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INTROD ICTION

In the search for insecticidal materials which could be substituted
for lead arsenate for the control of the codling moth, the Bureau of
Entomology and the Bureau of Chemistry and Soils have studied a
number of inorganie fluorine compounds. These compounds, because
of their availability and chemical and physical properties, seem to
offer & profitable field for investigation. T{is bulletin reports results
of insecticidal tests made at the Yakims (Wash.) laboratory of the

" Buresu of Entomology. The experiments.were all conducted under

arid conditions. This fact is emphasized, as it is of speeial significance
in interpreting the results obtained. Effective contrel or freedom
frem plant injury was not secured in similar experiments conducted
under more humid conditions by other investigators of the Bureau of
Entomology.

Our kmowledge of the effect of fluorine compounds on human beings
is limited. Available information, however, indicates that they are
nob more toxic than arsenic and that the fluorine residue on the fruit
at harvest can be removed as easily as can either arsenic or lead resi-
dues. Information as to the removal of the metallic element of the
fluorine compound is, however, not available.

t The writers are indebted t¢ M. A, Yothers, assoelaic entomologist, azd F, P. Dean and A. R, Rolfs,
jinlor entemologists, who assisted with many of the experiments
173363°—33—1 1
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The toxicity of certain fluorine compounds to insects has been
recognized for some time, and a few of them have found wide applica-
tion in the control of pesis such as roaches, chicken lice, ete., where
ioliage injury is not a factor. One of the earliest references to the
ingecticidal pruperties of fluorine compounds is contained in British
patent no. 8236, entitled “An Improved Composition or Material for
Destroying Insects,” issued to C. H. Higbee in 1896. During the
last 15 years other fluorine compounds have been tested against o
number of different insects infesting growing crops. In many in-
stances good control has been reporteg. The records of these tests
Lave been reviewed by Marcovitch (9),2 who has also published a
comprehensive bibliography.

OCCURRENCE AND AVAILABILITY OF FLUORINE COMPOUNDS

Flvorine does nof cceur free in nature, but it occurs in a wide variety
of combinations with other elements throughout the earth’s crust.
Most phosphate-rock deposits contain 3 percent ar more of fluorine;
calcium fluoride in the form of fluorspar is a common material; and
many other combinations of fluorine have a wide geographical dis-
tribution.

Many of the fluorine compounds are stable, chemizally inert, finely
nrystalline or amorphous powders, and relatively insotuble. These
qualities make them desirable from an insccticidal standpoint, as
they can be applied by dusting or spraying; they adhere to foliage
without being toxic to it, and t%ey retain their efficiency over a con-
siderable pertod of time. They are also nonirritating to operators
and noninjurious to maechinery.

HYDROFLUORIG AND HYDROFLUGSILICIC ACIDS

Two common acids eontaining fluorine are easily prepared from the
naturelly oceurring compounds, When fluorspar or any other non-
siliceous fluoride is treated with sulphuric or other nonvolatile acid
snd the reaction mixture is heated, hydrogen fluoride distills oft and
may be dissolved in water to form aqueous hydrofluoric acid or con-
densed to the anhydrous hydrofluoric acid. Commercinl aqueous
hydrofluoric acid coniaining 48 percent HF is available in large
quantitites. The reaction involved in its manufacture is expressed
by the equation:

CaFy+H;80,~—Ca80,4-2HF

Phosphate rock contains 2 double compound of calciwm phosphate
end caleium fluoride and in addition silicon dioxide or sand, so that
when this material is heated with sulphuric acid, as in the manufacture
of phosphate fertilizer, reactions take place as follows: The calcium
fluoride and sulphuric acid react to form hydrofluoric acid, which m
turn reacts with the silica to form silicon tetrafiuoride, which is evolved
88 B ga3, 'These reactions are expressed by the equations:

Cﬂ-Fg +H zS Oq—'—"‘*CaSOq + 2HT
4H T4 8i0,—8iF+2H,0

When the silicon tetrafluoride is passed into water, it combines with it
to form hydrofluosilicic acid (H:S8iFy).

3SIF, 4+ 4H,0——2H,81F, -+ 8i (OH),
1 Xtalic numbers {0 parentheses refor to LAteratura Clted, p. 23
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Commercial aqueous hydrofluosilicic acid containing about 35 percent
of Hy5iF; is available in large quantities. Bach ton of phosphate rock
confains the squivalent of about 75 pounds of hydrofinosilicie ueid,
and, since approximately 3,000,000 tons of phosphate rock are sold or
used annually in the United States, there is an ample supply of fluorine,
As gaseous silicon tetrafluoride is deleterious to vagetation, most
fertilizer manufacturers are required to prevent its escape into the air;
80 any new use for this compound is welcomed.

FLUORIDES

The fluorides, or salts of hydrofluorie acid, are the most common
commercial luorine compoundas. They are represented by the general
formulas MF, MF,, M¥;, etc., where M represents on0-, d%—, and
tri-basic elements, respectively, Fluoridesof practically all themetals
bave been prepared and their properties studied. In geueral, they
are finely crystalline compounds or almost, amorphous powders, stable,
and with widely differing solubilities in water (2). Thetr insecticid.:.
properties have been investigated quite thoroughly, bus usially if
soluble enough to have the desired toxicity to insects these compounds
cause foliage injury. Most fluorides are dense powders which are not
suitable for dusting purposes and do not adhere well to foliage,

FLUOQSILICATES

The fluosilicates, or salts of hydrofinosilicic acid, are another impor-
tant class of fluorine compounds. They are also sold and advertised
commercially as silicofluorides, but the American Chemicsl Society
recognizes only the term * flucsilicate.” They are represented by the
general formulas M,SiF,, MSiF,, My(SiF,),, ete., where M represents
mono-, di-, and tri-basic elements, res ectively,

The fluosilicates of most of the metaﬁs have been prepared and their
properties determined. They are finely crystalline or amorphons
powders or well-defined crystalline compounds, some with and some
without water of erystallization. They are usually much more soluble
than the corresponding fluorides (2, 4), and in solution the give an
acid reaction. Sodium fluosilicate, for example, reacts with water
according to the equation:

3N1,8iFs +4H0——=6NaF +-2H.8iF, <+ 8i (OH),

The titration of the liberated acid in a fluosilicate solution with stand-
ard alhali is often employed as an analytical procedure:

NagBiFe+4NaOH—~—6NaF 4+ 8i0,+ 2H,0
There are only three fluosiliates whose solubility is low enough to

permit of their use as insecticides on field crops. They are the fluosili-
cates of barium, potassinm, and sodium. These compounds are avail-
able commercially both in the pure form and mixed with diluents to
improve their physical condition for dusting purposes.

Sodium fluosilicate is available commercially in large quantities.
It can be obtained easily in o high degree of purity, commercial samples
in many cases showing by annTysis 2 purity of more than 99 percent.
In order to improve its physical concfition for dusting purposes it is
also mixed with diluents and sold as = dusting material. Diatoma-
ceous earth, talc, silica, sulphur, hydrated lime, and other finely
divided materials are used for this purpose.

