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Abstract
The cotton bollworm, Helicoverpa armigera (Hilbner) is one of the most destructive pests in Iran,
attacking to a wide range of important crops such as cotton, tomato, soya and corn which causes serious
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loss of production. Biological characteristics, such as polyphagous nature, migration ability, high rate
of reproduction and facultative diapause has caused this pest as one of the potential pest to develop
resistant to insecticides. In this research we studied the resistance status of some cotton bollworm pop-
ulations from Gorgan, Moghan and VVaramin against indoxacarb, thiodicarb, profenofos and chlorpyri-
fos. Topical application of insecticides was used as bioassay method for profenofos and chlorpyrifos
and diet-incorporation method for indoxacarb and thiodicarb. The results indicated that Gorgan popu-
lation has developed high resistance against thiodicarb with resistance factor (RF) of 267 and 262 in
2016 and 2017, respectively. RF against thiodicarb for Moghan was 8.75 and 10.9 in two years, while
this value was 3.4 and 6.9 for VVaramin. In the case of indoxacarb, RF was less than 10 in all populations,
however in Gorgan population increased trend was observed (7.44 in 2016 and 10.34 in 2017). In the
case of chlorpyrifos, increased RF (5.13 in 2016 and 10.86 in 2017) was only observed in Moghan
population and in other populations, significant change within two years was not observed. The sus-
ceptibility of the pest against profenofos was not changed during two years and RF was calculated less
than 10 in all populations. As the RF was high against thiodicarb in the Gorgan population, the detoxi-
fication enzymes (esterases, glutathione S-transferases and mono-oxygenases) were measured to know
if the metabolic resistance was involved. There was no significant difference between resistant and
susceptible populations, indicating that other resistance mechanisms (such as target site insensitivity)
likely is the cause of the resistance, which must be investigated in further researches.
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Table 1. Results from bioassay (diet-incorporation method) on different populations of the cotton boll-
worm, Helicoverpa armigera against thiodicarb, during the years 2016-2017

Year  Region LCso (95% CL) mg/L n Slope + SE x2(df) RF

S 30.23 (23.91-51.67 ) 200 3.61+0.26 276 (3) -

2016  Gorgan 8089 (7324.1-9012.01) 200 2.63+0.19 5.78 (3)  267.58 (258.8-74.54)
Moghan ~ 264.5 (223.85-290.45) 200 1.6+0.30 6.32(3) 8.75(8.31-9.25)
Varamin  102.67 (82.58-130.45) 200 2.12+0.27 3.96 (3)  3.96 (3.26-4.64)
Gorgan 7921 (5251.0-8844.0) 200 1.08+0.45 5.46 (3) 262 (251.51-274.64)

2017  Moghan  330.3 (291.8-361.5) 200 2.32+0.19 3.10(3) 10.9 (9.86-11.68)
Varamin ~ 208.4 (165.4-228.5) 200 3.62+0.29 7.60(3) 6.89 (6.56-7.14)

n = number of insects tested, df = degrees of freedom; X? = chi-square value; RF = resistance factor; S = susceptible strain
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Table 2. Results from bioassay (topical application) on different populations of the cotton bollworm,
Helicoverpa armigera against chlorpyrifos, during the years 2016-2017

LDso (95% CL)
uo/Larva
S 0.36 (0.26-0.60) 150 2.70£0.43 6.23(3) -
Gorgan 2.63(1.98-3.22) 150 151+0.13 5.28(3) 7.30 (6.85-8.41)
Moghan 1.84 (0.95-2.63) 150 1.76 £0.30 2.04(3) 5.12 (4.9-5.62)
Varamin 0.77 (0.58-0.98) 150 0.67 £0.36 2.35(3) 2.14 (1.98-2.46)
Gorgan 3.12 (3.02-4.24) 150 2.09+£0.80 3.28(3) 8.67 (8.37-8.85)
2017 Moghan 3.91 (2.48-4.96) 150 1.19+0.63 5.00(3) 10.86 (10.3-11.2)
Varamin 1.01(0.61-1.85) 150 0.46 £0.30 4.86(3) 2.8 (2.20-3.12)
n = number of insects tested, df = degrees of freedom; 2 = chi-square value; RF = resistance factor; S = susceptible strain

Year  Region n Slope + SE x2(df) RF
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Table 3. Results from bioassay (topical application) on different populations of the cotton bollworm,
Helicoverpa armigera against profenofos, during the years 2016-2017.

