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Relative Effectiveness of Acid Lead Arsenate
and Other Materials as Stomach Poisons
for the Larvae of the Japanese Beetle*

By Warrer E. Fueyive

Entomologist, Division of Fruit Imscc! Investigntions, Bureaw of Entomology and
Plant Quaraniine ?
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INTRODLCTION

Preliminary experiments by Leach (77) % in 1022 demonstrated that
larvdg of thoe Jupanese heetle (Popillia japonica Newm.) could be
kille@by adding certain arsenicals {o the soil.  Sinee that time many
diffepent materials hive been lested to determine their value as
stomggh poisons for use againsi this insect in the soil, The mforma-
tion Wesented in this bulletin covers the writer's investigation from
1920 %ho 1036, inclusive, and gives the results obtained with different
arsenigpls, fluorine compounds, borales, derris, pyrethrum, and other
miscellancous materials.

ILarvae of the Japanese heetlo are kiliod when they ingest peisonous
materials while hurrowing through soil or feeding on roots growing in
this soil,” When a larva consumes a lethal quaniity of poison, it censes
feeding and burrowing, discharges the contents of the alimentary
tract, becomes flahbor, and eventually dies.  Tlhe action of 2 stomach
poison in the soil is complex, being influenced by the development,
rotivity, amd suseeptibility of the larvae, the nature and eoncentra-
gon of the matertal, and the physical and chemical eharacteristics of
22 I

+ 4 1 Reeekved for phlicaling May 16, {541, .
~ T The writer wishes loneknowlodgn with llrr{(}nmlrwinlim! the wark of the ate Fraocis 13, Bokor, assistnut

et tomotogisl, who asslsimd In the rautine work of eonducting the biolorical Lests deseribed in this aglletio,
£y 2 Dtalic numbers in parentheses refer Lo Literature Cited, p. il
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the soil. Newly hatched larvae are more veadily killed than fully
developed thivd instars. Larvae in soil containing an abundance of
aots are more casily kifled than those in fallow soil.  Larvae succumb
more guickly at high than at low temperatures; wher the temperature
of the soil is bolow 30° T, the larvae are practically inactive and ave
usually not scricusly aflecied by a stomach poison.

In & recent study of the insceticidal action of acul lead arsenate in
different soils from New Jersey (Z8) it was found that the coeflicient
of effeetiveness of the material ranged from 0.30 in Colts Neck loam
tn 2.18 in Lakewood sand. A significant correlation was found boe-
tween the insecticidal effee tiveness of acid lead avsenate and the soluble
constituents of the soils. The concentration of soluble phosphatss,
ealcium, and magnestwm appeared to be the most important factors
influencing the insceticidal action.  The greater the concentration of
soluble phosphates and caletum in the soil, the more eflective was the
arseuical treatment, and the groater the concentration of soluble mag-
pestumn, the less offective it was.  The influenee of soluble ehlovides,
nitrates, ammonia, potassban, and mavgandse was of minor mpor-
tance. It was alse fount that the wsecticidal action of acid lead
arsenate in a soil could be modifted by adding different phosphates.

Tt is vory desirable, in & search for new soil insecticides, to attempt
to control as many as pessible of these variable factors. The varia-
tion produced by differences in the tape of soil, the temperature, mois-
ture and food can be reduceed to a minimum by condueting the prelin-
nary experiments under controlled conditionswith one gypeof soill. The
soil used for all the experiments in this study was a sassalras sandy
inam. Unfortunately, the Tarvae vary in theiv suseoptibility to a
stomach poison, even under controlled conditions, depending upon the
season of the year, the source of the test inses s, aned the period of time
elapsing botween digging them in the feld and using them in the
experimoents.

In the search for new inseeticides the determination of the relative
effectiveness of muny materials is more bnportant than isolated deter-
minations on the actien of individuad ronpounds.  The comparative
effectivencss of acid load avsenate, which hns hecome established as
a standard soll stomach poison for the control of tarvae of the Japanese
beetle, and another material is of wore value than the exact measure-
ment of the relation between the desage and the mortality produced
by this material.  When acid lead arsenate s used as a standard
each individual test, as in Uwese, the variation in the suseeptibility of
different Iots of larvae is nof o Jimiling faetor becauwse it does not
modify appreciably the comparative value of o material as a sotl
inseeticide.

CONDITIONS FOR TESTING STOMACH POISONS

Tt has been ohserved that when the temperature of the soil is below
50° F. the larvae of the Japanese beetle are largely inactive and are
aflected by a stomach poison only to o imited extent. As the tem-
perature of the soil is raised to 85° the activity of the larvae increases
and the time required for an inseeticide to become effeetive is progres-
sively decreased. At a temperature of 80° Lo 83° a stomach poison
may be effective in 2 weeks, wheress at 55° to 60° from § to 8 wecks
may be required. Temperatures above 85° appear to relard the
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activity of the larvae. Activity is also impaired in soils that are
excessively web or dry,

The laboratory tests with stomach poisons were conducted in 5-inch
earthen pots in the controlled chambers shown disgrammatically in
figwre 1. The walls and ceilings of two cellars were lined with, insa-
lating board and plastered. The temperature was controlled by a
commercial thermostat adjusted to Ikeep the temperature between
80° and 85° F. The thermostat activated a contrifugal pump which
forced water ab 160° through o heating unit and started a fan which
drew air from the chamber, passed it over the heating unit, and
returned it to the chamber. Fans wore also placed in the aisles to

Ficere l—Diagram of a chamber nsed in testing materials as soll stomach
poisous against larvae of the Japanese hectle.

cireulate air in the chamber.  The pots were plunged in moist peak
to conserve the moisture and to make necessary the applicati.n of
water to the soil only at infrequent intervals,

PROCEDURYE FOR CONDUCTING THE TESTS

The procedure for condueting a test to dotermine the value of a
material ns a ~*~iach poison against larvae of the Japanese beetle
is Iimdamental 5 the same as that used in the biological assay of drugs
and dismfcctants, in that the mortality produced by diflerent concen-
trations of the test material and the standard are determined gxperi-
mentally under like conditions. If the stock of test larvae were
constant in 1ts avorage susceplibility to the standard, the results
obtained with a test material could be compared with o single dosage-
mortality curve of comparatively high accuracy, determined from
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meny experiments with the standard. As the population of larvae
dug m the field is not stable in this respect, however, cach separate
assay of a material must be based on parallsl tests between the standard
and the test material.

In conducting each test, the standard (acid lead arsenate) was mixed
with moist, sifted sassafras sandy loam at rates equivalert to apply-
ing 250, 500, 1,000, 1,500, and 2,000 pounds per acre and mixing to &
depth of 3 inches. DPrior to 1935, 0.735 cubic foot of soil, sufficient
to fill twenty 5-inch earthen pots, was first spread In o thin layer on a
smooth concrete floor and then the required gquantity of the lead
arsenute was seattered uniformly over the surface and mixed with it
by reking and shovelling until uniformly dispersed. Later, in order
to enbance the dependability of the data, the quantity of soil was
doubled, sufficient to fill forty 5-inch pots, and was mixed more
rapidly and uniformly with the poison by passing it three times
through o gyratery riddle.

After the drainage holes of the pots had been covered with 16-mesh
wire to prevent the subsequent escape of larvae, they were filled with
the treated soil. An equal number of pots were filled with untreated
soil for the determination of the natural mortality of the insect. The
test ‘materials were then applied in the same manner, or pots of soil
that had heen treated previously and exposed to weathering in the
field were brought in and prepared for testing by removing the soil
from each group of pots and possing it through the gyratory riddle to
remove all larvae naturally infesting the pots and to vemix and loosen
the seil. Rye was sown m each pot to supply an abundance of food
for the laivae.

The pots were plunged to a depth of 2 inches in moist peat in the
constant-temperature chamber.  After 48 to 72 hours, when the soil
was at the proper temperature and the grain had sprouted, five active
third instars were placed in each pot.  The mest satisfactory procedure
found for infesting the pots was to malke five holes 2 iuches deep with
o small dibble, place one larva in each hole, and fill the holes with soil.
Third instars were selected for test purposes becuuse larvae in this
instar are most resistent to insecticides, are more casily handled
without fear of injuring them, and are more readily seen in the soil
during examination than the other instars. It was not feasible,
because of cannibalism, to put more than five larvae in & 5-inch pot.

The soil was removed from each pot 14 days after the lnrvae had
been introduced, and the number of dend and living larvae were
recorded. Only larvae which were in the various stages of decomposi-
tion ~were classilied as killed by the treatment. All other larvae,
although in some cases showing evidence ol injury, were classified as
surviving. When the examination was completed, all series of pats of
the test materials which produced promising results were plunged in
the field o determine subsequently the influence of weathering an the
insecticidal action. The soil containing the acid lead nrsenate was
disearded, and the pots were thoroughly washed before they ware used

for other tests.
ANALYSIS OFF DATA

It will be observed in the tabulation of the data that some larvae
usually sarvived ot the end of 14 days even in soil with the highest
conrentration of the standard und other materials. This should not
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be interpreted as being Indicative of the maximum killing power of a
freatment because the progress of the insecticidal nction was de-
liberately interrupted before the mortality approached 100 percent in
the median concentrations in order that the assay of the materials
might be made more sccurately. The dosage-mortality curves of the
stomach poisons on larvae of the Japanese beetle are typically sigmoid
in character. With a relationship of this nature, the change in_per-
centage of mortality is the smallest per unit of dosage near mortalities
of 0 and 100 and the largest near 50 percent.

