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I;\"TROD UCTlO :\ 

Preliminary experiments b~~ Lench (17) 3 in 1\:l22 demonstrated that 
lal'vd:P of tho .TapallC'se IH'etle (PoJiillia JO-JIonica Newm.) could be 
kilJe'§by adding certain n,l'senicals to the soil. Since that time ml1ny 
difYefent maLerials hnyC' Iwell il'stl'd to determine their value as 
stomijj::h poisons for lIS(, against this insect in the soil, The informl1­
tio,n l»:esen tNl in lhis bulletin covers the w1'i ter's iuYestigl1tion from 
1\f29 ~~ UlaG, indusive, and gives th(, results obtnined with different 
I1tsen Is, flllorine' ('ompounds, homtes, denis, pyreth[,um, and other 
ullsec tlllC'OllS mn,tC'rinls. 

::Larntl' of tIl(, ,In.panl's(' 1>(>(>tl(' Hn' kiJIpd wh<'n th('~ ingl'st poisonous 
mnU'l'in.lswhilp hllrrowing through soil 01' [('('(ling 01: roots gl'owing in 
-tliis soir~; \\'111'11 n larva eonSUJlll'S n Ipthnl qunntity of poison, it ceases 
tt:eding alld hurrowing, clisclwl'g('s til!' cont('nt::; of the lllimentary 
;tract, h(>COllWS flnhb}', nnd p\'('llluully dips. 'I'll<' nntioll of n stomach 
p,oisol11n tIt!' soil is eompit'x, Iwi ng i nflUl'l1('ed by titl' lh,yplopnll'll t, 
~ifctiyity! amI susc'('ptihility of til<' Iarvlw, the nMul'!' nnd con('('ntm­
!jon of thp material, Ilnd tIl(' physieal ttnd eht'mienl cbametcristics of 

:;. 1 Recrh'cri fOrl1U hlicution ~rny In, 10-11. ' 
'" 2 Th(' wrHerwishes loncknOwh'dJ:I' with dcrpapprecintion the work MUw lntr Francis E. Bilker, assistnnt 
ri0tomolo~ist. who as.<istcd lrl tho rOlltinr work of COllllllcthlg the biolo~icullests described in tbis bulletin . 
.:::} 'ItaHrnllmbcrs in parentheses refer to Liternlllrc Cited, p. 31. 

",~ 32:1477-11-1 1 
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the soil, Newly hatchC'd larvaC' arC' morc l'Nldily killed than fully 
developed tbird instal's. LarvaC' in soil containing an abundance of 
:.coots arC' Illore easily killed than thosC' in fallow soil. Lunrac succumb 
more quic.ldy [1t hig'b than at low tempera tUl'C's; when the temperatm'c 
of the soil is bt'low 50° F, thC' l[1l'vaC' al'(, pmctically innetive and arc 
usullily not seriously a£rect('d by [1 stomach poison, 

In a l'('eC'nt studY of th(' imwetieidoi aetion of ncid 1Pt1(l OTsenatC' in 
different soils fl'oIlJ~ 1\('\\- ,Jpl'SPY (13) it wns found thnt n,p coeIIicient 
of C'ffectivC'llC'ss of the matpl'iall'nngpd from 0,:30 in Colts 1\pcl\: IOllIll 
to 2,18 in Lakpwood sand, A sigllificnnt COlTPlatiOll was found 1)(,­
tweC'll tht' ins('cticidnl C'tr('ctiyt'npss' of aC'id Ipud Ul'SPlltll<' aud tlit' soltlhIe 
constituents of the soils, TIU' ('ollccnt.ratioll of solublp phosphab's, 
calcium, and Illagu('sillUl apPl'al'cd to 1H' the' IllOSt importnnl fn,etors 
infiueneing thC' inseeticidn1 twtion, Th(' gl'patC'l' thE' COllepntrntioll of 
soluhl!' phospit[1tps and calcium in tb(' soil. th(' mol'(' dl:t'din' ,,-as the 
arsenical tl'patmcnt·, [1nd till' g(,patcl' tIl(' cOll('pntrntion of soluhl(' mag­
npsium, thp hiSS eff('etiv(' it ~nls, Tli(' influellc(' of solubll' ehlorides, 
nitrates, ammonia, potassi1un, and num~nn(;sp ,,-os of minor im.por­
tance, It wns also founJ that th(' ills('('tieidni artiOIl of Held lC'ad '.
arspl1atr in a soil could \)(' modiHrll b)- adding clifIrl't'nt phospitntrs.

It is VNY dt'sirahll', in n !ward] for n('\\- soil in!'wcticidl's, to nttpmpt 
to control as mtlny as ppssiblr of thrse ynriablC' ftlctors, The YI11'ia­
tion produced b,)' difl'prpIV'('S ill til(' t'Y]1(' of soil. thl' t<'m.prl'tltll1'l', m.ois­
tun' amt food ('un lH' 1'<'du(,pd to n minilllum hy conducling titl' pl'climi­
nary rXlwrim ('11 ts un(kr ('ontl'olll'(l cOlldi tiOllS ,yith OLH' tY]lP of soil. TIl(' 
soil USl'd for all till' ('XIWl'imPIlts in this stud)' WtlS a snssafl'tls stUHl)" 
loam. Fnfol'llinatPly, th,p lnl'\"t1<' ,-nl'''" in tlwil' sllscC'l)tibiiitv to a 
stomB.cit poison, pn'ri undpl' ('ontl'olll'd ;'olltiitions, dl'ppUfling uiJon thc 
sC'asoJ) of thp yptll', tIl!' SOUlT!' of tlw lpst ins\': (s, ;,nrl titt' p(,l'iod of time 
elapsing: I)('tw(,ptl digging: tlWlll in tIll' ~;l'id and llsill~ tlH'm in the 
exprrimputs, 

In tilt' s('ure'it for Ill'W insp('lir'id('s tltp dl't(,l'minntiOll of tilc'l't'lati\-c 
eff('ctiverH'ss of man~- matl'l'inis is lllOl't' important than isolnt('(l <1('t(']'­
min[1tions on til(' nctinn of In<iiyidllal co,npounds. Th(' eompumtiyp 
cffpctiY('n('ss of ucid 1(';1(1 nl'Sl'llat(', which has \)('('on1.(' pstnhlishpd as 
a standard soil stomach poison I'm' tllP control of Im'YIH' of tht' ,Ttlpatll'sP 
b('etlp, llnd nno\!J.p!' mtl tprinl is of 111.01'(1 ,"nitJ(' thall til(' ('Xtlc( Ill('t1SHI'(,­
IDent of til<' I'Piatioll IwtW(,Pll tllp dosng(' unci t11p l1lol'tnlit)- Pl'otluc('cl 
by this matl'riul. Wh('ll Hcid ll'nd tll'SPJUttl' i~ Hs('(l as n sttllHltml in 
eiwh incli"iclllni Ipst, tlS in llll'sl'. lb.l' ,-arintinn ill tItl' sW';('l'ptihilih- of 
diffpl'('nt lots of itUT;tP is not It limiting fador b('('tlllSl' it dOt's' not 
modify appn'('inhl.', thp cOlllpllrati,'p ,-atlll' of a mall'rinl as n soil 
ins('ctieid(', 

CO:\DITLO:\S FOR TESTL\'G ST()\r ·\CH P01S0\'8 

It hn~ b(,Pll ohs('l'y('d that witl'll th!' t('mn(,l'atul'l' of til(' soil is I)('Iow 
50° F, titP l;ln"un of till' ,JapmH'sP h<'''tll' l1.l'(1 1:1l'gC'ly inactiy(' and .H'(' 
affc'cl<'d hy' it stomach poison only to n, limitc'd ('xtl'nt. As tl1(' tC'lll­

pel'aturp of tlll' soil is l'ais('(l to Rilo thp firth-ity of the lnrnu' incl'i'as('s 
and til(' Limp l'('quired for tln ins('cticid(' to bl'colll(, pCrprtiy(' is pl'Ogl'pS­
sivl'ly dl'cl'(·tls('(l. At n. trmp('l'll.t\ll'(' or RO° to RilO tl stomach poison 
m[1Y bp ('fI'pctivC' in 2 w('('ks, wh('l'f'!ts nt !)!)o to GOo [!'Om G to 8 weeks 
m(1)· bC' rl'quin·(l. Temp('l'lllul'(,s :lboVl' R!)O U,PIWtU' to rptal'cI till} 
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ACID LEAD ARSENATE AS A STOMACH POISON 

activity of the larvae. Activity is also impaired in soils that are 
excessively wet or dry. 

The laboratory tests with stomach poisons were conducted in 5-inch 
earthen pots in the controlled chambers shown cl.iagranmlatically in 
figme 1. The walls and ceilings of two cellars were lined with insu­
lating board and plastered. The temperatme was controlled by a 
commercial thermostat adjusted to keep the temperfLtme between 

fLnd 85 0 F. The thermostat activated a centrifugal pump which 
forced wfLter at 1600 through a heating unit and started a fan which 
drew air from the chamber, ptlssed it over the heating unit, and 
retmned it to the chamber. Fans were fLlso placed in the aisles to 

! ," \ \ \ ~.
'\ , 

1 • \ \ • 

\ \ ' \\' 

FIGURE I.-Diagram of tL rhmllhrr lI~ed in testing materials as soil stomach 
. lloil'olls against larvae of the .Japanese beetle, 

circuln.le air in tlw chmnlwl', The pots Were plunged in moist peat 
to consPl'v(' tIl(' moisture and to mILh necessmy the applicati.ln of 
wILter to the soil only at infrequent intt'lTals. 

PROCEDURE l·'OR CONDUCTING TIlE TESTS 

The procedure for ('oncluding n tpst to det!'rmin(' the value of a 
material ns a !,L"~:lach poison ttgainst lalTae of the ,Tapn,nese beetle 
is fundamental f the same ns that used in tll(' biologicttl assay of drugs 
and disinfectants. in tbn.t tlw mortnlity produc('d b~~ difrel'ent ('oncen­
trn,tions of the test material find the standard are determined e:\-peri­
mentally under like conditions. If the stock of test In.ryue were 
constant in its avorage sllsceptibility to the standard, the results 
obtained with n, test mn.terial could bn compared with a single closage­
mortality curve of comp!lratively high accuracy, determined from 

http:applicati.ln
http:circuln.le
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many experiments with the standard. .As the population of larvae 
dug in the field is not stable in this respect, however, each separate 
assay of a material must be based on parallel tests between the standard 
and the test material. 

In c01).ducting each test, the standard (acid lead arsenate) was mixed 
with moist, sifted sassafras sandy loam at rates equivalent to apply­
ing 250, 500, 1,000, 1,500, and 2,000 pounds per acre and mi.-.dng to a 
depth of 3 inches. Prior to 1935, 0.735 cubic foot of soil, sufficient 
to fill twenty 5-inch earthen pots, was first spread in a thin layer on a 
smooth concrete floor llnd then the required quantity of the lead 
arsenate was scattered uniformly over tho surface and mi.xcd with it 
by raking and shovelling lUltil uniformly dispersed. Later, in ordor 
to enhance the dependability of the data, the quantity of soil was 
doubled, sufficient to fill forty 5-inch pots, and was mi.\:cd more 
rapidly and uniformly with the poison by passing it three times 
through a gyratory 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 
1:loil for the determination of the natural mortality of the insect. The 
test materials ,vere then applied in the same malmer, or pots of soil 
that had been treated previously and eA-posed to weathering in the 
field were brought in and prepared for testing by removing tbe soil 
from each group of pots and passing it through the gyratory riddle to 
remove all larvae naturally infesting the pots and to remix and loosen 
the soil. Rye was sown hl each pot to supply an abundance of food 
for the larvae. 

The pots were phmged 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 instal·s were placed in each pot. The most satisfactory procedure 
found for infesti.ng the pots was to make five holes 2 hlches deep with 
t1 small dibble, place one brva in each hole, and fill tho holes with soil. 
Third instars were selected for test purposes because larvae in this 
instar are most resistant to insecticides, are more easily handled 
without fear of injuring them, and are more readily seen in the soil 
during examination thau the other instal'S. It was not feasible, 
because of cmmibalism, to put more than five larvae in a 5-inch pot, 

The soil was removed from ettcl! pot 14 days u,fter the larvae had 
been introduced, and the uumber of dead and living larvae werp 
recorded. Only larvae which were in the vn,rious stages of decomposi­
tion were classified as killed by the tretltment. All other larya(\ ~ 
although in SOIlle cases showing evidence of injury, were classified as 
surviving. When the exttmintttioll wns completed, all series of pots 01 
the test materials which produced promising results were phmged in 
the field to determine subsequently the influence of weathering on the 
insecticidal action. The soil containing the acid lead arsenate was 
discarded, ttnd the pots were thoroughly washed before they were used 
for other tests. 

ANALYSIS OF DATA 

It will be observed in the tabulution of the dattl that some lurytte 
usually survived at the end of 14 days eyen in soil with the highest 
conr:entrution of the stuudttrd fLucl other Illateriuls. TIllS should not 

http:infesti.ng
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be interpreted as being indicative of the maximum killing power of tl 
treatment because the progress of the insecticidal actIOn 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 accurately. The dosage-mortality curves of the 
s.tomach 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. 

It has been established by Strand (25), Tattersfield and Morris 
(28), Trevan (29), and other investigators that the closest agreement 
in insecticidal tests occurs when the concentration causing 50 percent 
mortality is selected as the criterion for comparisons. 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 arsenate with their respective standard 
errors were calculated, and the relative effectiveness of a test material 
was expressed as a coefficient of the standard. The significance of 
the differences between the coefficients of the various materials 
could be determined from a consideration of their respective standard 
errors. 

