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ƵŶǀƨģ��
ƮƿżƳō�ŚƷŻŚŘţƹźě�ƶŝ�šřźƄů�ŜƬƛř�ƁŹřƺĭ�ƵŚĮŤſŵ�Źŵ�ƵŶưƗ�ƾƃŹřƺĭ�ƽŚƷ�ƾƯ�ŹŚưƃ�ƿōƴƶƠǀƓƹ�ƶƧ�Ŷ�ƽ��ƶƴǀƯō�ƽŚƷŶǀſř�ƲǀƯŐţ

ŶƃŹ�ƽřźŝ�ƾƿřŸƛ�ƖŝŚƴƯ�Żř�ƽĥźƳř�ƹ�ƺưƳ�ƹ�ƶŝ�řŹ�ƵźƄů�ŶƳŹřŵ�ƵŶƸƗ��Řţƹźě�ŢǀƫŚƘƟƫƺǀƵŹŚƈƗ�ƪƧ�ƦǀŤ�ƽ�ƵŵƹŹ�ƽ��ƾƳŚºǀƯ���ƭźºƧ�ƹŹǇ
ƵŻƺƛ�ƽ�ƶŞƴě��Helicoverpa armigera (Hübner)��ƁŹƹźě��ƾƗƺƴƈƯ�ƾƿřŸƛ�ƮƿĥŹ�ƽƹŹ�ƶŤƟŚƿƶǀƸţ�Żř�ƵŶƃ���ƞºƬŤŴƯ�ƭŚƣŹř�ŹŸŝ
�ŵƺŴƳ��ƭŚƣŹřŝ��ŵřŻō��ƱŚƯŹōǀƹ�Ģƿƺǀƴ�ƮƃŚƷ��ƮƄģ�Śǀŝƺƫ�ƹ��ƾƬŞƬŝ�ŶƸƄƯ�ƮƣŹ��ŻŚƧƹŻō�ƾƴǀŘţƹźě�ƽřźŤƀŝƺſ�ƽƹŹŗ�Źŵ�ƲǀpH�Ó��Śţæç�

Ŷƃ�ƾſŹźŝ��ŚƯŻōƿƂ�ŚƷ�ƽŚƯŵ�Śŝ�ŶƃŹ�ƦƣŚţř�Źŵ�æ�t�çÒ�ƶūŹŵ�ƽ�ǀƀƬſ�ƾŞƀƳ�ŢŝƺƏŹ��ŽƺÒ�t�ÓÒ�ŶƇŹŵ�ƹ�ƵŹƹŵ�ƽ���ƽŹƺºƳæÓ�
�ƹ�ƾƿŚƴƃƹŹ�ŢƗŚſí�ŹŚţ�ŢƗŚſƿĪƾ�ŢƟźĭ�ƭŚŬƳř��ŚŤƳƿŚě�ƶĩ�ŵřŵ�ƱŚƄƳ�ŪǀƿƲ�źţƿƯ�ƲǀƫŚƘƟ�ƱřżǀżƳō�Ţƿưƾ�ŚƷƹŹǇƽ��ƴºſǀ���ƭƺºſ�Ʋ

ƮŬƴě�ƹ�ƭŹŚƸģ�ƶŝ��Śŝ�Ŝǀţźţ�ƶƿŸƜţŻř�ƭŚƣŹř�ƱŚƯŹōƴŝ��ǀƺƿ��ƱŚºƯŹō�ƹ�Ģ��ƶºŝ���Ŝºǀţźţèæ�Ñ��çÓ�Ñ�ƹ�èæ�Ñ�U/mg�����ƱřżºǀƯ�ƲƿźţǇŚºŝ�ƹ
ƾưƿżƳō�ŢǀƫŚƘƟ�Ʋƿř��ŚƷƹŹǇƶŝ�ě�Śŝ�ŜǀţźţƁŹƹź�Ʊō�ŚƷ��ƽƹŹřƣŹ�ƭŚŶƸƄƯ�ŶƸƄƯ�ƹ�ŵřŻō����ƶºŝ���ŜºǀţźţÓí�Ó��èæ�Ó�ƹ�Óì�Ó�U/mg��

ƶŝ�ŶƯō�Ţſŵ��ƶưƷ�ƽƹŹ�ƪƧ�ƦǀŤǀƫƺŘţƹźě�ŢǀƫŚƘƟ�ƽ�Żř�ƾſŹźŝ�ŵŹƺƯ�ƭŚƣŹř�pH�Ó�Śţ�æç�Ţƃřŵ�ƾƄƿřżƟř�ŶƳƹŹ��ƶŝ��ƽŹƺºƏ���ƶºƧpH�
ƶƴǀƸŝ�ƽ�ưƿżƳō�ŢǀƫŚƘƟƾ��ƴſ�ŹŵǀƽƹŹǇ�ƞƬŤŴƯ�Ʋ�ƽƹŹ�ƮƄģ�ƽŚǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř���ƾºƬŞƬŝæç��ŵƺºŝ���Ʋºƿř��ƱŚºƄƳ��ƵŶºƴƷŵ�ƽ�
Ƅǀŝǀƶƴ�ƽ�ƮƿżƳō�ŢǀƫŚƘƟ�ŻŚŘţƹźě�ƽŚƷ�ƹŹǇŚƷƽ�armigera�H.�Źŵ�pH���ƾƿŚǀƬƣ�ƾƬǀųŢſř��Źō�ƹ�ŶƸƄƯ�ƭŚƣŹř�ƶƧ�ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳ�ƱŚƯ
ƶŝ�ƱŚŝżǀƯ�Ŝǀţźţ��ƽŚƷƹŹǇ�ƽřźŝ�ŜſŚƴƯŚƳ�ƹ�ŜſŚƴƯ�ƽŚƷH. armigera�Ưƾ�ŶƴƃŚŝ���
ĥřƹƱŚĭ�ƽŶǀƬƧ��ƮƄģ�Śǀŝƺƫ��ŵƺŴƳ�ƵŻƺƛ�ƭźƧ��ƾƬŞƬŝ�ƽ���ƶŞƴěHelicoverpa armigera��ƮƿżƳō�ŻŚŘţƹźě�ƾƃŹřƺĭ�ƽŚƷ��

Abstract 
Proteases are considered as major digestive enzymes in alimentary canals of most insects, which are 

responsible for providing amino acids and energy from nutrients for insects� growth. The substrate 
azocasein was used for measuring general proteolytic activity of midgut extracts from Helicoverpa 
armigera (Hübner) larvae reared on different chickpea cultivars (Arman, Azad, Binivich and Hashem) 
and a cowpea cultivar (Mashhad) when incorporated into artificial diets at different pH values (6 to 12). 
The experiments were preformed at 25 ± 1Cº, 65 ± 5% RH and a photoperiod of 16: 8 (L: D) h. The 
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Ï                                 ŭǈƟ�ŵźŬƯ�ŵřĦƳ�ƱřŹŚƨưƷ�ƹ��ƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ŹŸŝ�źǀŧŐţ�ƾƬŞƬŝ������

results showed that the lowest general proteolytic activity of the third, fourth and fifth instar larvae was on 
Arman, Binivich and Arman (4.31, 4.26 and 4.31 U/mg, respectively), while the highest rate was in the 
larvae fed on Mashhad, Azad and Mashhad (6.68, 6.31 and 6.67 U/mg, respectively), respectively. The 
general proteolytic activity in H. armigera larvae on all examined cultivars had an increasing trend in pH 
from 6 to 12. The optimum pH value of proteolytic activity in the larvae fed on different cultivars was 12, 
suggesting the maximum proteolytic activity of H. armigera larvae at high alkaline pH. Mashhad and 
Arman cultivars were the most and the least suitable hosts for H. armigera, respectively.  
Key words: chickpea, cowpea, cotton bollworm, Helicoverpa armigera, protease digestive enzymes  
 

ƶƯŶƤƯ��
ƵŻƺƛ�ƭźƧ�ƽ�ƶŞƴě��Helicoverpa armigera (Hübner)��ƶƴƯřŵ�Śŝ�šŚƟō�Żř�ƾƨƿ�ƽ��Ɩǀſƹ�ƾƳŚŝżǀƯ

�����Ʊřźºƿř�Źŵ�ƾƛŚºŝ�ƹ�ƾºƗřŹŻ�šǇƺºƈŰƯ�ƕřƺºƳř�ƽƹŹ�(Farid,1986; Fathipour & Naseri, 2011)��ƹ
�ƱŚƸū�ƽŚƷŹƺƄƧ�Żř�ƽŹŚǀƀŝ(Reddy et al., 2004; Yu et al., 2008)��Żř�Ƃǀŝ�ƶƧ�Ţſřæíæ���ƶºƳƺĭ

ĭ�ƶŝ�ƢƬƘŤƯ�ƾƗřŹŻźǀƛ�ƹ�ƾƗřŹŻ�ƱŚŝżǀƯ�ƵŚǀÑÒ��ƵŵřƺƳŚºų�ƽ��ƾƷŚºǀĭ�ŵŹřŵ�(Manjunath et al., 1989)��
ƁŹřżĭ�ŽŚſřźŝ�Sudbrink & Grant (1995)ƱŚŝżǀƯ����ƵŻƺºƛ�ƭźƧ�ƹŹǇ�ƽŚƷ�ƽ��ƶºŞƴě��ŻřèÑ��ƶºƳƺĭ�ƽ�
�ƶŝ�ƢƬƘŤƯ�ƾƷŚǀĭææ�ƾƯ�ƵŵřƺƳŚų�ŶƃŚŝ������ƶºŝ��ŚºǀƳŵ�źºſŚţźſ�Źŵ�ƵźºƄů�Ʋƿř�����ƽŵŚºƈŤƣř�ŢºƟō�ƱřƺºƴƗ

�ǇƺºƈŰƯ��ƶºūƺĭ�źºǀƔƳ�ƾţ��ºĮƳźƟƾ�(Moral Garcia, 2006)��Śºǀŝƺƫ�ƹ�(Cajanus cajan (L.) Millsp)�
(Kumari et al., 2006)�ƶŝ�ƾƯ�ŹŚưƃ�ŵƹŹ���ƶƫŚſźƷ�ƹŹǇH. armigera����źºǀƔƳ�ƾţǇƺºƈŰƯ�Żř�ƶƿŸƜţ�Śŝ

