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This is the second of & series of investigations on nicotine
insecticides conducted dby this Bureau in cooperation with the Bureau
of Agricultural and Industrial Chemistry. Part I of this series
(BE-646) reported a study of complex salts containing nicotine, usu-
ally combined with a metal. In the investigation described herein
an effort was made to find activators for nicotine, partly to
stretch the limited supply of this insecticide and partly to make
ite use more economical.

As before, the samples studied were prepared at the Eastern
Regional Research Laboratory of the Bureau of Agricultural and
Industrial Chemistry, for testing against plant-feeding insects by
the Bureau of Entomology and Plant Quarantine at its Sanford, Fla.,
laboratory.

Previous attempts by other investigators to increase the tox-
icity of nicotine insecticides were concerned largely with the use
of various alkaline materials to liberate the alkaloid from nico-
tine sulfate. For example, dolomite and lime have been called
chemical accelerators by Headlee and Rudolfs (5), while Thatcher
and Streeter (9) have classed them as active carriers. In a few
cases, however, nonalkaline materiale have been used, such as agar-
agar (6), karaya gum (4), lecithin (1), and hydrocarbdon oils (3).

In thie investigation the entomological tests were conducted
on several species of leaf-feeding larvae. In order to minimige
losses of nicotine by volatilization from the duste in shipment
and on storage, the adjuncts to be evaluated as activators were
not tested with nicotine alkaloid, but in combination with (1)
nicotine bentonite in dentonite and (2) nicotine sulfate in pyro-
phyllite as the diluents.

1/The authors are indebted to E. R. McGovran and G. T. Bottger
for supervision and technical guidance in this work.
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Thie report covers the tests on the first 100 mixtures tried
and hence ie in the nature of a progress report. Since it is al-
most impcssihle to predict what kinde of chemicels might act as
activators, or to deduce from the effect of one compound what an-
other might do, the meateriale reported herein were chosen more or
less at random.

Materiale

As indicated above, two series of samples were prepared, con-
taining the same adjuncts. Pure nicotine was added to bentonite,
forming nicotine bentonite diluted with the excees bentonite. Nico-
tine sulfate was used in the pyrophyllite, since the nicotine loss
on standing was too great when the dust was prepared by mixing the
alkaloid with pyrophyllite. All samples contained 5 percent of ad-
Junct, 5 percent of nicotine, and, with the exception of two samples,
90 percent of diluent. In these two sulfur was ueed at 10- and 20-
percent levels instead of S-percent, thus reducing the amount of
diluent to 85 and 75 percent, respectively. Duste containing 5 per-
cent of nicotine with no adjunct were also included in these groups
to be used as standards.

The fact that a liquid was involved in making a S~percent nic-
otine dust with 40 percent of nicotine sulfate influenced the disper-
eibility of the pyrophyllite samples. They completely settled in the
dueting chamber within 30 seconds, while the bentonite materials re-
quired 3 or 4 minutes,

The following species of insects were used: Bean leaf roller
(Urbanus proteus (L)), cabbage looper (An(mmm brassicae (Riley))
(= m:.mmmu(m )}, fall webworm (Eyphantria cunea (Drury {
Hawaiian beet webworm (Ellﬂlll fagcinlis (Cram.)), melon worm Dignngnig
hyalinata (L.)), southern armyworm (Prodenis (Crem.)), and
southern beet webworm (Pachvzancla bipunctalis (¥.)). Fourth instars

of all species were used and in addition firet instars of the southern
armywornm.

Methods

The procedure used in testing these materiale was eimilar to

that describded by Swingle (7) and in part I of this series. The mate-
rials were first tested as dusts by placing dusted foliage in 9-cm.
petri dishes with the larger larvae, or in cloth-covered viale with

the first-instar armyworms. The mortality may have been due to con-
tact, stomach, or fumigating action, but since the most effective mate-
rials are relatively nonvolatile, it may be assumed that there was
little fumigating action. About 30 larvae were used in each test, and
mortality counts and estimates of the amount of feeding were made each
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24 hours for 3 days. The deposit used depended upon the species
being tested and also upon the susceptibility of that specles at the
time the tests were made, the desired mortalities being between 20
and 80 percent. BEach sample was tested on from 2 to 6 species of
insects. The melon worm and southern armyworm were used in all tests.
Since these tests were only preliminary, no replications were made.

