
J. Crop Prot. 2022, 11 (3): 389-399______________________________________________________  

389 

 
Research Article 

Effect of host plants on nutritional performance of cotton 
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Abstract: In this study, the nutritional indices of the larval stages of 

Helicoverpa armigera were determined on four vegetable crops under 

laboratory conditions (25 ± 1 °C, 65 ± 5% RH, with a 16:8 (L: D) h 

photoperiod). The third instar larvae reared on potato showed the highest 

value of efficiency on the conversion of ingested food (ECI) and efficiency 

of conversion of digested food (ECD) (8.281 ± 0.767% and 11.016 ± 

1.142%, respectively). The highest (0.129 ± 0.014 mg/mg/day) and lowest 

(0.069 ±0.012 mg/mg/day) relative growth rate (RGR) of the fourth instar 

larvae were obtained on potato and tomato, respectively. Data indicated that 

the highest value of (ECI) and (ECD) for fourth instar larvae were on tomato 

(12.361 ± 2.258% and 18.588 ± 3.834%, respectively). The lowest value of 

the relative consumption rate (RCR) and approximate digestibility (AD) of 

the fifth instar was recorded on tomato (0.592 ± 0.063 mg/mg/day) and 

potato (51.85 ± 4.607%), respectively. The ECI and ECD values of the fifth 

larval instar were the highest on tomato (12.477 ± 1.333% and 17.624 ± 

1.609%, respectively). Overall, among different host plants tested, the 

highest ECI and ECD of all the larval instars were observed on tomato (9.813 

± 0.692% and 12.506 ± 0.882%, respectively), and the lowest values (3.735 

± 0.201% and 5.463 ± 0.426%) were on artichoke. Tomato and artichoke 

were the most nutritionally suitable and unsuitable host plants, respectively, 

for H. armigera. 

 

Keywords: host plants, RCR, RGR, nutritional indices, Helicoverpa armigera 

 

Introduction12 

 

The cotton bollworm Helicoverpa armigera 

(Hübner, 1808) (Lepidoptera: Noctuidae) is a 

polyphagous defoliator that attacks a wide 

range of cultivated plants (Brown and 

Dewhurst, 1975; Holloway, 1989). It has a 

diverse host range of at least 87 plant species 

from 40 plant families, including several 
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vegetables, fruits, and ornamental crops 

(Salama et al., 1970). Many vegetable crops 

are affected by Helicoverpa armigera, 

including tomato, pepper, eggplant, lettuce, 

artichoke, strawberry, and asparagus, but it 

also harms ornamentals and herbs (Lanzoni et 

al., 2012). 

Helicoverpa armigera is reported in Algeria 

as well as many other African and 
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Mediterranean regions, including Cyprus, 

Malta, Morocco, Italy, Greece, and Spain 

(Salama et al., 1970; Ahmad, 1988; Blackford 

et al., 1997; Champion et al., 1997; Azab et al., 

2001; Hatem et al., 2009).  

Different host plants may have a crucial 

influence on polyphagous insect pest 

population expansion and outbreaks (Singh 

and Parihar, 1988; Lu and Xu, 1998). 

Nutritionally, consumption efficiency 

represents the quality and amount of food 

ingested (Naseri et al., 2010; Baghery et al., 

2013), which may greatly affect insect 

development, survival, reproduction, and life 

table parameters (Scriber and Slansky, 1981; 

Tsai and Wang, 2001; Kim and Lee, 2002). 

Low-quality plants may decrease insect 

survival, size or weight, lifespan, and 

reproductive potential or indirectly increase 

their susceptibility to natural predators due to 

extended development time (Ali and Gaylor, 

1992; Awmack and Leather, 2002; Chen et al., 

2008). As a result, the current study focuses on 

the quantitative consumption rate of several 

vegetable crops grown in Algeria and the food 

utilization of H. armigera in the four host 

plants, artichoke, cabbage, potato, and tomato. 

The findings may help enhance pest 

management strategies for vegetable crops. 

 

Materials and Methods 

 

The current research was conducted at Algeria’s 

National Institute of Agronomic Research, 

Hmadna Experimental Station, Algeria (35° 54’ 

N. and 0° 47’ E. with an altitude of 48 m) to 

study the effect of different host plants on the 

nutritional indices of H. armigera larvae. The 

experiment was performed at a constant 

temperature 25 ± 1 °C, 65 ± 5% RH, with a 16:8 

(L: D) h photoperiod.  

 

Host plants 

Four host plants used in this experiment were 

cabbage Brassica oleracea L., globe artichoke 

Cynara scolymus L., potato Solanum 

tuberosum L., and tomato Solanum 

lycopersicum L. These plants were selected due 

to their importance as vegetable crops in 

Algeria. All plant materials tested in this 

experiment were obtained from insecticide-free 

plants cultivated in the field. 

 

Insect 

The cotton bollworm Helicoverpa armigera 

larvae were collected initially from artichoke 

fields in October 2017 and reared on artichoke 

until pupation. Newly emerged adults of H. 

armigera were transferred into plastic jars for 

mating and egg laying. Adults were fed with 

10% honey solution impregnated onto cotton 

wool. 

 

Experiments 

Newly hatched larvae collected from stock 

culture were reared on mentioned host plants. 