ƶūƺĭ��šŹŷ��ƶŞƴě��ƾĮƳźƟ�ƹ�šŚŝƺŞů��������ƱřŻŹƹŚºƄƧ�ƶºŝ�řŹ�ƾºƳřźŞū�ƪºŝŚƣźǀƛ�šŹŚºƀų�šŚŬƿżŞºſ
ƾƯ�ƪǀưŰţ��ŶƴƧ(Singh & Mullick, 1997; Liu et al., 2004)������ƭźºƧ�Źŵ�ƮºƸƯ�ƾºĭĦƿƹ�ŹŚƸģ�ƲŤƃřŵ

ƵŻƺƛ�ƽ�ƶƴƯřŵ�ƪƯŚƃ��ƶŞƴě�ƽ���ƹŹŚºŝ��Żřƹźºě�ƢƿźƏ�Żř�ŵŚƿŻ�ƥźŰţ�šŹŶƣ��Ɩǀſƹ�ƾƳŚŝżǀƯŹ��ƹ�ŵŚºƿŻ�ƽ
ƵŶƳŻ�ƱŚƨƯř��ƽŹŚŞūřźǀƛ�ŻƺěŚƿŵ�ƲŤƃřŵ�ƵŚĮŤƀƿŻ�Źŵ�ƾƳŚƯ�����šřźºǀǀƜţ�Śºŝ�ƽŹŚĭŻŚºſ�ƹ�ŹřŶƿŚěźǀƛ�ƽŚƷ

�Ʋƿř�ƽřźŝ�řŹ�ƾƬƈƟƾƯ�ƮƷřźƟ�ŢƟō�ŶƴƧ�(Fitt, 1989)���
ƁƹŹ��šřźƄů�ƩźŤƴƧ�ƽřźŝ�ƽŵŶƘŤƯ�ƽŚƷŢƟō�ƁƹŹ�ƽŚƴŞƯźŝ��ƛ�ƽŚºƷǀ�ºƃźǀưǀŚƾƿ���ƂƷŚºĩ�ƹ

ŢƟō�Żř�ƵŵŚƠŤſř��Ƃĩ�ƶŝ�ŚƷ�Ţſř�ƵŶƃ�ƶŤƟźĭ�ŹŚĩ��ƩŚƘƟźǀƛ���ƁŹřƺºĭ�ƵŚĮŤſŵ�Źŵ�ƲǀŘţƹźě�ƮƌƷ�ƽŻŚſ
ƵźƸŝ�ƶŝ�źŬƴƯ�šřźƄů�źƯ�ƾŤů�ƹ�ƺưƳ�ƹ�ŶƃŹ�ƽŶƴƧ��ƾƿřŸƛ�ƖŝŚƴƯ�Żř�ƞǀƘƋ�ƽŹřŵźŝ�ƶºŝ�ī���ŢºƬƗ

ƾƯ�ƾĮƴſźĭ��ŵƺƃ(Gatehouse et al., 1999)��ƮƿżƳō�Ʋǀŝ�Źŵ�������ŵřƺºƯ�ƮºƌƷ�Źŵ�źŧŒºƯ�ƾºƃŹřƺĭ�ƽŚºƷ
ƮƿżƳō�Żř�ƾƷƹźĭ�ŚƷŻŚŘţƹźě��ƾƿřŸƛ�ƾƯ�ƪǀƨƄţ�řŹ�ŚƷ����ƵŵŹƺºų�ƾºƴǀŘţƹźě�ŵřƺºƯ�ƮƌƷ�ƶƧ�ŶƴƷŵ���ƵŶºƃ

ƶŝ�řŹ�ƵźƄů�Ǝſƺţ�ŶƳŹřŵ�ƵŶƸƗ���������ƲǀŘţƹźºě�ƮºƌƷ�ŹŚºƸƯ�Śºŝ�ƶºƴǀƯō�ƽŚƷŶǀºſř�ƮƀǀƫƺŝŚŤƯ�Źŵ�ƩǈŤųř
ººŝƶ����Ţººſř�Ƶŵƺººŝ�źººƔƳ�ŶººƯ�šřźººƄů�ƩźººŤƴƧ�Źŵ�ƵŵŚƠŤººſř�ƽřźººŝ�ƽŶººǀƬƧ�ƝŶººƷ�Ʀººƿ�ƱřƺººƴƗ� �
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������Ð 

(Hilder et al., 1992)��ŚŝƮƸƯ�Żř�ƾƨƿ�ƶƨƴƿř�ƶŝ�ƶūƺţ���ŵƺºūƺƯ�ƶƿƺƳŚŧ�ƾƿŚǀưǀƃ�šŚŞǀƧźţ�šřźŧř�Ʋƿźţ
ƮƿżƳō�ƽƹŹ�ƱŚƷŚǀĭ�Źŵ�ƾƯ�šřźƄů�ƾƃŹřƺĭ�ƽŚƷ�ŶƃŚŝ���ƾſŹźŝ�řŸƫ�ƲƿřƮƿżƳō�ƶŝ�ŚƷ���ƾºůřźƏ�ŹƺƔƴƯ

�ƢǀƣŵŵźŞƷřŹ�Ƨ�ƽŚƷƵŵŚƠŤſř�ŢƸū�Źŵ�ŜſŚƴƯ�ƾƫźŤƴ�ƽ�ŢǀƤƟƺƯ�ƵŶƴƴƧŹŚƸƯ�Żř�żǀƯō����Źŵ�ŻŚºŘţƹźě�ƽŚºƷ
ƶƯŚƳźŝ�ŢƿźƿŶƯ�ƽ��Ţſř�ƽŹƹźƋ�šŚƟō�ƾƤǀƠƬţ(Jongsma & Bolter, 1997; Michaud, 1997)���

ƂƷƹĦě�ƱƺƴĩŚţ�ŚƷƽ�ĩŶƳřƾ�ƵŹŚŝŹŵ�ƽ�ţŐŧǀƯ�źǀƱŚŝż�ŚƷƽ�ĭǀƷŚƾ�ƹŹ�ƞƬŤŴƯƽ�ƫŚƘƟǀƫƺŘţƹźě�ŢǀŤ�ºǀ�Ĩ
ƃŹřƺĭƾ�H. armigera��šŹƺƇ��ƭŚºŬƳř�šŚºƘƫŚƐƯ�ŜƬƛř�ƹ�Ţſř�ƶŤƟźĭ��ƹŹ�ƵŶºƃƽ���ƵŶºƴƴĩŹŚƸƯ�źºŧř��ŚºƷƽ�
żººƳōƿƮ�ŚººƷƽ�ººƃŹřƺĭƾ�ƹŹ�ŻŚººŘţƹźěƽ�ƫŚƘƟººǀƫƺŘţƹźě�ŢǀŤººǀººƃŹřƺĭ�Ĩƾ�H. armigera�ººƯƾ�ŶººƃŚŝ� �

(Johnston et al., 1993; Giri et al., 1998)��ƭŚŬƳř�ƂƷƹĦě�Źŵ�ƿ�Ǝſƺţ�ƶŤƟŚNaseri et al. (2010)�ƫŚƘƟ�ºǀ�Ţ
żƳōƿƮ�ŚƷƽ�ƃŹřƺĭƾ�Ǉ�ŻŚŘţƹźě�ƹŹH. armigera�ŸƜţƿƶ��ĥŹ�Śºŝ�ƵŶƃ�ºƿ�Ÿºƛ�Ʈƿřƾ��ƗƺƴºƈƯƾ���ŚºƴŞƯźŝƽ�
ŝƺƫǀŚƽ�ƮƄģ�ƬŞƬŝƾ��ƺſ�ƞƬŤŴƯ�ƭŚƣŹř�Ɲǈƛ�ƹƿſŹźŝ�Śƾ�Ŷƃ��Śŝƶūƺţ����ŢºǀƫŚƘƟ�ŵŹƺºƯ�Źŵ�ƶƨƴƿř�ƶŝ

ƮƿżƳō�ŻŚŘţƹźě�ƾƃŹřƺĭ�ƽŚƷ�H. armigera�ƽƹŹ�ŹŸŝ���ƮºƄģ�Śºǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř��ƾºƬŞƬŝ��Źŵ
ĥŹ�ŜƫŚƣƿřŸƛ�Ʈƾƿ�ƗƺƴƈƯƾ��ƱƺƴƧŚţƷƹĦěƾƄ�ƶŤƟźĮƳ�ƭŚŬƳř�Ţſř�ƶŝ�ƹ����Żř�ŢºƟō�Ʋºƿř�ŢǀưƷř�ƪǀƫŵ

ƽƹŹ�ŵŚƿŻ�ƽŵŚƈŤƣř�šŹŚƀų�ŵŚŬƿř�źƔƳ�ƞƬŤŴƯ�ƭŚƣŹř��ƮºƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ���ƾºſŹźŝ��ƾºƬŞƬŝ���ƽŚºƷ
ƭŚŬƳř�ƾƯ�ƶƴǀƯŻ�Ʋƿř�Źŵ�ƵŶƃ�Ư�ƲǀǀƘţ�Źŵ�ŶƳřƺţŒƮƿżƳō�ŢǀƫŚƘƟ�ƂƷŚƧ�Źŵ�ƮƣŹ�Ʋƿźţźŧ����ƾºƃŹřƺĭ�ƽŚºƷ

ŶƃŚŝ�ƵŵŚƠŤſř�ƪŝŚƣ�ƹ�ŶǀƠƯ���
��

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
ƹźě�ƾƷŚĮƄƿŚƯŻō�ƁŹH. armigera��ƽƹŹƾƗƺƴƈƯ�ƽřŸƛ��

��ŵƺºŴƳ�ƞºƬŤŴƯ�ƭŚƣŹř�ŹŸŝ��Cicer arietinum L.����ƭŚºƣŹř��ƮºƃŚƷ��ŵřŻō��ƱŚºƯŹō��ƹŝǀƴ�ºǀƺƿĢ��Żř�
ƶƀſŒƯ�ƽ��Ʈƿŵ�ƽŻŹƹŚƄƧ�šŚƤǀƤŰţ�ŵƹŹōźſ���ƵŚƄƳŚƯźƧƹ�ƮƄģ�Śǀŝƺƫ�ŹŸŝ��ƾƬŞƬŝ�Vinga sinensis L.�

�ŶƸƄƯ�ƮƣŹ���Żř�ƲǀƯřŹƹ�šŚƤǀƤŰţ�żƧźƯƸţǀŶƃ�ƶ���ƮŴţ���ƽƹŹǇ�ƞºƬŤŴƯ�Ʋǀƴºſ�ƹH. armigera��Żř
�ƵŚĮƄƿŚƯŻō�ƵƹźĭƵźƄů��ƾſŚƴƃŻŹƹŚƄĩƽ�Ƹţ�ŽŹŶƯ�Ţǀŝźţ�ƵŚĮƄƳřŵǀ��ƶºŝ�ƹ�ƶ��ƁŹƹźºě�ƦºƣŚţř���Śºŝ