The second step was foliage-injury tests, made on 4 or 5 varie-
ties of plants in an outdoor garden with the samples that showed
some increase in toxicity as dusts over the standard materials
againet insects. The plants used were bean, collard, corn, cotten,
okra, potato, pumpkin, sweetpotato, and tomato. Materials were
sprayed on the plants twice, at zn interval of 7 days and at a concen-
tration of 0.1 percent of nicotine. Records of the amount of iajury
wvere taken on the third, seventh, and fourteenth days after the appli-
cation of the first spray. '

The third stage of testing was with sprays. All materials that
showved some promise in dust tests, and which did not cause foliage
injury, were used in spray tests on leaf sections which were fed to
larvae in petri dishes and in cloth-covered vials.

Discussion of Results

The adjuncte which in the dust test, with either carrier, gave
mortality of the melon worm or the southern armyworm, or both, 10 per-
cent above that given by the standard were considered as activators
of the nicotine. The following materials were found to be in this
class:

2,2'-Allylidenebis(5,5-dimethyl- Kojic acid
1,3-cyclohexanediore
2-Butoxyethanol Lauryl acetoacetate
2-Chloroallyl lactate Lecithin
p-Dichlorobenzene Nitrobengzene
Diethylene glycol monobutyl ether 2-Nitrobiphenyl
Diethylene glycol monomethyl ether Paraffin
5,5=-Dimethyl-1l, 3-cyclohexanedione Pentachloroethane
Dodecanoic acid Pentachlorophenol
2-Ethoxyethanol : Polylactic acid
(115% lactic acid)
Ethyl n-bdbutylacetoacetate Stearic acid
9-Phenylphenol . Tetrahydrofurfuryl

12-Hydroxystearic acid lactate
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The samples containing pentachlorophencl and nicotine were the
only ones that gave higher mortalities than the standards in every
test. In subsequent tests 97 percent of the melon worms and 100 per-
cent of the armyworms were killed with rather light deposits of dust
mixtures containing only pentachlorophenol as the toxicant. Swingle,
Phillips, and Gshan (8) found this material to be toxic to 9 of 10
speciee against which it was tested, and it is also toxic to sub-
terrsnean termites (10).

It appeared that only eight compounds in the list merited fur-
ther attention. More complete data on these eight materials are
given in table 1. With the exception of 2-nitrobiphenyl, these ad-
juncts were nontoxic when tested as 5 percent dusts without nicotine;
2-nitrobiphenyl was slightly toxic to the southern armyworm. Kojic
acid and g-phenylphenol appeared to be the most effective adjuncts
for nicotine sulfate in pyrophyllite.

Since none of these eight materials were injurious to plants in
phytotoxicity tests, they were tested as sprays. The results are
shown in table 2.

In table 3 a comparison of the two carriers as dusts and sprays
indicates that the mixtures are slightly more effective as sprays.
Furthermore, the indications are that dusts in which the materials
are diluted in pyrophyllite, using nicotine sulfate, are more effec-
tive than the nicotine bentonite duste. On the other hsnd, when the
materials are applied as sprays the bentonite group is superior to
the pyrophyllite.

Table 4 includes the adjuncts which gave insect mortalities above
the standard when used in nicotine dusts or sprays. Since none of
these compounds were highly effective, no attempt was made to show the
degree of activity towarde individual species. The table lists the
teest insects used.

