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Laboratory and Field Evaluation of
Insecticides for Control of Periodical Cicada
H. Y. FORSYTHE, JR.:

INTRODUCTION

When 17-year cicadas, Magicicada sp., emerge in or near an orchard,
severe damage to the trees can result. At present, the only practical
means of control is with insecticides, such as carbaryl and tepp. In
laboratory tests, Forsythe (4) found that some new insecticides were com-
parable in effectiveness to carbaryl in killing adult periodical cicadas,
M. septendecim (L.), and that carbofuran gave an extremely quick knock-
down. An insecticide with the latter attribute is very important to or-
chardists because of their need for a material which can provide a quick
kill of ovipositing female cicadas.

The studies reported here were conducted to determine the relative
effectiveness and quickness of knockdown of selected insecticides, under
controlled field conditions, for control of nymphs and adults. Tests
were conducted in 1968 when Brood VIII of 17-year cicadas emerged
in eastern Ohio.

MATERIALS AND METHODS

Laboratory tests were conducted on June 27 at Wooster with adult
periodical cicadas collected from eastern Ohio. The testing procedure
was generally the same as described by Forsythe (4), with minor differ-
ences. In an adult spray test, 0.2 ml. of insecticide solution was sprayed
onto a group of 20 females and 20 males in a 0.95-liter jar. The treated
adults were then divided into two groups, and each group was placed in a
0.95-liter wide-mouth mason jar with a captan-treated Cortland cultivar
twig. In a second test, two Cortland twigs were dipped in each insecti-
cide solution and placed in separate jars. About ¥, hour after dipping
and placement of the twigs, 20 females were added to each jar. At se-
lected intervals after initial exposure of adults to the insecticide, the per-
cent knockdown was determined.

Field tests were conducted in New Waterford, Ohio. Cages used
to contain the cicadas were covered with V4-inch wire mesh on the top
and ordinary screen mesh on the sides. They measured 16 x 18 x 14
inches and were slightly embedded into the sod by a 3-inch metal strip
projecting beyond the edge of the open bottom of the cage. Ground
cover in the test locations consisted of grass and weeds, which were
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trimmed and thinned slightly to allow for easier observation of cicada
kill. Insecticides were applied with a 3-gal. compressed air sprayer
until thorough coverage of the vegetation was obtained. Sprays were
directed through the wire on top of the cage onto the vegetation, onto
the introduced nymphs and vegetation, or onto the adults and vegetation.

There were two cages per treatment in a shaded clearing in a woods
for Tests 1 and 2 (four cages for the water check in Test 1). On June
18, M. septendecim adults were collected from a nearby unsprayed woods,
and 25 females and 25 males were introduced into each cage. Sprays
were applied V5 to 1 hour later (Test 1). Following the termination of
this test 24 hours after spraying, all live and dead cicadas were removed
and 20 newly collected females were introduced into some of the same
cages to test for 1-day residual efficacy (Test 2). A similar procedure was
used with 20 females per cage to test for 7-day residues. A partial pre-
dation of cicada adults occurred before completion of the last test (ap-
parently caused by moles which had burrowed under the metal strips
in the soil), and the percent knockdown at 24 hours was computed on
the basis of the remaining live and dead adults. Reduction in adult
numbers ranged from 0-50% per treatment; 75% reduction occurred
only in cages treated with 1.0 lb. of carbaryl active ingredient per 100
gallons of water.

Tests 3 and 4 were conducted in an orchard with three cages per
treatment located at the drip line of 40 to 50-year old Stayman cultivar
apple trees. On the evening of June 3, as nymphs were emerging from
the soil, 10 were collected and placed in each cage (Test 3). Insecticides
were applied 1 hour later to determine the effect of a direct spray upon
the nymphs. On the same date, five nymphs were added to each cage
of a second series. The sod in these cages had been sprayed on May 29
when about 75% of the nymphs in the soil bore the black thoracic spots
which indicate an imminent emergence (hence the 5-day residue test).
All cicadas in these tests were M. septendecim. The results for Tests 3
and 4 reflect not only activity of the sprays on nymphs but also the effects
of insecticides upon adults which underwent a successful nymphal molt-
ing. In all field tests, the knockdown criterion was the inability of adults
or nymphs to walk.

