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ƽŶǀƬƧ�ƱŚĭĥřƹ��ƶŤƃ�ƽ�ƮƬĩ�ƾƯƺƯ��Brevicoryne brassicaeƩƺŤǀƳŚƯ��Ųƿ�ŶƋ�šŚŞǀƧźţ����ƱĥƺƨǀƬĭ 

Abstract 
Cabbage aphid, Brevicoryne brassicae (L.), is an important pest of cabbage, especially ornamental 

cabbages, due to its voracity and population build-up on these plants in wintertime.�The cryoprotectants 
of B. brassicae and their changes were investigated during the cold seasons. Adult aphids were collected 
monthly on ornamental cabbages from October 2008 through May 2009. The amount of sugars and 
polyols were measured by high performance liquid chromatography (HPLC) and the amount of glycogen 
was spectrophotometrically determined. The identified compounds were as follows: glucose, mannitol, 
myo-inositol and trehalose. Mannitol, myo-inositol and trehalose were significantly correlated with 
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average temperature. The total amount of these compounds increased from the lowest amount (11.90 ± 
3.07 µmol/g f.w.) in October to its highest (55.8 ± 8.83 µmol/g f.w.) in the coldest month, January. There 
appears that these three compounds, especially mannitol, play important roles in enhancing cold tolerance 
of B. brassicae during cold seasons. The amount of glycogen showed no significant differences during 
those months and varied from 4.8 ± 0.58 mg/g f.w. in October to 3.3 ± 0.98 mg/g f.w. in December. There 
was no significant correlation between glycogen and the cryoprotectants. 
Key words: cabbage aphid, Brevicoryne brassicae, cryoprotectants, mannitol, glycogen 
 

ƶƯŶƤƯ��
ƵŹƹŵ�ƾººƏ�ƽ�ƱŚŤººƀƯŻ�Ʀººƿ�šřźººƄů�ƱŶººŝ�Źŵ�ƾƳřŹŸººĭ�ǀƜţ�ƽźººſ�ƹ�ƾƨƿĥƺººƫƺƿżǀƟ�šřźººǀ

ƺǀŝ�ƾƯ�ơŚƠţř�ƾƿŚǀưǀƃ��ƶƧ�ŶŤƟřƱƺƈƯ�ƶŝ�ƱŶƳŚƯ������ƲǀƿŚºě�ƽŚºƷŚƯŵ�Żř�ƾºƃŚƳ�Ōƺºſ�šřźŧř�Żř�šřźƄů
ƾƯ�Ĩưĩ�Ŷƴƴĩ��Żř�ƶƬưū�ƽ�Ʀƿ�ŢƔƬƛ�ƂƿřżƟř��šřźǀǀƜţ�Ʋƿř��ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�šŚŞǀƧźţ�ƽźſ

ƾƬě�ƹ�ŚƷŶƴƣ�ƪƯŚƃ�Ʃř�ƾƯ�ŚƷ�ƵŶƃ�ƶŤųŚƴƃ�Ųƿ�ŶƋ�šŚŞǀĩźţ�ƱřƺƴƗ�ŢŰţ�ƶĩ�ŶƃŚŝ�řŶƳ��Chino (1957)�
řźŝƽ�ŤƀŴƳǀƲ�ŹŚŝ�ƮŴţ�Źŵ�ƩƺŤǀŝŹƺſ�ƹ�ƩƹźƀǀƬĭ�ƂƿřżƟř���ƱŚŤºƀƯŻ�ƽŚºƷ��ƱřŹŸºĭ��Bombyx mori L. 

(Lep.: Bombycidae)�ŵƺưƳ�ƁŹřżĭ�řŹ��ƾƬě�ƹ�ŚƷŶƴƣ�ŢƔƬƛ�ƂƿřżƟř�Ʃř����ƮºƧ�ƾƫƺºƨƫƺƯ�ƱŻƹ�Śŝ�ƽŚƷ
ƵŹƹŵ�ƾƏ�ƽ�ƱŚŤƀƯŻ��Źŵ�ƾƳřŹŸĭŻ�ŵřŶƘţƿŵŚƽ��ĭ�Żř�ƮºƗř�ƵŶƳŻ�šřŵƺūƺƯ�Żřǀ�ƱŚºƷŚ��(Levitte, 1980)���

ƭźƧ��ŚƷ�(Slotsbo et al., 2008)��ƶƴƧ�šƺŞƨƴƗ�ƹ�ŚƷ��ŚºƷ(Sømme, 1979) �ƭŵ�Żř�ƽŹŚǀºƀŝ����ƽźºƴƟ��ŚºƷ�ƹ�
��šřźºƄů(Storey & Storey, 1991)���ƱŚĭŶºƳżų�ƾºŤů��(Costanzo et al., 1995)��ƱŚŤººƀƿŻƹŵ�ƹ� �

(Jenkins & Swanson, 2005)�Ţſř�ƵŶƃ�ƁŹřżĭ��ŪƿřŹ�ƾƬě�Ʋƿźţ��ƁŹřżºĭ�Ʃř���źºƄů�Źŵ�ƵŶºƃ�šř
ƾƯ�ƩƹźƀǀƬĭ�ŶƃŚŝ��ƵƹǈƗ�Ŷƴƣ�šřźƄů��Ʊōźŝ�ƾƬě�ƹ�ŚƷ�Ʃř��ƽŚƷ�ƾºƠƬŤŴƯ����ƲƬǀºţř�ƶºƬưūŻř���ƩƺºƨǀƬĭ��
ŚƯ��ŻƺƫŚƷźţƿřƺƿŻƺƴƿ�������ƶºŝ�ƂƴºƧřƹ�Źŵ�řŹ�ƩƺºŤǀŗźţ�ƹ�ƩƺºŤƿźŤƿŹř��ƩƺºŤǀŞƿŹ��ƩƺŤǀŝŹƺºſ��ƩƺŤǀƳŚƯ��ƩƺŤ

����ƾºƯ�żŤƴºſ�ƲǀƿŚºě�ƽŚºƷŚƯŵ���ŶºƴƴƧ(Kostal & Simek, 1994; Kostal et al., 2001; Walters, 2009;  

Lacey et al., 2010)���ƲǀŘţƹźºě�ƹ�Ʀƿĥƺƫƺǀŝ�ƽŚƷŚƄƛ�ƾƘǀŞƏ�ŹŚŤųŚſ�ƒƠů�ŦƗŚŝ�šŚŞǀƧźţ�Ʋƿř���ŚºƷ
ƲǀƿŚě�ƽŚƷŚƯŵ�Źŵ�ƵŶƃ�ƶŝ�ƹ�Ʋƿř�řżƟř�ŦƗŚŝ�ŜǀţźţƿƵŚƯ�Źŵ�ŚƯźſ�ƶŝ�ƵźƄů�ƪưŰţ�Ƃ���ƩŚºſ�ŵźſ�ƽŚƷ

ƾƯ�ŶƳƺƃ��ƱŚŤƀƯŻ�šřźƄů�źŨƧř�Źŵ��ƱřŹŸĭƿĪƾ�ƮƸƯ�Żř�źţƿĩźţ�żŤƴſ�ƖŝŚƴƯ�Ʋǀ�ŶƋ�šŚŞƿ�ƱŻƹ�Śºŝ�Ų�
ƫƺººĪƫƺƯƾ�Śººěǀƿ�ƵŚººƯ�ƾººƏ�ƱĥƺººƨǀƬĭ�źƿŚººųŷ�Żř�ƵŵŚƠŤººſř��Ʋ��ƾººƯ�ƱŚŤººƀƯŻ�ƹ�żǀƿŚººě�ƽŚººƷ��ŶººƃŚŝ� �

(Li et al., 2002)���
ƬƗƾ�ſƹ�šŚƘƫŚƐƯ�ƮƛŹǀƘƾ�Źŵ�ƶĩ ŚſŚƴƃ�Śŝ�ƶƐŝřŹƾƿ�ĩźţǀ���ŶºƋ�šŚºŞ�ºƿ�Ʊō�ƂºƤƳ�ƹ�Ų���Źŵ�ŚºƷ

Ż�ŵřŶƘţ�Źŵ�ŚƯźſ�ƶŝ�ƪưŰţƿŵŚƽ�ƶƳƺĭ�Żř�ŚƷƽ��ƶºƘƫŚƐƯ�ƱƺƴĩŚţ��ƶŤƟźĭ�šŹƺƇ�šřźƄů�řƽ�ř�Źŵ�ºƿ�Ʋ



