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ƵŶǀƨģ��
�ƭŶƴĭ�ƲſEurygaster integriceps Puton ƵźƄů���Ĩţ�ƽř�ƮƸƯ�Żř�ƾĪƿ�ƹ�ƾƬƀƳ�Ţſř�ƺū�ƹ�ƭŶƴĭ�šŚƟō�Ʋƿźţ���ƪƯŚƧ�šřźƄů�Ʋƿř

ŢƟō�ƽřźŝ�ƱŚŤƀƯŻ�ƹ�ƱŚŤƀŝŚţ�ƱřŹŸĭ��ƶŝ��ŵƹŶů�šŶƯ�ƶƳ�ƱŚŤƀƷƺĩ�ƶŝ�ƵŚƯ�ƾƯ�šźūŚƸƯ�ƖƠţźƯ�ƽŚƷ�ƴĩƴŶ��ƲƿřźŝŚƴŝ���ŲƿŶƋ�šŚŞǀĩźţ�ƲǀǀƘţ�ƽřźŝ
ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�Źŵ�ƴĭ�Ʋſ�ƱřŹŸĭ�ŵřŵźƯ�Żř�ƶƳŚƷŚƯ��ƭŶÕÕ��ŢƄƸŞƿŵŹř�ŚţÕÖ���ƵŚºĮƷŚƴě�Żř�ƪºƯŚĩ�šřźƄů������Źŵ�Ɩºƣřƹ�ƭŶºƴĭ�Ʋºſ�ƽŚºƷ

�ŵƹŶů�šŚƗŚƠţŹřÏÍÍÍ��Źŵ�ŮƐſ�Żř�ƽźŤƯƿ����Ɩºưū�ƱřŶºưƷ�ƱŚŤºſř�ĬºƴƷōŹŵƺŞĩ�ƶƤƐƴƯ�ƭŶƴĭ�ƕŹřżƯ�Żř�ƲǀƴĤưƷ�ƹ�Ś��ŶƳŶºƃ�ƽŹƹō����šŚºŞǀĩźţ
ƾƿŚſŚƴƃ�Ǝſƺţ�ƵŶƃ��ǇŚŝ�ƾƿřŹŚƧ�Śŝ�ƖƿŚƯ�ƾƟřźĭƺţŚƯƹźƧ�ƵŚĮŤſŵ(HPLC)� ƶŝ���ƩƺŤƿŻƺƴƿřƺƿŚƯ��żĩƺƬĭ��ƩƹźƀǀƬĭ��ŻƺƫŚƷźţ�ƪƯŚƃ�ƵŶưƗ�ŹƺƏ

ŵƺŝ�ƩƺŤǀŝŹƺſ�ƹ�ƩƺŤǀŞƿŹ��ŚƯř�ƶŝ�ƾƯ�źƔƳ�ƶĩ�ŶſŹ���ƾºƯ�ƪǀĪºƄţ�řŹ�ƵźƄů�Ʋƿř�Źŵ�ŲƿŶƋ�ƾƬƇř�šŚŞǀĩźţ�ƩƹźƀǀƬĭ�ƹ�ŻƺƫŚƷźţ��ŶºƴƷŵ����ŹřŶºƤƯ
ŹƺƿźƸƃ�Źŵ�ŻƺƫŚƷźţ��Żř�ƵŚƯÐÓ�Î�ƶŝ�źţ�ƱŻƹ�ƭźĭ�źƷ�źŝ�ƩƺƯƹźĪǀƯ�ƾƴƘƯ�ŹƺƏ��ƶŝ�ƽŹřŵÏÓ�Õ�Ư�ƩƺƯƹźĪǀźŝ�źƷ��ƱŻƹ�ƭźºĭ���źºţŹŷō�Źŵ���ƵŚºƯ

ƟŚƿ�ƂƿřżƟřŢ���Śŝ�ƩƹźƀǀƬĭÐÓ�ÏÏ�ƲưƸŝ�Źŵ�źţ�ƱŻƹ�ƭźĭ�źƷ�źŝ�ƩƺƯƹźĪǀƯ��Śŝ�żƧƺƬĭ�ƹ�ƵŚƯÖÔ�Õ��ƩƺƯƹźĪǀƯźŝ�ƽŵ�Źŵ�źţ�ƱŻƹ�ƭźĭźƷ��ƵŚƯ
Ƃǀŝ�ƽřŹřŵ�ŶƳŵƺŝ�ŹřŶƤƯ�Ʋƿźţ��ƕƺưŬƯ�šŚŞǀĩźţ�ŲƿŶƋ��ŻřÏÕ�ÎÏ��źŝ�ƩƺƯƹźĪǀƯ�źƷŹƺƿźƸƃ�Źŵ�źţ�ƱŻƹ�ƭźĭ��ƶºŝ�ƵŚƯ���ƾºƴƘƯ�ŹƺºƏ���ƶºŝ�ƽŹřŵ

ÍÔ�ÑÑ�ƲưƸŝ�Źŵ�źţ�ƱŻƹ�ƭźĭ�źŝ�ƩƺƯƹźĪǀƯ�ŢƟŚƿ�ƂƿřżƟř�ƵŚƯ��ƾƯ�ƱŚƄƳ�ŪƿŚŤƳ��ƭŶƴĭ�Ʋſ�ƶĩ�ŶƷŵƬŝŚƣǀ�Ţ�řŹ�ƾƗƺƴŤƯ�ŲƿŶƋ�šŚŞǀĩźţ�żŤƴſ
ƾƯ�řŹřŵ�ŶƃŚŝ���

ĥřƹ�ƱŚĭƽŶǀƬĩ��ƭŶƴĭ�Ʋſ��Eurygaster integricepsƺěŚƿŵ��ƩƹźƀǀƬĭ��ŻƺƫŚƷźţ��ŲƿŶƋ�šŚŞǀĩźţ��Ż��
Abstract 

The Sunn pest, Eurygaster integriceps Puton, is a univoltine insect and considered as one of the most 
important pests of wheat and barley. The adults of E. integriceps migrate to higher altitude in mountains for about 
nine months to complete their aestivation and hibernation period. To measure the cryoprotectants compounds, the 
insects were collected monthly between August 2009 and May 2010 in an altitude of 2000 meters and from wheat 
fields on the outskirts of Kabudarahang in the province of Hamadan.�The level of cryoprotectants was determined 
using high performance liquid chromatography (HPLC). The identified compounds were trehalose, glycerol, 
glucose, myo�inositol, ribitol and sorbitol. It appears that trehalose and glycerol are the major cryoprotectants� 
The amount of trehalose significantly increased from 1.36 µmol/g fresh weight (f. w.) in September to 8.26 
µmol/g f. w. in December. The amount of glycerol (22�36 µmol/g f. w.) and glucose (8�97 µmol/g f. w.)�were at 
their highest levels in February and December, respectively. The amount of total cryoprotectants significantly 
increased from 12.28 µmol/g f. w. in September to 44.07 µmol/g f. w. in February. Results show that the Sunn 
pest has a great capacity to synthesize various cryoprotectants. 
Key words: Sunn pest, Eurygaster integriceps, cryoprotectants, trehalose, glycerol, diapause 
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ƶƯŶƤƯ��

��ƵŹƹŵ�ƩƺººƏ�Źŵ��ƩŶººŤƘƯ�ƢƏŚººƴƯ�ƲĩŚººſ�šřźººƄů
��ƶºūřƺƯ�ƽŵŚƿŻ�ƾƐǀŰƯ�ƹ�ƾƬƈƟ�šřźǀǀƜţ�Śŝ�ŵƺų�ƾĭŶƳŻ

ŶƴŤƀƷ��ƹźŝƹŹ��ƾƐǀŰƯ�ŢŴſ�Ǝƿřźƃ�ƶƬưūŻř����Śºŝ�ƱŶºƃ
ƱŚŤƀƯŻ�ƵŹƹŵ�ƩƺƏ�Źŵ�ƲǀƿŚě�ƽŚƷŚƯŵ���ƾºƯ�ƾƳřŹŸºĭ��ŶºƃŚŝ��

�ƱƺººƈƯ�ƽřźººŝ�šřźººƄů��Żř�ƱŶººƳŚƯƿŚººě�ƽŚººƷŚƯŵǀ�Żř�Ʋ
ŹŚĪƷřŹ����ƾºƯ�ƵŵŚƠŤºſř�ƽŹŚºŤƟŹ�ƹ�ƾĪƿĥƺƫƺƿżǀƟ�ƽŚƷ��Ŷºƴƴĩ��
�ƶƬưūŻřŹŚĪƷřŹ��ƾºƯ�ƽŹŚŤƟŹ�ƽŚƷ�����ƵŚºĮƷŚƴě�śŚºŴŤƳř�Ʊřƺºţ

ŵźºººŝ�ƭŚºººƳ�řŹ�šźūŚºººƸƯ�ƹ�ŜºººſŚƴƯ�(Danks, 1991)��
ŹŚĪƷřŹ������ƪƣřŶºů�ƶºŝ�ƽřźºŝ�ƾĪƿĥƺºƫƺƿżǀƟ�ƽŚºƷ���ƱŶƳŚºſŹ

ƾƯ�ŻƺěŚƿŵ�ƵŹƹŵ�Źŵ�ƲǀƿŚě�ƽŚƷŚƯŵ�šŚƯŶƇ����ƪƯŚºƃ�ŶºƳřƺţ
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ÏÑ                                               ƱřŹŚƨưƷ�ƹ�ƾƳŚƷřźƟ�ƶǀƣřźƗ��ŶƋ�šŚŞǀĩźţ�šřźǀǀƜţƿƪƯŚƧ�šřźƄů�Źŵ�ƲǀƿŚě�ƾƫƺĪƫƺƯ�ƱŻƹ�Śŝ�Ų������

ŚƷŶƴƣ�ƖưŬţ�ƾƬě�ƹ�Ʃř��ŚƷ��Ƶƹźĭ�ƲƿŶƴģ�Śŝ�ƾƬĪƫř�šŚŞǀĩźţ
�ƪǀºƀĩƹŹŶǀƷ��(Storey & Storey, 1991)���ƲǀŘţƹźºě�ƹ��ŚºƷ�

