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Abstract: Radiation effects on adult emergence, longevity and fertility in the peach fruit fly, Bactrocera zonata
(Saunders) at 3.5 Kr were studied in the laboratory condition to see the probabilities of sterile insect technique
(SIT) for its fruitful application in field application. SIT is applied in integrated pest management program
against tephritid fruit flies. In this paper, three parameters of irradiated B. zonata were evaluated for the possible
use of SIT within the management of this pest. Pupae of B. zonata were irradiated at 3.5 Kr one day before
emergence and corresponding control were kept as non-irradiated control group. A significant effect (F=5.12,
df=1, P=0.04) on adult emergence on both male and female was observed with the irradiated group whereas
some negative effects on longevity and fertility of the peach fruit fly were found. Mortality rate was higher in
newly emerged adults. Maximum number of irradiated males were died in week 4 (Mean=5.00) following the week
3 (Mean=3.33) and week 5 (Mean=2.67). The female irradiated flies were died high in number in week 5 (Mean=
2.50). The average of longevity for the control groups was 90 days longer than the irradiated groups that took
56.16 days. The irradiated groups of B. zonata showed no fertility, i.e. no progeny where non-radiated control
groups had positive response of fertility. The present study supports the possibility of B. zonata
management/or eradication at radiation dose 3.5 Kr in SIT.
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INTRODUCTION vegetables are either partially or totally damaged and

The Tephritid fruit flies (Diptera: Tephritidae) are the subcontinent, eighty seven species of the genus
most devastating insect pests having a foremost impact Bactrocera caused heavy damage to fruits and
on global  agricultural  products,  effecting yield losses vegetables in Asia [5].
and  decreasing  the  market  value of horticultural crops. A preliminary survey showed that fruit fly infested a
In addition, these flies are amongst the main persistent large amount of quality fruits including banana, mango,
pest species of fruits and vegetables in the world due to guava, papaya, citrus fruits, litchi, pineapple and some
direct and indirect economic malignity for their damaging seasonal vegetables in Bangladesh [6]. A general estimate
effects on the specific crop species [1]. They are predicted that up to 10 to 15% of crops are destroyed by
important pests of different cucurbit vegetables such as fruit flies every year [7].
sweet gourd, ribbed gourd, snake gourd, bitter gourd, The genus Bactrocera is regarded as a serious threat
cucumber, kakrol, etc. grown in our country [2] where five of horticultural crops because of the wide host range of
species  of  Dacus  (Bactrocera,  tephritid  fruit fly, its  species  and the invasive power of some species
Family- Tephritidae) attacking 16 host plants in within the genus. Some of them have been introduced
Bangladesh [3]. Often more than 50 per cent of the outside  of  their  native  Asian  range [8]. Bactrocera spp.

rendering them unfit for human consumption [4]. In Indian
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are of particular concern in most part of Asia and water as soaked cotton. Temperature and relative
Australia, where they constitute a significant threat to humidity  (RH)  of  the  rearing room were maintained at
agricultural resources [9, 10]. About 440 species of this 25± 2°C and 65-70% respectively.
genus is distributed principally in tropical Asia, South
Pacific and Australia [11]. Pupae Collection and Irradiation: The larvae of B. zonata

The peach fruit fly, Bactrocera zonata (Saunders), is
a serious polyphagous pest that attacks over 50
cultivated  and  wild  plants  in  many parts of the world
[12, 13, 14]. This fruit fly is native to Asia and mainly
occurs in Southeast Asia, India, Pakistan, Mauritius, the
Maluku Islands, Sri Lanka and Thailand. This species was
firstly reported as Dacus zonatus (sunders) infesting
custard apple [15]. It was further reported as D. zonatus
infesting apple from Bangladesh [16]. At present, it is a
significant  horticultural  pest in India and Pakistan [17]
and it primarily attacks peach, mango, guava, apricot, fig
and citrus [12, 13]. In Egypt, B. zonata became a serious
pest since 90s of the last century attacking a wide range
of fruits that differ in their ripening time stage all over the
year [18, 19]. Although the species has not been
introduced to the European continent yet, it has been
included in the A1 list of pests, which the European and
Mediterranean Plant Protection Organization (EPPO)
recommend to be regulated as quarantine pests [20].

