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en INTROD .J'CTION..

.qf In the search for insecticidal materials which could be substituted 
C\1",?, for lead arsenate for the control of the codling moth, the Bureau of 
Z Entomology and the Bureau of Chemistry and Soils have studied a 
ICC number of morganic fluorine compounds. These compounds, because-a of their availability and chemical and physical properties, seem to 

(J" offer a profitable field for investigation. This bulletin reports results 
of insecticidal tests made at the Yakima (Wash.) laboratory of the 
Bureau of Entomology. The experiments~were all conducted under 
arid conditions. This fact is emphasized, as it is of special significance 
in interpreting the results obtained. Effective control or freedom 
from plant injury was not secured in similar experiments conducted 
under more humid conditions by other investigators of the Bureau of 
Entomology. 

Our lmowledge of the effect of fluorine compounds on human beings 
is limited. Available information; however, indicates that they are 
not 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. 

I The writers are indebted to M. A. Yothers, BSSOelatG entomologist, lind F. P. Dean and A. R. Rolfs, 
jUnior entomologists, who assisted with many of the experiments 
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The toxicity of certain fluorine compounds to insects has been 
recognized for some time, and a few of t.hem hB,ve found wide applica
t~on in the control of pests such as roaches, chicken lice, etc., where 
foliage injury is not a factor. One of the earliest references to the 
insecticidal properties 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 a 
number of different insects infesting growing crops. In many in
stances good control has been reported. The records of these tests 
have been reviewed by Marcovitch (9)/ who has also published a 
comprehensive bibliography. 

OCCURRENCE AND AYAILABILITY OF FLUORINE COMPOUNDS 

Fluorine does not occur free in nature, but it occurs in a wide variety 
of combinations w,ith other elements throughout the earth's crust. 
Most phosphate-rock deposits contain 3 percent or more of fluorine; 
calcium fluoride in the form of fluorspar is a common material; and 
many oth(lf combinations of fluorine have a wide geographical dis
tribution. 

Many of the fluorine compounds are stable, chemically inert, finely 
i}rystalline or amorphous powders, and relatively insoluble. These 
qualities make them desirable from an insecticidal standpoint, as 
they can be applied by dusting or sprfLying i they adhere to foliage 
without being tOA-iC to it, and they retain their efficiency over a con
siderable period of time. They are also nonirritating to operators 
and noninjurious to machinery. 

HYDROFLUORIC AND HYDROFLUOSILICIC ACIDS 

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

CaF2 + H2S0~-~CaSO~+2HF 

Phosphate rock contair'ts a double compound of calcium phosphate 
and calcium 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 in 
turn reacts with the silica to form silicon tetrafluoride, which is evolved 
as a ga~. These reactions are expressed by the equations: 

CaF2+H2S0.----+CaSO~+2HF 
4HF+SiOz--}SiFt +2HaO 

When the silicon tetrafluoride is passed into water, it combines with it 
to form. hydrofiuosilicic acid (H2SiJj~6)' 

3SiF4+4HzO--}2H2SiFo+Si(OH)4 
~ ltallc numbers In parentheses refer to LIterature CIted, p. 23. 
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Commercial aqueous hydrofluosilicic acid containing about 35 percent 
of H2SiFais available in large quantities. Each ton of phosphate rock 
contains the equivalent of about 75 pounds of hydroftuosilicic acid, 
and, since approximately 3,000,000 tons of phosphate rock are sold or 
used annually in the Dill ted States, there is an ample supply (1£ fluorine. 
As gaseous silicon tetrafluoride is deleterious to v~getation, most 
fertilizer manufacturers are required to prevent its escape into the air; 
so any new 11.3e for this compound is welcomed. 

FLUORIDES 

The fluorides, or salts of hydrofluoric acid, are the most common 
commercial fluorine compounds. They are represented by the ~eneral 
formulas MF, MF2, MFa, etc., where M represents mono-, di-, and 
tri-basic elements, respectively. FluOIidesof practically all the metals 
have been prepared and ~heir properties studied. In general, they 
are finely crystRlline compounds or almost amorphous powders, stable. 
and with widely differing solubilities in water (2). Their insecticid ..·, 
properties have been investigated quite thoroughly, but usually if 
soluble enough to have the desired toxicity to insects these compounds 
cause foliage inj ury. Most fluorides are dense powders which are not 
suita.ble for dusting purposes and do not adhere well to foliage. 

FLUOSILICATES 

The fluosilicates, or salts of hydrofluosilicic acid, are another impor
tant class of fluorine compounds.. They are also sold and advertIsed 
commercially as silicofluorides, but the American Ohemical Society 
recognizes only the term (C fluosilicate." They are represented by the 
general formulas M2SiFs, MSiF6, M 2(SiF6)s, etc., where !vI represents 
mono-, di-, and tri-basic elements, respectively. 

The fluosilicates of most of the metals have been prepared and their 
properties determined. They are finely crystalline or amorphous 
powders or well-defined crystalline compounds, some with and some 
without water of crystallization. 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: 

3Nn2SiF6+4H20,....---+6NaF+2H2SiFG+Si(OH)~ 

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

N!l.2SiF6+4NnOH~6N!l.F+Si02+2H20 

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, potassium, 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 a hi~h degree of purity, commercial samples 
in mallY cases showing by ana1ysis a purity of more than 99 percent. 
In order to improve its physical condition for dusting purposes it is 
also mixed with diluents and sold as a dusting material. Diatoma
ceous earth, talc, silica, sulphur, hydrated lune, and other finely 
divided materials are used for this purpose. 

Potassium fluosilicate is less solu ble than 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. It can be obtained easily in a 
high state of purity and can he mixed with diluents similarly to sodium 
fluosilicate. 

Barium fluosilicate is the least soluble of the fluosilica.t?s. It is 
available commercially in large quantities either in the pure form or 
mixed with diluents, as in the case of sodium fluosilicate. A special 
light form claimed to contain 80 percent BaSiFa and 20 percent fluffing 
agent is also available. It is a white, very finely divided powder 
sui.table for application by spraying or dusting, and it adheres well to 
foliage. 

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

FLUOALUMINATES 

Other fluorine compounds that appear promising are the fluoalumi
:c.ates, or salts of the hypothetical acid HaAlFa. 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 HaAlF6: 

Al(OH)a+6HF<==±HaAIF6+3H20 

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 
crystalline form. The other alkali-metal salts of this class are de
scribed by Carter (5). Little has been published on the preparation 
and properties of the fluoalumin!\tes of the other metals, but considera
ble work is now in progress. 

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

Synthetic cryolite, or sodium fluo aluminate , of a high degree of 
purity is available commercially. This is a white, very finely 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 gallons appe3r almost clear, although 
only a small percentage is really in 'lolution. There is also available 
commercially a special form of natural cryolite, which is finely pow
dered, suspends well in water, and seems to be as suitable a.s the 
synthetic material. 

