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ABSTRACT 

This  work was carried out to evaluate the effect of irradiation  on fruit fly (Ceratitis 

capitata) eggs and larvae (1st, 2nd, 3rd instars), in ‘Valencia’ oranges; and evaluate the 

effect of the irradiation on the chemical composition of the fruits. Fruits were artificially 

infested with the immature stages of the fruit fly and treated with 0, 10, 20, 30, 40, 50, 

100, 150 and 200 Gy Cobalt-60 doses. By the results obtained it is possible to conclude 

that: third instar larvae are more tolerant to irradiation treatments; the dose of 50 Gy 

causes sterility to the adults emerged from all immature stages irradiated. 
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1. INTRODUCTION 

 
The fruit flies are more important insect pest of the citrus culture in Brazil. In the State 
of São Paulo, where it ponders 80% of the park Brazilian of citrus, they are lost 
annually more than 60 thousand tons of fruits for the attack of this group of insects [6]. 
Besides the losses caused by the fall and rottenness of the attacked fruits, there are 
commercial restrictions and phytossanitary to the export of fresh fruits for countries 
where those insects doesn't exist. The application of insecticides in close fruits of the 
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maturation and crop, more susceptible stadiums to the fruit flies, they can leave residues 
in the final product, in the fruit or in the orange juice.   
 
The exports orange and tangerine represented together about 6% of the total of Brazilian 
exports of fresh fruits (in value) in 2002. Europe is the main destiny of the exports of 
orange in nature, with 89,8% of the exports; already the tangerine is preferentially 
imported by countries that it composes Middle East, with 63% of the exports [7].   
 
In the legal commercialization of vegetables is accomplished in agreement with the 
exigencies of the Service of Vegetable Quarantine of the country importer, being able to 
this organ to demand special conditions, as attested additional phytossanitary, specific 
treatments based on scientific criteria or even prohibiting the commercialization. To 
exemplify it is important to stand out that, due to the fruit flies, Brazil was prohibited by 
a period of exporting fresh fruits to Japan.    
 
Among the methodologies used for the disinfestation of fruits pos-harvest the physical 
methods compared to the chemists present the advantage of eliminating insects and 
pathogen without they leave residues. They are included the controlled atmosphere, the 
thermal treatments (cold, steam, water and hot air) and the radiation ionizing, mainly the 
one of Cobalt-60 [10]. The irradiation is a technique of preservation of foods, being 
executes in the disinfestation against several curses [1], could be used for treatment of a 
great variety of fresh fruits, vegetables and flowers. A growing interest exists for the 
international trade in the development of the irradiation as treatment quarantine [11].  
  
In that way, this work intended to evaluate the effect of the radiation ionizing of Cobalt-
60 on eggs and larvae of (1st, 2nd, 3rd instars), of fruit fly Ceratitis capitata Wied., 1824, 
Diptera: Tephritidae, in fruits of orange of the variety 'Valency',  
 

2. MATERIAL AND METHODS 
 
The work was development in a room acclimatized to 251oC, 70±5% of relative 
humidity and photoperiod of 14 h, of the Laboratory of Biology and Rearing of Insects,   
at FACV/UNESP, Jaboticabal, São Paulo, Brazil and in the Center of Nuclear Energy in 
the Agriculture (CENA-USP), Piracicaba, SP. For accomplishment of the experiment 
oranges of the variety were used 'Valency', given in by Fundecitrus and for the 
distributor 'Frutas Fiorin', collected in the area of Araraquara/SP and Vista Alegre do 
Alto/SP, respectively. The fruits were transported to the laboratory, where they were 
selected and standardized as for the size (Ø ± 7cm), forms and color.   
 
Eggs and larvae of (1st, 2nd, 3rd instars) , obtained in rearing stocks of C.capitata were 
used to made the artificial infestation of the oranges. Eggs accomplished with the aid of 
a perforator  being made a hole of 0,5 cm of depth in the fruit, being transferred then for 
its interior 100 eggs with the aid of a hypodermic syringe.  The larvae were separate in 
two groups, one with larvae of 1st and 2nd instars, considered larvae new and other with 
larvae of 3rd instars considered larvae old. For the infestation with larvae the same 
methodology of the infestation was used with eggs, being the hole of approximately 2 
cm of depth, being transferred then for the interior of the fruit 25 larvae with the aid of a 
probe. To close the hole they were made covers with a perforator of superior number to 
the used to do the hole, and then put in the fruits, being the covered area with adhesive 
ribbons put upon in cross form. In both infestations (eggs and larvae), the infested fruits 
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were in rest for 4 hours, being followed the treatments then.  After having infested with 
eggs and larvae, the oranges were taken to the Center of Nuclear energy in the 
Agriculture (CENA/USP), where were irradiation with the following doses of Cobalt-
60: 0 (control), 10, 20, 30, 40, 50, 100, 150 and 200 Gy. A source of Cobalt-60, type 
Gammabeam-650 was used, of "Atomic Energy of Canada Ltd.", with  dose rate of 482 
Gy/hour and diameter of 18 cm. After the irradiation, the oranges were taken to the 
Laboratory of Biology and Rearing of Insects, where they were maintained at room 
acclimatized inside of plastic pots with about 2 cm of vermiculite in the bottom.  The 
efficiency of the treatments was evaluated by of the mortality percentage in the different 
stages (eggs, larvae of 1st, 2nd, 3rd instars), in function of the number of pupae obtained; 
final mortality, calculated in function of the total mortality in the egg stage, larvae and 
pupae. The delineation experimental used was entirely at random with  8 treatments, a 
witness and 10 repetitions, being each repetition an orange. The averages were 
compared by the test of Tukey to the level of 5% of probability.  
   