Fifty larvae were used in each of the four host 

plant treatments. Nutritional indices were 

determined using third to sixth instar larvae of 

H. armigera on each host plant, as they were 

easier to measure than the primary instars. For 

this purpose, leaves and larvae were weighed 

and placed inside plastic containers (Diameter 

8 cm, Depth, 7 cm), with a hole covered by a 

mesh net for ventilation. After 24 h, the 

weights of the larvae were recorded daily 

before and after feeding until they finished 

feeding and reached the prepupal stage. The 

initial fresh leaves and the leaves and feces 

remaining at the end of each experiment were 

weighed daily. Plastic containers were 

cleaned, and newly weighed leaves were 

supplied. Sixth instars were kept in plastic 

tubes (4 cm diameter, 5 cm deep) for 

prepupation and pupation.  

Extra specimens (20 for each) were 

weighed, oven-dried (48 hours at 60 °C), and 

re-weighed to establish a percentage of their 

dry weight to determine the dry weights of 

leaves, excrement, and larval through adult 

stages. The pre-pupa, pupa, and adults of the 

larvae grown on each host plant were also 

weighed. The amount of food consumed was 

calculated by subtracting the residual diet at 

the end of each trial from the total weight of 

food supplied. Food utilization rates were then 
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calculated based on the formulas of Waldbauer 

(1968): CI (Consumption index), AD 

(Approximate digestibility), ECI (Efficiency 

of conversion of Ingested food), ECD 

(Efficiency of conversion of digested food), 

RCR (Relative consumption rate), and RGR 

(Relative growth rate): 
 

𝐶𝐼 =
𝐸

𝐴
 

 

𝑅𝐶𝑅 =
𝐸

𝐴 × 𝑇
 

 

𝑅𝐺𝑅 =
𝑃

𝐴 × 𝑇
 

 

𝐴𝐷 =
𝐸 − 𝐹

𝐸
× 100 

 

𝐸𝐶𝐼 =
𝑃

𝐸
× 100 

 

𝐸𝐶𝐷 =
𝑃

𝐸 − 𝐹
× 100 

 

P–dry weight gain (g), A–initial and final 

mean dry weights of the larvae during feeding 

period (g), E–dry weight of food ingested (g), T–

duration of feeding period (days), F–the dry 

weight of feces produced (g). 

 

Statistical analysis 

Nutritional indices of H. armigera reared on 

different host plants were analyzed with one-

way ANOVA using the statistical software 

XLSTAT to find significant differences. 

Statistical differences among the means were 

assessed using the LSD test (α = 0.05). A 

dendrogram of different host plants based on 

nutritional indices of whole larval instars of H. 

armigera was created after cluster analysis by 

Ward’s method using XLSTAT statistical 

software. 

 

Results 

 

The results of the nutritional indices of the 

third, fourth, and fifth and whole larval instars 

of H. armigera are presented in Tables 1, 2, 3, 

and 4. Different host plants had significant 

effects on nutritional indices of H. armigera (p 

< 0.05). 

Nutritional indices of third instar larvae of H. 

armigera were significantly different on various 

host plants except for RCR, ECD, and ECI. The 

highest and lowest values of CI (F = 3.35; df = 3, 

39; P = 0.02) resulted from feeding H. armigera 

tomato and cabbage, respectively. The highest 

and lowest AD values (F = 20.53; df = 3, 39; P < 

0.0001) resulted from feeding the third instar 

larvae tomato and potato, respectively. The larvae 

fed on potato showed the highest value of RGR (F 

= 5.68; df = 3, 39; P = 0.002), and the lowest value 

of RGR was from feeding on tomato. The 

nutritional indices of fourth instar larvae are 

shown in table 2; the data showed significant 

differences among nutritional indices of fourth 

instar larvae of H. armigera on the four host 

plants. The highest and lowest CI values (F = 

14.492 df = 3, 39; P < 0.0001) were observed on 

cabbage and tomato, respectively. The larvae fed 

on tomato had the highest ECD (F = 5.82; df = 3, 

39; P < 0.01) and ECI (F = 10.43; df = 3, 39; P < 

0.0001), while the lowest values of ECD and ECI 

were recorded on cabbage (5.84 and 3.72%, 

respectively). The highest AD (F = 9.49; df = 3, 

39; P < 0.0001) was on tomato (70.62%), and the 

lowest value was on potato. The RGR index ((F = 

3.49; df = 3, 39; P = 0.02) and RCR (F = 11.87; 

df = 3, 39; P < 0.0001) had the highest values 

when larvae fed on potato and cabbage, 

respectively. The lowest values of RGR and RCR 

were those of larvae fed on tomato (Table 2). The 

indices of fifth instar larvae are shown in table 3. 

The results indicated that host plants had a highly 

significant effect on nutritional indices except for 

RGR. The highest and lowest CI values (F = 

27.03; df = 3, 39; P < 0.0001) were those of 

artichoke and tomato, respectively. The larvae fed 

on artichoke and potato had the highest and 

lowest values of AD, respectively (F = 6.92; df = 

3, 39; P < 0.0001). The highest and lowest ECI 

values (F = 30.41; df = 3, 39; P < 0.0001) were 

when larvae fed on tomato and artichoke, 

respectively. The ECD values (F = 20.98; df = 3, 

39; P < 0.0001) of H. armigera fifth instars were 

highest when reared on tomato and lowest when 

fed on the artichoke. The highest value of RCR (F 

= 17.72; df = 3, 39; P < 0.0001) was observed on 

the artichoke.  
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Table 1 Nutritional indices (Mean ± SE) of third instar larvae of Helicoverpa armigera on different host plants. 
 