1t has been established by Strand (25), Tattersficld and Morris
(£8), Trevan (29), and other investigators that the closest agreement
m insecticidal tests occurs when the concentration causing 50 percent
mortality is selected as the eriterion for compsrisons. A method of
expressing the relative effectiveness of stomach poisons on the larvae
of the Japanese beetle has been developed (11) by use of the median
effective concentrations of the standard and the test material. By
this procedure the concentrations producing median survivals in the
test material and the lead arsensbe with their respective standerd
errors were calculated, and the relative effectiveness of g test materia}
was expressed as a coefficient of the stendard. The significance of
the differences between the cocfficients of the various materials
could be determined from s considerntion of their respective standard
errors,

The precision of the results obtained at the 50-percent poinb is
often of distinct advantage in the study of the factors which influence
inscoticidal action. Unlortunately no simple rolationship exists
between the median effective concentration and that required to kill
100 percent. For example, 50 percent of the population may be
killed with 750 pounds of the standavd and 100 pounds of o test
material, 74 percent with 1,000 and 2060 pounds, and 90 percent with
1,200 and 1,000 pounds, respectively. In this case the two dosage-
mortality curves, one from the test material and the other from the
standard, are converging as they approach 100 percent, but it is nob
uncommon to haye curves which are close at the 50-percent poing
become sharply divergent as they approach 100-percent mortality.
Therefore, even though the concentration of the standard necessary
to assure 100-percent mortality of the lavvae in the feld is known,
the quantity of the test material required to produce equivalent re-
sults cannot he estimated from the coefficient derived nt the 50-
percent point.

As 1t 18 believed that the results obtained from a laboratory assay
of a material are of more practical value when expressed in terms of
pounds per acre thereof that can be expected to produce 100-percent
mortality in the field, an attompt was made to determine acourately
the 100-percent mortality points for the standard and test materials
so that the coefficient of cffectiveness at this point might be derived.
It was found that the concentration of a matorial just sufficient to
cause complete mortality could not be determined very precisely
experimentally because of the nature of the toxicity curves. The
caleulation of this point from other points on the sigmoid curve was
glso disappointing. Shepard (23) adapted the formula used by Clark
(7) to the dosage-mortality curves of fumigants against the rice
weevil (Sitophilus oryza (L.)) and apparently was able to estimate
the meximum “nonlethal” dose with & high degree of accuracy.
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When this formula was used to estitnate the minimum concentration
of a stomach poison in the soil necessary to kill practically 100 per-
cent of the larvae of the Japanese beotle, the estimated quantity was
often so far in excess of, or below, that at which complete mortality
oci:mred ewpemmentully 2s to make the estimated figure of doubtful
value,

It is possible that the method suggested by Bliss (2, 3} for the con-
version of the sigmoid curve into a straight line might be used to
estimate the dosages approaching those necessary for complete mor-
tality; but another procedure, which will be descrihed --'.-esently,
appeared to be satisinctory for estimating the rates at wiich the
different test materials would have to be used to be effect. - ~ against
the larvae. ’

It has been determined experimentolly under field conditiens that
an application of acid lead arsenate al the rate of 1,000 pounds per
acre, very thoroughly and intimately mixed with the upper 3 inches
of n sassafras sandy loam before the eggs hateh, will cause complete
mortality of the larvae. It seemed proper, therelore, to evaluate in
the laboratory the comparative eflectiveness of the dilferent materials
by estimnting the rates at which they would bave to be applied to be
equivalent in insecticidal value to 1,000 pounds of acid lead arsenate,
using third instars as test insects under the conditions and according
to the procedurce previously described.

In each series of tests there ave usually four independent causes
of variation in the larvel survival, (1) the chemical composition of
the materials, (2) the rate of application, (3) the period the materials
have been in the soil, and (4) the random or experimental error.  The
analysis of variance has been found (o be the most satisfaclory pro-
cedure for determining the significance of the differences in Jarval
survival caused by the varintion in chemical composition, rate of
applieation, and the period in the soil. When this procedure demon-
strated that there was no significant differcnce in insecticidal value
between the standard and a fest material there was no neeessity for
analyzing the data further, but when significant differences were
demonstrated the data were analyzed to a greater extent. In the
latter case the rate at which a test material would have to be applied
to be equivalent in insecticidal value to 1,000 pounds of freshly
applied acid lead arsenate was estimated by interpolation of the larval

+ (B—A)y (C—E)

survivals, using the formula 4 =Dy where A is the num-
ber of pounds per aere of the test materinl giving o survival just above
that for 1,000 pounds of the standard, 53 is the number of pounds per
acre of the test material giving o survival just below that of the stand-

ard, C is the survival with treatment A, f7 is the survival with treat-
ment B, and 7 is the survival with the 1,000-pound level of the stand-

ard, The standard error of this value is that of the quotient g—:g:

multiplied by the constent (B—A). The standard errors of differ-
ences (—F) end (C—D} were known from the analysis of variance.
The error of the treatment with a test material estimated to be equiv-
alent to the standard was computed by the fermula

(B—‘A) (GFF) U’c 3 0"5"..
0—D \/ O— 1T o=Dy
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The final estimate of the effectiveness of a material in comparison
with the 1,000-pound standard was made at the end of 14 days under
conditions in which the temperature was maintained between 80°
and 85° F. 1% 1s realized that with the more rapidly acting materials
most of the effect might have been obtained in a shorter period.
Materials which had had httle toxic action on the larvae by the end
of this peried might have shown some value if the exposure had
been prolonged. It is known, however, that the results obtained
under the conditions of the tests are verv similar to those obtained
with third instars in the ficld ofter a periad of 6 to 8 weeks when
trentments are applied betwoeen September 15 and October 1. As
the activity of larvac in the field after November 15 is at o low level
because of the low temperatures, stomach poisons at this time have
little effect on them. 1t may be considered, therefore, that the
cvaluation of the material at the end of 14 days in the laboratory is
what might be expected at the end of the active scason in the {all,
Any material which was delinitely inferior to acid lead arsenate at
the cud of the test peried probably would have little value for the
control of the larvae. QOuly materials which were equal to or more
cflective than acid lead arsenate at the ond of the test period can be
considered as possible substitutes.

ACID LEAD ARSENATE AS A STOMACH POISON

Before the various materials are considered as substitutes for acid
lead arsenate, some attention should be given to this chemiesl as a
stomach poison in the soil, particularly as (o the influcnee of some of
its physical and chemical propertics and the persistence of the in-
secticidal action in the soil.

INFLUENCE OF THE SIZE or P;\R‘I‘ICLES oN INSECTICIDAL ACTI{)N I v
THE So0IrL

Through the cooperation of o commereial grinding company, R, ID.
Chisholm, of the Division of Insecticide Investigntions of the Bureau
of Entomolegy and Plant Quarantine, reground a conunercial sample
of acid lead arsenate in order that the influenee of the size of the
particles on the effectiveness of the material in poisonming larvae of
the Japanese beetle in the soil might he investigated. The original
sample was analyzed and found to be of the following composifion:
Total arsenic oxide (As.Q;) 31.44 mercent, total lead oxide (PhQ)
64.21 percent, water-soluble nrsenie oxide 0.40 prreent, and water
0.37 perecent.  Three grindings were made with the material alone at
different speeds, and one was made with the material to which 2
percent of 200-mesh gum arabic had been added previously.

The original material and the different batches of the reground
material were snalyzed by L. D. Goodhue, also of the Division of
Insecticide Investigations, to determine the size of the particles in
each of them. Each sample was suspended in water with gum arabic
and placed in a differential manometer-type sedimentation apparatus.
The density of the dispersed substance was determined at intervals.
From the relation between the velocity of a particle and its radius
when falling in a liquid medium under the influence of gravity, the
percentages of the particles of the different diamectors in each sample
were determined. The details of the construction of this apparntus
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and $he procedure of analysis have been described by Goodhue and
Smith (74).

The percentages of the patticles in each sample below 2u in dinmeter
and between 24 and 30x and above are given in table 1. As approxi-
mately 28 percent of the commercinl snmple was composed of particles
less than 24 in diameter and about 80 percent of the particles in the
reground samples were of this size, it is apparent that the regrinding
operation increased the fineness of the commercial product. Un-
fortunately the sedimentation snalysis was not sufficiently dis-
criminating to differontiate between the particles less than 2 in
diameter. It is impossible to determine from these data whether the
modifications in the grinding operation produced materials which
differed significantly in their degrees of finencss.

TanLe 1.—7The size of the particles in the commercial and reground samples of aeid
fead arsenale

‘ Proporiion of particles of Uie foliowing diameters, in microns—
Snmples of acid lend arseoata

| petow 2! a4 1 sg P 610 {1015 ¢ 15-20 | 20-30 | Abovo3d
; ; 1 H ) | .

¢ | Perge

Pereend . Percent | Peregat  Percent ;Fercent ; Percent | Percen nt
Cormmercinl ..o eeeeee_ 28, 2 l 36.0 bl wd . &3 23 23| 3.3
Reground, No. 1. .0 2.1l 26| Al 51, 1.9 { 1.9 | 1.3
Reground, No. §.. 4, 1500 35 a1y 100} ad L1 .5
Regromtd, No. G.0: 1510 26 323 42! 551 12! .2
Reground, No. 3| 1841 x3l owal a2 &, a2y Ll
Regroutd, No. 53.0 | 1I7.2. 28! 6% 7.9 * LE! 2.3 1.3
' i L i

It was very difficult to mix reground lead arscnate uniformly with
soil because the particles of the insecticide tended to adhere tenaciously
to the first erains of scil encountered. In the attempt to overcome this
difficulty, the lend arsenate was shaken vigorously with dry sand
until the grains of sand appeaved to be uniformly covered before the
sand and poison were applied to the soil. It is appreciated that
adding the materinl in this condition to the soil might be equivalent
o using acid lead arsenate with particles the size of those in the sand,
but no befter method for mixing a dry material intimately with soil
has been developed. The different samples of lead arsenate thus
diluted with dry sand were mixed with moist sassafras sandy loam
at rates equivalent to 500, 1,000, 1,500, and 2,000 pounds of the
poison per acre. Larvae were then introduced into each treatment.

The percentage of the Inrvae surviving in each treatment, out of the
200 itrodueed, the pounds of ench sample estimated to be equivalent
in insecticidal value to 1,000 pounds of the standard, and the summary
of the analysis of variance in the larval survival are given in table 2.