4. RESULTS AND DISCUSSION 
 

The doses of radiation produces several effects on the immature insects. Smaller doses 
usually allow the insect to complete the adult phase, but it causes the sterilization and 
deformation of wings. With the increase of the dose, the process becomes more 
harmful; the eggs and the larvae usually grow, the pupae are formed, but adults don't 
emerge. Still increasing more the dose, the process is lethal, in other words, the insects 
die at its immature stage. Those doses vary in agreement with the species and also with 
the stage of the insect in that the radiation is applied.   
 
The effect of the radiation on the eggs was caused enviable between 67 and 100%  
(Table 1). It can also be observed that that effect on the larvae inside the fruits was not 
directly proportional to the increase of the dose. This might have been caused by the 
capacity of locomotion of the larvae, that they are deepened in the fruit, increasing the 
mass of water to be crossed by the radiation, and the radiation has extreme difficulty of 
crossing the water and, for that, as larger the mass of the fruit to be crossed until the 
objective (immature stages), minor will be its direct efficiency (Table 1).  
  
Table 1. Effect of the radiation gamma on different stages of Ceratitis capitata, in fruits 
of orange variety 'Valency.' 

Doses (Gy) Inviabilidade de ovos 
(%) 

Mortalidade de Larvas (%) 

1O e 2O ínstares 3O ínstar 
0 67,60 c 13,60 b 5,20 b 

10 93,60 b 13,60 b 28,80 a 
20 97,20 ab 9,60 b 16,40 ab 
30 99,60 ab 12,40 b 31,20 a 
40 98,00 ab 10,00 b 29,60 a 
50 99,60 ab 18,40 b 40,00 a 

100 100,00 a 24,00 ab 32,00 a 
150 100,00 a 12,80 b 30,80 a 
200 100,00 a 45,20 a 38,80 a 

Test F 20,79** 53,09** 38,78** 

CV (%) 8,86 5,13 4,97 

dms (5%) 12,73 22,31 24,77 

Means with different words significantly no differ at the level of 5% ( Test of Tukey). 
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When observing the final mortality, it can be verified that for eggs, the doses of 10, 20, 
30, 40, 50, 100, 150 and 200 Gy were same statistically, and only 10 Gy didn't present 
100% of mortality. Therefore, the necessary dose to irradiate eggs and there not to be 
adults' emergency was of 20 Gy (Table 2). Dates these according  with found by [2][3] 
[4][5][8], that mentions the dose of 20 Gy as necessary to impede the adults' of C. 

capitata and Dacus tryoni emergency in fruits infested at laboratory.  
 
Regarding the treatment of larvae (1st, 2nd, 3rd instars ), it was verified that the final 
mortality didn't present statistical difference in the doses of 30, 40, 50, 100, 150 and 200 
Gy, with relation the doses of 10, 20, 30 and 40 Gy didn't present mortality of 100%, 
what impedes of they be recommended with purpose quarantine (Table 2).   
  
Table 2. Final mortality* (mortality for stages of egg, larvae and pupae) of Ceratitis 

capitata irradiated in fruits of orange variety 'Valency.' 

Doses  (Gy) 
Mortality (%) 

T.O.1 T.L.1-22 T.L. 33 
0 88,40 b 21,60 c 12,80 d 

10 97,60 a 20,40 c 59,20 c 
20 100,00 a 67,60 b 74,00 b 
30 100,00 a 98,80 a 92,00 a 
40 100,00 a 99,20 a 92,80 a 
50 100,00 a 100,00 a 100,00 a 

100 100,00 a 100,00 a 100,00 a 
150 100,00 a 100,00 a 100,00 a 
200 100,00 a 100,00 a 100,00 a 

Test F 21,63** 356,42** 205,60** 

CV (%) 2,66 7,31 7,97 

dms (5%) 3,73 8,19 9,22 
Means with different words significantly no differ at the level of 5% ( Test of Tukey). 
1-Treatment of eggs; 2 – Treatment of Larvae de 1O and 2O  instars; 3 – Treatment of Larvae of 3O ínstar. 
*mean in function of number  of adults emerged 
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5. CONCLUSION 
 

The radiation gamma can be recommended for quarantine treatments of all  immature 
stages of Ceratitis capitata in fruits of orange variety 'Valency', since treaties with a 50 
Gy.  The dose of 50 Gy of radiation gamma, applied in all  stages, cause the sterilization 
of adults of Ceratitis capitata.   
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