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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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�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���

��
ƖŝŚƴƯ��

Bale, J. S., Hansen, T. N. & Baust, J. G. (1989) Nucleators and sites of nucleation in the freeze tolerant of the gall fly 

Eurosta solidaginis. Journal of Insect Physiology 35, 291-295.  

Berbrret, R. C. & McNew, R. W. (1986) Reduction in yield and quality of leaf and stem components of alfalfa forage 

due to damage  by larvae of Hypera postica (Coleoptera: Curculionidae). Journal of Economic Entomology 79, 

212-218. 

Blickenstaff, C., Huggans, J. L. & Schroder, R. W. (1970) Biology and ecology of the alfalfa weevil (Hypera postica) 

in Maryland and New Jersey 1961-1967. Annals of the Entomological Society of America 65, 336-344. 

Campbell, W. V., Busbice, T. H., Falter, J. M. & Glover, J. W. (1975)  Alfalfa weevil and its management in north 

Carolina. Technical Bulletin / North Carolina Agricultural Experiment Station, No. 234. 

Coulson, S. J. & Bale, J. S. (1996) Supercooling and survival of the beech leaf mining weevil Rhynchaenus fagi L. 

(Coleoptera: Curculionidae). Journal of Insect Physiology 42, 617-623. 

Danks, H. V. (2004) Seasonal adaptations in Arctic insects. Integration and Comparative Biology 44, 85-94. 

Denlinger, D. L. (1991) Relationship between cold hardiness and diapauses. pp. 174-198 in Lee, R. E. & Denlinger, D. 

L. (Eds) Insect at low temperature. 513 pp. Chapman and Hall, New York. 

DeWitt, J. R., Armbrust, E. J., Roberts, S. J. & White, C. E. (1969) Preliminary study of the bionomics of the alfalfa 

weevil on soybean. Journal of Economic Entomology 62, 1233-1234. 

Hao, S. & Kang, L. (2004) Supercooling capacity and cold hardiness of the eggs of the grasshopper Chorthippus fallax 

(Orthoptera: Acrididae). European Journal of Entomology 101, 231-236. 

Hutchins, S. H., Buntin, G. D. & Pedigo, L. P. (1990) Impact of insect feeding on alfalfa re growth: a review of 

physiological responses and economic consequences. Agronomy Journal 82, 1035-1044. 
Khani, A., Moharramipour, S. & Barzegar, M. (2007) Cold tolerance and trehalose accumulation in overwintering 

larvae of the codling moth, Cydia pomonella (Lepidoptera: Tortricidae). European Journal of Entomology 104, 

385-392. 

Kostal, V. (2006) Eco-physiological phases of insect diapause. Journal of Insect Physiology 52, 113-127. 

Lee, R. E., Chen, C. P. & Denlingeer, D. L. (1987) A rapid cold-hardening process in insects. Science 238, 1415-1417. 

Lee, R. E. (1991) Principles of insect low temperature tolerance. pp. 17-46 in Lee, R. E. & Denlinger, D. L. (Eds) 

Insects at low temperature. 513 pp. Chapman Hall, New York. 

Lee, R. E. (2010) A primer on insect cold tolerance. pp. 3-34 in Denlinger, D. L. & Lee, R. E. (Eds). Low temperature 

biology of insects. 390 pp. Cambridge University Press, Cambridge.  



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

Michaud, M. R. & Denlinger, D. L. (2007) Shifts in the carbohydrates, polyol, and amino acid pools during rapid cold-

hardening and diapauses-associated cold-hardening in flesh flies (Sarcophaga crasipalpis): a metabolomic 

comparison. Journal of Comparative Physiology B: Biochemical, Systemic, and Environmental Physiology 177, 

753-763. 

Nedved, O. (2000) Chill tolerance in the tropical beetle Stenotarsus rotundus. CryoLetters 21, 25-30. 

Neven, L. G. (1999) Cold hardiness adaptation of codling moth, Cydia pomonella. Cryobiology 38, 43-50. 

Powell, S. J. & Bale, J. S. (2005) Low temperature acclimated populations of the grain aphid Sitobiona avenae retain 

ability to rapidly cold harden with enhanced fitness. Journal of Experimental Biology 208, 2615-2620. 

Saeidi, F. Moharramipour, S. & Barzegar, M. (2012) Seasonal patterns of cold hardiness and cryoprotectant profiles 

in Brevicoryne brassicae (Hemiptera: Aphididae). Environmental Entomology 41, 1638-1643. 

Seraj, A. A. (1988) Life study of Hypera postica and preventive methods from its damage. M.Sc. Thesis. Faculty of 

Agriculture, Tarbiat Modares University. 

Soudi, Sh. & Moharramipour, S. (2011) Cold tolerance and supercooling capacity in overwintering adults of elm leaf 

beetle Xanthogaleruca luteola (Coleoptera: Chrysomelidae). Environmental Entomology 40(6), 1546-1553. 

Suh, C. P., Spurgeon, D. W. & Westbrook, J. K. (2002) Influence of feeding status and physiological condition on 

supercooling points of adult boll weevil (Colleoptera: Curculionidae). Environmental Entomology 31, 754-758. 

Summers, C. G. (1989) Effects of selected pests and multiple pest complexes on alfalfa productivity and stand 

persistence. Journal of Economic Entomology 82, 1782-1791. 

Turnock, W. J. & Fields, P. G. (2005) Winter climates and cold hardiness in terrestrial insects. European Journal of 

Entomology 102, 561-576. 

Van der Merwe, M., Chown, S. L. & Smith, V, R. (1997) Thermal tolerance limits in six weevil species (Coleoptera: 

Curculionidae) from sub-Antarctic Marion Island. Polar Biology 18, 331-336. 

Vittinghoff, E., Glidden, D., V., Shiboski, S., C. & McCulloch, C. E. (2005) Regression methods in biostatistics: 

linear, logistic, survival and repeated measures  models. 337 pp. Springer Science and Business Media, New 

York. 

Vojdani, S. & Daftari, A. (1963) Hypera postica in Karaj. Bulletin of Crop Protection, Faculty of Agriculture, Tehran 

University. 32 pp. [In Persian]. 
Watanabe, M. & Tanaka, K. (1997) Overwintering status and cold hardiness of Hypera punctata (Coleoptera: 

Curculionidae). Cryobiology 35, 270-276. 

Wilson, H. K. & Quisenberry, S. S. (1986) Impact of feeding by alfalfa weevil larvae (Coleoptera: Curculionidae) and 

pea aphid (Homoptera: Aphididae) on yield and quality of first and second cuttings on alfalfa. Journal of 

Economic Entomology 79, 785- 789. 

Worland, M. R., Janion, C. H., Treasure, A. M. & Chown, S. L. (2010) Pre-freeze mortality in three species of 

aphids from sub-Antarctic Marion Island. Journal of Thermal Biology 35, 255-262.  

 