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÎÖ 

ƯŻǀƶƴ�ƶŤƃ�Źŵ�Ţſř�ƵŶƄƳ�ƭŚŬƳř�ŚƷ��ƹƿĭĦƾ�ưƸƯƾ�ƶŤƃ�ƶĩ�ƘƋƹ�ƑŚŰƫ�Żř�řŹ�ŚƷǀƱŚŤƀƯŻ�Ţ��ƳřŹŸºĭƾ�
Śſ�Żř�ƩŶŤƘƯ�ƢƏŚƴƯ�ŹŵƿšřźƄů�ź�ŚưŤƯƿŸƜţ�ƭƹřŶţ��Ţſř�Ƶŵźĩ�żƿƫƺţ�ƹ�ƶǀƱō�ƪŨƯ�Ŷ����ƩƺºƏ�Źŵ�ŚºƷ

Śě�ƩƺƈƟǀƿƯ�ƱŚŤƀƯŻ�ƹ�żƾ�ŶƃŚŝ��řŹřŵ�šřźƄů�źŨĩřƽ�ƿƶƬůźƯ�Ĩ�ƽ�ƱŚŤƀƯŻ��ƶĩ�ŶƴŤƀƷ�ƱřŹŸĭƏƾ�
Śě�ƩƺƈƟǀƿƹ�ż��ƱŚŤƀƯŻ�ŸƜţƿƫƺţ�ƹ�ƶǀ�ƞƣƺŤƯ�řŹ�ŵƺų�ƪŨƯ�Ŷ�ƾºƯ��ŶƳŻŚºſ����Śºųŷ�Żř�ƵŵŚƠŤºſř�Śºŝ�ƹƿ�ź

ƬĭǀƯ��ƱĥƺĪǀƬě�ƹ�ŚƷŶƴƣ�Ʊřżƾ�Ʃř�ŚƷ�ƶŝ�řŹ�ŹŶţƿřżƟř�Ūƿ����ŚƯźºſ�źºŝřźŝ�Źŵ�řŹ�ŵƺºų�ƪºưŰţ�ƹ�Ƶŵřŵ�Ƃƽ�
řżƟř�ƱŚŤƀƯŻƿƯ�Ƃƾ�ŶƴƷŵ��Źŵ�ƫŚůƾ�ƶŤƃ�ƶĩ�Ťů�ƩŚſ�ƩƺƏ�ƭŚưţ�Źŵ�ƩŶŤƘƯ�ƢƏŚƴƯ�Źŵ�ŚƷƾ��ƱŚŤƀƯŻ�Źŵ

ƳǀŸƜţ�ƶŝ�żƿ�ƶƹŹƽ�ƯǀƱŚŝż�ŚƷƽ�ĭǀƷŚƾ�Ư�řŸƛ�Śŝ�Ʈŗřŵ�ƍŚŞţŹř�Źŵ�ƹ�ƶŤųřŵźěƾ�ŶƴƃŚŝ���ºưƷ�ƶŝǀƫŵ�Ʋ�ºǀ�ƪ
ř�ƂƤƳƿĩźţ�ƲǀƶŤƃ�ƪưŰţ�Źŵ�šŚŞ�ŵŚƳ�ŚƯźſ�ƶŝ�ŚƷƿŢſř�ƵŶƃ�ƶŤƟźĭ�ƵŶ���

ƶŤƃ�ƽ��ƮºƬƧ�ƾƯƺƯ��Brevicoryne brassicae (L.)�������ƵŵřƺƳŚºų�ƱŚºƷŚǀĭ�ƮºƸƯ�šŚºƟō�Żř�ƾºƨƿ�ƽ�
Ƶźǀƃ�Żř�ƶƿŸƜţ�Śŝ�ƶƧ�Ţſř�ƱŚǀŗŚĜǀƬģ�ƽ��ƾƷŚǀĭƳř�ƹŽƹźƿƹ�ƩŚƤŤ�ƽŹŚưǀŝ�ƽŚƷ���šŹŚºƀų�ƾƷŚǀĭ�ƽřŻ

��ƾºƯ�ŵŹřƹ�ƵŵřƺƳŚºų�Ʋƿř�ƱŚƷŚǀĭ�ƶŝ�řŹ�ƾƳřƹřźƟ�ŵŹƹō�(Costello & Altieri, 1995; Ellis et al., 1998; 

Satar et al., 2005)��ƱŚŤƀƯŻ�ř�ƾƳřŹŸĭƿŚƷŹƺƄĩ�Źŵ�ƶŤƃ�Ʋƽ�ŚěƹŹřƾƿ�ƔƳǀſƹŹ�źǀƶ�ƹ�ƱŚŤƀƸƫ��ſōǀ�Ś�ƹ
Ţưƀƣ�ŚƷƽ�ƫŚưƃƾ�řŹřŵ�ƶĩ�Ʋěřĥƽ�ƯŻƱŚŤƀ�ŚƷƽ�ƀŝǀ��ƶºŝ��ŶƴŤºƀƷ�ŢŴſ�ƹ�ŵźſ�ŹŚ����ƮºŴţ�šŹƺºƇ

ƾƯ�ŶƃŚŝ��Źŵ�ƫŚůƾ��ŶƴƳŚưƷ�ƩŶŤƘƯ�ƢƏŚƴƯ�Źŵ�ƶĩ�����ŻŚºƤƠƣ�Źŵ�ƵŚǀºſ�ƽŚºƿŹŵ�ƪůřƺſ�ƹ�ƽżƧźƯ�ƽŚǀſō
�ƶºŝ�řŹ�ƱŚŤƀƯŻ�������ƾºƯ�ƽźĜºſ�ƚƫŚºŝ�ŵřźºƟř�ƹ�ƵŹƺºě�šŹƺºƇ��ŶºƴƧ�(Takada, 1976; Arkhipov, 1985;  

Gabrys et al., 1997)��ƶŤƃ�ƽ�Źŵ�řŹ�ƱŚŤƀƯŻ�ƮƬƧ�ƾƯƺƯ�ƶŝ�ƱřźƸţ���ƾƿřƺºƷ�ƹ�śō�Ǝƿřźƃ�ŵƺūƹ�ƪǀƫŵ
ƶŝ�ƩŶŤƘƯ�ƾƯ�ƽźĜſ�ƚƫŚŝ�ŵřźƟř�ƹ�ƵŹƺě�šŹƺƇ��ŶƴƧƘưū�ƱŚŤƀƯŻ�Źŵ�ƹǀƹŹ�řŹ�ƾƷƺŞƳř�Ţƽ�ƮƬĩ�ŚƷƽ�

ŻƿŤƴƾ�ĪƄţǀƯ�ƪƾ�Ư�ƶĩ�ŶƷŵƾ�ƘŞƴƯ�ŶƳřƺţƾ�řźŝƽ�řƿŢǀƘưū�ŵŚŬ�ŚƷƽ����ƵŹŚºƸŝ�šǇƺºƈŰƯ�ƽƹŹ�ƵƺŞƳř
Ŷƃ�šŹŚƀų�ƹ�ŶƃŚŝƿŶƽ�ƶŝ�řŹ�ŵŹřƹ�ƪƈƟ�Ʃƹř�Źŵ�šǇƺƈŰƯ�Ʋƿř��Ŷºƴĩ�(Saeidi et al., 2011)���Źŵ

ƶƘƫŚƐƯ����Ʋºƿř�ƶºƧ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ��ƶŤƟźĭ�šŹƺƇ�ŚƯźſ�ƶŝ�ŢƟō�Ʋƿř�ƪưŰţ�ƱřżǀƯ�ƽƹŹ�ƶƧ�ƽř
ŵźſ�Śŝ�řŹ�ŚƯźſ�ƶŝ�ŵƺų�ƪưŰţ�Ţſř�ŹŵŚƣ�ŢƟō�řżƟř�řƺƷ�ƱŶƃƿƀŝ�ƽŚƷŚƯŵ�ƹ�Ƶŵřŵ�Ƃǀ�Śºě�ŹŚǀƿ�řŹ�Ʋ

ƵŚƯ�Ʋƿźţŵźſ�Źŵ�ƶŝ�ƩŚſ�ƽŚƷ�ŤůřŹƾ�ŶƴƧ�ƪưŰţ��ƶƘƫŚƐƯ�Źŵ���źǀųř�ƽÒå��źºƸƯ�Źŵ�ƚƫŚŝ�ŵřźƟř�ŶƇŹŵ�
ŚƯŵ�Źŵ�ƵŚƯƽ�Ò�í��ƶūŹŵ�ƽ�ƀƬſǀƶŝ�Žƺ��šŶƯçÑ�ŵźſ�Śŝ�ƶĩ�ŶƳŶƳŚƯ�ƵŶƳŻ�ŢƗŚſ�ř�řƺƷ�ƱŶƃ�ºƿ�Ʋ