Potassium fluoaluminf\.te has been made commercially and is a 
white, finely crystallin~ or amorphous powder of low solubility, 

http:fluoaluminf\.te
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suitable for spr~ying purposes but not quite so suitable for dusting. 
Its dp.stin~ proj)erties can probably be improved, however. The 
ref~active rnd~x of this compound IS likewise low, and suspensions 
of It are near:.y transparent, but only a small p'3rcentage 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: 

Percent 
Barium fluosilicate no. 1: 

Barium fluosilicate (BaSiFo) ___.. _________________________________ 74. 5 
Other lli~t.eriaL____________ .. ___________________________________ 25. 5 

Barium fluosilicate no. 2: 
Bo:rium fluosilicate (Ba.SiFo) _____________________________________ 66. [j 
Barium fluoride (BaF ) _________________________________________ 22.4 
Moisture____________2____ ____ _______________ ________ ____ _______ O. 2 
Other materiaL____ ______ _________ __ ____ __ ______ __ ______ _______ 10. 9 

Barium fluosilicate no. 3: 
Barium fluosilicate (BaSiFo) _____________________________________ 95.0
Inertingredients_______________________________________________ ~O 

Barium fluosilicate no. 4:
Barium fluosilicate (BaSiFo) _____________________________________ 95.4 
Barium fluoride (BaF )_________________________________________ 1. 5 

2Inert ingredients__ ____ __ ____ __ __ _______ _ _ _ __ __ ________ ____ ____ _ 3. 1 
Barium fluosilicate no. 5: 

Barium fluosilicate (BaSiFo) ______________________________________ 74. 1 
Barium fluoride (BaF )_________________________________________ 2.7 

2Undetermined (mostly silica) ______________________ ,, _____________ 23.2 
Potassium fluosilicate no. 1:

Potassium fluosilicate (K
2
SiFo) ___________________________________ 96.7 

Potassium fluoride (KF)________________________________________ 2.7 
Moisture______________________________________________________ 0.2 
Other materiaL ________________________________ .. __ __ ____ _____ __ _ O. 4 

Sodium fluosilkd,te no. 1: 
Sodium fiuOdilicate (Nlt2SiFo} ___________________ .. ___ .... __ .. __ .. _.. _ .... 98.1 
Iron and aluminum oxides (Fe20a Itud AbOa) .. _____ ...... ________ .... ___ 0.6 
Other materiaL_ .. ______________ ...... _____ .. ___ .. ___________ .. _.. ____ .. 1. 3 

Potassium fiuoaluminate no. 1: 
Potassium fiuoaluminItte (KaAIFo) ________________________________ 96.6 
Iron and aluminum oxides, etc. (Fe20a Itud AlaOa)__________________ 3.4 

Sodium fiuoaluminate (synthetic cryolite) no. 1: 
Sodium fiuoaluminate (NaaAlFo) ______________________________ .. __ 79.8 
Underermined ________ .. ___________ .. ____________________________ 20. 2 

Sodium fiuo..'l.luminate (synthetic cryolite) no. 2: 
Sodium flnoalulllirmte (NaaAlF6) _________________________________ 91. 0 
Alumina (AlaOa) _________~_____ ___________ __ ___ __ __ __ __ ___ _ _____ 6. 0 
Undeterntiued____ .. ____________________________________________ 3.0 

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:3 

Specific gravity Itt 15°/4° C ________________ .. ___ .. ___ .. __ _ 
No.1 

O. 922 
No.S 

0.932 
Viscosity, seconds, Saybolt Universal at 100° F __________ _
Saponification number________________________________ _ 

165 
191 

]32 
194 

Unsulphonated residue (A.O.A.C. method) __________ .. ___ _
Iodine number (HmlUs) _______________________________ _ 

None. 
125 

None. 
180 

Acetyl value, mg KOB per gram acetylated oiL_________ _ 
Free f"tty acids (calculated as oleic acid), percent_________ _ 

24 
7.5 

12 
.7 

Water-soluble acids (oalculated as oleic acid), percent___ ---
Volatile fatty acid number, mg KOH per 5 g of oiL _______ 
Insoluble fatty acids (Hellllcr), pcrcent_________________ _ 

.14 

.52 
96.6 

.08 

.23 
96.1 

3 These analyses were iIlade by F. E. Dearborn. of the Bureau of Chemistry and Soffs. 
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These constants correspond quite well with those given by Hood 
(8), except that sample 110. 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 experim~nts were made in the manner 
already used by Newcomer (11). Carefully selected apples of one 
variety were suspended by their stems in an outdoor shelter and 
sprayed or dusted uniformly with the material to be tested. When 
they were thGroughly 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 la:rvue were placed on the fruit several 
days after it had been sprayed. In order to have the fruit in a normal 
condition, it was sprayed while hanging on the tree, and picked just 
before the larvae were placed on it. Care was taken to remove ad
jacent leaves, so that the spray material would not be rubbed off 
by them. In 19:50, also, small pieces of paraffined paper on which were 
10 eggs almost ready to hatch were attached to the stems by means of 
paper clips. The resulting larvae readily found their way to the apples. 

The results of the laboratpry experiments a.re given in terms of 
percentage of worms enterinl~ the fruit, percentage causing only 
stings, percent,age 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 (1, p. 6), who used the 
following formula: 
(Percentage of worms enter- (percentage of worms enter

ing fruit in check) . iug t:e~ted fruit) X 100 = percent control 
(Percentage of worms entermg frUit In check) 

Many of the experiments reported are averages of two or more tests 
made during the same sel'.son. When this was done, the same number 
of tests, made on the same dates, are used for each e::<.-periment in the 
table. No attempt has been made to compare one series of experi
ments with another, for varia,tions due to differences in temperature 
and humidity, co~dition of the larvae, and va~ety and. degree of 
ripeness of the frmt would make such a comparIson of little or no 
value. 

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 all the tests in order to 
give a fair comparison. Tests in which the infestation is less than 
5 percent are not dependable, as experimental error may overshadow 
any differences caused by variations in the tren.tment. 

The results of the orrhard 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. 
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LABORATORY EXPERIMENTS 

.EXPERIMENTS IN 1925 AND 1926 

The first work done with fluorine compounds at Yakima, Wash., 
was in 1925, when a barium fluosilicate (no. 1) was available for 
lab(lratoryexperiments. It was tasted at dilutions of 2 and 4 pounds 
to 100 gallons of water, without fish oil, in comparison with lead 
arsenate at 2 pounds to 1(l0 gallods (table 1). The results were 
nearly as good as those obtained with lead arsenate. 

TABLE I.-Toxic effect of barium fluosilicate, as compared with that oj' lead arsenate, 
on the larvae of the codling moth: Labomto.y exper~ments, 1925 

[4 tests averaged for each experiment] 

WormsEx- Dilu- Worms Worms causingperi- tion \Vorm- enter-Material' Stings causing total Controlment (per 100 holes ing stings blemno. gdllons) fruit ishes 

Pounds Number Percent Number Percent Percent PercentBarium fluosilicate no. L _____________1 2 17 8.5 48 24.0 32.5 74.6 _____<10_________________ • _______• __ ..__ •
2 16 8.0 49 24.5 32. 5 76.1Lead arsenate__________________ . _____3 13 6.5 46 23.0 29.5 SO. 6Check (unsprayed) ____________ '" _____4 67 33.5 42 21_0 54.5--·-··~-I 

, Analyses "r most oC the fluorine compounds mentioned in this and following tables are given under 
Analyses <!f Materials. 

