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ĪģǀƵŶ��
� �Ŝǀſ� ƭźĩ� ŻƺƫƺƳřźĭ�ŽƹźƿƹCpGV�(Cydia pomonella granulovirus)��Źŵ�ŢƟō� Ʋƿř�ŢǀƘưū�ƂƷŚĩ� Źŵ� źŧƺƯ� ƪƯřƺƗ� Żř� ƾĪƿ

ƾƯ�ƱŚƸū�źſŚţźſŶƃŚŝ� �Ţſř� ƵŶƃ�źƄŤƴƯ�Žƹźƿƹ�Ʋƿř�ŵŚů�ƾĭŶƴƄĩ�šřźŧř�ƂƷŚĩ�źŝ�ƾƴŞƯ�ƾưſŹ�źǀƛ�šŚƃŹřżĭ�řźǀųř.��Ʋƿř� �ŽŚſř�Ʋƿř�źŝ
�Ŝǀſ�ƭźĩ�ƾƳřŹŸĭ�ƱŚŤƀƯŻ� Źŵ� źŧƺƯ�ƪƯŚƗ� ƱřƺƴƘŝ�ƽĥźƳř� ƖŝŚƴƯ� Żř�ƾųźŝ�šřźǀǀƜţ�ƽƹŹ� źŝ�Žƹźƿƹ�Ʋƿř�ƲƯżƯ�šřźŧř�ƾſŹźŝ�ƝŶƷ� Śŝ�ƢǀƤŰţ

Ţſř�ƶŤųřŵźě���Žƹźƿƹ�Ʋƿř�ŵƹŹƹ�Żř�ƪŞƣ�Ţſř�ŹŵŚƣŢƟō�Ʋƿř�ƽŚƷƹŹǇ��ŜƿźŴţ�ƹ�ƞǀƘƌţ�ŦƗŚŝ�ƹ�ŹŚưǀŝ� řŹ�Ʊō�ƶƿŸƜţ�ƢƿźƏ�Żř�ƵƺǀƯ�ƪųřŵ�ƶŝ
ƩƺƬſŵƺƃ�ƱŚŝżǀƯ�ƾŝźģ�ŢƟŚŝ�ƽŚƷ���ƢǀƤŰţ�Ʋƿř�ŹŵŢƔƬƛ�ƾŞƳŚū�šřźŧřƽŚƷæ��ç�ƹ é OB/µl��ŽƹźƿƹCpGV��źŝ�ŻƹŹ�ŢƠƷ�ŢƃŸĭ�Żř�žě

�ƁƹŹ�ƢŞƏ�ŜǀţźŤŝ��Ŝǀſ�ƭźĩ�ƮŬƴě�Ʋſ�ƽŚƷƹŹǇ�ƱĥƺĪǀƬĭ�ƹ�ƲǀŘţƹźě�źƿŵŚƤƯYee & Chapman��ƹVan Handel�ŢƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ.�
ƹ�ƾƗƺƴƈƯ�ƽřŸƛ�ƽƹŹ�źŝ� ŚƷƹŹǇ��ƽŹƺƳ�Ǝƿřźƃ� Śŝ� � ŹƺţŚŝƺĪƳř� Źŵ�æë�í�� �'�/� ��ƾŞƀƳ�ŢŝƺƏŹ� �ÎÍtÓÍ�ƹ�ŶƇŹŵ��ƾƿŚƯŵ�ƎƿřźƃcÛ�ÏtÏÑ��

ŶƴŤƟŚƿ�ƁŹƹźě���ƆŴƄƯ�ƽŚƷ�ŢƔƬƛ�Śŝ��ƾƗƺƴƈƯ�ƽřŸƛ�ŮƐſ�ƽŻŚſ�ƶŤƄƛō�ƢƿźƏ�Żř�Žƹźƿƹ�ƶŝ�ŚƷƹŹǇ�ƽŻŚſ�ƵŵƺƫōŶƃ�ƭŚŬƳř�Žƹźƿƹ�ƵŶƃ��
ŪƿŚŤƳ��źĮƳŚǀŝ�ƶƬƇŚů�šřźŧřƴƘƯ�ƾŹřŵ��ƱĥƺĪǀƬĭ�ƺƴǀŘţƹźě�ƱřżǀƯ�ƂƷŚĩ�Źŵ(P<0.001)�ƾƯŶƃŚŝƲǀĮƳŚǀƯ�ƶĪƿŹƺƐŝ���ƱřżǀƯ�ƲǀŘţƹźě�ŢƔƬƛ�Źŵ��ƽŚƷ

æ�ç��ƹéOB/µl�ŜǀţźŤŝ�ŶƷŚƃ�ƹ�Žƹźƿƹ�ƶŝ�Ƶŵƺƫō�ìé�å�tìé�î���íí�å�têì�í��ååí�å��tíæ�å�ƹæë�æ���tíå�ææ�ƹ�źţ�ƱŻƹ�ƭźĭ�źŝ�ƭźĭ�ƾƬǀƯ
�Ŝǀţźţ�ƶŝ�ƱĥƺĪǀƬĭ�ƱřżǀƯ�ƲǀĮƳŚǀƯéí�å��tê�ì���ææ�å��tëì�å��îê�å��tíì�ç�ƹ���æ��tçí�è Ŷƿŵźĭ�ŵŹƹōźŝ�źţ�ƱŻƹ�ƭźĭ�źŝ�ƭźĭ�ƾƬǀƯ���ŪƿŚŤƳ