Host  

plants 

RGR  

(mg/mg/day) 

RCR  

(mg/mg/day) 

ECD (%) ECI (%) CI AD (%) E (g) F (g) P (g) 

Artichoke 0.179 ± 0.019a 2.349 ± 0.244ab 10.28 ± 1.029ab 7.973 ± 0.725a   7.863 ± 0.848b 78.072 ± 1.393c 1.827 ±0.146ab   0.400 ± 0.040a 0.142 ± 0.014a 

Cabbage 0.184 ± 0.012a 2.423 ± 0.223a   9.937 ± 0.965ab 7.813 ± 0.476a   6.789 ± 0.411b 83.06 ± 1.935b 1.789 ± 0.082ab   0.337 ± 0.057a 0.138 ± 0.008a 

Potato 0.196 ± 0.031a 2.635 ± 0.551a 11.016 ± 1.142 a 8.281 ± 0.767a   8.814 ± 0.977ab 75.995 ± 1.825c 1.888 ± 0.126a   0.454 ± 0.046a 0.151 ± 0.010a 

Tomato 0.094 ± 0.006b 1.418 ± 0.130b   7.590 ± 0.588b 6.939 ± 0.503a 10.295 ± 0.890a 91.678 ± 0.668a 1.520 ± 0.068b   0.126 ± 0.011b 0.104 ± 0.007b 

F (df = 3) 5.6823 2.7054   2.4117 0.8309   3.3581 20.5976 2.1800 11.6036 4.1638 

P 0.0027 0.0597   0.0828 0.4856   0.0293 < 0.0001 0.1073 < 0.0001 0.0125 

The means followed by the same letters in each column are not significantly different (P < 0.05, LSD) RCR= relative consumption rate, RGR 

= relative growth rate, ECI = efficiency of conversion of ingested food, ECD = efficiency of conversion of digested food, CI = consumption 
index, AD = approximate digestibility, P = dry weight gain, E = dry weight of food ingested, F= the dry weight of feces produced. 

 
Table 2 Nutritional indices (Mean ± SE) of fourth instar larvae of Helicoverpa armigera on different host plants. 
 

Host  

plants 

RGR  

(mg/mg/day) 

RCR  

(mg/mg/day) 

ECD (%) ECI (%) CI AD (%) E (g) F (g) P (g) 

Artichoke 0.095 ± 0.012ab   1.780 ± 0.190b 11.143 ± 1.666b   5.515 ± 0.554b   5.814 ± 0.842b 52.991 ± 3.130b   3.424 ± 0.343b   1.556 ± 0.124a 0.175 ± 0.009a 

Cabbage 0.112 ± 0.016a   3.585 ± 0.640a   5.849 ± 0.896b   3.724 ± 0.497b   9.147 ± 1.071a 65.598 ± 2.062a   4.792 ± 0.418a   1.617 ± 0.131a 0.161 ± 0.014a 

Potato 0.129 ± 0.014a   2.575 ± 0.322ab 10.416 ± 0.914b   5.105 ± 0.296b   5.709 ± 0.656b 50.720 ± 2.882b   3.916 ± 0.362ab   1.901 ± 0.167a 0.193 ± 0.011a 

Tomato 0.069 ± 0.012b   0.559 ± 0.042c 18.588 ± 3.834a 12.361 ± 2.256a 2.084 ± 0.145c 70.622 ± 4.110a   0.843 ± 0.055c   0.252 ± 0.042b 0.100 ± 0.016b 

F (df = 3) 3.493 11.867   5.822 10.436 14.425   9.493 26.999 34.765 9.920 

P 0.025 < 0.0001   0.002 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

The means followed by the same letters in each column are not significantly different (P < 0.05, LSD) RCR = relative consumpt ion 

rate, RGR = relative growth rate, ECI = efficiency of conversion of ingested food, ECD = efficiency of conversion of digested food, 
CI = consumption index, AD = approximate digestibility, P = dry weight gain, E = dry weight of food ingested, F = the dry wei ght of 

feces produced. 

 
Table 3 Nutritional indices (Mean ± SE) of fifth instar larvae of Helicoverpa armigera on different host plants.  
 

Means in a column followed by the same lettersare not significantly different (P < 0.05, LSD) RCR = relative consumption rate, RGR = relative 

growth rate, CI = consumption index, ECI = efficiency of conversion of ingested food, ECD = efficiency of conversion of digested food, AD 

= approximate digestibility, P = dry weight gain, E = dry weight of food ingested, F = the dry weight of feces produced. 

 
Table 4 Nutritional indices (Mean ± SE) of three larval instars of Helicoverpa armigera on different host plants 

as a whole. 
 

Means in a column followed by the same letters are not significantly different (P < 0.05. LSD) RCR = relative consumption rat e. RGR 
= relative growth rate. CI = consumption index. ECI = efficiency of conversion of ingested food. ECD = efficiency of conversion of 

digested food. AD = approximate digestibility. P = dry weight gain. E = dry weight of food ingested. F = the dry weight of fe ces 

produced. 

Host  

plants 

RGR  

(mg/mg/day) 

RCR  

(mg/mg/day) 

ECD (%) ECI (%) CI AD (%) E (g) F (g) P (g) 

Artichoke 0.048 ± 0.009ab   1.841 ± 0.165a   3.746 ± 0.690c   2.609 ± 0.388b   7.144 ± 0.648a 74.124 ± 3.221a   7.209 ± 0.905a   1.654 ± 0.129a 0.161 ± 0.010ab 

Cabbage 0.058 ± 0.011ab   1.528 ± 0.175a   7.174 ± 1.500bc   3.937 ± 0.728b   4.055 ± 0.333b 58.306 ± 4.189b   3.757 ± 0.390b   1.517 ± 0.189a 0.127 ± 0.013b 

