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This is the ninth in 2 series of vnzpers designed to review 2ll
aveileble informztion on the insecticidal uses of rotenone and the
rotenoids. Parts I to VIII heve reviewed tests with derris,’ cube,
timbo, Tephrosiea, Mundulez, and their constituents on members of the
Collembola, Orthoptera, Dermeptera, Odonata, Isoptera, Corrodentia,
liallophaga, Thysanoptera, Homopterz, Hemipterz, Anoplura, Coleoptera,
Lepidoptera, end Hymenoptera. Apparently no tests with the rotenocne
plents on Thysenura, Ephemeroptera, or Plecoptera have teen .recorded. |
Part IX, the present paper, reviews the tests that have been made on
Diptera.

DIPTERA

Agromyzidzae

Acromyza phaséoli Cog. (= Melanagromyza phaseoli Coq.), bean fly;
French bean miner : ‘

liathieu (201) in 1920 reported the control of this species attack-
ing voung beans, with derris,

A trizl of tube wzs made on & field of 8 beds, 66 feet
long, with 1,056 seeds of lime bean (Small Sieva) on October
28, 1919, Ten ounces of tubz root were well pounded in a
wooden mortar, the juice wes thoroughly expressed, and the
fiver exhzusted in 20- imperial gallons of water. Tuba water
was then epplied to each young plant at the rate of a2 cige-
rette tin full to 4 plents, morning and evening, for 15 days,
until the plants were sufficiently established to be past all
danger, which is only present during the first stage of their
existence, when the stem is tender. Only 16 seeds failed to
germinate, and-of the 1,040 plants that cecme up, not one has
died. Today the plot is showing the most vigorous growth, a
living testimony to the potency of the tube-root as a plant
-insect killer.

Ven der Goot (120) in 1930 reported theat snrinkling the necks of
the roots of plants of ketjang djogo end kratok with a 2 percent derrils
cxtract was valueless for control in Java,

Van der Vecht (202) of Buitenzorz, Jave, in 1936 reported that
derris was ineffectives
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lMorgan (ggz) in 1938 reported thet 2 contact spray consisting
of 1 pound of derris root (3.5 percent rotenone) and 3 pounds of
soft soap to 50 imperial gallons of water destroyed the adults in
laboratory tests, but in field practice, using 2 knapsack pump, it
wes difficult to hit enough flies to give appreciable control.

Agromyza pusilla leig.

P. F. Smith (263) in 1929 wrote that this serpentine leaf miner
on Gerperz jemesoni Bolus., was being combated by picking and destroy-
ing tne infested leaves, or by spraying by derris or nicotine extracts.

(Azromyza) Liriomyza solani Macq.

A spray of derris powder with soft soap was ineffective in pre-
venting attack by the tomato leaf miner, "Phytomyza solani (lizcg.),"
accordinz to the Experimental and Research Stztion, Cheshunt, Herts,
England (gg), in 1938, [ This species is also referred to by English
authors ?s "Agromyza (Liriomyza) solani. Cf. Rev. Applied Ent. (4)
253 668,

Phytomyza ilicis (Curtis), the holly leaf miner

Lengford and Cory (168) in 1937 reported that sprays containing
2 mixture of 3 pounds of 4 percent rotenone powder and 3 pounds of
rosin emulsion per 100 gallons of water did not kill the larvae within
the mines.

Anthomyiidae

Atherigone indica Mall.

The Tenganyike Territory Department of Agriculture (270) in 1935
reported that the spplication of derris prepsretions gave almost com-
plete control of the sorghum stem maggot at en economic cost.

Hylemya antiguue lleig., the onion maggot

Smith end Wadsworth (255) in 1921 tested insecticides against
onion flies. Six applicetions of derris-soot mixture (2 parts soot
and 1 part derris) at the rete of 1 ounce per square yard gave 60
percent of clean onions, whereas soot alone geve only 16 percent.

Brittein (gg) in 1925 reported thet meture larvee were immersed
for 5 seconds in & suspension of derris root (3 1b. to 100 imp. gal,)
and then placed upon their food plant. The mortalities from different
treetments were as follows:



Age of meggot : lfortzlity from
{d2ys) :Bichloride of + Derris, 3 1b,
smercury, 1:1,000 : in 100 imp. zzl. &
ssolution . ° ¢ of water
Percent Percent
1 100 100 7
%S 100 100
7 2130 SO 100
10 S, 35
L5 50 25
Ready to punzte ' | 20 | 0

Ke 1. Smith (254) in 1925 reported on tests made with various in-
secticides, A mixture of 1 ounce of derris with 2 ounces of soot per
squere yard did not give results promising enough to justify further
triels,

The Ohio Agricultural Experiment Station (224) in 1936 reported
thet derris powder (4 percent rotenone) in water 2t 4 nounds to 100
gallons permitted 18 percent of the eggs to hetch. Mercuric chloride,
1 ounce to 8 gellons of water, =nd diphenylene oxide 1l: 40 in oil, killed
2ll eges.

- 4
Hylemya brassicze (Bouche), the cabbage maggot

Brittain (40) in 1921 described experiments in vhich 2 50:50 mix-
ture of derris with clay 2nd 2lso with derris solution 2t two strengths
(1.5 end 3 1b. to 100 imp. g2l.) were applied to cebbege for control,

The cley-derris mixture was applied a2t the rate of 960 pounds ner acre,
the derris solutions £t the rate of 10 and 20 pounds of derris with

650 imperial gellons of water per acre. All the derris treatments pro—
tected the plents. Pure derris powder epplied to cabbage destroyed 4

percent of the plants in 2 tests. Derris (3 1b. to 100 imp. gal.,) poured
about plents nreviously infested with 25 fully grown larvae of the first

brood feiled to prevcnt any from pupeting.

Brittein (41) in 1922 reported thet vhen derris (3 1b. to 100 imp. \
zal. of weter) wes epplied to cabbege (Conenb?gen Merket) 39 percent
of the plants mere destroyed by maggots. In another tests with Early
Jersey Wokefield, 2 pounds of derris to 100 imperiel gellons of weter 1
permitted ebout 29 percent of the plants to be destroyed. Tests with
3 pounds of derris to 100 imperiel gellons permitted from 45 to 80
percent of the Early Jersey Wekefield to be destroyed. On readishes,
derris (3 1b. to 100 imp. gel.) permitted 71 percent of the plents to
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be infested. Corrosive sublimate wes the only treatment that gave satis—
factory control, Only one material, derris, nroved very ineffective.

Ag it was from the same lot of material that was used the previous year
with feir results, Brittain assumed that it had deteriorated in storage.
About two-fifths of a pint of liquid and five~ninths of an ounce of dust
was applied per plant.® ‘In° 1925 Brittain (42) reported thet mature larvae
immersed for 5 seconds in a suspension of derris root (3 1b. to 100 imp.
gal,) and then placed upon ‘their food plant were unaffected whereas 2

1: 1,000 solution of mercurlc chloride killed 10 percent,

K. F. Smith (254) in 1925 reported thet a“mixture of 1 ounce of derris
with 2 ounces of soot per square yard did not give results promising enough
to justify further trials.

Turner (277) in 1932 reported that in 1931 rotenone extracted from cube
was tested for control. - Early cabbages and two series of treatments were
used in the tests.® One series was treated once, on May 1; the other twice,
on May 1 and May 15. Rotenone was used in three dilutions, and was applied
in an acetone-water suspénsion, 1/2 cupful being poured sround the base of
each plant. Heads were harvested on July 8 and July 14, and yields were
compared with those obtained by the use of bichloride of mercury. These
figures show thet rotenone at the rate of 1: 2,500 and 1: 5,000, even in a
single treatment, increased the yield of cabbage, as compared with the yield
of check plots. Rotenoneiat 1: 10,000 ‘was not so effective. The percentage
of heads meturing in check plots was 72, and on the rotenone plots from 70
to 100. Compzrison ‘with results obta;ned with bichloride of mercury shows
that rotenone was epproximately as effective only when used twice at a
dilution of 1: 2,500, Because of the small size of the rotenone plots these
results cannot be accepted as final; however, it is eviden't that rotenone
has some value in control.’

" Benkert and Company (25) in 1934 wrote that for the root maggot
attacking cabbzge derris dust should be applied around the stalk as soon as

tle eggs are found.

Pegomya hyoscyeni'(Pané.)i the sninach leaf miner

Jancke (150) in 1931 reported thet in experiments with the beet fly,
a mortality of B0 percent wes attained for 4 days with concentrations of
Polvosol of 1 percent and 1 p.p.m. These results suggest that the spray
would be of value against the cherry fly (Rhagoletis cerasi (L.)).

. Pegomya nigritarsus (Fall.)

Accordink to ‘Ttablissements Roten1a in 1938 in 2 letter to R. C.
Roark, this pest on begonie was mitigated by a product eontaining 12 ner-
cent of powdered Lonchocarpus nicou root and 88 percent of talcum.

r Y 132
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A i Celliphoridae

Ce]llphora ergtnrocenhala Meig.. ; h.o% "'5~:ra FirF et s g
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Thls species was tested by the 1mmersion téohnique of .
Creufurd-Benson (64), as reported in 1938, #nd ‘has given. some
interesting end reliable information, although’the results were
not so acc1rete as those of ‘other workers who used the spreying .

method., ' - . s

+
.

Celliphore sp.

Wilbaux (?21) in 1934 tested extraéts of the ‘leaves.of
Tephrosia vogelii thet were 22 years old and reported,thet Bs’ g
2 contact insecticide the leesves are about as.toxic as nicotine.
Lervee of Callinhore Sp. eTE, perfectly resistant, even to sprays
contalnlng 1 pert of T. vogelii ‘to 200" ‘of ary vegetable natter,
Pupation took olace more rapidlv,_but all ﬁhe nunae -‘hetched,

COChllomyla macelleria F;, the second ry screﬂworn

Parmen et 21. (225) Pnd also Roerk ‘et al (242) in 1927
reported results of chemotronic tests. A° commerical derris pow-
der repelled 95 percent of the flies visitingra beit.of beefliver.
This is a2bout the seme percentage as that dobtained:with pyrethrum
powder. When dlluted with 9 parts'of kaolln it repelled 38 per-
cent. _

{

Cochllomyla americana -C. & P., the screwworm 5%

In 1928 Parmen et el. (226) reported thzt derris powder (0.5
gm. plus kaolin 4.5 gnm.), spread upon 4-ounce-cubes of beef liver
in a mason jar, repelled 38 percent of the flies that apnroached
the meat, ‘ AT L s

E. V. Lagke, in a typewritten report to the Division of
Insects Affecting ldan end Animals, Bureegu of Entomology end
Plant Querantine, United Stotes Department Qf Agriculture, in
1935, reported results of field tests by McGovran and Ellisor _
of repellents for mound-infesting flies on'sheep:and goats at
Valdosta, Ga. Rotenone, derris resin, end derris root mixed
with p1nc-tar 0il a2nd benzene seemed to be the most promising
mixtures, The T§1lowing mixtures were tested with excellent
results:

Pine-tar oil 75 perts, benzene 24 parbe,. o
« rotenone 1 parts - ; g A
Pine-tar oil 75 perts, benzene 24 parts,
derris resin 1 part. S

Pine-tar o0il 75 perts, benzene 20 parts,
derris root 5 parts,

The following were found to be unsatisfactory as repellents:
A mixture of pine-tar oil 70 parts, sulfonated castor oil
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parts, and ground derris root 5 parts; ground derris root -

applied as a powder. This did not adhere well to dry parts of.
the wound.

Laboratory tests of larvicides for mature larvae were made.
A mixture of benzene 95 parts and derris root 5 parts gave 100
percent control of emergence, whereas benzene alone gave 62 per-
cent control. Rotenone, pyrethrum extract, and derris resin in
benzene also gave better control than bezene alone. The follow-
ing were tried as larvicides in the laboratory:

Benzene 95 parts, derris root 5 parts.
Benzene 99Aparts, rotenone 1 part.
Benzene 99 parts, derris resin 1 part.

Benzene Th4 parts, carbon tetrachloride 25 parts,
rotenone 1 part. '

Benzene 7O parts, carbon tetrachloride 25 parts,
derris 5 parts. '

Benzene T4 parts, carbon tetrachloride 25 parts,
derris resin 1 part.

Rotenone and ground derris root markedly increased the toxi-
city of mixtures of benzene and carbon tetrachloride. Pyrethrum
extract and derris resin also increased the toxicity of these
mixtures.

R. Melvin, in a similar typewritten report in 1935, stated
that he treated artificially wounded rabbits and guinea pigs in-
fested with Cochliomyia americana with various chemicals, 5 cc.
or 1 gm. per treatment. An acetcone solution of rotenone (1 per-
cent) killed half the larvae in the wound but &@lso killed the
guinea pig. Dry rotcnone in 2 tests killed all the larvae in 2
guinea pigs without affecting the pigs. Pyrocene, a proprietary
product containing 0.73 percent of rotenone in pine oil with an
emulsifying agent, proved to be a poor larvicide but a good
repellent of the larvae. Pyrocene wes tested on 13 guinea pigs
and 2 rabbits, causing the larvae to leave the wounds, but kill-
ing only a few. The animals were unaffected by Pyrocene. of 20
grown larvae dipped in an acetone solutlon of rotenone (1 percent)
19 survived. In 1935 Melvin stated, in another report to the
Division, thet Pyrocene added to artificially infested wounds
on guinea pigs caused larvae to leave the wounds and the animal
was unaffected. Rotenone in acetone (1 percent) killed from one-
third to one-half of the larvae. Rotenone crystals killed all
the larvae without injuring the animal. Rotenone in acetone (1
percent) also killed all eggs dipped momentarily into it. Over

1,000 eggs less than 3 hours old were used with each test chemical.

Eagleson reported that the following mixtures containing rotenone
gave promising results as a fly spray: (A) Rotenone extract, 0.25
percent; camphor byproduct, 3.3 percent; kerosene, 96.4 percent.
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This spray gave 65 percent of paresis in 2-cc. doses 2nd 100 -
percent mortzlity in 3-c¢. doses. (B) Rotenone extract, 1 per-
cent; Generzl Naval Stgores Pine 0il No. 2, 99 pereent. Two -ec.
of this spray gave 100 percent mortality.

Lazke, of the Valdosta, Ga., laboratory of the same Division,
in a2 typewritten report for the second quarter of 1936, reported
tests with derris products as larvicides applied to wounds in
infested goats. The folloving mixture killed all larvee: Benzene
40 percent, carbon tetrachloride 30 percent, acetone 25 percent,-
derris resins 5 percent, The following mixturds geve excellent
control: Benzene 55 percent, carbon tetrachloride 30 percent,
acetone 12.5 percent, derris resins 2.5 percent; benzol 64 percent,
carbon tetrachloride 30 percent, acetone 5 percent, derris resins
1 percent; and soluble pine o0il 85 nercent, acetone 10 percent,
derris resins 5 percent.

In immersion tests in the leborastory with mzture larvae
the following gave 100 percent control: Cerbon tetrachloride
containing 5, 10, or 15 percent of devils-shoestrings; benzene
containing 5 or 20 percent of devil's—shoestrings; and benzene
30 percent, cerbon tetrachloride 23 percent, acetone 27 percent,
derris resins 10 percent. Mixtures of furfural 83 percent and
derris rosins 17 percent killed 96 to 98 percent of the larvae.
The following mixtures of pine-tar oil, acetone, and derris
resins, in the percentages given, respectively, when applied to
the clipped skin and wounds in goats did not cause injury: 70.0:
2bs 'Bf 72,5%°25¢ ‘2iby T4y 264 TeaBhIRA0s 15 BRI RAL L8 50 S
10: 1: and pine-tar oil 85 percent plus devils'-shoestrings 15
percent, '

Laake, in a similar report in 1936, stated that of prep-
arations tested as repellents, pine-tar oil to which had been
added ground derris root, rotenone, or derris resins seemed to
be the most promising mixtures: Of lervicides tested in the
field at Voldosta, Ga., mixtures of benzol, acetone, carbon
tetrachloride, and 2.5 or 5.0 percent of derris resins gesve good:
control, A mixture of benzol and carbon tetrachloride containing
10 percent of ground derris root gave good control. ‘In this mix-
ture most of the derris root did not go into solution but settled .
to the bottom of the container. Materials found highly toxic to
flies when applied as sprays were Lethane, rotenone, #nd pyrethrum
extracte

McGovran (192) reported in 1936 thet in preliminary field
tests at Vpldoéig—a mixture of pine-tar oil 85 percent, acetone
10 percent, and derris resins 5 percent was more repellent to.the
flies than pine~tar oid.a&lone.
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McGovran and Ellisor, in e typewvritten report to the
Division in 1936, stated that the action of chemicals was
tested in infested articifical wounds on goats. Approxi-
mately 10 cc. of each larvicide was applied to the infested
wound and the animal was held in such a position that the
lervicide wes in contact with the larvae 2 minutes. A cotton
pluz was inserted in the wounds treated with benzol., The
other trezted and check wounds were left open. The following
data were obtained from larvicide tests during January end
February. The meteriels thet killed 100 percent of the larvae
were as follows: Benzol 65 percent, carbon tetrachloride 25
percent, ground derris root 10 percent (results of 3 tests);
benzol 67.5 percent, carbon tetrechloride 25 percent, ground
derris root 7.5 percent (1 test); benzol 70 percent, carbon
tetrechloride 25 percent, ground derris root 5 percent (1 test);
cleer extract of benzol 70 percent, carbon tetrzehloride 25
percent, ground derris root 5 percent (1 test); end cleer
extract of benzol 65 percent, cerbon tetrachloride 25 percent,
ground derris root 10 percent (1 test). Mature lervee were
dipped for 30 seconds into 2 mixture of 90 percent of carbon
tetrachloride and 10 percent of derris root. The ground derris
root wes 2llowed to remein in the carbon tetrachloride for 4
days, then 211 the materizl not in solution ves filtered off,
This trcetment killed two-thirds of the lervae.

Melvin, in 1936, in e typemwritten report to the Division,
described additionel leboratory tests on artificially infested
wounds on guinea vigs in Texas., Pyrocene and mixtures of
pyrocene end water conteining 80, 60, 40, 2nd 20 percent of
pyrocene not only killed meny lervee but 2lso caused lervee to
leave the wounds. Rotenone crystals killed 211 the larvae in
the wounds without affecting the guineaz pig. Rotenone (0.5 or
1.0 percent)-in General Neval Stores Pine 0il No. 2 wes highly
effective, Pyrocene 60 percent znd 80 percent with water
killed 62 percent 2nd 39 percent, respectively, of larvee dip-
ped intec it. In 2 similar typemwritten report later in thet
year, he said thet rotenone povder killed 100 pnercent of the
larvae in wounds. Phenothizzine was regerded as the most nro-
mising lervicide for zpplication to wounds.

The United States Department of Agriculture, Buresu of
Entomology 2nd Plant Querantine (290), in 1936 reported that
i~ ‘the work of developing more effective larvicides and repel-
lents over 200 different chemicals 2nd mixtures werc testeds
Among the meny materials tried as larvicides that gave pro-
mising results wes a mixture of benzol 2nd certon tetrachloride,
containing 10 percent of ground derris root. In smell-scale
tests ground derris root, rotenone, or derris resins added to
pine-tar o0il anpeared to be more effective as a fly repellent
than pine-tar oil alone.

Bushland (47) in 1940 reported that the minimum lethal cor=
centration of rotenone to young larvae wes between 0.05 and 0,08
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percent of the beef medium on which they fed.

Lucilia cuprina (Wied.)

Lennox (178) in 1940 wrote on the ection of stomach larvi-
cides on "‘this speeies. The toxicity of a number of compounds
was measured by (A) growth retardation and (B) rzte of action.
Derris extrzet wes toxic et concentrationsof 0.1 2nd 0,01 per-
eent,

Luecilia sericata (Meig.)

Laeke et al. (165) in 1931 reported the results of ests
of materizls es attractants or repellents to this greenbottle
fly. Beef-liver bait 4 ounces, to which 5 gm. of derris powder
was added, attracted only 40 percent as meny as did untreated
bait. A mixture of 1 pert of derris powder and 9 parts of
kzolin attracted 20 percent.

Baudet end Nieschulz (23) in 1933 reported thst derris
powder containing 2 percent of rotenone was entirely inert
toward the lervee. Four-dsy-old larvae cravled a2round in the
-derris nowder for 3 hours without suffering any ill effects.

A suspension of derris powder in sozp and water was also with-
out effect on the mobility of larvae submitted to the influence
of this suspension for a 5-minute period. Pine oil was found

to be toxic to the larvae. The addition € rotenone to vine oil
in ouantities of 0.1 to 10 percent did not increase the toxicity
of the pine o0il. It was concluded that derris pomder and rote-
none are inactive toward the lervae.

According to Van der Laan (166) in 1936, this species is
not affected by derris.

. Hoskins et 21. (143) in 1940 reported thet rotenone mixed
i th 2 synthetic diet in which larvae of this species were
placed was .toxic at the following concentrations:

Concentretion. . « liorteslity .. Stege of Insect
: Percent .
1/128 percent 100 Second end third
instars.
1/256 percent 98 Second- and “third
instars; pupee.
1/512 percent 62 Second, third end

fourth instars.

Lucilia sp.

Parmen et 21, (226) in 1928 revorted thet derris porder 0.5
gm. vlus kzolin 4.5 gm., spread upon 4-ounce cubes of beef liver
in a meson jer, repelled 81 percent of the flies thet ep»rosched
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the meat.

Phormia regina@deig.)

Haag (129) in 1931 reported thet maggots of the black blow-
fly that had heen given food sprinkled with rotenone crystals
developed 1dentically with the control maggots.

Brezkeyend Miller (38) in 1935 reported the results of tests
with rotenone sprays prepared from an extract of derris in pine
0il assaying 5 gm. of rotenone for each 100 cc. ZEmulsions were
made from this stock containing 1 part of rotenone, 19 narts of
pine o0il, 5 parts of saponin, and 75 parts of water. Dilutions
mede from these emulsions gave the desired concentretions of
rotenone, One part of rotenone in 5,000 parts of the spray killed
about 98 percent of the eggs.

Phormia sp,.

Melvin, in 1936, in & typewritten report to the Division of
Insects Affecting Man and Animals, of the Bureazu of Entomology
and Plant Quarantine, United States Dewartment of Agriculture,
stated that when gtown larvee of Phormia were dipped in a2 1-
percent solution of rotenone in acetone, 84 percent emerged.

Chironomidae

Chironomus brachialis Coq.
. cingulatus Meig.

decorus Joh.

lobiferus Sey

nervosus Staeg,

Sp. near nervosus Stzeg.
sp. near pagesnus lleig.

Q

Q
.

ol (R
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See Fellton (85) under Chironomus tenuicszudatus Mall., p.11 .

Chironomus plumosus (L.) var. presinus Meig.

An anonymous writer (6) in 1937 steted that derris wes
ineffective.

Chironomus tenuicesudestus Mall,
C. sp. near tenuicaudatus Mall.

Fellton (85) in 1940 reported on the control of aquatic
midges. In the laboratory derris powder(o percent rotenone)
at 12 parts per million killed only 28 percent of Procladius
larvae, whereas an emulsion of 80 parts of orthodichlorobenzene
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and 20 parts of sulfonzted castor 0il a2t 9.6 parts per million
gave 2 mortality of 100 percent after 72 hours. For the control
of these midges in the two fresh-water lzkes 2t the New York
World's Feir, derris wes used, starting in April 1939, In con-
junction with eaeh derris applic=ztion, con“e* sulfzte weas dis-
solved in the lakes 2t the rete of 1 part ver million in order

to kill most of the a2lgze therein, which served 2s a source of
food and shelter for the larvae and to increase the.potency of
the derris by reducing the alkalinity of the lzke water, Spray-
‘ing wes started on‘April 10, when the water temperature reached
50° F. and the overwintering larxae sterted to show signs af
aetivity. Sufficient derris of 5 percent rotenone content was
enplied to build up 2 concentrztion of 6 parts per million (a
dilution-Af 0.00003 percent rotenone) in Willow Lzke znd a con-
centration of 10 parts per million (2 dilution of 0:00005)percent
rotenone) in Fountain Lake, The results were verv striking, parti-
culerlv in Fountein Lake., Mehy dead or dyinz bloodworms were
soon observed floating on the water, thousands of others were
weshed ashore, end the leke bottom was covered with the dezd and
decomnosing bodies of the larvee. Thereafter the intervzl be-
tween treztments wes based on the life cycle of the species
involved. The control operations were extremely effective a2ga2inst
Chironomus lobiferus, C. cinguletus, and the C. tenuicaudetus
groun of smell green mldseq. These had been the dom nent species
during the summer and fzll of 1238, [The other Chironomus species
and the Tenytarsus were zlso very definitelv under control.

The speeies mresent were: Chironominee —- Chironomus lobi-
ferus, C. cinguletus, C. tenuiczudztus, C. sp. nesr tenuiceudrtus,
C. brechizlis Coq., C. nervosus, C. sp. near nervosus, C. sp.
neer pegenus, C. decorue Tenytcrsus eminulus (Welk.), znd
(Tenypodinze) Procledius culiciformis (L.), P. choreus (leig.),
and Tenypus puntipennis lfeig., Derris wcs not so toxic to Pro-
cledius 2s to Chironomus larvae; however, -the number of Pro-
clzdius adults thet emerged ves kept dorm very considersbly by
measures directed s2géinst the pupze. The active pupee tended

to congregate in grest numbers in protected places on the lee
shore of the lekes 2nd could be killed there by spreying with
derris or with the pyrethrum-kerosene cmu151on that was used for
the control of mosouito breeding.

(@]

Chironomus spe.

Buchmann (45) in 1932 described tests "1th finely povdered
derris powder egeinst lervee., Strer §4 upon water at the rates of
50, 25, 12, 2nd 6 mg. per liter, it-killed ell within-24 hours.

A picce of derris root put in 2 breeding gless conteining lervae
killed them in 6 to 8 hours. An equeous extrect of  the root acted
similerly. 3



G

DeBussy et al. (48) in 1936 reported thzt derris in water
at 1:1,000 (totenone 1:14,000) killed larvae.

Procladius culiciformis (L. )

'P. choreus (Meig.)

Tenypue_punt}pennls Meig,
Tanytarsus eminulus (Walk.)

See 2lso Fellton (85) under Ch1ronomus Lermipoudetus Mall.,
on page 11.

‘Chloropidae

Chloropisca notata (Zett.) (= circumdata (Meig.))

DeBussy et 2l, (48) in 1936 reported that dusting with

‘derris was ineffective against full-grown flies, but spraying

with derris powder suspended in water (rotenone 1:3,000) was
more successful, eslithough not entirely satisfactory.

Nozu (221) in 1939 reported thst spreying with nicotine
sulfaete kills the larvee in the lezves, end derris insecticides

are a2lso effect1ve.

Oscinis oryzells Mats,

Oguro end Kimure (223) in 1932 recommended & proprietery
derris preparztion for ﬂontrol which is very injurious to rice

- in Jepen.

”

Culicidze

Aedes zegypti (L.), the yellow—fever mosauito

The Zanziber Pyblic Heelth Dep=rtment (329) in 1917 tested
Tephrosia vogelii as en insecticide. The fresh green leaves
were pounded in a mortar and mzde into 2 pulp. Six helf-grown
larvae were put in a l-percent solution of this pulp in water.

All were dezd in 12 hours.

Aedes excruciens (Walk.)

A. fitchii (F, & Y.)

A. stimulens (Wzlk.)

A. trichurus Dyar (= A. cinercoborezlis (F. & ¥.))

Gibson (108) in 1929 reported further on derris for mos-
guito, control in Cenada. Like pyrethrum, derris when used in
dust form is readily carried 2way by the wind. The field results
from the use of this matericl were evem less satisfactory than
those from pyrethrum. A large semipermenent pool in open country
cohtaining a heavy infestation of msture lervee and some pupze
of these four species wes dusted with derris 2t the rete of 5
pounds per acre. At the end of 18 ‘hours meny lervae appeared
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sluggish and lacked control of their movements. In 48 hours
there had been 2 merked reduction in the numbers. At the end
of 72 hours the reduction in the infestztion &s compesred with
check pools wes notezble, the visible lervze 2lso zppearing
razther inactive, In 5 days from the time of epplying the der-
ris, however, meny larvae and pupze were still present znd
activey -end 2dults were emerging. The dusting reduced the
infestetion meterielly but not enough to compmere fzvorzbly with
the efrfect of oil.

Aedes vexens (Meig.) (= A. sylvestris (Theob.))

See Ginsburg et 21. (112, 113) under Culex pipiens L., on _4
page 18, i,

Gibson (106) in 1927 reported thet powdered derris root
hes lethal properties when used 2zzinst culicine mosquito larvae.
When dusted on the surface of water contzining lervze of this
species this meterizl, either 2lone or in combinetion with an
inert filler, destroyed the lzrvee in 2 few hours, even when used
et the rate of only 2 or 3 pounds of derris to the acre. Gibson
(lgg) in 1929 reported thet pools on the edge of scrubby wood-
land end hesvily infested with meture larvae were dusted with
derrisy 8 pounds to the acre. After 18 hours the larvae zppezred
to be s numerous &s ever, cnd & considersble proportion were
puveting. In 48 hours most of them had pupated and oil wes
applied to prevent & possible general emergence. The derris used
in 1928 wes not thet used in 1927, but both samples worked
eauelly well in the leboretory.

Twinn (279) in 1927 reported on mosauito control at Ottewa,
Onterio, Canzdz. The derris wes dusted on the water surface 2t
the rate of zpproximately 3 pounds per eacre., The lervae died
within periods’ rzaging from 45 minutes to more than 7 hours.

