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Abstract 
In order to increase the efficiency of essential oils, the use of formulations with controlled release of the oil 

encapsulated in micro- and nano-scales would be the best option. In this research, the antifeedant activity of 
nanoencapsulated essential oil of Carum copticum C. B. Clarke was investigated on Plutella xylostella (L.) larvae. 
To determine the nutritional indices of the larvae affected by the formulated essential oil, weight of ingested food, 
larval biomass and weight of feces produced were recorded daily for three days. The experiments were conducted 
at 27 ± 1°C, 65 ± 5% RH and photoperiod of 16: 8 h light: dark. Results indicated a significant decrease in 
nutritional indices such as relative consumption rate, relative growth rate, efficacy of conversion of ingested food 
and efficacy of conversion of digested food as concentration of the oil increased. Moreover, digestibility was 
decreased significantly, 72 h after feeding. However, feeding deterrence index was not significantly increased as 
compared with control. The finding led to a conclusion that nanoencapsulated oil has potential to control release 
of the essential oils and increase in post-ingestive toxicity of the insect. 
Key words: Plutella xylostella, Carum copticum, nanoencapsulation, plant essential oil, nutritional indices 

��
ƶƯŶƤƯ��
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Pillmoor et al. (1993)�ƾƯ�ŦƗŚŝ���ŵźŝŹŚºƧ�Żř�ƪŞƣ�ƶƧ�ŵƺƃ
žƳŚſř��ƲŤƟŚƿ�źƨƟ�ƶŝ��šŚƟō�ƩźŤƴƧ�Źŵ�ŚƷƁƹŹ���ƽŶºƿŶū
�ŵƺºŝ�žƳŚººſř�ƾƿřŹŚººƧ�Śººţ��ŶººƷŵ�ƂƿřżººƟř�řŹ�ŚºƷ���Żř�ƾººƨƿ
ƮƸƯ�ƁƹŹ�Ʋƿźţ��ŵŚŬƿř�ƹ�ŶƿŶū�ƱƺǀſǇƺƯźƟ�Żř�ƵŵŚƠŤſř��ŚƷ

ƾƯ�ƶƧ�Ţſř�ƾţřźǀǀƜţ�žƳŚſř�ƽƹŹ�ŶƳřƺţ����ŵƺºƃ�ƩŚºưƗř�ŚƷ
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ŵŹřŵ�ƩƺƈŰƯ�ƕƺƳ��ƶŝ���ƂƷŚºƧ�ƹ�ƽŶƯōŹŚƧ�ƂƿřżƟř�ŹƺƔƴƯ
ŢƀƿŻ�šřźƐų���ƾƐǀŰƯƶŝ���ƾºƯ�źºƔƳ����ŶºſŹ��ƱƺǀºſǇƺƯźƟ
ƩźŤƴƧ�ƂƿŚƷŹ���ƵŶºƃ(controlled release)����ƶºƴƿżĭ�ƲƿźºŤƸŝ

��ŶƃŚŝ�(Maji et al., 2007)��ƲƿřŻř�ƹŹƀĜƧ��ƶƫƺ��žƳŚſř�ƱŵźƧ
��������ƂƿŚºƷŹ�ƾƿŚºƳřƺţ�ŵŚºŬƿř�ŦºƗŚŝ�ƹźºĪǀƯ�ƹ�ƺƳŚºƳ�ƭźºƟ�ƶŝ

ƩźŤƴƧ��ƹ�źǀŧŐţ�ƂƿřżƟř��ƵŶƃ�ŢǀƫŚƘƟƿŻİŤƀ�ƾƳǇƺƏ��źºţ��Ʊō
ƾƯ�ŵƺƃ�.(Lai et al., 2006)��ƶƿŸƜţŶºƋ�šřźŧř�ƶĩŚŬƳōŻř��ƽř

ƱŚǀƳŻ�ƵŚǀĭ�žƳŚſř��Carum copticum C. B. Clarke��Żř�ƪŞƣ
�ƵŶǀſŹ�šŚŞŧř�ƶŝ�ŵƺºŝ�(Sahaf & Moharramipour, 2009)��

�řŸƫţŐŧǀ�źŶƋƶƿŸƜţ�����žƳŚºſř�ƩƺºƀĜĩƺƳŚƳ�ƱƺǀºſǇƺƯźƟ�ƽř
Ŝƃ�ƽƹŹ�ƵŚǀĭ�Ʋƿř�Ƶźě�į������ƾºſŹźŝ�ŵŹƺºƯ�ƾºſŚưƫř�ŢºƄě
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ưººſǀººƀƠƴţ�Ţƾ�ƳŻ�žƳŚººſřººǀƹŹ�ƱŚƽ��ƚƫŚººŝ�šřźººƄů

Sitophilus oryzae (L.)�ƹ�Tribolium castaneum (Herbst)��
�ƹ��żºǀƳ��ŶºƃŹ�ƪºůřźƯƽ�Callosobruchus maculatus (F.)�

(Sahaf et al., 2007; Sahaf & Moharramipour, 2008)�ƹ�
Ŝººƃ�Ƶźººě�į�ƽŶººƴƷ��Plodia interpunctella (Hubner)��

(Shojaaddini et al., 2008)�ººſŹ�šŚººŞŧř�ƶººŝǀŢººſř�ƵŶ��
İſŹźŝ�įŚƷ�ƭŚŬƳř�ŵŶƘŤƯ�Ư�ƱŚƄƳ�ƵŶƃƾ��ŹřźƟ�ŵřƺƯ�ƶĩ�ŶƷŵ

ŢƔƬƛ�Źŵ�žƳŚſř�ŚƷƽ�Żƿź�ľŚƯƺưƗ�ƵŶƴƄĩ�ƵŻŚūř�į�ŸƜţ�ºƿ�ƶ
���ƶººŝ�ƹ�ƵŵřŶºƳ�řŹ�šřźºƄů�ƶºŝ���ĭŶººƳŹřŵŻŚŝ�šřźºŧř�šŶºƃƾ�

ŸƜţ�ºƿƶ�řƽ���ŶºƳŹřŵ(Negahban & Moharramipour, 2007; 

Sahaf & Moharramipour, 2008)��ƶŝ�ưƷǀƫŵ�Ʋ�ºǀ��šřźºŧř�ƪ
ưſǀŸƜţ�Ţƿƶ�řƽ�žƳŚſř��ŚºƷƽ�ĭ�ºǀƷŚƾ��ƶºŝ��ŝƺºųƾ���ŹŚĪºƃō

Ţſř�ƵŶƄƳ��řźŝŚƴŝƿƲ������šřźºƄů�Źŵ�ƱŻƹ�ƂƷŚºĩ�ƪºƯřƺƗ
ţǀŹŚư����ĭŶºƳŹřŵŻŚŝ�šřźºŧř�ƶºŝ�ƵŶƃƾ�ŸƜţ�Żř�śŚºƴŤūř���ºƿ�ƹ�ƶ

Įƴſźĭ�ƪưŰţƾ��ŹŵŢſř�ƵŶƃ�Ƶŵřŵ�ŢŞƀƳ�ƂƿŚƯŻō�ƩƺƏ��
�ƶĩŚŬƳōŻř�Źŵ��ŶºƿŶū�ƱƺǀºſǇƺƯźƟ���žƳŚºſř����ƾƷŚºǀĭ�ƽŚºƷ

