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Abstract 

Potato tuberworm, Phthorimaea operculella (Zeller), is an important pest of potatoes in the storage. 
In this study, the life history parameters of P. operculella were studied on eight potato germplasms 
including five potato cultivars (Agria, Savalan, Morene, Sprit, Kondor) and three potato clones (PI 
397097-2, PI 396124 and PI 397082-2) in the laboratory at 25 ± 1°C, 65 ± 5% RH and�0: 24 (L: D) h. 
Feeding on the tubers of different potato germplasms had significant effect on development of immature 
stages, adult longevity and life span of P. operculella. The highest immature stage development time, the 
lowest survival rate of immature stages and the lowest fecundity were observed on PI 397097-2, and in 
contrast, the shortest immature stage development time, the highest survival rate of immature stages and 
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the highest fecundity were observed on Savalan. The lowest intrinsic rate of natural increase (rm = 0.135), 
the lowest finit rate of increase (ë = 1.149), the lowest net reproductive rate (R0 = 15.4), the highest mean 
generation time (T = 20.1 days) and the highest doubling time (DT = 5.1 days) were observed on PI 
397097-2. Because of longer immature development time and lower intrinsic rate of natural increase, finit 
rate of increase and net reproductive rate of the potato tuberworm on PI 397097-2, it was concluded that 
this clone is less suitable host for the potato tuberworm compared to other potato germplasms studied in 
this research. Therfore, it can be used in potato tuberworm IPM programs. 
Key words: potato tuberworm, Phthorimaea operculella, potato germplasm, life history parameters 
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ſŚŤěǀƀƬĩ� �ƮǀƴƯ� ƹ�ƮǀżƿƵŵŚƯ� Źŵ�Ʈ�į�ƵŶƛ�ĨƄų�Ƴ� ŚƷǀƁƹŹ� Śŝ� ż�ŚƷƽ�ƵŻřŶƳř� ŵŹřŶƳŚŤſř�ĭǀźƽ�Ŷƃ��
ƭŹĥ�Ʈſǈě�ŚƷƽ�ř� Źŵ� ƶƘƫŚƐƯ� ŵŹƺƯƿƤŰţ� ƲǀŹŚŬţ� ƮƣŹ� Ūƴě� ƪƯŚƃ� Ƣƽ�ſ� ƱƺƬĩ� ƶſ� ƹǀŜ�ƯŻǀƴƾ�
Ưƾ�ƩŚŝźƛ� Żř� žě� ƶĩ� ŶƃŚŝ�ŻŚſƽ�ţŚƯŶƤƯƾ�ÐÖ�ƭŹĥ�ſ� ƮſǈěǀŜ�ƯŻǀƴƾ��ŶƳŶƃ� śŚŴŤƳř� �

(Mansouri et al., 2010a, 2010b)��ƱƺƬĩ�ŚƷƽ�ſǀŜ�ƯŻǀƴƾ�ſŹźŝƾ�ř� Źŵ� ƵŶƃƿźŝ� ƶƘƫŚƐƯ� Ʋřƽ�
ŤƀŴƳǀƲ�ŝ�ƶŝ�ŢŞƀƳ�ŹŚŝǀſ�ŶǀŜ�ƯŻǀƴƾ�ŻŹř�ŵŹƺƯƿŝŚƾ�ŶƴŤƟźĭ�Źřźƣ� �ŚŤƳƿř�Żř�ƪƇŚů�Ūƿ�ƶŝ�ƶƘƫŚƐƯ�Ʋ
ſŹźŝƾ�ƱƺƬĩ�ŚƷƽ�ſ� ŭǈƇř�Ţſŵ� ŹŵǀŜ�ƯŻǀƴƾ�ŚƤƯ� ƹ� ŹƺƄĩ� Źŵƿƶƀ�į�Ʊō�ŹŚŬţ� ƭŚƣŹř� Śŝ� ŚƷƽ�

Ư�źƔƳ�Żř�ƩƹřŶŤƯǀ�ŢƯƹŚƤƯ�ƱřżƿſŚƀů�Śǀŝ�ƶŝ�Ţǀſ�ŶǀŜ�ƯŻǀƴƾ�Ƴǀ�Żř�ƵŵŚƠŤſř�ƱŚĪƯř�ƹ�Ƶŵźĩ�Ĩưĩ�ż
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Źĥƭ�Ʈſǈě��ƽŚƷ� �ƶƯŚƳźŝ� Źŵ� řŹ�ǇŚŝ�ƾŞƀƳ�ŢƯƹŚƤƯ� Śŝ��ŶƷřƺų�ƮƷřźƟ�ŢƟō�Ʋƿř�ƾƤǀƠƬţ�ƩźŤƴĩ�ƽŚƷ
ŢųŚſ���

��
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��

ƶǀƸţ�į�ƵŶƛ�Ŝǀſ�ƽŚƷ�ƵźƄů�ƁŹƹźě�ƹ�ƾƴǀƯŻ��
�ƩŚſ�Źŵ�ƢǀƤŰţ�ƲƿřÎÐÕÖ�ƵŚǀĭ�Ƶƹźĭ�ƵŚĮƄƿŚƯŻō�Źŵ�ƵŶĪƄƳřŵ�ƾĪƃżě�į��ƵŚĮƄƳřŵ�ƽŻŹƹŚƄĩ

ŢƟźĭ�ƭŚŬƳř�ƾƬǀŝŵŹř�ƢƤŰƯ��ƶǀƸţ�ƽřźŝ�ƽ�Ŝǀſ�Ŷǀŝ�ƽŚƷƹŹǇ��ŻŚǀƳ�ŵŹƺƯ�šřźƄů��ƽƹŹ�Żř�ƾƴǀƯŻ
ƵŶƛ�� ƽŚƷŹŚŞƳř� Żř� ŢƟō� Ʋƿř� ƶŝ� Ƶŵƺƫō�Ŝǀſ� ƽŚƷ��� ƾƴǀƯŻ� ŹŵƖưū� ƪǀŝŵŹř� ƱŚŤſźƸƃ�� ƽŹƹōƹ��Źŵ

ŶƳŶƃ� Ƶŵřŵ� ƁŹƹźě� ƵŚĮƄƿŚƯŻō� �ŹƺƸƓ� Żř� žě�ƪƯŚĩ� šřźƄů� �Ŝƃ� Ʋƿř�Ƶźě�� ŚƷƝźƓ� Źŵ��ƽŚƷ
ƶƳřƺŤſř� ƝŚƠƃ� ƾĪǀŤſǈě�ƶƳŚƷŵ� źƐƣ� Śŝ� ƽř�į�ÎÑ�� ƕŚƠţŹř� ƹÏÍ�ƾŤƳŚſ��ŶƃŹ� ĨƣŚţř� Źŵ� źŤƯ� �

KBWF Binder (Model 240)��ƽŚƯŵ�ŹŵÎ��t��ÏÒ�ƶūŹŵ�į��ƾŞƀƳ�ŢŝƺƏŹ��ŽƺǀƀƬſÒ��t��ÓÒ�ŶƇŹŵ�
ƾĪƿŹŚţ�Ǝƿřźƃ� ƹ�Ŝǀſ�ƽƹŹ�ŹżƿŚĩ�ƮƣŹ�ƾƴǀƯŻ�(Kaizer)�� ƹƱƹŶŝ�ƖŞƴƯ�ƶƿŸƜţ�ƽř��šřźƄů�ƽřźŝ

ƪƯŚĩ�� ŹřźƣŶƃ� ƵŵřŵŶƳ� �ƵŶƛ�� ŻŚǀƳ� ŵŹƺƯ� ƽŚƷÐÖ�ƭŹĥ�Ŝǀſ� Ʈſǈě�Ư� Żř� ƾƴǀƯŻŒƀſƶ�į��šŚƤǀƤŰţ
ƶǀƸţ� ƹ� ŭǈƇř�į�Ŷƃ� ƶǀƸţ� ũźĩ� Źŵ� ŹƺƄĩ� ŹŸŝ� ƹ� ƩŚƸƳ� �ƭŹĥ� Ʋƿř� ŢƯƹŚƤƯ�Ʈſǈě��Ĩƿ� Źŵ� ŚƷ

ƩŚŝźƛ�Ʊō� ƱŚǀƯ� Żř� ƹ�ŢƟźĭ� Źřźƣ�ƾſŹźŝ� ŵŹƺƯ� ƶǀƫƹř�ƽŻŚſ�ƭŹĥ�ŢƄƷ� ŚƷ��ƮƣŹ�Ūƴě� ƪƯŚƃ� Ʈſǈě
�ƱƺƬĩ�ƶſ�ƹ�ƽŹŚŬţƶŝ��ŢŞƀƳŜǀſ�Ŷǀŝ�ƶŝ�ŢƯƹŚƤƯ�źƔƳ�Żř�śƺƬƐƯ�ƮƣŹ�ƪƯŚƃ�ƾƴǀƯŻ�ƽŚƷ��Śƿźĭō��

ƱŹƺƯ�(Morene)ŢƿźĜſř� ��(Sprit)ŹƹŶƴĩ� ��(Kondor)��ƱǇřƹŚſ�ŽŚƀů�ƮƣŹ� ƹ(Savalan)� ��ƶſ� ƹ
ƱƺƬĩ�Ï�ÐÖÔÍÖÔ��ÐÖÓÎÏÑ��ƹÏ�ÐÖÔÍÕÏ�ŶƳŶƃ�śŚŴŤƳř�ƢǀƤŰţ�Ʋƿř�ƭŚŬƳř�ƽřźŝ���

��
Ŝǀſ�Ŷǀŝ�ƾŤƀƿŻ�ƽŚƷźŤƯřŹŚě�ƲǀǀƘţ�ƵŶƛ�ƽƹŹ�ƾƴǀƯŻ�į�ƭŹĥ�Ʈſǈě�Ŝǀſ�ƽŚƷ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƾƴǀƯŻ��
Ŷǀŝ� řŶŤŝř�ƂƿŚƯŻō� Ʋƿř� Źŵ�Ŝǀſ�� ƽřźŝ� ƾƴǀƯŻƶſ�ƪƀƳ�ƾƫřƺŤƯ�ƵŶƛ� ƽƹŹ�� ƮƣŹ� ƽŚƷ�ŹżƿŚĩ

ƶŝ�ţ�ƝŸů�ŹƺƔƴƯŐ�ƾƬŞƣ�ƱŚŝżǀƯ�Żř�ƶƿŸƜţ�źǀŧŶƃ�Ƶŵřŵ�ƁŹƹźě� �ŢƸū�ţŐƮŴţ�ƲǀƯ�ƮƷ�ƽŚƷ�Ʋſ�Żř�
Ŝƃ�Ƶźě�ƶƘƫŚƐƯ�ƽřźŝ� ŚƷ�ƽ�ƶƘƐƣ�Ĩƿ� �ƾŤƀƿŻ�ƽŚƷźŤƯřŹŚě�ƵŶƿźŝ�ƽ�Ŝǀſ�Żř� ƵŶƃ��ŸƛŚĩ�ƽƹŹ�ƾƴǀƯŻ

