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, ATTRACTANTS 
FOR THE JAPANESE BEETLE 

By WAL'rER K F[,EMINO, collaborator, ETitomolugy llcsearch Division, Agricultural 
Uescarch Service 

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

The Japanese beetle (Popillia japonica 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
tanaceae, Polygonaceae, Rosaceae, Salicaceae, Tiliaceae, Urti­
caceae, and Vitaceae (Hawley and Metzger 1940).1 

The beetle is a gregarious insect. Either sex may infest a 
plant (Smith and Hadley 1.926). 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. (1928) 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 plants of the same 
species 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 tree fruits, may occur on 
bush fruits, flowers, and occasionally on foliage. 

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

1 The yeur in iLnlic !Ifter tll!llluthors' nllme.9 is the key to tho references in Literature 

Cited, p.83. 
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The beetle prefers fruit infected by disease 'Or damaged by 
other insects t'O healthy, sound fruit. The m'Ost extensive damage 
by the insect 'Occum'ed in neglected 'Orchards (Smith and Hadley 
1926). Peach trees infected by peach yell'Ows and little peach were 
alm'Ost def'Oliatt!d, whereas adjacent healthy trees were hardly 
t'Ouched by the beetle (Mann 1942). Apples damaged by the c'Od­
ling m'Oth (Carpocapsa pomonella (Linnaeus) ) and peaches in­
fected by br'Own r'Ot were attacked first. When this fruit had been 
c'Onsumed, the beetles fed 'On healthy fruit (Smith and Hadley 
192(j; Fleming and Metzger 1936). 

N 'Ormally the beetle attacks fruit 'On 'Only th'Ose varieties 'Of 
grapes that ripen during the summer. The beetles attacked the 
fruit 'Of all varieties 'Of grapes infested by the grape berry mQth 
(Paralobesia viteana (Clemens) ) 'Or infected by black r'Ot, even 
when the fruit waR immature, and then they fed 'On adjacent 
s'Ound berries (Fleming and Maines 1947). 

'rhe QdQr 'Of fermenting fruit 'On the gr'Ound 'Or 'On the plants 
is a PQwerful attractant f'Or the beetles. It was practically imp'Os­
sible tQ pr'Otect early-ripening fruit with the insecticides available 
pri'Or tQ DDT unless the decaying fruit was removed 'Or buried. 
Fleming (1955, 1.960, 19(3) recommended g'O'Od sanitatiQn in 
orchards and vineyards t'O pr'Otect fruit frQm beetle attack. 

Smith and Hadley (1926) 'Observed that male beetles definitely 
m'Oved tQ plants 'On which females were feeding. The attracti'On 
c'Ould be the QPPQsite sex and the Qd'Or 'Of the lacerated fruit and 
fQliage. Under certain cQnditiQns female beetle3 emerging fr'Om 
the grQund were highly attractive t'O the males. 

Early in the summer when beetles began tQ emerge in large 
numbers 'On a gQlf CQUi'se in a heavily infested area, many males 
\vere seen early in the mQrning 'Of clear, warm days flying IQW 
'Over the turf in search 'Of female beetles. As a female emerged 
frQm the ground, many males alighted and attempted tQ cQPulate 
befQre she CQuld fly. The males alighted 'On the grQund 4 tQ 6 
inches 'On the leeward side 'Of the female and crawled rapidly 
toward her. They always apprQached a female against the wind. 
As the directiQn 'Of the wind shifted, the trail 'Of beetles changed 
HccQrdingly. CQPulatiQn rarely tQQk place when many males were 
cQmpeting fQr a female. In 1922 within a 25-square yard area 
'On the gQlf CQurse, 78 "balls" 'Of beetles were 'Observed at 'One 
time. Each "ball" cQntained a single female and frQm 25 tQ 200 
males. Fleming (1.960, 1.%'3) rePQrted that as many as 300 males 
had been fQund clustered abQut a single female. The "balling" 
ceased at midday and did nQt 'Occur again until an'Other favQrable 
m'Orning. It rarely 'Occurred later than 2 'Or 3 weeks after the initial 
emergence 'Of the beetle in an area. 

The investigatiQn 'Of attractants was undertaken in 1919. when 
SQme essential 'Oils and certain fruity and fermentatiQn QdQrs 
were fQund tQ be attractive tQ the beetle (Davis 1920a). SQme 
phases of the investigation were conducted cQQperatively by the 
Japanese Beetle LabQratory, other Federal agencies,and State 
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agricultural experiment stations within the beetle-infested area. 
Progress reports on the investigation appear.ed from time to time 
in Federal and State publications and in various scientific jour­
nals. However, much addithnal information is found in the unpub­
lished progress reports by O. G. Anderson, F. J. Brinley, E. D. 
Burgess, R. D. Chishol:m, W. E. Fleming, H. L. Haller, H. A. 
Jones, L. Koblitsky, T. L. Ladd, N. E. McIndoo, W. W. Maines, 
F: E. Muhrhof, 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 reports of the Japanese 
Beetle Laboratory by C. H. Hadley and W. E. Fleming on file at 
the labC'!"atory. These published and unpublished records have 
beer. reviewed here so that information on attractants for the 
beetle during 1919-64~ might b[ afOre available to other entomol­
ogists and the general public. 

ODORIFEROUS CONSTITUENTS OF PLANTS AND 
OTHER CHEMICALS 

Nature of Attractive Odors 

M'8tzger et al. (.l934) determined. the amount of sugar in the 
foliage and sometimes in the fruit of 97 species and varieties of 
plants ancl the odor of the clarified alcoholic extracts. The amount 
of reducillg sugar as dextrose per gram of plant material ranged 
from 0.4 to 30 mg., as shown in the following data: 

,'i/lgar in foliag/' }Jlcl1lls allllckerl 
(1/1(1. per gram) (perc/'ll I) 

l\) 


5-\0 ............................................ . 50 

10-15 ......•...................................... 47 

\5-20 ............................................ . 53 

20-25 ............................................ . 70 

25-30 ............................................ . 85 


U)88 Lhilll 5 •••.••.•....••.•.••••••.....••...•. 

Thirty-nine extracts had an ethereal or fruity odor; 22 were 
fragrant, five aromatic, and three empyreumatic; 10 had various 
odors and 18 no distinctive odor. Of the plants having extracts 
with nfruity odor, the beetles damaged severely 47 percent of 
those with a sugar content up to 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. Su.gar content and odor 
were important factors in the susceptibiiity of a plant to beetle 
attack. Unfortunately the substances causing the fruity odor were 
not identified. 

• Although the data on whioh this bulletin is based were collected during 
t919-64, tile findings are still valid and ~lseful as guidelines for developing 
research needed to prevent losses from insect attack. 

http:appear.ed
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Little informncion is available on the odoriferous constituents 
of plants. Smith (1924) and Smith and Hadley (1926) reported 
that a series of preferred plants had been analyzed and all con­
tained veranio\ in varying quantities. Tne plants were not identi ­
Oed. Power and Chestnut (1922) found geraniol in the parings 
of ripe Mdntosh apples, one of the most fragrant varieties, and 
stated that geraniol, eithe,,· in the free state or as esters, prob- ~ 
abl;v is contained in varying quantities in ail ripe apples. Power 
and Kleber (18.%) found that the oil from sassafras leaves con­
tained geraniol but no eugenol. 

Langford et al. (1fJ.48) reported that the following odoriferDus 
C'hemicals, which most frequently occur in combination with each 
other and with other constituents of plants, had been isolated 
from the ripe 'fruits of apple and peach, the foliage of sassafras, 
and the flowers of rose: 

ChemicaZ Isolated from-

Acetic acid .•..........••.•• , •.•. Apple, peach, rose, and 888Bsfr88. 

B,onzu!d(Jh~d(l .....•..•••......••.. Apple and peach. 

Cnpro\() I\cld. . . • . . . . . . . . . . • •. . .•...... Apple. 

CiLrnl •....•....•..............•.•.. Apple and rOllo. 

Cit,rollclIol. ........•......•.....•..... Ro~e. 

i£ugcllol ............ ,. . ...........•.. , Rose and sIJ.Ssafro.s. 

GcrILn:ol ......................•..... Apple, rol'lo, and Bo.ssafro.s. 

Liunl()ol .....................•...... PlIach, rose, and slU!8afro.s. 

PhonyI uLhyl nlcohol ................•... Rose. 

Valoric ncid ..•........ ,.. . ......•... Apple, peach, and Bo.s~arro.s. 


Major anel Tietz (1!J62) demonstrated the importance of odor 1. 
in the beetle's preference for certain plants. Ginkgo bilobcL L. is 
not usually attaeked by the beetle. 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 G1:lIkgo 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 valerie acid in glycerin were eaten extensively. 
It was evident that Ginkgo was not repellent or poisonous to the 
beetles but lacked odoriferous substances attractive to them. 

~krccIling Tests 

The search for a good beetle attractant involved the trial-and­
error testing of many subgtan('es, alone and in combinations. 
McIndoo (1 US1) reviewed some of the early tests with attractants. 

Olfactometer Tests 

MeIncloo (unpublished), Hsing an olfactometer similar to 'One 
described in his (UJ26) experiments with the Colorado potato 
beetle (LeptinoULI'sa decemlineaia (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 clark bottte in 
which beetles were placed at the beginning of a test. The appa·· 
ratus was placed with the fork8 directed toward light. CottOll 
saturated with 0.5 m!. of a test substance was placed in the open 
end of one fork and untreated co~ton or cotton 8aturated with 
0.5 m!. of ethyl alcohol in the other fork. The l:luction apparatus, 
which drew air at approximately 10 gallons per hour from the 
chemicals to an orifi.('~ at the junction of the forks, was stalted 
and ueetles were released one at a time from the dark bottle. 
When the temperature was less than 30' F., the beetles did not 
I\'espond to either light 0 1" oelor. Ai: 85' about 7G percent of the 
oeetie8 moved from the dark bottle into the stem of the 
V-tube, wherf) they hael a choice of moving. into either fork. A 
test was completed in about 15 minutes. 

All the undiluted test suu8tanCE'S ;Nere highly repellent to the 
beetles; usually 90 percent of them moved into the fork with 110 
ehemical. The concentration of the suln:;tam:e8 was reducecl by 
diluting them with ethyl alcohol. At a dilution of 1 :5,000, a 0.5-ml. 
quantity of most aicoholic solution8 was 81ightly more attmctive 
than ethyl alcohol. Of the beetles responding, 60 to 68 percent 
of them went to the fork containing t:itral, clove oil, geraniol, or 
~mssafras oiT; 5l to 59 percent to the fork containing citronella 
oil or eugenol; and les8 than 50 percent to the fork containing 
lemon oil, Iinalool, pinene, or ~afrol. The replicated te~t8 were not 
always consi8tent. The eli fferences in the response of the I)eetles 
to these oelor8 were small and not sufficient to estahlish their rela­
ti\'e effeetiveness. 

Metzger (unpuuli8hed) constructed in 1927 several olfac­
tometers, whieh were large enough for the ueetle8 to walk and fly 
freely in them. The be8t one was a tight uo'\. 4 feet long, 16 J:~ 
inches wide, and 16 I,I, inches high, with glas~ on the side8, end8, 
and top. Air was introduced through a No. 60 orifice (diameter 
not given) at each end of the uox 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 preS8ure in the 
box was reduced by 1 and 2 inches of merclll"Y, respectively. A 
glass baftJe was placed in front of each inlet to disperse the air. 
To study the pattern of movement in the bux, air was bubbled 
at the latter rate through ammonium hydroxide for several min­
utes and introduced into one end of the box. Then the ammonium 
hyd roxide WCUI replaced with hye! roeh lorit aeid. The .·eadion of 
these chemical~ produced ammonium chloride, which was readily 
visiule in the air. During the firHt :~O minutes the ammonium 
chloride was confined to the half of the hox where the ehemicals 
were introduced, but gnHlually it spreacl thl"Oughout the box. 

Ai.' bubbled tlwough geraniol and through fiO, 25, and 10 per­
cent clilution8 of geraniol ane! ethyl alt'ohol was intJ'oduced at 
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one cnd of the box and air buubled through water was introduced 
at the opposite end. A few minutes later the beetles were intro­
dueed at the ecnler of the box. Within 30 minutes they had 
gathel'cd at the end of the box where the air was being bubbled 
through waler, i>howing that geraniol and the alcoholic solutions 
w(;'re repellent under these conditions. In vi'ew of this reaction 
of till' beetle to geraniol, a known attractant, the ollactometer did 
not seem promising for a survey of the attractiveness of various 
:;lIb::;tanec::; and further tests were discontinued, 

Unfortunately further tests were not eonducted with such a 
potentiall~' useful device eli> an olfactometer for the preliminary 
::;urVl;.'V of the aUradiveness or various substances to the beetle. 
M lIC 1.1' ti mt! and effort eould have been saved if only substances 
known to IJE' attral'th'e hat! been tested in the field, Possibly if 
lilt' ai r had I.)('en pmli>ed over a small wick saturated with geraniol, 
til(' evaporating ::;urfaee of the wick could have been adjusted so 
Ihal tlw amount 01' gcmniol ill the air would have been attractive 
to I he i n::;ed. Adequate control of the temperatu re, relative hu­
midity, and li).{ht would have made the replicated tests more 
('1)1\::; i::;lC'nt. 

Hait Can Tests in Field 

Md/tu({ ..-Hrinlpv (llnpuuli::;hecl) demonstrated that beetles 
cou 1<1 Ill' a I Lnl(:lt~d 'from 1'01 iage to cru::;hed ri pe apples or peathes 
in t'an::; but !lol to l'l'ushHt! pear::;, a fruit not favored by them. 
As 11 result, he introdul'ed in 1923 the bait can method of testing 
t Ill' aU rad i \'l'nl'::;s of odori ferous sub::;tam:es to the beetle. The 
nwthod \\'(li> imprO\'cd by Richmond (UJ27, .Z.rJJ1). 

TIlt' ot!ori [PI'OU::; ::;ubstance was mixed with sweetened bran 
(50 grams of bntn, ·LG gram::; of molasses, and 4,5 grams of 

).{1,\Tl'ri n), plae('d in ·I-ou net' perforated cans, anel suspended from 
limhs of tree::; in infested orchard::;. Five cans of each bait were 
hung (\11 ditl'l'rPllt trees and te::;t:ed in l'ompetition with other baits. 
Ughl hait::;, im'luding {)11E' of only sweetened hran, were hung on 
a tn'l'. No stantianl odOl'iferoui> bait was int'luded in the series 
or tests. Tht, lwdles \\'pre removed from the baits six or mOre 
lil1H's dail.,· and till' llumllers taken from each can were recorded. 

Ort.l'1l til(' l1uml.ll'r::; of beetles remo\'ed from the five cans of a 
bait dllrillt~ !\ <la.\· and from clay to day differed greatly because 
(If Ihl' lH'lpl'o!t('neity of till' beetle population throughout a tree 
:llld from tn'v to tn'l' in all on·harel. Since thel'e was no standard 
odorifl'r(Ju::; hail in ('<teh tree and the sweetened bran was only 
mildl," attradin" it \\'a::; not pos::;ible to adjust for the different 
llllmlwr::; of he('tIP::; attra('\:ecl to a bait in different trees. The results 
with l'W!l tlw ('ight haitl-l in a ::;l'rips were not strictly ('omparable 
h<'l'llllS(, all tilt' bait::; \\'('1'(' not (\n the same trees. However, when 
a hait ('on::;i::;jpntly attraeted more bep.lles than its competing 
hait..;, it was pddp;lt that it was l-lllppriol' to the others. Althotl).{h 
th is Pl'ol'pd II n' \\':\::; efl'pl'l in' ill i>pparnti ng the more attractive 
~1I hstancps from t bosl' on l~' mild ly 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, 1931), but most of them 
are in unpublished progress reports by F. J. Brinley, F. W. Metz­
ger, E. A. Richmond, and L. B. Smith. Most of the essential oils 
tested had little attraction to the beetle. Oils 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 wormseed. 
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-eugenol, the geraniol sesquiterpenes, 
limon ene, linalyl acetate, methyl salicylate, phellandrene, diphenyl 
ether, piperonal, safrole, or vanillin. The beetle was definitely 
attracted to citral, citronellal, citronellol, eugenol, eugenol methyl 
ether, geraniol, and geranyl acetate. 

Acetic acid was mildly attractive, but succinic acid was non­
attractive. There was little attraction to the. following alcohols: 
Allyl, amyl, iso-amyl, benzyl, n-butyl, iso-butyl, capryl, cinnamic, 
ethyl, n-heptyl, methyl, phenyl, and iso-propyl. Amyl acetate, 
ethyl 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 alcohols 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 alcohol. Probably he came to that conclusion because 
the bait cans were operated in heavily infested orchards and under 
these conditions few insects other than the beetle came to the cans. 

Richmond U927) considered geraniol to be the primary attract­
ant for the beetle. To substantiate this claim he cited tests where 
various baits had attracted the following numbers of beetles: 
Geraniol 10,071, eugeJ;1ol 1,562, citronellal 1,214, citral 1,034, citro­
nellol 620, and diphenyl ether 146. These data indicated that the 
l'eJative attractiveness (percent) was geraniol 100, eugenol 16, 
citronellal 12, citral 10, citronellol 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 additional data are pre­
sented, only geraniol and eugenol had been tested at the same 
concentration in one series and geraniol and citra! in another. In 
these tests the l'elative attractiveness of the compounds appeared 
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t'O be geraniol 100, eugenol 58, and citral 31 percent. No doubt 
geraniol was the best attractant of thm;e 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 w~s assigned to the Secretary of Agl'iculture. (Smith 
et a1. 1926) 

Tests With Baited Traps in Field 

Methods.-Van Leeuwen and Metzge;r (1!J30) improved the 
method of testing in 1928 by placing the baits in traps hung on 
stakes 4 feet above the ground between rows of trees in infested 
orchards. Each series included five experimental baits and a 
standard 10:1 geraniol-eugenol 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 geraniol-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 (1.964), 
Langford and Gilbert (1!).4.9), Langford et a1. (19.43), and Muma 
et a1. (19.4.4, 1.9.45). Each series included three or four experi­
mental baits, an empty trap, and the standard geraniol-eugenol 
bait and was replicated three times. After each daily collection 
of beetles, each trap was moved to a new position in the series. 
The effectiveness of an experimental bait was expressed as a 
percentage of that of the standard. 

Metzger (1!J80) and Metzger and Maines (1935) paired each 
trap containing an experimental bait with one containing the 
geraniol-eugenol standard. The paired traps were hung 011 stakeR 
4 feet above the ground and 2% feet apart. The pairs of traps 
were 10 feet apart in rows in an open field. Each experimental 
uait was replicated five times. The attractiveness of each experi­
mental bait was expressed af, a percentage of that of the standard 
bait. 

Fleming and Burgess (19.40) and Fleming et a1. (unpublished) 
arranged the baited traps 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 experimenta1 unit be­
cause the distribution of beetles was less heterogeneous through­
out a square of that size than in larger squares. Each Latin square 
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contained the geraniol-eugenol standard bait and four experi­
menh~1 lJaib;. The traps 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 percentage 
of thaL of the Rtanclarcl l.Jait. 

The relative attractiveness of an experimental bait and the 
geraniol-eugenol standard could be sath;fadorily evaluated ''lith 
each of these experimental designs. 

A 10:1 mixture of technical geraniol and U.S.P. eugenol was 
used a::i the standard bait at the Japanese Beetle Laboratory from 
1928 to 19:11. The University of Maryland used a 9:1 mixture 
of thes0 components aH the standard bait. There was no sig­
nificant diti'erenre ill the attractiveness of these standard baits. 
The geraniol-eugenol mixture is not an ideal standard, because 
technical geraniol, a complex mixture of several components, 
varied to some extent in ib.; attradiveness from batch to batch. 
On tht' other hand, U.S.P. eugenol is practically a pure compound 
and more constant in its aLtradivene::iH from batch to batch. 

FI('ming et al. (ul1]JulJliHhed) estaLlishecl in 1940 and 1941 that 
redistilled eugPllol obtained from clove oil attracted about 70 
pen'ent as many beetleH as most of the 10:1 geraniol-eugenol 
mixtul'('s. From 1£141 to 1964, redistilled U.S.P. eugenol has been 
the standard bait at the Japanese Beetle Laboratory. To make 
comparable evaluations with the eugenol and geraniol-eugenol 
standards, the number of beetles attracted by the former was 
multiplied by 1.'1:3. 

Results of Tcsis.-Since the beetle is strongly attracted to the 
ripening- fruits of apple, apricot, cherry, grape, and peach, com­
merdalflavors of these fruits were expected to be good attract­
ants, but the beetle's reaeiion to the flavors was disappointing. 
Van Leell"w('n (unpublif;he(l) in 1930 founel that the flavors of 
apricot, eherry, grape, and peach attracted less than 12 percent 
as many beetles as the standard bait. Langford et al. (1943) 
(ound the relative attractiveness of apple flavor was only 12 
percent. 

A summary was prepared of the relative attractiveness of 334 
experimental baits eomposerl of eSRential oils and various odor­
ifprolls ('hemieals, alone and in mixtures, in competition with the 
geraniol-eugenol standnrd. The tabulation shows the composition 
of eaeh experimental bait by volume, its average relative attrac­
tiveness in parenthesis. and the source of information. The data 
were grouped aceording to relative attractiveness: Less than 25, 
25-75, 76-125, 126-200, and more than 200 percent. 
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BAITS ATTRACTING LESS THAN 25 PERCENT AS MANY BEETLES .AS GERANIOL-EUGENOL STANDARD -o 

~ C07npositicm of bait and relatit'e C'lattractiveness (percent)l Source 
Acetic acid (glacial) (3) ............................... '" ............................... Langford et aL 1943. 
 ZAcetophenone + eugenol 9:1 (18) ........................................................Fleming et al. unpub. .... 
aAmyl acetate (8) ......................................................................Langford et al. 1943. 

iso-Amyl benzene ether + eugenol 9:1 (ll) ..............................................Fleming et aL unpub. 
 ~ 
Amyl salicylate + eugenol 9:1 (20) .............................. , . . . . . . . . . . . . . . . . . . . . . . Do. tdiso-Amyl valerate (4). . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. o
Anethole (from anise oil) (8). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . Do. 

