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I TR0DiCTI0N

This is the eighth in a series of papers designed to revi w all
available information on the insecticidal uses of rotenone and the ro-
tenoids. Parts I-VII have reviewed tests w.ith derris, oube, timbo,
Tephrosia, Mundulea, and their constituents on members of the Collem-
bola, Orthoptera, D~rmaptera, Odonata, IsQpters. Corrodentia, Mallo-
phaga, Thysanoptera, iomoptera, Hemiptera Anoplura, Coleoptera, and
Lepidoptera. Apparently no tests vith the rotenone plants on Thysanura,
Ephemeroptera, or Flecoptera have been recorded. Part VIII, the present
paper, reviews the tests and recorLendations for use on Hymenoptera.

H EYEOPTEEA

Apidae

Apis mellifera L~, the honeybee

In 1919 .cIndoo, Sievers, and .bbott (8G) extracted fine derris pow-
der successively with five .solvents--petroleum ether, ether, chloroform,
alcohol, and *Iater, in five different sequences. Water used as the pri-
mary solvent extracted 10.C percent of the material. The extracts and
the mars were added to honey and were fed to honeybees. The extracts
were dissclved in c.la]chol (0.4 gm. in 10 cc, of DB-percent alcohol),
and 0,25 cc. of this.solution was mixed with 5 cc. of honey. The water
extract had no..effect en the bees tested and the powder exhausted with
water killed 94 .percent of the bees within 43 hours. All the other ex-
tracts were alrac-,t equally toxic to honeoees. The powders exhausted
vith ether, chlforcfcrm, and alcohol (1/8 L:, of powder mixed with 5 cc.
of honey) had very little effect on bees,

In 1928 Ginsburg.(36) reported that a suspension of derris (1:400)
killed 100 percent of the honeybees after '4 hours, and a suspension of
cube root (1:200) killed 100 percent after 48 hours. These suspensions
were mixed wfth honey. and were fed to the bees.

w~h o
Campbell (13) in 1932 referred. to the work of Ginsburg/"compared the

susceptibility of aphids and honeybees to rotenone suspensions without

spreader. A diLution of 1:160,000 killed 83.2 percent of the aphids and

bne of 1:5,000 killed 74.5 percent of the bees in 24 hours. Honeybees
are evidently more resistant to rotenone suspensionsthan arc aphids."

In 1932 Ginsburr and Schmitt (>7) compared the contact insecticidal
action of rctonone &nd the pyrocthriis. Honeybees were sprayed with
aqueous susponscns of rotenone and darris extract, and pyrethrum extrac ,
obtained by adding acetone sol.utions of these to water without a spreader.
Rotonone at 1:2,500 e.nd derris root at 1:400 equivalentt to i part of ro-
tenone to 13,200 parts of water) killed 100 porcent of the honeyboos in
24 hours. Pyrothrun at 1:400 (equivalent to 1 part of pyrethrins to
44,000 parts f urtl;r) '-il led 80.3 percent of the boos ii the same time.
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Gerard (35) in 1.935 called attention to the poisoning of honeybees
caused by dust ig blooming raspberries with derris dust for the control
of the raspberry beetle in 1934 in England. A microscopic examination
of the dead and dying bees revealed the nreser.ce of a fine brownish dust.
The entrances to the tracheae were thicklb covered with the powder, and
Gerard suggested that the flying bees had died from actual suffocation
due to the tracheae becoming blocked with the powder, whereas the dead
brood had been poisoned by being fed pollen in which this powder had
been mixed by the bees.

In 1935 Tischlor (114) studied the 2.ochcnism by which derris kills
insects. Tests mde wiEh insects such as bees led to the conclusion that
dorris inhibits the utilization of oxygen by the tissues and that its
detrimental effects are general rather than specific to any organ. Ex-
periments in which los :ere CXnos2d to e. stream of air passed over der-
ris powder and derris extracts, and to the build-up vapors of these der-
ris materials in a container confirmed the fir.ings of other investiga-
tors that derris does not emit a toxic vapor.

In 1935, the Unitod States Dep.rtaent of Agriculture, Bureau of Ento-
mology and Plant Quar~antine (11K), reported the results of laboratory
tests on bees at Somerset, Idd. U:der laboratory conditions derris, cube,
and pyrethrum were extremely to,:ic to bees, beth a.s stomach poisons and
as contact sprayrs.

DeBussy et al. (14) in 196t3 renortod th at this sPecies is sensitive
to derris dust or spray. TNo reports of dsmauge to bee culture in Holland
have been received. . . .

In 1936 Hunder'mark (48) tested the racnone and derris proprietary
products Derosil, Derrothan I, and Derrothan II on bees. All were toxic.
The dusts were p1-i ed in the laboratory at the rate of 0 Vp. per
hectare (44.5 lbs. ner acre).

In 1.936 Van der Laan (78) found that bees are sensitive to derris,
especially to dusts. In 1937 Bottcher (7) discussed the killing of bees
by i nsecticiiles, including-" derris.

Filmer (29) recrte. in 1937 that a dust containing 0.75 percent of
rotenone, 20 to 2. percent o sulfur, and about 15 percent of copper,
applied by airplane tc li7ha-bean fields on the evening of July 19 near
Findley, N. J., was beli.-:"ed to be responsib le for many dead bees found
nearby. The fact that wurse bees, as vr 1 as field bees, had boon poi-
soned su-gestod 9.at the rotenone dust has poisoned the nectar. To check
this theory, su' ar solutions containing, varying quantitites of rotenone
dusts -wore fed to colonies of bees. Dilutions of dusts containing 4 per-
cent of rotoon 17 ;:ere added to dilute suf:ar sirup to make up dilutions
' ontaining the fIllowing amounts of rctenone: 1:2,500 (= 0.4 percent);
1:1,250; 1:625; 1:317. Those dilutions when fed to coloiiis of bees
wore all toxic with te exception of the 1:2,500 dilution. The colony
fed this solution showed no si;wns of poisoninf; an built up normally.
The other colonies showed symptoms of poisonin; th lay following the
feeding of the sirup, and in all colonies practi cal: all the boos wero
killed ithin 7? hours. The ;'oneral symptom.s cor; similar to those due
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to arsenical poisoning, vith bees crawling from the hives", the abdomens
of many being greatly distended. To checL the contact action-of rote-
none ducts several batches of bees w":ere dusted directly ith an 0.75--
percent dust and were then placed in cean cages. Other batches of bees
were placed in cages, the floors of 'wrhicii had been dusted lightly with
0.75 percent-rotenone dust. A complete 1ill was obtained in 24 hours.

According to Stewvaag (112) in 1937, derris is. both a contact and
a stomach poison to bees.

Bcttcher (8) in 1939 recorded the results of tests of derris and
rotenone upon bees. Rotenone had a lethal effect on bees as a stomach
and a contact vo ison, but was ineffective by inhalation. The toxic ef-
fect as influenced but little by the temperature. The minimum lethal
dose of pure retenono in a 0,2-percent concentration was 0.5 to 11 micro-
grams. Th.e edian lethal dose was about 3 micrograms. From 0.6 'to 1.7
micrograms lave nortalities of 25 to 33.3 percent at a temperature of
20 -34.5 C. Derris extracts (0.5 and 5.6 micrograms of rotenone) were
more effective than the same amount of pure rotenone. The median lethal
dose was about 2.2 micrograms. Fromn 25 to 33.3 percent of the bees
treated with about 1.1 micromrans of rotenone died within 3 days. Con-
centrations up to 0.02 percent; of :'otenone in sprays and to 1.75 percent
in dusts did not seriously injure either the workers or their brood, and
the injuries to bees collecting pollen and honey were insignificant.
Even when the concentration was 10 times as r-;eat, relatively few bees
succumbed to the treatment, Large-scale experiments in fields frequented
by bees confixhned these results.

In 1939 Downes (20) reported that a color of honeybees under the
shingles of a house was destroyed with a dust of derris powder (4 percent
rotenone).

Br aconidae

DeBussy at al. (14) in 1936 reported that full-grown braconids in
tobacco seed are very sensitive to derris dust.

Cephidae

Janus integer (Nort.), the currant stem girdler

In 1938 the New York County Agents Training School (93) stated that
emergence of the currant stem girdler in Chautauqua Coun-{,N. Y., exten-
ded over 0o period Iviay 5 to June 10, vrith the most activity from IMay 20
to 20. Spr .yn containing nicotine, drris, or pyrethrum were not effec-
tive in li:LtC'indG 'ests.
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Diprionidae

Diprion pini (L.)

In 1936 DeBussy et al. (14) reported hat larvae of (Lophyrus)
Diprion pini were sensitive t-a. dust cntaining 0.25 peroent of rote-
none. This insect on trees was controlled by this dust applied -;nith a

motor-driven duster.

Hioutze;ers y=7) in 1936 discussed control mTeas're., 2s's 1n that

there was only one practical method of control for the pine wasp, namely,
dusting with derris powder containing at least 0.5 percent of rotenone,
as soon as a. part of the forest is infested. The derris powder should be
applied at the rate of 20 to 25 'cc. per hectare. The infestation usually
begins on the sunny exterior portions of the forest, and the beginning of
the infestation can be repdilr observed. If treated at this time, it is
sufficient to arply the derris dust to a strip 1" to 20 meters wide. By
operating in this wray dusting an area of 2.5 hectares is sufficient to
protect a forest having an area of 10 hectares, thus reducing the per-
hectare cost of' protecting the whole forest to 20 guilders per hectare.
If the infestation has proceeded too far, the cost of the dusting is ex-
cessive and the only thing to do is to let the infest-tion run its
course.

