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ABSTRACT 

The present work was conducted to study the relationship 

between developmental stages of the cotton bollworm, Helicoverpa 

armigera (Hübner) (ABW) reared in the laboratory on pea and lettuce 

and the required thermal units (DD's ) at constant temperatures, 23, 

27 and 30°C ± 1°C. Also, to evaluate the use of two new modified 

artificial diets (A and B) for mass rearing of ABW and compared with 

natural food (lettuce). Diets A and B contained dried active yeast, 

ascorbic acid, sorbic acid, methyl parahydroxy benzoate, liquid milk, 

vitamin mixture and formaldehyde 34 - 38%. In addition to the 

essential ingredient, in diet A is kidney beans and wheat grated while, 

diet B is chickpea and wheat grated.  

Results showed that there was variation in developmental 

periods of the ABW in different stages reared on pea and lettuce. 

Temperature increasing led to an increase in the developmental rate 

and reduce the development periods of the different stages. The 

generation period of the ABW reared on lettuce was shorter (32.23 

days) than that reared on pea (34.70 days). The lower developmental 

temperatures were 11.60 and 11.39 °C for the generation and the 

thermal units required were 467.13 and 511.26 DD's, respectively.  

On the other hand, results showed that highest larval and pupal 

weight, adult emergence and number of eggs/female (560 eggs/female) 

and lowest larval and pupal mortality percentage of ABW were 

observed on diet B followed by diet A and lastly natural food (lettuce). 

In conclusion, the two new modified artificial diets (A and B) 

developed in this study has proved to be satisfactory  for mass 

rearing of ABW, Helicoverpa armigera (Hübner). 

  Key words: lower threshold temperature & thermal unit,  American 

bollworm, Helicoverpa armigera, pea & lettuce, new 

modified artificial diets. 
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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 Egypt (Nada et al., 2004) and many parts of the world 

(Singh and Mullick, 1997, Reddy et al., 2004). It is causing extensive 

damage on crops such as cotton, okra and tomato (Sharma, 2001). The 

thermal requirements (degree-days) of development was often used for 

estimating developmental times because temperature has a major effect in 

determining the rate which insects develop (Howe, 1967 and Zaslavski, 

1988), the rates of development under natural conditions was largely 

determined by temperature. Zero developmental temperature (t0) of 

Spodoptera littoralis (Boisd.) differed according to the host plant fed ( Al-

shannaf and El-Sayed, 2010). Jallow and Matsura (2001) studied the effect of 

temperature on the rate of development for H. armigera  reared on tomato. The 

duration of different life history stages decreased as temperature increased from 

13.3 to 32.5
 º
C. A development threshold of 10.5, 11.3 and 13.8 

º
C  was 

estimated for the eggs, larvae and pupal stages, respectively. Amer et al. 

(2009) indicated that the lower thermal threshold for generation of ABW 

was 11.54 °C and the thermal constant was 494.39 DD's 

The present work was conducted to calculated lower threshold 

temperature and thermal unit of ABW reared on pea and lettuce and 

evaluate of two modified artificial diets for mass rearing of ABW as 

compared with natural food (lettuce ) .  

 

MATERIALS AND METHODS 

Insect rearing 

One hundred ABW larvae were collected from pea fields in Daqahlia 

Governorate, Egypt during November of 2014 and brought to the 

laboratory. Fifteen larvae were fed separately on pea pods, Pisum sativum 

and fifteen larvae were fed separately on lettuce, Lactuca sativa in glass 

tubes (2.5 x 7 cm) covered with absorbent cotton wool. The food was daily 

renewed until pupation. Pupae were transferred to clean glass tubes and 

incubated until moth emergence. When adults emerged, moths were sexed 

and caged till egg laying.  Moths were provided with 10% honey solution on 

a cotton swab. The eggs were separated daily in each previous treatment and 

placed in glass jars.  