The precision of the results obtained at the 50-percent point is 
often of distinct advantage in the study of the facTIors which influence 
insecticidal action. Unfortunately no simple relationship 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 pOlmds of the standard and 100 pOlmds of a test 
material, 76 percent with 1,000 and 200 pounds, and 90 percent with 
1,200 and 1,000 pounds, respectively. In this case the two dosage­
mortality curves, one from the test mn,terial and the other from the 
standard, are converging as they approach 100 percent, but it is not 
uncommon to have curves which tLl'e close at the 50-percent point 
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 larvae in the field is known, 
the quantity of the test material required to produce equival(mt re­
SlutS cannot he estimated from the coefficient derived ali the 50­
percent point. 

As it is believed that the results obtained from a laboratory assay 
of a material arc of more practical value when expressed in terms of 
pounds per acre thereof that can be e}.."pecteci to produce 100-percent 
mortality in the field, an attempt was made to determine accurately 
the 100-percent mortulity points for the standard and test materials 
so that the coefficient of effectiveness at this pojnt might be derived. 
It was found that the concentration of a material just sufficient to 
cause complete mortality cOlud not be determined very precisely 
experimentally because of the nature of the toxicity curves. The 
calculation of this point from other points on the sigmoid curve was 
also disappointing. Shepard (23) .adapted the formula used by Olark 
(7) to the dosage-mortality curves of fumigants against the rice 
weevil (Sitophilus orllza (L.)) and apparently was able to estimate 
the maximum "nonlethal" dose with a high degree of accuracy. 

. 
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When this formula was used to estimate the minimum concentration 
of a stomach poison in the soil necessary to kill practically 100 per­
cent of the larvae of the Japanese beetle, the estimated quantity was 
often so iar in excess of, or below, that at which complete mortality 
occurred e}'.-perimentally as to make the estimated figure of doubtful 
value. 

It is possible that the method suggested by Bliss (2, 3) ior 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 procedme, which will be described ·.,'esently, 
appeared to be satisfactory for estimating the rates at w: ich the 
different test materials would have to he used to be effecL. against 
the larvae. - -

It has been determined experimeutully under field conditions that 
an application of acid lead arsenate at the rate of 1,000 pounds per 
acre, very thoroughly and intimately mixed with the upper 3 inches 
of a sassafras sandy loam before the eggs hatch, will cause complete 
mortality of the lfirvae, It seemed proper, thereiore, to evaluate in 
the laboratory the comparative effectiveness of the different materials 
by estimftting the rates at which they would have to be applied to be 
equivalent in insecticidal value to 1,000 pounds of acid lead arsenate, 
using thu'd instal's as test insects under the conditions and according 
to the procedme previously described, 

In each series of tests there are usually four independent causes 
of variation in the larval survival, (1) the chemical composition of 
the materials, (2) the rate of t),pplication, (3) the period the materials 
have been in the soil, and (4) the random or e}'.-perimental error. The 
analysis of variance has been found to be the most satisfacl.ory pro­
cedure for determining the significance of the differences in larval 
survival caused by the variation in chemical composition, rate of 
application, and the period in the soil. ,"Vhen this procedure demon­
strated that there was no significant difference in ulsecticidal value 
between the standard and a test material there was no necessity for 
analyzing the datu. further, but when significant clifl'erences 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 hy interpolation of the larval 

(B-A) CO-E)
survivals, using the formula A+ (O-D) , where A is the num­

ber of pounds per acre of the test material giving a survival just above 
that for 1,000 pounds of the standard, B is the number of pounds per 
acre of the test material givlng n. survival just below thftt of the stand­
ard, a is the survival with treatment A, D is the survival with treat­
ment B, and n is the survival with the 1,OOO-pound level of the stand­

ard. The standard error of this value is that of the quotient g ~, 
multiplied by the constant (B-A). The standard errors of differ­
ences (a-E) and (a-D) were known from the analysis of variance. 
The error of the treatment with It test mt1tcrial estimated to be equiv­
alent to the standard was computed by the formula 

2CB-A) CO-E~ / rr c_E_ + rr2C_D_. 

O-D -y (O-EY (O-D)2 
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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 8_0 0 

and 85 0 F. It is realized that with the more rapidly acting materials 
most of the effect might have been obtained in a shorter period. 
Materials which had had little toxic action on the- larvae bv the end 
of this period might have shown some value if the e:"'lJosure had 
been prolonged. It is known, however, that the results obtained 
under the conditions of the t.ests are. very simila.r to those ohtained 
with third instats in the field after a period of 6 to 8 weeks when 
treatments are applied between September 15 and October 1. A.s 
the activit,}, of larvae in the field after November 15 is at a.low level 
because of t.he low temperatures, stomach poisons at tbis time have 
little e!Tect on them. It may be cOllsidered, therefor!', that the 
cynluation of the material at the end of 14 cln.ys in the laboratory is 
what might be expected at the end of the active season in the fall. 
Any material which was definitely inferior to acid lead arsenate at 
the end of the test period probably would have little value for the 
control of t.he larvae. Only materials which were equal to or more 
efi'pctive than acid lead arsenate at the end of the test period can be 
considered as possible substitutes. 

ACID LEAD ARSENATE AS A STOMACH POISON 

Before the various materials are considpred as substitutes for !lcid 
lead arsenate, some attention should be given to this chemical as a 
stomach poison in the soil, particularly as to the influence of some of 
its physical and chemical properties and the persistence of tae in­
secticidal action in the soil. 

INFLUENCE OF THE SIZE OF PARTICLES ON INSECTICIDAL ACTION IN 


THE SOIL 


Through the cooperation of a conlllPrcinJ grinding company, R. D. 
Chisholm, of the Diyision of Insecticide lnvrstigations of the Bureau 
of Entomolog~y and Plant Quarantine, reground a conlllPrcial sample 
of acid lead arsenate in order that the influence of the size of the 
particles on the effectiveness of the material in poisoning larvae of 
the Japauese hectlc in the soil might bp investigated. The original 
sample was analyzed and found to be of the following composition: 
Total arsenic o:-..'ide CAS20 5) 31.44 percent, total len,d oxide (PhO) 
64.21 percent, water-soluble arsenic m:idc 0.40 p~rcent, and water 
0.37 percent. Three grindings were made with the materinl alone at 
different speeds, and one was made with the mn,terial to which 2 
percent of 200-mesh gum arabic had been added previonsly. 

The original material and the different batches of the reground 
material were analyzed hy 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 ambie 
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 diameters in each sample 
were determined. The details of the construction of this apparatus 
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and the procedme of analysis have been described by Goodhue and 
Smith (14). 

The percentages of the particles in each sample belo'w 2J.1- in diameter 
and between 2J.1- and 30J.l- and above are given in table 1. As a.pproxi­
mately 28 percent of the commercial Rample was composed of particles 
less than 2J.1- in diameter and about 60 percent of the pm·ticles in the 
reground samples were of this size, it is apparent that the regrinding 
operation increased the fUlC'ness of the commercial product. Un­
fortunately the sedimentation analysis wns not sufficiently dis­
criminating to differentiate between the pm·ticles less than 2J.1- in 
dia.meter. It is impossible to determine from these data ,dwther the 
modifications in the grinding operation produced materials which 
differed significantly in their degrees of fineness. 

TABLE I.-The size of the particles in the commercial and l'eground samples of acid 
lead arsenale 

Proportion ofpnrticles of the following (lin meters. in microns-

Samples of acid lead arsenate 


___. _______ B_Cl_01\_._21~I~i~110-15 !~i IIAbOV030,I__ 20_30 

: 1 I t 

. Percen~ IIPercent Iperccllt :Perc;nt IPercEllt 1Pers:nt \perc:nt Percent_ 
CommercmL ••. ____...__. __ •••._ 28'_1 36.0 15.1'1 ,.31 0.3 , -.3l _.31 3.0 
Reground. No. 4___________.. __ .. 56.0 26.1 2.6 5.1 5.1 1.0 1.0 1. 3

1Reground. No. 5 ...............__ 61.4 15.0 3.51 5.11 10.0' 3..1 1.1\ .5 

Reground,No.6..__________ .. ___ • 69.01 15.1 2.6, 3.2'\ 4.21 3 .. 51 1.2 1.2 
Reground. No. 7...._____..... __ .! 55.31 18.4 1 2.31 10.6 6.2 3.71 2.4 1.1 
Reground. No. 8 ......___________ 1 58.0 I 17.2 i 2.8 i 6.2 7.0 3.8 2.8 1.3 

It was very difficult to mix I'egroll1lcl lead arsenate uniformly with 
soil because the particl('s of the insecticide tended to adhel'e tenaciously 
to the first gmins of soil encountered. In the attempt to oyercome this 
difficulty, the lead arsenate wus shaken yigorollsly with dry sand 
until th(' grains of sand app('arcd to be uniformly covcred 1)('fore the 
sand anel poison were applied to thc soil. It is n.ppreciated that 
adding the material in this condition to the soil might he equivalent 
to using acid lead arsenate \\'ith pal'tieles the size of those in the sand, 
but no better method for mixing fi. d['y material intimately with soil 
has been developed. rrIl(' different sn,mplcs of lead arsenate thus 
diluted with dry sand wen' mixed with moist sassafrus sanely loam 
at rates equivalent. to 500, 1,000, 1,500, and 2,000 pounds of the 
poison per acre. Larvae We]'(' then introduced into each treatment. 

The percentage of the Im'va(' surviving in each treatment, out of the 
200 introduced, the pounds of el1ch sample estimn.ted to be equivalent 
in insecticidal value to 1,000 pounds of the standard, and the summary 
of the analysis of variance in the laI'val survival are given in table 2. 

The analysiR of vn.riance of sUlTival showed that significant changes 
were produced by the modification in the I'a.te of application of the 
arsenical and by the grinding. It was apparent, however, thtLt the 
concentration of acid lcn.d arsenate> in til(' soil was the> more important 
factor modifying the survival. 'When the lead fiJ.·sC'nate wns appliecl 
at the rate of 1,500 or 2,000 pounds per acre, no significant differences 
at odds of 99 to 1 could be detected between the survivals in the 
standard and the reground samples. It is [I.pparcnt that when used 
at these rates there is sufficient ficid lead arSClw/e in excess of the 
minimum required to mask the differences between the samples. 
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TABLE 2.-Analysis of va1'iance of lm'vae of the Japanese beetle surviving in 960 
tests in which various utnounts oj acid lead arsenate containing diffel'cnt percentages 
of small particles 1 were tested as stomach poisons 

Survival out of 200 larvae' iu Estimate Analysis of variance 
treatment proportional to in- of test 
dicated pounds of poison material I 

applied per acra equiva-Sample of acid lead De­lent to arsenate grees1,000 MeanSource of "Variation ofpounds square(ree­500 1,000 11,500 2,000 of tho domstandard 

Ipercent Percent IPercent Percent Pounds3 __________
Commercial (slandard) GS 49 12 Between conC(ln- 3 31G.660·· 
Reground, No. 4______ 61. 5 4-l 21 trations. 

Reground, No. 5 _____ / 5:1 28.5 8 2 582;1: 67 Between materials. 5 19.923" 


9.51 857;1:136 
Interaction_________Ileground. No. 0______ 59 25.5 12 ·1 (J.l9;1: 60 15 4.159·· 

Reground, No. 7 ______1 50 I 33.5 3 936 .757Brror______________ 
Reground, No.8 3_____ 37 16.5 4.5 ~. 5 I ~0;=~1~ -----Total. _______Ithan 500. 959 -.----.- .. -

I See table 1 for analysis of sample for size of p!lrticl~.
, Least significant difference for odds of 99 to I, 10 percent. 
3 Ground with 2 percent of gum arabic. 

There was no evidence that the grinding to which sample 4 was 
subjected significantly modified the insecticidal action. When the 
number of larvae surviving in the 1,000-pound treatment of the stand­
ard was taken as a measure of insecticidal effectiveness, it was found 
that the regrinding in su.mples 5, 6, 7, fl.l1Cl 8 had greatly increased the 
effectiveness. The results suggest that 500 to 700 pounds of samples 
5 and 6, 400 to G50 pounds of sample 7, and less than 500 pounds of 
sample 8 produced results against the larvae equivalent to 1,000 
pounds of the unground commercial powder. It is possible that the 
increased effeeti\Teness of sample 8 might be attributed to the gum 
arabic preventing the small particles from coa.lescing. 

The reaction of rye to the various samples of acid lead u.rsenate in 
the soil was not significantly different, indicu.ting 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 fnctor 
as the rate at which acid lead ru·sClUl.Lc was applied, there is no doubt 
that the size of the particles did significantly change the insecticidal 
action. 

INFLUENCE OF VAlUATION IN ARSENIC CONTENT 

Through the cooperation of P. A. Van del' lvIeulen, at that time 
agent of the BmclJ.u of Eutomology, nine samples of acid lead arsenate 
which rangpd in their arsenic oxide content b'om 29.79 to 33.77 per 
cent, were prepared in 1934 to dC'termine the influence of the arsenic 
oxide content on the insecticidal action in the soil. These materials 
were applied to sassafras sandy loam at the rates of 250, 500, 1,000, 
1,500, and 2,000 pounds per o.ere. The percentagcs of survival of the 
larvae in the differcnt treatments, the pounds of the different mate­
rials which were estimated to be equivalent in insecticidal value to 
1,000 pounds of the standard, containing 33.77 percent arsenic oxide 
in. this ease, and the analysis of the variance are given in table 3. 

