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Temperature-dependent life table studies were performed to evaluate the direct effects of 

rising temperatures (20, 22.5, 25, 30, 35, 37.5, and 40 °C ± 0.5) on Helicoverpa armigera 

(Hübner) (Lep: Noctuidae). The results indicated that H. armigera could successfully 

survive and reproduce at all temperatures tested except at 37.5 and 40 °C (at 37.5 °C, no 

adults emerged, and at 40 °C, no eggs hatched). However, a significant difference was 

observed among the mean life table parameters of H. armigera at survived temperatures. 

The constant temperatures of 22.5 and 25 °C were considered the optimum degree of eggs 

laid by females of H. armigera.  The intrinsic rate of rise (r) at the specified temperatures 

ranged from 0.080 day−1 at 35 °C to 0.145 day−1 at 22.5 °C. In addition, the value of the 

net reproductive rate (R0) of H. armigera at the different temperatures tested varied from 

9.22 offspring at 35 °C to 501.01 offspring at 22.5 °C. Furthermore, the values of the gross 

reproductive rate (GRR) were significantly different at the tested temperatures, and the 

lowest and highest values of this parameter were obtained at 35 °C (42.18 offspring) and 

22.5 °C (1056.44 offspring), respectively. Immature mortality increased with increasing 

temperature. The results obtained in the present study may provide insight into predicting 

population dynamics and the efficacy of the subsequent management programs for this pest. 
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Introduction 

The cotton bollworm, Helicoverpa armigera (Hübner) 

(Lep: Noctuidae), is an important pest of many crops in 

many parts of the world and is reported to attack more 

than 60 plant species belonging to more than 47 families 

such as cotton, chickpea, cowpea, soybean, canola, 

corn, tomato, and eggplant worldwide (Fathipour & 

Sedaratian, 2013). Direct damage to flowering and 

fruiting structures of host plants by larvae of H. 

armigera, together with extensive insecticide spraying, 

results in low yields and high control costs, respectively 

(Fathipour & Naseri, 2011). A wide host range, multiple 

generations, migratory behavior, and high fecundity 

enable H. armigera to survive in unstable habitats and 

become a difficult pest to control (Subramanian & 

Mohankumar, 2006). 

Life table parameters are an important tool in the 

measurement of the population growth capacity of a 

species under specific conditions (Southwood & 

Henderson, 2000). Based on demographic studies, we 

can estimate extinction probabilities, predict life history 

evolution, anticipate outbreaks of pest species, and 

examine the dynamics of colonizing or invading species 

(Vargas et al., 1997). A number of factors have been 

shown to affect the demographic parameters of 

arthropods, and temperature is known to be a key factor 

in this regard (Medeiros et al., 2003a, b). Temperature is 

a critical climatic factor with the greatest effect on the 

developmental rate of immature poikilotherms, 

especially arthropods. Insect development occurs within 

a specific temperature range. The response of insects to 

temperature can be important in predicting the potential 

geographical range of a species and in developing 

phenological models to predict population dynamics and 

the timing of development, reproduction, and dormancy 

or migration for planning control or survey programs 

(Keena, 2006). 

Warming of the climate system is unequivocal, as is 

now evident from observations of increases in global 
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average air and ocean temperatures (IPCC, 2007). 

Climate change, as realized through trends of 

temperature rise and increased CO2 concentration, is a 

major concern. The Effect of climate change is more 

pronounced in temperate areas; it can affect range 

expansion, host and enemy synchrony, and interspecific 

competition. This increase in temperature will 

accelerate the development of insect pests, possibly 

resulting in more generations per year. It influences the 

activity and seasonal population dynamics of insects 

and sets the limits of biological activities in arthropods 

(Huffaker et al., 1999). Global warming may affect 

insect populations in different ways: by altering 

developmental times, equilibrium population densities, 

geographical distributions, and insect-plant-interactions 

(Cornelissen, 2011). As a result, some of the cultivars 

that are resistant to insect pests may exhibit susceptible 

reactions under global warming. In addition, the adverse 

effects of climate change on the activity and 

effectiveness of natural enemies will be a major concern 

in future pest management programs.  