ƾƯ�ƱŚƄƳ�řŹ�Ŝǀſ�ƭźĩ�ƽŚƷƹŹǇ�ƞǀƘƌţ�ƖŞƐƫŚŝ�ƹ�ƽĥźƳř�ƖŝŚƴƯ�Żř�ƾųźŝ�ƂƷŚĩ�Źŵ�Žƹźƿƹ�ƾŞƳŚū�źǀŧŚţ�ƵŶƯō�ŢſŶŝŶƷŵ���Śŝ�ƪŝŚƣ�źǀŧŚţ�ƶŝ�ƶūƺţ
ƾƯ�źƔƴŝ��ƶƳŚŤƀƯŻ�ŌŚƤŝ�Źŵ�ƽĥźƳř�ƖŝŚƴƯ�ƶūƺţ�Žƹźƿƹ�ƲƯżƯ�šřźŧř�ŶſŹCpGV�ƱŚŤƀƯŻ�ŶƳřƺŤŝ�ƾƳřŹŸĭ ŶƿŚưƳ�ƶūřƺƯ�ƪĪƄƯ�Śŝ�řŹ�ŢƟō�Ʋƿř����

ƱŚĭĥřƹ�ƬĩǀŶƽ��ŝ�ƩźŤƴĩǀĥƺƫƺƿĨ��ŘţƹźěǀƲ��ƬĭǀƱĥƺĪ��ƹ�ƺƫƺƳřźĭƿſ�ƭźĩ�ŽƺǀŜ��
��

Abstract 
The CpGV is one of the mortality factors that can be reduced population of Cydia pomonella (L.) throughtout 

the world. Recently, some informal reports refer the reduction of acute effects of CpGV. So, in this research aimed the 
evaluation of the chronic effects of CpGV on some bioenergetic resources, as the key factors in overwintering of C. 
pomonella. This virus can infect the larvae immediately before entering into the fruit. So, the larvae may be weakened 
and the fat bodies may be destroyed by a virus. In this research were examined the side effects of concentration levels 
1,2and 4OB/µl of CpGV after 7th day on the mount of protein and glycogen on 5th  instar C. pomonella according to 
Yee & Chapman and Van Handel method respectively. Larvae been reared on artificial diet and in incubated with light 

�'�/�  (16:8), relative humidity of 60� � 10percent and temperature conditions 24 � 2c� Û. Larvae were infected via 
impregnated artificial food with specified concentrations virus. Results showed that CpGV decreased total protein and 
glycogen (p<0.001), significantly. The average of the amount of protein in concentrations 1,2 and 4 OB/µl and control  
was 9.74±0.74, 8.57±0.88, 0.81±0.008 and 11.80±1.16 mg/g fresh weight, respectively. Also, the amount of glycogen 
was 7.5±0.48, 0.67±0.11, 2.87±0.95 and 3.28±1 mg/g fresh weight, respectively. The results indicated  that CpGV can 
decrease some of bioenergetic resources of the larvae and they may be weakened. According to the influence of energy 
resources on the survival rate of overwintering insect, this virus may be disrupted overwintering of colding moth. 
Key words: biological control - protein -glycogen- Cydia pomonella granulovirus (CpGV) 
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ƶƯŶƤƯ��
ſǀ�ƱřƺƴƗ�ƶŝ�ŜƿĪƾ�ƛŚŝ�šǇƺƈŰƯ�Żřƾ�ƶƳřŵř�Źŵ�Źřŵƿƫŵ�ƶŝ�Ʊřźǀ�ƪřźƃ�ƲŤƃřŵƿřƺƷ�ƹ�śō�Ǝƾƿ�řźŝ�ŜſŚƴƯƽ�ř�ŢƄĩƿ�Ʋ

Śū� Żř� ƩƺƈŰƯƿƹ� ƵŚĮƿƵĦřƽ�Ţſř� ŹřŵŹƺųźŝ� �ŹƺƏ� ƶŝƽ�ƳŚƸū� ŹŚŝ� ƹ� Źřƺų� ƱŚƯŻŚſ� ŹŚƯō� ƢŞƏ� ƶĩƾ��FAO��řƿ�Śŝ� Ʊřź
ƫƺţǀŶæëêæíèîſ� Ʋţǀ� ƩŚſ� Źŵ� Ŝçåææ�Ƴŵ� Źŵ� řŹ� ƮŤƄƷ� ƭŚƤƯǀŢſř� Ƶŵřŵ� ƅŚƈŤųř� ŵƺų� ƶŝ� Ś� �ƭźĩ�ſǀŜ�� �
�Linnaeus��Cydia pomonella���ƱřƺƴƗ�ƶŝƿĪƾ�Ƭĩ�šŚƟō�ŻřǀŶƽ�ƹŹƽ�řƿưƷř�Żř�ƩƺƈŰƯ�ƲǀƇŚų�Ţƾ�Ư�ŹřŵŹƺųźŝƾ�ƵƹǈƗ�ƶĩ�ŶƃŚŝ

ſ�źŝǀƹŹ�Ŝƽ�ŝǈĭƾ�Ƴ�ƹŵźĭ�ƹǀƫŚƘƟ�żǀŶƃ�ŢƿŶƽ��ŵŹřŵ�Rozsypal et al., 2013����řƿƯŚưţ�Źŵ�ŢƟř�Ʋƾ�Ư�ƵŶƴĩřźě�ŹƺƄĩ�ƍŚƤƳƾ�
ŶƃŚŝ��Żř�źŤưƸƯƿƵřŹ�ƲŚƷƽ�źŤƴĩƩ�řƿŢƟō�Ʋ��ƵźƄůƂĩŚƷƽ�ƃǀưǀŚƾƿ�Ưƾŝ�ƝźƈƯ�ƶĩ�ŶƃŚŝƾ�ƹŹƿƶƽ�Ʊō�šřźŧř��ŚƷƹŹ�śƺƬƐƯŚƳƽ�

ƟźƈƯ�šǇƺƈŰƯƾŰƯ��ǀƎŻƿŻřŹŚě��ŢƀƿŗƺŤǀŚƷźĭŹŚĪƃ�ƹ�ŚƷŶƽ�řƿƴĤưƷ�ƹ�ƵźƄů�ƲǀƜƏ�Żƹźŝ�Ʋǀŵ�šŚƟō�ƱŚƿƙŚŝ�Źŵ�źĮƷŚƽ�ſǀŜ�
Ƴ�ƹǀ�żřżƟřƿƤƯ�ƂŚ�ŢƯƹřƿŢƟō�Ʋ�ƵźƄů�ƶŝ�ŢŞƀƳƂĩŚƷƽ�ƃǀưǀŚƾƿ�ƹ�ƶŝƿ�ƵźƠƀƟ�ƭƺưſ�ƵĦ�Ţſř�ƶŤƃřŵ�ƩŚŞƳŵ�ƶŝ�řŹ(Malik et al. 

2002)��řźŝŚƴŝƿ��Ʋř�ƭƹżƫƁƹŹ�Żř�ƵŵŚƠŤſŚƷƽ�ŚūƿżĮƿśƺƬƐƯ�Ʋ�ƪƯřƺƗ�ƶƬưū�Żř�ƩźŤƴĩ�ŝǀĥƺƫƺƿĨŤů��ƾ�ŝǀě�Żř�ƂǀƯ�ŽŚƀůř�Ƃƾ�
ŵƺƃ��ŶƯ�ŦŰŝ� Źŵ� ƵŻƹźƯřƿźƿŤƾ�Ƙſƾ�ĩźţ� Żř� ƶĩ�Ţſř�Ʊō� źŝǀƇŚƈŤųř�šŚŞƾ��šřźŧř� Żř� Śţ� ŵƺƃ� ƵŵŚƠŤſř�ŢƟō�ƩźŤƴĩ�ŢƸū�Źŵ
ŞƳŚūƾ�ƛ�šřŵƺūƺƯ�źŝǀĭƺƬū�ƝŶƷ�źǀźƽ�ŵŵźĭ��ƴĪţǀĨŚƷƾƿ�ƤƗ�ƶƬưū�Żřǀ�šřźƄů�ƵƺŞƳř�ƲŤƄĩ�ƹ�Ʊŵźĩ�ŜƬū��šřźƄů�Ʊŵźĩ�Ʈ

ƱƺƯźƟ�Żř�ƵŵŚƠŤſř�ŚŝŢƠū�Źŵ�ƩǈŤųř��ŚƷĭǀźƽ�ƴĤưƷ�ƹǀŝ�ƩźŤƴĩ�ƪƯřƺƗ�ƲǀĥƺƫƺƿŵŹřƺƯ�Ĩƽ�ř�ŻřƿŞƣ�Ʋǀ�ŶƴŤƀƷ�ƪ�Dyck, 2010����ƶĩ
ř�Źŵƿŝ�ƁƹŹ�Ʋǀŝ�ƩźŤƴĩ�ƪƯřƺƗ�Żř�źŤƄǀĥƺƫƺƿĪƾ�ŵ�ƪƯřƺƗ�Śŝ�ƵřźưƷƿřźŝ�źĮƽ�ŶƯƿźƿƠƬţ�ŢǀƤƾ�Ư�ƵŵŚƠŤſř�šŚƟōƾ�ŵƺƃ(Lacey & 

Unruh, 2005)��ƿĪƾ�ŝ�ƩźŤƴĩ�ƪƯřƺƗ�Żřǀĥƺƫƺƿř�Ĩƿƹ�ŢƟō�Ʋƿ�ŽƹźCpGV�Żř �ƵŵřƺƳŚųBaculovirida�žƴū�� Granulovirus�Ưƾ�ŶƃŚŝ
ƇŚƈŤųř�ǈƯŚĩ�šŹƺƇ�ƶŝ�ƶĩƾ�ſ�ƭźĩ�ƩźŤƴĩǀƯ�ŜŞſ�řŹ�Ŝƾ�ŵƺƃ(Ludewig, 2003)���ƤŰţǀţŚƤƾ�ſŹźŝ�ƅƺƈų�Źŵƾ�ưſǀ�ŵŚů�Ţ

ƹƺƫƺƳřźĭƿſ� ƭźĩ�ŽƹźǀĩŚů�Ŝƾ�ŚƷ�Ɓƺſ� ƶĩ� Ţſř� Ʊō� Żřƽ�ř� šƹŚƠŤƯƿƹ� ƲƿţƹŚƠŤƯ� ŪƳŹ� �Žƹźƾ��Ƶŵřŵ� ƱŚƄƳ� řŹ� šŚƠƬţ� Żř
Ţſř(Eberle et al., 2009)� �ƟźƏ�Żřƾ�ųźŝƾ�ŞƳŚū�šřźŧř�Żřƾ�ŝ�ƪƯřƺƗǀŹŚưƿƯ� řżƾƯŻ�ŶƳřƺţǀƄŴŝźŧř�ƶƴƾ�ŚſƿŰƯ�ƪƯřƺƗ�źǀƐƾ��źŝ� řŹ
ƹŹƽ�ƯǀƱŚŝżřżƟř� řŹ�ŵƺų�ŚƷƿƯƺưƀƯ� ŚƌƘŝ�ƹ�ŶƴƷŵ�ƂǀŢŚƷƽ�ŶƃŚŝ�ƶŤƃřŵ� ƵřźưƷ�ƶŝ� řŹ�ƲƯżƯ (Babu & Ramakrishna, 2009)� ��Żř

