
Óî 

��
ŢƟŚƿŹŵ��çê�ë�æèîçƁźƿŸě����çì�î�æèîç���

 

ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ�Ʊřźƿř�ƾſŚƴƃ��
ìí�ëî���è�èè����æèîç� 

ƶƐƤƳ�šřźǀǀƜţ�ƹ�ŚƯźſ�ƪưŰţ�ƾſŹźŝ�ƽ�ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�Źŵ�ŵŚưŬƳř���ƶºŬƳƺƿ�ƾƯƺƏźųźºſ�ƱřŹŸĭ��
Hypera postica (Col.: Curculionidae)���

ƾƯźŰƯ�ŶǀƘſ�ƹ�ƽŶǀƘſ�ƶƿŶƸƯ�Źƺě*��
ƽŻŹƹŚƄĩ�ƾſŚƴƃ�ƵźƄů�Ƶƹźĭ��ƽŻŹƹŚƄĩ�ƵŶĪƄƳřŵ���ŽŹŶƯ�Ţǀŝźţ�ƵŚĮƄƳřŵ��ƾŤƀě�ơƹŶƴƇèèÓ�æÑææÒ��ƱřźƸţ����

*ƾĪǀƳƹźŤĪƫř�Ţƀě��šŚŞţŚĪƯ�ƩƺŘƀƯ�� moharami@modares.ac.ir��
��

Cold tolerance and supercooling capacity in overwintering adults of the alfalfa weevil, 
Hypera postica (Col.: Curculionidae)  
 
M. Saeidi and S. Moharramipour* 
Department of Entomology, Faculty of Agriculture, Tarbiat Modares University, P.O. Box 14115-336, Tehran, Iran. 
*Corresponding author, E-mail: moharami@modares.ac.ir 
 

ƵŶǀĪģ��
ƾƯƺƏźųźſ�ƿƶŬƳƺ��Hypera postica Gyllenhal.��ŢƟō�ƽŶǀƬĩ�ƿƶŬƳƺ�Ţſř�ƶĩ�ƶŝ�ŹƺƏ�ƵŵźŤƀĭ�ƽř�Źŵ�ƢƏŚƴƯ�ƶŬƳƺƿ�ƽŹŚĩ�Ʊřźƿř�

Ƃƴĩřźě�ŵŹřŵ��ƶŝ�ƶŬƳƺƿ�ƾƯƺƏźųźſ�ƪƯŚĩ�šřźƄů��ƶƗŹżƯ�ŵŹřƹ�żǀƿŚě�ƪƿřƹř�Żř�ŪƿŹŶţƾƯ��šřźƄů�ŢǀƘưū�ƹ�ŶƳƺƃ�ŵŹřƹ��ƶƗŹżƯ�ƶŝ�ƵŶƃ�Źŵ
ƹŹ�ƱŚŤƀƯŻ�ƹ�żǀƿŚě�ƩƺƏ�Ţſř�ƂƿřżƟř�ƶŝ��ƶŝ�ţ�ŢƬƗŐ���šřźºǀǀƜţ�ƂƷƹĦºě�Ʋºƿř�Źŵ��šřźƄů�ƽŚƤŝ�źŝ�ƎǀŰƯ�ƽŚƯŵ�ŶƴƳŚƯ�ƾƐǀŰƯ�ƪƯřƺƗ�źǀŧ�

ƶƐƤƳ�ƽ�ŵŚưŬƳř�ƹ�ƾŤŴſŚƯźſ�ŵŹƺƯ�šřźƄů�ƾſŹźŝ�Źřźƣ�ŢƟźĭ��šřźƄů�ƪƯŚĩ�ƱŚŤƀƯŻ�ƱřŹŸĭ��ƶƳŚƷŚƯ�Żř�ƕŹřżƯ�ƶŬƳƺƿ�ƽ�ũźĩ�ƾƏ�ƩƺƈƟ�
żǀƿŚě�ƹ��ƱŚŤƀƯŻÎÐÖÍ�Ɩưū�ƽŹƹō�ŶƳŶƃ��ƶƐƤƳ�ƽ�ŵŚưŬƳř�ƹ�ƽŚƤŝ�Ʊō�ŚƷ�Źŵ�ƽŚƷŚƯŵ�źƿŻ�źƠƇ�Żř�Ò��Śţ�ÎÐ��ƶūŹŵ�ƽ�ŽƺǀƀƬſ�ƶŝ�šŶƯ�ÏÎÍ�
ƶƤǀƣŵ�ƾſŹźŝ�Ŷƃ��ƲǀĮƳŚǀƯ�ƶƐƤƳ�ƽ�ŵŚưŬƳř�Ʊō�ŚƷ��ŻřÓÕ�Í�t�Ñ�ÎÑ��ƶūŹŵ�ƽ�ŽƺǀƀƬſ�Źŵ�źƸƯ�ƵŚƯ�Śţ�ÕÍ�Í�t��Õ�Õ��ƶūŹŵ�ƽ�ŽƺǀƀƬſ�Źŵ�
ŶƴƠſř�ƵŚƯ�Źŵ�ƱŚſƺƳ�ŵƺŝ��ƶƐƤƳ�ƲǀĮƳŚǀƯ�ƽ�ƵŚƯ�ƩƺƏ�Źŵ�ƪƯŚĩ�šřźƄů�ŵŚưŬƳř��żǀƿŚě�ƽŚƷ�Ñ�ÎÐ���ƶŝ�ƾƴƘƯ�ŹƺƏ�ƲǀƿŚě�ƽŹřŵ���ƵŚºƯ�Żř�źºţ���ƽŚºƷ

�ƱŚŤƀƯŻ�Ó�Õ���ŵƺŝ��šřźƄů�ƪƯŚĩ�ƽŚƯŵ�Ò��ƶūŹŵ�ƽ�ŽƺǀƀƬſ�Źŵ�řŹ�ƭŚưţ�ƵŚƯ�ŚƷ�ƪưŰţ�ŶƳŵźĩ��īźƯ�ƱřżǀƯ�ƹ��źºǀƯ��šřźºƄů����Śºŝ�ƪºƯŚĩ
�ŚƯźſ�šŶƃ�ƂƿřżƟřƂƿřżƟř�ŢƟŚƿ��ŶƇŹŵ�īźƯ�ƹ�źǀƯ�šřźƄů�ƵŶƃŹŚưǀţ�Źŵ�ƽŚƯŵ�ÎÎ��ƶūŹŵ�ƽ��ŽƺǀƀƬſ�ƶŝ�ÕÖ�ŶƇŹŵ�Źŵ�ƱŚŝō�ƹ�Źŷō��

�ƹÎÍÍ�ŶƇŹŵ�Źŵ�ƽŵ�ƹ�ƲưƸŝ�ŶǀſŹ�ƵŚƯ���ƱřżǀƯLT50�ƪƣřŶů��Ó�Õ��źŨĩřŶů�ƹ�Ô�Ò��ƶūŹŵ�ƽ�ŵƺŝ�ŽƺǀƀƬſ���ƱŚƄƳ�ŪƿŚŤƳřŵ�ŵ�ƶƧ��šřźºƄů
ƾưƳ�ƪƯŚĩ�ƲǀƿŚě�ƾƿŚƷŚƯŵ�Źŵ�ŶƴƳřƺţ�ƶƐƤƳ�Żř�źţ�ƽ�ŶƴƳŚưŝ�ƵŶƳŻ�ŵŚưŬƳř��ƾſŹźŝ�Ƣǀƣŵ�ƽŚƷ�źţ ŵźƧ�ƆŴƄƯ�ƾţŹƺƇŹŵ��ƶŝ�ŚƯźſ�šŶƃ�ƱřżǀƯ�ƶĩ

ƶƐƤƳ�ĨƿŵżƳ�ƽ�Ŷſźŝ�ƪƯŚĩ�šřźƄů�ŵŚưŬƳř���ŵƹŶůÕÍ�Ŷƃ�ŶƴƷřƺų�ƞƬţ�ŢǀƘưū�Żř�ŶƇŹŵ���ƲƿřźŝŚƴŝ�ƶĤƳŚƴģ�ƵŵƹŶŰƯ�ƶŝ�ƎǀŰƯ�ƽŚƯŵ�ƽ�
ƶƐƤƳ�ƽ�źųźſ�ƪƯŚĩ�šřźƄů�ŢǀƘưū�Źŵ�ƾƸūƺţ�ƪŝŚƣ�šŚƠƬţ��Ŷſźŝ�ƵźƄů�ŵŚưŬƳřŶƃ�ŶƷřƺų�ŵŚŬƿř�ƶŬƳƺƿ�ƾƯƺƏ���

