƈŴƯ�ƝƹźºƓ�Źŵ
�ŵŚƘŝř�Źŵ�ƾƬǀƐŤƀƯÎÒ���ÎÍ�ƾŤƳŚſ���źºŤƯ�ŤƟŚƿ�ƁŹƹźºě�Ŷºƴ��

�ƁŹƹźě�ƽřźŝƪƯŚĩ�šřźƄů���Żř��ƶƳřƺŤºſř�ƝƹźºƓ�ƽř���ƶºŝ
ŵŚƘŝř�ÏÍ���ÎÕ�ƾŤƳŚſ��źŤƯ�Ŷºƃ�ƵŵŚƠŤſř�����ƁŹƹźºě�Żř�žºě

ƪƀƳ�Ĩƿ���Żř��ƭƺºſ�Ʋſ�ƽŚƷƹŹǇ)���šŹŚºƀų�ƶºƬůźƯ��ƽřŻ
ŢƟō(��ƹƮƷ��Ʋſ��ŶºƘŝ�ƪºƀƳ����ƽřźºŝ��ƭŚºŬƳř�ƂƿŚºƯŻō���ƽŚºƷ

�ƞƬŤŴƯ�ƵŵŚƠŤſřŶƃ� 

Ĩƀƿŵ��řżƬĩ�ƾĭźŝ�ƽŚƷ��źƐƣ�ƶŝÓ�ƾŤƳŚſ�źŤƯ���ŢŰţ
ţŐŢƔƬƛ�źǀŧ�žƳŚſř�ƞƬŤŴƯ�ƽŚƷ��ŽƹŵƺųƺƐſř�ƹ�ŹŚưǀţ

ƹŹǇ�ŹŚǀŤųř�Źŵ��Ʋſ�ƽŚƷ���Ŷºƃ�Ƶŵřŵ�Źřźºƣ�ƭƺºſ����ƵŵƹŶºŰƯ
ŢƔƬƛ�ƱƺƯŻō�Śŝ�ŚƷ����ƾţŚƯŶºƤƯ�ƽŚƷ(bracketing)���ƆŴºƄƯ
ŶƳŶƃ��ǇŚŝ�ƲǀƿŚě�ƹ�Ʋƿźţ���ºƯ�ŢºƔƬƛ�ƲƿźţŒ���Śºŝ�ƹ�ƲǀºǀƘţ�źŧ

ŢººƔƬƛ��ƾưŤƿŹŚººĮƫ�ƶƬººƇŚƟ�Żř�ƵŵŚƠŤººſř��ƎººſřƹŶů�ƽŚººƷ
ŶƳŶƃ�śŚŴŤƳř����ƲǀºǀƘţ�ƽřźŝ�ƾƿŚƸƳ�ƱƺƯŻō�žĜſLC50��Źŵ

ŹŚƸģ��Śŝ�ŹřźĪţ�źƷ�ƹ�ŹřźĪţÎÍ����ºſ�Ʋºſ�ƹŹǇ�ŵŶºƗƭƺ���Śºŝ
Ʈĩ�źưƗ�ƩƺƏ��Żř�źţÏÑ�Ŷƃ�ƭŚŬƳř�ŢƗŚſ�����ŵŹƺºƯ�žƳŚºſř

�ŢºƔƬƛ�Źŵ�źƔƳ���ƽŚºƷÐ�Í��Ó�Í��Ð�Î��Õ�Ï��Ó���Źŵ�ŶºƇŹŵ
Ŷƃ�ƪů�ƩƺƳŚŤƯźƷ�žĜſ�ƹ�Ƶ�Ĩºƀƿŵ�Żř�Ĩƿ����īźºŝ�ƽŚºƷ
�šŶƯ�ƶŝ�řżƬĩÎÍ�ƶƏƺƛ�ƩƺƬŰƯ�Źŵ�ƶǀƳŚŧ���žºě�ƹ�ŶƳŶƃ�Źƹ

ĨƄų�Żř����šŶºƯ�ƶºŝ�ơŚƏř�ƽŚƯŵ�Źŵ�ƱŶƃÐÍ���ƶºƤǀƣŵ����ƶºŝ
�ƽźŤě�ƪųřŵŶƳŶƃ�ƪƤŤƴƯ��Żř�ƽźǀĭƺƬū�ŢƸū���ƹ�ƂƷŚºƧ
ƲŤƟŹ�Ţſŵ�Żř�īźŝ�ŢŝƺƏŹ��ưƷ�ƹƹŹǇ�ŹřźƟ�ƲǀƴĤ�ŚƷ��ņŹŵ�

Ŷƃ�ŵƹŶƀƯ�ƽŹƺţ�Śŝ�ƽźŤě��ƂƿŚƯŻō�ƭŚưţ�Źŵ�ŚƷ���ŶƷŚºƃ�Żř
��Ŷºƃ�ƵŵŚƠŤºſř��ŵƺŝ�ƵŶƃ�ŹŚưǀţ�ƩƺƳŚŤƯ�Śŝ�ƎƤƟ�ƶĩ����Żř�žºě

ƂƿŚƯŻō�ƕƹźƃ���źƷÏÑ���Ĩºƿ�ŢƗŚºſ�����šŚºƠƬţ�ƱřżºǀƯ�ŹŚºŝ
ŢƃřŵŵŚƿ�����Śºţ�ƂƿŚºƯŻō�ƹ�Ŷºƃ�ƽŹřŵźŝÔÏ����ƶºƯřŵř�ŢƗŚºſ

ŢƟŚƿ���
��
ţ�ƾſŹźŝŐīźŝ�žƳŚſř�źǀŧ��ƆųŚƃ�ƽƹŹ�ŽƹŵƺųƺƐſř��ƽŚƷ
ƶƿŸƜţ�ƽř�Ŝƃ��ƵźěŢƄě�ƾſŚưƫř��

žƳŚººſř�źººŧř�ƾŝŚººƿŻŹř�ŢººƸū���ƽƹŹƆųŚººƃ��ƽŚººƷ
ƶƿŸƜţ��ƽř��ŢºƔƬƛ���źºƿŻ�ƽŚºƷ���ƵŶƴºƄĩLC30��ƹLC50���ŵŹƺºƯ

ŢƟźĭ�Źřźƣ�ƾŝŚƿŻŹř���ƹŹǇ�ƱŻƹ�ƲǀºǀƘţ�ŢƸū��ŚºƷ����ƽřŸºƛ
ƾƣŚŝ����Ţºƣŵ�Śºŝ�ŽŚƀů�ƽƹŻřźţ�Żř�šǇƺƌƟ�ƹ�ƵŶƳŚƯÎ�Í�
ƾƬǀƯ�Ŷƃ�ƵŵŚƠŤſř�ƭźĭ��ƂƿŚƯŻō��Źŵ�ŚƷŹŚƸģ����źºƷ�ƹ�ŹřźºĪţ

�ŹřźĪţ�Śºŝ�ÎÍ�����ƭŹŚºƸģ�Ʋºſ�ƹŹǇ�ŵŶºƗ����ƶºƬůźƯ�Ʋƿźºųō
ƽƹŹǇ��ƷŚƓ�ƵŻŚţź��ƵŶƃ�Ʈĩ��Żř�źţÏÑ�ŢƗŚſ���šŶƯ�ƶŝ�ƶĩ
ŹŚƸģ�ŶƳŵƺŝ�ƵŶƃ�ƶŤƃřŵ�ƶĮƳ�ƶƴſźĭ�ŢƗŚſ��ř�ƭŚºŬƳ��Ŷºƃ��

�ŢƔƬƛ�źƷ�ƪƯŚƃŹŚưǀţ�ŶƷŚƃ�Ĩƿ�����ƩƺƳŚºŤƯ�Śºŝ�ƵŶºƃ�ŵƺºŝ��
Ĩƀƿŵ�����źºƐƣ�ƶºŝ�ƾºĭźŝ�ƽŚƷ�ŢºƄƷ��ƾŤƳŚºſ����ƪºųřŵ�źºŤƯ
ŢƔƬƛ��šŶƯ�ƶŝ�źƔƳ�ŵŹƺƯ�ƽŚƷÏÍ��ƶºƏƺƛ�ƶǀƳŚŧ��ƱŻƹ�ƹ�Źƹ
Ʊō�ƶǀƫƹř�Ŷƃ�ŢƃřŵŵŚƿ�ŚƷ��ƹŹǇ�žĜſ���ƶºŝ�ƹ�ŶƳŶƃ�ƱŻƹ�ŚƷ

Ʊō�īźŝ�Żř�Śţ�Ŷƃ�Ƶŵřŵ�ƵŻŚūř�ŚƷ�ŹŚưǀţ�ƽŚƷ���žƳŚºſř�Śŝ�ƵŶƃ
��Ŷºƴƴĩ�ƶºƿŸƜţ�����ŢºƃŸĭ�Żř�žºěÏÑ��ŢƗŚºſ���īźºŝ��ƽŚººƷ

ƾƣŚŝ�īźŝ�Śŝ�ƹ�ũŹŚų�ƵŶƳŚƯ�ŻŚţ�ƽŚƷ�şŹŚưǀţ���ƲƿżĮƿŚºū�ƵŶƃ
ŶƃŶƳ��ŻƹŹ�źƷ�ƽŚƸŤƳř�Źŵ��īźŝ�ƾƣŚŝ�ƽŚƷ��Źŵ�ƹ�ƱŻƹ�ƵŶƳŚƯ

�ƽŚƯŵ�Źŵ�ƱƹōÓÍ��ŶºƯ�ƶŝ�ŽƺǀƀƬſ�ƶūŹŵ�šÑÕ���ŢƗŚºſ
���ƱŻƹ�ƢºƿźƏ�Ʋºƿř�ƶŝ�ƱřƺŤŝ�Śţ�ŶƳŶƃ�ƱŻƹ�ƵŹŚŝƹŵ�ƹ�ĨƄų

ƝźƈƯ�ƽřŸƛ�ĨƄų��ºŝ�řŹ�ƵŶƃƶ��ŵŹƹō�Ţºſŵ����šǇƺºƌƟ
Ŷººǀƫƺţ�Ɩººưū�ŻƹŹ�źººƷ�ƽŚººƸŤƳř�Źŵ�ƵŶººƃ��ƹ��ƽŹƹō�žººě�Żř

Ŷººƃ�ĨººƄųƱ�Ʊƹō�Źŵ��ŶƳŶººƃ�ƱŻƹ��ƹŹǇ��ƽŚººƸŤƳř�Źŵ�ŚººƷ
��šŚºƠƬţ�ƹ�ƲƿŻƺţ�ƂƿŚƯŻōƱō���ŚºƷ��żºǀƳ��Ŷºƃ�ŢºƃřŵŵŚƿ���Źŵ

ƂƿŚƯŻō�ƽŚƸŤƳř���Żř�žě�ºƄųĨ��ƱŵźºƧ�ƹŹǇ��Ʊƹō�Źŵ�ŚºƷ��
�ƲƿŻƺţ�ƵŹŚŝƹŵƱō��ƭŚŬƳř�ŚƷ�Ŷºƃ���Śºţ��ĨºƄų�ƱŻƹƹŹǇ�ŚºƷ�
ƲǀǀƘţ��ŵƺºƃ������šŶºƯ�ƶºŝ�ƂƿŚºƯŻōÐ����ƹ�ŢºƟŚƿ�ƶºƯřŵř�ŻƹŹ

Ŷƃ�ŢƃřŵŵŚƿ�ŻƹŹ�źƷ�ƽŚƸŤƳř�Źŵ�šřŶƷŚƄƯ���



ÑÍ��������������������������������������������������ƹ�ƾƳŚƸƠƇř�źƈƳƱřŹŚƨưƷ��ƾƿōŹŚĩ�žƳŚſř���ŽƹŵƺųƺƐſřLavandula angustifolia��īźƯ�Źŵ�źǀƯƹ��ƹ�����

ƆųŚººƃ�ƲǀººǀƘţ�ƽřźººŝ�ƶººƿŸƜţ�ƽŚººƷ�ƽř��ƽŚººƷ�ƩƺººƯźƟ�Żř
ƶŗŹř��Ǝſƺţ�ƵŶƃWaldbauer (1968)�Ŷƃ�ƵŵŚƠŤſř���

��

��ƾŞƀƳ�ƮƌƷ�ŢǀƬŝŚƣ�(AD)1���
AD = [(Wi � Wf) / Wi] × 100����ƶºƐŝřŹ�Ʋºƿř�Źŵ��Wi�ƱŻƹ�

ƵŵŹƺų�ƽřŸƛ�ĨƄų�ƶŝ�ƵŶƃ���ƱŚºƯŻ�Żř�žě�ƹŹǇ�źƷ�ƽřŻřt�
�ƹWf��ƵŶƃŶǀƫƺţ�šǇƺƌƟ�ĨƄų�ƱŻƹ��Ŝƀů�źŝ�ƹŵ�źƷ

ƾƬǀƯ�ƭźĭ��ƾƯ�ŶƃŚŝ���
��

��ƵŵŹƺų�ƽřŸƛ�ƪƿŶŞţ�ƾƿōŹŚĩ��ƵŶƃ(ECI)2���
ECI = [(Wt � Wo) / Wi] × 100���ƶºƐŝřŹ�Ʋƿř�Źŵ��Wo��ƱŻƹ

����ƶºƿŸƜţ�Żř�ƪºŞƣ�ƵźºƄů�ƶºǀƫƹř�ĨƄų��ƹWt���ĨºƄų�ƱŻƹ
�šŶƯ�Źŵ�ƾƿřŸƛ�ƮƿĥŹ�Żř�ƶƿŸƜţ�Żř�žě�ƵźƄůTt���ƹŵ�źƷ

ƾƬǀƯ�Ŝƀů�źŝ�ƭźĭ��ƾƯ�ŶƃŚŝ���
��

��ƮƌƷ�ƽřŸƛ�ƪƿŶŞţ�ƾƿōŹŚĩ�ƵŶƃ�(ECD)3���
ECD = [(Wt � Wo) / (Wi�Wf) × 100���

��

���ƝźƈƯ�űźƳ�ƾŞƀƳ(RCR)4���
RCR = Wi / (Tt × Wo)���ƶºƐŝřŹ�Ʋƿř�Źŵ��Tt����ƶºƿŸƜţ�ƱŚºƯŻ

�řŸƛ�Żř�ƵźƄů�Ŝƀů�źŝŻƹŹ�ƾƯ�ŶƃŚŝ���
��

���ƾŞƀƳ�ŶƃŹ�űźƳ(RGR)5���
RGR = (Wt � Wo) / (Tt × Wo)���

1 Approximate digestibility 
2 Efficacy of conversion of ingested food 
3 Efficacy of conversion of digested food 
4 Relative consumption rate 
5 Relative growth rate 

��
žƳŚſř�ƾĭŶƴƴĩŹƹŵ�ŢǀƫŚƘƟ�ƾſŹźŝ�ƾƷŚǀĭ�ƽŚƷ��

ƽřźŝ��ŽƹŵƺųƺƐſř�žƳŚſř�ƾĭŶƴƴĩŹƹŵ�źŧř�ƾſŹźŝ
�ƁƹŹ�ŻřSmith et al. (1994)�Ŷƃ�ƵŵŚƠŤſř�źǀǀƜţ�ƾĩŶƳř�Śŝ��

�ŹŵƾŞƘĪƯ�ƾĪǀŤſǈě�ƝźƓ�Ţưſ�ƹŵ��Źŵ�ƪĪºƃ��Ɓƺºě��Źřŵ
�ƮŬů�ƶŝÓÒ�ƾƬǀƯ��Śŝ�űřŹƺſ�źƷ�ƹ�Ŷƃ�ƶǀŞƘţ�ƾųřŹƺſ�źŤƯ

�źƐƣ�ƶŝ�ƾĪǀŤſǈě�ƶƫƺƫ�Ĩƿ�Ĩưĩ�ƶſƾƬǀƯ��ƩƺƏ�ƹ�źŤƯƹŵ�
ƾŤƳŚſ���ƪºƈŤƯ�ŵŚƘŝř�ƱŚưƷ�Śŝ�źĮƿŵ�ƾĪǀŤſǈě�ƝźƓ�ƶŝ�źŤƯ

Ŷƃ��ƶŝ�ƽŹƺƏ���ƹŹǇ�Ţºĩźů�ƶºĩ������ƶºŝ�ƾƳŚºǀƯ�ƝźºƓ�Żř�ŚºƷ
���ƶºƫƺƫ�ƢºƿźƏ�Żř�ƾŞƳŚºū�ƝƹźƓ������ŢƫƺƸºſ�ƶºŝ�ƎºŝřŹ�ƽŚºƷ

ƱŚĪƯř��źƿŸěƺŝŵ��Źƹŵ�ŢǀƫŚƘƟ�ƾſŹźŝ�ƽřźŝ�žƳŚſř�ƾĭŶƴƴĩ
�ƭƺſ�Ʋſ�ƽŚƷƹŹǇ�ƽƹŹ�źƔƳ�ŵŹƺƯ��źºě�ƶƬůźƯ���šŹŚºƀų

Ŝƃ��Ƶźºě����ƵŶƴºƄĩźƿŻ�ŢºƔƬƛ�ƹŵ�LC10�ƹ�LC30���žƳŚºſř
�Ŷººƃ�śŚººŴŤƳř������Ǝººſƹ�ƝźººƓ�ƲǀƟźººƏ�ƝźººƓ�ƹŵ�Źŵ

Ĩƀƿŵ��źƐƣ�ƶŝ�ƾĭźŝ�ƽŚƷƂƃ�ƾŤƳŚſ�źŤƯ��ƶŤƃřŸĭ�řżƬĩ�Żř
Ŷƃ��ŶƷŚƃ�ƝźƓ�Źŵ���Śŝ�ƎƤƟ�īźŝƦƿ�ƾƬǀƯ��ƹ�ƩƺƳŚŤƯ�źŤǀƫ

�ŹŚººưǀţ�ƝƹźººƓ�Źŵ���ŢººƔƬƛ�ƹŵ�Śººŝ�īźººŝLC10�ƹ�LC30�
žƳŚſř�ŵƺŝ�ƵŶƃ�ƶŤƄƛō�źƔƳ�ŵŹƺƯ�ƽŚƷ�����Źŵ�ƂƿŚºƯŻō�Ʋºƿř
Ūƴě��ŹřźĪţ�Ŷƃ�ƭŚŬƳřƹ��Źŵ�ŹřźĪţ�źƷ�ŵřŶƘţÎÍ��ƹŹǇ�ŵŶƗ

�šŶƯ�ƶŝ�ƶĩ�ƭƺſ�ƲſŹŚƸģ�ƶĮƳ�ƶƴſźĭ�ŢƗŚſ��ƽŹřŵ�ƵŶƃ
��ŶƳŵƺŝ�ƾƳŚǀƯ�ƝźƓ�Źŵ�Ŷºƃ�ŚƷŹŶƳ����Żř�žºěÏÑ��ŢƗŚºſ��

����ŶººƇŹŵ�ƹ�ƁŹŚưººƃ�ƝźººƓ�źººƷ�Źŵ�šřźººƄů�ŵřŶººƘţ
�ƶŞſŚŰƯ�źƿŻ�ƩƺƯźƟ�ƢŞƏ�žƳŚſř�ƱƺǀſǇƺƯźƟ�ƾĭŶƴƴĩŹƹŵ

Ŷƃ�(Liu et al., 2006)���
Repellency (%) = (C � E) / T) × 100���ƶºƐŝřŹ�Ʋƿř�Źŵ��C�

ŶƷŚƃ�ƝźƓ�Źŵ�ƹŹǇ�ŵřŶƘţ��E�ŹŚưǀţ�ƝźƓ�Źŵ�ƹŹǇ�ŵřŶƘţ�
�ƹT��ƹŹǇ�ƪĩ�ŵřŶƘţƾƯ�ŶƃŚŝ���
��

ƵŵŚƯō�ƶƳƺưƳ�ƽŻŚſ�ţ�ƾſŹźŝ�ŢƸū�ŚƷŐžƳŚſř�źǀŧ��ƾƷŚǀĭ�ƽŚƷ
ƾƿŚǀưǀƃƺǀŝ�šŚŞǀĩźţ�Żř�ƾųźŝ�ƽƹŹ��

ƂƿŚƯŻō�ƭŚŬƳř�ƾƿŚǀưǀƃƺǀŝ�ƽŚƷ���ƪºƬƗ�ƾſŹźŝ�ŢƸū
ƹŹǇ�Źŵ�ĨƿĥƺƫƺƿżǀƟ�ŹŚưǀţ�ƽŚƷ�žƳŚſř�Śŝ�ƵŶƃ�Ŷƃ�ƭŚŬƳř��

�Ʋººƿř�ƽřźººŝŹƺººƔƴƯ�Żř��ƹŹǇ�Ŝººƃ�ƭƺººſ�Ʋººſ�ƽŚººƷ��Ƶźººě
ŢƄě�ƾſŚưƫř��šŶƯ�ƶŝ�ƶĩÏÑ��ƹÑÕ�īźŝ�Żř�ŢƗŚſ���ƽŚºƷ

�ƵŶƃŹŚưǀţ�ŢƔƬƛ�ŚŝLC50���Ƶŵźºĩ�ƶƿŸƜţ�źƔƳ�ŵŹƺƯ�žƳŚſř
Ŷƃ�ƵŵŚƠŤſř��ŶƳŵƺŝ����ƹŹǇ�ƵŻřŶºƳř�ƾĪģƺºĩ�ƪǀƫŵ�ƶŝ��ŚºƷ����Żř

�ƱŶŝ�ƪĩƮƿżƳō�ũřźŴŤſř�ƽřźŝ���ŚºƷ��Ŷºƃ�ƵŵŚƠŤºſř�����Ʋºƿř�ƶºŝ
ŹŚưǀţ�ƹŹǇ�ƱŶŝ�ƪĩ�ƶĩ�šŹƺƇ��ƵŶºƃ����Żř�žºě��żƿŚºƳĥƺưƷ

ŶƃƱ��ƾŤºſŵ�ŹżƿŚƳĥƺưƷ�Żř�ƵŵŚƠŤſř�Śŝ��ŹŵÎÐÍÍÍ���ƶºŝ�Źƹŵ
�šŶººƯÎÒ�Źŵ�ƶººƤǀƣŵ��ƽŚººƯŵŹŚººƸģ��ŽƺǀººƀƬſ�ƶººūŹŵ



ƵźƄů�ƲưŬƳř�ƶƯŚƳ���Ʊřźƿř�ƾſŚƴƃèé���é���ÎÐîè������������������������������������������������������������������������������������������������������������������ÑÎ 

���ƵŵŚƠŤºſř�ŵŹƺºƯ�ƪƇŚů�ƲǀƄƳƹŹ�ƂŴŝ�ƹ�Ŷƃ�ĥƺǀƠƿźŤƳŚſ
ŢƟźĭ�Źřźƣ���

��
�ƱřżǀƯ�ƽźǀĭ�ƵŻřŶƳř�ƪĩ�ƲǀŘţƹźě�ƹ�ŶƿźºƀǀƬĭ�ƽźţ�����ŢºƸū

ƵŻřŶƳř����ƁƹŹ�Żř�ƪºĩ�ƲǀŘţƹźºě�ƽźǀĭLowry et al. (1951)�
Ŷƃ�ƵŵŚƠŤſř��ƵŻřŶƳř��ƽźǀĭƽźţ��ŶƿźǀƀǀƬĭ�Ţǀĩ�Żř�ƵŵŚƠŤſř�Śŝ

ƁƹŹ�Śŝ�ƢŝŚƐƯ�ƹ�Ʊřźƿř�Ʈĩƺǀŝ�Fossati & Prencipe (1982)�
ƭŚŬƳř�Ŷƃ���ŹřŶƤƯÎÍÍ�ƹźĪǀƯ��Ţǀĩ�Źŵ�ŵƺūƺƯ�ƝźƘƯ�źŤǀƫ
�ƹÏÍ�ƹźĪǀƯ��ĥƺǀƠƿźŤƳŚſ�Żř�ƪƇŚů�ƲǀƄƳƹŹ�ƩƺƬŰƯ�Żř�źŤǀƫ

�ƹ�Ŷƃ�ƶŤŴƿŹ�řżǀƫř�ŢǀƬě�ŹŵÏÍ�ƶŝƺĪƳř�Żř�ŶƘŝ�ƶƤǀƣŵ�ƱŶƃ��
�ũƺƯ�ƩƺƏ�ŹŵÒÑÒ���Ŷºƃ�Ţºŗřźƣ�źŤƯƺƳŚƳ����ĨºƳǈŝ�ƽřźºŝ��

ƶŝ��Żř�ƶƳƺưƳ�ƽŚūÏÍ��śō�źŤǀƫƹźĪǀƯ���Ŷºƃ�ƵŵŚƠŤºſř�źºƐƤƯ��
ƽźţ�ŵŹřŶƳŚŤſř�ƾƴŰƴƯ�Żř�ƵŵŚƠŤſř�Śŝ�ƪĩ�ƾŝźģ���ŶƿźǀºƀǀƬĭ

Ŷƃ�ƲǀǀƘţ���
��

ŚƠƫō�ŢǀƫŚƘƟ�ƽźǀĭ�ƵŻřŶƳř�ŻǈǀƯō���ƵŻřŶƳř�ƽřźŝ���ƱřżºǀƯ�ƽźǀĭ
�ŚƠƫō�ƁƹŹ�Żř�ŻǈǀƯōBernfeld (1955)�Ŷƃ�ƵŵŚƠŤſř���ŹřŶƤƯ
ÑÍ��ƹ�šŚƠƀƟ�źƟŚŝ�źŤǀƫƹźĪǀƯÎÒ��ƶŤſŚƄƳ�źŤǀƫƹźĪǀƯ�Ʀºƿ�

ƶŝ�ŶƇŹŵ����ŻǈǀºƯō�ƽřźŤºƀŝƺſ�ƱřƺƴƗ����Źřźºƣ�ƵŵŚƠŤºſř�ŵŹƺºƯ
Żř�žě�ƹ�ŢƟźĭ�ƶƟŚƋř�ŶƃƱ�ÎÍ���ƶºƳƺưƳ�źºŤǀƫƹźĪǀƯ����ƶºŝ

�šŶƯÐÍ���ƽŚºƯŵ�Źŵ�ƶƤǀƣŵÐÒ����ŽƺǀºƀƬſ�ƶºūŹŵ��ƶºŝƺĪƳř
Ŷƃ��žĜſ��ƱŵƹżƟř�Śŝ�ÓÍ���ƾºĮƳŹ�ƝźƘƯ�źŤǀƫƹźĪǀƯDNS�
�ƹŶƳŚƃƺūƱ����šŶºƯ�ƶºŝÎÍ��ƶºƤǀƣŵ�����ũƺºƯ�ƩƺºƏ�ŹŵÒÑÍ�

Ŷƃ�ƵŶƳřƺų�źŤƯƺƳŚƳ���
��

ƵŻřŶƳř��ŢǀƫŚƘƟ�ƽźǀĭŻŚŘţƹźě�����ƵŻřŶºƳř�ƽřźºŝ����ƱřżºǀƯ�ƽźºǀĭ
�ƁƹŹ�Żř�ŻŚŘţƹźěCohen (1993)��Ŷºƃ�ƵŵŚƠŤſř����ŹřŶºƤƯÕÍ�

šŚƠƀƟ�źƟŚŝ�Żř�źŤǀƫƹźĪǀƯ��ÑÍ����ƽřźŤºƀŝƺſ�Żř�źºŤǀƫƹźĪǀƯ
ƹ�ƲǀŝƺƬĭƺưƷÏÍ��ƶƳƺưƳ�Żř�źŤǀƫƹźĪǀƯ���ƶºŤŴƿŹ�ŢºǀƬě�Źŵ�ƹ

�šŶƯ�ƶŝÎÏÍ�Ŷƃ�ƶŝƺĪƳř�ƶƤǀƣŵ��žĜſ���Śŝ�ƶƟŚºƋř��ƱŵźºƧ�
ÎÍÍ��źººŤǀƫƹźĪǀƯTCA��ƽźººţ�řƹźƬĩĨǀŤººſ�Ŷǀººſř���ÐÍ��ƹ

�ĥƺǀƠƿźŤƳŚººſ�ƱŵźººƧ�šŶººƯ�ƶººŝÒ��Źŵ�ƶººƤǀƣŵÎÐÍÍÍ�Źƹŵ��

�śŸū�ƱřżǀƯ(OD)���ũƺºƯ�ƩƺƏ�ŹŵÐÑÍ����ƵŶºƳřƺų�źŤƯƺƳŚºƳ
Ŷƃ���
��

ƵŻřŶƳř�ŻŚĜǀƫ�ŢǀƫŚƘƟ�ƽźǀĭ���ƵŻřŶƳř�ƽřźŝ��Żř�ŻŚĜǀƫ�ƱřżǀƯ�ƽźǀĭ
�ƁƹŹTsujita et al. (1989)�Ŷººƃ�ƵŵŚƠŤººſř���Ʋººƿř�ƽřźººŝ

��ŹƺººƔƴƯŹřŶººƤƯ�ÑÍ����ƹ�šŚƠººƀƟ�źƟŚººŝ�źººŤǀƫƹźĪǀƯÎÍ�
�źŤǀƫƹźĪǀƯp-nitrophenyl butyrate��ƶºŝ����ƽřźŤºƀŝƺſ�ƱřƺºƴƗ

�ŻŚĜǀƫŢƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�Żř�žě�ƹ�ƶƟŚƋř�ŶƃƱ�ÎÍ�
ƶƳƺưƳ�źŤǀƫƹźĪǀƯ���šŶƯ�ƶŝÎÍ��Ŷºƃ�ƶŝƺĪƳř�ƶƤǀƣŵ����žĜºſ�

ÓÍ��źŤǀƫƹźĪǀƯNaOH��ũƺºƯ�ƩƺƏ�Źŵ�ƹ�ƶƟŚƋř���ƽŚºƷÑÍÒ���
ÑÒÍ��ƹÑÖÏ�Ŷƃ�ŢŞŧ�ƹ�ƵŶƳřƺų���
��
řƵŻřŶƳ�ŻŚţŚƠƀƟ�ƲǀƫŚĪƫō�ŢǀƫŚƘƟ�ƽźǀĭ����ƵŻřŶºƳř�ƽřźŝ���ƽźºǀĭ

ƲǀƫŚĪƫō�ƮƿżƳō�ŢǀƫŚƘƟ�Ǝſƺţ�ƵŶƃ�ƶŗřŹř�ƁƹŹ�Żř�ŻŚţŚƠƀƟ�
Bessey et al. (1946)�Ŷƃ�ƵŵŚƠŤſř���ŹřŶºƤƯ�ÒÍ���źºŤǀƫƹźĪǀƯ

�ƶŤƿŶǀſř�Śŝ�šŚƠƀƟ�źƟŚŝÕ���Śºŝ�ƵřźºưƷ�ÐÍ����Żř�źºŤǀƫ�ƹźºĪǀƯ
�ƮƿżƳōp-nitrophenyl phosphate�ƶŝ���řźŤºƀŝƺſ�ƱřƺƴƗ��ŵŹƺºƯ

��ŢºƟźĭ�Źřźºƣ�ƵŵŚƠŤſř��ƹÎÒ�����Ʊō�ƶºŝ�ƶºƳƺưƳ�Żř�źºŤǀƫƹźĪǀƯ
�ũƺƯ�ƩƺƏ�Źŵ�ƹ�ƶƟŚƋřÑÍÒ�Ŷƃ�Ţŗřźƣ�źŤƯƺƳŚƳ���

��
ƵŻřŶƳř��ŻřźŤºſř�ŢǀƫŚƘƟ�ƽźǀĭ�����ƵŻřŶºƳř�ƽřźºŝ����ƱřżºǀƯ�ƽźºǀĭ

�ƁƹŹ�Żř�ŻřźŤſř�ŢǀƫŚƘƟHan et al. (1995)��Ŷºƃ�ƵŵŚƠŤſř��
�ŹřŶƤƯÒÍ�ŚƠƫō�źŤǀƫƹźĪǀƯ�ƪǀŤƠƳ�ŚŤŝ�Śƿ�šŚŤſř�ƪǀŤƠƳ��šŚŤſř

�ƹÒÍ�Źō�źŤǀƫƹźĪǀƯ��Źō���ƹ�ƶŤŴƿŹ�řżǀƫř�ŢǀƬě�Źŵ�ƺƬŝ�ŢƫŚſ
�ƱřżǀƯ�ƶŝÏÍ�ƹźĪǀƯ�Ŷƃ�ƶƟŚƋř�ƶƳƺưƳ�Żř�źŤǀƫ���śŸū�ƱřżǀƯ

�ŹŵÑÒÍ��šŶƯ�ƶŝ�źŤƯƺƳŚƳƦƿ��źƷ�ƶƤǀƣŵÎÍ��Ĩºƿ�ƶǀƳŚŧ���ŹŚºŝ
Ŷƃ�ƵŶƳřƺų���

��
ƵŻřŶƳř����Žř�ƱƺǀţŚºţƺƬĭ�ŢºǀƫŚƘƟ�ƽźºǀĭ���ŻřźƠºƀƳřźţ�����ƽřźºŝ
ƵŻřŶƳř����Žř�ƱƺǀţŚºţƺƬĭ�ŢºǀƫŚƘƟ�ƱřżǀƯ�ƽźǀĭ��Żř�ŻřźƠºƀƳřźţ
ƁƹŹ�Oppenorth (1979)�Ŷºººƃ�ƵŵŚƠŤºººſř���ŹřŶºººƤƯÎÍ�

Śǀůř�ƱƺǀţŚţƺƬĭ�źŤǀƫƹźĪǀƯ��ƹ�ƵŶºƃ�ÏÍ���źºŤǀƫƹźĪǀƯCDNB�



ÑÏ��������������������������������������������������ƹ�ƾƳŚƸƠƇř�źƈƳƱřŹŚƨưƷ��ƾƿōŹŚĩ�žƳŚſř���ŽƹŵƺųƺƐſřLavandula angustifolia��īźƯ�Źŵ�źǀƯƹ��ƹ�����

�řżǀƫř�ŢǀƬě�Źŵ�ƶºŤŴƿŹ��ƹÑÍ�����Ʊō�ƶºŝ�ƶºƳƺưƳ�Żř�źºŤǀƫƹźĪǀƯ
Ŷƃ�ƶƟŚƋř��śŸū�ƱřżǀƯ���ũƺºƯ�ƩƺƏ�ŹŵÐÑÍ����ƶºŝ�źŤƯƺƳŚºƳ

�šŶƯƦƿ��źƷ�ƶƬƇŚƟ�ƶŝ�ƶƤǀƣŵÎÍ�Ĩƿ�ƶǀƳŚŧ�Ŷƃ�Ţŗřźƣ�ŹŚŝ���
��

ƿżŬţƽŹŚƯō�ƶ��
�żǀƫŚƳōƵŵřŵ�ƽŚƷ��ŢºƀƿŻ�ƱƺƯŻō�Żř�ƪƇŚů����Śºŝ�ƾŬƴºſ
�Żř�ƵŵŚƠŤſřƭźƳ��ŹřżºƟř�POLO-PC�(Leora Software, 1987)�

ŝ�ƶĩƶ�ƽŻřƺƯ�ƉźƟ�ŹŚĩŵƺų�ŹƺƏ���ƩŵŚºƘƯ�ƹ�Ʊŵƺºŝ���Ʊŵƺºŝ
ƾƯ�ƱƺƯŻō�řŹ�ƱƺǀſźĭŹ�ƍƺƐų�Ŷƴĩ���ƭŚŬƳř�ƹ��ƱřżºǀƯLC50�

Ŷººƃ�ƆŴººƄƯ���ƽźººſ�Ʋººƿř�Żř�ƪººƇŚů�ƪººǀƬŰţ�ƶººƿżŬţ
ƱƺƯŻō�Ţſŵ�ƽřźŝ�ŚƷ�ƾŝŚƿ�ƾƴƘƯ�ƝǈŤųř�ƪƣřŶů�ƶŝ��Źŵ�Źřŵ
Ƶŵřŵ���ºƏƺŝźƯ�ƽŚºƷƶ���ƁƹŹ�ƶºŝ���ľǈƯŚºĩ�ŭźºƏ���Śººŝ�ƾƟŵŚºƈţ

�Ŷºƴģ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř��ƶºƴƯřŵ��ƽř���ŮƐºſ�Źŵ�ƾĩƺºţÒ����Śºŝ
ƭźƳ��ŹřżƟřSAS�Ŷƃ�ƭŚŬƳř��Ƶŵřŵ��Żř�ƪŞƣ�ŚƷŵƹŹƹ�ƶŝ�ƭźƳ��ŹřżºƟř�

SAS��ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ��ŹřżƟřExcel�ŶƳŶƃ�ŜţźƯ���
��

ŪƿŚŤƳ��
�žƳŚººſř�ŵŚººů�Ţǀưººſ��Ŝººƃ�ƽƹŹ�ŽƹŵƺųƺƐººſř��Ƶźººě

ŢƄě�ƾſŚưƫř��
žƳŚſř�ŵŚů�Ţǀưſ��ŽƹŵƺųƺƐſř��Ʋºſ�ƹŹǇ�ƽƹŹ

Ŝƃ�ƭƺſ�ŢƄě�Ƶźě��ƩƹŶū�Źŵ�ƾſŚưƫřÎ���ƵŶºƃ�Ƶŵřŵ�ƱŚƄƳ
Ţſř���ƱřżǀƯLC50���źºŝřźŝ�ŽƹŵƺųƺƐſř�žƳŚſř�ƽřźŝ��Śºŝ
ÒÖÖ�Í��ÕÎÎ�Í�ÐÖÓ�Í���ƮººŬů�ŶºƇŹŵ��Żř�žººě�ƮººŬů

ŢƃŸĭ�ÔÏ�ŝ�ŢƗŚſƶ�ŶƯō�Ţſŵ����
��
ţŐžƳŚſř�źǀŧ��ſřƐ�ƽƹŹ�ŽƹŵƺųƺŹƹŵ�ƾĭŶƴƴĩ��

����ƾĭŶºƴƴƧŹƹŵ�źºŧř�Żř�ƪºƇŚů�žƳŚƿŹřƹ�ƶƿżŬţ�ŪƿŚŤƳ
žƳŚſř��Ŝƃ�ƭƺſ�Ʋſ�ƹŹǇ�ƽƹŹ�ŢƄě�Ƶźě���ƱŚºƄƳ�ƾſŚưƫř

ŵřŵ������Źŵ�ŽƹŵƺųƺƐºſř�žƳŚºſř�ƾĭŶºƴƴƧŹƹŵ�ŶºƇŹŵ�ƶƧ
ŢºººƔƬƛ��ƽŚºººƷLC30��ƹLC10��ŮƐºººſ�ŹŵÒ���ƝǈŤºººųř
�ƾºƴƘƯ�řŵ�ƽŹřŵ�Ţºƃ��åèì�å�P < ��Ö, æ�df = ��æÔ�Ó�F = ��

��ƩƹŶūÏ����

ţ�ƾŝŚƿŻŹřŐ�źǀŧžƳŚſř��ƾƿōŹŚĩ�ƆųŚƃ�ƽƹŹ�ŽƹŵƺųƺƐſř
Ŝƃ�ƭŹŚƸģ�Ʋſ�ƹŹǇ�Źŵ�ƶƿŸƜţ�ŢƄě�Ƶźě�ƾſŚưƫř��

ƾſŹźŝ�Źŵ�ţŐ�źƔƳ�ŵŹƺƯ�ƾƷŚǀĭ�žƳŚſř�Żř�ƪƇŚů�źǀŧ
Ŝººƃ�ƭŹŚººƸģ�Ʋººſ�ƽŚººƷƹŹǇ�ƶººƿŸƜţ�ƾƿřŹŚººĩ�ƽƹŹ��Ƶźººě

ŢƄě�ƾſŚưƫř���ƩƹŶūÐ����ƆųŚºƃ���ƶºƿŸƜţ�ƽŚºƷ��ƽřECI��
RGR��ƹECD�ƾƴƘƯ�ƂƷŚĩ��ƽŹřŵ��ŶƷŚºƃ�ƶŝ�ŢŞƀƳ��ƱŚºƄƳ
ŵřŵ�ŶºƳ���ƶºŝ���Ŝºǀţźţåææ�å�P < ��ÎÎ, ç�df = ��ÒÔ�Ô�F = ��
åçÑ�å�P < ��ÎÎ, ç�df = ��ìÐ�Ò�F = �ƹ��åæì�å�P < ��� �
ÎÎ, ç�df = ��ÓÐ�Ó�F = ���žƳŚſř�ŹŚưǀţ�Źŵ���ƂƿřżƟř��ƱřżºǀƯ

��Ŷºƃ�ƵŶƷŚƄƯ�ƾŞƀƳ�ƮƌƷ�ƾºƫƹ��ƾºƴƘƯ��ŵƺºŞƳ�Źřŵ����šƹŚºƠţ
ƵŶƷŚƄƯ�ŶƃƵ�ƶŝ�ŢƔƬƛ�ƶƀƿŚƤƯ�Źŵ�����ŹŚºưǀţ�ƽřźºŝ�ƶºŤƟŹ�ŹŚĩ
�žƳŚſř�żǀƳƾƴƘƯ��ŹřŵŵƺŞƳ���
��

ţŐžƳŚſř�źǀŧ��ƾĭĦƿƹ�źŝ�źƔƳ�ŵŹƺƯ�ƾƷŚǀĭ����ƾƿŚǀưǀºƃƺǀŝ�ƽŚºƷ
ƹŹǇ�Ŝƃ�ƽŚƷ��ƵźěŢƄě�ƾſŚưƫř��

�ŢƔƬƛ�Źŵ�ŽƹŵƺųƺƐſř�ƵŚǀĭ�žƳŚſřLC50��çÑ��ƹ
Ñí���ŹŚººưǀţ�Żř�ŶºƘŝ�ŢƗŚºſ���ƩƹŶºū��ƽŚºƷ�Ñ��ƹÒ���ººţŐ�źǀŧ

ƾƴƘƯ�ƮƿżƳō�ƱřżǀƯ�ƽƹŹ�ƽŹřŵ��ƾƃŹřƺĭźǀƛ�ƹ�ƾƃŹřƺĭ�ƽŚƷ
ŹŚưǀţ�ƽŚƷƹŹǇ��ƵŶƃŢƃřŵƶŝ����ƽŹƺºƏ���ƶºĩ��ƶºƀƿŚƤƯ�Źŵ��Śºŝ

ŶƷŚƃ��ƾƴƘƯ�ƂƷŚĩ�ƲǀƫŚĪƫō��ŻŚĜǀƫ�ƱřżǀƯ�Źŵ�ƽŹřŵ�ŻŚţŚƠƀƟ�
ƹ��ŻřźƠºƀƳřźţ�Žř�ƱƺǀţŚţƺƬĭ��çÑ�����ŹŚºưǀţ�Żř�ŶºƘŝ�ŢƗŚºſ

Ŷƃ�ƵŶƷŚƄƯ��ƶŝ��Ŝǀţźţååæ�å�P < ��Ò, æ�df = ��ÖÐ�Ô�F = ��
åçÔ�å�P < ��Ò, æ�df = ��Òí�ÎÎ�F = �ƹ��ååç�å�P < ��� �
Ò, æ�df = ��ÐÕ�ÑÓ�F = ���Źŵ�ŵŹƺƯ��źƿŚſƮƿżƳō�ƽŚƷ�ƾƃŹřƺĭ��

�Ŷºƃ�ƵŶƷŚƄƯ�ŶƷŚƃ�ƶŝ�ŢŞƀƳ�šƹŚƠţ��ƾºƫƹ��ƾºƴƘƯ��Źřŵ�ŵƺºŞƳ��
ƽźţ�ƱřżǀƯ�ŚƠƫō��ŶƿźǀƀǀƬĭ��ŻǈǀƯō�ƲǀƫŚĪƫō���ƹ�ŻřźŤºſř��ŻŚţŚƠƀƟ

ŻřźƠƀƳřźţ�Žř�ƱƺǀţŚţƺƬĭ��ÑÕ����ƂƷŚºĩ�ŹŚºưǀţ�Żř�ŶƘŝ�ŢƗŚſ
ƾƴƘƯ��ŶƷŚƃ�ƶŝ�ŢŞƀƳ�ƽŹřŵŢƃřŵ���ƶºŝ���Ŝºǀţźţåæí�å�P < ��
Ò, æ�df = ��ÔÍ�ÎÑ�F = ��åååÒ�å�P < ��Ò, æ�df = ��
ÐÍ�ÎÍÎ�F = ��åååÓ�å�P < ��Ò, æ�df = ��ÕÍ�ÖÔ�F = ��

åååÎ�å�P < ��Ò, æ�df = ��ÒÍ�ÖÐÔ�F = �ƹ��åååÎ�å�P < ��� �
Ò, æ�df = ��ÓÏ�ÐÕÑ�F = ����

��
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�ƩƹŶūæ���źƿŵŚƤƯƾƴǀưŴţ�LC10��LC30��ƹLC50��ƭƺſ�Ʋſ�ƹŹǇ�ƽƹŹ�ŽƹŵƺųƺƐſř�žƳŚſřŜƃ�Ƶźě�ŢƄě�ƾſŚưƫř���
Table 1. �Estimated LC10, LC30 and LC50 of lavender essential oil on 3rd instar larvae of diamond back moth. 
 

Essential oil 
LC10 (%) 

confidence limit 95% 
LC30 (%) 

confidence limit 95% 
LC50 (%) 

confidence limit 95% 

Lavandula angustifolia 
0.0857 

(0.0265-0.1626) 
0.270 

(0.1567-0.3849) 
0.599 

(0.3966-0.8112) 

��
ƩƹŶū�ç���ƾĭŶƴƴĩŹƹŵ�ŶƇŹŵ�ƲǀĮƳŚǀƯ�±�ŹŚǀƘƯ�ƝřźŰƳř��ųƺƐſř�žƳŚſřƺ�ƭƺſ�Ʋſ�ƹŹǇ�ƽƹŹ�ŽƹŵŜƃ�Ƶźě�ŢƄě�ƾſŚưƫř���

Table 2. The mean percentage repellency (± standard error) of lavender essential oil on 3rd instar larvae of diamond back 
moth. 

 
Concentration Lavandula angustifolia P-value 
%LC10 19.2 ± 3.61 b 

0.037 
%LC30 34.29 ± 4.87 a 

��
ƩƹŶū�è��ŐţŧǀƆųŚƃ�ƽƹŹ�ŽƹŵƺųƺƐſř�žƳŚſř�ź�ƶƿŸƜţ�ƽŚƷ�ƽř�Ŝƃ�ƭŹŚƸģ�Ʋſ�ƹŹǇ�ŢƄě�Ƶźě�ƾſŚưƫř���

Table 3� The effect of lavender essential oil on feeding indices of 4th instar larvae of diamond back moth. 
 

Essential oil (%) AD* (%) ECD* (%) ECI* (%) 
RCR* 

(mg/mg/insect) 
RGR* 

(mg/mg/insect) 
Control 51.74 ± 4.34 a 17.36 ± 2.95 a 8.51 ± 0.93 a 32.73 ± 1.39 a 2.83 ± 0.40 a 
LC10 54.51 ± 4.31 a 10.44 ± 1.60 b 5.58 ± 0.70 b 31.82 ± 1.04 a 1.77 ± 0.21 b 
LC30 63.16 ± 3.54 a 9.53 ± 0.84 b 5.97 ± 0.327 b 31.19 ± 2.011 a 1.86 ± 0.181 b 

 Within columns, means followed by the same letter do not differ significantly (P > 0.05). 
 * See text for abbreviation. 

��
�ƩƹŶūÑ��Őţŧǀ�ŢƔƬƛ�źLC50�������Ŝºƃ�ƭƺºſ�Ʋºſ�ƹŹǇ�ƽƹŹ�ƾƿŚǀưǀºƃƺǀŝ�šŚºŞǀĩźţ�ƾºƌƘŝ�ƽƹŹ�ŽƹŵƺųƺƐſř�žƳŚſř���Ƶźºě

ŢƄě�ƾſŚưƫř��çÑ�ŹŚưǀţ�Żř�ŶƘŝ�ŢƗŚſ����
Table 4. Effects of lavender essential oil under the LC50 concentration on some biochemical compounds of 3rd instar 

larvae of diamond back (24 h after treatment). 
 

Essential oil Protein 
(od/min) 

Triglyceride 
(mg/ml) 

á-amylase 
(*) 

Lipase 
(**) 

Protease 
(od/min) 

AP1 
(*) 

GST2 
(*) 

Esterase 
(*) 

Control 49.12 ± 1.63a 1.29 ± 0.15a 2.15 ± 0.03a 0.239 ± 0.002a 35.32 ± 3.01a 2.24 ± 0.36a 4.44 ± 0.021a 57.08 ± 0.76a 
Lavender 48.35 ��  1.64a 0.94 ± 0.03a 1.04 ± 0.4a 0.152 ± 0.002b 18.95 ± 4.06a 1.24 ± 0.04b 2.47 ±  0.021b 56.04 ± 1.27a 

 Means with similar letters in each column are not significantly different (Tukey, P < 0.05). 
 1 Alkaline phosphatase; 2 Glutathione S-transferase. 
 * µmol/min/mg protein; ** nmol/min/mg protein. 

