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ABSTRACT

The females of the black cutworm, Agrotis ipsilon ( Hufn), produce their sex
pheromone early at the beginning of their emergence. Males also can percept this
pheromone at the same age. After emergence, the pheromone production and
perception increase rapidly, through the first day and continue till the 5th day after
emergence.

The pheromone production and perception increases to reach its maximum on
the second day and continues at a high titer except during the last few days of female
life. As the black cutworm has a short life span, it could be concluded that the sex
pheromone production by females and perception by males continues at a high level
during most of their life.

Pheromone production and perception by the black cutworm moth was
considerably affected by gamma irradiation applied during the full grown male and
female pupae with 50, 100 and 150 Gy. Pheromone production in female decreased
with increasing doses more than pheromone perception in P1 male.

INTRODUCTION

The black cutworm, Agrotis ipsilon (Hufn.) is a serious pest of several
important field and vegetable crops in Egypt, such as cotton, soybean, corn,
potatoes, and tomatoes, and control of this pest has usually depended
exclusively on insecticides. Several methods have been tried for its control
among these, the sterile insect technique (SIT) 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, specially its reproductive
potential. This effect may disturb the intraspecific communication between
males and females by adversely affecting pheromone gland and hence
pheromone production (Stimmann et al., 1972; El-Shall et al., 2005 and El-
Naggar et al., 2006). Trials to seek some of the factors that can prevent such
communication in the black cut worm may be of important in its integrated
control programme (Hussein et al. 2001).

The present study investigate the effect of gamma radiation doses on
sex pheromone production by female and perception by male.
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MATERIALS AND METHODS

l.Insect rearing Technique:

The culture of the tested insect, the black cutworm, Agrotis ipsilon
(Hufn.) started by collecting healthy full grown larvae from an infested filed at
Qualubia Governorate. These larvae were kept individually inside a glass
tube with fresh castor oil plant leaves, Ricinus communis. Tubes were kept
under laboratory conditions of 25°C and 60-70 % R.H. Just before pupation,
tubes were provided with saw dust as pupating media and daily checked for
collecting new formed pupae. Pupae were surface sterilized with formalin
10%, sexed and kept on moistened saw dust. Full grown pupa of each sex
were transferred to adult emergence cages provided with small glass vials,
with piece of cotton wool soaked with 10% sugar solution serving as adult's
food. Chimney glass cages (used as mating cage) were lined and covered
with toweling paper as oviposition site. The eggs were daily collected to start
new culture. Hatching occurred within 3-5 days inside glass jars provided with
fresh castor oil plant leaves. Green leaves were renewed daily in the early
three larval instars. Fourth and fifth instars larvae were kept in low numbers
to avoid cannibalism with fresh castor oil plant leaves which always occurred
under the state of crowding (Ibrahim, 1981).

2. Irradiation Technique:

Full grown pupae of A. ipsilon (24 - 48 hours before emergence) were
irradiated using a Gamma Cell (Cobalt 60 source) installed at the laboratory
of Middle Eastern Regional Radioisotopes Centre for the Arab Countries,
Cairo (Egypt). The irradiation dosimeter applied was 6.25 rad/second through
the experimental work. Correction for decay was routinely run whenever
needed at a half life of 5.3 years.

Gray (Gy) = 100 rad, krad = 1000 rad.
3.Experimental Procedures:
3.1. Sex pheromone extraction:

Sex pheromone was extracted from newly emerged females (1-2 days
old) held under 25°C + 2, 60-70 % R. H. The extraction procedures were
similar to that described by Sower et al. (1973). The last three abdominal
segments were cut and soaked for 24 hours in 10 ml. of the tested solvents.
One hundred females' abdominal tips were used, to get a concentration of
0.0 1 female equivalent (FE/pJ). The extract was kept inside a small glass
vial in complete darkness at (-10 DC). A vial containing the tested solvent
only was used as a control.

