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Abstract 

Varroa destructor Anderson & Trueman is one of the most important pests of Apis mellifera L. 
world widely. It causes great economic loss to the beekeeping industry through feeding on various 
developmental stages of bees and by transmission of pathogenic viral agents. Recently, application of 
chemical pesticides has led to the occurrence of mite resistance and contamination of hive products. 
Therefore, the objective of the current study is to evaluate fumigant toxicity of essential oil from Mentha 
longifolia L. against varroa mite and honey bee. Adult females of varroa mites were treated with different 
concentrations of essential oil (from 0.5 to 3.75 µl/l air) at 25°C and 40% RH in darkness for 10 h. Also, 
worker honey bees were exposed to concentrations of essential oil (from 0.62 to 6.25 µl/l air) in incubator 
set at 32°C and 45 - 50% RH in dark for 10 h. All experiments were conducted with four replications. The 
number of dead and live treated animals was counted each hour from commencement of exposure. 
Results showed that the mortality was increased as concentration and exposure time of the oil increased. 
Estimated LC50 value of M. longifolia treated on V. destructor 9 and 10 h after exposure was 2.05 and 
1.65 µl/l air, respectively. However, LC50 values of the oil on A. mellifera at the same exposure times 
were 5.08 and 4.76 µl/l air, respectively. These findings indicate that varroa mite is more susceptible than 
A. mellifera. Therefore, more comprehensive experiments are necessary to find appropriate concentration 
and exposure time of M. longifolia essential oil in varroa mite control programs in apiaries. 
Key words: Varroa destructor, Mentha longifolia, Fumigant toxicity, Apis mellifera 
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ƹƿſƹźƾ��ř�ŜūƺƯ�ƿ�ƬĪƃŶŝ�ŵŚŬƾ��ƩŚŝ�Źŵ����ŹƺŞƳŻ�źưƗ�ƩƺƏ�ƂƷŚĩ�ƹ�ŚƷƽŚƷ�ƪƀƗ����Źŵ�źºƳ�ƹ�źĭŹŚºĩ�
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Ƶŵřŵ�Ţſř�ƵŶƃ�ƶƋźƗ�ŹřŻŚŝ�ƶŝ�ŶƳř��ſǇƺƯźƟǀƱƺ��Apilife VAR®���ºƯ�ŵřƺºƯ�ƶºĩ�ŒƵźŧ�ƽţ�řŹ�Ʊō�ǀ��Ʃƺºư
�ìÓ��ƫŚĩř��ǀ�ƩƺŤĜ�Ñ�ÎÓ���ƩƺŤƴƯ���í�è���Śĩ�ƹ�ŹƺƠƯ�í�è���ĪƄţǀƏ��Ƶŵřŵ�ƪƾ�ƶŤƠƷ�ŢƄƷ�ì�îì�

Ə�Źŵ�ƹ�ŶƇŹŵƾ��ƶºŤƠƷ�ŹŚƸģ�ì�îè���ƶºƴĩ�źºŧř�ŶºƇŹŵ���Ƅºĩƾ��ŵŹřŵ(Imdorf et al., 1995a)���ƶºƳƺě�ƽ�
ƾƷƺĩ��Mentha longifolia L.�Ĩƿ��ŶƃŹ�ŵƹŻ�ƾƷŚǀĭ���ƶƫŚſīźŝ�Śŝ�ƹ�ŚƷƾƿżŞſ�ĬƳŹ�ƶŝ���ƲƃƹŹ�ºƿ�Ś

ţǀ��źŤƀĩŚų�Śţ�Ƶźƽ�Ư�ƾ�ŶƃŚŝ��ƶƳřƹźě�ƹ�ŚƷŹƺŞƳŻ�ƺƯ�Źŵ�ŚƷƪĭ�Ʈſ��ºƷŵƾ��ř�Ţưºſ�ƶºŝ��ºƿĭ�Ʋ�ºǀ��ŜºƬū�ƵŚ
Ưƾ�ŶƳƺƃ��řƿƶƳƺĭ�Ʋ�ƽĭ�ǀƷŚƾŚſ�ŶƴƳŚưƷ�ƿƶƳƺĭ�ź�ŚƷƽƵŵřƺƳŚų��ƽ�Lamiaceae�řŹřŵƽƹŹřŵ�ƅřƺų�ƾƿ�

Ţſř���ĭ�žƳŚſřǀƵŚ�ƶƳƺě����ƽƷƺĩƾ��ƫŵ�ƶŝ�ǀ��ƫŚƘƟ�ƲŤƃřŵ�ƪǀ��Ư�ŶƋ�ŢǀŝƹźĪƾ��ƬƗ�ǇŚŝ�ǀ�ƌƘŝ�ƶƾ�ƶƳƺĭ��ŚƷƽ�
źŤĩŚŝƿŚƾƿźưŴƯ�ƹ��ŚƷƽƳŚƀƳř�ƱĥƺţŚě�ƾưƷř�Żř�ǀŻ�ŢƿŵŚƽřŵŹƺųźŝ��Ţſř�Ź(Hajlaoui et al., 2008)��
Śţ��ƶƘƫŚƐƯ�Ʊƺƴĩ�řƽ����ƇŚų�Śŝ�ƍŚŞţŹř�Źŵ�ǀ�ƶƴĩ�Ţ�Ƅĩƾ��ƶƳƺě�žƳŚſř����ƽƷƺĩƾƹŹ�ƽƶƴĩ���ƽ�šŹƺƇ�řƹŹřƹ



ÐÑ                                              ƱřŹŚƨưƷ�ƹ�ƾưſŚƣ��ƶƴƧ�źŧř�ƾſŹźŝ�ƶƳƺě�žƳŚſř�ƾƄƧ��ƾƷƺƧ�ƽ�����

�Ţſř�ƶŤƟźĮƳ������řżƯ�ƶŝ�ƶūƺţ�Śŝ�řŸƫƿŚƽ���žƳŚſř�Żř�ƵŵŚƠŤſř��ŚƷƽ�ĭ�ǀƷŚƾ��ƶƴĩ�ƩźŤƴĩ�Źŵ���ƽřƹŹřƹ�ř�Źŵ��ƿ�Ʋ
ƤŰţǀĭ�žƳŚſř�Żř�ƵŵŚƠŤſř�ƢǀƶƳƺě�ƵŚ��ƽƷƺĩƾĩ�ŹƺƔƴƯ�ƶŝ�ř�ƩźŤƴƿƯ�źƔƳ�ŶƯ�ŢƟō�Ʋƾ�ŶƃŚŝ���

��
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
ƶƴĩ�ƽŻŚſřŶū��ƽŹƺŞƳŻ�ƱŶŝ�ƽƹŹ�Żř�řƹŹřƹ�ƪƀƗ�ƾƿŚěƹŹř�ƶǀƸţ�ƹ��ƽƶƳƺưƳ�ƾƷŚǀĭ�ƽŚƷ��

ŻŚººſřŶū�źººƋŚů�ƂƷƹĦººě�ŹŵƽƹŹ�Żř�ƶººƴĩ�ƽ��ŻŚººĭ�Żř�ƵŵŚƠŤººſř�Śººŝ��ƪƀººƗ�ŹƺººŞƳŻ�ƱŶººŝ�
ŵƽ�ƀĩřǀ�ƁƹŹ�Śŝ�ƢŝŚƐƯ�ƹ�ƲŝźĩŶAriana et al. (2002)Ÿě�šŹƺƇ�ƿŢƟź��ƶƴĩ�ŚƷƽŶū�ř��Żř�žě�ƵŶƃ
ƶŝ�ƁƺƷ���ƮƬƣ�Ǝſƺţ�ƱŶƯō����źŤě�ƱƹŹŵ�ƶŝ�ƺƯƽ�ŵƿƂ���ŶƳŶƃ�ƪƤŤƴƯ�ŚƷ��ŹƺŞƳŻƽŚƷ�Ƴ�ƪƀƗǀ��ŢƗŚºſ�ƹŵ�ż