They beceme very feeble before death, lving motionless and
perellel with the surfzce of the weter, moving with difficulty
vhen rudely disturbed. The pupze died more slowly then the
lervae, sometimes reouiring more then 24 hours. Neer Mdontreal
tests were elso made on & shellow pool sbout 200 feet souere,
vith ¢ gress-grown bottom, &nd containing large numbers of lervee
of Aedes vexzns. A mixture of derris 2nd French chzlk (1 to 4)
wes dusted just before sundown on the surface of the weter by
meezns of 2 small hend dust gun, 2t the rate of 1.5 nounds of
derris to the acre. The materizl settled well, forming a very
satisfactorv film of dust over the entire surfece. When exemined
16 hours later, 2 considerable proportion of the larvee were dezsd
and meny of the living revealed the effect of the derris in their
sluggish movements. The pool was not examined 2gain until 60
hours efter treéatment, when £ll the larvee were dead, many float-
ing on the surface of the weter. .
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Aedes sp.

Gibson (107) in 1928 reported . that under leboratory con-
ditions powde?ga derris root dusted on the surface of water in
shellow treys 2t the rate of 15 pounds to the zcre of water sur—
face destroyed larvae in 8 to 22 hours and pupee in from 2 to
5 days. In a discussion following the reading of this paper
Ginsburg szid: "Last summer [1927] we tested out cube root,
vhich is 2 very strong fish poison. It killed fish in pools
within 15 minutes but it didn't kill mosquito larvee for 24
hours, and then only a smell percentege of them. The same
meterial killed larvee in the laboratory within a few hours.™

Anopheles ennularis V. d. Wulp.

Wats end Singh (308) in 1937 tested extrects of Derris
elliptica Benth., D. scendens Benth., end D. uliginosz Benth.
agz2inst mosouitoes. Verious plents were extracted with 2lcohel,
ether, chloroform, or kerosene, end likewise tested; the method
of Sinton and Wets (Rec. lMalerie Survey India 5. (3): 275, 1935)
was used. Anopheles annularis or A. subpictus Gressi was used for
the test insect. One cc. of the undiluted test solution was
sprayed into the test chembdr with 2 No. 15 De Vilbiss sprayer.
Twenty—-five mosauitoes were introduced into the chember and
collected 2fter 30 minutes' exposure. These insects were then
put into & mosquito czze 2nd pleced in a dark room for 24 hours
under the szme conditions 2s a number of c(control insects. The
results were recd immedicstely after conllection to note the ,
number of insects flying, end after 24 hours to record the numbers.
dead and moribund. The results in 21l cases were much inferior
to those with the standerd mosquitocide (1 cc. of l-percent
solution of pyrocide 20 in kerosene). A crystzlline substence,
m.p. 274-275% C., isoleted from Derris scendens, was also tested.
A 40-percent solution of en etherezl extrzct, sprayed ihto the
test chember before end 2fter introduction of the mosquitoes,
gave a mortality of only 2bout 60 pergent. The ether-soluble
parts of derris (containing 5, percent_ropenone) obtained from a
relizble Americen firm wes similsrly tested but found to be no
better.

Anopheles hyrcanus ver. sinensis (Wied,)

West and Russell (315) in 1932 renorted experiments with
various toxic substances perticlly sbsorbed on chercoal 2s a
larvicide for enopbeline mosouitoes. Rotenone, adsorbed 0.4
percent on chercoal, wes tested on third and fourth instars.
of this svecies and of Anopheles subpictus Gressi. A mortality
of 34 percent wes obtzined =zt the end of 24 hours. The. authors
concluded thet rotenone on chsrcoel does not heve any greater
potency then peris green, mhich is less expensive.
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Anopheles meculipennis Meig.

Romen and Netien (243) in 1939 reported tests with derris
pomder 2nd rotenone en mosguito lervae: Anopheles maculipennis
Meig., Culex hortensis Fic., 2nd Culex pipiens L. The povders
were scattered, without moistening, over the surfzce of the
weter containing the lervae. Rotenone is especially toxic
mhen ingested by larvae.

Anopheles pseudopunctipennis Theob.

Wille et 21. (322) in 1937 reported that in preliminery
tests cube root contzining 5 percent of rotenone had no effect
on the larvee after 15 hours when used at a concentration that
killed fish in 30 minutes.

Anopheles subpictus Grassi

See Wets end-Singh (308) under Anophéles annularis V. d.
Wulp. on page 15, and West and Russell (315) under A. hyrcanus
ver. sinensis (Tied.) on pege 15.

Anopheles sp.

Strickland (265) in 1923 revorted thet derris wes being
tried for killing anopheline larvee in Malaya.

West end Russell (314) in 1932 reported the results of
tests of lzrvicides for—EEOpheline mosouitoes in the Philip-
pines. The action of mixtures of paris green with various
materials partly a2dsorbed on charcoal were tested on mosguito
lervee. Paris green, 0.2-percent concentration, with rotenone
hydrobromide, O.4-percent concentration, killed 76 vercent of
the larvae a2t the end of 24 hours. A mixture of 0.05 percent
of peris green, 0.1 percent of ersenic trioxide, 0.l percent
of derris root, and 0.3 percent of borex killed 22 percent of
the lervae, 2nd a mixture of 0.05 percent of pzsris greenm, 0.1
percent of arsenic trioxide, 0.2 percent of derris root, and
0.3 percent of borex killed 84 percent of the lervee, at the
end of 24 hours.

According to Ven der Leaen (166) in 1926, this species was
somevhet sensitive to derris.,

Corethra sp.
Danneel (§§) in 1933 revorted that Corethra larvae were

uninjured after 24 hours in solutions of retenone of 0.001-
percent concentration (10 p.p.m.).
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Culex hortensis Fic.

a

See Romzn and Netlen (°43) wnder Anopheles meculipennis
on page. 16, | s

Culex pipiens L., the northern house mosquito

See Romen znd Nétien (243) under Anopheles maculipennis
on page 16 .

According to Gimlette (111) in 1923, H, E. Durhem in
England found in 1902 thet lervae of Culex piniens died in less
than 16 hours (pupae in less than 24 hour8)] with solutions of
1:1,000, 1:2,000, and 1:5,000 of whole root of derris; with
1:10,000 the lervae were killed in 20 hours 2nd the pupee in 24
hours., A solution of 1:1,000 of the extrzct is enough to mzke
the watercloudy.

Gibson (107) in 1928 reported thet in an experiment con-
ducted at Hawkesbury, Ontario, Caneda, wiien the ppdered derris
root was dusted on the surface of the polluted pools of water
heavily infested, at the rate of 30 pounds per acre of water
surface, 97 percent of the lervze were destroyed in 48 hours
eand 100 percent in 72.

Sheperd (249) in 1931 tested the reletive toxicity of
rotenone end nicotine to mosoguito lervae. In thése experiments
the rotengne was first dissolved in 95-percent a2lcohol. This
glcoholic stock solution was mede at a strength of 0.25 gm. in
100 cc. It was necessery to warm the mixture somewhat in 2
water bath in order.to dissolve the rotenone entirely. On
dilution withcdistilled water a stzble milky suspension resulted.
Both rotenone 2nd nicotine were tested in durpliczte a2t the same
concentratinn on the same dey. All the tests were made as
cuickly as possible. The sprzy mixtures were mede fresh-each
day. Rotenone 2t 0.01 percent without spreader killed 34.5
percent of moscuito lervse immersed for 1/2 hour in the sus-
pension, &s compzred with 2 kill of 10. 5 percent obtained with
nicotine under the szme condltwons.

Czmpbell,  Sullivan, end Smith (55) in 1932 determined the
relative toxicity of nicotine, sznabasine, and other alkaloids,
end of rotenone for culicine mosocuito lervae, Culex piviens L.
and C. territens Walk., These tests against mosauito larvae
showed that rotenone is much more toxie than nicotine. Although
Sheperd 2lso found th-t rotenone is more toxic than nicotine
for moscguito larvae, he did not do justice to rotenone, because
he compered the two ecompounds at only one concentrztion, 0.1
gm. per liter (1:10,000). As shown by these a2uthors, nicotine
is hot effective at concentretions slightly below 0.1 gm. ver
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2t 0.1 grem per liter.
“liter,whereazs rotenone is as effective at 0.005 gm. per liter as it is[

Campbell, Sullivan, Smith,end Heller ( 56) in 1934 found
thet rotenone 2t 1:100,000 killed 46 out of 50 mosquito lzrvae
(Culex pipiens, C. territens, and C. ouinouefascistus) in 20
hours, snd ¢t 1:200,000 it killed 47. The higher concentrztion
killed helf the lzrvee in 151 minutes, es compared with 272 min-
utes for the lower concentrztion.

The lzrvee of Culex pipiens L. 2nd of Aedes vexzns (Meig.)
(A, sylvestris (Theob.)) were used by Ginsburg, Schmitt, and
Granett leg, 113) in 1934 to test the insecticidal value of
verious derris exgracts. A fresh suvply of lervae wes collected
deily during the testing period 2nd brought &nto the laboratory.
The very young lazrvee were either entirely removed or were not
counted in the final results. Only larvaze of substantizl size,
epparently from 3 to 5 days old, were used. .This preczution was
taken because it hed been found previously thest the very young
lervee ere more readily killed by toxic chemicals than azre older
ones. Furthermore, the young lzrvese are more sensitive to sud-
den changes of either mediz or atmosphere, as would inevitably
be brousght ebout by transferring from field to lzboratory con-—
ditions. About 50 larvse were transferred to large porcelain
dishes conteining 500 cc. of mixed ditch water end tsp weter.
The desired zmount of extract in verious dilutions wes then
added from a2 pipe tte and wes stirred in with 2 gless rod. Arter
24 hours the dezd a2nd living larvee were counted. Severzl dishes
were run for each test in order to obtzin 2 minimum of about 200
larvee. Preliminery tests showed thet acetone extracts of derris
root are very toxic to mosouito larvze, Dilutions equivalent to
1 gm. of derris root in 10,000 perts ef water or lower invariably
produced a 100-percent kill of lervee and could not be used for
comperative tests, therefore only dilutions ranging from 1:10,000
to 1:80,000 were run in this experiment., At dilutions of 10,000
20,000, and 40,000 the kill ves eoually high for 211 the extracts
(except No. 7), renging from 85 to 100 percent. A4 dilutions of
80,000 the water extracts proved considerably lower in toxicity
than either the 2lcohol or the acetone extract. Pure rotenone
proved much inferior to the extracts in toxicity to mosouito
larvee, Dilutions of 1 pert of rotenone to 1,000,000 and
2,000,000 perts of weter geve 50 gnd 10 percent kills, respecti-
‘vely, while 2cetone extracts containing similer concentrations
of rotenone geve 92 and 96 percent kills, respectively. The
results of toxicity tests of verious derris extracts to mos—
guito lervee were s follows:
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4 A
Extract Process of - Dilution in - Approximste = Totel Kill after
No. extrection - gm. of root dilutions in lzrvee 24 hours

gm. 0f rotenone
; Number Percent

1 Soxhlet 1: 10,000 - - It 250,000 268 100
acetone- 20,000 - 500,000 290 96

40,000 1,000,000 386 92

80,000 2,000,000 205 80

2 Soeked in  1:10,000 1: 250,000 === ——
2cetone ©:20,000 500,000 271 98

- 40,000 1,000,000 286 85

80,000 . 2,000,000 211 26

- Sozked in  1:20,000 - 280 95
glecohol - 40,000 286 90

80,000 29 7S

i Cold water 1:10,000 208 99
20,000 216 100

40,000 .. i 433 94

80,000 290 51

6 Hot weter  1:10,000 ' | 206 : 100
el 20,000 end 99
40,000 . 346 86

80,000 281 51

7 Mixture of 1:10,000 2 208 - 93
ecetone and 20,000 : 284 90

. weter 40,000 : 368 74
80,000 228 46

15 Pyre rotenone 13 - 2503000 292 92
' dissolved in : 500,000 297 79
zcetone - : ' 800,000 ZALE 70

i o e © 1,000,000 221 50

2,000,000 265 10

Check (average from severasl series of tests) 880 3

The secondary extrzcts from the alcohol end a2cetone residues
ranked verv low in toxicity. On the otker hand, the.-toxicity of
the secondery extrect from the weter residue wes practically as
high et dilutions of 20,000 end 10,000 es were the primery extrects.
The results of toxicity tests of secondary extracts of derris-root
residue to mosouito larveae were s follows:
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_ .Extreet Extrection .~ Dilution in ~Potal™™ "Kill afer 24
No., pProcess gm. of root 1lervae hours
Number Percent
2 Residue from 1:10,000 294 99
weter reex-— 20,000 220 90
tracted with 40,000 244 70
acetone 80,000 261 o
10 Residue from 1: 200 274 92
acetone reex— 400 . 292 90
tracted with 800 229 92
weter 1,600 242 48
12 Residue from 1: 400 232 94
2lcohol reex-— 800 - 229 83
tracted with 1,600 221 51
weter
Check 262 0

Culex guinguefesciztus Sey, the southern house mosouito

See @ampbell et 2l. (56) under Culex piriens on pege 17.

Bedertscher end Wotherspoon (13) in 1935 compered the stabil-
ity of treated derris and pyrethrum powders with th=t of untreated
powders. Tests were mede on severel insects, including fourth
insters of this species. Exposure to 2 light from & Uviarc mer-
cury vepor lzm» operating on 118 volts with 2 current of 4.8
emperes £nd 450 watts for 24 hours destroyed 2bout helf the toxic-
ity of 2 derris powder contzining 6 percent of rotenone =nd 18
percent of acetone extrezctives. Trezted powders (trestment not
described) prolonged the life of these nowders when exposed to
light. The zuthors concluded "(1) Tet derris powder reouires
a2t least twice a2s long &s pyrethrum to lose most of its toxicity
mhen exposed to the action of 2ir 2nd sunlight in the summer time.
(2) Thet the repidity of the loss of toxicitv in opyrethrum powder
end in derris powder is lergely directly dependent on the intensity
end duration of the light, (3) Thet derris powder loses 1its toxi-
city relatively much more slowly then does pyrethrum powder when
exposed to zir in the ebsence of direct lisht, (4) That treated
derris powder 2fter exnosure to light end eir shows an efficiency
from 34 to 93 percent grester than untreated derris powder
similerly exposed."

TAink 2nd Haller (89) in 1936 revorted on the reletive toxi-
city to fourth instars of culicine mosquitoes (principelly this
species) of opticelly zctive end inective rotenone derivatives,
The opticelly ective forms were more toxic than the corresponding
opticelly inactive forms. The order of toxicity wes active
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dihydrodeguelin » rotenone = active isorotenone (= inactive
dihydrorotenone) > deguelin > inactive isorotenone. Comperisons
were m:de by plotting concentrestion (mg. per liter) asgainst

the reciprocel ©f the mesn time (minutes) to kill 50 percent

of the lervee. The authors believed thet the toxicity of der-
ris extrectives cen be attributed pertly to the opticelly active
deguelin knomn to be present.

Woke (324) in 1938 showed thet the toxicity of finely
powdered rotenone to mosouito larvee is not a2ltered to a demon-
streble extent after 18 hours of incubztion in the derk et 29° C

with thef contents of the digestive trect of the southern srmyworm.
various tissues or with the

Phillips &nd Swingle (234) in 1940 reported on the resring
of moscuito larvee of Culex auinquefascieztus Sey a2t Senford, Fle.,
end the effect of diet on their resistence to rotenone and
nicotine. The percentage of kill after 18 hours by rotenone at
5 p« p= M. ranged from 15 to 91 percent, according to the diet.
Of lervee collected in the field, 72 percent werc killed by 5
P P« m, of rotenone and 78 percent by 100 p. p. m. of nicotine.

Culex territens "elk.

See Cempbell et zl. (§§) under Culex pipiens L. on pege 317.

Culex sp.

Cempbell (gg) in 1932 published & critical review of the
recently published litercsture on the insecticidel value of
rotenone end of much unpublished dzta obtained by Federzl and
Stzte entomologists. The action of rotenone on Culex sp. &s
determined by Devidson (67) in 1930 end by Sheperd (249) in 1931
was reviewed.

Corbett, entomologist for the Federzted Melay Stetes Depert-

ment of Agriculture (82) in 1934 reported thet the effect of derris

solutions on larvae of Culex sp. weas tried, end compar=ztive tests
with nicotine sulfate were 2lso cerried out.

Miller (ggg) in 1935 described tests on verious insects,
including Culex larvae, for the eveluestion of different species
of Derris. Lervee of Culex sp. in 500 cc. of water were trezted
with 1 ce. of 2n agueous solution of T\ ellkiptice et & concen—
tration of 1 kg. of root to 25 liters of weter, 2nd 94 nercent
of them were dezd a2fter 4 d=ys.

Stegomyiz sp.

Worsley (326) in 1934 reported that tests on mosquito lervae
(10 in each test) of this species yielded the following results:



‘Lervee dezd- efter——

Material ' Dilution 1 hour 24 hours
i Number Number
Crude tevhrosin 1:100,000 '8 10
1:250,000 1 4
1:500,000 0 0
Alecoholiec extract of 12300, "/ 8 10
Tephrosia vogelii seedsl: 500 2 4
i 7l D) 0 3¢
Alcoholic extreet of 1:100 9 10
Tephrosiea vogelii 1:250 4 5
leaves : 1: 500 O 0
Weter extract of 1:100 45 A8 10
Tevhrosies vogelii: 12 250 0 : 5
lezves : : '

Theobaldiz annuleste (Schrank)

According to Gimlette (111), vriting in 1923, H. E. Durhem
found in England in 1902 thet lervee were killed in 2 1:40,000 sus-
pension of the dried nowdered crude root of Derris elliptica. A
solution of 1:10,000 killed the larvae in 29 hours and the pupee in
from 24 hours to 3 or 4 days.

Culicidae (unidentified'spp.)

Deniels (§§) in 1905 wrote thst e fregment of cruched fresh
derris root cezn be used effectively under 211 circumstences under
which kerosene cen be used to destrov mosguito larvae.

Tattersfield end Roech (271)'in 1923 reported work on derris
done by Durhzm between 1902 'eand 1907. He found nosouito lervee and
pupae to be usefully susceptlble test insects.

De Ong 2nd White (71) in 1924 reported thet a commerciel der-
ris extreact of lG—percent concentration dilutéd 1:500,added to
mosquito-~infested weter,killed 65 percent of the lan?C but head
no effect on the pupae. The powdered derris root (undiluted)
sprinkled on the surface of the water killed 90 percent of the
larvee in 2 to 4 hours.

Castillo (59) in 1926 renorted the results of studies on the
insecticidel properties of three species of-Derris groring in the
Philippines, nemely, D. polysnthe Perk., D. philipninensis Merr.,
end  D. elllntice Benth he roots were cut into thin transverse
slices end dried in an oven at 40° C. until the weight remained
feirly constent. The dried meterizl wes then comminuted in &
morter 2nd the povwdering finelly comrleted in 2 meet grinder. The
fine powder wes sep=reted from the fibers dy sifting throush fine-
meshed cloth. On mosauito lervee the most effective concentretions
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of De-ris philippinensis in bringing about the highest percentege
of desths in the shortest time wes 3:1,000. Solutions either
more dilute or more concentrzted then 3:1,000 were less effective.
Concentrations of 1:1,000 killed 19 percent of the lervee in 5
dzys; lower concentrztions showed no effect 2t 211. A concent-
retion of 3:1,000 or hizher reteined its toxicity £zecinst mos-
guito larvee 13 to 16 days, Ageinst both mosquito lervae and
aphids, Derris polyenthe was more effective then either of the
other two species. In aqueous solutions it showed its suneriority
2geinst both insects (1) in bringing e2bout the highest percentage
of desths, (2) in the short time it reouired to kill, znd (3) in
the retention of its virulence. Derris polyenthe retezined its
virulence in water end wes toxic to mosguito lervaze for 13 to 16
dzys. Derris elliptica end D. philippine#isis were toxic for only
1 to 2 deys.

Durhem (Zﬁ) in 1926 gave a2n interesting account of his eerly
work with derris, vhich he rezgasrded zs essentielly e stomach
poison. TField trizls started in the leley Stetes in 1902 showed
it to be & potent agent for the destruction of mosguito lervee.

Kelsall et =1. (lég) in 1926 renorted thet derris, at epnroxi-
metely 1 pound per 100 imperiesl ‘gzllons, added to e large tenk of
weter verv hesvily infested with mosauito lervee, killed 211 the
larvee in 3 or 4 days. !

The Cznsde Exverimental Farms, Division of Chemistry (57) in
1927 stezted thet derris had been found very effective as an agent
in mosquito-control work. -

In 1929 the Imperisl Institute (146) revorted the results of
tests made by the Entomologicezl Brench of the Depertment of Agri-
culture in Nigeriz, Africe, with Tephrosis vogelii. An equeous
_extract of the leaves was tested on mosquito larvee, but the larvece
thrived even in strong solutions. Adult mosguitoes seemed t0 be
attracted to the extract for oviposition.

- Devidson (QZ) in 1920 reported thet when pure rotenone dis-
solved in acetone wes zdded ‘to & tub of wzter to give & rotenone
concentretion of 1:1,150,000, from 98 to 99 pereent of the culicine
lervee were killed within 5 deys, the eggs présent hztched, end the
resultent larvee died within 2 days. Rotenone =zt 1:2,300,000 killed
95 percent of the larvee in 6 deys, but the remeinder transformed
into pupze, the ezzs present hzstched, 2nd 20 percent of the resultent
larvee survived. Lervee and eggs in untrested tubs showed no ab-
normzl mortality.

Fulmer (90) in 1930 wrote th=t derris destroyed mosquito lerveae
when apolie& a2t the rate of 1 poand to each 1,000 imperial gzllons
of the wzter in vhich the lerveae 2:e present..
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Denneel (66) -in 1933 reported that 7 hours wes necessary to
ccuse loss of motion in moscuito. larvae in solutions of rotenone of
0.001 vercent concentrztion (10 p. v. m.).

Gnzdinger (117) in 1933.cited unnublished work by Ginsburg
vhich indicates thet the nyrethrins are more toxic than rotenone
to mosouitoes.

Jones et 21. (156) in 1933 reported on the loss in toxicity
to insects of devosits of rotenone 2nd related mezterizls when
éxoosed to light. Rotenone, dihydrorotenone, rotenone hvdro-
chloride, rotenone~bentonite (1:1), rotenone-lampblack (1:1),
ground derris root, snd powdered derris extract were each masde
into e paste with weter end painted heavily on weizhed glzss slides.
After the deposits had dried the slides were veighed =z2in. One
group of slides was exposed to direct sunlight for 10 dzys during
April and May, 2 second group to sunlight for 20 dzys, a2 third
group to arc light for 240 hours, a fourth group, of the three pure
compounds only, ‘to are light for 480 hours, 2nd 2 fifth group ves
kept in the derk 2t room temperatures. The deposits on these
‘slides mere tested egeinst culicine mosquito lervsze and goldfish
to determine the percentege loss of toxicity resulting from
exposure to light. 1In all ceses the exposed deposits were decidedly
less toxic then the wnexvosed a2nd, with one exception, the loss of
toxicity increesed with increasing exposure.. Rotenone, rotenone-
bentonite, derris root, derris extract, and rotenone hydrochloride
lost more then half of their toxicity during 10 dzys'! exvosure to
sunlight. Their toxicity wes practicelly destroyed by the exposure
to erc light. Since dihydrorotenone lost only 6ne-fourth to one-
"third of its toxicity during the first 10 days' exposure to sunlight
it wes distinctly more resistent to detoxicetion during this period
then rotenone. At the end of 20 deys in sunlight, howvever, 2nd afte:
exoosure to arc light, it hed lost toxicity to about the same extent
2s rotenone., Lazmpblack merkedly reduced the loss of toxicity of
rotenone during .the first 10 dsys' exposure to sunlight 2nd pre-
vented further loss during the last 10 deys. It 2lso zave some pro—
tection to rotenone under 2rc light. Ngither bentonite nor the
substences dccurring with rotenone in powdered derris root and derri
extract protected rotenone from loss of toxicity. The unexposed
powdered derris extrzct conteining about 25 percent of rotenone was
as toxic to mosouito larvee 2s pure rotenone. It mes shom thst the
photochemicel decomposition of dry rotenone, which results in loss
of its toxicity to insects and fish, does not teke vlece in the
absence of oxygen. .

Spoon (257) in 1933 reported tests of rotenone 2s en insecticids
in Hollend &nd stated thzt rotenone esppeared to heve no value egains:
full-grown mosauitoes.

Turner'(278) in 1933 recorded tests of insecticides ageinst
mosquito lervee in Connecticut. Preliminery tests made in 1931
showed that the use of rotenone with fuel oil wes not so effective
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es pyrethrum. Rotenone in suspension was also lower in toxicity
then enticipzted, Moreover, rotenone is known to be highly toxic
‘ - to fish end, therefore, wes dropped from considerztion.

Wbrsley.(SPS) in 1934 reported thet an alcoholic extrect of
tephrosin is ss effective a2geinst mosouitoes e&nd similar insects
es pyrethrum if the insects ere zctuelly hit with it.

Tischler (gzg)'in 1935 studied the mechanism of how derris
kills insects. Studies on the hesrt retes of verious insects in-
cluding mosguito lervee showed thet the rzte of pulsetion was
markedly decreesed before the insects exhibited incoordinsted move-
ments. Derris inhibits oxygen utilizetion by the tissues ehd its
detrimentel effects 2re general rather then specific to any orzzn,
S,

Feytaud end Lapperent (87) in 1936 published the folloming
formule for 2 mosouito spray: Cube powder or derris powder 10 gm.
and pyrethrum pomder 10 gm., is mecerzted in 100 gm. of = mixture
£ of eouzl perts of terpinolene end orthodichlorobenzere or carbon

' tetrezchloride for 5 days with frecuent 2gitetion, then the product
is filtered 2nd 2 perfume is zdded, for exemple, 10 percent of
"terpene de citronelle."

Iy Phillips (232) in 1978 reported 2 study of the effect of 13
diets on thne resistance of moscuito larvese to nicotine, rotenone,
and thenothizzine. By feeding various diets to different groups of
larvae it wes possible to ceuse = veriztion of 75 nercent resulting
from nicotine end rotenone in the mortelity :of fourth insters. The

e | veristion in the results from ohenothiezine wes not so great,

f beceuse in most cases the concentrstion used wes high enougzh to ceuse
it B complete mortzlity. In genercl, the better diets ceused more repid
L0 ; grovth end resulted in more resistant lervae. The diets did not heve
terf| y the seme effect, however, with 211 three insecticides~-in other words,
i\ ' the lervee most resistent to rotenone were not the most resistent

to nicotine or phenothizzine.

- Sulliven, Phillips, end McGovren (268) in 1938 reported thet
2n extrect of the fruit of the Amur cork-tree (Phellodendron

——— —— e et e

stznderd conteining 5.2 percent of rotenone.

1e ¥ - ¢ Thomssen znd Doner (274) in 1938 reviewed rublished informstion
on fly control for livestock and mentioned rotenone for the control
of mosquito larv:ze.

The Division of Control Investications of the RPuresu of Entomology

de ernd Plant Quarsntine, Uplted Stotes Deprrtment of Agrieulture (292),

3t! in Februery 19328 reported tests mith derris es follows:
| Concentration Mortality of fourth.insters after
} Div: et Tis 18 hours .
i . Not exnosed Exposed
l Percent Egzgggﬁ
H 20 40 1l
| 50 94 52
|



296

The szme Division (293), in Uey. 1938, reported results of tests
mith derris and cube on fourth insters es follows:

Meterial Dosaze per sg. cm. Mortelity in 18
hours
Microgrems Percent
Derris (rotenone 20 98
5.4 percent; total 100 100
extrectives 15.5 20 . 100
percent 100 100
Derris—tzlc (rotenone 20 27
1 percent) A=000 91
20 28
100 100
Derris—talc (rotenone 20 0
0.5 percent) 100 67
20 29
100 100
Cube (rotenone 4.4 20 95
percent; totel extractives 100 i 98
20.7 percent) 20 100
100 100

H. A. Jones (153) in 1939 reported the presence of alkezloids in
cube root (0.08 2nd 0.40 percent in tvo specimens), timbo root (0.15
percent), =2nd derris root (0.02 percent). The 2lkaloidel materizl
w2s nontoxic to mosouito larvee a2t a concentration of 1:10,000.

An enonymous writer (8) in 1941 reported thet the neme "Indalone"
hed been registered as the trade mark of the solvent zlphs, alphe-
dimethyl-2Iphat-cerbobutoxy-gemme~dihydropyrone, ~hich was developed
for use in liquid contact insecticides 2s a solvent for derris—root
extrectives. ¥hen used in this wey, it has the property of increasing
the insecticidal effectiveness of the ingredients dissolved in it end
of holding derris extractives in solution in the commonly used base
oils, Indalone is 2 powerful insectifuge and repels the common winged
insects, to which it eppesrs to heve an obnoxious taste. Because of
this high repellency, it is especizlly suitable for cattle spreys 2nd
mosquito lotions.