323-177-41-'.\ 
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TABLE 3.-Analysis of variance of larval survival in 8,600 tests in which various amounts of acid lead arsenate containing different percentages of ..... 
oarsenic oxide V'rTe tested as stomach poisons for the larvae of the Japanese beetle 

Survival out oC 400 larvae 1 In treatment proportional to indi­ Estimate oC Analysis of varlanca 	 ~ cated pounds oC polson applied per acre test material 
(----;-----;;-----;----;;-----:----( equivalent to 111---------------:----,.----Arsenio oxide In the sampleS 1,000 pounds(percent) of the stand­	 Degrees ~ Meat,None 250 500 1,000 1,500 2,000 ard (33.7 Source of variation of squarepercent) 	 freedom 

1--1--1--1--1--1 11----------
Percent Percent Percent Percent Percent Pound8 Between concentrations ___________________&I 46.75 11 5.5 3.5 	 4/1,462.3212"

76 	 3 3.5 ----iirni";j;;-s7- Between materlals ________________________ 8 20.4159"37 S. 75 Interaction_______________________________ _73.25 71.5 13.5 6.25 4 1,172 :±:216 	 32 10.1935"Error____________________________________ _
72.5 49.25 11.25 3.75 2.25 1,017 :±:202 3.555 .8879 
62 47.5 8.5 5.75 2.5 068 :±: 52 Total. _____________________________ _ 1---1--- ~ 64.5 43 14.75 7.25 1.5 1,250 :±:222 	 3,500 
70.5 62 33.25 13 4.25 1,614 :±:174~~~~i~j~~jlj~;;ll~~;;~ -~~~ 	

I 
~ 

74.25 51 16.75 6.75 1. 75 1,288 :±:172 	 ,""
00 

. --.------- 44 26.75 14.75 7 5.5 1,242 :±:213 	 ,yo 

1 Least significant difference Cor odds oC 00 to 1, 7.65 percent. 	 ~ 
rn 

~ 
!'3 

I 
~ 
>­
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The analysis of variance in the larval survival showed that there 
were very significant differences in the insecticidal action of the samples 
containing various percentages of arsenic oxide. There was a definite 
tendency for the survival to increase as the arsenic oxide content was 
reduced from 33.77 to 29.79 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 larvae can be 
obtained with a commercial acid lead arsenate which contains the 
legal minimum of 30 percent of arsenic oxide. 

INFLUENCE OF' SOLUBLE ARSENIC 

In connection with the study of phosphate fertilizcrs on the effec­
tiveness of acid lead arsenate as u stomach poison, the suryiyalof 
laryue und the quuntity of soluble arsenic in the soil were determined 
for euch treatment. An analysis was made of the survival of the 
larvae in the treatments where acid lead arsenate was applied alono 
and with different phosphates, to determine whether there wus any 
correlation between the survival and the soluble arsenic in ·the soiL 

Only the 250- anel 500-pound treatments were used in this analysis 
because the 1,000-, 1,500-, and 2,000-pound treatments gave very 
low larval survivals. This analysis showed that the quantity of 
soluble arsenic in the soil did not explain the differences in larval 
survivaL It is evident that the concentration of soluble acid lead 
arsenate in the soil is not the most important factor modifying the 
larval survival. 

As Swingle (27) has shown that the hydrogen-ion concentration of 
the midgut of third instal'S of the Japanese beetle is 9.5 and of the hind­
gut is about 8, [wel tlmt these values Itre Hot greatly influenced by the 
hydrogen-ion concentration of the soil in which the l::tryae are living, 
it is apparen t that the solubility of the acid load arsenate in the soil 
haying a hydrogen-ion concentration of 5.0, as wus used in these tests, 
would he quite different from that in the digestive tract of the insect. 
It is evident from the previous analyses of variance thut the totul 
quantity of acid lend ursenute in the soil ingestecl by the larvae is the­
most important iuctor modifying the slU'yiYal of larvae. 

INFLUENCE OF LEAD CONTENT 

.As Brinley (4) has demonstrated that lead salts were toxic to the 
eastern tent caterpillar (N[alacosoma americana (F.)), and Stubinger 
(26) has shown the toxicity of leud compounds to bees and larvae of 
caddisfiies, it appeared that the lead molecule in acid lead arsenate 
might have some influence on the insecticidal action. To determine 
tho effect of the lead molecule on the larvae of the Japanese beetle 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 tested to 
determine their effectiveness in killing the laryae. The results 
obtained with the different matel'ii1ls and the analysis of the val'iance 
are given in table 4. 
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TABLE 4.-Analysis of variance of larvae of the Japanese beetle surviving in 1,4-00 
tlJsts in which different lead compounds were tested as stomach poisons 

Survival out of 200 larvae I in treat· 
ment proportional to indicated Analysis of variance 
pounds of material applied per acre 

Test material 
De­

grees MelinNone 250 500 1,000 1,500 2,000 Source of variation of squarefree­
dom 

Per- Per- Per- Per- Per- Per-
Acid lead arsenate (stan- cent cent cent cent cent cent Bctwecn conccnt­dard) _________________ rations__________ .­81 75 69.5 35 3 2.5 4 51. 4546"Lead acetate ____________ 81 83.5 76 81 71.5 71 Between materials __ 6 110.7347--Lead bomt.c. _____•_____ Interaction__________81 81.5 86.5 66 51 W.5 24 18.4371--Error_______________Lead earbllUatc__ -. _____ 81 76.5 76 80 75.5 83 1,365 1.1519Lead chloridc ___________ 81 80 81 77.5 76 67 --Lead fluoride __________ 'rotaL ________81 81.5 79 67 78 78 1,390 ------------
Lead hydrogen phos­phate________________ 

81 72.5 60 62 67.5 67 

I Least significant differencc [~r odds of 99 to I, 12.5 percent. 

Within the range of 250 to 2,000 pounds per acre none of these 
salts (lead acetate, lead borate, leud 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 
acidleacl arsenate. \'Vhcn the survival in the untreated soil was com­
pared with that in the different treatments, it "was found that lead 
acetate, lead carbonate, and lead fluoride caused no significant change 
in the number of larvae surviving \vhen applied at the rate of 2,000 
pounds per acre, Lead chloride causrd a significant reduction when 
applied at the Tate of 2,000 pounds POl' acre, lead borate at 1,000 
pounds, and lead hydrogml phosphate at 500 pounds. 

T.he Tesults appear to '3how th[Lt some of the lead salts are slightly 
toxic to the larvae. ,],11e insecticidal action, however, WIlS not suffi­
cient to bE' of value as a control measure. Later data will be presented 
to show that the arsenates of aluminum, barium, calcium, iron, 
magnesium, manganese, and zinc, arsenious oxide, arsenious sulfide, 
and paris green and its homologucs have considerable toxicity. 
The indications are that the lead molecule contributes very little to the 
action of acid len.d arsenate on tbe larvae, and it seems proper to 
associate the toxicity of tbis material with the arsenic molecule. 

PERSISTENCE OF INSECTICIDAL ACTION 

It is believed that any stomach-poison insecticide should be effec­
tive for more than one season in the soil to be of practical value. It 
is also recognized that the initial effectiveness of the insecticide is 
correlated with the presence of certain soluble salts in the soil and that 
the persistence of the insecticidal action is associated wit) ~ the physical 
and chemical properties of the soil. In a problem vf this nature, 
where the comparative value of acid lead arSent1te and other materials 
are being studied, it is desirable to have some information on the per­
sistence of the toxic action of acid let1d arsenate under the same con­
ditions as were used to evaluate the other materials as soil insecticides . 

.Acid lead arsenate was applied to sassafras sandy loam at 1'ates 
equivalent to 500, ~,OOO, 1,500, and 2,000 pounds per acre, Larvae 
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were introduced into the treated soil immedifttely after the applica­
tion and at intervals up to 57 months, during which time the soils 
were exposed to weathering in the field. Each time an insecticidal 
test was made, the survival of larvae in these treatments was compared 
with that in soil to which acid lead arsenate b.ad been freshly applied. 
The survival of the larvae in each treatment and the relative effective­
ness of the mat.erial after it had been in the soil for different periods 
arc given in table 5. 

TABLE 5.-The persistence of acid lead arsenate as a otomach poison against larvae 
of the Japanese beetle in sassafras sandy loam 

Survival of larvae iu treatments equivalent to Indicated Mini­
pounds per acre mum 

Exposure signifi- Estimate ofLar-Iof test vae 	 cant test material 
material Acid lead arsenate applied at Freshly applied acid lead ditTer- equivalent tointro·in soli beginning of expcrimeut arsenate ence 1,000 poundsduced(months) for of standard 

I odds of 
None 500 1,000 1,500 2,000 None 500 1,000 1,500 2,000 90 to 1 

No. Pct. Pct. Pct. Pct. Pet. Pct. Pet. Pct. Pct. Pct. Pct. Lb.0_________ 
6_________ 	 200 70 46.5 15 S.5 ·1 70 46.5 15 8.5 4 lOA I,OOO± 89 

100 88 SO 35 19 13 84 60 32 15 27_________ 	 19.0 1, 004±214 
200 89.5 	 6S 36 27.5 8 79 46.5 15 8.5 4 IDA 1, 821±12112._______ 100 88 60 42 11 5 84 69 32 15 2 19.0 1,161±124

13.5...___ 	 200 07 74 43 30 4.5 01. 5 48.5 6.5 2 .5 10. II 1.961±11014.25_____ 200 SIl 80.5 45.5 20 2 93 63.5 11 3 .5 8.0 1,750±lOg18. _______ 100 92 SO 70 32 20 54 69 32 15 2 19.0 1,500±137
24._._. __ . 100 88 52 56 27 0 84 69 32 15 2 19. 0 1,414±18026. ______ . 200 85.5 76 53.5 19.5 1.5 SO 36 5 1.5 1 9.8 1,903±14330._._____ 300 86.6 	 88.3 60.6 47.6 34 71.6 54.6 30.6 15 12 17.6 Beyond 2,00030.•. _____ 200 94 96 70.5 63.5 57 94 63 44.5 21.5 19.5 15.0 Beyond 2,00032________ 

200 91 79. Ii 41.5 24.5 5.0 81 46 2.5 2 a 10.0 Bcyond2,OOO44. _______ 
200 90 85 76.5 56 40.5 85.5 a9.5 4.5 4.5 1 12.1 Beyond 2.00045. _______ 200 94 	 75 53 25.5 2 . 96 47.5 8.5 .5 a 9.7 1, 862±9948._. _____ 200 59.5 	 54 54.5 69 40.5 33 16.5 3 13.1 Beyond 2,0005;._. _____ 	 51. 51601 
200 I 65.5 58 56.6 47.5 53.5 70.5 37 22 8 4 12.3 Beyond 2,000 

It was found that there was a progressive loss in the effectiveness 
of acid lead arsenate in sassafras sandy loam with the period of time 
the material was in the soil, although these differences did not appeal' 
to be statistically signilicant during the first year It is apparent 
that an application of 1,500 to 2,000 pounds pel' acre would be required 
to maintain an insecticidal value during a period of 18 to 24 months 
equivalent to 1,000 pounds of 'freshly applied acid lead arsenate, and 
that something more than 2,000 pmmds would be required to obtain 
this action dming a period of 30 months. 

It was observed, however, thn.t. even after the materil11 was in the 
soil for nearly 5 years the insecticidal aetion was not entirely dissi­
pated. The effectiveness of the tt-eatmcnts was reduced to such an 
extent by this time that it is questiOlHLble whether they would be of 
great value as a control measure. 

LEACHING OR FIXATION OF ACID I,EAD ARSENATE IN SOIL.. 
In the experiments discussed in the previous section the soil was 

in 5-inch pots during the whole period. As chemicl11 analysis showed 
that there was little significant reduction in the total arsenic content 
during the 57 months, the decrease in the effectiveness cannot be 
attributed to the removal of the materilLI by lelLching. 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. 

In. 1934, beels of soil in a greenhouse were treated to a depth of 
6 inches with different quantities 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. Early in 1937 
the experiment was discontinued and the plants and soil were removed 
from the beds. The soil was analyzed 4 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 acre, and then it 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 arsenate determined by chemical 
analysis and biological assay are also given in this table. The analysiR 
of variance in survival showed that both the period of time the material 
was in the soil and the quantity applied were factors affecting the larval 
-survival. 

TABLE 6.-Survival of larvae of the Japanese beetle and fixation and leaching of acid 
lead arsenate applied as a control in sassafras sandy loam in a rose house during a 
period of 3 years 

.. urVlY8 on 0 uan I yo nCI n arsc. Is' I t ( I Q t't ( 'd Ie d nate i' Analysis of variance of larval survival200 lar\'ae I in- per acre nfter 3 years 
Quantity

nppliedper 
acre to the 
beds to a miued (rom De­
depth o( Materinl :-!nter,ial by mat":d l!pp{'r6:con\,ert-1 grees 

I. """ IEsti- I L." 1"",·1ently 

I 

I 
l\fcau

6 inches freshly III soll chem- I by blO- Inches cd to n I 80urce of variation o( sqnare(pounds) applied 3 years icnl \ logicnl by non- (ree­
ann1- assay leuch- toxic dom 
ysis ing (orm 

-----_._-----
Percent Percent Pounds IPounds Pounds POIL711i8 

None______ 91..1 100 Between treatments_ 6 169.6020"600________ -----iii­65.5 66 0 Between time inter­
1,000______ ----~ggt---i~g- \'als_______ . ____ . __

43 6J.5 200 211 1 25u.50IS·· 
1,500. _____ In[croetion__________12 56 1,200 711 300 489 6 22.1184"
2,000______ Error_____ . __________4 Cr!. 5 500 978 546 .73901,500 I 5222,500 ______ 1.5 38 J.700 J,080 800 620
3,000______ .5 21. 5 2,100 J,3'17 900 753 'l'otaL ________ 1 559 1___________ 

I Least Significant diITcrence for odds o( 99 to 1, 9.0 percent. 

The quantity of acid lead al'senate lost by leaching ranged from no 
lead al'senate with the 500-pound treatment to 900 pounds with the 
3,000-pound application. The larger the quantity of arsenicnl applied, 
the greater was the relative loss by leuching. Nothing wns lost from 
the treatment with 500 pounds, 20 percent from 1,000 pounds and 
from 1,[;:)0 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 ncid lead arsenate by leaching in a 
period of 3 years wns 25.7 percent. 

