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ABSTRACT

Factors influencing sex pheromoue production in the cotton leaf worm female
moth with emphasis on gamma radiation were investigated. To determine the effect of
age on sex pheromone production, ether extracts of the female abdominal tips were
prepared from virgin females of various ages in a concentration of 0.01 FE/uL. Each
female extract was tested against 1-2 days-old males. The obtained results indicated
that virgin females could secrete sex pheromone early at the beginning of their life.
The pheromone production increased rapidly to reach its maximum on the second
day.

To study the effect of daytime on sex pheromone production, the ether extracts of
1-2 days old virgin female abdominal tips were prepared at 3 hour-intervals,
throughout the photophase and scotophase in a concentration of 0.01 FE/uL. The
different female extracts were then tested against 1-2 days-old males. The obtained
results indicated that pheromone production showed a minimum concentration at mid-
day during the photophase. It then increased to a moderate concentration from 7:0
p.m. to 10:0 p.m. and reached its maximum titer at almost mid-night

The obtained data OH the effect of gamma irradiation indicated that irradiation of
3 and 6-day-old female pupae with doses of 60 and 120 Gy, respectively caused a
reduction of 28.1 and 27.3% m male response, respectively, to female sex pheromone
extracts. When full-grown female pupae were irradiated with 200 and 350 Gy, a
reduction of 15.6 and 75% in male response, respectively, was reached. Thus, an
irradiation dose of 350 Gy applied to full-grown female pupae could severely affect
pheromone production of the emerging female moths.
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INTRODUCTION

Among all lepidopterous species, the cotton, leafworm, Spodoptera littoralis (Boisd.) is the most
important pest of cotton and many other crops in Egypt. Several methods have been tried for its control.
Within these, the sterile insect technique and the application of sex attractant pheromones appeared to
be promising in an integrated programme for the control of this and other serious insect pests.

The high doses of gamma radiation required in such technique may affect some physiological and
biological aspects of the insect as well, specially its reproductive potential. This effect may disturb the
intraspecific communication between males and females by adversely affecting pheromone
production'1'2'3'. Sex attractants, usually released by a female to lure a male, are important, if not
essential, links in the process by which the sexes locate each other for mating.
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Trials to seek some of the factors that can prevent such communication in the cotton leafworm moth
may be of importance in its integradated control programme. This stimulated the present study to
investigate certain factors affecting female sex pheromone production with emphasis on the effect of
gamma radiation doses.

MATERIALS AND METHODS

1- Source and Rearing of the Insect:

A laboratory culture of Spodoptera littoralis (Boids.) was initiated from egg-masses collected from
an infested cotton field at Kalyoubia Governorate.

The egg-masses were surface disinfected with formaline vapour treatment as suggested by David et
al (4)

Groups of these surface disinfected egg masses were introduced into glass jars (1600 cc) each
covered with muslin cloth, and kept under laboratory conditions (22-32°C and 60-70% R.H.). The jars
were thoroughly washed and heat sterilized before use. When the enclosed egg-masses became dark-blue
in colour, enough fresh castor-oil plant leaves, Ricinus comnnmis, were introduced into the jars as food
medium for the newly hatched larvae. After the first moulting, groups of 20 larvae were daily
transferred to new clean jars provided with fresh-castor-oil plant leaves and kept under the same
previous laboratory conditions. Breeding continued in the same way until the larvae reached the 4*
instar. They were then transferred to round plastic bowls (70 cm in diameter and 15 cm in depth). The
plastic bowls were furnished with saw dust to absorb the excess humidity; and were provided with
abundant fresh castor-oil plant leaves to avoid cannibalism among the reared larvae. Larvae showing
symptoms of polyhedral virus or bacterial diseases were discarded and destroyed. When larvae reached
the last i.e. the sixth instar, these were transferred to new clean bowls furnished with moistened saw
dust to serve as pupating medium. Resulted pupae were daily collected, surface disinfected with 1%
formaline solution. They were sexed; and each sex was separately kept in waxed paper cups furnished
with moistened saw dust and covered with muslin cloth. Full grown pupae of both sexes were
transferred to adult rearing cages. Each cage consisted of a wooden frame measuring 50x35x40 cm.,
with a wooden top and floor. The sides of the cage are composed of wire screen, one of them being
movable to act as a door. The cage stands on four wooden legs, each one kept inside a water-filled zinc
container to protect the culture from ants and other crawling enemies. Each cage was supplied with
branches of tafia plant, Nerinm oleander, to serve as a suitable site for oviposition and small pots
containing pieces of cotton wool soaked with 10% sugar feeding solution which were daily renewed.
The pupae and newly emerged adults were kept under the formentioned laboratory conditions. All
rearing equipments including glass jars and handling instruments were thoroughly wahsed with water
and soap, and then soaked in 1% formaline solution or heat sterilized in order to avoid virus
contamination and bacterial infection.

