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ABSTRACT 

         Spiny bollworm, Earias insulana Boisd. adult males were irradiated with substerilizing doses of 

50,80,100 and 150 Gray (Gy) of gamma radiation. The number of surviving larvae was dose 

dependant and larval/pupal mortality increased as the dose applied to P1 males was increased. The 

larval mortality among F3 was reduced compared with that of the F1 and F2. The average 

developmental time from egg hatch to adult emergence at the four tested doses was slightly affected 

among the progeny descendant of irradiated P1 males through the three successive generations. The 

percentage of adult emergence was evidently reduced among F1 and F2 progeny resulting from 

parental males exposed to the three higher irradiation doses (80,100 and 150 Gy).The sex ratio was 

slightly altered in favour of males among the majority of all treatments.

 

INTRODUCTION 

The release of sterile males into the insect population in nature did not show a great success 

with Lepidoptera species, because they are highly resistant to irradiation (North and Holt
 (1) 

and La 

Chance et al.
 (2)

). First (F1) and second (F2) filial generations, from treated insects, exhibited various 

degrees of sterility, including alternation in various developmental characteristics (Carpenter et al.
 (3)

 

and El-shall et al.
 (4)

).With some species of Lepidoptera it will be desirable that females are totally 

sterile to ensure no addition of immature to the field population. Also, irradiated females could share 

matings with the males.  

      The present study deals with the effect of low doses of gamma radiation, ranging between 

50-150 Gy, on larval and pupal mortality, developmental time from egg hatch to adult emergence and 

sex ratio among the progeny of irradiated parental adult moths throughout three successive 

generations. 

MATERIALS AND METHODS 

1. Rearing Insect         

The culture of the tested insects of spiny bollworm, Earias insulana Boisd. was maintained at 

the insectury of the Atomic Energy Authority, Inshas, Egypt. The newly hatched larvae were fed on 

artificial diet prepared according to Rashad and Amar
 (5)

. 

The holding conditions for all life stages in this study were 27±3
°
C and 80-85 % relative 

humidity (R.H.). 
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2. Irradiation Technique 

Male moths, less than 24 hour old, were irradiated with gamma radiation using a gamma cell 

(Cobalt– 60 source) that had a dose rate of approximately 6.25 rad / second. 

3. Experimental Methods 

After treatment as the newly male moths they paired with untreated females. The eggs were 

collected daily, counted and kept in 250 cc glass jar until hatch to determine rate of egg hatching. Each 

female was then dissected to determine number of spermatophores in the bursa copulatrix (Flint and 

Kressin 
(6)

). Fecundity, hatchability, mating was the biological aspects studied among the P1 

generation. The biological aspects studied on the immature stages were larval survival up to adult 

stages, developmental time, and sex ratio .were recorded for the progeny of all mating types. 

4. Statistical Analysis 

The data were analyzed using the analysis of variance (ANOVA) and the means were 

separated using Duncanיs multiple range test (P= 0.05) (Steel and Torrie
 (7)

). 

RESULTS AND DISCUSSION  
Data in Table (1) show that when P1 males were irradiated with 50 Gy and crossed with the 

untreated females, percentage of their offspring that reached adult stage among three successive 

generations was not affected at all tested treatments (Within each generation separately, and not 

between the three generations). The average of developmental periods from egg hatch to adult 

emergence seemed to be nearly normal in the progeny of the three filial generations in comparison 

with their control. Also the percentage of pupation and adult emergence were not affected in the 

progeny of the three filial generations. The results indicate that the sex ratio among the progeny of 

parental males irradiated with 50 Gy was normal among their F1, F2 and F3 generations where it was 

nearly 1:1, which was normally obtained in the control treatment.   

  The effects of exposing parental males to 80 Gy on the immature stages among three filial 

generations are given in Table (2). The results indicate that the percentage of F1 larvae surviving to 

adult stage was significantly reduced to 27.75% in comparison with 39.67% in untreated control. 

