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Abstract 
The green lacewing, Chrysoperla carnea (Stephens), is a common natural enemy of various agricultural 

pestsand widely used as a biocontrol agent in integrated pest management (IPM) programs. The lethal and 
sublethal effects of the insecticides dinotefuran and thiamethoxam on the first instar larvae of C. carnea was 
assessed in the laboratory conditions at 25 ± 1°C, 60 ± 5% RH and a photoperiod of 16: 8 (L: D). The LC50 values 
for dinotefuran and thiamethoxam were 19.382 and 9.880 mg ai/l, respectively, that showed the high toxicity of 
thiamethoxam on the first instar larvae of C. carnea. To assess the sublethal effects, the first instar larvae were 
treated with the LC30 for dinotefuran and thiamethoxam at 3.532 and 1.692 mg ai/l, respectively. The estimated rm 
values in the control, dinotefuran and thiamethoxam were 0.185, 0.186 and 0.143 day-1, respectively. Finite rate 
of increase (ë) in the control, dinotefuran and thiamethoxam were 1.204, 1.204 and 1.154 day-1. Generation time 
and doubling time values in the control, dinotefuran and thiamethoxam were 30.77, 30.46 and 35.14 as well as 
3.73, 3.72 and 4.82 days, respectively. The gross and net reproductive rates in the control, dinotefuran and 
thiamethoxam were 459.89, 439.08 and 309.42, and also 298.01, 278.45 and 155.03 (female/female/generation), 
respectively. Dinotefuran caused no significant adverse effects on the population growth parameters of C. carnea. 
If similar results are obtained for dinotefuran in the field, it might be an insecticide with low toxicity to C. carnea 
by using the reduced doses of the insecticide in IPM context. Studies under the laboratory conditions can help us 
to select some insecticides for additional studies under more natural conditions and for application of suitable 
insecticides along with natural enemies in pest management. 
Key words: Chrysoperla carnea, thiamethoxam, dinotefuran, population growth parameters  
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ƾſŹźŝ�Ʈſ�ƽŚƷ�ƟřźĭƺƯŵ�ƾſŚƴƃǀűźƳ�ŽŚſřźŝ�ƶĩ�Ĩ�ŚƷƽ�

�ƾººƯ�ŶƴŤººƀƷ�ŹřƺŤººſř�ŢººǀƘưū�ŶººƃŹ��ƆǀŴººƄţ�ŶººƴƳřƺţ
Ƣǀƣŵ�ŢƟō�šřźŧř�Żř�ƽźţ��Ƃºĩ��ƹŹ�ŚºƷƽ����ƵŶºƳŻ�šřŵƺºūƺƯ

ŶƴƷŵ�ƶŗřŹř��Ʈſ��ƁƹŹ�ĨǀƟřźĭƺƯŵ�ƾſŚƴƃ���ƽřźºŝ�ƾŞºſŚƴƯ
Ţſř�ƭƺưſ�ƾƬĩ�šřźŧř�ƾſŹźŝ��ƶưƷ�řźƿŻ��ƶĩ�řŹ�ƾţřźŧř�ƽ

ƵŵŚƯ�Ĩƿ�Ţſř�ƲĪưƯ�ƽ�ƃǀưǀŚƾƿ����ŵŚºŬƿř�ŢºǀƘưū�ƽƹŹ
Źŵ��ŶººƿŚưƳ�ƾººƯźŝ�ŵźººǀĭ��ƹ��ƖƯŚººū�Ţǀưººſ�ƾººſŹźŝ�řŹ

ƱŚƨƯř��ƾºƯ�źƿŸě��ŶºƴƧ�(Stark & Banks, 2003)����Żř�ƵŵŚƠŤºſř
Ż�ƩƹřŶūƿŤƀƾ��Ţǀưū�ƂƿřżƟř�ƾţřŷ�űźƳ�ƹ(rm)�ƶŝ��ƱřƺƴƗ
ŤƯřŹŚě�Ĩƿź���Ʈºſ�šŚƘƫŚƐƯ�ƽřźŝ�ƾĪƿĥƺƫƺĩř�ƮƸƯ��ƾºſŚƴƃ��
ƟřźĭƺƯŵ�ºǀ��ƵŶºƃ�ƶǀºƇƺţ�Ĩ���ŶºƳř(Stark & Banks, 2003;  

Stark et al., 2004; Stark et al., 2007)���
��

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
żŞſ�ƽŹƺŤƫŚŝ�ƁŹƹźě��

�ƲƿŵŹƹźºƟ�Źŵ��żŞſ�ƽŹƺŤƫŚŝ�ƾƴƬĩ�ƪǀĪƄţ�ƽřźŝ���ƵŚºƯ
ƮŴţ����ƵŚºǀĭ�šŚºƤǀƤŰţ�ƂºŴŝ�Żř�ƵźƄů�Ʋƿř�ƽŚƷ���ƾĪºƃżě



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���è���ÎÐîç�����������������������������������������������������������������������������������������������������������������Ð 

�żĩźƯ�ƱŚſřźų�ƱŚŤſř�ƾƘǀŞƏ�ƖŝŚƴƯ�ƹ�ƽŻŹƹŚƄĩ�šŚƤǀƤŰţ
����ƾºƬǀưĪţ�šǈǀºƈŰţ�ƵŚĮºƄƿŚƯŻō�ƶŝ�ƹ�ƵŶƃ�ƶǀƸţ�ƽƺƋŹ

ƵŚǀĭ�Ƶƹźĭ���ŶƳŶºƃ�ƪºƤŤƴƯ�ƾƬǀŝŵŹř�ƢƤŰƯ�ƵŚĮƄƳřŵ�ƾĪƃżě��
���ƪºƀƳ�Ĩºƿ�ƵźƄů�Ʋƿř��Ʃƹř�Ʋſ�ƽŚƷƹŹǇ�ũƹźų�Żř�žě

Ŷƃ�Ƶŵřŵ�ƁŹƹźě���ƁŹƹźě�ĨƣŚţř�ƽŚƯŵÎ�t�ÏÒ�ƶūŹŵ�ƽ��
ſ�ŽƺǀºƀƬ����ƾŞºƀƳ�ŢºŝƺƏŹ�ƹÒ�t�ÓÍ�ººƇŹŵƵŹƹŵ�ƹ�Ŷ��ƽ

�ƽŹƺƳÎÓ���ƹ�ƾƿŚƴºƃƹŹ�ŢƗŚſÕ����ŵƺºŝ�ƾĪƿŹŚºţ�ŢƗŚºſ��
ƽŹƺŤƫŚººŝ�ƪººƯŚĩ�šřźººƄů�ƶƳřƺŤººſř�ƝƹźººƓ�Źŵ�żŞººſ��ƽř

�ƾĪǀŤſǈěŝƶ��źƐƣÎÑ��ƕŚƠţŹř�ƹÏÏ�ƾŤƳŚſ���ƶºĮƳ�źºŤƯ��ƽŹřŵ
�ŶƳŶƃ��ŵƿƵŹřƺ�ƽ�Ƭųřŵƾ�źƷ�ƝźƓ��ƶƳřƺŤºſř��ƽř��řƺºƤƯ�Śºŝƽ�
ſǀƵŚ��ĬƳŹƹ�ƶƳŚƷŵ��ƽƱō����Ŷºƃ�ƵŶƳŚºƃƺě�ƾºƠƿźƓ�ƽŹƺţ�Śŝ�Ƶ
ŵƺŝ���ƽřźŝƶƿŸƜţ�ƽ����Śºŝ�ƾƗƺƴºƈƯ�ƽřŸƛ�Żř�ƪƯŚĩ�šřźƄů

źƐƤƯ�śō�ƹ�ƪƀƗ��źưŴƯ�Ŝǀĩźţ��ƶºŝ�ţźţ�ºǀ�ƶºŝ��Ŝ���ŢŞºƀƳ
Ñ�Ô�Ò��Ŷººƃ�ƵŵŚƠŤººſř�(Golmohammadi et al., 2009)��

ƶŝ�řŸƛ�ƍƺƬŴƯ����ƾĪǀŤºſǈě�ƽŚºƷŹřƺƳ�ƽƹŹ�źǀưų�šŹƺƇ
�ƶŤƃřŸĭ�ƁŹƹźě�ƝƹźƓ�ƪųřŵ�Źŵ�ƝŚƠƃ�Ŷƃ����ŵŹƺºƯ�śō

