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This publication reports research involving pesticides. It
does not contain recommendations for their use, nor does il
imply that the uses discussed here have heen registered. All
uses of pesticides must be registered by appropriate State
and or Federal agencies before they can be recommended.

CAUTION: Pesticides cun be injurious to humans, domes-
te animals, desivable plants, and fish or olher wildlife—if
they are not handled or applied properly. Use all pesticides
selectively and carefully. Follow recommended practices for
the dispesal 7 surplus pesticides and pesticide containers.

Mention of o proprietary produvct in this publication does
not constitute a guarantee or warranty by the U.S. Depart-
ment of Agriculture over other products not mentioned.
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Preventing Japanese Beetle Dispersion
by Farm Products and Nursery Stock

By WaiLrer E. FLeEsInG, cotivborator, Entomelogy Rescareh Division,
Agricultwral Reseoarch Service

The Japanese beetle (Popillic japonica Newman), a native of
Japan, was found in a commercial nursery in southern New
Jersey in 1916 by inspectors of the New Jersey Depaviment of
Agricutture. This infestation probably developed from grubs in
the soil about the rhizomes of Iris keemnferi, which had been
imported by the nursery from Japan priov to 1912. Before its
discovery in New Jersey the beetle was known to occur only on
the main islands of Japan. (Dickerson and Weiss 7918; Howard
1918; Smith and Hadley 7926; Weiss 1918a, 15814b)*

The beetle has one generation a year. The eggs hatch during
the summer. Most of the grubs are full grown in the fall and
reach maturity in the spring. Late in the spring the grubs
pupate, and finally the adull beetles emerge from the soil. The
adult beetle is present during the summer, but one or more of the
immature stages are in the seil throughout the year.

In its new environment the beetle found n generally favorable
ciimate, large areas of turf for developing the immature stages,
almost 300 plant species to satisfy its voracious appetite, and at
that time no important natural enemies, Biological control of the
beetle has been discussed by Fleming (7968). From this small
beginning the beetle multiplied rapidly and spread until by 1870
it had invaded over 100,000 square miles, covering all or parts of
19 Siates and the District of Columbia in the Easfern United
States and part of one Province in Canada. It also became es-
tablished in several isolated areas beyond this region of naiural
distribution (Fleming 1270).

The beetle z00n became a threat to American agriculture. The
adults seriously damaped orchard crops, small fruits, some garden
and field crops, and ornamental trees, shrubs, and vines. The
arubs destroyed large areas of turf in lawns, golf courses, parks,
and pastures, and they damaged the roots of garden and truck
erops and small nursery stock.

*The year in italic after the authors’ names is the key to the reference in
Literature Cited, po 238,
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There was no law prior to 1912 to protect the United States
from the entry of foreign plant pests or to control and prevent the
distribution of these insects and diseases within the country. Some
foreign countries exporting plants found a free market for their
products in this country, but for many years they had prohibited
the entry of living plants from the United States. (Marlatt
1921)

The Plant Pest Act of 1912, as amended by Congress, gave
broad authority to the Secretary of the U.S. Department of
Agriculture to regulate by quarantine the importation and in-
terstate movement of nursery stock, other plants, and plant
products carrying foreign plant pests. This law and the Plant
Pest Act of 1957 are the basic laws for all plant quaraniines
in the United States.

Federal quarantines 40 and 48, promuigated by the Secretary
in 1920, regulated the interstate movement of all kinds of farm
products and plants from the beetle-infested area (U.S. Depart-
ment of Agriculture 7920q, 1920b). The infested States imposed
guarantines to regulate the intrastate movement of these products
and plants.

The general policy in the enforcement of these guarantines
was to permit unvestricted movement of all agricultural products
within the repulated area and to restrict shipments beyond this
avea to uninfested products and plants. When the guarantines
were promulgated, there was neo precedent for treating the
many regulated agrvicultural products. Progress in the develop-
ment of treatments was slow because plants and plant products
were often less tolerant of insecticides than the insect, but eventu-
ally many treatments were developed to remove or destroy the
insect witheout seriously injuring the plants and plant products.

Some phases of the investigation were conducted cooperatively
by the U.S. Department of Agricuiture Japanese Beefle Labora-
tory, other Federal agencies, and State agricultural experiment
stations within the beetle-infested area. The growers and shippers
of fruits, vegetables, and nursery and greenhouse plants cooper-
ated by making these products available for experimentation.

Progress rveports on the investigation appeared from time fo
time in Federal and State publications and in various scientific
journals. However, much additional information is found in the
unpublished progress reports by J. W. Bulger, E. D. Burgess,
W, L. Caskey, R. D. Chisholm, L. W. Coles, H. C. Donohoe,
W. E. Fleming, C. H. Hadley, H. A. Jaynes, A. C. Johnson,
V. A. Johnson, L. Koblitsky, J. W. Lipp, W. W. Maines, A. S.
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Mallory, A. C. Mason, M. R. Osburn, L. B. Parker, K. B. Rogers,
E., . Siegler, G. E. Spencer, M. C. Swingle, H. Tashirc, P. A.
Vaunder Meulen, E, R, Van Leeuwen, and C. M. Wible and zlso in
the quarterly and annual unpublished reports of the Japanese
Beetle Laboratory by W. E. Fleming and C. H. Hadley on file at
the Japanese Beetle Laboratory, Moorestown, N.J. These pub-
lished and unpublished records have been reviewed here so that
information on the development of treatments for agricultural
products during 1919-70* might be more available to other
entomologists, chemists, and the general public.

QUARANTINE ON FARM PRODUCTS

The quarantive on farm products was in operation from the
firsf emergence of the beetle until none could be found in the
area. In southern New Jersey and southeastern Pennsylvania
the movement of farm products was usually restricted between
mid-June and mid-September. The restrictions were imposed
earlier in the more southerly parts and later in the more nor-
therly parts of the region infested by the beetle.

In establishing the limits of a regulated area, the line followed
the outer boundaries of political subdivisions, such as townships
oir counties, where beetles had been found the previous summer
by scouting and trapping (Smith 1925a).

Inspection

The inspection of farm products was not satisfactory because
it was difficult to find all the beetles in packages of fruits and
vegetables, but for several years it was the only authorized pro-
cedure. The inspection, however, did reduce the hazard. In 1925
Smith (1925a) reported that in New Jersey 106,832 beetles had
been removed from 194,682 packages of corn, 7,223 beetles from
486,880 packages of beans, and 61 beetles from 182,733 pack-
ages of miscellanecus products.

Except for the first few years manpower was not available to
inspect every package in a shipment, and it was necessary to
limit the inspection to those products most likely to carry beetles.
The tist of products inspected was modified periodically as the
beetle invaded new areas and the products shipped out of the

* Although the data on which this bulletin is based were collected during
15819-70, the findings are stili valid and useful as guidelines for developing
additional research to prevent the artificial dispersion of the Japanese beetle
and other insects.




4 TECH. BUL. 1441, U.S. DEPT. OF AGRICULTURE

regulated area changed. The products inspected prior to 1925
were corn, cabbage, and grapes (Smith and Hadley 1926); in
1925 the inspected products were corn, beans, peas in the pod,
parsiey, carrots with tops, onions with tops, lettuce, cabbage,
tomatoes, and outdoor-grown flowers (Duryee 1925; Smith
1825a) ; and in 1932 the inspected products were corn, lima beans,
string beans, apples, peaches, blackberries, blueberries, huckle-
berries, and raspberries (Strong 1983). The shipment of hay,
straw, and forage crops from infested farms was prohibited
while the beetle was on the wing {Smith 1925a).

Until the summer of 1923 the products were inspected on the
farms. Philadelphia, Pa., was included within the regulated area
that year. Since the policy was to permit unrestricted move-
ment of all farm products within the regnlated area, thousands
of beetles were carried on farm products from New Jersey to
the city market. Unrestricted movement of farm prodacts from
the city market was permitted within a radius of approximately
25 miles, but shipments from the market beyond that area were
prohibited. Farm products moving from the reguiated area to
uninfested areas were inspected on the farms. (Smith 1925q;
Smith and Hadley 1926)

In 1924 inspection centers were establizshed at convenient points
throughout the regulated avea to facilitate the inspection and
certification of farm products for shipment te uninfested areas.
The number of these centers increased with the expansion of the
regulated area; in 1932 there were 67 inspection centers. Many
thousands of beetles weie removed from farm products at these
centers. It is of interest to note that from 1928 to 1933 the in-
spection centers in Philadelphia were operated between 8 p.m.
and 10 a.m., when heetles were not fiyving, to prevent reinfesta-
tion of the inspected products. {Hoyt 1934, Marlatt 1929; Smith
1925a; Smith and Hadley 1924, Strong 1931, 193%)

Most of the farm products consigned outside the regulated
area were shipped by truck. At the limits of the reguiated area
all roads were posted with conspicuous signs giving information
on the restrictions of the quarantine. Inspectors were placed on
the principal roads leaving the area, but inspections might be
made at any time or place within or outs’de the area. Inspectors
were stationed at the principal markets outside the regulated area
and at the offices of the common carriers in Philadelphia and
New York City. The uncertified products were either confiscated
by the inspectors or taken back into the regulated area by their
owners. There were some viclations of the guarantine, but most
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were caused by ignorance of the regulations. A few wiliful
violators were arrested, convicted, and fined. In general, the
public obeyed the regulations, and the growers and shippers
cooperated with the Department in carrying out the regula-
tions. {Duryee 1925; Hoyt 1934; Marlatt 71929; S8mith 1825a;
Smith and Hadley 1926; Strong 1831, 1983; U.S. Department
of Agriculiture 1936}

