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ĪģǀƵŶ��
Ĩſƺſ�īźŝ�Źřƺų��ƱƹŹŚƳ�(Muller)�Xanthogaleruca luteola��Żř�ƮƸƯ�źţƿƲ�šŚƟō�ƱŚŤųŹŵ�ƱƹŹŚƳ�śƺƀŰƯ�Ưƾ�ŵƺƃ�

ƶĩ�ƱŚŤƀƯŻ�řŹ�ƶŝ�ƪĪƃ�šřźƄů�ƪƯŚĩ�Źŵ�ŢƫŚů�ŵƿŻƺěŚ�źĜſ�ƽƯƾ�Ŷƴĩ.�ƶŝ�ŹƺƔƴƯ�ŚſŚƴƃ�ƾƿĩźţǀšŚŞ�Ŷƴƣ�ƽŶƋ�Ųƿ�ƹ�Ɯţǀǀšřź�
ƬƈƟ�ƾƱō��ŚƷ�šřźƄů�ƪƯŚĩ�ƶŝ�šŹƺƇ�ƷŚƯǀƶƳŚ�Żř�źƸƯ�æèíì�Śţ�ŵŹřƿŢƄƸŞ�æèíí�Ɩưū�Źƹō�ƽƹ�ĩźţǀšŚŞ�ŚƷŶƴƣ�ƽƬĪƫř�ƾƬƇř�ƾ

ŵƺūƺƯ�Źŵ�ƱŶŝ�Ʊō�ŚƷ�ƶŝ�ƁƹŹ�ƟřźĭƺţŚƯƹźĩ�ƾŚƯƿƖ�Śŝ�řŹŚĩ�ƾƿǇŚŝ�(HPLC)�ƵŻřŶƳř�ĭǀź�ƽŶƃ��ŚƯƿřƺƿŻƺƴƿ�ƩƺŤ�ƽźţ��ŻƺƫŚƷ�żĩƺƬĭ�ƹ�
ƬĭǀƩƹźƀ�Żř�ƮƸƯ�Ʋƿźţ�ĩźţǀšŚŞ�ŶƋ�Ųƿ�ŚſŚƴƃƾƿ�ƵŶƃ�Źŵ�ƱŶŝ�šřźƄů�ƪƯŚĩ�ƱŚŤƀƯŻ�ƱřŹŸĭ�ŶƳŵƺŝ��ŢƔƬƛ�ŚƯƿřƺƿŻƺƴƿƩƺŤ�ƶŝ�ƱřƺƴƗ�

ƾƨƿ�Żř�ƾƬƇř�źţƿƲ�ĩźţǀšŚŞ�ŶƋ�Ųƿ�ŚſŚƴƃƾƿ�ƵŶƃ�Źŵ�šřźƄů�ƱŚŤƀƯŻ�ƱřŹŸĭ�Ĩſƺſ�īźŝ�Źřƺų�ƱƹŹŚƳ�ƶƐŝřŹ�ƽ�ŽƺƨƘƯ�ƹ�
ƾƴƘƯ�ƽŹřŵ�Śŝ�šřźǀǀƜţ�ŚƯŵ�ƱŚƄƳ�ŵřŵ���ÍÎÑ�Í�=�P��ÕÎÑ�Í��=�r���ƶŝ�ƽŹƺƏ�ƶƧ�Śŝ�ŵźſ�ƱŶƃ�řƺƷ�ŢƔƬƛ�Ʊō�Źŵ�Źŷō�ƵŚƯ�ƶŝ�źŨƧřŶů�

�ì�ç��t��Ó�èç��Ưǀƹźƨ�ƩƺƯ�Źŵ�źƷ�ƭźĭ�ƱŻƹ�źţ�ƂƿřżƟř�ŢƟŚƿ��ƾƫŚůŹŵ�ƶƧ�Ʋƿř�ŜǀƧźţ�Źŵ�ƲƿŵŹƹźƟ�ƵŚƯ�ƶŝ�ƪƣřŶů��Ñ�å��t��å�è�
�Ưǀƹźƨ�ƩƺƯ�Źŵ�źƷ�ƭźĭ�ƱŻƹ�źţ�ƵźƄů�ƽ�ƪƯŚĩ�ƂƷŚƧ�ŢƟŚƿ� �ŚƯř�Ƃǀŝ�Ʋƿźţ�ƕƺưŬƯ�ƪƧ�ĩźţǀšŚŞ�Ŷƴƣ�ƽƹ�Ƭěƾ�Ʃř�ŚƷ�Źŵ�ŵƽ�ƵŚƯ� �
�Ó�ì��t��ì�æåå�ƩƺƯƹźƨǀƯ�Źŵ�źƷ�ƭźĭ�ƱŻƹ�źţ�� �ƷŚƄƯƵŶ�Ŷƃ� ��źŝ�ŽŚſř�ŚŤƳƿŪ�ƶŝ�Ţſŵ�ƵŶƯō�ƶŝ�źƔƳ�ƾƯ�ŶſŹ�ŚƯƿřƺƿŻƺƴƿ�ƩƺŤ�

ƽźţ�ŻƺƫŚƷ�ƹ�żƧƺƬĭ�ƂƤƳ�ưƸƯ�ƾřŹ�Źŵ�ƪưŰţ�Ĩſƺſ�īźŝ�Źřƺų�ƱƹŹŚƳ�ƶŝ�ŚƯźſ�ŚƠƿř�ƾƯ�ŶƴƴƧ���
ƱŚĭĥřƹ�ƬĩǀŶƽ��Ĩſƺſ�īźŝ�Źřƺų��ƱƹŹŚƳ�ŵƿ�ŻƺěŚ�ƱŚŤƀƯŻ�ƳřŹŸĭƾ��ĩźţǀšŚŞ�ŶƋ��Ųƿ�ŚƯƿřƺƿŻƺƴƿƩƺŤ 

Abstract 
The elm leaf beetle, Xanthogaleruca luteola (Muller), is one of the most destructive pests of elm 

trees that overwinters as diapausing adult. The main cryoprotectants and their seasonal fluctuations in the 
elm leaf beetles were analyzed based on the monthly level of polyhydric alcohol from October 2008 
through June 2009, using high performance liquid chromatography (HPLC). The compounds myo-
inositol, trehalose, glucose and glycerol were found to be the most important polyols in the overwintering 
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adults, of which myo-inositol content exhibited an inversely significant correlation with temperature 
fluctuations (r = -0.814, P = 0.014). The highest level of myo-inositol was observed in December (32.6 ± 
2.7 µmol g-1 fresh body weight), while its lowest level was recorded in April (3.0 ± 0.4 µmol g-1 fresh 
body weight)� The total concentration of all cryoprotectants was 100.7 ± 7.6 µmol g-1 fresh body weights 
in January. The results underline the influential role of myo-inositol, trehalose and glucose compounds in 
enhancing the cold tolerance of elm leaf beetles and their chance of survival during freezing winter days. 
Key words: elm leaf beetle, diapause, overwintering, cryoprotectants, myo-inositol 
 

ƶƯŶƤƯ��
ƶƳƺĭ�ŚƷƽ�ƱƹŹŚƳ��Ulmus spp.��Żř�ƶƬưū�ƱŚŤųŹŵ�ƲƸě�ĭźŝƾ�ŶƴŤƀƷ�ƶĩ�ƶŝ�ŢƬƗ�řŹřŵ�ŵƺŝƱ�

ƬŝŚƣǀŢ�ŚƷƽ�ŻƿŤƀƾ�ƹ�ŤƘƴƇƾ�Żř�ŵƿŻŚŝź�ŵŹƺƯ�ƶūƺţ�Źřźƣ�ƶŤƟźĭ�ŶƳř��Śţ�Ʊƺƴĩ�íÓ�ƶƳƺĭ�Żř�šřźƄů�ƹ�
ƶƴĩ�ŚƷƽ�šŹŚƀų�řŻƽ�řƿƲ�ƱŚŤųŹŵ�Żř�řƿƱřź�ƁŹřżĭ�ƵŶƃ�Ţſř�ƶĩ�ŚƸƴţ�ŵřŶƘţ�ưĩƾ�Żř�Ʊō��ŚƷ�
ƶŝ�ŢƬƗ�šŹŚƀų�ǇŚŝ�ƹ�ƶƴƯřŵ�ƽ�Ƃƴĩřźě�ſƹǀƖ�ƶŝ�ƱřƺƴƗ�ŢƟō�ƶūŹŵ�ƽ�ƿĨ�řƿƲ�ƱŚŤųŹŵ�śƺƀŰƯ�
Ưƾ�ƳƺƃŶ�ƶĩ�Źŵ�ƯǀƱŚ�Ʊō�ŚƷ�Ĩſƺſ�īźŝ�Źřƺų�ƱƹŹŚƳ� �(Muller)�Xanthogaleruca luteola��Żř�

ưƷřǀŢ�ŝǀźŤƄƽ�ŹřŵŹƺųźŝ�Ţſř�(Dahlsten, 1994)� �řƿƲ�ŢƟō�řźŝƽ�ŤƀŴƳǀƲ�ŹŚŝ�Źŵ�ƩŚſ�æíåè�
Ưǀŵǈƽ�Żř�řƿŢƫŚ�źƯƿŶƴƬ�Źŵ�źƯōƿŚĪ�(Hance et al., 1994; Miller & Ware, 2001)�ƹ�Źŵ�řƿƱřź�Ƴǀż�Źŵ�

ƩŚſ�æèçÑ�Ǝſƺţ�ŹŚƄƟř�ƁŹřżĭ�Ŷƃ�ƹ�Źŵ�ƩŚů�źƋŚů�źƤţƿľŚŞ�Źŵ�ƯŚưţƾ�ƍŚƤƳ�řƿƱřź�ŹŚƄŤƳř�ƿƶŤƟŚ�
Ţſř�(Davatchi & Moradeshaghi, 1962)� �Ĩſƺſ�īźŝ�Źřƺų�ƱƹŹŚƳ�Śŝ�ŸƜţƿƶ�Żř�īźŝ�ƱŚŤųŹŵ�
ƱƹŹŚƳ�ƵƹǈƗ�źŝ�Ŷŝ�ƵźƔƴƯ�ŵźƧƱ�ũŚţ�ƱŚŤųŹŵ���ŜŞſ�ƂƷŚĩ�ĩǀƠǀŢ��śƺģ�ƂƷŚĩ�ŢƯƹŚƤƯ�Źŵ�
źŝřźŝ�Ƃƴţ�ŚƷƽ�ŰƯǀƐƾ�ƹ�ƞƘƋ�Ʊō�ŚƷ�Źŵ�źŝřźŝ�ƶƬưů�ƽ�šŚƟō�ƺƳŚŧƿƶ�ƹ�Śſƿź�ƪƯřƺƗ�ŝǀŹŚưƽ�řŻ�

Ưƾ�ŵƺƃ�(Brewer, 1973)��řƿƲ�ŢƟō�ƶŤƀŝ�ƶŝ�řźƃƿƎ�ƟřźƜūǀŚƾƿ�ƹ�ŰƯǀƐƾ�Źŵ�řƿƱřź�ç�Śţ�è�ƪƀƳ��Źŵ�
ƩŚſ�ŵŹřŵ�(Arbab et al., 1998)�ƹ�ƱŚŤƀƯŻ�řŹ�ƶŝ�šŹƺƇ�šřźƄů�ƪƯŚĩ�Źŵ�Żƿź�ĨŤſƺě�ƱŚŤųŹŵ�ƹ�
Śſƿź�ƵŚĮƷŚƴě�ŚƷ�źĜſƽ�Ưƾ�ĩŶƴ�(Hance et al., 1994)���

šřźƄů�Źŵ�ƩƺƏ�ƵŹƹŵ�ƽ�ƱŚŤƀƯŻ�ƳřŹŸĭƾ�ŚŝƿŶ�Śţ�Ŷů�ƱŚĪƯř�Żř�šřźŧř�ŚƳ�śƺƬƐƯ�ŚƷŚƯŵƽ�
ŚěǀƿƲ�źŝ�ƱŚƄƳŶŝ�śŚƴŤūř��Ŷƴƴĩ�ƿĪƾ�Żř�ƹƿĭĦƾ�ŚƷƽ�šřźƄů�ƱŚŤƀƯŻ�ƱřŹŸĭ�ƫƺţǀŶ�ŚƷŶƴƣƽ�ƬĪƫřƾ�
Śŝ�ƱŻƹ�ƫƺĪƫƺƯƾ�Ʈĩ�Ưƾ�ŶƃŚŝ� �żŤƴſ�řƿƲ�ŚƷŶƴƣ�Źŵ�ƩƺƏ�ƵŹƹŵ�ƽ�ƱŚŤƀƯŻ�ƵƹǈƗ�źŝ�šřźƄů�Źŵ�

ŵřŶƘţƽ�Żř�šřŵƺūƺƯ�ƵŶƳŻ�ƔƳǀź�ƭźĩ�ŚƷ�(Holmstrup, 1995)��ƶƴĩ�ŚƷ�ƹ�šƺŞĪƴƗ�ŚƷ�(Sømme, 1979)��
ƱŚƯŵŚě�(Sømme, 1982; Storey & Storey, 1992)�ƹ�Ťůƾ�Źŵ�ĭǀƱŚƷŚ�1980)�(Levitt,�Ƴǀż�ƁŹřżĭ�
ƵŶƃ�Ţſř���



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���ç���ÎÐîå�������������������������������������������������������������������������ÎÖ 

ƬĭǀƩƹźƀ�ƩƺưƘƯ�źţƿƲ�Ŷƴƣ�ƬĪƫřƾ�Źŵ�šřźƄů�ƶŝ�ŹŚưƃ�Ưƾ�ōƿ�Ŷ�ƵƹǈƗ�źŝ�ĭƬǀƩƹźƀ�ĩźţǀšŚŞ�
ŵƿźĮƽ�ƔƳǀź�ƽźţ��ŻƺƫŚƷ�ŝŹƺſǀ�ƩƺŤ�żĩƺƬĭ�ƹ�ƳŚƯǀƩƺŤ�Ƴǀż�Źŵ�ƀŝǀŹŚƽ�Żř�šřźƄů�ƱŚŤƀƯŻ�ƱřŹŸĭ�
ƫƺţǀŶ�Ưƾ�ŵƺƃ�(Salt, 1961)� �żĩƺƬĭ�ƹ�ƽźţ�ŻƺƫŚƷ�Źŵ�ƠƃǀƵź�ƽ�Ŝƃ�Ƶźě�ƽ�Mamestra brassicae L.�

(Goto et al., 2000)��ŚƯƿřƺƿŻƺƴƿ�ƩƺŤ�ŚſƿřƺƬƿŻƺƴƿ�ƩƺŤ�ƽźţ�ŻƺƫŚƷ�ƹ�żĩƺƬĭ�Źŵ�šřźƄů�ƪƯŚĩ�
�ƦſƺſAulacophora nigripennis (Motschulsky)�(Watanabe & Tanaka, 1998)��ŝŹƺſǀƩƺŤ�Źŵ�

ƠƃǀƵź�ŚƷƽ�ƶƳřƹźě��ƽƠſǀƵŶ�ƽ�ƮƬĩ��Pieris brassicae L.�(Sømme, 1967)��Ƭĭǀ�Ʃƹźƀ�ŝŹƺſǀƩƺŤ�ƹ�
żĩƺƬĭ�Źŵ�ƮŴţ�ŚƷƽ�ƶƴĩ�ƽ�żƯźƣ�ŚěƹŹřƾƿ��Panonychus ulmi (Koch)�(Sømme, 1965)��źţƿƩƺŤ�ƹ�
ŝŹƺſǀƩƺŤ�Źŵ�šřźƄů�ƪƯŚĩ�Ĩſƺſ�Upis ceramboides (L.)�(Miller & Smith, 1975)�ƹ�Ƭĭǀ�Ʃƹźƀ�
ŝŹƺſǀƩƺŤ�ƹ�ƽźţ�ŻƺƫŚƷ�Źŵ�ŚƷƹŹǇƽ�žĮƯ�Eurosta solidaginis (Fitch)�(Morrissey & Baust, 1976)�
ƶŝ�ƱřƺƴƗ�ƮƸƯ�źţƿƲ�ĩźţǀšŚŞ�Ŷƴƣƽ�ŶƋ�ƿŲ�ŚſŚƴƃƾƿ�ƵŶƃ�ŶƳř���ƬƗƾ�ƮƛŹ�ƤŰţǀšŚƤ�ŵŶƘŤƯƽ�ƶĩ�ƹŹƽ�
ĩźţǀšŚŞ�ŶƋ�ƿŲ�Źŵ�ƀŝǀŹŚƽ�Żř�šřźƄů�šŹƺƇ�ƶŤƟźĭ�Ţſř�ƫƹƾ�Śţ�Ʊƺƴĩ�ƃŹřżĭƾ�Żř�ĩźţǀšŚŞ�
ŶƋ�ƿŲ�Źŵ�Ĩſƺſ�īźŝ�Źřƺų��ƱƹŹŚƳƶŝ�ęŚģ�ſźƳǀƵŶ�Ţſř���

ƵƹǈƗ�źŝ�ŚƷŚƯŵƽ�Śěǀƿ�Ʋ�żŤƴſ�řƿƲ�ĩźţǀšŚŞ�Źŵ�ƀŝǀŹŚƽ�Żř�šřźƄů�ƍŚŞţŹř�ĮƴţŚĮƴţƾ�Śŝ�
ŵƹŹƹ�ƶŝ�ŻŚƟ�ŵƿŻƺěŚ�ŵŹřŵ�(Tsumuki & Kanehisa, 1978; Shimada, 1982; Furusawa et al., 1987)���

šřźƄů�Śŝ�Ĩưĩ�ſǀƮŤƀ�ƳƺƯŹƺƷƾ�ŵŹřƹ�ŻŚƟ�ŵƿŻƺěŚ�Ưƾ�ŶƳƺƃ��Źŵ�Ɩƣřƹ�ŵƿŻƺěŚ�ƗƺƳƾ�ƹŹƿŵřŶ�
ŤƳĥǀĪƾ�ƶƯŚƳźŝ�Źƿżƽ�ƵŶƃ�Ţſř�ƶĩ�Źŵ�ŲſŚě�ƶŝ�řźƃƿƎ�ŰƯǀƐƾ�ŶƗŚƀƯŚƳ�ŚƯŵƾƿ��ŤŝƺƏŹƾ��ŹƺƳƽ�ƹ�

ƱřŶƤƟ�ŵřƺƯ�řŸƛƾƿ�ơŚƠţř�Ưƾ�ŶŤƟř�(Danks, 1987)� �Źŵ�ƩƺƏ�ƵŹƹŵ�ƽ�ŵƿŻƺěŚ�ŻŚſ�ƹ�ŚƷŹŚĩ�ƽ
ŝǀƃƺǀưǀŚ�ƾƿƹ�ƟǀżƿĥƺƫƺƿĪ�ƾƠƬŤŴƯ�ƾŹŵ�ƍŚŞţř�Śŝ��řżƟřƿƂ�ƪưŰţ�šřźƄů�ƶŝ�ŚƯźſ�šŹƺƇ�Ưƾ�ĭǀŵź��

żŤƴſ�ĩźţǀšŚŞ�Ŷƴƣ�ƽŚŝ�ƱŻƹ�ƫƺĪƫƺƯ�ƾŚěǀƿƲ�Īƿ�ƾŻř�ŻŚſ�ƹ�ŚƷŹŚĩ�ƽƟǀżƿĥƺƫƺƿĨ�Źŵ�ƩƺƏ�ƵŹƹŵ�ƽ�
ŵƿŻƺěŚ�śƺƀŰƯ�Ưƾ�ŵƺƃ�(Tsumuki & Kanehisa, 1978; Shimada, 1982; Furusawa et al., 1987)��

ľǈŨƯ�řżƟřƿƂ�ŹŶţƿŬ�ƾƬĭǀƩƹźƀ�ƹ�ŝŹƺſǀƩƺŤ�Źŵ�šřźƄů�řźŝ�ƽŤƀŴƳǀƲ�ŹŚŝ�Źŵ�ƮŴţ�ŚƷƽ�ŵƿƵŻƺěŚ�ƽ�
ƶƳřƹźě�� ƽƭźĩ�źŝřƿƮƄ���Bombyx mori L.� �ƵŶƷŚƄƯ�Ŷƃ�(Chino, 1957)��ƵƹǈƗ�źŝ�ƵźƄů� Ʋƿř��
řżƟřƿƂ�ƽźţ�ŻƺƫŚƷ�Źŵ�ŚƷƹŹǇƽ�ŵƿƵŻƺěŚ�ƽ�ƭźĩ�ſǀŜ��Cydia pomonella (L.)�(Khani et al., 2007)��
ƬĭǀƩƹźƀ�Źŵ�ŚƷƹŹǇƽ�ŵƿƵŻƺěŚ�ƽ�ƭźĩ�ƶƣŚſ�Źřƺų�ŪƳźŝ��Chilo suppressalis Walker�� �



ÏÍ                             ƱřŹŚƨưƷ�ƹ�ƽŵƺſ���šřźƄů�Źŵ�ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�šŚŞǀƧźţ�ƽřżūř�����

(Atapour & Moharramipour, 2009)�ƹ�Ƭĭǀ�Ʃƹźƀ�ŝŹƺſǀ�ƩƺŤ�żĩƺƬĭ�ƹ�ƽźţ�ŻƺƫŚƷ�Źŵ�ŚƷƹŹǇƽ�
Ĩſƺſ�Scolytus intricate (Ratzeburgi)�(Morrisey & Baust, 1976)�ƁŹřżĭ�Ŷƃ����
ĩźţǀšŚŞ�� ơƺƟŻř�źƏƿƢ�ƹŵ�ƳŚĪƯǀƮƀ�Ƭĩƾ�ŜŞſ�ŢƓŚƠů�ŵƺūƺƯ�ƵŶƳŻ�Źŵ�źŝřźŝ�ŚƯźſ�

Ưƾ�ŶƳƺƃ���æ��ƅřƺų�żưſřƽ�řƿƲ�ĩźţǀšŚŞ�ŜŞſ�ƂƷŚĩ�ŢƗźſ�ĪƄţǀƪ�ƶŤƀƷ�ŚƷƽ�ƿŲ��ƾƯ�ŵƺƃ�
�(Lovelock & Bishop, 1959)�� ƹ�ç� �Ʋƿř� źŝ� ƵƹǈƗ�ŦƗŚŝ�ŚěƿŹřŶƽ�ŌŚƄƛ�ƫƺƬſƾ�ƹ�ŚƷŹŚŤųŚſƽ�

Řţƹźěǀƴƾ�Źŵ�ƯŻƱŚ�Żř�Ţſŵ�Ʊŵřŵ�śō�ƫƺƬſƾ�Ưƾ�ŵŵźĭ�(Gekko & Timasheff, 1981a, 1981b; 

Crowe et al., 1992)� �ƶƳƺĭ�ŚƷƽ�ŽŚƀů�ƶŝ�ƿŲ�ĭŵŻƾ�Śŝ�ƂƷŚĩ�ŹŶţƿŬƾ�ƶƐƤƳ�ƽ�ŵŚưŬƳř�Śţ�Ŷů�
ƱŚĪƯř�Żř�ƿŲ�ĭŵŻƾ�śŚƴŤūř�Ưƾ�Ŷƴƴĩ� �Źŵ�šřźƄů�ŽŚƀů�ƶŝ�ƿŲ�ĭŵŻƾ�ƶŝ�řŻřƽ�ƿĨ�ƩƺƯ�Żř�řƿƲ�
ĩźţǀšŚŞ��ƶƐƤƳ�ƽ�śƹŷ�íÒ�æ�ƹ�ƤƳƶƐ�ƽ�ŵŚưŬƳř�è�Śţ�Ñ�ƶūŹŵ�ƽ�ƀƬſǀŽƺ�ƂƷŚĩ�Ưƾ�ƿŶŝŚ�

(Zachariassen, 1985)� �řƿƲ�ĩźţǀšŚŞ�Źŵ�ŢƔƬƛ�ŚƷƽ�ŚěǀƿƲ�ŜŞſ�ŚěƿŹřŶƽ�ŹŚŤųŚſ�ŌŚƄƛ�ƫƺƬſƾ�
ƾƯ�ŶƳƺƃ�(Williams, 1990)�ƹ�Żř�Ɯţǀǀź�ŹŚŤųŚſ�ŘţƹźěǀƲ�ŚƷ�Źŵ�ŚƷŚƯŵƽ�ŚěǀƿƲ�ƹ�Ťůƾ�ŚƷŚƯŵƽ�źţǇŚŝ�
Żř�ƶƐƤƳ�ƽ�ŵŚưŬƳř�ĭƺƬūǀźƽ�Ưƾ�Ŷƴƴĩ�(Storey & Storey, 1988)� �ƳōŻřŚŬīźŝ�Ĩſƺſ� ƶĩ��Źřƺų

ƤƟƺƯ� Śŝ� řŹ� ƱŚŤƀƯŻ� ƱƹŹŚƳǀźĜſ�Ţƽ�ř�ŜŞſ� ƹ� ƵŵźĩƿĮƴſ�šřŹŚƀų� ŵŚŬǀ�ŶƘŝ� ƩŚſ� ŹŚƸŝ� Źŵ� Ʋ
Ưƾ�ŵƺƃ�ƶƘƫŚƐƯ� řŸƫ� ��ƽ�ƘƋƹǀŵ�Ţƿř�ƪưŰţ� ƹ� ŻƺěŚƿưƷř� Żř� ŚƯźſ� ƶŝ�ŢƟō�Ʋǀ�ŢƾƿǇŚŝ��ŹřŵŹƺųźŝ

Ţſř� �řƿƤŰţ�Ʋǀƶŝ�Ƣ�ĩźţ�ŢųŚƴƃ� ŹƺƔƴƯǀ�ŶƋ�šŚŞƿưƸƯ�Ųƾ�Ƴ� ƶĩƶŝ�ƂƤ�řżſƾƿ�ř�ƪưŰţ� Źŵƿ�Ʋ
Ţſř�ƵŶƃ�ƭŚŬƳř�ŵŹřŵ�ŚƯźſ�ƶŝ�ŢƟō���

��
ŵřƺƯ�ƹ�ƁƹŹ�ŚƷ��
Ɩưū�Źƹō�ƽƶƳƺưƳ��

Ɩººưū�Źƹō�ƽƶººƳƺưƳ�Żř�źººƸƯ�æèíì�Śººţ�ŵŹřƿŢººƄƸŞ�æèíí�Żř�ƽƹŹ�ƱŚººŤųŹŵ�ƱƹŹŚººƳ�ƵŶĪººƄƳřŵ�ƽ�
ŹŻƹŚƄĩ�ƽƵŚĮƄƳřŵ�ŝźţǀŢ�ŽŹŶƯ�Ɩƣřƹ�Źŵ�ƱŚŝƺţř�ƱřźƸţ���źĩũ��'�ÑÑ�°èÒ���ƹ�ƾƫŚưºƃ'�ÎÍ�°ÒÎ����ƾƣźºƃ
�ƕŚƠţŹřæèÒå�źŤƯ��ƶŝ�ƪĪƃ�ƟŵŚƈţ�ƾšŹƺƇ�ŢƟźĭ���ƶŝ��ŹƺºƔƴƯ��ŢƫƺƸºſ�Źŵ��ƶºƳƺưƳ��Źřŵźºŝ�ƽŻř�řƹř�ºƿƪ�
źƸƃƿŹƺ�ƶƬţ�ŚƷ� ƽřƺƤƯƾƿ�ƶŝ�Źƹŵ�ƶƴţ�ƽ��ƱŚºŤųŹŵ�ěǀĤ�ºǀƵŶ��Ŷºƃ�ƹ��ƶºƳƺưƳ��ŚºƷ�ƷŚƯŚ�ƶºƳ�Żř�ř�ºƿƲ��ƶºƬţ��ŚºƷ�
Ɩưū�Źƹō� ƽŶƿŵźĭ.�ƶƳƺưƳ�ƽŚƷ�Ɩưū�ƽŹƹō�ƵŶƃ�žě�Żř�ƵŻřŶƳř�ĭǀź� ƽƱŻƹ�ƱŶŝ�ƶƧ�ƶŝ�ŹƺƏ�ƎſƺŤƯ�Źŵ�
ƩƺƏ�ƵŹƹŵ�ƽ�ƳƺưƳƶ�ƽŹřŵźŝ�ƶŝ�ƽřŻř�źƷ�ŵźƟ�èì�å ± ìæ�æå�ƾƬǀƯ�ƭźĭ��ŵƺŝ�ƪųřŵ�ƯǀţƹźĪǀśƺ�ŚƷ�ƽ
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źŤſřƿƪ�ƹ�Źŵ�ƽŚƯŵèå��ƶūŹŵ�ƽ�ƀƬſǀŽƺ�ƶĮƳ�Źřŵ�ƽŶƳŶƃ��ŚƯŵ�ƽƶƳřŻƹŹ�ƽ�ŰƯǀƎ�Ƴǀż�Śŝ��ƵŵŚƠŤºſř�
Żř�Ƶŵřŵ�ŚƷ�ƽřƿƵŚĮŤƀ��ºſŚƴƃřƺƷ�ƾ�źƤŤºƀƯ�Źŵ�ģǀ�źºĮŤ��ƶºĩ�Źŵ��ƶƬºƇŚƟ�ƽ��Ĩºƿ�ĩǀ�źŤƯƺºƬ�ƽŻř��ƪºŰƯ�

ƶƳƺưƳ�Źřŵźŝ�ƽŹřźƣ�Ţƃřŵ�ƇŚůƪ�Ŷƃ���
��

ƵŻřŶƳř�ĭǀź�ƽŚƷŶƴƣ�ƽƬĪƫř�ƾ��
řźŝƽ�ũřźŴŤſř�ƹ�ƵŻřŶƳř�ĭǀźƽ�ƯǀƱřż�ŚƷŶƴƣƽ�ƬĪƫřƾ�ŵƺūƺƯ�Źŵ��ƱŶŝ�źƷ�ƶƳƺưƳ�ƪĪƄŤƯ�Żř�ƶſ�
ƵźƄů�ƽ�ƪƯŚĩ�Źŵ�Ò�æ�ƯǀƬƾ�ƫǀźŤ�ƩƺƳŚţř�íå�ŶƇŹŵ�ƱƹŹŵ�ƱƹŚƷ�ģǀƴƾ�ƲĮưƷ�ƹ�ƶŝ�ƪųřŵ�

ƯǀţƹźĪǀśƺ�ŚƷƽ�źŤſřƿƪ�ç�ƯǀƬƾ�ƫǀźŤƽ�ƪƤŤƴƯ�Ŷƃ��žĜſ�ƶƳƺưƳ�ŚƷ�řźŝƽ�šŶƯ�æÒ�ƣŵǀƶƤ�Śŝ�ŢƗźſ�
æçååå�Źƹŵ�Źŵ�ƣŵǀƶƤ�źŤƳŚſƿƠǀĥƺ�Ŷƃ� �Ţưƀƣ�ǇŚŝƾƿ�ƶƳƺưƳ�Żř�śƺſŹ�řŶū�ƹ�ƪųřŵ�

ƯǀţƹźĪǀśƺ�ŚƷƽ�źŤſřƿƪ�ŹƿƶŤŴ�Ŷƃ�� žĜſ� ƹƯǀţƹźĪǀśƺ�ŚƷ�Źŵ�Ʊƹō�ŢŰţ�ǈųŌ� �
(Mmert, model VS-1202V5, Germany)�Źŵ�ŚƯŵƽ�èÒ�ƶūŹŵ�ƽ�ƀƬſǀŽƺ�Źřźƣ�Ƶŵřŵ�ŶƳŶƃ�Śţ�

Ʃǈů�Ʊō�ŚƷ�ŴŞţǀź�ŵƺƃ��žě�Żř�ŴŞţǀź�ƪƯŚĩ�Ʃǈů��çåå�ƯǀƹźĪ�ƫǀźŤ�śō�ƹŵ�ŹŚŝ�ƐƤţǀź�ƶŝ�śƺſŹ�
ƣŚŝƾ�ƵŶƳŚƯ�ƶƟŚƋř�ƹ�ľǈƯŚĩ�ƍƺƬŴƯ�Ŷƃ��ƪŞƣ�Żř�ŹżţƿƢ�ƶƳƺưƳ�ƶŝ�ƪųřŵ��ƵŚĮŤſŵ�ƶƳƺưƳ�ŚƷ�ƶŝ�ſƹǀƶƬ�ƽ�
ƟŚƇƾ�ĮƳźſźſƾ�Śŝ�ŸƟŚƴƯ�ÑÒ�å�ƯǀźŤƯƹźĪ�ƝŚƇ�Ŷƃ� �ŚƷŶƴƣƽ�ƬĪƫřƾ�ƶŝ�ſƹǀƶƬ�ƽ�ƵŚĮŤſŵ�

ƟřźĭƺţŚƯƹźĩƾ�ŚƯƿƖ�Śŝ�řŹŚĩƾƿ�ǇŚŝ�(HPLC)�(Waters, Milford, MA, USA)�żƸŬƯ�ƶŝ�ƱƺŤſ�
żŬţƿƶ�ƽ�ƷƺŝźĩǀšřŹŶ�ŚƷ�(Ca 59305-U, 300 × 7.8 mm, Supelco-Sigma Aldrich)�ŻŚſřŶūƽ�Ŷƃ��
ŻŚƟ�ħźŰŤƯ�ƪƯŚƃ�śō���ŢƗźſ�ŻŚƟ�ħźŰŤƯ�ƿĨ�ƯǀƬƾ�ƫǀźŤ�źŝ�ƣŵǀƶƤ�ƹ�ŹŚĪƃō�ŻŚſ�ŵŹƺƯ�ƵŵŚƠŤſř�Żř�
ƕƺƳ�źƋƿŜ�ŢƀĪƃ�(Refractive Index Detector)�ŵƺŝ� �ŻŚſřŶūƽ�Ŷƴƣ�ŚƷ�Źŵ�ŚƯŵƽ�íå�ƶūŹŵ�ƽ�
ƀƬſǀŽƺ�řźŝƽ�ƱƺŤſ�ƹ�ŻŚſŹŚĪƃō�ƭŚŬƳř�Ŷƃ��ŻŚƟ�ħźŰŤƯ�ƶŝ�ſƹǀƶƬ�ƽ�ŻŚĭ�ƬƷǀƭƺ�ŻŚĭ�řŵŻƾƿ�Ŷƃ��
žě�Żř�ƔƴţǀšŚư�ƵŚĮŤſŵ�ƹ�ŚěƿŹřŶ�ƱŶƃ��Ʊō�ƶƳƺưƳ�ƽ�Ŷƴƣƽ�Ƹţǀƶ�ƵŶƃ�Żř�ƪĩ�ƱŶŝ�šřźƄů�ƪƯŚĩ�ƶŝ�
ƮŬů�çå�ƯǀƫƹźĪǀźŤ�ƶŝ�ƵŚĮŤſŵ�HPLC�ŹżţƿƢ�ƹ�řźĭƺţŚƯƹźĩƭ�Ʊō�ŢŞŧ�Ŷƃ���

ŢƸū�ƵŻřŶƳř�ĭǀźƽ�ƿŚ�żŬţƿƶ�ƽ�ưĩƾ�ŚƷŶƴƣƽ�ƬĪƫřƾ�ƵŶƃřŶū�Żř�ƁƹŹ�ƮſŹ�ƴŰƴƯƾ�
ƶūŹŵ�Ŷƴŝƽ�ƵŵŚƠŤſř�Ŷƃ� �řźŝƽ�řƿƲ�ŹƺƔƴƯ�ŚƷŵŹřŶƳŚŤſřƽ��żĩƺƬĭ�ƽźţ��ŻƺƫŚƷ�ƬĭǀƩƹźƀ�ƹ�

ŚƯƿřƺƿŻƺƴƿƩƺŤ�Śŝ�ŢƔƬƛ�ŚƷƽ�æåå�Śţ�Ñååå�ppm��ƶŝ�ƵŚĮŤſŵ�ŹżţƿƢ�ƹ�žĜſ�ƴŰƴƯƾ�ŵŹřŶƳŚŤſř�
�ŮƐſ�Żƿź�ěǀĨ�řźŝźŝ�ŢƔƬƛ� �řźŝƽ�źƷ�ŢƔƬƛ�ƮſŹ�Ŷƃ� �Śŝ�ƶūƺţ�ƶŝ�ƱŚƯŻ�ŹřŵŻŚŝƽ���ƕƺƳ�Ŷƴƣ�
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ŵƺūƺƯ�Źŵ�ƶƳƺưƳ�ƹ�Śŝ�ƶūƺţ�ƶŝ�ŮƐſ�Żƿź�ěǀĨ�ƹ�ƴŰƴƯƾ��ŵŹřŶƳŚŤſř�ŢƔƬƛ�Ŷƴƣ�Źŵ�źƷ�ƶƳƺưƳ�
ƵŻřŶƳř�ĭǀźƽ�Ŷƃ�(Atapour et al., 2008)���

��
żŬţƿƶ��ƽŹŚƯōƽ��

šŚƗǈƏř�ƶŝ�Ţſŵ�ōƵŶƯ�ƶŝ�šŹƺƇ�ƯǀĮƳŚǀƲ��tŚƐųƽ�ƘƯǀŹŚ�(mean ± standard error)�ƁŹřżĭ�
Ŷƃ��żŬţƿƶ�ƽ�Ƶŵřŵ�ŚƷ�Śŝ�Ĩưĩ�żŬţ�ºƿƶ�ƽ�Źřƹ�ºƿžƳŚ��ºƿĨ��ƶºƟźƏ�(one-way ANOVA)�ƹ�ŚƤƯƿ�ƶºƀ�ƽ�
ƯǀĮƳŚǀƲ�ţǀŚƷŹŚư� ƽƞƬŤŴƯ�Śŝ�Ĩưĩ�ƱƺƯŻō�ĩƺţ�ƾŹŵ��ŮƐºſ�Ò��ŶºƇŹŵ��Śºŝ��ƵŵŚƠŤºſř�Żř��ƭźºƳ��ŹřżºƟř� �

SPSS (15.0)�ŢƟźƿŸě�ƭŚŬƳř���
��

ŦŰŝ�ƹ�ŪƿŚŤƳ��
ƶŝ�ţ�ƾſŹźŝ�ŹƺƔƴƯŐźţ�šřźǀǀƜţ�ƽƹŹ�ŚƯŵ�źǀŧưǀƃ�šŚŞǀĩǀ�ŚºƯŵ�ƲǀĮƳŚǀƯ��ƱŶŝ�ƾƿŚƽ���ƹ�ƪƣřŶºů

�źƸƯ�ƵŚƯ�Żř�ƪƣřŶů�ƢƬƐƯ�ƽŚƯŵæèíì�ŢƄƸŞƿŵř�Śţæèíí�Ƶŵřŵ�Żř�ƵŵŚƠŤſř�Śŝ�ƶŝ�ƾſŚƴƃřƺƷ�ƽŚƷ��Ţſŵ
�ŶƯō��ƪĪƃæ���Ƶŵřŵ�ƾſŚƴƃřƺƷ�ƽŚƷ��ŵřŵ�ƱŚƄƳ�ƩŚſ�ƵŚƯ�Ʋƿźţŵźſ�řŹ�ƽŵ����Źŵ�ŚºƯŵ�ƪƣřŶů�ƲǀĮƳŚǀƯ
ƽŵ��ƵŚƯç�å���ƪƣřŶů�ƢƬƐƯ�ƽŚƯŵ�ƹÒ��ƶūŹŵ�ƽ�ƺǀƀƬſŵƺŝ�Ž� 