Ƭĩ�ƱŚĭĥřƹǀįŶ���İƯƺƏźųźſ��ŵŚưŬƳř�ƶƐƤƳƿ��ƶŬƳƺHypera postica��ŚƯźſ�ŵ��İŤŴſƿƱŚŤƀƯŻ��ŻƺěŚ�İƳřŹŸĭ��
Abstract 

Alfalfa weevil, Hypera postica Gyllenhal, is a key pest of alfalfa and widely distributed in alfalfa fields of 
Iran. In early autumn, the first adults of H. postica arrive in the fields where they steadily increase their 
populations during autumn and following winter. To evaluate the impact environmental factors including 
temperature on the survival of the weevils, this study was conducted to measure the levels of variability in 
supercooling point and cold hardiness in the weevils. Overwintering adults were collected monthly from alfalfa 
fields on the outskirts of Karaj during the autumn 2011and winter 2012. The supercooling points and survivorship 
were studied at sub-zero temperatures from -5 to -13 ºC for 210 minutes. The average supercooling point ranged 
from -14.4 ± 0.68 in October to -8.8 ± 0.80 in March. Mean supercooling points for H. postica adults were 
significantly lower in autumn (-13.4 ºC) comparing winter (-8.6 ºC). Insects survived after being exposed to -5 ºC 
in all months. The mortality of the adults increased with cold intensity. The percent mortality for adults treated at 
-11 ºC was approximately 89% in November and December and reached 100% in January and February. The 
range of LT50 values varied from -5.7 ºC (highest) to -8.6 ºC (lowest). Results showed that adults could not 
withstand the temperatures below the supercooling point. It is found that the cold intensity around supercooling 
point could cause 80% mortality. It can be concluded that as the ambient temperature in the field approaches the 
supercooling point, it tends to be detrimental on H. postica population.  
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ƶŬƳƺƿ�ƾƯƺƏźųźſ��Hypera postica Gyllenhal���Źŵ
źƋŚů�ƩŚů��ƶūŹŵ�ŢƟō�ƽ�ƶŬƳƺƿ�ƢƏŚƴƯ�ƭŚưţ�Ĩƿ���ƽŹŚºĩ

ƱŚƸū�ƹ�Ʊřźƿř��ƾƯ�śƺƀŰƯ�ŵƺƃ���ŢºƟō�Ʋƿř��Źŵ��ºŝƂǀ��źºţ�
ƾƯ�ŢƄĩ�ƶŬƳƺƿ�ƶĩ�ƾƏŚƤƳ��Żř�řŹ�ƩƺƈŰƯ�Ʃƹř�Ʋǀģ��ŵƺƃ

ƾƯ�Ʋǀŝ��ŵźŝ(Vojdani & Daftari, 1963)��ƹ�ƪƯŚĩ�šřźƄů�

mailto:moharami@modares.ac.ir��
mailto:moharami@modares.ac.ir


ÔÍ                                                      ƾƯźŰƯ�ƹ�ƽŶǀƘſ�Źƺě��ƶƐƤƳ�šřźǀǀƜţ�ƹ�ŚƯźſ�ƪưŰţ�ƾſŹźŝ�ƽ�ƪƯŚĩ�šřźƄů�Źŵ�ŵŚưŬƳř������

ŚƷƹŹǇƽ�ƯƺƏźųźſƾ�ƿīźŝ�Żř�ƶŬƳƺ�ŚƷƽ�ƿ��ŹŶŞºƃ��ƶŬƳƺ
ºººųźŝ�ƹƾ�ƞºººƬƗ�Żř�ŚºººƷƽ�ŸƜţ�ŻźºººƷºººƿºººƯ�ƶƾ��Ŷºººƴƴĩ� �

(DeWitt et al., 1969)����ŚºƯřƿ�ƶººŬƳƺƯǀ��Ʊō�ŮūźººƯ�ƱŚºŝż
ƶŝ�Ư�ŹŚưƃƾ�ōƿŶ�(Campbell et al., 1975)���ºƃŚƳ�šŚƯŶƇƾ�

ŸƜţ�Żřƿƶ�ƽ�ƵźƄů�Ʋƿř�Ưƾ��ƂƷŚĩ�ƶŝ�źŬƴƯ�ŶƳřƺţ��ŵźĪƬưƗ
ĩǀƠǀŢ�ƶƟƺƬƗ�ƹ�ƭřƹŵ�ĭǀƵŚ�ŵƺƃ(Berbrret & McNew, 1986; 

Wilson & Quisenberry, 1986; Summers, 1989;
� 

Hutchins et al., 1990)��Źŵ�ƘƫŚƐƯƂƃ�šŚ��ƫŚºſƶ�ƽ���ƭŚºŬƳř
�Ǝſƺţ�ƵŶƃBlickenstaff et al. (1970)��ŻƿŢƀ�ſŚƴƃƾ��ƹ

ĥƺƫƺĩřƽ�ƯƺƏźųźſƾ�ƿƶŬƳƺ�ƶŝ���ƣŵ�ƹ�ƖƯŚºū�ŹƺºƏ�ºǀ�Źŵ�Ƣ
źƯƿŶƴƬ�Ƴ�ƹǀſźūƺƾ�ſŹźŝ�ŵŹƺƯƾ��ŹřźƣŢƟźĭ����šŚºƘƫŚƐƯ

ƲǀƤƤŰƯ�Ʋƿř�Ư�ƱŚƄƳƾ�ŶƷŵ��ƶƧŝǀƂ���źºţ��ƪºƯŚĩ�šřźºƄů��
�Żř�ƹ�Ƶŵźºĩ�ħźţ�ŹŚƸŝ�źųřƹř�Źŵ�řŹ�ƕŹřżƯ����ŵřŵźºų�Ǝºſřƹř

ƶŝ��šŶƯÒ�Ñ��ŵ�ƶŝ�ƵŚƯƿ�ºƯ�ƶƳŚŤƀŝŚţ�ŻƺěŚƾ��ŶºƳƹŹ����šřźºƄů
�ƪƯŚĩ�ŵ�Żř�ŶƘŝƿŹŷō�ƹ�ƱŚŝō�Źŵ�ƶƳŚŤƀŝŚţ�ŻƺěŚ���ƕŹřżºƯ�ƶŝ�ƵŚƯ

ƿƯźŝ�ƶŬƳƺƾ�ŶƳŵźĭ�Żř�žě�ƹ��ŹřźƤŤſřŸƜţ�ƶƗŹżƯ�Źŵ�ºƿ�ƹ�ƶ
ŢƠū�ĭ�ºǀźƽ��ƾºƯ��ºƴƴƧŶ���ºųźŝƾ��ºƤƤŰƯǀř�Źŵ�Ʋ�ºƿƳ�Ʊřź�ºǀ�ż

ř�ŶƳŶƤŤƘƯ�ºƿ�ŵ�ƵźºƄů�Ʋ�ºƿ�ŵŹřŵ�ƶƳŚŤºƀŝŚţ�ŻƺěŚ���ƮºƸƯ��źºţƿ�Ʋ
ƶƬůźƯ�ƽ�źƠţ�ƱŚƯŻ�Źŵ�ŢƟō�ƩźŤƴĩƿƴſ�ŹƺƸƓ�ƹ�ƮŴţ�Ųǀ�Ʋ

ƫƹřǀƹŹǇ�ƶƽ�Ưƾ�ƶĩ�ŶƃŚŝ��ŝǀƂ�źţ�ƗŹřŻǀř�Ʋƿ�ŹŚºţ�Ʋƿ�Żř�řŹ�Ų
Ư�Ţſŵƾ�ŶƴƷŵ��ŶŝƿƲ���ŢºƸū�ƹŹ�ƵŵŹřƹ�šŹŚºƀųƽ��ºģǀ�Ʋ
�Ʃƹřƿ�ƶŬƳƺŢſř�źţŶƿŶƃ�(Seraj, 1988)��ƶĩŚŬƳōŻř�Ưǀ�Ʊřż

