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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

THE USE OF NAPHTHALENE AGAINST
THE JAPANESE BEETLE

By Wavrer B, FLEMING, entomalogisi, and Francis B, BARER, assistant erttomolo-
gist, Division of Japanese and Asiaits Deetles, Bureau of Entomology 1
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E INTRODUCTION
p—

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 pest 10 years it has been
tested ngainst the Japanese beetle (Popillic japonica Newm.). Prac-
tically a%l of these experiments with naphthalene were made with the
resublimed compound, the crude naphthalene sometimes recom-
mended for soil treatment being too varieble in composition to be

- satisfactory, In view of the widespread interest of entomologists

> ,.and the public at large in the control of the Japanese beetle, the

. -k "authors have attempted to bring together experimental data and
pertinent facts relating to the use of naphthalene against this insect.
The research on this problem has led fo & better understanding of
the insecticidal value of the compound, and, as a result of these
investigations, a quarantine procedure (54) for destroying the imma-
ture stages of the beetls was adopted in March 1929 and has been
in operation ever sinca.

! The writers wish to acknowledge the nsslstance rendered by R, Wagner, E, B, Rogers, end FL. W.
Cowerd, formerly on the atafl of the JTapaness Bestle Laboratory, in condueting tho unulyl.fml work for
this investigation.

1 Itallc oumbers in paronthesas rafer to Litarature Olted, p. 25.

45052°—34—1




2 TECHNICAL BULLETIN 427,'U. 8. DEPT. OF AGRICULTLRE

PROPERTIES AND ESTIMATIONM OF NAPHTHALENE
PHYSICAL PROPERTIES

Nsphthalens, C)sHs, is o white erystelline compound, oceurring in
coal tar and obtsined by crystallization from the fraction boiling
from 356° to 572° F. (180-300° C.). TIi crystallizes in shining plates
that have o characteristic odor and & bitier aromatic taste. Insoluble
in cold water and very slichtly soluble in hot water, naphthalene is
readily soluble in aleohol, benzene, and other organic solvents, It
melts at a temparature of 176.2° F. (80.1° C.) and boils at 424.2° F.
(217.9° C.). Roark ond Nelson (39} reported that the specific
gravity of a saturated atmosphere at 77° F. (35° C.) and normsl

ressure, as compared with air, was 1.0004. The vapor pressure is
ow, ranging from 0.02 mm at 32° F. (0° C.} to 0.21 mm st 95° F.
(35° C.). Roark and Nelson (38) have caleulated that 0.01 pound of
naphthalene is requived to saturate 1,000 cubic feet of air at 32° F.
{0°C.y; 0.03 pound at 59° F. (16°C.); 0.035 pound ut 68° I, (20° C.};
0.04 pound at 77° B, (25° C.); L.06 pound at 86° F. (30° C.); and
0.09 pound at $5° F. (35° C.}. It is seen that under normal con-
ditions only & small quantity of the compound is required to saburate
the atmosphere.

QUANTITATIVE ESTIMATION

BY FORMATION OF NAPTHALENE 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 under different con-
ditions. A study was made of the method of Kuster (26, p. 1101},
as medified by Colman end Smith (8), to determine the reliability of
the procedure for estimating small quantities of paphthaelene. This
method depends upon the precipitetion of naphthalene as naphthalene
pierate in the presence of excess picric acid.

Considerable variation was found in the recovery of naphthalene
by the picric acid method, although in general the Tesults were con-
sistently low. This variation in the quantity of naphthalene recovered
oap be attributed to severa] factors: (1) Some naphthalene sublimed
in the upper part of the fiask, after the compound was heated with
picric acid, altgouoh it was shalen occasionally; {2) some naphthalene
was absorbed in the rubber stoppers used to seal the flasks; (3) the
substitution of cork stoppers eliminated absorption but introdueed
the factor of leakage; (4) some naphthelene dil not resnct with the
picric ncid because crystals of naphthalene were oceluded by naph-
thalene picrate: (56) the temperature of the solution during the process
of erystallization influcnced the yield; (6) the quantity of water used
to wash the excess picric acid from the precipitate wes & factor because,
although naphthalene picrate is not soluble in picric acid, 1t dissolves
gppreciably in water. It is obvious that the determination of naph-
thelene as naphthalene picrate is s relatively slow procedure, and
enreful standardization of each step in the procedure is necessary fo
obtain consisten’$, accurate results.

BY OXIDATION TO PETHALIC ACID
‘Oelcott, English, and Downing (§) have reported that sulphonated

naphthelene is oxidized practically quantitetively to sulphophthelic
acids by means of vanadic acid In 70 percent sulphuric acid. The
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quantity of vanadic acid rescting with nephthalene can be determined
from the quantity of standard potassium permanganate required to
Teoxidize the reduced vanadic acid. In the presence of hot concen-
trated sulphuric acid naphthalene reduces vanadic acid to the blue
divenadyl salt, according to the following equation:

18H; VO, + 18H,80,+ C;oH = 9V5§2 E)SO;)Q + CH,(COOH); + 2C0, +
46,

The treatment of divanadyl salts with potessium permengenate in
hot dilute sulphuric acid changes them into vanadic acid according to
the following squation:

5V20,(80):+2KMnO, + 22H2% =§8H4V04 +2MnS0,+2KHS0, +
6 2 +

The above equations show that 5 molecules of naphthalene are
equivalent to 18 molecules of potessiuin permeonganate; therefore, 1
cc of N/i0 potassium permanganate is equivalent to 0.7117 mg of
naphthalena.

An experiment was carried on to defcrmine the concentration of
sulphuric acid necessary to sulphonste the naphthalene within 1 hour
£t a temperature of 212° F. (100° C.) TFifty 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 was determined as outlined by Caleott, English, and
Downing (5). The following results were obtained:

Degree of

Strength of acid: suiphonalion
& cc of concentrated sulphuric acid plus 5 cc of water None
7.5 ec of concentrated sulphuric acid plus 2.5 ce of waber.___ 10 percent.
10 cc of concentrated suiphuric neid - 100 percent,
10 ce of 15-percent oleum 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 suiphonation of naphtha-
lena. Tt was concluded $hot some oleum should be used in the sul-
phonating mixture to insure that any water present in the sample of
naphthslene would not reduce the concentration of the acid to a
point where the compound was not completely sulphonated. The
sulphonating mixture finally decided upon was composed of 40 parts
by volume of coneentrated sulphuric acid and 60 parts by volume of
15-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 g of pure ammonium metavanadate to
220 co of distilled water and adding gradually with agitation 780 cc
of concentrated sulphuric acid. A standard napthelene solution was
prepared by adding 1.13 g of resublimed naphthalene o 40 cc of
concentrated sulphuric acid end 60 ce 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 maede up to a volume of 11
with distilled water. Ten-cublc-centimeter aliquot portions of the
standard naphihelone solution were then mixed with 10-ce portions
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of the standerd vanadic acid solution and heated for 1 hour at differ-
ent temperatures. At the end of the oxidation period each semple
was diluted to 500 cc with distilled water and titrated with N/10
potassium permanganate solution. The following equation was used
in calculating the results:

Mg napbthalene=total cc N/ID potessium permangenate—cc N/10
potassium permanganate in the reagent blank > 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. Frorm
& congideration of the results it appears that the oxidizing temperature
should be at least 266° F. (130° C.), The oxidation of naphthalene
st this temperature is practically guantitative, the average error
being less than 1 percent.

