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Abstract: The Indian meal moth, Plodia interpunctella (Hubner), is one of
the main economic pests of stored products, including dried figs, in Iran and
the world. In this research, the effect of different doses of gamma radiation
(50-1000 Gy) and temperature (20-35 + 1 °C) was investigated on the life
stages of P. interpunctella. The results showed that P. interpunctella eggs and
adults exposed to gamma radiation (50 Gy) died after a short time. Therefore
these stages are so sensitive to gamma radiation and were not used for further
investigation on a combination of gamma radiation and temperature. In all
temperatures, the survival period of larvae significantly decreased with
increased radiation doses, especially at 600, 800, and 1000 Gy. Similarly, at
33 and 35 °C, low gamma radiation doses (50, 100, and 200 Gy) caused early
larval mortality. In all temperatures, doses of 800 and 1000 Gy of gamma
radiation resulted in 100% mortality of pupae; thereby, adult emergence
declined to zero. However, in lower radiation doses of 50, 100, and 200 Gy
and at 35 °C, the pupal mortality increased to 70, 70, and 83.33%, respectively.
Results are promising for the integrated management of P. interpunctella on

dried figs in storage.
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Introduction

Fig is a valuable and nutritious food source rich
in fiber and minerals such as magnesium,
potassium, calcium, and phosphorus (Wendeln
and Runkle, 2000). Due to difficulties in storage,
the commercial importance of dry and tinned
figs has increased. The advantage of dried figs is
the ability to stock the fruit year-round
(Farahnaky et al., 2009; Vallejo et al., 2012).
Dried figs are one of the most popular
commercial dried fruits in the world (Benalia et
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al., 2016). The primary three producers of figs in
the world are Turkey, USA, and Iran. Iran, with
an annual production of more than 104,000 tons
of dried figs, is one of the top five fig-producing
countries in the world (Ahmadi et al., 2019). In
developing countries, the average losses of pests
on target stored productions have been estimated
to be up to 80% due to a lack of proper
equipment and unsuitable warehouse conditions
(Lee et al., 2001; Bagheri-Zenouz, 2014).

The Indian meal moth, Plodia interpunctella
(Hubner) (Lepidoptera: Pyralidae), is a
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significant economic insect pest of stored
products and is found on every continent except
Antarctica (Rees, 2004). The eggs of P.
interpunctella hatch in 7 days at 20 °C and 3-4
days at 30 °C. After hatching, the larvae can
complete their development in 6 - 8 weeks at
18 to 35 °C. The duration of the pupal stage is
about 15 20 days at 20 °C and 7-8 days at 30 °C.
P. interpunctella has been reported as a pest on
stored products such as cereals, nuts, and dried
fruits in warehouse conditions (Na and Ryoo,
2000; Campbell et al., 2002), especially dried
figs (Bagheri-Zenouz, 2014). This pest is an
external feeder; the larvae spin a silky texture
inside and on top of the food surface, feeding
within the tissue. The webbing contains larval
droppings and molten debris, giving the infested
commodity an unpleasant odor. The
contaminated product is sometimes covered on
the surface with a thick mat of silk mesh.
Infestations of P. interpunctella can directly
reduce the product's quantity and indirectly
increase economic costs through pest control
costs, quality losses, and consumer complaints
(Phillips et al., 2000). Therefore, using
appropriate methods to manage this pest seems
essential.

Methyl bromide and Phosphine fumigation
have been found as effective methods for
eliminating insect pests in stored commodities
because of their fast and good dispersion in the
product mass (Lee et al., 2001). Methyl bromide
is being phased out because of the high
environmental risk due to its Ozone-depleting
capabilities and disadvantages for human health
(Fields and White, 2002). Also, phosphine
resistance among the insect population was
reported in-store (Collins et al., 2005).
Therefore, alternative and adequate control
methods are suggested to manage stored pests
(Fields, 1998). Botanical pesticides (Navarro et
al., 2001; Ahmadi et al., 2008), biological
control  (Bagheri-Zenouz, 2014), gamma
radiation in combination with the medicinal
plant (Ahmadi et al., 2013), gamma irradiation,
and environmental manipulation (Asgarian
Dehkordi et al., 2018), cold and heat as physical
methods (Fields, 1992), ionization (Lepine,
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1991) and diatomaceous (Korunic and
Ormesher, 1996) are effective methods to
control of stored pests.