ŚƷƹŹǇƽ�ƵŶƷŚƄƯ����Ƙưū�ƶºŝ�ŹŚºƸŝ�Źŵ�ƵŶºƃ�ºǀ��šřźºƄů�Ţ
ƬƯŚĩƾ�ƮŴţ�ƶĩ�Źƿżƽ�Ƶŵřŵ�ƭŚŬƳř�ƱŚŤƀƯŻ�Źŵ�řŹ�ĮŤƀŝ��ŶƳřƾ�
ŵŹřŵ��řźŝŚƴŝƿƯ�Ţſř�ƭŻǇ�Ʋ�ºǀ����ƪºƯŚĩ�šřźºƄů�ƪºưŰţ�Ʊřż

ƱŚŤƀƯŻ�ſŹźŝ�ŵŹƺƯ�ŚƯźſ�ƶŝ�ŢŞƀƳ�ƱřŹŸĭƾ��ĭ�Źřźºƣ�ºǀŵź��
ſŹźŝƾ�Ư�ºǀ�����ƶºŝ��šřźºƄů�Źŵ�ŚƯźºſ�ƶºŝ�ƪºưŰţ�Ʊřż�ƫŵ�ºǀ�ƪ
ƶƐŝřŹ�ƽ�ŝǀƱŚŤƀƯŻ�Ʋ�ŚƷƽ�ŶƃƿƵƺŰƳ��Ŷ�ƽ�ƱŚŤƀƯŻ��ƳřŹŸºĭƾ�

ººƳřƹřźƟ�ƹƾ�Ƙưūººǀ�ƶººūƺţ�ŵŹƺººƯ�ŶººƘŝ�ƩŚººſ�ŹŚººƸŝ�Źŵ�Ţ
Ưƾ�ŶƃŚŝ���

ƜţǀǀƬƈƟ�šřźƾ��ŚƯŵƿĪƾ�ƮƸƯ�Żř�źţƿƬŗŚƀƯ�Ʋƾ��Ţſř
Śŝ�ƩŶŤƘƯ�ƢƏŚƴƯ�ƲĩŚſ�šřźƄů�ƶĩƿ�ƶºųźģ�Ŷ�ƽ��ĭŶºƳŻƾ�

�ŹŚĭŻŚſ�Ʊō�Śŝ�řŹ�ŵƺųŶƴƴĩ��ŚƷŚƯŵƽ�ŚěǀƿƯ�ŽŚſřźŝ�Ʋǀ�Ʊřż
ƳŚƯŻ�šŶƯ�ƹ�šŶƃƾ��Ʊō�ƉźºƘƯ�Źŵ�ƵźƄů�ƶĩ����Źřźºƣ�ŚºƷ

Ưƾ�ĭǀŵź��Ưƾ�ĭŶƳŻ�ŶƴƳřƺţƾ��ºţ�ŢŰţ�řŹ�šřźƄůŐŧǀ��Źřźºƣ�ź
ŶƴƷŵ��řƿƶŝ�šřźŧř�Ʋ��ºſƹǀƶƬ�ƽ�ƵřŹ��ŚºƷŹŚĩƽ�ŝǀ�ºƃƺǀưǀŚƾƿ��ƹ

ƟǀżƿĥƺƫƺƿĪƾ�Ɣƴţ�ƪŝŚƣǀŶƘţ�ƹ�ƮƿƯ�ƪƾ�ŶƴƃŚŝ��ƵŻřŶƳř�ĭǀźƽ�
ƶƐƤƳ�ƽ�ƶŝ�ŵŚưŬƳř���ƱřƺºƴƗƿ�ºĪƾ��ƮºƸƯ�Żř��źºţƿƘƯ�Ʋǀ�ŚºƷŹŚƽ�
ƘţǀǀƯ�Ʋǀ����Ƶŵƺºŝ�ƶºūƺţ�ŵŹƺºƯ�ŚƯźſ�ƶŝ�šřźƄů�ƪưŰţ�Ʊřż

Ţſř��ř�ŚƯřƿưƳ�ƆųŚƃ�Ʋƾ�ƶŝ�ŶƳřƺţ�ŚƸƴţƾƿ�ƘƯǀŹŚƽ��řźºŝƽ�
ƵŻřŶººƳř�ĭººǀźƽ��ŤŴººſŚƯźſ�ŮƐººſƾ��ŶººƃŚŝ�šřźººƄů�� �

(Nedved, 2000; Hao & Kang, 2004)��Żřř�ºƿƲ�ƹŹ��Śŝ�ºƿ�Ŷ
�ŵƺƃ�ƑŚŰƫ�źƯř�Ʋƿř�Źŵ�żǀƳ�ŚƯźſ�ƶŝ�šřźƄů�ƪưŰţ�ƱřżǀƯ

�ƹƈųŚƃźǀƔƳ�ƾ�LT50��ƶĩ�ƾƿŚƯŵ�īźƯ�ŦƗŚŝ�ÒÍ���ŵřźƟř
ƾƯ�ŵƺƃ��żǀƳ�ƽřźŝ�ƲǀǀƘţ�ƱřżǀƯ�ŮƐſ��šřźƄů�ƾŤŴſŚƯźſ

�ƾºƯ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ��ŵźºǀĭ�(Turnock & Fields, 2005; 

Soudi & Moharramipour, 2011; Saeidi et al., 2012)��
ƲƿřźŝŚƴŝ����ƂƷƹĦºě�Źŵ��źºƋŚů�ƶºƐƤƳ�ƽ���ƱřżºǀƯ�ƹ�ŵŚºưŬƳř�

ŚƯźſ�ƶŝ�ƪưŰţƽ�ƪƯŚĩ�šřźƄů��ƯƺƏźųźſƾ�ƿ��Źŵ�ƶºŬƳƺ
ŚƷŚƯŵƽ�ŻƿƶūŹŵ�źƠƇ�ź�ƽ�ƀƬſǀźƸƯ�Żř�Žƺ�Ư�ŶƴƠſř�Śţ�ƵŚ
ÎÐÖÍ�ſŹźŝ�ŵŹƺƯƾ�ŢƟźĭ�Źřźƣ����

��
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��

Ɩưū�ƶƳƺưƳ�ƽŹƹō��
�šřźƄů�ƱŚŤƀƯŻ�ƪƯŚĩ�ƯƺƏźųźſ�ƱřŹŸĭƾ�ƿ��ƶºŬƳƺ

ƶŝ�ƷŚƯ�šŹƺƇǀƏ�ƶƳŚƾ�ƵŚƯ�ŚƷƽ�ŶƴƠſř�Śţ�źƸƯ�ÖÎ�ÎÐÖÍ���Żř
�ƕŹřżƯƿƶŬƳƺ�ƽ�ÎÍ�ŹŚŤĪƷƽ�ř�Źŵ�ƖƣřƹƿƤŰţ�ƵŚĮŤƀǀ�ţŚºƤƾ�

ſ�ŽŶƴƸƯǀ�źºƸƐƯ�ƩƺſźƫřŶŞƗŶƽ��ƯŒ�ƶºƀſ�ƽ���ƹ�ŭǈºƇř
Ƹţǀƶ�ƽ�ŹŸŝ�ŶƴƣŹŶƴƜģ��ƩŚưĩ�źƸƃ���ũźºĩ����šŚºƈŤŴƯ�ƶºŝ�
"ÏÐ�'ÒÍ��°ÐÒ�ƫŚưººƃƾ��"ÒÖ�'ÒÎ��°ÒÍ�ƣźººƃƾ��ƕŚººƠţŹř�ƹ

ÎÏÒÐ�Źŵ�ŮƐſ�Żř�źŤƯƿŚ���ƶŝ��ƵŻřŶºƳř�ŹƺƔƴƯ�ĭ�ºǀźƽ��ƶºƐƤƳ�ƽ�
ř�ƪưŰţ�ƹ�ŵŚưŬƳřƿ��Ɩºưū�ŚƯźºſ�ƶŝ�ŢƟō�Ʋ�Źƹōƽ��ŶƳŶºƃ��

ƿƶŬƳƺ�ŚƷƽ�źƔƳ�ŵŹƺƯ���Ʊō�ƮºƣŹ�ƹ�ƶƫŚſŹŚƸģ���ƳřŶºưƷ�ŚºƷƾ�
ŵƺŝ���



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���è���ÎÐîç���������������������������������������������������������������������������������������������������������������ÔÎ 