Potato 0.044 ± 0.005b   0.981 ± 0.091b   9.468 ± 1.153b   4.513 ± 0.407b   4.262 ± 0.197b 51.580 ± 4.607b   4.002 ± 0.185b   1.914 ± 0.180a 0.176 ± 0.011a 

Tomato 0.074 ± 0.011a   0.592 ± 0.063c 17.624 ± 1.609a 12.477 ± 1.333a   2.210 ± 0.211c 71.095 ± 4.025a   1.483 ± 0.130c   0.449 ± 0.090b 0.182 ± 0.020a 

F (df = 3) 1.9571 17.7231 20.9844 30.4172 27.0364   6.9230 21.6947 17.9174 3.0977 

P 0.1379 < 0.0001 < 0.0001 < 0.0001 < 0.0001   0.0008 < 0.0001 < 0.0001 0.0388 

Host  

plants 

RGR  

(mg/mg/day) 

RCR  

(mg/mg/day) 

ECD (%) ECI (%) CI AD (%) E (g) F (g) P (g) 

Artichoke   0.086 ± 0.005b   2.312 ± 0.113b   5.463 ± 0.426c   3.735 ± 0.201b 25.893 ± 2.107ab 69.762 ± 2.495b 12.460 ± 0.869a   3.610 ± 0.176b 0.455 ± 0.022a 

Cabbage   0.131 ± 0.011a   3.243 ± 0.400a   6.462 ± 0.372c   4.215 ± 0.213b 26.948 ± 2.625a 65.827 ± 2.218b 10.338 ± 0.722b   3.471 ± 0.247b 0.425 ± 0.017ab 

Potato   0.091 ± 0.006b   2.006 ± 0.106b   8.254 ± 0.631b   4.618 ± 0.321b 21.479 ± 1.263b 56.428 ± 1.913c   9.806 ± 0.354b   4.269 ± 0.243a 0.445 ± 0.022a 

Tomato   0.078 ± 0.005b   0.805 ± 0.047c 12.506 ± 0.882a   9.813 ± 0.692a 12.060 ± 0.744c 78.835 ± 2.116a   3.846 ± 0.165c   0.827 ± 0.101c 0.372 ± 0.022b 

F (df = 3) 11.321 21.750 25.905 48.183 13.657 17.893 38.160 57.181 3.193 

P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.0350 
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The nutritional indices of the third, fourth, 

and fifth instars combined are shown in table 4, 

indicating that host plants significantly affected 

all nutritional indices. The highest and lowest 

values of CI (F = 13.65; df = 3, 39; P < 0.0001) 

resulted from larvae fed on cabbage and tomato, 

respectively. The highest and lowest AD (F = 

17.89; df = 3, 39; P < 0.0001) belonged to 

larvae reared on tomato and potato, 

respectively. The highest ECI (F = 48.18; df = 

3, 39; P < 0.0001) and ECD (F = 25.90; df = 3, 

39; P < 0.0001) values were resulted from 

larvae fed on tomato, and the lowest was 

recorded on the artichoke. RGR (F = 11.32; df 

= 3, 39; P < 0.0001) and RCR (F = 21.74; df = 

3, 39; P < 0.0001) had the highest values when 

larvae reared on cabbage, the lowest values 

were from larvae fed on tomato. The larval 

weight, food consumed, and feces produced for 

the combined larval instars are shown in table 

4. Larval weight (F = 3.19; df = 3, 39; P < 

0.0001) and food consumed (F = 38.16; df = 3, 

39; P < 0.05) were highest on artichoke (0.45 

and 12.46 g, respectively) and lowest on tomato 

(0.37 and 3.84 g, respectively). The highest and 

lowest values of feces produced (F = 57.1; df = 

3, 39; P < 0.0001) were on potato (4.26 g) and 

tomato (0.827 g).  

Different host plants significantly affected 

prepupal, pupal, and adult weights. The 

highest prepupal (F = 11.33; df = 3, 39; P < 

0.0001) and pupal weights (F = 17.19; df = 3, 

39; P < 0.0001) were obtained from larvae 

reared on artichoke. However, larvae fed on 

tomato showed the lowest values. The highest 

adult weight (F = 8.01; df = 3, 39; P < 0.0001) 

was on potato (0.17 g), and the lowest was on 

tomato (Fig. 1). 

 

Cluster analysis 

Figure 2 shows a dendrogram based on 

nutritional parameters of the combined larval 

instars of H. armigera grown on four host 

plants. The dendrogram reveals two distinct 

clusters: A (A1 and A2) and B. The cluster A 

consisted of subclusters A1 (artichoke and 

cabbage) and A2 (Potato). Cluster B included 

tomato. 

 
 

Figure 1 Prepupae, pupae and adults weights of Helicoverpa armigera on different host plants. 
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Figure 2 Dendrogram of four host plants based on nutritional indices of Helicoverpa armigera. 

 

Discussion 

 

In this study, the nutritional indices, particularly 

ECI and ECD values of H. armigera reared on 

different host plants, were significantly different, 

which suggests that host plants had different 

nutritional values. Among nutritional indices, 

ECI is an indicative index of an insect’s ability 

to utilize the ingested food for growth and 

development, and ECD is an index of the 

efficiency of conversion of digested food into 

growth (Nathan et al., 2005). The data generated 

for the H. armigera third to fifth instars larvae 

are discordant with one another because the 

nutritional requirements of the insect vary during 

development, and such differences often result in 

changes in food consumption and utilization 

(Barton Browne, 1995). When the amount of 

food consumed is reduced, the period of growth 

is usually prolonged, and the insect remains 

smaller and lighter. Another explanation might 

be the extended instar period when a larger 

amount of food must be consumed to sustain 

metabolism (Phillipson, 1981; Schroeder, 1981).  

