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ABSTRACT 

An attempt was carried out to investigate the effect of gamma irradiation on sterility and male mating 

competitiveness of the medfly C. capitata (Wied.) under hypo and hyperthermia in order to minimize 

the deleterious effects of radiation on insects. Low, moderate and high temperature (5, 25 and 32
o
C) 

were applied to pupal and adult stages of C. capitata at different ages before and/or after irradiation 

with the doses (70, 90 and 110 Gy) of gamma radiation. Sterility of pupae or adults exposed to low 

temperature (5
o
C) before or after irradiation was increased compared with control. The rate of increase 

was more clear in pupae exposed after irradiation and adults exposed before irradiation. When pupae 

or adult were treated with high temperature (32
o
C) for 24 h before or after irradiation, adult sterility 

was increased with increasing the radiation dose. The competitiveness values were greatly higher 

when pupae or adults were exposed to low temperature (5
o
C) than those exposed to moderate or high 

temperature before irradiation.  
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INTRODUCTION 

The Mediterranean fruit fly C. capitata is a major pest in many areas of the world, attacking 

over 250 varieties of fruits, vegetables and nuts. The fly cause considerable damage to citrus fruits, as 

well as to figs, apricots, apples, peaches and other fruits. Several control measures have been tried for 

controlling 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 by applying them topically and by exposure to 

gamma radiation or to high temperatures 
(1 – 5)

. 

 Therefore, the present study was designed to further explore the dose sterility relationship of 

irradiation applied either before or after thermia.  

MATERIALS AND METHODS 

Mass rearing was always maintained at 25±2
o
C and 60-65% R.H. Adults were fed on yeast 

hydrolysate and sugar (1:3 ratio),
(6)

. Radiation was done in the Nuclear Research Center, Atomic 

Energy Establishment in Inshas. For determining the effect of irradiation on sterility of the 

Mediterranean fruit fly, adults were sexed within 12 hours of emergence: Levels of sterility produced 

by the treatments were confirmed by pairing 10 irradiated males from each treatment with 10 

unirradiated adults of the opposite sex, also untreated pairs in three replicates were used as controls. 

The experimental population were (8-9 day) old pupae and (1-day) old adults for studying the effects 

of conditioning with variations of temperature on the susceptibility of the insect to various doses of 



2nd International Conference on Radiation Sciences and Applications, 28/3 - 1/4/2010 

59 

 

irradiation. The irradiation was carried out either before or after thermal conditioning at three different 

temperatures: 5, 25 and 32
o
C. Irradiation doses used were 70, 90 and 110 GY. For determination of 

sexual competitiveness of males treated with various temperatures, thirty irradiated males were 

combined with ten unirradiated females and ten unirradiated males in order to keep the ratio of 

irradiated to unirradiated males 3:1. Values for sexual competitiveness were calculated according to 

the method 
(7)

. Data was analysed for significance using Duncan's multiple range test and T. test. 

RESUITS AND DISCUSSION 
Low, moderate and high temperatures were applied 24 hours before or after irradiation to the 

pupae (8-9 day old) or adults (1-day old) in order to study their effects on egg hatch and male mating 

competitiveness.  

a.  Effects of low temperature on egg hatchability and male mating competitiveness:  

 Table (1 & 2) show the effect of low temperature on egg hatchability of C. capitata exposed 
as pupae or adults for 24 h before or after irradiation. 

 The adults exposure before irradiation induce percent of egg hatchability significantly lower 
than that of pupae especially at the low and high dose of irradiation. Exposure of pupae or adults to 
low temperature after irradiation gave almost the same mentioned trend. Exposure of pupae to low 
temperature before irradiation increased the egg hatchability at all treatments than those exposed to 
low temperature after irradiation. A different result was obtained in case of adult treatment, egg 
hatchability of adults exposed to 5

o
C before irradiation decreased.  

