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ABSTRACT 

 The cotton bollworm, Helicoverpa armigera (Hübner), is one of the important 

polyphagous pests causing serious loss to many economically important crops in Iran. The 

goal of this experiment was to study the age-stage, two-sex life table of H. armigera on 

different bean cultivars including white kidney bean (cultivars Daneshkadeh, Pak, and 

Shokufa), red kidney bean (cultivars Akhtar, Naz, and Sayyad) and common bean 

(cultivar Talash) under laboratory conditions (25±1ºC, 65±5% RH, a 16:8 h light-dark 

photoperiod). The longest and shortest larval period and development time of total pre-

adult H. armigera were 19.83±3.83 and 37.58±0.90 days on red kidney bean Akhtar, 

respectively, and 14.13±0.32 and 31.82±0.42 days on white kidney bean Pak, respectively. 

The lowest intrinsic rate of increase (r) was on red kidney bean Akhtar (0.115±0.009 day-

1) and the highest on white kidney bean Pak and common bean Talash (0.142±0.001 day-

1). The lowest and highest values of the net reproductive rate (R0) were on red kidney 

bean Akhtar (177.3±6.7 offspring) and white kidney bean Shokufa (270.1±6.7 offspring), 

respectively. The mean generation time (T) on different bean cultivars ranged from 

37.03±0.05 to 44.64±0.07 days, which was shortest on white kidney bean Pak and longest 

on red kidney bean Akhtar. The results revealed that the cultivar Akhtar was the most 

unsuitable host for population growth of H. armigera. 
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INTRODUCTION 

 The cotton bollworm, Helicoverpa 

armigera (Hübner) (Lepidoptera: Noctuidae), 

is an extremely polyphagous species and a 

common insect pest of many crops in Iran 

(Farid, 1986) and many parts of the world 

(Singh and Mullick, 1997, Reddy et al., 2004). 

The larvae of H. armigera is able to attack 

most plant parts (stems, leaves, flower heads 

and fruits) and create serious economic losses 

in cultivated crops including cotton, bean, 

corn, tobacco and tomato (Liu et al., 2004). In 

spite of high level of natural mortality, this 

species needs to be controlled by chemical 

pesticides (Fitt, 1994). Since the application of 

chemical insecticides has increased the risk of 

environmental contamination, the loss of 

biodiversity, as well as development of 

insecticide resistance in H. armigera 

populations (Armes et al., 1992; Forrester et 

al., 1993; McCaffery, 1998; Naseri et al., 

2009), similar studies have increasingly been 

done to identify control measures that are both 

environmentally and economically acceptable. 

 Host plant suitability to insect pests depends 

on quantitative parameters (size, leaf 

thickness, mechanical barriers, and nutrient 

composition), and qualitative traits (specific 

allelochemical and phenological changes) of 

host. It is noticeable that these factors are 

different among plants and can significantly 

influence the subsequent performance of the 

phytophagous insects (Suomela and Nilson, 

1994; Fisher et al., 2000). The plants with 

antibiosis mechanism have negative effects on 
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insect development, survivorship, reproduction 

and biological parameters (Dent, 2000; Kim 

and Lee, 2002; Sarfraz et al., 2006), thus, 

using host plant resistance is a suitable and 

useful strategy in pest management programs 

(Kennedy et al., 1987). 

 An age-stage, two-sex life table model 

incorporating variable development rates and 

both sexes (male and female) were developed 

by Chi and Liu (1985) and Chi (1988). Since 

development rates often differ between the 

sexes and among individuals (Istock, 1981), 

and ignoring the sex of individuals can also 

result in errors (Chi, 1988), several researchers 

have recently calculated the life table 

parameters of insects by using the age-stage, 

two-sex model (Huang and Chi, 2012; Yadav 

and Chang, 2012; Marouf et al., 2013) 

 Life table parameters, especially the 

intrinsic rate of increase (r), can be used as an 

important and appropriate factor to evaluate 

the susceptibility or resistance level of 

different host plant cultivars to insect pests 

(Razmjou et al., 2006).  

 Several authors have evaluated the effect of 

different host plants on age-specific female life 

table parameters of H. armigera: Naseri et al. 

(2009) on the green pod of 13 soybean 

varieties; Soleimannejad et al. (2010) on 

artificial diets prepared by the seed of various 

soybean cultivars; Arghand (2011) on artificial 

diets based on the seed of five maize hybrids; 

Baghery et al. (2011) on the seed of five host 

plants; Hemati et al. (2012a, b) on different 

host plant cultivars. However, Jha et al. (2012) 

studied the demographic characteristics of H. 

armigera on artificial diet and hybrid sweet 

corn by using the age-stage, two sex life 

tables. Since there is no information on the 

age-stage, two sex life table parameters of this 

pest on different bean cultivars, the present 

study was conducted to compare the potential 

of population growth of H. armigera on seven 

commonly cultivated bean cultivars in Iran, 

and to evaluate resistance or susceptibility of 

these cultivars to the pest. We hope the 

findings of this study can be applied to design 

comprehensive strategy in integrated pest 

management programs of the cotton 

bollworm. 

MATERIALS AND METHODS 

Bean Cultivars 

 Seeds of different bean (Phaseolus 

vulgaris L.) cultivars including white kidney 

bean (WKB) (cultivars Daneshkadeh, Pak, 

and Shokufa), red kidney bean (RKB) 

(cultivars Akhtar, Naz, and Sayyad), and 

common bean (CB) (cultivar Talash) were 

obtained from the Seed and Plant 

Improvement Institute (Khomein, Iran). 

They were cultivated in the research farm of 

the University of Mohaghegh Ardabili 

(Ardabil, Iran) in May 2011. The study 

started when bean cultivars reached the 

reproductive stage (green pod of bean 

cultivars). The young leaves and green 

terminal pods with equal size of different 

bean cultivars were transferred to a growth 

chamber (25±1
º
C, 65±5% RH, and a 16:8 h 

light-dark photoperiod) and were used in the 

experiments. 