Among F2, the reduction in survival was also significant at the two tested mating combinations 

(T♂xN♀ and N♂ x T♀). The developmental time from egg hatch to adult emergence was slightly 

affected in both males and females among F1, F2 and F3 generations at the two tested mating 

combinations in comparison with the control treatment. Data in Table (2) also indicate that the 

percentage of pupation in F1, F2 and F3 generations was not affected when compared with the 

untreated control. On the other hand, data indicate that the percentage of adult emergence was 

significantly reduced among F1 generation in comparison with the control.  

       Data given in Table (3) indicate that the percentage of F1 larvae (descendant of P1 males irradiated 

with 100 Gy) surviving to adult stage was significantly reduced in comparison with the untreated 

control. The survival of F3 larvae was not significantly different from the control treatment. The 

developmental time from egg hatch to adult emergence was slightly affected in both males and 

females among F1, F2 and F3 generations at the two tested outcrosses (T♂xN♀) and (N♂xT♀) when 

compared with the control treatment. Data in Table (3) also indicate that the proportion of pupation in 

F1 was significantly reduced to 69.41% from control. The proportion of pupation in F2 was 

significantly reduced in case of N♂ x T♀ in comparison with the untreated control where it was 
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80.50% from control. The percentage of pupation in F3 was not affected at the two tested mating 

crosses.  

        The effects of exposing male parents to the substerilizing dose of 150 Gy on the immature stages 

among two successive generations is given in Table (4). The results show that the numbers of F1 

larvae that reached the adult stage were significantly reduced to about 45% from control. Also the 

percentage of F2 larvae that survive to adult stage was significantly reduced in comparison with the 

untreated control. The developmental time from egg hatch to adult emergence was slightly affected in 

both males and females among F1and F2 generations at the tested mating combinations in comparison 

with the control treatment. Data in Table (4) indicate that both the percentage of pupation and the 

percentage of adult emergence among F1 and F2 generations were significantly reduced in comparison 

with the untreated control. The results also indicate that the sex ratio was slightly altered in favor of 

males when treated males crossed with normal females (T♂ x N♀) among F1 and F2 progeny. 

However, the sex ratio was about normal at mating combination N♂ x T♀ among F2 progeny. 

Table (1): Treatments of adult males E. insulana Boisd. with substerilizing dose  (50 Gy) of gamma 

radiation, and the effects on survival, developmental time, pupation, adult  emergence and 

sex ratio of F1,F2 andF3 progeny 

*    T, treated.               *   U, untreated, 

** 300 one-day-old larvae were used for each treatment. 

 

 

 

 

 

 

 

 

 
 

Generation 

 
Crosses* 

% 
Larvae** 
surviving 
to adult 
stage 

% 
Survival 

from 
control 

Developmental time 
from egg hatch to adult 

Emergence** 
in day ±S.E 

 
% 

Pupation 

% 
Pupation 

from 
control 

% 
Emer-
gence 

% 
Emer-gence 

from 
control 

 
Sex Ratio 

Male  
:Female 

Male 
Femal

e 
Male Female 

     

F1 

U U 46.68 100.00 27.13 ±0.83 
27.54 
±0.82 

62.95 100.00 74.15 a 100.00 1.01  :  1 

T U 41.23 88.23 27.33 ±0.37 
27.59 
±0.36 

60.61 96.28 68.02 a 91.73 1.34  :  1 

 
F2 

U U 35.72 100.00 33.66 ±0.66 
33.20 
±1.09 

49.57 100.00 72.06 a 100.00 1.16  :  1 

T U 29.25 81.88 31.50 ±1.64 
31.90 
±1.50 

45.85 92.56 63.79 a 99.80 1.19  :  1 

U T 31.36 87.82 30.54 ±0.68 
29.95 
±0.76 

40.69 82.09 77.08 a 120.59 1.00  :  1 

 
F3 

U U 30.99 100.00 33.59 ±1.11 
34.42 
±1.05 

46.03 100.00 66.32 a 100.00 1.12  :  1 

T U 27.39 88.38 35.39 ±0.64 
36.31 
±0.61 

41.40 89.94 67.28 a 104.47 1.31  :  1 

U T 31.51 101.71 32.00 ±0.63 
32.16 
±0.65 

40.26 87.46 76.24 a 114.95 1.17  :  1 
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Table (2): Treatment of adult males E. insulana Boisd. with substerilizing dose (80 Gy) of  gamma 