 Reviewing the obtained results it could be concluded that, low temperature seem to offer 
protection to the insect germ cell when applied before irradiation of pupae rather than adults. 
Moreover, exposure to low temperature before irradiation of the adults seemed to cause more sterility 
than when irradiated them after exposure to low temperature. Similar results were obtained on C. 
capitata 

(8)
 who stated that sterility could be attained by combining cooling and irradiation. The lowest 

fertility was obtained after treatment at 4
o
C. Vargas and Mellado

(9)
, determined the effects of exposing 

C. capitata adults to gamma radiation and low temperature (12
o
C) before irradiation (10.5 Krad) then 

stored 72 h at 2
o
C, they recorded an average of 99.65% sterility. Amin et al.,

(10)
 reported that, pupal 

incubation of C. capitata at both 5 or 15
o
C either for 2-hours or 2-days prior and during irradiation 

resulted in reduction of sterility as compared with those incubated at 25
o
C. Teruya 

(11)
 studied the 

lower limits of temperature at which the pupae of Dacus cucurbitae (coq.) can be kept during the time 
of exposure to sterilizing doses of gamma without affecting the degree of sterility.  

Table 1. Effect of low temperature (5
o
C) applied 24 h. before irradiation to the pupae (8-9 days old) and 

adults (1-day old) of the Mediterranean fruit fly, Ceratitis capitata on egg hatchability.  

 

Dose 

(Gy) 

Pupae Adults 

Mean % egg hatch 

± S.E.*** 

Control of 

hatchability 

Mean % egg 

hatch ±S.E.*** 

Control of 

hatchability 

0*   93.62 ± 0.58 a,a -   81.37 ± 3.70 a.a - 

0+T**   91.23 ± 1.11 a,a 2.55   83.95 ± 95.0 a,a 3.17 

70 + T   21.11 ± 3.29 b,a 77.45     3.77 ± 71.0 b,b 95.37 

90 + T     3.21 ± 0.30 c,a 96.57     1.47 ± 0.40 b,a 98.19 

110 +T     2.78 ± 0.39 c,a 97.03     0.17 ± 0.60 b,b 99.79 

* Control  ** Low temperature   S.E. standard Error. 

*** Means followed by the same letter are not significantly different. The first letter 

designates differences within a column and the second within a row (P> 0.05).  
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Table 2. Effect of low temperature (5
o
C) applied 24 h. after irradiation to the pupae (8-9 days old) and 

adults (1-day old) of the Mediterranean fruit fly, Ceratitis capitata on egg hatchability.  

 

Dose 

(Gy) 

Pupae Adults 

Mean % egg 

hatch ± S.E.*** 

Control of 

hatchability 

Mean % egg 

hatch ±S.E.*** 

Control of 

hatchability 

0*   88.22 ± 1.98 a,a -   91.62 ± 3.14 a.a - 

0+T**   88.39 ± 1.02 a,a 0.19   91.12 ± 4.15 a,a 0.55 

70 + T     5.68 ± 1.04 b,b 93.38     6.09 ± 1.04 b,b 93.35 

90 + T     2.18 ± 0.36 bc,a 97.53     3.70 ± 1.01 b,a 95.96 

110 +T     1.02 ± 0.32 c,b 98.84     3.56 ± 0.86 b,a 96.11 

* Control   ** Low temperature   S.E. standard Error.    

*** Means followed by the same letter are not significantly different. The first letter 

designates differences within a column and the second within a row (P> 0.05).  

 Table (3) shows the combined effects of low temperature (5
o
C) before or after gamma 

radiation (90 Gy) of the pupal or adult stages on the egg hatch of the competing populations (I males, 

N males and N females) at the ratio of 3:1:1.  

 It was found that at the dose of 90 GY, the observed egg hatch of the competing populations 

were higher than the expected which means that mating competitiveness of males was affected by 

irradiation. There was no-significant differences between all the treatments applied.  

Table 3. Effect of low temperature (5
o
C) applied 24 h. before or after irradiation to the pupal (8-9 days 

old) and adults (1-day old) stages of the Mediterr-anean fruit fly, Ceratitis capitata on male 

mating competitiveness and the expected egg hatch.  

