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INTRODUCTION 

Naphthalene has been investigated extensively by entomologists, 
both as an insecticide and as a repellent for controlling different 
insect pests that inhabit soil. During the P!l,st 10 years it has been 
tested against the Japanese beetle (Popillia japonica N ewm.). Prac
tically all of these experiments with naphthalene were made with the 
resublimed compound, the crude naphthalene sometimes recom
mended for soil treatment being too variable in composition to be 
satisfactory. In view of the widespread interest of entomologists 

,.!Lnd the public at large in the control of the Japanese beetle, the 
J~ ...i~-authors have attempted to bring together experimental data and 

pertinent facts relating to the use of naphthalene against tbis insect. 
The research on this problem has led t.o a better understanding of 
the insecticidal value of the compound, and, as a result of these 
investigations, a quarantine procedure (54)2 for destroying the imma
ture stages of the beetle was adopted in March 1929 and has been 
in operation ever since. 

I The wrIters wisb to acknowledge tbe ll.'lSlstnnoo rendared by R. Wagner, K. B. Rogers &nd H. W'. 
Ooward, formerly on tbe stal! of the japanese Deetle Laboratory, in conduoting tbe anulytlcol work for 
this Investigation.

'ltnUc numbers in parentheses refer to LIt'll'sture Olted, p. 25. 

45052°-34--1 
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PROPERTIES AND ESTIMATIOl'-~ OF NAPHTHALENE 
PHYSICAL .P.ROPERTIES 

Naphthalene, C1Jis, is a white crystalline compound, occurring in 
coal tar and obtained by crystallization from the frac.tion boiling 
from 356° to 572° F. (18\)-300° 0.). It crystallizes in shining plates 
that have a characteristic odor and a bitter aromatic taste. Insoluble 
in cold water and very slightly soluble in hot water, naphthalene is 
rcadily soluble in alcohol, benzene, and other organic solvents. It 
melts at a temperature of 176.2° F. (SO.l ° C.) and boils at 424.2° F. 
(217.9° C.). Roark and N olson (39) reported that the specific 
gravity of a saturated atmosphere at 77° F. (25° C.) and normal 
pressure, as compared with air, was 1.0004. The vapor pressure is 
low, ranging from 0.02 mm at 32° F. (0° C.) to 0.21 mm at 95° F. 
(35° C.). Roark and Nelson (38) have calculated that 0.01 pound of 
naphthalene is required to saturate 1,000 cubic feet of air at 32° F. 
(0° C.); 0.03 pound at 59° F. (15'" C.) ; 0.035 potmd lLt 68° F. (20° C.); 
0.04 pound at 77° F. (25° C.); u.06 pound at 86° F. (30° C.); and 
0.09 pound at 95° F. (35° C.). It is se.en that under normal con
ditions only a small quantity of the compound 1S required to saturate 
the atmosphere. 

QUANTITATIVE ESTIMATION 

BY }<'ORMATION OF N.-I.PTHALENE PICRATE 

When undertaking extensive experimentation with an insecticide, 
it is desirable to have some method for estimating quantitatively the 
concentration of the compound in order to determine the uniformity 
of dispersion and the persistence of the material tmder different con
ditions. A. study was made of the method of Kuster (26, p. 1101), 
as modified by Oolman !lnd SInith (8), to deterInine the reliability of 
the procedure for estimating small quantities of naphthalene. This 
method depends upon the precipitation of ImphthnJene as 11l1phthalene 
picrate in the presence of excess picric acid. 

Considerable variation was fOlmd in the recovery of naphthalene 
by the picric acid method, ill though in general the Tesul ts weTe con
sistently low. This variation in the quantity of nnphthalene recovered 
can be attributed to several factors; (1) Some naphthalene sublimed 
in the upper part of the flask, after the compound was heated with 
pkric acid, although it was shaken occasionally; (2) some naphthalene 
was absorbed in the rubber stoppers used to selli the flasks; (3) the 
substitution of cork stoppers eliminated absorption but introduced 
the fnctol' of leakage; (4) some naphthlliene did not relLct with the 
picric acid because crystals of naphthnlene were occluded by nnph
thalene picrate; (5) the temperatme of the solution dming the pJ'Ocess 
of crystallization influenced the yield; (6) the quantity of water used 
to wash the excess picric acid from the precipitate was a factor bec!1usc, 
although naphthalene picmte 113 not soluble in picric acid, it dissolves 
appreciably in witter. It is obvious that the determination of naph
thlliene as naphthalene picrate is a relatively slow procedUl'e, and 
careful standardization of each step in the procedure is necessary to 
obtain consistent, accurate results. 

BY OXIDATION TO I'HTHALIC ACID 

'Calcott, English, and Downing (5) have reported that sulphonated 
naphthalene is m ..idizedpracticllily quantitatively to sulphophthalic 
acids by means of vanadicacid in 70 percent sulphuric acid. The 

,!J 
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quantity of vanadic acid reacting with naphthalene can be determined 
from the quantity of standard potassium permanganate required to 
reoxidize the reduced vanadic acid. In the presence of hotconcen
trated sulphuric acid naphthalene reduces vanadic acid to the blue 
divanadyl salt, according to the following equll,tion: 

18H3V04 + 18H2S04 + OIOEs = 9V20 2(S04h+ 06H4(OOOHh+2002 + 
46H20 

The treatment of divanadyl salts with potassium permanganate in 
hot dilute sulphuric acid changes them into vanadic acid according to 
the following equation: 

The above equations show that 5 molecules of naphthalene are 
equivalent to 18 molecules of potassium permonganate; therefore, 1 
cc of N /10 potassium permanganate is equivalent to 0.7117 mg of 
naphthalene. 

An experiment was carried on to determine the concentration of 
sulphuric acid necessary to sulphonate the naphthalene within 1 hour 
at ,a temperature of 2] 2° F. (100° 0.) Fifty milligrams of naphtha
lene were added to 10 cc portions of acid of different strengths and 
heated in closed tubes for 1 hour. At the end of this period, the degree 
of sulphonation wus deterrniJ...ed as outlined by Oalcott, English, and 
Downing (5). The following results were obtained: 

]Jey". oj
Strength of acid: Bulphonation 

5 cc of concentrated sulphuric acid plus 5 cc of water ________ None 
7.5 cc of concentrated sulphuric acid pIns 2.5 cc of water____ 10 perccnt.
10 cc of conccntrated SUlphuric acid ________________________ 100 percent.
10 cc of 15-percent oleuill _________________________________ 100 percent. 

It was found that sulphonation was incomplete when less than 
concentrated acid was employed; hot concentrated sulphuric acid, 
or oleum, appeared to be necessary for the sulphonation of naphtha
lene. It was concluded that some oleum should be used in the sul
phonating mi:x:ture to insure that any water present in the sample of 
naphthalene would not reduce t.he concentration of the acid to a 
point where the compound WllS not completely sulphonated. The 
sulphonating mixtUl'e finally decided upon was composed of 40 parts 
by volume of concentrated sulphuric acid and 60 parts by volume of 
I5-percent oleum. 

Another experiment was conducted to determine the minimum 
temperature that could be used in oxidizing the sulphonated naph
thalene to the sulphophthalic acids. A standard oxidizing solution 
was prepared by adding 63 gof pUl'e ammonium metavanadate to 
220 cc of distilled water and adding gradually 'with agitation 780 cc 
of concentrated sulphuric acid. A standard napthlllene solution was 
prepared by adding 1.13 g of resublimed naphthalene to 40 cc of 
concentrated sulphuric acid and 60 cc of 15-percent oleum and heating 
the mixture for 1 hour in a closed flask. The solution was then boiled 
to remove sulphur dioxide, cooled, and made up to ,a volume of 1 1 
with distilled water. Ten-cubic-centimeter aliquot portions of the 
standard naphthalene solution were then mixed with 10-cc portions 
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of the standard vanadic acid solution and heated for 1 hour at differ
'ant temperatures. At the end of the oxidation period each sam1?le 
was diluted to 500 cc with dist.illed water and titrated with N /10 
potassium permanganate solution. The following equation was used 
in calculating the results: 

Mg naphthalene = total cc N/10 potassium permanganate-cc N/10 
. potassium permanganate in the reagent blank X 0.7117 

The degree of recovery of the 11.3 mg of naphthalene in the samples 
by oxidizing at the different temperatures is given in table 1. From 
a consideration of the results it appears that the o~-idizing temperature 
should be at least 266 0 F. (130 0 0.). The oxidation of llI.l,phthalene 
at this temperature is practically quantitative, the average error 
being less than 1 percent. 

TABLE I.-The effect of the oxid,:zing temperature on the recovery of naphthalene by 
the vanadic acid method 

Naphthalene recovered 
Naphtha·Oxidizing Averagelene tnklln temperllture recoverylor analYSis Maximum Minimum Average 

of. o C. lIIu Mg My },[g PeT-enl 
212 lOa n.3 9.0 8.1 8.82 78.05 
2:10 lIO 1l.3 10.0 0.6 10.02 88.61 
248 120 11. 3 10.8 10.0 10.50 02.92 
206 lao 11.3 11.4 11.2 11.26 99.04 
275 1:15 11.:-: 11.4 11. 0 11.26 fl9.64 
~S4 140 1U 11.5 11.4 11. 44 lOt. 24 
:102 150 11.3 11.5 11.4 11.4-1 101. 24 

The determination of naphthalene by suphonating and oxidizing 
to the phthalic acids is a relatively rapid procedure which gives re
sults in close agreement; this procedure is free from the empirical 
factors and the careful standardization in the differel'.t steps of anal
ysis required to obtain consistent results by the methods under which 
the naphthalene is fmally estimated as naphthalene picrate. 

