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ABSTRACT

As insects increase in radiotolerance as they develop and usually several developmental stages of pest 
may present in fresh shipped commodity, it is important to know the radiation susceptibility of stages of 
the target  insect  before the establishment of  ionizing radiation quarantine treatments.  This study was 
performed to determine the radiotolerance of pupae of the oriental fruit moth, Grapholita molesta (Busck) 
(Lepidoptera:  Tortricidade),  to gamma radiation. This specie is  considered  as on of the most  serious 
worldwide pests for temperate fruits, especially peaches. Pupae of 3 days old were exposed to 0 (control), 
25, 50, 75, 100, 125, 150, 175, 200, 250, 300 and 350 Gy of gamma radiation of source Cobalt-60, type 
Gammacell-220 at dose rate of 0,508 kGy/hour. Each treatment had 4 repetitions with 10 pupae in the 
total 40 pupae per treatment. Surviving pupae allowed to feed on an artificial diet. After irradiation the 
insects were keep in room with climatic conditions of 25±5ºC and 70±5% RH. The results showed that 
the sterilizing dose to adults was 200Gy and that the dose of 350Gy was not sufficient to kill all pupae of 
insects. 
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1. INTRODUCTION

In international agricultural markets, the use of radiation as a method for the prevention 
of  quarantine  insects  represents  an  important  alternative  post-harvest  pest  control, 
reducing the need for chemical  fumigants  and other  similar  toxic  products.  The US 
Food and Drug Administration (FDA) has approved radiation up to 1 kGy to control 
insects in foods and to extend the shelf life of fresh fruits and vegetables [1, 2]. 
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The advantages of radiation include the no resistance development by pest insects, the 
absence of residual radioactivity and few significant changes in the physicochemical 
properties or the nutritive value of the treated products [4,5]. A major disadvantage is 

that  it  is  the only commercially  applied quarantine  treatment  that  does not  result  in 
significant acute mortality, stated that the objective of irradiation is not acute mortality 
but prevention of development or reproduction, as most commodities do not tolerate the 
usual dose ranges required to reach it, and any quarantine treatment must be virtually 
100% effective [6, 7, 11].  

As  insects increase  in  radiotolerance  as  they  develop  and  theoretically  many 
developmental  stages of  the pests  may be present  in  the shipped commodity,  many 
investigations have been conducted to know the radiations susceptibility of the target 
insect life stages [9]. 

The results  from radiobiology  studies  can  be  useful  for  example  to  determine  the 
effective radiation dose against the most tolerant life stage of quarantine pests [8]. As 
the effects of gamma radiation on the oriental fruit moth,  Grapholita molesta (Busck) 
(Lepidoptera:Tortricidae)  eggs  remain  largely  un  explored,  the  current  study  was 
performed to investigate the response of G. molesta eggs to arrange of doses of gamma 
radiation. The oriental fruit moth is considered to be one of the most important pests of 
peaches  in  several  growing  areas  [10,  11,  12].  It  is  also  one  of  the  most  serious 
worldwide  pests  for  temperate  fruits  like  stone fruits  (Prunus  spp.),  pomes  (Malus,  
Pyrus and  Cydonia) and some species of Rosaceae [13]. In Brazil, it causes losses to 
peach growers by three to five percent [14]. Nonetheless, G. molesta is a quarantine pest 
for many export destinations [7].

 Previous works have been done only for pupae and adults of the oriental fruit moth [15, 
8], [7] irradiated G. molesta fifth instars and reported that no fertile adults emerged after 
a  dose of  200 Gy.  Besides  determining  the  minimum doses  required  to  prevent  G. 
molesta eggs normal development, this study was also designed to assess the effect of 
gamma radiation on the fertility of surviving insects under a sub dose, since Lepidoptera 
may suffer great sterility in subsequent generations [16, 9]. 

This study was performed to determine the radiotolerance of pupae of the oriental fruit 
moth, Grapholita molesta (Busck) (Lepidoptera: Tortricidade), to gamma radiation.

