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ĪģƵŶǀ 

ř� ƶĪƫ� ƹŵ� ƲţŹŚţ� ƶƴĩƽ�Kokh�Tetranychus urticae�źţ� ƮƸƯ� ŻřƿŻŹƹŚƄĩ�šǇƺƈŰƯ�šŚƟō� Ʋƽ�Ư� ƱŚƸū� źſřźſ� Źŵƾ�ŶƃŚŝ� �řźŝƽ�
ŶƯƿźƿř�Ţƿŝ�ŢƟō�ƲǀŚƷ�Ƃĩ�ŢƟō�Żř�źŤƄƽ�ƃǀưǀŚƾƿ�Ư� ƵŵŚƠŤſřƾ�řźŝ�ƶĩ�ŵŵźĭƽ�ŰƯǀŻ�Ǝƿƛ�šřŵƺūƺƯ�ƹ�ŢƀǀŶƴŤƀƷ�źƌƯ�ƝŶƷ�ź� �ƫƺŝŚŤƯǀ�Ţ
ŚƷƽ�ƺƳŚŧƿƫƺţ�ƶǀĭ�Ǝſƺţ�ƵŶƃ�ŶǀřŹřŵ�ƶĩ�ƱŚƷŚƽ�ƇŚųǀƄĩ�ƵźƄů�Ţƾ�Ư��ŶƴŤƀƷƾ�Śū�ŶƴƳřƺţƿżĮƿŞſŚƴƯ�Ʋƾ�řźŝƽ�řƿŻ�ƭƺưſ�ƲƿŶƴƃŚŝ�ŹŚŝ�ƱŚ���Źŵ
řƿưſ�ƂƷƹĦě�Ʋǀſ�ŢǀưŤƀǀŚƤŝ�ĨƿŚƽ�ĭǀƹŚů�ƱŚƷŚƽ�ŚƟƹŶƳř�ġŹŚƣƿ�ŢEpichloe coenophiala�ƹŹƽ�ƜƫŚŝǀř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ�Ʋƽ�ſŹźŝ�ŵŹƺƯƾ�

ŢƟźĭ�Źřźƣ��ŚƤŝƿŚƷŚƄƳ�žĜſ��Ŷƃ�ƍƺƬŴƯ�Ʊō�Śŝ�ƹ�ƶƟŚƋř�ħŚų�ƶŝ�ƱŶƃ�ĨƄų�Żř�žě�Śƽ�ţ�ħŚų�Źŵ�ƱŚŬƯŵŚŝǀŶƳŶƃ�ƶŤƃŚĩ�ƵŶƃ�ŹŚư���ƹ�ŢƠƷÎÍ�
Ư�ƹ�īźƯ��ŢƃŚĩ�Żř�žě�ƶŤƠƷǀŚƷ�ƶƴĩ�źƽ�ŻŚſŚƷŹ�ƚƫŚŝƽ�ŻŹř�ƵŶƃƿŝŚƾ�ŵźĭƿţ�źƷ�šŚƠƬţ�ŶƇŹŵ�ƹ�ŶǀŶƃ�ƶŞſŚŰƯ�ŹŚư��ƴƘƯ�ƝǈŤųřƾ�Źřŵƽ�ŝǀ�Ʋ

ţǀŚƤŝ� ŹŚưƿŚƽ�ĭǀŚƷƾ�ŚƟƹŶƳř� ŶƣŚƟ� ƹ� řŹřŵƿŶƃ� ƵŶƷŚƄƯ�Ţ� �ř� ŹŵƿŚƤŝ� ƶĩ�Ŷƃ�ƆŴƄƯ�ƂƷƹĦě�ƲƿŚƽ�ƹŚůƽ�ŚƟƹŶƳřƿĪƀƟ�Ţǀƺƽ��ŶƴƬŝFestuca 

arundinacea Schreb� �ƶƫŚſŶƴģ�ŹřŵƹŚģ�ƹLolium perenne L.�ŝǀźŤƄƿƯ�ƹ�īźƯ�ŶƇŹŵ�Ʋǀţźţ�ƶŝ��źǀ�Ŝ�ƯǀĮƳŚǀ�ƹ�ŢƠƷ�ƲÎÍ��Żř�žě�ƶŤƠƷ
ŢƃŚĩ��ÖÕ�ÑÐ��ƹÑÕ�ÐÓ�ƹŹ��ŶƇŹŵƽ�ƜƫŚŝǀ�Ʋř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩƽ�řƿŶƳŵźĩ�ŵŚŬ��ŚƤŝ�ƱŵƹżƟřƿŚƽ�ĭǀƹŚů�ƱŚƷŚƽ�ŚƷ�ġŹŚƣƽ�ŚƟƹŶƳřƿ�ŢƄĩ�ƶŝ�Ţ

ĭǀƗřŹŻ�ƱŚƷŚƾ�ƿƳŚŞƛŚŝ�Śƾ�ƗƺƋƺƯ��šŚƟō�šŹŚƀų�Żř�ƲŤſŚĩ�ŹƺƔƴƯ�ƶŝƾ�ŚƯŻō�Żř�žě�ƶĩ�ŢſřƿŚƷ�Ƃƽ�ưĪţǀƬƾ�ŚŝƿŢƠĭ�ƲŴſ�Ʊō�ƶŝ�ƖūřŹ�Ŷ���
ƱŚĭĥřƹ�ƬĩǀŶƽ��ŚƤŝƿŚƽ�ĭǀƷŚƾř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ��ƽŚƟƹŶƳř��ƿ��ŢEpichloe coenophiala 

��
Abstract 

Two-spotted spider mite, Tetranychus urticae Koch is one of the most important pests of agricultural crops 
worldwide. The mite management is commonly based on the applications of pesticides that may cause undesirable 
effects on non target organisms and result in environmental pollution. Plant secondary metabolites with insecticidal 
properties can be a suitable alternative to these harmful pesticides. In the present study, systemic toxicity of plant 
residues infected with endophytic fungi, Epichloe coenophiala, was studied on the mortality of two spotted spider mite 
adults. Residues were mixed with soil, and then eggplant seedlings were grown in the treated soils. Adult`s mortality 
was assessed seven and 10 weeks after planting. Significant differences were observed between residues of endophyte-
infected and non-infected plants. Results showed that endophyte-infected tall fescue, Festuca arundinacea Schreb, 
residues and perennial ryegrass, Lolium perenne L., residues caused the highest adult mortality, (means of seven and 
10 weeks after planting) 43.98 and 36.48 percent, respectively. This topic, incorporating endophyte-infected plant 
residues in culturing field and horticultural crops to reduce pest damage, however, can be discussed after doing 
complementary experiments. 
Key words: plant residues, two-spotted spider mite, fungal endophyte, Epichloe coenophiala  

 

ƶƯŶƤƯ 

ř� ƶĪƫ� ƹŵ� ƲţŹŚţ� ƶƴĩƽ�řƽ�ưƬƗ� ƭŚƳ� Śŝƾ�(Acari: Tetranychidae)�Tetranychus urticae Koch � �ƿĪƾ�ưƷř� Śŝ�šŚƟō� Żřǀ�Ţ
ŵŚƈŤƣřƽ�Ưƾ�Ə�ƶŝ�ƶĩ�ŶƃŚŝǀſƹ�ƞǀƘƾ�ĭ�Żřǀř�ƶƗŹżƯ�ƱŚƷŚƽ�ř�ƶƳŚŴƬĭ�ƹƽ�� Ƶŵźĩ�ŵŹřƹ�šŹŚƀų��ŵƹŶůÖÍÍ��ƶƳƺĭƽ�ĭǀƷŚƾ��

Ưǀř�ƱŚŝżƿŶƴŤƀƷ�ŢƟō�Ʋ��Ư�ƩƺƈŰƯ�ƱŚƈƤƳ�ŜŞſ�ƹƾ��ŵƺƃ�Cavalcanti et al., 2010; Attia, 2013� ��řƿ�Śŝ�ƩƺưƘƯ�ŹƺƏ�ƶŝ�ŢƟō�Ʋ
ŚƷ�Ƃĩ�ƶƴĩ�ŵźŝŹŚĩƽ�ƗƺƴƈƯƾ�Ư�ƩźŤƴĩƾ�ŵƺƃ���Śŝřƿř�ƶƐƤƳƹŵ�ƲţŹŚţ�ƶƴĩ�ŢƯƹŚƤƯ�ƶŝ�źŬƴƯ�ŚƷ�Ƃĩ�ƶƴĩ�ŵźŝŹŚĩ�ƩŚů�Ʋƽ�ř�ƶŝƿ�Ʋ

Archive of SID

www.SID.ir

http://www.sid.ir


Ʋǀŝ�ƵźĮƴƧ�Ʋǀƫƹř�ƵźƄů�ƾƬƬưƫř��Ʊřźƿř�ƾſŚƴƃ�î�ì�ŹƺƿźƸƃ�ÎÐîé� �ÔÑ��

��

74 1st Iranian International Congress of Entomology, 29�31 August 2015 

 

ƴĤưƷ� �ƵŶƃ� ŚƷ�Ƃĩ�ŢƟōǀŚƤŝ�ƲƿŚƽ�ƣŚŝǀř� ƵŶƳŚưƿĩźţ�ƲǀƹŹ�šŚŞƽ�řŸƛ�ŵřƺƯƾƿ�Ưƾ�řźŝ�ŶƳřƺţƽ�ŤƯǈſƾ�źƟōźƐų�ƱŚƀƳřƿŶƃŚŝ�Ʋ��
ŵ�ƁƹŹƿřźŝ�źĮƽ�ĭ�Żř�ƵŵŚƠŤſř��šŚƟō�Śŝ�ƶƬŝŚƤƯǀƇŚų�Śŝ�ƱŚƷŚǀŢſř�šřźƄů�ƖƟŵ�Ţ���Ŷƴģ�Źŵųř�ƩŚſǀƤŰţ�źǀŚƷ�ƶƳƺĭ�ŵŹƺƯŹŵ�Ƣƽ�

ĭǀƷŚƾ�ŶūƿƄĩ�ƵźƄů�ƅřƺų�Śŝ�Ŷƾ�ƿĭ�šǇƺƈŰƯ�Żř�ŢƓŚƠů�ŹƺƔƴƯ�ƶŝ� �šřźƄů�ƖƟŵ� ŚǀƷŚƾřżƟř� �ƿ�ƂƿƫŚƘƟ�ƹ�Ţſř�ƶŤƟŚǀ�Ţ
ŻƿŤƀƾ�ĩźţǀŞƏ�šŚŞǀƘƾŚƷ�ƵŹŚƈƗ�ƹ�ŚƷ�žƳŚſř��ƽ�ĭǀƷŚƾ�ƫƺŝŚŤƯ�ƹǀŚƷ�Ţƽ�ƺƳŚŧƿ�ƶƽ�ƯǀŝƹźĪƾ�ſŹźŝ�ŵŹƺƯ�Ƃĩ�ƶƴĩ�ƱřƺƴƗ�ƶŝƾ�

�ŶƳř�ƶŤƟźĭ�Źřźƣ(Cavalcanti et al., 2010; Mozaffari et al., 2012; Attia et al., 2013) ��ƀŝǀŹŚƽ�ĭ�Żřǀřźŝ��ƱŚƷŚƽ���ŵƺų�Żř�ŢƔƟŚŰƯ
ř�ƶƗƺưŬƯƽ�ƃŵřƺƯ�ŻřǀưǀŚƾƿ�ƺƳŚŧƿ�ƪƯŚĪţ�ƶƿř�ƶŤƟŚƽ�ƬƗǀĭ�ƶǀųźŝ�ƶĩ�ŶƳŹřŵ�ŚƷ�ƱĥƺţŚě�ƹ�ƱřŹřƺŴƷŚƾ�Ƴ�ŶƴƳŚƯ�ŚƸƳō�ŻřǀţƺĪǀ�ƑŚŰƫ�ƶŝ�Ʋ

ŹŚţƿŴƾ�řźŝƽ��šŚƟō�Śŝ�ƵŻŹŚŞƯŶƳř�ƵŶƃ�ƵŵŚƠŤſř� �ƃ�ŵřƺƯǀưǀŚƾƿ�ƺƳŚŧƿĭ�ƶǀƹ�ƶūƺţ�Żř�ƱŚƷŚƿř�ƵĦƽ�Ż�ŶƳŹřŵŹƺųźŝƿ��ƹŹřŵ�ƱřƺƴƗ�ƶŝ� řź
ŚƷ� ƵŶƴƷŵ�ƮƘƏƽ�řŸƛƾƿ�ƯŚƃō�ƹǀƳŶƾřŹ� �ƿŚƷ�ĬƳŹ� �ŚƷ�ƶŰƽ�ūŚƀƳƾŤƃřŶƸŝ�šǇƺƈŰƯ� �ƾ�ŶƯ�Źřżŝř�ƹƿźƿŝ�ƹ�šŚƟō�ŢǀŹŚưƽ��ŚƷ

Ư�ƵŵŚƠŤſřƾ��ŶƳƺƃ(Kim et al., 2005)��ĭ�ŹŵǀƠƬƗ�ƱŚƷŚƾŚƟƹŶƳř��ƿŢ�ŚƷƽ�żưƷƿŝƺų�ƶŝ��Ţƀƾ�Ư�ƵŶƴƴĩ�ŢƓŚƠů�ƱřƺƴƗ�ƶŝǀ�ƱŚƃ�ƱŚŝż
ĭ�ŻřǀŹřƺŴƷŚƽ�ŶƳř� ƵŶƃ�ƶŤųŚƴƃ� �ŚƟƹŶƳřƿŚƷ�ŢƟŚŝ�Źŵ� �ƮŗǈƗ�ƱƹŶŝ� ŚƷ�Ţƽ�ĭǀƷŚƾ�řźŝ� ƵŶƳŻƽ�Ťưƀƣ�ƪƣřŶůƾ�ĭŶƳŻ�ƶųźģ�Żřƾ�

Ư�ŶƃŹ��ƱŚƃƾ��Ŷƴƴĩ (Ball et al., 2006; Crawford et al., 2010)� �żưƷƿŤƀƾ�ĭǀŚƟƹŶƳř�ƹ�ƵŚƿĭ��ŢǀƯ�ƵŚǀŚƷ�Ƃƴţ�źŝřźŝŹŵ� řŹ�ƱŚŝżƽ�
ƛ�ƹ�ƵŶƳŻǀŰƯ�ƵŶƳŻźǀƐƾ�Ư�ŢƓŚƠůƾ�Ŷƴĩ��ř�ŹŵƿżưƷ�ƲƿŤƀƾĭ��ǀƳ�ƵŚǀĩźţ�żǀŸƜţ�šŚŞƿř�ƶƽ�řźŝ�ƭŻǇƽ�Ư�ƮƷřźƟ�řŹ�ġŹŚƣ�ŶƃŹƾ��ŵŹƹō

(Stewart, 2013)� �ř�Źŵƿŝ�ƲǀŚƟƹŶƳř� �ƲƿŚƷ�Ţƽ��žƴūEpichloe ��ưƷř�Żřǀŝ�ŢǀźŤƄƽ�ŶƳŹřŵŹƺųźŝ� �ř�ƶƔůǈƯ�ƪŝŚƣ�ŹƺƏ�ƶŝ�ŚƸƳōƽ�
ŗƺƫŚĪƫōǀŚƷŶƽ�ưſƾ�ƫƺţǀƯ�Ŷƾ�ưſ�źŧř� ƶĩ�Ŷƴƴĩƾ�ƹŹƽ�ŝƾ�ĭŶƴƴĩŹƹŵ� źŧř� ƹ�ƱŚĭźƸƯƾ�ƿĭŶƴƴĩ�ŢƘƳŚưƯ� Śƾ�ŸƜţ� Żřƿřźŝ� ƶƽ�ĭǀ�ƵŚ

�ŶƳŹřŵ�ƱřŹřƺų(Ball et al., 2006; Crawford et al., 2010; Matsukura et al., 2012)��źŤưƸƯ�Żřƿĭ�Ʋǀ�ƵŵřƺƳŚų�ƱŚƷŚPoaceae�ĪƀƟǀƺƽ�
ưƬƗ� ƭŚƳ� Śŝ� �ŶƴƬŝƾ� Festuca arundinacea Schreb�Schreb)�(=Schedonorus arundinaceaus �ĪƀƟ� ƹǀƺƽ�ƘţźƯƾưƬƗ� ƭŚƳ� Śŝ� �ƾ 

Lolium pratense Lamarck�Ưƾ�ŶƃŚŝ��ƤŰţǀƯ�ƱŚƄƳ�šŚƤƾ�ŗƺƫŚĪƫō�ƶĩ�ŶƷŵǀŚƷŶƽ�ŤĜěƺĭŹřǀĪƀƟ�Źŵ�Ʋǀƺƽ�ŚƟƹŶƳř�Ǝſƺţ� �ŶƴƬŝƿ�Ţ
Epichloe coenophiala� �ƫƺţǀƯ�Ŷƾ�ŵŵźĭ ƴĤưƷ�ƹǀ�ƶƫŚſŶƴģ�ŹřŵƹŚģ�ƞƬƗ�Ʋ(Lolium perenne)� �ƫŵ�ƶŝǀŚƟƹŶƳř�ġŹŚƣ�ŵƺūƹ�ƪƿ�Ţ

Epichloe festuca var. lolii� �řŹřŵƽ�ŗƺƫŚĪƫōǀŚƷŶƽ�ƫƺƫǀƫƺƫ� �ƭźŤǀě� ƹ� ƲǀƯřźǀƯ� Ʋƾ�� ŶƃŚŝ(Crawford et al., 2010; Roh, 2011; 

Matsukura et al., 2012; Sabzalian et al., 2012���ř�Śŝƿř��ƩŚů�Ʋƿƣŵ�ŹƺƏ�ƶŝ�ƶĪƴǀƯřŶĩ�ƢǀŗƺƫŚĪƫō�Żř�ĨǀƇŚų�ŚƷŶǀƄĩ�ƵźƄů�Ţƾ�
�Ţſř�ƱŚƤƤŰƯ�ƶƘƫŚƐƯ�ŵŹƺƯ�ŻƺƴƷ� �ŵŹřŵ(Crawford et al., 2010; Roh, 2011; Sabzalian et al., 2012)��ƫƹřǀƃŹřżĭ�Ʋƾ��ƂƤƳ�ƶĩ

ƯǀƳŚĭŹřƹźĪǀŚƷ�Ʈƀƽ�ŚƟƹŶƳřƿƯ�ƱŚƄƳ�šřźƄů�ƩźŤƴĩ�Źŵ�řŹ�Ţƾ�ŚƟƹŶƳř�ƶŝ�ƍƺŝźƯ��ŶƷŵƿ�ŢPhomopsis oblonga�ƱƹŹŚƳ�ƱŚŤųŹŵ�Źŵ��
ƬƗǀ� Ĩſƺſ� ƶPhysocnemum brevillineum�Ưƾ�ŶƃŚŝ� �ƫƹřǀ� ƩŚſ� Źŵ� ŹŚŝ� ƲÎÖÖÎ�Bacon�ŝ� ƶĩ� ŵźĩ� ŢŝŚŧǀŚƟƹŶƳř� ƲƿŢ 

Epichloe typhina�ĭ�ƹǀƯ�ƵŚǀ�ƂƳŚŝżFestuca arundinacea�ř�ƹ�ŵŹřŵ�ŵƺūƹ�ƍŚŞţŹřƿƇŚų�Ʈſ�ġŹŚƣ�Ʋƾ�Ư�Źŵ�řŹǀƫƺţ�ƂƳŚŝżǀƯ�Ŷƾ�Ŷƴĩ 

(Porter, 1995)��ŚƟƹŶƳř�Źƺƌůƿĭ�Źŵ�ŢǀĪƀƟ�ƵŚǀƺƽ�Ư�ƹ�īźƯ�ŦƗŚŝ�ŶƴƬŝǀ�źÎÍÍ��ƶŤƃ�ƹŵ�ŶƇŹŵƽ�Rhopalosiphum padi L. �ƹ 
Schizaphis graminum (Rondani)ŵźĭƿ� Ŷ(Johnson et al., 1985)� �Ǉ� Ʋěřĥ� ŹŵƿŚƷ� Ʋƽ�ř� ŹřŵƹŚģƿƫŚŤǀŚƾƿ�ŚƟƹŶƳř� ƶŝ� ƵŵƺƫōƿŢ 

Epichloe uncinatumƘưŬţ��ƾ��ŻřN-formylloline�řźŝ�ƶĩ�ŶƳŹřŵƽ�ĭ�šřźƄůǀưſ�Źřƺų�ƵŚǀ�ŢŞƈƗƾ�Ư�ƱŚƄƳƾ�ŶƷŵ���ƶƘƫŚƐƯƽ��źŧř
ưſǀř�Ţƿƫƺƫ�ƕƺƳ�Ʋǀř�ŹřŵƹŚģ�ŢƯƹŚƤƯ�ƹ�ƲƿƫŚŤǀŚƾƿ�ŚƟƹŶƳř�ƶŝ�Ƶŵƺƫōƿřźŝ�ŹƺĩŸƯ�Ţƽ�ŸƜţƿ�ƶƽ�ţřźƄů�ƶĩ�ŵřŵ�ƱŚƄƳ�ŢƟō�Ŷƴģƾ��ƶĩ
ƹŹƽ�ř�ŹřŵƹŚģƿƫŚŤǀŚƾƿ�ŚƟƹŶƳř�ƶŝ�ƵŵƺƫōƿŸƜţ�ŢƿƴƘƯ�ƂƷŚĩ��ŶƳŵźĩ�ƶƾ�Źřŵƽ�ƳŚƯ�ƵŶƳŻ�űźƳ�Źŵƾ�ŶƴŤƃřŵ��ŚŤƳƿƯ�ƱŚƄƳ�Ūƾ��ƶĩ�ŶƷŵ
ƿŻƺţ�ĨƿŗƺƫŚĪƫō�ŹřƺưƷŚƳ�ƖǀŶƽ�ŝǀŚƷ�ŢƟŚŝ�Ʋƽ�ĭǀƷŚƾ�ţřźƄů��ŵŹřŵ�ŵƺūƹƾ�ŸƜţ�ƂĪŝō�ŶƳƹō�Żř�ƶĩƿŶƳř�Ƶŵźĩ�ƶ �ƵŶƳŻ�űźƳ�ƂƷŚĩ