Understanding the influence of temperature on the 

survival and reproduction of H. armigera may provide 

insight into predicting population dynamics and the 

efficacy of subsequent management programs. Several 

investigations have been carried out on the effects of 

different host plants and artificial diets on the life table 

parameters of H. armigera (Naseri et al., 2009; 

Soleimannejad et al., 2010; Karimi et al., 2012; 

Safuraie-Parizi et al., 2014), but there is no available 

data regarding the effect of temperature on the 

demographic parameters of H. armigera. Therefore, the 

objective of this study is to determine the effects of 

seven constant temperatures on survival, fecundity and 

life table parameters of H. armigera. The obtained 

results will provide basic information to accurately 

describe the relationship between the demographic 

parameters of H. armigera and temperature for the 

establishment of a pest management program. 

Materials and Methods 

Insect rearing 

A laboratory colony of H. armigera was established 

using larvae collected from tomato fields in the Jiroft 

region of southeast Iran. The stock culture was initiated 

on an artificial diet  (cowpea powder 205 g, powdered 

agar 14 g, ascorbic acid 3.5 g, sorbic acid 1.1 g, methyl-

p-hydroxybenzoate 2.2 g, yeast 35 g, wheat germ 

powder 30 g, formaldehyde 37% 2.5 ml, sunflower oil 5 

ml and distilled water 650 ml) according to Twine 

(1971). Adult moths were kept in oviposition containers 

(14 cm diameter and 19 cm height). The open end of the 

containers was covered with a fine mesh net. A small 

cotton wick soaked in a 10% honey solution was used 

for moth feeding. Every day, net pieces containing H. 

armigera eggs were carefully collected and replaced. 

The newly hatched larvae were utilized for further 

multiplication of the insect culture and experiments. The 

laboratory colony of H. armigera was maintained in a 

growth chamber at 25 ± 1 °C, relative humidity of 60 ± 

5%, and a photoperiod of 16:8 (L:D) h. Helicoverpa 

armigera was reared for one generation at each 

temperature before the initiation of the experiments.  

Estimating life table parameters 

To determine how high temperatures affect the basic 

demographic parameters of H. armigera, age-stage life 

tables were constructed. Measuring life table parameters 

were performed at seven constant temperatures (20, 

22.5, 25, 30, 35, 37.5, and 40 °C ± 0.5), 60 ± 5% RH, 

and a photoperiod of 16:8 (L: D) h. At the beginning of 

experiments, to obtain the same-aged eggs of H. 

armigera, 30 pairs of both sexes of the moth that were 

reared at the related temperature were maintained inside 

the oviposition containers (14 cm diameter and 19 cm 

height). After 24h, the deposited eggs were used for 

demographic studies (200 eggs for each temperature). 

After egg hatching, the neonate larvae were individually 

transferred into the plastic containers (8.5 cm diameter 

and 3 cm height) containing artificial diet by using a 

fine camel-hair brush. These experimental units were 

checked once a day, and the duration, mortality, and 

survivorship of the pre-maturity stage were recorded. 

The prepupae were kept in plastic containers (3 cm 

diameter and 5 cm height) for pupation. 

After emergence of adults, females were coupled with 

males obtained in the same experiment or taken from 

the colony at the same temperature. Each pair was 

transferred into transparent plastic containers (11 cm 

diameter and 12 cm height) for oviposition. A piece of 

small cotton which soaked in a 10% honey solution, was 

placed in the oviposition containers to provide a food 

source of carbohydrates for the moths. The couple was 

kept together until the end of the study, and the dead 

males were replaced by new ones. In daily observations, 

the fecundity, mortality and survivorship of adult 

females were recorded until the death of all individuals. 

Data analysis 

The life table data obtained from daily observations of 

experimental units were used to construct the two-sex 

life table for H. armigera. All life table parameters, 

including the gross reproductive rate (GRR), net 
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reproductive rate (R0), intrinsic rate of increase (r), 

finite rate of increase (λ), and mean generation time (T) 

were computed using the procedure recommended by 

Chi & Liu (1985) and Chi (1988) using the TWOSEX-

MSChart software (Chi, 2023). Bootstrap procedure 

(with 100,000 samples) was used to estimate the 

parameters' variances and standard errors. Mean 

comparisons of the parameters among different 

temperatures were carried out by the paired bootstrap 

test using TWOSEX-MSChart software. 