ƽŚƯŵ�æ�t�çÒ�ƶūŹŵ�ƽ�ǀƀƬſ��ƾŞºƀƳ�ŢŝƺƏŹ��ŽƺÒ�t�ÓÒ��ŶºƇŹŵ�ƹ�ƵŹƹŵ�ƽ���ƽŹƺºƳæÓ���ŢƗŚºſ
�ƹ�ƾƿŚƴƃƹŹí�ŹŚţ�ŢƗŚſƿĪƾ�Ŷƃ�ƪƤŤƴƯ���
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Ñ                                 ŭǈƟ�ŵźŬƯ�ŵřĦƳ�ƱřŹŚƨưƷ�ƹ��ƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ŹŸŝ�źǀŧŐţ�ƾƬŞƬŝ������

ƾƗƺƴƈƯ�ƽřŸƛ�ƽƹŹ�ƵźƄů�ƾƴƬĩ�ƁŹƹźě�ƶǀƸţ�ƃ�����Śºǀŝƺƫ�ƹ�ŵƺºŴƳ�ƞºƬŤŴƯ�ƭŚºƣŹř�ŹŸŝ�Śŝ�ƵŶ
ƮƄģ�ƾƬŞƬŝ�ơƺƟ�ƵŹŚƃǇř��ƭřŶĩ�źƷ�ççå�ƭźĭ��ƹ��ƫƹř�ŵřƺºƯ�ºǀ��ƪƯŚºƃ�ƶ���ŹŚºĭō�ŹŵƺºěæÑ��ƭźºĭ����Ŷǀºſř
ŝŹƺſǀ�Ĩæ�æ�ƭźĭ���ŶǀſřŝŹƺĪſōǀĨ�Ò�è�ƭźĭ��ŤƯǀƪ�ƷřŹŚěǀƀĩƹŹŶƾ��šřƹżƴŝç�ç�ƭźĭ����źºưŴƯèÒ�
ƭźĭ��ƶƳřƺū�Źŵƺě�ƽ�ƭŶƴĭ�èå�ƭźĭ��ŗŶƫŚƯźƟǀ�Ŷèì���ŶºƇŹŵÒ�ç�Ưǀ�ºƬƾ�ƫǀ�źºŤ����ƱřŵźĮŝŚºŤƟō�ƲºƛƹŹ�Ò�
ƯǀƬƾ�ƫǀźŤ��ƹ�źƐƤƯ�śōÓÒÍ�ƯǀƬƾ�ƫǀźŤ�(Twine, 1971)�ŢƟźĭ�šŹƺƇ���

��
�ƹŹǇ�ŮƿźƄţH. armigera�ũřźŴŤſř�ƹ�ƵŹŚƈƗ�ƽ�ōƾưƿżƳ��

ƶƿŸƜţ�Żř�žě�ƽ��ŚºƴŞƯźŝ�ƾƗƺƴƈƯ�ƾƿřŸƛ�ƮƿĥŹ�Żř�ŢƟō�ƽŚƷƹŹǇƽ�����ƹ�ŵƺºŴƳ�ƞºƬŤŴƯ�ƭŚºƣŹř
ƮƄģ�Śǀŝƺƫ�ƹŹǇ��ƾƬŞƬŝŚƷƽ�ƴſǀ�ƮŬƴě�ƹ�ƭŹŚƸģ��ƭƺſ�ƲçÑ�ƶŤƗŚſ��ƾŝ�Ųƿ�ƽƹŹ��žºů����Źŵ�ƹ�ƵŶºƃ

���Ŷºƃ�ŮƿźºƄţ�ęƺƨºſƹźƨǀƯƺƿźŤſř�źƿŻŶƳ��ƵŵƹŹ�ƽ��ƾƳŚºǀƯ��ŚºƷƹŹǇ�����źƿŚºſ�Żř�ƽŻŚºſřŶū�Żř�žºě
Ţưƀƣ�źƐƤƯ�śō�Żř�ƾƴǀƘƯ�ƮŬů�Źŵ��ŚƷ�ŵźſ�ęƺǀţƹźƨǀƯ�Źŵ���ƽŚºƷÒ�æ��ƾºƬǀƯ��ºŤǀƫźƽ��Ɩºưū��ƽŹƹō

Ŷƃ��ƵŵƹŹ�žĜſ�ƽ�ƾƳŚǀƯ�ŚƷƹŹǇ�ŹżƿŚƳĥƺưƷ�Ʀƿ�Żř�ƵŵŚƠŤſř�Śŝ��ƾŤºſŵ���ƲºĮưƷ�Ųºƿ�ƽƹŹ���ºƃ�ƹ�ƵŶ
ƍƺƬŴƯ��ƽŚƯŵ�Źŵ�ƪƇŚů�ƲĮưƷ�ƽŚƷÑ�ƶūŹŵ�ƽ�ŢƗźſ�Źŵ�ŽƺǀƀƬſ� × gæÓååå��ƶºŝ���šŶºƯæå�

ŶƳŶƃ�ĥƺǀƠƿźŤƳŚſ�ƶƤǀƣŵ��ƲǀƄƳƹŹ�ƶŝ�ƪƇŚů�ƽŚƷ�ƺŘţƹźě�ŢǀƫŚƘƟ�ƂŬƴſ�ŹƺƔƴƯƫƦǀŤǀ�ƪƧ���ƵŚĮŤºſŵ
�ŶƴŤƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ŢƟō�ƹŹǇ�ƁŹřƺĭ(Hosseininaveh et al., 2007)���

��
ŢǀƫŚƘƟ�ƲǀǀƘţ��ŘţƹźěƦǀŤǀƫƺ�ƾƗƺƴƈƯ�ƽřŸƛ�ƽƹŹ�ƪƧ��

ƂƿŚƯŻō�ƽřźŝ�ƶŤƿŶǀſř�ƲǀǀƘţ�ƶŝ�ƍƺŝźƯ�ƽŚƷ�ƽ�ŢǀƫŚƘƟ�ƽřźŝ�ŜſŚƴƯ��ŘţƹźěƪƧ�ƦǀŤǀƫƺ��źƟŚŝ�Żř
šŚƠƀƟ���ƮƿŶſ�šřŹƺŝÒå�ƾƬǀƯ��ŹǇƺƯ��ŚŝƶŤƿŶǀſř��ƽŚƷÓ��Śţæç��Ŷƃ�ƵŵŚƠŤſř��ƺſƀŝ�ƾƴǀŘţƹźě�ƽřźŤ

�Řţƹźě�ŢºǀƫŚƘƟ�ƂŬƴſ�ƽřźŝ�ƲǀŗŻŚƧƹŻō�ƦºǀŤǀƫƺ���ƵŹŚºƈƗ�ƪºƧ�ƽ�ƵŵƹŹ�ƽ��ƹŹǇ�ƾƳŚºǀƯ�ŚºƷƽ��ƴºſǀ�Ʋ
ƞƬŤŴƯ�H. armigera�ƶŤƿŶǀſř�Źŵ��ƞƬŤŴƯ�ƽŚƷ��ƶŤƿŶǀſřÓ��Śţæç����ƪºƇřƺƟ�ŚºŝÒ�å��Ŷºůřƹ���ŵŹƺºƯ�

��ŢºƟźĭ�Źřźºƣ�ƵŵŚƠŤſř�(Elpidina et al., 2001)������ƪƯŚºƃ�ƂƴºƧřƹ�ƍƺºƬŴƯíå����ƩƺºƬŰƯ�źºŤǀƫƹźƨǀƯ
�ƲǀŗŻŚƧƹŻōÒ�æ�źƟŚŝ�Źŵ�ŶƇŹŵ��ƹ�ƩŚſŹƺǀƳƺƿÒå�ƵŹŚƈƗ�źŤǀƫƹźƨǀƯ�ƽ��šŶƯ�ƶŝ�ƶƧ�ŵƺŝ�ƾưƿżƳōÒå�

Ƥǀƣŵ�ƽŚƯŵ�Źŵ�ƶèì�ƶūŹŵ�ƽ�Ŷƃ�ƶŝƺƨƳř�ŽƺǀƀƬſ��ƶƟŚƋř�Śŝ�ƾƴǀŘţƹźě�ƮƌƷ��ƱŵźƧæåå�źŤǀƫƹźƨǀƯ�
ſřǀŶ�ƽźţ��ƦǀŤſřƹźƬƧèå�żǀƫƹŹŶǀƷ�ƲǀŗŻŚƧƹŻō�ƹ�ƞƣƺŤƯ�ŶƇŹŵ��Źřźºƣ�Śŝ�ƂƴƧřƹ�Źŵ�ŵƺūƺƯ�ƵŶƄƳ�
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ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������Ò 

ŵ�ƽŚƯŵ�Źŵ�ƱŵřÑ�ƶūŹŵ�ƽ�ƶŝ�ŽƺǀƀƬſ�ƮǀƳ�šŶƯ�ŝ�ŢƗŚſƶ�Ŷƃ�Ƶŵřŵ�śƺſŹ�ƪƯŚƧ�ŹƺƏ�����Śºŝ�žĜºſ
ŢƗźſ� × gæÓååå�ƶŝ�šŶƯ�æå�ƠƿźŤƳŚſ�ƶƤǀƣŵǀ�ĥƺƿŵźĭŶ��ƮƿŶſ�Żř�ƽƹŚƀƯ�ƮŬů�ƹŵ�ŶǀƀƧƹŹŶǀƷ�

�ũƺƯ�ƩƺƏ�Źŵ�Ʊō�śŸū�ƹ�ƶƟŚƋř�ƲǀƄƳƹŹ�ƶŝ�ƩŚƯźƳÑÒå��źŤƯƺƳŚƳŢŗřźƣ�Ŷƃ���ŶƷŚƃ�Źŵ��ƦºƳǈŝ���
ƵŹŚƈƗ�ƽ�ƶƟŚƋř�Żř�ŶƘŝ�ƾưƿżƳō��ƱŵźƧſřǀ�Ŷƽźţ��Ŷºƃ�ƵŵƹżƟř�ƂƴƧřƹ�ƍƺƬŴƯ�ƶŝ�ƦǀŤſřƹźƬƧ����źºƷ