Potassium fluosilicate is less solu blfe tﬁan sodium fluosilicate and has
received less attention as an insecticide, probably on account of its
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greater cost. It is a white, very finely divided powder suitable for
application by spraying or dusting. 1t can be obtained easily in a
Iugh state of purity and can be mixed with diluents similarly to sodium
fluosilicate,

Barium fluosilicate is the least soluble of the fluosilicates. It is
available commercially in large quantities either in the pure form or
mixed with diluents, as in the ease of sodium fluosilicate. A special
light form elaimed to contain 80 percent BaSiF, end 20 percent fluffing
agent is also available. It is a white, very finely divided powder
?uliltab]e for application by spraying or dusting, and it adheres well to

oliage.

Tt should be remembered that all fluosilicates give an acid reaction
in solution and that mixtures with basic materials such as hydrated
lime réact, neutralizing part of the fluesilicate, to form & fluoride.
Barium fluosilicate in particular is aiso not compatible with nicotine
sulphate, Bordeaux mixture, lime-sulphur, or spreaders containing a
high percentage of caleium compounds, sodium suiphate, or other
soluble sulphates, ’

FLUOALUMINATES

Other fluorine compounds that appear promising are the fluoalumi-
rates, or salts of the hypothetical acid HyAlF,;. If aluminum oxide
or hydroxide is treated with hydrofluoric acid in excess, the aluminum
fluoride first formed is aoluble in the excess acid so that in effect we
have a solution of H;AlF,:

A{OH);+8HF==H;AlF,+ 3H,0

Salts of this acid may be formed in the same way as with any other
acid—viz, by treatment with a base or a solution of another more
soluble salt.

The natural mineral cryolite, or sodium fluoaluminate, is an exam-
ple of this class of compounds. It occurs in nature in well-defined
crystolline form. The other alkali-metal salts of this class ere de-
scribed by Carter (5). Little has been published on the preparation
and properties of the fluoaluminates of the other metals, but considera-
ble work is now in progress. .

In general, the flucaluminates are finely crystalline or amorphous
powders, stable, relatively insoluble, and since they are not easily
hydrolyzed by weater their solutions or suspensions in water are practi-
celly neutral. They should therefore be safe for use on field crops.
These compounds are aiso stable In the presence of moisture and
are not appreciably decomposed by hard water. However, they
should not be mixed with lime-sulphur or other matertals of high
calcium content.

Synthetic cryolite, or sodium fluogluminate, of a high degree of
purtty is available commercially. This is a white, very fineiy divided
powder, relatively insoluble, and suitable for spraying and dusting
purposes. Its refractive index is close to that of water, so that con-
centrations of 4 pounds to 100 galions appesr almost elear, although
only a small percentage is really in solution. There is also available
commercially a special form of natural cryolite, which is finely pow-
dered, suspends well in water, and seems fo be as suitable as the
synthetic material. )

Potassium fluoaluminate hos been made commercially and is a
white, finely crystalline or amorphous powder of low soiubility,
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suitable for spriying purposes but not quite so suitable for dusting.
Its dusting properties can probably be improved, however. The
refractive index of this compound is likewise low, and suspensions
of it are near.y transparemt, but only a small percentage actually
goes into solution,

ANALYSES OF MATERIALS USED

Most of the compounds used for the experimental work reported in
this bulletin were analyzed to determine the percentage purity, and
these analyses are given below:

Percint
Barium fluosilieate no. 1;
Barium flussilicate {BaSiFs)
Other naterial
Barium fluesilicate no. 2:
Borium fluosilieate (BaSiF,)
Borium fluoride (BaTy)
Moisture
Other material
Barium fluesilieate no, 3:
Barium fluosilieste {BaSiTe)
Inert ingredients
Barium fluosilicate no. 4:
Barium fluosilicate {BaSiFg)
Barium fluoride (Bals) - oo
Inert ingredients
Barium fluosilicate no. 5:
Barium fiuosilieate {BaSiFg)
Barinm fiuoride (BaFy)
Undetermined (mostly silica)
Potagsium fluosilicate no. 1:
Potassium finezilicate (TG8iF,)
Potassium finoride {KF)
Moisture
Other material
Sodium fluesilivate no. 1:
Sodium flucsilieate (Nn.SiF,)
Iron and aluminum oxides (Fe,0Q; and Al,Oy)
QOther material
Potassium flucaluminate no. 1:
Potassium fluorluminate (I AlF,)
Iron and aluminum oxides, ate. (FeyOp and ALOy)
Sodium flucaluminate (synthetic eryolite) no. 1:
Bedium fluogluminate {(Na,AlFs)
Undetermined
Sedium fluoaluminate {synthetic eryolite) no. 2:
Sodium 8noaluminate (NaAlFy)
Alumion (ALOg)
Undetermined

The fish oils employed were salmon oils, which are obtainable on the
Pacific coast. The physical and chemical constants of two of these
oils were determined:® . .

N ! ', £

Specific gravity at 15°/4° C 0, 922 0. 932
Viscosity, seconds, Saybolt Univarsal at 100° F 165 132
Sapenification number 194
Unsulphonated residue (A.0.A.C. method) None, None.
Todine number (Hanus) 180
Acetyl value, mg KOH per gram acetylated oil 2 12
Free fatty acids %cnlculated as oleic acid), pereent 8 T
Water-soluble acids {oalculated as oleic acid), percent .14 .08
Volatile fatty acid number, mg KOH per 5 g of oil . 52 .23
Insoluble fatty acids (Hehner}, percent , & 96.1

3 Thess analyzes wore made by ¥, E, Dearborn, of the Burenu of Chemistry and Sofls.

b=l or OO ORI

6.
22,
0.
10.
95,
&.
95.
L
3.
T4
2.
23.
96.
2
0.
0.

OO K e Ld—= Rkl
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These constants correspond quite well with those given by Hood
(8), except that sample no, 1 had a rather high free-fatty-acid content.
No injury resulted from the use of this oil, however.

METHODS OF MAKING TESTS

Most of the laboratory experiments were made in the manner
already used by Newcomer (11). Carefully selected apples of one
variety werc suspended by their stems in an outdoor shelier and
sprayed or dusted unifomgy with the material to be tested. When
they were theroughly dry, 10 newly hatched larvae were placed on
each apple, five apples being used for each test. In 1929 and 1930
tests were also made in which larvae were placed on the fruit several
days after it had been sprayed. In order to have the fruit in 8 normal
condition, it was sprayed while hanging on the tree, and picked just
before the larvae were placed on i, Care was talen to remove ad-
jacent leaves, so that the spray material would not be rubbed off
by them. In 1950, also, small pieces of paraffined paper on which were
10 eggs almost ready to hatch were attached o the stems by means of
paper clips. Theresulting larvae readily found their way to the apples.

The results of the laboratvry experiments are given in terms of
percentege of worms entering the fruit, percentage causing only
stings, percentage causing total blemishes, and, in most instances,
percentage of control. The last-mentioned figure has been obtained by
the method of Abbott, Culver, and Morgan (7, p. 6), who used the
following formula:

{Percentage of worms enter- (percentage of worms enfer-
ing fruit in check) B ing treafed fruif)
{Percentage of worms entering fruit in check)

Many of the experiments reported are averages of two or more tests
made during the same seeson. When this was done, the same number
of tests, made on the same dates, are used for each experiment in the
table. No attempt has been made to compare one series of experi-
ments with another, for variations due to differences in temperature
and humidity, condition of the Iarvae, and variety and degree of
ripeness of the fruit would meke such a comparison of little or no
vilue.