ƽŹƺţ�ƁƺěŹŵ�ƽƹŹ�ƹ�ƾƟŚƇ�Źřźƣ�ƁŹƹźě�ƝźƓ�źƷ�Źřŵ��ƵŵŚƯ�ƹ�źƳ�ƵźƄů�ŢƠū�Ĩƿ�ƹ�Ŷƃ�Ƶŵřŵ
�ƝŚƠƃ�ƾĪǀŤſǈě�ƝźƓ�źƷ�ƪųřŵ�ƶŝÏÍ����ÎÑ�ƾŤƳŚſ��ŚƷŹ�ƽźŤƯƃŶ��Żř�ŶƘŝ�ŢƃŸĭ�ÏÑ�ŢƗŚſ��

ƮŴţ�ƽƹŚů�ƾƟŚƇ�ŸƛŚĩ�ƶŤƃřŸĭ�ƽŚƷ��ƵŶƃ�ŻřƮŴţ�ƝƹźƓ�ƽƹŹ��Ŷƃ�ƶŤƃřŵźŝ�ƽźǀĭƹ��ŻřÓÍ��ŵŶƗ



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ����������������������������������������������������������������������ÎÍÖ 

ƮŴţ��Ĩƿ�ƵŻƹŹ�ƽ�ƶŝ�Ʊō�ƮƷ�ƮŴţ�šŚŬŤſŵ�ƱřƺƴƗ�ƂƿŚƯŻō�ƭŚŬƳř�ƽřźŝ�Ʋſ�Ư�ƽŚƷ�ƵŵŚƠŤſř�źƔƳ�ŵŹƺ
Ŷƿŵźĭ� �ƮŴţ�� ŚƷŹŵ��Ǝƿřźƃ�ƾŤŝƺƏŹ�ƹ�ƾƿŚƯŵźƓ�ƪųřŵ�ơƺƟƹř�Źŵ�ŲƿźƠţ�ƱŚƯŻ� Śţ�ƽźŤě�Ɲţ�ƦƣŚ

ƶĮƳ�ŶƃŹ�Ŷƃ�ƽŹřŵŶƳ��ƮŴţ�ŲƿźƠţ�Żř�žě��ŚƷ�ƵŶƛ�źƷ�ƽƹŹ�į��ƾŞƿźƤţ�ƱŻƹ�ƶŝ�ƮƫŚſÔÍ�ƭźĭ��źƷ�Żř
�ƹ�ƮƣŹŜǀſ�ƱƺƬĩ�Śƿ��ƾƴǀƯŻ�ÐÍ�ƭŹĥ�źƷ�ƽřŻř�ƶŝ�ƵŶƛ�Ʈſǈě���Ʃƹř�Ʋſ�ƹŹǇ�ŵŶƗ�ƹŵĨƿ�ƵŻƹŹ��Źŵ

ƾĪǀŤſǈě�ƝƹźƓ�ŝƶ��ƕŚƠţŹřÒ�ƶƳŚƷŵ�źƐƣ�ƹ�į�ÎÍ�ƾŤƳŚſ��źŤƯŚŝ�ƽŹƺţ�ƁƺěŹŵ�Ŷƃ�Ƶŵřŵ�Źřźƣ�Źřŵ��
žĜſ��ƵŹƹŵ� ƩƺƏ�į�ƵŹƹŵ� ƩƺƏ� �ƽƹŹǇ�į��źƷ� ƽƹŹ� ƪƯŚĩ� šřźƄů� ŹƺƸƓ� ƱŚƯŻ� ƹ� ƾĭźǀƠƃ
ƭŹĥ�Ʈſǈě��Ŷƃ� ƲǀǀƘţ� �ƪƯŚĩ� šřźƄů� ŹƺƸƓ� Żř�žě��ƵźƄů�ŢƠū�Ĩƿ�į�ƵŵŚƯ� ƹ� źƳ� ƪƯŚĩ�į�
Ĩƿ�ƵŻƹŹ�� źƷ� ŻřƭŹĥ�Ʈſǈě�źƓ� Źŵƹ�Ɲ�ƾĪǀŤſǈěƶƳŚĭřŶū�� ƽř� ƕŚƠţŹř� ƶŝÎÒ�ƶƳŚƷŵ� źƐƣ� ƹ�į�Õ�

ƾŤƳŚſ�� źŤƯŢƠū�ŢƸū�ƮŴţ� ƹ�ƽźǀĭ�Ŷƃ�ŽƺŞŰƯ�ƽŹřŸĭŶƳ��ƮŴţ�ĨƿźŰţ�ƽřźŝ��ƽżƿŹ��šŚƘƐƣ
ƵŶƿźŝ�ƵŶƃ�į�� źƷ� Żř� ƵŶƛƭŹĥ�Ʈſǈě�ƮƷ�ƾƟŚƇ�ƽŚƷŸƛŚĩ�ƽƹŹ��ƽŹƺţ�ƂŴŝ�ƽƹŹ� ƵŻřŶƳřŹŵƁƺě�
źƓƹƮŴţ� ŵřŶƘţ� ƹ� Ŷƃ� Ƶŵřŵ� Źřźƣ� Ɲ�ƶŤƃřŸĭ� ƽŚƷ�ƶŝ� ƵŶƃ�� ƶƳřŻƹŹ� ŹƺƏƖưū�� ƹ� ƽŹƹō�ƁŹŚưƃ

ƿŵźĭŶ��ƂƿŚƯŻō�Ʋƿř��ƵźƄů�Ʋƿźųō�īźƯ�ƱŚƯŻ�Śţ�į�ƪƯŚĩ�ƶŝ�ƹ�ŢƟŚƿ�ƶƯřŵř�Ʋƿř��Ŝǀţźţ�ƽŚƷźŤƯřŹŚě
ƵŹƹŵ�ƩƺƏ�ƪƯŚƃ�ƾŤƀƿŻ���ƚƫŚŝŚƳ�ƪůřźƯ�ƽ�šřźƄů�źưƗ�ƩƺƏ�ƪƯŚĩźƳ�ƹ�ƵŵŚƯ�ƹ�ƶƳřŻƹŹ�ƽŹƹŹŚŝ��

�ƪĩ�� ƹƾƀƴū�ŢŞƀƳ�ŶƳŶƃ� ƲǀǀƘţ��Ƶŵřŵ�ŽŚſřźŝ�žĜſ�ƶŝ� ƽŚƷ�ŵƵŶƯō� Ţſ���ŶƃŹ� ƽŚƷźŤƯřŹŚě
�ƪƯŚƃ�ŢǀƘưū�ŢǀƘưū�ƂƿřżƟř�ƾţřŷ�űźƳ(rm)���ƪŨƯ�Ŷǀƫƺţ�ƆƫŚų�űźƳ(R0)���ƱŚƯŻ�šŶƯ�ƎſƺŤƯ

ƪƀƳ�Ĩƿ�(T)ƹŵ�ƱŚƯŻ�šŶƯ���źŝřźŝ�ŢǀƘưū�ƱŶƃ�(DT)�ŢǀƘưū�ƂƿřżƟř�ƾƷŚƴŤƯ�űźƳ�ƹ�(ë)���ƽƹŹ
�źƷƭŹĥ�Ʈſǈě�ƶŞſŚŰƯ�ŶƃŶƳ��ƲǀƴĤưƷ��ƵŹƹŵ�ƩƺƏ�ƲǀǀƘţ�ŢƸū�į�ƺƄƳ�ƹ�ƾƴǀƴū�ƽŚưƳ��ƮŴţ��ƽŚƷ

ƶŤƃřŸĭ�� ƵŶƃŜƃ�Ǝſƺţ�Ƶźě�ƁŹƹźě�ƽŚƷ�ƵŶƛ�ƽƹŹ�ƶŤƟŚƿ�ƭŹĥ�ŢƄƷ�Żř�ĨƿźƷ�ƽŚƷ��ŵŹƺƯ�Ʈſǈě
�ƂƿŚƯŻōƶŝ�ŹƺƏ�ƹ�ƶƳŚĭřŶū��ƶƳřŻƹŹƱō�ŲƿźƠţ�ƱŚƯŻ�ƹ�ŢƟźĭ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�Ŷƃ�ŢŞŧ�ŚƷ���
��

ƵŶƛ�Źŵ�źƇŚƴƗ�Żř�ƾųźŝ�ƹ�šřźŤǀƳ�źƿŵŚƤƯ�ƲǀǀƘţ�į�ƭŹĥ�Ʈſǈě�Ŝǀſ�ƽŚƷ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƾƴǀƯŻ��
ŹŚƧ�Ʋƿř�ŵŚƯŻō�ŹƿƵŶĪƄƳřŵ�ħŚų�ƭƺƬƗ� ƵŚĮƄ�į�ŻŹƹŚƄĩƽ�ŝŵŹř�ƢƤŰƯ� ƵŚĮƄƳřŵǀƬƾ��šŹƺƇ

ƹ�ŢƟźĭ�ƶŝ�ƵŵŚƯ�ƮƌƷ�ƁƹŹ�į�ſř�Źŵ�ĨƄųǀƜţ�Śŝ�ƹ�Ŷǀǀţřźƾ��ƁƹŹ�ŹŵBartova & Barta (2009)�
ƵŵŚƯ� Żř�į�ſō�ĨƄųǀśŚ�ƵŶƃ�ƽ�� ƶŝ� ƍƺŝźƯÎÍ�ƭŹĥ� źƷ� Żř� ƵŶƛ�Ʈſǈě��ŵŚƤƯƿ�źƇŚƴƗ� ƹ� šŻř� ź

ƵŻřŶƳř�ƞƬŤŴƯ�ĭǀźƽ�Ŷƃ� ��šŻř� ŹřŶƤƯƶŝ��šŹƺƇƿƳ�Ʊƺǀ�šřźŤ(NO3-)��źƠƀƟ� ƹ(P)��Żř� ƵŵŚƠŤſř� Śŝ
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�źŤƯƺţƺƟƹźŤĪĜſř�ƵŚĮŤſŵ(Spectrophotometer; Pharmacia, LBK)�Ư�ƹ�ƶŞſŚŰƯǀſŚŤě�Ʊřżǀ�Ʈ(K)��ƶŝ
ƶƬƘƃ� źŤƯƺţƺƟ� ƵŚĮŤſŵ� Ĩưĩ�řƽ�(Flame phothometer; Jenway, PSP 7, Egland)�Ƙţǀǀ� ƲƃŶ��

ŵŚƤƯƿƀƬĩ�źǀ�Ʈ(Ca)�ƴƯ�ƹǀżƿ�Ʈ(Mg)�ƶŝ�ƁƹŹ�ţǀſřźŤǀ�Ʊƺ(titration)�ŶƳŶƃ�ƶŞſŚŰƯ����
��

ƽŹŚƯō�ƪǀƬŰţ�ƹ�ƶƿżŬţ��
řźŝƽ�żŬţƿƶ�į�Ƶŵřŵ�ŚƷƽ�ƶŝ�ƍƺŝźƯ�ŚƷźŤƯřŹŚěƽ�ŻƿŤƀƾ�ŻřƶƬưū�ƵŹƹŵ�ƩƺƏ�ƽ��źưƗ�ƩƺƏ��ƺưƳ
ŹƹŹŚŝ� ƹƽ�ŝǀſ� ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ� ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�� ƶƘƫŚƐƯ� ŵŹƺƯ�ƁƹŹ� Żř