ƾƿřƺƷ�ƹ�śō�šŚƗǈƏř��
�ººſŚƴƃřƺƷ�šŚººƗǈƏřƾ�Ƴ�ŵŹƺººƯººǀř�Żř�ŻŚƿ�ƵŚĮŤººƀ

ſŚƴƃřƺƷƾ�ƵŶĪƄƳřŵ�Źŵ�Ɩƣřƹ�ũźĩ�ƽ�ŻŹƹŚƄĩƽ���ƵŚĮºƄƳřŵ
ƱřźƸţ��šŚƈŤŴƯ�ƶŝ�"ÏÐ�'ÑÕ��°ÐÒ��ƫŚưºƃƾ��"ÎÑ�'ÒÔ��°ÒÍ�
ƣźƃƾ�ƹ��ƕŚƠţŹřÖ�ÎÏÖÏ�źŤƯ�Ɛſ�ŻřŮ�ŹŵƿŚ����Ŷºƿŵźĭ�ƶǀƸţ��

ſŚƴƃřƺƷ�šŚƗǈƏř�ŽŚſřźŝƾ��ƵŚƯ�ƽŚƷ�ŵ��Źŷōƽ��ƲºưƸŝ�ƹ�
îæ�æèîå��źţŵźſƿƵŚƯ�Ʋ��ŚºƷƽ���ƩŚºſ�ƹ�ŶºƳŵƺŝ�Ư�ºǀĮƳŚǀ�Ʋ

ŚƯŵ�ƪƣřŶůƽ�ŢŞŧ�ř�Źŵ�ƵŶƃƿƶſ�Ʋ�ƶŝ��ƵŚƯ�ţźţ�ºǀ�ŜÓÒ�Í���
ÎÓ�Ï���ƹÓÔ�Î��ƶūŹŵ�ƽ�ŽƺǀƀƬſ��ŵƺŝ��ƪĪƃÎ�.��

��
ƵŻřŶƳř�ƶƐƤƳ�ƽźǀĭ�ƽ�ƪƯŚĩ�šřźƄů�ŵŚưŬƳř��

�ŹŵźƷ�ƵŚƯ��Ɩưū�ƪƯŚĩ�šřźƄů�ƱŚǀƯ�Żř�ƽŹƹō���ƵŶºƃ
ƕŹřżƯ�Żř���ŵřŶƘţÏÍ�ÎÒ�ƶŝ�ƵźƄů��ƹ�śŚŴŤƳř�ƾƟŵŚƈţ�ŹƺƏ

ƶƐƤƳ�ƽ�Ʊō�ŵŚưŬƳř��ƁƹŹ�Śŝ�ŚƷNeven (1999)�ƵŻřŶƳř���ƽźºǀĭ
Ŷƃ��ƲƿŶŝ��ŹƺƔƴƯ�ƪĪǀƳ�žƴū�Źƺƀƴſ�ŢŞŧ�ƭƹźĩ�ƵŶƴƴĩ�ƽ�
ŚƯŵ�(Testo, model 177-T4, Germany)��Śŝ�ŽŚưţ�Źŵ�ŮƐſ

ưĪƃƾ����Źřźºƣ�ƪºƯŚĩ�šřźƄů�ŢºƟźĭ����ŵƺºų�ƪºŰƯ�Źŵ�ƹ
ŞŨţººǀ�Ţƹ�Ŷººƃ������źººŞưģ�Ţººƀţ�ƵŚĮŤººſŵ�ƶººŝ�žĜººſ� �

(Binder GmbH Bergstr, model MK53, Germany)��ƪƤŤƴƯ

ƿŵźĭŶ��ŚƯŵƽ�řƿŹƺƏ�ƵŚĮŤſŵ�Ʋƽ�ƶƯŚƳźŝ�Źƿżƽ����ŵƺºŝ�ƵŶºƃ
�ƶĩƶŝ�ŹŶţƿźƤţ�ŢƗźſ�Śŝ�ŪƿŞƾ�Ò�Í�ƶūŹŵ�ƽ�ſƀƬǀŽƺ��Źŵ
ƣŵƶƤǀ��ŵźſƾƯ��ƹ�ŶƃŻř�ƽŚƯŵ�ÏÍ��ƽŚƯŵ�ƶŝ�ÏÒ��ƶūŹŵ�ƽ�
ſƀƬǀŽƺ�ƾƯ�ŶǀſŹ��Əƾ�řƿ�šŶƯ�Ʋ�Źŵ�źƷÐÍ�ƳŚŧǀŚƯŵ�ƶƽ�

Ư�ŢŞŧ�ƵźƄů�ƱŶŝƾ�Ŷƃ��ƶƐƤƳ�řƽ��ƶºŝ�Ʊō�Żř�žě�ƶĩ���źƏŚºų
ŵřŻō�ŚƯźĭ�ƱŶƃƽ�ƳƹŹŵƾ��řżƟřƿźſ�Ƃƿ�ŚƯŵ�Ɩ�ºƯ�űŹƾ�ŵŵř��
ƶŝ��ƱřƺƴƗƶƐƤƳ�ƽ�ŵŚưŬƳř��ƲǀǀƘţ�ƃ�Ŷ(Lee, 1991)���
��

ƵŻřŶƳř�ŚƯźſ�ƶŝ�ƪưŰţ�ƽźǀĭ 

ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�ƪưŰţ�����Źŵ�ŚƯźºſ�ƶºŝ�ƱřŹŸºĭ
�ƽŚººººƷŚƯŵÒ���Ô���Ö���ÎÎ���ÎÐ���ƹÎÒ��ƶººººūŹŵ�ƽ�

ŢƟźĭ�Źřźƣ�ƂƿŚƯŻō�ŵŹƺƯ�ŽƺǀƀƬſ��źƷ�Źŵ�ŚƯŵ�źƷ�ƽřźŝ�
�ƵŚƯÑÍ�ŵŶƗ�źƄůƵ��ƽ�ƪƯŚĩ�ÎÍ��ƶºƫƺƫ�ƪųřŵ�ƵźƄů��ƽŚºƷ��
ŚƯŻōƿƷŚĮƄƾ��ƮŬů�ƶŝÎÒ�ƯǀƬƾ�ƫǀ�Źŵ�źŤÑ�ŹřźĪţ����źºƔƳ�Źŵ

ƶŤƟźĭ��Ŷƃ(Powell & Bale, 2005; Worland et al., 2010)��
�žĜſ�ƶƳƺưƳ��ƪųřŵ�ŚƷ�����Ƶŵřŵ�Źřźºƣ�źºŞưģ�Ţºƀţ�ƵŚĮŤºſŵ

ŚƯŵ�ƹ�ŶƳŶƃƽ���Żř�ƵŚĮŤºſŵÏÍ���ƶºūŹŵ�ƽ��ºƀƬſǀ��Śºţ�Žƺ
�ŚºƯŵƽ����ƶºŝ�źºƔƳ�ŵŹƺºƯ��ŹŶºţƿ���ŢƗźºſ�Śºŝ�ŪÒ�Í��ƶºūŹŵ�ƽ�� �

��

��

��
��

�ƪĪƃÎ��ŝǀƄǀƶƴƯ��ǀĮƳŚǀ�ƹ�Ʋưĩǀƶƴ�ƽ�ŚƯŵƽ�ƷŚƯǀƏ�ƶƳŚƾ�ƵŚƯ�ŚƷƽ��ŶƴƠſř�Śţ�źƸƯÎÐÖÍ�ř�Żřƿ��ºſŚƴƃřƺƷ�ƵŚĮŤºƀƾ����Źŵ�Ɩºƣřƹ�ũźºĩ
ƶƗŹżƯ�ƽ�ƵŶĪƄƳřŵ�ƽ�ŻŹƹŚƄĩƽ�ƱřźƸţ�ƵŚĮƄƳřŵ� 

Fig. 1. Maximum, average and minimum of monthly temperature from Karaj Meteorological Station located in the field 
of Faculty of Agriculture, Tehran University, from October 2011 to March 2012. 