�ƪƯŚĩ�šřźƄů�ŻŚǀƳ�żǀƳŹřźƣ�Żř�ƵŵŚƠŤſř�Śŝ�řŵ���ƶºĪţ�Ĩºƿ�Ʊŵ
ƕŚŞƃř�ŪƴƠſř�ƶǀŞƘţ�ƾĪǀŤſǈě�ƽŹƺţ�ƽƹŹ�śō�Śŝ�ƵŶƃ��ƵŶƃ

ƶģŹŚě�Żř�ƾŤưƀƣ�Źŵ�ƽ�ƵŶƴƳŚƃƺě�ƽŹƺţ�ƶƳŚƷŵ�ƽ�ƽ���ƝźºƓ
ţŐ�ƲǀƯ�Ŷƃ��ƮŴţ�ƶŤƃřŸĭ�ƽŚƷ�ƵŹřƺƿŵ�ƽƹŹ�ƵŶƃ���ƝƹźºƓ�ƽ

ƶģŹŚě�ƹ�ƽ�Ɩưū�ŪƴƠſř�ƶĪţ�Ĩƿ�Śŝ�ƽŹƺţ�ƾƯ�ƽŹƹō��ŶƳŶƃ
ƝźƓ�ƶŝ�ƹ���ƶƳřƺŤºſř�ƾĪǀŤºſǈě�ƽŚƷ����źºƐƣ�ƶºŝ�ƽřÒ�ÎÔ��ƹ

ŚƠţŹř�ƕÒ�Ô�ƾŤƳŚſ����ƾºƯ�ƪºƤŤƴƯ�źºŤƯ��ŶƳŶºƃ��ƹŹƽ���ƝƹźºƓ
ŤſǈěǀĪƾ��ƃƺěźſƾ�ƺƸţ�űřŹƺſ�ŵŶƗ�ƹŵ�Śŝƿ�ƹŵ�źƐƣ�ƶŝ�ƶ
ŤƳŚſƾ��źŤƯ�ƶƧƶģŹŚě�Śŝ�ƽ�Źƺţƽ��ƵŶƳŚƃƺě��ŶƳŵƺŝ�ƵŶƃ�Źřźƣ

Ŷƃ�Ƶŵřŵ��řźŝƽ�ĭƺƬūǀźƽ�ƮƷ�Żř�Źřƺų�ƽ�ƶƫƺů�ƶƿǇ�Ūƴě��ƽ
ƽŸƛŚĩ�ƝƹźƓ�ƪųřŵ��ƶŤƃřŸĭ���ƶºŝ�ƶºĩ�Ŷƃ����ƶºƿǇ�źºƷ�ƽřŻř
�źŨĩřŶůÏÍ��ƮºŴţ�ŵŶƗ��ŹƺŤƫŚºŝƽ���Ŷºƿŵźĭ�ƶƟŚºƋř����Żř�ƪºŞƣ

ƮŴţ�ŲƿźƠţ�ƟŚĩ�ŵřŶƘţ��ƽŹƺŤƫŚŝ�ƽŚƷƾ��Żř�Ŷǀŝ�ŶưŬƴƯ�ƮŴţ
ŵŹō��Anagasta kuehniella (Zell.)��ƶƿǇ�ƶŝ���ƶºƫƺů�ƽŚºƷ��ƽ

ƮŴţ�ƽƹŚů�ƽŸƛŚĩ�����ƶƟŚºƋř�żŞºſ�ƽŹƺŤƫŚºŝ�ƽŚƷ��Ŷºƿŵźĭ��
ƵŹƹŵ�ƩƺƏ�ƶĪƴƿř�ƶŝ�ƶūƺţŚŝ�ľǇƺưƘƯ�Ʃƹř�Ʋſ�ƽƹŹǇ�ƽ�ƶſ�

ƾƯ�ŻƹŹ��Żř�žě��ŶƃŚŝÑÕ���ŢƗŚºſ�ƝźºƓ����ƁŹƹźºě�ƽŚºƷ
ƊƿƺƘţ�ŚƷƹŹǇ�ƶŝ�ƹ�ƵŶƃ��ƶºƫƺů�ƶƿǇ�źƷ�ƽřŻř��ƽŸºƛŚĩ�ƽ��

ÎÏ��ƹ�ƹŹǇ�ŵŶƗ�ŵŹō�Ŷǀŝ�ŶưŬƴƯ�ƮŴţƶŝ��ƶƟŚƋř�ƾƟŚĩ�ŵřŶƘţ
Ŷƿŵźĭ���ƶºŝ�ƭƺſ�Ʋſ�Źŵ��ƽƹŹǇ�Ʋſ�ƂƿřżƟř�Śŝ���źºƷ�ƽřŻř
ƶƿǇ��ƶŝ�ƹ�ŵŶƗ�ŢƠƷ����źŨĩřŶºů�ƝźºƓ�źƷ�ƽřŻřÎÍÍ���ŵŶºƗ

��Ŷººƃ�Ƶŵřŵ�Źřźººƣ�ƹŹǇ(Golmohammadi et al., 2011)��
ƵźǀƠƃ�ŚƷƽ�ƪǀĪƄţ�ƵŶƃ��ƝźºƓ�Źŵ����ºŝ�ƶºĩ�ŚºƷǀƂ����Ʋǀºŝ�źºţ
ƶƿǇ�ƶƫƺů�ƽŚƷ��ƽŸƛŚĩ�ƽƳŵƺŝ��ƪºƤŤƴƯ�ƽźĮƿŵ�ƝźƓ�ƶŝ��Ŷ

�ŶƳŶƃ����ƪºƯŚĩ�šřźºƄů����ŹƺºƸƓ�Żř�žºě�����Żř�ƵŵŚƠŤºſř�Śºŝ
��ƵŶºƴĪƯ�ƵŚĮŤºſŵ���Ɩºưū�ƾºƣźŝ�ƽ���ƝźºƓ�ƶºŝ�ƹ�ƽŹƹō���ƽŚºƷ

ƮŴţ��ƽźǀĭŶƴŤƟŚƿ�ƩŚƤŤƳř���
��

ƵźƄů�Ƃĩ�ƵŵŚƠŤſř�ŵŹƺƯ�ƽŚƷ��
�ƱřŹƺƠţƺƴƿŵ���ƱƺǀºſǇƺƯźƟ20%SG����ƭŚºƀĩƺŤƯŚǀţ�ƹ

�ƱƺǀſǇƺƯźƟ�25%WG����ƵźºƄů�šŚºŞǀĩźţ�ƹżū�ƶĩ���Ƃºĩ
�ƽŶǀŗƺƴǀţƺĪǀƳƺŘƳ�ŶƿŶū�ĨǀưŤƀǀſ�ŶƴŤƀƷ�Ư�ŻřŒ�ƶºƀſ�ƽ�

ƵŚǀĭ�šŚƤǀƤŰţ�ŶƳŶƃ�ƶǀƸţ�ŹƺƄĩ�ƾĪƃżě���
��

ƵźƄů�ŵŚů�šřźŧř�Ƃĩ�ŚƷ��
ƣŚŝ�Śŝ�ŽŚưţ�ƁƹŹ�Żřƾ���ŢºƀƿŻ�ƽřźºŝ�ƵŶƳŚƯ���ƾŬƴºſ
Ŷƃ�ƵŵŚƠŤſř�Ʃƹř�Ʋſ�ƹŹǇ��řŶŤŝř��ƂƿŚºƯŻō���ƾţŚƯŶºƤƯ�ƽŚºƷ�

ƹ�ŢƟźĭ�šŹƺƇ�ƶƴƯřŵ�ŢƔƬƛ�ƽ�ƵźƄů�ƽřźŝ�ŚƷ�Ƃĩ���ƽŚºƷ
ţƺƴƿŵ�ƹ�ƭŚƀĩƺŤƯŚǀţƶŝ�ƱřŹƺƠ���ŶºƯō�Ţºſŵ����ƶºǀƸţ�Żř�žºě�ƽ�

ÎÍÍ�ƾƬǀƯ����ŢºƔƬƛ�źºƷ�Żř�źŤǀƫ�����źºƷ�ƽřźºŝ�ŢºƔƬƛ�Ūƴºě�
ƵźƄů�Ƃĩ���ƵŵŚºƯ�ƵźºƐƣ�Ĩƿ�ƭřŶĩźƷ�ƶŝ����žǀºų�ƽ���ƵŶºƴƴĩ