Anethole + caproic acid 9:1 (12) ....................................................... Langford and Cory 1946. 

Anethole (from pin.; oil) (16) ...........................................................Fleming et al. unpub. ~ 

Anethole + bay oil + dimethylphthalate 3:1:4 (18). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. !j 

Anise oil (3) ...................................... , . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. Do. Z 

Anise oil + eugenol 9:1 (19).. .................. ....................................... Do. 
 co "'" 

(J:) 

.(J:) 
Apple oil (synthetic) (9).. . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. 
"Arcol" (15-20 percent and methyl chavicol) + eugenol 9:1 (15),4:1 (13)................... Do. 
"Areol" + pimenta oil 4:1 (13). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . Do. <== 
Bay oil (19) .........................................................................Langford et al. 1948. 
 !:n
Benzaldehyde (6). . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . Do. t::1Benzophenone (5 grams in 20 ml. dimethylphthalate) (7) .................................. Fleming et al. unpub. 
 I.".!
Benzophenone + eugenol 9:1 (21). . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . Do. 

Benzyl ether (2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. ~ 

n-Butylamine (4)..... . . ..... ...... ..... . ...... ...... ...... ...... ... ... ...... ......... Do. 

Butoyl sorbate (2) ...................................................................... Tashiro et al. 1964. 
 ~ 
Bui;yl sorbate + ethyl alcohol 1:1 (1). . . . .. . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . Do. 

But,yric acid (13) .....................................................................Fleming et al. unpub., Langford et al. 1948. 

n-Butyric acid (4) ....................................................................Fleming et aL unpub. 

iso-Butyric acid (5). . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . .. . Do. 
 ~ 
ganlma Cadinene (11). . . . . . . . . . .. . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. o
Calamus oil (6) ......................................................................Langford et al. 1948. 

Camphor oil (3). . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . Do. E3 

Caraway oil (4) .......................................... , ... ...... ...... ...... ....•. Do. <== 

Ca.~sia oil i.1 O) ..•••..••••...•••.•••••••••••••.••.•••.••••••••.....•••••.•.•.••.••••••• Fleming et &1. unpuh. 
 i:1
Cedar wood oil (3) ....................................................................Langford et al. 1948. 

Citral (20) ...........................................................................Metzger unpuh., Langford et al. 1948. 

Citronella terpenes (4) ................................................................Fleming et al. unpuh• 


...jr • • -Il1o • oJo. ~ . :1 . . .... .......... _~•.~4...
-
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Citronellal (14) ....................................................................... Metzger and Maines t 9S6, Langford at aI. 

1943, Fleminget al. unpub. 


Citronellol (16) ......................................... " ............................ Langford et a1. 1948. 

d-Citronellol (22) .............•. " ...................... " ..................•......... Fleming et al. unpub. 

l-Citronellol (12) .•................................ " . . . . . . . . . . . . . . . . .. • . . . . . . . . . . . . . . Do. 

Citronyl acetate (7). . . • . .. . . • • •• • • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. 

Clove oil (19) .................. , ..................................................... Langford et at. 1943, Fleming et al. unpub. I> 

Copaiba oil (2) .......................................................................Langford et a1. 1948. ~ 

Coriander oil (24). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. ~ 

Corn oil (5) ....................... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . Do. . ~ 

Coumarin (5 grams in 20 ml. dimethylphthalate) (5) ... '" ................................ Fleming et al. unpub. c 

Cymene (3). . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. ~ 

Elemol + eugenol 9: 1 (20). . . . . . . . . . . . . . . . •. ...........•............................. Do. e 

Eucalyptus oil (2) ..........................................................•......... Langford et aL 1948. ~ 

iso-Eugenol (6) ...................... " ........................... , ........... , .......Fleming et aL unpub. t'Il 

Fenchyl alcohol + eugenol 9:1 (13). . . . . . . . . .. . . . . . . . . . . .. . . .. .. . . .. .. . . . . .. . . . . . . . . .. . . Do. I:Ij 

Fennel oil (3) ................. :. . . . . . . . . . . • .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . Do. 0 

Fish oil (5) ......................... " ............................................. , . Do. tI1 

Formic acid (3) .............. , ........... , .........................................•.. Langford et aL 1948. ~ 

Furfural (3). . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. ~ 

Geraniol C.P. (20) ........................•...........................................Fleming et al. unpub. l".l 

Geraniol C.P. + d-citronelloll:l (17) ....................................... , .. . . .. . . . . . Do. Co4 

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

Geraniol C.P. + methyl anthran;}ate 9:1 (10)....... ... ... ...... . .. ... ...... ...... ....... Do. I> 

Ginger oil (7) .......................................... " ............................ Langford et aL 1943. Z 

Grapefruit oil (7) ..........................•.............................................Fleming et al. unpub. l.".l 

Grape juice (8) .............................. , . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . Do. rtJ 

Heptaldehyde (21) .......................................... , . . . . . . . . . . •. . . . • . . . . . . . . . Do. l.".l 

Lavender flowers oil (3) ............................................•.•.•..•.•.........Langford at al. 1948. \:1j 

Lemongrass oil (13). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . Do. l.".l 

Lemon o!l (naturaQ (7) .......................................................... " . . . . J?o. ~ 

Lemon 011 (synthet,IC) + eugenol 9.:1 (20) ....................... '" ...................... FlemIng et al. unpub. l:"' 

Linaloe oil (9) ........................................................................ Langford et al. 1948. L"'.I 

Linalool (7) .... " ............................. , ... , ........ , ....•........ , . .. . . . . . . .. Do. 

Methyl alcohol (2) .............. '" .. , ................................................Fleminget al. unpub., Langford et aI. 1948. 

Methyl anthrauilate + eugenol 9:1 (IG) .......•.......•.•...............................Fleming et al. unpub. 

Methyl salicylate (8) .................................. , .......... , ....................Langford et a!. 1948. 


See footnote at end of tabulation. := 
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Methyl salicylate + eugenol 0:1 (20) ................................................... Flemingetal. unpub. ~ 

l\!incr"l oil + deobase oil1:l (6) ....................................................... l\Iuma et al. 1944. 

Neroll oil (.1) ......................................................................... Langford et al. 1943. £ 
zallo-Ocimene + eugenol 9:1 (18) ........................................................Fleming et al. unpub. ..... 

Oleicacid(.j) ....•...•...........................•.........•....•.................... Do. 

Orall).\() oil (/I11turnl) + eugenol + dimethylphthalate 3:1:4 (lS) ...................... , . .. .. Do. 
 ~ (Jmul-(e oil (natural) + peach aldehyde + dimethylJlhthalatel: L:8 (3) ...... , . . . • .. . . . . .. . • . Do. 

b:tPalmitic acid (15) .........•........•......•.•.........................•.............. Langford et 1.11. 1943. 

e c::I'mwh aldehyde + dillltithylphthalatel:9 (4) ..........•........•......................... Fleming et al. unpub. 

Pcach aldehyde + eugenol + dilllethylphthalate1:1:8 (10) .............................. ,. Do. 

di-l'pnteno (0) ......................................... ,.............................. Do. 

Peppermint oil (3) ..•. , ........•..•.........•. , ........•.... , ......... , ...............Langford et fl.!. 1943. ~ 

Poril1:1 oil (.,) ........ , ...•.................•..................•....•................•. Floming ot ·tl. unpub. z 

2-l'hollyl hcuZIlthi:\wje + mineraIllil I:\) (10) .... , ....................... ' .............. :'IJetzger unjJulJ. ,... 


~I'IH'nyl nthyl ncPtate (5) ...•..••.•....•...•..................•...•............•.......Fh'llIing pt ttl. ul1pub. tD 

Phollyl el 1t.\·1 :lll~()hlli (~:l) ............ " .......................... , ..... , " ............ Lung~onl nt 111. 1948,Metzger unpub. .;t> 

di-l'lH'n.d lIIel hnllt' + oU,l!;cmt)1 0: I (20) .............••................................... Flcnllng ot al. unpub. C1 

di-l'lwlI,\'I'lXido + [)lIgenoI9:1 (20). .............................. ....................... Do. 
 ~ l'illl)lIo (.I) ................•...••......................•....•...............•.......•.LtUll-(ford III al. 1948. 


l:;jPi nl' oj I (2) .......................•..........................•..............•..... , . . Do. 

Pill!! oil + Ilup;onol 9: 1 (1 i). ............................................. . ......... ,. FIl'!lIillV; el al. lIupuh. t'1 

HI)~o p;nl':llliulll oil (15) ..... " ........... , . '" .' ...................................... Fleming; el 1.11. ulljlub., Langford et al. 1943. 
 ~ :-laffllil' (5) ...•....••...•...•...........•.....•..•............•.....•..............•. 1)0. 

Sltndll,wood oil (.\) ............. , ...................................................... Lanp;ford et ttl. 19.18. o 


I>j
8t~~8afrn,s lJil (n:ttuml) (10) ............... , ................. , ........... , .............• 1.:\nv;fl)l'd et ttl. 10.18, Fleming; ct aL unpub., 


:'Ilntz!!;!)r unpull. 
:-:;n.s~!lfra~ oil (:i,\'nthctlc) (21) ....•....•.. " .......•..... , .....•........................ Flelllin!!; et al. unjlub., i\Ietzger unpub. ~:-::1.~s:tfr:ts oil (".\·ntl!ctic) + eugenol !J:I (1:\) ...........•... , ...................•.....•.... Flnllling; el al. un]JUb. 

("):-it('arie m'ill (·1) ................ , ..........................•...........................LanpJord et al. 19.i3. c::alpha Terpillllol (23) ......•........................ , .......... " •.......... , .......... FleTlling et al. ullpub. 

heta '/'ol'pillPIlI (1 (j). . . . . .. . . . . . . . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . . . .• ..• . Do. ~ 

beta Terpineol + eUf,!;[~nlll 0:1 (18) .... , ................•.•.... , .................. , . . . . . . Do. 

Vanillin (2). .... , . . . . .. . .. .......................................................... Do. 

ViIW~11r (.':i llt'rCl'tlt acetic acid) (15) ..................................................... LUlJf,!;ford et a!. 1943. e 

\\'int(~r,l!;rNH11)il (.\) ............................... ,................................... Do. 
Ylauv; yll.llll! I)il (G). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. 

~ ...... .......... .. .., .. ;.. ....... .. ........
' '-
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BAITS ATTRACTING 25-75 PERCENT AS MANY BEETLES AS GERANIOIr-EUGENOL STANDARD 

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

iso-Amyl val('ratc + (m~enl)l + dirnethylphthlliate 3:1:4 (2i) ...... , ..... , , , .. , ......... , . . Do. 

Anethole + h:l\' oil !J:J (3;),4:1 (331. 3:1 (2;) ... , ....... , ........ , ..... ,................ Do. 

AnNhole + ctl);rnic acid I: I (5~!) ......•......... " ...... , ..•....•........... , .......... Langford nne! Cory 1946. 
 >Anethole + cl!l\'{~ oil ():I (51il. 4:1 (51). 3:1 (55) .... , ............................ ,., .....• Fleming et L unpub. ~ 

Anothole + clove nil + dinwthylphtlmlato 3:1:·1 (21)) ........... ,., .. , ...... ,., ......... ,. Do. 

An('thole + (lu!':Pl1ol + dirnelhylphthalaLO 3:1:-1 (71) _.. " , ............ , .................• , Do. ~ 

Anllthnle + ~er:lniol !J:l (51 J. I;U (2!l) ................................................. ~furna(lt:ll. 19.!5. Flc!'1ing et al. unpub. > 

Anethole + pimentn oil + dirnetln'lphthnlnte ;3:1:4 (G4) •......•............ , ......... , ....Fleming et al. unpub. 

o 
~ 


Bay oil + ph!'nyl ethl alcohol I:U (0-1) •....•.• _.••••...• , •.... , • • . . •. . . . • .. • . . • .. . . . . . • j)(). 


Buy oil + pirnontn oil!:1 (.j·I). ................... , ...................... , ............. Lan~f()rd et nl. 1948. ~ 

Buy oil + s:L~sllfrn.~ oil J:l (3!)., ... ' ....•...................... '. . .. . . .•. . . .• . . . . . . . . . . Do. 
 ~ enBut)'1 c:nilitol acetato + eugenol 9:1 (27) .......................... , ..................... Flerninl!; ot al. unpuh. J.:j
C'nproic :tcid (2() ......................•................ , ................... , ...... , . LnngforJ et al. 191,8, Fleming et al. unpub. 

Caproic acid + eu!!enol ():J (GI), 4:1 (53) ................................................Fleming el. al. unpub. o 


a 
~ 

Caproic acid + pimcnl:l oil I:! (72) ......................................... , ......... Lun!!ford et al. 1948. 

Caproic acid + sussafras oil 1:1 (49) ......... " ..... , ..... , . . . . .. . . . . .. . . . . .. . . . . . . . . . . . Do. 

iso-Caproic acid (35) .................................................................. Fleming et al. unpub. 

n-Caproic acid t25) ............................................................ , .. , . . . Do. c.. 

Cinnamic aldehrde + phenyl ethyl alcohol 9:1 (41) .................... ,................. Do. 

Citral + eugenol 10:1 (67), !):1 (71) ................................................. , .. Metzgerunpub.,Flemingetal.unpuh.,Muma 


et al. 1915. ~ Citral + oll!,:enol + ~oraniol nO:!:9 (72), .................................. , ............. :\fuma et al. 1945. 

Cil ral + ~eraniol !l'! (~7). J :9 (51) ............................ , ........................Fleming et al. unpub., Muma at al. 1945. to.l 

Citronella oil + clove oil + phenyl ethyl alcohoI18:!:1 (G9) ........ , ...................... Langford et al. 1948. ~ 

Citronellal + eugenol 10:1 (·15) ....•..... , .......•.............................. , ...... l\fet.zl!;er and Maines 1935. I:d 

Clove oil + phenyl ethyl alcohol!:9 (50) ................................................ Fleming et nl. unpub. to.l 

Clove oil + phenyl othyl alcohol + pirncnta Gil18:1:! (34) ................................ Langford et ttl. 1948. to.l 

Coumarin (5 grams in 201111. dilllethyiphthalate) + eugenol 9:1 (31) ........................ Fleming et al. unpub. 
 ~ 

CrrSlox 5 grams + eugenol 2.5 grams + acetone to 25 ml. (58). . . . . . . . . . . . . . . . . . . . . . . . .. . . Do. &j

Et lyl caproate + eugenol + mineral oil 9:2:9 (58) .......................................Muma et al. 1946. 

Ethyl caproate + geraniol + mineral oil 9:2:9 (69). . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . . . .. . . Do. 

Eugenol C.P. (70) ..........................•........................................ Fleming et It!. unpub. 

Eugenol U.R.P. (from cinnamon oil) (64) ....... , ..... , ................. , . . . . .. . . . . . . .. . . Do. 

Eugenol F.S.P. (from clove oil) (fi8) ..................................................... Fleminget al. unpub., Langford and Cory 1946. 

Eugenol e.fi.p. + dimethylphthalatel:3 (35) ............................................ Fleming et al. unpub. ~ 


~Eugenol U.S.P. + ethylene glycol 4:1 (68),3:2 (66),2:3 (62), 1:4 (51),1:9 (38)............... Do. 




BAITS ATTRACTING 25-75 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDAR~ONTINUED I-' 
~ 

Fenchone + eugenol + dimethylphthalate 3:1:4 (42)..................................... Do. 1-3 


Fennel oil + eUb'lmol9:1 (35) .. ,.... ..•... ...... ...... ...... ...... ...... ...... ....... .. Do. o 
t"l 


Geraniol C.P. + acetophenone 9:1 (32) .................. , ... . .. .. . ... .. . . . . .. . ..... .. ... Do. ~ 

G13raniol C.P. + amyl salicylate 9:1 (49). . ............ ...... ...... ...................... Do. Z 

Geraniol C.P. + citral 9:1 (51) ............................... , ., .............. ,. .. . .. .. Do. -o 

Geraniol tech. + acetic acid 99:1 (72),10:1 (47)......... ...... .................. ....... .. Do. > 

Geraniol tech. + bay oil 9:1 (fl3). . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Do. t"" 

Gerauiol tech. + benzaldehyde 199:1 (66). . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . Do. O:l 

Geraniol tech. + citric n.cid 50:1 (50). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. C 

Geraniol tech. + ethylene glycol 50:1 (43) .................. " ., ......... , .. . .. .... . .. .. . Do. t'" 


Geraniol tech. + eugenol + dirnethylphthalate 9:1:10 (74)................................ Do. ~ 

G13raniol tech. + eugenol + mineral oil + deobase oil 27:3 :35 :35 (63) I 9:1 :20 :20 (56) I 9:1 :45 :45 -3 


(48) ............................................................................... l\lumaet al. 1944. 
 ZGeraniol tech. + eugenol + phenyl ethyl acetate 1:2:8 (72} ................................ Langford and Gilbert 1949. 
 ....
Geraniol tech. + eugenol + plum leaf oil (synthetic) 10:1:10 (68) .......................... Metzger unpub. cc 


t::>Geraniol tech. +eugenol + sassafrl1.S oil (natural) 10:1:10 (28). . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. .t::>
Geraniol tech. + eugenol + sassafras oil (synthetic) 10:1 :10 (72). . . . . . . . . . . . . . . . . . . . . . . . . . . Do. 
G13raniol tech. + lactic acid 50:1 (56) ................................................... Fleming et al. unpub. d 
G13raniol tech. + phosphoric acid 199:1 (71) ...................................... ·...... Do. !'n 
Geraniol tech. + safrole 10:1 (40). . . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . . . .. .. Do. t::; 
Goraniol tech. + thymol 10:1 (53). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . Do. t"'.l 
G13raniol tech. + triethanolamine 199:1 (72). . . . . .. . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . . . . . . Do. "d 
Goraniol tech. + vanillin 199:1 (26)........ .. . . . . .. . . . . .. . . . . .. . . . . .. . . .. .. . . . . .. . . .. . .. Do. ~ 

Geraniol tech. (hydrogenated) (38). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. o 
G13ranyl acetate (36) .................................................................. Metzger and Maines 19S5, Metzger unpub., "!lj 


Fleming et al. un pub. >Geranyl acetate + eugenol 10:1 (75) ........................................................ Metzger and Maines 19S5, Metzger unpuh. Q 

Grapefruit oil + eugenol + dimethylphthalate 3:1:4 (40) .................................. Fleming et al. unpub. El

Lemon oil (natural) + eugenol 9:1 (37) .................................................Langford et al. 1945. o 

Limonene + eugenol 9:1 (54) .......................................................... Fleming et al. unpub. d 

p-l\lethylacetophenone + eugenol 9:1 (45).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. t"" 
di-Methyl tolyl carbinol + eugenol 9:1 (47).... .. .. . ...... . .. .. . ..... . . ..... .. ... .. .... .. Do. 1-3 

Myrcene + eugenol 9:1 (48) ....................................................... · ... · Do. d 


4-6 di-Nitro-m-cresol methyl ether 10 grams + eugenol 5 grams + ac~tone to 50 m!. (46). .... Do. gj 
Orange oil (natural) + eugenol 9:1 (60). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dd. 
Orange oil (synthetic) + eugenol 9:1 (55)................................................ Do. 

Palmarosa oil (66)................................................................... Do. 


...i. .. ....... . .. &.-:~ ...... -.' L .. ;.. c.....J.
--"­
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Peach aldehyde + phenyl ethyl alcohol + dimethylphthalate1:5:4 (49).... ...... ...... .... Do. 

Phenyl cellosolve + eugenol 9:1 (50).................................................... Do. 

Phenyl ethyl alcohol +eugenol 10:1 (5.8), 9:1 ~74) ........................................ Metzgerunpuh., Fleminget al. unpuh. 

Phenyl ethyl butyrate + eugenol + rmneral 011 9:2:9 (62) .................................Muma et 0.1. 1945. 

P!menta o!1 (54) .•........................•........................................... Langford et al. 1943. 

PI menta 011 + ethyl alcohol 1:1 (64)...... . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . no. 

Pirnenta oil + phenyl ethyl alcohol]:9 (48) .............................................Fleming et al. unpuh. 

Pimenta oil + propionic acid 1:4 (43) ...................................................Langford et al. 1943. e;

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

Pirnenta oil + valerie acid 1:9 (68) ........................................... , . . . . . . . . . Do. 

alpha Pinene pyrolysate + eugenol 9:1 (49) .............................................. Fleming t, al. unpub. 

beta Pinene pyrolysate + eugenol 9:1 (46).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . Do. ~ 

Plum leaf oil (synthetic) (35) ........................................................... Ivlet7ger unpuh. 

Propionic acid (33) ............... , ...••.............................................. Langford et al. 1943. ~ 

Rhodinol + dirnethylphthalate1:4 (28) .................................................Fleming et al. unpub. ~ 


CIJSafrole + eugenol 9:1 (32) ............ , . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . . . . Do. 

I:I;jSassafras oil (natura\) + bay oil + caproic acid 18:1:1 (51) ................................Langford et al. 1943. 


Sassafras oil (natural) + eugenol 9:1 (51) ...... " ... , .................................... Fleming et al. unpub., Langford et al. 1948. o 

~ Sassafras oil (natural) + eugenol + dimethylphthalate 3:1:4 (50) ........................... Fleming et al. unlJub. 