 

��
 

�ƪĪƃæ��ƯǀĮƳŚǀ�ƲƶƳŚƷŚƯ��ƽŚƯŵ�ƹ�ŚƯŵ�ƪƣřŶůƽ��ƢƬƐƯ�ƪƣřŶůŻř��źƸƯæèíì�ŵŹř�Śţƿ�ŢƄƸŞæèíí���
Fig. 1. Monthly mean of minimum temperature and absolute minimum temperature between 

October 2008 and June 2009. 
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ƶƿżŬţ�ƽ�ŤƿŻƺƴƿřƺƿŚƯ�ŵřŵ�ƱŚƄƳ�ƪƯŚĩ�šřźƄů�ƱŶŝ�ƽŚƷŶƴƣƽźţ��Ʃƺ��ƩƹźƀǀƬĭ�ƹ�żĩƺƬĭ��ŻƺƫŚƷ
īźŝ�Ĩſƺſ�Źŵ�Ųƿ�ŶƋ�ƾƬƇř�šŚŞǀĩźţ�ƾƯ�śƺƀŰƯ�ƱƹŹŚƳ�Źřƺų��ŶƳƺƃ��ƪĪƃç�C��ƹD����ƲưƋ

řƿƜţ�ƶĪƴǀǀř�ŢƔƬƛ�šřźƿĩźţ�ƲǀƳ�šŚŞǀƏ�żƾ�ƵŚƯ�ŚƷƽ���ƵŚĮŤºſŵ�Ĩưĩ�ƶŝ�ƞƬŤŴƯHPLC��ƶºŝ���Ţºſŵ
ŶƯō��ŚƷŶƴƣ�źŝ�ƵƹǈƗƽ�źĩŷ�ƵŶƃ��ĩźţǀŶƴƣ�šŚŞƽ�ŵƿźĮƽ�ƳǀƭřźĭƺţŚƯƹźĩ�Źŵ�ż�Ư�ŚƷ��ƶºĩ�Ŷƃ�ƵŶƷŚƄ
ƿřŹřŵ�Śƽ�ŵŚƤƯƿƀŝ�źǀģŚƳ�ŹŚǀ�ƹ�ŶƳŵƺŝ�żƿŚſŚƴƃ�ƱŚĪƯř�Śƾƿ�Ʊō�ŢƃřŶƳ�ŵƺūƹ�ŚƷ��ŹřŵŻŚŝ�ƱŚƯŻƽ�řźŝƽ�

ƽźţ�ŚƯ��żĩƺƬĭ��ŻƺƫŚƷƿřƺƿŻƺƴƿƬĭ�ƹ�ƩƺŤǀƶŝ�Ʃƹźƀ�ţźţ�ºǀ�Ŝí�æå��Ò�æè���è�ÎÒ��ƹæ�æî�ƣŵǀ���ŵƺºŝ�ƶºƤ
�ƪĪƃ�ç�A��ƹB���ƿĪƾ�ƮƸƯ�Żř�źţƿĩźţ�ƲǀŶƴƣ�šŚŞƽ�ƫƺĪƫƺƯ�ƱŻƹ�Śŝƾ�Ĩſƺſ�Źŵ�Ʈĩ�īźŝ���Źřƺºų

ŚƯ�ƱƹŹŚƳƿřƺƿŻƺƴƿƶƴƯřŵ�Śŝ�ƶĩ�ŵƺŝ�ƩƺŤ�ƽ�Ɯţǀǀ�šřźÒ�ç��Śţè�Ñå����Źŵ�źºţ�ƱŻƹ�ƭźºĭ�źƷ�Źŵ�ƩƺƯƹźƨǀƯ
ƵŚƯ�ŚƷƽ�Ɯţ�ƞƬŤŴƯ�ºǀǀ�ºƴƘƯ�šřźƾ�Źřŵƽ��ŵřŵ�ƱŚºƄƳ�řŹ���ÍÒ�ÍP < ��Ô�=�df��ÕÖ�ÎÎ�=�F�����šřźºƄů

Ɩưū�Źƹōƽ��ƫƹř�ƪºůřźƯ�Źŵ�ƵŶƃ�ºǀƶ�ƽ�ŵ�ºƿ�źºƸƯ�Źŵ�ŻƺěŚ��řŹřŵ�ƵŚºƯƽ��ŵŚºƤƯƿ�ĩŶºƳř�źƾ��ŚºƯƿřƺƿŻƺƴƿƩƺŤ� �
)Ó�æ��t��ç�Ó�ƹźƨǀƯ�źţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ�ƩƺƯ��Ư�ŚƯř�ŶƳŵƺŝǀř�Ʊřżƿĩźţ�Ʋǀ�ě�Śºŝ�Ŝǀ�ŵ�ŢƟźºƄ�ºƿ�ƹ�ŻƺěŚ

Śě�ƩƺƏ�Źŵ�ŚƯŵ�ƂƷŚĩǀƿƶŝ�ż�ŹŶţƿřżƟř�Ūƿ�Ƃƿŵ�Źŵ�ƹ�ŢƟŚƽ�ŝ�ƶŝ�ƵŚƯǀƂ�źţƿƯ�Ʋǀ�Ʊřż�ì�ç��t��Ñì�èç�
ƹźƨǀƯ�źţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ�ƩƺƯ��ſŹǀ�Ŷ ƶŝ�ŹƺƏƽ�ƶƳƺưƳ�ƶĩ��ŚºƷƽ�ŵ�ƹ�Źŷōƽ���ºƴƘƯ�ƝǈŤºųřƾ�řŵŹƽ��řŹ

ƵŚƯ�źƿŚſ�Śŝ�ŶƳŵřŵ�ƱŚƄƳ�ŚƷ��řżƟř�Śŝ�ƱŚŤƀƯŻ�źųřƹř�ŹŵƿŹŶţ�ƂƿŬƾ�ŵ�ŢƀĪƃ�ƹ�ŚƯŵƿƯ�ŻƺěŚ�ºǀ�Ʊō�Ʊřż
�ƂƷŚĩ�ƵŹŚŝƹŵƿŢƟŚ��Ɩưū�šřźƄů�Źƹōƽ�ŵŹƹźƟ�Źŵ�ƵŶƃƿ�Ʋ�ƶƬůźƯ�ƽ�žě�ŵƿŻƺěŚ��řŹřŵƽ��ŵŚºƤƯƿ�ź

ƀŝǀĩŶƳř�ŹŚƾ�ŚƯƿřƺƿŻƺƴƿ�ƩƺŤ�ç�åt��î�ç�źţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ�ƩƺƯƹźƨǀƯ���ŶƳŵƺŝ��ƪĪƃè�A����
ţƽź�ĩźţ�ŻƺƫŚƷǀŵ�ŜƿźĮƽ�ŚſŚƴƃ�ƪƯŚĩ�šřźƄů�Źŵ�ƶĩ�ŵƺŝƾƿ�Ŷƃ��Ư�ºǀř�Ʊřż�ºƿĩźţ�Ʋ�ºǀ�Źŵ�Ŝ
Śě�ƩƺƏǀƿƜţ�ƱŚŤƀƯŻ�ƹ�żǀǀƴƘƯ�źƾ�Źřŵƽ�ƶƳƺưƳ�ƎƤƟ�ƹ�ŢƃřŶƳ�ŚƷƽ�ŵŹƹźƟƿŵŹř�ƹ�Ʋƿ���šƹŚºƠţ�ŢºƄƸŞ

ƴƘƯƾ�Źřŵƽ��Śŝ�řŹ�ƶƳƺưƳ�ŚƷƽ�ƵŚƯ�źƿŚſ��ŶºƳŵřŵ�ƱŚƄƳ�ŚƷ���ÍÒ�ÍP < ��Ô�=�df��ÍÑ�Ð�=�F������ºŝǀƂ��źºţƿ�Ʋ
ƽźţ�ŹřŶƤƯ��Źŷō�Źŵ�ŻƺƫŚƷ�Ò�Ò��t��èç�ƹźƨǀƯ��źºţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ�ƩƺƯ���Ʈºĩ�ƹ��źºţƿ��Źŵ�Ʊō�ŹřŶºƤƯ�Ʋ

ŵŹƹźƟƿ�Ʋ�æ�å��t��æ�æå�ƹźƨǀƯ�źţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ�ƩƺƯ���Ŷƃ�ƵŶƷŚƄƯ��ƪĪƃç�C���Ƴ�żĩƺƬĭǀ�Śŝ�ż
ƶƴƯřŵ�ƽ�Ɯţǀǀ�šřźí�î���ŚºţÒç������ƵŚºƯ�Źŵ�źºţ�ƱŻƹ�ƭźºĭ�źºƷ�Źŵ�ƩƺºƯƹźƨǀƯ��ŚºƷƽ��Ɯţ�ƞºƬŤŴƯ�ºǀǀ�šřź
ƴƘƯƾ�Źřŵƽ�ŵ�ƱŚƄƳ�řŹŵř���ÍÒ�ÍP < ��Ô�=�df��Ö�Ñ�=�F����ƪĪƃè�B�.��ŝǀƂ���Źŵ�żĩƺºƬĭ�ŹřŶƤƯ�Ʋƿźţ