Klinger (73, 74) in 1936 reported that rotenene-tele dust (0.15 e.
of rotenone per 415 sq. cm.) killed none of the fourth instars and a
rotenone spray (0.18 mg. per 500 sq. cn.) killed only 5 percent in 8 d>ys.

Van der Laen (7) ir 1936 reported control with derris dust applied
by a power duster.

An anonymous writer (3) in 1937 wrote that in the Netl><rlands dust-
ing tests with a 0.5-porcent concentration of rotenone rgoinst this
species produced eco'l results.

In 1938 the Koloniac-l Instituut of Arnstu;rdam (77) in the Nother-
lands reported that one of 1the principal zses of derris dust (0.5 to
0.75 p:ercent rot:o .. ) :iurin 1937 ans ro: cnombtinc ti2 _o c is.

Spoon et al. (109) in 19r7 compnreA tVu in' 1ticial v2lu? oi derris
powder ^nd of LonchoCerp'uts po:cu.r, both containing equr11V high amounts
of rotenone and either extract. A inst the l.arvaoe the derris-diatoma-
coous earth (0. p'reont rat rone) nust wss a-bout 1- tiTms as offec-
tivo as the Lnnchec'Corous '-us+.

Diprion simile (ut .), the introduced pine srv:fly

McDaniel (8.1) in 1939 recommended a dust containing 0.75 percent of
rotenone, ;lthou~h about "2 houre wns necessary to obtain any indication
o 'kill. Cry.rolitc end calcium arsont. dusts were more effective.
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Diprion hercyniae (Htg.), the European spruce sawfly --

NacAloney (82) in 1936 reported, under the name Diprion polytanum,
that derris showed premise, and Potts (101, 102) in the same year re-
ported that derris extract, 0.5 pound to 100 gallons of vater (contain-
ing 0.5 percent linseed oil), and derris powder percentt rotenone),
2 pounds to 100 gallons of water (containing 0.5 percent linseed oil),
were very effective. Final observations on sprayed plots showed ex-
cellent control by derris extract, derris, lead arsenate, calcium ar-
senate, and lime-sulfur. Poor control resulted from nicotine in any
form, pyrethrum, bordeaux mixture, and phenothiazine.

N^?eodinrion lecontei (Fitch), the red-headed pine sawfly

Hamilton (41) in 1938 reported that larvae on white pine trees were
controlled 100 percent by a spray of derris or cube powder (4 percent
rotenone) at 4 pounds per 100 gallons .of water plus 4 pounds of rosin-
residue emulsion. The spray a.cts as a contact poison. The effective
period was 4 to 6 days and full-grown larvae were fairly easily killed.

TcDaniel (84} in 1939 recommended a dust containing 0.75 percent of
rotenone, although about 72 hours was necessary to obtain any indication
of kill. Cryclite and calcium arsenate dusts were more effective. .

Neodiprion pinotun (rPort.), the white-pine sawfly -

See LcDaniol (84) under IN. lecontei (Fitch).

Feodiprion sp,

Potts (103) in 1937 reported that derris (4 percent rotenone) at
1:500 and 1:1,00C was very effective both as a stomach poison and as s
contact spray against the larvae in laboratory tests.

Formicidae

Anoplolepis longipes (Jerd.)

According to Var. der Vecht (119) in 1936, some small-scale tests

against the "gramangie" ant (Plagiolepis) Anoplolenis longipes gave un-

satisfactory results. If the treatment is to be done properly, so much

powder must be used that the control would :not be profitable in most
cases. . -

Camponotus herculeanus (L.)

In 1933 Lindblom (80) reported that when derris"powder was strevn

around in the rooma or paths here these ants were prevalent, or was
blown into cracks or holes in the walls, complete kills were obtained.
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Camponotus spy (.1)

(81)
In 1934 Lindblom/nvrte that when blown into their nests in hollow:

trees, derris powder was fairly satisfactory.

Downes (20) in 1939 reported rermar'kabile success with derris powder
containing 4 percent of rotenone. o'Tc matter here the nest was situated
or how extensive the infestation, if the povrder could be placed where the
ants must walk through it and thus get some of it on their bodies, the
colony could be externinated rapidly.

Delichederus (iypoclinea) bidens (L. )

Reijne (104) in 1919 reported that of various sprays used, carbolic
acid and Phytophiline gave the best results, but the high cost of the
latter precluded its use. ITekoe water (probably an infusion of cube
root) was useless. [According to same reports the proprietary product
Fhytophiline contains rotenone and rotenoi ds.]

Dclichoderus bituberculatus (IEayr )

According to Vro.n der Vecht (119) in 193G, thce black cacao ant i
very sensitive to derris. Dusting rith derris ponder (rotenone 0.5 per-
cent) or spraying with suspensions containing rotenone at 1:10,000 is
usually effective.

Formica rufa L.

Lindblom (80) in 1933 reported results obtained with derris against
mound-building, or fallow, ants. Derris was spread in a ring around the
anthill,.so that the insects had to come in contact with it on entering
or leaving the mound. The ants at first hesitated before crossing the
strip of povrdor hu later did so freely. sight or ten minutes after
having" been in contact with the derris, the ants began to lose control
of their movements and later became paralyzed and died. The following
day an area of 8 to 10 meters from the mound was covered with dead or
half-dead ants. At intervals of a few days more derris was strern
around, u. ntil 1.5 kg. had been used. Four weeks later the mound was
opened, and it was found that every insect had been destroyed.

Iridomyrmex huailis 1ay'r, the rg;entine ant

J. E. Eckcert, (26a) in 1940 reported that he had found derrie powder,
lightly sprinkled where the ants enter, very effective in keeping these
ants out of the honey house and away from colonies of bees in the apiary
and from entering his own home. Since, after 4 or 5 days, the ants
seemed to be about as numerous as before, he concluded that the material
must act more as a repellent than as a definite poison.
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Nyrnica rubra (L. )

In 1935 Van der Schoer (106) reported that red ants were controlled
by spraying with rotenone emulsion 1:80,000. Rotonone wras dissolved in
benzene and this aas emulsified in water with Igepon T.

Red ants were used by Sooon and Van der Laan (108) in 1935 in eval-
uating derris dusts and sprays. It was concluded that in rating derris
products first consideration should be given to rotenone content.

DeBussy e?; al. (14) in 1936 reported that these ants are sensitive
to derris dust (rotenone 1. percent) and derris snray (rotenone 1:5,000),
but that the effect does not appear irrediately. An entire city garden
in Amsterdam was dusted with derris powder containing 7 percent of rote-
none and 17 percent of ether extract. No ants could be found after 10
days.

Van der Laan (78) in 1936 reported these ants as sensitive to derris.

Spoon et al, (109) in 1937 stated that Derris and Lonchocarpus pow-
ders were each diluted with diatomaceous earth to rotenone contents of
0.5, 0.75, and 1.0 percent and tested against this species. Derris dust
was twice as effective as Lonchocarous dust of the same content of rote-
none and ether extract.

The EMsore (India) Agricultural Department (89) in 1938 reported
that derris powder (7 percent rotenone and 2? percent ether extract)
was effective against rod ants.

Oecophylla smaragdina (F.)

In 1936 Van der Vccht (119) stated thai although spraying and dust-
ing the nests of the ".uangrang" ant with derris powder plus talc (rote-
none 1-1/3 percent) and derris powder in water (rotenone 1:2,000) killed
a great many ants, it did not seen possible to eradicate the ants com-
pletely in this w.y.

Prenolepis sp.

The British Guiana Departmrent of Agriculture (13) in 1934 reported
that an aqueous extract of haiari gave excellent results against an un-

determined species of ant, probably Prenolopis, infesting coffee trees.

Solenopsis gerdina.ta (F.), the fire ant

Travis (110) in 1939 reported the results of tests of soil treat-

ments for the control of the fire ant. Commercial derris powder was
applied in sufficient quantities to cover the colony mound with a thick

coating of dust. At the tine *f application, the colony was stirred

with a stick to expose as many ants as nossiblo to the powder. Three

hours after treatment many partially paralyzed ants wero seen, and large
numbers oif dead ants were carried from these colonies during the follow-

inp; wool,. One wek aftor treatment 20' percent of the colonies showed no

activity, ut 3 months later all were active and appeared normal.



Solenopsis sp.

The Department of Agriculture of British Guiana (13) in 1934 pub-
lished results of tests of cold water, hot vater, and carbon tetrachlor-
ide extracts of the bark, stems, and leaves of fresh young shoots of
haiari against the red stinging ants. None of the extracts had any
effect on them.

Tetramorium caespitum (L.), the pavement ant

Walker and Anderson (121) in 1937 reported that in 1935 a derris
spray applied around the base of infested eggplants at Norfolk, Va., was
not effective against the pavement ant. In 1936 derris fumigant powder,
containing 5 percent of rotenone, killed a few of the ants and appeared
to have a slight temporary repellent action, but the ants soon returned
and eventually killed two of the plants. Finely ground derris powder
was used undiluted as a dust containing 5 percent of rotenone, and di-

luted with both sulfur and talc to make dusts each containing 1 percent
of rotenone, and with finely ground tobacco to make a dust containing
0.75 percent of rotenone. None of these materials had any noticeable

effect on either the ants or the plants, the ants continuing to feed on
the eggplants in the presence of derris.