Ưǀ�ƶŝ�Ʊřżææ��ƶūŹŵ�ƽ�ƀƬſǀƵŚƯ�Źŵ�Žƺ�ŚƷƽ�ſŹ�ƩŚſ�ŵźſǀŶ��Ťůƾ�çå�Ƙưū�ŵřźƟř�ŶƇŹŵǀ�ŹŵŚƣ�Ţ
ŚƯŵ�ƪưŰţ�ƶŝƽ�í�æè���Śţí�æÑ��ƶūŹŵ�ƽ�ƀƬſǀƶŝ�Žƺ��šŶƯçÑ��źţŵźºſ�Źŵ�ŢƗŚſƿ�ŚºƯ�ƲƵ��ŚºƷƽ�



ÏÍ                            ƱřŹŚƨưƷ�ƹ�ƽŶǀƘſ��Ʊō�šřźǀǀƜţ�ŶƳƹŹ�ƹ�Ųƿ�ŶƋ�šŚŞǀƧźţ�ƶŤƃ�Źŵ�ŚƷ��ƮƬƧ�ƾƯƺƯ�ƽ�����

�ŶƳŵƺŝ�ƩŚſ(Saeidi et al., 2011)��řźŝŚƴŝƿ�ƲŚſŚƴƃƾƿ�ĩźţǀŶƋ�šŚŞ�ƿ����šřźºǀǀƜţ�ŶºƳƹŹ�ƾºſŹźŝ�ƹ�Ų
Ʊō�ƵŹƹŵ�ƾƏ�ŚƷ�ƽ�ƱŚŤƀƯŻ�ƶŤƃ�ƾƳřŹŸĭ�ƽ��ƾƨƿĥƺƫƺƿżǀƟ�ƪƿǇŵ�ŢųŚƴƃ�ƶŝ�ƽŵŚƿŻ�ƦưƧ�ƮƬƧ�ƾƯƺƯ

ƾƯ�ŚƯźſ�ƶŝ�ƶŤƃ�Ʋƿř�ƽǇŚŝ�ƪưŰţ�ŶƴƧ��Ʋǀƫƹř�ƽřźŝ�ƢǀƤŰţ�Ʋƿř�ŹƺƔƴƯ�ƲƿŶŝ�����ƲǀºǀƘţ�ƝŶºƷ�Śºŝ�ŹŚºŝ�
ŶƋ�šŚŞǀƧźţ�ƵŻřŶƳř�ƹ�ƮƸƯ�Ųƿ������Ʊō�šřźºǀǀƜţ�ŶºƳƹŹ�ƾºſŹźŝ�ƹ�ƱĥƺºƨǀƬĭ�ƽźºǀĭ���ƵŹƹŵ�ƾºƏ�ŚºƷ�ƽ�

ƱŚŤƀƯŻ�ƶŤƃ�ƾƳřŹŸĭ�ƽ�Ţſř�ƵŶƃ�ƭŚŬƳř�ƮƬƧ�ƾƯƺƯ�� 

��
ƁƹŹ�ƹ�ŵřƺƯ��ŚƷ��

Ɩưū�ƶƳƺưƳ�ƽŹƹō��ƹƾƿřƺƷƹ�śō�šŚƗǈƏř��
ƶŤƃ�ƚƫŚŝ�ŵřźƟř�ƽ�ƵŚƯ�ƾƏ�ƮƬƧ�ƾƯƺƯ����ŢºƄƸŞƿŵŹř�Śºţ�źƸƯ�ƽŚƷíí�æèíì��ƮºƬƧ�ƽƹŹ�Żř���ƽŚºƷ

�ƾŤƴƿŻƶŤƃŚƧ�ƵŶƨƄƳřŵ�Źŵ�ƵŶƃ�ƽ�Ɩưū�ŽŹŶƯ�Ţǀŝźţ�ƵŚĮƄƳřŵ�ƽŻŹƹŚƄƧ����ƵŚĮºƄƿŚƯŻō�ƶºŝ�ƹ�ƽŹƹō
ŶƳŶƃ�ƪƤŤƴƯ���ŵƹŶů�žĜſçÒå�çåå��ƶŤƃ��ƪƣř�Ŷůæåå�ƾƬǀƯ�ƭźĭ������ƹ�ƁŹŚưºƃ�ŹřźºĪţ�źºƷ�Źŵ

�ŹżƿźƟ�Źŵ�šŚƄƿŚƯŻō�ƭŚŬƳř�ƱŚƯŻ�Śţ�ƹ�ƵŶƃ�ƲƿŻƺţçÒ��ƶūŹŵ�ƽ�ƶĮƳ�ŽƺǀƀƬſ�ŶƳŶƃ�ƽŹřŵ����
ǀƳ�ŵŹƺƯ�ƾƿŚƯŵ�šŚƗǈƏř�ŜƀƧ�ŢƸū���Źŵ�Ɩºƣřƹ�źºĮŤǀģ�ƾſŚƴƃřƺƷ�ƵŚĮŤƀƿř�šŚƗǈƏř�Żř��ŻŚ

ƵŶƨƄƳřŵ�šŹƹŚŬƯ�ƽ�Ŷƿŵźĭ�ƵŵŚƠŤſř�ŽŹŶƯ�Ţǀŝźţ�ƵŚĮƄƳřŵ�ƽŻŹƹŚƄƧ���
��

ƵŻřŶƳř�ƹ�ƽŻŚſřŶū�ƾƬě�ƹ�ŚƷŶƴƣ�ƽźǀĭ�Ʃř�ŚƷ��
ƵŻřŶƳř�ƹ�ƽŻŚſřŶū�ŢƸū�ƾƬě�ƹ�ŚƷŶƴƣ�ƽźǀĭ�Ʃř�Ʊō�šřźǀǀƜţ�ŶƳƹŹ�ƾſŹźŝ�ƹ�ŚƷ�ƵŚƯ�ƾƏ�ŚƷ��ƽŚƷ

�Żř��ƞƬŤŴƯÑ��ƵŚƯ�źƷ�Źŵ�ŹřźƨţŶƃ�ƵŵŚƠŤſř��ƶŝ���ƶºƳƺưƳ�źƷ�ƶŝ�řŶŤŝř�ƶƧ�šŹƺƇ�ƲƿřÒ�æ��ƾºƬǀƯ���źºŤǀƫ
�ƩƺƳŚţříå��ƶƟŚƋř�ŶƇŹŵ�ƵŶƃŶƳŶƃ�ƲĮưƷ�ƾƴǀģ�ƱƹŚƷ�Źŵ�ƹ����Żř�žºěæÒ�����Śºŝ�ĥƺǀƠƿźŤƳŚºſ�ƶºƤǀƣŵ
�ŢƗźſg�æçååå��ƾƿƹŹ�ƩƺƬŰƯ���ƶƳƺưƳ�źƷśƺǀţƹźƨǀƯ�Źŵ�ƹ�řŶū�ƽŚƷml �Ò�æ�Ŷƃ�ƶŤŴƿŹ���žĜſ
ƶƳƺưƳ��Ʃǈů�źǀŴŞţ�ŢƸū�ŚƷ��ƩƺƳŚţříå�ƇŹŵŶ��ŶƳŶƃ�ƶŤƃřŸĭ�Ōǈų�ŢŰţ�Ʊƹō�Źŵ���źǀŴŞţ�Żř�žě

��Ʃǈů�ƪƯŚƧµl�çåå��śōHPLC�ƶŝ�ƹ�Ŷƃ�ƶƟŚƋř�ƶƳƺưƳ�źƷ�ƢƿŹżţ�ŢƸū��ƾƟřźĭƺţŚƯƹźƧ�ƵŚĮŤſŵ�ƶŝ
�ǇŚŝ�ƾƿōŹŚƧ�Śŝ�ƖƿŚƯ(HPLC)��(Waters, USA)��ƾƟŚƇ�Ǝſƺţ��ƾĮƳźſźſ�ƽŚƷ(Millex, USA)��ƝŚƇ

ŶƳŶƃ��ƽŻŚſřŶū�ƽřźŝ����šřŹŶºǀƷƺŝźƧ�ƅƺºƈŴƯ�ƱƺŤſ�Żř��ŚºƷ�(300 × 7.8 mm, Supelco, USA)�
Ŷƃ�ƵŵŚƠŤſř���śō�ƵŵŚƠŤſř�ŵŹƺƯ�ƥźŰŤƯ�ŻŚƟ�(HPLC grade)�����ƥźºŰŤƯ�ŻŚºƟ�ƱŚºƿźū�ŢƗźſ�ƹÒ�å�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÏÎ 

ƾƬǀƯ�ŹŚƨƃō�Żř�ƹ�ŵƺŝ�ƶƤǀƣŵ�Źŵ�źŤǀƫ���Ţºƀƨƃ�ŜƿźƋ�ƕƺƳ�ŻŚſ(RI)���Ŷºƃ�ƵŵŚƠŤºſř�����ƭŚºŬƳř�Żř�žºě
ŹřŶƿŚě�ƹ�ƵŚĮŤſŵ�šŚưǀƔƴţ�Ʊō�ƱŶƃ�µl�çå�Ƨ�ƱƺŤƬǀƯŚƷ�ĬƳźſ�Ǝſƺţ�ƶƳƺưƳ�Żř���ƵŚĮŤºſŵ�ƶºŝ�ƹ�ƵŶǀƄ