Nonchemieal Treatment of Fruits and Vegetables

Mechanieal Removal of Beetles

The commercial grading and packing of apples and peaches
eliminated beetles hiding among the fruit., When these opera-
tions were supervised by an inspector, the fruit could be certified
for shipment outside the regulated area. (Strong 1933)

The demand for certifying large guantities of string beans
from infested fields in southern New Jersey resulted in the
development of a mechanical device for separating the beetles
from the beans. Several models were constructed and fested by
the then Bureau of Plant Quarantine. The model adopted was
essentially a sloping cylinder, 7 feet long and 2 feet in diameter,
which was coustructed of l4-inch mesh hardware cloth and
mounted on an iron frame. The beans were poured into a hopper
at the higher end of the cylinder and were discharged into the
cylinder. As the cylinder revelved the beans tumbled without
injury to the lower end orf the cylinder and were discharged into
a hamper. The beetles were shaken off the beans and feil through
the hardware cloth into a container. This device eliminated
beetles faster and more efficiently than the best inspectors. It
was used extensively for several years throughout the regulated
area, (Strong 1933)

High Frequency Electrostatic Tield

Headlee and Burdette (1929) and Headlee (1981} killed the
honey bee {Apis mellifere L.}, the house fly (Musca domestica
1.}, the imported cabbageworm {(Pieris rapae (L.}), and the
German cockroach {Blattella germanica (L.}) by placing them in
a high frequency electrostatic field. Swingle (unpublished) ex-
posed Japanese beetles in quart boxes of blackberries and straw-
berries for 10 minutes in an electrostatic field with a frequency
of 12,000 kilocycles per second, a field strength of 3,000 volts,
and a flow of 5 amperes between the plates. The freatment had
no effect on the beetles.
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Ultraviotet Light

Less than 10 percent of the Japanese beetles were killed by an
expostre for 80 minutes in quartz test tubes 12 inches away from
a guartz mercury vapor are. The radiation of this lamp extended
from 1,850 angstroms in the ultraviolet region to 10,140 ang-
stroms in the infrared region. A fan was divected on the quartz
test tubes to remove the heat given off by fhe lamp. Exposure
to the lamp for 60 minutes had no effect on the bean weevil
(Acanthoscelides cbtectus (Say)) or the Colerado potato beetle
(Leptinotarse decemlineate (Say)). (Osburn unpublished)

Vacaum and Pressure

Increasing the normal atmospheric pressure from 15 to 150
p.s.i. and retaining that pressure for 10 minutes had no effect
on Japanese beetles (Osburn unpublished). Fifty percent of the
beeties were killed by an exposure of 160 hours to an atmosphere
of 75 p.s.i. and 100 percent by an exposure of 72 hours to 135
p.s.d. (Starkweather and Sullivan 1964). Reducing the atmos-
pheric pressure from 15 to 5 p.s.d. and retaining that pressure
for 17 hours had no effect on the beetles (Mallory unpublished).
Reducing the atmospheric pressure from 15 to 5 p.s.i. and then
increasing it to 145 p.s.i. or vice versa within 15 minutes killed
about 30 percent of the beetles (Mallory unpublished). Reducing
the atmospheric pressure from 15 to 2.5 p.s.i. and then increasing
it 1o 200 p.s.i. within 60 minutes killed 42 percent of the beetles
{Osburn unpublished).

Centrifugal Force

The beetle was resistant to the stresses imposed by extreme
forces of acceleration. Sullivan and MeCauley (71960) killed 50
percent of the beetles within 10 days by an exposure of 2 minutes
to a force of 6,250 g. (times the gravity of the earth), 10 minutes
to 5,800 g., and 30 minutes to 4,150 g.

Refrigeration

Many fruits and vegetables were shipped long distances under
refrigeration. The usual temperature was about 40° F. Beetles
were inactive at that temperature, but an expesure of 96 hours
did not kill them. Beetles survived an exposure of 1 hour at 32°,
but 42 percent were killed at 23°, 84 percent at 14°, and 100
pervcent at 5° (Knipling and Sullivan 1857).
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Heat

Although heat cannol be used to treat fresh fruits and vege-
tables, it could be used to kill beetles hiding in empty trucks,
railroad cars, and aireraft and in empty baskets, boxes, and
crates, When the relative humidity of the air was between 8
and 21 percent, 54 percent of the beetles were killed by an ex-
posure of 60 minutes at 113° F., and all were killed by an ex-
posure of 30 minutes at 122° or for 15 minutes at 131° (Knipling
and 3ullivan 7958). Beetles were also killed by immersion for
40 minutes in water at 110°, for 20 minutes at 112°, for 10
minutes at 114%, and for 1 minute at 122° (Fleming and
Baker 1932),

Famigation of Fruits and Vegetables

Carbon Disulfide

Carbon disulfide (C8,) was used for many years to destroy
mmsects infesting grain and other stored products (Chittenden
1913; Grat 1917; Hinds 1902, 1917; Spencer and Strong 1925).
Since then other fumigants or a 1:4 mixture of carbon disulfide
and carbon tetrachlovide have largely replaced it for the control
of stored-products insects (Chisholm 1852; Cotton 1952). There
was no published record on carbon disulfide being used to
fumigate fresh fruits and vegetables.

The commercial grade of carbon disulfide, used as an insecti-
cide, is a volatile, s:ightly yellowish liquid with a disagreeable
fetid odor. It boils at 46.3% C. The specific gravity is 1.263 at
20° and the vapor pressure is 298 mm. at 20°. The vapor is
about 2.6 times as heavy as air. It is highly flammable. When
mixed with air in the proper proportions, it is explosive.
The mixtures may be exploded by a flame or an electric spark.
Carbon disulfide ignites spontaneously at 147°. Great care in
using this fumigant is essential. (Fleming and Baker 1935)

Toxicity to Beetles.—At normal atmospheric pressure all beetles
were killed by a 2-hour exposure to 2.5 pounds of carbon disulfide
in 1,000 cubic feet of air at 95° F. The concentration had to be
increased to 7.5 pounds at 90° and te 10 pounds at 80°. The 10-
pound treatment killed 96 percent of the heetles at 75°. When
the exposure was reduced to 1 hour, all the beetles were not
killed by the 10-pound treatment at temperatures below 925°,
(Osburn 1980, Osburn and Lipp 1985)
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The insecticide action was not modified by varying the relative
humidity of the air from 1 to 100 percent, but the effectiveness
of carbon disulfide was increased by reducing the atmospheric
pressure. Only 35 percent of the beetles were killed by a 2-hour
exposure at 70° F. to 5 pounds of the chemical in 1,000 cubic
Teet of air at normal atmospheric pressure of 15 p.s.i. The mortal-
ity was increased to 75 percent by reducing the atmospheric
pressure to 10 p.s.i. and to 100 percent by reducing it to 5 p.s.i.
However, it is more practical to fumigate at normal atmospheric
pressure than in a partial vacuum. (Fleming and Baker 1985)

Fumigation of Fruit—Beetles were introduced into baskets and
crates of blackberries, blueberries, gooseberries, peaches, plums,
rasphbervies, red currants, and strawberries that had been packed
for shipment and were expused for 2 hours at 80° F. to 10
pounds of carbon disulfide in a fumigation chamber of 1,000
cubic feet. All beetles in the baskets and crates and those exposed
directly to the vapor were killed by the treatment. The presence
of the fruit did net modify the insecticide action. (Osburn
1930; Osburn and Lipp 1935)

The treatment did not affect the appearance, flavor, and keep-
ing quality of the fruits with the possible exception of blue-
berries. After being held for 6 days at 86° F., three varieties
of blueberries weve slightly less firm than the untreated berries
of those varieties. The treatment had no effect on the firmness of
the fourth variety. The blackberries were analyzed immediately
after removal from the fumigation chamber and again 24 hours
later. Traces of carbon disulfide up to 2 p.p.m. were found im-
mediately after fumigation, using the method of Radeliffe
(1909), but after aeration for 24 hours none of the chemical
was detected.  (Osburn 1230; Osburn and Lipp 1935)

Fumigution of blackberries, blueberries, and raspberries with
carbon disulfide at 10 pounds per 1,000 cubic feet and a 2-hour
exposure at 80° F. was authorized in 1929 as a basis for certifying
the berries for shipment. The growers built fumigation chambers
at Hammonten and New Lisbon, N.J. The crates fumigated and
certified numbered 9,980 in 1929 (Osburn 7830), 7,397 in 1930
(Strong 12581), and 14,966 in 1982 (Strong 1953). After 1932
when the beetle population declined and fewer plantations were
infested, the number of crates fumigated decreased progres-
sively.
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Ethylene Oxide

The insecticide properties of ethylene oxide ({(CH.).0) were
discovered by Cotton and Roark (1928). Back et al. (1930)
used ethylene oxide to contrel insects infesting stored products.