Traditional chemical control measures using
insecticides experience inconvenience such as residual
problems and limited penetrate power of insecticides in
the infested fruits to kill larvae [21]. The goal of SIT is to
minimize the growth rate of target population by
impregnating the wild females by releasing mass reared
sterile males [22]. Gamma irradiation is currently the most
common method used to sterilize mass reared males for
SIT [23] and effectiveness of SIT depends greatly on the
production of good quality sterile males that are released
into target wild populations. The aim of our study is to
analyse the effects of gamma radiation on three
parameters of B. zonata i.e. adult emergence, longevity
and sterility at radiation dose 3.5 Kr under laboratory
condition.

MATERIALS AND METHODS

Fruit Fly Stock Culture: Laboratory cultures of B. zonata
(Saunders) were maintained in the fruit fly laboratory,
Radiation Entomology and Acarology Division, Institute
of Food and Radiation Biology (IFRB), Atomic Energy
Research Establishment (AERE), Savar, Dhaka. Adult flies
were reared in a steel frame cage (12×10×8 cm) covered
with nylon net. The culture was usually supplied with
yeast extract and sugar (1:3) as adult food media and

were kept in plastic bowl with saw dusts at the bottom for
pupation. The saw dusts were sieved after pupation for
the collection of dust free pupae. One hundred and eighty
(180) fresh pupae of same age (6 day old/ one day before
emergence) were transferred into test tubes and irradiated
in a Co  gamma irradiator of the Institute of Food and60

Radiation Biology (IFRB), AERE, Savar, Dhaka at 3.5 Kr.
The dose was imposed in six replication groups in two
different days (three replications in each day). Each
replication group contained thirty pupae and six control
batches were also maintained with thirty pupae in each
batch.

Adult Emergence and Survival Counts: In control groups
the pupae were reared in the same process but no
radiation was applied. Each replication batch of pupae
was placed in separate rearing cage. The emergence of
adults was checked and their survival rates were recorded
daily for consecutive seven days interval and also the
number of dead fruit flies was recorded. The percentage
and average of adult emergence was calculated based on
the number of adults emerging from pupae and survival
numbers were counted by calculating alive and dead
adults in every week from each rearing cages.

Collection of Eggs and Fertility Test: In each cage,
bananas were provided to facilitate the mature females to
lay their eggs. After a certain period, bananas were in kept
in bowl for further development.

Data Analysis: Data were analyzed by statistical software
(Microsoft office, version 2007). Analysis of Variance
(ANOVA) was calculated by using IBM SPSS software,
version 24.

RESULTS AND DISCUSSION

Adult Emergence: The effect of radiation on adult
emergence rate of peach fruit fly B. zonata has shown in
the Figure 1. In non-irradiated control groups, 96% of
adult had emerged and 90% of adult emerged from the
irradiated pupae. There was a significance difference in
case of adult emergence rate in both male and female
(F=5.12, df=1, P=0.04) in irradiated fruit fly groups. The
average emergence rate of control groups male and female
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Fig. 1: Adult emergence from control and irradiated B. zonata (Bar graph shows the mean of adult emergence from the
pupa).

was 49% and 46% where the irradiated groups male and irradiated male flies were died maximum in week 3, week 4
female were 49% and 41% respectively, providing a and week 5. The highest number of irradiated female was
positive  result  for  SIT. It supports the result of died in week 6 (Figure 2).
Mahmoud et al. [24] and Zahran et al. [25]. In monthly mortality, in case of irradiated male flies

Longevity: The longevity of peach fruit fly B. zonata was September and October (F= 14.17, df=1, P=0.00) but in
studied in terms of weekly and monthly mortality rates.
Maximum number of irradiated males were died in week 4
(Mean=5.00) following the week 3 (Mean=3.33) and week
5 (Mean=2.67). The female irradiated flies were died high
in number in week 5 (Mean=2.50) and in week 9
(Mean=2.17). In control groups, the highest number of
dead male flies was recorded in week 6 (Mean=2.33) and
female was in week 3 and in week 4 (Mean=1.67 for each
week). The weekly mortality rate was highly significant in
both irradiated male and female (male: F=6.35, df=11,
P=0.00; female: F=3.82, df=11, P=0.00). The weekly
mortality of control groups male and female flies were
different in every weeks (male: F=3.20, df=14, P=0.00;
female: F=1.91, df= 14, P= 0.03) (Table 1). Similar results
were reported for irradiated Anastrepha suspense [26].
They observed that females treated with low radiation
doses (15, 20 and 25 Gy) had higher or similar survival
rates to the control whereas the higher radiation doses
(30, 50 and 70 Gy) caused significantly more mortality. 