Insecticides included in the laboratory tests and which do not have
approved common names are: Galecron, N’-(4-chloro-o-tolyl)-N, N-di-
methylformamidine; Gardona, 2-chloro-1-(2,4,5-trichlorophenyl) vinyl
dimethyl phosphate; and Landrin, 4:1 mixture of 3,4,5- and 2,3,5-tri-
methylphenyl methylcarbamate. Formulations of insecticides are pre-
sented as percent WP or pounds of active ingredient per gallon of EC;
tepp is shown as percent EC.



RESULTS AND DISCUSSION

In laboratory tests, carbofuran 75 WP at 0.45 grams of active in-
gredient per liter of water gave 98% knockdown of cicada adults within
6 hours (check mortality averaged 10% for the two tests). No other
insecticide was comparable in efficacy at this time. Although natural
mortality was high at 24 hours (average of 70% dead in both tests),
there was an indication that carbaryl 50 WP at 1.2 grams Al per liter
provided some control (92-100% knockdown) and that Landrin 50 WP
at 0.3 grams AI per liter may be worthy of further testing (80-100%
knockdown). Endosulfan 2 EC (0.6 grams AT per liter of water) gave
no control, and essentially poor efficacy occurred with Galecron 4 EC
(0.58 grams AI), Gardona 75 WP (0.9 grams AI), and phosalone 3 EC
(0.43 grams AI).

When selected insecticides were tested as direct sprays on field-
caged adults (Test 1), carbofuran and tepp gave a very quick and com-
plete knockdown (Table 1); essentially 100% of the adults were dead 2
hours after spraying. The carbofuran results support the laboratory
screening tests of Forsythe (4). Similar rates of tepp have provided
100% kill at 5-6 hours after treatment of adults (3,5). The author’s
data on carbaryl substantiates results obtained by Asquith (2), who re-
ported some knockdown at 4 hours and 100% within 24 hours when
using 0.5 1b. Al carbaryl per 100 gal. Although Graham and Kresten-
sen (6) also reported 100% kill with carbaryl within 24 hours, azinphos-

TABLE 1.—Field Screening of Insecticides for Activity Against Adult
Periodical Cicadas.

Percent Knockdown at Intervals
After Initial Contact (Hours)

Test 1 Test 2
(Adult Spray) (1-Day Residue)

Lb. Al 4 6 18 2 24

Material per 100 gal. Hours Hours
Azinphosmethyl 25 WP 025 5 52 99 0 75
Azinphosmethyl 25 WP 031 8 50 97 0 60
Carbaryl 50 WP 0.75 47 99 99 0 100
Carbaryl 50 WP 1.0 59 99 100 0 100
Carbofuran 75 WP 019 100 — — 85 100
Carbofuran 75 WP 0.38 100 — — 95 100
DDT 50 WP 10 0 0 1 _— —
Demeton 2 EC 019 3 9 19 _—
Tepp 40 EC 0.13 100 — — 2 10
Tepp 40 EC 0.2 100 — ~— 0 10
Water check —_— 1 1 4 0o 12




TABLE 2.—Field Screening

of Insecticides for Control of Cicada Nymphs.

Percent Knockdown at Intervals After Initial Exposure (Hours)*

Test 3 (Nymph Spray)

Test 4 (5-Day Residue)

1b. Al 12 Hours 41 Hours 12 Hours 41 Hours
Material per 100 gal. Nymphs Adults Adults Nymphs Adults Adults
Azinphosmethyl 25 WP 0.31 23 0 57 0 7 20
Carbaryl 50 WP 1.0 7 0 53 (o] 0 20
Carbofuran 75 WP 0.38 100 — — 20 67 80
DDT 50 WP 1.0 0 0 3 0 0 7
Demeton 2 EC 0.19 27 0 30 0 7 13
Dieldrin 50 WP 0.25 o] 3 17 (o] (o] 7
Tepp 40 EC 0.13 10 40 47 0 0 20
Water check —_ 0 [o] 0 0 0 0

*Percent dead = no. dead nymphs (or adults) divided by total no.

and 15 per treatment in Test 4).

insects per treatment (30 nymphs introduced per treatment in Test 3

About 40-80% of nymphs molted to adults by the 12-hour count in both tests except in the case of carbo
furan-treated nymphs, where only dead nymphs were present (Test 3).



methyl at 0.15 1b. AI per 100 gal. gave poor control even in a 48-hour
count. The results presented in Test 1 indicate that better control might
have been achieved with 0.25 Ib AI of azinphosmethyl.

