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"ATTRACTANTS
FOR THE JAPANESE BEETLE

By Waursn 1. Fuesming, collaboralor, Enlomology Research Division, Agricullural
Ruseareh Service

There are three fields of investigation in the gearech for an
odoriferous substance that can be used as a lure in traps and
also will concentrate Japanese beetles on selected plants, where
they can be killed by insecticides. They are the odoriferous con-
stituents of plants preferred by the beetle and associated chemi-
cals, fermentation products, and the female attraction for male
beetles.

The Japanese beetle (Popillic jeponica Newman) feeds on
almost 300 species of plants, but it is particularly attracted to
certain species of the Aceraceae, Anacardiaceae, Ericaeae, Faga-
ceae, Gramineae, Hippocastanaceae, Juglandaceae, Lauraceae,
Leguminosae, Liliaceae, Lythraceae, Malvaceae, Onagraceae, Pla-
taunacene, Polygonaceas, Rosaceae, Salicaceae, Tiliaceae, Uri-
cacene, and Vitaceae (Hawley and Metzger 15940} .1

The beetle is a gregarious insect. Either sex may infest a
plant (Smith and Hadley 1926). When one or more beetles start
to feed on a plant, other beetles in the vicinity tend to alight on
the plant. Van Leeuwen et al. (7928) and Van Leeuwen (1932)
found that 50 percent more beetles alighted on infested foliage
than on uninfested foliage. Enormous populations may build up
on certain preferred plants, whereas other planis of the same
gpecies in the vicinity may be only lightly populated. Where
beetles are abundant, they often gather in large numbers on the
fruit of early-ripening varieties of apples and peaches and con-
tinue to feed until only the core or pit remains. Hawley .and
Metzger (1940) counted 296 beetles on an apple. The “balling”
of beetles, although more common on {ree fruits, may occur on
bush fruits, flowers, and cccasionally on foliage.

The population on a plant, however, is never static because the
beetle is a restiess insect. Beetles move constantly from vne loca-
tion to another on a plant or leave the plant. Van Leeuwen {1932)
estimated that one-third of the beetles alighting on ungprayed
foliage left the plant during the day.

t The yenr in Halie after the nuthors’ nnmes i3 the key to the references in Literature
Cited, p.83.
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The beetle prefers fruit infecte@ by disease or damaged by
other insects to healthy, sound fruit, The most extensive damage
by the insect occurred in neglected orchards (Smith and Hadley
1926). Peach trees infected by peach yellows and little peach were
almost defoliated, whereas adjacent healthy trees were hardly
touched by the beetle (Mann 1942). Apples damaged by the cod-
ling moth (Carpocapsa pomonelle (Linnaeus) } and peaches in-
fected by brown rot were attacked first. When this fruit had been
consumed, the beeties fed on healthy fruit (Smith and Hadley
1926 ; Fleming and Metzger 1935).

Normaily the beetle attacks fruit on only those varieties of
grapes that ripen during the summer. The beetles atiacked the
fruit of all varieties of grapes infested by the grape berry moth
{(Paralobesia viteana (Clemens) ) or infected by black rot, even
when the fruit was immature, and then they fed on adjacent
sound berries (Fleming and Maines 1847).

The odor of fermenting fruit on the ground or on the plants
is a powerful attractant for the beetles. It was practically impos-
sible to protect early-ripening fruit with the insecticides available
prior to DDT unless the decaying fruit was removed or buried.
Fleming (1955, 1960, 1968) recormmended good sanitation in
crchards and vineysrds to protect fruit from beetle attack.

Smith and Hadley (1926) observed that male beetles definitely
moved to plants on which females were feeding. The attraction
could be the opposite sex and the odor of the lacerated fruit and
foliage. Under certain conditions female beetles emerging from
the ground were highly attractive to the males.

Early in the summer when beetles began to emerge in large
numbers on a golf course in a heavily infested area, many males
were seen early in the morning of clear, warm days flying low
over the turf in search of female beetles. As a female emerged
from the ground, many males alighted and attempted to copulate
Lefore she could fly. The males alighted on the ground 4 to 6
inches on the leeward side of the female and crawled rapidly
toward her. They always approached a female against the wind.
As the direction of the wind shifted, the trail of beetles changed
accordingly. Copulation rarely took place when many males were
competing for a female. In 1922 within a 25-square yard area
on the golf course, 78 “balls” of beetles were observed at one
time. Each “ball” contained a single female and from 25 to 200
males. Fleming (1966, 1968) reported that as many as 300 males
had been found clustered about a single female. The “balling”
ceased at midday and did not occur again until another favorable
morning, It rarely occurred later than 2 or 3 weeks after the initial
emergence of the beetle in an area.

The investigation of attraetants was undertaken in 1919, when
some esgential oils and certain fruity and fermentation odors
were found to be attractive to the beetle (Davis 1920¢). Some
phasges of the investigation were conducted cooperatively by the
Japanese Beetle Laboratory, other Federal agencies, and State
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agricultural experiment stations within the beetie-infested area.
Progress reports on the investigation appeared from time to time
in Federal and State publications and in various scientifie jour-
nals. However, much additional information is found in the unpub-
lished progress reports by O. G. Anderson, F. J. Brinley, E. D.
Burgess, R. D. Chisholm, W. E. Fleming, H. L. Haller, H. A,
Jones, L. Koblitsky, T. L. Ladd, N. E. McIndoo, W. W. Maines,
. E. Mohrhof, C. W. Mell, E. G. Rex, E. A. Richmond, L. B.
Smith, P. A, Vander Meulen, and E. R. Van Leeuwen, and in
the unpublished quarterly and annual! reperts of the Japanese
Beetle Laboratory by C. H. Hadley and W. E. Fleming on tile at
the laberatory. These published and unpublished records have
beeri reviewed here so that information on attractants for the
beetle during 1919-64* might be awre available to other entomol-
ogists and the general public.

ODORIFEROUS CONSTITUENTS OF PLANTS AND
OTHER CHEMICALS

Nature of Attractive Odors

Metzger et al. (1934) determined the amount of sugar in the
foliage and sometimes in the fruit of 97 species and varieties of
plants and the odor of the clarified alecholie extracts. The amount
of reducing sugav as dextrose per gram of plant material ranged
from 0.4 to 30 mg., as shown in the following data:

Nugar tn Julfagr Plants altucked
{img. per gram) (pereend)
Less Lhan 6 oo i s e 19
50
47
53
il
BS
Thirty-nine extracts had an ethereal or fruity odor; 22 were
{ragrant, five aromatic, and three empyreumatic; 10 ‘had various
odors and 18 no distinctive odor. Of the plants having extracts
with a fruity odor, the beetles damaged severely 47 percent of
those with a sugar content up fo 15 mg. and 71 percent of those
with 15 to 30 mg. Of the plants without a fruity odor, the per-
centages were 18 and 22, respectively. Sugar content and odor
were important factors in the susceptibll_ity of a pl_ant to beetle
attack, Unfortunately the substances causing the fruity odor were
not identified.

* Although the data on which this bullctin is based were collected during
191964, the findings are still valid and nseful as guidelines for developing
resenrch needed to prevent losses from insect attacik,
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Little information is available on the odoriferous constituents
of plants. Smith (1924) and Smith and Hadley (1526) reported
that a series of preferred plants had been analyzed and all con-
lained paraniol in varying quantities. The plants were not identi-
{led. Power and Chestnut (Z922) found geraniol in the parings
of ripe Mclntosh apples, one of the most fragrant varieties, and
stated thab geraniol, either in the free state o as esters, prob-
abiv is contained in varying quantities in ail ripe apples, Power
and Kieber (7896) found that the oil from sassafras leaves con-
tained geraniol but no eugenol.

Langford et al. (1848) reported that the fellowing odoriferous
chemicals, which most frequently occur in combination with each
other and with other congtituents of plants, had been isolated
from the ripe fruits of apple and peach, the foliage of sassafras,
and the flowers of rose:

Chemical leolated from—
Acobivacid. ..o et e Apple, peach, rose, and assss(ras.
Benzoldebyde. ... .o ot e Apple and peach.
Caproie achd, ..o i, P, Apple,
Gibeal, . e e .. Apple and rose.
Gitronellol. . .oe i o e Ruse.
Bugenol.......oo o o Rose and sessairaes.
Gemanol. .o oo e s Apple, rose, snd sussafras.
Linnlool, o . o .. Puneli, rose, and sassafray.
Phenylothyl aleolinl.. ..o oo ool Roge.
Valericngid, .. .. ..v.v.ce e uuevan..  Apple, peach, nod saszafras.

Major and Tietz {7962) demonstrated the importance of odor
in the beetle's preference for certain plants. Ginkgo bilobe L. is
not usually attacked by the heetle. Beetles confined with fresh
foliage usually died rather than eat the leaves, When the leaves
were coated with juice pressed from cherry leaves, the beetles
ate the coated Ginkgo leaves readily without any harmful effect.
Cherry leaves coated with juice from Ginkgo leaves were eaten
about as readily as uncoated cherry leaves, Ginkgo leaves coated
with eugenol or valeric acid in glycevin were eaten extensively.
It was evident that Ginkge was not repellent or poisorous to the
Leetles but lacked odoriferous substances attractive to them.

Screening Tests

The search for a good beetle attractant involved the t;’ial-_and-
ervor testing of many substances, alone and in combinations.
McIndoo (1231) reviewed some of the early tests with attractants,

Olfactometer Tesls

MeclIndoo (unpublished), using an olfactometer similar to one
described in his (1926) experiments with the Colorade potato
beetle (Leptinotarsa decemlineate (Say)), tested the chemotropic
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response of the beetle to several odoriferous chemicals in 1924,
The olfactometer consisted essentially of a glass Y-tube with
an inside diameter of 0.5 inch, a stem 2 inches long, and
forks 6 inches long. The stem was connected to a dark bottle in
which beetles were placed at the beginning of a test. The appa-
ratus was placed with the forks directed toward light. Cotton
saturated with .5 ml. of a test substance wag placed in the open
end of one fork and untreated cofton or cotton saturated with
£.5 ml. of ethyl alcohol in the other fork, The suction apparatus,
which drew aiv at approximately 10 gallons per hour from the
chemicals to an orifice at the junction of the forks, was started
ang beetles were released one at a time from the durk bottle.
When the femperature was less than 307 F., the beetles did not
vespoud to either Hight or odor. AL 85 about 75 percent of the
beetles moved from the dark bottle into the stem of the
Y-tube, where they had a choice of moving into either fork. A
test wag completed in about 15 minutes.

All the undiluted test substances were highly repellent io the
beetles; usually 90 percent of them moved into the fork with no
chemieal. The concentration of the substances was rveduced by
diluting them with ethyl alcohol. At a dilution of 1:5,000, a 0.5-ml.
quantity of most alcoholic solutions was slightly more attractive
than ethyl alcohol. Of the beetles responding, 60 to 68 percent
of them went to the fork containing citral, clove oll, geraniol, or
sassafras oil; 51 to 59 percent to the fork containing citronella
oil or eugenoi; and less than 50 percent to the fork containing

temon oil, Haalool, pinene, or safrol. The replicated tests were not
alwuys vonsistent, The differences in the response of the Leetles
to these odors were amall and not sufficient to establish their reia-
tive effectiveness.

Metzger {unpublished) constructed in 1927 several olfac-
tometers, which were large enough for the beetles to walk and fly
freely in them. The best one was a tight box 4 feet long, 161)
inches wide, and 161, inches high, with glass on the sides, ends,
and top. Afr was infroduced through a No. 60 orifice {diameter
not given} at each end of the box and was withdrawn at the
central point in the top. The air flowed through these inlets at
0.025 and 0.035 cubic foot per minute when the pressure in the
box was reduced by | and 2 inches of mercury, respectively. A
grlass bafile was placed in [ront of each inlet to disperse the air.
To study the pattern of mevement in the bux, air wus bubbled
at the latter rate through ammonium hydroxide for several min-
utes and introduced into one end of the box. Then the ammonium
hydroxide waus replaced with hydrochioric acid. The reuction of
thege chemicals produced ammonium chloride, which wag readily
visibie in the air. During the {irst 30 minutes the ammonium
chloride was confined to the half of the box where the chemicals
were introduced, but gradually it spread {hroughout the box.

Air bubbled through geraniol and through 50, 25, and 10 per-
cent dilutions of geraniol and ethy!l alcohel was introduced at
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one end of the box and air bubbled through water was introduced
zl the opposite end. A few minutes luter the beetles were intro-
duced ut the center of the box. Within 30 minutes they had
gathered at the end of ihe box where the air was being bubbled
through water, showing that geraniol and the aleoholic solutions
were repellent under these conditions. In view of this reaction
of the beetls to geraniel, a known attractant, the olfactometer did
nol seem promising {or a survey of the attractiveness of various
subutances and further tests were discontinued,

Unfortunaiely further fests were not vonducted with such a
putentially usefud device ay an olfactometer for the preliminary
survey of the attractiveness of various substances to the beetle.
Much time and effort could have been saved if only substances
known fo be aitractive had been tested in the feld. Possibly if
the wir had been passed over a small wick gaturated with geraniol,
the evaporatiug surface of the wick could have been adjusted so
that the amount of geraniol in the air would have been attractive
to the insect. Adequate control of the temperature, relative hu-
midity, and light would have made the replicated tests more
vongistent.

Bait Can Tests in Field

Method —Brinley  {unpublished) demonstrated that beetles
could he atiracted from foliage Lo crushed ripe apples or peaches
in cans bul oot fo croushed pears, a (euit not favored by them.

As a result, he introduced in 1923 the buit can method of testing
the atfractiveness of odorifercus substances to the beetle. The
methol was improved by Richmond {1927, 19247).

The odoriferous substance was mixed with sweetened bran
(50 graims of bran, 4.5 grams of molagses, and 4.5 grams of
glveerin}, placed in J-ounce perforated cans, and suspended from
lhmby of frees in infested orchards. Five cans of each hait were
hung on diffcrent trees and tested in competition with other baits.
Light baits, inciuding one of only sweetened hran, were hung on
a iree, No slandard odorilerous bait was included in the series
of lests, The bootles were removed (rom the bails six or more
fimoes daily and the numbers faken vom each can were recorded.

Often the numbers of beetles removed from the five cans of a
hait during o day and from day to day differed greatly because
of the heterogeneily of the beetle population throughout a tree
and From tree bo Lree in an orchard. Since there was no standard
odoriferous bail in each tree and the sweetened bran was only
miidly atiraclive, it was not pn«m:hlc to adjust for the different
numbers of beeles attracted to a bait in different trees. The results
with even the eight baits in a seried were not strictly comparable
hoeause all the bails woere nol on the same trees. However, when
a bait consistently attracted more heetles than its competing
hait<, it was evident that it was superior to the others, Although
this procedure was effective in sepavating the more attractive
substanees from (huse only mildly attractive or nonattractive, it
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was inadequate for establishing definitely the relative attractive-
ness of substances within these categories.

Results of Tests.—Some of the results of tests with bait cans
have been published by Richmond (1927, 1981), but most of them
are in unpublished progress reports by F. J. Brinley, F'. W. Metz-
ger, K. A, Richmond, and L. B, Smith. Most of the essential oils
tested had little attraction to the beetle. Qils that were poor
attractants were almond (bitter), almond (sweet), anise seed,
banana, bergamot, cade, cajeput, cassia, cedar leaf, cedar wood,
coriander, croton, eucalyptus, fennel, ginger, hemlock, lavender,
lemon, mustard, orange, pennyroyal, peppermint, pine, rose gera-
nium, rue, sage, spearmint, thyme, wintergreen, and wormaseed.
The beetle was definitely attracted to the citronella, clove, lemon-
grass, palmarosa, sassafras, and tansy oils.

Tests with some of the constituents of the essential oils indi-
cated little attraction to iso-engenol, the geraniol sesquiterpenes,
limonene, linalyl acetate, methyl salicylate, phellandrene, diphenyl
ether, piperonal, safrole, or vanillin. The beetle was definitely
attracted to citral, citronellal, citronelio], eugenol, eugenol methyl
ather, geraniol, and geranyl acetate,

Acetic acid was mildly attractive, but succinic acid was non-
altractive. There was little attraction to the following alcohols:
Allyl, amyl, isc-amyl, benzyl, n-butyl, iso-butyl, capryl, cinnamie,
ethyl, n-heptyl, methyl, phenyl, and iso-propyl. Amyl acetate,
ethy} acetate, ethyl formate, and methyl butyrate were only mildly
attractive.

Smith (1924, 1924a) reported that tests during the summer of
1923 had demonstrated that some of the higher alechols and
phenols in low concentration were attractive to the beetle. Geraniol
and the essential oils containing that alcohol were especially at-
tractive for the beetle. This claim was not substantiated by later
investigators, who found that many species of insects were at-
tracted by the aleohol. Probably he came to that conclusion because
the bait cang were operated in heavily infested orchards and under
these conditions few insects other than the beetle came to the cans.

Richmond (1927} considered geraniol to be the primary attract-
ant for the beetle. To substantiate this claim he cited tests where
varicus haits had attracted the following numbers of beetles:
Geraniol 10,071, eugenol 1,662, citronellal 1,214, citral 1,034, citro-
nello] 620, and diphenyl ether 146. These data indicated that the
relative attractiveness (percent) was geraniol 100, eugenol 16,
citrenellal 12, citral 10, citronelliol 6, and diphenyl ether 1, The
data indicated that these comparisons were not valid, because
the concentration of the chemicals per bait ranged from 0.25 gram
for eugenol to 5 grams for geraniol and the selected tests were
not all made at the same time. In the unpublished report by
L. B. Smith and E. A. Richmond where additicnal data are pre-
sented, only geraniol and eugenol had been tested at the same
concentration in one series and geraniol and citral in another. In
these tests the relative attractiveness of the compounds appeared
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to be geraniol 100, eugenol 58, and citral 31 percent. Neo doubt
geraniol was the best attractant of those tested, but it was not as
superior to the other compounds as indicated in the published
report.

To protect the use of geraniol as an attractant for insects,
particularly the Japanese beetle, U.S. Patent 1,572,568 was
granted to L. B. Smith, E. A. Richmond, and P. A. Vander Meulen
in 1926, It was assigned to the Secretary of Agriculture. (Smith
et al. 1926)

Tegts With Baited Traps in Field

Methods.—Van Leeuwen and Metzger (1930) improved the
method of testing in 1928 by rlacing the baits in traps hung on
stakes 4 feet above the ground between rows of trees in infested
orchards. Fach series included five experimental baits and a
standard 10:1 geraniol-eugeno! bait and was replicated three to
five times, After each daily collection of beetles from the traps,
each trap in a series was moved to a new position, for example,
trap 1 to position 6 and trap 2 to position 1, in an attempt to com-
pensate for differences in the beetle population at the various
positions. The numbers of beetles captured by traps with the
experimental and the standard geranicl-eugenol baits were com-
pared. The attractiveness of an experimental bait was expressed
as a percentage of that of the standard bait,

The same experimental design, placing traps 10 feet apart in
rows in an open field, was used by Langford and Cory {(1964),
Langford and Gilbert (1248), Langford et al. (1543}, and Muma
et al. (1944, 1945}, Each series included three or four experi-
mental baits, an empty trap, and the standard geranicl-eugenol
bait and was replicated three times. After euch daily collection
of beetles, each trap was moved fo a new position in the series.
The effectiveness of an experimental bait was expressed as a
percentage of that of the standard.

Metzger (1930) and Metzger and Maines (71$35) paired each
trap containing an experimental bait with one containing the
geranicl-eugenot standard. The paired trans were hung on stakes
4 feet above the ground and 214 feet apart, The pairs of traps
were 10 feet apart in rows in an open field. Each experimental
bait was replicated five times. The attractiveness of each experi-
mental bait was expressed as a percentage of that of the standard
bait,

Fleming and Burgess (1940) and Fleming et al. (unpublished)
arranged the baited fraps in an open field in a Latin square
design. The basic principle of this design is to have the same
number of traps in each row and column of the square and to
have each row and column contain a complete series of baits.
A 5 by 5 Latin square was adopted as the experimental unit be-
cause the distribution of beetles was less heterogeneous through-
out a square of that size than in larger squares, Bach Latin square
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contained the geraniol-eugenyl standard bait and four experi-
mental baits, The lraps were hung 4 feet above the ground on
stakes placed 20 feet apart in the rows and columns. The attrac-
tiveness of each experimental bait was expressed as a percentape
ol thal of the standard Lait.

The relative altractiveness of an experimental bait and the
geraniol-cugenel standard could be satisfactorily evaluated with
each of these experimental designs.

A 10:1 mixture of technieal geraniol and U.S.P. eugenol was
used as the standard bait at the Japanese Beetle Laboratory from
1928 to 1941, The University of Maryland used a 9:1 mixture
of these componenis as the standard bait. There was no sig-
nificanl difTerence in the atbtractiveness of these standard baits.
The geraniol-eugenol mixiure is not an ideal standard, because
technical geraniol, a complex mixture of several components,
varied 1o some extont in its aftractiveness from batch to batch.
On the other hand, U.8.P. eugenol is practically a pure compound
and more constant in its altractiveness from bateh to batch.

Fleming et al. (unpublished) established in 1940 and 1941 that
rvedistillod cugenol obtained {rom clove oil attracted about 70
percent as muany bhectles as most of the 10:1 geraniol-eugenol
mixtures, From 1941 to 1964, redistilied U.S.P. eugenol has been
the slandard bait at the Japanese Beetle Laboratory. To make
comparable evialuations with the eugenol and geraniol-engenol
standards, the number of beetles attracted by the former was
multiplied by 1.43,

Results of Tests.—Rince the bestle is strongly attracted to the
ripening {ruilg of apple, apricot, cherry, grape, and peach, com-
mereial flavors of these fruits were expected to be good attract-
ants, but the heelle’s reaction to the flavors was disappeinting.
Van Leeuwen (unpublished) in 1930 found that the flavors of
apricot, cherry, grape, and peach attracted less than 12 percent
us muny beetles as the standard bait, Langtord et al. (1943)
founed the relative attracliveness of apple flavor was only 12
percent,

A summary was prepared of the relative attractiveness of 334
experimental baits composed of essential oils and various odor-
iferous ¢hemicals, alone and in mixtures, in competition with the
geranicl-eugenol standard. The tabulation shows the composition
of each experimental bait by volume, its average ralative atirac-
tiveness in parenthesis, and the source of information. The data
were grouped according to relative attractiveness: Less than 25,
25-75, 76-125, 125-200, and more than 200 percent.




BAITS ATTRACTING LESS THAN 25 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD

Compositior. of bait and relative

atiracliveness (percent)! Source
Acetic acid (glacial) (3). ... ... ottt i e e e e et Langford et al. 1943.
Acetophenone - eugenol 9:1 (18).. ...t iiiiii et R Fleming et al. unpub.
Amylacetate (8). ... v ittt et e e ....Langford et al. 1943.
is0-Amy! benzene ether 4 eugenol 9:1 (11)............ ..., U Fleming et al. unpub.
Amyl salicylate 4 eugenol 9:1 (20). . ... r i i e Do.
iso-Amyl valerate (4). . ... ...l i i i e e Do,
Anethole (from anise oil) (8). ... ... eirevins i i, B R U Do.
Anethole - caproic acid 9:1 (12). . .vvii i iiii e it e i e Langford and Cory 1946.
Anethole (from pine oil) (16)................ S O Fleming et al. unpub.
Anethole <+ bay oil 4 dimethylphthalate 3:1:4 (18) ... .o coviir it Do.
ANISE O] (B) . s s et v e et e e ettt et et e aa e e e Deo.
Anise 0l F eugenol 9:1 (10). . vt iirirn et it i i i e e i et Do.
Apple oil (synthetic) (9).. .. .coiuiir ot iiiee i, S P Do.
«Areol” (15-20 percent and methyl chavicol) 4 eugenol 9:1 (15), 4:1 (13)......vvnvvvneinns. Deo.
“Arcol” 4 pimenta 0il 431 (18], o v v nneivnineit e it e it eee e s Do.
Bay 0l (18] ..t e vt e it e m ittt ate e e i s es eeee s esear e Langford et al. 1943.
Benzaldehyde (6).....c.cvn et i i i i J U PN Do.
Benzophenone (5 grams in 20 ml. dimethylphthalate) (7) Fleming et al. unpub.
Benzophenone - eugenol 9:1 (21). .. ovuuuiiivei it it Do.
Benzyl ether (2)....... A Do.
D-Butylamine (4) ... ov i iviuin i i e i ten i b - Do.
Butyl sorbate (). .uuos ot e i i i it e aes P S Tashiro et al. 1964.
Butyl sorbate 4 ethylalechol 1:1 (1). ... on it iiiiitaieee i anneansasannes Do.
Butyric 2cid (13). .o\ cir e ie e iie et i ittt e i e e Fleming et al. unpub., Langford et al. 1943.
N-BUbyTic Acid (). . v oveve i s e e b e e r et e e e Fleming et al: unpub.
180-BUutyTic 8CId (5). cvivetvve e it ininrentietie it s e e e e Do.
gamma Cadinene (11). ... .u i v iieiteiriansseosrsnneassinenssssonssosaionavessasnns Do.
Calamus oil (6)... .0t riiiveerenisniirenannnn ettt et ee i iae b, Langford et al. 1943.
Camphor 0] (8). ...ttt it e i e e et e b e re e s Do.
(07 g3 () S R S Do.
LT T3 1 R S O T T T S Fleming et &l. unpub.
Cedar wood 011 {B) ... evvienniiin i iiivieiniinnnnenons et aeiee b e e ere e e Langford et al. 1943.
Citral (20)......cveunnn. U P PR AP Metzger unpub., Langford et al. 1943.
Citronella terpenes (4). . v iuvee s ianeiioenan s rat it i ia b e s e Fleming et al. unpub.
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Citronellal (14) .o vttt ticericiort it rermrrrsesnsess e s nrnes e erner e, Metzger and Maines 1935, Langford et al.
) 1943, Fleming et al. unpub.

Citronellol (18) ... .00viiiinienreannninn. Wb ee b e h e ae i e e eed e sani e vaanay b Langford et al. 1943.

d-Citronellol (22) . . iuriir it ittt titetanarenearntatiane i i . Fleming et al. unpub.

1-Citronellol (12). . iiiiii it ittt it ieer deten et tanes e, Do.

Citrony! acetate (7) Do. :

Clove oil (19) : Langford et al. 1948, Fleming et al. unpub.

Copaiba oil (2) Langford et al. 1943.

Coriander oil (24) Do.

Corn oil (5) Do.

Coumarin (5 grams in 20 m)l. dimethylphthalate) (5) Fleming et al. unpub.

Cymene (3) : Do.

Elemo! + eugenol 9:1 (20) Do.

Bucalyptus ol (2] .. .t i i i i i i it el e Langford et al. 1943.

iso-Eugenol 36) Fleming et al. unpub,

Fenchy) aleohol 4+ eugenol 9:1 (13) Do.