The fourth instar data revealed that the larvae 

that fed on potato had the highest ECI and ECD 

values. High ECI and ECD values indicate that 

the larval feeding and weight have improved. 

Consequently, larger pupae are produced, which 

has a direct correlation to adult fertility, which is 

ecologically very important for the survival of 

this insect (Daryaei et al., 2007; Kouhi et al., 

2014). RGR is the rate of weight gain per unit of 

time. RCR, on the other hand, is the amount of 

food consumed per unit of insect body per unit 

of time (Talaee et al., 2017). The period of the 

developmental stages can be influenced by the 

suitability of the host plant (Hwang et al., 2008). 

Results showed that tomato-fed larvae had the 

greatest AD and nearly the lowest ECD as third 

instars. The rise in AD value was insufficient to 

compensate for the decrease in ECD value, 

resulting in a low growth rate. Third instar larvae 

fed on tomato had the highest AD and almost the 

lowest ECI and ECD values. In line with our 

result, Fite et al. (2018) reported that when third 

instar H. armigera larvae were raised on tomato 

Hashem, they had the greatest AD and lowest 

ECD. A higher CI value for the whole H. 

armigera larval instar on cabbage suggested that 

the intake rate compared to the mean larval 

weight throughout the feeding period was the 

highest on this host plant. The AD value of the 

combined larval instars fed on tomato was 

similar to those reported by Fite et al. (2018) on 

tomato var. Koshary (77.9 ± 1.92%), but 

different from those reported by Hemati et al. 

(2012) on tomato var. Meshkin (67.470 ± 
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0.016%) and nearly similar to those of Kouhi et 

al. (2014) (80.97 ± 1.17%) on tomato var. 

Korral. This variation is likely due to differences 

in tomato cultivars, which differ in acidity and 

secondary chemical compounds. The lowest 

value of AD in combined larval instars belonged 

tolarvae fed on potato; this finding is in line with 

those of Hemati et al. (2012) on potato var. Agria 

(57.26 ± 0.003%). Among different host plants, 

the highest ECI and ECD values of the combined 

larval instars were observed on tomato, 

indicating that they were more efficient at the 

conversion of ingested and digested food to 

biomass in the larval body. The results for ECI 

and ECD values of the larvae that fed on tomato 

was nearly similar to those reported by Kouhi et 

al. (2014) on tomato and Fathipour et al. (2018) 

on canola var. Hayula. The mean ECD value of 

entire larval instarsreared on various tomato 

cultivars was lower than those obtained by 

Naseri et al. (2010) on soybean cultivars (60.592 

± 2.012%). 

Data of fourth instar nutritional indices show 

that the larvae fed on tomato had the highest 

ECD and ECI values, whereas those raereded 

on cabbage had the lowest. On the other hand, 

the lowest AD at the fourth stage was recorded 

in potato. This finding suggests that increased 

intake does not always imply improved 

digestion. Different variables, such as 

secondary biochemicals, might induce 

decreased digestibility, resulting in delayed 

development despite consuming a significant 

amount of food (Price et al., 2011; Panizzi and 

Parra. 2012). The fifth instar larvae reared on 

artichoke had the highest value of RCR and 

lowest ECI and ECD values. Besides. The 

highest AD value was recorded on artichoke, 

which can be explained by the highest quantity 

of food consumed by larvae fed on artichoke. 

Our results are similar to those of Baghery et al. 

)2013( on corn with the highest RCR and AD 

values and the lowest ECI and ECD.  

The decrease in ECI of H. armigera larvae 

may result from the reduced efficiency in 

converting ingested food into growth. According 

to Batista Pereira et al. (2002), the larvae fed on 

corn had the lowest value of ECD compared with 

other host plants, indicating that these larvae 

have less efficiency in converting digested food 

to their biomass. It is well known that the degree 

of food utilization depends upon the digestibility 

of food and the efficiency with which digested 

food is converted into biomass (Batista Pereira 

et al., 2002).  

In the present study, the lowest RGR was on 

tomato, possibly due to decreased consumption. 

The larvae fed on cabbage showed the highest 

RCR, probably due to unsuitable nutrient 

content and secondary substances. The high AD 

in larvae reared on tomato might be due to 

compensation of nutrient deficiency. Maximum 

RCR, RGR, and food consumption were 

observed at the fourth and fifth instars. It is due 

to a greater ingestion rate and maximum food 

intake during the fourth and fifth instars. 

During the development of an insect, its 

nutritional requirements change, reflecting 

changes in food consumption and feeding 

behavior (Barton Browne and Raubenheimer, 

2003). Nutritional requirements are positively 

correlated with biomass and the duration of 

development (Kumar et al., 2008). 

For the RGR and RCR values, the duration of 

the feeding period is an effective factor. Among 

different host plants, the highest RCR and RGR 

values of the whole larval instars H. armigera 

were on cabbage, and the lowest were on tomato. 

Our results indicate that tomato has low 

nutritional value for larvae of H. armigera.  

Body weight is an essential fitness measure of 

insect population dynamics (Liu et al., 2004). 

Pupal weight can be an indirect but simple 

predictor of lepidopteran fitness (Leuck and 

Perkins 1972). The pupae produced by larvae 

reared on tomato were lighter than those produced 

by larvae reared on other host plants. This 

supports the idea that tomato is a less favorable 

host plant for H. armigera larvae than the others. 