The hatched larvae in each previous treatment were transferred 

individually to glass tubes (2.5 x 7 cm ) containing same previous food in 

each treatment ( pea pods or lettuce ), each tubes were plugged tightly with 

absorbent cotton and placed in an incubator at constant temperature of 23,  
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27 & 30 
º
C  and 65 ± 5 % R.H and light period 14 light:10 dark. Four 

replicates of 25 larvae/each treatment were used for each tested temperature 

degree. Larvae were examined daily until pupation to record larval duration 

and mortality percentage. Pupae were transferred to clean glass jars (1/2 kg) 

and examined daily until moth emergence to record pupal duration. When 

adults emerged, moths were sexed and caged to egg laying. Three replicates 

of five pairs/each treatment were used for each tested temperature degree. 

Moths were provided with 10 % honey solution. The cages were inspected 

daily until moth death. The pre-oviposition, oviposition and post- 

oviposition periods and longevity of adult females and males were 

calculated. 

Eggs laid on the same day (> 24 old) in each tested temperature in 

each treatment were placed in glass jar and incubated under same constant 

temperatures (23, 27 & 30 
º
C) and 65 ± 5 % R.H. Three replicates of 100 

eggs/each treatment were used for each tested temperature degree. 

Incubation period in each tested temperature degree in each treatment was 

calculated.  
 

Modified artificial diets 

Two diets used in this work for rearing ABW (Table 1) were modified 

from that of Amer (2015). The modifications as follow : Kidney beans, 

Phaseolus vulgaris replaced chickpea, Cicer arietinum.  Also, the quantities 

of wheat grated,  ascorbic acid and methyl – p -hydroxy benzoat, are 

different from those used by Amer (2015). 

The two new modified artificial diets (A and B) tested for rearing 

ABW in  laboratory and compared with natural  food  (lettuce) at 27 
º
C  and 

65 ± 5 % R.H and 14 L:10 D.  The preparation of two modified artificial 

diets were similar to that described by (Amer, 2015) the rearing technique of 

the insect on both diets and natural food (lettuce) were similar to that 

described by (Amer and El-Sayed, 2014). 

Statistical analysis 
The effect of host plants, artifical diet and temperatures degrees on 

developmental time of ABW was determined by analysis of variance 

(ANOVA). The relationship between temperature and mean developmental 

rate of each stage and generation under tested temperature was determined 

using liner regression. For tested temperature degree in each treatment, 

developmental rate (DR) was calculated as reciprocals of development time 

(D) for each stage (DR= 1/D). The relation between developmental rate and 

temperature (T) was determined using liner regression equation: DR= a + 

bT, whereas: a and b parameters of the liner regression. The lower 

developmental threshold (t0) was determined: t0 = -a/b. On the other hand,  
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Table 1:  Component of the tested diets for rearing ABW. 

Diet 

B 

Diet 

A 

Ingredients 

250.00 - Kidney beans (g) 

125.00 110.00 Wheat grated (g) 

- 215.00 Chickpea (g) 

49.00 49.00 Dry active yeast (g) 

5.00 5.00 Ascorbic acid (g) 

2.25 2.25 Sorbic acid (g) 

2.25 2.25 Methyl parahydroxy benzoate (g) 

100.00 100.0 Liquid milk (ml) 

8.00 8.00 A mixture of vitamins(ml) 

2.50 2.50 Formaldehyde 34-38%(ml) 

 

thermal units for completion development of each stage was calculated 

according to Arnold (1959):  

Thermal units (DD's) = D*(T-t0 ) 

Where, D- development time of a given stage, T- temperature in degree 

centigrade and t0- lower developmental threshold. 

 

RESULTS AND DISCUSSION 

 

Duration of different stages: 

Data in Table (2) showed the duration periods of ABW different 

stages reared in the laboratory on pea and lettuce at three constant 

temperatures 23, 27 and 30°C.  

Data revealed that the embryonic development periods of ABW reared 

on pea were 3.3,  2.3 and 2.0 days, whereas it were 3.2, 2.3 and 1.9 days for 

that reared on lettuce at 23, 27 and 30 °C, respectively. The averages of 

incubation periods for pea and lettuce were 2.53 and 2.47 days, respectively. 