3.2. Bioassay of male responses:

Each extract was bioassaily tested with live 1-2 days old males by
using an olfactometer (Fig.1) similar to that used by Karlson and Butenandt
(1959). It consists of a glass jar (20 x 10 cm) covered by muslin cloth, through
which a plastic rod can be introduced. For each extract, a small filter paper
strips impregnated with the tested extract was used. The bioassay strips were
fixed in place by a masking tape at the inner end of the plastic rod, placed at
12 cm above the tested males. Five males (1-2 days-old) were tested in ten
replicates (total of 50 males for each test). Males were exposed to females'
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extract for 30 seconds. A position was recorded if the males moved their
antennae, fluttered their wings or showed the usual courtship behavior. A
bioassay strip impregnated with the solvent only was used as control. The
bioassay was conducted under the aforementioned laboratory condition.

3.3 . Effect of the solvent on the potency pheromone extract:

Extraction of the sex pheromone gland of A. ipsilon was carried out by
soaking the abdominal tips of virgin females in four solvents, including
ethanol, acetone, diethyl ether and petroleum ether, to determent the effect of
solvent on the potency of female extract.

3.4 . Effect of female age on pheromone production:

To determine the effect of age on sex pheromone production, extracts
were prepared from virgin females of various ages (1, 2, 3, 4, 5, 6, and 7
days old). Each fifty female age's group extract was tested against 2-3 days
old males in ten replicates.

3.5. Effect of male age on male response:

To investigate the effect of male age on male response, males of different
ages (1-7 days) were tested against female extract of 1-2 days old virgin
female. Fifty males in ten replicates were used in each test.
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Fig. 1. Olfactometer used for testing pheromone produced by female
moths.
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3.6. Effect of gamma irradiation on female pheromone production:

To determine the effect of irradiation doses on pheromone production in
females and receptors in males, full grown male and female pupae were
irradiated with sub sterilizing doses 50, 100 and 150 Gy. Fifty males in ten
replicates of 1-2 day- old were used in each test against untreated females of
1-2 days. Females of 1-2 days old were extracted by diethyl ether at a
concentration 0.01 FE / ml . The response of untreated males to extract of
untreated virgin females at the same concentration was used as control.

3.7. Effect of gamma irradiation on male response:

To determine the effect of irradiation doses on male response, full
grown male pupae were irradiated with sup sterilizing doses of 50, 100 and
150Gy. Fifty males in ten replicates of 1-2 days old were used in each tested
against the extract untreated female of 1-2 days. Females of 1-2 days old
were extracted by diethyl ether at a concentration 0.01 FE/ ml. The response
of untreated males to the extract of untreated virgin females at the same
concentration was used as control.

RESULTS AND DISCUSSION

1. Sex Pheromone Production and Perception:

In order to evaluate the efficiency of different solvents on sex
pheromone extraction, the following solvents were tested: diethyl ether,
petroleum ether, acetone and ethyl alcohol. Results on the response of 1-2
days old male moth of A. ipsilon to the extracts of virgin females (1-2 days
old) by the different solvents are given in Table (1).

Males' response to female extraction was carried for 6-7 hours after
sunset. Bioassays were conducted under laboratory conditions. According to
the percentage of male response to arranged in a descending manner the
efficiency of solvents was: diethyl ether (71.66%), ethyl alcohol (68.13%),
acetone (61.7%) and petroleum ether (50%).

Table (1): Response of Agrotis ipsilon males to female sex pheromone
extracted by different solvents.

Solvent _ Percentage of male response %
Experiment Control Corrected *Exp.
Acetone 64 6 61.7
Diethyl ether 73 9 71.66
Ethyl alcohol 71 9 68.13
Petroleum ether 52 4 50.0

* Corrected Experiments = Experiment — Control /100 - Control

The obtained results revealed that diethyl ether and ethanol were the
most potent solvents for extracting sex pheromone. Other solvents used
(acetone & petroleum ether) were less efficient. The first two solvents
probably have a more dissolving power, thus, were more extractable to
pheromone titer than the other tested solvents. This agrees with the findings
of Roelofs and Feng (1967), who found that diethyl ether was the excellent
solvent for extracting the female sex pheromone of red banded leaf roller
moth, Arayrotaenia velutinana (Walker) comparable with other solvents. El-
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Sayed (1990) proved that diethyl ether was the most potent solvent for
pheromone extraction of the Indian meal moth Plodia interpunctella (Hubner).