ƾƯ�ƶƫƺƀĜĩ���Őºţ�ƶºĩ�Ţſř�Ʊō�ŹŚƔŤƳř��ŶƳƺƃŧǀ�ź��ƾĭŶºƳŹřŵŻŚŝ
ƶƿŸƜţ�ŝ�žƳŚſř�ƽřŶŝŚƿ�ƂƷŚĩ�ƲĪưƯ�ƪƣřŶů�ƶ���řŸƫƿ�ºĪƾ�

ƬƇř�ƝřŶƷř�Żřƾ�ř�ƂƷƹĦěƿ���ƱŚºĪƯř�šřźºƄů�ƶĩ�Ţſř�Ʋ
ŸƜţººƿřŸººƛ�Żř�ƶƽ�žƳŚººſř��ƶŤººƃřŵ�řŹ�Źřŵ�ŶƴººƃŚŝ�šřźººŧř�ƹ
ưſǀŸƜţ�Żř�žě�Ţƿƶ�řƽ�ĭ�žƳŚſřǀƷŚƾ�ſŹźŝ�ŵŹƺƯƾ��Źřźƣ
ĭǀŵź��ƶŝ�ƵƹǈƗ��ſǇƺƯźƟ�ƶĩŚŬƳōŻřǀƸţ�Ʊƺ�ºǀƶ����śō�Śºŝ�ƵŶºƃ
ƣŹǀƯ�Ƣƾ�ŵƺƃ��Ưƾ��ºſǇƺƯźƟ�Ʊřƺţǀ�ơƺºƟ�Ʊƺ�ƹŹ�řŹƽ�ĭ�ºǀ�ƵŚ

ƗřŹŻƾ�ŚƯŻōƿŵƺưƳ�Ƃ��ř�Źŵ�řŸƫƿ�ƂƷƹĦě�ƲƲǀƫƹř�ƽřźŝ���ŹŚºŝ



ƳƶƯŚ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���æ���ÎÐîç����������������������                                      ���������������������������������������������������ÏÒ 

ţŐŧǀź�ŸƜţŶƋƿƶ�řƽ�ſǇƺƯźƟǀ���ƵŚºǀĭ�žƳŚºſř�ƩƺƀĜĩƺƳŚƳ�Ʊƺ
�ƱŚǀƳŻ�ƽƹŹŜƃ�ƹŹǇ�Ƶźě�į�ſŚưƫř�ŢƄěƾ����ƾºſŹźŝ�ŵŹƺºƯ

ŢƟźĭ�Źřźƣ���
��

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
ƶǀƸţ��ƽƵŚǀĭ��ƹƁŹƹźě�źƄůƵ��

�ƾƷŚĮƄƳřŵ�ŵŚƸū�šŚƤǀƤŰţ�żƧźƯ�Żř�ƱŚǀƳŻ�ƵŚǀĭ�ŹƹŸŝ
ƸţǀŶƃ�ƶ���ŹƹŸŝ�ƲƿřŢĩŚě�Źŵ�ƶŤƀŝ�ƽŸƛŚĩ�ƽŚƷ��Źŵ�ƹ�ƽŶƴŝ

�ŹżƿźƟ�Źŵ�ƽŚƯŵÏÑ��ƶūŹŵ�į�ƶĮƳ�ŽƺǀƀƬſ�ŶƳŶƃ�ƽŹřŵ���
Ŝƃ�Ƶźě�į�ŢƄě��ƾºſŚưƫř��P. xylostella����ĨºƣŚţř�Źŵ

�ƽŚƯŵ�Śŝ�ŶƃŹÎ�t�ÏÔ�ƶūŹŵ�į�ƾŞƀƳ�ŢŝƺƏŹ��ŽƺǀƀƬſ�
Ò��t�ÓÒ�ƵŹƹŵ��ŶƇŹŵ�į��ƽŹƺƳÎÓ���ƹ�ƾƿŚƴºƃƹŹ�ŢƗŚſÕ�

ĩ�ƵŚǀĭ�ƽƹŹ�ƾƨƿŹŚţ�ŢƗŚſ�ƮƣŹ�řżƬOpera���Ƶŵřŵ�ƁŹƹźºě
Ŷƃ���
��

ƶǀƸţ�į�žƳŚſř��
ƶǀƸţ�ŢƸū�į�������Śºŝ�ƱŚºǀƳŻ�ƵŚºǀĭ�ŹƹŸºŝ�řŶºŤŝř��žƳŚſř

��ŶƳŶººƃ�ŵźººų�ƾººƣźŝ�Ʋĩŵźººų�Ĩººưĩ����ŢººŝƺƳ�źººƷ�Źŵ
žƳŚſř�ƽźǀĭ��ÑÍ����Śºŝ�ƵŚºǀĭ�ŹŸŝ�ƭźĭÓÒÍ��ƾºƬǀƯ���śō�źºŤǀƫ

�žƳŚºſř�ƵŚĮŤſŵ�Żř�ƵŵŚƠŤſř�Śŝ�źƐƤƯ���ƶºƄǀƃ�źºǀĭ���ƩŶºƯ�ƽř
Clevenger��ƂƷƹĦººě�ƱŚƯŻŚººſ�ŢųŚººſ��ƾººưƬƗ�ƽŚººƷ�ƹ

Ʊřźƿř�ƾŤƘƴƇ���ƽŚƯŵ�ŹŵÎÍÍ�ƶūŹŵ�į�ƶŝ�ŽƺǀƀƬſ��ƁƹŹ
žƳŚſř�śō�Śŝ�źǀƐƤţ�Ŷƃ�ƽźǀĭ��žƳŚſř�ƱŚƯŻ���ƽřźºŝ�ƽźǀĭ

�ƶƳƺưƳ�źƷŹŚƸģ�ŵƺŝ�ŢƗŚſ��žƳŚſř�Ɩưū�ƽŚƷ�ƽŹƹō���ƵŶºƃ
��śō�ƮƿŶºſ�šŚƠƫƺºſ�Ĩưĩ�Śŝ������ƱŚºƯŻ�Śºţ�ƹ�ƵŶºƃ�ƽźºǀĭ

ƵŵŚƠŤſř��ƶƄǀƃ�ƝƹźƓ�Źŵ����ƮºŬů�ƶºŝ�ƽřÏ��ƾºƬǀƯ����Śºŝ�źºŤǀƫ
Ŵƿ�ƪųřŵ��ƾƯƺǀƴǀƯƺƫō�ƁƺěƹŹ�ƩŚĤ�Źŵ�ƽŚƯŵÑ��ƶºūŹŵ�į�

ƶĮƳ�ŽƺǀƀƬſ�ŶƳŶƃ�ƽŹřŵ�(Negahban et al., 2006)���
��

ƶǀƸţ�į�ƺƳŚƳ�ƱƺǀſǇƺƯźƟ�ƾƷŚǀĭ�žƳŚſř�ƩƺƀĜƧ��
ƶǀƸţ�ƽřźŝ�į����ŹŸºŝ�žƳŚºſř�ƩƺƀĜĩƺƳŚƳ�ƱƺǀſǇƺƯźƟ