INSECTICIDAL ACTION OF NAPTHALENE VAPOR ON IMMATURE 
STAGES OF THE JAPANESE BEETLE 

PHYSIOLOGICAL EFFECT 

Naphthalene is generally considered by entomologists to be a weak 
insecticide; actually, molecule for molecule, it is a more effeetive 
fumigant than cu.rbon disulphide, carbon tetrachloride, paradichloro
benzene, and other widely used organic compounds. Tattersfield, 
Gimingham, and Morris (4.7) found the vapor of naphthalene more 
toxic than paradichlorobenzene to Aphis 7'umicis L. Lehman (27, 
p. 965) reported that naphthalene was 10 to 14 times more to:\-ic than 
paradichlorobenzene at the same concentration to the confused flour 
beetle (Tribolium corifusum Duv.). In 1924 Fleming (13) tesoed 
the comparative effectiveness of 43 organic compounds as lumigants 
u.gainst the larvae of the Ja.panese beetle and found that of these 
chemicals onIS benzyl chlOlide, phenol, and ortho-cresol were more 
efl'ective insecticides than naphthalene. A molecule of naphthalene 
vapor was considerably more effective .against the larvae than was a 
molecule of paradichlorobenzene, nitrobenzene, bromo benzene, chloro
benzene, hexachloroethane, carbon disulphide, or carbon tetrachloride. 
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The effect of naphthalene vapor on the i.--nmature stages of the 
Japanese beetle is not clearly unders'uOod. When the creamy-white 
,eggs or larvae of this insect are exposed to the vapor of naphthalene 
they take on a reddish color which l'!l.ncie13 hI intensity from light pink 
to mahogany brown, depen.ding on the period of exposure. In view 
,of the results reported by Shull, Riley, and Richardson (41) with the 
oriental cockroach (Periplaneta) Blatta orientalis L., this discoloration 
of Popillia eggs and larvae is probably not caused by any change in 
the chemical composition of the blood. It is possible that the change 
in the color is due to the reaction of the vapor with the fat bodies in 
the insect, naphthalene being recognized as a fat solvent. After 
larvae are exposed to naphthalene vapor for several hours they are 
unable to walk, but move the 'head and body convulsively at periodic 
intervals. As the treatmellt is prolonged, the la:rvae gradually become 
completely paralyzed. The paralyzing effect of vapor of naphtha
lene has also been observed by Rico (37) with the parasitic roundworm 
.Ascaris lumbricoides L. This paralysis is followed by death. 

RELATIVE UESISTANCE OF EGG, LARVA, AND PUPA OF THE JAPANESE BEETLE 

A study was made of the resistance of the different immature stages 
of the Japanese beetle to the insecticidal action of naphthalene vapor. 
The insects were placed in suitable cages, without soil, and put into 
1-1 Florence flasks. Balls of naphthalene were suspended from the 
stoppers in such a manner that the insects in each flask were sub
jected to the vapor without coming in contact with the solid chemical. 
The flasks were maintained at a temperature of 70° F., and at inter
vals some insects were removed to determine the effect of the vapor. 
The eggs we;:e placed on the surface of moist peat, kept in the dark, 
and examined daily until all of them had hatched or decomposed; 
the larvae and pupae were placed on the surface of moist soil in cross
section trays (15, pp. 6-9) and observed until the effect of the treat
ment could be determined. With each test, groups of insects were 
placed in flasks without naphthalene in order to eliminate the errors 
introduced by mechanical manipulation. In this experiment 3,800 
eggs, 1,300 larvae, and 1,000 pupae were used. The mortality caused 
by different periods of exposure was determined by the following 
formula: 

Number of untreated alive-
Percent mortality = Number treated alive. X 100 

Number of untreated alIve 

The results of this e:-..-periment are summarized in table 2: 

TABLE 2.-Effect of naphthalene vapor on immature stages of the Japanese beetle at 
70 0 F. 

Mortality or- Mortality of-
Period of exposure 1 __-.__--.,..___11 Period of exposure

(hours) (hours) 
Eggs Larvae Pupae Eggs Larvae Pupae 

---11------1--------
Percent Percent Percent Percent Percent Percent12__________________ _ 6.0 6.0 60___________________ au. 4 lOO 0 _________23.624____________--- ___ _ 82. '5 _______• __ 72___________________20.0 100.0 100.0 S.236 __________________ _ 98.7 __________ U6. __________________ 100.0 __________ 8.255.048 ___________________ 100.0 10.0 120__________________ 100.0 __________ 54.066.5 
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It was found that ,the different stages of the Japanese beetle vary 
in resistance to the vapor of naphthalene. It is apparent that the 
larva is the stage most susceptible and the pupa the least susceptible 
to the vapor. 

E.'FECT OF TEMPERATURE ,ON ~NSECTICIDAL ,ACTION 

The rapidity of insecticidal a,ction of fumigants on the immature 
stages of the Japanese beetle is known to be appreciably affected by 
the temperature of the atmosphere. An experiment wa') carried 
on ~with 6,000 larvae, at temperatures ranging from 50° to 80° F., 
to determine the extent to which temperature affected the period 
required for an atmosphere saturated with naphthalene to kill them. 
The larvae were removed from soil and exposed !'.t the different 
temperatures to the vapor in the manner described while determining 
the resistance of the differ.ent immature stages. The results of the 
different tests Ill'e summarized in table 3. It was found that the 
period of time required for naphthalene vapor to lcill the larvae varies 
inversely to the temperature. The prolonged exposure at the lower 
temperatures is probably necessary because of the decreased activity 
of the insect and the smaller qU(l,ntity of the compound in a 'unit 
volume of air. At a temperature of 80° an atmosphere satuTated 
with naphthalene contains 0.77 mg of the compound per Mer. This 
quantity is reduced to 0.55 mg at 70°, 0.42 mg at 60°, and 0.36 mg 
at 50°. It is apparent that even if the activity of the insect were 
not reduced at the lower temperatures, a much longer period of time 
would be l'equired for it to absorb an insecticidal dose of the vapor. 

TABLE 3.-Effect of temperature on insecticidal action of naphthalene vapor on 
larvae 0/ the J a7Jancsc beetle 

I 11'[ortnlity of larvne at- Mortulity of Inrvae at·-
Period of expo- Period 01 expo

suro (hours) slIro (hours) I I I 
______50°F. ~OOF. 7()OF~~ 50°F. flOOli1, 700 Ji', 80°F. 

2________________ I'!:~~~~Il.l::~-"~~~t- l:~r_c~~~_ Perc~~~ I 2"-- _____________ Perctnt PC'ff.1~ pCS'i.n; Pe[oo~5
.1. ____________ • __ ._ •• ____,. _______ '0, ____• 3i.5 30... __ .......... 3.5 _....... liS. i ..._.... 

0................ _•• ,. ___ ........ ........ OS. 8 48..........._... :12.5 __ ., .•• 100.11 ...____. 

H_____•••••••• •..._._ ...........___ . D4.S n.... ._. __.____ 42.0 100.0 WO.O _......_ 

12•• __ '_""" ••.• 6.0 6.0 100.0 110 .. _______...... 00.3 IOU. 0 lUO.O ._.••__ _ 

j~:::::::::::::: :1- S.O I:::::::: :::::~:: i~g: g 120..__ • __• __ .___ 100.0 100. U •.--...- .......-


EFFECT OF ImLATIVE HUMIDITY ON INSECTICIDAL ACTION 

The relative humidity of the atmosphere generally does not [l,ffect 
the insect.icidal action of a fumigant as markedly as does the tempera
ture, hut it wr.q expected that the relative humidity would modify 
to some extent the toxicity of naphthalene vapor. An e:\:periment 
was calTied OL with 5,400 larvae at a temperature of 70° Ii'. to deter
mine the extent to which the minimum lethal exposure in an atmos
phere saturated with naphthalene was modified by the relative 
humidity. The larvae were placed in Florence flasks which were 
then conditioned for humidity by passing a stream of air of Imo\vn 
humidity till'ough them for a period of 24 hours. A relative humidity 
of 100 percent was obtained by bubbling the ail' through distilled water, 
a relative humidity of 56 percent by bubbling the air through a sa,tu
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.rated solution of sodium ;bromid,e, a relative humidity of 26 percent 
by bubbling the air through a saturated solution of calcium chloride, 
and dry air was obtained by passing the air through concentrated 
sulphuric acid. After the flasks had been aerated for 24 hours the 
flow of air was stopped and a ball of naphthalene was suspended in 
·each fiask. It is realized that when the movement of the conditioned 
air through &. flask WitS stopped the relative humidity in the flask 
was probably modified by the respiration of the insects, but jt is 
believed that this factur was not of great importance. Groups of 
larvae were removed from the flasks at intervals to determine the 
effect of the treatment. The results of this experinlent are sum
marized in table 4. 

TABLE 4.-Effect of relative humidity on insecticidal action of naphthalene vapor 
on larvCle at 700 F. 

l\{ortallty of Inn'no nt-

Period of eXJlosure (hours) Zero 2G·porccnt 56·percent 100·perccut
relative rcluth'e rcluti\'e relntl'·c 

humidity humidity humIdity hnmidity 

Percent Percent Pcrcrnt Perrent18______________________•• __ •_________ .•_______ •____ •• __ •.•____ • _. _._24-_____________________________________________________ "13.3 24.0 40.0 80.0 
83.1 !I!i.O 94.748___________________________________________ • _________ • 100. 0 

100.0 100.0 I 100.0 

The mortality of the larvae exposed to naphthalene YI1pOr was 
increased with the increase in the relative humjdity of the atmospher~. 
.As the period of treatment was prolonged there was less difference 
between the mortality in the different atmospheres uutil, with an 
e:\.-posure of 48 hours, all larvae were dead. 

TREATMENT OF POTTING SOIL WITH NAPTHALENE CRYSTALS 

Nurserymen have a definite need for a method of treating soil to 
destroy larvae of the Japanese beetle before the !:loil is used 1'01' potting 
greenhouse plants. The use of soil that has had an insecticidal 
treatment to destroy this insect is required of nurserymen who ship 
plants with soil about their roots to points ou tside the quaJ'an tined 
area. Fleming and Baker (14) state that steam sterilization and 
fumigation 'with carbon disulphide have been found satisfactory 
for this purpose. 