Formicidae (unidentified species)

Wood (123) in 1912 reported that a preparation made by adding 2 ><
pounds of crushed fresh derris root to 2 imperial gallons of boiling
water, soaking it for a few hours and then diluting it by adding 1 quart
of this stock solution to 2 gallons of water, repelled ants from a bed
of germinating celery without damaging the plants.

Gilmer (34) in 1923 ;rote that derris is fully the equal of pyreth-
rum as a check against ants.

Lindblon (81) in 1934 published directions for destroying red, yel-
low, and back .American lawn ants in Sweden by strewing pure derris pow-
der in a narrow circle around the anthill or in places where the ants
vill come in contact with the powder.

Stanco, Inc., in 1934 first advertised Flit powder, a pyrethrum pro-
duct with 1 percent of "rotenone extractive4' <ccording to a label re-

ceived in 1937 from the manufacturer, Flit Powder contains 94 percent of
pyrethrum flowers, 1 percent "extract tubatoxidf and 5 percent of inert
ingredients. It is recommended for control of ants.

INiles and lilies (88) in 1935 wrote that, for the control of ants in
glasshouses, derris dust may be blown into crevices and cracks.

DeBussy et al. (14) in 1936 reported that ants are sensitive to der-

ris dust (rotenone 1 percent) and derris spray (rotenone 1:5,000), but
that the effect does not appear immediately. An entire city garden in

Amsterdam was dusted with derris powder containing 7 percent of rotenone

and 17 percent of ether extract, No ants could be found after 10 days.

'- 1 A'T'
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The Idaho Agricultural Experiment (53) in 1936 reported results of
preliminary tests made with a cube-kaolin dust mixture containing 0.02
percent of rotenone. This mixture, applied in the center and over the
top of an anthill, killed most of the colony, and a second application
2 weeks later usually served to exterminate it. Occasional light dustings
of the mixture around shrubbery or ornamentals or at places where the in-
sects entered the buildings effectively controlled ants.

In 1936 the Koloniaal Instituut of Amsterdan (75) reported that ants
can be destroyed with the help of derris.

Van der Laan (78) in 1936 stated that ants are rather sensitive to
derris.

McDaniel (83) in 1936 published directions for ant control in houses
and on lavms. After discussing sprays, fumyigants, and poison baits he
stated that poison dusts, such as borax, pyrethrum, derris, or some of
the fluorine compounds, should be distributed where the ants will walk
through it, and the barrier kept there as long as ants are present.
Poison dusts are satisfactory only when dry. Either borax, nor pyre-
thrum, nor derris are poisonous to higher animals.

Schoevers (107) in 1936 wrote a general account of derris in which
mention was made of its use to control ants.

In 1936 Van der Vecht (119) stated that in the Netherland Indies
only a few ants were recorded as injurious. Although ants are very sen-
sitive to derris, it is doubtful whether any use of derris on a larger
scale would be practicable. Ants which, for example, attend injurious
plant lice on cultivated plants can be killed by dusting or spraying;
but unless the nests are eradicated, success is short-lived. The use of
derris in baits has shown some promise. Derris has demonstrated some
use as an ant repellent; floors dusted with it were avoided by these in-
sects, but the powder must be regularly renewed.

Dietz (19) in 1938 advised the housewife on control of ants. If a
poisonous material is undesirable, use ground derris powder or, in an
emergency, use any one of the many common fly sprays once or twice a day:

Haude in 1J39, in advertising literature published by John Powell &
Co., New York, N. Y., recommended dusting around the anthills with cube
or derris (0.75 percent rotenone).

Hackley (39) at the meeting of the California Pest Control Associa-
tion held at Oakland, Calif., in 1939, stated that some brands of derris
powder are very effective ant repellents until destroyed by light.

C. B. Dibble in a "Bug Flash" in 1940 recommended derris or cube pow-
der as a barrier against ants in cupboards.



Hackley (40) in 1941 wrote tha-t-,some derris powders effectively re-
pel ants for several days,.. This- repellent quality does not, xi.st .
equally in all brands or types; some "that wrere tried were lacking in
this respect. The one that was most effective was very pungent and so
irritating to the nose and throat that care was needed to avoid the un-
pleasant effect. It seems likely that the value of, the powder lies in
this irritating quality.

Tenthredinidac

Athalia colibri (Christ.)

DeBussy at al. (14) in 1936'reportod that larvae wore successfully
controlled with a derris dusting mixture":

Trappmann and Nitsche (115) in 1935 reported on the action of rote-

none and pyrethrins on various insects. A pyrethrum-talc dust contain-
ing 0.15 percent of pyrethrins, a .rotenone-talc dust containing 0.15
percent of rotenone, a spray containing 0.15 percent of pyrethrins in 50

percent of Turkey-red oil, and a spray containing 0.15 percent of rote-
none in the Turkey-red oil were tested against a variety of insects.
The dusting bell jar described by Lang and ..elts (H'achrichtenbl. f. den
Deut. Pflanzenschutzdienst 10(9):75-76) was used ,for the tests with the
dusts, and the ba-lance described by the authors-(Ibid. 14(5):51-52.) for
spray materials was used for the spray tests. In every case the dosage
was .regulated tc give a deposit of 0.18 mgu. of pyrethrins or rotenone
per sq. cm, The tests were made with the insects in glass dishes 5.5

centimeters high and 15 centimeters in diameter, 10 insects in each dish,
Rotenone spray killed only 10 percent of the larvae of this species
after 8 days.

Riggcrt (105) in 1939 reported that three cansts containing beth py-
rethrum and derris killed 99.5, 95.5, and 35.0 percent, respectively, of
the larvae withinn 24 hours in tests made in 1936; whereas two dusts, con-
taining pyrethrum only, killed 4.5 and 24.1 percent, respectively.

Caliroa aethiops (F.), the rose sawfly

According to the (Tokyo) Institute of Physical and Chemical Research
(55) in 1927, Heoton, 1 pound in 40 imperial gallons of water, completely
exterminated larvae of the rose sawfly.

Gorharm (38) in 1928 reported on the European rose sawifly in Ne
Brunswick, Canada. It was found that, like other sawfly larvae, those
were very susceptible to the toxic action of derris dust and that they
dropped in a helpless condition w.;ithin 2 hours after application. rNo
objectionable stains were left on the foliage or blooms.

In 1988 Parks and Pierstorff (97) of the Ohio Agricultural Exten-
sion Service, recommended spraying with dorris powder (4 percent roto-
none) at the rate of 3 pounds in 100 gallons of water for the control
of the rose slug on roses.
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Haude in advertising literature published by John Povrell & Co., New
York, T. Y., in 1939 recommended cube or derris dust (0.75 percent rote-
none) or spray (4 pounds of powder of 4 percent totenone content per 100
gallons).

Caliroa cerasi (L,), the pear slug

In 1932 Andries (5) reported derrisol as effective against the pear
slug.

DeBussy et al. (14) in 1936 reported that this insect is sensitive
to derris dust.

According to an anonymous writer (2), the University of Eristol
Research Station at Long Ashton, England, in 1937 demonstrated control
by the use of combined washes containing white-oil emulsion and rotenone-
containing substances.

The Colorado Experiment Station (17) in 1937 stated that derris or
cube powder containing 3 percent of rotenone, at the rate of 4 pounds to
100 gallons of water, gave controls equal to those effected by lead ar-
senate. Rotenone dusts were also used on this slug.

Kearns and Parsh (60) in 1937 recommended derris spray for control
and reported that the second brood is best controlled by the application
in raid-July of a spray containing 6 ounces of nicotine and 1/2 pound of
wetter to 100 imperial gallons of water, or that 1.5 pounds of derris
or barbasco root, containing not less than 1.5 percent of crystalline
rotonone, may be substituted for the nicotine.

Evans (27) in 1935 reported that the pcar slug (Caliroa cerasi (L.))
in Tasmania is best controlled on fruit trees with lead arsenate but that
lead arsenate should not be used on plun or cherry trees when the fruit
is ripe or almost ready for picking; instead, any contact insecticide,
such as nicotine sulfate or derris, should be applied either as a spray
or as a dust. Hawrthorn hedges surrounding gardens should be given two

applications of a derris dust, which acts as both a stomach and a con-
tact poison. The first application should be made during the first
fortnight in December and the second during the first fortnight in Feb-
ruary. The second application, which is intended for larvae of the sec-
ond generation, is t.e most important.

Hamilton (41) in 1938 reported thatpear slugs on pear trees were
controlled 100 percent by a spray of derris or cube powder (4 percent
rotenone) at C pounds per 100 gallons of water plus 4 pounds of rosin-
residue emulsion. The spray acts as a contact poison and as a repellent.
The effective period is 6 days.

According: to the New Jersey Agricultural Experiment Station (91) in

1938, dorris or cube powder in water to which rosin-residue emulsion had
been adcod was shovm to be effective against sawfly or pear slug larvae.
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Enphytus albicinctus Nats. var. meridionalis Takduchi

Oishi (96) in 1934 reported that the larvae can be killed by a der-
ris spray.