ŚŬƳōƾƿ��ƶĩƹƿƯ�ƱŶŝ�ƶŝ�ŵƹŹƹ�Żř�žě�ŽƹźǀŰƯ�ƱƹŹŵ�Źŵ�ƱŚŝżǀƬƣ�ƎǀŚƾƿ�Ư�ƵŵƹŹǀƳŚƾ�ƹ�Ƃƃƺě�ƹŹǇƿżŬţ�Žƹźƿƹ�ƹ�ƵŶƃ�ƶƿ�Žƹź
ƩƺƬſ�śŸūŚƷƽ�ƃŹřƺĭƾ�Ưƾř�Źŵ��ŵŵźĭƿƹ�ƶƬůźƯ�Ʋƿźƿƹ�ƱƺƿƯ�ŵřŻō�ŽƹźƾƩƺƬſ�Źŵ�ŢƳƺƠƗ�ƹŵƺƃŚƷƽ�ěřǀƬŤǀƫŚƾ�Ư�ƕƹźƃƾ�ŵƺƃ

�Gallegos et al., 2009���ƳŚĪƯ�ƶŝ�ƶūƺţ�ŚŝǀŧŚţ�ƭżǀƹƺƫƺƳřźĭ�źƿŽƹźƘƌţ�ŦƗŚŝ�ƶĩ�ŚƷǀźŴţ�ƹ�ƞƿƩƺƬſ�ŜŚƷƽ�ŝźģ�ŢƟŚŝƾ�Ưǀ�ƱŚŝż
Ưƾ�ŵƺƃ(Flexner & Belnavis ,2000)�� řŸƫƯ�źƔƳ�ƶŝƾř�ƶĩ�ŶſŹƿƹ�ƲƿƹŹ�ŶƳřƺŤŝ�Žƹźƽ�ƖŝŚƴƯĥźƳřƽ�Ƴ�ƹǀŚƯźſ�ƶŝ�ŢƯƹŚƤƯ�żƽ�řƿ�Ʋ

źŧř�ŢƟōŶƃŚŝ� ŹřŸĭ(Warburg & Yuval, 1997)� �Śųŷ� ŹřŶƤƯ� ƶĩřźģƿĥźƳř� źƽ�ƹŹƽ�Ưǀ� ƱřżƫƺŝŚŤƯǀ�ƶŝ�ŢƯƹŚƤƯ� ƹ� ƵźƄů� ŌŚƤŝ� �Ʈƀ
ŚƯźſƽ�Ţſř�źŧƺƯ�Ʊō (Bao & Robinson, 2008)��ƶĪƳō�ƶŝ�ƶūƺţ�Śŝ�ƹſ�ƭźĩǀźųō�šŹƺƈŝ�řŹ�ƱŚŤƀƯŻ�ŜƿƹŹǇ�Ʋſ�Ʋƽ��ƱƹŹŵ�Źŵ

ěǀƶƬŚƷƽ�ĪƄţǀŻ�Źŵ�ƵŶƃ�ƪƿƯ�ƱŚŤųŹŵ�ĨŤſƺě�źƾŶƳřŹŸĭ��ƗŚưſřǀƬƾ��æèëë��ųŷ�řŸƫǀĥźƳř�ƖŝŚƴƯ�Ƶźƽ�řźŝƽ�źĜſƽ��ƪƣřŶů�ƱŵƺưƳ
ë�řźŝ�ƩŚſ�Żř�ƵŚƯƽ�řƿưƷř�Żř�ŢƟō�Ʋǀƹ�ŢƿƵĦřƽ�ųŷ�Źŵ�ƩǈŤųř�ƶƳƺĭźƷ�ƹ�Ţſř�ŹřŵŹƺųźŝǀĥźƳř�ƖŝŚƴƯ�Ƶźƽ�ƯƾƯ�źŝ�ŶƳřƺţǀ�ŌŚƤŝ�Ʊřż

ŶƃŚŝ�ŹřŸĭźŧř�ƱŚŤƀƯŻ�ƩƺƏ�Źŵ�šřźƄů�����
��
��
��
��
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ƁƹŹ�ŵřƺƯŚƷ��
šřźƄů��

ƶƳƺưƳŹřŵźŝƽ��ƩŚſ�ƵŚƯ�źƸƯ�Źŵæèîæ�Ż�ŻřƿƙŚŝ�ƱŚŤųŹŵ�ĨŤſƺě�źŚƷƽ�ſǀ�ŜƱŚŤſř� Ƶŵƺƫō Ŷƃ�ƭŚŬƳř�ƱŚŬƳŻ� �ŚƷƹŹǇƽ��Ʋſ
Źƹō�Ɩưū�ƮŬƴěƽ�ƶŝ�ƵŶƃ�źƓƝƹ�Śŝ�ƞƤƀƯ�Źƺţƽ��Śŝ�ŹƺţŚŝƺĪƳř�Źŵ�ƹ�ƵŶƃ�ƪƤŤƴƯřźƃƿŹƺƳ�Ǝƽ�æë�ŚƴƃƹŹ�ŢƗŚſƾƿ�ƹ�í��ŢƗŚſ