 

Combination ratio  

 

I.male : N.male : N.female*  

Mean % egg hatch ± S.E.
(d)

  

Temperature before 

irradiation 

Temperature after 

irradiation  

Pupae  Adults  Pupae  Adults  

    0      :      1      :      1 91.23± 

0.58 

83.95± 

3.70 

88.39± 

2.02 

91.12± 

3.14 

    1      :      0      :      1 3.21± 

0.30 

1.47± 

0.40 

2.18± 

0.36 

3.70± 

1.01 

    3      :      1      :      1 41.80± 

3.05 a 

38.17± 

2.89 a 

46.06± 

2.26 a 

41.15± 

0.49 a 

Expected egg hatch** 25.22 22.09 23.73 25.56 

Competitiveness values** 0.44± 

0.08 a 

0.44± 

0.12 a 

0.33± 

0.04 a 

0.44± 

0.03 a 

*Irradiated (90 Gy)  :  Normal ♂  :  Normal ♀.  

**According to fried (1971).  
(d)

Means followed by the same letter are not significantly different (P> 0.05).  

 Similar experiments on male mating competitiveness were carried out 
(12)

 who found that, after 

irradiation of C. capitata pupae (9 Krad) and exposing adults upon emergence to 6
o
C for 0, 18, 16, 24 

or 36 hours, male mating competitiveness at a ration of (1:1:1) decreased with the increase in exposure 

time to chilling and a higher degree of competitiveness was obtained in adult irradiation compared to 

pupal irradiation. Also, the male mating competitiveness was better when the pupae of C. capitata 

were incubated at 5 or 15
o
C for 2 days rather than for 2 hours 

(10)
. 
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b. Effect of moderate temperature (25
o
C) on egg hatchability and male mating competitiveness 

of the male when irradiated in the pupal or adult stages: 

 Data in Table (4) indicate that egg hatchability was decreased with increasing the radiation 

dose when insects were irradiated at the pupal stage or adult stage. Egg hatch of the irradiated adults 

was decreased more than the irradiated pupae. The differences between each of the doses tested and 

the respective check were statistically significant when either pupae or adult stage was irradiated. The 

percent egg hatch in case of irradiated pupae was more than those of adult one at all doses. 

 In this respect 
(14)

 found that exposure of C. capitata pupae 2-days before adult emergence to 

gamma radiation at a dose of 4 Krad resulted in almost complete sterility. Also, 
(14)

 stated that a dose 

of 10 Krad was sufficient to produce 99.5% sterility in males. Again, 
(15)

 reported a decrease in sterility 

of C. capitata with increasing the dose of gamma radiation.  

Table 4. Effect of gamma radiation applied to the pupal (8-9 days old) or adult   (1-day old) 

stages of Ceratitis capitata exposed all the time to the moderate temperatures (25
o
C) on 

egg hatchability.  

 

Dose 

(Gy) 

Pupae Adults 

Mean % egg 

hatch** ± S.E. 

Control of 

hatchability 

Mean % egg 

hatch** ±S.E. 

Control of 

hatchability 

0*   88.95 ± 2.76 a,a -   93.42 ± 0.12 a.a - 

70   14.26 ± 0.99 b,a 83.97     3.29 ± 0.10 c,b 96.48 

90     5.38 ± 0.14 c,a 93.95     1.79 ± 0.96 c,b 98.81 

110     2.67 ± 0.21 c,a 96.99     1.08 ± 0.50 c,a 98.84 

* 25
o
C   S.E. standard Error. 

** Means followed by the same letter are not significantly different. The first letter 

designates differences within a column and the second within a row [(t.test) (P>0.05)] 

 Table (5) shows the mating competitiveness of the male when irradiated at pupal or adult 

stages with the continuous exposure to (25
o
C) before and after irradiation. 

 The tabulated data indicate that there were no significant differences between observed egg 

hatchability of the competing population at (3:1:1) ratio when the male was irradiated at the pupal 

stage and when it was irradiated at the adult stage.  