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

TABLE 2.·-Toxic effect of .~odium fluosilicate, as compared with that of lead arsenate, 
with and without the addition of hydrated lime, on the larvae of the codling moth: 
Laboratory experiments, 1926 

[4 tests averaged for ench experiment] 

WormsEx Dilu- Worms 'Vorms causing perl tion 'Vorm- enter-Material Stings causing total Controlmont (per 100 holes ing stings blemno. gallons) fruit ishes 

--)--------------)-----------------
Pounds Number Percent Number Percent Percent Percent 

1 Sodium flucsilicate no. L_____________ 2 SO 40.0 21 10.5 50.5 31. 0 
2 _____do________________________________ 4 60 30.0 28 14.0 44.0 48.a 
3 Lead arsenate _________________________ , 2 35 17.5 29 14.5 32.0 69.8 

Percent' 
10 74 HSoddiUmt flU!lsillcateno.l---_---------- 83. 3} 38 10.0 18 9.0 28.0 67.~

d 1y rn e une_--_-------..-----------J .
5 HydratedLead arsenate_ lime ..----------------------. 15 } 9 4 5 . 26 13 0 17 5 92_______________________ 85 ... ~ ~ 
6 Check (not sprayed ordusted) __________ ._____ 116 58.0 5 2.5 00.5 

, By weight. 

EXPERIMENTS IN 1927 


In 1927 the 'fluosilicates of barium, sodium, magnesium, and zin..~. 
and sodium fluoaluminnte (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 fluosilicates were very good, 
as shown in table 3. The soluble zinc and magnesium fluosilicates 
were of little value. The zinc fluosilicate 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 Grchard. The sodium fluooluminate, 
which was rather impur~ and dense, did not give good control. 

TABLE 3.-Toxic effect of various fluorine compounds, as compared with that of lead 
arsenate, on the larvae of the codling moth: Laboratory experiments, 1927 

[2 tesls averagcd for each experiment] 

WormsEx DUu· Worms Worms causingperi· tion Worm· enter·Material Stings causing total Controlment (per 100 holes in!;: stings blem·no. gnllons) frUit ishes 

--1--------------1--- --------------
Pounds Number Percent Number Percent Percent Percent 

1 Barium fluosilicate no. 2. _._ .••••..••• 4 24 24 5 5 29 68.4 
2 Sodium fluosilicate no. 1._............ 4 31 31 11 11 42 59.2 
3 
4 

Magnesium fluosilicate................ 
Zinc fluosilicate ..•••..•••_••..•.,.... 

4 
4 

57 
53 

57 
53 

4 
2 

4 
2 

61 
55 

25.0 
30.3 

5 Sodium fiuoaJuminatc no. L... ....... 4 51 51 li 5 56 32.9 
6 Lead arsenate............. ••.•.•••..• 2 40 40 3 3 4a 47.4 
7 Barium fluosilicate no. 2 •.•••••••••._. 8 18 18 13 13 31 76.3 
8 Sodium lluosilicate no. L ......_....... 8 17 17 11 11 28 77. 6 
9 

10 
11 

Magnesium fluosilicatc .........._..... 
Zinc fluosllicatc. •••••.•••..•••••.••••• 
Sodium t1uoaluminate no. L •...."'" 

8 
8 
8 

46 
,19 
37 

46 
49 
37 

4 
7 
3 

4 
7 
3 

50 
56 
40 

39.5 
35. /'i 
51. 3 

12 Lead arsenate......................... 4 28 28 8 8 36 63.2 
13 Check (tmsprayed) ..•..••...•••• , .•..••._.... 76 76 0 0 76 

EXPERIMENTS IN 1928 

It was thought that these materials might not adhere so well as 
lead arsenate, and therefore fish oil, in the quantity suggested by Hood 
(8) for use with lead 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 tha.t the barium flu,)silicate and sodium 
fluoaluminate were not very pure, being the same as were used in 
1927. The addition of fish oil (no. 1) to the lead arsenate resulted in 
somewhat better control than was obtained with the fluorine com
pounds. 

TABLE 4.-Toxic effect ,)1 various flu.orine compou.nds plu.s fish oil, as compared with 
that of lead arsenate, with and without the addition of fish oil, on the larvae of the 
codling moth: Laboratory experiments, 1928 

[3 tesls tlvcragcd for each experiment] 

IWorms
Ex· Worms Worms C!lus,Dilution-perl· Werm· enter· caus· mgM'terial (per 100 Stings Controlment holes in~ lng totalgallons)no. frUit stings blem· 

, ishes 

Number Percent Number Percent Perce7l! Pcrcem 
1 {BIlr/um fluosiIicllte no. 2 •••••_••.• 4 pounds •• } 24 HI. 0 2·\- 16.0 32.0 70.4]<'isb oil DO. 1. ..................... ; pint••.•• 

2 f>otllSSium flnosilicate no. I •••••••• 4 pounds .• ~ 
 18 12,0 3P 26.0 38.0 77.SFish oil no. t ...................... 1 pint..•_. 


Sodlum Jluonluminate 110. I ••••••• 4 pounds ••
3 25 16.7 23 15. a 32.0 69.1Fisb oil no. 1. ..................... I pint.•••• 
4 {Lead arsenate •• """"""""" 2 pounds .. } 10 10.7 35 23.3 34.0 SO. 2Fish oil nO. L •._.................. IjlinL••• 

5 Lead arsenate..................... 2 pO\lnds •• 30 20.0 31 20.7 40.7 63.0 

6 Cbeck (unsprayed)•.•••••••••••••• ---_.... '.-.-, 81 54.0 0 0.0 60.0 ........ _- ..... 
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EXPERIMENTS IN 1929 

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

TABLE 5.-Toxic effect of various fluorine compounds, as compared with that of lead 
arsenate, with and with<Jut the addition of fish oil, on the larvae of the codling moth: 
[,aboratory experiments, 1929 

1 day alter spraying 7 days after spraying 

I .. .. .. ..
0 ~~ ~~Dilution .8 -.c ;:: .8 -.Q.., " Material (per 100 ~ 

~ a~ " gj.!!) "0 ., gallons) 1:;:: E~ e '" ~gj,.,,, 5~ =~ 5~" "::I ~"''' .~ I c " 08~ 8~ B~ 0 ~.!:: ~~ 0.... " ~~ ~ 15 15 o~ 0 oS 
1>1" ::: ::: i:;:3 i:;: ~ 1::3 

Per· Per· Per· Per· Per· Per· Per· Der
cent cent ce'nt cent cent cent cent cent 

J Barium Iluosilicate no. 2 ....••••. 2 pounds •• 20 14 34 64.3 12 8 20 so. 0 
..•do••••••• } 2 14 20 34 75.0 24 10 34 60.0{F"{si?giiiio:i===== == ==== === ==== == = 1 pinL •••• 

3 Barium Iluosilicate no. 2 ••••••••• 4 pounds .• 12 I 12 24 78.0 14 6 20 76.7 
4 Potassium Iluosilicate no. 1.•.•••• 2 pounds •• 24 20 44 57.1 24 8 32 60.0 

•••do....••• }5 12 30 42 78.0 32 6 38 46.7{F"lS"hdgiiiio: i===== == ==== ==. ===: ==: 1 pint •..•• 
6 Potassium Iluosilicate no. 1.•• _••. 4 pounds •• 18 20 38 07.9 22 0 28 63.3 
7 Sodium Iluoaluminate no. L •••.• 2 pounds •• 8 32 40 85.7 28 20 48 53.3 

•• _do••• _ .•• } 10 20 30 82.1 28 14 42. 53.38 {F"lShdgiiiio:i===================== 1pint••••• 
9 Sodium Iluoaluminate no. L ••••• 4 pounds •• 10 24 34 82.1 44 18 02 26.7 

•••do••.• __ • } 2 24 96.4 18 16 34 70.010 {F"iS"hdgiiiio:i=====:==:: =:.::=::::: I pint. •••• 221 
11 Lead arsenate •._•••.•••_._•• __ ••_ 2 pounds •• IS 26 67.9 14 22 36 76.7 
12 ---d.1 pmt.0 ____ 40 57.9 20-----. } ?4 10{Fisbdgiiiio:i====:=:==:=== =====::: 
13 Check (unsprayed)._ ••.• __ ._._. __ .. -.~~-----~- ,0 1~ I 58 ---_ .. - 00 0 ~ I--~~~~ 
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 fluoaluminate, which 
indicates that this compound may be of some value. 