żŬţƿƶ�į�Źřƹƿ� žƳŚƿĨ�� ƶƟźƏŶƃ� ƵŵŚƠŤſř� �źŤƯřŹŚěŚƷƽ�Ƙưū� ŶƃŹǀ� Ţ�šǇŵŚƘƯ� ŽŚſř� źŝ� �
Birch (1948)�� ƹCarey (1993, 2001)�ŶƳŶƃ� ƶŞſŚŰƯ� �řźŝƽ�ƘţǀǀŹřƹ� ƲƿŚƷźŤƯřŹŚě�žƳŚƽ��ŶƃŹ

Ƙưūǀ�Ţ�ŻřƁƹŹ�Ĩū�ŚƳƿƞ�Żř�ƹ�ƭźƳ�ŹŚƯō�ŹřżƟřƽ�SAS 9.1��Ŷƃ�ƵŵŚƠŤſř(Meyer et al., 1986; 

Maia et al., 2000)� �řźŝƽ�ŚƤƯƿƶƀ�ƽ�ƯǀĮƳŚǀŚƷźŤƯřŹŚě� Ʋƽ�ŻƿŤƀƾ�Ź� ƹƘưū� ŶƃǀŢ�ƱƺƯŻō� Żř��
Ŷƴģ�ƶƴƯřŵ�řƽ�Student-Newman-Keuls (SNK)��ŶƇŹŵ�Ūƴě�ƩŚưŤůř�ŮƐſ�ŹŵŶƃ�ƵŵŚƠŤſř���
��

ŪƿŚŤƳ��
�ƩƺƏƵŹƹŵ�ƾŤƀƿŻ�ƚƫŚŝŚƳ�ƪůřźƯ�ƽ���

ƩƺƏ�ƵŹƹŵ�ƽ�ƺƄƳ�ƹ�ŚưƳƽ�ƴūǀƴƾ�ŝǀſ�ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ�ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�
ƶŝ�ƴƘƯ� ŹƺƏƾ�Źřŵƽ�ŵƺŝ�šƹŚƠŤƯ��ÔÎ�ÎÔ�=�F��ì�,ìîç�=�df���ÍÍÍÎ�Í�=�P�� �ŝǀƂ�źţƿ� Ʋ�ƩƺƏ

ƵŹƹŵ�ƽ�ƺƄƳ�ƹ�ŚưƳƽ�ƴūǀƴƾ�ƹŹƽ�ƱƺƬĩ�Ï�ÐÖÔÍÖÔ��Ö�Ñ�ŻƹŹ���ƵŶƷŚƄƯƃ�Ŷ�ƹƵŹƹŵ�ƩƺƏ�ƽ��ƺƄƳ�
ƹ�ŚưƳƽ�ƴūǀƴƾ�ƹŹƽ�ƮƣŹ�ŚƷƽ�źĜſřƿ�ƱƺƬĩ�ƹ�ƱǇřƹŚſ��ƱŹƺƯ��ŢÐÖÓÎÏÑ�ƶŝ�ƴƘƯ�ŹƺƏƾ�Źřŵƽ�Ʈĩ��źţ

Śſ�ŻřƿƭŹĥ�ź�Ʈſǈě�ŚƷƽ�ŵƺŝ�ƶƘƫŚƐƯ�ŵŹƺƯ��ƵŹƹŵ�ƩƺƏ�źƔƳ�Żř�ƽ�ŹǇƹƽ�Ƴ�ŢƟōǀŝ�żǀ�ƲƭŹĥ�Ʈſǈě��ƽŚƷ
ƝǈŤųř�ƞƬŤŴƯ�ƾƴƘƯ�Ŷƃ�ƵŶƷŚƄƯ�ƽŹřŵ��ÐÎ�ÏÔ�=�F��ì�,çèç�=�df���ÍÍÍÎ�Í�=�P���ƳǇƺƏƾ�źţƿ�Ʋ

ƵŹƹŵ�ƩƺƏ�ƽ�ƹŹǇƽ�ƹŹƽ�ƱƺƬĩ�Ï�ÐÖÔÍÖÔ��ÏÔ�ÎÓ�ŻƹŹ� �� ƹƵŚţƺĩ�źţƿƵŹƹŵ�ƩƺƏ�Ʋ�ƽ�ƹŹǇƽ�
ƹŹƽ�ƮƣŹ�ƱǇřƹŚſ��Ð�ÎÑ�ŻƹŹ��� ƵŶƷŚƄƯƃŶ� �ƵŹƹŵ�ƩƺƏ�ƽ�Ơƃǀĭźƾ�ŝǀſ�ŶǀŜ�ƯŻǀƴƾ�Ƴǀż�ƹŹƽ�
ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ�ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�ƴƘƯ�šƹŚƠţƾ�Źřŵƽ�� ŵřŵ�ƱŚƄƳ�ÔÍÔ�ÎÒ�=�F��ì�,æÒç�=�df��

�ÍÍÍÎ�Í�=�P���ƵŹƹŵ� ƩƺƏ�ƽ�Ơƃǀĭźƾ�ƹŹƽ�� ƮƣŹźĭōƿ� Ś�ÒÒ�Õ�ŻƹŹ��ŚƤƯ� ŹŵƿŚſ� Śŝ� ƶƀƿ�ź
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ƭŹĥ�Ʈſǈě�ŚƷƽ�ŵƿƶŝ� źĮ�ƴƘƯ� ŹƺƏƾ�Źřŵƽ�ŝǀƂ�ŵƺŝ� źţ� �ƵŹƹŵ� ƩƺƏ� źƔƳ� Żř�ƽ�ƪůřźƯ�ŝ� ƚƫŚŝŚƳǀ�Ŷ
ſǀŜ�ŻƯǀƴƾ�Ƴǀ� żŝǀƲ�ƭŹĥ�Ʈſǈě�ƷŚƽ�ſ� ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�ƴƘƯ� ƝǈŤųřƾ�Źřŵƽ�� ƵŶƷŚƄƯƃŶ�� �
�ÔÐ�ÏÓ�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P���ƩƺƏ�ƵŹƹŵ�ƽ��ƚƫŚŝŚƳ�ƪůřźƯƹŹƽ�ƱƺƬĩ�Ï�ÐÖÔÍÖÔ�
�ÐÏ�ÏÖ�ŻƹŹ�źĭō� ƮƣŹ� �ƿ� Ś�ÏÖ�ŻƹŹ� �� ƱƺƬĩ� ƹÏ�ÐÖÔÍÕÏ��Ð�ÏÕ�ŻƹŹ� �ƶŝ�ƴƘƯ� ŹƺƏƾ�Źřŵƽ�

ƳǇƺƏƾ�Śſ�Żř�źţƿƭŹĥ�ź�Ʈſǈě�ŵƺŝ� ŚƷ� �ƵŚţƺĩ�źţƿƩƺƏ�Ʋ�ƵŹƹŵ�ƽ�ƹŹ�ƚƫŚŝŚƳ�ƪůřźƯƽ�řƣŹŚ�ƭƱǇřƹŚſ�
�Î�ÏÓ�ŻƹŹ�ŹƹŶƴĩ����Î�ÏÓ�ŻƹŹ��źĜſř�ƹƿ�Ţ�Ð�ÏÓ�ŻƹŹ���ƵŶƷŚƄƯƃ�Ŷ��ƩƹŶūÎ����
��

� ƩƹŶūÎ��ƵŹƹŵ� ƩƺƏ�ƽ�� ƚƫŚŝŚƳ� ƪůřźƯ�ƯǀĮƳŚǀƲ�t�ŚƐųƽ�ƘƯǀŹŚ� �P. operculella�ƹŹƽ�ƵŶƛ�į�
ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ�ƞƬŤŴƯǀŜ�ƯŻǀƴƾ��ŻƹŹ��řźƃ�Źŵƿ�ƎƾƷŚĮƄƿŚƯŻō���

Table 1. Period of immature stages (Mean ± SE) of�P. operculella on tubers of different 
potato germplasms (day) at laboratory conditions.  

 
Total immature 

stages 
Pupa 

(N = 30) 
Larva 

(N = 30) 
Incubation Egg 

(N) Germplasms 

26.3�� 0.3 c 7.4 ��� 0.1 c 14.4 �� 0.1 d 4.4 ��� 0.1 c 102 Sprit 
26.1 �� 0.3 c 7.4 ��� 0.1 c 14.3 ��� 0.2 d 4.5 ��� 0.1 c 144 Savalan 
26.1�� 0.3 c 7.4 � 0.1 c 14.3 ��� 0.2 d 4.5 � 0.1 c 87 Kondor 
29.0 ��� 0.3 a 8.5 �� 0.1 c 15.8 ��� 0.1 b 4.8 �� 0.0 ab 96 Agria 
27.4 �� 0.3 b 7.7 �� 0.1 c 15.3 �� 0.1 c 4.4 ��� 0.1 81 Morene 
26.9 ��  0.3 b 7.4 ��� 0.1 c 15.2 ��� 0.1 c 4.4 ��� 0.1 c 96 396124 
28.3 � 0.3 a 7.8 ��� 0.1 c 15.9 ��� 0.1 ab 4.7�� 0.1 b 102 397082-2 
29.3 � 0.3 a 8.2�� 0.1 b 16.3 ��� 0.1 a 4.9�� 0.0 a 144 397097-2 

Means within columns followed by the same letter are not significantly different at 5% (P = 0.05; SNK test). 