Table 5.  Effect of  gamma radiation (90 Gy) applied to the pupal (8-9 days old) or adult (1-day old) stages 

of the Mediterranean fruit fly, Ceratitis capitata exposed all the time to the moderate 

temperatures (25
o
C) on the male mating competitiveness and expected egg hatchability.  

Combination ratio  

I. male : N. male : N. female* 

Mean % egg hatch** ±S.E. 

Pupae  Adults 

         0       :      1        :     1 (Ha) 88.95±2.76 93.42±0.12 

         1       :      0        :     1 (Hs)  5.38±0.14 1.79±0.96 

         3       :      1        :     1 (Hobs) 50.48±3.98 a 48.10±2.07a 

Expected egg hatch ** 26.27 24.70 

Competitiveness value ** 0.29±0.03 a 0.33±0.03a 

* Irradiated ♂ : Normal ♂  :  Normal ♀.  

** According to Fried (1971).  

***Means followed by the same letter are not significantly different with a row (P> 0.05).  
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 Holbrook and Fujimoto 
(16)

 found that mating competitiveness of C. capitata males treated 

with 10 Krad of gamma radiation as pupae (2-days before emergence) was reduced 5%. Results of 
(17)

 

on C. capitata reported that males treated with dose greater than 3 Krad were less competitive than 

untreated males. Again 
(15)

, concluded a reduction in competitiveness value in C. capitata, pupae (1-

day before emergence) compared with those of (2-days before emergence).  

c. Effect of high temperature (32
o
C) on egg hatchability of C. capitata exposed as pupae or adults 

before or after irradiation:  

 Data presented in Tables (6 & 7) show that when pupae or adults were treated with high 

temperature for 24 hours before or after irradiation, adult sterility was increased with increasing the 

radiation dose. 

 From these data it was observed that the increase in sterility was recorded at all treatments 

except in the case of adults exposed to high temperature before and after irradiation.  

 Bhatia and Kaul 
(18)

 reported that with the raise of temperature from 15 to 32
o
C, the viability 

of the eggs of the red cotton bug Dysdercus Koenigii (Fabricus) was lowest at the extremes of 

temperature and the degree of 40
o
C was unfavourable for oviposition. Also,

(19)
 concluded that, 

reproduction of the green bug, Schizaphis graminus (Rond) was greatly lowered at a constant 

temperature of 35
o
C. El-Gazzar

(20)
 in studying the induced sterility in C. capitata using heat treatments 

showed that continuous exposure of 3-4 and 5-days old pupae to a temperature of 34
o
C was highly 

effective in sterilizing the resulting adults. Also,
(21)

 arrived to the result that high temperature (32.5
o
C), 

applied to the pupae of Sitotroga cerealella for 24 h. before irradiation, increased the radiation damage 

where a marked reduction in egg hatch was obtained and the reduction was significantly increased by 

increasing the dosage of irradiation. The combined effects of high temperature and gamma radiation 

were studied,
(22)

 in applying thermal treatment (33
o
C) and or substerilizing doses of gamma radiation 

on full grown pupae of Spodoptera littoralis referred the obtained high sterility to the severe effect of 

irradiation on the incompletely developed reproductive system.  

Table 6.  Effect of high temperature (32
o
C) applied 24 h before irradiation to the pupal (8-9 days 

old) or adult (1-day old) stages of the Mediterranean fruit fly, Ceratitis capitata on egg 

hatchability.  

 

Dose 

(Gy) 

Pupae Adults 

Mean % egg 

hatch ± S.E.*** 

Control of 

hatchability 

Mean % egg hatch 

±S.E.*** 

Control of 

hatchability 

0*   92.21 ± 3.99 a,a -   85.87 ± 2.57 a.a - 

0+T**   94.18 ± 0.83 a,a 2.14   84.73 ± 2.28 a,bc 1.33 

70 + T     3.45 ± 0.33 b,a 96.26     0.94 ± 0.21 b,b 98.91 

90 + T     0.65 ± 0.21 b,b 99.30     0.69 ± 0.31 b,b 99.20 

110 +T     0.39 ± 0.18 b,a 99.58     0.72 ± 0.36 b,a 99.16 

* Control   ** High temperature   S.E. standard Error.  