2.MATERIAL AND METHODS

The oriental fruit moths were obtained from a colony established from larvae collected 
from infested peach fruits (Prunus persica L.) in Pelotas, southern Brazil. The larvae 
were reared on an artificial diet modified. This diet consisted of agar, corn flour, wheat 
germ, brewer’s yeast, ascorbic acid, benzoic acid, formalin and water at a proportion of 
4:28:7:7:1:0.1:0.1: 900 mL, respectively. 
Pupae of 3 days old were exposed to 0 (control), 25, 50, 75, 100, 125, 150, 175, 200, 
250, 300 and 350 Gy of gamma radiation of source Cobalt-60, type Gammacell-220 at 
dose rate of 0,508 kGy/hour. Each treatment had 4 repetitions with 10 pupae in the total 
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40 pupae per treatment.  Surviving pupae allowed to feed on an artificial  diet.  After 
irradiation the insects were keep in room with climatic conditions of 25±5ºC and 70±5% 
RH. Were evaluated the emergence of adults and viability of eggs laid by female under 
of each repetitions in the treatments. 

3. RESULTS

Table 1. Number mean of adults emerged, eggs and larvae hatch of the pupae 
irradiated with doses of gamma radiation of Cobalt-60.

Doses/Gy Adults/emerged Number/eggs Number/larvae
0 9,0a 141a 120a
25 8,2a 135a 113a
50 8,3a 147a 126a
75 8,6a 125ab 111a
100 8,1a 120ab 115a
125 8,0a 113ab 101a
150 7,5ab 84bc 63b
200 5,5b 63c 21c
250 2,7c 11d 0d
300 1,2d 0e 0d
350 0,1e 0e 0d
Original means in this table .Means with in lines followed by the same letter are not 
significantly different, ANOVA at (P ≤ 0.05).

The current study explored the effects of exposing G. molesta pupae o gamma radiation. 
Therefore,  the  evaluation  of  the  acceptability  of  the  radiation  doses  tested  as  a 
quarantine  treatment  to  disinfest  peaches  or  other  temperate  fruits  from  G. molesta 
pupae was not the purpose of this study. In Table 1 the results showed that increasing 
radiation doses caused reduced egg hatch and adults emergence when 3 days old pupae 
were irradiated. The lethal dose to pupae was larger than 350 Gy and sterilizing dose to 
adults emerged of pupae irradiated was 250 Gy. 

Those results are of agreement with the other works done by the researchers mentioned 
to  proceed.  Was  reported  that  100  Gy  was  enough  to  completely  prevent  adult 
emergence from irradiated codling moth  Cydia pomonella L. eggs [17]. Showed that 
one and two day old C. pomonella eggs failed to hatch following an 80 Gy dose [18]. 

 A generic dose of 400Gy was approved as a phytosanitary treatment for all insects 
other  than  Lepidoptera  for  commodities  entering  the  United  States  [9]  and  [20] 
suggested that a generic dose of 600Gy for all insects in ambient atmosphere would be 
efficacious  to  attend  quarantine  purposes.  In  practice,  the  goal  of  an  irradiation 
quarantine treatment can be the induction of mortality of immature stages before the 
adult  or  inhibition  of  reproduction,  in  order  to  lower  the  risk  of  establishment  of 
invasive pests [21]. 
.
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Considering the lack of adult emergence as a criterion for effectiveness, relatively low 
doses of radiation were effective in inhibiting the normal development of  G. molesta 
pupae. Damages to fresh commodities could be significantly reducing data dose range 
of 100–400 Gy when applied on a commercial scale. However, as the eggs are not the 
most  advanced stage of the insect and there fore,  the most  radiotolerant,  potentially 
found on peaches and other fruit commodities, doses lower than 200Gy should not been 
endorsed as a general quarantine treatment against his pest[7].

Further more, the percentage egg hatch may be an in appropriate criterion for quarantine 
effects  when order  Lepidoptera  eggs  are  exposed to  gamma radiation  [22,  24].  The 
results of this work make part of the basic research in the radiobiology of the oriental 
fruit  moth.  At  last,  the  development  of  any phytosanitary  treatment  must  include  a 
precise description of the response that achieves efficacy, so regulatory agencies [20].

