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ABSTRACT

When l-d-old male pupae of the Indian meal moth, Plodie

interpunctella were irradiated at 0, 5 and 9 krad and kept at

25°C, percent male emergence was 84.0, 53.3 and 24.0%.

respectively, while it was 82.7, 44.0 and 10.7% at JOoC,

respectively. When female pupae were irradiated at 0, 5 and

7 krad and kept at 25°0 the percent emergence was 86.0, 45.3

and 28.0% at 25°C, respectively, while it was 80.7, J4.0 and

14.7% at 30 0 e.
Fully grown pupae were more resistant to gamma irradiation

than I-d-old pupae. Male pupae were more resist~lt than

females. Pupal irradiation caused a significant reduction in

fecundity of the resulting females. Fecundity of irradiated

females paired with unirradiated males was significantly

reduced than that of unirradiated females mated with irradiated

males.

One-dey-old females mated with males irradiated in the

pupal stag~, the percentage fertility was decreased progre-

ssively as the dose was increased at all temperatures used.
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The sterilizing dose for females was 6 krad, while it was

9 krad for males at all temperatures used. Fully grown pupae

irraaiatedat 40 krad produced sterile females at 25 QC. While

male pupae needed 60 krad to produ0e tne same effect.

INTRODUCTION

If 5aIlUUa radiation is to be used as a means of controlling

insects in grain and other stored commodities the dose must be

sufficient to kill within a predet8rmined time period all

species present at the time of treatment. Therefore, the

comparative radiation sensitivity of all species and develop

mental stages co~nonly found infesting these products must be

determined. This paper describes the effect of gamma radiation

~n the pupal stage of ~. int8rpunctella as affected by dose,

age, sex and temperature.

MAT~RIA1S AND METHODS

All test insects were oQtained from laboratory stock

cultures maintained at 25 ± lOG and 65 ± 5% R.H. Insects

were reared in 3.8 L. jars half filled with rearing media

as described by ?ilhacck and Miller (1972). Throughout the

experiments, the cultures were maintained at the above men

tioned conditions.

Groups of 100 larvae from each sex were placed in glass

jars, half filled with tb r rp~ing media- When larvae reached

maturation, corru5ated cardboards were placed in the jars as a

pupation sites. This cardbo~ds were removed daily and incu

bated to obtain the pupal stage at different ages for irradia

tion. Pupae were irradiated either early (l-d-old) or late
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(6-d-old). One-day old pupae were irradiated at doses ranging

from 1 to 12 krad, Nhile fully grown pupae were exposed to

doses ranging from 5 to '100 krad. Post irradiation, pupae were

kept at 25 or 30°C + 5% R.H. Samples of 25 pupae were taken

for each treatment and replicated 3 times.

Pupae were allowed to develop into adults and percentage

adult emergence was determined. The effect of pupal irradia

tion on fecundity, fertility and lon6evity of the emerging

adults were also investi~ated. The following mating combina

tions were made:

1- 5 irradiated (I) males X 5 unirradiated (U) females,

2- 5 U males X 5 I females

3- 5 I males X 5 I females

4- 5 U'males X 5 U females

Five pairs of moths were confined in inverted 0.95 L.

jar with screen tops and allowed to mate andoviposite. Six

jars were used for each irradiation dose as three were kept

under one of each tenperature used (25 or 30°C). Eggs were

collected in open petri-dishes and samples of 100 eggs from

each treatment were placed on black construction paper in

petri-dishes surrounded by rearing medium, that served as

food for the hatched larvae. Eggs were examined Gaily to

d~termine percent hatch. The experiment was replicated J

times.

RESULTS

The percentage of adult emergence was positively corre

lated with the age of irradiated pupae, but negatively corre

lated with the irradiation dose.
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Table (1) shows that when I-d-old male pupae were

irraaiated at 0, 5 and 9 krad and kept at 25°C the percent

male emergence was 84.0, 5).) and 24.0%, respectively, while

it was 82.7, 44.0 and 10.1%, at )OOC, respectively. When

female pupae were irradiated at 0, 5 and 7 krad and kept at

25°0 the percent emergence was 86.0, 45.3 and 28.0% at 25°C,

respectively, while it was 80.7, 34.0 and 14.7% at 30°C.