High and low temperatures are used for
disinfestations of dried fruits and nuts,
perishable commodities (fruits) (Beckett et al.,
2007; Phillips et al., 2012), and grains
(Beckett et al., 2007) against stored pests. The
body temperature of insects is influenced by
environment temperature, thus, fluctuating in
environment temperature can result in changes
in insect physiology, and finally, they will die
(Overgaard and Sorenson, 2008; Karl et al.,
2011).

Radiation has been used to control insects in
storage. Irradiation, whether by isotopes or
machine sources (e-beam or X-ray), has the
same mode of action: the gamma rays, X-rays, or
electrons knock electrons out of their orbits,
creating ions and radicals. The free electrons
collide with further electrons resulting in an
electron shower. The ions and radicals cause
further damage to large organic molecules such
as DNA, stopping the development of irradiated
organisms. Indeed, the secondary damage
caused by ions and radicals produced by the
electron shower may cause more damage to
organic molecules than the primary radiation
itself. In organisms, radiation most easily affects
sites of ongoing cell division, which in the adult
insect include the gonads and midgut. At
minimal doses that stop the functions of these
organs, insects will not reproduce and will cease
feeding because the midgut cannot process food
(Hallman, 2013). The low cost, readily available
resources, mobile sources, high resolution, and
high sensitivity and specificity are advantages of
gamma radiation; therefore, it is more common
than other radiations for use in storage (Eustice
and Bruhn, 2006).

There are no studies on the combination of
temperature and gamma radiation to control P.
interpunctella on important dried fruits such as
dried figs in lIran. Therefore, the main
objectives of this research are to determine the
best temperature and gamma dosage to control
of different life stages of P. interpunctella on
dried figs in warehouse conditions.
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Materials and Methods

Insect rearing

A culture of P. interpunctella originated from dried
dates in the Department of Entomology, College of
Agriculture, Tehran University. They were reared at
27 +1°C, 65 £ 5% RH, and a photoperiod of 16L:
8D h. The larvae were maintained in cylindrical
plastic containers (20 x 12 cm) on yeast and dried
figs, providing them with excess food throughout
their development. The top of the container was
covered with micro mesh for ventilation.

Irradiation

Different life stages (eggs, larvae, pupae, and
adults) of P. interpunctella were placed in glass
Petri dishes and exposed to 60-Co gamma source
(PX-30) at a dose rate of 0.4 Gy/s at Nuclear
Agriculture Research Institute, Karaj, Iran.

Combined effect of gamma radiation and
temperature on eggs

Several pairs (male and female) of newly emerged
P. interpunctella were kept in an incubator at 20 +
1 °C. After mating and ovipositing, eggs were
collected and used for irradiation. Ten eggs (less
than 24 h old) were placed in glass Petri dishes and
irradiated in a gamma cell. Radiation was applied
to the eggs at three doses (50, 100, and 200 Gy).
After irradiation, eggs were returned immediately
to 20 + 1 °C, 65 £ 5% RH, and photoperiod of 16
L: 8 D h) and then placed in Petri dishes with a
central well made by ringing a central area (2 cm
diameter) with glue. After four days, the Petri
dishes were examined under a binocular, and the
number of hatched eggs was counted daily until no
further hatched egg was observed. Three replicate
batches of eggs were used for each dose level. This
experiment was also done at 23, 26, 28, 30, 33, and
35+ 1°C.

Combined effect of gamma radiation and
temperature on larvae

One-three days old larvae were selected for
experiments. These larvae were reared in an
incubator at 20 + 1 °C. Ten larvae were placed in
glass Petri dishes, then irradiated with the dose of
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50, 100, 200, 400, 600, 800, and 1000 Gy.
Immediately after treatment, irradiated larvae were
transferred to Petri dishes containing a rearing
medium. The Petri dishes were transferred to
laboratory conditions at 20 £ 1 °C, 65 + 5% RH,
and photoperiod of 16 L: 8 D h). The larval
mortality was recorded daily. Also, the survival
time (days) of larvae for each dose was recorded.
Three replicates were used for each dose level.
This experiment was repeated at 23, 26, 28, 30, 33,
and 35+ 1°C.