ƶƳƺưƳ�ŚƷƽ�ƱŚŝō�ƵŚƯ �Ò��t��ç�Ñå�ƹźƨǀƯ�źţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ�ƩƺƯ��Ʈĩ�ƹ�źţƿƶƳƺưƳ�Źŵ�Ʊō�ŹřŶƤƯ�Ʋ�ŚƷƽ�
ŵŹřƿ�ŢƄƸŞ�ç�æ��t��æç�ƹźƨǀƯ�źţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ�ƩƺƯ���Ŷƃ�ƵŶƷŚƄƯ��ƪĪƃè�C���ƬĭǀƳ�Ʃƹźƀǀ�ż
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�ƪĪƃç���ƭřźĭƺţŚƯƹźĩHPLC�ŚƷŵŹřŶƳŚŤſř�ƶŝ�ƍƺŝźƯƽ��ƽźºţ���Ƭĭ�ƹ�żĩƺºƬĭ��ŻƺƫŚºƷǀ��Ʃƹźºƀ(A)��ƹ
ŚƯƿřƺƿŻƺƴƿ�ƩƺŤ(B)��çåå�ƾě�ƾě�ƭř��ŻŚſřŶū�ƶŝ�ƍƺŝźƯ�ƭřźĭƺţŚƯƹźĩ�ƹƽ�ĩźţǀ���ŶºƋ�šŚºŞ
ƿƪƯŚĩ�šřźƄů�Źŵ�ŵƺūƺƯ�Ų��ƽŵ��ƵŚƯ(C)�ƲƿŵŹƹźƟ�ƹ��ƵŚƯ(D)� 

Fig. 2. HPLC choromatograms of trehalose, glucose and glycerol (A) myo-inositol (B) (200�
ppm) and chromatogram of cryoprotectants separation in April (C) and January (D). 
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ĩźţ�ƕƺưŬƯǀŶƴƣ�šŚŞƽ�ƳǀƵŚƯ�Źŵ�ż�ŚƷƽ��Ɯţ�ƞºƬŤŴƯ�ºǀǀ�ºƴƘƯ�šřźƾ�Źřŵƽ��Ţºƃřŵ���ÍÒ�ÍP < �� �
Ô�=�df��Ñ�Ó�=�F���Ɩưū�ƪƯŚĩ�šřźƄů�ƽŹƹō��źţŵźºſ�Źŵ�ƵŶƃƿ���ƩŚºſ�ƪºƈƟ�Ʋ�ŵƽ��ƵŚºƯ��řŹřŵƽ�
ŝǀƂ�źţƿĩźţ�ŹřŶƤƯ�ƲǀŶƴƣ�šŚŞƽ��ŵƺŝ)Ó�ì��t��ì�æåå�ƹźƨǀƯ�źţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ�ƩƺƯ��ƶƳƺưƳ�ƹ�ŚƷƽ�

ŵŹƹźƟƿƮĩ�Ʋ�źţƿř�ŹřŶƤƯ�Ʋƿĩźţ�Ʋǀ�šŚŞ�Ñ�å�t��Ñ�èå�ƹźƨǀƯ�ƩƺƯ����źºţ�ƱŻƹ�ƭźºĭ�źƷ�Źŵ����ƱŚºƄƳ�řŹ
�ŶƳŵřŵ��ƪĪƃÑ����
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�ƪĪƃè��ƜţǀǀƯ�šřźǀĮƳŚǀŚƯ�ŢƔƬƛ�ƲƿřƺƿŻƺƴƿ�ƩƺŤ(A)ƽźţ�����ŻƺƫŚºƷ(B)���żĩƺºƬĭ��(C)�Ƭĭ�ƹǀ��Ʃƹźºƀ
(D)�īźŝ�Ĩſƺſ�ƪƯŚĩ�šřźƄů�Źŵ��ƱƹŹŚƳ�ŹřƺųŻř���źºƸƯæèíì��ŵŹř�Śºţƿ��ŢºƄƸŞæèíí��

ƱŚƄƳ�ƶŝŚƄƯ�Ɲƹźů�ƵŶƴƷŵ�ƽ�ƴƘƯ�ƝǈŤųř�ŵƺūƹ�ƭŶƗƾ��ŮƐſ�Źŵ�ŹřŵÒ�ƱƺƯŻō�Źŵ�ŶƇŹŵ�
Tukey�Ưƾ�ŶƃŚŝ���

Fig. 3.�Changes of myo-inositol (A), trehalose (B), glucose (C) and glycerol (D) content in 
adult of elm leaf beetle between October 2008 and June 2009. Values labeled with the 
same letters are not significantly different at the 5% level by Tukey�s test. 
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�ƪĪƃÑ.�ƜţǀǀƯ�šřźǀĮƳŚǀĩźţ�ƕƺưŬƯ�ƲǀŶƴƣ�šŚŞƽ��ŶƋƿ��ŹřƺºŴĭźŝ�Ĩſƺſ�ƪƯŚĩ�šřźƄů�Źŵ�Ų
ƱƹŹŚƳ�Żř��źƸƯæèíì�ŵŹř�Śţƿ�ŢƄƸŞæèíí����ƱŚºƄƳ�ƶŝŚºƄƯ�Ɲƹźů��ƵŶºƴƷŵ�ƽ����ŵƺºūƹ�ƭŶºƗ

ƴƘƯ�ƝǈŤųřƾ��ŮƐſ�Źŵ�ŹřŵÒ�ƱƺƯŻō�Źŵ�ŶƇŹŵ�Tukey�Ưƾ�ŶƃŚŝ� 
Fig. 4. Changes of total mean content in adult of elm leaf beetle between October 2008 and 

June 2009. Values labeled with the same letters are not significantly different at the 
5% level by Tukey�s test. 

��
ƫƺţǀŚƷŶƴƣ�Ŷƽ�ƬĪƫřƾ�ƫƺĪƫƺƯ�ƱŻƹ�Śŝƾ�Ƭě�ƹ�Ʈĩƾ�Ʃř��ƱŚŤƀƯŻ�Źŵ�ŚƷƿƹŹ�ĨƿŚƃ�ŵřŶƿƯ�Źŵ�Ɩǀ�ƱŚ

Ư�śƺƀŰƯ�ƵŶƳŻ�šřŵƺūƺƯƾ�ŵƺƃ�(Levitt, 1980)��ƶƳƺĭ�Źŵ�ŚƷƽ��ƶŝ�ŽŚƀůƿŲ�ĭŵŻƾ�řƿĩźţ�Ʋǀ�šŚŞ
ƶƐƤƳ�ƂƷŚĩ�źŝ�ƵƹǈƗ�ƽ�ŵŚưŬƳř�ƫƺƬſ�ŌŚƄƛ�ŢƓŚƠů�ŜŞſ��ƾ�ŚƷŹŚŤųŚſ�ƹƽ�Řţƹźěǀƴƾ�ŚƷŚƯŵ�Źŵƽ�

ŚěǀƿƯ�Ʋƾ��ŶƳƺƃ(Crowe et al., 1983; Quinn, 1985; Williams, 1990)��ŵřŶƘţ�Źŵƽ�ƔƳ�šřźƄů�Żřǀ�ź
ųźŝ�ƹŹǇƾ�ŚƷŹƺŞƳŻ�Żř ƯǀŚƷŶƴƣ�Ʊřżƽ�ƬĪƫřƾ�Ƭě�ƹƾ�Ʃř���ƷŚºĭ�ƱŚŤºƀƯŻ�Źŵ�ŚƷƾ���ƶºŝ�Ūƴºě��Ƴ�ŹǇƺºƯ�ºǀ�ż

Ưƾ��ŶſŹ(Salt, 1961)�ƫƹƾ��ƶŝ�ŽŚƀů�šřźƄů�źŨĩř�ŹŵƿŲ�ĭŵŻƾ�řƿĩźţ�ƲǀŵŚƤƯ�Źŵ�šŚŞƿľŚŤŞƀƳ�ź��Ʈĩ
�ƩƺƯƹźƨǀƯ��ƫƺţǀƯ�Ŷƾ��ŶƳƺƃ(Salt, 1959; Ring, 1981)��īźŝ�Ĩſƺſ�ƶƳƺĭ�ƱƹŹŚƳ�Źřƺų�řƽ��ŽŚƀů
ƶŝ�ƿŲ�ĭŵŻƾ�Ţſř��ƯǀĮƳŚǀƶƐƤƳ�Ʋ�ƽ����Ɩºưū�ƪºƯŚĩ�šřźºƄů�ƱŶŝ�ŵŚưŬƳř�Źƹōƽ���źºƸƯ�Źŵ�ƵŶºƃ��ƵŚºƯ� �
ì�å��t��Ñ��æè��ƶūŹŵ�ƽ�ƀƬſǀř�ƶĩ�ŵƺŝ�ŽƺƿƯ�ƲǀŹŷō�Źŵ�Ʊřż��ŵ�ƹƽ�ƶŝ�ţźţǀ��ƶºŝ�Ŝî�å��t��Ñ�æí����ƹ
è�æ��t��ç�æí��ƶūŹŵ�ƽ�ƀƬſǀ��ƂƷŚºĩ�Žƺƿ��ŢºƟŚƹ�ř�ºƿ���ŹŚºƯō�źºƔƳ�Żř�ƂƷŚºĩ�Ʋƽ��ºƴƘƯƾ��ŵƺºŝ�Źřŵ�
��ÍÍÎ�ÍP < ��Ô�=�df��Ö�Õ�=�F��(Soudi & Moharramipour, 2009)����ƪººƯŚĩ�šřźººƄů�Źŵ
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ƱŚŤƀƯŻ�īźŝ�Ĩſƺſ�ƱřŹŸĭ�ŚƷŶƴƣ�ƕƺưŬƯ�ƱƹŹŚƳ�Źřƺųƽ�ƬĪƫřƾ�ŵ�Źŵƽ�ŝ�ƶŝ�ƵŚƯǀƂ��źºţƿƯ�Ʋ�ºǀ�Ʊřż
�æ�å�ƩƺƯƹźƨǀƯ�źţ�ƱŻƹ�ƭźĭ�źƷ�Źŵ��ſŹǀŚŬƳō�Żř��Ŷƾƿ�ƶƐƤƳ�ƂƷŚĩ�ƶĩ�ƽ���Ǝºſƺţ�ŵŚưŬƳř�ƹ�śƹŷ
řƿĩźţ�ƲǀƱō�ŢƐƬƛ�ƶŝ�ƶŤƀŝřƹ�šŚŞ��Ţſř�ŚƷ�ƶƐƤƳ�ƂƷŚĩ�ƽ�ƶŝ�ŵŚưŬƳř�ƹ�śƹŷ�ţźţǀ�ŜíÓ�æ��ƹè��Śţ
Ñ�řŻř�ƶŝ�ƶūŹŵƽ�ƩƺƯ�źƷ��(Zachariassen, 1985)ƘƏŚƣ�Śŝ�řŸƫ��ǀưƳ�Ţƾ���ƬºƇř�ƪºƯŚƗ�Ʊřƺţƾ���ƂƷŚºĩ