��
�ƩƹŶūÒ��Őţŧǀ�ŢƔƬƛ�źLC50�������Ŝºƃ�ƭƺºſ�Ʋºſ�ƹŹǇ�ƽƹŹ�ƾƿŚǀưǀºƃƺǀŝ�šŚºŞǀĩźţ�ƾºƌƘŝ�ƽƹŹ�ŽƹŵƺųƺƐſř�žƳŚſř���Ƶźºě

ŢƄě�ƾſŚưƫř��Ñí�ŹŚưǀţ�Żř�ŶƘŝ�ŢƗŚſ����
Table 4. Effects of lavender essential oil under the LC50 concentration on some biochemical compounds of 3rd instar 

larvae of diamond back (48 h after treatment). 
 

Essential oil Protein 
(od/min) 

Triglyceride 
(mg/ml) 

á-amylase 
(*) 

Lipase 
(**) 

Protease 
(od/min) 

AP1 
(*) 

GST2 
(*) 

Esterase 
(*) 

Control 62.59 ± 2.81a 1.28 ± 0.028a 2.91 ± 0.15a 0.148 ± 0.012a 27.32 ± 2.86a 3.97 ± 0.21a 15.53 ± 0.106a 41.87 ± 0.51a 
Lavender 57.24 ��� 3.11a 0.94 ± 0.03b 0.404 ± 0.18b 0.137 ± 0.01a 13.66 ± 5.42a 0.984 ± 0.19b 6.85 ± 0.31b 10.62 ± 0.51b 

 Means with similar letters in each column are not significantly different (Tukey, P < 0.05). 
 1 Alkaline phosphatase; 2 Glutathione S-transferase. 
 * µmol/min/mg protein; ** nmol/min/mg protein. 
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ŦŰŝ��
źƋŚů�ƶƘƫŚƐƯ�Źŵ����ƽƹŹ�ŽƹŵƺųƺƐºſř�žƳŚſř�źŧř

Ŝƃ�ƾĭŶƴƄĩ�ŢƄě�Ƶźě��ƶĩ�Ŷƃ�ƵŶƷŚƄƯ�ƹ�ƾſŹźŝ�ƾſŚưƫř
žƳŚſř�ŢƔƬƛ�ƂƿřżƟř�Śŝ�����ŢºƟŚƿ�ƂƿřżºƟř�ƾĭŶƴºƄĩ��Źŵ�

�ƾſŹźŝ�źǀŧŐţžƳŚſř�ƾƴƛƹŹ�ƽŚƷ�Hyptis suaveolens L.�ƹ�
Hyptis spicigera Lam.�Żř��Ƶźºǀţ�Lamiaceae�ƽƹŹ���ƶºƄĜƃ

Sitophilus granarius L.�Ŷƃ�ƆŴƄƯ�ƹŵ�źƷ�ƶĩ��žƳŚſř
ƵźƄů�ŢǀƫŚƘƟ�řŵ�ƾƿǇŚŝ�ƾƄĩŶƴŤƃ�ƹ�ŹŚưǀţ�ƶưƷ��ŚƷ��Żř�ŶºƘŝ

ÏÑ��ŢƗŚſŶƳŶƃ�ƞƬţ�(Conti et al., 2010)���
ŢººƔƬƛ�Źŵ���Ŝººƃ�ƹŹǇ��žƳŚººſř�ƽǇŚººŝ�ƽŚººƷ��Ƶźººě

ŢƄě�ƾſŚưƫř��Żř�žěÏÑ�ƵƺƸƣ�ŢƗŚſ�ƵŚǀſ�ƹ�ƽř��Ŷºƃ�ĬƳŹ��
ŹŵƾƫŚů��Źŵ�ƶĩ�ŶƄƳ�ƵŶƷŚƄƯ�ƾƇŚų�ĬƳŹ�źǀǀƜţ�ƲǀƿŚě�ŢƔƬƛ

Śŝ�ŪƿŚŤƳ�Ʋƿř�ƶĩ��šŚºƤǀƤŰţ�ŪƿŚŤƳ�Shojaaddini, et al. (2008)�
ŢƤŝŚƐƯ�Ţƃřŵ��Źŵ�ƂƿŚƯŻō��źƋŚů�ƂƿřżƟř�ŢƔƬƛ��žƳŚſř

īźƯ�ƂƿřżƟř�ŦƗŚŝ�ƾƷŚǀĭ�ƹŹǇ�ŢǀƘưū�Źŵ�źǀƯƹ���Ŷºƃ�ŚƷ��
��šŚºƤǀƤŰţHuang et al. (2000)��Tripathi et al. (2000)��

Sahaf et al. (2007)��ƹYazdani et al. (2013b)���ŶºƿƺƯ�żǀƳ
�žƳŚºſř�ŢƔƬƛ�ƂƿřżƟř�ƶĩ�ŵƺŝ�Ʋƿř����ƶºƘƫŚƐƯ�ŵŹƺºƯ�ƽŚºƷ��

�ƱřżǀƯ�ƂƿřżƟř�ŦƗŚŝšŚƠƬţ�ƾƯ�ŵřźƟř�ŵƺƃ��Ɩƣřƹ�Źŵ���ƝŶƷ
ŢƀƿŻ�ƭŚŬƳř�Żř����ŢºƸū�ƾºưĩ�ƽŵŹƹōźŝ�ƶŝ�ƱŶǀſŹ�ƾŬƴſ

īźƯ�ƲǀǀƘţ���Ţºſř�ƶƘƫŚƐƯ�ŵŹƺƯ�ŢǀƘưū�Żř�ƾưǀƳ�Źŵ�źǀƯƹ
ƶŝ�Ʊō�Żř�ƶĩ��ŢƔƬƛ�ƱřƺƴƗLC50�ƾƯ�ŵŚƿ�ŵƺƃ���

ƪǀƨƄţ�ŵřƺƯ�ƵŶưƗ���ƶºŝ�ƾƷŚºǀĭ�žƳŚſř�ƵŶƴƷŵ���ƱřƺºƴƗ
ƵźƄů�ƲěźţƺƳƺƯ��ƂƧ�ƾŗƺĪƀſ�ƽŹřŶƤƯ�ƹ�ŚƷ��Ʋěźºţ���řŹ�ŚºƷ

ƾƯ�ƪƯŚƃ���ŢºƿŹřźƟ�ŢºƬƗ�ƶŝ�ƶĩ�ŵƺƃ������ƂºƤƳ��ǇŚºŝ�ŹŚǀºƀŝ
ƵŶưƗ��ŢºǀƫŚƘƟ�Źŵ�ƽř����ƵźºƄů�ƹ�ƾºƀƠƴţ�ƽŚºƷ����ŚºƠƿř�ƾºƄĩ
ƾƯ��ŶƴƴƧ(Negahban et al., 2007)��ƶƘƫŚƐƯ�Źŵ�ţŐ�ƵŹŚƈƗ�źǀŧ

ƾƫƺƳŚŤƯ�Artemisia annua L.����ƹ�ƶºƿŸƜţ�ƽĥƺºƫƺƿżǀƟ�ƽƹŹ
ŢººǀƫŚƘƟ���Ĩººſƺſ�ƾººưƿżƳō�ƽŚººƷźººŝī�ººų��ƱƹŹŚººƳ�Źřƺ

Xanthogaleruca luteola (Muller)���ƆŴƄƯŶƃ��ƱřżǀƯ�ƶĩ
Źƹŵ�ƽřźŝ�ƶƿŸƜţ�ƾĭŶƴƴĩ����ƚƫŚºŝ�šřźºƄů�ƹ�ƭƺſ�Ʋſ�ƹŹǇ
�ƾƏÏÑ�ŢƗŚſ���ŢƔƬƛ�ŹŵÎÍ��Ƃǀŝ���ŢºƔƬƛ�Źŵ�ƹ�Ʋƿźţ

ÓÏÒ�Í��Ʈĩ��Ʋƿźţ�ŵƺŝ(Shekari et al., 2008)���ƾĭŶƴƴĩŹƹŵ
ƆųŚƃ�ƹ��īźºŝ�ƭźĩ�ƶƿŸƜţ�ƽŚƷ����šƺºţ�Źřƺºų�ŹŚºưǀţ�Źŵ�� �
A. annua��ƎſƺţKhosravi et al. (2010)��żǀƳ�ƾſŹźŝƃŶ��

�ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳ�ƶƧ����ƵŹŚºƈƗ�ŢºƔƬƛ�ƂƿřżºƟř�Śºŝ����ƱřżºǀƯ
��ŢººƟŚƿ�ƂƿřżººƟř�ƾĭŶººƴƴĩŹƹŵ����ƲǀººƴĤưƷƾººſŹźŝ�Źŵ�

Hasheminia et al. (2011)��žƳŚſř��ŚƷ�ŶƃŹ��Ţǀưſ�ƽƹŹ
ƆųŚƃ��ƺưƳ�ƹ��ƽŚƷƶƿŸƜţ��ŢºǀƫŚƘƟ�ƹ�ƽř����ƾƿŚǀưǀºƃ�ƽŚºƷ

ƮƬĩ�Ĩģƺĩ�ƵŶǀƠſ���ƹ�ŶƴŤºƃřŸĭ�źǀŧŐºţ��Ʈºĩ����ƱřżºǀƯ�Ʋƿźºţ
�ŢƔƬƛ�Źŵ�ƾĭŶƴƴĩŹƹŵÓçÒ�Í����ƶºŝ�ţźţ��ŜºǀíçÓ�çî���ƹ

ÎÕÒ�ÑÑ���ƽřźºŝ�A. annua�ƹ�Artemisia millefolium L.�
ŝƶ�ŶƯō�Ţſŵ���Ʋǀŝ�ŹŵÏÔ��ƾºſŹźŝ�ƾƷŚǀĭ�ƶƳƺĭ��ƵŶºƃ���żºǀƳ�

ţ�ƲƿźţǇŚŝ�ŽƹŵƺųƺƐſřŐ���Żř�ƹ�ƶŤºƃřŵ�řŹ�ƾĭŶºƴƴĩŹƹŵ�źǀŧ
ƹŹǇ�Ţĩźů����ƶºŝ�šŚºƳƺŘƳ�ƽŚºƷ���ƵƺºǀƯ�ƝźºƏ����Ŝǀºſ�ƽŚºƷ

�Ţſř�Ƶŵźĩ�ƽźǀĭƺƬū(Peter et al., 1999)���ŪƿŚŤƳ�ƾſŹźŝ
��ƢººǀƤŰţ�Żř�ƪººƇŚů�źººƋŚů���žƳŚººſř�ƶººĩ�ŵřŵ�ƱŚººƄƳ

��Ʋºſ�ƹŹǇ�ƽƹŹ�ƾĭŶƴƴĩŹƹŵ�šřźŧř�ƽřŹřŵ�ŽƹŵƺųƺƐſř
Ŝƃ�ƭƺſ��ƵźěŢƄě�ƾſŚưƫř��Ţſř���ƾºƯ�ƲƿřźŝŚºƴŝ����Śºŝ�Ʊřƺºţ

ŢƔƬƛ�Żř�ƵŵŚƠŤſř�žƳŚſř�ƵŶƴƄĩźƿŻ�ƽŚƷ���ŢºƟō�ƵźƄů�řŹ�
Źƹŵ�ŵźĩ���Ƃǀºŝ������ƲƿźţǇŚºŝ�Źŵ�ƾĭŶºƴƴƧŹƹŵ�ŶºƇŹŵ�Ʋƿźºţ

Ŷƃ�ƵŶƷŚƄƯ�ŢƔƬƛ��Ƴ�Ʋƿř���ƞºƬŤŴƯ�ƲǀºƤƤŰƯ�Ǝſƺţ�ŪƿŚŤ
żǀƳ�ƁŹřżĭ�ƵŶƃ�Ţſř�(Owusu, 2001; Wang et al., 2006; 