The analysis of varinnce of survival showed that significant changes
were produced by the modification in the rate of application of the
arsenical and by the grinding. It was apparent, however, that the
concentration of acid lead arsenate in the soil was the more Important
factor modifying the survival. When the lead arsenate was applied
at the rate of 1,500 or 2,000 pounds por acre, no signilicant differences
ot odds of 99 to 1 could be delected between the survivals in the
standerd and the reground samples. It is apparent that when used
ot these rates thore s sullicient acid lead arsens'e in coxcess of the
minimum required to mask the differences between the samples.
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TanLe 2.—Analysis of variance of larvee of the Japanese beetle surviving in 960
tests in which various umounts of acid lead arsenate conlaining different perceninges
of emall pariicles 1 were tesled ag stomach poisons :

Burvival ont of 200 Iarvae? in | Estimate Analysis of varisnee
treatment proportional to k- | of test
dicoted pounds of poison | wmaterin i

Sample of acid fead applied per acre erjiva- De-

arsenate lclnti’:ugn Bro0S Mean
K o e

Dounds Souree ¢f variation [r%t:;_ squara

500 LOOO | L5000 | 2,000 of tha -

standard

Pereent | Percent | Percent : Percent | Pounds
EL 12

Comperclal (stnndard} i Lebwoen  gongen- 3LG. GEG**
Reground, No. 4____. . - 0.5 ] 857136 trations. .

Reground, No. ; i 552 OF || Between materials, 1%, 923+
Leground, Ne. ] X 1 G0 00 | Interction. ... 4. 158+
FReground, No. i 3. E L5 1 6304116 | Brror -

Reground, No. 5? 3 . iLess
{tllun 00,

1 #¢e table 1 for analysls of sample for size of particls.
* Least signifieant, differenes for adds af 99 Lo 1, 10 percent.
1 Ground with 2 pereent of puin arabie.

There was no cevidence that the grinding to which sample 4 was
subjected significantly modified the insecéicidal action. When the
number of larviee surviving in the 1,800-pound treatment of the stand-
ord was takep as a measurc of insccticilal eflectivencss, it was found
that the regrinding in samples 5, 6, 7, and 8 had greatly incraased the
effectiveness. The results sugges that 500 to 700 pounds of samples
5 and 6, 400 to 850 pounds of sample 7, and less than 500 pounds of
sample 8 produced results ngainst the larvee equivalent to 1,000
pounds of the unground commercial powder. It is possible that the
increased cffectiveness of sample 8 might be attributed to the gum
arabic preventing the small pargicles from conlescing.

The reaction of ryc to the various samples of acid lead arsenate in
the soil was not significantly different, indieating that the solubility
in the soil had not been greatly modified by the grinding.

Although the fineness of the particles was not so important a factor
as the rate at which acid lead arscnate was applied, there is no doubt
that the size of the particles did significantly change the insccticidal
nction.

IxrLueNce oF Varraron v Avsenic CONTENT

Through the cooperation of P, A, Van der Meulen, at that time
agent of the Bureou of Entomology, nine samples of acid lead arsenate
which ranged in their arsenic oxide content from 29.79 to 33.77 per
cent, were prepared in 1934 {o determine the influence of the arsenic
oxide content on the inseeticidal action in the soil. These materials
were applied to sassafras sandy leam at the rales of 250, 500, 1,000,
1,500, and 2,000 pounds per acre. The pereentages of survival of the
larvae in the different treatments, the pounds of the different mate-
riale which were estimated to be equivalent In msceticidal value to
1,000 pounds of the standard, containing 33.77 percent arsenic oxide
in this case, and the analysis of the veriance arc given in table 3.

AAMTT—41——2
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TasLE 3—Analysis of variance of larval survival in 3,600 tests in which various amounts of acid lead arsenate containing different percentages of
arsenic oride were lested as stomach poisons for the larvae of the Japanese beelle

Survival out of 400 larvae! in treatment proportional to indi- : i
. cated pounds of poison applied per acre ggg:zg{;fgl Analysls of varianca
S equivalent to
Arsenic oxide 021]1 :)he samples 1,000 pounds
(per of the stand- Deggees Mear:
o

1,000 2,000 ard (33.7 Bource of variation ,
! ‘ percent) freedom. | SQuare

N Percent Percent Percent
33.77. 83 64 11 5.5 3.5 Between concentrations 1,462, 3212

33.11 8.75 3.5 Between materials 20, 4150**
32.14 X . 13.5 . Interaction 10. 1935**
31.93 2 3 1).25 3 2.25 , Error
3174 8.5 . 3 R
30.74 . 14,75 g L Total_
30.50 ., 33.25 ] . 1,614 174
30.00 7 16.75 5 . 1,288 4172
29.79. 3 14.75 7 5 1,242 213

1 Least significant difference for odds of 99 to 1, 7.65 percent.
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The anslysis of variance in the larval survival showed that there
were very significant differences in the insecticidal action of the samples
conbaining various percentages of arsenic oxide. There was o definite
tendency for the survival to increase as the arsenic oxide content was
reduced from 33.77 to 20.79 percent, but the data are too variable and
not sufficiently extensive definitely to establish this relationship.
The actual differences in the mortality were not large. It is believed,
therefore, that satisfactory results in controlling the larvac can be
obtained with a commercial acid lend arsenate which conteins the
legal minimum of 30 percent of arsenic oxide.

INFLUENCE OF SOLUBLE ARSENIC

In connection with the study of phosphate fertilizers on the effec-
tiveness of acid lend arsenate as a stomach poisen, the survivel of
larvae and the quontity of soluble arsenic in the soil were determined
for each treantment. An analysis was made of the survival of the
larvae in the treatments where acid lead arsenate was applied alone
and with different phosphates, to determine whether there was any
correlation bebween the survival and the soluble arsenic in the soil.

Only the 250- and 500-pound treabments werc used In this apalysis
because the 1,000-, 1,500-, and 2,000-pound treatments gave very
low lorval survivals., This analysis showed that the quantity of
soluble arsenic in the scil did not txplain the differences in Jlarval
survival. It is evident that the concentration of soluble acid lead
arsenate in the soil is not the most important factor modifying the
Inrval survival.

As Swingle (27) has shown that the hydrogen-ion concenbration of
the midgutof third instars of the Japanese hectle is 9.5 and of the hind-~
gut i1s about §, and that these values are not greatly influenced by the
bydrogen-ion concentration of the soil in which the larvae are living,
it is apparent that the solubility of the acid lead arsenate in the soil
having o hydrogen-ion eoncentration of 5.0, 2s wus used in these tests,
would be quite different [rom that in the digestive fract of the insect.
It is evident from the previous sunalyses of variance that the total
guantity of acid lead arsenate in the soll ingested by the larvae is the
most important factor modifying the survival of larvae.

INFLUENCE OF Lran CONTENT

As Brinley (4) has demonstrated that lead salts were toxic to the
eastorn tent caterpillar (Malacosoma emericana (1)), and Stiibinger
(26) has shown the toxicity of lead compounds to bees and larvae of
caddistlies, it appeared that the lead molecule in ncid lead arsenate
might have some influence on the insecticidal action. To determine
the eflect of the lead molecule on the larvae of the Japancse bestle it
was necessary to remove it from the influence of the arsenic and to
consider it in combination with acid radicals which usually would
not be considered very toxic. Different lead salts were Lested to
determine their coffectiveness in killing the larvac. The results
obtained with the different materials and the analysis of the variance
are given in table 4.
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Tawue 4. —Analysis of variance of larvae of the Japanese beelle surviving in 1,400
lests in which different lead compounds were lested as slomack poisans

Hurvival oué of 200 latvae ! in frcat-
ment proportional io  indicated Analysis of variance
ponnds of materin spplied peracre

Test material
De-
; ETCES | Mean
Bource of variation fr?:{z- SquaTe
dom

EBetween  concent-

51. 4546%*

3 . 116 7347

Leaq bomt. . X : a0, 24 | 184371

Lead carbunate. 3

Load chloride

Lead fveride . _____

Lead hydrogen Dhos-
Phate .o

 Least signifieant diffevence for odds of 99 Lo 1, 12.5 percent,

Within the range of 250 to 2,000 pounds per ncre none of these
salts (lead acetate, lead borate, lead carbonate, lead chloride, lead
fluoride, or lead hydrogen phosphate) caused a reduction in the
number of larvae equivalent to that produced by 1,000 pounds of
acid lead arsenate. When the survival in the untreated soil was com-
pared with that in the different frestments, it was found that lead
acetate, lead carbonate, and lead fluoride caused no significant change
in the number of lnrvae surviving when applied at the rate of 2,000
pounds per acre. Lead chloride caused a significant reducsion when
applied at the rate of 2,000 pounds per acre, lead borate at 1,000
pounds, and lead hydrogen phosphate ab 500 pounds.

The results appear to show that some of the lead salts are slightly
toxic to the larvae. Tle insceticidal action, however, was not suffi-
cient t0 be of value as & control measure.  Laber data will be presented
to show that the arsenates of alumivim, barium, caleium, irom,
magnesium, meanganese, and zine, arsenious oxide, arscnious sulfide,
and paris green and its homologues have considerable loxicity,
The mdications are that the lead molecule contributes very little to the
action of acid lead mysenate on the larvac, and it secems proper to
asseciate the toxicity of this material with the arsenic molecule,

PERSISTENGE OF INSECTICIDAL ACTION

It is believed that any stomach-poison insectiside should be effec-
tive for more than one scason in the soil to be of practical value. It
is also recognized that the initisl effectiveness of the insecticide is
correlubed with the presence of certain soluble salts in $he soil and that
the persistence of the insceticidal action is associated wit!. the physieal
end chemical propertics of the seil. In a problem of this nature,
where the comparative value of acid lead arsenate and other materials
are being studied, it is desirable to have some information on the per-
sistence of the toxic action of acid lead arsenstc under the same con-
ditions as were used 1o eveluate the othor materisls as soil insecticides.