2- Irradiation Technique:

Pupal treatment of S. littoralis were achieved by using a gamma cells (cobalt-60 source) Model 220,
Installed in the Physics Department, Egyptian Atomic Energy Authority, Inshas. The radiation
dosimetry of gamma-cell was about 333.3 rad per minute ±5% at the begining of the experiment and
ended by 235.3 rad per minute. The pupae were irradiated inside 100 cc ice cream cartons.

3- Experimental Methods:

(a) Sex pheromone extraction:

Sex pheromone extract was prepared from newly emerged adult females which were held under the
previous laboratory conditions. The extraction procedure was similar to that previously described by
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Sower et alP\ The last three abdominal segments were cut and soaked for one minute in a small volume
(les than 10 ml) of diethylether (99%). One hundred female abdominal tips were soaked in the solvent
for one minute and the extract was collected. An additional small amount of the solvent was added to
make a final volume of 10 ml. This extract gave 0.01 female equivalent (FE/uL). It was kept inside a
small glass vial in complete darkness at -10°C until use. A vial containing the solvent only was used as
control.

b) Biqassay procedure:

Each female extract was bioassayed against 50 males of 1-2 days-old by using an olfactometer
similar to that used by Karlson and Butenandt(6). It consists of glass jar (20x10 cm.) which is covered
by muslin cloth, through which a plastic rod can be introduced. For each extract, a small filter paper
(3x1 cm) impregnated with the tested extract was used as a bioassy disc. The bioassy disc was fixed by
masking tape at the inner end of the plastic rod and placed 12 cm above the adult males. Five males (1-2
days) were tested in ten replicates with the total of 50 males for each test. Males were exposed to female
extract for 30 seconds. A positive response was recorded if the males moved their antenna, fluttered
their wings or showed the usual courtship behaviour including intense activity of circular running and
dancing. A bioassay disc impregnated with the solvent only was used as control.

c) Factors affecting sex pheroraone production:

(i) Age :

To determine the effect of age on sex pheronione production, ether extracts of the female abdominal
tips were prepared from virgin females of various ages (0-1, 1-2, 2-3, 3-5, 5-7 days old) in
concentrations of 0.01 FE/uL. Each female extract was tested against 50 males of 1-2 days-old in ten
replicates. .

(ii) Day time:

To study the effect of the daytime on sex phenomone production, the ether extracts of 1-2 days old
virgin females abdominal tips were prepared at 3 hour-intervals, throughout the photophase and
scotophase (The concentration of extract was 0.01 FE/uL). The female extracts were then tested against
1-2 days-old males. Fifty males in ten replicates were tested for each female extract at the different
tested photophase and scotophase intervals.

(iii) Irradiation:

To investigate the effect of radiation doses on pheromone production, 3 and 6 days old female pupae
were irradiated with 60 and 120 Gy, respectively. Also, full grown female pupae (9 days-old) were
irradiated with 200 and 350 Gy. Emerged females of 1-2 days-old were extracted by ether at a
concentration of 0.01 FE/uL and bioassayed against untreated males of 1-2 days old. The response of
untreated males to extract of untreated virgin females at a concentration of 0.01 FE/uL was used as
control. Fifty males in ten replicates were tested for each treatment.

RESULTS AND DISCUSSION

Factors Affecting Sex Pheromone Production:

1- Age:

Results obtained on the response of 1-2 days-old males of S. littoralis to sex pheromone of virgin
females extracted at different female ages (1-7 days) are given in Table 1. The presented data indicated
that, virgin females of the Egyptian cotton leafworm could secrete sex pheromone early at the beginning
of their life (0-1 day old). This continued with varying titers as they became older up to 7 days old. The
highest level of pheromone production by females, however, was reached when the female was 2 days
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old; and then decreased until it reached its lowest titer when the females became old (5-7 days). As the
cotton leafworm moth has a short life span, it can be concluded that the sex pheromone production by
females continues at a high level during most of their life. This appears to help the insect to continue
mating and producing fertile eggs during its whole life span. The decrease in sex pheromone production
during the last few days of female life is probably attributed to old age which is usually accompanied
with much physiological disturbance and decrease or inhibition of many biological processes. Similarly,
Kuwahara et al{1) reported that the sensitivity of male moths to sex pheromone of the female almond
moths, Cadra ccnitella, (Walker) increased gradually with their age up to the seventh day from
emergence. Rafeal and Soroker(8) observed that maximum levels of pheromone production in the
American bollwonn, Heliothis armigera (Hb.), were extracted from 2 to 3 days old females. The
finding that pheromone production by the cotton leafworm moth was at high level during most of the
insect life agrees to the finding by El-Sayed(9) working on the Indian meal moth, Plodia interpunctella.,
(Hb.).

2- Day time:

Results on the effect of day time on pheromone production of 1-2 days old virgin females of 5.
Httoralis extracted at 3 hours-intervals during the photophase and scotophase and bioassayed against 1-
2 days-old males are given in table 2. Taking the percentage of male response as a criterion for
assessing pheromone production by virgin females at different periods of photophase and scotophase of
the day time, it was noticed that:

Females extracted early in the morning (at 7.0 a.m) stimulated (50%) of males. The male response,
then, decreased to reach 40% at 10:0 a.m and 26% at 1:0 p.m. The response, then started to increase
progressively to reach 32, 46 and 56% at 4:0, 7:0 and 10:0 p.m. The peak of male response (70%) was
reached at 1:0 a.m. The male response started to decrease again (64%) at 4:0 a.m. towards the
photophase.