Combined effect of gamma radiation and
temperature on pupae

One-three days old pupae were selected for
experiments. These pupae were reared in an
incubator at 20 + 1 °C. Ten pupae were placed in
glass Petri dishes and irradiated at six doses of 50,
100, 200, 400, 600, 800, and 1000 Gy. Then the
Petri dishes containing irradiated pupae were
transferred to laboratory conditions like the
above. The number of adults that emerged from
irradiated pupae was recorded, and their
percentages were calculated. Three replicates
were used for each dose level. This experiment
was also done at 23, 26, 28, 30, 33,and 35+ 1 °C.

Combined effect of gamma radiation and
temperature on adults

The same-aged adults were chosen for
experiments; these adults were reared in an
incubator at 20 + 1 °C. 10 adults placed in glass
Petri dishes in a refrigerator (about 4 °C) for 15
minutes. They were exposed to six doses of 50,
100, 200, 400, 600, 800, and 1000 Gy. Then the
Petri dishes containing irradiated adults were
transferred to laboratory conditions, the same
above. After 48 h, adult mortality was recorded.
These experiments were done with three
replications for each dose level. This experiment
was also done at 23, 26, 28, 30, 33,and 35+ 1 °C.

Statistical analysis

A completely randomized design with three
replications was used to statistically analyze the
data on the effect of irradiation and temperature on
different life stages of P. interpunctella longevity.
Two-way ANOVA was used to determine the
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interaction between two factors containing gamma
radiation doses and temperatures at each life stage
of P. interpunctella. Also, data comparison at doses
per temperature was analyzed using one-way
ANOVA. If significant differences were detected,
means were compared by Tukey's test (P < 0.05).
Statistical analyses were conducted using SPSS
software version 18 (SPSS, 2009).

Results

Combined effect of gamma radiation and
temperature on eggs

The results showed that eggs of P. interpunctella
are susceptible to gamma radiation. At each
temperature, all irradiated eggs with 50, 100, and
200 Gy died, and none of them did not hatch.
Therefore, we could not investigate the interaction
between gamma radiation and different
temperatures in this life stage of P. interpunctella.

Combined effect of gamma radiation and
temperature on larvae

According to analyzed data, the interaction
between gamma radiation and temperature is
significant in the developmental period of larvae
of P. interpunctella (Table 1). The data obtained
from experiments dealing with the irradiation of
larvae are summarized in Table 2. At each
temperature, the survival time of larvae of P.
interpunctella significantly decreased with
increasing radiation doses, especially at 600, 800,
and 1000 Gy. All irradiated larvae with 1000 Gy
died after one day at 20, 23, and 30 °C. Also, the
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temperature had a significant effect on larval
mortality. The survival time of larvae decreased
with increasing temperature (especially at 33 and
35 °C) too. According to observation, at high
temperatures such as 33 and 35 °C, larval
mortality happened soon, even at low doses of
gamma radiation (50, 100, and 200 Gy) (Table 2).

Table 1 Analysis of variance of gamma radiation and
temperatures on survival time of larvae of Plodia
interpunctella on dried figs under laboratory conditions.

Factor Mean Square  df F P

Gamma radiation 487.72 6 3500 <0.0001
Temperature 739.75 7 53.09 <0.0001
Gamma radiation x 47 4, 42 556 <0.0001

temperature

Combined effect of gamma radiation and
temperature on pupae

The statistical analysis showed that the interaction
between gamma radiation and temperature is
significant in the adult emergence of P.
interpunctella from irradiated pupae (Tables 3
and 4). Pupae showed more resistance to radiation
than larvae. A dose of 1000 Gy completely
prevents the development of the pupae at all
temperatures. The gamma radiation doses and
temperatures significantly affected the percentage
of adults that emerged from irradiated pupae. The
maximum pupa mortality percentage (or
minimum adult emergence %) was observed in
low doses at 35 °C. In this temperature, adult
emergence was 30, 30, and 16.67% in doses of 50,
100, and 200 Gy, respectively.