Results 

Survival and mortality curves 

The age specific survivorship (lx) (Fig. 1) shows the 

probability that a new born individual will survive to 

age x and is calculated by pooling of all individuals of 

both sexes. Age-specific survivorship at the time of 

adult emergence of H. armigera at 20, 22.5, 25, 30 and 

35°C was 0.73, 0.70, 0.45, 0.33, and 0.31, respectively, 

indicating that immature mortality increased with 

increasing temperature from 20 to 35 °C. And 

ultimately, there was no adults emerged at 37.5 °C and 

no eggs hatched at 40 °C. 

 

  

  

  

 

Fig. 1. Age-specific survivorship (lx) and age-specific fecundity (mx) of Helicoverpa armigera at six constant 

temperatures. 
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Fecundity curves 

Figure 1 shows that age-specific fecundity (mx) varied 

substantially in relation to temperature. The mean daily 

fecundity (number of eggs per individual) increased 

from 20 to 22.5 °C but decreased with increasing 

temperature from 22.5 to 35 °C. The highest peak of 

female progeny (highest daily fecundity) was at 22.5 °C. 

Population growth parameters 

Age-stage, two-sex life table parameters were calculated 

based on data from the entire cohort (Table 1). 

Development did not reach the adult stage at 37.5 °C, 

and no eggs hatched at 40 °C; therefore, the population 

growth parameters were not calculated at these 

temperatures. However, analysis of the life table 

parameters of H. armigera indicated significant 

differences among the other five tested temperatures for 

intrinsic rate of increase (r), finite rate of increase (λ), 

net reproductive rate (R0), gross reproductive rate 

(GRR), and mean generation time (T). 

The intrinsic rate of increase (r) at the above-mentioned 

temperatures varied from 0.080 day−1 at 35 °C to 0.145 

day−1 at 22.5 °C. In addition, the value of the net 

reproductive rate (R0) of H. armigera at the different 

temperatures tested varied from 9.22 offspring at 35 °C 

to 501.01 offspring at 22.5 °C. Furthermore, the values 

of the gross reproductive rate (GRR) were significantly 

different at the tested temperatures, and the lowest and 

highest values of this parameter were obtained at 35 °C 

(42.18 offspring) and 22.5 °C (1056.44 offspring), 

respectively. In addition, the mean generation time (T) 

decreased with increasing temperature.

 

Table 1. The mean (±SE) life table parameters of Helicoverpa armigera at five constant temperatures. 

Parameters Temperatures 

 20˚C 22.5˚C 25˚C 30˚C 35˚C 

r (day-1) 0.099±0.003b 0.145±0.004a 0.135±0.006a 0.095±0.008bc 0.080±0.008c 

ʎ(day-1) 1.104±0.004b 1.156±0.004a 1.144±0.007a 1.099±0.018bc 1.083±0.007c 

GRR (offspring) 
586.45±60.40b 1056.44±91.48a 590.82±54.63b 170.70±8.19c 42.18±0.51d 

R0 (offspring) 310.10±45.35b 501.01±85.43a 260.32±22.32b 10.80±1.46c 9.22±0.31c 

T (day) 57.54±0.47a 43.01±0.39b 41.89±0.30b 25.04±0.54c 27.76±0.27c 

*The means followed by the same letter in each row are not significantly different (Paired bootstrap test, P<0.05). 

 

 

Discussion 

Temperature is the key variable regulating survival, 

fecundity, and population growth of poikilothermic 

organisms (Andrewartha, 1970). Information on how 

temperature can influence life table parameters of an 

insect pest is essential to develop effective integrated 

pest management strategies (Diaz & Fereres, 2005). 

Although insects are not always subject to constant 

temperatures in nature, a controlled laboratory study can 

provide valuable insight into the population dynamics of 

a particular species (Summers et al., 1984). 

