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ƵŶǀĪģ 

īźŝ�ƭźĩ�ŹŶƴƜģ�Źřƺų��Spodoptera exigua (Hübner)��ƵźƄů�ƶƴƯřŵ�Śŝ�ƽř�ƽ��Ɩǀſƹ�ƾƳŚŝżǀƯŢſř�ƵŶưƗ�šŹŚƀų�ƶĩ��ƽř
ƶŝ�řŹ�Ŝǀſ��ŹŶƴƜģ�ƶŝ�ƅƺƈų�ƾƯ�ŵŹřƹ�ƶŞƴě�ƹ�ƾƴǀƯŻ�ŵŻŚſ��ƶŝ ƱŚŤƀƯŻ�ƾĮƳƺĮģ�źŤƸŝ�ħŹŵ�ŹƺƔƴƯ�Ųƿ�ŶƋ�šŚŞǀĩźţ��ŢƟō�ƾƳřŹŸĭ�

(cryoprotectants)�ƱŚŤƀƯŻ�ƽŚƷƹŹǇ��ƱřŹŸĭƵŚƯ�ƾƏ �ŶƴƠſř�Śţ�ƱŚŝō�ƽŚƷæèíì�ƶƳƺưƳ�ƵřźưƷ�ƶŝ�ƁŹƹźě�ƽŚƷ��Śŝ�ƵŚĮƄƿŚƯŻō�Źŵ�ƶŤƟŚƿ
HPLC�ƵŻřŶƳř�Ŷƃ�ƽźǀĭ��Ūƴě�ƽźţ�Ŝǀĩźţ��ƶºŝ�ƩƺŤǀŝŹƺſ�ƹ�ƩƹźƀǀƬĭ��ƩƺŤƿŻƺƴƿřƺƿŚƯ��żĩƺƬĭ��ŻƺƫŚƷ���ƶºƳƺưƳ�Źŵ�Ŝºǀţźţ����ŵŹƺºƯ�ŚºƷ

Ʊō�ƱŚǀƯ�Źŵ�ƶĩ�ŢƟźĭ�Źřźƣ�ƾƿŚſŚƴƃ�ƽźţ�ŚƷ�Ƃǀŝ�ŻƺƫŚƷ�Ƃǀŝ�ƹ�ŹřŶƤƯ�Ʋƿźţ�Ʋƿźţ�ƵŚƯ�ƾƏ�řŹ�ƂƿřżƟř��ŵřŵ�ƱŚƄƳ�ŵƺų�Żř�ŵźſ�ƽŚƷ��Żř
îî�Í�ƾƬǀƯ��Śţ�ƱŚŝō�Źŵ�ƵźƄů�ƱŻƹ�Żř�ƭźĭ�Ĩƿ�źŝ�ƭźĭÖ�Ð�ƾƬǀƯ�źŝ�ƭźĭ��ƽŵ�Źŵ�ƭźĭ�Ĩƿ�ƵŚƯ����ƶŝ�Ʋƿř��Ŝºǀţźţ�����ƾºƯ�źºƔƳ�ƶºŝ���ŶºſŹ
ƮƸƯ�ƱŚŤƀƯŻ�ƽŚƷƹŹǇ�Źŵ�Ųƿ�ŶƋ�Ŝǀĩźţ�Ʋƿźţ��ƱřŹŸĭ�ƭźƧīźŝ�ƽźţ�ŹŶƴƜģ�Źřƺų���ŢƔƬƛ�ƂƿřżƟř�Śŝ�ƶĩ�ŶƃŚŝ�ŻƺƫŚƷ�ŹŵŚƣ�řŹ�ƵźƄů
ƾƯ�ŵŹřŸĭ�źſ�ŢƄě�ŢǀƤƟƺƯ�Śŝ�řŹ�ƱŚŤƀƯŻ�Śţ�ŵŻŚſ���
ĥřƹ�ƱŚĭƽŶǀƬĩ��īźŝ�ƭźĩ���ŹŶƴƜģ�ŹřƺųSpodoptera exiguaŲƿ�ŶƋ�šŚŞǀĩźţ��ƽźţ���ƾŤŴſŚƯźſ��ŻƺƫŚƷ��

Abstract 
The beet armyworm, Spodoptera exigua (Hübner), is a polyphagous pest that causes serious 

damages to a wide range of agricultural crops including beet, potato and cotton. In order to deepen our 
understanding of the biology of the pest during the winter, overwintering larvae of beet armyworm were 
collected from the fields from November 2008 through March 2009. Using HPLC technique, the level of 
cryoprotectants (antifreeze compounds) inside the body of larvae was measured and the following five 
compounds were detected: trehalose, glucose, myo-inositol, glycerol and sorbitol. It is found that the 
amount of polyols and trehalose is always higher than the other compounds and during the coldest days of 
the winter their level sharply increases from 0.99 mg/g fresh weight in November to 3.9 mg/g fresh 
weight in January. The results suggest that trehalose is the key cryoprotectant that helps overwintering 
larvae of beet armyworms survives during the harsh winter days. 
Key words: beet armyworm, Spodoptera exigua, cryoprotectants, trehalose, cold hardiness 
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ÐÑ                           ƱřŹŚƨưƷ�ƹ�ŹƺěŚƐƗ���šŚŞǀƧźţ�šřźǀǀƜţ�ƽŚƷƹŹǇ�Źŵ�ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�����

ƶƯŶƤƯ��
ƵŹƹŵ�ƩƺƏ�Źŵ�ƩŶŤƘƯ�ƢƏŚƴƯ�ƲƧŚſ�šřźƄů�Żř�ƽŹŚǀƀŝ�ƽ���ƾºƐǀŰƯ�šřźǀǀƜţ�Śŝ�ŵƺų�ƾĭŶƳŻ

ŶƴŤƀƷ�ƶūřƺƯ�ƾƗƺƴŤƯ���ƱƺƈƯ�ŢƸū�šřźƄů�Ʋƿř�ƾƯ�ƶƧ�Ǝƿřźƃ�Ʋƿř�Żř�ƱŶƳŚƯ�Ʊō�ŌŚƤŝ�ŶƳřƺţ���řŹ�ŚºƷ
ƁƹŹ��ŶƴƧ�ŶƿŶƸţ�ƶŝ�řŹ�ƽŹŚǀƀŝ�ƾƤŝŚƐţ�ƽŚƷ�ƾƯ�ŹŚƧ�ŶƳźŝ����ƶºūřƺƯ�������ƾºƏ�ƲǀƿŚºě�ƽŚºƷŚƯŵ�Śºŝ�ƱŶºƃ

ƵŚƯ�ſ�ƽŚƷƩƹřŶŤƯ�Żř�ƾƨƿ�ƱŚŤƀƯŻ�ŵź�ŝ�ƶƧ�Ţſř�Ǝƿřźƃ�Ʋƿř�ƲƿźţǀƱŚŤƀƯŻ�šřźƄů�źŤƄ���Śºŝ�ƱřŹŸĭ
źſ�ŢƄě�řŹ�Ʊō��ŵƺų�ƾŤŴſŚƯźſ�ƂƿřżƟř�ƾƯ��ŶƳŹřŸĭ(Denlinger, 1991; Leather et al., 1993)���ƶŝ

ưƷǀƶƘƫŚƐƯ�ƮƬƗ�ŢƬƗ�Ʋ�ƽ�ŚƷŚƯŵƽ�Śěǀƿ�Ʋ(Cryobiology)�ĮƳƺĮģ�ƹƾ��ƱŚŤºƀƯŻ��ƳřŹŸºĭƾ���šřźºƄů
Ż�ƶūƺţ�ƵŻƹźƯřƿŵŚƽ�Ţſř�ƶŤƃřŵ�ƝƺƐƘƯ�ŵƺų�ƶŝ�řŹ����

�ŹŵƯǀŤŴſŚƯźſ�Ʊřżƾ�šřźƄů�ŶƴŤƀƷ�ŢǀưƷř�żŗŚů�šŚŞǀƧźţ�Żř�šƹŚƠŤƯ�Ƶƹźĭ�ƶſ���ƶſ�Ʋƿř
�Żř�ŶºƴţŹŚŞƗ�Ƶƹźĭ�ĩźţǀ���ŶºƋ�šŚºŞ�ºƿ��ƫƺºĪƫƺƯ�ƱŻƹ�Śºŝ�Ųƾ��Śºěǀƿ��Ʋ���ƶŤºƀƷ�ŶºƫƺƯ�ƪºƯřƺƗ�ƽ��Ųºƿ��ƹ

ƲǀŘţƹźě����Ųºƿ�ŶºƋ�ƽŚƷ(Lee & Denlinger, 1991; Bale, 2002)����Ƶŵřŵ�ƱŚºƄƳ�šŚºƘƫŚƐƯ��ŶºƳř���Źŵ�ƶºƧ
ƵŹƹŵ�ƽ�ƱŚŤƀƯŻ�ƳřŹŸĭƾ���ƲǀƿŚºě�ƾƫƺºƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�šŚŞǀƧźţ�ŢƔƬƛ��(cryoprotectants)���ƶºŝ

ƾƯ�ƂƿřżƟř�ŪƿŹŶţ��ŶŝŚƿ(Kostal, 2006)���Ʋǀƴģ�ƂƿřżƟř�����Żř�ƾƘǀºſƹ�ƞºǀƏ�Źŵ�ƾºŴƿ�ŶƋ�šŚŞǀƧźţ
ƱŚŤƀƯŻ�šřŵƺūƺƯ�ƭźƧ��ƱŚƷŚǀĭ�źǀƔƳ�ƱřŹŸĭ�ƶƴƧ��ŚƷ���šƺºŞƨƴƗ�ƹ�ŚºƷ���ƭŵ�Żř�ƽŹŚǀºƀŝ��ŚºƷ��ƽźºƴƟ��ŚºƷ���

�Ţſř�ƵŶƃ�ƵŶƿŵ�ƱŚĭŶƳżų�ƾŤů�ƹ�šřźƄů(Kostal et al., 2001)��ř�ŢƔƬƛƿĩźţ�Ʋǀ�ƪƯŚƃ�ƶĩ�šŚŞ
ųźŝƾ�Ŷƴƣ�ŚƷŶƴƣ�ƹ�ŚƷƽ�ƬĪƫřƾ�Ưƾ��ŵƺƃ�ƶŝ�ƭƺưƗ�ŹƺƏ�ưƷ�Źŵƶ�ƽ�šřźƄů�ƶŝ�ŹŶţƿ�ºƏ�Ūƾ���ƱŚŤºƀƯŻ
řżƟřƿƯ�Ƃƾ�ƿŶŝŚ��ƲƿřŵƺūƹŚŝ�ƶŤųŚƴƃ�ƶƧ�ƵŶƃ�����ƾºƯ�ƩƹźºƀǀƬĭ�ŵřƺºƯ�Ʋºƿř�ŜǀƧźţ�Ʋƿźţ����Źŵ�ŚºƯř�ŶºƃŚŝ