�(Rinehart et al., 2007)�ŶƃŚŝ���ŢƸū�šřźƄů�Żř�ƽŹŚǀƀŝ
�����ƵźºƸŝ�ŻƺěŚºƿŵ�ƮºƀǀƳŚĪƯ�Żř�ƲǀƿŚºě�ƽŚºƷŚƯŵ�Śŝ�ƶƬŝŚƤƯ���ŶºƴƯ

ƾƯ�ŶƳƺƃ��ŢƤǀƤůŹŵ��ŵƺĩŹ�ƾƗƺƳ�ŻƺěŚƿŵ���ƽŶºƃŹ�ƶƠƣƹ�ƹ
šřźǀǀƜţ�Śŝ�ƶĩ�Ţſř�Ţſř�ƵřźưƷ�ƾƳƺƯŹƺƷ�ƹ�ƾƿŚǀưǀƃƺǀŝ�

.(Kostal, 2006)���ƽŚƷŶºƴƣ�ƪƯŚƃ�ŲƿŶƋ�šŚŞǀĩźţ�ƂƿřżƟř
�ƾººƬě�ƹ�ƲǀƿŚººě�ƾƫƺººĪƫƺƯ�ƱŻƹ�Śººŝ�ƾºƬĪƫř�Ʃř�ŚººƷ���ƶººƬưūŻř

�ƶººŝ�šřźººǀǀƜţ�ƕƺººƣƹ���ƹ�ŻƺěŚººƿŵ�ƵŹƹŵ�ƩƺººƏ�Źŵ�ƶŤººſƺǀě
ƱŚŤƀƯŻ�ƾƯ�šřźƄů�ƾƳřŹŸĭ����ŚºƤŝ�ƂƿřżºƟř�ŜŞſ�ƶĩ�ŶƃŚŝ

Ʊō����ƾºƯ�ƲǀƿŚºě�ƽŚºƷŚƯŵ�Źŵ�ŚƷ��ŵƺºƃ���ƾºƬě�Ʃř��ŚºƷ���źƿŚºſ�Źŵ
šřŵƺººūƺƯ���ƱŚººƷŚǀĭ�Żř�ƮººƗř(Levitt, 1980)ƭźººĩ����ŚººƷ

(Holmstrup,1995; Qiu & Bedding, 1999)��ƶººƴĩ��ƹ�ŚººƷ
šƺŞĪƴƗ�ŚƷ�(Kirchner, 1973; Somme, 1979)�Żř�ƽŹŚǀƀŝ��
ƱŚƯŵŚě���šřźºƄů�ƹ�ŚƷ(Somme, 1982; Storey & Storey, 

1991)��ƱŚĭŶƳżų�ƾŤů�ƹ(Costanzo et al., 1995)��ƁŹřżĭ
ƵŶƃ�ŶƳř��ŲƿŶƋ�šŚŞǀĩźţ�ƕřƺƳř��ŶƴƳŚƯ���ƩƺŤǀƳŚƯ��ƩƺŤǀŝŹƺſ

�Ʋǀƫƹźºě�ƹ�ŻƺƫŚƷźţ�������Ţºſř�ƵŶºƃ�ƾƿŚºſŚƴƃ�šřźºƄů�Źŵ
(Chen & Denlinger, 1990; Lee, 1991; Misener et al.,
� 

2001)��ƶŤųŚƴƃ�ƩƹźƀǀƬĭ�ŚƯř�ƵŶƃ��Źŵ�ŲƿŶƋ�Ŝǀĩźţ�Ʋƿźţ
�ƶºŝ�šřźƄů���ƾºƯ�śŚºƀů��Ŷºƿō�(Storey & Storey, 1991; 

Atapour & Moharramipour, 2009)���
Ųƿ�ƶŝ�ŽŚƀů�šřźƄů�Źŵ�ƾĭŵŻ��ĉšŹƺƇŹŵ�ƶĩ�ƿŲ�

ĉƱŵŻ�ĉšŚƘƿŚƯ�Ʋǀŝ�ƾưƳ�ƵŶƳŻ�ƾƫƺƬſ���ŲƿŶºƋ�šŚŞǀĩźţ��ŶƴƳŚƯ
ŢƔƬƛ�Śŝ�ƾƯ�ƶŤųŚſ�ǇŚŝ�ƽŚƷ��ŶƳƺºƃ�����Ʋºƿř�Żř�ƽŹŚǀºƀŝ�Źŵ

�����ŲƿŶººƋ�Ŝººǀĩźţ�ƲƿŶººƴģ�Ţººſř�ƲººĪưƯ�šřźººƄů�
(multicomponent cryoprotectant)�����ƩƹźººƀǀƬĭ�ƪººǀŞƣŻř

�ƹ�ƩƺŤǀƳŚƯƿŶƳƺƃ�ƶŤųŚſ�ŻƺƫŚƷźţ�Ś��šŚŞǀĩźţ�Ʋƿř���ƂƿřżƟř
ŵźſ�ŢǀƟźƓ�ơƺƟ�ƱŶƃ��ƵźºƄů�Źŵ�ƵŵŚƘƫř�����ƶºƐƤƳ�ƂƷŚºĩ
�ƱŶŝ�ŵŚưŬƳř(supercooling point)�(Duman et al., 1995)�

���ƾƫƺƬºſ�ƽŚºƄƛ�ŹŚŤųŚſ�ƽŹřŶƿŚě�ƹ�řŹ�ŜŞºſ��ƾºƯ��ƺºƃƳŶ�
.(Williams, 1990)�ƲƿřźŝŚƴŝ���ŵƺūƺƯ�ƾĪƿĥƺƫƺƿżǀƟ�Ǝƿřźƃ

ƶŝ�ƵŶƳŻ�ƾƯ�źǀǀƜţ�ƽƺŰƳ�ƾƯ�ƶĩ�ŶŝŚƿ�Ųƿ�Żř�ŶƳřƺţ���Ʋºƿř�ƾĭŵŻ
�ŢƔƟŚŰƯ�šřźƄů�Żř�ƵƹźĭŶƴĩ���
Ųƿ�ƶŝ�ƪưŰŤƯ�šřźƄů�ƾĭŵŻ����ĉšŹƺºƇŹŵ�ƶºĩ��Ųºƿ�

ĉƱŵŻ�ĉšŚƘƿŚƯ��ƾºƯ�ƵŶƳŻ�ƾƫƺƬſ�ũŹŚų����šŚºŞǀĩźţ�Żř��ŶºƴƳŚƯ
������ŽźŤºſř�ƂƷŚºĩ�ƽřźºŝ�ƲǀƿŚºě�ƾƫƺºĪƫƺƯ�ƱŻƹ�Śŝ�ŲƿŶƋ

�Żř�ƱřżºǀƯ�ƮǀƔƴţ�ƹ�ƩƺƬſ�ŵŚưŬƳř�ƱŚƯŻ�Źŵ�ƽżưſř��Ţºſŵ�
�ƱŵřŵƱŚƯŻ�Źŵ�ƾƫƺƬſ�śō�Ųƿ��ƱŵŻĉšŚƘƿŚƯ�ƾƫƺƬſ�ũŹŚų��

�ƾºƯ�ƵźƸŝ��ŶºƳźŝ�(Baust, 1982)���ƲǀºƴĤưƷ����šŚºŞǀĩźţ�Ʋºƿř�
��Żř�ƱŚºƯŻ�Źŵ�řŹ�ƩƺƬºſ�ƽŚƄƛ�ƹ�ƲǀŘţƹźě�ŹŚŤųŚſ��Ţºſŵ�

ƲŤƟŹ���ƾºƯ�ŢºǀŞŨţ�ƩƺƬſ�śō���Ŷºƴƴĩ(Crowe et al., 1987)��
ƶŝ�ƾţŹŚŞƗ���Ƶŵźĩ�ƽźǀĭƺƬū�ƩƺƬſ�ƪųřŵ�Źŵ�Ųƿ�ƪǀĪƄţ�Żř

ƲƿŶŝ�ƹ����Ųºƿ�Żř�ƾºƃŚƳ�šŚƯŶºƇ�Ŝǀţźţ��řŹ�ƾºĭŵŻ���ƂƷŚºĩ
ƾƯ�ŶƴƷŵ���

�ƭŶƴĭ�Ʋſ�Eurygaster integriceps PutonƶưƷ����ƶƫŚſ
ƾƯ�ŵŹřƹ�ƺū�ƹ�ƭŶƴĭ�ƩƺƈŰƯ�ƶŝ�ƾƴǀĮƴſ�šŹŚƀų��Ŷºƴĩ��

ƮƸƯ�řŹ�Ʊō�ƶĩŚŬƳōŚţ�ƵŚǀĭ�ƪĪƄƯ�Ʋƿźţ���ƾºƯ�ƾĪºƃżě��ŶºƴƳřŵ��
ƵźƄů��ŢƟō�Ʋƿř�Ĩţ�ƽř��ƾƬƀƳ�ƹ��ƹ�ƶƳŚŤºƀŝŚţ�ŻƺěŚƿŵ�ƽřŹřŵ
�Ţſř�ƶƳŚŤƀƯŻƶƧ��Żř�Ƃǀŝ�ƶƳ����ƶºŝ�řŹ�ƩŚºſ�Żř�ƵŚºƯ��šŹƺºƇ�

��ƶºţƺŝ�źºƿŻ�Źŵ�ƪƯŚĩ�šřźƄů�����Źŵ�ƹ�ƶºƴƯŹŵ�ƹ�Ʊƺºĭ�ƽŚºƷ
ƾƯ�ƽźĜſ�šŚƗŚƠţŹř��Ŷƴĩ(Radjabi, 2000)��ƪƯŚĩ�šřźƄů�

ƱŚŤƀƯŻ�ŢƄě�ƹ�ŻƺěŚƿŵ�ƱŚƿŚě�Żř�žě�ƭŶƴĭ�Ʋſ�ƱřŹŸĭ�źſ�
�����ƭŶºƴĭ�żŞºſ�ƕŹřżºƯ�ƶºŝ�šŚƗŚƠţŹř�Żř�ŚƯźſ�ƵŹƹŵ�ƲŤƃřŸĭ