Tukey HSD test showed that in weekly mortality,
in case of control male week 6 and week 11 had the
significant results (P=0.00 and P=0.01) respectively where
as the control female flies demonstrated the non
significant result in every weeks. On the other hand in
irradiated groups the male flies manifested the significant
mortality in week 3 and week 4 (P=0.01 and P=0.00)
respectively and female flies recorded the same result in
week 5 and week 9 (P= 0.00, P= 0.01). In control group
mortality was high in week 6 and 11 in male flies where
week 1 and 2 no flies were dead at all; on contrast

there were a significant difference in the month of

female the mortality showed the opposite result in both
months (F=0.01, df=1, P=0.91) (Table 2). The maximum
number of irradiated male flies died in September
(Mean=2.88) but the female flies were in October
(Mean=1.29) (Figure 3). On the other hand in control
groups male flies showed the significant result in the
month of September and November (F=2.98, df=2, P=0.05)
and the female flies demonstrated the converse result in
the whole three months (F=0.06, df=2, P=0.93) (Table 2).
The greatest number of both male and female flies were
died in the month of November (Mean=1.38 and
Mean=1.04 respectively) (Figure 4). It is evident from the
experiment that females lived longer than males. This was
true for both control and irradiated flies.

The maximum longevity was 90.00 days in control
groups where both male and female could alive in 87.66
days. In irradiated groups the average longevity was 56.16
days. The male flies in these groups were subsistent in
50.83 days and the female flies were stayed alive in 56.16
days. It followed the result of Nahar et al. [27]. They
irradiated B. cucurbitae at different doses. In 3.00 Kr dose
of radiation, the male and female mortality rate was 98%
and 92% respectively where in 4.00 Kr dose the result was
96% and 94% respectively.

Sterility: Sterility determination of B. zonata at 3.5 Kr in
both control groups and the irradiated groups mature
adult (4 weeks in age) rearing cages were provided banana
as larval natural food sources. After six hours the banana
were removed and kept in plastic bowl covering a piece of
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Table 1: Weekly mortality of B. zonata shows in the ANOVA table at 3.5 Kr
Name of groups Sum of Squares df Mean Square F Sig.
Control Male 30.667 14 2.190 3.200 .001

Female 20.622 14 1.473 1.910 .038
Irradiated Male 152.093 11 13.827 6.352 .000

Female 41.476 11 3.771 3.826 .000

Table 2: Monthly mortality rate of irradiated and control groups B. zonata at 3.5 Kr
Name of groups Sum of Squares df Mean Square F Sig.
Radiated male 58.521 1 58.521 14.171 .000
Radiated female .021 1 .021 .013 .911
Control male 5.028 2 2.514 2.986 .057
Control female .111 2 .056 .063 .939

Fig. 2: Weekly mortality of male and female in both control and irradiated groups of B. zonata at 3.5 Kr (Bar graph
shows the mean number of mortality)