radiation, and the  effects on survival, developmental time, pupation, adult emergence and sex 

ratio of F1, F2 and F3 progeny. 

 

Generatio

n 

 

Crosses * 

 
 

% 
Larvae** 
surviving 
to adult 
stage 

 
% 

Survival 
from 

control 

 
Developmental time  from 

egg hatch to adult 
emergence** 

in days  S.E 

 

 

 

% 

Pupation 

% 
Pupation 

from 
control 

 

 

% 

Emergence 

% 
Emer-
gence 
from 

control 

 

 

Sex Ratio 

Male: Female 

 

Male 

 

 

Female 

Male Female 

F1 
 

U U 39.67 a 100.00 33.870.78 33.210.74 52.87 100.00 75.03 a 100.00 1.24   :    1 

T U 27.75   b 69.95 32.120.96 31.680.95 47.07 89.03 58.95   b 78.57 1.11   :    1 

 

F2 

U U 36.43 a 100.00 35.190.71 35.490.83 45.45 100.00 80.15 a 100.00 1.44   :    1 
T U 25.98   b 71.31 28.700.31 28.450.33 45.23 99.52 57.44   b 71.67 1.37   :    1 
U T 19.44    c 53.36 28.570.54 28.650.32 36.46 80.22 53.31   b 66.51 0.94   :    1 

 

F3 

U U 28.75 a 100.00 35.151.02 34.740.89 65.44 100.00 43.93 a 100.00 1.30   :    1 

T U 21.06   b 73.25 32.280.41 32.500.49 52.75 80.61 39.92 a 90.87 1.08   :    1 
U T 18.91    c 65.77 28.380.55 28.380.55 54.00 82.52 35.79   b 79.70 0.85   :    1 

* Means followed by the same letter in each column are not significantly different at (P > 0.05)                                             

*    T, treated.               *    U, untreated, 

 ** 300 one-day-old larvae were used for each treatment. 

Table (3): Treatment of adult males E. insulana Boisd. with substerilizing dose (100Gy) of gamma 

radiation, and the  effects on survival,   developmental time, pupation, adult  emergence and sex 

ratio of F1, F2 and F3 progeny. 

 

 

Generation 

 

Crosses * 

 

 

% 

Larvae** 

surviving 
to adult 

stage 

% 

Survival 

from 
control 

Developmental time from 

egg hatch to adult 

emergence**  

           in days  S.E                

 

 

% 

Pupation 

% 

Pupation 

from 
control 

 
Emer- 

gence 

in % 

% 

Emer-

gence 
from 

control 

 

 

Sex Ratio 
 

Male: 
Female 

Male 

 

Female 

Male    Female 

F1 U U 41.18 a 100.00   

33.070.65 

  

33.330.66 
49.54 a   100.00 83.12 a 100.00   1.20   :   1 

T U   22.86  b   55.51 30.501.44 30.862.16   34.39   b   69.41 66.35 a   79.83   1.42   :   1  
 

F2 

U U   52.25 a 100.00 28.500.65 28.781.23 68.30 a 100.00 76.50 a 100.00 1.27   :   1  
T U 35.00  b   66.98 28.330.62 28.600.54 61.72 a   90.37   56.70   

b 

    74.12      1.33   :   1  

U T 37.33  b    71.44 29.000.41 29.330.33     54.99   

b  

80.52 62.98   

b 

  82.33      1.40   :   
1 

 