ƾƯ�šźūŚƸƯ�Ŷƴƴĩ���
�šŚƘƫŚƐƯ�ŹŵBaghdadi et al. (2001)����ŵŚºưŬƳř�ƶƐƤƳ

���ƵŶĪºƄţō�šŚºƗŚƠţŹř�Źŵ�ƭŶƴĭ�Ʋſ�ƪƯŚĩ�šřźƄů�ƱŻƹ�ƹ
�ƾſŹźŝ�ũźĩƃ����Ʋºſ�Źŵ�ŚƯźºſ�ƶºŝ�ƪưŰţ�ƽĦţřźŤſř�ƹ�Ŷ

��ƁŹřżºĭ�ƶƳŚĭƹŵ�ƽĦţřźŤſř�ƕƺƳ�Żř�ƭŶƴĭĭŵź�ºƿŶ����źºƔƳ�Żř
�ººƯ�ƾƨǀƫƺŝŚººŤƯ�ƪººƯřƺƗŒ��ƪººƯŚƧ�šřźººƄů�ƪººưŰţ�Źŵ�źŧ

ƱŚŤƀƯŻ�ŚƯźſ�ƶŝ�ƭŶƴĭ�Ʋſ�ƱřŹŸĭ������ƾºŝźģ�źƿŚºųŷ�ƱřżºǀƯ
(Bashan et al., 2002)���ƲǀŘţƹźºě�ŵƺºūƹ�ƹ����ŲƿŶºƋ�ƽŚºƷ

(Baghdadi et al., 2002)�ƶŤƟźĭ�Źřźƣ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ŶƳř��
ƶŝ�ƾƯ�źƔƳ��Śŝ�šřźƄů�Źŵ�ŲƿŶƋ�ƲǀŘţƹźě�ƶĩ�ŶſŹŹŚĪƷřŹ�
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Ųƿ�ƶŝ�ƪưŰŤƯ���ƪǀĪºƄţ�Żř�ƽźǀĭƺƬū�ŜŞſ�ƾĭŵŻ�ƵŹŚºŝƹŵ�
ƩŚŤƀƿźĩ��ƩƺƬſ�ƪųřŵ�Źŵ�Ųƿ�ƽŚƷƾƯ�ŵƺƃ��šřźƄů�Źŵ�ƹ

�ŚŝŹŚĪƷřŹ�Ųƿ�ƶŝ�ŽŚƀů����ŜŞºſ�ƾºĭŵŻ���ŢºǀƟźƓ�ƂƿřżºƟř
ŵźſ����źºŝřźŝ�Źŵ�ŢºƔƟŚŰƯ�ŢƿŚƸƳ�Źŵ�ƹ�ƵŶƳŻ�ŵƺūƺƯ�ƱŶƃ

��ŚƯźºſ�ƾºƯ��ŵźºĭŵ�.(Duman, 2001)��ƲƿřŚºŝ����ƩŚºů��ƱƺƴĩŚºţ
ƶƘƫŚƐƯ����ƲǀƿŚºě�ƾƫƺºĪƫƺƯ�ƱŻƹ�Śŝ�ŲƿŶƋ�šŚŞǀĩźţ�ƽƹŹ�ƽř
Ʋſ�Źŵ�ƱŚŤƀƯŻ�ƽŚƷ��Ţºſř�ƵŶƄƳ�ƭŚŬƳř�ƱřŹŸĭ��Żřř�Ʋºƿ��ƹŹ�
ƶƘƫŚƐƯ�źƋŚů�������šřźºǀǀƜţ�ƾºſŹźŝ�ƹ�ƾƿŚºſŚƴƃ�ƝŶºƷ�Śºŝ

����ƽŚºƯŵ�šřźºǀǀƜţ�Śºŝ�Ʊō�ƍŚŞţŹř�ƹ�ŲƿŶƋ�šŚŞǀĩźţ�ƽřżūř
�Ʋººſ�Źŵ�ƶºƳŚƷŚƯ��Ɩºưū�ƽŚººƷ�ƽŹƹō�ƵŚººĮƷŚƴě�Żř�ƵŶººƃ��ƽŚººƷ

Ŷƃ�ƭŚŬƳř�ƶƳŚŤƀƯŻ��ƾŝ��Ʀƃ�����šŚºŞǀĩźţ�šřźºǀǀƜţ�ƾºſŹźŝ
���ħŹŵ�Źŵ��ŻƺěŚºƿŵ�ƱřŹƹŵ�ƩƺºƏ�Źŵ�Ʊō�šřźǀǀƜţ�ƹ�ŲƿŶƋ

ŻŚſ�ƹ�ŻƺěŚƿŵ�ƞƬŤŴƯ�ƪůřźƯƹŹŚĩ�ů�ƪưŰţ�ƽŚƷ��ƶºŝ�ƵźƄ
Ư�ŚƯźſŒŵƺŝ�ŶƷřƺų�źŧ� 

��
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��

Ƶŵřŵ�ƾſŚƴƃřƺƷ�ƽŚƷ��
��ŹƺƔƴƯ�Ʋƿř�ƽřźŝ�Żř��Żř�ƾŤƟŚºƿŹŵ�šŚƗǈƏř��ƵŚĮŤºƀƿř

�ƾſŚƴƃřƺƷ�ƵĥƺƳ��ŵƹŶůÏÍ�ƾƬƣ�ƽŚŤſƹŹ�ƽźŤƯƺƬǀĩ�ŵŚŝō��
�Źŵ�ƱřŶưƷ�ĬƴƷōŹŵƺŞĩ�ƱŚŤſźƸƃŶƃ�ƵŵŚƠŤſř���
��

Ɩưū�ƭŶƴĭ�Ʋſ�ƪƯŚƧ�šřźƄů�ƽŹƹō��
ƶŝ�ƭŶƴĭ�Ʋſ�ƪƯŚĩ�šřźƄů��šŹƺƇ�ŵřŵźƯ�Żř�ƶƳŚƷŚƯ

ÎÐÕÕ��ƲƿŵŹƹźƟ�ŚţÎÐÕÖ�Ƶƺĩ�šŚƗŚƠţŹř�Żř�ƾƬƣ�ƽŚƷ���ŵŚºŝō
��ƾƿŚǀƟřźƜū�ƉźƗÐÒ��ƹ�ƶūŹŵÏÑ�ƾƫŚưƃ�ƶƤǀƣŵ����ƩƺºƏ

�ƾƿŚǀƟřźƜūÑÕ�ƶūŹŵ�ƹ�ÕÐ�ƾƣźƃ�ƶƤǀƣŵ�����ŵƹŶºů�ƕŚºƠţŹř
ÏÍÍÍ�ŚƿŹŵ�ŮƐſ�Żř�źŤƯ��ŢƄƸŞƿŵŹř�Źŵ�ƹ����ƕŹřżºƯ�Żř�ƵŚºƯ

ƱŚŤƀƯŻ�ƲĩŚƯř�ƶŝ�ƝźƄƯ�ƭŶƴĭ���Źŵ�Ɩºƣřƹ�ƭŶƴĭ�Ʋſ�ƱřŹŸĭ
Ź�ƾºƬƣ�ƽŚŤſƹ�����Ɩºưū�ĬºƴƷōŹŵƺŞĩ�ƱŚŤºſźƸƃ�ŵŚºŝō��ƽŹƹō

ŶƳŶƃ��Ɩưū�šřźƄů�ƽŹƹō�šŚƗŚƠţŹř�Żř�ƵŶƃ���ƝƹźƓ�Źŵ
ĪǀŤſǈěƾ��ƪųřŵƿ�����Ǝƿřźºƃ�ƶºŝ�ƶǀŞºƃ�ƾƿŚºƯŵ�Źŵ�ƹ�ƱřŶŴ

�Ɩºưū�Ʊō�źƿŻ�Żř�ƶĩ�ƾƷŚǀĭ�ƱŚưƷ�Śŝ�ƹ�ƾƘǀŞƏ���ƵŶºƃ�ƽŹƹō

ŶƴŤƟŚƿ�ƩŚƤŤƳř�ƵŚĮƄƿŚƯŻō�ƶŝ�ŶƳŵƺŝ����Żř�žºě�ƪƯŚĩ�šřźƄů
ƵŻřŶƳř��Źŵ�ƱŶŝ�ƱŻƹ�ƽźǀĭ���ƶºŝ�ƹ�ŶºƴŤƟźĭ�Źřźƣ�śƺǀţƹźĪǀƯ
�ŹżƿźƟÏÒ��ŶƳŶƃ�ƪƤŤƴƯ�ŽƺǀƀƬſ�ƶūŹŵ���

��
ƵŻřŶƳř�ŶƋ�šŚŞǀĩźţ�ƽźǀĭƿŲ��

�ŹřźººĪţ�ƶººſ�ƪƣřŶººů�ƵŚººƯ�źººƷ�Źŵ�ŚººƷŹřźĪţ�ŵřŶººƘţ�� �
 (Khani et al., 2007)��ƪƯŚĩ�ƵźƄů�Ĩƿ�ƪƯŚƃ�ŹřźĪţ�źƷ�ƹ

�ƶĩ�ŵƺŝ�Żř�žě�ƲĮưƷŶƃƱ��ŹŵÒ�Î�ƾƬǀƯ���ƩƺƳŚºţř�źŤǀƫÕÍ�
�ŶƇŹŵ�ƶŤųŚſ���ŹŚºŝƹŵ�śō�Śŝ�ƵŶƃ�źºǀƐƤţ����ƶºŝ���šŶºƯÎÒ�
�Śŝ�ƶƤǀƣŵ�Źƹŵg�ÎÏÍÍÍ�Ŷƃ�ĥƺǀƠƿźŤƳŚſ��ƿƹŹ�ƩƺƬŰƯƾ��Źŵ

��ƽŚºƯŵ�Źŵ�ǈų�ŢŰţ�ƱƹōÐÒ�����źºǀŴŞţ�ŽƺǀºƀƬſ�ƶºūŹŵ
ƿŵźĭŶ�����Ʃǈºů�ƪƯŚĩ�źǀŴŞţ�Żř�žěÎÒÍ���śō�źºŤǀƫƹźĪǀƯ