DOSAGE EFFECTIVE AGAINST LARVAE PRESENT AT TIME OF TREATMENT 

It was desired to know whether the application of naphthalene 
crystals to potting soil could be used as an alternative method. A 
series of experiments were conducted with sandy loam, cla,y loamI 
and a mixture of clay loam and peat moss to determine the possibility 
of using naphthalene crystals for this purpose. rrhese soils were 
carefully screened to remove laT~e lumps, stones, and debris, !1.nd were 
then mi'(ed in a moist conditIOn with resublimed naphthfLlene in 
quantities ranging from 0.2 pound to 2.1 pounds of the chemicfLl to 
.acubic yard of soil. The treated soil was then pltwod in 3-inch pots 
and set in the greenhouse. On the same clay the treatment was 
applied to the soils, 5 active thiI'd-instfLl' larvae were placed in each 
pot. A total of 3,300 larvae were used in this test. Theso pots of soil 
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were maintained for 21 days at approxiniately optimum moisture for 
growing plants in a greenhouse where the temperature ranged from 
45° to 66° F. Ten days after the larvae were placed in the soils, t,he 
pots were examined, and a record was made of the number snrviving 
m each treatment. When the examination was completed and all 
larvae were removed from the pots, the pots were reinfested and 
allowed to stand for another 10-day period. At the end of this time 
another examination was made to determine the number of lar~Tae 
s'Jl'viving in each treatment. The mortality resulting ~rom each 
treatment was then calculated according to the previously mentioned 
formula. A summary of these data is given ill table 5. 
TABLE 5.-Effectiveness of naphthalene crystals in destroying larvae in different 

types of potting soil, the chemical being thoroughly mixed with the soil 

MortaUty of larvae In-

Sandylonm Clny lonin Cluy loam nnd peat
Crystals applled per cubic 

ynrd (pounds) 
When pnt When put When put When put When put ,Yhon put
In soU at in soil 10 In soU at In soU 10 In soU lit In soil 10 
Lillie of duys otter Ume of dnys ofter time of days lifter 

;troat.ment treatment treatment treatment treatment treatment 

Percent Percent Ptrcwt Percent Percent Percent0.2. __ ._...____________________ 07.4 0 94.3 0 47.5 13.50.4. ___________________________ 
93.4 0 97.2 0 U.4 30.00.6. _________________ •_________ 100.0 0 JOO.O O. 85. 9 7. i0.8. ___________________________ 

100.0 4.3 100.0 0 100.0 22.31.0. ___________________________ 
100.0 0 JOO.O 0 9S.7 29.01.2.... w ______ .. __________________ 100.0 0 100.0 a 100.0 22.:1J.5. ___________________________ 
100.0 18.6 100.0 0 87.2 30. G 1.7. _______•_____..____________ 

q'100.0 0 100.0 0 JOO.O .1. I1.9_____________.....__________ JOO.O 0 i JOO.O 0 100.0 li.7 


~.1. _______..__________________ 100.0 0 100.0 0 100.0 5.0I 
EFFECT OF ORGANIC MATTER ON LARVICIDAL DOSAGE 

It was found that when larvae were introduced into the soil imme
diately after the application of the chemical the insects were destroyed 
within 10 days. Naphthalene used a.t the rate of 0.6 pound per cubic 
yard was sufficient to kill the larvae in the clay loam and sandy loam; 
It had to be a,pplied at the rate of 1.7 pounds per cubic yard in order 
certainly to destroy the larvae in the mixture of clay loam and peat. 
It is apparent that the organic matter in the soil modifies the effec
tiveness of naphthalene; the hi~her the concentration of organic 
matter in the soil, the less effective the compound is in destroying 
the larvae. The insecticidal valu~ of the treatment was practically 
dissipated during the first 10 days. When larvae were mtroduced 
into the soils 10 days ,after the application of the chemical, very few 
of them were killed, even when the naphthalene was applied at the 
rate of 2.1 pounds per cubic yard. In view of the results obtained 
later in the chemical analyses of soils containing naphthalene, no 
satisfactory e:A-planation can be given for the increased mortality of 
the larvae introduced into clay loam and peat 10 days after treatment. 
It will be noted, however, that all results obtained with clay loam and 
p~at are somewhat variable. 
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DOSAGES REQUIRED TO KILL LARYAE INTRODUCED SUBSEQUENT TO TREATMENT 

Another series of experiments was carried on to determine the 
quantities of naphthalene that would have to be applied to potting 
soil in order that there would be enough of the compound in the soil 
to destroy larvae introduced 7, 14, and 21 days after treatment, 
because it was anticipated that under some conditions the protection 
of the soil from reinfestation might not be possible. Naphthalene 
crystals were intimately mixed with moist sandy loam a,t rates ranging 
from 0.2 pound to 25 pounds per cubic yard. The soil was then placed 
in the greenhouse and infested with larvae, a total of 8,400 larvae 
being used in the eXp'eriment. At the end of 7 days the larvae were 
removed from the soil and the mortality from each dosage was deter
mined. The soil was then reinfested and examined again after a lapse 
of 7 days. The process was repeated for periods of 14 and 21 days 
after the initial application of the chemical. The following concen
trations of naphthalene per cubic yard of soil were necessary: 0.6 
pound to kill larvae introduced at t,he time of treatment; 17.5 pou:p.ds 
to kill those introduced 7 days after treatment; and 20 pounds to kill 
those introduced 14 days after treatment. A dosage of 25 pounds per 
cubic yard destroyed only 32.5 percent of the larvae introduced 21 
days after treatment. Apparently the insecticidal value of the treat
ment is rapidly lost in soil. Relatively large quantities of the chemical 
must be a,pplied to insure the destruction of any larvae introduced 
subsequent to t~eat.ment. The use of these relatively large quantities 
appears impractical. Obviously, when only sufficient naphthalene is 
applied to destroy any larvae present at the time of treatment the 
soil must be protected from reinfestation. 

RELATION OF SOlL LUMPS AND MOISTURE TO REQUIRED DOSAGE 

The treatment of A'otting soil cannot always be carried out under 
relatively ideal condItions where the chemical is intimately mixed, 
where the soil is moist but not wet, and where there are no lumps 
large enough to harbor the insect. An experiment was conducted to 
determine the effectiveness of the treatment under less ideal conditions. 
Moist and wet sandy loam were obtained in the field and, without 
sifting, mixed with from 2 to 10 pounds of naphthalene per cubic yard. 
The moist sandy loam was of optimum moisture, containing 12 percent 
of water, and the wet sandy loam was practically saturated, containing 
23 percent of water. It was not possible to determine that the natural 
lumps in the soil contained larvae without breaking the lumps andt destroying their value for experiment; therefore, artificially infested 
lumps of moist and wet sandy loam were prepared in the following 
manner: A 3-inch pot was partially filled with soil, five larvae were 
placed on the soil, and sufficient soil was added to fill the pot. The 
pot was then inverted on washed muslin and carefully removed so 
that the form in which the soil was molded was not destroyed. The 
muslin was then wrapped ti~htly about the soil and tied, forming a 
lump of soil approximately 3 Illchesin diameter. Twenty-five hundred 
of these artificially infested masses of Boil, containin~ 12,500 laryn.e, 
\\"ere prepared and buried in the different treated soils. During the 
following week, the temperature of the soils fluctunted between 45° 
and 60°, nveraging 51 0:E'. At the end of 7 days, the larvae were re
moved n.nd the mortality was determined accordin~ to the preyiously 
mentioned formula. A summary of these results IS given III table 6. 

459all°-34-:I 

http:pou:p.ds
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TABLE 6.-Effectiveness of naphthalene crystals in destroying larlJae in soil lump8 
embedded in moist and in wet 1 sandy loam treated with different quantitie8 of 
the chemical 

MortallLy of larvae I MortaJlty 01 larvae 
after 7 days in- after 7 daya in-

Crystals applied per cubic I-----r---II Crystals applied per cubic 1__--;-___ 
yard (pounds) yard (pounds) 

Moist Wet Moist Wet 
soH soU soli soli 

Percent Percent Percent Percent
2•••••••••••••_••_••••••_._. __ 99.28 97.84 7•••••__ •••_•••• __ •.•••••_•••• 100.00 89.85
4. _•••_•••••_. _••••••__ • __•••• 99.98 00.19 8. ""'"'' __• __ ••_•••••••• __ .. 100.00 90.80 
6••• _••• __••_••••••__••••••••• 100.00 78. Oil II ••••• ____ •••••__• ____•••_•••• ]00.00 ·i7.40 
6. __ ' ••___••__._••••••.••••••• 100.00 OS. 95 10.......__ ....... __ ._.__ • ___ • 100.00 8.~. ~o 


I Tbe authors consider u soU I\.q wet when it contains SUfficient water t.o be puddled readUy on manlpula· 
tion; as moist, when about haif saturated with wilter nnd in u friahle condillon. 

It was found that in this treatment, when the crystals were not in 
contact with the larvae, naphthalene had to be applied at the rate 
of 5 pounds per cubic yard to destroy all of the larvae in moist soil. 
It should be noted, however, that a dosage of 2 pounds applied directly 
to moist soil killed 99.28 percent of them. In wet soil the treatment 
was not efl'ective, even when the chemical was applied at the rate of 
10 pounds per cubic ya.rd. 

From the data oLtained, it was conrluded that naphthalene crystals 
can be relied upon to destroy all larvae in soils to be lIsed subsequently 
for potting plants, provided the foHowing conditions are satisfied: 
(1) 'rhat the soil is moist, but not wetj (2) that it is free from Inrge 
lumps; (3) that the tempel'llture is maintnined above 500 F.; (4) 
tilat the chemical is mL"\ed with the soil at the rate of 5 pounds per 
cubic yard; (5) that the soil is left undisturbed for 1 week; and (6) 
that the soil is stored under conditions that will prevent subsequent 
reinfestation. 

DECOMPOSITION OF NAI'HTHALENE IN SOIL 

That under favorable conditions nn.phthalene disappears ra.pidly 
when mixed with soil is well known. This fact hus been recorded 
by Tattersfie1d (4.6) and Speyer and Owen (45). The disappearance 
of the compound from soil is usually too rapid to be attributed entirely 
to volatilization. In fact, Tattersfield (46), Thornton (53), and Gray 
and Thornton (19) have shown that the loss of naphthalene from soil 
is due largely to bacterial action. It was of considerable interest to 
know the rate of disappearance of the compound in soil, particularly 
when the soil!'; were to be used subsequently for the g-rowing of plants. 
A series of e}.:periments were therefore carried out in the laboratory 
to determine by chemical analysis the rate of disappearance of naph
thalene from the soil. 