'"3Sesquiterpene alcohols (55) ............................................................Metzger and Maines 1935, Fleming et al. 

unpub. ~ 
Sesquiterpene alcohols + eugenol 10:1 (60) .............................................. l"letzger and Maines 1995. 

alpha-Terpineol + eugenol 0:1 (32) .....................................................Fleming et al. unpub. 

Valerie acid (21) ...................................................................... Fleming etal. unpub., Langford et al. 1943. 

Valerie acid + bay oil 9:1 (75) .........................................................Langford et al. 1949. 

Valerie acid + !inaloe oil 1:1 (55) ................................................ , . . . . .. Do. 
 ~ 

~Valerie acid + pi menta oil 0:1 (68). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . Do. 

Valerie acid + sassafras oil (natural) 9:1 (69) ........................... " . . . . . . . . . . . . . . . Do. [; 


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

Anethole + caproic acid + citronella oil + phenyl ethyl butyrate + iso-valerie acid 8:8:3:3:8 = 
(113) .............................................................................. Langford and Cory 1946. ~ 


Anethole + caproic acid + phenyl ethyl butyrate 6:3:1 (76),9:9:2 (95) .....................Langford and Cory 1946, Fleming et al. 

unpub. 

Anethole + caproic acid + phenyl ethyl butyrate + iso-valerie 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 nl. 

unpub., Langford and Cory 1946, Muma et .....
al.1945· C11 

c.c 
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BAITS ATTRACTING 76-125 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD--CONTINUED ~ 

Anethole + eugenol + geraniol 90:1:9 (77) ............... , .............................. Muma et a!. 1945. ~ 

Anethole + eugenol + geraniol + phenyl ethyl butyrate 12:1:1:1 (114) ..................... Langford and Cory 1946. 
 ~ Anethole + eugenol + phenyl ethyl butyrate 18:1:1 (114),8:1:1 (84)....................... Do. 

Anethole + eugenol + phenyl iso-valerate 8:1:1 (88). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. ~ 

Z 

Anethole + eugenol + iso-valerie acid 9:1 :40 (79) ................... , . . . . . . . . . . . . . . . . . . . . Do. 

Anethole + pimento. oil 9:1 (105),4:1 (1.05),3:2 (101), 2:3 (113) .......................... Fleming and Chisholm 1944, Fleming et a!. 
 ~ unpub. 

b;jCaproic acid + eugenol + geraniol + mineral oil 9:1:1:!l (93), 45:1:9 :45 (104) ..................Muma et a!. 1945, Langford and Cory 1946. o
C~proic acid + eugenol + mineral oil 9 :2:9 (81) ........................................... Muma et a!. 1945. 

Caproic acid + geraniol 1:{ (l03) ...................................................... Langford and Cory 1946. 

Caproic acid + geraniol + mineral oil 9:1 :10 (79),9:2:9 (107) .............................Muma et a!. 1945. ~ 


~Caproic acid + phenyl ethyl butyrate 4:1 (124) ......................................... Langford and Cory 1946. .... 
Caproic acid + phenyl ethyl butyrate + mkeral oil 2:1;2 (77),1:1:2 (lOG)... .... .•..... .•.. Do. Z 
Caproic acid + phenyl ethyl butyrate + phenyl iso-valerate 18:1:1 (78)...... . . . . . • . .. . . . . . . Do. ... 

coCitronella oil (Ceylon) + eugenol 10:1 (121) ............................................. Metzger unpub. cc 

Citronella oil (Java) (77) .............................................................. Fleming et a!. unpub. .cc 

Citronella oil (Java) + eugnnol10:1 (121) ............................................... Metzger unpuh. o 

Citronella oil (Java) + eugenol + geraniol 5:1:5 (124). ...... ...... ...... ................. Do. 
 inCitronella oil (Javlt) + eugPlll)1 + phenyl ethyl alcohol 20:2:1 (114) .................. , . . . .. Do. 

Citronellol + eugenol 10:1 (90), 9:1 (77) ... " .......................................... :\Ietzger and :\Iaines 1935, Langford and Cory t:::1 


l:lj1946. 
Ethyl caproate + eugenol + gerunioI18:1:1 (no.............. ............. .. .......... Langford and Cory 1946. ~ 
Ethyl caproate + eugenol + geraniol + mineral oil {5:1 :9 :45 (80) ......................... 1\1 uma et al. 1945. 
 oFenchone + eugenol 9:1 (85) ..........................................................Fleming et 0.1. unpuh. Io;j

Geraniol C.P. + butyl carbitol acetate !l:1 (9G). . . . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. • . . . • . . . . Do. 

Geraniol C.P. + eugenol 10:1 (103),9:1 (104)......... ............ ............ ......... .. Do. 
 ~ Geraniol C.P. + methyl salicylate 9:1 (80). .. ............. ...... ...... ...... ............ Do. 

Geraniol C.P. + alpha terpineol 9:1 (n9) ..... '" .............. , .. . ...... ...... . .... . . . .. Do. 

C 
~ 


Geraniol tech. (80) ....................................................................Fleming et a\. unpuh., Langford et 0.1. 194$. 

Geraniol tech. + acetic acid 199:1 (77). ................................................Fleming et a!. unpub. o 

Geraniol tech. + clove oil 10:1 (98),9:1 (82)......... ...... ............ ...... ............ Do. ~ 

Geraniol tech. + eugenol 10:1 (98),9:1 (100) ............................................ Fleming et 0.1. unpuh., Fleming and Burgess o 


1940, Langford et al. 1943. 
 £!j
Geran~ol tech. + eugenol + dimethylphthalate 27:3:10 (87), 9:1:5 (83), 1:1:2 (96), 1:1 :G (76) ..... Fleming et 0.1. unpuh. 

Geramol tech. + eugenol + ethylene glycr.! 90:9:11 (82).. . ............ ...... ............. Do. 

Geraniol tech. + eugenol + methyl beptine carbonate 40:4:1 (112), 20:2:! (77) .............. Metzger unpub. 


-~ oJ ~. ....... ~ ....~_ _ .Joe-. J~_~_.~,.......J 
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Geraniol tech. + eugenol + mineral oil + deobn.se oil 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 (90) ..........................................Muma et al. 1944, 1945, Langford and Cory 

1946. 
Geraniol tech. + eu!!:enol + phenyl ethyl acetate 1:1 :8 (108) ......... , ............ , ........ Lanp;ford and Gilbert 1949. 
Geraniol tech. + eugenol + phenyl ethyl alcohol 20:2:1 (123),10:1:2 (106) ........ , ........M.:zger 1985, unpub. 
Geraniol tech. + eugenol + phenyl ethyl hutyrate + !Jlin~ral Qil9:1 :90:100 (84), 9:1 :45:45 (96) ..Langford and Cory 1948. Mums et s!. 1940. 
Geraniol tech. + (;u!!:enol + iso-I-nleric nchl 9:1 :..J(J (i9) .. ,. " ........... , .... " ...........Lan~ford and Cory 19W. ~ Geraniol tech. + phenyl p,thylncetutel:4 (84) •.••••.•••.•.••.•••.•...........•.•......•.Langford and Gilbert 1949. 

Geruniol u-ch. + phenyl ethyl alcohol 20:1 (90), 10:1 (98), 5:1 (84) .........................Fleming etal. unpub., ~letzger unpub. !-3 


~ 
Gerani,)! tech. + phenyl ethyl butyratp + mineral oil 2:9:9 (77) ........................... Muma et al. 1945. ~ 

Geraniollech. + pimclltll "il9:1 (103) .................................................. l?leming and Chisholm 1944, Fleming et ai, o 


!-3unpub. 
Grapefruit oil + eugennl 9:1 (84) ..... '" . " ...................... " ." .................Flemin!.! et al. unpub. ~ 
Phenyl ethyl acetate + eugenol 8:1 (108),1:9 (99) ........................................ Langford and Gilbert 1949. 1"3 

Phenyl ethyl butyrate + eugeno!l:1 (123) ................ '" ............................Langford and Cory 1946. w 

Phenyl ethyl butyrate + eugenol + mineral oil 9:1 :10 (109) ........ , ......... '" ., . . .. .. . . Do. >.g 

Pimento. oil + eugenol 9:1 (95) .........................................................Langford et al. 1948. o 

Rhouinol (109) .............•....... '" .........•................ , ................. , .. filetzger unpub. ~ 


Rhodinol + eugenol 10:1 (109) .............. ,.......................................... Do. 
 e 
BAITS ATTRACTING 126-200 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD 

Anethole + caproic acid + eugenol 3:6;1 (176), 2:2:1 (133) ............ , ...................Fleming et al. unpub., Langford and Cory 
1946. ~ 

Anothole + caproic llci(j + eugouo\ + pheuyl ethyl butyrate 12:6:1:1 (1-14) ................. Fleming et 0.1. unpub. l".l 

Anethole + caproic acid + geraniol 9:9:2 (182) ...................... , ................... Langford and Cory 1946. ga 

Anethole + eugenol + phelll'i ethyillcetate 8:1:1 (133) .... , ...........•.........•........ Langford and Gilbert 1949. 
 ~ Caproic acid + eugenol + geraniol 8:1:1 (173) •.....•.....................•............ , .Langford and Cory 1946. l".l
Caproic acid + eugenol + geraniol + phenyl ethyl butyrate 12:1:1:1 (178).... . . . . . . . . . . . . • . Do. t:=.1 
Geraniol + eugenol 5:1 (142),5:2 (146), 5:4 (165), 1:1 (153) ............................... Fleming and Burgeo"ti 1!J40, Fleming et a1. 

unpub. ~ Geraniol + eugenol + ethylene glycol 1:1:2 (169), 1:1:6 (149) ............................. Fleming et al. unpub. 

Geraniol + eugenol + mineral oil + deobn.~e oil 7:7:3:3: (140) .................. , .......... Muma et Ill. 1945. 

Geraniol + eug!)nol + phenyl ethyl acetate 8:1:1 (130) ................................... Langford and Gilbert 1949. 

Geraniol + eugenol + phenyl ethyl alcohol 10 :1:1 (129) .................... , ..... , ..... , .. Metzger unpub. 

Gerar.iol + eugenol + phenyl ethyl butyrate 1:1:1 (195),8:1:1 (144) .......................Langford and Cory 1946. 

Phenyl ethyl butyrate + eugenol 1 :9 (145). . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. ,..... 


~ 
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BAITS ATTRACTING MORE THAN 200 PERCENT AS MANY BEETLES AS GERANIOL-EUGENOL STANDARD E 
~ Anethole + caproic acid + eugenol 9:0:2 (246), 6:3:1 (202) ........................•.......Fleming at a!. unpub., Langford !\nd Cory 
 z1946. ...,

Anethole + cnpro!c nc!d + eugenol + gernnio\ + phenyl ethyl butyrate 6:0:1:1:1 (20m ......Lang[ord and Cory 1946. t" 
Anethole + caproIc uCld + eugenol + phenyl othy] butyrate !J:9:1:1 (279). . . . • . . . . . . . .. . . . . Do. <Q 

Anethole + caproic :wid + eugonol + phenyl ethyI"butyrate + iso-valeric ucid 8:8:3:3:8 (285). . . Do. 
.!" 
aCaproic acid + eugcnol + gcrtUliol + phenyl ethyl butyrate 4:1 :4:1 (232) ..... ,.. . ...... .... Do. 


C!lproic acid + eugenol + phonyl ethyl butyrate 8:1:1 (284), i8:1:1 (30P,............ ....... Do. tn 

Caproic acid + eugenol + phenyl iso·yalerate 8:1:1 (204) ........ , ...• : . . . . . • . . . . . . . . . . . . . Do. 

Goraniol + eugenol + phonyl ethyl butyrate 1:1 :8 (222) .............•...... , . . . . . . . . . . . . . Do. 

Geraniol + eugenol + phonyI iso-valoratel:1 :8 (378).. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Do. 
 ~ 

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

The screening tests showod that the beetle was attracted to a 
wide variety of unrelated odoriferous substances, probably be­
cause it is cosmopoIi.tan in its choice of food. Of the 334 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-three of the 90 baits with 
cne 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 gera­
l)iol 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 seconcl, 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 wel'e 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 

~. 	 opportunity to develop more attractive baits than the 10:1 
geraniol-eugenol mixture. 

Some Factors Modifying Attractiveness of Baits 

Activity of Beetle 

Fleming (19G3a) and others have observed that the beetles 
are most active on warm, clear summer days between 9 a.m. and 
3 p.m. standarcl time. Early 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 fly 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 l'etards flying 
and induces the beetles to feed more extensively. Late in the 
afternoon flying decreases and the beetles rest on foliage 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 Products 

Most of the tests were made with the technical or commercial 
grades of the essential oils and chemica!s, which usually lack 
definite specifications of their purity. A technical product from 
different lots and sources was more likely to vary in its attrac­
tive11ess than the pure product. The pure pI'oducts, when avail­
able, were often too costly to be used as lures, except experi­
mentally for comparison with the technical products. There was 
no consistent pattern in the attractiveness of the technical and 
ilUre products, as shown in the following examples: 

Relatl've attractiveness (percent) 0/-

Technical product Pllre product 

Butyric !lcid 13. . ..... . ..... . . .. ... ... ... n-Butyric !lcid 4, iso-butyric acid 5. 

Caproic acid 27. . . . .. . . . . . . . . . . . . . . . . .. .. n-Cllproic acid 25, iso-caproic acid 35. 

Citrollellol Hi. .......... , . . . . .. . . . . . . .. .. d-Citronellol 22, l-citronelloI12. 

Clov!' oil (75-1l0 percellt eugellol) Ill... . . ... Eugenol 70. 

GertLniol 80........ , . . . . . . . . . . . . . . . . . . . .. Geraniol 20. 


Rate of Evaporation 

The attractiveness of a bait was modified by changing its rate 
of evaporation. McIndoo (unpublished) and Metzger (unpub­
lished) vaporized geraniol and eugenol rapidly in olfactometers 
and found that the strong odors of these chemicals were repellent 
to 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 initia'Ily repellent, but it 
became attractive as the geraniol was dissipated and the amount 
of the attractant in the air near the bait can decreased. Baits 
containing 2.5 and 5 percent of geraniol were immediately 
attractive. 

In view of those results, a bran bait containing 2.5 percent of 
geraniol and 0.25 percent of eugenol was I'ecommended initially 
for use in traps (Metzger 1928). The bait, however, did not 
vaporize as rapidly in the trap as in the bait can. Van Leeuwen 
and Metzger (1930) found that the attractiveness of the trap was 
E:l1hanced progressively as the amount of geraniol was increased 
tf) 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 attractive 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 (1933), was superior to the bran bait, 
in that the evaporation Tate of a pure compound remained prac­
tically constant as long as the wick was saturated with the liquid. 

.~. , 

'III 
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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 114-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,l·espectively. Fleming et al. (1940a) found that a 1/2-inch 
ensheathed cotton wick exposed 111t inches evaporated about the 
same amount of attractant as the lit-inch wick exposed 2 inches. 
Fleming and Maines (unpublished) found that the attractiveness 
'Of a 9:1 anethole-eugenol mb..-ture decreased progressively as the 
exposure of the lit-inch wick was decreased from 11,4 to 14 inch. 
rrhe reduction in attractiveness was 9, 13, 16, and 26 percent with 
the wick exposed 1, %., 1/2, and 14 inch, respectively. 

Metzger (unpublished) found a direct relationship between 
the grams of the 10:1 geraniol-eugenol 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 
phenyl ethyl alcohol in competition with a l,4-inch cotton wick 
exposed 2 inches, found the relative attractiveness of the blocks 
as follows: 

.. Relative attractivenes8 Grams rer week of 
(percent) of blocksmateria evaporated 

400.25 •...........•... ················• .. 
 48.5 .............. ·.··················· . 
 021. .................................... . 

70 

3... , ...... , ........ , ....... , ......... . 80 

4 ..•....•.•. ,. , ....... , ...... , ........ . 


2 ••. "., ...•.• ,., .•.•..••..••.......... 


98 
5.. , .... ,.,., ...... , .................. . 110 
0 .......... , ...... ,· , .......... , ...... . 122 
7 ~ ......................... , .......... . 134 

The general experience has been that usually 5 to 7 grams of 
the 10:1 geraniol-eugenol mbcture and 26 to 30 grams of the 
9:1 anethole-eugenol mi::ctureevaporated from a l/.j,-inch cotton 
wick exposed 2 inches or from a 1/2-inch wick exposed 11/4 inches 
during 5 to 7 weeks in traps in the field. The evaporation rates 
of these mb..-iures were higher during hot periods and lower dur­
ing cool weather. (Fleming et a1. unpublished) 

In a preliminary study of the evaporation of different chemi­
cals from a 1,;J-inch cotton wick in an insectary, Fleming et al. 
(unpublished) - found that during a 6-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 
component, The small amounts evaporated and the variation in 
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the replications of each chemical did not permit a critical 
e\'aluution. 

Chisholm anel Koblitsky (1945) increased the .rate of evapora­
tion by using a hollow cylindrical paper wick 75 mm. in circum­
ference and 150 mm. high and reported the results in l'elative 
amounts as compared with eugenol, which was relatively constant 
in its evaporation rate during a 4-week period. Ten m!. of the 
compounds v!ere introduced into the bait bottles. 

During the first half week the relative evaporation rates as 
compared with eugenol with a value of 1.00 were deobase 6.71, 
anethole 3.95, geraniol 1.21, and minenll oil only 0.01. The 9:1 
and l:J allethole-eugenol mixtures were 2.67 and 1.49, respec­
tively, the 9:1 and 1:1 geraniol-eugenol mixtures 1.10 and 0.87, 
and the 9:1:5:5 mixture of geraniol, eugenol, deobase, and mineral 
oil 1.22. The enlporation rate of anethole, 9:1 anethole-eugenol, 
1:1 anelhole-eugPl1ol, and 1:1 geraniol-eugenol remained fairly 
constant. All the anethole and the anethole-eugenol mixtures 
evaporated withi n 21:! weeks, but some of the 1:1 geraniol­
eugenol remained at the end of 4 weeks. 

On the other hand. during the eighth half week, the relative 
evaporation of g('raniol cle('rensecl from 1.21 to 0.61, 9:1 geraniol­
eugenol from J.J 0 to 0.8:3, anel 9:1:5:5 geraniol, eugenol, deobase, 
and mineral oil from 1.22 to 0.23. These substantial decreases in 
evaporation inclieate a change in the composition of these baits 
during pxposure. For best results the evaporation oj' a bait should 
remain constant during a period of 5 to 7 weeks in the field. 

The bait~ that were relatively constant in their evaporation 
rates-eugenol, the 19:1 and 9:1 mixtures of anethole and eugenol, 
and the 5: 1, 5 :2, 5 :£1, and 1 :1 mixtures of geraniol and eugenol­
did not ('hang€' sub~tantial1y in their attractiveness during a 
G-week period in the f1elc1. However, geraniol 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 
caproic acid, U.S.P. engenol, and mixtures of these chemicals 
exposl'c1 in green glass bottles in traps in the field. Sometimes a 
gurnm~' deposit accumulated on the wicks. Geraniol became dark 
Yf:'llow to brown, eaproic acid red, pugenol brown, and mixtures of 
g~'t'aniol with caproic acid or eugenol clark brown to black. De­
l'ompositiol1 of the anethole-eugenol mi:-..-tm·C's was not indicated. 

])ccomposition in Bait Bottle.-C'hisholm et a1. (unpublished) 
an (1 Fleming et a1. (nnpublished) determined the change in the 
eolor density, refractiw index, and relative viscosity of several 
baits in the bait bottle during an exposure of 5 to 6 weeks in green 
gluss bottles in sun·e,· tral)S in the fiE'ld. The color density is 
(lefilH'tl as the negati,"'e logarithm of the f1'(\etional transmission 
of light throngh a liquid. It has 11 value of 1 when 10 percent 

-4 

~ 
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of the incident light is transmitted and a value of 0 when all 
the light is transmitted. In this bulletin the color density is... 
expressed as the percent increase in the light absorbed by a bait 
after exposure. 

There was 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 49 percent. 
The technical geraniols affected least by weathering contained 
no phenols. When the technical geraniols were washed with 5 
percent aqueous potassium bydroxide 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 inocrease was 13 percent., 	 There was little increase in the absorption of light by some of 
the pure constituents of technical geraniol-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 Jight. The 
average increase in the light a.bsorbed 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 
to 86 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.S.P. eugenol. 

Changes in the absorption of light by mixtures of C.P. eugenDI 
and other chemicals differed greatly. After weathering, the absorp­
tion was decreased 55, 36, and 23 percent with perilla 'Oil, rose 
geranium oil, and palmarosa oil, respectively. The percent in­
creaSe was as follows: d-Citronellol, I-citronelloI, and geranyl 
acetate 1; phenyl ethyl acetate 5; butyl carbitDI acetate 14; 
anethole 18; amyl salicylate and methyl salicylate 20; citral 37; 
alpha terpineol 63; benzyl ether 69; acetophenone 83, and methyl 
anthranilate 100. 

Decomposit·ion in Wick.-Chisholm and KobJitsky (19.45) 
studied 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 those 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 
mixtures of anethole 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 liquids in the wicks probably would have consisted 
largely of the decomposition products and the less volatile con­
stituents of the baits. 

Reta,rding Decornposition of Ba it.-In a preliminary laboratory 
experiment Chisholm (unpublished) exposed technical geraniol 
and mixtures of geraniol with acids and mineral oil for 18 hours 
to a mercury vapor arc and determined the modification in the 
color 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, benzoic acid 43, palmitic 
acid 35, lactic acid 20, and citric acid 13. 