ŹŚţƿĪƾŚƯŵ� �ƽcÛ�çtçé�ŢŝƺƏŹ� ƹ� ƶūŹŵ�ŞƀƳƾ�æåtëå�ŹřŶƸĮƳ� ŶƇŹŵƽ�ŶƳŶƃ���ƝƹźƓ� ƶŝ� ũƹźų� Żř�žě� ƪƯŚĩ� šřźƄů
źưŴţ�ƅƺƈŴƯƿżƽ�ƪƤŤƴƯ�ŵźĭƿŶ��ŚƷƹŹǇƽ�ƮŴţ�Żř�ƪƇŚůŚƷƽ�řƿƹŹ�źŝ�šřźƄů�Ʋƽ�řŸƛƽ�ƗƺƴƈƯƾ�Ƹţǀ�ƁƹŹ�ƢŞƏ�źŝ�ƵŶƃ�ƶ

�ƲţŚŝ�æîíæ��ŶƳŶƃ�Ƶŵřŵ�ƁŹƹźě� �ƹŚů�ƝƹźƓƽ�řźƃ�ƱŚưƷ� Źŵ�ƹŹǇƿŹřŶƸĮƳ�ƁŹƹźě�Ǝƽ�ŶƳŶƃ� �Ʒźě�ŢƸūǀŹřƺŴưƷ�Żř�żƽ��
ŵřźƠƳř�šŹƺƇ�ƶŝ�ŚƷƹŹǇƽ��ƁŹƹźěƿŶƴŤƟŚ��ŚƷƹŹǇƽ�ƹŚů�ƝƹźƓ�ƶŝ�řŸƛ�Żř�ũƹźų�ƊŰƯ�ƶŝ�ƮŬƴě�Ʋſƽ�ŚƷřƺƤƯƽ��ƪƤŤƴƯ�ƝƺŬƯ

ŶŞţ�ƪƯŚĩ�šřźƄů�ƶŝ�Śţ�ƵŶƃƿŶƳƺƃ�ƪ���
��
ƹƿŽƹź��

řƿƹ�ƵŵŚƠŤſř�ŵŹƺƯ�ƶƫƹżƿ�ŽƹźCpGV-M��ŢƔƬƛ�ŚŝOB/µl�æåí�í��ŝ�ƩźŤƴĩ�ƂŴŝ�ŻřǀĥƺƫƺƿƤŰţ�ƶƀſƺƯ�Ĩǀ�ƹ�šŚƟō�ƹ�šŚƤ
ŝǀŹŚưƽŚƷƽ�ĭǀƷŚƾ�ƸţǀŶƃ� ƶ� �Ƙţ� ŢƸūǀǀƩƺƳřźĭ� ƁŹŚưƃ� �ŢƔƬƛ� Ʋ� źŞƬƷ� ƪƯǇ� ƹ� ƭǇ� Żř� ƵŵŚƠŤſř� Śŝ� ŚƷƁƹŹ� ƢŞƏ� ƹ 

(Hube, r. 1981)� �Ư�Żř� ƵŵŚƠŤſř� ŚŝǀŢƟźĭ�ƭŚŬƳř�ŢſřźŤƴĩ�ŻŚƟ�ęƺĪſƹźĪ� �řźŝƽ�ƀƳŚĜſƺſ�ŢƔƬƛ�ƶŞſŚŰƯǀƹ�Ʊƺƿſƹźƾ�ƯǀĮƳŚǀ�Ʋ
ƩƺƳřźĭ� ŵřŶƘţŚƷƽ�� Źŵ� ƵŶƃ�ƁŹŚưƃê�� ƶƳŚų�ŤƫŚů� Źŵƾ�ƀƳŚĜſƺſ�ƢưƗ� ƶĩǀŻ� Źŵ� ŵƺūƺƯ�ƱƺƿŶƃŚŝ� źě� ľǈƯŚĩ�ƪƯǇ�ź� �ŵŶƗ� Źŵ�

çêåååå�ŵźĭ�śźƋƿŶ��ƀƳŚĜſƺſ�ŢƔƬƛ�ƪƇŚů�ŵŶƗǀƹ�Ʊƺƿſƹźƾ�Ư�ƱŚƄƳ�řŹƾŶƷŵ���ƵŚƴěŚƋŹæèíå�����
��

ŻŚſ�Ƶŵƺƫōƽ��
ŵřŶƘţƽ�řŸƛ�ƮŬů�Śŝ�ƝźƓƽ�ƹŚƀƯƽ��šŶƯ�ƶŝ�ƹ�śŚŴŤƳřçå�ƣŵǀ�ƶƘƃř�ŢŰţ�ƶƤUV�źŤſřƿŵźĭ�ƪƿŶ��� řŸƛ�ŮƐſ�žĜſ�Śŝ

µlæå�ŚƷ�ŢƔƬƛ�Żřƽ�æ�ç��ƹé�OB/µl�ƹƿŻ�Źŵ�ƹ�Ƶŵřŵ�Ƃƃƺě�źƬĜưſ�Ǝſƺţ�Žƹźƿź�ŶƳŶƃ�ĨƄų�ŵƺƷ��ţ�Źŵǀ�řŸƛ�ŮƐſ�ŶƷŚƃ�ŹŚư
�Ǝſƺţµlæå�źŤſř�źƐƤƯ�śōƿ�Ƶŵřŵ�Ƃƃƺě�ƪŶƃ��ŚƷƹŹǇƽ��ƮŬƴě�ƲſƿĮƴſźĭ�ŻƹŹ�ƹŵ�Żř�žě�ƵŻƹŹ�ĨƾŵřźƠƳř�šŹƺƈŝ��ƽ��źŝ