Fenneloil (8). .o vvevve it s T S Do.

Fish oil (5) Do.

Formic acid (3) Langford et al. 1943.

Furfural (3) ‘ : i Do.

Geraniol C.P. (20) Fleming et al. unpub.

Geraniol C.P. + d-citronellol 1:1 (17) : Do,

Geraniol C.P. + geranyl acetate 1:1 (16) . Do.

Geranicl C.P. 4 methyl anthran:late 9:1- (10) Do.

Ginger oil (7) Langford et al. 1943.

Grapefruit oil (7) Fleming et al. unpub.

Grape.juice (8). . ... .. c.iiiivririnnrunrnnnes E TR T AU PPN Do.

Heptaldehyde (21) .. ... i i i i i it ie it ee s anennraraensn Do.

Lavender flowers oil (3) ; Langford at al. 1943.

Temongrass 011 (18). . . uvit ittt iiiiie it et ie e i batireee st e e annansnn Do.

Lemon oil (natural) (7) : . Do.

Lemon oil (synthetic) 4+ eugenol 9:1 (20) Fleming et al. unpub.
Lan%ord et al. 1948.

( e 0.
Methy! alcohol (2) e ... Fleming et al, unpub., Langford et al. 1943.

Methy! anthranilate 4 eugenol 9:1 (16) ' Fleming et al. unpub.
Mathyl salleylate (). . it iiii i ittt ie it ite et tiestiinanvsinnonainsbosnenioes v.e....Langford 6t al. 1943,

See footnote at end of tabulation.
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BAITS ATTRACTING LESS THAN 25 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD—CONTINUED

Methyl salieylate + eugenc! 9: l G20 S Fleming et al. unpub.

Mineral oil 4+ devbase oil 111 (6). ..o v e inn. e s e e e eaeene e Muma et al. 1944.

N ol 01 (e ettt e e e e e e e e e i Langford et al. 1943.

alo-Ocimene -+ eugenol 9:1 (18). ..ot i i i e e i Fleming et al. unpub.

Olefe acid (4. v vt ot e i e e e i e e e e et e, Do.

Orange oil (natural) + eugenol 4+ dimethylphthalate 3:1: (18) . .10 ot e it e een o o Do.

Orange oil {(natural) + peach aldehyde + dimethylphthalate 1:1:8 (3). . ........oiii oot Do.

PRlmitie aeid (18] . o v vttt i e et et i i e s e e e e e ir e i Langford et al. 1943

Peach aldehyde 4 dimethylphithalate 19 (... es, P T PO Fleming et al. unpub.

Peach aldehyde + eugenol + dnnethylpiulmlate 1:1:8 (19) .............................. ‘e Do,

di-Pentene (9). .o o c i P Do.

Peppermint o1l (3)... .o il B S PN D S AP PN L:lm,furd et al, 1948.

T Y G ) R Fleming et «i, unpub.

2-Phieny! henzothiazole 4 mineral-olb 130 (Q0) ... oot i i i i i e et v e Metzger unpub.

J’h(‘n\l Bl el (5) o e e e e e e e s Fleming et al. unpub.

PRondT ety aleuhod (28). oottt vt s et e s e e i e Lunglord ot al, 1943, Metzger unpub.

di-Phenyt methane 4 eugenol 0:1 (20), o 0. i oo vivne oo e e b et et Fleming et al. unpub

di-Phenyl oxide = eugenol 971 (20). . vttt v e e e e e Do.

T € S D S S e Langford et al. 1948

Pineoll (2). ..o, et e e e e e e e e e s Du.

Iine oil = eugenol Gl (17, iyt ee i et te iinaa e ey P N lmmm1 et al. unpub.

Rime geraniunm ol (18) . L L i e it i e e e e e e T leming et al. unpub., Langford et al. 1943.

safrole (8). . o, ... e ey e e e e e e e e Do,

Sandlewood ol (4. . oo e e e e e e e e e L.un;.fnrd et al, 1943.

Sussalras ofl (abural) (L), oo, i i i i i it e e e e CLangford et al 19/3 Fleming et al. unpub.,
Xlatzper unpub.

Sasaafras of] Synthetie) (20, (o e i e e e e e e e i Fleming et al, unpub., Metzger unpub.

m.ss.\h as oil («ynthetie) + eugenol 9:1 (1 5) .............................................. Fleming et al. unpub

L T O O A PP S Langiord et al. 1948.

‘Llplm B eT DT TEoS  00 PA A O O Fleming et al. unpub.

et T erpinen] (10) . . ooy o i it et ey e e e e e e eaaaan Do.

beta Terpineol - etgenol 018 (18) ., oo vt i ety i i et e e e e Do.

R S 0 L e O S A TN Do.

Vinegar (5 pereent 1eetie actd) (18) . it it ettt ey ee it cee e Langford et al. 1943.

N F O LSS 1 I ) A S S P SN Do.

Ylang ylang oil (B). ... .o iin i i, A S Do.
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BAITS ATTRACTING 25-75 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD

iso-Amyl valerate + eugenol 0:1 (53). . Fleming et al, unpub,

iso-Amyl! valerate 4+ cugenol + dlmol)n lphthulaw 3 (‘7:) ...... e e Do,

Anethole + bay oil 9:1 (37), 4:1 (33), 311 (27) Da.

Anethole 4 caproie acid 1:1 (58) Y e e Langford and Cory 1946.

Ancthole 4+ cluve o1l 9:1 (38), 411 (31), 3i1 {615 PP A . ‘ Fleming et -1 unpub.

Anethole + elove oil 4 dimethyiphthalate 31134 (26). . . Do.

Anethole 4 sugenol 4 dimethylphthalate 3210 (TL) . o uu et o e e . Do,

Anethole + geraniol 9:1 (513, 139 (20} ... ...l e cer e eae o Mumaet all 1945, Floming et al. unpub.

Angthole 4 pimenta oil 4+ dimethyiphthalate 318 (64) e iviirnvie v iire s as crnnnes r lemml, et -al. unpub.

Bay oil + phenylethyl aleohol 1:9 (64). . ... P S . D

Bay oil 4 pimenta oil 121 (44). ... ... N N N A Langfurd et al. 1943,

Bay oil 4 sassafras oil 1:1.(31).. e Do.

Butyl carbitol acetate + mu,enol 9:1 (":) .......... D PO + ... Fleming et al. unpub.

Caproie acid (27). ; Langford et al. 1943, Fleming et al. uapub.

Caproic acid + ougonol QL (61), 421 (B3).vuvunneinninnnn PR S veveone s Jleming et al, unpub

Caproic acid + pimenty oil 131 (72) bt e e e fr e e i e Langford et al, 1943.

Cuprmc acid + sassafras 0il 13 (490).......... A S A Do.

iso-Caproie acid (30) Fleming et al. unpub.

n-Caproie acid (25). . Deo.

Cinnamic aldehyde + phenyl oLh)l alcohol 911 (41) S . Do.

Citral -+ eugenol 1011 (67), 051 (1), o vttt eet teeinevmrvervrerenaenenan e . .Metz%er unpub., Fleming et al. uopub., Muma
: et al. 1940

Citral 4+ sugenol + geraniol 90:1 9 (422) T e, e e e e e Muma et al 1.9

Citral 4 geraniol 9-1 (37), 1:0 (51) Fleming et al. unpub Muma et al. 1845,

Citronella oil 4+ clove oil -+ phenyl ethyl aleohol 183111 (69), vt ee e s Langford et al. 1943.

Citronellal + eugenol 10:1.(45) e et Metzger and anss 1935,

Clove oil 4 phenyl ethyl aleohol 1; ) (50) vevv.v, . Fleming et al. unpub,

Clove oil 4 phenylethyl alcohol 4- pimenta 6il 18: 11 (621 A e .Lungford et-al. 1943,

Coumarin (5 gramsin 20 ml, dimethylphthalate) + eugenol 9:1 (31) Fleming et al. unpub.

Cr?stox 5 grams + eugenol 2.5 grams - acetone to 25 ml, (58) Do.

Ethyl caproate 4 eugenol 4- mineral oil 9:2:9 (58) Muma et al, 1946

Ethy! caproate + geraniol 4 mineral oil 9:2:9 (69) Do,

Eugenol C.P. (70) Fleming et al. unpub.

Eugenol U.8.P. (from cinnamon oil) (64) Do.

Eugenol U,8.P. (from clove ail) (68) Fleminget al. unpub., Langford and Cory 1846.

Bugenol U.5.P. 4 dimethylphthalate 1:3 {35).. Fleming et al. unpub

Eugenol U.S.P. 4- ethylene glycol 4:1 (68), 3:2 (66), 2:3 (62), 1 A (51), 1 9 (38) Do.
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BAITS ATTRACTING 25-75 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD—CONTINUED

Fenchone + eugenol 4 dimethylphthalate 3:114 (42}, ... .vvvviiiiiiiiiii i ves
Fennel oil -+ eugenol 9:1 (35). ..,..... O A AP
Geraniol C.P. -~ acetophenone 9:1 (32) .. .. uieiinerenneeresioinsioiaintrinonseinrasnns

Geraniol C.P,

+ amyl salicylate 9:1 (49)

Geraniol C.P. 4+ citral 9:1 (51)

Geraniol tech
Geraniol tech
Geraniol tech
Geraniol tech
Geraniol tech
Geraniol tech
Gerfniol tech

.+ acetic acid 99:1 (72), 10:1 (47)..c.vvienviiunass Chee e e e eer e
. + bay oil 9:1 (83)

.. 4 benzaldehyde 199:1 (66)

. +-citric acid 50:1 (50)

.o

-+ othylene glycol 5011 (43). - e vveeuviiireuriiesens B SO

.-+ eugenol + dimethylphthalate 9:1:10 (74)

. + eugenol + mineral oil + deobase oil 27:3:35:35 (63), 9:1:20:20 (56),; 9:1:45:

.................. P R I RS A

Geraniol tech
Geraniol tech
Geraniol tech
Geraniol tech
Geraniol tech
Geraniol tech
Geraniol tech
Geraniol techi
Geraniol tech
Geraniol tech

. 4 eugenol + phenyl ethyl acetate L:2:8 (72)......0 ... ...t ivinn,
.+ eugeno!l + plum leaf oil (synthetic) 10:1:10 (68)

. 4 ougenol - sassafras oil (natural) 10:1:10 (28).......... ...

. =+ eugenol - sassafras oil (synthetic) 10:1:10 (72). FN

. + lactic acid 50:1 (56)

. + phosphorie acid 199:1 (71)

. + safrole 10:1 (40)

. 4+ thymol 10:1(53)

. + triethanolamine 199:1 (72)

. < vanillin 199:1 (26)

Geraniol tech. (hydrogenated) (38)
Geranyl acetate (36)

Geranyl acetate + eugenol 10:1 (75)

Grapefriit oil < eugenol + dimethylphthalate 3:1:4 (40)
Lemon oil (natural) + eugenol 9:1 (37)

Limonene + eugenol 9:1 (54)

p-Methylacet

ophenone + eugenol 9:1 (45)

di-Methy! toly!l carbinol 4 eugenol 9:1 (47)
Myreene -+ eugenol 911 (48). . ... iu. v it i i i i e e st Do.
4-8 di-Nitro-m-cresol methyl ether 10 grams -+ eugenol 5 grams -+ acstone to 50 ml. (46)
Orange oil (natural) + eugenol 9:1 (60)

Orange oil (synthetic) -+ eugenol 9:1 (55)

Palmarosa oil (66)

45
Muma et al. 1944.
..Langford and Gilbert 1849.
Metz]%er unpub,
0.

Do.
.. Fleming et &l. unpub.
Do.

Deo.

Metzger and Maines 1935, Metzger unpub.,
Fleming et al. unpub.
Metzger and Maines 1985, Metzger unpub.
Fleming et al. uripub.
Langford et al. 1943.
Flemli)ng ot al. unpub.
0.

Do.
Do:
Doa.
Do.
Do.
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Pench sldehyde -+ phenyl ethy! aleohol 4- dimethylphthalate 1:5:4 (49)

Pheny] cellosolve + eugenol 9:1 (50). ... vu i et iniinninnnvarinnans e

Pheny! ethyl aleohol 4- eugenol 10:1 (58), 9:1 (7 ) yue ..‘\Ietzger un{)ub , Fleminget al. unpub.
Phenyl ethyl butyrate + eugenol + mineral oil 9:2:9(62) Muma et

Pimentih 03] (54) .o v oot e v ie i it e et e e st ee e e e e Lan%f)ord et al. 1943

Pimenta oil 4 ethyl aleohol 1:1 (64)

Pimenta oil 4+ phenyl ethyl aleohol 1:9 (48) Fleming et al. unpub.

Pimenta oil - propionic acid 1:4 (43) . . Langford et al. 1943.

Pimenta oil + sassafras oil (natural) 1:1 (57) Do.

Pimenta oil + ‘valeric acid 1:9 (68) . Do.
alpha Pinene pyrolysate + eugenol 9:1 (49) Fleming .
beta Pinene pyrolysate 4 eugenol 9:1 (46) Do.
Plum leaf oil (synthetic) (35) Metzger unpub,
Propionie acid (33) . ... Langford et al. 1943
Rhodinol + dlmethylphthalate 1:4 (28) Fleming et al. unpub,
Safrole + eugenol 9:1 (32) Do.

Sassafras oil (natural) 4 bay oil + mprmc acid 18:1:1 (51).. .. Langford et al, 1943.
Sassafras oil (natural) -+ eugenol 9:1 (51) Fleming et al. unpub., Langford et al. 1948.

Sassafras oil (natural) <4 eugenol + dxmethylphthalnte 3:1:4 (50) Fleming et al. unpub
Sesquiterpene alcohols (55) Metzger and Maines 1935, Fleming et al.

unpub.
Metzger and Maines 19365.

% al. unpub.

Sesquiterpene aleohols + eugenol 10:1 (69)
alpha-Terpineol + eugenol 9:1 (32) . Fleming et al, unpub.

Valeric acid (29) Fleming et al. unpub., Langford et al. 1943,
Valeric acid + bay oil 9:1 (75) Langford et al. 1943.

Valeric acid 4 linaloe oil 1:1 (55) . Do.

Valeric acid + pimenta oil 9:1 (68)

Valeric acid 4 sassefras oil (natural) 9:1 (69)

" BAITS ATTRACTING 76-125 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD

Anet.hole + caproic acid 4 citronella oil 4+ phenyl ethyl butyrate + iso-valeric acid 8:8:3:3:8
(11 Langford and Cory 1946.

La.ngfokr)d and Cory 1946, Fleming et al.
unpu
Anethole -+ caproic acid 4+ phenyl eéthyl butyrate + iso-valeric acid 4:4:3:4 (120) Langford and Cory 1946.

Anethole + eugenol 19:1 (115), 9:1 (101), 4:1 (106), 3:1 (121), 3:2 (97), 1:1 (77), 2:3(83) Fleming and Chisholm 1944, Fleming et al,
unpub., Langford and Cory 1946, Muma et

al. 1945.
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BAITS ATTRACTING 76125 PERCENT AS MANY BEETLES AS GERANIOL—-EUGENOL STANDARD—CONTINUED

Anethole -+ eugenol + geraniol 90:1:0 (77). ... oot iii it it iais s aiie s Muma et al. 1946.

Anethole + eugenol + geraniol + phenyl ethyl butyrate 12:1:1:1 (114)............0..00. .. Langford and Cory 1946.

Anethole 4 eugenol + phenyl ethy] butyrate 18:1:1 (114), 8:1:1 (84) ..o vvvieivinnn . Do.

Anethole + eugenol + phenyl iso-valerate 8:1:1 (8 ) e e e e e Do.

Anethole + eugenol - 1so-valerig acid 9:1:40 (79)......... . ceavieiiiii i Deo.

Anethole 4 pimenta oil 9:1 (105), 4:1 (105), 3:2 (101), 2:3 (113). .. ovvvvininmnnnrenneanans Flemingbund Chisholm 1944, Fleming et al.
unpub.

Caproic acid + éugenol 4 geraniol + mineral 0il 9:1:1:9 (93), 45:1:9:45 (104), .o esivicaeen e s Muma et al. 1945, Langford and Cory 1946.

Caproic acid + eugenol 4+ mineral ofl 9:2:9 (81). . ... oo i i i i i e Muma et al. 1946.

Cuproic acid 4 geranjol 1:4 (103). . . . o oottt b vy i e et Langford and Cory 1946.

Caproic acid: + geraniol 4 mineral 0il 9:1:10 (79), 9:2:9 (107). ... oo v e i creienns Muma et al. 1945,

Caproic acid + phenyl ethyl butyrate 4:1 (124) . ..o o ven it it Langford and Cory 1946.

Caproie acid 4 phenyl ethyl butyrate 4 miceral oil 2:1:2 (77), 1:1:2 (1 06) ..................

Caproic acid + phenyl ethy! butyrate + phenyl iso-valerate 18:1:1 (78).. e e Do

Citronella oil (Ceylon) 4 eugenol 10:1 (121) ... i it vinrit i e iiiitiscanniianns Metzger unpub.

Citronelln o1l (Java) (77 v ittt it et it et iin s tee tamnseassorens e arennananes Fleming et al. unpub,

Citronelln 0] {Java) 4 cugenol 10:1 (121) ... . .0 vt in oot creeeronrennnintrsoenanns Metzger unpub:

Citronella oil (Java) 4 eugenol -+ geraniol 5:1:5 (124). ... .oi it iiiniiniirnneiranones Do.

Citronella oil (Java) + eugenol 4 pheny! ethyl aleohol 20:2:1 (114)......0vvvenn v ilo, Do.

Citronellol 4 eugenol 1021 (90), 911 (77). .. vt vivn e ivenivnsrsrinanearnnserenanssovs.s Metzger and Maines 1935, Langford and Cory
1946.

Iithyl ecaproate + eugenol - geraniol 18:1:1 (O1) ... .\ vt ittt it cnie e e iennian s Lzmgford and Cory 1946,

Ethyl caproate 4 sugenol 4 geraniol + mineral oil 45:1:9:45 (80). ... . ... v AN Muma et al. 1945.

Fenchone 4 eugenol 9:1 (85). . .. .. voeviiii iy, e e e Fleming et al. unpub.

Geraniol C.P. + buty! carbitol neetate 911 (98). .« ittt v e s i ree v e e ey

Geraniol C.P. + eugenol 1071 (103), 9:1 (104) .....

Geraniol C.P. 4+ methyl salicylate 9:1 (86). .. .. vu it it an e e R

Geraniol C.P. 4 alpha terDineol 951 (90). . oo vver it ittt i e iebaeeeeeae e

Geraniol 1CH. (B0 ... . e i s vttt it ee ce s rrr e e e et e

Geraniol tech. - acetic acid 109:1 (T7). .. o i it iie e i et abiasianereennans

Geraniol tech. 4 clave 0il 1031 (98), 011 (82) ... v it iie i et e i eie e ine e anaa s Do.

Geraniol tech. + eugenol 10:1 (98), 9:1 (100). .. ... .ov vt iianr i s e I‘lemm;, et al. unpub., I‘lemmg and Burgess
1940, Langford et al. 1843.

Geraniol tech. + eugenol + dimethylphthalate 27:3:10 (87),9:1:5 (83), 1:1:2 (96), 1:1:6 (76).. ... I‘lemmg et al. unpub.

Geraniol tech. 4 cugenol + ethylene glyecl 90:9:11 (82). .. ... .. .ooointiiiiini e Do.

Geraniol tech. + eugenol + methyl heptine carbonate 40:4:1 (112), 20:2:1 (77)........... . Metzger unpub.
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Geraniol tech. -~ eugenol 4- mineral 0il + decbase o1l 81:9:5:5 (90), 36:4:5:5 (84), 63:7:15:15 (98), ’
27:3:10:10 (103), 9:1:5:5 (98), 18:2:15:15 (80). .......... NN e e Mujn;&} et al. 1944, 1946, Langford and Cory
)

46.

Geraniol tech. + eugenol + phenyl ethy] acetate 1:1:8 (108) N Langford and Gilbert 1848.

Geranio] tech. 4 eugenol + pheny! ethyl aleohol 20:2:1 (123, 10:1:2(108).... ........... ..M izger 1935, unpub.

Geraniol tech. +- eugerniol -+ phenylethyl butyrate + mineral aif 9:1:90:100 (84), 9:1:45:45 (96). . Langford and Cory 1946, Muma et al. 1846.

Ceranin] tech, 4 eugenol + iso-valeric acid 9:1:40 (70) Langford and Cory 1946.

Geraniol tech. 4 phenylethyl acetate 1:4 (B4). . oo, vy v i it evie v e s Langford and Gilbert 1949.

Geraninl tech. - phenyl ethy] aleohol 2011 (90), 10:1 (98), 5:1 (84) Fleming et al. unpub;, Metzger unpub.

Geraniol tech. + phenyl ethy] butyrate 4 mineral 0i1 2:9:9 (77). ... ... iiineiinn. c.o...Muma et al. 1845,

Geraniol tech, + pimenta oil 9:1 (103) . . By Ieming and Chisholm 1944, Fleming et al,
unpub.

Grapefruit oil - eugenol 921 (84)... ..o vvviin.... R P SN Fleming et al. unpub.

Phenyl ethyl acetate 4- eugenol 8:1 (108), 110 (99). ... vt i ver i i e neneennernn, Langford and Gilbert 1949.

Phenyl sthyl butyrate + eugenol 1:1 (123) Langford and Cory 1946.

Phenyl ethyl butyrate + cugenol + mineral oil 9:1:10 (109)........ e e et e, Do.

Pimenta oil 4+ eugeuol 9:1 (95) Langford et al. 1943.

Rhodinol (109). ..., ..ot iinn s S Metzger unpub,

Rhodinol - eugenol 10:1 (109}, ‘ D

BAITS ATTRACTING 126-200 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD

Anethole -+ caproic acid + eugenol 3:6:1 (176), 2:2:1 (133) . Flfi*,ming et al. unpub., Langford and Cory
; 948. ,

Anethole + caproic acid 4 eugenol 4 phenyl ethyl butyrate 12:6:1:1 (144) Fleming et al. unpub.

Anethole 4 caproie acid + geraniol 9:9:2 (182)....... ... e aeienas i e Langford and Cory 1946.

Anethole + eugenol + phenyl ethyl acetate 8:1:1 (133). .0l v iiri s e cenannnnnn. ... .Langford and Gilbert 1949.

Caproic acid + eugenol -+ geraniol 8:1:1 (173) . Langford and Cory 1846.

Caproic acid + cugenol + geraniol + phenyl ethyl butyrate 12:1:1:1 (178) Do. .

Geraniol 4 eugenol 5:1 (142), 5:2 (146), 5:4 (165), 1:1 (153) Fleming and Burgess {240, Fleming et al,
. unpub.

Geranijol + eugenol + ethylene glycol 1:1:2 (169), 1:1:6 (149)......... B N Fleming et al. unpub.

Geraniol + eugenol + mineral oil 4 deobase oil 7:7:3:3: (140) Muma et al. 1945.

Geraniol - eugenol + pheny] ethyl acetate 8:1:1 (130) Langford and Gilbert 1949.

Geraniol + eugenol + phenyl ethyl aleohol 10:1:1 (120). ..o v vreeensinn.s e e, Metzger unpub.

Gerariol + eugenol 4- phenyl ethyl butyrate 1:1:1 (195), 8:1:1 (144).......... e Langford and Cory 18486,

Phenyl ethyl butyrate + eugenol 1:9 (135). ..., Deo.
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' BAITS ATTRACTING MORE THAN 200 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD

Angthole -+ caproic acid + eugenol 9:9:2 (246), G:3:1 (202).. e cnvnuini i inernrreiiineasanns Flejzg}rég et al. unpub., Langford and Cory
/AL

Anethole 4 caproic acid -+ eugenol 4 geraniol 4 phenyl ethyl butyrate 6:6:1:1:1 (208).,. ... Langford and Cory 1946.

Anethole - caproic acid 4 ocugenol + phenyl e¢thyl butyrate 9:9:1:1 (279).......... .. ouet, 0.

Anethole + caproic acid - eugenol -+ phenylethyl butyrate + iso-valeric acid 8:8:3:3:8 (285). .. Do.

Caproic acid 4 cugenol 4 geraniol + phenyl ethyl butyrate 4:1:4:1 (232)..... e Do.

Caproic acid + eugenol -+ phenyl ethy! butyrate 8:1:1 (284), 18:1:1 (301)... .. i, Do.

Caproic acid < éugenol + phenyl iso-valerate 8:1:1 (264)....... et e ree e eaabeni Do.

Geraniol + cugenol + phenyl ethylbutyrate 1:1:8 (222). vl i vt iniie e i e vainanes Do.

Geraniol + eugenol + phenyl iso-valerate 1:1:8 (373) ... 0uvitvviiiiivinroninmnoranconens Do.

1 Parenthetical numbers in percent unless otherwise indicated.
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ATTRACTANTS FOR THE JAPANESE BEETLE

The gereening tests showed that the beetle was attracted to a
wide variety of unrelated odoriferous substances, probably be-
cause it is cosmopolitan in its choice of food. Of the 384 experi-
mental baits, 106 of them attracted less than 25 percent as
many beetles as the geraniol-eugenol standard, 114 from 25 to
75 percent, 84 from 76 to 125 percent, 19 from 126 to 200 percent,
and 11 more than 200 percent. Seventy-thvee of the 90 baits with
tne component were in the low category, 14 in the second, and
three in the third category, approaching the standard bait in
attractiveness. The three baits were citronella oil, technical ge-
raniol, and rhodinol— substances closely related. Technical Fera-
niol is a distillation fraction of citronella oil, and rhodinol is a
higher aliphatic alcohol with two more hydrogen atoms than
pure geraniol.

The 146 binary mixtures were spread over four categories:
29 of them in the low, 74 in the second, 38 in the third, and five
in the fourth. Of the 74 mixtures with three components, four
were in the low category, 23 in the second, 29 in the third, 11
in the fourth, and seven in the fifth, Three of the 24 mixtures
with four or five components were in the second category, 14 in
the third, three in the fourth, and four in the fifth.

