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ABSTRACT 

  Effect of gamma irradiation on certain biological aspects of potato tuber 
moth, Phthorimaea operculella was studied. Five day old pupae were irradiated with 
substerilizing dose (10, 20, 30, 40, 50 and 100 Gy). Laboratory experiments were 
carried out to investigate the effect of bacterial commercial product of Bacillus 
thuringiensis (Protecto) on the newly hatched larvae of Ph. operculella at four 
concentrations (0.15, 0.30, 0.45 and 0.60 g/100 ml water).   
  LC50 value was calculated for protcto, significant positive relationship between 
dose levels and the percentage of adult emergence was obtained. The number of egg 
per female and the percentage of egg hatch of emerged adults were significantly 
decreased by the increase of gamma rays. In addition, dose levels of 50 and 100 Gy 
were completely inhibited the larval development.  The larval mortality percentages 
were increased with the increase of concentrations as well as the period after the 
treatment of Protecto. The percentage of survived larvae to adult stage was reduced 
as the irradiation dose and Protecto concentrations increased, while larval and 
pupal durations were relatively longer. The longevity of adults was decreased by 
increasing the dose of radiation and concentration of Protecto. The percentage of 
malformation among adults was increased by increasing gamma rays doses and 
concentration of the Protecto. 
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INTRODUCTION 

     
The potato tuber moth, Phthorimaea operculella Zeller is one of the most destructive insect 

pests of potato plants and tubers, Solanum tuberosum L. in field and storage. This pest may attack 
other solanaceous truck crops in Egypt, such as egg-plant, tomato and pepper. Larvae mine into 
the leaves and stem of young plants, and bore into the tubers soon after their formation. During 
storage the damaged tubers rot and lost viability and consumer acceptance. Emerged moth is a 
fairly strong flier and can fly from storage to fields where it causes pre- harvest infestation, 
because larvae pass a major part of their life inside tubers, conventional means of control are not 
completely successful. The common method for tuber disinfestations is by applying chemical 
insecticides. The repeated use of fumigants might involve serious health hazards to human beings 
and environment. Therefore, irradiation seems to be more effective, safer and cheaper (1). The 
application of gamma-irradiation for the extended commercial storage of potatoes was carried out 
by several authors (2, 3).  

 
The biocide, B. thuringiensis ((Protecto) is a gram-positive spore forming bacterium that 

produces parasporal inclusion or crystals (cry) during stationary and or sporulation phase, the 
inclusions being composed of cry proteins that are toxic to a wide variety of some insect species. 
Therefore, this study was designed to assess the combined effect of gamma radiation doses and 
the LC50 of Protecto. 

 



 
 
 
 
 

MATERIAL AND METHODS 
 
Rearing Technique:- 
 

The stock culture of the potato tuber moth, Ph. operculella was raised in (N.C.R.R.T). The 
insects were kept in wire gauze rearing cages (75 x 30 x 25 cm), containing a suitable amount of 
potato tubers, previously washed with tap water and thoroughly dried between various layers of 
filter papers. Tubers kept in a clean dust free container for a few hours, to ensure the complete 
cleanliness of the tubers from dust, insecticide residues or any related parasites. Each rearing cage 
was provided with Petri- dishes (9 x 1.5 cm) containing cotton wool soaked in 5% sugar solution, 
which was renewed daily. Stock culture was kept at a room temperature of 29±1°C and relatively 
humidity of 60 – 65 %(4). 

 
Experimental Techniques:-  
 

Gamma-irradiation has been carried out on 5 day old pupae. Records were kept for egg 
production and egg hatch. At the same time a control group was kept with the irradiated 
combinations and was given the same treatments. 
  

In order to evaluate the extent of sterilizing effect of irradiation of both sexes, which 
emerged from irradiated 5 day old pupae at (10, 20, 30, 40, 50 and 100 Gy), were paired with 
untreated adults of the opposite sex as well as with each other in three various mating 
combinations; 
  

1- Treated males x treated females, 
2- Treated males x untreated females,  
3- Untreated males x treated females, 
4- Untreated males x untreated females (control). 

 
In each experiment and throughout each combination, the ten treated newly emerged virgin 

male and female were combined in a suitable oviposition cage to mate and oviposit. The total 
numbers of eggs were counted daily under a binocular microscope. Three replicate experiments 
were carried out for each dose. 
 