In contrast, Grant 1975) proved that hexane is the most effective solvent
for extracting Orgyia leucostigmll sex pheromone. This was found true by
Kanaujia and Sidhu (1980) working on Sitotroga cerealella (Oliver) who
reported that hexane is more effective solvent than the other tested solvents.
According to these authors, the considerable difference in the efficiency of
solvents could be attributed to their pheromone extraction ability, i.e. their
dissolving power.
1.2. Effect of female age on pheromone production:

Results obtained on the response of 1-2 day- old males of A. ipsilon

to sex pheromone of virgin female's extraction at different female age (1-7
day- old) are given in Table (2). Data indicate that, virgin females of A. ipsilon
could secrete sex pheromone early at the beginning of their life (1 days 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 females were 2 days old and then slowly decreased until it reached
its lowest titre when the females became older than six days old.

Table (2): Response of A. ipsilon males to sex pheromone extracted
from virgin females at various ages.
Percentage of male response %

Female age
Pure solvent Corrected
(days) Pheromone extract (Control) “Exp.
1 41 7 36.55
2 69 8 66.30
3 67 6 64.89
4 67 10 63.33
5 65 8 61.90
6 59 9 54.94
7 45 9 40.86

* Corrected Experiments = Experiment - Control /100 - Control

Data obtained on the response of A. ipsilon males at different ages to
female sex pheromone extract are summarized in Table (3). Males of
different ages (1-7days old) clearly responded to sex pheromone extract of
virgin females, the average male response, started at (44.9%) for (1 days
old), and reached the maximum male response
(73.1) for males (2 days old). Older males (7 days old) showed decreased
levels of response than (2days old). The lowest levels were reached at the
oldest ages (7 days old). These results indicated that the optimum age of
male response to sex pheromone extract was about (2 days old).

The obtained results indicated that females produce their sex
pheromone early at the beginning of their emergence. Males also can
perceptive this pheromone at the same age. This results agree with the
findings of El-Sayed (1990) on the Indian meal moth, Plodia interpunctella,
and Hazaa (1995) on cotton leaf worm, Spodoptera littoralis. After
emergence, the pheromone production and perception increase rapidly,
through the first day and continue till the 5 day after emergence.

4791



ElShabrawy, H. A. et al.

Table (3): Response of A. ipsilon males at different ages to female sex
pheromone extract.

Percentage of male response
Male age
(days) Pheromone Pure solvent Corrected

extract (Control) *EXp.
1 51 11 44.9
2 75 7 73.1
3 69 9 65.9
4 68 12 63.6
5 55 10 50.0
6 51 4 48.9
7 48 8 43.4

* Corrected Experiments = Experiment — Control /100 - Control

The pheromone production and perception increases to reach its
maximum on the second day and continues at a high titer except during the
last few days of female's life. As the black cut worm has a short life span, it
can be concluded that the sex pheromone production by females and
perception by males 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 and
perception during the last few days of female and male life is probably
attributed to old age which is usually accompanied with much physiological
disturbances and decrease or inhibition of many biological processes. The
production of'sex pheromone and the responsiveness decrease only during
the last two days of their life span (5-7 days). According to Shorey and
Gaston (1964), the pheromone production and perception usually begin at
age's characteristic of each insect species.

Weatherston and Percy (1968) indicated that the production of
pheromone by female Vitula edmandse reaches its maximum 2 days after
emergence while in the angoumois grain moth, Sitotroga cerealella, the age
has no influence on the production of pheromone by females (Sower et al.,
1973). Kuwahara et al. (1968) reported that the sensitivity of male moths to
sex pheromone of the female almond moth, Cadra cautel/a, increased
gradually with their ages up to the seventh day from emergence. Aliniazee
and Stafford (1971) stated that two days old females of the omnivorous leaf
roller, Platynata stultana., were most attractive to males, while at six days old
and older females were almost non attractive.

