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ABSTRACT 

     The present study deals with the effects of exposure of full-grown pupae of the 
cotton leaf worm Spodoptera  littoralis (Boisd.) to different high temperatures 
and/or substerilizing doses of gamma radiation on certain biological aspects of the 
parental (P1) and the first filial (F1) generations. It includes the effect on adult 
longevity malformation, mating, insemination, fecundity and egg hatch; beside 
larval survival till adult emergence and sex ratio of produced adults at different 
mating crosses between treated and untreated or treated other sex. 
   Special attention is given to inherited sterility as well as to the mating 
competitiveness ability of treated males. 

Key Words: Spodoptera littoralis/ Temperature /Gamma Radiation / Reproductive 
Biology. 

INTRODUCTION 

 The cotton leaf worm, Spodoptera littoralis (Boisd.) is one of the most destructive insect 
pests in Egypt, particularly on cotton and many other crops of economic importance. Several 
control measures have been tried for controling this serious pest. Among these are the physical 
control measures including temperature and ionizing radiation. Complete or partial sexual sterility 
has been induced in several species of insect pests by administering chemical substances in food 
or applying them topically, and by exposure to gamma radiation or to high temperatures (Proverbs 
and Newton (1); Sugai and Kiguchi(2) ; Sugai and Ashoush (3) and Heneberry and Flintl.(4) ).   

       The F1 sterility or inherited sterility technique offers significant advantages over the classical 
sterile release method in reducing the radiation dosages which minimize somatic damage and 
potentially increase the competitiveness of the released individuals; beside exerting additional 
suppressive effects on reproduction. The combined effect of thermal treatment and gamma 
irradiation to induce F1 sterility is not common in Lepidopterous species. Therefore, the present 
investigation is carried out to study the sensitivity of these adults to low gamma irradiation doses 
after exposure to heat stress; hoping that this combination treatment may be applied in an 
integrated pest management programme for the safe control of this dangerous insect pest.  
 
 

MATERIALS AND METHODS 

1. Insect Rearing Technique:  

      A culture of the cotton leaf worm, Spodoptera littoralis, was initiated from egg-masses 
collected from infested cotton field at Qualubiya Governorate. Rearing was carried out under 
laboratory conditions of 24-27οC and 60-70% R.H. when the enclosed egg- masses became dark 
–brown in colour, enough fresh – Castor- oil plant leaves, Ricinus connunis were introduced into 
the jars as food medium for the newly hatched larvae.  

 



2. Combination of Thermal and Irradiation Treatments:  

2.1. Effects of pupal treatment on P1 adults:  

      Groups of fifty full grown male pupae were exposed to temperature of 33οC for 20 h inside 
controlled incubator then gamma irradiated at dose levels of 100 and 150 Gy. A group of fifty 
untreated pupae were kept as control for comparison. Fifteen adult males resulting from treated 
full-grown male pupae were paired with untreated females. Adult longevity, malformation and 
reproduction were recorded in P1 generation.  

2.2. Latent effects on certain biological and reproductive potentials of F1 generation:  

     To continue the F1 generation newly hatched larvae of each aforementioned treatments were 
kept in groups inside glass jars provided with castor oil plant leaves. Rearing continued as 
mentioned before until pupation.  

     Newly formed pupae were collected, sexed and kept separately until adult emergence. The 
newly emerged males of the first generation (F1) were paired with newly emerged normal females 
of the same age. The biological aspects fecundity, fertility, mating ability, sperm transfer and 
number of matings were studied. Also, the effect on larvae survived up to adult stage, their 
developmental period, percentage of pupation, adult emergence and sex ratio were studied.  
 
2.3. Mating Competitiveness Test: 

     A laboratory experiment was conducted to determine the male competitiveness of P1 and F1 
generations. Full-grown male pupae were thermally treated and then irradiated at 100 or 150 Gy. 

     Mixed population of treated and untreated adult males were caged with virgin normal females 
in the ratio of : - 

 
 Irradiated male       :     unirradiated male       :  unirradiated female(control) 

  --       :   1         :   1    

  1      :   --         :   1  
  1       :   1         :   1  
  5       :   1         :   1  

       Deposited eggs were collected and counted daily to determine adult fecundity and egg 
fertility. All tests were terminated 7 days after crossing. These trials were folded 15 times. 
Expected egg infertility and competitiveness value were computed according to Fried (5) and 
Brower (6). 

Statistical Analysis: 

      The obtained data were statistically analyzed by using ANOVA test and Duncans multiple 
range test (Steel and Torrie(7) ).  