173363°-33-2 
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TABLE 6.-Toxic effect of sodium ftuoaluminate and potassium ftuoaluminate, as 
compared with that of lead arsenate, on the larvae of the codling moth: Laboratory 

. 	 experiments, 1929 . 

Worms. 

Ex Worms Worms caus-
Dilutionperi- Worm- enter

ment holes in~Material (per 100 stings C1f;;:- t~~~l Control
gallons)no. frmt stings blem

ishes 


--1----------1·---1------------
Number Percem Number Percent Percent Percent 

{SOdium fJuoaluminate no. L ______ 2 pounds._ }1 Fish oil no. L _____ •• ____ .• ______ ._ I pint _____ 4. 8 21 42 50 81.0 
{SOdium lluoaluminate no. L_. __ ._ 4 pounds__ }

2 	 Fish oil no. L __________ •____ ._... - I pint_____ 6 12 19 38 50 71.4 
Lead nrsennte______ •• _________ •• __ 2 pounds__3 	 13 26 14 28 54 38.1 

4. 	 Oheck (unsprayed) .. ___ •_____ 21 42 6 12 54 
5 	 Potassium Uuonluminnte no. 1 ___ . 24 48 10 20 68 38.5 

._._ :::d,;::':::::
Lead arsenMe. ___ •____________ •___ ___ do_____ ..

6 	 26 52 6 12 64 33.3 
7 	 Oheck (unsprayed) ...... _____ 39 78 0 0 78.._._ -----------. 

EXPERIMENTS IN 1930 

E:lI.,})eriments were made in 1930 with barium fluosilicate and sodium 
fluoaluminate from several sources and with a series of 17 fluorine 
compounds prepared by Oarter. The five fluorine compounds in
cluded in table 7, when used at the 1'ate of 3 pounds to 100 gallons 
of water, with fish oil, all resulted in a control equal to or better than 
that with lead arsenate used at the rate of 2 pounds per 100 gallons, 
without fish oil. This was true both 1 day after spraying and 5 days 
after spraying. 

TABLE 7_-Toxic effect of various fluodne compounds, as compared with that of lead 
arsenate, with and without the addition of fish oil, on the larvae of the codling 
moth: Laboratory experiments, 1930 

[2 tests averaged for each experiment] 

1 day after spraying 5 days after spraying 

.. .. .. ..
0 	 ~gjDilution .;:: .9 ';}.c .;:: .~~ I" 	 " " .., Material (per 100 	 '§",.~ '" 	 ~.!!l" 	 gallons) ggj, "'§ '0 '" g .. e" '" 

~~ g", b 
§ §~ g~ c 

;:: i.s @~ " e:E @~ " "':0El 	
.. -a 0 @- E-a 0 

0 

'" 0 0 0_ 0 0 0_ ~ ~ ~3 ~ ~ ~Sf'il 	 ~ 

Per- Per- Per- Per- Per- Per- Per- Per
cent cent cent cent cent cent cent cem 

{BariUm lluosilicate no 2_______ .._ 3 pounds..
1 Fish oil no. 2 ...._____ •__________ 1 quart__.. }45.6 21.2 66.8 52.5 68.9 21.2 00.1 29..0 

{BarIUm lluoslIlcnte no. 3 _________ 3 pounds__ 
:2 Fish oil no. 2 _______ ..___ .._____ .. 1 quart.... }53.a 22.3 75.6 44.5 68.4 22. a 00.7 29.5 

{Sodium lluoalumlnate no. 1 ..____ 3 pounds..
3 	 Fish 011 no. 2. ________________ .... }50.9 19.8 79.7 3:1.6 67.3 15.4 82.7 30.61 quart.... 


{Sodium !Iuoalumlnate no. 2_ ..___ 3 pounds..

4 Fish 011 DO. 2__ .. __ • ______________ 1 quart_.._ }40.0 31.0 71.0 58.3 47.;1 34.8 81.0 ii1.4 

5 Pota.'i'ilum lluoaluminate no. 1 ___ 2 pounds__ 76.0 11.0 87.0 20.8 73.5 14.3 87.8 24.2 _____do_________..____________• ____
6 	 3 pounds__ 57.5 15.2 72.7 40.1 ;3.9 17.1 91.0 23.8{____dO_____ ••__ • ____ •• ________ •___ ___ do __..___

Fish oil no 2 ______________________ 18.2 45.1 61.8 28.4 00.2 36.37 1 quart.___ }52. 7 70.9 

8 Potassium !Iuoaluminate no. 1 ___ 4 pounds.. 50.3 29.0 70.3 41.6 58.0 27.8 85.8 40.2 
II Lead arsenatil.. _....__ .. __ .. __ .._ 2 pounds__ 60.0 18.0 78.0 37.5 73.6 9.0 82.6 2·1.1 

10 Check (unsprayed)..... __ ......__ --- ....._----- 96.0 0 96.0 ------- 97.0 0 97.0 ------

In another series of experiments a barium fluosilicate over 95 per
cent pure (no. 4) was compared with a material containing only 
about 74 percent barium fluosilicate (no. 5). The former material 
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was somewhat hetter 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 bariUJh 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 control resulted. 

TABLE 8.-ToX'l:c effect of barium fluosilicate, as compared lInth that of lead arsenate, 
with and without the addition of fish oil or .mmmer-oil emulsion, on the larvae of 
the codling moth: Laboratory experiments, 1980 

[2 tests averaged for each experiment] 

1 day arter spraying 5 days nfter spraying 

." ." ."..0 gj':g gj'[fJDilution 1'1 1'11'1 . ;:: .~ .a o;;.Q., Material (per 100 ., .§~ 
1'1 gallons) ...., ~"' e ~~ ~.~ "05 .. 5~ !J'" a ~g ",.9 1l ~~ 1'1 
;:: 0 "'~ ~tl ~~ 0 ~ ... ~'" ~:o 0 

0 

~ ~ 0 0 021 0 0'3 
r>1 i:: ~ t;::s t;:: ~ i::B . 

If:; Per· 
- 

P~r· Per· Per· Per· Per· Per· 
cent cent cent cent cent cent cent 

1 Barinm 1luosllIcate no. L •••••••• 3 pounds_. 60.7 19 79.7 35.4 59.5 10.1 60.0 26.4}W.92 17.6 68.5 45.9 61 25 86 24.5{iiiS'hdgiiiio'2~===================: ..•do..•._. 
1 qUarL_.! 

3 {Barlnm fluosilicate no 4...•..... 3 pounds_. } ..7. 6 23.3 70.9 49_4 65.5 7 72. 5 18.9Summer-oil emulslon ••... _....•.. 1 gallon.. _ 

Barium fluosilicate no. 5 •........ 3 pounds•• 67 15 82 28_ 7 68.8 10 78.8 14.9
4 d ••.do•..•.• 164 75 10.2 74_9 31.2 63.8 14_2 78 21.{iilS'h giiiio:2===================== 1 quart...• J • 

{BAriUm fluosilicate no. 5_ ••••••... 
6 10.9 72.1 34.9 66.7 11.2 77.9 17.51 quart..••F~~~~l~'~:~~~:i~~~.~~~~.~~~. 

