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ABSTRACT 

Three doses (150,300 and450Gy) of gamma radiation were tested against full-grown male and female 
pupae of C. cephalonica. The results showed that the lowest number of eggs were obtained when both males 
and females were irradiated. Also, percentage of hatchability decreased comparing with control. The dose 450 
Gy. was the most effective dose it prevented eggs from hatching completely. On the other hand, the percent of 
sterility which induced by gamma radiation was found to be positively correlated with the dose. It was increased 
by increasing the dose. Percent of both pupation and emergence decreased as the dose of irradiation increased. 
The sex ratio were skewed to female side by irradiation. The longevity of adult males and females irradiated as 
mature pupae decreased gradually as the doses increased. Likewise, there was positively correlation between 
gamma radiation dose used and the damage of cell in the full grown larvae of C.cephalonica (Staint.).  The 
larvae resulted from treated males crossed with treated females irradiated with 150 Gy scored the most severe 
damage in mid gut cells, nucleus, mitochondria and microvilli.  

In general, the results indicated that the biological activity of gamma radiation against C.cephalonica 
larvae and pupae was more than remarkable when both crossed females and males were irradiated. 
 
Key words: Gamma irradiation, C. cephalonica, ultrastructure,  Lepidoptera, Pyralidae, midgut 

 
Introduction  

Wheat is a cereal grain originating from the Levant region of the Near East and Ethiopian Highlands, 
but now cultivated worldwide (Belderok et al. 2000). It is grown on more land area than any other commercial 
crop and is the most important staple food for humans, used to make flour for leavened, flat and steamed breads, 
biscuits, cookies, cakes, breakfast cereal, pasta, noodles, couscous and for fermentation to make beer (Neil 
2002) and other alcoholic beverages or biofuel (Cauvain& Cauvain 2003).  

Wheat is attacked by various insect pests between harvest and storage. The most economically 
important insect pests of stored wheat are the granary weevils(Sitophilus granarius), maize weevils(Sitophilus 
zeamais), rice weevils (Sitophilus oryzae), lesser grain borer(Rhyzopertha dominica), larger grain 
borer(Prostephanus truncatus), Angoumois grain moth(Sitotroga cerealella), Indian meal moth(Plodia 
interpunctella), rice moth(Corcyra cephalonica) and red flour beetle(Tribolium castaneum) (Adedire 2001; 
Ileke 2011). 

Larvae of rice moth, Corcyra cephalonica (Staint.) (Lepidoptera:Pyralidae) spin tough silken fibers 
which web together the kernel, frays and molted skins and generally cause quantitative and qualitative loss and 
reduce the germ inability of seed stocks (Senguttuvan et al., 1995).The serious troubles caused by this pest had 
encouraged the investigators to find out safe method achieving satisfactory control.  

Despite the use of broad-spectrum insecticides to control many insect pests of agricultural and 
veterinary importance, due to these insect pests contribute significantly to the high prevalence of 
undernourishment in the world. Thus, innovative pest control tactics and strategies were therefore needed that 
were both effective and not detrimental to the environment. Ionizing radiation can be readily employed to 
effectively and safely induce sexual sterility in insects. Although the sterile insect technique has often been 
associated with an eradication strategy, major advances in rearing efficiency, and improved handling and release 
methods, have made the use of sterile insects economically feasible for insect pest suppression, prevention or 
containment(Marc and Alan, 2011). The advantages of irradiation processing include no undesirable residues in 
the foods treated, no resistance developed by pest insects and few significant changes in the physic-chemical 
properties or the nutritive value of the treated products (Ahmed, 2001; Boshra and Mikhaiel, 2006)  
 
Materials and Methods  
A. Rearing Technique: 

A laboratory strain of the rice moth Corcyra cephalonica was obtained from the Maize research Department, 
Ministry of Agriculture, Egypt.   
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The experiments were run on insect obtained from the laboratory culture after being reared for three 
generations under constant temperature and relative humidity (26±1°C) and (70±5%RH). Larvae were reared on 
a wheat flour fortified with yeast (40gm yeast/ 1 kg flour).                                                                                                       

Newly emerged adults were allowed to mate and oviposit in inverted boxes with screen bottoms. Eggs 
were removed daily with a squirrel- hair brush to a watch glass placed on black filter paper in 10 cm Petri 
dish supplied with a thin layer of the diet. Hatched larvae were transferred to a sterilized jar supplied with 
flour, covered with muslin cloth and fixed with a rubber band .The number of larvae in each jar was the 
same (20 larvae). Full grown larvae were allowed to pupate and pupae were put singly in a glass vial till 
adult emergence. The two sexes were segregated in the adult stages. 