For the orchard experiments plots containing 8 to 16 trees were
used. The spraying was done with a gasoline power sprayer main-
taining 300 to 350 pounds pressure and using spray guns and two lines
of hose. Very wormy orchards were selected for alf' the testsin order to
give a fair comparison. Tests in which the infestation is less than
5 percent are nct dependable, as experimental error may overshadow
any differences caused by variations in the trestment,

The results of the orchard experiments are given in terms of per-
centage of fruit wormy, percentage stung, percentage of sound fruit—
that is, fruit that is neither wormy nor stung—and ratio of stings to
total blemishes. Fruit that was both wormy and stung is recorded
under both beadings,

X 100=pereent control
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LABORATORY EXPERIMENTS
EXPERIMENTS IN 1525 AND 1925

The first work done with fluorine compounds at Yakima, Wash.,
was in 1925, when a barium fluosilicate {(no. 1) was available for
laberetory experiments. It was tasted at dilutions of 2 and 4 pounds
to 100 gallons of water, without fish otl, in compsarison with lead
arsenate at 2 pounds to 100 gallous (table 1). The results were
nearly as good as those obtained with lead arsenate.

FanLe 1.—Tozic effect of barium fluosilicaie, as compared with that of lead arsenale,
on the lervae of the codling moth: Luboratory cxperiments, 1926

[+ lesis avernped for each experiment]

Worms
Bi}g' Worms Worms | causing

Matarial 1 ¢ Stings |causing| total
per 100 stin
gz | blem-
gullons)] ishes

Number| Iwinber| Percent |Percent
Barinm Quoesilicate ne. | .- ) 8.5 48 .0 32. 5
o | 8. 49 L 8 326
Lead nrsenate_ . 3 46 L O 20.8
Check (unsprayed) __. . R 3 42 1.q .5

1 Analyses of most of the Auoring compounds mentigned in ihis and (ollowing tables are glven under
Analyses of Materinls,

In 1926 a sedium fluosilicate was tested, both as o spray and as a
dust, being diluted with lime in the latter case, as indicated in table 2,
The results were relatively poor.

TasLE 2—7Toxic effect of sodium fluosilicale, as compared with thal of lead arsenate,
with and without the addilion of hydrofed lime, on the larvae of the codling maoth:
Laboratory experiments, 19268

[4 Lests nvernged for ench experiment)

Dilu- Worms
Worms
Material thou enter- | gyines | oausing
{per 100 ing stings
Lallons) fruif b

Pounds | Number| Percent |Number,

Sedinm Quesilicate no. 1o 2 x| 400 21
15} 300 =)

36 17.5 0

Sodinm Oupsilicatene. 1 ________._._ 0.7

Hyn{ljmtcd liinc ) : 8| wo 18
arsenate. .. )

Hydrated limo Lo es]

6 | Cheek (not spraved or dusted} R 116 58.0 5

1y weight,

EXPERIMENTS IN 1927

In 1927 the fluosilicates of barium, sodium, magnesiuin, and zine
and sodiuvm fluoaluminate (synthetic cryolite) were tested at dilutions
of 4 and 8 pounds per 100 gallons of water in comparison with lead
arsenate at 2 and 4 pounds, respectively. The results obtained with
the barium fluosilicate no. 2 and sodium fluesilicates were very good,
os shown in table 3. The soluble zine and magnesium fluosilicates
were of Little value. The zine fiuosilicate also caused the apples to
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turn brown wherever it entered the fruit through holes in the skin
made by the codling-moth larvae. This suggests that it might burn
the fruit and foliage if used in the orchard. The sodium flucaluminate,
which was rather impure and dense, did not give good control.

TasLe 8.—Tozic effect of various fluorine compounds, as compared with thal of lead
arsenate, or the larvae of the codling moth: Laboratory esperiments, 1927

{2 Lests avernged for each oxperiment)
!

BDlia- Warms
; Worms g
Matetial (})%11??00 epter- causing| total | Control
e stings -

g
3

Pounds |Nunber
Barium Quosilicate no, ¥ 24
Sodinm fQuoosidicate no. .
Magoestm fluosilieats.
Zing fluesilicyle

Barinm fupsilicaln ng, 2__ |
Sodium Juesilicate o, Yo cicveamonns
fapnazinm Huosilicolo,

Fing Quosliicats

Sodium fiuepluminate no. 1_.
Lead nrsennte

Check {hmsprayedy. . ...

s
Pt b
QWM‘-}&HWNC\N*HUS_

i 0 0 0 G20 8 B0 W e e o
BERSNZNRERAS
B G 7 O G D0 AR D00 O 0D R

-
BENEsneamam e

EXPLRIMENTS IN 1928

1t was thought that these materials might not adhere so well as
lead arsenate, and therefore fish oil, in the quantity suggested by Hoed
(8) for use with lend arsenate, was added to them in the tests made
in 1928. The degree of control obtained with all the fluorine com-
pounds was higher than with lead arsenate, when compared with half
the quantity of the latter, used without fish oil- as shown in table 4.
This was in spite of the fact that the barium fluasilicate and sodium
flnoaluminate were not very pure, being the same as were used in
1927. The addition of fish oil (ne. 1) to the lead arsenate resulted in
somewhat better control than was obtained with the fluerine com-
pounds.

Tassk 4.— Toxic effect of verious fluorine compounds plus fish oil, as compared wilk
that of lead arsenale, with and without lhe addition of fish ofl, on the larvae of the
codling moth: Laborgtory experiments, 1928

{3 tests averaped for ench experimeni)

W, W Worins
Dilution Qi OrIAs| caus-

e Worm-| enter- CANE. ing
M terial (2?12;2? iwoles | ing ing [ totwl
g fruil stings | blemi-
ighas

. Wuraber] Percend|Number| Percent) Percenl| Pereend
{if?éi“;?i Sooyeute . 2o . wol | ol 326l T4
T —— o St Tl T o Moo M
Fisi ofl BO, 1.\ veeeneans ) 1.7 ¥ 32.0 0.1

4 1pini

Legd arsennte. . | 2 paunds..| . P .
Fish ol 00, £..-. oo1ooo. I t pint 0.7 ER
Load ar 1 . 2 ponuda. 210 k A 40.7
Cheek {nnspreyed) 5.0 e 60.0
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EXPERIMENTS IN 1§29

The compounds tested in 1929 were the same as those used in 1928,
Tests were made 1 day end 7 days after spraying. Inasmuch as it
was necessary to spray the apples while they were still on the trees, it
was impossible fo spray them so evenly anc{ thoroughly as when they
can be revolved while being sprayed. However, the results are
“nteresting (table 5). The barium fluosilicate gave, on the whole,
slightly better control than the potassiim flucsilicate, possibly because
of better adhesive power. The sodium flucaluminate was the best
of the three in the 1-day test, but at the end of 7 days the control was
nof, quite so good as with the other materials. In most instances the
asddition of fish oil improved the degree of control in the 1-day test,
but this improvement was not evident in the 7-day test.

TaBLE 5.—Tozic effect of various fluorine compounds, as compared with that of lead
arsenate, with and without the addition of fish oil, an the larvae of the codling moth:
Laboratory exrperiments, 1828 .