 The cotton bollworm eggs were obtained 

from a laboratory colony maintained on a 

cowpea-based artificial diet, as described by 

Teakle (1991), from Tarbiat Modares 

University (Tehran, Iran). The insects tested 

on bean cultivars had previously been reared 

for two generations on the leaves and pods 

of the same cultivars before using in the 

experiments. All experimental insects were 

kept inside a growth chamber at 25±1°C, 

65±5% RH, and a 16:8 h light-dark 

photoperiod. The leaves of bean cultivars 

were used to feed the first and second larval 

instars and the green pods were used to feed 

the third to sixth larval instars (Green et al., 

2002; Naseri et al., 2009). 

Development Time  

 

 Adult moths emerged from the pupae 

reared for two generations on different bean 

cultivars, were used in this study. To obtain 

the same aged eggs of the cotton bollworm, 

20 pairs of both sexes of the moth reared 
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from related cultivars were kept inside each 

transparent egg-laying container (11.5 cm in 

diameter and 9.5 cm in height) closed at the 

top with a fine mesh net for ventilation (the 

internal walls of each container were 

covered with the same mesh net as an egg-

laying substrate). Fifty eggs laid within 12 

hours, after collecting from the egg-laying 

container, were used for the experiment. 

Neonate larvae were transferred using a fine 

camels hair brush (individually) into plastic 

Petri dishes (8 cm in diameter and 2 cm in 

height) with a hole (1 cm in diameter) 

covered with a fine mesh net for aeration 

and containing fresh leaves of the related 

bean cultivar treatment. To obtain freshness, 

the petioles of detached leaves were inserted 

in water-soaked cotton. Larvae entering 3
rd

 

instar were provided with pods of the related 

bean cultivars in the same mentioned Petri 

dishes. Every day, the leaves and pods of 

each bean cultivar were replaced with new 

ones, and daily observations were recorded 

on the mortality or survival of larvae in the 

same instar or moulting to next instar up to 

pupation and emergence of adult. For pre-

pupation and pupation, sixth instar larvae 

were kept in cylindrical plastic containers (3 

cm in diameter and 5 cm in height). Larval 

instars, pre-pupal, pupal and development 

time of total pre-adult and their mortality 

were recorded on different bean cultivars.  

Oviposition Period, Fecundity, and 

Longevity 

 After emergence of adult moths, a pair of 

female and male moths was transferred to 

egg-laying containers (11.5 cm in diameter 

and 9.5 cm in height), closed at the top with 

a fine mesh net for aeration. The internal 

sides of these containers were covered with 

the same mesh net as an oviposition 

substrate. Number of eggs deposited was 

counted daily and the experiments were 

continued up to the death of the last female 

moth. To supply a source of carbohydrate 

for adult feeding, a small cotton wick soaked 

in 10% honey solution was inserted into the 

egg laying containers. In the current study, 

adult pre-oviposition period (APOP: the 

period of time between the emergence of an 

adult female insect and the initiation of its 

oviposition), total pre-oviposition period 

(TPOP: the duration from egg to first 

oviposition), oviposition period, total 

fecundity (eggs during the reproductive 

period) and adult longevity were recorded.  

Life Table Analysis 

 All individuals' data were analyzed 

according to the age-stage, two-sex life table 

model (Chi and Liu, 1985; Chi, 1988). The 

survival rate (sxj) (i.e. x is the age and j is the 

stage) was calculated; the first stage is the 

egg, the second stage is the larva-prepupa, 

the third stage is the pupa, the fourth and 

fifth stages are female and male, 

respectively. The fecundity (fxj), the age-

specific survival rate (lx), the age-specific 

fecundity (mx), and the population 

parameters were measured accordingly 

(Huang and Chi, 2012). The intrinsic rate of 

increase (r) was calculated by using 

bisection method from the Euler-Lotka 

formula:  

1
0

)1(
=∑

∞

=

+−

mle xx
x

xr  

with age indexed from 0 (Goodman, 

1982). The mean generation time (T) is 

defined as the length of time that a 

population can increase to R0-fold of its 

population size at the stable stage 

distribution (i.e. e
rT

= R0 or λ
T
= R0), which 

calculated as T = (ln R0)/r. The gross 

reproductive rate (GRR) was calculated as 

GRR= ∑mx. The bootstrap technique (Efron 

and Tibshirani, 1993), which included 

TWOSEX-MSChart (Chi, 2013), was used 

to estimate the means, variances, and 

standard errors of the population parameters. 

The obtained data were then analyzed by 

one-way ANOVA followed by comparison 

of the means with LSD test at α= 0.05 using 

statistical software Minitab 16.0. Before 

analysis, all data were tested for normality. 
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Table 1. The mean (±SE) duration of immature stages (days) of Helicoverpa armigera reared on 

different bean cultivars under laboratory conditions. 

Host (Cultivar) 
Incubation 

period 
Larval period 

Pre-pupal 

period 
Pupal period Total pre-adult 

White kidney bean 

(Shokufa) 

3.00 17.07±0.60bc a 2.41±0.15a 12.20±0.31b 34.32 ± 0.48c 

Red kidney bean 

(Akhtar) 

3.00 19.83±3.83a 2.54±0.13a 13.50±0.30a 37.58±0.90a 

Red kidney bean 

(Sayyad) 

3.00 17.70±0.41b 2.38±0.13a 12.78±0.28ab 36.04±0.51ab 

Red kidney bean 

(Naz) 

3.00 15.83±0.36cd 2.52±0.13a 12.74±0.20b 33.72±0.88c 

White kidney bean 

(Pak) 

3.00 14.13±0.32e 2.57±0.11a 12.65±0.21b 31.82±0.42d 

White kidney bean 

(Daneshkadeh) 

3.00 17.12±0.48bc 2.24±0.11a 12.61±0.27b 34.52±0.46bc 

Common bean 

(Talash) 

3.00 14.97±0.37de 2.61±0.11a 12.04±0.27b 32.04±0.19d 

a 
 The means followed by different letters in the same column are significantly different (P< 0.01, LSD). 