The quantity of insecticidally active acid lead arsenate in t.he soil 
after 3 years/ as estimated by biological assny, was significantly less 

'These analyses were made by L. Koblltsky of the Division o( Insecticide Investigntions, Bureau of 

Entomology and Plant (~unl'Untino. 
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than the quantity determined by chemical analysis. With the excep­
tion of the 500-pound treatment, the biological assay indicated that 
there was from 21l to 978 pOlmds per acre of the arsenical in an inactive 
form. With the init,ial treatment of 51)0 pOlmds, 2 percent was in­
secticidally inactive at the end of 3 yea.rs. The treatment with 1,000 
pounds had 26.3 percent inactive; 1,500 pounds, 40.7 percent; 2,000 
pmmcls, 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 insecticidally 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 p:('ll('rally lwen sil.tisfactory for the 
control of larvae of tho Japanes(' hoetlc in tmf and for the climination 
of them from blocks of estltblished nursery plants, the detrimental 
effect of the material on some plants, the logicnl objectiolls raised to 
the use of lead compounds and al's('nicals in soil that may he used for 
p:rowing food plants, and the cost of thl' il'l'atment have stimulated 
the search for suhstitutes. Among thl' diil\'l'('nt class('s of materin1s 
that hav(' bel'll investigated for this purpose nt"(' other inorganic 
arscnaies, arsenious oxide, arsl'uiolls sulfide', paris gr('('11 n.nci its homo­
logues, inorganic horatl's, inorganic fluorides, inoJ'gnnic fluosilicates, 
denis, hdlebore, mOWl'uh nwal, P.vrt'thl"Ulll, 1'(,l"tilizers such ns calcium 
cyanamid, ammonium sulfate, and Hcid phosphate, and lime. 

INOHGANlC AnSg:\'ATES 

Prclimimtry smnll-sculr t'A-perimeuts hy L(':]ch (17) indicated that 
hasic lead urs('nate, mngnesium ttl'SelHtte, lLJlfl fNric tu'st'llate were not 
toxic: to larvae of the JaplUl('Sl' lwetle. Ll'ttch rl'ported tluLt zinc arse­
nate and copper nrsenate killed m01"e slowly than acid lead arsellttte 
nnd that C'alC'ium ursenn,tc Hnd acid lead arsena.Ll' apPNlred to be 
cqulynlent in to:,,-icity. 

In 11:)29 an investigntion ",ns ul1(lertaken to dt'tcrmine more defi­
nitely the possible value of different inorganic arsenaic's nR substitutes 
for acicllead arsenate. TIl(' nrl:'t'natl's llsed in this inYt'stigtttion wel'e 
:nnaJvz(\d hy thr Diyision of Ills('('liC'id(' Illvcsti~atiol1s of the Bmeau 
of Entomology and Plnnt Ql1fl.l·aIlLilll'. TIl(' 'composition of these 
materials is shown in table 7. rrh(' I1ml1es used to d('signatl' the various 
-samples :tn' thoRe l1sl'd commN'cially mul do not imply thnt definite, 
pure salts W('l'r avaUttble, In purticuial' tll(1 Lwo calcium arS('J1ates arc 
to be regnnll'cl as containing eonsi<i('rnhlC' quantiti('s of tll<' (·ompounds 
ll:tmed, but in udmixturr with slleh quuntitit's of ('xeess lime and 011.1­
6ml1 carbonutC' as to mukC' thC'il' ~!'l'OSS nllalysl's pmcticnJly i(lenticnl. 
'Scorodite, a natural ferl'Ous ltl's('nltte, wus not considel'ed in this inves­
tigation hecn.use Sl1fl,PP (.e4) JOllnd it to he pradically wOl'thlcRS ttgainst 
the plum curculio (Collotrachd1l8 nmup/wl' (Hhst.)), and Alden and 
Yeomans (1) report('d pOOl' results with it against the codling moth 
(Oa7'pocapsa pomondla (L.)). 

http:arsena.Ll
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TA.BLE 7.-CoTtlposit-ion of the arsenates used in the stlldy of soil insecticides for the 
larvae of the Japanese beetle 

I Total I Total I Water- II 
Perccntage of 

I oxide . oxide I ars~D1c total baseChemical :Moisture arseniC! ,arsenious \ solub!e 

---------------1----'--·--!--'--!~!-------
Aluminum arsenate_______________________ Percent Percent I' Percent !' Percent ' 

7.2S 33. il O.@ 0.72 I 30.82 as AhO,.Barium arsenate_.._______________________• .56 26.69 .10 2.38 65.5.; as BaO.Dicalcium arsenate____ •__________________ _ 
1.05 40.15 Tme<> 7.00 40.7-IasCuO.I'l'rlcalcium arsenate_ ...______________..__ _ 1. 13 40.64 .1. .20 40.57 as CaO. 

Ferric arsenate....------------------ ______1 2.2S 4i.64 I .16 1.19 33.66 as FeIO,.
Basic lead arsenate...__. _ .,. ______________ .32 22.()<) , .15 .17 72.59asPbO.
Magnesium arsenatc_______..___ ...... _. __ 3.79 32.84 ! .05 .61 . 39.58 as :-.r~o.
Manganesc 8r5Cnate ___ ...___...______..__ • 1.40 42.97 0 I 1.02 I 48.32 as .1\[nO, 8.65 

Zlncarsenate____......__ ....______________l f ! I l as CaO.• 91 I 33.07 I 3.60 .3-1 157.94as ZnO. 
I 

The different arsenates were appliE'd to sassafras sandy lOtl,m at 
rates equivalent to 500, 1,000, 1,500, and 2,000 pounds per acre. 
The relative effectiveness was determined immediatelv after the 
chemical Wtl6 mi..xed with the soil and at intervals up to' 60 months. 
The several analyses of variance of the survival of the larva(' showed 
that significant differences in survival occurred with the change in 
the chemical composition, the rate of application, and the period the 
materials were in th(' soil. The survivul of lal'\'ae in the different 
treatments with these arsenates und the quantities estinlatecl to be 
equivalent to 1,000 pounds of freshly applied acid arsenate are given 
in tahle 8. 

TABLE S.-Results oj tests in which t·ariolls quantities of different arsenates were 
used as stomach poisons for control of larvae oj the Japanese beetle 

I ISnr"ivnl of larvae in treatment! Hurvival j i 
equivalent to indicated in stand-; M' .IExpos. pounus of material [lcr acre :anl. rr"~h-: ill~r;,~ I Estimnt r 

Ur(' of I Lnr- : il~~fS?;:,(;ll; si~nitl-: test.mnt~rf31 
Chemical tcst I ,'ne I • t 1 cant equivalent toIl!1nt.cr' .intro· ; ~I~r:n~ ditTer- 1,000 pounds 

I lailn duceu \ 1. ence for of the 
,soil I:,ollr, 500 .1,000' 1,500: 2,000: I~~J~O ~ddsOf standard 
: i I .' pounds I 99 to 1! ! j ; • : ; 

j 

! per acre I ' 
------~.------~-.. ,---- - .....~._.,__1____ 

I '. ,: ! I . I 
. .\Lo. I NO'1 Pct. ". Pet• . Pel. Pel. Pet. Pet. i Pel. fA , I 

g, ~gg! ~l ; ~~.5 11&·5 .~g .i~ ~t·5':g U~g~m 
I 12' 100· M '50 . 23 j r. '3 32 10 I S33:±:1tJ3
i 18 100 I .';-1 I 62 ·10 . 25 Hi 32 HI I, 26i :±:27S 

Aluminum arsenate... , 24' 100 M '. -Ill 35 21 4. 32 19 1.I07:±:2fh~ 
: 30 200 i g.\ 73.5 fiti.n' 43 37.5' ·14.0 15 1.4H:±:2Si 
, 43 200 g.\ i:l n-t 32.5 2.'<•.5 34.5 14.4 1,41~:±:121 

·IS' 20(1 7\J. ii H. ;; 51.5 37 35. Ii 33 13.5 J3ryond 2.IXIO 
I GO 201\ iD. [, 57 62.5 5:'; -IS 2'J 13.2 ! Beyoll,l2,OOO 

0 200 94 fir. ·1:3.5 ,13 13.5 ·11. 5 15 OHO:±:315 
: (j IOn XI i.'> 27 6 1 32 19 939:±:110 
:,' 12 l!XJ S·I 1;1' 35 ; IS ' fi 32 19 I,OSS:±:210
i IS lOll 8-1 i5 50 41 ,2', :31~_2 IU 1,I:iOO:±:2Hlj

Barium arsenate-...... :.J 2-1. liN) IH 'G\ 2\1! 2.; 1-1 IU 05:J:±:155 
, 31l 200 91 i5 Il7 "1>.5 -I0.r. 4·1.5 15 1,UGi:±:510 
: 43 200 Ut lH.5 6·1 '.17.5 41.5 3·1.;j 11.·1 13~yo[1I12.000 
i -is 200 Ii-I 55 5H~ n 57. fj 52.5 r aa la.5 Beyond 2.000
i1 (jO 200 7U.5 74.5 51. 5 f 52 50' 22 13. 2 B~YOlld 2.000 

1 

Dlcalcium arsenate--."jll J' r~ ~l ~r;l i ~r ·lr I' ir: f~ j~~ir~
ao: 2oo!H 72 51 ·11.5 2!1 44.5 15 l,:l\3±:m 
43 I 200 0·\ i7 G2.5 52 2S :H.5 14.4 J3eyollll2,ooO 

~. 

... 
-

4~ 200 It! (iO, 72. fj iii 5:1 33 13.5 BeyoOll 2,()00 
60 I 2011, 79.5 5:1 ,59 ;'3.5 34.0 22, 13.2 Beyolld2,ooo 

http:l!1nt.cr
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TABLE S.-Results of tests in which various quantities of different arsenates were 
used as stomach poisons for ,-"mtrol of larvae of the J a1Janese beetle--Continued 

Survival oflarvne in trcatment r Survivnl II equivalent to indicated in stand- Mini 
E~os· pounds of matcrial pcr acre ord, fr"!llt· mum" Estim t f 

.... I" nppltcd' a e 0 
urc of Lac· I I Iii~id lend I signifi- tcst. material 

Chemical trst . "Be arsenate I~ant equIvalent to 
matcr- In tro· 1 . diffcr· 1,000 pounds
Inl ill duccd CqUlVO' pnce for of the 
soil NOlle 500 1,000 ,1 1,500 2,{)()(j1 I;~M? odds of standard 

pounds 99 to 1 
I t per Bcre I 

--------I--u-o··- 1\;& Iftct. II ~ct. : ~ct. 11' ~ct~l ~ct. i P~i Il-p,-I~-t.-;·--~,b-oo-':I=-SS­
o 

Tricaleium arsenate._.. 

I 

F=', ..~."________ ! 
I 
I 

I 
Basic lead arsenate" __ '1 

I 

6 
12 
IS 
24 
31 
43 
48 

08 
6 

12 
IS 
24 
30 
44 
48 
00 
o 

Ig
18 
24 
31 
48 
60 
o 
r. 

100 t 84 57 26 9 14 I' 
100 8-1 51 18 3 1 
100 84 I 60 20 ! 8 6. 
100 84 I 56 39 ! 14 I 8 I 
200 9,[ !77 51.5 I' 39.5131. 5 , 
200 94 84.5 00.5 40 31. 5 

1 

1 
200 1;4 70 58.5 ! 54.5 52.5 

~ ~~. 51 ~~ ~~ ! ~ 4~ 
100 84 U 50 122 1 7 I 
100 8·1 80 46 i 18 i 9 i 
100 184 IS3 59 ,28 I 18 I 
100 84 59 58 i 43 ,36, 
200 94 I 8.(,5 79.5 09 : 55.5 ' 
200 90 I 85 7S.5 72.5 I 57.5 ! 
200 64 I 70 i!l3 55.5 GO 
200 79,5: 52.5 fill,5 55.5 I 49 
100 84 ! 63 ,77 65 46 

igg ~i !~l ; ~~ i g~ ~ 
100 84 I' 90 I 85 I 87 91 
100, 84 Gi ,70 ,79 51 
200: 94 ~O. ~ ':;:4 : ~!. 5 §~;
200 I 64 ,/5.0 /3, 'i '" /0.5 
200 i 79.5 ' 72.5 62.5; 68. 5 , 5r. 
100 I 84 3S ; 11 ,Ill 27: 
100' 84 ns '2l 25 16 