JBnrium fluosilicate no. 5..•...... _r-"'~}'"
3 pounds •• }607 Fish oil no. 2, emulsifled with cas- 12 72 ~O. 2 63.2 10.4 73.6 21.81 quart••.•l pin-lime spreader _••••••••••... 
{Barium fluosilicate no. 6 •••••••.• 3 pounds .• }58 48 13.4 71.8 37.9 73_2 <1 77.2 9.4Summer-oil emulsion ••••••••••••. 1 gallon... . 

9 Barium fluoslJicate no. 5••.•••••• 4 pounds.. 55.3 19.3 74.6 41. 2 69.4 7.1 66.5 26.5 
10 Lend arsenate •.••••••••...•...... 2 pounds._ 65.6 Poi 75.3 30.2 71 8 79 12.1 
11 Check (unsprayed) •••••••••••...• .._......... 94 1 95 •..••• SO.8 0 SO. 8 -----

1 

The two sodium fluoaluminates (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 fiuoaluminate no. 2, which was the purer of the 
two, gave the better control. This was also shown in experiments 
nos. 3 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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TABLE 9.-ToX'ic ejJect of sodium jluoaluminate, as compared with that of lead 
arsenate, with and witiwut the addition of ;!ish oil, summer oil, or summer-oil 
emulsion, on the larvae of the codling moth: Laboratory experiments, 1930 

WormsEx Dilution Worms Worms causingperl Material (pet 100 Worm- enter- Stings causing totalment gallons) holes f~~t stings blemno. ishes 

--1-------------1----1---------------
Number Percent Number Percent Percent 

1 Sodium f1uonluminote no. L_______________ 4. pounds__ 19 38 12 24. 62 

2 {iiISi?gij'iio:-i~~====~===~~~~===:::==::::==:: -i-g~iirC:: } 16 32 19 38 70 
a isodlum fl,-!olumin~te no. L ..-----.------- 4. pounds __ } 22 44 12 24. 68Summer·o.1 emulslOn______________________ 1 quart___ _ 
4. Sodium fluoruuminate no. L _______________ 4. poUndS__ } 23 46 11 22 68Summer oiL _______________________________ 1 quort___ _ 
Ii Sodium f1uoluminate no. 2. ________________ 4. pounds__ 19 38 4. 8 46 

226{iilSiJdgifiio:-i:=::=:=:::::::::::::=:::::=::: ·j-:i(;ii.rC: } 15 30 11 52 
7 {SOdiUm fluoalumit:tste no. 2. _________ •_____ 4 pounds .. } 12 24 11 22 46Summer-oU emulslOn ..____________________ 1 quart__ __ 
8 {SOdiUm fluoaluminato no. 2________________ 4 pounds __ } 17 34 4. 8 4.2Summer oiL ____ ......______________________ 1 quort .. __ 
9 Lead arsenate_____________________________ 2 pounds__ 34 68 10 78 

In the tests made in 1930 fish oil was used at the rate of 1 quart 
to 100 gallons, instell,d of 1 pint. Analyses of apples sprayed with 
barium fluosilicate alone and with the addition of 0.5, I, and 2 pints 
of fish oil (table 10) indicated that increasing the quantity of fish oil 
did not increase the quantity of barium fluosilicate placed on the 
apples but did increase the residue remaining after an interval of 10 
days. 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, amounting to 0.15 inch, occurred in the IO-day 
interval. Fish oil 110. 2 was used in these tests. 

TABLE 1O.-EjJect of add1:tion 0/ different quantities of fish oil on adherence of 
barium jl'uosilicate' sprayed on apples 

Barium nuosHicate on aPlll~s 

Fish oil Sprayed in orchardper 100 Sprayed in 
gallons oC insectary; . -

spray analyzed Analyzed Analyzedimmedi immcdi- aft~r 10ately atcly duys 

Grain per Grain per Grain per 
Pints pound pound pound
None. 0.17:\ 0.116 0.078 

0.5 .117 .080.093 
1 .143 .107.119 
2 .107 .115 .114 

I 4 pounds of barium fluOSilicato used por 100 g01l0115. 

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 as much during the interval in the tests 
with fish oil as in those without it. Rain amounting to 0.3 inch fell 
during the interval of the test of 1929 and a smaller quantity fell 
during one of the two series of tests included in table 8, but no cor
relation between the rainfall 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 fluorine compounds, all of ll.·bich were 
laboratory preparations pUlified 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 compounds
manganese fluoride, barium fluosilicate, potassium fluosilicate, 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-sodium fluosilicate, 
ammonium fluoaluminate, and sodimn fluoaluminate-were approxi
matelyequal to lead arsenate. Of these 8 compolmds, 3-manganese 
fluoride, magnesium fluoaluminate, and ammonium fluoaluminate
had not been tried before. 

TABLE H.-Toxic effect of various fluorine compounds and of lead arsenate on the 
larvae of the codling moth: Laboratory experiments, 1930 

Ex· Worms Wor!lls 
peri· enter. Wor,ms causlDg 

ment Material J in~ causlDg totnl 
no. fruit stings ~~. 

---1---------------------------------------1------------
Percent Percent Percent 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Barium lluoridp (BaF,) .._________________________________ •• _____ •.••___ 
Lead fluoride (PbF,)____._. _____ •____•__ •• __ ••••• __ ..•_____ •• ____ •___ ••__ 
Magnesium fluoride (MgF,) ________ ._.________________ • ___ ._.__ ._ ••____ 
Manganese fluoride (MnF,) ____________________________ .___ •____ . ____•• _ 
BariUm fluosilicate (BaSiF,) __ •___________•________________._. ____ ..____ 
Potassium fluosilicote (K,SiF.) __ •____•_________ • __________ •__• ___ . __ •__ • 
Sodium fluosilicate (Na'SiF,) ___ •_______ •__ •__ ._.__ •___ ._._.......______ 
Ammonium I\uoaluminate [(Nil.hAIF,]._ •• ______ •• ______ ......._._..._ 
Barium fluoaluminate (BaAIF.) ____•.___• ____ •__ . _____. _____•• ___. ___ • 
Calcium fluoaluminate (CaAIF.) .••__ .....______ .•. ___ .•••• _._ •• ___ ..._. 
Magne.qium fluoalwninate (MgAIF,l _______•______________ •___•• __ •___ ._ 
Potassium flnoaluminate (K,AlF,L .••••••__••••• ___ •________ ._.•• _•• ___
Pot.assium fluoaluminate (J{,AIF,)+SiO,. _____________••____ •__________ • 
Sodium fluoaluminate (Na,AIF,),_. __ •______ . _________________________ ._ 
Sodium fluoaluminate (Na,AIF,)+SiO,..____ -. __________________________ 

72 
61 
74 
41 
42 
39 
54 
47 
77 
66 
39 
33 
50 
52 
74 

9 
15 
5 

23 
32 
31 
24 
27 
15 
15 
31 
37 
23 
23 
9 

81 
76 
79 
64 
74 
70 
78 
74 
92 
81 
70 
70 
73 
75 
83 

.16 
17 
18 

Strontium fluoaluminate (SrAlF;)______________________________________
Zinc fluoaJuminate (ZnAIF.)____________________________________________
Lead arsenate (PbilAsO.)______________________________________________ 

50 
66 
49 

4 
16 
15 

64 
82 
64 

J The fluorIne compounds were used at the rata of 4 pounds to 100 gallons nnd the lend arsenate at 2 
pounds to 100 gaJIons. No fish oil 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 application. 
Nevertheless, they arc valuable in giving preliminary indications of 
what may be expected from these compolmds. The practical value 
of a new material can be determined only by orchard experimeuts. 
Such factors as durability of the material and its effect on the tree 
and the fruit do not enter into laboratory experiments, 
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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 w~re used 
as 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 controlle-d the worms much 
better than either of the dusting treatments. Tests with barium 
fluosilicate and sodium fluosilicate used as sprays were made in 1927, 
but the c~~p 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 gallons, 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 
fluosilicate and sodium fluoaluminate were not especially pure. In 
order 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 (12). The crop was good, although somewhat smaller on the 
trees sprayed with fluorine compounds than on those sprayed with 
lead arsenate. Eight trees were used for each test, and the apples 
from the two most nearlv lmiform trees in each plot were examined. 