Before undertaking a study of the decomposition of naphthalene 
in soil, several experiments were conducted with known quantities 
of the compound mixed with soil to determine the best method for 
removing the chemical for analysis and also to learn how much naph
thalene could be recovered. Vaporizing the naph thalene in the soil 
and carrying it to an absorbing material appeared to be the best 
procedure for removing the compound from the soil. N a.phthalene 
was mixed intimately with moist sandy loam at the rate of 50 mg to 
100 g of soil. The sample was placed in a 500-tc Erlenmeyer flask 
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and heated on a water bath to 212° F. A stream of air, passed 
through the soil for 18 hours, carried the naphthalene vapor to the 
absorber, where it was absorbed in concentrated sulphuric acid at a 
temperature of 320°. 

Several different types of absorbers were tried with varying degrees 
of success. The most satisfactory was a glass tower 5 feet long, the 
vapors being introduced at the bottom, where they met a stream of 
hot sulphuric acid that was trickling slowly downward over glass 
beads with which the tower was filled. A ground-glass connection 
fused to the bottom of the tower was fitted into a 60-cc round
bottomed Pyrex flask, which caught the acid coming from the tower. 
The inlet for the air carrying the naphthalene vapor was just above 
this fused connection. Resistance wire was wrapped closely around 
the outside of the glftss tower to heat the acid, so that when it finally 
passed into the glass reservoir it was at a temperature of approximately 
320° F. A 60-cc dropping funnel was placed above the absorbing 
tower and so adjusted that a drop of acid was discharged every 15 
seconds. As the air carrying the naphthalene vapor passed up the 
absorbing tower, the naphthalene reacted with the sulphuric acid and 
was carried into the reservoir, where it was maintained at a tempera
ture between 266° and 320°. After the soil had been aerated for 18 
hours, the flow of air and tLcid was stopped. The acid in the absorb
ing tower was allowed to drain for 30 minutes into the reservoir. 
The reservoir was then removed and the absorbing tower ,'Tashed with 
distilled water until the washings discharged from the bottom of the 
tower were neutral to litmus. These washings were then combined 
with the acid in the reservoir and made up to a definite volume. Ali
quot samples were then taken and oxidized with the standard vanadic 
acid and the quantity of naphthalene was determined by the proce
dure previously described. 

The results of these preliminary tests showed that practically all 
of the naphthalene could be recovered from soil by this procedure. 
When 50 mg of the compound were mLxed with soil, the results of 
analysis showed from 48 to 52.2 mg, indicating at this concentration 
an error of ± 2 percent. The average quantity recovered was 49.6 
mg, or 99.2 percent. An attempt was made to reduce the period of 
aeration below 18 hours by raising the temperature of the soil from 
212° to 266° F. It was found that at these temperatures a black, 
tarry substance was distilled from the soil and deposited in flakes on 
the inside of the absorbing tower. This material was insoluble in 
hot concentrated sulphuric acid, but any of the material carried down 
mechanically in the washing operation dissolved in the vanadic acid, 
thus introducing a possible error in the analysis. In order to avoid 
this difficulty the soil was not heated above 212°. 

EFFECT OF ORGANIC MA'l'TER 

In order to study the rate of decomposition of naphthalene in the 
soil two soil mLxtures were obtained from a commercial nursery. One 
was a clay loam mixed with well-rotted cow manure; the other, a 
mixture of this soil with an equal volume of peat moss. The clay 
loam had a moisture content of 19.8 percent, an apparent specific 
gravity of 1.132, and weighed about 1,900 pounds per cubic yard; the 
mixture of day loam and peat had a moisture content of 1,9.3 percent, 
an apparent specific gravity of 0.878, and weighed about 1,480 pounds 
per cubic yard. These soils were passed through a 10-mesh sieve. 
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One portion of each soil remained untreated; the other portions were 
intimately mixed with naphthalene crystals at the rate of 5 pounds 
per cubic yard. The naphthalene was added at the rate of 2.6 g to 
each 1,000 p; )f the clay loam and at the rate of 3.37 g to each 1,000 
g of the clay loam-peat mixture. The treated and untreated soils 
were placed in I-gallon stone jars and covered with lids. The loss of 
moisture in each of the jars was determined daily and sufficient dis
tilled water was added to replace the loss from evaporation. At inter
vals the soil was removed from one of the jars, thoroughly mixed, and 
three 100-g samples were taken for analysls. At the same time three 
samples were taken from one of the jars with soil containing no naph
thalene, to serve as a blank in the tltration. The 'samples were ana
lyzed acco!ding to the preyiously described procedure and the results 
expressed III pounds of naphthalene per cubic yard. The data are 
summarized in table 7. 

TABLE 7.-Rate of lOS8 of naphthalene Jrom moist clay loam and from a mixture of 
clay loam and peat at room temperature 

Concentration of naphthalene per cubic yard in-

Period after treatment (days) Clay loam Cluy loam and pent 

Maximum Minimum Average Maximum Minimum Average 

Pounds Pound.
a ......•.••..............••..•.........•......•........ 

Pounds 
5.00 

Pounds 
5.0t 

Pounds 
4.20 

Pounds 
4.68 

L •••••••••••••••••••••••___••• 4.40 4.38 4.43 4.21 3.28 3.00 
2•••••••••••_••••__._.......... 4.45 3.00 4.22 3.84 3.49 3.07 
3••••__ ••••••__ ••••.•••.•.••••• 
4....... ..•......•............. 

3.84 
3.05 

3.39 
2.50 

B.81 
3.59 

1. 48 
.34 

.95 

.10 
1. IY 
.20 

5.............. •••••••••••••••• 2.07 1. 00 1.49 .17 .00 .07 
6••••••••••.••••••••.•.••••••_.
7..............................
8.............................. 
0.............................. 

.83 

.23 

.02 

. 00 

.78 

.00 
• 00 
.00 

.82 

.09 

.01 

.03 

. 03 
a·>:00 

.00 

.00 

.02 

.00 

.00 

.0\ 

.02 

.00 

.00 

The quantity of organic matter does influence appreciably the 
decomposition of naphthalene in the soil. In the clay-loam soil the 
concentration was less than 0.1 pound on the average on the seventh 
daYi with the mixture of clay loam and peat this condition was ob
tained on the fifth day. Apparently the more organic material there 
is in a soil the more rapidly the naphthalene disappears. 

EFFECT OF REPEATED APPLICATIONS 

Aft.er soil has been treated with naphthalene at the rate of 5 pounds 
per cubic yard and stored in such a manner as to prevent reinfestation, 
there generally would be no necessity for re-treating it; but occasion
ally the fumigated soil becomes reinfested and then re-treatment is 
necessary. In such instances the nurseryman should know the rate 
of decomposition of naphthalene in the soil in order to determine 
when the soil can be used for potting plants. A mixture of clay loam 
and peat was treated with naphthalene at the rate of 5 pounds per 
cubic yard, placed in stone jars, and analyzed at daily intervals until 
the compound had disappeared. The soil was left undisturbed for 
5 days, re-treated with naphthalene at the same rate, and analyzed 
a~ain at daily intervals. Jfive days after the second application had 
disappeared, the procedure was repeated. The results of these tests 
are given in table 8. 
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T ,ABLE 8.-The effect oj re·ti'ealment on the persilltence oj naphthalene in soil 

Ooncenkatlon of naphthalene per cubic yard arter-

First treatment Second treatment Third treatment Period after treatment (days) 
I-'--~---r----I----~--~----I'-

Max!· Mini. Aver· Maxi· Mini· A ver· Maxi· Mini· Aver· 
mum mwn age mum mum age mum mum age

--------------1'·-------------------
Poundl Pounds Poundl Potlnd, Pound, Pound, Pound, Poundl Pound,

0••• __•••_•••••••••••_••_.... 6.04 4.20 4.68 ••••••••••••••_. 5.00 ••••,... •••••••• 5. ()()
1. •••_______•• _._._. __• ___ •• _ 4.21 3.28 3. 66 ~. 23 3.110 4.11 4.24 3.92 4.10 
\1•• _. ______••_••_••_._••• ___ • 3. S4 3.49 a.67 2. a3 1.70 1.97 3.36 3.0a 3.19 
a •• _______• _____________ ••. __ 1.18 .05 1.19 .85 .40 .69 2.84 2.47 2. 05 
4______• _____•___ ._. __ .______ .34 .19 .26 •08 .00 .0.1 2. 42 1.91 2.16 
5________•__•___ ••. _________• .17 .00 .07 ""_'" •••••__••••_._••••••••••••••••.••••_•••• 
6••_••_..........._._........ .03 .00 .01 __ •• ,_•••••••• , ••••_•••• "_"'" •••••••. _•••••••

7•••••_••••• ___________ ._.._. .02 .02 • 02 ...._....______________• 1.21 .04 1.09 

8....._._..___...._._........ ........ ........ ........ ........ ........ ........ .92 .60 .79 

9____ ...........................___ ......._. __....... ........ ........ ........ .09 .53 .61 

10.. __• __._............................................................_._••_ .80 .35 .60 

11_____...................... ........ ........ ........ ........ ........ ........ .48 .19 .38 

15•••••• __......_••___ ._..____.................___.._ ....................._.. •05 . 00 .03 

16. __ •__ ..___.........._......._...............___ •• _.........._._.,... ___ ... .03 .00 .01 


Practicallv all traces of the initial treatment disappeared in 6 daysi 
the second application disappeared in 4 days j but the third applica
tion remained in the soil for 16 days. Filamentous fungi developed 
rapidl:y during the second treatment but were not noticeably present 
follOWIng the first or third applications. It is probable that the first 
application stimulated the development of this organism so that it 
was sufficiently numerous to decompose the second ap:plication more 
rapidly i but the extensive development of fungi followmg the second 
treatment probably exhausted the essential food elements in the soil 
and reduced the fungi population so that the naphthalene was decom
posed more slowly. The rapid development of fungi in treated soil 
~ves ground for the suspicion that fungi, like bacteria, have a role 
m the decomposition of naphthalene in the soil. 

The decomposition of naphthalene in the soil is influenced by many 
factors, the most important of which are the organic matter, the 
moisture content, the temperature, and the degree of aeration. Under 
conditions in commercial nurseries the soil should 'be free from all 
traces of the compound within 2 weeks after the application of 
crystals. 