(Tritonx-100)�ƶŝ�ƹ�ƶƟŚƋř�Ŷƃ�ƵŵŻ�ƮƷ��ƵŵŚƯō�Żř�žě��ƽŻŚſ
ŢƔƬƛ�ƿ��źƔƳ�ŵŹƺƯ�ƽŚƷƾƬǀƯ�Ĩ��źƷ�Źŵ�ŢƔƬƛ�źƷ�Żř�źŤǀƫ

ƶƄǀƃ�ƽźŤě�ƝƹźƓ�ŮƐſ�ƹŵ��źƐƣ�ƶŝ�ƽřÎÍ��ƕŚƠţŹř�ƹÒ�Î�
ƾŤƳŚſ�Ŷƃ�ƶŤŴƿŹ�źŤƯ������Śºŝ�żºǀƳ�ŶƷŚºƃ�Ƶƹźĭ�ƽźŤě�ƝƹźƓ

ƵŵŚƯ�ƹ�źƐƤƯ�śō�ƩƺƬŰƯ�žǀų�ƽ�ŶƳŶƃ�ŹŚưǀţ�ƵŶƴƴĩ���žě
ĨƄų�Żř��ŵřŶƘţ��ƵŚĮƄƿŚƯŻō�ƎǀŰƯ�Źŵ�ƽźŤě�ƝƹźƓ�ƱŶƃ

ÎÒ�ÎÍ��Ʃƹř�Ʋſ�ƹŹǇ�ŵŶƗÎÕ�Ó�řŵ�ƶŝ�ƶŤƗŚſƱō�ƪų���ŚºƷ



Ñ                                          ƵŵřŻŹƺƨƃ�ƱřŹŚƨưƷ�ƹ��źƿŻ�ƹ�ƾĭŶƴƄƧ�šřźŧř�ƵźƄů�ƾĭŶƴƄĩ�Ƃĩ�ƽƹŹ�ƭŚƀĩƺŤƯŚǀţ�ƹ�ƱřŹƺƠţƺƴƿŵ�ƽŚƷ������

�ŶƳŶººƃ�ƪººƤŤƴƯ(Golmohammadi et al., 2009, 2011)��
ŹŚưǀţ�Żř�žě�ŢƗŚſ�ŹŚƸģ�ƹ�Ţƀǀŝ�ƱŶƃ�īźºƯ���ƹ���źºǀƯ

�Ŷºƃ�ŢŞŧ�ŚƷƹŹǇ����ƶºƿŸƜţ�ŢºƸū�ƽ��ŚºƷƹŹǇ���ƮºŴţ��ŚºƷƽ�
ƶŝ�ŵŹō�Ŷǀŝ�ŶưŬƴƯ�ƯǀƟŚĩ�Ʊřżƾ�Ŷƃ�ƶƟŚƋř�ƽźŤě�ƝƹźƓ�ƶŝ��

ŵƺŝ�ƞƬŤŴƯ�ƽŚƷŻƹŹ�Źŵ�ŹřźĪţ�ŹŚƸģ�ƪƯŚƃ�ŹŚưǀţ�źƷ���
��

�šřźŧř�ƾŤǀƘưūƵźƄů�Ƃĩ�ŚƷ��
����ƽŹƺŤƫŚºŝ�ƾŤºƀƿŻ�ƩƹŶºū�ƽŚƷźŤƯřŹŚě�ƾſŹźŝ�ƽřźŝ

��żŞººſÎÏÍ��ƹŹǇ�ŵŶººƗÎÕ�Ó���ƽŚººƷŹŚưǀţ�ƽřźººŝ�ƶŤƗŚººſ
ƵźƄů��ƹ�ƂĩÓÍ��Ʃƹř�Ʋſ�ƹŹǇ�ŵŶƗÎÕ�Ó���ƽřźºŝ�ƶŤƗŚſ
ŹŚưǀţ��ŶƷŚƃŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ��ƵŶƴƄĩźƿŻ�ŢƔƬƛ��ƽLC30�
�ƽřźŝƵźƄů�ƽŚƷŹŚưǀţ�Ƃĩ��ƽřźŝ�źƐƤƯ�śō�ƹ�ŹŚưǀţ�ŶƷŚƃ
�ƶºŝ��ŢººƟŹ�ŹŚºƧ���ƶººưƷ�ƶºŝ���ƵŵŚººƯ�ƵźºƐƣ�Ĩººƿ�ŚºƷŹŚưǀţ�ƽ��ƽ

žǀų�Ŷƃ�ƶƟŚƋř�ƵŶƴƴĩ���Żř�ŶƘŝÏÑ�ŢƗŚſ��ÕÍ���ƹŹǇ�ŵŶºƗ
ƵŶƳŻ�Ʃƹř�Ʋſ�ƵźƄů�ƽřźŝ�ƵŶƳŚƯ�Ƃĩ���ƹ�ŚºƷÒÍ���ƹŹǇ�ŵŶºƗ

ƵŶƳŻ��Ŷºƃ�śŚŴŤƳř�ŶƷŚƃ�ƽřźŝ�ƵŶƳŚƯ����ƶºŝ�ŚºƷƹŹǇ���šŹƺºƇ
��ƝƹźºƓ�ƶººŝ�ƽŵřźºƠƳř����Ƃººƃ�źºƐƣ�ƶººŝ�ƾĪǀŤºſǈě�ƽźººŤě

ƾŤƳŚſ�Ƶźƿřŵ�űřŹƺſ�Ĩƿ�ƶĩ�źŤƯ�ƾŤƳŚſ�Ĩƿ�źƐƣ�ƶŝ�ƽř�Ư��źºŤ
ƹŹƽ�Ʊō�ƁƺěŹŵ��ƹ�ŵŚŬƿř�ŚƷ�ŚŝƶģŹŚě�ƽ����ƵŶƳŚºƃƺě�ƽŹƺºţ

��ŵƺŝ�ƵŶƃƪƤŤƴƯ�ƹ�ƮŴţ�Śŝ���ŶºưŬƴƯ�ƽŚºƷ�����ƶºƿŸƜţ�ŵŹō�Ŷºǀŝ
ŶƳŶƃ��ƾſŹźŝ�ŚƷ�ƶŝ���ŵřŶºƘţ�ƹ�ŢƟźĭ�ƭŚŬƳř�ƶƳřŻƹŹ�šŹƺƇ

ƵŹƹŵ�ƩƺƏ��ƵŶƃ�ƵźǀƠƃ�ƽŚƷƹŹǇ���ƹ�ƾĭźǀƠºƃ�ƹ�ƽƹŹǇ�ƽ
Ʊō�ŚƤŝ�ƱřżǀƯ�Ŷƃ�ŢŞŧ�ŚƷ��ƾſŹźŝ�Ʋƿř�����ŹƺºƸƓ�ƱŚºƯŻ�Śºţ�ŚƷ

ƪƯŚĩ�šřźƄů�ƵźǀƠƃ�īźƯ�Żř�ƱŚƴǀưƏř�Śƿ�ƹ�ŢƟŚƿ�ƶƯřŵř�ŚƷ��
Ʊō�Ţǀƀƴū�ƪƯŚĩ�šřźƄů�ŹƺƸƓ�Żř�žě���Żř�ƵŵŚƠŤºſř�Śŝ�ŚƷ

�ŵřŶƘţ�ƹ�ƵŶƃ�Ƶŵřŵ�ƆǀŴƄţ�ƮĪƃ�ƾƿŚƸŤƳř�ŢǀƳźŤſř�ƪĪƃ
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Ŷƃ�śŚŴŤƳř�ŶƷŚƃ��ƵźƄů�ŢƠū�źƷ�ƽ��ƪųřŵ�ƶŝ�ƵŵŚƯ�ƹ�źƳ
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ƵŚǀſ�ƶƳŚƷŵ�ƹ�ĬƳŹ�Ʊō�ƽ����ƪºƤŤƴƯ��Ŷºƃ�ƵŶƳŚƃƺě�ƽŹƺţ�Śŝ�ŚƷ
Ŷƃ�(Golmohammadi et al., 2009, 2011)��ƶƿŸƜţ�ƽřźŝ�ƽ�

šřźƄů�Ʋƿř��ƵŵŚƯ�ƽƹŚů�ƾĪǀŤſǈě�ƾƤƬƏ�ŹřƺƳ��ƾƿřŸƛ�ƽ
ƶƿŸƜţ�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ��šřźƄů�ƽ�ƪºƯŚĩ�����ƝźºƓ�ƪºųřŵ