Fig. 3: Monthly mortality of radiated groups of B. zonata at 3.5 Kr

Fig. 4: Monthly mortality rate of control groups B. zonata at 3.5 Kr
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white musline cloth. From the control cages viable eggs CONCLUSION
were found that hatched and emerged larva in due time
but in case of irradiated adults no viable egg was found in The present study could contribute to the sterile
any adult cages. Our result supported that a dose to insect technique (SIT) program against the peach fruit fly,
induce total sterility of fruit fly males was a little lower Bactrocera zonata . The results indicate that similar to
ranging  from  40-60 Gy, for example 40 Gy was recorded other dipteran species 3.5 Kr could be the appropriate
for B. cucurbitae [28] 50 Gy for A. suspense (Loew) [29] dose of gamma radiation for sterilization program in terms
and B. zonata [30] or 60 Gy for A. obliqua (Macquart) of adult emergence, fertility and longevity of B. zonata.
[31]. In general, the sterility dose of males seems to differ Further study is going on to optimize the radio-sensitivity
from laboratory to laboratory. These differences may be of this pest in fruit fly lab of the institute (IFRB).
due to a type of irradiator cells, methodology of assay,
genus of flies, age of irradiated pupae, as well as fitness ACKNOWLEDGEMENTS
of laboratory strains tested. It also followed the result of
Yesmin et al. [32] where they irradiated B. cucurbitae at Fellowship to MNU from National University,
the same dose and no progeny was found when they Gazipur, Bangladesh is gratefully acknowledged. The
cross the irradiated male and female. study is undertaken under the TWAS Research Grant
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Other authors also observed the lack of egg production in Division of IFRB, AERE, Savar, Dhaka under FY as
irradiated females, but radiation dosage was not the same Principal Investigator.
for all of them, probably due to the variation of the dose
rate used and/or different ages (Stages) of pupae for REFERENCES
irradiation [26, 33, 34]. For many fruit fly species, optimal
doses of gamma radiation were successfully determined 1. Sarwar, M., 2006. Occurrence of Insect Pests on
for sterilization [35, 36]. However, in selecting an optimal Guava (Psidium guajava) Tree. Pakistan Journal of
sterilization dose for SIT, an equilibrium position is Zoology, 38(3): 197-200.
needed to reach between the levels of sterility and mating 2. Alam, M.Z., 1969. Pests of cucurbit vegetables. In
competitiveness of males [37, 38]. Insects that receive a Insect pests of vegetables and their control in East
too low dose are not sufficiently sterile and those that Pakistan.  Agril.  Infor.  Seru,  Dept.   Agri.,  Dhaka,
receive a too high dose may be uncompetitive. So pp: 87-110.
augmenting the effectiveness of SIT it requires a greater 3. Kabir, S.M.H., R. Rahman and M.A.S. Molla, 1991.
number of sterile insects must be released. It appears to Host plants of Dacinae fruit flies (Diptera:
be a general consensus that the irradiation process Tephritidae) of Bangladesh. Bangladesh J. Entomol.,
negatively effects the total competitiveness of males [39] 1: 69-75.
and that one simple way to lessen this impact and thereby 4. Narayanan, E.S. and H.N. Batra, 1960. Fruit flies and
to increase the effectiveness of SIT, is to reduce the Their Control. Indian Council of Agricultural
sterilizing dose [40]. In general, data from our laboratory Research, New Delhi, pp: 68.
condition demonstrate that the effect of irradiation on 5. Nagappan, K., S. Kamalnathan, T. Santharaman and
peach fruit fly was consistent with the results for other M.K. Ayyasamy, 1971. Insecticidal trials for the
tephritid fruit fly species. control of the melon fruit fly, Dacus cucurbitae Coq.

Radiation  effects  on  the  developmental  stages of Infesting snakegourd, Trichosanthe sanguine. The
B. zonata are less studied in Bangladesh. Irradiation is Madras Agricultural Journal, 58: 688-690.
comparatively easy to study in pupal stage rather than  6. Alim, M.A., M.A. Hossain, A. Khan,  S.A.  Khan,
other three stages of the life cycle of this fly. In this M.S. Islam and M. Khalequzzaman, 2012. Seasonal
study, we applied 3.5 Kr radiation dose, because, in our variations of melon fly, Bactrocera cucurbitae
laboratory [27, 32] 3.5 Kr is an established sterility dose (Coquillett) (Diptera: Tephritidae) in different
for B. cucurbitae and also in another dipteran species, agricultural habitats of Bangladesh. ARPN Journal of
Lucilia cuprina [41]. Agricultural and Biological Science, 7(11): 905-911.



Acad. J. Entomol., 11 (2): 29-35, 2018

34

7. Awal, M.A., 2005. Role of Quarantine in the Import 19. Hashem, A.G., M.N. Shehata, T.A. Abdel-Hafeez,
and Export of the Plants and Plants products, Proc. S.A. Ibrahim and K.K.H. El-Kashef, 2007. Occurrence
First Natl. Seminer on Use of Irradiation for and distribution of peach fruit fly, Bactrocera zonata
Quarantine treatment of Fresh fruits and Vegetables. (Saund.)  in  North  Sinai.  Egypt  J.  Appl. Sci.,
Atomic Energy Centre, Dhaka, pp: 5-13. 22(10B): 682-692.

