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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 (Hibner) 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 + 1C°, 65 + 5% RH and a photoperiod of 16: 8 (L: D) h. The
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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.

K ey words: chickpea, cowpea, cotton bollworm, Helicoverpa armigera, protease digestive enzymes
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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.
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Table 1. The effect of the cultivars and different instar larvae on the proteolytic activity of H.

armigera.
Factors df M ean Square F value P value
Cultivars 5 1.86 61.94 <0.001
Ingtars 3 2.09 69.49 <0.001
Cultivars x Instars 8 2.03 76.57 <0.001
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Table 2. Comparison of mean (+ SE) general proteolytic activity of midgut extract of third,

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

pH Arman Azad Binivich Mashhad Hashem
Third instar

6 0.28+ 0.005L 0.27+ 0.005L 0.48+ 0.005M 0.48+ 0.005L 0.48+ 0.005L
6.5 0.30+ 0.007K 0.29+ 0.005K 0.50+ 0.005K 0.47 + 0.005L 0.51+ 0.005K
7 0.36+ 0.003J 0.33+0.005J 0.63+ 0.005K 0.77 + 0.005K 0.69+ 0.005J
75 0.66 + 0.0061 0.66 + 0.0051 0.84+0.003J 0.80+ 0.005J 0.71+ 0.0051
8 0.72+ 0.007H 0.68+ 0.005H 0.90+ 0.0021 0.97 + 0.0051 1.10+ 0.005H
85 0.75+ 0.008G 0.71+ 0.005G 0.92+ 0.001H 1.10+ 0.005H 1.66+ 0.005G
9 0.21+ 0.009F 1.18+ 0.005F 141+ 0.005G 150+ 0.005G 1.84+ 0.005F
95 155+ 0.001E 1.49+ 0.005E 1.50+ 0.005F 250+ 0.005F 2.00+ 0.005E
10 1.72+ 0.002E 155+ 0.005E 1.55+ 0.005E 257+ 0.005E 1.40+ 0.005D
10.5 1.75+ 0.003D 1.68+ 0.005D 1.85+ 0.004D 2.73+0.005D 2.84+0.005C
11 1.95+ 0.004C 1.71+ 0.005C 2.00+0.003C 2.93+0.005C 321+ 0.005B
115 194+ 0.005B 1.73+ 0.005B 2,20+ 0.001B 3.10+ 0.005B 321+ 0.005B
12 1.99+ 0.009A 230+ 0.005A 2,20+ 0.001A 3.30+ 0.005A 3.84+ 0.005A
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

F 13419.8 13419.8 9936.69 35008.3 39495.4

Fourth instar

6 0.27+ 0.005L 0.29+ 0.005L 0.62+ 0.005L 0.50+ 0.005L 0.50+ 0.005M
6.5 0.39+ 0.005K 0.31+ 0.007K 0.65+ 0.005K 0.51+ 0.005L 0.50+ 0.005L
7 0.45+ 0.005J 0.37+ 0.003J 0.70+ 0.007J 0.80+ 0.005K 0.77 + 0.005K
75 0.75+ 0.0051 0.68+ 0.0021 0.90+ 0.0031 0.82+ 0.005J 0.80+ 0.0031
8 0.81+ 0.005H 0.81+ 0.001H 0.95+ 0.020G 1.00+ 0.0051 1.12+ 0.0021
85 0.82+ 0.005G 0.85+ 0.009G 0.93+ 0.010H 1.40+ 0.005H 174+ 0.001H
9 1.30+ 0.005F 1.28 + 0.008F 1.50 + 0.006F 1.90+ 0.005G 1.93+ 0.005G
95 1.65+ 0.005E 1.40+ 0.007E 1.10+ 0.009F 2.90+ 0.005F 2.08+ 0.005F
10 1.80 +0.005D 1.51+ 0.006D 1.65+ 0.008E 2.77+ 0.005E 242+ 0.005E
10.5 1.82+0.005D 152+ 0.004D 175+ 0.007D 2.80+ 0.005D 2,93+ 0.004D
11 210+ 0.005C 1.73+0.003C 225+ 0.005C 3.00+ 0.005C 329+ 0.003C
115 240+ 0.005B 1.75+ 0.002B 2.50+ 0.005B 3.20+ 0.005B 3.33+0.001B
12 242+ 0.005A 2.39+ 0.009A 3.00+ 0.005A 340+ 0.005A 393+ 0.001A
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

F 12649.3 13419.8 17460.3 40883.2 37596.2

Fifth instar

6 0.50+ 0.005L 0.65+ 0.005M 110+ 0.005G 0.50+ 0.005M 0.50+ 0.005K
6.5 0.71+ 0.007K 1.00+ 0.005L 1.50+ 0.005F 0.70+ 0.005L 0.70+ 0.005J
7 0.71+ 0.003K 1.10+ 0.005K 2.15+ 0.005E 0.90+ 0.005K 0.71+ 0.005J
75 0.80+ 0.005I 1.15+ 0.0051 2.16+ 0.005E 1.00+ 0.0051 1.10+ 0.0051
8 0.90+ 0.0031 1.30+ 0.0051 217+ 0.005E 1.10+ 0.0051 1.12+ 0.005H
85 1.02+ 0.002H 155+ 0.005H 3.15+ 0.005D 1.60+ 0.005H 114+ 0.005G
9 120+ 0.001G 1.80+ 0.005G 3.16+ 0.005D 220+ 0.005G 1.20+ 0.005F
95 1.40+ 0.006F 1.85+ 0.005F 3.17+ 0.005D 2.70+ 0.005F 1.25+ 0.005E
10 1.60+ 0.005E 1.87+ 0.005E 3.18+ 0.005D 3.10+ 0.005E 126+ 0.005 E
10.5 1.50+ 0.007D 1.89+ 0.005D 3.19+ 0.005D 3.50+ 0.005D 1.40+ 0.005D
11 1.81+0.008C 1.91+ 0.005C 4.15+ 0.005C 4.00+ 0.005C 1.45+ 0.005C
115 2.05+0.009B 210+ 0.005B 4.15+ 0.005B 4.21+ 0.005B 150+ 0.005B
12 271+ 0.004A 250+ 0.005A 5.00+ 0.005A 460+ 0.005A 220+ 0.005A
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

F 7953.3 8054.50 545.27 17476.5 5495.8

Means followed by same lettersin each column are not significantly different (Duncan Multiple Rang Test, P < 0.01).



e it L) 53 e 2l 5y 3 0 5 5 e sl 5 \Y

Dendrogram using Ward Method

Rescaled Distance Cluster Combine

0 5] 10 15 20 25
Cultivar tmmm—————— e ——— e [P, [P +
Binivich
Mashhad J
Arman
Hashem J I
Azad

IS Sl el e Jiador L 5050 Gl pUl ol S50 - Y S

.H.arrrigera{p.:;i Ur}w&:;ﬂéLAjjy Q.:L:.A 8e39) JAJNJ'J.TL;D)W

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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