ƹŹƽ�ŚƷřŸƛƽ�ƹ� ƶŝ� Ƶŵƺƫōƿŵźĭ�ƪƤŤƴƯ�ŶƷŚƃ�ƹ�ŽƹźƿŶ� �ŚƷƹŹǇ� ŻƹŹ�ŢƠƷ�šŶƯ�ŢƃŸĭ� Żř�žěƾƿ�� Żř� ŚƸƴţ� ƶĩƿ�ŵŹřƹ� ƶƐƤƳ�Ĩ
�ŶƳŵƺŝ� ƵŶƃřŸƛĭ� ƵŻřŶƳř�ŢƸūǀźƽ�ĥźƳř�ƖŝŚƴƯƽ�Żƺţ� ƹ� �śŚŴŤƳřƿŶƳŶƃ�Ʋ��řźŝƽ��ŢƔƬƛ� źƷê�Ŷƃ�ƶŤƟźĭ� źƔƳ� Źŵ� ŹřźĪţ� �Ưǀ�Ʊřż

ųŷǀƬĭ� Ƶźǀ�ƁƹŹ�ƢŞƏ�ƱĥƺĪ�Van Handel, 1985; Van Handel & Day 1988; Kaufmann & Brown 2008��Řţƹźě� ƹǀ�ƢŞƏ� źŝ�Ʋ
�ƁƹŹChapman (2008)�&�Yee�Ŷƃ� ŵŹƹōźŝ� �ƯǀŘţƹźě� ƱřżǀƷƺŝźĩ� ƹ�ƲǀŜƀů� źŝ�šřŹŶ�mg/g�ŵźĭ� ƶŞſŚŰƯ� ƵźƄů�źţ� ƱŻƹƿŶ��
żŬţƿƬŰţ�ƹ�ƶǀŚƷŹřżƟř�ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷ�Ƶŵřŵ�ƪƽ�ŹŚƯōƽ�Ưǀƴƾ�Ŝţæë�ƟŵŚƈţ�ľǈƯŚĩ�ŭźƏ�ŜƫŚƛ�Źŵƾ�ŢƟźĭ�šŹƺƇ����
��
ŚŤƳƿŦŰŝ�ƹ�Ū 

ŚŤƳƿŝ�ŪǀƴƘƯ�ƂƷŚĩ�źĮƳŚƾ�Řţƹźě�ŹřŵǀřżƟř�Śŝ�ƵřźưƷ�Ʋƿƹ�ŢƔƬƛ�ƂƿƯ�Žƹźƾ�ŶƃŚŝŝ�ƶŹƺƏƿƯ�ƶĪǀĮƳŚǀ�ƲŘţƹźěǀƲ�ŢƔƬƛ�ŹŵŚƷƽ�
Î�Ï��ƹÑOB/µl�ƹ�ƶŝ�ƵŵƺƫōƿţźŤŝ�ŶƷŚƃ�ƹ�ŽƹźǀŜÔÐ�Í�tÔÑ�Ö���ÕÕ�Í�tÒÔ�Õ��ÍÍÕ�Í��tÕÎ�Í�ƹÎÓ�Î���tÕÍ�ÎÎƯǀƬƾ��źŝ�ƭźĭ

Ţſř�ƵźƄů�źţ�ƱŻƹ�ƭźĭ��ŚŤƳƿŚŤƳ�ƶŝŚƄƯ�ƵŶƯō�ŢſŶŝ�ŪƿĭŹŚĪŝ�Ūǀźƽ�źŤĩŚŝ�ŶţŚưƳƿƹŹ�ƩŚƽ�ŚƷƹŹǇƽ�ƯƺƏźųźſƾ�Śƴůƾƿ�Ư�ŚƯźųƾ�
ř� Źŵ� ƶĩ� ŶƃŚŝƿƤŰţ� Ʋǀ� ŶţŚưƳ� ƮƷ� ƢźŤĩŚŝƿſř� ƂƷŚĩ� ŦƗŚŝ� ƩŚǀŚƷŶƽ�ƯōǀŚƤƯ� Źŵ� Ƶŵƺƫō� ƵźƄů� ƶƴƿŢſř� ƵŶƃ� ŶƷŚƃ� Śŝ� ƶƀ 

�Abdel-Razek et al., 2004�ř�ƶĩ��ƿƯ�ƂƷŚĩ�Ʋƾ�ƫŵ�ƶŝ�ŶƳřƺţǀƂƷŚĩ�ƪ�Źŵ�ƫŚƘƟǀżƳō�ŢƿƮŚƷƽ�ƃŹřƺĭƾ � ƵŵƹŹ(Kobayashi et al., 
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1990)���Řţƹźě�Żř�ƵŵŚƠŤſřǀƲŚƷƽ�řźŝ�ƞƴƫƺưƷƽ�ƹ�ŢųŚſƿ�ƹ�ŽƹźƿƸūƹ�Ŷƴģ�ƭŚƀūř�Śƾ��Kawase & Hayashi, 1965��ŶŞţ�ƹƿ�ƪ
ųźŝƾ�Řţƹźěǀŝźģ� ƶŝ� ŚƸƴƾ��Abdel-Razek et al., 2004��ƴĤưƷ� ƹǀĮƴſźĭ�ŢƬƗ� ƶŝ�Ʋƾ�ƃŚƳƾ�ř�šǇǈŤųř� Żřƿ�ƵŶƘƯ� Źŵ� ƵŶƃ� ŵŚŬ
ƹŹǇ�Kawase & Hayashi, 1965��ŶƃŚŝ��ƹ�ƶĪƳō�ƶŝ�ƶūƺţ�ŚŝƿŽƹźƩƺƬſ��ŵƹŹƹ�Żř�žě�ŚƷŚƷƽ�ƯǀŨĪţ�ŢƸū�řŹ�ƱŚŝżǀƀŝ�ŵƺų�źǀ�Ū
ƺưƳƀĜĩƺŘƬĩƺƳ�Ƃƃƺě�ƱƹŹŵ� Źŵ� řŹ� ŵƺų� ƭƺƳĥ� ƹ� ƵŵǀŨĪţ�ŶǀƯ� źƾŚưƳƿŶƴ� �ŨĪţ�ŢƸū� ŚƘƐƣǀř� źƿƂŴŝ�ƲŻźƳř�ƖŝŚƴƯ� Żř� ŚƷƽ�Ưǀ�ƱŚŝż