Also, Nagata et al. (1972) reported that pheromone of the female moth of
the smaller tea tortix, Adoxophyes fasciata, continues at a high level during
most of their adult life. Swaby et al.( 1987) stated that the age of females of
the Douglas-fire tussock moth, Orgyia pseudotsugata influenced their
attractiveness to males. Females attracted fewer males after the third day.
Rafeal and Soroker (1989) observed that maximum levels of pheromone in
the American bollworm, Heliothis armigera were extracted from 2 to 3 days
old females. This results agreement with El-Sayed (1990) on the Indian meal
moth, P. interpunctella.
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In contrast Payne et al. (1969) found that the age did not affect to
response of the male cabbage looper, Trichoplusia ni, to the sex pheromone.
Also Sower et al. (1973) proved that extracts prepared from different aged
females of the angoumois grain moth, S. cerealel/a elicited equal male
responses. Szocs and Toth (1979) found that maximum responsiveness of
male of the gamma moth Autographa gamma is induced in 2-4 day-old
males.

1.4. Effect of irradiation on pheromone production bv female and male
response:

Results on the effect of different irradiation doses (50,100 and 150 Gy,)
on untreated male response to female pheromone extract of 1-2 days old
female previously irradiated as full grown pupae are given in Table (4) . All
irradiation doses decreased the percentage of male response to female
pheromone extract. The obtained data indicate that male responses were
drastically affected at 100 and 150 Gy.

Table (4): Response of A. ipsilon male to sex pheromone extract from
virgin female previously irradiated as full grown pupae with
different doses.

Dose (Gy) Percentage of male response
Treatment Control Corrected *Exp.
0 68 8 65.5
50 60 7 57.8
100 47 5 44.2
150 41 9 35.2

* Corrected Experiments = Experiment — Control /100 - Control

Table (5) indicated that sub sterilizing doses (50,100 and 150 Gy,)
decreased the perception of males to sex pheromone extract of 1-2 days old
female. The percentage reduction of treated male response to untreated
female pheromone extract was 65.6, 54.9 and 45.0 % at 50, 100 and 150 Gy,
respectively. The obtained data indicate that male responses were drastically
affected at 100 and 150 Gy.

The sex pheromone production by S. /ittora/is females was
completely inhibited at a dose of 350 Gy applied to full grown pupae (Hazaa,
1995). Stimman et al.(1972) found that irradiated females of the cabbage
looper, Trichoplusia ni, became less attractive to males as the radiation dose
similarly Increased. Fletcher and Glannakakis (1973) reported that
pheromone production by the fruit fly, Dacus tryoni males decreased with the
exposure to 5 k rad applied on the 5th day in puparium. Hendricks (1974)
showed that females of the tobacco bud worm moth, He/iothis virescens,
irradiated as 4th day pupae before eclosion have reduced their attractiveness
with a dose of 10 Krad, and considerably greater reduction was obtained with
a dose of 50 krad .
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Table (5): Response of A. ipsilon male previously irradiated as full
grown pupae with different doses to sex pheromone of virgin

female
Percentage of male response
Dose (Gy) Treatment Control Corrected *EXxp.
0 71 8 68.5
50 68 7 65.6
100 59 9 54.9
150 51 11 45.0

* Corrected Experiments = Experiment - Control /1 00 - Control

Abdu et al. (1985) found that production of sex pheromone by virgin
females of T. castaneum, decreased with the increase of irradiation dose.
The effect was very much evident even at the lowest irradiation doses (0.5-1
krad). An almost complete inhibition was reached at a radiation dose of 6
krad. The present result also coincide with the findings by El-Degwi (1990)
who indicated that sex pheromone production by female beetles resulted
from irradiated pupae of C. maculatus decreased as the irradiation dose
increased. She concluded that the effect of gamma irradiation on sex
pheromone production is an important factor could be recommended in the
control programms of C. maculatus. The effect will be through preventing two
sexes from mating and reproduction.

REFERENCES

Abdel-Kader, .M. M.; H. A. Abdel-Rahman and M. A. Hussien (1984). Change
in sex pheromone release and perception by the rust red flour beette,
Tribolium castaneum (Herbest). Ain Shams Sci. Bull., 25: 485-498.