Considering no emergence of adult as a criterion for effectiveness, relatively low doses 
of radiation  were effective  inhibiting  the normal  development  of  G. molesta pupae. 
Damages to fresh commodities could be significantly reduced data dose range of 100–
350Gy when applied on a commercial scale. However, as the pupae are not the most 
advanced stage of the insect and, therefore, the most radiotolerant, potentially found on 
peaches and other fruit commodities, doses lower than 400Gy should not be endorsed as 
a general quarantine treatment against this pest [7]. The percentage of adults emerged of 
irradiated pupae may be an inappropriate  criterion for quarantine effects  when older 
Lepidoptera pupae are exposed to gamma radiation [22, 23]. The results of this work 
make part of the basic research in the radiobiology of the oriental fruit moth. 

4. CONCLUSION

The lethal dose to pupae was larger than 350 Gy and sterilizing dose to adults emerged 
of pupae irradiated was 250 Gy. 

REFERENCES

1. Morroson, R., 1989. An Economic analysis of electron accelerators and Cobalt-60 for 
irradiating  food.  Technical  Bulletin  no.  1762,  Commodity  Economics  Division, 
Economic Research Service, US Department of Agriculture, Washington, DC. 
2.  [US FDA] United States  Food and Drug Administration  ,2004. Irradiation  in  the 
production,  processing  and  handling  of  food:  final  rule.  Federal  register,  vol.  69, 
pp.76844–76847. 
3.  Lapido,  M.,  Saveanu,  S.,  Padova,  R.,  Rossi,  I.  1991.Insect  disinfestations  by 
irradiation. In: IAEA (Ed.) , Insect Disinfestation of Food and Agricultural Products by 
Irradiation, Vienna, pp.93–103. 
 4.  [WHO]  World  Health  Organization,  1994.  Safety  and  Nutritional  Adequacy  of 
Irradiated Food. WHO, Switzerland.

5. Kwon, J. H., Kwon, Y. J., Byun, M. W., Kim, K. S. 2004.Competitiveness of gamma 
irradiation  with  fumigation  for  chestnuts  associated  with  quarantine  and  quality 
security.Radiat.Phys.Chem.71,41–44. 
6.  Hallman,  G. J.  1998.  Ionizing radiation  quarantine  treatments.  An.  Soc.  Entomol. 
Bras. 27, 313–323. 

INAC 2011, Belo Horizonte, MG, Brazil.



2011 International Nuclear Atlantic Conference - INAC 2011
Belo Horizonte,MG, Brazil, October 24-28, 2011
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN
ISBN: 978-85-99141-04-5