Ư� ƵŵŚƠŤſřƾŚưƳƿŶƴ� �ŚŤƳ� ŚƯřƿ�ƱřŹŚĪưƷ�ƹ� ŚƯǇŚſ�ŪÎÖÕÐ�ŚƷƹŹǇ�Źŵ�ƶĩ� Ƶŵřŵ�ƱŚƄƳƽ�ƶŝ� ƵŵƺƫřBt �řƺŤŰƯƽ�ųźŝƾ�ſř�ŻřǀŚƷŶƽ�Ưōǀ�ƶƴ
řżƟřƿ� ƂƿƯ� ƶĩ� Ţſř� ƶŤƟŚƾ�ƃŚƳ� ŶƳřƺţƾ�żŬţ� Żřƿźĩ� ƶƿƩŚŤƀŚƷƽ�Řţƹźěǀ� ƲżƳō� ƶĩ� Ţſř� Ƶŵřŵ� ƱŚƄƳ� šŚƘƫŚƐƯ� ƶĩ� ŶƃŚŝƿƮŚƷƽ�

ƫƺŘţƹźěǀŤǀŶů�Śţ�ƵŶƘƯ�Ĩƽ�ř�ŹŵƿĭŹŵ�Ƃƴĩřƹ�ƲǀŶƴŤƀƷ�ź��ƟźƏ�Żřƾ�ſō�šŚƘƫŚƐƯǀŜſŚƴƃƾ�ŤƟŚŝƾ�řżƟřƿƸūƺţ�ƪŝŚƣ�Ƃƾ��żŤƴſ�Źŵ
ŘţƹźěǀƲŚƷƽ�ƶŤƀƷřƽ�ŝźģ� ƭŚƀūř� ŹŵƾƩƺƬſ� �ŚƷƽ�ŻƿŶƬū� źƽźţŚƯ� �ƿƩƺƬſ� ƹ� ƶƃřźţ�žŚƷƽ�źŝř� ƵŶƛƿ�ƶŝ�ŢƳƺƠƗ� Żř�žě� ƮƄ

ƹƿ�Ţſř�Ƶŵřŵ�ƱŚƄƳ�řŹ�Žƹź�Sarama et al., 1994����
ƵŵřŵŚƷƽ�ƶƬƇŚů�ƴĤưƷǀƲ�ŧŚţǀ�źƄƷŚĩƾ�ƴƘƯƾŹřŵƽ�ƹŹƽ�ƯǀŚųŷ�ƱřżƿƬĭ�źǀ�ƱĥƺĪ(P<0.001)�ƳǀŢſř�Ƶŵřŵ�ƱŚƄƳ�żŹƺƐŝ��ƿ�ƶĪ

ƯǀĮƳŚǀƬĭ�Ʋǀţźţ�ƶŝ�ƱĥƺĪǀ�ŜÑÖ�Í��tÒÍ�Ô���ÎÎ�Í��tÓÔ�Í��ÖÒ�Í��tÕÔ�Ï��ƹÍÖ�Î��tÏÕ�Ð�ƯǀƬƾ��źţ�ƱŻƹ�ƭźĭ�źŝ�ƭźĭŢſŶŝŶƯō��
ƯǀƷƺŝźĩ�ƱřżǀưƸƯ�ƆųŚƃ�ƞƴƫƺưƷ� Źŵ� ŵƺūƺƯ�šřŹŶƾ�Ư� ŻřǀƫƺŝŚŤƯ� Ʊřżǀƺě�ƩŵŚƘţ� �Ʈƀƿ�Ţųƺſ� �śŸū�Żř� Ś� ƹ�ƝźƈƯ�ƹ� ŻŚſ

ŢƟŚŝ�ƎſƺţŚƷƽ�Ţſř�ƞƬŤŴƯ(Zhu et al., 2012) ���ŢƔƬƛ�ŹŵÎ�OB/ìl�ĭƬǀ�ƱĥƺĪřżƟřƿ�ƂƿƯ�ƶĩ�Ţſř�ƶŤƟŚƾ�ƫŵ�ƶŝ�ŶƳřƺţǀř�ƪƿ�ŵŚŬ
ŝ�ŢŞƀƳ�Źŵ�ƩǈŤųřǀĩźţ�Ʋǀųŷ�šŚŞǀƵźřƽ�ųŷ�ŶƳƹŹ�ƹǀŻŚſ�Ƶźƽ�ĥźƳř�ƖŝŚƴƯƽ�(Nation, 2002; Klowden, 2007)�ƯŚţ�ǀ�ŵŹƺƯ�ƖŝŚƴƯ�Ʋ