ƳŻ�ºººººǀ��ƮºººººƷ�ƱƺǀºººººſřźưǀƬě�ƁƹŹ�Żř�ƱŚ��ƱŚºººººƯŻ�� �

(in situ polymerization technique)�ƶŝ���ƾƳƺǀºƀƫƺƯř�ƁƹŹ
��śō�Źŵ�ƲºƛƹŹ(O/W)����Ŷºƃ�ƵŵŚƠŤºſř(Negahban et al., 

2012)��ƶººŝ�ƶººƇǈų�ŹƺººƏ��žƳŚººſř�ƶººŝ�ƱřƺººƴƗ�ƶŤººƀƷ�į�
ƺƳŚºººƳ�ƩƺºººƀĜĩ�ƹ�ƵŹƹř�ƹ�ŶºººǀƿŶƫŚƯźƟ�ÐÔ��ƶºººŝ�ƱřƺºººƴƗ�
Ƃǀě�ƽŚƷźưǀƬě��(U-F)�ƵŹřƺƿŵ�į�ŚƳƺƳ�ƩƺƀĜĩ�śŚŴŤƳř�ŶƳŶƃ��
ƶŝ�ŹƺƔƴƯ�ƶǀƸţ�į�Ƃǀě�źưǀƬě�Żř��ŹƺºŤĩřŹ��żºƸŬƯ��ƶºŝ��ƮºƷ�ƱŻ�

ƾĪǀƳŚĪƯ�Ŷƃ�ƵŵŚƠŤſř��ŶƘŝ�Żř�ƵŵŚƯō�ŶƃƱ�Ƃǀě��źºưǀƬě�ƵŹƹř�
�ƹŶǀƿŶƫŚƯźƟ�(U-F)��ƾƀƫƺƯř�źƿŚƟ�Ï��ƶŝ��šŹƺƇŬƿŹŶţƾ�ƹ�

žĜſ�žƳŚſř�ƶŝ�šŹƺƇ�ƵźƐƣ�ƵźƐƣ�ƶƟŚƋř�Ŷƿŵźĭ���Żř�žě
Źŵ� Ʊō�pH�ſřǀŶƽ�ƵŹřƺƿŵ�į��ƾºƬě�ƵŹƹř�Ɵ�ŶºǀƿŶƫŚƯź��ĪºƄţǀ�ƪ

ƃŶ��ŶƘŝ�Żř�ŢƃŸĭ�ŹŚƸģ�ŢƗŚſ��ƪĪƃ�ƩƺƀĜĩƺƳŚƳ��ƽŚºƷ�
ƪǀĪƄţ�ƵŶƃ�Źŵ�ƲƿźŤƸŝ��ŢºƫŚů��ŵƺºų��ƒºƠů�ƹ���ŢºƿŚƸƳŹŵ

ƀƳŚĜſƺſǀƱƺ�ƩƺƀĜĩƺƳŚƳ�ƶŝ�ƁƹŹ�ƽŵŚưŬƳř�ĨƄų�Ŷƃ���
��

ƶƿŸƜţ�ƆųŚƃ�ƾſŹźŝ�ƱƺǀſǇƺƯźƟ�ƽř���žƳŚºſř�ƩƺƀĜĩƺƳŚƳ
Ŝƃ�ƹŹǇ�ƽƹŹ�ƱŚǀƳŻ�ƵŚǀĭ�Ƶźě�į�ŢƄě�ƾſŚưƫř��

ƽřźŝ�ŻŹřƿŝŚƾ���ƅřƺºų�ŶºƋţŸƜƿƶ�řƽ��ºſǇƺƯźƟǀ�Ʊƺ
ƹŚů�ƩƺƀĜĩƺƳŚƳƽ��ĭ�žƳŚºſř�ºǀƳŻ�ƵŚ�ºǀ�ŢºƔƬƛ�Żř��ƱŚ��ŚºƷƽ�

LC10��LC15��ƹLC25�ưººººſ�Żř�ƪººººƇŚůǀŸƜţ�Ţººººƿƶ�řƽ�
ſǇƺƯźƟǀĭ�žƳŚſř�ƩƺƀĜĩƺƳŚƳ�Ʊƺ�ºǀƳŻ�ƵŚ�ºǀƱŚ���ƶºŝ�ţźţ�ºǀ�Ŝ
èÓîÓ��ÑÑÓÑ��ƹÓæçå�ěƾ�ěƾ�ƆƫŚų�žƳŚſř�ƭř����ƵŵŚƠŤºſř
Ŷƃ��ŹŚưǀţ��ŶƷŚƃƪƯŚƃ�ſǇƺƯźƟǀ���žƳŚºſř�ƱƹŶºŝ�Ʊƺ�ƺºŝ�ŵ

(Jamal, 2012)��ĭ�īźŝ�źƷǀƶŝ�řżƬĩ�ƵŚ�ŸƜţ�ŮƐſ�ƱřƺƴƗƿƶ�į�
ƶŝ�šřźƄů��šŶƯèå�ƳŚŧǀ�Źŵ�ƶÒ�ƯǀƬƾ�ƫǀƶƏƺƛ�ƩƺƬŰƯ�źŤ��Źƹ
�žĜſ�ƹçå�ƣŵǀŻ�ƶƤƿŴŞţ�Ʃǈů�Śţ�Ŷƃ�ƶŤƃřŸĭ�ŵƺƷ�ź�ºǀ�ź

ŵƺººƃ��řźººŝƽ�ŚººƯŻō�ƕƹźººƃƿŚººƷƹŹǇ�Żř�Ƃƽ��ƭƺººſ�Ʋººſ
Ŝƃ�Ƶźě�į�ŢƄě�ſŚưƫřƾ��Ŷºƃ�ƵŵŚƠŤſř���ŚºƷźŤƯřŹŚěƽ���ŵŹƺºƯ
ŻŹřƿŝŚƾ��řŸºƛ�ŹřŶƤƯ�ƪƯŚƃƽ��ŵŹƺºųƵ���řżºƟř��ƵŶºƃƿ�ƱŻƹ�Ƃ

ƫƺţ�šǇƺƌƟ�ŹřŶƤƯ�ƹ�ƹŹǇǀŶ��ŵƺŝ�ƵŶƃ��ƶºƧ�ƶºŝ���šŶºƯ�ƶºſ�
ŸƜţ�ŻƹŹƿŚƷƹŹǇ�ŹƺƸƓ�ƱŚƯŻ�Żř�ƶƽ����Śě�Śºţ�ƭƺºſ�Ʋºſ�ºƿ�ƱŚ

ƶŝ�ƭŹŚƸģ�Ʋſ�ƹŹǇ�ƶƳřŻƹŹ�ŹƺƏ�ŶƳŶƃ�ƾŝŚƿŻŹř���ŵŹƺƯ�ƱŻƹ
řźŝ�ƵŵŚƠŤſřƽ�żŬţƿƬŰţ�ƹ�ƶǀ��ĨºƄų�ƱŻƹ��ƪ�ŵƺºŝ���řźºŝƽ�



ÏÓ                                                                        ƩŚưū�ƱřŹŚƨưƷ�ƹ��ƱŚǀƳŻ�ŹŸŝ�žƳŚſř�ƩƺƀĜĩƺƳŚƳ�ƱƺǀſǇƺƯźƟ�ƾƿōŹŚĩ������

�ƶŞºſŚŰƯ�į�ĨººƄų�ƱŻƹ��īźººŝ��ŚºƷƽ��Źŵ�ƵŵŚƠŤººſř�ŵŹƺººƯ
�ŚºƯŻōƿƂ��ƫƺţ�šǇƺºƌƟ��ŚººƷººǀŶ��ŚººƷƹŹǇ�ƹ�ƵŶºƃƽ��ƶŝŚººƄƯ
ŚƷƹŹǇƽ�ƶŝ�ŚƯŻō�Źŵ�ƶŤƟŹ�ŹŚĩƿ�Ƃ�ŹŵŪƴě�ŹřźĪţ��Ʊƹō�ƪųřŵ
ÓÒ�ƶūŹŵ�į�ƀƬſǀ�Žƺƶŝ��šŶƯƹŵ�ŻƹŹ��Ƶŵřŵ�Źřźƣ�ŶƳŶºƃ��

�žĜſ�ĨƄų�ƱŻƹƱō�Śŝ�ŚƷ��ƹŻřźºţƽ��ºƿĨ�Ƶŵ����ƭźºĭ�ƭŹřżºƷ
ƶŝ�ŶƯō�Ţſŵ���Ƙţ�Żř�žºě�ǀºǀ���ĨºƄų�ƱŻƹ�ŹřŶºƤƯ�Ʋ(mg)��

ƆųŚƃ�Ź�Żř�ƵŵŚƠŤſř�Śŝ�ƶƿŸƜţ�ƽŚƷƶƐŝř�ŚƷƽ�Żƿź���ƶŞºſŚŰƯ
ººƃŶ�(Waldbauer, 1968)���Źŵ�ƂƿŚººƯŻōÔ��ƹ�ŹřźººĪţ�Źŵ
řźƃƿŚƯŵ�Ǝƾƿ�Î�t�ÏÔ�ƶūŹŵ�į�ƀƬſǀ�Žƺ�ŞƀƳ�ŢŝƺƏŹƾ�
Ò�t�ÓÒ���ŶƇŹŵřźƃƿŹƺƳ�Ǝƽ�ÎÓ���ƹ�ƾƿŚƴºƃƹŹ�ŢƗŚſÕ�

ƾƨƿŹŚţ�ŢƗŚſ�ƭŚŬƳř�ŢƟźĭ����
��

�� RCR (mg/mg/day) = Wi / (T × W0)� 
��ƶƐŝřŹ�Ʋƿř�ŹŵRCR��ƆųŚƃ��űźºƳ��ƝźºƈƯ�ŞºƀƳƾ���řŸºƛ

(Relative consumption rate)��Wi��ĨººƄų�ƱŻƹ(mg)�
řŸƛƽ�ƵŵŹƺų�ƶŝ�ƵŶƃ�řŻřƽ��ƱŚƯŻ�Żř�žě�ƹŹǇ�źƷT����ƱŚºƯŻ
ŸƜţƿƶ�į��řŸƛ�Żř�ƹŹǇ�Ŝƀů�źŝŻƹŹ��ƹ�W0���ĨºƄų�ƱŻƹ

(mg)�ƫƹřǀƶ�į�ŸƜţ�Żř�ƪŞƣ�ƹŹǇ�źƷƿƶ�Ţſř���
��

�� RGR (mg/mg/day) = (Wt � W0) / (T × W0) 

���ƶººƐŝřŹ�Ʋººƿř�ŹŵRGR����ŞººƀƳ�ŶººƃŹ�űźººƳ�ƆųŚººƃƾ�� �
(Relative growth rate)��ƹWt��ĨƄų�ƱŻƹ(mg)��ƹŹǇ�źƷ

ŸƜţ�Żř�žěƿĥŹ�Żř�ƶƿřŸƛ�Ʈƾƿ��šŶƯ�ŹŵT�Ţſř���
��

�� ECI (%) = [(Wt � W0) / Wi] × 100 

���ƶººƐŝřŹ�Ʋººƿř�ŹŵECI��ƆųŚººƃ�ŶººŞţ�ƵŵŻŚººŝƿřŸººƛ�ƪƽ�
�ƵŵŹƺºų���ƵŶºƃ(Efficacy of conversion of ingested food)�
Ţſř���

��
�� ECD (%) = [(Wt � W0) / (Wi � Wf)] × 100 

��ƶººƐŝřŹ�Ʋººƿř�ŹŵECD�ƆųŚººƃ�ŶººŞţ�ƵŵŻŚººŝƿřŸººƛ�ƪƽ�
ƮƌƷ��ƵŶºƃ�(Efficacy of conversion of digested food)��ƹ

Wf�ƱŻƹ�ĨƄų�(mg)�ƫƺţ�šǇƺƌƟǀŶ���ƶºŝ�ƵŶºƃ�řŻřƽ���źºƷ
ƹŹǇ�Ţſř���
��

�� AD (%) = [(Wi � Wf) / Wi] × 100 

�Ʋººƿř�Źŵ��ƶººƐŝřŹAD�ƮººƌƷ�ƾººŞƿźƤţ�ƆųŚººƃ��ƾĭŶƳƺººƃ
(Approximate digestibility)�Ţſř���

��
�� FDI (%) = [(C � F) / C] × 100 

���ƶººƐŝřŹ�Ʋººƿř�ŹŵFDI��ƆųŚººƃĭŶººƳŹřŵŻŚŝƾ�ƶººƿŸƜţ�ƽř�
(Feeding deterrence index)��C�ƵŵŹƺų�ƽřŸƛ�ŹřŶƤƯ��ƵŶƃ

(mg)��ƶººŝ�ŶƷŚººƃ�Źŵ�řŻřƽ�ƹŹǇ�źººƷ��ƹF���ƽřŸººƛ�ŹřŶººƤƯ
ƵŵŹƺų��ƵŶƃ(mg)�ţ�Źŵƶŝ�ŹŚưǀ�řŻřƽ�ƹŹǇ�źƷ�Ţſř���

��
ƹ�ƶƿżŬţ ƽŹŚƯō�ƪǀƬŰţ��

żŬţ�Żř�ƪŞƣƿƶ�į�ŹŚƯōƽ�Ƶŵřŵ�ƩŚƯźƳ��ŚƷ��ƱŵƺŝƱō���Śºŝ�ŚƷ
ƭźƳ�Żř�ƵŵŚƠŤſř���ŹřżºƟřMINITAB14��ºſŹźŝƾ���šŹƺºƇŹŵ�ƹ

Ƴǀ�ŻŚŚŝ��ƶºƐŝřŹ�Żř�ƵŵŚƠŤſř�į�Arcsine
100
X���ŶƳŶºƃ�ƩŚºƯźƳ��

řźŝƽ�ŚƤƯƿƶƀ�į�ŢƔƬƛ�źŧř�ŚƷƽ��ºſǇƺƯźƟ�źƷ�ƞƬŤŴƯǀ�Ʊƺ
ƹŹƽ�ƆųŚƃ�ŚƷƽ�ŸƜţƿżŬţ�Żř�ƶƿƶ�į�Źřƹƿ�žƳŚƿĨ���ƶºƟźƏ