 

 

RESULTS 



1. The Combined Effects of Thermal and Irradiation Treatment of P1 Male Pupae of S. 
littoralis on Certain  Biological Aspects:  

In this part of study the heat-treated full-grown pupae were gamma-irradiated with two 
substerilizing doses of gamma radiation to investigate the combined effect of thermal 
treatment and radiation on certain biological aspects and reproduction of the resulting P1 
adults and F1 progeny.  

1.1. The effects on malformation and longevity of the resulting P1 and F1 adults:  

     The results in table (1) show that the percentage of malformed adults resulting from P1 male 
pupae exposed to both thermal and radiation treatments increased gradually from 2.8% in the 
control to reach 11.6 and 14.28% at treatments of 33οC+100 Gy and 33οC+150 Gy, respectively. 

Table (1): The combined effects of radiation and thermal treatment of pupae of S. littoralis 

on malformation and longevity of the resulting P1 and F1  adults.  

 
Treatment 

 
Mating  

% Malformation Mean adult longevity (days)  
 ± S.E. 

(οC+Gy) comb. Male Female Male Female 
P1 

Control 
33+100 
33+150 

UM x UF 
TM x UF 
TM x UF 

2.80 
11.60 
14.28 

 11.82±0.32 
10.18±0.31 
9.64±0.40 

 

F1 
Control 
33+100 
33+150 

UM x UF 
TM x UF 
TM x UF 

2.00 
7.10 
8.30 

3.30 
8.80 
9.50 

11.64±0.28 
11.56±0.32 
11.50±0.26 

9.72±0.28 
11.06±0.35 
11.18±0.46 

- 50 Moths were used per each treatment.  
- The temperature treatment lasted for 20 hours.  
- Statistical analysis did not show any significant differences between means.  

       On the other hand, the percentage of malformed F1 adult males and females was reduced in 
comparison with the parental generation. However, the percentage of malformed F1 adult males 
and females was still higher than the control. The data in table (1) also, show the influence of the 
combined effect of thermal treatment and radiation on longevity of P1 adult males treated as full 
grown pupae. These data indicate that P1 treated adult males lived shorter periods than the 
untreated ones. However, this reduction in longevity was not significant (P> 0.05). No effect on 
adult longevity occurred among F1 adult males, and female. 

    1.2. Effects on the biological potential of F1 progeny:  

 The data in table (2) indicate that the combination of thermal and irradiation treatments 
applied to parental male pupae did not affect the average developmental periods from egg hatch 
to adult emergence at the two tested treatments (33οC +100 Gy and 33οC+150 Gy) in either males 
or females among F1 progeny. The percentage of F1 larvae survived to adult stage was reduced to 
85.29 and 77.77% at treatments of 33οC+100 Gy and 33οC+150 Gy, respectively. The percentage 
of adult emergence among F1 progeny was not affected at 33οC+100 Gy treatment; while it was 
slightly decreased at 33οC+150 Gy treatment. Also, the sex ratio of F1 adults among the two 
tested treatments did not differ from the normal ratio where it was around 1:1 as observed in the 
control.  



Table (2):  The combined effects of radiation and thermal treatments of P1 male pupae of S.   
littoralis on survival, development, adult emergence and sex ratio of F1 progeny.  

 
F1 Progeny 

Larval duration in days 
±S.E. 

Pupal duration in days 
±S.E.  

 

Trea
tmen
t 
(οC + Gy) 

 
 

Mating 
combination 

% Larvae 
surviving 

to 
adult hood 

from 
control 

 
Male 

 
Female 

 
Male 

 
Female 

 
% Adult 
Emergence 

 
Sex ratio 

Male: Female 

Control 

33 + 100 

33 + 150 

UM x UF 

TM x UF 

TM x UF 
 

100.00 

85.29 

77.77 

23.06±0.12

23.67±0.16

23.15±0.17

23.08±0.11

23.74±0.18

23.14±0.20

15.91±0.08

15.28±0.11

15.00±0.08

14.56±0.09

13.95±0.09

13.76±0.08

95.60 

96.66 

90.03 

0.99   :   1 

1.16   :   1 

1.10   :   1 

- 300 larvae were used per each treatment. 
- Statistical analysis did not show significant differences means in the same column        

     
 1.3. Effects on reproduction: 
 

     Table (3) shows that the combination of thermal and irradiation treatments did not affect the 

percentage of mated females throughout P1 and F1 generations at the two tested treatments 

(33οC+100 Gy and 33οC+150 Gy). However, the percentage of mated females with sperm 

decreased to 53.33% of control in the parental generation in both treatments. While in F1 

generation it decreased to 26 and 13.33% at the treatments of 33οC+100 Gy and 33οC+150 Gy, 

respectively, in comparison with 100% for the control.  



