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Abstract 

Use of low temperatures storage has proved to be a valuable tool in mass rearing of insects and biological control 
agents delivery to the release site. The effects of cold storage can be considerable and various factors can be taken into 
account to reveal possible reduced post-storage quality, which can have a significant impact on the life cycle after 
release or on the success of mass rearing.�Therefore in this research effects of 0 (control), 5, 10 and 15 days cold storage 
(4±2˚C, 70±5% RH and in full darkness) of H. hebetor adults were studied on characteristics of population growth of 
parasitoid. The results indicated that different cold storage durations had significantly effect on net reproduction and 
gross reproduction rates. Increasing rate of population parasitoid (R0) decreased with long term of cold storage and was 
23 equal initial population after 15 days storage. Storage durations had no significant effect on intrinsic rate of increase 
(rm) of parasitoid. Our data showed that�cold storage H. hebetor in 4±2˚C for 15 days had no effect on the performance 
of the parasitoid. 
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�ŹƺŞƳŻ�ƶǀƫƹř�ŢǀƘưūH. hebetor�ƁŹƹźě�ŻřŶƃ�ƶǀƸţ�ƶǀƯƹŹř�ƭƺƿŹŚŤĪƀƴƿř�Źŵ�ŵƺūƺƯ�ƽŚƷ���Żř�ƱƺƧřźŝ�ƽŚƷŹƺŞƳŻ�ƁŹƹźě�ƽřźŝ
�źƐƣ�ƶŝ�ƝŚƠƃ�ƾƨǀŤſǈě�ƽźŤě�ƝƹźƓæå�ƾŤƳŚſ�Ŷƃ�ƵŵŚƠŤſř�źŤƯ� ��ƵŶƃ�ƵŶǀƫŚƯ�ƪƀƗ�śō�Żř�ƾƧŻŚƳ�ƶƿǇ�Śŝ�ƪƯŚƧ�šřźƄů�ƶƿŸƜţ

�ƽŚƷŹřƺƳ�ƽƹŹ�ŵŚƘŝř�ƶŝ�ƽŸƛŚƧçå�ê�ƾƬǀƯ�ƾƯ�Ƶŵřŵ�Źřźƣ�ƽźŤě�ƝźƓ�źƷ�Źŵ�ƶƧ�źŤƯ�Ŷƃ�ƾƯ�šŹƺƇ��ŢƟźĭ���ƝźƓ�źƷ�ƪųřŵ�Źŵ
Ŝƃ� źųō�Ʋſ� ƹŹǇ� ŵŶƗ� ƶƳ�ƽźŤě�ƶƳřźŤƿŶƯ� ƵźěƵŵŚƯ� ŹƺŞƳŻ� ŵŶƗ� ƶſ� ƹ�ƽř�ŢƠū� ƱƺƧřźŝ�ƽ�žĜſ� ƹ� Ƶŵźĩ�ƽŻŚſŚƷŹ� Ƶŵźĩ�ƽźǀĭ
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�ƽŚƯŵ�Źŵ�ŶƃŹ�ƦƣŚţř�Źŵ�ƁŹƹźě�ƝƹźƓætçí�ƶūŹŵ�ƽŽƺǀƀƬſŢŝƺƏŹ� ���ƾŞƀƳêtëê�ƵŹƹŵ�ƹ�ŶƇŹŵ��ƽŹƺƳ�ƽæë��ŢƗŚſ
�ƹ�ƾƿŚƴƃƹŹí�ƾƯ�ƽŹřŶƸĮƳ�ƾƨƿŹŚţ�ŢƗŚſŶƳŶƃ� ��Żř�žěçé��ƝƹźƓ�ƹ�ũŹŚų�ƾŤſŵ�ŹƺţřźǀĜſō�Żř� ƵŵŚƠŤſř� Śŝ� ŚƷŹƺŞƳŻ� �ŢƗŚſ