The physical properties of ethylene oxide have been described
by Back et al. (1230) and Roark and Nelson (1930). It is a
colorless gas at room temperature. At low temperatures it is a
mobile colorless liquid boiling at 10.5° C. at normal pressure.
The specific gravity of the liquid is 0.887 at 7°. The vapor is
approximately 1.7 times as heavy as air. Concentrations of the
vapor up to 3.5 pounds per 1,000 cubic feet of space are non-
flammable and nonexplosive. Haenni et al. {1559) developed a
formulation containing 12 percent of ethylene oxide and 88 per-
cent of dichlorodifluoromethane by weight for use when higher
concentrations than 3.5 pounds per 1,000 cubic feet of space
were required.

Toxicity to Bretles—When beetles were exposed directly to
the vapor for 1 hour at normal atmospheric pressure, 1 pound
of ethylene oxide per 1,000 cubic feet of space killed 54 percent
at 76° F. and 93 percent at 80°, With a 2-hour exposure to that
dosage, 90 percent were killed at 657, 96 percent at 70°, and 100
percent at 75°. At 2 pounds per 1,000 cubic feet all beetles were
killed within 1 hour at 80° and within 2 hours at 70°. When
beetles were in baskets of fresh fruit, it was necessary te use
2 pounds of ethylene oxide per 1,000 cubic feet with a 2-hour
exposure at 75° to obtain 100-percent mortality. {Osburn 1931;
Osburn and Lipp 1985)

Fulton et al. (1963) used an ethylene oxide-dichlorodifluoro-
methane aerosol at 80° F. and killed all beetles exposed for
one-half heur to 4 pounds of ethylene oxide per 1,000 cubic
feet, for 1 hour to 2 pounds, for 2 hours to 1 pound, and for
4 hours to one-fourth pound. Ethylene oxide was equally as
effective against beetles exposed directly to the vapor when it was
vaporized or applied as an aerosol. The aerosol was not tested
against beetles in boxes and crates of fruit.

Fumigation of Fruit.—Blackberries and raspberries were
hot injured by exposure for 2 hours at 75° F. to 2 pounds of
ethylene oxide per 1,000 cubic feet of space, but the treated
blueberries were slightly less firm than the untreated ones. Any
ethylene oxide absorbed by the berries had no effect on the odor
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or the taste of the berrvies (Osburn 1937; Osburn and Lipp
1935}, Fumigation of blackberries, blueberries, and raspber-
ries in this manner was authorized in 1931, but the treatment
did not come into general use, probably because the growers were
satisfied with the carbon disulfide fumigation.

Counditions at the port of Philadelphia in the early 1930’s made
it necessary to fumigate railway fruit cars containing green
bananas. The authorized ethylene oxide fumigation extensively
injured the bananas (Osburn 7931: Osburn and Lipp 1935).

FPumigation of Vegetables—The authorized ethylene oxide
fumigation killed all beetles in baskets of corn, lima beans,
peppers, and string beans, but it injured lima beans and string
beans. Corn and peppers were not injured by the fumigation.
(Osburn unpublished) Pumigation of fresh vegetables with eth-
ylene oxide was not authorized.

Hydroeyanic Acid

Hydroeyanic acid {HCN) is a colorless gas at room tempera-
ture. It has a strong, characteristic odor like that of bitter
almonds, but some people cannot detect it. The boiling point is
267 (., melting point —14°, specific gravity 0.697 at 18°, and
vapor pressure 810 mm. at 20°, Its vapors are slightly lighter
than aiv. Hydrocyanic acid is flammable. At concentrations be-
tween 5.6 and 40 percent it forms explosive mixtures with air,
but in fumigations the concentrations are so low that there is
little danger of explosion in the presence of sparks. It is extremely
toxic to humans and very dangerous to use. (Chisholm 1952)

Despite the dangers, hydroeyanic acid is widely used. The
liquid may be measured from cylinders with the aid of air
pressure. It is generated by adding its sodium or potassium
salts {o a mixture of sulfuric acid and water. It is released from
granular caleium cyanide in the presence of moist ajr. For
special uses it is packaged with an absorbent such as diatomaceous
earth, felt, or fiber; the gas is released on distributing these
materials in the space to be fumigated. (Chisholm 1852)

Toxieity to Beetles.—Preliminary experiments by Fleming in
1926 demonstrated that hydrocyanic acid was very toxic to the
beetle. Fleming and Burgess (1948} studied the dosage-exposure-
temperature requirements to kill 100 percent of the beetles ex-
posed dirvectly to the gas. The data are summarized in table 1.
With an exposuve of 1 hour all the beetles were killed with 2
ounces of hydrocyanic acid in 1,000 cubic feet of air at 95° F.,
4 ounces at 65°, 6 ounces at 55°, and 8 ounces at 45°, whereas
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TABLE 1.—Dosage, exposure, and temperature required to il 100
pvercent of Japanese beetles erposed directly to hydrocyanic
acid {HCN)

Minimum Minimum
HCN per 1,000 cubic feet effective effective
{ounces) gxposure temperature

Hours = F.
1.0 95
5 1.5 B0
2.0 15
3.0 65
- 85
| ’ 1.0 65
) 1 1.6 55
lz.n 45
i -9 70
6 [1.0 55
11.5 45
8 1.0 4h

with a 2-hour exposure 100-percent mortality was obtained with
2 ounces at 75° and 4 ounces at 45°.

Osburn and Lipp (7985) compared the rate of insecticide ac-
tien of hydrocyanic acid absorbed on granular infusorial earth
and on weod paper pulp with that of commercial calcium cyanide
(40-50 and 88 percent), using third-instar grubs removed from
soil as test insects. The absorbed hydrocyanic acid vaporized
rapidly, whereas the gas was released more slowly from calcium
cyanide by the action of almospheric moisture. All the grubs
were killed within 30 minutes at 80° ¥, by 4 ounces of the ab-
sorbed hydrocyanic acid in 1,000 cubic feet, but 45 minutes were
required for 180-percent mortality with 16 cunces of the caleium
cyanide. Tweo ounces of liguid hydrocyanic acid introduced into
a flat pan, from which it vapovized rapidly intoe 1,000 cubic feet
of air, killed all grubs exposed for 90 minutes at 75°.

Fumigation of Bungnes.—Large guantities of bananas are
brought to Philadelphia for distribution throughout the Eastern
States. The green fruit is transferred from the ships to refrigera-
tor cars on the wharves. During 1923-33, migratory flights of
beetles occurred during the last part of July and early August
across the Delaware River from heavily infested areas in New
Jersey into the dewntown shopping and marketing districts of
Zhiladelphia, Cars being loaded with bananas when heetles were
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abundant on the wharves were not certified for movement out-
side the regulated area. Attempts to prevent infestation by
screening the passage from the ship to the cars were not success-
ful. Problems with laber and railroad schedules made it imprac-
tical to transfer the bananas from the ship to the cars at night
when the beetles were not flying. (Hoyt 19%24; Smith 15225a.
1525b) Later the same situation occurred at Wilmington, Del,,
Baltimore, Md., and New York, N.Y.

Three pounds of calcium cyanide (88 percent) in loaded
refrigerator cars of about 2,500-cubie feet capacity for 2 hours
at 80° F. killed all the beetles in the cars without injury to the
green bananas. One pound of the chemical was dropped into
each ice bunker ang at the center of the load space. At the com-
pletion of the exposure period the cars were iced, the covers of
the ice bunkers were fastened in an open position, and these
openings were sereened to exclude beetles. The cars were aerafed
during transit. All beetles died within 48 hours after the fumiga-
tion period. Experts of the fruit company reported that the
fumigation had caused no injury and had not modified the ripen-
irir of the fruit. Analyses of the fruit immediately after fumi-
gation by chemists of the fruit company and of the Department,
using the method of Viehoever and Johns (1915}, showed only
an occasional trace of cyanide in the skin and none in the pulp
of the bananas (Osburn and Lipp 1935), This fumigation pro-
cedure was authorized in 1927 as a basis for certification.

Further research showed that the caleium cyanide fumigation
was equally as effective in killing beetles in the cars when the
exposure was reduced fo 11} hours and the minimum tempera-
ture fo 75° . These changes were made in the authorized treat.
ment. )

The calcium cyanide fumigation was very satisfactory with
ventilated cargoes where the temperature of the fruit was about
the same as that on the wharf, but some injury to the fruit
occurred when the cargoes on the ships were refrigerated. The
atmospheric moisture condensed on the ecold fruit. The in-
jury was eliminated by spreading the calcium cyanide in trays
outside the car and then placing these trays on top of the fruit
(Osburn and Lipp 1985).

Large quantities of ventilated and refrigerated bananas were
fumigated suceessfnlly with calcium cyanide. For example, 122,349
bunches were fumigated during the summer of 1930 {(Strong
1931). The fumigation of bananas on the wharves at Phila-
delphia was unncessary after 1932 because the dense migratory
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flights of beetles from New Jersey had ceased and few heetles
were found in the vicinity (Hoyt 1934), but it soon became
necessary to fumigate bananas at Wilmington, Baltimore, and
New York.