There were 30 mixtures that were at least 26 percent more
attractive than the geraniol-eugenol standard; 11 baits were 26 to
50 percent more attractive, eight baits 50 to 100 percent more
attractive, five baits 100 to 150 percent more attractive, and six
baits more than 150 percent more attractive, There was ample
cpportunity to develop more attractive baits than the 10:1
geranicl-eugeno) mixture,

Some Factors Mndifying Attractiveness of Baits

Activity of Beetle

Fleming (1963a) and others have observed that the beetles
are most active on warm, clear summer days between 9 am. and
3 p.ra. standard time, Rarly in the morning they are usually rest-
ing quietly on plants or are in the ground. When the tempera-
ture rises above 70° F., they begin to fiy in all directions and
to collect on the more favored plants in the vicinity. They are
most active between 85% and 95°. The beetles become inactive
above 95° and often seek shade by crawling to the underside
of leaves. A relative humidity above 60 percent retards fiying
and induces the beetles to feed more extensively. Late in the
afternoon flying decreases and the beeties rest on ifoliage or go
into the ground. There is little flying on cool, windy days or on
cloudy days and no activity on rainy days. The beetles are very
responsive to a change in the intensity of light. A passing cloud
will cause a beetle in flight to seek a suitable resting place
immediately.
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Purity of Preiucis

Most, of the tests were made with the technical or commercial
grades of the essential oils and chemicals, which usunally lack
definite specifications of their purity. A fechnical product from
different lots and sources was more likely to vary in its attrac-
tiveness than the pure product. The pure products, when avail-
able, were often foo costly to be used as lures, except experi-
mentaily for comparison with the technical produets. There was
no consistent pattern in the attractiveness of the technical and
pure products, as shown in the following examples:

lielative afiractiveness (percent) of—

Tecknical product Pure product
Butyricaeid 13, .. i n-Butyric neid 4, iso-butyric aecid 5.
Cuprote netd 27, .o ir e n-Cuproic ucid 25, iso-caproic neid 35,
Gilvanslled 10, ... d-Citronellel 22, I-citroneilol 12,
Clove nil (75-80 percent eugenol) 19..... ... Lugens! 70.
Gersntod 80, ..o i e e Ceraniol 20.

Rate of Evaporation

The attractiveness of a bait was modified by changing its rate
of evaporation. MecIndoo (unpublished} and Metzger (unpub-
lished) vaperized geraniol and eugenol rapidly in olfactometers
and found that the strong odors of these chemicals were repellent
{o the beetles. Smith and Richmond (unpublished)} used sweetened
bran as a carrier to regulate the evaporation and to prolong the
effectiveness of attractants in bait cans. The odor of a bran bait
containing 10 percent of geraniol was initially repellent, butf it
became attractive as the geraniol was dissipated and the amount
of the aitractant in the air near the bait can decreased. Balts
containing 25 and 5 percent of geraniol were immediately
attractive.

In view of those results, 2 bran bait containing 2.5 percent of
geraniol and 0.25 percent of eugenol was recommended initially
for use in traps (Metzger 1928). The bait, however, did not
vaporize as rapidiy in the trap as in the bait can. Van Leeuwen
and Metzger (1980) found that the attractiveness of the trap was
enhanced progressively as the amount of geraniol was increased
tc 10 percent and the amount of eugenol to 1 percent. This bran
bait was most attractive immediately after placing it in the traps.
It became progressively less atiractive as the geraniol and eugenol
evaporated. To maintain the effectiveness of the traps, Metzger
(1932) recommended that the bait be replaced with fresh bait
every 2 weeks.

The bottle-and-wick method for dispensing attractants, which
was introduced by Metzger (1983), was superior to the bran bait,
in that the evaporation rate of a pure compound remained prac-
tically constant as long as the wick was saturated with the liguid.
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The evaporation rate was modified by increasing or decreasing
the area of the wick exposed above the cap of the bait bottle. He
found that by increasing the exposure of a l4-inch ensheathed
cotton wick from 1 to 2 and to 4 inches, the attractiveness of
the 10:1 geraniol-eugenol mixture was enhanced by 20 and 40
percent, respectively. Fleming et al. (1940e) found that a lj-inch
ensheathed cotton wick exposed 114 inches evaporated about the
same amount of attractant as the 14-inch wick exposed 2 inches.
Fleming and Maines (unpublished) found that the attractiveness
of a 9:1 anethole-eugenol mixture decreased progressively as the
exposure of the 1/-inch wick was decreased from 1Y, to Y inch.
The reduction in attractiveness was 9, 13, 16, and 26 percent with
the wick exposed 1, 34, 14, and 14 inch, respectively.

Metzger (unpublished) found a direct relationship between
the grams of the 10:1 geraniol-engenol mixture evaporated from
wicks during a 7-week period in the field and the attractiveness
to the beetles. The attraction was enhanced 21, 28, and 31 percent
when the evaporation was increased from 18 to 34, 40, and 48
grams, respectively.

Fleming et al. (unpublished), using ceramic and pumice blocks
impregnated with a 20:2:1 mixture of geraniol, eugenol, and
pheny! ethyl alcohol in competition with a J4-inch cotton wick
exposed 2 inches, found the relative attractiveness of the blocks
as follows:

Grams per week of Relative altractiveness
malerial evaporaied {percent) of blocks

The general experience has been that usually § to T grams of
the 10:1 geraniol-eugenol mixture and 26 to 30 grams of the
9:1 anethole-eugenol mixture evaporated from a ¥4-inch cotion
wick exposed 2 inches or from a Lh-inch wick exposed 114 inches
during 5 to 7 weeks in traps in the field. The evaporation rates
of these mixtures were higher during hot periods and lower dur-
ing cool weather. (Fleming et al. unpublished)

In a preliminary study of the evaporation of different chemi-
cals from a La-inch cotton wick in an insectary, Fleming et al.
{unpublished) found that during a ¢-week period the following
amounts (grams) were evaporated: Eugenol 1.9, phenyl ethyl
butyrate 2.5, caproic acid 6, and anethole 8. The evaporation of
mixtures of these compounds approached that of their principal
compenent. The small amounts evaporated and the variation in
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the replications of each chemical did not permit & eritical
evaluation.

Chisholm and Koblitsky (1945) increased the rate of evapora-
tion by using a hollow ecylindriecal paper wick 756 mm, in circum-
ference and 150 mm. high and reported the resulis in relative
amounts as compared with eugenol, which was relatively constant
in ity evaporation rate during a 4-week period, Ten mi, of the
compounds were introduced into the bait bottles,

During the first half week the relative evaporation rates as
comparad with eugenol with a value of 1.00 were deobase 8.7,
anethole 3.95, geraniol 1.21, and mineral oil only 0.01. The 8:1
and 1:1 unethole-engenct mixtures were 2.87 and 1.49, respec-
tively, the 9:1 and 1:1 geraniol-eugenol mixtures 1.10 and 0.87,
and the %:1:5:5 mixture of geranicl, eugencl, deobase, and mineral
oil 1.22. The evaporation rate of anethole, 9:1 anethole-eugenol,
1:1 anelhole-cugenol, and 1:1 geraniol-eugenol remained fairly
congtanf. All the anethole and the anethole-eugencl mixtures
evaporated within 21, weeks, but some of the 1:1 geraniol-
eugenol remained at the end of 4 weeks.

On the cther hand. during the eighth half week, the relative
evaporation of geraniol decreased from 1.21 to 0.61, 9:1 geraniol-
eugenol from 1.10 to 0.83, and 9:1:5:5 geraniol, eugenol, deobase,
and mineral ofl Trom 1.22 to 0.28. These substantial decreases in
evaporation indicate a change in the composition of these baits
during exposure, For best resulis the evaporation of & bait should
remain constant during a peviod of 5 to 7 weeks in the field.

The bails that were relatively constant in their evaporation
rates—eugenol, the 19:1 and 9:1 mixtures of anethole and engenol,
and the 5:1, 5:2, 5:4, and 1:1 mixtures of geraniol and eugenocl—
did not change substantially in their attractiveness during a
-week period in the field. However, geranicl and the 10:1 mix-
ture of geraniol and eugenol lost 39 and 23 percent, respectively,
of their attractiveness during this period. (Fleming and Maines
unpublished ; Fleming et al. unpublished)

Decomposition of Attractants

There was a change in the color of technical geraniol, technical
caproie acid, USP. eugenol, and mixtures of these chemicals
exposed in green glass bottles in traps in the field. Sometimes a
gummy deposit accumulated on the wicks. Geraniol became dark
vellow o brown, caproie acid red, eugeneol brown, and mixtures of
geraniol with caproic acid or eugenol dark brown to black. De-
vomposition of the anethole-eugenol mixtures was not indicated.

fecomposition in Bait Boeitle—-Chisholm et al. {unpublished)
and Fleming et al. {unpublizshed} determined the change in the
color density, relractive index, and relative viscosity of several
haiis in the bait bottle during an exposure of 5 to 6 weeks in green
glass bottles in survey traps in the field. The color density is
defined as the negative logarithm of the fractional transmission
of lBight throngh a liquid, Tt has a value of T when 10 percent
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of the incident light is transmitted and a value of 0 when all
the light is transmifted. In this bulletin the color density is
expressed as the percent increase in the light absorbed by a bait
after exposure.

There wag little change in the composition of C.P. geraniol
during exposure, as indicated by an increase of about 1 percent
in the light absorbed, but the composition of some of the tech-
nical geraniols changed considerably. The increase in the light
absorbed by the technical geraniols ranged from 2 to 4% percent.
The tfechnical geraniols affected least by weathering contained
no phenols. When the fechnical geraniols ware washed with 5
percent agueous potassium nhydroxide to remove the phenols be-
fore exposure, the change in the composition was reduced con-
siderably. Some of the washed geraniols showed no increase in
the absorption of light; the maximum increase was 13 percent.
There was little increase in the absorption of light by some of
the pure constituents of technical geraniel—d-citronellol, d-citro-
nellyl acetate, citronella terpenes, citronellal, elemol, gamma
cadinene, and geranyl acetate. The greatest increase in the refrac-
tive index occurred with the citronella terpenes and citronellal,
and the greatest increase in the relative viscosity with elemol,
citronellal, gamma cadinene, and the citronella terpenes, but all
these increases were small. The change in the physical properties
of technical geraniol appeared to be dependent on the amounts

of other compounds, particularly phenols, in the commercial
product,

Eugenol was readily decomposed on exposure to light. The
average increase in the light sbsorbed was 85 percent, in the
refractive index 0.0029, and in the relative viscosity 0.43.

The change in the physical properties of mixtures of C.P.
geraniol and C.P. eugenol increased with the increment in the
amount of eugenol in the mixtures, The increase in the amount
of light absorbed ranged from 56 percent with the 9:1 mixture
{0 B6 percent with the 1:9 mixture, the increase in the refractive
index of these mixtures was from 0.0008 to 0.0036 and the in-
crease in the relative viscosity was from 0.13 to 0.35. Similar
results were obtained with mixtures of technical geraniol and
U.8.P, eugenal.

Changes in the absgorption of light by mixtures of C.P. eugenol
and other chemicals differed greatly. After weathering, the absorp-
tion was decreased 55, 36, and 28 percent with perilla oil, rose
geranium oil, and palmarosa oil, respectively. The percent in-
crease was as follows: d-Citronellol, l-citroneilel, and geranyl
acetate 1; phenyl ethyl acetate 5; butyl carbitol acetate 14;
anethole 1B; amyl salicylate and methyl salicylate 20 citral 87;
alpha terpineol 63; benzyl ether 89; acetophenone 83, and methyl
anthranilate 100.

Decomposition in Wick.—Chisholm and Koblitsky (1945)
atudied the changes in the composition of baits in paper wicks
during evaporation of 70 to 80 percent of the liquids. The changes
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in the wicks were similar to these in the bait bottles. As indi-
cated by the refractive indices, anethole did not change during
evaporation, There was slight decomposition of the 9:1 and 1:1
nmixtures of anethele and eugenol. The composition of technical
geraniol, eugenol, and the 9:1 and 1:1 mixtures of these com-
ponents changed substantially, If the evaporation had been con-
tinued, the liguids in the wicks probably would have consisted
largely of the decomposition products and the less volatile con-
stituents of the baits,

Retarding Decomposition of Bait.—In a preliminary laboratory
experiment Chisholm (unpublished) exposed technical geraniol
and mixtures of geraniol with aeids and mineral oil for 18 hours
to a mercury vapor arc and determined the modification in the
eolor of the liquids. One gram of the potential retarding agent
was mixed with 100 ml, of geraniol. After exposure, the color
density of geraniol was such that 55 percent of the light was
absorbed. By adding various materials, the percent of light
absorbed was as follows: Oleic acid 52, glacial acetic acid 51,
mineral oil 50, phthalic anhydride 45, henzoic acid 43, palmitie
acid 85, lactic acid 20, and citric acid 13.

In field tests Chisholm ef al. {unpublished) found that after a
4-week exposure the 10:1 technical geraniol-U.S.P. eugenol mix-
ture had so increased in color density that the absorption of
light was increased by 55 percent. When substitnted for eugenol
in the mixture, thymel, elove oil, and safrole increased the absorp-
tion by 31, 48, and 84 percent, respectively, On the other hand,
there was practically no decomposition of a 50:1 mixture of the
geraniol with citric acid or lactic acid. Fleming et al. (unpub-
lished) found that the 9:1 mixtures of C.P. geraniol with aceto-
pbenone, amyl salicylate, anethole, butyl carbitol, citral, methyl
salicylate, and alpha terpineo! were substantially unchanged by
exposure in the field. Geraniol-methyl anthranilate was definitely
decomposed as indicated by a 97-percent increase in the light
absorbed.

Another approach to reducing the decomposition of the tech-
nical geraniol-U.8.P. eugenol mixture in the survey trap was to
shield the green glass hottle from light. The wick was protected
from the weather by being covered with an inverted metal cone.
The hottle and wick in the standard trap were protected from
the weather by being enclosed in a perforated metal cylinder.
Chisholm et al. (unpublished) and Fleming et al. (unpublished)
found that the absorption of light by the 10:1 mixture exposed
for 6 weeks in the glass bottle in the survey trap was increased
by 67 percent. The increase in light absorption was reduced to
about 30 percent by painting the outside of the glass bottle green
or white or by enclosing the bottle in a solid metal shield.

Effect of Decomposition of Bait on Its Attractiveness.—The
decomposition of eugenol in green glass bottles in the field did
not change its attractiveness during a 5- or 6-week period, indi-
cating that the products of decomposition did not change its
effectiveness. Mixtures of geraniol and eugenol decomposed, but
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their attractiveness was not changed gubstantially. The dark
decomposition products of eugenol seemed to stabilize the attrac-
tiveness of the mixtures. (Fleming et al, unpublished)

Although several compounds substituted for eugerol practically
prevented the decomposition of technical geraniol, most of the
mixtures were much less attractive than the 10:1 geraniol-eugenol
mixture. Their relative attractiveness (percent) was as follows:
9:1 geraniol-acetophenone 82, 9:1 geraniol-amyl salicylate 49, 9:1
geraniol-anethole 29, 9:1 geraniol-citral 51, 50:1 geraniol-citric
acid 50, and 50:1 geraniol-lactic acid 56. Only three mixtures
approached the geraniol-eugenol mixture in attractiveness. The
relative attractiveness (percent) of 9:1 geraniol-methyl salicylate
was 86, 9:1 geraniol-butyl carbitol acetate 96, and 9:1 geraniol-
alpha terpineol 99. (Fleming et al, unpublished)

Painting the outside of the green glass bottle or enclosing the
bottle in a solid metal shield to protect it from suniight was the
most practical method for inhibiting the decomposition of the
10:1 geraniol-eugencl mixture in the survey trap. During a 6-week
exposure the reiative attractiveness of the bait in an exposed
green glass bottle was 97 percent. It was 127 and 136 percent,
respectively, in a bottle painted white or green and 185 percent
with the bottle enclosed by a solid metal shield painted white or
yvellow. (Fleming et al. unpublished)

Mixtures of Compounds

Mixtures of chemicals were almust invariably more attractive
to the beetle than would be expected from the attractiveness of
their components, For example, when bay oil with a relative
attractiveness of 19 percent was mixed 1:1 with pimenta oil
with a relative attractiveness of 54 percent, the relative attrac-
tiveness of the mixture would be expected to be about 37 percent.
The mixture was determined to have a relative attractiveness of
44 percent, The same situation prevailed with other binary mix-
tures of oils, oils mixed with acids, alcohols, or phenols, acids
mixed with phenols, alcohols mixed with other alcohols, acids,
aldehydes, esters, or phenols, aldehydes mixed with phenols,
esters mixed with phenols, and mixtures of phenols. The differ-
ence hetween the expected and determined attractiveness of some
mixtures was small, but it was large with others, as shown in
the following list:

Relative atiractiveness (percent)

Components of mizture Determined Expected

0i} mixed with oil

Bay otl + pimenta il 121, ., ... ... .. ........
Bay oil + sassafras ofl 151, ..o . ool Ll L
Pimenta o0il + sassafrasoil 1:1......... ... ........
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Relative atiractivensse (percent)
Components of mixture Datermined Expected

0t mixed with acid

Bay oil 4 walericacid 1:9........ .. ... .........
Linaloe cil -4 valevic aeid 1:1..... .. .. ... ... .,
Pimenta vil + caproie aeid 1:1.,,,..... r e
Pimenta oil + proplonicacid 1:4..................
Pimenta oil <4 valeric acid 1:9. .. ... il
Snssufras ol + enproic neid 1:1., ... .t
Bassafras oil + valerieneid 1:9. ... .. .. ... ...

0il mixed with alechol

Bay oil + phenyl ethyl aleohol 1:9

Clove ol + geraniol 1:9..........

Clove oil + phenyl ethy! nlcohol 1:9.

Pimenta oil 4+ geraniol 1:9, .. ... ... L.
Piments oil 4+ phenyl ethyl alecohel 19..,.........

Qil mixed with phenol

Anise oil + eugenol 9:1

Citroneila oil + engenol HO:1. ... i
Clove il + anethole 1:9. ... ... ..., ..
Grapelruit oil 4 eupenol 9:1. ., ... oo ...
femon ol Feugencl 9:1.. .. ... L,
Pimentw oil 4+ eugenol 9:1.. ... ... ..., .
Pine oil + eugenol 021, ... . ... i
Sassafres oil + eugenol 9:L... ... o,

Acid mixed with phenol

Caproic acid -+ anethole 1:1....... . ... ........
Cuproic acid + eugenol 3:1........iveiee o nL.

Alcohol mixed with alecho!
Geraniol -+ phenyl ethyl aleohol 10:1..............
Aleohol mixed with aeid
Geraniol 4 caproic aeid 14 . ., .. ... .. .
Aleoho!l mixed with aldehyde

Gersniol 4 benzaldehyde 19%:1... ... .. ... ... ..
Geraniol + eitral 1:9. .. ... . .. e

Alecohol mixed with eater

Geraniol + methy! salieylate 9:1..................
Geraniol + phenyl ethyl acelate 1:4

Aleohol mixed with phenol

Citronellol + eugenol 10:1. .. ... .o i e
Geraniol + anethole 1:9. .. .........cc.ciiviunnn.
Geraniol + eugenol 921, ... ... . i
Geraniol 4 safrele 10:1.. ... . 0i e rinn ..
Pheny! ethyl aleohol + sugenol 9:1............. ...

Aldehyde mixed with phenol

Citral 4-eugenol 922, ... .. ... .. i
Citronellal + eugenal 1021, .. .............o..o. ..
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Relative attroctiveness {percent}
Components of misture Datermined Expested

Ester mixed with phenul

iso-fmyl vaderte Fenpenol Sl oo
Geranyl nectats 4 cupenad 101 ovrennieonn
Methyl subieylate 4 eugenol 91l o ouvinn e
Phonyl ethyl acelate 4 eugenol L. .o et

henol mixed wish phenel

Anethole +-eugenol 931 .o i 10!
safrofe 4 opgenot Dxlo oo 32

The proportion of the components of a mixture is algo a factor
modifying the attractiveness. The relutive attractiveness of the
9-1 and 1:1 mixtures of anethole and caproic acid was 12 and 58
percent, respectively, The velative atiractiveness of anethole-
gugenol mixtures decreased progressively from 113 with the 19:1
mixture to 83 percent with the 2:3 mixture, whereas the attrac-
tiveness of pgeraniol-eugenol mixtures increased trom 98 with
the 10:1 mixture to 165 percent with the 5:4 mixture. The rela-
tive attractiveness, respectively, of the 8:1:1, 1:1:8, and 1:2:8
mixtures of gerauniol, eugenol, and phenyl ethy!l acctate was 130,
108, and 72 percent; the 20:2:1 and 10:1:2 mixtures of geraniol,
eugenol, and pheny! ethyl aleohol 123 and 106 percent; the 8:1:1,
1:1:1, and 1:1:8 mixtures of greraniol. eugenol, and pheny! ethyl
butyrate 144, 195, and 222 percent; the 2:2:1, 3:6:1, 6:3:1, and
9 .92 mixtures of anethole, caproic acid, and eugenel 133, 176, 202,
and 246 percent,

Technicat Geraniol

Source and Compuosition

Pure geraniol is an unsaturated aliphatic alenhol with the
empirical formula CH,;OH. Itisa colorless liguid with & molec-
ular weight of 154.25, a refractive index of 1.4798, a density
(gram per milliliter) of 0.8812, a melting point less than —15° C.,
and a boiling point of 229 at 760 mm. Fleming et al. {unpub-
lished) found it was only about 25 percent as attractive as most
fechnical geraniols of commerce.

Technical geraniol is usually obtained by the fractional distilla-
tion of Java cilroneila oil, although Ceylon citronelia oil or palma-
rosa oil may be used. It is a complex mixture, Metzger and Maines
(1935} found that the best commercial grades contained 87 per-
cent or more of geraniol and citronellol, no aldehydes, and a trace
of esters; the intermediate grades contained 80 to 86 percent of
geraniol and citronellol, 0 to 1.2 percent of citvonellal, and 0.9
o 1.3 percent of esters; and the poor grades contained 50 to 75
percent of geranicl and citroneliol, 1 to 10 percent of eitronellal,

and 2 to 20 percent of esters.
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Jones and Haller (1941) isolated and purified the constituents
of a technical geraniol and found its approximate composition
was as follows:

Lompiment

Nerol {isomer of gernnivl not rencting with caleium chloride)
d-Citronellol

ramma Cadinens. .
eranyl scetufe
amins Cadizol and other sesquiterpense aleobols
‘erpenss {probably limeneue and dipentene)
d-Citronyl ucetnte
Eugenol
Aldahydes (probably citronellal)
iso-Eugenol
Geranyl butyrate

Fleming et al. (unpublished) subjected a techmical geraniol to
fractional steam distillation and compared the fractions with
those of the original geraniol. The first fraction, which was 75
percent of the original volume, eontained all the terpenes and
aldehydes, most of the citronelio] and geraniol, and much of the
esters, It attracted 20 percent more beetles than the original
geraniol, The second fraction, which was 15 percent of the origi-
nal velume, consisted primarily of eugenol, gamma cadinene,
elemol, and some geranicl. It attracted 84 percent more beetles
than the original geraniol. The third fraction, which was 10 per-
cent of the original volume, contained gamma cadinene, elemol,
the higher sesquiterpene alcohols, and some eugenol. It atfracted
about the same number of beetles as the original geranicl. The
resuits indicated that the most attractive components of the
pgeraniol were in the first and second fractions.

Chisholm et al. {unpublished) by chemical treatment of tech-
nical geraniol obtained a fraction that was practically pure gera-
niol, another fraction containing a small amount of geraniol
and other aleohols, principally citronellol, and a third fraction
containing the natural esters with some alcohols and other com-
pounds. In the treatment, the acids, some of the aldehydes, and
the pheonls were lost. Fleming et al. {unpublished) found the
first fraction attracted 31, second 18, and third 4 percent as many
beetles as the original geraniol,

Fleming et al. {unpublished) determined the attractiveness of
the components of the technical geraniol that had been isolated
and purified by Jones and Hailler (1241). In comparison with
the original geraniol, the relative attractiveness (percent} of the
components was as follows: Eugenol 80, sesquiterpene alcohols
59, d-citroneilol 26, elemol 24, geraniol 18, gamma cadinene 13,
geranyl acetate 11, citronellyl acetate 9, citronellal 8, and ter-
penes 5. Eugenol was by far the most attractive ecomponent,
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indicating that the attractiveness of technical geraniol is affected
more by the amount of eugenol in the mixture than by the other
components. Geraniol was not the primary attractani for the
beetle as claimed by Richmond (1927), who tested only the tech-
nical product.

Specifications for Technical Geraniol

No standards for technical geraniol are in the U.S, Pharma-
copoeia or the National Formulary. It is used chiefly as a per-
fume. The discovery of its attractiveness to the beetle offered a
new outlet for the product. As a perfume the odor of the product
was the principal criterion. Such commercial designations as
“pure,” “absolute,” “extra,” and “prime” hy the varicus pro-
ducers identified the products with a high content of alcohot
used in perfume to distinguish them from the cheaper less de-
sirable products used in soap. No specifications were given for
technieal geraniol as an attractant for insects.

To develop a tentative specification for fechnical geraniol,
Metzger (unpublished) in 1927 tested the attractiveness of 13
lots of the product with a total alcoholic content ranging from
37 to 93 percent. There seemed to be no close relationship be-
tween the amount of alcohol in & product and its attractiveness.
Some lots low in alcohol were among the most attractive. The
more attractive lots contained at least 58 percent total alcohol.
Since at that time the amount of alcohol in the product was con-
sidered to be most important, Metzger (1928) and Van
Leenwen and Metzger (7930) recommended that the technieal
geraniol for use as an attractant contain not less than 58 percent
total alechol.

