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ĪģǀƵŶ��
ŝǀſ� ŶǀŜ�ƯŻǀƴƾ� �Phthorimaea operculella (Zeller) (Lep.: Gelechidae)�� �ƿĪƾ�ƮƸƯ� Żřźţƿſ�šŚƟō� ƲǀŜ�ƯŻǀƴƾ��ƹ� ƕŹřżƯ� Źŵ
ŚƷŹŚŞƳřƽ�Ư� ƱŚƸū� źſřźſƾŶƃŚŝ� ƠƴƯ�šřźŧř� ƶŝ� ƶūƺţ� Śŝƾ�ƵźƄůƂĩŚƷƽ�ƃǀưǀŚƾƿ�ř� Źŵ� �šŚƟō� Źŵ�ŢƯƹŚƤƯ� Żƹźŝ� ƹƿſŹźŝ� Ʋƾ��ŢƔƬƛ�šřźŧř

ŻƿƵŶƴƄĩźƽ�(LC30)�ĭ�ƭƺưſǀƷŚƾ�ſǀźƿƀĩřŶƴţ�ƹ� ƩƺƴǀƹŹ� źƽ�ŚƷźŤƯřŹŚěƽ�ƫƺţǀƬŨƯŶƾ�ŝǀſ�ŶǀŜƯŻǀƴƾ� Źŵ� �řźƃƿŚƯŻō�ƎƿƷŚĮƄƾ� �ætçë��ƶūŹŵ
ƀƬſǀŢŝƺƏŹ��Žƺ�ŞƀƳƾ�êtëê�ŶƇŹŵ�ƵŹƹŵ�ƹƽ��ƽŹƺƳæë��ƹ�ƾƿŚƴƃƹŹ�ŢƗŚſí�ŵźĭ�ƾſŹźŝ�ƾƨƿŹŚţ�ŢƗŚſƿŹƹōŵřŻ�ƆƫŚų�űźƳ�Ŷƽ���ŶƷŚƃ�Źŵ

ţǀſ�ŹŚưǀźƿƀĩřŶƴţ�ƹ�Ʃƺƴǀţźţ�ƶŝ�źǀ�Śŝ�źŝřźŝ�Ŝçæ�åtèç�èë��éå�åtìé�æì��ƹåé�åtçî�æí�ŵźĭ�ƶŞſŚŰƯƿŶ��ŹƹŹŚŝ�ƆƫŚų�űźƳƽ�ƷŚƃ�Źŵţ��Ŷǀ�ŹŚư
ſǀźƿƀĩřŶƴţ�ƹ�Ʃƺƴǀţźţ�ƶŝ�źǀ�Śŝ�źŝřźŝ�Ŝæí�åtíå�èå��èç�åtæî�æé��ƹåç�åtîì�æå�ŵƺŝ��ſŹźŝƾ�ƴŰƴƯƾŚƷƽ�Ư�ƹ�īźƯǀƹ�źƿƴſ�ƵĦƾ�(dx)��űźƳ�ƹ

�šŚƠƬţ(qx)�řżƟř�Śŝ�ƶĩ�ŵřŵ�ƱŚƄƳƿƯ��Ʋſ�ƂǀƯ�ƹ�īźƯ�ƱřżǀřżƟř�źƿƯ�ƂƾƿŶŝŚ��ƯǀĮƳŚǀƫƺţ�ƮŴţ�ŵřŶƘţ�ƲǀřŻř�ƶŝ�ƵŶƃ�Ŷƽ��ŶƷŚƃ�Źŵ�ŻƹŹ�źƷ�Źŵ�ƵŵŚƯ�źƷ
ìç�æţ�Źŵ��ǀſ�ŹŚưǀźƿ�Ʃƺƴåí�æ�ƀĩřŶƴţ�ƹǀ�źéè�æ�ŶƯō�Ţſŵ�ƶŝ�ƮŴţ��ŚŤƳƿ�ŵřŵ�ƱŚƄƳ�ŪŻ�ŢƔƬƛ�ƶĩƿƵŶƴƄĩź�ƀĩřŶƴţǀŝ�šŚƠƬţ�ŜūƺƯ�źǀźŤƄƽ��Źŵ