                                                                   
B. Irradiation Technique: 

Gamma cell irradiation unit 220 located at the National Center for Radiation Research and Technology, 
Atomic Energy Authority. Nasr City, Cairo Egypt, was the irradiation source used in the present study with a 
dose rate of 3.4 Gy / h. in a 60 Co gamma irradiation. 

 
C. Biological studies  
 Effect of gamma radiation on pupae 

Pupae (5-7 days old) were exposed to three doses of γ- radiation (150 - 300 and 450) Gy and each pupae 
was kept separately in a glass vial till adult emergence. 

Percentage of emergence, percentage of malformation and sex ratio of the produced adults were 
recorded. 

The produced adults were separated into males and females then experimented according to the 
following combinations: 

Treated males × Treated females 
Normal males × Normal females (control) 
For each combination ten replicates of pupae were tested and each replicate contained only one pair. The 

emerged moths for each combination were allowed to mate and oviposit in (0.95-1) cm jars with screen tops. 
The eggs that fell through the wire mesh were collected in open Petri dishes. Newly hatched larvae were 
transferred to glass jars containing rearing medium, covered with muslin secured with rubber bands. A group 
of the same number of pupae was kept as control at each dose level for comparison.  

Observations were made on fecundity and fertility. Fecundity was determined by counting the total 
number of eggs deposited by the female during its life span. 

Fertility was determined by counting the number of larvae that hatch from the eggs. 
Percentage sterility was calculated according to Chamberlain's formula as mentioned by Guirguis (1979) 

that: 

  % sterility =100 – (  × 100) 

Where: 
a = number of eggs / female in treatment 
b = % hatch in treatment 
A = number of eggs/ female in control  
B = % hatch in control.  

 
D- Transmission Electron Microscope (TEM) 

Living larvae were taken in the 6th instars which previously irradiated as pupae by substerlizing dose 
150 Gy. then crossed as Treated male x Treated female. The untreated larvae were kept as control for 
comparison. The larvae dissected and the midgut separated from the alimentary canal. Specimen tissues were 
prepared for TEM in Transmission Electron Microscope Department at the Regional center for Mycology and 
Biotechnology (RCMB), Al-Azhar University 
 
Results and Discussion  

Effects of gamma radiation on number of eggs, adult’s emergence, sex ratio of emerged adults, 
sterility, egg hatching, longevity and percent of pupation of C. cephalonica are shown in Table 1. In this study, 
when full grown male and female pupae irradiated with 0,150,300 and 450Gy, the number of eggs laid by 
female were 509.66, 224, 178, and 63 respectively. The number of eggs decrease gradually as the dose increase, 
also statistical analysis showed that significant difference was found between control and all doses. In 
agreement with the present results Qureshi et al. (1995) reported that Pectinophora gassypiella (one-day-old 
adults) when treated with doses of (50,100,150 and 200Gy) gamma-irradiated, the fecundity and fertility of P. 
gossypiella was dose-dependent. Females were more susceptible to gamma irradiation than males. Mansour 
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(2002) examined the effects of gamma irradiation on fertility and reproductive behavior of codling moth, Cydia 
pomonella ( L.). Results showed that egg production and hatching decreased with increasing radiation dose, and 
females were more sensitive to radiation treatment than males. A dose of 150 Gy caused 100% sterility in 
females and significantly reduced fecundity, and a dose of 350 Gy caused 100% sterility in males. Sawiress 
(2005) exposed full grown male and female pupae of Miditerranean flour moth, Ephestia kuehniella (Zeller) to 
doses of gamma rays ranged from 50 to 450 Gy. Irradiated males were more radio- resistant than female. 
Reduction in fecundity and egg fertility was dose dependent.  

