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Abstract 
In an attempt to find a natural and safe method for the control of stored-product pests, insecticidal 

activity and repellency effect of essential oil from Salvia mirzayanii Rech. F. & Esfand. were investigated 
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ÎÕ                                   ƾƿƺƨǀƳ�ƹ�ƾƯźŰƯ�Źƺě��ƮƿźƯ�žƳŚſř�ƾĭŶƴƴƧŹƹŵ�źŧř�ƹ�ƾƀƠƴţ�Ţǀưſ��ƾƬĭ�����

against one day old adults of Callosobruchus maculatus (F.) (Col.: Bruchidae) and Tribolium confusum J 
du Val. (Col.: Tenebrionidae). The essential oil was obtained by hydrodistillation method, using a 
modified Clevenger-type apparatus. Experiments were carried out at 27 ± 1°C and 65 ± 5% R.H. in dark 
condition. Results of fumigant toxicity tests showed that the mortality of C. maculatus was increased 
significantly with increases in concentration and exposure time. LC50 value was 2.58 µL/L air for C. 
maculatus. Results indicated that C. maculatus was so susceptible to S. mirzayanii oil. LT50 values for C. 
maculatus were 9.73, 8.52, 7.17 and 7.08 h at 37.03, 111.11, 148.14 and 185.18 µL/L air, respectively. 
No mortality was observed on T. confusum at highest concentration (3703.70 µL/L air). Repellency was 
increased significantly with increases in concentration in both of species of the insects. The essential oil 
was significantly more repellent to T. confusum than C. maculatus. It is concluded that S. mirzayanii 
essential oil can be used as a safe pesticide to control stored insect pests, especially against C. maculatus. 
Key words: essential oils, fumigant toxicity, repellency, Salvia mirzayanii, stored product pests, 
Clevenger 
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ŚƸģŹ�ƶƐƤƳ�řƽšŚŝƺŞů���Callosobruchus maculatus (F.)�ƶŝ��ţźţ�ºǀƹŹ�Ŝƽ����Śºŝ�ƍƺºƬŴƯ�ƭŶºƴĭ�ŵŹō�

����ŢŞƀƳ�ƶŝ�źưŴƯæå���ƶŝ�æ�ƶƳřŵ�ƹ��ŚƷƽŚƯŵ�Źŵ�ƁŚƯ�ƽ�æ�t��çìƶūŹŵ��ƽ�ŽƺǀƀƬǀſŞƀƳ�ŢŝƺƏŹ�ƹ�ƾ�
Ò�t��ÓÒŹŚţ�Źŵ�ƹ�ŶƇŹŵ�ƿĪƾƯŹĥ�ƵŚĮŤſŵ�Źŵ�ǀŹƺţŚƴ�Binder 240L�ƁŹƹźě�ƿŶƴŤƟŚ��řźŝƽ�Żř�ƁŹƹźě�

�Ťººſǈě�ƝƹźºƓǀĪƾ�ƐŤƀºƯ�ǀƪ���ŵŚººƘŝř�ƶºŝ�ƪĪººƃí���æÒ���æÒ�ŤƳŚºſ�ƾ��řźºŝ�źººŤƯƽƶƄººĜƃ��ƽ�ƹ�ŵŹō�



ÏÍ                                   ƾƿƺƨǀƳ�ƹ�ƾƯźŰƯ�Źƺě��ƮƿźƯ�žƳŚſř�ƾĭŶƴƴƧŹƹŵ�źŧř�ƹ�ƾƀƠƴţ�Ţǀưſ��ƾƬĭ�����

ƶƳřƺŤſř��řƽ�ƪĪƃ�ŵŚƘŝř�ƶŝ�ì���ææ�ŤƳŚſƾ��źŤƯřźŝƽ��ŹŚºƸģ�Ĩºſƺſ���ƶºƐƤƳ�řƽ��Ŷºƃ�ƵŵŚƠŤºſř�����ƝƹźºƓ
�ƹŚů�ƁŹƹźěƽ�Òå����������ŶƳŵƺŝ�šřźƄů�Żř�ƎſƺŤƯ�Ʈĩřźţ�Śŝ�řŸƛ�ƭźĭ�Śţ�ŚƳřƺţ�ƾƿ��ŻŚºſřŶū�ƽ���šřźƄºů�

���ŶƃŚŝ�ƶŤƃřŵ�ŵƺūƹ�ƪƯŚĩ����ƮŴţ�Żř�žě�Źƿżƽ��������řŶū�ƝƹźƓ�Żř�ƪƯŚĩ�šřźƄů��ºƃ�����Żř�žºě�ƹ�Ŷ�ºƿ�Ĩ
ŚƯŻō��ƁŹƹźě�ƪƀƳƿƂ�ŵźĭ�ŻŚƛō�ŚƷƿŶ���

��
žƳŚſř�ũřźŴŤſř 

�Ƹţ�ŢƸūǀƶ��ƽ��īźŝ��žƳŚſř�����ƪĭ�ƹ�ŚƷ��ŚƷƽ�ĨƄų����ƵŶƃ��ƽ�ƮƿźƯ��ƾƬĭ������ºſō�ƵŚĮŤºſŵ�Ǝºſƺţ�ǀ�śŚ
ƣźŝƾ�Ŷƃ�ŵźų���žƳŚſř�ŢŝƺƳ�źƷ�Źŵ�ĭǀźƽ��Òåĭ�Żř�ƭźĭ�ǀŵźų�ƵŚ��Śŝ�ƵřźưƷ��ƵŶƃÓååƯ�ǀƬƾ�ƫǀ�śō�źŤ

