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ABSTRACT 

Exposure of 4-day-old eggs of Phthorimaea operculella (Zeller) to a dose level 
of 800 Gy of gamma radiation caused complete mortality and prevent egg 
hatching after 4 days from exposure to radiation.  This dose level  was 
considered as the lethal dose for the egg stage. The dose levels of 700 and 2800 
Gy were considered lethal  for the full grown larvae after periods of 9 and 1 
days elapsed respectively from exposure to gamma radiation .The percent larval 
mortality increased with the increase of both the dose level applied and the time 
elapsed  after exposure to gamma radiation.  Irradiation of full grown pupae at 
the dose level  1900 Gy resulted in a complete reduction of adult emergence, 
reached 100 % . It could be concluded that gamma irradiation with a dose level 
2800 Gy caused complete mortality to different stages of Phthorimaea 
operculella. Moreover, the physical and chemical properties of irradiated  
potato tubers did not significantly differ as compared to unirradiated tubers . 
This obtained, fatal  irradiation dose did not exceed the safe limits 
recommended by the international  organization FAO/WHO.   
Keywords, Phthorimaea  operculella , Potato tuber moth, Gamma Irradiation 
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INTRODUCTION 

Potato tuber moth (PTM), Phthorimaea operculella (Zeller), is one of 
the most damaging insect pests of potatoes in field and stores and is generally of 
greatest importance in warmer climates. Chemical control of storage food 
insects has been used for long time, however it has a serious drawbacks. The 
indiscriminate uses of chemical insecticides result in many serious problems 
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including genetic resistance of insect species, toxic residues, increasing costs of 
application, environmental pollution and hazards due to handling Khanam et. 
al.(1) The application of ionizing radiation was the promising method with some 
advantage over conventional ones. Irradiation is the ideal technology for 
applying a safe generic quarantine treatment against most pests and mites at 
dose levels that did not damage or affect the quality of most types of fresh 
fruits, vegetables Follett and Armstrong(2). Food irradiation is being 
considered by developing countries as the technology of choice over chemical 
fumigants in application related to the reduction of food losses such as the 
insect disinfestations of stored stable and export commodities and the inhibition 
of sprouting of bulb and tuber crops. 

The main objectives of the present study are summarized in followings: 

1-Determine the lethal dose level of gamma radiation against different stages 
of potato tuber moth.  

2-Determine the effective of lethal dose of gamma radiation required to 
applied on infested potato tubers to inhibit insect infestation before 
cooling storage. 

3-Investigate the effect of applying lethal dose on the physical and chemical 
properties of the treated potato tubers.  

MATERIALS AND METHODS 

Rearing Technique 
A reference standard colony has been maintained for three generations 

under constant laboratory condition of 27± 2 ºC and 60±5% RH as described by 
Ibrahim(3).  
Irradiation technique  

Eggs, larvae and full grown pupae were irradiated at Indian Gamma 
chamber 4000 ACo60 located the at NCRRT with a dose rate 4.9687 KGy/h at 
the beginning of the study and decay to 3.7241 KGy/h at the end of the study. 

Eggs (4-day-old) were exposed to eight dose levels ranging from 100 to 
800 Gy with increment of 100 Gy. The percent hatchability was calculated. Five 
replicates (100 eggs) were used for each dose level. 

Full grown larvae were irradiated at the dose level 700, 1100, 1500, 
1900, 2300, and 2800 Gy. The percent mortality was recorded daily until all 
larvae were died. Five replicates were used , 50 larvae each.  

Full grown pupae were exposed to the dose levels 700, 1100, 1500 and 
1900 Gy.  Five replicates (50 pupae) were performed for each dose level. The 
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percent reduction was computed according to the following formula.  

              % reduction=  

The data were statistically evaluated by analysis of variance “F” 
followed by Duncans Multiple range test Snedecor and Cochran(4). 
Efficiency of gamma radiation to disinfestations of storage crops from 
different stages of P. operculella. 