Table (1): Effect of gamma irradiation on percent adult
emergence of f. interpunctella irradiated as
l-d-old pupae and reared under different
temperatu.res.

Dose

(krad)

o

1

3

5

7

9

10

12

Adult emergence %

25°C 30°C

Male Female Male Female

84.0 86.0 82.7 80.7

78.7 81.) 77.3 76.0

66.1 61.3 62.7 50.7

5).) 45.3 44.0 34.0

38.7 28.0 29.3 14.7

24.0 11.1 10.7 0.0

16.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

Fully grown pupae were more resistant to ganuna irradia

tion than I-d-old pupae. Male pupae were more radioresistant

than females.

Table (2) shows that fully grown pupal irradiation caused

a significant reduction in fecundity of the resulting females.
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Oviposition potential of irradiated females paired with

unirradiated males was significantly reduced than tnat of

unirradiated females mated with irradiated males.

Table (2): Effect of gamma irradiation on ~. interpuncte11a
fecundity irradiated as fully grown pupae and
reared under different temperatures.

Dose

(krad)

Average number of eggs/female

IrI'x u~

0 72.1 T 5.11
5 53.2 ± 23.00

15 49.0 ;t 2.00
25 41.0 ;t 1.53
35 36.0 + 1.44
45 27.4 + 1-.14
55 20.0 + 0.81
60 13.0 ±: 0.60

0 68.2 + 4.05
5 46.0 + 2.21

15 35.3 + 1.38
25 26.0 + 1.10
35 19.0 + 0.64
40 14.0 + 0.60
45 9.2 ± O.!i)8

0 72.0 ;t 5.09
5 41.8 ;t 2.14

15 30.0 + 1.55
25 21.0 + 0.12
30 14.6 ± 0.50

ud" x I~

Ie!' x I~

63.8 + 4.40
44.6 + 4.50
38.4 + 1.81
31.2 :; 1.66
25.1 :; 1.18
20.0 + 0.83
10.0 + 0.42
0.0 -

60.0 + 4.27
40.0 + 2.21
31.2 + 1.17
17.0+1.33
12.0 +0.92
7.6 :; 0.66
0.0 -

60.2 + 5.14
38.0 + 2.25
25.0 + 1.53
12.0 + 0.99
7.8 ±0.76

When (U) I-d-old females mated with males irrsdiated (I)

in the pupal stege, the percentage fertility was decreased

progressively as the dose was increased at all temperstures

used. The same trend was noticed with the other mating
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combinations, Table (J). The sterilizing dose for females was

6 krad, while it was 9 krad for males at all temperatures used.

Fully grown pupae irradiated at 40 krad produced sterile

females at 25°C. While male pupae needed 60 krad to produce

the same effect (Table 4).

Table (3): Effect of gamma irradiation on ~. interpunctella
fertility irradiated as I-d-old pupae and reared
under different temperatures.

Dose

( krad)

o
1
.3
5
1
9

o
1
.3
5
6

o
1
.3
5

86.0
46.0
33.0
25.1
15.0
0.0

85.0
32.7
,).1
10.8
0.0

85.0
28.0
16.0
0.0

% Hatchability

rrfC x U~

ud" x I~

rJx r~

74.0
37.0
23.1
16.1
8.0
0.0

75.3
26.3
15.8

3.7
0.0

75.3
21.1
11.3
0.0

The present dat a showed that fully grown pupal irradia

tion decreased longevities of the resulting adults and this

effects was positively correlated with the dose (Table 5).
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Table (4); Effect of gamma irradiation on ~. interpuncte11a
fertility irradiated as fully grown pupae and
reared under different temperatures.

