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ABSTRACT

The objective of experiment was determinate the radiation dose for disinfestation to mango Mangifera indica
cv. Haden, infested by Anastrepha fraterculus larvae. For realization of the experiment, were collected fruits in
the field, which were taking to Entomology laboratory where there was a infestation by the flies in cages during
72 hours period. Waited for the development of the larvae and before 5 – 8 days to infestation, the mangos were
irradiated in a Cobalt-60 source with doses of: 0(control), 50, 100, 200, 300, 400, 500, 600, 700, 800, 900,
1000, 1.100, 1.200 and 1.300 Gy. After the irradiation, the fruits were placed in climate chamber with 25 ±5°C
of temperature and 70±5% of relative humidity, posteriorly waited the larvae exit to out of the fruit until the
transformation in pupae and posteriorly in adult stage. By the results obtained our can concluded that the lethal
dose to larvae in mangoes infested with 5-8 days after infestation were 600 Gy and 1.000 Gy (0.6 and 1 kGy)
respectively. The dose of 50 Gy prevented the total adult emergence for both treatments. 

1. INTRODUCTION

The domestic production of traditional fruits showed a large increase in recent years, has
played an important role in the export of these commodities. The Brazil is currently the third
largest producer of fruits  in the world,  has supplied the domestic market with efficiency,
importing only a small  number of other countries,  mainly temperate fruits.  However, the
country has exported very little, being the 15th in the ranking of world exports of fruit. Due
to its  large territory in Brazil  one can find areas with different  climates and ecosystems,
ranging from semi-arid to temperate climates, so it allows the production of a wide variety of
fruits.  Due to increasing demand from importing countries  and the potential  of Brazil  to
attend this demand, the establishment of conditions more favorable to the development of the
internal market in the export is need [1].

One of the most frequent and most economically important pest species for fruit farmers is
the fly american south, A. fraterculus (Diptera, Tephritidae). The larvae of this fly, feed on the
flesh of the fruit making it easier to attack and causing rot or premature fruit drop Infested by
the pest. The insect pests destroy the major resources generated by agriculture. Measures to
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control these pests involve, among other strategies, actions to prevent the spread of exotic
species to new areas [2,3,4].
In addition to direct damage, this pest causes problems for the export of fresh fruits, once
consumer  countries  have  strict  laws,  and  thus  require  the  disinfestations  treatment  for
products that will import [1].

The  Environmental  Protection  Agency  of  the  United  States  banned  in  1984,  the  use  of
ethylene dibromide (EDB), the fumigant most commonly used in the disinfestations of food.
Alternative treatments are therefore required [5].

Concluded that the use of the gamma radiation is practically as a quarantine treatment for
products infested with eggs and larvae of fruit flies. [6]

The  advantages  of  irradiation  on  treatment  with  fumigants  products,  heat  treatment  or  a
combination of both types are: a) It is a continuous process and also more efficient b) ensures
complete disinfection c) not leave residues in  the fruits  d) can increase shelf  life,  delays
ripening of  climacteric  fruits  and  not  climacteric  and senescence  of  seeds  (increases  the
storage time without deterioration of the fruit [7]. 

Since then, this shortfall is important because major phytosanitary treatments based on heat, 
cold, and methyl bromide fumigation have apparently failed, and the only way this was 
known was by the discovery of live insects after treatment [8]. 

The purpose of this  study was to determine the dose of disinfestation to Haden mangoes
attacked by larvae of Anastrepha fraterculus by gamma radiation.

2.  REVIEW OF THE LITERATURE

The possibility of use of the gamma radiation as treatment for disinfestation of fruits attacked
by  fruit  fly,  was  proposed  by  and  then  several  researches  has  been  conducted  to  the
practicability of this method [9]. 

In Brazil [10] was the first to use gamma radiation to irradiate pupae of fruit fly C. capitata
(Wied.), with the objective of obtain sterile insects. 