Differences in rapidity of knockdown are very apparent with these
four insecticides. Asquith (1) stated that unless a material can give
an excellent knockdown within 24 hours, it should be considered worth-
less. This conclusion is valid when one considers the severe damage
which large numbers of female cicadas can cause in a relatively short
time. However, there may be times and situations where a material
with slower activity could be useful (e.g., before oviposition begins).

Asquith (1) obtained some control with about 0.05 1b. AI per 100
gal. of demeton and suggested that a higher rate might show more prom-
ise. The potential for some activity with demeton was demonstrated
at 0.19 Ib. AT (Test 1), but the author would agree with Hamilton (8)
that it essentially is not very effective against adult cicadas.

In the adult spray test, male cicadas apparently showed a quicker
reaction than females to insecticide poisoning. All adults sprayed with
carbofuran and tepp died quickly with their legs flexible and more or
less in a natural position, and with apparently no abnormal motions.
Adults affected by azinphosmethyl and carbaryl (both slower acting
materials) were characterized by stiff crossed legs, violently fluttering
wings, arched male abdomen, and protruding ovipositor.

A similar order of efficacy was obtained for azinphosmethyl, car-
baryl, and carbofuran when adults were exposed to a 1-day residue
(Test 2, Table 1). The rapidity with which carbofuran killed adult
cicadas was outstanding. The observation that residues of tepp do not
give control has been well-established (3, 4, 8, 9).

A test for efficacy of 7-day residues of azinphosmethyl carbaryl,
and carbofuran, at rates indicated in Table 1, showed no knockdown
of cicada adults at a 2-hour count. At 24 hours, however, the mortality
was 34% in cages treated with 0.19 lIb. AI per 100 gal. of carbofuran
and 85% at 0.38 Ib. AI. No other insecticides gave a knockdown ex-
ceeding the natural mortality of 10%.

When carbofuran was sprayed onto cicada nymphs which had just
emerged from the ground, mortality was rapid and complete (Test 3,
Table 2). Although no count was made, it was noted that only in the
carbofuran cages was there an excellent kill at 2 hours after treatment.
Azinphosmethyl and demeton also gave some evidence of being effective
against nymphs.

In cages where tepp was applied onto the nymphs, there was a
reduction in cicada population, but only after the molting of the nymphs
(409% mortality as adults). Seven of 12 dead adults died with their
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abdomens still partially embedded in the nymphal skins. Forsythe
(4) presented laboratory data to show that some adult kill occurred
with 2-hour residues of tepp. In a few observations made in this same
orchard in early June, the author recorded that the average time neces-
sary for the final molting (from the time a nymph stops crawling and
attaches itself firmly to an object to the time when the adult’s wings
are expanded and held flat) was 1 to 2 hours. Thus, it would appear
that a cicada could come into contact with a sufficiently lethal residue
of tepp after becoming an adult. The only other cages in which more
than one dead adult was in this stage of molting, at either the 12 or 41-
hour count date, were the ones in which nymphs were treated with de-
meton (three of the nine dead adults were half emerged at the 41-hour
count).

Adult kill at 41 hours was best with azinphosmethyl, carbaryl, and
possibly demeton. Most of the dead cicada adults in the tepp treatment
were previously recorded at 12 hours. A majority of cicadas which
had died by the 41-hour count were adults within 12 hours after the
sprays; no live nymphs were present. Notes on nymphal survival at 41
hours, in Tests 3 and 4, indicated a possible delayed knockdown of
nymphs with carbaryl. Natural mortality was 20-40%.

A 5-day residue of carbofuran provided a quick kill of some nymphs
(Test 4, Table 2). At the 12-hour count, 40-80% of the nymphs had
molted in the cages, and carbofuran gave a very good reduction in the
adult population. It is doubtful if the dead adults recorded at 41 hours,
with the exception of those treated with carbofuran, were killed by in-
secticidal residues. Although 5-day residues of azinphosmethyl and
carbaryl were expected to give some indication of knockdown, tepp has
never demonstrated any residual activity beyond a few hours.