Several materials appeered to be specific in their activation of
nicotine toward different species of insects. The nicotine dusts con-
taining the following materials in both bentonite and pyrophyllite
were active agains the melon worm, but not against the southern army-
worm: Ethyl acetoacetate, ethyl 2-( 2-butoxyethoxyethyl)acetoacetate,
ethyl p-lauryl-acetoacetate, furil, lauryl acetoacetate, octadecyl
acetoacetate, octyl disulfide, and sulfur. Nicotine sprays containing
lauryl acetoacetate were also effective against the southern armyworm
in each series. Levulose was effective against the armyworm dbut vas
ineffective ageinet the melon worm. Four other materiale were act-
ivators of the nicotine againet one of these two insects in one series
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and against the other in the second series. Cyclohexanol,
allyl maleate, and p-tolyl p-toluenesulfonate in bentonite were
effective against the melon worm, and in pyrophyllite they were
effective against the armyvorm. Another material, 9,10-epoxy-
stearic acid, in dentonite produced higher mortalities than the
standard against the southern armyworm, dbut in pyrophyllite the
melon woram was the susceptidble insect.

The adjuncts wvhich were inactive in all tests are listed in
tabl’ 50

In this search for an effective activator for nicotine none
of the adjuncts sufficiently increased the insecticidal action of
the nicotine compounds in these preliminary teste to merit further
study on the test insects used.
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Table 1,--Effectiveness of various materials as acfivntore in nicotine dusts when tested agzainst vnrious species of insects

Nicotine bentonite in bentonite Nicotine sulfate in pyrophyllite
Adjunct and insect 1/
Deposit Extent Mortality Depo=it Extent Mortality
of dust of Above or of dust of Above or
per square feeding Total below per square feeding Total below
centimeter standard centimeter standard
Micrograms Percent Perceat .uldcrograms Percent Percent
2,2'-Allylidenecbis{5,5-dimethyl-
2,3=0cyclohexanedione:
Melon worm 125 Moderate 50 =30 140 Moderate 58 +10
Southera armyworm 180 == A0 == 9 -8 140 Trace 90 +38 4
Southerz beet webworm 70 o= 40 == 43 +14 -——— — - - '
Av, - 8 Av, +24
- Diethylene glycol monamethyl
other:
Bean leaf roller 2/ 97 - 40 == 65 + 9 ——— ——- - -——
Cabbage looper 2 Normal (17)3/ + 0 ——— ——— - ———
Hawaiian beet webwornm 200 Moderate (67) +42 —— - w—- - -
Mslon worm 145 —— A0 == 79 +14 140 Moderats 87 +22
Southern armyworn 180 - 40 == 29 +13 160 == A0 == 82 +25
Scuthern beet webwornm 200 Trace (71) =29 - e - ——
Av, 78 Av, +24
o-FPhenylphenol:
Bean leaf roller 128 Moderate 58 -3 e -—— - ———
Melon worm 140 -= do -- 61 =30 110 —— (0 = 83 +43
Southern armyworm 180 -= 40 =- 38 +32 155 - (0 == 8% +29
Av, -1 Av, +36
12-Hydroxystearic acid:
Bean leafl roller 107 - do == 55 -3 - —— - e
Melon wcrm 110 - do -= 33 +14 125 == Q0 == 43 -1
- e 2 55 - - +
Southern armyworm 180 do 72 . +l% 155 do 75 rel +§%



Table l.--Continued

Nicotine bentonite in bentonite Nicotine sulfate in pyrophyllite
Adjunct and insect 1/
Deposit Extent Mortality Deposit Extent Mortality
of dust of Above or of duat of Above or
per square feeding Total below per 2quare feeding Total below
centimeter staidard centirmeter standard
Mi croprams Percent Percent Micrograma Percent Percent
Kojic acid: .
Bean leaf roller 93 Moderate 64 + 8 - - - ——
Melon worm 135 -— dQ == 40 -2 125 Moderate 67 +26
Southern armyworm 180 - 40 == 54 -2 155 Trace 97 +43
Av, - 5 Av, +35
2=Nitrcbiphenyl:
Bean leaf roller 117 Trace 53 ~ 6 - ——— - —
Melon wornm 145 Moderate 50 -4]1 115 Noxrmal 35 - 6
Southern srmyworm 180 Trace (100) +53 170 Trace 100 +46
Av, + 2 Av, +20
Polylactic acid (115% lactic
acid):
Bean leaf roller 98 Moderate 63 +12 ——— —-— e e
Melon warm 130 -= d0 == 61 +46 185 woderate 46 +14
Southern armyworm 180 -= do == 20 -9 155 = dQ == 76 +11
Av, +16 Av, +13
Stearic acid:
Meloa worm 125 -= dO == 61 -19 170 - 40 =~ 42 -6
Southern sarywornm 190 -= do == 27 +10 150 - d0 == 97 +45
Southern beet wsebworm 70 Trace 75 +46 70 = d0 == 48 0
Av, *12 Av, +13