 

RESULTS 

Development Time  

 The results of the effect of different bean 

cultivars on total pre-adult of H. armigera 

are given in Table 1. Regarding the results, 

no significant difference was observed for 

egg incubation and pre-pupal period of H. 

armigera on different bean cultivars. 

However, both of the larval period and 

development time were significantly 

different on bean cultivars (P< 0.01). The 

longest and shortest values of larval period 

and development time of total pre-adult on 

RKB cultivar Akhtar were 19.83±3.83 and 

37.58±0.90 days, and on WKB cultivar Pak 

14.13±0.32 and 31.82±0.42 days, 

respectively. Also, the longest pupal period 

of H. armigera from larvae fed on different 

bean cultivars was on RKB cultivar Akhtar 

(13.50±0.30 days) and the shortest was on 

CB cultivar Talash (12.04±0.27 days). 

Oviposition Period, Fecundity, and 

Longevity 

 The APOP, TPOP, oviposition period, 

fecundity, and longevity of H. armigera 

adults emerged from the larvae reared on 

different bean cultivars are given in Table 2. 

The APOP and oviposition period of the 

cotton bollworm were not significantly 

different on bean cultivars. However, bean 

cultivars tested showed significant effects on 

the TPOP (P< 0.01) of this pest, which was 

the longest on RKB cultivar Akhtar 

(41.00±1.60 days) and the shortest on WKB 

cultivar Pak (33.15±0.44 days) and CB 

cultivar Talash (33.73±0.30 days). Different 

bean cultivars as larval food had no 

significant effect on longevity and lifespan 

of H. armigera (Table 2).  

There was a significant difference in the 

total number of eggs per individual of H. 

armigera on seven bean cultivars (P< 0.01), 

which was highest on RKB cultivar Naz 

(1411±205) and lowest on WKB cultivar 

Shokufa (815 ± 101) (Table 2). 

Life Table Analysis 

Age-stage specific survival rate (sxj) 

provides the probability that a newly 

deposited egg will survive to age x and stage 

j. The age-stage specific survival rates of H. 

armigera on various bean cultivars are 

shown in Figure 1. Noticeable stage 

overlapping was observed because of 

variation in the development rate among  
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individuals on bean cultivars. The highest 

age-stage specific survival rate of larval-

prepupal stages and adult male of H. 

armigera on different bean cultivars was 

observed on RKB cultivar Sayyad, while the 

lowest rate of these stages was on RKB 

cultivar Akhtar. Also, the highest age-stage 

specific survival rate of pupal stage and 

adult female was on WKB cultivar Shokufa, 

and the lowest on WKB cultivar Akhtar 

(Figure 1).  

 The lx is the probability that an egg will 

survive to age x, therefore, the curve lx 

(Figure 2) is the simplified version of Sxj. 

Results showed that the death of the last 

female occurred at the ages of 61, 70, 70, 66, 

64, 62 and 70 days on WKB cultivar 

Shokufa, RKB cultivar Akhtar, RKB 

cultivar Sayyad, RKB cultivar Naz, WKB 

cultivar Pak, WKB cultivar Daneshkadeh 

and CB cultivar Talash, respectively (Figure 

2). The age-stage specific fecundity (fxj) 

gives the number of offspring produced by 

H. armigera individual at age x and stage j 

per day. Since only females produce 

offspring, there is only a single curve fx4 (i.e. 

the adult female is the fourth life stage). The 

maximum age-stage specific fecundity on 

these cultivars (the same order mentioned 

above) was 55, 154.25, 153, 119.78, 

134.166, 121.6 and 164.1818 eggs female
-1

 

day
-1

, respectively, that occurred at the ages 

of 41, 42, 43, 42, 36, 52 and 36 days, 

respectively (Figure 2). The oviposition 

beginning of the first female on the tested 

bean cultivars (the same order mentioned 

above) occurred at the ages of 33, 36, 36, 33, 

31, 34 and 32 days, respectively. Also, the 

highest age-specific fecundity (mx) of H. 

armigera adult emerging from the larvae 

reared on above-mentioned cultivars was 55, 

68.56, 58.29, 59.89, 70, 76.78 and 90.3 

females female
-1

 day
-1

, respectively, and 

occurred at the ages of 41, 42, 43, 42, 36, 52 

and 36 days, respectively (Figure 2).  

 The population parameters calculated by 

using the age-stage, two-sex life table for H. 

armigera on different bean cultivars are 

listed in Table 3. According to the results, 

the net reproductive rate (R0) was found to  
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Figure 1. Age-stage specific survival rate (sxj) of Helicoverpa armigera reared on different 

bean cultivars under laboratory conditions. 

 

be significantly different (P< 0.01) 

depending on the bean cultivars on which 

individual insects were reared. The R0 values 

of the cotton bollworm estimated on the 

seven bean cultivars varied from 177.3±6.7 

to 270.1±6.7 offspring, being lowest on 

RKB cultivar Akhtar and highest on WKB 

cultivar Shokufa (Table 3). The gross 

reproductive rate (GRR) of this pest differed 

from 390.4±12.8 to 849.0±24.3 offspring on 

RKB cultivar Sayyad and WKB cultivar 

Daneshkadeh, respectively (P< 0.01). The 

intrinsic rate of increase (r) ranged from 

0.115±0.009 to 0.142±0.001 day
-1

, which  
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Figure 2. Age-specific survival rate (lx), age-stage specific fecundity (fx4), and age-specific fecundity 

(mx) of Helicoverpa armigera reared on different bean cultivars under laboratory conditions. 

 

was lowest on RKB cultivar Akhtar and 

highest on CB cultivar Talash and WKB 

cultivar Pak (P< 0.01). Moreover, the finite 

rate of increase (λ) value of this pest showed 

significant differences (P< 0.01), being 

lowest on RKB cultivar Akhtar 

(1.121±0.001 day
-1

) and highest on WKB 

cultivar Pak (1.153±0.001 day
-1

) (Table 3). 

Among different bean cultivars, the mean 

generation time (T) of the cotton bollworm 
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Table 3. Life table parameters of Helicoverpa armigera reared on different bean cultivars under 

laboratory conditions. 

