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Abstract 

The almond wasp is the key pest of almonds. The last instar larvae remain in the damaged fruits during summer, 
fall, winter and even early spring. This is a univoltine pest. In this study, changes in the amount of total carbohydrate, 
lipid, protein, glycogen, supercooling point and coldhardiness of the diapausing larvae were measured from October to 
March. Total body sugar in September and October was the lowest and reached the highest level of 69�76 mg/g body 
weight in the coldest month of the year (January). In January glycogen content with 56.61 mg/g body weight was the 
lowest and 4.54% of the larvae survived when exposed to -25 ºC. These changes reflect the conversion of glycogen to 
sugar alcohol in order to increase the insect cold tolerance. The amount of protein in the onset of diapause (October) 
with 42.00 mg/g body weight was the lowest and gradually rose and reached the highest level of 68.98 mg/g body 
weight in February. Lipid changes did not follow a specific order, but in March with 39.06 mg/g body weight reached 
the highest level. Supercooling points of the larvae in September to January were almost the same, at around -23 ºC, 
but at the end of March with termination of diapause reached to the lowest level of -18.69 ºC. Cold tolerance of the 
larvae in March was lower than in other months and at -20 ºC from October to February 100% of the larvae survived, 
but in February this percent reached to 73�33. 
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ŹƺŞƳŻ�żƜƯ�Źřƺų��ƭřŵŚŝ�Eurytoma amygdali Enderlien (Hymenoptera: Eurytomidae)��ƿƾĪ�Żř�šŚƟō��ƮºƸƯ��ƭřŵŚºŝ�Źŵ��Ʊřźºƿř�
Ţſř�ƹ ŹŵŚƣ�Ţſř�Śţ�ÖÍ��ƩƺƈŰƯ�řŹ�ŵƺŝŚƳ�ŵŻŚſ(Talebi Chaichi, 1987)��Ʋƿř ƶƳƺĭ��ƾºŤƟō��Ĩºţ��ƾƬºƀƳ��Ţºſř��ƶºĩ�Źŵ��ƾºųźŝ�Żř�

ŢǀƘưū�ŚƷ�ƶŝ�ƪǀƫŵ�ŻƺěŚƿŵ�ƾƳǇƺƏ�šŶƯ�ƪĪǀſ�ƾĭŶƳŻ�ŵƺų�řŹ�Źŵ�ƹŵ�Śƿ�ƶſ�ƹ�ƾŤů�Źŵ��ƽŵŹřƺºƯ��ŹŚºƸģ��ƩŚºſ��ƪºǀưĪţ��ƾºƯ��Ŷºƴĩ�
(Margaritopoulos & Tzanakakis, 2006)��Ʋƿř�ŢƟō�ƱŚŤƀƯŻ�řŹ�ƶŝ�šŹƺƇ�ƹŹǇ�ǈƯŚĩ�ŶƃŹ��ƶºŤƟŚƿ�Źŵ��ƪºųřŵ��ƭřŵŚºŝ��Ƶŵƺºƫō��ƽźĜºſ�
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ŚƯźſ�Źŵ�šřźƄů�ƶŝ�ŹƺƏ�ƾƬĩ�ƶŝ�ƹŵ�ƶŤſŵ�ƮǀƀƤţ�ƾƯŵƺƃ�ƞƫř��šřźƄů�ƪưŰţ�ƵŶƴƴĩ�Ųƿ�ƶĩ�ƪǀĪƄţ��Ųºƿ��ũŹŚºų��ƾƫƺƬºſ�řŹ�Źŵ�
ƱŶŝ�ƪưŰţ�ƾƯŶƴƴĩ��ś��ƾţřźƄů�ƶĩ�Żř�šřźŧř�ƵŶƴƄĩ�ŵŚưŬƳř�Śŝ�ƂƷŚĩ�ƶūŹŵ�ƾţŹřźů�ƶĩ�Źŵ�Ʊō��ƶºŝ��šŹƺºƇ��ŵƺºų��ƶºŝ��ƽŵƺºų�

ŵŚưŬƳř�ƱŶŝ�űŹ�ƾƯŶƷŵ�ƽźǀĭƺƬū�ƾƯŶƴƴĩ��Ʋƿř�ŹřŶƤƯ�ƶƐƤƳ�ơƺƟ�ŵźſ�ƿŚ�supercooling point�ƵŶǀƯŚƳ�ƾƯŵƺƃ�ƶĩ�ƶŝ�šŹƺƇ�ƾŝźŬţ�
Śŝ�ŵřŻō�ƱŶƃ�ƽŚƯźĭ�ƶŤƠƸƳ�ƮƷ�ƾƃƺū�ƶĩ�śō�ƱŶŝ�Ųƿ�ƾƯŶƳŻ�ƆŴƄƯ�ƾƯŵƺƃ�(Bausta & Rojas, 1985)���

ƽŹŚǀƀŝ�Żř�šřźƄů�Źŵ�ƵŚĮŤƀƿŻƽŚƷ�ƩŶŤƘƯ�ƩƺĪƫƺƯƽŚƷ�Śŝ�ƱŻƹ�ƾƫƺĪƫƺƯ�Ʈĩ�Ĩģƺĩ��Ŷºƴƣ�ƹ����ƾºƬĪƫř�ƽŚƷŶºƴƣřŹ�Źŵ��ƩƺºƏ�
ƱŚŤƀƯŻ�ƶŤƃŚŞƳř�ƾƯŶƴƴĩ�(Ramlov, 2000)� ŢǀƟźƓ�ƖưŬţ� ƾƬĪƫř�ƽŚƷŶƴƣ ƲĪưƯ�Ţſř�ƶŝ�šŹƺƇ�ƾƬƈƟ�źǀǀƜţ��Ŷºƴĩ�ƹ��ƽŹŚǀºƀŝ�Żř�
ƶƳƺĭƽŚƷ�šřźƄů�Źŵ�ƽŚƯŵ�ƲǀƿŚě�ƕƹźƃ�ƶŝ�żŤƴſ��ŚƷŶƴƣ�ƲƿřƾƯŶƴƴĩ��Nodrin et al., 1984���ƽźţŶƿźǀƀǀƬĭ��ƭźºƟ��Ƶźºǀųŷƽř��ŶºǀĜǀƫ�
ƾƯŶƃŚŝ�ƹ�Ƶźǀųŷ��Ʊō�ƶƳŚƄƳ�ƱŚŤƀƯŻƾƳřŹŸĭ�Źŵ�ŜƬƛř�šřźƄů�Ţſř��Dortland & Esch, 1979���ƲǀƴĤưƷ�ƱĥƺĪǀƬĭ�ƶŝ�ƱřƺƴƗ�ƖŞƴƯ�

ƽĥźƳř�ƝźƈƯ�ƾƯŵƺƃ�ŚƯř�ƂƤƳ�Ʊō�ŹŚǀƀŝ�ƵŶǀĤǀě�Ţſř�ƹ�ƾƯŶƳřƺţ�ƶŝ�ƱřƺƴƗ�ƂǀěƵŵŚƯ�ƽřźŝ�ŵřƺƯ�ŢƔƟŚŰƯ�ƵŶƴƴĩ�Źŵ�źŝřźŝ�ŚƯźſ�Żř�
ƪǀŞƣ�ƩƹźƀǀƬĭ�ŶƃŚŝ��Storey et al., 1981���ƽŹŚǀƀŝ�Żř�šřźƄů�ƱŚŤƀƯŻƱřŹŸĭ�ŶƴƣƽŚƷ�ƾƬĪƫř���ŶºƴƳŚƯ���ƩƹźºƀǀƬĭ��ƩƺŤǀŝŹƺºſ��Śºƿ�

ƩƺŤƿŻƺƴƿř��ƹ�Śƿ�ƽŚƷŶƴƣ�ƵŵŚſ��ŶƴƳŚƯ�ŻƺƫŚƷźţ�Śƿ�żĩƺƬĭ��řŹ�Ƶźǀųŷ�ƾƯŶƴƴĩ�Źŵ�ƾƫŚů�ƶĩ�Ƶźǀųŷ�ƱĥƺĪǀƬĭ�řŹ�ƾƯŶƴƴĪƃ��Storey & 

Storey, 1991����
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Î���šřźƄů��
ƽŚƷƹŹǇ�ƱŚŤƀƯŻƱřŹŸĭ��Ʋſ�źųō��ŹƺŞƳŻ�ŹřƺųżƜƯ�ƭřŵŚŝ�Żř�šŚƛŚŝ�Ƶŵƺƫō�ƂŴŝ�ƙŚŝƱřŹŵŚƸŝ�ƱŚŤſř�ƱŚƸƠƇř��ÐÏ��ƶºūŹŵ�ƹ�ÏÏ�

ƶƤǀƣŵ�ƾƫŚưƃ�ƹ�ÒÎ�ƶūŹŵ�ƹ�ÎÐ�ƶƤǀƣŵ�ƾƣźƃ�ƹ�ƕŚƠţŹř�ÎÖÍÍ źŤƯ�Żř�ŮƐſ�ŚƿŹŵ��Źŵ�ƵŚƯƽŚƷ�źƸƯ�Śţ��ŶƴƠºſř��ƩŚºſ�ÖÐ��ƖºưūƽŹƹō�
ŶƳŶƃ���
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Ï��ƵŵŚƯōƾƿŚǀưǀƃ�żǀƫŚƳō�ƽřźŝ�šřźƄů�żƿŚƳĥƺưƷ�ƹ�ƽŻŚſ��
Î�Ï��ƵŻřŶƳřƽźǀĭ�Ŷƴƣ���

ƽřźŝ�ƵŻřŶƳř�ƽźǀĭ�Ŷƴƣ�Żř�ƁƹŹ� Warburg & Yuval (1997)ƵŵŚƠŤſř�Ŷƃ��Źŵ�Ʋƿř�ƁƹŹ�ƹŹǇ�ƶŤƀƃ�ƵŶƃ�ƱŻƹ�ƵŶƃ�ƹ�Źŵ�ÏÍÍ�
źŤǀƫƹźĪǀƯ�H2SO4�żƿŚƳĥƺưƷ�ƾƯŵƺƃ��žĜſ�ÎÐÍÍ�źŤǀƫƹźĪǀƯ�Żř�ƭƺƟƹźƬĩ�ƩƺƳŚŤƯ��Î�Ï��ƶŝ�Ʊō��ƵŵƹżºƟř�ƹ��ƶºŝ��šŶºƯ�ÎÍ��ƶºƤǀƣŵ�Źŵ�
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ÔÎÒÍ�Źƹŵ ĥƺƠƿźŤƳŚſ�ƾƯŵƺƃ��žĜſ�ÐÍÍ�źŤǀƫƹźĪǀƯ�Żř�ŢƳŚţŚƳźěƺſ�řŹ�Śŝ�ÏÍÍ�ƹźĪǀƯ�źŤǀƫ�śō�źƐƤƯ�ƍƺƬŴƯ�Ƶŵźĩ�ƹ�ƶŝ�šŶƯ�ÎÍ�
ƶƤǀƣŵ�Źŵ�ƽŚƯŵ�ÖÍ�ƶūŹŵ�ŽƺǀƀǀƬǀſ�Źřźƣ�Ƶŵřŵ�ƹ�žĜſ�Î�ƾƬǀƯ�źŤǀƫ�ƱƹźŤƳō�ƶŝ�Ʊō�ƵŵƹżƟř�ƹ�Źŵ�ƵŚĮŤſŵ��źŤƯƺţƺƟƺŤĪĜºſř�Źŵ��ƩƺºƏ�
ũƺƯ�ÓÐÍ�źŤƯƺƳŚƳ�ƱřżǀƯ�śŸū�ƵŶƳřƺų�Ŷƃ��ŵŹřŶƳŚŤſř�ŵŹƺƯ�ƵŵŚƠŤſř�Źŵ�Ʋƿř�ƁƹŹ�żĩƺƬĭ�ŵƺŝ���

��
Ï�Ï��ƵŻřŶƳř�ƱĥƺĪǀƬĭ�ƽźǀĭ��

ƽřźŝ�ƵŻřŶƳřƽźǀĭ�ƱĥƺĪǀƬĭ�Żř�ƁƹŹ� Warburg & Yuval (1997)ƵŵŚƠŤſř�Ŷƃ���ƽřźºŝ��Ʋºƿř��ŹƺºƔƴƯ��ŢºƬě��ƶºŝ��Ţºſŵ��ƵŶºƯō�Żř�
ĥƺƠƿźŤƳŚſ�ǇŚŝ�Śŝ�ÑÍÍ�źŤǀƫƹźĪǀƯ�ƩƺƳŚŤƯ�ÕÍ��Ţƀƃ�ƹ�ƺƃ�Ƶŵřŵ�Ŷƃ��žĜſ�ÏÒÍ�źŤǀƫƹźĪǀƯ�śō�źƐƤƯ�ƶŝ�Ʊō�ƵŵƹżƟř�ƹ�ƶŝ��šŶºƯ�Ò�

ƶƤǀƣŵ�Źŵ�ƽŚƯŵ�ÔÍ�ƶūŹŵ�ŽƺǀƀǀƬǀſ�Źřźƣ�Ƶŵřŵ�ƹ�žĜſ�ÏÍÍ�źŤǀƫƹźĪǀƯ�Żř�ƩƺƬŰƯ�ŵŹƺƯ�źƔƳ�řŹ�ƶŤƃřŵźŝ�ƹ�Śŝ�ƱƹźŤƳō�ƶŝ�šŶƯ�ÎÍ�
ƶƤǀƣŵ�Źŵ�ƽŚƯŵ�ÖÍ�ƶūŹŵ�ŽƺǀƀǀƬǀſ�Źřźƣ�Ƶŵřŵ�ƹ�Źŵ�ƵŚĮŤſŵ�źŤƯƺţƺƟƺŤĪĜſř�Źŵ�ƩƺƏ�ũƺƯ�ÓÐÍ�źŤƯƺƳŚƳ�ƱřżǀƯ�śŸū�ƵŶƳřƺų�ƾƯ
ŵƺƃ��ŵŹřŶƳŚŤſř�ŵŹƺƯ�ƵŵŚƠŤſř�Źŵ�Ʋƿř�ƁƹŹ�ƱĥƺĪǀƬĭ�ƾƯŶƃŚŝ���

��
Ð�Ï��ƵŻřŶƳřƽźǀĭ�ƾŝźģ����

ƽřźŝ�ƵŻřŶƳřƽźǀĭ�ŝźģƾ��ŻřƁƹŹ� Warburg & Yuval (1997)ƵŵŚƠŤſř�Ŷƃ��Źŵ��ƁƹŹ�ƲƿřÐÍÍ��źºŤǀƫƹźĪǀƯ�Żř����ƾºƿƹŹ�ƩƺºƬŰƯ
�ƪƇŚůŻř�ƵŻřŶƳřƽźǀĭ�ŚƯŻō�ƶƫƺƫ�ƱƹŹŵ�řŹ�ŶƴƣƂƿ�ŹƶŤŴƿ���������žĜºſ��ŵƺºƃ�ĨºƄų�ǈƯŚºĩ�Śºţ�Ƶŵźºĩ�źŞºƇ�ƹÐÍÍ��źºŤǀƫƹźĪǀƯ��Ŷǀºſř�

�ĨƿŹƺƠƫƺſƶƟŚƋř�ŵ�ƹ�ƵŵźĩŚƯ��šŶƯ�ƶŝ�řŹÎÍ��ƶŝ�ƶƤǀƣŵÖÍ�ƶūŹŵ�ŽƺǀƀǀƬǀſ��ƵŶƳŚſŹ�ƩƺƬŰƯ�ƱŶƃ�ŵźſ�Żř�žě��ÏÔÍÍ�źŤǀƫƹźĪǀƯ�
ƝźƘƯ�ƲǀƬǀƳřƹ��Żř�ŶƘŝ�ƹ�ƶƟŚƋřÐÍ�ƣŵƶƤǀ�ƶĮƳƽŹřŵ��ƱřżǀƯ�ƎǀŰƯ�ƽŚƯŵ�ŹŵśŸū�Źŵ�ƵŚĮŤſŵ��źŤƯƺţƺƟƺŤĪĜºſř�Źŵ��ƩƺºƏ��ũƺºƯ�ÒÐÍ�
�źŤƯƺƳŚƳƵŶƳřƺų�Ưƾŵƺƃ��Źŵ��Żř�ƁƹŹ�ƲƿřƲǀŘƫƺƿźţ�ƶŝ�ƾƯ�ƵŵŚƠŤſř�ŵŹřŶƳŚŤſř�ƱřƺƴƗŵƺƃ���
��

é�ç��ƵŻřŶƳřƽźǀĭ�ţƹźěƲŘǀ��ƪĩ��
ŢƸū�ƵŻřŶƳřƽźǀĭ�ƲǀŘţƹźě���ƱŻƹ�ƽŵřźƠƳř�šŹƺƇ�ƶŝ�ŚƷƹŹǇ�řŶŤŝřƵŶƃ�ƹ��ƵřźưƷ�ƶŝ�ƱƹŚƷ�ƱƹŹŵ�žĜſÏ�Ò�ÎƾƬǀƯźŤǀƫ�ƩƺƳŚţř�

ÕÍ���šŶƯ�ƶŝ�ƹ�ƲĮưƷÎÍ��Źŵ�ƶƤǀƣŵÎÏÍÍÍ�ƾƯ�ĥƺǀƠƿźŤƳŚſ�ŹƹŵŶƳƺƃ��ŝƽřź��ƁƹŹ�Żř�ƵŹřŶƳř Bradford (1976)ƵŵŚƠŤſř��ºƯƾ�ŵƺºƃ��
řźŝƽ�řƲƿ��ŹƺƔƴƯÍÒ�Í�ƯƾƬǀ�ƫźŤǀ�ŚƳĥƺưƷ�Żř�ƪƇŚů�ŢƳŚţŚƳźěƺſ�Żřżƿ��Śŝ�řŹÒ�Î�ƯƾƬǀźŤǀƫ��ºſŚƯƺĩ�ƪƯŚƃ�ƶĩ�ƝźƘƯ�Żřƾ��ƺºƬŝ���Ŷǀºſř�

ĨƿźƠƀƟ�ƹ�ƩƺƳŚŤƯ�Ţſř�ƍƺƬŴƯ�ƹ�Źŵ�ƩƺƏ�ũƺƯ�ÒÖÒ�źŤƯƺƳŚƳ�ƶŝ�ƶƬǀſƹ�źŤƯƺŤƟƺŤĪĜſř�Ţŗřźƣ��ƾºƯ�ŵƺºƃ��Źŵ��Ʋºƿř�ƁƹŹ�Żř��ƭźºſ�
ƲǀƯƺŞƫō�ƽƹŚĭ�ƶŝ�ƱřƺƴƗ�ŵŹřŶƳŚŤſř�ƵŵŚƠŤſř�ƾƯŵƺƃ���
��

Ð��ƲǀǀƘţ�ƶƐƤƳ�ơƺƟ�ŵźſ��
ƽřźŝ�ř�ƭŚŬƳřƲƿ�ŚƯŻōƂƿ��ƁƹŹ�Żř Lee (1991)ƵŵŚƠŤſř�Ŷƃ��ŚƸŤƳřƽ�ŚƷŹƺƀƴſƽ���ŚºƯŵ�ƵŶƴƴĩ�ŢŞŧ�ƵŚĮŤſŵ(Testo, model 177-

T4, Germany)�ƶƬǀſƺŝ�Ŝƀģ�ƽŹřƺƳ�ƽƹŹ�ŮƐſ�ƾŤƄě�ƱŶŝ�ƹŹǇ�ŢŝŚŧ�Ŷƃ�ƹ�ƶƳƺưƳŚƷ�ƱƹŹŵ�Ĩƿ�ŹżƿźƟ�ƪŝŚƣ��ƶºƯŚƳźŝ�ƽżºƿŹ��ƽřźºŝ�
ƂƷŚĩ�ƾŬƿŹŶţ�ŚƯŵ�Źřźƣ�Ƶŵřŵ�ŶƳŶƃ��Żř�ƽŚƯŵ�ÏÍ�Śţ�ÐÍ��ƶūŹŵ�ƾŤƳŚſŵřźĭ�Śŝ�ŢƗźſ�Ò�Í�ƶūŹŵ�ƾŤƳŚſŵřźĭ�Źŵ�ƶƤǀƣŵ�ŚƯŵ�ƂƷŚĩ�
ŢƟŚƿ��Śŝ�ƱŶǀſŹ�ƽŚƯŵ�ƱŶŝ�ƵźƄů�ƶŝ�źƿŻ�źƠƇ��ƶūŹŵ�ƂƷŚĩ�ƾŬƿŹŶţ�ŚƯŵ�ƶƬǀſƺŝ�ƵŚĮŤſŵ�ƽŚěŚƯŵ�(Testo)��ŢºŞŧ�ƹ��ƶƬǀºſƺŝ��ƭźºƳ�
ŹřżƟř�ƶƳŚƿřŹƽř�(Comsoft 3 software)�Źŵ�ƪƇřƺƟ�ƾƳŚƯŻ�ƲǀƘƯ�ŢŞŧ�Ŷƃ��ƲǀƿŚěƲƿźţ�ƾƿŚƯŵ�ƶĩ�Źŵ�Ʊō�ŚƯŵ�Źŵ�źŧř�ŵřŻō��ƱŶºƃ��ƽŚºƯźĭ�

ƾƳƹŹŵ�ƱŶŝ��ƹŹǇ�ƂƿřżƟř�ƾƳŚƸĭŚƳ�ŚƯŵ�ƵŶƷŚƄƯ�ƾƯ�ŵƺƃ�ƶŝ�ƱřƺƴƗ�ƶƐƤƳ�ŵŚưŬƳř�ƱŶŝ�ƹŹǇ�ŢŞŧ�Ŷƃ���
��
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Ñ��ƲǀǀƘţ�ŚƤŝ�Źŵ�ƽŚƯŵ�ƲǀƿŚě���
ƽřźŝ�ř�ƭŚŬƳřƲƿ��ƁƹŹ�Żř�Ţƀţ Goto et al.(1998)ƵŵŚƠŤſř�Ŷƃ��ŶŝƲƿ�ţźţŜǀ�ŵřŶƘţ�ƶĩƽ����Źřźºƣ�źºŞưģ�Ţƀţ�ƵŚĮŤſŵ�Źŵ�ƹŹǇ

�ƵŵřŵŶƃ��Żř�ŚƯŵ�ƹÏÍ���ŚţÏÍ���ŢŞƀƳ�ƶŝ�ƹÒ�Í�ƣŵ�Źŵ�ƶūŹŵƶƤǀ���ƂƷŚºĩ�ŢºƟŚƿ���Żř�ƭřŶºĩźƷ�Źŵ�ƹ�ƽŚºƷŚƯŵ�Ò���ÎÍ���ÎÒ���ƹÏÍ��
ƶūŹŵ�ſŽƺǀƀǀƬǀ�ƶŝ��šŶƯÏÑ�ƶĮƳ�ŢƗŚſƽŹřŵ�Ŷƃ�ŶƳ��ƶŝ�ŚƯŵ�ƵŹŚŝƹŵÏÍ��ƶūŹŵ�ſŽƺǀƀǀƬǀ�ƹ�ƬŞƣ�ŢŞƀƳ�Śŝƾ�řżƟřƂƿ�ŢƟŚƿ���žě
�ŻřÏÑ�Ɯţ�Śŝ��Ʊŵƺŝ�ƵŶƳŻ�ŢŞƀƳ�ŢƗŚſźǀǀ��ƱŶŝ�ĬƳŹŚƿ�ĪţŻŹř�ƹŹǇ�ƱŵŹƺų�ƱŚƾŝŚƿ�Ŷƃ���

��
Ò��šŚƗǈƏř�řƺƷ�ƹ�śōƾƿ���

šŚƗǈƏř�řƺƷ�ƹ�śōƾƿ�Śſ�ŻřŢƿ�ſŚƴƃřƺƷƾ�řƵŚĮŤƀƿ�ŹŻƲƿ�ŵżƳ�ƶĩ�źƸƃĨƿƲƿźţ�ř�ƵŚĮŤºƀƿ����ƶºƳƺưƳ�ƪºŰƯ�ƶºŝ�ƽŹřŵźºŝ���Ţºſř
ŹŵŢƟŚƿ��ƪĪƃ�Źŵ�ƹĨƿ��ƶŗřŹřŶƃ���

��
Ó��ƫŚƳōżǀ�ƵŵřŵŚƷ��

ƶƿżŬţ�ƵŵřŵŚƷ�ŚƤƯ�ƁƹŹ�ƶŝƶƀƿ�ƯƲǀĮƳŚǀ�ţƽŚƷŹŚưǀ�ĩƺţ�ƱƺƯŻō�Ĩưĩ�Śŝ�ƞƬŤŴƯƾ��ŮƐſ�ŹŵÒ���ŹřżºƟř�ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ�ŶƇŹŵ
SAS 9�ƭŚŬƳř�ŢƟźƿŶě���
��
ŪƿŚŤƳ���

ƶƴǀưĩ�ŚƯŵ�Źŵ�ƱŚƸƠƇř�BƲƿŹŻ�źƸƃ�Żř�Ó�Ò�Źŵ�źƸƯ�ƵŚƯ�ƶŝ�Ó�Õ��Źŵ�ƽŵ�ƵŚƯ�ƂƷŚĩ�ƾƯ�ƿŶŝŚ�ƹ��žºě�Żř�Ʊō�Źŵ��ŶƴƠºſř��ƵŚºƯ��ƶºŝ�
Õ�Ñ��ƂƿřżƟř�ƾƯ�ƿŶŝŚ��ƪƨƃ�Î����
��

 
��

�ƪĪƃÎ���ƩŚſ�ƵŚƯ�ŶƴƠſř�Śţ�ƵŚƯ�źƸƯ�Żř�ƱŚƸƠƇř�źƸƃ�ƲƿŹŻ�Źŵ�ŚƯŵ�ƾƬƈƟ�šřźǀǀƜţ�ƶƴǀƄǀŝ�ƹ�ƶƴǀưĩÖÐ���
Fig. 1. Seasonal changes in minimum and maximum ambient temperature in Zarin Shahr, Esfahan between October 2014 and 
March 2015. 

��
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Î��ŹřŶƤƯ�šŹřŶǀƷƺŝźĩ���
ƝǈŤųř�Źŵ�ƱřżǀƯ�Ŷƴƣ�ƹ�ƱĥƺĪǀƬĭ�Źŵ�ƩƺƏ��ŻƺěŚƿŵ�ƹŹǇ�Źŵ�ƩƹŶū�ƵŹŚưƃ�Ĩƿ�ƱŚƄƳ�Ƶŵřŵ��ƵŶºƃ��Ţºſř���ŹřŶºƤƯ��Ŷºƴƣ��ƪºĩ�� 

ÍÍÎ�Í P��ÔÖ�ÐÔ Ò�ÖÏF��Żř�ÏtÔÑ�ÐÔ�ƾƬǀƯƭźĭ�źŝ�ƭźĭ�ƱŻƹ�ƱŶŝ��Źŵ�źƸƯ�ƵŚƯ�ƶŝ�ƱřƺƴƗ�ƲƿźŤƯźĭ�ƵŚƯ�ŻƺěŚƿŵ��ƂƿřżƟř�ƶŤƟŚƿ�ƹ�ƶŝ�
ƲƿźţǇŚŝ�ŮƐſ��ŵƺų�ÍÐ�ÑtÓÖ�ÔÓ�ƾƬǀƯƭźĭ�źŝ�ƭźĭ�ƱŻƹ�ƱŶŝ�Źŵ�ƽŵƵŚƯ�ƶĩ�Ʋƿźţŵźſ�ƵŚƯ�ƩŚſ�ƁŹřżĭ��ƵŶºƃ��Ţºſř��ƾºƯ�ŶºſŹ��
ŹřŶƤƯ�ƱĥƺĪǀƬĭ��ÍÎÎÒ�Í P��ÏÏ�Ð� ÓÔ��ÒF��Żř�ƲƿźţǇŚŝ�ŮƐſ�ŵƺų�ÏÖ�Ï�tÎÐ�ÔÒ�ƾƬǀƯ�ƭźºĭ��źºŝ��ƭźºĭ�ƱŻƹ��ƱŶºŝ�Źŵ��ƵŚºƯźƸƯ�
ƂƷŚĩ�ƶŤƟŚƿ�ƹ�Źŵ�Ʋƿźţŵźſ�ƵŚƯ�ƩŚſ��ƽŵ��ƶŝ�ƲǀƿŚěƲƿźţ�ŮƐſ�ÔÖ�Ï�tÕÎ�ÒÓ�ƾƬǀƯƭźĭ�ƭźĭźŝ�ƱŻƹ��ƱŶºŝ��ƾºƯ�ŶºſŹ���ƂƷŚºĩ�Źŵ�
ƱřżǀƯ�ƱĥƺĪǀƬĭ�Śŝ�ƂƿřżƟř�ƱřżǀƯ�Ŷƴƣ�ŜſŚƴŤƯ�Ţſř�ƹ�žĜſ�Źŵ�ƵŚƯƽŚƷ�ƲưƸŝ�ƹ�ŶƴƠſř�ƱĥƺĪǀƬĭ�ƂƿřżƟř�ƾƯŶŝŚƿ���

��
Ï��ƱřżǀƯ�ƾŝźģ���

šřźǀǀƜţ�ƱřżǀƯ�ƾŝźģ��ÍÍÍÕ�Í P��ÕÍ�Ò ÏÖ��ÒF��Źŵ�ƱŶŝ�ƽŚƷƹŹǇ�ƽřŹřŵ�ŻƺěŚƿŵ�Żř�ƮƔƳ�ƾƇŚų�ƽƹźǀě�ŵźĪƳ�ƹ�ƲǀƿŚěƲƿźţ�
ŮƐſ�Ʊō�ƍƺŝźƯ�ƶŝ�ƵŚƯźƸƯ�Śŝ�ÓÕ�Í�tÑÒ�ÏÒ�ƾƬǀƯƭźĭ�źŝ�ƭźĭ�ƱŻƹ�ƱŶŝ�ŵƺŝ�ƹ�Źŵ�ƵŚƯŶƴƠſř�ƶŝ�ÍÑ�ÏtÍÓ�ÐÖ�ƾƬǀƯ�ƭźºĭ��źºŝ��ƭźºĭ�
ƱŻƹ�ƱŶŝ�ŶǀſŹ��ƱřżǀƯ�ƾŝźģ�Źŵ�ƵŚƯƽŚƷ��źƸƯ�ƽŵ�ƹ�ŶƴƠſř�ƝǈŤųř�ƾƴƘƯŹřŵ�ƱŚƄƳ�ŵřŵ��ƩƹŶū�Î����

��
Ð��ƱřżǀƯ�ƲŘǀţƹźě���

ƱřżǀƯ�ƲŘǀţƹźě��ÍÍÎÒ�Í P��ÑÓ�Ò ÏÓ��ÒF��Źŵ�ƩƺƏ�ŻƺěŚƿŵ�ƶŝŪƿŹŶţ�ƂƿřżƟř�ŢƟŚƿ�ƹ�Żř�ÒÕ�Ð�tÑÏ�Źŵ�ƵŚƯźƸƯ�ƶŝ�ƲƿźţǇŚŝ�ŮƐſ�
ŵƺų�ÑÐ�ÎÍ�tÖÕ�ÓÕ�Źŵ�ƲưƸŝ�ƵŚƯ�ŶǀſŹ��ƩƹŶū�Î����
��
Ñ��ŚƤŝ�Źŵ�ƾƿŚƯŵ�ƲǀƿŚě�ƹ�ƶƐƤƳ�ơƺƟ�ŵźſ��

šřźǀǀƜţ�ƶƐƤƳ�ơƺƟ�ŵźſ�ƱŶŝ�ƽŚƷƹŹǇ�ƽřŹřŵ�ŻƺěŚƿŵ�Żř�ƵŚƯźƸƯ�Śţ�ƲưƸŝ�ƱƹŶŝ�ƝǈŤųř�ƾƴƘƯŹřŵ�ŵƺŝ�ƾƫƹ�Źŵ�ŶƴƠſř�ƮƷ�ƱŚºƯŻ�
Śŝ�ƱŚƿŚě�ŻƺěŚƿŵ�ƶŝ�ŹƺƏ�ƪŝŚƣ�ƶƔůǈƯƽř�ƂƷŚĩ�ƿŢƟŚ��ƩƹŶū�Ï���ƽŚƷƹŹǇ�ƽŻƺěŚƿŵ�Źŵ�ƭŚưţ�ƩƺƏ�żǀƿŚě�ƹ�Ï�ƵŚƯ�Ʃƹř��ƱŚŤºƀƯŻ��Śºţ�

ƾƿŚƯŵ�ÏÍ��řŹ�ƪưŰţ�ŶƳŵźĩ�ƹ�ƾĮưƷ�Źŵ�ÏÒ��žě�Żř�ÏÑ�ŢƗŚſ�ŶƳŵźƯ�ƾƫƹ�ŚƸƴţ�Źŵ�ƽŵƵŚƯ�ƶĩ�Ʋƿźţŵźſ�ƵŚƯ�ƩŚſ��Ţºſř�ÒÑ�Ñ��
Żř�ŚƷƹŹǇ�ŹŵŚƣ�ƶŝ�ƪưŰţ�ƽŚƯźſ�ÏÒ��ŶƳŵƺŝ��Źŵ�ƵŚƯŶƴƠſř�ƝŵŚƈƯ�Śŝ�ƂƿřżƟř�ƶƐƤƳ�ơƺƟ�ŵźſ�ƱřżǀƯ�ŚƤŝ�Źŵ�ÏÍ��Żř�ÎÍÍ��ƶŝ�Ð�ÔÐ�
��ƂƷŚĩ�ŢƟŚƿ �ƩƹŶū�Ï����

���
�ƩƹŶūÎ���ƩŚſ�Źŵ�ƭřŵŚŝ�ŹřƺųżƜƯ�ŹƺŞƳŻ�ƽŻƺěŚƿŵ�ƹŹǇ�ƲŘǀţƹźě�ƹ�ƾŝźģ��ƱĥƺĪǀƬĭ��ƪĩ�Ŷƴƣ�ŹřŶƤƯÎÐÖÐ� 

Table 1. Chemical content of diapausing larvae of Eurytoma amygdali during 2013-2014. 
 

Month 
Chemical content mg/kg body weight (mean±�SE) 

Total sugar Glycogen Lipid Protein 
October 37.74±2.00b 75.13±2.29b 25.45±0.68c 42.00±3.58c 
November 38.15±1.23b 70.70±5.16ab 27.98±1.18bc 43.16±2.67c 
December 70.74±1.92a 69.48±6.07ab 27.18±2.70bc 48.15±2.73bc 
January 76.69±4.030a 56.48±2.79a 32.72±2.70b 62.77±5.68ab 
February 72.44±3.30a 62.42±4.06a 30.31±2.40bc 68.98±10.43a 
March 73.70±2.27a 57.34±2.97a 39.06±2.04a 62.30±2.06ab 
F value F 5,92 =37.97 F5,67 =3.22 F5,29 =5.80 F5,26=5.46 
Probability 0.0001 0.0115 0.0008 0.0015 

Means within a column followed by the same letter are not significantly different (P> 0.05, Tukey�s test).  
��
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�ƩƹŶūÏ��ƭřŵŚŝ�ŹřƺųżƜƯ�ŹƺŞƳŻ�ƹŹǇ�Źŵ�ŵźſ�ơƺƟ�ƶƐƤƳ�ƹ�ƲǀƿŚě�ƾƿŚƯŵ�ŚƤŝ�űźƳ�Ʋǀŝ�ƍŚŞţŹř���
Table 2. Relationship between low temperature survival rate and supercooling points of diapausing larvae of Eurytoma 
amygdale.  
 