EFFECT OF TREATMENT ON SUBSEQUENT GROWTH OF PLANTS 

A preliminary experiment was carried on with radishes as indicators 
to determine the effect of treating soil with naphthalene crystals Oll 
the subsequent growth of plants. Sandy loam was treated with 
naphthalene at rates ranging from 5 to 15 pounds of the crystals 
per cubic yard of soil. Soil was also treated with mixtures of naph~ 
t,halene and lime and with mixtUl'es of naphthalene and sulphur to 
determine the possible effect on the growth of the plants of incor
porating these chemicals with naphthalene. The mixtures of naph
thalene with lime or sulphur were made up in the ratios of 3 to 1, 
1 to I, and 1 to 3, but because of the similarIty of the results obtained 
when the same quantity of naphthalene was mixed with different 
quantities of the other chemicals, all of the results with the naph
thalene-lime mixtures and with the naphthalene-sulphur mixtures 
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are grouped together. Immediately after the soil had been treated 
it was placed in pots in the greenhouse and 100 radish seeds were 
SiH;TD. in each pot. The same number of seeds was also sown in 
untreated soil. Two weeks after sowing, the seedlings in each pot 
were counted and the effect of the treatment was determined by 
comparing the number of plants growing in the treated soil with those 
in the untreated soil. The number in each treatment Was expressed 
as the percentage of the number i:..'l. the untreated soil. After the 
observation was completed the ple-nts were removed from the pots 
and the soil WI18 left fallow for 2 weeks. Each pot was again sown 
with 100 radish seeds aud the process repeated. The results of this 
experiment are summarized in table 9. 

TABLE 9.-Effect of naphthalene and of mixtures of naphtha.lene with lime and 
8ullJhur on the subsequent growth of radishes 

Number of plants developing 

When plunted immediately after When planted 30 days after treat
Concentration of naphthalene treatment wlth- mentwlth

per cubic yard (pouods) 

Napbtba- Naphtha- Naphtha- Naphtha- Naphtha-Naphtha lene and lene and lene alone lene nnd lene andlene nlon~ lime sulphur lime sulphur 

Percent Percent .Percent Percent Percent Percent5_____________________________ _ 63. 2 83. 1 50.4 78.2 05.6 07.1 
7_____________________________ _ 
6_____________________________ _ 

73. ·1 1\. 0 50. 0 92. 1 01. 5 90. 5 
8_______________________• _____ _ 59. 1 09.4 47.9 95. 6 98. 5 95. 6 
9_____________________________ _ 62. 2 03. 2 33. 6 98.5 86.9 100.0 
lO____________________________ _ 40.8 57.1 34.7 91.5 95. 6 80.8 
11_____________________•______ _ 39. 8 53.0 44. 9 92.7 65.2 76.8 

3·1. 7 41.8 35. 7 75.3 75.3 81.012____________________________ _ 35.7 _______________________ _ 71.0 _______________________ _
13____________________________ _ 31. 6 _______________________ _ 68.1 ________________________ 
14____________________________ _ 79.7 _____________ •__________ 
15_________________________..__ 23.4 _______________________ _ 

25.5 _______________________ _ 
79.7 ________________________ 

It was found that when radish seeds were planted in soil immedi~ 
ately after naphthalene crystals had been applied the germination and 
growth of the plants wer.e seriously retarded. The number of plants 
was reduced progressively from 63.2 percent in the soil treated at the 
rate of 5 pounds per cubic yard to 23.4 percent in the soil treated 
with 15 pounds per cubic yard. The addition of lime or sulphur did 
not materially change the g(3rmination or growth of the plants in the 
naphthalene-treated soil. When the soil was s~eded again 30 days 
after the naphthalene had 'been applied there was practically no 
difference in the development of the plants in the soil treated with 
different quantities of the chemical up to 10 pounds per cubic yard. 
Some residual :retarding aC.tion was apparent because in some pots 
20 to 25 percent fewer plants developed in the treated soil. In general, 
however, the detrimental effect of the naphthalene had largely 
disappnared from the soil within 30 days after treatment. 

From the l'esillts obtained with :radishes it was eA'Pected that treat
ment of potting soil with naphthalene at the rate of 5 pounds per 
cubic yard would have little effect on the growth of greenhouse plants 
and nursery stock, provided the soil was aerated after treatment. A 
mixture of clay 10.8m and manure was treated with naphthalene 
crystals, left undisturhed for 7,days, and then spread out in a thin 
layer for 2 days. At the end of this time no odor of naphthalene 
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could be detected. 'I'he sOil was then placed in pots and seeded with 
pot marigold (Oalend?;,la officinalis) and common snapdragon 
(Anti1'1'hinum majus). No retardation in the germination of the 
seeds in the treated soil was apparent; the plants grew normally; 
and those in the treated soil could not be distinguished from those 
in the untreated soil. '.rhe treatment did not affect; the quality or 
the quantity of the blossoms. Commercial nurserymen applied naph
thalene crystals to t.heir potting soil at tlw recommended rate and 
used it successfully to gro-w tin varieties of potted plants, mnong which 
N orfolk-Island-pine (Araucar-ia cxcel~a), a species of Oyclmnen, 
Dracaena fragrans, a species of Aspidistl'a, India rubbertree (Ficus 
elastica), English ivy (Heder-ahelix), Forster palm (Ilowea,jorsteria,ncL), 
screwpine (Pandanus sp.), Poinsettia, plllchel'rima, bowstring hemp 
(Sanse'IJier'ia zeylcLnica) , and l'oses (Rosa spp.). At the laboratory, 
Azalea amoenCL and A. inclic(L, Illldran{fc(L opuloidcs, a species of 
DeutziCL, Poinsettia pulcherrima, and a rose (Dorothy Perlnns) have 
been grown successfully in soil previously treated with naphthalene 
crystals. In addit,ion it was found that a species of Dahlia" a species 
of Iris, and a species of Phlox grew normally in soil that had been 
fumigated with naphthalene. 

These tests .indicate that vlants can be grown successfully in com
mercial nurseries in soil previously treated with naphthalene crystals. 
It is e::-''})Mied that if the soil is properly aerated after treatment the 
commercial nurseryman al1!l greenllOtlse."nan ,,,ill have no difficulty 
in growing the difl'erel!t varieties of plants. 

TREATMENT OF PO'l'TEDPLANTS WITH NAPHTHALENE CRYSTALS 

One of ·the problems in the control of the Japanese beetle is the 
development of a method for destroying the larvae in the soil of potted 
plants. It has been demonstrated many times that the soil of potted 
plants left in the field becomes infested with this insect during the 
summer months. It was thought that a pract.ical method for des

~ troying this infestation might he developed with naphthalene. 

HYDRANGEAS IN 6-INCH l'OTS 

A series of experiments were cal'l'ied on with 11,vdmngeCL OPUlo1'dcS, 
growing in6-inch pots. A group of 600 potted plants of tins species 
were infested by placing 25 larvae on the surface !mel permitting them 
to burrow into the soil. One week wus allowed 1'01' the larvae to 
become established throughout the soil in the pot. N apthhalene 
crystals were then applied, using dosages of 14.5, 42.5, and 123 gper pot. 
In hnH of the pots the chemical WfiS applied at the surface and in the 
l'emainder it was placed under the soil muss. Two weeks after treat
ment all of the soil was removed from the pots, sifted, and examined 
to determine the nurlher of living larvae. The mortality caused by 
each treatment, calculated according to the previously stated formula, 
is given in table 10. It was found that applying even 123 g of naphtha
lene at the surface or putting the crystals under the soil in the pots 
did not kill all of the larvae within this period. In the examination 
some of the larvae wore found within one-half inch of the naphthalene 
crystals, apparently unaffected by the chemio!1l. 'I'he application 
of the crystals at the suri'!1cc or under the soil mass in the pots did 
not appear to hav'e any inunediateo detrimental efrect on the hydran
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geas, but it did seriously intenere with the natural drainage of the 
pots, and probably over an extended period would have proved 
mjurious to the growth of the plants. 

TABLE lO.-Effectiveness of t.aphthalcne crystals in destroying larvae in a-inch 
pots of hydrangeas when applied at the surface or under the soil in the pots 

MortBllty oC lan'_ 

Crystals applIed per pot (grams) When chemical When chemical 
was applied Ilt was applied 
surlal'6 01 soil under soil mllSS 

Percent Percent14.5_____________ •_______.. ______ •__..________ •________________________ • _ 93.211 77.20 
75.00 94.151~~ii:=:::::::::::=:::::::=:==:=:::::::::::::::::::::::::::::::::::::::;j 65.60 95.15 

r 

HYDItANGEAS IN 4.INCH POTS 

It was still considered possible that crystals of naphthalene might 
be applied effectively to hydrangeas growing in 4..,inch pots. One 
thousand of these plants were infested, each with 5 larvae, in the 
manner described in infesting the larger pots. Naphthalene crystals 
were then applied, using 5, 10, 15, and 20 g of the chemical per pot. 
Some of the plu.nts were trell,ted by applying the chemical at the 
sUl1face of the soil, some were treated by putting the chemical under 
the soil in the pots, and others were treated by applying the chemical 
both at the surfnce and under the soil. After treatment the soil in 
half the pots was kept relatively dry and in the others it wrrs kept 
wet for a period of 2 weeks. At the end of this period, the mortality 
resulting from each treatment was determined in the usual mo,nner. 
These data are given in table 11. It was found that the infestation 
was destroyed in the pots kept relatively dl7. by applying 15 g of the 
crystals at'the surface or 10 g under the SOlI, or by putting 2.5 f! on 
the surface and an equal quantity under the soil in the pots. "VI'l1Cn 
the soil was kept wet, the infestation was destroyed only when the 
chemical was applied both at the surface and under the soil. The 
application of naphthalene in this manner prevented the natural 
drainage of the pots. The soil, which was watered, remained puddled 
throughout the period of 2 weeks, a condition undesirable for the 
proper growth of these plants. In "iew of the results obtained, it 
did not soom possible to use naphthalene crystals to destroy an infes
tation of this insect in pots where plants were growing without causing 
serious damage to the plants. 