Table (3): The combined effects of thermal and radiation treatment of P1 male pupae of    

                S. littoralis on reproduction of P1 and F1 progeny. 

 

Dose 
(oC+Gy

) 

Mating 
combination

% 
Mating

% Mated 
female 
with 

sperm 

Average 
no. of 

sperm/mated 
female 

Average 
no. of eggs 

/mated 
female 

Egg 
hatchin

g 
% 

P1 
Control 
33+100 
33+150 

UMxUF 
TMxUF 
TMxUF 

100 
100 
100 

100.00 
53.33 
53.33 

2.53 a 
2.26 a 
2.33 a 

2333.33 a 
1905.00 a 
2481.61 a 

98.08 a 
9.49    b 
5.74    b 

F1 
Control 
33+100 
33+150 

UMxUF 
TMxUF 
TMxUF 

100 
100 
100 

100.00 
26.00 
13.33 

2.13 a 
3.66 a 
3.40 a 

2581.66 a 
1283.33   b 
968.33    b 

85.39  a 
5.700   b
2.87     b

- 15 pairs were used per each treatment.  
- Means followed by the same letter in each column are not significantly different (P > 0.05).  
On the other hand, the average number of spermatophores per mated female in parental 

generation did not significantly differ in the two treatments from the untreated control (P> 0.05), 

where the average was about 2.3. However, the average number of spermatophores per mated 

female among F1 progeny was increased to about 3.5 at the tested treatments (P> 0.05). 

     The results also, show that the average number of deposited eggs per mated female among the 
parental generation did not significantly differ from control (P > 0.05). The fecundity among the 
first filial generation, on the other hand, was significantly reduced to 50 and 37.5% from control 
at the treatments of 33οC+100 Gy and 33οC+150 Gy, respectively (P <0.05).  

     The effect of irradiation and heat treatment drastically reduced hatchability of eggs in the 
parental generation from 98.98% in the control to 9.49 and 5.74% at 33οC+100 Gy and 33οC+150 
Gy treatments, respectively. The same trend was still valied in the F1 generation where it was 
reduced to 5.7 and 2.87 at the two forecited treatments, respectively, compared to 85.39% in the 
control (P< 0.05) 
 
1.4. Progeny produced from combined heat and irradiation treatments of P1 male pupae 

throughout two successive generations: 
 
     The combined effect of both thermal treatment with 33οC for 20 hours and irradiation with 
100 Gy or 150 Gy on the parental male pupae had an inherited deleterious effects in F1 progeny. 
This was obvious by clear reduction in fecundity egg-hatchability and larval-pupal survival 
(Table 4). The production of female adults resulting from treated P1 males crossed with normal 
females was 6.19 and 4.61% of control at the dose level 33οC+100 Gy and 33οC+150 Gy, 
respectively. These deleterious effects had their greatest expression when treated F1 males were 



crossed with untreated females; where clear reduction in the number of deposited eggs and the 
percentage of egg hatching were obtained.  

     The production of female adults resulting from F1 treated males crossed to normal females was 
reduced to 2.76 and 1.02% from control at dose level 100 and 150 Gy, respectively. 
 
Table (4): Combined effect of thermal and irradiation treatment of S. littoralis  P1 full     

grown male pupae on produced F1 and F2 progeny when treated males were 
crossed to normal females.  

Treatment 
οC + Gy 

 

Crosses 
Male X 
Female 

*Eggs / 
female 

% 
 

*Egg 
hatch 

% 
 

*No of 
larvae 

surviving 
to adult- 

hood 
% 

Female 
progeny 

% 

**Production 
of female adult

% 
 

F1 Progeny 

(Control) 
33+100 
33+150 

U  x  U 
T  x  U 
T  x  U 

 

100.00 
81.64 
106.00

100.00 
9.67 
5.85 

100.00 
89.29 
77.78 

51.02 
46.94 
48.78 

100.00 
6.19 
4.61 

 
F2 Progeny 

(Control) 
33+100 
33+150 

U  x  U 
T  x  U 
T  x  U 

 

100.00 
49.70 
37.50 

 

100.00 
6.67 
3.36 

 

100.00 
90.39 
85.59 

 

50.25 
46.29 
47.61 

 