In addition, Abd El-Hamid (2004) exposing full-  grown male and female pupae of A. ipsilon (Hufn) to 
three doses of gamma radiation (50,100,150 Gy), reported that the average number of eggs did not significantly 
differ from untreated control at (50 and 100 Gy), which contradict the present results but it was significantly 
reduced at 150 Gy. 

  
Table 1. Effect of gamma radiation on some biological aspects  of C.cephalonica irradiated as full grown pupae when irradiated male 

×irradiated female. 

a : significant different for control at ( P<0.05 )             b: significant different for (150 Gy) at ( P<0.05 ) 
c : significant different for (300 Gy) at ( P<0.05 )          d: significant different for (450 Gy) at ( P<0.05 ) 

 
Also they indicated that the hatching percent of egg was increased at all tested mating combination of 

F1 in comparison with their P1,which is in contradict of the present results, in which when full grown male and 
female pupae irradiated with 150,300 and 450 Gy, the hatchability percent was 14.12, 0 and 0 % respectively. 
The decrease in hatchability percent was observed as compared with the control. When full grown male and 
female pupae irradiated with 300 and 450 Gy, these doses prevent eggs from hatching and the hatchability was 
0. Significant difference was found between control and all doses and also between the doses 150Gy and both 
the doses 300 and 450Gy. This result agree with Bakr and abdel-Fattah (1997) who studied the effect of gamma 
irradiation on biology of Agrotis ipsilon (Huf.) with doses 100-150 Gy. They found that, irradiation affect insect 
fecundity, egg-hatching. The effect was found to be dose dependent. 

The results indicated that adult’s emergence decreased significantly with the increase dose of gamma 
irradiation at constant dose rate (P < 0.05). The highest adult’s emergence (41.74%) was recorded for the lowest 
dose tested (150 Gy). The adult’s emergence in the control (0 Gy) reached 79.68% which was significantly 
greater (P < 0.05) than the percent emergence at doses of 150, 300, and450 Gy. The present results was agreed 
with Johnson and Vail (1987) whose found that adult emergence of Plodia interpunctella (Hubner) from pupa 
irradiated with up to 921 Gy was reduced, and the adults emerging at this dose were deformed and unable to 
mate successfully.  

The resulted adults, when full grown male and female pupae irradiated with gamma –radiation, differ 
in their sex ratio. The percentage of males emergence exceeded that of females at the dose 150 Gy, but in the 
control females exceeded males in number. The percentage of males emergence were 78.56 for 150 Gy., while 
in the control the percentage of males was 39.95. Concerning the studies which had done by many authors on 
the effect of gamma radiation on biological aspects of C. cephalonica, similar findings were also obtained by El-
kady et al. (1983). Adult emergence was reduced and the rate of malformation in survivors increased, as the 
radiation dose increased. In consistent with the present results they found that treatment of both partners of 
mating pair reduced fertility more markedly than did treatment of either sex separately. The effect of irradiation 
on the adult emergence and malformation of different insects has been investigated by several authors. Haiba 
(1990) stated that the effect of gamma-irradiation of pupae of Phthorimaea operculella on emergence of adults 
was found to be dependent mainly on the developmental age, physiological stage and the dosages applied to the 
pupae. The emergence of adults which resulted from the treated pupae in both sexes, were highly significant 
decreased with the increase of the dose.  

Dose 

(Gy) 

No.  

eggs /♀ 

±S.E 

%. 