ƵŶƃ�ƾƬĮƳř�ƽŚƷƹŹǇ�ƽƹŚůƾƯ�ƽŹřŶƸĮƳ�ŹƺƧŸƯ�Ǝƿřźƃ�Źŵ�ŹƺŞƳŻ�ŶƿŶū�ƪƀƳ�ƪƯŚƧ�šřźƄů�ŹƺƸƓ�ƱŚƯŻ�Śţ�ŵŹō�Ŷǀŝ�ƽŶƳŶƃ� 

 
Śţ�ƶƫŚƐƯƵŹƹŵ�źǀŧƵźǀųŷ�ƞƬŤŴƯ�ƽŚƷ�ŹƺŞƳŻ�ƾƟřźĭƺƯŵ�ƽŚƷźŤƯřŹŚě�ƽƹŹ�ƽŻŚſ H. hebetor��

�źŨĩřŶů�ŶǀŗƺŤƿŻřŹŚě�ƽŚƷŹƺŞƳŻçé��ƽŚƯŵ�Śŝ�ƶƳŚųŵźſ�ƶŝ�ƪƀƗ�śō�Śŝ�ƵŶƃ�ƶƿŸƜţ�ƹ�ƶŤƗŚſçté�ƶūŹŵ��ŽƺǀƀƬſ�ƽ�ŢŝƺƏŹ
�ƾŞƀƳêtìå��ƹ�ŶƇŹŵçé�ƾĪƿŹŚţ�ŢƗŚſ�ŶƳŶƃ�ƪƤŤƴƯ���ŵřŶƘţçå��ŹƺŞƳŻ�ŢƠūå��ŶƷŚƃ���ê��æå��ƹæê�Ƶźǀųŷ�ŻƹŹƵŶƃ�ƽŻŚſ��Źŵ
ŚƯźſ�ƾŤƳŚſ�Ƃƃ�ƽźŤě�ƝƹźƓ�ƶŝ�ƂƿŚƯŻō�ƭŚŬƳř�ŢƸū�ƶƿŸƜţ�ŢƸū�ƪƀƗ�śō�ƹ�ŵŹō�Ŷǀŝ�źųō�Ʋſ�ƹŹǇ�ŵŶƗ�ƹŵ�ƽƺŤŰƯ�ƽźŤƯ

ŶƳŶƃ�ƪƤŤƴƯ�ƪƯŚĩ�šřźƄů� ��ƽŚƯŵ�Źŵ�ŶƃŹ�ƦƣŚţř�Źŵ�ƁŹƹźě�ƝƹźƓ�žĜſætçí�ƶūŹŵƽ�ŽƺǀƀƬſŹ� ��ƾŞƀƳ�ŢŝƺƏêtëê�
ƵŹƹŵ�ƹ�ŶƇŹŵ��ƽŹƺƳ�ƽæë��ƹ�ƾƿŚƴƃƹŹ�ŢƗŚſí�ŶƳŶƃ�ƽŹřŶƸĮƳ�ƾƨƿŹŚţ�ŢƗŚſ���Żř�žěçé��ƝƹźƓ�ƪųřŵ�ƶŝ�ŚƷŹƺŞƳŻ�ŢƗŚſ

ŶƳŶƃ�ƪƤŤƴƯ�ƵŶƃ�źĩŷ�Ǝƿřźƃ�ƱŚưƷ�Śŝ�ƹ�ŶƿŶū��ŢƟŚƿ�ƶƯřŵř�ƵŵŚƯ�ƹ�źƳ�ƽŚƷŹƺŞƳŻ�źưƗ�ƱŚƿŚě�Śţ�ƪưƗ�Ʋƿř��ƮŴţ�ŵřŶƘţ�ƶŤƃřŸĭ�ƽŚƷ
ƹŹ�šŹƺƇ�ƶŝ� ŚƷŹƺŞƳŻ�Ǝſƺţ� ƵŶƃŶƃ�ŢŞŧ�ƶƳřŻ� �ƺƄƳ�ƱŚƯŻ�šŶƯ�ƲǀǀƘţ�ŢƸūƹ�ŵřŶƘţ� �ŹƺŞƳŻ�ƚƫŚŝŚƳ�ƪůřźƯ�ƽŚưƳæåå��ƶŝ�ƮŴţ