Three Kg of uninfected potato tubers were exposed to 40 pairs of Ph. 
opercullea moth. Three replicates were used. The tubers which contain 100% 
infestation were exposed to a dose level of 2800 Gy after 4 , 9, and 14 days . 
The potato tubers were examined after 24 h from exposure to gamma radiation. 
Effect of gamma radiation on physical and chemical properties of potato 
tubers. 

After irradiation treatment of the potato tubers were transferred into a 
cold storage room adjusted at 20±1 ºC and 85-90% RH for 90 days as a transit 
cold storage. Samples were taken at the beginning of storage and after 15, 30, 
45, 60, 75 and 90 days to study the physical and chemical changes resulted from 
exposure to a dose level which completely prevent the development and 
survival of Ph. opercullea . The evaluation of crop properties were carried out 
as follow. 

1- Discarded vegetable percentage: vegetable showed any sign of decay were 
counted and discarded every 15 days . The percentage of discarded 
vegetable was calculated according to Kabeel(5).    

% Decayed=  

 

2- Weight losses percentage: It was calculated by using the following 
formula: 

      % Weight losses =  

3- Firmness (lb/inch2):Vegetable firmness was recorded by Magners Taylor 
(5/16 inch) instrument. 

 

4- Total soluble solids : 10 g of vegetable tissues were homogenized. The 
juice was used for determining % T.S.S and % titratable acidity. Using 
hand refract meter, % T.S.S was measured using drops of the above 
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extract juice according to A.O.A.C(6) 

5- Sprouting percentage: Sprouting percentage was estimated according to 
the equation: 

% sprouting =   

6- Ascorbic acid content (mg/100gfresh weight)  : 10 vegetable tissues were 
homogenized in 100 ml of 3% oxalic acid , the extraction was filtered and 
10 ml was titrated against 2, 6 – dichlorophenol indophenol according to 
the official methods of analysis A.O.A.C(7). 

7- Total sugar content: It was determined calorimetrically in the ethanol 
extract using phenol – sulphoric acid method Dubois et. al(8) and the 
concentration was calculated from a standard curve of glucose gm L 100g 
fresh weight. 

8- Total phenol: It was determined by using folin denis calorimetrically 
A.O.A.C(9)           at 730 nm . The concentration was calculated from the 
standard curve of pyrogallol as mg per 100g dry weight. 

9- Total starch contents: It was determined according to the method 
described by Herbert et. al(10) Approximately 0.05g of the oven dried 
powdered samples hydrolyzed by shaking in 67% H2SO4 for 30 min. 
(twice). The medium was filtered and completed to a known volume. 

RESULTS AND DISCUSSION 

Table (1) showed that Irradiation of 4-days old eggs with dose levels 
ranging from 100 to 800 Gy with increment of 100 Gy. resulted in a gradual 
decrease in the percent hatchability. The dose level 800 Gy caused complete 
mortality and prevent egg hatching and considered as the lethal dose for 4-days 
old eggs. In addition, table (1) showed that there are significant differences 
between control and all the applied doses as well as between these doses with 
each other. These results were obtained after 2 and 3 days from exposure to 
gamma radiation. In this connection, Haiba(11) stated that the dose levels of 70 
and 300 Gy completely inhibited 1 and 3-day-old eggs of Ph. operculella 
respectively from hatching. Also Saour and makee(12) reported that the 
minimum dose level that required to prevent the hatchability of 4 – 4.5 day-old-
egg of Ph.operculella was 1000Gy.  
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Table (1): Effect of gamma irradiation on the hatchability percentage of 4-day-old 
eggs of  Ph. operculella after certain periods from exposure. 