��ºƴƘƯ�šŹƺºƇŹŵ�ƹ�Ŷƃ�ƵŵŚƠŤſřƾ�Źřŵ���Ư��ƱŶºƃ�ºǀĮƳŚǀƲ���ŚºƷ
�ĩƺººţ�ƱƺººƯŻō�Ǝººſƺţƾ��ŮƐººſ�ŹŵÒ��ŚƤƯƿŶƳŶººƃ�ƶººƀ��
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ÏÕ                                                                        ƩŚưū�ƱřŹŚƨưƷ�ƹ��ƱŚǀƳŻ�ŹŸŝ�žƳŚſř�ƩƺƀĜĩƺƳŚƳ�ƱƺǀſǇƺƯźƟ�ƾƿōŹŚĩ������
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ƩƹŶū�Î��źŧř�ſǇƺƯźƟǀƱƺ�ƩƺƀĜĩƺƳŚƳ�žƳŚſř�ĭǀƳŻ�ƵŚǀƱŚ��Carum copticum��Źŵ�ŢƔƬƛ�ƽŚƷ���ƞºƬŤŴƯ�ƽƹŹ��ƆųŚºƃ��ƽŚºƷ�
ƶƿŸƜţ�ƽř�ƹŹǇ�ƭƺſ�Ʋſ�Plutella xylostella�Żř�ŶƘŝÏÑ�ŸƜţ�ŢƗŚſƿƶ���

Table 1. The effect of different concentrations of nanoencapsulated essential oil of Carum copticum on nutritional 
indices of Plutella xylostella third instar larvae after 24 h feeding. 

 
Nutritional indices (Mean ± SE) 

Concentration�
(ppm) FDI 

(%) 
AD 
(%) 

ECD 
(%) 

ECI 
(%) 

RGR 
(mg/mg/day) 

RCR 
(mg/mg/day) 

- 1.591 a���93.84��a�1.644���7.31��b�0.105���2.77��a�0.145���1.21��a�3.679���28.82 0 
a�0.756���32.00 2.135 a���91.24��a�1.472���5.29��ab�1.209���4.66��a�0.051���0.91��ab�3.797���22.82��3696 
a�1.229���33.71��a� 2.115��91.11��a�1.428���6.73��ab�1.117���5.96��a�0.045���0.92��ab�3.461���19.15��4464 
a�0.535���35.00��a�2.471���88.65��a�1.800���8.15��1.702 a���8.07��a�0.108���1.13��b�1.639���12.18��6120 

Means followed by the same letters in each column do not differ significantly using Tukey's test at P < 0.05. 
RCR = Relative consumption rate, RGR = Relative growth rate, ECI = Efficacy of conversion of ingested food, ECD = Efficacy of conversion of digested 
food, AD = Approximate digestibility, FDI = Feeding deterrence index. 

��
�ƩƹŶūÏ��źŧř�ſǇƺƯźƟǀƱƺ�ƩƺƀĜĩƺƳŚƳ�žƳŚſř�ĭǀƳŻ�ƵŚǀƱŚ��Carum copticum��Źŵ�ŢƔƬƛ�ƽŚƷ���ƞºƬŤŴƯ�ƽƹŹ��ƆųŚºƃ��ƽŚºƷ�

ƶƿŸƜţ�ƽř�ƹŹǇ�ƭƺſ�Ʋſ�Plutella xylostella�ŶƘŝ��ŻřÑÕ�ŢƗŚſ�ŸƜţƿƶ���
Table 2. The effect of different concentrations of nanoencapsulated essential oil of Carum copticum on nutritional 

indices of Plutella xylostella third instar larvae after 48 h feeding. 
 

Nutritional indices (Mean ± SE) 
Concentration�
(ppm) FDI 

(%) 
AD 
(%) 

ECD 
(%) 

ECI 
(%) 

RGR 
(mg/mg/day) 

RCR 
(mg/mg/day) 

- a�1.082���93.84��a�0.661���4.55��a�0.475���3.94��a�0.178���1.72��a�3.513���42.50��0 
a�0.896���24.43��1.199 a���93.19��ab�0.539���3.29��ab�0.385���2.78��b�0.066���0.91��b�2.194���30.21��3696 
a�0.896���26.57��a�1.094���91.10��b�0.370���1.89��b�0.322���1.71��b�0.127���0.59��b�2.437���33.70��4464 
a�1.056���27.86��a�1.294���90.00��b�0.178���1.64��0.150 b���1.47��b�0.055���0.49��b�1.926���27.73��6120 

Means followed by the same letters in each column do not differ significantly using Tukey's test at P < 0.05. 
RCR = Relative consumption rate, RGR = Relative growth rate, ECI = Efficacy of conversion of ingested food, ECD = Efficacy of conversion of digested 
food, AD = Approximate digestibility, FDI = Feeding deterrence index. 

��
ƩƹŶū�Ð��źŧř�ſǇƺƯźƟǀƱƺ�ƩƺƀĜĩƺƳŚƳ�žƳŚſř�ĭǀƳŻ�ƵŚǀƱŚ��Carum copticum��Źŵ�ŢƔƬƛ�ƽŚƷ���ƞºƬŤŴƯ�ƽƹŹ��ƆųŚºƃ��ƽŚºƷ�

ŸƜţƶƿ�ƽř�ƹŹǇ�ƭƺſ�Ʋſ�Plutella xylostella��ŶƘŝ�ŻřÔÏ�ŢƗŚſ�ŸƜţƿƶ� 
Table 3. The effect of different concentrations of nanoencapsulated essential oil of Carum copticum on nutritional 

indices of Plutella xylostella third instar larvae after 72 h feeding. 
 

Nutritional indices (Mean ± SE) 
Concentration�
(ppm) FDI 

(%) 
AD 
(%) 

ECD 
(%) 

ECI 
(%) 

RGR 
(mg/mg/day) 

RCR 
(mg/mg/day) 

- a�1.030���92.97��a�0.236���3.55��a�0.212���3.46��a�0.212���1.42��a�7.598���57.39��0 
a�0.522���26.29��0.346 ab���88.63��ab�0.459���2.91��a� 0.392��2.60��ab�0.135���1.18��ab�5.287���41.12��3696 
a�0.800���27.14��ab�1.763���87.05��bc�0.265���1.82��b�0.205���1.56��bc� 0.125��0.62��ab�3.989���38.12��4464 
a�0.680���28.71��b�1.420���86.45��c�0.183���1.38��0.141 b���1.18��c�0.069���0.50��b�1.912���36.73��6120 