In field tests Chisholm et 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 
Ught was increased by 55 percent. When substituted for eugenol 
in the mixture, thymol, clove oH, 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
phenone, amyl salicylate, anethole, butyl carbitol, citra!, methyl 
salicylate, and alpha terpineol were substantially unchanged by 
E'xposure in the field. Geraniol-methyl anthranilate was definitely 
decomposed as indi.cated by a 97-percent increase in the light 
absorbed. 

Another approach to reducing the decomposition of the tech­
nical geraniol-U.S.P. eugenol mixture in the survey trap was to 
shield the green glass bottle from light. The wick was protected 
from the weather by being covered with an inverted metal cone. 
The bottle and wick in the standard trap were protected from 
the weather by being enclosed in a perforated metal cylinder. 
Chisholm et a!. (unpublished) and Fleming et al. (unpu'bJished) 
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 Decornposit-ion of Bait on Its Attmctiveness.-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 sUbstantially. The dark 
decomposition products of eugenol seemed to stabilize the attrac­
tiveness of the mixtures. (Fleming et a1. unpublished) 

Although several compounds substituted for eugenol practically 
preventeci 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 32, 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 a1. unpublished) 

Painting the outside of the green glass bottle or enclosing the 
bottle in a solid metal shield to protect it from sunlight was the 
most practical method for inhibiting the decomposition of the 
] 0:1 geraniol-eugenol mixture in the survey trap. During a 6-week 
exposure the relative attractiveness of the bait in an exposed 
green glass bottle was 97 percent. It was 127 and 136 percent, 
l'espective]y, in a bottle painted white or green and 135 percent 
with the bottle enclosed by a solid metal shield painted white or 
yellow. (Fleming et a1. 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. 
~'he 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 between the expected and determined attractiveness of some 
mixtures was small, but it was large with others, as shown in 
the following list: 

Relative attractiveness (percent) 

Components of mi:r:tur6 Determined Expected 

Oil mixed with oil 

Bay oil + pimenta oil 1 :1 ..................... , .. 44 37 

Bay oil + sassafras oil 1 :1 ...................... . 31 19 

Pimenta oil + sassafras oil 1:1. .................. . 57 37 
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Relative attracttvfJfUJ88 (percent) 
Components of mi:l:ture Determined Ezpected 

Oil mixed with acid 

Bay oil + valeric acid 1:9.. . . . . . . . . . . . . . . . . . . . . . . 
Linaloe oil + vale ric acid 1:1.... ... ..... . . . ... . .. 
Pimenta oil + caproic acid 1 :1 ........ , . . . . . . . . . . . 
Pimenta oil + propionic acid 1:4........ . ..... .. .. 
Pimenta oil + valeric acid 1:9.. . .. . . . . .. . . . . . . . . . 
Sassaf ras oil + caproic acid 1:1. . . . . . . . . . . . . . . .. . . 
Sassaf ras oil + vale ric acid 1:9. . . . . . . . . . . . . . . . . . . 

75 
55 
72 
43 
68 
49 
69 

28 
19 
41 
37 
32 
23 
28 

Oil mixed with alcohol 

Bay oil + phenyl ethylaleoholl:9................ 
Clove oil + geraniol 1:9....... . .. . ... ... ..... .. .. 
Clove oil + phenyl ethyl alcohol 1:9 ......... '" . .. 
Pirnenta oil + geraniol 1:9. . . . .. . . . . .. . . . . . . .. . . . 
Pimenta oil + phenyl ethyl alcohol 1:9. . . .. ... .... 

64 
82 
50 

103 
48 

23 
74 
23 
77 
26 

Oil mixed with phenol 

Anis!' oil + eugenol 9:1. ..... ..... . ...... . . . .. .. . 
Citroneila oil + cugenoll0:1. .. .... ... ... . . .... .. 
Clove oil + anetholc 1:9. . . . . . . . . . . . . . . . . . . . . .. . . 
Grapefruit oil + eugenol 9:1. . . . . . .. . .. ....... . . . 
Lemon oil + eugenol 9 :1. . . . . . . . . . . .. . . . . . . . . .. . . 
Pirncnta oil + eugenol 9:1. . . . . . .... . .... . ..... .. 
Pine oil + eugenol 9:1. . .... . ... .. . ... .. . . .. .. . . . 
Sussafrl'..9 oil + eugenol 9:1...... . . .... . ... .. .. . . . 

19 
121 
53 
84 
37 
95 
17 
51 

10 
76 
16 
13 
13 
56 

9 
24 

Acid mixed with phenol 

Caproic acid + anethole 1 :1. . . . . . . . . . . . . . . . . . . . . . 
Caproic acid + eugenol!} :1. . . . . . . . . . . . . . . . . . . . . . . 

58 
61 

22 
31 

Alcohol mixed with alcohol 

Geraniol + phenyl ethyl alcohol 10:1. . .. ... ..... .. 98 74 

Alcohol mixed with acid 

Geraniol + caproic acid 1 :4...... , .............. . 103 38 

Alcohol mixed with aldehyde 

Geroniol + benzaldehyde 199:1 .................. . 
Geraniol + citral 1:9........................... . 

40 
26 

Alcohol mixed with ester 

Geraniol + methyl salicylate 9 :1 ................. . 
Geraniol + phenyl ethyl acetate 1:4.............. . 

86 
84 

73 
20 

Alcohol mixed with phenol 

Citronellol + eugenol 10:1. ............ , ........ . 
Geraniol + anethole 1:9 ........................ . 
Geraniol + eugcnol 9 :1 ......................... . 
Geraniol + safrole 10:1 .... , .................... . 
Phenyl ethyl alcohol + eugenol 9:1. .............. . 

90 
51 

100 
40 
74 

21 
22 
79 
73 
28 

Aldehyde mixed with phenol 

Citral + eugenol 9 :1 ........................... . 
Citronellal + eugenol 10 :1 ...................... . 

71 
45 

25 
19 
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RelcLtive attnwti-uenesB ('percent) 
Determined ExpectedCompononts of lItixture 

Ester mixcd with phcnul 

11isu-AlIIyl vnler:lte + cug:enol H: L. . .. . . . . . . . . . . . . . . . 53 39lIcrllllyl acetate + cup-cllul 10:1......... ..... ..... 75 
14l\lethyl sulicylalc + cup-enol IJ :1. . . • • . •. . . • . . • . . . . 20 
(i·1Pheuyl ethyl acetalo + eugenol 1:!J. . . . ..... . ... .. HIJ 

Phenol mixml with phenol 

22Anethole + eugcnol 9:1.... . ... .•... . . .... .... . . . tOl 
1.2~ufrolc + ougenol 0:1 ...... . " ~ ................ " .......... "' a2 

The proportion of the components of a mixture is also a fador 
modifying the attractiveness. The relative attractiveness of the 
£):1 and 1:1 mixtures of anethole and caproic acid was 12 and 58 
pereent, respecth-ely. The relative attractiveness of anethole­
eugenol mixtures decreased progressively from 113 with the 19:1 
mixture to 8;3 pereent with the 2 :;3 mixture, whereas the attrac­
tiveness of geraniol-eugenol mixtlll'es increased from 98 with 
the 10:1 mixtlll'e 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 geraniol, eugenol, and phenyl ethyl acetate was 130, 
] 08, and 72 percent; the 20:2: 1 and 10:1:2 mixtures of geraniol, 
eugenol, and phenyl ethyl alcohol 12~~ and 106 percent; the 8:1 :1, 
1 :1 :1, and 1:1:8 mixtures of geraniol, eugenol, and phenyl ethyl 
butyrate H4, 195, and 222 percent; the 2:2 :1, :3:6 :1, 6:3 :1, and 
9 :9:2 mixtures of anethole, caproic. acid, and eugenol 133, 176, 202, 
and 2'16 percent. 

Technical Geraniol 

Source lind Composition 

Pure geraniol is an unsaturated aliphatic alcl)hol with the 
empirical formula C,nH 0H. It is a colorless liquid with a molec­t7
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

0 
C., 

and a boiling point of 229') at 760 mm. Fleming et a!. (unpub­
lished) found it was only about 25 percent as attractive as most 
technical geraniols of commerce. 

Technical geraniol is usually obtained by the fractional distilla­
tion of ,Java citronella oil, although Ceylon citronella oil or palma­
rosa oil Im1y be used. It is a complex mixture. Metzger and Maines 
(1935) found that the best commereial grades contailled 87 per­
cent or more of geraniol anel 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 citronellal, and 0.9 
to 1.3 percent of esters; and the poor grades contained 50 to 75 
percent of geraniol and citronellol, 1 to 10 percent of citronellal, 
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: 

GOlllp(J1uml Percent 

Geraniol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 34 

Nerol (isomer of geraniol not reacting with calcium chloride). . . . . . . . . . . . . . . 7 

d-Citronellol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . • . . . . . • . . . . . • . . . . . • . . . . . 17 

Elemol............................................................... 10 

gamma Cadinene ..................... " . . . . . . • . . . . . . . . . • . • • • . . . . . . . .. . . 8 

Geranyl acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . 8 

gamma Cadinol and «;Jther 8esqnite~ne alcohols. . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Teryenes (probably limonene and dipentene). . . . . . . .. . . .. ... . . . ... . . ... . . 4 

d-Cltronyl acetate .................. , ..... , ..............•.. ,. . .. .. .. . . 2 

EugenoL...................................... ...... ...•.•...... ..... 1 

Aldehydes (probably citronellal). . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . 1 

iao-,Eugenol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . • • . . . . . . . • . . . . .2 

Geranyl butyrate.......... . ..... ...... ...... ...... ....•. ....•• •...•... .2 


Fleming et al. (unpublished) subjected a technical 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, contained all the terpenes and 
aldehydes, most of the citronellol 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 volume, consisted primarily of eugenol, gamma cadinene, 
elemol, and some geraniol. It attracted 34 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 attracted 
about the same number of beetles as the 'original geraniol. The 
results indicated that the most attractive components of the 
geraniol 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 alcohols, 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 Haller (1941). In comparison with 
the original geraniol, the relative attractiveness (percent) of the 
components was as follows: Eugenol 80, sesquiterpene alcohols 
59, d-citronellol 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 component, 
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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 attractant 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" by the various pro­
ducers identified the products with a high content of alcohol 
used in perfume to distinguish them from the cheaper less de­
sirable products used in soap. No specifications were given for 
technical geraniol as an attractant for insects. 

To develop a tentative specification for technical 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 a 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 produd was con­
sidered to be most important, Metzger (1928) and Van 
Leeuwen and Metzger (1.930) recommended that the technical 
geraniol for use as an attrvdant contain not less than 58 percent 
total alcohol. 

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 alcohols as geraniol. . . . . . . . . . . . . . ... :\ot less than 87 percent 
Aldehydes... . .......... _... . . .. . .... _ ..... Kone 

Specifir g.mvity ut 20 0 C.... , ... , .... ,... . -.... 0.879-0.882 

0 0Optical rotntion. 10 !lUll. , •..••.•••. , . .. • .•• , •• ± 30" 

::;olubiJit,y in 60 percent ethyl alcohol. . . . .. .. ..1 part in 4 parts of alcohol 


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 
so large that many proclucers competed for the contracts. Some 
lots were offered at a price much below any previous quotation, 

if but these failed to meet one or more of the specification require­
t ments. One 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 technical 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: 

Totululcohols as gerlluiol. ..........................Not less thlln 87 percent 

Aldehydes .........................................None 

Specific gravity nt 20° C............................ 0.876-0.882 

Opticnl rotlltion, 10 mm .............................Less titan ± 0° 30" 

Solubility in 60 percent ethylllicohol. ................ 1 part in 3 !lart~ of alcohol 

Boiling runge (760 mill.) ....................•.......None difitilling belo\l' 224 0 C. 


and not lesS thlln 82 per­
cent beLII'een 2250 and 2300 

Odor............................•..•...•......... Characteristic of high grade 
of geraniol 

Since geraniols with less alcohol than the minimum required 
by the 1933 specifications were much cheaper than the highly 
l'efined 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, intermediate, and poor grades 
from several producers and determined their physical properties, 
the amounts of citronellol, geraniol, citronella1, and the esters in 
them, and their attractiveness to the beetle. Some of the lots in 
the intermediate and poor grades were more attractive than those 
in the highly refined grade, showint' that the best grade was 
not essential for use as an attractanL 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 (103S) 
proposed the following specifications for some of the less costly 
technical geraniols: 

Totu1 free nleoho15 3." Iterllniol and citronello!. . .. . ..... i\for\' thull 70 prrcent 
AldehvdeR 3." citronellal. ,. ,.................. . .... L('s~ than ~.5 prrccnt 
EsterS 3.'l Itrrllnyl :teet ate. . . . . . . . . . . . . . . . . . . . . . .. . .. Lr::;;: t hun Iii pen'rnt 
Spccific grnvit.y at 20° (' ......... " ........•... " ...0.875-0.S!.lii 
Solubility in 70 percent ethyl alcohol. ....... , ...•.... 1 part in 2 parts of al('ohol 
Boilinlt range (7GO mm.) .... , ..... , . , . .. . ..........Xot 1110re than ii percent

below 22iio C. IIOr more 
than 18 per('cnl ahovr 24iio 

Odor.............•...•....•...... ,. ... . •. Al>srl1cr of all\' ~iltnifictLnt 
added foreign'materiul 

In 1935 a technical geraniol meeting these specifications could be 
obtained for about 60 cents per pound, whereas one satisfying 
the 1933 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. Koblitsky 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 response 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 geraniol submitted 
met the requirements of the specifications; the fifth lot was too 
low in total alcohol 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 B',lbmitted and found that they attracted 2 to 14 percent 
more beetles 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 components, 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 19.4.0) 

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 74 percent. The third 
lot rejected had 4 percent more than the maximum specified, 
distilling above 245°. It contained 2.5 percent 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 alcohols, and 
6 percent phenols. Its relative attractiveness was 89 percent. The 
fifth lot rejected had a specific gravity 0.0332 higher than the 
maximum specified and 98 percent of it distilled above 245°. It 
contained 54 percent alcohols and 5 percent phenols. Its relative 
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attractiveness was only 43 percent. The same situation prevail2d 
in 1941. (Fleming et a1. 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 rotation, as well as 
chemical determinations sufficient to establish the composition of 
the product. In view of the deteriorating economic conditions in 
1941 this investigation was not undertaken. 

In 1942 it was not possible for the Department to purchase 
at a reasonable cost a sufficient quantity of technical geraniol 
meeting the 1935 specifications. Fleming et a\. (unpublished) 
developed temporary emergency specifications, which included 
some of the higher boiling fractions of citronella oil that were 
available at a reasonable cost. The lots obtained in 1942 and 1943 
compared favorably in attractiveness with those obtained previ­
ously with the 1935 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 

In 1925 and 1926, Richmond (1927) and Smith and Richmond 
(unpublished) found that a bran bait c<1ntaining 2.5 percent 
technical geraniol and 0.25 percent U.S.P. eugenol 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. eugenol mixture, the technical gera­
niol on the average had a 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 (technical) •.................................. 3.75 grams. 

Eugenol (u.S.P.)... . ... . ...... . . . .... ............... .375 gram. 

Bran. • . . . . . .. • . • . . . . . . . .• . . . . . . .. . ................ 75 grams. 

~roll\Bsea. . . . . . . .. . ................................. 39 m!. 

Glycerin•..•..•.................................... Ii ml. 

""ater. ..•..........•...............•............... 13 1111. 


The molasses, glycerin, and water were added to keep the bait 
moist and to hold the ingredients together. A bait was usually 
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effective for about 3 weeks. Si\lce 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 (1930) tested various amounts and 
proportions of te~hnical geraniol and U .S.P. eugenol in the bran 
bait in competition with the recommended bait and found that 
the attractiveness was enhanced 160 percent by increasing the 
amollnt of geraniol to 15 gnlms and the amount of eugenol to 
1.5 grams. This modified bran bait was recommended for several 
years (Van Leeuwen and Metzger 1!J80; Metzger 1982, 1984a, 
1!J;J(j; II'leming et al. 19.40a). 

One disadvantage of the bran bait was that its attractiveness 
(\eerense(\ progreRsively as the geraniol and the eugenol evapo­
rated. Seal'ching for a method to dispense the bait more uni­
formly throughout the tl'apping season, Metzger (1.983) placed 
the 10: 1 geran jol-eugenol mixture in a glass bottle and dispensed 
it b)' 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 I ;vinch cotton wick exposed 
2 and 4 inehes attracted 7 and 27 percent, respectively, more 
beeUes than the bran bail during an 8-day exposure. 

The use of the bottle-and-wick dispenser was an important 
development. Nol only could sufficient bait be placed in the bottle 
to 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 u$pd by the Department in the survey program 
~Ind in ('xpel'imenlal work. The 10:1 geraniol-eugenol liquid bait 
was recommended in preference to the bran bait by Metzger 
(N):J.I,a, 193/i) and by Fleming et al. (191,Oa) . 

.Fleming and Burgess (19.40) and .Fleming et al. (unpublished) 
found that the attractiveness of the liquid bait was enhanced 
by inn'easing the amount of eugenol in the mixture. During a 
6-week exposure in the field when the standard geraniol-eugenol 
mixture was changed weekly, the relative attractiveness of the 
10: t mixture exposed for that period was 98 percent, whereas 
the 5 :1, 5 :2, 5 :4, and 1:1 mixtures were 142, 146, 165, and 153 
percent, respectively. 

In 19:)9 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 mixtl,1re 
would have inereased the cost of the bait about 15 percent. Since 
the Departmer:t at that time was purchasing about 4,000 pounds 
of bait annmtlly, an increase of 15 percent in the cost was not 
considered feasible. By 1944 when the cost of technical geraniol 
and U.S.P. eugenol was about the same, it would have been prac­
tical to increase the amount of eugenol in the mixture, but at that 
timE.' 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 ai. (unpublished) used ethylene glycol and climethylphthalate 
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as' diluents. Ethylene glycol was not satisfactory because it 
absorbed moisture from the atmosph~re, and the geraniol-eugenol­
ethylene glycol mb.:tures 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 field, but the attractiveness progressively decreased with the 
increment 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 a1. (1944) were more successful with a 1:1 mixture 
of mineral oil and deobase oil as a diluent. The relative attrac­
tiveness of the 9:1 geraniol-eugenol mixture did not change 
appreciably until the dilution of the bait was more than 1 :1. 
The relative attractiveness was reduced from 100 to 90, 63, 56, 
and 48 percent by a 2 :3, 3 :7, 1 :4, and 1:9 dilution, respectively. 
In more extensive te~ts Muma et a1. (19.45) found that the 9:1 
bait diluted with an equal volume of the oils was 98 percent as 
(·ffective as the undiluted bait. The bait diluted 7:3 and 1:1 was 
used e..xtensively in Ma.ryland during 1944 with very satisfactory 
results. A more attractive but more costly bait was obtained by 
diluting the 1:1 mixture of geraniol and eugenol 7:3 with the 
oils. The reiative attractiveness 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. 
eugenol mb..1;urrs to enhance their attractiveness. Some of these 
substances decreased the attractiveness or had little effect on it. 
The addition of caproic acid, phenyl ethyl acetate, phenyl ethyl 
alcohol, phenyl ethyl butyrate, and phenyl iso-valerate in certain 
proportions definitely increased the attractiveness, as indicated 
in the following data: 

('(Imposition 0/ bait /ly V()i1ww and re/alive 

u/tracliL't'II(,ss (}Iercc/ll)l Source 


Gerllniol + cugl'lIol + cllproic Jl('id 1:1:8 (173). ...• Langford and Cory 1946. 
(1ernniol + (1\lg('nol + (,lIprlli!' Heid + phenyl ethyl 

butyratel:l:1~:1 117S), ·1:1:4:1 (2:32).. ..... ..... Do. 
Geraniol + PIIgt'IlOl + phenyl (,thyl ne('lair S:l:1 . 

(l30).... . .. " ..................... Langford and Gtlbert 1949. 
Geraniol + (\\lg('lIol + phen.\·1 Hthyl alcohol 20:2:1 

(123),10:1:1 (12[1) ........................Metzger 1935, unpub. 
('remnio\ + (1llgPIIO\ + ph(,lIyl {)ihy\ butymtn 8:l:1 

(I ~.I). 1:1:1 (l!15), 1:1:8 (222). ..... .......•. Lllngford and Cory 1946. 
(rt:lrani()l + eugnnol + ph('I1yl iHo-vrdernlp I :1 :8 (378). Do. 

I Pllrcnlheticalnull1bnn! in pprcpnt. 

The exploratory tests showed that the attractiveness of the 
geranioi-eugenol bait could be greatly increased by adding caproic 
acid, phenyl ethyl butyrate, or phenyl iso-valerate, but there was 
no additional experimentation with these mixtures. Only the 
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20:2:1 mixture of geraniol, eugenol, and phenyl ethyl alcohol was , tested more extensively. Metzger (1936) recommended this mix­ iture as an attractant. This bait was used in the 8urvey program 
,• 	 of the Department during 1936-39. Since the highly refined gera­

niol Ilsed in the experiments had been replaced by the lower 
gl'ades meeting the 1935 specifications, Fleming et a1. (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, depencling 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 Qf Technical Geraniol Not Containing Eugenol 

Several compouncls were added to technical geraniol as a sub­
stitute for U.S.P. eugenol. Fleming et al. (unpublished) found 
that the binary mixtures prepared with geraniol and acetic acid, 
acetophenone, amyl salicylate, anethole, bay oil, benzaldehyde, 
citral, citric acid, citronellol, genmyl 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 
r attractiveness. They were as follows: 

Composition of bm'/ by volume (wd relalive 
aliractive7lcss (1}(!rcwl) I SourceI Gorunio! + butyl cllrbitol IIc('tllte !J:l (!J6), .. " . "Fleming el nl. unpub. 