Days after  Irradiation 

2 days 3 days 4days 

 
Dose Gy 

% hatch± 
S.E 

% 
Reduction 

% hatch± 
S.E 

% 
Reduction 

% hatch± 
S.E 

% 
Reduction 

Control 
100 
200 
300 
400 
500 
600 
700 
800 

87.3±0.003a 
79.4±0.003b 
61.9±0.88c 

54.9±0.003d 
34.7±0.08e 
23.4±0.003f 
9.9±0.26g 
5.4±0.49h 

0±0i 

0 
9.1 

29.1 
37.1 
60.3 
73.2 
88.7 
93.8 
100 

94.0±0a 
83.8±0b 
77.1±0c 
58.9±0d 

40.6±0.11e 
30.9±0.003f 
14.10.58g 
9.4±0.65h 

0±0i 

0 
10.9 
17.98 
37.3 
56.8 
67.1 
85 
90 

100 

96.0±3.21a 
83.8±2.33a 
79.1±2.7a 

66.6±0.18b 
41.6±3.28cb 
31.9±0.92cd 
18.3±0.30ed 
10.6±0.30ed 

0±0if 

0 
12.7 
17.6 
41.0 
56.7 
66.8 
80.9 

88.96 
100 

Means in each column followed by the same letter(s) are not significantly difference (P=0.05)  

Table (2) showed the mortality percentage of full grown larvae after 
irradiation with dose levels 700, 1100, 1500, 1900, 2300 and 2800 Gy. The data 
revealed that the percent of mortality was increased by both dose and time after 
exposure. A complete mortality of full grown larvae was obtained in the 9th day  
after exposure to a dose level of 700 Gy, whereas dose level of 1100 and 1500 
achieved 100% mortality after the 5th and 4th days from exposure respectively. 
The dose levels 1900, 2300 and 2800 Gy caused complete mortality at the 3rd , 
2nd, and 1st day respectively. 

Saour and Makee(13) found that only 13 – 15 % of larvae of Ph. 
operculella pupated after exposure these larvae to a dose level 100 Gy. Working 
on the same species, Al-Taweel et. al(14) reported that irradiation of larvae 
showed deleterious effects in its development to pupae. 

Table (2): Effect of gamma irradiation on full grown larvae of Ph. operculella.                
% mortality at the indicated dosages (Gy) Days after 

irradiation Control 700 1100 1500 1900 2300 2800 
1 
2 
3 
4 
5 
6 
7 
8 
9 

0±0g 
0±0f 
0±0e 
0±0d 

0 
0 
0 
0 
0 

52.4±0.33f 
59.5±0.33e 
66.7±0.33

d 
76.2±0.33c 

83.3 
85.7 
95.2 
97.6 
100 

82.6±0.58
d 

91.3±0.58c 
91.3±0.58

b 
95.7±1.16a 

100 

86.7±0.58e 
93.3±1.16

d 
93.3±1.15c 

100±0b 
 

88±1.16
c 

96±0.58
b 

100±0a 

92.1±0.58
b 

100±0a 

100±0a 

Means in each column followed by the same letter(s) are not significantly difference (P=0.05)  
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Table (3) showed that full grown pupae irradiated with dose levels 700, 
1100, 1500 and 1900 Gy decreased the percent of adult emergence with the 
increase of the dose till it reach zero at a dose  level 1900 Gy. There are 
significant difference between the control and all irradiated doses . Also 
between all doses  when compared with each other. In This respect, Haiba(11) 
recorded that a dose level of 350 Gy killed 1 and 2-day-old pupae of 
Ph.operculella. Also El-Taweel et al.(14) found that aged  pupae were more 
resistant to gamma radiation than the young one. However Abd El–Kader(15) 
found that exposure the pupae of Ph. operculella to 400 Gy completely 
inhibited full grown pupae development. 
Table (3):Lethal effect of gamma irradiation on full grown pupae of Ph. Operculela 
 

Dose (Gy) % emergence ± S.E. % Reduction 

Control 

700 

1100 

1500 

1900 

96.0±0.58a 

86.4±0.33b 

42.9±0.0c 

16   ± 0d 

0   ±  0e 

---- 

10 

55.3 

83.3 

100 

Means in each column followed by the same letter(s) are not significantly 
difference (P=0.05) 

The data obtained in table (4) revealed that a dose level of 2.8 KGy was 
suggested to inhibit the development and survival of potato tuber moth 
infestation. This technology was efficient for quarantine treatment. Abdalla(16) 
reported that a dose level of 2 K.Gy  was effective as gamma radiation post 
harvest treatment against different stages of C. capitata infested guafa .Also 
Abdalla et al(17) found that gamma irradiation with dose 2.5 K.Gy caused 
complete mortality to different stages of B. zonata. On the other hand, Haiba(18) 
reported that a dose level of 150 Gy could be used to disinfect the potatoes from 
Ph. operculella after harvest. 
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Table (4): Effect of irradiation with a dose level 2.8 K.Gy on eggs and larvae of 
Ph.operculela  infested potato tubers . 