Table 2 Survival time of larvae of Plodia interpunctella influenced by gamma radiation and different temperatures

on dried figs in laboratory conditions.

Temperature (°C)  Survival time (Mean + SE) (days)

50 (Gy) 100 (Gy) 200 (Gy) 400 (Gy) 600 (Gy) 800 (Gy) 1000 (Gy)
20 200+50b 25.0+0.0a 250+00a 190+30b 90+10c  20+00d 1.0+0.0d
23 210+10a 17.7+15¢ 18.7+0.7b 1.0+0.0d 10+10d  1.0+0.0d 1.0+0.0d
26 120+10de 22.0+1.0c 260+17b  27.0+24a 130+20d  120+20de  11.0+17e
28 220+30b 21.0+26b 240+10a 18.0+20c 180+10c  150+1.0d 15.0+1.0d
30 187+03b 230+26b  240+10a 11.0+1.0d 130£00c  9.0+10e 1.0 +0.0f
33 6.0+0.0a 5.7 +0.3ab 50+00b 53+0.3b 40+06c  40+00c 30+0.0d
35 47+03a 47+03a 47+03a 53+0.3a 40+00a  40%00a 40+00a

Means with the same letters in each row are not significantly different (Tukey’s test, P < 0.05).
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Table 3 Analysis of variance of gamma radiation and temperatures on adult emergence of Plodia interpunctella

from irradiated pupae on dried figs.

Factor Mean Square df F P

Gamma radiation 393.42 6 29.18 <0.0001
Temperature 791.80 7 58.73 < 0.0001
Gamma radiation x temperature 78.06 42 5.79 < 0.0001

Table 4 Adult emergence of irradiated pupae of Plodia interpunctella in dried figs.

Temperature (°C)  Adult emergence (Mean + SE) (%)

1000 (Gy) 1000 (Gy) 1000 (Gy) 1000 (Gy) 1000 (Gy) 1000 (Gy) 1000 (Gy)
20 60.0 = 10.0 90.0 %5284 63.3 % 12.0¢ 733+140b  60.0+00c 0 0
23 36.7 +10.0¢ 56.7+8.8b 56.7+33b 36.7+120c  66.7+33a 100+58d 0
26 76.7 +3.3bc 70.0 +5.8d 80.0+0.0a 733+88cd  50.0+10.0e 33+33f 0
28 80.0+58a 70.0+0.0b 73.3+33b 0 0 0 0
30 633+33d 833+88b 933+67a 767+130c  400+150e 0 0
33 100+ 0a 100+ 0a 90.0+58b 93.3+33b 433+100c O 0
35 30.0+10.0a 300+58a 16.7+323c 233+6.7b 0 0 0

Means with the same letters in each row are not significantly different (Tukey’s test, P < 0.05).

Combined effect of gamma radiation and
temperature on adults

When adults were exposed to gamma radiation
at the dose of 50 Gy, all of them died after 24 h.
Also, higher doses had the same effects on adult
mortality. Therefore, we could not investigate
the interaction between gamma radiation and
different temperatures in this life stage of P.
interpunctella.