Acid lead arsensie was applied io sassalrps sandy loam atb rates
equivalent to 500, 1,000, 1,500, and 2,000 pounds per acre. Larvee

.
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were introduced info the treated soil immediately after the applica-
tion and af intervels up to 57 months, during which time the soils
were exposed to weathering in the field. Each time an inseeticidal
test was made, the survival of larvae in these treatments was compared
with fhat in soil to which acid lead arsenate bad been freshly applied.
The survival of the larvae in each treatment and the relative effective-
ress of the material after it had been in the soil for different periods
are given in table 5.

TaBLE 5.—The persislence of acid lead arsenale as e stomach poison againsi larvae
of the Japanese beetle in sessafras sandy [oam

Survival of lnrvac in treatments equivalent to indieated Mini-
pounds per aore um

Exposire sipnifi- | Bstimato of
of test i cant | fest material
material i 1 Aeid lend ntsenate applied at Freshly appiied ackd lesd @iffer- | equivalent to
in soil bepinning of experiment nrsenato ence | LO00 nounds
(manths} for of stendard

adds al
None 1,000 2,040 | None 2,800

-y

Pet.

—
wn
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1, 821101
I, 1611124

R
RS S Y S
2378

i
1, 4142189
1, 8334143
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Beyond 2,000
1, 862199
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Beyond 2,000
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It was found that there was a progressive loss in the efectiveness
of acid lead arsenate in sassafras sandy loam with the peried of time
the material was in the soil, although these differences did not appear
to be statistically significant during the first year It is apparent
that an application of 1,500 to 2,000 pounds per acre would be required
to maintain an insecticidal value during o period of 18 to 24 months
equivelent to 1,000 pounds of freshly applied acid lead srsenate, and
that something more than 2,000 pounds would be required to obtain
this action during a period of 30 months.

It was observed, however, that even after the muaterial was in the
soil for neariy 5§ years the insecticidal action was not entively dissi-
pated. The effectiveness of the treatments was reduced to such an
extent by this time that it is questionable whether they would be of
great value as o control measure,

Leacmiyvg or Frxarion oF Acib LEap ARSENATE 1N SoIL

In the experiments discussed in fhe previous section the soil was
in 5-inch pots during the whole period. As chemical snalysis showed
that there was litéle significant reduction in the totul arsenic content
during the 57 months, the decrease in the effectiveness cannot be
sttributed to the removal of the material by leaching. Under field
conditions, particularly in some types of soil, it would be expected
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that the effectiveness of the material would be influenced to some
extent by leaching.

Ir 1934, beds of soil in a greenhouse were treated to a depth of
6 inches with different guantities of acid lead arsenate with the object
of developing a method for preventing the emergence of beetles in
greenhouses growing roses during the winter months. Karly in 1937
the experiment was discontinued and the plants and soil were removed
from the beds. The soil was analyzed * to determine the quantities
of arsenic remaining in the upper 6 inches of soil after the period of 3
years, the results being expressed as equivalent pounds of acid lead
arsenate per acrve, and then 1t was subjected to the regular biological
assay to determine the effectiveness of the different treatments in
killing larvae.

The survival of larvae in these treatments and in the same treat-
ments freshly applied is given in table 6. The analysis of variance
and the quantities of acid lead arsemate determined by chemical
analysis and biological assay are also given in this table. The analysis
of variance in survival showed that both the period of time the material
wasin t%m soil and the quantity applied were factors affecting the larval
survival.

Tanre 6.—Survival of larvae of the Japanese heetle and fization end leaching of acid
lend arsenate applied as a control in saseafras sandy loam in a rose house during a
period of 8 years

1
FLY. " el . . .
;D%rl‘nl[‘\fgen,“ﬁf_[ Quaﬂfégﬁﬂgr[ea:%{]u}_cg‘ii';{;:natc i Analysis of varinnee of lnrval survivel
Quantity '
applied por, I
aerc to the Deter- i T.085 | ADDAT--
bads to o : mingd | Esti- | from | ently
depth of [Meterfol Materinl, by ! mated mpper G 'onn\‘erl;-i ar
Ginchos | freshly | insoil ; chem- ; by bio-j inches $ed toa || Source of varialion nlean
(pounds) | applied 1 3 years ical 1 lomiend by non- syuare
annl- | nssay o leach- | toxie
y5i5 ing form

i
Percent | Percent | Pounds | Pounds | Pounds | Foundy |
NoOC. e 9.5 100 Belween treatments. 1049, 6020+
Gd. 5 fletween Lime intes-
43 x 250, GOIE**
12 i . . i . 22 1184*"
1 !
1.

5
]

1 Least sipnileant differenee for odids of 99 fo 1, 9.9 pereent.

The quantity of acid lead arsenate lost by leaching ranged {rom no
lead arsenate with the 500-pound treatment to 900 pounds with the
3,000-pound application. The larger the quantify of arsenical applied,
the greater was the relative loss by lenching. Nothing was lost from
the treatment with 500 pounds, 20 percent from 1,000 pounds and
from 1,590 pounds, 25 percent from 2,000 pounds, 32 percent from 2,500
pounds, and 30 percent from 3,000 pounds. In the rose beds in the
greenhouse the average loss of acid lead arsenate by leaching in a
period of 3 yeurs was 25.7 percent.

The quantity of insecticidally active acid lead arsenate in the soil
after 3 years, s estimated by biologieal assay, was significantly less

1 These analyses wero madoe hy L. Koblitsky of the Division of Insccticlde Envestigations, Bareuu of
Entomoelogy end Tlanl Quaractine,
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than the quantity determined by chemical snalysis. 'With the excep-
tion of the 500-pound treatment, the biclogical assay indicated that
there was from 211 to 978 pounds per acre of the arsenical in an inactive
form. With the initial treatment of 500 pounds, 2 percent was in-
secticidally inactive at the end of 3 years. = The treatment with 1,000
pounds had 26.3 percent inactive; [,500 pounds, 40.7 percent; 2,000
pounds, 65.2 percent; 2,500 pounds, 36.5 percent; and 3,000 pounds,
35.8 percent. In general, 39.2 percent of the acid lead arsenate re.
maining in the soil for 3 years was in an secticidally inactive form.
It is apparent that the chemical analysis of soil to determine total
arsenic and lead may not be a reliable index of the possible effective-
ness of the treatment in killing larvae of the Japanese beetle.

SUBSTITUTES FOR ACID LEAD ARSENATE

Although acid lead arsenate has generally been satisfactory for the
control of larvae of the Japanese heetle in turf and lor the climination
of them from blocks of established nursery plants, the detrimental
effect of the material on some plants, the logical objections raised to
the use of lead compounds and arsenicals in soil that may be used for
growing food plants, and the cost of the treatment have stimulated
the search for substitutes, Among the different classes of materials
that have been investigated for this purpese arve other morganic
arsenates, arseuious oxide, arsenious sulfide, paris groen and its homo-
logues, inorganic horates, imorgnnic fluorides, moergnnic fluosilicates,
derzis, hellebore, mowrah meal, pyreethrun, fertilizers suel as ealeium
cyanamid, ammonium sullate, and acid phosphate, and lime.

Inonrgantc ArsiNares

Preliminary small-scale experiments by Leach (17) indicated that
basic lead arsenale, magnesium arsenate, und ferric arsenale were nof
toxic to larvae of the Japanese beetle.  Leach reported that zine arse-
nate and copper arsenate killed more slowly than acid lead arsenate
and that calcium arsenate and aeid lead arsenate appeared fo be
cquivalent in Loxicity.

In 1929 an investigatton was undertaken to determine more dofi-
nitely the possible value of diffevent inorganic arsenates as substitutes
for acid lead arsenate.  The arsenates used in this mvestigation were
analyzed by the Division of Insceticide Investigations of the Burcan
of Entomology and Plant Quarantine. The composition of these
materials is shown in table 7. "The names vsed Lo designate the varicus
samples are those used commercinlly and do not imply that definite,
pure salts were available.  In particular the two calcium arsenates are
to be regarded as conlaining considerable quantities of the compoilivls
named, but in admixture with such quantities of excess lime wnd eal-
cium carbonale as to make their gross analvses practieadly identical.
Seorodite, a natural ferrous arsenate, was not considerad in this nves-
tigation beeause Snapp (24) found it to be practically worthless against
the plum curculio (Conotrachelus nenuphar (Fbst.)), and Alden and
Yeomans (/) reported poor resulls with it against the codling moth
{Carpocapse pomoneila (L.)).
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TanLe 7.—Coemposition of the arsenales used tn lhe study of soil insecticides for the
larvae of the Japenese beelie

Total | Total | Water
arstuic nfs‘.’l_'ﬂﬂus ! iarsonic
oxlde : axide P oxide

Fareentaze of

Chemieal total base

Moisture,

Percent
LR I
5. 69

Aluminum arsenatoe
Barium srsenats__
Diealehumn arsenat
Tricaleinm arsenate_
Yerric arsenate. ...
Basic lead srsepate_..
Magnesium arsenate. _
Manganese arsennte

Prereent :
0.62 ' 3057 a3 ALO,.
35 ! 65.55 a5 BaQ,
40, 15 i 40.74 as CaQ.
40,64 . 0,57 a5 Cald,
47. 64 .19 - 3306 as Foean.
22,09 . 72,39 a5 PhO,
3284 . L6107 38568 as MO,
42,97 [ 45,42 nsé‘\luo, B.65

¢ as CaQ.
A | 5794 88 Z0O,

Zine arsenat 33.07 |

The different srsenates were applied o sassafras sandy loam at
rates equivalent to 500, 1,000, 1,500, and 2,000 pounds per acre.
The relative effectiveness was determined immediately after the
chemical wos mixed with the soil and at intervals up to 60 months.
The several analyses of variance of the survival of the larvae showed
that significant differences in survival occmrred with the change in
the chemical composition, the rate of application, and the period the
materials were in the soil. The survival of larvae in the different
treatments with these arsenates and the quantities estimated to be
equivalent to 1,000 pounds of freshly applied acid arsenate are given
in tehle 8.