From these results it is clear that pheromone production by virgin females of S. littoralis showed
significant variation over the photophase and scotophase periods. The pheromone production started at
low concentration at almost mid-day, and increased progressively and significantly to reach a peak of
pheromone production at almost mid-night; and then decreased gradually towards the photophase. This
coincides with Holsten and Gara(10), who reported that pheromone extracted from virgin females of
HypipMa grandelfa (Zeller) during the scotophase proved to be more attractive to males than
pheromone extracted at the photophase. Rafeal and Soroker(S) indicated that females of Heliothis
armigera produced a sex pheromone during scotophase, and the maximum level of pheromone was
extracted during 4-5 hours of scotophase. Similar results were obtained by El-Sayed(9) working on
Plodia interpunctella.

3- Irradiation:

The data given in Table (3) show that when 3 days-old female pupae were irradiated with 60 Gy, the
percentage of males that responded to sex pheromone extracts of the resulting females was 46.0
indicating a reduction of 28.1% from the control. The percentage of male response to sex pheromone
extracts of females resulting from 6 days old pupae irradiated with 120 Gy was 48.0 indicating an
almost similar reduction as above (27.3%) from the control. This result indicates that a dose of 60 Gy
applied to young pupae (3 days-old) and a dose of 120 Gy (double dose) applied to double aged pupae
(6 days-old) had approximatly the same slight effect on sex pheromone production by the resulting adult
females.

On the other hand, when full-grown female pupae (9 days-old) were irradiated with 200 Gy and 350
Gy; the percentage of males responded to sex pheromones extracts of the resulting females were 54 and
16, respectively indicating 15.6 and 75% reduction, respectively, from the control. It was evident, thus,
that a radiation dose of 350 Gy applied to full-grown pupae could greatly affect the pheromone
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Table (1): Response of 1-2 days old males of S. Httoralis to female sex pheromone
extracted at different ages.

Female age

(days)

0-1
1-2
2-3
3-5
5-7

Percentage of male response to 0.01 FE/jiL

Experiment
70
74
72
64
30

Control
6
6
4
4
4

Corrected Exp.
68.58 a
72.34 a
70.83 a
62.5 a
27.08 b

50 males were used in ten replicates
In vertical columns, similar letters indicate
no significant difference (P < 0.05).

Table (2): Response of 1-2 days old males of S. Uttoralis to virgin female sex
pheromone extracted at different day times.

day time

7:0
10:0
13:0
16:0
19:0
22:0
1:0
4:0

Percentage of male response

Experiment
50
40
26
32
46
56
70
64

Control
10
8
6
6
6
8
10
8

Corrected Exp.
44 bed
34 cdef
21 defg
27 defg
42 cde
52abc
66 a
60 ab

50 males in ten replicates were used for each period.
In vertical columns, similar letters indicate
no significant difference (P < 0.05).

Table (3): Male response to sex pheromone production by Spodoptera littoralis
females (1-2 days old) emerged from irradiated pupae.

Pupal
age

(days)

3
6
9
9

Radiation
dose
(Gy)

60
120
200
350

Percentage of male response

Experiment
46 a
48 a
54 a
16 b

Control
64
66
64
64

% reduction

in response

28.1
27.3
15.6
75.0

Unirradiated males against extracts of unirradiated females
In vertical columns, similar letters indicate
no significant difference (P < 0.05).
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production which evidently decreased the male response to emerged females. Lower doses were
significantly less effective (P < 0.05).

Pheroinone production by the cotton leafworm adult female was considerably affected by gamma
irradiation applied during the pupal stage. The effect was dose dependent; as almost complete inhibition
of pheromone production was reached at a dose of 350 Gy applied to full grown pupae. This finding
generally coincides with the results reported by Stimman et alPx\ who found that irradiated females of
the cabbage looper, Trichoplusia ni, (Hb.) became less attractive to males as the radiation dose
increased. Hendrichs (ll> showed that females of the tobaco budworm moth, Heliothns virescem (¥.),
irradiated as 4lh day pupae before eclosin have reduced attractiveness with a dose of 10 Krad, and
considerably greater reduction with a dose of 50 Krad. Also, El-Degwi(3) reported that sex pheromone
production by female beetles resulted from irradiated pupae of Callosobrruchus macitlatus (F.)
decreased as the irradiation dose increased.

Finally, it could be concluded that adult females of the cotton leafworm emit sex pheromone during
their entire life-span beginning at the time of emergence. The mating in this insect normally occurs
during the hours of dankness and the female extractable pheromone titers appear to follow a daily
rhythm of production and release. . /

The effect of gamma radiation on sex pheromone production is an important factor in the control
programme of S. littoralis. The radiation dose should not affect the pheromone production since it is
preferable that the released irradiated female proportionally attract the normal native male and hence
this help and act in suppression of native population of the cotton leafworm.
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