1 day after sprayving 7 days efter spraying

Dilution
Material {per 100
gallons)

Experiment no.
Worms entering
fruit
Worms cnusing
slings
Waorms casing
total blemishes
Worms enterlng
{ruit
Worms causing
stings
Worms cansing
total blemishes

i

&
3.—1—-»—8 = g
[~ - - I & o M O ]
e
o

g
ES

Barinm fluosilicate po. 2., 2 pounds ..

=

Barium flucsilicate ne. 2.
Potassium Quosilicate no.

&y
)

_— 0, -

Fisholl no. Jeooeecoeon -
Potassiugm Quosilieate no. ).,
Sedinm fuoalumingie no. I....__

B8

L= B T L IR L
—
"
1]

o
[

) Ao _do.
Fish oil mo. 1. I pint.
Lex Z?Tntmds__
[+]

[~
(=]
=
(]
"

[
o
(<]
=

-
L]
[
[~]
4
=

[ do
Fish ol mo. Lo _eoan..
Chieek funsprayedh.. . ovmvevoann

...
o
)
a8

In an additional test made with sodium fluoaluminate and fish oil,
the control was very good, as shown in table 6. This table also gives
the results of a preliminary test with potassium flucaluminate, which
indicates that this compound may be of some value,

173303°—33——2
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TaeLp 6§.—Toxic ¢ffect of sodium flupaluminate and polassium flucalumingle, as
compared with that of lead arsenate, on the larvae of the codling moth: Laboratory
experiments, 1948

E W W Waorms! .
x- s orma arms| caus-
. I()pﬂelrlt;gtr}] anter- caus- | ing
raent hions) ing ing totnl

RO, £ frutt stings | blem-
isties

2 " Percent | Number) Percent | Percent | Pereent

nrounds.

N ;pint . 21 42 5 8l.o¢

pounds. |

1 pint..... 18 38

Lead presnpte__._ 2 pounds. 14 p-}

Cheel funsprayed) [ 12
0
12
bi]

50
5
5
)

Potassiom thionluminate no. 2 . . iQ
Ind arsennie ...d .- 28 G

84
Check {ansprayed) 78 O 78

EXPERIMENTS IN 1930

Experiments were made in 1930 with barivimn fluosilicate and sodivm
fluosluminate from several sources and with a series of 17 fluorine
compounds prepared by Carter. The five fluorine compounds in-
cluded in table 7, when used at the rate of 3 pounds to 100 gallons
of water, with fish oil, all resulted in a control equal to or better than
that witl: lead arsenate used at the rate of 2 pounds per 160 gallons,
without fish oil. This was true both 1 day after spraying and 5 days
after spraying.

TarLe 7.—Tozic effect of various fluorine compounds, as compared with thal of lead
arsenale, wilh and without the eddition of fish otl, an the larvae of the codling
moth: Labaralory expertments, 1830

[2 Lests everaged for each oxperiment]

1 day after sprayine 5 days after spraying

Dilution
Materiat {per 100
galipns)

Warms entering
Truic
Worms causing
stings
Worms causing
toleol blemishes
Worms entering
it
Worms causing
stimgs
Worms causiog
total hlemishes

Experlmant no.

Per-
cend
Barium Suesilicele no 2 3 pounds,__| 63§
Fishoilne. 2. ... . L guar.... '
Barium fluostifeate no, 3. 3 pounds__ o84
Fisholino. 2o o 1 gusrt... ¥ - '
Spdinm fuealuminate no. L. 3 pounds.. 073
1quort .. . !

{Sodlum fugaluminnte ne. 2. 3 pounds_. 7.1
Fish oif no. 2, | - " _'3'-5

3,

v
.00,

{Flsh <il no - -1 0L8
Potassium fuosluminate no. 1., . 5 3 0| 550

Lead arsenate . ) 5| 736 9.0(820
Check {(unsproyed) o, 7.9 7.0

O ] At b 3 kW e

=

In another series of experiments a barium fluosilicate over 95 per-
cent pure (no. 4) was compared with a materinl containing only
about 74 percent barium fluosilicate (no. 5). The former material
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was somewhat better than the latter both 1 day and 5 days after
application, as shown by comparing experiments nos. 1, 2, and 3
with nos. 4, 5, and 8 in table 8. Even when used at the rate of 4
pounds to 100 gallons (experiment no. 9), the compound containing
.75 percent barium fluosilicate was not much better than the other
material at 3 pounds. Variations in the method of using the fish
oil were also tried. It was used without emulsification, and emulsified
with the fluosilicate and with casein-lime spreader (experiments nos.
5, 6, and 7). No great difference in coutrof resulted.

TanLe 8.—Toxic effect of barium fluosilicale, as compared wnih that of lead arsenate,
with and withoul the addition of fish ofl or summer-eil emulsion, on the larvae of
the codling moth: Loboratory experiments, 1930

[2 tests mveragad for each experiment]

1 day alter spraying & days after spraying

Dilution
(per 100
galions)

’ Experiment no.
Worms entering
fruit
Worms eauding
stings
Worms cansing
total blamishes
Worms entering
fruit
Worms causing
stings
Worms causing
total blemishes

Barium fluesllicate po. 4
{#]

3 pounds..
d o

{Fish oil ne 2 1l guart__. ..
{Barlum fluosilicate no 4 3 pounds__|1,
Sommer-oil emnlslon. .. 1pallgn___
Bgrium Bucsilicata pe, 5

___.da
{Fish oil no. 2. 1 quart_...
{Bnrium Anosilieate no., 5. .. __

Fish oll ne. 2, emulsified with the f gg‘;fﬁi:

flune.ligate
Barfum Aeesllicate no. 6 _____.
Fish oil ne. 2, emuisified with eas- |} - 0. A L4 | 730
}Beip-limﬁl sp;leind?r 5

arium Auoesilicate no. .

Jummer-oil emulalon. .. . 2 .2
Barium fAuesilicate no. 5. -} &5 65,4 . g-g.é

" 5 3 5 71
Check (unspraycd) £0.8 80.8

The two sodium flnoaluminates (nos. 1 and 2) shown in table 9 were
tested at the rate of 4 pounds to 100 gallons, with and without fish oil,
and also with mineral oil and with a small quantity of mineral-oil
emulsion. Unfortunately there was no unsprayed check with this
series, so that the percentage of control cannot be given. However,
by examining the percentage of worms entering the fruit and the
percentage causing the total blemishes, as given in table 9, it will be
evident that sodium flucaluminate no. 2, which was the purer of the
two, gave the better control. This was also shown in experiments
nos. 4 and 4, table 7. It is apparent also that, with sodium fluoalu-
minate no. 2 at least, there is an advantage in adding a fish oil or
mineral oil,
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TapLe 9.—Toxic effect of sodium fluoaluminate, as compared with that of lead
ersenate, with and withoul the addition of fish ofl, summer ofl, or summer-pil
emuylsion, on the larvae of the codling moth: Laboralory experiments, 1980

5 - Worms
Exe Dilution Waormms enusing
totnl

" Materiat {per 100 enter-
ment ing A
Ie. gellons) fruit blem

ishes

Number| Percent | Number| Pereent
Sodlam Ausaltmioalene, 3o . ... _ 4 pounds._ . 19 38 12 24
.-_do

no. 2. . 1 quarl .. 18 32 ®
odlure Quoluminate oo, 1. 4 pounds. . m 12
dummer-oif emulsion. . __ Y quard...
ndium Suoaluminats ne. 1 - 4 ponnds.. o 15 1
Bummer ofl 1 quart_.._
4 popnds_ | 33 [
30 jH
{Sodium Quoajuminats ne. 2., 4 pounds.. 24 i
Summer-oil tsio: 1 quard..__

{Sadium Nuoaiurainate no. 2. --| 4 pounds__ 34 i
Summet of] boopiart....