��
ƵĦƿƹ�ƽŚƤŝ��ƾƴſ�ƽ(lx)ƵĦƿƹ�ƽŹƹŹŚŝ����ƾƴſ�ƽ(mx)�šŚƠƬţ�ŶƇŹŵ�ƹ��
ŚƤŝƽ�ƹƿƵĦ�ƽ�ƴſƾ�ŝǀſ�ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ�ƵŶƛ�ƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ��ƾţƹŚƠŤƯ�ŶƳƹŹ�ƶƘƫŚƐƯ�ŵŹƺƯ
ƫƹ�Ţƃřŵƾ�ƶưƷ�Źŵ�ƭŹĥ�ƽ�Ʈſǈě�ŢƟō�Ʋƿř�ƽŚƤŝ�űźƳ��ŚƷ�ŢƟŚƿ�ƂƷŚĩ�Ʋſ�ƂƿřżƟř�Śŝ��ƴŰƴƯƾ�ŚƷƽ�
ƵĦƿƹ�ƽŚƤŝ�ƵŵŚƯ�ŵźƟ�Ʋƿźųō�īźƯ�Śţ�ƮŴţ�ƱŚƯŻ�ƶƧ�ŵřŵ�ƱŚƄƳ�ŢƟō�Ʋƿř�ƾƴſ�ƽ�ƽ�P. operculella��Żř

ŻƹŹÐÐ�ƹŹƽ��ŻƹŹ�Śţ�ƱǇřƹŚſ�ƮƣŹÐÔ�ƹŹƽ�źĭō�ƮƣŹƿ�ƱƺƬĩ�ƹ�ŚÏ��ÐÖÔÍÖÔ�ƜŤƯǀ�ŵƺŝ�ź���ƪĪƃÎ���
ƵĦƿƹ� ƽŹƹŹŚŝ� ƾƴŰƴƯ�ŽŚſřźŝ�ŝ� ƾƴſ� ƽǀſ� ŶǀŜ�ƯŻǀƴƾ�ƄƷ� ƽƹŹƭŹĥ�Ţ���ƂƿŚƯŻō� ŵŹƺƯ� Ʈſǈě

�ƆŴƄƯƃ� ŶƂǀŝ� ƶĩ�ƮŴţ� Ʋƿźţ�� ƽŹřŸĭƽƹŹ�ŢƟō� Ʋƿř�ŝǀźŤƄ�ƭŹĥ�Ʈſǈě�ŚƷ�ƵŹƹŵ� Źŵ�į�ƳŚƯŻƾ�
ŚƷŻƹŹƽ�ÏÔ�� ƹÏÕ�ĭŶƳŻƾ�ƵźƄů�į�ƹŹ�ƪƯŚĩƽ�� ŻƹŹ� Śţ� ƱǇřƹŚſ� ƮƣŹÐÍ�� ƹÐÐ�ĭŶƳŻƾ�ƹŹƽ�
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ƱƺƬĩ�ŚƷƽ�Ï�ÐÖÔÍÖÔ� �Ï�ÐÖÔÍÕÏ� �ÐÖÓÎÏÑ�źĭō� ƮƣŹ� ƹƿŶƃ� ƭŚŬƳř� Ś��� ƪƨƃÎ�� �ƱŚſƺƳ�įŚƷ�
ƷŚƄƯƵŶ�ƴŰƴƯ� Źŵ� ƵŶƃƾ�ŚƷƽ�ŹƹŹŚŝ� ƶŝ� ƍƺŝźƯƽ�ƹƿƵĦ�ƽ�ƴſƾ�ŝǀſ� ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ�ƵŶƛ�ƽ�
ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ�ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�ƱŚƄƳ�ƵŶƴƷŵ�ƽ�řżƟř�ƹ�ƂƷŚĩƿƫřƺŤƯ�Ƃƾ�ƶƳřŻƹŹ�ƹ�ƽ�ƫƺţǀ�ũŚŤƳ�Ŷ
Ţſř�ľǇŚưŤůř� ƶĩ�ƶŝ�ŢƫŚů�Ʋƿř�ƮŴţ�ƽřźŝ� ƭŻǇ�ƽĥźƳř� ŵƺŞưĩ�ŢƬƗ�ř�ƽżƿŹƿ�ƽŚƷŻƹŹ� Źŵ�ŢƟō�Ʋ

ƾƯ�ŹźĪƯ�ŶƃŚŝ���
ŶƇŹŵ�ŝ�ƚƫŚŝŚƳ�ƪůřźƯ�šŚƠƬţǀſ�ŶǀŜ�ƯŻǀƴƾ�źĜſř�ƮƣŹ�ŹŚƸģ�ŹŵƿŢ��ƱŹƺƯ�ƹ�ŹƹŶƴĩ��ƱǇřƹŚſ��

Ʈĩ�� Żř� źţÒÍ�Śſ� ŵŹƺƯ� Źŵ� ƹ�ŶƇŹŵƿƭŹĥ� ź�Ʈſǈě�ř� ŚƷƿƯ�Ʋǀŝ� ƱřżǀƂ��Żř� źţÒÍ�Ţſř�ŶƇŹŵ� �ŚƤŝƽ�
ƙƺƬŝ�Żř�ƪŞƣ�ƪůřźƯ�ŢƟō�Ʋƿř�ƹŹƽ�ƵŶƛ�ƽ�ƱƺƬĩ�Ï�ÐÖÔÍÖÔ��ÏÍ�ÑÐ�ŶƇŹŵ��ŝǀƂ�źţƿƹŹ�ƹ�Ʋƽ�

ƵŶƛ�ƽ��ƱǇřƹŚſ�ƮƣŹ�ÕÏ�ÔÔ�ŶƇŹŵ��Ʈĩ�źţƿŵřŵ�ƱŚƄƳ�řŹ�ŹřŶƤƯ�Ʋ���ƩƹŶūÏ����
��

ƵŹƹŵ�ƩƺƏ�į�ƮŴţ���ƽżƿŹ�źưƗ�ƩƺƏƵŹƹŵ�ƩƺƏ�ƹ�ƪƯŚĩ�šřźƄů�ƾĭŶƳŻ�ƽ��
ŝǀƭŹĥ� Ʋ�Ʈſǈě�ŚƷƽ�ſ�ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�� ƩƺƏ� źƔƳ� ŻřƵŹƹŵ�ƽ�ƮŴţ�Źƿżƽ�ŝǀſ� ŶǀŜ�ƯŻǀƴƾ�

ƴƘƯ�ƝǈŤųřƾ�Źřŵƽ�Ŷƃ�ƵŶƷŚƄƯ��ÕÐ�ÎÑ�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P���ŝǀźŤƄ��ƪƯŚĩ�šřźƄů
źƷŚƓ� Żř�žě�ŻƹŹ� ƱŚưƷ� Źŵ� ƱŶƃ�ĭŶƳŻ� Ʃƹřƾ�ŢƠū� ŵƺų�ĭǀźƽ�� ƵŵƺưƳ� ƹƮŴţ� ƶŝ� ƕƹźƃ�Źƿżƽ�

ŵźĩŶƳ��ƵŚţƺĩ�źţƿƵŹƹŵ� ƩƺƏ� Ʋ�ƽ�ƮŴţ�Źƿżƽ�ŝǀſ� ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ�� ƮƣŹ� ŹƹŶƴĩ�Ï�Ð�ŻƹŹ� ��ƹ
�ƱǇřƹŚſ�Ð�Ð�ŻƹŹ� �� ƹƳǇƺƏƾ�źţƿƲ�ƵŹƹŵ�į�ƮŴţ�Źƿżƽ�ƹŹƽ��ƮƣŹźĭōƿŚ��Ò�ŻƹŹ��Ŷƃ� ƵŶƷŚƄƯ��

�ƹ�źưƗ�ƩƺƏƏ�ƩƺƵŹƹŵ�ƽ�ĭŶƳŻƾ�ƵŵŚƯ�ƪƯŚĩ�šřźƄů�ƽ�P. operculella�Ƴǀŝ�żǀƭŹĥ�Ʋ�Ʈſǈě�ŚƷƽ�
ſ� ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�ƴƘƯ� šƹŚƠţƾ�Źřŵƽ�ŵřŵ� ƱŚƄƳ� řŹ��ƶŝ�ţźţǀŜ��ÕÓÎ�Ñ�=�F��ì�,æÒç�=�df��

�ÍÍÍÎ�Í�=�P�� ƹÔÕ�ÏÍ�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P�� ��ƹŹ� ƵŵŚƯ�šřźƄů� źưƗ� ƩƺƏƽ�
ƭŹĥ�Ʈſǈě�ŚƷƽ�ŚƯŻō� ŵŹƺƯƿ� Żř�ƂÑ�Ó�ƹŹ� ŻƹŹƽ�ƱǇřƹŚſ�ƮƣŹ�� ŚţÏ�Õ�ƹŹ� ŻƹŹƽ�ƮƣŹ�źĭōƿŚ��Źŵ

ŵƺŝ� ƱŚſƺƳ��ƵŚţƺĩ�źţƿƵŹƹŵ� ƩƺƏ� Ʋ�ƽ�ĭŶƳŻƾ�řźŝƽ��šřźƄůƵŵŚƯ�ƽ�ŝǀſ� ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ��ƮƣŹ
ƱǇřƹŚſ��Ó�ÐÏ�ŻƹŹ���ƹŝǀƂ�źţƿř�ƩƺƏ�ƲƿƹŹ�ƵŹƹŵ�Ʋƽ�ƵŶƛ�ŚƷƽ��ƮƣŹźĭōƿ�Ś�Î�ÐÔ�ŻƹŹ��ƱƺƬĩ�ƹ�

Ï��ÐÖÔÍÖÔ��Ð�ÐÔ�ŻƹŹ��ŝƶ�ŶƯō�Ţſŵ���ƩƹŶūÐ����
ƺƏƵŹƹŵ� ƩƺƏ� ƹ� źưƗ� Ʃ�į�ĭŶƳŻƾ�ƪƯŚĩ�šřźƄů�� źƳƹŹƽ�ƵŶƛ�ƽ�ƭŹĥ�Ʈſǈě�ƷŚƽ��ŵŹƺƯ
ƶƘƫŚƐƯ�Ƴǀż�šƹŚƠţ�ƴƘƯƾ�Źřŵƽ�ŶƴŤƃřŵ��ƶŝ�ţźţǀŜ��ÏÍÐ�Ï�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P��ƹ� �

��
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��

��
��

�ƪĪƃÎ��ŚƤŝƽ�ƹƿƵĦ�ƽ�ƴſƾ�(lx)�ŹƹŹŚŝ� ƹƽ�ƹƿƵĦ�ƽ�ƴſ�ƾ(mx)�P. operculella�ƹŹƽ�ƵŶƛ�ŚƷƽ�
ƭŹĥ�Ʈſǈě�ŚƷƽ�ƬŤŴƯſ�ƞǀŜ�ƯŻǀƴƾ�řźƃ�ŹŵƿƎ�ƾƷŚĮƄƿŚƯŻō.��

Fig. 1. Age-specifice survivorship (lx) and age-specific fecundity (mx) of P. operculella on 
tubers of different potato germplasms at laboratory conditions. 
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ÔÖÔ�ÎÓ�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P�����Żř�źƳ�šřźƄů�źưƗ�ƩƺƏÖ�Ñ�ƹŹ�ƱƺƬĩ�Źŵ�ŻÐÖÓÎÏÑ�
�ŚţÐ�Ó�źĭō�ƮƣŹ�Źŵ�ŻƹŹƿƜŤƯ�Śǀŵƺŝ�ź��ŝǀƂ�źţƿƵŹƹŵ�ƩƺƏ�Ʋ�į�ĭŶƳŻƾ�ƹŹ�źƳ�šřźƄůƽ��źĭō�ƮƣŹƿ�Ś

�ƱƺƬĩ�ƹÏ�ÐÖÔÍÖÔ�Ʈĩ�ƹ�źţƿř�ŹřŶƤƯ�ƲƿźĜſř�ƮƣŹ�ƶſ�Źŵ�źŤƯřŹŚě�Ʋƿ�ƱƺƬĩ�ƹ�ŹƹŶƴĩ��ƱǇřƹŚſ��Ţ
ÐÖÓÎÏÑ�Ŷƃ�ƵŶƷŚƄƯ���ƩƹŶūÐ����

��
�ƩƹŶūÏ���Ż�ƞƬŤŴƯ�ƪůřźƯ�šŚƠƬţ�ŶƇŹŵƿŤƀƾ�P. operculella��ƪƯŚĩ�šřźƄů�ŹƺƸƓ�Śţ�ƮŴţ�Żř

ƹŹƽ�ƵŶƛ�ŚƷƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ�ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�řźƃ�Źŵƿ�ƎƾƷŚĮƄƿŚƯŻō���
Table 2. Percent mortality of different stages of P. operculella from egg to adult emergence 

on tubers of different potato germplasms at laboratory conditions. 
 