rirst-instar larvae of southern armyworm, but fourth instarsof other species,

All bean leaf roller data are the averages of three tests.

giggrgs given in parentheseas represent mortalities after 2 days' expcsure., All other figures repredent kill
n ays.

4



Table 2.--Effectiveness of various materials as activators in sprays coataining nicotine when tested against
the melon worm and the soukhern armyworm.

Nicotine bentonite in bentonite Nidotine sulfate in pyrophyllite
Mortality : Mortali
Nicotine amd Extent Total Above or | Nicotine and Extent Total Above or
Adjunot and insect 1/ ad junct of in - below ad junct of in below
concentration feeding days2/ standard | concentration feeding days stangdard
Percent Percent Percent Percent Percent Peorceat
2,2'-Allylidenebis(5,5-dimethyl~
1,3=-cyclohexanedione):
Melon worm 0.15 Moderate 79 (4) +49 0.15 Moderate 75 (4) +45
.075 - d0 == 63 (4) +45 .075 Normal 46 (4) +28
Southera ammyworm P - do == 97 (4) +27 . Trace 100 (2) +19
oD - 40 == 67 (4) +36 015 Moderate 60 (4) + 3
Av, +39 Av, +24
Diethylene glycol mono=
methyl ether:
Melon wornm ol - 40 =- 87 (6) -3 ik Normal 27 (4) «25
Southern armywornm 1 - AQ == 33 (4) +18 el ol gw= 24 (4) +18
Av, + 8 A, = 4
o-Phenylpuencl:
Melon worm Sl -= @0 ==~ 35 (6) -7 ol A s 43 (6) =16
Southern ar=yworm il Normal 23 (4) + 3 o1 welQ= 19 (4) +13
Av, = 2 Av, - 2
12-Hydroxystearic acid:
Melon worm o1 Moderate 96 (6) + 6 Ll S [ 70 (6) +17:
Southern armyworn Fak Normal 31 (4) +13 el (0=~ 47 (4) +4]1
Av, +10C Av, +26
Kojic acid:
Meloa worm 15 Trace 100 (3) +61 S1LD Modorate 95 (4) +16
075 Moderate 65 (3) +08 0075 -=lQ== 42 (3) - &
Soutilern armyworn 3 -= do == 75 (4) +58 3 Trace 83 (4) + 4
15 == do == 58 (4) +44 .15 Moderate 23 (4 =15

Av, +50 Av, = 1



Table 2,--Contimued

Nicotine bentonite ia bentonits Nicotine sulfate in pyrophyllite

Mortality : Mortality
PNicotine and Extent Total Above or |Nicotine amd Extent Total Above or
Adjunct and insect 1/ ad junct of in below ad junct of in below
Iooncontration feeding days 2/ standard |concentration feeding days 2/ etandard

Percent Percent Percsnt Percent Percent Percent
2-Nitrobiphenyl:
Melon worm 0.1 Trace 93 (4) +20 (0 % & Moderate 75 (6) +16
Scutbern arrmyworm oL Moderate 71 (4) +51 ol Normal 20 (4) +14
+36 Ay, +15
Polylactic acid (115 percent
lactic acid):
Melon worn ol -= d0 == 93 (6) +20 ol Normal 63 (6) + 4
Southern armyworm o | Normal 27 (4) + 7 ol Moderate 20 (4) +14
+14 Av, + 9
Stearic acid:
Melon wan «19 Trace 100 (3) +61 o159 -~ do == 86 (4) 7
«075 Moderate 81 (3) +64 2075 Normal 42 (3) - 6
Southera amyworn 3 Trace 95 (3) +78 3 Trace 70 (4) -9
+15 toderate 48 (4) +34 5 ) Moderate 22 (4) =16
Av, +59 Av, - 6

-o'r-

y First-instar larvae of soutnern armyworm, but fourth instar of other species,

2./ Figures given in parentheses represent number of days exposure.