��ſř�Śŝ�źƐƤƯ���žƳŚſř�ƵŚĮŤſŵ�Żř�ƵŵŚƠŤ��ĭǀ�ƃ�źǀƶƄ��řƽ�Clevenger��ƶŤųŚſ�����ƃ�Ŷºůřƹ�Źŵ�ƵŶƃ�ºǀƶƄ���źºĭƽ�
�ƂƷƹĦě�ƱŚƯŻŚſ��ŚƷƽ�ưƬƗ�ƾ��ŤƘƴƇ�ƹ�ƾ�ř�ƿƱřź���ŚƯŵ�Źŵƽ�æåå�ƶūŹŵ��ƽ�ŽƺǀƀƬǀſ���ƐƤţ�ƁƹŹ�ƶŝ��ºǀ�ź
��žƳŚſř�śō�Śŝ��ĭǀźƽ�Ŷƃ�����žƳŚſř�ƱŚƯŻ�šŶƯ��ĭǀźƽ�Ñ���ŢƗŚſ�ƺŝŵ���žƳŚºſř���ŚºƷƽ��ƶºŝ����ƵŶºƯō�Ţºſŵ��

��Ŷſ�šŚƠƫƺſ�Ǝſƺţƿ�śō�Ʈ��ĭǀźƽŻ�Śţ�ƹ�ƵŵŚƠŤſř�ƱŚƯ�ƃ�ƝƹźƓ�Źŵ�ǀƶƄ��řƽ�ƮŬů�ƶŝ�çƯ�ǀƬƾ�ƫǀ���Śºŝ�źºŤ
Ưƺƫō�ƁƺěƹŹǀƴǀƯƺƾ�ƪųřŵ�ƿ�ƩŚĤŴ�ŚƯŵƽ�ÑƶūŹŵ��ƽ�ŽƺǀƀƬǀſ��ƶĮƳ�ŹřŵƽŶƃ����

��
ŢƀƿŻ�šŚƄƿŚƯŻō�ƾŬƴſ� 

�ƶŞſŚŰƯ�ŢƸū��ƽ�ƶŞſŚŰƯ��ƽ��ƵŶƴƄĩ�ŢƔƬƛ�����ƽÒå��(LC50)��ŚƯŻō�ŢƀŴƳ��ƿƂ���ŚºƷƽ��ţŚƯŶºƤƯ�ƾ�
ƀŝǀŹŚƽ�řźŝ�ƽ�ƶŝ��Ţſŵ�������ºſř�ƪƣřŶů�ƹ�źŨĩřŶů�ŢƔƬƛ�ƱŵŹƹō��žƳŚ�íå�çå���Ư�ƹ�īźºƯ�ŶºƇŹŵ��ºǀź��
ƹŹƽŶƃ�ƭŚŬƳř�ƪƯŚĩ�šřźƄů���ŢƔƬƛ�žĜſ�ŚƷƽźƤţ�ƪƇřƺƟ�Śŝ�žƳŚſř�ƞƬŤŴƯ�ƿŹŚĮƫ�ľŚŞƿưŤƾŝ�ǀ�Ʋ

�����ŢƔƬƛ�ƪƣřŶů�ƹ�źŨĩřŶů)åì�æ���ìí�æ���Óí�ç���Òì�è���æÑ�ì���ìæ�æå�Ư�ǀƫƹźĪǀ��ƫ�źŝ�źŤǀ��řƺºƷ�źŤ���Źŵ
ƃǀƶƄ��ŚƷƽ�çíå�Ư�ǀƬƾ��ƫǀźŤƽƹŹ�ƽŹŚƸģ�Ĩſƺſ��ƶƐƤƳ�řƽƸţ�šŚŝƺŞů�ǀŚƯŻō�ƹ�ƶƿƂŶƃ���ƫŵ�ƶŝ�ŚƯř�ºǀ�ƪ

�ƀŝ�ƪưŰţǀ�ǇŚŝ�ŹŚƽ�ƶƄĜƃ���ƽ���ŢºƔƬƛ��ƶºƘƫŚƐƯ�ŵŹƺƯ�žƳŚſř�ƶŝ�ŵŹō���ŚºƷƽ�ŵŶºƘŤƯ�ƽ��ŵŚºƤƯ�ƪƯŚºƃ�ƿ�ź
åè�èì�� �ææ�æææ�� �æí�æíÒ�� �çÒ�çÒî�� �èì�èìå�� �ÒÒ�ÒÒÒ�� �ìÑ�ìÑå�� �ææ�ææææ�� �çî�æçîÓ��
íÒ�æíÒæ���ƹ�ìå�èìåè�Ư�ǀƫƹźĪǀ��ƫ�źŝ�źŤǀ���ƃ�Źŵ�řƺƷ�źŤǀƶƄ��ŚƷƽ�çìƯ�ǀƬƾ�ƫǀźŤƽ����Ŷºƿŵźĭ�ƶºǀƸţ�Źŵ�ƹÒ�
řźĪţ��ŚƯŻō�ŵŹƺƯ�Źƿ��ŢƟźĭ�Źřźƣ�Ƃ��ƃ�źƷ�ŹŵǀƶƄ��æåƵźƄů��ƽ�ƪƯŚĩ��ºƿĨ���Ŷºƃ�Ƶŵřŵ�Źřźºƣ�ƵŻƹŹ��ņŹŵ�
ƃǀƶƄ����ŚƷŹřƺƳ�Śŝ�ƝřźƏř�Żř�ŚƷƽƟřŹŚě�ǀŵźĭ�ŵƹŶƀƯ�ƮƬƿŝ�ƶŝ�žƳŚſř�ŹŚŴŝ�Śţ�Ŷ�ºǀ��ŶºƴĪƳ�ŷƺºƠƳ�Ʊƹź��çÑ�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèå���ç���ÎÐÕî�������������������������������������������������������������������������ÏÎ 