No.of alive larvae Irradiated 
period after 
infestation 

(days) 

Expected irradiated 

stages 

Unirradiated Irradiated 

% mortality 

after 24h from 
exposure 

4 

9 

14 

Eggs 

5-days old larvae 

10-days old larvae 

130 

105 

185 

0 

0 

0 

100 

100 

100 

Data tabulated in table (5) revealed that no decay tubers were discarded 
till 45 days of storage in each unirradiated and irradiated tubers at 2.8K.Gy. The 
highest rate of decline tubers were recorded after 75 and 90 days in control 
being18.6% and after  90 days in treatment being 17.9 % . It could be noticed 
that insignificant reduction was occurred in irradiated potato tubers as compared 
to the control. Also there was an obvious increase in weight loss percentage 
with elapse of storage durations regardless the irradiation or the non irradiation 
of potato tubers. However, the irradiation of potato tubers decreased 
significantly the weight of tubers by 1.7, 2, 1.9 and 2.1 times as compared to the 
control after 45, 60, 75 and 90 days of cold storage respectively. 

Irradiation treatment of potato tubers by gamma- rays at 2.8 K.Gy 
inhibited completely the sprouting of tubers at all the investigated storage 
periods up to 90 days whereas, a gradual increase in sprouting of control tubers 
was recorded after 45 days up to 90 days of cooling storage . Thus gamma 
irradiation had a highly adverse effect on sprouting of potato tubers during 
cooling storage up to 90 days. 

Data obtained in table(5) showed that insignificant difference  of 
firmness was obtained between the control  and the irradiated tubers . 

Justo et. al(19) indicated that physiochemical properties didn`t 
significantly vary between irradiated and unirradiated guava as quarantine 
treatment except for firmness and weight loss. Nouri and Toofanian(20) found 
that the unirradiated potatoes were discarded after 6 mothes storage because of 
heavy sprouting and rotting. They reported that the  sprouting decreased from 
90 to 23% in control and irradiated potatoes respectively. 
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Table (5): Effect of of gamma irradiation as post harvest treatment on the physical 
changes of  potato tubers Diament stored at 20±1ºC and 85 – 90 % RH. 

Physical changes of stored potato tubers 

Discarded 

tubers (%) 

Weight loss of 
tubers (%) 

Sprouting of 

tubers (%) 

Firmness of tubers 
(Ib/inch2) 

 

Stored 
periods 
in days 

Control Irradiated 

(2.8K.Gy) 

Control Irradiated 

(2.8K.Gy) 

Control Irradiated 

(2.8K.Gy) 

Control Irradiated 

(2.8K.Gy) 

0 

15 

30 

45 

60 

75 

90 

--- 

0 

0 

0 

11.2a 

18.6a 

18.6a 

--- 

0 

0 

0 

10.7a 

14.3a 

17.9a 

--- 

1.87a 

2.98a 

3.79b 

4.53b 

5.5b 

7.0b 

--- 

1.6a 

3.50a 

6.7a 

9.50a 

11.6a 

13.5a 

--- 

--- 

--- 

10 

30 

45 

70 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

16.8a 

17.1a 

17.0a 

17.0a 

16.7a 

16.8a 

17.0a 

17.0a 

17.1a 

17.1a 

17.4a 

17.2a 

16.6a 

17.1a 

Means in each column followed by the same letter(s) are not significantly difference (P=0.05)  

Data presented in table (6) show that L-ascorbic acid content was 
decreased with the extended cold periods regardless untreated or treated 
samples till 30 days with insignificant difference between them. The rate of 
decrease in vitamin c were higher in control than irradiated tubers from 45 up to 
90 days of storage with significant difference. It indicated that gamma rays 
reduced the destruction of vitamin C than unirradiated  tuber control. 