Biocide: 
 

A commercial product of B. thuringiensis (Protecto) was used and tested for it's 
bioinsecticidal activity against Ph. operculella larvae. Potato tuber washed with tap water and 
thoroughly dried between various layers of filter paper and dipped for 5 seconds in a series of 
Protecto at concentrations of (0.15, 0.30, 0.45 and 0.60 g/ 100 ml water). Treated tubers were 
allowed to dry for 1 hour and were allowed to larvae. 

 
The newly hatched larvae were collected from the rearing stock with the aid of a fine 

camel- hair brush and divided into 5 groups each of 45 larvae. Each group of 45 larvae was 
divided into 3 replicates each of 15 larvae and housed in cloth covered plastic jars. The first group 



was given untreated tuber as control and the others were given treated tubers with various B. 
thuringiensis concentrations. 

 
The larvae were allowed to feed on treated tubers to complete their larval stage. The jars 

were kept at 25 ± 1 °C and 70 % ± 5 R.H. The rate of larvae, pupal and adult development, 
percent of mortality of each stage. Different biological effects were recorded to evaluate the 
larval period, pupal period and adult longevity, then LC50 was calculated. 
 
Combined Effect of  Biocides and Gamma Irradiation:   
 

Five days old male and female pupae of Ph. operculella were irradiated at 10, 30 and 40 
Gy. The newly emerged P1 males and females resulting from the irradiated pupae were paired 
with untreated opposite sex. To insure successful mating and egg laying, 10 pairs were 
companied in each cages (each cross mating replicated 3 times). The newly hatched larvae 
resulted from irradiated P1 males and females were allowed to feed on potato tubers treated with 
LC50 of Protecto (0.17, 0.20 gm/ 100 ml water). The tubers were kept in plastic jars and housed in 
cloth covered at 25 ± 1 °C and 70 % ± 5 R.H. (daily observation). The rate of larvae, pupae and 
adult longevity and the percentage of their mortality were recorded. 
 

RESULTS AND DISCUSSION 
 

The results in Table (1) show highly significant reduction in the fertility, throughout all 
dose levels. When irradiated females were allowed to mate with non- irradiated males; the lowest 
percentage of egg hatchability was 4.9 % at 100 Gy as compared to 86.6 % in the control. As the 
same manner, the gradual reduction in fertility occurred when non–irradiated females and 
irradiated males were combined together; the significance was only at dose levels 40, 50 and 100 
Gy recording 51.6, 43.4 and 29.3 %, respectively.  

 
When irradiated males were allowed to mate with unirradiated females exhibited significant 

effect on the hatched larvae to complete their development (Table 1). Means of resulted larvae 
were 8.33, 6.66, 4.66 and 2.66 (in case of T♂ x N♀) and 7.66, 5.66, 3.66 and 2.0 (in case of N♂ x 
T♀) at 10, 20, 30, and 40 Gy, respectively, as compared with 10 larvae in the control. Dose levels 
of 50 and 100 Gy completely inhibited the full larval development. The gradual reduction in the 
mean number of eggs per female and egg hatch agree with the results recorded by (5-8).  

 
The reduction in the number of egg per female and the percentage of egg hatch in Ph. 

operculella were previously explained and discussed. The exposure of 5 day old pupae to gamma 
irradiation caused severe effect on the germarium and vitellarium of the ovarioles in the resulted 
females had been studied by (5). Abd El-Megeed, and Haiba (9) observed extreme deterioration in 
ovarian development in adult females resulted from irradiated pupae 150 Gy.  
 
Effect of different concentrations of Protecto on larval,  pupal and adult stage of Ph. 
operculella. 
 
 Results in Table (2) show that the corrected mortality percentages among larvae and the 
mean larval duration of Ph. operculella after feeding on potato tuber treated with different 
concentrations of 
Protecto. Results indicated that the mortality rates increased with increasing concentrations and 
elapse of time after treatment. It appears from the results that the highest mortality percentage 
among larvae (97.78 %) was recorded at the highest concentration (0.60 gm / 100 ml water) of  



Table (1): Effect of substerlizing doses of gamma-irradiation on mean no. of egg/ female, % hatch and resulted full grown larvae 
                                   of Ph. operculella irradiated as 5 day- old pupae.               

 
U males   x  I females I males   x   U females U males   x   U females 

Mean no. of 
resulted 

full grown 
larvae± 

S.E. 