ƶŝ�Żř�žě�ƁƺƷ�řźŝ�ƱŶƯōƽŚƯŻō�ƭŚŬƳř�ƿƂ�ŚƷƽŻ�ƿŢƀ�ŬƴſƾŶƴŤƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ����
ĭǀ�ƶƳƺě�ƵŚ��ƽ�Ʒƺĩ�ƾ�����ƩŚſ�ŹŚƸŝ�Źŵ�æèíì���ƃ�ƱŚŤſźƸƃ�ƝřźƏř�šŚƛŚŝ�Żř�ǀ�Ʊřƹź�Ɩưū�ŹƹōƽŶƃ���
īźŝ�ŚƷƽř�ƿĭ�ƲǀƵŚ� žě Ɩưū�Żř�ŹƹōƽľǈƯŚĩ�ƪŰƯ�Źŵ�ŹŚţ�ƿĨƄų�Ĩ�ŢĩŚě�Źŵ�ƹ�ƵŶƃ�ŚƷƽŸƛŚĩ�ƽ�
źƟ�ŹŵƿŚƯŵ�Źŵ��Źżƽ�çÑ�ƶūŹŵ��ƽƀƬſ�ǀƶĮƳ�Žƺ�ŹřŵƽŶƳŶƃ����
��

ƶǀƸţ�ƽžƳŚſř���
��žƳŚſř�ŹƺƔƴƯ�ƶŝ�ĭǀźƽ���ƶƳƺě�īźŝ�Żř���ƽ�Ʒƺĩ�ƾ�īźŝ����������ºſō�Żř�ƵŵŚƠŤºſř�Śºŝ�ŚƷǀ��ºƣźŝ�śŚƾ���ŵźºų�

ŶƳŶƃ�����ŹŚŝ�źƷÑå���īźŝ�Żř�ƭźĭ��ŚƷƽ�ŵźų���ƶŝ�ƵŶƃ�Ʒ��ƵřźưÓÍÍ�Ư�ǀ�ºƬƾ�ƫǀ���������Żř�ƵŵŚƠŤºſř�Śºŝ�źºƐƤƯ�śō�źºŤ
�žƳŚſř�ƵŚĮŤſŵ�ĭǀźƽ�ƃ�ǀƶƄ�řƽ���ƩŶƯ�Clevenger��ŚƯŵ�Źŵ�ƽ�æåå��ƶºūŹŵ���ƽ��ƀºƬſǀŽƺ����šŶºƯ�ƶºŝ�Ñ�
žƳŚſř�ŢƗŚſ�ĭǀźƽ�Ŷƃ�(Negahban et al., 2007)�žƳŚſř��ŚƷƽ�ƶƬƇŚů�šŚƠƫƺſ�Ĩưĩ�Śŝ���Ŷºſƿ�Ʈ

śō�ĭǀźƽ�����������Ťºſǈě�ƝƹźºƓ�Źŵ�ƵŵŚƠŤºſř�ƱŚƯŻ�Śţ�ƹ�ƵŶƃ�ǀĪƾ������ƮºŬů�ƶºŝ�ç�Ư�ǀ�ºƬƾ�ƫǀ������ƁƺºěƹŹ�Śºŝ�źºŤ
ƯƺƫōǀƴǀƯƺƾ�Źŵ�ƿŚƯŵ�Źŵ�ƩŚĤŴƽ�ÑƶūŹŵ��ƽƀƬſ�ǀƶĮƳ�Žƺ�ŹřŵƽŶƳŶƃ��(Negahban et al., 2006)���

��
ƾŬƴſ�ŢƀƿŻ�šŚƄƿŚƯŻō��

ŚƯŻōƿƂ�ŚƷƽ�Ż�ƿŢƀ�Ŭƴſƾ�řźŝ�ƽŻŹř�ƿŝŚƾƇŚų�ǀƶƴĩ�Ţ�Ƅĩƾĭ�žƳŚſř�ǀƶƳƺě�ƵŚ��ƽƷƺĩƾƹŹ�ƽ�
ƶƴĩ����ƽ��řƹŹřƹ��ŚƤƯ�ƹƿƶƀ��ƽ�Ư�ǀſŚƀů�Ʊřżǀř�ŢƿƯ�Śŝ�ŢƟō�Ʋǀŵƺų�ƱŚŝż�ŞƳŻ�Źƺ��ƪƀºƗ��ŚºěƹŹřƾƿ���ƭŚºŬƳř�
ŸěƿŢƟź�����ŚƯŻō�ƭŚŬƳř�Żř�žěƿƂ�ŚƷƽţŚƯŶƤƯ�ƾƘţ�ƹ�ǀǀŚě�ŵƹŶů�ƲǀƿǇŚŝ�ƹ�Ʋƽ��ŵŹƺºƯ�žƳŚſř�ŢƔƬƛ�



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

���ř�ŜūƺƯ�ƶĩ�ƶƘƫŚƐƯƿ���Ư�ƹ�īźƯ�ŵŚŬǀ�ºŝ�źǀ�Ʋçå��Śºţ�íå��ƶºƴĩ�Źŵ�ŶºƇŹŵ���ŚºƷƽţ�ǀ�ŹŚºư��ŵźĭ�ƵŶºƃ�ºƿ��Ŷ
ŚƯŻōƿƂ�ŚƷƽ�ƬƇř�ƾ�Ÿě�ƭŚŬƳř�ƿŢƟź��Ŷŝƿ�źƷ�ŹƺƔƴƯ�Ʋæåƶƴĩ�ŵŶƗ��ƽ�ƚƫŚŝ�ƵŵŚƯ�æ�Śţ�èŹ����ƶºŝ�ƶºĩ�ƵŻƹ
ĭŻŚţƾ��ƵźŬů�Żř��ŚƷƽ�Ơƃ�ǀĭźƾ���ŶƳŵƺŝ�ƵŶƃ�ũŹŚų�������ƹŹ�Żř�ƱŶƃ�řŶū�Żř�žě��ƽ�ŹƺŞƳŻ�ƱŶŝ����ƶºŝ�ƪƀƗ

��ƱƹŹŵƿ�źŤě�Ĩƽ�ŵƿƂ�����ƶƳŚƷŵ�źƐƣ�Śŝ��ƽ�ÑÑ�æí�ŤƳŚſ�ƾ�����ƮŬů�ƹ�źŤƯíåå�Ư�ǀƬƾ�ƫǀ�źºŤ����ŶƳŶºƃ�ƪºƤŤƴƯ��
ƶƴĩ�ŚƷƽ��źŤě�ƪųřŵ�ƽ�ŵƿ���Ư�Żř�ƵŵŚƠŤſř�Śŝ�ƂǀěƹźĪǀƟŚƇ�ŸƛŚĩ�Ĩưĩ�Śŝ�ƹ�ŢĜƾ����ƵŹŚưºƃ�Ʋưţřƹæ��ƶºŝ�
ƣ��źƐç�ŤƳŚſ�ƾ�źŤƯ��ŜƈƳ����Ƭųřŵ�ŮƐſ�Źŵ�ƵŶƃƾ�ƶƳŚƷŵ���ƽ�źŤě�ƽ�ŵƿ��šŶƯ�ƶŝ�ƂæåƉźƘƯ�Źŵ�ŢƗŚſ��

ŢƔƬƛ�ŚƷƽ���ƞƬŤŴƯ��Ò�å���ìç�å���åî�æ��ÓÒ�æ��Òæ�çƹ�ìÒ�èƯ�ǀƫƹźĪǀƫ�źŝ�źŤǀřƺƷ�źŤ��ĭ�žƳŚſřǀ�ƵŚ
��ƶƬƇŚƟ�Śŝ�ƶĩ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŹŚĮƫ�ƿưŤƾŶƴŤƟźĭ�Źřźƣ��ŶƳŶƃ�ƶŞſŚŰƯ���ƶŝ���ĭƺºƬū�ŹƺºƔƴƯǀźƽ�ŹŶºƷ�Żř��

��ƳŚſř�ƲŤƟŹņŹŵ��žźŤě�ƽ�ŵƿƂ�ƟřŹŚě�Ǝſƺţ�ŚƷǀľǈƯŚĩ�ƮƬŶƃ�ƶŤƀŝ���ƯŚưţƾţ�ǀřźƃ�ŢŰţ�ŚƷŹŚưƿ��ơŚºţř�Ǝ
��ŚƯŵ�Śŝ�ŶƃŹƽ�æ�t��çÒ�ƶūŹŵ���ƽ�ƀƬſ�ǀ���ŞƀƳ�ŢŝƺƏŹ�ƹ�ŽƺƾÒ��t��Ñå����ŹŚºţ�ƹ�ŶƇŹŵ�ƿĪƾ����ƶºĮƳ�Źřŵƽ�

ŶƳŶƃ� žƳŚſř�ƕƹźƃ�Żř�žě�Ʒŵƾƶƴĩ�ŵřŶƘţ��ŚƷƽ�źƷ�šŹƺƇ�ƶŝ�ƵŵźƯ�ƹ�ƵŶƳŻ�ƿ�ŢƗŚſ�ĨƿĨ��ŹŚŝ��ƹ
���Śţ�źŨĩřŶůæå�ƗŚſ���ŵźĭ�ŢŞŧ�ŢƿŶ��ţǀ��Ƴ�ŶƷŚƃ�ŹŚưǀ���řźºƃ�Źŵ�żƿ����������žƳŚºſř�ƩŚºưƗř�ƱƹŶºŝ�ƹ�ƶŝŚƄºƯ�Ǝ

ƶĮƳ�Źřŵƽ�Ŷƃ���ƯŚưţƾ�ŢƔƬƛ����ţ�ƹ�ŚƷǀ���ŶƷŚƃ�ŹŚưÑ���ŶƳŶƃ�ŹřźĪţ�ŹŚŝ���ƭŶƗ�����Ƭĩ�ƹ�ŚƷŚě�Źŵ�Ţĩźů��ºǀ�źƀ
ƶƴĩ�ŚƷƽţ�ǀŹŚư�ŶƷŚƃ�ƹ�ƵŶƃ�ƶŝ���ƱřƺƴƗ�ƮƿǈƗźƯīŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�� 

řźŝƽ�ŻŹř�ƿŝŚƾƶƳƺě�žƳŚſř�źŧř���ƽƷƺĩƾƹŹ�ƽŹƺŞƳŻ���ƪƀƗŚƯŻō��ºƿƄƾ��ŚºƯŻō�ƶŝŚƄºƯ�ƿ��ơƺºƟ�Ƃ
�Ÿě�ƭŚŬƳřƿŢƟź���ř�Źŵƿ�ŚƯŻō�Ʋƿ�Ƴ�Ƃǀ�ŚƯŻō�ƭŚŬƳř�Żř�žě�żƿƂ�ŚƷƽţŚƯŶƤƯ�ƾƘţ�ƹ�ǀǀ��Śºě�ŵƹŶºů�Ʋǀƿ�ƹ�Ʋ

ǇŚŝƽ����ƶƘƫŚƐƯ�ŵŹƺƯ�žƳŚſř�ŢƔƬƛ�����ŵřŶƘţ�æå���ƪƀƗ�ŹƺŞƳŻ�ŵŶƗ�����źƠºƇ�źĭŹŚºĩ��Śºţ�èƵŻƹŹ����ƪºųřŵ�
źŤěƽ�ŵƿƂ�ŚƷƾƿ����ƮŬů�ƶŝ�íåå�Ư�ǀƬƾ�ƫǀ����ŢºƔƬƛ�ƉźƘƯ�Źŵ�źŤ��ŚºƷƽ����ƞºƬŤŴƯ���åì�è���Òè�è���åÓ�Ñ��
Óì�Ñ���èì�Ò���ƹ�çÒ�Ó�Ư�ǀƫƹźĪǀ��ƫ�źŝ�źŤǀ�řƺƷ�źŤ���ƶƳƺě�žƳŚſř�ƽ�Ʒƺºĩ�ƾ���ƶƬºƇŚƟ�Śºŝ�ƶºĩ��ƽ�ŹŚºĮƫ�ƿưŤƾ�

�Ŷƃ�ƶŞſŚŰƯ�ŵƺŝ�Ƶ��ŶƳ�ŶƴŤƟźĭ�Źřźƣ��ţǀŹŚư�řźƃ�Źŵ�ŚƷƿ�ŹƺţŚŝƺĪƳř�Ǝ�ŚƯŵƽ�èç�ƶºūŹŵ��ƽ��ƀºƬſ�ǀ�ƹ�Žƺ
�ŞƀƳ�ŢŝƺƏŹƾ�Òå���ÑÒ���ŹŚţ�ƹ�ŶƇŹŵ�ƿĪƾ��ƶĮƳ�Źřŵƽ���������žºě�ƵŵźºƯ�ƹ�ƵŶºƳŻ�ŵřźºƟř�ŵřŶºƘţ�ƹ�ŶƳŶƃ��Żř

�žƳŚſř�ƕƹźƃ�Ʒŵƾ����źƷ�ƹ�ƿ���ŢƗŚſ�ĨƿĨ������Śţ�źŨĩřŶů�ƹ�ŹŚŝæå���ŢƗŚſ���ŶƳŶƃ�ƁŹŚưƃ��ŹƺŞƳŻƾƿŚƷ�
ƩŚŝ�ƹ�ŚƷŚě�Ţĩźů�ƶŝ�ŹŵŚƣ�ƶĩ�ŚƷƽŶƳŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ƵŵźƯ�ƱřƺƴƗ�ƶŝ�ŶƳŵƺŞƳ�ŵƺų����

ŚƯŻō�źƷ�Źŵƿ�īźƯ�ŶƇŹŵ�Ƃ�Ư�ƹǀŭǈƇř�ź�ƩƺƯźƟ�ƢŞƏ�ƵŶƃ�Abbott (1925)�ƹ��ŵŚºƤƯƿź�LC50�
�ƁƹŹ�ƶŝFinney (1971)�ƶŝƭźƳ�Ĩưĩ���ŹřżƟřSAS 6.12�ƶŞſŚŰƯ�Ŷƃ��żŬţ�Żřƿƶ�Źřƹ�ƿ�žƳŚƿĨ���ƶºƟźƏ



ÐÓ                                              ƱřŹŚƨưƷ�ƹ�ƾưſŚƣ��ƶƴƧ�źŧř�ƾſŹźŝ�ƶƳƺě�žƳŚſř�ƾƄƧ��ƾƷƺƧ�ƽ�����

(One-way ANOVA)řźŝ�ƽſŹźŝ�ƾƯ�ƹ�īźƯ�ŶƇŹŵ�ǀ�ƶºƴĩ�ź��ƽ���ŚºěƹŹř�ƪƀºƗ�ŹƺºŞƳŻ�ƹ�řƹŹřƹƾƿ�Źŵ�
ŢƔƬƛ�ŚƷƽ�����ƳŚƯŻ�Ŷůřƹ�źƷ�Źŵ�ƞƬŤŴƯ�ƾ��Ŷƃ�ƵŵŚƠŤſř�����żŬţ�Żř�ƪŞƣƿƶ��ƽ�Źřƹ�ƿ�Ƶŵřŵ��žƳŚ����ƵŵŚƠŤſř�Śŝ�ŚƷ

��ħŹō�ŹŸū�Żř�ſǀ��Žƺƴ(arcsinus)�īźƯ��Ư�ƹ�ǀ��ŶƳŶƃ�ŭǈƇř�ź������ƴƘƯ�ƝǈŤųř�ŵƺūƹ�šŹƺƇ�Źŵƾ�Źřŵ��
ƯǀĮƳŚǀƲ�ĩƺţ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷƾ�(Tukey's test)ŹŚƯō�ƩŚưŤůř�ŮƐſ�Źŵ�ƽŚƤƯ�ŶƇŹŵ�Ūƴě��ºƿ�ƶƀ