���žƳŚſř�Żř�žě�ŢƗŚſ�Ʒŵƾ�ưţ�ƝƹźƓ�ƶŝ�šřźƄů�ǀ�ŹŚºƗ�ƹ�żƽ��ƪºƤŤƴƯ�žƳŚºſř�Żř�ƹ����Żř�žºě�Ñí�
ŢƗŚſ����Ư�ƹ�īźƯ�ǀ�ō�źƱ���ŻŹř�ŚƷƿŝŚƾ�Ŷƃ���ŵŚƤƯƿ��źLC50�řźŝ�ƽ����ŹŚºƸģ�Ĩºſƺſ���ƶºƐƤƳ��řƽ����šŚºŝƺŞů���Śºŝ

ƭźƳ�Żř�ƵŵŚƠŤſř��ŹřżƟřSAS 6.12��ƁƹŹ�ƶŝ�Finney (1971)Ŷƃ�ƶŞſŚŰƯ����
��

ŹŚƸģ�Ĩſƺſ�ƪƯŚĩ�šřźƄů�źǀƯ�ƹ�īźƯ�ŢƗźſ�ƾſŹźŝ�ƶƐƤƳ�šŚŝƺŞů�ƽř 

���ƶƨƴƿř�ƶŝ�ƶūƺţ�Śŝ��řźƃ�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ�žƳŚſř�ŢƔƬƛ�ƿŞƏ�ƎǀƘƾŹŚŞƳř�ƩƺƈŰƯ��ƵŶƃ��ƷŚĭƾ�Śţ�
ŝǀ�Żř�ƂÎÍƘƣřƹ�ŹřŶƤƯ�źŝřźŝ�ƾřźƃ�Źŵ�žƳŚſř�ƿŚƯŻō�ƎƿƷŚĮƄƾřżƟř�ƿƯ�Ƃƾ�ƿ�ŶŝŚ(Nikooei, 2010)��

����Ư�ƹ�īźƯ�ŢƗźſ�řŸƫǀ���ŢƔƬƛ�Źŵ�ƵźƄů�ź�ŚƷƽ����ƱŚƯŻ�Źŵ�ƹ�ǇŚŝ��ŚƷƽ���ºſŹźŝ�ŵŹƺºƯ�ƞºƬŤŴƯ�ƾ��Źřźºƣ�
ŢƟźĭ��ưƷ�ƶŝǀŹƺƔƴƯ�Ʋ�ƹŹ�ŽŚſř�źŝ��ƁKeita et al. (2001)�ƿř��ƶƄºǀƃ�ƝƹźƓ�Źŵ�ƂƿŚƯŻō�Ʋ��ƽř
ƺěŹŵƁ������ƮŬů�ƶŝ�ŹřŵÏÔ�ƾƬǀƯ�����źŤǀƫ���źƐƣ�ƶŝÏ�Ï�ƕŚƠţŹř�ƹ�ÔƾŤƳŚſ��źŤƯ��Ŷƃ�ƭŚŬƳř��źƬĜưſ�Ĩưĩ�Śŝ��

��źƿŵŚƤƯÍÐ�ÐÔ���ÎÎ�ÎÎÎ���ÎÑ�ÎÑÕ���ƹ�ÎÕ�ÎÕÒ�ƹźĪǀƯ�������źŤǀƫ�źŝ�źŤǀƫ��řƺƷ��źƯ�ƵŚǀĭ�žƳŚſřƿƮ��Ƭĭƾ��ƽƹŹ�
�������źƐƣ�ƶŝ�ƾƟŚƇ�ŸƛŚĩ�ƶƘƐƣ�ĨƿÏ�ƾŤƳŚſ����ƶŤŴƿŹ�źŤƯ����ƹ�������ƽŚƌºƟ�Źŵ�žƳŚſř�ŢųřƺƴĪƿ�ƂŴě�ŢƸū

ƶƄǀƃ����ƪųřŵ���ƶƄǀƃ�ƝƹźƓ�ƁƺěŹŵ�������Ŷºƃ�Ƶŵřŵ�Źřźºƣ�ƽř���ŵřŶºƘţ�ÎÍ�ƵźƄºů��ƽ��ƪºƯŚƧ��ºƿĨ�ƵŻƹŹ�ƽ�
�ŹŚƸģ�Ĩſƺſ�ƶƐƤƳ�������ƶƄǀƃ�ƝƹźƓ�ƪųřŵ�ƶŝ�šŚŝƺŞů�ƽř���ŚƷŹ�ƽř�����ƶƳŚƷŵ�ƝřźƏř�ƹ�Ŷƿŵźĭ�ƽŻŚſ��ƽ��źƷ�

�����ŶºƴƨƳ�ŷƺºƠƳ�Ʊƹźǀŝ�ƶŝ�žƳŚſř�ŹŚŴŝ�Śţ�Ŷƃ�ƮĪŰƯ�ƅƺƈŴƯ�ŹřƺƳ�Śŝ�ƝźƓ����Żř�žºěÐ��Ò��Ô��ÎÍ��
ÎÏ���ÎÑ���ƹ�ÎÒ�ŢƗŚſ������Ɨ�ƝƹźƓ�ƶŝ�šřźƄů�����ƪºƤŤƴƯ�žƳŚſř�Żř�ƽŹŚ����������Żř�ŶºƘŝ�źºǀƯ�ƹ�īźºƯ�ƹ�ÑÕ�

��Ŷƃ�ƾŝŚƿŻŹř�ŢƗŚſ��������ŶºƳŵƺŞƳ�ŵƺºų�ƮĪºƃ�ƹ�ĨųŚƃ��Śě�Ʊŵřŵ�Ţĩźů�ƶŝ�ŹŵŚƣ�ƶĩ�ƾţřźƄů���ƵŵźºƯ�
�ŶƳŶƃ�ƾƤƬţ�����Ūƴě�Źŵ�ƂƿŚƯŻō�Ʋƿř���������������ƾƿŚºƯŵ�Ǝƿřźºƃ�Źŵ�ŶƷŚºƃ�Śºŝ�ƵřźºưƷ�ŹřźĪţÎ�t��ÏÔ��ƶºūŹŵ���ƽ
ŽƺǀƀƬǀſ��ƾŞƀƳ�ŢŝƺƏŹ�Ò��t��ÓÍŶƃ�ƭŚŬƳř�ƾĪƿŹŚţ�ƹ�ŶƇŹŵ�����
��źŝ��ƶǀƫƹř�ŪƿŚŤƳ�ŽŚſř��ƽ�ŝ�ƶ�Ţſŵ������������ƽřźºŝ�ƭŻǇ�ƱŚºƯŻ�šŶƯ�ƲǀǀƘţ�ƽřźŝ�ƽźĮƿŵ�ƂƿŚƯŻō��ƵŶƯō

����źǀƯ�ƹ�īźƯÒå����ŢǀƘưū�(LT50)�ŢƟźĭ�ƭŚŬƳř���ƂƿŚƯŻō�ƭŚŬƳř�ŢƸū�LT50����ŵřŶºƘţÎÍ�ƵźƄºů��ƽ�
�Ĩƿ�ƪƯŚƧ���ƵŻƹŹƶŝ�ƶƄǀƃ�����ƽŚƷÏÔ�ƾƬǀƯ�����ƽźŤǀƫƪƤŤƴƯ�Ŷƿŵźĭ�����ŢƔƬƛ��źƬĜưſ�Ĩưĩ�ƶŝ���ƽŚºƷÍÐ�ÐÔ��

ÎÎ�ÎÎÎ��ÎÑ�ÎÑÕ�ƹ�ÎÕ�ÎÕÒƶǀŞƘţ�ƾƟŚƇ�ŸƛŚƧ�ƶƘƐƣ�Ʀƿ�ƽƹŹ�žƳŚſř�Żř�řƺƷ�źŤǀƫ�źŝ�źŤǀƫƹźĪǀƯ��
Źŵ�Źŵ�ƵŶƃƁƺěƶƄǀƃ�ƝźƓ��Ŷƃ�ƶŤŴƿŹ�ƽř��ŢƔƬƛ�Źŵ�šřźƄů�źǀƯ�ƹ�īźƯ��źƷ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷ

ÎƦƿ�ŢƗŚſ���Źŵ�ŹŚŝÒŹŚƸģ�Ĩſƺſ�ƽřźŝ�ŹřźĪţ��ƶƐƤƳ�šŚŝƺŞů�ƽř��ŵŹƺƯƾƀſŹźŝŢƟźĭ�Źřźƣ����Źŵ



ÏÏ                                   ƾƿƺƨǀƳ�ƹ�ƾƯźŰƯ�Źƺě��ƮƿźƯ�žƳŚſř�ƾĭŶƴƴƧŹƹŵ�źŧř�ƹ�ƾƀƠƴţ�Ţǀưſ��ƾƬĭ�����

���ŚŬƿř�šŚƠƬţ�ƂƿŚƯŻō�Ʋƿř��ŵ���źƓ�źƷ�Źŵ�ƵŶƃ�����ƾƳŚƯŻ�ƪƇřƺƟ�ƽřźŝ�ƝÏÍ��Śţ�ÕÍ�ŢŞŧ�źǀƯ�ƹ�īźƯ�ƹ���
���Ŷºƃ�ƵŵŚƠŤºſř�šŚºƠƬţ�Ţǀŝƹźě�šŚŞſŚŰƯ�Źŵ����źƿŵŚºƤƯLT50��ƶºŝƁƹŹ��Throne et al. (1995)��Śºŝ�ƹ�

ƭźƳ�Żř�ƵŵŚƠŤſř�ŹřżƟř�Mathematica 6�ŵŹƹōźŝŶƃ�����
��

žƳŚſř�ƾĭŶƴƴĩŹƹŵ�źŧřƶƐƤƳŹŚƸģ�Ĩſƺſ�ƽƹŹ��ƶƄĜƃ�ƹ�šŚŝƺŞů�ƽř��ƽ�ŵŹō���
ſŹźŝ�ŹƺƔƴƯ�ƶŝƾŧř�Źƹŵ�ź�ĭŶƴƴĩƾźƯ�žƳŚſř�ƿƮ�Ƭĭƾƺŝ�ƵŚĮŤſŵ�Żř��ºƿŚƾƿ��Ūƴºſ(olfactometer) �

ƩŶƯ�RZR��ƶƧƶƫƺƫ�ƪĪƃ�ƶŝ��ƽ�YƯ�ƾ�ŶƃŚŝ��Ŷƃ�ƵŵŚƠŤſř�(Rafiei Karahroodi et al., 2008)���Źŵƿ�Ĩ
��ƽƹŻŚŝřƿ�ƵŚĮŤſŵ�Ʋ��ƵźƄů���ƽ����ƹŻŚŝ�ƹŵ�Źŵ�ƹ�ƪƯŚĩ�ƽřŸƛ�Ʊō�ƽ���Ƶŵřŵ�Źřźºƣ�žƳŚºſř�ƶŝ�Ƶŵƺƫō�ƹ�ƮƫŚſ�

Ŷƃ���ƣŵ�ƵŵżƳŚěǀ�ƪŞƣ�ƶƤ���ŚƯŻō�ƕƹźƃ�Żř�ƿƂ����Ŷƃ�ƲƃƹŹ�ƵŚĮŤſŵ��Śţ�����������ƩŚºƘƟ�ƩŚºƛŷ�Żř�ŹƺŞƗ�Żř�žě�řƺƷ�
��ƺŝ�ƵŚĮŤſŵ�ŵŹřƹƿŚƾƿ����Ūƴſŵƺƃ������ƂŴě�ŹƺƔƴƯ�ƶŝƿ��ƩƺºƬŰƯ��řŸƛ�Śŝ�žƳŚſř�ŢųřƺƴĪ��ŚºƷƽ�çååå�ƹ�

Óååå�ě�ƾ��ěƾ�������ƱƺŤſř�Źŵ�žƳŚſř�ƭř�ƹ��ƶǀƸţ����ŢƔƬƛ�źƷ�Żř�źƬĜưſ�Ĩưĩ�ƶŝ�ÒååƯ�ǀƫƹźĪǀ�ƩƺºƬŰƯ�źŤ��
ƾƴƘƿ�ƶŝ�ţźţǀ��Ŝæ�ƹ�èƯ�ǀƫƹźĪǀř�źŤƆƫŚų�žƳŚſ��ƹŹƽřŸƛ�ƵŵŚƯ�ƾƿŹ�ƿ��Ŷºƃ�ƶºŤŴ����ŵŹƺºƯ�šřźƄºů�
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�żǀƳ�ŹŵŹŚţƿĪƾ��Źŵ�ƹřźƃƿŚƯŵ�Ǝƾƿ��ƹŤŝƺƏŹƶƬůźƯ�ƶŝŚƄƯ�ƾ�ƪŞƣ�ƽ�ŢƟźĭ�šŹƺƇ����
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źƯƿƬĭ�ƮƾŹŶƳřƹŹŚĩ�ƽ���ƱŚƴǀưƏř�ŵƹŶůîÒ�����
Fig 1. Regression line plots with 95% fiducial limits for different concentration of S. 

mirzayanii essential oil on C. maculatus. 
��
��
�ƩƹŶūæ�ŵŚƤƯ�ƿ�źLT50ŵŹƹōźŝ��ƵŶƃ�ƽĭ�žƳŚſř�ǀ�ƵŚS. mirzayanii�ƹŹƽ����Ĩºſƺſ�ƪºƯŚĩ�šřźƄºů�

ŹŚƸģ�ƶƐƤƳ�řƽšŚŝƺŞů����
Table 1. LT50 values of S. mirzayanii essential oil against C. maculatus. 
 

Concentration 
(µL/L air) Chi-square (÷2) Slope ± SE LT50 (h)* LT95 (h)* 

37.03 16.47 0.19 ± 0.03 9.73 (6.79-13.17) 18.36 (14.5-21.25) 
111.11 20.53 0.19 ± 0.03 8.52 (4.88-12.69) 17.39 (15.07-19.23) 
148.14 7.68 0.23 ± 0.03 7.17 (5.68-8.64) 14.44 (12.32-17.69) 
185.18 14.59 0.22 ± 0.036 7.08 (4.32-9.87) 14.35 (13.24-15.03) 

* 95% lower and upper fiducial limits are shown in parentesis. 
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Log10 concentration (µL/L air) 

Y = 1.808x + 4.257 

2 = 0.425,��df = 4,��P-value = 0.980 
n = 240  
LC50 = 2.58 (95% FL = 2.00 - 3.20) µL/L air 

 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèå���ç���ÎÐÕî�������������������������������������������������������������������������ÏÒ 

�ƾƯ�ƱŚƄƳ���ƾƬƗ�ƶĩ�ŶƷŵ���ŵƹŶºů�ƎƤƟ�źǀƯ�ƹ�īźƯ�ŢƗźſ��Ʈſ�ŢƔƬƛ�ƽźŝřźŝ�Ūƴě�ƂƿřżƟř�ƮƛŹÒ�Ï�
Ţſř�Ƶŵźĩ�řŶǀě�źǀǀƜţ�ŢƗŚſ���
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Table 2. Repellent effects of the essential oil from S. mirzayanii to C. maculatus and T. 

confusum. 
 