Discussion

The results show that P. interpunctella to
irradiation varied at different life stages. Also,
temperature and its interaction with gamma
radiation can be essential for developing
different life stages of P. interpunctella. In this
study, a dose of 50 Gy completely sterilized the
eggs of P. interpunctella. In previous studies,
doses of 350 Gy (Ayvaz et al., 2008), 400 Gy
(Hosseinzadeh et al., 2011), and 450 Gy
(Ozyardimci et al., 2006) are required to gain
complete sterility eggs of P. interpunctella.
Also, Ozyardimci et al. (2006) reported that no
Ephestia kuehniella hatched when exposed to
300 Gy. The differences between our results and
others may have been related to different species
of pest and the differences in egg age at the time
of irradiation. Radio sensitivity varies with the
stage of embryologic development (Ayvaz et al.,
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2008). The eggs of P. interpunctella are
radiosensitive for approximately half of their
development time and become 25 times more
radiosensitive at 2 h than at 72 h post-oviposition
(Brower, 1974). They mentioned that 18, 24, and
30 h, old eggs were similarly sensitive, and 24-h
eggs were selected as the suitable age for
irradiation with a low dose. In the present study,
high doses of gamma radiation, when combined
with low temperature, caused a reduction in the
survival time of larvae. Also, applying a low
dose of gamma radiation at high temperatures
can decrease larval survival time. Irradiation can
induce specific alterations that can modify both
the chemical composition and the nutritional
value of foods. These changes depend on the
food composition, the irradiation dose, and
factors such as temperature and the presence or
absence of oxygen in the irradiating
environment. The sensitivity of vitamins to
radiation is unpredictable, and food vitamin
losses during irradiation are often substantial
(Dionisia et al., 2009). Therefore, low doses of
gamma radiation (50 and 100 Gy) recommend
eliminating larvae on stored products at high
temperatures. The study revealed that all
irradiated larvae with 1000 Gy died after 1-15
days, whereas Shafqat et al. (2006) found that a
dose of 1000 Gy was applied to the larvae of P.
interpunctella, they died entirely after 21 days.
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Previous research has shown that the minimum
dose of gamma irradiation is 300-450 Gy
(Azelmat et al., 2005; Hosseinzadeh et al.,
2011), ultimately preventing larval development
of P. interpunctella and the larvae did not reach
pupation. Also, a dose of 250 Gy was required to
give total mortality for the last-instar larvae of E.
kuehniella (Ayvaz and Tuncbilek, 2006). The
differences between the results of our study and
previous studies can refer to different larval ages
and insect species. The younger larvae were
more sensitive to radiation than the older ones
(Ayvaz et al., 2008), and the dose required to
prevent adult emergence was lower (200 Gy)
than for mature larvae (250 Gy) of E. kuehniella
(Ayvaz and Tuncbilek, 2006).

The highest efficiency of gamma radiation to
decrease adult emergence was obtained at 35 °C.
Also, when the pupae of P. interpunctella were
irradiated, the percentage of adult emergence
was reduced by increasing doses. Also,
Hosseinzadeh et al. (2011) reported that the
percentage of adult emergence decreases by
doses up to 650 Gy. Mortality of pupae was
78.89% after irradiation, reaching 95.55% on the
21% day after storage irradiated at 500 Gy
(Shafgat et al., 2006). Irradiated E. kuehniella
pupae with doses of 200-800 Gy caused
decreased adult emergence significantly. Also, a
dose of 1000 Gy prevented the emergence of
both sexes (Boshra and Mikhaiel, 2006).

Several stored pests belonging to
Lepidoptera, such as P. interpunctella are more
resistant to radiation sterilization than other
insects; therefore, they require much higher
levels of ionizing radiation to obtain complete
sterility (Hallman, 2000). According to the
results of this study, low-level doses of gamma
radiation can  effectively  control P.
interpunctella if used at high temperatures (35
°C). These methods can be used as an alternative
to chemical fumigants, and these results may be
helpful for the integrated management of P.
interpunctella on dried figs in storage.

Our work found a synergistic effect of high
gamma radiation doses (1000 Gy) with low
temperatures (20 °C). However, the long-term
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effects of this combined treatment deserve
further investigation.

Statement of Conflicting Interests
The authors state that there is no conflict of
interest.

Acknowledgments

We appreciate the technical assistance of
Mohammad Babaei, Nadia Kalantarian, and
Hadi Fatolahi, from Nuclear Agriculture
Research  School, Nuclear Science and
Technology Research Institute.

Funding Acknowledgments

This research received no specific grant from
any funding agency in the public, commercial, or
not-for-profit sectors.

References

Ahmadi, K., Ebadzadeh, H. R., Hatami, F.,
Hossein Pour, R. and Abd Ahah, H. 2019.
Agricultural statistics: Horticultural products,
Ministry of Agriculture. Department of
Planning and Economy, Center of
Information and Communication Technology
Publisher, Tehran, Iran.