As shown in table 12, ~the percentages of wormy apples on the trees 
spraved with potassium fluosilicate and with sodium fluoaluminate 
were not materially higher than on the trees sprayed with lead arse
nate, and the percentages of stung apples were somewhat lowerj 
consequently a 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 fluorine compounds, as compared with lead 
arsenatc, in controlling the codling moth: Orchard experiments, 1928 

. DUu· IRntioo 
Test Totaltion Sound stings

Material 1 (,: 'TlOO Wormy Ilpples Stung apples no. gal· apples apples tgJ~~.n1 

Ions) !shes 

Pound. Number Number Percent Number Percent Percent 
1 Barium lIuosllicatfl no. 2 ....._ 4 2,698 718 26.6 524 19.4 59.1 0.4o 
2 Potassium lIuosl1lOO10 no. L .. 4 3,950 943 23.9 787 19.9 61.0 .4Ii 
3 Sodium tluoalumlna10 no. L .. 4 4,348 1,006 23.1 873 20.1 62.1 .46 
4 LflBd arsenate............_... 2 5,502 1,261 22.7 1,333 24.2 00.1 .4o 


I Fish oil, 1 pint to 100 gallons, used with alllluorlne sprays. 


Spray schedule: Calyx, May 10; flrst cover, May 22; second cover, June 1; third cover, June 12; fourt.h 

cover, June 22; ruth cover, July 11; sixth cover, Aug. 2. 
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EXPERIMENTS IN 1929 

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 arsenate was 
used for the calyx and first cover spravs, followed by sodium fiuo" 
aluminate, and another one in which harf the usual quantities of lead 
arsenate and sodium fluoaluminate wert; used together for the first four 
applications, followed by sodium fluoaluminate alone. These experi
ments were made in a 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. As in 1928, 
the barium fluosilicate was poor in effectiveness. When potassium 
fluosilicate and sodium fiuoa.Iuminate (synthetic c:ryolite) 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 fluoalnminate is not 
included in the table, as the portion of the orchard in which it WB.S 

used happened to 1e particularly wormy, and therefore this treatment 
cannot be compared with the other treatments. There was no 
evidence of injury to foliage or fruit in any of the plots. 

TABLE 	13.-Ejfectivene.~s of various jluori·rw compounds, as c07npared with lead 

a~8enate, in controlling the r;odling moth: Orchard experiments, 1929 


DilU.1 Ratio 0 
Uon stingsTest 	 Total SoundMaterial I (per 100 Wormy apples Stung apples to total /' 

no. 	 apples apples~al· blem· 
loos) !shes 

-~ 

Pound. Number Number Percent Number Percent Percent 
1 Barium fiuosllicate no. 2.••_•• 4 10,671 4,174 39.1 2,287 21.4 50.3 O. 30 

2 Potassium fiuosilicate no. L._ 4 12,257 3,025 24•. 7 2, 777 22.7 59.4 46 

3 Sodium fluoalumlnate no. 1 •• _ 4 12,664 3,825 30.2 3,196 25.2 53.4 43
JLead arsenate in calyx and 

4 first cover spraI; .........- .. 'J }


Isodium fiuoalum nate no. lin 4 10,434 2, 184 20.9 2,870 27.5 59.4 56 

remaining cover sprays...__ 


5 Lead arsenate................ 2 12,740 3,247 25.5 4,598 36.1 50.7 56 


I Fish oil, 1 pint to 100 gallons, used with ali fiuorlne sprays. 

Spray schedule: Calyx, May 20; first cover, June 1; second cover, June 12; third cover, June 24; fourth 
cover, July 12; fifth cover, Aug. 10. 

EXPERIMENTS IN 1930 

In 1930 a barium fluosilicate mixture that had been made especially 
for insecticidal purposes (no. 5) was used. It contained about 74 
'j;ercent barium fluosilicate, a percentage somewhat higher than that
of the material used in 1928 and 1929. It was much lighter 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 ~he calyx
and first cover sprays. . 

In the second to the sixth cover sprays barium fluosilicate was used 
except for two applications in one series (C), where mineral-oil 
emulsion plus nicotine sulphate was substituted for the fluosilicate. 
In another series (A) mineral-oil emulsion was added to the barium 
fluosilicate in two applications. Fish oil (no. 2) was added to the 
barium fiuo;;;ilicate except when the mineral-oil emulsion was used. 
Comparable adjacent plots sprayed with lead arsenate were provided. 
The treatments for all these plot!:! are giV'e:t! in table 14. 

TABLE 14.-Spray schedule used in orchard experiments for control of the t:odling 
moth, 1930 

Be- Test Calyx (May 1) and first. Second cover, June 4 Third cover, June 14rles no. cover (May 22) 

I
1 Lead arsenato 3 pounds r •••• Barium flu<Jsilicate 3 pounds + Barium fluosilicate' 4 

0.75 percent oil emulsion. pounds. 

A 2 ••••• do •.••••••••••••.•••, •.• Lead arsenate 2 ~unds + 0.75 Lead arsenate 2 pounds . 


percent oil emn ion. 
3 •.••.do...•.•••••••••••.•, •.• Lead arsenate ~ Pounds.•••••••. Do. 

!
1 .••••do...................... Barium fiuosilicate 4 pounds_ ••• Barinm fluosilicate 4 pounds. B 2 •_••.do •••.••..• __ •••••.•••. Lead arsenate 2 pounds. __ .••••• J-end arsenate 2 pounds. 
1 .••••do._•.• , .•• __ .• __ ••••..• 0.75 percent oil emulsion + nico· Barium fluosilicate 4 pounds. 

C tine sulphate (1-1,200). 
2 __•.•do ••••••.•.••...•.•• , ••. .... •do.......................... Lead arsenate 2 pounds. 


-
Be- Test Fourth co\'er, June 26 Fifth cover, July 20 Sixth cover, Aug. 12nes nC/, 

I
1 Barium fiuosilicate 4 pounds. Barium fluosilicate ~ounds + Barium flu<lSi1lCllt~ .. "Ounds. 

0.75 percen t oil em slon. 

A 2 Lead arsenat.e 2 pounds ••..•. Lend arsenate 2 pounds + 0.75 Lead arsenate 2 pounds. 


percent oil emulsion . 
3 ••••.do •••." ...........__ .•• Lead arsenate 2 pounds •••••••• Do. 


!
1 Barium fiuosilicnte 4 pounds. Barium fluosilicate 4 pounds. __ • Barium fluosilicate 4 pounds. B 2 Lead arsenate 2 pounds •••.• Lead arsenate 2 rounds......... Lead arsenate 2 pounds. 