Table 3.~--Camparison of the adjunots as a group when used as dusts or sprays in bentonite and
pyrophyllite against insects listed in tables 1 and 2

J Dust tests Spray tests
Average mortality Average mortality
Carrier above or below Tents ébove or below Tests
standard standard

Percent ' Number Percent Number

Bentonite +22 : 15 +36 20

-17 12 -5 2

Pyrophyllite +26 14 +17 15




Table 4.~--Adjuncts showing activating action against scme sSpecies of insects when included in nicotine mixtures

Hawaijan Melon Bean Cabbage Southern armyworm  Southern Fall
Ad junct beet web- worm leaf looper First Fourth beet web- web-
worm roller instar instar wWorm wWoIm
2,2'-Allylidenebis(5,5-dimethyl- - xx - -— xx - p'e.q —
1,3-cyclohexanedione)
Allyl maleate —— xx XXX - XX xx - =
2=-Butoxyethanol x XX xx b'd xx xx x -
2-Chloroallyl lactate - XX XX - XX - — o
_B-Tolyl p-toluenesulfonate - XX >¢ e XX - — ——
yclohexanol - xx XX X xx X x —_—
p-Dichlorobenzene - xx xx - XX - - =t
Diethylene glycol monobutyl ether x xx X x XX xx - s
Diethylene glycol monomethyl ethexr xx XX XX X XX X x - :
5,5=Dimethyl-1,3=cyclohexanedione - po's - - xx o x — 5
Dodecanoic acid - x - - xx - XX e '
2=Ithoxyethanol X 20X x x xx X X -
Ethyl acetoacetate - xx xx X X x X x
Ethyl 2-(2-butoxyethoxy ethyl)- x xx x xx x b's xx x
acotoacetate
Ethyl n-butyl-acetoacetate -- xx p.o X XX xx xx X
Ethyl n-lauryl-acetoacetate - Xx >0 x X X Xx -
Ffuril - po's xx xx X XX Xx X
o-Fhenylphenol - XX x - Xx - - -
12-Hydroxystearic acid - XK x - xx - - -
Kojic acid - XX XX - XX - - -
Lauryl acetoacetate - XX X X X X XX X
Iecithin X b X x xx XX 53 -
LevuloBss - x b's - XX - - ——
Nitrobenzene - XX x X XX X x -
2-Nitrobiphenyl - XX X - Xx — — it
Octadecyl acetoacetate - XX X b'e X X bo'd X
Octyl disulf'ide XX X x X x XKL X -
9,10-Epoxystearic acid - b o 5 - Xx - - ——



Table 4.--Continued

_ Howwaiian lielon Bean Cabbage Southern armyworm Soutnera  Fall

Ad junct beet web-  worm leaf looper Firat Fourth Beet web- web-

wWorm roller instar instar WoIm wornm
Paraffin - XX XX -— Xxx - - -
Pentachlorcethane - b.o.4 X - plod - - —
Pentachlorophenol - XX XX - XX - - -
Polylactic acid (115% lactic acid) XX pos XX - b o o xx — e
Stearic acid - XX - - xx - xx -
Sulfur - XX xx X X x xx X
Tetrahydrofurfuryl lactate - XX XX - xx e - --

1/ x denetes material was tosted but no activation ocewrred; xx denotes that activation occurred on this species,

~£T1-



Table 5,--Adjuncts

showing no activating action in nicctine mixtures and insects
against which they were tested