Abdu, R.M.; M. M. Abdel-kader; M.A. Hussein and H.A. Abdel Rahman
(1985). Radiation effects of sex pheromone production and perception
by the rust-red flour beetle, Tribolium castaneum (Herbest). Qatar
Univ. Sci. Bull.,5: 279-286

Aliniazee, M.T. and E.M. Stafford (1971). Evidence of sex pheromone in the
omnivorous leaf roller, Platynota stultana (Lepidoptera: Tortricidae):
Laboratory and field testing of male attraction to virgin females. Ann.
Entomol. Soc. Am., 64(6): 1330-1335.

El-Degwi, Mai, S. (1990). Studies on sex pheromone and host preference of
the cowpea weevil , Callosobruchus maculatus (F.) Ph.D. Thesis,
Fac. Agric. Cairo Univ: 185 pp.

El-Naggar, S. E. M.; S. S. A. EI-Shall and H. F. Mohamed (2006). Biological
and histological studies on the Fi1 progeny of the black cutworm,
Agrotis ipsilon treated with gamma irradiation and / or Bacillus
thuriengensis. Arab J. Neucl. Sci. Appl., 39 (1) : 195- 207.

El-Sayed, A. M. (1990). Studies on pheromone producing and percipitive of
organs in the Indian Meal moth, Plodia interpunctella (Hubner). M.Sc.
Thesis, Fac. Sci. Ain Shams Univ.

4794




J. Agric. Sci. Mansoura Univ., 32 (6), June, 2007

El-Shall, S. S. A;; M. M. S. Allam EI-Din and M. A. M. Hazaa (2005).
Biological response of the cotton leafeworm, Spodoptera littoralis
toward combination of seed and leaf extract from the red gum,
Eucalybtus camaldulemsis and/ or gamma radiation. Isotop & Rad.
Res. , 37 (3): 677- 693.

Fletcher. B.S. and A. Glannakakis (1973). Sex pheromone production in
irradiated males of Dacus tryoni (Diptera, Tephritidae) J. Econ.
Entomol., 66, (I): 62-64.

Grant, G.G. (1975). Extraction and bioassay of female sex pheromone of
white marked tussock moth, Orgyia leucostigma (Lepidoptera:
Lymantridae). Can. Entomol., 107: 303-309.

Hazaa, Magda A. M. (1995). Effect of gamma irradiation on scent gland
development and pheromone production in Spodoptera littoralis. M.Sc.
Thesis, Fac. Sci. Ain Shams Univ.

Hendricks, D.E. (1974). Tobacco budworm: effects of Cobalt irradiation on
female attractiveness and mating frequency Heliothis virescens
(Lepidoptera : Noctuidae). J.Econ. Entomol. 67(5):610-612

Hussein, M.A.; S.E.M. EL-Naggar and H.M. Abed-el-Fattah (2001). Effect of
Gamma irradiation on certain antennal sensilla of Agrotis ipsilon
(Hufn.) male and impact on sex pheromone perception. J.Egypt. Acad.
Soc. Environ. Develop., 1(1): 1110-8746

Ibrahim, S.M. (1981). Studies on the effects of gamma irradiation on the black
cut worm, Agrotis ipsilon (Hufn.) M. Sc. Thesis, Fac. of Agric., Cairo
Univ

Kanaujia, K. R.; and H.S. Sidhu (1980). Extraction of sex pheromone and
behavioural esponse of angoumois grain moth, Sitotroga cerealella.
(Oliver). Z. Angew Entomol., 88(2): 188-193.

Karlson, P. and A. Butenandt (1959). Pheromones (ectohormones) in insect.
Ann. Rev. Entomol., 4: 39-59.

Kuwahara, Y.; C. Kitamura ; F. Takahashi and H. Fukami (1968). Studies
on sex pheromone of pyralidae. I. Change in the quantity of the sex
pheromone in the female Almond moth, Cadra cautella (Walker). Botya
Kagaku, 33 (4): 158-162.

Nagata, K.K.; Y. Tamaki; H. Noguchi and T. Yushima (1972). Change in sex
pheromone activity in adult females of smaller tea tortrix moth,
Adoxophyes fasciata. J. Insect Physiol., 18: 339-346.