źǀƐƤţ�ŹŚŝƹŵ�(HPLC grade)��ƹ�ƶƟŚƋř�ƶƳƺưƳ�źƷ�ƶŝ�ŶƘŝ��Śºŝ
źŤƬǀƟ�żƫƺƬſ�šŚŤſř��ƝŚƇƃŶ��ƾƿŚſŚƴƃ�ƹ�ƽŻŚſřŶū�ƽřźŝ�

ƵŚĮŤººſŵ�Żř�ŲƿŶººƋ�šŚººŞǀĩźţ�HPLC�(Waters, USA)��ƹ
ƱƺŤſ�í�ì���ÐÍÍ�ƾƬǀƯ��źŤƯ(Supelco, USA)�Ŷƃ�ƵŵŚƠŤſř��
ŹŚĪƃō�ƵŵŚƠŤſř�ŵŹƺƯ�ŻŚſ����ŢºƀĪƃ�ŜƿźºƋ�ƕƺƳ�Żř�(RI)�
ŵƺŝ�����ƱƺŤºſ�ƽŚºƯŵÕÍ���ŹŚĪºƃō�ƽŚºƯŵ�ƹ���ŻŚºſÐÍ���ƶºūŹŵ

�ŵƺººŝ�ŽƺǀººƀƬſ�(Khani et al., 2007; Atapour & 

Moharramipour, 2009)���ºŰŤƯ�ŻŚƟ�ħź��ƪƯŚºƃ��ŹŚºŝƹŵ�śō
źǀƐƤţ�(HPLC grade)����Ʃǈºů�ƱŚºƿźū�ƹ(flow rate)�Ò�Í�
ƾƬǀƯ�ŵƺŝ�ƶƤǀƣŵ�Źŵ�źŤǀƫ���
��

ƽŹŚƯō�ƶƿżŬţ��
ƶŝ�šŚƗǈƏř�Ţſŵ�ƶŝ�ƵŶƯō��ƲǀĮƳŚǀƯ�šŹƺƇ�t�ƽŚƐų
�ƁŹřżĭ�ŹŚǀƘƯƾƯ�ƃƺŶƳ��Ƶŵřŵ�ƶƿżŬţ�����ƶºƿżŬţ�Ĩºưĩ�Śºŝ�ŚƷ
�Ĩºƿ�žƳŚƿŹřƹ���ƶºƟźƏ(one-way ANOVA)����ƹ�Ŷºƃ�ƭŚºŬƳř

�ƾºƴƘƯ�šŹƺƇŹŵ�Źřŵ��ƱŶºƃ����Ƶŵřŵ�ƲǀĮƳŚºǀƯ�ƶºƀƿŚƤƯ���ƽŚºƷ
�ŮƐſ�Źŵ�ƾĩƺţ�ƱƺƯŻō�Śŝ�ƞƬŤŴƯÒ���ƵŵŚƠŤºſř�Śŝ�ƹ�ŶƇŹŵ

ƭźƳ�Żř�ŹřżƟř�SPSS 16.0�ŢƟźĭ�šŹƺƇ��ƶŝ����ƲǀºǀƘţ�ŹƺºƔƴƯ
��źººǀƜŤƯ�ƹŵ�Ʋǀººŝ�ƾĮŤººƀŞưƷ�ƶººƐŝřŹ����ƎººŝřƹŹ�ƱƺººƯŻō�Żř

Ŷƃ�ƵŵŚƠŤſř�Ʊƺſźǀě�ƾĮŤƀŞưƷ���
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ÏÓ                                               ƱřŹŚƨưƷ�ƹ�ƾƳŚƷřźƟ�ƶǀƣřźƗ��ŶƋ�šŚŞǀĩźţ�šřźǀǀƜţƿƪƯŚƧ�šřźƄů�Źŵ�ƲǀƿŚě�ƾƫƺĪƫƺƯ�ƱŻƹ�Śŝ�Ų������

ŤƳŚŦŰŝ�ƹ�Ūƿ��
ŽŚſřźŝ�Ƶŵřŵ�ƽŚƷ�ƵĥƺƳ�ƾſŚƴƃřƺƷ�ƵŚĮŤƀƿř���ƲƿźţǇŚŝ

�ŵřŵźººƯ�Źŵ�ƶººƳŚƷŚƯ�ƽŚººƯŵ�ƲǀĮƳŚººǀƯ��ƵŚººƯ�Ð�ÏÒ��ƶººūŹŵ
ŽƺǀƀƬſ���Ŷºƃ�ƵŶƷŚƄƯ�������ƾºƫƹżƳ�źǀºſ�ŚºƯŵ�Ʊō�Żř�žºě

ƵŚƯ�Źŵ�ƹ�Ţƃřŵ����ƪƣřŶºů�ƶºŝ�ƲưƸŝ�Śţ�Źŷō�ƽŚƷ�ÕÒ�Í���Śºţ
ÕÒ�Î�ŽƺǀƀƬſ�ƶūŹŵ��ŶǀſŹ���ŶƴƠºſř�Żř�ŚƯŵ�ƲǀĮƳŚǀƯ�ŚƯř�
�ƵŚƯ�ŶƘŝ�ƶŝŢƄƸŞƿŵŹř�Źŵ�ƹ�ŵřŵ�ƱŚƄƳ�ƂƿřżƟř��ƶŝ�ƵŚƯÏ�ÎÐ�

ƺǀƀƬſ�ƶūŹŵŶǀſŹ�Ž��ƲǀƴĤưƷ����ƽŚºƯŵ�ƪƣřŶů�ƲǀĮƳŚǀƯ
ŵźſ�Źŵ�ƶƳŚƷŚƯ�ƵŚƯ�Ʋƿźţ��ƲưƸŝ�ƹ�ƽŵ��Źŷō�ƪƯŚƃ�ƩŚſ�ƽŚƷ

ƶŝ��ŜǀţźţÕ�Ð���Ô�Ï���ƹÐ�Ñ���ƪƣřŶů�ƹ�ŽƺǀƀƬſ�ƶūŹŵ
ƶſ�Ʋƿř�Źŵ�ƢƬƐƯ�ƽŚƯŵ�ƶŝ�ƵŚƯ��ŜǀţźţÑ�Õ���Ó�Ö���ƹÎÑ��

�ŽƺǀƀƬſ�ƶūŹŵŵƺŝ���ƪĪƃÎ����
��ƩƺŤƿŻƺƴƿřƺƿŚƯ��żĩƺƬĭ��ƩƹźƀǀƬĭ��ŻƺƫŚƷźţ�šŚŞǀĩźţ

�ƩƺººŤǀŞƿŹ�ƹ�ƩƺŤǀŝŹƺººſ�ƭŶººƴĭ�Ʋººſ�ƪººƯŚĩ�šřźººƄů�Źŵ
Ŷƃ�ƾƿŚſŚƴƃŶƳ���ƪĪƃÏ���ƾƯ�ƩƹźƀǀƬĭ�ƹ�ŻƺƫŚƷźţ��ŶƴƳřƺţ

ƶŝ���ƮºƸƯ�ƱřƺºƴƗ����ŶºƋ�šŚºŞǀĩźţ�Ʋƿźºţƿ���ƵźºƄů�Ʋºƿř�Źŵ�Ų
ƶŝ��Ŷºƴƿō�śŚƀů�����ƵŚºƯ�Źŵ�ŻƺƫŚºƷźţ�ŢºƔƬƛ����ƞºƬŤŴƯ�ƽŚºƷ

ƾƴƘƯ�ƝǈŤųř�ŵřŵ�ƱŚƄƳ�ƽŹřŵ���ÎÓÏ�ÎÍF = ��ÑÓ�,Ödf = ��
�ÍÍÎ�ÍP < ���ƹƱřżǀƯ�ŹƺƿźƸƃ�Źŵ�Ʊō��ƵŚºƯ��ÎÕ�Í�t�ÐÓ�Î�

ƶŝ�ƵźƄů�źţ�ƱŻƹ�ƭźĭ�źƷ�źŝ�ƩƺƯƹźĪǀƯ���ŶºƯō�Ţºſŵ����ŚºƯř
ŢƔƬƛ�ƵŚƯ�Źŵ�ŜǀƧźţ�Ʋƿř��ŵƹŶů�ƩŚſ�ŵźſ�ƽŚƷƂƃ��źŝřźŝ

ŢƟŚƿ�ƂƿřżƟř��ƶŝ�ƽŹƺƏ�Źŷō�Źŵ�ƶĩ�Ƃǀŝ�ƶŝ�ƵŚƯ�ŹřŶƤƯ�Ʋƿźţ��
ƾƴƘƿ�ÏÓ�Ï��t��ÏÓ�Õ��źƷ�źŝ�ƩƺƯƹźĪǀƯ�ƵźƄů�źţ�ƱŻƹ�ƭźĭ
�ŶǀſŹ�ƪĪƃÐ�����ƾºƴƘƯ�ƹ�ƾºƠƴƯ�ƾĮŤƀŞưƷ�ŻƺƫŚƷźţ��ƽŹřŵ

�ŮƐſ�ŹŵƦƿ����ŵřŵ�ƱŚºƄƳ�ƶºƳŚƷŚƯ�ƽŚºƯŵ�ƲǀĮƳŚǀƯ�Śŝ�ŶƇŹŵ�
��ÍÎÐ�ÍP = ��ÔÑÖ�Í�r = ����

ƩƹźƀǀƬĭ�żǀƳ�ƲưƸŝ�Źŵ�Ƃǀŝ�ƶŝ�ƵŚƯ�Ʋƿźţ�ŹřŶƤƯƾƴƘƿ���
ÒÍ�Ó��tÐÓ�ÏÏ�����ƵźºƄů�źºţ�ƱŻƹ�ƭźºĭ�źƷ�źŝ�ƩƺƯƹźĪǀƯ

�ŶǀſŹƹ��Ʊō�ƱřżǀƯƵŚƯ�Śŝ���źºĮƿŵ�ƽŚƷ��ƾºƴƘƯ�ƝǈŤºųř��ƽŹřŵ
Ţƃřŵ���ÍÎÔ�ÒF = ��ÑÑ�,Ödf = ���ÍÍÎ�ÍP < ����ƪĪƃÑ�����

��

��
��

�ƪƨƃÎ��ƯǀĮƳŚǀƵŚƯ�ƾƏ�ƶƳŚƷŚƯ�ƢƬƐƯ�ƪƣřŶů�ƹ�ƶƳŚƷŚƯ�įŚƯŵ�ƪƣřŶů�ƲǀĮƳŚǀƯ��ƶƳŚƷŚƯ�įŚƯŵ�Ʋ��ŵřŵźƯ�ƽŚƷÎÐÕÕ���ŢºƄƸŞƿŵŹř�Śţ
ÎÐÕÖ�ƾſŚƴƃřƺƷ�ƵŚĮŤƀƿř�Żř�ƵĥƺƳ� 

Fig. 1. Monthly mean temperature, monthly mean of minimum temperature and absolute minimum temperature from 
Nojeh Meteorological Station during August 2009 to May 2010. 
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ƪƨƃ�Ï���ƭřźĭƺţŚƯƹźƧHPLC��Źŵ�ŵƺūƺƯ�ŲƿŶƋ�šŚŞǀƧźţ�ƽŻŚſřŶū�ƶŝ�ƍƺŝźƯƿ�ĨƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�Żř�ƶƳƺưƳ���ƱřŹŸºĭ
Ɩưū�ƭŶƴĭ�Ʋſ�įŹƹō�ŵřŵźƯ�Źŵ�ƵŶƃ��ƵŚƯÎÐÕÕ������Ǝƿřźºƃ�ƶºŝ�ƍƺºŝźƯ�šŚƗǈƏř�ƽřźŝHPLC���ƶºŝ��ƁƹŹ�ƹ�ŵřƺºƯ��ŚºƷ��

ŶǀƴƧ�ƕƺūŹ���
Fig. 2. HPLC chromatogram of cryoprotectants separation in a sample of overwintering adult of sunn pest collected in 

August 2009. See "Materials and methods" for HPLC conditions. 

��
Śŝ�ƩƹźƀǀƬĭ��ƾºƴƘƯ�ƾĮŤƀŞưƷ�ƶƳŚƷŚƯ�ƽŚƯŵ�ƲǀĮƳŚǀƯ��ƽŹřŵ
�ŵřŶºƳ�ƱŚƄƳ���ÎÏÑ�ÍP = ��ÒÏÍ�Í�r = �����ŚºƯř���ƪƣřŶºů�Śºŝ

ƽŚƯŵ�ƢƬƐƯ�ƶƳŚƷŚƯ�ƾĮŤƀŞưƷ�ƾƠƴƯ�ƾƴƘƯ�ƹ��ŮƐſ�Źŵ�ƽŹřŵ
Ūƴě�řŵ�ŶƇŹŵ�Ţƃ��ÍÏÔ�ÍP = ��ÓÖÍ�Í�r = ����

ƽŵ�Źŵ�żĩƺƬĭ�ƵŚƯ��Śŝ�ÎÔ�Î��t��ÖÔ�Õ����źºŝ�ƩƺºƯƹźĪǀƯ
��ƵźºƄů�źºţ�ƱŻƹ�ƭźĭ�źƷ��Ƃǀºŝ�ƽřŹřŵ���ŹřŶºƤƯ�Ʋƿźºţ��ŵƺºŝ�

��ÐÎÔ�ÑF = ��ÑÑ�,Ödf = ���ÍÍÎ�ÍP < ����ƪƨººƃÐ���
ƵŚƯ�Źŵ�ƹ�Ţƃřŵ�ƾƄƿřżƟř�ŶƳƹŹ�żǀƳ�ƩƺŤǀŝŹƺſ��ƞƬŤŴƯ�ƽŚƷ

ƾƴƘƯ�ƝǈŤųř��ŵřŵ�ƱŚºƄƳ�ƽŹřŵ���ÒÐÍ�ÑF = ��ÐÓ�,Ödf = ��
�ÍÍÎ�ÍP < ���Ʈĩ�Ƃǀŝ�ƹ�Ʋƿźţ���ƶºŝ�ŹřŶºƤƯ�Ʋƿźţ���Źŵ�Ŝºǀţźţ

ƵŚƯ��ŹƺƿźƸƃ�ƽŚƷ�ÍÑ�Í�t��ÐÐ�Í����ƭźºĭ�źºƷ�źŝ�ƩƺƯƹźĪǀƯ
ƵźƄů�źţ�ƱŻƹ��Źŷō�ƹ��ÎÕ�Î��t��ÖÔ�Ð���źºƷ�źŝ�ƩƺƯƹźĪǀƯ

ƵźƄů�źţ�ƱŻƹ�ƭźĭ���Ŷƃ�ƵŶƷŚƄƯ��ƪĪƃÒ�����ƩƺŤǀŝŹƺºſ
ƾƴƘƯ�ƹ�ƾƠƴƯ�ƾĮŤƀŞưƷ��ŮƐſ�Źŵ�ƽŹřŵ�Ʀºƿ����Śºŝ�ŶºƇŹŵ

ƲǀĮƳŚǀƯ�ƽŚƯŵ�ƶƳŚƷŚƯ�ƱŚƄƳ�ŵřŵ���ÍÎÑ�ÍP = ��ÔÑÏ�Í�r = ���
ƤƯŚŵƿ��Źŵ�ƩƺŤƿŻƺƴƿřƺƿŚºƯ�ƹ�ƩƺºŤǀŞƿŹ�ź��ƵŚºƯ����ƞºƬŤŴƯ�ƽŚºƷ

ƾƴƘƯ�ƝǈŤųř�ŶƳŵřŶƳ�ƱŚƄƳ�ƽŹřŵ���Źŵ�ƶºģźĭř���ƵŹƹŵ�ƩƺºƏ
Ƃǀŝ�ŹřŶƤƯ�ŻƺěŚƿŵ�Ʊō�Żř�ƽźţ��ƵŶƷŚƄƯ�ŚƷ�Ŷºƃ����ƪĪºƃÒ���

�ƩƺºŤǀŞƿŹ���ÍÑÓ�ÍP = ��ÓÑÍ�Í�r = ���ƩƺŤƿŻƺƴƿřƺƿŚººƯ�ƹ
��ÍÑÏ�ÍP = ��ÓÑÖ�Í�r = ��ƾƴƘƯ�ƹ�ƾƠƴƯ�ƾĮŤƀŞưƷ��ƽŹřŵ

�ŮƐſ�ŹŵŪƴě�ŶƳŵřŵ�ƱŚƄƳ�ƶƳŚƷŚƯ�ƽŚƯŵ�ƲǀĮƳŚǀƯ�Śŝ�ŶƇŹŵ���
�ƕƺưŬƯŹřŶƤƯ�ƪĩ��ƾƿŚºſŚƴƃ�ŲƿŶƋ�šŚŞǀĩźţ���ƵŶºƃ

��ŹƺƿźƸºƃ�Źŵ�ƭŶºƴĭ�Ʋſ�ƪƯŚƧ�šřźƄů�Źŵ��ƵŚºƯ���ƶºŝ���ŹƺºƏ
ƾººººƴƘƯ�ƽŹřŵ���ŻřÒÕ�Î��t��ÏÕ�ÎÏ�ƶººººŝ�ÍÕ�Õ��t��ÍÔ�ÑÑ�
ƩƺƯƹźĪǀƯ�����ƵźºƄů�źºţ�ƱŻƹ�ƭźºĭ�źºƷ�źŝ��ƲºưƸŝ�Źŵ���ƵŚºƯ

��ŢºƟŚƿ�ƂƿřżºƟř���ÔÖÎ�ÔF = ��ÑÒ�,Ödf = ���ÍÍÎ�ÍP < ��
��ƪĪƃÓ���ƲǀƴĤưƷ��ŲƿŶƋ�šŚŞǀƧźţ�ŹřŶƤƯ�ƪƧ�ƕƺưŬƯ��

ƾƴƘƯ�ƹ�ƾƠƴƯ�ƾĮŤƀŞưƷ���ŮƐºſ�Źŵ�ƽŹřŵ�Ūƴºě����Śºŝ�ŶºƇŹŵ
�ƶƳŚƷŚƯ�ƽŚƯŵ�ƲǀĮƳŚǀƯŢƃřŵ���ÍÏÏ�ÍP = ��ÔÍÔ�Í�r = ����

ƾººƬě�ƹ�ŚƷŶººƴƣ�ƖººưŬţ�Ʃř�ŚººƷ���Żř�ƽŵŚººƿŻ�ŵřŶººƘţ�Źŵ
��ƱŚŤºƀƯŻ�ƩŚºů�Źŵ�Śƿ�ƹ�ŻƺěŚƿŵ�ƩŚů�Źŵ�šřźƄů���ƾƳřŹŸºĭ

����Ţºſř�ƵŶºƃ�ƁŹřżºĭ(Zachariassen, 1985; Storey & 

Storey, 1991; Somme, 1999)������Śºŝ�ƵřźºưƷ�ŻƺƫŚºƷźţ�żŤƴſ
ŪƿřŹ�Żř�ƩƹźƀǀƬĭ�ŲſŚě�Ʋƿźţ�����ƽŚºƷŚƯŵ�ƶºŝ�šřźºƄů�ƽŚƷ

�Ţºſř�ƲǀƿŚě��������żºǀƳ�ŚºƷźưŴƯ�ƹ�ŚƷŶºţŚưƳ�Źŵ�Ƃƴºĩřƹ�Ʋºƿř
ƵŶƷŚƄƯ�Ţſř�ƵŶƃ�(Doucet et al., 2009)���
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ÏÕ                                               ƱřŹŚƨưƷ�ƹ�ƾƳŚƷřźƟ�ƶǀƣřźƗ��ŶƋ�šŚŞǀĩźţ�šřźǀǀƜţƿƪƯŚƧ�šřźƄů�Źŵ�ƲǀƿŚě�ƾƫƺĪƫƺƯ�ƱŻƹ�Śŝ�Ų������

��

��

��
��

�ƪƨƃÐ��ŻƺƫŚƷźţ�ƲǀĮƳŚǀƯ�šřźǀǀƜţ�żĩƺƬĭ�ƹ�ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�Źŵ����İºƏ�ƭŶºƴĭ�Ʋºſ�ƱřŹŸĭ���ƵŚºƯ����ŵřŵźºƯ�ƽŚºƷÎÐÕÕ���Śºţ
�ŢƄƸŞƿŵŹřÎÐÕÖ��ƆŴƄƯ�źƿŵŚƤƯ��Śŝ�ƵŶƃƾƴƘƯ�ƝǈŤųř�ŵƺūƹ�ƭŶƗ�źĮƳŚǀŝ�ƶŝŚƄƯ�Ɲƹźů�Źřŵ��ƽŚƐų�ŮƐſ�ŹŵÒ��

ƾƯ�ƾƧƺţ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ŶƃŚŝ���
Fig. 3. Trehalose and glucose changes in overwintering adults of sunn pest collected from August 2009 to May 2010. 