32 
32 
32! 
32 
34.5 
34.;; 
33 

~~. 5 
32 
32 
32 
32 
44.5 
34.5 
33 
22 
32 

~~ 
32 
32 
34,5" 
33 
22 
32 
32 

19 
19 
19 
19 
14.4 
14•.( 
13.5 

i~' 2 
19 
19 
19 
19 
15 
1-1.5 
13.5 
13.2 
19 

19 
19 
19 
H . .(
13.5 
13.2 
19 
J9 

903:1=152 
788:1=128 
850±112 

1,140±l53 
1,813:1=410
1,824:1=400 

Beyond 2.000 

Beyogi~~~g 
1,321:1=156 
1,250:1=147 
1,435:1=157 

Beyond 2,000 
Beyond 2.000 
Beyond 2,000 
Beyond 2.000 
Beyond 2.000 
Beyond 2,000 

~~~:~~3 ~:ggg
Beyond 2,000
Beyond 2,000 
Beyond 2,000 
Beyond 2.000 
Beyond 2.000 

611:1=139 
883:1= 98 

12 100! 84 53 ,7 :1 1; 32 19 728:1= 88 

Magnesium arsenate_.'! 
I 
1 
; 

18 100: 84 
24 100 I 84 
31 200 i 94 

4
4,t 200 I 90 

o 200, 64 

6~ igg:, ~~.5 
1~: 100 I 8·1 - I 100 84 

72, 38 I 20 
53 I 35 I 13 
7n ! 59.5 I 47 
81.5 I60.5 ; 45.5 
liO.5 ,6-1 ; 58 

~~.5: n· 5 5~.5 
80 I 42 27 
84 I 30 2 

12 
5 

23 
24.5 
46 

55 
15 
8 

32 
32 
34.5 
3·\' 5 
33 

~~ 
32 
32 

19 
19 
14.4 
14.5 
13.5 

i~·2 
19 
19 

1,167±216 
1,068:1=168 
1,761:1=131 
1,762:1=200 

Beyond 2.000 

BeYO~~m 
1,333:1=294 

981:1= 94 

Manganese arsenate••. 

Zinc arsenate________ ••. 

i 
I 
I 

18 100 ; 8·1 
23'11 I 100; g,1

200 I 94 
44 I 200 90 
48' 200 f>4 

6~. igg, £i.5 
r.' 100 84 

l~ I Igg it 
24 100 84 
31 200 9,1 

1~. ~gg, ~ 
60, 200 79.5 

62 37 3 Iii 
52 : 39 I Ii 
85.5 i 69.5 39 27 I 
75 '62 128.5, 17 I 
50 I 56.5 : 45.5 ' 50.5 I 

~! •~k5 ;fl· 5,t~' 
72: 4:1 : 53 131 I 

g~ '~r ! ~g .1~: 
53 • 38 : 29 13 I 
8:1 70.5 62 40.5 i 

~~ gJ:g ; ~k 5 ~. 5 ! 
58.5,52.5,60 4t.51 

; 

32 
32 
34.•'i 
3,1.5 
33 

~~ 
32 

~~ 
32 
34.5 

~:\' 5: 
22 I 

I 

19 1,074:1=110 
19 1,092:1= 98 
14,4 1,688:1=249 
14.5 1,410:1=159 
13.5 Bcyond 2.000 

1~·2 D"YO~4~!?gg 
19 I 1,977:1=231

19 ; l,lb~~~~~ 
19 I 1,333:1=490 
14.4' Beyond 2,000 

ttgI Be~o~(Yt.iJgb 
13.2 I Beyond 2,000 

When freshly applied to the soil, it appeared that significantly 
less than 1,000 pounds of the arsenates of calcium, mtlgnesium, and 
manganese were required to produce' Ull effect equivalent to that of 
the standard; the quuntities estimated for the' arsenatcs of aluminum, 
barium, ferric iron, and zinc to produce this effcct did not appear to 
be significantly difl'erent 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. 

323477-41-3 
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Although these data are not sufficiently extensive to permit definite 
determination of the p~riods the difl'erent arsenates remained effective 
as insecticides, it is possible to estimate these fairly 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 freshly 
applied standard. FOT forric arsen"te this period was 2 years, for 
acid lead arsenate anc~ zinc arsenate 2.5 years, and for the arsenates of 
aluminum, barium, calcium, magnesium, and manganese 3.5 to 4 
years. It may be expectl'd that thrre would be little diii'en'nce in the 
persistence of the insecticidal action of tIl(' arsenates of ferric iron, 
acid lead, and zinc, but that the arsrnates of aluminum, barium, cul­
cium, magnesium, and manganese would be effective 1 or 2 years 
longer. 

It is apparent from the insecticidal action that any of thrse arsen­
ates, except bosic lead arsenate, can be used to dpstroy lan'ap of the 
Japanrse beetle in thr soil. The drecL of thp arsenatrs on the lan~ae, 
however, appears to be closely nssociatpd with tIl(' cff('ct of the ma­
terials on plants. Basic lPfld urspnatp was pmclically nontoxic to 
larvae und cuuseeino detrimental effect on plflnts when added to soil 
about their roots. TIH' arSPl1utes thut proved toxic to tbe lnrvap were 
detrimental to plants in varying cll'i!l'PPs. H was ObSl'lTecl tlll1t rye 
grew normnJly in soil contaillilli! ba:::ic l('acl tU'sPlHtte, that its growth 
wus slightly retarded with thl' hig-hp], cOlH'pntrutions of ncid If'ucl urSPll­
ate, ferric al'SPlIate, and barium ursPllute, tlncL that its i!rowth ,,'as 
markedlv rptarded with aU cOl1e('ntrn.tions of tlH' Ul'Sl'I1Ut('S of tthulli­
lillffi, ca'lcillIll, 1l1fli!lll'silllll, mnngm1f'sP, nnd zinc. \'llPll thp horti­
cultural varieties of Hydrangea 7)]ac)'ophylla DC. \\'('1'(' pInn.tl'd in soil 
treated with tIlt' ciiffprrlll nt's('natl'S, tIl{' plants ill soil containing U1'S(,11­
ates of aluminum, harium, calcium. mnglH'sillm, lllangnnl'Sl', and zinc 
were dead or dying within 2 w(,pks. Th['('l' dnys tlftel' tlH'Y were 
planted in the poisol1rcl soil brown strl'tlks, following thp ypins, n.p­
peured in thp leaves. TIl(' ('[feet of ncid Ipad urSPIHttl' und fpnic ursen­
ate on the plants was much slower. TIll' plants tn'fLtpd with tlH'se 
matl'rin.ls wPre not d('nd at tIt(' rnd of thl' growing S('tlSOtl, but wp]'p poor 
in appearnnc(' whrll compal'Nl with untreated plants. Acid I('nd 
arsenate appenrecl to be the least detrimental of the larva-killing 
arspnat('s. 

Sui>s('(lupnt to thps(' t('sts neid lead n.rSP11atp was n,ppli('(l to the' soil 
ahout the roots or mnlly \'aridil's of plants to dl'tprmin(' whptilel' the 
mn,tl'rin,l could b(' 1Is('(1 without cQ.usilli! sprious dn.rnng(' to thp plnnts. 
It WitS found 1 tlnll s('('dling plants W('1'(' 11101'(' sus('eptibll' than mn.­
tnr(' plnnts, nnd lh:tt unlH'nllhy plants \\'l'1'(' 1ll0l'P N1Sily injul'Nl than 
vigorous plants. Thosl plants lhn.t dl'vdoprd a strong taproot or 
dl'ep ]H'Ill'tl'!Llillg 1'00ts g!'n!'rall~' gn'w Iwtll'r Uwn tllos(' witlt deli("n.te 
primar)" roots ('Olllillpd lnrg!'ly to tlH' tt'PtLlpd Inypl' of soil. In gPIH'rnl 
it wns fouud that Il.znl(,:t, mOllnl:lill-lnlll'd, dH'I'JT-laurl'l, nlld rhodo­
dendron \\'('1'(' rl't:lrcl('d in growth, but that fir, be)x, rNinospont, juni­
per, pilIP, yl'W, arborvittll', lH'tlllock, nn<l spru('(' ('Oll1<1 1)[' grown sa.Lis­
fnetoJ'ily in soil (,Olltnill illg Iwid kad ItrSf'IHltl'. 'flip trNl.tl1lpnt had 110 
ndvPI's(' {'frect 011 142 ,'!Lrid ips of d('cid uous tn'l's, SilI'll hs, nllll yilH'S, 
ex('ppt d!'rnaLis Hm[ JINdra/If/Nt nUl('l'o7Ihylla. Of lhe 140 vl1rieLil'S of 

I FLE"1I:i/~. \\"AI.TEll I~. E1:~n':f'T OF ACJP Lf<:\O AnSl~S,\TJ.: OS' Illn·KllI~.sT l'r~ASTS '\~nE:O: \ 111'1..1 Ell TO SOli. 
AnOt'..,. 1'Hf.:J1t 1lf){)'f."1 t'Oll llJo~~TIUT'n()"l or 1..\Jt\"J\I<; CU·" TH}<~ J,\I).\SJo::iJo; ul~t.:'n.£. e. ~~ Bur. Ent. nnd Plant 
(~lIqr. g···IlX 32 fir> 1~37. (:'Ilrncugraphrd.l 
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established herebaceous perennial plants, 81 had made a satisfactory 
growth at the end of 1 year, 37 were retarded, and 22 were killed. 
Rye and the clovers were the only cover crops which grew consistently 
well in soil treated with acid lead arSE'nate. Of 31 varieties of vege­
table crops tested, only sweetpotato, potato, pepper, and tomato 
produced normal crops in treated soil. The application of acid lead 
arsenate to established tmf in lawns and golf courses did not injure 
the finer grasses but tended to retard the development of annual blue­
grass. 

Although acid lead arsenate CaJUlOt 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 beetle. 

AnSENIOUs OXIDE 

According to Brow1l0 (5) Chinese farmers for many years have ap­
plied crude lump arsenic to soil to deb·oy earthworms. Jarvis (15) 
in 1916 reported work with white arsenic (arsenious oxide) in conllec­
tion with the control of grubs attacking the roots of sugarcane. 
1-Iore recently Peirson and Nash (22) hayc recommended arsenious 
oxide for the control of white g.rubs in forest nurseries. 

In 1929 1m investigation was undertaken to determine the possible 
value of arsenious oxide for the control of lu,ryue of the ,Japanese 
beetIe. The material used in this work wus not analyzed but was 
guaranteed by tll(' llulJlufacturer to be 98 to 100 percent pure. 

Arsenious oxide was applied to sassafras sl'tndy loam at mtl's equiv­
alent to 500, 1,000, 1,500, and 2.,000 pounds per acre. The effectiYe­
ness of these treatments, as compared with treatment with freshly 
applied acid lead arsC'nate, was determined immeciiatl'ly nJler the ap­
plication and at intervals up to 91 months. The sUITiyal of larvae in 
the different tests during this period and thp qunntitiL's estimated to 
be equivalent to 1,000 pounds of freshly applied acid lC'ud al'senate 
are given in table 9. 

TABLE fJ,-Re,~ult.~ of lesls 	11Jnh arseniOlls oxidr as a slomach poilSon for conltol of 
larvae of lhe .1 apancse bC( tlc 

----,---c---------.-~-------~ ..-----------_:----­
$urvJvnl DC Inn'nr in trcntmrnt r"uiyal~nt to indirnterl pounds, :\fini· i 

of material applied per acre to [J('pth of'~ iuc-hf.}s : ntum j
Period of I fir __• ________.~_' skllifl·1 Estimate oC 
exposure 4< -	 1 cant : test material 
of arsen· y"e ArfeniolJS oxide Acid IrllIl nr~l'lIatr (stand· (lirr~r'I' c'Iui\·ulrnt 

iOllS oxide .':~ ! nrd;> freshly npplil'd cor". to I,(XJO 
illonSQthiIs) !l;lc~d -l..--~------I--.. ~- ---•... --_. Cor j pounds oC

(m I '! I I ; I odds I standnrd 

___1__ ~:L~.J~J l,5~,!.~OOO L500 I l,oOO.I~~J=:f~~~U ~.____ 

NUTfI- Prr· i Per· i Per· ! Per· : Per· i Per· ! Prr· ; I'er· ' Pfr.) Pcr. I 
beT cent! cent celli t crnl i 	 cent cent' cnll celli err/I ceni Pound.•I 	 11 

~___.. ___ ._ 200 01 r.1 51.5' 'lD '2, li3 ~11.5 2LJ HI. 5 Ir. l,:lCJI±2IH 
6 __ ._ •. ____ 100 81 18 3 2 i 1 60, n 15 2!U 3!1!± 71 
12••_..... _ 100 8,[ 2!) .j 1 I 1 U!I I 32 . 15 2 I 19 ~1'3± 92 
18___ . __ .. ~ l00!l4 33 5 ,I. I 69 32: 15 2 I W 5n1±II:1 
24..______ • 100 84 22 1 1 \ 2 69 32 I 1.1 2 i 111 -110± i7 
.30.___ ._.~. 200 9-1 37 1·1 12 7.5 03 '1·1.[" 21,5 10.r. I 15 4:l·1± 67 
43. _____.._ 200 9'1 42 a.5·1 2," .fI••' 31,5 I 21 4." I f.I.4 507± 73 
48~ .. _,. .... _.... 200 iO.6 4'1. 5 1:1 if fj :~7 22 ~ .{ l:t 2 o5i± 99 
57, ___ .~_ 200 SO 21 n.G !l.5 \ 2,5 4r..5 n, r.,.1 0 I U SOO±117 

'~::=:::::: ~ ~t: gp I~ ~ I< ~II'" +~ I ~ ~:~ I ~:: U~l~!~~ 
SO.___•••• 2QO 87,5 IiO,5 :H. [, IX I II 57. Ii 4. [, .5 i g, I Beyond 2,000 
91..._____ • 200 0·1.:; 7G 13.5 3. [) i 7. fi 46 2.5 ' 0 ! IO jllQYOUd 2,000 
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In the first evuluation of arseniov.s oxide, immediately after appli­
cation, the material did not appeal' to be significantly different from 
the standard material in the quantity required to produce insecticidal 
results.. During the period from (3 to 30 months tlfter tlpplicntiou it 
appeared that all inititll tlpplieation of approximately 500 pounds of 
arsenious oxide proclucl'd l't'sults eqlliYaL('nt to those with 1,000 
pounds of th(' fn'sbly applied standard. This apparent discrepancy 
may be attribukcl to the difficulty of obtaining, ll,t the time of appli­
cation, tl unifot'Il1 dispersion in the soil of a hl'H.YY material such os 
arsl'niolls oxide. '1'h(' l'('Sltlts indieatt' that subs('qucnt handling and 
tll(' natuml mOYt'I1l('11 t of till' lllutC'rinl in tilt' soil tlccomplishecl the 
desired rt'sult within (j months. Afler lwing in th(' soil for 30 months 
urs('niolls oxid(' grn.dullll.v lost its ins('eticiclal rfJ'ectivcncss, hut tbere 
WtlS a pctiotl of HO mon ths 1)('[01'(' thl' sun'i \'Ill in the 2,000-pound 
tl'eatn1('nt wns gl't'H.l{'l' than tbn t in the 1,OOO-pound tr(,ILtment of 
freshly app1iNI tlcit! it'nd nrS{,lUtt('. 

Th(' l'C'sults i11c1icatp thM IU's('niollS oxidl' is morc ('fl'('ctive thun acid 
lead arsenate in killing lurYlH' of tilt' In,pan('se beetlp in the soil and 
that the ins('cticidul prop(,ltips Ul'(' destroyed very slowly by the soil 
constituents. rnforttmll.ll'ly rye', grasses, and nursl'l'Y pllwts n,ppcar 
tv be intol('mnt of a ImTieidal cOllcentmtion of arscniOlls oxide in the 
soil. This d(,trinwntui n('tion on thl' roots of plants pmctieully 
pr('clnd('s till' USl' of tlH' 1l1at('rial as t1 substitutt, for ll(,id l('ad [\,I'senate 
in soil whel'<' plants an' growing and 1'('striets ils usc Lo those arens 
w11c1'(' the Y('getation is not It factor. 

Arseni01lS sulfid(' O('Clll'S in nnhu'l' in short rhomic prisms fiS orpi­
ll1C'nt, hut 110 infonllation wns fOllnd 011 til(' possiblo use of this 11111­

tpriaL ns a stomach poison tlg11inst. soil-inf('sting insects. In 1935 