Osburn and Lipp (1985) killed all beetles in loaded cars by
intreducing 2 ounces of hydrocyanic acid into each ice bunker,
6 ounces per car, when the temperature was not lower than 75° F.
and the exposure was for 2 hours. The treatment did not injure
the bananas, Hydrocyanic acid was easier to apply than calcium
cyanide in that the operator could walk along the tops of the
cars and apply the chemical propressively in each bunker, and
there was no toxic residue to remove from the cars at the com-
pletion of the fumigation period. In 1932 hydrocyanic acid per
car cost 37 cents and calecium cyanide 8$3.45. Fumigation of
bananas with hydrocyanic acid, which was authorized in 1932,
soon replaced the calcium cyanide treatment. During 1932 hydro-
cyanic acid was used to fumigate 111 cavioads of bananas suc-
cessfully.

Cars loaded with bLananas were fumigated successfully with
hydrocyanic acid for several vears at Wilmington and at New
York, but in 1937 Fleming and Wible {(unpublished) found that
the freatment was not always effective in kiliing all the beetles.
The temperature of the air in a car could be well above 75° F.
during loading, but in about 25 percent of the cars the cold, wet
bananas caused the temperature to fall below 75° during the
S-hour exposure. The mortality of the beetles was 100 percent
when the minimum temperature was not below 75° 98 percent
at T =757, 01 percent at 60°=70°, and 90 percent below 60°. In
addition, the shippers reported that the fumigation had caused
some injury to the fruit. The situation had reached an impasse.
Neither the dosage nor the exposure could be increased to make
the treatment effective at the lower temperatures without in-
creasing the hazard to the bananas, However, by the summer of
1939 the beetle population on the wharves at these ports had
reached such a low level that it was possible to discontinue the
fumigation of the loaded cars, but as a precaution the empty
cars were fumigated in the freight yards before being trans-
ferred to the wharves,

Fumigation of empty refrigerator cars, using caleium eyvanide
or hydrocyanic acid with the same requirements as for leaded
cars, was authorized in 1939. Donohee (794J¢) demonstrated
that the pans in the bunkers into which hydrocyanic acid was
poured in the authorized procedute could be eliminated by splash-
ing - ounces of the chemical on the end wall of each bunker.
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This modification in applying hydrocyanic acid to empty re-
frigevator cars was authorized in 1943,

Funtigation of Qther Fruits and Vegetables.—In a preliminary
test Lipp (unpublished) killed all beetles in baskets of apples,
cabbage, eggplant, onions, peaches, peppers, and tomatoes by
tumigating with 2 ounces of hydrecyvanic acid per 1,000 cubic
feet for 2 hours at not less than 75° F., but all beetles were not
killed in baskets of lima beans and string beans by increasing
the dosage to - ounces and the exposure to 3 hours.

In more extensive tests Johnson [A. C.], Donchoe, and Bulger
{unpublished) found that with a 2-hour exposure the effective-
ness of hydrvoceyanic acid in killing beetles in baskets of fruit
and vegetabies was modified by the extent to which the chamber
was filled and by the penetration of gas into the packed baskets.
For example, in fumigating cabbage with 2 ounces, the mortality
in bushel baskets was 94 percent in a chamber filied to one-
twelfth its ecapacity, I8 percent to une-third its capacity, and
only 31 percent to fuil capacity. A 3-ounce dosage killed 16
percent of the beetles at the top of bushel baskets of corn, 2
percent of those at the center, and none at the bottom. A §-
ounce dosage killed all beetles in baskets of apples, beets, cabbage,
cantaloup, eggplant, and peppers when the chamber was filled to
three-fourths or more of its capacity, but not all of them in
Laskets of carrots, corn, peaches, and string Leans. This high
dosage did not injure apples, beets, cantaloup, eggplant, peaches,
peppers, and string beans, but it definitely injured cabbage,
carrots, and corn.

Immediately after fumigation with the 2-ounce dosage, no
hydracyanic acid was found in apples, cabbage, eggplant, onions,
neaches, peppers, potatoes, and tomatoes, but 5 p-p-m. was found
in spinach, 20 p.p.m. in beets, cucumbers, lima beans, and string
beans, 30 p.p.n1. in parsley, and 60 p.p.m. in earrots and turnips
{Lipp unpublished).

Fumication of these fruits and vegetables with hydrocyanic
acid is not practical and it could Le a hazard to human health.

Methyl Bromide

Methy! bromide (CH Br) is a colorless gas at room tempera-
ture. 1t is almost odorless. Its boiling point is 4.6° C., specific
gravity 1.732 at 0°, and vapor pressure 760 mm. at 4.6°. Its vapors
are 3.20 times as heavy as air. It is nonflammable. Its vapor
mixed with air cannot be ignited by a flame. It is therefore
useful as a fire extinguisher. It is enly slightly more toxic to
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man than gasoline, chloroform, and carbon .etrachloride with
short exposures, bul its toxicity increases with prolonged ex-
posure and approaches that of ammonia, carben monoxide, hydro-
cyanic acid, and hydrogen sulfide. The lack of a distinctive odor
makes it an insidious compound that must be handled cavefully.
{Chisholm 195.2; Fisk and Shepard {9228; Mackie 1848)

While studying the toxicity of fumigants mixed with methyl
bromide to overcome their flammability, Le Goupils {793.2) found
that this alkyl halide was morve toxie to insects than the com-
pounds with which it was mixed. Vayssiere (1844), de Francolini
(19353}, and Lepigre (7834) investigated further its insecticide
properties. The results obtained by these French investigators
stimulnted investigations of methyl bromide in this country.
Shepard ot ad. (7937) found that the toxicity of methyl bromide
to the confused flour beetle {(Pribolivm confusim Jacquelin
duVal) was less than that of hydroeyanic acid and between the
toxicities of chioropicrin and ethylene oxide, but there was ltile
difference in the foxicilies of these fumigants to the granary
weevil (Sttophitus granarius (1)), Fisk and Shepard (7938)
found ils inseeticide aclion was modified by temperature and
relative humidily, Mackie and Carter (1947) and Mackie (7938)
Ffound methyl bromide was very ceffective in killing insects in-
festing grain, dried froits, and fresh fruits and vegetables with-
out injury to Uwe produets,

When methyl bromide was vaporvized in a chamber without
circwlating the air, the heavy vapor was not distributed uoni-
formiy througheut the chamber but was more concentrated near
the floor, The distribution of 2 pounds of the chemieal per
LO0G cubie feet was such that Donohoe et al. (79450) killed only
H percent of the beetles near the ceiling and 100 percent of those
near the floor. Thix situation was overcome by operating a fan or
a blower during vaporization of the chemical and for a few
minutes thereafter. Fleming et al. (unpublished) found that
methyl bromide was distributed uniformly without circulating
the air by appiyving it as an aerosol containing 75 percent of
methyt bromide and 23 percent of dichlorodifluoromethane.

The method finally adapted for fumigating refrigerator cars
was to discharge the methyl bromide through a disk-type spray
nozzle with a t,- to 4-inch orifice into the intake of a blower
or into the rear of the blades of 2 fan mounted in a bunker
and blowing through the grill into the load space of the car.
When no dce was in a car, the blower was operated during
introduction of the fumigants and for an additional 5 minutes.




16 TECH, BUL. 1441, U.S. DEPT. OF AGRICULTURE

The fan was operated for an additional 10 minutes after introduc-
ing the fumigant. When ice was in the bunkers, the postatomizing
period was 10 minutes with the blower and 15 minutes with the
fan. The same procedure with modifications was used for fumigat-
ing in chambers and in refrigerated and van-type trucks.
(Denohoe 71943b; Donohoe and Gaddis 1942; Donchoe et al. 1940)

Fumigation of Fruits and Vegeiables—Donohoe (1943b, un-
published; Donohoe et al. 1940) conducted extensive tests with
fruits and vegetables in chambers and in refrigerator cars,
using an exposure of 2 hours. The vapor penetrated readily into
packages of fruits and vegetables and apparently was not ab-
sorbed or adsorbed by any of the products in amounts sufficient
to reduce its effectiveness in killing beetles in the packages.
There was some absorption of the vapor by the products. In
contrast to hydrocyanic acid, methyl bromide was as effective in
chambers and refrigerator cars loaded with fruits and vegetables
as when they were empty.

Based on the data then available, a dosage of 2 pounds of
methyl bromide per 1,000 cubic feet of space was authorized in
1038 for the fumigation of fruits and vegetables in refrigerator
cars at 70° F. or above. In 1940 a dosage of 1.6 pounds was
authorized for fumigation at 80° or above, and in 1943 dosages
ranging from 4 pounds at 40° to 0.8 pound at 95° were authorized.
This schedule is given in the following tabulation:

Minimum temperature Methyl bromide per 1,000
of lond and space (° F.} cubic feet {pounds)

40 . 4.0

15 . 3.6

50 . . 82

55 . 2.8

60 2.4

i) . . 2.0

T . 1.6

86 . R

95 .8

During 1938-42, 9,948 cars of fruits and vegetables were fumi-
gated with methy! bromide,

The dosages of methyl bromide approved for use in refrigerator
cars were authorized for the fumigation of produce in chambers,
refrigerated trucks, and van-type trucks with tight-fitting doors
after Donohoe and Gaddis (7942) and Donochoe (1943b) had
demonstrated their effectiveness under these conditions.
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Chishollm and Koblitsky (7945) developed a method for rating
the tightness of fumigation chambers. An open-arm manometer
charged with deodorized kerosene was used fo establish the
pressure-time velationships. Air was blown into a chamber until
a posilive pressure slightly more than 50 mm. of kerosene was
created in the chamber. The rate of leakage was determined
by the time reguived for the pressure to drop from 50 to 5 mm.
A chamber was considered fo be sufficiently tight when this
change in pressure occurred in not less than 12 seconds.

