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Abstract  
The cabbage aphid, Brevicoryne brassicae (L.), is one of the major pests of the plant family 

Brassicaceae that causes serious damages to cabbage and oilseed rape. The cabbage aphid is also able to 
build up populations on ornamental cabbage during the winter months. To determine the level of cold 
tolerance in its overwintering populations, adult aphids were collected on cabbages planted in the field of 
Faculty of Agriculture, Tarbiat Modares University in autumn 2008 and winter 2009. The supercooling 
points and survivorship of the adults were studied at sub-zero temperatures for 24 h. The mean 
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supercoolig point varied from -23.9 ± 0.46ºC in November to -19.8 ± 0.34ºC in May. About 70-95% of 
the cabbage aphid adults could tolerate -5°C/24 h in all months. The survival rate for the treated adults at -
10ºC/24 was about 55% from October through November and 87% in December. The LT80 (the 
temperature at which 80% of population die after 24 h exposure to cold temperatures) was at its highest 
(-11.32°C) in May, showing the lowest level of cold tolerance in the population. The LT80 ranged from 
-13.81 to -14.79 °C from December to February, showing the highest level of cold tolerance. Findings 
indicated that cabbage aphid populations hold a high capacity to tolerate cold temperatures in the course 
of winter while being active and sexually reproductive at the same time that leads to their quick grow and 
emergence as an economic severe pest early in the next season. 
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ŸƜţƿƫƺţ�ƹ�ƶǀƹŹ�ƪŨƯ�Ŷƽ�ƮƬĩ�ŚƷƽ�ŻƿŤƴƾ�Ţſř��řŻřƿƲ��ŢųŚƴƃ�ƹŹƪưŰţ�ƱřżǀƯ�řƿ��ŚƯźºſ�ƶŝ�ŢƟō�Ʋ
Ưƾ�Źŵ�ŶƳřƺţ�Ƃǀě�Ƙưū�ƾƴǀŝǀưƈţ�ƹ�ŶƘŝ�ƩŚſ�ŹŚƸŝ�Źŵ�Ʊō�ŢǀƮ�ĭǀźƽ���ºƫźŤƴĩ�ƁƹŹ�ƭŚºŬƳř�ŢƸūƾ�

ưƷř�żŗŚů�ŜſŚƴƯǀŶƃŚŝ�Ţ��ŶŝƿƲ�ŹƺƔƴƯ��ř�ŹŵƿƶƐƤƳ�ƶƘƫŚƐƯ�Ʋ�ƽ�Ư�ƹ�ŵŚưŬƳřǀř�ƪưŰţ�Ʊřż�ºƿ��ƶŤºƃ�Ʋ
�ŹŵŚƷŚƯŵƽ�ŻƿƶūŹŵ�źƠƇ�ź�ƽ�Ə�ŽƺǀƀƬſƾ�ƵŚƯ�ŚƷƽ��ƩŚſ�Źŵ�ƱŚŤƀƯŻ�ƹ�żǀƿŚěæèíì�ſŹźŝ�ŵŹƺƯƾ�

ŢƟźĭ�Źřźƣ���
��

ƁƹŹ�ƹ�ŵřƺƯ��ŚƷ��
ƵŻřŶƳř�ŢƸū�ƶƐƤƳ�ƽźǀĭ�ƽ�ř�ƪưŰţ�ƹ�ŵŚưŬƳřƿƱŚŤƀƯŻ�ƚƫŚŝ�ŵřźƟř��ŚƯźſ�ƶŝ�ŢƟō�Ʋ�ř�ƱřŹŸĭ�ºƿ�Ʋ

Ə�ƶŤƃƾ�ƵŚƯ�ŚƷƽ��ŢƄƸŞƿŵŹř�Śţ�źƸƯíí�æèíì�ƹŹ�Żřƽ�ƮƬĩ�ŚƷƽ�ƶŤƃŚĩ�żƯ�Źŵ�ƵŶƃƵŶĪƄƳřŵ�ƶƗŹ�ƽ�



ÕÏ                            �ƹ�ƽŶǀƘſƱřŹŚƨưƷ��ƶƐƤƳ�šřźǀǀƜţ�ƾſŹźŝ��ƚƫŚŝ�ŵřźƟř�Źŵ�ŚƯźſ�ƪưŰţ�ƹ�ŵŚưŬƳř�ƽ�����

ŻŹƹŚƄĩƽ�Ɩưū�Źƹōƽ�ŶƳŶƃ����Ɩºƣřƹ�źºĮŤǀģ�ƾſŚƴƃřƺƷ�ƵŚĮŤƀƿř�Żř�ŻŚǀƳ�ŵŹƺƯ�ƾſŚƴƃřƺƷ�šŚƗǈƏř
ƵŶƨƄƳřŵ�ƕŹřżƯ�ƽźŤƯƺƬǀƧ�Ʀƿ�Źŵ�ƽ�Ƹţ�ŽŹŶƯ�Ţǀŝźţ�ƵŚĮƄƳřŵ�ƽŻŹƹŚƄƧǀ�ƶ�Ŷƃ��ƵŵŚƠŤºſř�ŵŹƺƯ�ƹ

ŢƟźĭ�Źřźƣ� 

��
ƵŻřŶƳř�ƶƐƤƳ�ƽźǀĭ�ƽ�ŵŚưŬƳř��

ƶƐƤƳ�ƽ��ŵŚưŬƳřçå�ƶŤƃ�Żř�ƚƫŚŝ�ŵźƟ�ŚƷƽ�Ɩưū�ƹōŹƽ�������ƁƹŹ�ƶºŝ��ƵŚºƯ�źºƷ�Źŵ�ƶºƗŹżƯ�Żř�ƵŶºƃ
Khani et al. (2007)�ƵŻřŶƳř�ĭǀźƽ�Ŷƃ��ŝŶƿƲ�Ƴ�žƴū�Źƺƀƴſ�ƶĩ�šŹƺƇǀƪĪ�����ŢºŞŧ�ƭźºĩ��ƵŶºƴƴĩ�ƽ�

�ƩŶƯ��ŚƯŵ177-T4�������ƵŚĮŤºſŵ�ƶºŝ�žĜºſ�ƹ�Ŷºƃ�Ƶŵřŵ�Źřźƣ�ƶƳƺưƳ�ƱŶŝ�Śŝ�ŽŚưţ�Źŵ�Ŝƀģ�Ĩưĩ�ƶŝ
ŵźſ�ƵŶƴƴĩ�ƽ�ƶƯŚƳźŝ�ƪŝŚƣ�Źƿżƽ��ƪƤŤƴƯŶƿŵźĭ��ƶŝ�ƵŚĮŤſŵ��ƶºƳƺĭ�řƽ��ƶºƯŚƳźŝ�Ź�ºƿżƽ����ƽŚºƯŵ�Żř�ƶºĩ�Ŷºƃ� �
çå���Śţèå��ƶūŹŵ�ƽ�ƶŝ�ŽƺǀƀƬſ�ŹŶţƿźƤţ�ŢƗźſ�Śŝ�Ūƿ�ºŞƾ�Ò�å��ƶºūŹŵ�ƽ��ƣŵ�Źŵ�ŽƺǀºƀƬſǀ��ƶºƤ

ŵƺƃ�ŵźſ��Əƾ�řƿźƷ�šŶƯ�Ʋèå�ƳŚŧǀƦƿ�ƶ�ŚƯŵ�ŹŚŝƽ�ŵźĭ�ŢŞŧ�ƵźƄů�ƱŶŝƿŶ��ŚƯŵƾƿ���Ʊō�Żř�žě�ƶĩ
řżƟřƿźſ�Ƃƿƶŝ�ŚƯŵ�Ɩ�ƫŵǀŵřŻō�ƪ�ŚƯźĭ�ƱŶƃƽ�ƳƹŹŵƾ�Ư�űŹƾ ��ƶºŝ��ŶºƷŵ���ƶºƐƤƳ�ƱřƺºƴƗ�ƽ��Źŵ�ŵŚºưŬƳř�

Ŷƃ�ƶŤƟźĭźƔƳ���
��
ƵŻřŶƳř��ŚƯźſ�ƶŝ�ƪưŰţ�ƽźǀĭ 

Ɩưū�ƚƫŚŝ�ŵřźƟř�ŚƤŝ�ŶƇŹŵ�ƽŹƹō��Źŵ�ƵŶƃè��ƽŚƯŵÒ���æå���ƹæÒ��ƶūŹŵ�ƽ�ƶŝ�ŽƺǀƀƬſ��ŹƺƏ
ŢƟźĭ�Źřźƣ�ƾŝŚƿŻŹŹř�ŵŹƺƯ�ƶƳŚƷŚƯ��ŝŶƲƿ��ƵŚƯ�źƷ�Źŵ�ŚƯŵ�źƷ�ƽřźŝ�ƶƧ�šŹƺƇæåå�ƶŤƃ�ŵŶƗ�ƽ��ƚƫŚŝ