Ƶƹźĭ�ŴƯ�ƽŚƷ���ƿřƺƿŚºƯ��ƩƺŤǀƳŚºƯ��ƩƺŤǀŝŹƺºſ�źǀƔƳ�ƽźĮƿŵ�ŵřƺƯ�šřźƄů�ƞƬŤƴ���ƩƺºŤƿŻƺƴƿř��ƩƺŤƿŻƺ
ƲƬǀţř���ƩƺŤǀŞƿŹ��ƩƺƨǀƬĭźţƽ�ŻƺƫŚƷ�ƶŤƟźĭ�Źřźƣ�ƾƿŚſŚƴƃ�ŵŹƺƯ�żƧƺƬĭ�ƹ�ŻƺŤƧƹźƟ���ŶƳř�(Lee, 2010) ����

ţřźƄů�Źŵƾ�ĦţřźŤſř�Żř�ƶĩƽ��Żř�śŚƴŤūřƿŲ�ĭŵŻƾ�Ư�ƵźƸŝƾ�ĩźţ�ŶƳźŝǀ���ŶºƋ�šŚºŞ�ºƿ��ƱŻƹ�Śºŝ�Ų
ƫƺĪƫƺƯƾ�Śěǀƿ�Ʋŵźſ�ŢǀƟźƓ�ƂƿřżƟř�ŜŞſ�ơƺƟ�ƱŶƃ�ƶƐƤƳ�ƂƷŚƧ�ƹ�ƵŵŚƘƫř�ƽ���ƾºƯ�ŵŚºưŬƳř��ƺºƃƳŶ�

(Duman et al., 1995)��ţřźƄůƾ�ĦţřźŤſř�Żř�ƶĩƽ��ƶŝ�ƪưŰţƿŲ�ĭŵŻƾ�Ư�ƵźƸŝƾ��ŶƳźŝƮƀǀƳŚƨƯ�Śŝ��ƾƿŚƷ
źǀƔƳ�ƵƺƤƫŚŝ�ƂƷŚƧ�ƽ�ƬƇŚƟƶ�ƽ�ƩƺƨƫƺƯ��Ƙºſƺţ�ƩŚưŤůř�ƂƷŚƧ�ƶŬǀŤƳ�Źŵ�ƹ�śō�ƽŚƷƶ�ƽ���ŹƺºƬŝ���Ųºƿ

ŢǀƫƹźŤƨƫř�šŚŞŧ�ƒƠů�ŚƷƲǀŘţƹźě�ŹŚŤųŚſ�ƹ�ƽźƟŚŝ�ƽ�ƱŚƿźū�ƂƷŚƧ��ŚƷ��ƹ�ŌŚƄƛ�ƱŚǀƯ�Żř�śō�ƲŤƟŚƿ
ƲǀƿŚě�ƽŚƷŚƯŵ�Ǝƿřźƃ�Źŵ�ƩƺƬſ�ƮŬů�ƒƠů��ƫŚưŤůř�šŚƯŶƇ�Żƹźŝƾ���Ųºƿ�Żř�ƾºƃŚƳ��ƾºĭŵŻ����źºǀƔƳ
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���ç���ÎÐîå�������������������������������������������������������������������������ÐÒ 

Ųƿ�ƪŰƯ�Źŵ�ƾƨǀƳŚƨƯ�šŚƯŶƇ�ŢǀƫƹźŤƨƫř�ƩŵŚƘţ�ƭŶƗ��ƾĭŵŻ�ƾƳřźŰŝ��ŚƷ���ƩƺƬſ�ƮŬů�ƱŶƃ�ŹƺƬŞţ
ƾƯ�ƂƷŚƧ�řŹ�ŵŶŬƯ�ŵŚưŬƳř�ƹ�ŶƴƷŵ�(Bale, 2002)���ƶŝ�ŹƺƏ�šŚŞǀƧźţ�ƾƬƧ�Źŵ�Ųƿ�ŶƋ����Żř�ƶŤºſŵ�Ʋºƿř

šřźƄů�śō�ƱřżǀƯ�Ʊō�ƩŚŞƳŵ�ƶŝ�ƹ�ŵŚưŬƳř�ƽřźŝ�ŽźŤſŵ�ƪŝŚƣ�śō�ƱřżǀƯ����řŹ�ƩƺƬºſ�ƽźºǀĭ�ƮǀºƔƴţ�
Ųƿ�Żř�ƪƇŚů�ƽżưſř�ƥƺƃ�ƹ�ƵŵźƧ�ƾƯ�ƂƷŚƧ�řŹ�ƾĭŵŻ�ŶƴƷŵ�(Kostal et al., 2001)���

īźŝ�ƭźĩ��ŹŶƴƜģ�ŹřƺųSpodoptera exigua (Hübner) �ř�ƾºĪƿ���ƶŤųŚƴºƃ�Ż��ƵŶºƃ����šŚºƟō�Ʋƿźºţ
ƶŝ�ƽŻŹƹŚƄĩ��ƾƯ�ŹŚưƃ�ŵƹŹ��ƵźƄů�Ʋƿř�ƽŚƷƹŹǇ��ƶƴƯřŵ�ƽřŹřŵ�ƽ���ƶºŝ�ƹ�Ƶŵƺŝ�ƾƘǀſƹ�ŹŚǀƀŝ�ƾƳŚŝżǀƯ

Óå��Żř�ƶººƳƺĭèæ�Ƶźººǀţ�ƽ��ƞººƬƗ�ƹ�ƾººƗřŹŻ�ƱŚººƷŚǀĭ�ƞººƬŤŴƯ��ƾººƯ�šŹŚººƀų�ŻźººƷ�ƽŚººƷ�ŶººƴƳŻ� �
(Heppner, 1998)��ƮƸƯ�Żř�ƶƬưů�ŵŹƺƯ�ƾƗřŹŻ�ƱŚƷŚǀĭ�Ʋƿźţ�īźŝ�ƭźĩ�ƽ�ƾƯ�ŹŶƴƜģ�Źřƺų��ƺºţ��ƶºŝ�Ʊř

ŹŶººƴƜģ��ƶººūƺĭ��ƮººƬĩ��ƶººŞƴě��šŹŷ��ƶººŬƳƺƿ��Ŷººƴƣ�Ŝǀººſ��ƾººĮƳźƟ��ƾººƴǀƯŻ�ƺƷŚººĩ�ƹ��ŵźººĩ�ƵŹŚººƃř� �
(Heppner, 1998; Azidah & Sofian, 2006)��ƶŝ�ŢƟō�Ʋƿř�ƶƬůźƯ�Źŵ�ƩƺưƘƯ�ŹƺƏ�ƽ���Źŵ�ƹ�ƾĭźǀƠºƃ

ƾŤƳŚſ�Ŷƴģ�ƢưƗ�ƱŚŤƀƯŻ�ħŚų�ƽźŤƯ�ƾƯ�ƾƳřŹŸĭ�Ŷƴĩ��Śŝ�Ʋƿř�ƱŚŤƀƯŻ�Śŝ�ƾƤƏŚƴƯ�Źŵ�ƩŚů�ƮƿǈƯ�ƽŚƷ��źţ
ƶŝ�ƩŚĪƃř�źƿŚſ��ƶŝ�ƵĦƿƹ�ƾƯ�ƵŶƷŚƄƯ�ƱŚŤƀƯŻ�ƩƺƏ�Źŵ�żǀƳ�ƹŹǇ�ŵƺƃ���ƽřŶŤŝř�Źŵ�ŢƟō�ƞƘƋ�ƹ�šŶƃ

Ƶźǀųŷ�ƶŝ�ƍƺŝźƯ�ƾƗřŹŻ�ƩŚſ�źƷ��ƶƳŚŤºƀƯŻ�ƽŚƷ�ƽ���ƵźǀƠºƃ�Śºƿ�ƹ�ƹŹǇ�������ƶºŝ�ƢºƟƺƯ�ƶºĩ�Ţºſř�ƾƿŚºƷ
ƱŚŤƀƯŻ�ƵŶƃ�ƾƳřŹŸĭ�ŶƳř��ƶŝ�ƽŹƺƏ�ƵźǀƠƃ�Śƿ�ƹ�ŚƷƹŹǇ�Ʋƿř�ŵřŶƘţ�ƶģ�źƷ�ƶĩ���ŢºǀƘưū�ŶƃŚŝ�źŤƄǀŝ�ŚƷ
�Źŵ�ŢƟō��ŵƺºŝ�ŶƷřƺų�źŤƄǀŝ�żǀƳ�ŶƘŝ�ƩŚſ�ŹŚƸŝ(Kheyri, 1976; Heppner, 1998; Khanjani, 2006)��

ƶŝ�Ʋƿř�ƶƘƫŚƐƯ�Ŝǀţźţ�ƽ�ƱŚŤƀƯŻ�ƾĮƳƺĮģ�ƪǀųŵ�ŶƴƿōźƟ�Ʋƿř�Źŵ�ƶĩ�ƾƬƯřƺƗ�ƹ�ŢƟō�ƾƳřŹŸĭ��ŹŚǀƀŝ�ŶƴŤƀƷ
ƾƯ�ŢǀưƷř�żŗŚů�ŶƃŚŝ���

ƶƴǀƯŻ�Źŵ�ƱƺƴĩŚţ�ƽ�ƶŝ�ƹ�Ųƿ�ŶƋ�šŚŞǀĩźţ�ŹƺƏ�ƀƯŻ�ƹ�ƾŤŴſŚƯźſ�ƾĮƳƺĮģ�ƾƬĩƱŚŤ���ƾƳřŹŸºĭ
�������Ţºſř�ƶºŤƟźĭ�šŹƺºƇ�ƽżǀģŚºƳ�ŹŚǀºƀŝ�šŚºƘƫŚƐƯ�ŢºƟō�Ʋƿř���ºƏƾ�ƿ�ºĪƾ����šŚºƘƫŚƐƯ�ŵƹŶºƘƯ�Żř

šŹƺƇ�ř�Źŵ�ƶŤƟźĭƿƯŻ�ƲǀƵźĩ�ŹƺƄĩ�Źŵ�ƶƴ�ƽ�ŝƺƴūƾĩźţ�ŹŚƸģ��ǀƬĭ�Ŝǀ�ŝŹƺºſ��żĩƺƬĭ��Ʃƹźƀǀ�ƩƺŤ
źţ�ƹƽ�ŚƷƹŹǇ�Źŵ�ŻƺƫŚƷƽ�ƁŹƹźě�ƮŬƴě�Ʋſ�ƿŚƯŻō�Źŵ�ƶŤƟŚƿ�šŶƯ�ƶŝ�ƶĩ�ƵŚĮƄç�ŚƯŵ�Źŵ�ŢƗŚſƽ�Ò�

ƶººūŹŵ�ƽ�ººƀƬſǀƺ��ƶººŝ��ŶººƳŵƺŝ�ƵŶººƃ�Ƶŵřŵ�Źřźººƣ�Ž�ººſƹǀƶƬ�ƽ�ƟřźĭƺţŚººƯƹźĩƾ�Ǉººƿƶ�ƽ�ħŻŚººƳ� �
(thin layer chromatography)�ŚſŚƴƃƾƿ��Ŷƃ(Kim & Kim, 1997)��řŚŝƿƲ�Śţ�ƩŚů�Ɯţ�ŶƳƹŹ�Ʊƺƴĩǀǀ�šřź

řƿĩźţ�ƲǀƏ�šŚŞƾ�ƵŚƯ�ŚƷƽ�Ɩưū�šřźƄů�Żř�ŵźſ�Źƹōƽ�ƶƗŹżƯ�Żř�ƵŶƃ�ƽ���ƶºŤƟźĮƳ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ
Ţſř���
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ÐÓ                           ƱřŹŚƨưƷ�ƹ�ŹƺěŚƐƗ���šŚŞǀƧźţ�šřźǀǀƜţ�ƽŚƷƹŹǇ�Źŵ�ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�����

Śŝ�ưƷř�ƶŝ�ƶūƺţǀ�ƹ�Ţ�īźºŝ�ƭźĩ�ƱƹżƟřŻƹŹ�šŹŚƀų���ƹŹ�ŹŶºƴƜģ�Źřƺºųƽ���šǇƺºƈŰƯ�ƕřƺºƳř��
ƗřŹŻƾƶŞƴū�ŢųŚƴƃ���ŚƷƽ�Ɵ�ƞƬŤŴƯǀżƿĥƺƫƺƽ�Ż�ƹƿŢƀ�ſŚƴƃƾ�řƿƯ��ƶƳƺĭ�Ʋƾ��ŶºƯ�Źŵ�ŶƳřƺţƿźƿ�Ţ
ōŹŚĩƯ�Ʊō�źţŶƯŒŶƃŚŝ�źŧ��ŻřŚŬƳōƾƿ�ƳřŶƴģ�šŚƘƫŚƐƯ�ƱƺƴĩŚţ�ƶĩƾ�ƹŹƽ�ƶƫƺƤƯ�ƽ����ŚƯźºſ�ƶºŝ�ƪºưŰţƽ�

řƿŸĜƳ�šŹƺƇ�ŢƟō�Ʋƿ�šŚƘƫŚƐƯ�ƭŚŬƳř�Ţſř�ƶŤƟźƪƯŚĩ�ř�Źŵ�źţƿƯŻ�ƲǀſŹźŝ�ƹ�ƶƴƾ�Ɯţǀǀ�ƕƺƣƹ�ƶŝ�šřź
ěǀĩźţ�Źŵ�ƶŤſƺǀŝ�šŚŞǀƃƺǀưǀŚƾƿ�Ư�ƱŶŝƾ�Śƃ�Ĩưĩ�ŶƳřƺţƿƳŚƾ�ŝ�ŢųŚƴƃ�ƶŝǀƹ�źŤƄƿĭĦƾ�ŚƷƽ�ŻƿŤƀƾ�
řƿƏ�Źŵ�ŢƟō�Ʋƾ�ƵŚƯ�ŚƷƽ�ŶƴƴĪŝ�ŵźſ��ř�ƝŶƷƿŚſŚƴƃ�ƶƘƫŚƐƯ�Ʋƾƿ�ƮƸƯ�źţƿĩźţ�Ʋǀ�ŶƋ�šŚŞ�ºƿ��Śºŝ�Ų

ƫƺĪƫƺƯ�ƱŻƹƾ�ŚěǀƿƏ�Ʋƾ�ƵŹƹŵ�ƽ�ƱŚŤƀƯŻ�ƳřŹŸĭƾ�ƭźĩ�īźŝ�ſŹźŝ�ƹ�ŹŶƴƜģ�Źřƺųƾ�ƜţǀǀƱō�šřź���ŚºƷ
ř�ŹŵƿŚƤƯ�ƹ�ƱŚƯŻ�Ʋƿƶƀ�ƽ�ƁŹƹźě�šřźƄů�Śŝ�Ʊō�ƿŚƯŻō�Źŵ�ƶŤƟŚƿƶŝ�ƵŚĮƄ�Ư�ŶƷŚƃ�ƱřƺƴƗƾ���ƶºŝ�Śţ�ŶƃŚŝ
řƿƲ��ſƹǀƶƃƺĭ�ƶƬ�řƽ�ƱŚŤƀƯŻ�ŹŚĩ�ƹ�ŻŚſ�Żř�ƳřŹŸĭƾ�īźŝ�ƭźĩ�ŵƺƃ�ƲƃƹŹ�ŹŶƴƜģ�Źřƺų�� 

 
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��

ƾſŚƴƃřƺƷ�šŚƗǈƏř�ƹ�ŻŚǀƳ�ŵŹƺƯ�šřźƄů��
Ư�ŹŵźƸ��ŚƷƹŹǇ�ƵŚƯƽ�Ɩưū�ƶƗŹżƯ�Żř�źųō�Ʋſ�Źƹōƽ�žƠƣ�ƪųřŵ�Źŵ�ƹ��ŚºƷƽ��Źƺºţƽ��ƹŚºůƽ�

ƱřŶƬĭ�ŚƷƽ�ĭźŝ�ŹŶƴƜģƾ�ŻŚſŚƷŹƽ�ŶƳŶƃ��řƿžƠƣ�Ʋ�řŹřŵ�ƶĩ�ŚƷƽ��ŵŚƘŝřæçå × íÒ × ÓÒ�ŤƳŚſƾ��źŤƯ
ƵŶĪƄƳřŵ�ƕŹřżƯ�Źřƺū�Źŵ�ŶƳŵƺŝ�ƽ�ŻŹƹŚƄĩƽ�ŝźţ�ƵŚĮƄƳřŵǀ�ŽŹŶƯ�Ţ�źƤŤƀƯ�ƹ�ƵŚƯ�źƷ�Źŵ���ƱŚºŝō�Żř

ŶƴƠſř�Śţ��ƶƳƺưƳ�ŚƷƽ�ƱŚŤƀƯŻ�ƟŵŚƈţ�ľǈƯŚĩ�ƪĪƃ�ƶŝ�ƱřŹŸĭƾ�ř�ƪųřŵ�Żř�ºƿ�žºƠƣ�Ʋ���Ɩºưū�ŚºƷ�Źƹōƽ�
ŶƳŶƃ��ƶƳƺưƳ�ƁŹƹźě�ŚƷƽ�ŚƯŻōƿƷŚĮƄƾ��ŚºƯŵ�Źŵ�ŶƃŹ�ĨƣŚţř�Źŵƽæ�  �çÒ��ƶºūŹŵ�ƽ��ºƀƬſǀ�ƹ�Žƺ

ŢŝƺƏŹ�ŞƀƳƾ�ìå�ƵŹƹŵ�ƹ�ŶƇŹŵ�ƽ�ŹƺƳƽ�æÓ���ŚƴºƃƹŹ�ŢƗŚºſƾƿ��ƹí���ŹŚºţ�ŢƗŚºſƿĪƾ���šŹƺºƇ
ŸěƿŢƟź��ŸƜţ�ŢƸūƿƶ�ƽ�Ƹū�ƹ�ŹŶƴƜģ�īźŝ�Żř�ŚƷƹŹǇŸƜţ�Ţƿƶ�ƽ���śō�ƩƺºƬŰƯ�Żř�ƪƯŚĩ�šřźƄů

�ƪƀƗ�ƹæå�Ŷƃ�ƵŵŚƠŤſř�ŶƇŹŵ��ƹ�Ŝƀĩ�ŢƸūƿĭĦƾ�ŚƷƽ�ŚƯŵƾƿ�Ƴ�ŵŹƺƯǀř�šŚƗǈƏř�Żř��ŻŚƿ��ƵŚĮŤºƀ
ſŚƴƃřƺƷƾ�ƵŶĪƄƳřŵ�ƕŹřżƯ�Źřƺū�Źŵ�ƶĩ�ƽ�ŻŹƹŚƄĩƽ�Ư�źƤŤƀƯƾ�Ŷƃ�ƵŵŚƠŤſř�ŶƃŚŝ���
��

ƵŻřŶƳř�ƹ�ƾƿŚſŚƴƃ��ƲǀƿŚě�ƾƫƺĪƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�šŚŞǀĩźţ�ƽźǀĭ��
ů�ŹƺƔƴƯ�Ʋƿř�ƶŝ�ƪƣřŶè���ƶƳƺưƳ�ƶŝ�ŹřźĪţ�ƶſ�ƱřƺƴƗ��ŚƷƹŹǇ�Żřƽ��Ɩºưū�ƮŬƴě�Ʋſ�Źƹōƽ���ƵŶºƃ

ŞƏ�Żřǀ�ƵŚƯ�źƷ�Źŵ�ŢƘ��ƹƿƶƳƺưƳ�Ś��ŚºƷƽ�ŚƯŻōƿ�ƷŚĮºƄƾ�����ƵźºƄů�ƪºůřźƯ�ƪƯŚºƃ�ƽ���Ơºƃ��ƪºƯŚĩǀ�ƹ�Ƶź
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���ç���ÎÐîå�������������������������������������������������������������������������ÐÔ 

ŚƷƹŹǇƽ��ƲſÒ��ŢƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ��Źŵ�ƶƳƺưƳ�źƷç�ƾƬǀƯ�ƩƺƳŚţř�źŤǀƫíå���Ŷºƃ�ƲĮưƷ�ŶƇŹŵ
Żř�žě�ƹ��æÒ��ĥƺƠƿźŤƳŚſ�ƶƤǀƣŵ�Źƹŵ�Śŝg�æçååå������Ʊō�Ʃǈºů�Śºţ�Ŷºƃ�ƶŤºƃřŸĭ�Ōǈų�ŢŰţ�Ʊƹō�Źŵ

ŵƺƃ�źǀŴŞţ����Ʃǈů�ƪƯŚƧ�źǀŴŞţ�Żř�žěçåå�ƹŵ�śō�źŤǀƫƹźƨǀƯ�ƐƤţ�ŹŚŝ�ºǀ�ź(HPLC grade)����źºƷ�ƶºŝ
ƶƳƺưƳ�ƹ�Ŷƃ�ƵŵƹżƟř�ƶƳƺưƳ�Ơƈţ�Żř�žě�ŚƷǀƟŚƇ�Śŝ�ƶƾ�ĮƳźſ�źſƾ�(Millex, USA)��ƶŝ�ƢƿŹżţ�ŢƸū

�ƵŚĮŤſŵHPLC�(Waters, USA)�ƵŵŚƯō �ŶƳŶƃ(Pullin & Bale, 1989a)���ƵŵŚƠŤºſř�ŵŹƺƯ�ƥźŰŤƯ�ŻŚƟ��
�śō(HPLC grade)��ŵƺºŝ�������ŻŚºſřŶū�ƅƺºƈŴƯ�ƱƺŤºſ�Żř�ƽŻŚºſřŶū�ƽřźºŝƽ��šřŹŶºǀƷƺŝźƧ��ŚºƷ� �

(300 × 7.8 mm, Supelco, USA)�Ŷƃ�ƵŵŚƠŤſř���ƥźŰŤƯ�ŻŚƟ�ƱŚƿźū�ŢƗźſÒ�å�ƾƬǀƯ��ƶƤǀƣŵ�Źŵ�źŤǀƫ
ŹŚƨƃō�ƹ��Ţƀƨƃ�ŜƿźƋ�ƕƺƳ�Żř�ƵŵŚƠŤſř�ŵŹƺƯ�ŻŚſ(RI)�ŵƺŝ��ƯŵŚƽ��ƽŻŚſřŶū�ƱŚƯŻ�Źŵ�ƱƺŤſíå�
ŚƯŵ�ƹƽ�ŹŚĪƃō��ŻŚſèå�ƶūŹŵ�ƽ�ƀƬſǀŵƺŝ�Žƺ��ŹřŶƿŚě�ƹ�ƵŚĮŤſŵ�šŚưǀƔƴţ�ƭŚŬƳř�Żř�žě���Ʊō�ƱŶƃ
çå�ƶŝ�ƶƳƺưƳ�Żř�źŤǀƫƹźƨǀƯ�ƶƬǀſƹ�ƽ��ŢŞŧ�ƶƏƺŝźƯ�ƭřźĭƺţŚƯƹźƧ�ƹ�ƢƿŹżţ�ƵŚĮŤſŵ�ƶŝ�ƱƺŤƬǀƯŚƷ�ĬƳźſ
Ŷƃ��ƶƿżŬţ�ŢƸū�ƽ�ƽŻŚſřŶū�ƾƬƨƫř�ƽŚƷŶƴƣ�ƾưƧ�Ư�ƮſŹ�ƁƹŹ�Żř��ƵŶƃ�ƵŵŚƠŤſř�ŵŹřŶƳŚŤſř�ƾƴŰƴ
Ŷƃ��ĩźţ�ƽŚƷŵŹřŶƳŚŤſř�ŹƺƔƴƯ�Ʋƿř�ƽřźŝǀ����ƪƯŚºƃ�ƞºƬŤŴƯ�šŚºŞsorbitol��myo-inositol��glycerol��

glucose�ƹ�trehalose�(Sigma Aldrich)�ŢƔƬƛ�Śŝ��žĜſ�Ŷƃ�ƢƿŹżţ�ƵŚĮŤſŵ�ƶŝ�ƹ�ƶǀƸţ�ƆŴƄƯ�ƽŚƷ
�ŵŹřŶƳŚŤſř�ƾƴŰƴƯ�ŢƔƬƛ�źŝřźŝ�Źŵ�Ʀǀě�źƿŻ�ŮƐſ��Ŷƃ�ƮſŹ�Ōżū�źƷ�ƽřźŝ���ºŝ����ƱŚºƯŻ�ƶºŝ�ƶºūƺţ�Ś

�ƶºūŹŵ�ƾƴŰƴƯ�ƹ�Ʀǀě�źƿŻ�ŮƐſ�ƶŝ�ƶūƺţ�Śŝ�ƹ�ƶƳƺưƳ�Źŵ�ŵƺūƺƯ�Ŷƴƣ�ƕƺƳ��ƽŹřŵŻŚŝ����ŢºƔƬƛ��ƽŶºƴŝ
ƵŻřŶƳř�ƶƳƺưƳ�Źŵ�źƔƳ�ŵŹƺƯ�Ōżū�Ŷƃ�ƽźǀĭ���

��
ƶƿżŬţ�ƽ�ƽŹŚƯō 

ţ�źƷ�Źŵǀ�Żř�ŹřźĪţ�źƷ�Źŵ�ƹ�ŹřźĪţ�ƶſ�Żř�ƪƣřŶů�ŹŚưƿŶƃ�ƵŵŚƠŤſř�ƵźƄů�ŵŶƗ�Ĩ���šŚƗǈƏř
ƶŝ�Ţſŵ�ƘƯ�ƽŚƐų�šŹƺƇ�ƶŝ�ƵŶƯōǀŹŚ��±��ŶƳŶƃ�ƁŹřżĭ�ƲǀĮƳŚǀƯ��ƶƿżŬţ�ƽ��Ƶŵřŵ��ŚƷ�Śŝ��ƦưƧ��ƶƿżŬţ�ƽ�
��žƳŚƿŹřƹ�Ʀƿ��ƶƟźƏ(One-way ANOVA)�ƶƀƿŚƤƯ�ƹ�������ƦºưƧ�Śºŝ�ƞºƬŤŴƯ�ƽŚºƷŹŚưǀţ�ƲǀĮƳŚºǀƯ�ƽŚƷ

�ŮƐſ�Źŵ�ƾƧƺţ�ƱƺƯŻōÒ�ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ�ŶƇŹŵ��ŹřżƟřSPSS (16.0)��Ŷºƃ�ƭŚŬƳř����ºſŹźŝ�ŢºƸūƾ�
ƶƐŝřŹ�ƽ�ƯǀƜŤƯ�ƹŵ�ƱŚǀŤƀŞưƷ�ƱƺƯŻō�Żř�źĮƾ�Pearson�Ŷƃ�ƵŵŚƠŤſř���

��
��
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ÐÕ                           ƱřŹŚƨưƷ�ƹ�ŹƺěŚƐƗ���šŚŞǀƧźţ�šřźǀǀƜţ�ƽŚƷƹŹǇ�Źŵ�ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�����

ŦŰŝ�ƹ�ŪƿŚŤƳ 

�ƱŚŤƀƯŻ�ƹ�żǀƿŚě�ƾƏæèìí�īźŝ�ƭźĩ�ƶŝ�ŹŶƴƜģ�Źřƺų��źųō�Ʋſ�ƽŚƷƹŹǇ�šŹƺƇ�ƮŬƴě�Ʋſ��
Ƶźǀţ�ĬƳŹ�ƶŝ�ƱŚŤƀƯŻ�źǀƛ�ƽŚƷƹŹǇ�Żř�źţ�Źŵ�ƱřŹŸĭ�Ưǀīźŝ�ƱŚ�ŚƷƽ�ĪƄųǀŹ�ƹ�ƵŶƿƶŤŴ��Śºě�Źŵ�ƵŶƃƽ�

ƱřŶƬĭ�ƱŚŤƀƯŻ�ŚƷ�ƳřŹŸĭƾ�ŵźĩ��Ɩưū�Ŷƴŝƽ�ŚƷŚƯŵƽ�ŵźĩ�ƆŴƄƯ�ƶƳřŻƹŹ�Źŷō�Żř�ƶĩ��ƶºŝ�ŚƯŵ�ƵŚƯ���ŹƺºƏ
ſƺƀŰƯƾ�ƂƷŚĩ�ƿŵ�Źŵ��ƶŤƟŚƽ��ºſŹ�ŵƺų�ƪƣřŶů�ƶŝ�ƵŚƯǀ�ƵŶ�ƹ�Ƴ�ƲºưƸŝ�Źŵ�ºǀ�Śºě�żǀƿ��Ţºſř�Ƶŵƺºŝ�Ʋ��

ƶŝ�ŹƺƏƽ�ř�Źŵ�ƶĩƿ�Ʋè�ŚƯŵ�ƪƣřŶů�ƵŚƯƽ��Ż�ƵŶºƃ�ŢŞŧ�ºƿ��ƶºūŹŵ�źƠºƇ�ź�ƽ��ºƀƬſǀ���Ţºſř�Ƶŵƺºŝ�Žƺ
�ƶŝ�ţźţǀ�ŜÒ����ç�Ó����ƹÓ��ƶūŹŵ����ƪĪƃæ��ƶŝ�ƹ�ƬĩŹƺƏƾ�èè��ŻƹŹƿ�ƶŤƃřŵ�ŵƺūƹ�ƱřŶƴŞŴ�Ţºſř��

ŵřŶƘţ�ƵŚƯ�źƷ�Źŵƽ�ŚƷƹŹǇ�Żřƽ�īźŝ��ŹŶƴƜģ�Źřƺų��ƪƣřŶůè�ƶƳƺưƳ��Ɩưū�Źƹōƽ�ĩźţ�ƹǀ���ŶºƋ�šŚºŞ
ƿƫƺĪƫƺƯ�ƱŻƹ�Śŝ�Ųƾ�Śěǀƿ�Ĩưĩ�Śŝ�ƲHPLC�Ʊō�Źŵ�ŚſŚƴƃ�ŚƷƾƿ�ƵŻřŶƳř�ƹ�ĭ�ºǀźƽ��Ŷºƃ���ĩźţ�Ūƴºě�ºǀ�Ŝ
źţƽ�ŻƺƫŚƷ�ŚƯ��żĩƺƬĭ��ƿřƺƿŻƺƴƿƬĭ��ƩƺŤǀŝŹƺſ�ƹ�ƩƹźƀǀƮƸƯ�ƩƺŤ��źºţƿĩźţ�Ʋǀ�ţŚºŞƾ�����ŵŹƺºƯ�ƶºĩ�ŶºƳŵƺŝ

ſŚƴƃŚƾƿ��ŶƴŤƟźĭ�Źřźƣ��ƪĪƃç���ŤƀŴƳǀĩźţ�ƲǀŚſŚƴƃ�Ŝƾƿ�źţ�ƵŶƃƽ������Ʊō�ŢºƔƬƛ�ƶºĩ�ŵƺºŝ�ŻƺƫŚºƷ
ƶŝ�ƴƘƯ�ŹƺƏƾ�Źřŵƽ�ŵƺŝ�šƹŚƠŤƯ�ŶƴƠſř�Śţ�ƱŚŝō�ƵŚƯ�Źŵ���ÍÒ�ÍP < ��Ð�Ò�=�F4, 12����ƪĪƃè�A���ř�ºƿ�Ʋ
ĩźţǀřŹ�Ŷƴƣ�Ŝƿ�Śŝ�šřźƄů�ƞƴƫƺưƷ�Ūæç��Ʋŝźĩ�Ʈţř�żĩƺƬĭ�ƩƺĪƫƺƯ�ƹŵ�Żř�ƪĪƄŤƯ��Ưƾ���ƶºĩ�ŶƃŚŝ

Źŵ�Ʊō�ŢƔƬƛ�ŵŚƗ�ŢƫŚůƽ�ųźŝ�Źŵ�ŚƯř�Ţſř�ŢŝŚŧ�ƞƴƫƺưƷ�Źŵƾ���ƱŚŤºƀƯŻ�šřźºƄů����ƶºŝ��ƱřŹŸºĭ
�ŶƋ�ƱřƺƴƗƿƯ�ƹ�Ƶŵźĩ�ƪưƗ�ŲǀřżƟř�Ʊō�ƱřżƿƯ�Ƃƾ�ƿ�ŶŝŚ(Denlinger,2002)����źºţ�ŹřŶºƤƯƽ���Źŵ�ŻƺƫŚºƷ

ƱŚŝō�ƵŚƯ��çí�å��  îî�å�ƯǀƬƾ��źŝ�ƭźĭƿřżƟř�Śŝ�ƶĩ�ŵƺŝ�ƵźƄů�ƱŻƹ�Żř�ƭźĭ�ĨƿźƤţ�ƂƿŞƾ�Ñ���ƶºŝ�źŝřźŝ
mg/g�ÒÒ�å�  î�è�ŵ�Źŵƽ���ƹ�ƵŚºƯ mg/gæ�æ  í�è��ƲºưƸŝ�Źŵ���ºſŹ�ƵŚºƯǀ�ƶºƐŝřŹ�ƹ�Ŷ�ƽ��ºƠƴƯƾ��ƹ
ƴƘƯƾ�Źřŵƽ�Ư�Śŝ�řŹǀĮƳŚǀŚƯŵ�Ʋƽ�ƷŚƯǀŵřŵ�ƱŚƄƳ�ƶƳŚ���ÍÎÑ�Í�=�P��ÖÑÔ�Í��=�r��ƶŝ�řƿƲ�ţźţǀ���Śºŝ�ƶºĩ�Ŝ