TasLe 8.—Resulls of tesis in which varions quantitics of different arsenofes were
used as stomach poisons for control of lurvme of the Japanese beelle

i i ; 1
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TasLE 8.—Results of lests in which various quantilies of differeni arsenales were
used as stomach poisons for control of lavvae of the Japanese bectle—Continued

Sarvivel of larvac in {reatment | Snevival
equiveient te indicated !in stand- Alini-
pounds of materie! per acre {ard, frcsla-l mutn | Estimate of

Tar- ——iI7 ARDHCd. anii- | test mnterial
vae ! ! arsennic | CaRt §equivaiont to
:tn tr?j-i | oquiva. | differ- | 1,000 pounds
17| None 1,000 1 1,500 9,000{ Jentto (Tgefor] - of the

> K12, ER ndard

1,000
pounds | 9ol

per acee

Tricalciom arsenate__..

1, 824408
Beyond 2000
Beyond 2,000

9754133

1, 321156

1, 250147
. : 1, 435157
Ferrie arsenabe. . ... ! : . L Beyonad 2,060
[ ; ; R - 35 , Beyond 2.000
; . R Ci8.5 : i | Beyond 2,000

Boevond 2000

Beyond 2,604
Devand 2,000
Doyond 2.000
| Beyond 2,000
K : H . i Deyemnd 2,000
Basle lead srsennte . B : t . T . Bevond 2000
: ) : + Bevond 2,000

Hervond 2,600
Beyond 2.000
B11 135

883 98

726 88

1,167 216

1, 0684108

1, 761131

; i, TO2=200
+ Bevoncd 2.000
i Devend 200
: SROL 146
1, 3334
G804
1,0744110
1,002 98
1,0688240

£, £10£159

! Beyond 2,000
| Beyosul 2,000
0401106

=
(771

Meagnesiam arsepate___;

BevwNeihidnng8e

|
i
Manpanese srsenobe.. .. i

KT : | F U8 -y A
Zincarsenats ..., . : -2 [ : 1, $33 440

. 4.4 Bevend 2,000
4.5 i, 0493101
13,5 : Tieyand 2.000
12.2 . Beyond 2,006

When ireshly applied to the soil, it appeared that significantly
less than 1,000 pounds of the arsenates of calcium, megnesium, and
manganese were required (o produee an eflect equivalent to that of
the standard; the quantities estimated for the arsenates of aluminum,
barium, ferric iron, and zinc to produce this effeet did not appear to
be significantly different from 1,000 pounds. Basic lead arsenate was
of low insecticidal value, the survival in the 2,000-pound treatment
being so high that the quantity equivalent to 1,000 pounds of the
standard could not be estimated,

323477—41—3a
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Although these data are not sufficiently extensive to permit definite
determination of the periods the different arsenates remained effective
as insecticides, it is possible to estimate these fuirly well by consider-
ing how long an application of 2,000 pounds of the test material would
be equivalent in insecticidal efficiency to 1,000 pounds of the [reshly
applied standaerd. TFor ferric arsenste this period was 2 years, for
acid lead arsenate and zine arsenate 2.5 years, and for the arsenates of
aluminum, barinm, caleium, magnesium, and manganese 3.5 to 4
years. It may be expected that there would be little differenee in the
persistence of the insceticidal action of the avsemates of lerrie iron,
acid lead, and zine, but that the arsenates of aluminum, barium, cal-
cium, magnesium, and manganese would be eflective 1 or 2 yeprs
longer.

It is apparent from the inseeticidal action that any of these arsen-
ates, except bssic lead arsenate, can be used to destroy larvace of the
Japanese beetle in the soil. The effect of the arsenates on the larvae,
however, appears to be closely associated with the eflect of the ma-
terials on plants. Basic lead arsenate was praclically nentoxic to
larvae and caused ne detrimental effcet on plants when added to soil
about thewr roots.  The arsenates that proved toxie to the larvae were
detrimental to plants in varving degrees. It was observed that rye
grew normally in soil containimg basie lead arsenate, that its growth
was slightly retarded with the higher concentrations of acid lead arsen-
ate, ferrie arsenate, and barium arsenate, and that ite growth was
markedly retarded with all coneentrations of the arsenates of alumi-
wm, caletum, magnesium, manganese, and zine.  When the horti-
cultural varietics ol Tfydrangea macrophylla DO, wore planted in soil
treated with the different arsenates, the plants in seil containing arsen-
ates ol aluminum, barinm, caleinm. magnesium, manganese, and zing
were dead or dying within 2 weeks.  Three days after they were
planted in the poisoned soil hrown streaks, following the veins, ap-
peared in the leaves.  The effect of acid lead arsenate and ferrie arsen-
ate on the planks was much slower. The plants treated with these
materials were not dead al the end of the growing season, but were poor
in appearance when compared with untreated plants,  Acid lead
arsenate appeared to be the least detrimental of the larva-killing
arsenates.

Subsequent to these tests acid lead arsenate was applied to the soil
about the roots of many varieties of plants to determine whether the
material could be used without causing serious damage to the plants,
It was [ound? that seedling plants were more susceptible than ma-
ture plants, and that unbealthy plants wore morve castly injured than
vigorous plants,  Those plants that developed a strong taproot or
deep penetraling roots generadly grew better than those with delicate
primary roots conlined Inrgely o U treated layer ol soil,  In general
it was found that ezalen, mountain-lawrel, eherr-Iwurel, and rhodo-
dendron were retarded in growidy, but that fir, box, retinospora, juni-
per, pine, yow, arborvitae, hemlock, and spruce could he grown salis-
factorily in soil containing neid lead asenate,  The treatment had no
adverse effeet on 142 varieties of deciduous trees, shrubs, and vines,
excepl clematis nmd Tydrangea naaerophylle.  OF the 140 varieties of

tRLEAING, WALTER E. EFFEIT OF AUID LE A ARSMNATE 1IN IMFFERENT PLANTS WHEN & FPLIED T SHL

ARDUT THEIN RO FOI DESTRUCHDN OF TARVAE OF THE JAFANESE BEETLE, UOS Bur ot and Mant
Quar. BE-418 32 pp 1937, [Alimeageaphil]
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established herebaceous perennizl plants, 81 had made o satisfactory
growth at the end of 1 year, 37 were retarded, and 22 were killed.
Riye and the clovers were the only cover crops which grew consistently
well in soil treated with acid lead arsenate. OF 31 varieties of vege-

table crops tested, only sweetpotato, potalo, pepper, and tomato

produced normal crops i treated soil. The application of acid lead
arsenate to established turf in lawns and golf courses did not injure
the finer grasses but tended to retard the development of annual blue-
grass,

Although acid lead arscnate canmot be used promiscuously on all
types of plants it is believed that it is the safest of the arsenates that
can be used about the roots of growing plants to destroy larvae of
the Japanese bectle.

Ansentous OXIDE

According to Browne (5) Chinese farmers for many years have an-
plied crude lump arsenic to soil to detroy earthworms. Jarvis (15)
in 1916 reported work with white arsenic (arsenious oxide) in connee-
tion with the control of grubs attacking the roots of sugareanc,
More recently Peirson and Nash (22) have recommended arsenious
oxide for the control of white grubs in [orest nurseries.

In 1929 an investigation was undertaken to determine the possible
valuc of arsenious oxide for the control of Inrvae of the Japancse
beetle.  The material used in this work was not analyzed but was
guaranteed by the manufacturer to be 98 to 100 pereent pure.

Arsenious oxide was applied to sassalras sandy loam at rates equiv-
alent to 500, 1,000, 1,500, and 2,000 pounds per acre,  The eflective-
ness of these (reatments, as compared with treatment with froghly
applied acid lead arsenate, was determined immediately after the ap-
plication and at mtervals up to 81 months. The survival of larvae in
the different tests during this period and the quantities estimated to
be cquivalent to 1,000 pounds of freshly applied acid load arsenate
gre given in table 9.

Tasre 9.—Results of fests with arsenious oride us a stomach poison for conirol uf
larvae of the Japuancse bectle
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In the first evaluation of arseniovs oxide, immediately after appli-
cation, the material did not appear to be significantly diffevent from
the standard material m the guantity requived bo produce inscoticidal
results. Druring the period from § to 380 months after applieation it
appearcd that an initial application of approximately 500 pounds of
arsenious oxide produced results eguivalent to these with 1,000
pounds of the freshly applied standard.  This apparent discrepancy
may be attributed to the difficulty of obtnining, at the time of appli-
cation, a unilorm dispersion in the soll of 4 heavy material sueh as
arsenious oxide. The results indicate that subsequent handling and
the natural movement of the mulerinl in the soil aceomplished the
desived result within 6 months.  Alter being in the soil for 30 months
arsenious oxide gradually lost its insectividal eliectivencss, but there
was a period of 80 months before the survival in the 2,000-pound
treatment was grealer thun that in the 1,000-pound trealiment of
freshiy applied acid lead arsenate.

The results indieate that nrsenious oxide is more offective than acid
lead arsenate in killing larvae of the Japancse beotle in the soil and
that the insecticidal properties are destroyed vory slowlv by the seil
constituents.  Unflortunalely rye, grasses, and nursery plants appear
16 be intolevant of a larvicidal coneentration of arsenions oxide in the
soil. This detrimental aetion on the roots of plants practically
precindes the use of the material as g substitute for acid lead arsenate
in soil where plants arve growing and restricts s use Lo those arpas
whoere the vegetation is not a {nclor.

ArsENious SvLringe

Arsenious sulfide oceurs in nature in short rhomic prisms as orpi-
ment, but no miormation was {ound on the possible use of this ma-
terial as & stomach poison against soil-infesting inscets. In 1935
some of this material wans ebtained so that s effecliveness againss
the larvae of the Japanese beetle could be determined.  The purity
of the sample is nol known, but ils identity was confirmed by the
Division of Insecticide Invoestigations.