Fenusa pulsilla (Lep.) (Syn., F. pumila)

Turner (117) in 1932 reported that cube extract in 1-percent oil
emulsified vrith pondered milk (cube extract 1:25,000) killed 74 percent

of the larvae in mines; the check oil killed 3 percent.

Hoplocampa flava (L.)

Kearns, Mlarsh, and martin (61) in 1935 reported trials carried out
the previous year at Long Ashton, England, with combined sprays for the
control of "red spider, caterpillar, and plum sawfly" on plums. At
Pinvin trials were carried out on trees of the Czar variety. Double
spraying was employed, and two types of spray were tested in the second
application. For the first application, on Eay 11, 7 days after petal
fall, a spray containing lead arsenate and nicotine was used. The sec-
ond application was made on INay 29, when half the trees sprayed on May
11 received an oil and lead arsenate spray. The remaining h.lf of these
trees wiere sprayed on rMay 29 with a derris-lead arsenate spray of the
following composition: Ground derris root (2 percent crystalline rote-
none) 2 pounds, lead arsenate powder (300-mosh) 4 pounds, Lethalate
wetting preparation 8 ounces, and -ater 100 gallons. The control of the
plum saw"fly was in no case satisfactory, as the first spray was applied
before oviposition was completed, ?"hereas the second spray did not pro-
vide any material control of wandering sawfly larvae.

The University of Bristol Agriculttural and Eorticultural Research
Station at Long Ashton, England (11), in 1936 ,reported that carefully timed
applications of nicotine and crsenate srrays did not provide a satis-
factory control of the plum sawflr. Dorri.s -. the most satilsf.ctor
spray.

Jancke and V:aercks (57) in 1936 reported the follo?.in: results vith
pure rotenone: On blooming twigs, a 0.75-percent solution killed 51 per-

cent of the eggs of the plum sav:fly and a 0.5-percent solution killed 35

percent; on twigs that had ceased blooming, a 0.5-percent solution killed
58 percent of the eggs and a 0.75-percent solution killed 73 percent.

Leib (79) in 1936 reported the results of tests of a commercial
derris product applied as a spray at 0.4-percent concentration against
the plum sarfly; 81 to 95 percent of the fruit treated 3 times at 4- to
5-day intervals with this spray was sound, :.:thout holes.

Petherbridge and Thomas (98) in 193G reported on the control of the
plum sawfly in England with derris. Two sprayings (derris 0.8 pound,
spreader 3 pints, or sulfonated lorol 1/3 pound, water 40 imperial gal-
lons) gave better results than did spraying with nicotine sulfate (10
ounces) plus load arsenate (1 pound) to 40 imperial gallons. Only 5.2
percent of the damsons on the trees sprayed .:ith derris werc injured,
whereas the unsprayed trees showed 16.7 percent dama;:e. >'w dustinr
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vith a derris dust (0.2 percent rotenone) was not satisfactory. In the
case of a bad attack they recommended spraying twice with derris, 0.8
pound plus 5 ounces of a spreader in 40 imperial gallons, tyrlen the cots
(receptacles) are beginning to split, and also a week later.

Steer (110) in 1936 reported that the use ofd derri' against ,the
plum saufly apparently was not a marked success, but that observations
made in 1934 suggested that it might with advantage be used. ii a dry
fcrm against migrating larvae when the first signs of secondary attack
are observed.

Kearns and larsh (60) in 1937 recommended derris br derris extract
as a spray for control of the plum sawfly in England. The spray should
contain not less than 0.004 percent of crystalline rotenone. The trees
should be sprayed about May 10-20 and again 7 days later. Barbasco or
any other rotenone-containing material may be used as a substitute for
derris, provided it is suitable for use with a white-oil emulsion.

Kearns,TUarsh, and Martih (63) in 1937 reported that a refined pe-
troleum oil proved more effective than a rater-soluble spreader as a
supplement for rotenone-containing sprays applied for the control of the
plum sawfly.

Petherbridge and Thomas (99) in 1937 recommended the following spray
for the control of the plum sa fly when the fruit-tree red spider or the
plum thrips is troublesome: iMineral-oil emulsion 3-1/5 pints, derris 12
ounces, water 40 imperial gallons. Used against the plum sawfly, derris
with the oil was better than derris with sulfonated lorol. The fruit-
tree red spider and the thrips were controlled only by the derris-oil
spray.

Jary and Austin (58) in 1938 reported that heavy attacks by the plum
sawfly in Kent, England, were controlled commercially by applications of
derris and derris-petroleum-oil sprays.

Kearns and Nartin (65) in 1938 recommended a spray containing 0.67
gallon of actual oil andT1 pound of derris or Lonchocarpus ground root
(rotenone 4 percent) in 100 imperial gallons of water for the control of
the plum sawfly. Oil emulsion gave better results.than a water-soluble
wetter, but if for any reason the latter is preferred 0.5 pound of Agral-2,
or Lethglate Wetting Preparation, or sulfonated lrol, per 100 gallons
may be used. One drenching application made just before the hatching of

most of the eggs controls not only the sawfly but also the red spider.
An extract of Lonchocarpus nicou gave a more potent combined spray, than did

the powdered root.

Steer and IHassan (111) in 1930 reported that in field spraying trials
on the control of the plum sawfly on Czar plums, one spraying with dor-
ris gave substantially as good a result ;s did two sprayings. Derris, at

0.2 percent (equivalent to a crystalline rotenone content of 0.004 per-
cent), in conjunction with soap, gave an adequate measure of control if
applied at any time during the 7 to 10 days following petal fall. An
unusually low concentration of derris (equivalent to about 0.002 per-
cent crystalline rotenone) gave very promising results. Nicotine at
0.05 percent and lead arsenate paste at 0.4 percent were each ineffec-
tivo, wheroas a preparation of thiodiphonylamine at 0.1 percent :
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was only partially successful. The. derris. po:dor contained 10.4 percent
of ether extractives and 2.14 percent of rotenone. The soap was prepared
by dissolving 3 ounces of caustic soda in 50 gallons of water ahd then
adding a pint of commercial brown oleine. On each occasion the spraying
was followed by rain.

Hoplocampa minuta (Christ.) .

Ahlberg (4) ir. 1934 reported spraying experime;nts to kill the eggs
of this plum sawfly. The sprays tested included pyrethrum and derris
preparations, and the trees were sprayed immediately before as well as
during; and after blooing. These sprays have given no results up to now.

The 17ageningen Plantenziektenkundige Dienst (120) in 1934 reported
that rotenone, 1:10,000 with 0.2 percent of Agral I, was sprayed on pl__
to control this species. The results could nct be ascertained because
the insects were repelled. Rotenone 1:5,000 rith 0.1 percent of Agral
I, was sprayed on plum on Miay 3 and L.ay 16, 1933, vith satisfactory re-
sults.

DeBussy et al. (14) in 1936 reported ;hat sprays of derris havfin
a rotenone concentration of 1:5,000, 1:8, 000, and 1:10,000, plus a
spreader, applied immediately after the appearance of the eggs, gave
good control of this species. A concentration of ratenone 1:13,000
proved too dilute to be effective.

In 1936 Van der Laan (78) reported thct this species may be control-
led with derris dust.

Hoplocampa pyricola Roh.

Yago (124) in 1933 wrote that this species, formerly abundant in
pear orchards in Shidzuoka, Japan, had become scarce, probably owing to
the use of inseci.cides, including derris.

Hoplocampa tectudinea (Klug)

Austin, Jary, and iMlartln (6) in 1932 reported that a Polvo-soap
solution was prepared by the +d ition of 1/3 gallon of brown commercial
oleic acid to 100 gallons of water containing 1 pound of flake caustic
soda. Polvo at the rato of 2-1/2 pounds per 100 gallons was stirred in-
to a smooth past with a little of the soap solution and then added to
the bulk of the solution in the spray tank. This gave a control of tho
apple fruit sawfly similar to that given by nicotine at 8 ounces per
100 imperial gallons. Katakilla (5 pounds per 10C imperial gallons of
water) gave equally good control.

The Agricultural and Horticultural Pascarch Station of the Univer-
sity of Bristol, England (10), in 1933 stated that dorris emulsion,
ground derris root in a soeup suspension, pyrethrum emulsion, and colloi-
dal lead arsenato were tostod against the apple sawfly, the derris cmul-
sion giving results equal to the nicotine spray which, "'hen applied 5 to
8 days after potal fall, had given the highest control.
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The East Lalling Research Station (23), Kent, England,,in 1933 re-
ported that a derris dust of known composition was applied at night to
apple trees infested v.ith the apple fruit sawfly.

The dust was applied by means of a hand duster on June 22 at
8 p.m. Thite sheets were placed under the dusted trees, while
other sheets were placed under adjoining trees, which were left as
controls. The weather proved to be bitterly cold for the time of
the year (the temperature registered only 10 above freezing soon
after midnight), but in spite of this a number of larvae came out,
as usual, after dusk. The observations were confined each night,
and after 4 nights more than 100 larvae were removed from the white
sheets under each dusted tree, while an average of 23 larvae were
collected from each of the sheets under the control trees.