100.00 
2.76 
1.02 

 
 * All data are corrected from control 
** Values in this column are products of fecundity, egg hatch, survival and sex ratio  

 
1.5. Effect on mating competitiveness of males among P1 and F1 generations:  
       
     One of the most requirements of the successful application of the sterile insect-release 
methods is the ability to sterilize the pest without any serious damage to mating 
competitiveness or other physiological behaviour. Early attempts to sterile Lepidoptera 
and other orders of insects emphasized methods that could produce 100% sterility in the 
insects intended for release. However, the adverse effects of high doses of radiation on 
the mating competitiveness and on the behaviour of many insects including Lepidoptera 
have coused researchers, in recent years, to concentrate on the least doses that produce a 
high degree of sterility but not necessarily complete sterility.  
     The following experiments were conducted to investigate the combined effect of irradiating 
heat-treated male pupae with substerilizing doses of gamma radiation on the mating 
competitiveness of the resulting P1 and F1 adult males.  
 
1.5.1. Mating competitiveness of parental males:  

      The data on mating competitiveness of treated S. littoralis P1 males with untreated adult males 
for mating with normal females are presented in table (5). The table shows the observed and 
expected infertile eggs beside the mating competitiveness values (C.V.). The results indicate that 
the percentage of observed infertile eggs was evidently increased within the two ratios at the 
tested treatments when compared with the control. Also, the percentage of observed egg 



infertility increased by increasing the dose at the two tested ratios to reach 80.02 at the ratio 5:1:1 
(1M:UM:UF) at the dose 150 Gy + 33οC treatment. Increasing the ratio of treated P1 males from 
1:1 to 5:1 (1M:UM) reduced the percentage of fertile eggs among the two tested treatments.  

       Table (5) also, shows that the competitiveness value (C.V.) at all competitiveness ratios was 
more than 1.0 which indicates full competitiveness of treated P1 males against untreated males at 
both treatments. 
  
Table (5): The combined effects of radiation and thermal treatment of P1 male pupae of  
                  S. littoralis on mating competitiveness of the resulting P1 adult males. 
 

% Infertile eggs Cross ratio 
IM : UM :  UF 

Treatment 
(οC + Gy) Observed Expected 

C.V. 

0   :   1   :   1 
1   :   0   :   1 
1   :   1   :   1 
5   :   1   :   1 

 
33 + 100 

21.76 
81.20 
63.61 
71.23 

-- 
-- 

51.48 
71.29 

-- 
-- 

1.23 
0.99 

1   :   0   :   1 
1   :   1   :   1 
5   :   1   :   1 

33 + 150 
89.63 
72.11 
80.02 

-- 
55.70 
78.31 

-- 
1.29 
1.02 

U :  unirradiated      M: male       F : female       I : irradiated 

C.V. : competitiveness value  (Fried, 1971).  
 
1.5.2. Mating competitiveness of F1 males:  
     Table (6) shows the data on mating competitiveness of F1 males descendant of parental males 
heat treated with 33οC and irradiated at dose level 100 or 150 Gy. The results indicate that the 
observed infertility was obviously increased among all tested treatments and ratios in comparison 
with control. 
 
Table (6): The combined effects of radiation and thermal treatment of P1 male pupae of S. 

littoralis on mating competitiveness of the resulting F1 adult males. 
 

% Infertile eggs Cross ratio 
IM : UM :  UF 

Treatment 
(οC + Gy) Observed Expected 

C.V. 

0   :   1   :   1 
1   :   0   :   1 
1   :   1   :   1 
5   :   1   :   1 

33 + 100 

23.40 
86.25 
69.60 
83.35 

-- 
-- 

54.82 
75.78 

-- 
-- 

1.26 
1.10 

1   :   0   :   1 
1   :   1   :   1 
5   :   1   :   1 

33 + 150 
94.05 
70.65 
86.65 

-- 
58.73 
82.28 

-- 
1.20 
1.05 

 U :  unirradiated      M: male       F : female       I : irradiated 
              C.V. : competitiveness value.  
       Increasing the radiation dose from 100 Gy to 150 Gy in addition to the thermal treatment to 
parental generation slightly increased the infertility among F1 males. At the same time the 
observed egg infertility was increased by increasing the ratio of F1 treated males from 1:1 to 5:1 



(1M:UM). Thus, F1 males were fully competitive against untreated males in mating with normal 
females at the two tested doses. 
 