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

��
��

�ƪƨƃÑ��Ƭĭ�ƲǀĮƳŚǀƯ�šřźǀǀƜţǀƩƹźƀ�ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�Źŵ�ƵŚƯ�İƏ�ƭŶƴĭ�Ʋſ�ƱřŹŸĭ���ŵřŵźºƯ�ƽŚƷÎÐÕÕ����ŢºƄƸŞƿŵŹř�Śºţ
ÎÐÕÖ��ƆŴƄƯ�źƿŵŚƤƯ�Śŝ�ƵŶƃ�ƾƴƘƯ�ƝǈŤųř�ŵƺūƹ�ƭŶƗ�źĮƳŚǀŝ�ƶŝŚƄƯ�Ɲƹźů��ƽŚƐų�ŮƐſ�Źŵ�ŹřŵÒ����ƵŵŚƠŤºſř�Śŝ

ƾƯ�ƾƧƺţ�ƱƺƯŻō�Żř�ŶƃŚŝ���
Fig. 4. Glycerol changes in overwintering adults of sunn pest collected from August 2009 to May 2010. Values labeled 

with the same letters are not significantly different at the 5% level by Tukey�s test. 
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ƵźƄů�ƲưŬƳř�ƶƯŚƳ���Ʊřźƿř�ƾſŚƴƃèé���æ���ÎÐîè������������������������������������������������������������������������������������������������������������������ÏÖ 

��
��

ƪƨƃ�Ò��ƲǀĮƳŚǀƯ�šřźǀǀƜţ�ŝŹƺſǀ�ƩƺŤ�ŹƿƩƺŤǀŞ�ŚƯ�ƹƿřƺƿŻƺƴƿƩƺŤ�ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�Źŵ����ƵŚºƯ�İºƏ�ƭŶºƴĭ�Ʋſ�ƱřŹŸĭ���ƽŚºƷ
�ŵřŵźƯÎÐÕÕ��ŢƄƸŞƿŵŹř�ŚţÎÐÕÖ��ƆŴƄƯ�źƿŵŚƤƯ�Śŝ�ƵŶƃ���ƾºƴƘƯ�ƝǈŤºųř�ŵƺūƹ�ƭŶƗ�źĮƳŚǀŝ�ƶŝŚƄƯ�Ɲƹźů��Źŵ�Źřŵ

�ƽŚƐų�ŮƐſÒ��ƾƯ�ƾƧƺţ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ŶƃŚŝ���
Fig. 5. Sorbitol, ribitol and myo-inositol changes in overwintering adults of sunn pest collected from August 2009 to 

May 2010. Values labeled with the same letters are not significantly different at the 5% level by Tukey�s test. 
��

���ƱŚŤºƀƯŻ�šřźºƄů�Źŵ�ŻƺƫŚºƷźţ�ŹřŶƤƯ���ƱřŹŸºĭ��Ʋºſ
�ƭŶƴĭ�ƵŚºƯ�Ʋƿźţŵźſ�Źŵ�������šřźºƄů�ƶºŝ�ŢŞºƀƳ�ƩŚºſ�ƽŚºƷ
ƱŚŤƀŝŚţ�Ɩưū�ƩŚƘƟ�šřźƄů�ƹ�ƱřŹŸĭ�ƽŹƹō���ƕŹřżºƯ�Żř�ƵŶƃ

ƾƴƘƯ�ƂƿřżƟř�Ţƃřŵ�ƽŹřŵ��ƲƿřŻř��ƹ��ƹŹ����ŵřŶºƘţ�Śºŝ�ƶŝŚºƄƯ

šřźƄů�Żř�ƽŵŚƿŻ���ƂƿřżƟřŻƺƫŚƷźţ�ŢƔƬƛ�źŧř�Źŵ��ƂƷŚĩ
�ŚƯŵƾƯ�ŜŞſ��ƶƧ�ŵƺƃ�ŻƺƫŚºƷźţ����ƭŶºƴĭ�Ʋºſ�Źŵ�ƶºŝ���ƱřƺºƴƗ

ŶƋ�Ŝǀĩźţƿ��ŵƺºƃ�ƶŤųŚƴºƃ�Ų�(Storey & Storey, 1991;  

Khani et al., 2007)���ƲưºƋŹŵ�����ƾºƯ�Ŝºǀĩźţ�Ʋºƿř���ŶºƳřƺţ� �
��
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ÐÍ                                               ƱřŹŚƨưƷ�ƹ�ƾƳŚƷřźƟ�ƶǀƣřźƗ��ŶƋ�šŚŞǀĩźţ�šřźǀǀƜţƿƪƯŚƧ�šřźƄů�Źŵ�ƲǀƿŚě�ƾƫƺĪƫƺƯ�ƱŻƹ�Śŝ�Ų������

��

��
��
ƪƨƃ�Ó��ƱŚŤƀƯŻ�ƪƯŚĩ�šřźƄů�Źŵ�ŲƿŶƋ�šŚŞǀƧźţ�ƪƧ�ƲǀĮƳŚǀƯ�šřźǀǀƜţ��ƵŚºƯ�İƏ�ƭŶƴĭ�Ʋſ�ƱřŹŸĭ����ŵřŵźºƯ�ƽŚºƷÎÐÕÕ���Śºţ

�ŢƄƸŞƿŵŹřÎÐÕÖ��ƆŴƄƯ�źƿŵŚƤƯ�Śŝ�ƵŶƃ�ƾƴƘƯ�ƝǈŤųř�ŵƺūƹ�ƭŶƗ�źĮƳŚǀŝ�ƶŝŚƄƯ�Ɲƹźů���ƽŚºƐų�ŮƐſ�Źŵ�ŹřŵÒ��
ƾƯ�ƾƧƺţ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ŶƃŚŝ���

Fig. 6. Total cryoprotectants changes in overwintering adults of sunn pest collected from August 2009 to May 2010. 
Values labeled with the same letters are not significantly different at the 5% level by Tukey�s test after ANOVA. 

��
ħƺƃ�źŝřźŝ�Źŵ�řŹ�šřźƄů�Ʒ��Ŷºƴĩ�ŢºƔƟŚŰƯ�ƾƿŚƯźſ�ƽŚ��

šřźƄů�ƾųźŝ�Źŵ��ƵźǀƠƃ�źǀƔƳ���ƶƳŚŤºƀƯŻ�ƽŚºƷ��Ŝºƃ��Ƶźºě�
Mamestra brassicae L.�������Ʋºſ�ƪºƯŚĩ�šřźºƄů�ŶºƴƳŚưƷ

ƭŶƴĭ�ŻƺƫŚƷźţ�ƱřżǀƯ�����řżºƟř�ŚƯźºſ�ħƺºƃ�Śºŝƿ�ƾºƯ�Ƃ���ŶºŝŚƿ� �
(Goto et al., 2001b)���šřźºƄů�źƿŚſ�Źŵ�ŻƺƫŚƷźţ����ŶºƴƳŚƯ

ƱŚŤƀƯŻ�ƽŚƷƹŹǇ�Ŝǀſ�ƭźĩ�ƱřŹŸĭ��Cydia pomonella L.��
(Khani et al., 2007)���ƵźǀƠºƃ��ƽŚºƷ��ƶƳŚŤºƀƯŻ��Ŝºƃ�Ƶźººě�� �

M. brassicae��(Goto et al., 2001b)���ƪººƯŚĩ�šřźººƄů
ƱŚŤƀƯŻ����ŻƺěŚºƿŵ�ƩŚºů�Źŵ�ƱřŹŸºĭ��Ʋºſ�Graphosaboma 

lineatum L.��(Slachta et al., 2002)���ƵźǀƠºƃ���ƽřŹřŵ�ƽŚºƷ
��ƶƳŚŤºƀƯŻ�ŻƺěŚºƿŵ��žºĮƯ��ŻŚºǀě��Delia antiqua Meigen��

(Nomura & Ishikawa, 2001)����ŻƺěŚºƿŵ�ƽřŹřŵ�ƽŚºƷƹŹǇ�
Ŝººƃ�Ƶźººě�Dendrolimus tabulaeformis Tsai et Liu��� �

(Zeng et al., 2008)�����ƱŚŤºƀƯŻ�ƪºƯŚĩ�šřźºƄů�ƹ��ƱřŹŸºĭ�
Anthonomus pomorum L.��(Kostal & Simek, 1996)��żǀƳ

ƶŝ�ƮƸƯ�ƱřƺƴƗ�ŶƋ�Ŝǀĩźţ�Ʋƿźţƿ���Ţºſř�ƵŶºƃ�ƁŹřżºĭ�Ų��
ƶŝ�ƾƬĩŹƺƏ��ŻƺƫŚƷźţ��ƽŵ��ƽŶƿŹŚĩŚſ�Ţſř��ŶºƳƺǀě�Żř�ƶĩƹŵ�
ŚƠƫō�ƵŶƃ�ƪǀĪƄţ�żĩƺƬĭ�ƹ�ƶŝ������ƹ�Ʊƺºų�ƾƬºƇř�Ŷºƴƣ�ƱřƺºƴƗ

ƮƸƯ�������ƾºƯ�ƪºưƗ�šřźºƄů�Żřƹźºě�ƽĥźºƳř�ƖºŞƴƯ�Ʋƿźţ���Ŷºƴĩ
(Becker et al., 1996)���Źŵ�żĩƺƬĭ�ƹ�ŻƺƫŚƷźţ�ƂƷŚĩ�ƱřżǀƯ