Drosophilidee

Drosophila @mpelophila (Loew,), 2 pomece fly

Patterson (227) in 1935 published the indices of toxicity of &
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number of poisons when fed to adult fruitflies. Three feeding medis
or baits were used, (1) epple sirup, (2) molegses, =znd (3) cene
sugar-glycerine. The zpple sirup znd molasses were of ordinecry com-
mercial grade. .They were diluted with tep water before the poisons
were added; the epple’ s1fun end molasses 'to concentrstions of 12.5
vercent, 2nd the cane znd suger—glycerine to 5~prrcentcane sugar and
2.5 percent glycerine. Poisons were 21l compzred et 6 concentrations,

"~ 1:200, 1:400, '1:800, 1:1,600, 1:3,200,2nd 1:6,400. A wad of cotton

wool wes thorou ghly soakea in each of the p0130ned baits and the ex-
cess 11qu1d squeezed out. Finelly each wad wes placed in the bottom
of a shell vial of about 20 cc. cepacity end 10 flies were intro-
duced. After being loosely stoppered with cotton wool the viels

mere set away. Vials with unnoisoned'baits mere included as con—
trols. All tests were in duplicate, so 20 flies were used at each
concentretion forﬁ%gafﬁg'med¢um Deed flies vere recorded dsily for

a week when the test wes concluded. ‘Derrisine g2ve en index of toxi-

éity of 20.4 in epple sirup, 29.3 in molasses,end 59.2 in the cane
suger—-glycerine mixture. The-corresponding’ values for Derrisol were
0.4, 0.7, 2nd 2.0. Rotenone in cene suger-glycerine gave an index

of tox1c1ty of 7.7. The mosttoxic méterisXl was 3.5-dinitro-orthocresol,
vhich geve indices of-toxicitv of 99.2, 95.8, 2nd 91.6, respectively,

in the 3 beits. Powdered derris gave 2 toxicity index of 6.4 in the
cane suger—zlyeerine mixture, wheress derris extract in glycerine

(1:5) was without toxicity.

Drosophila sp.

The adults were used by the Federzted Mazlay Stetes Depertment of
Agriculture (83) .in 1936 to test the toxic velue of derris extracts.

Creufurd-Benson (64) in 1938 reported thet larvee are not sus-
ceptible to a2 derris preperation when dipped in it.-

Hipnoboscidae

Pseudolynchiz caneriensis (Macg.), the pigeon fly

Bishopp (27) in 1929 revorted thzt derris po~der was neerly as

. effective as pyrethrum powder. From one to three pinches of the
~ powder, depending on the si,e of the bird, vhen scattered smong the

fezthers destroyed 211 flies present. Two provrietary extracts of
derris root used at the rate of 1/2 ounce and 2 ounces to the gallon
2lso gZeve 2 complete kill. The sliczht steining of the feathers from
the pyrethrum extrzsct, especielly on white birds, might be somewhat
objectioneble. The derris products do not stein.

Melophegus ovinus (L.), the sheep tick

Wille et 21. (322) in 1937 reported on the use of cube in dips
égainst M. ovinus in Peru., In 1935 more then 300,000 sheep were trested
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mith cube dip in the Junin area, and 150,000 in thzt of Puno. The

- dips were obteined either from 2n extract prepared by sozking the
chopped: roots in water 48 hours, or from 2 powder ground so fine

thet 85 percent passed 2 0.074 mm.-mesh sieve. In 1936 J. F. Mjtchell
steted thst the powder yielded a dip th2t wes more szponaceous; and
therefore penetrated better, than‘that from the extract. Dips made
vith the powder did not keep more than. 48 hours, vhereas those made
mith the extract kect = week. The addition of 1/2 pound of sozn per
100 gellons wes recommended, &nd also thet of 1/2 pound of sodium
cerbonete to counterzct the hardness of the water. TFor complete con—
trol of the perzsites, sheen ususlly required 2 dips, with 2bout 2
fortnizht interval, twice 2 yeer, except-in serious infeststions, when
e third pzir of dips wes necessary. The effective concentrations of
ground cube root containing:6.8-percent of rotenone,. 2nd of extract
conteining 5.5 percent of rotenone were, respectively, 1:2,000 end

1 10,000. The ground root znd the extract were eoually effective end
were in no way 1nfer1or to other dips. :

Edwerds (79) in 1078 in @ popular account of rotenone-contzining
insectlcldes Stzted thet they ere effective eﬂalnst the sheep ked.

Stervart (264) in 1239 reported tests of 5 dips for the control of
ticks on sheen in Scotlends (A) A plein derris din (solution of
derris extrzct), (B) derris-cerbolic peste, (C) derris—csrbolic-vool fat
pzste, (D) ersenic-cerbolic peste, and (B) a commerciel tick-dip (High-
land Tick Peste contzining both arsenic 2nd-derris). Those derris dips
thet did not contain ersenic possessed negligible tick-deterrent pro—
perties. It was found thet such dips are efficient tick-killing 2zents,
but under the conditions of the 2bove test they showed little.velue
es repellents. This finding is not in agreement with the results of ;
critical smell-scale tests, end MacLeod suggests (in 2 personal com-
municetion to R. C. Roerk) thet the discrevancy lies in the difference ‘
in immersion time. The aversge hill shepherd immerses his .sheep for
something less then 15 seconds. The durstion of the a2ctusl immersion
veriod eppears to be more important with derris then with other dips.
The most satisfactory dip repdrted by Stewsrt proved to be dip E, |
vhich showed a merked déterrent effect 2 reelzs efter use. Dusting 4
newly born' lambs with 2 derris preperation geve better results than
dipping in a2 diluted derr1s extract, or tr eting with en oily smeer
cont61ning derr1s.

The New Zeéland Depertment of Scientific end .Industriazl Research
(g;g) in 1940 reported th=t sheep-dip investizetions on sheen infested
~ith keds end lice, end treeted in dins.of verious compositions, in-
diceated thet 21l the prepsrations contzininz ersenites, phenols, and
rotenone vere effective against 2dult keds, but in order to be thoroughl
effective the toxic influénce should:be protreactéd - -lonz-enough to deel
e1so with the keds thet emerze from the pupee. Incomnlete triels
indicated 'thet derris possesses velue for ziving this delayed action.
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Itonididae (= Cecidomyidae)

| - "Cecidomia negri"

According to the Etablissecments Rotenia in 1938, in a letter to
R. C. Roark, "Cecidomia negri" [ Lestremia . nigra Blanchard may be
intended] on pear trees was mitigated by a product ‘conteining 12 per-
_ cént of powdered Lonchocarpus nicou root (6 pereent rotenone) and
88 percent of talcum.

Contarinia nasturtii Kieffer

Leefmans (172) in 1938 reported that deformed heart of cabbage
and cauliflower due to infestation by this specics has caused con-
siderable loss in northern Holland since it was first observed in
1897. 'The adults werc found to be sensitive to derris and pyrethrum
dusts. Headed cabbage must be sprayed twice a week, dbut in slight
infestation of cauliflower one zpplication weekKly may suffice. Derris
may be recommended as a dust insecticide, but spraying with a strong
jet is more effective, as it tends to wash away both larvae and eggs.

:Qoﬂfafinia'pyrivora (Riley), the pear midge

The University of Bristol Agricultural and Horticultural Research
Station (39) in 1936 reported that field trials to test the efficacy
of a preblossom derris spray for control werc defeated by the severe
late frosts at two centers. At the third the results were not satis—
factory. {

DeBussy et al. (48) in 1936 reported that the maggots are not
affected by derris and rcsults against the adults were unsatisfactory.

Contarinia tritici (Kby.)

Yuasa (328) in 1936 reported that sprays containing either nicotine
sulfate or derris were effective for control of the wheat midge.

Muhlow and Sjoberg (gggé in 1937 ‘reported on control of the whecat
gall midges. No reduction in infestation was observed when plots
were dusted heavily with pyrethrum powder or derris or sprayed with a
-solution, of rotenone,

Dasynura mali Kieffer

The Massachusetts Agricultural Experiment Station (199) in 1937
reported that for control of the leaf-curling midge on apple derris
extract, summer-oil emulsion, and lime-sulfur were about equally
efficient in reducing the number of curled leaves and were more ef-
feetive than nicotine sulfatec and a combination of soluble and in-
soluble nicotine, Three and four applications were generally more
effective than onc or two treatments, and this is significant beccause
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the trees receiving three and four sprays —ere neerer the most heevily
infested unsprzyed trees. Spreying czused & reduction of 55 tp 85 (200)
percent in the number of infested tips. In 1928 this stotion/reported
th=t wettable cube povder contezining 3.65 percent of rotenone, used

2t the rete of 6 pounds in 100 gallons, ith the sddition of 2 pounds

of weter-soluble diglycol stesrete wex es 2 spreader and sticker,
epplied to lMcIntosh 2nd Richezrd 3-yezr-old trees wes the most effective
treztment. In cxperiments 2gzinst the second generetion nicotine sul-
fzte 1:800 plus molasces 3 vercent wes the most effective trestment

end reduced the infeststion 48 vpercent on Golden Delicious. The cube-
wax mixture was zood and everzged the best for both series. It wes
concluded thst spreyinz 2lone is nct & practicel means of combzting this
species.

Disrthronomyis hypogeez (Loew.), the chrysenthemum 2211 midze

Penick 2nd Co. (220) in 1223 reported thszt Foliszfume (which con-
teins both pyrethrum =nd derris extrscts), diluted 1:400 with water,
gzve en aversge mortality of 89 percent efter 48 hours.

Monarthropelpus buxi Leb., the boxmood lezfminer

Hemilton (131) in 1925 revorted tests mede in 1922 with Derrisine,
ez commerciel prepesretion o&f derris. Derrisine diluted 1:57°0 weas
epplkd in 2 mixture of bleckstrev molasses, 1 pert to 4 parts of
water. ' Both nicotine sulfate 2nd free nicotine gezve better control.
thean the Derrisine.

Turner (277) in 1932 reported th=t rotenone hzd not been effective
in preventing injury.

Mycodinlosis elternzte Felt

Felt end Bromley (§§) in 1929 reported on thc life history and
control of the dogwood club—-g2ll midge. In 1938 e spray of 4 pounds
of rosin-residue emulsion end 4 pounds of cube powder to 100 gzllons
of weter wes used, the epolicztions being mede Mey 14, 18, =nd 28,

. end June 14, =znd 2 badly infested tree in the tree gerden showed no
new gells on July 7, 2nd only ecight on October 10, indiceting material
reduction with this treztment.

Thecodiplosis mosellenz (Gehin), the whezt midge

Yuese (328) in 1936 reported thzt spreys conteining nicotine
sulfate or derris were effective for the control of sdults of
(Sitodiplosis) Thecodiplosis mosellena (Gehin).

Miihlor #nd SjSbere (208) in 1937 renorted on the control of the
vhezt zzll midges. No reduction 'in infestrtion w=s observed when
plots were dusted heazvily with pyrethrum vowder or derris, or sprayed
with 2 solution of rotenone eceinst (Clinodiplosis) Thecodinlosis
mosellene (Gehin).
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Siphon2 irritens (L.), the hornfly

The Louisiene Agricultursl Exveriment Stetion (183) in 1925
reported thet Derrisine in 2 fish—oil-sosp emulsioh of red-pine oilil
wes effective in controlling or repelling hornflies on cattle.

E, W. Lacke, of the Dellzs, Tex., lzboratory of the Buresu of
Entomology end Plent Querentine, United Stetes Depertment of Agri-
culture, in & tynevritten report to the Division of Insects Affecting
Men end &nimels in 1936, reported thet povdered cube root, rotenone
concentrate, end manv other meterizls were ineffective as repellents.

Bruce (gg,gé) in 1940 reported results of tests on the medication
of czttle for the control of larvee in the droppings. The general
idez wes to feed the cettle certain chemicels, vhich would pass out
in the droppings 2nd render them toxic to the lervee. The most
effective materizl tested was rotenone. Doeses of C.4 gm. per
hundredweight killed 211 larvee in the dropoings for approximately
30 hours.

Musca domestica L., the housefly

See Doty (76) under Stomoxys calcitrens (L.) on pege 49 .

McIndoo, Sievers, and Abbott (193) in 1919 reported the results
of tests of derris powder. In ceze tests, vwhere flies were dusted
in ordinery flytreps¢ ahout 10 inches high, 211 were deesd or inactive
within 24 hours. In room tests, wiere the powder wes freely blown
into the 2ir znd 21l parts of the room with 2 small hend dust sgun,
ell the flies were de2d 2t the end of 16 hours. In one test severcl
hundred flies were literszted in & room thst had been thoroughly dusted
7 deys before. Very fev- azctive flies were to be seen 24 hours lzter
cnd on' the second d2y only 3 or 4 vwere living.

Kelsz1ll et 21. {159) in 1926 revorted the results of tests in
which derris et the rste of 5 pounds per 100 imperiel gellons of
veter was spreyed on the flies. The sprey wes shot at them both
vhile they were resting end vhile they were on the wing. Such flies
became restless elmost immedictely end begen cleaning themselves
vigorously., Most flies were derd within 24 hours erd ell appeared
to be dead within 48 hours. Derris was also dusted on flies but its
action was much sloer end 2fter 1 dey none were dezd, so it was not
considered effective. Had these flies been kent under observ=tion
longer, 2 subsequent mortelity might heve been noted. Derris spray
wes also observed to kill severzl other flies of undetermined species.

Fulmer (90) in 1930 reported that houseflies were emenzble to

L derrisy :
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Lazke et 2l. (165) in 1931 reported the results of tests of
meteriels s attrectents or repellents. Beef-liver bait, 4 ounces,
tc vhich 5 gm. of derris powder wes added, 2ttrscted only 10.8 per—
cent 2s many flies as did untrezted bait. A mixture of 1 part of
derris powder a2nd 9 parts of kaolin attracted 6.3 percent.

Little (lgg) in 1931 compared the insecticidel properties of
Tephrosie virziniena end derris. The powvdered root of the devil's-—
shoestrings suspended in weter 2t 1:800 2nd spreyed upon flies, with
no sprezder, killed from 3.6 to 74.3 percent (2écordinz to the origin
and treztment of the root). Derris in similsr tests 2t 1:800 killed
78.2 to 85.3 percent of the flies.

Cempbell (50) in 1932 reviewed unpublished work by Davidson,
7ho mede 15 tests of rotenone as 2 stomech poison agazinst flies.
Eight tests were mazde in screen czges in 2 greenhouse and 7 in 2
room of 500 ecubic feet. Rotencne was dissolved in acetone 2nd added
to diluted condensed milk or to 2 dilute solution of molasses. Cot-
ton mas sozked in the mixtures 2nd exposed in petri dishes to the
flies. The food wes not rene—ed during & test. Eech test wes paired
mith 2 check, in which flies —ere given unpoisoned food. The flies
used in most of the tests were between 1 dzy 2nd 2 days old. The
numbers of flies used per test ranged between 18 2nd 118. In 6 tests
all flies were killed in 28 to 72 hours. In 5 other tests more than
90 percent were killed 'in 24 to 48 hours. The guentities of rotenone
in the cotton renged from 10 to 100 mg. In one test only 0.8 mz. of
rotenone wes used, but a mortzlity of 84 vercent was obtained in 94
hours. Except in one case, little or no mortality occurred in the
checks. It was concluded thet rotenone will kill flies by way of
the elimentery tract but thet its toxic action is slow. In a few
2dditionel experiments with:rotenone es 2 stomech poison, Devidson
geave the flies & choice of poisoned 2nd unpoisoned milk. As would
be expected, the mortelity wes lower then in eerlier experiments, when
the flies hed access to noisoned food only. A setisfectory kill did
not resalt efter exposure for 2 days. As comperisons were not made
2t the seme time between poisoned foods only end poisoned food with
unpoisoned food, it is not certein thet rotenone hed = deterrent effect |
on the flies, #lthough such an effect is probeble.

Cempbell (50) in 1932 reviewed 2ll work done up to that time with
rotenone 2gainst the housefly. Cempbell and Sullivan found that
this fly wes among the species most resistent to squeous suspensions
of rotenone. Suspensions of 1:5,000 epparently hed-ho affect on house-
flies, 2lthouzh vhen the flies were exemined under the microscone
after the trestment, crystzls of rotenone could be seen distributed
over the integument. Ageinst the housefly, rotenone need not be
applied in suspension in water, but mey be epplied in solution in an
orgenic solvent. Kerosene, so largely used es 2 solvent znd carrier
for the pyrethrins in household sprays, is not 2 good solvent for
rotenone; horever, the effectiveness of & setureted solution in kerosen
hes nnt yet been determined, It seemed more promising to mix kerosene
with @ solution of rotenone in 2n orgenic liquid thet is miscible with
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kerosene, the'mixed solvents cerrying 2 higher percentege of rotenone
in solution then rould kerosene 2lone, Devidson tested & 1:2,000
solution of tiotenone in kerosene-ethylene dichloride in a stendard
fly chamber (6 f. by 6 ft. ty 6 ft.) 2t temperstures ranging from
69° to 88° T, Pive tests were run 2nd ecch test wes paired with
& check of the mixed solvent without rotenone, TFrom 11 to 33 cc.
of the liguid was spraved into the chember, hzlf of it through a
hole in one side 2nd helf throuzh & hole in the opposite side. The
mixed solvents a2lone hed little or no effect on the flies, but the
rotenone solutions peralyzed from 29 to 84 percent of them in 10
minutes, depending on the volume of the solution sprayed into the
chember. Commemizl pyrethrum fly spr2ys, vhen tested in the seme way,
paralyzed e larger percentege, but rotenone spreys may kill e greater
percentzge of those affected. In Davidson's test with 33 cc. of the
rotenone solution, 43 out of 51 flies were brouzht down and 42 of these
died.

Cempbell and Sullivan compared the effeets on houseflies of
1:10,000 solutions of the pyrethrins and of rotenone in absolute
alcohol. A very marked difference in the initisl and finel effects
of the sprays was observed. At first =11 the flies were perzlyzed
by the pyrethrins, whereas none were visibly zffected by rotenone.
Then, as the flies treated with thepyrethrins begen to recover, those
treeted with rotenone begen to be affected. After 24 hours practi-
cally 211 the flies treated with thepyrethrins hed recovered, whereas
a considerable number were dead or dying from the effects of rotenone.
The finsl 48-hour count showed 2-percent mortelity for the pyrethrins
and 22-percent mortality for rotenone. It might be adventegeous to
apply the pyrethrins and rotenone together in order to utilize
simultaneously the repid perelyzing action of the one and the slow
killing pover of the other. From a2 toxicologicel point of view it
; would be desireble to test the pyrethrins end rotenone together end
/ separetely in order %to determine to whzt extent their combined effect
‘ is additive. .

Houseflies were being used by Cempbell end Sulliven as test
insects for the determinetion of the reletive toxicity of rotenone
end relsted compounds. The spreying chember consisted of 2 gless
cylinder 8-1/2 inches in diemeter 2nd 17 inehes high, and 2 bell
Jar of the same diszmeter and 1Z inches hizh, which rested on top
of the cylinder. The cylinder stood on  shzllow copper trey in
which the flies were confined. The top of the tray could be opened
or closed 2t will bty 2 slidinz covper plete. A spray zun wes mounted
in the hole 2t the top of the bell jer znd ¢onnected with 2 com—
pressed-e2ir line. . The flies in the tray 2t the bottom of the cylinder
eould be sprayed directly, or by menipulstion of the copper plete
could be exposed for zny desired period to & settling fog of the
sprzy. Treetments could be mede in fhe cold or at room temperature.
Uhen the trestments were mede in ¢ cold room ¢t 222 F,, 50 immobile
flies were placed on their backs on & circle of filter nezper on the
bottom of the tray, After the. tre:tment the flies were trznsferred
to ceges pleced immediztely in 2 high-tempersture room et 82° to
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84° ¥, Here they regeined their mobility in ebout 5 minutes 2nd the
oison took effect. Counts of dezd 2znd dying flies were mede z¢

the end of 46 to 48 hours. Under these conditions 2n zcetone solution
of rotenone (1:5,000) killed 2bout 40 percent of the flies. Vhen

active crged f]les were treeted in the same way 2t room temneratare
the 1:5,000 soiution killed zbout 90 percent.

Tests in the cold room led to one siznificant result thst could
not have been obtained at higher temperzture. With immobile flies
it wes shown thet the effect of the 1;5,00C treztment denends on the
position £nd exposure of the insect's body with respect to the set-
tling fog. When the flies were placed on their feet so thzt the fog
settled on the wings and dorsum, they were not affected. When they
were placed on their backs so thet the fog fell on the venter and
nleural ares meny were killed. When they were placed on their backs
end the heesds or 2bdomens were covered the mortality was greatly re-
duced, indicating thet the poison probzbly enters 21l three regions
of the body when the flies on thzir backs ere fully exnosed. Although
the treztments in the cold were of the grestest possible uniformity,
the results from dey to day veried 2¢ much 2s those obtzined 2t higher
temperstures, Later tests were therefore made 2t 83° to 84° F. with
the apparatus described above. For each test 50 chilled flies 2 deys
0ld were counted out into & large petri dish, which was then covered
with wire screen. When the flies had resumed their normzl activity,
the dish was placed in the bottom of the copper trzy and the spreying
chember wzs assembled ebove it. Absolute ethyl 2lcohol wes used as
the solvent for rotenone and relzted compounds becesuse it has no.
permenent effect on the flies. Alcohol was nreferred to ecetone for
work at high temperatures because it does not eveporate so repidly.
At 20 poudds' pressure zbout 10 cc. of the alcohol solution was
sprzyed into the chember —ith the flies exposed., The sprzying operestion
took ebout 10 seconds, efter which the flies were exposed to the set-
tling fog for 3 minutes, and were' then trensferred to ' cege with food.
Finel counts of dead &nd moribund flies were mede =t the end of 46 to i
48 hours. Results 2re expressed &s percentage of effect, each dead
fly equzlling 2 nercent and ezch moribund fly 1 percent. The reering,
soreying, 2nd observation of treeted flies were 211 done in the same
¢onstent—-tempersture room., The following everzge results were obtained
in terms of percenteire of effect of 1:5,000 solutions: Rotenone 86.4
percent (10 tests), dihvdrorotenone 65.5 nercent (10 tests), rotenone
hydrochloride 30 percent (10 tests), ecetyl rotenone 25 percent (7
tests). The following compounds produced less then & 10-percent effect,
nence cannot be clessified in order of vclue until tested 2t higher
concentretions: Isorotenone, descxyrotenone, dehydrorotenone, rotenonic
aeid, dihvdrorotenonic ecid, ecetyl rotcnolone,-&nd ecetyl dihydro-
rotenolone, '
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Gnedinger and Corl (118) in 1932 renorted on the relative toxicity
of pyrethrins and rotenone s fly-sprey ingredients. Mixed pyrethrins
(66,8 percent pyrethrin I and 33.2 percent pyrethrin II) in e highly
refined Pennsylveniz minerzsl oil, "Deocene" (83.4 mz. per 100 ce.),
ceused en everage knock-down of 9* vercent end en avercze kill of 46
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percent when tested on houseflies by the Peet-Gredy method.
Rotenone et the seme concentretion geve en averese knock-dovm
of 76 percent end an average Zill of 30 percent. A mixture

of 31.7 mg. of pyrethrins with 31.7 mg. of rotenone gave an
average knock—-dom of 85 percent and 2n averzge kill of 42 per-
cent. 3Because of the low solubility of 'rotenone in the oil, 5
vnercent of acetone wes ?dded to the solution. Allowance was
2lso mede for. the petroleum ether introduced when the stock
solution of pyrethrins wes diluted with the minerel oil. All
the solutions tested, thereforc, conteined 5 percent of zcetone
and 7.2 percent of oetroleum ether, by volume. UNeither acetone
ror petroleum ether wes toxic to flles in these concentreations.
The minerzl oil geve 2 kill of less then 6 percent by the Peet-
Gredy method. The 2uthors concluded thzt the sddition of smell
amounts of rotenone to oil solutions of nyrethrins does not
increase the toxicity 2s much as does the sddition of the same
emount of pyrethrins.

The United Stetes Depsrtment of Agriculture, Bureau of
Entomology (287), in 1932 renorted thet tests of elcoholic
solutions of rotenone znd 13 derivetives of it a2gainst houseflies
showed thet rotenone wes more toxic then these derivetives, that
dihydrorotenone was nearly s toxic ss rotenone, followed by
rotenone hydrochloride and acetyl rotenone, end thet the other
10 derivetives were reletively nontoxic. Tests egzinst the house-
fly of dusts of derris ronot and of rotenone 'showed th2t this
species is killed by extremely smell ouentities of both. Com-
perative tests of powdered derris root and of the seme root from
vhich rotenone had been extrccted showed th-t thorovughly extracted
root was not toxic to houseflies., Comperative ‘tests of 2lcoholic
solutions of the pyrethrins and rotenone showed thst the former
has & more rapid effect on houseflies, tut that the insecticidzl
value of the lstter is grecter. Rotenone when spreyed in elcoholic
solution on houseflies a2cted #s & contect poison. It had no effect
on flies when edministered in suspension by mouth, nor did it have
eny effect in she vapor phase 2t room temperature.

Bzdertscher (10) in 1933 reported thé results of fly tests
7ith solutions containing both nyrethrum extrect 2nd rotenone.
Semples representing four brends of commercial flv Spreys weres
diluted =ith a2n eouel volume of & base solvent (Deobase) contain—
ing 0.1 percent of rotenone, These mixtures were commered bv the
Peet-Grzdy method with the original semples end 2lso —ith the
original semples diluted with en eaquz2l volume of bese solvent,

In 21l cases the addition of rotcnore increesed the killing power

of the spreys to flies. Badertscher concluded thet 0.05 percent

of rotenone in 2 housefly spray has value, but that the intelligent
use of rotenone in this field recuires e knowledge of the emount

of active princinles of pyrethrum rith vhich it is to be incorporeted.

Cempbell and Sullivan (51, 52) in 1933 renorted the results
of 13 series of tests, showing that a kerosene extrect of e good



sample of derris wes more effective 2s 2 housefly sprzy then a
similar keorsene extract of a2 good sample of pyrethrum. Pyrethrum
was speedier in its initizl action. Theoreticelly, mixtures of
derris and pyrethrum extracts should combine the zdvantages of
both, The same authors reported later in the year that only 1 of
9 semples of Tephrosia native to the United States (T. latidens
from "Florida) had shown any promise when tested as a kerosene
extract against houseflies. It was not so effective as a sample
of derris,

Cempbell, Salliven, and Smith (55) in 1933 determined the
relative toxicity of nicotine, 2nabasine, and other alkaloids,
and of rotenone for control of houseflies. Rotenone, 0.1l gm. per
liter of absolute ethyl alcohol, spreyed on flies in a screen-
covered petri dish at the bottom of a cylindrical glass spraying
chember, usually killed more- than 50 percent of the flies. None
of the a2lkaloids affected them.

Gstirner and Hinerbein (127) in 1933 tested semples of bar-
basco root and bark, thought to be Tephrosia piscatoria, against
houseflies. With the ether extract of the root, a2 significant
insecticidel effect was obtained, but this wes very much less
than the effect of pyrethrum flowers., The berk had no toxic
effect against houseflies.

H, H. Richerdson (239) in 1933 tested kerosene extracts of
"derris, both alone and mixed with kerosene extracts of pyrethrum,
ageinst flies. Kerosene extracts of derris powder (2.9 percent
rotenone) were prepared by first mecerating the powder for several
hours with kerosene in 2 glass percolator =nd then 2llowing per-
coletion to proceed slowly. Extrazcts were prepered on the basis
of 23.8 gm. of powder to 100 cc. of kerosene (epproximately 2 1b.
to 1 gal.). Pyrethrum extracts were prepsred by the same method
in the proportion of 11.9 gm. of pyrethrum powder (0.26 percent
pyrethrin I) to 100 cc. of kerosene (approximately 1 1b. to 1
gal,). The combinztion of derris extract with pyrethrin extract
was prepared by =dding 16.6 cc. of the derris extract, prepsred
egs above, to 83.3 cc. of the pyrethrum extract. This was tested
in comperison with 2nother sample of the same’ pyrethrum extract,
diluted with 16,6 cc. of kerosene to 83.3 cc. of the extract.

The results of the insecticidel tests were as follows:

Flies: Aversge time. lortality

H
Test solution i Tests
v - reouired to : after 24
i %y ! & . peralyze : hours
Wumber Number Seconds Fercent
{erosene 2 94 405 18
Kerosene extract of
derris 2 110 332 68
Extract of pyrethrum 4 197 197 46

Extract of pyrethrum plus
derris extract 4 198 190 59
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. Kerosene extracts of derris were much more toxic then kerosene
2lone. The addition of sm2ll ouantities of derris extrazct to
pyrethrum exmtract epparently zeve'e significent increase in toxicity,
Whether the goxicity of the kerosene extract of derris wes due to

. rotenone is @ question. Certainly rotenone weas present. Jones and

Smith (157) weport that the solubility of rotenone in keposene at

.20° C. is less than one—-tenth of 1 percent. Possibly extrectives

4

.of derris other then rotenone contributed to the toxicity of the

kerosene extract. Derris apparently contains some kerosene-soluble
compounds, which add considerably to the toxicity of the kerosene

towerd houseflies.

Bock (gg) in 1934 reported that en aqueous extract of derris,
made into a sirup with sugar, proved lethal to flies thet fed on 1it.

: The ectlve constituents of this extract wére soluble in ether. The

merc from the aqueous extract gave even more effective extracts with
2lcohol 2nd ether. Large dosages caused regurgitetion,

Cempbell, Sulliven, and Jones (53,54) in 1934 reported the
results. of a. comprehensive study of kerosene extracts of derris
root as housefly sprays. Kerosene exitracts of four samples of
derris root, three of cube root, 2nd one of haizri stems were tested
against houseflies by 2 modified leboratory method. All were ef-
fective. The extracts of @erris vere on the whole more effective

‘then those of cube. The extract of heiari stems was the least

effective., Ratenone is not the only toxic :component of kerosene
extracts of these Dlent materlels; but it appeers to be en importent
ones Aethoxyl ‘content may be = better chemicel index of the insecti-
cidel velue of rotenone-beering Dlents then rotenone content.
Deguelin, tephrosin, and toxicarol were tésted in £lcoholic solution

.in comperison with rotenone. Deguelin wes rlearly as effective es

rotenone, tephrosin dightly effective, end toxicarol ineffective,

.jThese invest1g»tors also mede comperative tests of extracts of der-

ris and of pyrethrum 2gainst houseflies. Comvzrable kerosene ex-

-tracts of good samples of derris root znd of pyrethrum flowers

_;Were tested agazinst houseflies in 2 small gless chember, in Peet-

-Gredy chambers end in rooms, The pyrethrum extracts mmre more

effective ih parslyzing flies, the derris extrects were more

effective in killing them, It was believed - that kerosene extracts
of derris heve precticel possibilities as hdusefly spreys.