The technical geraniols obtained with that specification differed
widely in their attractiveness, a situation attributed to the great
range in the amount of total alcohol permitted. A highly refined
grade of technical geraniol seemed to be required to overcome
that situation. Vander Meulen (unpublished) prepared the fol-
lowing specifications for a highly refined grade of technical
geraniol:

Total aleohols as geraniol .. .. ...Not less than 87 percent
Aldehydes. .. .. i i e ea s NDNE

Specific gravity at 20°C. ... o0, a0 e 0.879-0.882

Optical rotation, 10 mm + 0° 307

Solubility in 80 percent ethyl aleohol 1 part in 4 pans of aleohot

The lots of technical geraniol obtained from a few producers
were fairly consistent in their attractiveness, In 1933 the quan-
tity of technical geraniol required by governmental agencies was
g0 large that many producers competed for the contracts. Some
lots were offered at a price much below any previous guotation,
but these failed to meet one or more of the specification require-
ments. Cne lot had been adjusted by the adding of other products
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to satisfy these requirements, but it was rejected because of its
uncharacteristic odor, even though odor was not part of the
specifications. (Metzger unpublished; Metzger and Maines 1935)

After consultations with the major producers of fechnical gera-
niol in the spring of 1933, Metzger (unpublished) proposed the
following specifications to define more precisely the characteris-
tics of a highly refined grade of geraniol:

Totul aleohols s gerandol. .. . ... ... . .. ... Not less than 87 percent
Aldehydes. ... ..., .. e e e o None

Specilic gravity at 20° C. .. ..o i e i 0.5876-0.882

Optical retation, 10mm. .......... ... .. ... . . ..., Less than -+ 0° 307
Solubility in 80 pereent ethyl aleohol. . ............... 1 part in 3 parts of aleohol
Boiling range (760 mmu). .. ..o None distiliing below 224° C,

sod not less thun 82 per-
cenl between 225° nnd 230°

Odor. ... e Churneteristic of high grade
of geraniol

Since geraniols with less alcohol than the minimum required
by the 1933 specifications were much cheaper than the highly
refined grade, the question was raised whether the highly refined
grade was necessary for use as an attractant. To study this
matter further, Metzger and Maines (1935) obtained 22 lots of
technical geraniol in the best, intermediale, and poor grades
from several producers and determined their physical properties,
the amounts of citronellol, geraniol, citronellal, and the esters in
them, and their attractiveness to the beetie. Some of the lots in
the intermediate and poor grades were more attractive than those
in the highly refined grade, showin;' that the best grade was
not essential for use as an attractani. Esters seemed to enhance
the attractiveness. Aldehydes in limited quantities did not seem
to inhibit the attractiveness,

As a result of this investigation, Metzger and Maines (1985)
proposed the following specifications for some of the less costly
technical geraniols:

Total [ree aleohols as geraniol and citronellol. .. . ... .. dore than 70 pereent
Aldehydes as eitronetinl . .. Lo oLl -« -.Less (han 3.5 pereent

Esters ns peranyl acetite. oo ool ol Tess than 15 percent
Specific geavity at 20% C. L i e .. LBT5-0.885

Sojubility in 70 pereent ethyl aleohol, ., ... .. ... ..., 1 part in 2 parts of aleohol
Boiling cange (F&0mm.). . ... oL L. L Not more tlhan § percont

helsw 225% (*) por mare

than 18 pereend above 2.15°

LT A .. oAbsenee of any significant
added foreion material

In 1935 a technical geraniol meeting these specifications could be
obtained for about 60 cents per pound, whereas one satisfying
the 1938 specifications cost about $1.50 per pound.
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The boiling range claimed by a producer for a lot of technical
geraniol was not always confirmed at the Japanese Beetle Labora-
tory. The producers used different methods and apparatus for
their determinations, and the results were affected by the type
of distillation apparatus, the rapidity of distillation, the baro-
metric pressure, and other factors. Kaoblitsky and Chisholm (1940)
developed a standardized procedure for determining the boiling
range. With this procedure duplicate determinations differed by
less than 1° C. The procedure was adopted as the official method.

The physical properties and the chemical composition of the
technical geraniols submitted by producers in regponse to invita-
tions for quotations were determined to ascertain whether they
complied with the 1935 specifications, and during the summer
their attractiveness was evaluated. In 1935 Metzger (unpub-
lished) found that four of the five lots of geraniel submitted
met the requirements of the specifications; the fifth lot was too
low in total aleohol and too high in aldehydes., The four lots
meeting the specifications attracted about the same number of
beetles as the highly refined product, but the other one attracted
23 percent fewer beetles, In 1936 Metzger (unpublished) tested
three lots Aubmitted and found that they attracted 2 to 14 percent
more becties than the highly refined product. In 1938 Fleming
et al. (unpublished) found that two lots of geraniol meeting the
specifications differed greatly in their attractiveness. The cheaper
one attracted 1.4 times as many beetles as the other.

In 1939 two lots of geraniol meeting the 1935 specifications
were analyzed and tested in competition with the standard gera-
niol-eugenol mixture. The relative attractiveness of the one, which
contained only a few compenents, was 77 percent, whereas the
other, containing many components differing widely in their
physical properties, had a relative attractiveness of 125 percent.

(Chisholm et al. unpublished: Fleming et al. unpublished: Jones
and Haller 1940)

In 1940 only one of six lots of geraniol submitted met the
specifications. Its relative attractiveness was 76 percent. The
first lot rejected contained 29.1 percent aldehydes and 55 percent
of it distilled below 225° C. Its relative attractiveness was only
35 percent. The second lot rejected had only 0.6 percent more
esters than the maximum specified and it contained a trace of
phenols. Its relative attractiveness was T4 percent. The third
tot rejected had 4 percent more than the maximum specified,
distilling above 245°. It contained 2.5 pereent phenols and its
relative attractiveness was 83 percent. The fourth lot rejected had
a specific gravity 0.0137 higher than the maximum specified, and
24 percent more than the specified maximum distilled above
245°. It contained 25.8 percent esters, 66.4 percent aleohols, and
6 percent phenols. Its relative attractivenass was 89 percent. The
fifth lot rejected had a specific gravity 0.0332 higher than the
maximum specified and 98 percent of it distilied above 245°. 1t
contained 54 percent alcohols and 5 percent phenols. Tts relative
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attractiveness was only 43 percent. The same situation prevailed
in 1941. (Fleming et al. unpublished)

The 1935 specifications were inadequate in that lots of tech-
nical geraniol meeting these requirements differed widely in their
attractiveness, and some lots with less alcohols, more esters, and
eugenol were at least as attractive. This situation showed that
a further investigation should be made to define more precisely
the physical and chemical properties of an attractive technical
geraniol. Jones and Haller (1940) suggested that to obtain a
more definite product, consideration also should be given to the
determination of the viscosity and optical rofation, as well as
chemical determinations sufficient o establish the composition of
the product. In view of the deterioraiing econcmic conditions in
1941 this investigation was not undertaken.

In 1942 it was not possible for the Department tc purchase
at & reasonable cost a sufficlent quantity of technical geraniol
meeting the 1935 specifications. Fleming et al, (unpublished)}
developed temporary emergency specifications, which included
some of the higher boiling fractions of citronelia oil that were
available at a reasonable cost. The lots obtained in 1842 and 1948
compared favorably in attractiveness with those obtained previ-
ouslty with the 1985 specifications, but in 1944 the technical gera-
niols available did not meet even those broad specifications and
most of them were poor attractants. It was necessary at that
time to discontinue the use of technical geraniol as a component
of the bait.

Mixtures of Technical Geraniol and Eugenol

Inn 1925 and 1926, Richmond (1427} and Smith and Richmond
(unpublished) found that a bran bait containing 2.5 percent
technical geraniol and 0.25 percent U.8.P. esugenol was more at-
tractive to the beetle than either chemical alone. Fleming et al.
{(unpublished) found that when tested in competition with a
10:1 technical geraniol-U.S.P. eugeno! mixture, the technical gera-
niol on the average had az relative attractiveness of 80 percent
and C.P. geraniol 20 percent, but the 10:1 mixtures of these
geraniols and eugenol were equivalent in attractiveness.

Metzger (1928} and Richmond and Metzger {1929} recom-
mended 150 grams of a mixture with the following composition
for baiting the standard trap:

Geraniol (bechniead}. . ... . L 3.75 grams.

Eugencl (U.3.2.3. .. .37h gram.
L 1) DRI . . . vo e 75 grums,

MolBses. L L e e 39 ml,

L U, G mi.

R LI DI 13 ml

The molasses, plycerin, and water were added to keep the bait
meist and to hold the ingredients together. A bait was usually
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effective for about 3 weeks. Siuce the traps were operated for not
more than 6 or 8 weeks, one or two changes of the bait during
the summer were usually sufficient.

Van Leeuwen and Metzger (1980) tested various amounts and
proportions of technical geraniol and U.S.P. eugencl in the bran
Lait in competition with the recommended bait and found that
the attractiveness was eunhanced 160 percent by increasing the
amount of geraniol to 15 grams and the amount of eugenol to
1.5 grams. This modilied bran bait was recommended for gseveral
vears (Van Leeuwen and Metzger 1980; Metzger 1992, 1984aq,
1936 Fleming et al. 1840a).

One disadvantage of the bran bait was that its attractiveness
decreased progressively as the geraniol and the eugenol evapo-
rated. Searching for a method to dispense the bait more uni-
formly throughout the trapping season, Metzger (1983) placed
the 10:1 geraniol-engenol mixture in a glass bottie and dispensed
it by means of a cotton wick. The beetles were attracted until
the attractant was exhausted. The rate of evaporation was modi-
fied by the exposure of the wick. A !4-inch cotton wick exposed
2 and 4 inches atlracted 7 and 27 percent, respectively, more
beetles than the bran bait during an 8-day exposure,

The uge of the bottle-and-wick dispenser was an important
development. Nob only could sufficient bait be placed in the bottle
Lo last 5 to 7 weeks but it could be discerned readily when prac-
tically all the bait had evaporated. After 1933 the bottle-and-wick
dispenser was used by the Department in the survey program
and in experimenial work. The 10:1 geraniol-eugenol liquid bait
was recommended in preference to the bran bait by Metzger
(1825a, 1936) and by Fleming et al. (1940a}.

Fleming and Burgess (1840) and Fleming et al. {unpublished)
found that the abtractiveness of the liguid bait was enhanced
by increaging the amount of eugenol in the mixture. During a
§-week exposure in the field when the standard geraniol-eugenol
mixture was changed weekly, the relative attractiveness of the
10:1 mixture exposed for that period was 98 percent, whereas
the B:1, 5:2, 5:4, and 1:1 mixtures were 142, 146, 165, and 158
percent, respectively.

In 1939 technical geraniol was obtained in large quantities for
32.4 cents per pound, whereas U.S.P. eugenol cost §1.12 per
pound. The substitution of the 5:1 mixture for the 10:1 mixture
would have inereased the cost of the bait about 15 percent. Since
the Departmernt at that time was purchasing about 4,000 pounds
of bait annually, an increase of 15 percent in the cost was not
considered feasible. By 1944 when the cost of technical geraniol
and U.S.P. engenol was about the same, it would have been prac-
tical to increase the amount of eugenol in the mixture, but at that
fime little geraniol was available.

Consideration was given to reducing the cost of the geraniol-
eugenol mixture by diluting it with an inert substance. Fleming
et al. {unpublished) used ethylene glycol and dimethylphthalate
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as diluents, Bthylene glycol was not satisfactory Dbecause it
absorbed moisture from the atmosphere, and the geraniol-eugenol-
ethylene glycol mixtures soon separated into two layers with
most of the geraniol and eugenol in the upper layer. The geraniol-
eugenol-dimethylphthalate mixtures remained homogeneous in
the {ield, but the atiractiveness progressively decreased with the
inerement in the amount of dimethylphthalate, The relative attrac-
tiveness of the 9:1 geraniol-eugenol mixture was reduced from
100 to 87, 83, and 74 percent by a 3:1, 2:1, and 1:1 dilution,
respectively,

Muma et al. (1944) were more successful with a 1:1 mixture
of mineral oil and deobase oil as a diluent. The relative atirac-
tiveness of the 9:1 geraniol-engencl mixture did not change
sppreciably until the dilution of the bait was more than 1:L
The relative attractiveness was reduced from 100 fo 90, 83, 56,
und 48 percent by a 2:3, 3:7, 1:4, and 1:9 dilution, respectively.
In more exiensive tests Muma et al. {2945) found that the 9:1
bait diluted with an equal volume of the oils was 98 percent as
effective as the undiluted bait., The bait diluted 7:3 and 1:1 was
used extensively in Maryland during 1944 with very satisfactory
results, A more attractive but more costly bait was obtained by
dituting the 1:1 mixture of geraniol and eugenol 7:3 with the
oils. The relative atfractiveness of the 1:1 mixture was reduced
from 153 to 140 percent by that dilution.

Several substances were added to the technical geraniol-U.S.P.
eugenc! mixtures to enhance their attractiveness, Some of these
substances decreased the attractiveness or had litlle effect on it.
The addition of caproic acid, phenyl ethyl acetate, phenyl ethyl
aleohol, phenyl ethyl bubyrate, and phenyl isc-valerate in certain
proportions definitely increased the attractiveness, as indicated
in the following data:

Compesition of bail by volwme and relative
aitractiveness {perceaty Source

Gemniol 4 cugeonol 4- eaproic acikd 1:0:8 (173, ..., L!l.ll{.,fﬂr(l and Cory 1846.
Ceraniol 4+ cugenol + caproie acid - phon\i ethyi

butyrte 10820 07T8Y, Vel £233) Do,
C‘{,mmol + f.'u;_,mo! 4+ jphenyi eihyl ncvmt(‘ W

{13¢ Langford and Gilbart 1948.
(:cmnml + (‘lli,.t‘tl()l —I—- plu ml (tl;\l aleohol 90:2:1

{123), 101z {12 | | . Metzger {936, unpub.
Geranial + engenat 4 ph(\mi @ lh\l 'm:t\ rate 51111

(L), Dodsd (1053, 11 (20) .. .. Langford and Cory 7846.
Creruniol -+ cugenol 4+ phienyliso-v: slers 1{(‘ 11" 8 ('i:S) Do,

! Parenthetiond pambens in pereent,

The exploratory tests showed that the atfractiveness of the
geranioi-eugenol bait could be greatly increased by adding caproie
acid, phenyl ethy! butyrate, or phenyl iso-valerate, but there was
na addltlonal experimentation with these mixtures. Only the
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20:2:1 mixture of geraniol, eugenol, and pheny! ethy! alcohol was
tested more extensively. Metzger (1985) recommended this mix-
ture as an attractant. This bait was used in the survey program
of the Department during 1936-39. Since the highly refined gera-
niol nsed in the experiments had been replaced by the lower
grades meeting the 1935 specifications, Fleming et al. (unpub-
lished) tested the 20:2:1 mixture prepared with these geraniols
and found that the relative attractiveness of the mixtures ranged
from 73 to 172 percent, depending on the composition of the
technical geraniols. In view of this situation the use of phenyl
ethyl alcohol in the bait was discontinued in 1939.

Mixtures of Technical Geraniol Not Containing Eugenol

Several compounds were added to technical geraniol as a sub-
stitute for U.3.P. eugenol. Fleming et al. (unpublished)} found
that the binary mixtures prepared with geraniol and acetic acid,
acetophencne, amyl salicylate, anethole, bay oil, benzaldehyde,
citral, citrie acid, citronellol, geranyl acetate, lactic acid, methyl
anthranilate, safrole, thymol, triethanolamine, or vanillin at-
tracted less than 76 percent as many beetles as the geraniol-
eugenol standard.

Some mixtures approached the geraniol-eugenol standard in
attractiveness. They were as follows:

{"omposilion of bail by volwme and relative
aliracliveness {percenin Source

Croraniol 4 buly! earbilol neetite 9:1 (96) .. ... Jleming et aul. uapub.

(eraniol 4 eaproie aeid 4:1 (3103) Langlord and Cory 18458

Geraniol 3 clove ot 10:1 (98}, 9:1 {82}, . . . Jleming et al. unpub,

Ceraniol 4+ methy] <nficvlate $:1 (8063 e Do,

Geraniol - phenyl ethyl ncetate 13 (84).. L:ul{.,furd and Gilbert 7948,

Gernniol + pheny) sthyl alechel 20:1 (40}, Toer (98)

5:1 (84) Metzger 18386, nnpub.; Fleming

et al, unpub,

Geranicl -+ pimenta 0il 8:1 (163). ... . ....... . .Fleming and Chisholm 1844;
Fleming et al. unpub.

Geraniol -+ alphe terpinea! 930 (9. .. ... ... ..., Fleming et al. unpub.

! Pauronthetical numbers in porcent.

Langford and Cory (1846) found that the 2:9:9 mixture of
geranicl, anethole, and caproic acid had a relative attractiveness
of 182 percent.

Commercial Citronella Oil

Source and Composition

According to Gildmeister and Hoffman (7916), commercial cit-
ronella oil is obtained by steam distillation of cifronella grass
{Cymbopogon nardus (L.} Rendle). The principal sources are
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(Geylon and Java. The Ceylon oil i3 a yellowish to brownish yellow
liguid with a characteristic odor. The Java oiil 1s colorless to
alightly yellowish with a more intense odor than the Ceylon oil.
The oil from both sources is a complex mixture of hydrocarbons,
ilcohols, esters, phenols, and other compounds.

Metzger (unpublished) analyzed nine lots of each type of oil.
The Ceylon oil contained 86 to 47 percent alcohels, 8 to 11 percent
esters, and 9 to 13 percenl aldebydes. The Java oil contained 55 to
70 percent alechols, 3 to 7 percent esters, and 26 to 39 percent alde-
hydes. The total acetylizable constituents after the aldehydes had
been removed ranged from 46 to 57 percent with the Ceylon oil and
from 60 to 74 percent with the Java oil. Righly-five percent of the
Ceylon oils distilled between 190 and 256" (. at 760 mm. and the
Java cils between 2107 and 248",

Arrangements were mude with a commercial producer to dis-
till Java citronella oil under high vacuum aceording to the regular
procedure. The oil had a refraction index of 14685 at 2567 C., a
gpecific gravity of 0.8873 at 207, and 82 percent distilled hetween
208.4° and 242.1° at 760 mm. The [irst fraction was largely water
anel was discarded. The terpene fraction, which wasg largely ter-
penes, had a refraction index of 1.4624, » spacific gravity of 0.8500,
and 82 percent distilled between 169.9” and 198.4 ", The citronellal
{raction, which contained 79.3 percent uldehyde, had a refrac-
tion index of 1.45186, a specific gravity of 0.8693, and 82 percent
distilled belween 193.97 and 212.8°.

The frst geraniol fraction, which contained 9.7 percent esters,
29.1 percent aldehydes, and 87.1 percent alcohnls had a refraction
index of 1.4656, a specific gravity of 0.8805, and 82 percent dis-
titled between 209.9” and 231.4* C. It should be noled that the
values for alcohols include aldehydes and free and combined al-
chols expressed as geraniol. The second geraniol fraction, which
contained 15.6 percent esters, 1.7 percent aldehydes, 94.0 percent
aleohols, and a trace of phenol, had 2 refraction index of 1.4689,
a specific gravity of 0.8810, and 82 percent distitled between
227.0° and 234.9”. The third geraniol fraction, which contained
25.8 percent esters, 1.0 percent aldehydes, 66.4 percent alcohols,
and 6.0 percent phenols, had a refraction index of 1.4810, a specific
gravity of 09087, and 82 percent distilled befween 233.9" and
256.3°. The last geraniol fraction, which contained 13.7 percent
esters, 1.1 percent aldehydes, 54.2 percent alcohols, and 5.0 percent
phenols, had a refraction index of 1.4914, a specific gravity of
0.9282, and 50 percent distilled hetween 243.7% and 267.57, the
limit of the thermometer. The pots fraction, which was not an-
alyzed, had a refraction index of 1.4978 and a specific gravity of
0.9436. (Fleming et al. unpublished)

The second geraniol fraction met the 1935 specifications for
technical gperaniol, except that the esters were 0.6 percent higher
than the maximum specified. The third geraniol fraction was typi-
cal of the technical geraniol obtained with the emergency specifica-
tions of 1942,
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Java citronella oil and its fractions obtained by distillation de-
composed during a 8-week exposure in the field, as indicated by
the increase in the color density, the refraction index, and the rela-
tive viscosity. The absorption of light increased (percent) as
follows: Oil 18, terpene fraction 4, citronellal fraction 7, first gera-
niol fraction 1, second geraniol fraction 11, third geranio! frac-
tion 30, last geraniol fraction 24, and pots fraction 100. The in-
crease in the refraction index was 0.0045, 0.0132, 0.0094, 0.0024,
(.0011, 0.0020, 0.0008, and 0.004, respectively, and the increase in
the relative viscosity was 0.66, 0.84, 0.96, 0.54, 0.13, (.18, 1.97,
and 42.80, respectively. (Fleming et al. unpublished)

In comparison with the geraniol-eugenol standard, the relative
attractiveness (percent) of Java citronella oil was 77, terpene
fraction 4, citronellal fraction 16, first geraniol fraction 35, sec-
ond geraniol fraction 74, third geraniol fraction 89, last geraniol
fraction 65, and pots fraction 13 (Fleming et al. unpublished).
Langford et al. (1843) apparently tested a poor grade of citronella
0il because they reported a relaiive attractiveness of only 26 per-
cent.

Mixiures of Citronella Oil and Eugenol

The addition of U.8.P. eugenol greatly enhanced the attractive-
ness of citronella oil. The relative attractiveness of 10:1 mixtures
of the oil and U.S.P. eugenol, prepared with nine lots of the Ceylon
oil, ranged from 114 to 129 percent and with 12 lots of the Java oil
from 108 to 139 percent. The average reiative attractiveness of
the ruixtures with the Ceylon oil or the Java oil was 121 percent.
There was no indication that the attractiveness of these mixtures
changed substantially during a 6-week exposure in the field.
{Mefzger unpublighed)

Tashiro and Fleming (1254) found that adding U.5.P. eugenol
to Java cifronella oil increased ifs attractiveness to the European
chafer (dmphimallon majalis (Razoumousky) }. The increase in
attractiveness {percent) with the 9:1 mixture was 3, 7:3 mixture
29, 4:1 mixture 9, and 3:1 mixture 20.

The addition of phenyl ethyl alcohol to the 10:1 citronella vil-
eugenol mixture did not modify its attractiveness. The relative
attractiveness of the, 20:2:1 mixture of citronella oil, eugenol,
and pheny! ethy! aleshol was 114 percent.  {Metzger unpublished)

Replacing eugenot with clove oil greatly reduced the attractive-
ness. The relative attractiveness of the 18:1:1 mixfure of citronel-
la oil, clove oil, and phenyl ethyl alcohol was only 69 percent.
{Langford and Cory 1946)

A 10:1 mixture of Java citronella il and U.5.P. sugenol was a
promising substitute for the recommended geraniol-eugenol bait.
It was alightly more attractive to the beetle and the oil could be
obtained for about one-half the cost of the cheapest technical ge-
raniol. There was a guestion about substituting an even more
complex mixture for technical geraniol; however, lacking adequate
apecifications for the oil. consideration of the change was deferred.
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Later Tashiro and Fleming {1954) found that Java citronella
oil-eugenol mixtures were the most attractive and the most prae-
tical baits for the European chafer and recommended the 3:1
mixture as an attractant for that insect. The mixture was very at-
tractive to the beetle and to the chafer. 1t was used by the Depart-
ment for several years in surveys to determine the presence or ab-
sence of the chafer in areas where it was not known to occur. In
areas where the beetle was established, eapturing large numbers of
beetles in traps complicated the chafer survey. Tashiro et al.
{1964) solved that problem by substitufing butyl sorbate for the
citronella oil-eugenol bait. The butyl sorbate was egually as at-
tractive to the chafer as the citronella oil-eugenol mixture, but its
relative attractiveness to the beetle was only 2 pereent.

Anethole

Source, Composition, and Specifications

Anethole is the principal constituent of anise and star anise oils
and an important constituent of fennel oil. The natural preduct
cbiained by the fraction gistillation of star anise oil is usually
available in limited quantities. Amnethole is also made synthetically
from domestic pine oil and this type is available in large guantities,
The best grade of anethole meets the following specifications of
the National Formulary:

Coloratorabove 28°C. . ... .. i Colorless to faintly yellow

Congenling point. ... o oot vt 20°-21° C.

Molbing polnt......... ... il 22°-23° C,

Solubility in athylaleohol. .. ... ... . ... .. .. 1 part in 2 parts of alcohol

Specific gruvity at 25°C.. ... ... ... ... ..., .. 0.983-0.987

Boiling range (T60mm.). .. ..o it 234°-237° G

Refractive index at 25° C. . ... ... ieiiiinnnns 1.558-1.561

Phenols. ... e e e e Trace

Odor. .. e e No readily detectable, irritating,
ptlilenolic, or empyreumatic
odor

! National Formulary VI required this boiling range; Naulons! Formulary VIIper-
mitted 281°-237° C.

The physical properties of the N.F. product closely agree with
those of pure anethole, an unsaturated phenol with an empirical
formula of CH,CH:CHC,H,OCH, and a boiling point of 235.3° C.
at 760 mm.

In 1945 N.F. anethole was quoted at 3$2.20 per pound, whereas
a technical grade not quite meeting these specifications was gquoted
at 85.7 cents per pound (Fleming et al. unpublished)}. After con-
sultation with the producer of technical anethole, Chisholm (un-
published) developed the following specifications for technical
anethole:
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Color at or above 23° C Colorless to frintly yellow
Melting point 18%-23° C.

Solubility in ethyl sicohol 1 parl in 2 parts of alcohol
SBpecific gravity ul 26° C -2, 0,979-0.987

Boiling range (760 mm.}. . . ... ... .. e ..230%-240° C,

Refractive indox ot 25°CL . i iiiiiiirene e, 1.648-1.561

Trace

No readily detectables, irritating,
phenclie, or empyrewnatic
odoer

Mixtures of Anethole and Eugenol

Fleming et al. {unpublished) found that anethole and oils eon-
taining this compound were poor atirvactants for the beetle. The
relative attractiveness of natural anethole was & percent, synthetic
anethole 16 percent, and fennel and star anise oilg 3 percent, The
relative attractiveness of the 9:1 fennel oil-eugenol mixture was 35
percent and the 9:1 mixture of star anise oil and eugenol 19 per-
cent, Arcoi® obtained during the production of anethole from
pine o0il and containing 15 to 20 percent of anethole and methyl
chavicol, was also a poor attractant. The relative attractiveness
of the 9:1 mixture of Arcol and eugenol was 15 percent and the
4:¥ mixfure 13 percent.

The addition of eugenol to the natural and synthetic anetholes
greatly enhanced their atiractiveness. The relative attractiveness
of the 9:1 mixture of N.F. natural ansethole and TU.S.P. eugenol was
76, the 3:1 mixture 78, and the 1:1 mixture 74 percent. The rela-
tive attractiveness (percent) of the 19:1 mixture of N.F. syn-
thetic anethole and eugenol was 115, 9:1 mixture 101, 4:1 mixture
1086, 8:1 mixture 121, 8:2 mixture 97, 1:1 mixture 77, and 2:3 mix-
ture 83. The relative attractiveness of the 19:1 mixture of tech-
nical geraniol and eugenel was 101, 9:1 mixture 98, and 4:1 mix-
ture 93 percent. (Fleming and Chishoim 1944; Fleming and
Maines unpublished; Fleming et al. unpublished; Langford and
Cory 1946; Muma et al. 1945)

Fleming and Chisholm (1944) recommended the 9:1 anethole-
eugenol mixture as a substitute for the geraniol-eugenol mixture,
principally because since 1941 it had become increasingly difficult
io obtain the desired grade of geranicl at a reasonable cost. In
1946 Fleming et al. (1948) recommended anethole, derived from
pine oil and meeting the requirements of the National Formulary,
or the technical grade of that material, which was cheaper, The 9:1
technical anethole-U.8.P. eugenol mixture has been used in the
survey program of the Department since 1945. It was recom-
mended for general use by Fleming et al. (1946), the U.3. Bureau
of Entomology and Plant Quarantine (1942), and Fleming (1955,
1958, 1960, 1963).

* Trade names ure used in this publication solely to provide specific information,
Mention of & trade name does not constitute s warranty or an endorsement of the prod-
get by the U.8. Depurtment of Agriculture to the exclusion of other produects not
wentioned.