8. Clarke,  A.R.,  K.F.   Armstrong,   A.E.  Carmichael, 20. EPPO,  2005.      Bactrocera      zonata.      Data
J.R. Milne, S. Raghu, G.K. Roderick and D.K. Yeates, sheets   on  quarantine   pests.   OEPP/EPPO  Bull.,
2005. Invasive phytophagous pests arising through 35: 371-373.
a recent tropical evolutionary radiation: the 21. Dyck, V.A., J. Hendrichs and A.S. Robinson, 2005.
Bactrocera dorsalis complex of fruit flies. Annu. Sterile insect technique: Principles and practice in
Rev. Entomol., 50: 293-319. area-wide integrated pest management. Dordrecht,

9. Kinnear,  M.W.,   H.S.   Bariana,    J.A.    Sved   and Springer-Verlag, pp: 787.
M. Frommer, 1998. Polymorphic microsatellite markers 22. Knipling,  E.F.,   1955.   Possibilities   of   insect
for population analysis of a tephritid pest species, control or eradication through the use of sexually
Bactrocera tryoni. Molecular Ecology, 7: 1489-1495. sterile  males.  Journal   of   Economic  Entomology,

10. Kim, T.H., J.S. Kim and J.H. Mun, 1999. Distribution 48: 459-462.
and bionomics of Bactrocera (Paradacus) depressa 23. Bakri, A., K. Mehta and D.R. Lance, 2005. Sterilizing
(Shriaki) in Chonbuk province. Korean Journal of Soil insects with ionizing radiation. In Sterile insect
Zoology, 4: 26-32. technique: principles and practice in area-wide

11. White, I.M. and M.M. Elson-harris, 1994. Fruit Flies integrated pest management, Eds., Dyck, V.A., J.
of Economic Significance: Their Identification and Hendrichs and A.S. Robinson. Springer, Dordrecht,
Bionomics, Commonwealth Agriculture Bureau the Netherlands, pp: 233-269.
International, Oxon, UK, pp: 1-601. 24. Mahmoud, M.F. and M. Barta, 2011. Effect of gamma

12. Drew, R.A.I., 1989. Taxonomy and distribution of radiation on the male sterility and other quality
tropical and subtropical Dacinae (Diptera: parameters of peach fruit fly, Bactrocera zonata
Tephritidae). In World Crops Pests 3(A): Robinson, (Saunders) (Diptera: Tephritidae). Hort. Sci. Prague,
S.A., Hooper G. Eds., Amsterdam, Elsevier, pp: 13-66. 38(2): 54-62. 

13. White, I.M. and M.M. Elson-Harris, 1992. Fruit Flies 25. Zahran,     N.F.M.,     G.M. Hegazy,     H.M.   Salem,
of Economic Significance: Their Identification and W. Elsayed and Y.A. Mahmoud, 2013. The Effect of
Bionomics. Wallingford, CABI International, pp: 600. Gamma Radiation on some biological Aspects of

14. PeÑa, J.E., A.I. Mohyuddin and M. Wysoki, 1998. A Peach Fruit Fly, Bactrocera zonata (Saunders). J.
review of the pest management situation in mango Nucl. Tech. Appl. Sci, 1(1): 91-100.
agroecosystems. Phytoparasitica, 26: 129-148. 26. Sharp,   J.L.,    T.R.    Ashley,   D.R.    Bennett  and

15. Alam, M.Z., 1962. A list of insect and mites of East B.J. Smittle, 1975. Emergence, longevity, fecundity
Pakistan. Agricultrural Research Institute, Tejgaon, and sterility of Anastrepha suspense (Diptera:
Dhaka, pp: 104. Tephritidae) irradiated in nitrogen. Journal of Georgia

16. Rahman, M., 1983. Kit Tattya (Entomology) Part II. Entomological Society, Tifton, 10: 241-250.
Bangla Academy, Dhaka, Bangladesh, pp: 343. 27. Nahar, G. and M.U. Ahmed, 2003. Effect of radiation

17. Qureshi, Z.A., T. Hussain and Q.H. Siddiqui, 1991. on mortality of melon fly, Bactrocera cucurbitae.
Relative preference of mango varieties by Dacus AERE Technical Report 1999-2001, AERE/TR-9,
zonatus and D. dorsalis. Pakistan Journal of Atomic Energy Research Establishment, Ganakbari,
Zoology, 23: 85-87. Savar, Dhaka, pp: 401.