ƲƿŵŹƹźƟ�Ʊō�ƝźƈƯ�Żř�ƾƃŚƳ�Ţſř�ƲĪưƯ�ƵŚƯ�ƶŝ�ŚƷ��ƱřƺƴƗ
ŶƃŚŝ�Żřƹźě�ƽĥźƳř����Ʋºƿř�Źŵ�šŚŞǀĩźţ�Ʋƿř�ŢƔƬƛ�ƶĤƳŚƴģ

ŵřŵźƯ�Śŝ�źŝřźŝ�ľŚŞƿźƤţ�ƵŚƯ�ƾƯ�ƵŚƯ�ŶƃŚŝ���
ƵŚƯ�ƽŹŚǀƀŝ�Źŵ�ƩƹźƀǀƬĭ���ƹ�Ţºƃřŵ�ƾƿǇŚŝ�ŹřŶƤƯ�ŚƷ

ƶŝ�ƮƸƯ�ƱřƺƴƗ�ƾƬě�Ʋƿźţ���Ŷºƃ�ƾƿŚºſŚƴƃ�Ʃř���ƩƺºĪƫƺƯ���ƽŚºƷ
�Ĩºģƺĩ�ƵŻřŶƳř�ƩƹźƀǀƬĭ�����Źŵ�ƽźţǇŚºŝ�šřŹŷ�ŵřŶºƘţ�ƹ�źºţ

��ŶºƳŹřŵ�ŻƺƫŚºƷźţ�ƶŝ�ŢŞƀƳ�ƮŬů�Ŷůřƹ����šŚºŞǀĩźţ�ƶºģźƷ�
ŶƋƿƩƺĪƫƺƯ�ƽřŹřŵ�Ų�Ĩģƺĩ�ƽŚƷ����ŵřŶºƘţ�ƹ�ŶƴºƃŚŝ�ƽźţ
Ʊō�Ƃǀŝ�ƮƷ�ŚƷ�ŶƃŚŝ�źţ��ŶƋ�ŵźĪƬưƗƿƱō�ƾŴ���ŚºƷ�ƂƿřżºƟř�
ƾƯ�ŝŚƿ�Ŷ(Danks, 2006)��ƲưƸŝ�Źŵ�ƩƹźƀǀƬĭ�ŹřŶƤƯ��ƶĩ�ƵŚƯ

ƲǀƿŚě��ƶƳŚƷŚƯ�ƢƬƐƯ�ƽŚƯŵ�Ʋƿźţ��żºǀƳ����ƁŹřżºĭ�ƵŚºƯ�Ʋºƿř�Źŵ
ƾƴƘƯ�ƂƿřżƟř��Ŷƃ��ŵřŵ�ƱŚºƄƳ�ƽŹřŵ����ƶºŝ�ƩƹźºƀǀƬĭ���ƱřƺºƴƗ

ŪƿřŹ��ƲƿźţŶƋ�ŜǀĩźţƿƵŶƗ�Źŵ�Ų�šřźƄů�Żř�ƽř���ƾƿŚſŚƴƃ
Ţſř�ƵŶƃ�.(Storey & Storey, 1991)��Ƶŵřŵ�ƱŚƄƳ�šŚƘƫŚƐƯ

ħƺƃ�ƱŚƯŻ�Źŵ�ƩƹźƀǀƬĭ�ƶĩ�Ţſř�����żŤƴºſ�ƾƿŚƯźºſ�ƽŚºƷ
ƾƯ�Ƃǀŝ�ƹ�ŵƺƃ���Ʋǀºŝ�ƽŚƷŚƯŵ�Źŵ�Ʊō�ŹřŶƤƯ�Ʋƿźţ�źƠºƇ���Śºţ
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Ò����ƾºƯ�ƶŤųŚºſ�ŽƺǀƀƬſ�ƶūŹŵ��ŶƳƺºƃ�(Doucet et al., 

2009)��Ʈĩ��ŚƯŵ�Ʋƿźţƶŝ�ƍƺŝźƯ�ƵŚƯ��ƽŚƷƲƿŵŹƹźƟ�ƹ�ƲưƸŝ��
�ƹƶŝ��ŜǀţźţÎÑ���ƹÕ�Ó��ŽƺǀƀƬſ�ƶūŹŵ�ŵƺŝ���ƪĪƃÎ���

�ƲƿŵŹƹźºƟ�Źŵ�ƩƹźƀǀƬĭ�ŶƿŚƃ���ƶºŝ�ƵŚºƯ���ŵźºſ�ƪºǀƫŵ���ƱŶºƃ
�ƶŤƟŚƿ�ƂƿřżƟř� řƺƷ� ƵźƔŤƴƯźǀƛ�ŶºƃŚŝ���ƲƿřźŝŚºƴŝ���ƾºƯ���Ʊřƺºţ

��žºě�ƵŹƹŵ�Źŵ�ƩƹźºƀǀƬĭ�ŢƔƬƛ�ƶĩ�Ţƃřŵ�ŹŚƔŤƳř���ŻƺěŚºƿŵ
ŵźſ�šŹƺƇŹŵ����ŶºŝŚƿ�ƂƿřżºƟř�řƺºƷ�ƱŶƃ����Źŵ�ƩƹźºƀǀƬĭ

ů�ƱřŹŸººĭ�ƱŚŤººƀƯŻ�ƪººƯŚĩ�šřźººƄ�Ʋººſ�G. lineatum��
(Slachta et al., 2002)��ƹ�ƶƣŚººſ�ƭźººĩ�Źřƺººų�ŪƳźººŝ��� �

Chilo suppressalis Walker��(Goto et al., 2001a; 

Atapour & Moharramipour, 2009)�ƮººƸƯ�żººū��Ʋƿźººţ
�Ţººſř�ƵŶººƃ�ƁŹřżººĭ�ŲƿŶººƋ�šŚººŞǀĩźţ��Źŵ�Ŝººƃ��Ƶźººě� �

Ostrinia furnacalis Guenee��Źŵ�ƩƹźººƀǀƬĭ�ŹřŶººƤƯ�żººǀƳ
ŹƹŵƵ�žě��ƹ�ŻƺěŚƿŵ�Śŝ�ĨƿŵżƳ�ƎǀŰƯ�ƽŚƯŵ�ƶŝ��ƶºūŹŵ�źƠƇ
ƬſŽƺǀƀƂǀŝ����ƾƳŚƯŻ�Żř�źţ�Ƶŵƺŝ���Źŵ�ƵźºƄů�ƶºĩ��ŢºƫŚů

ƶŝ�ŻƺěŚƿŵ�ƾƯ�źſ�Ţſř�Ƶŵźŝ�(Goto et al., 2001c)���
��ƮºƷ�żĩƺºƬĭ�ŢƔƬƛ������Źŵ�ŻƺƫŚºƷźţ�ŢºƔƬƛ�Śºŝ�ƱŚºƯŻ

ƵŚƯ�ŢƟŚƿ�ƂƿřżƟř�ƩŚſ�ŵźſ�ƽŚƷ��ƶƘƫŚƐƯ�Źŵ���ƽřźºŝ�ƶĩ�ƽř
�ƾſŹźŝ�����šřźºǀǀƜţ�Śºŝ�ŻƺƫŚºƷźţ�ƹ�żĩƺºƬĭ�šřźǀǀƜţ�ƍŚŞţŹř

���ƾºƴƘƯ�ƍŚºŞţŹř�ŢºƟźĭ�ƭŚŬƳř�ƱĥƺĪǀƬĭ�ƱřżǀƯ���ƱŚºǀƯ�ƽŹřŵ
Ʊō�ŶƄƳ�ƵŶƷŚƄƯ�ŚƷ�(Araghieh Farahani, 2011)��ƲƿřźŝŚƴŝ��

�šřźǀǀƜţ�Ʋƿř�ŶƿŚƃ���ƶºǀūƺţ�ƪºŝŚƣ�ƾŝźģ�ƝźƈƯ�ƱřżǀƯ�Śŝ
ƂƿŚƯŻō�ƶŝ�ŻŚǀƳ�ƶŤŞƫř�ƶĩ�ŶƃŚŝ��ŵŹřŵ�ƶºƳŚĭřŶū�ƽŚƷ����żĩƺºƬĭ

Źŵ��ƽŚººƷƹŹǇ�ŪƳźººŝ�Źřƺººų�ƶƣŚººſ�ƭźººĩ��(Atapour & 

Moharramipour, 2009)�ƹ��Ŝºƃ���ƵźºěD. tabulaeformis��
(Zeng et al., 2008)�ƶŝ��ƁŹřżĭ�ƮƸƯ�ŲƿŶƋ�Ŝǀĩźţ�ƱřƺƴƗ

Ţſř�ƵŶƃ��ƶƳƺĭ�ƾųźŝ�Źŵ�šřźƄů�ƽŚƷ����ƱřżºǀƯ�ƂƿřżƟř
ƾţŹƺƇŹŵ�ƾŤů�ŻƺƫŚƷźţ�ƹ�żĩƺƬĭ�����ƩƹźºƀǀƬĭ�ŢºƔƬƛ�ƶºĩ

źǀǀƜţ�ƱƹŶŝ�ņƂƿřżƟř�ŜŞſ�żǀƳ�ŶƃŚŝ�ņƪưŰţ�ƾƯ�ŚƯźſ���ŵƺºƃ
(Overgaard et al., 2007)���

�ƵŚºƯ�Ʋƿźţŵźſ�Źŵ�żǀƳ�ƩƺŤƿŻƺƴƿřƺƿŚƯ�����ƶºŝ�ƩŚºſ�ƽŚºƷ
Ƃǀŝ�ŹřŶƤƯ�Ʋƿźţ�ŶǀſŹ�ŵƺų������ƲǀƿŚºě�Ʊō�ŢºƔƬƛ�ŶºƴģźƷ

ŵƺŝ�����ƱŚŤºƀƯŻ�ƪºƯŚĩ�šřźºƄů�Źŵ�żǀƳ�Ŝǀĩźţ�Ʋƿř���ƱřŹŸºĭ
ħŻƹŶƄƠĩ�Ceratomegilla undecimnotata (Schneider)��

(Kostal et al., 1996)��ƹƵźǀƠººƃ�ƽŚººƷ�ƶººƄƿŹ�žººĮƯ�� �
Delia radicum L.��(Kostal & Simek, 1995)��żººū