Arsenious sulficdle was applied to sassafras sandy loum ab rates
ranging from 50 to 2,800 pounds per acre and lested in the usund
manner in comparison with acid lead arsenate. The biologieal assay
of the materind was made immedialely alter application and alter
the material had been 7 and 31 months, respeetively, i She soil.
The results of Uiese (ests are gtven i Lable 10,

During the fust year thal arsenious sulfide was in (he soif it appeared
to be of about the same order of effeelivencss as arsenious oxide,  Alter
being in the soil for about 20 vears, howsver, it appeared thal an indial
application of 140602152 pounds would hinve been required to be
equivalent al this time to 1,000 pounds ol freshly applied acid lead
arsenate,  As the equivalent of arsenious oxide for this period was
434 <67, it s evident that arsentons selfide lost its insecticidal volue
more rapidiy in the soil than did arsenious oxide.

Arsentous sullide appeared to be very detrimental 1o the growth of
plants. Ry made only a feebie growth in soil containing as litthe as
50 pounds of the materinl per acre. This injurious aetion on planis
definilely Iimits its useldness as & soil insecticide.
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TasLE 10.~—FResults of lesis with arsenious sulfide as a siomach poison for conirol
of laruae of the Japanese beelle

Survival of larvae Ip treatment equivalent to indicated pounds of madcerial applied
Period of per Bera to o depth of 3 inches
QXpoSUTD
of arseni- .
guaspiilde Arsenious sulfide
in soil
{maonths}

Nono 5 00 150 20 250 ‘ 500 2,009

Number, Percent | Percent 1 Percent | Percent | Percent | Percent i
400 [ 65.3 i 5! a %.5( 135 |
200 80 03

Percent Pgrcmi‘
¥4 . s .t .

5.5 46 5 34 28. 5 6,5 . i 2
2600 79 T i 55 755 63 I 3 N

]

Survival of larvee in treabment equivalent to
indicated pounds of moterial applied per acre

. i i TEsiimalcof
Period 0f 510" | Larvae to o depth of § inches—Continned s\ut:’::‘iiﬂl:;i:r:? i tost mate-

sure of nrsentous | LR -rinlequivas
intrg- dilferance
s?géi:ﬂi]z)scil duced Acitd lead arsebate (standard) freshiy npplisd : Iusjénégs! of !’?:‘EE:%;’%?G
standarn

250 50

Number | DPercent | Percent I Percent FPaunds
40} 65 61.5 1.3 2.5 6.8 420= 72

200 L k 2.1 4354= 50

200 A . . 21 ] L40di1s2

Panis GrEeEN AND Its HoMsoLOGUES

During 1934 an investigation was made to determine the possible
value of paris green and certain of its homologues as stomach poisons
against the larvee of the Japanese beetle. The results obtained with
thesc materials as stomach poisons and repellents against the adult
beetle have been published (12).

The paris green used in this work was purchased on the open market
and was snalyzed by L. Koblitsky of the Division of Insecticide
Investigations. The homologues of paris green were prepared and
analyzed by F. If. Dearborn of that Division. The description of the
preparation and the method of analyzing the homologues of paris
green has been published by Dearborn (9, 10). The composition of
the materials which were used in the present study is given in table 11,

Tanre 11.—Paris green and homelogous maierials investipaled, and their arsenious
oxtde und cupric exide canlent

Tolot x\S:O:-i Cud tn dry Water-soluhie

Matoria} fu dry mu- l mmterial

Azl in dry
terind

mapleriel

Pereent
Parls groeen . 35,52 29.
Copper lnurearsonile, R 43. 63 2423
Copper paimitoarsenite, . e - 35.50 22,10
Copner oleosrsenite v 45,15 19, 52
Cogpner stesronrsenlts e 41.38 90,72

Pereemt Percenl
L 1.4

Paris green and its homologues were applied to sassafras sandy
loam at the rates of 250, 500, 1,000, 1,500, and 2,000 pounds per acre
snd tested in comparison with acid leed arsenate. The survival of
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larvae in cach treatment end the pounds of each material estimated

to be equivalent to 1,000 pounds of acid lead arsennfe arc given in
table 12,

TasLre 12— Resuits of lests with paris green and ils homologues as slomach poisons
Jor control of larvae of the Jupanese beelle

Survival ot of 200 inrvae | in treatment proportional to Estimate of
indicated pousds of materia) applicd per acee test{mri:turntzl
. cguivaient ta
Test material L0060 pounds
of acld icnd
None 350 560 1,030 1,560 2,000 arsenate

i Fereent I’erceut Percent « Percent | Percenl | Perernd Porendy
Arcid Iead arsenate. . 13 .5 6. 5 0 N 3

Porls preen.. ... a- -i? i '.-".:: [ 0 4054 38

Copper lanroarsen ) 5.8 35.¢ 215 11 1,3215=1
Copper palmitonesenite. 5.5 73.5 33 32 .5 L4121 84
Copper olecaesenite ... . 355 2.5 17.5 12 4.5 204 23
Copper stenroarsonie. oo oafueeeean - 73.5 755 25 1,5 0.5 g5k G4

! Teast significant differenee for odds of 82 to 1, 11.4 poreent.

Paris green and copper oleoarscnite appeared to be significantly
more cffective than acid lead arsenate; copper stearoarsenite appeared
to be equivelent, and copper Inurcarsenite and copper palmitoarsenite,
less effective than acid lead arsenate against the lnrvac, Al these
materials were detrimental to the growth of rye.  This injurious action
on plants definitely limits the use of paris grecn and its homologues
as soil insecticides.

InorcaNic Boraris

In 1935 an investigation was made of some inorganic borskes to
determine their walue as substitutes for acid lead arsenate for control
of Japenecse beetle larvae. The materinls were prepared by the
manufncturer for this work. As the pwily of the materinls was not
dotermined by analysis, the names used to designabe the various
materianls should be considered to mean that probably o high pereent-
age of the compound was present but possibly m admixture with other
salls. It is not implicd that definitely pure salls were available for
this work.

The diflerent borates of caloium, lead, magnesium, nickel, sodium,
strontium, and zine were applied {o sussafras sandy loam at rates
ranging {rom 2530 fo 2,000 pounds per acre. The survival of larvas
in epch treutment is given in table 13.

TanLe 13.—Resulls of lests with {norganic borales as siomach poisons for control of
larvae of the Japanese beetle

Survival out of 400 Inrvee ' in trendment proportionnl to | Tsiimaie of
inddiented pownds of materind per acre lcstim?teri:li
eplivaient {0
Test mnterial i,?oa Ff;}nﬁs
of aetd len
None 260 &K) 1,000 1,600 2,000 arsenate
I
Percent | Pereent | Percent | Pereent | Pereenl | Perceal FPounds
Acld Jend arsennto. e eeaa. 8L 7.3 0.3 18 P8 3
Calejum boredo. ... R . T35 0.3 6L 3 45.3 8.3
A e ail gl ow | ou.
nprnesium Borate. oo oo feaem o Fith . .
Nlekal BOrsle. ool ool B 67| 438 83| 343 | Devond 2,000
Sodhim borito. e e i 6.8 W5 52,5 a8 . 5
Stroptivm berto.. ..., U 8.3 63.8 .8 30.8 .4
AT T o2 7 Y. BSPRY 3.3 7.8 45,5 443 7

t Minimom sinaifeant difference for odis of 00 to 1, 100 pereent,
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It is evident that the borates possessed some larvieidal value.
When the survival in the untreated soil was compared with that in the
various treatments, it was found that a significant reduction in the
number of larvac was obtained with 500 pounds of the borates of
nickel and strontium and with 1,000 pounds of the borates of ealcium,
lead, magnesium, sodium, and zinc.  With the possible exception of
lead borate, there appeared Lo be no significant differences m the
insecticidal action of the borates when applied at the rates of 1,000,
1,500, and 2,000 pounds per acre. The survival of larvae in these
dosages of lead borate was significantly greater than that obtained
with some of the other borates. The evidence is not conclusive,
however, that this compound should be considered to be less effective.

The borates of calcium, ead, magnesium, nickel, sodium, strontium,
and zinc were nol sufficicntly toxic to the larvae of the Japanoese beetle
to be of value in the conlrol of this inseet. In addition, Lhese mate-
rials in the soil were detrimental to the growth of rye. The results
indicate that these borates are not satislactory substitutes for acid
lend arsenolc.

Inorgantc FLUuoRIDES

Preliminary small-scale tests during 1925 and 1926 gnve indications
that some of the inorganie fluorides might he of value as stomach
poisons against the Inevae of the Japanese beetle.  Tu 1931 an investi-
gation was undertaken (o establish move definitely their value as such,

The parity of the natural ervolite was specificd by the manufac-
turer, and that of the other fluorides was determined by the Burean
of Chemistry of the Uniled States Department of Agriculture in 1926,

The materials used In this work and their purity are given in e
following list:

Afulerinl Frereentuge composition

Caleium fluoride (CaFa)__.
Magnesium Duoride (Mgh)
Moisture nnd nndetermined

Magnesium fluorice (Mgls)
Caleium Nuoride (Cal’s

OBy OO 0 M Wk G P I~

- B.6

The diffierent fluorides were applied to sassafras sandy loam ab the
rates of 250, 500, 1,000 1,500, and 2,000 pounds per acre. The
survivel of larvae in each freatment is given in table 14,
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Tasre 14.—Resuills of lests wilth inorganic fluorides as slomach poisons for control of
larvae of the Japanese beetle

Survival out of 200 larvag t in treatment propertional to Bstimate of

inddicate? pounds of material per acre lest mi]\tl.’rial

: equivalent to

Tost matarial 1,000 "f‘]m B%s
g of actd lo
None 250 590 1,060 1,500 2,000 arsennte

Pereent | Percent | Percent | Pereend | Pereent | Percend Pounds
a1 60, 5 KE] 3 .5

Aluminum Mueride.... . L. &) 3 .5 i 7

Rarinm flueride. ____ A . By 5 85 83.5 33 i3

Calelum Auoride. oooeoooofoae oo _ 835 a3 Kl 7l 78.5 Bev a

Gopper fnoride. $3.5 7% st 715 71 2ot "

Lead flusride __. 8.5 4 a7 78 78 i

Maenesinm fivor ] 3 ¢ 67 755

Strontium Muoride. 7.5 i B 75.5 83

Zine flueride. ..___ .5 30 9.5 50 35 1,9774143

Naotursed ervolite. .| o ______ 8.5 81 r] 8L.5 &7 B ebga ond
2,000,

! Least signfﬂcnnt difforence for odds of 98 Lo 1, 1017 percent,

The fluorides in the soil appeared to have no detrimental efiect on
the growth of rye. The low toxic value of the aluminum aod zinc
fivorides and the apparcat lack of toxicity of the other fluorides to
larvae of the Japanese beetle indicate that these materials cennot
be considered as satisfactory substitutes for ncid lead arsenate.