Lead ar k . 2 pounds__ 9 ]

g W m ot R W Ry -

In the tests made in 1930 fish oil was used &t the rate of 1 quart
to 100 gallons, instesd of 1 pint. Analyses of apples sprayed with
barium fiuosilicate alone and with the addition of 0.5, I, and 2 pints
of fish oil {table 10) indicated thai increasing the quantity of fish oil
did not increase the quantity of barium Ruosilicate placed on the
apples but did incresse the residue remaining after an interva) of 10
deys. Marcovitch and Stanley (10) had shown increased adhesive-
ness of barium fluosilicate during rains when fish oil was added. In
this case a slight rain, smounting to 0.15 inch, oceurred in the 10-day
interval, Fish oil no. 2 was used in these tests.

Tasre 10.—Effect of addition of different guantilies of fish oil on adherence of
bariwm fluosilicate ! sprayed on applos

Barlum Qunsiticale on apples

f;;;lf;llgg Sprayed in Sprayed in orchard
sulions of | pseptary; | ——— .
spray ‘{&’}‘.3;‘55 Acnlyzed | Analyzed
P immedi- | sfter 10
ately days

Grain per | Grain per | Grain per
pound potrtd pound

4 pounds of barfom fueosilicals used per 100 gatlons,

The results of the toxicity tests (tables 5, 7, and 8) are not what
would be expected from the analyses in table 10, the percentages
of control decreasing about ss much during the intervel in the tests
with fish oil as in those without it. Rain amounting to 0.3 inch fell
during the intervel of the test of 1929 and & smaﬁer quantity fell
during one of the two series of tests included in table 8, but no cor-
relation between the rainfell and the results is evident. Further
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work is necessary hefore the value of the fish oil and the optimum
quantity that should be used can be determined.

Table 11 gives tests of 17 filuorine compounds, all of which were
laboratory preparations purified with a reasonable degree of care and
may be considered as being at least 90 percent pure in all cases,
Their solubilities were in every case less than that of sodium fluosili-
cate. The compounds were used at the rate of 4 pounds to 100
gallons, and compared with lead arsenate at the rate of 2 pounds to
100 gallons, no fish oil being used. In these tests five corapounds—
manganese fluoride, barium fluosilicate, potassium Juosilicate, magne-
sium fluoaluminate, and potassium fluoaluminate—were distinctly
superior to lead arsenate, as indicated by the relative percentages of
worms entering the fruit. Three others—sodivm fuosilicate,
ammonium fluoaluminate, and sodinn fluocaluminate—were approxi-
mately equal to lead arsenate. Of these 8 compounds, 3—manganese
fluoride, magnesium fluoaluminate, and ammonium flucaluminate—
had not been tried before.

TasLE 11.—Tozic effect of various fluorine compounds and of lead arsenale on the
larvae of the codling moth: Laboralory esperimenis, 1530

S O
]]l?l?lrlll;r Materinl ! eqter- eausing | total

Lo stings | biem-
‘ Ishes

Peareend |Percent
Barium flugride {FaFs) 4 ] 81
Lead fiyoride (PL1;)
Magnesium fuoride (MgFz)__
Manganass fluoride (MoFs).__
Barium Aupsilicate (BaS[Fy). .
Fotassium Auasilicote {KaSiFg)...
Soditirn QuesiHeate (NaBiFg)
Ammoninm Auoalumicate [(NHOaALFg]. -
Barhun Ouestuminate (BadAlfyg_
Coleinm Bucaluminate (CaAlFs). .
Mogpnesirn Quoaluminate (MpALF.
Potassinm Guoalumminate EK:AIFs}. .
Polossium Suozlumingte (FKrAlF4-8i0h.
Spdivm Nuesliminate ENR:A]F:) s e
Sodium Quesluminate (MagdlFa}4-8ids
Strontiuin fluoaluininate Er.-ﬂFs)---_-.
Zine flucsiuminate (ZnAlFs)
Lend arsenate (PhHAsD)

1
3
4
4
b
0
7
8
¢

1 The Buerice compounds were used at the rala of ¢ pounds to 100 gullons nnd the lend arsenate at 2
pounds to 100 gallons. No fish ol! was used,

The results of these laboratory experiments are somewhat variable,
probably on account of the rather large experimental error which
must exist in tests of this nature. Moreover, for the most part they
show only the toxicity of the materials immediately after spplication,
Nevertheless, they arc valuable in giving preliminary indications of
what may be expected from these compounds. The practical value
of a new material can be determined only by orchard experiments,
Such factors as durability of the material and its effect on the tree
and the fruit do not enter into laboratory expsriments,
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ORCHARD EXPERIMENTS

EXPERIMENTS IN 1926 AND 1927

In 1926 some dusting experiments were made in two orchards, in
which a sodium fluosilicate dust was ccmpared with a lead arsenate
dust and with a lead arsenate spray. The same dilutions were used
95 in the laboratory tests (table 2, experiments nos. 3, 4, and 5). In
one orchard the fluosilicate dust resulted in poorer control than the
lead arsenate dust, and in the other orchard it was somewhat better.
In both orchards the lead arsenate spray controlled the worms much
better than either of the dusting treatments. Tesis with barium
fluosilicate and sodium fluosilicate used as sprays were made in 1927,
but the c-op on the trees used was so much smaller than that on the
trees sprayed with lead arsenate that a fair comparison could not be
.made. EXPERIMENTS IN 1928

In 1928 an orchard of Jonathan apple trees was selected that had
not been sprayed the previous season and was therefore very heavily
infested. The fluorine compounds were used at the rate of 4 pounds
to 100 zallons, and compared with lead arsenate used at the rate of
2 pounds to 100 gallons. These fluorine compounds were made espe-
cially for the experiment, but they were quite dense, and the barium
flnositicate and sodium finosluminate were not especielly pure. In
~rder to increase the adhesiveness of the fluorine sprays, fish oil was
added at the rate of 1 pint to 100 gallons. It was usually emulsified
first with some of the fluorine compound, as suggested by Porter and
Sazama (72). The crop was good, although somewhat smaller on the
trees sprayed with fluorine compounds than on those sprayed with
lead arsenate. Wight trees were used for each test, and the apples
from the two most nearly uniform trees in each plot were examiued.

As shown in table 12, the percentages of woriny apples on the trees
sprayed with potassium fluosilicate and with sodium fuosluminate
were nof materially higher than on the trees sprayed with lead arse-
nate, and the percentages of stung apples were somewhat lower;
consequently & slightly larger percentage of the apples were sound.
The barium fluosilicate was rather impure, and the results with it were
poorer than when potassium fluosilicate was used.

