Controlling the Pink Bollworm by Disrupting
Sex Pheromone Communication Between Adult Moths

Abstract. The synthetic sex pheromone (gossyplure) of the pink bollworm was evap-
orated into the atmosphere of three cotton fields during an entire growing season. The
resulting disruption of premating pheromone communication between male and fe-
male moths led to a reduction in the population of larvae infesting cotton bolls. This
larval control was comparable, in terms of both effectiveness and expense of materials
used, to the control achieved in ten comparison fields by growers using conventional

insecticide applications.

The use of pheromones as a direct
means of insect control has been pro-
posed by many authors (7). Such a meth-
od is based on the fact that the males and
females of many insect species rely on
sex pheromone communication in order
to come together and to perform various
essential courtship behaviors before mat-
ing. Disrupting this vital communica-
tion link between the sexes by perme-
ating the insects’ environment with syn-
thetic sex pheromone should cause the
females not to mate and, thus, not to lay
viable eggs.

During the last several years, we have
been exploring the biological and chem-
ical nature of premating sex-pheromone
communication of the pink bollworm,
Pectinophora gossypiella  (Saunders)
(Lepidoptera: Gelechiidae), one of the
most serious pests of cotton in the world
@, 3). After mating, the female moths of
this species lay their eggs on cotton fruit-
ing bodies; both cotton yield and quality
may be greatly reduced by the feeding ac-
tivities of the larvae. Several overlapping
generations of this pest occur within a
given cotton field during a single growing
season.

In a number of preliminary experi-
ments (4), we explored strategies for dis-
tributing adequate quantities of the syn-
thetic sex pheromone, known as gossy-
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Fig. 1. The mean number of pink bollworm
larvae per hectare in three pheromone-treated
fields (solid line) and ten grower practice fields
(dashed line).
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plure (5), of pink bollworm moths in the
environment. We have now released eco-
nomically practical amounts of the phero-
mone into the air within three cotton
fields throughout an entire growing sea-
son and have suppressed the population
of pink bollworm larvae infesting the cot-
ton bolls of those fields to an extent com-
parable to that achieved in ten com-

parison fields treated with conventional

insecticide applications.

Pheromone was evaporated from hol-
low, 104 mm long, thermoplastic fibers (6)
fashioned into hoops of 1.5 revolutions
(22 mm in diameter) (7). The hoops were
attached by hand at 3-week intervals to
upper petioles or stems of cotton plants
ona 1 by 1 m grid throughout the 23 ha
(individual fields of 5, 6, and 12 ha) that
constituted the three experimental fields.
Thus, 230,000 hoops were distributed on
each of five application dates, from the
middle of May through early September
1976, a period that overlaps most of the
breeding cycle of the pink bollworm (8).

The three experimental fields, as well
as ten comparison cotton fields (totaling
200 ha) that were located in the same gen-
eral area but did not receive pheromone
treatments (grower practice fields), were
monitored at weekly intervals during the
growing season for the success of adult
moth sex pheromone communication and
for larval damage. Success of adult com-
munication was measured by means of
four gossyplure-baited traps (9) main-
tained in each field. During the season, an
average of seven male moths were cap-
tured in the traps in each gossyplure-
treated field, as opposed to an average of
356 males in each comparison field. This
98 percent decrease in the numbers of
trapped males in the treated fields prob-
ably indicates a nightly disruption in moth
communication ability coupled with a re-
sultant suppression in resident moth pop-
ulations as the season progressed.

Of more practical significance is the
low density of pink bollworm larvae
found in cotton bolls in the treated fields
(10) (Fig. 1). Only during the first sam-
pling period was the larval density on the
treated fields different from that on the
comparison fields, and this high initial

density was entirely attributable to one
field, which developed earlier than any
other field in the area and which may have
received immigration flights of mated fe-
males from surrounding areas (11). Sig-
nificantly, the generation of adults that re-
sulted from the larvae from this one field
appeared, on the basis of lower sub-
sequent larval infestation, to have been
inhibited from mating and laying viable
eggs. Similarly, the late-season larval
density in all of the pheromone-treated
fields may result in part from immigration
of mated females from the nearby in-
fested fields.

The growers who managed the experi-
mental and comparison fields were in-
structed to use conventional insecticide
applications as needed for control of the
pink bollworm. The mean number of in-
secticide applications per hectare during
the growing season was 0.3 (range 0 to 1)
in the pheromone-treated fields and 2.6
(range 0 to 8) in the comparison fields, an
average ninefold reduction in insecticide
usage in the treated fields (Fig. 2).

The calculated amount of pheromone
evaporated per season in the treated
fields was 33 g/ha (12). Atapresent cost of
approximately $0.80/g for relatively small
batches of gossyplure, this amounts to
$26 per hectare per season, which is
equivalent to the expense of the in-
secticide used in two applications. Large-
scale use of gossyplure would probably
reduce the cost of the pheromone per
gram. The costs of formulating and apply-
ing the pheromone are not included in this
calculation because suitable mechanical
application technology is currently being
developed.