Ahmadi, M., Abd-Alla, A. M. M. and
Moharramipour, S. 2013. Combination of
gamma radiation and essential oils from
medicinal plants in managing Tribolium
castaneum contamination of stored products.
Applied Radiation and Isotopes, 78: 16-20.

Ahmadi, M., Moharramipour, S. and
Zolfagharieh, H. R. 2008. Comparative
fumigant toxicity of Rosmarinus officinalis
and Artemisia sieberi against Tribolium
castaneum. IOBC/WPRS Bull, 40: 243-247.

Asgarian Dehkordi, S., Ahmadi, M. and Hatami,
B. 2018. The investigation of the combined
effects of gamma irradiation and
environmental manipulation on mortality and
sterility of Rhyzopertha dominica (Fabricius)
(Coleoptera: Bostrichidae). Journal of Asia-
Pacific Entomology, 21: 1337-1341.



Karimi et al.

J. Crop Prot. (2022) Vol. 11 (2)

Ayvaz, A., Albayrak, S. and Karaborklu, S.
2008. Gamma radiation sensitivity of eggs,
larvae and pupae of Indian meal moth
Plodiainterpunctella (Hubner) (Lepidoptera:
Pyralidae). Pest Management Science, 64:
505-512.

Ayvaz, A. and Tuncbhilek, A. S. 2006. Effects of
gamma radiation on life stages of the
Mediterranean flour moth Ephestiakuhniella
Zeller (Lepidoptera: Pyralidae). Journal of
Pesticide Science, 79: 215-222.

Azelmat, K., Sayah, F., Mouhib, M., Ghailani,
N. and Elgarrouj, D. 2005. Effects of gamma

irradiation on forth-instar Plodia
interpunctella  (Hubner)  (Lepidoptera:
Pyralidae). Journal of Stored Product

Research, 41: 423-431.

Bagheri-Zenouz, E. 2014. Pests of Stored Products
and Management to Maintain, Bioecology of
Insects, Acari and Microorganisms. Tehran
University Publication, pp. 476.

Beckett, S. J., Fields, P. G. and Subramanyam,
B. 2007. Disinfestation of stored products
and associated structures using heat. In:
Tang, J., E. Mitcham, S. Wang, S. Lurie
(Eds), Heat Treatments for Post-Harvest Pest
Control: Theory and Practice. CABI,
Wallingford, Oxford shire, UK, pp. 182-237.

Benalia, S., Cubero, S., Prats-Montalban, J. M.,
Bernardi, B., Zimbalatti, G. and Blasco, J.
2016. Computer vision for automatic quality
inspection of dried figs (Ficus carica L.) in
real-time. Computers and Electronics in
Agriculture, 120: 17-25.

Boshra, S. A. and Mikhaiel, A. A. 2006. Effect
of gamma radiation on pupal stage of
Ephestia calidella (Guenee). Journal of
Stored Product Research, 42: 457-467.

Brower, J. H. 1974. Age as a factor in determining
radio sensitivity of eggs of Plodia
interpunctella  (Hubner).  Environmental
Entomology, 3: 945-946.

Campbell, J. F., Mullen, M. A. and Dowdy,
A. K. 2002. Monitoring stored-product pests
in food processing plants with pheromone
trapping, contour mapping, and mark-
recapture. Journal of Economic Entomology,
95: 1089-1101.

207

Collins, P. J., Daglish, G. J., Pavic, H. and
Kopittke, R. A. 2005. Response of mixed-
age cultures of phosphine-resistant and
susceptible strains of lesser grain borer,
Rhyzopertha dominica, to phosphine at a
range of concentrations and exposure
periods. Journal of Stored Product Research,
41: 373-385.

Dionisio, A. P., Gomes, R. T. and Oetterer, M.
2009. lonizing radiation effects on food
vitamins - A Review. Brazilian Archives of
Biology and Technology, 52(5): 1267-1278.

Eustice, R. F.and Bruhn, C. M. 2006. Consumer
acceptance and marketing of irradiated foods.
In: Sommers, C. H and Fan, X. (Eds.), Food
Irradiation  Research and  Technology.
Blackwell, Ames, lowa, pp. 63-83.