ƶƐƤƳ�ƽ�Ư�ƶŝ�řŹ�ŵŚưŬƳřǀĩźţ�Ʊřżǀ�ŶƋ�šŚŞƿř�Źŵ�Ųƿŵřŵ�ŢŞƀƳ�ƵźƄů�Ʋ��Ư�źƔƳ�ƶŝƾ���ř�ƶºĩ�ŶºſŹ�ºƿ�Ʋ
ĩźţǀƫƺƬſ�ŌŚƄƛ�ƩŵŚƘţ�ƒƠů�Źŵ�šŚŞƾ�ŚƷŹŚŤųŚſ�ƹƽ�Řţƹźěǀƴƾ��ŚºƷŚƯŵ�Źŵƽ��ƲǀƿŚºě����ƶŤºƃřŵ�ƂºƤƳ

ŶƴƃŚŝ��ƳŚƯŻ�ƢŝŚƐţƾ�ƯǀřżƟř�ƱŚƿĩźţ�ƂǀŶƴƣ�šŚŞƽ��ƶºƐƤƳ�ƂƷŚĩ�ƹ�ƽ���Źŵ�ƱŶºŝ�ŵŚºưŬƳř�ř�ºƿ�ŢºƟō�Ʋ��
Ưƾ�ŝ�ŶƳřƺţǀř�żŤƴſ�ƶĩ�ŶƃŚŝ�Ʊō�źĮƳŚƿĩźţ�Ʋǀ��ƶºŝ�ƂºƤƳ�šŚŞ��řżºſƾƿ��ĦţřźŤºſř�Źŵƽ��ƱŚŤºƀƯŻ��ƳřŹŸºĭƾ�

īźŝ�Ĩſƺſ�ř�ƱƹŹŚƳ�ŹřƺųƿƯ�ŚƠƾ�Ŷƴĩ���
ŚƯƿřƺƿŻƺƴƿƶŝ�ƩƺŤ��ƱřƺƴƗƿĪƾ�ĩźţ�ŻřǀƬƇř�šŚŞƾ�ŚſŚƴƃƾƿ�īźŝ�Ĩſƺſ�Źŵ�ƵŶƃ����ƱƹŹŚºƳ�Źřƺų

ƿĩźţ�ĨǀƮĩ�Ŝ�ƿƯ�Źŵ�śŚǀŚſ�ƱŚƿŚěŶƴŝ�źƿƯ�śƺƀŰƯ�ƱŚƾ�ţřźƄů�Źŵ�ƹ�ŵƺƃƾ�ƔƳǀ�Ĩºſƺſ�ź��ŚºƷƽ�
Carabidae�(Block & Sømme, 1983)ħŻƹŶƄƠĩ���Epilachna vigintioctomaculata Motschulsky�

(Kostal et al., 1996; Hoshikawa, 1987)��ƹĮƳŚų�šƺŞĪƴƗƾ�Achaearanea tepidariorum (Koch)�
(Tanaka, 1995)�ŚſŚƴƃƾƿ�Ţſř�ƵŶƃ��ŚƯŵƾƿ�ƶĩ�ŜŞſ�źŰţƿĨ�żŤƴſ�ĩźţǀ�šŚºŞ��Ŷºƴƣƽ��ŶºƋ��ºƿŲ�

Ưƾ�ŵƺƃ�Źŵ�ƵŵƹŶŰƯ�ƽ�źƠƇ�Śţ�Ò�ƶūŹŵ�ƽ��ºƀƬſǀŽƺ��Źřźºƣ�ŵŹřŵ��ºƫƹƾ�Źŵ��ŚºƷŚƯŵƽ��źƠºƇ��Śºţ�Ò��
ƶūŹŵ�ƽ�ƀƬſǀŽƺ�ŢƗźſ�żŤƴſ�řƿƲ�ĩźţǀšŚŞ���řżºƟřƿƂ��ºƯƾ�ƿ�ŶºŝŚ�(Storey & Storey; 1991)�����źºŝ

ŚŤƳ�ŽŚſřƿƶŝ�Ū�Ţſŵ�Ư�źƔƳ�ƶŝ�ƵŶƯōƾ�ŚƷŚƯŵ�ŶſŹƽ��Śºěǀƿ�ºţ�ƲŐŧǀ�ƶºŝ�ź��řżºſƾƿ��řżºƟř�Źŵƿ��ŢºƔƬƛ�Ƃ
ŚƯƿřƺƿŻƺƴƿīźŝ�Ĩſƺſ�Źŵ�ƩƺŤ�ŵŹřŵ�ƱƹŹŚƳ�Źřƺų��ƶŝ�ƽŹƺƏ�Ƃǀŝ�ƶƧ�Ư�Ʋƿźţ�ºǀ�ŚºƯ�ƱřżƿřƺƿŻƺƴƿ�Źŵ�ƩƺŤ

źţŵźſƿƵŚƯ�Ʋ�ŚƷƽ��ƩŚſƿƴƘƾ�ŵ�ƹ�Źŷōƽ�Ŷƃ�ƵŶƷŚƄƯ�ƵŚƯ����ƾºƯ�źºƔƳ�ƶŝ���źŰţ�ƶºƧ�ŶºſŹ�ºƿ��żŤƴºſ�Ĩ
ŚƯƿřƺƿŻƺƴƿř�Źŵ�ƩƺŤƿƳ�ƵźƄů�ƲǀŚƷŚƯŵ�ŶƴƯŻŚƽ��Śºěǀƿ�Ʋ����Ʋºƿř�Żř�ƹ�ŶºƃŚŝ��ƶºƐŝřŹ�źºƔƳ�ƽ���ƹ�ŽƺºƨƘƯ

ƾƴƘƯ����������Ŷºƃ�ƵŶƷŚºƄƯ�ƩƺŤƿŻƺƴƿřƺƿŚºƯ�ŢºƔƬƛ�Śºŝ�ƶºƳŚƷŚƯ�ƽŚºƯŵ�ƲǀĮƳŚºǀƯ�ƱŚǀƯ�ƽŹřŵ��ÍÎÑ�Í�=�P�� �
ÕÎÑ�Í��=�r���ľǇŚưŤůř�ŵŹřŵ�ŻƺěŚƿŵ�Śŝ�ƾĪƿŵżƳ�ƍŚŞţŹř�ƩƺŤƿŻƺƴƿřƺƿŚƯ�šřźǀǀƜţƶŝ���ƽŹƺƏ�ƶƧ�ŝ�ŵƹŹƹ�Ś

ƪƯŚĩ�šřźƄů�ě�ŻŚƟ�ƶŝǀƂ�ŵƿźƸƯ�Źŵ�ŻƺěŚ�ƵŚƯ��ŚƯ�ŢƔƬƛƿřƺƿŻƺƴƿƶŝ�ƩƺŤ�ŹŶţƿřżƟř�Ūƿ�Ƃƿ��Źŵ�ƹ�ŢºƟŚ
ŵ�ƹ�Źŷōƽ�ľǇŚưŤůř�ƶĩ�ŵ�ƢưƗ�Źŵ�ƵźƄůƿƶŝ�ŻƺěŚ�Ư�źſƾ�ř�ŢƔƬƛ�ŵźŝƿĩźţ�Ʋǀ�źŨĩřŶů�ƶŝ�šŚŞǀſŹŶ��
ƴĤưƷǀƲ���ƳŚºƸĭŚƳ�ƂƷŚĩƾ��ŚºƯƿřƺƿŻƺƴƿ��Śě�Śºŝ�ŹŚºƸŝ�Źŵ�ƩƺŤ�ºƿŵ�ƱŚ�ºƿ���ŚºƟ�ƶºŝ�šřźºƄů�ŵƹŹƹ�ƹ�ŻƺěŚ�Ż



ÏÕ                             ƱřŹŚƨưƷ�ƹ�ƽŵƺſ���šřźƄů�Źŵ�ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�šŚŞǀƧźţ�ƽřżūř�����

žě�ŵƿƤŤƀƯ�ƍŚŞţŹř�ŻƺěŚǀưƾ�ŵŹřŵ��ŚƷŶƴƣ�ƂƷŚĩƽ�Īƫřƾ�Ƭě�ƹƾ�Ʃř��ŹŚƸŝ�Źŵ�ŚƷƶŝ��ƱřƺƴƗƶƳŚƄƳ�ƽ��ƭŚưţř
ŵƿƀŝ�Źŵ�ŻƺěŚǀŹŚƽ��Ţſř�ƵŶƃ�ƁŹřżĭ�šřźƄů�Żř(Tsumuki, 1990)�������ƂƷŚºƧ�Śºŝ�ƶºƧ�ƽŵƺūƹ�Śŝ

ƶƐƤƳ�ƽ�ƱŚŤƀƯŻ�šřźƄů�ƱŶŝ�ŵŚưŬƳř��ƱřŹŸĭ��īźºŝ�Ĩºſƺſ����ƱƹŹŚºƳ�Źřƺºų���ƩƺŤƿŻƺƴƿřƺƿŚºƯ�ŹřŶºƤƯ
�ƂƿřżƟřƿŢƟŚ�ƶƐŝřŹ�ƾƫƹ�ƽ�ƾƴƘƯ����ƽŹŚºƯō�ŮƐºſ�Źŵ�ƽŹřŵÒ����ŶºƄƳ�ŶƷŚºƄƯ�ŶºƇŹŵ���ÍÓÎ�Í�=�P��

ÔÖÏ�Í��=�r����
ƽźţ�Ţſř�ƽźĮƿŵ�Ŝǀĩźţ�ŻƺƫŚƷ�ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�Źŵ�ƶĩ���īźºŝ�Ĩºſƺſ�ƱřŹŸĭ���Źřƺºų