Geraniol + caproic Ilcid 4:1 (l03) .. , ..•..... , ..... Lan/!ford :Uld Gory 19.i/i. 
Gernniol + Glove oil 10:1 (!JS). 9:\ (82).. . ..Pleming et Ill. unpub. 
Geraniol + methyl ,mli('~'lllle 0:1 e8G).......... .., Do. 
Geraniol + phenyl ethylllcetlltel:4 (84). ..........LlIlIgford lind Gilbprt 1949. 
Geraniol + phenyl ethyllllcnhol 20:1 (90),10:1 (98), 

5;1 (84) ............... , .................... Metz~er 19S5. lInpuh.; Flcming 
et III. unpub. 

Geraniol + pimontn oil 9:\ (103). ........... .Flemin/! lind Chisholm 1944; 
Fleming et ILl. lInpub. 

Geraniol + nlphn torpineol 9:1 (99) ............... Fleming et nl. unpuh. 

1 PnronthoticlIll1umbofS in porcont. 

~ 
> Langford and Cory (19.46) found that the 2:9:9 mixture of 


geraniol, anethole, and caproic acid had a relative attractiveness 

of 182 percent. 


Commercial Citronella Oil 

Source and Composition 

According to Gildmeister and Hoffman (1916), commercial cit­
ronella oil is obtained by steam distillation of citronella grass 
(Cyrnbopogon nardus (L.) Rendle). The principal sources are 
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Ceylon and Java. The Geylon oil is a yellowish to brownish yellow 
liquid with a characteristic odor. The Java oil is colorless to 
slightly yellowish with a more intense odor than the Geylon oil. 
The oil from both sources is a complex mixtme of hydrocarbons, 
alcohols, esters, phenols, and other compounds 

Metzger (unpublished) analyzed nine lots of each type of oil. 
The Geylon oil contained 36 to 47 percent alcohols, 8 to 11 percent 
esters, and 9 to 13 percent aldehydes. The Java oil contained 55 to 
70 percent alcohols, 3 to 7 percent esters, and 26 to 09 percent alde­
hydes. The total acetylizable constituents nner the aldehydes had 
been removed ranged from 46 to 57 percent with the Geylon oil and 
from 60 to 74 percent with the Java oil Eig-hty-fi\'e percent of the 
Geylon oils distilled between J 90 t 

' and 256' C. at 760 mm. and the 
Java oils between 210" and 248". 

Anangements were made with a commercial producer to dis­
till Java citronella oil uncler high vacuum m:corcling to the regular ,
procedure. The oil had a refradion index of 1,4685 at 25' G., a 
speciflc gravity of 0.8873 at 20'\ and 82 percent distilled between 
208,4 0 and 242.10 at 760 mm. The fin~t fradion was largely water 
und was discarded. The terpene fraction, which was largely ter­
penes, had a refraction index of 1.4624, a spedfic gra"ity of 0.8500, 
~nd 82 percent distilled between 169.9(' and Hl8A '. The citronellal 
iraetion, which contained 79.3 percent aldehycie, had a rernH:­
tion index of 1.4516, a specific gravity of 0.869:~, and 82 percent 
distilled between 193.9" and 212.8". 

The first geraniol fraction, which contained 9.7 percent esters, 
29.1 percent aldehydes, and 87.1 percent aleohnls had a refraction 
index of 1.4656, a specific gravity of 0.8805, and 82 percent dis­
tilled between 209.9" and 2:31.4'-' C. It should he notecl that the 
values for alcohols include aldehydes and fl'ee and combined al­
chols expressed as geraniol. The second geraniol fractbn, which 
contained 15.6 percent esters, 1.7 percent aldehydes, 94.0 percent 
alcohols, and a trace of phenol, had a refr(ll'tion index of 1.4689, 
a specific gravity of 0.8810, and 82 pen'ent c1ixtillecl between 
227.0° and 284.9°. The third geraniol frae-tion. 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 0.9087, and 82 percent distilled between 23~.9'-' and 
256.3°. The last geraniol fraction, whieh containpd 1:1,7 percent 
esters, J.1 percent aldehydes, 54.2 pereent alcohols, and 5.0 percent 
phenols, had a refraction index of 1.4914, a specific gravity of 
0.9282, and 50 percent distilled between 24:1.7 0 and 267.5°, the 
limit of the thermometer. The pots fraction, whic'h 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 spedfications for 
,Itechnical geraniol, 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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ATTRACTANTS FOR THE JAPANESE BEETLE 

Java citronella oil and its fractions obtained by distillation de­
composed during a 6-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: Oill8, terpene fraction 4, citronellal fraction 7, first gera­
niol il'action I, second geraniol fraction 11, third geraniol frac­
tion 30, lastger~\.niol fraction 24, anel pots fraction 100. The in­
crease in the refraction index was 0.0045, 0.0132, 0.0094, 0.0024, 
0.0011, 0.0020, 0.0006, and 0.004, respectively, and the increase in 
the relative viscosity was 0.66, 0.84, 0.96, 0.54, 0.13, 0.18, 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). 
l,angforc1 et al. (1948) apparently tested a poor grade of citronella 
oil because they l'epol'ted a relative attractiveness of only 26 per­
cent. 

Mixtures of Citronella Oil and Eugenol 

The addition of U.s.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 relative attractiveness of 
the mixtures with the Ceylon oil or the Java oil was 121 pel·cent. 
The,'e was no indication that the attractiveness of these mixtures 
changed substantially during a 6-week exposure in the field. 
(Metzger unpublished) 

Tashiro and Fleming (1954) found that adding U,S.P. eugenol 
to Java citronella oil increased its attractiveness to the European 
chafer (Amphima.llon'lIf..ajalis (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 oil­
eugenol mixture did not modify its attractiveness, The relative 
attractiveness of the. 20:2:1 mixture of citronella oil, eugenol, 
and phenyl ethyl alcohol was 114 percent. (Metzger unpublished) 

Replacing eugenol with clove oil greatly reduced the attractive­
ness. The relatiVe attractiveness of the 18:1:1 mixture of citronel­
la oil, cbve oil, and phenyl ethyl alcohol was only 69 percent. 
(Langford and Cory 1946) 

A J 0:1 mixture of Java citronella oil and U.S.P, eugenol was a 
promising substitute for the recommended geraniol-eugenol bait. 
It was slightly more attractive to the beetle and the oil could be 
obtained fol.' about one-half the cost of the cheapest technical ge­
raniol. There was a question about substituting an even more 
complex mixture for technical geraniol; however, lacking adequate 
Rpecifications fOI' the oil. consideration (Jf 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 prac­
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. It 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 
aI'eas where the beetle was established, capturing large numbers of 
beetles in traps complicated the chafer survey. Tashiro et al. 
(1964) solved that problem by substituting butyl sorbate for the 
citronella oil-eugenol bait. The butyl sorbate was equally as at­
tractive to the chafer as the citronella oil-eugenol mixture, but its 
relative attractiveness to the beetle was only 2 percent. 

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 product 
obtained by the fraction distillation of star anise oil is usually 
available in limited quantities. Anethole is also made synthetically 
from domestic pine oil and this type is available in large quantities. 
The best grade of anethole meets the following specifications of 
the National Formulary: 

Color at or above 23° C.......................... Colorless to faintly yellow 

Congealing point ................................ 20°-21° C. 

Melti!l~ p<?int ................................... 22°-23~ C. 

Solublltty \0 ethyl alcohol. .......................1 part III 2 parts of alcohol 

Specific gravity at 25° C.. . ..................... 0.983-0.987 

Boiling range (760 mm.) ................. , ...... .234°-237° C.l 

.Refractive index at 25° C........•............ , .. 1.558-1.561 

Phenols ................................•.......Trace 

Odor..........................................No readily detectable, irritating, 


phenolic, or empyreumatic 
odor 

I National Formulary VI required this boiling range; National Formulary VII per­
mitted 231°-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 CHaCH :CHCoH40CHs and a boiling point of 235.3° C. 
at 760 mm. 

In 1945 N.F. anethole was quoted at $2.20 per pound, whereas 
a technical grade not quite meeting these specifications was quoted 
at 65.7 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: 

< 
~. ­

''". 
,A 
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Color at or above 23° C ............ , .............Colorless to faintly yellow 

~Ielting point .......................•........... 18°-23° C. 

Solubility in ethyl alcohol. ........•.• , ....•.•....1 part in 2 parts of alcohol 

Specific gru.vity Il.L 25° C ..... '" .................0.979-0.987 

Boiling range (760 mm.) .........................230°-240° C. 

Refractive indox at 25° C ........................ 1.548-1.561 

Phenols ......................................... Trace 

Odor..........................................No readily detectable, irritating, 


phenolic, or empyreumatic 
odor 

Mixtures of Anethole and Eugenol 

Fleming et al. (unpublished) found that anethole and oils con­
taining this compound were poor attractants for the beetle. The 
l'elative attractiveness of natural anethole was 8 percent, synthetic 
anethole 16 percent, and fennel and star anise oils 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. Arcol,3 obtained during the production of anethole from 
pine oil 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 :1 mixture 13 percent. 

The addition of eugenol to the natural and synthetic anetholes 
greatly enhanced their attractiveness. The relative attractiveness 
of the 9:1 mixture of N.F. natural anethole and U.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 
106,3:1 mixture 121,3:2 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 eugenol was 101, 9:1 mixture 98, and 4:1 mix­
ture 93 percent. (Fleming and Chisholm 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 
to obtain the desired grade of geraniol at a reasonable cost. In 
1946 Fleming et al. (1946) 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.S.P. eugenol mixture has been used .in the 
flurvey program of the Department since 1945. It was recom­
mended for general use by Fleming et at (1946), the U.S. Bureau 
of Entomology and Plant Quarantine (1949), and Fleming (1955, 
1958, 1960, 1963). 

3 Trade names are used in this publication solely to provide specific information. 
Mention of a trade name does not constitute a warranty or an endorsement of the prod­
llCt by the U.S. Department of Agriculture to the exclusion of other products not 
mentioned. 
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Caproic acid, phenyl ethyl acetate, phenyl ethyl butyrate, phenyl 
iso-valerate, and iso-valerie acid were added to anethole-eugenol 
mixtures to enhance their attractiveness. The relative attractive­
ness (percent) of the 2:1:2 mixture of anethole, eugenol, and 
caproic acid was 133 (Langford and Cory 1946), 3:1:6 mixture 
176 (Fleming et a1. unpublished), 6:1:3 mixture 202 (Fleming et 
a1. unpublished), and 9:2:9 mixture 246 (Langford and Cory 
1946). The relative attractiveness (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, eugenol, and phenyl iso-valerate 
88 (Langford and Cory 1946) ; and 9:1 :40 mixture of anethole, 
eugenol, and iso-valeric acid 79 (Langford and Cory 1946). 

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 phenyl ethyl butyrate 144 (Fleming et 
al. unpublished) and 9:1:9:1 mixture 279 (Langford and Cory 
1946) ; the 8:3:8:3:8 mixture of anethole, eugenol, caproic acid, 
phenyl ethyl butyrate, and iso-valerie acid 205 (Langford and 
Cory 1946). 

These preliminary tests indicated several possibilities of en­
hancing the attractiveness of anethole-eugenol mixtures. The 
simplest 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 2:3 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 ethyl 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-valerie acid 
(Langford and Cory 1946). 

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 
mixture of anethole, caproic acid, and phenyl ethyl butyrate. 

( 

• 

A, 
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ATTRACTANTS FOR THE JAPANESE BEETLE 

Aliphatic Acids 

Tests were conducted to determine the attractiveness of the 
saturated aliphatic acids and one unsaturated acid, oleic acid. 
Formic acid has an irritating odor, acetic acid a sharp penetrating 
odor, and propionic acid a pungent perspiration-like odor; butyric, 
valeric, and caproic acids have disagreeable rancid odors; and 
palmitic, stearic, and oleic acids are almost odorless. All these 
acids were poor attractants. Their relative attractiveness (per­
cent) was as follows: Formic 3, acetic 3, propionic 33, butyric 13, 
II-butyric 4, iso-butyric 5, valeric 29, caproic 27, n-caproic 25, iso­
caproic 35, palmitic 15, stearic 4, and oleic 4. (Langford et al. 
1.1)43; Fleming et al. unpublished) 

Caproic Acid 

In 1946 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. el..genol to technical caproic acid enhanced 
its attractiveness. Fleming et al. (unpublished) found that the 
l'elative attractiveness of the 9:1 mixture of the acid and eugenol 
was 61 percent, whereas the 4:1 mixture was 53 percent. How­
ever, there were great variations in the attractiveness of acid­
E:ugenol mixtures made with technical caproic acid from different 
producers. The relative attractiveness 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. (1.945) found that the 9:2:9 mixture 
of caproic acid, eugenol, and mineral oil was 81 percent as attrac­
tive as the standard 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 
acid and sassafras oil 49 percent (Langford et a1. 1943). 

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, 
phenyl ethyl butyrate, and mineral oil was 77 percent and the 
] :1 :6 mixture 106 percent. (Langford and Cory 1946) 

Mixtures of caproic acid, eugenol, and phenyl ethyl butyrate or 
phenyl iso-valerate were very attractive to the beetle. The rela­
tive attractiveness of the 8:1:1 mixture of caproic acid, eugenol, 
and phenyl ethyl butyrate was 284 percent and the 18:1:1 mixture 
301 percent. Thi} relative attractiveness of the 18:1:1 mixture of 
caproic acid, eugenol, and phenyl iso-valerate was 264 percent. 
(Langford and Cory 1946) 

Langford and Cory (1946) recommended the 18:1:1 mixture of 
technical caproic acid, U.S.P. eugenol, and phenyl ethyl butyrate 
as a substitute for the recommended geraniol-eugenol bait because 
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of its simplicity, economy, and higher attractiveness to the beetle. 
It is not known to what extent this mixture was used as an at ­
tractant. 

Valerie Acid 

Langford et al. (19lf 3) found that the relative attractiveness 
(percent) of a 9:1 mixture of valerie acid and bay oil was 75, the 
1:1 mixture of the acid 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 beetle. The 
relative attractiveness (percent) of amyl acetate was 8 (Langford 
ei al. 1943), iso-amyl valerate 4 (Fleming et al. unpublished), 
butyl sorbate 2 (Tashiro et al. 1964), citronyl acetate 7 (Fleming 
et al. unpublished), geranyl acetate 36 (Metzger unpublished; 
Metzger and Maines 1985), methyl salicylate 8 (Langford et al. 
1948), and phenyl ethyl acetate 5 (Fleming et al. unpublished). 

The mixtures of the esters and U.S.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: 

Compol>ilion of bail by volume and relative 
a/{rarliL'e7lcss (percent) I SouTce 

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

Butyl cIlriJitol areUlte + eugenol 0:1 (27). ...... ....... Do. 

Ethyl caproate + eugt)nol + mineral oil 0 :2:0 (58) ...... l\Iuma ot al. 1945. 

Geranyillcetute + eugenol 10:1 (75) ........... , ... , .. Metzger unpuh., ;\[etzger 


and ;\Inines 1935. 
Methyl allthmnilat.e + eugenol 0:1 (16), ............... Fleming et al. unpuh. 
l\IethYl Rltiin'lntr + pugPllol 0:1 (20) ... , ....... , .. " • . Do. 
Phen)'1 Pthyi lIl'et:"C + !'ltgcnol 8:1 (108),1:0 (99) ...... Lan!-(ford and Gilbert 1949. 
Phenyl ethyl hutyratl' + eu~enol 1:1 (12:3), ] :9 (145) ....Langford and Cory 1946'. 

I Parenthetical numbers in percent. 

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

Eugenol 

Composition, Source, and Specifications 

Commercial eugenol is usually obtained by the fractional dis­
tillation of clove oil, but it may be obtained from cinnamon oil. 
The specifications of the U.S. Pharmacopoeia grade, which was 
used in the baits, are as follows (Fleming et al. 1940a) : 

.! 


< 
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Color and odor .••............. , ...................Colorless to pale yellow thin 

liquid with strong aromatic 
odor of cloves 

Specific gravity nt 25° C ........................... 1.0G4-1.070 
Solubility in 70 percent ethyl alcuhol. ............ , .. 1 part in 2purts of alcohol 
Boiling range (iliO mm.) ........................... 250°-255° U. 

The U.S.P. product is practically pure eugenol, an unsaturated 
phenol with the empirical formula CH2 :CHCH~CflH:f(OCHa) OH. 
The physical properties of U.S.P. eugenol are essentially the same 
as those of pure eugenol. With these standardized specifications, 
practically the same eugenol can be obtained year after year. 

Eu genol Alone 

Richmond (1927) reported that eugenol had about one-sixth the 
Httractiveness of technical geraniol. Later he (1931) 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 POOl' attractant was accepted for several years. In 
additional tests in 1939 Fleming et al. (unpublished) found that 
L.S.P. eugenol was at least t.wo-thirds as attractive as the geraniol­
eugenol standard bait. Langford et al. (1943) rated its relative at ­
tractiveness 6:~ percent. Fleming et a!. (unpublished) found the 
relative attracti\'eness of clove oil was 17 percent and Langford 
et al. (19M) 21 percent. In view of these discrepancies, further 
attention was given to the attractiveness of eugenol. 

In more extensive tests by Fleming et al. (unpublished), the 
relative attractiveness of pure eugenol varied from 67 to 77 per­
cent with an average of 70 percent. The relative attractiveness of 
U.S.P. eugenol obtained from clove oil varied from 47 to 74 percent 
with an average of 68 percent, whereas the U.S.P. eugenol obtained 
from cinnamon oil varied from 41 to 83 percent with an average 
of 64 percent. The pure eugenol 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. (19400,) recommended 
U.S.P. eugenol obtained from clove oil as a component of beetle 
lHtitS. 

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
ness (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, respectively. 
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 mixi;ure of eugenol and dimethylphthalate had 
only one-half the attraction of eugenol. 
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When eugenol was converted to iso-eugenol by boiling with al­
coholic potash, the position of the double linking in the side chain 
was altered and the attractiveness was destroyed. The relative 
attractiveness of iso-eugenol was only 6 percent (Fleming et a!. un­
published) . 

Eugenol has the property of enhancing the attractiveness of 
milny odoriferous substances, including iso-amyl valerate, anethole, 
anise oil, caproic acid, citral, citronella oil, citronellal, citronellol, 
geraniol, geranyl acetate, lemon oil, methyl salicylate, phenyl 
ethyl acetate, phenyl ethyl alcohol, pimenta oil, safrole, sassafras 
oil, ancl alph,~ terpineol. With few exceptions, all the more attrac­
tive baits contained eugenol. 

Substitutes for Eugenol 

Only a few mixtures of anethole, caproic acid, or geraniol with 
components other than eugenol had an attractiveness about equiva­
lent to the geraniol-eugenol standard bait. The relative attractive­
ness (percent) of the 9:9 ';2 mixture of anethole, caproic acid, and 
phenyl ethyl butyrate was 9fi (Langford and Cory 191,.6), 4:4:3:4 I
mixture of anethole, caproic. acid, phenyl ethyl butyrate, and iso­
valeric acid 120 (Langford and Cory 191,.6), and 9:1 mixture of 
anethole and pimenta oil 105 (Fleming and Chisholm 19J,.J,). 

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 acetate 96 (Fleming et aI. unpublished), 4:1 with caproic acid 
103 (Langford and Cory 191,.6), 10:1 with clove oil 98 (Fleming et 
ai. unpublished). 10:1 with phenyl ethyl alcohol 98 (Metzger and 
Maines 1$)35 .. Metzger unpublished), 9:1 with pimenta oil 103 
(Fleming and Chisholm 1941,.), and 9:1 with alpha terpineol 99 ...,(Fleming et 3.1. unpublished). 

Other Attractants .. 
The baits without anethole, caproic acid, citronella oil, eugenol, 

or geraniol had a relatively low attraction to the beetles, except 
rhodinol, an unsaturated alcohol 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: 

Composition of bait by vo~ume c.':'Id relative 
attractiveness (percent) 1 Source ~ . 

Bay oil + phenyl ethyl alcohol 1 :9 (64).. . . . . . . . . .. .Fleming et al. unpub. 

Bay oil + pimenta oil 1:1 (44) ......................Langford et al. 1943. 

Bay oil + Bn..~Bafr!lB oil 1:1 (31) .... , .. . . . . .. . . .. . . . . Do.. 

Cinnamic aldehyde + phenyl ethyl alcohol 9:1 (41) ... Fleming et al. unpub. 

Clove oil + phenyl ethyl alcohol 1:9 (50). . . . . . . . • . . . Do. 
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Com1X)ttition of bait btl 1Iolume and f'6iatfu. 
attraotivene8s (percent) 1 Source 

Clovo oil + phenyl ethyl alcohol + pimonta oil 18:1:1 
(a4) .........•................................. Langford ot al. 194.'1. 


Gomnyl acetate (36) ............................... i\letzger and MILines 1985. 

Palmarosa oil (UU) .......•........•..•.....•..•....l?leming et al. unpub. 

Pillllmta oil (54) .................................. Lllllgford ot al. 1948. 

Pimontu. oil + ethyl alcohol 1:1 (64),1:9 (48).,.,., ...Langfurd et al. 1943, Fleming 


or Ill. unpub.
Pimellta oil + propionic aoid1:1 (43) ...............Langford at al. 1948. 
Pimontu oil + sU.8sufras oil 1:1 (57). . . . . . . .. . . . . .. . . Do. 
Pimonta oil + valerie acidl:O (liS).. . . . .. . . . . . . .. . . . D(/. 
Plum lelLf oil (35) ................................. l\letzgol' unpub. 
Pro]lionic {Lcid (:!3) .....••.•.......................Langford ot al. 1948. 
Sesquiterpollo alcohol'! (55) ..........................Metzgor and i\Iaines 1935, 

FlolIlingot al. unpub. 
Valeric acid (20) ...................................Langford et al. 1948. 
Valeric acid + bay oil 0:1 (75). . . . . . . . . . .. . . . . .. . . . . . Do. 
\'aleric !lcid + lillaloe oil 1:1 (55). . . . . . . . . . . . . . . . . . . Do. 
Valoric acid + Bll.ssafras oil 9:1 (69).. ............. .. Do. 