TasLe 1.—The effect of (he oxidizing temperaiure on {he recovery of naphihelene by
the vanadic avid method

Nephthelone recovered
Oxidizing | Jiophths-

tomperatare ;gf:ntéﬁffs

Avarnge
TECOVETY

Mazimum | Minlmum | Average

°eE | *C
202
il
248
b
5
R4
oy 150

£

Pereenl
78. 85
BE. &7
03, 42
8. i
49, 64

log 24
1, 24

k. [y vy
;t-:r_acwg
B R e o O O 2D
[ R Py

Inf it el b o0 ]
A b (T D D

The determination of naphthalene by suphonating and oxidizing
to the phthalic acids is & relatively rapid procedure which gives re-
sulfs in close agreeinent; this procedure Is free from the empirical
factors and the careful smnda,rrﬁzaticﬂ in the differert steps of anal-
ysis required to obtein consistent results by the methods under which
the naphthalene is finally estimated as naphthelene picrate.

INSECTICIDAL ACTION OF NAPTHALENE VAPOR ON IMMATURE
S8TAGES OF THE JAPANESE BEETLE

PHYSIGLOGICAL EFFRGT

Naphthalene is %eneraliy considered by entomologists to be a weak

insecticide; sctuelly, molecule for molecule, it is & more eflective
fumigant then carbon disulphide, carbon tetrachloride, paredichloro-
benzene, and other widely used organic compounds. Tattersfield,
Gimingham, and Morris (47) found the vapor of naphthalene more
toxic then paradichlorobenzene to Aphis rumicis L. Lehman (27,
p. 965) reported that naphthalene was 10 to 14 times more toxic than

aradichlorobenzene ab the game concentration to the confused flour
Eeetle (Tribolium confusum Duv.)). In 1924 Fleming (18} tested
the comparative effectiveness of 43 organic compounds as {umigants
agsinst the larvae of the Jepanese beeile and found that of these
chemicals only benzyl chloride, phenol, and ortho-cresocl were more
efective insecticides than naphthalene, A molecule of naphthalens
vepor was considerably more effective against the larvae than was s
mcﬁecuie of paradichiorobenzene, nitrobenzene, bromobenzene, chioro-
benzene, hexachloroethane, carbon disuiphide, or carbon tetrachloride,
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The effect of naphthsalene vapor on the immature stages of the
Japanese bestle is not clearly undersiood. When the ereamy-white
eggs or larvae of this insect are exposed to the vapor of naphthalene
they take on & reddish color whick ranzes iz intensity from light pink
t0 mahogany brown, depending on the period of exposure. In view
of the results reported by Shull, Riley, and Richardson (41) with the
orientsl cockroach (Periplanete) Blaita orientalis L., this discoloration
of Popillia eggs and larvae is probably not caused by sny 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 & fat solvent. After
lervas are exposed to naphthalene vapor for several hours they are
uneble to walk, but move the head end body convulsively at periodic
intervals, As the freatment is prolonged, the larvee graduelly become
completely perelyzed. The parelyzing effect of vapor of naphtha-
lene has also been observed by Rico (37) with the perasitic roundworm
Ascaris tumbricoides L. This paralysis is followed by death.

RELATIVE RESISTANCE OF EGG, LARYA. 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 vaper.
The insects were placed in suitsble 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 flack were sub-
jected to the vapor without coming in contact with the solid chemical.
The flagks were maintained a$ a temperature of 70° F., and gt inter-
vals some insects were removed to determine the effect of the vapor.
The eggs were placed on the surfece of moist peat, kept in the dark,
and examined daily until sll of them had hatched or decomposed;
the larvae and pupsae were placed on the surface of moist soil in cross-
section trays (75, pp. 6-9) end 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
miroduced by mechsanical manipulation. In this experiment 3,800
eggs, 1,300 larvae, and 1,000 pupee were used. The mortality caused
by different periods of exposure weas determined by the following
formula:

Number of untreated slive—
Number treated alive

Number of unireated slive x 100

Percent mortality =

The results of this experiment sre summarized in tabie 2:

TaBLE 2.—Effect of naphthalene vapor on };gnmature stages of the Japanese beetle af
F{ a0V GN

Mortailty of— Mortelity of—
Periad of exposuro Perlod of exposure
{hours {houts
Fgos Lnrvaa Pupus D Lorvas | Pupasa

Percent Percent Pereent
.6 8.9 5.4 w060
100. ¢

i
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It was found that the different stages of the Japanese beetle vary
in resistance to the vapor of naphthsalene. It is apparent thet the
larva is the stage most suscepiible and the pups the least susceptible
to the vapor,

EFFECT OF TEMPERATURE ON INSECTICIDAL ACTION

The repidity of insecticidal action of fumigants on the immature
stages of the Jepanese beetle is known to be apprecigbly affected by
the temperature of the atmosphere. An experiment was carried
on with 6,000 larvae, at temperatures ranging from 50° to 80° T,
to determine the extent fto which temperature affected the period
required for an stmosphers saturated with naphthelene to kill them.
The larvee were removed Irom soil and exposed nt the differcnt
temperatures to the vapor in the manner described while determining
the resistence of the different immature stages, The results of the
different iests are summarized in teble 3. It was found that the
period of time required for naphthalene vapor to kill the larvae varies
inversely to the temperature. The prolonged exposure at the lower
temperatnres is prohably necessary because of the decreased snctivity
of the insect and the smaller quantity of the compound in a unitb
volume of air. At a temperature of 80° an atmosphere saturated
with naphthalene contains (.77 mg of the compound per liter. This
quantity is reduced to 0.55 mg at 70°, 0.42 mg at 60° and 0.35 mg
at 50°. It is apparent that oven if the activity of the insect were
not reduced at the lower temperatures, a much longer period of time
would be required for it to absorb an insecticidal dose of the vaper.

Lasnn 3.—Effeel of femperalure on insecticidal aclion of nephthalene vaper on
larvae of the Sapanese besile

Worlailly of lnrvae al— Mortalily of larvee al—

Perfod Emi!' c.\'i)t;- Period(!(af ex;;o-
suta (hours sure {hours
[T O 1 ol O S O O+ gl O Ll R Il P L U I

Pereend |Pereent | Pereentd | Pereend Pereent | Pereent | Percent | Percent
(PP SR, 2.4 G U §2. 5 104, ¢
3.5
1 I P
42,8
. 6.3

R EE N

EFFECT G LELATIVE HUMIDITY ON INSECTICIDAL ACTION

The relative humidity of the stmosphere genersally does not effect
the insecticidal action of a fumigant as markedly os does the tempera-
ture, but it was expecied that the relative humidity would modify
to some extent the toxicity of naphthalene vapor. An experiment
was carried oL with 5,400 larvae at & temperature of 70° . to deter-
mine the extent to which the minimum lethal exposure in an atmos-
phere saturated with naphthsalene was medified by the relative
bumidity. The larvae were placed in Florence flasks which were
then conditioned for humnidity by passing e stream of sir of known
humidity through them for a period of 24 hours. A relative humidity
of 100 percent was cbteined by bubbling the air through distilled water,
a relative humidify of 56 percent by bubbling the sir through a satu-
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rated solution of sodium bromide, 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 e ball of naphihalene was susnended n
each flask. It is realized that when the movement of the conditioned
air through & flask was stopped the relative humidity in the flask
wes probably modified by the respiration of the insects, but it is
believed that this factor was not of great importance. Groups of
larvae were removed from the flasks at intervals to deterniine the
effect of the treatment. The results of this experiment are sum-
marized in table 4,

TasLe &.—Effect of relative humidity on insecticidal action of naphthalene vopor
on larvee at 70° F,

Maortatliy of inrvaon nl—

Perlod of exposure (hours) Loro 20-pereent | 3-perevut | I00-parcent

relative relative retubive relolive
bomidity | hwmidity | homidity | bamidity

Pereent Pereent Pereral Fereent
. 0.0 800
§3.1 45,9 M7
15,9 1G0. ¢ n.a

The mortality of the larvae exposed to naphthalene vapor was
increesed with the increase in the relative humidity of the atmosphero.
As the period of treatment was prolonged there was less difference
between the mortality in the different atmospheres until, with an
exposure of 48 hours, all larvae were dead.