      The competitiveness value (C.V.) among F1 males at both ratios 1:1 and 5:1 indicated that F1 
males descendant of P1 treated males were fully competitive in the two tested doses, therefore, the 
ratio 1:1 appeared to be more promising in the field application.  
 
         

DISCUSSION AND CONCLUSION 
 
1. Combined Effect of Thermal Treatment and Irradiation: 
     
       In an attempt to minimize the deleterious effects of gamma radiation, the insects were 
gamma irradiated with two low doses of 100 and 150 Gy after they had been exposed to high 
temperature (33οC) during the pupal stage. The results obtained in the present work on the 
combined effects of radiation and thermal treatment showed that adult male longevity was 
slightly shortened among P1, but it was not affected among F1 generation.  
      The percentage of malformation among F1 adults was reduced in comparison with 
the parental generation. 

 
     The developmental period from egg hatch to adult emergence was not affected among F1 
progeny by the combined treatments applied to parental generation. The percentage of F1 
larvae survived to adult stage was reduced as the radiation dose was increased from 100 to 150 
Gy in addition to the thermal treatment (33οC). Adult emergence was only affected at the 
treatment of 33οC + 150 Gy. The sex ratio, as in other treatments, was still around the 
expected ratio. These results agree with those obtained by Katiyar and Ferrer (8) on Ceratitis 
capitata (Wied.), they stated that heat treatment at 40οC and irradiation had no latent adverse 
effect on longevity of adults. However, Al Zahaby et al. (9) working on Ephestia cautella 
(Walker) and Lasioderma serricorne (F.) found that when full grown pupae were irradiated 
with gamma radiation (from 0 up to 1000 Gy) and exposed to different degrees of temperature 
deformed and dead adults of both insects were increased in number with increasing radiation 
dose and temperature. Also, adult longevity was adversly affected as a result of radiation 
doses and temperature.  

      The combination of thermal and irradiation treatments did not affect the mating ability 
among P1 and F1 at the two tested treatments. However, the percentage of inseminated females 
was reduced to 53% from control treatment among P1 adults. It was reduced to about 26 and 
13% of control among F1 progeny at 33οC + 100 Gy and 33οC + 150 Gy, respectively. The 
average number of spermatophores per mated female was not affected among P1 at the two 
tested doses; while it was slightly increased among F1 generation.  

      The average number of eggs deposited by mated female was not significantly different 
from control among P1 generation; while it was significantly reduced among F1 generation. 
The hatchability of eggs was significantly reduced among the two tested treatments in the two 
generations especially at 33οC + 150 Gy. These results are in accordance with Singh (10) 
working on Rhizopertha dominica. He stated that temperature above the optimum sensitized 
the insects to radiation effect. North (11) reported that when many lepidopterous species were 
reared at high temperature they expressed more radiation damage. Also, Al-Zahaby et al. (9), 
Working on Ephestia cautella and Lasioderma serricorne irradiated with gamma radiation 
(from 0 up to 1000 Gy) and exposed to different degrees of temperatures (from 22 up to 



35οC). They found that their biological aspects and reproductive ability varied with the dose 
and temperature applied. Males of E. cautella and L. serricorne were completely sterilized 
with 600 and 400 Gy, respectively. Fadel (12), on (Ceratits capitata) stated that when pupae (8-
9 days old) and adults (1-day old) were irradiated at 3 gamma doses (70, 90 and 110 Gy) and 
exposed to 3 different temperatures (5, 25 and 32οC) before or after irradiation egg 
hatchability was reduced by increasing radiation dose.  

     The combined effect of both thermal treatment with 33οC for 20 hours and then irradiation 
with 100 or 150 Gy on the parental male pupae showed an inherited deleterious effects in F1 
progeny. The production of female adults resulting from treated P1 males crossed with 
untreated females was greatly reduced among the two tested treatments. These deleterious 
effects had their greatest expression when F1 males were crossed with untreated females.  

      From the forecited results it could be concluded that the treatment of P1 S. littoralis during 
their pupal stage with 33οC+150 Gy had the minimal female production throughout two 
successive generations.  

     The effect of combined treatments on mating competitiveness of the cotton leaf worm lead to 
the conclusion that parental male pupae that were heat-treated with 33οC and irradiated with low 
doses of radiation 100 and 150 Gy were fully competitive with untreated males in mating with 
normal females; and this was clear among P1 and F1 generations in the two tested ratios.These 
results agree with Fadel(12) who stated that exposure of male pupae or adults of Ceratitis capitata 
to temperature before or after irradiation will be beneficial before any future release of males.  
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