ŶƳŶƃ����
��

ŪƿŚŤƳ��
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���ƶŝ�řƹŹřƹÑÒ������ƶŝ�ƪƀƗ�ŹƺŞƳŻ�Źŵ�ƹ�ŶƇŹŵ�Ò�ì��Żř�žě�ŢƔƬƛ�ƲǀưƷ�Źŵ�ŚƯř��ŶǀſŹ�ŶƇŹŵ�î��ŢƗŚºſ�
žƳŚſř�šŚƠƬţ�ƱřżǀƯ�ƾƷŵƶƴĩ�Źŵ���řƹŹřƹ�ƽÒÒ�Żř�źŤưĩ�ƪƀƗ�ŹƺŞƳŻ�Źŵ�ƹ�ŶƇŹŵ�æåŵƺŝ�ŶƇ�Źŵ����
��
�ƩƹŶūæ� źƿŵŚƤƯ�LC50�ƶŞſŚŰƯ�ƵŶƃ�ƽƶƳƺě�žƳŚſř���ƽ�ƾƷƺºĩ��M. longifolia�ƹŹ��ƽ��ƶºƴĩ��ƽřƹŹřƹ�� �

V. destructor�ƹ��ƾŗŚěƹŹř�ƪƀƗ�ŹƺŞƳŻ��A. mellifera� 
Table 1. Estimated LC50 values of M. longifolia essential oil for V. destructor and A. mellifera. 
  

Slope ± SE df Intercept ± 
SE 

LC50�(95% fiducial limits) 
(µl/l air) n 

Time 
(h) Species 

2.08 ± 0.41 4 4.64 ± 0.12 2.05 (1.64 � 2.64) 240 9 V. destructor 
2.37 ± 0.42 4 4.52 ± 0.12 1.65 (1.36 � 1.98) 240 10  
6.59 ± 1.04 4 0.09 ± 0.72 5.08 (4.78 � 5.54) 240 9 A. mellifera 
7.52 ± 1.04 4 -0.10 ± 0.71 4.76 (4.50 � 5.05) 240 10  

��
������ŢƔƬƛ�Źŵ�ƲǀƴĤưƷæç�è�ƹźĪǀƯ�����žƳŚſř�ƱŚƯŻ�ƂƿřżƟř��řƺƷ�źŤǀƫ�źŝ�źŤǀƫ��Żř�ƾƷŵÒ��ƶºŝ�ŢƗŚſ�
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Fig. 1. Regression line plot with 95% fiducial limits for different concentrations of M. 
longifolia essential oil on V. destructor and A. mellifera 10 h after exposure. 
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źţǇŚŝƽŚƤƯ�Źŵ�ƿŹƺŞƳŻ�Śŝ�ƶƀ�žƳŚſř�źŝřźŝ�Źŵ�ƪƀƗ�ŚƷƽĭ�ǀƷŚƾŢſř�ŹřŵŹƺųźŝ�ƞƬŤŴƯ�.řżƟř�Śŝ�ƿ�Ƃ
��ƶƳƺě�žƳŚſř�ŢƔƬƛ��ƽ�Ʒƺĩ�ƾ�Ư�ǀ����Źŵ�ƁŻźƫ�ƱřżƬĩǀ��ŚƷŚě�ƹ�ŚƷźƀƽ�ƶƴĩ��ŚƷƽ�ţ�ǀŹŚư��řżƟř�ƵŶƃƿ�ě�Ƃ�ºǀ�řŶ