ƳŚƯƾ�ŝǀźŤƄƽ�ŸƜţ�ƶŝ�ŢŞƀƳƿŝƺģ�ŶƳƹō�ƱŚĭŶƴƴĩ�ƶƾ�ŶƳŹřŵ��ƖưŬţ�N-formylloline�ĭ�ŹŵǀŚƟƹŶƳř�ƶŝ�Ƶŵƺƫō�ƵŚƿŢ�N. uncinatum��Źŵ��
ƷŶƬĭ�ƱŚƯŻƾ�Ƴǀƹ��Ţſř�ƵŶƃ�ƁŹřżĭ�ż��ř�ŹŵƿƯ�ŚƷ�īźŝ�Źŵ�ƱŚƯŻ�ƲǀŗƺƫŚĪƫō�Ʊřżǀ�ƎſƺŤƯ�ŹƺƏ�ƶŝ�ŶÎÑÍÍ�ƯǀƯ�źŝ�ƭźĭƹźĪǀƬƾ�ƫǀ�ƹ�źŤ
�ŹƹŸŝ�ŹŵÐÍÍÍ�ƯǀƯ�źŝ�ƭźĭƹźĪǀƬƾ�ƫǀ�Ţſř�Ƶŵƺŝ�źŤ(Matsukura et al., 2012)� Ư�ƶƳƺĭ�ƶſǀř�ƶƟƺƬƗ�ƱŚŝżƽ�ĪƀƟǀƺƽ�ĪƀƟ��ŶƴƬŝǀƺƽ�
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ƘţźƯƾ��źƷ�ƶĩ��ƶƫŚſŶƴģ�ŹřŵƹŚģ�ƹƿřŹřŵ�Ĩƽ�ŚƟƹŶƳřƿ�ŢEpichloe�řźŝ��ŶƴŤƀƷƽ�ƹŹ�źŧřƽ�ŚƷƹŹǇƽ�Spodoptera  frugiperda��ŵŹƺƯ
ſŹźŝƾ�ŶƴŤƟźĭ� Źřźƣ� �� ƶƐſřƹ� ƶŝ�ŢƯƹŚƤƯ� ƶĩ�Ŷƃ�ƆŴƄƯ� ŚƷƹŹǇ�ƺưƳ� ƹ�ŶƃŹ�ŽŚſř� źŝƽ�ŚƟƹŶƳřƿƬƗ�Ţǀř� ƶƿ�Źŵ� �Ƶźě�Ŝƃ�Ʋ
ĪƀƟǀƺƽ�ƘţźƯƾ�ŝǀźŤƄƿĪƀƟ� Źŵ� ƹ�Ʋǀƺƽ�ƘƋ�ŶƴƬŝǀźţ�ƞƿŵƺŝ�Ʋ(Ball et al., 2006)� �� ƶƘƫŚƐƯƽ�ŚƷ�ġŹŚƣ�šřźŧřƽ�ŚƟƹŶƳřƿ�źŝ�Ţ
ŸƜţƿ�ƶƽ�ŵŹō�ĨƄĜƃƽ�Phenococcus solani �ƺū�ƶŤƃ�ƹ� �Sipha maydisƹŹ� �ƽ�ĪƀƟǀƺƽ�ĪƀƟ�ƹ� �ŶƴƬŝǀƺƽ�ƘţźƯƾ�řźƃ�Źŵƿ�Ǝ

ř�ƶƳŚŴƬĭƽŵŹō�ĨƄĜƃ�ƶĩ�ŵřŵ�ƱŚƄƳ��ƽ�ƴƬĩƾ�ŚƷƽ�ŚƟƹŶƳř�ŶƣŚƟƿƴƬĩ�źŝ�řŹ�Ţƾ�ŚƷƽ�řŹřŵƽ�ŚƟƹŶƳřƿūźţ�ŢǀƯ�Ůƾ�Ƴ�ƹ��ŶƷŵǀ�ƶŤƃ�ż
ŚƷƽ�ƹŹ��ƵŶƃ�ŚƷŹ�ƺūƽ�ĭǀŹřŵ�ƱŚƷŚřƽ�ŚƟƹŶƳřƿě�ŹřźƤŤſř�ŶƴŤƀƳřƺŤƳ�Ţǀĭ�ƹ�Ŷƴƴĩ�řŶǀŚƟƹŶƳř�ŶƣŚƟ�ƱŚƷŚƿƫŵ�ƶŝ�ŢǀŻ�šŹŚƀų�ƪƿ�ƶŤƃ�ŵŚ

ŝ� Żř� ŚƷǀ� ŶƴŤƟŹ� Ʋ.(Sabzalian et al., 2004)�Əƾ�� ƶƘƫŚƐƯƽ�ĭ� źŧřǀřŹřŵ� ƹ� ŶƣŚƟ� ŹřŵƹŚģ� ƞƬƗ� ƱŚƷŚƽ�ŚƟƹŶƳřƿƲſ� źŝ� Ţ 

Blissus leucopterusř�šŹŚƀų�ƶĩ�ŵřŵ�ƱŚƄƳ� �ƿƘưū�Ʈĩřźţ�ƹ�Ʋſ�Ʋǀ� Śŝ�Ʊō�ŢřżƟřƿŚƟƹŶƳř�ŢŞƀƳ�Ƃƿĭ�Źŵ�ŢǀƐų�ŹƺƏ�ƶŝ� �ƵŚƾ�
Ư�ƂƷŚĩƾ�ƿŶŝŚ��ŚƷ�ƵŹƺěƽ�ƹŹ�ƶĩ�Ʋſƽ�ŚƷ�ƶţƺŝƽ�řŹřŵƽ�ÎÍÍ�ŚƟƹŶƳř�ŶƇŹŵƿŚƸƳō�ƶŝ�ŢŞƀƳ�ŶƳŵƺŝ�Ţƾƿ�ƹŹ�ƶĩƽ�ŚƷ�ƶţƺŝƽ�řŹřŵƽ�

ÒÍ�ƿŚƟƹŶƳř�ŶƇŹŵ�źƠƇ�Śƿŝ��ŶƳŵƺŝ�Ţǀźſ�ƹ�źŤƄƿŚŤƳ��ŶƳŵźĩ�šźūŚƸƯ�źţ�ƖƿƯ�ƱŚƄƳ�Ūƾ�ĩźţ�ƶĩ�ŶƷŵǀĭ�Źŵ�ŵƺūƺƯ�šŚŞǀ�ƵŚřŹřŵƽ�
ŚƟƹŶƳřƿƯ��Ţƾ�ř�šŹŚƀų�ŶƳřƺţƿƘưū�Ʈĩřźţ�ƹ�Ʋſ�Ʋǀ�ŶƷŵ�ƂƷŚĩ�řŹ�Ʊō�Ţ(Richmond & Shetlar, 2000) �ŚƯŻō�ƭŚŬƳř�ŚŝƿŚƷ�Ƃƽ�
ŝŚŴŤƳřƾ�řźŝƽ�ŻŹřƿŝŚƾ�ŚƟƹŶƳř�šřźŧřƿ�Ţsp.� Neotyphodium�ƹŹƽ�ĭǀ�ƞƬƗ�ƱřŹřƺŴƷŚFestuca subverticillata��Źŵ�ƶĩ�Ŷƃ�ƆŴƄƯ
ŚƯŻōƿŸƜţ�šŚƄƿř�ƶƽ�ġŹŚƣ�Źƺƌů��ŚƟƹŶƳřƿūźţ�ŢǀƯ�ŮǀƳŚŝżƾ�ŚƷ�ƶƳƺĭƽ�ŚƯŻō�šřźƄůƿƜţ� řŹ�ƵŶƃ�ƂǀǀƯ�źƾ�ŶƷŵ���ƹ�ŹřŶƤƯ�ƶŤŞƫř

ūźţ�ŢƸūǀƯ�ŮǀƳŚŝżƾ�ŝǀŢſř�šƹŚƠŤƯ� ŚƷ� ƶƳƺĭ�Ʋ� �ŚŤƳƿĩŚů�Ūƾ�ř� ŻřƿŚƃ� ƶĩ�Ţſř�ƲƿĮŤƀƾ�żưƷƿŤƀƾ�ŚƟƹŶƳřƿřźŝ�Ţƽ�ĭǀ�ƱŚƷŚ
ƯǀƯŻ�ƶŝ�ƶŤƀŝřƹ�ƱŚŝżǀ�ƶƴƽ�ĩźţǀƘƋƺƯ�šŚŞƾ�ĭǀř�ƵźƄů�ƱřŹřƺŴƷŚƽ��ŵƺŝ�ŶƷřƺų(Afkhami & Rudgers, 2009)��ūźţǀƯ�ŮǀƳŚŝżƾ�Ưƾ�

�Ʋſ�ƹ�ƶƳƺĭ�ƶŝ�ŶƳřƺţƿĩźţ�ƹ�ƵźƄů�ĨǀŗƺƫŚĪƫō�šŚŞǀŶƽ�ĭǀƵŚ�ĭ�ƙƺƬŝ�ƹ�ġŹŚƣǀĮŤƀŝ�ƵŚƾ��ŶƃŚŝ�ƶŤƃřŵ(Afkhami & Rudgers, 2009; 

Stewart, 2013)� �ŚƟƹŶƳř�ġŹŚƣ�šřźŧřƿ�ŢAcremonium alternatum Gams�ŸƜţ�ƹ�ƺưƳ�ƹ�ŶƃŹ�źŝƿ�ƶƽ�Ƅě�ƶƳřƹźě�ƹŹǇſŚưƫř�Ţƾ�
Plutella xylostella L. �řźƃ�ŹŵƿŚƯŻō�ƎƿƷŚĮƄƾ�ƹŹƽ�ŚƸĭźŝƽ�ĭǀŶƃ�ƶƘƫŚƐƯ�ƮƬĩ�ƵŚ���ƶưƷƽ�ŚƯŻōƿř�Żř�ƪŞƣ�ŚƷ�ƂƿŚƟƹŶƳř�ƶĪƴƿ�ƶŝ�Ţ

ŚƷ�Ţưƀƣƽ�ĭ�żŞſǀřźŝŚƴŝ� �ŢƟźĭ�šŹƺƇ��Ŷſźŝ�ƵŚƿ�ŹřƺŴĭźŝ�ƲP. xylostella�ƤŤƀƯ�ŽŚưţ�ŹŵǀŚƟƹŶƳř�Śŝ�ƮƿŵƺŞƳ�Ţ���ř�Śŝƿ��ƩŚů�Ʋ
ŚƷƹŹǇƽ�ŸƜţƿƵŶƴƴĩ�ƶ�ƹŹƽ�ŚƸĭźŝƾƿ�řŹřŵ�ƶĩƽ�ŚƟƹŶƳřƿƯ�ƹ�īźƯ��ŶƳř�Ƶŵƺŝ�ŢǀŻ�źƿŵŚƽ��Źŵ�ƅƺƈų�ƶŝÎÍ�ŶƴŤƃřŵ�ŶƃŹ�Ʃƹř�ŻƹŹ��

ŚƷ�šƹŚƠţƽ�ƀƴūƾ�Źƹ�ƵźƸŝ�ƱŚƯŶƳřŹ�Źŵƽ�řŸƛ�ŵřƺƯƾƿ�Ţƃřŵ�ŵƺūƹ��ſŚưƫř�ŢƄě�ƶƳřƹźě�ƵŵŚƯ�ũŚŤƳƾ�ſŚƀů�Śŝǀŝ�ŢǀźŤƄƽ��ŢŞƀƳ
ĭŵƺƫō�ƶŝ��ŚƷźƳ�ƶŝƾ�ŚƟƹŶƳř�ƶŝ�ƮƬĩƿƷŚĩ�ƹ�ŶƳŵřŵ�ƱŚƄƳ�Ƃƴĩřƹ��ŢřŸƛ�ƱŚƯŶƳřŹ�Ƃƽ�řżƟř�Śŝ�řŹ�ƵŶƃ�ƵŵŹƺųƿ�ŲſŚě��ƝźƈƯ�űźƳ�Ƃ

ŶƳŵřŵ��ƳŚĪƯǀŚƷ�Ʈƀƽ�Ɯţ�Śŝ�ƶƐŝřŹ�Źŵ�źŧřǀǀƫƺŝŚŤƯ�šřźǀŚƟ�Ʈƀƿĭ�ƩƹźŤſƺŤǀƷŚƾ�Ư�ƎŞţźƯƾ�ř�ƶĩ�ŶƴƃŚŝƿŚƟ�ƲƿƯ�ƩƹźŤſƺŤƾ��ƪƯŚƗ�ŶƳřƺţ
ƹŹǇ�ŶƃŹ�ƂƷŚĩƽ�ƹŹƽ�ĭǀřŹřŵ�ƮƬĩ�ƱŚƷŚƽ�ŚƟƹŶƳřƿō�śŚƀů�ƶŝ�ŢƿŶ� �ŚŤƳƿř�ŪƿŚƯŻō�ƲƿƯ�ƱŚƄƳ� ŚƷ�Ƃƾ�ƛ� ŹƺƏ� ƶŝ� ƶĩ�ŶƷŵǀ�ź

ƇŚƈŤųřƾŚƷ�ġŹŚƣ��ƽ�ŚƟƹŶƳřƿƳ�ŵřżĩŚų�ŢǀŤů�żƾ�ƳŚƯŻƾ�ĭ�Śŝ�ƱŚƃ�ƍŚŞţŹř�ƶĩǀƯ�ƵŚǀƘƋ�ƱŚŝżǀƯ��Ţſř�ƞƾ��ƺưƳ�ƹ�ŶƃŹ�źŝ�ŶƴƳřƺţ
ĭǀŵŹřŸĮŝ� źŧř� ƱřŹřƺŴƷŚ(Raps & Vidal, 1998) � �Əƾ�� ƶƘƫŚƐƯƽ�ĭ� źŧřǀĪƀƟ� ƵŚǀƺƽ�ƹŚů� ŶƴƬŝƽ�ŚƟƹŶƳřƿƱŚƯŵŚě� źŝ� Ţ 

Lepidocyrtus cinereus�ř�ŵřŶƘţ�ƶĩ�Ŷƃ�ƵŶƷŚƄƯƿŚƸĩŚų�Źŵ�ƵźƄů�Ʋƽ�řŹřŵƽ�ĭǀŚƟƹŶƳř�ŶƣŚƟ�ƵŚƿřŹřŵ�ƶŝ�ŢŞƀƳ�Ţƽ�ŚƟƹŶƳřƿŝ�Ţǀ�źŤƄ
ŵƺŝ� �ŚƷ�ƱŚƯŵŚě�źĭřƽ�� ƵŵřƺƳŚųSminthuridae�ŚƷ�ŢƟŚŝ�Żřƽ�ĭǀƷŚƾ�ƹŚůƽ�ŗƺƫŚĪƫōǀ�ŚƸƳō�ƱŵŹƺų�Żř� ŚƷźĭŹŚĪƃ� �Ŷƴƴĩ�ƝźƈƯ� ŚƷŶ

Ư�śŚƴŤūřƾ��Ŷƴƴĩƿř�ƱŵŹƺų�źŧř�Źŵ�ŚƿƯ�ŚƷ�ƱŚƯŵŚě�Ʋƾ�ƯǀŶƳź��řƿŚŤƳ�ƲƿƯ�ƱŚƄƳ�Ūƾ�ŗƺƫŚĪƫō�ƶĩ�ŶƷŵǀ�ƵźƄů�ƱŶŝ�ŵŹřƹ�ƶŤƀƳřƺţ�ŚƷŶ
ŸƜţƿŵƺƄŝ�ƵŶƴƴĩ�ƶ��ƴģ�ƮƷǀƫƺţ�ƶĩ�Ŷƃ�ƵŶƷŚƄƯ�Ʋǀ�ƱŚƯŵŚě�ƮŴţ�ŶFolsomia candida�ŸƜţ�ƭŚĮƴƷƿŚƷ�īźŝ�Żř�ƶƽ�řŹřŵƽ�ŚƷ�ŢƔƬƛƽ�
ǇŚŝƽ�ƫƺƫǀ�ƂƷŚĩ� �Ʋƿ�ŢƟŚ(Bernard et al., 1997)��ưſ�šřźŧřƾ�ŚƟƹŶƳřƿ�ƮƷ� �šřźƄů�źŝ� ŚƷ�Ţƀŝ�Źŵ�ƱƺƴĩřǀŹŚƽ�ŚƷŹƺƄĩ�Żřƽ�

�Ţſř�ƶŤƟźĭ�Źřźƣ�ƶūƺţ�ŵŹƺƯ�ƱŚƸū(Shiba et al., 2011)��ƯŻ�Źŵ�ƵŵźŤƀĭ�šŚƘƫŚƐƯ�ŵƺūƹ�ŚŝǀŚƷ�ġŹŚƣ�ƂƤƳ�ƶƴƽ�ŚƟƹŶƳřƿ�ƖƟŵ�Źŵ�Ţ
ŧŚţ� �šŚƟōǀŚƤŝ�źƿŚƽ�ĭǀƷŚƾ�ƹŚůƽ�ŚƟƹŶƳřƿƗřŹŻ�śƹŚƴţ�Źŵ�Ţƾ�ŧŚţ�ƱŚĪƯř�ƹǀŚƤŝ�źƿĭ�šŚƟō�źŝ� Śǀ�ƆŴƄƯ�Ʊō�Źŵ� ƵŶƃ�ŢƄĩ�ƱŚƷŚ
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ƳǀŢƀ��Źŵ�řƿƤŰţ�ƲǀŧŚţ�ƢǀŚƤŝ�Żř�ƵŵŚƠŤſř�źƿŚƽ�ĭǀƷŚƾ�ƹŚůƽ�ŚƟƹŶƳř�ġŹŚƣƿƬƗ�ŢǀţƺŞĪƴƗ�ŹŚţ�ƶƴĩ�ƚƫŚŝ�ƶƬůźƯ�ƶƾ�ŧŚţ�ƹǀŚƤŝ�źƿƹŹ�Śƽ�
ĭǀƯ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƱŚŬƯŵŚŝ�ƵŚƾ�ĭǀŵź���

 
ŚƷ�ƁƹŹ�ƹ�ŵřƺƯ��

ř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ�ƁŹƹźěƽ��řƿƹŹ�ŢƟō�Ʋƽ�ŚƸĭźŝƽ�ĭǀŝƺƫ�ƵŚǀģ�ŚǀŤƾPhaseolus vulgaris L. ��ƹ�ƁŹƹźěŚƯŻō�ŵŹƺƯƿ�Źřźƣ�Ƃ
ŢƟźĭ��řźŝƽ�ŝƺƫ�ŢƄĩǀŚƷŹŸŝ��Śƽ�ƳŻ�ƶƳřƺū�Żř�žě�ƱōƾŚƸƳřŶƬĭ�Źŵ��ƽ�ŶƳŶƃ�ŢƄĩ�ŌŚƄƳ�šŹƺƇ�ƶŝ�ƶƏƺŝźƯ���ƶƳŚŴƬĭ�Żř�ŚƷ�ƶƴĩ

ƽ�Ʒ�ŢƄĩǀƳƺěƹŹŶǀŤƘƴƇ�ƵŚĮƄƳřŵ�Ĩƾ�Źƹō�Ɩưū��ƱŚƸƠƇřƽ�ŚſŚƴƃ�Żř�žě�ƹ�ƵŶƃƾƿ�ƹŹƽ�ŚƸĭźŝƽ�ŝƺƫǀřźƃ�Źŵ�Śƿř�ƶƳŚŴƬĭ�Ǝƽ��ƹ
�ŚŝÎÓ�ŚƴƃƹŹ�ŢƗŚſƾƿ��ƹÕ�ŹŚţ�ŢƗŚſƿĪƾ�ŶƳŶƃ�Ƶŵřŵ�ƁŹƹźě����

Źƹō� Ɩưūƽ�ŚƷ� ƶƳƺưƳ� Ʊŵźĩ�ĨƄų� ƹƽ�ĭǀƷŚƾ� �ĭǀĪƀƟ� ƱŚƷŚǀƺƽ�� ŶƴƬŝFestuca arundinacea�ƶƫŚſŶƴģ� ŹřŵƹŚģ�ƞƬƗ� ƹ 

Lolium perenne�ƹŚůƽ�ŚƟƹŶƳř�ŶƣŚƟ�ƹƿ�Ţ�ŚƤŝ�ƕƺƳ�ŹŚƸģƿŚ�ƹŹ�ƶƬůźƯ�Źŵ��ƿƄƾ�Źƹō�Ɩưū�ƱŚŤƀƯŻ�Źŵ�ƱŚƃƽ�ŶƳŶƃ��ĭǀ�Źŵ�ƱŚƷŚ
ŚſƿŚƯŵ�Źŵ�ƹ�ƶƽ��šŶƯ�ƶŝ�ơŚţřƿƫř�Ĩƾ�ŶƳŶƃ�ĨƄų�ƶŤƠƷ�ƹŵ��ŚƟƹŶƳř�ġŹŚƣ�ŵƺūƹ�šŚŞŧř�ŢƸūƿĭ�Źŵ�ŢǀƯō�ĬƳŹ�Żř�ƱŚƷŚǀżƽ�

Ư�ƵŶƷŚƄƯ�ƹ�ƩŚĮƴŝŻŹ�ĬƳŹ�Śŝ�īźŝ�ƝǈƛǀěƺĪſƹźĪƾ�Ŷƃ�ƵŵŚƠŤſř���
ŚƤŝ�ƱŵƹżƟřƿĭ�ŢƃŚĩ�ƹ�ħŚų�ƶŝ�ŚǀƵŚ��řŻř�ƶŝƽ��źƷƿƯŻ�ŮƐſ�ƖŝźƯ�źŤƯ�ĨǀŢƃŚĩ�Ʋ�ÑÒÍ��źƷ�Żř�ƭźĭƿŚƤŝ�ƕƺƳ�ŹŚƸģ�Żř�ĨƿŚƽ�

ĭǀƷŚƾ�Ŷƃ�ƶƟŚƋř�ƵŶƃ�ĨƄų��ƿŚƤŝ�Ʊŵźĩ�ƶƟŚƋř�Żř�žě�ƵŚƯ�ĨƿŚƷŚƄƳ�šźĩ�źƷ�Źŵ��ħŚų�ƶŝ�Śƽ���ƱŚŬƯŵŚŝSolanum melongena�
ŵźĭ�ŢƄĩƿŶ��ŚƤŝ�ŵƺūƹ�ƱƹŶŝ�ŶƷŚƃ�šźĩƿƳ�ŚǀŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ż��žě Żř ƹŵ ƵŚƯ Żř ƱŵƹżƟř ŚƤŝƿŚ ƶŝ �ħŚų ŚƤŝƿŚƽ ĭǀƳŚƷŚƾ�ƶĩ Əƾ 

ƶƬůźƯ ŶƃŹ ƹŹƿƄƾ ƱŚŤƀŝŚţ Ɩưū Źƹōƽ ƹ ĨƄų ƵŶƃ �ŶƳŵƺŝ ƶŝ ŹřŶƤƯ �ÎÍÍ�ƭźĭ ƶŝ źƷ šźĩ ƶƟŚƋř ƵŶƃ ƹ Źŵ Śěƽ źƷ ƶţƺŝ Śŝ 

ƵŵŚƠŤſř Żř ŝǀƶĤƬ Śŝ ħŚų ŶƳŶƃ�ƍƺƬŴƯ���
Ư�ƹ�īźƯǀř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ�źƽ���ƹ�ŢƠƷ� �ƱŚƯŻ�ƹŵ�ŹŵÎÍ�Żř�žě�ƶŤƠƷ�ŚƯŻō� �ŢƃŚĩƿŚƷ�Ƃƽ�Ư�ƹ�īźƯ�ƂŬƴſǀ�ƶƴĩ�ź

ř�ƶĪƫƹŵƽ�ŢƟźĭ�ƭŚŬƳř��ƿƘŝźƯ�ƶƘƐƣ�Ĩƾ��ŚƷ�īźŝ�Żř�ƪĪƃ�Ö�ŤƳŚſƾ�ƖŝźƯ�źŤƯ�ƫŚů�Źŵ��ǀƹŹ�ŮƐſ�ƶĪƾƿ���ŵƺŝ�ǇŚŝ�Ţưſ�ƶŝ�īźŝ
ƹŹƽ�ƿƟŚƇ�ŸƛŚĩ�Ĩƾ���źƐƣ� ŚŝÖ�ŤƳŚſƾ�źŤƯ��ƪųřŵ� �ƿźŤě�Ĩƽ�Ŷƃ�Ƶŵřŵ�Źřźƣ�źƐƣ�ƱŚưƷ�Śŝ� �ƃŚůǀŚƷ�ƶƽ�ŵƿĭźŝ�Ĩƀƾ��ŢƸū

ĭƺƬūǀźƽ�ţŚƘƐƣ�Śŝ�ŚƷ�ƶƴĩ�ŹřźƟ�Żřƾ�ŸƛŚĩ�ƩŚưŤſŵ�Żřƽ�ŶƳŶƃ�ƵŶƳŚƃƺě��řźŝƽ�ĭƺƬūǀźƽ��īźŝ�ƱŶƃ�ĨƄų�Żřƿ�ƩŚưŤſŵ�ƶƘƐƣ�Ĩ
Ż� ŹŵƿƟŚƇ�ŸƛŚĩ� źƾ�ŶƳŶƃ�śƺƏźƯ� źƐƤƯ�śō� Śŝ� ƹ�Ŷƃ�ƶŤƃřŸĭ� �řźŝƽ�Ư�ƂŬƴſǀƯ� ƹ�īźƯ�Ʊřżǀ� �źÎÍ�ƿ� ŚÎÒ��Śŝ�ƚƫŚŝ� ƶƴĩ�ŵŶƗ

�Żř�ƵŵŚƠŤſřƿƺưƬƣ�Ĩƽ�ƹŹ�ħŻŚƳƽ�ŵ�źƷƿĭźŝ�Ĩƀƾ�ŶƳŶƃ�Ƶŵřŵ�Źřźƣ� �źŤěƽ�ŵƿřźƃ�Źŵ�ŚƷ�ƂƿŚƯŵ�Ǝƾƿ��řŵƹŶůÏÒ�ŤƳŚſ�ƶūŹŵƾ�
ŞƀƳ�ŢŝƺƏŹ�ƹ�ŵřźĭƾ�ÑÍ��ŚţÒÍ�Źřŵ�ƶĮƳ�ŶƇŹŵƽ�ŶƳŶƃ���Żř�žěÏÑ�Ư�ƹ�īźƯ�ŵřŶƘţ�ŢƗŚſǀ�ŶƇŹŵ�ŹřŵƺưƳ�ƹ�ƶŞſŚŰƯ�ŚƷ�ƶƴĩ�ź

ŵźĭ�ƮſŹ�šŚƠƬţƿŶ��Ư�ƹ�īźƯǀřźŝ�ŹřźĪţ�ƶſ�Źŵ�źƽ�ţ�źƷǀĭ�ƵŻřŶƳř�ŹŚưǀźƽ�ŚƯŻō�źƷ�ƹ�Ŷƃƿŵźĭ�řźūř�ŢŝƺƳ�ƶſ�ƂƿŶ���
ſŹźŝƾ�ŚƤŝ�źŧřƿŚƽ�ĭ�ƹŵǀĪƀƟ�ƵŚǀƺƽ�ƹ�źŝ�ŹřŵƹŚģ�ƞƬƗ�ƹ�ŶƴƬŝƿĭĦƾ�ŚƷƽ�ĭǀƵŚ�ƱŚŬƯŵŚŝ��ƹƿĭĦƾ�ŚƷƽ�ƳŚŞƛŚŝƾ�ĥƺƫƺƟźƯ�ƹƿĭ�Ĩǀ�ƵŚ

ř�ƵŹƹŵ�šŹƺƇ�ƶŝ�ƱŚŬƯŵŚŝƽ�ŵźĭ�ŢŞŧ�ƹ�ƵŶƷŚƄƯƿŶ��ƇƺƈųǀŻř�ŶƳŵƺŝ�šŹŚŞƗ�ƵŶƃ�ŢŞŧ�šŚ��Ư�ƱŻƹǀīźŝ�ƵŻřŶƳř�ƹ�ŵřŶƘţ� �Ƶƺ��
Ư�ƱŻƹǀƹŻřźţ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷ�Ƶƺƽ�ŵƿŬǀŶƃ�ƶŤƟźĭ�ƵŻřŶƳř�ƭźĭ�ƭŹřżƷ�Ţƣŵ�Śŝ�ƩŚŤ��řźŝƽ�ĩ�Żř�ŚƷ�īźŝ�ƉźƗ�ƹ�ƩƺƏ�ŢŞŧƯ�ŸƛŚǀƬƾ�

źŤƯƽ�ŵźĭ�ƵŵŚƠŤſřƿŶ����
ŚƤƯƿƯ�ƶƀǀĮƳŚǀźƏ�Żř�ŚƷ�Ʋƿ�ƱƺƯŻō�ƢLSD��ƩŚưŤůř�ŮƐſ�Źŵ�ƹÒ�ŢƟźĭ�ƭŚŬƳř�ŶƇŹŵ���
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ŚŤƳƿ�Ū��
ƯǀƯ�ƹ�īźƯ�Ʊřżǀř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ�źƽ��ŚƯŻō�ƭŚŬƳř�Żř�žěƿƯ�ŚƷ�ƂǀŶƃ�ƶŞſŚŰƯ�ŚƷ�ƶƴĩ�šŚƠƬţ�Ʊřż��ŚŤƳƿ�Źŵ�ƵŶƯō�Ţſŵ�ƶŝ�Ū

�ƕƺưŬƯ�źſ�ƹŵ� źƷƽ�ŚƯŻōƿƂ� �Ư�ƱŚƄƳƾ�ŝ� ƶĩ�ŶƷŵǀźŤƄƿƯ�ƲǀƯ� ƹ�īźƯ�Ʊřżǀţźţ� ƶŝ� źǀţ� Źŵ�ŜǀŚƷŹŚưƽ�ĪƀƟǀƺƽ�ƹŚů�ŶƴƬŝƽ�
ŚƟƹŶƳřƿ�Śŝ�ŢÖÕ�ÑÐ�ƹŚů�ƶƫŚſŶƴģ�ŹřŵƹŚģ��ŶƇŹŵƽ�ŚƟƹŶƳřƿ�Śŝ�ŢÑÕ�ÐÓ�ĪƀƟ�ƹ�ŶƇŹŵǀƺƽ�ŚƟƹŶƳř�ŶƣŚƟ�ŶƴƬŝƿ�Śŝ�ŢÔÐ�ÎÑ��ŶƇŹŵ

Ţſř�Ƶŵřŵ�űŹ��Ư�ƹ�īźƯǀŚƟƹŶƳř�ŶƣŚƟ�ŹřŵƹŚģ�Źŵ�ƵŶƃ�ƵŶƷŚƄƯ�źƿƳ�ŶƷŚƃ�ƹ�Ţǀ�żÎÒ�Õ��ƹÖÔ�Ð�ŵƺŝ�ŶƇŹŵ��ŚƯŻō�ŹŵƿŚƷ�Ƃƽ��ŢƠƷ
Ƴ�ŢƃŚĩ�Żř�žě�ƶŤƠƷǀŝ�żǀźŤƄƿƯ�ƲǀƯ�ƹ�īźƯ�Ʊřżǀţźţ�ƶŝ�źǀŚƷŶƇŹŵ�Śŝ�źĩŸƫř�ơƺƟ�Ŝƽ�Ò�ÑÐ��ÑÎ�ÐÔ��ƹÓÔ�ÎÎ��ƹ�Ŷƃ�ƵŶƷŚƄƯ
ŚƷ�ƶƴĩ�šŚƠƬţ�ŶƇŹŵƽ�řźŝ�ƚƫŚŝƽ�ŚƟƹŶƳř�ŶƣŚƟ�ƶƫŚſŶƴģ�ŹřŵƹŚģƿţźţ�ƶŝ�ŶƷŚƃ�ƹ�Ţǀ�ŜÑ�Ô��ƹÔ�Ò�ŵźĭ�ƵŶƷŚƄƯ�ŶƇŹŵƿ�Ŷ�ƪĪƃÎ���

ŚƷŶƇŹŵƽ�ŚƯŻō�šŚƠƬţƿŚƷ�Ƃƽ�ÎÍ�ř�ƶŝ�ŢƃŚĩ�Żř�žě�ƶŤƠƷƿţźţ�Ʋǀŵƺŝ�Ŝ����ÑÔ�ÑÑ�řźŝƽ�ĪƀƟǀƺƽ�ƹŚů�ŶƴƬŝƽ�ŚƟƹŶƳřƿ� �Ţ��
ÒÔ�ÐÒ�řźŝƽ�ƹŚů�ƶƫŚſŶƴģ�ŹřŵƹŚģƽ�ŚƟƹŶƳřƿ��Ţ��Õ�ÎÔ�řźŝƽ�ĪƀƟǀƺƽ�ŚƟƹŶƳř�ŶƣŚƟ�ŶƴƬŝƿ��Ţ��Ö�Õ�řźŝƽ��ŶƣŚƟ�ƶƫŚſŶƴģ�ŹřŵƹŚģ

ŚƟƹŶƳřƿ�ƹ�Ţ��Ï�Ï�řźŝƽ��ŶƷŚƃ��ƪĪƃÏ����
ŚƤŝ� źŧřƿŚƽ�ĭ�ƹŵǀĪƀƟ�ƵŚǀƺƽ�ƹ�źŝ� ŹřŵƹŚģ�ƞƬƗ�ƹ�ŶƴƬŝƿĭĦƾ�ŚƷƽ�ĭǀƱŚŬƯŵŚŝ� ƵŚ��ŚŤƳƿř� Żř� ƵŶƯō�Ţſŵ� ƶŝ�Ūƿ�Źŵ�šřŶƷŚƄƯ�Ʋ

�ƩƹŶūÎ�ŝ�ƶĩ�ŵřŵ�ƱŚƄƳǀźŤƄƿƯ�ƱŻƹ� �īźŝ�ƉźƗ� �īźŝ�ƩƺƏ� �īźŝ�ŵřŶƘţ�Ʋǀĭ�ƶŝ�ƍƺŝźƯ�ƶƣŚſ�ƩƺƏ�ƹ� Ƶƺǀţ�ƱŚƷŚǀ�Śŝ� ƵŶƃ�ŹŚư
ŚƤŝƿŚƽ�ŚƟƹŶƳř�ŶƣŚƟ�ƶƫŚſŶƴģ�ŹřŵƹŚģƿƯ�Ţƾ�ưƷ�ƶŝ��ŶƃŚŝǀţ�Ʋţźǀŝ�Źŵ�Ŝǀţ�ƲǀźŤưĩ��ŚƷŹŚưƿƯ�ƲǀĮƳŚǀƳ�ŚƷ�Ʋǀ�Ʊŵźĩ�ƶƟŚƋř�ƶŝ�ƍƺŝźƯ�ż

ĪƀƟǀƺƽ�ƹŚů�ŶƴƬŝƽ�ŚƟƹŶƳřƿŢſř�Ţ���
 

ŦŰŝ��
ř�ŹŵƿŚƤŝ�ƶĩ�Ŷƃ�ƆŴƄƯ�ƂƷƹĦě�ƲƿŚƽ�ƹŚůƽ�ŚƟƹŶƳřƿ�ƶƳƺĭ�ƹŵ�Ţƽ�ĭǀƷŚƾ��ƵŵřƺƳŚų�ŻřPoaceae řŹřŵ��ƽ�ưſǀſ�ŢǀưŤƀǀ�Ĩ

ƬƗǀř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ�ƶƽ�ŶƴŤƀƷ��ŚƤŝƿŚƽ�řŹřŵƽ�żưƷ�ġŹŚƣƿŢƀ��ŵƹŶů�Żƹźŝ�ŦƗŚŝÑÑ�Ư�ƹ�īźƯ�ŶƇŹŵǀŚƷ�ƶƴĩ�Źŵ�źƽ�ŸƜţƿ�ƶ
ƹŹ� ƵŶƴƴĩƽ�ĭǀţ� ƱŚŬƯŵŚŝ� ƱŚƷŚǀŶƃ� ŚƸƳō� Śŝ� ƵŶƃ� ŹŚư� �řƿƯ� ƱŚƄƳ� ƶƘƫŚƐƯ�Ʋƾ�řżƯ� Żř� ƶĩ�ŶƷŵƿŚƽ�ŚƤŝƿŚƽ�ƹŚůƽ�ŚƟƹŶƳřƿ�ƂƷŚĩ� �Ţ

ŸƜţ�Żř�ƪƇŚů�šŹŚƀųƿř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ�ƶƽ�řżƟř�ƹƿƯ�ƹ�īźƯ�Ƃǀř�źƿƬě�ƹ�śźŴƯ�ŢƟō�Ʋƾ�Ţſř�ĥŚƟ��żưƷ�Źƺƌůƿ�Źŵ�ŚƷ�Ţƀ
ĭǀƯ�ƱŚƷŚǀƯ�ƱŚŝżƾ��ŶƳřƺţƿŤƳ�źŝ�źŧƺƯ�ƮƸƯ�ƪƯŚƗ�Ĩǀ�ƶŬƽ�ĭ�šǈƯŚƘţǀƵŚ��ŶƃŚŝ� ƵźƄů(Afkhami & Rudgers, 2009)� �żưƷƿŤƀƾ�

ŚƟƹŶƳř� ġŹŚƣƿřżƯ� ŢƿŚƾƿ�řźŝƽ�ĭǀƯ� ƵŚǀŚŤƳ� ƹ� ŵŹřŵ� ƱŚŝżƿŚƯŻō� ŪƿƹŹ� ƵŶƃ� ƭŚŬƳř� šŚƄƽ�ĭǀřŹřŵ� ƵŚƽ�ŚƟƹŶƳřƿƬƗ� Ţǀ�ƵźƄů� ƹŵ� ƶ
Spodoptera frugiperda��ƹRhopalosiphum padi�ř�ƶĩ�ŵřŵ�ƱŚƄƳƿƇŚų�ġŹŚƣ�ƲǀĭŶƳŹřŵŻŚŝ�Ţƾ�ŸƜţ�ŻřƿŸƜţ�ƱŚŰūŹ�ƭŶƗ�ƹ�ƶƿř�ƶƽ�

řźŝ�řŹƽ�řƿ�ŵŹřŵ�ŢƟō�ƹŵ�Ʋ(Saikkonen et al., 1998; Afkhami et al., 2009)��ưŴƟřƾ�ŝ�ƱřŹŚĪưƷ�ƹǀŚƟƹŶƳř�šřźŧř�ƶĩ�ŶƳŵźĩ�ƱŚƿ�ƶŝ�Ţ
Ż�ŹřŶƤƯƿŵŚƽ�ƺƷ�ƶŝƿĭ�Ţǀ�ŹřƺŴƷŚƿĮŤƀŝ�ŢƟō�Śƾ�ŚŤƳ�ƹ�ŵŹřŵƿřźŝ�ƵŶƃ�ƪƇŚů�Ūƽ�ŚƷ�ƶƳƺĭƽ�ř�ƵźƄů�ƞƬŤŴƯƽ��ƹ�Ţſř�šƹŚƠŤƯ

ĭǀţƹŚƠŤƯ� ƪưŰţ� Ţſř� ƲĪưƯ� ƱřŹřƺŴƷŚƾ�� ƶŝƿƃ� ƵŶƳŹřŵŻŚŝ� ƪƯŚƗ� ĨǀưǀŚƾƿ�ƫƺţǀŚƟƹŶƳř� Ǝſƺţ� ƵŶƃ� ŶƿŶƴƃŚŝ� ƶŤƃřŵ� Ţ� �
(Afkhami et al., 2009)� �ĭŶƳŹřŵ�ŻŚŝƾ�ŚƟƹŶƳř�ƶĩƿřźŝ�Ţƽ�ƫƺţ�ƶŝ�ŜƬƛř� �ŵŹřŵ�šřźƄůǀŗƺƫŚĪƫō�Ŷǀě�ŶǀƯřźǀƯ� Ƶŵřŵ�ŢŞƀƳ�Ʋƾ��ŵƺƃ

(Clay & Schardl, 2002; Schardl et al., 2007)� (2001) �& Leuchtmann�Brem�ěǀĩźţ�ƶĩ�ŶƳŵźĩ�ŵŚƸƴƄǀƫƺţ�ƶŤųŚƴƃŚƳ�Ŝǀ�ƵŶƃ�Ŷ
ŵƿźĮƽ�ŚƟƹŶƳř�Ǝſƺţƿ�Ţ�ŗƺƫŚĪƫō�źŝ�ƵƹǈƗǀŚƷŶƽ�ƇŚų�ŚŝǀƄĩ�ƵźƄů�Ţƾ�ĭ�ŢƯƹŚƤƯ�ŜŞſ��ǀĭ�ƱŶƃŹƹŵ�ƹ�šŚƟō�ƶŝ�ƵŚǀ�ŹřƺŴƷŚ
Ưƾ�ŵƺƃ��ŚƯŻōƿƺƇ�ƂƹŹ�ƶŤƟźĭ�šŹƽ�L. perenne�żưƷ�ƭŚĮƴƷ�ƶĩ�ŵřŵ�ƱŚƄƳƿŤƀƾ�ŚƟƹŶƳř�ŚŝƿƏ�Ţǀſƹ�ƞǀƘƾ�Ɯţ�Żřǀǀƃ�šřźǀưǀŚƾƿ�

ĭ� ŹŵǀƯ� ơŚƠţř� ƵŚƾ�� ŶŤƟř(Rasmussen et al., 2008)�(1989) �Chelick & Clay�ěƾ�ŚƟƹŶƳř� Źƺƌů� ƶģźĭř� ƶĩ� ŶƳŵźŝƿŹŵ� Ţ� �
Festuca subverticillata�ƹŹƽ�ƳŚƯ�ƵŶƳŻƾ�S. frugiperda�źŧřƽ�ƫƹ��ŵŹřŶƳƾ�ƹŹǇ�ƭźūƽ�Ơƃ�ƹǀĭźƾ�ţ�šřźƄů�ƶŝ�ŢŞƀƳ�řŹǀ�ƵŶƃ�ŹŚư

ĭ� ŚŝǀŚƟƹŶƳř� ŶƣŚƟ� ƱŚƷŚƿƯ�ƂƷŚĩ�Ţƾ�ŶƷŵ� �ŚƟƹŶƳřƿŸƜţ� Żř�Ţƿ�šŹŚƀų�ƹ� ƶS. fugiperda�ĭ� ƹŵ� Źŵǀ�ƹ� ƶƫŚſŶƴģ� ŹřŵƹŚģ�ƞƬƗ� ƵŚ
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ĪƀƟǀƺƽ�ĭƺƬū�ŶƴƬŝǀźƽ�Ưƾ��Ŷƴĩ(Ball et al., 2006)��Bultman et al. (2006)�ŚƟƹŶƳř�ƶĩ�ŶƳŵřŵ�ƱŚƄƳƿĪƀƟ�Źŵ�ŚƷ�Ţǀƺƽ��Żř�ŶƴƬŝ
ūźţǀƯ�ŮǀƳŚŝżƾ�ĭƺƬū�ƶŤƃǀźƽ�Ưƾ�Ŷƴƴĩ� �Kerri et al. (2010)�ŚƯŻō� ŚŝƿƹŹ�Ƃƽ�ĪƀƟ�ƹ�ƶƫŚſ�Ŷƴģ�ŹřŵƹŚģ�ƞƬƗǀƺƽ��ŹŚƸƓř�ŶƴƬŝ