Farahnaky, A., Ansari, S. and Majzoobi, M.
2009. Effect of glycerol on the moisture
sorption isotherms of figs. Journal of Food
Engineering, 93(4): 468-473. doi:10.1016/
j.jfoodeng.2009.02.014.

Fields, P. G. 1992. The control of Stored
Product insects and mites with extreme
temperatures. Journal of Stored Products
Research, 28: 89-118.

Fields, P. G. 1998. Diatomaceous earth:
advantages and limitations. Proceedings of
the 7™ International Working Conference on
Stored-Product Protection, Beijing China,
861: 781-784.

Fields, P. G. and White, N. D. G. 2002.
Alternatives to methyl bromide treatments
for stored-product and quarantine insects.
Annual Review of Entomology, 47: 331-359.

Hallman, G. J. 2000. Expanding radiation
guarantine treatments beyond fruit flies.
Agricultural Entomology, 2: 85-95.

Hallman, G. J. 2013. Control of stored product
pests by ionizing radiation. Journal of Stored
Products Research, 52: 36-41.

Hosseinzadeh, A., Shayesteh, N., Zolfagharieh,
H. R., Bernousi, I., Babaei, M., Zareshahi, H.,
AhariMostafavi, H. and Fatollahi, H. 2011.
Effect of gamma radiation on different stages
of Indian meal moth Plodia interpunctella
Hibner (Lepidoptera: Pyralidae). African
Journal of Biotechnology, 10 (20): 4259-4264.


http://www.scielo.br/scielo.php?script=sci_serial&pid=1516-8913&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_serial&pid=1516-8913&lng=en&nrm=iso

Integrated effect of radiation and temperature on P. interpunctella

Karl, 1., Stoks, R., De Block, M., Janowitz, S. A.
and Fischer, K. 2011. Temperature extremes
and butterfly fitness conflicting evidence
from life history and immune function.
Global Change Biology, 17: 676-687.

Korunic, Z. and Ormesher, P. 1996.
Diatomaceous earth-an Alternative to Methyl
Bromide. In Proceedings Workshop on
Alternatives to Methyl Bromide, Environment
Canada and Agriculture and Agri-Food
Canada, Toronto, Ontario. 91-105.

Lee, B. H., Choi, W. S., Lee, S. E. and Park, B.
S. 2001. Fumigation toxicity of essential oils
and their constituent compounds towards the
rice weevil, Sithophilus oryzae L. Crop
Protection, 20: 317-320.

Lepine, F. 1991. Effect of ionizing radiation on
pesticides in food eradication perspective.
Journal of Agricultural and Food Chemistry,
39: 2112-2118.

Na, H. J. and Ryoo, M. 1. 2000. The influence of
temperature on development of Plodia
interpunctella (Lep: Pyralidae) on dried
vegetable commodities. Journal of Stored
Products Research, 36: 125-129.

Navarro, S., Finkelman, S., Donahaya, E., Dias,
R., Rindner, M. and Azrieli, A. 2001.
Integrated storage pest control methods using
vacuum or CO; in transportable system.
Meeting of the IOBC WPRS / OILB SROP
working group integrated protection of stored
products (eds. Cornel, A. and Navarro, S.),
Lisbon, Portugal, 31: 116-121.

Overgaard, J. and Sorenson, J. G. 2008. Rapid
thermal adaptation during field temperature
variations in Drosophila melanogaster.
Cryobiology, 56: 159-162.

208

J. Crop Prot.

Ozyardimci, B., Cetinkaya, N., Denli, E., IC, E.
and 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. Journal of
Stored Product Research, 42: 183-196.

Phillips, T. W., Berbert, R. C. and Cuperus, G.
W. 2000. Post-harvest integrated pest
management. In: Francis, F. J. (Ed.),
Encyclopedia of Food Science and
Technology. 2nd ed. Wiley Inc., New York,
pp. 2690-2701.

Phillips, T. W., Thoms, E. M., De Mark, J. and
Walse, S. 2012. Fumigation. In: Hagstrum,
D. W., Phillips, T. W. and Cuperus, G. (Eds.),
Stored Products Protection. Kansas State
University. USA, pp. 157-179.