Payne.T.L.; H.H. Shorey and L.K. Gaston (1969). Sex pheromone of Noctuid
moths:  Factors influencing antennal responsiveness in males of
Trichoplusia ni,. J. Insect Physiol., 16: 1043-1055.

Rafael, A. and V. Soroker (1989). Influence of diel rhythum and brain
hormone on pheromone production in two Lepidopteran species. J.
Chem. Ecology., 15(2):447-456.

Roelofs, W.L. and K. Feng (1967). Isolation and bioassay of sex pheromone
of the red-bended leaf roller, Arayrotaenia velutinana. Ann. Entomol.
Soc. Am., 60 (6): 1199-1202.

Shorey, H. H. and L.K. Gaston (1964). Sex pheromone of Noctuid moths, IlI.
Inhibition of male response to the sex pheromone in Trichoplusia ni
(Lepidoptera: Noctuidae). Ann. Entomol. Soc. Am., 57: 775-780.

4795



ElShabrawy, H. A. et al.

Sower, L.L.; K.W. Vick and J.S. Long (1973). Isolation and preliminary
biological studies of the female produced sex pheromone of Sitotroga
cerealella. Ann. Entomol. Soc. Am., 66: 184-187.

Stimmann, M.W.; W.W.Wolf and H.H. Toba (1972). Pheromone response of
gamma irradiated cabbage loopers in the field. J. Econ. Entomol., 65:
1496-1498.

Swaby, J. A.; G. E. Daterman and L. L. Sower (1987). Mating behaviour of
Douglas fir Tussock moth, Orgryja pseudotsugata (Lep. Lymantridae)
with special reference to effect of female ages. Ann. Entomol. Soc.
Am., 80: 47-50.

Szocs, G. and M. Toth (1979). Daily rhythm and age dependence of females
calling behaviors and male responsiveness to sex pheromone in
gamma moth Autographa gamma. Acta phytopathol. Acad. Sci. Hung.,
14:453-460

Weatherston, J. and J.E.Percy (1968). Studies of physiological active
arthropod secretions |. Evidence for sex pheromone in female Vitula
edmandsae (Lepidoptera: Phycitidae). Can. Entomol., 100: 1065-1076.

Al Jal) Bagad) B eiad) ¢ g dll Juia gzl Ao Laly dadl il
Agrotis ipsilon slagd)

') =) dgmana jac "aaall e daal Anag ¢ g gl el dasall e saaa
') dhaa 3 gana

8 3aad) -5 alal) daala Ao )3 A0S ncilaall g alaiBY) ) pdial) acdd -

4 ABUY) A Ay g sil) gl S e ~Aun ol gl clilatl) andd -

(SoaVere )V en co0) Lila dadl (o diaidie ey DG il A ol 028 J sl
Cldall 5l @l of a5 1 ) dca Al 30 g0l 8 iad) ) e il JUiy) 5 2LE) e
CuilS Gy €AY i A o ALY e ind) () s il (adlaia) 8 deadiualiliad)
O] &3 LAY Jsasl Galiiie 4l ¢ Ll Qi (g1 Galiiouall ) SA Clias) du e
Gl G ¢ sa i) Juiiad 5 il e 5l KA1y SEYI jead GS X i) al g s |l
O Lt A cllas paindiy 5 )l (e g 53 e G s Al D) 8) (8 i)l )
asall 3550 Jm s Lgtla (o A sW) Al dsadd) O Taif yo (S s Ailise il sy
5 (psa) -+ ) e e il G sa il oA Alaiad iy | Ly (=lASY) b Ty 3 S
vie 38 55 d8) LS 5 Ly 503 Rlaail) 8 Tay a8 (asa¥-)) e die Al 58 5 et I dua
‘ (psY=T) sae

G ad ) Sl dlaciad 5 QLB il G e 8l 2L (o 50 g laldYl dlalaall S
@loa Vo de sl vie ad Jana JB ) Jeay G qonilly iy i) g il 2 o 2a
il (s ill dnafial) )5S Alaial o 2 g LS L sl 00 Ao al) die T80 il o Ly
U inl) (o sa il ) e g ladY) Al (e OB s (815 A el a3l 3 Ly il

4796