Dose % Hatcbabllity

( krad)

I~:x U!f.

o
5

15
25
35
45
55
60

o
5

15
25
35
40

o
5

15
25
30

86.0
68.7
58.7
45.0
35.0
20.3
9.3
0.0

87.7
50.0
34.0
19.6

7.5
0.0

87.7
38.3
24.5
10.i8
0.0

rJf:x I~

76.7
61.0
50.0
40.0
27.3
14.9
0.0
0.0

77.0
44.0
29.0
12.0
0.0
0.0

77.0
33.0
21.0
4.8
0.0

Table (5): Effect of gamm~ irradiation on ~. interpuncte11a
longevity irradiated as fully grown pupae and
reared under different temperatures.

Dose Longevity (d~s)

25°C 30°C
(krad) Male Pemale Male Fem81e

0 6.2 5.7 5.2 4.8
5 5.6 5.3 5.0 4.7

15 5.3 4.7 4.9 4.1
25 4.9 4.4 4.6 3.6
35 4.1 3.8 3.9 3.3
40 3.7 3.9 3.5 2.6
45 ,3.3 3.4 3.1
55 2.8 2.7
65 2.5
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DISCUSSION

A renewed interest recently happened for the application

of pbysical methods to control insect pests. The promising

method with many advantages over conventional methods of

control is the application of gamma radiation. One of the

major prerequisites for using this method, however, is determi

nation of the minimum effective dosage of radiation required

for control.

Pupal irradiation decreased percentage of adult emergence

and this reduction depends on the dose. This is in agreement

with the findings of Hassaballa et al., (1985) on pupae of

Corcyra cephalonica and Johnson (1987) on Carpophilus hemipterus.

A pronounced reduction in adult emergence was observed in

the irradiated pupae kept under higher temperatures more than

25°0. These results agreed with those obtained by Amin et al.,

(1982) on Ceratitis capitata and Teruyo (1984) on pupae of~

cucrbitae.

The present study showed that the females of ~ interpunctella

were more radiosensitive to the effect of gamma radiation than the

males. The present results agreed with those of Hassaballa et al.,

(1987) on Cylas femicarius pupae.

Longevities of the adults emerged from irradiated pupae

were negatively correlated with the temperature on which pupae

were incubated post irra~iation. These results agreed with those

of Bhatia and Kaul(1966) on pysdercus koengii and Dawes et al.,

(1987) on OYlas formicarius.
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Our studies showed that adult fecundity was decreased

when female irradiated as pupae and mated with normal male.

When both adults were irradiated 8nu mated together, fecun

dity was decreased more than the previous mating. These

results are in agreement with those of E1-Gendy, (1979) on

Plodia interpunctella and Hassabal1a (1984) on Ephestia

cautella.

It is found that the number of eggs per female were

decreased when pupae were kept at higher than 25°0 post

irradiation. This finding agrees with those of Bhatia and

Kau1 (1966) on Dysdercus koenigii and Daniels (1967) on

Schizaphis graminus.
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RESUME

On a montre que de nombreuses especes d'insectes des
produits stockes presentent une tolerance variable aux rayons
gamma pouvant varier considerablement au sein d' un meme genre
(Cornwell et colI. 1975). Etant donne que Ie mecanisme de ces
variations n'est pas bien compris, la seule methode pour etablir
des doses efficaces pour eliminer les insectes ravageurs est de
rechercher cette dose letale experimentalement pour chaque
espece.

On a lance un programme de recherche sur la desinsectisation
par irradiation gamma pour definir les doses necessaires pour des
applications commerciales. Les buts de ce programme sont de
mesurer la dose efficace minimum necessaire pour steriliser
l'insecte a l'age et au stade ou il est Ie plus resistant et de
rnesurer la dose efficace minimum necessaire pour entrainer sa
mort immediate aux stades de son developpement ou il est Ie plus
susceptible d'infester les produits au cours des operations
d'emballage.

La radiosensibilite de la teigne des fruits secs, Plodia
interpunctella, aux radiations gamma, en fonction de la dose,
l' age, le sexe et la temperature n' a pas fait l' objet d' etudes
anterieures. ~a presente etude a donc ete entreprise afin de
preciser ces effets.
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