Hatch
.( % ) 

Mean no. of 
eggs/ female± 

S.E. 

Mean no. of 
resulted 

full grown 
larvae± 

S.E. 

Hatch
. 

( % ) 

Mean no. of 
eggs/ female± 

S.E. 

Mean no. 
of 

resulted 
full 

grown 
larvae± 

S.E. 

Hatch
. 

( % ) 

Mean no. 
of eggs/ 
female± 

S.E. 

Dose  
Gy 
)( 

   10.0±0 86.6 481±15.49 

7.66*±o.33 
5.66*±0.33 
3.66*±0.33 
2.0*±0.57 

0.0 
0.0 

53.7 
50.2 
47.3 
40.2 
38.5 
4.9 

+324.2±19.1 
321.2±8.84+ 
316.7±10.13+ 
308.2±9.63+ 
306±4.36+ 
67.6±4.65+ 

8.33±0.33+ 
6.66±0.33+ 
4.66±0.33+ 
2.66±0.33+ 

0.0 
0.0 

64.1 
62.2 
59.2 
51.6 
43.4 
29.3 

377.6*±13.17 
359.2*±17.04 
341.3*±12.57 
329.0*±2.94 
316.1*±0,55 
280.0*±6,55 

 

0 
10 
20 
30 
40 
50 
100 

1.11 34.83 30.31 0.90 29.23 40.09 L.S.D. 5% :
                 * Significant 
             3 replicates, 10 pairs of male and female each  for every  type and mating combination. 
             U: unirradiated                        I: irradiated 
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Protecto. Also it could be noticed that the shortest larval duration was 23.6 days occurred when the 
concentration Protecto (0.30 gm/100 ml water) was used. 
 

The diseased larvae of Ph. operculella which infected by commercial bacteria of B. 
thuringiensis showed symptoms of less appetite, became inactive and stopped feeding. Their body 
turned brownish black, shrinkage and dwarfed in length leading the body into crescent shape. Larvae 
suffer from general paralysis and became malformed and finally died usually within few days. 

 
Table(2):Corrected mortality percentages among larval stage of Ph operculella (Zeller) induced 

by feeding newly hatched larvae on potato tuber treated with Protecto. 
 

 
Mean. no.   of 

larvae 

 
Corre. mortality of 

larvae 

 
Larval duration 

(days) 

 
Protecto Conc. 

7.6±0.66 51.11 24.4±0.46 0.15 
9.3±0.88 62.22 23.6±0.34 0.30 
11.3±0.3 75.55 23.9±0.51 0.45 
14.6±0.3 97.78 25±0.22 0.60 

0 - Control 
     L.S.D.5%:                                                                                                                   1.22 
 
         Data presented in Tables (3) Clearly  show that feeding of the first instar larvae (one day old) of 
Ph. operculella on potato tuber treated with different concentrations of Protecto, reduced the 
percentages of pupations until it reached (0.0) at the highest concentrations (0.60 gm /100 ml water ). 
The percentage reduction of the pupation recorded was 100% when the high concentration was used. 
 
Table (3): Accumulated percentage of pupation pupal duration and the reduction percentages of 

pupation of Ph. operculella induced by feeding newly hatched larvae on potato 
tuber treated with Protecto. 

 
 

Mean no. of 
 pupae % Pupation Pupal duration 

(days) 
Reduction % of 

pupation 
Protecto       

Conc. 
7.3±0.57 46.6 8.57±0.07 53.33 0.15 
5.6±0.33 33.3 9.9±0.41 66.67 0.30 
3.6±0.33 15.5 8.1±0.36 84.44 0.45 
0.3±0.33 0 0 100 0.60 

15 100 6.75±0.13 0 Cont. 
                  L.S.D.5%:                                                                                                                   0.71 

 
The same trend was obtained for the percentages of adults emergence when the first larval 

instars fed on potato tuber treated with different concentrations of Protecto (Table 4). The percentage 
reduction of adult emergence recorded was 100% at the highest concentrations (0.60 gm / 100 ml 
water) of Protecto. 
 