ƮƸƯ�Ţſř�ƵŶƃ�ƁŹřżĭ�ŲƿŶƋ�šŚŞǀĩźţ�Ʋƿźţ���ƩƺŤǀŝŹƺſ
ƵŚƯ�Ʋƿźţŵźſ�Źŵ�żǀƳ�ƩƺŤǀŞƿŹ�ƹ���Ƃǀºŝ�ƶºŝ�ƩŚſ�ƽŚƷ���Ʋƿźºţ

ŶǀſŹ�ŵƺų�ŹřŶƤƯŶƳ��ƶŝ�żǀƳ�Ŝǀĩźţ�ƹŵ�Ʋƿř�ƮƸƯ�ƱřƺƴƗ��Ʋƿźţ
�ƱŚŤºƀƯŻ�ƪƯŚĩ�šřźƄů�Źŵ�ŲƿŶƋ�šŚŞǀĩźţ��ƱřŹŸºĭ��Ʋºſ�

Pyrrhocoris apterus L.��(Kostal & Simek, 2000)��ŵŹƺƯ
Ţſř�ƶŤƟźĭ�Źřźƣ�ƾƿŚſŚƴƃ���

�ŹŵƂǀººŝ�źººţ�šřźººƄů��ŶººƋ�šŚººŞǀĩźţ�ŵřŶººƘţƿ�Ų
Ŷǀƫƺţ�Ţſř�ŵƹŶŰƯ�ŹŚǀƀŝ�ƵŶƃ��ƲƿřŚŝ�ŵƺūƹ����Żř�ƾºƌƘŝ�Źŵ

��ŶºƋ�Ŝºǀĩźţ�Ŷƴģ�Ŷǀƫƺţ�šřźƄůƿ�ƶºŝ�Ų���ƮºƷ�ŹƺºƏ���ƱŚºƯŻ
Ţſř�ƵŶƃ�ƁŹřżĭ��ƶŝ�ƩŚŨƯ�ŹƺƏ��ƪƯŚƧ�šřźƄů�Źŵ���Ʋºſ

P. apterus��(Kostal & Simek, 2000)���ƩƺŤǀŝŹƺſ��ƩƺŤǀŞƿŹ
�ƩƺŤǀƳŚºƯ�ƹ�ƩƺŤǀŝřŹō���Źŵ�ƹ�Ʀºſƺſ�Ips typographus L.��

(Kostal et al., 2007)��ƩƺŤǀƳŚƯ��ƩƺŤǀŝŹƺſ��ŻƺƫŚƷźţ��żĩƺƬĭ
ƮƷ�ƩƺŤƿźŤƿŹř�ƹ���ƶºŝ�ƱŚºƯŻ������ƪºưƗ�ŲƿŶºƋ�Ŝºǀĩźţ�ƱřƺºƴƗ

ƾƯ�Ŷƴƴĩ������źºƋŚů�ƢºǀƤŰţ�Źŵ�����ƞºǀƏ�żºǀƳ�ƭŶºƴĭ�Ʋºſ�Źŵ
ƿŶƋ�šŚŞǀƧźţ�Żř�ƾƗƺƴŤƯ��Ŷºƃ�ƵŶƷŚºƄƯ�Ų���Ʋºƿř���ƩŚºưŤůř

ŵŹřŵ�ŵƺūƹ����ǇŚºŝ�ŢºƔƬƛ�Śºŝ�Ŝǀĩźţ�Ĩƿ�Ŷǀƫƺţ�ƶƧ���ŜŞºſ
ƾƫƺƬſ�Ţǀưſ�ŵƺƃ��ƲƿřźŝŚƴŝ���šřźƄůźŝřƽ��Żř�ƽźǀĭƺƬū

�Ʋƿř�Ţſř�ƲĪưƯ�Ţǀưſƶŝ���Ŝºǀĩźţ�Ĩºƿ�ƽŚū����ƲƿŶºƴģ
Ŝǀĩźţ�ŢƔƬƛ�Śŝ�ƲǀŗŚě�ƽŚƷ����Ŷºƴƴĩ�Ŷºǀƫƺţ(Baust, 1973)��
ƵƹǈƗ�źŝƿřƲ����ƽŚºƷŵźĪƬưƗ�Ţſř�ƲĪưƯ�ƞƬŤŴƯ�šŚŞǀĩźţ

�ƶŤƃřŵ�šƹŚƠŤƯ�ŶƴƃŚŝņƾŴƿŶƋ�ƂƤƳ�ƹ���ŚºƠƿř�ƽźŤƸŝ�Ŷºƴƴĩ�
(Zachariassen, 1985)����šŚºŞǀƧźţ�żŤƴºſ���ƲººĪưƯ�ŲƿŶºƋ

�Ţſřƶŝ��ŚƯŵ(Pullin, 1996)��ŻƺěŚƿŵ�(Pullin, 1992)���Śºƿ�ƹ
Ťƀŝřƹ�ƹŵźƷƶ�ŶƃŚŝ�(Han & Bauce, 1995)����ƭŶºƴĭ�Ʋſ�Źŵ

�Śŝ�ŲƿŶƋ�šŚŞǀĩźţ�żŤƴſ�żǀƳŢƃřŵ�ƶƐŝřŹ�ŚƯŵ�šřźǀǀƜţ���
ƾƯ�ƽźĜſ�šŚƗŚƠţŹř�Źŵ�řŹ�ƱŚŤƀƯŻ�ƭŶƴĭ�Ʋſ��ƹ�Ŷƴĩ

ƽŵ�Źŵ�Ʊō�ŻƺěŚƿŵ��ƱŚƿŚě�ƵŚƯƾƯ�ƿŚŶŝ�(Radjabi, 2000)���žě
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ÐÏ                                               ƱřŹŚƨưƷ�ƹ�ƾƳŚƷřźƟ�ƶǀƣřźƗ��ŶƋ�šŚŞǀĩźţ�šřźǀǀƜţƿƪƯŚƧ�šřźƄů�Źŵ�ƲǀƿŚě�ƾƫƺĪƫƺƯ�ƱŻƹ�Śŝ�Ų������

Ʊō�Żř���ƭŶƴĭ�ƲſŹƹŵ�ŵŹřƹƵ�žě���ŻƺěŚºƿŵ��Ŷºƃƹ�Ƶ��Źŵ��Ʋºƿř
ŹƹŵƵ������źƠºƇ�źºƿŻ�ƽŚºƷŚƯŵ�Śºŝ�ƵŹřƺưƷ��ƶºūŹŵ��ŽƺǀºƀƬſ

�ƾºƯ�ƶūřƺƯ��ŵƺºƃ���ƱŚºưƷ����ƾºƯ�ŹŚºƔŤƳř�ƶºĩŹƺƏ�ŵƹŹ����ŹřŶºƤƯ
Źƹŵ�Źŵ�šŚŞǀĩźţƵ�žě��ƂƿřżƟř�ŻƺěŚƿŵƾƯ�ŚƿŶŝ���ŶƳƹŹ�Ʋǀƴģ

ņƾƄƿřżƟř�ŶƋ�šŚŞǀĩźţƿƱŚŤƀƯŻ�ƽŚƷƹŹǇ�Źŵ�Ų��ƭźĩ�ƱřŹŸĭ
�ƶƣŚºſ���ŪƳźºŝ�Źřƺºų��(Goto et al., 2001a)��ƵźǀƠºƃ�ƹ���ƽŚºƷ

��ƽŻƺěŚºƿŵM. brassicae��(Goto et al., 2001b)���ƱŚºƯŻ�Źŵ
�žºě��Ţºſř�ƵŶººƃ�ƵŶƷŚººƄƯ�ŻƺěŚººƿŵ��ƲƿřźŝŚººƴŝ��ƾººƯ��Ʊřƺººţ

ŤƳǀƶŬ��ƽźǀĭŵźĩ�����ºţ�ŚƯźºſ�Śºŝ�ƶºƸūřƺƯ�ƶĩŐ��Źŵ�ƽŵŚºƿŻ�źǀŧ
�ƾºƯ�ƹ�ŵŹřŵ�ŲƿŶƋ�šŚŞǀĩźţ�ŢƔƬƛ�ƂƿřżƟř����ƂºƤƳ�ŶºƳřƺţ

����ŶºƃŚŝ�ƶŤºƃřŵ�ŚƯźºſ�ƶºŝ�ƵźƄů�ƪưŰţ�ƂƿřżƟř�Źŵ�ƾưƸƯ��
��ŶºƋ�šŚºŞǀĩźţ�ƾųźŝ�ŢƔƬƛ�ŶƴģźƷƿ���ƭŶºƴĭ�Ʋºſ�Źŵ�Ų

ƶŝ�ŚƯř��Ţſř�ƲǀƿŚě�ƾƯ�źƔƳ�ƾƬě�ƞƬŤŴƯ�šŚŞǀĩźţ�ŶſŹ�Ʃř��ŚƷ
�ŢºƔƬƛ�Źŵ�ƾŤů�������źºŝřźŝ�Źŵ�řŹ�šřźºƄů�żºǀƳ�ƲǀƿŚºě�ƽŚºƷ

�����Ŷºƴƴĩ�ŢºƔƟŚŰƯ�ƲǀƿŚºě�ƽŚºƷŚƯŵ(Kostal et al., 2007)��
ƶŝ�ƾƬĩŹƺƏ��ŪƿŚŤƳ�ƢǀƤŰţ�źƋŚů�ƱŚƄƳ�ƾƯ�ŶƷŵ�ƶĩ�Ʋſ��ƽŚƷ

ƱŚŤƀƯŻ�ƭŶƴĭ�ƱřŹŸĭ��ƵƹǈƗ�����ŶºƋ�ƲǀŘţƹźºě�ŵƺºūƹ�źºŝƿ�Ų
(Baghdadi et al., 2002)��ƹ��żºǀƳ���ƾººŝźģ�źƿŚºųŷ�ŵƺºūƹ

(Bashan et al., 2002)���ŻřŢǀƬŝŚƣ�ƽřźŝ�ƾƿǇŚŝ��ƞǀƏ�żŤƴſ
ŶƳŹřŵŹƺųźŝ�ŲƿŶƋ�šŚŞǀĩźţ�Żř�ƾƗƺƴŤƯ�ŹŚǀƀŝ���
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