Larval durations was shorter, when the larvae reared on lettuce (19.0, 14.5 

and 12.0 days) and prolonged to 20.5, 16.0 and 13.0 days at 23, 27 and 30 

°C, respectively. The averages of larval duration were 16.5 and 15.17 days 

on pea and lettuce, respectively. The pupal duration of the ABW were 17.0, 

12.0 and 10.5 days, while it was 15.5, 11.0 and 9.5 days for pea and lettuce  
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Table 2 : Duration of different stages of the American bollworm reared on 

pea and lettuce at constant temperatures in the laboratory.                                                                                                                         

Host 

plants 

Stage 

Pea Lettuce 

23°C 27°C 30°C Average 23°C 27°C 30°C Average 

Egg 3.30 2.30 2.00 2.53 3.20 2.30 1.90 2.47 

Larva 20.50 16.00 13.00 16.50 19.00 14.5 12.00 15.17 

Pupa 17.00 12.00 10.50 13.17 15.50 11.00 9.50 12.00 

Pre-

ovipostion 
3.30 2.20 2.00 2.50 3.30 2.50 2.00 2.60 

Ovipostion 9.00 7.50 4.50 7.00 9.50 8.00 4.00 7.17 

Post- 

ovipostion 
3.50 2.00 1.70 2.40 3.00 2.00 1.50 2.17 

Adult 

female 

longevity 

15.80 11.70 8.20 11.90 15.80 12.50 7.50 11.93 

Generation 44.10 32.50 27.5 34.70 41.00 30.30 25.40 32.23 

 

at 23, 27 and 30 °C, respectively. The averages of pupal duration were 

13.17and 12.0 days on pea and lettuce, respectively. The pre-ovipostion 

periods were 3.3, 2.2 and 2.0 days, whereas it were 3.3, 2.5 and 2.0 days on 

pea and lettuce at 23, 27 and 30 °C, respectively. Regarding generation 

period, egg to egg, data indicated that ABW, duration took the longest 

period on pea and shortest on lettuce with 34.70 and 32.23 days, 

respectively.  
 

Rate of development: 

The ABW rate of development was differed on pea than on lettuce. 

The developmental rate was increased as temperature increased for pea and 

lettuce. The average of developmental rate for the ABW generation period 

on pea was 0.029 while it was 0.031 on lettuce Table 3.   

These results are agree with the finding of  Vojtech et al. (2002), thy 

reported that the developmental rate help to better understand insect 

evolution and predict insect population growth rates. Amer et al. (2009)  
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Table (3): Development rate of different stages of the American bollworm 

reared on pea and lettuce at constant temperatures in the 

laboratory.     

Host plants 

 

Stage 

Pea Lettuce 

23 27 30 Average 23 27 30 Average 

Egg 0.303 0.435 0.500 0.395 0.313 0.435 0.526 0.405 

Larva 0.488 0.063 0.077 0.061 0.053 0.069 0.083 0.066 

Pupa 0.059 0.083 0.095 0.076 0.065 0.091 0.105 0.083 

Pre-

ovipostion 
0.303 0.435 0.500 0.395 0.303 0.400 0.500 0.385 

Generation 0.023 0.031 0.036 0.029 0.024 0.033 0.039 0.031 

 

reported that, increasing rearing temperature accelerated the developmental 

rate and shorted the periods which required completing different stages. 
 

Lower developmental threshold 

Data in Table (4) showed the values of lower developmental threshold 

temperature of ABW different stages reared on pea and lettuce. 

The average of lower developmental threshold for ABW different stages ABW 

reared on pea were 12.14, 10.94, 11.60, 12.14 and 11.39°C for egg, larvae, 

pupae, pre-oviposition period and generation, respectively, while on lettuce it 

were 12.77, 11.03, 11.85, 12.31and 11.6 °C for the previous stages, respectively. 
 

Thermal units requirement 

Data in Table (5) showed that the thermal units of ABW different 

stages reared on pea and lettuce. The average thermal units required for egg 

development till hatching were 35.25 and 32.74 DD's t, for ABW reared on 

pea and lettuce, respectively. The averages of the thermal units required for 

larval complete development were 250.66 and 228.88 DD's, respectively. 