 Observed the effects of gamma radiation on the development of eggs, larvae and pupae of
three species of fruit flies: Dacus dorsalis (Handel, 1912), Dacus curcubitae (Coq. 1899) and
C.  capitata (Wied.).  With  the  results  concluded  that  doses  between  15 and  20  krad  are
effective in the treatment of quarantine to disinfestation of fresh fruits [11].

Worked with fruit flies C. capitata, infested grapefruit and mangoes. The dose of 21 krad of
gamma radiation was necessary to inhibit the emergence of adults of these insects in infested
fruit and packaged for export [12].

  
Irradiating papayas and mangoes with doses up to 2 kGy observed that the natural variations
in the ascorbic acid  content,  carotene  and  other  physiological changes  produced by  the
normal ripening fruits were higher than any changes induced by gamma radiation [13]. 
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Recommend doses between 10 and 20 krad of gamma radiation for disinfestation of pomelos
we can attacked by fruit-flies  A. suspensa (Loew.), and  doses in this range will not cause
injuries in the irradiated fruit [14]. 

Concluded that doses between 40 and 60 krad of gamma radiation are actually able to induce
disinfestation of infected oranges with C. capitata without causing injury to the fruit [15]. 

The potential use of gamma radiation from cobalt-60 as a quarantine treatment for control of
A. suspensa in grapefruit was researched by [16]. These authors concluded that doses of 0.15
and 0.30 kGy induced a mortality rate of 99.80 and 99.94%, respectively, and the emerged
adults were sterile. Changes in color or flavor in the fruits not were observed at the different
doses of gamma radiation.

Iirradiated with increasing doses of gamma radiation, the last stage larvae and pupae with 30
hours of age of  A. obliqua. They concluded that doses which induced the total lethality of
insect larvae and pupae were: 75 and 10 Gy, respectively, for adults that emerged of pupae
irradiated, the sterilizing dose was 10 Gy for disinfestation these fruits [17].

Irradiated with increasing doses of gamma radiation last stage larvae of  A. obliqua within
Spondia  purpurea.  The  authors  concluded that  the  dose  lethal  to  larvae  was of  300 Gy.
Already the dose that prevented the full emergence of adults from these irradiated larvae were
20 Gy [18].

Irradiated with increasing doses of gamma radiation Eugenia uvalha infested with larvae of
the last instar of A. fraterculus. The results obtained concluded that the dose to disinfest of the
fruits was 500 Gy and which prevented total adult emergence was 50 Gy [19].

Irradiated pupae of Anastrepha obliqua. with ages of 240 hours, near the emergence of adults.
The results showed that the dose that induced total mortality for pupae was 300 Gy. Already
the dose of 200 Gy decreased adult emergence in 63% [20].

Determine the desinfestation dose of gamma radiation in Averrhoa carambola infested with
larvae of A. obliqua and founded that 50 Gy was sterilizing dose for this species [21].

Irradiating apples infested with larvae of  the fruit-fly-South  American  A.  fraterculus,
 prevented the emergence of adults with 25 Gy dose [22]. Use a dose of 70 Gy and induce
100% sterility in males and females of A. fraterculus [23].  

The dose of gamma radiation sterilization for male of A. fraterculus was 70 Gy and female a
lower dose of 40 Gy, the female are more radiosentivity to gamma radiation doses consider
that a generic PI dose for the genus  Anastrepha could be 70 Gy [24,25]. This dose would
satisfy the maximum degree of quarantine security that may be required by plant protection
organizations of 99.9968% efficacy (probit 9) at  the 95% level of confidence level if  the
study by [26]. 

3.  MATERIAL AND METHODS

The experiment was performed in the laboratory of the Section of Entomology - CENA/USP,
Piracicaba-SP, Brazil. To the experiment were collected fruits in field, mangoes "Haden" in
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the region of Pirapora city, MG. and sent to Sao Paulo. After 3 days of the harvest, were taken
to the laboratory of Entomology, Department of Biosciences of USP and placed in cages
measuring 50 x50 x 100 cm, with about 2000 adult flies on the inside where they were kept
for 72 hours to allow the oviposition of the flies on mangoes.