 



ÔÏ                                                      ƾƯźŰƯ�ƹ�ƽŶǀƘſ�Źƺě��ƶƐƤƳ�šřźǀǀƜţ�ƹ�ŚƯźſ�ƪưŰţ�ƾſŹźŝ�ƽ�ƪƯŚĩ�šřźƄů�Źŵ�ŵŚưŬƳř������

��

ƀƬſǀƣŵ�Źŵ�Žƺǀ�Ŷºƃ�ŵźſ�ƶƤ���ƶºƳƺưƳ���ŚºƷÏÎÍ�ƣŵǀ��Źŵ�ƶºƤ
ŚƯŵƽ��Źřźƣ�źƔƳ�ŵŹƺƯ�ºƴŤƟźĭŶ���ºěž��Ʊō�Żř��ŚºƯŵƽ���ƪºųřŵ

ƬŞƣ�ŢƗźſ�ƱŚưƷ�Śŝ�ƵŚĮŤſŵƾ��ƶŝÏÍ��ƶūŹŵ�ƽ�ƀƬſǀ�Žƺ
ſŹǀŶ�ƹ��ƶƳƺưƳ�ƶŝ�ŚƷ��šŶƯÏÑ��ŢƗŚſ�żǀƳ�ŚºƯŵ�Źŵƽ���źºǀųř

Ŷƃ�Ƶŵřŵ�ŹřźƣŶƳ���žĜſ��ƵŵźƯƿ�ŚƵŶƳŻ�Ʊō�Ʊŵƺŝ�ƮƬƣ�Śŝ�ŚƷ��ƺƯ
ŻƿźŤſř�źƿƯƺǀſŹźŝ�ęƺĪſƹźĪƾ�Ŷƃ���
��

Ƶŵřŵ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ŚƷ 

ƶŝ�šŚƗǈƏř�Ţſŵ�ƶŝ�ƵŶƯō�Ư�šŹƺƇǀĮƳŚǀƲ�t�ŚƐųƽ�
ƘƯǀ�ŹŚ(mean ± standard error)�ŶƳŶƃ�ƁŹřżĭ��żŬţ�ºƿƶ�ƽ�
Ƶŵřŵ��ŚººƷƶººŝ�šŹƺººƇ�żŬţººƿƶ�ƽ�Źřƹººƿ�žƳŚººƿĨ��ƶººƟźƏ� �

(One-way ANOVA)��ƹ�ƭźºººƳ�Żř�ƵŵŚƠŤºººſř�Śºººŝ��ŹřżºººƟř� �
SPSS (V.18)�Ŷƃ�ƭŚŬƳř���ºƴƘƯ�šŹƺºƇ�Źŵ�ƹƾ�Źřŵ����Ʊŵƺºŝ

ĩƺţ�ƱƺƯŻōƾ��ŮƐſ�ŹŵÒ��ŶƇŹŵ�ƽřźŝŚƤƯƿƶƀ�ƽ�Ư�ºǀĮƳŚǀ�Ʋ
ţǀŚƷŹŚưƽ��ƞƬŤŴƯ��ŢºƟźĭ�Źřźºƣ�ƵŵŚƠŤſř�ŵŹƺƯ����ŽŚºſřźŝ
ŚŤƳƿƶŝ�Ū��Ţºſŵ���Żř�ƵŶºƯō�ºţŐŧǀź���ŚºƷŚƯŵ�Źŵ�ŚƯźºſƽ���ŵŹƺºƯ

�ƶººƘƫŚƐƯ���ŵŚººƤƯƿ�źLT50��ƹLT80���ƩŶºººƯ�Żř�ƵŵŚƠŤººſř�Śºººŝ� �
binary logistic�ŶƳŶƃ�ƶŞſŚŰƯ��ƶƫŵŚƘƯ�Źŵ�ƽ�Ŭƫǀ�Ťºƀǀ�Żř�Ĩ

�ƩƺƯźƟY = ea+bx / (1 + ea+bx)�Ŷƃ�ƵŵŚƠŤſř��ř�Źŵƿ�ƲƩƺƯźƟ��
a�ŏŶŞƯ�Żř�ƉźƗ��b�ƃǀƎų�Ŝ��x��ŹřŶƤƯ��ƹ�ŚƯŵY��ŶºƇŹŵ�

Ư�ƹ�īźƯǀ�ź�ƾºƯ��ŶºƃŚŝ�(Vittinghoff et al., 2005)���řźºŝƽ�
ſŹźŝƾ�Ư�ƍŚŞţŹřǀƶƐƤƳ�ƱŚ�ƽ��Ư�Śºŝ�ŵŚưŬƳř�ºǀ��Źŵ�ƪºưŰţ�Ʊřż
ƵŚƯ�ŚƷƽ�ƶƐŝřŹ�Żř�ƞƬŤŴƯ�ƽ�ĮŤƀŞưƷƾ�ěǀ���ƵŵŚƠŤºſř�Ʊƺºſź
Ŷƃ����
��
ŚŤƳƿŪ��

ƶƐƤƳ�ƽ�ŵŚưŬƳř��
ƶƐƤƳ�ƽ����ƪºƯŚĩ�šřźºƄů�ƱŶŝ�ŵŚưŬƳřŚƤƯ�Źŵƿ�ƶºƀ�ƽ�

ƪƈƟ�Śěǀƿ�żŚŝ���ƱŚŤºƀƯŻÎÐÖÍ���ºƴƘƯ�ƝǈŤºųřƾ�Źřŵƽ��Żř�řŹ
�ŵřŵ�ƱŚƄƳ�ŵƺų�ÍÍÎ�ÍP = ��ÏÔ�Õt = ���Ñdf = ���ƯǀĮƳŚǀ�Ʋ

ƶƐƤƳ�ƽ���ƵŚºƯ�ƩƺºƏ�Źŵ�ƪƯŚĩ�šřźƄů�ŵŚưŬƳř��ŚºƷƽ��Śºěǀƿ�ż� �
�°C�Ñ�ÎÐ����ƶºŝ���ºƴƘƯ�ŹƺºƏƾ�Źřŵƽ��ŚºěǀƿƲ���ƵŚºƯ�Żř�źºţ��ŚºƷƽ�

�ƱŚŤƀƯŻ�°C��Ó�Õ���ŵƺŝ��ƯǀĮƳŚǀƶƐƤƳ�Ʋ�ƽ��šřźƄů�ŵŚưŬƳř
źƸƯ�Źŵ�ƪƯŚĩ�ƵŚƯ�ÓÕ�Í�t�Ñ�ÎÑ��ƶūŹŵ�ƽ�ƀƬſǀ�ŵƺŝ�Žƺ

ř�ƶĩƿŹŵ�ŹřŶƤƯ�Ʋ�ƱŚŝō�řżƟř�ƵŚƯƿ�ģŚºƳ�Ƃǀżƽ���ƶºŝ�ƹ�Ţºƃřŵ�
ÔÐ�Í�t�Ñ�ÎÐ��ƶūŹŵ�ƽ�ƀƬſǀſŹ�ŽƺǀźƤţ�ƹ�ŶƿľŚŞ�Źŷō�Śţ�
ƵŚƯ�Źŵ�ÔÎ�Í�t�Ò�ÎÏ��ŶƳŚƯ�ŢŝŚŧ��ŵ�Źŵ�ŚƯřƽ�řżƟř�ƵŚƯƿ�Ƃ

ƮƄģ�ĭǀźƽ�ƶŤƃřŵ���ƶŝ�ƹÒÒ�Í�t�Õ�Õ��ƶūŹŵ�ƽ�ƀƬſǀ�Žƺ
ſŹǀŶ��řƿƯ�ƲǀƵŚƯ�Źŵ�Ʊřż�ŚƷƽ����ŶƴƠºſř�ƹ�ƲºưƸŝ�ƶºŝ���ŢŞºƀƳ

ƶŝ��ŶƳŚƯ�ŢŝŚŧ�ŹƺƏƽ�ƴƘƯ�ƝǈŤųř�ƶĩƾ�Źřŵƽ�ŝǀƵŚƯ�Ʋ��ŚºƷƽ�
ŵƽŢƃřŶƳ�ŵƺūƹ�ŶƴƠſř�ƹ�ƲưƸŝ����ƵƹǈƗ�řźŝƿƲ���ƝǈŤųř

ƴƘƯƾ�Źřŵƽ�ŝǀƵŚƯ�Ʋ�ŚƷƽ���Źŷō�ƹ�ƱŚºŝō��źƸƯ�ƵŶºƿŵ��ŶºƄƳ���Źŵ
ŝ�ƖƣřƹǀƵŚƯ�Ʋ�ŚƷƽ��Śºěǀƿ��ƱŚŤºƀƯŻ�ƹ�ż��ºƴƘƯ�ƝǈŤºųřƾ�Źřŵƽ�

ŢƃřŶƳ�ŵƺūƹ��ƯǀƶƳŚ�ƽ��ƶºƐƤƳ�ƽ���Ƙưū�ŵřźºƟř�ŵŚºưŬƳř�ºǀ�Ţ
Ò�ÎÏ��ƶūŹŵ�ƽ�ƀƬſǀƹ�ŵƺŝ�Žƺ��Źŵ�ƵŚƯ�ŚƷƽ���Źŷō�Śºţ�źƸƯ