The averages of the thermal units required for pupal development until 

moths emergence were 190.60 and 170.64 DD's, respectively. While, for 

pre-oviposition period the averages of the thermal units required were 34.75 

and 35.80 DD's, respectively.  
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Table (4): Lower threshold temperature for different stages of the American 

bollworm reared on pea and lettuce.   

Host plants Pea Lettuce 

 

Stage 

Regression 

equation 

Lower 

threshold 

temperature 

(°C) 

Regression 

equation 

Lower 

threshold 

temperature 

(°C) 
a B a b 

Egg 
 

-0.345 0.028 12.14   0.390-  0.031 12.77 

Larva 
 

 0.044-  0.004 10.94 0.048-  0.004 11.03 

Pupa 

 
 -0.061 0.005 11.60 -0.061 0.006 11.85 

Pre-

ovipostion 
 0.345- 0.028 12.14  0.344- 0.028 12.31 

Generation 
 

 0.022- 0.002 11.39 0.025- 0.002 11.60 

 

 

Table (5): Thermal unit for different stages of the American bollworm 

reared on pea and lettuce.      
Host 

plants 

Stage 

Pea Lettuce 

23°C 27°C 30°C Average 23°C 27°C 30°C Average 

Egg 35.84 34.18 35.72 35.25 32.73 32.73 32.74 32.74 

Larva 247.23 256.96 247.78 250.66 227.43 231.57 227.64 228.88 

Pupa 193.80 184.80 193.20 190.60 172.83 166.65 172.43 170.64 

    Pre-

ovipostion 
35.84 32.69 35.72 34.75 35.28 36.73 35.38 35.80 

  Generation 512.00 507.33 511.78 510.37 467.40 466.62 467.36 467.13 

   

The averages of thermal units required to complete generation period 

were 510.37 and 467.13 DD's for pea and lettuce, respectively. Clement 

(1992) reported that the required thermal units is constant for each strain of 

organism. Jallow and Matsura( 2001) studied the effect of temperature on the 

rate of development for H. armigera  reared on tomato. The duration of 

different life history stages decreased as temperature increased from 13.3 to 

32.5
 º
C. A development threshold of 10.5, 11.3 and 13.8 

º
C  was estimated for 

the eggs, larvae and pupal stages, respectively . Amer et al. (2009) indicated 
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that the thermal constant for generation of ABW was 494.39 DD's. Zero 

developmental temperature (t0) of Spodoptera littoralis (Boisd.) differed 

according to the host plant fed( Al-Shannaf and El-Sayed, 2010) . 
 

Biological aspects of American bollworm reared on lettuce (Control) 

and tested diets: 

Larval stage: 

The results of the effect of tested diets on developmental time of 

larval stage of the ABW are shown in Table 6. The mean larval durations 

were non-significantly affected by diets A & B as compared with control 

diet (Lettuce). The longest larval duration (16.00 days) was on diet B and 

shortest (14.50 days) on Lettuce, whereas 14.5 days on diet A, non-

significantly differences were found between larval weight when fed on 

tested diets and Lettuce. The larvae fed on the diet B gave the highest larval 

weight (0.500 g ) while those fed on Lettuce gave the lowest weight (0.420 

g). Highly significant differences were found between the mortality 

percentages for tested diets and Lettuce. The mortality percentages of larval 

stage were 12.00, 8.00 and 20.00 % for diets A, B and Lettuce, respectively. 
 

Pupal stage: 

          Data presented in Table (6) showed that the pupal duration was 

shorter when the larvae fed on lettuce (11.00 days) and prolonged to 12.00 

and 11.50 days on diets A & B, respectively.  The lowest weight per pupae 

(0.300 g) was recorded on lettuce. The highest Pupal weight (0.360 g.) was 

observed on diet B. Pupal weight on diet A was 0.340 g.. Tested diets have 

highly significant effect on the pupation percentage as compared with 

lettuce. The pupation percentages were 88.00, 92.00 and 80.00 % for diets 

A, B and lettuce, respectively. Significant differences were found between 

pupal mortality percentages resulted from larvae fed on tested diets and 

lettuce. The highest percentage of pupal mortality (15.00 %) was observed 

on lettuce, while the lowest percentage of pupal mortality (9.78 %) was 

obtained on diet B, whereas diets A showed intermediate effect on 

percentage of pupal mortality. 
 