Rees, D. 2004. Insects of Stored Products.
CSIRO Publishing, Collingwood, Victoria,
Australia.

Shafgat., S., Yong-Jung, K. and Tusneem, K.
2006. Irradiation control of Plodia
interpunctella (Lepidoptera: Pyralidae) in
dehydrated ginseng (Panax ginseng).
Pakistan Journal of Zoology, 38(1): 33-37.

SPSS. 2009. SPSS base18.0 users guide. SPSS,
Chicago, IL.

Vallejo, F., Marin, J. G. and Tomés-Barberan, F.
A. 2012. Phenolic compound content of fresh
and dried figs (Ficus carica L.). Food
Chemistry, 130(3): 485-492. doi:10.1016/j.
foodchem.2011.07.032.

Wendeln, M. C. and Runkle, J. C. 2000.
Nutritional values of 14 fig species and bat
feeding preferences in Panama. Biotropica,
32 (3): 489-501.



Karimi et al. J. Crop Prot. (2022) Vol. 11 (2)

sldiahiys ylaad ol ghedy LoyS Ly LolS 53y Gudds yu3Ls
Plodia interpunctella (Lepidoptera: Pyralidae) «d4ia o joui

Tdgyzrn dyle 5 ' Slal Of jgw FTedasl 313 3g0 oS 0

colin xS g poele Ul 21T o LEAST Y cs)y e LS ousSasl cwlidbo yd> 0585 )
SOl o=l Ol S

Osid o pole ol 2ody el adu » sHogla S ouSd 2y Sd JgoluS 04,8 Y
Lol ool igaS csl i

Lolom! o) eemanb @olie g sy laS @heel 5 oliyixS 3,0 -Y
mdaahmadi@aeoi.org.ir : 4 S5LS o Jgdwo o diuwsgd S g 33T Guuy

YEY 33T rgyady Y&y e 0 YA tadloyo

pgo oL3T 51 S Plodiainterpunctella (Hubner) « s 1 oo 1 oS>
00 s aloe gle> g Ol o sy badl Y ax o oL _nli 3l
(658 Vrvv—0r) LolS 45,45 Gilise slajs a5l cgmyfy oo
S0y Wbz Jol e 5 (wesw dw 4> 0 Yo-Yr £ )) Lod g
S ols gla s xolis oy 8 138wy dg0 s 0ol
52 by sle ) pare Ho 4S8 AolS ol de s LeprS
0= I LSS o HI gy 38,8 518 (sySer) Lo LS
LolS o550 40 Jol s o2l ga—ben ) 4o 425 Lo L)
Led o LelS o5, @il wy LSl 5 00 pwlus> jliws
S p2dO Sl s oo b (S4S) dol e o2l do e
slayo gl j38l L agyY gule o0ud) lw) ¢ lalod 4an o
Oldadn e SV o A o T 50 peasdy ol e
200 Yo o VY sled o Gdgpr L g lS g2l LS
(63 Yrr g Ve cor) LelS o0y aly sl cpsa—wl w
D80 slalod 00 Ho cdou b LagyY alSbadg) Syo delo
o> s Lo LS g5y SleuS) g At sle 3o gl 3T
o> zaa g o Laopad b Gu ) slwyd Vot pa 08y
D080 dwo o JASIue s wde S Lo yudd ol 31 JelS
G5 yo (JoolS of 4 dis yaeb vy J8lus L) oy b
4>y0 Yo sloo Ly LoelS o455y 658 Yo' g VYrrooo0r sla o
co0r slayy @l Ly Loy ol o sud odald o wow Jw
JolS ol b d> yagh 4 wsyd LolS 4535 31 8 Yoo g Vo
Sl Aol gS0 aolis Gl Loe0 YU/TIY o Yo o Y au Sy S54
Loy Lol pos—isd il s sdbe oo il Sy

Gugode s lodylen S cadg Sy sl oo S Ulj:j“g

oLl e el

209


mailto:mdaahmadi@aeoi.org
mailto:mdaahmadi@aeoi.org

