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MATERIALS
TESTED
AS
INSECT ATTRACTANTS

Compiled by M. Beroza and N. GREEN,
chemists, ExToMoLocY REsEARCH Division!

Fast intercontinental travel and trade are stepping up chances of importing nonindigenous insect
pests into the United States. Attractants, or lures, can be of considerable aid in facilitating the early
detection of such insect pests, and they are of vital importance in measuring the progress of a program
aimed at eradicating a species that has become established.

The Entomology Research Division has pioneered in the use of insect attractants on a large scale and
has conducted a program to find new attractants. The test procedures and results obtained in screening
more than 4,000 materials against 10 insect species are given in this handbook.

‘When organic chemicals that exhibited attractiveness were found, these leads were explored by testing
structurally related compounds. Some of the attractants found have already proved to be of considerable
practical value.

For additional information on insect attractants, such as uses, types, properties, and methods of dis-
covery, see references 6, 11, and 12 under Literature Cited, page 8.

MATERIALS TESTED
Sources

The Entomology Research Division has for many years conducted a pesticide screening program (17).
When work on attractants was begun, several chemicals originally obtained for this pesticide program were
selected for testing as lures. Candidate lures were also obtained through the cooperation of other Govern-
ment agencies, chemical companies, and universities. Since early in the 1950’s most of these test materials
were procured or produced by the Pesticide Chemicals Research Branch at Beltsville, Md. The staff in-
cluded S. I. Gertler, B. H. Alexander, N. Green, T. Oda, W. F. Barthel, R. T. Brown, and M. Beroza, who
gynthesized chemicals for this study, R. W. Ihndris and E. M. Osborne, who named most of the organic
compounds, and M. Jacobson and W. A. Jones, who prepared the botanical extracts.

Systematic Arrangement

To facilitate finding relationships between chemical structure and activity, the materials tested were
systematically arranged in the following groups:
Compounds containing carbon and hydrogen only:
1. Hydrocarbons.

1 Many entomologists, chemists, and other scientists of this Division participated in these studies. Those taking part in the
chemical work are listed under Materials Tested. Those conducting tests reported here are listed under the specific insect they

used.



Compounds containing carbon, hydrogen, and oxygen only:
. Acids and acid anhydrides.
Aldehydes and acetals.
Esters and lactones.
Ethers.
Ketones.
Alcohols and phenols.
Compounds containing elements in addition to carbon, hydrogen, and oxygen:
8. Nitrogen-containing compounds.
9. Halogen-containing compounds.
10. Sulfur-containing compounds.
11. Phosphorus-containing compounds.
Materials not otherwise classified:
12. Materials of unknown or indefinite composition.

This grouping is useful in coding materials according to their elements and functional groups on McBee
Keysort cards. Compounds containing only carbon, hydrogen, and/or oxygen fall in groups 1 through 7.
Polyfunctional compounds such as keto acids and aldehyde esters fall in the first pertinent group; for
example, acid esters are placed in group 2 and keto ethers in group 5. Compounds containing elements in
addition to carbon, hydrogen, and oxygen fall in groups 8 through 11 regardless of their functional groups.
Thus, to find hydroxy esters, one should look in group 4, although hydroxy esters containing elements in
addition to carbon, hydrogen, and oxygen would be located in groups 8 through 11. Most of the materials
in group 12 are derived from natural products. Within each of these groups the materials are listed al-
phabetically. (See table 2, page 10.) The names of compounds, with a few minor exceptions, are in
accordance with the Chemical Abstracts indexing system (5).

TEST INSECTS

The common and scientific names of the insects used in these studies are as follows:

NSOk

Oriental fruit fly . ______________________________________ Dacus dorsalis Hendel

Melon fly . Dacus cucurbitae Coquillett
Mediterranean fruit fly . __________________________________ Ceratitis capitata (Wiedemann)
Mexican fruit fly_________________________________________ Anastrepha ludens (Loew)

Gypsy moth_____________ o _____ Porthetria dispar (Linnaeus)
Drosophila (pomace fly) - ___________________________ Drosophila melanogaster (Meigen)
European chafer_________________________________________ Amphimallon majalis (Razoumowsky)
Pink bollworm_________________________________ Pectinophora gossypiella (Saunders)
Boll weevil __________ o _____ Anthonomus grandis Boheman

House fly______________ o ____ Musca domestica Linnaeus

| The materials were tested against the adults and, unless otherwise noted, the attraction was for the
males.

TEST PROCEDURES

In initial tests, the materials were classified according to their ability to attract insects as follows:

Class Amount of attraction
1. Little or none.
2 ... Moderate.
B .. Strong.

(Sgecif(;) lass2ig)nmen’os of class were based upon experimental performance and are given for each species.
ee table 2.