   Parameter (Mean±SE)     

Host (Cultivar) R0  (Offspring)a
 GRR 

(Offspring)b 

r (Day-1)c
 λ (Day-1)d T (Day)e

 

White kidney bean  

(Shokufa) 

270.1 ± 6.7a* 533.1 ± 10.3c 0.137 ± 0.001b 1.147 ± 0.001b 40.72 ± 0.06d 

Red kidney bean  

(Akhtar) 

177.3 ± 6.7d 482.3 ± 15.5d 0.115 ± 0.009e 1.121 ± 0.001e 44.64 ± 0.07a 

Red kidney bean  

(Sayyad) 

195.0 ± 6.9cd 390.4 ± 12.8e 0.119 ± 0.001d 1.125 ± 0.001d 43.97 ± 0.08b 

Red kidney bean  

(Naz) 

268.5 ± 8.1a 613.3 ± 16.6b 0.136 ± 0.001b 1.146 ± 0.001b 40.85 ± 0.10d 

White kidney bean  

(Pak) 

199.1 ± 6.6c 434.4 ± 14.9.e 0.142 ± 0.001a 1.153 ± 0.001a 37.03 ± 0.05f 

White kidney bean  

(Daneshkadeh) 

231.6 ± 7.7b 849.8 ± 24.3a 0.124 ± 0.001c 1.132 ± 0.006c 43.43 ± 0.20c 

Common bean  

(Talash) 

230.4 ± 7.4b 561.4 ± 14.4c 0.142 ± 0.001a 1.152 ± 0.001a 38.17 ± 0.04e 

*The means followed by different letters in the same column are significantly different (P< 0.01, LSD). 
a 

Net reproductive rate; 
b
 Gross reproductive rate; 

c
 Intrinsic rate of increase; 

d
 Finite rate of increase, 

e
 

Mean generation time. 

was longest on RKB cultivar Akhtar 

(44.64±0.07 days) and shortest on WKB 

cultivar Pak (37.03±0.05 days) (P< 0.01).  

DISCUSSION 

 The life cycle characteristics of 

herbivorous insects can be affected by the 

variations in host plant traits. Also, it has 

been reported that these variations play a 

major role in regulating insect populations 

(Umbanhowar and Hastings, 2002). It is 

noticeable that the host plant cultivars are 

different in suitability for herbivorous 

insects when evaluated in terms of 

development, fecundity, and survival rates 

(van Lenteren and Noldus, 1990; Naseri et 

al., 2011). Thus, using pest-resistant 

cultivars in integrated pest management is 

one of the most acceptable approaches to 

minimize the damages caused by the 

phytophagous insect pests (Kogan and 

Ortman, 1978). 

 Egg incubation period of the cotton 

bollworm showed no significant difference 

among bean cultivars tested, demonstrating 

that this parameter was not influenced by the 

bean cultivars. Our results for the incubation 

period of H. armigera on different bean 

cultivars (3.00 days) are in agreement with 

those reported by several authors (Borah and 

Dutta, 2002; Naseri et al., 2009; Arghand, 

2011).  

 In the current research, there were six 

larval instars of H. armigera on all bean 

cultivars tested, similar to that reported by 

several researchers (Goyal and Rathore, 

1988; Borah and Dutta, 2002; Arghand, 

2011). Nevertheless, Lokar et al. (1993), 

Saour and Causse (1996), and Fathipour and 

Naseri (2011) reported that larval stages of 

H. armigera were completed in five instars. 

Differences in geographic population of H. 

armigera, or variations in the nutritional 

quality and quantity of the host plant species 

can affect the larval instars of this pest 

(Nadgauda and Pitre, 1983; Bernays and 

Chapman, 1994). 

 The results showed that the larval period 

of H. armigera ranged from 14.13±0.323 to 

19.83±3.828 days on the seven bean 

cultivars. According to Fathipour and Naseri 

(2011), the longest larval period of H. 

armigera was 26.20±1.62 days on soybean 

cultivar L17. This reinforces the suggestion 

that bean is a more suitable host plant for 

feeding of H. armigera larvae than soybean. 
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Also, the type of host plant, genetic 

variations, and different geographic 

populations of the insect may influence 

duration of larval stage in this pest. 

 Pre-pupal period of H. armigera was not 

affected by the larval food. The mean value 

of pre-pupal period was 2.47±0.122 days on 

all bean cultivars, similar to that reported for 

H. armigera reared on soybean (2.59 days) 

(Naseri et al., 2009). The pupal period 

ranged from 12.04±0.27 days on WKB 

cultivar Daneshkadeh to 13.50±0.30 days 

RKB cultivar Akhtar. Arghand (2011) 

reported that the pupal period of H. 

armigera varied from 12.95±0.33 days on 

maize hybrid SC700 to 13.35±0.23 days on 

hybrid DC370, which are nearly in 

agreement with our results for pupal period 

of the pest on different bean cultivars. 

 In this study, development time of the 

total pre-adult showed a significant 

difference among the bean cultivars, with 

values ranging from 31.82±0.42 days on 

WKB cultivar Pak to 37.58±0.90 days on 

RKB cultivar Akhtar. The longest 

development time of total pre-adult of H. 

armigera was reported as 42.71±1.41 days 

on soybean cultivar L17 (Fathipour and 

Naseri, 2011), which is different from our 

results for development time of the pest on 

bean cultivars. Also, Hemati et al. (2012b) 

reported that the longest development time 

of total pre-adult of this pest was 45.39 ± 

0.54 days on tomato cultivar Meshkin. 

Variations between our results and that of 

the above-mentioned authors might be as a 

result of host plant differences. 

 In contrast to Jha et al. (2012) study, the 

adult pre-oviposition period (APOP) of H. 

armigera was not affected by different bean 

cultivars. However, the total pre-oviposition 

period (TPOP) of H. armigera on different 

bean cultivars ranged from 33.15±0.44 to 

41.00±1.60 days, which was the shortest on 

WKB cultivar Pak and the longest on RKB 

cultivar Akhtar. It was reported that the age 

of the first reproduction plays an important 

role on the intrinsic rate of increase (r). 