18. El-Minshawy, A.M., M.A. Al-Eryan and A.I. Awad, 28. Nahar, G., A.J. Howlader and R. Rahman, 2006.
1999. Biological and morphological studies on the Radiation sterilization and mating competitiveness of
guava fruit fly Bactrocera zonata (Diptera: melon fly, Bactrocera cucurbitae (Coquillett)
Tephritidae) found recently in Egypt. 8  PNat. Conf. (Diptera: Tephritidae) male in relation to sterile insectth

of Pests and Diseases of Vegetables and Fruits in release method. Pakistan Journal of Biological
Ismailia, Egypt, pp: 71-81. Sciences, 9: 2478-2482.



Acad. J. Entomol., 11 (2): 29-35, 2018

35

29. Walder, J.M.M. and C.O. Calkins, 1992. Gamma 35. Collins, S., C. Weldon, C. Banos and P. Taylor, 2008.
radiation effects on ovarian development of the Effects  of  irradiation dose rate on quality and
Caribbean fruit fly, Anastrepha suspense (Loew) sterility of Queensland fruit flies, Bactrocera tryoni
(Diptera: Tephritidae). Florida Entomologist. (Froggatt).   Journal    of     Applied   Entomology,
Gainesville, 75(2): 267-271. 132: 398-405.

30. Draz,  K.A.,  M.A.M.   El-Aw,   A.G.   Hashem  and 36. Collins, S., C. Weldon, C. Banos and P. Taylor, 2009.
I.R. El-Gendy, 2008. Influence of radiation dose on Optimising irradiation dose for quality and sterility of
some  biological  aspects  of the peach fruit fly, Queensland fruit flies, Bactrocera tryoni (Froggatt).
Bactrocera zonata (Saunders) (Diptera: Tephritidae). Journal of Economic Entomology, 102: 1791-1800.
Australian  Journal of  Basic  and Applied Sciences, 37. Toledo,  J.,  J.  Rull,  A. Oropeza,  E.  Hernandez and
2: 815-822. P. Liedo, 2004. Irradiation of Anastrepha oblique

31. Toledo, J., 1993. Optimum dosage for irradiating revisited: optimizing sterility induction. Journal of
Anastrepha oblique pupae to obtain highly Economic Entomology, 97: 383-389.
competitive sterile adults. In Fruit Flies: Biology and 38. Parker, A. and K. Mehta, 2007. Sterile insect
Management, Eds., Aluja, M. and P. Liedo. New technique: A model for dose optimization for
York, Springer-Verlag, pp: 301-304. improved sterile insect quality. Florida Entomologist,

32. Yesmin, F., M. Hasanuzzaman, R.M. Shahjahan and 90: 88-95.
S.M.S. Huda, 2003. Radiation effect on fertility of the 39. Pereira, R., N. Silva, C. Quintal, R. Abreu, J. Andrade
melon fly, Bactrocera cucurbitae. AERE Technical and L. Dantas, 2007. Sexual performance of mass
Report 1999-2001, AERE/TR-9, Atomic Energy reared and wild mediterranean fruit flies (Diptera:
Research Establishment, Ganakbari, Savar, Dhaka, Tephritidae) from various origins of the Madeira
pp: 401. Islands. Florida Entomologist, 90: 10-14.

33. Calkins, C.O., K.A.A. Draz and B.J. Smittle, 1988. 40. Shelly, T.E., J. Edu and E. Pahio, 2005. Lack of an
Irradiation - sterilization techniques for Anastrepha irradiation effect on the mating performance of mass-
suspensa (Loew) and their impact on behavioral reared males of the mediterranean fruit fly. Florida
quality. In symposium on modern insect control: Entomologist, 88: 547-548.
nuclear techniques and biotechnology, 1987. Vienna. 41. Majumder, M.Z.R., R.A. Khan and S. Begum, 2009.
Proceedings, Vienna, IAEA, pp: 299-305. Studies on reproductive biology and radio-

34. Burditt, A.K., F.D. Lopez, L.F. Steiner, D.L. VON sensitivity of Blowfly, Lucilia cuprina infesting sun
Windeguth, R.M. Baranowski and M. Anwar, 1975. dried marine fish. AERE Technical Report 2006 &
Application of sterilization techniques to Anastrepha 2007, AERE/TR-12 & 13, Atomic Energy Research
suspensa (Loew) in Florida, USA. In symposium on Establishment, Ganakbari, Savar, Dhaka, pp: 272-274.
sterility principle for insect control, 1974. Innsbruck.
Proceedings Vienna, IAEA, pp: 93-100.