I 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 codling moth (Carpocapsa pomonella (L.) ) stimulated 
tHsts 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 usually 
fell into the liquid bait and were not able to escap-::. The average 
number of beetles captured per pan with the different baits during 
a period of 3 or 4 days was as follows: 

Fermented bait Number of beetles 
caught per pan 

l\lalt sirup .......•......................................... 3,432 

Apple juice ....•...................... , .................... . 3,230 

CUIlO sura.r sirup ........................... , ............... . 2,14i 

Orango. J~IICO ...•................................ , •..... " .. . 1,07ii 

Prune JUice .•........... , ............ , ..................... . lii7 


Unfenllented bait 

Com sirup .........•...•..•................................ 668 

Applo juico ..... , •.................. " .. , .................. . 3li4 

Cane BII~ar sirup ........................................... . 253 

Rock candy sirup...... '" .... , . '" '" .. , .................. , 162 

'Vater...........•...........•............................. (I) 


Occasional beetle. I 
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Fermented malt gil'up and fermented apple juice were the most 
attractive to thc beetles. During 9 hours of beetle activity, the 20 
Jlan~ with fpl'mf'nted apple .iuke captured 47,;150 beetles. 

No comp/LI'atin' te~ts were conducted to deh'rmine tile relative 
atll'a('ti\'('nes~ of the (t'l'mentec1 bait ancl the gtanc1arcl gCl'nniol­
pugenol mixlurc. Later Langford et a1. (19,~8) found that unEer­
mentt'(\ apple juk(' attracted :n p0rt'ent as many beetles as the 
gt'l'alliol-cugPIlOI mixture. It might be surmi~ed that the attrac­
th'Pl1ess of f('l'lnentpcl malt simp and fprm0ntpd apple .illice would 
l'ompal'e (a\'oralJl~' \\'ith Lhe geraniol-eugl'nol mixture. The tests 
with fpl'l11C'llted ImHo.; \\'el'(> not continued, probnlJly because a bait 
(If t.hb t.vpe did not apP0al to the gt'neral public. 

REX ATTRACTANT 
In nature the male hectle is strongly attl'actec1 to female beetles, 

but ft'malp bcetll's ill l'onfinenwnt are not attractiye. Fleming 
(unpublished) ('ontilwd \'irgill ancl fi(,lcl-,:olleeted females and 
be(,tI0H o[ both Sl'xex in perforated l'ylindprs of traps designed 
to hol([ th0 llttrat'tanL Traps baitee! with the living beetles cap­
tured no more l)('('tl('H than unbait<,cl traps, whieh caught a few 
b('etieH. \\'lw11 ('ng-ps ('()\'E'recl with wi re eloth \\'PI'e placecl over 
plants On ",hieh iJel'tll's \\'('I'e I'pC'cling, most of the lJeetles left the 
plants and \n'lll- to t:J1l' top and til(' sidE'S of the cage to eseape. 
Although nmn.\' hE'etlpx ('ame to ul1l'agecl plant~ in the vicinity, 
[('W camp 10 til(' l'agps. 

ThE' \'C'adioll d frE'('-fl~Ting beetlE'S to confined jn(1ivic111al~ con­
trasts to that of the grpsy moth (P01·thetria dispar (L.)). Collins 
and Pottx (U):U, .1.I1.1.!) found that the 111H Ie moths were strongly 
attractt'~l to ('ollfillC(\ \'irgin females, flying in some inslances 
nlOre than 2 mill's to thcm. Al first traps haited with living 
fl'mal('s were wwcl in the sun'e~' program, hut the possibility of 
the mo1hs ('sea ping in uninf('sted areas forced diseontinnance 
of the practice. Traps haited with the last two abdominal seg­
nlPnts of ti1C' fpnwlE' 01' extracts 01' those segments were effective 
in attnu,ting mal(' moths. 

Attempts to C'xtrad an at b'al'tivC' substanee from female beetles 
\\'01'e not su('c('ssful. Rit'hmoncl (19,] 1) reportecl that C'xtracts of 
the abclomelll'l of mHl(' and fl'male beetles were not attractive. 
F'leming d a1. (unpulJliRhed) in 19,12 fonnd that acetone, benzene, 
('th,\-I all'ohol. and petroleum ether extracts of virgin and fleld­
<:olleeteci female heel Ips \\'('re not attractiw. Traps baited with 
theRe l'xtnH'tR eapturec1 only an occasional beetle as did the un­
baited b'ans. 

Lac1d C't al. (unpublished) soaked virgin female beetles for 
Reventl days in 95 pl'rcent eth~'l alcohol. Then the bodies were 
macenltcc1 in the alcohol and the solution was fllterecl. Each 
1.25 ml. of the alcohol contained th(' material extraetecl from 
one l)('etle (extrnet A). A l)(lrt of this pxtract was concentrated 
uncleI' reduced prC'Rsnre at room temperature to one-flfth its 
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original volume (extract B). A 4:1 mixture of extract A and 
g'lycerin was tested in competition with a 4:1 mixture of ethyl 
alcohol and glycerin and a 9:1 mixture of anethole and eugenol. 

During a 12-day period 93 percent of the beetles 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 unbnited traps, showing that the extracts had no 
special attraction for the male beetles. 

Possibly the attractive substance is released by the female 
v;;hen she is 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 (Alli'wm 'Vineale L.) 
was growing than in other areas. The odor of the plant was 
thought to have attracted beetles to lay eggs in tbe 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 a cage over turf and the com­
pound in a small cup was placed near one corner of the cage. 
The odor of the undiluted chemiral was apparently repellent 
because no eggs were deposited near the cup. When 1- and 2-per­
cent solutions of allyl sulfide in ethyl 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 ~llly] sulfide and none near the ethyl alcohol, 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 ber eggs in a selected area, no additional experi­
ments were conducted with ovipositional chemotropism. 

TRAPS WITH ATTRACTIVE BAITS 

Electrical Traps 

Several electrical traps for electrocuting flies and mosquitoes 
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 voltages, Mehrhof 
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~unpublished) and Mehrhof and Van Leeu\Vfm (1980) demon­
strated that beetles flying between parallel charged wires were 
readily electrocuted by a current with a frequeney of 60 cycles 
and a potential of 10,000 to 12,000 volts. The optimum distance 
between the parallel wires was five-eighth:; 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 jllgt snfficient to pre­
vent sparking, except "when a beetle flew between them. The 
destructive electrical discharge passed from one wire through 
the body of the insect to the adjacent wire. The elytra of many 
beetles wel'e burned from their bodies, the '.vinrr.s were usually 
damaged, and sometimes holes were burned in the thorax or 
abdomen. 

An experimental tntp, 3 feet square and 3 feet high, was 
constructed on a wooc\enframe with bare wire stretched in 
parallel strands on the sides and top. '£he alternate strands were 
connected so there ,yould be a potential of 10,000 t.o 12,000 volts 
between any two adjacent strands. The trap was operated from 
a nO-volt, GO-cycle alternating current and consumed 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 tl'ap to attract beetles. 

Beetles were attracted at times from plants one-fourth mile 
away. Practically all coming into contact with the trap were 
killed. Less than 3 perc611t of the beetles collected on the ground 
near the trap were alive 48 hours later. The trap placed 4 1,2 feet 
[lbove the ground in a peach orchard electrocuted 592 beetles per 
hour. When it \vas elevated 9 feet above the ground, 985 beetles 
per hour were killed in the peach orchard and 857 per hour in 
an open field. 

The use of the electrical trap mnde by Mehl'hof and Van 
Leeuwen (1.930) was 'restl'icted by the ayailahility of 110~volt 
eleetrical power. Rex (unpublished) developed a trap that oper­
ated on a 6~volt storage baUery. The battery supplied current for 
the primary winding of a jump spark coil. The secrmdary winding 
of a 2-inch coil produced a potential of 20,000 volts that killed 
about 75 percent of the beetles flying between two bare wires 
spaced five-eighths inch apart: a 4-inch coil produced a potential 
of 40,000 yolts that killed all the beetles. One charging of the 
battery operated either unit for about 8 banI'S. The wires were 
stretched on a wooden frame, 4 feet high and 12 feet long, which 
"'as mounted on two saw horseR about 3 feet above the ground. 
A 30 percent geraniol emulsion was atomized by a nQzzle in the 
center of the upper rail of the trap b~' means of a 6-volt -pump to 
attract beetles. The trap was placed across the path of the flight 
of beetles. 

The trap waR set up in a heavily populated area on a clear day 
when the temperature was high. Two minutes after 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 sufficiently to continue their flight to a cornfield 100 
yards beyond the trap. Other beetles alighting on the wires were 
electrocuted and remained clinging to them, causing a continuous 
discharge at these points. It was necessary to shut off the cur­
rent to remove these beetles. With a potential of 40,000 volts 
all beetles touching the wires were killed and thrown violently to 
the ground. 

The electrocution of large numbers of beetles by these experi­
mental traps was spectacular, but with such high voltages they 
could not be placed unattended in the field. 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 attracted and killed beetles, but being relatively small 
compared with the experimental traps, the number killed was not 
impressive even in heavily populated areas. The manufacturers 
sold only a few of their modified electrical traps for killing 
beetles, indicating that the public had little interest in such 
a device. 

Mechanical Traps 

The first mechanical device for capturing beetles was used in 
)924. It consisted of a glass lantern globe mounted on a wooden 
base, which was attached to a stake, a,nd a funnel was inserted 
into the upper opening of the globe. Bran bait was scattered on 
the wooden base as an attractant. Another 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 scattered over the bottom 
of the jar. Both of these crude devices caught beetles, but they 
were inefficient and impractical. (Richmond and Metzger 1929; 
Metzger unpublished) 

The results with these and other crude devices stimulated efforts 
to develop a standard trap to catch large numbers of beetles in 
the heavily populated areas. Many models differing widely in 
size, shape, ancl practability were constructed and tested. In addi­
tion to capturing beetles, a trap to be practical had to be simple 
in design, cheap to construct, and sufficiently durable to with­
stand exposure to the weather for several weeks. Several hun­
dred models were constructed during the 1930's. 

Development of Standard Trap 

Trap A.-.The best standard trap in 1925 consisted of an un­
painted cylindrical 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 device from a stake. (Metzger 1928; Richmond and Metzger 
1929) 

The pitch of the funnel and the size of its .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 beetles, and a larger opening permitted some 
of the captured beetles to fly 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 %,-inch opening. 

The 150 grams of bran bait in this trap contained 3.75 grams of 
technical geraniol and 0.375 gram of U.S.P. eugenol (Metzger 
1928) . 

Richml)nd 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 to 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 (1936a) 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 (lfI30) found that the green traps caught 45 percent 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 abo\'e the funnel was the next 
improvement. Richmond and Metzger (1929), observing that 
many beetles attracted to trap A or trap B flew rapidly over the 
funnel only a few inches above it, attached a piece of sheet tin up­
right auoye the funnel. During a 3-hour period 203 beetles flew 
directly into the funnel. 182 hit the baffle and fell into the funnel, 

I.and 190 hit the baffle at such an angle that their flight was merely 
deflected. 

Metzger (1928, unpublished) tested several types of baffles and 
found that the four-winged baffle was the most effective. It was 
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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 e;rlended 4 inches above it. Metzger (19860,) 
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. (1940) confirmed that the four-winged baffle 
was the best type. It was estimated that trap C caught 1.9 times 
as many beetles as trap A. 

Tr.ap D.-Trap D was 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 (1.980) found that by increasing the amount of attractant to 
that extent, trap D captured 160 percent more beetles than trap C. 
It was estimated that trap D caught five times as many beetles as 
trap A. 

Tra:p 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 was 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 beetles is 
somewhat repellent. Trap E was equivalent to trap D in effective­
ness. (Metzger 1982, 1984a, 1996, 1936a; Van Leeuwen and 
Metzger 1980) 

Rex (1931, 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 ai. (1940) designed 
other receptacles of perforated metal. Since they were well 
ae.rated, the beetles usually lived in them for several days. 

T'rap 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 beetles as trap A. (Metzger 1932, 
1936.a, unpublished; Van Leeuwen and Vander Meulen 1931) 

Trap G.-Trap G was the same as trap F, 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 13.1 times as 
many beetles as trap A. (Metzger 1936a, unpUblished) 

Trap H.-When traps were equipped with a four-winged 
baffle resting on top of the funnel, some beetles were observed 
flying under the batHe and escaping. When trap H was modified 
so 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 beetles 
as trap A. (Metzger 1932, 1936a) 

Trap I.-The stsndard trap was .remodeled in 1932. The bucket 
was eliminated, the screw cap of the beetle receptacle was soldered 
to the lower end of the funnel, and a cylindrical bait container of 
perforated metal with a solid cap on the top and the bottom W8.8 
mounted in the center section of the baffle, which was cut out to 
receive it (Metzger 193.4a). The construction o( the trap was 
covered by U.S. Patent 1,968,953 (Metzger 1935a). This trap 
equipped with a glass jar beetle receptacle is shown in figure 1 and 
with a perforated metal receptacle in figure 2. 

Trap I, 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, captured 39 percent more beetles 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 1996a) 

BN-32B24 ~ • 
! 

FIGURE I.-Standard trap with glass jar for beetle receptacle. Bait is 
placed in perforated cylinder in baffle. Metal parts are painted chrome 
yellow with high luster. 
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Trap J .-Trap J was the. same as trap I, except the bran bait 
was replaced by a 10:1 miXture of geraniol and eugenol that was 
vaporized from a wick inserted into the bottle holding the mixture. 
Trap J captured 13 percent more beetles than trap I. It wal esti­
mated that trap J caught 32.2 times as many beetles as trap A. 
(Metzger 1988) 

BN-32823 

FIGURE 2.-Standard trap with perforated metal beetle receptacle for use 
in densely infested areas. Preferred color is yellow throughout. 
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Tm.p K.-Trap I< was the same as trap J, except it was yellow 
instead of green and white. It captured 51 percent more beetles 
than trap J. It was estimated that trap K caught 48.4 times as 
many beetles as trap A. (Fleming et a1. 1940, 1940a) 

J)iHclIsHirJll.-Metzger (l!)SGa) compared the> number of beetles 
l'Hptured in 1926 by trap A in a densely populated area near River­
trJn, N.J., with the number captured by trap J in an area of that 
t~'pe in Salem County, N.J., in 1988. Most of the A traps caught 
1 to 1.5 quarts of beetles dai1~', whereas several of the J traps 
captured 40 quarts daily. Langford et al. (19.W) found that the 
unpainted, galvanized iron, Maryland modification of trap J caught 
only 64 percent as many beetles as the trap painted green and 
white. 

Two other interesting though impractical modifications were 
macle in the standard trap. Van Leeuwen and Metzger (1930) ob­
served that many beetles flying to trap C collided with the bucket 
llnd escaped, although some of them might have been captured 

.,'later. To overcome this situation, they placed paper coated with 
n stick~' sul)stance mal1e from rosin and castor oil around the 
hucket. 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 fly 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
II1'acticalllecause it was dinicult to handle ancl the coated paper had 
to be replaced every few clays. 

The other change was the modification in the funnel of trap J. 
Metzger (z.r):l.~) observed that some beetles struck the funnel be­
low the baffle and escaped. When four apertures, each with a flap 
11'~ inehes long, were cut in the side of the funnel and the batHe 
was extended to the lJOttom of the apertures, the trap captured 33 
pereent more beetles. The construction of this trap was covered 
by U.S. Patent 1,968,95L1 (Metzger lfJ3/Sb). Since the manufactur­
ers werl' not enthw,iastic about this change, modified trap J did not 
come into general use. 

Collecting and disposing of beetles was time consuming in heavi­
Iv in festet! areas where large numbers of traps were operated and 
5,000 or more lleetles were captured per trap daily. To remedy 
this situation, Langford et al. (l!l45) removed the beetle receptacle 
and substituted for it a salve box containing a 3:1 mixture of DDT 
and axile grease or a cotton pad saturated 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. Ninetv-eight percent or more of the beetles coming 
into contact with the'insecticide were killed. Traps equipped with 
this killing de\'iee 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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Development of Survey Trap 

Although s€:veral 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 store and ship, the cost of shipment was high, and 
the beetle receptacle was much larger than necessary in areas 
where only 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 
t unpublished) found that these small traps captured only 12 to 65 
percent as many beetles as the standard trap. Langford et al. 
(19.40) also tested several small commercial traps and found that 
the best one was only 50 perecnt as effective as the standard trap. 
An efficient small trap was needed that could be stored, shipped 
unassembled, and assembled easily in the field. 

Armstrong and Metzger (1935) constructed several models of 
readily assembled survey traps and were granted U.S. Patent 
2,020,283 covering these devices. The best model consisted of a 
funnel 6 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 baffle, and a small 
can with a capacity of 50 to 100 beetles attached to the bottom of 
Lhe 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 onljT 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 83 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
penser, 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 
traps at Cape Charles, 786 at Pocomoke 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 important factor 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 traps, 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 cylinder 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 
cylinder 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 method 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 baffle. The wick 
was protected from the weather by an inverted metal cone that 
eovered it. The beetle receptach; 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 
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FlGl'I(E; a.-SurvE'Y trap [or use in lightly infested ar!!as where only a few 
heetles arE' captured during summer. Preferred color is yellow throughout. 
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wick, the survey trap captured 'i3 to 88 percent as many beetles as 
the standard trap. The lower catch by the survey trap was attrib­
uted to the felt wick, because the standard trap with that wick 
also caught fewer beetles. (Fleming et a1. unpublished) 

In 1939 both the standard and the survey trays were equipped 
with cotton 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 tne survey traps were painted a primary 
yellow. (Fleming et al. 1940a; Hadley 1940) 

Fleming et al. (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 beetle populations than in the lightly infested areas for 
which they were originally designed. Langford et a1. (1940) 
similarly modified the survey trap. 

Bait 

The 10:1 mixture of technical geraniol and U.S.P. eugenol was 
l'ecommended by the Japanese Beetle Laboratory as the attractant 
in traps from 1928 to 1944, when geraniol became unavailable 
(Metzger 102S, 1932, 1934a, 1!136; Van Leeuwen and Metzger 
1.930; Fleming et al. 1940a). A 20:2:1 mb..."ture of technical ge­
raniol, U.S.P. eugenol, and phenyl ethyl alcohol was recommended 
us an alternative bait during 1936-39 (Metzger 10S6). 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 1944; Fleming et al. 1946; Fleming 1955, 1958, 1960, 
1.9(3) . 

Bait Dispenser 

Bran Bait.-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 slightly less than 7 
inches in diameter and seven-eighths i.nch deep, the bottom of 
which was covered with 16-mesh copper wire (Metzger 1928, 
lfJ32). When the standard trap was remodeled in 1932, the bran 
bait was placed in a perforated cylinder 2 inches in diameter and 
6 inches long, wltich was mounted in the center of the baffle 
(Metzger 1934a, 1936). The bran bait was bulky and decreased in 
attractiveness as the geraniol and eugenol evaporated. The bran 
bait had to be replaced every 2 or 3 weeks to maintain an adequate 
level of attractiveness. 

Eottle-and-Wick Dispense't.-The development of the bottle-and­
wick dispenser by Metzger (1983) for vaporizing the ba~t was an 
important improvement, in that sufficient bait could be put into 
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the bottle to last for the trapping season, the amount of liquid re­
maining in the bottle could be readily seen, and with pure com­
pounds the attractiveness remained at about the same level as long 
as 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 cotton shedh. The bucket­
type traps with the 10:1 geraniol-eugenol mixture dispensed by 
tlJe 2-inch exposed wick caught 7 percent more beetles than the 
traps with the bran bait, and those with the 4-inch e..~posed wick 
caught 27 percent n10re beetles during 31 days. 

Metzger (l.rJ34a) recommended the ~;J,-inch cotton wick exposed 
2 inches for use in the standard trap, and later he (1986) also 
recommended a Y2-inch wick exposed 1 inch. Fleming et al. 
(1!).I;Oa) recommended the ~:'t,-inch wick exposed 2 inches, the 1/2­
inch wick exposed 1 ~;I, inches, or the %-inch wick exposed 1 inch, 
and later Fleming (unpublished) also recommended aV2-inch 
woven dental roll exposed 1 ~:l' 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 narrow metal band around the cotton wicks near 
the upper end to prevent fmying and thus modifying the rate of 
evaporation. 1'he cotton dental roll did not fray. The wicks were 
cut so that when the lower end was resting on the bottom of the 
bait bottle, the upper end projected the desired distance through 
the cap of the bottle. 

In 1939 a felt wick, apPL'oximately three-eighths inch square, 
was much cheaper than the cotton wick. Fleming et ai. (unpub­
lished) found that during a 7-week exposure in traps, the 1,4-inch 
cotton wick exposed 2 inches evaporated 5A6 grams of the 10:1 
geraniol-eugenol mixture, whereas the felt wick exposed one-half 
and 1 inch evaporated 9.74 and 1~3.83 grams, respectively. However, 
traps with the L~_ and I-inch ex.posed felt wicks captured only 63 
<1n(\ 72 percent, respectively, as many beetles as those with the 
cotton wick. 

Pllmice and Cemmic Blocks.-Pumice and ceramic blocks satu­
rated with the 10:1 geraniol-eugenol mixture was another method 
of dis}Jensing the attractant. Metzger (unpublished) tested vari­
OtiS grades of imported pumice ranging from hard to soft with 
textures from fine to coarse and several types of domestic ceramic 
blocks as dispensers of the bait. Some blocks 1 inch square and 4 
inches long, which could be used in the standard trap, evaporated 
about the same amount of bait and attracted about the same num­
ber of beetles as theJ.~-inch cotton wick exposed 1 inch during 8 
weeks in the field. 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 1;2­
inch cotton wick during the first 3 weeks in the field, but after that 
the attractivene8s decreased progressively. 