Year region LDsp (95% CL) pg/ Larva n Slope + SE x2(df) RF
S 12.50 (7.14-14.52) 150 4.12+0.25 8.36(3) -

2016 Gorgan 59.39 (44.63-75.87) 150 2.01+0.27 244(3) 4.75 (2.87-5.26)
Moghan 73.91(60.09-88.63) 150 1.68+0.16 6.19 (3) 5.91 (4.74-6.44)
Varamin 27.97 (20.11-40.96) 150 1.09+044 455(3) 2.23 (1.79-3.53)
Gorgan 55.21(45.61-71.89) 150 227+015 297(3)  4.42(3.27-4.84)

2017  Moghan 75.81(59.00-90.21) 150 163014 4.71(3) 6.06 (5.43-7.68)
Varamin 30.67(19.89-48.66) 150 1.11+024 3.68(3) 2.45 (1.85-3.67)

N = number of insects tested, df = degrees of freedom; y 2 = chi-square value; RF = resistance factor; S = susceptible strain
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Table 4. Results from bioassay (diet-incorporation method) on different populations of the cotton boll-
worm, Helicoverpa armigera against indoxacarb, during the years 2016-2017

Year Region  LCs (95% CL) mg/L n Slope + SE 2 (df) RF
S 1.2(0.43-2.12) 200 1.27%017 439(3) -
2016 Gorgan  8.92(3.15-14.75) 200  1.04+0.25 563(3) 7.4 (6.38-8.56)
Moghan  6.67 (5.21-8.54 ) 200 0.89%037 304(3) 556 (4.67-6.84)
Varamin  3.39 (2.45-4.07) 200 0.36 £ 0.39 7.58 (3) 2.82 (2.54-2.96)
S 12.4 (10.94-13.96) 200 0.76 £ 0.51 5.58 (3) 10.34 (9.32-11.12)
2017 Gorgan  5.88 (3.85-7.93) 200 0.77+0091 6.93(3)  4.90 (4.01-5.68)
Moghan  2.50 (1.82-3.09) 200 0.63+0.21 6.05(3)  2.09(1.75-2.83)

n = number of insects tested, df = degrees of freedom; y 2 = chi-square value; RF = resistance factor; S = susceptible strain
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Table 5. Esterase enzyme activity (nmol/ min/mg protein) of susceptible and resistance population
(Gorgan) of the cotton bollworm, Helicoverpa armigera using alpha and beta naphthyl acetate as sub-
strate

substrate/ year susceptible resistant (Gorgan)  Student’s t test
a-naphthyl acetate/2016 16154 £9.4 170.36 £ 4.7 P >0.05*
a-naphthyl acetate/2017 169.11 £8.1 17532 +7.2 P >0.05*
S-naphthyl acetate/2016 11093+ 7.1 117.11 £ 6.5 P >0.05*
S-naphthyl acetate/2017 115.39 £ 6.8 120.83 £4.9 P >0.05*
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Table 6. Gluthathion S-transferase enzyme activity (nmol/ min/mg protein) of susceptible and re-
sistance population (Gorgan) of the cotton bollworm, Helicoverpa armigera using CDNB (1-chloro-
2,4-dinitrobenzene) as substrate

year susceptible Resistant (Gorgan) Student’s t test

2016 7454 £3.4 72.36+4.1 P >0.05*
2017 68.19+4.1 71.93+3.2 P >0.05*
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Table 7. Mono-oxygenase enzyme activity (unit of cytochrome p450/mg protein) of susceptible and
resistance population (Gorgan) of the cotton bollworm, Helicoverpa armigera, using TMBZ (3,3',5,5"-
Tetramethylbenzidine) as substrate

year susceptible Resistant (Gorgan) Student’s t test
2016 0.06 +0.004 0.071 +0.009 P >0.05*
2017 0.08 +0.003 0.076 + 0.002 P >0.05*
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