In follow-up tests, the most potent lures in laboratory tests were subjected to field evaluation. Al-

though the final determination of a lure’s performance was made in the field, generally in-comparison with
a standard lure, such tests are not reported here.
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Oriental and Mediterranean Fruit Flies and Melen Fly

Honolulu, Hawaii—L. D. Christenson, formerly in charge, L. F. Steiner, now in charge, D. H. Miyashita, K. Ohinata, W. C. Mitchell
Shizuko Muichell, I. Keiser, and P. Gow*

In laboratory screening tests, Gow’s olfactometer (9) was stocked with 25,000 to 100,000 insects. The
olfactometer (fig. 1) is a room-sized cage, 9 feet square and 8 feet high, equipped with a horizontally mounted
wheel, which is slowly rotated to eliminate any positional advantage. Suspended from the wheel are in-
vaginated glass traps, which contain the test materials, usually in 0.1-percent aqueous emulsions. Four
candidate lures were tested simultaneously and each was replicated threc times. The cage was located out-
doors to approximate natural conditions, and breezes prevented accumulation of undesirable odors. Since
supplies of food and water were available at all times, a candidate lure had to prove itself in competition with
these essentials. The candidate lures were usually screened against the oriental and Mediterranean fruit
flies and melon flies at the same time.

The materials were classified according to their attractancy index, which was obtained by dividing the
number of insects caught with the candidate lure by the number caught with plain water.

Attractancy index for—

Class Males Females
1. _____ Lessthan 11_______________________ Less than 6.
.. From 11to 50 ___________________ From 6 to 50.

K S Greater than 50____________________ Greater than 50.

Supplemental laboratory tests, which were made before a lure was tested in the field, were employed

2 Deceased Dee. 12, 1954.

FIGURE 1.—Screening potential oriental fruit fly attractants in the olfactometer.



Frcure 2.—Conducting wick tests in the olfactometer.

to determine whether a lure would be useful in dry traps, whether it would be persistent, and whether it
could be used in combination with a toxicant.

In the supplemental tests the horizontally mounted wheel and traps of the olfactometer were replaced
with a hexagonal prism 6 inches thick (fig. 2). Each of its six faces was covered with a piece of kraft paper,
to the center of which was fastened a cotton wick 114 inches long. This wick, treated with 0.5 ml. of the
candidate lure, was attached with cellulose tape in such a way that the lure could not touch the paper.
The lures were exposed for 15 minutes, and their efficiency in comparison with that of a standard lure was
determined by estimating the number of flies that congregated on or near each wick. Any repellency from
high concentrations of the lure could be observed. A lure having this characteristic would be relatively
ineffective for field use. If the flies fed on the lure, an insecticide was added to see if they would ingest the
poisoned lure. Duration of effectivencss of lures was estimated by holding the wicks under standardized
conditions and periodically testing them in the olfactometer along with a standard lure until they were no
longer attractive.

“The supplemental tests gave, with a minimum of test material, the information needed to set up field
tests efficiently.
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Mexican Fruit Fly
Mezico City, Mexzico—W . E. Stone, in charge, J. F. Cooper, F. Lopez-D., and D. L. Chambers

The laboratory screening-test procedure was the same as previously described, except that the olfac-
tometer in which most of the work was done was located indoors. A temperature of 25°-28° C. and 50-
percent relative humidity were maintained. Light conditions were standardized with artificial lighting.

Classification of materials for both sexes of the Mexican fruit fly was the same as that given in the
preceding screening tests for females.

Gypsy Moth
Beltsville, Md.—Pesticide Chemicals Research Branch, Martin Jacobson, Morton Beroza, and Nathan Green; in cooperation with
Plant Pest Control Division, Moorestown, N. J., H. L. Smith; and Division of Forest Insect Research, Forest Service

Filter-paper cartridges each containing about 0.25 gram of the candidate lure were exposed in traps
(fig. 3) for at least 4 days of the gypsy moth flight season in the New England area. The traps were hung
from branches 3 feet above ground and about 10 to 15 feet apart. The lures were tested either singly or ir
duplicate. If a trap caught more than two moths, additional traps were set out for confirmatory tests.
They contained several amounts of the lure—usually 0.02, 0.25, or 1.0 gram per cartridge—and each treat-
ment was replicated two to four times. Materials that rated above class 1 were reduced to class 1 if no
moths were caught in confirmatory tests. The standard trap contained the hydrogenated extract of the
natural lure prepared from 12 abdominal tips of the virgin female moth (7).

The materials were classified as follows:

Class Number of captures
1 . From zero to two.
. Three or more but less than the standard.
S R Equal or exceed the standard.
Drosophila

Beltsville, Md.—Horatio C. Mason and Harold C. Gibson

Tests were run in a laboratory room, 15 by 1114 by 9 feet, maintained at 24° to 27° C. and stocked with
2,000 to 4,000 drosophila adults. A few drops of the candidate lure were placed on a circle of filter paper
laid on a piece of aluminum foil. Between 15 and 35 of these unreplicated lures were distributed on a 5-foot
circular table, which rotated at about 1 r.p.m. After a 2-hour exposure the number of drosophila on each
lure was compared with the number on a standard lure of sugar, vinegar, yeast, and water.

Because none of the materials tested approached the attractiveness of the standard lure, all were rated
as class 1 in table 2.