Ƴǀřźŝ�ŻŚƽ�ŨĪţǀƹ�źƿƯ�ƂƷŚĩ�ƹ�ŽƹźǀƬĭ�Ʊřżǀŝ�ƝźƈƯ�ƹ�ƱĥƺĪǀřŸƛ�ŵřƺƯ�źŤƄƾƿ�řźŝƽ�Śųŷ�ƂƷŚĩ�ƱřźŞūƿź(Nation, 2002) �ŶƃŚŝ��
ŢƔƬƛ�ŹŵÏ�OB/ìl��ƯǀƬĭ�ƱřżǀŤů�ƱĥƺĪƾ�Ƴ�ŶƷŚƃ�Żřǀ�Ţſř�źŤưĩ�żŤƳǀƶŝŚƄƯ�ƵŶƯō�Ţſŵ�ƶŝ�ƶŬ��ŹŵŚƷƹŹǇƽ�źŝř�ƭźĩƿ�ƶŝ�Ƶŵƺƫō�ƮƄ
BmNPV��Kobayashi et al., 1981���ƹCPV��Saito, 1963; Horie & Watanabe, 1983��Ưƾ�ř���ŶƃŚŝƿƏ�Ţſř�ƲĪưƯ�ƂƷŚĩ�Ʋƾ�
ř�Ƃƴţƿƹ�Żř�ƵŵŚƠŤſř�źŧř�Źŵ�ƵŶƃ�ŵŚŬƿřƺŤŰƯ�ƶĩ�ŶƃŚŝ�Žƹźƽ�Ƭĭǀřźŝ�ƱĥƺĪƽ�ŨĪţǀƹ�źƿųƺſ�ƱřƺƴƗ�ƶŝ�ƹ�Žƹźųŷ�ŢǀƵźřƽ�řźŝƽ�

Ƴ�Ʊŵźĩ�ƝźƏźŝǀĥźƳř�ŻŚƽ�ƹ�ŢƳƺƠƗ�Śŝ�ƵŻŹŚŞƯ�ƱŚƯŻ�Źŵƿſƹźƾ�Ư�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯƾĭǀ�ŵźSarma et al. 1994)����ŢƔƬƛ�Źŵ�ŚƯřÑ�
OB/ìl�ƯǀƬĭ�Ʊřżǀ�Źŵ�ŶƷŚƃ� Śŝ�ƹŹǇ�ƱĥƺĪƿŶƳř�ƶŤƟźĭ�Źřźƣ� Ƶƹźĭ�Ĩ��řŸƛ�ŵřƺƯ�śŸū�Żř�žě�ŵƺūƺƯ�šŚƗǈƏř�ƢŞƏƾƿ�ƪůřźƯ� �

ŶŞţƿźţ�ƶŝ�żĩƺƬĭ�ƪƽ�ŻƺƫŚƷƿƬĭ�Śǀ�ƱĥƺĪ�Ƴ�Ŝƀů�źŝǀźţ�ŮƐſ�ƹ�ƱŶŝ�ŻŚƽƞƴƫƺưƷ�Źŵ�ŵƺūƺƯ�ŻƺƫŚƷ��Ƴ�ƹǀŶŞţ�żƿſř�ƪǀŚƷŶƽ��śźģ
ŵ�ƶŝƽ�źţ�ƹƽ�ſřǀƬĭ�ƪǀƩƺƬſ�Źŵ�ƩƹźƀŚƷƽ�ŝźģƾ�żƳō�Źƺƌů�ŹŵƿƮƯ�ƭŚŬƳř�ŚƷƾ�ŵƺƃ(Nation, 2002; Klowden, 2007)��ƫŚƘƟǀ�Ţ

řƿƹ�ƲƿƩƺƬſ�Źŵ�ŽƹźŚƷƽ�ŝźģƾ�Ư�ǇŚưŤůřƾŝ�ŢŞƀƳ�ŶƳřƺţǀ�Ʋĩźţǀųŷ�šŚŞǀƵźřƽ�Ƴ�ƹǀųŷ�ŶƳƹŹ�Źŵ�żǀƵźŻŚſƽ�ĥźƳř�ƖŝŚƴƯƽ��ƩǈŤųř
řƿŶƴĩ�ŵŚŬ��ě�ƶĩ�ŹƺƐƳŚưƷǀƂƳ�źţǀƹ�Ŷƃ�ƵŹŚƃř�żƿŽƹźřźŝ�ŚƷƽ�ŨĪţǀƯŚţ�ƹ�źǀĩźţ�Ʋǀřźŝ�ƭŻǇ�šŚŞƽ�ƀĜĩƺŘƬĩƺƳ�żŤƴſǀƯ��ŵƺų�Ŷǀ�ƱŚŝż

ƯŚţ�ƶŝ�Źřŵřƹ�řŹǀƯ�ƖŝŚƴƯ�ƲƾřżƟř�ƶŝ�źŬƴƯ�ƕƺưŬƯ�Źŵ�ƶĩ�ŶƴƴĩƿĥźƳř�ƖŝŚƴƯ�Ƃƽ�ƌƘŝ�Źŵƾ�ŢƔƬƛ�ŻřƯ�ŚƷƾŵƺƃ��ŵ�ƝźƏ�Żřƿ�ƂƷŚĩ�źĮ
ƯǀƬĭ�ƱřżǀƩƺƬſ�Źŵ�ƱĥƺĪŚƷƽ�ŝźģƾŚųŷ�ƂƷŚĩ�ƱřźŞū�ƶŝ�Źřŵřƹ�řŹ�ƵźƄů��ƿźƏ�Żř�ŵƺūƺƯ�źƿŝ�ƝźƈƯ�ƢǀřŶƛ�ŵřƺƯ�źŤƄƾƿ�Ưƾ��Ŷƴĩ
�ƯƾŚưƳƿŶ����
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