�ŵƹŶººůÒÑ�Ƙưū�Żř�ŶººƇŹŵººǀřŹřŵ�Ţƽ�ƶººƐƤƳ�ƽ��ŵŚººưŬƳř
ŚěǀƿƲ�Ư�Żř�źţǀŶƳŵƺŝ�ƶƳŚ��Źŵ�ƫŚůƾ�ƶƐƤƳ�ƶĩ�ƽ����ŵřźºƟř�ŵŚºưŬƳř

ƘưūǀƶƐƤƳ�Śŝ�Ţ�ƽ�ŵŚưŬƳřƽ�ŚěǀƿƲ��Żř�źºţ�Ưǀ�ƶºƳŚ��ŵ�Żřƽ���Śºţ
ŶƴƠſř�Ư�ƶŝ�ƵŚƯǀĮƳŚǀ�ƲÕ�ƬƤţ�ŶƇŹŵǀ�ƪƿ�ƶŤƟŚŵƺŝ����ƶºŝ�ƱŚºǀŝ�

ŵƿźĮ��Əƾ�ƵŚƯ�ŚƷƽ��ƶºƐƤƳ��ƱŚŤƀƯŻ�ƽ����ŵƹŶºů�ŵŚºưŬƳřÖÏ�
Ƙưū�Żř�ŶƇŹŵǀƵŵƹŶŰƯ�Źŵ��Ţ�ƽ�ǇŚŝƽ�Ưǀ��ƶºŤƟźĭ�Źřźƣ�ƶƳŚ

Ţſř��ŹŚţ�ƭŚưţ�ƩƺƏ�ŹŵƿŲ�ŚƷƽ�ƶƳƺưƳ�Źřŵźŝƽ��ŚěǀƿƲ��źºţƿ�Ʋ
ƶƐƤƳ�ƽ�ŵŚưŬƳř�ƶƳƺưƳ�ƶŝ�řƽ�ƱŚŝō�Żř��ƶºƐƤƳ�Śŝ�ƵŚƯ�ƽ���ŵŚºưŬƳř
Î�ÏÏ��źţǇŚŝ�ƹƿƶƳƺưƳ�ƶŝ�Ʊō�Ʋ�řƽ�ŶƴƠſř�Żř�ƯƶƐƤƳ�Śŝ�ƵŚ�ƽ�

�ŵŚưŬƳřÑ�Ð��ƶūŹŵ�ƽ�ƀƬſǀ��Ţºƃřŵ�ƢºƬƘţ�Žƺ���ƯŚºưţƾ�
ƵŻřŶƳř�Żř�žě�ƪƯŚĩ�šřźƄů�ĭǀźƽ�ƶƐƤƳ�ƽ�Żř�ŵŚưŬƳř��ºŝǀ�Ʋ

ŶººƴŤƟŹ��ƶººƴƯřŵ�ƽ�ƯººǀĮƳŚǀƜţ�ƲººǀǀƶººƐƤƳ�šřź�ƽ��Żř�ŵŚººưŬƳř
Ʈĩ�źţƿƶƐƤƳ�Ʋ�ƽ��ŵŚưŬƳř�Ñ�ÎÑ����ºŝ�ŚţǀƂ��źºţƿ�ƶºƐƤƳ�Ʋ�ƽ�

�ŵŚưŬƳř�Ï�Õ����ŵƹŶů��Ó��ƶūŹŵ�ƽ��ŵƺŝ�ŽƺǀƀƬſ���ƪĪºƃ
Ï����
��

ŚƯźſ�ƶŝ�ƪưŰţ�ƱřżǀƯ��
Ɩưū�ƚƫŚŝ�ŵřźƟř�ƪưŰţ�ƱřżǀƯ�ƽŹƹō�ƵŚƯ�Źŵ�ƵŶƃ���ƽŚºƷ
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Fig. 2. Changes of supercooling point (SCP) of overwintering adults of Hypera postica from October 2011 to March 
2012. 
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Fig. 3. Mortality of overwintering adults of Hypera postica from November 2011 to March 2012. Mean with the same 
letters are not significantly different at the 5% level by Tukey´s test. 
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Table 1. Changes of supercooling points, LT50, LT80 and their confidence limits of overwintering adults of Hypera 
postica from October 2011 to March 2012. 

 
95% CL (C) LT80 (C) 95% CL (C) LT50 (C) SCP (C) Month 

No data No data No data No data -14.4 ± 0.68 b October 
(-9.8, -10.5) -10.0 b (-8.5, -8.6) -8.6 c -13.4 ± 0.73 b November 
(-9.6, -10.3) -9.9 b (-8.4, -8.5) -8.4 c -12.5 ± 0.71 b December 
(-8.3, -9.6) -8.7 a (-4.6, -6.2) -5.7 a -8.8 ± 0.55 a January  
(-7.7, -8.4) -7.9 a (-5.7, -6.3) -6.0 a -8.2 ± 0.60 a February  
(-9.5, -10.3) -9.8 b (-7.2, -7.7) -7.5 b -8.8 ± 0.80 a March 

 SCP = Supercooling point; CL = Confidence limits. 
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ƵŚƯ�Źŵ�ŵŚưŬƳř�ŚƷƽ�ĩŚů�Źŷō�ƹ�ƱŚŝō��źƸƯƾ�ř�Żřƿ��ŜºƬƐƯ�Ʋ
�ŢººſřţřźººƄů�ƶººĩƾ�Źŵ�ƶººĩ�řººƿƵŚººƯ�Ʋ�ōźƟ�Źŵ�ŚººƷƿ�Ŷººƴ
ƶƳƺưƳ�Źřŵźŝƽ�ƶŝ�ŶƳŶƯō�Ţſŵ��ƿŸƜţ�ƩŚů�Źŵ�Śƿ�ƶƗŹżƯ�Źŵ�ƶ
ŵƺŝƵ��ƹƿƵŶƃ�ŵŹřƹ�ƶƗŹżƯ�ƶŝ�ƵŻŚţ�Ś�ƳŵƺŝŶ��řźŝŚƴŝƿƲ��ƶŝ��źƔƳ
Ưƾ��ŶſŹţřźƄůƾ�ƶƐƤƳ�ƶĩ�ƽ��Ʊō�ŵŚºưŬƳř���Śºě�ŚºƷǀƿƲ���Żř�źºţ
Ò�ÎÏ��ƶūŹŵ�ƽ�ƀƬſǀ�Žƺ�ƯǀƶƳŚ��ŶƃŚŝ��ƶŝ���Żř�ƵŶºưƗ�ŹƺƏ

ƕƺººƳ�ţřźººƄůƾ��ƶººƗŹżƯ�ƶººŝ�ŵƹŹƹ�ƩŚººů�Źŵ�ƶººĩ�ŶƴŤººƀƷ
Ưƾ�ŶƴƃŚŝ���

ƶƴƯřŵ�ŚƷƽ��ŚºƯŵƾƿ�Ô�Ò����ŚºţÓ�Õ���ƹÖ�Ô����ŚºţÎÍ��
ƶūŹŵ�ƽ�ƀƬſǀƶŝ�Žƺ�ţźţǀ�Ư�ƹ�īźºƯ�ŜūƺƯ�Ŝ�ºǀ�źÒå��ƹ
íå�Ƙưū�ŶƇŹŵǀŶƃ�Ţ����Śºě�ŵƺūƹŚºŝǀƿ�Ʋ��ƶºƐƤƳ�Ʊŵƺºŝ�ƽ�



ÔÓ                                                      ƾƯźŰƯ�ƹ�ƽŶǀƘſ�Źƺě��ƶƐƤƳ�šřźǀǀƜţ�ƹ�ŚƯźſ�ƪưŰţ�ƾſŹźŝ�ƽ�ƪƯŚĩ�šřźƄů�Źŵ�ŵŚưŬƳř������

ƯƺƏźųźſ�ƪƯŚĩ�šřźƄů�ŵŚưŬƳřƾ�ƿ��ƶºŬƳƺ��Żřç�í����Śºţ
Ñ�æÑ��ƶººūŹŵ�ƽ�ººƀƬſǀŽƺ�ř��ººƿººưƳ�ƵźººƄů�Ʋƾ��ŶººƳřƺţ