European Chafer
Geneva, N. Y. —H. Tashiro

Five drops of a 50-percent v/v solution of the candidate lure in ethanol were placed on a strip of ab-
sorbent paper 114 by 5 inches. The strip was inserted in the central perforated cylinder of each trap
within an hour before the flight of the European chafer beetles was expected. Traps containing four
candidate lures and a standard were spaced 20 feet apart in a 5 by 5 Latin square arrangement. The stand-
ard lure was a 3 to 1 mixture by volume of Java citronella and eugenol. Evaluations were made after one
night’s flight.

The materials were classified as follows:

Class Number of captures
1 o e Less than the standard.
2 e One to three times the standard.
B e More than three times the standard.

5
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Freure 3.—Metal gypsy moth trap: Above, assembled; below, disassembled to show impregnated paper cartridge and liner
covered with adhesive that holds trapped moths.



Pink Bollworm
Brownsville, Tex.—J. M. McGough

A 6-foot cubical cage was fitted with a 5-foot horizontally mounted wheel, which was rotated at about
one-half r.p.m. Suspended from the rim were six plastic traps containing aluminum weighing dishes with
the standard of m-isopropoxybenzyl chrysanthemumate (ENT-21426) and the candidate lures. The
traps, which were similar to the gypsy moth trap (fig. 3), were 3 inches in diameter and 10 inches long. The
temperature was held at about 27° C.

The attractancy of the test materials to the pink bollworm was calcutated by the formula—

Insects trapped by lure — insects trapped by standard
Total insects trapped (lure + standard)

X 100 = rating

The materials were then classified as follows:

Class Rating
1 ___ Less than —15.
2 _o__ From —15 to 33.
P Greater than 33 (more than twice as attractive as the standard).

When tests were made at more than one concentration, the best rating was given; tests at the
same concentration were averaged.

Boll Weevil
Brownsville, Tex.—J. M. McGough

One half of a cotton boll was dipped in aqueous alcohol containing the candidate lure and the other
half in an equal strength of aqueous alcohol without the lure. Both halves were placed on a 4-inch-square
plate glass, which was put in a cage, 1 by 1 by 2 feet, equipped with controlled lighting and a small fan for
ventilation. Two hundred boll weevils were introduced into the cage, and after 35 minutes the insects
on each half of the cotton boll were counted. The temperature was held at about 27° C.

The attractancy of the lures to the boll weevil was calculated by the same formula as for the pink boll-
worm, except one half of a cotton boll was treated with candidate lure and the other half, or the standard,
was not treated.

House Fly
Orlando, Fla.—Carroll N. Smith, in charge, G. C. LaBrecque, and H. G. Wilson

Two standardized tests were used for house fly attractants and arrestants (7). Glass traps were
utilized for attractants and open petri dishes for arrestants. Five hundred male and female house flies
from a regular colony were anesthetized with carbon dioxide, placed in cylindrical holding cages that were
8 inches high and 214 inches in diameter, and given a 10-percent honey solution on absorbent cotton pads.
They were held overnight. The next day, 18 hours after anesthesia, the flies were released in a 4-foot
cubical cage and allowed to feed on sugar for 30 minutes. The sugar was removed, and 30 minutes later
it was offered to the flies again. Testing was begun only after 2 percent of the flies started to feed.

In the tests for attractants, the candidate lure was placed in a 12-ounce drinking glass and covered with
a screen to prevent flies from coming in contact with it. An inverted screen cone placed at the mouth of
the glass completed the trap. A trap containing the standard was exposed in a cage of flies at the same
time as the trap with the lure. One 30-minute exposure of a lure and the standard constituted a test.
The number of flies on the lure divided by the number feeding on the standard gave the ratio to
the standard.

No satisfactory standard was found for these tests. In the first tests either a blank or sugar, which is
nonvolatile and has no true attractiveness, was used as the standard. After several hundred compounds
were tested, Edamin® was selected as a standard. It is an enzymatic milk digest, which exhibited a fair

3 The mention of a proprietary product does not imply its endorsement by the U.S. Department of Agriculture over similar
products not named.



amount of volatile attractiveness and gave reasonably consistent results. In a series of 424 _tests, more than
10 flies were caught in 107 tests, 5-9 flies in 141 tests, 24 in 86 tests, 1-2 in 65 te§ts, and 0in 25 testsf. All
test results were discarded unless three or more flies were caught with the Edamin standard. Edamin was
more attractive to females than to males; the ratio captured was about 14:1.

In the tests for arrestants, which may be attractants as well, the candidate lurez and a sta.ndard of
granulated sugar, in equal quantities, were each placed in a petri dish and exposed in the testing cage.
After 2 minutes the flies feeding in each dish were counted and shooed away by a wave of the. hand. The
positions of the dishes were reversed and the test was repeated. Four exposure periods constituted a test.
The ratio to the standard was computed in the same manner as for the attractants.