TvorganNtc FruosiLicaTES

Preliminary lests by the writer in 1925, by Lipp (19) in 1925-26,
and later by Motzger (20) Wdicated that some of the inorganic
fluositicatos might be of value against the larvac of the Japancse
beetle in the soil. In 1931 an investigation was undertaken to
determine more definitely the possible value of these materials for
this purpose.

As with some of the other materials, the designations of the diflerent
finosilicates do not unply that definitely pure salls wore available for
this work., The purity of the magnesium Huosilicate was specified by
the manufacturer, and that of the other fluosilicates was determined
by the Burcan of Chemistey i 1926, The materisls used in this
study and their purity are as {ollows:

Malerial Percen{nge composition

Barium fuosilieate (BaSile) o oo oo e 98. 8
Moeisture and undebermined_ o o 1.2
Caleium fluesitieale (CaSiFe) om oo oo 290. 0
Caleiwm fAvoride (CrFs) L o oo oo o . 47. 6
Silien (B0 e e e 10, 4
Moisture and undetermined ___. e 13. ¢
Magnesium fluosilicate (MgBily) e 98. 0
Moisture and undetermined_ ... .. _______ .. 2.0
Potessiom fuositieate (K8l . oo o o e 89. 5
Moisture and undetermived oo oo . .5
Sodiuimn fiuosilieate (NS oo e 958. 6 -
Moisture and undetermined oo oo oo . .4

The diflerent fiuosilicnies woere applied to sassafras sandy loam at
the rates of 500, 1,000, 1,500, and 2,000 pounds per acre and tested in
comparison with acid lend arsenate. The cffectiveness of the different




ACID LEAD ARSENATE AS A STOMACH POISON 25

treatments was determined immediately after spplication and after
the materials had been weathering in the soil in the field for 6 months.
The survival of the larvae and the pounds of each material estimated
to be equivalent to 1,000 pounds of freshly applied acid lead arsenate
are given in table 15,

TanLe 15.-—Resulls of tests with inorganic fluosilicoles as stomach poisans for the
control of larvae of the Japanese beetle

Sarvlval out of 100 larvee in freatment
equivalent to indieated pounds of ma-
iterilnl anplied per nero to o depth of 8
nclies

Estimate of
test moterial
ennjvalentio
1,10 pounds
of geid lead
ars¢note

Chemical

Mane

Per-
NMonths| et
[+) 1]

Bartum fluositioato_. ... [{
Caichum fluosllieato
Meagnesinm fluosilicate

Fournda
072£115
Boyond 2,000
Beyont 2,600
1,2504-88
Teyond 2,600
7481
Boyond 2,000
755454
Beyand 2,600

[a)
L3
A
o

FPotassium Suaostiicate

Sodium fluzesiiicate

Chaocks:

Acid lend arsenate freshly
spplicd at beginning of
experiment. .. ...,

Acid lead arsencte froshiy
applicd when the seeglid
test was made of the fiue-
silicates ¢ months Iater.. o 4 30 35 0 13

D

When freshly applied, sodium fluosilicale was significantly more
effective than acid lead arsenate, the fluosilicales of barium and
potassium appeared to be ecquivalent, and magnesium fluosilicate
significantly less effective. Caletum fluosilicate was practically
nontoxic within the range of treatments tested. After being in the
soil for 6 months the fluosilicates were of no value as stomach poisons
against the larvae. 1t is apparent thet leaching or the rapid decom-
position of these fluosilicates in the soil to less effective compounds
mekes them unsatisfactory ss substitutes for acid lead arsenste.

Derrs, Heriesore, Mowrar MEaL, PYRETERUM, AXD ROTENONE

Mowrah mesal, the ground presscake left after the reraoval of oil
from sceds of Bassia longifolio L., the active prineiple of which appears
to be mowrin, was reported by Carlos {6} sud Johnston (18) to be very
effective in killing earthworms in the soil. Weston (30) suggested that
it might be of value for the control of grubs in the soil. Lea (28)
reported that young strawberry plants may be protected from the
attacks of Rhadinosomus lacordairer Pasc. and Rhinaria perdiz Pasc.
by placing hellebore in the holes in which they are planted. Cook
and Hutchison (8) found hellebore cffcctive against fly larvae in
horse manure. No reference io the use of derris, pyrethrum, or
rotenone against soil-infesting insects was found in recent literature.

An investigation was undertaken to determine the possible values of
these materials as poisons against larvae of the Japanese beetle. No
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information is availsble on the purity of the samples of pyrethrum,
hellebore, and mowrah meal used s these tests. The derris contained
4 percent of rotenone, and the rotenone was of the e. p. grade and the
teck 1ical grade, the latier 90 percent pure.

The materials were applied to sassafras sondy loam at the rates of
500, 1,000, 2,000, 4,000, and 8,000 pounds per acre and tested in com-
parison with acid lead arsenate. The number of larvae surviving
in ench treatment is given in table 186,

Tavre 16.-—Reswlls of fesis with derris, hellebore, mowrah meal, pyrethrum, and
rolenone as poisons Jor conirol of larvae of the Japanese beotle

i i Estimate of
Survival sukof %0!:; lnn-n% t m[ treitnqeiit proportional to indi- | test m;ﬂctzisti
: cated pounds of material per acre equivalent to
Tost material 1,000 pounds
of actd lead
None 06 1,800 2,000 4,000 8,000 arscnete

FPercent | Percent | Percent | Percent | Percemt | Pereeai FPounds
85 = 9 4.5 0 ]

Acid lend arsenats.

ERTC o o T I, 74 64 58 46,5 21.5

Deomis 2] 88.5 84 80.5 2 75.5

Hediehore- ... JE, 77 I T3 77 B0 5

Mowrah mepl . ooi|eaaaaoas 78.5 69 0 63.5 56 Beyond 8,000
Pyrethrum. .. ____ [, 50 83.5 50 T4 27

Rotenone, 6. Paveeemmceanmoloeaoacae 8.5 80.5 5.5 78 75.5

Rotenone, techalbenl . oool]iemoecen o 855 0 B4 8.5 79

) Least signtfieant difference for edds of 99 to 1, 12 percent.
* Plus the equivalent of 2,000 pounds of me per acre with eech treatment.

When the number of larvee surviving in the untreated soil was
compared with the survival in the different treatments, it was apparent
that some of the materinls were at least mildly toxic $o the larvae,
One thousand pounds of derris caused & significant reduction in the
larval population.  Ascven 8,009 pounds of rotenone, one of the active
ingredients of derris, cnused no significent reduction in the larval
population, the resulis suggest that the rotenone content of the derris
18 not an inportant factor in the insecticidal action of derris as a
stomach poison agpinst the larvae. The addition of hydrated lime
with the derris apparently destroyed its insecticidal action. It is
known that rotenone oxidizes in the presence of alkall with a resultant
reduction in toxicity. This would indicate that it is unwise to cmploy
supplementary materigls of an alkaline reaction with derris. Mowrah
menl coused a significant reduction in the number of larvae when
applied at the rate of 1,000 pounds per acre, as did hellebore and
pyrethrim when used at the rate of 8,000 pounds per acre.

As the quantity of derris, hellebore, mowrah mesl, or pyrethrum
required to be equivalent in insecticidal action to 1,000 pounds of
acid lead arsenate appeared to be in excess of 8,000 pounds per acre,
it is apparent that these materials have no practical value as substi-
tutes for acid lead arsenate in the soil.

FERTILIZERS AND SOIL CONDITIONERS

Different fertilizers have bean reported from time to time as reducing
the populabion of soil-inhabiting insects. In 1916 Cock and Hutchison
(8) indicated that enlcium cyanemid was effective ngainst fiy larvae
in horse manure. Muir and Swezey (21, p. 807) reporfed thet the
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application of calcium cyanamid gave excellent resulis against soil-
inhabiting insects. Several times 1t has been reported from nonento-
mological sources that heavy applications of this matcrial reduced
white grub injury in pasture lands. Some growers of roses in green-
houses believe that applications of hydrated lime destroy the larvae
of the Japanese beetle in the beds. Metzger (20) found that top-
dressing rose beds with bydrated lime at the rate of 3,000 pounds per
gere apparently reduced the cmergence of adult Japanese beetles,
about 77 percent, but the number remaining was sufficient to cause
considerable damage. An investigation was accordingly undertalcen
to determine more definitely the value of different fertilizers and
dressings for the control of larvac of the Japanese beetle in the soil.
The survival of larvee In the different trcatments and comparable
tests with acid lead arsenate are given in table 17,

ACID PHOSPHATE

Acid phosphate was applied to sassafras sandy loam ab the rates of
1,000, 2,000, 4,000, and 8,000 pounds per acre and tested in comparison
with acid lead arsenzte. When the survival in the untreated soil is
compared with that in seil to which 8,000 pounds of acid phosphate
was applied, it is apparent that the acid phosphate caused no significant
reduction in the number of larvae, indicating Lhat this material has
little toxicity to therm.