�ƪƣřŶů�Źƺƌů�ƶĩ�ŶƴŤƃřŵƿżưƷ�ĨƿŚƟƹŶƳř�Ţƀƿř�Źŵ�Ţƿĭ�ƲǀřŸƛ�ƱŚŰūŹ��ƱŚƷŚƾƿ�řźŝ�řŹ�ŵźĪƬưƗ�ƹƽ��ƵźƄů�ƶſS. frugiperda��
Schitocerca Americana��ƹR. padi�ĭ�ƶŝ�ŢŞƀƳǀŚƟƹŶƳř�ŶƣŚƟ�ƱŚƷŚƿƯ�ƂƷŚĩ�Ţƾ�ř�ƹ��ŶƷŵƿĭŶƴƄĩ�źŧř�Śŝ�Ʋƾ�ŚƤŝ�Żř�ƶĩƿŚƽ�řƿ�ƹŵ�Ʋ

ĭ�ƶƳƺĭǀŢƃřŵ�ŢƤŝŚƐƯ��Ŷƃ�ƵŶƷŚƄƯ�ƵŚ��ĭ�ŹŵǀĪƀƟ�ƵŚǀƺƽ�ƹŚů�ŶƴƬŝƽ�ŚƟƹŶƳřƿƫřƹƺĭŹř��Ţǀŝ�ƲǀźŤƄƿĩźţ�ƲǀŤěƺĭŹř�Ŝǀƴƾ��ƶĩ�ŢƀƷ
ƫƺţǀƯ�Ŷƾ�ƫ�ƹ�ŵƺƃǀĥźƀƿſř�ĨǀƯōŶǀƯ�Ŷƾ�ƫřƹƺĭŹř�ŢƔƬƛ�ƱŚưƷ�ƶŝ�ŶƳřƺţǀř�Źŵ�Ʋƿĭ�Ʋǀ�ƵŚƿŵƺƃ�ŢƟŚ��ŗƺƫŚĪƫō�Ɩƣřƹ�ŹŵǀŚƷŶƽ��šƺĭŹř

Ŷƴģ�ƪƯŚƃƿĩźţ�ƲǀƯ� ƶĩ� ŶƴŤƀƷ�ƞƬŤŴƯ�Ŝƾ�ŚƷ� Ƶƹźĭ� Źŵ� ŶƴƳřƺţƽ�ŗƺƫŚĪƫōǀŚƷŶƽ�Śě� �šƺĭŹřƿźƽ�ŵƿƫƺƫ� �ƩŚƳƹŻŚǀě� �ƲǀƯřźǀ�ƹ�Ʋ
ŤĜěƺĭŹřǀĮŝ� Źřźƣ� ƲǀŶƳź� �ƫřƹƺĭŹřǀƯŚţƺĭŹř� �ƲǀƺƳƺĭŹř� ƹ� ƲƿŚƷ� ƩŚŨƯ� Ʋƾƿ�řźŝƽ�ŤĜěƺĭŹřǀƇŚų� ƶĩ� ŶƴŤƀƷ� ŚƷ� Ʋǀưſ�Ţƾ��ŶƳŹřŵ

(Stewart, 2013)��Əƾ��ƶƘƫŚƐƯƽ�ĭ�źŧřǀř�ŹřŵƹŚģ�ƵŚƿƫŚŤǀŚƾƿ�Lolium multiflorum (Poaceae, subfamily: Pooideae)��ƹŚůƽ�ŚƟƹŶƳřƿ�Ţ
ĭźŝ�Ʋſ�źŝƾ��ŪƳźŝTrigonotylus caelestialium (Hem. Miridae)�ŚƷ�ƞƬƗ�ƶĩ�Ŷƃ�ƵŶƷŚƄƯ��ƽ��ƶŝ�ƵŵƺƫōEpichloe��ƵŶƳŹřŵŻŚŝ�šřźŧř

ưſ�ƹƾ�ƹŹƽ�ŸƜţƿƳŚƯ�ƵŶƳŻ�ƹ�ƶƾ�řƿŶƳŹřŵ�Ʋſ�Ʋ��řƿƴƘƯ�ŹƺƏ�ƶŝ�ŚƷ�Ʋſ�Ʋƾ�Źřŵƽ�ĭǀŚƟƹŶƳř�ŶƣŚƟ�ƱŚƷŚƿūźţ�řŹ�ŢǀŶƳŵřŵ�Ů��ř�Źŵƿ�Ʋ
ƫŵ�ƶŝ�šřŶƷŚƄƯ�ŢƬƗ�ƶƘƫŚƐƯǀƫƺţ�ƪǀŗƺƫŚĪƫō�Ŷǀ�ŶN-formylloline�ŚƟƹŶƳř�Ǝſƺţƿ�Ţſř� ƵŶƃ�Ƶŵřŵ�ŢŞƀƳ�Ţ(Shiba et al., 2011)��

ſ�ƩŚƤŤƳřǀƀǀưŤǀŗƺƫŚĪƫō�ĨǀŚƷŶƽ�ĭǀƷŚƾ�ŚƤŝ�ŻřƿŚƽ�ĭǀĭ�ƶŝ�ƱŚƷŚǀŵ�ƵŚƿſŹ�šŚŞŧř�ƶŝ�ǈŞƣ��źĮǀƩŚŨƯ�ŹƺƏ�ƶŝ��Ţſř�ƵŶ�Selmar et al. 

(2015)�Ƴ�ƩŚƤŤƳřǀţƺĪǀĭ�ƪųřŵ�ƶŝ�ħŚų�Żř�ƲǀřźŝŚƴŝ��ŶƳŵźĩ�šŚŞŧř�řŹ�ƵŚƿŗƺƫŚĪƫō�ŵŹƺƯŹŵ�ƲǀŚƷŶƽ�żŬţ�Żř�ƪƇŚůƿ�ƶƽ�ŚƤŝƿŚƽ�ĭǀ�ƱŚƷŚ
řŹřŵƽ�ŚƟƹŶƳřƿƶŝ� ŚƸƳō�ƩŚƤŤƳř� ƱŚĪƯř� �Ţ�ĭǀƯ� ƵŚƾ�ŶƃŚŝ� ƶŤƃřŵ� ŵƺūƹ�ŶƳřƺţ��� ƶƘſƺţƽ�ƯƺƫƺŝŚŤƯǀŶū�Źřżŝř� ŚƷ�ĨƿŶƽ�řźŝƽ��ƞƄĩ

ƫƺŝŚŤƯǀŚƷ�Ţƽ�Ŷūƿƃ�ŹŚŤųŚſ�Śŝ�ŶǀưǀŚƾƿ�ŶūƿŢſř�Ƶŵźĩ�ƮƷřźƟ��Ŷ��ř�ŵźŝŹŚĩ�ŚŝƿŚƷ�ƁƹŹ�Ʋƽ�Ŷūƿƃ�ƕŚƟŵ��ŶǀưǀŚƾƿ�ŚƟƹŶƳřƿŢ�ŚƷƽ�
Neotyphodium (Epichloe)�ŝǀě�Żř�źŤƄǀƯ�ƲƃƹŹ�Ƃƾ��ŵƺƃ(Lane et al. 2015)��řźŝ�ŚƯƽ�řƿř�ƵŶƯō�Ţſŵ�ƶŝ�šřŶƷŚƄƯ�ƲƿƋźƟ�Ʋǀ�ƶ

ŝ� řŹǀƯ�ƱŚƾ�ƴĩǀĭ��ƶĩ�ƮǀřŹřŵ�ƱŚƷŚƽ�żưƷ�ġŹŚƣƿŚƟƹŶƳř�ŢƀƿƹŚů��Ţƽ�ŵŚƤƯƿźƽ�ŗƺƫŚĪƫōǀŚƷŶƽ�ƫƺţ�śō�Źŵ�ƩƺƬŰƯǀ�Ǝſƺţ�ƵŶƃ�Ŷ
řƿŶƴŤƀƷ�ġŹŚƣ�Ʋ��ſƺě�źŧř�ŹŵǀĭŶƾ�ŚƤŝƿŚƽ�ĭǀƷŚƾ�ř�ħŚų�ŹŵƿŗƺƫŚĪƫō�Ʋǀŝō�śō�Śŝ�ƵřźưƷ�ƹ�ŵřŻō�ŚƷŶǀŹŚƽ�ĭ�ŵŹřƹǀŵŚŝ�ƵŚ�ƵŶƃ�ƱŚŬƯ

ř�ƖưŬţ��ŶƳřƿŗƺƫŚĪƫō�ƲǀƯ�ƹ�īźƯ�Żƹźŝ�ŢƬƗ�īźŝ�ŢƟŚŝ�Źŵ�ŚƷŶǀƯ�ŚƷ�ƶƴĩ�Źŵ�źƾ�ŶƃŚŝ��ĭ�ŹřŶƤƯǀŻƺſ�ƵŚƽ�ŵƿ�ƶŝ�ŵŹřŵ�ƱŚĪƯř�ƵŶƃ�ƵŶ
ƫŵǀƯ�Ʊŵƺŝ�ǇŚŝ�ƪǀŚƤŝ�ƱřżƿŚƽ�ŶƃŚŝ�ħŚų�Śŝ�ƵŶƃ�ƍƺƬŴƯ��řźŝƽ�ƇƺţǀŚƷ�ƶƽ�ŵźŝŹŚĩƽ�ƳǀŚƯŻō�ƶŝ�ŻŚƿŚƷ�Ƃƽ�źţ�ƪƯŚĩƽƹ�ƶŝ��ƿ�Źŵ�ƵĦ

řźƃƿř�ƶƗŹżƯ�Ǝƽ�ŵŹřŵ�ŵƺūƹ���

 

�ƪĪƃÎ��ŚƤŝ�źŧřƿŚƽ�ĪƀƟǀƺƽ��ŶƴƬŝ�F� ��ŹřŵƹŚģ�ƹ�L� �ƹŚůƽ������ŶƣŚƟ�ƹ����ŚƟƹŶƳř�ġŹŚƣƿ�Ţ(Epichloe coenophiala)�ƹŹƽ�
Ư�ƹ�īźƯ�ŶƇŹŵǀƜƫŚŝ�źǀř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ�Ʋƽ�ŢƃŚĩ�Żř�žě�ƶŤƠƷ�ŢƠƷ��ƯǀĮƳŚǀŚƷ�Ʋƾƿ��ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�šƹŚƠŤƯ�Ɲƹźů�Śŝ�ƶĩ