son](' of this llHltl'l'iul wns obtnillNi so that its C'fl'l'ctiv(,lH'SS tlgl1inst 
th(' In.rnw of tlw .In.pn,IH's(' hectlC' could 1)(' dPl(~rmin('d. Tlw plll'ity 
of the snmph' is not ].mown, but ils id('nlity ",us confil'uwd by the 
Division of In:w('tieid(' InY('stiglttions. 

ArS(111iollS sulfidp was Itppli('d to sHssafras sandy 10nm at l'att's 
runging from 50 to 2,O()() pounds 1)('1' ael'(' and tc'st('d in thn usual 
mlt111H'l' in ('01l11111l'ison with Held ll'nd ttl'S{'llllll', '1'h(' biologieal ussay 
of the mnl('rilli was mnd!' immt'dinll'ly OJt('l' o,pplien.tion' :md after 
the mn,tC'rinl hacl lwPH 7 and :U months, rps[welivni)', ih ;,hc soil. 
'I'll(' l'PSlIlts or tlws(' (('sIs un' giypn in titbIt' 10, 

During tll!' first ,Y('IU' lhal ars('llious sllllidt' was in tll!' soil it l1ppeal'l'd 
to i)(' of nhOlll til!' Sllt"'tlP onl!'l' of pfft'cti\'PlIt'ss IHl t1.1'S(,llious oxide. J... ftc~l' 
bning ill th(' soii fot' ahout ~1~: ,\'I'llrs. hO\\·('YI'I'. it 11[l[ll'tll'('(1 that an initinl 
applicalion of j AGD ± l;j~ IHHllHls would .ImV!' h('('ll j'('</uil'('(1 to he 
e(juivnl('nt nJ this timp to I,oon pOllnds of fJ'l':-,ltIy :tPllli('(i acid l('nd 
nrSP1Hl.lt', As lll!' <'f[uivai('111 of nr'sl'lIioliS oxidl' fot' this ll!'l'iod was 
4:34,±(j7, it is C'vi(ipnt tilnl nrsl']Jiolis slilfidl' losl ils inH('('Lieidn.l ',[JIll!' A 

mo('(' rapidl)' ill lhp soii lhnn did Itl'sl'llious oxi<i(', 
Al'SPlliolis sulfitlt' it[Jppnl't'd [0 hl' vpry rid t'illH'n lnl I () [hp growth of 

pln.nts. Ryp mnd!' only a 1'('1'1>1<' gro\\'lh ill soil ('olltainillg H.S liLth> os 
50 pounds of tlw mn.lt'r'inl [H'r H('(,(,. This injllriolls :wlioll on plants 
definitl']Y limits its lISdlllllPHS as It soil ills('diei<i(', 

http:nrSP1Hl.lt
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TABLE 1O.-Results of tests with arsenious sulfide as a slomach poison for control 

of larvae of the Japanese beetle 

Survival o( larvae in treatment equivalent to indicated pounds of material applied
Period o( per acre to a depth of 3 inches 
exposure Larvaeo(arseni­ intro·oussuhlde Arsenious sulfideducedin soil 
(months) 

None 50 100 150 I 200 I 250 l 500 2,000 
------------------,--­, ~!~ 

indicated pOlll~ds of lllatcri~l applied pcr acre. Estimate o( 

PercentN r·"" p-"" p,-, I""~' ,,",=, I'''''''' Percent Ipercent
0__________ 
7__________ 
3L________ 

.mo400 
200 
200 

64.3 
80 
79 

P.""62 
63 
79 

47.5 
54.5 
78 

40 
46.5 
75.5 

26.5 
33 
75.5 

18.8 
28.5 
68 

7.S 
6.5 

34 

7.5 
1.5 

19.5 

8.5 
2..5 
3.5 

6 
2 
0 

Survival of larvae in trcatment cQlliYalent to I I 
to a depth of 3 lDches-Conll!lllCd ~'flr:imllm test mate-Period o( expo- Larvaesure of arsenious intro- s:mr~;~~! i rialcQlliYa­

sulfide in soil dllced Acid Icnd arsenatc (standard) freshly applied for orlds of I~J~~~od;'~'f(months) 
99 to 1 standard 

250 500 1,000 I 1,500 t 2,000 

Number Percent Percent Percent Pounds0________________ Percent Percent IPercent 
400 65 61.5 11.3 4. 2.5 6.8 420±: 727________________ 47 19.5 12 3 2 9.1 438:1= 503L______________ 200200 __________ 

57.5 4./; 1 .5 0.1 1,469:1=152 

PARIS GREEN AND ITS HOlllOLOGUES 

During 1934 an investigation was made to determine the possible 
value of paris green and certain of its homologues as stomach poisons 
against the larvae of the Japanese beetle. The results obtained with 
these 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 analyzed by L. Koblitsky of the Division of Insecticide 
Investigations. The homologu($ of paris green were prepared and 
analyzed by F. E. 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. 

TADLE 11.-Pari.~ green ami homologolls material.~ £nvestiaaled, and their arseniolls 
oxide and C1l1Jric oxide crmilml 

,rotal AsaO,! OuO in drYlwnler.~oluble
Material 

III ~~fidtl' material A~~~~~ia~ry 
------------------------------------------

[ 

Percent Perrellt PercentParis green___ •_______________ •____________________• __ ._ ._. ____ . __ 
35.52 29.00 1.94Oopper lallroarscnite.__• ________________ . ______ . __ ... __ '. _"" .... __ _ 43.65 2·1. 23 1.04Oopper palmltonrsenite. _______________________ •• _. __ • __ .,. ______ . 38.59 22. JO 4.88Oopper oleoarscnlte.•_______________ •_______ . _._ .•• __ . _........ __ . 
 :15.-15 19.80 2.61Oopper stcaronrscnlte_________ •____ .•__________._____ . ____ . _. __ . __ . 31.38 20.72 4.29 

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 
and tested in comparison with acid lead arsenate. The survival of 
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larvae in each treatment and the pOlmds of each material es~timated 
to be equivalent to 1,000 pounds of acid lead arsenate are given in 
table 12. 

TABLE 12.-Results of tests with paris green and its homologues as stomach poisons 
for control of larvae oj the Japanese beetle 

I Surv!\'al out or 200 Inrvar' I in treatment proportionnl to Estimate or 
indicated pounds or matcri:ll applied per acre tcst material 

equivalent tnTest material 1.000 pounds 
or acid Icad None 2,000I 250 I 500 ~1~'600 arsenatc 

I 
IPercent Percent Percent Percellt Percent Percent Pounds 

Acid lead arsenatc ........ _ 0·[ 75.5 63.5 26.5 10 0.5 

Paris green•.. _. ~._._._ .•••• 47 14 7.5 6 0 ~ "--'.i05±-iis 

~R _______ •Copper lauroarsenitll. __ .• __ 77.5 57.5 35.5 21.5 11 1,321±LD1 
Copper palmitonrsenitc •••• 78.5 73.5 38 32 7.5 1, 012± 04, 
Copper oleoarsenitc • _..... 25.5 2:3.5 ]7.5 12 4. Ii 246± Z{ 
Copper stcaroarsenito ...... 73.5 75.5 26 11.5 10.5 995± 61 

I Least significant difference for odds or 9~ to 1, 11.6 percent. 

Paris green and copper oleo arsenite u.ppeared to be siguificautl.V 
more effective than n.cidlead arsenu.tc; coppel' stcaroarsenitc appeared 
to be equivalent, and copper In.urou.rscnite and copper palrni'toarsenite, 
less effective than u.cid lead p.rscuate against the larvae. All these 
materials were detrimontn1 to the gro\dll of rye. This injurious action 
on plants definitely limits the usc of paris green uud its homologues 
as soil insecticides. 

INORGANIC BOHATES 

In 1935 an investigation was mude of some inorganic borates to 
determine their value as substitutes for acid lend arsenu.te for control 
of Japanese beetle larvu.e. The materials were prepared by the 
manufu.cturer for this work. As the purity of the mn.teri1Lls W11,S not 
determined by' u.nn.lysis, till' names used to designate the various 
mu.terials should be considered to mean that probably a high percent­
age of the compound was present but possibly in admixture with other 
salts. It is not implied thn.t definitely pure salls W6re u.vailnble for 
this work. 

The different borates of Ct1,lcium, lend, mu.gncsium, nickel, so(lium, 
strontium, and zinc were applied to snssafras sanely loam at rates 
ranging from 250 to 2,000 pounds per acre. 'l'he survivn.l of larvae 
in each treu.tment is given in table 13. 

TABLE 13.-Results of tests with inorganic borates as stomach poisons for control of 
larvae oj the Japanese beelle 

Survival out or 400 larvfIC I in trentment proportional to Estimate of 
indicnted pouuds or ulBtcrilll [lcr acre test materiul 

cquivnlcnt toTest materiat 1,000 pounds 
or aCId lendNone 250 500 1,000 1,600 2,000I nrsenatc 

i 

Percent PlTcent Percent Percent Percent Percent Pound. 
Aelrllcnd arscnnto .......... 81 70.:1 61.3 10 1.8 3 

Calcium borate •••••••••••• ....-.... 73.5 70.3 00.3 45.3 38.3, --~ ~ 

Lend borate~ ~ •••••••••_•••• .... 81.8 80.8 06 51 50.5 
~-- ---~-

Magnesium borntc ••••••••• 74.3 70.3 50 43.3 30.3 Ullyond2,000Nlek.cl bomtll, ••••••••••••• 70.5 07.5 43.5 38.3 34,3 
Sodium bomto ............. .... - ........ 63.S 70.5 52.5 38 30.5 

Strontium bOrlltc••••••••••• -.~ ... --..,~ - 78.3 63.8 5O.S 30.S 30.3 
Zinc bornto ••••••••••• __ •••• 73.3 71.8 48.5 44.3 37 

~- ~ 

w ..... _. _ __ ~ 

I 

I Minimum sl!:nlflcnnt difference lor odds. or 00 to I, 11.6 percent. 

http:arsenu.te
http:arsenu.tc
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It is evident that the borates possessed some larvicidal value. 
When the survival in the untreated soil was compitred with that in the 
various treatments, it was found that a significant l'f'duction in the 
number of larvao was obtaincd with 500 pounels of the borates of 
nickel and strontium and with 1,000 pounds of the bomtes of calcium, 
lead, magnesium, sodium, and zinc. -YV-ith the possiblE' exception of 
lead borate, there appeared to be no significant differences in the 
insecticidal action of the borutes when applied at the rates of 1,000, 
1,500, and 2,000 pounds per acre. The sun'jynl of lUlTae in these 
dosages of lead borate was significantly gren,ter than tluLt, obtained 
with some of the other borates. The evidence is not conclusive, 
however, that this compound should b£' considered to be less effectivC'. 

The born,tes of cilleium, lead, magnesilml, nickel, sodium, strontium, 
and zinc were not sufIiciently toxic to the larvae of tIlt' Japnnescc beetlc 
to be of value in the control of this insect. In addition, tllPs(' mate­
rials in the soil were detrimental to thC' growth of rye. Tl1(' results 
indicate that these borates arc not satisfactory substitutes for acid 
lead arsenale. 

INORGANIC FLUORIDES 

Preliminary small-scalC' tC'sts d lll'ing ] 925 and 1926 gave indications 
that some of the inol'gunic fluorides might J)P of vuiue as stoIllach 
poisons ngninst the bl'Yae of tilC' ,Tttpanesr hoc-tie. III 19:31 nn iuvC'sti­
gation \ViiS undertaken lo (\stablish more definit!'ly their VIlhlf' as such. 

The purity of th(\ I1fl.tlU'al cl'yolitp was speeifipd by ttl(' llul,nufac­
tUl'rr. Hnd that of the' othrr fluorides wus detcrmiu(\d by the BUrei1ll 
of CllC'mistry of the Guiled States Dt'parLmcnt of Agriculture in 192G. 
The materials lIs('(l in this work I1nd tlH\iI' purity ILI'e gi\'(\tl in Lhe 
following list: 

lIlalerial Percell/age composition 
AluminulIl fluoride (AIF L ____ ._____________________________________ 65.7 

3:::iodium fluoride (NI1F) ________________________ , ________________ 1. 7 
Moisture and undelerlllinpd______________________________ , ______ 32.6 

Barium fluoride (13:11"21.____ __ _ _ _ _ _ _ _ _ __ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ ______ 99. 1 
Moisture and undetermined_____ _ _ _ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _____ _ _ _ _ __ . 9 

Calcium fluoride (CaJ.'2L __________________________________________ 94.!l 
Magn!'l;iulll fluoride (MgFl_____________________________________ 1. 6 
,Moisture and undeterminecL______ _____________________________ 3.5 

Copper fluoride (eu1"2.2 H 0) ______________________________ • __ __ ___ _ 80. 2 
2Copper sulfate (Cu1:iO .511 0) ___________________________________ 21. 5 
l 2

Lead fluoride (PbF ) _______________________________________________ 99.8 
2MoisLure and ulldetermined _____________ .. ______________________ .2 

Magnesium fluoride (MgF ) ________ .________________________________ 89.1 
2Calcium fluoride (CaF )________________________________________ 5.1 
2

Moisture and undctermined_____________________ ______________ 5.8 

Natural cryolite (AIFa.3 N'n.F)_______________________________________ 92.0 
Moisture and undeterminccL_____ ______________________________ 8. 0 

Strontium fluoride (SrF2) __________________ ~ ______ .. ________________ 99.2 
Moistmc and ulldetcrminrcI______________________ ______________ .8 

Zinc fluoridc (ZnF2L .. ___________________ ,. ___ ~ _______________ .. ___ 9:1.4 
Moisture and undetcrminccL __________ .. _______ ,. ______________ ,. _ Ii. 6 

The clifl'erent fluorides wor(l applied to slLssl1fms sl1IlCly loam I.Lt the 
rates of 250, 500, 1,000 1,500, and 2,000 pounds per I1cre. The 
surviYlLl of llLl'Y!1.C in ench t,r(\l1tment is given in tl1ble 14. 
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TABLE 14.-·Results of tests with inorganic jllwrides as stomach poisons for control of 
larvae of the Japanese beetle 

Survival out of 200 larvae I in trcatment proportional to Estimate of 