ƵŹƹŵ�Żř�Ĩƿ�źƷ�Źŵ�ŜǀţźţƵźǀųŷ�ƽŚƷ�šřźƄů�ũƹźų�ƱŚƯŻ� Śţ�ƹ�śŚŴŤƳř�ŶƳŵƺŝ�ŹƺŞƳŻ�ŹŚǀŤųř�Źŵ�ƶĩ�ƾƿŚƷƹŹǇ�ƽƹŹ�Żř�ƽŻŚſ
Ŷƿŵźĭ�ŢŞŧ�ŪƿŚŤƳ�ƹ�ƾſŹźŝ�ƶƳřŻƹŹ�šŹƺƇ�ƶŝ�ƪƯŚĩ��Ư��ƾĭŶƳŻ�ƩƹŶū�ƪǀĪƄţ�ƽřźŝ�ƍƺŝźƯ�ƽŚƷźŤƯřŹŚě�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ƹ�ƶŞſŚŰ

�ƁƹŹ� Żř� Ʊō� ƶŝCarry (1993)�Ŷƃ� ƵŵŚƠŤſř� �ƭźƳ� Żř� ƵŵŚƠŤſř� Śŝ� ŚƷŹřŵƺưƳ� ƮſŹ� ƹ� ƾţŚŞſŚŰƯ� šŚǀƬưƗ� ŹřżƟřExcel�Ŷƃ� ƭŚŬƳř��
ƲǀĮƳŚǀƯ�Żř�ƵŵŚƠŤſř�Śŝ�ƵŶƯō�Ţſŵ�ƶŝ�ƽŚƷ ƭźƳ�ŹřżƟřSPSS�ƱƺƯŻō�ƹ(Student-Newman-Keuls) �SNK�Ŷƿŵźĭ�ƶƀƿŚƤƯ� 

 
ŪƿŚŤƳ�ŦŰŝ�ƹ��

űźƳ�ƪǀŞƣ�Żř�ŹřŶƿŚě�ŢǀƘưū�ŶƃŹ�ƽŚƷźŤƯřŹŚěűźƳ��ƪŨƯŶǀƫƺţ�ƽŚƷ�ƩƹŶū�Źŵ�ŶƃŹ�ƱŚƯŻ�šŶƯ�ƹ�ŶƃŹ�ƽŚƷæ��ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ
Ţſř� ��ƪŨƯŶǀƫƺţ�ƆƫŚųŚƳ�űźƳ�GRR� �ƱŚƄƳ� ƶĩƵŵŚƯ�ƪĩ� ŵřŶƘţ� ƵŶƴƷŵƾƯ� źưƗ�ƩƺƏ� Źŵ� ƵŵŚƯ�Ĩƿ�Ǝſƺţ� ƵŶƃ�Ŷǀƫƺţ�ƽŚƷ�ŶƃŚŝ

��ƕƺưŬƯmx� �ƵŹƹŵ�ƲǀŝƵźǀųŷ�ƞƬŤŴƯ�ƽŚƷƾƴƘƯ�ƝǈŤųř�ƽŻŚſ� ŵřŵ�ƱŚƄƳ�ƽŹřŵ)åæ�å�.(P�ƵŹƹŵ�ƩƺƏ�ƂƿřżƟř� Śŝ� Ɩƣřƹ� Źŵ�ƽ
ƵźǀųŷƾƯ�ƂƷŚĩ�ŶǀŗƺŤƿŻřŹŚě�Ǝſƺţ�ƵŶƃ�Ŷǀƫƺţ� ƵŵŚƯ�ŵřźƟř�ƪĩ�ŵřŶƘţ�ƽŻŚſ�ƖŝŚƴƯ�ƹ�ƽĥźƳř�ƝźƇ�ŢƬƗ�ƶŝ�ŹƺŞƳŻ�ƽŹƹŹŚŝ�ƹ�ŶŝŚƿ