A pheromone-based pest control pro-
gram would offer a number of potential
advantages if used against a key agricul-
ture pest such as the pink bollworm. The
need for insecticide applications would
be reduced. Also, pheromones are selec-
tive, having little adverse effect on any
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Fig. 2. The cumulative mean number of in-
secticide applications per hectare for three
pheromone-treated fields (solid line) and ten
grower practice fields (dashed line).

SCIENCE, VOL. 196



organisms other than the target species.
The results of our experiment, together
with results of similar promising ones
(I13), demonstrate that disruption of pest-
insect pheromone communication may
soon become a useful component of the
pest management systems used on a vari-
ety of crops.
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Lesch-Nyhan Syndrome: Low Dopamine-3-Hydroxylase Activity

and Diminished Sympathetic Response to Stress and Posture

Abstract. Patients with Lesch-Nyhan syndrome with virtually no hypoxanthine
phosphoribosyltransferase activity demonstrate significantly low plasma activity of
dopamine-B-hydroxylase but normal basal levels of norepinephrine. Under conditions
of emotional or postural stress the plasma concentrations of norepinephrine in Lesch-
Nyhan patients increased less than in a normal population.

Lesch-Nyhan syndrome, described in
1964 (1), is an X-linked disorder of purine
metabolism and is characterized clinical-
ly by automutilation and aggressive and
compulsive self-destructive behavior,
choreoathetoid cerebral palsy, marked
hypertonicity, athetoid dysarthria and
dysphagia (2). There is a marked deficitin
hypoxanthine phosphoribosyltransferase
(HPRT, E.C. 2.4.2.8), hyperuricemia,
and excessive uric acid production (3).
Increased activity of dopamine-B-hy-
droxylase (DBH, E.C. 1.14.17.1) with an
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absence of the pressor response to cold
stimulation has been noted (¢).

The hypertonicity and involuntary dys-
kinetic movements in Lesch-Nyhan
patients have been likened to symptoms
in dystonia (2), and we have found both
increased DBH activity and increased
concentrations of norepinephrine (NE) in
the autosomal dominant form of torsion
dystonia (5). Accordingly, we undertook
the evaluation of sympathetic function in
Lesch-Nyhan syndrome by measuring
NE concentrations and DBH activity un-

der various environmental circum-
stances.

Although plasma activity of DBH has
been related to sympathetic nervous sys-
tem activity (6), measurement of basal
levels of NE and its increment with pos-
tural stress appear to provide a more di-
rect and sensitive measure of both the
basal state and responsivity of the sympa-
thetic nervous system in humans (7).

Fourteen patients with Lesch-Nyhan
syndrome with a mean age of 14 = 1
(+ standard error) years (range, 6 to 22
years), all with evidence of severe self-
mutilation and virtual absence of erythro-
cyte HPRT activity (8), were evaluated
for possible sympathetic dysfunction af-
ter the proper consents had been ob-
tained. A control group consisted of 14
healthy volunteers (mean age of 23 + 2;
range, 12 to 44 years). Although plasma
concentrations of NE vary with age but
not sex (9), there was no significant dif-
ference among the basal levels of NE in
the present control group, the Lesch-Ny-
han patients, and an age-controlled group
(15 = 1 years; basal NE of 221 = 37 pg/
ml) which did not undergo the same pos-
tural change after the basal blood sample
was taken for NE determination. Since
DBH activity may not increase after the
second decade (6, 10), 312 adult volun-
teers (42 = 1 years) also served as con-
trols for DBH activity. All subjects were
placed in a supine position after which the
needle of a ‘‘heparin lock’ was inserted
into an antecubital vein. Blood (12 ml)
was withdrawn immediately from ten
Lesch-Nyhan patients, and a blood
sample was taken from all subjects (in the
resting supine position) after about 15
minutes, by which time normal subjects
reach basal levels (7). Pulse rate was
measured by radial palpation at the time
of blood sampling. Eight patients and all
the controls were subsequently allowed
to sit upright (two patients were tilted to
60 degrees) and blood was sampled after
10 minutes. In normal subjects these ma-
neuvers (sitting and tilting) increase simi-
larly the plasma concentrations of NE (7).
Volunteer subjects were asked to discon-
tinue all medications for 1 week before
the test. All Lesch-Nyhan patients were
receiving allopurinol; eight of them were
also taking diazepam; three, thioridazine;
three, dantrolene; two, phenobarbital;
and one, diphenylhydantoin. Five pa-
tients had their medication discontinued
24 hours before the test.

Blood was collected, centrifuged, and
stored as described (7) until assayed for
DBH by the method of Weinshilboum
and co-workers (6) and for NE by the ra-
dioenzymatic method of Henry et al. (11)
modified as described (7).
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