Liu et al. (2004) demonstrated that different host 

plants influenced the pupal weight of H. 

armigera, which ranged from 0.167 ± 3.9 gr on 

tomato to 0.285 ± 4.2 gr on corn. The present 

findings on the pupal weight of H. armigera 

reared on artichoke (0.267 ± 0.008 gr) were close 

to those reported by Liu et al. (2004) on corn. 
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According to Fite et al. (2018) highest AD 

(%) value of the all the larval instars of H. 

armigera was on tomato var. Koshari. 

Demonstrating that the intake rate was lower 

than other host varieties in terms of the mean 

larval dry weight acquired throughout the 

feeding time, also evidence that larvae fed on 

this host were less efficient in converting 

ingested and digested food to biomass. Possibly, 

due to the lack of nutritional components and the 

presence of several secondary compounds, 

tomato Koshari was not a suitable host for H. 

armigera larval growth. According to Batista 

Pereira et al. (2002), the degree of food 

utilization is determined by the digestibility and 

the efficiency with which digested food is 

transformed into biomass. Tomato unsuitability, 

when fed to H. armigera, was also reported by 

Hemati et al. (2012). However, according to our 

findings in ECI and ECD tomato is the most 

suitable host plant for H. armigera larvae. 

The cluster analysis shown here suggests that 

grouping within each cluster might be 

attributable to a high level of physiological 

similarity between various varieties of the same 

host plant or to diversity in the group’s 

physiological characteristics. The comparative 

nutritional indicators of H. armigera on several 

host plants demonstrated that cluster B was the 

most suitable, and subcluster A1 was the least 

suitable for H. armigera. However, the status of 

the host in subcluster A2 was intermediate. 

These findings were linked to ECI and ECD 

values of whole larval instars on various host 

plants. Table 4 shows tomato had the greatest 

ECI and ECD values of the all larval instars, 

whereas artichoke had the lowest compared to 

the other hosts.  

 

Conclusion 

 

The present research demonstrated that selected 

host plants are suitable for the development and 

survival of H. armigera. These findings will help 

understand this pest’s preference for host plants 

and to manage its control in vegetable crops. 

This is especially useful when insects can adapt 

to different host plants despite their different 

nutritional values. 

To further explore about H. armigera, future 

studies should focus on testing a wider range of 

host plants and cultivars for nutritional indices 

and assessing the host plants’ chemical 

components to understand the host suitability 

mechanisms. 

 

References 

 

Ahmad, T. R. 1988. Field studies on sex 

pheromone trapping of cotton leafworm 

Spodoptera littoralis (Boid.) (Lep., 

Noctuidae). Journal of Applied Entomology, 

105: 212-215. 

Ali, A. and Gaylor, M. J. 1992. Effects of 

temperature and larval diet on development 

of the beet armyworm (Lepidoptera: 

Noctuidae). Environmental Entomology, 21: 

780-786. 

Awmack, C. S. and Leather, S. R. 2002. Host 

plant quality and fecundity in herbivorous 

insects. Annual Review of Entomology, 47: 

817-844. 

Azab, S. G., Sadek, M. M. and Crailsheim, K. 

2001. Protein metabolism in larvae of the 

cotton leaf-worm Spodoptera littoralis 

(Lepidoptera: Noctuidae) and its response to 

three mycotoxins. Environmental Entomology, 

30: 817-823. 

Baghery, F., Fathipour, Y. and Naseri, B. 2013. 

Nutritional indices of Helicoverpa armigera 

(Lepidoptera: Noctuidae) on seeds of five 

host plants. Applied Entomology and 

Phytopathology, 80: 19-27. 

Barton Brown, L. 1995. Ontogenetic changes 

in feeding behavior. In: Chapman R. F. and 

Boer, Gde (Eds.), Regulatory Mechanisms 

in Insect Feeding. Chapman and Hall. pp. 

307-342. 

Barton Browne, L. and Raubenheimer, D. 2003. 

Ontogenetic changes in the rate of ingestion 

and estimates of food consumption in fourth 

and fifth instar Helicoverpa armigera 

caterpillars. Journal of Insect Physiology, 

49(1): 63-71. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
22

.1
1.

3.
8.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

23
 ]

 

                             8 / 11

https://dorl.net/dor/20.1001.1.22519041.2022.11.3.8.3
https://jcp.modares.ac.ir/article-3-59178-en.html


Gacemi et al. _____________________________________________________ J. Crop Prot. (2022) Vol. 11 (3) 

397 

Batista Pereira, L. G., Petacci, F., Fernandes, J. 

B., Corrêa, A. G., Vieira, P. C., da Silva, M. 

F. G. F. and Malaspina, O. 2002. Biological 

activity of astilbin from Dimorphandra 

mollis against Anticarsia gemmatalis and 

Spodoptera frugiperda. Pest Management 

Science, 58(5): 503-507. 

Blackford, M. J. P., Clarke, B. S. and Dinan, L. 

1997. Distribution and metabolism of 

exogenous ecdysteroids in the Egyptian 

cotton leafworm Spodoptera littoralis 

(Lepidoptera: Noctuidae). Archives of Insect 

Biochemistry and Physiology, 34: 329-346. 

Brown, E. S. and Dewhurst, C. F. 1975. The 

genus Spodoptera in Africa and the Near 

East. Bulletin of Entomological Research, 

65: 221-262. 

Campion, D. G., Bettany, B. W., McGinnigle, J. B. 

and Taylor, L. R. 1997. The distribution and 

migration of Spodoptera littoralis (Boisduval) 

(Lepidoptera: Noctuidae). In relation to 

meteorology on Cyprus. Interpreted from maps 

of pheromone trap samples. Bulletin of 

Entomological Research, 64: 339-363. 