Kearns, Earsh, and Pearce (64) in 1933 reported that derris spray
gave a good measure of control of the apple sawfly. Commercial experi-
ence with derris as a means of controlling apple pests in England is
limited and the results have been variable. The indifferent results.are
probably due to the use of too low a concentration of the toxic princi-
ple (rotenone). Derris is used mainly in twc forms for the preparation
of sprays: (a) Finely ground derris root added to a weak sop solution,
and (b) an oil emulsion consisting of a derris extract in a mineral
or vegetable oil. The duration of effective toxicity after application
of scno preparations may be several days, but critical data on this point
are not available for apple pests. Derris dusts have not been used to
any extent on apples.

Kearns and Swarbrick (68) in 1933 reported further observations on
the control of the apple sawfly. Among the sprays tested wero the fol-
lowing: (1) derris-soap solution: 2.5 pounds of finely ground derris
root, 10 pounds of soft soap, 100 imperial gallons of water (rotenone

0.004 percent, which was sufficient to kill the young larvae provided
it came in contact with them). This spray possessed good spreaogr.g prop-
erties. (2) Dereis emulsion: A proprietary snray consisting of a derris
extract in a rape-roil emulsion and applied at a concentration represent-

ing approximately 100 percent of the rape oil and an unetormine.d content

of rotenone. Th1e emulsion wetted the fruitlets thoroughly, Those sprays

were applied 7 days after petal fall. Trcos sprayed with the dervi s

emulsion had 9.2 percent of infested fruits 2nd those sprayed :ith: ldrris-
soap had 1 5 , 1 pecont, as compared ith 41,0 percet in the untreted

check. Tie beso c ntrol (2.7 percent of infested fruits) i:as givon by
nicotine !j> fluid ounces of 08 percent nicocn ne, 2 5 pounds of AL:ca.l I
as activator and snreader, 10C imperial gallons of wtrasc) applied 6 days
after petal fall, Dcrris-soap did not give good results because it

killed only posedd larvae and not those in burrows. The dorris emulsion

reduced the infesta.ion to 9.2 percent ant possibly oued its increased
efficacy, as compared :.th the derris eoap, mainly to the ease ith which
it penetrated the larval burrow because of the presence of the oil.
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Kearns and Walton (70) in 1933 reported tests with derris spray (2.5
or 5 pounds of derris powder containing 1.72 percent of rotenone, and 10
pounds of spraying soap per 100 imperial gallons) and derris emulsion
(derris extract in rape oil). The proprietary derris emulsion gave a
good control of the apple sawfly, whereas the derris in soap suspension
gave a poor control.

The East Loalling Research Station (24) of Rent, England, in 1934
stated that derris in both vret and dry form was tried against the apple
sawfly. Derris dust prevents oviposition by this insect.

Hey, Moore, and Steer (44) in 1934 made the follo:ing recomruendation
for the control of the apple sawfly:

The object of a petal-fall application for sawfly is to kill
the eggs and so to prevent infestatic of the fruits. If, for any
reason, this spray is omitted, some loss can still be avoided.
Examine the trees about a fortnight after petal fall and, if tunnels
under the skin or holes in the sides of the .fruitlets are seen,
apply a derris dust immediately to protect the remaining uninjured
fruits. If the rust is washed off by rain within 10 days of appli-
cation, then dust again.

Hey and Steer (45, 46) in 1934 reported experiments undertaken to
determine the relative value of control measures against the apple saw-
fly adults by means of derris; against the eggs by means of nicotine; and
against the young larvae by means of (a) petal-fall applications of der-
ris, barium silicoflucride, and lead arsenate, and (b) post-petal-fall
applications of derris, barium silicofluoride, lead arsenate, and nico-
tine; -and against the migrating larvae by neans of derris and nicotine.
The derris contained 2.71 percent of crude rotenone and was used at the
rate of 2 pounds pier 100 imperial gallons plus 8 pounds of soft soap.
The derris dust consisted of 10 percent of dervis and 90 percent of
china clay. The report states:

hen used primarily against the larvae, nicotine and derris
were of approximately ecual value at the concentrations used. In
addition to killing those larvae vith which it comes into contact,
nicotine probably kills the unhatched eggs remaining at the time of
spraying. On the other hand, derris is probably toxic only to the

larvae, though its residual contact properties give it an advantage
over nicotine which comnensates for its presumed lack of ovicidal
effect.

As a dust -the scope of derris appears to be restricted to its

uses (a) as a means of preventing oviposition by killing the adults
and (bT as a means of arresting secondary infestation by migrating
larvae. For the latter purpose derris-soap ar.d nicotine-soap sprays
also soom effective.
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Nicotine (95-98 percent) vras used at the rate of 8 ounces per 100
imperial gallons plus 8 pounds of soft soap.

The authors' conclusions. were as follows:

(A) The adult is susceptible to a derris dust.

(B) The egg is (at any stage of its incubative period) suscep-
tible to nicotine and soap--a fact of vast importance in commercial
spray practice.

(C) The newley hatched larva appears to be equally susceptible
to nicotine and to derris (each irth,soap) at the concentrations
used, but in the case of nicotine (applied a week after petal fall)
it is difficult to differentiate exactly between an effect on the
egg and an effect on the larva, .Arsenate of lead and barium silico-
fluoride (each vith gelatine) were of about equal value at the con-
centrations used, and were each much less efficient than nicotine.

. (D) The migrating larva. Secondary infestation by migrating
larvae, an important phase of sawfly attack, was arrested by a der-
ris dust, by derris and soap, and by nicotine and soap, each applied
eighteen days after petal fall.

The same authors observed that nigrating larvae of the apple sawfly
were controlled best by derris dlust (0.19 percent rotenone). Derris-
soap reduced the secondary attack but was loss effective than the dust.

M. H. Mtoore, of the East Nalling Research Station (25), in 1934 re-
ported field tests of combined derris-fungicide sprays. Derris contain-

ing 2.7 percent of rotenone was sprayed on Cox's Orange Pippin apple
trees at the rate of 2 pounds per 100 imperial gallons admixed with lime-
sulfur and sulfite-lye liquid concentrate (sp. gr. 1.3). The derris pro-
gram was as follows:

At green-bud Derris (2 pounds) + sulfite-lye (6 pints)
At pink-bud Lime-sulfur (1:40) + derris (2 pounds) +

sulfite-lye (6 pints)
At petal fall Lime-sulfur (C pints) + derris (2 pounds)

+ sulfite-lye (6 pints)
Three weeks after '- - .

petal fall Lime-sulfur (1'gollon)

The conclusions were as follows:

Excellent control of apple scar (Venturia inaequalis Aderh,),
red spider (O1igonychus ulmi Koch.) and carrfly (Hoplocampa testudinea
Klug.) was given on Cox's Orange Pippin in 1933 by employing a pro-
grarme of sprays in; which lime-sulphur was used in combination with
nicotine, with sulphite-lye as wetter and spreader. Reasons are
given to show that the effect of the nicotine against dawfly was
ovicidal. Where derris was the contact insecticide used, the effec-
tiveness of the combined spray against Sawfly vwas reduced by about
one-half, while against Scab it remained excellent. Load arsenate
was not included in the prograrano ***.
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The East M.alling Research Station (26) in 1935 reported dusting and
spraying tests against the apple sawfly vith derris (2 pounds) + lime-
sulfur (6 pints) + :sulfonated Lorol (0.5 pound) per 100 imperial gallons,
and with nicotine (8 ounces per 100 gallons) sprays. On the borcesters,
nicotine, lime-sulfur, and a wetter reduced the attack by about 85 per-
cent, whereas derris reduced it by only 60 percent, a result which agrees
well with last season's findings. It was concluded that derris can con-
siderably reduce sawfly damage but is inferior to a petal-fall applica-
tion of nicotine, and that a derris dust can control the migratory larvae
and so prevent most of the secondary.darage"

The Bristol University Agricultural and Horticultural Research Sta-
tion at Long Ashton, England (11), in 1936 reported that laboratory and
field experiments were carried out in 1934-35 with rotenone sprays for

-the control of the apple sawfly. Investigations showed that nicotine did
not act as an ovicide but as a stomach poison to the young larvae. Rote-
none also functioned in a similar manner.

Kearns et al. (62) in 1936 concluded that in the control of the apple
sawfly rotenone at 1.2 ounces per 100 gallons and derris root at 2.5
pounds per 100 gallons, as constituents of combined sprays of lime- vlfur
plus a wetter, proved practically as effective as nicotine at 8 ounces
per 100 gallons. When applied up to.8 days before egg hatch, nicotine
and derris controlled the apple sawfly by actin; as stomach poisons.
There was no evidence that nicotine acted as an ovicide.

Steer (110) in 1936 reported that derris was useful as an ingredi-
ent of the petal-fall spray for scab. Derris was effective against lar-
vae of the apple sawfly but not against the eggs. Here a petal-fall
spray has been omitted, derris dust can be usefully employed to prevent
attack by migrating larvae.

The nristol University Agricultural and Horticultural Research Sta-
tion at Long Ashton, England (12), in 1937 stated that a biological
method for the evaluation of letters and spreaders had been perfected.
The apple sawfly was used as the test insect. Experiments showed that a
white-oil emulsion was superior to water-soluble Getters when used in
conjunction with a rotenone-containing substance. Investigations were
continued on the chemical and biological evaluation of rotenone-contain-
ing materials. The work included experiments with the ground root and
extracts of species of Dorris and Lonchocarnus.