On the possibility of destroying the infestation in the soil about 
the roots of hydrangeas in the process of potting the plants, naph
thalene crystals were nu:-;:ed with soil at the rates of 5, 7.5, 10, 12.5, 
and 15 pounds per cubic yard. Six: hundred hydrangeas were dug 
in the neld, most of the soil was shaken from the roots, and 500 
were potted.in the treated soil and 100 in untreated soil, The naph
thalene was applied to the soil just before it was used in the field in 
order that there might be enough of the chemical to destroy any 
larvae present in the small masses of soil adhering to the roots. Two 
days after being potted tho plants with naphthalene about their 
roots began to show signs of injury and continued to grow worse until 
at the elld of 2 months all were dead or dying. The untreated plants 

http:potted.in


--

---

USE OF NAPHTHALENE AGAINST JAPANEEIE BEETLE 17 

during this period continued to grow vigorously. Two months after 
treatment a record was made of the condition of the plants, consid
ering a plant"normal" when the top was growing vigorously and the 
roots practically filling the pot, "stunted" when it had made only a 
feeble growth, and "dead" when the roots had made no ~rowth and 
the top was wilted. A summary of these results is given ill table 12. 
The application of naphthalene crystals in this manner was found to 
be very detrimental to hydrangeas; none of the treated plants grew 
normally after the crystals had been placed about their roots. Ap
parently it is not safe to apply treated soil about the roots of hydran
geas until practically all traces of naphthalene have disappeared. 

TA.DLE n.-Effectiveness of naphthalene frystals in destroying larvae in 4-inch pots 
of hydrangeas when applied at the surface and under the soil in the pots 

MortaIlty of lar¥ae-

In soli kept dry In soli kept wet 

Crystals applied per pot

(grams) 
 Chemical Chemical 

Chemical Chomlcal IIppllod Chemical Chemical Bpplled
appllcd lit applied both ut applied at applied both at 
surface of uuder soli surface surflwfl of under soIl Burfal'S 

soli lllDSS und undor soIl lllasS and under 
soil DlasS soIl mass 

5____________________ ••________ Percwl P<rcent P<rcenl Percent P<rcent Percent 
10__________________ .. _________ 100.0? no. 34 100.00 70.00 80.05 P4.75 
15_____________________________ 07.44 Ion. 00 100.00 61. 60 70.70 100.00 

100.00 100.00 100.00 83.60 94.65 100.0020_____________________________ 
100.00 100.00 ]00.00 10.10 92.86 100.00 

TABLE 12.-EjJect on subsequent growth of hydrangeas of mixing naphthalene 
crystals with soil in process of 1wtting 

ICondition of plnnts 2 months Condition of plants 2 months 
Orystals applicd after treutment Cr¥stnls applied aller treatment 
pcr eu blc yard pCr cubic yurd

(pounds) (pounds) 
Dend Stunted Normal Dead Stunted Normal 

Percent Percent P<rcwt Perctllt Perctllt Percwt5.0_. _______________ 12.5________________
43 57 0 92 07.5_________________ 15.0 ________________ 
67 33 0 93 010.0________________ 0.__________________
02 8 0 0 100 ~ I 

The foregoing experiments show that naphthalene crystals cannot 
be applied to the soil of potted bydrangens to destroy the 'larvae of 
the Japanese beetle without causing serious injury or death to the 
plants. 

FUMIGATION OF THE SOIL OF POTTED AND BALLED PLANTS WITH 
NAPTHALENE VAPOR 

Naphthalene vapor has been used successfully in greenhouses to 
control the common red spider (Tetranychus telarius L.), the sugo.r
beet thrips (Heliothrips jemoralis Reut.), the onion thrips (Thl-ipS 
tab.aci Lind.), the greenhouse whitefly (Trialeurodes vaporariorum 
Westw.), and different 3p'ecies of aphids on cucumbers, tOlllFltoes, 
strawbelTies, carnations, lilies, azaleas, deutzias, hydrangeas, sedums, 
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arborvitae, .and several other kinds of plants, without causing any 
serious damage to the plants (9; 22; 23; 24.; 33; 34.; 36'1. 69-75; 
43; 4.4., p. 4.9~b'O). In view of these results, it was believe that the 
immature stages of the Japanese beetle might be destroyed in the 
soil about the Toots of potted plants and balled nursery stock by plac
ing the infested stock in a chamber filled with naphthalene vapor. 

VAI'omZATION OF CRYSTALS AND DISPERSION OF VAPORS 

Before undertaking the insecticidal investigation, a study was made 
of the vaporization and the dispersion of the vapor in a I,OOO-cubic
foot fumigation chamber. The naphthalene was vaporized by two 
difl'exent methods: (1) By placing the crystals in a metal pan directly 
upon a hot plate, and (2) by placing the crystals in a metal pan which 
was £oating in hot water. In both methods the Telative humidity 
of the ail' was maintained at practically 100 percent at a temperature 
of 80° F. by boiling water continuously in the chamber. When the 
naphthulene crystals \vere pInced directly on the hot plate the com
pound vaporized so rapidly that the metal pan was empty in 30 
minutes. Under these conditions the compound sublimed very 
quicldy, crystals settled on the w!tlls and ceiling of the chamber, and 
the air was filled with floating crystals. Fifteen hours after the 
naphthalene had been vaporized and when no crystals were floating 
in tho air, samples of the air ",-ere withdrawn from points 2.5, 5, and 
7.5 feet above the i100r to determine the concentration of .....apor in the 
atmosphere. Ten liters of air were withdrawn from each point at 
the Tate of 11 in 4 minutes. TJle ail' was then analyzed to determine 
the concentration of naphthalene. It \vIlS found that 15 hours after 
the naphthalene was vaporized on the hot plate, the average con
centration of the vapor in the chamber was 0.44 mg per liter. The 
quantity of naphthalene theoretically required to saturate a liter 
of air at a temperature of 80° was calculated by the formula: 

y}'1 p
H = BT X 760 X 1,000 

where 'fV= weight of nflphthl1lene in milligrams per liter, .ill= 128.06 
the molecular weight (128.00) of the compolmd, R=the gas constant 
(0.08204 liter atmosphere pel' molecule pel' degree), T= temperature in r 
absolute degrees, and 1)= 0.113, the vapor pressure of naphthalene in 
millimeters at 80° Ii'. It was calculated that at a temperature of 800t 
0.77 mg of naphthalene was required to saturate 1 1 of air. When 
the average concentration was 0.44 mg per liter the air was only 57 
percent saturated with the vapor. 

The rapid sublimation of the compound, when the naphthalene 
was vn,pol"ized directly on a hot pIitte, was considered undesirable. 
The experiment was repeated, vaporizing t.he naphthalene in a pan 
wbich was floating in water maintained at a temperature of 130° to .~ 
140° F. At the end of 1,5 hours a large part. of the crystals still 
remained in the vfl.porizing pan. The continuous boiling of water 
in the chamber to nuuntl1in fl,nilative humidity of 100 percent resulted 
in the accumull1tion of moisture on the walls and ceiling of the cham
ber. TIlls moisture appeared to have 0. cooling effect on the naph
thalene vapor, CILUSing crystals of the compound to form on the walls 
and ceiling. An. .l1nalysis of the air in the chamber 15 hours after I 
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:beginning the vaporization showed that the average concentmtion was 
0.46 mg per liter. With an average concentration of 0.46 mg per 
lit.er the air was 59 percent saturated with naphthalene. Vaporizing 
.the compound over hot water reduced the rapidity of sublimo,tion but 
.did not prevent the iormationof crystnls on the sides of the chamber. 

.Another experiment WiLS carried on, vaporizing the nn,phthalene in 
a chamber WIth the relative humidity of 90 to 95 percent, to deter
mine whether the absence of moisture on the sldes and ceiling of the 
chamber would reduce the sublimation. At the end of 15 houl'S, 
when samples of air were taken for analysis, no crystals of naphthalene 
were on the. walls or ceiling of the chn,mber. The average concentra
tion was 0.81 mg per Jiter!Lt a distance of 2.5 feet iLbovo the floor, 
0.83 mg at a distance of 5 feet, and 0.79 mg at iL distnnce of 7.5 feet 
above the fioor. It was apparent that by maintaining the relative 
humidity just below the satlll'ation point and vaporizing the compound 
over water at a temperatlll'e d 1300 to 1400 F. pntCtically a satlll'ated 
atmosphere of naphthalene vapor could be obtn.ined. 

MORTALITY OF LAltVAE IN SOIL BALLS AT DIFI'EREN1' TEMPERATUUES 

.An experiment was conducted to determine the period of time re
quired for an atmosphere, with a relative bll1riclity of 90 to 95 percent 
and saturated with naphthalene vapor, to l;::iU ImTae in musses of 
moist sandy loam, approximately 3 inches in. diameter, at tempera
tures ranging from 750 to 90 0 F. A total of 1,020 masses of soil were 
prepared and each was infested with five lul'YllC in the manner pre
viously described. The infested soil was then placed in the 1,000
cubic-foot fumigation chamber and exposed to the naphthalene vapor 
for periods ranging fl'om 18 to 96 hours. At tbe end of the pl'edeter
mined period larvae were removed from the ~oil bn.lls and phteed on 
trays for observation to determine t.ue efrcet of the treatment. The 
mortality resulting from each trell tmCII t wus cfLlculutcd according to 
the previously described formuln" 'l'hesc datu. nre summarized in 
table 13. 

TABLE 13.-Effectiveness oj on atmosphere with 90 to 95 percent relative humidity, 
and saturated with naphthalene vapor, in killing lCtTVtW in 3-incl~ b(tlls of soil 

l\1ortulfty of lurYUc nt- Mortality of larvue at-I 

Period of exposure ~~__ Period of exposure


(hours) [hours)
w~lw~ .~ w~!w~ .~ 

Percent Percent18__________________ p,~"
~16.4 

I .. ••-. P"""; IPo,,,100.0 -;;;;;:;;r 72.________ ____ 117.0 100.024__________________ .-----_...... -------_.... 
18.0 40.0 90.0 II 00__________________ 100. U 100.0 100.0 
89.2 98.7 100.0~------------------

Apparently this treatment might be effective in destroying the lar
vae in small masses of soil clinging to the roots of deciduous plants 
and in the soil balls about the roots of small evergreens, provided the 
vapor was not injurious to the plants. 