Ŷƃ�ƵŵƹżƟř�Ʊō�ŹřŶƤƯ�źŝ�ŚƯŵ�ƂƷŚĩ��ſŹźŝ�Źŵƾ�ŵƿźĮƽ�ƹŹ�ƶĩƽ�ƯǀƬĭ�Ʊřżǀ��ƫǇƺưºſř�ƹ�ƩƹźºƀǀŤƾ�
ŚƷƹŹǇ�ƞƴƫƺưƷƽ�ſ�ƮŬƴě�ƲſŚƯź�ŵƿƵŶ�ƽ�řƿ�����ŵźĭ�ƵŶƷŚºƄƯ�ŵƺºŝ�ƶºŤƟźĭ�šŹƺºƇ�ŢºƟō�Ʋ�ºƿ��ƶºĩ�Ŷ

ƜţǀǀƫǇƺưſř�šřźǀŤƾ�ƀŝǀƮƄģ�ŹŚ�ĭǀƫƹ�źƾ�ƜţǀǀƬĭ�šřźǀģŚƳ�ƞƴƫƺưƷ�Źŵ�ƩƹźƀǀřŻř�ƹ�Ţſř�żƿƲ��ƹŹ
ŵźĭ�ƱřƺƴƗƿŻ�ƩŚưŤůř�ƶŝ�ƶĩ�Ŷƿĩźţ�ŵŚǀŵ�ŜƿźĮƽ�Ƭĭ�żū�ƶŝǀƶŝ�ƶĩ�ŵŹřŵ�ŵƺūƹ�Ʃƹźƀ��ŶƋ�ƱřƺƴƗƿ�Ų

�ƮººƸƯ�ƂººƤƳ�źººţƽ��ƫǇƺưººſř�ƹ�ƶŤººƃřŵǀŤƾ��ƞººƴƫƺưƷ�ººţ�ŢººŰţ�řŹŐŧǀ�ººƯ�Źřźººƣ�ŵƺººų�źƾ�ŶººƷŵ� �
(Kim & Song, 2000)��ƶŝ�řƿƲ�ţźţǀŚŤƳ�ƶŝ�ƶūƺţ�Śŝ�Ŝƿř�Ūƿ��ŵźĭ�ƆŴºƄƯ�ƶºƘƫŚƐƯ�Ʋ�ºƿ�ĩźţ�ƶºĩ�Ŷ�ºǀ�Ŝ

ƾƯ�ƶŤųŚƴƃŚƳ�źţ�ƱŚưƷ�ŶƳřƺţƽ��ŻƺƫŚƷ�ŶƃŚŝ����

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

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

��
��
��
��
��
��
�ƪƨƃæ���ƯǀĮƳŚǀŚƯŵ�Ʋƽ�ƷŚƯǀŚƯŵ�ƪƣřŶů�ƲǀĮƳŚǀƯ��ƶƳŚƽ�ƷŚƯǀŚě�ƹ�ƶƳŚǀƿƲ�źţƿŚƯŵ�Ʋƽ�ŢŞŧ��ƾƏ�ƵŶƃ

ƵŚƯ�Ƹƃ�ƽŚƷźƿŹƺæèíì��ŵřŵźų�Śţæèíí�� 
Fig. 1. Monthly average temperature, average monthly minimum temperature and the absolute 

minimum temperature from September 2008 to June 2009. 
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��
��
��
��
��
��
��

ƪƨƃ�ç��� ƭřźĭƺţŚƯƹźƧHPLC���Źŵ�ŵƺūƺƯ�Ųƿ�ŶƋ�šŚŞǀƧźţ�ƽŻŚſřŶū�ƶŝ�ƍƺŝźƯƿ�Żř�ƶƳƺưƳ�Ĩ
�Ʋſ� ƹŹǇÒ�ƱŚŤƀƯŻ�� ƱřŹŸĭ� ƭźƧīźŝ�Ɩưū� ŹŶƴƜģ� Źřƺų�Źƹōƽ�ŵ� Źŵ� ƵŶƃƽ�� ƵŚƯæèíì��
ƱƺŤſ�ƕƺƳ��Ca, 59305-U, 300 × 7.8 mm, Supelco, USAħźŰŤƯ�ŻŚƟ�ƹ�Ʃǈů��� ���śō

ƥźŰŤƯ�ŻŚƟ�ƱŚƿźū�ŢƗźſ��Ò�å�ƾƬǀƯ�ŹŚƨƃō�ƕƺƳ��ƶƤǀƣŵ�Źŵ�źŤǀƫ�ŻŚſ���Ţƀƨƃ�ŜƿźƋ
(RI)ŚƯŵ��ƽ��ƽŻŚſřŶū�ƱŚƯŻ�Źŵ�ƱƺŤſíå�ŚƯŵ�ƹƽ�ŹŚĪƃō��ŻŚſèå�ƶūŹŵ�ƽ�ƀƬſǀŽƺ� 

Fig. 2. HPLC chromatogram of cryoprotectants separation in a sample of overwintering 5th 
instar larvae of beet armyworm collected in February 2009. Column type: Ca, 59305-
U, 300 × 7.8 mm, Supelco, USA, solvent and mobile phase: water, flow: 0.5 ml/min, 
detector type: RI, external (column) temperature: 80C and internal (detector) 
temperature: 30C. 
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ÑÍ                           ƱřŹŚƨưƷ�ƹ�ŹƺěŚƐƗ���šŚŞǀƧźţ�šřźǀǀƜţ�ƽŚƷƹŹǇ�Źŵ�ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�����

ƜţǀǀƵŶƷŚƄƯ�šřź�Ư�Źŵ�ƵŶƃǀźţ�žĪƗ�ŢſŹŵ�żĩƺƬĭ�Ʊřżƽ�ř�ƹ�ŵƺŝ�ŻƺƫŚƷƿĩźţ�ƲǀƮĩ�Ŝ��źºţƿ�Ʋ
Ưǀźţŵźſ�Źŵ�řŹ�ŵƺų�ƱřżƿƵŚƯ�Ʋ��ŵřŵ�ƱŚƄƳ�ŵƺų�Żř�ŚƷ��ƪĪƃè��B���źţǇŚŝ�żĩƺƬĭƿ�řŹ�ŵƺų�ŢƔƬƛ�Ʋ

ƵŚƯ�Źŵ�ŚƷƽ��Źŷō�ƹ�ƱŚŝō�ƶŝ�ţźţǀ�Ŝ mg/gÑÓ�å  Ñ�è��ƹ mg/gÓæ��å Ó�è���ƶŝ�Ʊō�Żř�žě�ƹ�ŵƺŝ�řŹřŵ
ƴƘƯ�ŹƺƏƾ�Źřŵƽ�Ɯţǀǀ�ŵźĩ�ź��ÍÍÎ�ÍP < ��Ò�Ô�=�F4, 12���ř�ŢƔƬƛ�ºƿĩźţ�Ʋ�ºǀŵ�Źŵ�Ŝƽ����ŵƹŶºů�ƵŚºƯ

�ƶºſ����ƂƷŚºĩ�źºŝřźŝƿ��ŢºƟŚ�mg/g�èí�å  åè�æ����Ʈºĩ�ƶºŝ�ƹ��źºţƿƯ�Ʋ����ºſŹ�ƲºưƸŝ�Źŵ�ŵƺºų�ŹřŶºƤǀŶ� �
�mg/g�çè�å�èç�å��ŶƴƠſř�Źŵ�ƵŹŚŝƹŵ�ƹ���řżºƟř�ƵŚºƯƿ�Ƃƿ��ŢºƟŚ�mg/g�Òæ�å  î�ç����ƶºƘƫŚƐƯ�Źŵ�ƽ�
ŵƿƹŹ�ƶĩ�źĮƽ�ƯǀŚųŷ�ƱřżƿƬĭ�źǀŚƷƹŹǇ�ƱĥƺĪƽ�ƱŚŤƀƯŻ�īźŝ�ƭźĩ�ƱřŹŸĭ���ºưƷ�Źŵ�ŹŶºƴƜģ�Źřƺųǀ�Ʋ

ƵŻŚŝ�ƽ�ƳŚƯŻƾ�Ư�Źŵ�ŢƟźĭ�šŹƺƇǀř�ŢƔƬƛ�Ʊřżƿĩźţ�ƲǀƳ�ŜǀƴƘƯ�ƝǈŤųř�żƾ�Źřŵƽ�ŚƄƯ��ƹ�Ŷºƃ�ƵŶƷ
Əƾ�źţŵźſƿƵŚƯ�Ʋ�ŝ�ŚƷǀƹŵ�Żř�Ƃ��ƂƷŚĩ�źŝřźŝƿ�ŢƟŚ(Atapour & Moharramipour, 2011)��ƬƗƾ��ƮƛŹ
ƴƘƯƾ�Źřŵ�Ɯţ�ƱŵƺŝǀǀƬĭ�šřźǀƏ�ƱĥƺĪƾ�ƵŚƯ�ŚƷƽ�ƶƐŝřŹ��ƞƬŤŴƯ�ƽ�ĮŤƀŞưƷƾ�ƴƘƯƾ�Źřŵƽ�Ư�ºǀř�ƱŚ�ºƿ�Ʋ
Ɯţǀǀƽźţ�ŢƔƬƛ�Śŝ�šřź����ŶºƄƳ�ƵŶƷŚºƄƯ�ŻƺƫŚºƷ���ÎÎÓ�Í�=�P��ÕÕÑ�Í��=�r����Śºŝ�ř�ºƿƲ����ƂƷŚºĩ�ƩŚºů

ĮưƄģǀƬĭ�źǀřżƟř�ƹ�ŚƯŵ�ƂƷŚĩ�ƱŚƯŻ�Źŵ�ƱĥƺĪƿźţ�Ƃƽ�ƶŝ�ŻƺƫŚƷ�ƮƸƯ�ƱřƺƴƗ�źţƿĩźţ�Ʋǀ��ŶºƋ�Ŝ�ºƿ�Ų
�ƔƳ�ŵŶººƘŤƯ�šřźººƄů�Źŵººǀ�ƵźǀƠººƃ�ź�ƽŚººƷ�Hyphantria cunea Drury�(Li et al., 2001)�� �

Mamestra brassicae L.�(Ding et al., 2003)��ƹƿ�ŚºƷƹŹǇ�Śƽ�Enosima leucotaeniella (Ragonot)�
(Goto et al., 1998)�Ţſř�ƵŶƃ�ƁŹřżĭ��ſŹźŝƾ�ŚƷƽ�ƶŝ�ƪưƗ�ř�Źŵ�ƵŶƯōƿƯŻ�ƲǀƵŵřŵ�ƱŚƄƳ�ƶƴ����ƶºĩ�ŶºƳř

żƳōƿƮ�ŚƷƾƿ�ƔƳǀƬĭ�źǀŹƺƠƀƟ�ƱĥƺĪƿĩƹżĮƷ��ŻǈǀĩƺŤĩƹźƟƺƠƀƟ�ƹ�ŻŚƴǀŶŞţ�ƹ�ƂƷŚĩ�Źŵ�ŻŚƴƿŚųŷ�ƪƿ�ź
Ƭĭǀĩźţ�ƶŝ�ƱĥƺĪǀŶƋ�šŚŞƿŴƾ�Ƭĭ�ƱƺĤưƷǀźţ�ƹ�Ʃƹźƀƽ�ſŚſř�ƂƤƳ�ŻƺƫŚƷƾ�ř�řŹƿ��ºƯ�ŚºƠƾ�ŚưƳƿ�Ŷºƴ�

(Storey & Storey, 1988)����ƹŹ�ƶººŤƟźĭ�šŹƺººƇ�šŚººƘƫŚƐƯ�Źŵƽ��ƶƣŚººſ�ƭźººĩ��ŪƳźººŝ�Źřƺººų�� �
Chilo suppressalis Walker��ƳǀƬĭ�ƶĩ�Ţſř�ƵŶƃ�ƆŴƄƯ�żǀƶŝ�ƱĥƺĪ�ƮƸƯ�ƱřƺƴƗ�źţƿřżƟř�ƖŞƴƯ�Ʋƿ�Ƃ

ĩźţǀ�ŶƋ�šŚŞƿƏ�Ųƾ�ƵŚƯ�ŚƷƽ�Ư�ƪưƗ�ƩŚſ�ŵźſƾ���Ŷºƴĩ(Goto et al., 2001)����ºƯ�źºƔƳ�ƶºŝ�ƹƾ���ŶºſŹ
Ƴ�żĩƺƬĭǀř�Źŵ�żƿŚųŷ�ƂƷŚĩ�ŹŚƴĩ�Źŵ�ƱŚƯŻ�Ʋƿź�ƬĭǀřżƟř�ƶŝ�ƱĥƺĪƿĩźţ�Ƃǀ��ŶºƋ�šŚŞ�ºƿŲ���ƶºŝ�ƹ�ºƿ�ƵĦ

Ƭĭǀ���ºƯ�Ĩºưĩ�Ʃƹźºƀƾ�ŚưƳ�ºƿ�Ŷ(Atapour et al., 2008; Atapour & Moharramipour, 2009)���Źŵ
ƶƘƫŚƐƯ�ƽ�ŝ�źƋŚůǀƬĭ�ŢƔƬƛ�ƂƷŚĩ�ƲǀƶƐŝřŹ�żĩƺƬĭ�ƹ�ƱĥƺĪ�ƽ��ĮŤºƀŞưƷƾ��ºƴƘƯƾ�Źřŵƽ���ƵŶƷŚºƄƯ
Ŷƃ���ÍÑÔ�Í�=�P��ÖÒÐ�Í�=�r��Ư�źƔƳ�ƶŝ�ƹƾ�ĩźţ�ƹŵ�ƶĩ�ŶſŹǀƬĭ�ŜǀŶŞţ�Śŝ�żĩƺƬĭ�ƹ�ƱĥƺĪƿ�ŵƺų�ƪ

Śſ�ƶŝƿĩźţ�źǀ�ŶƋ�šŚŞƿŲ��ƶŝ�ƹƿźţ�ƵĦƽ�ưƸƯ�ƂƤƳ�ŻƺƫŚƷƾ�ƾƯ�řŹ���ƱŚŤºƀƯŻ�Źŵ�ŶºƴƳřƺţ��ƳřŹŸºĭƾ���ƭźºĩ
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īźŝ�ř�ŹŶƴƜģ�ŹřƺųƿŶƴƴĩ�ŚƠ��řŚŝƿƲ�ưĪţ�šŚƘƫŚƐƯ�ŵƺūƹǀƬƾ�żƳōƿưƾ�ř�ŹŵƿƯ�ƶƐŝřŹ�Ʋƾ���ºƀŝ�ŶºƳřƺţǀ�ŹŚ
ŵƺƃ�Ɩƣřƹ�źưŧ�źưŨƯ���
ƽźţ�źŝ�ƵƹǈƗ�ŻƺƫŚƷ�ĤưƷ�ƹ�ƩƹźƀǀƬĭ�ŹřŶƤƯ��ƩƺŤƿŻƺƴƿřƺƿŚƯ�Ʋǀƴ��ƶŝ�ƲưƸŝ�ƹ�ƽŵ�Źŵ�ƵĦƿƹ���źºǀǀƜţ�ƵŚƯ

ƾƴƘƯ��ŵřŵ�ƱŚºƄƳ�ŵƺų�Żř�ƽŹřŵ���ƶºŝ��Ŝºǀţźţ��ÍÍÎ�ÍP < ��Î�ÎÐ�=�F4, 12��ƹÍÍÎ�ÍP < ��Ö�ÐÑ�=�F4, 12��
��ƪĪƃè�C��ƹ(D��ƱŚŝō�Źŵ�ƩƹźƀǀƬĭ�ŢƔƬƛ���ŵƺºŝ�ħŶƳř�ŹŚǀƀŝ�ƵŚƯ�mg/g�åæ�å�  Òç�å����ƶºŝ�ŚºƯř�

mg/g�ÒÓ�å�  Ñ�ç�ƲººưƸŝ�Źŵ��ŶǀººſŹ�ƵŚººƯŶƴƠººſř�Źŵ�ƵŹŚººŝƹŵ�Ʊō�Żř�žººě�ƹ�ŢººƟŚƿ�ƂƷŚººĩ�ƵŚººƯ� �
�mg/g�åÓ�å  çí�å���ƶƐŝřŹ�ƽ���ƾºƴƘƯ�ƹ�ŢºŞŨƯ�ƾĮŤƀŞưƷ����ƽźºţ�ƹ�ƩƹźºƀǀƬĭ�ƱŚºǀƯ�ƽŹřŵ���ŻƺƫŚºƷ

ƵŶƷŚƄƯ�Ŷƃ���ÍÎÏ�Í�=�P��ÖÒÏ�Í�=�r���ŚƯ�ŵŹƺƯ�ŹŵƿřƺƿŻƺƴƿƳ�ƩƺŤǀƜţ�żǀǀŰƐſ�Źŵ�ŚƯř�ƶŝŚƄƯ�šřźƾ�
ŚěǀƿƲ��ƵŶƷŚƄƯ�źţŶƿŵźĭ���Źŵ�Ŝǀĩźţ�Ʋƿř�ŢƔƬƛ�ƱŚŝōmg/g�åæ�å  ç�å��ƲºưƸŝ�ƹ�ƽŵ�Źŵ��ŵƺŝ����ƶºŝ�ƵŚºƯ

�ŵƺų�ŹřŶƤƯ�źŨĩřŶů�ŶǀſŹ�ƶŝ�Ŝǀţźţ��mg/g�çæ�å  ÒÒ�æ��ƹ mg/g�æç�åÒç�æ��ƴƠſř�Źŵ�ƹ�Ŷ�ƂƷŚĩ�ƵŚƯ
�ŢƟŚƿ�mg/g�æ�å  ÑÒ�å�����������ƶºƐŝřŹ�żĩƺºƬĭ�Śºŝ�ƩƺŤƿŻƺƴƿřƺƿŚºƯ�ƹ�ƩƹźºƀǀƬĭ�ŢºƔƬƛ�šřźºǀǀƜţ�Ʋǀºŝ�ƽ�

�ƾºƴƘƯ�ƹ�ƾƠƴƯ�ƾĮŤƀŞưƷ���Ŷºƃ�ƵŶƷŚºƄƯ�ƽŹřŵ����ƶºŝ��Ŝºǀţźţ��ÍÏÍ�Í�=�P��ÖÐÑ�Í��=�r��ƹÍÍÑ�Í�=�P��
ÖÔÔ�Í��=�r���ƬƗƾ�ř�ƮƛŹƿř�ƶĪƴƿĩźţ�ƹŵ�ƲǀƏ�Ŝƾ�źţŵźſƿƵŚƯ�Ʋ�ŚƷƽ�ŝ�ƩŚſǀƂ�źţƿřżƟř�Ʋƿ�Żř�řŹ�Ƃ

řŚŝ�ŚƯř�ŶƳŵřŵ�ƱŚƄƳ�ŵƺųƿƲ�Ʊō�ŢƔƬƛ�ŵƺūƹ�źţǇŚŝ�Źŵ�ŚƷƿƳ�ƶŝ�ŮƐſ�Ʋǀưƾ�źţ�ŢƔƬƛ�Żřƽ���Źŵ�ŻƺƫŚºƷ
řƿưƳ�ƱŚƯŻ�Ʋƾ�ŶſŹ��ƶŝ�řƿƲ�ţźţǀƯ�ƆŴƄƯ�Ŝƾ�ƮƸƯ�ƶĩ�ŵƺƃ�ţźƿĩźţ�Ʋ�ºǀ��ŶºƋ�Ŝ�ºƿŹŵ�Ų��ŚºƷƹŹǇƽ�

ƱŚŤƀƯŻ�ř�ƱřŹŸĭƿźţ�ŢƟō�Ʋƽ�Ư�ŻƺƫŚƷƾ�ĩźţ�ƹŵ�ŚƯř�ŶƃŚŝǀƬĭ�ŜǀŚƯ�ƹ�ƩƹźƀƿřƺƿŻƺƴƿƳ�ƩƺŤǀ�ŹŚƴĩ�Źŵ�ż
Ư�Ʊōƾ�ƶŝ�ŶƴƳřƺţ�ĩźţ�ƱřƺƴƗǀ�ŶƋ�ŜƿŶƴƃŚŝ�ƶŤƃřŵ�ƂƤƳ�Ų��ƩŚŨƯ�ŚƷƽ�ŵƿźĮƽ�Ƴǀ�Źŵ�ƶĩ�ŶƳŹřŵ�ŵƺūƹ�ż
Ʊō�ƮƷ�Ųƿ�ŶƋ�Ŝǀĩźţ�Ŷƴģ�ŚƷ�Ţſř�ƵŶƃ�Ŷǀƫƺţ�ƱŚƯŻ���ƶŝ�ƱřƺƴƗ�ƩŚŨƯ��Źŵ�Cryptopygus antarcticus 

Willem��ƹ�ƩƺŤǀƳŚƯ��ƩƹźƀǀƬĭƽźţ�ŻƺƫŚƷ�(Sømme & Block, 1982)��Źŵ�Śƿ�ƹPhyrrhocoris aptrus L.�
�ƩƺŤǀƴǀŝřŹō�ƹ�ƩƺŤǀƳŚƯ��ƩƺŤǀŝŹƺſ��ƩƺǀŤŞƿŹ(Kostal et al., 2001)�ƾƯ�Ŷǀƫƺţ�ƺƃŵ�����ƾºƯ�źºƔƳ�ƶŝ���ŶºſŹ

ŝ�Ųƿ�ŶƋ�ŜǀƧźţ�ƲƿŶƴģ�Żř�šřźƄů�Ʋƿř�ƶƨƴƿř�ŢƬƗ�ƾºƯ�ƵŵŚƠŤſř�ŜǀƧźţ�Ʀƿ�ƽŚū�ƶ����Ʋºƿř�ŶºƴƴƧ
Ʊō�Źŵ�Ʊƺģ�ƶƧ�ŶƃŚŝ��ƾºƯ�Ŷǀƫƺţ�ƾƿǇŚŝ�ŢƔƬƛ�Śŝ�Ųƿ�ŶƋ�šŚŞǀƧźţ�ŚƷ��Ƴƺºƃ���ŵŹřŵ�ƱŚºƨƯř�ƲƿřźŝŚºƴŝ�Ŷ

ƩƺƬſ�ƽřźŝ�ǇŚŝ�ŢƔƬƛ�Śŝ�ŜǀƧźţ�Ʀƿ�żŤƴſ�ſ�ŚƷư��ƲºƿřŻř�ƹ�ŶºƃŚŝ�ƾ������ƲƿŶºƴģ�żŤƴºſ�ƶºŝ�ƭřŶºƣř�ƹŹ
ƾƯ�ŜǀƧźţ��ŶƴƿŚưƳ(Baust, 1973)���ŵ�ŵƺūƹ�ƮƷ�ƱŚƨƯř�Ʋƿř�ƶŤŞƫř���ŵźºƨƬưƗ�šƹŚºƠŤƯ�šŚŞǀƧźţ�ƶƧ�ŵŹř