ƂƿŚƯŻō�Żř�Ʀƿ�ŹŚưǀţ�ƶŝ�ƍƺŝźƯ�ƽŚƷ��ŶƷŚƃ�ƹƪƯŚƃ��Źřźƨţ�ƶſŵƺŝ���
��

ƶƳƺưƳ�ƲǀŘţƹźě�ŢƔƬƛ�ƲǀǀƘţ��
ƮƿżƳō�ƶƧŚŬƳōŻř�Ƃǀŝ�ƮƿżƳō�ŢƔƬƛ�ƶģ�źƷ�ƹ�ŶƳŹřŵ�ƾƴǀŘţƹźě�ŹŚŤųŚſ�ƾƃŹřƺĭ�ƽŚƷ����ŶºƃŚŝ�źºţ

ƾƯ�ƂƿřżƟř�żǀƳ�ƾưƿżƳō�ŢǀƫŚƘƟ�ŶŝŚƿ��řŸƫ�Źŵ���ƶºƳƺưƳ�Źŵ�ŵƺºūƺƯ�ƲǀŘţƹźě�ŢƔƬƛ�ƲǀǀƘţ�����Żř�ŹƺºƔƴƯ
ƵŹŚƈƗ�ƱŚưƷ�ƶƳƺưƳ�ƮƿżƳō�ƽƺŤŰƯ�ƽŚƷ�ĭ�ƽŚƷƾƯ�ŢƟō�ƹŹǇ�ƾƃŹřƺ�ŶƃŚŝ�����ƮƿżºƳō�ŢƔƬƛ�ƲǀǀƘţ�Śŝ

����ƮƿżºƳō�ŢºǀƫŚƘƟ�ƱřżºǀƯ�ƽƹŹ�ŢƔƬƛ�źŧř�ƵĦƿƹ�ŢǀƫŚƘƟ�ƩƺƯźƟ�Źŵ�Ʊō�Żř�ƵŵŚƠŤſř�ƹ�ƶƳƺưƳ�Źŵ�ŵƺūƺƯ
ƾƯ�ƝŸů�ŵƺƃ��������Żř�ƵŵŚƠŤºſř�Śºŝ�ƶºƳƺưƳ�ƲǀŘţƹźºě�ŢºƔƬƛBio-Rad protein assay���ƁƹŹ�ŽŚºſřźŝ

Bradford (1976)�Ŷƃ�ƭŚŬƳř���ũƺƯ�ƩƺƏ�Źŵ�śŸūÒîÒ�ƺƳŚƳ���ƶºƳƺưƳ�ƲǀŘţƹźºě�ŢƔƬƛ�Żř�ƾŤŞƀƳ�źŤƯ
Ţſř��ƭźſ�ƲǀŘţƹźě�ƽƹŚĭ��ŢƔƬƛ�Źŵ��ƽŚƷæçÒ�å��çÒ�å��Ò�å��æ�ç�ƾƬǀƯ�ƾƬǀƯ�źŝ�ƭźĭ�ƶŝ�źŤǀƫ��ƱřƺƴƗ

Ŷƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ŵŹřŶƳŚŤſř�ƲǀŘţƹźě��ƩƺƬŰƯ�Źŵ�ƲǀŘţƹźě�ŢƔƬƛ�ŵŹřŶƳŚŤſř�ƾƴŰƴƯ�Ʈǀſźţ�Śŝ���ƽŚºƷ
ƶŝ�ƾƴǀŘţƹźě�ŶƯō�Ţſŵ���

��
ŚŰƯ�ƶŞſ�ƽ�ƫŚƘƟǀƹ�ŢƿƵĦ�ƽ�ƿżƳōƮ��

ƫŚƘƟǀƹ�ŢƿƵĦ�ƽ�ƮƿżƳō��ƩƺƯźƟ�Żř�ƵŵŚƠŤſř�Śŝ�ŻŚŘţƹźěS = (OD × df) / (VCT)��Ŷºƃ�ƶŞſŚŰƯ���Źŵ
��ƩƺƯźƟ�ƲƿřS��ƵĦºƿƹ�ŢǀƫŚƘƟ�ƽ���ƮƿżºƳō(U/mg)��T����ºſŚŝƺĪƳř�ƱŚºƯŻ�šŶºƯǀ�Ʊƺ��ƶºƤǀƣŵ���V���ƮºŬů

ƶƳƺưƳ�ƽ�żƳōƿưƾ��ƵŵŚƠŤſř�ŵŹƺƯ�ƯǀƬƾ�ƫǀźŤ����C��ƶƳƺưƳ�ƲŘţƹźě�ŢƔƬƛ�ƯǀƬƾ�Ư�Źŵ�ƭźĭǀ�ºƬƾ�ƫǀ�źºŤ���OD�
ųřǈŝ�ƹ�ƶƳƺưƳ�śŸū�ƝǈŤƦƳ��df��ŢƣŹ�ŹƺŤƧŚƟ�ƢǀƣŹ�ƽŵŶƗ�ŹřŶƤƯ��Żř�ƵŵŚƠŤſř�ŵŹƺƯ�ƮƿżƳō�ƱŶƃ

śŸū�ƱŶƳřƺų�ƱŚƯŻ�Śţ�ƂƿŚƯŻō�ƕƹźƃ���ƹU��������źºƷ�ƽřŻř�ƶºŝ�ƶºƤǀƣŵ�źºƷ�Źŵ�ŹƺºƳ�śŸºū�Źŵ�źǀǀƜţ
ƾƬǀƯ�ƶƳƺưƳ�ƲǀŘţƹźě�ƭźĭ�Ţſř���

��
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Ó                                 ŭǈƟ�ŵźŬƯ�ŵřĦƳ�ƱřŹŚƨưƷ�ƹ��ƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ŹŸŝ�źǀŧŐţ�ƾƬŞƬŝ������

ƶƿżŬţ�ƽ�ƽŹŚƯō��
ƶƿżŬţ�ƽ����ƭźºƳ�Żř�ƵŵŚƠŤºſř�Śºŝ�ƽŹŚƯō��ŹřżºƟř�SPSS 16.1�ƹ�SAS 9.1��ƶºƀƿŚƤƯ�ƹ�ƽ��ƲǀĮƳŚºǀƯ���ŚºƷ

ƶƴƯřŵŶƴģ�ƱƺƯŻō�ŽŚſřźŝ��ŮƐſ�Źŵ�ƲƨƳřŵ�ƽřÒ�ŢƟźƿŸě�ƭŚŬƳř�ŶƇŹŵ������Żř�ŚºƷŹřŵƺưƳ�ƮºſŹ�ƽřźºŝ
ƶƯŚƳźŝ�ƽ��ƾƨǀƟřźĭEXCEL�ƹ�MATLAB�Ŷƃ�ƵŵŚƠŤſř�����ƶºƿżŬţ�Żř�ƪºƇŚů�ƭřźĭƹŹŶºƳŵ�ƽ���źŤºſǈƧ

�ƵŹŚºƈƗ�ƪĩ�ƦǀŤǀƫƺŘţƹźě�ŢǀƫŚƘƟ�ƽ�ƵŵƹŹ�ƽ��ƾƳŚºǀƯ��ŚºƷƹŹǇƽ��ƴºſǀ�ƞºƬŤŴƯ�Ʋ�H. armigera�Ź�ƽƹ
ƾƗƺƴƈƯ�ƽřŸƛ���ƁƹŹ�ƶŝWard�ƭźƳ�Żř�ƵŵŚƠŤſř�Śŝ��ŹřżƟřSPSS 16.1�Ŷƃ�ƮſŹ���

��
ŪƿŚŤƳ��ƹŦŰŝ��

Ƃǀŝ�ŢǀƫŚƘƟ�Ʋƿźţ�ƹƿƵĦ�ƽ�ƫƺŘţƹźěǀŤǀƵŹŚƈƗ�ƪĩ�Ĩ�ƽ�ƾưƿżƳō�ƴſ�ƽŚƷƹŹǇǀƭƺſ�Ʋ����ƹ�ƭŹŚƸģ
ƮŬƴě�H .armigera��ŶƸƄƯ�ƭŚƣŹř�ƽƹŹ�ƶŝ�ŶƸƄƯ�ƹ�ŵřŻō��ŜǀţźţÓí�Ó��èæ�Ó��ƹÓì�Ó�U/mg�ƶŝ��Ţſŵ

ƯōŶ���ƪĪƃæ����ƮƧ�ƾưƿżƳō�ŢǀƫŚƘƟ�Ʋƿźţ��żǀƳ�ŚƷƹŹǇ�Ʋƿř�ƶºŝ�ƍƺŝźƯ��ƿŚºƷƹŹǇƾ���ƶºƧ�ŵƺºŝ��Żř��ƭŚºƣŹř
ƱŚƯŹōŝ��ǀƴǀƺƿ�ƱŚƯŹō�ƹ�Ģ�ƶŝ��Ŝǀţźţèæ�Ñ��çÓ�Ñ��ƹèæ�Ñ�U/mg��ŶƳŵƺŝ�ƵŵźƧ�ƶƿŸƜţ����

ƶŝ�ƾƬƧŹƺƏ��řżƟř�Śŝ�šřźƄů�ŹŵƿƹŹǇ�Ʋſ�Ƃƽ�żƳō�Ůƃźţ�ŹřŶƤƯƿƮ����řżºƟř�ƾºƃŹřƺĭ�ƽŚºƷƿƂ�
Ưƾ�ƿŶŝŚ��ƶŝ�Ƴř�Ʋǀƴģ�źĮƿŵ�šŹŚŞƗƾƯ�ŹŚƔŤ��ƽƹŹǇ�Ʋſ�ƂƿřżƟř�ƶƧ�ŢƟŹH. armigera��Śţ�ƭƺſ�Ʋſ�Żř

ƮƿżƳō�ŢǀƫŚƘƟ�ƱřżǀƯ�ƂƿřżƟř�ƶŝ�źŬƴƯ�ƮŬƴě�Ʋſ���ŵƺºƃ�ŻŚºŘţƹźě�ƾƃŹřƺĭ�ƽŚƷ���ƲƿřŚºŝ��ƩŚºů����ŪƿŚºŤƳ
ƱŚƄƳ�ƂƿŚƯŻō�Ʋƿř�Żř�ƪƇŚů������ƮºƣŹ�ƽƹŹ�ƭƺºſ�Ʋºſ�ƽŚƷƹŹǇ�Źŵ�ƪƧ�ƦǀŤǀƫƺŘţƹźě�ŢǀƫŚƘƟ�ƶƧ�ŵřŵ

�ƶƀƿŚƤƯ�Źŵ�ŶƸƄƯř�ƮŬƴě�ƹ�ƭŹŚƸģ�Ʋǀƴſ�Śŝ���ŵƺºŝ�źţǇŚºŝ�ƾƧŶºƳ�������ƶºŝ�Ţºſř�ƲºƨưƯ�źºƯř�Ʋºƿř���ƪºǀƫŵ
ŽŚƀů�źţ�ƵŵƹŹ�ƽŚƷŻŚŘţƹźě�Ʊŵƺŝ�ƽ�ƵŶƴƴƧŹŚƸƯ�ƶŝ�ƭƺſ�Ʋſ�ƹŹǇ�ƾƳŚǀƯ��ƮƣŹ�Źŵ�ŵƺūƺƯ�ƾƘǀŞƏ�ƽŚƷ