ƮŴţ�ƶƬůźƯ ŵźĭƿŶ��ƴĤưƷǀ�ƲƵźƄůſ�ƂĩǀźƿƩƺƴ�(LC30)��ƂƷŚĩ�ŦƗŚŝƫƺţ�ũŚŤƳ�ŵřŶƘţǀƎſƺţ�ƵŶƃ�Ŷ�ŝ�ƵŵŚƯ�šřźƄůǀſ�ŶǀŜƯŻǀƴƾ�ŵźĭƿŶ����
Ƭĩ�ƱŚĭĥřƹǀŶƽ��ſǀźƿƀĩřŶƴţ��ƩƺƴǀŚƷźŤƯřŹŚě��źƽ�ƫƺţǀƬŨƯŶƾ��Phthorimaea operculella��

 
Abstract 

Potato tuber moth (PTM), Phthorimaea operculella (Zeller) (Lep.: Gelechidae) is an important pest of potatoes 
in both fields and storage worldwide. Due to negative effects of chemical insecticides and pest resistance, in this 
research, sublethal effects of two botanical pesticides, Sirinol and Tondexir were investigated on reproductive 
parameters of PTM at 26±1˚C, 65±5% RH and L16:D8. Net fecundity rates were estimated 36.32±0.21, 17.74±0.40, 
18.29±0.04 at control, Sirinol and Tondexir, respectively. Net fertility rates were 30.80±0.18, 14.19±0.32 and 
10.97±0.02 at control, Sirinol and Tondexir, respectively. Age specific mortality (dx) and Mortality rate (qx) curves 
showed that mortality increased with aging. The results indicated that sublethal concentration of Tondexir caused 
higher mortality in the egg stage. Also, LC30 of Sirinol reduced the number of offspring. Results of this study revealed 
that Tondexir caused more daily mortality compared with Sirinol.  
Key words: Sirinol, Tondexir, reproductive parameters, Phthorimaea operculella  

 

ƶƯŶƤƯ��
Ŝǀſ�Ŷǀŝ��ƾƴǀƯŻ(Lep.: Gelechidae)�Phthorimaea operculella (Zeller)Ŝǀſ�ƮƸƯ�šŚƟō�Żř�ƾĪƿ����ƽŚƷŹŚŞƳř�ƹ�ƕŹřżƯ�Źŵ�ƾƴǀƯŻ

ƾƯ�ƱŚƸū�źſřźſŶƃŚŝ �Ferreire et al., 1994; Westedt et al., 1998���ƾƯ�ŵŚŬƿř� ŚƷƹŹǇ�ƶƿŸƜţ�ƢƿźƏ�Żř�ŢƟō�Ʋƿř�šŹŚƀųŵƺƃ��
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Mohammed et al., 2000; Dogramaci & Tingey, 2008)���
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ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
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ƶǀƫƹř�ŢǀƘưūŜǀſ�Ŷǀŝ�ƽƁŹƹźě�Żř�ƾƴǀƯŻŶƃ�ƶǀƸţ�ƾƬǀŝŵŹř�ƢƤŰƯ�ƵŚĮƄƳřŵ�Źŵ�ŵƺūƺƯ�ƽŚƷ���ƁŹƹźě�ƽřźŝ�Żř�šřźƄů
ƝźƓ�ŵŚƘŝř�ƶŝ�ƝŚƠƃ�ƶưǀƳ�ƾƨǀŤſǈě�ƽŚƷæå�çå�èå�ƾŤƳŚſŶƿŵźĭ�ƵŵŚƠŤſř�źŤƯ��ƶǀƬĩ�ŢŰţ�šŚƄƿŚƯŻō�ƹ�ƁŹƹźě�ƪůřźƯ�ƽ
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ŢƀƿŻƾŬƴſ��

�ƲǀǀƘţ�ŹƺƔƴƯ�ƶŝLC50��ƹLC30��ƵźƄů�ŻřƂĩƮŴţ��ƵŵŚƠŤſř�ŵŹƺƯ�ƽŚƷĨƿ�ƽŚƷŜǀſ�Ŷǀŝ�ƵŻƹŹ��ƾƟŚƇ�ƽŚƷŸƛŚĩ�ƽƹŹ�ƾƴǀƯŻ �
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Ƶŵřŵ�ƪǀƬŰţ�ƹ�ƶƿżŬţŚƷ��
�źƿŵŚƤƯ�ƲǀǀƘţLC50 �ƹ�LC30���ŹřżƟř�ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ�ƹ�Ţǀŝƹźě�ƶƿżŬţ�ƁƹŹ�ƶŝSPSS�ŢƟźĭ�ƭŚŬƳř��Ƶŵřŵ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ƽŚƷ

�ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�ƾĭŶƳŻ�ƩƹŶūCarry (1993)�ƭźƳ�ƹ�ŹřżƟřSPSS�ŢƟźĭ�šŹƺƇ��Ƶŵřŵ�žƳŚƿŹřƹ�ƶŞſŚŰƯĨū�ƁƹŹ�ƶŝ�ŚƷ�ƹ�ƞƿŚƳ
ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷŹřŵƺưƳ�ƮſŹ�ƹ�ƾţŚŞſŚŰƯ�šŚǀƬưƗ�ŹřżƟřExcel�Ŷƃ�ƭŚŬƳř.�ƲǀĮƳŚǀƯ�ƱƺƯŻō�Żř�ƵŵŚƠŤſř�Śŝ�ƵŶƯō�Ţſŵ�ƶŝ�ƽŚƷ 

SNKƿŚƤƯŶƿŵźĭ�ƶƀ���
��

ŦŰŝ�ƹ�ŪƿŚŤƳ��
ƮŴţ�ŢǀſŚƀůŜǀſ� Ŷǀŝ�ƽŚƷƵźƄů� ƶŝ�ƾƴǀƯŻƂĩ�ƩƹŶū� Źŵ� źǀƀĩřŶƴţ� ƹ� Ʃƺƴƿźǀſ�ƽŚƷÎ�Ţſř� ƵŶƃ� ƱŚǀŝ� �źƿŵŚƤƯ�LC50��

�Ŝǀţźţ�ƶŝ�źǀƀĩřŶƴţ�ƹ�Ʃƺƴƿźǀſçëåì��ƹçèåí�ƾěƾěŶƃ�ƶŞſŚŰƯ�ƭř���
űźƳ�ƪǀŞƣ�Żř�ƾƬŨƯŶǀƫƺţ�ƽŚƷźŤƯřŹŚěƲǀĮƳŚǀƯ��źưƗ�ƩƺƏ�Źŵ�ƪŨƯŶǀƫƺţ�ƽŚƷ�ƽŚƷűźƳ�ƹ�ƪŨƯŶǀƫƺţ�ƾƴſ�Źŵ�ƶƳřŻƹŹ�ƪŨƯŶǀƫƺţ�ƽŚƷ

�ƩƹŶūç�Ţſř� ƵŶƃ� Ƶŵřŵ�ƱŚƄƳ� �Ƶŵřŵ�žƳŚƿŹřƹ� ƶƿżŬţ�ŵŹƺƯ�ƽŚƷŹŚưǀţ� Żř�Ĩƿ� źƷ� Źŵ� ŚƷźŤƯřŹŚě�Ʋƿř�Ʋǀŝ� ŵřŵ�ƱŚƄƳ� ƶƏƺŝźƯ�ƽŚƷ
ƾƴƘƯ�šƹŚƠţ�ƂƿŚƯŻō� ŵŹřŵ� ŵƺūƹ�ƽŹřŵ�åæ�å�P� ��� źŤƯřŹŚě� Ŷǀƫƺţ�ũŚŤƳ� ŵřŶƘţ�ƲǀĮƳŚǀƯ� Żř�šŹŚŞƗ� �ƽŹƹōŵřŻ�ƆƫŚųŚƳ�űźƳ�ƵŶƃ