The materials were classified as follows:

Class Rating
1 e o e Less than 5 times as attractive as the standard.
D e From 5 to 20 times as attractive as the standard.
B e More than 20 times as attractive as the standard.
RESULTS

Attractants may be found by extracting, isolating, and identifying the attractive principles from
natural sources, such as insects, host animals, and host plants. Another approach is to screen a great
number of materials of both natural and synthetic origin. Where attractive substances are found,
an attempt is made to increase the effectiveness by synthesizing or otherwise obtaining related materials.
Some of the best attractants were discovered by the latter approach. These have been invaluable for
detecting and surveying insect populations. The possibility of using the more powerful ones for control

work is being investigated.
The most effective attractants discovered in the screening programs of the Entomology Research
Division are given in table 1. In table 2 the materials tested are classified as to their attractancy for 10

insect species.
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TABLE 1.—Most effective attractants for four insect species
ORIENTAL FRUIT FLY
. Chemical
Structure of chemical group No. Type of compound Common name Reference

CH,0

y 7 N—CH,CH=CH,....._._...__ 5 Ether.______._______ Methyleugenoli2_ _ ___ 13,18
CHO

MELON FLY

(o)
I
CH;O—@—CH:CH: 6] =PI 5 Ketoether_ - _._______ Anisylacetone_.__.____ 2
: :
CH; O—Q—CH:CHJ;‘CH; ........... 4 Ketoester_......._... Cue-lurel.___________ 3

0 0
b &
CH,CHjy O—@—CH;CH, CHi.-..-. IR SN IS 8
1
HO—@—CH:CH: 0] & P, 6 Ketophenol. .. __|o ... 3

MEDITERRANEAN FRUIT FLY

CH,
/
| CH,;
\COOICHCH;CH; ................... 4 Ester. . ... Siglure______________ 8,10,19
Cl1 CH,
S
or\/r (IJH‘
% COOCHCH:CHi oo e I A0me e emeeeee Medlure- - .____ 4
CH,
NN\
CH, e
x | tec. gy
\ COOC—CHige o mee oo 9 |- doo oo Trimedlure!._________ 4
|
CH;
UnKnOwWn . - - o oo oe e 12 Sesquiterpene

(active ingredient)..| Angelica seed oil______ 20




TABLE 1.—Most effective attractants for four insect species—Continued

GYPSY MOTH

Chemical
Structure of chemical groggnN o. Type of compound Common name Reference
CH;(CH,)1,,—CHOHCH,OH ___________________ 7 Aleohol.. |- ;ﬁ
CH(CH,)1,;—CH—CH,______________________ 5 Epoxide . - o oo o oo
\O/

CH;(CH,)sCH—CH,—CH = CH(CH.)sCH,OH!

—CO—CH;- . 4 Unsaturated ester

0—C0—CHs- - aleohol . ________ | ... 16

CH,;(CH,)s—CH—CH,—CH =CH(CH,);CH.OH

O—COCH oo 4 ... do_ . Gyplure_.__.________ 15

1 Best lure available for species.
2 First reported by Howlett (13).

TABLE 2.—Relative effectiveness of materials tested as atiractants for 10 insect species

>
e Z
> :.."=:’ > e 2
Ento- = a | ® ‘% g 3
Item | mology 5 g8 |4 = |5 =
No. No. Material = S|E 28|38 S E =
@) I A
+ <~
g _8 B3 a E § 5 - .E Attract-| Arrest-
E|S | SIS (3(8]73 ant ant
o2 | 2|2 |F|Aala|&|A
GROUP 1.—HYDROCARBONS
1 128 Acenaphthene________________________ 1| 1 ) O (RO SRR S B | 1
2 737 Allogeimene. - - ____________________ L [ O S U S ) ORRONN (RO NN S U
3 155 Anthracene__________________________ 1) 1| 1| o |-._| 1
4| 24829 Aromadendrene. .. ___________________ S PR I N RO SR SRR NI SR AU
5 808 Benzene____________________________. U PRI FRVRRN (ROUIORN PRI MRS (R AN
6| 15336 Benzene, diethyl- (mixtureof mandp)___| 1 |---_| 2| 1 |-.__|---I""17""1 2
7| 9057 Benzene, ethyl-___.__________________ 1o 1| 1| |oo_foco] 1| 2
8 | 24180 Benzene, ethynyl-____________________ D A T U (RN SR F ———-
9| 4220 Benzene, pentaethyl-_________________ ... 1) 1 (|..__ ——--
10 | 23862 Benzene, propyl-.____________________ ) U I U RO F I ——-
11 | 25182 Benzene, 1,2,4,5-tetramethyl-__________ 1 1) 2] 1] 1 -
12 | 4219 Benzene, x,x,x-triethyl-__ _____________ 2 ... 2| 1|....
13 | 3976 Benzene, 1,2,4-trimethyl-_.____________ U R I O D A RO FOSO (RNIO SR
14 | 24106 Benzene, x,x,x-trimethyl- (a mixture)____| 1 |.___| 1| 1 |.__ |- " ceecfaaa] 2
15 | 24887 Bicyelo[2.2.1]hepta-2,5-diene__ . _____ 11 1 1|1 ) U PR A 1
16 36 Biphenyl . ____________________ "~ 1. 3| 1|.___|-.__| 2 1 1
17 | 21616 p,p-Bitolyl _________________________ D U PR [ T (RO R R T R D
18 | 25132 1-Buten-3-yne, 2-methyl-_.______.______ 1 1 1 1 1 |--_| 1
19| 1775 Camphene__.___________________ "~ D U S U O A A RO RO S M IO
20 | 24696 Caryophyllene (mixed alpha- and beta-
180I€rs) - _ o ______ 3 [aaa| 2 ) U PR RSO (RPN SR (RSN SN U
21 867 Chrysene_.____________________"""°"" ) PO S U U RO O SO MO M O
22 | 4630 Cumene_________________________°°°" 1 R I ) IR ) U O N IO
23 | 8222 Cyclohexane_.._______________ """ 2| 2 |__|-._.|] 1| 1 1| 2 2 |cooo e
24 | 25083 Cyclohexene, -(1-butenyl)-2,4,4-tri-
methyl-___________________________ 1 ... 1 1 1| |.___
25 | 2272 f)—Cymene ___________________________ 2 ... 2] 2 .|| 1
26 | 24107 ecane_ . .. _________________________ 1 1| 1| 2| ___|.o__[.__.
27 | 3386 Dicyclopentadiene_ . _____________- 1] 1] 1| 1____ .
gg 2221? ]E?cﬁiecane ........................... | N PR S O I T S A A
thane, 1,1-diphenyl-_________________ 1 28 D W o I N O NN SO MO IS
30 | 25001-X | Eugenol terpenes (a complex mixture of
ter&enee having the general formula
Crollag) oo . 20 N D U O OO S N SOOI R A A
g; 3?%% fguorene ........................ L N PR A 5 e U NS MO OO S M I
or 5)-Hexadecene_____________ 1 1] 2| 1|1 O Y O I
33 | 30528 1,5-Hexadiene, 2,5-dimethy]- RO A N I S
3120288 | Hesane. 07 270N et e e
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TABLE 2.—Relative effectiveness of materials tested as atiractants for 10 insect species—Continued