ŵźĩ��ƴĤưƷǀƲ��Ʒ�ǀ��Ư�ƹ�ƱŚŬǀƉŚŞƤƳř�Ʊřż�ŚƷƽƷŚƯ�ǀƶĤ�ŚƷƽưĪƃ�ƾŹƺŞƳŻ�Źŵ�ƽŚƷ�Śºŝ��ƪƀƗ���řżºƟř�ƿ�Ƃ
žƳŚſř�ƱŚƯŻ�ƹ�ŢƔƬƛ�ƷŵƾřżƟř�ƿ�ƂŢƟŚƿ��Ruffinengo et al. (2007)ŶƳŵřŵ�ƱŚƄƳ�ƶƧ��Òåå��ěƾ�ěƾ��ƭř
��ƶºƳƺĭ�ƹŵ�žƳŚºſř�Żř�ƽĭ��ºǀƷŚƾ�Tagetes minuta L.�ƹ�Heterodera latifolia Buckey����Żř�žºěÑí�

�žƳŚſř�ŢƗŚſ�Ʒŵƾ���ƄƃŚě�ƁƹŹ�ƶŝ�ƾ�������Żř�źŤưĩ�šŚƠƬţ�ƲŤƃřŵ�Śŝ�æå����źºŬƴƯ�ƪƀºƗ�ŹƺŞƳŻ�Źŵ�ŶƇŹŵ�
Ư�ƹ�īźƯ�ƶŝǀŝ�źǀ�Żř�Ƃìåƶƴĩ�ŶƇŹŵ��ŚƷƽţ�ǀŵźĭ�ƵŶƃ�ŹŚưƿŶ���
ſŹźŝƾ�ŚƯŻō�ƿƷŚĮƄƾ���ơƺƟƺƯƿ�ř�ŶƿŚƤƯ�Źŵ�ƪƀƗ�ŹƺŞƳŻ�ƶĩ�Ţſř�ŜƬƐƯ�Ʋƿ�ƶºƴĩ�Śŝ�ƶƀ�ƽ�řƹŹřƹ�

�ưŰţ�Żř�źţǇŚŝ�ƪƽ����ĭ�žƳŚſř�źŝřźŝ�Źŵ�ǀ���������ŚºŤƳ�Śºŝ�ƶĩ�Ţſř�ŹřŵŹƺųźŝ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƱŚƷŚƿ����Żř�ƪºƇŚů�Ū
���ŵŹřŵ�ŢƤŝŚƐƯ�źƋŚů�ƂƷƹĦě��ŚŤƳƿ�ƤŰţ�Ūǀ�ųř�šŚƤǀƯ�ƱŚƄƳ�źƾ�ŹƺŤĩŚƟ�ƶĩ�ŶƷŵ��ŚºƷƾƿŞƣ�Żř��ºǀ��ƶºŨū�ƪ

īŹżŝ���ŝ�ƱŻƹ��źţǀ��Ư��ƱŶŝ�źŤƄǀ��ŝźģ�ƭŚƀūř�Ʊřżƾ��ƫŚƘƟ�ƹ�ǀ�ǇŚŝ�Ţƽ�żƳō�ƿƮ�ŚƷƾƿ���ƛ�Źŵ�ƶĩ�ǀưſźƾ��Ʊŵźĩ
�ưſ�ŵřƺƯƾ�Źřƹ�ŵ�ƃ����ƶƬưū�Żř��ŶƳŹřŵ�ƂƤƳ�ƱŶŝ�ƶŝ�ƵŶ�ƽƬĩ�ƪƯřƺƗ�ǀŶƽƪưŰŤƯ�Źŵ���Ʊŵƺŝƿ��ƵźƄºů�Ĩ
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��ƶƴĩ�źŧř�źƋŚů�Ƅĩƾ�źŤưĩ�ƽ�ƹŹ�ƽ�ƶƴĩ���ƽ��ŵŹřŵ�řƹŹřƹ���ŚŤƳƿ���ŚƯŻō�Żř�ƪƇŚů�Ūƿ��Ƃ��źƋŚů���ƶĩ�ŵřŵ�ƱŚƄƳ
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Fig. 2. Percentage mortality of V. destructor and A. mellifera exposed to essential oil of M. 
longifolia for various periods of time (means with the same letters are not significantly 
different at p < 0.05, Tukey's test). 
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