�ŚºƷŚƯŵƽ�ŵżƳ�ºƿ��ƶºƐƤƳ�ƶºŝ�Ĩ�ƽ�����ƹ�Ŷºƴĩ�ƪºưŰţ�řŹ�ŵŚºưŬƳř
ţŹƺƇŹŵƾ�ƶƐƤƳ�ƶŝ�ŚƯźſ�ƶĩ�ƽ�ŵżƳ�ƵźƄů�ŵŚưŬƳřƿ��ŵƺƃ�Ĩ

ǇŚººŝ�šŚººƠƬţƾƿ�Ƙưū�ŹŵººǀƯƺƏźųźººſ�Ţƾ�ƿ�űŹ�ƶººŬƳƺ
ŵřŵ�ŶƷřƺų���ŹŵţŚƘƫŚƐƯƾ��ƶƧƹŹƽ�Ưǀ�ŚƯźºſ�ƶŝ�ƪưŰţ�Ʊřż�

Źŵ�Śſƿź��ƯƺƏźųźºſƾ��ƔƳ�ŚºƷ�ºǀź�Rhynchaenus fagi (L.)��
Hypera punctata L.�ƹ�Anthonomus grandis Boheman�

šŹƺƇ�ƶŤƟźĭ��ƵŶƷŚƄƯ��ƵŶƃ�Ţſřř�ƶĩƿƯƺƏźųźſ�Ʋƾ��ŚƷ
ƳǀưƳ�żƾ�ŚƷŚƯŵ�ŶƴƳřƺţƽ�ŵżƳƿƶƐƤƳ�ƶŝ�Ĩ�ƽ��ƪưŰţ�řŹ�ŵŚưŬƳř

ŚƷŚƯŵ�Źŵ�ƹ�Ŷƴƴĩƽ�ƶƐƤƳ�Żř�źţǇŚŝ�ƽ���ŶºƳŹřŵ�šŚƠƬţ�ŵŚưŬƳř
(Coulson & Bale, 1996; Watanabe & Tanaka, 1997;
�� �

Suh et al., 2002)��ƯƺƏźųźſ�ƶŤŞƫřƾ�ŚƷƽ�ŵƿ�źºĮƽ�ƔƳ�ºǀ�ź
Bothrometopus randi L.��Bothrometopus elangatus L.�

ƹ�Ectemnorhinus marioni L.�Ưƾ�ŚƷŚƯŵ�ŶƴƳřƺţƽ�ŵżƳ�ºƿ�Ĩ
ƶƐƤƳ�ƶŝ�ƽ�Ŷƴƴĩ�ƪưŰţ�řŹ�ŵŚưŬƳř�(Van der Merwe et al., 

1997)��řƿŚů�ƶŤĪƳ�ƲŗưƷř�ż�ºǀ���ƯƺƏźųźºſ�ƶºĩ�Ţºſř�Ţƾ�
ƿƶŬƳƺ��ƯƺƏźųźſ�Ɲǈųźŝƾ�ŚƷƾƿ���Ʊō�ƶºŝ�ǇŚºŝ�Źŵ�ƶĩ���ŚºƷ

ƵŹŚƃř�ŵ��ŶƃƿřŹřŵ�ƹ�ŵŹřŶƳ�ƶƳŚŤƀƯŻ�ŻƺěŚƽ�ŵƿ�ƶƳŚŤƀŝŚţ�ŻƺěŚ
Ţſř��řŻřƿƲ��ƹŹšŹŶƣ�ƪưŰţ�řƿƵźƄů�Ʋ����ŚƯźºſ�ƶŝ�ŢŞƀƳ

��ƶººŝ�ƶººūƺţŚŝƿřƶººĪƴ���ƶººƬůźƯ�Źŵ�ƱŚŤººƀƯŻ�ƩƺººƏ�Źŵ�ƽ�
ƛǀŵźƿŻƺěŚƽ�ŸƜţ�ƶŝƿƮŴţ�ƹ�ƶ�Źƿżƽ��ºƯƾ��ŵŻřŵźºě����ƕƺºƳ�Źŵ

Ţſř�ƶūƺţ�ƪŝŚƣ�ŵƺų���
ſŚƴƃřƺƷ�šŚƗǈƏř�ŽŚſřźŝƾ��ŚƯŵ�ƪƣřŶůƽ��ƶƳŚƷŚƯ

�ƩŚſ�ŹŵÎÐÖÍ��Ó�Õ��ƶūŹŵ�ƽ�ƀƬſǀŹŵ��ŵƺŝ�Žƺ�ƫŚůƾ��ƶĩ
ƯƺƏźųźººſ�ƪººƯŚĩ�šřźººƄůƾ�ƿ�ƱřŹƹŵ�ƩƺººƏ�Źŵ�ƶººŬƳƺ
ŚƯŵ�ƪƣřŶů�ũźĩ�Źŵ�ƶƘƫŚƐƯƽ��ÎÏ���ƶūŹŵ�ƽ�ƀƬſǀ�Žƺ�řŹ

ƲưƸŝ�Źŵ��ŵźĩ�ƶºŝźŬţ�ƵŚƯ�ŶºƳ��ř�ºƿ�ƫŚºů�Źŵ�Ʋƾ����ƶºĩ�Ţºſř
ƁŹřżĭ�ŽŚſřźŝ�ŚƷƽ�ſŚƴƃřƺƷƾŚƯŵ��ƽ��ƢưƗ�Źŵ�ħŚųÒ�

ŤƳŚſƾ�źŤƯƽ�źţŵźſ�Źŵ�ħŚųƿŚƯŵ�Ʋƽ�ŢŞŧ���ũźºĩ�Źŵ�ƵŶƃ
�ƶººŝÓ�Î�ƶººūŹŵ�ƽ�ººƀƬſǀººſŹ�ŽƺǀŢººſř�ƵŶ���šřźººƄů

ƯƺƏźųźſƾ�ƿƶŝ�ƶŬƳƺ�ŚƷŻƹŹ�Źŵ�ƩƺưƘƯ�ŹƺƏƽ����ƶºŝ�ŵźºſ

�ƢưƗÑ�Ð�ŤƳŚſƾ�źŤƯƽ���ºƯ�ŷƺºƠƳ�ħŚųƾ���ƹ�Ŷºƴƴĩ�řźºƃƿ�Ǝ
źųŵ�ŻƿƵŚĮŤƀ��ƶŝ�ƬĩŹƺƏƾ���Śŝưĩǀƶƴ�ƽ�ŚƯŵƽ�Ʈĩ�źţƽ��ŢŞƀƳ

ŚƯŵ�ƶŝƽ�ƶŝƹŹ�řƺƷ�Ư�ƹŹƾ�ŵƺƃ��řŚŝƿƲ��ŵƺºūƹ���ƵŚºƯ�Źŵ��ŚºƷƽ�
ƹŹ�ƩŚſ�ŵźſƽ�Ƴƺĭƾ�ŚƷƽ�Ơƴĩƾ�ƲƸě�ƵŶƃ�řƽ�ƶŝ�ƶĩ���ƱřƺºƴƗ

řźŝ�ƶƬţƽ�Ɩưū�Źƹōƽ�����ŵƺºŝ�ƵŶºƃ�Ƶŵřŵ�Źřźƣ�ƪƯŚĩ�šřźƄů
ƵŵźƯ�šřźƄů�ƽ�ƃŚƳƾ��Żřƿ���ºƯ�ƵŶƷŚºƄƯ�ƱřŶºƴŞŴƾ���ŶƳŶºƃ��

ƄŴŝƾ�ř�Żřƿ�ƲƃŚƳ�šŚƠƬţƾ��ƪƯŚĩ�šřźƄů�ƶĩ�Ţſř�Ʊō�Żř
ƶƬůźƯ�Źŵ�ƱŚŤƀƯŻ�ƩƺƏ�Źŵ�ƽ�ƛǀŵźƿŻƺěŚƽ�ƶŝ�Ư�źſƾ���ŶºƳźŝ

ƹ�ŸƜţ�ƩŚů�ŹŵƿƮŴţ�ƹ�ƶ�Źƿżƽ�Ưƾ��ŶƴºƃŚŝ.����ƶºūƺţ�ŜºƫŚū
řźĭ�ƪƯŚĩ�šřźƄů�ƶĩ�ŢſřƿƸūƺţ�ƪŝŚƣ�Ƃƾ����ƶºŝ�ŢŞºƀƳ