Means followed by the same letters in each column do not differ significantly using Tukey's test at P < 0.05. 
RCR = Relative consumption rate, RGR = Relative growth rate, ECI = Efficacy of conversion of ingested food, ECD = Efficacy of conversion of digested 
food, AD = Approximate digestibility, FDI = Feeding deterrence index. 
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ƾººƴƘƯ��ƩŚººưŤůř�ŮƐººſ�Źŵ�ƽŹřŵÒ��ŵƺººŝ��ÑÐÎ�ÐF = ��� �
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çÑ�,Ðdf = ���ÍÐÐ�ÍP = �����řżºƟř�Śºŝƿ�ŢºƔƬƛ�Ƃ����ŹřŶºƤƯ
ƮƌƷ�ƆųŚƃ�ĭŶƳƺƃƾ��ƂƷŚĩƿ�ºƫƹ�ŢƟŚƾ�ř�ºƿ��ƂƷŚºĩ�Ʋ

ƛ�Źŵ�ŚƸƴţ�ǇŚŝ�ŢƔƬ�ÓÎÏÍ�ěƾ�ěƾ�ƭř���ŢƃŸĭ�Żř�žě�ƶºſ�
ŸƜţ�ŻƹŹƿƴƘƯ�ƝǈŤųř�ƶƾ�Źřŵƽ����ŶƷŚºƃ�ƶºŝ�ŢŞƀƳ�Ţºƃřŵ�

��ƩƹŶūÐ����
��
ţŐ�����ƽƹŹ�ƱŚºǀƳŻ�ƵŚºǀĭ�žƳŚºſř�ƩƺºƀĜĩƺƳŚƳ�ƱƺǀſǇƺƯźƟ�źǀŧ

ƶƿŸƜţ�ƾĭŶƳŹřŵŻŚŝ�ƆųŚƃ�řį��
�ƶººƿżŬţ�ŪƿŚººŤƳ�į����ƾĭŶººƳŹřŵŻŚŝ�ƆųŚººƃ�ƽŹŚººƯō

ƶƿŸƜţ�řį�Ŝƃ�ƹŹǇ�Ƶźě�į�ŢƄě�����Śºŝ�ƶºĩ�ŵřŵ�ƱŚºƄƳ�ƾſŚưƫř
ŹŚĩ���ŹřŶºƤƯ��ƾƿřŸºƛ�ƮƿĥŹ�Źŵ�ƩƺƀĜĩƺƳŚƳ�ƱƺǀſǇƺƯźƟ�ŵźŝ

ŢƔƬƛ�Źŵ�ƆųŚƃ�Ʋƿř��ƞƬŤŴƯ�ƽŚƷšŶƯ�Źŵ�Ʀƿ��ƹŵ��ƹ
ƶſ��ŢƟŚƿ�ƂƿřżƟř�ƶƿŸƜţ�Żř�žě�ŻƹŹ��ƩƹŶºū��įŚºƷ�Î���Śºţ
Ð���ƴĤưƷǀƲ���Żř�žě�ƶºſ��ƶºƿŸƜţ�ŻƹŹ����ƶºƿżŬţ�ŪƿŚºŤƳ�į�

ſǇƺƯźƟ�źŧř�ƶƧ�ŵřŵ�ƱŚƄƳ�žƳŚƿŹřƹǀ�žƳŚſř�ƩƺƀĜĩƺƳŚƳ�Ʊƺ
ƳŻ�ƵŚǀĭǀŵŻŚŝ�ƆųŚƃ�ƽƹŹ�ƱŚĭŶƳŹřƾ�ŸƜţƿƶ�řį��ŵŹƺƯ�ƹŹǇ
ŚƯŻōƿŢƔƬƛ�Źŵ��Ƃ�����ƾºƴƘƯ�ƝǈŤºųř�ƞºƬŤŴƯ�ƽŚºƷ��ƽŹřŵ

ŢƃřŶƳ��ÐÎÏ�ÐF = ��æí�,Ïdf = ���ÍÓÍ�ÍP = ���řżƟř�Śŝƿ�Ƃ
ŢƔƬƛ��ƴƘƯ�ƂƷŚĩƾ�Źřŵƽ��Źŵ�ƆųŚƃ�ŹřŶƤƯ�ƾĭŶƳŹřŵŻŚŝ
ƶƿŸƜţ�řį��ŶƷŚƃ�ƶŝ�ŢŞƀƳŶƄƳ�ƵŶƷŚƄƯ��ƩƹŶū�įŚƷ�Î���Śºţ

Ð����
��

ŦŰŝ��
ƶŝ�ƬĩŹƺƏƾ��ſǇƺƯźƟǀ�ƩƺºƀĜĩƺƳŚƳ�Ʊƺ���žƳŚºſř��ƵŚºǀĭ
ƱŚǀƳŻ��ƶŝ�ƹƿ�ƵĦŹŵ�ŢƔƬƛ�ŚƷƽ�ǇŚŝ���ƆųŚºƃ��ŚºƷƽ��řŸºƛƾƿ�

��Ŝºƃ�ƭƺºſ�Ʋſ�ƹŹǇ��Ƶźºě�į��ŢºƄě��ºſŚưƫřƾ��ƔƳ�ºǀ��űźºƳ�ź
ƾŞƀƳ�ƝźƈƯ�řŸƛ���ƾŞºƀƳ�ŶºƃŹ�űźºƳ�����ƵŵŻŚºŝ�ƆųŚºƃ��

ƵŵŹƺų�ƽřŸƛ�ƪƿŶŞţ�ƵŶƃ��ŶºŞţ�ƵŵŻŚºŝ�ƆųŚƃ��ƿ�řŸºƛ�ƪƽ�
ƮƌƷ�ƵŶƃ�ƮƌƷ�ƾŞƿźƤţ�ƆųŚƃ�ƹ���ƶºŝ�řŹ�ƾĭŶƳƺºƃ���ŹƺºƏ
ƴƘƯƾ�Źřŵƽ�ŚƤƯ�ŹŵƿŶƷŚƃ�Śŝ�ƶƀ��ŵřŵ�ƂƷŚºĩ���ƾƯŚºĮƴƷ���ƶºĩ

�šŶƯ�ƶŝ�ƭƺſ�Ʋſ�ƹŹǇÏÑ��řŸºƛ�Żř�ŢƗŚſƽ����ƶºŝ�ƶŤºƄƛō
ƶƫƺƯźƟ�žƳŚſř�ŸƜţ�ƵŶƃƿ�ƶŵźƧƯ��ǀŞƀƳ�ƝźƈƯ�Ʊřżƾ���řŸºƛ

źţǇŚŝ�Źŵƿ��źƤţ�ŶƷŚºƃ�ƶºŝ�ŢŞƀƳ�ŢƔƬƛ�Ʋƿ����ƞºƈƳ�ƶºŝ�ľŚºŞ
ƂƷŚĩ�ƿĭŶƳŹřŵŻŚŝ�źŧř�ƹ�ŢƟŚƾ����ŵƹŶºů�řŸºƛÐÒ���ŶºƇŹŵ

Ŷƃ�ŢŞŧ��řŚŝƿƲ�ŵƺūƹ��ŶŞţ�ƵŵŻŚŝƿřŸƛ�ƪƽ��ƵŵŹƺºų���ƹ�ƵŶºƃ
ƮƌƷ�ƃƶŝ�ƵŶ�ƛ�ŹƺƏǀřżƟř�ŶƷŚƃ�ƶŝ�ŢŞƀƳ�ŹŚƔŤƳř�ƪŝŚƣ�źƿ�Ƃ
Ţƃřŵ��ūƺţ�Źŵǀř�ƶƿŚƃ�ŜƬƐƯ�Ʋƿŝ�ŶŤƳ�ƱřƺŤǀ�ƶĩ�ŢƟźĭ�ƶŬ