Ŷƃ�Ƶŵřŵ�Źřźƣ��ƮŴţ�ƕƹźƃ�Śŝ�����Źŵ�ƪºƯŚĩ�šřźºƄů��ƽżºƿŹ
ƶŝ�ŹƺŝżƯ�ƝƹźƓ����Ĩºưĩ�ƶºŝ�ŶƿŶū�ƝƹźƓ�ƶŝ�ƶƳřŻƹŹ�ŹƺƏ

ŶƳŶƃ�ƪƤŤƴƯ�ƾŤſŵ�ŹƺţřźǀĜſō��ƮŴţ�ƶŤƃřŸĭ�ƽŚƷ���źºƷ�ƵŶƃ
ƽźŤě�ƶŝ�ƁŹŚưƃ�Żř�žě�ŻƹŹ����ƶºƳ�źºƐƣ�ƶŝ�ƾĪǀŤſǈě�ƽŚƷ

ƾŤƳŚſ��Ʊō�ŲƿźºƠţ�ƹ�ŶƴŤƟŚƿ�ƩŚƤŤƳř�źŤƯ���ŚºƷÔÏ����ŶºƘŝ�ŢƗŚºſ
Ŷƿŵźĭ�ƾſŹźŝ��ŢƟŚƿ�ƶƯřŵř�ŵźƟ�Ʋƿźųō�īźƯ�Śţ�ƪưƗ�Ʋƿř���

�ŢººǀƘưū�ƂƿřżººƟř�ƾººţřŷ�űźººƳ(rm)��Żř�ƵŵŚƠŤººſř�Śººŝ
ƶººƫŵŚƘƯ�ŚººĪţƺƫ�ƽ��σ H-ೣ �݈[P[ �

ȕ
[ Į����Ŷººƿŵźĭ�ƶŞººſŚŰƯ

(Andrewartha & Birch, 1954)���źººŝ�ƵƹǈººƗrm��Śººſƿ�ź
ŚƷźŤƯřŹŚěƽ�ƘưūǀŚě�ŢƿŹřŶ�����ƂƿřżºƟř�ƾƷŚºƴŤƯ�űźƳ�ƪƯŚƃ
�ŢºǀƘưū�(ë)��ƆƫŚºųŚƳ�űźºƳ����Ŷºǀƫƺţ��ƪºŨƯ�(GRR)��űźºƳ��

Ŷººǀƫƺţ�ƆƫŚººų�ƪººŨƯ�(R0)ƹŵ�ƱŚººƯŻ�šŶººƯ���źººŝřźŝ��ƱŶººƃ
ŢǀƘưū�(DT)ƪƀƳ�Ĩƿ�ƱŚƯŻ�ƲǀĮƳŚǀƯ���(T)���ƾºţřŷ�űźºƳ��
�Ŷƫƺţ(b)�īźƯ�ƾţřŷ�űźƳ�ƹ�(d)ƶŞſŚŰƯ�Śŝ���ƽ���ũŚºŤƳ�ŵřŶƘţ
ƶŝ�ƵŵŚƯ�řŻřƽ�ƵźƄů�źƷ�ƽ��ƵŵŚƯ(mx)��ƶºƐƤƳ�ƹ�ƽ�Ư�ºǀƳŚƾ���ŚºƤŝ

(Lx)�ŶƳŶƃ�ŵŹƹōźŝ�����ƁƹŹ�ŽŚºſř�źºŝ�šŚŞſŚŰƯ��ƭƺºſźƯ
�Ŷºƿŵźĭ�ƭŚŬƳř�(Carey, 1993)����ƶŞºſŚŰƯ�ƽřźºŝ�ƽ���źƿŵŚºƤƯ

���ĭŶºƳŻ�ƩƹŶºū�ƽŚºƷźŤƯřŹŚě�śŷŚƧƾ���ƞƿŚºƴĪū�ƁƹŹ�Żř
Ŷƃ�ƵŵŚƠŤſř���

��
ƶƿżŬţ�ƽ�ƽŹŚƯō��

ƶƿżŬţ�ƽ�Ƶŵřŵ�ƽŹŚƯō��ŢºƀƿŻ�Żř�ƪƇŚů�ƽŚƷ���ƾŬƴºſ
�ƹ�Ţǀŝƹźě�ƱƺǀſźĭŹ�Żř�ƵŵŚƠŤſř�Śŝ�ƽŶƃŹ�ƞƬŤŴƯ�ƪůřźƯ

ƭźƳ��ŹřżƟřSPSS��ŢƟźĭ�ƭŚŬƳř(SPSS, 2004)���Żř�ƭźºƳ���ŹřżºƟř
Excel����ƶŞºſŚŰƯ�ƹ�ƩƹřŶºū�ƪǀĪºƄţ�ƽřźŝ���ƽŚºƷźŤƯřŹŚě�ƽ

���Ŷºƃ�ƵŵŚƠŤºſř�ƾĭŶºƳŻ�ƩƹŶū�ƞƬŤŴƯ�����ƲǀºƴĤưƷ��ƽřźºŝ
ƾƴƘƯ�ƲǀǀƘţ�Źřŵ��Ʊŵƺºŝ���ƮºƷ�ƁƹŹ�Żř�����ƹ�ǇŚºŝ�Ŷºů�ƾƳŚºƃƺě

Ŷƿŵźĭ�ƵŚƠŤſř�ƲǀƿŚě���
��
��
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ŦŰŝ�ƹ�ŪƿŚŤƳ��
ƵźƄů�ƾĭŶƴƄĩ�šřźŧř�Ƃĩ��ƽŹƺŤƫŚºŝ�Ʃƹř�Ʋſ�ƹŹǇ�ƽƹŹ�ŚƷ�

żŞſ��
��źƿŵŚºƤƯ�ŵŹƹōźŝ�ƶŝ�ƍƺŝźƯ�ŪƿŚŤƳLC30��LC50��ƹLC90�

ƵźƄů�Ƃĩ�Ŝǀƃ�ƹ�ƱřŹƺƠţƺƴƿŵ�ƹ�ƭŚƀĩƺŤƯŚǀţ�ƽŚƷ��ƍƺƐų
Żŵ��ƩƹŶººū�Źŵ�źººŧř�Î�ƵŶººƃ�ƵŵŹƹō�ŶººƳř��ƶººƀƿŚƤƯ�ƽ�LC50�

ƵźƄů�Ƃĩ�����ƭŚºƀĩƺŤƯŚǀţ�ƶºĩ�ŵřŵ�ƱŚºƄƳ�ŚƷLC50��Ʈºĩ���ƽźºţ
��ƮºƷ�ƶºŝ�ƶūƺţŚŝ�ƾƫƹ��ŵŹřŵ�ƱřŹƺƠţƺƴƿŵ�ƶŝ�ŢŞƀƳ���ƾƳŚºƃƺě

�ƱŚƴǀưƏř�ŵƹŶůLC50�ƹŵ�ƵźƄů�Ƃĩ����ƾºƴƘƯ�šƹŚºƠţ��ƽŹřŵ
�Ţǀưſ�ƲǀŝƱō��ŵƺūƹ�żŞſ�ƽŹƺŤƫŚŝ�Ʃƹř�Ʋſ�ƹŹǇ�ƽřźŝ�ŚƷ

ŵŹřŶƳ��ƶŝ�ƬĩŹƺƏƾ���ƩƹŶū�ƶŝ�ƶūƺţŚŝÎ�Ưƾ���ƶºĩ�ŢƠĭ�Ʊřƺţ
řƿřźŝ�Ʈſ�ƹŵ�Ʋƽ�ŚƷƹŹǇƽ��ƲſƿŹƺŤƫŚŝ�Ĩƽ�ưſ�żŞſǀ�Ţ

ǇŚŝƾƿ�ưƳ�ƹ�ŶƳŹřŵƾ Ʊō�Żř�Ʊřƺţ�ŢƔƬƛ�Śŝ�ŚƷ��ŚºƷƽ���Źŵ�ǇŚºŝ
�ŹƺŤƫŚºŝ�ŹŚƴĩƽ���ŵƺºưƳ�ƵŵŚƠŤºſř���ƺºƇ�Źŵ���šřźºŧř�ŵƺºŞƳ�šŹ