ƾƯ�ƂƷŚĩ�ŚƤŝ�ŢƸū�ƵźƄůŶŝŚƿ��źưƗ�ƩƺƏ�ƂƷŚĩ�ŦƗŚŝ�śō�ŵƺŞưĩ�ƹ�ƾĮƴſźĭ�Ʋƿř�źŝ�ƵƹǈƗ�ƾƯ�ŶǀŗƺŤƿŻřŹŚěŵƺƃ��ŢǀƫƺŝŚŤƯ�ƽŚƷ
Ƶźǀųŷ�Ǝƿřźƃ�Źŵ�ƵŶƃ�Ŷǀƫƺţ�ƾưſŚƯźſ�Źŵ�ƽŻŚſ ƾƯ�źǀƯ�ƹ�īźƯ�ŦƗŚŝ�żǀƳŵŵźĭ���

�ƪŨƯŶǀƫƺţ�ƆƫŚų�űźƳ�źŤƯřŹŚě�ƶŝ�ƍƺŝźƯ�źƿŵŚƤƯ�R0���ŚƤŝ�űźƳ�Ʊŵřŵ�ŢƫŚųŵ�źƏŚų�ƶŝ�lx��űźƳ�źƿŵŚƤƯ�Śŝ�ƽŵŚƿŻ�šƹŚƠţ�ƽŚƷ
ŶƴŤƃřŵ�ƪŨƯŶǀƫƺţ�ƆƫŚųŚƳ��Ʋƿř�ƶŝ�ƶūƺţ�Śŝŝ�ƶĩƾƯ�ƂƷŚĩ�Ʊō�ƽŚƤŝ�űźƳ�ŵƺūƺƯ�Ʋſ�ƂƿřżƟř�Ś��ƪŨƯŶǀƫƺţ�ƆƫŚų�űźƳ�ƲƿřźŝŚƴŝ��ŶŝŚƿ

Ĩģƺĩ�ƶƄǀưƷƾƯ�ƪŨƯŶǀƫƺţ�ƆƫŚųŚƳ�űźƳ�Żř�źţŶƃŚŝ���źŤƯřŹŚěR0��ƽŚƷŻƹŹ�Źŵæå��ƹæê��ŚƤŝ�űźƳ�źƿŵŚƤƯ�Ʊŵƺŝ�ĨƿŵżƳ�ƪǀƫŵ�ƶŝ�ŻƹŹ
ƾƴƘƯ�šƹŚƠţ�ƵŹƹŵ�ƹŵ�Ʋƿř�ŹŵŢƃřŶƳ�ƽŹřŵ��ŨƯŶǀƫƺţ�ƆƫŚų�űźƳ�ŹřŶƤƯ�ƶŝ�ƶūƺţ�ŚŝƾƳŚƯŻ�Śţ�ƪ�Źřźƣ�ŚƯźſ�ƉźƘƯ�Źŵ�ŶǀŗƺŤƿŻřŹŚě�ƶĩ

�Ţſř� ƶŤƟźĮƳ�ŶƷŚƃ�ŹŚưǀţ� �� ŵƹŶů�ŶǀŗƺŤƿŻřŹŚě�ŢǀƘưūíå�ƾƯ�ƂƿřżƟř� źĮƿŵ�ƪƀƳ� ƶŝ�ƪƀƳ�Ĩƿ� Żř� źŝřźŝŶŝŚƿ� ��ŢǀƘưū�ƂƿřżƟř
Ƶźǀųŷ�ƱŚƯŻ�Źŵ�ŚƷŶǀŗƺŤƿŻřŹŚě�Żř�ŶƘŝ�ƹ�ƶŤƟŚƿ�ƂƷŚĩ�šŶƃ�ƶŝ�ŚƯźſ�Źŵ�ƽŻŚſæê�Ƶźǀųŷ�ŻƹŹ�ŵƹŶů�ƽŻŚſçè�Ĩƿ�Żř�źŝřźŝ��ƶŝ�ƪƀƳ