Adult emergence:  
Data given in Table (7) showed that the percentages of adult 

emergence were 89.78, 90.22 and 85.00 % for diets A, B and lettuce, 

respectively. 

Adult female longevity:  
The pre-oviposition and post-oviposition periods were significantly 

different among the tested diets and lettuce but the oviposition period was  
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Table 6:  Biological aspects of immature stages of American bollworm 

reared on lettuce (control) and tested diets. 

         Pupal            

mortality 

Pupal 

weight 

Pupal 

duration 

Pupation 

% 

Larval 

weight 

Larval 

mortality 

Larval 

duration 

 

Foods 

 

15.00a 0.300b 11.00 80.00b 0.420 20.00a 14.50 Lettuce 

10.22b 0.340a 12.00 88.00a 0.480 12.00b 15.50 
Diet 

(A) 

9.78b 0.360a 11.50 92.00a 0.500 8.00c 16.00 
Diet 

(B) 

** * NS ** NS *** NS P 

2.825 0.039  5.994  1.997  
LSD 

0.05 

NS : Non-significant    *:Significant         **:Highly significant 

 

 

Table 7: Adult longevity and reproductive potential of American bollworm 

reared on lettuce (control) and tested diets.     

 

Hatchability 

% 

 

No. of eggs 

/female 

 

Male 

longevity 

 

Female 

longevity 

 

Post-

oviposition 

 

 

Oviposition 

 

 

Pre-         

oviposition 

 

Adult 

emergency 

 

Foods 

 

84.00 450.00b 10.0 13.00 2.50a 8.00 2.500a 85.00 Lettuce 

86.00 525.00a 9.50 11.83 1.50c 8.00 2.33a 89.78 
Diet 

(A) 
 

88.00 560.00a 10.50 12.50 2.00b 8.50 2.00b 90.22 
Diet 

(B) 
 

NS ** NS NS ** NS ** NS P 
 

 50.08   0.475  0.023  
LSD 

0.05 

NS : non-significant    *:Significant         **:highly significant 

 

non - significant by the tested diets. The oviposition periods were 8.00, 8.50 

and 8.00 days for diets A, B and lettuce, respectively. The female longevity 
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of the ABW moths were 11.83, 12.50 and 13.00 days on diets A, B and 

lettuce, respectively Table 7. 

Eggs laying:  
Data given in Table (7) showed that the highest number of eggs per 

female was 560.00 eggs on diet B, followed by 525.00 eggs on diet A and 

the lowest number was 450.00 eggs on lettuce. The hatchability percentages 

were 88.00 , 86.00, and 84.0 % for diets  A, B and Lettuce, respectively.  

In conclusion, the two new modified artificial diets (A and B) 

developed in this study has proved to be satisfactory  for mass rearing of 

ABW, Helicoverpa armigera (Hübner). 
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على البسلت  هاللىز الأمريكيت المربب اث الحراريت لذودةذصفر النمى والىح

 والخس وتربيتهب على بيئبث صنبعيت جذيذة معذلت
  

 السيذأحمذ علي أحمذ  -عبدل السيذ علي عبمر  
.هصر -الغ٘سح -ٖالذق -هركس الجحْس السراع٘خ -هعِذ ثحْس ّقبٗخ الٌجبربد  

 
     

الأهرٗك٘ةخ الورثةبح علةٔ اللْز  ًوْ الأطْار الوخزلفخ لذّدح ٘ي العلاقخ ث رن دراسخ

ّالْحةذاد الحرارٗةةخ الوزغوعةخ اللازهةةخ علةٔ  درعةةبد حةرارح صبثزةةخ الجسةلخ  ّالخةة    