�ŶƴƿŚưƳ�ŚƠƿř�řŹ�ƽźŤƸŝ�ƾŴƿ�ŶƋ�ƂƤƳ�ƪƨƃ�Ʋƿř�ƶŝ�ƲƿřźŝŚƴŝ�ƹ�ƶŤƃřŵ�šƹŚƠŤƯ(Zachariassen, 1985)���
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ÑÏ                           ƱřŹŚƨưƷ�ƹ�ŹƺěŚƐƗ���šŚŞǀƧźţ�šřźǀǀƜţ�ƽŚƷƹŹǇ�Źŵ�ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�����

ƱŚŤƀƯŻ�ƽŚƷƹŹǇ�Źŵ�ƶĩ�ŵƺŝ�ƽźĮƿŵ�Ŝǀĩźţ�ƩƺŤǀŝŹƺſ��ƹ�ŢƟźĭ�Źřźƣ�ƾƿŚſŚƴƃ�ŵŹƺƯ�ƱřŹŸĭ
ƵŚƯ�ƾƏ�Ʊō�ŢƔƬƛ�šřźǀǀƜţ�ŶƴģźƷ�ƾƴƘƯ�ŶƴƠſř�Śţ�ƱŚŝō�ƽŚƷ���ŵƺºŞƳ�Źřŵ���ƪĪºƃè�E�����ƶºƐŝřŹ�ŚºƯř�ƽ�

ƾƴƘƯ�ƹ�ƾƠƴƯ�ƾĮŤƀŞưƷ��ŵřŵ�ƱŚºƄƳ�ƶƳŚǀƷŚƯ�ƽŚƯŵ�ƲǀĮƳŚǀƯ�Śŝ�řŹ�ƽŹřŵ��ÍÍÔ�Í�=�P��ÖÓÕ�Í��=�r���
ƾƴƘƿ�Ŷƃ�ŵŚƿŻ�Ʊō�ŹřŶƤƯ�ŚƯŵ�ƂƷŚĩ�Śŝ������źºǀƔƳ�šřźºƄů�ƾºųźŝ�Źŵ�ƵŵŚºƯ�Ʋƿř�Pieris brassicae L.�

(Pullin & Bale, 1989b)��Dendroides Canadensis Leconte�(Horwath & Duman, 1984)�� �
Ips typographus (L.)�(Kostal et al., 2007)��Eurosta solidaginis Fitch�(Bale et al., 1989)��
Tipula trivittata Say�(Duman et al., 1985)��ƹPyrrhocoris apterus L.�(Kostal et al., 2001)�

ƶŝ�Ţſř�ƵŶƃ�ƾƿŚſŚƴƃ�Ųƿ�ŶƋ�Ŝǀĩźţ�ƱřƺƴƗ��ƾƯ�źƔƳ�ƶŝ�ŶſŹ�Ɩưū�ƶĤƳŚƴģ�ŶƿŚƃ�ƶƳƺưƳ�ƽŹƹō���ŚºƷ
źţŵƹŻ�Ư�šŹƺƇƾ��ŢƟźĭ�źƸƃ�Żř�ľǈŨƯƿŹƺ�ƵŚƯ��ſŹźŝ�ƱŚĪƯřƾ�ŚƤƯ�ƹƿƶƀ�ƽ�ř�ŢƔƬƛƿĩźţ�Ʋǀ�Źŵ�Ŝ
ƵŻŚŝ�ƽ�ƳŚƯŻƾ�ƳǇƺƏƾ�źţƽ�ƯǀƯ�źƀƾ�Śƃ�ƹ�ŶƃƿŚŤƳ�Ŷƿ�Ū�ƪƯŚĩ�źŤƸŝ�ƹ�źţƽ��ƪƇŚůƶŝ�ƾƯ�Ţſŵ�ŶƯō���

�ƪĪƃÑ�ſŹźŝƾ�ř�ŢƔƬƛƿ�ƲŪƴě�ĩźţ�ºǀ��ƴºſ�ƪºůřźƯ�Źŵ�řŹ�Ŝƾ���ƞºƬŤŴƯ��ƵźºƄů�ƽ����ƪºƯŚĩ
ěǀƂ�ƠƃǀƠƃ��ƵźǀŚƷƹŹǇ�ƹ�Ƶźƽ�ƮŬƴě�Ʋſ��īźŝ�ƭźĩ�ŚƯŻō�Źŵ�ƶĩ�ŹŶƴƜģ�Źřƺųƿ�ƁŹƹźě�ƵŚĮƄƿ�ƶŤƟŚ

�ŶƳŵƺŝ�Ư�ƱŚƄƳƾ�ŶƷŵ��ƱŚŤƀƯŻ�ƱŚĪƯř�ƶĩŚŬƳōŻř�ƳřŹŸĭƾ�řƿŢƟō�Ʋ��ƶŝ�ƹƿƤƏŚƴƯ�Źŵ�ƵĦƾ�ƱŚŤƀƯŻ�Śŝ��ŚºƷƽ�
ǈƯƿƮ�ƯŚưţ�ƶŝ�źţƾ�řƿř��ŵŹřŵ�ŵƺūƹ�ƩŚĪƃř�ƲƿŚƯŻō�ƲƿŸě�ƭŚŬƳř�Ƃƿ��ºƘƫŚƐƯ�Źŵ�Śºţ�ŢƟź�ºţō�šŚƾ��Źŵ

Ɩưū�šŹƺƇ�Źƹōƽ�ƯźƟ�ƶŝ�ŢƟōƾ�ŵƿŚƤƯ�ƱŚĪƯř��źĮƿƶƀ�ƽ�ĩźţǀƶƳƺưƳ�Śŝ�Ʊō�šŚŞ�ŚƷƽ�ŚƯŻōƿ�ƷŚĮºƄƾ�
ŶƃŚŝ�ŹƹŶƤƯ���ƪĪƃ�Źŵ�ƶĤƳŚƴģÑ��A�źţ�ŢƔƬƛ�Ţſř�ƆŴƄƯƽ�ƴſ�ƞƬŤŴƯ�ƪůřźƯ�Źŵ�ŻƺƫŚƷƾ��Żř

ƴƘƯ�šƹŚƠţ�ŵƺųƾ�Źřŵƽ�ŵřŶƳ�ƱŚƄƳ�řŹ��řŚŝƿƲ�ŵƺūƹ�Ʈĩ�źţƿƯ�Ʋǀźţ�Ʊřżƽ���ƶºƬůźƯ�ƶºŝ�ƍƺŝźƯ�ŻƺƫŚƷ�ƽ�
ǇƹŹƽ��mg/g�çè�å��  Ó�å��źţǇŚŝ�ƹƿƶƬůźƯ�ƶŝ�ƍƺŝźƯ�Ʊō�Ʋ�ƽ�ěǀƂ�Ơƃǀĭźƾ���mg/g�Óì�å�  Ò�ç��
Ưƾ�Ŷƃ��řƿ����ºƴƘƯ�żĩƺºƬĭ�ŵŹƺºƯ�Źŵ�ƝǈŤºųř�Ʋƾ��ŵƺºŝ�Źřŵ��ÍÒ�ÍP < ��Ö�Ð�=�F3, 12��ƪĪºƃ��Ñ��B���ƹ

Ʈĩ��źºţƿ�ƶºƬůźƯ�Źŵ�Ʊō�Ʋ�ƽ��ƵźºƄů�ƽ��ƪºƯŚĩ��mg/g�èæ�å�  î�æ���ºŝ�ƹǀƂ��źºţƿ�ƶºƬůźƯ�Źŵ�Ʊō�Ʋ�ƽ�
Ơººƃǀĭźƾ��mg/g�çè�å  í�è��ŵººƿŶººƃ�ƵŶ��ƯººǀƶººƬůźƯ�Źŵ�żĩƺººƬĭ�Ʊřż�ƽ�ƹŹǇƽ�Ƴººǀŵƺººŝ�ǇŚººŝ�ż� �
�mg/g�ÒÓ�å  Ò�è���ŝŹƺſǀƳ�ƩƺŤǀř�Źŵ�żƿ�ºƴƘƯ�ƝǈŤųř�ŵƺų�Żř�ŚŬƴƾ�Źřŵƽ��ŵřŵ�ƱŚºƄƳ��ÍÒ�ÍP < ��
Î�Ñ�=�F3, 12��řŹřŵ�ŚƷƹŹǇ�Źŵ�ƹƽ�Ʈĩ��źºţƿ�ŢºƔƬƛ�Ʋ��mg/g�åÒ�å�  �Ñ�å�����ƹ�ƪºƯŚĩ�šřźºƄů�Źŵ�ƹ
ěǀƂ�ƠƃǀƵź�řŹřŵ�ŚƷƽ�ŚŝźţǇƿ�ŢƔƬƛ�Ʋ��ƶŝ�ţźţ�ºǀŜ�mg/g�æí�å�  çî��æ��ƹmg/g�çÑ�å�  �çç�æ����ŵƺºŝ
��ƪĪƃÑ��E���ƯǀƬĭ�Ʊřżǀƴſ�ƪůřźƯ�Źŵ�Ʃƹźƀƾ�ŹŚƯō�źƔƳ�Żř�ƞƬŤŴƯƽ�ƴƘƯ�ƝǈŤųřƾ�Źřŵƽ��ŢƃřŶƳ
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèæ���ç���ÎÐîå�������������������������������������������������������������������������ÑÐ 

��ƪĪƃÑ��C���řŚŝƿƲ�źţǇŚŝ�ƩŚůƿ�ŚƷƹŹǇ�Źŵ�Ʊō�ŢƔƬƛ�Ʋ�mg/g�åì�å  Ñæ�å���Ʈºĩ�ƹ��źºţƿ�Źŵ�Ʊō�Ʋ
�ƪƯŚĩ�šřźƄů�mg/g�åÓ�å  æî�å��Ŷƃ�ƵŶƷŚƄƯ��ŚƯ�ŵŹƺƯ�ŹŵƿřƺƿŻƺƴƿƮƄģ�ƝǈŤųř�ƩƺŤ�ĭ�ºǀ�ƹ�ź

ƴƘƯƾ�Źřŵƽ�ŝǀƵźƄů�Ʋ�ƽ�Śſ�Śŝ�ƪƯŚĩƿŵ�ƪůřźƯ�źƿŶƃ�ƵŶ��ÍÎ�ÍP < ��Ó�ÎÒ�=�F3, 12��ƪĪƃ��Ñ��D���
ƾƴƘƿ�ƶƬůźƯ�ƶſ�Źŵ�Ʊō�ŢƔƬƛ�ƽ�ŵƿ�ƴºſ�źĮƾ��ºƀŝǀ�Śºě�ŹŚǀƿ�Ʋ���ŵƹŶºů�Źŵmg/g�è�å�����Źŵ�ŚºƯř�ŵƺºŝ