Dibble (73) in 1934 recomnended & czttle spray mede by socking
1/2 pound of ground Dyrethrum flowers in 1 gellon of mineral spirits
for 48 hours., Weter solutions conteining pyrethrum 2nd derris were

~tried but with indifferent success. They worked more slowly 2nd
probably killed fewer flles.

The . United States Depsrtment of Agticulture,  Buresu of Entomology
(289), in 1934 reported thst kerosene extrzcts of roots of derris,
cube, -2nd Tephrosiz virginisne, end of hzisri stems, tested azgeinst
houseflies, led.to the following conclusions: Rotenone is not the
only toxic component of kerosene extrzcts of rotenone-bearing nl=nts,
but it eppeesrs to be an important one, A given weight of derris root
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is likely -to yield & larger volume of effectivefkerosene extrzct
than the seme weight of pyrethrum flowers. Pyrethrum extrzcts zre
more effective in perezly,ing flies, derris extrects more effective
in killing them. Kerosene extracts of the szmples of Tephrosia

2t hend were not so promising a2s were those of derris 2nd cube.
Both kerosene extrzcts and acetone extracts of rotenone-bezring
plants were tested to find out the relstions between chemiezl com—
position of the roots and effectiveness of the extracts against
houseflies. Rotenone content wes usuzlly a good index of &nsecti-
cid=1l velue, ©but in some samples of derris their extracts —ere
more effective than their rotenone content indicated. The velue
of these 2berrant samples was indiceted by the percentage of totzal
acetone extractives or methoxyl content. In the samples of derris
end cube studied, effectiveness wes coreelated on the vhole better
with methoxyl content then with any other single chemical deter-
mination,

Jones, Cempbell, and Sulliven (155) in 1935 revorted tests
on 32 semples of both kerosene 2nd acetone extracts of Tephrosie,
collected in different pasrts of the United Stetes, 2gzinst houseflies. |
The relative effectiveness of the kerosene extracts wes similar to |
thet of the acetone extrects, 2nd the latter was well correlated
with the degree of blue or blue-green color given by the Durham test, ]
which the effectiveness of a sample of Tephrosiz can be roughly
predicted. The insecticidel results were not well correlated with
other chemicel determinations. A compezrison of kerosene extracts
of 2 semple of derris root (rotenone, 1 percont) with those of a
semple of T. letidens (rotenone, 0,4 percent) from Florida showed
thet 1 part by weight of the derris wes equivalent in effect a2gainst
houseflies to more then 8 perts by weight of the Tephrosia. Tests |
with acetone extrects 2zainst houseflies showed thet average commer— |
ciel semples of derris znd cube are 2bout 10 times as toxic as a
semple of T. virginienes root (rotenone, 0.3 percent).

The sezme 2uthors (154) in 1935 compared results of toxicity to
houseflies of extracts of six samples of derris root, five samples
of cube root, one sample of halari stem, and one semnle of Tephrosia
virginiena root with the values obtained on these samples by certain
chemicel determinations. The duantities of rotenone present in the
semoles were too low to account for 211 the toxicity. In more than
half the samples the figures by the Gross—Smith test, considered
as representing the sum of rotenone and deguelin, agreed with the
toxicity velue, but in other semples thev were lower., Totzl-
extrective values were higher than toxicity, end velues besed on the
methoxyl content of the extrzct were somerhat closer but rere ealso
too high. When an approximate velue for toxicerol was subtracted
from the methoxyl figures, the results egreed more closely with the
toxicity figures in generel then did the results of other determinationt
It was impossible, however, on the besis of the present results, to
recommend unreservedly eny one of these chemicel determinstions as a
measure of the insecticidel effectiveness of rotenone-beering plants.

rers 5
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Jones and Smith (léZ) in 1936- proposed formulas for cel-
culeting from the rotenone end total extractive contents the
epproximete toxic velue to houseflies of samples of derris and
cube roots.  The toxie value of derris root ecuals rotenone
content plus 0.5 of the rotenoid content; thet of cube root
is the szme except that 2 factor of 0.4 instezd of 0.5 is used.
The rotenoid content is the totzl-extractive content obtained
with carbon tetrachloride, benzene, or acetone, minus the
rotenone content.

-Bedertscher (11) in 1936 compared results by the Peet-Grady
method end the Cempbell turntable method. One samp le tested con-
sisted of 90 percent of Deobase end 10 percent of o0il of sezssefres
znd cerried 1 gm. of rotenone per liter. Results by the two
methods (50 tests each) on this sample were &s follows:

Method i Fiies used E Flies down in - Flies de2d in 'Flies dead

10 minutes . 24 hours “in 48 hours
_ Number Percent . Percent Percent
Peet-Gredy 4,785 DY MR R ' 64 - 91
Campbell 4,859 88 59 89

Badertscher concluded that the Peet—Grady method yiclded hgher
kills on pyrethrum sprzys 2nd thivtcyenate spreys then did the
Cempbell turntable method, but the turntable method yielded higher
kills on sprays thet contzined rotenone then it did with streight
pyrethrum sprays.

DeBussy et 21. (48) in 1936 reported thet the housefly wes
controlled by dusting with derris (rotenone 7 percent, but Dprevs
of derris mixtures containing 0.5 and 1.0 percent of rotenune killed
only about helf the flies and meny were only temporerily incepecitated

Cory, Herns, and Anderson (63) in 1936 reported thet pyrethrum
end derris dusts had little or no repellent @ction ageinst the
housefly under conditions of forceful tropism. The housefly was
less susceptible to the toxic action of pyrethrum z2nd derris dusts
than was the stablefly.

According to Ven der Lzzn (166) in 1930 the housefly is some-
what sensitive to derris.

LePelley and Sulliven (179) in 1936 reported 2 studyv of the
toxicity of rotenone and pyrethrins, 2lone and in combination, to
houseflies, when tested by the turnteble method. Rotenone was from
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five to six times a2s effective as pyrethrins conteining pyrethrins
I and II in eoual provortions, when mortality counts were made

2t the end of 3 days after treatment. No strikinez synergistic
effedt was produced by 50:50 mixtures of these solutions but they
eppeared to be significantly more effective than had been exvected.
It was doubtful whether the 25 (rotenone): 75 (pyrethrins) mixztures
were more effective than exmected. As the results showed th=st
mixtures of rotenone &nd pyrethrins are compstible, zttention wes
given to sources of rotenonelike insecticides for mixing with
pyrethrum extracts for the control of coffee insects in Kenya. A
few tests were made of acetone extracts of the leasves, roots, and
stems of 2 sample of Tephrosiz vogelii received from Kenyza. The
effectiveness of these psrts decreased in the order named. The
extrect of the leaves,which contain the lergest proportion of
toxic materials, exerted en effect equivalent to & rotenone con-
tent in the plant meteriel of about 2 percent. The tested sample
of T. ¥ogelii foliage was, therefore, about one-fifth a2s effective
as commercial samples of derris and cube.

Murphy and Vzndenberg (209) in 1936 compared the action on
houseflies of sprays conteining rotenone, pyrethrins, end Lethzne
384, which contains 50 percent by volume of bete-butoxy-beta'-thio-
cyanodiethyl-ether. Butyl cellosolve acetate was used to meke
the chemically pure rotenone soluble in petroleum distillate. The
knockdown by the standerd Peet-Grady test wes determined for
solutions containing 1, 2, 3, 2nd 4 percent Lethene 384; 1/4, 1/2,
3/4, and 1 pound of pyrethrum per gzllon; end 0.02, 0.05, end 0.1
percent of rotenonec. The results were as follows:

Solution ‘¥nockdowm in 10 Dead in 24
' minutes - hours
; Percent Percent
1 percent Lethane 384 98 35
Pyrethrum 1/4 pound per gellon 69 29
Pyrethrum 1/2 pound per gellon 85 45
Pyrethrum 3/4 pound per gellon 89 56
Pyrethrum 1 pound per gallon 92 67
Rotenone 0.02 percent 74 47(48 hours)
Rotenone 0.05 percent 96 56 (do.)

Rotenone 0.1 percent 98 67 (do.)
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Two vercent of Lethene 384 caused & knock-down of 100 percent

"in 4 minutes; 3 percent, 100 percent 'in 3 minutes; end 4 percent,

100 percent in less then 3 minutes. ‘A combinetion of 2 percent of
Lethene 384 end 0.5 pound of pyrethrum yielded ¢ knock-down of 100

»percent in 3 minutes, thet is, slightly fester thzn the 2-percent

solution of dLetheane. 384 a2lone, 2nd much faster then 1 pound of
pyrethrum alone., Two-percent Lethane 384 plus 0.05 percent chemi-
celly pure Trotenone makes & spray ceusing 106-percent knock-dom
in.}ess then 4 minutes, or is prectlcally equel- to 2-percent
Lethene 384, 2nd much faster thzn any of the rotenone solutions
used 2lone. The date on the killing power of these spreys show
that. the substitution of pert of the pyrethrum or of the rotenone
with relatively smell percentages of the Leth9ne 384 notonly zgreatly
increeses the knockdovn power but a2lso increzses the killing power.,
The mixture of Lethene 384 and rotenone gave 2 kill of 8% percent
in 48 hours.

The United States Depcrtment of Agriculture, Burezu of
En&omology end Plent Querantine (290) in 1936 reported th=t sus—
pensions of the pomdered roots of certgin rotenone-besring plents
and extrects of these plents were outst(nd1n9 in thelr effectlvenees

egalnst the eggs of the housefly.

.Hf,E. Whltmlre, of the Whitmire Reseerch Corporstion,: in a
letter to R. C. Roark, d2ted Februery 24, 1936, s2id thst 2 series
of rotenone derivetives rénzing in melting point from 120° to well
over 200° C. hzd been preprred. The one melting 2t 178° is called
Rotoxlene. Rotoxlene in concentrations renging from 15 to 100 mg.
per 100 cc. in e mixture of ethvlene dichloride 5 percent, pine ocil
5 percent, =nd kerosene 90 percent geve knéck-downs according. te
the stenderd Peet-Gredy method renging from 27 té 96 percent in
10 minutes end finzl kills renging from 27 to 95 percent 2t the end
of 48 hours. A screen painted with & solution of 1 pound of:Rotoxlene:
in 100 gzllons of o0il (0.12 percent) killed évery fly thzt c2me in
contact. with it, In & letter dated Anril 14, 1936, Vhitmire reported
thet a2t a concentratioh of 50 mg. per 100 cc. of & 50:50 by volume
mixture of éthylene dichloride end pine o0il, Rotoxlene geve &
knock-dovn of 92 percent in 10 minutes sccording to the steanderd
Peet-Grzdy fly spray test; zlso 92 perCent déad et the end of 48
hours,

Worslev (727) in 1936 dusted the pomdered bsrk of lundulea upon

houseflies.. The flies were de2d =fter 10 to 12 hours, vherees

pvrethrum killed in 8 hours. Derris conteining 5.4 oercent of
rotenone ected'51m11~r1y. Kerosene extrects (10 neGCnt) of. Mundulee
bark hsd a2 strong repellent action on houseflies. 'Severzl hours
later dezd flies could be p1cked up. : '

B dertscher (12) .in (1937 reported thet in order to ascertein
the true value of = semiconcentrete or e hlgh—kill sprey the materiel
should be diluted to such'a concentration-thet its killing porer
will fell somewhere nesr the 50-percent kill merk or =t leest should
closely sporoximste thet of the 0. C. I. (Officiel Control Insecti-
8ide) of the Netional Associztion of Insecticide e2nd Disinfectsnt
Menufacturers, The 0. C. I. conteins a2bout 90 mg, of pyrethrins
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per 100 cc, 2nd gives a kill of 50 to 60 perceht by the Peet-Grady method.
High~kill sprays were prepered in accordance with formulas published in
conjunction with an invitation for bids from the insecticide industry. These
samples were prepared in accordance with specifications N, Y. G, D. No. 334-B,
November 20, 1935, Under Section V, No. 2, there were set forth specifications
for three different combinetion sprays as follows:

1. Not less than 0,3 percent of pyrethrins and 0.1 percent of
rotenone. Derris extractives were permissive if the insecti-
cide thereby contained not less than 0.1 percent of rotenone.

2. Not less than 0.3 percent of pyrethrins and aliphatic thio-
cyenates corresponding to 2 content of not less than 0,78
percent of thiocyanoacetic acid (approximately 2.5 percent
Lethane.)

3. Aliphatic thiocysnates corresponding to a content of not less
than 2.34 percent of thiocyanoacetic acid (approximetely 7.5
percent Lethane) plus 0.1 percent of rotenone. Derris extrac-
tives were permissive if the insecticide thereby contained
not less than 0.1 percent of rotenone,

These sprays 2ll gave better than 90-percent kill of houseflies, which
places them in the class of sprays containing 400 mg. of pyrethrins per 100
cc. Rotenone wes added as a 1 gm, per 100 cc. solution in camphor-oill sassa-
frassy.

The Dow Chemical Company (ZZ) in 1937 ennounced that it had prepared
beta-(p-tertiary-butyl-phenoxy)ethanol, called Fly Toxic K-58. A 3Z-percent
solution of this in o0il gave 2 knock-down of 91 percent in 10 minutes and a
k1ll of 45.5 percent in 48 hours by the Peet—-Grady method. When 0.075 per-
cent of rotenone is added to this the knock—down is raised to 29 percent and
the mortality in 72 hours to 92.2 percent. Para tertiery butyl phenoxy ethanol
is stated to be an excellent solvent for rotenone. Solutions in the base o0il
show no tendency for the rotenone to crystellize, This compound is also a
stabilizer for rotenone.

Simanton (ggg) in United States Patent 2,089,766 issued in 1937, claims
an improved insecticide comprising in steble admixture a2 petroleum fraction,
a substance chosen from the class consisting of ethylene glycol monethyl ether
acetate and diethylene glycol monoethyl ether acetete, pyrethrins, and at least
one of the active toxic ingredients of derris and cube. Among the solvents
that have been employed as blending agents in combinetion with petroleum
nephthas are: Ethylene dichloride, carbon tetrachloride, acetone, camphor
~sassafras o0il, benzol, and chloroform. These solvents 211 objectionable for
a variety of rcasons, chief of which is thet their odor is distinctly disagree=
able. Ethylene glycol monoethyl ether acetate and diethylene glycol monoethyl §
ether acetete are each completely miscible with the petroleum fractions known
as naphthas, - and are a2lso miscible to 2 more limited extent with higher ;
-boiling petroleum fractions, °- -- . ﬁ
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Simenton ceid:

In one actual embodiment of the invention I
prepered such & solution by first forming & 5-percent
solution of crystalline rotenone in dicthylene
glycol ncnethyl. ether zcetzte 2nd then 2ddinz 1
pert of this solution tc 100 perts of ‘2 netroletm
nephthe extract of pyrethrum flowers prepzred by
extracting 1.2 pounds of pyrcthrum flowers with a
deodorized petroleum nephtha. The resulting product

:mas.s. stable, nonvoletile, substzntizlly odorless
solution of excellent insecticidel properties.
When tested according to the Peet-Grady method,
the solution repeatedly gave & knock-down value
of 98 end 2 kill of 85,

'Sulllvan (266) in 1937 reoorted thet 2n incresse in con-
centretion of pvrethrins in semiconcentrzte fly sprays of
pyrethrum st first brought zbout.2 corresponding increase in
toxicity to houseflies, . but et higher concentrstions the mortality
carve leveked off, When samnles.of pyrethrum of different
pyrethrin concentretion were diluted to the same concentretion,
the mortzlity of the flies wes nesrly the seme in 211 cases.
Semiconcentrate fly sprays conteining peired combirations of
rotenone, en zliphetic thiocysnate, end pyrethrins,vhen undiluted
gave 2lmost equallv high mortalities in 3 deys, but when diluted
with 2 perts of kerosene there wezs a wide renge in kill. A com-

- perison of the mortelities a2t the end 1, 2, end 3 deys showed the

desirebility of ¢ 3-dey observation period when the spra2y conteins
rotenone. It seems, therefore, thst the best method for the bio-
logical testing of semiconcentrate fl¥% sprays is to dilute them
end compere them with 2 stznderd., Pyrethrins (0.3 percent) plus
roten-ne (0.1 percent) gzeve 2 higher kill then pyrcthrins (0.3 per-
cent) plus en aliphestic thiocyeneéte (2.5 percent)-or then rotenone
(0.1 percent) plus an 2liphetic thiocyenate (7.5 vercent). The
ection of the pyrethrins #nd the eliphetic thiocvancte, when used
2lone, wes complete over 2 24-hour period, producins desth or 2
complete recovery of the flies, whereas rotenone is z slow-zcting
poison reouiring & 3-day observetion period. For this reason
mortelity counts were mede &t the.end of the first, second, end
third deys. :

Roezrk (241) in 1938, in 2 review of the comperetive insecti-
cidel velue of derris &nd cube of equal rotencne content, referred
to the work of Jones end Smith (157) and of Camnbell, Sullivan,
and Jones (53), vho tested extracts upon the housefly and e ek
derris. to be sunerior to cube.

Salliven, Phillivs, 2znd McGuvren (268) in 1938 reported thet
en extract of the fruit of the Amur cork tree (Phellodendron
emurense) showed considersble toxicity when tested egeinst the
housefly, being zbout as toxie &s derris conteining 5.2 percent of
rotenone.
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The United Stetes Depertment of Agriculture, Bureesu of Entomolosy
2nd Plent Quersntine, Division of Control Inwestigeztions (294)in 1938
reported thet z petroleum ether extrect of derris o T NET—3007)
dissolved in kerosene anplied 2s 2 spray to adult houseflies killed
90 nercent after 72 hours. Another petroleum extract of derris
(I. D. No. 2354) 1in kerosene killed 86 percent after 72 hours.

Bliss (gg) in 1939 published 2 discussion of the toxicity of insecti
cides epnlied jointly. ZFrom a study of the doszge—mortzlity curves for
seversl 'mixtures conteining fixed proportionsof the inzredients, pre-
ferably in comperison with eguivalent curves for the isolzted zctive
inzredients, most cases of combined action cen be clessified into one
of the following three tyves: (1) Thzt in vhich the constituents
act independently and diversely, so that the toxicity of eny combinestion
cen be predicted from th=t of the isolated components and from the
association of suscentibilities to the two comnonents. (2) Thet in
which the constituents act independently but similerly, so thst one
ingredient cen be substituted 2t 2 constent ratio for eny pronortion
of a second without 2ltering the toxicity of the mixture. ¥%With homo-
geneous populetions, dosage-mortelity curves for the separzte ingredient
and for 21l mixtures should be paresllel. Mixtures in this category
are more toxic then in the preceding class where associetion mey range
from 0 to 1. (3) Synerzism forms the third type of joint action,
characterized by 2 toxicity grester then thet predicted from studies
on the isolated constituents. The log ID50 of ether extract for six
semples of derris root wes related to the percentege composition of
two components in the extract, rotenone (A) end dehydrc mixture (B).
Since the toxicity of extrzct could be expressed e2lmost entirely in
terms of these two constituents they were then related to each other
by the second method. None of the semples contained 2 very smell pro-
portion of one ingredient, so thet severzl ecuations were eguelly
applicable, one of them being (30.714A) B=56.1, from which the
intensity of synergism wes 40, ’

Kilgore (160) in United States Petent 2,149,917 issued in 1939,
clzims 2 process which comprises the extraction of rotenone end other
compounds having insecticidzl properties from rotenone-beering plents
by meens of an ester bélonging to the cless of orgenic compounds kno™m
2s delte—-epsilon-unsetureted—-elphe-gemma-diketo cerboxylic esters of
the generzl formule:

R4
R

1™ ¢~ 00-CHz- €O~ COOR3

R 2’

vherein Ry end Rp 2re the sezme or different organic redicsls or
respectively one organic radical end one hydrogen atom, R; isen

alkyl redicel or a hydrogen a2tom, end Rz is eny orgenic radicel form—
ing en ester of the cerboxyl group. Not only do these esters effectivel
extrzct rotenone from such plents but they cerry the extrected rotenone
into solution in spreyeble vehicles, 'such #s hydrocerbon solvents, thus
effecting 2 direct trensfer of the rotenone from the plent to the final
insecticide solution. Tests egeinst houseflies were mede with extracts

1
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prepared by forming a paste or heavy dispersion of powdered derris
root in the ester wherein 10 parts of the root were a2dmixed with 25
perts by weight of the ester. This mixture wes then heated =t 100° C.
for 1 hour. The extrect wes removed by filtretion, yielding in most
ceses extrccts having straw-yellow to btrown-red color. Four-percent
solutions of each of the extracts were then mede using 2 deodorized
kerosene solvent suiteble for insecticidal tests and filtered vhen-
ever necessery. The insecticidel effects of these solutions were
then compared to that of similar concentrations of the esters alone
by bio-asseys, using houseflies under identicel controlled conditions,
The results of these tests are shown in the following table.

T ————

Esters used as extractants Pure ester only { Ester and

;. i extracted
: . rotenone

A. Derris root extractions Percent Percent
Mesityl oxide oxalate, ethyl ester 9 | 100
Mesityl oxide ozmalate, n—-butyl ester 30 ~ 100
‘Mesityl oxalate, iso-butyl ester 16 100
Mesityl oxalate, seec—amyl ester o5 . 100
Mesityl oxide oxalate, cyclohexyl ester 17 100

~ Mesityl oxide oxalate, tetrahydrofurfuryl

ester 4 85
Acetelacetone exalate, n-butyl ester 80 100
n—-Butyralacetone oxalate, ethyl ester 6 ; 95

3-Methyl-3-pentene-2-one oxalate ethyl
ester AT A5 85

3-Methyl-3-heptene-2-one-oxalate, ethyl
ester 2 100

Tetrzhydroacetophenone oxazlate, ethyl
ester -+ 98

B. Tephrosie virginiasna root extraction
Mesityl oxide oxeslate, n-butyl ester 30 67
C. Cube root extraction

Mesityl oxide oxalate, n-butyl ester 30 62
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~ The bio—assays were made with 5-dey-old houseflies, czged in
S5~inch by 5-inch, cylindricel, 2ll-wire ceges, wing spproximately
100 flies to the cege. Each cege was severately exposed to the
same 2mount of finely a2tomized 'spray or fog from whith the larger
droplets had been removed, by using en L-sheped pipe, 6 inches in
diemeter and 1 foot long on each side of the elbow, mounted with
one side of the L in 2 vertical position. The cage‘of flies was
then stuspended in the top of the uoright pipe a2nd the atomizer was
placed 2t the other end of the L. Five cubic centimeters of the
diluted ester of the extrsct wes then atomized into the pive 2t the
bottom end, producing 2 highly dispersed, smokelike fogz, vhich was
driven evenly throughout the cege. The cege was then removed end
set 2side for 24 hours, when the number of "dezd" wes determined——
the term "dead" including flies .thst were ~parelyzed 2nd unable to
feed after 24 hours.

Pierpont (235) in 1939 reported that the insecticidesl action
of solutions cbntaining 50 end 100 mg. of rotenone, respectively,
per 100 c¢c. and 7.5 percent of safrol in & petroleum—oil base was
ihcreased by the eddition of 2.5, 5.0, 7.5,: 2nd 10.0 percent of
D. H. S. Activetor (ethylene glycol ether of pinene). The increases
were less then with pyrethrum fly spreys, epproximeting 5 percent
for each 2.5 percent of activetor edded. The 24-hour mortality for
rotenone fly spreys was increased by the addition of D. H. S. Acti-
vator, without eny significent reduction in the 24-to 48-hour
mortality cherecteristic of them. As with pyrethrum fly sprays
D. H. S. Activator reduced the knock-down time of the rotenone
—safrol combinsztions in relztion to the 2mount 2dded:; that is, the
more Activator, the quicker the knock-down. Fly sprezys of rotenone
(100 mg. per 100 cc.) 2nd szfrol (7.5 percent) in e petroleum—oil
bese and these seme sprays containing verious emounts of D. H. S.
Activaetor were stored in sirtisht tin cens a2t room temperatures
renging from 70°9-80° F. and likewise exposed to heat '(a constent
temperature of from 100°-105°) for 8—1/2 months without eny sizni-
ficent loss in toxicity or reduction in the activetion effect.

The loss in the toxicity of fly spreys conteining rotenone,
safrol, eand D. H. S. Activetor, when exnosed tc sunlight and lizht
in flint-class bottles, is correlated with color changes and pre—
cipitetion. Although disintegretion apperently tskes place more
repidly then with the rotenone and safrol elone, the Activator
functions in meintaining such sprays at a relatively hizh toxic:
level, Ethylene glycol ether of pinene (D. H. S. Activator) is en
effective activator for both pyrethrum and rotenone &nd can de
safely and economically included in commercial fly spreys.

Sievers and Sullivaen (251) renorted in 1939 that they used the
housefly in the turntable method for evelusting different extracts
of the root of devil's—shoestrings (Tephrosia virziniena). Acetone
and chloroform were eouelly effective in extrezcting the active princi-
ples, and heating the extracts did not decompose them.

Sulliven, licGovren, Feles, and Goodhue (267) in 1929 renorted
thet the smoke formed by spreying £ solution of rotenone in sefrol

e ‘rﬂ&
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or acetone 2geinst a hot plete (400° C.) wes very toxic to house-
flies. An oleo-resin conteining 25 percent of pyrethrins, elone
and in combinetion with rotenone, also gave very zood results.

This method of applicztion of rotenone hes meny advanttages over
other methods: (1) The smoke containing rotenone is very stadle;
(2) it is not reedily adsorbed on surfaces such as wells or floors;
(2) it has high efficiency in respect to amount of material used
2nd 2mount of solvent required; (4) it is probebly less dangerous
to the he2zlth of plants; znd (5) it is easily confined, as compered
with most other fumigants.

Allen end Brooks (g) in 1940 reported the results of 2 detailed
study of the effect of alkalinity on rotenone-bearinz-dusts made
by testing kerosene extracts of the dust mixtures on houseflies. The
diluents tested ranged in pH from 4,23 for celcium sulfate to 12.5
for hydreted lime. Powdered derris, timbo, end barbasco were mixed
with the diluents in the ratio of 1:9. It wes concluded that rotenone
—-becring dusts prepered from highly slkesline diluents, and kept in
damp storage without light for 7 days, exhibited little or no change
in pH, but showed considerable loss in toxicity when used in keroscne
extracts in tests with houseflies. Parallel samnles of a2cid dust,
kept under identical storsze conditions, reteined their toxicity.
Dry or unmoistened alkeline and acid semples remeined unchemeged. The
addition of sulfur to the slkeline dust mixtures prevented deterior—
ation of the rotenone-beering dust mixtures under the conditions of
this experiment,

Goodhue and Sullivan (}}g) in 1940 reported on toxicities to the
housefly of smoke from derris and pyrethrum. The effect of the smoke
from = burning mixture consisting of 50 percent. of derris, 30 percent
of cornstelks, 2nd 20 percent of sodium nitrate wes tested ezeinst
the housefly. The tests were made by exnosing the flies in ceges in
2 Peet-Grady chember for 1 hour 2t 25° to 29° C. Derris smoke wes
more than 10 times a2s toxic as the smoke from pyrethrum burned in
the same way. The presence of rotenone in the smoke, even azfter 1
hour, wa's demonstrated by the Goodhue red-color test. The derris
mxture a2t 4 ounces per 1,000 cubic feet killed 95 ¥ 1.7 percent of
the flies in 72 hours.

Mironoff et al. (206) in 1940 reported tests with derris ezeinst
the housefly. The mortality wes about 97.6 percent when pyrethrum
was used in dosages of 2 gm. in 1 cubic meter, whereas derris gzave

6f the dosaze used for pyrethrum. The action of derris is slower
than that of pyrethrum. The perelysis ceused by derris is fetal
to the fly, whereas the perelysis ceused by pyrethrum does not
2lvdys result in e kill.

Sievers et el. (gég) in 1940 revorted on the chenges in the
insecticidal value of the roots of cultiveted devil's-shoestrings
at 4 seasonal growth periods. For the toxicity tests made on the
housefly by the methods of Cempbell and Sullivan, acetone extracts
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were mede by sheking the semple with acetone for 7 hours, using such
vpronortions thezt each cubic centimeter of the filtered extract repre—
sented 0.2 gm, of the plent meterizl. Only one determination was
mede of each szmple each dey. -The materiels vere epplied 2s an
ecetone spray 2t 2 concentrztion of 8 mg. of plent materizl per cubic
centimeter of solvent: Six tests were mede, e2ch on 38 ssmples.
Each set of 38 consisted of composite semples from severzl nrogenies
of each of the 10 perent plents from each of the 4 zrowth stages,

- except thet in 2 cases materizl wes not availszble. Clonzl progenies
of 10 parent plents of Tephrosis virginisns were grown under culti-
vation in northeastern Texas to study the changes in the 2mount of
rotenone and chloroform extractive vresent in the roots of such nro-
‘Z2enies end their toxicity to houseflies 2t 4 sezsonzl steges of
‘growth, The roots were dried and ground, the amount of chloroform
extractive end rotenone determined, #nd the toxicity of acetone
extrects tested on houseflies. The results indiceted that at the
full-bloom stegde -the roots were sigznificantly more toxic to house-
flies then 2t the dorment end emerzencestezges, but their superiority
over those gt the mature-seed stege wes less pronounced. The chloro-
form extractive and rotenone content wes 2lso highest a2t the full
-bloom stage. The toxicity of the roots of the severzl clonzl pro-
génies of the same narent did not very significently, but signifi-
cant differences were found in thls resnect between the progenies of
different perents

The United Stztes Department of Agriculture, Buresu of Entomology (
~and Plent Querantine, Division of Control Investigetions/ in 1940
reported thet rotenone in s=frol (20 mz. per cubic centimeter, dis-
persed by dropping on a2 hot plate, ceused 15-percent knock-don of
houseflies in 10 minutes, and killed 65 percent in 2 days 2nd 83
percent in 3 deys, ;

¥ b

The Whitmire Resesrch Corporstion (319) in 1940 .published an
account of repellency tests zgeinst houseflies., A series of rerel-
lent walk tests develoned by Whitmirec and Denny, &t St: Louis, Mo., ~
has demonstrated the effectiveness of this method in checkinz the
toxic end repellent velues of contact insecticide spreys. The test
wes conductéd by peinting 125 mz. of spray on 8.75 squere inches
around the ton of the arc of a circular screen roech:ctzge. The base
of the ceze wes a funnel which extends into-the observetion cage.
Flies so affected with leg parelysis thet they cennot fly or walk
fell through the small opening at the bottom of:the funnel into the
observetion cage, where they hed aeccéss to food end weter. The fun-
‘nel opening could be kept closed by a cork stOpper in order to
‘record the percentages of knock-down 2t definite time intervals.