رق٘٘ن ّ . اظلام 13ضْء :  11ّفزرح ضْئ٘خ  درعخ هئْٗخ ±1  23ّ  32ّ  32ُّٖ 

ثزرث٘زِةب علةٔ هقبرًةَ هرٗك٘ةخ الألزرث٘ةخ دّدح اللةْز  ث٘ئز٘ي صٌبع٘ز٘ي هعذلز٘ياسزخذام 

رحزةةةْٕ علةةةٖ جو٘ةةةرٍ عبفةةةَ ً ةةة َ   ة  أ ،  ) الخةةة   . ُةةةيٍ الج٘ئةةةبدعبئةةةب طج٘عةةةٔ 

س٘ذ   سْرث٘ك أس٘ذ   ه٘ض٘ب ثبراُ٘ذرّكسٖ ثٌسّاد   لجي سبئب   هخلةْط أسكْرث٘ك أ

%. ثبلاضبفَ الٖ اى الوةبدح الاسبسةَ٘ فةٖ الج٘ئةَ   23 -21هي الف٘زبهٌ٘بد ّفْرهبلذُ٘ذ 

  .االحوص ّالقوح الوج ْر   ةبصْل٘ب ّالقوح الوج ْر ّفٖ الج٘ئَ  الف أ

فةةٖ فزةةراد الٌوةةْ اللازهةةخ لاسةةزكوب  هخزلةة   دأظِةةرد الٌزةةبئظ أى ٌُةةب  رفةةبّ

الأهرٗك٘خ الورثبح علٔ الجسلخ  اللْز  لذّدحالكبهلخ  حهراحب الٌوْ هي الج٘ض حزٔ الح ر

هعةةذ  الٌوةةْ ّرقلةة٘ص فزةةراد   ح٘ةةش أدد زٗةةبدح درعةةخ الحةةرارح ةلةةٔ زٗةةبدح   ّالخةة 

الورثةبح علةٔ  الأهرٗك٘ةخالأطْار الوخزلفخ   هوب أدٕ ةلٖ قصر هةذح الغ٘ةب لةذّدح اللةْز 

         الخةة الورثةةبح علةةٔ  الأهرٗك٘ةةخهةةذح الغ٘ةةب لةةذّدح اللةةْز  قصةةرد ّ .الجسةةلخ  ّالخةة  

درعةةخ حةةرارح  كبًةةذ ّ.  ٗةةْم 21.22) الجسةةلخالورثةةبح علةةٔ  رلةةك  عةةي  ٗةةْم23.32 )

درعةةخ  11.24ّ  للورثةةبح علةةٔ الجسةةلخ  درعةةخ هئْٗةةخ 11.13صةةفر الٌوةةْ لوةةذح الغ٘ةةب 

. ّ ثحسبة الْحذاد الحرارٗخ اللازهخ لوةذح الغ٘ةب ّعةذ أًِةب للورثبح علٔ الخ هئْٗخ 

علٔ  . علٔ الزرر٘ت لورثبح علٔ الجسلخ  ّالخ ل  ّحذٍ حرارٗخ 611.31ّ  112.12

جةةرّط الفراتةةبد بئظ اررفةةبو ّزى ال٘رقةةبد ّالعةةيارٓ ّ الغبًةةت اٙجةةر أظِةةرد الٌزةة

ث٘ضةخ/أًضٔ  ّأقةب ًسةت هةْد ٗرقةبد ّعةيارٓ 613أًضةٔ ) /الوْضْو ّعذد الج٘ض 

 صةن الذةياء ال ج٘عةٔ  ةج٘ئةخ العلةٔ رلاُةب  أ  علةٔ الج٘ئةخلذّدح اللْز الأهرٗك٘خ تُْذد 

 الخ  .)

٘ي الصةةٌبع٘ز٘ي الوعةةذلز٘ي ٌٗصةةح ثبسةةزخذام الج٘ئزةة َهةةي ًزةةبئظ رلةةك الةةذر اسةة  التىصيييت  

                                                                           .الأهرٗك٘ةةخللزرث٘ةةخ  الوْسةةعخ لةةذّدح اللةةْز   ) أ    ة  الذراسةةخ يٍالوسةةزخذهز٘ي فةةٖ  ُةة

                                                                                                                                                               

      

     