Month Supercooling point (ºC) Survival rate (%) 
-10ºC/24h -15ºC/24h -20ºC/24h -25ºC/24h 

October -22.8±0.56a 100 100 100 0.00 
November -23.78±0.27a 100 100 100 0.00 
December -23.65±0.40a 100 100 100 0.00 
January -23.45±0.34a 100 100 100 4.54 
February -23.08±0.20a 100 100 100 0.00 
March -18.69±1.75b 100 69.23 73.33 0.00 

��
ŦŰŝ���

ŻƺěŚƿŵ�ƾĪƿ�Żř�ƪƯřƺƗ�ƾƬƇř�ƽŚƤŝ�šřźƄů�Ǝƿřźƃ�Źŵ�ƢƏŚƴƯ�ƩŶŤƘƯ�Ţſř�ƹ�šřźƄů�ƽřŹřŵ�ŻƺěŚƿŵ�ƶŝ�ŹƺºƏ��ƩƺºưƘƯ��ƽŚºƯŵ�
ƲǀƿŚě�ƽźţ�řŹ�Źŵ�ƶƀƿŚƤƯ�Śŝ�šřźƄů�ƽŻƺěŚƿŵźǀƛ�ƪưŰţ�ƾƯŶƴƴĩ�(Denlinger, 1991)��ƽŹŚǀƀŝ�Żř�šřźƄů�ƱŚŤƀƯŻ�ƱřŹŸĭ�Źŵ��ƩƺºƏ�

ƱŚŤƀƯŻ�ƾŤŴſŚƯźſ�ŵƺų�řŹ�ƂƿřżƟř�ƾƯŶƴƷŵ�(Lee, 1991)����
ƽŚƷƹŹǇ�ŹƺŞƳŻ�ŹřƺųżƜƯ�ƭřŵŚŝ�Źŵ�ƩƺƏ�ŻƺěŚƿŵ�Ŷƴƣ�ƪĩ�ŵƺų�řŹ��ƂƿřżƟř�Ƶŵřŵ��ƹ�Źŵ�ƽŵ�ƵŚƯ�ƶĩ�Ʋƿźţŵźſ�ƵŚƯ��ƩŚºſ��Ţºſř��ƶºŝ�

ƲƿźţǇŚŝ�ŮƐſ�ŵƺų�ƾƯ�ŶƴƳŚſŹ��Ʋƿř�ƂƿřżƟř�ŜſŚƴŤƯ�Śŝ�ƂƷŚĩ�ƱřżǀƯ�ƱĥƺĪǀƬĭ�Ţſř��Ʋƿř�ŪƿŚŤƳ�ƱŚƄƳ�ƾƯ�ŶƷŵ�ƶĩ�ƪƿŶŞţ�ƱĥƺĪǀƬĭ�
ƶŝ�Ŷƴƣ�Źŵ�ƹŹǇ�ŹƺŞƳŻ�ŹřƺųżƜƯ�ƭřŵŚŝ�ƶŤƀŝřƹ�ƶŝ�ŢſŚƯŵ��Ƶźǀųŵ�ƽŻŚſ��ƽŚƷŶºƴƣ��Śºŝ�ƱŻƹ��ƾƫƺºĪƫƺƯ��Ʈºĩ�ƹ����ƾºƬĪƫř�ƽŚƷŶºƴƣ�żºǀƳ�Źŵ�

ƽŹŚǀƀŝ�Żř�šřźƄů�ƱŚŤƀƯŻ�ƱřŹŸĭ��ƁŹřżºĭ��ƵŶºƃ���Ţºſř(Behrozi et al., 2012; Bemani et al., 2012)���ƂƿřżºƟř�Źŵ��ŹřŶºƤƯ��Ŷºƴƣ�
ƾƯ�ŶƳřƺţ�Śŝ�ƂƷŚĩ�ƶƐƤƳ�ơƺƟ�ŵźſ�ƹ�ƂƿřżƟř�ŚƤŝ�ƹ�ƾŤŴſŚƯźſ�Źŵ�ƍŚŞţŹř�ŶƃŚŝ��ƲƿřźŝŚƴŝ�ƾƯ�Ʊřƺţ��ƶºŬǀŤƳ��ŢºƟźĭ��ƶºĩ��ƂƿřżºƟř�Źŵ�

ŹřŶƤƯ�Ŷƴƣ�ƶŝ�ƩŚưŤůř�ŵŚƿŻ�ƾŴſŚě�ƶŝ�ŢſŚƯŵ�ƹ�ƶŝ�ƱřƺƴƗ��ƲǀƿŚě�ƽŚƯŵ�ƪưŰţ�ƪƯŚƗƪưƗ�ƾƯ�Ŷƴĩ���Ƶźºǀųŷ��ƽŻŚºſ��ƽŚƷŶºƴƣ��Śºŝ�ƱŻƹ�
ƾƫƺĪƫƺƯ�ƲǀƿŚě�Śŝ�ƂƷŚĩ�ƶƐƤƳ�ơƺƟ�ŵźſ�ƹ�ƂƿřżƟř�ƪưŰţ�ŚƯźſ�Źŵ�ƍŚŞţŹř�Ţſř�(Lee, 1991)��ƱĥƺĪǀƬĭ�ƹ�ŶǀĜǀƫ�ƹŵ��ƭźºƟ��Ƶźºǀųŷ�
ƽĥźƳř�ŶƴŤƀƷ�ƶĩ�Śŝ�ƽƺĮƫř�ƾţƹŚƠŤƯ�Źŵ�ƩƺƏ�ŻƺěŚƿŵ�ƵŵŚƠŤſř�ƾƯŶƳƺƃ�(Han & Bauce, 1998)��ŪƿŚŤƳ�Ʋƿř��ƢºǀƤŰţ��ƮºƔƳ��ƾºƇŚų�Źŵ�

šřźǀǀƜţ�ŶǀĜǀƫ�Źŵ�ƩƺƏ�ƱřŹƹŵ�ŻƺěŚƿŵ�ƱŚƄƳ�ŶƳŵřŶƳ�ƾƫƹ�Źŵ�źŨĩř�šŚƘƫŚƐƯ�ŮƐſ�ŶǀĜǀƫ�ƂƷŚĩ�ƶŤƟŚƿ�ƹ�Ʋƿř�ƱŚƄƳ�ƵŶƴƷŵ�Ʋƿř�Ţſř�ƶĩ�
šřźƄů�Źŵ�ƩƺƏ�ŻƺěŚƿŵ�ƾƿŚƳřƺţ�ŵřŻō�ƽŻŚſ�ƽĥźƳř�Żř�ŶǀĜǀƫ�řŹ�ŶƳŹřŵ�(Bemani et al., 2012)���

šřźƄů�ƽřŹřŵ�ŮƐſ�ƾƿǇŚŝ�Żř�ƺƴǀƯō�Ŷǀſř�Źŵ�ŢƟŚŝŚƷ�ƹ�ƞƴƫƺưƷ�ŵƺų�ŶƴŤƀƷ�ƹ�ƶŝŹƺƏ�ƅŚų�Źŵ�ƩƺƏ�ŻƺěŚƿŵ�Źřźƣ�ƲŤƟźĭ�
Źŵ�ƾƿŚƯŵ�ƲǀƿŚě�ƹ�Ǝƿřźƃ�ƾŝƽŻřƺƷ�ŮƐſ�Ʋǀǀţƹźě�řŹ�ƂƿřżƟř�ƾƯ�ŶƷŵ(Goto et al., 1998)��ŪƿŚŤƳ�ƢǀƤŰţ�źƋŚů�ƱŚƄƳ�ƾƯŶƷŵ��ƶºĩ�
Źŵ�ƩƺƏ�ŻƺěŚƿŵ�ŮƐſ�ƲŘǀţƹźě�ƂƿřżƟř�ƶŤƟŚƿ�Ţſř�ƶĩ�Ʋƿř�ƶŬǀŤƳ�Śŝ�ŪƿŚŤƳ Sönmez & Gülel (2008) ŢƤŝŚƐƯ�ŵŹřŵ���

Źŵ�ƩƺƏ�żǀƿŚě�ƹ�ƱŚŤƀƯŻ�ƶŝ�ŪƿŹŶţ�ƶƴǀưĩ�ŚƯŵ�ƂƷŚĩ�ƾƯ�ŶŝŚƿ�ƹ�Źŵ�ƽŵ�ƵŚƯ�ƶŝ�Ʈĩ�Ʋƿźţ�Ŷů�ŵƺų�ƾƯ�ŶſŹ�ƹ�ƢŝŚƐƯ��Śºŝ�Ʊō��ƶºƐƤƳ�
ơƺƟ�ŵźſ�żǀƳ�ƂƷŚĩ�ƶŤƟŚƿ�ƾƫƹ�Źŵ�Ʋƿźųō�ƵŚƯ�ƩŚſ�ƶĩ�ŚƯŵ�ƹŹ�ƶŝ�ƂƿřżƟř�ƾƯ�ŵŹřŸĭ�ƶƐƤƳ�ơƺƟ�ŵźſ�ƂƿřżƟř�ƾƯ�ŶŝŚƿ��ŵŹƺƯŹŵ�ŚƤŝ�Źŵ�
ƽŚƯŵ�ƲǀƿŚě�ƮƷ�ƵŶƿŵ�ƾƯ�ŵƺƃ�ƶĩ�Śŝ�ƂƿřżƟř�Źŵ�ƶƐƤƳ�ŵŚưŬƳř�Źŵ�ŶƴƠſř�ŚƤŝ�ƂƷŚĩ�ƶŤƟŚƿ�Ţſř��ƍŚŞţŹř�Ʋǀŝ�ŚƤŝ�Źŵ�ƽŚƯŵ�ƲǀƿŚě�ƹ�ƶƐƤƳ�
ơƺƟ�ŵźſ�ƽřźŝ�ƾųźŝ�Żř�šřźƄů�ƪŨƯ�Cydia pomonella L. ��Neven, 1999���Phyllonorycter rigoniella Matsumura ��Li et al., 

2002��ƹOcneria terebinthina Strg �(Behroozi et al., 2012) ƁŹřżĭ�ƵŶƃ�Ţſř��źŝ��ŽŚºſř���źºƔƳ (1996)� Needham et al�īźºƯ�
šřźƄů�Źŵ�ƾƿŚƯŵ�ƲǀƿŚě�źţ�Żř�ƶƐƤƳ�ơƺƟ�ŵźſ�ƽĦţřźŤſř�ƭŶƗ�ƪưŰţ�Ųƿ�ƁŹřżĭ�ƾƯ�ŵƺƃ��ƲƿřźŝŚƴŝ�ƹŹǇ�ŹƺŞƳŻ�żƜƯ�Źřƺų��ƭřŵŚºŝ��ƶºŝ�
ƱřƺƴƗ�ƵźƄů�ƪưŰţ�ƵŶƴƴĩ�Ųƿ�ƁŹřżĭ�ƾưƳ�ŵƺƃ�řźƿŻ�ƶŝ�żū�Źŵ�ƽŵ�ƵŚƯ�ƶĩ�ƶŝ�ŹƺƏ�ŚƴŨŤſř�ÒÑ�Ñ��Żř�ŚƷƹŹǇ�Źŵ�ƾƿŚƯŵ�ÏÒ��ƵŶƳŻ�ƾƯ�
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ŶƴƳŚƯ�ƾƤŝŚƯ�ŚƷƹŹǇ�Źŵ�ƾƿŚƯŵ�ƲǀƿŚě�źţ�Żř�ƶƐƤƳ�ơƺƟ�ŵźſ�ƪŨƯ�ÏÒ��ƵŶƳŻ�ƾưƳ�ŶƳŚƯ��Źŵ�Ɩƣřƹ�Ʋƿř�ŢƟō�Śŝ�ƂƷŚĩ�ƾƿŚƯŵ�ƶĩ�Źŵ�Ʊō��ŚƯŵ�
śō�ƱŶŝ�ƶŝ�ŹƺƏ�ŵƺų�ƶŝ�ŵƺų�Ųƿ�ƾƯ�ŶƳŻ�ƱŚŤƀƯŻ�řŹ�ƽźĜſ�ƾƯ�Ŷƴĩ���
��
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