Yazdani et al., 2013b)���
ƵŻřŶƳř�Śŝ�ƆųŚƃ�ƽźǀĭ�ƶƿŸƜţ�ƽŚƷ�ƽř���ƶºƘƫŚƐƯ�ŵŹƺƯ

�ŹŵŜƃ��ƵźěŢƄě�ƾſŚưƫř���ƶĩ�Ŷƃ�ƵŶƷŚƄƯ���Śºŝ�ƶºƀƿŚƤƯ�Źŵ
��ŶƷŚƃƆųŚƃ�ƾƯŚưţ���ŹŚºưǀţ�ƽřŸºƛ�Źŵ�ŚƷ����ƂƷŚºĩ�ƵŶºƃ
�ŶƴŤƟŚƿƹƾƫ��ƆųŚƃAD��ƂƿřżƟř�ŢºƟŚƿ�����ŵŹƺºƯ�Źŵ�ƶºŤŞƫř

RGR��ECI��ƹECD�ƾƴƘƯ�ƝǈŤųř�žƳŚſř�ŹŚưǀţ�Źŵ�Źřŵƽ�
Ŷƃ�ƵŶƷŚƄƯ��ƆųŚƃ�ECI�������ƱŚºƄƳ�ƽřźºŝ�ƮºƸƯ�ƆųŚºƃ

������ƲŤųŚºſ�Źŵ�řŸºƛ�Żř�ƵŵŚƠŤºſř�ƽřźºŝ�ƵźºƄů�ŢǀƬŝŚƣ�Ʊŵřŵ
��ƾºƯ�ŽŚºƯƺǀŝ���ŶºƃŚŝ(Cohen, 2005)���ƂƷŚºĩ�ECI���ƱŚºƄƳ

ƾƯ�Ƃǀŝ�ƶĩ�ŶƷŵ������Ƶŵƺºţ�ƶºŝ�ƹ�ƵŶºƃ�ƽĥźºƳř�ƝźƇ�řŸƛ�źţ
�ƾƳŶŝŢſř�ƵŶƄƳ�ƪƿŶŞţ��ƂƷŚĩ�ECD���ƪƿŶºŞţ�ƂƷŚĩ�żǀƳ
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ƵŵŹƺų�ƽřŸƛ�ƾƯ�ƱŚƄƳ�řŹ�ƵźƄů�Źŵ�ŶƃŹ�ƶŝ�ƵŶƃ��ƶĩ�ŶƷŵ
ƶŝ�ŶƿŚƃ�Ʈſ�ƽřźŝ�ƾƳŶŝ�Ƶŵƺţ�Żř�ƽĥźƳř�ƝźƇ�ƪǀƫŵ��ƾƿřŵŻ

Źŵ����źººŧř�ƶººŝ�ŲººſŚě�ƾưºººſ����ŶºººƃŚŝ�ƾƷŚººǀĭ�žƳŚººſř� �
(Silveira Ramos et al., 2009)���ƂƷŚººĩRGR��ƹŹǇ�Źŵ

ŹŚưǀţ�ŝ�Ţſř�ƲĪưƯ�ƵŶƃ�ƶưſ�źŧř�ƪǀƫŵ�ƩŚºĪǀưĩƺƬƫō�ƾ���ŚºƷ
ƩƺƬſ�ƶŝ�šŹŚƀų�ƹ�ƵŶƘƯ�ƽŚƄƛ�ƽƹŹ���ƵŶºƘƯ�ŮƐſ�ƽŚƷ

ŶƃŚŝ�ƾƳŚǀƯ�(Marie et al., 2009)���ƆųŚƃ�ƥŶƳř�ƂƿřżƟř
�Źŵ�ƾŞƀƳ�ƮƌƷ�ŢǀƬŝŚƣƽŚƷƹŹǇ�Hyblaea puera Cramer�

Śŝ�ƶƧ��ŢƔƬƛÑ��ƲǀŤųřźƿŵřŻō����ŶºƳŵƺŝ�ƵŶƃ�ŹŚưǀţ��Ǝºſƺţ
Senthil Nathan & Sehoon (2006)�żǀƳ��ƁŹřżĭŶƃ����Ʋºƿř
ŹŚưǀţ�ŢŰţ�ƽŚƷƹŹǇ�Źŵ�ƆųŚƃ��ÖÏ�ÒÓ���ƽŚƷƹŹǇ�Źŵ�ƹ

ŶƷŚººƃ��ÎÓ�ÒÍ��ƺººŝŵ��Broadway & Duffey (1988)�ƹ�
Huang et al. (2004)����ƽřŸººƛ�ƪƿŶººŞţ�ƾƿřŹŚººƧ�ƱřżººǀƯ

ƵŵŹƺų�ƮƌƷ�ƹ�ƵŶƃ���ƶºŝ�řŹ�ƵźºƄů�ŽŚƯƺǀŝ�ƶŝ�ƵŶƃ���šŶºƃ
ƮƿżƳō�ŢǀƫŚƘƟ�ƶŝ�ƶŤƀŝřƹ�ƾƯ�ƵŶƘƯ�ƽŚƷ�ŶƴƳřŵ��Źŵ���ƽŚºƷƹŹǇ

��ƭŹŚºƸģ�ƲſCnaphalocrocis medinalis Guenee���Żř�ƶºƧ
īźŝ�ŹŚưǀţ�ƽŚƷ��ƽźºţ�šŚŞǀƧźţ�Śŝ�ƵŶƃ����ƭƺƬǀºƀƨƀƿŵ�Ʋěźºţ

ŶƳŵźƧ�ƶƿŸƜţ����šŚºŞǀƧźţ�Ʋƿř�ŢƔƬƛ�ƂƿřżƟř�Śŝ�ŶƃŹ�űźƳ
ƶŝ���żºǀƳ�řŸƛ�ƝźƈƯ�űźƳ�ƂƷŚƧ�Śŝ�ƶĩ�ŢƟŚƿ�ƂƷŚƧ�šŶƃ

ŵƺŝ�ƵřźưƷ���������ŶºƋ�ŢºǀƫŚƘƟ�ƶºŬǀŤƳ�Źŵ�ŶƿŚºƃ�ƂƷŚºƧ�Ʋºƿř
ƶƿŸƜţ�Ʋěźţ�ƽř�ŚƷ�ƶƧ�ŶƃŚŝ�����ƽřźºŝ�ƾƸūƺºƯ�ƪºǀƫŵ��ƂƷŚºƧ

�żǀƳ�ŚƷƹŹǇ�ŶƃŹ�űźƳ�Źŵ�ƵŶưƗ�ƾºƯ�śƺƀŰƯ��ƺºƃŵ���ǇŚºŝ�
ƵŵŹƺų�ƽřŸƛ�ƾƿōŹŚĩ�ƆųŚƃ�Ʊŵƺŝ��żǀƳ�ƵŶƃ�ŶƿŚƃ��ƱŚºƄƳ

�ƲǀǀƘţ�ƽřźŝ�ƆųŚƃ�Ʋƿř�řźƿŻ�ŶƃŚŝ�ƱŚŝżǀƯ�ƵŚǀĭ�ŢǀŝƺƬƐƯ
ƶŝ�řŸƛ�ŢǀƠǀĩ���ƾºƯ�ŹŚºĩ��ŵƹŹ(Koul et al., 2004)���ƾƿōŹŚºĩ�

ƮƌƷ�ƽřŸƛ�ƪƿŶŞţ�ƆŴƄƯ��ƵŶƃ���ƽřŸºƛ�Żř�ƾƄŴŝ�ƵŶƴƴĩ
śŸū��Ţſř�ƵŶƃ�ƾºƯ�ƪƿŶŞţ�ƵźƄů�ŽŚƯƺǀŝ�ƶŝ�ƶĩ��ŵƺºƃ��
ƲǀƿŚě�ƮƌƷ�ƽřŸƛ�ƪƿŶŞţ�ƾƿōŹŚĩ�Ʊŵƺŝ�ƾƯ�ƵŶƃ����ƶºŝ�ŶºƳřƺţ

��ŶºƃŚŝ�ƵźºƄů�ŻŚǀƳ�ŵŹƺƯ�ƾƿřŸƛ�źƇŚƴƗ�ŵƺūƹ�ƭŶƗ�ƪǀƫŵ��
ƮƌƷ�ƾŞƿźƤţ�ŢǀƬŝŚƣ����ƽřźºŝ�ƶºĩ�Ţſř�ƾƈųŚƃ�ƾĭŶƳƺƃ

ƶŝ�ƵźƄů�ƱŶŝ�Źŵ�řŸƛ�śŸū�ŢƫƺƸſ�ƲǀưŴţ��ŹŚĩ�ƾƯ�ŵƹŹ��
ƮƌƷ�ƾŞƿźƤţ�ŢǀƬŝŚƣ�Źŵ�šƹŚƠţ�ĪưƯ�ƾĭŶƳƺƃ�Żř�Ţſř�Ʋ

�źƇŚƴƗ�Źŵ�šƹŚƠţƮƿĥŹ�ƾƿřŸƛ�����ŶºƃŚŝ�ƶºƿŸƜţ�ŵŹƺºƯ�ƽŚƷ
(Rezaei et al., 2006)���ƪƇŚů�ŪƿŚŤƳ�ŻřŻř��ƢǀƤŰţ��źºƋŚů

ƾƯ�žƳŚſř�ƶƧ�ŶǀưƸƟ�Ʊřƺţ��ƶƘƫŚƐƯ�ŵŹƺƯ���ƽĥƺƫƺƿżǀƟ�ƽƹŹ
Ŝƃ�ƽŚƷƹŹǇ�ƵŶƘƯ�Ƶźě��ŢºƄě�����ƹ�ƶŤºƃřŸĭ�źǀŧŐºţ�ƾºſŚưƫř
ƆųŚƃ�źǀǀƜţ�ŦƗŚŝ��ŚƷƹŹǇ�ƶƿŸƜţ�ƽŚƷŢſř�ƵŶƃ���Ŷǀƫƺţ

ƮƿżƳō�řŸƛ�ƮƌƷ�Śŝ�ƎŞţźƯ�ƽŚƷ��ŹŚŤƟŹ�Śŝ�ƶƿŸƜţ��ƵźºƄů�ƽř��
����ƾºƯ�ŹƺºŞƗ�ƁŹřƺºĭ�ƶºƫƺƫ�Żř�ƶƧ�ƾƿřŸƛ�ŹřŶƤƯ�ƾƴƘƿ��ŶºƴƧ��

ƾƯ�źƔƳ�ƶŝ�ƹ�ŵŹřŵ�ƾưǀƤŤƀƯ�ƍŚŞţŹř��ƭŶƗ�ƶŬǀŤƳ�Źŵ�ƶƧ�ŶſŹ
ƮƿżƳō�ƱŻřƺţ�Ʊō�ŢǀƫŚƘƟ�ƂƷŚƧ�ƹ�ŚƷ���ƂƷŚºƧ�řŸƛ�śŸū�ŚƷ

�ŶŝŚƿ(Chapman, 1998)��ƮƿżƳō����źºŝ�šřźƄů�ƾƃŹřƺĭ�ƽŚƷ
ƿřŸƛ�ƮƿĥŹ�ŜƀůƱō�ƾ�ƹŚƠŤƯ�ŚƷŶƳ���ƩŚºŝ�ƹŹǇ��Ĩºƫƺě��ƱřŹřŵ

�ƽřŹřŵƶººƗƺưŬƯ�ƮƿżººƳō�Żř�ƽř��ƶººĩ�Ţººſř�ƾººƃŹřƺĭ�ƽŚººƷ
ƶŝ�ƩƺƬſ�ƶƬǀſƹ�ƾƯ�Ůƃźţ�ƾƳŚǀƯ�ƵŶƘƯ�ƽŚƷ��ŶƳƺºƃ����ŮƐºſ

��ƵŶºƘƯ�Źŵ�ƹ�ŵŚƿŻ�ŹŚǀƀŝ�ƹŹǇ�ƾƳŚǀƯ�ƵŶƘƯ�Źŵ�ƮƿżƳō�ŢǀƫŚƘƟ
���ƾºƯ�Ʈºĩ�ƾºŞƤƗ��ŶºƃŚŝ�(Dow, 1986)���ƮƿżºƳō����źºǀƔƳ�ƾƿŚºƷ

ƲǀƀĜƿźţ�ŻǈǀƯō��ŚŤŝ�ŻřŶƿŻƺĩƺƬĭ���Źŵ�ŻǇŚƷźţ�ƹ�ŻřŶǀŤĜěƺƴǀƯō
ƹŹǇ�ƁŹřƺĭ�ƵŚĮŤſŵ�ŶƳŹřŵ�ŢǀƫŚƘƟ�ŚƷ��ưƷ�ƲǀºƴĤ����ŹřŶºƤƯ