The livestock sprey used wes & 10-percent solution of e mixture of
tephrosin, deguelin, sumetrol, toxicerol, &nd other highly toxic
unidentified substencés ‘extrgcted from derris resins. The eage wes
peinted 1 hour before the flies were introduced and’ the following
average results were recorded: -After 10 minutes 36 percent were
down; after 20 minutes 74 percent mere down, at one hour 98 percent
were down, end 2t the end of 24 hours 99 percent rere dead.
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Stomoxys celcitrans (L.), the steblefly

The Meryland Agriculturz] Experiment Station (196) in 1935
reported that progress had been made on the genérel insecticidel
project in the study of pine oils, pyrethrum, and rotenone a2s repel-
lents.

Cory, Harns, end Anderson (63) in 1936 reported that pyrethrum
and derris dusts had little or no repellent action under conditions
of forceful tropism, and thet the protection given cettle by
pyrethrum and derris dusts was obtzinéd through the toxic action of
the materiels., The stablefly wes more suscentible to toxic ection
of pyrethrum and derris dusts then the housefly. Pine 0il increesed
the' toxic action of the derris-dusts, which have a reletively low
initiel toxic rating. Pyrethrum-impregnated dusts efforded more
protection per unit cost, then the derris—impregneted dusts, but the
derris-impregneted dusts were more toxic per unit.

E. W. Lzagke, of the Dallas, Tex., leborztory of the Burezsu
of Entomology end Plent Querantine, United Stetes Department of
Agriculture, in a typewritten renort in 1936 to the Division of
Insects Affecting Man and Animals, stazted that nowdered cube root,
rotenone concentrate, end meny other meteriels were ineffective as
repellents.

Doty (76) in 1937 reported on insecticidel tests conducted on both
wild 2nd reered Stomoxys flies by the Feet-Grady method, using eli-
phetic thiocyanate (Lethene 384), pyrethrum, and rotenone spreys.
These flies were found to be considerably less resistent than house-
flies. Field and lzborestory repellency tests showed thet Stomoxys
flies were repelled by these sprzys to ebout the szme extent as ere
houseflies; therefore, date obtained from repellency tests on house-
flies with these meterizls ere.2lso eppliceble to the Stomoxys.

Mycetophilidee

Lycorie pusilla (Meig.)

An znonymous (6) vwriter in 1937 steted that derris wes inef-
fective.

Lycoria praecox Meiz,

Symes (gég) in 1921 reported: thet pure derris powder applied to
2 bed of mushrooms infested with the mushroom fly clezred the bed of
insects in 2 or 3 days, but hed no effect on Hynomyces fungi. It
wes concluded thet mushrooms will not stend treztment with powder
insecticides (such 2s pyrethrum, derris, end l-percent parzdichloro-
benzone). When not checked in their growth by these powders, the
mushrooms were rendered absolutely unfit for merket.

Lycoria sp.

Thomes (272) in 1934 tested derris egezinst mushroom insects.
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Rotenone dusts killed some scizrid flies but seémed to be much slower
in action then pyrethrum dusts, 2and heavy doseges of proprietary
rotenone compounds placed in the manure were ineffective against
insects there, perhaps beceuse these compounds were affected by the
alkalinity of the manure.

Miles 2hd Miles (ggg) in 1935, in discussing the use of derris
for combating greenhouse pests, said that.soil or manure infested
mith eggs or magegots of fungus gnats, Sciara sp., should be treated/bell
with some insecticide such as derris or pyrethrum before/taken into
the house. :

The United States Department of Agriculture, Bureau of Entomology
and Plant Quarant1n° (291) in 1938 stated that tests made agaihst
verious species of mushroom-flies, Sciara sp., in the mushroom houses
at Beltsville, Md., with 2 number of drenches and with-derris powder
demonstrated thest the drenches containing free nicotine or the zlco-
holic extract of pyrethrum.gave the best results as judged by crop
yvield.

i
|
i

Hamilton (132) ‘in 1939 recommended derris or cube extract sprays
as contact poisons for 'the control of white maggots in the soil
around house plents.

Destridae

Hypoderme bovis (Deg.), the northern cattle grub

See Bishopp et al. (29,32) Case (58), MacDougall (188), De Bussy
et 21. (48), Wells and Schroéder (313Y“ the United States Department
Qf AgrldETture Bureau of Animel Industry (281) Bureau of Entomology
and Plant Quarantine (297), and Wells 311) under Hypoderma 1linestum
(De Vill.).

Hypoderma crossi Patton, a gozt warble fly

See Bhatia (26) under Hypoderma lineatum (De Vill.), on page 51.

Hypoderma lineatum (De Vill.), the common cattle grub

Bishopp et al. (29) in 1926 reported that 2 prOpr1etary derris
extract, 1 part. plus 10 parts of water (containing 4 oz. of soap
per.gal.), killed 100 percent of cettle grubs when injected with an
0il cezn directly into the grub holes in the backs of the cattle,
Derris powder, 8 ounces, plus soap, 4 ounces, per gellon of water, i
applied twice 2s a wash on the back, elso killed 100 percent of the
grubs, Tests ‘with dry derris powder, derris powder with pareffin
0il, derris powder with petrolatum, derris vowder with soep eand :
weter and derris powder with water only are-recorded. The percentage’
mortality of Hypoderma bovis Deg. was not so high as thatof H.
lineatum, The suthors concluded that tests of the anmplicstion of
washes, powders, and ointments to the backs of the cettle and elso

Y
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the injection of substances into the cysts conteining the lervae
show that each of these methods of trestment is ‘effective if
certain materiels are used. Derris used &s & wash, as en ointment,
or as a powder is zmong the most effective of these,

Welton (305)in 1927 reported on the control of werble flies in
North Wales. The killing properties of derris eppeared to be
excellent. The ointment (1 part of derris powder plus 2 parts of
soft peraffin) is odorless, end the cost is low, On the other
hand, the ointment was found to be much more difficult to epply
and olive o0il was utilized, the ointment then consisting of 1 part
of powdered derris, 1 part of soft peraffin, and 1 part of olive
0il. This improved the texture and rendered zpplication easier,

Hypoderme linestum is the prédomineznt species in North Wales.

Cese (58) in 1929 reported thet six 3-yezr-old steers in Burkes
Gerden, Va., infested with ox werbles (Hypoderms lineatum end H.
bovig) were treated in March 1927 with derris powder. One 2nimal
was treated by removing each sceb, then sprinkling on the powder
and rubking &t with the finger tips. At the time of the examination,
3 days later, this treatment had killed 211 5 lervae in the animeal,
The other 5 znimals were curried over the back, ribs,and loin with
2 round, spring, stock comb; the powder weas sprinkled on by means
of a shaker can and rubbed.in guickly but thoroughlyv. This method
of zpplication caused a mortelity of 24 out of 2 totel of 50 larvae.

M2éDougz1l (188) in 19%0 rernorted detzils of eXperiments cerried
out in Scotland with 5 proorietery dressings for the control of
Hypodermz bovis 2nd Y., lineztum in cettle, A wesh of derris powder

and soft soap geve fgry setisfectory results, killing 2,785 of the
3,035 ‘lorvae trested. In mixing the wash, cere should be teken that
the boiling water in which the soep.is dissolved is cooled to blood
hezt 2t least before being poured on the derris powder, or the active
princinle of the latter may be effected.

Little (181) in 1931 reported on the insecticidel properties of
the devil's-shoestrings (Tephrosie virginienz). The roots dug from

* severezl loczlities at verious times of the year wvere dried by different

methods #nd then finely grouad in en herb mill. Encoureging results
were obtzined on common cattle grubs.

‘Leter Little (182) revnorted in 1931 thet the powdered root of
Tephrosiz virginiane dusted on cettle grubs in the backs of cattle
killed about 90 percent within 10 deys.

Bhatiz (26) in 1934 renorted th-t the goat werte fly (Hypooderma
crossi Pztton) end the cezttle werble fly (H. lineatum (De Vill.)) do

‘great demage to goet skins in Indie. Referenoe is mede to the

successful use of derris and Polvo zgzinst warble grubs in Englend.
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DeBussy et al. (48) in 1936 revorted that Hynoderms bovis and
H. lineatum can best be contreolled by washinz the animels with 2
suspension on of derris in water..

Wells (309) in 1937 submitted the following table showingz results
of preliminzry tests 2t Colorado Spripzs, Colo., im which rotenone,
derris powder, and devil's—shoestrings were used zgeinst larvae of
Hypoderme lineatum encysted in the backzs-of czttle. . !

lMethod of : Compoéitlon of solutldn - nAnimals : Larvae 'Larvae ?
treatment - 0il ! Cresol : Benzol : Rotenone ! treated : ‘treated ! surviving 1|
L Ec. Oc. fic. ém, Number ‘Number  Number Percentj
External 45 5 50 3.0 14 S37 710 3.15 §
Injection 45 5 50 1.0 4,335 7  6.08 |
Do. " 70 s 1.5 2 R O
AR, 70 5 PN g. i Akl 11, 5.2
Do. o L T IR 20 1o AR | S T
B i e D) 5 25 O A R et 15 11.11 §
Cresol com- )
g ! nound ! ' i
Do. 45 5 50 0.5 10 202 3l 15.24
- Cresol com— ’
pound

Four 2nimels were treated externally with undiluted devil's-
shoestrings (1.72 percent rotenone) 2t the rzte of 3 ounces ner animal,
with the result thct of the 288 encysted larvae 250, or 86.8 percent,
survived. On one animal, given an externzl epplicetion of 3 ounces
of undiluted derris powder (3 percent rotenone), 51.11 percent of the
90 encysted larvae survived.

R. W. Wells, in 2 typewritten report to the Division of Insects
Affecting Man and Animels, Burezu of Entomology and Plent Querentine,
United States Depertment of Agriculture, in March 1937 on the control
of Hvpoderma lineztum lervae in the backs of cattle in Colorado, Mis-
souri, and Iowa, stated thet in 1934 it wes found thet & treatment
with 2 solution made up with 70 cc. of peraffin oil, 5 cc. of cresol,
25 cc. of benzol, and cerrying 1 gm. of rotenone to each 100 cc. of
the composite solvent, was survived by only 5. 59 percent of the larvae
treated (by injection into the cyst), whereas the seme solvent without
rotenone wes survived by 75.47 percent of the larvee trested. Numerous
" tests led to the conclusion thet 1 gm. of rotenone per 100 cc. of
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l solvent is about the minimum advisable dilution for external treztment:
the externsl treztment is - -fully es efficient as the injection; and the
inclusion of the other derris resins, in addition to the rotenone,
does not zdd significently to the efficiency of the preperstion. As
would be expected, more of the solution was used in the external appli-
cation then wes reouired for injection. Approximetely 400 cc.. of the
solution was used in treating externally the backs of 14 cattle carry-
ing & total of 317 grubs.

Wells (311) in 1940 published directions for the use of derris and
cube washes in the control of cattle grubs. The powder, soep, and
water are mixed in the following proportions: Weter, 1 gzllon; cube
or derris powder (5 percent rotenone), 12 ounces; sosp, 2 ounces. One
gellon of the wash is sufficient to trest the backs of 12 to 16 adult
cattle, depending on how long end how thick the hesir is.

Wells and Schroeder (313) in 1939 reported on the effectiveness
of derris weshes on cattle grubs. Washes consisting of 8 end 12
ounces of derris per gellon of weter, plus 4 ounces .of soep, zpvlied
at the rate of 1/3 guert ver enimel, are less toxic to Hypoderme bovis
then to H. lineatum. In the former species the third instars were
more resistent to the washes then were the second insters vhile with
the latter species the reverse wes true. Hand rubbinz of the backs
of the enimels after svplicetion of the insecticide wes more effective
in killing E. lineatum lervae then wes brush rubbing, but in treating
2nimels infested with H. bovis the latter method was just as effective
as the former.

The United Stetes Department of Agriculture, Bureau of Animal

Industry (ggl) in 1940 steted thet experimentel work wes continued with
' - washes contzining derris powder end cube powder to determine their

velue and relative effectiveness es lervicides for the common species
j of ox werbles (Hynoderme lineatum). The washes were prepered just before
epolication end consisted of werm water, soezp, and derris or cube powder,
*he soap, usuzlly in fleke form, wes zdded to the werm weter in the
proportion of 4 ounces to 2 gellon, and the derris or cube powder in 12
or 16 ounces per gellon. About 1 nint of wash wes epplied along the
| back of each animel treated. The liouid mes then spreesd evenly over
< the back 2nd sides and into the heir coazt with en ordinary scrub brush.
The experimentzl cattle were located in Texes, New lMexico, Coloredo,
end Missouri. They were infested with grubs of H. lineatum. Grubs of
H, bovis Deg. were not found in znv of the cattle. The cettle were
treated when grub openings began to eppear in their skins. Derris and
cube povders were eeuzlly effective as larvicides for eattle grubs.
The powders conteining 4 percent of rotenone, used in the proportion of
12 ounces to z gellon, were 2s effective in killing grubs in situ es
those containing 5 percent, when used in the proportion of 16 ounces to
2 gallon, but the former wes not so effective &s the latter in killihg
grubs thet czme up after treatment wzs epplied. In most cases more then
one treatment was necessary to erediczte the grubs. Some trestments
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were applied when the outside temperazture wes zs low es 20° B o |
2lthough the cettle were exposed to cold, inclement mesther, no ingury |
wes detectable.

The United States Department of Agriculture, Burezu of Entomology
and Plent Querantine (297) in 1941 celled 2ttention to the presence of
both the common 2nd the northern cattle grubs in northern Colorzdo znd
across Wyoming, 2nd to 2 demonstrztion of their control with cube wesh
2t 2 ranch nesr Parkmen, Wyo. It was plenned to trest about 15,000 head
of renge cattle for cattle-grub control.

, A : : |

Hyvoderma sp.

In December 1916 Lemmens and Fryer applied for certain British (177)
end -Germen (176, '177) patents covering the use as “insecticides of powder
and extract of Tephrosia, perticulerly mentioning T. ‘vogelii. The
patentees stated thet the purpose of the- invention was to provide
improved means for the destruction of insects, vermin, 2nd similar para-
‘'sites of vérious animals and plants, such means being suiteble for rezdy
use as 2n insecticide powder or wash for spreying upon vlents, trees, and
other vegetable zrowth, and upon soil, and as a sheep.dip, a cattle
dressing, or & wash for animals, whereby the paresitic pest could be
destroyed without injury to the plant or znimal life. In 1917 Lemmens
and Fryer (174, 175) epplied for. cnd were: grented United States patents
covering the same invention. :

Bishopp, Leeke, end Wells (30)in 1922 stzted that 2 single eppli-
cation of derris in soezpy weter applied with e brush to the backs of
infested animals killed slmost 100 percent of Hypodermz lervae.

Wells, Bishopp, and Leeke (312) in 1922 reported thet an ointment
consisting of 1 pert of derris to 2 parts of vaseline, applied to
warble holes in the backs of cettle, wes 2s effective 2s any other
materiel used in this way. Five days 2fter-treetment 211 grubs were
found to have been killed snd the condition of the cysts mes very satis-— :
factory. A wash consistinz of 1 pound of derris, 4 ounces of sozp, and
1 gellon of water, &applied once with'a brush to the backs of infested
cettle, killed practically e1l. grubs.

Hadwen(lSO) in 1933 referred to; the killinz of Hypoderma larvae
by the epnllcet1on of derris to the. ”erble holes.

Bishopp, Lazke, and Wells (71) in 1929 reported the't for the con-
trol of cattle" ?rubs in the backs of cettle an ointment consisting of
powdered derris root, 1 part, and petroleum, 10 perts, gave excellent _
results. Fine derris pomder wes very effective. As 2 wash, derris
powder 1 pound, mater 1 zeallon, -end-soap 2 ounces briskly rubbed in
vith & brush gzave & 100-percent kill in meny ceses. A pound of derris
powder is sufficient for 2 generzl applicetion to the backs of 20 to
25 heed of cettle.

e e
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Bishopp, Lezke, Wells end Peters (32) in 1930 remorted thst ex-
cellent results were obtzined in tests made zgeinst Hypodermz lervee
in the becks of cettle by the use of powdered cube rogftﬂisggercd
derris root, derris extract in kaolin, derris resins in petroletum,
and 2 proprietery derris—extract ointment. No toxic effects on the
cattle ere to be expected from derris products end they do not seem
to injure the skin. Derris powder from which the rotenone had been
pertielly extracted with ether killed 33 percent of the grubs, in-
dicating that the other constituents have insecticidszl vezlue. Kzsolin
conteining not less then 2 percent of rotenone geve almost 2 complete

kill. . .

Bishopp (28) in 1941 reported thet, for killing cettle zrubs,
derris powder should obtain 2t lezst 1 percent of rotenone and
should be ground fine enough to ellow 90 percent of it to pass through
2 200-mesh sieve. Althouzh zpverently not so effective as ground derris
root, certzin powders to vhich from 1 to 2 percent of rotenone or a
proportionzte emount of derris extract had been properly added were
setisfactory. A wash consisting of derris powder 1 pound, water 1
gallon, and sozp 2 ounces, briskly rubbed in with a brush, gave a
100-percent kill in many cases. 3

he United Stztes Depesrtment of Agriculture, Burezu of Entomology
(282) in 1923 reported the work of Bishopp et 1, Over 98 percent of
the grubs cen be killed with 2 generzl spplication of powdered derris
root to the backs of cattle. A wash consisting of 1 pound of derris,
4 ounces of soap, and 1 z2llon of weter also geve 2 kill above 96
percent. An ointment consistinz of 1 pert of derris end 5 parts of
veseline gave elmost 100-percent kill vhen the msterizl was pressed (283)
into each hole. The seme Buresu/in 1927 reported thet tests with
insecticides zgeinst cettle gfubs in Virginie indicated thet powdered
derris root will give 2 high percentage of kill if epplied end brushed
in 2t intervels of zbout 20 deys. The Burezu (ggé) in 1929 referred
to exverimentel work done with insecticides epplied to the backs of
cettle, speciel attention being given to rotenone and other msteriels
extracted from derris root. The report stated that these insecti-
cides show high toxicity to cattle grubs end can undoubtedly be
developed to & point where they czn be extensivelv used in control
=work. In 1930 the Bureau reported thet 2 or more ounces of derris
. powder per enimel are necessery if the entire beck of each animeal is
to be treated. The Bureeu (286) in 1931 steted thet derris end its
derivetives cppeered to be' the most promising insecticides for the
control of cettle arubs, particulerly ss there is no danger of (288)
poimoning livestock with them. In 1932 the Bureau/re-orted thet
various insecticides for killing the grubs in the backs of cattle
. by hand epplicetion had been tested. Rotenone, in combination with
benzol, wes found to be hizhly efficient. One-half gm. of rotenone
ves dissolved in 100 cc. of benzol, end epproximetely 1 cc. of the
mixture wes injected into the opening of esch cyst. This method of
treatment is reletively fest, s compered with eny other treatment
epplied to grubs individuelly.

\

Werdle and Buckle (307) in 1923 referred to the derris mesh
recommended by Wells, Bishonp, and Leeke in 1922 for killingz Hynoderma
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lervee -in the backs of cettle.

MzcDougell (185,186) 'in 1924 reported tests with & proprietery
prepzretion of derris. Any scab and metted hzir obscuring the exit
hole of the lervz in the skin wes cleared away before the dressing
was epplied. One ounce of derris to 1 imperial ouart of water killed 1
86 percent, 2nd 1 ounce to 1 pint killed 94 percent of the werbles.

No injurious effects a2ttended 2ny of the cattle dressed with derris
and there wes no discomfort to the hends of the dresser. MacDougzll 1
(187) in 1928 reported that two dressings of service 2zzinst Hypo-

derme larvee, tested in Seotlznd in 1927, evereged good results. The
first was one in grezt fevor in Denmzrk, viz., Hypoderms oil.’ This

costs 5 pounds per gallon, but 2 little goes & .long way. It veas
injected by means of a syringe 2t the opening into the warble, the ggueez
hole being first cleared. Three or 4 days later the treated werbles
were examined end the larvee werefout, While Hypoderma 0il Gid not
do 211 the zdvertisements cleimed for it, it can be recommended. It
was most successful esezinst the youngrlervee. Lest-stage larvae
were much more difficult to kill, Treasted. cattle did not suffer in
health, 2nd there was no falling out of hair. MecDougzll, (188)

in 1930 reported thet Kur-Menge a2t 1 ounce per imperial quart of
water killed 86 percent of Hypoderme larvae in the backs of czsttle,
end 2t twice this concentretion killed 95 percent.

MacDougall (189) in 1921 reported on the cempaign agzinst ox-
warble flies in Scotlend in 1930. The following derris preparations
were effective aseinst the lerveé: Polvo powder 1 vound, soft soap
1/4 pound, weter 1 imveriel gellon; ' Warble Fly Powder 1 pound and (190)
water 1 imperiel gellon. In 1932 he/reported. that in Scotlend in
1931 three different kinds of dressing were tested, viz.: Polvo soft
soep es in 1930; Werble Fly Porder (with the soezp 2lresdy incorporated
end needing only the zddition of weter): #nd & liouid derris preparztion
The first two were very successful. MecDougall (191) in 1934 reported
tests on control work in Scotlend with the following proprietary derris
products: Bovidera oil, Cooper's Werble Fly Ointment, Cooper's Werble
Fly Powder, Cooper's Czttle Wesh, end Polvo. Ninety-three pgrcent
of the warbles were killed 8 deys efter the epplication of Polvo powder
soap mesh conteining derris powder 1 pound, soft soep 1/4 pound, and
weter 1 imperizl gellon, at the rate of 3/4 gellon per enimel. The
cost of meterisl wes about 2 cents per £nimel per application, 2nd the
total cost was ebout 25 cents per animel for 4 epplicetions. Tests
were also made with cube powder. Using the proportions 1/4 pound of
the powder to 1 imperiel gallon of weter, 43 werbles were dressed and
on exzminetion, 25 larvee were dead, 5 .vere 2live, and 13 burst in
being saueezed out, Using 1/2 pound of the povder to 1 imperiel gal-
lon of veter, 42 lervee were trested end on reexaminetion 30 lerveae
were dezd, 1 wes elive, 2nd 11 bturst in being squeezed. out.

Welton (304) in 1925 reported thet preliminery trials of derris
ointment prepsred eccording to the formule of Wells, Bishopp, 2nd Laske
hed been mede for the control of werble flies in North Weles. The
results obteined with 91 eattle were most promising.
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Field (88) in 1926 reported that the derris product Kurmenge,
1 ounce to an imperiezl quert of water, killed 86 percent of Hj
derme larvese,, and 2t 2 ounces per quart it killed 95 percent. Cat-
tle dressed with Kurmenge suffered no injurious effect.

Blieck 2nd Beudet (33) in 1927 reviewed the work of Bishopp et
(22) on derris agesinst ox werbles.

Leynen (180) in 1928 reported thst the "Commission Hollendaise
du Verron" recommended the use of derris powder for destroying
Hypoderma larvaze, as recommended by Bishopp et 21. (29) in 1926.

Metcelf and Flint (202) in 1928 recommended derris s a wash
for killing ox werbles in the backs of cattle.

C. H. Richerdson (238) in 1928,in a review of isecticides,
stated thet derris had given excellent results in the control of
cattle grubs. -

Werburton (306) in 1929 referred to the action of the Lezther-
sellers' Company in eppointing 2 committee to consider the whole
question of the warble fly on cettle, and this committee's recom-
mendeation of & derris soep wash, consisting of 1 pound of povdered
derris root, 1/4 pound of soft sosp, and 1 imperizl gzllon of water.

Geut (99) in 1929 outlined & plan to kill 211 warbles in cattle
within & given erea of Worcestershire County, Englend, by the use?
of 2 wash made according to the following formule: Standerdized
derris powder, 1 pound; soft soep, 1/4 pound; end weter, 1 imperial
gellon,

Gsut =nd Welton (103 104) in 1929 renorted thet the use of a
derris-sosp wesh mede according to.a formula recommended by Blshonp[gave
et al./pronounced success egeinst ox werbles end wes, moreover, a
fool-proof remedy. It wes made up es follows: Polvo (derris nowdcr)

1 pound, soft soep 1/4 pound, veter 1 imperizl zellon. The soft.

soap was boiled in a2bout 1 guart of water. After cooling somewhat

it wes greduelly poured on the dry powder thet hed been previously
placed in 2 smzll bucket or cen, 2nd mixed by means of 2 wooden
stirrer into the consistency of mud; enouzh cold water was then

added to make up 1 gzllon of wash. It wes 2pvlied with a soft

_ cloth, wetting the warble lumps thoroughly. The wash should be
frequently sgiteted to prevent sedimentetion. Werble Fly Ointment,

a2 derris product made by Cooper, McDougell, end Robertson, Berkhemsted,
En zlend, gave 2 100-percent kill when forced into everv warble hole.

GCzut (100) in 1930 reported on experiments with derris egeinst
the ox werble . fly in Worcestershire County, Englend. The insecticide
wes standardized ‘derris powder (Polvo), used 2ccording to the formula
of Bishopn's et 21. (20). Replies to a questionnezire ihdiceted thet
232 out of 244 farmers considered that the derris—-soep wash had been
satisfectory for killineg werbles. Tests in 1930 indicated thet a half-
strenzth wesh gave 100-percent kill of werbles et each of the 4 eppli-
c2tions. Experiments have proved thet both the full-strength end
helf-strength washes, used 28 days end 56 days efter preperation, are
just 2s effective as freshly mede materizl,
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Geut (101) in 1921 reviewed the results of tests in 1928-31 in
the @me county. The derris-soap wash (Polvo 1/2 1b., soft soap 1/4
1b., znd weter 1 imp. gal.) wes used successfully in 15 areas, on
more then 10,000 head of czttle on nearly 500 farms. He (102) in
1936 ealled @ttention to his previous (101) report on derris wash
and recommended its application with 2 1-gellon’ short-spouted wetering l
cen. A

Davies (68) in 1930 described tests with four derris powders and
two derris solutions for the control of Hypoderme lervae in North
Wales. When it was used 2s a wesh, derris powder from three of the
sources nroved highly toxic to warble fly larvee under criticzl,
zeneral, and ordinary ferm conditions. The powder was epolied, &ccord-
ing to the formula of Bishopp et 21. (Z0). The wash evidently will
not retain its toxicity if kept more than a day or so after it is
prepared. Four monthly dressings were proved to be necessary. It
wes estimeted thet 1 pound of derris powder is sufficient to provide
a wesh for 4 monthly dressings for 20 to 25 infestéd cattle.

Fulmer (90) in 1930 reported thet larvae of the warble fly were
emenable to derris.

Hollstein (141, 142) in 1930 described tests with Kur-Mange, a
powder conteining dried sode soep, borex, urnknown constituents, end
rotenone extrected from Derris ellintica. When used at the rate of
10 gn. per 200 cc. it wes useful for combeting werble fly larvae
when spplied by injection. Kur-liznge 2t 31 gm. to 550 cc. of water
killed 95 percent of the larvae in tests made in Engleznd., Cooper's
Warble Fly Salve (Dasselfliegensalbe) is useful for combzting warble
fly larvae when epplied by injection. )

Jensen (152) in 1930 mentioned derris extract 2s one of the
preferred preperations for the treztment of cettle grubs in Jutland.

The University College of North Wales, Depertment of Agriculture f
(219), in 1930. stated thet in Great Britein the annuel loss cezused by
warble holes in hides is estimsted to be more then 500,000 pounds
sterling. A derris wesh made according to the formule of Bishopp
et e1. (29) is recommended.

Schwerdt (248) in 1930 reported thet Kur-lenge end Cooper's Werble
Selve (derris preparatlons) were found to be inconvenient in the treat-
ment of warbles, 2lthough in the hands of en eperienced man, especially
2 veterinarien, they could be used with favoreble results. :

The United States Depertment of Agriculture in 2 release to the
press on Mey 25, 1930, reported that cube is fetel to cattle grubs.
The derris and cube root powders had no unfavorable effect on the skin
end heir of the enimels tested end ere not particulerly poisonous,
hence are sefe to use. Applicetions of these powders 2t 15-dey intervel
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killed most of the grubs. From two to four trectments were reauired.

An enonymous (1) writer in 1931 reviewed # report in the York-
shire Post by R. C. Geut, Agricultural Orgenizer for Worcestershire,
Englend, on the velue of derris in combating ox wsrbles. About 10,000
head of cettle were dressed 4 times with 2 nreperation mede eccording
to the Bishopp et 2l. (29) formule. The fine perticles carried in the
soepy wesh during dressing effectively plug the bresthing holes of the
grubs, causing deeth by suffocetion. There is thus & duel action,
which mekes a 100-percent kill possible. The wash should therefore be
kept well agiteted by means of the cloth a2nd hend so thet little or no
"mud" remeins 2t the bottom of the vessel when the liquid hzs been used

up.