Usually apples, beets, cabbage, cantaloup, carrets, lima beans,
onions, peaches, peppers, potaloes, sguash, string heans, sweet
corn, sweeipolatoes, turnips, and watermelon were fumigated
with methy! bromide withoul noticeable injury, but cucumbers
were injured severely. The eflect of the fumigant on these prod-
ucts varied to some extent with the variety, their condition, and
the dosage. A product in poor condition was more likely to be
injured by the vapor than one in good condition. The higher
dosages of the fumigant af temperatares below 70° F. were more
likely to injure the products than the lower dosages above this
temperature. (Donohoe {2436 Donchoe et al. 7940; Johnson,
Donohoe, and Bulger unpublished ; Kenworthy 1245)

Hydrocyanic Acid-Methyl Bromide

Johnson (18392) found that a 1:8 mixture of hydrocyanic
acig and methy! bromide was much more toxic to the Japanese
beetle than anticipated. Fleming and Wible (unpublished)} con-
tinued the study of mixtures of these fumigants, With an ex-
posure of 30 minutes at 80° F., 50 percent of the beetles were
kilied with 1 ounce of hydrocyanic acid or 40 ounces of methyl
bromide in 1,000 cubic feet of air. The dosages of the mixtures
expected to kill 50 percent were ealeuiated from these data and
the dosages required were determined experimentally. The results
of these tests are summarized in table 2.

All mixtures of hydrocyanic acid and methyl bromide, ranging
from 4:1 to 1:66, were more toxic than »a anticipated from
the toxicity of their components and showed a definife synergistic
action. Substituting the 1:66 mixture for methyl bromide ve-
duced the dosage by 52 percent, whereas the 1:21 mixture re-
ducedd it by 72 percent, the 1:8 mixture by 85 percent, and the
1:1 mixture by 95 percent. No experimenis were conducted
to determine how effeetive mixtures of hydrocyanic acid and
methy! bromide were in penetrating into baskets of fruit and
vegetables,
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TABLE 2—Toxicity of mixtures of hydrocyanic acid {HCN) and
methyl bromide (CH,Br) to Japanese beetles exposed for 80
minutes ¢b 86° F.

Amount of mixture per 1,000 cubic

Rutio of feet for 50-percent mortality
HCN; CH,Br in
mixture by weight Expected Determined

Qunces Cunces
1.0
8.8 .8
L1665 1.5
205 1.9
244 2.5
32.2 4.5
35.6 G.0
37.0 7.5
37.6 9.0
38.2 11.0
38.8 13.0
39.4 196
40.0

1
4
3:
1:
2:
1
1:
i:
L
1:
1

Ethiylene Dibromide

Ethytene dibromide (CH.BrCH.Br) is a colorless liquid at room
temperature. It has a sharp chloroformlike odor. The boiling
point is 13L.6° C., meiting point 107, specific gravity 2.1701 at
257, and vapor weight about 6.5 times that of air. Since ethylene
dibromide has neither a flash point nor a fire point, there
is no danger of fire nr explosion. It is highly toxic to humans.
(Chisholm 1852)

Only exploratory tests were conducted with ethylene dibromide
as a [umigant against the beetle. Mason and Chisholm (1745,
unpublished) heated ethylene dibromide to about 125° F., and as
the vapor evolved it was mixed with air and dispersed throughout
the chamber by means of a circulating fan. The beetles were
killed within 96 hours by exposure for 2 hours to 0.5 pound of
ethylene dibromide per 1,000 cubic feet at 50° to 70°, Anpples,
corn, cucumbers, potatoes, string beans, and tomatoes were not
injured by exposure for 6 hours to this dosage at 70°.

When ethylene dibromide was atomized into a chamber at
about 70" F., 0.5 pound per 1,000 cubic feet killed the beetleg
within 77 hours by exposure for 1 hour, within 65 hours for 2
hours, and within 46 hours for 4 or more hours. The 0.25-pound
dosage killed the beetles within 125 hours by exposure for 1 hour,
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within 71 heours For 2 hours, and within 68 hours for {1 or more
hours, Newly dug potatoes were definitely injured by exposure
for 4 hours te the 0.25-pound dosage. (Fleming el al. un-
published)

An nerosol containing 25 percent of ethylene dibromide and
75 percent of dichlorodifluoromethane was released in both
bunkers of refrigerator cars. With an exposure of 1 hour at 70°
to 82 F., 0.5 pound of ethylene dibromide per 1,000 cubic feet
killed the beetles throughout the cars within 68 hours, wherens
.25 pound killed them within 104 hours. The 0.5-pound dosage
cavsed slight injury to newly dug potatoes, but the 0.25-pound
dosage caused no injury.,  (Fleming et al. unpublished)

Ethylene Dibromide Mixed With Diluents

A few exploratory tests were made with ethylene dibromide
mixed 1:1 by volume with several diluents and atomized into a
chamber at | pound of mixture per 1,000 cubic feet at approxi-
mately 70" F. One pound of ethylene dibromide was also atomized
inlo the chamber. The exposure of the beetles in the chamber
was L hour. Ethylene dibromide killed them within 50 hours,
wheteas -i18 hours were reguired with the ethylene dibromide-
ethyl aleohol mixture, 61 hours with the ethylene dibromide-
ethylene diehloride mixture, and 65 hours with the ethylene
dibramide-carbon tetrachloride mixture. A 2:1:1 mixture of
ethytene dibromide, acrylonitrile, and carbon tetrachloride was
more toxic, killing the beetles within 34 hours. When 0.5 pound
of this mixture was used, less than 50 percent of the bheetles
died within 120 hours. The mixtures containing acrylonitrile
had an objectionable odor. (Fleming et al. unpublished)

Dusts

Preliminary Tests

In preliminary tests with & small duster developed by Chisholm
and Fest (1948}, which used air at a pressure of 50 p.s.i. as the
propellent, Fleming et al. (unpublished) dispersed several dusts
at 1 ounce per 2,500 cubic feet in chambers at about 70° F. and
left the Leetles in the chambers for 20 hours. The beetles were
killed within 48 hours by the dispersion of 3 grams of chlordane,
DDT, or TDE, but cube, pyrethrum, quinhydrone, ryania, and
toxaphene were less toxic and slower in killing them. When the
dosage was reduced to 0.75 gram, chlordane and toxaphene
killed less than 50 percent and TDE 75-90 percent within 120
houts, but DDT killed all of them within 54 hours. DDT was the
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only one of these dusts that appeared promising for killing beetles
in an enclosed space.

DDT

DDT is 1,1,1-trichloro-2,2-bis{p-chlorophenyl)ethane.

Toxicity {o Beetles—The residue of a spray containing 1
pound of DDT per 100 galions of water protected fruit and
foliage from aitack by beetles throughout the summer. Beetles
were killed by coming into contact with the sprayed plants.
(Fleming and Chisholm 71944)

In a preliminary test with a dust Burgess et al. (unpublished)
deposited 0.5 fo 4.0 ug. of DDT per square centimeter in petyi
dishes and exposed bestles to the deposits for 4 and 24 hours
at 50°, 7¢ , and 90° F. Except at 50°, where exposure for 4 hours
to a 3.5-pg. deposit killed the beetles within 4 days and exposure
for 24 hours to a 2.5-ug. deposit killed them within 3 days, pro-
Jonging the exposure from 4 to 24 hours did not accelerate the
insecticide action. A 2-ug. deposit killed the beetles within 8 days
at 707 and 1.5 pg. within 2 days at 96°.

Distribution of DDT in Refrigerator Cars—DBurgess et al.
{unpublished) studied the distribution of DDT dust in empty
vefrigerator cars and in cars loaded with sacks of potatoes.
Glass plates were placed at eight to 12 predetermined positions
throughout a car before dispersing the dust. The deposits of
DDT on these plates were determined by a modification of the
method of Umhoefer (7943).

In the early tests the dust was applied by an operator with
a hand duster walking aboub the load space of an emply car.
Although great care was exercised in distvibuting the dust,
the deposits varied considerably throughout a car and from
car to car. Using a hand duster was also laborious and time
consuming,

Chisholm et al. (1947) developed a duster with carbon dioxide
as the propellent. This provided a simple and rapid method for
dispersing predetermined dosages of dust at high velocity
throughout a car. The duster was placed near the door on the
floor or on top of the load with the delivery tubes paralle! to
the long axis of the car and pointed upward al an angle of 45°,
This duster, however, was impractical for rapidly treating large
numbers of vefrigerator cars. In 1948 Chisholm et al. (1948)
modified this duster to adapt it beiter to the conditions in
vailroad vards.

The distribution of DDT in empty refrigerator cars and in
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cars loaded with polatoes in which the dust was dispersed by a
hand duster and by the gas-propelled duster is summarized in
table 3. The standard deviation in the distribution of 1 ounce of
10-percent DDT dust (3 grams of DDT) in an empty refrigerator
car with & eapacity of 2,500 cubic Teet by the gas-propelled
duster was about one-half of that by the hand duster, although
about the same average deposit was obtained by both dusters.
Aboul the same digpersion of DDT was obtained with 0.5 ounce
ol dust in ears joaded with potatoes a4 with 1 ounce of dust in
emply cars.