Chen, Y., Ruberson, J. R. and Olson, D. M. 

2008. Nitrogen fertilization rate affects 

feeding. Larval performance and oviposition 

preference of the beet armyworm. 

Spodoptera exigua on cotton. Entomologia 

Experimentalis et Applicata, 126: 244-255. 

Daryaei, G. M., Darvish,i S., Etebari, K. and 

Salehi, M. 2007. Host preference and 

nutrition efficiency of the gypsy moth, 

Lymantria dispar L. (Lymantriidae: 

Lepidoptera), on different poplar clones. 

Turkish Journal of Agriculture. 32: 469-476. 

Fathipour, Y., Chegeni, E, and Moharramipour, 

S. 2018. Genotype-Associated Variation in 

Nutritional Indices of Helicoverpa armigera 

(Lepidoptera: Noctuidae) Fed on Canola. 

Journal of Agricultural Science and 

Technology, 20(1): 83-94. URL: 

http://journals.modares.ac.ir/article-23-6332-

en.html [Accessed 20th January 2020]. 

Fite, T., Tefera, T., Negeri, M., Damte, T. and 

Sori, W. 2018. Management of Helicoverpa 

armigera (Lepidoptera: Noctuidae) by 

Nutritional Indices and Botanical Extracts of 

Millettia ferruginea and Azadirachta indica. 

Advances in Entomology, 6: 235-255. https: 

//doi.org/10.4236/ae.2018.64019 [Accessed 

20th January 2020]. 

Hatem, A. E., Abdel-Samad, S. S. M., Saleh, H. 

A., Soliman, M. H. A. and Hussein, A. I. 

2009. Toxicological and physiological 

activity of plant extracts against Spodoptera 

littoralis (Boisduval) (Lepidoptera: 

Noctuidae) larvae. Boletín Sanidad Vegetal 

Plagas, 35: 517-531. 

Hemati, S. A., Naseri, B., Ganbalani, G. N., 

Dastjerdi, H. R. and Golizadeh, A. 2012. 

Effect of different host plants on nutritional 

indices of the pod borer. Helicoverpa 

armigera. Journal of Insect Science, 12: 55. 

Holloway, J. D. 1989. The moths of Borneo: 

Family Noctuidae. trifine subfamilies: 

Noctuinae. Heliothinae. Hadeninae. 

Acronictinae. Amphipyrinae. Agaristinae 

Malayan Nature Journal, 42: 57-226. 

Hwang, S. Y., Liu, C. H. and Shen, T. C. 2008. 

Effects of plant nutrient availability and host 

plant species on the performance of two 

Pieris butterflies (Lepidoptera: Pieridae). 

Biochemical Systematics and Ecology, 36: 

505-513. 

Kouhi, D., Naseri, B. and Golizadeh, A. 2014. 

Nutritional performance of the tomato fruit 

borer, Helicoverpa armigera, on different 

tomato cultivars. Journal of Insect Science, 

14(102). Available online: http://www. 

insectscience.org/14.102 [Accessed 20th 

January 2020]. 

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 in orchards. Environmental 

Entomology, 31: 686-692. 

Kumar, N. S., K. Murugan and Zhang, W. 2008. 

Additive interaction of Helicoverpa armigera 

nucleopolyhedrovirus and azadirachtin. 

BioControl, 53(6): 869-880. 

Lanzoni, A., Bazzocchi, G. G., Reggiori, F., 

Rama, F., Sannino, L., Maini, S. and Burgio, 

G. 2012. Spodoptera littoralis male capture 

suppression in processing spinach using two 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
22

.1
1.

3.
8.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

23
 ]

 

                             9 / 11

http://journals.modares.ac.ir/article-23-6332-en.html
http://journals.modares.ac.ir/article-23-6332-en.html
https://doi.org/10.4236/ae.2018.64019
https://doi.org/10.4236/ae.2018.64019
https://dorl.net/dor/20.1001.1.22519041.2022.11.3.8.3
https://jcp.modares.ac.ir/article-3-59178-en.html


Nutritional performance of H. armigera ______________________________________________ J. Crop Prot.  

398 

kinds of synthetic sex-pheromone dispensers. 

Bulletin of Insectology, 65: 311-318. 

Leuck, D. B. and Perkins, W. D. 1972. A method 

of evaluating fall armyworm progeny 

reduction when evaluating control achieved 

by hostplant resistane. Journal of Economic 

Entomology, 65: 482-483. 

Liu, Z., Li, D., Gong, P. Y. and Wu, K. J. 2004. 

Life table studies of the cotton bollworm, 

Helicoverpa armigera (Hubner) (Lepidoptera, 

Noctuidae), on different host plants. 

Environmental Entomology, 33: 1570-1576. 

Lu, Z. Q. and Xu, Y. H. 1998. The consideration 

of the incessant outbreak of the cotton 

bollworm. Helicoverpa armigera. 

Entomological Knowledge, 35: 132–136. 

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

and Hosseininaveh, V. 2010. Nutritional 

indices of the cotton bollworm. Helicoverpa 

armigera. on 13 soybean varieties. Journal of 

Insect Science, 10: 1-14. 

Nathan, S. S., Chung, P. G. and Murugan, K. 

2005. Effect of biopesticides applied 

separately or together on nutritional indices 

of the rice leafolder Cnaphalocrocis 

medinalis. Phytoparasitica, 33: 187-195.  

Panizzi, A. R. and Parra, J. R. P. 2012. Insect 

Bioecology and Nutrition for Integrated Pest 

Management. CRC Press. 17. 

Phillipson, J. 1981. Bioenergetic options and 

phylogeny. In: Townsend C. R. and Calow P. 