ŻƿŶƴƄĩźĭƾ�ƠƴƯƾ�Ƙưū�ŹŵǀŹƺŤƫŚŝ�Ţƽ��ºƯ�żŞſƾ���Żř�Ʊřƺºţ
ŢƔƬƛ�ŚƷƽ�ƂƷŚĩ�ƿƶŤƟŚ�ƽ�Ʊō����ŹƺŤƫŚºŝ�ŹŚºƴĩ�Źŵ�ŚºƷƽ���żŞºſ
�ƵŵŚƠŤſřźƧŵ����
��

�ƽŚƷźŤƯřŹŚěƾĭŶƳŻ�ƩƹŶū��
�Ŷºǀƫƺţ�ƆƫŚųŚƳ�űźƳ�����ƽŚºƷŹŚưǀţ�ƹ�ŶƷŚºƃ�Źŵ�ƪºŨƯ
ƶŝ�ƭŚƀĩƺŤƯŚǀţ�ƹ�ƱřŹƺƠţƺƴƿŵ���ŜºǀţźţÕÖ�ÑÒÖ��ÍÕ�ÑÐÖ��ƹ

ÑÏ�ÐÍÖ�ƵŵŚƯ��ƵŵŚºƯ��ƪºƀƳ��ŵƺºŝ���� �ŶºƴģźƷ���ŹŚºưǀţ�ƹŵ�źºƷ
ƹ�ƱřŹƺƠţƺƴƿŵ�ǀţ�����ƆƫŚºųŚƳ�űźºƳ�ƂƷŚºĩ�ŜŞºſ�ƭŚƀĩƺŤƯŚ

�Ŷºǀƫƺţ���Ŷººƃ�ŶƷŚºƃ�Śººŝ�ƶºƀƿŚƤƯ�Źŵ�ƪººŨƯƵ��ŶºƳř��ƶººƀƿŚƤƯ�ƽ�
ƲǀĮƳŚǀƯ�ŚƷ�ŵřŵ�ƱŚƄƳ�ƵźƄů�ŹŚưǀţ�ƹŵ�Ʋǀŝ�ƶĩ��ŶƷŚƃ�ƹ�Ƃĩ

ƾƴƘƯ�ƝǈŤųř�řŶƳ�ŵƺūƹ�ƽŹřŵŢƃ���ƩƹŶūÏ�����
űźƳ�ƶŝ�ƍƺŝźƯ�źƿŵŚƤƯ��Ŷºǀƫƺţ�ƆƫŚų�ƽŚƷ���ƪºŨƯ(R0)�

ƶŝ��ŢƬƗŢƫŚųŵ��ŚƤŝ�źŤƯřŹŚě�Ʊŵřŵ(Lx)�����Śºŝ�ƽŵŚºƿŻ�šƹŚºƠţ
űźƳ�Ţƃřŵ�ƆƫŚųŚƳ�ƽŚƷ��źŤƯřŹŚě�Ʋƿř�źƿŵŚƤƯ��ƹ�ŶƷŚƃ�Źŵ

ƹ�ƱřŹƺƠţƺƴƿŵ�ƽŚƷŹŚưǀţ�ǀţ�ƶºŝ�ƭŚƀĩƺŤƯŚ���ŜºǀţźţÍÎ�ÏÖÕ��
ÑÒ�ÏÔÕ��ƹÍÐ�ÎÒÒ�ƵŵŚƯ�ƵŵŚƯ��ƪƀƳŵƺŝ��źƷ�Ŷƴģ���ƹŵ�źºƷ

ƹ�ƱřŹƺƠţƺƴƿŵ�ŹŚưǀţ�ǀţ�ƆƫŚų�űźƳ�ƂƷŚĩ�ŜŞſ�ƭŚƀĩƺŤƯŚ

Ŷººǀƫƺţ��Źŵ�ƪººŨƯ�ŶƳŶººƃ�ŶƷŚººƃ�Śººŝ�ƶººƀƿŚƤƯ��ƶººƀƿŚƤƯ�ƽ�
ƲǀĮƳŚǀƯ�ŚƷ�ƶĩ�ŵřŵ�ƱŚƄƳ��ŹŚưǀţ�Ʋǀŝ��Śºŝ�ƭŚºƀĩƺŤƯŚǀţ��ŶƷŚºƃ�

ƾƴƘƯ�ƝǈŤųř�ŵŹřŵ�ŵƺūƹ�ƽŹřŵ��ŹŚºưǀţ�Ʋǀŝ�ƝǈŤųř�ƾƫƹ��
��ƾºƴƘƯ�ŶƷŚºƃ�ƹ�ƱřŹƺƠţƺƴƿŵ��ŵƺºŞƳ�Źřŵ����ƩƹŶºūÏ�����űźºƳ

Ŷǀƫƺţ�ƆƫŚų�ƱŚƄƳ�ƪŨƯ��ƵŶºƴƷŵ����ƵŵŚºƯ�ƪºĩ�ŵřŶºƘţ�ƽ���ƽŚºƷ
Ŷǀƫƺţ�ƩƺƏ�Źŵ�ƵŵŚƯ�Ĩƿ�Ǝſƺţ�ƵŶƃ�źưƗ��Ţºſř����ƶºūƺţŚŝ

ƶŞſŚŰƯ�Źŵ�ƶĪƴƿř�ƶŝ��Ʊō�ƽLx�ƾƯ�Ƶŵřŵ�ŢƫŚųŵ�ŵƺƃ��ƶŝ��źƔƳ
ƾƯ���ƲǀƿŚºě�ƽŚºƤŝ�űźƳ�ƶĩ�ŶſŹ����ƵźºƄů�ŹŚºưǀţ�Źŵ�źºţ���Ƃºĩ

ƾƴƘƯ�ŜŞſ�ƭŚƀĩƺŤƯŚǀţ�Źřŵ�ŶƃŚŝ�ƵŶƃ�źŤƯřŹŚě�Ʋƿř�ƱŶƃ���
�ŢǀƘưū�ƂƿřżƟř�ƾţřŷ�űźƳ(rm)�ƮƸƯ����źŤƯřŹŚºě�Ʋƿźºţ

��ŢºǀƘưū�ŶºƃŹ�ƱřżǀƯ�ƹ�ƕƺƳ�ƲǀǀƘţ�Źŵ���ƾºƯ�ŚºƷ����ƶºĩ�ŶºƃŚŝ
ƾƯ�ŶƷŵ�ƱŚƄƳ�řŹ�ŢǀƘưū�ŢŝŚŧ�Śƿ�ƾƠƴƯ��ŢŞŨƯ�ŶƃŹ�ŶƳřƺţ�

(Stark & Banks, 2003)��ŷ�űźƳ��Źŵ�ŢºǀƘưū�ƂƿřżƟř�ƾţř
ţƺƴƿŵ�ŹŚưǀţ�ƱřŹƺƠ�ÎÕÓ�Í�ŻƹŹ�źŝ��Ƃǀŝ��ŶƷŚƃ�ŹŚưǀţ�Żř�źţ

ƹ�ǀţ�ƭŚƀĩƺŤƯŚ�ƶŝ��ŜǀţźţÎÕÒ�Í��ƹÎÑÐ�Í��ŻƹŹ�źºŝ���ŵƺºŝ��
ƶƀƿŚƤƯ�ƲǀĮƳŚǀƯ�ƽ�ŚƷ�ƱŚƄƳ������ŹŚºưǀţ�ƹ�ŶƷŚºƃ�Ʋǀºŝ�ƶºĩ�ŵřŵ

řŹƺƠţƺƴƿŵƾƴƘƯ�ƝǈŤųř�Ʊ�ƾƫƹ��ŢƃřŶƳ�ŵƺūƹ�ƽŹřŵ��Ʋǀºŝ�
ƭŚƀĩƺŤƯŚǀţ�ŹŚưǀţ�ŶƷŚƃ�ƹ�ƾƴƘƯ�ƝǈŤųř��Źřŵŵƺŝ����Ʋǀºŝ�Źŵ

�ƭŚƀĩƺŤƯŚǀţ��ŚƷŹŚưǀţŦƗŚŝ������ƂƿřżºƟř�ƾºţřŷ�űźºƳ�ƂƷŚºĩ
���ŢºǀƘưū�ŮƐºſ�Źŵ�ƾƠƴƯ�źŧř�ŜŞſ�ƶĩ�ŵƺŝ�ƵŶƃ�ŢǀƘưū