ŚſŚƴƃ�ƱƹŹŚƳƾƿ�ƶŝ�ƹ�Ŷƃ��ƱřƺƴƗƿĩźţ�Ĩǀ�ŶƋ�ŜƿŻ�ŵřŶƘţ�Źŵ�ŲƿŵŚƽ��šřźƄů�Żř�żǀƳ�ƵŶƃ�ƁŹřżĭ
�Ţſř(Rains & Dimock, 1978; Shimada & Riihimaa, 1990; Kostal & Simek, 1995)��ƳŚĪƯǀ�Ʈƀ

ƣŵ�ƪưƗǀƽźţ�Ƣ�ƱŚŤƀƯŻ�šřźƄů�ƪưŰţ�Źŵ�ŻƺƫŚƷ�ƶŝ�ŻƺƴƷ�ŚƯźſ�ƶŝ�ƱřŹŸĭ���ƵŶºƃ�ƶŤųŚƴƃ�ƪƯŚĩ�ŹƺƏ
ƳǀŢƀ��řƿĩźţ�ƲǀľǇŚưŤůř�Ŝ�źŴţ�ŻřƿŚƷŹŚŤųŚſ�Ŝƽ�ŘţƹźěǀĨƃ�Żř�žě�Ʋ�ŚƷƽ��ŚºƯŵƾƿ��ĭƺºƬūǀźƽ�
Ưƾ�ō�źŝřźŝ�Źŵ�ƩƺƬſ�ŢƓŚƠů�ŜŞſ�ƹ�Ŷƴĩ�ºſǀ�ºƃŚƳ�Ŝƾ��Ƃƴºĩřƹ�Żř��ŚºƷƽ��ºƀĩřǀţřŶǀƺƽ��ºƯƾ���ŵƺºƃ

.(Benaroudj et al., 2001)�řƿĩźţ�ƲǀŚě�ƩƺƈƟ�Źŵ�ŜǀƿŢƔƬƛ�Źŵ�ƱŚŤƀƯŻ�ƹ�ż��Ŷƃ�ƵŶƷŚƄƯ�ǇŚŝ�ƽŚƷ
Ɯţ�ƩƺƈƟ�Ʋƿř�ƾƏ�Ʊō�ŹřŶƤƯ�ƹǀǀƳřŶƴģ�źƾ�źƤţ�ƹ�ŵźĪƳƿľŚŞ�ŵƺŝ�ŢŝŚŧ� ƴĤưƷǀ�ƶºƐŝřŹ�Ʋ�ƽ��ºƴƘƯƾ�Źřŵƽ�

ƯǀƜţ�ƱŚǀǀř�ŢƔƬƛ�šřźƿ�Ư�šřźºǀǀƘţ�Śŝ�ƵŵŚƯ�Ʋ�ºǀĮƳŚǀ�ŚºƯŵ�Ʋƽ�����ŶºƄƳ�ƵŶƷŚºƄƯ�ƶºƳŚƷŚƯ��ÎÔÕ�Í�=�P��
ÓÐÐ�Í��=�r���ƲƿřźŝŚƴŝ��ƾƯ�źƔƳ�ƶŝ�����ƲǀƿŚºě�ƽŚºƷŚƯŵ�ƦºƿźŰţ�Żř�ƪƤŤƀƯ�ŜǀƧźţ�Ʋƿř�żŤƴſ�ƶƧ�ŶſŹ

ŶƃŚŝ�Ƶŵźŝ�ǇŚŝ�řŹ�Ʊō�ŢƔƬƛ�ƱřżǀƯ�ŚƯźſ�ƶŝ�ŵƹŹƹ�Żř�ƪŞƣ�ƵźƄů�ƹ�Ƶŵƺŝ� 

ĩźţǀŵ�ŜƿźĮƽ�ř�Źŵ�ƶĩƿŚſŚƴƃ�šřźƄů�Ʋƾƿ�Ư�ƶĩ�ŵƺŝ�żĩƺƬĭ�ŶƃǀƵŚƯ�Źŵ�Ʊō�Ʊřż�ŚƷƽ��ŵŹƺƯ
Ɯţ�ƶƘƫŚƐƯǀǀƴƘƯ�šřźƾ�Źřŵƽ�ŵřŵ�ƱŚƄƳ�řŹ��Ƃǀŝ����żƧƺºƬĭ�ŢºƔƬƛ�Ʋƿźţ��ƶºŝ�ƍƺºŝźƯ���Śºě�ƩƺºƈƟǀƿ�ƹ�ż
�ƱŚŤƀƯŻƹ�ŵƺŝ���ƾºƴƘƯ�ƝǈŤºųř�ƩƺƈƟ�Ʋƿř�ƾƏ�������ŶºƄƳ�ƵŶƷŚºƄƯ�ŜºǀƧźţ�Ʋºƿř�źƿŵŚºƤƯ�ƱŚºǀƯ�ƽŹřŵ��
�ƲǀƴĤưƷ�ĩźţ�Ʋƿř�šřźǀǀƜţ�ŵŹƺƯ�ŹŵǀƴƘƯ�ƶƐŝřŹ�Ŝƾ�Źřŵƽ�Ư�ŚŝǀĮƳŚǀŚƯŵ�Ʋƽ�ƷŚƯ���ŶºƄƳ�ƵŶƷŚºƄƯ�ƶºƳŚ�

��ÖÖÐ�Í�=�P��ÍÍÒ�Í��=�r���ƾƯ�źƔƳ�ƶŝ�řŸƫ�ƽźţ�ŶƴƳŚưƷ�żǀƳ�ŜǀƧźţ�Ʋƿř�żŤƴſ�ƶƧ�ŶſŹ��Żř�ƪŞƣ�ŻƺƫŚƷ
ƵŹƹŵ�ƽ�ŶƃŚŝ�ƵŶƃ�ŻŚƛō�ŚƯźſ���

ƬĭǀŚſ�ƶŝ�ŢŞƀƳ�Ʃƹźƀƿĩźţ�źǀƮĩ�šŚŞ�źţƿƯ�Ʋǀ�ƱŚŤºƀƯŻ�šřźƄů�Źŵ�řŹ�Ʊřż����Ĩºſƺſ�ƱřŹŸºĭ
īźŝ�ŵřŵ�ƅŚƈŤųř�ŵƺų�ƶŝ�ƱƹŹŚƳ�Źřƺų��ſŹźŝƾ�ƜţǀǀƬĭ�ŢƔƬƛ�šřźǀ��ºƈŴƄƯ�ŶºƳƹŹ�Ʃƹźƀƾ��řŹ

ŵřŶƳ�ƱŚƄƳ�ƶƐŝřŹ�ƹ�ƽ�ƴƘƯƾ�Źřŵƽ�ƯǀƜţ�ƱŚ�ºǀǀ�ř�ŢºƔƬƛ�šřź�ºƿĩźţ�Ʋ�ºǀƯ�ƹ�Ŝ�ºǀĮƳŚǀ�ŚºƯŵ�Ʋƽ���ƶºƳŚƷŚƯ



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���ç���ÎÐîå�������������������������������������������������������������������������ÏÖ 

ŶƄƳ�ƵŶƷŚƄƯ��çëå�Í�=�P��ÒÑÖ�Í��=�r���ƶŝ��ƬĩŹƺºƏƾ��ŚºƳřƺţƾƿ��ĩźţ�żŤƴºſǀ��Ŷºƴƣ�šŚºŞƽ���ƱŻƹ�Śºŝ
ƫƺĪƫƺƯƾ�ŚěǀƿƱŚŤƀƯŻ�šřźƄů�Źŵ�Ʋ�īźŝ�Ĩſƺſ�ƱřŹŸĭ�����ŹŶºţ�ƂƷŚºĩ�Śºŝ�ƱƹŹŚºƳ�ŹřƺųƿŬƾ���ŚºƯŵ
řżƟřƿ�Ƃƿźţŵźſ�Źŵ�ƹ�ŢƟŚƿƵŚƯ�Ʋ�ŚƷƽ�ĩźţ�ŢƔƬƛ�ƕƺưŬƯ�ƩŚſǀ�Ŷºƴƣ�šŚŞƽ����ºſŹ�źŨĩřŶºů�ƶºŝǀŶ��
ƶŝ�ƽŹƺƏ�ƶƐŝřŹ�ƶƧ�ƽ�ƾƴƘƯ�ƹ�ŽƺƨƘƯ�����ƶºƳŚƷŚƯ�ƢºƬƐƯ�ƪƣřŶºů�ƱŚºǀƯ�ƽŹřŵ�ƽ�����ƪºƧ�ƲǀĮƳŚºǀƯ�ƹ�ŚºƯŵ

Ŷƃ�ƵŶƷŚƄƯ�Ųƿ�ŶƋ�šŚŞǀƧźţ���ÍÐÑ�Í�=�P��ÕÑÓ�Í��=�r�����ƾºƯ�źºƔƳ�ƶŝ��ř�ŶºſŹ�ºƿĩźţ�Ʋǀ��Źŵ�šŚºŞ
ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�īźŝ�Ĩſƺſ�ƱřŹŸĭ��ƱƹŹŚºƳ�Źřƺų��ľǇŚºưŤůř����ŚƷŹŚŤųŚºſ�ŢºƓŚƠů�ŜŞºſƽ�

Řţƹźěǀƴƾ�ƫƺƬſ�ŌŚƄƛ�ƹƾ�ħƺƃ�źŝřźŝ�Źŵ�ŚƷƽ�ŚƯźſƾƿ��Ťůƾ�ŚƷŚƯŵ�Źŵƽ�ƶŝ��Śºě�ŢŞƀƳǀƿƲ����ƹ�ƵŶºƃ
Ưƾ�źţŵźſ�Źŵ�řŹ�ŚƯźſ�ƶŝ�ŢŞƀƳ�šřźƄů�ƪưŰţ�źŨĩřŶů�ƱřƺţƿƵŚƯ�Ʋ�ŚƷƽ�Ţƃřŵ�ŹŚƔŤƳř�ƩŚſ���
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