Also, if fecundity remains the same, the 

shorter pre-oviposition period will cause a 

higher intrinsic rate (Lewontin, 1965; Huang 

and Chi, 2012; Jha et al., 2012). For that 

reason, the intrinsic rate of increase in this 

study was the highest on WKB cultivar Pak 

(0.142±0.001 day
-1

) and the lowest on RKB 

cultivar Akhtar (0.115±0.009 day
-1

). It is 

useful to note that the fitness of 

phytophagous insects depends on the 

nutrients of the host plant, thus, the quality 

and quantity of nourishment can influence 

food consumption rate by an insect and its 

fecundity. This research showed that the 

total fecundity of H. armigera was affected 

by different bean cultivars. Females reared 

as larvae on RKB cultivar Naz produced the 

highest total number of eggs (1411±205 

eggs/individual) and the lowest number of 

eggs laid was recorded for females reared as 

larvae on WKB cultivar Shokufa (815±101 

eggs individual
-1

). The lowest number of 

eggs laid/individual on WKB Shokufa is 

approximately similar to the value reported 

by Liu et al. (2004) on common bean 

(778.10 eggs individual
-1

), but is not the 

same as the value reported by Fathipour and 

Naseri (2011) for soybean cultivar 356 

(177.10 eggs individual
-1

), suggesting that 

the quantity and/or the quality of nutrients in 

bean are more suitable than that in soybean 

as food for H. armigera larvae.  

 In agreement with the reports by several 

researchers (Fathipour and Naseri, 2011; 

Arghand, 2011), in the current study, adult 

longevity and total lifespan of H. armigera, 

was not influenced by different bean 

cultivars.  

 The curves of age-stage specific survival 

rate (sxj) of H. armigera showed the 

survivorship and stage variation as well as 

the variable developmental rates. For 

example, the probability that a newborn egg 

of H. armigera survive to adult stage is 0.32 

for females on WKB cultivar Shokufa. If the 

raw data were analyzed via traditional 

female age-specific life table, it would not 

be possible to view the variations of the 

stage structure because of ignoring male 

individuals and the variable development 

rate among individuals (Yu et al., 2005). 

The age-stage specific fecundity (fx4) of H. 
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armigera on CB cultivar Talash was 

observed from day 32 to 49, with a 

maximum daily fecundity of 164.18 eggs per 

female in the cohort (Figure 2). Also, the 

age-specific fecundity (mx) of the adult that 

emerged from the larvae reared on different 

bean cultivars ranged from 90.3 (on CB 

cultivar Talash) to 55 offspring (on WKB 

cultivar Shokufa). According to Fathipour 

and Naseri (2011), the daily fecundity 

among various soybean cultivars varied 

from 36.5 to 159.30 females female
-1

 day
-1

. 

Because these authors have constructed 

survival rates and fecundity curves based on 

"adult age", differences in pre-adult 

development are ignored, and it is then 

assumed that all adults emerged on the same 

day (Yu et al., 2005).  

 The variability of population estimated 

using the bootstrap technique is shown in 

Table 3. The jacknife technique will 

generate biologicaly unrealistic R0, i-pseudo, 

resulting in an overstimation of variances of 

the net reproductive rates; consequently, 

significant differences between treatments 

become undetectable via statistical test. 

Variance analysis is critical for revealing the 

variability of experimental results. Because 

there are many problems associated with 

female life tables and analysis based on 

adult age (Chi and Su, 2006; Huang and Chi, 

2012 a), the jacknife method to female life 

tables will not make correct estimation. It is 

known that the bootsraping, as an 

resambling methods, is a proper technique in 

the estimation of means and variances of 

population parameters (Huang and Chi, 

2012 b). 

 In our study, the higher R0 value of H. 

armigera on the seven bean cultivars was 

270.1±6.7 offspring on WKB cultivar 

Shokufa, which was lower than the highest 

value reported for this pest on soybean 

(cultivar M7) (354.92±52.34 offspring) 

(Fathipour and Naseri, 2011). The higher r 

value of H. armigera on CB cultivar Talash 

and WKB cultivar Pak was mainly due to 

the greater fecundity, and the shorter TPOP 

and development of pre-adult of the pest 

reared on these cultivars. However, lower r 

value on RKB cultivar Akhtar was mainly a 

result of the lower fecundity and longer 

TPOP and development of pre-adult of H. 

armigera on this cultivar. The intrinsic rate 

of increase for H. armigera on CB cultivar 

Talash and WKB cultivar Pak (0.142 day
-1

) 

is lower than the highest value reported by 

Fathipour and Naseri (2011) on M9 (suitable 

soybean cultivar) (0.1848 day
-1

). A high 

value of r demonstrates the susceptibility of 

a host plant to insect feeding; a low value 

shows that the host plant species is resistant 

to the pest. Thus, CB cultivar Talash and 

WKB cultivar Pak, among other bean 

cultivars, were the susceptible hosts, and the 

cotton bollworm had the greatest chance for 

population increase on these cultivars. 

However, RKB cultivar Akhtar was a more 

unsuitable host plant, suggesting that this 

cultivar is partially resistant to H. armigera 

compared to the other cultivars. The finite 

rate of increase was highest on WKB 

cultivar Pak (1.153±0.001 day
-1

). Fathipour 

and Naseri (2011) noted that the highest 

finite rate of increase was on soybean 

cultivar M7 (1.20±0.007 day
-1

) (as a suitable 

cultivar). The mean generation time on 

different bean cultivars ranged from 

37.03±0.05 days on white kidney bean Pak 

to 44.64±0.07 days on red kidney bean 

Akhtar. According to Fathipour and Naseri 

(2011), this value varied from 28.85±2.509 

to 36.61±0.391 days on soybean cultivars. 