F3 
 

U U    42.86 a 100.00 29.080.52 29.470.46        66.73 

ab 
100.00 64.22 a 100.00     1.13   :   1 

T U 34.25 a  79.82 29.250.49 29.270.49      61.23 a   91.76    55.95 

a 

  87.09   1.21   :   1 

U T 36.73 a   85.69  29.000.26 29.280.20       62.96 

a 
 94.35 58.33 a    90.83     1.35   :   1 

* Means followed by the same letter in each column are not significantly different at (P > 0.05)                                             

*    T, treated.               *    U, untreated, 

 ** 300 one-day-old larvae were used for each treatment. 
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Table (4): Treatment of adult males E. insulana Boisd.with substerilizing dose (150Gy) of gamma 

radiation, and the effects on survival, developmental time,pupation,adult emergence and sex ratio 

of F1,andF2 progeny. 

* Means followed by the same letter in each column are not significantly different at (P > 0.05)                                             

*    T, treated.               *    U, untreated, 

 ** 300 one-day-old larvae were used for each treatment. 

DISCUSSION 

     Throughout all generations the immature stages descendant of irradiated parental males 

should be evaluated. The assessment should include developmental synchrony, larval and pupal 

survival and adult emergence. 

       Survival of F1 larvae to adult stage of the spiny bollworm was lower for all irradiation 

treatments. The number of surviving larvae was dose dependent and adult and pupal mortality 

increased as the dose applied to P1 males was increased. The mortality of F1 larvae descendant of 

irradiated P1 males was lower than untreated control at the four tested doses. Among the F2, the larval 

and pupal mortality was still high for all treatments and was significantly increased at the three highest 

irradiation treatments 80,100 and 150 Gy. The mortality of F3 larvae was reduced when compared with 

that of the F1 and F2, but was still greater than in untreated control. The average developmental time, 

in days, required from egg hatch to adult emergence was not evidently different from untreated control 

among F1,F2 and F3 progeny descendant of irradiated P1 males at all treatments (doses, generations and 

crosses ). These results agree with those obtained by Elnagar et al. 
(8) 

on Agrotis ipsilon; Carpenter et 

al.
 (3)

 on  Spodoptera frugiperda; Sallam
 (9)

; Sallam and Ibrahim
 (10)

 on Spodoptera littoralis; Nguyen 

Thi, and Nguyen Thanh 
(11)

 on Plutella xylostella; Seth and Sharma 
(12)

 on Spodoptera litura ; 

Carpenter,et al., 
(13,14) 

; Apu, 
(15)

 on Lepidopteran pests ; Bloem et al., 
(16)

 and Ayvaz et al,  
(17)

 on the 

Ephestia kuehniella studied the effects of gamma radiation (100,200,400 and 600 Gy) on the 

longevity, development and level of inherited sterility in the Mediterranean flour moth Ephestia 

kuehniella, they mentioned that radiation did not effect the longevity of irradiated male and female 

adults. Inherited deleterious effects of gamma radiation were observed in the F1 and F2 generations. 

Inherited deleterious effects of gamma radiation were observed in the F1 and F2 generations. Adverse 

effects of gamma radiation were observed in the rate of development. Levels of sterility in the P1, F1 

and F2 generations were higher than that of untreated controls.  

       The results of the percentage of pupation were significantly reduced among F1 at dose 

level 100 Gy. This reduction continued to less extent through F2 progeny. In the meantime, the 

pupation was greatly reduced among F1 and F2 progeny at dose level 150 Gy for both lines. Also, the 

Generation 

Crosses* 
% 

Larvae** 
surviving 

to adult-

hood 

% 
Survival 

from 

control 

Developmental time from 

egg hatch to adult  

emergence** 
In days ± S.E 

% 
    

Pupation 

% 
Pupa- 

tion 

from 
control 

% 
      

Emergence 

% 
Emer- 

gence 

from 
control 

Sex Ratio 
  Male: 

Female 

Male Female Male Female 

F1 

U U 48.49 a 100.00 31.76 ±1.20 32.18 ±1.27  61.57 a 100.00 78.75 a 100.00 1.15    :    1 