TaBLe 12.—Effectiveness of various fluerine compounds, as compared with lead
arsenale, in controlling the codiing moth: Orchard ezperiments, 1928

- Diliz- Ratio of

Hon | pogny Sound

(igfd"_ apples appiles
lons)

Wormy apples | Stung npples

| Pounds |Number|Number| Numberl Percent | Percent
Barinm Auogllicats no. 2. ... 41 3,698 718 524 if4 50.1
Potaseinm Auoosilicate no, 1__ 3, 450 243 X 787 19,9 [T]
fodinm Buealnminate no. 1... 4,348 | 1,008 873 0.1 621
5802 | 1,251 3 1,333 24.2 60, 1

1 Fiah oll, 1 pint to 100 gallons, usad with a1l Buorine sprays.

Bpm} schedule: Calyx, May 10; firat cover, May 32; second cover, June 1; third cover, Inze 12; fourth
cover, June 22; filth cover, July 11; sixih cover, Aug, &
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EZPERIMENTS IN 1529

In 1929 the same materials were used at the same dilutions. Carter
(3} had shown that these compounds were compatible with lead
arsenate. Therefore, a plot was added in which lead arsepste was
used for the calyx and first cover sprays, followed by sodium fluo-
aluminate, and another one in which half the usual quantities of lead
arsenate and sodium fluoaluminate were used together for the first four
applications, followed by sodium fluoaluminate alone. These experi-
ments were made In o different orchard from the one used in 1928; it
consisted of Rome Beauty apple trees which had been poorly sprayed
the previous season and were consequently heavily Infested. The
fruit on the various trees in the orchard was nearly uniform. Each
plot contained 12 trees, and the fruit from 5 of these was examined in
each test. .

The results of these experiments are given in table 13. Asin 1928,
the barium fluosilicate was poor in effectivencss. When potassivm
fluosilicate and sodium fluoaluminate (synthetic cryolite) were used,
the percentage of wormy fruit was similar to that when lead arsenate
was used, and the number of stung fruit was markedly smaller. The
use of sodium fluoaluminate following lead arsenate (test no. 4) gave
the lowest percentage of wormy apples but a higher percentage of
stung apples than when sodium fluoaluminate was used throughout.
The combination of lead arsenate and sodium fluoaluminate is not
included in the table, as the portion of the orchard in which it was
used happened to be particularly wormy, and therefore this treatment
eannot be compared with the other treatments. There was no
evidence of injury to foliage or fruit in any of the plots.

Tanue 13.—Effcctiveness of various fluorine compounds, as compared with lead
crzenale, in conlrolling the sodling moth: Orchard experiments, 1929

Dilu-
Total

Matarinl ! apples

Wormy apples | Stubz apples

lons)

Founds |Number| Number| Percent | Number| Percent
Barlum finosilicate no. 2... ... 10,671 ) 4,174 38 L 7 214
Potassinim fuositicate no. 1, .. 4] I2%7| 3,025 24.7 22.7
Bediem Bucaluminate no. 1. 4] 12,864 3,82 B0z 25.2
Lead nrsennle in calyx and
frst cover apra 2
Sodium flucaluminate no. 1in 10,434 | 2,184 20.9 27.5
remaining cover sprays 4
§ | Lend ardenate 2112,740 | 3,47 255 38,1

! Fish oil, 1 pint to 100 galions, used with all Juorine sprays. -
Bpray schedule: Calyx, May 20; first cover, June 1; second cover, June 12; third cover, Juga 24; fourth
cover, July 12; fifth cover, Aug. 10,

EXPERIMENTS IN 1930

1In 1930 & barium fluosilicate mixture that had been made especially
for insecticidal purposes {no. 5) was used. It contained about 74
percent barium fluosilicate, a percentage somewhat higher than that
of the material used in 1928 and 1929. Tt was much lichter and
remained in suspension better, owing to the inert material added.
The orchard used in 1930 had been heavily infested and consisted
of alternating double rows of Jonathan and Winesap apples, making
it possible to include both varieties in each plot. Three series of
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tests were made, in all of which lead arsenate was used for the calyx
and first cover sprays. g

In the second to the sixth cover sprays berium fluosilicate was used
except for two applications in one series (C), where mineral-oil
emulsion plus picotine sulphate was substituted for the fluosilicate.
In another series (A) minersl-oil emulsion was added to the barium
fluostlicate in two applications. Fish oil {no. 2) was added to the
barium fluosilicate except when the mineral-oil emulsion was used.
Comparable adjacent plots sprayed with lead arsenate were provided.
The treatments for all these plots are giver in table 14.

Tasie 14.—Spray schedule used in orchard experiments for control of the vodling
molh, 1930

Calyx (May 1) and Drste

cover (May 22) Secand cover, June 4 Thixd cover, June 14

Leed arsenale 3 pounds *....| Barium fluosilicate 3 pounds 4 | Barium fluosilicates 4

Q.75 percent oil emulsfon. pounds.

Lead arsenats 2 ponnds -+ 0.75 | Lead arsenate 2 pounds.
percent, ail emnilslon,

Lend srsenate 2 ponnds. Da.

Barinm Haos{licate 4 pounds. .__| Barium fuoesilieato 4 pounds,

Lend nrsennte 2 pounds Lend nrsenata 2 pounds.

0.75 pereent ofl emulsion -+ nice- | Barium fluosilicats 4 pounds,
tine sulphate (1-1,200).

il Lead arzenate 2 pounds.

Fourtih cover, June 268 Fifth cover, July 20 Sixth cover, Aup. 12

Barium fluesilieated pounds .| Baripm Ouosilieste 3 pounds 4+ | Barlum duusilice?-. 4 ~ounds,
{.75 percoot oil emulsion,
Lead arsennte 2 pounds Lend wrsenata 2 pounds 4~ 0.75 | Lead arsenste 2 poumils.

percent ol amulsion,
R Lesd arsenata 2 pounds . .. - Tro.

Barinm Mgsllicate 4 pounds.| Barinm fluosilicate 4 pounds___.| Barjum finosilicate § pounds,
Lead arscosle 2 pounds. .. .| Lead nrsenate 2 pounds Lead arscnate 2 pounds,
Barinm fussilieats 4 pounds.| 0.75 pereent oil emulsion + | Barium OQuosilieate § pounds,
nicotine sulphate {1-1,200),
Lead arsenntle 2 pounds do Lead arsenate 2 pounds.

1 Weights of barium (uosilicate apd lend arsenate ore for each 100 gallons of sproy.
1 ¥ish eil, 1 pint 1o 100 galiong, was used with all barjum fluosilicate sproys extept where o}l emtlsion
was nsed.