40 TECHNICAL BULLETIN 1399, U.S. DEPT. OF AGRICULTURE

Caproic acid, phenyl ethyl acetate, phenyl ethyl buiyrate, phenyl
iso-valerate, and iso-valeric acid were added to anethole-eugenol
mixtures to enhance their attractiveness. The relative attractive-
ness (percent) of the 2:1:2 mixture of anethole, eugerol, and
caproic acid was 133 (Langford and Cory 1946), 3:1:6 mixture
176 (Fleming et al. unpublished), 6:1:3 mixture 202 (Fleming et
al. unpublished), and 9:2:9 mixture 246 (Langford and Cory
1946). The relative atfractiveness (percent) of other mixtures
containing three components was as follows: The 8:1:1 mixture
of anethole, eugenol, and phenyl ethyl acetate 133 (Langford and
Gilbert 1949): 8:1:1 mixture of anethole, eugenol, and phenyl
ethyl butyrate 84 and 18:1:1 mixture 114 (Langford and Cory
1946) ; 8:1:1 mixture of anethole, engenol, and pheny! iso-valerate
%8 (Langford and Cory 1946); and 9:1:40 mixture of anethole,
eugenol, and iso-valeric acid 79 (Langford and Cory 1846).

The relative attractiveness (percent) of mixtures with four or
five components was as follows: The 12:1:6:1 mixture of anethole,
eugenol, caproic acid, and pheny! ethyl butyrate 144 (Fleming et
al. unpublished) and 9:1:9:1 mixture 279 (Langford and Cory
1946) ; the 8:3:8:8:8 mixture of anethole, eugenol, caproic acid,
phenyl ethyl butyrate, and iso-valeric acid 205 (Langford and
Cory 1946).

These preliminary tests indicated several possibilities of en-
hancing the attractiveness of anethole-eugenol mixtures. The
simpiest method was to replace half of the anethole in the 9:1
mixture with caproic acid. None of these mixtures were tested
more extensively and none of them were recommended,

Mixtures of Anethole Not Containing Eugenol

Three eugenol-bearing oils—bay, clove, and pimenta-—were sub-
stituted for U.S.P. eugenol in the binary mixtures of anethole and
eugenol. The relative attractiveness of the 9:1 anethole-bay oil
mixture was 37, 4:1 mixture 33, and 3:1 mixture 27 percent,
When clove oil was substituted, the relative attractiveness of the
9:1 mixture was 53, 4:1 mixture 51, and 3:1 mixture 55 percent.
The results with anethole-pimenta oil mixtures were more promis-
ing. The relative attractiveness of the 9:1 mixture was 105, 4:1
mixture 105, 3:2 mixture 101, and 2:8 mixture 113 percent.

The relative attractiveness of the 1:1 mixture of anethole and
caproic acid was 58 percent (Langford and Cory 1946). It was 76
percent with the 6:3:1 mixture of anethole, caproic acid, and
phenyl ethy! butyrate (Fleming et al. unpublished} and 95 per-
cent with the 9:9:2 mixture of these components (Langford and
Cory 1946). It was 120 percent with the 4:4:3:4 mixture of ane-
thole, caproic acid, phenyl ethyl butyrate, and iso-valeric acid
{Langford and Cory 1#46).

If eugenol had to be substituted, the most promising mixtures
were the 9:1 mixture of anethole and pimenta oil and the 9:9:2
mixiure of anethole, caproic acid, and pheny} ethyl butyrate.
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Aliphatic Acids

Tests were conducted to determine the attractiveness of the
saturated aliphatic acids and one unsaturated acid, oleic acid.
Formic acid has an irrituting odor, acetic acid a sharp penetrating
odor, and propionie acid a pungent pergpiration-like odor; butyrie,
valeric, and caproic acids have disagreeable rancid odors; and
palmitie, stearie, and oleic acids are almost odorless. All these
acids were poor attractants. Their relative attractiveness (per-
cent) was as follows: Formic 3, acetic 3, plOplOI‘llc 33, butyrlc 13,
n-butyric 4, iso-butyric 5, valeric 29, caproic 27, n-caproic 25, iso-
caproic 35, palmitic 15, stearlc 4, cmd oleic 4. (Langford et al.

1948; Flemmg et al. unpubllshed)

Caproic Acid

In 1948 pure caproic acid cost about $35 per kilogram. The
technical product, produced by a fermentation process, cost $1.50
to $3.25 per pound in 100-pound lots. There were no specifications
for technical caproic acid. (Fleming et al. unpublished)

The addition of U.S.P. engenol to technical eaproic acid enhanced
its attractiveness. Fleming et al. (unpublished) found that the
relative attractiveness of the 9:1 mixture of the acid and eugenol
was 61 percent, whereas the 4:1 mixture was 52 percent. How-
ever, there were great variations in the attractiveness of acid-
eugenol mixtures made with techniecal caproic acid from different
producers. The relative atiractiveness of the 9:1 mixture ranged
from 39 to 82 percent and a similar variation was found with the
4:1 mixture. Muma et al. {1945} found that the 9:2:9 mixture
of caproie acid, eugenol, and mineral oil was 81 percent as attrac-
tive as the stundard geraniol-eugenol mixture.

The relative attractiveness of the 1:1 mixture of caproic acid
and pimenta oil was 72 percent and the 1:1 mixture of caproic
ucid and sassafras oil 49 percent (Langford et al. 1948),

The relative attractiveness of the 4:1 mixture of caproic acid
and phenyl ethyl butyrate was 124 percent, whereas the 18:1:1
mixture of caproic acid, phenyl ethyl butyrate, and phenyl iso-
valerate was 78 percent. When mineral oil was added as a diluent,
the relative attractiveness of the 2:1:2 mixture of caproic acid,
pheny] ethy! butyrate, and mineral oil was 77 percent and the

:1:6 mixture 106 percent. {(Langford and Cory 1946)

Mixtures of caproic acid, eugenol, and phenvyi ethyl hutyrate or
phenyl ise-valerate were very attractive to the beetie. The rela-
tive attractiveness of the B:1:1 mixture of caproic acid, eugenal,
and pheny! ethyl butyrate was 284 percent and the 18:1:1 mixture
301 percent. The relative attractiveness of the 18:1:1 mixture of
caproic acid, eugenol, and phenyl iso-valerate was 264 percent,
(Langford and Cory 1556}

Langford and Cory (1246) recommended the 18:1:1 mixture of
technical caproie acid, U.S.P. eugenol, and phenyl ethyl butyrate
as a substitute for the recommended geraniol-eugenocl bait because
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of its simplicity, economy, and higher attractiveness to the beetie.
It is not known to what extent this mixture was used as an at-
tractant.

Valeric Acid

Langford et al. (2943) found that the relative attractiveness
(percent) of a 9:1 mixture of valeric acid and bay oil was 75, the
1:1 mixture of the acicd and linaloe oil 55, 9:1 mixture of the acid
and pimenta oil 68, and 9:1 mixture of the acid and sassafras
oil 69,

Esters

The few esters tested had a low attraction to the heetle. The
relative atéractiveness {percent) of amyl acetate was 8 (Langford
el al. 1948), iso-umy! valerate 4 (Fleming et al. unpublished),
butyl sorbate 2 (Tashivo et al, 1964), citronyl acetate 7 (Fleming
et al. unpublished), gerany! acetate 36 (Metzger unpublished;
Metzger and Maines 1935), methyl salicylate 8 (Langford et al.
1948), and phenyl ethyl acetate 5 (Fleming et al, unpublished).

The mixtures of the esters and U.8.P, eugenol were more attrac-
tive, but only mixtures containing phenyl ethyl acetate or phenyl
ethyl butyrate attracted as many as or more beetles than the stand-
ard geraniol-eugenol bait. The relative attractiveness (percent) of
the ester-eugenol mixtures was as follows:

Compoesition of bait by volume and relative
allfrartiveness (percent)! Source

isn-Amy| valernte + eugenol 0:1 (53} Fleming et al. unpub.

Butyl earbitol weetute 4 eugenol 9:1 (27) Da.

Ethyl eaproate 4 eugenol + mineral ¢il 9:2:9 (38) Mutnun ot al, 1845,

Geranyl acetate -+ eugenel 1331 (75) Metzger unpub,, Metzger
antd Maines {034,

Methy! sntheanilate + eugenol 9:1 (16) Fleming et al. unpub.

Alothyl snlievlate + cugean| 9:3 {200 D, .

Pheny) ethyd necirte 4 eugenal §11 (108), 1:0 (89). . ... . Langford und Gilbert [848.

Pheavl athyl bhutyrate < eugenol 1:1 (223), 1:9 (]45}... .Langford and Cory 1848

1 Prrenthetical numbers in percent.

The mixtures containing phenyl ethyl acetate and phenyl ethyl
hutyrate were not tested more extensively.

Eugenol

Composilion, Source, and Specifications

Commercial eugenol iz usually obtained by the fractional dis-
tillation of clove gil, but it may be obtained from cinnamon oil
The specifications of the U.8. Pharmacopoeia grade, which was
used in the baits, are as follows (Fleming et al. 1940a) :
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Color aud odor Colovless to pale yellow thin
liquid with strong aromatic
otlor of cloves

Specifie gravity at 25°C, . o e 1.004-2.078

Buolubility i 70 percent cthyl ateohal 1 part, in 2 parts of aleohol

Boiling range (TOO M), . oo oo e 250°-255° é

The U.S.P. product is practically pure eugenol, an unsaturated
phenol with the empirical formula CH,:CHCH,C,H,(OCH,)OH.
The physical properties of U.5.P. eugenol are essentially the same
ag those of pure eugenol. With these standardized specifications,
practically the same eugeno! can be obtained year after year.

Eugenal Alone

Richmond (1927} reported that eugeno! had about one-sixth the
attractiveness of technicul geraniol. Later he (19%1) reported
that eugenol attracted only 40 percent as many beetles as clove oil,
which contains a large amount of the phenol. That appraisal of
eugenol as a poor attractant was accepfed for several years. In
additional tests in 1939 Fleming et al. (unpublished) found that
L.5.P. eugenol was at least two-thirds as attractive as the geraniol-
engenol slandard bait. Langford et al. (2043) rated its relative at-
tractiveness 63 percent. Fleming et al. (unpublished) found the
relative attractiveness of clove oil was 17 percent and Langford
et al. (1942) 21 percent. In view of these diserepancies, further
attention was given to the attractiveness of eugenol.

In more extensive tests by Fleming et al. (unpublished), the
relative attractiveness of pure engenol varied from 67 to 77 per-
cent with an average of 70 pereent. The relative attractiveness of
U.3.P. eugenol obtained from clove oil varied from 47 to 74 percent
with an average of 68 percent, whereas the 1J.8.P. eugenol obtained
from cinnamoen oil varied from 41 to 83 percent with an average
of 64 percent. The pure eugenal is too costly to recommend for
general use in a bait, but it is an excellent standard bait, except for
its level of attractiveness, Fleming et al. (7540a) recommended
U.8.P. eugenol obtained from clove oil as a component of heetle
Laita.

Mixtures of Eugenol With Other Compounds

Fleming et al. (unpublished) diluted eugenol with ethylene gly-
col and dimethylphthalate to determine how dilution modified its
attractiveness. In comparison with eugenol, the relative attractive-
neas (percent} of the 4:1, 3:2, 2:3, 1:4, and 1:9 mixtures of
eugenol and ethylene glycol was 100, 97, 91, 75, and 56, respactively.
The results indicated that eugenol could be diluted 3:2 with ethy-
lene glycol without modifying its attractiveness, but the mixtures
were poor in that they separated into two layers during exposure
in the field. The 3:1 mixture of eugenol and dimethylphthalate had
only one-half the attraction of engenol.
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When eugenol was converted to iso-eugeno! by boiling with al-
coholic potash, the position of the double linking in the side chain
wus altered and the attractiveness was destroyed. The relative
attractiveness of iso-eugenol was only 6 percent (Fleming et al, un-
nublished).

Eugenol has the property of enhancing the attractiveness of
many odoriferous substances, incleding iso-amyl valerate, anethoie,
anise oil, caproic acid, citral, citronella oil, citronellal, citronellol,
geraniol, gerany! acetate, lemon oil, methyl salicylate, phenyl
ethyl acetate, phenyl ethyl alcohol, pimenta oil, safroie, sassafras
oil, and alphu terpineol. With few exceptions, all the more attrac-
tive baits contained eugenol,

Substitutes for Bugenol

Only a few mixtures of anethole, caproic acid, or geraniol with
components other than eugenol had an attractiveness about equiva-
lent to the geraniol-engenol standard bait. The relative attractive-
ness (percent) of the 9:9:2 mixture of anethole, caproie acid, and
rhenyl ethy] butyrate was 95 (Langford and Cory 1946), 4:4:3:4
mixture of anethole, caproie acid, phenyl ethyl butyrate, and iso-
valeric acid 120 (Langford and Cory 1846), and 9:1 mixture of
anethole and pimenta oil 105 (Fleming and Chisholm 7844).

The relative attractiveness of the 4:1 mixture of caproic acid
and phenyl ethyl butyrate was 124 percent (Langford and Cory
1946},

The relative attractiveness {percent) of technical geraniol when
mixed with other compounds was as follows: 9:1 with butyl car-
bitol acetute 96 (Fleming et al. unpublished)}, 4:1 with caproic acid
103 (Langford and Cory 1846), 10:1 with clove oil 98 (Fieming et
al, unpublished), 10:1 with pheny! ethyl alcohol 98 (Metzger and
Maines 1935; Metzger unpublished), 9:1 with pimenta oil 103
(Fleming and Chisholm 7844), and 9:1 with alpha terpineol 99
(Fleming et al. unpublished).

Other Attractants

The baits without anethole, eaproic acid, citronella vil, eugenol,
or geraniol had a relatively low attraction to the beetles, except
rhodinel, an unsaturated alcoho! closely related to geraniol. The
relative attractiveness of rhodinol was 109 percent (Metzger
unpublished),

The baits without these six components had a relative attractive-
ness as follows:

Composgition of bait by volume cnd relative
atiractiveneas (pereent)? Souree

Bay nil -+ phenyl ethyl aleohol 1:9 (B4)............ ..Fleming et al. unpub.
Bay oil + pimenta oi] 1:1 {44) Langford et al. 1848,
Bay oil +sassafras oil 1:1 (31}, . ..o uiiii il Do.
Cinnamic aldekyde + pheny! ethyl aleohol 0:1 (41). . . Fleming et al. unpub.
Clove oil + phenyl ethyl nleoho! 1:0 (50} Da.
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Composition of bait by volume and relative
attractivendss (percent)? Source

Clove oil + phenyl ethy! alechol + pimenta oil 18:1:1
34 Langford a4 al. 1943,

Coranyl aecatate (34) Metzger and Maines 1985,

Pulmaross oil (86) Fleming et al. unpub,

Pimenta of]l (54}, .. .. i i Lungford ot al. 1843,

Piments ol 4 cthyl aleohol 1:] (G4), 1:§ (48) Langlord et gl. /1943, Fleming
et ab. unpub.

Pimenta oil + propionic aeid 1:1 (43}, ......... .. ... Langford ot al. 1243,

Piments oil -+ suswafras oit 141 (57) D,

Piments oii 4+ valeric acid 1:8 (68) o,

Plum leaf oil (35} Metzger unpub.

Propionic acid (33) Lungford et nl. 1943,

Sesquiterpene slechols (65} Metzger snd Maines [935,
Flewning ot al. unpub,

Veleric acid (29} Langford at al. 1843

Valerie acid - bay oil #:1 (75) Da,

Valeric acid 4+ linaloe nif 1:1 (55)

Vuloric acid + sossafres oil 9:1 (69)

1 Parenthetical numbers in percent.

FERMENTED BAITS

Since the beetle is strongly attracted to decaying fruit, the re-
ports by Spuler (1927, 1927a) on the attraction of fermented apple
juice to the codiing moth {Carpocapsa pomonelle (1.} ) stimulated
tests with fermented baits as attractants for the beetle.

Anderson {unpublished) and Van Leeuwen et al. (1928} sus-
pended stew pans, each holding about a quart of various fermented
or unfermented baits, from trees in an infested orchard, using 20
or more pans for each bait. The beetles coming to the pans usuzlly
fell into the liquid bait and were not able to escaps. The average
number of beetles captured per pan with the different baits during
a period of 8 or 4 days was ag follows:

Fermented bait Number of begtles
caugh! per pan

Malt sirup 3,432
Apple juice 3,230
Cane sugar sirup 2,147
Orange JUIEB. c v e ce vt ie s iereeiea s aaaanas e s 1,075
Prune juice 77

Unfermented bail

Comsirup. .. ....couen.
Apple juics

Cane sugar sirup

Rock candy sirup

Water

! Qgossional beetle.
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Fermeunted malt sirup and fermented apple juice were the most
abtractive to the beetles. During 9 hours of beetle activity, the 20
pang wilh fermented apple juice captured 47,350 beetles.

No comparative tests were condueted to determine the relative
allractiveness of the fermenfed bait and the stacdard geraniol-
eugenot mixture. Later Langlord et al, (2843) [ound that unfer-
rented apple juice attracted 31 pervent as many beetles as the
geraniol-cugenel mixture, T4 might be surmised that the attrac-
tiveness of fermented malt sirup and fermented apple juice would
compare {avorably with the geraniol-eugenol mixture, The tests
with fermented baifs were not continued, probably becuuse a bait
of Lthiz Lype did not appeal to the goneral public,

SEX ATTRACTANT

In pature the male bestle is strongly attracted to female beetles,
but femate beetles in confinement are not attractive. Fleming
{unpublished) contined virgin and field-collected females and
beeties of both sexes in perforated cylinders of traps designed
to hold the attractunl. Traps baited with the living beetles cap-
tured no more Leetles than unbaited traps, which eaught a few
Leetles. When cages covered wilh wire cloth were placed over
plants on which beclles were feeding, most of the bectles left the
plants and went to the lop and the sides of the eage to escape,
Although many heetles came to uncaged plants in the vieinity,
fow eame Lo the eages,

The reaction cf {rec-flying beetles to confined individuals con-
Erasts to that of the gypsy moth {(Porthetria dispar (L) ). Colling
and Potfs (1931 1002) found that the male moths were strongly
attracted to econlined virgin females, flying in some insiances
more than 2 miles to them. At firgt traps baited with living
females were used in the survey program, but the possibility of
the molhs cseaping in uninfesied areas foreed discontinuance
of the practice. Traps baited with the last two abdominal seg-
ments of the female or extracts of those segments were effective
in aftracting male moths,

Attempts Lo extract an altractive substance from female beetles
were not suceessful. Richmond (1921) reported that extracts of
the ahdomens of male and female beetles were not attractive.
Fleming eof al. {unpublished) in 1942 found that acefone, henzene,
ethyt aivohol, and petroleum ether extracts of virgin and field-
collected female beclles woere not attractive. Traps baited with
these extracts captured only an oceasional beetle as did the un-
baited fraps.

Ladd et al. {unpublished} soaked virgin female heetles for
several davs in 95 perecent ethyl aleohol. Then the bodies were
macerated in the alcohol and the solution was filtered. Each
1.25 ml. of the alcoho! contained the material extracted from
one heefle {extract A}. A part of this extract was concentrated
under reduced nressure al room temperature to one-fifth its
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original volume (extract B), A 4:1 mixture of extract A and
glycerin was tested in competition with a 4:1 mixture of ethyl
alcoho] and glycerin and a 9:1 mixture of anethole and eugenol.

During a 12-day period 93 percent of the heetles captured
were in traps baited with anethole-eugenol, 4.6 percent in traps
with extract A and glycerin, and 2.4 percent in traps with alcohol
and glycerin, In tests with the concentrated extract B, 82.7 per-
cent of the beetles captured were in traps baited with anethole-
eugenol, 4.7 percent in traps with extract B, and 6.6 percent in
unbaited traps. The ratio of male to female beetles captured was
1:1.01 with anethole-eugenol, 1:1.23 with extract A and glycerin,
1:1.24 with alcohol and glycerin, 1:1.79 with extract B, and
1:1.23 with unbaited traps, showing that the exiracts had no
specinl attraction for the male beetles,

Possibly the atfractive substance is released by the female
when she ig stimulated by her environment and not at other times.
The substance apparently is not soluble in acetone, benzene, ethyl
alcohol, or petroleum ether, or if soluble it is decomposed rapidly.

OVIPOSITIONAL CHEMOTROPISM

During a survey, grubs were observed to be more numerous in
an area on a golf course where field garlic (Allium vineale 1.)
was growing than in other areas. The odor of the plant was
thought to have attracted beetles to lay eggs in the vicinity.

Lipp (1928, 1929) conducted some preliminary experiments
with allyl sulfide, a compound with a garliclike odor. Fifty beetles
of each sex were introduced into a2 eage over turf and the com-
pound in g small cup was placed near one corner of the cage.
The cdor of the undiluted chemical was apparentiy repeilent
because ho eggs were deposited near the cup. When 1- and 2-per-
cent solutions of allyl sulfide in ethy! alcohol were placed in one
corner of the cage and ethyl alcohol was in the diagonally opposite
corner, most of the eggs were deposited near the cups containing
the allyl sulfide and none near the ethy! aleohol, indicating that a
weak garliclike odor did affect the females in selecting a spot for
oviposition.

Although there would be some advantage in inducing the female
beetle to deposit her eggs in a selected area, no additional experi-
ments were conducted with ovipositional chemotropism.

TRAPS WITH ATTRACTIVE BAITS

Electrical Traps

Several electrieal traps for electroeuting flies and mosqguitoes
were on the market in 1927, but they were small and ineffective
in killing beetles, In preliminary experiments with alternating
electrical currents of various frequencies and voliages, Mehrhof
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(unpublished) and Mehrhof and Van Leeuwen (1930) demon-
strated that beetles flying between parallel charged wires weve
readily electroented by a current with a frequency of 60 cycles
and a potential of 10,000 to 12,000 volts. The optimum distance
between the parallel wires was five-eighths inch. The wires at
that distance did not impede the flight of a beetle between them,
but the insect could not pass without touching at least one of
them. The distance between the wires was just snficient to pre-
vent sparking, except when a beetle flew befween them, The
destructive electvical discharge passed from one wire through
the body of the insect to the adjacent wire. The elytra of many
beeties were burned from their bodies, the wings were usually
damaged, and sometimes holes were burned in the thorax or
abdomen,

An experimental trap, 8 feet square and 3 feel high, was
constructed on a wooden frame with bare wire stretched in
parallel strands on the sides and fop. The alternate strands were
connected so there would be a potentianl of 10,000 to 12,000 volts
between any two adjacent strands. The trap was operated from
n 110-volt, 60-cycle alternating currvent and consursed 0.13 to 0.18
kilowatt per hour, depending on the number of beetles touching
the wires. Peach twigs sprayed with emulsified geraniol were
suspended each day in the center of the trap to atfract heetles.

Beetles were attracted at times from plants one-fourth mile
away. Practically ali coming into contact with the trap were
killed. Less than 3 percent of the beetles collected on the ground
near the trap were alive 48 hours later. The trap placed 415 feet
above the ground in a peach orchard electrocuted 592 beetles per
hour. When it was elevated 9 feet above the ground, 935 beetles
per hour were killed in the peach orchard and 857 per hour in
an open field,

The use of the electrical irap made by Mehrhof and Van
Leeuwen {1980) was restricted by the availability of 110wl
electrical power. Rex {unpublished) developed a trap that oper-
ated on a B-volit storage battery. The battery supphed corrent for
the primary winding of a jump spark coil. The secnndary winding
of a 2-inch coil produced a potential of 20,000 volts that kiled
about 75 percent of the beetles fying between two bare wires
spaced five-eighths inch apart: a d-inch coil produced a potential
of 40,000 volts that killed all the beetles. One charging of the
battery operated either unit for about 8 hounrs. The wires were
stretched on a wooden frame, 4 feet high and 12 feet long, which
was mounted on two saw horses about 3 feet above the ground
A 80 percent geraniol emulsion was atomized by a nozzle in the
center of the upper rail of the trap by means of a 6-voit pump %o
attract beetles. The trap was placed across the path of the flight
of beetles.

The trap was set up in a heavily populated area on a clear day
when the temperature was high. Two minutes affer the atomizer
was started a steady stream of beetles moved toward the trap.
With a potential of 20,000 volts between the adjacent wires many
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beetles attempting to fly between the wires were stunned but
recovered sufliciently to continue their flight to a cornfield 100
vards beyond the trap. Other beetles slighting on the wires were
electrocuted and remained clinging to them, causing a continuous
discharge al these poinls. It wis necessary to shut off the cur-
rent to remove these beetles. With a potential of 40,000 volts
all Leetles touching the wires were killed and thrown violently to
the ground.

The electrocution of large numbers of beetles by these experi-
mental Lraps was gpectacular, but with such high voltages they
could not be placed unattended in the fieid. Some manufacturers
of electrical traps were impressed by these experimental traps
and modified their devices to attract and kill beetles. Metzger
(unpublished) tested several of these modified commercial traps.
All of them atltracted and killed beetles, but being relatively small
compared with the experimental traps, the number killed was not
impressive even in heavily populated areas. The manufactiurers
sold enly a few of their modified electrical traps for killing
beetles, indiezfing that the public had little interest in such
a device.

Mechanical Traps

The first mechanical device for capluring beetles was used in
1924, 1t consisted of a glass launtern globe mounted on a wooden
base, which was attached to a stake, and a funnel was inserted

into the upper opening of the globe. Bran bait was scattered on
the wooden base as an attractant. Anocther preliminary trap was
a glass jar with a funnel in its opening, and it was suspended
from a branch of a tree. The bait was scatiered over the bottom
of the jar. Both of thege crude devices caught beetles, but they
were inefficient and impractical. (Richmond and Metzger 1929;
Metzger unpublished)

The results with these and other crude devices stlmulated efforta
Lo develop a standard trap to ecateh large numbers of beetles in
the heavily populated areas. Many models differing widely in
size, shape, and practability were constructed and tested. In addi-
tion to capturing beetles, a trap to be practical had to be gimple
in design, cheap to construct, and sufficient!ly durable to with-
stand exposure to the weather for several weeks., Several hun-
dred models were constructed during the 1930’s.

Development of Stantdard Trap

Trap A.—The best standard trap in 1925 consisted of an un-
painted cylindrica! galvanized iron bucket 12 inches high and
7 inches in diameter with a funnel fitted snugly into the top of
the bucket and a holder for the bran geraniol-eugenol bait slightly
less than 7 inches in diameter supported on brackets 5 inches
above the bottom of the bucket. The funnel projected through a
hole in the center of the bait container and discharged beetles on
the bottom of the bucket. A small hole in the bottom of the
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bucket was for drainage, and a handle was attached to suspend
the d)evice from a stake. (Metzger 1928, Richmond and Metzger
1928

The pitch of the funnel and the size of ils lower aperture
determined the effectiveness of the trap. Metzger (1928) found
that a funnel with a pitch of 60° was the most effective in cap-
turing beetles that hit the inside of the funnel while in flight or
tumbled into the funnel while perched on the rim. An opening
three-fourths inch in diameter at the lower end of the funnel per-
mitted beetles to slide easily into the bucket. A smaller opening
became clogged with beeties, and a larger opening permitted some
of the captured beeties to 8y out through the funnel. Several
years later Langford et al. (1940) confirmed these conclusions,
They found that a trap funnel with a pitch of 45° captured 76
percent as many beetles as one of 60° and at 80° only 62 percent
as many beetles. A trap with an opening 1 inch in diameter at the
bottom of the funnel caught 70 percent as many beetles as one
with a 8%4-inch opening.