indieate'l pounds of material per acre tcst material 

Test material 1----,-----,-----,----;-------;---1equivalent to 
1,000 pounds
of acid lead Nonc 250 500 1,000 1,500 2,000 arsenate 

Percent Percent Percent Percent Percent Percent POlLnds
Acid lead arsenate _________ 81 75 69.5 35 3 2.5 
Aluminum lIuoride_..._____ 80 81 77.5 76 r,7

.-~-------Barium lIuoride. _______ .... 8.1.• 5 86 83.5 93 76 
Calcium fluoride ..___•. ____ 83.5 83 79 71 78••5
Copper lIuoridc..____•_____ ---------. 83.5 76 81 71.5 71 2,000.Lead fluoride .... _.__.... __ 81.5 79 67 78 78 j" <YO" d 
:Magnesium fluoride ..______ 70 79 S:J 67 75.5-- ..------ ..Strontium lIuoride ..___..._ 76.5 76 80 75.5 8;1 

~ ________ MZinc lIuoride .. _____________ 70.5 70 6~.5 56 3'1 1.9i7±143. 
Natural er;·olite..____ ....._ 81 81. 5 II c y 0 n d---------- 80.5 74 87 

2,000. 

I Least signiflcant difference for odds of 99 to I, H.i percent. 

The fluorides in the soil appeared to have no detrinlC'ntal effect on 
the growth of rye. The low to).."lC value of the aluminum and zinc 
fluorides and the apparent lack of toxicity of thr other fluorides to 
larvae of the Japanese beetle indicate that these materials cannot 
be considered as satisfactory substitutes for acid lead al':3enate. 

INOHGANIC FT,UOSILICATES 

Preliminary t('st·s by th(' writC'l' in 1925, by Lipp (19) in 1925-26, 
and In,ter by Metzger (20) indieu.ted that som(' of the inorganic 
fluosilicatN; might bp of yulue ngn,inst the In;rvl1e of the Japanese 
beetle in the soil. In 1931 an investig!1tion W!1S undertaken to 
determiut' more defiuitply the possible yuIne of these materials for 
this purpose. 

A" with some of the other materials, the designations of the difrerent 
fluosilicates do not imply that definitely pure salts were avail!1ble for 
this work. The purity of the magnesilUn fluosilicate was specified by 
the manufacturer, !1nd thn,t of the other fluosilicates wus determined 
by the Bmeau of Ohemistrv in 1926. 'rhe materials used in this 
study and their purity f1rc t),i follows: 

1I1aleriai Percentage compo3ition
Barium fluosilicate (BaSiF )________________________________________ 98.8 

6
Moisture and undetermined_____________________________________ 1. 2 

Calcium fluosilicate (CaSiF )________________________________________ 29.0 
6Calcium fluoride (UaF )________________________________________ 47.6 

2Silica (Si0 ) ____ _ _ __ _ __ _ _ _ _ __ __ ___ _ _ _ _ _ _ ___ _ _ _ ___ __ ___ __ ___ ____ 10. 4 
2

Moisture and undetermined_____________________________________ 13.0 
MagneSium fluosilicate (MgSiFo)____________________________________ 98.0 

Moisture and undctermined _______________________________ -_____ 2.0 
Potassium fluosilicate (K SiF ) _ _ _ __ _ _ __ _____ _ _ _ _ _ _ _ ___ __ _______ __ ___ 99. 5 

2 6
Moisture and undetermiued_____________________________________ .5 

Sodium fluosilicate (Na2SiFo) .. ___________________ -___________________ 99.6. 
Moisture ane! undetermil1ee!_____________________________________ .4 

The difrerent fluosilic!1tcs were applied to sassafras sandy loam at 
the rates of 500, 1,000, 1,500, !1ud 2,000 pounds pel' acre and tested in 
comparison with acid lead arsellate. The effectiveness of the different 
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treatments was determined immediately after application 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 v,rsenate 
are given in table 15. 

TABLE I5.-Results of tests with inorganic fluosilicates as stomach poisons for th!! 
control of larvae of the Japanese beetle 

Survival out of 100 lan'ae in t.reatment Mini· 
equivalent to indicated pounds of rna· mumPeriod Estlmnte oftcrial applied pcr aero to a depth of 3 si~nifi·"rex· test mnterialincbes cant 

Chemical posure equivalent todilIer·of nuo· 1.000 poundsencesilicates of aCid leadrorin soil arsenateNone 500 1,000 1,500 2,000 odds of 
99 to 1 

:Month., 
Barium tluosillente.•.•••.•••.. { 0 

6 
Calcium fluosilicate •••••.•••.• 0 
l'tfagnosium fluosilicate........ t 0 

6 
Potao;slum fluosilicate ..•••.••• 0 

6 
Sodium fluosilicate .••••••••..• ( 0 

6 
Checks: 

Per· 
ce1/t

84 
88 
S·\ 
84 
88 
84 
88 
84 
88 

Per· 
cent 

66 
84 
78 
62 
95 
72 
81 
59 
87 

Per· 
cent 

30 
75
is 
51 
89 
2·1 
87 

r.
is 

Per· 
cent 

7 
71 
76 
i:J 
~2. 
77 
2 

75 

Per· 
cent 

1 
45 
69 
12 
49 

3 
G1 
I 

65 

Per· 
cent 
15.6 
20.3 
15.6 
15.6 
20.3 
15.6 
20.3 
1.5.6 
20.3 

Potmd& 
972:1:115 

Beyond 2,000 
Beyond2,OOO 

1,250:1:88 
Beyond2,000 

917:1:81 
Beyond 2,000 

755:1:64 
Beyond 2,000 

Acid lend arsenate freshly
applierl at beginning of 
expe.riment. ••••••••••• 

Acid lead arsenate freshly 
applied when the secQnd 
test was mad~ ofthclluo· 

0 84 69 32 15 2 .. ------­

silicates 6 months later.• 0 88 80 35 10 13 -----"'--

When freshly applied, sodium :fluosilicate was significan tly more 
effective than acid lead arsenate, tIl(' fluosilicatcs of barium and 
potassium appeared to be equintlent, and magnesium :fluosilicate 
significantly less effective. Calcium fluosilicate was practically 
nontoxic within the mnge of tl'eo,tments tested. After bping in the 
soil for 6 months the fluosilico,tes were of no value as stomo,ch poisons 
against the larvae. It is apparent thn.t len.ching 01' the rapid decom­
position of these fl.uosilicates in the soil to less effective compounds 
makes them UIlsatisfactory as substitutes for acid lead arsenate. 

DERRIS, HELLEBORE, MOWRAII MEAL, PYRETIIRUl\I, AND ROTENONE 

Mowrah meal, the ground pl'csscake left after the removal of oil 
from seeds of Bassia longifolio L., the active principle of which appears 
to be mowrin, was reported by Carlos (6) and Johnston (16) 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 (lS) 
reported that young strawberry plants may be protected from the 
attacks of Rhadinosomus lacordairci Pasco and Rhinal'ia pCl'dix Pasco 
by placing hellebore in the holes in which they are planted. Cook 
and Hutchison (8) found hellebore effective against fly larvae in 
horse manure. No reference to the use of derris, pyrethrum, or 
rotenone against soil-infesting insects was found in recent literature. 

A.n investigation was undertaken to determine the possible values of 
these materials as poisons against larvne of the Japanese beetle. No 
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:illformation is available on the purity of the samples of pyrethrum, 
hellebore, and mowTah meal used iu these tests. The derris contained 
4 percent of rotenone, and the rotenone WllS of the c. p. grade and the 
tecl:: Jical gmde, the latter 90 percent pure. 

The materials were applied to sassafl'l1s so.ndy loam at the rates of 
500, 1,000, 2,000, 4,000, and 8,000 pounds pt1r acre and tested in com­
parison with acid lead arsenate. The number of larvae surviving 
in each treatment is given in table 16. 

TABLE 16.-Reslllis of tests with den'is, hellebore, mowr-ah meal, pyrethrum, and 
rotenone as poisons for control of larvae of the Japanese beetle 

Estimate of 
Survival out of 200 larvae 1 in treutment proportional to indi- t~sL material 

cated pounds of material per acre equivalent toTest material 
1---;----;-----;-----;-----;-----ll0~O~ci~0~~~ 

None 500 1,000 2,000 4,000 8,000 arsenate 
--------I---------------i----I-----

Percent Percent Percent Percent Percent Percent Pounds 
Acid lead arsenate__________ 85 54 9 4.5 a aDerris.______________•••••_____•••_. __ 74 64 liS 49.5Derris ' .• __________•• __•___ •___•___._ 88.5 84 80.5 78Hellebore __________________ ..______ __ 7521..•511 

77 79 73 77 66.5Ivfowrah meaL..___________•________ 78.5 69 60 63.5 56 Beyond 8,000
Pyrethrnm•••• ___. __._.____ .. __ .. __ __ 80 83.5 75.5 74 27Rotenone, c. p. ____________________.. 80.5 80.5 79.5 78 75.5
Rotenone, technlcaL __ ..___ ..______ __ 85.5 70 69 78.5 79 

1 Least significant difference for odds of 99 to I, 12 percen,t. 
, Plus the equivalent of 2,000 pounds of lime per acre with each treatment. 

When the number of lal'vae surviving in the untreated soil was 
compared with the snrvivn1 in the different troatments, it was apparent 
that some of the materials "TCl'e at least mildly toxic to the larvae. 
One thousuncl pOlmds of derris caused a significant reduction in the 
larval population. As even 8,OV) pounds of rotenone, one of the active 
ingredients of clonis, caused no significant reduction in the larval 
populn.tion, the results suggest that the rotenone content of the derris 
is llOt an important factor in the insecticidal action of derris as a 
stomach poison against 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 alkali with a resultant 
reduction in toxicity, This would indicate that it is unwise to employ 
supplementary materials of an alkaline reaction with derris. lvIowrah 
meal caused a significant reduction in the number of larvae when 
applied at the mte of 1,000 pounds per acre, as did hellebore and 
pyrethrum when used at the mte of 8,000 pounds pel' acre. 

As the quantity of derris, hellebore, mowrah meal, or pyrethrum 
required to be equivalent in insecticidal action to 1,000 pounds of 
acid lead arsenate appea,red to be in excess of 8,000 pounds pel' acre, 
it is apparent that these materials have no practical value us substi­
tutes for acid lead arsenate in the soil. 

FERTIUZEHS AND SOIL CONDITIONERS 

Different fertilizers have been reported from time to time as reducing 
the population of soil-inhabiting insects, In 1916 Cook and Hutchison 
(8) indica,ted thn,t calcium cyanamid was effective against fly larvae 
in horse manure. Muir and Swezey (21, p. 301) reported that the 
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~pplication of calcium cyanamid gave excellent results against soil­
" 

inhabiting insects. Several times it has been reported from nonento­
mological sources that heavy applications of tIlls material reduced 
wrnte 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. Met;zger (20) fOlmd that top­
.dressing rose beds with hydrated lime at the rate of 3,000 pounds per 
acre apparently I'educed the emergence of adult Japanese beetles, 
about 77 percent, but the munber remaining was sufficient to cause 
considerable damage. An investigation was accordingly undertaken 
to determine more definitely the value of dill'erent fertilizers and 
illessings for the control of larvae of the Japanese beetle in the soil. 
The survival of larvae in the different treatments and comparable 
tests with acid lead arsenate are given in table 17. 

ACID PHOSPHATE 

Acid phosphate was applied to sassafras sandy loam at the rates of 
1,000, 2,000, 4,000, and 8,000 pounds per acre and tested in comparison 
with acid lead arsenate. vYhen the survival in the untreated soil is 
compared with that in soil to which 8,000 pOlmds of aeicl phosphate 
was applied, it is apparent that the acid phosphate cn.used no significant 
reduction in the munber of larvae, indicating that this material has 
little toxicity to them. 

Al\Il\IONIUlU SULFATE 

Ammoruum sulfate was applied at the same rates and tested at 
the same time as the acid phosphate. There was consi~lerable varia­
tion in the larval mortality in the soil to which ammonimn sulfate was 
applied. vVhen the slU'vivals in the differcn t dosages ,yere compared 
with that in untreated soil, it appeared that a significarit reduction 
had been obtained with the 1,000- ancl4,000-pound and possibly with 
the 8,000-pOlmd applications and that no sigllificant change had 
occlU'l'ed with the 2,000-pound treatment. It is supeeted tlmt these 
variations might be attributed to abnormal experimental variation. 
At least the results fail to dcmonstrn.tc con elusively that urmnonium 
sulfate has a detrimental influence on the lurn)'c in the soil. 

LTlI[ESTONE 

GrolUlcllimestone was applied and tested in the sn.me mauneI'. The 
results of these tests inrliettte that applications of ground limestone 
up to 8,000 pounds per acre have no detrimental effect Oll the larvae, 

HYDRATED LTl\IE 