Immature survival 
(%) 

Mortality percent 
Germplsm 

Pupa Larva Egg 
62.94 7.45 21.66 7.95 Sprit 
77.82 7.75 6.67 7.76 Savalan 
73.26 7.43 11.67 7.64 Kondor 
45.80 6.10 31.66 16.44 Agria 
50.60 6.82 26.66 15.92 Morene 
48.88 7.14 30.00 13.98 396124 
48.23 8.54 31.66 11.57 397082-2 
43.20 9.30 28.33 19.17 397097-2 

��
��

�ƩƹŶūÐ��ƯǀĮƳŚǀƲ��t�ŚƐųƽ�ƘƯǀŹŚ��ƵŹƹŵ�ƩƺƏ�į�ƮŴţ�Źƿżƽ�ƩƺƏ�ƹ�ƚƫŚŝ�šřźƄů�źưƗ�ƩƺƏ��
ƵŹƹŵ�į�ĭŶƳŻƾ�ƪƯŚĩ�šřźƄů�P. operculella�ƹŹƽ�ƵŶƛ�ŚƷƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�ƞƬŤŴƯ�
ſǀŜ�ƯŻǀƴƾ��ŻƹŹ��řźƃ�ŹŵƿƎ�ƾƷŚĮƄƿŚƯŻō���

Table 3. Mean (± SE) of oviposition period, adult longevity and adult life span (day) of P. 
operculella�on tubers of different potato germplasm at laboratory conditions. 

 
Male Female Oviposition 

period 
(N = 20) 

Germplasm Life span 
(N = 20) 

Longevity 
(N = 20) 

Life span 
�N = 20) 

Longevity 
�N = 20) 

31.5 ± 0.3 c 5.2 ± 0.2 ab 33.7 ± 0.4 cd 7.4 ± 0.2 abc 3.7 ± 0.1 cd Sprit 
31.6 ± 0.5 c 5.4 ± 0.3 ab 32.5 ± 0.5 d 6.4 ± 0.4 c 3.3 ± 0.1 d Savalan 
32.1 ± 0.5 c 6.0 ± 0.6 ab 32.6 ± 0.5 d 6.7 ± 0.4 c 3.2 ± 0.9 d Kondor 
35.3 ± 0.5 a 6.3 ± 0.3 a 37.1 ± 0.3 a 8.2 ± 0.2 a 4.9 ± 0.1 a Agria 

33.0 ± 0.3 bc 5.7 ± 0.3 ab 34.6 ± 0.3 bc 7.5 ± 0.2 ab 3.6 ± 0.2 cd Morene 
31.9 ± 0.3 c 4.9 ± 0.3 b 34.8 ± 0.4 bc 7.8 ± 0.3 ab 3.9 ± 0.2 bc 396124 
33.6 ± 0.5 b 5.3 ± 0.3 ab 35.4 ± 0.4 b 7.1 ± 0.3 abc 3.7 ± 0.2 cd 397082-2 
35.3 ± 0.3 a 6.1 ± 0.2 ab 37.3 ± 0.4 a 8.0 ± 0.3 a 4.30 ± 0.2 b 397097-2 

Means within columns followed by the same letter are not significantly different at 5% (P = 0.05; SNK test). 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ����������������������������������������������������������������������ÎÎÒ 

�ƽŹƹŹŚŝ�ƽŹƹŹŚŝ��ƶƳřŻƹŹƪĩ�ƾƀƴū�ŢŞƀƳ�ƹ��
ŹƹŹŚŝƽ�ŹƹŹŚŝ� ƹ� ƶƳřŻƹŹƽ�ƪĩ�ŝǀſ� ŶǀŜ�ƯŻǀƴƾ�ƴƘƯ� ŹƺƏ� ƶŝƾ�Źřŵƽ�ƹŹƽ�ƭŹĥ�Ʈſǈě�ƷŚƽ�

�šƹŚƠţ�ƞƬŤŴƯ�ŶƴŤƃřŵ�ƶŝ�ţźţǀŜ��ÍÍÔ�Ö�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P�� ƹÑÖÓ�ÎÐ�=�F��� �
ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P��� �Ʈĩ�źţƿƯ� Ʋǀ� ƱřżŹƹŹŚŝƽ�� ƶƳřŻƹŹřźƄů� ŹŵƁŹƹźě�š�ƿ� ƶŤƟŚƹŹƽ�

ƱƺƬĩ�ŚƷƽ�Ï�ÐÖÔÍÖÔ�� ƹÏ�ÐÖÔÍÕÏ�źĭō� ƮƣŹ� ƹƿ� Ś�ƶŝ�ţźţǀŜ�ÑÔ�ÎÓ� �ÕÍ�ÏÍ�ƹ�ÕÖ�ÏÍ��ƮŴţ
ƶŝ�řŻřƽ�ƵźƄů�źƷ�į�ƵŵŚƯ��ŝ�ƹ�Ŷƃ�ƵŶƷŚƄƯǀƂ�źţƿƯ�ƲǀŹƹŹŚŝ�Ʊřżƽ�ƹŹ�ƶƳřŻƹŹƽ�ƮƣŹ�ŚƷƽ���ŹƹŶƴĩ

�ƱǇřƹŚſ�ƹ�ƱŹƺƯ�ƶŝ�ţźţǀ�ŜÖÏ�ÐÒ��ÒÓ�ÐÒ��ƹÕÐ�ÐÑ�ƶŝ�ƮŴţ�řŻřƽ�ƵźƄů�źƷ�į�ƵŵŚƯ��ƶŝ�ŵŶƯō�Ţſ��
Ʈĩ�źţƿ� ƲƯǀ� ƱřżŹƹŹŚŝƽ�ƪĩ�ƶŝ�ţźţǀƹŹ�Ŝƽ�ƱƺƬĩ�ŚƷƽ�Ï�ÐÖÔÍÕÏ�ƹ�Ï�ÐÖÔÍÖÔ�ŝ� ƹǀƂ�źţƿ�Ʋ

ŹƹŹŚŝƽ�� ƪĩƹŹƽ�ƮƣŹ�ŚƷƽ�ƱǇřƹŚſ�ŹƹŶƴĩ� ƹ�Ŷƃ�ŢŞŧ� �ŝǀƂ�źţƿ� ŢŞƀƳ� ƲƵŵŚƯ�ŚƷ�ƹŹƽ�ƱƺƬĩ�� �
Ï��ÐÖÔÍÕÏ�� ŹƹŶƴĩ� ƹ�ÒÒ�ÒÒ�ŶƇŹŵ� �ƹ�Ʈĩ�źţƿ� ŢŞƀƳ� ƲƵŵŚƯ�ŚƷ�ƹŹƽ�ƵŶƛ�ŚƷƽ�Ï�ÐÖÔÍÖÔ�
�Ö�ÑÕ�ŶƇŹŵ��ƶŝ��Ţſŵ�ŶƯō��ƩƹŶūÑ����

��
�ƩƹŶūÑ��ŹƹŹŚŝƽ��ƶƳřŻƹŹ�ŹƹŹŚŝƽ�ƪĩ�)ƯǀĮƳŚǀƲ�t�ŚƐųƽ�ƘƯǀŹŚ(�ƀƴū�ŢŞƀƳ�ƹƾ�P. operculella�

ƹŹƽ�ƵŶƛ�ŚƷƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�ƞƬŤŴƯ ſǀŜ�ƯŻǀƴƾ�řźƃ�ŹŵƿƎ�ƾƷŚĮƄƿŚƯŻō.��
Table 4. Daily fecundity, total fecundity (Mean ± SE) and sex ratio of P. operculella�on 

tubers of different potato germplasms at laboratory conditions. 
 

Sex ratio (℅) 
(N = 20) 

Total fecondity 
(N = 20) 

Daily fecondity 
(N = 20) 

Germplasm 

50.00 90.30 ��� 7.46 b 22.57 ��� 1.86 c Sprit 
54.54 114.35 � 5.07 a 34.83 � 2.57 a Savalan 
55.55 112.75 ��� 7.95 a 35.92 ��  2.34 a Kondor 
54.54 88.40 ��� 3.34 b 20.89 ��  2.20 c Agria 
52.63 77.20 ��� 2.57 b 35.56 �� 1.07 a Morene 
53.57 80.05 ��� 5.13 b 29.52 ��  5.23 ab 396124 
55.55 56.80 �� 6.39 c 20.80 ��  2.02 c 397082-2 
48.90 59.00 ��� 4.26 c 16.47 ��� 1.23 c 397097-2 

Means within columns followed by the same letter are not significantly different at 5% (P = 0.05; SNK test). 

��
ŢǀƘưū�ŶƃŹ�ƽŚƷźŤƯřŹŚě��

ƯǀĮƳŚǀƲ�ŚƷƽ�ţřŷ� űźƳƾ�řżƟřƿƘưū� ƂǀŢ�(rm)�ƹŹƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ� ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�
ƴƘƯ� ƝǈŤųřƾ�Źřŵƽ�ŵřŵ� ƱŚƄƳŶƳ��ÐÕÏ�ÑÔ�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P�� �Ʈĩ�źţƿ�ƹ� Ʋ

ŝǀƂ�źţƿ� Ʋţřŷ� űźƳ� ŹřŶƤƯƾ�řżƟřƿƘưū�Ƃǀŝ�Ţǀſ� ŶǀŜ�ƯŻǀƴƾ�ƶŝ�ţźţǀ�ŜƹŹƽ�� ƱƺƬĩÏ�ÐÖÔÍÖÔ�



ÎÎÓ                                                  ƽŹƺƈƴƯ�ƱřŹŚƨưƷ�ƹ��ƽŚƷźŤƯřŹŚě�ƾŤƀƿŻ�Ŝǀſ�Ŷǀŝ�ƾƴǀƯŻ������

�ÎÐÒ�Í�ƵŵŚƯ�ƵŵŚƯ�ŻƹŹ� �ƮƣŹ� ƹ�ƱǇřƹŚſ��ÏÍÒ�Í�ƵŵŚƯ�ƵŵŚƯ�ŻƹŹ� �Ŷƃ� ƵŶƷŚƄƯ� �ƯǀĮƳŚǀƲ��űźƳ
ƫƺţ� ƆƫŚųǀƪŨƯ� Ŷ�(R0)�Ƴǀ� żƹŹƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�ƴƘƯ� ƝǈŤųř� ƞƬŤŴƯƾ�Źřŵƽ�ŵřŵ� ƱŚƄƳ�� �

�ÖÍÑ�ÑÔ�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P�� �ƫƺţ�ƆƫŚų� űźƳǀƪŨƯ� Ŷ�ŝǀſ� ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ�
ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ�ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�� ŻřÑ�ÎÒ�ƵŵŚƯ�ƵŵŚƯ�� ƪƀƳƹŹƽ � ƱƺƬĩÏ�ÐÖÔÍÖÔ�� ŚţÐ�ÒÐ�
ƵŵŚƯ�ƵŵŚƯ��ƪƀƳƹŹƽ�ƱǇřƹŚſ�ƮƣŹ�ƜŤƯǀŵƺŝ�ź���ƱŚƯŻ�šŶƯ�ƎſƺŤƯƿ�ƪƀƳ�Ĩ(T)�ŝǀſ�ŶǀŜ�ƯŻǀƴƾ�
ƹŹƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�ſ� ƞƬŤŴƯǀŜ�ƯŻǀƴƾ�ƾƴƘƯ� ƝǈŤųř� ƂƿŚƯŻō� ŵŹƺƯ�ŵřŵ� ƱŚƄƳ� řŹ� ƽŹřŵ�
�ÒÒÑ�ÎÐ�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P���ƳǇƺƏƾ�źţƿƲ��ƱŚƯŻ�šŶƯƿƪƀƳ�Ĩ�ƹŹƽ�ƱƺƬĩ�ŚƷƽ�
Ï��ÐÖÔÍÖÔ��Î�ÏÍ�ŻƹŹ� �� ƹÏ�ÐÖÔÍÕÏ��Î�ÏÍ�ŻƹŹ� �ƹ�� ƱŹƺƯ� ƮƣŹ�Ö�ÎÖ�ŻƹŹ� �Ŷƃ� ƵŶƷŚƄƯ��
ŚſƿƭŹĥ�ź�Ʈſǈě�ƴƘƯ�ƝǈŤųř�ŚƷƾ�Źřŵƽ�źƔƳ�Żř�ŹřŶƤƯ�řƿźŤƯřŹŚě�Ʋ�ŶƳŵřŶƳ�ƱŚƄƳ���ƱŚƯŻ�šŶƯ�źƔƳ�Żř
ƹŵ�źŝřźŝ�Ƙưū� ƱŶƃǀŝ� Ţǀſ� ŶǀŜ�ƯŻǀƴƾ�ŝǀƭŹĥ� Ʋ�Ʈſǈě�ŚƷƽ�ƶƘƫŚƐƯ� ŵŹƺƯ�ƴƘƯ� ƝǈŤųřƾ�Źřŵƽ�

Ŷƃ� ƵŶƷŚƄƯ��ÕÑÒ�ÐÒ�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P�� �ŝǀƂ�źţƿřźŝ� ƭŻǇ� ƱŚƯŻ�šŶƯ� Ʋƽ�
ƹŵ�źŝřźŝ�Ƙưū�ƱŶƃǀŝ�Ţǀſ�ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ�ƱƺƬĩ�ŚƷƽ�Ï�ÐÖÔÍÖÔ��ƹÏ�ÐÖÔÍÕÏ�ƶŝ�ţźţǀ�ŜÎ�Ò�
� ƹÖ�Ñ�ŻƹŹ�Ʈĩ� ƹ�źţƿƹŹ� Ʊō� ŹřŶƤƯ� Ʋƽ�ƮƣŹ�ŚƷƽ�ƱǇřƹŚſ��ƶŝ� ŹƹŶƴĩ� ƹ�ţźţǀ�ŜÑ�Ð�� ƹÒ�Ð��ŻƹŹ

Ŷƃ�ƵŶƷŚƄƯ��ƴƘƯ�ƝǈŤųřƾ�Źřŵƽ��żǀƳŝǀ�ƲƤƯŚŵƿƘưū�ƂƿřżƟř�ƾƷŚƴŤƯ�űźƳ�źǀŝ�Ţǀſ�ŶǀŜ�ƯŻǀƴƾ�(ë)�
ƹŹƽ�ƭŹĥ�ŢƄƷ�ſ� ƮſǈěǀŜ�ƯŻǀƴƾ�Ŷƃ� ƵŶƷŚƄƯ��ÑÑÏ�Ò�=�F��ì�,æÒç�=�df���ÍÍÍÎ�Í�=�P���� �
��

�ƩƹŶūÒ��ŚƷźŤƯřŹŚěƽ�Ƙưū�ŶƃŹǀ�Ţ)ƯǀĮƳŚǀƲ�t�ŚƐųƽ�ƘƯǀŹŚ��P. operculella�ƹŹƽ�ƵŶƛ�ŚƷƽ�
ƭŹĥ�Ʈſǈě�ŚƷƽ�ƞƬŤŴƯ�ſǀŜ�ƯŻǀƴƾ���ŵřŶƘţ� ÏÍ��řźƃ�Źŵƿ�ƎƾƷŚĮƄƿŚƯŻō���

Table 5. Population growth parameters (Mean ± SE) of P. operculella on tubers of different 
potato germplasms (N = 20) at laboratory conditions. 

 

Finite rate of 
increase (ë) 

Doubling 
time (DT) 

Mean 
generation 

time (T) 

Net 
reproductive 

rate (R0) 

Intrinsic rate 
of increase (rm) Germplasm 

1.195 ± 0.005 b 3.9 ± 0.09 c 19.2 ± 0.8 b 30.5 ± 2.2 c 0.178 ± 0.004 b Sprit 
1.277 ± 0.049 a 3.4 ± 0.04 d 19.4 ± 0.1 b 53.2 ± 2.4 a 0.205 ± 0.002 a Savalan 

1.220 ± 0.005 bc 3.5 ± 0.07 d 19.3 ± 0.1 b 46.4 ± 3.2 b 0.199 ± 0.004 a Kondor 
1.182 ± 0.003 bc 4.1 ± 0.06 bc 19.3 ± 0.1 b 25.3 ± 0.9 c 0.167 ± 0.002 c Agria 
1.172 ± 0.005 bc 4.4 ± 0.1 b 20.0 ± 0.1 a 23.5 ± 1.7 c 0.158 ± 0.004 c Morene 
1.177 ± 0.004 bc 4.2 ± 0.0 b 19.4 ± 0.1 b 23.8 ± 1.4 c 0.163 ± 0.003 c 396124 
1.152 ± 0.006 d 4.9 ± 0.2 a 20.1 ± 0.9 a 17.5 ± 1.7 d 0.142 ± 0.005 d 397082-2 
1.149 ± 0.005 d 5.1 ± 0.1 a 20.1 ± 0.1 a 15.4 ± 1.1 d 0.135 ± 0.004 d 397097-2 

Means within columns followed by the same letter are not significantly different at 5% (P = 0.05; SNK test). 
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Ƃǀŝ�Ʈĩ� ƹ� Ʋƿźţ�Ƙưū�ƂƿřżƟř� ƾƷŚƴŤƯ� űźƳ� ŹřŶƤƯ� Ʋƿźţǀŝ�Ţǀſ� ŶǀŜ�ƯŻǀƴƾ�ƶŝ�ţźţǀ�ƮƣŹ� ƽƹŹ�Ŝ
ƱǇřƹŚſ��ÏÔÔ�Î���ƹ�ƱƺƬĩÏ�ÐÖÔÍÖÔ��ÎÑÖ�Î��ŝƶ�ŶƯō�Ţſŵ���ƩƹŶūÒ�����

��
�ƾųźŝ�ƹ�šřźŤǀƳ�źƿŵŚƤƯƵŶƛ�Źŵ�źƇŚƴƗ�Żř�į�ƭŹĥ��Ʈſǈě��ƽŚƷŜǀſ��ƾƴǀƯŻ��

� ƾſŹźŝ� ŹŵƯǀƶŝ� šŻř� Ʊřż�� šŹƺƇƿƳ� Ʊƺǀ� ƹ� šřźŤ� ƱřżǀƯƀƬĩ� źƇŚƴƗǀƴƯ� �Ʈǀżƿ�ƹ� źƠƀƟ� �Ʈ
ſŚŤěǀƵŵŚƯ�Źŵ�ŵƺūƺƯ�Ʈ�į�ƵŶƛ�ĨƄų�ŚƷƽ��ſǀŜ�ƯŻǀƴƾ�ƶƘƫŚƐƯ�ŵŹƺƯ��Ʈĩ�źţƿŝ�ƹ�ƲǀƂ�źţƿŵŚƤƯ�Ʋƿ�ź

ƿƳ�ƱƺǀƵŻřŶƳř�źƇŚƴƗ�ƹ�šřźŤ�ĭǀźƽ�ƶŝ�ƵŶƃ�ţźţǀ�ƱƺƬĩ�Źŵ�ŜÏ�ÐÖÔÍÖÔ�ƶŝ�ƱǇřƹŚſ�ƮƣŹ�ƹ��ŶƯō�Ţſŵ
��ƩƹŶūÓ�����
��

�ƩƹŶūÓ���ŹřŶƤƯƿƳ�Ʊƺǀ�šřźŤ�ěƾ�ěƾ�ƭř� �ųźŝ�ŶƇŹŵ�ƹƾ�ƵŶƛ�Źŵ�źƇŚƴƗ�Żř�ŚƷƽ�ƭŹĥ�Ʈſǈě�ŚƷƽ�
ƞƬŤŴƯ ſǀŜ�ƯŻǀƴƾ����

Table 6. The content of nitrate ion (ppm) and percent of some minerals in tubers of different 
potato germplasms. 