The 150 grams of bran bait in this trap contained 3.75 grams of
technical geraniol and 0.875 gram of U.S.P. eugenol {Metzger
1928},

Richmond and Metzger (1929) estimated the efficiency of this
trap by counting the number of beetles that came to the trap and
the number captured. This could be done only in the early morning
or in the evening in moderately fo heavily populated areas when
only an occasional beetle approached the trap. It was not possible
to count the beetles when many were flying about the trap. It was
estimated that the trap captured 30 percent of the beetles that
approached it, Metzger (1986a) questioned the accuracy of the
observations, and in light of later developments he considered the
efficiency of the trap to be much lower.

Trap B.—In preliminary tests in 1926 and 1927 Richmond and
Metzger (1929) found that trap A painted medium chrome green
to blend with the color of the foliage captured more beetles than
the unpainted trap. In more extensive tests Van Leeuwen and
Metzger (1230) found that the green traps caught 45 pereent more
beetles than the unpainted trap. For several years thereafter the
traps were painted a medium chrome green. For more information
on the color of beetle traps, see page 62.

Trap C.—~The addition of a baffle above the funrnel was the next
improvement. Richmond and Metzger (1929), observing that
many beetles attracted to trap A or frap B flew rapidly over the
funnel only a few inches above it, attached a piece of sheet tin up-
right above the funnel. During a 3-hour period 203 beetles flew
directly into the funnel, 182 hit the baffle and fell into the funnel,
and 190 hit the baflle at such an angle that their flight was merely
defiected,

Metzger (1928, unpublished) tested several types of baffles and
found that the four-winged baffle was the most effective. It was




ATTRACTANTS FOR THE JAPANESE BEETLE 5l

made by fitting two pieces of sheet metal together so that the wings
were at right angles to each other. The baffle was soldered to the
rim of the funnel and extended 4 inches above it. Metzger (1836a)
found that trap B equipped with the four-winged baffle painted
green caught 34 percent more beetles than the trap without the
baffle, Langford et al. (71940) confirmed that the four-winged bafile
was the best type. It was estimated that trap C caught 1.9 times
as many beetles as trap A.

Trap D—Trap D wasg the same as trap C, except the amount
of geraniol in the 150 grams of bait was increased to 15 grams
and the amount of eugenol to 1.5 grams. Van Leeuwen and Metz-
ger (1980) found that by increasing the amount of attractant to
that extent, trap I captured 160 percent more beetles than trap C.
It was estimated that trap D caught five times as many beetles as
trap A.

Trap E.—-The construction of the trap was modified in 1928 to
make it more convenient to operate. The height of the bucket was
decreased to 7 inches and a glass jar with a slit in the bottom for
drainage wag attached to a screw cap on the bottom of the bucket
as a receptacle for captured beetles. The lower part of the funnel
projected through the bait container, which rested on the bottom
of the bucket, and through the screw cap, and it discharged beetles
into the jar. The jar heated readily in the sun so that captured
beetles survived for only a few hours. The jar had to be emptied
at least every other day because the odor of decomposing heetles is
somewhat repellent. Trap E was equivalent to trap D in effective-
ness. {(Metzger 1532, 1934a, 1986, 1936a; Van Leeuwen and
Metzger 1930)

Rex (1881, 1982) overcame the problem of beetles decomposing
in the glass jars by substituting receptacles made of wire cloth or
perforated metal for the jars. Langford et al. (1940) designed
other receptacies of perforated metal. Since they were well
aerated, the beetles usually lived in them for several days.

Trap F.—Trap F was the same as trap E, except the inside of
the funnel and the baffle were white. The remainder of the trap
was medium chrome green. The green and white trap caught 87
percent more beetles than trap E. It was estimated that trap F
captured 9.4 times as many heetles as trap A. (Metzger 1952,
1%36a, unpublished; Van Leeuwen and Vander Meulen 1931)

Trup G.—Trap G was the same as trap ¥, except the outside of
the bucket was painted a lighter shade of green than the medium
chrome green used previously. It captured 40 percent more beetles
than trap F. It was estimated that trap G caught 138.1 times as
many beetles as trap A. (Metzger 1936«, unpublished)

Trap H.—When traps were equipped with a four-winged
bafle resting on top of the funnel, some heetles were observed
flying under the baffie and escaping. When trap H was modified
s0 that the baffle extended 2 inches into the funnel, it captured 56
percent more beetles. Extending the baffle more than 4 inches
above the funnel did not increase the number of beetles caught.
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It was estimated that trap H caught 20.5 times as many beetlea
as trap A.  (Metzger 1932, 1936a)

Trap [.—The standard trap was remodeled in 1932. The bucket
was eliminated, the screw cap of the beetle receptacle was soldered
{0 the lower end of the funnel, and a eylindrical bait coniainer of
perforated metal with a solid cap on the top and the bottom was
mounted in the center section of the baffle, which was cut ocut to
receive it (Metzger 1984a). The construction of the trap was
covered by U.S. Patent 1,968,853 (Metzger 1985a). This trap
equipped with a glass jar beetle receptacle is shown in figure 1 and
with a perforated metal receptacle in figure 2.

Trap 1, which had the outside of the funnel light green, the in-
side of the funnel and the baffle white, and the bran bait in the
container above the funnel, eaptured 39 percent more beetleg than
trap H with the bait in the bucket. It was estimated that trap I
caught 28.5 times as many beetles as trap A. (Metzger 1986a)

BN—32024

Froure L—Standard trap with glass jar for heetle receptacle. Bait is
placed In perforated cylinder in baffle. Metal parts are painted chrome
vellow with high luster.
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Trap J—Trap J was the same as trap I, except the bran bait
wag replaced by a 10:1 mixture of geraniol and eugenol that was
vaporized from & wick ingerted into the bottle holding the mixture.
Trap J captured 13 percent more beetles than trap I. It was eati-
mated that trap J caught 322 times 28 many beetles as trap A.
(Metzger 1988)

BN-32823

Fieure 2.—Standard trap with perforated metal beetle receptacle for use
in densely infested areas, Preferved colar is vellow throughout.
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Trap K-—Trap K was the same as trap J, except it was yellow
ingtead of green and white. It capfured 51 percent more beetles
than trap J. Tt was estimated that trap K caught 48.4 times as
many beetles as trap A.  (Fleming et al. 1940, 1940a)

Discussion.—Metzger (1936a) compared the number of beetles
eaptured in 1926 by trap A in a densely populated area near River-
ton, N.J., with the number captured by trap J in an area of that
tvpe in Salem County, N.J., in 1933. Most of the A traps caught
1 to 1.5 quarts of beetles daily, whereas several of the J traps
captured 40 quarts daily. Langford et al. {1940) found that the
unpainted, galvanized ivon, Maryland modification of trap J caught
onty 64 percent as many beetles as the trap painted green and
white.

Two other interesting theough impractical modifications were
made in the standard trap. Van Leeuwen and Metzger (1830) ob-
served that many beetles flying to trap C collided with the bucket
and escaped, although some of them might have been captured
later. To overcome this situation, they placed paper coated with
a sticky substance made from rosin and castor oil around the
bucket. The beetles touching the sticky substance soon extricated
themselves, but in the process they became so covered by the ma-
terial that they could not fiy and soon died. The trap with the
sticky substance caught and incapacitated 65 percent more beetles
than the untreated trap. The sticky substance was considered im-
practical beeause it was difficult to handle and the coated paper had
to be replaced every few days.

The other change was the modification in the funnel of trap dJ.
Metzger (1434) observed that some beetles struck the funnel be-
low the baffle and escaped. When four apertures, each with a flap
114 inches long, were cut in the side of the funnel and the baffle
was extended to the bottom of the apertures, the trap captured 33
percent more beeties. The construction of this trap was covered
by 1.8, Patent 1,968,954 (Metzger 19350). Since the manufactur-
ers wire not enthusiastic about this change, modified trap J did not
come into general use.

Collecting and disposing of beetles was time consuming in heavi-
lv infested aveas where large numbers of traps were operated and
5,000 or more beetles were captured per trap daily. To remedy
thig situation, Langford et al, {1945) removed the beetle receptacle
and substituted for it a salve box eontaining a 3:1 mixture of DDT
and axile grease or a cotton pad suturated with a 1 :1:1 mixture of
DDT, mineral oil, and deobase oil. The beetles were discharged
from the funnel onto the DDT-treated surface and then dropped
to the ground. Ninety-eight percent or more of the beetles coming
into contact with the insecticide were killed. Traps equipped with
this killing device were used only to a limited extent because the
accumulation of poisoned beetles near a trap could be a potential
hazard to poultry and wild birds.
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Deveiopment of Survey Trap

Although several thousand standard traps were used by the
Department in surveys beyond the area generally infested by the
beetle, they were not well adapted for use in such a program. They
were bulky to siore and ship, the cost of shipment was high, and
the beetle receptacle was much larger than necessary in areas
where enly a few beetles might be captured during the entire trap-
ping season. The several types of small commercial traps appear-
ing on the market from time to time were unsatisfactory. Metzger
{unpublished) found that these small traps captured only 12 to 65
percent as many beetles as the standard trap. Langford et al
(1540} also tested several small commercial traps and found that
the best one waas only 50 perecnt as effective as the standard trap.
An eflicient small trap was needed that could be stored, shipped
unassembled, and assembled easily in the field.

Armatrong and Metzger (1935) constructed several models of
readily assembled survey traps and were granted TU.S. Patent
2,020,288 covering these devices. The best model consisted of a
funuel 8 inches in diameter at the top and three-fourths inch at
the bottom, a four-winged baffle 6 inches square set 2 inches into
the funnel. a pumice block saturated with a 10:1 mixture of ge-
raniol and eugenol mounted in the center of the baffie, and a small
can with a capacity of 50 to 100 beetles attached to the bottom of
{he funnel by means of a screw cap. The entire trap was con-
structed of lacquered tin to produce it as cheaply as possible,

In 1935 Metzger (unpublished) found that the lacquered survey
trap captured only 35 percent as many beetles as the standard
green and white trap with a bottle-and-wick dispenser. It was 61
percent as effective as the standard trap with a saturated pumice
block to dispense the bait and 88 percent as effective as the stand-
ard trap painted aluminum and equipped with the bottle-and-wick
dispenser.

In another test he (unpublished) placed 100 traps each of the
green and white standard trap with the bottle-and-wick dispenser,
the standard trap painted aluminum with the bottle-and-wick dis-
penger, and the lacquered survey trap with a saturated pumice
block at Cape Charles, Va., Pocomoke City, Md.,, and Salisbury,
Md. During the summer 5,312 beetles were captured by these
fraps at Cape Charles, 786 at Pncomoke City, and 119 at Salisbury.
The green and white standard trap captured 50, 49, and 51 per-
cent of the beetles, respectively, at these towns, the standard trap
painted aluminum 25, 29, and 25 percent, and the lacquered survey
trap 25, 22, and 24 percent. It was evident that the color of the
survey trap was an impoertant facter in its poor performance.

In 1936 Metzger (unpublished) tested the lacquered and the
green and white survey traps and found that the lacquered trap
caught only 70 percent as many beetles. In tests with the green
and white survey and the green and white standard iraps, both
equipped with a saturated pumice block to dispense the bait, the
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survey trap captured 56 percent as many beetles as the standard
trap at Moorestown, N.J., and 75 percent as many beetles at
Woodstown, N.J. These tests indicated that the pumice block ex-
posed directly to the weather in the survey trap was not as attrac-
tive during the season as the block enclosed in the perforated
metal ¢ylinder in the standard trap.

In 1937 the bait dispenser, or the saturated pumice block, of the
green and white survey traps was enclosed in a perforated metal
eylinder mounted in the baffle, and as an economy measure the
beetle receptacle was fastened to the lower end of the funnel by
means of tabs. This methed of attaching the beetle receptacle was
not satisfactory because the receptacle was not held tightly enough
against the funnel to prevent the escape of captured beetles. Com-
parative tests of the survey and standard traps that year were of
little value because of this structure defect in the survey trap.
{Fleming et al. unpublished)

In 1938 the survey trap was equipped with a bottle-and-wick
dispenser set in an aperture in the center of the baffte. The wick
was protected from the weather by an inverted metal cone that
covered it. The heetle receptacie was held tightly against the funnel
by a spring-wire bail. This trap is shown in figure 3. A cheap felt
wick was used to vaporize the attractant. When tested in competi-
tion with the standard trap equipped with the recommended cotton

BM-32822

FIGURE 3.—Survey trap for use in lightly infested areas where only a few
heetles are captured during summer. Preferred color is yellow thronghout.
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wick, the survey trap captured 73 to 88 percent as many beetles as
the standard frap. The lower cateh by the survey trap was attrib-
uted to the felt wick, because the standard trap with that wick
also caught fewer beetles. (Fleming et al. unpublished)

In 1939 both the standard and the survey trays were equipped
with cotfon wicks to vaporize the bait. During a 6-week period
the survey trap caught 97 percent as many beetles as the standard
trap. Further tests substantiated that the survey trap was equiva-
lent to the standard trap in effectiveness. Since 1939 the survey
trap with a cotton wick to vaporize the bait has been used by the
Department in surveys outside the area known to be infested by
the beetle. After 1940 tae survey {raps were painted a primary
yellow. (Fleming et al. 1940a; Hadley 1940)

Fleming et sal. (unpublished) modified several hundred of the
survey traps by equipping them with a larger beetle receptacle
made of perforated metal so that they could be used in areas with
denser beetie populations than in the lightly infested areas for
which they were originally designed. Langford et al. (1240)
similarly modified the aurvey trap.

Baii

The 10:1 mixture of technical geraniot and U.8.P. eugenol was
recommended by the Japanese Beetle Laboratory as the atiractang
in traps from 1928 to 1944, when geraniol became unavailable
{(Metzger 1228, 1932, 1884a, 1936; Van Leeuwen and Metzger
1830, Ileming et al. 1540a¢). A 20:2:1 mixture of technieal ge-
raniol, TJ.8.F. eugenol, and pheny! ethyl alcohol was recommended
#8 an alternative bait during 1936—89% (Metzger 1986). The 9:1
mixture of technical or N.F. anethole obtained from pine oil and
U.S.P. eugenol has been recommended since 1944 (Fleming and

Chisholm 1244; Fleming et al. 1946; Fleming 1955, 1958, 1960,
1968).

Bait Dispenser

Bran Buit.—The attractant was mixed with sweetened bran to
retard its evaporation. For use in the early bucket-type traps, the
bran bait was placed in a cylindrical container alightly less than 7
inches in diameter and seven-eighths inch deep, the hottom of
which was covered with 16-mesh copper wire (Metzger 1928,
1432). When the standard frap was remodeled in 1932, the bran
bait was placed in a perforated cylinder 2 inches in diameter and
G inches long, which was mounted in the center of the baffle
(Metzger 1934a, 1986). The bran bait was bulky and decreased in
attractiveness as the geraniol and eugenol evaporated. The bran
bait had te be replaced every 2 or 3 weeks t¢ maintain an adequate
level of attractiveness.

Bottle-and-Wick Dispenser—The development of the bottle-and-
wick dispenser by Metzger (1238) for vaporizing the bait was an
important improvement, in that sufficient bait could be put into
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the bottle to lust for the trapping season, the amount of liguid re-
maining in the bottle could be readily seen, and with pure com-
pounds the attractiveness remained at about the same level as long
a8 the wick was saturated. In his preliminary experiments he
used a cotton wick one-fourth inch in diameter with 12 fibers run-
ning lengthwise enclosed in a woven cofton sheath. The bucket-
tvpe trups with the 10:1 geraniol-eugenol mixture dispensed by
the 2-inch exposed wick caught 7 percent more beetles than the
traps with the bran bait, and those with the 4-inch exposed wick
caught 27 percent more beetlas during 31 days.

Metzger {1984a) recommended the 15-inch cotton wick exposed
2 inches for ugse in the stundard trap, and later he (1986) also
recommended a Y-ineh wick exposed 1 inch. Fleming et al
(1540a¢} recommended the 1i-inch wick exposed 2 inches, the l4-
inch wick expoged 11, inches, or the %-inch wick expased 1 inch,
and later Fleming (unpublished) also recommended a V4-inch
woven dental roll exposed 1) inches. These exposures were for
the 10:1 geraniol-eugenol mixture. The exposure might have to
be adjusted for baits vaporizing at a different rate. It was the
practice to put a narvow metal band around the cotton wicka near
the upper end to prevent fraying and thus modifying the rate of
evaporation. The cotton dental rol! did not fray. The wicks were
cut o that when the lower end was resting on the bottom of the
bait bottie, the upper end projected the desired distance through
the cap of the bottle.

In 1939 & felt wick, approximately three-eighths inch square,
was much cheaper than the cotton wick, Fleming et al. {unpub-
lished) found that during a 7-week exposure in traps, the 14 -inch
cotton wick exposed 2 inches evaporated 546 grams of the 10:1
geraniol-eugenol mixture, whereas the fell wick exposed one-half
and 1 inch evaporated 9.74 and 13.83 grams, reagpectively. However,
traps with the 14- and I-inch exposed felt wicks capiured only 63
and T2 percent, respectively, as many beetles as those with the
cotton wick,

Pumice and Ceramic Biocks —Pumice and ceramie blocks satu-
rated with the 10:1 geraniol-eugeno! mixture was another method
of dispensing the attractant. Metzger (unpublished) fested vari-
ous grades of imported pumice ranging from hard to soft with
textures from fine to coarse and several fypes of domestic ceramic
Ylocks as dispensers of the bait. Some blocks 1 inch gquare and 4
inches long, which could be uged in the standard trap, evaporated
about the same amount of bait and attracted about the same num-
ber of beetles as the !4-inch cotton wick exposed 1 inch during 8
weeks in the fleld. Some blocks 2 inches long absorbed about half
the amount of bait and evaporated all of it during 8 weeks. The
attractiveness of the shorter blocks was about the same as the 14-
inch cotton wick during the first 3 weeks in the field, but after that
the attractiveness decreased progressively. X

In 1935 Metzger (unpublished) developed the following specifi-
cations for pumice and ceramic blocks as carviers of the geraniol-
eugeno! mixture for use in the survey traps:
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(1) The block must be strong enough to withstand ordinary
handling and shipping without breakage,

(2) It must be of uniform texture throughout and free from
manufacturing defeets such as cracks, laminations, and weak
areas.

{3) It must not crack or break when exposed to the weather
during the summer.

{4) Each block must be in the form of a rectangular prism 1
inch square and 214 inches long,

(5) Each block when ¢ — must weigh not less than 60 or more
then 70 grams.

{8) It must be impervious to any action by the geraniol- eugenol
mixture.

(7) Each bleck must absorb 13.8 to 19.6 grams of the bait when
immersed for 30 minutes. The increase in weight was determined
15 minutes after a biock was removed from the liquid.

(8) The impregnated block must not lose less than 47 nor more
than 55 percent of the absorbed bait when heated at 150° C. for
48 hours in a standard drying oven.

The Department used several thousand of these impregnated
pumice and ceramic blocks in survey traps during 1936, 1937, and
1938. It was not practical to replace the blocks after a 3-week ex-
posure in the field, but there was concern about the decreased at-
tractiveness toward the end of the 6- to 8-week frapping season.

Fleming et al. {(unpublished) studied further the evaporation
rate of the 10:1 geraniol-eugenol mixture from cotton wicks and
pumice and ceramic biocks and the relative attractiveness of these
devices in the survey trap. During an 8-week exposure the evapo-
ration from the Ys-inch wick exposed 1 inch was relatively con-
stant, averaging 0.8 gram per week. The pumice blocks lost 7.7,
6.9, 2.2, 1.0, and 0.5 grams during the first through the fifth week,
respectively, and 0.3 gram per week during the remainder of the
exposure. The ceramic blocks lost §, 4.4, and 1.2 grams the first,
second, and third weeks, respectively, and 0.2 to 0.4 gram per
week during the remainder of the exposure,

The attractiveness of the l4-inch cotton wick and the pumice
and ceramic blocks in the 1938 survey trap was compared with the
attractiveness of the 14-inch wick exposed 2 inches in the standard
trap. The bait in the standard trap was changed each week, but
in the survey trap the bait was not changed during the 6-week ex-
posure. The relative atiractiveness of the Ls-inch wick in the sur-
vey trap was equivalent to that of the l4-inch wick exposed 2
inches in the standard trap during that period. The relative at-
tractiveness (percent) of the pumice block was 128, 135, 81, 63,
45, and 35 during the first through the sixth week, respectively.
The relative attractiveness (percent) of the ceramic block was
183, 97, 73, 42, 37, and 28 during the first through the sixth week,
respectively.

The changesg in the evaporation rate of the bait and in the at-
tractiveness of the pumice and ceramic blocks were similar to the
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changes with the bran bait. In view of these results it was decided
to discontinue using the impregnated blocks in the survey traps
and to use the bottle-and-wick dispenser.

Bectie Receptacle

To prevent beetles escaping from the receptacle, the lower end of
the funne! should not be more than three-fourths inch in diameter
and project about 1 inch into the receptacle. The receptacle should
be fastened tightly to the bottom of the trap in such a manner that
it can be readily removed to empty it. One or more small drainage
holes should be macde in the bottom of the receptacle so that it will
not fill with water during rainy periods, The capacity of the re-
ceptacle should be such that it will not overflow with beeties during
intervals between their removal. A small receptacle with a capacify
of 50 to 100 beetles was ample in lightly infested areas. In densely
populated areas a capacity of 2 or more guarts was required.

A Mason jar was [irst used as the beetle receptacie on the stand-
ard trap. A 2-gquart jar is about as large as can be used advanta-
geously, because larger jars are too heavy. In densely populated
areas 1t was necessary to empty the 2-quart jars several times
dailyl'. When filled, the 2-quart jar held approximutely 6,600
beetles.

Metzger (2832, 1934a, 1936) devised a method for making a
drainage hole in the bottom of the glass jar. A slit was made by
holding the bottom of the jar with moderate pressure against an
abrasive wheel one-sixteenth inch thick, running at 10,000 linear
{eet per minute, while a fine stream of water was directed at the
point where the cut was being made.

Rex (1991)designed a cdetachable, rigid, wire-mesh receptacle of
3 quarts’ capacity to replace the glass jar nsed on the standard
trap. It had a greater capacity without appreciable increase in
weight, eliminated the necessity for cleaning, and delayed decom-
position of captured beetles. Since the receptacle was well aerated,
it did not becormme hot like the glass jar when exposed to the sun,
an¢l the beetles remainecd alive for several days. Later he {(1932)
replaced the wire-mesh receptacle with 3-quart and 5-gallon per-
{orated metal receptacles. The trap with the large receptacle had
iegs for standing it on the ground. When filled, the large receptacle
held about 66,000 beetles. Langford et al. (1940) developed several
maodels of perforated metal receptacles. Actually almost any well-
ventilated receptacle is suitable for helding captured beetles, but
the perforated metal type is preferred.

The small can attached to the funnel of the survey trap is not
as well ventilated as the perforated metal receptacle, but in lightly
infested areas where only an occasional beetle was captured, the
decomposition of the beetles rarely wag a factor,

Reducing Cost of Constructing Traps

One saving in the cost of constructing traps was the trend to de-
crease the amount of metal in the trap as modifications were made
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to increase iis effectiveness in capturing beetles. The original
bucket trap (traps A and B) had 495 square inches of metal.
Adding the four-winged baffle above the funnel increased the
amount of metal to 551 square inches {traps C and D). Decreasing
the height of the bucket to 7 inches and attaching a glass jar as a
beetle receptacle decreased the amount of metal to 441 square
inches (traps E, F, and G). Extending the baffle 2 inches into the
funnel increased the amount of metal to 458 square inches (trap
H}. Eliminating the bucket decreased the amount of metal in the
standard trap to 271 square inches (traps I, J, and K). Excluding
the bLeetle receptacle, the survey trap had only 154 square inches
of metal. From trap A {o the survey trap, the amount of metal
was reduced 69 percent and the effectiveness in capturing beetles
wag inereased 48.4 times.

Traps were constructed of wood, glass, and paper products in
the search for a cheaper material than metal. A cheap trap used
for only one season might be more desirable than a metal trap that
had fo be cieaned and repainted each season. Langford et al.
(1440} constructed wooden fraps in the general form of the
standard trap and painted them. The wooden traps were 17 per-
cent less effective than the standard trap in capturing beetles.
There is a question whether they were any cheaper than the metal
traps. Possibly a wooden trap might appeal to boys intereated in
constructing their own traps.

Metzger (unpublished) constructed an experimental trap en-
tirely of glass. The only metal used was the holder for the bran
Lait, which was placed on the bottom of the beetle receptacle, a 2-
gallon percolator. The glass trap captured 84 percent more heetles
than the green standard trap D. However, glass was considered too
fragile for the construction of traps.

Langford et al. (1940) constructed a standard trap of paraffin-
coated painted cardboard. For 23 days about the same numbers of
beelles were captured by the cardboard and metal traps., The card-
boavd traps were not satisfactory because on exposure to weather-
ing they tended to fall apart,

Hadley and Chisholm (unpublished) tested the resistance of 15
types of coated and uncoated paper stock to weathering. The paper
stocks were immersed in water for 8 hours and then dried at room
temperature. Only one of these paper stocks, a fiber case board,
retained ifs shape. A survey trap constructed of this material re-
tained ifs shape during a G6-week exposure in the field, and during
that pericd caught 88 percent as many beetles as the metal survey
trap. Three {raps of heavy waterproof paper board, submitted by
manutacturers, were definitely less effective than the metal survey
trap in capturing beetles. The best of these caught only 77 percent
as many beetles as the metal trap, The trap made of fiber case
board painted yellow was recommended in 1943 as a possible sub-
stitute for the metal trap, if metal was not available. The Depart-
ment used trans made of this material in the survey program of
1944 and to some extent in 1945 and subsequent years. Traps
made of fber case board were discarded after exposure in the field.
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When metal became more available, the Department returned to
the use of meta! traps.