TREATMENT OF POTTING SOIL WITH NAPTHALENE CRYSTALS

Nurserymen have o definite need for a mathod of treating soil to
destroy larvee of the Japenese beetle before the soil is used for pottin
greenhouse plants. The use of soil that has had an insecticida
treatment to destroy this insect is required of nurserymen who ship
plants with soil about their roots to points oulside the guarantined
area. Fleming and Baker (14) state that sieam sterilization and
fumigation with carbon disulphide have been found satisfaciory
for this purpose.

DOSAGE EFFECTIYE 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, clay loam,
and a mixture of clay loam and peat moss to determine the possibility
of using naphthalene crystals for this purpose. Thesc soils wers
carefully screened to remove large lumps, stones, and debris, and were
then mixed in a moist condition with resubluned naphthalene in
quentities ranging from 0.2 pound to 2.1} pounds of the chemical to
& cubic yard of soil. The treated soil was then placed in 3-inch pots
and set in the greenhouse. On the same day the treatment was
epplied to the soils, 5 sctive third-instar larvee were placed in cach
pot. A total of 3,300 larvae were used in this test. These pots of soil
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were maintained for 21 days at approximately optiraum moisture for
growing plants in & greenhouse where the temperature ranged from
45° to 66° F. Ten days after the larvae were ]faced in the soils, the
pots were axamined, and a record was made of the number surviving
In each treatment., When the examination was completed and all
lorvae 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 larvae
surviving in each treatment. The mortality resulting from each
treatment was then calculated according to the previously mentioned
formula. A summary of these data is given in table 5.

TanLe 5.-—Effectivencss of nophtholene crysials in destroying larvae in different
iypes of polting soil, the chemical being thoroughly mized with the soil

Mortality of inrvan ln—

Bandy lonmn Clay lotm Qluy loato and peat

When put | When put | When put | When not | When put | When put
lnsollnt | insoll1D | Insoilat | inseil 10 | lusollat | lvscll 10
Lime of | clays after time of | dnys ofter Ume of | days alter
sgtreatment | treatment | trentment { treatment | trentioent | freatment

Crystals applicd per cubie
yard (pounds)

Fercent Pereent Pervent Pereent Percent Pireent
7.4 M2 7.6

07.2
100. 0
100. O
1L 0
160. ¢

ea

-
CoOROoOROoD

o

EOoOoDoODooYa

sy b3
«GHBENERLES
= B R E- P =1 L 1]

EFFECT OF QRGANIC 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 at the rate of 0.6 pound per cubic

ard was sufficient to kill the larvae in the ¢lay loam and sandy loam;
1t had to be applied 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 higher the concentration of organic
matter in the soil, the less effective the compound is in destroying
the Jarvae, The insecticidal valua of the treatment was practically
dissipated during the first 10 days. When larvas were introduced
info 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 explanation 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
poat are somewhat variable.
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DOBAGES REQUIRED TQ KILL LARVAE INTRODUCED BUBSEQUENT TO TREATMENT

Another series of experiments was carried on to determine the
quantities of naphthalene that would have to be applied to pottin:
soil in order that there would be enough of the compound in the 505
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 at rates rangin
from 0.2 pound to 25 pounds per cubic yard. The soil was then laceg
in the greenhouse and infested with Jarvae, a total of 8,400 larvae
being used in the experiment. At the end of 7 days the larvae were
removed from the soll and the mortality from each dosage was deter-
mined. The soil was then reinfested and examined agsin after lapse
of 7 days. The process was repeated for periods of 14 and 21 days
after the initial application of the chemical. The following coneen-
trations of naphthalene per cubic yard of soil were necessary: 0.6
pouxnd to kill larvae introduced at the time of treatment; 17.5 pounds
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. z’Lppm‘ent.llf:,r the insecticidal value of the treat-
ment is rapidly lost in soil.  Relatively large quantities of the chemicnl
must be spplied to insure the destruction of any larvae introduced
subsequent to treatment. 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 freatment the
soil must be protected from reinfestation.

RELATION OF S50IL LUMPS AND MOISTURE TO REQUIRED DOSAGE

The ireatment of potting soil cannot always be carried out under
relatively idesl conditions where the chemical is intimately nixed,
where the soil 1s moist but not wet, and where there are no lumps
large enough to harbor the insect. An experiment was conducted to
determine the eflectiveness of the treatment under less ideal conditions.
Moist and wet sandy loam wers 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 pereent
of water, and the wet sandy loam was practically saturated, containing
23 percent of waber. It was not possible to determine that the natural
lumps in the soil contained larvae without breaking the lumps and
destroying their value for experiment; therefore, artificially infested
lumps of moist and wet sandy lonm 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 tightly about the soil and tied, forming a
Iump of soil approximately 3 inches in dismeter, Twenty-five hundred
of these artificially infested masses of coll, containing 12,500 larvae,
were prepared and buried in the different treated soils. During the
following week, the temperature of the soils fluctuated between 45°
and G0°, averaging 51° I'. At the end of 7 days, the larvac were re-
moved and the mortality was determined according to the previously
mentioned formula. A summary of these results is given in table 6,

50087 — 343
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Tanre 8.—Effectiveness of naphihalene erysials in deslroying larvae in soil lumps
cf:nbegdcd z'? moist and in wet! sendy loam treated with different quantitics of
the chemieca

Morinlily of larvas Mortalitg of lervae
nfter 7 days In— after 7 doys in—
Crysinls appiled per enbip Crystals applied por cuhle
yorg (pounds) vard (nounds)
Moist Wel Molst Wet
1] ol sal? soli

Pereent | Percent Percent | Percend
i, 28 7. 84 1600, 60 ED. 85
06, 19 . X 40, 50

78, 80 . ) Y740
68,95 2 8540

! The nathors consider & soil as wet when it contalns sufftelent water 1o be judidled rendily on manlpuis-
tlon; es moist, when nbout heif salurated with water and ip o frinhle condiiion.

It was found that in this treatment, when the crystals were not in
contact with the larvae, naphthalene bad 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 e dosage of 2 pounds applied directly
to moist soil killed 99.28 percent of them. In wet soil the treatment
was not effective, even when the chemical was applied at the rate of
10 pounds per cubic yard.

¥rom the data obtained, it was concluded that naphthalene crystals
can be relied upon to destroy all larvae in soils to be used subseguenti
for potting plants, provided the following conditions are sabisﬁed}:
(1) That the scil is moist, but not wet; (2} that it is free {rom large
lumps; (3) that the tempernture is maintained above 50° F.; @)
tuat the chemical is mixed 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 prevens subsequent
reinfestation.