1 Barium fluosilicate 4 pounds. 0.75 percent oi emulsion + Barium fluosilicate 4 pounds. 

C nicotine sulphnte (1-1,200), 
2 Lead arsenate 2 pounds •• _" "'_ .do_. _. '.'''_'.' ............. Lead arsennte 2 pounds. 


I Weights of barium fluosilicate and lead arsenate are for each 100 gallons of spray . 
• Fish oil, 1 pint tQ 100 gallons, wns used with nil barium fluosilicate sprays except where oil emulsion 

was used. 

In order to minimize the variation 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 eJl.lleriments 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 
percentage of stung fruit is considerably more in the plots sprayed with 
lead a!"senatej consequently the percentage of sound apples is lower 
than in the plots sprayed with fluosilicate, 
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TABLE I5.-Ejfectiveness oj sprays of banum fluosilicate, as compared with lead 
arsenate, in controlling the codling moth: Orchard cxperiments, 1930 1 

Ratio of 
stingsSe- Test Total I,- SoundMaterial apples \-(lrmyapples Stung IIpplcs to totalrles no. apples blem-
Ishes 

,( 1 Darium Iluosilicate (no. 5Hoil Number Number Percent Number Percent Fercent emulsion ____ .___________ •______ 38,138 4,405 11.5 3,043 8.0 81.8 0.3\1A 2 Lead arsennte+(lil emulsion ______ 28,505 3,122 10.9 :1,324 11.7 79.5 .52{ Lead arsenate. ___________________3 28,009 3,419 11.8 3,733 12.9 77.7 .52
Barium Iluosillcate no. 5 __________ 9,783 972 9.9 733 7.0 83.8 .41B { 1 Lead arsenate ____________________2 7,836 817 10.4 941 12.0 79.6 .53 
Barium Iluosilicate no. 5; oil ernul{ 1 

sion+nlcotine sulphate _________C 8,576 895 10.4 049 7.6 83.3 .40Lead arsenate ____________________2 9,g42 1,121 11.3 1,082 10.9 79.7 .48 

1 Sprays were applied according to the schedule given In table 14. 

TABLE 16.--Ejfectwene8s oj fluorine compounds, as compared with that of lead 
arsenate, in orchard cxperiments for controlling the codling moth 

EXPERIMENTS IN 1929 

I 
Wo;t:my apples mung apples 

Increase IncreQS6Ex (+) or de- (+) or deperi- Differ- Differ-Treatmeut Trees crease (-) crease (-)ment ence enceWeighted as com- Weighted as comno. divided dividedmean pared with mean pared with by bylead arse- lead arseerror errornate treat- nate treat
ment ment 

Percent Pacent Percenz Percent 
1 Barium Iluosilicate________ 5 39.1::1:0.8 +1~.6::1:1.5 9.1 2l. 4::1;0. 6 -14.7±1.6 n.2 
2 Potassium Uuosillcate _____ 5 24. 7:%:0. 9 -'.8::1:1.6 .5 22.7:1:0.7 -13.4:1:1_7 7.9 
3 Sodium Iluoaluminnte _____ 5 30.2:1:1_1 +4. 7:1:1. 7 2.8 25.2:1:0.7 -10.9:1:1.7 6.4 
4 Lead arsenate followed by

sodium Uuoalumlnate ___ 5 20.9::1:0.8 -4.6±1.5 3.1 27. 5±1. 2 -8.6:1:1.9 4.5 
5 Lead arsenate ...._________ 6 25.5:1:1.3 36.1:1:1.5------------ -------- ------------ ----~ ---

EXPERIMENTS IN 1930 

1 Barium fluosilicate +oilemulsion_______.._ •• __._ 16 11.8::1:0.9 +0.9:1:1.4 0.6 8.0::1:0.3 -3.7:1:1 3.7 
2 Lend arsenate +011 ernul·slon _______••• _________ __ 14 10.9:1:1. 1 11.7::1:0.9 

Most of the comparable e).-periments made from 1928 to 1930 
showed a 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 ~annot be figured in some instances owing to the·small number 
of trees examined. However, the significance of the differences in the 
treatments used in 1929 and 1930 may be determined from the statis
tical constants computed by the use of standard methods. The prob
able errors for individual plots were computed by the formula 

- / "};P(p
P.E. - ±0.6745" pen-I) 

(p=,the number of apples in each tree or plot), which is applicabl~ to 
a weighted mean. This formula was used because of variations 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 

Ed1ff •= ± .,Je1
2 +ei 

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 t.he case 01 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 t.hroughout the 

WINESAP 

ARKANSAS 
BLACK 

JONATHAN 

o 	 5 10 15 20 25 
WORMY APPLES (PER CENT) 

D LEAD ARSENATE,3 LBS. TO 100 GALS. 

_ BARIUM FLUOSILICATE,4LBS. TO 100 GALS. 

11m BARIUM FLUOSILICATE,3LBS. TO 100 Gf\LS. 

~ BARIUM FLUOSILICATE,3LBS. TO 100 GALS. 
~ (LAST APPLICATION OMITTED) 

FIGURE I.-Relative susceptibility of Winesap, Arkansas Black, and Jonathan apples to codling·moth 
infestation when sprayed with lead nrsenate nnd with barium Iluosiliente as shown by (lercentage of 
wo~my fruit, 1930. 

season, and doubtfully so in the comparisons ill whieh the fluorine 
compound w~ used following a calyx and first cover spr'ay of lead 
arsenate. 	 It may be concluded, therefore, that under the conditions 
of these eA-periments the fluorine compounds are as effective as lead 
arsenate 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 orchard were examined. The results, which are given 
in table 17, are similar to those obtained in the writers' experiments, 
the percentage of wormy fnut being slightly higher and the percentage 
of stung fruit lower when barium fluosilicate was used. The results 

)i 

i: 
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given in this table are from Jonathan and Rome Beauty apples in the 
first orchard (A) and from Jonathan apples in the second (B). In the 
latter orchard Arkansas 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 barium fluosilicate was 
omitted from nome of the trees, and the increase in wormy 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 iOO gallons 
throughout the season, so that the barium fluosilicate had a more 
severe test than it had in the other experiments. 

TABLE 17.-fJomparative effectiveness of barium fluosilicate and lead arsenate for 
controllin(J ihe codlin!1 moth, as shown by (Jrowers' orchard experiments, 1930 

ORCHARD A 

Ratio 
ofDilutionTJ Total 	 stingsMaterial (per 100 	 Soundno. 	 apples Wormy apples Stung apples toGallons) 	 apples total 

blem· 
Ishe.. 

Num· lVnm· Per· .Num· Per· Per·
ber ber cent ber CC1lt cent

{Lead arsenate calyx and 2 pounds •• 

1 B!~l:i:: 8~b~~i~~l:y~~. 5•• 4. pounds•. } 5,357 1,094 20.4 776 14.5 69.1 0.39 
Fish oil, first 3 cover sprays. 1 pint. .••• 

2 Lead arsenate calyx and 4 2 pounds •• 4,523 840 18. 6 875 19.3 66.7 .51cover sprays. 

ORCHARD D 

• I{Lead arsenate calyx and 3 pounds •• 
first cover s/1rays.1 	 Barium lIuos' 'cate no. 5 __ __•••do.___ }U,347 1,761 15.5 669 6.2 79.6 0. 

Fish oil, 4 subsequent 1 pint.._.. 
cover sprays. 