Color of Traps

In a preliminary experiment in 1227 Richmond and Metzger
(1428) found that traps painted a medium chrome green tc biend
with foliage capiured 35 percent more beetles than unpainted
traps. In more extensive tesls with painted and unpainted traps
Van Leeuwen and Metzger {1940) Tound that a trap painted green
caught the most beetles. The relative effectiveness {percent) of
the other traps, as compared with that of the green trap, was as
follows: Brown 93, yellow 89, red 81, biue 76, orange 76, un-
painted 69, white 65, indigo 60, black 52, and purple 50. As a re-
sull ol these tests it was recommended that the traps be painted
a medivm chrome green,

The commerciul traps lor public use were many shades of green,
varying from light to dark and from biluish green to yellowish
green. Metzger {unpubligshed) found thut in comparison with a
rediam chrome green trap, the relative effectiveness (percent) of
traps painied other shades of green was as follows: Olive green
110, dark green 123, chlorophyli green 131, pea green 139, and
light green 148 Melzger (1442} recommended that the traps be
painted a light green,

During the summer of 1930 a company manufacturing beetle
traps in Philadelphia, Pa., reported that green traps with white
baflles caughl more beetles than all-green traps. In a preliminary
test Van Leeuwen and Vander Meulen {1831) found that in com-
parison with the all-green trap, the relative effectiveness of a
green trap with a white baflle was 140 percent and a green trap
with a white baflle and white inside funnel 210 percent. In 1931
Metzger {unpublished) studied further the effectiveness of the
beetle trap by changing the color of different parts of the all-
green bucket trap fo white. In comparison with the all-green trap,
the relative effectiveness {percent) of a green trap with white
baftle was 166, a green trap with white ingide funnel 180, and a
green trap with white baffle and white inside funnel 187. One of
the unexpected resulis, in view of the previous tests by Van
Leeuwen and Metzger (1830}, was that the all-white trap eaptured
29 percent more beetles than the all-green trap. The white trap
was less effective with a green baffle or green inside funnel. Metz-
ger (1822, 1844%a, 1934Y recommended painting the baffle and in-
side funnel white and the other parts of the trap light green. These
traps were nsed for several years,

Fleming et al. (1940} tested the survey irap with the various
parts painted white, light green, and dark green in competition
with the standard trap with the baffle and inside funnel white and
the rest light green. In comparigsen with the green and white
standard trap, the relative effectiveness of the all-white, all-light
green, and all-dark green survey fraps was 97, 82, and 8( percent,
respectively. A dark-green baffie and cone on the white trap re-
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duced iis relative effectiveness to 78 percent, dark-green inside fun-
nel to 77 percent, and dark-green baffle, cone, and inside funnel to
76 percent. About the same results were obtained when these
parts on the white trap were light green. A whitfe baffle and cone
on a dark-green trap increased its relative effectiveness to 89 per-
cent and while baffle, cone, and inside funnel to 97 percent. About
the same results were obtained with tlie light-green trap when
these parts were white. It was concluded that the color of the baflie,
cone, and inside of the funnel was most important. A trap with
these parts painted white or green functioned like an all-white or
all-green trap, respectively. The color of the outside of the funnel
and the beetle receptacie seemed to be of minor importance. In view
of these results, there was no basis for the dual-color traps,

In a more fundamental study, Fleming et al. (1940) tested the
survey trap painted with the primary colors and white in competi-
tion with the green and white gtandard trap. The relative effec-
tiveness {percent} of the traps in capturing beetles was as fol-
lows: Red 78, blue 89, white 97, and yellow 151. The striking re-
sult was that the yellow trap was 51 percent better than the green
and white trap.

Mixtures of the primary colors and white substantiated the su-
periority of yellow. The addition of red to white or yellow reduced
the effectiveness (percent) of these colors as follows: Pink 53,
orange 129, and reddish orange 106. The addition of blue to white
or yellow reduced the effectiveness {percent) of these colors as
follows: Light blue 65, yellowish green 112, medium green 108,
bluigh green 99, and dark green 83. The addition of white to red,
biue, or yellow reduced the effectiveness {percent) of these colors
as follows: Pink 53, light biue 65, and light yellow 115. On the
other hand, adding yeliow fo red or blue enhanced the effective-
ness (percenl) of these colors as follows: Reddish orange 106,
orange 109, bluish green 99, medium green 108, and yellowish
green 112, These tests established that a pure chrome yellow was
the most effective. Whittington and Bickley (1941) confirmed
that yellow was the best color for beetle traps.

Fleming et al. {Z940a) recommended that the beetle traps be
painted a chrome yeliow, using a high luster paint or lacquer. All
new and conditioned traps used by the Department in 1940 were
yellow. The University of Maryland changed the color of their
traps to yellow that year (Whittington and Bickley 1941). Since
then yellow has been the accepted color for beetle fraps (U.S.
Bureau of Entomology and Plant Quarantine 1949; Denning and
Goff 1944; Fleming 1955, 1958, 1960, 1968; Hadley 1940).

Luster of Traps

In 1931 Metzger {unpuhlished) demonstrated that a trap that
had been used the previous season and had lost much of its luster
was only 54 percent as effective as a newly painted trap with a
high luster. Fleming et al. (1940a) found that traps with & high
inster paint or lacquer caught more beetles than those with a dull
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finish. The effectiveness of the highly lustrous fraps decreased as
exposure to the weather reduced the luster or changesi the color of
the pigment. To maintain a trap at ity highest efficiency, Metzger
(1982, 1984a, 1986) and Fleming et al, (1940u) recommended re-
painting the trap when the film of paint had been damaged or had
changed appreciably in luster or coler.

Density of Beetle Popuiation and Performance of Traps

Moat of the studies on the effectiveness of traps were conducted
in areas with a moderate to dense population of beetles. The ques-
tion was raised whether the results obtained under those condi-
tions would apply in lightly populated areas. Metzger (unpub-
lished) tested the relative effectiveness of the green and white and
the aluminum traps in 1934 at Moorestown, N.J,, where 714,853
beetles were captured and in 1935 at Cape Charles, Va,, and Po-
comoke, Md., where 4,978 and 612 beetles were caught, respective-
ly, and at Salisbury, Md., where only 90 beeties were captured dur-
ing the summer. In comparison with the green and white trap, the
relative effectiveness of the aluminum trap at Moorestown, Cape
Charles, Pocomoke City, and Salisbury was 48, 51, 60, and 50 per-
cent, respectively. There was no relationship between the density
of the beetle population ard the performance of the traps. About
the same results were obtained at Moorestown and Salisbury,
where the average capture per trap was 4,467 and less than one,
respectively.

Response of Beetles to Barited Traps

Beetles attracted by a baited trap flew upwing toward it. Many
of them hit the bafle while in flight, were thrown violently into
the funnel, and slid into the beetle receptacle. The volligion ig un-
natural, because beetles in flight have no difficulty in avoiding
buildings, poles, and other obstacles in their path. Stimulated by
the attractant, the beetles probably did not see the trap soon
enough to avoid it. Some beetles approached the trap more leisure-
ly, hovered about it, and then either hit the baffle or alighted on
the upper edge of the baffle or the upper rim of the funnel. Most
of the beetles on these precarious perches lost their balance and
tumbled inte the funnel. Some beetles flew over the trap, collided
with the outside of the funnel and were thrown to the ground, or
were diverted in their fiight. Many of them returned to hover
about the trap and eventually were caught.

Placement of Traps

The position of a trap with reference to its surroundings is im-
portant. In the experimental testing of traps and baits, the traps
were suspended from rods in an open field or pasture so that the
number of beetles captured by the individual traps would not be
affected by infested plants in the vicinity.
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In suburban areas fewer beetles were captured by a trap hung
in a tree or shrub or suspended from a rod in a rose bed or other
favored plants than by a trap hung on a rod several feet from the
plants. Many beetles attracted to a trap hung in a tree or shrub
ignored the trap and attacked the plants. Van Leeuwen and Metz-
ger (1930}, Metzger (1932, 1984a, 1986), and Fleming et al
119840, 1940¢) found that most beetles were captured when the
traps were placed in a sunny location on the windward side 10 to
25 feet from trees, shrubs, and vines favored by the beetle,

Whittington et al. (2942) confirmed that conclusion. In their
test, 25,448 beetles were captured by traps placed in an open area
south of a large rose garden at the following distances:

Distunce from Beetles cuught
gerden (feet) (percent)

In another test in which traps were placed 10 and 100 feet from
roses, grapes, sassafras, and other hosts in six towns, 77 percent of
the 65,277 beeties captured were in traps 10 feet from the plants.

The height of the trap above the ground also modified the num-

ber of beetles captured. Van Leeuwen and Metzger (1950) found
that the optimum height was with the rim of the funnel 3 to 4
feel above the ground. Langford et al. (1940) confirmed that traps
placed higher above the ground caught fewer beetles. In their
tests they found that for every 100 beetles capiured by a trap with
the rim 314 feet above the ground, 89 and 70, respectively, were
eaught in traps 414 and 5% feet above the ground. The tests of
Whittington and Bickley (1241) indicated that under some condi-
tions the optimum height might be lower than 314 feet. In their
tests for every 100 beetles taken in traps 814 feet above the ground,
126, 90, and 68, respectively, were captured at 2%, 4%, and
b15 feet.

Metzger (1932, 1984a, 1986) recommended a 7/16-inch irom rod
7 feet long with an 8-inch arm at the upper end to hang the stand-
ard trap. A 1/4-inch hole was bored 1 inch from the end of the
arm. The trap was suspended by passing a wire hook through the
hole and around the handle of the trap. Rods made of galvanized
iron, although slightly more expensive, did not become rusty dur-
ing 5 years' use. Langford et al. (1940) recommended 2 rod made
from No. 0 galvanized wire, 66 inches long, with the upper 6 inches
bent into an arm as a substitute for the 7/16-inch iron rod, because
it was equally as satisfactory and much cheaper. A l4-inch rod
with an arm 4 inches long was adequate for suspending the lighter
gurvey trap.
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Distance Beetles Attracted by Traps

The distance a trap attracted beetles was variable, depending on
the environment in which it was placed. In suburban areas where
trees, houses, and other structures deflect and impede air move-
ment, the zone of attraction may be small. Most of the beetles
captured under these conditions probably came from plants on the
premises and adjacent properties, Some suburbanites reporied that
iraps on their premises had increased the beetle populations,
whereas others reported no increase, Although traps could be a
factor in increasing the population, even without them it was not
uncommon for & property with the more attractive host plants to
be densely populated and for adjacent properties with less favored
plants to have a low population. (Fleming et al. 7940r; Metz-
ger 1984a, 1986, Whittington et al, 21942)

In rural areas with open fields the zone of atiraction is larger.
Mehrhof and Van Leeuwen (1980) reported that at times beetles
were attracted to a trap one-fourth mile away. Metzger (1934a,
1536} stated that under faverable conditions beetles may be at-
tracted from a distance of 900 to 1,500 feet. Metzger and Maines
(unpubligshed) released 5,000 beetles, marked by dipping in lime-
aluminum suifate spray, in the New Jersey pinewoods about a
mile from a large blueberry plantation, and within a few hours
43 of them were caught in traps placed around the plantation.
Possibly the major attraction was the ripening berries,

Polivka (1949) liberated 8,931 beetles marked with fluorescent
pigments in a commercial nursery and 1 to 13 days later captured
174 of them in traps. Traps within 200, 200-300, 300400, and
400 feet from the liberation point caught 58, 28, 13, and 1 percent,
respectively, Of the 16,517 marked beetles released in a village,
190 of them were caught by traps 1 to 36 days later. Traps within
800, 800-1,600, 1,600-3,200, and more than 3,200 feet from the
liberation point caught 30, 43, 22, and 2 percent, respectively,
Probably most beetles are attracted to a trap within 400 feet.

Effectiveness of Traps in Capturing Beetles

Fleming et al. (1940a) estimated that the best standard and sur-
vey traps under favorable conditions caught about 75 percent of
the beetles attracted to them. This method of estimating efficiency
does not consider the beetle population within the area reached
by the attractive odor. It is a fairly simple procedure to estimate
the number of beetles approaching a trap and to compare that
value with the number captured, but it is not so easy to determine
the total beetie population in an area. The most practical method
was to determine the density of the grub population in an area late
in the spring and to use that value as an estimate of the total beetle
population,

Ag a preliminary, Langford et al. (1940a) made a soil survey
of 16 farms, approximately one farm per square mile, in Cecil
County, Md., and determined that the average grub populations per
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square foot were 14 in pastures, 8.1 in mixed timothy and clover,
8.7 in corn, 8.6 in alfalfa, 8 in orchards, 0.9 in wheat and rye, 0.7
in barley and small grains, 4.2 in soybeans, 4.8 in idle land, and
0.2 in woodlot and nonagricuiture land. With this information and
the census daia on the acreage and kinds of crops on 178 farms,
involving 6,749 acres in Cecil County, it was estimated that 396,-
833 quarts, or approximately 1,309,548,900 beetles, would emerge
on these farms. The 5,338 green and white standard traps, at ap-
proximately one per acre, captured 119,029 quarts of beetles, or
30 percent of the estimated population. To check any error from
using the census data, the acreage and the kinds of crops were
determined for 32 farms, taken at random and involving 3,870
acres. It was estimated that these farms produced 228,431 quarts
of beetles, of which 67,774 quarts, or 29.6 percent of the estimated
population, were captured,

The following year Langford et al. (1941} made surveys to de-
termine the grub population in each crop on 16 selected farms, in-
volving 3,231 acres in Cecil, Kent, and Harford Counties, and esti-
mated that 170,314 quarts of beetles would emerge on these farma.
The 1,941 traps caught 46,888 quarts, or 27.8 percent of the esti-
mated population. However, the traps used per acre ranged from
250 on 161 acres to 63 on 350 acres, When the percentage of the
estimated population per farm was plotted against the number of
acres per trap, it was evident from the curve that on five of the
farms the estimated population had been greatly enhanced by
migrating beeties. An asparagus grower, for example, caught
about five times as many bheetles as it was estimated were produced
on his farm. The data from the other 11 farms were more con-
sistent and showed a general relationship between the percentage
cf the population captured and the number of traps per acre. It
was estimated that one trap per 1, 2, 8, 4, and 5 acres caught 30, 14,
8, 6, and 4 percent, respectively, of the pupulation. Less than one
trap per acre appeared of little value in reducing the population.
Since one trap per acre caught about 30 percent of the population,
a greater reduction might be expected by increasing the number
of traps in that area,

Value of Traps in Conirolling Beetle

Surveys Beyond Infested Areas—Traps are of great value in
surveys beyond infested areas to determine the presence or ab-
sence of the beetle. In cooperation with State agencies the Depart-
ment has operated 50,000 to 100,000 traps for many years at air-
ports, freight yards, docks, and other places where the beetle
might be carried accidentally. Traps have often captured beetles
when a diligent search of the favored food plants in an area failed
to reveal their presence. When a beetle was found at an isolated
area, additional traps were placed throughout the area to de-
termine the extent of the infestation.

Courtney (7931) discussed the use of traps in surveys in Con-
necticut, Delaware, District of Columbia, Maryland, Massa-
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chusetts, New York, Pennsylvania, Rhode Island, and Virginia
during the summers of 1929 and 1930. The location of the fraps
and the number of beetles captured by each were recorded on a
map so that it wag possible to determine where the population
was the densest and probuble limits of the infestation. When only
a Tew beetles were cuptured at a locality, the survey was continued
for several years to determine whether the insect becanie estab-
lished, and if established to determine the rate of population in-
crease and spread. Usually when the Leetle became established in
an area several miles from a Fnown infestution, every effort was
made by Federal and State agencies to evadicaie the infestation or
at least to retard the normal inerease in population.

Traps in Lightly Populated Areas.—There is some evidence that
the capture of the first beetles tu invade a locality remote from
known infested areas prevented the establishment of the insect.
Courtney (1931) captured a few beetles at several localities in
1929, but he did not catch any at these loealities in 1930, even
though ne control program had been undertaken., Cory and Lang-
ford (19¥55) reported that when the beetle first invaded Mavyland
and several isolated infestations weve found, the capture of the
first beetles at an isolated locality often prevented the establish-
ment of the insect for several vears. With a reproductive poiential
of twentvfold to thirtyfold, the capture of female heeties early in
the season before little or any ovipsosition has occurred could elimi-
nate the infestation or at least retavd the development of the popu-
lation,

Traps in Deusely Populated Areas.—The N.J. Department of
Agriculture and the University of Maryland used traps extensive-
iy to reduce the beetle population in densely ponulated aveas. The
number of beetles capturved in these campaigns was impressive,
During the height of the campaign in New Jersey in 1932, Rex
(unpublished) placed 2,100 traps on 325 farms in a heavily popu-
lated area of 78 square miles in the southern part of the State and
captured 160,800 quarts, or about 530,640,000 beetles.

A large-scale program to reduce the density of the beetle popu-
lation in Marvland was undertaken cooperatively hy the University
of Maryland and the U.S. Department of Agriculturve in 1938. It
included trapping, spraying infested plants with insecticides, treat-
ingr soil with insecticides, colonizing pavasites and pathogenic or-
ganisms, agriculture adjustment, and education. In 1938 approxi-
mately 40,000 traps opevated in cities, towns, and villages and on
farms in Baltimore, Cecli, Kent, Somerset, and Worcester Counties
captured 123,166 guarts, or about 408,447.800 beetles {Langford
et al. 7989). In 1939 approximately 100,000 fraps in Maryland
caught 104 tons, or approximately 1.050878400 beetles (Lang-
ford et al. 1940a; Cory and Langford 1944). In 1946, 127,122
traps caught 275 tons, or approximately 2,778.765.000 bheetles
{Langford et al. 1941e). During the height ¢f the trapping cam-
paign in 1948, when the beetle population was at its peak, about
369 tons, or approximately 3.728.597,400 beetles, were captured
{Cory and Langford 1955). Since then the popuiation density has




ATTRACTANTS FOR THE JAPANESE BEETLE 69

theclined progressively. In 1954 enly 19,743,056 beetles were cap-
tured in traps in 18 counties (Cory and Langford 1955).

Although large numbers of bectles were caught in these exten-
sive cumpaigns, many were left in the densely populated areas to
defoliate their favored food plants. There is no technique for de-
termining how much morve damage would have oceurred if the
traps had not been used, but Langford et al. {1940a) believed that
the traps had been heneficial. The eapture of thousands of female
beetles before all the eges had been deposited would cause some re-
duetion in the next brood. In 1938 Langford et al. (1839) found
(hat In an area of 19 square miles in Ceeil County, Md., the farms
un which traps had been placed had 35 percent fewer grubs in the
permanent pastures in October than in the previvus April, where-
as the farms without traps had 2 percent more grubs in their
pastures. The entive area had 24 pervent fower prubs in October
fhan the previous April.

Prateeting Plaonds {0 Densedy Popuelated Areas.—Van Leeuwen
and Metzger (£143¢) placed 500 traps at 30-foot intervals on 15
acres ol the grounds of Grey Towers, a part of Beaver College
near Jeakintown, Pa. During the next few days it was not pos-
sible to empty e 1-yuart beetle receptacles fast enough to keep
them [rom everfowing with captured beetles. The traps captured
0.00-LR00 Deetles during the § weeks they were operated. The
beetle’s feeding an the frees and shrubs was slight, but most of
{them were nol favored food plants, A survey 1 September showed
{hat there were about 13 million grubs on the 15 acres. No doubt
there would have heen many more grubs in the soil if the traps
hiwd net heen used.

In 1953 the beetle occurved in such large numbers at Shiloh,
N.J. that the unsprayed shalde and apple trees were defoliated,
asparagus was severely injured. extensive feeding occurred on
vorn leaves hefore and after the sitk appeared, and azaleas, rhodo-
dendrons, and Larrowleaf evergreens in a nursery were severely
injured, These nursery plants ave usually immune to beetle attack.
[Fariy in July of the following year Metzger (unpublished) placed
100 trapa with 2-quart beetle receptacles, the largest then avail-
able, aleng the houndaries of the nurserv. Although these recep-
tucles were emiptied several times daily, two men woere not able to
vmply Lthem fast enough to prevent some of them from overflowing
with beelles  About 5 million beetles were captured during the
summer. They did not damage the evergreens, hut the deciduous
frees, asparagus, and corn in the area were injured just as severely
as in the previous summer. Apparently the traps were more at-
tractive than the normally anpalatable evergreens and had pro-
Lected these plants from injury,

Metzger funpublished) operated 400 traps experimentally for
3 years in a large Reld near Wondstown, N.J., and each vear cap-
tured about 15 million beeties. He observed that a large asparagus
field adiavent to the experimental field was only slightly injured
hy the beetles, whereas other asparagus fields within a radios of
5 miles were severely damaged In n preliminary experiment he
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sel 48 traps, 10 feet apart, along the westerly side of about one-
fourth of an asparagus field near Cohansey, N.J. When the wind
blew from the west, the prevailing direction at that locality, thou-
sands of beetles flew from the asparagus to the {raps. During a 2-
week period the traps caught 300,000 beetles, The asparagus was
slightly fnjured in the part of the field where the traps were lo-
vated, but tiwe remainder of the field was damaged severely.

Langford et al. (1240a) placed 100 traps throughout a 25-acre
asparagus {ield, swhere the beetles the previous year had scverely
damaged the plants. The traps caught 4,672,800 beefles and the
injury to the asparagus was slight. In another experiment Lang-
fovd et al. {1040) placed 276 traps in another 25-ncre agparagus
field in an aren where the beetle population was very dense. Dur-
ing the next 4 woeeks the traps captured 12,187,200 beetles. The
damage to the plants was negligible. Thege experiments demon-
strated that asparagus ean be largely protected in densely popu-
lated areas by placing four or more traps per aere throughout the
ligid.

Cultivated blueherries and cranberries are grown extensively in
cleared areas in the pinewoods of southern New Jersey. In 1930
ihe boetles invaded the blueberry plantation at Whitesbog, then
the most extensive in the State, and caused some damage to the
folinge and the ripening berries. The grower placed traps around
come fields in 1991, but he was uncertain regarding their value.
During the spring of 1933 the U.S. Department of Agriculture
(Metzger unpublished) in cooperation with the N.J. Department
of Agricuifuve in an extensive survey of the area found that the
grubs were most numerous in the grassy areas surrounding the
hiueberry ficlds and in the cranberry bogs, but few grubs were In
the blueberry fields. A substantial beetle puopulation was in the
surrounding woods. Traps placed 0.1, 0.2, 0.3, 0.4, and 0.5 mile
from the edge of a blueberry field caught 22,291, 9,736, 6,287,
7.856, and 7,011 beetles, respectively. It was evident that most of
the beetles in the blueberry fields came from the woods.

Metzger (unpublished) and Metzger and Maines {unpublished)
placed traps about 80 feet apart and 10 to 25 feet away from the
ouler rows of plants around the blueberry fields, These traps
eaught 1,200,992 hoetles in 1933, 2,182,750 in 1954, and 2,096,398
in 1935, The injury by the beetle in the diffcrent fields ranged
from light to sovere. Most of it occurred in the ouler rows of
plants.  Although many beetles were captured, the traps did not
adequately proteet the hlueberries,

Traps were of no value in protecting eariv-ripening peaches and
apples from beetle attack. Richmond and Metzger (7929) hung
traps in trees around a smudl apple orchard. Although over a mil-
lion heeties were captured during a S-week period, the trees were
practieaily defoliated and the fruit was destroved. Metzger {un-
published) placed traps about 8 leet apart in a line 25 feet from
an infested peach orchard on the side of the prevailing wind to
try to draw beetles from the orchard to the traps. During the 3
days of the tost, 11,396 beetles left the orchard and were caught

At
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by the traps, but it was estimated that 10,500 beetles flew from
or by the traps to the trees.

Many people in suburban areas with a dense beetle population
gained considerable satigfaction in trapping beetles on their pre-
mises, even though the traps did not protect the favored food plants
from insect attack. No doubt the traps decreased the density of
the beetle population to some extent, reduced the number of eggs
deposited in the soil, and attracted some beetles from the plants,
but most property owners were more interested in proteciing their
plants from aftack than catching beetles. For this reason, traps as
well as protective sprays and dusts were recommended for subur-
ban areas by Metzger (1982, 1934a, 1936), Fleming et al. (19844,
1940a), Hadley (1940), Fleming (1955, 1958, 1960, 1963), and
Cory and Langford (1955).

Other Species of Insects Captlured

Many species of Lepidoptera, Hymenoptera, Diptera, and Co-
leoptera were captured in traps baited with the geraniol-eugenol
mixture, but usually these insects were considered a nuisance and
were discarded because time was not available to sort and preserve
them for identification. Only twice were any of the insects other
than the Japanese beetle identified.

Richmond and Metzger (19229) found 200 apecimens of Chaulio-
grathus morginatus F,, 32 Cerambycidae, 17 Ophistomis lutei-
cornis (F.), and 15 Typocerus velutinus (Olivier) in the traps.

In 1932 about 400 traps in a pasture near Woodstown, N.J,,
were baited on June 25 just as the Japanese beetle was beginning
to emerge. During the next 5 days before it emerged in large
numbers and became the dominant species eaptured, many sapecies
of insects were caught in the traps. Metzger and Sim (1938) sepa-
rated and identified only the Coleoptera,

The Coleoptera species captured are as follows:

Cantharidae—500 Chauliognathus marginatus F.

Carabidae—150-200 Hurpalus founus Say, 150-200 H. pennsyl-
canteus Say, and 300 Lebia grendis Hentz

Chrysomelidas—d41 A4 calymma vitieta (F.), 25 Chrysochus aura-
tus (F.), and 200 Leptinotarse decemlineata (Say)

Curculionidae—18 Hyperae punctata (F.) and 250 other weevils

Elateridae—3 Alaus cculatus (L.) and 400 Melanotus sp.

Hydrophilidae—68 Sphaeridium bipustulatum F. and 750 S.
scarabaecides (L.)

Scarabaeidae—13 Anomela (Pachystethus) lucicole (F.), 45
Aphodius fimetarius (L.}, 10 A. fossor (L.), 256 A. huemorrhot-
dalis (L.), 175 Bozhynus gibbosus (DeG.), 300 Cotinus nitida
(L.), 90 Cyclocephale borealis Arrow, 25 Dichotomius carolinus
(L.), 1 Diplotaxis sordide (Say), 250 Dyscinetus trachypygus
(Burm.), 1 Ewphoria fulgide (F.)), 14 E. herbacea (Oliv.), 500
Macrodactylus subspinosus (F.), 30 Onthophagus hecate Panz.,
16 O. nuchicornis {1.), 12 O. pennsyleanicus Harold, 5 Pelidnola




72 TECHNICAL BULLETIN 1399, U.S. DEPT. GF AGRICULTURE

punctate {(L.), 200 Phyllophage ephilide (Say), 15 P. fervida
(F.), 125 P. futitus (LeC.), 120 P. hirticule (Knoch), 5 Serica sp.,
and 11 Troz insularius Chev,

Silphidae—11 Silpha americana L.