ƶŝ�ƶƧ�ŶƃŚŝ�ŶƸƄƯ�ƾĭŶƴƴƧŹŚƸƯ�źŧř�ƱřźŞū�ŹƺƔƴƯ��ƮƿżƳō�Ůƃźţ�����ƂƿřżºƟř�řŹ�ŻŚºŘţƹźě�ƾºƃŹřƺĭ�ƽŚƷ
Ƶŵřŵ��ŶƳřŹŚƧ�Ʋƿř�ƹ�ţƹźě�ŢǀƫŚƘƟ�ƂƿřżƟř�ƶŝ�źŬƴƯŢſř�ƵŶƃ�ƭƺſ�Ʋſ�ƹŹǇ�ƪƧ�ƦǀŤǀƫƺŘ���

ƵĦƿƹ�ŢǀƫŚƘƟ�Żř�ƪƇŚů�ŪƿŚŤƳ�ƽ�ƵŹŚƈƗ�ƪƧ�ƦǀŤǀƫƺŘţƹźě�ƽ�ƾưƿżƳō�ŚƷƹŹǇƽ�ƴſǀ��ƞºƬŤŴƯ�Ʋ
H. armigera�ƁŹƹźě�ƽƹŹ�ƶŤƟŚƿ�řƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹ��Źŵ�ƾƬŞƬŝƣ����ƾƿřŸºƛ�ƮºƿĥŹ�ŜºƫŚ

ƾƗƺƴƈƯ�ƄƳŚƱ�ƵŶƴƷŵ�ƽ�ƾƴƘƯ�źŧř��ƽƺƳŚŧ�ƾƿŚǀưǀƃ�šŚŞǀƧźţ�Źřŵ�Ư�ƶƬưū�ŻřƵŶƴƴƧŹŚƸ���ƾºưƿżƳō�ƽŚºƷ��
ƮƿżƳō�ŢǀƫŚƘƟ�ƽƹŹ�ƭŚƣŹř�Ʋƿř�Źŵ�ŵƺūƺƯ��ŵƺºŝ�ŻŚŘţƹźě�ƽŚƷ������ƾºƴƘƯ�źºǀǀƜţ�ƶºŝ�ƶºūƺţŚŝ���ŢºǀƫŚƘƟ�Źřŵ

���šřźºǀǀƜţ�Ʋºƿř�ƶƧ�ŵŹřŵ�ŵƺūƹ�ƩŚưŤůř�Ʋƿř�ƞƬŤŴƯ�ƭŚƣŹř�Żř�ƶƿŸƜţ�ƶŝ�ƂƴƧřƹ�Źŵ�ƪƧ�ƦǀŤǀƫƺŘţƹźě
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��
��
��
��
��
��
��
��

�ƪĪƃæ��ƫŚƘƟǀƫƺŘţƹźě�ŢǀŤ�ºǀ��ƵŹŚºƈƗ�ƪºĩ�Ĩ�ƽ�ƵŵƹŹ�ƽ�������ƮŬƴºě�Śºţ�ƭƺºſ�Ʋºſ�ƽŚºƷƹŹǇ�ƾƳŚºǀƯ� �
H. armigera�ƹŹƽ��ŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ºǀ�ƮºƄģ�Ś��ºƬŞƬŝƾ��ĥŹ�ŜºƫŚƣ�Źŵ�ºƿ�řŸºƛ�Ʈƾƿ�

ƗƺƴƈƯƾ���
Fig. 1. General proteolytic activity of midgut extract from third to fifth instars larvae of H. 

armigera on different chickpea and cowpea cultivars incorporated into artificial diet.  

��
ǇŚŝ�ƁŹƹźě�ƽŚƷƹŹǇ�Źŵ�ƪƧ�ƽŻŚŘţƹźě�ŢǀƫŚƘƟ�Ʊŵƺŝ����ƮºƄģ�Śºǀŝƺƫ�ƽƹŹ�ƶºŤƟŚƿ��ƾºƬŞƬŝ����ƮºƣŹ
ŶƸƄƯ���ŵƺŴƳ�ƹ�ŵřŻō�ƮƣŹ��ƶŝ�ľǇŚưŤůř�ūƹ�ƪǀƫŵƵŶƴƴƧŹŚƸƯ�ŵƺ��Ʋƿř�Źŵ�ŻŚŘţƹźě�ƽŚƷřƣŹŚ���Śºŝ�ƶºƧ�ŵƺŝ�ƭ

Ƃǀŝ�Ŷǀƫƺţ�ƶŝ�źŬƴƯ�ƵźƄů�ƾƃŹřƺĭ�ƽŚƷŻŚŘţƹźě�ƾųźŝ�ŹŚƸƯ��ƩƺƬºſ�Ǝſƺţ�ƮƿżƳō�źţ���ƽŚºƷƵŵƹŹ�ƽ�
Ţſř�ƵŶƃ�ŢƟō�ƾƳŚǀƯ���ƾſŹźŝ�Żř�ƪƇŚů�ŪƿŚŤƳŘţƹźě�ŢǀƫŚƘƟƦǀŤǀƫƺ������ƮŬƴºě�Ʋºſ�ƽŚºƷƹŹǇ�ƪºƧ

ƁŹƹźě�ƽƹŹ�ƶŤƟŚƿ�Ɲǈƛ�ƮƣŹ�Ƶŵżǀſ�ƹ�Śƿƺſ�ƞƬŤŴƯ���ºƛ�ƮºƿĥŹ�ƾƗƺƴºƈƯ�ƾƿřŸ�����Śºǀŝƺƫ�ƽŚºƴŞƯźŝ
ƮƄģ�ƾƬŞƬŝ���ƎſƺţNaseri et al. (2010)��ƶƧ�ŵřŵ�ƱŚƄƳƂǀŝ����ƶºŝ�ƪºƧ�ƽŻŚºŘţƹźě�ŢǀƫŚƘƟ�Ʋƿźţ���ŹƺºƏ
ƾƴƘƯ���ƶºƿŸƜţ�ƽŚºƷƹŹǇ�ƽƹŹ�ƽŹřŵ�����ƾƗƺƴºƈƯ�ƽřŸºƛ�Śºŝ�ƵŶºƃ��æ�Ñ�U/mg����ŵƺºŝ�ºƫƹƾ��ƝǈŤºųř�
ƴƘƯƾ�Źřŵƽ�ƫŚƘƟ�ŚŝǀƫƺŘţƹźě�ŢǀŤǀŚƷƹŹǇ�Ĩƽ�ƁŹƹźě�ƿƹŹ�ƶŤƟŚƽ����ƭŚºƣŹř�ƝǈºƛL17��M4��ƹSahar�

ŢƃřŶƳ��Ʈĩ�źţƿƯ�ƲǀƫŚƘƟ�ƱřżǀżƳō�Ţƿưƾ�ŚƷƹŹǇ�ƶŝ�ƍƺŝźƯƾƿ�����ƮºƣŹ�Żř�ƶºĩ�ŵƺºŝM9��ìÒ�æ�U/mg��
ŸƜţƿŶƳŵƺŝ�Ƶŵźĩ�ƶ��Śŝ�ŚƤƯƿƶƀ�ƽ�ƶŤƟŚƿ��ŚƷƽ��ƂƷƹĦě�Żř�ƪƇŚůƹ�źƋŚů�ŪƿŚŤƳ�Naseri et al. (2010)�
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Õ                                 ŭǈƟ�ŵźŬƯ�ŵřĦƳ�ƱřŹŚƨưƷ�ƹ��ƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ŹŸŝ�źǀŧŐţ�ƾƬŞƬŝ������

Ưƾ�ŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ŹŸŝ�ƶĩ�ŵƺưƳ�ƱŚƗŷř�ƱřƺţǀƮƄģ�Ś�ƬŞƬŝƾ���ƽřŸºƛ�ŜƫŚƣ�Źŵ��ƾƗƺƴºƈƯ��
ŚƤƯ�Źŵƿƺſ�ƞƬŤŴƯ�ƭŚƣŹř�Ɲǈƛ�Śŝ�ƶƀƿƯ�ŚǀŜſŚƴƯ�ƱŚŝż��źţƽ�řźŝƽ�H. armigera�Ţſř�Ƶŵƺŝ��Ưǀ�Ʊřż
ƫŚƘƟǀżƳō�ŢƿƮ�ŚƷƽ�ƃŹřƺĭƾ�ŚƷƹŹǇ�Źŵ�ŻŚŘţƹźěƽ�ŸƜţƿƶ�ƹŹ�ƵŶƃƽ�ĥŹƿřŸƛ�Ʈƾƿ�ƗƺƴƈƯƾ��ƶºŝ�ƫŵ�ºǀ�ƪ

řŸƛ�ƩŵŚƘţƾƿ�ƹƿŘţƹźě�ŹřŶƤƯ�Źŵ�ƵĦǀƷƺŝźĩ�ƹ�ƲǀřŸƛ�Źŵ�ŵƺūƺƯ�šřŹŶƽ�ƗƺƴƈƯƾ��Żř�źţǇŚŝ�Ư�ºǀ�Ʊřż
ƫŚƘƟǀżƳō�ŢƿƹŹ�Ʈƽ�ƯǀŞƏ�ƱŚŝżǀƘƾ�Ţſř��ƵƹǈƗ�ĥŹ��ƱōźŝƿřŸƛ�Ʈƾƿ�ƗƺƴƈƯƾ���ŢƯǈºſ�ƹ�ƁŻŹř�Żř
řŸƛƾƿ�źţǇŚŝƽ��ŹřŵŹƺųźŝŢſř�ưĪţ�ŦƗŚŝ�ƹǀźſ�ƶģźƷ�ƪƿƖ�ƵŹƹŵ�źţ�ƽ��ĭŶºƳŻƾ�H. armigera��Źŵ
ŚƤƯƿƶƀ�Śŝ�ƯǀƱŚŝż�ŚƷƽ�ŞƏǀƘƾ�Ưƾ�ŵƺƃ�(Kotkar et al., 2009)���ƺºſ�Żřƽ�ŵƿ�źºĮ�����ŹřŶºƤƯ�Źŵ�šƹŚºƠţ
ŶƗŵƽ�ŝƺƫ�ƽƹŹ�ŢƟō�Ʋƿř�ƹŹǇ�ƾưƿżƳō�ŢǀƫŚƘƟǀƮƄģ�Ś�ƬŞƬŝƾ���ƂƷƹĦºě�Źŵ��źºƋŚůŚƤƯ�Źŵƿ���Śºŝ�ƶºƀ