An enonymous (2) writer reported in 1931 thet tests made on one
enimel with ‘the "Derrifluid" of Tropper showed good effect on Hypoderma
lervee when the materiel wes injected, but pcor results from externzl
epnlicetion. The injection wes easy end without hermful a2fter effacts.

Compton (@Q) in 1931 zeve en account of an eradicetinn cempezign
cerried on in Illinois, with Gusenosl, & proprietery derris extract
ointment. The treetment wss sterted zbout Februery 20 znd was given
2t 30-dsy intervels until sbout the first of July. It is estimeted
that this treatment reduced the ox werble nopulstion 66 percent.

The lMinistry of Agriculture =nd Fisheries of Grezt Britain (124)
in 1931 estimated the ennusl loss @an Grest Britain from hides demaged
by werbles et more then 500,000 pounds sterling. Preparations of derris
root were very effective in destroying werble larvee. Two proprietery
derris preperation were used--(1) en ointment, end (2) 2 vash prepered
from e powder sold as an insecticide. It wes cleimed that both the
ointment end the wash, when carefully epplied, would killrpractically
211 the mezture or meturing werbles et & cost in meterisls of ebout 1
pennyiper head for the four eppliczations. No harmful effects to the
cattle were recorded. When the ointment is used each werble hole must
be locsted 2nd trested efter being freed from hair. The wesh is more
convenient to apply, 2 it is only necesszrv to locete the swellings
end then liberzlly wet each one with & soft cloth steeped in the
preperation,

Zeubzer (ggg) in 931 reported on werble fly control in Besveria,
Mechenical removal hes given better results than eny other method,
including Hypodermol, & lergely used salve containing peradichloro-
benzene, derris, and laurel oil.

The University College of Ndrth Wales, Depertment of Agriculture
(220) in 1931 repezted its recommendetions of 1930 for werble fly
control by meens of derris.

Reisinger (236) in 1931 recommended the folloving proprietary
derris ppoducts for werble control: Cooper's Selve, Derrifluid,
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Hyoodermol, and Kur-Menge.

An enonvmous (§) writer in 1932 zave 2n a2ccount of 2n exhibit
£t the Royzl Dublin Show by the Educetionezl Section of the Irish -
Free State Depertment of Agriculture, showing the dameage to hides
czused by werbles. Szmples of derris root, derris powder, end the
derris vesh rezdy for use a2gainst ox werbles were shown by the Irish
representatives of Cooper, MzcDougzll 2nd Co., vith the slogan "Cattle
dresd the warble fly. The warble dreads derris powvder. Rab it into f
him,"

Cempbell (50) in 1932 reviewed unpublished work of Tells, vho
tested rotenone for the control of the common cattle grub, e zpnlied
to the baclks of infested cettle dusts contzining 0.5 to 2.0 percent
of rotenone and cottonseed 0il conteining 0.5 percent of rotenone.
Best results were obtained with the latter mixture, 94 percent of
the grubs being killed in 2 week. The dusts killed sbout 75-percent.
Wells concluded thet thoroughness of eoplicztion is more 1mportent
than the percentege of rotenone in the mixture. :

Dev1es znd Jones (69) in 1932 compzred the effectiveness of derris
wesh (1 1b. derris powder, 1/4 1b. soft soep, 1 imp. gal., weter) end
cube wash for the control of ox warbles. 1In crltlcel tests where 2
wesh of cube-root powder wes used a2t the strength of 1 pound of cube
root per gellon e 106-percent kill wes obteined. At 1/4 pound per
gallon & few warbles remeined a2live. Dry derris powder gave & kill
of 95.1 percent and the derris wash 2 kill of 100 percent.

Gotze (}gg) in 1932 recommended suspensions of derris in soap
.solution as by fer the most suiteble mezns of tresting wsrble fly
larvee. One kg. of finelv ground root of Derris melaccensis wes
steeped in 9 liters of cold water for 24 hours, with fregquent shzking.
Just before use, 2 solution of 250 gm. of soft soep in'l liter of
vater was 2dded. The mixture wee not filtered. Decomposition took
place after ebout a week. This mixture wes rubbed thoroughly on
the- 2nimel's back and repezted =fter .2 or 3 deys. Each epplication
required sbout 250 cc. of the solution. No harmful effects on the
enimels were noted. The control was said to be 95 percent.:

The Depertment of Agriculture of the Irish Free Stete (147) in
1932 described experiments mede in Irelend in 1930 end 1931 with Polvo
(ordinery powdered derris root) for the control of ox werbles, It
was recommended in preference to Xatekille =hd Cooper's Werble Fly |
Powder, but soft soep must be used 2long with it. Tests eare &lso
described with Ketzkille, Paragred, Cooper's Werdble Fly Powder,
Cooper's Cattle end Werble Wesh, and Cooper's Werble Fly Ointment.

The Isle of Men Bozrd of Agriculture (149) in1932 reported on
the control of the ox warble fly. Reference is made to the "orcesters
shire Experiments on the control of this insect. The best dressing &
was considered to be Polvo povder 1 pound, soft soep 1/2 pound, weter)
2 imperisl gallons

“—- e
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_ Kirschner (164) in 1931 reported the proceedings of the sixth

meeting on werble fly control held =t the Germen HMinistry of Asgri-
‘enlture;  I% vas stated thet infestetions occurred only in certein
regions of Germany, thst various lervicidel substznces, including
derris, were available, and thst mechenicsl removel could 21lso be
resorted to.

The United States Depertment of Commerce, Burezu of Foreign

. _2nd Domestic Commerce (298) in 1932 published informetion on werble

fly exterminetion in Germeny trensmitted by the Americen commercial
attaché in Berlin, as follows:

A new method of combeting werble fly wes suggested
2t the lest conference held in the Fzadersl Ministry for
Fondstuffs. A veterinary journel has now .approved this
new method which has proved highly efficient and +~hich

is ‘cdnsidered to be edsier to handle then the treztment

.« with "Lerfug" ointment,; with grub sticks, and by wverious

- other methods. The new method consists of repested wash-
ing with 2 solution of tuba =and derris rocts.

.:The ,solution wes prepared as follows: OnezthouSand
grems: of derris powder was sosked in 9000 cc. of weter
for 24 hours during which time 'the weter was stirred
repe2tedly. The water soon assumed 2 milky eppearance.
A solution of 250 gm. of soft soap in 1,000 cc.- of water
was added so thet a2 ‘totel guantity of 10 liters of wesh-
ing solution were obtained from one kilogram derris pow—
der. -The powder is reteined in the solution, vhich heas
to be sheken up- for use, The solution of derris end
soap disintegrates after ebout 1 week so thet-supnlies
czn be prepered only for this period. The trestment
of cattle is very simple and requires only e few minutes.
The infected parts of the back are rubbed with the hend
-wnile the solution is epplied in sm2ll quantities. It
is not necessary to remowe the hair. The individuel
boils are freed from crusts and the boils ere weshed
carefully. Animals that ere only slightly efflicted
will reguire 150-200 cc. of the solution, while more
serious.ceses will reguire 300-400 cc. The weshing
is repeested after 2 or 3 days. On the average, .
2poroximately 500 cc. of solution will be reauired

- for eaclk enimal for 2 treatments, so thet ebout 20
head of czttle €an be trezted —ith 1 kg. of derris
powder, et 2 cost of about .20 pfennigs per head.

.- This treatment tmrned out to be more efficient
then thet of eny other chemical preperztion tested for
this purpose. Both young and old grubs were killed.
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The destruction of 0ld grubs could be ascertained beyond
doubt by their soft condition 2fter about 3 days. The
avpearance of fresh grubs wss not noticed until zbout
~4 weeks after the treztment. This effect wees obtained
only after 2 double treetment =t en interval of 1 to
3 deys end only vhen very finely ground derris roots
were used, but more then 90 percent control was obtained
with only one thorough treaztment. The results obtained
with solutions made from coarsely chopped root were not
nesrlv so good.

The szme Bureeu (299) in 1932 stated thet the Werble Fly Com-
mittee of the Lezthersellers' Company (170, 171), London, remorted
th=t experiments mith derris preperations ns hed been consr1cuouslv
successful,

According to the Werble Fly Committee (170) in 1930, more than
10,000 cettle in Worcestershire, England, were trezted with the
Polvo wesh. In 1932 the Leethersellers' Company (171) published
informetion on tests carried out 2t various nlaces in Envlcnd Ire-
lend, end Scotlend during 1931, Derris was tried in the fOllOWing
forms Dry derris vpowder, derris-soap wash, Polvo, Katekilla,
Cooper's Werble Wesh, and Cooper's Werble Powder. In northern Ire-
lend tests on 805 cattle showed thet 99.5 percent of the warbles
were killed by four eppliceztions of the derris—soszp wesh (1 1b.
Polvo, 1/4 1b. soft soap, 1 imp. gel. water). In tests in
Ceernervonshire dry derris powder killed 98 percent of the warbles., ‘

Burton (46) in 1934, in 2 lecture on the werble fly, referred
to 'the conclusion of the Lezthersellers' Werble Fly Committee that
2 ‘derris-soep wesh, applied to the werble lumps with =z £irly stiff
brush wes an economlcCl efficient, and practicel wey of killing
the grubs in the enimel's back, |

Be ttat (232) in 1932 described the method of avplying Gusenol
(e proprietery derris product) to cattle for the control of Hynoderma
larvae,

Totmsend (276) in 1932 gave directions for the use of derris
povwder ageinst werbles as follows: Derris 1/2 pound; soft soap 1/4
bound, weter 1 imperisl gallon, zpplied by hand with 2 cloth or brush:
or with 2 squirt can. Its action is due to the mild noison it conteins
and to the fine particles stopping up the brezthing holes of the grubse

Bzudet (18) in 1933 reviewed the results of tests by Gotze with =
derris-sosp wesh and by Peter to control ox werbles. Peter did not
obtain so good results from the use of Cooper's Werble Powder as
Enzlish e2uthors described.

Beudet and DeBoer (20) in 1933 reported on the control of ox .
warbles with 2 weter extract of derris mede by sozking 1 kz. of derrisy
powder containing 2 vercent of rotenone in 9 liters of water for 24

- %
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hours, after which 250 gm. of soft sozp dissolved in 1 liter of water
was-added. The extreact wes prepared Jjust prior'to use. As 2 rule
one zpplicstion wes sufficient, but a second mede 2 féw deys leter
ensured the dezth of 211 the larvse.  The mixture wes well brushed
onto the backs of the enimels, 5 to 14 fluid ounces beihg recuired
for each. An ointment of veseline containing 2 percent of rotenone
elso gave excellent results, the hair around the werble heving been
cut before its gpplicztion. Rotenone dissolved in the 0il killed the
larvze, but ‘the resultant irritation mekes it uns9tisf”ctory in
practice. Mixtures of rotenone with turpentlne also caused. irritetion
eand were not@so effective,

Gotze (lgg) in 1933 reported on the value of 2 number of pro-
prietary derris nroducts for the control of ox werbles. Products
tested were! Derrothen-emulsion, Ludwig Meyer's 06ily preperations
Nos. 2068 znd 2069, and three rotenone or derris solutions sold by
the Chemische Febrik Marienfelde 2nd desiznated Indis-sine-rotenone-
-L8sung, Indie-rotenone-Ldsung, end India-gesezmtextrekt-Ldosung., Two
epnlicetions of a2 preduct conteining 8 percent of rotenone diluted
1:50 killed 96.4 percent of the warbles.

Gusenol, 2 proprieterv derris ointment, wes recommended for the
control of ox werbles by the Illinois Agrlculturul Experiment Stetion
(145) in..1933.

ot (231) in 1933 reported on warble control in Germeny. One
kg. of fine derris powder wes sozked in 9 liters of cold water for 24
hours, . -To this was added 2.5 kg, of soep in 1 liter of weter. - Tro
epplications of this mixture killed 11 werbles in the backs of cettle,

Pemlen (237) in 1933 reported on the velue of some proorietery
derris products, including Derrothcn—emulslon Indie-rotenone-Ldsung,
Indie-gesamtextrel-t~-Losung, and Indis-sine-rotenone-Ldsung, for
controlling Hypoderme larveae in the backs of cettle, All warbles on
enimals weshed twice with an aqueous solution of 0.68 percent of
- rotenone end 2.5 percent of sosp vere killed.

Spoon (257) in 1932 reported thet rotenone wes of grest value
in the control of cattle grubb.

The United. States Depertment of Agriculture, Buresu of Animel
Industry (280) in 1933 recommended the use of derris sgeinst cettle
grubs, stating thest animals infested cen be effectively =nd safely
treeted by the ovmer with sma2ll mediczted rods inserted in the vertle
holes. This method =zppesrs to be the most effective, repid, =nd safe
so far devised for use by the ocattle omner. Of 2 large number of
formulas tested, the one that gave the best results wes: Gum erebic
6 drems, glue 2 drems, tennic acid powder 2 drams, derris npowder 1
ounce, and enough waeter to meke a2 stiff paste. This paste is then
rolled into the form of rods. When properly used, the rods 2re 100-
percent effective in killing grubs, The ingredients are harmless to
cattle, end the prepzreztion is eesily stenderdized., There appears to
-be little denger of sprezding infection from one lesion or enimel to
enother, 2 thing which often occurs vhen infected instruments are useda.
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An znonymous (é) vriter in 1934 outlined plants for Cntario
fermers to combat warbles in cettle witha$he derris—sozp wash.
In 1932 Stevenson on Berrie Islend treated czttle hzvinz 2n averasge
of 15 grubs per znimel, end &s & result of this treatment the
averzge number of grubs per enimel fell to three in 1933,

According to Bertels (14) e derris suiteble for tresting cettle
grubs should contzin 2t leest 8 Uercent of rotenone. Good results
vere renorted in 1934 by the use of Delicie-Desseldél, = proprietzry
derris product.

Helmig (lgg) in 1934 reported the results of tests of the fol-
lo~ing proprietery derris products a2zzinst ox werbles: Derrisol,
Derris-Viehweschpulver, Abdessol, Rufus Nos. 99, 114, 214, 228, 314,
Lienol, end Gerepatox-Fesuten. Abdcssol end Derrisol in 10-percent
solution geve the best control, nemely, 93 to 94 percent. :

Beudet (19) in 1934 reviewved the —ork of severzl workers on the
control of cettle grubs. Peters found thet excellent control wes
obtained by the use of e derris suspension prepzred bv sozking 1 kz. |
of finely ground derris in 9 liters of water for 24 hours and then
adding 250 gm. of green sozp in 1 liter of weter. Ee recommended
one gpnlicetion before the animels ere placed in pzsture in the
spring end 2 second #policetion in Mey or June. The first epplicetio
killed 97.6 percent of the lervee. Remien cerried out experiments
mith several nronrietery rotenone-contzining nreperztions. One,
contzining 211 the derris constituents except rotenone, killed 31
percent of the larvee; 96 to 97—nercent control was obt?lned mhen
the 10 percent of the nonretenone derris constituents were nresent,
Derris suspensions prepared the seme =s those used by Peters killed
98.6 to 100 percent of the larvee. A rotenone susvension described
2s 2 "sort of colloidel solution" wes prepered by dissolving 3 parts
of rotenone in 20 perts of nyridine, eddinz 80 perts of elcohol,
and then 2ddinz this solution t6 280 perts of 2 2.5 —percent soep
solution., The rotenone did not settle rapidly from this susnension
when distilled weter was used to prepzre the solution. This pre-
peretion killed 92 percent of the larvee on cattle —eshed with it.
Subcuteneous injection of derris extrect in e cclf infested with
lervec wes without effect. This wes to be exnected, as the larvese
ere not dependent on the body fluids of the host. GGitze obtained
sztisfectorv control of the cattle grub with 2 solution of rotenone
in soybeen o0il and elso —ith 2 suspension of derris in nroprietery
0ils prepered by Schering —Kahlbcum.

Beudet end DeBoer (21 2:) in 1934 obtzined good results 2zainst
ox werbles with derris po“dcr (8 percent rotenone) mixed with soepy
nater 1:30. Rotenone dissolved in scetone £nd mixed with soeny water
2lso yielded good results. Cere must be teken tht c£ll lervee come
into contect with the medicazment uced.
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‘A writer siecning as G. B. 0. (222) in 1934 geve the following
formula for werble control:  Derris 1 pound, soft soep 1 pound,
in wster 1 imperiesl gallon.

Vogel (30Z) in 1934 reported that three derris extracts diluted
1: 50 ceused 90.8, 56.8, and 58.1 percent; respectively, of the
werbles in. the backs of ca*tle to heal,  An extrect diluted to
contain 0.24 percent of rotenone.ceused 95.6 percent to heal and gave
the best control of any materiel tested. Derrilavol, Derri-Tox, Derro=-
emillsion, Deumos, Desselfliegzenbekempfungsmittel, Panderren I and II,
‘and Cobpér'%uﬂbrble Fly Powder were other derris.products tested.

2 Zunver'(GJl) in 1934 renorted tests of proprietary: derris pro-
ducts egzeinst Hypoderna larvee in the baclts of cettle.. Abdassol (also
“called DB) killed 68 to 25 percents; D7, 67 perceﬂt' D9, 90 percent; and
Polwvo, plus soep;, 74 percent,

An anonymous (g) Dutch writer in 1935, recorded results against
redttle grubs with two lots of .derris, one contzining 2 percent of
 rotenone and 8 ‘percent of ether extract, used 2t the rete of 1 kg. to
©9 liters of water, plus 250 .gm. of green soep in 1 liter of weter;

- therother contalnlng 8 percent of rotenone and 21 percent of ether

. extrect used at the rate of 1 kg. to 40 liters of water. Soep is
notinecessary; neither is sozking the powder in water., Setisfactory
control of the cattle grub .wmes also obtained with rotenone, 10 gm.

in 250 cc. of acetone added to 4 liters of water.

DeBussy et-el.@(ég) in ;1935 wrote th:t derris wes &n established
'+ remedy for the control of werble flies.

r Spoon (ggg, gég) in 1935 =rote thet for use a2geinst Hypoderma,
derris powder :‘containing 2 percent of rotenone and 8 percent of
ether extrzct wes egitated in 10 parts of weter for 24 hours, end
‘to the mixture wes added 0.25 pert of green soep in 1 pert of water.
The suspension was rubbed into the back of the animel .with a2 small
brush, &n average 250 cc. being used for ezch enimal. Vhen derris
powder conteining 8 percent of rotenone and 21 percent .of ether
- extract was used, 1 part of derris wes suspended in 40 parts of weter,
The 2ddition of soezp was found to be unnecessary. Satisfectory con-
trol wes elso obtained by suspending 1 part of derris (8 percent
roténone, 21 percent ether extract) in 10 parts of water, end apply-
'ing’the suspension immedietely. It was not known whether lcwer con-
centrations would be effective without a longer period of extraction.
Later that yeer Spoon reported on the-use of derris powder in Hollend.
In the Wieringermeer.district, 65 kg. of derris powder contzining 8
percent of rotenone was used for the treatment of 4,000 yearlings,
2,000 of which received 2 second epplicetion. On the islend of
Amelsnd, 20 kg. of derris (seme semple) wes used for the trestment
of 1,635 cattle. The cost of derris pomder for a single treatment
amounted to about 2 cents in American currency. The method of zopli-
cation wes as follows: 400 gm. of derris vpowder wes suspended in
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9 liters of water, =2nd the suspension was freoguently zgitated during
2 24-hour period. To this suspension wes added 1 liter of green-soap
solution containing 250 gm. of green sozp. This suspension wes
shaeken just before use =nd wes brushed into the arimzl's hide. The

or

deys/ more then 32 deys, eas long as they continue to zppeer. The

. Was/unnecessary. Satisfactory results were also obtzined by brushing

the cattle with 2 liaquid containing 10 gm. of rotenone dissolved in
250 cc., of 2cetone, added to 4 liters of water, and by applicetion
of a2 szlve containing 3 percent of rotenone in vaseline.

Stefenski and Obitz (261) in 1935 reported thet in.Polend 2 wesh
of powdered derris root znd soft sozp, applied 2t the rete of 4 zm.
of powder, 2 gm. of soep, and 40 gm. of weter per znimsl, and one made
with @ powder in which derris was incorporzted with soap, were tested
end each killed en averzge of 90 percent of the larvee. As the young
larvae ere essier to kill, it is importent to spply the treztment
in the first helf of April, before the 2nimzls zre put out to pasture,
repeating it 2t the end of Mey.

Bartels (15, 16) in 1936 celled attention to the finding of
mummified Hypodermaz lervae in the backs of cattle that had been treateal
with derris prepserations such a2s Derrilevol, Derrisol, end Derriphen.
Leter in the yeesr he recommended stznderdized derris preperctions for
the control of lerveze in the backs of cattle, Derris root should con-
tein 2t least B vercent of rotenone 2nd 25 percent of total extractives
Mention was made of the proprietery derris products Derrilevol, Derrisa
Derrophen, 2nd Penderren.

Gibsen end Twinn (109) in 1926 reported thst losses from 211
causes 2ttributable to warble flies in C2nadz hzd been estimated
2t from 7 to 14 million dollers ennuzlly. The stenderd treztment
wzs to 2pply derris wesh: Stendardized derris powder 1 vound, soft
so2p 1/4 pound, and weter 1 imperisl gzllon. :

The Ministry of Agriculture of Grert Britesin (125) in 1936 celled
attention to its Werble Fly order of thst yesr, requiring that infested
cettle be treated by mechenicel mezns to remove the meggots, or else '
treated with a wash conteining either 1.5 ounces of derris resins
or 0.5 ounce of rotenone plus 4 ounces of sozp per gzllon, Treatment
must begin between Merch 15 end 22, or =s soon 2s the mzggots eppear
under the skin, end must be repezted 2t intervels of not less then 27

dressing must be epplied. so thet it shell come in contect with the
larvee through the bresthing holes mede bv them in the skin. The
Governments of Northern Irelend end the Irish Free Stcte haed s=dopted
similer messures in their countries.

Hende (135) in 1936 reviewed work on the werble fly in India end
referred to the use in Englend of the derris-soep wesh.

M’-"Mow“s' ——
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Hoenig (140) in 1936 tested four derris preparztions for werble
control on cattle, Ohe weshing with 2 4-percent solutien of Pan-
derren—ierck killed 83 percent of the lervae. 4 single weshing with
2 .5-percent Abdessol solution resulted in the death of 58.8 percent,
whereas one weshing with & 10-percent solution produced 25.6 percent
.-0f healihe. Abdessol wes the most satisfactory zgent becesuse of its
e2ge of anplic-stion (foeming resdily), its chegpne‘~, greezt effective-
ness, 2nd complete hermlessness to the enimzls. . A single wecshinz with
- & 1po~percent Derrisol-Bengen solution gave 2 kill of 91.5 percent.
One washing mith a2 4~percent Derrilsvol solution resualted in = 75.8
percent kill of the larvee, which the =zuthor did not consider
sufficientlv good,

‘The Depertment of Azriculture of the Irish Free Stete (148) in

1936 revorted experiments made in® Irelend for the control of Hy anodtrwe
larvae with Polvo end Parsgred, Polvo reouires the eddition of
spreader . for successful zpplicetion. The sprezder. (soft sovp)'is dis-
solved in hot weter end mixed mith the Polvo to form a2 peste, which

1s then reduced to the recuired strength by the eddition of weter.
- Faregrad hes & sprezder - incorporated in it, end 211 th=at is necessery
is.to mix the powder with weter to form 2 paste and reduce it to the
reouired strength by the addition of weter. The prepzrztion is then
reegdy for use. The dressings were used 2t the following strengths:
Polvo 1/2 pound, soft soep 1/4 pound, water 1 imperis1l gellon; Peragred
1/2 pound, weter 1 imperizl gzllon. 'The detes of- the first smplicstion
varied et the different centers, depending on, the m(turlty of the grubs
but, generellv speeking, the first dressing wes epplied: sbout the lest
week of lierch end repezted at intervels of a month. Three aovlications,
eand in some cases only tvo, were generslly sufficient for the complete
destruction of 211 grubs. The number of znimels trested-ves 965. - The
total number of grubs thst eppesred durinz the tests wes 13,891, 2n
everzge of 14.4 per gnimel, On the cettle treated —ith Polvo a2 total
'0of ‘6,805 werdles devecloped, end 6 ,701 or 98 percent were killed. On
the catfle dressed with Psregred 7 ,086 rerbles eppecred end 6,868,

‘or 97 percent, were killed. From the egbove results, there is .pn?rently
little choise between Polvo end Paregre—d. Most of the instructors

in these triels favored Parezred beceuse it is ezsier tc prepare,
needing only the a2dditirn of cold weter, whereas with Polvo both soft
“sozp end hot water are\required.

The Kolonizal Inst1tuut of Amsterdem (162) ih 1976 revorted thet,
in generzl, the verious stﬂgec of Dinterz zre but little sensitive to
derris. The lervee of the werble fly is a favorezble excention. TFinely
ground derris root seems to be a powerfﬁl control messure ageinst this
pest 2nd is not injurious to domestic a2nimels or men.

According to Ven der Lean (160) in 1926, the lervae were sensitive
to derris.

Meheux (194) in 1936 published directions for the treatment of
warbly cettle in Quebec with proprietsry rotenone prepcrations.
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Pedretti (229) in 1936 renorted on the control of Hypoderma
lervee with derris_prepsre#ions. Tests were._made with Abdzssol,
Derrileval;- Derr1s01 Derrophen, and Leurus-Desselpulver.

" Bertels (17) in 1937 reported thet derris prepsretions gzve a
high percentcge of control of Hypoderme larveae.
Hardtmann(13?) in 1937 stzted thet for combzting werble fly
larvee in the skins of cattle, 0il sprays conteining 0.05 percent
of rotenone were employed. .

The Louisiena Agrlculturel Experiment Stetion (184) in 1937
revorted thet derris vowder dusted into the werble holes killed a
high percentage of grubs,

Netvig (210) in 1937 revieved work on ox warble flies in Norway
end steted thet various washes, including derris, were used.

The Ruhderhorzel-Bestrijdings—Commissie (245) of Hgllend, in 1937
recommended aqueous suspensions.of derris root for control of cattle
grubs.

An anonymous (7) writer in 1938 reported on the warble fly pest
in Englend. The percentzge of hides with open werbles hendled by
the Hide Improvement Society during the first 9 months of 1938 res
slightly greater then in 1937, but less thsn in 1936. Derris szales
in 1937 2nd 1938 were much 1ess then in 1936. The Ministry of Agri—
culture held thet rigid enforcement of the Werble Fly (Dressing of
Cattle) Order would only entegonize fermers gener-1lv 2nd defezt its
own object. “Enforcement should be tightened up grzduelly, tut et
the present the Order should be the background for 2n educestionsl

and propagende cempzign, bringinz home to fermers their obligations
under the Order 2nd the sdventeze to themselves of ob:erving its
provisions. The number of pszec1tivns reportzad t2 the Kinistry
during 1938 was 94, 2geinst 51 in 1937, end 8 ia 1375,

The United States Department of Commerce, Purezu of Foreign and
Domestic Commerce (301) in 1940 celled attention to an order of the
British Ministry of Agriculture meking the use of deriis prepsrstions
for cettle dressing obligetory. This is 2 mcdificetion of the
"Warble Fly (Dressing of Cattle) Order of 1936." The criginal order
permitted the removel of meggots from the skins of efrected cattle
by mechanicel means. This a2lternztive wes later withdrawn and it
wad required that all visibly infested snimels be trested during
the current sezson by the applicetion at monthly intervels of a
derris dressing prensred 2ccording to specificetions in the order. '

Edwerds (79) inI938, in a populer eaccount of rotenone-containing
insecticides, stated thet thev mere effective 2geainst werbles on cett
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Hearle (138) An 1938 published directions for prepering derris
wash (derris mowder 1 1b,, soft soesp 1/4 1b, weter 1 imp, gel.) for
use 2geinst cattle zrubs, ; :

Thomssen and Doner (274) in 1928 reviewed published information
on fly control for livestock end mentioned rotenone for killing
Hypoderme lervee,

Dinuleseo andFoisoreano (Zé) in 1929 reported thzt in the labore-
tory extracted grubs placed in contact with derris extract t the
temperatare of the host were killed after 5-1/2 hours,

ile P, Jonmes (158) in 1939 recommended derris or cube for the
control of cattle grubs.

L. G. Smith (256) in 1939 celled ettention to the control
demonstration of cattle gZrubs carried out on & herd of 150 head of
beef cattle in Gerfield County, Wesh, Excellent results were obteined
from 4 treztments beginning in December 1938 end epplied every 20
days. The wash consisted of 1 pound of S percent cube root and 2
ounces of sozp in 1 gellon of weter, epplied to the backs of the
animels 2t the rete of 8 ounces per animel, end thoroughly scrubbed
in with & brush.

Wells (310) in 1939 reported the results of 2 series of tests
on the use of derris 2nd cube weches on the backs of cettle for con-
trol of eattle grubs in Coloredo 2nd Iowa. Bv using derris and cube
washes (15%“12 6, end 4 oz. plus 4 oz. sozp ver gellon of werm
weter) on the beoks of cattle, it was found thet 1 quert of the
solution wes sufficient to trect only 3 esnimals with such winter co:ts
as are found in Colorzdo 2nd Iowe., After dis stributing the powde
mash over the btack it wes necessery to devote 2 men-minutes of rub—
bing the wash into:the heir with the hends. Rubbing with & bdbrush
wes less efficient., With en eocu2l emount of rubbing, 12 ouncés of
the powder per gzllon of wash wes es efficient 2s 16 ounces.
Eight cunces of powder per gallon with the 2 mzn-minutes nf !
rubbing wes survived by epvroximetely 9 vercent of the grubs, Wherees
with 16 ounces ver gezllon the best result ves z survivel of 3.15
percent, The powders conteined rotenone end extrectives as follows:
Derris 6.2 percent of rotenone and 15.5 percent of totezl extractives,
cube 4.7 percent of rotenone and 21.1 percent of totzl extrectives.
In 211, 186 cettle were used, each being hendled twice, first for
application of the wesh and second for extrection of the grubs, which
totaled 4,708. The cube powder geve better results then the derris.