Because these researchers caluated the 

population parameters (i.e. R0, r, λ and T) by 

using traditional age-specific life table, the 

differences among results reported by them 

and our work are due to either variation in 

host plants or differences in the analytical 

methods. On the other hand, because of the 

problems in applying female age-specific 

life table to two-sex insect populations, it is 

improper to compare population parameters 

obtained by using different analytical 

methods and life table theory (Chi and Su, 

2006; Huang and Chi, 2012 a).  

 According to the results obtained here, 

among the seven bean cultivars tested, the 

longest larval, pupal, and pre-adult periods 

as well as the lowest r, R0 and λ values of H. 
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armigera were on RKB cultivar Akhtar, 

indicating that this cultivar is a partially 

unsuitable host for population growth of H. 

armigera; however, CB cultivar Talash and 

WKB cultivar Pak seemed to be the suitable 

bean cultivars for growth and development 

of this pest. For a better understanding of the 

insect-plant interaction to control H. 

armigera on bean cultivars, more attention 

should be paid to the study of demographic 

parameters of this pest on bean cultivars 

under field conditions. Furthermore, 

identification and extraction of secondary 

biochemicals of the resistant bean cultivars 

can significantly help to plan more practical 

strategies for management of the cotton 

bollworm. 

ACKNOWLEDGEMENTS 

 This research was financially supported 

by the University of Mohaghegh Ardabili, 

(Ardabil, Iran), which is greatly appreciated. 

REFERENCES 

1. Arghand, A. 2011. Comparison of 

Biological Parameters and Nutritional 

Indices of Helicoverpa armigera 

(Lepidoptera: Noctuidae) on Seed of 

Different Maize Hybrids. MSc. Thesis, 

University of Mohaghegh Ardabili, Ardabil, 

Iran. 

2. Armes, N. J., Jadhav, D. R., Bond, G. S. and 

King, A. B. S. 1992. Insecticide Resistance 

in Helicoverpa armigera in South India. 

Pestic. Sci., 34: 355-364. 

3. Baghery, F., Fathipour, Y. and Naseri B. 

2011. Comparative Life History and 

Reproductive Performance of Helicoverpa 

armigera (Hübner) (Lepidoptera: Noctuidae) 

on Five Different Host Plants. Global 

Conference on Entomology, 5-9 March 

2011, Chiang Mai, Thailand, PP. 52.  

4. Bernays, E. A. and Chapman, R. F. 1994. 

Host-plant Selection by Phytophagous 

Insects. Chapman and Hall, New York, PP. 

312. 

5. Borah, S. R. and Dutta, S. K. 2002. Biology 

of Gram Pod Borer, Helicoverpa armigera 

(Hub.) on Pigeon Pea. J. Agric. Sc. Soc. NE. 

India., 15: 34-37. 

6. Chi, H. 1988. Life-table Analysis 

Incorporating Both Sexes and Variable 

Development Rate among Individuals. 

Environ. Entomol., 17: 26-34 

7. Chi, H. 2013. TWOSEX-MSChart: A 

Computer Program for the Sge-stage, Two 

Sex Life Table Analysis. 

http://140.120.197.173/Ecology/. 

8. Chi, H. and Liu, H. 1985. Two New 

Methods for the Study of Insect Population 

Ecology. Bull. Inst. Zool. Acad. Sinica., 24: 

225-240. 

9. Chi, H. and Su, H. Y. 2006. Age-stage, 

Two-sex Life Tables of Aphidius gifuensis 

(Ashmead) (Hymenoptera: Braconidae) and 

Its Host Myzus persicae (Sulzer) 

(Homoptera: Aphididae) with Mathematical 

Proof of the Relationship between Female 

Fecundity and the Net Reproductive Rate. 

Environ. Entomol., 35: 10-21. 

10. Dent, D. 2000. Host Plant Resistance. In: 

"Insect Pest Management",(Ed.): Dent, D.. 

CABI Publishing, UK, PP. 123-179. 

11. Efron, B. and Tibshirani, R. J. 1993. An 

Introduction to the Bootstrap. Chapman and 

Hall, London, PP. 456. 

12. Farid, A. 1986. Study of bollworm Heliothis 

armigera (Hübner) on Tomato in Jyroft and 

Kahnuj. Appl. Entomol. Phytopathol., 54: 

15-24.  

13. Fathipour, Y. and Naseri, B. 2011. Soybean 

Cultivars Affecting Performance of 

Helicoverpa armigera (Lepidoptera: 

Noctuidae) In: "Soybean- Biochemistry, 

Chemistry and Physiology, 642", (Ed.): Ng, 

T. B.. In Tech, Rijeka, Croatia, PP. 599-630. 

14. Fisher, A. E. I., Harteley, S. E. and Young, 

M. 2000. Direct and Indirect Competitive 

Effects of Foliage Feeding Guilds on the 

Performance of the Birch leaf-miner 

Eriocrania. J. Anim. Ecol., 69: 165-176. 

15. Fitt, G. P. 1994. Cotton Pest Management. 

Part 3. An Australian Perspective. Annu. 

Rev. Entomol., 39: 543-562. 

16. Forrester, N. W., Cahill, M., Bird, L. J. and 

Layland, J. K. 1993. Management of 

Pyrethroid and Endosulfan Resistance in 

Helicoverpa armigera (Lepidoptera: 

Noctuidae) in Australia. Bull. Entomol. Res., 

1: 1-132. 

17. Goodman, D. 1982. Optimal Life Histories, 

Optimal Notation, and the Value of 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
14

.1
6.

1.
9.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

09
 ]

 

                            11 / 14

https://dorl.net/dor/20.1001.1.16807073.2014.16.1.9.3
https://jast.modares.ac.ir/article-23-4272-en.html


  ________________________________________________________________________ Naseri et al. 

30 

Reproductive Value. Am. Nat., 119: 803-

823. 

18. Goyal, S. P. and Rathore, V. S. 1988. 

Patterns of Insect-plant Relationship 

Determining Susceptibility of Different 

Hosts to Heliothis armigera (Hübner). 

Indian. J. Entomol., 50: 193-201. 