Ttem
No.

Ento-
mology

No.
(ENT-)

Material

Oriental fruit fly

Mediterranean fruit fly

Mexican fruit fly

Gypsy moth

Drosophila

European chafer

Pink bollworm

Boll weevil

House fly

15370

739
24486
23973

2337
738
278

1256

24403
1876
15378
17554
1257
24483
23976
30049
16047
18142
18142-a
18143
18143-a

7582
24594
21617
23977
24374
18133

860

1402

24378
23974
21126

2209

2394
16492
23354
24145
24146
24147
24152

8920
14615
15717
24163
20226
20787

6299
3710
16490
6193
3110
1003
17970
12067
21153
15306
4629
21675

HYDROCARBONS—Continued

p-Menthane_ ________________________
Mesitylene. _ - - ______.
Methane, diphenyl-___________________
Methane, triphenyl-_ . _____________
Myreene- - - oo
Naphthalene_._.____________________.
Naphthalene, decahydro-..___.._____._.
Naphthalene, x,x-dimethyl-___________.
Naphthalene, 2,6-dimethyl-____________
Naphthalene, 1-methyl-__ ... __.______
Naphthalene, 2-methyl-_______________
Naphthalene, 1,2,3,4-tetrahydro-_______
Nopinene. oo oo
Pentane, 2,2,4-trimethyl-______________
1-Pentene, 2,4,4-trimethyl-____________
2-Pentene, 2,4,4-trimethyl-____________
alpha-Phellandrene_ . - ___________

d-alpha-Phellandrene - -
beta-Phellandrene____ .. _____________
d-beta-Phellandrene_ . _________________
Phenanthrene.__ . __ - oo ee-
d-Pinene. - _ . ________________
alpha-Pinene
Propane, 2,2-dimethyl-1,1-di-p-tolyl-____
Pyrene oo
Styrene - _ - _____
Styrene, alpha~-methyl-________________
m-~Terphenyl____ __ __________________
o-Terphenyl_ _ _______________________
p-Terphenyl . __ ..
Terpinolene .- - ococcocccaaoan
Toluene, m~tert-butyl-_ ... ________
Undecane. - - oo cooo____

GROUP 2.—ACIDS AND ACID ANHYDRIDES
Aceticaeid- - .o ____________._
Acetic acid, p-tert-butylphenoxy-_ ______
Acetic acid, (3,4-dimethoxyphenyl)-_____
Acetic acid, etﬁoxy— __________________
Acetic acid, p-ethoxyphenoxy-______.__.
Acetic acid, (ethylenedioxy)di-_-...____
Acetic acid, methoxy-____________.
Acetic acid, phenyl-___
Aconiticaeid- - - ______.____