������Ŝºƫ�ŵŶºƛ�Ǝºſƺţ�ŻŚºţŹƺƴƿř�ƹ�ŻŚºŤƫŚƯ��ŻǈǀƯō�ƮƿżƳō�ƾưĩ
ƾƯ�Ůƃźţ�ǇŚŝ�ƵŹřƹŹō�ŵŶƛ�ƹ�ƲǀƿŚě�ŶƳƺƃ���

źƋŚů�ƢǀƤŰţ�Źŵ���ƾưƿżƳō�źǀƛ�šŚŞǀĩźţ�ŹřŶƤƯ��żºǀƳ
�ŵŹƺƯƶŝ��ŢƟźĭ�Źřźƣ�ƶƘƫŚƐƯ�ƽŹƺƏ��ƪºƧ�ƲǀŘţƹźě�ŹřŶƤƯ�ƶĩ�

ŹŚººưǀţ�ƽŚººƷƹŹǇ�ƱŶººŝ��ŢººƔƬƛ�Śººŝ�ƵŶººƃLC50��ÏÑ��ƹÑÕ�
žƳŚſř�ŹŚưǀţ�Żř�ŶƘŝ�ŢƗŚſ�ƾƴƘƯ�ƂƷŚƧ�ŚƷ��ƱŚƄƳ�řŹ�ƽŹřŵ

ŵřŵ����ƾºſŹźŝ�ŹŵHasheminia et al. (2011)����Ŝǀºƃ�Ĩºƿ
������ƾƷŚºǀĭ�ƵŹŚºƈƗ�ŹŚºưǀţ�Źŵ�ƩƹźŤºƀƬĩ�ƱřżºǀƯ�Źŵ�ƾƄƷŚĩ

Ŷƃ�ƵŶƷŚƄƯ��Etebari et al. (2005)��ŶƴŤƃřŵ�ƱŚǀŝ�ƶƧ�ŢƬƗ
šŚŞǀĩźţ�ƾƌƘŝ�ƂƷŚĩ��ƩƹźŤƀƬĩ�ƪŨƯ���ŽźŤºſř�ƶŝ���ƽŚºƷ

ƾƯ�ĨƿĥƺƫƺƿżǀƟ�ƶŝ�ƍƺŝźƯ�ŶƳřƺţ����śŸºū�ƮŤºƀǀſ�Źŵ�ƖƐƣ
ŶƃŚŝ��ƵƹǈƗ�Ʋƿřźŝ��ƾƿŚŬƳōŻř�ƵŹŚƈƗ�ƶĩ��šřźŧř�ƾƷŚǀĭ�ƽŚƷ

ƶƿŸƜţ�ŶƋ�řŵ�šřźƄů�ƽƹŹ�ƽřŶƳŹ����ƶºƿŸƜţ�šŹƺºƇ�Źŵ�ƹ
���ƾºƯ�ŵŚºŬƿř�ƩǈŤºųř�śŸū�ƹ�ƮƌƷ�ŶƴƿōźƟ�Źŵ�żǀƳ��Ŷºƴƴĩ��

ǀŞƏ�ƾŝźģ�ƹ�ƲǀŘţƹźě�ƂƷŚĩƶŝ�ƾƘ�ƾƯ�źƔƳ��ŶºſŹ����ƶºĩřźģ



ÑÓ��������������������������������������������������ƹ�ƾƳŚƸƠƇř�źƈƳƱřŹŚƨưƷ��ƾƿōŹŚĩ�žƳŚſř���ŽƹŵƺųƺƐſřLavandula angustifolia��īźƯ�Źŵ�źǀƯƹ��ƹ�����

ŢǀƫŚƘƟ�ƶƯřŵř�ŢƸū�ƵźƄů��ƹ�ƲǀŘţƹźě�Żř�ŵƺų�ƾƘǀŞƏ�ƽŚƷ
Ƶźǀųŷ�ƾŝźģ�ƾƯ�ƵŵŚƠŤſř�ƾŝźģ�ƭŚƀūř�Źŵ�ƵŶƃ�Ŷƴĩ���ŵŹƺƯ

źǀųř�ƾƯ�������ŵŚºƿ�ŵřƺºƯ�ƂƷŚºĩ�Ŝǀºƃ�ƪºǀƫŵ�ŶºƳřƺţ���Źŵ�ƵŶºƃ
ƶƳƺưƳ�ŹŚưǀţ�ƽŚƷ�ŶƃŚŝ�ŽƹŵƺųƺƐſř�Śŝ�ƵŶƃ���

řŸƛ�śŸū�ƹ�ƶƿŸƜţ�ƱřżǀƯ�ƂƿřżƟř�Śŝ����ŚºƠƫō�ŢºǀƫŚƘƟ�
�ŻǈǀƯō���ƵŶºƘƯ�ŢºƟŚŝ�Źŵ�ºƟř�ƾºƯ�Ƃƿřż���ŶºŝŚƿ(Hori, 1968; 

Christopher & Mathavan, 1985)����ƮƿżºƳō�ŢǀƫŚƘƟ�šƹŚƠţ
ŚƠƫō�ƹ�ƺƄƳ�ƞƬŤŴƯ�ƪůřźƯ�Źŵ�ŻǈǀƯō�ƺưƳ�ƾƯ�řŹ����ƶºŝ�Ʊřƺºţ

ƾƬƯřƺƗ�ŶƴƳŚƯ�ƕƺƳ�ƹ��ŵřŵ�ŢŞƀƳ�ƶƿŸƜţ�ƱřżǀƯ(Hori, 1973)��
źƋŚů�ƢǀƤŰţ�Źŵ���ƮƿżƳō�ƱřżǀƯÑí��ŹŚºưǀţ�Żř�ŶƘŝ�ŢƗŚſ��

ŢŞƀƳ�ƶŝ�çÑ�ŢƗŚſ��Źŵ�ŶƷŚƃ�ƂƿřżƟř�ŢƟŚƿ�ƹƾƫ�Źŵ��ŹŚưǀţ
ƾƴƘƯ�ƂƷŚĩ�žƳŚſř��ŶƷŚƃ�ƶŝ�ŢŞƀƳ�ƽŹřŵŵřŵ�ƱŚƄƳ��Śŝ�ƶĩ

ŪƿŚŤƳ�Shekari et al. (2008)��Hasheminia et al. (2011)��ƹ
Yazdani et al. (2013a)�ŢƤŝŚƐƯ�Ţƃřŵ��ŻŚĜǀƫ�ŚƷ�ƮƿżƳō��ƾƿŚƷ

�ƶĩ�ŶƴŤƀƷ�ŹŵŶƳƺǀě�żǀƫƹŹŶǀƷ��ƩƺºĪƬƯ�ƾūŹŚų�ƽŚƷ���ƽŚºƷ
�ƾŝźģƹ�żǀƳ���ŶºƴƿōźƟ�Żř�ƽŹŚǀƀŝ�Źŵ���ƾĪƿĥƺºƫƺƿżǀƟ�ƽŚºƷ��

Ŷǀƫƺţ��ŶƃŹ�ƪŨƯ�ƱĥƺţŚě�ƹ�ƪŨƯ�ƾƗŚƟŵ�ƽŚƷ��ƄƤƳƾ��ƾſŚſř
ŶƳŹřŵ���ŹŵŻŚĜǀƫ�ƱřżǀƯ��çÑ���ŹŚºưǀţ�Żř�ŶºƘŝ�ŢƗŚſ����ƂƷŚºĩ
ƾƴƘƯ��ƽŹřŵŶƃ�ƵŶƷŚƄƯ�ŪƿŚŤƳ�Śŝ�ƶĩ��šŚºƤǀƤŰţ�Żř�ƪƇŚů�

Hasheminia et al. (2011)��ƹYazdani et al. (2013a)�
Ţƃřŵ�ŢƤŝŚƐƯ��Senthil Nathan & Sehoon (2006)��ƱŚƄƳ

��ŹŚºưǀţ�ƶººĩ�ŶºƳŵřŵ�Ŝººƃ��ƵźººěC. medinalis��šŚººŞǀĩźţ�Śººŝ
ƮǀƳ�ƹ�ƲǀŤųřźƿŵřŻō���ƂƷŚĩ�řŹ�ƾƳŚǀƯ�ƵŶƘƯ�Źŵ�ŻŚĜǀƫ�ŢǀƫŚƘƟ

ŵřŵ��ŻŚŘţƹźěŚƷ����ŶºƳƺǀě�żǀƫƹŹŶºǀƷ�Śºŝ���ƽŶºǀŤĜě�ƽŚºƷ���ºƤƳƂ�
��řŸºƛ�ƮƌƷ�Źŵ�ƾſŚſř��Ʊō�ƪƿŶºŞţ�ƹ�šřźºƄů�Źŵ����ƶºŝ�ŚºƷ

Ŷǀſř��ƽŚƷƴǀƯōŠ��ƶƏƺŝźƯŹřŵ�ºƳ�Ŷ(Terra & Ferriera, 2005)��
���ŢºǀƫŚƘƟ�ƱřżºǀƯ�ƶĩ�Ŷƃ�ƵŶƷŚƄƯ�źƋŚů�ƢǀƤŰţ�Źŵ��ƮƿżºƳō

ƹŹǇ�Źŵ�ŻŚŘţƹźě�ŹŚưǀţ�ƽŚƷ�ŽƹŵƺųƺƐſř�žƳŚſř�Śŝ�ƵŶƃ��
çÑ��ƹÑí���ŢºƟŚƿ�ƂƷŚºĩ�ŹŚưǀţ�Żř�ŶƘŝ�ŢƗŚſ����šŚºŞǀĩźţ

��ŻŚºŘţƹźě�Żř�ƾºƇŚų�ƕƺƳ�Ŷǀƫƺţ�Żř�Ţſř�ƲĪưƯ�ƾƷŚǀĭ���ŚºƷ
���ƲǀŘţƹźººě�ŶººƴƳřƺŤƳ�ƶººŬǀŤƳ�Źŵ�ƹ�Ƶŵźººĩ�ŢººƘƳŚưƯ��ƽŚººƷ

ƵŵŹƺų�Ŷƴƴĩ�ƮƌƷ�řŹ�ƵŶƃ�(Senthil Nathan et al., 2008; 

Zibaee & Bandani, 2010)�����ƮƿżºƳō�ŢºǀƫŚƘƟ�ƂƷŚĩ�ŢƬƗ
ƾƯ��ƱŚƷŚǀĭ�ƾƗŚƟŵ�šŚŞǀĩźţ�ŶƳřƺţ�żǀƳ��żǀƫƹŹŶºǀƷ�ƶºĩ�ŶƃŚŝ�

ƮƿżƳō�ƷŚƠƫō�ƽŚ������ŜŞºſ�řŹ�šřźºƄů�Źŵ�ŻŚºŘţƹźě�ƹ�ŻǈǀºƯō
ƾƯ�ŶƳƺƃ�(Franco et al., 2002)��ƵƹǈƗ�Ʋƿřźŝ���ƾƴƛ�ƱŚƷŚǀĭ

ƵŶƳŹřŵŻŚŝ�Żř���ŶƴŤºƀƷ�ƽŻŚºŘţƹźě�ƹ�ƽŻǈǀƯō�ƽŚƷ����ƲƿřźŝŚºƴŝ
Ʊō�ŵƹŹƹ������īźºƯ�ƾºŤů�ƹ�ƾºưƿżƳō�ŹŚºƸƯ�ŜŞſ�ƵŶƘƯ�ƶŝ�ŚƷ
ƩƺƬſ���ƾºƯ�ƾƯƺºǀƬŤǀěř�ƽŚƷ�������Ʋºƿř�żŤƴºſ�ƩƺŘºƀƯ�ƶºĩ�ŵƺºƃ
ƮƿżƳō�ƾƯ�ŚƷ�ŶƴƃŚŝ���ƮƿżºƳō�ŵŹƺƯ�Źŵ����ŻŚºĜǀƫ�ƹ�ŻǈǀºƯō�ƽŚºƷ��

Ʊō�ŢǀƫŚƘƟ�ƂƿřżƟř�ƾƯ�ŚƷ�ƱŚƄƳ�ŶƳřƺţ�����ŹŚºƸƯ�ƾƗƺºƳ�ƵŶºƴƷŵ
ŢƄĭźŝ���ŢºǀƫŚƘƟ�Śƿ�ƹ�ƾƷŚǀĭ�ƵŹŚƈƗ�Ǝſƺţ�ƾưƿżƳō�źƿŸě