ƵŵŚƯ�ƎſƺţƾƯ�ŚƸƳō�źǀƯ�ƹ�īźƯ�ƱřżǀƯ�śŚƀŤůř�ƱƹŶŝ�źưƗ�ƩƺƏ�Źŵ�ŚƷŶƃŚŝ���ŚƷŹŚưǀţ�źƿŚſ�ƹ�Ʃƺƴƿźǀſ�ŹŚưǀţ�Ʋǀŝ�źŤƯřŹŚě�Ʋƿř�ŹřŶƤƯ
ƾƴƘƯ�šƹŚƠţŵřŵ�ƱŚƄƳ�ƽŹřŵ���ƂƷŚĩ�Źŵ�Ʃƺƴƿźǀſ�źǀŧŐţ�ƵŶƴƴĩ�ƱŚǀŝ� �ŪƿŚŤƳƎſƺţ�ƵŶƃ�Ŷǀƫƺţ�ũŚŤƳ�ŵřŶƘţ�Ŝǀſ�Ŷǀŝ�ƵŵŚƯ�šřźƄů�

ŵƺŝ�ƾƴǀƯŻ��ƾſŹźŝ�ƢŞƏ�Ajam hassani & Salehi (2004)�ƵŶƛ�ŹŚưǀţŜǀſ�ƽŚƷ��ƵŹŚƈƗ�ƹ�īźŝ�Źŵƺě�Śŝ�ƾƴǀƯŻåê�å���ƾƐƣō�ƱŚƷŚǀĭ
Ŝǀſ�Ŷǀŝ�ƪƯŚĩ�šřźƄů�ƽżƿźưŴţ�ƂƷŚĩ�ŦƗŚŝ�īźƫ�ƹ�ƶƴƯŹŵƾƯ�ƾƴǀƯŻŵŵźĭ���

�źŝřźŝ�ƹ�źŤƄǀŝ�źǀƀĩřŶƴţ�ƹ�Ʃƺƴƿźǀſ�ŹŚưǀţ�ƹŵ�ƶŝ�ŢŞƀƳ�ŶƷŚƃ�Źŵ�ƽŹƹŹŚŝ�ƆƫŚųŚƳ�űźƳÒÕ�ÓÒ�ŵƺŝ�ƮŴţ���ƲǀƿŚě�ƮƛźǀƬƗ�Ʊŵƺŝ
ƵŶƴƄĩźƿŻ�ŢƔƬƛ�Żř�ƵŵŚƠŤſř�Źŵ�ƵŶƃ�Ŷǀƫƺţ�ũŚŤƳ� ŵřŶƘţƵźƄů�Ʋƿř�Żř�ƵŵŚƠŤſř�Źŵ�ŲƿźƠţ�űźƳ�Ʊŵƺŝ�ǇŚŝ�ƪǀƫŵ�ƶŝ��Ʃƺƴƿźǀſ�ƽ�Ƃĩ

ƵźƄů� ƹŵ�Ʋƿř�ƽŹƹŹŚŝ�ƆƫŚųŚƳ� űźƳ� ƱřżǀƯ� Źŵ�ƾţƹŚƠţ� �źǀƀĩřŶƴţ� ƶŝ�ŢŞƀƳŶƄƳ� ƵŶƷŚƄƯ�Ƃĩ� ��ƹ�ƆƫŚų�űźƳ� ƱřżǀƯ�ƲƿźŤưĩ
�ƽŹƹŹŚŝ�ƆƫŚųŚƳŶƿŵźĭ�ƵŶƷŚƄƯ�źǀƀĩřŶƴţ�ƹ�Ʃƺƴƿźǀſ�ŹŚưǀţ�Źŵ�Ŝǀţźţ�ƶŝ���ŪƿŚŤƳ�źŝŚƴŝBeach & Todd (1985)��ƪƯŚĩ�šřźƄů�ŹŚưǀţ