*** Means followed by the same letter are not significantly different. The first letter 

designates differences within a column and the second within a row (P> 0.05).  
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Table 7.  Effect of high temperature (32
o
C) applied 24 h after irradiation to the pupal (8-9 days old) or 

adult (1-day old) stages of the Mediterranean fruit fly, Ceratitis capitata on egg hatchability.  

 

Dose 

(Gy) 

Pupae Adults 

Mean % egg 

hatch ± S.E.*** 

Control of 

hatchability 

Mean % egg hatch 

±S.E.*** 

Control of 

hatchability 

0*   86.87 ± 3.02 a,a -   82.60 ± 2.41 b.a - 

0+T**   91.15 ± 0.41 a,ab 4.93   88.06 ± 1.45 a,bc 6.61 

70 + T     2.92 ± 0.31 b,a 96.64     3.00 ± 0.87 c,a 96.37 

90 + T     1.49 ± 0.30 b,a 98.28     0.60 ± 0.14 c,b 99.27 

110 +T     0.43 ± 0.03 b,a 99.51     0.86 ± 0.35 c,a 98.96 

* Control   ** High temperature   S.E. standard Error.  

*** Means followed by the same letter are not significantly different. The first letter 

designates differences within a column and the second within a row (P> 0.05).  

 Results on male mating competitiveness (Table 8) indicate that at the dose of 90 Gy, the 

observed egg hatchabilities of the competing populations were higher than the expected at all 

treatments which means that irradiation had affected the mating competitiveness of medfly males. The 

statistical analysis showed that the differences in percentages of observed egg hatch were significant 

between the different treatments. So, high competitiveness value was obtained when adults were 

exposed to 32
o
C before and after irradiation. While, the male mating competitiveness when pupae 

were exposed to 32
o
C before or after irradiation was statistically different from that obtained when 

adults were exposed to 32
o
C before and after irradiation. There were no significant differences 

between each treatment of them.  

Table 8. Effect of high temperature (32
o
C) applied 24 h. before or after irradiation to the pupal (8-9 days 

old) stages or adult (1-day old) stages of the Mediterranean fruit fly, Ceratitis capitata on male 

mating competitiveness and the expected egg hatch.  

 

Combination ratio  

 

I.male: N.male: N.female*  

Mean % egg hatch ± S.E.
(d)

  

Temperature before 

irradiation 

Temperature after 

irradiation  

Pupae  Adults  Pupae  Adults  

    0     :       1    :      1 94.18± 

0.83 

84.73± 

2.28 

91.15± 

0.41 

88.06± 

1.45 

    1     :       0    :      1 0.65± 

0.21 

0.69± 

0.13 

1.49± 

0.30 

0.60±  

0.14 

    3     :       1    :      1 62.59± 

1.80 a 

40.16± 

1.98 b 

68.15± 

2.68 a 

44.03± 

1.45 b 

Expected egg hatch** 24.03 21.70 23.91 22.47 

Competitiveness values** 0.17± 

0.01 a 

0.38± 

0.06 b 

0.12± 

0.02 a 

0.34± 

0.03 b 

*Irradiated (90 Gy): Normal ♂ : Normal ♀.  

**According to fried (1971).  
(d)

Means followed by the same letter are not significantly different with a row (P> 0.05).  

 Boshra 
(21)

 recorded that males of Sitotroga cerealella exposed as pupae to high temperature 

(32.5
o
C) for 24 h. before irradiation were fully competitive. Also, Sallam et al., (2008) in their studies 

on Sitotroga cerealella reported that high temperature (33
o
C) and exposure of full grown pupae for 20 

h. to high and/or substerilizing doses of gamma radiation may explain the deleterious effects occurred 

in fertility of treated insects.  
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From the foregoing results, it may be concluded that exposure of male pupae or adults to low 

temperature before or after irradiation will be beneficial before any future release of males for a SIT 

programme. This seemed to increase their mating competitiveness. 
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