�æå����ƶºƫƺƫ�źºƷ�ƪºųřŵ�ƶŤƃ�ƽ���Źŵ�ƾºƄƿŚƯŻōæå��Źřźºƨţ���řŵ�Źřźºƣ��Ŷºƃ�Ƶŵ(Powell & Bale, 2005; 

Worland et al., 2010)��žĜſ�ƶƳƺưƳ���ƵŶƴƴƧŵźºſ�ƵŚĮŤſŵ�ƪųřŵ�ŚƷ��ºſǀŹƺţǇƺĩź�����ƹ�Ŷºƃ�ƶŤºƃřŸĭ
�Żř�ƵŚĮŤſŵ�ƪųřŵ�ƽŚƯŵçå�ƶūŹŵ�ƽ�����ƶºŝ�źºƔƳ�ŵŹƺºƯ�ƽŚºƯŵ�Śţ�ŽƺǀƀƬſ�����ŢƗźºſ�Śºŝ�ŪƿŹŶºţÒ�å�

ƶūŹŵ�ƽ�Ŷƃ�ŵźſ�ƶƤǀƣŵ�Źŵ�ŽƺǀƀƬſ��ƶƳƺưƳ��ŚƷçÑ�řŵ�ƶĮƳ�źƔƳ�ŵŹƺƯ�ƽŚƯŵ�Źŵ�ŢƗŚſ���ŶƳŶºƃ�ƶŤºƃ
(Atapour & Moharramipour, 2009)���ƶºŝ�ƾƬŞƣ�ŢƗźſ�ƱŚưƷ�Śŝ�ƵŚĮŤſŵ�ƪųřŵ�ƽŚƯŵ�Ʊō�Żř�žě�ƹ

çå�ƶūŹŵ�ƽ��ŽƺǀƀƬſŢƟŚƿ�ƂƿřżƟř��ƶĮƳ�Żř�žě�ƶƳƺưƳ�ƽŹřŵ��šŶƯ�ƶŝ�ŚƷçÑ����Ǝƿřźºƃ�Źŵ�ŢƗŚºſ
�ƵŵźƯ��ƾƐǀŰƯƿ�ŚƵŶƳŻ�Ʊō�Ʊŵƺŝ�ƺƿźŤſř�źƿŻ�ŚƷ��ęƺĪſƹźĪǀƯƾſŹźŝ�Ŷƃ��ƵŶƳŻ�ħǈƯ�����ŵřźºƟř�Ʊŵƺºŝ

Ţĩźů�ƵřŹ�Śƿ�Ʊŵźĩ�Ź�ƲŤƟƱō�ŚƷ�ƮƬƣ�Śŝ�ĨƿźŰţ�źŧř�Źŵ�ŵƺŝ�ƺƯ���



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

Ƶŵřŵ�ƪǀƬŰţ�ƹ�ƶƿżŬţ��ŚƷ��
ƶŝ�šŚƗǈƏř�Ţſŵ�ƶŝ�ƵŶƯō�šŹƺƇ�ƯǀĮƳŚǀƲ��t��ŚƐųƽ�ƘƯǀ�ŹŚ(mean ± standard error)��ƁŹřżĭ

Ŷƃ��żŬţƿƶ�ƽ�Ƶŵřŵ�żŬţ�Ĩưĩ�Śŝ�ŚƷƿƶ�ƽ�Źřƹƿ�žƳŚƿĨ��ƶƟźƏ(One-way ANOVA)���Źŵ�ƹ�Ŷºƃ�ƭŚŬƳř
ƾƴƘƯ�šŹƺƇ�Źřŵ�ŚƤƯ��ƱŶƃƿƶƀ�ƽ�ƯǀƳŚĮǀţ�ƲǀŚƷŹŚưƽ��ĩƺºţ�ƱƺƯŻō�Ĩưĩ�Śŝ�ƞƬŤŴƯƾ���ŮƐºſ�ŹŵÒ�

ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ�ŶƇŹŵ��ŹřżƟřSPSS (V.16.0)�ŢƟźĭ�šŹƺƇ���ŚºŤƳ�ŽŚſřźŝƿ�ƶºŝ�Ū��Ţºſŵ���Żř�ƵŶºƯō
ŚƷŚƯŵ�Źŵ�ŚƯźſ�šřźŧřƽ�ƶƘƫŚƐƯ�ŵŹƺƯ��ŵŚƤƯƿ�źLT50��ƹLT80��ƩŶºƯ�Żř�ƵŵŚƠŤſř�Śŝ��Binary logistic��ƹ

ƶƫŵŚƘƯ��ƽ
1

a bX

a bX

e
Y

e







�ƯŶƳŶƃ�ƶŞſŚŰ��ř�ŹŵƿƲ�ƶƫŵŚƘƯ��a��ŏŶŞƯ�Żř�ƉźƗ���ŢºŝŚŧ�ŹřŶºƤƯ���ƹb��ºƃǀŜ�
Ư�Ǝųƾ�ŶƃŚŝ��X��ƹ�ŚƯŵ�ŹřŶƤƯY�Ư�ƹ�īźƯ�ŶƇŹŵ�ºǀź���ºƯ�ƱŚºƄƳ�řŹƾ��ŶºƷŵ�(Berkvens et al., 2010)��

źŝ�řƽ�ſŹźŝƾ�Ư�ƍŚŞţŹřǀƶƐƤƳ�ƱŚ�ƽ�Ư�Śŝ�ŵŚưŬƳřǀ��ƵŚºƯ�Źŵ�ƶŤºƃ�ƪưŰţ�Ʊřż��ŚºƷƽ���ƶºƐŝřŹ�Żř�ƞºƬŤŴƯ�ƽ�
ĮŤƀŞưƷƾ�ěǀŶƃ�ƵŵŚƠŤſř�Ʊƺſź���
��
ŪƿŚŤƳ��

ŵźſ��ƾſŚƴƃřƺƷ�šŚƗǈƏř�ƵŚƯ�Ʋƿźţ��ƩŚſ�Źŵ�ŚƷæèíì�ŵřŵ�ƱŚƄƳ�ƲưƸŝ�ƹ�ƽŵ��Źŷō�řŹ���ƪƣřŶů
ŢŞŧ�ƽŚƯŵ�ƵŶƃ�ƽ��Ʋƿř�Źŵ�řƺƷè��Ŝǀţźţ�ƶŝ�ƵŚƯÒ���Ò���ƹÓ��ƶūŹŵ�ƽ��ƵŶƃ�ƁŹřżĭ�ŽƺǀƀƬſŵƺŝ�

��ƪƨƃæ�� 

��
ƶƐƤƳ�ƽ�ŵŚưŬƳř��

ƶƐƤƳ�ƽ��ŵŚưŬƳř(SCP)�ƲƿŵŹƹźƟ�Śţ�ƱŚŝō�Żř��ƶŝ�ƲưƸŝ�żū�ƘƯ�ƝǈŤųř�ƵŚƯƾƴ����źĮƿŶºƨƿ�Śºŝ�ƽŹřŵ
ƶŝ�ƹ�ŢƃřŶƳ��ƲǀĮƳŚǀƯ�ŹƺƏè�çè��ƶūŹŵ�ƽ�ŵƺŝ�ŽƺǀƀƬſ��ƶƐƤƳ�ƽ�ƲưƸŝ�ŵŚưŬƳř�ƶŝ�żǀƳ�ƵŚƯ���ƵŚºƯ�żū

ƵŚƯ�źƿŚſ�Śŝ�ƱŚŝō�ƾƴƘƯ�ƝǈŤųř�ŚƷ�ŢƃřŶƳ�ƽŹřŵ���ƶºƴƯřŵ�ƽ���ƶºƐƤƳ�šřźºǀǀƜţ�ƽ���ƮºƧ�Żř�ŵŚºưŬƳř���Ʋƿźºţ
�ì�çè���Ƃǀŝ�Śţ��Ʋƿźţ�í�æî����ŵƹŶůÑ�ƶūŹŵ�ƽ��ŵƺŝ�ŽƺǀƀƬſ��ƪƨƃç����
��

ƱřżǀƯ��ŚƯźſ�ƶŝ�ƪưŰţ��
Ɩưū�ƚƫŚŝ�ŵřźƟř�ƪưŰţ�ƱřżǀƯ�ƽŹƹō�ƵŚƯ�Źŵ�ƵŶƃ����ƽŚºƯŵ�Źŵ�ƞºƬŤŴƯ�ƽŚƷÒ����ƶºūŹŵ��ŽƺǀºƀƬſ�ƽ�

��ÍÎ�ÍP < ��ÒÕ�,ì�=�df��ÕÓÏ�Ï�=�F���ƽŚƯŵ�Źŵ�ƹæå���ƶūŹŵ�ŽƺǀƀƬſ�ƽ���ÍÎ�ÍP < ��ÒÕ�,ì�=�df��



ÕÑ                            �ƹ�ƽŶǀƘſƱřŹŚƨưƷ��ƶƐƤƳ�šřźǀǀƜţ�ƾſŹźŝ��ƚƫŚŝ�ŵřźƟř�Źŵ�ŚƯźſ�ƪưŰţ�ƹ�ŵŚưŬƳř�ƽ�����

ÖÎÔ�ÎÐ�=�F��ƾƴƘƯ�ƝǈŤųř�ŶƴŤƃřŵ�ƮƷ�Śŝ�ƽŹřŵ���ŵƹŶůìå��ŚţîÒ����ŵ�ƚƫŚºŝ�ŵřźºƟř�Żř�ŶºƇŹŵ��ƭŚºưţ�Ź
ƵŚƯ��ƽŚƯŵ�Źŵ�ŚƷÒ��ƶūŹŵ�ƽ���ƵŶºƳŻ�ŽƺǀºƀƬſ��ŶºƳŶƳŚƯ����ŚºƤŝ�ŶºƇŹŵƽ����ŹŚºưǀţ�ƚƫŚºŝ�ŵřźºƟř���Źŵ�ƵŶºƃ

ƽŚƯŵæå��ƶūŹŵ�ƽ�ƱŚŝō�ƹ�źƸƯ�Źŵ�ŽƺǀƀƬſ��ŵƹŶů��ƵŚƯÒÒ�ƶŝ�ŶƇŹŵ��ŶºƯō�Ţſŵ�����Źŵ�ƱřżºǀƯ�Ʋºƿř
Źŷō�ƶŝ�ƵŚƯ�ƴƘƯ�ŹƺƏƾ�Źřŵƽ�ƱŚŝō�ƹ�źƸƯ�ƶŝ�ŢŞƀƳ����ƶºŝ�ƹ�ŢºƟŚƿ�ƂƿřżƟř�ƵŚƯíì�����Śºţ�ƹ�ŶǀºſŹ�ŶºƇŹŵ

ŶƴƠſř�ŚƯƜţ�ƵǀǀƴƘƯ�źƾ�Źřŵƽ�ŵźĪƳ��ŵŹƹźƟ�Żř�ŚƤŝ�ƱřżǀƯ�žĜſƿŢƄƸŞƿŵŹř�Śţ�Ʋ�ƶŝ�ƵŚƯ�ƴƘƯ�ŹƺƏƾ�Źřŵƽ�
Źŷō�ƶŝ�ŢŞƀƳ�ř�ƶĩ�ŢƟŚƿ�ƂƷŚƧ�ƵŚƯƿƯ�ƲǀŢƄƸŞƿŵŹř�Źŵ�Ʊřż��ƶŝ�ƵŚƯÑå���ºſŹ�ŶºƇŹŵǀ�Ŷ���ƪƨºƃè���

�ƽŚƯŵ�Źŵ�ŚƤŝ�ƱřżǀƯæÒ��ƶūŹŵ�ƽ�ƵŚƯ�ƭŚưţ�Źŵ�ŽƺǀƀƬſ�ƮƧ�ŚƷ���Żř�źºţÒ�å����ŵƺºŝ�ŶºƇŹŵ���ƪƨºƃ�Źŵ
Ţſř�ƵŶƯŚǀƳ����

��

��
��

�ƪƨƃÎ��ƯǀĮƳŚǀŚƯŵ�Ʋƽ�ƷŚƯǀ�ŚºƯŵ�ƪƣřŶů�ƲǀĮƳŚǀƯ��ƶƳŚƽ�ƷŚƯǀ��ƹ�ƶºƳŚ���ƶºƳŚǀƷŚƯ�ƢºƬƐƯ�ƪƣřŶºů���ƾºƏ
ƵŚƯ��ƽŚƷźƸƯ�ÎÐÕÔ��ŢƄƸŞƿŵŹř�ŚţÎÐÕÕ��������Ʀºƿ�Źŵ�Ɩºƣřƹ�źºĮŤǀģ�ƾºſŚƴƃřƺƷ�ƵŚĮŤºƀƿř

ƶƘƫŚƐƯ�ƪŰƯ�ƽźŤƯƺƬǀƧ�� 
Fig. 1. Average monthly temperature; average minimum monthly temperature and the 

absolute minimum temperature from October 2008 to May 2009 (Chitgar 
meteorological station, 1 km from study site). 

��
�ƱřżǀƯLT50��ƹLT80�ƵŚƯ�ƾƏ�ƞƬŤŴƯ�ƽŚƷ��ŶƳŵřŵ�ƱŚƄƳ�řŹ�ƾƸūƺţ�ƪŝŚƣ�ƾƬƈƟ�šřźǀǀƜţ��LT50�

źƸƯ�Źŵ��ƵŚƯ°C�îí�í��ƶŝ�ƶŝ�ƶƧ�ŶƯō�Ţſŵ�ƾƴƘƯ�ŹƺƏ��ƶŝ�ƽŹřŵ°C�åî�æå��ƱŚŝō�Źŵ��ŶǀºſŹ�ƵŚƯ����Ʋºƿř
Źŷō�Źŵ�ƱřżǀƯ�ƶŝ�ƵŚƯ��°C��Ñî�ææ��ƂƷŚƧ�ƵŚƯ�ƾƏ�Ʊō�Żř�žě�ƹ�ƶŝ�ƽŶƘŝ�ƽŚƷ��ƹ�ŢƟŚƿ�ƂƿřżƟř�ŪƿŹŶţ



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

ŢƄƸŞƿŵŹř�Źŵ���ŹřŶºƤƯ�źŨƧřŶů�ƶŝ�ƵŚƯ�°C��ÒÓ�í�����ŶǀºſŹ��ºƃ�ƪƨÑ�����ƱřżºǀƯLT80���źºƸƯ�Źŵ��ƵŚºƯ� �
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Fig. 2. Changes of supercooling point (SCP) of overwintering adults of cabbage aphid from 
October 2008 to May 2009. Vertical lines in the graph indicate standard error. Means 
with the same letters are not significantly different at the 5% level by Tukey�s test. 
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Fig. 3. Survival of overwintering adults of cabbage aphid from October 2008 to May 2009. 
Vertical lines in the graph indicate standard error. Means with the same capital letters 
(-5°C) and same small letters (-10°C) are not significantly different at the 5% level by 
Tukey�s test. 
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Fig. 4. Changes of LT50 in overwintering adults of cabbage aphid from October 2008 to May 

2009. Vertical lines in the graph indicate 95 % confidence limit. 
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Fig. 5. Changes of LT80 in overwintering adults of cabbage aphid from October 2008 to May 
2009. Vertical lines in the graph indicate 95 % confidence limit. 
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ƶƘƫŚƐƯ�Źŵ�ƵŻřŶƳř�ƽƹŹ�ƶƧ�ƽř���ƶºƐƤƳ�ƽźºǀĭ�ƽ��������ƽŚºƷƹŹǇ�Źŵ�ŚƯźºſ�ƶºŝ�ƪºưŰţ�ƾºſŹźŝ�ƹ�ŵŚºưŬƳř
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ƵŚƯ�Źŵ�ŵŚưŬƳř��ŢºƟŚƿ�ƂƿřżƟř�żǀƳ�ŚƯźſ�ƶŝ�ƪưŰţ��ŵźſ�ƽŚƷ�(Khani et al., 2007)���ƺĭ�Ʋºƿř�Źŵ��ƶºƳ
���Ųºƿ�ƶºŝ�ŽŚºƀů�šřźƄů�ƱřƺƴƗ�ŢŰţ�ƶƧ�šřźƄů���ƾºĭŵŻ(freeze-susceptible insects)���ƵŶºǀƯŚƳ
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ƿŶƃ�šŚƠƬţ�ƽřŹřŵƽŶ�ŶƴŤƀƷ�(Knight & Bale, 1986; Bale et al., 1988; Butts & Schaalje, 1997)��
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