In 19~5 Metzger (unpublished) developed the following specifi­
cations for pumice and ceramic blocks as carriers of the geraniol­
eugenol 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 defects 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 2% inches long. 

(5) Each block when (1-- must weigh not less than 60 or more 
than 70 grams. 

(6) It must be impervious to any action by the geraniol- eugenol 
mixture. 

(7) Each block 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 block 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 0 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 trapping season. 

Fleming et al. (unpublished) studied further the evaporation 
rate of the 10:1 geraniol-eugenol mixture from cotton wicks and 
pumice and ceramic blocks and the relative attractiveness of these 
devices in the survey trap. During an 8-week exposure the evapo­
ration from the 1J2-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 5, 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 l/2-inch cotton wick and the pumice 
and ceramic blocks in the 1938 survey trap was compared with the 
attractiveness of the ~(L-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 attractiveness of the 1f2-inch wick in the sur­
vey trap was equivalent to that of the V.~-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 
133,97,73,42,37, and 28 during the first through the sixth week, 
respectively. 

The changes 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. 

Beetle Receptacle 

To prevent beetles escaping from the receptacle, the lower end of 
the funnel 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 made in the bottom of the receptacle so that it will 
uot fill with water during rainy periods. The capacity of the re­
ceptacle should be such that it will not overflow with beetles during 
intervals between their removal. A small receptacle with a capacity 
of 50 to 100 beetles was ample in lightly infested areas. In densely 
populated areas a capacity of 2 or more quarts was required. 

A Mason jar was first used as the beetle receptacle on the stand­
ard trap. A 2-quart jar is about as large as can be used advanta­
geously, because larger jars are too heavy. In densely populated 
areas it was necessary to empty the 2-quart jars several times 
daily. When filled, the 2-quart jar held approximately 6,600 
beetles. 

Metzger (1!J:J2, llJS!;(L, 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 
feet per minute, while a fine stream of water was directed at the 
point where the cut was being made. 

Rex (1931) designed a detachable, rigid, wire-mesh receptacle of 
:-3 (1llarts' capacity to replace the glass jar used 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 become hot like the glass jar when exposed to the sun, 
Cind the beetles remained alive for several days. Later he (1932) 
replaced the wire-mesh receptacle with 3-quart and 5-gal1on per­
forated metal receptacles. The trap with the large receptacle had 
legs for standing it on the ground. When filled, the large receptacle 
helel about 66,000 beetles. Langford et al. (19.40) developed several 
moelels of perforated metal receptacles. Actually almost any well­
ventilated receptacle is suitable for holding 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 was 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 its 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 beetle receptacle, the survey trap had only 154 square inches 
of metal. From trap A to the survey trap, the amount of metal 
was reduced 69 percent and the effectiveness in capturing beetles 
was increased 48.4 times. 

Traps were constructed of wood, glass, and paper products in 
the search fol' a cheaper material than metal. A cheap trap used 
for only one season might be more desirable than a metal trap that 
had to be cleaned and repainted each season. Langford et a!. 
(DJ40) constructed wooden traps in the general form of the 
standard trap and painted them. The wooden traps were 17 per­
cent leils effecth'e 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 interested in 
constructing their own traps. 

IVtetzger (unpublished) constructed an experimental trap en­
tirely of glass. The only metal used was the holder for the bran 
uait, which was placed on the bottom of the beetle receptacle, a 2­
gallon percolator. The glass trap captured 34 percent more beetles 
than the green standard trap D. However, glass was considel;ed too 
fragile for the construction of traps, 

Langford et a!. (1940) constructed a standard trap of paraffin­
coated painted cardboard. For 23 clays about the same numbers of 
ueetles were captured by the cardboard and metal traps. The card­
board 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 its shape. A survey trap constructed of this material re­
tained its shape during a 6-week exposure in the field, and during 
that period caught 88 percent as many beetles as the metal survey 
trap. Three traps of heavy waterproof paper board, submitted by 
manufacturers, were definitely less effective than the metal survey 
trap in capturing beetles. The best of these cnught only 77 percent 
as many beetles as the metal trap, The trap made of fiber case 
board painted yellow was recomm~mded in 1943 aR a possible sub­
~titute for the metal trap, if metal was not available. The Depart­
ment used traps made of this material in the survey program of 
1944 and to some e~'ient in 1945 and subsequent years. Traps 
mad€' of fiber 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 metal traps. 

Color of Traps 

In a preliminary experiment in 1927 Richmond and Metzger 
(1.1129) found that traps painted a medium chrome green to blend 
with foliage captured 35 percent more beetles than unpainted 
traps. In more extensive tests with painted and unpainted traps 
Van Leeuwen anciMetzger (l!JJO) found that a trap painted green 
caught the mm-;t beetles. The relative effectiveness (percent) of 
the other traps, as compared with that of the green trap, was as 
follows: Brown 9;,3, yellow 89, red 81, blue 76, orange 76, un­
painted 69, white 65, indigo 60, black 52, and purple 50. As a re­
sult oC these tests it was recommended that the traps be painted 
a medium chrome green. 

The commercial traps for public use were many shades of green, 
varying from li.ght to clark and from bluish green to yellowish 
green. Metzger (UllpU blished) found that in comparison with a 
medium chrome green trap, the relative effectiveness (percent) of 
tt'aps painted other shades of green was as follows: Olive green 
110, dark green 12:1, chlorophyll green 131, pea green 139, and 
light green 1<18. Metzger (1UJ2) recommended that the traps be 
painted a light green. 

During the I:{ummer of 1930 a company manufacturing beetle 
traps in Philadelphia, Pa., reported tllat green traps with white 
baflles caught more beetles than all-green traps. In a preliminary 
lest Van Leeuwen and Vander Meulen {lDS1) found that in com­
parison with the all-green trap, the relative effectiveness of a 
green tmp with It whitl' baffle 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 to white. In comparison with the all-green trap, 
I'he relath'e effectiveness (percent) of a green trap with white 
battle was 166, a green trap with white inside funnel 180, and a 
green trap with white baffle and white inside funnel 187. One of 
the unexpe<:ted results, in view of the previous tests by Van 
Leeuwen and Metzger (1!J30) , was that the all-white trap captured 
39 percent more beetles than the all-green trap. The white trap 
was less effeetive with a green baffle or green inside funnel. Metz­
ger (HI,U, J.CI;J .~a, 1!JS(J) recommended painting the batHe and in­
side funnel white and the other parts of the trap light green. These 
traps were used for severa] years. 

Fleming et al. (1,1)1;0) tested the survey trap with the various 
parts painted white, light green, and dark green in competition 
with the standard trap with the batHe and inside funnel white and 
the rest light green. In comparison with the green and white 
standard trap, the n~lative effectiveness of the all-white, all-light 
green, and all-clark green surve~T traps was 97, 82, and 80 percent, 
respec,tively. A dark-green batHe and cone on the white trap re­
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duced its 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 white baffle and cone 
on a dark-green trap increased its relative effectiveness to 89 per­
cent and white baffle, cone, and inside funnel to 97 percent. About 
the same results were obtained with the light-green trap when 
these parts were white. It was concluded that the color of the baffle, 
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 receptacle 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. (19,40) tested the 
survey trap painted with the primary colors and white in competi­
tion with the green and white standard 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 whit~ 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 colQrs as 
follows: Light blue 65, yellowish green 112, medium green 108, 
bluish green 99, and dark green 83. The addition of white to red, 
blue, or yellow reduced the effectiveness (percent) of these colors 
as follows: Pink 53, light blue 65, and light yellow 115. On the 
other hand, adding yellow to red or blue enhanced the effective­
ness (percent) 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 must effective. Whittington and Bickley (19-'11) confirmed 
that yellow was the best color for beetle traps. 

.. Fleming et al. (1.9.40u) recommended that the beetle traps be 
painted <l chrome yellow, 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 19-'11). Since 
then yellow has been the accepted color for beetle traps (U.S. 
Bureau of Entomology and Plant Quarantine 19-'19; Denning and 
Goff 19-'1-'1; Fleming 1955, 1958, 1960, 1968; Hadley 19,40). 

Luster of Traps 

In 1931 Metzger (unpublished) 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 aI. (lfJJ,Ou) found that traps with a high 
luster paint or lacquer caught more beetles than those with a dull 
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finish. The effectiveness of the highly lustrous traps decreased as 
e..xposure to the weather reduced the luster or changed the color of 
the pigment. To maintain a trap at its highest effie leney, Metzger 
(1932, 1984a, 1936) and Fleming et a1. (1940a) recommended re­
painting the trap when the film of paint had been damaged or had 
changed appreciably in luster or color. 

Density of Beetle Population and Performance of Traps 

Most 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 beetles 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 af1d 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, ,... 
respecti vely. 

Response of Beetles to Baited Traps 

Beetles attracted by a baited trap flew upwind toward it. Many 
of them hit the baffle while in flight, were thrown violently into 
the funnel, and slid into the beetle receptacle. The collision is 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 
E.'nough 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 npper rim of the funnel. Most 
of the beetles on these precarious perches lost their balance and 
tumbled into 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 flight. 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 suspf;'ndecl 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, 193.4a, 1936), and Fleming et aL 
(1984a, 19.40a) 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. (1942) 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: 

Distance jreml Beetles caught 
garden (feet) (percent) 

lO........................................ 40 

lIiD ....••• " ••.......• '" ... •. . ... . . . ...• . . 14 

310 .•.••....•..• '" .••..••...... , ...... " . . 14 
-IliO ............. " . .. •••..• . •...• ...... .•.• 16 

(ilO. .••.. . ••.•. • . .... . . .•••• .•...• .• .•.•. .. 16 

In another test in which traps were placed 10 and 100 feet from 
roses, grapes, sHssafras, and other hosts in six towns, 77 percent of 
the 65,277 beetles 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 (1930) found 
that the optimum height was with the rim of the funnel 3 to 4 
feet 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 captured by a trap with 
the rim 3 1/2 feet above the ground, 89 and 70, respectively, were 
caught in traps 41/2 and 51/2 feet above the ground. The tests of 
Whittingtonancl Bickley (19.41) indicated that uncler some condi­
tions the optimum height might be lower than 3% feet. In their 
tests for every 100 beetles taken in traps 3% feet above the ground, 
126, 90, and 68, respectively, were captured at 2112, 41/2, and 
5~2 feet. 

Metzger (1932, 198.4a, 1936) recommended a 7/16-inch iron rod 
'7 feet long with an 8-inch arm at the upper end to hang the stand­
ard trap. A t~,-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 a 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 Ih-inch rod 
with an arm 4 inches long was adequate for suspending the lighter 
survey 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 reported that 
traps 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 a 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.1940a; Metz­
ger 1984a, 1986; Whittington et a1. 1942) 

In rural areas with open fields the zone of attraction is larger. 
Mehrhof and Van Leeuwen (1980) reported that at times beetles 
were attracted to a trap one-fourth mile away. Metzger (1984a, 
1986) stated that under favorable conditions beetles may be at­
tracted from a distance of 900 to 1,500 feet. Metzger and Maines 
(unpublished) released 5,000 beetles, marked by dipping in lime­
aluminum sulfate 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 captur.ed 
174 of them in traps. Traps within 200, 200-300, 300-400, 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 a1. (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 beetle 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. 

As 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, 3 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 nonagriculture land. With this information and 
the census data on the acreage and kinds of crops on 178 farms, 
involving 6,749 acres in C~cil 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 aI. (19.41) 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 farms. 
The 1,9/n traps caught 46,888 quarts, or 27.5 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 beetles. An asparagus grower, for example, caught 
about five times as many beetles 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 
of the population captured and the number of traps per acre. It 
was estimated that one trap per 1, 2, 3, 4, and 5 acres caught 30, 14, 
9, 6, and 4 percent, respectively, of the pvpu!ation. 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, 
r.. greater reduction might be expected by increasing the number 
of traps in that area. 

Value of Traps in Controlling 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
11orts, 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 (1081) discussed the use of traps in Rurveys 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 traps 
and the number of beetles captured by each were recorded Oll a 
map so that it was possible to determine where the population 
was the densest and probable limits of the infestation. When only 
a few beetle~ were captured at a locality, the survey was continued 
for several years to determine whether the insect became e::;tau­
lished, and if established to determine the rate of population in­
crease and spread. Usually when the beetle became established in 
an area several miles from a known infestation, every effort was 
made by Federal and State agencies to eradicate the infestation or 
at least to retard the normal increase in population. 

T1"CLPS in Lightly PO]JulcLtecl A1·eas.-'l'here is some evidence that 
the captme of the first ueetles to invade a loc:ality remote from 
known infested areas prevented the establi::;hmellt of the illsect. 
Courtney (1[J31) captured a few ueetles at several localities in 
1929, but he did not catch any at the::;e localities in 1930, even 
though no control progl·am had been ",mdertaken. Cory and Lang­
ford (DJ5:J) reported that when the beetle first invaded Ma ryland 
and several isolated infestations were found, the capture of the 
first beetles at an isolated lot:ality often prevented the establish­
ment of the insect for several years. With a reproductive potential 
of twentyfold to thirtyfold, the capture of female beetles early in 
the seaSOn before little or any oviposition hm; occurred could elimi­
nate the infestation or at least retard the development of the popu­
lation. 

'l'raps in DellSelll Populated A.,-eas.-The N.J. Departnlf'nt of 
Agriculture and the University of Maryland used traps extensive­
ly to reduce the beetle population in densely populated areas. The 
number of beetles captured in these campaigns was impressive. 
During the height of the campaign in New Jersey in 19~12, Rex 
(unpublished) placed 2,100 traps on :3:25 farms in a heavily popu­
lated area of 75 s(luare miles in the southern part of the State and 
t:aptured 160,800 quarts, or about 530,640,000 beetles. 

A large-scale program to reduce the density of the beetle popu­
lation in Maryland was undertaken cooperatively by the University 
of Maryland and the U.S. Department of Agriculture in 1938. It 
included trapping, spraying infested plants with im,ecticides, treat­
ing soil with insecticides, colonizing parasites and pathogenic or­
ganisms, agriculture adjustment, and education. In 1938 approxi­
mately 40,000 traps operated in cities, towns, and villages and on 
farms in Baltimore, Cecil, Kent, Somerset. and Worcester Counties 
captured 123,166 quarts, or about 406,447,800 beetles (Langford 
et al. 1 [)SlJ) . In 1939 approximately 100,000 traps in Maryland 
caught 104 tons, or approximately 1.050,878,400 beetles (Lang­
ford et al. l[)J,Oa; Cory and Langford 1.944). In 1940, 127,122 
traps caught 275 tons, or approximatel~f 2,778.7G!).000 beetles 
(Langford et al. 19-41a). During the height uf 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 1[)55). Since then the population density has 
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declined progre~sively. In 1954 only 19,740,056 beetles were cap­
hIred in traps in 18 counties (Cory and Langford 1955). 

Although lnrg!;' numiJers of beetles were caught in these exten­
sive t:ampaigns, many Wl're left in the densely populated areas to 
dcfoliat!;, thl'ir fCl\·orec! food plant::;. There is no technique for de­
termining how nllll"h rnore damage would have occurred if the 
trap::; hac! not been uRed, but Langford et a!. (1!J.~Oa) believed that 
till' trapH had l>epn benelkial. 'rhe capture of thousands of female 
LJeptles bero\"(' all tho eggs had been deposited would cause some re­
dUl'tiol\ in thl noxt brood. In 19;38 Langford et a1. (1939) found 
lhat in an an'a of In sqllarp miles in Cecil County, Mel., the farms 
lin whit'h tra ps had been plat:ecl had :lij percent fewer grubs in the 
pert1Hll1l'llt pa:-;tures in O<:tober than in the previous April, where­
as the fal'ms without traps had 2 percent more grubs in their 
pastures. 'I'll(' entin' an'a had ~·I percent fewer grubs in October 
than th(' IWe\'iolls April. 

1'/"(11 cdill{/ PII/Ii/g ill 1h'IIMl!l Poplilo ted l-lrc'wI.-Van Leeuwen 
anti l\fl't;.~g-l'r (i!',/()) plueed 500 traps at 30-foot intervals on 15 
Ht:res of til(' grounds of Grey Towers, H part of Beaver College 
ltvar .Tf'nkintown. Pa. Ihll·ing the next few days it was not pos­
:-iblp to l'mpty lhe I-quart t)el'tlp t·eceptaeles fa:;t enough to keep 
them from m·prt\owing with captured beetles. The traps captured 
9,OO·I,8()() bpl'tll's during the 5 weeks tlwy were operated. The 
beetle's [('('ding- on the trees and shrubs was slight, but most of 
tlwm were nOl I'a\'ored food IJlants. A survey in September Rhowed 

'.. 	 that there \\'prp about 1:\ million gruhs on the 15 acres. No doubt 
there would han' IJcl'n many more grubs in the Hoil if the traps 
had !lot hl'1'11 lIst'd. 

In 19:1:\ the ht>l-'tle occurred in such larrre numhers at Shiloh, 
~.J., that tlw ullslll·nypd shade and apple trees were defoliated, 
aspa ragus \\'a::; sl'\·en\ly illj U reel. extensive feetling occurred on 
\'IJl·n leaves before and aftet· the silk appeared, anel azaleas, rhodo­
(/Pl1dron:-;, and Larro\\'leaf evergreen::; in a nursery were severely 
injurl-'d. Thl-'sP nllrf,ery plnnts are usually immune to beetle attack. 
Early in .July of the following year ·Metzger (unpUblished) placed 
100 trtlpR with ~-qllart hl'etlr rel"eptacles. the largeRt then avail ­
aIJI(" alollg- the hOllnclal'ie~ of the nurl>er~·. Although these recep­
lade:-; wpre emptied se\·l'ral times daily, two mon were not able to 
!-'mJ1t~' them ra~t Pl10llgh to prevent some of them from overflowing 

• 	 with Il(>('t1ps Ahout S million heetles were captured during the 
"'ll111 l1l€'r. TIlf'~' <lid not damage the evergreen::;, bul the deciduolls 
tr('(;'s, asparaguH, and enrn in tbe area werr injured just as severely 
a<; in thE' previouf; slimmer. API)arently the trap::; were more at ­
tradi\'f' than thl' normallr unpalatahle evergreens and had pro­
tpct€'d the:::e plants from injury. 

1\{E'b:gf'r 	 (unpuhlif'lwd) operateo 4()O traps experimentally for 
• 	 ~ yeal's in a Inrg-r field near 'Yooostown. N .•T., and earh year cap­

tured ahout 1:) million l)(letles. TIp ob::;en'ed that a large asparagus 
field adjal'rnt to the expE'rimrntal field was only ::;lightly injured 
hv the beptles. wllrreas othf'r asparagu::; fielcls within a radius of 
;;. rnileR wen' l'ewrely damaged Tn a prrliminal'~' experiment he 
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set 48 traps, 10 feet apart, along the westerly side of about one­
fourth of an mlparagus field near Cohansey, N.J. When the wind 
blew (rom the west, the prevailing direction at that loc:ality, thou­
sands of lJeetles flew from the asparagus to the traps. During a 2­
week period the traps caught 500,000 lJeetles. The asparagus was 
slightly injured in the part of the fi.eld where the traps were lo­
cated, but the remainder or the field was damaged severely. 

Langford et al. (l!l40Cl) placed 100 traps throughout a 25-acre 
1ll:lparagUi'. ficici, where the beetles the pJ'evious year had severely 
damagl'd till' plants. The traps caught 4,672,800 beetles and the 
injury to the asparagus was slight. In another experiment Lang­
(ord et al. (1[1,$1) plaecd 275 traps in another 25-acre asparagus 
field in an area where the beetle population was vet1' dense. Dur­
ing the next" \\'l'eks the traps captured 12,157,200 beetles. The 
damagl' to the planb, ',."as negligible. These experiments demon­
s! rated that aspu ragus l'an be largely protected in densely popu­
lated areas by plating foul' or more traps per acre throughout the 
ficlcl. 

Cultivated bluclJel'l:ieR an(l eranlJel'1'ies are grown extensively in 
cleared al'em~ in the pinewoods of southern New Jersey. In 1930 
lite lJeetles invaded the hluelJerry plantation at Whitesbog, then 
tile mORt (lxtE'nsi\'p ill the State, and caused some damage to the 
foliage and thl' l'ipPlling lJerries. The grower placed traps around 
~()me fields inI9:n. but he \VaR uncertain regarding their value. 
During the s}wing of 198;~ the U.S. Department of Agriculture 
(Metzger unpubli~hed) in t'ooperation with the N.J. Department 
of Agrieultul'e in an extensive survev of the area found that the 
grubs were mORt. numerous in thE' grassy areas surrounding the 
blueberry (j(llds and in the erani>(,ITY bogs, but few grubs were in 
the hllwlwrry fields. A substantial heetle population was in the 
surrounding woods. Traps plnced 0.1, 0.2, 0.:1, 0.4, and 0.5 mile 
('rom the edge of a blueberry field caught 22,291, 9,n6, 6,287, 
7.8il6, and 7,011 beetles, respectively. It was evident that most of .. 
the beetles in the blueberry fields came from the woods. 

lVletzger (unpublishecl) ancl Metzger and Maines (unpublished) 
pla('p(\ trapR about 80 fpet apart and 10 to 25 feet away from the 
ouLer row:> of plants around the hluebenT fields. These traps 
('aught 1,20.1,902 heetles in 193:L 2,182,750 in 19:14, and 2,096,398 
in 19;~5. TIl(' injury by the beetle in the different fields ranged 
from light to :-;('\'el·c. Most of it Ol'C'urrecl in the outer rows of 
plants. Although man~' \)pptles were captured, the trapR did not 
adequately pI'otel't th(' hluehenieR. 