The present results agree with those obtained by (10), who evaluated the different B. 
thuringiensis. The results revealed that B. thuringiensis subsp. Kurstaki (NCIM 2514) at 108 spores/ 
ml concentration caused more than 85 % mortality to the neonate larvae of the Lepidopteran insects 
Spodoptera litura and Ph. operculella. The effect of destruxins on the efficacy of B. thuringiensis var. 
Kurstaki (Thuricide) in the laboratory with 5th instar larvae of Choristoneura fumiferana was studied 
by (11) and he noticed that the mortality rates obtained from seven combinations of two agents were 

57
 

57
 

 



ESENSA-08 
9th International Conference of Nuclear Sciences and Applications 

11–14 Feb 2008 Sharm El-Shiekh – Sinai – Egypt 
 

The Egyptian Society of Nuclear Sciences and Applications 
http://www.esnsa.com 6   e-mail:esnsa@esnsa.com  

significantly higher than those expected for independent effects of these agents. (12), found in 
controlling Ph. operculella in stored potatoes deltamethrin, B.t. were equally effective in reducing pest 
damage. After three months storage the treatments showed no significant effect on sprouting. Similar 
results were obtained by (13-18). 

 
Table (4): Accumulated percentages of adult emergence, mean of adult longevity and reduction 

percentages of adult of Ph. operculella induced by feeding newly hatched larvae on 
potato tuber treated with Protecto. 

 
Mean no 

 of  
adult 

% of adult 
emergence 

Adult longevity 
(days) 

Reduction % of 
adult emergence 

 
Protecto 

Conc. 
6.00 ±1.0 40.0 6.72±0.22 60.00 0.15 
3.33±0.3 22.2 5.31±0.16 77.78 0.30 
0.66±0.33 4.44 4.83±0.04 95.55 0.45 

- 0.0 - 100.00 0.60 
15.00 100 8.23±0.26 - Cont. 

            L.S.D.5%:                                                                                                                         0.55   
 

The combined effect of gamma irradiation with Protecto on  Ph.  operculella 
 

The latent effects of gamma radiation and Protecto product and its combination on the biological 
aspects of Ph. operculella were studied. In this work the pupae of Ph. operculella ( male and female) 5 
day old  were exposed to gamma radiation at dose 10, 30 and 40 Gy, the adults emergence of both 
sexes were couple with the opposite unirradiated adults and the newly hatched larvae were pot on 
tuber treated with (LC50 = 0.17) of Protecto. 

 
Data in Table (5) indicate that the percent accumulated corrected mortality after 24 days from 

LC50 of Protecto were increased by increasing gamma radiation doses. The percent accumulated 
corrected mortality of larvae increased from 0.0 % in the control to 64.44, 71.11 and 84.44 % when 
males irradiated with 10, 30 and 40 Gy, respectively, and coupled with normal females. The same 
trend was observed when irradiated females coupled with normal males. The percent accumulated 
corrected mortality of larvae increased from 0.0 % in the control to 68.89, 80 and 91.11 % when 
females irradiated with 10, 30 and 40 Gy, respectively. 

 
Data indicated that the percentage of pupation after 24 days from LC50 of Protecto was 

decreased by increasing gamma radiation doses. the percentage of pupation decreased from 100 % in 
the control to 35.55, 26.66 and 15.55 % when males irradiated with 10, 30 and 40 Gy, respectively, 
and coupled with normal females. The percentage of pupation decreased from 100 % in the control to 
31.11, 20 and 8.88 % when females irradiated with 10, 30 and 40 Gy, respectively (Table 5). 

 

57
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Table (5): Accumulated corrected mortality of larvae, percentage of pupation and percentage of  
                  adult emergence of Ph. operculella induced by the combination of gamma radiation    
                 (10, 30 and 40 Gy) and LC50 values of Protecto. 
 

% Corrected mortality 
of larvae 

% Pupation 
 

% Adult emergence       Stages 
 
Doses Male Female Male Female Male Female 

10 Gy 64.44 68.89 35.55 31.11 33.33 28.88 
30 Gy 71.11 80.00 26.66 20.0 26.66 20.0 
40 Gy 84.44 91.11 15.55 8.88 15.55 8.66 

Control 0.0 0.0 100 100 100 100 
 
When males irradiated with 10, 30 and 40 Gy and coupled with normal females, the percent of 

emergence were 33.33, 26.66 and 15.55%, respectively in comparing to 100 % in the control. Similar 
results were obtained when females irradiated with 10, 30 and 40 Gy and coupled with normal males, 
the percent of emergence were 28.88, 20 and 8.66%, respectively in comparing to 100 % in the control  

 
Larval durations in both male and female were more affected and prolonged in the combined 

treatments comparing with the control, the larval duration were 22.64 and 23.27 to Protecto with 10 
Gy, 25.2 and 25.1 to Protecto with 30 Gy and 26.2 and 25.6 to Protecto with 40 Gy (Table 6). 
 