MORTALITY OF LARVAE IN POTS 

The treatment was then applied n,t a temperature of 80 0 F., for 
periods ranging from 48 to 144 hours, to 3-, 4-, and G-inch pots of 
moist soil infested with liLl'vae. At the end of the prcdetermined 
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exposure larvae were removed to determine the effect of the treat
ment. These data are given in table 14. It was found th&;t an e:ll.-po
,sure of even 144 hours was not sufficient to destroy all of the larv!!.e. 
Apparently very little of the vapor penetrated the walls of the clay 
pots. The :!:ate of penetration of the vapor from the surface of the 
soil appeared to be too slow to make the procedure of practical 
commercial value. 

TABLE l4.-Effectiveness of an atmosphere with 90 to 95 1)Crcent relative humidity, 
and saturated with naphthatene vapor, in killing larvae in pots of soil at a 
temperature of 80° F. 

I1'1ortnlity of lur\'he In'- lIIortnlity of Inrvne in-

Perlod of .xrosure 1-----;---.---11 Period of exposure 1----;----;--
(bours a.inch .J.iOell O.lnch (hOUrs) a-Iuch 4-loch a-inolA 

pots Jlots pots pots pots POlS 

------1--------- -11------1---------
Percent Pererllt Percent Percent Pcrcwt Percent48_________________ _ 120••________• ______!!S.O 92.0 firi. G 110. 'i OS. 0 81. 4 

96 _________________ _ 
72._________ •_______ 14-1________________ _

01.4 92.0 82.0 08.7 \1S.7 81.4 
IH.O O'\. 0 02. Ii 

EFFECT OF TREATMENT ON I'LANTS 

Although the insecticidall'esults were not very encouraging, some 
tests were made with azaleas, hydrangeas, and barberry to determine 
the resistance of these plants to the action of the vapor. It was 
planned to expose these pln,nts to a saturated atmosphere of naph
thalene for 1 week at a temperature of 80° F. Plants were l'emoyed 
from the fumigation c.hamber at intervals of 24 hoUl's and placed in 
the greenhouse. At the end of 24 hours the leayes on the plants 
began to show injury from the yapor and all pl!1nts exposed to the 
vapor for 48 hours, or longer, were damaged so seriously that they 
were of no commercial value. 

These experiments demonstrated that the yapor of naphthalene in 
insecticidal concentration was rela.tively slow in penetrating small 
balls or pots of soil. A comparatiyely long exposul'e was required to 
assure the destruction of the larvae. The vapor proved so detri
mental to the plants, even when they were e:ll.-posed for shorter periods 
than were required to kill the insect, as to preclude its use in commer
cial nurseries. 

NAPHTHALENE AS A REPELLENT TO PREVENT FEEDING BY THE 
ADULT JAPANESE BEETLE 

An experiment was conducted in 1925 to determine the value of 
naphthalene for protecting ripening peaches from injury by the adult 
Japanese beetle. ThITty-si.~ balls, each 2.5 inches in diameter, were 
prepared by pouring liquefied naphthalene into spherical molds and 
permitting it to crystallize. These balls were hung on the branches 
of small peach trees on which fruit was ripening. A few beetles were 
in the tree when the chemicnl was placed there at 10 a.m. and, 
although the odor was "ery pronounced, the beetle population had 
not diminished at the end of 7 hours. '1'he tree was kept under close 
observation for 6 days, the tempern,ture ranging from 69° to 95° F. 
At the end of this period the population of beetles in the tree had 
greatly increased and all of the fruit was damaged. It was apparent 
that .naphthalene used in this manner is of no practical value. 
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Metzger and Grant (30) made a smudl!e of naphthalene by mixjngthe cryl?tals with a slowly burning base of wood flour and potassiumnitrate, This smudue wo.s found to be only slightly repellent to theJapanese beetle in o~chards oi :ripening peaches; moreover, the windin the orchard dispersed the smudge so rapidly as to give no satisfactory control.
The blossoms of hybrid tea roses are among the favored foods ofthe adult beetle and there is.at present no satisfactory method forprotecting these plants from injury. An attempt was made to protectthe blossoms by periodic applications of naphthalene to the groundunder the plants. A bed 5 feet wide and 10 feet long, containing 18roses of the varieties commonly grown throughout the infested areaMme. Edouard Herriot, Golden Ophelia, SOllY. de Georges Pernet,Norman Lambert, John Russell, Red Radiance, Mrs. William C.Egan, Imperial Potentate, Mme. Jules Bouche, Hadley, AngelePernet, Los Angeles, Sir David Davis, Caroline Testout, Mme. LeonPaine, Mme. Butterfly, Souv. de ClaudiuR Pernet, and GeneralMacArthur-was selectecl, for experimentation. When, on June 15,25 rose chafers (Macmdactylus subspinosU8 Fab.) were found on theplants, 1 pound of naphthalene crystals was spread on the surfaceof the ground under the plants. One hour later the odor was verypronounced. All of these beetles left, but on ,the following day morewere present. The treatment was repeated on June 21, June 28, andJuly 3, therefore defrniteodor of the compound was always about theroses during this period. The first Japanese beetle was found on theroses on June 28. The number of beetles increased on the plants,notwithstanding the odor, 25 bein~ removed on July 5, 65 on July6, und 50 on July 7. The applicatIOn of naphthalene crystals to thesurface of the ground under the plants apparently afforded noappreciable protection. 

NAPHTHALENE AS A REPELLENT TO PREVENT OVIPOSITION BY THEJAPANESE BEETLE AND AS A CONTROL MEASURE IN THE FIELDt 
Many references to naphthalene fiS a repellent and control for soilinfestin~ insects are found in the literature, but the reports are oftenso conflicting .that it is difficult to determine definitely the value ofthe chemical for this purpose. Favorable results with naphthaleneagainst wireworms, larvae of EltLteridae, have been reported byTheobald (50) and Zappe (54, pp. 163-165). Gray and Wheldon (20)

I reported that it was of little value in reducing the number of wireworms. Bencomo (3) discounted its value for this purpose, andTheobald (51, p. 213) in a later paper stated that it had only temporary value as a repellent against these insects. Tattersfield (46)and Miles (31, pp. 17-21) concluded that naphthalene was of onlylimited lvalue because the nction of the chemical was so dependentupon thorough distribution in the soil, .and the effect was temporarybecause of its relatively rapid decomposition in the soil.
Blakeslee (4) and Peterson (35) placed naphthalene crystals n.boutthe base of peach trees in the usual manner for killing larvae andrepelling adults of the peach borer (Aegeria exitiosa Say). Theyfound that it had little larvicidal action and did not prevent the adultsfrom ovipositing. Chamberlin (6) fround crude naphthalene of littlevalue aga~st the black gooseberry borer (Xylocrius agassizii Lec.),I when applied about the base of the plants. 
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Feytaud (12) and Hutson (25,1). 122) found that spreading naph
thalene on the surfn,ce of tho ground was effective in repelling mole 
crickets. Some protection of newly planted tobacco against attack 
by tenebrionid beetles has been obtained by spreading naphthalene 
about the plants (10, p. 14.6). This treatment has also been found 
effective in protecting grafted slips of grapevines from attack by these 
insects (1). 

Smith and Wadsworth (4·2), Gray (18), and 'Thompson (52) found 
that applying naphthalene between rows of onions killed a high per
centage of the onion fly (Elylem?lia antiquc~ Meig,). Smith and Wads
worth (42)} Glasgow (16), and Thompson (52) reported that the appli
cation of naphthalene between the rows of carrots greatly lessened 
the injury by the carrot rust fly (Psila 'rosae ]j'nb.), although tbe degree 
of comro~ obtained by this method was. not sufficiently uniform to 
warrant lts use on n eonunerdal scale. Nnphtbnlene has been re
ported by Thompson (52) to be effective agaU1!)t the cabbage maggot 
«Phorbia) Iiylemyia bl'a8s1'cae BoucM). The celery fly (Acidia 
karaclei L.) hits been repelled by the applic.ation of the compound to 
the soil (2). Theobald (48) Bpt.1925-26, p. 7) reported that yegeta
bles were protected from damage by ortalid larvae, (]f.llodina) Seop
tera 1librans L.} by hoe.ing naphthalene into the soil about the plants. 
Oollinge (7, J}p. 17-18) found that the larvf1e of the March flies Bibio 
mat'ci L. and 13. johalllli8 L., which are introduced into soil with manme 
or leaf mold and attnek vegetables and young coniferous plants, can 
be controlled by treating the grolmd with naphthalene. 

Glendenning (17) found that the migrants of the elm-currant aphid 
(Erio8oma 11lmi L.) were repelled from black cmI'llnt hushes by hoeing 
naphthalene about the phnts. Collinge (7, p. 7) obtained some con
trol of the woolly apple aphid (Schizoneum) El'ioso?nct lanigermn 
Hausm.) by applying naphthalene to. the soil about infested t.rees. 

N aph thaleIle hilS been used 'with Yaryin.!;i results in the control of 
white grubs in the soil. 11eKinney and Milam (28) found that appli
cations of naphth,\1Jene to tohac'co beds gave little ('.o.ntrol of the laryae 4 
of the green June beetle (Cotini8 'llitida JJ.). Escherich (11), Novak 
(32) and Romanoysky-RonuLllko (4·0) reported t.hat tbe a.ppliclLtion 
of naphthalene to the surface of soilllrCYented the adult eockchafer 
(Melolontha, melolontha L.) from o\'ipositing. Marie (fe9) st.r"ted thn:t, 
applying the crystals a.t the rate of 1 ounce to 10.75 squllre feet 
repelled the females of this insect but did not kill the larvae; Guyot 
(21) reported that this treatment was eIl'ectiYe against cockchafers, I 
both as a larvicide fLnd as a repellent. Theobnld (48, Rept.1922-23, 
p. 12) stated that leatherjackets, cutworms, and chafer larvae were 
killed by naphthalene at the rate of 3 hundl'edweig11t to the arl'C} but 
concluded (;"9, p. 43) that the lIse ·of naphthnlelle could not be de
pended 011 to control the cockchafer. 

The value of naphtbalene as a repellent for soil-infesting insects 
was reported to vary considerably. The fact that under some .con
ditions the chemical apparently repelled or controlled some insects 
in the soil led to the conclusion that it might be of value against Jap
anese-heetle larvae. 

NUMBEU OF EGGS DEI'OSITED IN NAI'HTHALENF~TnEATED SO.I1. 