Effectivencss in Refrigerator Cars and Trucks.—Totatoes were
passed  through a  grading machine diveclly into  burlap
sacks. This operation eliminated the possibility of bectles beinyg
{rapped inside the sacks. The cars and trucks beecame infested
by beetles {Iying into them or by being carried into them clinging
to the outside of the sacks. It was not a procedure for killing
heetles hiding in Laskets or boxes of Tarm products.

Madley el al. (unpublished) dispersed 1 ounce of 10-percent
DDT dust in 11 empty refrigerafor ~ars and immediately
liberated 2,750 beetles in the cars. The following day 2,530 of
these Leeties were rocovered in the ears. Most of them were dead
and all except three of those living died within the following 3
days. Tn addition, the dust was apptied to 871 empty cars after
cleaning and before loading them. No living bectles were found
in 331 of these cars, which were examined 1 or 2 days alter
dusting. Burgess ef al. (unpublished) applied the dust to 16
emply cars, Beelles exposed to the deposit Tor 4 hours died within

Tasry 3.—Disiribution of tt-pereenl DDT dust in emply refrig-
eralor cars and in ears Ioaded with sacks of potatoes

1INT deposil per square centimeler

i\])plic{liﬁl‘ l')I)T }')(‘l' © e v ——t v qL ...I_..__.l.
2 500 cubic feet . Atandare
W eubte tee Max. Min, AvE. devintion
Ounces it HIT. ui. -
EMPTY CARS
(05 5.9 0.6 1.9 0.84
liand duster l 10 5.7 5 2.4 1.90
Gas-propelled duster 1.0 3.7 1.1 2.3 .69
LOADED CARS
' .5 3. 2.2 2. .41
Gus-propelled duster - 8 5 é a5 4 2 g

L
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7 days, but those introduced into the cars before dusting and
lefl for 1R hours after dusting were all dead 3 dayvs later.

Oune ounce of 10-percent DDT was dispersed over sacks of
potatoes in refrigerator ears. Hadley at al. (unpublished) liber-
ated beetles in four cars before dusting, When these cars reached
their destination 7 to 8 days later, the 630 beetles found in the
cars were dead. Burgess et al. (unpublished) dusted 39 cars with
the bunker hatches open and closed, a factor that did not modify
the effectiveness of the treatmeut. The cars were en route for
3 to 8 days. On arrvival at their destination 5,205 dead and 47
living beeties were recovered in the cars, These living beetles
died during the following 8 days.

Two ounces of the dust were dispersed in the cars, 1 ounce
before loading and aneother ounce after the sacks of potatoes
were in the cars. Hadley et al. {(unpublished) dusted 22 ecars.
When these cars rveached their destination 2 to 8 days later,
most of the 3,115 beetles recovered were dead. Only one of the
few living beetles was not dead 5 days affer removal fron the
cars. Burgess et al. (unpublished) dusted 42 cars, which were en
route for 2 to 18 days. At their destination 6,510 dead and 18
living beetles were recovered in fhe cars. All the living beetles
died during the following 7 days.

Although one application of the dust after Joading was effective
in killing heetles, it was recognized that beetles hiding beneath
the floor racks in loaded cars might oceasionally escape contact
with the deposit of DDT. When the dust was dispersed hefore
and after loading the cars, there was a remote possibility that
all beetles in the ecars would not come in contact with the
insecticide.

Burgess et al. {unpublished) dusted truck loads of sacked
potatoes with the 10-percent DDT dust. HMost of the trucks
reached their destination within 2 days. The beetles in the 11
trucks in which 1 ounce of dust per 2,500 cubic feet was dispersed
after loading were not all dead on avrival at their destination,
but most of the few alive at that time died during the following
2 or 3 days. The beetles in the 10 trucks dusted hefore and after
loading were all dead within 2 days after the trucks reached their
destination.

None of the potatoes were injured by the DDT dust. Analyses
of the potatoes in sacks taken from refrigerator cars that had
been dusted before and after loading showed that the DDT on
the potatoes ranged from less than 0.002 to 0.189% p.p.m., with an
average of 0.0 p.p.m.  (Burgess et al, unpublished)
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Dusting refrigerator cars and frucks with 10-percent DDT
dust containing pyrophyllite or nonfibrous tale as the diluent was
authorized in 1947 for use at not lower than 50° ¥, The dust
was dispersed by a carbon dioxide-propelied duster. One ounce of
dust per 2,500 cubic feel was dispersed in empty cars and trucks.
Two ounces, one before and one after loading, were dispersed in
cars and trucks loaded with sacks of potatoes, Later the treatment
was authorized for sacks of onions. Chisholm et al. (7§48)
reported that over 10,000 refrigerator cars and trucks were
dusted during the suimmer of 1947,

Smoke

Burgess et al. (unpublished) prepared a smoke-producing mix-
ture by blending 30 grams of a 1:1 DDT-pyrophyllite mixture
with 30 grams of potassium chlorvate, 30 grams of ammonium
chloride, and 10 grams of lactose. When 1 ounce of this mixture
was ignited, about one-eighth of the original DDT remained in
the residue.

In a preliminary test the smoke from 8 ounces of the mixture
without DDT had no effect on the beetles. When DDT was in the
mixture, exposure for 30 minntes to the smoke from 8 ounces of
the mixture per 2,500 cubic feet in a fumigation chamber killed
98 to 100 percent of the beetles within & days. The smoke from
10 ounces of the mixture killed all of them in 4 days. In a re-
frigerator car the smoke from 8 ounces of the mixtuve killed 87
percent of the beetles within 7 days. Most of the smoke dissipated
in about 30 minutes, but a distinet odor remained even after
aerating the refrigerator cars for 1)4 hours. The use of a DDT
smoke was not practical. It was very irritating to the operator,
and within the range of dosages tested it could not be depended
on to kill all the beetles.

Low-Volume Sprays

Preliminary tests were made with low-volume sprays for killing
beetles in chambers and vefrigerator cars. One fluid ounce of
cyclohexanone, a 1:3 mixture of cyclohexanone and dimethyl-
phthalate, or a 2:1 mixture of ethylene dichloride and cavbon
tetrachloride, each containing 3 grams of DDT, when atomized
into 2,500 cubic feet of space was equally as effective in killing
beetles as a dust containing 8 grams of DDT. The addition of
chlordane, eugenol, Lethane 384 {2-{2-butoxyethoxy)ethyl thio-
cyanate), phenol, Thanite (mixture of isobomyl thiccyanoacetate
{82 percent} and related compounds), or toxaphene to the DDT
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spray did nof modify the insecticide action, but the addition of
ethylene dibromide retarded it, There seemed £o be 1o advantage
inapplying DDT as a spray. (Fleming et al. unpublished)

Aerosols

In a preliminary test an aerosc! containing 4 percent of DDT,
16 percent of a dispersing agent, and 80 percent of dichlorodi-
fluoromethane was discharged into empty refrigerator cars
through the top bunker screens or in the load space. The 5-
pound bombs were discharged for 1 and 2 minutes, but the
weight of aerosol introduced into the cars was not determined.
The discharge of the aerosol for 1 minute killed all beetles in
two cars within 8 days, but the mortality in the third car was
only 96 percent 7 days later. The discharge for 2 minutes killed
all beetles in the cars within 3 days. (Hadley et al. unpublished)

Comparative tests in a chamber showed that 3 grams of DDT
per 2,500 cubic feet of space were equally as effective in killing
beetles when applied as an aerosol or as a 10-percent dust. The
distribution of DDT throughout empty refrigerator cars and
cars loaded with potatoes was the same with an aerosol bomb as
with a gas-propelied duster. Although an aerosol might be used
to advantage in treating refrigerator cars, this method of dis-
persing DDT was not explored further. {(Fieming et al. un-
published)

QUARANTINE ON NURSERY AND
GREENHQUSE STOCK

Safeguarding the movement of wursery and greenhouse stock
outside the regulated area was the most important phase of the
Japanese beetle quarantine because one or more of the immature
stages of the beetle are in the soil throughout the year. Nursery
and greenhouse stock could be shipped without certification
within the regulated area, but it had to be certified at any time
of the year for shipment outside this area. {(Howard 1918;
Smith and Hadley 71925)

Since the limits of the regulated area followed the outer
boundaries of political subdivisions, such as townships or coun-
ties, where beetles had been found the previous summer by
scouting and {rapping, some uninfested nurseries and greenhouses
were included within the area. These establishments were classi-
fied in three groups with respect to their infestation :

Group 1.—These nurseries and greenhouses were not infested.
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No beetles or grubs were found on or near their premises. The
business of these establishments was conducted in the same
manner ag before they were placed under guarantine. Blanket
certification was made for the movement of their produocts.