{Lead arsenate calyx nnd 3 pounds •• } 
IIrst cover s rays. 
1,431 11.4 ;59 6.02 	 Barium lIuoslflcate no. 5_•• 4 pounds_. 12, 54!l 83.7 .34 

Fish oil, 4. subsequent 1 Pint.._••1 cover sprays. 

3 Lead. arsenate, all sprays._ 3 pounds.. 14, 771 1,367 b57 #l.S 85.8
G 21 	 .38 

EFFECT OF FLUORINE COMPOUNDS ON FOLIAGE AND FRUIT 

The possibility of injury to fruit or folillge has been considered. 
No foliage injury has been noted in the arid climllte :prevailing in the 
Yakima Valley, except a very little in 1927. The ramfall during the 
early part of September of that year was heavier than usual, and about 
2 percent of the foliage sprayed with bllrium and sodium fluosilicate 
was injured. However, foliage sprayed with lead arsenate was also 
injured that year. All the experiments have been with apple trees, 
but some pear foliage has been sprayed without any injury. 

'rhere 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 all the trees examined. Three plots sprayed with fluor
ine compounds avera~ed 141 ± 1.3 apples per box, and three compar
able plots sprayed With lead arsenate averaged 139 ± 2.5 apples per 
box. The difference, 2 ±2.8, is not significant. 
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"" 
ACCUMULATION AND ADHERENCE'OJ!' SPRAY MATERIALS 

During the summer of 1930 an attempt was made to determine the 
quantities of material applied by the dmerent treatments as well as 
the quantities of residue remaining on the fruit over a period of time. 

Samples of Winesap apples sprayed with barium .!fuosilicate (no. 5) 
in the regular orchard t"sts were taken before and after each spraying 
and analyzed for residues. No standard procedure 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 procedure and 
'calculating to barium fluosilicate. Duplicate samples of apples that 
had received very different treatments were selected and, judging by 
the agreement between the duplicate analyses,~he method seemed to 
be fairly accurate and gave consistent results. However, it, was ap
plicable only to the barium compound. 

The results, calculated in milligrams per apple and in milli.grams 
per square centimeter of surface, are given in 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 average weight of the apples. The volume was first obtained 
by multiplying the weight by 1.2, as the ratio of weight to volume 
in Winesap apples was found to be 1 to 1.2. It was determllied 
that a sufficiently accurate estimate of the surface area could be 
obtained by treating the apples as spheres, and therefore the area 
was obtained in this way: 

in which S is surface area and V is volume in corresponding units. 
Spray residues on harvested fruit are ordinarily given in terms of 

grains per pOlmd 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 discreptLllcies in the quantities of residue before 
and after certain sprays. This is probably due to variations in the 
fruit used or to errors of analysis, and these figures are given only as 
an indication of what residues may be expected. 

• 

~ 

• 
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TABLE IS.-Comparison of barium fluosilicate and arsenious oxide residues on 
apples following spraying experiments, 1930 

BARIUM FLUOSILICATE 

Quantity of residue 

Treatment 1 
First cover, Second cover, Third cover,

May 22 June 4 June 14 

},[g per ]\;[g per My per MU pr:r lifO per Moper
Sr_tfes B,test 1: apple em , apple em 2 apple em'Before spraying ___________________________________________________________ •. __ 

0.258 0.011After Sprayin _____________.. __________,___________"____________•__________~-"--g .502 .017 

--~----~-----
AR3ENIOUS OXIDE 

Series A, test 2: 1Before spra¥ing ________ _____________ _~ 

After spraymg ________________________ 0. 
032 

0. 
005 O. G\l41 0. 

006 
0.

0.007 
.160 1 .016 1 .180 .012 1 .300 

174 1 .010 

BARIUM FLUOSILICATE 

Quantity of residue 

Treatment 1 Residue 
Fourth cover, Fifth cover, Sixth cover, at 

June 20 July 20 Aug. 12 harvest,
Oct. 15 

},[o per Mgper Mgper },[g per MOpe-: Mgper Mgper
Series B, test 1: apple em' apple em' apple em' em'Before spra¥ing ____________ _ 0.794 0.021 1.270 0.022 2. 120 O. 025After spraYlng _____________ _ 1.156 .029 1.860 .029 0.019 
Series A, test· 1:Before spraying ________________________________ _ .027 _____________________________ _ 


After spraying __________________________________ 
 1.055 
1.405 . 022 1.000 .022 .017 

I 

ARSENIOUS OXIDE 
~.' 

Series A, test 2: 1Before spraylng _____________ 005 425 007After spraylng ______________ 0.210 1 0. 0. 0. 0.7501.100 1 0: lm 1-----ii~OO9.580 .013 1 .725 1 .011 1 

1 For spray schedule, see tahle 14. 

REMOVAL OF FLUORINE SPRAY RESIDUES 

In 1930 som(' tests were made to determine the feasibility of remov
ing residues of barium fluosilicate from the fruit by mean.:; of chemical 
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 gallons of water with fish-oil or mineral-oil emulsion, 
was washed in a flood machine with 1 percent hydrochloric acid at 
temperatures of 75° to llOo F., and with 1 percent sodium carbonate 
at tcmperat,ures of 90° to 110°. Before it had been cleaned the 
fruit had an average deposit of 0.04 grain of fluorine per pound. 
Treatment with hydrochloric acid resulted in an average deposit of 
0.009 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°. Treatment 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 f1uoaluminate (cryolite) 
at the rate of 3 pounds to 100 gallons of water with mineral-oil emul
sion were washed with 1.5 percent hydrochloric acid, with 5 percent 
sodium silicate, and with 18 percent sodium carbonate,3 respectively. 
Fruit that has been kept in storage for several months is more difficult 
to clean than when freshly: harvested; t.herefore temperatures of 
UOo F. were used for the aCId and sodium c!(rbonate and 1200 for the 
sodium silicate. This fruit had a maximum deposit of 0.022 grain 
of fluorine per pound before it had been washed. Treatment with 
hydrochloric acid resulted in an average deposit of 0.004 grain of 
fluorine per pound; with sodium silicate, of 0.007 g:;ain per pound; 
and with sodium carbonate, of 0.015 grain per pound. 

Since methods of analyses for fluorine have not yet been perfected, 
,thes0. rewlts are only preliminary, but they indicate the quantity of 
fluorine residue that it may be possible to remove by suitnble washing 
with a solution of hydrochloric acid, sodium silicate, or sodium car
bonate. 

SUMMARY 

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

The fluorine compounds studied are apparently not so toxic as lead 
arsenate on the basis of equal weight. This may be due in part to a 
lack of adhesiveness. Because of their cheapness, however, larger 
quantities may be used wi.thout increasing the cost. The lack of fl.d
hesiveness may be overcome by using fish-oil sticker or a mineral-oil 
emulsion 'with them. 

Tests of barium fluosilicate, potassium fluosilicate, and sodium 
f1uoaluminate (cryolite) at the rate of 3 or 4 pounds to 100 gallons of 
water, plus 1 pint of fish oil or %gallon of emulsified mineral oil, re
duced the wormy fruit 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 quantity of stung fruit by a 
greater percentage. 

Except in some of the tests conducted in 1927, no fruit or foliage 
injury resulted from any of the experhiie.iltS. In the limited numher 
of analyses made to determjne the l'esidue on the fruit at the thne of 
harvest, the residue from these materials was less than that left by 
lead arsenate and was as easily removed. 

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

• These tests were mlldo by A. L. Ryull, assistant pomologist, Bureau of Plant Industry, Bnd tbe analyses 
were made by the Junior Buthor. 
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