7.  Hallman, G.J. 2004. Ionizing irradiation quarantine treatment against oriental  fruit 
moth (Lepidoptera:Tortricidae) in ambient and hypoxic atmospheres. J. Econ. Entomol. 
97, 824–827. 
8. [IAEA] International Atomic Energy Agency, 2009. International Data base on Insect 
Disinfestation  and  Sterilization,  Vienna,  Austria,  /http://www-infocris.iaea. 
org/IDIDAS/start.htmS. 
9.  Bakri, A., Mehta, K., Lance, D. R. 2005. Sterilizing insects with ionizing radiation 
.In:  Dycky,  V.  A.,  Hendrichis,  J.,  Robinson,  A.  S.  (Eds.),  Sterile  Insect  Technique, 
Principles  and  Practice  in  Area-Wide  Integrated  Pest  Management.  Springer, 
Netherlands, pp. 233–268.  
10.   Rothschild,  G.H.L.,  Vickers,  R.A.  1991.  Biology,  ecology  and  control  of  the 
oriental fruit moth. In: Helle, W., van der Geest, L.P.S., Evenhuis, H.H. (Eds.), Totricid 
Pests, their Biology, Natural Enemies, and Control. Elsevier, Netherlands, pp. 389–412.
11.. Riga, K., Lackey, L.A.,  Guerra, N., Headrick, H.L. 2006. Control of the oriental 
fruit moth,  Grapholita molesta, using entomopathogenic nematodes in laboratory and 
binassays. J. Nematol. 38, 168–171. 
12.  Silva,  W.  D.,  Arthur,  V.  Mastrangelo,  T.  2010.  Response  of  oriental  frui  tmoth, 
Grapholita  molesta (Busck)  (Lepidoptera:Tortricidae),eggs  to  gamma  radiation 
Radiation Physics and Chemistry ,  79,  1063–1066.
13. Pree, D.J. 1985.Grapholita molesta. In: Singh, P. Moore, R.F.,P.(Eds.), Hand book 
of Insect Rearing. Elsevier, Netherlands, pp.307–311.
14.  Farias,  R.M.,  Nunes,  J.L.S.,  Martins,  C.R.,  Guerra,  D.S.,  Zanini,  C.,  Mardoni, 
G.A.B., 2003. Produção convencional integrada em pessegueiro cv. Marlina. Central do 
Rio  Grande do Sul. Braz. Mag. F.Cult. 25, 253–255. 
15.  Genchev,  N.  2002.  Suppression  of  oriental  fruit  moth  Grapholita  molesta 
(Lepidoptera:Tortricidae)  populations  using  the  sterile  insect  technique.  In:  IAEA 
(Eds.),  Proceedings  of  a  Final  Research  Co-ordination  Meeting,  Joint  FAO/IAEA 
Division of Nuclear Techniques in Food and Agriculture. Vienna, pp. 49–59.
16. Bloem, S.,  Carpenter,  J.E.,  Hofmeyr,  J.H. 2003.  Radiation biology and inherited 
sterility in false codling moth (Lepidoptera: Tortricidae).  J. Econ. Entomol.  96, 1724–
1731.
17.  Toba, H.H., Burditt.  A.K. 1992.Gamma irradiation of codling moth(Lepidoptera: 
Tortricidae) eggs as a quarantine treatment. J. Econ. Entomol. 85, 464–467. 
18. Mansour, M.,  Mohamad,  F.  2004. Effects  of gamma radiation on codling moth, 
Cydia pomonella (L.), eggs. Radiat. Phys .Chem.71, 1125–1128. 
19. [USDA-APHIS], US Department of Agriculture Animal and Plant Health Inspection 
Service, 2006. Treatments for fruits and vegetables. Federal register,  v.71, pp. 4451–
4464. 
20. Hallman, G.J., Philips, T.W. 2008. Ionizing irradiation of adults of Angoumois grain 
moth  (Lepidoptera:  Gelechiidae)  and  Indian  meal  moth  (Lepidoptera:  Pyralidae)  to 
prevent reproduction and implications for a generic irradiation treatment for insects. J.  
Econ. Entomol. 101, 1051–1056.
21. Ozvardimci, B., Cetinkaya, N., Denli, E., Ic, E., Alabay, M. 2006. Inhibition of egg 
and larval development of the Indian meal moth  Plodia interpunctella (Hubner) and 
almond moth Ephestia cautella (Walker) by gamma radiation in decorticated hazelnuts. 
J.Stored Prod.Res.42,183–196.
 22. Burditt, Jr, A.K., Hungate, F.P. 1989. Gamma irradiation as a quarantine treatment 
for apples infested by codling moth (Lep., Tortricidae).  J. Econ. Entomol. 82, 1386–
1390.

INAC 2011, Belo Horizonte, MG, Brazil.



2011 International Nuclear Atlantic Conference - INAC 2011
Belo Horizonte,MG, Brazil, October 24-28, 2011
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN
ISBN: 978-85-99141-04-5

23.  Saour, G., Makee,  H., 2002. Effects of gamma irradiation used to inhibit  potato 
sprouting  on  potato  tuber  moth  eggs  Phthorimaea  operculella Zeller  (Lep., 
Gelechiidae). J. Appl. Entomol. 126, 315–319.

INAC 2011, Belo Horizonte, MG, Brazil.