Ƴƺĭƾ�ŚƷƽ�Ơƴĩƾ��Ťůƾ�ǈƯ�ŢŝƺƏŹ�ŚŝƿƮ��Ư�ƱŚƄƳƾ��ŶºƳŵřŵ��
ř�ŚŝƿƁƹŹ�Ʋ��Ƙưū�ƶƳŚƷŚƯǀŤƾ��źŝ�ƚƫŚŝÏÒÍ�ƵźƄů�ƽ��ƪƯŚĩ
řźŝƽ�ŚƯŻōƿƂ�Ɩưū�ŚƷ�Źƹōƽ�Ưƾ�ŶƳŶƃ���ƲƿřźŝŚƴŝ�ŚƃƿƲƸě�Ŷ�

Ƴƺĭ�Ʊŵźĩƾ�ŚƷƽ�Ơƴĩƾ�ƶŝ�ƶĪƫ�šŹƺƇ�řƽ��ƶƗŹżƯ�ŮƐſ�Źŵ
Śě�ƩƺƏ�ŹŵǀƿƱŚŤƀƯŻ�ƹ�ż��ƶŝ�řźŝ�ƶƬţ�ƱřƺƴƗƽ�Ɩưū�Źƹōƽ��ƹ

ř�ƭřŶƸƳřƿšřźƄů�Ʋ��Ƙưū�ƂƷŚĩ�Źŵǀ�źųřƹř�Źŵ�ŚƷƹŹǇ�Ţ
Ư�ƱŚŤƀƯŻŒŶƃŚŝ�źŧ��ƲƿřŚŝ��ƩŚů�ƶŝ�����ƱŚƴưºƃŵ�ŵƺºūƹ�ŢºƬƗ

ŞƏǀƘƾ�ǈŝǇ�Źŵƽ��Ƴƺºĭƾ��ř�ºƿ�ƁƹŹ�Ʋěǀ�ŵŚƸƴºƄƽ���ƩźºŤƴĩ
ƟǀżƿĪƾ�Śŝƿŝ�ƶūƺţ�ŵŹƺƯ�ŶǀƂ�źţƽ�ĭ�Źřźƣǀŵź���ƶūƺţ�ƪŝŚƣ

ř�ƶĩ�ŢſřƿƵŶ�ƽ�Ƴƺĭ�Żř�ƵŵŚƠŤſřƾ�ŚƷƽ�Ơƴĩƾ�řźŝƽ�ƫƹřǀƲ��ŹŚŝ
ř�Źŵƿ������ŢºƟźĭ�Źřźºƣ�ƵŵŚƠŤºſř�ŵŹƺºƯ�ƹ�ƕřŶºŝř�ƂƷƹĦºě�Ʋ��
ŞƏǀƘƾ��ƶĩ�ŢſřŝǀƂ�ƹŹ�Źŵ�šřźƄů�źţƿƹŹŚƾƿ�ŚƷŚƯŵ�Śŝƽ�
ŚěǀƿƱŚĪƯ��Ʋ�ŚƷƽ�ŢƓŚƠů�ƵŶƃ�řƽ�Źŵ�ħŚų�ƱƹŹŵ���ŢŞºƀƳ
ƶŝ��ƹ�ƝźŝƿƯ�śŚŴŤƳř�Ųƾ�Ŷƴƴĩ��řƿƵŚĮƷŚƴě�Ʋ��ŚºƷ���ƶºŝ�ƹ�ºƿ�ƵĦ

ŽƺŞŰƯ�ƭŚĮƴƷ�ŚƗ��ƱŚƄƳƹŹŵ�Źŵ�řƺƷ�ƱŶƃƿ�ŞºſŚƴƯ�Ƣƾ��Źŵ
ŚƷŚƯŵ�źŝřźŝƽ�Śěǀƿŵƺŝ�ŶƴƷřƺų�Ʋ��ƶŝ�ř�ºƿƲ�ţźţ�ºǀŜ��Ż�Źŵ�ºƿ�ź
ƶŝ�ŚƯŵ�Ɲźŝ�Śě�ƶŝ�šŹŶƳǀƿƲ�ƶƐƤƳ�Żř�źţ�ƽ�Ư�ŵŚưŬƳřƾ���ŶºſŹ

(Danks, 2004)��řŻřƿƲ�ƹŹ��Ż�śŚŴŤƳřƿ�ŢƸū�ŜſŚƴƯ�ƵŚĮŤƀ
ƱŚŤƀƯŻ�ƳřŹŸĭƾ�ƀŝǀưƷř�żŗŚů�ŹŚǀ���ºƘƣřƹ�źºŧř�ƹ�Ţºſř�Ţƾ�
ŚƷŚƯŵƽ�ŚěǀƿƲ�ƹŹƽ�šřźƄů�Śţ�Ŷů�ŻƿŵŚƽ�ƶŝ�ŵźųŻƿƵŚĮŤƀ�

�ĮŤººƀŝ�ƵźººƄů�ƵŚººĮƷŚƴě�ƹƾ�ŵŹřŵ�(Denlinger, 1991;  

Danks, 2004; Kostal, 2006; Khani et al., 2007;
� 
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 Lee, 2010)��řźŝŚƴŝƿƲ��ŵźų�ŻƿƵŚĮŤƀ�ŚƷ�ƀŝ�ƂƤƳǀưƸƯ�ŹŚƾ�
řźŝ�řŹƽ�řƿř�šřźƄů�ƲƿƯ�ŚƠƾ�Ŷƴƴĩ���

ƶŝ�ŹƺƏ�Ƭĩƾ��ƯƺƏźųźſ�šřźƄůƾ�ƿ��Śºŝ�ŶƳŹŵŚƣ�ƶŬƳƺ
řźƃƿřƺƷ�ƹ�śō�Ǝƾƿ�ƶŝ�ũźĩ�ŝƺųƾ��ŹŚĭŻŚſ�řŹ�ŵƺųƵŵźĩ�

Ƙưū�ƹǀƸūƺţ�ƪŝŚƣ�Ţƾ�ƹŹ�řŹƽ�ƿř�ƶŬƳƺƿ��Śºŝ�ƹ�Ŷƴƴĩ�ŵŚŬ
ŶƗŚƀƯ�řźƃ�ƱŶƃƿřƺƷ�ƹ�śō�Ǝƾƿ��ƮºŴţ�Ź�ºƿżƽ���řŹ�ŵƺºų

�ƹ�Ƶŵźĩ�ŻŚƛō�ƱŚŤƀƯŻ�źųřƹř�Źŵ�šŹŚƀųǇŚŝƾƿ��ƕŹřżºƯ�ƶŝ�
ƿƶŬƳƺ��ŵŹřƹŶƴƿŚưƳ���řźŝŚºƴŝƿƲ���ºěǀƂ�ŝǀ�ºƴƾ��ºƯƾ����ƶºĩ�ŵƺºƃ

�ƯƺƏźųźºſ�šŹŚƀųƾ�ƿ��ƱŚŤºƀƯŻ�Źŵ�ƶºŬƳƺ��ŚºƷƽ�ǈƯ�ºƿ�Ʈ
ƶŝ�ŹƺƏ�Ƹūƺţ�ƪŝŚƣƾ�řżƟřƿ�ƂƿŶŝŚ��řŻř�ºƿƲ�ƹŹ�����ƶºŝ�ƶºūƺţŚŝ

ƭźººĭ��ººƬƣř�ƱŶººƃǀ��ũźººĩ�Ʈ�ººƯ�ŹŚººƔŤƳřƾ��ŵƹŹ�šŹŚººƀų
ƯƺƏźųźſƾ�ƿ�ƶŬƳƺě�ƱŚƯŻ�Żř�źţŵƹŻǀƂ�ŝǀƴƾ�ƶŝ�ƵŶƃ��ƕƺƣƹ

Ĝŝǀŝ�šŹŚƀų�Śŝ�ƱřŻŹƹŚƄĩ�ƹ�ŵŶƳƺǀƂ�źţƽ��ŶƳƺºƃ�ƶūřƺƯ��
�ƲƿřźŝŚƴŝ�ƭřŶƣř�ŚƷƽ���ºěǀƂ�ĭǀ��řźºŝ�ƶºƳřźƽ����šŹŚºƀų�ƩźºŤƴĩ

ƯƺƏźųźſƾ�ģ�Źŵǀ�Ʃƹř�ƲƿŤů�ƶŬƳƺƾ�Ưƾ����Żř�ƪºŞƣ�ŶºƳřƺţ
ŶƴƠſř�ĭ�šŹƺƇ�ũźĩ�Źŵ�ƵŚƯǀŵź���
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