�ŪƿŚŤƳNaseri et al. (2010)�ľǇŚưŤůř�ƶŝ�ƫŵǀřźƃ��ƵŵŚƠŤſř�ŵŹƺƯ�ƮƣŹ�ƕƺƳ�Źŵ�šƹŚƠţ�ƪƿŚƯŻō�ƎƿƷŚĮƄƾ�
ƶŝ�ŵřƺƯ�ƕƺƳ�ƹ�ĥŹ�Źŵ�ƶŤƟŹ�ŹŚĩƿřŸƛ�Ʈƾƿ�ƗƺƴƈƯƾ�ƾƯ��ŶƃŚŝ����

ƮŬƴě�Ʋſ�ƽŚƷƹŹǇ�H. armigera�Ɓƹźě��ŵƺºŴƳ�ƽƹŹ�ƶŤƟŚƿ��Cicer arietinum cv. VJay��Ò�ç�
�Śţè�Ƃǀŝ�ƽŻŚŘţƹźě�ŢǀƫŚƘƟ�źŝřźŝ�ƁŹƹźě�ƽŚƷƹŹǇ�ƶŝ�ŢŞƀƳ�ƽźţ����ƱŚºŝżǀƯ�źƿŚºſ�ƽƹŹ�ƶºŤƟŚƿ���ƽŚºƷ

�ŶƴŤººƃřŵ�ƾƷŚºǀĭ�(Patankar et al., 2001)����ƽŚººƷƹŹǇ�Źŵ�ǇŚºŝ�ƽŻŚººŘţƹźě�ŢººǀƫŚƘƟH. armigera�
ƁŹƹźě�ŵƺŴƳ�ƽƹŹ�ƶŤƟŚƿ�Śƿ�ƺŴƳ�ƽƹŚů�ƾƗƺƴƈƯ�ƽřŸƛŵŹō�ŵ���ƶºŝ�Ţºſř�ƲƨưƯ�ƵŶƃ����źƿŵŚºƤƯ�ƪºǀƫŵ

ŹŚƸƯ�ƶŝ�ƵźƄů�ƂƴƧřƹ�źŧř�Źŵ�Śƿ�řŸƛ�Źŵ�ƲǀŘţƹźě�ƽǇŚŝ�ƵŶƴƴƧ���ƶºƧ�ŶƃŚŝ�řŸƛ�Źŵ�ŵƺūƺƯ�ŻŚŘţƹźě�ƽŚƷ
ƶŝ�ƾƯ�ŹŚƸƯ�řŹ�ƵźƄů�ƽŻŚŘţƹźě�ŢǀƫŚƘƟ�ƾŞƀƳ�ŹƺƏ��ºƴĩ�Ŷ(Giri et al., 1998; Patankar et al., 2001)��

ƽŚƷƹŹǇ�H. armigera��ľǇŚưŤůřƽřźŝ�Ɵ�ƱřźŞū���ƲǀŘţƹźºě�ƾĭŶºƴƴƧŹŚƸƯ�ŢºǀƫŚƘ���ŹŚºƸƯ�ƽŚºƷ��ƵŶºƴƴƧ�ƽ�
ƀĜƿźţǀŵƺŴƳ�ŹŸŝ�Ʋ���ƽŚƷŻŚŘţƹźě�ŶǀƫƺţƵŵƹŹ�ƽ�ƾƯ�ƂƿřżƟř�řŹ�ƾƳŚǀƯ�ŶƴƷŵ��ƲƿřŚŝ���Źŵ�ƽźǀųŐºţ��ƩŚů
�ºƃŹ����ƶºŝ�ƱŚºŝżǀƯ�ƵŚºǀĭ�ƽƹŹ�ƹŹǇ�ƺºưƳ�ƹ�Ŷ�����ƵŶºƴƴƧŹŚƸƯ�Ʋºƿř�ŵƺºūƹ�ƪºǀƫŵ���ƶºŝ�ŚºƷ���ŵƺºūƹƳ�ƾºư�Ŷººƿō� �

(Harsulkar et al., 1999)��ŢǀƘƣƺƯ�Ʋǀƴģ�Źŵ�ƺūƹ�ƾƿŚƷƶŞƃ�ƽŚƷŻŚŘţƹźě�ŵ�řǇ��ŻŚŤºſ(elastase-like)�
�ŹŵƵŵƹŹ�ƽ��ƾƳŚǀƯH. armigera�ƶŞƃ�ƽŚƷŻŚŘţƹźě�ŢƓŚƠů�Źŵ�ƽźŧŒƯ�ƪƯŚƗ���ŹŚºƸƯ�Żř�ƲĜƀƿźţ��ƱŶºƃ

ƵŶƴƴƧŹŚƸƯ�Ǝſƺţ��ŵƺŝ�ŶƷřƺų�ŵƺŴƳ�ŻŚŘţƹźě�ƽŚƷ(Telang et al., 2005)���ƶºŝ��Ƙţ�ŹƺºƔƴƯ�ǀºǀ��ƍŚºŞţŹř�Ʋ
ƴƘƯƾ�ŝ�Źřŵǀƹ�ƵźƄů�Ʋſ�Ʋ�Ư�źŝ�ƮƣŹǀƫŚƘƟ�Ʊřżǀƹźě�ŢŻŚŘţƽ��ƪºĩ�����ŹƺŤĩŚƟ�ŭźºƏ�Żř�ƵŵŚƠŤºſř�Śºŝ�ºƿ�ƪ

ŝ�ƍŚŞţŹřǀŶƃ�ƆŴƄƯ�Ʋſ�ƹ�ƮƣŹ�Ʋ��ŚŤƳƿ�ƹ�ƹŹǇ�Ʋºſ�ŹƺŤĩŚƟ�ƹŵ�ƶĩ�ŵřŵ�ƱŚƄƳ�ƪƇŚů�Ū����źºŝ�ƮºƣŹ
ƯǀƫŚƘƟ�ƱřżǀŻŚŘţƹźě�Ţƽ�ƴƘƯ�źŧř�ƪĩƾ�ŶƳŹřŵ�Źřŵ���ƩƹŶūæ�����
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�ƩƹŶūÎ��ƴſ�ƹ�ƭŚƣŹř�źŧřǀƹŹǇ�ƞƬŤŴƯ�Ʋƽ�Ư�źŝǀƫŚƘƟ�ƱřżǀƫƺŘţƹźě�ŢǀŤǀƪĩ�Ĩ�H. armigera���
Table 1. The effect of the cultivars and different instar larvae on the proteolytic activity of H. 

armigera. 
 

P value F value Mean Square df Factors 
< 0.001 61.94 1.86 5 Cultivars 
< 0.001 69.49 2.09 3 Instars 
< 0.001 76.57 2.03 8 Cultivars × Instars 

��
�ƺţŚŝ�ƶĪƴƿř�ƶŝ�ƶūƽřźŝ�ƽƹŹǇ�Ʋſ�ƶſ�ƭƺſ������ƮŬƴºě�ƹ�ƭŹŚºƸģH. armigera��ƫŚƘƟ�ŹřŶºƤƯ�ºǀ�Ţ

ƹƿƵĦ�ƽ�ƺŘţƹźě�ƫǀŤǀƵŻřŶƳř�ƪĩ�Ĩ�ĭǀźƽ�ƫŚƘƟ�ƝǈŤųř�ŹřŶƤƯ�řŸƫ��Ŷƃǀƹ�ŢƿƵĦ�ƽ�ƫƺţƹźěǀŤ�ºǀ��Źŵ�ƪºĩ�Ĩ
ƺƈţƿƶſ�ź�ŶƘŝƽ�ŚưƳƿŢſř�ƵŶƃ�Ƶŵřŵ�Ƃ���ƪƨƃÎ���ƁŹřżĭ�ŽŚſřźŝ��ƽŚƷPatankar et al. (2001)�

ŝǀƂ�źţƿƯ�ƲǀƱřż�ƫŚƘƟǀŘţƹźě�ŢǀŻŚƴ�ŚƷƽ�ƵŵƹŹ�ƽ�ƯǀƳŚƾ�H. armigera���ŵƺºŝ�źųō�ƪŞƣŚƯ�Ʋſ�ƶŝ�ƍƺŝźƯ
ř�źųō�Ʋſ�Źŵ�ƹƿƫŚƘƟ�Ʋǀ�ƂƷŚĩ�ŢƿŢƟŚ��ƲƿřźŝŚƴŝ��ƾƯ�źƔƳ�ƶŝ�Ʋǀƴģ���źºųō�ƪŞƣŚƯ�Ʋſ�ƶƧ�ŶſŹ��Źŵ

řƿƲ��ƂƷƹĦě�ƭŹŚƸģ�Ʋſ����ƶŝ�ŶƿŚŝ�šŹŚƀų�ƱřƺƴƗ�ƶƬůźƯ�ƲƿźţřŻ�ƽ��ŶºƃŚŝ�ƽŶƃŹ�����ƪºƿǇŵ�Żř�ƾºƨƿ
źţǇŚŝ�ŢǀƫŚƘƟ�Ʊŵƺŝ��Ʋǀƴſ�ƾưƿżƳōƭƺſ��ƹƮŬƴě��Ʋſ�ƶŝ�ŢŞƀƳƭŹŚƸģ�ƾƯ����ƽŚºƐų�ƶºŝ�ƍƺŝźƯ�ŶƳřƺţ

ƂƿŚƯŻō�ŶƃŚŝ�ŚƷ�����Ţºſƺě�ƶºŝ�ƦºƿŵżƳ�šřźƄů�ƹŹǇ�ƶƨƴƿř�ƶŝ�ƶūƺţŚŝ������Żř�ŶºƘŝ�ƾƧŶºƳř�Śºƿ�ƽŻřŶºƳř
Ţſƺě�ƶƿŸƜţ�ƽŻřŶƳř�ƽ������řŹ�ƁŹřƺºĭ�ƵŚĮŤºſŵ�Źŵ�ŵƺºūƺƯ�ƽřŸºƛ�ƽřƺŤŰƯ�ƹ�ƵŵźƧ�ƞƣƺŤƯ�řŹ�ŵƺų