Ŝǀſ�ŶǀŝƾƴǀƯŻ�ŢƔƬƛ� Śŝ�ƲǀŤĪƯŹƹō�ƞƬŤŴƯ�ƽŚƷMK936��Źŵ� ƵŶƃ�ŹŚưǀţ�ƪƯŚĩ�šřźƄů�Źŵ�ƽŹƹŹŚŝ� ƹ�ƽŹƹōŵřŻ�ƂƷŚĩ�ŜŞſ
Ŷƿŵźĭ�ŶƷŚƃ�ƪƯŚĩ�šřźƄů�Śŝ�ƶƀƿŚƤƯ� �ƿř�Żř�ƵŶƯō�Ţſŵ�ƶŝ�ŪƿŚŤƳƱŚǀŝ�żǀƳ�ƢǀƤŰţ�ƲƵŶƴƴĩƾƴƘƯ�źŧř�ƽŢƔƬƛ�ŹřŵƵŶƴƄĩźƿŻ�ƽŚƷ�ƽ

ƵźƄůƂĩŜǀſ�Ŷǀŝ�ƽŹƹōŵřŻ�ƹ�ƽŹƹŹŚŝ�ƽƹŹ�źǀƀĩřŶƴţ�ƹ�Ʃƺƴƿźǀſ�ƽŚƷƾƯ�ƾƴǀƯŻŶƃŚŝ���
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ŵŹřŶƳ�ŵƺūƹ�ƵŶƃ�ƶŤƃřŸĭ�ƮŴţ�ŵřŶƘţ�źƔƳ�Żř�ƽŹřŵ���ƩƹŶūÏ���źŝ��ŪƿŚŤƳ�ŽŚſřKhorrami et al. (2014)�ŢƔƬƛ�Żř�ƵŵŚƠŤſř�ƽŚƷ
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ƾƯŵŵźĭ���
ƾƴŰƴƯ�ƾƴſ�ƵĦƿƹ�źǀƯ�ƹ�īźƯ�ƽŚƷ(dx)��źǀƯ�ƹ�īźƯ�űźƳ�ƹ(qx)� �ƱřżǀƯ��Ʋſ�ƂƿřżƟř�Śŝ�ƶĩ�ŵřŵ�ƱŚƄƳ�ƂƿřżƟř�źǀƯ�ƹ�īźƯ

ƾƯ��ŶŝŚƿ�ƪĪƃ�æ��ƹç���ƵŶƴƷŵ�ƱŚƄƳ�źŤƯřŹŚě�ƹŵ�Ʋƿř�ƾſŹźŝ�ŪƿŚŤƳŵƺŝ�ƮŴţ�ƶƬůźƯ�Źŵ�źǀƀĩřŶƴţ�ƽřżƀŝ�źǀŧŐţ�ƽ���Ŷǀŝ�ƮŴţ�ŹŚưǀţ
ŜǀſƵźƄů�Śŝ�ƾƴǀƯŻƂĩ�ƶƬůźƯ�ƽƹŹ�ƽźŤƄǀŝ�šŚƠƬţ�ŜūƺƯ�ƩƺƴƿźǀſŶƿŵźĭ�źǀƀĩřŶƴţ�ƹ�ŶƷŚƃ�ƶŝ�ŢŞƀƳ�ƽƹŹǇ�ƽ���Źŵ�šŚƠƬţ
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� ƹŵ� Źŵ�ƾĭźǀƠƃ� ƶƬůźƯƵźƄůŵƺŝ�ŶƷŚƃ� Żř� źŤƄǀŝ� ƹ�ƱŚƀĪƿ�Ƃĩ� �źƿŻ�ŢƔƬƛ� Żř� ƵŵŚƠŤſř� ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳƵŶƴƄĩ�ƹ� źǀƀĩřŶƴţ�ƽ
ƶƬůźƯ�Źŵ�šŚƠƬţ�ƲƿźŤƄǀŝ�ŦƗŚŝ�Ŝǀţźţ�ƶŝ�ƩƺƴƿźǀſƮŴţ�ƽ�ƾƯ�ƽƹŹǇ�ƹŶƳŵźĭ�� 