Traps were of no value in proteeting early-ripening peaches and 
Hpples from heetiC' attae1\:. Richmond and Metzger (1fJ2rJ) hung 
traps in trees around a :>mall allple orchard. Although over a mil­
lion lJeetles were captured (luring a :~-week period, the trees were 
prnctica Ily defoliated and the fruit was clestro?ed. Metzger (un­ .. 
puhliHlwd) p!:H'I.'d trap~ ahout ~ feet apart in a line 25 feet from 
an infested pen(:h orchard on the sidE' of the prevailing wind to 
trv to draw bectles from the orchard to the traps. During the :) 
(\,iys of tht' teRt, 11,:>'f)6 bef'tles left the orchard and were caught 
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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 satisfaction 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 protecting their 
plants from attack than catching beetles. For this reason, traps as 
well as protective sprays and dusts were recommended for subur­
ban areas by Metzger (1932, 1934a, 1986), Fleming et al. (1934a, 
1940a) 1 Hadley (1940) 1 Fleming (1955, 1958, 1960, 1963), and 
Cory and Langford (1955). 

Other Species of Insects Captured 

Many species of Lepidoptera, Hymenoptera, Diptera, and Co­
leoptera were captured in traps baited with the geraniol-eugenol 
mi}..-ture, 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 (1929) found 200 specimens of Chaulio­
gnathus 1nal'ginatus F., 32 Cerambycidae, 17 01Jhisto1nis lutei­
cornis (F.), and 15 Typoce7'us 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 captured, many specie~. 
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 m,a,rginatus F. 
Carabidae-150-200 Ha7-palus jaunus Say, 150-200 H. pennsyl­

canicus Say, and 300 Lebia gmndis Hentz 
Chrysomelidae-41 AcalY1nma vittata (F.), 25 Chrysochus aura­

tus (F.), and 200 Leptinotm'sa dece1nlineata (Say) 
Curculionidae-18 Hypem punctata (F.) and 250 other weevils 
Elateridae-3 Alaus oculatus (L.) and 400 Melanotus sp. 
Hydrophilidae-63 Sphaeridiu1n bip'ustulat'u1n F. and 750 S. 

scarabaeoides (L.) 
Scarabaeidae-13 Ano1nala (Pachystethus) lucicola (F.), 45 

Aphodius fi1netarius (L.), 10 A. joss or (L.), 25 A. hae1norrhoi­
dalis (L.), 175 Bozhynus gibbosus (DeG.), 300 Cotinus nitida 
(L.), 90 Cyclocephala borealis Arrow, 25 Dichoto1nius carolinus 
(L.), 1 Diplotaxis sordida (Say), 250 Dyscinetus trachypygus 
(Burm.), 1 E~tphoria julgida (F.), 14 E. herbacea (Oliv.), 500 
Macrodactylus subspinosus (F.), 30 Onthophagus hecate Panz., 
16 O. nuchicornis (L.), 12 O. pennsylcanicus Harold, 5 Pelidnota 
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rn~nctata (L.), 200 Phyllophaga ephilida (Say), 15 P. fe1'Vida 
(F.), 125 P. plttilm (LeG.), 120 P. hirticula (Knoch), 5 Serica sp., 
and 11 T1'OX insulari1.ls Ghev. 

Silphidae-11 Silpha alltericana L. 

ATTRACTIVE SPRAYS 

Repellency of White Deposits on Foliage 

One of the problems in developing residual sprays for killing 
large numbers of beetles was the repellency to the beetle of con­
spicllous 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 eL al. (1.928) and Van Leeu­
wen (1.982) reported the following results with sprays: 

Material (pounds) per }{epcllcncy to 
100 gal/oIls oj water beetle (percent) 

China clay (6). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .. . . . 1:)7 
Lead anlonato (6).... . . . . . . . . . . . . . . .. . . . . . . . . .. ....... 77 
Chalk (6) ... ,.......... ... ••..................•........ 74 
Calcium anlonate (6) . . . . . • . . . . . . . . . . . • . .. • ....... ,..... 71 
:::llakod limo (8) .... , ... , . . . . .. . . . . ... . .. .. . . .. . . . ... . .. (ilJ 
Basic lead anlCllato (12) .••.••.•.....•..... " , ... , . • . • •. 01 
Barytes (6). . . . . . . . . . . • . . • . . • . • . • . . . . . . . . . . . . . . . . . . . . . . 3S 

Because of its repellency, Davis (1920) recommended 6 pounds 
of lead arsenate in 100 gallons of water to protect plants from 
beetle attack. Hadley (11)22) recommended 4 to 6 pounds of the 
arsenical. Kelley and Moore (1923), 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 
(192(i) 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 yard where the arsenical could not be used (Van Leeu­
wen 1fJS2a; Fleming et al. 198.~, 1!JJ4a). The deposit of lime was 
readily removed by rain and frequent applications bad to be made 
to protect plants. Lipp and Osburn (1935) found a mixture of 20 
pOllnds of bydrated 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 vegetables. Although the plants we.re protected 
from injury by the lead arsenate and the lime, the lead arsenate 
killed only a few beetles and the lime none. 

.. 
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Lead Arsenate 

Toxicity to Bectlc 

Van Leeuwen (1927) found a small dosage of lead arsenate, 
ranging from 0.00:35 to 0.0156 mg., was fatal within 42 to 67 hours 
after a Leetle began to feed on sprayed foliage. Little feeding was 
required for a beetle to obtain a lethal dosage. The area of both 
Lhe upper and lower surfaces of a leaf eaten to obtain a fatal 
dosage was 90, 7l1, and 48 sq. mm. with foliage sprayed with 2, 6, 
and 12 pounds of lead arsenate, respectively, in 100 gallons of 
water. 

Van Leeuwen (19J2) caught beetles as they left the foliage of 
apple, grape, anel sassafras after the plants had been sprayed with 
G pounds of lead arsenate and 4 pounds of wheat flour per 100 gal­
lons of water, placed them in wire cages with unsprayed foliage, 
and determined their mortality 48 hours later. The average mor­
tality was 57, :~D, 32, 9, and 8 percent with beetles captured 1, 2, 
4, 48. and 72 hours. respectively, after spraying. The relatively 
hig'h mortality of the beetles caught 1 hour after spraying was 
pl'oLably due to the direct contact of the spray with the beetles. 
Possibly many of the beetles captured later had not fed on the 
IJprayed foliage. Van Leeuwen et aI. (1928) estimated that the 
recommended lead arsenate-wheat flour spray killed about 30 per­
cent of the beetles. 

Coated Lead Arsenate 

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 (1922) suggested that they tended to stop 
feeding on lead an;enate when they began to react to the com­
pound, even before they had consumed a lethal dosage. The prob­
lpm ~was to mask the lead arsenate in such a way that beetles 
would eat morE' of it. 

Brinley (1923) produced a colloidal lead arsenate by precipitat­
ing the compound in the presence of gelatin. The beetles fed more 
readily on foliage sprayed with that product and more of them 
were killed than by the regular lead arsenate, but gelatin was con­
Ridcred an impractical coating material. 

Various metallic soaps were investigated as coating agents for 
lead arsenate. Less repellent dusts werc produced by grinding the 
arsenical with lead oleate or lead stearate (Moore 1022), or by dis­
solving lead oleatp or lead stem;ate in benzene or ethyl alcohol, 
mixing the solution with lead arsenate, and evaporating the sol­
vent (Vander Meulen unpuLlished). These dusts were water 
repellent, adhered well to foliage, and were more palatable to the 
beetle, 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 
arsenate so that the pl'oduet could be used as a spray. A metallic 
soap 'was precipitated in the presence of lead arsenate suspended 
in water. He prepared lead arsenate mixed with the aluminum, 
lead, and zinc soaps of cottonseed oil, fish oil, and linoleic, oleic, 
ricinoleic, and stearic acids. When the mixtures were diluted and 
sprayed, the metallic soaps spread over the lead arsenate particles 
as the deposit.'\ dried and 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 a higher initial deposit on foliage and the residue 
persisted longer than the 20:1 and 10:1 mixtures. As a result 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 
for 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 subsequent years. 

The coated lead arsenate 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 pounels, 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 uncoated arsenical 
within 48 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 repellency to the 
beetle as the recommended lead arsenate-flour spray, but beetles 
alighting on the coated lead arsenate residue tended to remain 
longer and many of them fed until they had consumed a lethal 
dosage. Many dead beetles accumulated beneath trees, shrubs, and 
vines sprayed with coated lead 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 required 
for that period. Coated lead arsenate was an important develop­
ment in that it not onlv killed more beetles but it had better spread­
ing and sticking qualities than any other lead arsenate spray used 
previously. (Van Leeuwen and Vander Meulen 1925; Van Leeu­
\ven et a!. 1928) 

Van Leeuwen and Vander Meulen (1926) recommended 8 
pounds of coated lead arsenate paste per 100 gallons of water to 
protect apple and 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 (192rJ) 
recommended that coated lead arsenate be used only to protect 
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ornamental trees and shrubs and flowering plants, but later he 
(1932a) recommended it also for protection of young nonbeal'ing 
o.pple trees, cherry trees after the fruit had been harvested, and 
young nonbearing grapes in commercial plantings. 

Green Lead Arsenate 

Some people objected to the white residue of lead arsenate on 
their ornamental trees and shl·ubs. To 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 31 percent 
lead arsenate, 9 percent chrome green, and 60 percent water. When 
it was applied at 8 pounds of the paste per 100 gallons of water, 
the deposit was inconspicuous on foliage. 

V~U1der Meulen and Van Leeuwen (1928) recommended mixing 
8 pounds of the paste with 100 gallons of water and applying the 
spray when the beetles began to attack the ornamental plants and 
repeating it 3 to 4 weeks later. 

Green lead arsenate was less repellent to the beetle than the 
regular lead arsenate. Van Leeuwen et al. (1928) and Van Leeu­
wen (1932) found that in comparison with unsprayed foliage the 
deposits of green ancl 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 nevar 
came into general use as a spray to control the beetle. 

Adding Sugar to Lead Arsenate Sprays 

For several years the beetle had been known to feed greedily on 
sugar solutions. In a p:reliminary 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 55 percent of the beetles 
in this period of time. 

In field tests Van Leeuwen et al. (1928) and Metzger (unpub­
lished) added 8 gallons 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
sands of dead and moribund beetles accumulated on the ground 
beneath them. A higher mortality resulted with this spray than 
with any previous spray containing an inorganic stomach poison 
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insecticide. Later Metzgf.tr (unpublished) found that adding the 
sirup made both the green and the coated lead arsenate very 
palatable to the beetles. 

Smith (1930) 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 
some 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 beetle 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 Its Homologs 

Van Leeuwen (1926) observed that the beetle was attracted to 
large amounts of paris green on foliage. LaLer he (1932) found 
that trees sprayed 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 attracting the beetles. To 
demonstrate the attractiveness of acetic acid, he (192(j) sprayed 
trees with water and with dilute acetic acid. Of lhe 320 beetles 
coming to the trees during the following 3 1~ hours, 8 percent came 
to 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 acetic acid lasted only a few 
hours, but the attraetiveness of paris green did not decrease dur­
ing a 10-day period. 

Fleming and Baker (1.98(;) studied paris green and several of 
its homologs under controlled conditions. The homologs w"ere pre­
pared according to the procedure outlined by Dearborn (li}S.')). 
'l'11t:! &puiyt:d plants 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 sprays of paris green and its homologs to 
foliage increased progressively as the concentration was increased 
from 2 to 16 pounds per 100 gallons of water, and the feeding by 
the beetle on the sprayed foliage deereased 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, pads green 70, copper palmitoarsenite 59, tung-oil greml 
56, cottonseed-oil green 47, copper lauroarsenite :39, soybean-oil 
green 23, rapeseed-oil green 17. ('opper oleoarsenite 16, <md copper 
stearoarsenite 11. None of these arsenites appeared promising. 
Y.'oliage sprayed with them was no mOl'e palatable to the beetle 
than that sprayed with lead arsenate, and the possibility of chemi­
cal injury to thE' foliage was greater. 

... 
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Geraniol 

To reduce appreciably the beetle population with residual sprays, 
it is necessary not only to have a palatable toxic residue on the 
foliage but to induce the beetles to come in large numbers to the 
tlprayed plants. Geraniol was the only attractant used with sprays. 

Adding Geraniol to Lead Arsenate Sprays 

Richmond (1927) found that adding emulsified geraniol at 
1 :1,000 to the regular lead arsenate spray attracted large numbers 
of beetleH to the plants shortly after they were sprayed, but the 
attractive odor di~sipated rapidly and no more beetles were at­
tracted. Since the residue of lead arsenate was not palatable, most 
of the beetles left the plnnts within a few hours. 

Van Leeuwen et al. (1928) also mixed emulsified geraniol with 
the regular lead arsenate spray and applied it to a tree in an 
abandoned orchard. The geraniol excited the beetles to activity 
for about 20 minutes after spraying. Many beetles flew toward the 
sprayed tree, but some alighted on adjacent unsprayed trees. 
About an hour later more beetles were leaving the sprayed tree 
than were coming to it. 

Dul"ing 1929-32 the Department applied a spray containing 16 
pounds of green lead arsenate, 8 gallons of cane sugar sirup, and 
] quart of emulsified geraniol per 100 gallons of water at weekly 
intervals to selected trees and shrubs to reduce the beetle popula­
{ions at isolated infestations. It was difficult to evaluate the effec­
tiveness of the operation because of the very light beetle popula­
tionR. 

In 19:n Rex (unpublished) applied a spray containing 9 pounds 
of green lead arsenate, 60 pounds of refined sugar sirup, 11/2 
pounds of emulsified 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, thollsands of beetles were on the sprayed plants. By 
miclafternoon the ground near the sprayed plants was covered 
with dead and dying beetles. Although beetles were plentiful in 
the vicinity, very few were attracted to the sprayed plants after 
that f1rst day. 

In 198~~ Metzger (unpublished) added 1 quart 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 demonstrated 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 
been 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 
built up rapidly on the trees with the sponges and became so dense 
that masses of beetles were clustered on the fruit and foliage. 
There was e.:densive 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. Thousands of dead 
beetles accumulated 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
('losed in a pel'forated metal cylinder to dispense geraniol in se­
lected trees In an apple orchard that had been ~prayed previously 
with green lead anlenate and coated lead arsenate, with and with­
out cane Hugal' sirup. A second spray application containing sugar 
caused defoliation of the trees. The results were substantially the 
same as those obtained previously by Van Leeuwen et al. (1928), 
in that many more dead ancl moribund beetles were found beneath 
the tl'ees 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 leacl arsenate without causing serious injury to 
the fruit and foliage by the feeding of the beetles. It seemed more 
praetical to attrad the beetles to selected trees and kill them with 
a contact insecticide and thus avoid extensive feeding. Van Leeu­
wen (1.cJ2IiCl, l!12Ub) developed a very effective contact insecticide 
containing sodium ole,tte and oleoresin of pyrethrum. With 5 gal­
lons of the stock formulation mixed with 95 gallons of water, 95 
pereent of the bE!etles were dead within 48 hours on low-growing 
plant$ sprayed with a bucket pump and 98 percent on apple and 
,leal'h trees sprayed with a power sprayer. 

\'an Leeuwen (unpublished) and Van Leeuwen et a1. (1928) 
condurte(\ a large-scale experiment with emulsified gerani01 and 
the sodium olpate-oleoresin of pyrethrum spray to reduce the dense 
lJeetJe population in a :~-square-mile area in sO~lthern New Jersey 
inI9~6. Trees about 100 \'ards from other trees were selected for 
spraying. Four power Sl)rayers, each with a crew of five men, 
operated in this area on days when the temperature w~s above 
80' F .• the r€'lati\'e humidity was between .lJO and 70 percent, and 
the !Hlll was shining-conditions favoring the flight of the beetle. 
The geraniol did not attract lnrge numbers of beetles under other 
conditions. A selected tree was fird sprayed lightly with the 
geraniol emulsion containing 1,000 m1. of geraniol, 40 grams of 
sodium olNtte, and 4,000 mL of water. Within a few minutes the 
heptle population on the tree built up rapidly. Then the contact 
insectiei(le was applied with two nozzles with spreaders in a 
('oarse fatHlhapecl gpray 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 estimated that each application of the contact insecticide 
Idlled about 80 percent of the beetles on the selected trees. The 
ground beneath the sprayed trees 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 sub­
stantially reduced in this area the following summer. 

Anethole-Eugenol With Newer Insecticides 

Although experimentation with a Tesidual 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 combina.tion with malathion 
or DDT. 

Large bottle-and-wick dispensers,filled with the 9:1 anethole­
eugenol mLxture and hung in selected trees throughout an isolated 
infestation or around an airport, would attract beetles as long as 
any bait 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 1963). 

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 wettable powder or 2 quarts of a 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 beetle. 
(Fleming 1947, 1963) 

SUMMARY 
There are three fields of investigation in the search for an at­

tractantfor the Japanese beetle (Popillia japonica 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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Odoriferous Constituents of Plants and Other Chemicals.-Little 
was known about the odoriferous constituents of the many plants 
attacked by the beetle. Plants whose alcoholic extracts had an 
ethereal or fruity odor were most likely to be fed on extensively. 
Most of the prefel'l'ed plants were reported to contain geraniol. 
Four of the preferred plants-apple, peach, .rose, and sassafras­
contained one or more of the following odoriferous chemicals, fre­
quently combined with each other and with other constituents of 
the plants: Acetic acid, benzaldehyde, caproic acid, citral, citronel­
101, eugenol, geraniol, linalool, phenyl ethyl alcohol, and valeric 
acid. 

The search for a beetle attractant was a trial-and-error process. 
Since the preliminary tests with olfactometers were unsatisfactory, 
the attractiveness of the various baits was determined in the tield 
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 ca:1S of sweetened bran containing various odor­
iferous materials. Although this method had several limitations, 
the most attractive essential oils appeared to be citronella, clove, 
lemongrass, palmarm;a, sassafras, and tansy, and the most attrac­
live chemicals were citral, citronellal, citronellol, eugenol, eugenol 
methyl ether, geraniol, and geranyl 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.S.P. eugenol bait that was used as a standard. The 
beetle was attracted to a wide variety of unrelated odoriferous 
substances, probably because it is cosmopolitan 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 alcohol, phenyl ethyl butyrate, 
phenyl iso-valerate, ancl iso-valeric acid. 

The attractiveness of the baits was modified by (1) the activity 
of the beetle as affected by temperature, relatiye humidity, and sun­
shine; (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 technieal geraniol ancI U.S.P. eugenol was 
recommended as an attractant for the beetle from 1928 to 1944, 
when geraniol became unavailable. The eugeno) 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 complex, 
variable m h ..-tu res. 

The attractiveness of the recommended geraniol-eugenol mixture 
was enhanced by increasing the eugeno) content and by adding 

.: 
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caproic acid, phenyl ethyl acetate, phenyl ethyl alcohol, phenyl 
ethyl butyrate, or phenyl iso-valerate, but for various reasons 
none of these mixtures, except one containing phenyl ethyl alcohol, 
were l'ecommellded as an attractant. '1'he 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 19<14. The natural anethole was less attractive than the syn­
Uletic product. Increasing the eugenol content tended to increase 
the attractiveness. Heplacing half of the anethole with caproic 
acid more than doubled the attractiveness, but this mixture was 
not recommended. 

Some mixtures of caproic acid, eugenol, and phenyl ethyl butyr­
ute or phenyl iso-valerate and some mixtures of phenyl ethyl 
I.HlLyrate and eugeuol were definitely more attractive than the 
geraniol-eugenol and the anethole-eugenol mixtures. but these mix­
Lures had noL iJeen tested extensively enough to recommend them. 

Fermented Baits.-Fermented apple juice, orange juice, malt 
(-;irup, and cane sugar sirup were more attractive to the beetle than 
the unfermenled materials. Fermented baits did not seem desirable 
for general usc. 

Sex AttractanL-In nature the male beetle is strongly attracted 
to female beetles, but traps baited with virgin and field-collected 
female beetles did not attract either sex. Extracts of female beetles 
prepared with acetone, benzene, ethyl alcohol, and petroleum ether 
also did not attract beetles. 

Ovil)Ositional Chemotropism.-In a preliminary test a dilute al­
coholic solution of allyl sulflde induced beetles to deposit eggs near 
the chemical. 

Traps With Attractive Baits.-Electrical traps of 10,000 to 40,­
000 volts electrocuted many beetles attempting to fiy between par­
allel wires, but these devices were not practical to use unattended'. and apparently did not appeal to the public. 

• A mechanical trap for densely populated areas and a survey trap 
for lightly 110pulatec1 areas are described. The best of these traps 
COilS is ted of a funnel, a four ·winged baffle mounted above and ex­
t('nding into the funnel, a bottle-and-wkk dispenser for the bait 
mounted in the baffle, and a receptacle for holding captured beetles. 
A high luster yellow was the most effective color. 

The best traps under favorable conditions captured about 75 
percellt of the beetles attracted to 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 beetles 
came largely from nhU1ts within about 400 feet of the tnps. One 
trap per acre caught about 80 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 to be infested. rl'hey were 
used ~~xtenslvel.\{ in New Jersey and Maryland in densely infested 
arClas to reduce the beetle populations in those areas. In a few 
inHtanCt}l;;, traps in densely infested areas protected favored plants 
from severe beetle ~njury. 
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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 mortality 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 beetles 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, ~ecause the attractant in the deposit 
on the plants was not effective for more than 1 day. It was prac­
tical to apply a 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 large 
bottle-and-wick dispenser with the anethole-eugenol mixture as 
the attractant could D? hung in selected trees sprayed with a resid­
ual insecticide. 

.' 
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