 Hatchability 

±S.E 

%  

Sterility 

±S.E 

% 

Pupation 

±S.E 

% 

 Emergence 

±S.E 

Sex ratio 

±S.E 
Longevity 

±S.E 

      ♂ ♀ ♂ ♀ 

0 
509.66 

±21.62 bcd 

88.76 

±1.17 bcd 

0.00 

±0.00 bcd 

85.73 

±1.47 bcd 

79.68 

±0.24 bcd 

39.95 

±0.70b 

60.05 

±0.70b 

17.00 

±1.00b 

13.05 

±0.70b 

150 
224 

±15.04 ad 

14.12 

±3.48 acd 

93.22 

±2.43 a 

43.42 

± 8.30 acd 

41.74 

± 6.65 acd 

78.56 

±14.86 a 

21.44 

±14.86a 

8.6 

± 0.66 a 

7.6 

±0.66a 

300 
178 

±19.85 a 

0.00 

±0.00 ab 

100.00 

±0.00 a 

0.00 

±0.00 ab 

0.00 

±0.00 ab 
─ ─ ─ 

450 
63 

±14.79 ab 

0.00 

±0.00 ab 

100.00 

±0.00 a 

0.00 

±0.00 ab 

0.00 

±0.00 ab 
 -- ─ ─ 
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Abdel-Kawy and El-Naggar (2000) reported that the emergence of male adults of Trogoderma 
granarium (Everts) after irradiation as pupae at doses 50-200 Gy was slightly decreased and the percentage of 
adult deformity was 19.3 and 25.7 at 150 and 200 Gy, respectively as compared with zero in the control. 
Abdalla (2004) irradiated full grown pupae of rice moth, C. cephalonica (Staint.) with the dose levels 350, 700, 
1050 and 1400 Gy and found that emergence was affected greatly. Ayvaz and Tunçbilek (2006) found that a 
dose of 200 Gy applied to the young larvae of E. kuehniella completely prevented female adult emergence (all 
emerged moths were males). When male and female pupae of Ephestia calidella (Guenee) were irradiated with 
doses of 200 to 800 Gy, the percentage adult emergence was decreased in accordance with increasing gamma 
radiation doses (Boshra and Mikhaiel, 2006). Their work also showed that a 1000 Gy dose prevented the 
emergence of both sexes. 

The longevity of normal males is slightly longer than normal females. The longevity of adult males and 
females irradiated as mature male and female pupae decreased as compared to control. Statistical analysis 
showed that significant difference was found between control and the dose 150 Gy. Ahmed et al. (1985) studied 
the effects of gamma radiation on the pupal stage of Ephestia kuehniella (Zeller) and found that the life span of 
adults of both sexes was shortened as the dose increased. Etman et al. (1991) reported that treated male pupae of 
Corcyra cephalonica, with 500 Gy had a significantly shorter life span than the control, whereas females treated 
with only 200 and 300 Gy showed a significantly shorter life span. Fontes et al. (1996) stated that the lethal dose 
with 150 Gy was kill 85% of the population. Al-Zahaby et al. (1997) also found that the lethal dose for older 
pupae of Ephestia cautella (Walker) was 1000 Gy and deformed adults increased in number with increasing 
radiation dose. They also found that adult longevity was decreased when older pupae of E.cautella irradiated 
with different doses (50-1000 Gy).  

The exposure of pupae to 300 and 450 Gy even produced total sterility. The sterility percent which 
induced by gamma radiation was found to be positively correlated with the dose. The sterility slightly increased 
with increasing radiation doses. When both male and female pupae were irradiated with the dose 150 Gy 
sterility percent were recorded 93.22 %. Statistical analysis showed significant difference was found between 
the control and all the doses. Similar results were reported by Henneberry and Clayton (1988) ,Qureshi et al. 
(1991) on pink bollworms, Pectinophora gosspiella , Sutrisno et al. (1991) on diamondback moth, Plutella 
xylostella. They suggested that the sensitivity differential between males and females might be an advantage if a 
single dose of radiation would partially sterilize males and completely sterilize females. The sterility probably 
occurred because of the lack of eupyrene sperm transferred by irradiated males during mating (Henneberry and 
Clayton 1981). Arthur et al (1990) irradiated pupae of the sugarcane borer at the age of 6 d with gamma 
radiation at doses from 50 to 400 Gy to induce sterility in the F1 generation. They concluded that a dose of 400 
Gy induced total sterility into the adults and a dose of 100 Gy.  reduced the viability of the eggs laid by the 
females of the F1 generation by up to 54.9%. Abdel-Kawy and El-Naggar (2000) showed that the reproductive 
ability of T. granarium males irradiated as pupae and mated with normal females was dose dependent. A dose of 
100 Gy increased sterility of males to about 61.1%,while 200Gy sterilized males completely. The number of 
eggs per mated female was significantly decreased from 51.1 at 50 Gy to 5.9 at 200 Gy. Carpenter (2001) 
reported that the minimum dose at which treated females were found to be 100% sterile when mated to 
untreated males was 200 Gy. Fertility of treated males declined with increasing doses of radiation to approach 
0% near 500 Gy. 