ƾƯ�źĮƿŵ�ƪƀƳŵŵźĭ� 

�ŢǀƘưū�ƂƿřżƟř�ƾţřŷ�űźƳ�rm� ƮƸƯŢǀƘưū�ŶƃŹ�ƱřżǀƯ� ƹ�ƕƺƳ�ƲǀǀƘţ�ƽřźŝ� źŤƯřŹŚě�ƲƿźţƾƯ� ŚƷƾƯ� ƶĩ� �ŶƃŚŝ�źĮƳŚǀŝ� ŶƳřƺţ
ŶƃŚŝ�ŢǀƘưū�ŢŝŚŧ�Śƿ�ƾƠƴƯ��ŢŞŨƯ�ŶƃŹ��ƾƯ�śƺƀŰƯ�ŚƷŶǀŗƺŤƿŻřŹŚě�ƾƿřŹŚĩ�ƲǀǀƘţ�Źŵ�ƾƬƇř�ƽŚƷŹŚǀƘƯ�Żř�ƾĪƿ�źŤƯřŹŚě�Ʋƿř�ŵƺƃ
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ŝřźŝ�źĭř�ƶĩƾƯ�ƾŝŚƿŻŹř�ƢƟƺƯ�ƾƫźŤƴĩ�ƪƯŚƗ�Ĩƿ�ƱřƺƴƗ�ƶŝ�ŶǀŗƺŤƿŻřŹŚě�Ʊō��ŶƃŚŝ�ƱŚŝżǀƯ�ŶƃŹ�ƾţřŷ�űźƳ�Żř�źŤƄǀŝ�Śƿ�ź�ŵƺƃ(Roy et 

al., 2003)� ƵŹƹŵ�ƩƺƏ�Źŵ�źŤƯřŹŚě�Ʋƿř�ŹřŶƤƯƵźǀųŷ�ƞƬŤŴƯ�ƽŚƷƾƴƘƯ�šƹŚƠţ�ŚƯźſ�Źŵ�ƽŻŚſƾƴƘƯ�ƝǈŤųř�ŚƯř�ŵřŶƳ�ƱŚƄƳ�ƽŹřŵ�

Ţƃřŵ�ŶƷŚƃ�Śŝ�ƽŹřŵ) åæ�å�.(P 

��ƪĪƃæ�ƱŚƄƳ �šřźǀǀƜţ�ƵŶƴƷŵ mx��ƹlx�ƵŹƹŵ�Żř�Ĩƿ�źƷ�ŹŵƵźǀųŷ�ƽŚƷƾƯ�ƽŻŚſŶƃŚŝ��ƵŹƹŵ�ŹŵƵźǀųŷ�ƽŚƷ�ƲƿźŤƄǀŝ�ƽŻŚſ
ŵƺŝ�ƵŹƹŵ�ƪƿřƹř�Źŵ�ŶƷŚƃ�Źŵ�ƹ�ƵŹƹŵ�ƩƺƏ�źųřƹř�Źŵ�ŚƤŝ�ƂƷŚĩ���ŪƿŚŤƳ�ŽŚſř�źŝChen et al. (2011)�ƵźǀųŷƽŻŚſ��ŹƺŞƳŻH. hebetor�

�Żř�ŶƘŝçå�ƾƯ�ƽŹƹŹŚŝ�ƹ�źưƗ�ƩƺƏ�ƂƷŚĩ�ŦƗŚŝ��ŻƹŹƶƳřŻƹŹ�ƽŹƹŹŚŝ�ũƹř�ƹ�ŵŵźĭ ŹƺŞƳŻ�Źŵ�Ƶźǀųŷ�šřźƄůƵŶƃ�ƽŻŚſ���Ƶŵ�Śţ�ƶſ
Ƶźǀųŷ�Żř�ũƹźų�Żř�ŶƘŝ�ŻƹŹŶƃ�ƵŶƷŚƄƯ�ƮƄƃ�ŻƹŹ�Źŵ�ŶƷŚƃ�ƽŚƷŹƺŞƳŻ�Źŵ�ƹ�ƽŻŚſ���ŶƷŚƃ�Źŵ�ƽżƿźưŴţ�ũƹř�żǀƳ�ƾſŹźŝ�Ʋƿř�Źŵ