Pupal stages in both male and female were more affected and prolonged in combined treatments 
comparing with the control. The duration of pupal stage was 9.96 and 9.36 to 10 Gy with Protecto. 
The duration of pupal stage was 9.9 and 10.2 to 30 Gy and 10.1 and 10.6 to 40 Gy as compared to 9 
days for control without any significant differences (Table 6). 

 
Adult's longevity in both male and female were more affected and prolonged in combined 

treatments comparing with the control. The adult stages were 6.23 and 6.71 to Protecto and 10 Gy, 
4.31 and 4.87 to 30 Gy and 3.33 and 3.82 to 40 Gy (Table 6). 

 
Table (6): The effect of gamma radiation (10, 30 and 40 Gy) combined with LC50 values of   

                  Protecto on larval, pupal duration and adult longevity of Ph.  operculella. 
 

Larval duration Pupal duration  Adult longevity      Stages 
 
Doses 

Male Female Male Female Male Female 

10 Gy 22.6±0.13 23.2±0.05 9.9±0.19 9.3±0.08 6.23±0.07 6.71±0.33 
30 Gy 25.2±0.06 25.1±0.34 9.9±0.28 10.2±0.2 4.31±0.08 4.87±0.23 
40 Gy 26.2±0.51 25.6±0.08    10.1±0.2 10.6±0.1 3.33±0.05 3.82±0.41 

Control 16.0±0.16 16.0±0.16      9.0±0.57 9.0±0.57 8.76±0.49 8.76±0.49 
 

The reduction of pupation was 64.44 and 68.89% in both male and female, respectively, when 
treated with 10 Gy and LC50 of Protecto, 73.33 and 80 % respectively, when treated with 30 Gy and 
LC50 of Protecto and 84.44 and 91.11 % respectively, when treated with 40 Gy and LC50 of Protecto, 
in comparison with the control (Table 7). 

 
The reduction of adult was 66.67 and 71.11 % in both male and female, respectively, when 

treated with 10 Gy and LC50 of Protecto, 73.33 and 80 % respectively, when treated with 30 Gy and 
LC50 of Protecto and 84.44 and 93.33 % respectively, when treated with 40 Gy and LC50 of Protecto, 
in comparison with the control (Table 7). 
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Table(7): The combined effect of gamma irradiation (10, 30 and 40 Gy) and LC50 values of  
                 Protecto on reduction percentage of  pupation and reduction percentage of  adult of   
                Ph. operculella. 

   
Reduction percentage of 

pupation 
Reduction percentage of  

adult 
  Stages 

 
Doses Male Female Male Female 

10 Gy 64.44 68.89 66.67 71.11 
30 Gy 73.33 80.00 73.33 80.00 
40 Gy 84.44 91.11 84.44 93.33 

Control 0.0 0.0 0.0 0.0 
 
The effect of gamma radiation at the dosages 0, 10, 20, 30 and 50 Gy, Bactospeine (selective 

microbial insecticide derived from B.thuringiensis Berliner) at LC10 level, and the combined effect of 
both on the fourth instar larvae and subsequent stages of the cabbage worm Artogeia rapae (L.) was 
studied by (19). A positive relationship was obtained with the longevity of adults. The larval and pupal 
durations were relatively longer in the combination of radiation and Bactospeine treatment than in the 
treatments of each alone. Higher rates of larval morality, larvae that failed to pupate and adults that 
failed to emerge were observed by in creasing doses of gamma radiation combined with LC10 level of 
Bactospeine. (20) fined that the total number of insects of pulse beetle Callosobruchus chinensis L. after 
one month decreases by increasing the radiation dose The propagation after one month was affected 
by the B.t. (LC50) only or when combined with gamma radiation. The mortality percent of adults was 
55.81 % 83.96 % and 88 % at 2.5 Gy, 50 Gy and 20Gy combined with (LC50) treatments respectively. 
The propagation after two months was more effected than after one month at all treatments. The 
mortality percent reached 100% at all treatment except at the 20Gy. The total number of adults 
decreased significantly by increasing the radiation dose. At the female sterile dose 40Gy recorded 
adults (10 pairs put per 100g seeds to start the experiment) which are dead after one month. 
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