ƾƯ��ŵƺƃ��ƩƹŶūÏ����
����ŢººǀƘưū�ƂƿřżººƟř�ƾƷŚººƴŤƯ�űźººƳ(ë)��ŹŚººưǀţ�Źŵ

�ƭŚƀƧƺŤƯŚǀţÎÒÑÐ�Î��ŻƹŹ�źŝŝƶ�����ƶºŝ�ƶºƧ�ŶºƯō�Ţºſŵ���ŹƺºƏ
ƾƴƘƯ�ƮƧ�ƽŹřŵ�ţƺƴƿŵ�ŹŚưǀţ�ƹ�ŶƷŚƃ�Żř�źţ�ƱřŹƺƠ�ƶŝ���Ŝºǀţźţ
ÏÍÑÎ�Î�ƹ�ÏÍÑÓ�Î�ŻƹŹ�źŝ��ŵƺŝ��ƶƀƿŚƤƯ��ƲǀĮƳŚºǀƯ�ƽ��ŚºƷ�

��ƾºƴƘƯ�ƝǈŤºųř�ƶƧ�ŵřŵ�ƱŚƄƳ���Ʋǀºŝ�ƽŹřŵ���ŹŚºưǀţ�ƹ�ŶƷŚºƃ
ƱřŹƺƠţƺƴƿŵ�řŶƳ�ŵƺūƹŢƃ��ƾƯ�ƱŚƄƳ�ŪƿŚŤƳ�Ʋƿř����ƶºƧ�ŶºƷŵ
�ŢƔƬƛŻ�źºƿ��ƵŶƴºƄƧ�ƯŚǀţ�ƽ��Źŵ�ƭŚºƀƧƺŤ����ŹŚºưǀţ�Śºŝ�ƶºƀƿŚƤƯ
ţƺƴƿŵ�Ţºſř�Ƶŵřŵ�ƂƷŚƧ�řŹ�ŢǀƘưū�ŶƃŹ�ŢƗźſ�ƱřŹƺƠ��

ƵźƄů�Ʋǀŝ�Źŵ��ƂºƧ���ºţ�ŚºƷŐ����ƾƷŚºƴŤƯ�űźºƳ�ƽƹŹ�ƾºƠƴƯ�źǀŧ
ŵƺŝ�ƭŚƀƧƺŤƯŚǀţ�ŹŚưǀţ�ƶŝ�ƍƺŝźƯ�ŢǀƘưū�ƂƿřżƟř���ƩƹŶū

Ï����
��



Ó                                          ƵŵřŻŹƺƨƃ�ƱřŹŚƨưƷ�ƹ��źƿŻ�ƹ�ƾĭŶƴƄƧ�šřźŧř�ƵźƄů�ƾĭŶƴƄĩ�Ƃĩ�ƽƹŹ�ƭŚƀĩƺŤƯŚǀţ�ƹ�ƱřŹƺƠţƺƴƿŵ�ƽŚƷ������

��

�ƩƹŶūÎ��ưſǀƵźƄů�Ţ�Ƃĩ�ŚƷƽ�ŚƯŻō�ŵŹƺƯƿƹŹ�Ƃƽ�ŚƷƹŹǇƽ�Ʃƹř�Ʋſ�Chrysoperla carnea���
Table 1. Toxicity of the insecticides tested on first instar larvae of Chrysoperla carnea. 
 

X2 LC90 (mg ai/l) 
(95% CL) 

LC50 (mg ai/l) 
(95% CL) 

LC30 (mg ai/l) 
(95% CL) 

Slope ± SE N df Insecticide 
(Category) 

1.111 
736.747 

(272.680-3992.656) 
9.880 

(5.658-16.435) 
1.692 

(0.626-3.214) 
0.684 ± 0.098 360 3 

Thiamethoxam 
(Neonicotinoid) 

0.930 
1240.475 

(464.196-6634.977) 
19.382 

(11.5-31.832) 
3.532 

(1.407-6.446) 
0.710 ± 0.102 360 3 

Dinotefuran 
(Neonicotinoid) 

��
�ƩƹŶūÏ��ţŐŧǀƵźƄů�ź�Ƃĩ�ŚƷƽ�ŵƿţ�ƹ�ƱřŹƺƠţƺƴǀƹŹ�ƭŚƀĩƺŤƯŚƽ�ŚƷźŤƯřŹŚěƽ�ƘưūǀŚě�Ţƿ�ŹřŶChrysoperla carnea� 

Table 2. Effects of dinotefuran and thiamethoxam on the population growth parameters of Chrysoperla carnea. 
 

Mean (lower limit-upper limit) 
Parameter 

Thiamethoxam Dinotefuran Control 
309.42 (263.05-355.83)a 439.08 (365.4-512.69)a 459.89 (367.06-552.71)a Gross reproductive rate (GRR) 
155.03 (100.17-209.9)b 278.45 (194.52-362.7)a 298.01 (198.97-397.95)a Net reproductive rate (R0) 

0.143 (0.131-0.155)b 0.186 (0.174-0.197)a 0.185 (0.177-0.193)a Intrinsic rate of increase (rm) 

1.154 (1.140-1.680)b 1.204 (1.190-1.217)a 1.204 (1.194-1.240)a Finite rate of increase (ë) 
0.176 (0.162-0.189)a 0.210 (0.194-0.225)b 0.198 (0.188-0.209)ab Intrinsic rate of birth (b) 
0.032 (.012-0.052)a 0.024 (0.004-0.043)a 0.012 (0.001-0.025)a Intrinsic rate of death (d) 

35.14 (33.65-36.55)b 30.46 (29.22-31-69)a 30.77 (29.77-31.77)a Mean generation time (T) 
4.82 (4.43-5.21)b 3.72 (3.48-3.95)a 3.73 (3.55-3.91)a Doubling time (DT) 

Mean values within each row followed by the similar letter are not significantly different (confidence limit %95). 
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Ŷƫƺţ�ƾţřŷ�űźƳ�(b)�ƶƳřźſ�űźƳ�Żř�šŹŚŞƗ��Źŵ�Ŷƫƺţ�ƽ

�����ŢºǀƘưū�Ʊō�Źŵ�ƶºƧ�Ţºſř�ŹřŶºƿŚě�ƹ�ƶŤƀŝ�ŢǀƘưū�Ʀƿ
ƵŵŚƯ��ŢŝŚŧ�űźƳ�ƉźƘƯ�Źŵ�ŚƷ��ƵĦºƿƹ�īźºƯ�ƹ�Ŷƫƺţ���Ʋºſ�ƽ

ŶººƳŹřŵ�Źřźººƣ��ººţřŷ�űźººƳ�ƽŚººƷŹŚưǀţ�ƹ�ŶƷŚººƃ�Źŵ�Ŷººƫƺţ�ƾ
ţƺƴƿŵƹ�ƱřŹƺƠ�ǀţƶŝ�ƭŚƀĩƺŤƯŚ���ŜºǀţźţÎÖ�Í��ÏÎ�Í��ƹÎÔ�Í�
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Ʈººĩ�Żř�źººţ�ŹŚººưǀţ�ţƺƴƿŵŵƺººŝ�ŶƷŚººƃ�ƹ�ƱřŹƺººƠ��ƶººƀƿŚƤƯ��ƽ

ƲǀĮƳŚǀƯ����ƽŚºƷŹŚưǀţ�Ʋǀºŝ�ƶĩ�ŵřŵ�ƱŚƄƳ�ŚƷ�ƵźºƄů����Śºŝ�Ƃºĩ
ƾƴƘƯ�ƝǈŤųř�ŶƷŚƃ�����ƹŵ�Ʋǀºŝ�ƾºƫƹ��ŢºƃřŶƳ�ŵƺūƹ�ƽŹřŵ
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��ƩƹŶūÏ����

īźƯ�ƾţřŷ�űźƳ�(d)��ƶƳřźºſ�űźƳ�Żř�šŹŚŞƗ���īźºƯ�ƽ
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ƵźƄů�Ƃĩ�Ƃǀŝ�ŵƺŝ�ŶƷŚƃ�Żř�źţ���ŚºŝƲƿř���ŵƺºūƹ�ƶºƀƿŚƤƯ��ƽ
ƲǀĮƳŚººǀƯ�ŚººƷ��ƾººƴƘƯ�ƝǈŤººųř�ƶººĩ�ŵřŵ�ƱŚººƄƳ�Źřŵƽ��Ʋǀººŝ