Ŷƃ�ŢŞŧ�ƶƏƺŝźƯ�ƭřźĭƺţŚƯƹźƧ�ƹ�ƢƿŹżţ�����ƾºƬě�ƹ�ŚƷŶºƴƣ�ƆǀŴºƄţ�ŢƸū�Ʃř�����řŶºŤŝř��ƵźºƄů�Źŵ�ŚºƷ
��������ƩƺŤǀƳŚºƯ��ƩƺŤƿŻƺƴƿřƺƿŚºƯ��ƩƹźºƀǀƬĭ��ŻƺƫŚºƷźţ��żĩƺºƬĭ�ƪƯŚºƃ�ƞƬŤŴƯ�šŚŞǀƧźţ�ƽŚƷŵŹřŶƳŚŤſř

Ŷƃ�ƢƿŹżţ�ƵŚĮŤſŵ�ƶŝ�ƹ�ƶǀƸţ�ƆŴƄƯ�ŢƔƬƛ�Ŷƴģ�Śŝ�ƩƺŤǀŤƫŚƯ�ƹ�ƩƺŤǀŝřŹō��ƩƺŤǀŞƿŹ��ŰƴƯ�žĜſ�ƾƴ
ƶūŹŵ�ƾƿŚſŚƴƃ�šŚŞǀƧźţ�ƽřźŝ�ƽŶƴŝ��ƮſŹ�ƵŶƃŶƿŵźĭ�ƹ��ŵƺūƺƯ�Ŷƴƣ�ƕƺƳ��ƽŹřŵŻŚŝ�ƱŚƯŻ�ƶŝ�ƶūƺţŚŝ

�ƹ�ƶƳƺưƳ�Źŵ�żǀƳƶūŹŵ�ƾƴŰƴƯ�ƹ�Ʀǀě�źƿŻ�ŮƐſ�ƶŝ�ƶūƺţŚŝ�ƵŻřŶƳř�ƶƳƺưƳ�Źŵ�Ŷƴƣ�ŢƔƬƛ��ƽŶƴŝ��ƽźǀĭ
�Ŷƃ(Atapour & Moharramipour, 2009)���
��

ƵŻřŶƳř�ƱĥƺƨǀƬĭ�ƽźǀĭ ��
�ƶŝ��ƱĥƺƨǀƬĭ�ũřźŴŤſř�ŢƸūƶƬůźƯ�Ʋǀƫƹř�Żř�ƪƇŚů�śƺſŹ�ƽ�ƵŻřŶƳř�Źŵ�ĥƺǀƠƿźŤƳŚſ���ƽźºǀĭ

ƾƬě�ƹ�ŚƷŶƴƣ�Ʃř���ŚƷæ�ƾƬǀƯ�ŽŚŤě�ƩƺƬŰƯ�źŤǀƫ��(KOH)��è�ŶƇŹŵ��ƹ�ƶƟŚƋřèå�çå���ƵŶǀƳŚºƃƺū�ƶƤǀƣŵ
Ŷƃ���žĜſí�å�ƾƬǀƯ�śƺſŹ�ƩƺƬŰƯ�źŤǀƫ��ƽŹřŸĭ��Ţưƀƣ�ƹŵNaCl�����Ţưºƀƣ�ŢºƠƷ�ƹ�ŶºƇŹŵ�ƹŵ

�ƩƺƳŚţř�îÒ�ŶƇŹŵ��ƮǀƳ�Żř�žě�ƹ�ƶƟŚƋř�ƳŚƃƺū�ŢƗŚſŶƃ�ƪƤŤƴƯ�ƩŚĤŴƿ�ƶŝ�ƱŶǀ���Żř�žěçÑ��ŢƗŚſ
ƶĮƳ�ƶƳƺưƳ��ƩŚĤŴƿ�Źŵ�ƽŹřŵ��Ŷºƃ�ƶŤŴƿŹ�Źƹŵ�ƾƿƹŹ�ƩƺƬŰƯ�ƹ�ƵŶƃ�ĥƺǀƠƿźŤƳŚſ�ŚƷ���ƹŵ�Żř�žºě���ŹŚºŝ
śō�ƹŵ�śō�Śŝ�ƾƿƺƃ�źǀƐƤţ�ŹŚŝ��ƶƳƺưƳ�ƶŝ��ŚƷÒ�ƾƬǀƯ��ƂƴºƧřƹ�źŤǀƫ����ƾºƬƨƫř�źºĭ(alcohol reagent)��ƹç�
ƾƬǀƯ�ƹŵ�śō�źŤǀƫ��Ŷƃ�ƶƟŚƋř�źǀƐƤţ�ŹŚŝ��ƨǀƬĭ�ŹřŶƤƯƶƳƺưƳ�Źŵ�ŵƺūƺƯ�Ʊĥƺ����ƞºǀƏ�ƦºưƧ�ƶºŝ�ŚƷ���Ūƴºſ

UV-Vis��ũƺƯ�ƩƺƏ�ŹŵÓÓå�ƵŻřŶƳř�źŤƯƺƳŚƳ�Ŷƃ�ƽźǀĭ��ŢƔƬƛ�řŶŤŝř����ŵŹřŶƳŚŤºſř�Żř�ƾºƠƬŤŴƯ�ƽŚƷ�Ò�
ƾƬǀƯ�ƂƴƧřƹ�źŤǀƫ��ƹ�ƾƬƨƫř�źĭç�ƾƬǀƯ�ƹŵ�śō�źŤǀƫ�źǀƐƤţ�ŹŚŝ��Ʊō�śŸū�ƹ�ƶǀƸţ�Ŷƃ�ƵŶƳřƺų�ŚƷ���žĜſ

�ƱƺǀſřźŞǀƫŚƧ�ƾƴŰƴƯ�ŢƔƬƛ�źŝřźŝ�Źŵ�śŸū���Śŝ�ƹ�ƮſŹƶƫŵŚƘƯ�Żř�ƵŵŚƠŤſř�į��ƶºŝ�Ǝų����ƵŶºƯō�Ţºſŵ
ƶƳƺưƳ�Źŵ�ŵƺūƺƯ�ƱĥƺƨǀƬĭ�ŹřŶƤƯ�Ŷƃ�ƶŞſŚŰƯ�ŚƷ�(Hansen et al., 1952)���

��
ƶƿżŬţ�ƽ�ƽŹŚƯō��

ƶŝ�šŚƗǈƏř�Ţſŵ�ƶŝ�ƵŶƯō�Ư�šŹƺƇǀĮƳŚǀƲ��t��ŚƐųƽ�ƘƯǀŹŚ�ŶƳŶƃ�ƁŹřżĭ��żŬţƿƶ�ƽ�Ƶŵřŵ���ŚºƷ
żŬţ�Ĩưĩ�Śŝƿƶ�ƽ�Źřƹƿ�žƳŚƿĨ���ƶºƟźƏ(One-way ANOVA)�����Źŵ�ƹ�Ŷºƃ�ƭŚºŬƳř��ƾºƴƘƯ�šŹƺºƇ�Źřŵ�



ÏÏ                            ƱřŹŚƨưƷ�ƹ�ƽŶǀƘſ��Ʊō�šřźǀǀƜţ�ŶƳƹŹ�ƹ�Ųƿ�ŶƋ�šŚŞǀƧźţ�ƶŤƃ�Źŵ�ŚƷ��ƮƬƧ�ƾƯƺƯ�ƽ�����

ŚƤƯ��ƱŶƃƿƶƀ�ƽ�ƯǀĮƳŚǀţ�ƲǀŚƷŹŚưƽ�ĩƺţ�ƱƺƯŻō�Ĩưĩ�Śŝ�ƞƬŤŴƯƾ��ŮƐſ�ŹŵÒ���ƵŵŚƠŤºſř�Śŝ�ŶƇŹŵ
ƭźƳ�Żř��ŹřżƟřSPSS (V.16.0)��Ŷºƃ�ƭŚŬƳř����ºſŹźŝ�ŢºƸūƾ��ƶºƐŝřŹ�ƽ��ĮŤºƀŞưƷƾ��ŵŚºƤƯƿ�ŹŚºĮƫ�źƿưŤƾ�
ĩźţǀŶƋ�šŚŞ�ƿƯ�Śŝ�ŲǀĮƳŚǀŚƯŵ�Ʋƽ�ŰƯǀĮŤƀŞưƷ�ƎŝřƹŹ�Żř�Ǝƾ�ěǀŶƃ�ƵŵŚƠŤſř�Ʊƺſź����
��

ŪƿŚŤƳ�Űŝ�ƹŦ��
ƾƿřƺƷ�ƹ�śō�šŚƗǈƏř��

źƸƯ�Źŵ�ƶƘƫŚƐƯ�ƕƹźƃ�ƱŚƯŻ�Źŵ�řƺƷ�ƽŚƯŵ�ƲǀĮƳŚǀƯ��ƩŚſ�ƵŚƯæèíì��ç�çç�ƶūŹŵ�ƽ��ŽƺǀƀƬſ
ƶŝ�ƶƧ�ŵƺŝ�ƵŚƯ�ƾƏ�ũŹŶţ�ƶŝ��ŢƟŚƿ�ƂƷŚƧ�ƽŶƘŝ�ƽŚƷ�ƽŹƺƏ�ƶŝ�ƶƧ�ţźţǀŹŷō�ƹ�ƱŚŝō�Źŵ�Ŝ��ƶŝ�ƵŚƯææ��ƹ

ì�ƶūŹŵ�ƽ�ƀƬſǀſŹ�ŽƺǀŶ��ƮƧ�Ʋƿźţ�ŵ�Źŵ�řƺƷ�ƽŚƯŵ�ƲǀĮƳŚǀƯƽ���ƵŚºƯ�è�Ñ��ƶºūŹŵ�ƽ�ſ�ŽƺǀºƀƬ��
Ŷƃ�ƵŶƷŚƄƯ����ŵźºĩ�ƾºƏ�řŹ�ƾƄƿřżƟř�ŶƳƹŹ�řƺƷ�ƽŚƯŵ�ƲǀĮƳŚǀƯ�ƵŹŚŝƹŵ�Ʊō�Żř�žě���ƶºŝ��ƽŹƺºƏ���Źŵ�ƶºƧ

ŶƴƠſř�ƩŚŝ�ŵřźƟř�ƶƧ�ƵŚƯ�ƾƯ�źƷŚƓ�ƶŤƃ�Źřŵ��ƶŝ�řƺƷ�ƽŚƯŵ�ƲǀĮƳŚǀƯ�ŶƳƺƃææ�ŢƄƸŞƿŵŹř�Źŵ�ƹ����ƶºŝ�ƵŚºƯ
Ñ�æí�ƶūŹŵ�ƽ�ſŹ�ŽƺǀƀƬſǀŶ��ƶŝ�ŹƺƏ�Ƭĩƾ��ŽŚſřźŝŵźſ��ƾſŚƴƃřƺƷ�šŚƗǈƏř���ƵŚºƯ�Ʋƿźºţ��Źŵ�ŚºƷ�

�ƩŚſæèíì�Ţſř�Ƶŵƺŝ�ƲưƸŝ�ƹ�ƽŵ��Źŷō�� 

��
ƾƬě�ƹ�ŚƷŶƴƣ�Ʃř�ŚƷ��

Źŵ���Źřźºƣ�ƾƿŚſŚƴƃ�ŵŹƺƯ�ƩƺŤƿŻƺƴƿřƺƿŚƯ�ƹ�ŻƺƫŚƷźţ��ƩƺŤǀƳŚƯ��żƧƺƬĭ�ŜǀƧźţ�ŹŚƸģ�ƶƘƫŚƐƯ�Ʋƿř
�řŹ�ƾƸūƺţ�ƪŝŚƣ�ƾƬƈƟ�šřźǀǀƜţ�ƶƧ�ŶƴŤƟźĭ��ŶƳŵřŵ�ƱŚƄƳ��ƪĪƃæ���ƵŚƯ�ƭŚưţ�Źŵ�żƧƺƬĭ�ƽŚƷ���ŵŹƺºƯ��

�ƽřŹřŵ�ƶƘƫŚƐƯƂǀŝ�Ʋƿźţ�ŞƀƳ�ŹřŶƤƯ�ŵƺŝ�šŚŞǀĩźţ�źƿŚſ�ƶŝ�ŢƵŚƯ�ƾƏ�ƹ�ƶƳƺưƳ�ƞƬŤŴƯ�ƽŚƷ���ƽŹřŵźºŝ
ƾƴƘƯ�ƝǈŤųř�ŵřŵ�ƱŚƄƳ�Źřŵ��ÎÔÑ�ÎÍ�=�F��çæ�,ì�=�df���ÍÍÍÎ�ÍP < ���źƸƯ�Źŵ�żƧƺƬĭ�ŢƔƬƛ��ƵŚƯ

Ô�Õ��t��ÓÓ�ÒÕ�ƹźĪǀƯ�ƭźĭ�źƷ�źŝ�ƩƺƯ ƶŝ�ƵźƄů�źţ�ƱŻƹ�ƱŚŝō�Źŵ�ƹ�ŶƯō�Ţſŵ���ƶºŝ�ƵŚºƯ��Ô�Õ��t��ÎÍÑ�
ƹźĪǀƯ�ƭźĭ�źƷ�źŝ�ƩƺƯ Ƅů�źţ�ƱŻƹŢƟŚƿ�ƂƿřżƟř�Ƶź���ƽŵ�Źŵ�żƧƺºƬĭ����ƶºŝ�ƵŚºƯ�Ƃǀºŝ��Ʋƿźºţ���ŹřŶºƤƯ� �

�Ñ�ÎÑ��t���Ï�ÎÑè�ƹźĪǀƯ�ƭźĭ�źƷ�źŝ�ƩƺƯ ƵźƄů�źţ�ƱŻƹ��ŶǀſŹ��ƶŝ�ƽŹƺƏ��ƶĩƶŝ�ƱŚŝō�żū��ƵŚƯ�źƿŚſ�Śŝ
ƵŚƯ�ƾƴƘƯ�ƝǈŤųř�ŚƷ�Źřŵ��ŵřŵ�ƱŚƄƳ��ƵŚƯ�Źŵ�Ʊō�ŹřŶƤƯ�žĜſ��ŢƟŚƿ�ƂƷŚƧ�ƽŶƘŝ�ƽŚƷ��ƪĪºƃ�ç����Źŵ

ƶƐŝřŹ�ƶƘƫŚƐƯ�Ʋƿř�ƽ�ƴƘƯ�ƾĮŤƀŞưƷƾ���ƵŶƷŚºƄƯ�řƺƷ�ƽŚƯŵ�ƲǀĮƳŚǀƯ�ƹ�Ŝǀĩźţ�Ʋƿř�ŢƔƬƛ�ƱŚǀƯ�ƽŹřŵ
ŶƄƳ��ÍÖÐ�Í�=�P��ëìî�å��=�r����

��
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ƪƨƃ��æ���ƭřźĭƺţŚƯƹźƧHPLC�ƾƬě�ƹ�ŚƷŶƴƣ�ƽŻŚſřŶū�ƶŝ�ƍƺŝźƯ�Ʃř���ƶºƳƺưƳ�Źŵ�ŵƺºūƺƯ�ƽŚƷ��Żř�ƽř
ƶŤƃ�ƽ�B. brassicae���

Fig. 1. HPLC chromatogram of cryoprotectants separation in a sample of B. brassicae. 

��
ƭŚŬƳř�šŚƘƫŚƐƯ�Żř�ƽŹŚǀƀŝ�Źŵ�ř�Źŵ�ƵŶƃƿƯŻ�Ʋǀ��ƶƴƃŹřżĭ�ƱƺƴĩŚţƾ��ºƴŞƯƾ��ř�źºŝƿ���żĩƺºƬĭ�ƶºĪƴ

ƶŝ�ĩźţ�ƱřƺƴƗǀƬƇř�Ŝƾ��ŶƋƿ�ŵŹřŶƳ�ŵƺūƹ�ŶƃŚŝ�ƵŶƃ�ƶŤųŚƴƃ�šřźƄů�Źŵ�Ų��ƶºŝ�ŚºƯř����źƿŚºſ�ƵřźºưƷ
Ţſř�ƵŶƃ�ƁŹřżĭ�šŚŞǀƧźţ��ƶŝ�ƩŚŨƯ�ƱřƺƴƗ��ƮŴţ�Źŵ�ŚƯźſ�ƽŚƷ�ƵŶƿŵ�ƽ�ŢǀƘưū�ŚƷ�ƩŶŤƘƯ�ƢƏŚƴƯ�ƽ

ƶººưǀƳ�ƹ��ŲººƬƯ�ƽźǀººƀƯźĭLocusta migratoria (L.)�ƶººŝ�żƧƺººƬĭ���ƩƺŤǀŝŹƺººſ��ŻƺººŤƧƹźƟ�ƵřźººưƷ
Źŵ�ƩƹźƀǀƬĭ�ƹ�ƩƺŤƿŻƺƴƿřƺƿŚƯ�����ƲǀƿŚºě�ƽŚºƷŚƯŵ�ƶºŝ�ŲºſŚě���ºƯ�żŤƴºſƾ��ŵƺºƃ�(Wang et al., 2010)���

ƲǀƴĤưƷ��ƵźǀƠƃ�Źŵ�żƧƺƬĭ�ƱŚŤƀƯŻ�ƽŚƷ�ƱřŹŸĭ�Hyphantria cunea Drury���ƶºŝ����ƹ�ƩƹźºƀǀƬĭ�ƵřźºưƷ
�Ţſř�ƵŶƃ�ƾƿŚſŚƴƃ�żǀģŚƳ�ŹŚǀƀŝ�źƿŵŚƤƯ�Źŵ�ƩƺŤƿŻƺƴƿřƺƿŚƯ(Li et al., 2001)��Ťůƾ��ŵřŶºƘţ�Źŵƽ��Żř

����ƵŹƹŵ�ƾºƏ�Ŝºǀĩźţ�Ʋºƿř�ƂƷŚºĩ�šŚƘƫŚƐƯ��ƱŚŤºƀƯŻ�ƽ������Ţºſř�ƵŶºƃ�ƁŹřżºĭ�šřźºƄů�ƾƳřŹŸºĭ�� �
(Atapour & Moharramipour, 2009)���
ƾƿŚſŚƴƃ�ŜǀƧźţ�źĮƿŵ�ƩƺŤǀƳŚƯ�ƵŶƃ�ƽř�ƵŚƯ�ƾƏ�Ʊō�ŢƔƬƛ�ƶƧ�ŵƺŝ�ƐƯ�ŵŹƺƯ�ƽŚƷ�ƝǈŤųř�ƶƘƫŚ

ƾƴƘƯ�ŵřŵ�ƱŚƄƳ�Źřŵ��ÒÑÑ�Ò�=�F��çæ�,ì�=�df���ÍÍÍÎ�ÍP < ���ƮƧ��źºƸƯ�Źŵ�ŜǀƧźţ�Ʋƿř�ŹřŶƤƯ�Ʋƿźţ�
�ƵŚƯ�Ð��t��Ð�Ô��ƹźĪǀƯ�����ƭźºĭ�źºƷ�źºŝ�ƩƺºƯ��ů�źºţ�ƱŻƹ�ºƄƵź���Ƃǀºŝ�ƹ���ƽŵ�Źŵ�Ʊō�ŹřŶºƤƯ�Ʋƿźºţ���ƵŚºƯ� �
�Ò�Ó��t��Ð�ÐÕ�ƹźĪǀƯ�ƭźĭ�źƷ�źŝ�ƩƺƯ ƵźƄů�źţ�ƱŻƹ��ƶŝ�ŶƯō�Ţſŵ��ŚƸƴţ�ƩƺŤǀƳŚƯ�ŹřŶƤƯ�ƽŵ�Źŵ���ƵŚºƯ

ƾƴƘƯ�ƝǈŤųř�ƵŚƯ�źƿŚſ�Śŝ�Źřŵ��Ţƃřŵ�ŚƷ��ƪĪƃÐ���ƶƐŝřŹ�ƽ�ƾƴƘƯ�ƾĮŤƀŞưƷ���Ʋºƿř�ŢƔƬƛ�Ʋǀŝ�ƽŹřŵ� �
��
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�ƪĪƃç���ƲǀĮƳŚǀƯ�šřźǀǀƜţ��tŹŚǀƘƯ�ƽŚƐų�����ƶŤºƃ�ƚƫŚºŝ�ŵřźºƟř�Źŵ�żƧƺƬĭ�ŢƔƬƛ�ƽ�B. brassicae�
Əƾ�ƵŚƯ�ŚƷƽ��źƸƯÎÐÕÔ�ŵŹř�Śţƿ�ŢƄƸŞÎÐÕÕ����ŵƺºưƗ�ƍƺºƐųƽ���ŝ�ƪĪºƃ�ƪºųřŵ�ºǀ�źĮƳŚ

ŚƐųƽ�ƘƯǀŝ�ƶŝŚƄƯ�Ɲƹźů�ƹ�ŹŚǀƴƘƯ�ƝǈŤųř�ŵƺūƹ�ƭŶƗ�źĮƳŚƾ��ŚºƐų�ŮƐſ�Źŵ�Źřŵƽ�Ò�
ĩƺţ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ŶƇŹŵƾ�Ưƾ�ŶƃŚŝ����

Fig. 2. Glucose mean (± SE) concentration changes in B. brassicae adults 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 after ANOVA. 

��
ƹ�Ŝǀĩźţ�ƵŚƯ�Źŵ�řƺƷ�ƽŚƯŵ�ƲǀĮƳŚǀƯ���Ŷºƃ�ƵŶƷŚºƄƯ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷ��ÍÔÑ�Í�=�P��ìëå�å��=�r���

ƾƬě�Ʀƿ�ƩƺŤǀƳŚƯ��ƩřƂƃ�Ɛų�źǀŬƳŻ�Śŝ�ƶƴŝźƧƶƬƀƬſ�Źŵ�ƶƧ�Ţſř�ƾ�ƽ��ƶŤƟŚǀƳ�ƶƘſƺţ�ƾƬǀų�ƱřŹƺƳŚū
ƲƿřŚŝ��Ţſř��Ţſř�ƵŶƃ�ƁŹřżĭ�šřźƄů�Żř�ƾưƧ�ŵřŶƘţ�Źŵ�ŵƺūƹ(Gehrken, 1984)��ƶƘƫŚƐƯ�Źŵ��ƽř

ƾƬě�Ŷǀƫƺţ�ƮƀǀƫƺŝŚŤƯ�ƽƹŹ�ƶƧ�Ʃř�ƶŤƃ�Źŵ�ǇŚŝ�ƽŚƷŚƯŵ�Źŵ�ŚƷ�ƽ�Aphis gossypii Glover�����Ŷºƃ�ƭŚºŬƳř
ǇŚŝ�ƽŚƷŚƯŵ�ƶƧ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ��°C�èÒ�> �����ƾºƯ�ƩƺŤǀƳŚºƯ�Ŷºǀƫƺţ�ƦƿźŰţ�ŜŞſ��ŵƺºƃ����ƱřżºǀƯ

ƶŤƃ�Źŵ�ƩƺŤǀƳŚƯ��ŮŞƇ�Źŵ�ƶƧ�ƾƿŚƷ�ƽŚƯŵ�°CçÓ�çÒ���Ɩºưū����ƮºƧ�ŶºƳŵƺŝ�ƵŶºƃ�ƽŹƹō����ƱřżºǀƯ�Żř�źºţ
ƶŤƃ�Źŵ�ƩƺŤǀƳŚƯ�ū�ƽŚƷưƖ�ƽŹƹō��źƈƗ�Źŵ�ƵŶƃ�ƽŚƯŵ�°C�Ñç�èí�������ƪºưŰţ�Źŵ�ƾºưƸƯ�ƂºƤƳ�ƹ�ŵƺŝ



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÏÒ 

�Ţƃřŵ�ǇŚŝ�ƽŚƷŚƯŵ�Źŵ�ƶŤƃ(Hendrix & Salvucci, 1998)��źŝ�����ƶºƘƫŚƐƯ�Żř�ƪºƇŚů�ŪƿŚºŤƳ�ŽŚºſř��ƽ
źƋŚů�ƶŝ�ƾƯ�źƔƳ�ƶŤƃ�ŢƔƟŚŰƯ�ŜŞſ�ƩƺŤǀƳŚƯ�ƶƧ�ŶſŹ�ŽźŤſř�źŝřźŝ�Źŵ�ŚƷ��ŚƯźſ�Żř�ƮƗř�ƾƿŚƯŵ�ƽŚƷ

ƾƯ�ŚƯźĭ�ƹ�ŵƺƃ�����ƦƫŚŝŶǀƠºſ�Źŵ�ƩƺŤǀŝŹƺºſ�ƽřźºŝ�ƾŤǀƇŚų�Ʋǀƴģ������Ţºſř�ƵŶºƃ�ƁŹřżºĭ�żºǀƳ�ŚºƷ�� �
(Wolfe et al., 1998)��Źŵ�Ƶźǀƃ��ƱŚƷŚǀĭ�Żř�ƽŹŚǀƀŝ�ƽ��źƿŵŚƤƯ�ƪƯŚƃ�ƾƷŚǀĭ�Ţſř�ŻŹŚƧŚſ�Żř�ƾƳřƹřźƟ

(Tarczynski et al., 1992)��Ƶźǀƃ�Żř�ƶƧ�ƾţřźƄů�ƽ�ƾƯ�ƶƿŸƜţ�ƾƷŚǀĭ��Żř�ƵŵŚƠŤſř�Śŝ�řŹ�ŻŹŚƧŚſ��ŶƴƴƧ
ƾƯ�ƪƿŶŞţ�ŻƺŤƧƹźƟ�ƹ�żƧƺƬĭ�ƶŝ�ŻřźƧƺſ�ƮƿżƳō��ŶƴƴƧ(Niimi et al., 1993)��ƦƫŚŝŶǀƠſ�Źŵ�ƶŤƃ�ƹ�ŚƷ��ŚƷ