19. Green, P. W. C., Stevenson, P. C., 

Simmonds, M. S. J. and Sharma, H. C. 2002. 

Can Larvae of the Pod Borer, Helicoverpa 

armigera (Noctuidae: Lepidoptera), Select 

between Wild and Cultivated Pigeonpea 

Cajanus sp., Fabaceae? Bull. Entomol. Res., 

92: 45-51. 

20. Hemati, S. A., Naseri, B. and Razmjou, J. 

2012a. Effect of Different Host Plants on 

Population Growth Parameters of 

Helicoverpa armigera (Hübner) 

(Lepidoptera: Noctuidae). 20
th
 Iranian Plant 

Protection Congress, Agust 25-28, 2012, 

Shiraz, Iran, 731 PP.  

21. Hemati, S. A., Naseri, B. and Razmjou, J. 

2012b. Comparative Life History and 

Fecundity of Helicoverpa armigera 

(Hübner) (Lepidoptera: Noctuidae) on 

Different Host Plants under Laboratory 

Conditions. 20
th

 Iranian Plant Protection 

Congress, Agust 25-28, 2012, Shiraz, 824 

PP. 

22. Huang, Y. B. and Chi, H. 2012a. Age-stage, 

Two-sex life Tables of Bactrocera 

cucurbitae (Coquillett) (Diptera: 

Tephritidae) with a Discussion on the 

Problem of Applying Female Age-specific 

Life Tables to Insect Populations. Insect 

Sci., 19: 263-273.  

23. Huang, Y. B. and Chi, H. 2013. Life Tables 

of Bactrocera cucurbitae (Diptera: 

Tephritidae) with an Invalidation of the 

Jackknife Technique. J. Appl. Entomol., 

137: 327-339 

24. Istock, C. A. 1981. Natural Selection and 

Life History Variation: Theory Plus Lessons 

from a Mosquito In: "Insect Life History 

Patterns, Habitat and Geographic 

Variation", (Eds.): Denno, R. F. and Dingle, 

H.. Springer, Newyork, PP. 113-127. 

25. Jha, R. K., Chi, H. and Tang, L. Ch. 2012. A 

Comparison of Artificial Diet and Hybrid 

Sweet Corn for the Rearing of Helicoverpa 

armigera (Hübner) (Lepidoptera: Noctuidae) 

Based on Life Table Characteristics. 

Environ. Entomol., 41: 30-39. 

26. Kennedy, G. G., Gould, F., Deponti, O. M. 

B. and Stinner, R. E. 1987. Ecological, 

Agricultural and Commercial Considerations 

in the Deployment of Insect Resistant King 

ABS (1994) Heliothis/Helicoverpa 

(Lepidoptera: Noctuidae) In: "Insect Pests 

of Cotton", (Eds.): Mathews, G. A. and 

Tunstall, J. P.. CAB International, 

Wallingford, UK, PP. 39-106. 

27. Kim, D. S. and Lee, J. H. 2002. Egg and 

Larval Survivorship of Carposina sasakii 

(Lepidoptera: Carposinidae) in Apple and 

Peach and Their Effects on Adult Population 

Dynamics on Orchards. Environ. Entomol., 

31: 686-692. 

28. Kogan, M. and Ortman, E. E. 1978. 

Antixenosis a New Term Proposed to 

Replace Painter
'
s Non-preference Modality 

of Resistance. Bull. Entomol. Soc. Am., 24: 

175-176. 

29. Lewontin, R. C. 1965. Selection for 

Colonizing Ability In: "The Genetic of 

Colonizing Species", (Eds.): Baker, H. G. 

and Stebbins, Initial. Academic Press, San 

Diego, PP. 22-29. 

30. Liu, Z., Li, D., Gong, P. Y. and Wu, K. J. 

2004. Life Table Studies of the Cotton 

Bollworm, Helicoverpa armigera (Hübner) 

(Lepidoptera, Noctuidae), on Different Host 

Plants. Environ. Entomol., 33: 1570-1576. 

31. Lokar, M. K., Rahoo, G. M. and Rind, A. W. 

1993. Effect of Food Plants on the 

Development of Cutworm Species, Heliothis 

armigera (Hübner) and Spodoptera litura F 

In: "Proceedings of Pakistan Congress of 

Zoology", Ahmed, M. and Sakoori, A. R. 

(Eds.): Publications of Zoological Society of 

Pakistan, PP. 225-233.  

32. Marouf, A., Amir-Maafi, M. and Shayesteh, 

N. 2013. Two-sex Life Table Analysis of 

Population Characteristics of Almond Moth, 

Cadra cautella (Lepidoptera: Pyralidae) on 

Dry and Semi-dry Date Palm Varieties. J. 

Crop. Prot., 2: 171-181. 

33. McCaffery, A. R. 1998. Resistance to 

Insecticides in Heliothine Lepidoptera: A 

Global View. Philosoph Transact of the 

Royal Socie of London Series B. Biol. Sci., 

353: 1735-1750. 

34. Nadgauda, D. and Pitre, H. 1983. 

Development, Fecundity and Longevity of 

the Tobacco Budworm (Lepidoptera: 

Noctuidae) Fed Soybean, Cotton and 

Artificial Diet at the Three Temperatures. 

Environ. Entomol., 12: 582-586. 

35. Naseri, B., Fathipour, Y., Moharramipour, S. 

and Hosseininaveh, V. 2009. Comparative 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
14

.1
6.

1.
9.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

09
 ]

 

                            12 / 14

https://dorl.net/dor/20.1001.1.16807073.2014.16.1.9.3
https://jast.modares.ac.ir/article-23-4272-en.html


Life Table of Helicoverpa armigera_____________________________________________  

31 

Life History and Fecundity of Helicoverpa 

armigera (Hübner) (Lepidoptera: Noctuidae) 

on Different Soybean Varieties. Entomol. 

Sci., 12: 147-154. 

36. Naseri, B., Fathipour, Y., Moharramipour, S. 

and Hosseininaveh, V. 2011. Comparative 

Reproductive Performance of Helicoverpa 

armigera (Hübner) (Lepidoptera: Noctuidae) 

Reared on Thirteen Soybean Varieties. J. 