ƾƯ�ƶǀƬŴţ��ŵƺūƹ�ƩŚưŤůř�Ʋƿř�řŸƫ��ŶƴƴƧƵŵƹŹ�ŮƿźƄţ�ƽřźŝ�ƭŹŚƸģ�Ʋſ�ƽŚƷƹŹǇ�śŚŴŤƳř�ƶƧ�ŵŹřŵ�ƽ�
ƵŹƹŵ�Ʋƿř�Źŵ�ƾƳŚǀƯ�ƽ�Ţſř�ƶŤƟźĭ�šŹƺƇ�ƾƳŚƯŻ��ƲƿřźŝŚƴŝ��Ɵ�ƽŵŶƗ�ŹřŶƤƯ�ƪƧ�ƦǀŤǀƫƺŘţƹźě�ŢǀƫŚƘ

ƶŝ�ŢŞƀƳ�Ʊō�ƮƧ�ƮŬƴě�ƹ�ƭƺſ�ƽƹŹǇ�Ʋǀƴſ�ƶŝ�źţ�ŶƯō�Ţſŵ��ƴĤưƷǀƲ�Ưƾ���ƮºƣŹ�ƶĩ�ŵźĩ�ƱŚƗŷř�Ʊřƺţ
řŹřŵ�ŶƸƄƯ�ƽ�żƳō�Ůƃźţƿŝ�ƮǀƂ�ƹ�Ƶŵƺŝ�źţ�H. armigera�ŝ�šŹŚƀųǀƂ�źţƽ�ƹŹƽ�ŶƸƄƯ�ƮƣŹ�řƿŵŚŬ�
Ţſř�Ƶŵźĩ��ƶŝ�ŵ�šŹŚŞƗƿ�źĮƣ�Źŵ�ŶƸƄƯ�ƮƣŹǀŵ�ƭŚƣŹř�Śŝ�ŽŚƿ�ƮºƣŹ�źĮ��ŽŚºƀů��źºţƽ���Ƶŵƺºŝ�Ţºſř���

ƟźƏŻřƾ�ŵŶƗ�ŹřŶƤƯƽ�řŹŚĩƾƿ�ŶŞţƿřŸƛ�ƪƽ�ƮƌƷ�ƵŶƃ�ƽ��ƁŹƹźºě�ƮŬƴě�Ʋſ�ƹŹǇ�ƶŝ�ƍƺŝźƯ���ƶºŤƟŚƿ
ŶƸƄƯ�ƮƣŹ�ƽƹŹ��çíèÒ�å�� ECD��ŚƤƯ�ŹŵƿƱŚƯŹō�ƮƣŹ�Śŝ�ƶƀ��çí�å�� ECD��ƶŬǀŤƳ�ŶƿƺƯ�ƽ��ƾƬŞƣ
ŽŚƀů�źŝ�ƾƴŞƯ�ř�Ʊŵƺŝƿř�źƿŚſ�ƶŝ�ŢŞƀƳ�ƮƣŹ�ƲƾƯ�ƵŶƃ�ƂƿŚƯŻō�ƭŚƣŹ�ŶƃŚŝ��ECD���ƮºƸƯ�ƆųŚƃ

ŶƴƯŵƺſ�Śŝ�ƍŚŞţŹř�Źŵƽ�řŸƛƽ�ƮƌƷ�Ţſř�ƵŶƃ��ŹŚĩřƾƿ�ŶŞţƿřŸƛ�ƪƽ�ƮƌƷ�ƆŴƄƯ�ƵŶƃ��ƵŶºƴƴĩ�ƽ�
ƄŴŝƾ�řŸƛ�Żřƽ�ŶŞţ�Ɩƣřƹ�Źŵ�ƶĩ�Ţſř�ƵŶƃ�śŸūƿƵŶƳŻ�ŢƟŚŝ�ƶŝ�ƪ�ƽ�Ư�ƵźƄůƾ�ŵƺƃ��ƛřŸ�ŚƷƽ��Śŝ
ŹŚĩřƾƿ�ŶŞţƿŚě�ƪǀŗřźŝ�Ţſř�ƲĪưƯ�ŜƬƛř�Ʋƽ�ƵźƄů���ƹ�Ƶŵƺŝ�śƺƬƐƯŚƳƿżƷ�Śƿƶƴ�ƽ���śŸºū�ƹ�ƮƌƷ
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ÎÍ                                 ŭǈƟ�ŵźŬƯ�ŵřĦƳ�ƱřŹŚƨưƷ�ƹ��ƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ŹŸŝ�źǀŧŐţ�ƾƬŞƬŝ������

řŸƛ�ŵřƺƯƾƿ�Ʊō�ŶƃŚŝ�ǇŚŝ�ŚƷ��řŹŚĩƾƿ�ŶŞţƿřŸƛ�ƪƽ�ƮƌƷ�ƵŶƃ�ƽ�ƱŚƄƳ�źţǇŚŝ�ƵŶƴƷŵ�ƽ�ŝƺƬƐƯǀ��řŸºƛ�Ţ
�Ţſř(Koul et al., 2004)řŸƫ���ǇŚŝ�řŹŚĩ�Ʊŵƺŝƾƿ�ŶŞţƿřŸƛ�ƪƽ�ƮƌƷ�ƵŶƃ�ƽ��ºƣŹ�ƶŝ�ƍƺŝźƯ��ŶƸºƄƯ�Ʈ

Śſ�ƶŝ�ŢŞƀƳƿƱŚƄƳ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ź�ƵŶƴƷŵ�ƽ�ĩǀƠǀƴĤưƷ�ƹ�řŸƛ�źŤƸŝ�Ţǀ�řŸºƛ�ŵřƺƯ�ŵƺūƹ�Ʋƾƿ�
řźŝ�ƭŻǇƽ�ƾƯ�ŶƸƄƯ�ƮƣŹ�Źŵ�ƵźƄů�ŶƃŚŝ����

ƶŤƿŶǀſř�ƽ�ƵŵƹŹ�ƽ�źǀŧŐţ�ƾſŚſř�ƪƯřƺƗ�Żř�šřźƄů�ƾƳŚǀƯ��ƮƿżºƳō�ŢǀƫŚƘƟ�ƱřżǀƯ�źŝ�ŹřŸĭ���ƽŚºƷ
Ţſř�ƾƃŹřƺĭ�(Terra & Ferreira, 1994)��ţƹźě�ŢǀƫŚƘƟ��ƽƹŚºů�ƾƗƺƴƈƯ�ƽřŸƛ�ƽƹŹ�ƪƧ�ƦǀŤǀƫƺŘ

ƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ƾƬŞƬŝ��ƴºſ�Źŵǀ�ƹŹǇ�ƞºƬŤŴƯ�Ʋƽ��ƶŤƿŶǀºſř�Żř�ƽ�Ó���Śºţæç���ŶºƳƹŹ
Ţƃřŵ�ƾƄƿřżƟř���ƩƹŶūç����ƶŤƿŶǀſř�ƶƧ�ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳ�ƽ�ƶƴǀƸŝ�ƽ��ŻŚŘţƹźě�ƮƿżƳō�ŢǀƫŚƘƟ�Żř�ƪƇŚů

ƴſ�ƽŚƷƹŹǇǀƶƿŸƜţ�ƞƬŤŴƯ�Ʋ�Śŝ�ƵŶƃ�ƮƿĥŹ�ƾƿřŸƛ��ƾƗƺƴƈƯ�ƹŚů��Śºǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ƽ
ƮƄģ�ƾƬŞƬŝ��æç�ƱŚƄƳ�ƶƧ�ŵƺŝ�ƵŶƴƷŵ�ƽ�ŝƸƶƴǀ�ƽ��Ŷǀºſř�Źŵ�ŢƟō�ŻŚŘţƹźě�ƾưƿżƳō�ŢǀƫŚƘƟŤƿƶ��ƽ���ƾºƬǀų

�ƾƿŚǀƬƣŢſř��ǇŚŝ�ƶŤƿŶǀſř�Ʊŵƺŝ�ƽ�ƵŵƹŹ�ƽ����ƱŚºŝżǀƯ�ƽƹŹ�šřźºƄů�ƾºųźŝ�Źŵ�ƾƳŚǀƯ����ƾƷŚºǀĭ�ƽŚºƷ
�ƶºŝ��ƅŚų����������ƹźºƋ�ƱŚºŝżǀƯ�Źŵ�ŵƺºūƺƯ�ƾƿřŸºƛ�źºƇŚƴƗ�źºŤƸŝ�ƮºƌƷ�ƹ�ƶºƿŸƜţ�ŹƺºƔƴƯ�Ţºſř�ƽŹ� �

(Clark, 1999)��ƶŤƿŶǀſř�ƽ��Źŵ�ƾƿŚǀƬƣ�ƎǀŰƯ�ŵŚŬƿř�ƹ�ǇŚŝƵŵƹŹ�ƽ�ƩŚŝ�ƹŹǇ�ƾƳŚǀƯ�Ʀƫƺě��ľǇŚưŤůř�ƱřŹřŵ
ƶŝ�īźŝ�ŵřŶūř�ƽŹŚĭŻŚſ�ƪǀƫŵ�Źřƺų�Ʋƿř�ƶŤſřŹ�šřźƄů�Żř����ƾºưƷ�ƮºƌƷ�ƽřźºŝ���ƵŹřƺºƿŵ�ŻƺƫƺƬºſ�ƽ�

ƾƯ�ƱŚŝżǀƯ�ƱŚƷŚǀĭ�ƩƺƬſ��ŶƃŚŝ(Terra & Ferreira, 1994)��ƶŤƿŶǀſř�ƽ��ƶºƴǀƸŝ�ƽ�ƫŚƘƟ��ƽŚºƷŻŚŘţƹźě�Ţºǀ�
ƵŵƹŹ��ƽ�ƾƳŚǀƯH. armigera�ƶƿŸƜţ�ƾƗƺƴƈƯ�ƾƿřŸƛ�ƮƿĥŹ�Śŝ�ƵŶƃ��ƮƄģ�Śǀŝƺƫ�ƽŚƴŞƯźŝ�ƾƬŞƬŝ���Śŝ�źŝřźŝæç��
Ɲǈƛ��ƭŚƣŹř�Śƿƺſ�ƞƬŤŴƯæç��ææ�(Naseri et al., 2010)�ƹ��ŵƺŴƳ�Ɲǈƛææ��æå���Ţºſř�ƵŶºƃ�ƁŹřżĭ�

(Telang et al., 2005)���
ŚŤƳƿŻř�ƪƇŚů�Ū�żŬţƿƶ�ƽ��ƞƬŤŴƯ�ƭŚƣŹř��źŤſǈĩŝƺƫ�ƹ�ŵƺŴƳǀƮƄģ�Ś��ºƬŞƬŝƾ����Ƶƹźºĭ�ƹŵ�ƶºŝ�řŹ