DECOMPOSITION OF NAPHTHALENE IN 80iL

That under favorable conditions neplithelene disappears rapidly
when mixed with sofl is well known, This {act has been recorded
by Tattersfield (46) snd Speyer and Owen (46). The disappearance
of the compound from soil 15 ususlly too rapid to be attributed en tirely
to volatilization. Infact, Tattersfield (46), Thornton (69), and Gray
and Thorntor (79) have shown that the loss of naphthalene from soil
is due largely to bacterial action. It was of considerable interesh to
know the rate of disappearance of the compound in soil, particularly
when the soils were to be used subsequently for the growing of plants.
A serles of experiments were therefore carried out in the laboratory
to determine by chemical analysis the rate of disappenrance of naph-
thalene from the soil,

Before undertaking a study of the decomposition of naphthalene
in scil, several experiments were conducted with known quantities
of the compound mixed with scil to determine the best method for
removing the chemical for analysis and also to learn how much naph-
thelene could be recovered. Vaporizing the naphthsalene in the soil
and carrying it to an absorbing material appesred to be the best
procedure for removing the compound from the soil. Naphthalene
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-cc 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 wes absorbed in concentrated sulphuric acid st a
temperature of 320°,

Several different types of absorbers were tried with varyin degrees
of success. The most satisfactory was a glass tower 5 feet ong, the
vepors being introduced at the bottom, where they met & stream of
hot sulphuric_scid 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 & 60-cc round-
bottomed Pyrex flask, which eaught 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 glass tower to heat the acid, so that when it finally
passed into the glass reservoir it was at a temperature of o proximately
320° F. A 60-cc dropping funnel was placed above ﬁge 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 sulphurie acig and
wes carried into the reservoir, where it was maintained 2t a tempera-
ture between 266° and 320°,  After the soil had been serated for 18
bours, the flow of air and ucid 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 washed with
distilled water until the washings discharged from the bottom of the
tower were neutval 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
scid and the quantity of naphthelene 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 mived with soil, the results of
analysis showed from 48 o 62.2 mg, indicating at this concentration
en error of 2 percent. The average quantity recovered was 49.6
mg, or 98.2 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° K. It was found that at these temperstures a black,
tarry substance was distilled {rom 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 aecid
thus introducing & possible error in the anslysis. In order to avoid
this difficulty the soil was not heated sbove 212°.

EFFECT OF ORCANIC MATTER

In order to study the rate of decomposition of naphthalene in the
soll two soil mixtures were obtained {from a commercial nursery. One
was 8 clay loam mixed with well-rotted cow manure; the other, o
mixture of this sofl 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 sbout 1,900 pounds per cubic yard ; the
mixture of clay loam and peat had a moisture contens of 49.3 percent,
an epparent specific gravity of 0.878, and weighed sbout 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
mtimately 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 g of the clay ﬁ)am and st the rate of 3.37 g to each 1,000
g of the clay loam-peat mixture. The treated and untrested soils
were placed in 1-gelion stone jars and covered with lids, The loss of
moisture in each of the jars wes determined daily and sufficient dis-
tilled water was edded to replace the loss from eveporation. At inter-
vals the soil was removed from one of the jars, thoroughly mixed, and
three 100-g samples were taken for analysis. At the same time three
samples were taken from one of the j87s with soil containing no naph-
thalene, to serve as a blank in the titration. The samples were sna-
lyzed according to the preyiously described procedure and the results
expressed in pounds of naphthslene per cubic yard. The data are
surmmarized in table 7.

TavrLe T.—Rale of loss of naphthalene from motst clay loam and Srom o mizture of
clay loam and peat at room lemperalure

Concentration of puphthalene per cuble vord in—

Perlod after trestmoent (doys) Clay loam Clay loam and pont

Marimum | Minimum | Average | Maximuim | Mintmum | Aversge

Pounds Pounda Pounds " Pounds
5.00 514 I 4.

4.4 4.38 4.43
4. 48 3. f1g 4. 0%
3.84 3.3 B.RL
3.95 250 . 60
2.07 06 240
83 .78 .82
G0 L1
G0 A
GO -3

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
day; with the mixture of clay loam and peat this condition was ob-
tsined on the fifth day. Apparently the more organic material there
is in & soil the more rapidly the naphthalene disappears.

EFFECT OF REPEATED APPLICATIONS

After soil has been treated with naphthalene at the rate of 5 pounds
per cuble yard and stored in such & manner as to prevent reinflestation,
there generally would be no necessity for re-treating it; but occasion-
ally the fumigated soil becomes reinfested and then re-trestment is
necessary. Ip 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 pott.in% plants. A mixture of clay loam
and pest 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 hed disappeared. The soil was left undisturbed for
5 days, re-treated with naphthalene at the same rate, and snalyzed
again at daily intervals. ¥ive days after the second epplication had
dissppesred, the procedure was repeated. The results of these tests
are givern in fable 8.
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TanLe 8.—The effect of re-tregiment on the persistence of naphthalene in goil

Ooncentration of naphtheleno per cuble yard atier—

Perlod after trentment {dnys) First teeatment Becond troatiment Third treatment

- | Mipte | Aver- | Maxi. | Minl- | Aver- | Maxl- | Mini- | Aver-
mum | age | mum aga | mum | mnm | Bege

| Pounds | Pounds | Pounds | Pounds | Pounde |Pounds | Pounds
ggg 4,08 5 00 - 5O

3.87
.28
o7
.01
G2

Practically sll traces of the initial treatment disappeared in 6 days;
the second application disappeared in 4 days; but the third applica-
tion remained in the soil for 16 days, Filamentous fungi developed
rapidly 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 orgenism so that it
wes sufficiently numerous to decompose the second application more
rapidly; but the extensive development of fungi following the second
treatment probably exhausted the essential food elements in the soil
and reduced the fungi population so that the naphthelene was decom-
posed more slowly., The rapid development of fungi in treated soil
gives ground for the suspicion that funyi, like bacteria, have a role
in 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 seration. Under
condifions 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 preliminat-g experiment was carried on with radishes as indicators

to determine the effect of treating soil with naphthelene crystals on
the subsequens growth of plants. Sandy loam was freated with
ngphthalene at rates ranging from 5 to 15 pounds of the crystals
per cubic yard of soil. Soil was also treated with mixtures of naph-
thalene and lime and with mixtures of naphthelene 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,
1o 1, and 1 to 3, but because of the similarity of the results obtained
when the same guantity of naphthalene was mixed with different

uentities of the other chemicals, all of the results with the naph-

alene-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
go¢m in each pot. The same number of seeds was also sown in
untreated seil.” Two weeks affer sowing, the seedlings in each pot
were counted and the effect of the treptment was determined by
comparing the number of plants growing in the treated scil with those
in the untreated soil, The number in ench treatment was expressed
as the percentage of the number in the untreated soil. After the
observation was completed the plents were removed from the pofs
and the soil wes teft fallow for 2 weeks. Kach pot was again sown
with 100 radish seeds aud the process repeated. The results of this
experiment are summerized in table 9.