�ƵźºƄů�ƽ����ºƀŝ�ŢºƔƬƛ�ƪºƯŚĩǀ�ǇŚºŝ�ŹŚƾƿ��ƶºŝ�řŹ����ŵƺºŝ�Ƶŵřŵ�ƅŚºƈŤųř�ŵƺºų���mg/g�åç�æ  è�Ñ���
ƶŝ�řƿƲ�ţźţǀƵźƄů�Źŵ�ƶĩ�Ŷƃ�ƆŴƄƯ�Ŝ�ƽ�Ƭĭ�ƪƯŚĩǀ�Śºě�ƩƹźƀǀƿƲ��źºţƿ��ŚºƯ�ƹ�ŢºƔƬƛ�ƲƿřƺƿŻƺƴƿ�ƩƺŤ

źţǇŚŝƿƯ�řŹřŵ�řŹ�ŢƔƬƛ�Ʋƾ�ŶƃŚŝ��ǇŚŝ�ŢƬƗ�ƀŝ�ƱŵƺŝǀŻ�ŹŚƿř�ŵŚƿĩźţ�Ʋ�ºǀř�Źŵ�Ŝ�ºƿźƯ�Ʋů�ƶºƬ�ƽ��ƴºſƾ�
řźŝ�ŻƺƴƷƽ�Ƴ�ƲƃƹŹ�ŚƯǀŢƀ��Ư�źƔƳ�ƶŝ�ƶŤŞƫřƾ�Ŝƃ�Ʊƺģ�ŶſŹ�Ƶźě�ŚƷƽ�ř�Ʃƹř�ƪƀƳ�ŶƫƺƯƿ��Źŵ�ƶºƳƺĭ�Ʋ

ŞƏǀƯ�źƷŚƓ�ŵƹŻ�ŢƘƾ�ŶƳƺƃ��řźŝŚƴŝƿŚƃ�Ʋƿř�ƪƯŚĩ�šřźƄů�Źŵ�ŶƿŚƯ��ŢƟō�ƲƿřƺƿŻƺƴƿ�ŢƔƬƛ�Źŵ�ƩƺŤ
ǇŚŝƾƿ�ƫƺţǀƶūřƺƯ�šŹƺƇ�Źŵ�Śţ�ƵŶƃ�Ŷ�ŚƯźſ�Śŝ�ƱŶƃƽ�ƳŚƸĭŚƳƾ�řƹřƿƵźƄů��ŹŚƸŝ�ƪ�ƽ���Źŵ�řŹ�ƪºƯŚĩ

ř�źŝřźŝƿřźƃ�ƲƿŚưƳ�ƒƠů�ƎƿŶ��ưĪţ�šŚƘƫŚƐƯ�ƶģźĭřǀ�ºƬƾ��ŵŚƯźºſ�ƹƷƾ��ŚƯŻō�šřźºƄůƿ�ƷŚĮºƄƾ��ƹ
ſŹźŝƾ�ĩźţ�ŢƔƬƛǀ�ŶƋ�šŚŞƿř�Źŵ�ŲƿƱō�Źŵ�ŢƫŚů�Ʋ��ºƘƐƣ�źƔƳ�ŹŚƸƓř�ƅƺƈų�Źŵ�ŚƷƾ�ř�Źŵ�ºƿ�Ʋ
ƯŻǀƯ�źƔƳ�ƶŝ�ƭŻǇ�ƶƴƾ�ŶſŹ���

Ư�ƶĩŚŬƳōŻřǀźţ�Ʊřżƽ�ŚƷƹŹǇ�Źŵ�żĩƺƬĭ�ƹ�ŻƺƫŚƷƽ�ŚƯŻōƿƷŚĮƄƾ�ŚƷƹŹǇ�ƹƽ��Ɩºưū�Źƹōƽ���ƵŶºƃ
�ƱŚŤƀƯŻ�Ǝſřƹř�Źŵ�ŵƽ�ƵŚƯ���ŚŝƿŶĪƿŚƤƯ��ŶƴŤƃřŵ�ƝǈŤųř�źĮƿƶƀ�řƽ�Ưǀř�ƱŚƿƴĤưƷ�ƹ�Ƶƹźĭ�ƹŵ�Ʋǀ�Ʋ

Ưƺſ�Ƶƹźĭƾ�ŚƷƹŹǇ�ƪƯŚƃ�ƶĩƽ�ŚƯŻōƿƷŚĮƄƾ��šŶƯ�ƶŝ�ƶĩìç�ƵŹƹŵ�Źŵ�ŢƗŚſ�ƽ�ŹƺƳƽ�ŻƹŹ��ƵŚţƺĩ
�æç�ŚƴƃƹŹ�ŢƗŚſƾƿ��ƹæç�ŹŚţ�ŢƗŚſƿĪƾ��ŚƯŵ�ƹƽ�æÒ�ƶūŹŵ�ƽ��ºƀƬſǀ����ƵŶºƃ�ƶŤºƃřŵ�ƶºĮƳ�Žƺ

Ÿě�šŹƺƇ�ŶƳŵƺŝƿ�ŢƟź��ƪĪƃÒ����źƷ�ŵŹƺƯ�ŹŵŪƴě�ĩźţǀŝ�ŜǀŚƷƹŹǇ�Ʋƽ�ŚƯŻōƿƷŚĮƄƾ��ŵŚºƗƽ��ƹ
ŚººƷƹŹǇƽ�ŚƯŻōƿƷŚĮººƄƾ�ŵŚƯźººſƿººƟǈŤųř�ƵŶƾ�ŵººƿŶººƄƳ�ƵŶ��Źŵ�ƫŚººůƾ�ř�ƶººĩººƿŚººƷƹŹǇ�Śººŝ�ƹŵ�Ʋƽ�
Ɩưū�Źƹōƽ�ŞƏ�Żř�ƵŶƃǀŵ�Źŵ�ŢƘƽ���ƶºŝ�ƵŚºƯ���ƶºŝ�ƹ�šŶºƃ���ºƴƘƯ�ŹƺºƏƾ���ŶƴŤºƃřŵ�ƝǈŤºųř�Źřŵ��Ư�ºǀ�Ʊřż
źţƽ�ŻƺƫŚƷ�ŝŹƺſ��ǀƬĭ��ƩƺŤǀŚƯ�ƹ�ƩƹźƀƿřƺƿŻƺƴƿŚƷƹŹǇ�Źŵ�ƩƺŤƽ�ŵƽ��ŵ�Ƶƹźºĭ�ƹŵ�ƶŝ�ŢŞƀƳ�ƵŚƯƿ��źºĮ
ƀŝǀţǇŚŝ�ŹŚŵƺŝ�ź��žĪƘƬŝ��ř�Źŵ�żĩƺƬĭ�ŢƔƬƛƿŚě�ŚƷƹŹǇ�ƲǀƿŚƷƹŹǇ�Źŵ�ŚƯř�Ʋƽ�ŵ�Ƶƹźĭ�ƹŵƿ�ǇŚŝ�źĮ
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Fig. 3. Cryoprotectants changes in the overwintering larvae of beet armyworm from 

November 2008 to March 2009. A, Trehalose; B, Glucose; C, Glycerol; D, Myo-
inositol and E, Sorbitol. Values labeled with the same letters are not significantly 
different at the 5% level by Tukey�s test after ANOVA. 

b

a

a

ab

ab

0

1

2

3

4

5

6

Nov Dec Jan Feb Mar

T
re

ha
lo

se
(m

g/
g 

fr
es

h 
w

ei
gh

t)

ab

c

bc

ab
a

0

1

2

3

4

5

Nov Dec Jan Feb Mar

G
lu

co
se

 (
m

g/
g 

fr
es

h 
w

ei
gh

t)
  

b

a

a

b

b

0

0.5

1

1.5

2

2.5

3

Nov Dec Jan Feb Mar

G
ly

ce
ro

l (
m

g/
g 

fr
es

h 
w

ei
gh

t)
  

b

aa

b
b

0

0.5

1

1.5

2

Nov Dec Jan Feb Mar

M
yo

-i
no

si
to

l(
m

g/
g 

fr
es

h 
w

ei
gh

t)
  

0

0.5

1

1.5

2

2.5

3

3.5

Nov Dec Jan Feb Mar

So
rb

it
ol

(m
g/

g 
fr

es
h 

w
ei

gh
t)

 

b

a

a

ab

ab

0

1

2

3

4

5

6

0

1

2

3

4

5

6

Nov Dec Jan Feb Mar

T
re

ha
lo

se
(m

g/
g 

fr
es

h 
w

ei
gh

t)

ab

c

bc

ab
a

0

1

2

3

4

5

Nov Dec Jan Feb Mar

G
lu

co
se

 (
m

g/
g 

fr
es

h 
w

ei
gh

t)
  

b

a

a

b

b

0

0.5

1

1.5

2

2.5

3

0

0.5

1

1.5

2

2.5

3

Nov Dec Jan Feb Mar

G
ly

ce
ro

l (
m

g/
g 

fr
es

h 
w

ei
gh

t)
  

b

aa

b
b

0

0.5

1

1.5

2

0

0.5

1

1.5

2

Nov Dec Jan Feb Mar

M
yo

-i
no

si
to

l(
m

g/
g 

fr
es

h 
w

ei
gh

t)
  

0

0.5

1

1.5

2

2.5

3

3.5

Nov Dec Jan Feb Mar

So
rb

it
ol

(m
g/

g 
fr

es
h 

w
ei

gh
t)

 

A B 

D C 

E 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

ÑÓ                           ƱřŹŚƨưƷ�ƹ�ŹƺěŚƐƗ���šŚŞǀƧźţ�šřźǀǀƜţ�ƽŚƷƹŹǇ�Źŵ�ƲǀƿŚě�ƾƫƺƨƫƺƯ�ƱŻƹ�Śŝ�Ųƿ�ŶƋ�����

 
 

��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��

ƪƨƃ�Ñ��Ɯţǀǀĩźţ�ŢƔƬƛ�šřźǀ�ŶƋ�šŚŞƿƫƺĪƫƺƯ�ƱŻƹ�Śŝ�Ųƾ�Śěǀƿƴſ�ƪůřźƯ�Źŵ�Ʋƾ���ƭźºĩ�ƞƬŤŴƯ
�īźºŝ��ƁŹƹźººě�ŹŶºƴƜģ�Źřƺººų�ƿ�ŚƯŻō�Źŵ�ƶºŤƟŚƿƵŚĮººƄ��A���źºţƽ���ŻƺƫŚººƷB����żĩƺººƬĭC��

Ƭĭǀ��ƩƹźƀD��ŚƯƿřƺƿŻƺƴƿ�ƹ�ƩƺŤE��ŝŹƺſǀƩƺŤ��ƱŚƄƳ�ƶŝŚƄƯ�Ɲƹźů�ƵŶƴƷŵ�ƽ��ŵƺūƹ�ƭŶƗ
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Fig.4. Cryoprotectants changes in the different stages of lab-reared beet armyworm. A, 
Trehalose; B, Glucose; C, Glycerol; D, Myo-inositol and E, Sorbitol. Values labeled 
with the same letters are not significantly different at the 5% level by Tukey�s test after 
ANOVA. 
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Fig. 5. Cryoprotectants changes in the lab-reared 5th instar larvae (control), lab-reared 5th 
instar larvae that treated at 15°C for 72h (treated larvae) and overwintering larvae of 
beet armyworm collected in January 2009 (overwintering larvae). A, Trehalose; B, 
Glucose; C, Glycerol; D, Myo-inositol and E, Sorbitol. Values labeled with the same 
letters are not significantly different at the 5% level by Tukey�s test after ANOVA. 
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