ƀƤţǀŵƺưƳ�Ʈ��ŝ�ƭŚƣŹřǀƴǀƺƿƶŝ�ŶƸƄƯ�ƹ�Ģ�ƫŵǀƫƺţ�ƪǀŝ�ŶǀƂ�żƳō�źţƿ�Ƶƹźĭ�Źŵ�ŻŚŘţƹźě�ƮA���ƱŚƯŹō�ƭŚƣŹř�ƹ
ƶŝ�ƮƃŚƷ�ƹ�ŵřŻō�ƫŵǀƫƺţ�ƪǀƮĩ�Ŷ�żƳō�źţƿ�Ƶƹźĭ�Źŵ�ŻŚŘţƹźě�ƮB�ŶƴŤƟźĭ�Źřźƣ���ƪƨƃç�����Ƶƹźºĭ�ƭŚƣŹřA�

ƶŝ�ƟźƘƯ�ŽŚƀů�ƭŚƣŹř�ƱřƺƴƗƾ�Ưƾ�ŶƳŵźĭ���Źŵ�ƵƹźĭB��ƶƧƀƤţ�ƶŤſŵ�ƹŵ�ƶŝ�ŵƺųǀ�ƵŶƃ�Ʈ�Ţſř��ƭŚƣŹř
�ƹ�ƱŚƯŹōƶŝ�ƮƃŚƷ�ƹ�ƭƹŚƤƯ�ƭŚƣŹř�ƱřƺƴƗ�ƶŝ�ŵřŻō�ƮƣŹ�ƶưǀƳ�ƮƣŹ�ƱřƺƴƗ�ƾƯ�ƾƟźƘƯ�ƭƹŚƤƯ�ƳƺƃŶ���ŵŹƺƯ�Źŵ

Ħě�Ʋƿř�Żř�ƪƇŚů�ŪƿŚŤƳ�źƿŚſ�ƂƷƹ��ƹ�ƭŚŬƳř�ƂƷƹĦě�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƵŶƃ��ƎſƺţNaseri et al. (2010)�
ŚƴŞƯźŝ�ƶĩƽ�ĥŹƿřŸƛ�Ʈƾƿ�ƗƺƴƈƯƾ�ƺſ�ƞƬŤŴƯ�ƭŚƣŹřƿ��ƺºſ�ƞºƬŤŴƯ�ƭŚƣŹř�Ɲǈƛ�ƹ�ŚƿŚ�ƹŹƽ���Ʋºſ� �

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

�ƩƹŶūÏ��ƶƀƿŚƤƯ�ƽ�ƲǀĮƳŚǀƯ��t�ŹŚǀƘƯ�ƽŚƐų��ƵŹŚƈƗ�ƪĩ�ĨǀŤǀƫƺŘţƹźě�ŢǀƫŚƘƟ�ƽ�ƵŵƹŹ�ƽ���ƾƳŚºǀƯ
�ƽƹŹǇ�ƮŬƴě�ƹ�ƭŹŚƸģ��ƭƺſ�ƲǀƴſH. armigera�Źŵ��Ŷºƴģ�pH�����ƽřŸºƛ�ƽƹŹ�ƞºƬŤŴƯ

ƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ƽŚƴŞƯźŝ�ƾƗƺƴƈƯ�ƾƬŞƬŝ���
Table 2. Comparison of mean (± SE) general proteolytic activity of midgut extract of third, 

fourth and fifth instar larvae of H. armigera in different pH and cultivars of chickpea 
and cowpea incorporated into artificial diet. 

 
Hashem Mashhad Binivich Azad Arman pH 

Third instar 
0.48 ± 0.005L 0.48 ± 0.005L 0.48 ± 0.005M 0.27 ± 0.005L 0.28 ± 0.005L 6 
0.51 ± 0.005K 0.47 ± 0.005L 0.50 ± 0.005K 0.29 ± 0.005K 0.30 ± 0.007K 6.5 
0.69 ± 0.005J 0.77 ± 0.005K 0.63 ± 0.005K 0.33 ± 0.005J 0.36 ± 0.003J 7 
0.71 ± 0.005I 0.80 ± 0.005J 0.84 ± 0.003J 0.66 ± 0.005I 0.66 ± 0.006I 7.5 
1.10 ± 0.005H 0.97 ± 0.005I 0.90 ± 0.002I 0.68 ± 0.005H 0.72 ± 0.007H 8 
1.66 ± 0.005G 1.10 ± 0.005H 0.92 ± 0.001H 0.71 ± 0.005G 0.75 ± 0.008G 8.5 
1.84 ± 0.005F 1.50 ± 0.005G 1.41 ± 0.005G 1.18 ± 0.005F 0.21 ± 0.009F 9 
2.00 ± 0.005E 2.50 ± 0.005F 1.50 ± 0.005F 1.49 ± 0.005E 1.55 ± 0.001E 9.5 
1.40 ± 0.005D 2.57 ± 0.005E 1.55 ± 0.005E 1.55 ± 0.005E 1.72 ± 0.002E 10 
2.84 ± 0.005C 2.73 ± 0.005D 1.85 ± 0.004D 1.68 ± 0.005D 1.75 ± 0.003D 10.5 
3.21 ± 0.005B 2.93 ± 0.005C 2.00 ± 0.003C 1.71 ± 0.005C 1.95 ± 0.004C 11 
3.21 ± 0.005B 3.10 ± 0.005B 2.20 ± 0.001B 1.73 ± 0.005B 1.94 ± 0.005B 11.5 
3.84 ± 0.005A 3.30 ± 0.005A 2.20 ± 0.001A 2.30 ± 0.005A 1.99 ± 0.009A 12 

< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 P 
39495.4 35008.3 9936.69 13419.8 13419.8 F 

Fourth instar 
0.50 ± 0.005M 0.50 ± 0.005L 0.62 ± 0.005L 0.29 ± 0.005L 0.27 ± 0.005L 6 
0.50 ± 0.005L 0.51 ± 0.005L 0.65 ± 0.005K 0.31 ± 0.007K 0.39 ± 0.005K 6.5 
0.77 ± 0.005K 0.80 ± 0.005K 0.70 ± 0.007J 0.37 ± 0.003J 0.45 ± 0.005J 7 
0.80 ± 0.003I 0.82 ± 0.005J 0.90 ± 0.003I 0.68 ± 0.002I 0.75 ± 0.005I 7.5 
1.12 ± 0.002I 1.00 ± 0.005I 0.95 ± 0.020G 0.81 ± 0.001H 0.81 ± 0.005H 8 
1.74 ± 0.001H 1.40 ± 0.005H 0.93 ± 0.010H 0.85 ± 0.009G 0.82 ± 0.005G 8.5 
1.93 ± 0.005G 1.90 ± 0.005G 1.50 ± 0.006F 1.28 ± 0.008F 1.30 ± 0.005F 9 
2.08 ± 0.005F 2.90 ± 0.005F 1.10 ± 0.009F 1.40 ± 0.007E 1.65 ± 0.005E 9.5 
2.42 ± 0.005E 2.77 ± 0.005E 1.65 ± 0.008E 1.51 ± 0.006D 1.80  ± 0.005D 10 
2.93 ± 0.004D 2.80 ± 0.005D 1.75 ± 0.007D 1.52 ± 0.004D 1.82 ± 0.005D 10.5 
3.29 ± 0.003C 3.00 ± 0.005C 2.25 ± 0.005C 1.73 ± 0.003C 2.10 ± 0.005C 11 
3.33 ± 0.001B 3.20 ± 0.005B 2.50 ± 0.005B 1.75 ± 0.002B 2.40 ± 0.005B 11.5 
3.93 ± 0.001A 3.40 ± 0.005A 3.00 ± 0.005A 2.39 ± 0.009A 2.42 ± 0.005A 12 

< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 P 
37596.2 40883.2 17460.3 13419.8 12649.3 F 

Fifth instar 
0.50 ± 0.005K 0.50 ± 0.005M 1.10 ± 0.005G 0.65 ± 0.005M 0.50 ± 0.005L 6 
0.70 ± 0.005J 0.70 ± 0.005L 1.50 ± 0.005F 1.00 ± 0.005L 0.71 ± 0.007K 6.5 
0.71 ± 0.005J 0.90 ± 0.005K 2.15 ± 0.005E 1.10 ± 0.005K 0.71 ± 0.003K 7 
1.10 ± 0.005I 1.00 ± 0.005I 2.16 ± 0.005E 1.15 ± 0.005I 0.80 ± 0.005I 7.5 
1.12 ± 0.005H 1.10 ± 0.005I 2.17 ± 0.005E 1.30 ± 0.005I 0.90 ± 0.003I 8 
1.14 ± 0.005G 1.60 ± 0.005H 3.15 ± 0.005D 1.55 ± 0.005H 1.02 ± 0.002H 8.5 
1.20 ± 0.005F 2.20 ± 0.005G 3.16 ± 0.005D 1.80 ± 0.005G 1.20 ± 0.001G 9 
1.25 ± 0.005E 2.70 ± 0.005F 3.17 ± 0.005D 1.85 ± 0.005F 1.40 ± 0.006F 9.5 
1.26 ± 0.005 E 3.10 ± 0.005E 3.18 ± 0.005D 1.87 ± 0.005E 1.60 ± 0.005E 10 
1.40 ± 0.005D 3.50 ± 0.005D 3.19 ± 0.005D 1.89 ± 0.005D 1.50 ± 0.007D 10.5 
1.45 ± 0.005C 4.00 ± 0.005C 4.15 ± 0.005C 1.91 ± 0.005C 1.81 ± 0.008C 11 
1.50 ± 0.005B 4.21 ± 0.005B 4.15 ± 0.005B 2.10 ± 0.005B 2.05 ± 0.009B 11.5 
2.20 ± 0.005A 4.60 ± 0.005A 5.00 ± 0.005A 2.50 ± 0.005A 2.71 ± 0.004A 12 

< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 P 
5495.8 17476.5 545.27 8054.50 7953.3 F 

Means followed by same letters in each column are not significantly different (Duncan Multiple Rang Test, P < 0.01). 
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ÎÏ                                 ŭǈƟ�ŵźŬƯ�ŵřĦƳ�ƱřŹŚƨưƷ�ƹ��ƮƄģ�Śǀŝƺƫ�ƹ�ŵƺŴƳ�ƞƬŤŴƯ�ƭŚƣŹř�ŹŸŝ�źǀŧŐţ�ƾƬŞƬŝ������
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Fig. 2. Dendrogram of different chickpea and cowpea cultivars based on general proteolytic 
activity of midgut extract of third, forth and fifth instar larvae of H. armigera.  
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