TaBLE 9.—Ffcct of nuphthalene and of mizlures of naphihalene with Hme and
sulphur an the subsequend growth of radishes

Number of plants developing

Whett plunted immediately aftor Wheon planted 30 days alter treat-
Concenilestion of naphthnlene treatmont with— ment with—
per vintde yord (poutids)

Naphtha- | Naphtha- Nuphthe- | Nephtha.
Waphtlhas Naphiha-

lene pnd | lene sod lene and | lene nnd
Jene aloms Time suiphur | Jene alone lime suiphur

Pereent Prreent Percent Percent Percent Prereent

L2 831 3 78,2 5. ¢ 7.1

3.4 . 50, 2.7

7. 95, 0

3. 98.5
4.
4.
5,

gag
£

&
7
3
1}
1

W BN S = R R
v

al.
o2
78,
7L
08,
70.
79,

BRERLESE

7
7

It was found that when radish seeds were planted in soil immedi-
ately after naphthalene crystals had been appled the germination and
growth of the plants were seriously retarde£ 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 ehange the germination or growth of the plants in the
naphthalene-treated soil. I%\’hen the soil was g>eded again 30 days
aféer 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 relarding actlon was apparent becsuse in some pots
20 to 25 percent fewer plants developed in the treated soil. Im general,
lowever, the detrimental effect of the naphthalene had largely
disappeared from the soll within 3¢ days after treeément,

From the results obteined with radishes it was expected that treat-
ment of potting soil with naphthalene at the rate of 5 pounds per
cubic yard would have little efiect on the growth of greenhouse plants
and nursery stock, provided the soil was aerated after treatment. A
mixture of clay logm and manurs was treated with naphthalene
erystals, left undisturbed for 7.days, and then spread out in a thin
layer for 2 days. At the end of this time no odor of nephthalene
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could be detscted. The soil was then placed in pots and sceded with
pot ‘marigold (Calendule officinalis) and common snapdragon
{Antirrhinum magus). No retardation in the germination of the
seeds In the treated soil was apparent; the plants grew normally;
and those in the freated soil could not be distinguished from those
in the untreated soil. The treatment did not affect the quality or
the quantity of the blossoms. Commercial nurserymen applied naph-
thalene crystals to their potting soil at the recommended rate and
used it successfully to grow nll varieties of potted plants, amon ¢ which
Norfolk-Tsland-pine {Araucaric excelsa), s species of Cyclamen,
Dracaena fragrams, o species of Aspidistra, Incgi)a rubbertree (Ficus
elastica), English ivy (F.?édemffz,el'ix), Forster palm (FHowea forsteriana),
screwpine (Pandanus sp.), Poinsettic pulcherrima, bowstring hemp
(Sansevieric zeylunica), and roses (Rose spp.). At the laboratory,
Azalea amoene and 4. indice, Hydranges opuloides, a specics of
Deutzia, Poinsetita pulcherrima, and o rose {Dorothy Perkins) havs
been %rown successfully In soll previously treated with naphthalene
crystals. In addition it was found that a species of Dahlia, o species
of Irms, and & species of Phlox grew normally in soil that had been
fumigated with naphthalene.

These tests indicate that plants can be grown successfully in com-
mercisl nurseries in soil previously treated wish naphthalene crystals.
1t 1s expected that if the soil is properly serated after treabment the
commercial nurserymen and greenhouseman will have no difficulty
in growing the different varieties of plants.

TREATMENT OF POTTED PLANTS WITH NAPUTHALENE CRYSTALS

One of the problems in the control of the Japancse beetle is the
development of & method for destroying the larvac in the soil of potted
piants, If has been demonstrated many times that the soil of potted
plants left in the fild becomes nfested with this insect during the
summer months. It was thought that a practical method for des-
troying this infestation might he developed with naphthalene.

HYDRANGEAS IN 6-INCH POTS

A series of experiments were carried on with Hydrangea opuloides,
growing in 6-inch pots. A group of 600 potted plants of this species
were infested by placing 25 larvae on the surface and permibting them
to burrow into the sod. One week was allowed for the larvae to
become established throughout the soil in the pot. Napthhalene
crystals were then applied, using dosages of 14.5, 42.5, and 123 g per pot,
In halt of the pots the chemical was applied at the surface and in the
remainder it was placed under the soil mass. Two weeks alter trent
ment all of the soil wus removed from the pots, sifted, and examined
to determine the nuriber of living larvae. ~ The mortality caused by
each treatment, calculated according to the previously stated formula,
is given in table 10. I6was found that applying even 123 g of naphtha-
lene at the surface or putting the crysials under the soil in the pots
did not kill all of the 11:1)1.1'\7:10 within this period. In the exumnination
some of the larvae were found within one-hali inch of the uephthsalene
crystals, apparently uneffected by the chemionl, The application
of the erystals at the surface or under the soil mass in the pots did
not appear to have any inunediate detrimental eflect on the Lydran-
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geas, but it did seriously interfers with the natural drainage of the
pots, end probably over an extended period would have proved
njurious to the growth of the plants,

TasLE 10.—Effectivencss of naphthalone crystals tn destroying larvae iz G-inok
pots of hydrangeas when applied ai the surface or under the soil in the pols

Mortality of larvae—

Grystals applied per pot (pracs) " * | When chemical| When chemteal

wns applied at{  was applied
surfaee of 30! | under soll mass

Fereent Pereent
3. 28 1720

5. 8 ¢, 15
£5. 60 5. 15

L]

HYDRANGEAS IM 4.iNCH POTS

It was still considered possible that crystals of naphthalene might
be applied effectively to hydrangess growing in 4-inch pots. One
thousand of these plants were infested, each with 5 larvse, in the
menner deseribed 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 plants were treanted by applying the chemical at the
sunface of the soil, some were treated by putting the chemical under
the soil in the pots, and others were treated by epplying the chemicsl
both st the surface and under the soil. After treatment the soil in
half the pots was kept relatively dry and in the others it was kept
wet for a period of 2 weeks. At the end of this period, the mortehity
resulting from each treatment was determined in the usual menner.
These data are given in table 11. It was found that the infestation
was destroyed in the pots kept relatively dry by applying 15 g of the
crystals at the surlace or 10 g under the soil, or by putting 2.5 g on
the surface and an equsl quantity under the soil in the pots. When
the soil was keps wet, the infestation wes destroyed only when the
chemical was applied both at the surface and under the soil. The
application of naphthalene in this manner prevented the natursl
drainage of the pots. The soil, which was watered, remeined puddied
throughout the period of 2 weeks, a condition undesirable for the
proper growth of these plents. In view of the results obtained, it
did not seem possible to use naphthalene crystals to destroy an infes-
tation of this insect in pots where plants were growing without causing
serious damago to the plants.

On the possibility of destroying the infestation in the soil sbout
the roots of hydrangeas in the process of potting the plants, naph-
thalene crystals were mixed with soil at the rates of 5, 7.5, 10, 12.5,
and 15 pounds per cubic yerd. Six hundred hydrangess were dug
in the field, 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 wes 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 messes of soil adhering to the roots. Two
days after being potted thoe plants with naphthalene sbout, their
roots began to show signs of injury and continued to grow worse until
at the end of 2 months all were dead or dying. The untreated plants
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during this period continued to grow vigorously. Two months after
treatment a record was made of the condition of the plants, eonsid-
ering a plant “normal” when the top was growing vigorously end the
roots practically filling the pot, “stunted” when 1t had made only a
feeble growth, and “‘dead” when the roots had made no growth and
the top was wilted. A summary of these results is given in table 12.
The application of naphthalene erystals in this manner was found o
be very detrimental to hydrangess; none of the treated plants grew
normeily after the crystals had been placed about their roots. Ap-
parently it is not safe to apply treated soil sbout the roots of hydran-
geas until practically all traces of naphthalene have disappeared.