In order to minimize the variztion due to field heterogeneity, the
schedule of barium fluosilicate and oil emulsion and the comparable
schedules of lead arsenate, with and without oil emulsion, were
repeated four times in the orchard, an arrangement similar to the
Latin square being used. Owing to the number of experiments being
made, it was not possible to do this with the other schedules. In each
plot the fruit from two trees of each variety was examined. The
results of all these experiments are given in table 15. In each case the
percentages of wormy fruit in the comparable plots are similar, and the

ercentage of stung fruit is considerably more in the plots sprayed with
ead arsenate; consequently the percentage of sound apples is lower
than in the plots sprayed with fluosilicate.
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TasLe 15— Effectiveness of sprays of burmum Huosilicale, as compared with lead
aracnate, in conirolltng the codling math: Orchard experimenlts, 1950 1

Rnltio of
P Tatai - , stings
Matorist anples Wormy apples | Stung apples t% i;?nt?l

ishes

1y Barium  fSuostiicate (no. 5ol |Number|Number| Percent \Number] Percent
emulsion. ... 4,405 .51 3 8.0

1
{ 3 | Lead arsenate
{ Barlum fluosilieate no. 5.___.__._.
end srsenat -
Bartam Ouosilicsle no. 5; oil emnl-
sion-t-nleatine sulphate
Lead arsenate 0,942

C

! Brrsys were appled according to the schedule given in table 14,

TavLe 16-—Efectveness of fluorine compounds, as compared with that of lead
arsenale, in orchard cxperiments for controlling the codling moth

EXPERIMENTS IN 192%

Wormy spples Giung spples

Increasa Tneronsa
Treatment r(:r_tgs?ar(d—e)- I:gf:er- c(-;ie—:)m%r(ﬁ—ei
\\':ezig‘t:ged 453 oM~ |31ovdoq] Woighited | as com-

Moot neq. | by | e paced with

28 - £ -
nate tregt- | STTOF nate treat-

ment ment

Pereend Pereent Percene Percent
Barlum fSuosilicale 330108 a . L L . —14,74=1.8
Potassium fuesilicate. ___. 24.740.9 8 . A .7 j—E3. 4207
Sadlum Sucaluminaie 30,241, 1 L X LT |—10.8+1. 7
Lead nrsenate loliowed by
sodinm Aucainminate. .. 20.94+0.8 | —4.841.5 X
Lead nrsenate 6 25,513 . O E

EXPERIMENTS IN 1030

Barium_ Mogsiliente 4 oil
emision. .o ivieeeeen | 10 LLB0.8 | 469414 X 8,003
Lead arsenute + il emul-
i 1§ 71051 117488

Most of the comparable experiments made from 1928 to 1930
showed & slightly lower percentage of wormy fruit in the plots sprayed
with lead arsenate than in those sprayed with the fluorine compounds,
and it is desirable to know whether or not this difference is significant,
This cannot be figured in some instances owing to the*small number
of trees examined. However, the significance of the differences in the
treabments used in 1929 and 1930 may be determined from the stetis-
tical constants computed by the use of standard methods. The prob-
able errors for individual plots were computed by the formula

P.E.~ +0.6745, 224 _

pln-1)
{p = the number of apples in each tree or plot), which is applicabla to
& weighted mean, %Ejs formula was used because of varistions in
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the numbers of apples borne on the trees on which individual counts
were made. The probable errors of the differences between plots
were computed by the formula

Edlﬂ. ==& —»‘/812 + 322

The results of these computations are given in table 16. If four
times the probable error is used.as a criterion, the differences in per-
centages of wormy apples are not significant except in the case ef the
barium fluosilicate used in 1929. On the other hand, the differences
noted in the percentages of apples stung are significant in the com-
parisons in which the fluorine compounds were used throughout the

AP B
WINES RN

ARKANSAS
BLACK

A I IO

JONATHAN T T
R T Y
0 10 15 20
WORMY APPLES {PER CENT)

[] LEAD ARSENATE 3LBS. TO 100 GALS.
B =2ARIUM FLUOSILICATE 4LBS. TO 100 GALS.
BARIUM FLUOSILICATE,3LBS. TO 100 GAL5.

q BARIUM FLUOSILICATE,3LBS. TO 100 GALS.
A\ {LAST APPLICATION OMITTED)

FIGURE l.—Relalive susceptibilily of Winesap, Arkansas Dlack, nnd Jonathoo apples to codling-moth
infesmti;)n!\vl}g:rilo sprayed with lead arsenate and with barfum fluosilieate as shown by percentage of
wotiny (rafl, J830.

season, and doubtfully so in the comparisons in which the fluorine
compound was used following a calyx and first cover spray of lead
arsenate. 1t may be concluded, therefore, that under the conditions
of these experiments the fluorine compounds are as eflective as lead
arsenste in preventing insects from infesting the fruit and that they
are somewhat more effective in preventing insects from stinging it.
In 1930 two fruit growers also tested the effectiveness of barium
fluosilicate as compared with lead arsenate. Apples from a number
of trees in each 01‘cﬂard were examined. The results, which are given
in table 17, are similar to those obtained in the writers’ experiments,
the percentage of wormy fruit being slightly higher and the percentage
of stung fruit lower when barium fluosilicate was used. The results
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g:en in this table are from Jonathan and Rome Beau ty apples in the
t orchard (A} and from Jonathan apples in the second {(B). In the
latter orchard Arksnsss Black and Winesap apple trees were also
sprayed. The difference in the susceptibility of the three varieties is
shown in figure 1. The last application of bariwn fuosilicate vwas
omitted from some of the trees, and the incresse in worm: apples on
these trees was very marked. It should be noted that in this orchard
the lead arsenate was used at the rate of 3 pounds to 100 gallons
throughout the seeson, so that the barium fluosilicate had & more
- severe test than it had in the other experiments. ;

TasLE Y7.—Comparative effectiveness of barium fluosilicate and lead arsenale for
controiling the codling moth, as shown by growers’ orchard erperiments, 1930

ORCHARD &

Dilution
Material {per 100 Wormny apples | Stung apples
pailons)

M-
der

fourth ¢over sprays. 5 3857
Barium Hucsilicate no. 5..| ¢ pounds..|[ *
Fisli oil, frst 3 coverspreys.| 1 pint
Lead srsennte calyx apd 4 | 2 pounds. | 4,555

COVET Sprays.

lLesd arsenate calyx ond | 2 pounds..

ORCHAR

first cover sprays, 11 347
Barhin Buosilicate no. 5. da. '
Fish off, 4 subsequent i

COVEFR SRTAYS.

Lead arsemate calyx apd

Grst poVer Sproys. }22,542 1, 431 1.4 - 6.0

{Lead nrsennie enlyx and | 3 pounds__|

Barlum fuosilicate no, 5.._| 4 pounds._.

Fish oif, 4 subsequent | ! pint
LOVEr SPIays.
d arsenato, all sprays. .| ¥ pounds_f 14,771 [ 1,307 .2 E b7 A8

EFFECT OF FLUCRINE COMPOUNDS ON FOLIAGE AND FRUIT

The possibility of injury to fruit or foliage has been considered.
No foliage injury has been noted in the arid climate prevailing in the
Yakima Valley, except & very little in 1927. The rainfall during the
early part of Septeraber of that year was heavier than usual, and about
2 percent of the foliage sprayed with barium and sodium fluosilicate
was injured. However, foliage sprayed with lead arsenate was also.
Injured that year, All the exporiments have been with apple trees,
but some pear foliage has been sprayed without any injury.

There has been no apparent effect on the quality, size, or coloring
of the fruit. Records have been kept of the average number of apples
per box from oll the trees examined. Three plots sprayed with fiuor-
ins compounds averaged 141+ 1.3 apples per box, and three compar-
able plots sprayed with lead arsenate averaged 139+2.5 apples per
box. The difference, 24-2.8, is not significant,




20 TECHNICAL BULLETIN 373, U.S. DEPT. OF AGRICULTURE

ACCUMULATION AND ADHERENCE OF SPRAY MATERIALS

During the summer of 1930 ar attemp/t was made to determine the
guentities of material applied by the difierent treatments as well as
the quantities of residue remaining on the fruit over a period of time.