ƶŝ�ƵźƄů�ŻƺƴƷ�ƟŚĩŹŶƣƾ����Źŵ�řŹ�źºƔƳ�ŵŹƺºƯ�žƳŚºſřƿ��ŢºƟŚ
�ƹ�Ţſř�ƵŵźĪƳ�ŶƿŚƃřƿřźŝ�šŶƯ�Ʋƽ���ưºſ�šřźºŧř�Żƹźŝƾ�

ƟŚĩƾ�ŶƃŚŞƳ��ƟźƏŻř�ŚƯřƾ��ºſǇƺƯźƟ�Ʊƺģǀ��ƩƺºƀĜĩƺƳŚƳ�Ʊƺ
ƹŚůƽ��ƵŹƹř�šŻř��ŚƯźƟ�ƹŶƫǀƿƯ�Ŷƾ�ŶƃŚŝ��Śƃƿŵ�Ŷ�ºƿƵŹřƺ�į�

ƩƺƀĜĩ�řŸƛ�źŧř�ŚƷƾƿ����ŸƜţ�ŵƺºŞưĩ�ƱřźºŞū�ƹ�ŵƺºŞƸŝ�Źŵ�ºƿ�ƶ
řźŝƽ�ě�Źŵ�řŹ�ŶƃŹƾ�Ţſř�ƶŤƃřŵ��řźŝŚƴŝƿƲ����ơƺºƟ�ƕƺƋƺƯ
ººƀŝǀ�ŜººƫŚū�ŹŚ�ƵŵƺººŝƤŰţ�Źŵ�ƹǀŶººƘŝ�šŚººƤƽ�Ƴººǀ�ƶººŝ�ŻŚ
ſŹźŝƾ�ŚƷƽ�ŝǀƂ�źţƽ�ŵŹřŵ��ƂƷƹĦě��ŚºƷƽ���ŵŶºƘŤƯ�ƭŚºŬƳř�

�ŵŹƺƯ�Źŵ�ƵŶƃţŐŧǀ�źžƳŚſř�ƾƷŚǀĭ�ƽŚƷ�ƆųŚƃ�ƽƹŹ�ŚƷƽ�
ŸƜţƿƶ�ř�ƽ�ŶƴƳŚƯ���ƵŚºǀĭ�žƳŚſř��ƆųŚºƃ�ƽƹŹ�ƱŚºǀƳŻ��ŚºƷƽ�
ŸƜţ�ºƿƶ�řƽ��ŵŹō�ƶºƄĜƃ�(Sahaf & Moharramipour, 2009)��
ŒƯƿř�Ŷƿ����žƳŚºſř�ƶºĩ�Ţºſř�ŜºƬƐƯ�Ʋ���ŚºƷ�ľŚţŶºưƗ��šřźºŧř�

ŸƜţŶƋƿƶ�řƽ�ƶŝ�řŹ�ŵƺų�ĭŶƳŹřŵŻŚŝ�šŹƺƇƾ�ŸƜţ�ºƿ��Żƹźºŝ�ƶ
ŸƜţ�ƂƷŚĩ�ŜūƺƯ�ƹ�Ƶŵřŵ�ºƿ�ºě�Źŵ�ƹ�ƶƾ���ƱŻƹ�ƂƷŚºĩ�Ʊō

Ưƾ�ƺƃƳŶ��ţŹƺƇŹŵƾ���źºŧř�ƶĩ��ƱřŶºƴģŻ�ºƿŵŚƽ�ƹŹƽ���ƵŵŻŚºŝ
ŶŞţƿŹřŶƳ�řŸƛ�ƪƳ�Ŷ(Jiang et al., 2012)���

ƶººƯřŵř�Źŵ�į�ŚººƯŻōƿƂ�ŚººƷƽ�ƭŚººŬƳř�ř�Źŵ�ƵŶººƃººƿ�Ʋ
ƳŚƯŻ��ƂƷƹĦěƾ�ƶŝ�ǇŚŝ�ŢƔƬƛ�Źŵ�ƹŹǇ�ƶĩ�šŶƯ�ƹŵ��Żř�ŻƹŹ

řŸƛƽ�ŸƜţ�ƩƺƀĜĩƺƳŚƳ�ƶŝ�ƶŤƄƛōƿƯ��ŵźĩ�ƶ�ºǀŸƜţ�Ʊřż�ºƿ�Źŵ�ƶ
ŚƤƯƿ�ƞƈƳ�ƶŝ�ŶƷŚƃ�Śŝ�ƶƀƂƷŚĩ�ƿ�ŚƯř�ŢƟŚƱŶƃ�Ʈĩ��ƱŻƹ
źƤţƿƮĩ�ľŚŞ��Żř�źţƶſ��ŶƷŚƃ�ƶŝ�ŢŞƀƳ�ƱŻƹ�źŝřźŝŵƺŝ��řƿ�Źŵ�Ʋ

ƾƫŚººů����ĭŶººƳŹřŵŻŚŝ�ƆųŚººƃ�ƶººĩ�Ţººſřƾ�ŸƜţººƿ�Źŵ�ƶ
ŢƔƬƛ�ŚƷƽ�ƴƘƯ�ƞƬŤŴƯƾ�Ƴ�ŹřŵŵƺŞ�ƱŚưƷ�ŚƯř��ŹŚƔŤƳř�ƶĩ�ŹƺƏ

ººƯƾ�Źưººſ�šřźººŧř�ŢººƟǀŸƜţ�Żř�žººě�Ţººƿƶººŝ�ƶ��šŹƺººƇ
ƮƄģ�ĭǀźƽ��ŻƹźŝƿŢƟŚ��ƶŝ�ƽŹƺƏ��ŶºŞţ�ƵŵŻŚŝ�ƶĩƿ�řŸºƛ�ƪƽ�
ƵŵŹƺų��ƵŶƃ�ŸƜţ�žĪƗźŝƿ�ƶÏÑ�ƶŤƗŚſ���ƞƈƳ�ƶŝ�ƂƷŚĩ

ŵźƧ�řŶǀě��řźŝŚƴŝƿƲ��ƬƇř�ŢƬƗƾ��ºƯ�řŹ�ƱŻƹ�ƂƷŚĩƾ���Ʊřƺºţ



ÐÍ                                                                        ƩŚưū�ƱřŹŚƨưƷ�ƹ��ƱŚǀƳŻ�ŹŸŝ�žƳŚſř�ƩƺƀĜĩƺƳŚƳ�ƱƺǀſǇƺƯźƟ�ƾƿōŹŚĩ������

ưſ�šřźŧř�ƶŝǀřŸƛ�Ţƾƿ�ŵřŵ�ŢŞƀƳ�žƳŚſř��ř�ŹŵƿšŶƯ�Ʋ��
řżƟřƿƹŹ�ŢƔƬƛ�Ƃƽ�ƮƌƷ�šŹŶƣ�ĭŶƳƺƃƾ�Ƴ�řŸƛǀŧŐţ�żǀ�ź