ƄƯ�ƮŤƄƷ�ŻƹŹ�ŚƷŹŚưǀţ�źƿŚſ�Źŵ�ƹ�ƮƄƃ�ŻƹŹŶƿŵźĭ�ƵŶƷŚ���ŶƷŚƃ�Źŵ�ƶƳřŻƹŹ�ƽŹƹŹŚŝ�ŹřŶƤƯ�ƲƿźŤƄǀŝçåè��ƵŵŚƯ�ŵźƟ�źƷ�ƽřŻř�ƶŝ�ƮŴţ
ƾſŹźŝ�Źŵ�ƵŶƯō�Ţſŵ�ƶŝ�ƮŴţ�ŵřŶƘţ�Śŝ�ƶĩ�ŶƯō�Ţſŵ�ƶŝ(1976) �Clark�ƮƷŵŹřŵ�ƾƳřƺų���ŹřŶƤƯ�ƹ�ŪƿŚŤƳ�ƶŝ�ƶūƺţ�Śŝrm��ƵŶƯō�Ţſŵ�ƶŝ

Ƶźǀųŷ�ƾſŹźŝ�Ʋƿř�ŹŵŹƺŞƳŻ�ƽŻŚſ�H. hebetor��ŚţÎÒ�ƹŹŻ��ƽŚƯŵ�Źŵçté�ƶūŹŵ�ƾŞƀƳ�ŢŝƺƏŹ��ŽƺǀƀƬſ�ƽêtìå��ƹ�ŶƇŹŵçé�
ƾĪƿŹŚţ�ŢƗŚſ�ŵŹřŶƳ�Ʊō�ƾƿřŹŚĩ�źŝ�ƽźǀŧŚţ� 

��
��
�ƩƹŶūæ��ŹƺŞƳŻ�ŢǀƘưū�ŶƃŹ�ƽŚƷźŤƯřŹŚěH. hebetor �ƵŹƹŵ�ŹŵƽŻŚſ�Ƶźǀųŷ�ƞƬŤŴƯ�ƽŚƷ �ƽŚƯŵ�ŹŵÏ±Ñ ŽƺǀƀƬſ�ƶūŹŵ���

Table 1. Life table parameters (mean ± SE) of H. hebetor at different storage durations�in 4±2˚C. 
 

Parameters Storage Durations (Days) 

  0              5 10                    15 

Intrinsic rate of 
increase  

       0.308±0.002a       0.265±0.0003b 0.240±0.0007b 0.249±0.0002b 

(rm) 
(female/female/day) 

Net reproduction rate  80.142±0.12a 36.175±0.15b 26.93±0.07c 23.83±0.07c 

(R0) (females/female) 

Gross reproduction 
rate  

133.725±1.14a 95.738±0.53b 86.29±1.101c 64.03±0.80d 

(GRR) 
(females/female) 

Mean generation time  15.84±0.12a 13.52±0.005b 13.68±0.004b 12.70±0.007b 

(T) ( day) 

Doubling time (DT) 2.24±0.01a 2.61±0.003b 2.87±0.002b 2.77±0.02b 

(day) 

Finite rate of increase 
(ë) 1.36±0.003a 1.30±0.0004b 1.27±0.0002b 1.28±0.0003b 

(females/female/day) 

Means followed by the same letters in each row do not differ significantly using SNK test at P<0.05. 
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��
�ƪĪƃæ���ŚƤŝ�űźƳ(lx)��ƾƴſ�ƵĦƿƹ�ƽŹƹōŵřŻ�ƹ�mx���ŹƺŞƳŻ H. hebetorƹŹǇ�ƽƹŹ A. kuehniella ƵŹƹŵ�ŹŵƵźǀųŷ�ƞƬŤŴƯ�ƽŚƷ�ƽŻŚſ

�ƽŚƯŵ�ŹŵÏ±Ñ�ŽƺǀƀƬſ�ƶūŹŵ���
Fig. 1. Age specific survivorship (lx) and fecundity (mx) of H. hebetor on A. kuehniella at different storage durations�in 
4±2˚C. 
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