ƩƺƬſ�ƾƳřźŞū�Ƃǀŝ�Ůƃźţ�Śŝ�ƵŶƘƯ�ƽŚƷ�ŶƃŚŝ�ƮƿżƳō�źţ���ŚƯř
ľǇŚưŤůř�ŻŚŘţƹźě�ŵŹƺƯ�Źŵ�Ƃǀŝ�ƱŚƯŻ��ƽřźŝ�ƽźţŹƺƔƴƯ�Ʋƿř�

Ţſř�ŻŚǀƳ���
ƲǀƫŚĪƫō�ŻŚţŚƠƀƟ��ŚƷ(ALPs)�ƮƿżƳō��żǀƫƹŹŶºǀƷ�ƽŚƷ���ƵŶºƴƴĩ

���Ư�ƕřƺºƳř�Źŵ�řŹ�šŚƠºƀƟ�Ƶƹźºĭ�ƝŸů�ƶĩ�ŶƴŤƀƷƺ�ƩƺºĪƫ��ŚºƷ��
ŶǀƳƺĪǀƳƺŘƳ�ƪƯŚƃ�ƲǀŘţƹźě��ŚƷ�ŶǀŗƺƫŚĪƫō�ƹ�ŚƷ�ŚƷ��ŶƳŹřŵ�ƵŶƸƗźŝ��

ƾưſ�ƾƿŚǀưǀƃ�šŚŞǀĩźţ��ƆųŚƃ��ƶºƿŸƜţ�ƽŚƷ���ŢºǀƫŚƘƟ�ƹ�ƽř
ALP��ƾººƯ�ƂƷŚººĩ�řŹ�ƷŵººƴŶ�(Yoshitake et al., 1966;  

Eguchi & Iwamoto, 1975)�����šŚºººƤǀƤŰţ�ŪƿŚººŤƳ�ƢººŞƏ� �
Senthil Nathan & Sehoon (2006)����ŪƳźºŝ�ƵŚǀĭ��ƵŶºƃŹŚưǀţ

�ŚŝƵŹŚƈƗ�Juss Melia azedarach���ŢǀƫŚƘƟ�ŮƐſALP��řŹŹŵ�
Ŝººƃ�Ƶźººě�C. medinalis�ŵřŵ�ƂƷŚººĩ��ƲǀººƴĤưƷ���ƶººƿŸƜţ

Fabricius Spodoptera litura�ƽƹŹ�.L Ricinus communis�
ŹŚưǀţ��Śŝ�ƵŶƃƲǀŤųřźƿŵřŻō���ŜŞſƂƷŚĩ����Ʋºƿř�ƱřżºǀƯ�ƲǀĮƳŚǀƯ
ƮƿżƳō��ÏÑ��ŹŚưǀţ�Żř�ŶƘŝ�ŢƗŚſ�ºƃŶ��Shekari et al. (2008)�
ƂƷŚĩ�ALP�řŹ�çÑ��ŢƗŚºſ����řŹ�Ʊō�ŶƿŶºƃ�ƂƿřżºƟř�ƹÑÕ�

ŶƳŵźĩ�ƁŹřżĭ�ŹŚưǀţ�Żř�ŶƘŝ�ŢƗŚſ�����řŹ�ƂƿřżºƟř�ŢºƬƗ�ƹ
źǀĭŹŵ�Ʈſ�ŢǀƫŚƘƟ�Źŵ�Ʊō�ƱŶƃ���ŶƴŤºƀƳřŵ�ƾºƿřŵŻ���Źŵ�ƶºŤŞƫř�

�ŢǀƫŚƘƟ�ƂƷŚĩ�źƋŚů�ƢǀƤŰţALP��çÑ��ƹÑí��ŶƘŝ�ŢƗŚſ
�ƂƷŚĩ�Ʋƿř�ƶĩ�Ŷƃ�ƵŶƷŚƄƯ�ŹŚưǀţ�Żř�ƾºƯ���ŶºƳřƺţ���ƪºǀƫŵ�ƶºŝ

�śŸū�ƹ�ƮƌƷ�ƾƿřŹŚĩ�Śŝ�ƮƿżƳō�Ʋƿř�ŢǀƫŚƘƟ�ƮǀƤŤƀƯ�ƶƐŝřŹ
�ŶƃŚŝ(Senthil Nathan & Sehoon, 2006)���
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ƮƸƯ�Żř�ƾĪƿ�ŻřźŤſř�ƮƿżƳō�Ʋƿźţ���Ʈºſ�ƽŚºƷ����ƶºĩ�ŢºſřŵŻ
ŶƳŚŝ�żǀƫƹŹŶǀƷ��Źŵ�ĨƿźŤſř�ƽŚƷ��ƵŶºƸƗźŝ�řŹ�ƾƿŚǀưǀƃ�šŚŞǀĩźţ

ŵŹřŵ�.(Hemingway & Karunatne, 1998)��ƮƿżƳōƱƺǀţŚţƺƬĭ�
ŻřźƠººƀƳřźţ�Žř��żººǀƳƸƯ�ƂººƤƳ���ƶººŝ�ŢººƯƹŚƤƯ�Źŵ�ƾººư

�ƵźºƄů��Ƃºĩ��ŵŹřŵ�ŚºƷ�(Zibaee et al., 2009)���ƢºǀƤŰţ�Źŵ�
źƋŚů����Žř�ƱƺǀţŚºţƺƬĭ�ƹ�ŻřźŤºſř�ŢǀƫŚƘƟ����Źŵ�ŻřźƠºƀƳřźţ

��ŢºƟŚƿ�ƂƷŚºĩ�žƳŚſř�ŹŚưǀţ��Zibaee & Bandani (2010)�
���ƵŹŚºƈƗ�ŢǀưºſA. annua�����ƾºſŹźŝ�ƭŶºƴĭ�Ʋºſ�ƽƹŹ�ƹ

�ƵŶƷŚƄƯŶƳŵźĩ�ƶƧ����ŻřźƠºƀƳřźţ�Žř�ƱƺǀţŚºţƺƬĭ�ƹ�ŻřźŤºſř��
�řŹ�ƂƿřżƟřçÑ���řŵ�ƱŚºƄƳ�ƵŹŚºƈƗ�ŹŚưǀţ�Żř�ŶƘŝ�ŢƗŚſ�ºƳŶ��� �

Ben Jannet et al. (2001)�ƾƯ�ƱŚǀŝ��ŶƴƴƧ�ƶƧ�ƵźƄů�ľǇŚưŤůř
Ʈſ�ƽřźŝ�ƮƿżƳō�ŢǀƫŚƘƟ�ƂƿřżƟř�ƹ�ƾƿřŵŻ�Ʈſ�ƽŚƷ��ƽĥźƳř�řŵŻ

ƾƯ�ƝźƇ�ƽŵŚƿŻ��ƂƷŚƧ�ƶŝ�źŬƴƯ�ƽĥźƳř�ƝźƈƯ�Ʋƿř�ƹ�ŶƴƧ
������ƪºŨƯ�Ŷºǀƫƺţ�ƂƷŚºƧ�Śºƿ�ƹ�ƾĭŶºƳŻ�ƵŹƹŵ�ƩƺƏ�ƂƿřżƟř�Śƿ

ƾƯ�ŵƺƃ���ƽŚƷƹŹǇ�ŹŵOstrinia furnacalis Guenee��Śŝ�ƶƧ
�ƱƺƬƴǀƀƧřźƟŹŚưǀţ��ƵŶƃŶƳŵƺŝ�����ƱƺǀţŚºţƺƬĭ�ƮƿżºƳō�ŢǀƫŚƘƟ

�ƹ�ŻřźƠƀƳřźţ�Žř�ƲǀƴĤưƷ�ŵźƨƳ�źǀǀƜţ�ƾƯƺưƗ�ƽŚƷŻřźŤſř
(Liu et al., 2008)��ƪǀŤſř�ƮƿżƳō�ŢǀƫŚƘƟ�ƲǀƫƺƧ��Źŵ�ŻřźŤſř

ƚƫŚŝ�šřźƄů��ƵƺºƸƣ�ƥźŬƳŻ��ƽřNilaparvata lugens Stal�
ŹŚưǀţ���ŢºƔƬƛ�Śºŝ�ƵŶƃ���ƽŚºƷæ�å��çÒ�å��ƹÒ�å��ƾºě��ƾºě�ƭř�

�ƾſŹźŝ�ƲǀŤųřźƿŵřŻō���ƶºƧ�Ŷºƃ�ƆŴºƄƯ�ƹ���ŢºǀƫŚƘƟ��Ʋºƿř
ƮƿżƳō��������ŢºƟŚƿ�ƂƷŚºƧ�ƲǀŤųřźºƿŵřŻō�ŢºƔƬƛ�ƂƿřżºƟř�Śºŝ

(Senthil Nathan et al., 2008)����ŢººǀƫŚƘƟ�Źŵ�źººǀǀƜţ
ƮƿżƳō��ŹŚºưǀţ�ƽŚƷƹŹǇ�Źŵ�ƾƃŹřƺĭ�ƽŚƷ�����žƳŚºſř�Śºŝ�ƵŶºƃ

�����ŮƐºſ�ƽƹŹ�Ţºſř�ƲºƨưƯ�žƳŚºſř�ƶĩ�ŵřŵ�ƱŚƄƳ�ƾƷŚǀĭ
ƮƿżƳō�Ʊō�ŢǀƫŚƘƟ�ƱřżǀƯ�ƹ�ŚƷ�ŶƃŚŝ�ƶŤƃřŵ�źǀŧŐţ�ŚƷ���

�ƽřŹřŵ�ŽƹŵƺųƺƐſř�ƵŚǀĭ�žƳŚſř��ƾĭŶƴºƄƧ�šřźŧř
�ƶºƿŸƜţ�ŶƋ�ƅřƺų�ƹ��Ŝºƃ�ƽƹŹ�ƽř���ŢºƄě�Ƶźºě���ƾºſŚưƫř

Ţſř��ƾƯ�ƱŚƄƳ�ŪƿŚŤƳ�Ʋƿř�ŵ���ƵŵŚƠŤºſř�ŵŹƺºƯ�žƳŚſř�ƶĩ�ŶƷ
ƵƹǈƗ�ŢƔƬƛ�Źŵ�ƶĪƴƿřźŝ���ƾºƄĩƹŹǇ�šřźŧř�ƽřŹřŵ�ǇŚŝ�ƽŚƷ
ƾƯ��ŶƃŚŝ�ŢƔƬƛ�Źŵ�źƿŻ�ƽŚƷ��ƵŶƴƄĩ�żǀƳƾƯ���ƶºŝ�źŬƴƯ�ŶƳřƺţ

ŵƺƃ�ƶƿŸƜţ�ƂƷŚĩ�ƹ�ƾĭŶƴƴĩŹƹŵ�źŧř���ƂƷŚĩ�Ʊō�ƾě�Źŵ�ƹ
ƹŹǇ�ƱŻƹ�ƶŝ�ƹ�ŚƷ���ºƋ�ƪºƯŚĩ�šřźƄů�ƱŶƯō�ŵƺūƹ�řŹ�ƞǀƘ

ƶŝ�ŶƃŚŝ�ƶŤƃřŵ� ƵřźưƷ��ưƷƲǀƴĤ��źŧř�ŢºƄĭźŝ�šř���ƽźƿŸºěŚƳ
ƮƿżƳō�ƹ�ƮƀǀƫƺŝŚŤƯ�ƽƹŹ�Ʈſ�ƽŚƷ��ŶƷřƺų�řŵŻ�Ţºƃřŵ����řŸºƫ

����šŹƺºƇ�šŚºƘƫŚƐƯ�ƹ�źºƋŚů�İºſŹźŝ�ƶŝ�ƶūƺţŚŝ���ƶºŤƟźĭ
�ƎſƺţŚſƿƤƤŰƯ�źǀƲ��ĭǀƹŹřŵ�ƵŚƾƿ���ƶºƳƺĭ�ŽƹŵƺųƺƐſř

ĭǀİſŹźŝ�įřźŝ�İŞſŚƴƯ�İƷŚ�ŝ�įŚƷǀ��ƩźºŤƴĩ�ŢƸū�Źŵ�źŤƄ
Ŝƃ�ŢƟō�ŢƄě�Ƶźě��Śºſ�İŤů�ƹ�İſŚưƫřƿ�Ƭĩ�šŚºƟō�ź�ºǀ�įŶ

ŵƿ�İƯ�źĮŶƃŚŝ���
��
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