The Tazho University, College of Azriculture (144) in 1940
recommended ground derris or cube root (rotenona 3 to 5 percent) 12
ounces, and neutrsl soep 2 ounces per ggllon of wmzter for control of
cettle grubs, The meteriel should bec niv.d just prior to each treet-
ment end epplied with 2 stiff brush with sufficient force to enter
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the holes cut ih tHe ekin by the grubg. , Treatment should bezin zbout
. December 20—?5 end - should ‘be-repeazted ct 25—30-day intervzls until
no more rubq enpear on the backs of the en1mals.

- Otitidee

Euzeste stigmzties Loew

B..A. App in 1936, in 2 typerritten report to the Division of
Cereel and Foraze Insect Invesflﬁatlons Bureau of Entomology end
Plant Qufrent1ne United Steztes Department of Agr1¢u1tare steted thet
2 derris-tele dust containing 1 percent of rotenone chomed 2 control
of 3.9 percent of megzots, €s compered with 19 percent by the lead
ersenate dust. v !

Psilidae

Psile rosgze (F.),“the carrot tust fly

Smith and Wadsworth (2‘5) in 1921 tested insecticides azeinst
the cerrot rust fly. Four 2pplicetions of e powder composed of soot
end derris ot the rate of 1 ounce of derris plus 2 ounces of soot
per souare yerd resulted in 95 percent of clecn cerrots. The control
plot vielded only 20 percent of cerrots free from infestetion. This
‘derris mixtore eve the best control cf eny of the meteriels tried.

K. M. Snith (254) in 1925 reported thct tests were mede with
various 1nsecLAc1des. A mixture of 1 ounce oF derris  with 2 ounces
of soot per squere ysrd d4id not vlve results promising enough to
justifyv further trials with it.

. Kelsall et el. (ygg) in 1926 reported thst derris in either
dust or liquid form geve & considerzble meesure of control, the
meteriezl being epplied to the soil surfece 2bout the time egn laying
was in progress. .The control was -eppercntly &ccompznied by plent
stimulstion 2lso.

The Massachusetts Agriculturel Exﬁeriment Stetion (197) in 1929
stated thet derris products ned Ziven very enc~urag1ng results ageinst
the flrstAgcneret1un in 1927 and 1928 but mere ineffective 2gzeinst
the second generztion.

Glcsgow (114)end Gleszow end Geines (116)in 1929 reported thet
five spplicztions ns of derris dust at weekly intervals were ineffective
in combating immzture steges in soil, Mercurous chloride wes 100
percent effective.

Whitcom“ (316) in 1929 renorted nromlqln# ‘results with derris
compounds for control in Messachusetts. In ‘the leboratory ell flies
confined with motted ceérrots dusted with nowae;eo ‘derris root died

-
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in less than 24 hours. The insecticide wes as effective 3 deys zfter
it was epplied es when fresh, and when diluted 1:4 a2nd 1:2 with gypsum
killed the flies &s reedily es in pure—-dust form, 1In the field the

pure powdered derris root gave 87-percent protection a2fter treatments -
with 2 hand duster on June 16 znd 23 and July 2. The untrezted plot
suffered 78-percent injury. Derris—gypsum dust, Derrisol sprey,

sodium fluosilicate sprey, end corrosive sublimete solution gave

70 percent or moye protection under the seme conditions.” Similer
trestments on August 21 and 29, epplied under less favorzble con-
ditions, were not so effective against the late brood of megzots.

The Messachusetts Azricultural Experiment Stetion (}2§) in
1931 stezted that in leboratory tests, derris dust, both pure and
diluted 1:2 with gypsum, was very effective in killing 2dults end
prevented ‘oviposition, wherees eight .other meteriels were much less
effective. :

Gorham (121) in 1934 reported on control in Quebec. Derris powder
in suspension in water end Derrisol in solution were zmong the most
effective insecticides. ' Derris dust geve results equel to the liquid
prepsretions, but 211 other dusts tried were somevwhat less effective
than liouids. The criticel time for insecticidel sction is Just =fter
the larve emerges and vhile it is still close to. the soil surfzce.

The everege results obtzined during the lest four yesrs with the four
most efficient meterizls ere shom in the following table:

Meterial : . Averege injury by lsrvae
R S : i . Spring © . Autumn.
. ; Percent *° ' Percent
Mercury bichloride, 15 pounds per ‘ '
acre, 18 plots . 0.64 12,65
Derris, 15 pounds per acre, 20 plots 20 20 B 05"
Derrisol, 5 pounds per ecre, 16 plots 4,36 - 287l

Sodium silicofluoride, 400 pounds per

ecre, 12 plots 404 " 8B yee

Checks, 48 vplots ' 2 34,03 51.12

-

- The Messachusetts Agriculturel Experiment Stetion (200).in 1938
renorted thet four epplicestions mede on 'June 5, 12, 19, end 26, of
cube-cley dust to cerrots from seed sown lMiey. 4 zave commlete protection
end cen be recommended. ;

Thitcomb (317) in 1928 reviewed leborstory tests of insccticides.
In 1929 ezgs were placed on moist blotting veper in vetri dishes end
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carefully but thoroughly sprayed or dusted. The meterials used were
corrosive sublimete solution 1:1,000, Derrisol sprey 1:250, bordeaux-
0il emulsion (l-percent oil), 4-percent czlomel-lime dust, 2nd un-
diluted ground derris root (5 percent rotenone). No larvae hatched
from eggs exvosed to eany of these treztments, but 2bout 20 percent
hatched from the untreated eggs. During 1928, 1929, 2nd 1930 zbout

300 newly.emerged flies were confined in groups of 10 in lantern
-zlobe cages over potted carrots that had been sprayed or dusted with
various insecticides. Where dusts were used, the flies were confined
with the treated plants immediately after epplicetion, except in snecial
experiments; but the lioguid sprazys were a2llowed to dry on the plants
before the flies were caged with them. Derris killed the flies with
unusuel speed end consistency. Applied as 2 dust, derris mixtures
killed 211 flies within 2 days. Anacther series of tests indicated that
undiluted derris dust killed 2ll the flies in 24 hours when they were
confined with the plants 4 deys after the dust was applied, but it wis
only partially effective 5 or 6 days after applicetion. Derris—-zypsum
dusts containing 75 eand 50 percent of derris killed 211 the flies with-
in 3 days after applicetion, but 2 dust containing 33 percent of derris
killed only 70 percent of the flies exposed to it immediately. In
field experiments derris and cube have been the most consistently
effective materials, especially to control the first-generation flies
on early carrots. Good results with derris were also obtained by Gorham
(reported by correspondence) in New Brunswick, Csnada. :

In the first work with derris, the undiluted derris root was superior
to any mixture of it with gypsum. In fact, the greatest commercial
demage by the flies where this treztment was used was 13.2 percent in
1928, which represented a gain of 64.4 percent over the check; and the
average loss in 3 yeers was only 7.73 percent. However, ground derris
root costs at least 40 cents & pound and, undiluted, is much too expensive
for commercial use on carrots. Since 1933, derris 2nd cube powders heve
been improved by careful grinding end hendling. In 1937 four applications
of a eube-clay dust containing 0.6 percent of rotenone gave complete pro—
tection from a l4-percent infestation in an adjacent check; and in 1932
and 1933 a similay commercial dust containing 0.55 percent of rotenone
permitted an average damage of only 3.5 percent, which represented the
greatest gain from 2ny treztment with a contact insecticide azainst the
second generation. This dust is now readily availeble for a2bout 13 cents
a pound, and used at the rate of 50 to 75 pounds per acre it would cost
from $6.50 to $10 for each application. This expense has not been
justified in the last few years; but with & heevier infestation and a
yield of 500 bushels or more per aere, it might be practical on eerly
carrots. On small plentings and home gardens it can be recommended.
Sprays conteining rotenone have been effective but in most cases are
more difficult to epply. Pyrethrum 2s a dust or spray wes less effective
than derris or cube.

Scetophegidae

Scatophage stercorarie L.

According to De Bussy et al. (ég) the full-grovn flies ere much more
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'susceptlble then houseflies. Dusting with 2 derris mixture conteining

0.5 percent of rotenone 2nd 1.2 nercent of ether extract killed 211 the
flies within 24 hours.

Syrphidae

Allogreptez obligua. Say

Little (182) tenorted in 1931 that the 1arvae were not affected by the
powdered root t of Tenhros1a virginiena in laboratorv tests.

Lampetia equestris F., the marcissus buld fly

According to 2 letter from Eteblissements Rotenia to R. C. Roark-in
1938, (iierodom) Lempetiz equestris on tulips was mitigzted by 2 product
containing 12 perceat of powdered Lonchocerpus nicou root (6 percent rotenone)
end 88 percent of talcum. ;

Schopp and Eide (247) in 1939 revnorted the results of experiments with
insecticides:2t Sumner, Wesh., in 1938. Better then 50 percent control
was obtained with 2 cube-root dust mixture contezining 0.5 percent of:
rotenone, This dust mixture wes applied at the base of the narcissus
plant, where the bulb flies ordinerily ovinosit, The first epplicetion of
the insecticides were made on Mey 6, coinciding with the time of emergence
of the first adults, and, since hecvv showers occurred soon cftcr the
first eoplications, thev mere repeated on May 23. :

Merodon geniculatus Strobl.

in leboretory tests
Delassus (70) in 1931 reported that/steeping bulbs of ornsmentels
(Amaryllldacea_y in a decoction of derris wes ineffective egeinst larvae
of this syrphid.

Syrphus americenus Wied,

Little (182) in 1931 reported that the larvae were not 2ffected by the
powdered root of Tephrosie virginiana,.

'.Eyrphus SOP.

_Wilbaux (321) in 1934 tested extrzcts of 22-yeer-old leaves of Tephrosia
vogelii and reported that 2s 2 contact insecticide the leaves are about
2s toxic as nicotine. Larvee of uvzghus were resistent to snrays containing
-1 pert-to 200 of the dry vegetable matter.

Kelsall et al. (159) in 1926 reported thet derris, 1.5 pounds per 100
gellons of water, with soap, was used e2gainst aphids on & cutleef birch.
Larvee of'Sprhid flies were killed and dropped in 2:few hours, but the
aphids did not, eppear to be affected during the first 12 nours. Tro days
later the tree wes found to be completely free from ephids.

Kuijper (163) in 1929 reported that syrphid flies wcre resistant to e
spray containing an aqueous extract of derris root.
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The New Jersey Agricultural Experiment Stztion (212) in 1938 stoted
thet in studies on pea aphid control derris dusts destroyed & large
number of syrphid fly larvee, which predator/%g%pies of the pea aphid. -

Tabanidese

The United Stetes Depertment of Commerce, Bureau of Foreign and
Domestic Commerce (300) in 1938 published informztion received from
the American Cohsulzte General at Frankfort—-on-Main, Germeny, thst
rotenone-containing preparztions had been found to be most effective
in Germany for combating the horsefly pest.

Tipulidee
Tipula spﬁ.

Thompson (§Z§) in 1928 tried derris in poison bazit 2gzinst leztherjackets
in South Wales end found thet, although it did nmot give as good results as
the peris green bait (1 1lb. peris green, 20 1lb, bran, moistened with 1/2
imp. gal. water), it is obviously of definite insecticidal vszlue when used
in this way. On the derris-treated plot numerous earthworms, 2nd also some
slugs, were found lying dead on the surface. Derris powder clearly does
not render the bait distasteful to the pests named, as appeared to be the
case with sodium fluosilicate. The derris bait was composed of 10 pounds
of bran and half 2 pound of derris povwder distributed over half 2n acre
of oets. Thompson éongluded thet derris powder gives moderately good
results. i

An 2nonymous (§) writer in . 1937 stated thet derris wes ineffective
against creneflies.

Trypetidae

Cerztitis capiteta (Wied), the Mediterrsnean fruitfly

Miller end McBride (205) in 1931 recorded tests of verious materials
used in 2 solution of 50 rounds of suger, 10 gallons of sirup, &nd 190
gallons of weter, against the Mediterraneen fruitfly in Florida. he
sirup was a very cheap grade of black-stren molesses, and the sugar wes
a coarse bromn grade, The addition of 1 pint of & proprietarv product
called "Derris Emulsion 5 percent derris resin" to 200 gallons of this
sugar solution czused 2 mortelity of 80 percent of the flies in 9 days,
as compered with e 12-percent mortelity in the check test.

Bﬂuh@éier end Foury (§§) in 1936 reported thet molasses plus derris
(14 kg. of molasses, 1 liter of commercisl insecticide containing 50 gm.
. of rotenone, and 100 liters of water) killed 50 percent in 7 days.
Arsenicels 2nd fluorine commounds geve much better results.

RotHe (244) in 1937, in discussing means of combating this species




ir Gorwny, referred to 2 special contact poison thet epperently conteined
derris’ end wes used in 2dmixture with summer oil spreay.

Ceratitis (Pﬁerendrus) rosa (Xarsch)

Ripley 2nd Hepburn (240) in 1931 reported tests to determine the
comparative toxicity to the Natel fruitfly of fluorine compounds, lead
arsenate, copper carboneste, Derrisol, and Pulvex. The tests were made
_ by suspending & cylindrical roll of absorbent cotton wool, 8 inches long
“2nd 1-1/2 inches in diameter, from the center of 2 cege 1 foot squzre
and conteining 50 flies, 25 of each sex. The cotton hzd been sozked in
a solution conteining 62.5 gm. of vwhite sugar per liter.plus the poison
being tested. Derrisol diluted 1 part to 500 perts of sweetened water
acted neither &s an olfactory nor a gustatory repellent and showed 2
high ‘toxicitv considerably greester than that of lead arsenste 2t 0.23
percent. It appeared to be somemhat too volatile, however, alweys fziling
to kill 10 percent or more of the flies, these heving fed presumebly
zfter the rotenone hed largely vol=tili,ed. Pulvex was fer less toxic
then Derrisol, dilutions of 1 part to 300 of sweetened weter ranking con—
siderebly below Mally bait in toxicity.

Dacus cucurbitae (Coa.), the»meLon‘fly

The Federeted Malaey Stﬁtes Department of Agriculture (84) in 1937
reported on tests made in 1936. Spr"ylnv end immersion tests with adults
2s subgects, were cerried out with a2gueous solutions of Derris elliptice,
rotenone, lime precipitate of derris, deguelin, rotenone-free resin
solution, and solutions of the new solid and liouid derivetiveés of derris.
Rotenone ‘and deguelin were dissolved in acetone to which 2 smell emount
of Agral was 2dded 2nd the new solid was tested in solution in ethylene ~
glycol monoethyl ether. In some tests thls spec1es wmes enaesthetized with
“ether before belng snrayed.

Dacus (Chaetodacus) Sp «

The edults were used by .the Federated Malay States Department of
Agr;culture (§§) in 1936 to test the toxic value 6f derris extracts.

Epochré canadensis Loew, the.current fruitfly -

‘ Wood (325) in 1912, in describing the use of derris as 2n insecticide
in Malaya, stated that its use 2gainst the’ gooseberry mzggot in English
orchards would be well worth a trial. ’

Hanson and Webster (136) in 1938 recommended derris dust (0.5 percent
rotenone) or spray (0. 02 percent rotenone) for the eontrol of the yellow
'‘current fly. -
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Pletypcrea sp.

According to 2 letter from Etzblissements Roteniz in 1928 to R, C.
Roerk, this pest on esperagus wes mitigated by 2 produet containing 12
percent of powdered Lonchocerpus nicou root (6 percent rotenone) end 88
percent of talcum,

Rhagoletis ceresi (L.)

See Jencke (160) under Pegomya hyosgvemi Panz., on pege 5.

Sprengel (ggg) in 1932 reported tests to control the cherry fruitfly
in Germany. The vroprietery derris products Polvo znd Polvosol hzve been
used as contact poisons in combeting this insect. A dosazge of 1/4 kg.
of Polvo per tree was sufficient, whereas 1/2 kg. of pyrethrum was needed .

According to Deutscher Pflanzenschutzdienst (72) in 1933, when cherries
are so ripe as to be susceptible to demage by sodium fluoride sprays, it
is recommended thzt the entirely harmless derris be used, even though it
is considerebly more expensive.

Jancke and Bdhmel (lél) in 1923 reported tests made in Germany for
the control of the cherry fly, A derris extract msde from derris powder
and azcetone in the ratio of 1:2 was tested. A 100-percent kill was
obteined with 2 1:250 dilution in 4-percent of molesses and with 2 1:500
dilution in 2 Z2-percent suger solution. The 1:500 dilution csused 55+,

70—, and 90-percent mortality, according to whether it was made with
l-percent glycerin, 4-percent molasses, or 2 combtinetion of the two. 1In
comperison, & 1:500 mixture of pyrethrum with 4-percent molasses caused
only 15 percent mortelity. The e2cetone extract of derris is s2id to be
very stable, and can be conveniently diluted with water.

Leng (}gZ) in 1933 reported that the derris-containing proprietery
insecticidesl meterizls Polvo and Polvosol were epplied four times within
3 weeks to young cherry trees for the control of the cherry fruitfly, but
feiled to give favorable results. There wes some sound fruit, not exceed-
ing one-third of the crop, from the trested trees, whereas every fruit from
the untreated check trees was infested.

Stellwezsg. (262, 263) in 1933 reported 2 review by the Biologische
Reichsenstelt o?—gxpEFEments relating to the control of the cherry fruitfly.
Derris was tried in dust form, but because of the unsatisfactory conditions
of meny of the experiments no definite statement wes made 2s to the results
with this or znv of the other meterizls used. In the seme yeer Stellweeg
2lso mentioned the fect that derris had been used s 2 dust ih the control
of the cherry fruitfly.

Wiesmann (320) in 1934 reported thet Priox, Polvo (contzins rotenone),
end Herkosol were agpplied as dusts egeinst newly emerged flies, but rain
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prevented their being effective. Dry dust geve good results in the
leboretory.

According to 2 letter from Fteblissements Roteniza in 1938, to R. C,
Roark, this pest on cherry trees wes miticeted by e product cont2ining
12 percent of powdered Lonchocernus nicou root ( 6 percent rotenone)
and 88 percent of talcum.

Rhegoletis cingulate (Loew), the cherry fruitfly; the cherry mezzot

The New York Agriculturzl Experiment Stetion (214) in 1935 steted
thet derris plus an adhesive, such s gum arebic, epplied 2s a2 s»arey’
redaced the number ©f cherry fruitflies eppreciesbly.

Glesgow (115) in 1935 renorted triels of substitutes for leed erse-
nate 1n control,

Three applications of derris powder ( 4 percent rotencne), when

_applied at 2 rate of 2 pounds to 100 gellons, reduced the fly infestetion

in one lerge sour-cherry orcherd from spproximetely 30 percent in 1932 to
less then 1 percent in 1934,

The New York Stete Agricultural Experiment Stetion (g}g) in 1927
reported thet derris wes being tested for control of the cherry meggot,
The seme stetion (217) in 1939 reported thet tests on the use of rotenone
snreys indiceted thet they ere efficient substitutes for ersenicels on
cherries to be sold as fresh fruit.

Hemilton end Peerce (134) in 1938 renorted thet preliminery experiments
mere cerried out in New York in 1937 on the reletion between Progrems
for spreying with arsenicels and the residue on cherries 2t harvest time,
Sprays of cube root (5.3 percent rotenone), flotetion-sulfur pasty, end
soybean flour (2.5, 6.0, 2nd 0.5 pounds per 100 z2llons of spray), 2pplied
on June 5, 15, and 24 following a shuck-fall sprzy of lead arsenzte ( 1
1b.), were tested on trees thet had a.l5-percent infestotion by Rhzeoletis
cingulsta end R. fzuste O. S. during the previous season, Of over 10,000

~cherries from 2 trees, only 0.35 percent mere injured by Rhzgoletis, but

the lightness of infestetion during.the preceding yeer precludes definite
conclusions,

The New York County Agzents' Trzining School_(glg) held a2t Ithace on
December' 19, 1938, heard repeorts thet cherry fruitfly control tests con-
ducted in'plentings knovn to hzve been infested in 1927 zave the following
results in 1938: :
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Sprey meterial arplicztions |  Formy fruit
. Number Percent
Cube root 2 1b., soybeesn flour 1 1b. i g

in 100 gel. of water 3 ; 1,38
Do. 3 1.13
Phenothiezine 2 1b. in 100 gel. of weter 2 4.56

Do. 4 : .31

Light ersenicals fbllowing the grower's
shuck sprey 2 3.21

Hemilton (133) in 1940 reported thest in field tests both cube root
2nd phenothiezine reduced heavv populations of fruitflies (Rhazoletis
cinguleta 2nd R. fauste) sztisfactorily when 2t leest three .epplicetions
vere made 2t the rete of 2 pounds per 100 gellons of spray. In one test |
2 l5-percent-phenothiezine dust epneered to be nearly as effective es |
these sprays. Basic zinc ersenste only pertielly controlled cherry fruit-
flies vhen two light spplicztions —ere mede., Cube cont2ining 4.4, 4.7,
or 5.3 percent of rotenone was used £t the rete of 2 or 2-1/2 pounds per
100 gellons. Soybeen flour (1/2 1b.) or » commercial spreader ( 1 pt.)
wes used in most tests,zlso flotstion sulfurpaste (.6 1b.).2s 2 fungicide.

Rhegoletis fauste 0. S., the black cherry fruitfly

See Hamilton end Pearce (134) end Hemilton (133) under Rhagoletis
cingulete, on pp.772nd 78, respectively.

fhegoletis pomonella (Walsh), the epple megzot: the blueberry megzot

The Meine Agricultural Experiment Stetion (195) in 1935 reported that
¢ pyrethrum~derris insecticide wes tested -for control of the epple fruitfly,
being 2mvnlied 2t the rete of 1:400 in the fourth cover spray. It is not
feesible to drew conclusions fro=m this preliminerv test. Experiments with
pyrethrum end derris will be continued.

Germen (91, 92) in 1936 reported thet his first field experiment
with derris mas conducted thet yeer end geve unfevorable results, but
more mork wes needed to esteblish whether derris hes enough a2ction in
the field to be considered. In 1936 he reported thet in lebor:tory tests
derris showed considerable toxicity to s#pnle meggot flies; in field tests
it wes much inferior to either cryolite or lead ersen2te but trees spreyed
with it showed considerable improvement over unspr2yed trees. A summary
of lezboratory control experiments to kill 2dult flies of the epnle meggot
is given in the following table:
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- 4 H : . Averege
Material end Solution . Tests } Flies iEegg punctures ;| nunctures
e . : ; ! per fly
: ) Number Number Number Number
Le2d zrsenzte 2 gm.f100 cc. ST R 0 0.0
N=turzl cryolite 2 gm./100 cc. 6 112 1 008
Derris (egrcund root) 2 em./100 cc.
with skim-milk pewder 5 118 8 .06
Phenothizzine 2 2m./100 cc. : ' 5
vith skim-milk powder 2 45 Biers w13
Checlzs ( no spray)y .. . Sin SR 170 530 gL.1a

Procedure: Meterizls mere diluted es indiceted end snreyed uniformly
on green, immature epples, vhich were then hune in the ceges. Food wes
supplied but the only weter provided was sprinkled deily on the epples.
All tests were run for 20 deys, =fter which they were discontinued znd
the apples were exemined with 2 binoculsr for egg punctures. The temper-
2ture rznged from 75° to 78° F. znd the relstive humidity wes 2bout 60
peréent. Flies were introduced shortly a2fter emergence. '

The results of field experiments.to control the epple magzot 2t
Experiment Station Farm, Mount Cermel,vere as follows:

~T
.

% ; .
Meteriels : Infestztion in fruits ; Verieties
Percent

Lead ersenzte-flotation sulfur 4.9 Hurlburt
Leed ersenzte-lime :: Al ’ Greening
Cryolite~flotetion sulfur 8.2 Mother, Sterk
‘Cryolite~talce ;i : 11.1 ' Greening
Derris sporay ' 28.1 Greening
Check (no megzot spray) 71.9 Greening

Sprays of derris 4 pounds,'skim-milk'DOWAer 1 pound, bentonite 2

pounds, to 100 gzllons of water were epnlied on June 27, July 10, end
July 253 end sprays of derris 4 pounds, skim-milk powder 2 pounds, 2nd
water 100 gzllony were applied on August 14, The derris powder conteined
4 percent of rotenone. 3

Beckwith and Doehlert (24) in 1927 reported on the control of this
species in cultivated blueberry fields with two nonpoisonous insecticides,
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derris (.5 percent rotenone) eng pyrethrum (0.9 pereent pyretarins). Flies
~were obtzined in March.and April from pupze in en incubetor znd were dusted
with definite ouentities of insecticide in 2 ceze of meesured size, in an
attempt to determine vhich wes the more effective dust 2nd to epproximate
the lethal dose needed in the field. The:temversture rznged from 65° to
70° F. Pyrethrum used 2t the rate of 90 mg. per ceze ( 1/3 cu. ft.) killed
the flies in 20 hours. Derris 2t the rate of 20 mz. péer cege ( 1/3 cu. ft.)
killed the flies in 3-1/2 hoors, znd in tests with smeller ousntities 1t
wes found thet 5 mg., to a cege would incepecitete flies within 2 hours and
they would die without regeining motive power. No smeller doszges were
tried. Five mg. to 1/3 cubic foot would be eousl to 4-1/3 pounds per =cre,
tresting 2 space 2 feet high, or 8-2/3 pounds per- zcre for 2 space 6 fect
high, The treztment finally recommended was 10 pounds per acre for smell
plents end 15 pounds per 2cre for lerger ones. Commercizl treatments were
mede on 225 acres representing plentings of 10 different grorers. Some
operztors used 2 monoplene znd others an zutogiro. The doscge wes limited
to 10 to 15 pounds per acre. Two smell ceges, 4 by 10 by 2 inches, of
folded-wire mosouito screening, were used to hold flies in -the center of
large bushes in fields thzt were being dusted by sutogiro. Six flies were
used in 2 cege, end 2ll were dead within 2 hours after treatment. -Adults
of Rhegoletis pomonella cen be killed in cultiveted blueberrv plentztions
bv dusting, from en eirplene or sutogiro, with 10 to 15 pounds of derris
dust (5 peréent rotenone) to the acre. The time for trestments in New
Jersey is sporoximetely June 27 to 30, and July 7 to 10.

The Connecticut Stecte Agricultursl Experiment Stztion (61) in 1937
reported thet results of tests mith verious substitutes for lezd srsenate
in orchard spreys indicated thet the best control of the zpple magzot wes
obteined on the trees in the cryolite-derris plot sprayed with phenothiezine,
Continued work with these meterizls eppeers to be desireble.

Germen (93) in 1937 reported thst in general, the results obtained
thet yeer indiceted thszt derris is & very good insecticide for killing
apple meggot flies and that it kills much more repidly than leed .2rsenate.
This repid kill wes also reflected in & reduction in egz punctures emounting
to 99 percent vhen the materiel wes used 2s a2 sprey et the same rate es
lead ersenczte. Smell guentities of derris or 2llied material in the form
of 2 dust conteining 0.75 percent of rotenone, enplied so s to cover the
fruit surfece in & very light leyer, were elso effective in killing the
flies end preventing’ oviposition. Fhenothiazine continued to show repel-
lent 2ction but in killing effect wes not equel to either derris or leed
ersencte. Wheet flour wes used 2s e cerrier in &ll tests except thet with,
the rotenone dust, the spreys being epplicd 2t the rete of 3 gm. of poison
end. 3 gn. of flour in 800 cc. of water.

The New Jersey Agriculturzl Experiment Stetion (gll) in 1937 reported
thet tests were mede £zeinst this fruitfly infesting blueberries. Derris
dust =zt the rete of 10 'mg. or more killed the flies in 3 hours. Five mg.
of derris disabled the flies in 7 hours so thct they eventuslly died.

=S
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The - Connectlcut‘Agrlculturai]Exner1ment Stetion (62) in 1938 reported
thet derrls dustsg’were ?npllodwym July to control epple megzots.. Regular
sprzys weré discontinued after Junc ;5 end threé epplicetions of 2 dust
conteining 0.5 percent of rotenone Vere made in July end August. At the
stétions farm the results 1ere better thrn for several years past.. At
West Woods,' vwhere. 2’ similer sphedule was followed the reduction in
injury enounted to eprroximetely, 38 percent.

German (94) in 1038 renorted fh 2t ¢ dust conteining 0.5 percent of
rotenone epnlled with a power dqster scemed to heve considerable toxicity
for the epnle megzot fly. Inileﬁorftofy tests ‘méteriels thst nroved to
be effective vhen used 2s dusts werc ineffective'after beinz wet down and
epplied as & spray, even thougzh considersble eméunts were used in the
snpray. <4pples heavily dusted were left for £ féw d2ys in 2 greenhouse
exposed to moisture and light, . In thesc tests ?reshly applied dusts
showed much gre=ster effectiveness thcn q1m119r dusts that hed been exposed
in a grcenhouse for Sedaysci it :

Garmen end Townsend (97) in B38 renorted further studies on enple
megzot control. In both leboratory and field tests & O0.5-percent-rotenone
' dust, with clay 28 a carrier, wes shown to be more effective then lead
arsenate in Killinz the flies. Exposure to liaﬁt under gréenhouse con—
‘ditions destroyed .the insecticidal ection of rotehone dust commletely in
.5 deys. Using the dust 2s 2 sprey elso destroyed its efficiency.