‘TasLg 11.—Effectiveness of naphihaiene rrystals in desiroying larvae in 4-inch pots
of hydrangeas when applicd at the surface and under the soil in the pols

Morlality of larvoe—

In sofl kept dry In sall kept wet

Crysials npplied per pot
{grams) Chamicat . Chemlent
Chiemnien] | Chemien! applled Clhiernleal | Chomiend npplled
pppied at | applied botbiar | applled st | appiled both ut
surfses of | wuder soi) surface surfaee of | under soli surface
soil mass pad under soi) LSS and under
soil niass 5ol muss

FPereemt Pereent Pereenl Pereent
16 09 ., 34 . 00 7090 80D, 05
o7, 44 1045, 4 3 61, Ol .70
160, 00 100, 00 ) £l 60 04, 85
16, 00 200, 00 X 10. 10 82, %0

TasLe 12.—Effect on subseguent growth of hydrengees of mizing nuphthalene
crysials with soil in process of polling

Condition of pisnls 2 1nonths Conditlon of plants 2 months

Crystals applicd ofter trestment Crystols applisd afier trentmeot

et cuble yurd per subije yurd
{pounauds) {pounds)

Dead | Stunted | Noriual Dead | Btunted | Normal

Pereent | Percent | Percent Percent | Percent | Percent

3 ) [ 1] ) Q
43 [t Xl it a
8 1] | [t] 100

The foregoing experiments show that naphthelene crystals cannot
be apphied to the soil of potted hydrangess 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 hss been used successfully in greenhouses to
control the common red spider (Telranychus telarius 1.), the sugar-
beet thrips (Heliothrips femoralis Reut.), the onion thrips (Thrips
tabaci Lind.}, the greenhouse whitefly (Tricleurodes vaporariorum
Westw.}, and different species of aphids on cucumbers, tomstoss,
strawberties, carnations, hilies, azaless, deutzias, hydrangees, ssdums,
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arborvitae, and seversl other kinds of plants, without causing any
serious damage to the plants (9; 22; 29; 24; 98; 84; 36, p. 68-76;
48; 44, p- 49-50). In view of these results, it was believed that the
immature steges of the Japanese beetle might be destroyed in the
soil about the roots of potted plants and belled nursery stock by plac-
ing the infested stock in a chamber filled with nephthalene vapor,

YAYORIZATION OF CRYSTALS AND DISPERSION OF VAPORS

Before undertaking the insccticidal investigation, & study was made
of the vaporization and the dispersion of the vapor in o 1,000-cubie-
foot fumigation chamber. The naphthalene was vaporized by two
different methods: (1) By placing the crystals in & metal pan direct]
upor: 8 hot plate, and (2) by placing the crystals in a metal pan whici
was fioating in hot water. In both methods the relative humidity
of the air was maintained &t practically 100 percent at & temperature
of 80° I. by boiling water continuously in the chamber. When the
nzphthalene crystals were placed directly on the hot plate the com-
pound vaporized so rapidiy that the metal pan was empty in 30
minutes. Under these conditions the compound sublimed very
quickly, erystals settled on the walls and ceiling of the chember, and
the air was filled with floating crystals. Fifteon hours after the
naphthalene had been vaporized and when no crystels were flostin
in tho air, samples of the air were withdrawn from points 2.5, 5, ang
7.5 feet above the lloor to determine the concentration of vapor in the
atmosphere. Ten lilers of air were withdrawn from each point at
the rate of 11in 4 minutes, The air was then analyzed to determine
the concentration of naphthalene. It was found that 15 hours after
the naphithalene was vaporized on the hot plate, the avVerage con-
centration of the vepor in the chamber was 0.44 mg per liter. The
quantity of naphthalene thooretically required to saturate & liter
of air at & tomperature of 80° was calculated by the formula:

. M _ p
W= X =X 1,000

where W=weight of naphthalene in milligrams per liter, Af=128.06
the molecular weight (128.06) of the compound, B=the gas constant
(0.08204 liter atmosphere per molecule per degree), T'= temperature in
absolute degrees, and »=0.113, the vapor pressurs of naphthalene in
millimeters at 80° I, "It was calculated that at & temperaturs of 80°
0.77 mg of naphthalene was required to saturate 1 ] of mir. When
the avernge 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 vaporized directly on a liot plate, was considered undesirable.
The experiment was repeated, vaporizing the naphthalene in & pan
which was floating in water maintained at o temperature of 130° to
140° F. At the end of 15 hours a large part of the erystals still
remained in the vaporizing pan. The continuous boiling of water
in the chamber to maintain » relative humidity of 100 percent resulted
in the accumulation of moisture on the walls and ceiling of the cham-
ber. This moisture appeared to have a cooling effect on the naph-
thalene vapor, causing crystals of the compound to form on the walls
and ceiling. An analysis of the air in the chember 15 hours sfter
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‘beginning the vaporization showed that the average concentration was
0.46 mg per liter. With an average concentration of 0.46 mg per
liter the air was 59 percent saturated with naphthalene, Vaporizing
the compound over hot water reduced the rapidity of sublimation but
did not prevent the formation of erystals on the sides of the chamber.

Anocther experiment wus carried on, vaporizing the naphthalene in
& chamber with the relative humidity of 90 to 856 percent, to deter-
mine whether the absence of moisture on the sides and ceiling of the
chamber would reduce the sublimation, At the end of 15 hours,
when samples of air were taken for analysis, no erystals of naphthnlene
were on the walls or ceiling of the chamber. The average concentra-
tion was 0.81 mg per }iter at o distance of 2.5 fect above the floor,
0.83 mg at a distance of 5 feet, and 0.79 mg at o distance of 7.5 feet
above the floor. Tt was apporent that by maintaining the relative
humidity just below the saturation point and vaporizing the compound
over water at o temperature of 130° to 140° It. practically a saturnted
atmosphere of naphthalene vapor could be obinined.

MOBRTALITY OF LARVAE IN SOIL BALLS AT DIFFERENT TEMPERATIRES

An experiment was conducted to determina the period of time re-
quired for an ntmosphere, with n relative humidity of 90 to 95 percent
and saturated with naphthalene vapor, to kill larvae in mnsses of
moist sandy losm, approximately 3 inches in diameter, at temperp-
tures ranging from 75° to 90° I, A total of 1,020 masses of soil were
prepared and each wus infested with five larvae in the manner pre-
viously described. The inlested soil was then placed in the 1,000-
cubic-foot fumigation chamber and exposed to the naphthalene vapor
for periods ranging from 18 to 96 hours. At *the end of the predeter-
mined period larvae were removed from the =oil balls and placed on
trays for observation to determine the effect of the treatment. The
mortality resulting from each treatment was calculated according to
the1 previously deseribed formuln. These datn are summarized in
table 13,

TarLE 13.—Effeclivencss of on almosphere with 00 to 05 pereend relative humidily,
and saturaled with naphthalens vapor, in Eilling larvue 7n S-inch balls of soil

Mortatily of larvue nr— htoriality of Inrvas gt—

Period nf exposure Period of exposure
(bours) - (hours)
75° F, BO® F, 14 O TR,

807 ¥, L1l O

|
|

Fereent | Pereent | Pereent Fercent | Pereent | Pereeaf
7.3 00,0 1.0

[ Whoe
1580 40,0 40,1 103, 4 100.0 100,0

BL 2 8.7 100, ¢ l

Apparently this treatment might be effective in destroying the lar-
vee 1n small masses of soil clinging to the roots of deciducus plants
and in the soil balls about the roots of small evergreens, provided the
vapor was not injurious to the plants.

MORTALITY OF LARYVAL IN POTS

The treatment was then applied at a temperature of 80° F., for
periods ranging from 48 to 144 hours, to 3-, 4-, und G-inch pots of
moist soil infested with larvae. At the end of the predetermined
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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 that an expo-
sure of even 144 hours was not sufficient to destroy all of the larvae.
Appsrently very little of the vapor penetrated the walls of the clay
pote. The rate of penetration of the vapor from the surface of the
soil appeared o be too slow to make the procedure of practical
commercial value.

TaBLE 14 —Effectiveness of an atmosphere with 80 lo 55 percent relalive humidity,
and saturaled with naphthalenc vapor, in Eilling lorvac in pols of soil ol a
lemperaiure of §0° F.