Southern

Hawaiian Bean armyworm Southern Fall

beet Melon leaf Cabbage First Fourth beet wWeb-

Ad juncts webworm worm roller looper instar instar webworm worm
Acme white oil (80-85 sec. Saybolt) -y G X x x x - =
Agar-agar - 7% X = x - - -
Beeswax - X X - X - - -
Benzyl disulfide - X X b’ X x x -
2,2'-Benzylidenebis_(5,5~-dimethyl~1,3-cyclohexanedione) - x - - X - x -
Bis(l-carballyloxyethyl)chloramaleate - x i - x x - -
Bis(l-carballyloxyethyl )maleate - x X - x x - -
Bis(2=-chloroethyl)ether x x x X X X - -
2-(2-Butoxyethoxy)ethyl acetoacetate - x X x X x x x

2-Butoxyethyl phthalate - x X - x - - ol

(]

Butyl disulfide - x X x x x x X N
Camphor x >.< - X - - -
Caprylic acid - x - - X = x -
2=Carbododecoxy-5-hydroxy-1,4-pyrone - - 4 - ~ x - b < =
Castor oil - x x x x X -
Chloramine T - x x - X - - -
2-Chloroallyl-alpha-acetoxypropionate - X X - x - - -
Chlorobenzene - X x - x - - -
o-Chlorobenzyl disulfide - x x x x x x -
2=Chloroethanol - x x x X x x -
2-Chloroethyl lactate - > x - X - - -
2-Chloramethyl-5-hydroxy-l,4-pyrone - x: - - X - x -
2-Chloramethyl-5-methoxy-,4-pyrone - b - - x - > < =
Cottonseed o0il - > ¢ x X 5 x - -
p=Cymene - X XS x x x x -



Table 5« Continued

Southern

Hawaiian Bean orm Southern Fall

beet Melon 1leaf Cabbage First Fourth beet Web-

Adjuncts Webworm worm roller looper instar instar webworm worm
Dibutyl phthalate - x X - x - - -
Dibutyl sebacate - X x = X - - -
Diethyl maleate - x x - x = - -
9,10-Dihydroxystearic acid - X x - x - - -
Dodecyl omine - X - - x - 5 -
Furoin - x X x x X x x
Gelatin - X - x x s - =
G.uaMQ gunm = X - X x X - L
Gum arabioc - x b4 - x = = =
10-Hendecenoic acid X X x X x 73 x -

2(lo—Hendeconoxy)-5-hydroxy-l,4-pyrone - x - - X - X =0

S-Hydroxy-2-thiocyanamethyl-1,4=-pyrone - X - - X - x - 5

Linseed oil , - > X - x - - - !
l-Methylallyl alpha-acetoxypropionate - X x - x - - -
2=Methylallyl alpha-acetoxypropiocnate - x X = X - - -
2=Methylallyl lactate - X x - x - - -
2,2'-Methylenebis(5,5-dimethyl-1,3-cyclohexanedions) - x x - x - - -
Monohydroxy stearic acid polymer - X X - x - - -
B-Nitrobemyl disulfide X X X X X X >.¢ -
Octadecyl disulfide - X X x X x x -
2=0ctanol - x x - x - - =
Pentachlorcephenyl p-toluenesulfonate - X X x x - - -
Potrolatum - 2 x x P . i = 'y

Phenyl alpha-acetoxypropicnate - X X - x



Table 5.-Ccntinued

Southern
Hawaii&an Bean armyworm Southern Fall
beet Melon leaf Cabbage First Fourth beet web-
Adjuncts webworm Wworm roller lcoper instar instar webworm  woIrm
Polyvinyl &lconol - b4 - - x - X -
Pyrogallol - X X - x - - -
Resorcinol - X x - b.< - - -
2,2'-Salicylidenebis :( 5,5-dimethyl-1,2=-cyc lohexanedione) - X - - pd - x -
Soluble starch - >¢ > - x - - -
Sulfoxystearic acid - X X - X - - -
Tetrahydrofurfuryl alpha-acetoxypropionate - x x - x - ~ -
Tetralin - x X - X - - -
Triethylene glycol acetoacetate - X x X x b b < X
Triethylene glycol bis(2-ethyl butyrate) - X X - x - - -
Turpentine - X x - x - - -5
Xylylstearic acid - X X - x - - - G
1/ x denotes test was made; - denotes that no test was made.
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