(Eds.), Physiological Ecology: An 

Evolutionary Approach to Resource Use. 

Blackwell Scientific. Oxford. pp. 20-45. 

Price, P. W., Denno, R. F., Eubanks, M. D., 

Finke, D. L. and Kaplan, I. 2011. Insect 

Ecology: Behavior. Populations and 

Communities. Cambridge University Press.  

Salama, H. S., Dimetry, N. Z. and Salem, S. A. 

1970. On the host preference and biology of 

the cotton leaf worm Spodoptera littoralis. 

Zeitschrift für Angewandte Entomologie, 67: 

261-266. 

Schroeder, L. A. 1981. Consumer growth 

efficiencies: Their limits and relationships to 

ecological energetic Journal of Theoretical 

Biology, 93: 805-828. 

Scriber, J. M. and Slansky, F. 1981. The nutritional 

ecology of immature insects. Annual Review of 

Entomolology, 26: 183-211. 

Singh, O. P. and Parihar, S. B. B. 1988. Effect of 

different hosts on the development of 

Heliothis armigera. Bulletin of 

Entomological Research, 29: 2168-2172. 

Talaee, L., Fathipour, Y., Talebi, A. A. and 

Khajehali, J. 2017. Performance Evaluation 

of Spodoptera exigua (Lepidoptera: 

Noctuidae) Larvae on 10 Sugar Beet 

Genotypes Using Nutritional Indices. 

Journal of Agricultural Science and 

Technology, 19: 1103-1112. 

Tsai, J. H. and Wang, J. J. 2001. Effects of host 

plants on biology and life table parameters of 

Aphid spiraecola (Homoptera: Aphididae). 

Environmental Entomology, 30: 45-50. 

Waldbauer, G. P. 1968. The Consumption and 

Utilization of Food by Insects. Advances in 

Insect Physiology, 5: 229-288. 

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
22

.1
1.

3.
8.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

23
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.22519041.2022.11.3.8.3
https://jcp.modares.ac.ir/article-3-59178-en.html


Gacemi et al. _____________________________________________________ J. Crop Prot. (2022) Vol. 11 (3) 

399 

 :Helicoverpa armigera (Lepidopteraکرم غوزه پنبه،  یایهبر عملکرد تغذ یزبانم یاهانگ یرتأث

Noctuidae) 
 

 1طارمول یرالدینخو  1، جمل بلاگ2یبی، احمد ط*1یقاسم عبدالحمید

 

 . یرالجزا یر،الجزا یر،الجزا یزراع یقات گیاهانتحق یسسه ملؤم -1

 .یرالجزا یپازا،عبدالله، ت یگروه زراعت، مرکز دانشگاه مرسل -2

 abdelhamid_gacemi@yahoo.fr مسئول مکاتبه: نویسنده الكترونیكي پست

 1401 شهریور 12؛ پذیرش: 1400 بهمن 11دریافت: 

 

 Helicoverpa armigera ی کرم غوزه پنیهمراحل لارو اییهتغذ یهامطالعه، شاخص ینا درچکیده: 

 سلسیوس، رطوبت نسبی درجه 25 ± 1) یشگاهیآزما یطدر شرا باغبانیچهار محصول  یرو

 یافتهسن سوم پرورش  یشد. لاروها یین( ساعت تعL: D) 16:8 ی، با دوره نوردرصد 65 ± 5

 بازدهی( و ECIشده ) خورده یغذا یلتبدبازدهی را در  ییکارا یزانم ترینیشب ینیزمیبس یرو

( درصد 016/11 ± 142/1 و درصد 281/8 ± 767/0) یبترت( بهECDهضم شده ) یغذا یلتبد

 ± 012/0) ینتردر روز( و کم گرمیلیبر م گرممیلی 129/0 ± 014/0) ترینبیش. دادند نشان

 یرو یبترتچهارم به نس ی( لاروهاRGR) یدر روز( نرخ رشد نسب گرمیلیبر م گرممیلی 069/0

 ی( براECD( و )ECIمقدار ) ترینیشها نشان داد که بدست آمد. دادهبه یفرنگو گوجه زمینییبس

( درصد 588/18 ± 834/3 و 361/12 ± 258/361) یفرنگگوجه یسن چهارم رو یلاروها

 یرو یبترت( سن پنجم بهAD) یبیهضم تقر یت( و قابلRCR) یمصرف نسب یزانم ترینکم. بود

 85/51 ± 607/4) ینیزمیبگرم در روز( و سیلیگرم بر ممیلی 592/0 ± 063/0) یفرنگگوجه

داشت  یفرنگرا در گوجه یزانم ینسن پنجم لارو بالاتر ECDو  ECI مقادیر. شد ثبت( درصد

 یزبانم یاهانگ یندر ب کلی، طوربه(. درصد624/17 ± 609/1 و 47/12 ± 333/1یب ترت)به

 692/0 یبترت)به یفرنگگوجه یرو یلارو یناز تمام سن ECDو  ECI ینشده، بالاتر ایشمختلف آزم

( درصد 463/5 ± 426/0 و 735/3 ± 201/0مقدار ) ترینکم و506/12 ± 882/0 و 813/9 ±

 ینترو نامناسب ینترمناسب یبترتبه یفرنگو کنگر یفرنگمشاهده شد. گوجه یفرنگکنگر روی

 بودند. کرم غوزه پنبه یبرا یزبانم یاهانگ

 

 ، کرم غوزه پنبهیاهیتغذ یهاشاخص، RGR ، RCR ،یزبانم یاهانگ :یدیکل واژگان
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