When both male and female pupae were irradiated with 150 Gy the pupation percent was 43.42 while it 
was 85.73 in the control, but at the dose  level 300 and 450 Gy the percent of pupation was zero .The percentage 
of pupation decreased as compared with the control. Statistical analysis showed that there is significant 
difference between control and all doses. Aye et al (2008) demonstrated the inhibitory effects of gamma 
radiation on the development and reproduction including, egg hatching, pupation and oviposition of P. 
interpunctella (Hübner). Egg hatching was completely inhibited by 0.5 Gy and high doses. Pupation was 
completely inhibited by 0.25 Gy. 

 
Transmission Electron Microscope (TEM) on midgut 

The midgut ultrastructure in untreated C. cephalonica larvae show that the basal labyrinth of the 
columnar cells consists of numerous basal infoldings. These infoldings were perpendicular to the basal lamina, 
and incompletely divide the basal cytoplasm into compartments of varying sizes. These compartments were 
characterized by the presence of mitochondria with well-developed dense cristae (Fig. 3). The conspicuous 
brush border seen with the transmission electron was resolved as a regular array of long, thin microvilli (Fig. 1). 
The nucleus appears large and occupy a middle position within the cell (Fig 5). 

The midgut in irradiated larvae show that some of the mitochondria were partly destroyed (Fig. 4). The 
microvilli in treated larvae were shorter, broken and prominent gaps were seen among them and the peritrophic 
membrane was also impaired (Fig. 2). The chromatin material of the nucleus was disorganized and the nuclear 
membranes were more rippled.(Fig. 6C).The midgut cells contain high vacuolization and indistinct cell 
boundaries(Fig. 6C). 
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Fig.1  Photomicrograph showing the apical region of the midgut of the  F1  progeny 6th instar larva of Corcyra  

cephalonica showing well developed and regular arrayed microvilli (mv) (X25000). 
 
                                                                                                                 
 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Photomicrograph of the apical region of the midgutcolumar cell of F1 progeny 6th instar larvae of 

Corcyra cephalonica resulted from combination of irradiated male × irradiated female and irradiated as 
full grown pupae showing light electron and destructedthin microvilli (mv) (X 20000).mv: microvilli 
appear impaired. 

  

mv 

mv 
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Fig.3. Photomicrograph showing mitochondria (m) in untreated F1 progeny 6th instar larvae of Corcyra 

cephalonica (X80000) 
 

 
Fig 4. Photomicrograph showing mitochondria in the midgut columnar cell of F1 progeny 6th instar larvae of 
Corcyra cephalonica resulted from combination of (Irradiated male × Irradiated female) and irradiated as full 
grown pupae. (X 14000). Notice: numerous areas of degeneration with disintegrated contents of mitochondria. 

           m: mitochondria with broken down cristae. 
  

m 

 

m
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Fig. 5. Photomicrograph of the midgut columnar cell in untreated F1progeny 6th instar larva of Corcyra 

cephalonica,  showing normal appearance of the nucleus (n) of the epithelial columnar cell of the midgut 
.(X 12000). 

 
The results of the ultrastructure caused the cellular damage in the midgut cells of full grown larvae of 

Corcyra cephalonica, following gamma radiation at 150Gy.Some of the mitochondria were partly destroyed and 
disarray of cristae. The microvilli in treated larvae were shorter, broken and prominent gaps were seen among 
them and the peritrophic membrane was also impaired. The nuclei appeared irregular in shapes and the 
chromatin material of the nucleus was disintegrated. The nuclear membranes were more rippled. The mid gut 
cells contain high vacuolization and indistinct cell boundaries. 

These pathological damages due to irradiation agree with other authers. Gartner (1973) elucidated that 
exposure to ionizing radiation induced the formation of giant, misshapen mitochondria in the midgut of D. 
melanogaster. The cristae of these organelles were very much in disarry, and in some instances even the 
intracristal spaces were greatly increased. The process of ballooning was a gradual one, for it was only around 
the fiftieth day of life after eclosion that such giant sizes were noted. At this time the diameter of these 
organelles approximated that of a nucleus. The appearance of gaint mitochondria were never observed in female 
Ph. Operculella. Read (1980) noted that the microvilli of the midgut cells of female A. aegypti showed varying 
degree of loss in organization 24h. after exposure to 34,40r, they underwent fragmentation and distortion and a 
decrease in their number and size was apparent. Swelling of the mitochondria associated with the basal labyrinth 
of female A. aegypti midgut cells after exposure to 34,40r X irradiation. 