Group 2.—0ne beetle had been found in or near the premises
of these establishments, but no grubs were found in the soil
These nurseries and greenhouses could ship plants with soil
provided no grubs were found in the nursery blocks in periodic
surveys and no grubs were found in the soil about the roots of
plants at the time of digging. As an added precaution, the upper
2 or 3 inches of soil about the roots of the dug planis were
removed, because duvring September and October and April
and May, the prineipal shipping periods for evergreens and other
field-grown stock, the grubs most likely would be near the surface
of the soil,

Group 8.—Beetles and grubs had been found on the premises of
these establishments. No shipment of plants with soil was per-
mitted until treatments were developed and authorized to destroy
the immature stages in the soil. No movement of nursery and
greenhouse stock to establishments in groups 1 and 2 was per-
mitted, except in full compliance with the requirements for
shipment outside the regulated area. (Smith 71925q; Smith and
Hadley 1926)

Preventing Infestation

It was more practical under some conditions to prevent in-
festation than to destroy the immature stages of the Japanese
beetle in the soil.

Screening

One of the first procedures authorized for the production of
certified potted plants was to grow them in uninfested soil in
greenhouses where all ventilators and doors were screened and
in coldframes covered with screening to exciude the adult beetle.
Cloth screening was not satisfactery because it was easily torn
and diffienlt to maintain. Copper or galvanized screening was
the only fyve approved. The uninfested soil was obtained out-
side the regulated area until methods were developed for destroy-
ing the immature stages in potting soil. Sanitary procedures
were strictly enforeed to prevent the introduction of infested
soil or plants into the screened greenhouses and cold frames.
Many thousands of plauts were produced satisfactorily under
these conditions. (Smith 1925z, 1925b; Smith and Hadley 1826)




26 TECH. BUL. 1441, U.8S. DEPT. OF AGRICULTURE

Mulch Paper

Several types of mulch paper were spread over the ground
and fitted as closely as possible about the base of trees and
shrubs in a nursery block to prevent the beetle from laying
eggs in the soil. The reduction of the grub population in the fall
was related to the extent that the ground was covered by the
mulch paper. The normal population in the block was reduced
93 percent under trees with a single trunk where the paper
could be fitted closely about the trunk, but it was reduced only
G7 percent under shrubs with several shoots. The mulch paper
was laborious to apply, difficult to maintain thrvoughout the
summer, and did not prevent the soil from becoming infested.

Soi! Removal From Plant Roots

It was common practice to ship dormant herbaceous and de-
ciduous plants without soil before nurseries and greenhouses
were quarantined. The usual procedure for preparing these plants
for shipment did uot remove all the soil from the roots. The
lumps of soil among the roots were often large enough to harbor
grubs, Washing the roots with water was effective in removing
the adhering soil, except when the roots were matted or con-
fained cnvities packed with soil. The washing procedure was
approved in 1923. 1t was used extensively for many years.

In preparing herbaceous plants for washing, excess soil was
removed, the roots were pruned, and large clumps were divided
as much as possible without causing injuvy. The washing was
done by shaking the roots in a tub of water until all of the soil
was removed. Amongr the plants treated successfully by washing
were species of the following geneva: Allfum, Arenaria, Astilbe,
Baptisia, Coreopsis, Dahlia, Delphinium, Digitalis, Festuea, Fili-
pendula, Gailardia, Gypsophila, Hemerocallis, Hibiscus, Hyperi-
cum, Iris, Lythrum, Peeonia, Penstemon, Phloz, Polygonum,
Riewm, Sedum, Thatictrum, and Veleriana (Fleming and Baker
1930},

The deciduous shrubs washed successfully by dirvecting a stream
of water under slight presswre on the roets included species of
Berberis, Buddlela, Cornus, Deutzia, Euonymus, Forsythic, Hy-
drangea, Ligustrum, Louicera, Philadelphus, Spiraeq, and Weigeln
(Fleming and Baker 1930).

The deciduous trees washed successfully in the same manner
as the deciduous shrubs included species of Acer, Adesculus, Betula,
Catalpe, Fagus, Magnolia, Quercus, Salix, Sorbus, and Ulmus
(Fleming and Baker 1930).
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The removal of soil by washing the roots seriously retarded
or killed the broadleaf evergreens, including species of Abeliq,
Buxus, Cotoneaster, Hex, Kalmia, Pachysandra, and Rhododen-
dron, and the narrvowleaf evergreens, including species of Cha-
maecypuris, Juniperus, Piceq, Taxus, Thuja, and Tsuga, even
when the washed roots were puddled in clay and repacked in
uninfested soil {Fleming and Baker 193¢, Jaynes unpublished;
Smith 71924).

Nonchemical Treatments

High Frequency Electrostatic IMield

There was a possibility that the immature stages of the beetle
in the soil of potted plantz could be kifled by passing the
plants through an eclectrostatic field. In vreliminary fests there
was no effect o eggs in moist soil in test tubes when the frequency
was less fhan 2,000 kiloeyeles per second angd the field strength
was less than 4,000 volts. With this frequency and field strength
the temperature of the soil in the test tubes was raised from
T8 to 98" F., in | minute, 110 in 2 minutes, 140° in 3 minutes,
[45  in o minutes, and 1727 in 5 minutes. The mortality of the
eges ranged Trom 12 percent with the shortest exposure to 60
percent with the longest exposure.  {Baker unpublished)

Third-instar grubs in test tubes without soil and in test fubes
with moist and dry loam, sand, leaf mold, and peat were not
affected by exposure for 38 minutes in an electrostatic field
with a frequency of 12,000 kiloeyeles and a feld strength of 8,000
volts. Grubs in loose moist soil in small clay pots exposed for 8
minutes in this electrostatic field were all killed by increasing
the temperature of the soil from 67° to 133" F. This treatment
did not kill the grubs in the pots when the soil was compacted
and the temperature increased from 677 to 109°. The heating of
soil in the electrostatic field was modified not only by its com-
pactness but by its type, volume, and moisture content. (Swingle
unpublished)

Small succulent plants, including species of Ageratum, Calen-
diuda, Dianthns, Hetianthus, Lycopersicon, Pelargoninm, and Sal-
via, growing n pots were killed by exposure for less than 1
minute in an electrostatic field with a frequency of 12,000 kilo-
cycles and n field strength of 38,000 volts. Most of the plants
wilted after an exposure of a few seconds, but some burst into
flames. Inverting a glass beaker over the aerial part of a plant
did not protect it from injury, but inverting a potted plant and
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immersing the aerial part in water prevented injury even when
the exposure was prolonged for 15 minutes. (Swingle unpub-
lished)

The high frequency electrostatic field was of little value for
destroying the immature stages in the soil of potted plants be-
cause it did not kill all the eggs and grubs in the soil and was
very injurious to growing plants.

High Voltage Electrical Treatment

Several devices were proposed in 1932 by electricians for high
voltage electrical treatments of potted plants to kill grubs in
the soil. An exposure of 5 minutes in 6-inch pots of soil to a
two-phase circuit with a potential of 3,800 volts passing through
the soil killed no grubs when the soil was dry and only 20
percent of them when it was moist. In view of these results,
the effect of the treatment on growing plants in pots was not
determined.

Ultraviolet Light

Grubs removed from soil and exposed in quartz test tubes
for 60 minutes to the radiation from a quartz mercury vapor
arc were not affected by the treatment {Osburn unpublished}.

Vacuum and Pressure

Grubs and pupae subjected to an atmospheric pressure of 5
p.s.l. for 17 hours or to 220 p.s.i. for 3 hours and then restored
gradually to normal atmospherice pressure were not affected by
the change in pressure. When the pressure was reduced to 0.5
pound p.s.i. and then increased to 220 D.s.i. or vice versa, within
15 minutes about 50 percent of the grubs were killed (Mallory
unpublished). A change in the atmospheric pressure from 2.5
to 200 p.s.i. in 60 minutes killed less than 10 percent of the
grubs (Osburn unpublished).

Potted plants of Aster and Digitalis species withstood a re-
duction of the atmospheric pressure to 5 p.s.i. or an increase
in the pressure to 220 p.s.i. when the pressure was slowly restored
to normal over a period of 20 to 30 minutes, but the plant tissue
was ruptured when the pressure was restored to normal within
1 minute (Mallory unpublished).

Refrigeration

Preliminary experiments by Leach (unpublished) during the
summer of 1920 showed that low temperatures killed grubs,




PREVENTING JAPANESE BEETLE DISPERSION 24

Later Feox (193%) concluded that 15° F. was the lowest tempera-
ture that grubs could withstand under natural conditions. Smith
(1924) and Smith and Spencer (unpublished) explored the possi-
bility of using refrigeration to kill grubs in the soil of balled
and burlapped nursery stock.

Five extensively planted species of evergreens—Chamacey-
paris pisifera, Juniperus virginiona, Picea abies, Pseudotsuga
tavifolic, and Thuja oceidentalis—were obtained balled and bur-
lapped in the fall and spring from commercial nurseries. The
trees were 2 to 6 years old. Third-instar grubs were introduced
into the soil balls. The balled trees were placed in refrigerated
chambers maintained at predetermined temperatures. The time
for the temperature of the soil balls to be reduced from 50° F.
to that of the chambers was determined. Usually the trees were
left in the chambers for an additional 115 hours and then t{rans-
Terred to a cool greenhouse for the soil to thaw gradually. The
grubs were removed from the thawed soil balls and kept under
observation for at least 2 weeks to determine their reaction.
The trees were planted in a nursery plot. The reaction of the
trees to refrigeration was determined 6 months later. These ex-
periments are summarized in table 4. The species of trees were
grouped together in this summary because the number of each
species at each temperature was not adequate to rstablish their
individual reactions.