 
�ƩƹŶūæ��ƹ�Ʃƺƴƿźǀſ�Ţǀưſ ƮŴţ�ƽƹŹ�źǀƀĩřŶƴţŜǀſ�Ŷǀŝ�ƽŚƷƾƴǀƯŻ���

Table 1. Acute toxicity of Sirinol and Tondexir on eggs of Phthorimaea operculella. 
 

insecticide 
LC˼˹ 
(ppm) 

LC50 (ppm) Slope ± SE 
Intercept ± 

SE 
÷² (df=3) 

P-
value 

Sirinol 1153 2607 1.48 ± 0.12 -5.05 ± 0.41 1.78 0.62 

 
(938-1354) (2321-2918) 

    
Tondexir 1341 2308 2.22±0.15 -7.47±0.49 2.51 0.47 

 
(1190-
1481) (2134-2493)     

��
�ƩƹŶūç���źǀŧŐţLC30�Ŝǀſ�Ŷǀŝ�ƾƬŨƯŶǀƫƺţ�ƽŚƷźŤƯřŹŚě�ƽƹŹ�źǀƀĩřŶƴţ�ƹ�Ʃƺƴƿźǀſ�ƭƺưſƾƴǀƯŻ���

Table 2. Effects of Lc30 of Sirinol and Tondexir on reproduction parameters of Phthorimaea operculella. 
 

Treatments 

Parameters Control Sirinol Tondexir 

Life time reproductive rates (eggs) 

Gross fecundity rate 77.33±0.42a 40.09±0.81b 74.71±0.25a 

Gross fertility rate 65.58±0.36a 32.07±0.61b 44.82±0.15b 

Gross hatch rate 0.84 0.80 0.60 

Net fecundity rate 36.32±0.21a 17.74±0.40b 18.29±0.04b 

Net fertility rate 30.80±0.18a 14.19±0.32b 10.97±0.02b 

Mean ages of reproduction (Day) 

Mean age gross fecundity 25.81±0.02a 22.01±0.007c 23.67±0.02b 

Mean age gross fertility 25.80±0.01a 22.00±0.007c 23.66±0.02b 

Mean age net fecundity 25.05±0.01a 21.82±0.008c 22.57±0.01b 

Mean age net fertility 25.04±0.01a 21.80±0.008c 22.56±0.01b 

Mean age hatch 14.53 13.5 15.5 

Daily reproductive rates 

Eggs/ female/ day 1.72±0.009a 1.08±0.005b 1.43±0.003a 

Fertile eggs/female/day 1.46±0.007a 0.86±0.004b 0.86±0.002b 
a Mean values followed by the different letter in the same row are significantly different (P< 0.01; Student- Newman- Keuls procedure after 
one- way ANOWA) 
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ƪĪƃæ��ƾƴſ�ƵĦƿƹ�źǀƯ�ƹ�īźƯ��dx� �ƾƴǀƯŻ�Ŝǀſ�Ŷǀŝ�ŹŚưǀţ�ƹ�ŶƷŚƃ�ŹŵƵŶƴƄĩ�źƿŻ�ŢƔƬƛ�Śŝƽ��LC30��ƵźƄůƂĩŚƷ���
Fig. 1. Age specific mortality of Phthorimaea operculella treated with LC30 of insecticides and control. 

 
 

 
 

ƪĪƃç��šŚƠƬţ�űźƳ��qx� Ŝǀſ�ŶǀŝƾƴǀƯŻ�ŹŚưǀţ�Źŵ�źƿŻ�ŢƔƬƛ�ŚŝƵŶƴƄĩƽ��LC30��ƵźƄůƂĩŶƷŚƃ�ƹ�ŚƷ���
Fig. 2. Mortality rate of Phthorimaea operculella treated with LC30 of insecticides and control. 
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