řŹřŵ�ŶƳřƽ�ƴƘƯ�ƝǈŤųřƾ��Źřŵ��ÑÒ�ÓLSD =��Ưƾ�ŶƴƃŚŝ���
Fig. 1. Effect of the plant residues of tall fescue (F) and ryegrass (L) infected (+) and non-infected (-) by the fungal 
endophyte (Epichloe coenophiala) on the mortality of Tetranychus urticae adults, seven weeks after planting. 
Column means having the same letter above, are not significantly different at p<0.05 (LSD=6.45).  �  
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�ƪĪƃÏ��ŚƤŝ�źŧřƿŚƽ�ĪƀƟǀƺƽ��ŶƴƬŝ�F� ��ŹřŵƹŚģ�ƹ�L� �ƹŚůƽ������ŶƣŚƟ�ƹ����ŚƟƹŶƳř�ġŹŚƣƿ�Ţ(Epichloe coenophiala)�ƹŹƽ�

Ư�ƹ�īźƯ�ŶƇŹŵǀƜƫŚŝ�źǀř�ƶĪƫ�ƹŵ�ƲţŹŚţ�ƶƴĩ�Ʋƽ�ÎÍ�ŢƃŚĩ�Żř�žě�ƶŤƠƷ��ƯǀĮƳŚǀŚƷ�Ʋƾƿ��ŶƳř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�šƹŚƠŤƯ�Ɲƹźů�Śŝ�ƶĩ
řŹřŵƽ�ƴƘƯ�ƝǈŤųřƾ��Źřŵ�Õ�ÑLSD =��Ưƾ�ŶƴƃŚŝ����

Fig. 2. Effect of the plant residues of tall fescue (F) and ryegrass (L) infected (+) and non-infected (-) by the fungal 
endophyte (Epichloe coenophiala) on the mortality of Tetranychus urticae adults, 10 weeks after planting. 
Column means having the same letter above, are not significantly different at p<0.05 (LSD=4.8). �  

 
 

�ƩƹŶūÎ��ŧŚţǀŚƤŝ�źƿŚƽ�ĭǀƷŚƾ�ĪƀƟǀƺƽ�ƹŚů�ƶƫŚſŶƴģ�ŹřŵƹŚģ�ƹ�ŶƴƬŝƽ������ŶƣŚƟ�ƹ����ŚƟƹŶƳř�ġŹŚƣƿƯ�źŝ�ŢǀĮƳŚǀƇƺƈų�Ʋǀ�šŚ
ƳŚŞƛŚŝƾ�ƱŚŬƯŵŚŝ��Ư��ƱƺŤſ�źƷ�ŹŵǀĮƳŚǀŚƷ�Ʋƾƿ�řŹřŵ��ŶƳř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�šƹŚƠŤƯ�Ɲƹźů�Śŝ�ƶĩƽ�ƴƘƯ�ƝǈŤųřƾ�Ư�Źřŵƾ�ŶƴƃŚŝ���

Table 1. Effect of the plant residues of tall fescue and ryegrass, infected (+) and non-infected (-) by the fungal endophyte 
(Epichloe coenophiala), on the eggplant characteristics. �  
In each column, means followed by the same letter are not significantly different at p<0.05.   
 

leaf Length leaf Width  stem Length  No. of leaves Fruit weight Endophyte 
status Residual type 

16.26 + 0.34 bc 9.67 + 0.16 bc 78�83 + 3.01 c 92.75 + 5.36� c 45.59 + 3.26 c � Fescue 

17.51 + 0.83 b 10.53 + 0.72 ab 89.58 + 3.09 ab 111.75 + 6.2 ab 86.88 + 12.11 ab �� Fescue 

15.34 + 0.4 c 9�06 + 0.1� c 81.33 + 2.42 bc 102.75 + 4.33 bc 70.46 + 7.31 bc � Lolium 

19.64 + 0.95 a 11.2 + 0.38 a 93 + 3.74 a 122.75 + 7.8 a 108.77 + 15.65 a �� Lolium 

11.7 + 0.4 d 6�59 + 0.37 d 57.5 + 2.77 d 69.17 + 8.19 d 98.67 + 6.31 ab � Control 

2.11 1.29 9.56 18.65 34.8 � LSD 

��

�ƖŝŚƴƯ��
Afkhami, M. E. & Rudgers, J. A.  (2009) Endophyte-mediated resistance to herbivores depends on herbivore identity in the 

wild grass Festuca subverticillata. Environmental Entomology 38, 1086-1095.  
Attia, S., Grissa, K. L.,  Lognay, G., Bitume, E., Hance, T. & Mailleux, A. C.  (2013) A review of the major biological 

approaches to control the worldwide pest Tetranychus urticae (Acari: Tetranychidae) with special reference to natural 

pesticides. Journal of  Pest Science 86, 361-386. 
Ball, O. J. P., Coudron, T. A., Tapper, B. A.,  Davies, E.,  Trently, D.,  Bush, L. P., Gwinn K. D. & Popay, A. J. (2006) 

Importance of host plant species, Neotyphodium endophyte isolate, and alkaloids on feeding by Spodoptera 

frugiperda (Lepidoptera: Noctuidae) larvae. Journal of Economic Entomology  99, 1462-1473. 

Archive of SID

www.SID.ir

http://www.sid.ir


Ʋǀŝ�ƵźĮƴƧ�Ʋǀƫƹř�ƵźƄů�ƾƬƬưƫř��Ʊřźƿř�ƾſŚƴƃ�î�ì�ŹƺƿźƸƃ�ÎÐîé� �ÕÍ��

��

80 1st Iranian International Congress of Entomology, 29�31 August 2015 

 

Bernard, E. C., Gwinn, K. D., Pless, C. D., & Williver, C. D.  (1997) Soil invertebrate species diversity and abundance in 

endophyte-infected tall fescue pastures. PP. 125-135. in Bacon, C. W.  & Hill, N. S. (Eds) Neotyphodium/Grass 

interactions. Plenum Press. 

Brem, D. & Leuchtmann, A. (2001) Epichloe Grass Endophytes Increase Herbivore Resistance in the Woodland Grass 

Brachypodium sylvaticum. Oecologia 126, 522-530.  

Cavalcanti, S. C. H., dos, E., Niculau, S., Blank, A. F., Camara, C. A. G., Araujo I. N. & Alves, P. B. (2010) 

Composition and acaricidal activity of Lippia sidoides essential oil against two-spotted spider mite (Tetranychus 

urticae Koch). Bioresource Technology 101, 829�832. 

Cheplick, G. & Clay, K. (1989) Acquired Chemical Defences in Grasses: The Role of Fungal Endophytes. Oikos 52, 309-318.  

Crawford, K. M., Land, J. M. & Rudgers, J. A. (2010) Fungal endophytes of native grasses decrease insect herbivore 

preference and performance. Oecologia 164, 431�444. 

Johnson, M. C., Dahlman, D. L., Siegel, M. R., Bush, L. P., Latch, G. C. M., Potter, D. A. & Varney, D. R. (1985) 

Insect feeding deterrents in endophyte-infected tall Fescue. Applied and Environmental Microbiology 49, 568-571. 

Kim, D. I., Park, J. D., Kim, S. G., Kuk, H., Jang, M. S. & Kim, S. S. (2005) Screening of some crude plant extracts for 

their acaricidal and insecticidal efficacies. Journal of Asia-Pacific Entomology 8, 93 -100. 

Lane, G. A., Cao, M., Johnson, L. J., Koulman, A., Popay, A. J., Rasmussen, S. & Tapper, B. A.  (2015) Anti-herbivore 

factors of grass endophytes: new prospects from metabolomics. New Zealand Grassland Association 7, 307-312. 

Matsukura, K., Shiba, T., Sasaki, T. & Matsumura, M. (2012) Enhanced resistance to four species of Clypeorrhynchan 

pests in Neotyphodium uncinatum infected Italian ryegrass. Journal of Economic Entomology 105, 129-134. 

Mozaffari, F., Abbasipour, H., Garjan, A. S., Saboori, A. R. & Mahmoudvand, M. (2012) Various effects of ethanolic 

extract of Mentha pulegium on the two-spotted spider mite, Tetranychus urticae (Tetranychidae). Archives of 

Phytopathology and Plant Protection 14, 1-9. 

Porter, J. K. (1995) Analysis of endophyte toxins: Fescue and other grasses toxic to livestock. Journal of Animal Science 73, 

871-880. 

Raps, A. & Vidal, S. (1998) Indirect effects of an unspecialized endophytic fungus on specialized plant � herbivorous insect 

interactions. Oecologia 114, 541-547. 

Richmond, D. S. & Shetlar, D. J. (2000) Hairy Chinch bug (Hemiptera: Lygaeidae) damage, population density, and 

movement in relation to the incidence of perennial ryegrass infected by Neotyphodium endophytes. Journal of 

Economic Entomology  93, 1167-1172. 

Roh, H. S., Lim, E. G., Kim, J. & Park, C. G. (2011) Acaricidal and oviposition dettering effects of santalol identified in 

sandalwood oil against two-spotted spider mite Tetranychus urticae Koch (Acari: Tetranychidae). Journal of  Pest 

Science 84, 495-501. 

Rasmussen, S., Parsons, A. J., Fraser, K., Xue, H. & J. A. Newman Metabolic Profiles of Lolium perenne Are 

Differentially Affected by Nitrogen Supply, Carbohydrate Content, and Fungal Endophyte Infection. Plant 

Physiology 146, 1440-1453. 

Sabzalian, M. R., Hatami, B. & Mirlohi, A. (2004) Mealybug, Phenococcus solani, and barley aphid, Sipha maydis, 

response to endophyte-infected tall and meadow fescues. Entomologia experimentalis et applicata 113, 205�209. 

Sabzalian, M. R., Mirlohi, A. & Sharifnabi, B. (2012) Reaction to powdery mildew fungus, Blumeria graminis in 

endophyte-infected and endophyte-free tall and meadow fescues. Australasian Plant Pathology 41, 565�572. 

Selmar, D., Engelhardt, U., Hansel, S., Thrane, C., Nowak, M. & Kleinwachter, M. (2015) Nicotine uptake by 

peppermint plants as a possible source of nicotine in plant-derived products. Agronomy for Sustainable Development 

35, 1185-1190. 

Archive of SID

www.SID.ir

http://www.sid.ir


Ʋǀŝ�ƵźĮƴƧ�Ʋǀƫƹř�ƵźƄů�ƾƬƬưƫř��Ʊřźƿř�ƾſŚƴƃ�î�ì�ŹƺƿźƸƃ�ÎÐîé� �ÕÎ��

��

81 1st Iranian International Congress of Entomology, 29�31 August 2015 

 

Shiba, T., Sugawara, K. & Arakawa, A. (2011) Evaluating the fungal endophyte Neotyphodium occultans for resistance to 

the rice leaf bug, Trigonotylus caelestialium, in Italian ryegrass, Lolium multiflorum. Entomologia experimentalis et 

applicata 141, 45�51. 

Stewart, A. N. (2013) Steer Performance and Forage Productivity from Tall Fescue Pastures Grazed at Two Stocking Rates, 

Masters Thesis, The University of Tennessee, Knoxville.   

� � 

Archive of SID

www.SID.ir

http://www.sid.ir