Number of insects 
Species Concentration 

(µL) Treatment Control No 
response 

÷2 P 
value��

Repellency 
(%) 

C. maculatus�� 1 8 15 7 2.13�� 0.144 23.33 
C. maculatus�� 3 3 24 3 16.33 0.000 70.00 
T. confusum�� 1 0 25 5 nc nc 83.33 
T. confusum 3 1 27 2 24.14 0.000 86.66 

No response insects were not used in statistical analysis. nc: not calculated. 
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��Ţſř�Ƶŵƺŝ�ŵŹō��ưſ�ǀ�ƀƠƴţ�Ţƾ�žƳŚſř��źƯ�ƿƮ�Ƭĭƾ�ŹŶƳřƹŹŚĩ�ƽƹŹ�ƽŹŚƸģ�Ĩſƺſ��ƶƐƤƳ�řƽ�šŚŝƺŞů�

ƀŝǀ�ŹŚŝǀưſ�Żř�źŤƄǀĭ�žƳŚſř�ŢǀƵŚ�S. bracteata�ƹŹƽưƷ�ǀŵƺŝ�ŢƟō�Ʋ�(Shakarami et al., 2005)��
ƶŝ�ŹƺƏƽ�Ư�ƶĩǀ�ƱřżLC50ŵŹƹōźŝ���řźŝ�ƵŶƃƽ�žƳŚſř�S. bracteata�ƩŵŚƘƯ�æííƯ�ǀƫƹźĪǀƫ�źŝ�źŤǀ�řƺƷ�źŤ

�ƫŚůŹŵ��Ţſřƾ����ŹřŶƤƯ�ƶĩLC50��źƯ�žƳŚſř�ƿƮ�Ƭĭƾ�ŹŶƳřƹŹŚĩ�ƽ�Òí�ç�Ư�ǀƫƹźĪǀ��ƫ�źŝ�źŤǀ���ŵŹƹōźºŝ�řƺºƷ�źŤ
Ŷƃ���ưƏř�ŵƹŶůǀ��ƱŚƴîÒ�Ư�ƱŚƄƳ�ŶƇŹŵ�ƾ��ºƴƘƯ�ƝǈŤųř�ƶĩ�ŶƷŵƾ�Źřŵƽ�ºŝ�ǀ�ŵŚºƤƯ�Ʋƿ�źLC50ř��ºƿ�ƹŵ�Ʋ

ŵŹřŵ�ŵƺūƹ�žƳŚſř��źŝ��ƁŹřżĭ�ŽŚſřJavidnia et al. (2002)�ĩźţ�ǀƬƇř�šŚŞƾĭ�žƳŚſř�ƮƸƯ�ƹ�ǀ�ƵŚ
S. mirzayanii��Spathulenol (10.4%)��Delta-cadinene (5.8%)�ƹ�Linalool (5.2%)Ư�ƾ�ŶƃŚŝ���ŚºƯř�

ĩźţǀƬƇř�šŚŞƾĭ�žƳŚſř��ºǀ�ƵŚS. bracteata��ƪƯŚºƃ�Delta-cadinene (50.7%)�á-pinene (21.44%)��
Linalool (11.40%)�ƹ�Phenylpropyl (6.09%)�Ţſř�(Shakarami, 2004)��ŚŬƳōŻřƾƿ��ĩźţ�ƶºĩǀ��šŚºŞ

ƯŒ��Ư�ƹ�Ƶźŧǀ�Ʊō�Ʊřż�ř�Źŵ�ŚƷƿĭ�ƹŵ�ƲǀŚŝ�ƵŚ���ºƯ�źºƔƳ�ƶŝ��ŵŹřŵ�šƹŚƠţ�ƮƷƾ��ř�ŶºſŹ�ºƿ�Ư�Źŵ�ƪºƯŚƗ�Ʋ�ºǀ�Ʊřż
ưſǀ��ĭ�ƹŵ�Ţǀ��ŝ�ŢŞƀƳ�ƵŚ��ƶ�Ư�ƮƷŒ�ŶƃŚŝ�źŧ��Źŵ��ƶƄĜƃ�ŵŹƺƯ��ƽ�ŵŹō�����ſŹźŝ�ŵŹƺƯ�žƳŚſř�ƾ���ƶºŝ�ŢŞƀºƳ�

�žƳŚººſřƶººƳƺĭ�ŚººƷƽ�S. bracteata��ƹSalvia multicaulis��ƘººƋ�ŵźººĪƬưƗǀƠƾ�Ţººſř�ƶŤººƃřŵ�� �
(Shakarami et al., 2005; Saeidi & Moharramipour, 2008)��ŵŚºƤƯ�ƿ�źLT50�ºŝ�ƶ��Ţºſŵ��Żř�ƵŶºƯō� �

S. mirzayaniiřźŝ�ƽŹŚƸģ�Ĩſƺſ��ƶƐƤƳ�řƽŢƔƬƛ�Źŵ�šŚŝƺŞů��ŚƷƽ�åè�èì�ƹ�æí�æíÒƯ�ǀƹźĪ�ƫǀ��źºŤ
ƫ�źŝǀƶŝ�řƺƷ�źŤ�ƴƘƯ�ŹƺƏƾ�Źřŵƽŝ�ǀ�Żř�źŤƄLT50ŝ�ƶ�Ţſŵ���Żř�ƵŶºƯōArtemisia scoparia Waldst et Kit�

ưƷ�ŹŵǀƯ�ƵźƄů�Ʋƾ�ŶƃŚŝ��źŝ��ƤŰţ�ŽŚºſřǀ�šŚºƤ�Negahban et al. (2006a, 2006b)��ŵŚºƤƯ�ƿ�źLT50�
ŝƶ�Ţſŵ�řźŝ�ƵŶƯōƽŹŚƸģ�Ĩſƺſ��ƶƐƤƳ�řƽ��žƳŚºſř�Żř�šŚºŝƺŞů��A. sieberi��ŢºƔƬƛ�Źŵ��ŚºƷƽ�èìƹ��

æíÒƯ�ǀƹźĪ�ƫǀƫ�źŝ�źŤǀřƺƷ�źŤ�ƶŝ��ţźţǀ�Ŝåç�Ñƹ��îå�è�Ţſř��ř�ŻřƿƯ�ŜƬƐƯ�Ʋƾ�ŤƳ�Ʊřƺţǀĭ�ƶŬ�ƶĩ�ŢƟź
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ƤŰţ�Źŵ�ƶƘƫŚƐƯ�ŵŹƺƯ�žƳŚſřǀ�Ƣ�źƋŚů���ĭ�žƳŚºſř�ƶºŝ�ŢŞƀºƳǀ��ƱŚºƷŚA. sieberi��ƹA. scoparia���Śºŝ
�źŤưĩ�ŢƗźſƽ����Ţſř�ƵŶƃ�šŚƠƬţ�ŦƗŚŝ���ƫŵǀ������ĩźţ�Źŵ�šƹŚƠţ�Ţſř�ƲĪưƯ�Ʊō�ƪǀ�Ư�šŚŞŒƵźŧ��ƽř��ºƿ�Ʋ

ĭǀ���Ʊō�ŹřŶƤƯ�ƹ�ƱŚƷŚ����ƱŚƴģ��ŶƃŚŝ�ŚƷ����ƶĩ��Ɲǈųźŝĩźţǀ�ƬƇř�šŚŞƾ�ĭ�žƳŚſř�ǀźƯ�ƵŚƿƮ�ƬĭƾŹŶƳřƹŹŚĩ�ƽ��
Źŵ�ƶƧ�Ŷƃ�ƵŹŚƃř�ǇŚŝ�ĩźţ�ǀƬƇř�šŚŞƾƵŶưƗ�ƹ��ƽ�žƳŚſř�A. sieberi���ƪƯŚƃCamphor (54.68%)ƹ��

Camphene (11.73%)�ĩźţ�ƹ�ǀ��ƬºƇř�šŚºŞƾ��žƳŚºſř�A. scoparia���ƪƯŚºƃ�â-pinene (19.01%)�ƹ�
Capillin (17.45%)�Ţſř��ƤŰţǀ�ºƯ�ƱŚƄƳ�ƞƬŤŴƯ�šŚƤƾ�����ĩźţ�Ţºſř�ƲºĪưƯ�ƶºĩ�ŶºƴƷŵǀ�ºŞƾ�řźºŝ�ƽ�

ƵźƄů��řƽ��ŚƯř�ŶƃŚŞƳ�ƵŶƴƄĩ�Źƹŵ�ě�ƶĩ��ŶƃŚŝ�ƵŶƴƴĩƾ�ř�ƶŝ�ƱŵźŝƿƳ�ŢƬƗ�Ʋ�ºǀ�ƤŰţ�ƶºŝ�ŻŚǀ�ŝ�šŚºƤ�ºǀźŤƄƽ�
ŵŹřŵ���ƟźƏ�Żřƾ��ƤŰţ�ƢŞƏ�ǀ������ĭŶƴƄºĩ�šřźºŧř��ƞºƬŤŴƯ�šŚƤƾ��Źƹŵ�ƹ����ĭŶºƴƴĩƾ���Źŵ��ºƿ���Źřźºƣ�ŚŤºſřŹ�Ĩ
ưƳƾ��ĭǀŶƳź��ƬƗƾ���ř�ƮƛŹƿƲ����ĭ�žƳŚſř�ƶĩǀźƯ�ƵŚƿƮ�ƬĭƾŹŶƳřƹŹŚĩ�ƽŤů�ƾźţǇŚŝ�Źŵ�ƿƳ�ŢƔƬƛ�Ʋǀ�řźºŝ�żƽ�

ƶƄĜƃ��ƽ��ưſ�ŵŹō�ǀŤƾ���ŝ�ŚƯř�ŢƃřŶƳ�ǀźŤƄƿ��ĭŶƴƴĩŹƹŵ�ŶƇŹŵ�Ʋƾ�žƳŚſř�����ưƷ�ƶŝ�ƍƺŝźƯ�ǀ���ŵƺŝ�ƵźƄů�Ʋ
ŚŤƳ�Śŝ�ƶĩƿŪ�Liu & Ho (1999)ĭ�žƳŚſř�ŶƳŵƺưƳ�ƁŹřżĭ�ƶĩ�ǀƵŚ�E. rutaecarpa�řźŝƽƶƄĜƃ��ƽ�ŪƳźŝ�

ưſǀ�ƀƠƴţ�Ţƾ�ŝ�ǀźŤƄƽ���ƶƄĜƃ�ƶŝ�ŢŞƀƳ���ƽ��ƫƹ�ŵŹřŵ�ŵŹō�ƾĭŶƴƴĩŹƹŵ�źŧř�ƾř�ƿĭ�Ʋ�ºǀƹŹ�ƵŚƽ�ƶƄºĜƃ��ƽ�
ŝ�ŵŹōǀŵŹřŵ�ŢƤŝŚƐƯ��Ţſř�źŤƄ��Shakarami et al. (2005)žƳŚſř�ƶĩ�ŶƳŵƺưƳ�ƁŹřżĭ��S. bracteata�
ƹŹƽ�ƶƄĜƃ���ƽ��ưſ�ŵŹō�ǀ�Śě�Ţǀƿ���ĭŶƴƴĩŹƹŵ�źŧř�ŚƯř�ƲƾƸūƺţ�ƪŝŚƣ�ƾŢſř�ƶŤƃřŵ���Ưǀ�ĭŶºƴƴĩŹƹŵ�Ʊřżƾ�

����źţǇŚŝ�Źŵ�ƶƘƫŚƐƯ�ŵŹƺƯ�žƳŚſřƿ���ŢƔƬƛ�Ʋ�è�Ư�ǀƫƹźĪǀźŤ��ƹŹƽ��ŹŚƸģ�Ĩſƺſ���ƶºƐƤƳ��řƽ����ƹ�šŚºŝƺŞů�
ƶƄĜƃ�ƽţźţ�ƶŝ�ŵŹō�ǀ�Ŝìå�ƹ�ÓÓ�íÓŵƺŝ�ŶƇŹŵ���ƫŚºůŹŵ�ƾ��ƶºĩ�ƶºƳƺĭ��ƽ�S. bracteata�Źŵ��źţǇŚºŝƿ�Ʋ

�ƹŹ�ŢƔƬƛƽ��ŹŚƸģ�Ĩſƺſ��ƶƐƤƳ��řƽ��ƎƤƟ�šŚŝƺŞů��ÑÓ�Ñç��ĭŶƴƴĩŹƹŵ�ŶƇŹŵ�ƾ�ř�ƿ�ŵźĩ�ŵŚŬ����Ŷƴģ�źƷ
ŝ�ƁƹŹƶ�ŹŚĩ�ř�Źŵ�ƶŤƟŹƿƤŰţ�Ʋǀřźŝ�Ƣƽ�ŚºƯŻō�ƿ�ĭŶºƴƴĩŹƹŵ�Ƃƾ��ƁƹŹ�Śºŝ�Shakarami et al. (2005)�

�Ţſř�šƹŚƠŤƯ���������ºƯ�źºƔƳ�ƶºŝ�ŚºƯř�ƾ����ĭŶºƴƴĩŹƹŵ�ŶºſŹƾ����źºƯ�žƳŚºſř�ƿƮ��ºƬĭƾ��ŹŶºƳřƹŹŚĩ�ƽŝ��ºǀŻř�źŤƄ� �

�S. bracteataŶƃŚŝ���ƤŰţ�Źŵǀŵ�ƢƿźĮƽ��Akrami (2008)�źŤƯƺŤĪƠƫƹř�Żř�RZRřźŝ�ƽŚƤƯ��ºƿƶƀ�ƽ��źºŧř�
ĭŶƴƴĩŹƹŵƾ�žƳŚſř��ŚƷƽ�ĭ�ǀƷŚƾ�ƹŹ�ƽ��ŹŚŞƳř�šŚƟō�ƽ��ŵźĩ�ƵŵŚƠŤſř��ƹ����������ŢºƔƬƛ�Źŵ�ƶºĩ�ŵƺºưƳ�ƁŹřżĭ

Ñ�åƯ�ǀƫƹźĪǀƹō�žƳŚſř��źŤƿ�Ʒƺºĩ�ƲƄƾ��Thymus kotschyanus L.��ƹŹƽ��ŹŚºƸģ�Ĩºſƺſ���ƶºƐƤƳ�řƽ�
ŝƺŞůƶƄĜƃ�ƹ�šŚ�ƽƶŝ�ŵŹō��ţźţǀ�Ŝèè�ìè�ƹ�èè�íèŶƇŹŵ��ƶƳƺě�žƳŚſř�ƹ���Mentha longifolia L.��

�Ƴǀ�ƹŹ�żƽ�ưƷ�ǀ��ƶŝ�šřźƄů�Ʋ�ţźţǀ��Ŝîå���ƹ�èè�îèĭŶƴƴĩŹƹŵ�ŶƇŹŵ�ƾŵŹřŵ��Ư�ŚƯř��ºǀ�ĭŶºƴƴĩŹƹŵ�Ʊřżƾ�
�ĭ�žƳŚſřǀ�źƯ�ƵŚƿƮ�Ƭĭƾ�ŹŶƳřƹŹŚĩ�ƽ����ŢƔƬƛ�Źŵ�è�Ư�ǀƫƹźĪǀ�ƹŹ�źŤƽ�ŹŚƸģ�Ĩſƺſ��ƶƐƤƳ�řƽ�ƹ�šŚŝƺŞů�



ÏÕ                                   ƾƿƺƨǀƳ�ƹ�ƾƯźŰƯ�Źƺě��ƮƿźƯ�žƳŚſř�ƾĭŶƴƴƧŹƹŵ�źŧř�ƹ�ƾƀƠƴţ�Ţǀưſ��ƾƬĭ�����

ƶƄĜƃ��ƽ��ƶŝ�ŵŹō��ţźţǀ��Ŝìå���ƹ�ÓÓ�íÓ���Ţſř�Ƶŵƺŝ�ŶƇŹŵ�������Ʈĩ�ƶŝ�ƶūƺţ�Śŝ�źƐų��ĩźţ�Ʊŵƺŝǀ�ĭ�šŚŞǀƷŚƾ�
řźŝƽ���ŰƯ�ƹ�ƱŚƀƳř�ǀ�Ż�Ǝƿ���ŢƟō�ƩƹřŶŤƯ�ƭƺưſ�ƶŝ�ŢŞƀƳ�Ţƀ��žƳŚºſř�Żř�ƵŵŚƠŤſř��Ƃĩ���ºƯ�ŚºƷƾ���ŶºƳřƺţ

ƶƐƤƳ�ƽƠƐƗ�ƾŹŚţ�Źŵ�ƿƵźƄů�Ų�Ƃĩ�ƫƺţ�ƹ�ŚƷǀĭ�Żř�žƳŚſř�ŶǀƹŹřŵ�ƱŚƷŚƾƿŶƃŚŝ����
��
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