Seamples of Winesap apples sprayed with barium Juosilicate {no. 5)
in the regular orchard $.sts were taken before and after each spraying
and analyzed for residues. No standard proeedure was available as in
the case of arsenical residues; so a method was developed (6). Briefly,
the method consisted of washing samples of fruit taken before and
after each spray with boiling 3 percent sodium hydroxide solution and
then analyzing this solution for barium by standard precedure and
caleulating to barium Auosilicate. Duplicate samples of apples that
had received very different treatments were selected and, judging by
the agreement between the duplicate analyses, the method seemed to
be fairly accurate and gave consistent results. However, it was ap-
plicable only to the bartum compound.

The results, calculated in milligrams per apple and in milligrams
per squeare centimeter of surface, are given mn table 18, and are
compared with similar analyses of fruit sprayed throughout with
lead arsenate. The surface area was calculated in each case from
the aversge weight of the apples. The volume was first obtained
by muit.ipTying the weight by 1.2, as the ratio of weight to volume
in ‘Winesap apples was found o be 1 to 1.2, It was determiuned
that a sufficiently accurate estimate of the surface area could be
obtained by treating the apples as spheres, and therefore the ares
was obtained in this way:

8§=3/362V2=4. 84%4/V7

in which § is surface area and V is volume in corresponding units.

Spray residues on harvested fruit are ordinarily given in terms of
grains per pouad of fruit. In order that the residues occurring on
this fruit at harvest may be directly compared with other residues,
the number of grains per pound should be stated, and are as follows:
Series B, test 1, 0.124; series A, test 1, 0.152; series A, test 2, 0,089.
It should be kept in mind that the barium fluosilicate found is about
74 percent of the total residue, while the arsenious oxide present is
only about 28.5 percent of the total lead arsenate residue. In table
18 there are several discrépancies in the quantities of residue before
and after certain sprays. This is probably due to veriations in the
fruit used or te errors of analysis, and these figures are given only as
an indication of what residues may be expecteﬁ.
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Tante 18.—Comparison of barium fluosilicate and arsenious oxide residues on
apples following spraying experiments, 1930

BARTOM FLUOSILICATE

Quantity of residue

Treatmoont ?
First cover, Second covar, Third cover,
May 22 June ¢ June 14

Mg per | My per | Mg per | Mg per | Afgper | Mpper
Berfes B, test L1 epple * cm! apple apzﬁz cgnpi
Befots Spraying . 0, 258 C.011
After spraFing B - .52 Ruvg

ARSENIOUS OXIDE

Serfes A, test 2:
Before sprayieg___________.__________. 0.032 0.085 0. b3
After spraying, L180 -0in . 180

BARIUM FLUOSILICATE

Quantity of residue

Treatment ¢ § Residus
Fourth gover, Fifth cover, Shith cover, st

June 26 July 26 Ang. 12 hoarfmt,
eb. 15

My per | My per | My per Mg per | My per | Mp per
Berias B, test it appie em I apple apple em ! cmp*
Befors spraying. 704 0.021 1L%0 x 2120 0.025
After spraying.. 028 1. 880 .
Sertas A, test it
Before spraying........ . 1,055 .
Alter spraying . 1,405 . 1000 022

ARSENIOUS CXIDE

Series A, test 2:
Bafore spraying. o ooooaeeae. s 0.425
After spra ] L7258

! For spray schedutln, sce table i4.
REMOYAL OF FLUORINE SPRAY RESIDUES

In 1930 some tests were made to determine the {easibility of remov-
ing residues of barium fluestlicate from the fruit by mesns of chemieal
solvents, Fruit that had had 2 applications of lead arsenate, fol-
lowed by 5 applications of harium fluosilicate used at the rate of
4 pounds to 100 gellons of water with fish-oll or riveral-oil emulsion,
was washed in a flood machine with T percent hydrochloric acid as
temperatures of 75° to 110° F., and with 1 percent sodium carbonate
at tomperatures of 90° to 110°. Before 1t had been cleaned the
fruit had an average deposit of 0.04¢ grain of fluorine per pound,
Trestment with hydroebloric acid resulted in an average deposit of
(.009 grain of fluorine per pound when washed at 75° F., 0.006 grain
per pound when washed at 90°, and 0.005 grain per pound when
washed at 110°. Trentment with sodium carbonate at 90° and 110°
resulted in an average deposit of 0,014 grain of fluorine per pound.
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In March 1933 three lots of fruit that had been sprayed the pre-
vious summer two or three times with sodium fluoalumineate (eryolite)
at the rate of 3 pounds to 100 gallons of water with minersl-oil emul-
sion were washed with 1.5 percent hydrochloric acid, with 5 percent
sodivm silicate, and with 13 percent sodium carbonate,® respectively.
Fruit that has been kept in storage for several months is more difficult
to clean than when freshly harvested; therefore temperatures of
110° F. were used for the acid and sodium esrbonate and 120° for the
sodium silicate. This fruit had 2 maximum deposit of 0.022 grain
of fluorine per pound before it had been washed. Treatment with
hydrechloric acid resulted in an average deposit of 0.004 grain of
fuorine per pound; with sodium silicate, of 0.007 grain per pound;
and with sodium carbonate, of 0.015 grain per pound.

Bince methods of analyses for fluorine have not yet been perfected,
these recults are only preliminary, but they indicate the quantity of
finorine residue that 1i may be possible to remove by suitable washing
with & solution of hydrochloric secid, sodinm silicate, or sodium car-
bonete.

SUMMARY

This bulletin records the results of experiments conducted under
arid conditions at Yakima, Wash., to determine whether certain fluo-
rine compounds could be used ss substitutes for lead arsenate for the
control of the codling moth,

The fluorine compounds studied are apparently not so toxic as lead
arsenafe on the basis of equal weight. This mey be due in part to &
lack of adhesiveness. Because of their cheapness, however, larger
guenfities may be used without increasing the cost. The lack of ad-
hesiveness may be overcome by using fish-oil sticker or & minersl-oil
emuision with them.

Tests of barium fluosilicate, potassium fluosilicate, and sodium
fluesluminate (cryolite} at the rate of 3 or 4 pounds to 100 gallons of
water, plus 1 pint of fish oif or ¥ gallon of emulsified minersal oil, re-
dugced the worray {rvuif in about the same percentage as lead arsenate
did at the rate of 2 pounds to 100 gallons of water, without a sticker
except in one experiment, and reduced the quentity of stung fruit by a
greater percentage.

Except in some of the tests conducted in 1927, no fruit or foliage
injury resuited from any of the experinments. In the limited aumber
of analyses made to determine the residue on the fruit at the time of
harvest, the residue from these materials was less than that left by
lead arsenate and was ss easily removed.

The fluorine compounds should not be used with lime-sulphur or
with spreaders containing lime.

¥ These besls werg tnnde oy A, L. Hyoll, assisiant pomelogist, Buresu of Plant Indastry, nnd the anuiysas
were made by the junlor sitthor.
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