ATTRACTIVE SPRAYS

Repellency of White Deposits on Foliage

One of the problems in develeping residual sprays for killing
large numbers of beeties was the repellency to the beetle of con-
spicuous deposits of toxic and nontoxic white materials. By com-
paring the beetle populations on sprayed and unsprayed trees in
a young peach orchard, Van Leeuwen et al. (1928) and Van Leeu-
wen (1982) reported the following results with sprays:

Malerial (pounds) per Hepellency to

100 gallons of water beclie {percent)
Chingelay €6} . cvvur i e 57
Fead amennie (B) ..., ccv o vie ieennoaenanaaas snaaaan 7%
Chalk (8)..000evnonnn e e et T4
Calelum grsennte {B). o ove i i iieni s i 71
Slaked e (8. oot i e e GY
Hasie lead amenate (12). ... i o i s 1
Barytes (G)......... i e re e anae et 38

Because of its repellency, Davis (1920) recommended 6 pounds
of lead arsenate in 100 gallons of water to protect plants from
beetle attack. Hadley (1422) recommended 4 to 6 pounds of the
arsenical, Kelley and Moore (1§23), finding that 4 pounds of lead
arsenate did not give adequate protection, recommended 8 pounds
with 4 pounds of wheat flour as a sticker. Smith and Hadley
{1926) recommended 6 pounds of lead arsenate and 4 pounds of
wheat flour, a combination that was used for many years.

Hydrated lime was recommended for several years as a sub-
stitute for lead arsenate on early-ripening fruit and for use about
the home vard wheve the arsenical could not be used (Van Leeu-
wen 1932q; Fleming et al. 1834, 19352). The deposit of lime was
readily removed by rain and frequent applications had to be made
to protect plants. Lipp and Osburn (1925) found 2 mixture of 20
pounds of hydrated lime and 3 pounds of aluminum sulfate per
100 gallons of water produced a water-resistant residue. Metzger
and Lipp (1936) found that two or three applications of the lime
spray during the flight of the beetle were usually sufficient to pro-
tect fruits and vepetables, Although the plants were protected
from injury by the lead arsenate and the lime, the lead arsenate
killed only a few beetles and the lime none.



http:insulari1.ls

ATTRACTANTS FOR THE JAPANESE BEETLE 73
Lead Arsenale

Toxicity to Beetle

Van Leeuwen (1927} found a small dosage of lead arsenate,
ranging from 0.0035 to 0.0156 mg., was fatal within 42 to 67 hours
after a beetle began to feed on sprayed foliage. Little feeding was
required for a beetle to obtain a lethal dosage. The area of both
the upper and lewer surfaces of a leaf eaten to obiain a fatal
dosage was 80, 74, and 48 sq. mm. with foliage sprayed with 2, 6,
and 12 pounds of lead arsenate, reaspectively, in 100 gallons of
water.

Van Leeuwen (18s2) caught beetles as they left the folinge of
apple, grape, and sassafras after the plants had been sprayed with
§ pounds of iead arsenate and 4 pounds of wheat flour per 100 gal-
fons of water, placed them in wire cages with unsprayed foliage,
and determined their mortality 48 hours later. The average mor-
tality was 57, 39, 32, 9, and 8 percent with beetles ecaptured 1, 2,
4, 48. and 72 hours, respectively, after spraying. The relatively
high mortality of the beetles eaught 1 hour after spraying was
probubly due to the direct contact of the spray with the beetles,
Possibly many of the beetles captured later had not fed on the
gsprayed foliage. Van Leeuwen et al. (1928) estimated that the
recommmended lead arsenate-wheat flour spray killed about 30 per-
cent of the beetles,

Coualed Lead Arsenale

Beetles fed readily on foliage sprayed with basic lead arsenate
and ferrous arsenate, compounds that are practically insoluble and
nontoxic to them, but did little feeding on foliage sprayed with
lead arsenate. Moore {1822) supggested that they tended to stop
feeding on lead arsenate when they began to react to the com-
pound, even before they had consumed a lethal dosage. The prob-
lam was to mask the lead arsenate in such a way that beetles
wvoulel eat more of it

Brinley (29.23) produced a colloidal lead arsenate by precipitat-
ing the compound in the presence of gelatin, The beetles fed more
readily on foliage spraved with that product and more of them
were killed than by the regular lead arsenate, but gelatin was con-
sidered an impractical coating material,

Various metallic soaps were investigated as coating agents for
lead arsenate. Less repellent dusts were produced by grinding the
arsenical with lead oleate ov lead stearate (Moore 1922}, or by dis-
solving lead oleate or lead stearate in benzene or ethyl alechol,
mixing the solution with lead arsenate, and evaporating the sol-
vent (Vander Meulen unpublished). These dusts were water
repelient, adhered well to foliage, and were more palatable to the
beetie, but few commercial growers in the area infested by the
beetle were equipped to use a dust,
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Vander Meulen (unpublished) devised a method of coating lead
ursenate 8o that the product could be used as a spray. A metallic
soap was precipilated in the presence of lead arsenate suspended
in water. He prepared lead arsenate mixed with the aluminum,
lead, and zine soaps of cottonseed oil, fish oil, and linoleie, oleic,
ricinoleic, and stearic acids. When the mixtures were diluted and
sprayed, the metallic soaps spread over the lead arsenate particles
as the deposils dried angd formed a water-repellent coating. The
mixtures of lead arsenate and lead oleate were the most promising.

Preliminary tests in 1928 and 1929 by Metzger (unpublished)
and Van Leeuwen {unpublished) in apple, cherry, and peach or-
chards demonstrated that a 50:1 mixture of lead arsenate and lead
oleate produced u higher initial deposit on foliage and the residue
persisted longer than the 20:1 and 10:1 mixtures. As a resuit of
these tests, the 50:1 mixture, referred to as “coated lead arsenate,”
was selected for further experimentation.

Van Leeuwen and Vander Meulen (1926) developed a procedure
{or producing coated lead arsenate commercially. The final prod-
uct was a paste containing 45 percent solids and 55 percent water.
Approximately 70,000 pounds of coated lead arsenate were used
to control the beetle during 1927 {Van Leeuwen et al. 1928).
Larger amounts were used in subseguent years.

Phe coated lead ursenate was definitely more toxic to the beetle
than the regular lead arsenate. In cage tests with coated lead
arsenate at 8 pounds per 100 gallons of water and with regular
lead arsenate at 6 pounds, in which correction was made for the
mortality due to starvation, 46 percent of the beetles were killed by
coated lead arsenate and only 5 percent by the uncoafed arsenical
within ¢8 hours (Van Leeuwen and Vander Meulen 1925;.

Coated lead arsenate applied at 8 pounds of the 45-percent paste
per 100 gallons of water had about the same repeliency to the
beetie as the recommended lead arsenate-flour spray, but beetles
alighting on the coated lead arsenate residue fended to remain
longer and many of them fed until they had consumed a lethal
dosage. Many dead beetles accumulated beneath trees, ghrubs, and
vines sprayed with coated Jead arsenate, but only a few were found
beneath plants sprayed with the uncoated arsenical. One applica-
tion of coated lead arsenate protected the foliage for 6 to 8 weeks,
but two applications of the lead arsenate-flour spray were reguired
for that period. Coated lead arsenate was an important develop-
ment in that it not only killed more beetles but it had better spread-
ing and sticking qualities than any cther lead arsenate spray used
previously. (Van Leeuwen and Vander Meulen 1825; Van Leeu-
wen et al. 1928)

Van Leeunwen and Vander Meulen {(1926) recommended 8
pounds of coated lead arsenate paste per 100 gallons of water to
protect apple ang cherry orchards, vineyards, and ornamental trees
and shrubs, but they cautioned that the spray should not be applied
to the fruit within 8 weeks of harvest. Van Leeuwen (1929}
recommended that coated lead arsenate be used only to protect
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ornamental trees and shrubs and flowering plants, but later he
(1982a) recommended it algo for protection of young nonbearing
opple trees, cherry trees after the fruit had been harvested, and
young nonbearing grapes in commercial plantings.

Green Lead Arsenaie

Some people objected to the white residue of lead arsenate on
their ornamental trees and shrubs. Teo overcome this, Vander
Meulen and Van Leeuwen (1928) prepared a green lead arsenate
by precipitating chrome green among the lead arsenate particles
suspended in water. The final product contained about 81 percent
lead arsenate, 9 percent chrome green, and 80 percent water, When
it was applied at 8 pounds of the paste per 100 gallons of water,
the depesit was inconspicuous on foliage,

Vander Meulen and Van Leeuwen (1928) recommended mixing
8 pounds of the paste with 100 gallons of water and applying the
gpray when the beetles began te attack the ornamental plants and
repeating it 3 to 4 weeks later.

Green lead arsenale was less repellent to the heetle than the
regular lead arsenate. Van Leeuwen et al. (19£8) and Van Leeun-
wen (1932) found that in comparison with unsprayed foliage the
deposits of green and uncolored lead arsenate repelled 39 and 77
percent, respectively, of the beetles. The beetles fed no more readily
on the colored than on the uncolored arsenical, but the greater
beetle population on the plants sprayed with green lead arsenate
caused more injury to these plants. Green lead arsenate never
came into general nse as a spray to control the beetle.

Adding Sugar o Lead Arsenale Sprays

For several years the beetle had been known to feed greedily on
sugar solutions. In a preliminary laboratory experiment Vander
Meulen (unpublished) attempted to administer a measured quanti-
ty of sirup to a beetle by inserting the tip of a microburette into its
mouth. It was not possible to insert a tip sufficiently large to de-
liver the sirup accurately, and when administered in this manner
the beetles tended to regurgitate. They did imbibe the sirup readi-
ly when drops were applied to the mouth parts by means of a small
glass rod. A sirup containing 1 gram of lead arsenate in 100 mi.
killed 76 percent of the beetles within 24 hours. A paris green-
sirup mixture of this concentration killed 56 percent of the beetles
in this period of time.

In field tests Van Leeuwen et al. (2928) and Metzger (unpub-
lished) added 8 galions of refined sugar sirup to 100 gallons of the
lead arsenate-flour spray. The beetles tended to remain on the
trees sprayed with that mixture and to gorge themselves on the
foliage. The sprayed trees were practically defoliated and thou-
aands of dead and moribund beetles accumulated on the greund
beneath them. A higher mortality resulted with this spray than
with any previous spray containing an inorganic stomach poison
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ingecticide. Later Metzger {unpublished) found that adding the
girup made both the green and the coated lead arsenate very
palatable to the beetles.

Smith {1980) considered the combination of lead arsenate and
refined cane sugar sirup to be the most effective spray for killing
large numbers of beetles. Adding the sugar practically destroyed
the protective properties of the arsenical. The sugar did cause
gome burning on the foliage. It was apparent that sugar had no
place in lead arsenate sprays designed to protect orchards and
ornamental trees and shrubs from besetle attack. The lead arsenate-
flour-sugar spray and the coated lead arsenate-sugar spray -were
recommended for plants of noneconomic importance to reduce the
density of the beetle population in an area.

Paris Green and lis Homologs

Van Leeuwen (1926) observed that the beetle was attracted to
large amounts of paris green on foliage. Lawer he (1832) found
that trees spraved with 18 pounds of paris green per 100 gallons
of water attracted 44 percent more beetles than unsprayed trees
in the vicinity. Since paris green has a slight odor of acetic acid,
it was thought that the acid might be atbracting the beetles. To
gemonstrate the attractiveness of acetic acid, he (1926) sprayed
trees with water and with dilute acetic acid. Of Lhe 320 beetles
coming to the trees during the folowing 314 hours, B percent came
1o the tree sprayed with water and 37, 23, and 32 percent, respec-
tively, to the trees sprayed with 1:2,000, 1:1,000, and 1:250 acetic
acid, The attractiveness of the dilute acelic acid lasted only a few
hours, but the attractiveness of paris green did not decrease dur-
ing a 10-day period.

Fleming and Baker (1986) studied paris green and several of
its homologs under controlled conditions. The homoelogs were pre-
pared according to the procedure outlined by Dearborn (1335).
The sprayed planis and beetles were placed in special glass cages
in a controlled atmosphere that stimulated feeding, following the
procedure of Fleming {1934).

The injury by the spravs of paris green and itz homclogs to
foliage increased progreasively as the concentration was increased
from 2 to 16 pounds per 100 gallons of water, and the feeding by
the beetle on the spraved foliage decreased from defoliation to
slight with these changes in concentration. When applied at 8
pounds per 100 gallons, all these arsenites were less toxic to the
beetle than lead arsenate at this concentration. The relative toxici-
ty (percent) of the materials was a follows: Copper crotonoarse-
nite 81, paris green 70, copper palmitoarsenite 59, tung-oil green
56, cottonseed-oil green 47, copper lauroarsenite 39, soyvhean-oil
green 23, rapeseed-oil green 17, copper oleoarsenite 16, and copper
stearoarsenite 11. None of these arsenites appeared promising.
IToliage sprayed with them was no more palatable to the beetle
than that spraved with lead arsenate, and the possibility of chemi-
cal injury to the foliage was greater.
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{eraniol

To reduce appreciably the beetle population with residua! sprays,
it is necessary not only to have a palatable toxic residue on the
folinge but to induce the beetles to come in large nurmbers to the
sprayed plants. Geraniol was the only attractant used with sprays.

Adding Geraniol to Lead Arsenate Sprays

Richmond {1927) found that adding emulsified geraniol at
1:1,006 to the regular lead arsenate spray attracied large numbers
of beetles to the plants shortly after they were sprayed, but the
stiractive odor disgipated rapidly and no more beetles were at-
tracted. Since the residuc of lead arsenate was not palatable, most
of the beeties left the plants within a few hours.

Van Leeuwen et al. (7928) also mixed emulsified geraniol with
fhe regular lead arsenate spray and applied it to a tree in an
abandoned orchard. The geraniol excited the bestles to activity
for about 20 minutes after spraying. Many beetles flew toward the
aprayed tree, buf some alighted on adjacent unsprayed trees.
About an hour later more beetles were leaving the sprayed tree
than were coming fo it

During 1920-32 the Department applied a spray containing 16
pounds of green lead arsenale, 8 gallons of cane sugar sirup, and
1 quart of emulsified geraniol per 100 galions of water at weekly
intervals to selected trees and shrubs to reduce the beetle popula-
tions at isolated infestations. It was difficult to evaluate the effec-
tiveness of the operation because of the very light beetle popula-
tions.

I 1931 Rex {unpublished) applied a spray containing 9 pounds
of green lead arsenate, 60 pounds of refined sugar sirup, 14
pounds of emulsilied geraniol, and 300 gallons of water to wild
cherry and sassafras at six sites and to an abandoned orchard in
a densely populated area in New Jersey. Within an hour after
spraying, thousands of beetles were on the sprayed plants. By
midafterncon the ground near the sprayed planis was covered
with dead and dying beetles. Although beetles were plentiful in
the vicinity, very few were attracted to the sprayed plants after
that first day.

In 1933 Metzger {(unpublished) added 1 guart of emulsified
geraniol and 16 pounds of green lead arsenate or 9 pounds of
coated lead arsenate to 100 gallons of water and found that the
deposits on tree foliage were very attractive to the beetles only on
the day the sprays were applied.

These experiments demenstrated that emulsified geraniol added
to a lead arsenate spray dissipated too rapidly to be of much value.

Geraniol Dispenser With Lead Arsenate Sprays

To overcome the rapid dissipation of geraniol when applied in
a spray, Van Leeuwen et al. (1928) hung sponges saturated with
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geraniol on selected trees throughout an apple orchard, which had
Leen sprayed previously with lead arsenate and was well protected
from beetle attack. A drip bottle was mounted above each sponge
to keep it saturated with the attractant. The beetle population
huilt up rapidly on the trees with the sponges and became 80 dense
that musses of beetles were clustered on the fruit and foliage,
There was extensive feeding on the foliage in spite of the un-
palatability of the lead arsenate deposit to the beetles, and the
entire crop on these trees was destroyed. Theusands of dead
beetles accumuiated on the ground beneath the trees with the
sponges, but very few dead beetles were beneath the other trees
in the orchard.

Metzger (unpublished) used a bottle-and-wick dispenser en-
closed in a perforated metal cylinder to dispense geraniol in se-
lected trees in an apple orchard that had been sprayed previously
with green lead arsenate and coated lead arsenate, with and with-
out cane sugar sirup. A second spray application containing sugar
caused defolintion of the trees. The results were substantially the
same as those obtained previously by Van Leeuwen et al. (1928),
in that many more dead and moribund beetles were found beneath
the trees with the dispensers than beneath the other trees.

Geraniol With Contact Sprays

It was not possible to attract and kill large numbers of beetles
with a deposit of lead arsenate without causing serious injury to
the {ruil and foliage by the feeding of the beetles. 1 seemed more
practical to attract the beetles fo selected trees and kill them with
a contact insecticide and thus avoid extensive feeding. Van Leeu-
wen (1926¢, 19.26b) developed a very effective contact insecticide
containing sodium oleate and oleoresin of pyrethrum. With 5 gal-
tons of the stock Tormulation mixed with 95 gallons of water, 95
percent of the beetles were dead within 48 hours on low-growing
plants spraved with a bucket pump and 98 percent on apple and
peach trees sprayved with a power aprayer.

Van Leswwen {unpublished) and Van Leeuwen et al. (1928)
conducted a large-seale experiment with emulsified geraniol and
the sodium oleate-oleoresin of pyrethrum spray to reduce the dense
beetle population in a 3-syuare-mile area in southern New Jersey
in 1926. Trees about 100 yvards from other trees were selected for
spraving. Four power sprayers, each with a crew of five men,
onerated in this area on days when the teraperature was above
80" I*., the relative bumidity was between 40 and 70 percent, and
the sun was shining—conditions favoring the flight of the beetle,
The geraniol did not attract large numbers of beetles under other
conditions. A selectod tree was firat spraved lightly with the
geraniol emulsion containing 1,600 mi. of geraniol, 40 grams of
sodium oleate, and 4,000 ml. of water. Within a few minutes the
heetle ponulation on the tree built up rapidly. Then the contact
insecticide was applied with two nozzles with spreaders in a
coarse fan-shaped spray at a pressure of 500 pounds from the top
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of the tree downward so that few beetles were not thoroughly
sprayed.

It was estimnated that each applieation of the contact insecticide
killed about B0 percent of the beetles on the selected trees, The
ground beneath the sprayed frees was covered with dead beetles
throughout the summer. Although millions of beetles were killed
during the summer, it was difficult to evaluate the benefit of the
operation because the beetle population did not appear to be aub-
stantially reduced in this area the following summer.

Anethole-Eugenol With Newer Insccticides

Although experimentation with a residual spray and an attract-
ant was discontinued several years ago, such a combination could
be used advantageously today in campaigns to eliminate isolated
infestations and to reduce beetle populations at airports, where
it is a problem to prevent beetles from entering a plane during
the loading period. No additional experimentation is needed to
use an anethole-eugenol dispenser in combination with malathion
or DDT.

Large bottle-and-wick dispensers, filled with the 9:1 anethole-
cugencl mixture and hung in selected trees throughout an isolated
infestation or avound an airport, would attract beetles as long as
any baif remained in the wick.

Malathion, one of the safest insecticides, is a very effective con-
tact insecticide to kill beetles on the selected trees. A spray con-
taining 1 pint of a 50-percent concentrate or 2 pounds of a 25-
percent wettable powder per 100 gallons of water, applied as a
coarse drench, has killed many beetles during the spraying opera-
tion. Since the residual effectiveness of malathion is only 5 to 7
days, it would be necessary to spray at weekly intervals during
the flight of the beetle (Fleming 1965%).

Probably the most practical method for killing beetles would be
to spray the selected trees with DDT, using 2 pounds of a 50-per-
cent wetiable powder or 2 guarts of 2 25-percent emulsifiable con-
centrate per 100 gallons of water. The spray is a good contact in-
secticide and the residual deposit appeared to be neither attractive
nor repellent to the beetles. Beetles that walked or began to feed
on the sprayed foliage soon became paralyzed and died. Unless
there was excessive rain or much new growth, one application of
DDT would be effective throughout the flight period of the beetie.
(Fleming 1947, 1968)

SUMMARY

There are three fields of investigation in the search for an at-
tractant for the Japanese beetle (Popillia japonice Newman) : The
odoriferous constituents of plants preferred by the beetle and as-
sociated chemicals, fermentation products, and the lure of the fe-
male for male beetles,
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QOdoriferous Constiiuents of Plants and Other Chemicals.—Little
was known about the odorifercus counstituents of the many plants
attacked by the beetle. Plants whose alecholic extracts had an
elhereal or fruity odor were most likely to be fed on extensively.
Most of the preferred plants were reported o contain geraniol.
Four of the preferred plants—apple, peach, rose, and sassafras—
contained one or more of the following odoriferous chemicals, fre-
guently combined with each other and with other constituents of
the plants: Acelic acid, benzaldehyde, caproic acid, citral, citronel-
iol, eugenol, geraniol, linalool, phenyl ethyl alcchol, and valeric
acid.

‘I*he search for a beetle attractant was a trial-and-error process.
Since the preliminary tests with clfactometers were unsatisfactory,
the attractiveness of the various baits was determined in the field
during 6 weeks in the summer when the beetle was flying. The
first field evaluations were made by counting the number of beetles
that came to open cans of sweetened bran containing various odor-
iferous materials. Although this method had several limitations,
the most atiractive essential oils appeared to be citronella, clove,
lemongrass, palmarosa, sassafras, and tansy, and the most attrac-
Live chemicals were citral, citronellal, citronellol, eugenol, eugenol
methyl ether, geranicl, and gerany! acetate,

A more precise evaluation was made by placing the experimental
baits in traps and testing them in competition with a 10:1 techni-
cal geraniol-U.8.P. eugenol bait that was used as a standard. The
beetle was attracted to a wide variety of unrelated cdoriferous
substances, probably because it is cosmopelitan in its choice of
food. Mixtures of chemicals were almost invariably more attrac-
tive than was anticipated from the attractiveness of their com-
ponents. The most attractive mixtures contained eugenol mixed
with various combinations of anethole, caproic acid, geraniol,
phenyl ethyl acetate, phenyl ethyl alechol, phenyl ethyl hutyrate,
phenyl iso-valerate, and iso-valeric acid.

The attractiveness of the baits was modified by (1) the activity
of the beetle as affected by temperature, relative humidity, and sun-
chine: {2) the purity of their components; {3) the rate of evapora-
tion; (4) their decomposition on exposure to the weather; and (5)
the nature and proportion of the ingredients in mixtures.

A 10:1 mixture of technical geraniol and U.S.P. eugenol was
recommended as an attractant for the beetle from 1928 to 1944,
when geraniol became unavaiiable. The eugenol was a standard
product, but the geraniol was a complex mixture of several com-
ponents with no standard specifications. Satisfactory specifica-
tions were developed for the highly refined grade of geraniol with
at least 87 percent alcohol. However, the specifications when
broadened to include some of the cheaper and equally attractive
lower grades were less satisfactory because of difficulty in estab-
lishing the physical and chemical properties of these more cornplex,
variable mixtures.

The attractiveness of the recommended geraniol-eugencl mixture
was enhanced by increasing the eugencl content and by adding
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caproic acid, phenyl ethy! acetate, pheny] ethyl alecohol, phenyl
ethyl butyrate, or phenyl iso-valerate, but for various reasons
none of these mixtures, except one containing phenyl ethyl alcohol,
were recommended as an attractant, The mixture containing this
last substance was recommended only during 1936-39.

A 9:1 mixture of N.F. or technical anethole obtained from pine
oil and U.S.P. eugenol has been recommended as an attractant
since 19dd. The natural anethole was less attractive than the syn-
thetic product. Increasing the eugenol content tended to increase
the aftractiveness. Replacing half of the anethole with caproie
acid more than doubled the attractiveness, but this mixture was
ot recommerded.

Svume mixtures of caproic acid, eugenol, and phenyl ethyl butyr-
ate or phony! iso-valerate and sorse mixtures of phenyl ethyl
bulyrate and eugeno! were definifely move attractive than the
geraniol-eugenol and the anethole-eugenol mixfures, but these mix-
Lavey had nol been Lested extensively enough to recommend them.

Fermented Baits.—¥ermented apple julce, orange juice, malt
sirup, and cane sugar girap were mote attractive to the beetle than
the unfermented materials. Fermented baits did not seem desirable
for general use.

Sex Atfractunt.—In nature the male beetle is strongly attracted
to temale beetles, but traps baifed with virgin and field-collected
female beetles did not attract either sex. Extracts of female beetles
prepaved with acetone, benzene, sthyl aleochol, and pefroleum ether
adso did not attract beetles.

Ovipositional Chemotlropism.—In & preliminary test a dilute al-
coholic solution of allyl sulfide induced beetles to deposit eggs near
the chemical.

Traps With Attraclive Baits.—Electrical traps of 10,000 to 40,-
000 volks clectrocuted many beetles attempting to fly between par-
allel wires, but these devices were not practical to use unatfended
and appavently did not appeal to the public,

A mechanical trap for densely populated areas and a survey trap
Lor lightly populated areas are described, The best of these traps
congisted of a funnel, a four winged baffle mounted above and ex-
tending into the funnel, a bottle-and-wick dispenser for the bait
mounted in the baffle, and 2 receptacle for holding captured beetles,
A high luster yeliow was the most effective color.

The best traps under favorabie conditions captured about 78
percent of the beetles attracted te them. Most of the beetles cap-
tured in suburban areas were attracted to the traps from plants on
the premises and adjacent properties, but in rural areas the bestles
came largely from plants within about 400 feet of the traps. One
trap per acre caught sbout 30 percent of the beetles in that area.

Traps have been of great value in determining the presence or
absence of the beetle in areas not known o be infested. They were
used extengively in New Jersey and Maryland in densely infested
arcas to reduce the beetle populations in those greas. In a few
nstanees, traps in densely infested areas protected favered plants
from severe beetle injury.
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Attractive Sprays.—Lead arsenate is very toxic to the beetle,
but most beetles ceased feeding on sprayed foliage before con-
suming a lethal dosage. The average moriality was about 30 per-
cent. The lead arsenate deposit was made less repellent by coloring
it green, and it was made more effective in killing beeties by coating
the particles with lead oleate or by adding sugar to the spray. The
beetles usually gorged themselves on the sprayed foliage when
sugar was present and a high mortality resulted,

Adding emulsified geraniol to a residual spray such as lead
arsenate was not satisfactory, because the attractant in the deposit
on the plants was not effective for more than 1 day. It was prac-
tical to apply & spray of emulsified geraniol to concentrate beetles
on selected trees and then kill them with a contact insecticide,

Beetles were attracted to trees sprayed with lead arsenate by
hanging a bait dispenser in the trees.

Although experimentation with residual sprays and an attract-
ant was discontinued several years ago, such a combination could
be used advantageously today in campaigns to eliminate isolated
infestations and to reduce beetle populations at airports. A Targe
bottle-and-wick dispenser with the anethole-eugenol mixture as
the attractant could e hung in selected trees sprayed with a resid-
nal insecticide.
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