The obtained results in the current study indicated that 

the survivorship of H. armigera was significantly 

affected by temperature. According to our results, the 

survivorship (lx) decreased with increasing temperature 

from 22.5 to 35 °C, and ultimately, there was no adults 

emerged at 37.5 °C and no eggs hatched at 40 °C. 

Mironidis and Savopoulou-Soultani (2008) reported that 

immature mortality of H. armigera increased with 

increasing temperature from 27.5 to 37.5 °C. And 

ultimately, there was no development of immature 

stages at 40°C. This indicated that H. armigera reared 

under higher temperature conditions died faster and 

earlier, as they were not able to tolerate the higher 

temperature. Mironidis and Savopoulou-Soultani (2008) 

indicated that the development time of H. armigera 

decreased with increasing temperature from 17.5 to 32.5 

°C, and the shortest development time was recorded 

20.91 d (at 32.5°C). Development time is mostly 

dependent on the metabolic rate of the insects. The 

metabolic rate of insects’ increases linearly with 

ambient temperature and results in faster development 

at higher temperatures (Grodzicki & Walentynowicz, 

2011). 

Zhou et al. (2000) found that the temperature and 

photoperiod conditions during immature stages 

significantly affect adult reproductive physiology of H. 

armigera. In this research, the highest total fecundity 

was at 22.5 °C and after that at 25 °C. Dahi (2010) 

stated that the constant temperatures of 22 and 27°C 
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were considered as the optimum degree of eggs laid by 

female of H. armigera, which were 857.4 and 645.5 

eggs/ female; respectively. Also, Henneberry and Leal 

(1979) stated that the reduction in oviposition rate and 

egg viability at high temperature may due to either 

killed function sperm or interferes with sperm transfer 

or both. Generally, the deleterious effect of the high 

temperature on the adult fecundity are considered as one 

of the principle factors for the relatively low infestation 

level during summer season, when temperature is 

extremely high (Adly et al., 2016). 

The life table parameters are powerful tools for 

analyzing and understanding the impact of an external 

factor such as temperature (Kheradmand et al., 2007; 

Jafari et al., 2010; Ganjisaffar et al., 2011; Pakyari et al., 

2011; Kouhjani-Gorji et al., 2012), host plant quality 

(Khanamani et al., 2013; Alipour et al., 2019; Dalir et 

al., 2021; Khanamani et al., 2021), and pesticide sub-

lethal doses (Hamedi et al., 2011; Sedaratian et al., 

2014) on growth, survival rate, reproduction, and 

increase rate of an arthropod population. The intrinsic 

rate of population increase (r) is a good bioclimatic 

index, in that it reflects the joint influence of 

temperature on the development, reproduction, and 

survival characteristics of a population (Messenger, 

1964). According to our results, the r values of H. 

armigera estimated ranged from 0.080 day−1 (at 35 °C) 

to 0.145 day−1 (at 22.5 °C). Mironidis & Savopoulou-

Soultani (2008) reported that the r values of H. 

armigera varied from 0.06 (at 17.5°C) to 0.15 (at 

27.5°C). The differences between these findings may be 

due to the source of H. armigera populations in 

different geographical conditions, different diets, and 

different rearing techniques. 

In conclusion, this study indicated that the survivorship, 

reproductive, and growth parameters of H. armigera 

were significantly influenced by temperature. In the 

current study, the optimum temperature for population 

increase of H. armigera was obtained at 22.5°C and 

after that at 25 °C, even though the highest development 

rate was at high temperature. At high temperatures, the 

smaller r value was due to low values of fecundity and 

survivorship (lx). Higher temperatures limited the 

survival and fecundity of H. armigera. If global 

warming continues, it will influence H. armigera 

negatively and the population growth will be severely 

affected in the future. However, it is necessary to 

mention that demographic parameters for climatic 

simulations may differ at constant and natural 

(alternating) temperatures. Alternating temperature 

conditions may allow H. armigera to complete its life 

cycle over a much wider range of temperature levels 

than constant conditions do. 
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