Kee.rns, Farsh, and i:artin (63) in 1937 reported tests made in Eng-
land vith derris, derris extract, and barbasco (5.6 percent rotenone and
17 percent other extractives) sprays to test the efficacy of spreaders.
Rotenone-containing insecticides were shovn to be suitable for use in
field trias for comparison of the relative efficiencies of spray sup-
plements a9 penetrants. The synthetic spree.ders Agral 2 and sulfonated
lorol, used with rotenono-containing insecticides for the control of t.
apple sawfly, proved to be more effective at 0.05 percent than sulfite-
lye at 0.75 percent, gamma-sulfonates at C.05 percent being intermodiatc
in efficiency. The most effective spray supplement examined was a re-
fined (grade G) petroleum oil ciulsified with sulfite-lye, the superior
efficiency of which as a penotrant may have been associ ":ted wi th solu-
bility factors.



-20--

According to Etablissements Fotenia, in a letter to R. C. Roark in
1938, this pest on cherry trees was killed by a product containing 12
percent of powdered Lonchocarpus nicou root (of 6 percent rotenone con-
tent) and 88 percent of talcum.

Plant Protection Ltd. (100) of Yalding, Kent, England, in 1938 ad-
vertised Drymac No. 2 as a derris dust suitable for the control of the
apple sawfly.

Kearns and I.Eartin (66, 67) in 1939 described tests to control the
apple sawfly in England. The results were as follows:

Insecticide Spreader Total ffuits Eean sawfly
infestation

imber Percent

None Sulfonated.lorol 2,111 65.3
Nicotine Sulfonated lorol 2,220 16.7
Derris (0,25 percent) Lorol 3,255 15.9
Derris (0.1 percent) Sulfonated lorol 2,829 39.8
Barbasco (0.1 percent) Sulfonated lorel 2,732 23.8
Lonchocarpus extract Sulfonated lorol 2,822 24.2
Lonchocarpus extract Agral 2 2,562 23.9
Lonchocarpus extract Ganmma-oulfonates 2,478 34.0
Lonchocarpus extract Sulfite-lye 2,804 39.2
Lonchocarpus extract Petroleum-oil 1,795 6.8

emulsion

Significant differences 750 12.72

(P = 0,05)

Rotenone-containing sprays act- u.s stomach poisons to newly hatched
larvae of the apple sawfly, but apparently the insecticide is not fixed
by the calyx-cup tissue and toxicity decreases each day after applica-
tion. If the period between application and agg hatch is too long, the
initial concentration of rotenone may have decreased torsuch an extent
that the larvae are not killed. Variable results are therefore obtained
vth derris and similar rotenone-containing materials. Further work may
indicate a concentration of rotenone that provides a satisfactory dura-
tion of toxicity to cover all normal requirements. The sawfly spray must
be applied as a drenching application to wet the flowers thoroughly, en-
suring that The spray deposited on the stains will run into the calyx
cup.

Ioplocampa sp.

According to the (Tokyo) Institute of Physical and Chemical Research
(55) in 1027, a solution of 1 pound of Neotorn in 60 gallons of water ex-
terninates larvae of the pear sawfly if they are on the rind of the
fruits in course of transition. If a transition takes place after the

solution become dry, only 40 percent of such larvae succumb
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TFtallus rubi Forbes

Daniel (18,) iq 1928 reported on the control of the blackberry leaf
miner, which is probably o. limitingS facto: in the culture of blackberries
in western iew York. Derrisol, in a dilution of 1:200, averaged 69 per-
cent control when sprayed upon the larvae, but had no value as an
ovicide.

$lennocai.pa rubi. (Harr.), the raspberry sawfly

'The Michigan Agricultural Experiment Station (87) in 1931 reported
that one application of Derrisol at 1:800 plus 2 pounds of Ivory soap
per 100 gallons of solution completely controlled the raspberry sawfly,
(;.;onophadnoides) Dlennocampa rubi,in a field of red raspberries.

Hutson (50) in 1934 reported that after the fruit was set, raspberry
sawfly larvae can be combated with sprays of the contact insecticides,
derris or pyrethrum. Derris acts slowly but insects do not feed after
they have been hit.

Dutton, Hutson, and Cation (22) in 1936 recommended derris for con-
trol -of late infestations of sanflies on raspberries. Derris prepara-
tions are :s1ow-actin; poisons and a good thorough application is required0

Repeat in'a week if all the larvae are not killed the first time.

Caffrey (15) in 1938 recommended a derris dust containing 0.75 per-
oent of rotenone for the control of the raspberry sawfly on raspberries
and blackberries after blooms appear on the plants.

Neurotoma nemoralis (L.)

Jahnke and Roesler (56) in 1940 reported that dust residues of der-
ris retain their effectiveness much longer than those based on pyrethrum

or nicotine.

Phymatocera aterrima (Ilug)

See Fryer et al. (31) under Ptoronidea ribesii (Scop.), on page 22.

Priophorus rubivorus Roh,

Hanson and 7ebster (42) in 138 recommended derris or cube dust
(0.5 percent rotenone) or spray (0.01 o0 rocnt rotonone) for the control
of the raspberry sawfly.

Pristiphora abietinus (Christ.) (Syn., Lygaconematus pini Rotz.)

DeBussy et al. (14) in 1936 roported that a heavy infestation of

larvao of (Lygaeonematus) Pristiphora abictinus in spruce trees was
killed in a few hours with a dust containing 0.5 percent of rotonone and

1.2 percent of other extract. As a result of thoso experiments, the

forester was able to control the infestation by dusting with motor-
driven dusting equipment using> a dusting mixture containing 0.2 percent

of rotenone purchased on the c n ninrk ot.
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The Kolorliaal Instituut of Amsterdam (7v) in 193E reported that in
the Netherlands derris had boon used for the control of this species.

Van dor Laan (78) in 1936 reported control with derris dust applied
by a power duster.

In 1936 Nageli (90) reported having dusted infested spruce trees
with Pirox, a rotenone preparation which also contains fungicidal sub-
stances and which is prepared by the firi of Dr. Maag in Dielsdorf. Ten
to 12 kilograms of Pirox per hectare was used. This treatment completely
destroyed the larvae and also, with correctly timed dusting, greatly re-
duced the damage during the current year.

Lygaeonematus erichsonii (Htg.), the larch sawfly

Kelsall et al. (71) in 1926 reported that an undiluted derris dust,
applied with a hand duster, gave 100 percent control of larch sawfly
larvae, (Pristinhora) Lygaeonematus erichsonii .

McDaniel (84) in 1939 recommended a duct containing 0.75 percent of
rotenone, although about 72 hours were necessary to obtain any indica-
tion of kill, Cryolite and calcium arseaate dusts were more effective.

Pteronidea ribesii (Scop.), the imported currant worm

Fryer et al. (31) in 1923 reported an investi gation in which extracts
of Derris elliptica were shown to have a high insecticidal value, partic-
ularly for caterpillars, but were not so toxic to aphids. The dry root
itself may be used in a finely powdered condition worked up with water
together with soap or other emulsifying roagents. As the pure poisons
found in derris root are solids and only slightly soluble in water, their
toxicity appears to depend on the degree of dispersion. A biological
method of determining insecticidal properties quantitatively is described.
It depends on dipping insects, for a constant period of time (10 seconds)
in known strengths of highly dispersed suspensoids in dilute aqueous sol-
utions of saponin. Results agreeing with those given by the chemical
method already described vere obtained. It eno.bled the authors to com-
pare extracts of derris with nicotine. To certain caterpillars, tuba-
toxin and dorrid were shown to be of the samme order of toxicity as nico-
tine. These conclusions arc based on tests with the gooseberry sawfly
larvae and larvae of another sawfly, Phymatocera aterrina (Klug).

Durham (21) in 1926 gave an interestin: account of his early work
with derris, whichh he regarded as essentially a stomach poison. A fair-
ly large-scale trial was made in June 1904 in a garden at Shelford, where
the gooseberries were covered with sawfly larvae; the larvae were prompt-
ly killed; and the cooked fruit caused no unpleasant symptoms.

According to Kelsall et al. (71) in 1926, derris at 0.31:3und per
100 imperial. gallons of water killed 100 percent. A dust of 98.75 parts
hydrated lime and 1.25 parts derris gacve 100 percent control in a heav-
ily i nfe ted currant plantati on.



Turner (117) in 1932 reported the results of w:ork carried on during
1928-31 with cube extract and with rotenone obtained from cube. Cube
extract in 0.5 percent of cil emulsified with a sulfonate emulsifier
(cube extract 1:25,000) killed 100 percent of the eggs; the check oil
killed 12 percent. Two series of tests of repellents were made on the

larvae. In the first series cube extract at the rate of 1:25,000 caused

death within 24 hours of 80 percent of the 20 larvae, whereas only 15
percent of the 20 larvae on check twigs died. In the second series a11

the larvae on the sprayed leave died within 3 days and 84 percent of
the larvae on chock leaves died within the same period. The high mortal-

ity within a short period indicated some toxic action aside from the
repellent effect.