AMMONIUM S$ULFATE

Ammonium sulfate was applicd ab the same rates and tested ab
the same time as the acid phosphate. There was considerable varia-
tion in the larval mortality in the soil to which ammonium sulfate was
applicd. When the survivals in the different dosages were compared
with that in untreated soil, it appeared that & significent reduction
had been obtained with the 1,000~ and 4,000-pound and possibly with
the 8,000-pound applications and thnt no significant change had
ogeurred with the 2,000-pound treatment. It is supeeted that these
voriations might be atiributed to abnormal experimental variation.
At least the results fail to demoustrate conclusively that ammonium
sulfate has a detrimental influence on the larvae in the soil,

LIMESTONLE

Ground limestone was applied and tested in the same manner. The
results of these tests indicate that applications of ground limestone
up e &,000 pounds per acre have no detrimental effect on the larvae.

HYDRATED LIME

Hydrated lime was applied to sessafras sandy loam at rates ranging
fror: 1,500 to 25,000 pounds per acre. When the survival in the soil
to which hydrated lime was applied was compared with that in the
untrested soil, it was found that applications of 10,000 or more pounds
per acre of hydrated lime caused & consistent significant reduction in
the numbers of swrviving larvae. The netion of the lower concentra-
tions of hydraied lime was not consistent. The results indicnte that
hydrated Iime may be of slight value in reducing the number of larvae
in the soil, but an application of even 25,000 pounds of liydrated lime
appeared to be of little value as a control measure. More larvae were
atied with 250 pounds of acid lead arsenate shan with this application
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TaABLE 17.—Results of tests with different fertilizers and soil conditioners as stomach poisons for conirol of the larvae of the Japanese beetle

Material

Survival of larvae in treatment equivalent to indicated pounds of material applied per acre to depth of 3 inches

Larvae
intro-
duced

6,000 X X 15,000

Mini-
mum sig-
nificant

differ-
ence for
odds of

g9 tol

Estimate
of fertilizer
equivalent

to 1,000
pounds of
acld lead
arsenate

Acid phosphate..
Ammonium sulfs
Limestone. .....
Check for the ab

terials, acid lead arsenate

freshly anlied e
Hydrated lime....
Check for hydrate

deid lead arsenate rreshly

applied
Caleium e¢yanamid
Check for calcium cyana-

mid, acid lead arsenate

freshly applied.

INumber
200

Percent | Percent | Percent | Percent | Percent Pe;gent Per%ent Percent | Percent | Percent | Percent | Percent | Percent | Percent
6 76 73.5

86 69 74

86 5 01.5

Pounds
Beyond
8,000

65.87|

38.3

Beyond

7,462:-605

TYALTIADIYOV: 0 "'IdHA 'S 'O ‘ge) NILETING TVOINHOEL QT
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of hydrated lime. Hydrated lime appears of no value as a substitute
for acid lead arsenate.
CALCIUM CYANAMID

Commercial calcium cyanamid, claimed by the manufacturer to
contain 22 percent of nitrogen and 70 percent of hydrated lime, was
applied at rates ranging from 250 to 16,000 pounds per acre. When
the survival in the untreated soil was compared with that in the soil
containing caleium cyanamid, it was apparent that an application of
1,500 pounds or more of the calcium cyanamid significantly recluced the
larval population. These results suggest that calcium eyanamid might
be of value in reducing the density of the larvae in pastures and in
other large areas of grass where it is not desirable to use arsenicals.
As a treatment of 7,000 to 8,000 pounds of calcium cyanamid per
acre was required to produce an insccticidal action equivalent to
1,000 pounds of acid lead arsenate, it Is appavent that this material
is of too low toxic value to be used as a substibute for acid lead arsenate.

SUMMARY AND CONCLUSION

Experiments were conducied under controlled conditions to defer-
mine the value of different arsenicals, fluorine compouncs, boron
compounds, derris, pyrethrum, hellchore, mowral meal, and various
fertilizers and soil conditioners as substitutes for acid lead arsenate
against the larvae of the Japanese beetle in the soil.  In the search
for new insecticides the determination of the relalive coflectivencss of
many materials is more important than isolaied determinations on
the action of individual compounds,

The action of a stomach poison in the soil against this insect is the
resulbant of meny complex factors, being influcuced by the develop-
ment, activiby, and susceptibility of the larvae, the nature and the
concentration of the material. and the physical and chemieal charae-
teristics of the soil.

The work with the different materials in the Iaboratary was con-
ducted in 5-inch enrthen pols in chambers maintained at 80° to 85° F.
By maintaining this temperature 1t was possible to complete tests in
2 weeks, whercas &t 55° t0 60° 6 to 8 weeks would have been requived.
Tests were also made in beds m a greenhouse,

The procedure for conducting the tests to defermine the value of a
maferial as o stomach poison against the larvae is fundamentally the
same as that used in the biological assay of drugs and disinfectants,
The mortalify produced by different eoncentrations of the test material
and the standard (acid lead arscnate) was determined experimentally
cach time under the same conditions.  As the larvac obtained at differ-
ent seasons and in different ficlds were not constant in their suscep-
tibility to the standard, each assay of o material was based on parallel
tests between the standard and the test material. The deteils of
the procedure are described in the toxt.

In each series of tests therc were usually four independent sources
of variation, namely, the chemical composition of the materials, the
rate of application, the period the materials were in the soil before
testing, and the random or cxperimental error. The analysis of
vartance was found to be the most satisfactory procedure for deter-
mining the significance of the difference in mortality caused by these
factors. The pounds of the test material which were equivalent to
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1,000 pounds of reshiy applied acid lead arsenate were estimated by
interpolation of the larval swrvivals.

Treshly applied acid lead arsenate was used as a standacd of insec-
ticidal effeetiveness in these tests.  Some consideration was given to
the offect of the physical and chemical properties of this compound on
the insecticidal action and to the persistence of the larvicidal action
under experimental conditions, 1t was found that regrinding the
commereial material, alone or with gum arahie, signilicantly increased
the pereentage of the particles in the samples less than 2 g in diameter
and enhanead the eflectiveness of tlie material as an insecticide. The
total arsenic oxide content of the material did not appear to he a
major limiting factor, provided the material contained not less than
30 pereent of arsenir oxide. Only 2 low correlation was found
betweon the quantity of soluble arsenic in the soil and the larval
mortality. The Jead content of the compound did not appear to be
n faetor in the insectieidal netion.

Tnder the experimental conditions, the ellcetiveness of acid lead
arsenate deereased so slowly during the first year that no significant
difference could be determined by means of the biological assay.
Aftor this period the loss in insecticidnl action was accelerated. This
loss in insecticidal valtue is attributed to lenching from the soil and to
the conversion nf the arsenical into a nontoxic form by reaction with
the soil constituents. Tl determination of the arsenic and lead in
the soil by ehemical analysis may not he a reliable index of the possible
effoctiveness of the treatment m killing Jarvae beeause so far it has
not been possible to separate the effective from the tnactive arsenie
the soil.

VWhen freshly applied, the arsenates of caleium, magnesium, and
manganese appeared to be more effeetive against the larvae than neid
lead arsenate; the arsenates of aluminum, barium, ferric iron, and zine
appeared to be equivalont to acid lead arsenate; and basic lead arsenate
was of no insceticidal value, The ellcctiveness of acid lead arsenate,
ferric arsenate, and zine arsenate decreased rapidly after these
arsenieals had Been in the soil for about 2 to 3 years. The effective-
ness of the other arsenates appeared to last 1 or 2 years longer, but
with the excoption of basie lead arsenate these were more toxic to
plants growing in the soil than was acid lead arsenate.

Arsentions oxide was nmore toxie to the larvae than was acid lead
arsenate and it was alfeeted very slowly by the soil. The detrimental
offoet of this material on plhuits definitely limits its usefulness as a
stomaeh poison in the soil,

Arsenious sulfide apporred to be about the same as arseniovs oxide
i its uetion on e Jorvee and resistanee to change in the soil. Tis
higl toxieity to plants limits its uselulness.

Paris green and certain of its hemologues, namely. copper oleo-
arsenite, eopper lnuroarsenite, copper palmitoarsemle, and copper
gtearonrsenite, could be substituited for geid lead arsenare to desiroy
larvae of the Jepanese beetie. The applicatinn of these materials,
however, i< also limited by their toxicily to plants,

The inorsanic borates of ealeinm, lead, magnesium, nickel, sodium,
strontium, and zine were not sulliciently toxie o the larvae to be of

ralue as stomach poisons,

The imorganie fluorides of aluminun, barium, enleium, copper, lead,
magnesium, sironlium, and zine, wndd natural eryolite were not toxic to
the larvae,
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The fluesilicates of barium, magnesium, potlassium, and sodium
were equivalent to, or even better than, acid lead arsenate when freshiy
applied, but their rapid decomposition in the soil to nontoxic com-
pounds or loss of their insccticidal constituents by leaching makes
them unsuitable as substitutes for acid lead arsenale. Calcium
fluosilicate was nontoxic when freshdy applied to the soil.

Derris, hellebore, mowrah meal, and pyretluum were so slightly
toxic to the larvac as to be of little practical value for the control of
this msect in the soil.  Rotenone did not appear to be the ingredient
in derris which was toxic to the larvae.  The slight insceticidal aetion
of derris was destroved by adding Iime (o the soil.

Different fertilizers and soll conditioners such as acid phosphate,
ammonium sulfate, ground limestone, hydrated lime, and colcium
eyanamid were slightiy toxic to larvae of the Japanese beetle. It may
be possible to reduce the larval population by heavy applications of
these materials, but it is questionable whether the decrease in the num-
ber of larvae would usually be suflicient to afford protection lo plants,

In conclusion, the results of this investigation with different arsen-
icals, boren compounds, {luorine compounds, plant malerials such as
derrss and pyrethrum, and different fertilizers show that some of these
materinls may be substituted for acil lead arsenate to kill larmne of
the Japanvse beetle in the soil under those conditions where the effcct
of the material on the vegetation is not a limiting factor.  When the
susceplibility of the plants growing in the soil to chemical injury is
& factor, however, acid lead arsenate appeared to be the safest of the
larva-killmg materials for application to the soil.
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