ŹŚưǀţ�ƽŚººƷŵţƺƴƿƹ�ƱřŹƺººƠ�ǀţƭŚººƀĩƺŤƯŚ��ŵƺººūƹ�ŶƷŚººƃ�ƹ
ŢƃřŶƳ���ƩƹŶūÏ����

�ƹ�Ŷƫƺţ�űźƳ�Ʋǀŝ�šƹŚƠţ��ŢǀƘưū�ƂƿřżƟř�ƾţřŷ�űźƳ
Ţſř�īźƯ���ŪƿŚŤƳ�ºŝƶ�����ƾºƯ�ƱŚºƄƳ�ƵŶºƯō�Ţºſŵ����ƶºĩ�ŶºƷŵ

ŢƔƬƛ��ƽŚƷŻƵŶƴƄĩźƿ��űźºƳ�ƶĪƴƿř�źŝ�ƵƹǈƗ�ƭŚƀĩƺŤƯŚǀţ�ƽ�
�ƂƷŚĩ�řŹ�Ŷƫƺţ�ƾţřŷ�Ƶŵřŵ�ƲƿřŚŝ�ƩŚů��ƾţřŷ�űźƳ�ƽŵƹŶůŚţ

��Ţºſř�Ƶŵřŵ�ƂƿřżºƟř�żǀƳ� řŹ�īźƯ���ƲƿřźŝŚºƴŝ���ƭŚºƀĩƺŤƯŚǀţ�
����ŢºǀƘưū�ŮƐºſ�Źŵ�ƾºƠƴƯ�šřźŧř�ŜūƺƯ���Ŷºƃ�ŶºƷřƺų�

ƾƫŚůŹŵ��ƶĩţƺƴƿŵţ�ƱřŹƺƠŐ�ŮƐºſ�Źŵ�ƾƳřŶƴģ�źǀŧ���ŢºǀƘưū
Ţººƃřŵ�ŶººƷřƺŴƳ��řźººƿŻ�ŢººƔƬƛ��ƽŚººƷŻƵŶƴººƄĩźƿ��ƽ�Ʊō�

Ŷƫƺţ�ƾţřŷ�űźƳ�ƂƿřżƟř�ŵƺūƹŚŝ��ƂƿřżƟř�ŜŞſ��ƾţřŷ�űźƳ
żǀƳ�īźƯ�Ţſř�ƵŶƃ���

�ƪƀƳ�Ĩƿ�ƩƺƏ�ƲǀĮƳŚǀƯ(T)��ƶºĩ�Ţſř�ƾƳŚƯŻ�šŶƯ��
�ŵŹřŵ�ŻŚǀƳ�ŢǀƘưūŚţ�ƶŝ�ƵŻřŶƳř���Ŷºǀƫƺţ�ƆƫŚºų�űźƳ�ƽ���ƪºŨƯ

Ʈĩ�Ʊō�ŹřŶƤƯ�ƶģźƷ�ƹ�ŶŝŚƿ�ƂƿřżƟř�����ŢºƿżƯ�Ĩºƿ�ŶºƃŚŝ�źţ
ƾººƯ�śƺººƀŰƯ�ŵƺººƃ��ººě�Ʋººƿř�ŹřŶººƤƯ�ƹ�ŶƷŚººƃ�Źŵ�źŤƯřŹŚ
ţƺƴƿŵ�ƽŚƷŹŚưǀţ�ƹ�ƱřŹƺºƠ�ǀţ��ƶºŝ�ƭŚºƀĩƺŤƯŚ���ŜºǀţźţÔÔ�ÐÍ��
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ÑÓ�ÐÍ��ƹÎÑ�ÐÒ�ŵƺŝ�ŻƹŹƾƴƘƿ���Ə�ƲǀĮƳŚǀƯƺ�ƪƀƳ�Ĩƿ�Ʃ
Ƃǀŝ�ƭŚƀĩƺŤƯŚǀţ�ŹŚưǀţ�Źŵ�ţƺƴƿŵ�ŹŚưǀţ�Żř�źţ�ŶƷŚƃ�ƹ�ƱřŹƺƠ

ŵƺŝ��ƶƀƿŚƤƯ�ƲǀĮƳŚǀƯ�ƽ�ŚƷ�ţƺƴƿŵ�ŹŚưǀţ�ƶĩ�ŵřŵ�ƱŚƄƳ��ƱřŹƺºƠ
ƹ��ŶƷŚƃƾƴƘƯ�ƝǈŤųř���ƾƫŚºůŹŵ��ŶƴŤºƃřŶƳ�ƮƷŚŝ�ƽŹřŵ���ƶºĩ

�Ʋǀŝ����ţƺƴƿŵ�ŹŚºưǀţ�Śºŝ�ƭŚºƀĩƺŤƯŚǀţ�ŹŚºưǀţ���ŶƷŚºƃ�ƹ�ƱřŹƺºƠ
ƾƴƘƯ�ƝǈŤųř��Źřŵŵƺŝ���ƩƹŶūÏ����
�ƱŚƯŻĨƿ�ƽřźŝ�ƭŻǇ����ƮºƸƯ�ŹŚǀºƀŝ�źŤƯřŹŚě�Ĩƿ��ƪƀƳ

�����ƾºţřŷ�űźºƳ�ƽƹŹ�Ţºſř�ƲºĪưƯ�ƶĩ�Ţſř�ƾŤƀƿŻ�ƩƹŶū
�Ƃǀºŝ�źŧř�ŢǀƘưū�ƂƿřżƟř������ƽŹƹŹŚºŝ�Śºŝ�ƶºƀƿŚƤƯ�Źŵ�ƽźºţ

Śŝ�ƶŤƃřŵ�Ŷƃ(Mackaauer, 1986)��ƾƿŚŬƳōŻř�ƵźƄů�ƶĩ��Ƃĩ
Ƃǀŝ�ƭŚƀĩƺŤƯŚǀţ���ºţ�ƲƿźºţŐ�řŹ�źǀŧ����ƪºƀƳ�ƩƺºƏ�ƂƿřżºƟř�Źŵ
ţƺƴƿŵ�ƶŝ�ŢŞƀƳřŵ�ƱřŹƺƠŢƃƾƯ�žě�����Ʋºƿř�ƶĩ�ŢƠĭ�Ʊřƺţ

ƵźƄů�ƩƺƏ�ƂƿřżƟř�Śŝ�Ƃĩ�ƾƯ�ƪƀƳ����ƂƷŚºĩ�ŜŞºſ�ŶƳřƺţ
ū�ƂƿřżƟř�ƾţřŷ�űźƳţƺƴƿŵ�ŹŚưǀţ�ƶŝ�ŢŞƀƳ�ŢǀƘư�ƹ�ƱřŹƺƠ

ŵŵźĭ�ŶƷŚƃ���
ƱŚººƯŻ�šŶººƯ�ƲǀĮƳŚººǀƯ�ƹŵ�ƽřźººŝ�ƭŻǇ�źººŝřźŝ��ƱŶººƃ

�ŢǀƘưū(DT)�ŹŚưǀţ�Źŵ�ǀţ�Ƃǀºŝ�ƭŚƀĩƺŤƯŚ��Żř�źºţ���ƹ�ŶƷŚºƃ
�ŹŚưǀţƱřŹƺƠţƺƴƿŵ���ƶºŝ���ŜºǀţźţÕÏ�Ñ��ÔÐ�Ð��ƹ�ÔÏ�Ð�ŻƹŹ��
ŵƺŝ��ƲǀƴĤưƷ��ƾƴƘƯ�ƝǈŤųř�Źřŵ�ƽţƺƴƿŵ�ŹŚưǀţ�Ʋǀŝ��ƱřŹƺºƠ

ŢƃřŶƳ�ŵƺūƹ�ŶƷŚƃ�ƹ��ƾƫŚůŹŵ�ŹŚưǀţ�Ʋǀŝ�ƶĩ�ǀţ�ƭŚƀĩƺŤƯŚ
�ţƺƴƿŵ�ŹŚºưǀţ�Śŝ���ŶƷŚºƃ�ƹ�ƱřŹƺºƠ��ƾºƴƘƯ�ƝǈŤºųř�Źřŵ���ŵƺºŝ