 
Germplasm NO3- (ppm) P (%) K (%) Ca (%) Mg (%) 
Sprit 161 0.24 2.6 0.8 0.5 
Savalan 180 0.27 2.19 1 0.5 
Kondor 176 0.26 2.14 1 0.5 
Agria 132 0.27 1.66 1.2 0.5 
Morene 116 0.22 1.89 0.6 0.5 
396124 127 0.27 1.97 0.8 0.5 
397082-2 121 0.19 1.52 0.6 0.4 
397097-2 108 0.15 1.38 0.6 0.4 

��
ŦŰŝ��

ƵŶƛ�į�ƭŹĥ�Ʈſǈě�Ŝǀſ� ƞƬŤŴƯ� ƽŚƷ�ƶƿŸƜţ� ƽřźŝ� řŹ� ƾţƹŚƠŤƯ� ŢǀŝƺƬƐƯ� ƾƴǀƯŻ�į��Ŷǀŝ
Ŝǀſ�ŵřŵ�ƱŚƄƳ�ƾƴǀƯŻ��ƶŝ�ƽŹƺƏ�ƾƴƘƯ�ƝǈŤųř� ƶĩ�ƭŹĥ�Ʋǀŝ�ƽŹřŵ�Ʈſǈě��źƔƳ� Żř�ƾſŹźŝ� ŵŹƺƯ�ƽŚƷ

ƾĭĦƿƹ�Ŷƃ�ƵŶƷŚƄƯ�ŢƟō�ƾŤƀƿŻ�ƽŚƷ��ƶƿŸƜţ�į�ƵŶƛ�Żř�ŢƟō�ƽŚƷƹŹǇ�į�ƭŹĥ�Ʈſǈě��ƞƬŤŴƯ�ƽŚƷ
ţ�ƂƿŚƯŻō� ŵŹƺƯŐŧƾƴƘƯ� źǀ�ƵŹƹŵ� ƩƺƏ�ƽƹŹ�ƽŹřŵ�ƾŤƀƿŻ� ƚƫŚŝŚƳ� ƪůřźƯ�ƽ�Ţƃřŵ� ��Źŵ� ƶŬǀŤƳ� Ʋƿř
ƭŹĥ�ƾųźŝ�ŵŹƺƯ�Ʈſǈě�ŚƷ�ƾƯ�ƵŶƛ�Źŵ�ŵƺūƺƯ�šŚŞǀĩźţ�Źŵ�šƹŚƠţ�źĮƳŚǀŝ�ŶƳřƺţ�ƭŹĥ�ƽŚƷ�Ʈſǈě��ƽŚƷ
Ŝǀſ�ƞƬŤŴƯ�Ʊō�šƹŚƠŤƯ�źŧř�ƹ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƾƴǀƯŻ�ƵŹƹŵ�ƩƺƏ�ƽƹŹ�ŚƷ�į�ƚƫŚŝŚƳ�ƪůřźƯ��ƵźƄů�Ʋƿř
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ŶƃŚŝ� �ƵŹƹŵ�ƩƺƏ�Ǉ�ƽ�ƽƹŹƁŹƹźě�ƽŚƷƹŹǇ�Źŵ��ƽƹŹ�ƶŤƟŚƿ�ƱƺƬĩ�ƹŵÏ��ÐÖÔÍÖÔ��ƹÏ�ÐÖÔÍÕÏ�
Ʈĩ�ƶĩ�ƶŝ�šŻř�źƿŵŚƤƯ�Ʋƿźţ�Ʈĩ�ƹ�šřźŤǀƳ�Ʊƺƿ�šŹƺƇ��ƮǀƀƬĩ�ƹ�ƮƿżǀƴƯ��ƮǀſŚŤě��źƠƀƟ�ŶƇŹŵ�Ʋƿźţ
ƵŵŚƯ�Źŵ�į��ĨƄųŶƴŤƃřŵ�řŹ���ƶŝ�ŢŞƀƳ�ƽŚƷƹŹǇƁŹƹźě�ƶŤƟŚƿ��Żř�ƶĩ�ŹƹŶƴĩ�ƹ�ƱǇřƹŚſ�ƭŚƣŹř�ƽƹŹ

řŵŹƺųźŝ�ƽźţǇŚŝ�ƾƿřŸƛ�ŢǀƠǀĩŹ�� �ŶƳŵƺŝƶŝ�ƾƴƘƯ�ŹƺƏ�ƾƳǇƺƏ�ƽŹřŵ��ŵƺŝ�źţ�ŶūƩƹ�įŚƷ�Î��ƹÓ���
ƲǀƴĤưƷ��ľǇŚưŤůř�ŢǀƫƺŝŚŤƯ� ŵƺūƹ�ƶƿƺƳŚŧ� ƽŚƷ�į�ţ�ŢƟō� ƹŹǇ� ƺưƳ� ƹ� ŶƃŹ� ƽƹŹ� ƶĩ� ƾƷŚǀĭŐ�źǀŧ

řŵ�ƾŝźŴƯŶƳŹ�ƾŤƳō�ŢƯƹŚƤƯ�ŵŚŬƿř�ŦƗŚŝ�ƹ��ƽŻƺǀŝƾƯ��ŶƳƺƃƾƳǇƺƏ�Źŵ�Ţſř�ƲĪưƯ�żǀƳ�źţ��ƱŶƃ
ƵŹƹŵ�ƩƺƏ�Ŝǀſ�Ŷǀŝ�ƽƹŹǇ�ƽ��ƽƹŹ�ƾƴǀƯŻƭŹĥ�ƾųźŝ�Ʈſǈě�Ư�ŚƷŒŻŚǀƳ�ƶĩ�ŶƃŚŝ�źŧŶƴƯ�ƾſŹźŝ��ƽŚƷ

�ƽŶƘŝ�ƾƈƈŴţŢſř��ƵŹƹŵ�ƩƺƏ�į�Ŝǀſ�Ŷǀŝ�ƽƹŹǇ��Żř�źƋŚů�ƢǀƤŰţ�Źŵ�ƾƴǀƯŻÐ�ÎÑ��ƽƹŹ�ŻƹŹ
�Śţ�ƱǇřƹŚſ�ƮƣŹÐ�ÎÓ��ƱƺƬĩ�ƽƹŹ�ŻƹŹÏ�ÐÖÔÍÖÔ�ƱŚƄƳ�ƶĩ�ŵƺŝ�ƱŚſƺƳ�Źŵ�ƵŶƴƷŵ�ţ�ƽŐ�šƹŚƠŤƯ�źǀŧ

ƭŹĥ�Ʈſǈě�Ţſř� źŤƯřŹŚě� Ʋƿř� ƽƹŹ� ƶƘƫŚƐƯ� ŵŹƺƯ� ƽŚƷ��Sporleder et al., (2004)��ƩƺƏ� ƎſƺŤƯ
ƵŹƹŵ�Ŝǀſ�Ŷǀŝ�ƽƹŹǇ�ƽ��Źŵ�řŹ�ƾƴǀƯŻ�ƽŚƯŵÏÑ�ƶūŹŵ��ƽŽƺǀƀƬſ�ƵŶƛ�ƽƹŹ��źŝřźŝ�ŚŤǀƳōƹźě�ƮƣŹ�ƽ
�ŚŝÓ�ÎÔ�ĭ�ŻƹŹżŶƳŵźĩ�ƁŹř��Golizadeh & Razmjou (2010)�ƵŹƹŵ�ƩƺƏ�į��Źŵ�řŹ�ŢƟō�Ʋƿř�ƽƹŹǇ
ÏÒ�ƶūŹŵ�į��ƹ�ŽƺǀƀƬſÎÓ��ƹ�ƾĪƿŹŚţ�ŢƗŚſÕ�ƹŹ�ƾƿŚƴƃƹŹ�ŢƗŚſ�ŵŹƺƯ�ƽŹŚŬţ�ƮƣŹ�Ƃƃ�ƽ

�Ʋǀŝ�ƶƘƫŚƐƯÓ�ÎÐ�� Śţ� ŚƳƺƟŹŚƯ�ƮƣŹ�ƽƹŹ�ŻƹŹÐ�ÎÒ�ŶƳŵźĩ�źĩŷ� Śƿźĭō�ƮƣŹ�ƽƹŹ�ŻƹŹ� ��ƢǀƤŰţ�Źŵ
źƋŚů�� Śƿźĭō�ƮƣŹ�ƽřźŝ�ƱŚƯŻ�šŶƯ�ƲƿřÔ�ÎÒ�ƶŝ� ŻƹŹ�ƶŤƟŚƿ� ƶŝ�ĨƿŵżƳ� ŹŚǀƀŝ� ƶĩ�ŶƯō�Ţſŵ��ƽŚƷ

�ƲǀƤƤŰƯŹƺƧŸƯ��Ţſřƹ�ƾŝ�ƝźƘƯ�ţŐźǀŧ�ƵŹƹŵ�ƩƺƏ�Ʊŵƺŝ�į�ůźƯ�ŶƃŹ�ƱŚƯŻ�šŶƯ�Źŵ�ƽŹƺƳƶƬ��ƽ
Ţſř� ƮƣŹ� Ʋƿř� ƽƹŹ� ƽƹŹǇ� �� ƩƺƏ� źƔƳ� ŻřƵŹƹŵ�� ƾĭźǀƠƃ� ƽƲǀŝ� żǀƳ�ƭŹĥ�Ʈſǈě�ŚƷƽ��ƞƬŤŴƯ

Ŝǀſ�ƾƴƘƯ�šƹŚƠţ�ƾƴǀƯŻ��ƽŹřŵƵŶƷŚƄƯ�Ŷƃƶŝ���ƽŹƺƏ�ƵŹƹŵ�ƩƺƏ�ƶĩ�į�ƵźǀƠƃ��Śƿźĭō�ƮƣŹ�ƽƹŹ�ƾĭ
Ó�Õ�ƮƣŹ�ƽƹŹ�ƹ�ŻƹŹ��ŹƹŶƴĩ�ƹ�ƱǇřƹŚſ��ŢƿźĜſř�ƽŚƷÐ�Ô�ŵƺŝ�ŻƹŹ���ƩƺƏ�źĮƿŵ�ƢǀƤŰţ�Ĩƿ�Źŵ

ƵŹƹŵ��ƽƺƄƳ�ƹ��ƽŚưƳŜǀſ�Ŷǀŝ�ƾƴǀƴū��ƾƿŚƯŵ�Ǝƿřźƃ�Źŵ�ƾƴǀƯŻÏÑ�ƶūŹŵ��ƽŽƺǀƀƬſ�ƵŶƛ�ƽƹŹ��ƽ
Ŝǀſ��ŚŤǀƳōƹźě�ƮƣŹ�ƾƴǀƯŻÒ�Ò��ŻƹŹĭŶƃ�ƁŹřżŢſř�Ƶ�(Sporleder et al., 2004)��ƶƘƫŚƐƯ�Źŵ��ƶĩ�ƽř

�ƎſƺţDoðramaci & Tingey (2010)�Ŷƃ�ƭŚŬƳř���ƆŴƄƯŶƿŵźĭ�Ŝǀſ�ƱƺƬĩ�ƶĩ��ƾƴǀƯŻQ174-2�
�ŶƿźŞǀƷ�ƪƇŚů� ƶĩ�Solanum tuberosum L�� ƹS. berthaultii Hawkes�ƾƯ�ŶƃŚŝ���Żř� ƾųźŝ�ƽƹŹ

ƹƿİĭĦ��įŚƷŜǀſ�Ŷǀŝ�ƽƹŹǇ�ƾƴǀƯŻ�ƵŹƹŵ�ƩƺƏ�ƹ�ƹŹǇ�ƱŻƹ��źſ�ƩƺƀĜĩ�ƉźƗ�ƶƬưūŻř��ƪůřźƯ�ƽ
ţ�ƚƫŚŝŚƳŐŢſř�ƶŤƃřŵ�ƾƠƴƯ�źǀŧ����
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Ʈĩ�Ʋƿźţ�ƱřżǀƯ�ƮŴţ�ƽżƿŹ�ƪĩ� ƹ� ƶƳřŻƹŹ�Ŝǀſ� Ŷǀŝ� ƪƯŚĩ� šřźƄů�ƾƴǀƯŻ��ƵŶƛ� ƽƹŹ��ƽ
ƱƺƬĩ��ƽŚƷÏ�ÐÖÔÍÖÔ��ƹÏ��ÐÖÔÍÕÏ�Ƃǀŝ�ƹ�Ŷƃ�ƵŶƷŚƄƯ��ƹŵ�ƽƹŹ�ŢƟō�ƪĩ�ƽŹƹŹŚŝ�ƱřżǀƯ�Ʋƿźţ