ƶŝ�ŻƺŤƧƹźƟ��ƹ�řźŤƀŝƺſ�ƱřƺƴƗNADPH�ƶŝ��ƮƿżƳōƺƧ�ƱřƺƴƗ��ƾºƬě�Ŷºǀƫƺţ�ƽřźŝ�Ʃř����ƾºƯ�ƪºưƗ�ŚºƷ���ŶºƴƴƧ
(Salvucci et al., 1997)��ƶŤƃ�Źŵ�ƩƺŤǀƳŚƯ�ƮƿżƳō�ŢǀƫŚƘƟ�źŧř�Źŵ�ŻƺŤƧƹźƟ��ŚƷ����ƩƺŤǀƳŚºƯ�ƶºŝ�ŻŚƳĥƹŹŶǀƷŵ

ƾººƯ�ƪƿŶººŞţ���Ǝººſƺţ�ƂƴººƧřƹ�Ʋººƿř�ƶººƧ�ŵƺººƃNADPH ketose reductase�ƾººƯ�Ɩƿźººƀţ�ŵƺººƃ�� �
(Hendrix & Salvucci, 1998)��ƱŚưƷ��Źŵ�ƾţŚƗǈƏř�Ŷƃ�ƶŤƠĭ�ƶĩ�ƶƳƺĭƶƴǀƯŻ�ƽ��ŶƋ�šŚŞǀƧźţ�ƾſŹźŝ

ƶŤƃ�Źŵ�Ųƿ�ŢƀǀƳ�Ţſŵ�Źŵ�ŚƷ��ƹ�ƎƤƟ��ŶƴŤºƀƷ�ƾţŚŞǀƧźţ�ƩƹźƀǀƬĭ�ƹ�ƩƺŤǀƳŚƯ�ƶƧ�Ţſř�ƵŶƃ�ƵŹŚƃř
ƾƯ�ƶƧ�ƶŤƃ�ƪưŰţ�Źŵ�ƾưƸƯ�ƂƤƳ�ŶƴƳřƺţ����ŶƴºƃŚŝ�ƶŤºƃřŵ�ŚƯźºſ�ƶŝ�ŚƷ�(Sømme, 1969)����Źŵ�ƩƺŤǀƳŚºƯ
ƶººƳƺĭ��šřźººƄů�Żř�ƽźººĮƿŵ�ƽŚººƷ����ƱŚŤººƀƯŻ�ƪººƯŚƧ�šřźººƄů�Źŵ�ƶººƬưūŻř��Ʀººſƺſ�ƱřŹŸººĭ�� �

Ips typographus (L.)�(Kostal et al., 2007)�Ʋºººſ�ŻƺěŚºººƿŵ�ƽřŹřŵ�ƪºººƯŚƧ�šřźººƄů�Źŵ���� �
Pyrrhocoris apterus (L.)�(Kostal et al., 2001)���ƾƯƺƏźųźºſ�ƹLissorhopterus oryzophilus L.�

(Lee et al., 2002)�ƶŝ�ŶƋ�ŜǀƧźţ�ƱřƺƴƗ�ƶŝ�Ųƿ��Ţºſř�ƵŶƃ�ƁŹřżĭ�šŚŞǀƧźţ�źƿŚſ�ƵřźưƷ����ŵƺūƹŚºŝ
źƀǀƬĭ�ƶĪƴƿř�Ʃƹƶŝ��ƱřƺƴƗƱŚŤƀƯŻ�šřźƄů�Żř�ƽŹŚǀƀŝ�Źŵ�ƮƸƯ�Ųƿ�ŶƋ�Ŝǀĩźţ�Ĩƿ��ƁŹřżĭ�ƱřŹŸĭ
��Ţºſř�ƵŶºƃ�(Layne Jr, 2004; Atapour & Moharramipour, 2009)��ŚºƯř����šřźºƄů�Żř�ƾºƌƘŝ�Źŵ

ƱŚŤƀƯŻ�Ŝǀſ�ƭźĩ�źǀƔƳ�ƱřŹŸĭ��Cydia pomonella (L.)��ƶŝ�ƩƹźƀǀƬĭ�ŶƋ�ƾƬƇř�Ŝǀĩźţ�ƱřƺƴƗ��Ųƿ
Ţſř�ƵŶƄƳ�ƁŹřżĭ�(Khani et al., 2007)��ƲƿřŚŝ�ŵƺūƹ���ƾºſŹźŝ�Śŝ����ƶºŝ�Ƣºǀƣŵ�ƽŚºƷ��ƪºưƗ���Źŵ�ƵŶºƯō

�ƂƷƹĦě�źƋŚůƱŚŤƀƯŻ�šřźƄů�Źŵ�ƩƹźƀǀƬĭ�ŵƺūƹ�ƶŤƃ�ƱřŹŸĭ�ƽ�ŶǀſźƳ�šŚŞŧř�ƶŝ�ƮƬĩ�ƾƯƺƯ����
ƵŚƯ�ƭŚưţ�Źŵ�ŚƷƽ�ŵŹƺƯ��ŚſŚƴƃ�żǀƳ�ŻƺƫŚƷźţ�ƹ�ƩƺŤƿŻƺƴƿřƺƿŚƯ�ŜǀƧźţ�ƹŵ�ƶƘƫŚƐƯƾƿ����ƶºĩ�ŶƳŶºƃ

ŚƯƿřƺƿŻƺƴƿ��ºƴƘƯ�ƝǈŤºųř�ƩƺŤƾ�Źřŵƽ��řŵ�ƱŚºƄƳ�řŹŵ��ÒÑÑ�Ò�=�F��çæ�,ì�=�df���ÍÍÍÎ�ÍP < ���ºƫƹƾ�
��ºƴƘƯ�ƝǈŤºųř�ŻƺƫŚƷźţ�ŹřŶƤƯƾ�Ư�Źřŵ�ºǀ�ƵŚºƯ�ƱŚ��ŚºƷƽ���ŢºƃřŶƳ�ƞºƬŤŴƯ��ÒÑÐ�Ï�=�F��çæ�,ì�=�df��

�ÍÑÓ�ÍP = ���ƲƿřŚŝ�ŵƺūƹ��źƷ�ƹŵ�ƽŵ�Źŵ�ŜǀƧźţ�ƽřŹřŵ�ƵŚƯ�Ƃǀŝ�Ʋƿźţ�ŹřŶƤƯ��ƶŝ��ŜǀţźţÕ�Î��t��Ô�ÎÎ�
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ƱŚŤƀƯŻ�ƪƯŚƧ��Ʀſƺſ�ƱřŹŸĭ).Motsch( nigripennis Aulacophora��tanabe & Tanaka,1999)a(W�
�ƹHarmonia axyridis Pallas�(Watanabe, 2002)�ƽŚƷƹŹǇ�Źŵ�ŻƺƫŚƷźţ�ƹ�ƱŚŤƀƯŻ��ƱřŹŸĭŜǀſ�ƭźƧ�

(Khani et al, 2007)�ƵźǀƠƃ�ƹ�ŻƺěŚƿŵ�ƽŚƷƽ��H. cunea�(Li et al., 2001)�ƶŝ�ƮƸƯ�ƱřƺƴƗ��ŜǀƧźţ�Ʋƿźţ
Ţſř�ƵŶƃ�ƶŤųŚƴƃ�Ųƿ�ŶƋ���
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ŚƐųƽ�ƘƯǀŹŚ�ŝ�ƶŝŚƄƯ�Ɲƹźů�ƹǀźĮƳŚ�ƴƘƯ�ƝǈŤųř�ŵƺūƹ�ƭŶƗƾ��ŚºƐų�ŮƐſ�Źŵ�Źřŵƽ�Ò�
ĩƺţ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ŶƇŹŵƾ�Ưƾ�ŶƃŚŝ����

Fig. 3. Mannitol mean (± SE) concentration changes in B. brassicae adults 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 after ANOVA. 
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Fig. 4. Myo-inositol and trehalose mean (± SE) concentration changes in B. brassicae adults 
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 after ANOVA. 
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Fig. 5.�Total cryoprotectants mean (± SE) concentration changes in B.brassicae adults 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 
after ANOVA. 
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ƾƯ�ŶƃŚŝ��ƶŝ��ţŚºƘƫŚƐƯ�Źŵ�ƩŚŨƯ�ƱřƺƴƗƾ�����Źŵ�ƱĥƺºƨǀƬĭ�šřźºǀǀƜţ�ƽƹŹ�ƶºƧ��ƶƣŚºſ�ƭźºƧ���ŪƳźºŝ�Źřƺºų��� �
Chilo suppressalis (Walker)����ºƨǀƬĭ�ŹřŶºƤƯ��Ŷƃ�ƭŚŬƳř�Żř�Ʊĥƺ�ƮºƧ��Ʋƿźºţ���ŹřŶºƤƯ�ƲºưƸŝ�Źŵ���ƵŚºƯ� �

�Ò�Í��t��ÔÏ�ÎÐ�ƯǀƬƾ�ƵźƄů�źţ�ƱŻƹ�ƭźĭ�źƷ�źŝ�ƭźĭ����ŚţƂǀŝ�Ʋƿźţ��ŵřŵźºƯ�Źŵ���ƵŚºƯ�Ö�Ð��t��ÕÒ�ÐÍ�
ƯǀƬƾ�ƵźƄů�źţ�ƱŻƹ�ƭźĭ�źƷ�źŝ�ƭźĭ����ƱřżǀƯ�ƶŝ�ŵƹŶůÎÔ�ƯǀƬƾ���ƶºŝ��ŵƺºŝ�ƱŚſƺƳ�Źŵ�ƭźĭ��ŹƺºƏƽ���ƶºƧ
ƶŝ�řŻřƽ��ƵŚºƯ�ƾƏ�ƩƹźƀǀƬĭ�ƂƿřżƟř����Ư�ƱŚŤºƀƯŻ�ƹ�żǀƿŚºě�ƽŚºƷ����ƾºƯ�ƂƷŚºƧ�ƱĥƺºƨǀƬĭ�Ʊřżºǀ���ŢºƟŚƿ� �

(Atapour & Moharramipour, 2009)��ƶŝ�ƾƯ�źƔƳ�ƶŤƃ�ŶſŹ�ŢƸū��ŚƷ���ƾºƬě�ƹ�ŚƷŶºƴƣ�Ŷǀƫƺţ�Ʃř���Żř�ŚºƷ
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ƾƬě�ƹ�ŚƷŶƴƣ�Ʃř�Ƶźǀƃ�Źŵ�ŵƺūƺƯ�ƽŚƷ�ƽ�ƶŝ�Śƿ�řŹ�ƾƷŚǀĭ�ƾƯ�ŢƟŚƿŹŵ�ƮǀƤŤƀƯ�ŹƺƏ��ƶºŝ�Śƿ�ƹ�ŶƴƴƧ���ŹƺºƏ
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ƶƘƫŚƐƯ�źǀųř�ƽ�ìå��Śţîå�ƶŝ�ƚƫŚŝ�ŵřźƟř�ŶƇŹŵ��ƽŚƯŵ�ƪưŰţ�ƶŝ�ŹŵŚƣ�ƾŤůřŹÒ���ƶºūŹŵ�ƽ���ŽƺǀºƀƬſ
ŶƳŵƺŝ��Źŵ�ƾƫŚů��ƽŚƯŵ�Źŵ�ƚƫŚŝ�ŵřźƟř�ƽŚƤŝ�ƱřżǀƯ�ƶĩæå��ƶūŹŵ�ƽ��ƮºƄģ�šřźǀǀƜţ�ŽƺǀƀƬſ���ƽźºǀĭ
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ƲưƸŝ�Śţ�ľŚŞƿźƤţ�ŶƳŚƯ�ŢŝŚŧ�ƵŚƯ��ƭźĭ�Śŝ��ƹ�ŢƟŚƿ�ƂƷŚĩ�żǀƳ�ŚƯźſ�ƶŝ�ƪưŰţ�ƱřżǀƯ��ŹŚƸŝ�Źŵ�řƺƷ�ƱŶƃ

�ŚƤŝ�ŶƇŹŵ�ƶŝÑå�ŢƄƸŞƿŵŹř�Źŵ�ŶƇŹŵ��ŶǀſŹ�ƵŚƯ��ƽŚƯŵ�Źŵ�šŚƠƬţ�ƱřżǀƯæÒ��ƶūŹŵ�ƽ��ŽƺǀƀƬſ
ŵƺŝ�ǇŚŝ�ŹŚǀƀŝ��(Saeidi et al., 2011)��ŶƋ�šŚŞǀĩźţ�ƪĩ�ŹřŶƤƯ�ƶĩ�Ţſř�ƾƫŚů�Źŵ�Ʋƿř����Żř�żºǀƳ�Ųºƿ

åì�è��t��Ö�ÎÎƹźĪǀƯ�ƵźƄů�źţ�ƱŻƹ�ƭźĭ�źƷ�źŝ�ƩƺƯ�źƸƯ�Źŵ��ŵƹŶů�ƂƿřżƟř�Ĩƿ�Śŝ�ƵŚƯÒ�Ñ��ƽźŝřźŝ
ƶŝÕÐ�Õ��t��Õ�ÒÒ�ƹźĪǀƯ�ƵźƄů�źţ�ƱŻƹ�ƭźĭ�źƷ�źŝ�ƩƺƯ�ƽŵ�Źŵ�ƵŚƯ�Źŵ�Ʊō�Żř�žě�ƹ�ŶǀſŹ�ƵŚƯ���ƽŚºƷ

ŢƟŚƿ�ƂƷŚĩ�ƽŶƘŝ��ŶƋ�šŚŞǀĩźţ�ŹřŶƤƯ�ƂƿřżƟř�Ųƿ��ƶŝ�ƩƺŤǀƳŚƯ�ƵĦƿƹ���ƶŤƃ�Ʋƿř�Źŵ��ƵŚºƯ�ƾºƏ���ƽŚºƷ
Ʊō�ƱŶǀſŹ�ƹ�ƱŚŤƀƯŻ�ƹ�żǀƿŚě��ƶŝ�ŚƷƂǀŝ�Ʋƿźţ�ƵŚƯ�Źŵ�ŵƺų�ŹřŶƤƯ�ƩŚſ�ŵźſ�ƽŚƷ��ƶŝ��ƵĦºƿƹ�ƽŵ��ƵŚºƯ��



ÐÍ                            ƱřŹŚƨưƷ�ƹ�ƽŶǀƘſ��Ʊō�šřźǀǀƜţ�ŶƳƹŹ�ƹ�Ųƿ�ŶƋ�šŚŞǀƧźţ�ƶŤƃ�Źŵ�ŚƷ��ƮƬƧ�ƾƯƺƯ�ƽ�����

�ƪŝŚƣ�ƾĮƴƷŚưƷ�ƶºūŹŵ�źƠƇ�źƿŻ�ƽŚƷŚƯŵ�Źŵ�ƶŤƃ�Ʋƿř�ƽǇŚŝ�ƪưŰţ�Śŝ�řŹ�ƾƸūƺţ�ƽ���Źŵ�ŽƺǀºƀƬſ
ƵŚƯ�Ʋƿř�ŵřŵ�ƱŚƄƳ�ŚƷ��ƶŝ�ƿřƲ�ƾƯ�Ŝǀţźţ�ƶŬǀŤƳ�Ʊřƺţ��ƪưŰţ�Źŵ�ƾưƸƯ�ƂƤƳ�šŚŞǀĩźţ�Ʋƿř�ƶĩ�ŵźĩ�ƽźǀĭ
ƶŤƃ�ƽ����ƽŚºƷŚƯŵ�Śºŝ�ƶƸūřƺƯ�Źŵ�šŚŞǀĩźţ�Ʋƿř�ŢƔƬƛ�ƂƿřżƟř�Śŝ�ƵźƄů�ƹ�ŶƳŹřŵ�ŚƯźſ�ƶŝ�ƮƬĩ�ƾƯƺƯ

ŚƤŝ�Ţſř�ŹŵŚƣ�ƲǀƿŚě���ŢºǀƘưū�ƹ�Ƶŵřŵ�ƂƿřżºƟř�ƱŚŤºƀƯŻ�ŢŴſ�ƹ�ŵźſ�Ǝƿřźƃ�Źŵ�řŹ�ŵƺų�ƽ���ƽŚºƷ
ƱŚŝżǀƯ�ƽƹŹ�řŹ�ƾƷƺŞƳř�Ŷƴĩ�ŵŚŬƿř�ƶƳŚŤƀƯŻ�ƽŚƷ���
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��
��
��
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��

ƪƨƃ�Ó��šřźǀǀƜţ��ƲǀĮƳŚǀƯ��tŹŚǀƘƯ�ƽŚƐų��ƶŤƃ�ƚƫŚŝ�ŵřźƟř�Źŵ�ƱĥƺƨǀƬĭ�ŢƔƬƛ�ƽ�B. brassicae�
�źƸƯ�ŻřæèíìŢƄƸŞƿŵŹř�Śţ�æèíí��ƲǀĮƳŚǀƯ�ƶƿżŬţ�ŽŚſř�źŝ�ŚƷ�ƽ��ºƿŹřƹ�žƳŚ(ANOVA)�
ƾƴƘƯ�ŶƳŵƺŞƳ�Źřŵ���

Fig. 6. Glycogen mean (± SE) concentration changes in B. brassicae adults from October 
2008 to May 2009. Means were not significant according to ANOVA. 
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