��ƩƹŶūÏ����
�Źŵ�šŚƤǀƤŰţRezaei et al. (2007)ƶŝ���ſŹźŝ�ŹƺƔƴƯƾ�

ţŐŧǀŻ�Żŵ�źƿƵŶƴƄĩź�ƽ�řƿưǀźěƺƬĩřŶƿƹŹ�Ŷƽ�ŚƷƹŹǇƽ���Ʋºſ
ŹƺŤƫŚººŝ�Ʃƹřƽ���żŞººſƲººƿř�ŚººƷƹŹǇ��ƶººƗŹżƯ�Żŵ�Śººŝ�řƽ�

řƿưǀźěƺƬĩřŶƿ�ŶŶƳŶƃ�ŹŚưǀţ���ºſŹźŝƾ��ŚºƷƽ�ř�ºƿ�ºƤƤŰƯ�Ʋǀ�Ʋ
ƵźƄů�ƶĩ�ŵřŵ�ƱŚƄƳ���ºţ�ŹƺºŝżƯ�ƂĩŐŧǀ��ƪºŝŚƣ�ź�ƶºƔůǈƯ�řƽ�

ƹŹƽ�Ʒǀ�ĢƿŚƷźŤƯřŹŚě�Żř�Ĩƽ�ƘưūǀŚě�Ţ�ºƿ��ƶºƬưū�Żř��ŹřŶ
R0��rm��ë��T��ƹDT�Ţſř�ƶŤƃřŶƳ��ŚŤƳƿ�Śŝ�ơƺƟ�ŪƿƶŤƟŚ��ŚºƷƽ�

Golmohammadi et al. (2009)��Ż�Żŵ�Śºŝ�ƶºĩ��ƿ�ƵŶƴºƄĩź�ƽ�
řƿưǀźěƺƬĩřŶƿŶ�(LC25)�ƹŹƽ�ŚƷƹŹǇƽ���ŹƺŤƫŚºŝ�Ʃƹř�Ʋºſƽ�

�ŵŹřŵ�ŢºººƤŝŚƐƯ��ƵŶºººƃ�ƭŚºººŬƳř�żŞºººſ���Źŵ�šŚºººƤǀƤŰţ
šŹƺƇ�ƶŤƟźĭ��ƎſƺţHuerta et al. (2003)���Ŷƃ�ƆŴƄƯ

ƶƧ�řƿưǀźěƺƬĩřŶƿřźŝ�Ŷƽ�ŚƷƹŹǇƽ�ŹƺŤƫŚŝ�ƭƺſ�Ʋſƽ���żŞºſ
ƀŝǀưſ�ŹŚƾ�����ƵŶºƃ�ƪºƯŚĩ�šřźºƄů�ŹƺƸƓ�Żř�ƖƳŚƯ�ƹ�Ƶŵƺŝ

Ţſř��Kumar & Santharam (1999)��żǀƳ�ºţŐŧǀ�ºƠƴƯ�šřźƾ�
řƿưǀźěƺƬĩřŶººƿƹŹ�řŹ�Ŷƽ��ƹŹǇ�ƪººůřźƯ�źººưƗ�ƩƺººƏƽ��ƹ

ƵźººƄů�ƽ��ŹƺŤƫŚººŝ�ƪººƯŚĩƽ��ŵźººĩ�ƁŹřżººĭ�żŞººſƵ�řŶººƳ��� �
Mizell & Sconyers (1992)�ŝǀ�ŢºƔƬƛ�ƶĩ�ŶƳŵźĩ�ƱŚ��ŚºƷƽ�

ƵŶƴƄĩ�ƽ�řƿưǀźěƺƬĩřŶƿƯ�Ŷƾ�īźƯ�ŜŞſ�ŶƳřƺţ�ƹ�ƯǀǇŚŝ�źƾƿ�
ŹƺŤƫŚººŝ�Źŵƽ�ŵƺººƃ�żŞººſ��ƫŚººůŹŵƾ�ř�ƶººĩººƿººţ�Ʈººſ�ƲŐŧǀ�ź

ƛǀĭŶƴƄĩźƾ�ƶƔůǈƯ�ƪŝŚƣ�řƽ�ƹŹƽ�řƿŵŹřŶƳ�źĭŹŚĪƃ�Ʋ���
ſŹźŝ�Śŝƾ�ţŐŧǀ�ƯŚŤºſř�źƾ�řźě�ºƿƹŹ�Ŷƽ���Ʋºſ��źĭŹŚƨºƃ

Deraeocoris brevis (Uhler)�ŵřŵ�ƱŚººƄƳŶººƃ�Ƶ��Żŵ�ƶººĩ
ƵŶƴƄĩ�ƽ�ƯŚŤſřƾ�řźěƿīźƯ�ŜŞſ�Ŷ�ƹ�Ưǀ�ǇŚºŝ�źƾƿ�ř�Źŵ�ºƿ�Ʋ

��ƫŚºůŹŵ��ƵŶºƃ�źĭŹŚĪƃƾ��Ż�Żŵ�ƶºĩƿ�ƵŶƴºƄĩź�ƽ�ř�ºƿ��Ʈºſ�Ʋ
ţŐŧǀźƽ�ƹŹƽ�űźƳ�ŚƷƽ��ŶºƃŹ�ƹ��ƫƺţ�ƹ�ƺºưƳ�ºǀŶ��ř�ƪºŨƯ�ºƿ�Ʋ

Ţſř�ƶŤƃřŶƳ�ƵźƄů�(Dong-Soon et al., 2006)��ŵźŝŹŚƧ��Żŵ
Ƈƺţǀƶ�ƵŶƃ�ƽ�ƶƗŹżƯ�řƽ�ƵźƄů�ƶſ�ƳƺŘƳ�ƂĩǀţƺĪǀŗƺƴ�ºǀŶƽ�
ƯŚŤſřƾ�řźěƿţƺƬĩ��ŶǀƳŚǀŶƿŵ�ƹ�ƲƿƹŹ�ƱřŹƺƠţƺƴƽ�ħŻƹŶƄƠĩ�

źĭŹŚƨƃ�Cryptolaemus montrouzieri Mulsant���ŹƺºŞƳŻ�ƹ
ŻřŹŚěƿŗƺŤ�ºǀ�ŶLeptomastix dactylopii Howard�ºţ��Őŧǀ�šřź
ƠƴƯƾ�ǇŚŝƾƿ���ƶºŝ��Ţºƃřŵ��ŹƺºƏƽ�����ŢºƃŸĭ�Żř�ŶºƘŝ�ƶºĩÑÕ�

ţ�Żř�žě�ŢƗŚſǀŹŚư����īźºƯ�ŜŞºſ�ƹ�Ư�ºǀ�źÎÍÍ���ŶºƇŹŵ
Ƙưūǀ�Ŷƃ�Ţ(Cloyd & Dickinson, 2006)���

ŚŤƳƿƤŰţ�Ūǀ��ƵźºƄů�ƶºĩ�ŵřŵ�ƱŚƄƳ�ƮƷ�źƋŚů�Ƣ���Ƃºĩ
ţǀƠƴƯ�šřźŧř�ƭŚƀĩƺŤƯŚƾ�ǇŚŝƾƿ�ƹŹƽ�Ƴ�ƹ�Ʃƹř�Ʋſ�ƹŹǇ�ºǀ�ż

ŚººƷźŤƯřŹŚěƽ�ƘưūººǀŚě�ŢººƿŹƺŤƫŚººŝ�ŹřŶƽ�Ţººƃřŵ�żŞººſ��
ƫŚůŹŵƾ�ƵźƄů�ƶĩ�ŵ�Ƃĩƿ�ŵƺūƹŚŝ�ƱřŹƺƠţƺƴ�ƲŤƃřŵ��šřźºŧř
ººƠƴƯƾ�ƹŹƽ�ƹŹ��Ʃƹř�Ʋººſ�ƹŹǇƽ�ŚººƷźŤƯřŹŚěƽ�Ƙưūººǀ�Ţ
ŚěƿŹřŶ�ŹƺŤƫŚŝƽ�ŵřŶƳ�ƱŚƄƳ�Ōƺſ�šřźŧř�żŞſ���

��



Õ                                          ƵŵřŻŹƺƨƃ�ƱřŹŚƨưƷ�ƹ��źƿŻ�ƹ�ƾĭŶƴƄƧ�šřźŧř�ƵźƄů�ƾĭŶƴƄĩ�Ƃĩ�ƽƹŹ�ƭŚƀĩƺŤƯŚǀţ�ƹ�ƱřŹƺƠţƺƴƿŵ�ƽŚƷ������
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