� ƱǇřƹŚſ� ƮƣŹ�ÐÒ�ÎÎÑ�ƮŴţ� �� ŹƹŶƴĩ� ƹ�ÔÒ�ÎÎÏ�ƮŴţ� �ƶŝ�� ŶƯō� Ţſŵ�� ƩƹŶūÑ�� ��Ʋƿř� ƪǀƫŵ
ƲǀƿŚě�ƕƺƋƺƯ��ƱŵƺŝƵŶƛ�ƾƿřŸƛ�ƁŻŹř��ƽƱƺƬĩ�ƹŵ�Ʋƿř�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƭŹĥ�źƿŚſ�Ʈſǈě�ŚƷ�ŵŹƺƯ�ƽ

ƶƘƫŚƐƯ�ƮŴţ�ƽřźŝ�Ŝǀſ�Ŷǀŝ�ƪƯŚĩ�šřźƄů�ƽżƿŹ��ƾƴǀƯŻŢſř���ƩƹŶūÓ����ŢŞƀƳ�ƱŚŝżǀƯ�ƵŚǀĭ�ŢǀƠǀĩ
�Źřźƣ�źǀŧŐţ�ŢŰţ�řŹ�šřźƄů�ƾƀƴūƾƯ�ŶƷŵ�(Awmack & Leather, 2002)���ƱŚƄƳ�ƽŵŶƘŤƯ�šŚƤǀƤŰţ�Źŵ

�ƶĩ�Ţſř�ƵŶƃ�ƵŵřŵƮŴţ�ŵřŶƘţ�ƶŤƃřŸĭ�ƽŚƷ�ƱŚƷŚǀĭ�ƽƹŹ�ƵźƄů�Ĩƿ�Ǝſƺţ�ƵŶƃ�ƱŚŝżǀƯ��źǀƤƟ��źƔƳ�Żř
ƾƿřŸƛ�ƁŻŹř���ƂƷŚĩƾƯ�ŶŝŚƿ�(Verkerk & Wright, 1996; Hamilton et al., 2005)��ƂƿŚƯŻō�ŪƿŚŤƳ�ƽŚƷ�

źƋŚů�ƶŤƟŚƿ� Śŝ� ƢƟřƺţ� Źŵ� żǀƳ�� ƲǀƤƤŰƯ�Ʋƿř�ƽŚƷŢſř� �ƭŹĥ�ƾƯŚưţ� Źŵ�Ʈſǈě��ƂƿŚƯŻō� ŵŹƺƯ�ƽŚƷ
Ƃǀŝ�ƮŴţ� ƱřżǀƯ�Ʋƿźţ�ŻƹŹ� ƱŚưƷ� Źŵ� ƚƫŚŝ�šřźƄů�ƽżƿŹ�źƷŚƓ� Żř�žě� Ʃƹř�ƽŚƷ�ƱŶƃ��šřźƄů
ƪƯŚĩ�ŵŚŤƟř�ơŚƠţř� ��ŢƬƗƕƺƋƺƯ�Ʋƿř�ƱřżǀƯ�ƶŝ�Ţſř�ƲĪưƯ�Ƶźǀųŷ�ƾƿřŸƛ�ŵřƺƯ��ƵŶƃ�ƵŹƹŵ�Źŵ��ƽ

ƾƜƫŚŝŚƳ��Ŝƃ�ƱŶŝ�Źŵ�Ƶźě�ŚƤŝ�ƒƠů�ƲǀƴĤưƷ�ƹ�ƵŵŚƯ�ƹ�źƳ�ƽŚƷƽ�ƪƀƳ�ŶƘŝ�ƽŚƷƽ��ƶŝ��ƩŚưŤůř�ƪǀƫŵ
ƮŴţ� źţǇŚŝ� ƽŹƹōŵřŻ�ƶŤƃřŸĭ� ƽŚƷ�ŻƹŹ� Źŵ� ƵŶƃ�ƚƫŚŝ�šřźƄů� źưƗ� ƾƿřŶŤŝř� ƽŚƷ� �ŶƃŚŝ� ƍƺŝźƯ��

ƶƘƫŚƐƯ�ŽŚſřźŝ�ƽ�(1993)�Das et al.��Ư�ƾƗŚƟŵ�ƾƿŚǀưǀƃ�šŚŞǀĩźţŹŵ�ŵƺūƺ�ƵŶƛ�ŚƷŜǀſ�ƽ�ƾƴǀƯŻ�
ƶŝ��Ĩƿ� ƱřƺƴƗƪƯŚƗ�ƭŹĥ�ŢƯƹŚƤƯ� Źŵ� ƮƸƯ�Ʈſǈě�Ŝǀſ� Ŷǀŝ� źŝřźŝ� Źŵ� ŚƷ�ƾƯ�ƪưƗ�ƾƴǀƯŻ�ĩƴŶƴ� ��Ʋƿř

ƾƯ�šŚŞǀĩźţ�ŶƴƳřƺţ�ƮƷ�ƶŝ��ƹ�ƮǀƤŤƀƯ�šŹƺƇ�ƁƹŹ�ƶŝ�ƮƷƮŴţ�ƹ�ƽŹƹŹŚŝ�ƽƹŹ�ƮǀƤŤƀƯźǀƛ��ƽżƿŹ
ƵŚǀĭ�šřźƄů�ƺųţ�ŹřŐŶƳŹřŸĮŝ�źǀŧ��ƵŚţƺĩ�źţ�ŝƱŵƺ�ƵŹƹŵ�ƩƺƏ�ƺƬŝ�Żř�ƪŞƣ�ƽƙ��Ƃǀŝ�źţ�Ʊŵƺŝ��űźƳ�ƆƫŚų

Ŷǀƫƺţ�� ƪŨƯƮĩ� ƹ�źţ�ƚƫŚŝŚƳ� ƪůřźƯ� Źŵ�šŚƠƬţ� ŶƇŹŵ� Ʊŵƺŝ�žĪƘƴƯ�ƵŶƴƴĩ�� ƽŢǀŝƺƬƐƯ�Ƃǀŝ�źţ��ƵŚǀĭ
ƵŹƹŵ� ƪǀưĪţ� ƹ� ƶƿŸƜţ� ƽřźŝ� ƱŚŝżǀƯ�ƾƯ� ƵźƄů� ƾŤƀƿŻ� ƽ�ŶƃŚŝ�(van Lenteren & Nodus, 1990)��

ƵŚţƺƧ�ƹ�ƲǀƿŚě�źǀƯ�ƹ�īźƯ��ǇŚŝ�ƽŹƹŹŚŝ�ƵŹƹŵ�Ʊŵƺŝ��ƙƺƬŝ�Żř�ƪŞƣ�ƽŶƃŹ�ƽŜǀſ�Ŷǀŝ�ƾƴǀƯŻ��ƮƣŹ�ƽƹŹ
ƱǇřƹŚſ�ŹƹŶƴĩ� ƹ�ƾƯ� ľǇŚưŤůř��ŶƳřƺţǇŚŝ� Żř�ƾŞƀƳ�Ʊŵƺŝ��Ʋƿř�ŢǀƠǀĩƮƣŹ�ƷŚ��šŻř� źţǇŚŝ� źƿŵŚƤƯ� ƹ

��ƶŝ�šřźŤǀƳ�Ʊƺƿ�šŹƺƇ��ƮƿżǀƴƯ�ƹ�ƮǀſŚŤě�ƪŨƯ�źƇŚƴƗ�ƾųźŝ�ƹ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƭŹĥ�źƿŚſ�Ʈſǈě�ŚƷ�
�ƵŶƃ�ƾƃŚƳŶƃŚŝ���ƩƹŶūÓ�����

Ƙưū�ƂƿřżƟř�ƾţřŷ�űźƳǀźŤƸŝ�ŢƿŤƘƯ�ƹ�ƲźţźŞƿŝ�ŢƸū�źŤƯřŹŚě�Ʋǀƹ�ƱŚƿĭĦƾ�ŚƷƽ�ŻƿŤƀƾ�ƿ�Ĩ
Ż� �Ţſř� ƵźƄůƿŌŚƤŝ� ƶŝ�ƍƺŝźƯ�šŚƗǈƏř� řź�ƹ�ŹƹŹŚŝƽ�ƹƿƵĦ�į�ř� Źŵ�Ʋſƿ�ƵŶƃ�ƶƇǈų� ƵŹŚƯō�Ʋ
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Ɯţ� ƶƳƺĭźƷ� ƹ�Ţſřǀǀř� Źŵ� źƿƇƺƈų�Ʋǀ� Źŵ� �šŚrm�ŚưƳƿƯ� ƱŚƾ�� ŵƺƃ(Nouri-Ganbalani, 2002)��
ŚěǀƿƲ�űźƳ�Ʊŵƺŝ��ƆƫŚų�ƫƺţǀƪŨƯ�Ŷ�ŝǀſ�ŶǀŜ�ƯŻǀƴƾ�ƹŹƽ�ƵŶƛ�ƷŚƽ��ƱƺƬĩÏ�ÐÖÔÍÖÔ�ŝǀŚě�źĮƳŚǀƿƲ�

�ƱŵƺŝĩǀƠǀŞƀƳ�ŢƯƹŚƤƯ�ƹ�Ţƾ�ƵŶƛ�ŚƷƽ�řƿƭŹĥ�Ʋ�ŚƤƯ�Źŵ�ƮſǈěƿŚŝ�ƶƀ�ŚſƿƭŹĥ�ź�Ʈſǈě�Ư�ŚƷƾ�ŶƃŚŝ��
ƾƳǇƺƏ�ŞƀƳ� Ʊŵƺŝƾ�� ƪƀƳ� Ʀƿ� ƱŚƯŻ� šŶƯP. operculella�� ƽƹŹƹŵ�ƱƺƬĩ��Ï�ÐÖÔÍÖÔ��ƹ� �

Ï��ÐÖÔÍÕÏ�Ưƾ��ŶƳřƺţƿĪƾ�Ǉŵ�Żřƿƪ�ƲǀƿŚě�ŞƀƳ�Ʊŵƺŝƾ�Ƙưū�ƂƿřżƟř�ƾţřŷ�űźƳǀ�Ʋƿř�ƽƹŹ�ŢƟō�Ţ
ƭŹĥ�Ʈſǈě�ŶƃŚŝ�ŚƷ���ƩƹŶūÓ���ř�ŹŵƿŚƯŻō�ƲƿƮĩ�Ƃ�źţƿţřŷ�űźƳ�ŹřŶƤƯ�Ʋƾ�řżƟřƿƘưū�ƂǀƹŹ�Ţƽ�
ƱƺƬĩ��Ï�ÐÖÔÍÖÔ�Ŷƃ� ƵŶƷŚƄƯ�ƹ�ŝǀƂ�źţƿƲ�� ƱŚƯŻ�šŶƯƿř� ƪƀƳ�ĨƿƳ�ŢƟō� ƲǀƹŹ� żƽ�ưƷǀ�Ʋ
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