The New Jersey Asriculturzl Experiment Ststion (Elg) in' 1938 stated

that cege tests of insecticidgl dusts egeinst the a2dult fiy were con-
~tinued in thet yeer with 2 total of 621 individuesls in 34 lots. It wes
found thet, in ecual emounts, mpowdered berbasco and derris were ecually
toxic, each resulting in a practicelly complete kill where 2.5 mg, of

4-percent metericl was used in ceges of 1/3-cubic-foot capacity. The
Y seme quantlty'of 6.7-percent timbo ‘produced only a '50-percent kill. he
substetion's recommendet1on of 2 eppliceations of 10 pounds of powdered
derris per acre spreed by q1rcrcft on June 27-30 2nd Julv 7-10 wes continued.

The New York Agricultural Experiment Stetion (216) in 1938 renorted
.on insecticides, including phenothizzine, nowdered cube root, 2nd hydrated
lime, vhich were tested under orcherd conditions egzinst the zpnle meggot
in'1936. Six smell orcherds vere trested, 211 the trees in each block
receiving a 'single test meterizl.. Little or no control was obtained where
hydreted lime -2lone was used, but the results from cube root 2nd pheno-
thiazine were sufficientlv'nromisinp to warr?nt eddition?l testing,

The New York County AgentS'Tralnln? School (211) held at Ithaca in
1938 heard a2 report thet further tests ﬂith rotenone. in the form of
powdered derris and cube root resulted 'in' very poor control of the apvole
mageot. Apperently this meterial is "out" es 2n insecticide against this
pest.
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Germen (95) in 1939 reported thet in field experiments in Con-

necticut, dusts conteining 0.5 percent of rotenone, althouzh successful

in 1837, feilcéd to equal thet merformence in 1938, nertly becsuse of the 1
heevy July rainfall, High temperztures. 2nd humidities destroyed the .
rotcnone repidly, and flies vere 2ble to lsy lerge numbers of ezzs des— .
nite the 10-dey intervel of epplicetion, vinich theoretlcelly should be
emnle considerinz the meteriel znd the neture of. the insect. The
. 2ddition of sulfur to the dust did not improve it. In 1939 Germen (96)
reported thet in the hottest pert of July 1938, =zmnles werc dusted with
rotenone dust end exposed to sunlight 1/2 dey.. By the end of th=t pericd,
the killing power of the dust had disezppeeared, iﬁdiceting 2 very repid
dissivetion of its toxicity. About the only place for dusts of the kind
mentioned (0.5 percent rotenone)_is in lete enplic=tions after the first
of Auzust, vhen flies nced to be destroyed on esrly ripenineg verieties
such 2s Grevenstein or Wealthy, 2nd excessive residues should be evoided.

- -

Lethrop (169) in 1939 revieved the 10 years of warfere azzinst the
‘blueberry mezzot. Under the hezding "Further Investizetion Needed", he 1
stetes thet studies of rotenone insecticides 2re of interest to the blueber
producers,

!

The United States Depzrtment of Aor1cu1ture Burezu of Entomology and
Plent Querentine (295), in 1939 reported work done in 1938 by P. J. Chep-
men on the control of the apple megzgot in the vicinity of Pouszhkeepsie,

N, Y. Cube powder (4.4 percent rotenone and 22.9 percent total extractives
£t the réte of 3 pounds per 100 gzllons vlus 1 pound of‘soybesn flour was
applied five times, but permitted en infestetion renging from 34.3 to 98.4
percent. Lead ersencte followed by zinc ersenete 2nd two epplicetions of
nhenothiazine geve the best control. ;

Gzrmen and Towmsend (98) in 1940 reported on the cantrol of the apple
‘mezzot in Connecticut., A dcrrls-nvrophyllite dust (0.5 percent rotenone)
plus 4 percent of white lubriceting oil epnlied as a dust wzs effective.

Althouzh it epnears too e=zrly to meke specific recommendetions con—
cerning the use of rotenone insecticides for control ‘of the spple maggot,
it seems  th#t such meteriels mey heve e plece lete in the sesson vhen 1t )
is desireble to 2void poisoncus residues. They —ill doubtless be more ‘
successful in dry then in et seeson, £nd it should be kept in mind that »

combinetions so fer premered lose their notency, even in dry weether,
They a2re not knovn to last more then 4 or 5 deys on the trees. The extreme
renidityv of killinz action is in fevor of rotenone dusts, &s shown by i
cege tests, mhich frequently geve 100-percent knock-dowms in 24 hours. l
Field observetions indicate the szme renid destruction of flics in the
orchard, Flies coming from unspréyed trces outside the orcherd still
remain 2 problem, but there is reesson to believe thet the chance of
elimin=tinz lete comers with rotenone dusts %s very zood,
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Unidentified species of Diptera
See Kelsall et =1. (159) under fusca domestice, on p. 3l.

Geoffroy (105) in 1895 described the f0110ﬁ1ng test m2de with nicouline
(rotenone) extracted from the root of Lonchocarnus nicou: Flies vere nlaced
under a bell —ith a piece of suger dried in 2n owen after beinz dipped into
an zlcoholic solution satursted with nicouline. The flies th~2t cesme to the
sugaer did not teke lonz to fell; they beceme lifeless, unable to fly, and
menifested their vitality only by 2n intermittent trembling of feet and
wings.

Deniels (§§) in 1905 wrote thet the effects of derris on dipterous
larvee in cesspits filled with semisolid mzteriel are locel only.

Gilmer (110) in 1923 reported thet derris powder vhen blown into the
air is not effective ezeinst flies.

The Hendelsmuseun of the Kolonicel Ipstituut (161) of Amsterdem in
1930 stated thet flles and fly larvae epoeared to be imnune to derris
emulsion,

‘Schmitt (246) in 1930 reviewed the use of Derris sllintica 2s an
insecticde. Dusting with the finely pulverized root wes effective ageinst
flies.

Ceampbell end Sulliven (52) in 1933 renorted Tenhrosiz latidens from
Florida to be less effective then o semple of derris when tested as a
kerosene extract azszinst flies. :

Gnedinszer (117) in 1933 reviewed the literéture on rotenone in fly
sprays end cited unpublished work by Ginsburgz, which indicates thzt the
pyrethrins are more toxic then rotenone to flies.

A vriter called "O. H." (128) in 1933 stzted thot it mes possitle
to use 2 derris root extract in nlace of arsenic in the nrepsration of
fly peper. g

Spoon (257) in 1933 renorted tests of rotenone =s an insecticide
in Hellend and stated thet rotenone 2npezred to have no value ezeinst
full-grown flies. 3

Worsley (226) in 1934 renorted thet esainst flies tephrosin hed been
found to be 2s effective as pyrethrum nrovided the insects were actuelly
hit with it; pyrethrum, however, hzd 2 temporaryv repellent effect for 2
short time efter spreyinz, 2 property vwhich tephrosin does not nossess.

Pearson (228) in 1935 renorted on the role of pine oil in cattle-fly
sprevs. Tests were made with 2 commercial pine-oil extract of derris



-84~

containing 5 percent of rotenone and with "Yarmor" pine oil contzining
2 percent of pure rotenone. Both the knock-down znd the mortzlity
produced by derris extract are increased by pine oil. The rate of
activation is greater than withmyrethrum. Combinations of derris

end pine oil exhibit the same rate of kill as derris alone, signif-
icant mortality occurring after 24 hours. When combined with €erris T
extract, high-grade pine o0ils are more effective than those of low
grade. .The differences are not so distinct, however, &s with
pyrethrum. The effeet of pine oil on the toxicity of rotenone and’
of derris extrzct is similar., Pine o0il increeses ‘the repellence
of derris extract in reletion to the ocuantity added, buf not at so
great & rate as thet of pyrethrum extract.

Y e = b T ™
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Feytaud and Lapperent (87) in 1936 published the following
formula for 2 fly spray: Cube powder or derris powder 10 gm. -2nd
pyrethrum powder 10 zm. .is mzcerzted in.100 vm. of 2 'mixture of. euual
perts of terpinolene and orthodichlorobenzene or caerbon tetrachloride
for 5 days with frequent agitetion, then filtered and.a ner“ume added,
for exemple, 10 percent of "termene.de c1tronelle.",l"

Bie ST Prentlss end. Company, in advertising literature published

in 1936, discussed laborztory and field methods of evaluating stock
sprays. The following factors were considered: Physical, physiological,
end toxic properties by the Peet-Grady test, and repellent’ properties.
This company menufactures "Prentox Stock Sprzy Concentrzte No. 20" and
"Prentox L. S. Concentrazte," both of which contein derris extractives.

A proper combination of: derris resins with 2 safe and effective repel-
lent of the fumigent type dissolved in & properly chosen base o0il will
meke a stock sprey that will fully meet the most exacting snec1f1cat10ns

Boyd (gZ) in 1937 reviewed the use of rotenone in control of
household insects. Rotenone 2s & fly spray and combinations of rotenone
with pyrethrum and with thiocyeznates were referfred to.

Greenup (126), American Commercial Attaché’at Lima, Peru, in 1937
advised that Cubex, 2 proprietary insecticide mede from Cube, wes used
only s & general household insecticide for k1111np flies end other
insects.

Herdtmenn (137) in 1937 recommended oil-rotencne sprays for
combating flies end . gnats., (See Herdtmenn under Hypoderme, page 68 .)

Dibble and Muncie (74) in 1938 recommended derq}s in control
prepaerations end fly killers for livestock vests. "Déerris Ys slower
ecting then pyrethrum but does not deteriorate so .ragpidly.in sun and
2ir. Dusts should contain from 0.5 to 1.0 percent of roténone.

Thomssen snd Doner (274) in 1938 reviewed pubiishéd information
on fly control for livestock end mentioned rotenone sprays for killing
adult flies.
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The Wisconsin Agriculturel Experiment Stetion (§§§) in 1938
reported thet the best spray for protecting cattle ageinst flies
contained 5 percent of pyrethrum extract in 2 highly refined mineral
—seal o0il of viscosity 40 to 50. Among the meterials thet proved
ineffective as a fly spray-inseeticide in these tests were rotenone
and other derris extractives, sulfqr'compounds, and .2 number of
synthetic insectidides. Severzl esntioxidants, tested to leern whether
they would prolong the effectiveness of insecticides, failed to impreve
cattle-fly sprays.

© Kccording to the manufacturers, Dodge e2nd Olcott Company, New York,

‘N. Yo, in esdvertising literature published in 1939, Rotopyressenol No. 20

is a combinetion which "embodies in scientifically correct provortions
the quick knock-ddwn value of pyrethrum and the high moribund kill and
leg paralysis of dihydrorotenone, both enhanced by the activative
penetration of Essenol." D. and O. Essenol is szid to be zn insectici-
delly active combination of essentkl oils, a2nd it is stated thzt the
effective killing power ‘of ‘pyrethrum and rotenone sprays is substen-
tially increased by its addition. »

Whitmire (218) in 1939 defined moribund flies as "those that can
move some pert of their bodies, but cannot fly or walk to an extent to

'enable them to get off the observetion paper." He described an apparatus

and method for determining moribund kill. Rotenone end certain deriv-
atives of it (e.z., dihydrorotenone) in fly sprays do not kill flies
immediately but act slowly, producing moribund flies.

In 1940 the Experimentzl and Research Stetion, Cheshunt, Eerts,
England (§}), reported thet applications of nyrethrum powder to mushroom *
beds had given results [against Diptera] as good as those obtained by
atomization of pyrethrum and derris extracts with apperatus employed
in the treatment of werehouses.

An anonymous writer (§) in 1941 reported thet the neme "Indalone"
had been registered by U. S. Industrizl Chemicals, Inc., New York, N. Y.,
as the trade-mark of the solvent alvhe, alphe-~dimethyl-alpha'-cerbobutoxy

y —-gamme—~dihydropyrone. . Indelone, formerly merketed under the name "dihydro

-pyrone," wes developed for use in liquid contact insecticides es a
solvent for derris-root extractives... When used in this way it hes the
property of increasing the insecticidel effectiveness of the ingredients
dissolved in it zndof holding derris extractives in solution in the
commonly used bese oils. Indazlone is a2 powerful insectifuge and repels

'the common winged insects, to which it appears to have an obnoxious taste.

Beceuse of this high repellency, it is especially suiteble for cattle
sprays ahd mosquito lotions. '
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Index of Insects

Pege

Aedes-- .

SRR S = e e e R A oot et o i NEL R e
cinereoborealis -~ = = = = = = = = — — - - - PR e s 13
cinereus = = = — = = = = = = = = = = = = .- - _- - - = -~ et W 13
excrueisng = — - - = = = = = = = = — = - — - =~ - - ~ - ~ - -~ - - 13
e S e B T
R TR U R R e SR £+
stimulens - = = = = = = = = = - - - - - - e = = = =t == - = 13
SYIVEStTis — = = = = = = = = = == = w2 D LT R 14, 18
o e R DR L, PR, O
ORI, | oo s ot oo (0 s e | B S G DR o B L SRS

Acromyze—— ‘ '

v AR SR AR A T T 2
BRBTITE = » = = o m = S o e A NS S

Agromyzidee = = = = = = = - - ————— - - I I 2

Allogrepte oblique -~ = = = = = = = = = = = - - s - ==~ 73

Americen wheet midge - = - = = = = = = = = = = - ~ -_————_—_-— - == 30

Anopheles--

ERAMIIATIE = = = = = = = = = = = e e e e e g TS 15, 16
hyrcenus ver. sinensis — = = = = = = = = = — = = = = = - - - -~ - - 15, 16
MACTT DD CIIIY B =/ o an o et o, (o . (T oy i Rl P VI 16, 17
pseudopunctivennigs - = = = = = = = = = = = . - - m .- -- .= %g

s o T R e 15, 16

subpictus



@ntpheline mogqulito - '~ ~ = - = - = = e e = = e = e = e - = o - 15, 16
Anthomyiidae — = = = = = = = = = = = = = = — = = = &~ - — - &~ & ~ -~ _ 3

App .l ="

froitfly = = = = = = = = = = = = = = = = ~ = = = = =~ &~ & & -~ - - - 78
leaf~curling midge — -~ = = = = = = & = =~ = = = = = - = = = = - - = 29

e e e Sl e Ul L e = e TIRS Q) G0

Atherigon2 indica

Been fly — = = = = = = = = = = = = = = = = — —'= =~ -~ - 4+ - e

BRAEE Ply ~ = = — = -~ - & e = - ~ e ie el Eaeaaa 5

Black blowfly = = = = = = = = = = = = - = - - I - - - =11
B ity S e s s s T e Sl s e s 78

Boxwood leaf miner — - = = = = = = = = = = = = = = = = =" = = = - = =
Bulb fly. See Narc1ssus buld fly.

Cebbage-— By
SN SRRl =R R s el e o) = Sl e e it e S
root fly. See Cabbage maggot. -
Calliphora—-— ~ .
erythrocephgla -~ — = = = = = = = = = = = = = = = = = = -~ = = - = =
s e s R e M b i el ¥ S e b R S e B L R
PERMIphOrlIgee = =~ = = = = - = = — =0 = = = = == - = ~ ~ e
Carrot——
fly.  See Carrot rust fly. :
rust fl1y = = = = = = ~ = = = = = = = = = = = =~ = -~ 2 == 70 74
Cattle—
vfliEs-"'-‘" ~~~~~~~~~~ --—as—---———:s*.';-:.—_.—_-;:.slo 82»
.grubs — — — -bl5;~ 52, 53, 54, 55, 57, 58,61, 62, 63, 64, 66, 67
See elso Common cattle grub' northern cattle grub

T A O - - - - - - =

Cecidomyiidae. See Itonididee.
Cerztitis——

‘j-Chaetodacus——

cucurbitée - -~ - = = = = = = - = = = - = =~ - - &~ & = - - = & - - - =
sp. See Decus (Chaetodacus) SP.
Cherry-- =

S e R TR (e oo SAUGREET I SERG G Sl VS G can oo METEHE N

L i e SRS e S o e e i SANIRG
fruitfly (of Europe) — = = = = = = = = = = = = = = — = = — - ~ - - -
MEgEot = = = = = = = = = = = = = = = = = = = = = = = - - —- -~~~
WOTM = = = = = = = = = = = = = = = = = = = = = = = =~ "= = = = -~ - — =

B i e el e B T e el D

ey TR SR G S S e g S S eSS

Bloodworm — - - = = = = - - = - - e 12
Blueberry meggot - — = = = - - - Ay e saion e R e e e e e 78, 82

Aphids = = — = = = = — = = = = = = = — = = =~ = = -~ - & - -~ ~ - ~ 23, 71
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Chironomus——
BEEEAIadls ~i~ — e o Sl SusEl . Sl e il 11
cingullatily — — = — = = = = <iximic == = = = anl i T i i
JECOTUS ~ = — = = = = = = e == e e e 11
LOBIfErns = = = =r—we = 2 S o e St ST = = e = =l o 11
RETVOSUS — — =~ — rswde e o ord ol s s e = = S e R 11
PIUMOSUS, Var, PYoglims — — — = = = = = = =l = = e 11
B e e e e e e 11

tenuicandafus = = =& = o =i Sum = S i RS S - 11512 S8

Ghloropidae = = == = =l o =i e e T e e S S 13
Chloropisca--
chircumdaba = = === = oo Slie st s e e 13
malets =~ — = = ==~~~ = e St e S R sty e 13
Chrysanthemum gall midge - - = = = - = = - = e e e m = == - - =22 &
Clinodiplosis mosellana. See Thecodiplosis mosellena.
Cochliomyla americena — - — = = = = = = = = o =T = = == --=- 6,7
Common cattle grub — — = = = = = = = = — = ' —= <= - = =30, 53548 )
Contarinja--—
nesturtii - - = - = = = = = = - - -~ — = e e e e e e 29
pyrivora — - - — = = = = = - - — - - - - - - - - - - . . PR 29
sl T e e S R B e = == = =l 29
Gorethye Spw = 3 ims o~ = = im os =ge b mite = e e = = S e 16
Crene flies = = = = = = = = = = = = = = = = = = — = == - - -~ - - - 74
Culex—-
REPHENMBIR = —(7 5 = = = = = = = = == SR e e R 16, &4

pipiens — = = = = = = - = - = - = = = = = = = = - —~— ~ _ 14, 16, 17, 18 &

PSS —
aguinguefascliatus - = = = = = = = ~ =le — = = = =t et 20, 21

§he. = =n T B S m sl s s ke e S 21
ferritans -~ — o = == =g Sre s S S la e e 17,21
Cullteidae = — = — =& 2 i SRt S e e e e 13, 21

Culicine mogguito — = — =~ = == =& ~ = ol o ¥4, 17, 20, 28 =
75

Carrant fruidly - = == s="witasle Rt e

Dacus-- :
(Chaetodacus) species = — = = == = — = = = = — = = ~ _ & & - - - _ 75
cucurbitae — — = = = = = = = = = = = = = = = = = = = €0 C 2o & - o =& = 75
Dasyneura meli - = = = = = = = =« = = = = = — = = = = = = = = = = ¢ - ~ =
Dierthronomyia hypogaea — - - - - — - - = = = e s SRS 20
DERTERE, ~ = = = =il s e s R e 2, 68, 83, 85
Dipterous larvag =~ = = = == = = = = === = = = = = = = « - =« === - 83
See also Maggots.:
Dogwood' club gall -midge =~ = — = = = = = = i e e, m e e e me - = - 0
Drosophile—
ampelophile = = = = = = = == =% = = = == = = .= e s e 27
SPe — = = = = — = = = = = = = —m = = = == = = = = - & & - ... 27

Drosophiligae -« = = = = = = = = = = = = = = = = = = = == ool ioEaE . 27

Evochra cenadensis = =~ = = = = = = = = = = = = = = = = - . 0 = = = = = 75

Euxeste stlgmetiesg — = = = = == = s = s == = = = < === == S 70




Flesh fly - = = = = = = —_m =, = m = = = e s e = s = = = - 10
L = L A i i T T T a8 LS SRR W5 & LA =B NG B 8= )
French been miner — — = — = = = = = == = = = = = = = = = = = = = - = 2
B e ey L s e e e e S 26
See also Drosophile sp.: See Rhegoletis sp. L :
Fungus gnats - - - = = = = - = - — B e P G ) 50
Gnats — — = = = = = = = = = = - - = - 4 = - &« = - ~ -~ - = - - - = - 84
Gozt warble fly = = = = = = = = = = = = = = = = = = 0 = = = = = =~ = = 50, -84
Gooseberrv maggot — = = = = = = = = = — = - ~ = RN i ey 75
B ey - e e BV TS e e el e 10
Grubs. See Common cattle grub; northern cattle grub.
Heematoble ‘Irriteng = < - = = = = = = & = ce 2 e e s = e - - 31
o e et e e TR T 27
Holly leef miner - — = - = - - - - - - - - - - == e mm e == 3
L Sl e e iy R e B e e e o M B St -3l
Horsefly - - TRIG 7 et e - - - - - - - = = B e e e e - Py
Housefly — = = = — = = = = = = = = = = = — = — = = g AL IS N GRSy e £ 31-49
Hylemys—— z ; , 3
Entique ~ =~ ~ - ~ ~ - -~ m e - m - - — - - = - S g e oS e B,
brassicae — — — = = = = = = = = = = — = = = =~ — = 4« - -~ - - & - - i- 4
Hypoderma—— el e i = rahie o
bovig — =~ = = = -~ - - ~ — e m m = m — - m = - = - - - e - = - ¢ =50=53
crossi - - - - - - s - - - - = i T S E R 510 g 5 |
T S S RS L S SRR S AR T 50, 51, .52,
s = = m m = = mm = m == e e mm e e m e mm el oo o 54-68, 84
Itonididee - - - - = - - e T e L A A e s M e e S YR s e — - - —-. 29
Lestherjackets - - = = = = = = = = = = = = - = - - - - = - —— - = = - 74
Lestremiz flegri — = ~ & = & m ' m - e e i e . — = = e - 29
BICE 0N SHEBD — = = = = = = = = = = m o m == m e - e e = - - 28
Liriomyza soleni, See Agromyza (Liriomyza soleni;
Lucilia— : ,
BIDIING = ~ — = = = =~ = = == = = SNl S et e s N et bl g e 10
sericata — — -~ -~ = = = = = =~ - = = = 2'e e - s = = - —s mis 2 10,
B e R e e e L
Lycoria pusilla = - —= = = = = = = = = = = — = = & 2= = ==« - - - = = 49
Maggots — = = = = ~ = = = = = = = = & 4~ & - - = - - 3, 4,11, 29:4.60,.:.66,
white, in soil. See Scisre sp. 70, 71
Hediterranean fruitfly - - — = = = = = = = = = = = == = = = = = - - = =74
Melenagromyza pheseoli - - = = = = = =/ = = = = = - -~ = - -~ - = - - = =2
Melophegus ovinus = = = = = = = = = = = = = = = = & = = & & = = = - - 27
Merodon-—-
equestris- — = = = = = = = = = = = = & & 4 D - o e - - - o - = 73
geniculetus — - = = = = = = = = = = & & & & 4 4 .= === - = — = - 73
Midge - - = - - - - e el 29




Monarthropalpus buxi - = = = = == = = = = = = = = — S i Gl e
Mogsquito = S = = =10 e o el e Ll e 12, 13-26, 85
Musca domestica — — = = = = = = = = = = = - - = — = = —— & A= s 31, 83
Muscidae = = = ==~ = = = = = = = = = = = - = = = = = = _ _ o LT 21
Mushroom fly = = = = = = = & = Lia =il o =TS e = S i =y
Mycetophilidae — = ~ = = = = = =l= —'= = =~ == = = =l = 49
Hyecodlplosis alternets = = = ~ = © =0 Fim=da =i mias ol 30
- Narcissus buldb fly = = = = = = = == = = = = = = = = = = Sl . g
Natall it Blan — smyisiis smom] el st - eolimn iy ian Rl o s S liES P
Northern--
cattle grub = = ='= = = = = = s = = = =T0 = = = == o e 50
house mosqulio = = = =5 = = =i =i m e e e 17
Oestridae — = = - = = == = = = > == = = = = e = = U 50
Onion--
I 2 s et e I T i e e e it i o 3
Maggot = = — = = = = = = = = — = = — = = — = = = = - - - & - -« - 3
Oseinis oryzella — — = = == = = = = = = = = = =~ ~'= = - e 13
PDtitidae' = = = & = '= = =~ = — — = — = = = == = =i=U=" = =l 70
Ox warble — — - = = = = = = = = = = = = = - = = - = - & & & =~ = - = = 50-70
Ox warble fly — — = = = = = = = = == = = = = == = = - & =AU 56=59
See also ox warble.
Pee aphld = —~— = = == = = —cioim = —gr = == = == = = 74 ™
Pear midge — = = = — = == = = = = = = - = = = - = = = - - = = = - = 29
Pegomya—
hyoscyaml — = == = === % = — fe = o o 5, 76
nisgritersus = — = = = == = = = = = - =« = =~ = = o = = = & — A 5
Phormia—
regina — — = = = = = = — = = = = = % - = % - == == - ===~ = 11
- T et R T el e e 11
Phytomyza—
jlicis = = = = = = = = = = ¢ & . . e . . e e - - = = = = == 3
80lani =~ - § =~ =« = = = 2T = = == = oo S e e 3
See 2lso Agromyza (Liriomyza) soleni
Pigeon fly - = = = = = = = == = = = = = = = = = = = = = = = = = 2= 27
Platyperea spe— — = — = = = "= = = = - —= = = = — - = - = = === 76
Pomace fly = — — = = = = = = = = = = = = = = = = = === = 27.
Procledius—
CHOTENE ~ = = = = = & = =~ = = = == o= m e e e S e 12, 13
culiciformis — - = = = = = = = = = = = = = @ = = = =~ = = = = = = 12 18
BDs = ;= = = miem m m s m e s S e ses ol S 11, 12
Pseudolynehia cenariensis — = —— = === = = (= = s o7
Psila ros@e =.— = = = — = = = = = "4 = = = = = & =~ = = &= = === 70
Peillidie = ~ = ~ = = ~ == = = = = = = = === = o= & ~s S 70
PLerandyus. -Posa «~ = = = = = = == = = = = = o =i oa S e S 75
Rhagoletis—-
CETRE] = = = = = = = m == = s = mm e a e = SR 5, 76
cingulate — = = = = = = = = = = = “ e w - - .- --=a~a- 77, 78
FEUNGtE = = = = = = = = = = = = &= = = 3 == = == 0 = A ¥y '8
pomonelle = = = s s = o= s e = e e e i 78, 80
BD =i= = = m m = m el s e s S 77
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Boot mesoot on cabbage — = — == = = = == = =~ = % w e - .-~ == o
Scatophega stercoreria — — — = = = = = == = = = = = = = = = - = = = 72, 73
Scatophagidae -~ = = = = —= = = = = = = == = - - = -~ - -~ B T2q 7B
Sciara==-

o T s e e R S R B i T T B o e 49

L e e N S i e it A 49
Scierid flies — = = = = = = = = —¢ & & = & = = = = = = - = - - = = 49
Screwworm — — = = = = — = = = = == = - = - = - - ~ 4 = = = =~ = = = 5=10
Serpentine leaf miner - = = - = - = = —— - - - - - - - - = - =~ =~ = <]
Sheep--

ked = — = = = = = = = = - - - & - 2 = 2 - - - e - - === - 27, 28

e e R B L 25028
Sitodiplosis mosellena. See Theocodiplosis mosellane.
Sorshun stem maggot — = - —— - ~—= = = i e Bl o e e e e 3
Southern-—

e ™ B eSS 21

b e e N A 19
R e 5
R 39, 49
LT e S S T e R e S e i s L B 21,122
Stomoxys ——

RS R S et e e o (s el et R e e e e g s e e 31, 49

BPe = = — = = = = =~ = == = = e m = m e = e e = m - - -~ - 49
L e R S R T S SN S 73, 74
Syrphidae - = = = = = = = = == &0 & L h .. - h - . m L. - - 73
Syrphus--

BRI S = s P e o == = e o e = e = e S e 73

B s Tt s e e e G e 73
Pabanidae — — ~ — = = = = = = = = & = = = & = = 4 . 2 - - 4 - =~ = w4
BEsdinge v~ — — - — = ~ = — = = 2t 2 -2 = e - =~~~ =lh 12
Tanypus puntipennis = = = = = = = = = = - = - - ¢ = = - - - - - =~ M b
Tenytersas eminulus — = = = = = = = = = = = = - = - - - - - - ~ = 15 3%
Thecodiplosis mosellang ~ ~ — =— = = = = = = = = = = = = = ~ == 30
Theobaldiea annulata — = = = = = = = = = = = = = - = = - - - - = < 22
e R e e R R Tl e R T 74
BRRLIEED = ~ —i~ =~ ~ == = e me e s s e e SR e s S - s e 74
Fometo leaf miner - — = = = =~ = = = = = = = = ='= = = = = = = - = 3
Eropetldae — — = = = = e - = = e - e s e - = w2 =~ - 74
Vermin — = = = = = = = = = = = = = = = = 0 = = = = = & 4 = = =~ =~ 54
Warble. See Ox werble.
Werble fly. See Ox werble.
Warble grub, See Ox warble.
Whea t—~—

gall midge — = — = = = = = == = = - = - & & & & % - - - - - - 20

midge — = = = = - = = = = = e e a e et et e m - - ==1D
R tnteating Fllga = ~ = = —~ v~ = = 9 = * = -« - = v = - 6

See also Screwworm.
Yellow--—

current fly - = = = = = = = = == = = - = = = = - = - - = - - - 75

fever mosquito - - - = = = = = == = = = = = = = = = - - - - < 13
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