Tlorindicy of larvee in— Martality of larvae in—

Perlod of exposure Period of exjiosure
botirs dineh | 4-inch g-Ineh {hours) %inch | 4ioch | &inck
1oty s puls pols nats hads

Ferceml | Pereent | Pereent Peregait | Pereent | Pereent
E8.0 §3.0 LA a6 v 8.0 BlL.4

P4 62,0 B Q 4 08,7 .7 BL 4

M. 0 .0 [t

EFFECT OF TREATMENT ON I'LANTS

Although the insecticidal results were not very encouraging, some
tests were made with azeleas, hydrangens, and barberry to determine
the resistance of these plants to the action of the vapor. 1t was
plenned to expose these plants to a saturnted atmosphere of naph-
thalene for I week at o temperature of 80° ¥, Plants were removed
from the fumigation chamber at intervals of 24 hours and placed in
the greenhouse. At the end of 24 hours the leaves on the plants
began to show injury from the vapor and all plants 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 vapor of naphthalene in
insecticidal concentration was reiatively slow in penetrating small
balls or pots of soil. A comparatively long expesure was required to
assure the destruction of the larvae. The vapor proved so detri-
mental to the plants, even when they were exposed 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 JAFANESE BEETLE

An experiment was conducted in 1925 to determine the value of
naphthalene for protecting ripening peaches from injury by the adult
Japanese beetle. Thirty-six balls, ench 2.5 inches in diameter, were
prepared by pouring Hquefied naphthalene into spherical molds end
permitting 1t to crystallize. These balls were hung on the branches
of small peach trees on which fruit was ripening. A few bectles were
in the tree when the chemical was placed there at 10 n.m. and,
although the odor was very pronounced, the beetle population had
not diminished at the end of 7 hours. The tres was kept under close
observation for 6 days, the temperature ranging from 69° to 95° T,
At the end of this period the population of beetles in the trec had

eatly increased and all of the [ruit 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 smudge of naphthalene by mixing
the crystals with a slowly burning base of wood flour and potassium
nitrate. This smudge wes found to be only slightly repellent to the
Japanese beetle in orchards of ripening peaches; moreover, the wind
in the orchard dispersed the smudge so rapidly as to give no satis-
factory control,

The blossoms of hybrid tea roses are among the favored foods of
the adult beetle and there is.at present no satisfactory method for
protecting these plants from injury, An attempt was made to protect
the blossoms by periodic applications of naphthalene to the ground
under the plants. A bed 5 feet wide and 10 feet long, confaining 18
roses of the varieties commonly grown throughout the infested arca—
Mme. Edouard Herriot, Golden Ophelin, Souv. de Georwes Parnet,
Neorman Lambert, John Russell, Red Badiance, Mrs. %ﬁ?iﬂiam C.
Egan, Tmperial Potentate, Mme. Jules Bouché, Hadley, Angels
Pernet, Los Angeles, Sir David Davis, Caroline Testout, Mme. Léon
Paine, Mme. Butterfly, Souv. de Claudius Pernet, and General
MecArthur—was selected for experimentation. When, on June 15,
25 rose chafers (Macrodactylus subspinosus Fab.) were found on the
plants, 1 pound of naphthalene crystals was spread on the surface
of the ground under the plants. One hour later the odor WAS Very
pronounced. All of these beetles left, but on the following day more
were present. The treatment was repeated on June 21, June 28, and
July 3, therefore definite odor of the compuind was always about the
roses during this period. The first Japanese beetle was found on the
roses on June 28. The number of beetles increased on the plants,
notwithstanding the odor, 25 being removed on July 5, 65 on July
6, und 50 on July 7. The application of naphthsalene erystals to the

surface of the ground under the plents apparently afforded zno
appreciable protection.

NAPHTHALENE AS A REPELLENT TO PREVENT OVIPOSITION BY THE
JAPANESE BEETLE AND AS A GGNTROL MEASURE IN THE FIELD

Many references to naphthalene as a repellent and control for soil-
infesting insects are found in the literature, but the reparts are often
so conflicting that it is difficult to determine definitely the value of
the chemical for this purpose. Favorable results with naphthalenc
against wireworms, larvee of Elateridae, have beon reported by
Thecbald (60) and Zappe (64, pp. 168-165). Gray and Wheldon (20)
reported that it was of little value in reducing the number of wire-
worms. Bencomo (3) discounted its value for this purposs, and
Theobald (51, p. 213)'in & later paper stated that it had only tem.
porary value as a repellent against these insects. Tattersfield {46
and Miles (31, pp. 17-21) concluded that naphthalene was of only
Limited ,value because the sction of the chemical was so dependent
upon thorough distribution in the soil, and the effect was temporary
because of its relatively rapid decomposition in the soil.

Blakesles (4) and Peterson (35) placed naphthalene crystals about,
the base of peach trees in the usual manner for killing larvae and
repelling adults of the peach borer (Aegeria eritiosa Say). They
found that it had little Iarvicidal action and did not prevent the adults
from ovipositing. Chamberlin (6) fround crude naphthalene of little
value against the black gooseberry borer (Xylocrius agassizii Lee.),
when applied about the base of the planta.
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Feytaud (12) and Hutson (25, p. 122) found that spreading naph-
thalene on the surface of the ground was efiective in repelliug mole
crickets. Some protection of newly planted tobacco against attack
by tenebrionid beetles has been obtained by spreading naphthalene
about the plants (10, p. 146). This treatment has also been found
effective in protecting grafted slips of grapevines from attack by these
ingects (7).

Smith and Wadsworth (42}, Gray {18), and Thompson (52) found
that applying naphthealene between rows of onions killed & high per-
centage ol the onion fy (Hylemyia entigue Meig.). Smith and Wads-
worth (42), Glasgow (16), and Thompson (52) reported that the appli-
cation of naphthalene between the rows of carrofs greatly lessened
the injury by the carrot rust fly (Psila rosae ¥ah.}, although the degree
of conerol obtained by this method was-not sufficiently uniform to
warrant its use on a commercial scale, Naphthalene has been re-
ported by Thompson (52) to be effective against the cabbage maggot
((Phorbie) Hylemyia brassicae Bouché). The celery fly (Aeidic
Reraclei 1..) has been repelled by the application of the compound to
the soil (2). Theobald (48, Fpl. 1986-26, p. 7) reported that vegeia-
bles were protected from damnage by ortalid larvae, (Myodina) Seop-
fera vibrans 1., by hocing naphthalene info the soil about the plants.
Collings (7, pp. 17-18) found that the larvae of the March flies Bibio
marei L. and B. johannis L., which are introduced into soil with manure
or leaf mold and attack vegetables and young coniferous plants, ean
be controlled by treating the ground with naphthalene,

Glendenning (17) found that the migrants of the elm-currant ephid
(Eriosoma ulmi L) were repelled from biack currant hushes by hoeing
naphthalene aboui the plants, Collinge (7, p. 7) obtained some con-
trol of the woolly apple aphid ((Srhizoneura) Liriosowma lanigerum
Hausm.) by applying naphthalene to the seil about infested trees.

Naphthalene has been used with varying results in the control of
white grubs in the soil. McKinney and Milam (28) found that apph-
cations of naphthalenc to tobacco beds gave little control of the larvae
of the green June beetle (Cofinis nitide 1..). Tscherich (11), Novak
(82) snd Romanovsky-Romanko (40) reported that the applicuation
of maphtbaicoe to the surface of soil prevented the adult cockehafer
(Melolontha melolontha 1) from ovipositing. Marie (29) staled that
applying the crystals at the rate of 1 ounce to 10.75 square feetl
repelled the females of this inseet but did not kill the larvae; Guyot
(21) reported that this treatinent was effective against cockehafers,
both as a larvicide and as a repellent, Theobald (48, Rept. 1822-28,
p. 12) stated that leatherjackets, cutworms, and chafer Lu'vae were
killed by naphthalene at the rate of 3 hundredweight to the acre, but
concluded (49, p. 48) that the nsc of naphthalenc could not be de-
pended on to confrol the cocicchafer.