A preliminary m ..,,])eriment wus set up in the insectary to determine 
whether the presence of naphthalene in the soil wouldl'educe oviposi
tion by the beetle. Naphthalene erystals were thoroughly mixed ,.,,1th 
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the soil at rates ranging from 0.54 pound to 10.80 pounds per cubic 
yard. The treated soil was ple.ced in 12-inch pots and covered with 
cages; then 1,000 beetles WC~(l introduced ioto each cage nod left 
with an abundant supply of foliage as food. 'At the endaf 1 week, 
the soil was removed fro)n each pot and the num bel' of eggs deposited 
in each pot of treated soil was determined. '1'he Tesults of this experi
mentare presented in table 15. It was found that the reduction in 
the number of eggs in the treated .soils, as compared with the number 
in the untreated soil, ranged from 30.8 percen.t, with a dosage of 0.54 
pound, to more than 90 percent with the higher dosages. It was im
possible from this experime-nt, 11oweyer, to determine whether this 
aPl)arent reduction in the number of eggs 'was due to the repellent 
action of the compound or tQ the inser!ticidal nction on the insects 
after they had entered the ~c>il. 

TADLE 15.-Tlw 	effect on t1w ml,mber oj C(Jg.~ clepositccl by the female Japanese 
ueetle of m'ixinrl naphthalene crystals with soil 

Reducllon In Reduction In 
number of' number of 

e t Crystals ap. Eggs Eggs eggs fn 	 Eggs eggs inj Eg~srys nls ap· found In found In trented ~otl plied pcr cubic I found In (.'uut! In lreulet! soil 
plied per cubic lTollted untre\\led .n:~ compared 	 ul:trc!ltcd as compured 
yard (pounds) soli soil with num. ,'lIrd (pounds) lr~~Wd soli with num· 

her in un· 	 ber IUllD' 
treated soil 	 treated soil 

---1-----1'--,---1--- ---.-- 
Nu.mber NtJ:mber 	 l\TlJ.,')/lber PercentPer(~lIt __ I 'Number 

0.54............. 1, i77 2.567 .10. II 5.40............. f 0 J12 04. ft4 

1.03•••••••••_... 1, 4~7 2,507 44.02 I (IAs .............1 5 112 95.63 

2.16••••••___•••• 	 3S0 2,567 !H~8!\ 1i.Sr. ...._........ ~O 112 05.18 

3.24 •••••_._..... 	 360 2"n01 RO.1a Ii 8.(1\ .............1 10 112 01. 07 

4.32•••, ••,."... 	 208 2,5ti7 89.55 It 9.7~ ............ ' p , 112 01.07 


112 	 80.364.~2••"_"'._" 9 91. 97 \lliJ.~O....... , .... 1 22 I 112 


.----~---~----

RESUL'l'S FUOM TWO METHOnS 0.' AI'I'LICATION 

Another preliminary test was made with naphthalene crystals 
applied to the sl.u·face of fn1low ground and to turf. 'rrays 18 inches 
square aDd 3 inches deep 'were fillod with fn1Io\\' soH and with turf. 
Some were treated by 11Pplyiug naphthalene to the Sllrface at the rate 
of 1,000 pounds per i1('re; others remained untJ'C'uted. A treated 
and an untf-cnted tray of each were placed in diagolluJly opposite 
corners of a Inrge wire cage, 10 feet square and 8 feet high. Approx
imately 10,000 adult beetles were liberated in the ('age and food was 
added'as required. At the end of 1 week the treated uud untreated 
t.urf and the fallow soil were examhll'd t.o determine the number of 
eggs ill .Mcll. It wag found that tbe nppli('atioll of naphthalene crys
tals to the surface of theJI1,ll()'w soil or to LUl'f had llot eaused 11 decrease 
in the number of eggs. 'When applied to the Sll1'fnce in this manner 
the crystals disfLppeared, owiog to vaporization, before the experiment 
was completed. 

This experiment was l'cpented, lllLphthalene being applied at the 
rates of 1,000 and 2,000 p0unds per acre and mixed with the soil . 
.Anexamination of this soil ttt the end of 1 week showed that there 
were no eggs in the trented soils,although 11 large number of dead 
bee.tles were found. A totalo! 233 eggs were found in the untreated 
soil in the cage. The naphthalene apparently did not pn,went the 
females from entering the soil to oviposit but killed them before they 
laid their eggs. 
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An experiment was next conducted in a flower garden, heavily 
infested with adult beetlesl to determine whether repeated applica
tions of naphthalene to the soil about the plants would prevent the 
establishment of a larval population in the soil. The flower garden, 
50 feet wide and 90 feet longl was planted in rows 2 feet apart with 
the following varieties: Pot marigold (Oalendula officinalis), calliopsis 
(Ooreop8i8 tinctoria) , Chinese pinks (Dian:lhus chinensi8) , blue lace
flower (Trachymene caerulea), African marigold (Tagetes erecta), com
mon snapdragon (Antirrhinum majus) , IIweet scabiosa (Scabiosa 
atropurpurea), strawflower (Helichrysum bmcteatum) , common zinnia 
(Zinnia elegans) , and the common nasturtium (Tropaeolum majus). 
In addition to these annuals, there were two rows of sweet-william 
(Dianihus barbatus) , It row each of the phloxes Mrs. Jenkins and 
Champs Elysee, some iris, and several clumps of dahlia. When the 
Japanese beetle appeared in the garden on July 21 naphthalene was 
applied between the rows of plants at the rate of 1 pound to 100 
square Seet, and cultivated into the soil to a depth of approximately 
2 inches. While the adult beetle was present in the ga:rden the 
operation was repeated at weekly intervals up to August 20, a total 
of 8 pounds of naphthalene being applied to each 100 square feet. 
The odor of naphthalene was very pronounced in this garden during 
the summer but it did not repel the beetles from the flowers. Beetles 
could be found on all of the varieties, the feeding being largely con
fined, however, .to the dahlias, marigolds, and zinnias. The u.pplica
tion of naphthalene between rows of plants as in this experiment 
apparently did not affect the growth of these plants. 

In November, a larval survey was made by digging two strips, 3 
feet wide, 10 inches deepp and 90 feet long, through the gard.'\n and 
across the rows of plants. In this survey 161 Popillia larvae and 9 
larvae of ]J!facrodactylus were found in the rows of plants, and 30 
Popillia and 1 Macrodactylus larvae between the rows of plants where 
the crystals were applied. In other words, there were 300 larvae of 
the Japanese beetle in each 1,000 square feet of this garden. It is 
not uncommon in the vicinity of tlus garden to have 750 to 1,500 
larvae of the Japanese beetle in 1,000 square feet of soil. It should 
be noted that when this larval survey was made, 3 months after the 
last application of the crystals, the odor of the chemical was still 
pronounced and crystals were found in the soil. No doubt the 
application of naphthalene crystals did reduce the number of larvae in 
the garden; the results. obtained, however, did not warrant recom
mending the treatment as a control measure. 

SUMMARY .AND CONCLUSIONS 

Naphthalene has been tested extensively bl entomologists as a 
control for different insect pests inhabiting soil, and in the past 10 
years has been investigated as an insecticide and as a repellent against 
the Japanese beetle. ~ 

The methods of determining naphthalene quantitatively were in
vestigated. The determination of naphthalene as naphthalene picrate 
is relatively slow and requires careful standardization of each step 
in the procedure to obtain consistent results. The determination 
of the compound by oxidation to phthalic acid is more rapid and gives 
results in clos9 agreement. • 
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The physiological action of the vapor on the immature stages of 
the Japanese beetle is not clearly understood. Eggs and larvae 
eA-posed to the vapor become reddish in color, the intensity depending 
on the period of exposure. The vapor paralyzes the immature stages 
and finally- clLuses their death. The resistance of the different sta~es 
increases ill this order: (1) Larva, (2) egg, and (3) pupa. The penod 
of exposure necessary for a saturated atmosphere of naphthalene to 
kill depends upon the temperature, ranginz from 12 hours at 80° F. 
to 120 hours at 50°. The relative humidity of the atmosphere in
fluences to some extent the insecticidal action on larvae, the mortality 
increasing with the increase in relative humidity. 

The larvae can be destroyed in potting soil by applying naphthalene 
crystals at the rate of 5 pounds per cubic yard, provided the soil is 
moist (but not wet) and free from large lumps; that the temper
ature is above 50° F.; and that the soil is left undisturbed for 1 
week. Insecticidal tests and chemical analyses show that naph
thalene is decomposed rapidly in the soil and under normal conditions 
would disappear within 14 days. Organic matter in the soil in the 
form of peat hastens the decomposition. Difl'erent potted plants, 
including Arau.caria, eJ:celsa" Oyclamen sp., Aspidisi7'a sp., Poinsettia 
sp., Rosa sp., Hydrangea sp., and Deu.tzia sp., have been grown suc
cessfully in soil previously treated with naphthalene crystals. It 
was found impossible to apply naphthalene crystals to the soil of 
potted hydrangeas in sufficient quantity to destroy the larvae without 
causing serious injury to the plants. 

When infested pots of soil and infested soil balls were placed in a 
saturated atmosphere of naphthalene, the vapor penetrated only 
slowly into the soil. The best results were obtained by vaporizing 

t- the crystals over hot water in an atmosphere having a relative 
humidity of 90 to 95 percent. The l)lants, however, could not with
stand the long exposure necessary to destroy the insect. 

Na.phthalene vapor did not protect either roses or ripening fruit 
from attadc by the adult beetle. 

l\fi'Xing naphthalene crystals with soil at the rn.te of 1,000 pOUllds 
per acre was Iound, under insectary conditions, to prevent oviposition 
but did not keep the 1'emnlcs 1'1'0111 burrowing into the soil. The 
periodic application and mb:ingof naphthalene into soil about the 
roots of annual :flowers during the :flight of the adult beetle reduced 
the larval population in the soil; however, the results were not suffi
cient to warrant recommending the procedure as a control measure. 

From this investigation it was concluded that naphthalene when 
applied to soil is an effective insecticide for destroying the immature 
stages of the Japanese beetle. It cannot be used in insecticidal 
concentrations to destroy the insect in tl1e soil about the roots of 
growing plants. Thus, its use is limited to conditions where the 
soil can be treated before the plants are set. The compound has 
little value as a repellent against the adult beetle. 
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