Kearns (59) in 1934 reported that "caterpillars" of the eoosc.rry
sawfly arc readily controlled by derris sprays-

Wilbaux (122) in 1934 tested extracts of the leaves of 22-year-old
Tephrosia vorelii and reported that as a contact insecticide the leaves
are about as toxic as nicotine. Larvae of the imported currant worm were
very sensitive, even when the material nas used without a wetting agent.
Variable amounts of acetone extract ;ere added to the water used for
spraying. The emulsions were used immediately. The following results
were obtained:

Concentration

1:200
1:500
1:1,000
1:2,000

1:4,000

Acetone
c ontont

"Percent

1.0 C
.40
.20
.10

.05

Larvae observed after --
24 hours - 67 hours

8 dead, 2 sick
6 dead, 4 sick
6 dead, 4 sick
6 dead, 4 sick

5 dead, 5 sick

On seeds

9 dead, 1

10 dead
9 dead, 1
8 dead, 1

1 sick
6 dead, 2

2 sick

moribund

moribund
moribund,

moribund,

On Leaves

10 dead
10 dead
8 dead, 2 sick
5 dead, 2 sick

3 living
1 (h8 lvn

10 dead
10 dead
9 dead, 1

7 dead, 3
living
sick

: Gead, 3 sick, 2
living

The chocks sprayed '.ith 1 percent; of ac 1 r. rr r,- .ff cted.

1:200
1:500
.1:1,000
1:2,000

1:4,000

1.00
.40
.20
.10

.05

L -
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DeBussy et al. (14)in 1936 reported that this species is sensitive to
derris dust.

According to Van der Laan (78) in 1936, this species may be controlled
with derris.

The N\ew York State Agricultural Ecperiment Station (94) in 1936 re-
ported that when stomach insecticides are needed for control of the im-
ported currant worm a rotenone spray or dust may be used0 studies made in
1935 showed that derris or cube dusts containing from 0.3 to 0.5 percent
of rotenone were very effective0

Kearns and Marsh (60) in 1937 recommended a spray containing derris,
1/2 pound of a wetter, and 1 gallon of lime-sulfur per 100 gallons of
water for control of gooseberry sawfly and Americal mildew0.

Kearns and Umpleby (69) in 1937 recommended derris for the, control of
the gooseberry sawfly. The derris dust must be used at a concentration
that represents not less than 0.18 percent of crystalline rotenone. A der-
ris, nicotine, or lead arsenate spray may be substituted for the dust.

Kelsall and Stultz (72) in 1937 reported that in laboratory experi-
ments derris-gypsum dusts gave the following results:

Derris in dust "ortality
Percent Percent

0.25 70 in 3 days
.50 70 in 3 days

1.00 90 in 3 days
2.50 91 in 3 days .
5.00 100 in 2 days

12.5® 100 in 2 days

In field experiments derris was most extraordinarily effective against

this insect. Derris used at a concentration of 2.5 percent of rotenone
was effective from a practical standpoint. It was observed that bushes
treated with derris prevented reinfestation for apparently 3 weeks, whereas
bushes treated with pyrethrum were rapidly reinfested by newly hatched
insects0 From these experiments it is obvious that derris is exceedingly
toxic to this insect, but that pyrethrum is toxic only when used copiously.

The Now York Agricultural Experiment Station (95) in 1937 reported
that the imported currant worm is readily controlled with rotenone sprays

and dusts. As infestations of this insect in a given planting are often
localized, spot dusting or spraying may he practiced to advantage. All
the currant pests for which arsenicals have been used previously may now

be controlled by rotenone sprays or dusts, on the use of which there are
no legal restrictions.
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Hamilton (41) in 1938 reported that currant worms on currant bushes
were controlled 100 percent. by a spray of derris -or cube powder (4 per-
cent, rotenone) at 4 pounds per -l00 -gallons of water plus 4 pounds of rosi--
residue emulsion. The spray acted as a contact poison, and killed 100
percent in 1 or 2 days.

,. Flint ^nd Anderson (30) of the Illinois Agricultural Experiment Sta-
tion in 1939 reconnended a rotenone spray (8 pounds ground derris or cube,
containing 0.75 percent rotenone, in 100 gallons of water) for the control
of the currant worm on currants and gooseberries. This spray should be
applied early in the season just after the plants come into full foliage.

Pteronidea salicis (L.)

DeBussy et al. (14) in 1936 reported that this species mas sensitive
to derris dust.

Selandria ptr, (Steph.)

1-93 ,
According' to Etrblissements Poteni= in a letter t. C , 2o" this

pest on near trees was killed by a product containing 12 percent o_ powdered
Lonchocerpu>s nicou root (6 percent rotenone) cnd 88 percent of talcum.

Tomostethus juncivorus Roh.

Harukmyvra (43) in 1925 reported tests made in Japan.':rith "tuba-fluid,"
a whitish solution made from derris roots supplied by an insecticide
dealer. It was particularly effective against the larvae of the rush saw-
fly, killing 100 percent w.'hen diluted 1:1,000. The addition of soap did
not increase ,the effectiveness.

The Institute of Physical and Chemical Research (55) Tokyo, Japan, in

1927 reported that Neoton at 225 gm. plus 450 gm. of soap per 40 imperial
gallons of water gave 85 percent mortality of larvae.

Tenthredinidae (unidentified species)

Tattersfield and Roach (113) in 1923 published some of the results of
Durham's work with derris from 1902 to 1907. He founa the larvae of saw-

flies to be very susceptible.

McIndoo and Sievers (85) in 1924 stated that thte cold alcoholic ex-
tract of cube used with soap was efficient against saufly larvae. The
alcoholic extract of derris used with soap was efficient aopinst half-
grov sawfly lrvae.

The Institut of Psi cr1 and h mic' l' re 1r (tC r , J'pin'-n '
1927 reported that Neoton at 1/2 pound plus 1 pound of soap per 40 imper-
ial gallons of :r-nt;cr gn.ve 100 pcracnit nv rt-lity.
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Hus (49) in 1933 stated that derris preparations could be used for
the control of hymenopterous larvae on currants, raspberries, and sraw-
berries.

Hutson (51, 52) in 1936 and again in 1937 wrote that currant worms
were controlled by the application of a dust containing 0.5 to 0.75 per-
cent of rotenone at the rate of 15 to 25 pounds per acre. Derris spray
was also effective.

According to the Koloniaal Instituut of Amsterdam (75) in 1936, the
larvae of sawflies can be destroyed with the help of derris.

The New York (Cornell) Agricultural Experiment Station (92) in 1936
reported- thpt in two counties where currant growing is an important busi-
ness, considerable difficulty had been experienced in 1934 from arsenical
residue. A part of the residue came from spraying the currants for worms,
and a part came from the drip from overhanging apple trees. For currants
growm in the open, the problem was solved by using a rotenone dust. here
the currants were grovn under trees, it was necessary to wash the crop be-
fore it could be marketed.

The Illinois Agricultural Experiment Station (54) in 1937 issued di-
rections for spraying fruits in Illinois. The currant worm on currants
and gooseberries may be controlled by spraying with 8 pounds of ground
derris or cube (0.75 percent rotenone) in 100 gallons di water. Do not
wait until the worms appear, but spray early in the season just after
the plants come into full foliage.

W'estcott, in the N'Tew York Times, Sunday, June 6, 1937, wrote that
rose slugs (3 species of sawfly larvae) are readily controlled by a com-
bination spray or dust containing lead arsenate or rotenone.

According to the New Jersey Agricultural Experiment Station (91)in
1938, derris or cube powder in water to which rosin-residue emulsion had
bceen added was effective against sawfly larvae. June sawfly larvae ind

current worms were easily killed.

Parks and Pierstorff (97) in 1938 recommended the application of a
derris or cube dust (O.5 percent of rotenone) or spray (3 pounds of powder
containing 4 percent of rotenone in 100 '"ellons of water) for the control

of current worms on current.

C. P. Dibble, of ?i chiran, in n "Bug Plash" in 1940, recommended der-
ris or cube rusts dilute] with flour or talc, or commercial dusts contain-
in 0.8 or 0.78 percent of rotenone for the control of the raspberry saw-

fly.

Fenine (28) in 1940 recommended derris nnd cube dusts and sprays for
control of currant worms.



-:"

-. X espidae (unidentified sp..). -

'Ar anonymous writer- (.i)-" in ~1927 reported _that r lree hornnt in
flight was stunr.ed, .and -1? )er fii', >hen sprayed with ; proprietary der-
ris product probabl- Pe^ton at the rnte of 100 gm. in 300 liters of
water.

Dovnes (20) in 1939 reported that a hornet's nest ina 6he'rry tree was
destroyed in 24 hours by thriti1-i a handful of derris powder ('4 percent
rotenone) at the .hole i-n the tide' oT the nest,

Unidentified species of Hymenoptera

Geoffroy (32) in 1895 reported that sugar dipped in a saturated alco-
holic solution of rotenone and dried in an oven was -highly toxic to wasps.

The Wageningen Plantenziektenkundige Dienst..(120) in 1934 reported
that rotenone 1:5,000 with the addition of 0.1 percent of-Agral I was--
satisfactory against hymenopterous larvae on Astilbe at-Armsterdrm.

DeBussy at al. (14) in 1936 reported that leof-wasp larvae arc very
sensitive to derris.

Van der Laan (78) in 1936 reported that wasps are less sensitive than
honeybees to derris.

Dow:nes (20) in 1939 stated that a smaall wasp$' nest was destrcyed
within 5 hours with derris powder (4 percent rotenone).