The obtained results revealed that a gradual increase trend for the total 
sugar content was observed regardless untreated or treated potato tubers by 
elapse of time until 90 days of cooling storage. There was insignificant 
difference in sugar content between treated and untreated tubers till 75 days 
however, after 90 days the sugar content was significantly higher in irradiated 
tubers than control. 

Also there was  an evident increase in total phenols was noticed with 
the advance in cold storage periods with insignificant difference between the 
control and treated tubers . the phenols content were increased by about 100, 
150, 200, 250, 375, and 450 % in control and by 80, 120, 200, 240, 260 and 
300% in irradiated tubers at 15, 30, 45, 60, 75, and 90 days of storage 
respectively. 
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A gradual decreased trend for starch content was observed from the 
beginning to the end of cold storage period in either  irradiated or unirradiated 
samples with insignificant difference between the irradiated and the control 
tubers at all the investigated cold storage periods . On the other hand, at the end 
of storage time (90 days) the starch content were reduced by about 33 and 23% 
than the beginning in control and irradiated potato tubers respectively.  

Mazon et. al.(21) found that a high percentage of vitamine C was 
recorded  in the irradiation tubers compared with control ones after five months 
of storage. Hayashi and Kawashima(22) reported that sucrose content of potato 
tubers was considerably increased by exposure to dose levels of 3& 4 K.Gy of 
gamma rays. 

  Blessington et. al.(23) found that the phelonic content was increased 
with storage tubersfollowed by gamma irradiation . However the interaction 
between the storage time and irradiation dose was significant for phenolic  
content. 

Table (6): Effect of gamma irradiation as a post harvest treatment on the chemical 
changes of potato tubers Diament stored at 20±1ºC and 85 – 90 % RH. 

Chemical changes of stored potato tubers 

L-ascorbic acid 
(gm/100gm f.w) 

Total sugar 
content 

(gm/100gm f.w) 

Total phenol 
content 

(gm/100gm d.w) 

Total starch content 
Percentage 

St
or

ed
 p

er
io

ds
 in

 d
ay

s 

Control 
Irradiated 

(2.8 K.Gy) 
Control 

Irradiated 

(2.8 K.Gy) 
Control 

Irradiated 

(2.8 K.Gy) 
Control 

Irradiated 

(2.8 K.Gy) 

0 

15 

30 

45 

60 

75 

90 

59.5a 

41.2a 

39.7a 

28.98b 

19.8b 

16.8b 

13.5b 

54.9a 

39.7a 

38.1a 

33.6a 

24.4a 

22.9a 

19.8a 

3.90a 

4.60a 

5.03a 

5.54a 

5.07a 

5.03a 

4.74b 

3.77a 

5.08a 

5.11a 

5.26a 

5.46a 

5.77a 

5.68a 

0.02a 

0.04a 

0.05a 

0.06a 

0.07a 

0.095a 

0.11a 

0.025a 

0.045a 

0.055a 

0.065a 

0.085a 

0.090a 

0.10a 

15.1a 

13a 

13.0a 

12.4a 

11.4a 

11.1a 

10.1a 

14.7a 

13.1a 

12.7a 

12.1a 

11.9a 

11.6a 

11.3a 

Means in each column followed by the same letter(s) are not significantly difference (P=0.05)  

According to the result obtained we could suggested that gamma 
irradiation may be used as a post harvest treatment at a dose level of 2.8 K.Gy 
which inhibited the developmental stages of potato tuber moth and eradicate the 
infestation. These suggested doses did not exceed the safe limits recommended 
by the joint FAO/ WHO codex Alimentarius Commission, General Standard for 
Irradiation food (1984), thus it recommended approval of doses up to 10 K.Gy 
as safe for use on any food . Moreover these suggested doses preserve tubers 
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from post harvest diseases and could be used as an efficient quarantine 
treatment. Also, Irradiated tubers in comparison with unirradiated proved that 
the rate of discarded tubers was significantly decreased , thus the tubers 
firmness was increased with less fresh mass losses In general the 
physicochemical properties did not differ for irradiated than unirradiated tubers 
during the storage periods. On the other hand, the sprouting of potato tubers was 
completely inhibited by gamma irradiation than unirradiated tubers.   
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  المؤتمر الدولي الثالثالمؤتمر الدولي الثالث