Agr. Sci. Tech., 13:17-26. 

37. Razmjou, J., Moharramipour, S., Fathipour, 

Y. and Mirhoseini, S. Z. 2006. Effect of 

Cotton Cultivar on Performance of Aphis 

gossypii (Homoptera: Aphididae) in Iran. J. 

Econ. Entomol., 99: 1820-1825. 

38. Reddy, K. S., Rao, G. R., Rao, P. A. and 

Rajasekhar, P. 2004. Life Table Studies of 

the Capitulum Borer, Helicoverpa armigera 

(Hübner) Infesting Sunflower. J. Entomol. 

Res., 28: 13-18. 

39. Saour, G. and Causse, R. 1996. Feeding 

Behavior of Helicoverpa armigera 

(Lepidoptera: Noctuidae) on Tomatoes. J. 

Appl. Entomol., 120: 87-92. 

40. Sarfraz, M., Dosdall, L. M. and Keddie, 

B. A. 2006. Diamondback Moth-host Plant 

Interactions: Implications for Pest 

Management. Crop. Prot., 25: 625-636. 

41. Singh, A. K. and Mullick, S. 1997. Effect of 

Leguminous Plants on the Growth and 

Development of Gram Pod Borer, 

Helicoverpa armigera. Indian. Entomol., 59: 

209-214. 

42. Soleimannejad, S., Fathipour, Y., 

Moharramipour, S. and Zalucki, M. P. 2010. 

Evaluation of Potential Resistance in Seeds 

of Different Soybean Cultivars to 

Helicoverpa armigera (Lepidoptera: 

Noctuidae) by Using Demographic 

Parameters and Nutritional Indices. J. Econ. 

Entomol., 103: 1420-1430. 

43. Suomela, J. and Nilson, A. 1994. Within-

tree and among-tree Variation in Growth of 

Epirrita autumnata on Mountain Birch 

Leaves. Ecol. Entomol., 19: 45-56. 

44. Teakle, R. E. 1991. Laboratory Culture of 

Heliothis Species and Identification of 

Disease In: "Heliothis: Research Methods 

and Prospects", (Ed.): Zalucki, M. P.. 

Springer Verlag, PP. 22-29. 

45. Umbanhowar, J. and Hasting, A. 2002. The 

Impact of Resource Limitation and 

Phenology of Parasitoid Attack on the 

Duration of Insect Herbivore Outbreaks. 

Theoret. Popul. Biol., 62: 259-269. 

46. van Lenteren, J. C. and Noldus, L. P. J. J. 

1990. Whitefly-plant Relationship: 

Behavioral and Biological Aspects In: 

"Whitefly: Their Bionomics, Pest Status and 

Management", (Ed.): Gerling, D.. Intercept, 

Andover, UK, PP. 47-89. 

47. Yadav, R. and Chang, N. T. 2012. Age-

stage, Two-sex Life Table of Thrips palmi 

Karny (Thysanoptera: Thripidae) on 

Eggplant. Acad. J. Entomol., 5: 151-157. 

48. Yu, J. Z., Chi, H. and Chen, B. H. 2005. Life 

Table and Predation of Lemina biplagiata 

(Coleoptera: Coccinellidae) Fed on Aphis 

gossypii (Homoptera: Aphididae) with a 

Proof Relationship among Gross 

Reproduction Rate, Net Reproduction Rate, 

and Pre-adult Survivorship. Ann. Entomol. 

Soc. Am., 98: 475-482. 

 Helicoverpa armigeraاي مرحله-جنسي سنيجداول زندگي دو

(Lepidoptera: Noctuidae) روي ارقام مختلف لوبيا  

 ب. ناصري، ز. گل پرور، ج. رزمجو، ع. قلي زاده

  چكيده

، يكي از آفات جدي با طيف ميزباني Helicoverpa armigera (Hübner)ي پنبه، كرم غوزه 

شود. اد خسارت اقتصادي شديد روي انواع محصولات اقتصادي در ايران ميوسيع است كه منجر به ايج
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روي ارقام  H. armigeraاي مرحله-جنسي سنيهدف از اين آزمايش بررسي جدول زندگي دو

مختلف لوبيا شامل لوبيا سفيد (ارقام دانشكده، پاك و شكوفا)، لوبيا قرمز (ارقام اختر، ناز و صياد) و لوبيا 

 65±5ي سلسيوس، رطوبت نسبي درجه  25±1دماي لاش) تحت شرايط آزمايشگاهي (چيتي (رقم ت

ي ترين و كوتاهترين دوره. طولانيبود )ساعت تاريكي 8ساعت روشنايي و  16ي نوري درصد و دوره

 به ترتيب روي لوبيا قرمز رقم اختر (به ترتيب H. armigeraي رشدي قبل از بلوغ لاروي و دوره

 82/31±42/0 و 13/14±32/0 روز) و لوبيا سفيد رقم پاك (به ترتيب 58/37±90/0 و 83/3±83/19

بر روز) و  115/0±009/0روي لوبيا قرمز رقم اختر ( (r)روز) مشاهده شد. كمترين نرخ ذاتي افزايش 

بر روز) بود. كمترين و  142/0±001/0بيشترين آن روي لوبيا سفيد رقم پاك و لوبيا چيتي رقم تلاش (

) و نتاج 3/177±7/6به ترتيب روي لوبيا قرمز رقم اختر ( (R0)ترين مقادير نرخ خالص توليد مثل بيش

روي ارقام مختلف  (T)) مشاهده شد. متوسط زمان يك نسل نتاج 1/270±7/6لوبيا سفيد رقم شكوفا (

رقم پاك و  روز در نوسان بود كه كوتاهترين آن روي لوبيا سفيد 64/44±07/0تا  03/37±05/0لوبيا از 

ترين آن روي لوبيا قرمز رقم اختر بود. نتايج نشان داد كه رقم اختر ميزبان نامناسبتري براي رشد طولاني

  بود. H. armigeraجمعيت 
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