T U 22.02    b  45.40 32.70 ±0.26 32.92 ±0.28 
   38.12   

b 
 61.92  65.06  b   83.89 1.44    :    1 

F2 

U U 56.79 a 100.00 31.76 ±1.20 32.06 ±1.22 
    72.11 

a 
100.00 79.86 a 100.00 1.24    :   1 

T U   29.69    b  52.28 28.10 ±0.90 28.36 ±0.95 
     48.02  

b 
 66.59  62.70  b   78.51 1.37    :    1 

U T   24.91    b  43.86 27.10 ±0.78 27.82 ±0.43 
     40.06  

b 
 55.56      63.04  b   78.94 1.03    :    1 
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results indicate that the percentage of adult emergence was evidently reduced among F1 and F2 

progeny resulting from parental males exposed to the three highest irradiation doses (80,100 and 150 

Gy). The sex ratio was slightly altered in favour of males among the majority of all treatments (doses, 

generations and crosses).Similar results were obtained by Mohamed 
(18)

 on Agrotis ipsilon; Alm El-

Din 
(19)

 on Spodoptera littoralis; and Ayvaz et al,
 (17)

 on Ephestia kuehniella mentioned that The doses 

of radiation also had a significant effect on the time from oviposition to larval eclosion or adult 

emergence. Mortality increased with radiation dose. The incidence of larval and pupal mortality was 

higher in the F2 than in the F1 generation. 
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  العقن الووزث الحادث في نسل ذكوز دودة اللوش الشوكيت الوعسضت لألشعاعالعقن الووزث الحادث في نسل ذكوز دودة اللوش الشوكيت الوعسضت لألشعاع

  التأثيس علي نسبت هوث اليسقاث والعرازى والنوو و كر لك النسبت الجنسيتالتأثيس علي نسبت هوث اليسقاث والعرازى والنوو و كر لك النسبت الجنسيت  --22

حسين أحود سالم ، *عبد السحون حسين أهين
**

حسين فسيد هحود و  
**

 

  مصش– القبهشة – خبمؼت ػيه شمس –كليت الضساػت – قسم وقبيت الىببث   *

 مصش– هيئت الطبقت الزسيت – مشكض البحىد الىىويت – قسم الخطبيقبث البيىلىخيت  ** 

 

  خشاي مه أشؼت خبمب وحم 150 ، 100 ، 80، 50حم حؼشيط ركىس حششة دودة اللىص الشىكيت لدشػبث ححج مؼقمت 

حم دساست حأثيش هزة المؼبمالث ػلً األطىاس الغيش كبملت للحششة فً الىسل الىبحح ورلك .  حضاوخهب مغ الفشاشبث األوبد الغيش مؼبملت 

لمذة ثالثت أخيبل مخؼبقبت ، وخذ أن وسبت اليشقبث الحيت يؼخمذ ػلً الدشػت األشؼبػيت المسخخذمت ولقذ صادث وسبت المىث فً اليشقبث 

 . والؼزاسي بضيبدة الدشػت المؼشض لهب خيل األببء الزكىس

        حأثش مؼذل صمه الىمى مه فقس البيط حخً خشوج الفشاشبث حأثشا طفيفب ػىذ الدشػبث األسبؼت المسخخذمت ورلك خالل الىسل 

كمب وقصج وسبت الخؼضيش خالل خط  الزكىس وقصب مؼىىيب . الىبحح مه ركىس خيل األببء المؼبملت ببألشؼبع خالل األخيبل الثالثت المخؼبقبت

كمب وقصج وسبت خشوج الفشاشبث وقصب واظحب خالل وسل الديليه .  خشاي150 ، 100خالل الديليه األول والثبوً ػىذ الدشػبث 

.حغيشث الىسبت الدىسيت حغيشا طفيفب فً صبلح الزكىس في مؼظم المؼبمالث. األول والثبوً 
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