 
After infestation the mangoes were taken to the laboratory of Entomology of CENA / USP,
Piracicaba-SP, and irradiated in Cobalt-60 source type Gammabean-650 with activity of 1.8 x
10 Bq and a dose rate of approximately 3.00 kGy / hour. The mangoes were irradiated after
the period 5 and 8 days of infestation, each treatment consisted of five replicates, a total of 5
treatments. The doses of gamma radiation employed were as follows: 0 (control), 50, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1.000, 1.100, 1.200 and 1.300 Gy. 

After irradiation the mangoes were placed in plastic bags of 2000 mL, in the bags small holes
were made so there would gas exchange. On the inside of plastic bags was placed a layer of
sugar cane bagasse to facilitate the larvae pupation sites. Later the pupae were placed in glass
tubes were placed with cotton cover, to the adult emergence. The experiment was conducted
in a climatic chamber at 25 ± 5 ° C of temperature and 70 ± 5% relative humidity.

4.  RESULTS AND DISCUSSION

In Table 1 we can observe that from the dose of 200 Gy the irradiation induced deleterious
effect on the larvae inside the fruit, decreasing the number of larvae that became in pupae.
However, the total lethality in larvae of 5 days after infestation was only obtained in the dose
of 600 Gy (0.6 kGy). The dose of 50 Gy was sufficient to inhibit the emergence of adults.
The results are according with [17, 18, 19, 20, 21, 22].

Table 1. Average number of dead larvae, pupae and adult emergence of A. fraterculus
irradiated in the larval stage inside "Haden" mangoes with increasing doses of gamma

radiation (5 days after infestation).
 

 

                    * Equal 
letters in line do not differ 
statistically at the 5% level of significance in the Tukey test.

In Table 2 we can observed that the total lethality (LD100) to larvae of 8 days of age inside the
fruits  was  obtained  with  a  dose  of  1.000  Gy  (1.0  kGy),  because  larvae  there  was  no
transformation into pupae. The deleterious effects in pupae were obtained with doses from of
200 Gy, and lethal dose was 600 Gy. The dose that prevented the adult emergence complete
for both was 50 Gy. The results are according with [17, 18, 19, 20, 21, 22].
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     Dose (Gy)  

Stage
0 50 100 200 300 400 500 600

Larvae 1.4a 2.6b 2.6b 5.4c 4.2c 3.0b 0.2d 0.0e

Pupae
18.0

a 14.6b
10.6

c 0.4d 0.2d 0.0e 0.0e 0.0e
Male 7.6a 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b
Female 7.4a 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b
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Table 2.  Average number of dead larvae, pupae and adult emergence of A. fraterculus
irradiated in the larval stage inside "Haden" sleeves with increasing doses of gamma

radiation (8 days after infestation).

      
      Dose 
(Gy)      

Stage

0 50 100 200 300 400 500 600 700 800 900 1000

Larvae 1.2a 3.0b 3.8b 4.0b 5.8c 7.0d 6.4d 7.8d 7.0d 2.6b 1.4a 0.0e

Pupae
18.8

a
15.6

b 11.8c 3.2d 0.4e 0.4e 0.6e 0.0f 0.0f 0.0f 0.0f 0.0f
Male 6.6a 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b
Female 6.4a 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b
* Equal letters in line column do not differ statistically at the 5% level of significance in the Tukey test.

            
These results when compared with other authors in the study of larva mortality showed that
older larvae are more resistant the radiation.  However, is necessary take into account the
conditions of the fruit (water content, texture, stage of maturation) can be an important factor
in relation to those caused effects on larval development of insects [26]. This can also be
directly related the radiation doses required to eliminate the larvae of several varieties of
fruits.

5.  CONCLUSIONS

According to the results obtained under the conditions of this experiment we can conclude
that:

To mangoes infested with A. fraterculus and irradiated with 5 and 8 days after infestation, the
dose that inhibited the transformation of the larvae in pupae were 400 and 600 Gy, and the
lethal dose to larvae inside the fruits were 600 and 1.000 Gy, respectively.

The dose of 50 Gy prevented the total adult emergence for both the larvae age.
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