ºººƴƘƯƾ�Źřŵƽ�ŢºººƃřŶƳ��ºººƴģǀŶě�ƲºººƿƵŶ�řƽ��Źŵ�ƱƺƴĩŚºººţ
ŚººƯŻōƿƂ�įŚººƷ�ŵŶººƘŤƯƽ�ƹŹ�ƆƫŚººų�žƳŚººſř�Śººŝ�ƶººĩƽ�

ƭŚŬƳř�šřźƄů��ƵŶƷŚƄƯ��ƵŶƃŶƃ�ƵŢſř��ŻƿžƳŚſř�řź���ŚºƷ
ƵŻŚūř�į�ŸƜţƿ�ºưƳ�řŹ�ƵźƄů�ƶŝ�ƶƾ�Ʒŵ�Ŷºƴ��ƵŶºưƗ�ƹ��į��ƪºƬƗ

���Įƴºſźĭ�ƪºưŰţ�ƶºŝ�ƱŻƹ�ƂƷŚĩƾ��ŸƜţ�Żř�śŚºƴŤūř�ƹ�ºƿ�ƶ
ººƯ�Ƶŵřŵ�ŢŞººƀƳƾ�ŵƺººƃ�(Sanna Passino et al., 2004;  

Yi et al., 2007; Sahaf et al., 2008)���
�řŹŚºĩƾƿ�řŸººƛƽ�ƵŵŹƺººų��ŸƜţ�Źŵ�ƵŶºƃººƿƶ�ƽ��Żř�žººě

ƶſ�ƵŻƹŹ�ƽ�Ŝƃ�ƹŹǇ�Ƶźě�į�ŢƄě�ſŚưƫřƾ�řŸƛ�Żřƽ���ƶŤºƄƛō
ſǇƺƯźƟ�ƶŝǀ��ºŝ�ƂƷŚºĩ��ƱƺǀƂ��źºţƽ�ě�ºǀ��Ţºſř�Ƶŵźºĩ�řŶ��

ƶŝ�ŹƺƏƽ�ƬƗ�ƶĩƾ�ŸƜţ�ƂƷŚĩ�ƮƛŹƿƞƈƳ�ƶŝ�ƶ����ŹřŶºƤƯ��Źŵ
źţǇŚŝƿŢƔƬƛ�Ʋ��ƷŚĩ�Ʈºĩ�źŝřźŝ�ƶſ�ƱŻƹ�Ƃ����ŶƷŚºƃ�Żř�źºţ

�����Źŵ�ƪºŞƣ�ŻƹŹ�ƶºŝ�ŢŞºƀƳ�ƭƹŵ�ŻƹŹ�Źŵ�ƹŹǇ�ƱŻƹ�ŚºƯř�ƵŶƃ
Ʈĩ�ƶŝ�ƶŝŚƄƯ�ŢƔƬƛ��ƞƈƳ�Żř�źţƂƷŚĩ�ƿ��Ţºſř�ƶºŤƟŚ���Źŵ

řƿƳ�ŚŬƴǀƬƇř�ŢƬƗ�żƾ�Ư�řŹƾ��ŶºŞţ�ƵŵŻŚŝ�Źŵ�Ʊřƺţƿ�řŸºƛ�ƪƽ�

ƵŵŹƺų�ƶƈŴƄƯ�ƶĩ�ƵŶƃ�řƽ�ưſ�ŻřǀƃŹřƺĭ�Ţƾ�Ţſř����ƶºŝ
�šŚŞŧř�ŶƳŚſŹ��ŻƿŶŞţ�ƵŵŻŚŝ�řźƿŝ�ƶŝ�řŸƛ�ƪǀ�Żř�Ƃ�ƶºſ���źºŝřźŝ
ƂƷŚĩ�ƿŢſř�ƶŤƟŚ��ŚŤƳƿŪ�Moretti et al. (2002)��ŵřŵ�ƱŚƄƳ

ƶĩ�ƯǀƯ�ƹ�īźƯ�Ʊřżǀ�ƹŹǇ�źLymantria dispar (L.)��źŧř�Źŵ
ŸƜţƿƶ�į�ſǇƺƯźƟ�ƶŝ�ƶŤƄƛō�īźŝǀƯ�Ʊƺǀ�Żř�ŶƘŝ�ƩƺƀĜĩƹźĪ
ƹŵ��ƹƶſ�ƴƘƯ�šƹŚƠţ�ŻƹŹƾ�Źřŵƽ�ř�ŶƷŚƃ�Śŝ�řŹƿ���ŵźºĩ�ŵŚŬ

�Śŝ�ƶĩƿƶŤƟŚ�ŚƷƽ�ƢǀƤŰţ�Żř�ƪƇŚů��źƋŚůŵŹřŵ�ŢƤŝŚƐƯ���
ƶŝ�ŤƳ�ƱřƺƴƗǀƶŬ�ĭǀźƽ�ŚƸƳƾƿ��ºƯƾ��Źŵ�Ʊřƺºţƿ���ƶºĩ�ŢºƟŚ

ƶººŝ�žƳŚººſř�ƶººŝ�ƹ�ƵŶººƯōŹŵ�ƶƫƺººƀĜƧ�šŹƺººƇ�ŹŶººţƿ�ŵřŻō�Ū
Ưƾ�ƵŵŚƯ�ŹřŶƤƯ�ƆŴƄƯ�ƱŚƯŻ�šŶƯ�Źŵ�řŸƫ��ŵƺƃ�į���ƩŚºƘƟ

ŵřŻō�����ƮºƧ�ƆƫŚºų�žƳŚºſř�ƶºŝ�ŢŞƀƳ�ƵŶƃ���ºƯ�źºţƾ��ŶºƃŚŝ��
ŚŬƳōŻřƾƿ�ƶƫƺƀĜĩ�ƶĩ�ƇŚų�ƂƷŚĩ�ŦƗŚŝ�žƳŚſř�Ʊŵźĩǀ�Ţ

ĭŶƳŹřŵŻŚŝƾ��ŹŵŻƹŹ�Ʒƶǀƫƹř�ƽŚ�į���ƶºŝ�ŢŞƀƳ�ƶƿŸƜţ�ƂƿřżƟř
ƆƫŚų�žƳŚſř�Ưƾ�Ư��ŵƺƃƾ�ŝ�ƱřƺţǀƂ��źºţƿ��ưºſ�źºŧř�Ʋǀ�Ţ

řƿſǇƺƯźƟ�Ʋǀ�ưºſ�ƶŝ�řŹ�Ʊƺǀ�ºƃŹřƺĭ�Ţƾ��ŸƜţ�Żř�žºě�ºƿ�ƶ
ƫƹ�ŵřŵ�ŢŞƀƳƾ�řŚŝƿƲ��ƤŰţ�ŵƺºūƹǀ��ºŝ�šŚºƤǀƂ��źºţƽ��řźºŝƽ�

ř�šŚŞŧřƿŢſř�ƭŻǇ�ŜƬƐƯ�Ʋ���
��
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