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

NUMBER OF EGGS DEIOSITED IN NAPHTHALENE-TREATED SOIL

A L}}:;reliminary experiment was set up in the insectary to determine
whether the presence of naphthalene in the soil would reduce oviposi-
tion by the beetle. Naphthalene crystals were thoroughly mixed with
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the soil at rates ranging from 0.54 pound to 10.80 pounds per cubic
yard. The trested soil was piaced in 12-inch pots and covered with
cages; then 1,000 beetles were introduced into each cage and left
with an abundant supply of foliage as food. At the end of 1 week,
the soil was removed from each pot and the number of eggs deposited
in each pot of treated soil was determined. The results of this experi-
ment are 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 frora 30.8 percent, with a dosage of 0.54
pound, to more than 90 percent with the higher dosages. It was im-
possible from this experiment, however, to determine swhether this
apparent reduction in the number of eggs was due to ihe repellent
action of the compound or te the insecticidal action on the insects
after they had entered the seil.

TanLe 15.—The cffect on (he number of cgys deposited by the female Sapunese
beetle of mixing naphihalone erystals with soil

Ruducl!.lnn i[n Heduction 1n
number of* numhor of
- Epps eEs b . Fogy Epss opms in
f‘;g “tﬂls‘:l e found in } {reated soi 1:‘-‘:&' Slilgr‘nt vie 1 found {a | fund in | trested soil
gm'il E,‘mumjs) untrepted; s compored I)'m'll (ounds) treilne  un treated ns compared
1l sall will fuwm- N sufl soil with nuta-
bier in Lin- her in oo-
trontad sofl treatad soil

Number | Number Number | Number Tereent
el 152 . i

1, 777 2, 56 10 [T I
1,457 7 L02 3 048, . : 112
0 ] S8 | 760 A : 12
465 5 567 REREY ; 112
w5 | %G 55 41 0. f 112
i 112 . 5 : 112

RESBULTS FROM TWO METHORS OF APPLICATION

Another preliminary test was made with naphthalene crystals
applied to the swrface of fallow ground and to turf. Trays 18 inches
square and 3 inches deep were filled with fallow soil and with turf.
Some were trented by applying naphthalene to the suriace at the rate
of 1,000 pounds per acre; others remained untreated. A trealed
and an untrented tray of each were placed in diagonally opposite
corners of & large wire cage, 10 feet square and § Jeet high. Approx-
imately 10,000 adult beeties were liberated in the cage and food was
added as required. At the end of 1 week the treated and untreated
turf and the fallow soil were examined to determine the number of
eges in each, 1t was found that the application of naphthalene crys-
tals 1o the surfnce of the fullow soil or to turl had not caused & decrease
in the number of eggs, When applied to the surface in this manner
the crystals disappeared, owing to vaporizaiion, belore the experiment
was completed.

This experiment was repealed, naphthalene being applied at the
rates of 1,000 and 2,000 peunds per acre and mixed with the soil.
An examination of this soil at the end of 1 week showed that there
were no eges in the treated soils, although a lnrge number of dead
beetles were found. A total of 233 eggs were found in the untreated
soil in the cage. The naphthalenc apparently did not prevent 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, heevily
infested with adult beetles, to determine whether repeated applica-
tions of naphthalene to the scil sbout the plants would prevent the
establishment of & larval population in the soil. The flower garden,
50 feet wide and 90 feet long, was planted in rows 2 feet apart with
the following varieties: Pot marigold (Calendula officinalis), calliopsis
(Coreopsis tinctoria}, Chinese pinks {Dien'Aus chinensis), biue lace-
flower {Trachymene caerulea), African marigold {Tagetes erecta), com-
mon seapdragon (Antirrhinum majus), nweet seabiosa (Scabiose
alropurpurea), strawflower (Helickrysum bracleaium), common zinnia
(Zinnia elegans), and the common nasturtium (Tropaeclum majus).
In addition to these annusls, there were two rows of sweet-william
{Dianihus barbatus), a 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 2, naphthalene was
applied between the rows of plants at the rate of 1 pound to 100
square {ecet, and cultivated into the soil to a depth of approximately
2 inches. While the adult bectle was present in the garden the
operation was repeated at weekly intervals up to August 20, a total
0}38 pounds of naphthalene being spplied 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 Jargely con-
fined, however, to the dahlias, marigolds, and zinnias. The applica-
ticn of naphthalene hetween 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 sirips, 3
feet wide, 10 inches deep, snd 90 feed long, threugh the gardsn and
across the rows of plants. In this survey 161 Popillia larvae and 9
inrvae of Mucrodociylus were found in the rows of plants, and 30
Popillia and 1 Macrodaclylus larvae hetween the rows of plants where
the crystals were applied. In other words, there were 300 Jarvae 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
prooounced and crystels 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 freatment as a control measure.

SUMMARY AND CONCILUSIONS

Naphthelene has been tested extensively by entomologists as a
control for diflerent insect pests inhabiting soi, and in the past 10
years bas been investigated ag an ingecticide and as a repellent ageinst
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 stendardization of each step
in the procedure to obtmin consistent results. The determination
of the compound by oxidation to phthalic acid is more rapid and gives
results in close apgreement,
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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
exposed to the vapor become reddish in celor, the intensity depending
on the period of exposure, Thd vapor paralyzes the immature stages
and finally ciuses their death. The resistance of the diflerent stages
increases in this order: (1) Larva, (2) egg, and (3) pupa. The period
of exposure necessary for a saturated atmosphere of naphthalene to
kil depends upon the temperature, ranging 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 incresse in relative humidity.

The larvac 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 {ree 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 cenditions
would disappear within 14 days. Organic matter in the soil in the
form of peat hastens the decomposition. Different potted plants,
including Araucarie excelsa, Cyclamen sp., Aspidisira sp., Poinsettia
sp., Rosa sp., Hydrangese sp., and Deutza sp., have been grown suc-
cessfully in soil previously treated with naphthalene crystals. Tt
was found impossible to apply naphihealene crystals to the soil of
potted hydrangeas in suflicient quantity to destroy the larvae without
causing serious injury to the plants.

When infested pots of soil and infested soil balls were placed in &
saturated atmosphere of naplthalene, the vapor penetrated only
slowly into the soil, The best resulls were obtained by vaporizing
the erystals over hot water in an atmosphere having a relative
humidity of 80 to 95 percent. The plants, however, could not with-
stand the long exposure necessary to destroy the insect,

Naphthalene vapor did not protect either roses or ripening fruit
from attaclk by the adult beetle,

Mixing naphthalenc crystals with soil at the rate of 1,000 pounds
per acre was [ound, under insectary conditions, to prevent oviposition
but did not keep the females from burrowing into the soil. The
periodic application end mixing -of naphthalene into soil about the
reots 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 messure.

From this investigntion 1t was concluded that naphthalene when
applied to soil is an cffective insecticide for destroying the immature
stages of the Japanese beetle. It cannot be used in insecticidal
concentrations to destroy the insect in the soil about the roots of
growing plants. Thus, Iis use is limited to conditions where the
soil can be treated before the planis are set. The compound has
little value as o repelient against the aduit beetle.
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