Hydr!),ted lime was applied to sassafras sandy loam at rates ranging 
from 1,500 to 25,000 pounds per ncre. vYhen the sUI'yival in the soil 

II. 	 to which hydmted lime was applied was eompared with that in the 
untreated soil, it was found that applications of 10,000 or more pounds 
per acre of hydmtccllime eaused a consistent significant reduction in 
the numbers of surviving larvae. The action of the lowcr concentra­
tions of hyclratecllime wa.s not consistent. The results indicn,te that 
hydrll,ted lime may be of slight valu(> in reducing the number of larvae 
in the soil, but an application of even 25,000 pounds of hydmtecllime 
appeared to be of little value as a conkol meaSlU'e. :More larvae were 
killed with 250 pOlmds of acid lead arsenate than with this application 
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TABLE 17.-Results of tests with different fertilizers and. soil conditioners as stomach poisons for control of the larvae of the Japanese beetle t..:i 

Material 

Acid phosphate. __ •••.•_... 
Ammonium sulfate •.••••._ 
Limestone•.•.••.....•••.--' 
Check for the above 3 ma· 

terials, acid iead arsenate 
fresbly applicd ..••••... _. 

Hydrated lime._ ......•••.. 
Check for hydrated lime, 

acid lead arsenate fresbly 
applied •.•••••.•.._..••.. 

Calcium cyanamid •••...... 
Cbeck for calcium cyana· 

mid, acid lead arsenate 
freshly applied ••........• 


Survival of larvae in treatment equivnlent to indicated pounds of material applied per acre to depth of 3 inches Mini· E~timate 
mum sig· of fertilizer ~ 

Larvaeintro· nillcantdiffer· equivalentI I I I I I I I I I I I to l,O()(j 
duced INone 250 500 1,000 1,500 2,000 4,000 6,000 8,000 10,000 15,000 16,000 20,000 25,000 ~~c;r/~r ~~r!fe~df 

99 to 1 arsenate ~ 
1--1--1--1--1--1--1--1--1--1--1--1--1--1--1----1--- §2 

t"fNumber, percent, percent, percent, percent, percent, Percent percent, Pounds
200 86 •••.•••_ •....... 76 _....... 78 

200 86 ....••.. ••••.••• 68 .••••••• 76 
 1.. 8} Beyond td 
200 86 •...•.•• ••••••.. 90 •••.•••• 78.5 91. 5 ••.....• 90.5 .•........••••••..•••••• _....... "."'.. 

pe~~~~t ,~~~~~~~, pe~r~t ,~~~~~~~,~~~~~~~,~~~~~~ '=~~~~e=~~'~~~~~~~ UJ 8,000 ~ 
t;I

200 86 80 27.5 22.5 3.5 
400 79.5 86.5 6i' 5 1···ii5~8-1· ·-7ii~ii·1 ======== 1····-72-1···ii9~5-1========I·'···iiii·I····-7i·I·····T··I····BeYonJ. ~ 
400 79.5 60.3 43.8 22.5 6.3 2.5 
400 81 75 74 77.8 69.3 64.8 

:::'~,-:~~ ~:::~~::::"::_::~~~ ::~: ::~~: ~ ::r::~i::~:~:~~~400 81 76.3 61.3 19 1.8 3 

25,000 
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of hydrated lime. Hydrated lime appears of no value as a substitute 
for acid lead arsenate. 

CALCIUll CYANAilHD 

Commercial calcium cyanamid, claimed by the manufuctmcr to 
contain 22 percent of nitrogen and 70 percent of hydrn.ted limc, was 
applied at :rates ranging from 250 to 16,000 pOlmds per acre. ·When 
the survival in the untreated soil was compared with that ill the soil 
containing calcium cyanamid, it was apparent that an application of 
1,500 pounds or more of the calcium cynnn.mid significn.ntly reduced the 
larval population. These results suggest that calcium cyanamid might 
be of value in reducing the dcnsity of the larvac 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 ealcium cyannmid per 
acre was required to produce an insecticidal action equivalent to 
1,000 pounds of acid lead arsenatc, it is apparent thn,t this material 
is of too low toxic value to be used ns 11 substitute for ncid lead arsenate. 

SUMMARY AND CONCLUSION 

E).-periments were conducted under controlled conditions to deter­
mine the value of dift'erellt arsenicals, fluorinc eompounds, bown 
compounds, derris, pyrctlu·um, hellebore, mO\\Tah meal, and yarious 
fertilizers and soil conditioners as substitull's for aeid lead arsenate 
against the larvae of the ,Japanese J)('ctle ill the soil. In the search 
for new insecticides thc determination of t11l' relaLin' eifC'ctiveness of 
many matcrials is more importnnt than isolatNl dC'termi11t1tions on 
the action of individual compounds. 

The action of a stomach poison in tIl(' soil against this ins('ct is the 
resull;ant of many complcx factors, being influclIcl'cl by the' develop­
ment, activit:y, and susceptibility of the larvae', tIl(' nature and the 
concentration of the materinl, and the puysical and chemicnl chnrac­
teristics of the soil. 

The work with the' different materinls in the laboratory was con­
ducted in 5-incll earthen pots in chnmbers maintained fl,t SOO to 85 0 F. 
By maintaining this tcmperature it was possible to complete tC'sts in 
2 weeks, whcrcas at 55 0 to 600 6 to 8 wppks would htwP been l"(·quired. 
Tests were also madc ill beds ill a grpenilollse. 

The procedure for conducting the tests to determine the value of a 
material as a stomach poison against thc brvac is fundamcntally the 
same as that used in thc biologicnl assay of drugs and disinfectants. 
The mortality produecd by dillen'nt conecntmlions of the test material 
and the standard (acid lead arsenatc) was determined e::.:perimentnlly 
each time under the same conditions. As the lat·vae obhtincd at differ­
ent seasons and in difl'ercnt ficlds wen' not ('onstant in their suscep­
tibility to the. standard, each o,sStty of a mat{'rial was based on pantHel 
tests between the standard and the t('st material. Thc detu.ils of 
the procedure nrc described in the text. 

In each series of tests there wcre usuu.lly four independent sources 
of variation, namely, the. che.mical composition of the materials, the 
rate of application, the period the materials were in the. soil before 
testing, and the random or experimentol error. The analysis of 
variance was found to be the most satisfactory procedure for deter­
mining the significance of tIle difI'erencc in mortality causeel by these 
factors. The pounds of the test material which were equivalent to 
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1,000 pounds of freshly iLpplied iLciu ICiLd arsenate wcre estimiLtcd by 
interpolation of the lal'viLl slll'yiYals, 

Fr('shly iLpplieu ncid lend iLrseniLte was llsrd as iL stiLndard of insec­
ticidal effl'Ctivt'llt'SS in thl'st' t(lsts, Some eOllsidemtion was giY('n to 
the effl'ct of the physical iLnd chemical propl'l'til's of this compound on 
th(' ins('cticidnl action and to the persistencl' of the lal'YiciduJ action 
under expcrimental conditions, It was found that l'l'grinding the 
commerciallllatcl'iiLl, alom' or with gum arnbic, sig'nificn,ntly incrciLsed 
tIll' l)(lrcentitg'l' of tll!' partich's in til!' samples less tha,n 2 f.L in diameter 
and l'nhuncl'd thl' dfeetiY('lless of thl' material as all insl'eticide, The 
total anwuic oxidl' contt'nt of thp material did not appl'ar to he a 
miLjor limiting f[1ctor, pJ'Oyi(h'd tht' matel'itll containl'd not less than 
30 percent of arsc;nie ~xide, Only a, h?w correl~tion was found 
betwl'C'n the quantlty of solublo arsel1lc III the SOli and the larval 
mortality, The lend content of the compound did not appeal' to be 
a fndor'in the inseetieidltl action, 

Fnder the expl'rimental conditions, the efYectivl'ness of :leid lead 
ars('nn,tr (Il'Cr(,llsNl so slowly dlll'ing the flrst, year th:lt no signiftcant 
differenec could be determined by ml':lns of the biologie:ll :lSS:lY, 
Mtl'!' tllis period the loss in insecticiclnl action was n,cceierated, Tllis 
loss in insectieidttl yalne is attributed to leaching from thl' soil :lml to 
tIl(' eOlw(,l'sion of thl' arsC'llie:tl into a nontoxic form bv reaction with 
thl' soil eonstitu('nts, TIU'deterlllilU1tion of the :lrSeilic and len,d in 
thl' soil hy ehl'll1ie(l1 annJysis may Hot 1)(' :lrpl.iablp indC'x of thl' possible 
eff('ctiv(,lll'ss of thl' tl'l't1tment in killing h11"V:l(' lwcause so f:l!' it has 
not h(,l'n possible to Sl'IHLl'lttl' thl' cffective from the ilHtctiv(' n.rseuic. in 
thp soil. 

,ntrn frt?shly :lpplipd, the' lU's<'nntl's of ettleium, m:lgn('sium, and 
m:lnrranpsl' :l])lH't1red to be' mOl'p (lfr('cti\'t~ ag:lillst thl' I:lryae than aeid 
l('n,d~'lrs('natl'; tIl(' nrSl'llut('S of tlluminum, hnriuTll, f('rrip iron, and zinc 
appl'nl'ed to IH' ('(lui\'uI('nt to :leid kad :ll':;enat(>; nnd basie I Nut arsC'nate 
was of no insl'dieidal Ytllue, The pfr('ctivl'lH'ss of acid lead arsenate, 
f('!Tic, nrs(,llut(', nnLl zinc tl,rS!'lliLtp dl'('rl'asl'd rapidly :lfter these 
arsenicals had h('l'n in tht' soil for about 2 to 3 yl'ars. ThC' eff('ctive­
nC'ss of tlll' other :lI'St'TllltpS 11p]JNI.I'pd to last 1 or 2 years longer, but 
with tit!' l'xcl'ption of hasic karl al'senat<' t1tl'sC' W('1'l' more toxic to 
pln.nts growing' in thl' soil than was acid IptHt arsenate, 

AI'S('llioll'; ()xiti!' ,nlS HUll'!, loxic to tlw l:u.'VtW than wns fieid Ipad 
nr"'!'nntl' nnd it wns nr\,(,ctpd Y<'IT ::;lowlv by tilt' soiL Till' dC'tl'imcnt:l1 
<,fl\'ct of this IlHl\I'I'ial Oil plant,,; dpfiliitc+.- limits its tls('fulnl'ss as a 
stol1wch POiSOll ill thI' soil. 

AI'SPlliollS slllfidp tt(lIH'tu'pd to \;p nhoul tilt' S:tllW as HI's('niol's o}.-icll' 
in it;.; HcLioll 011 til(' luna(' and I'l'sisItUl('(' 10 ('han~l' in llH' soil. Its 
high toxicity to plant" limits ils I1s<,1'lIlnl'ss, 

'Paris trl'{:Pll and ('(,I'tnin of its hOIllOlogllt's, 1l:111Wly, COpp<'l' 01(,0­
lU'S('llit!',"'(,oPP('l' lalll'Oul';';Pllit<', (,Oppl'l' palmito:Ll'sPllit(', lind COPIWI' 
st!'llJ'O:ll':'!'nitl', cOllld 1)(' substitutpd iol' (H'id It'ad lU'S('1l1lt(' to d<'sll'oy 
In.!TIl(, of (hI' .rlllltllH'S(I hl'('llt', '1'111' a(lpli('nt iOll of tll!'s!' nUl,tpl'i:lls, 
bowl'y('I', i" nlso limill'd by tlwil' toxi('ity to p\:w(s, 

Tlw ill()I'~:uIic l)(lI'Hlt's of (·n.lCilllll, it'U(1, mngllPsiulll, llickpl. sodium, 
strontiulll, null Zill(, \\'PI'I' no[, su1licielllly toxic' to tit(I 111,I'vac to bl' of 
vnIu<' Its stomaeh poisons, 

Till' inorg:lllie fluoJ'id('s of ltluminlllll, bn.riulll, enleiulll, ('opper, lend, 
nlngn('sium, strontium, alld zine, and ll!ttul'tll cl'yolite W(,1'(\ lIot toxic to 
the larvae. 
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The fluosilicates of barilUll, magnesium, potassium, and sodium 
were equivalent to, or even better tila,11, add l<'ad arsenat.ewhen freshly 
applied, but their rapid decomposition in tIl(' soil t.o nontoxic com­
pounds or loss of their insecticidal constituell ts b:v leaching makes 
them l.lUsuit.able us substitutes for acid lC'n,d 3.l'senalc. Calcium 
fluosilicat<' ,,·us nontoxic whell freshly appii('d to the soil. 

Derris, hell('bon" mowrah l11N1I, and pyrethrum we1'(, so slightly 
toxic to the larvae as to bc of littL(' pntctienl ,·alu(· for tIt(' ('ontral of 
this lllS('ct in the soil. Hotl'noll(, did not uppel.tr to be' the' ingrNli('tlt 
in derris which was toxic to tll(' lnrnw. The slight insccticidal action 
of derris WitS d('stroy('(l by a(hling lim(' to (:h(' soil. 

Different f('rtiliz(;rs mid soil c~onditioJ]('I"s suell us acid phosphat.e, 
ammonium sulf3.L(" grolInd lim ('S tOlH' , hydraU'd lime, and ct1leium 
cyanamid were slightly' toxic to larvae of tIl(' ,rn.panese beC't.le. It mu.y 
be possibl(' to lwluce' th" IluTul pOpUI:1tion by hen.\7 npplic3.tions of 
tiles(' materin!s, but it is questiollnbl(, wlwthel' the decrens(' in the num­
ber of Inryac would usunlly be suffiC'iell t t;() afford protection to pln.nts. 

In conclusion, tll(' r('sults of this inn'sligation with difl'erent arSC11­
icals, boron compounds, fluorill(' compollllds, plant materin.ls such as 
derris and pyrethrum, and cwreren t fel'tilizl't's show thut SOlll(' of these 
ma.terials mn.y b(' suhstitut('(l foJ' a('id 1<>n<l tll'S<'l111t(' to .killl:uTM of 
tIl£' Jl1pallt's£, 'jH'(·tIe ill tll(' soil U11d£'r thos£' conditions w11£'['(, th(' efrect 
of th(' matcriul 011 til(' Y('gptntioll is not a. limiting fltcLor. ""h('n the 
suscC'ptibility of ttl(' plauts growing in th(' soil to clwrni('n.l inj ury is 
3. factor. howt'vel', :1C'id lead arsel!:).tp nppear('(l to bp the sufest of tlip 
larva-killing materiills for applicatioll to tIw soil. 
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