An increase in size of autophagic vacuoles was observed in gamma irradiation midgut cells of 
Ph.operculella. The cytoplasm of the cells in the anterior and posterior midgut showed extensive vacuolation 
which could be due to the formation of secondary lysosomes (Meguid, 1982). 

The results of the present study are in agreement with that of Stiles et al. (1989) reported lesions 
resulting from irradiation on midgut epithelium of G. palpalis, the mitochondria of these cells were polymorphic 
and had enlarged cristae surrounded by a highly electron-dense matrix. Boshra and Ahmed (1996) studied the 
effect of gamma radiation (400Gy) on the larval stage of C. cephalonica. They showed that the histological 
damage to the larval midgut following irradiation was positively correlated with the dose used. The regenerative 
cells that renew and the epithelial layer of the midgut were more sensitive to irradiation.  

Treated larvae showed great damage in the midgut cells with increasing the number and size of 
vacuoles positively with gamma irradiation dose 150 Gy. Similar results were gained by Rizk et al.(2006) who 
found that gamma radiation caused some histopathological changes such appearance of vacuoles in cytoplasm 
and concluded that the applied irradiation dose levels seem to appropriate to decrease infestation by 
Phthorimaea operculella. The present study also agree with Haiba et al. (2008) who exposed potato tuber moth, 
Phthorimaea operculella to gamma radiation at doses 50 and 150 Gy and showed various forms of changes, 
there was direct relationship between the dose levels and the observed effects. At dose level 150 Gy, the effects 

n 
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were more advanced than those at 50 Gy dose level. The effects of radiation could be summarized as: 
appearance of vacuoles in the cytoplasm, nuclei in some cells were pyknotic or karyolysed, reduction in the cell 
number and enlargement in nuclei. 
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Fig. 6.  Photmicrograph in the midgut columnar cell of  F1progeny 6th instar larvae of Corcyra cephalonica 

resulted from combination of (Irradiated male × Irradiated female) and irradiated as full grown 
pupae.(X 15000). 

A: nucleus showing disintegrated or collapsed (aggregated) chromatine inside the nucleus, dense electron 
mitochondria with highly dilated cisternae of the RER 

B: nucleus showing distructed cellular organoides, disintegrated chromatin inside nucleus retispersion (marginal 
) chromatin.                                      

C: nucleus showing highly disintegrated chromatin inside the nucleus (n), numerous vacuoles inside the 
cytoplasm, highly corrugated nuclear membrane highly dilated cisternae RER. 

n: nucleus.  v: appearance of vacuoles in the cytoplasm of the columnar cell 

n 

v 

n 

n 
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Lauzon and Potter (2012) reported that midgut from adult sterile male Ceratitis capitata (Wiedemann) and 
Anastr ephaludens (Loew), the Mediterranean fruit fly and Mexican fruit fly, respectively, were examined 
microscopically to determine if radiation used in sterile insect technique (SIT) affected this non target tissue 
and/or the microorganisms associated with the midgut. Scanning and transmission electron microscopy were 
used to compare midgut tissues and microorganisms from irradiated and non irradiated mass-reared adult flies. 
Observations for both fruit fly species were similar. Their comparisons revealed that newly emerged and two-
day-old irradiated flies exhibited signs of damage to midgut tissue, cellular organelles, and gut microbiota not 
observed in non-irradiated flies of the same ages. Cellular damage of midgut tissue from irradiated flies included 
distorted, small nuclei that lacked nuclear material, and mitochondria that were dilated and/or vacuolated. No 
visual evidence of cellular damage was observed in non irradiated flies.  

Finally, it could be commented that the exposure of full grown larvae of C. cephalonica with the dose 
150 Gy of gamma irradiation is the applied dose because all the gained changes and severe damage in larval 
midgut related with sterility, stop feeding and extended to digestion and absorption of food and development 
which reduce the hazards of this pest in stored products  which infest. Similar results were obtained by Abdel 
Jelil et al.(2008) and loeb (2010). 
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