  للعلوم اإلشعاعیة وتطبیقاتھاللعلوم اإلشعاعیة وتطبیقاتھا
   مصر- الغردقة – ٢٠١٢ نوفمبر ١٦ – ١٢

 
ت البطاطس الممیت ألشعة جاما على األطوار المختلفة لفراشة درنا التأثیر

  . وتأثیرھا على بعض الصفات الطبیعیة والكیمیائیة لدرنات البطاطس 
سید محمد عبد اللطیف  ،  ١سلوى عبده رزق ،  ٢امجد محمد كامل صبیحھ ،  ١جھاد محمد على

  .١رجاء سید عبد اهللا ، ٢دحروج
 .المركز القومى لبحوث وتكنولوجیا اإلشعاع ، قسم بحوث المنتجات الطبیعیة -١
 .جامعة عین شمس ، كلیة الزراعة ، وقایة النبات قسم  -٢

  
 بجرعات مختلفة من أشعة جاما أیام أربعةأدى تشعیع بیض فراشة درنات البطاطس عمر 

 جراى ٨٠٠ جراى إلى نقص تدریجى فى نسبة فقس البیض حیث أدت الجرعة ٨٠٠- ١٠٠تتراوح من 
أدى تشییع الیرقات كاملة . مر أریعھ أیام للبیض عممیتة كجرعة واعتبرتإلى منع فقس البیض تماما 

 جراى إلى حدوث موت كامل للیرقات فى الیوم الثالث والثانى ٢٨٠٠ و٢٣٠٠ ، ١٩٠٠النمو بالجرعات 
 جراى قد أدت إلى أعلى نسبة ١٩٠٠ اإلشعاعیةكما وجد أن الجرعة . واألول بعد التشعیع على التوالى

  . الجرعة الممیتة لطور العذارى كاملة النمو ھىواعتبرتخفض فى خروج الحشرات الكاملة 
 كیلو جراى ھى ٢٫٨  الجرعة جاما كمعاملة ما بعد الحصاد عند مستوى أشعةوجد ان استخدام 

 بفراشة درنات البطاطس فى المحاصیل اإلصابةالجرعة الفعالة والمقترحة لمنع التطور والقضاء على 
 جاما على بعض الصفات الطبیعیة والكیمیائیة لدرنات البطاطس المبردة أشعةكما وجد أن تأثیر . المخزنة

 عن المستبعدة یوما قد أدت الى خفض غیر معنوى فى نسبة الدرنات غیر ٩٠والمخزنة لمده تصل إلى 
التخزین بالتبرید فقط وزیادة غیر معنویة فى درجة صالبة الدرنات وزیادة معنویة فى نسبة فیتامین ج 

كریات والتلوین إال أنھ كان ألشعة جاما تأثیر معنوى كبیر فى تثبیط ومنع تزریع الدرنات ومحتوى الس
وبذلك  فإنھ %. ٧٠ یوما مقارنة بالدرنات غیر المشععة التى وصل نسبة التزریع فیھا ٩٠المخزنة لمدة 
حجر الزراعى   جاما لتطھیر درنات البطاطس أثناء التخزین والتسویق أو معامالت الأشعةیمكن استخدام 

وقد ثبت أن الجرعة . اإلنسانوالتجارة الدولیة بدآل من الكیماویات  والغازات والتى تؤثر على صحة 
 اإلصابة فى الدرنات المخزنة وزیادة مدة التخزین  لم الستئصال ك جراى المقترحة ٢٫٨اإلشعاعیة 

 ومنظمة الصحة العالمیة والتى  الموصى بھا فى دستور منظمة األغذیة والزراعةاآلمنةتتعدى الحدود 
  . ك جراى١٠توصى بتشعیع المواد الغذائیة بأشعة جاما حتى 

  