Acrylic aeid- - - .
m~Anisic acid- - .. ______________
o-Anisic acid._ o ________
o-Anisic acid, 3-methyl-_ ______________
p-Anisic aeid-- .- oo . ____
Azelaic acid_ - - . __________
Benzoic acid- - ____________
Benzoic acid, o-(carboxymethoxy)-___ __
Benzoic acid, o-ethoxy-_.__ .. _______.__
Benzoic acid, m-hydroxy-_.____________
Benzoic acid, p-hydroxy-______________
Benzoic acid, p-isopropyl-- - _.____.___
Benzoic acid, p-pentyloxy-____________
Benzoic acid, 3,4,5-trimethoxy-__.__.____
Butyrie aeid- - - ...
Butyric acid, 2-ethyl-_________________
Butyric acid, 3-hydroxy-- . ___________
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TaBLE 2.—Relative effectiveness of materials tested as attractants for 10 insect species—Continued

&
& 2
> E P ] §
Ento- & g€ S |8 S
Item | mology . 5 8§38 |« 215 |2
No. No. Material E|lL|8|lE8|12|a|&|F
(ENT-) 3|€|5lg|8|2 8|38
§ g 15 |4 E 2 o : Attract-| Arrest-
'gvovmus:ﬁomt ant
SIE |2 |2 |0 |R|A|&|A
ACIDS AND ACID ANHYDRIDES—Con.
97 | 24203 Butyric acid, 3-methoxy-__.___ .- 0 I T U UEUROROR URUNUR NP FRRpU PRORRN (SRR (SpUppIRn U
98 | 24202 Butyric acid, 2-methyl-_______________ 0 R PR UEURDROR FEUEVRUR FRURpyR) PRIV PRI FRRUPR (RSP (Rt
99 | 31627 Butyric acid, 3-piperonyl-_ ___________. 2 /2% PR (R VRPN (U PRI PRI B I
100 | 20453 Chrysanthemumic acid, cts-dl-—____.___ 1ooofoooo] 1 jaccl L) 2 2| 2 oo |emeeeet
101 | 20888 Chrysanthemumic anhydride_ .. ______ 1 RO (NN A A PR (N A PRUUPRDEN PROIGUN (RPN (SRR PRI
102 891 Cinnamie aeid- _ - __________ 1 oooofoaoe| 1 oo faae- ) PR (R
103 | 3747 Cinnamic acid, 3,4-methylenedioxy-_-._| 2 [-.-- B FRUSRN PEVRRN PRVRIORN PUPRPR PR ORI
104 | 6286 Citricaecid- - oo oo . 122 I T R RO AR (RRORPR (ROUPRPR (RPUPRNN (PSP MU (R
105 | 3711 Coumarilic acid- - - __________ 1( 1 1 JRURUORN SR PRI FPUPIPN PRIIHSpR N IR
106 | 6287 Crotonic acid. . ___________ b2 I N O N (RO JUVURPRY JRORRPR PRRPRP (RPUPRPN (SRR (P
107 | 1854 Cyclohexanecarboxylic acid-_ - .- ______ 1] 1| 3| 1 | |ecec]emac]emma]omme]|mmccm e meeeee
108 | 6302 Cyclohexanecarboxylic acid, 1-hydroxy-_|----|----|-=c=[---- JRURUUN PRIV PRI PRI FEPEPIIPN PP
109 | 21681 Cyclohexanecarboxylic acid, 2-methyl-__{-—__[--_-| 1| 2 [coo| 1 |ocoo|ocoo]ocmn]ommoaman]aaas
110 | 14244 Cyclohexanepropionic acid- ... ) N N A OO (RPUPRP (NP (HRPRPRN JHPRVRP RS
111 | 20221 3-Cyclohexene-1-carboxylic acid, 6-
methyl-_ _______________________ JEURURUE RPN (RPRURP (R R PRI I A PRIV PR PR PEIPIPIORIIOE PP
112 | 22626 4-C}{((:ilohexene-1,2dicarboxylic anhy- 1
€ e e e e SRR PRI RO (RN VSN SR PRI IR B
113 | 30542 Cyclopropanecarboxylic acid_ . _______ 2| 2 ——- RV B
114 | 4453 Decanoic acid .- _______________ 1] 1. JRURION PRI PRI
115 | 20117 2,4,8-Decatrienoic acid, §,9-dimethyl-___| 1 [oo--|ooo_|-cac|ocoo| 1 (oo
116 | 24216 Diglycolic acid- ..o _________ 21 1| |---- ————-