.. -*

6
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Insect Index

Anoplo1epis longipes - -
Ants - - - - - - - - - -
Aphid ---------
Apidae--------_
Apis mellifera - - - - -

See also Honeybee,
Apple--

fruit sawfly-------
See also Apple sawfly.
sawfly - - - - - - --

scab--- ----------
Argentine ant - - - - -
_thalia colibri - - - -

-

Bees - - - - - - - - - -- -
See also Honeybee.

Black--

American lawn ant - - - -
cacao ant - -- - -- - - - -

Blackberry leaf miner - - .
Blennocampa rubi - - - - - -
Braconidae - - - - - - - - -

Caliroa--
aethiops - - - - - - - -
cerasi - - - _ - _ - - -

Page
- - - 6"

- 6, 10
- 2, 22
- - 2
- - 2

- 15-20
- - - 18
- - - 8
- - - 11

- - - - - - - - - - - - - - - - - - - 2-4,8

w
-9

7
21
21

4

- - - - - - - - - - - - - - - - - - - 12

- - - - - - - - - - - - - - - - - - - 12

limacine. See Caliron cerosi.
Capconotus--

herculennus -

sp. - - - - -
Carpenter ants
Caterpillars -
Cephidae - -- -
Cherry--

sawfly - - -

- - - - 6
- - - 7
- - - 6T7

_13,22,23
- - -- 4

- - - - - - - - - - 12

See also Pear slug.
slug --- -----------
See also Pear slug.

Currant--

stem girdler-- ---- ------------
;orm - - - - - - - - - - - - - - - -

Diprion--
pini - - - - - - - - - - - - - - - -
simile - - - - - - - - - - - - - - -

Diprionidae - - - - - - - - - - - - -
Doli choderus--
bituberculatus - - - - - - - - ---

(Iypoclinca) Lidens - - - - - - - -

Emphytus albicinctus meridionalis - - -
Eriocm:npa limacina.- See Caliron corasi.

-------------- - 12

- - - - - - - - - - - - - - - - -4
- ------------- 24-26

- - - ---- -- -- - -- -- 5

- - - - - - - - - - - - - - - - 5
- - - - - - - - - - - - -- - 5-6

- - - - - - - - - - - - -- - - -7
- - - - - - - - - - - - - - - -7

- --- - -13

-

- '16f-16- - - - - - - - - - -

- - - - - - - - -
- - - - - - - - -
- - - - - - - - -
- - - - - - - - -
- - - - - - - - -
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Eriocampoides limacina " .- - - -

European--
rose sa'rfly --------- - -

spruce sewfly ------ - - - -

Fallow ant - - - - - - - - - - - - - - -
Fenus a--

punila. See 7erusa pulsilla.
pulsilla - - - - - - - - - - - - - - -

Fire ant - - - - - - - - - - - - - - - -
Formica rufa -- -- - - -.- - - - - --
Forrnicidae - -.-- - -- - - - - - - - -
Fruit tree red spider - - - - _- - _

Gilpinia.polytoma --- - - -.- - - - - -
Gooseb.erry sawfly - - - - - - - - - - -
Gramenge ant--------------------

- - - - - - - - - - - - 11-12
- -- - - - - - - - 6

-.-.- - - - - - - - - - - - 7

- - - -13
- - - - 8
- - - - 7
- - 6-11

- - - 14

- - - - e
- - -- 24
- -- - 6

Honeybee -.- - -.- - - - - - - - - - - - - - - -.- - ---
Hocplacerna--

flava - - - - - - - - - - - - - - - - - - - - - - - -
fulvicornis. See Hioplocampa minuta.
minuta - - - - - - - - - - - - - - - - - - - - - - - -
pyricola. - - - - - - - - - - _- - - - - - - - - - - - -
tcstudinea - - - - - - - - - - - - - - - - - - - - - -
sp. - - - - - - - - - - - - - - - - - - - - - - - - -

Hornet - - - - - - - - - - - - - - - - - - - - - - - - -
Hymenoptera

Hynenopterous larvae - -----------------
Hlypoclinen bidens. See Dolichoderus (rT yoclinne) bidens.

Imported--
currant worm---- ------------
srwfly----- - ---- ------
Se.e also Introduced pine sawfly.

Introduced pine sawfly - - - - - - -
Iridomyrmyx humilis - - - - - - - -

Janus integ r --------- --
June sawfly ------------

- - - - 1-4, 27

- - - - -. 13

- -- - - 15
- - - - - - 15
- _ - - 15,18
- - - - _ 20
- - - - - 27

_ _ _ , 27
- - - - 26-27

- -- --- -- - - --- - - - 5
- - - - - - - - - - - - - - - - 5

- - .-- - - - - - - - - - - - - J

--- ---------------- 8

- - - - - - - - - - - ----- - 4
- - - - -- -- -- - - - - 26

Larch sawfly------- --------
Leaf-wasp larva - - - - - -
Lophyrus pini. ,Se, Diprian .pini..
Lypoconematus--

abieti;a.s. See Fristiphorn abietinus.
pini. See. Fistiphora obietinus. .

_ _ _ _ - :

Metallus rubi - - - - - - - - - - - - - - - - - - - - - - - - --- 21
Monopheidnoidcs rubi. See Blennocampa rubi..
iMound-builJin' unt - - - - - - - - - - - - - - - - - - - - - - - - 7

Lyrmica rubra - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - -.---
- - - - -
- - - - -
-.-.- - -
- - - - -

- - - -
- - - -
- --- -
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INa=grang ant - - - - - - - -,- - - - - - - - - - - - - - - - - - - - 8
Iematus abietinus. See Pristiphora. abietinus.
leodiprion--

lecontei - - - - - - - - - - - - - - - - -- . . . - - - - -- 6

pinetum - - - - - - - - - - - - - - - - - - - - - - -- - - -- - 6

Sp, -- ---------------. -,6

.eurotome nemornlis. - - - - - e . - - - - - - - - - - - - - . 21

Oecophylla smar.agdina- ----------- ,--- - - - - - - - .------- 8
Oligonychus ulmi - - - -------------------- - - 18

Pavement ant- - - - - - -- -- .-- - --- -- .- --~- - .--- -= ---- -9

.Pear-- . . _ ._
sly ,- - - - - - - - - - - - - - _ . - - - - -.- - . - - - - - 20
slug~------------~--- ------------------- 12

Phymatocera aterrima - -- - - - - - - - - - - - - - - - - -- 21,22
Pine--

. svwfly-"-- ---------.------------- -----------6
. vasp - - - - - - - - - - - - - - .- - - - - - .- - - - - - - - - - - 5

Plgiolepis_ longipes. Sea Ano0lo.lepid longipes .
Plum--

shswfly--- ------ -- ------- ----- - ---------- 12-15

thrips - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 14
Prenolepis sp. - - - - - - - - - - - -- - - - - 8

Priophorus rubivorus - - - - - - - - - - - - - - - - - - - - - - - 21

Pristiphora-- . :
abiotinus ------------------------- .- _ 21-22

erichsonii--------------- - - - - - - - - - - - 22

Pteronidea-- _
ribesii -- - - - - - - - - - - - -. -.- -.- - - - - - - - -- 22

salicis - -.- ,-.- - - - - - - - - - - - - - - - - - - - - - - 25

Raspberry-- - - - . - .

beet.rfle - - - - - - -" - - - - - - - - - -- - - - - - - - - - - - 2- 3
sniwfly - - - - - -- - - - - - - -,2-1,26

Red--
. Amer ic n Inw,.,n =nt - - - - - - - - - - - - ,,-- -- - - - - - - - - - 989

.. ant- ----- --------------- ----- ..-.---- -

sider- - - - - - - - - - - - - - - - - - - - - - - -. - - - 8
.stinging ant -.------ - -- -.- - - - --- - - - - - - - - - - - 9

,Red-headed -pine: sawCfly _ --- - -. - -- - -.-.- - - - - - - - - -
Rose--

sh sawfly-------.- - ------ -.--- --..-- _-- ---- ------ 11-12

slug- - , - - - - " - -. - - - - -- -,.-. - . - .. - - - - - - - - -. .11-12,1 6
Rush s aw.fly - - -- - - - - - - - - - - - - - - - - - - - - - - - - s-2

Sawfly - - -.- - -.- ----- -.- -, -. -.--- -_ -. -. - - -- - --13-26

So~landri atra - - - - - - - - - - - - - - - - - - -,- -"-. -,- - - 25
Solenopsis--
jrorninata------------------------------------8Fint - - - - - - - -. - - - - ,- -. - - -- - - - - - - - -. - .-

Spruce svrfly - - - - - - - - - - - - - - - - - - - - - -

Tanthrcdinidrne- - -. -.-- .-._--- ------.-.------.- - - --.- 11-26
Totr=morium conspitum - -. - -.- - -- ----- - - - - - - - 9
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Thrips - -
Tcrostcthus juncivorus - - - - - - -

VenturiG inaecurlis -- - - - - - - -
Vespidae------ --- ------ --

"Tasps-- ------ ---------- -
V hite-pine sawfly-------- ----- -: -

Yellow American lawn ant ------

-
14-- - -----25

- -- - -- - -- -- - -18
------------- 27- ---- --- ---- - 27

-------------- 6
-- - - - - - - - 9

.'

.. .
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