The ineffectiveness of DDT and dieldrin supports the observations
of other workers (3, 5, 7).

SUMMARY

Laboratory and field-cage tests for control of Magicicada septen-
decim (L.) were conducted in 1968 in Ohio. Carbofuran provided
rapid knockdown of adults and nymphs and showed excellent residual
activity. Tepp was comparable to carbofuran when used as a contact
spray, but showed poor residual qualities. Azinphosmethyl and carbaryl
gave very good control of cicadas, but the rapidity of knockdown and
residual activity were less than carbofuran.
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BETTER LIVING IS THE PRODUCT

of research at the Ohio Agricultural Research and Development Center.
All Ohioans benefit from this product.

Ohio’s farm families benefit from the results of agricultural re-
search franslated into increased earnings and improved living condi-
tions. So do the families of the thousands of workers employed in the
firms making up the state’s agribusiness complex.

But the greatest benefits of agricultural research flow to the mil-
lions of Ohio consumers. They enjoy the end products of agricultural
science—the world's most wholesome and nutritious food, attractive
lawns, beautiful ornamental plants, and hundreds of consumer prod-
ucts containing ingredients originating on the farm, in the greenhouse
and nursery, or in the forest.

The Ohio Agricultural Experiment Station, as the Center was called
for 83 years, was established at The Ohio State University, Columbus,
in 1882. Ten years later, the Station was moved to its present loca-
tion in Wayne County. In 1965, the Ohio General Assembly passed
legislation changing the name to Ohio Agricultural Research and De-
velopment Center—a name which more accurately reflects the nature
and scope of the Center's research program today.

Research at OARDC deals with the improvement of all agricul-
tural production and marketing practices. It is concerned with the de-
velopment of an agricultural product from germination of a seed or
development of an embryo through'to the consumer's dinner table. It
is directed at improved human nutrition, family and child development,
home management, and all other aspects of family life. It is geared
to enhancing and preserving the quality of our environment.

Individuals and groups are welcome to visit the OARDC, to enjoy
the attractive buildings, grounds, and arboretum, and to observe first
hand research aimed at the goal of Better Living for All Ohioans!



The State Is the Campus for
Agricultural Research and Development
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Ohio’s major soil types and ecli-
matic conditions are represented at
the Research Center’s 13 locations.

Research is conducted by 15 de-
partments on nearly 7,400 acres at
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search Unit, Pomerene Forest Labora-
tory, North Appalachian Experimen-
tal Watershed, and The Ohio State
University.

Center Headquarters, Wooster, Wayne
County: 1953 acres

Eastern Ohio Resource Development
Center, Caldwell, Noble County:
2053 acres

Green Springs Crops Research Unit,
Green Springs, Sandusky County:
26 acres

Jackson Branch, Jackson,
County: 502 acres

Jackson

A~
© NORTH CENTRAL

NORTHWESTERN o MAHONING CO.
BRANCH MUCK CROPS o FARM o
BRANCH
WOOSTER
CENTER
N HEADQUARTERS
NORTH APPALACHIAN
EXPERIMENTAL WATERSHED @
®POMERENE FOREST
LABORATORY
COLUMBUS
[ )
EASTERN OHIO RESOURCE
THE OHIO E
WESTERN o UNOIVERSIS'RA T DEVELOPMENT CENTER
BRANCH o

JACKSONg |

BRANCH

Mahoning County Farm, Canfield:
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Muck Crops Branch, Willard, Huron
County: 15 acres

North Appalachian Experimental Wa-
tershed, Coshocton, Coshocton
County: 1047 acres (Cooperative
with Agricultural Research Ser-
vice, U. S. Dept. of Agriculture)

North Central Branch, Vickery, Erie
County: 335 acres

Northwestern Branch, Hoytville, Wood
County: 247 acres

Pomerene Forest Laboratory, Coshoc-
ton County: 227 acres

Southern Branch, Ripley,
County: 275 acres

Western Branch, South Charleston,
Clark County: 428 acres
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