117 | 14249 Fencholic acid- - - oo _________ 1 -] 1 —-
118 | 24237 Formie acid- - - oo . U R (R I | ——
119 | 24236 Fumaric aeid . _ - ______________ 1] 2...| 1 ——-
120 | 3662 2-Furanacrylic acid_ - _______________ 1) 1| 1| 1 || ]---_
121 | 16500 2-Furoicaeid_ - ____________________ 1] 1| 1| 1 || |aaee
122 | 24247 Glutaric aeid- - - _ T 2 o) 1 |ccao] 1 oo || e meee e
123 | 15362 Glyecolic acid_._.____ e ) [ 20 RO RN PR (RO FPUPION PRUIOEN RS IR P,
124 | 2073 Heptanoic acid-. oo _________ 1] 1 D RSN RN PR RPROU SV (PSRRI [P
125 | 7701 Hexanoic acid oo ____________ ) SR AUV N ) PR PRI I () PR PSR IR F
126 | 24616 Hexanoic acid, 3-methoxy-_ . __________ D RO (EVRVRY IS A PR RO RPN P S SRR
127 | 21981 Hydracrylic acid, 3-(p-methoxyphenyl)-
2-phenyl-__ . ________________._____ 1) 1 1) 1o 1| feooofacao 1 1
128 | 24260 Isobutyric acid_______________________ RO RS (N Y PR FRUR I A PR N FRNIIpI PN
129 | 24620 Isodextropimaric aeid_ . ______________ D ROV R I N PRI RN FS PRI
130 | 24132 Isovaleric acid - . - .. __________________ 1. 1 1. 1 .
131 | 16901 Ttaconic acid. - _________________ 1 S RO RN FRNN (RO SRR (R
132 | 3130 Lactic acid- - - - ______________ D R (R S N JEPE PR
133 112 Lauricacid. - ___________________ 20 Lo 1 |ooofaoofooofaoos
134 | 3377 Levulinic acid- - oo .o _________ 1| 2| 1|.... SR
135 | 11010-a Linoleic acid (natural) (ci8)-._._._.___. 2| 2] 2| 1 |oocofecoolocoa]aaas
136 | 11010-b Linoleic acid (frans)- .- .______________ | 1 2| 1 |oofooofeooo|aaoe
137 | 23986-a Linolenic acid (natural) (cis)-.__.______ 2 2| 2| 1| |oo-s
138 | 23986-b Linolenic acid (¢rans) 1| 2| 2 | ooo|eco|eoaa] e
139 | 1002 Maleic acid._________________________ 1| 2(.___ JEREP I R IR
140 | 24283 Maleic anhydride______ W 28 N O OO N MO (o
141 | 6292 Malic acid___________ I O O U OO I R A A ! A
142 | 15724 Methacrylic acid_ - _ 1] 1 I I R I D I O
143 | 6294 Mucic acid__________ (U TR A N O O D I It A
144 | 15381 | Myristic acid _.... 1101111111 TR e T e e o e e R
145 | 16902 | 1-Naphthoic acid..____...-..-.o. T e e e e e o R e
146 | 4164 Nonanoic acid_ - ____________________ 1 C D O I I D It
147 | 30047 Nonanoic acid, 4-methyl-_____________ T T O O sttt Ittt it
148 | 21330 Nopinie acid-____________________ - S T T I e it et It Attt
149 | 19730 Octadecanoic acid, 12-hydroxy-- . ______ 1 1 1 1 1 [l it ettt it ittt ekt
150 | 4162 | Octanoie soid oo oo oo TR R T e s NI N R
151 | 24619 Octanoic acid, 3-methoxy-,7,7-tri- e e il il RECEI EEEEE R EESRERE
methyl-_________________________ 1] 1
152 | 1291 Oleic acid______________1TTTTTTTTC 3| 1| 17| 2|l
153 | 1594 Palmitic acid. - ..o oo
154 | 2400 | Phthalio acid. ... -.-- TTTT1I e e e Tl o e e
155 | 4165 Pivalicacid________________________ " G SR S et et e It
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TABLE 2.—Relative effectiveness of materials tested as attractants for 10 insect species—Continued

&
’ £ &
Ento- > «; > 5 5
n 5] 3
Item | mology :‘; g 5 s | B =
No. No. Material g BlE2|E|e]| g | =
(ENT-) AR AR AR AN
Elell|8|nl2|8|2
FRERE AN AR AR g‘ 2 Z | Attract-| Arrest-
S|=2 |2 |5 |F|A|a|& |/ | oot | ont
ACIDS AND ACID ANHYDRIDES—Con.
156 | 4167 Propionic acid- - ____________________ 2 1. 1|.... JEIN U N ISR A,
157 | 24366 beta-Resorcylic acid..___._____________ B U [N N (RN U PRSI (RN PR RPN MU SN
158 | 2407 Salieylicaeid_ - . ____________________ 1] 2 caoo) 1o fco e e oo e m
159 | 24368 Salicylic acid, 4-ethoxy-- ... ________ b I D N R FEORRN RRRON RNV RPRPRUN NORVROR (PRI HUIUIPIPRI A
160 | 17391 Salicylic acid, 3-phenyl-._____________ SN P U A
161 | 23985 Senecioicacid. .- oo oo _ b RN SR (R B A
162 | 14851 Sorbic acid - . 1. 1| 1|.._.
163 909 Stearic acid .. ___________ 1 1| 1| 2|....
164 | 6297 Suecinic acid. - oo _ 1] 1o 2 (----
165 | 24376 Syringic acid. ... 1] 1 S
166 979 Tannic acid- .- - ... 2 2 [caocfoaac]aaos
167 | 6298 p-Tartaric acid_______ . _._______ b 10 D T U (RO FURION N N (RO FSUVRUN (RN AR I
168 | 16108 Terephthalic acid_____________________ 1 1 (0 DR RN PRI SNSRI PRI AR
169 | 15626 m-Toluic aeid_ . - . ________ 1 b A U I A RO FRUVRON RCRPRON FRRPRPNY (RRPRN (NP P
170 | 15625 o-Toluic aeid- - oo .. L D W S RO PN SEUIRON RO FRSSIN FEIU MR I
171 | 15627 Toluicaeid.- . _____ ) 25 PR N RSN (RO FRNIU FRRIN FRIRN FEOIUIRIIIN P,
172 | 2280 ndecanoic acid-. - ______________ 3 [ ' PR (R RN I U PR RO MU (R AR
173 | 2065 Undecenoic acid (isomer not known)._..| 1| 1 |oooofoo_|ocoo] 1 |aoofomooomoc|mommmcec e
174 | 8657 Valericaceid .- ____________ U PRURRR FRURS B N FENURON (N A UUUUONN IR FRORRON AU IR
176 | 4161 Valeric acid, 4-methyl-________________ 1] 1] 20 1 |ccc] 1] 1 oo eccemmcce e emmeeee
176 | 19542 Vanillicaeid- .- _____________ D2 I W U N N AU N A NORU IR (RN MR I,
GROUP 3.—ALDEHYDES AND ACETALS
177 | 24135 Acetal  _ o ___ 2 2 R PR IR FNURPRU AU (AU (RPRRN PRSP PRSPPI (PRI
178 | 31167 Acetaldehyde_ . ______________________ RV RO RN IR IR RN (RO R PRI RN
179 | 24738 Acetaldehyde, allyl 2-ethylhexyl acetal__{____|____|--__|.___ el 2 Y femmme e aee
180 | 24136 Acetaldehyde, bis(2,3-dihydroxypropyl)
acetal _____________ . ___ b A N A Y RN (RPRRPN FRPRSORN FRIO PRI SRR SRR FUUpIp,
181 | 31264 Acetaldehyde, 2-(2-(butoxyethoxy)-
ethoxyethyl alpha-ethylpiperonylacetal | 1 | 1| 1| 1 |____|ocoo|ooo_[-cof-oa- 1 1
182 | 30277 Acetaldehyde, 2-(2-butoxyethoxy)ethyl
butyl acetal . ______ 1] 1] 1 b U RO RN FEUPIPN PRI PRSPPI IR
183 | 30276 Acetaldehyde, 2-(2-butoxyethoxy)ethyl
2-(2-ethoxyethoxy)ethyl acetal_______ 1] 1| 1§ 1| 1 || fomocfommcfommmceca] e e
184 | 30278 Acetaldehyde, 2-(2-butoxyethoxy)ethyl
isobutyl acetal - ___________________ 1] 1| 1| 1| 1 |coofaoc|amocfocaafmmmcccacfeccccaee
185 | 24741 Acetaldehyde, butyl 1,3-dimethylbutyl
acetal . _________ JRURUR FRURRUR RO SRS B S PROURPN RPN PRIV I ) PRI PO
186 | 31263 Acetaldehyde, butylalpha-ethylpiperonyl
acetal o _______ 20 2| 2 |ccoo|aacofecec]eaefeaanfaaan 1 1
187 | 24142 Acetaldehyde, butyl eugenyl acetal _____ D2 2 (R R IR ) PR (RN RSOt B RIS P
188 | 30280 Acetaldehyde, butyl heptyl acetal . _____ 11 b A RN RSN RN RS MU R
189 | 30286 Acetaldehyde, butyl p-methoxybenzyl
acetal .. 1|1 111 b RO R (RPRPION (RPN RPN AN
190 | 30274 Acetaldehyde, butyl 3-methoxybutyl
acetal . _____ 1 2| 1 b A U PR PRI (RSP PRI (PSPPI PP
191 | 25067 Acetaldehyde, butyl 2-methyl-3-butyn-
2-ylacetal . ______________________ RO B W A A (N A NOURN JRORPUON FRRPR B S PRI PRI
192 | 30283 Acetaldehyde, butyl 1-methylheptyl
acetal______ .. 1] 1] 1] 1| 1 || e ]emoc e meeeeee
193 | 30290 Acetaldehyde, butyl 2-methyl-3-(3,4-
methylenedioxyphenyl)propyl acetal . |- |- _|ccoo|ococ| 1 oo oo ofe ool
194 | 24730 Acetaldehyde, butyl phenyl acetal ______ JRREON PRSI B S RN (R N PRSP FPUR B A (N A SO S,
195 | 24733 Acetaldehyde, butyl tetrahydrofuryl
acetal ___ . JEUNUHDN RN B N PR [ S RORPR FRORPRO FRPUR I ) PRI M
196 | 24731 Acetaldehyde, cyclohexyl 2-methoxy-
ethylacetal._______________________ JENRUN RPN I N PRSI B A PRI PRI
197 | 22404 Acetaldehyde, dibutyl acetal .. ________ SRR RO IR I N B U PR B |
198 | 24137 Acetaldehyde, dimethyl acetal .- _______ 1| 