TABLE {.—Efect of low temperatures on third-instar Japunese
beetle grubs in soll und on bulled and burlapped evergreens
Average
time to Average mortality of—
Temperature reduce
of chamber temperature
(" F.} of soil
from 50° F. Grubs Evergreens
Hours Percent Percent
az 3.0 0 0
30 1.0 20 13
28 7.6 35 29
26 82 50 40
24 8.8 Gl 51
28 9.5 Td 53
20 10.0 84 63
18 10.5 a8 67
16 1.2 95 71
14 11.8 98 7o
12 12.4 100 g

10 13.0 100 B2
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The soil of bailed and burlapped nursery stock had to be re-
duced to 12° F. to kill all the third-instar grubs. This treatment
was very detrimental to growing evergreens, killing about four-
fifths of the trees. It was obvious that refrigeration could not
be used as a certification treatment in commercial nurseries.

In the 1960’'s there was a problem of how to climinate all
stages of the beetle in samples of soil taken in various parts of
the country for determining insecticide residues. The samples
could not be certified for shipment to the laboratory until
treated to destroy any infestation in the soil. Fleming and Maines
{unpublished) found that fumigation with ethylene dibromide left
@ rvesidue that interfered with biocassays. This residue was not
eliminated by aeration. Heating the soil te 130° F, destroyed the
immature stages but caused a loss of chlorinated hydrocarbon
insecticides in the soil. The eggs, grubs, pupae, and adults in
the soil were destroyed without any interference with chemical
analyses or bicassays by placing the soil for 24 hours in a quick-
freeze locker ut between —10° and —20", The quick-freeze treat-
ment was approved in 1963 for the certification of soil samples
taken within the area infested by the Japanese beetle. Later it was
authorized for samples of soil taken in areas where the European
chafer (Amphimallon majalis Razoumowsky), the imported
fire ant (Solenopsis saevissima richteri Forel), and the white-
fringed beetles (Graphoy, nathus spp.) were found, except where
the burrowing nematode (Radopholus similis {Cobb) Thorne),
the golden nematode (Heferodera rostochiensis Wollenweber), the
soybean cyst nematode {H. glycines Ichinohoe), and witchweed
{Striga tutea) occurred.

Hot Water

Leach (1821) killed third-instar grubs in 8-inch soil balls by
immersing the soil balls in water at 110° F. and holding them in
the water for 45 minutes after the temperature of the soil
reached that of the water. The treatment seriously retarded the
growth of Rhododendron obtusum and killed Chamaecyparis pisi-
fera. It was considered to be too hazardous to plants. Although
the hot-water treatment applied by Leach (7921) to kill grubs
was very injurious to two species of evergreens, other investi-
gators had found that dormant Chrysanthemum, Citrus, Gladio-
lus, Narcissus, and Paeonie species withstood immersion in hot
water. By 1926 thousands of herbacecus plants were being washed
in commercial nurseries to obtain certification for shipment,
Washing the small particles of soil from the roots was slow,
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luborious, and costly. Fleming (7928q¢, 1981) and Fleming and
Baker {7928, 1929, 19232} explored further the use of hot-water
immersion to destroy all stages of the beetle in soil among the
roots of nursery plants,

Effect on Different Stages of Beetle-—There was a definite
relationship befween the mortality of the insect, the water tem-
perature, and the immersion period. In a preliminary test with
third-instar grubs removed from soil the period of immersion for
100-percent mortality decreased progressively as the temperatove
af the water was raised from 100° to 122° F,, as shown in the fol-
lowing tabulation:

Temperature Mininum fethal period
¢ {minutes)
140 600
104 L e 340
67 170
110 . 70
112 . .- a1
114 _ e 16
1146 e 10
118 . - 4
120 e 3
122 _ o 1

The destruction of the grubs below 110° was very slow and often
uncertain, but above that temperature the rate of insecticide ac-
tion became greatly accelerated until at 122° death was almost
instantaneous.

Which of these treatments was the least injurious to plants?
In a preliminary test dermant roots of Deailic and Pazowia
species with small particles of soil were subjected to these treat-
ments. The dahlias were killed or seriously retarded by pro-
tonged immersion at 100° and 104° F. but were not affected at
108" and 120°. The peonies were not affected by treatments below
118° but were retarded at 1182, Treatment between 110° and 114°
appeared to be the least hazardous to both species of plants,

The reactions of eggs, first—, second-, and third-instar grubs,
prepupae, pupae, and adult beetles immersed without soil in
water at 110°, 1122, and 114° F. were determined at weekly in-
tervals during their development. The temperature of the water
was held within 0.5° of 110°, 1129, and 114° during these treat-
ments. The only seasonal variation in the reactions of the dif-
ferent stages occurred with third-instar grubs, which are in the
soil from September until June., The minimum periods of im-
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mersion te kill all stages during their development are presented
in table 5.

A temperature of 112° F. was about eptimum. Immersion for
T8 minutes at this temperature was completely effective in killing
all stages except eggs. The mortality of the eggs ranged from 96
to 100 percent in the different tests, with an average of 99.7
percent. The few grubs hatching after this treatment were
greatly rvetarded in their development, and most of them were
abnormal.

As the temperature of the seil in the field decreased in the
fall, third-instar grubs became progressively more resistant to
hot water. When removed from soil and immersed in water at
112" F,, they were destroved by immersion for 30 minutes in
September and for 40 minutes in October. Although the grubs
were guiescent from November through March, the immersion
had to be increased fo 70 minutes to kill all of them. As they be-
came active in the spring their susceptibility to the treatment
increased. Immersion for 50 minutes was effective in April and
for 38 minutes in May and June,

Preheating Period.—AN stages of the insect in soil were de-
stroyed by immersing the soil in water at 112° F. and con-
tinuing the treatment for 70 minutes after the soil masses had
been heated throughout to the temperature of the water. The
preheating period contributed to the insecticide action so that
the more vesistant sfages were killed many times in less than 70
minutes after the temperature of the scil reached that of the
water, The preheating period gave further assurance of the ef-
fectiveness of the treatment,

When a mass of spil was immersed in water at 112° F., the hot
water tlowed quickly info the soil, displacing practically all the

TABLE 5.—Pertods of {mmersion without soil in hot water for
10G-pereent mortality of variows stages of Japanese beetle

Length of immersion for
100-percent mortality al—

Slage

110° I, 112¢ . 114* P

Minutes Alinutes Minutes
Egg 1460 86 50
First-instar grub GO 40 30
Second-instar pruhb R0 40 30
Third-instar grub _ 130 70 40
Prepupa 80 45 30
Pupa . 130 70 40

Adult . e e e 40 20 10
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air and raising the soil temperature by 20° to 30°. After this
initial increase in temperature, the heat penetrating from the
surrounding water gradually raised the soil temperature to 112°,
The time required to heal a mass of soil under these conditions
depends on many factors, among which the most important are
the volume, type, temperature, and absorpfive capacity of the
soil.

The volume of soil affected the rate of heating more than the
other factors. The time required to heat 2 to 1,728 cubic inches
{1 cubic Toot) of moist elay loam from 702 to 112° . was as fol-
lows:

Sofl volume of—

{etdic incheg) Minules
2 15
q ) 18
3 2h
14 . 35
32 45
8d o . G0
128 75
512 a0
1,024 . - 140
1,728 _ 200

A preheating period up lo 60 minuntes was practical to use in
commercial nurseries; the treatment could then be completed
within 130 minutes. This would limit the volume of a mass of
clay loam to not move than 64 cubic inches. Other tests showed
that with this preheating period a mass of a sandy loam could
have a volume of 92 cubic inches and a mass of peat not more
than 40 cubic inches.

The temperature of the soil before immersion also affected the
preheating period. Soils with temperatures of 35° to 50° F. re-
quired from 10 to 30 minutes’ longer treatment depending on
the volume than Jid soils of 65 to 75°.

The extent to which a soil was saturated with water was
another factor modifying the preheating pericd. Soils saturated
with water before being placed in hot water heated slower than
soils only partially saturated with water. The heat capacity of
water is approximately five times that of dry particles of soil
(Patten 1909). Thus such soils as peat, which absorb a high per-
centage of water, heated slower than did sandy soils with a
limited absorptive capacity.

There are many intrinsic factors involved in the penetration
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of heat into a mass of soil immersed in hot water. It was im-
possible to predict acecurately the time required to heat the soils
about the roots of different nursery plants. It was necessary to
determine the preheating period for each batch of plants by in-
serting thermometers in several plants in such a manner that
the mercury bulbs were approximately at the center of each mass
of soil and roots.

Reuaction of Plants.—Most of the tests to determine the reac-
tion of plants to immersion in water at 112° F. for 70 minutes
after the soil mass had reached that temperature were con-
ducted with dormant or semidormant plants in commereial nur-
series. The treatment so far as possible was made an extra step
in the usual procedure of & nursery in preparing plants for the
market. Herbaceous planfs were prepared for treatment by re-
moving loose soil, dividing large clumps, and pruning the tops
and roots. Deciduous planis were prepared for treatment by
removing locse soil and pruning the roots. The scil about the
roofs of evergreens was reduced as much as possible without
damaging the plants. There was no preparation for potted pilants.
The herbaceous plants were completely immersed in water. Only
the roots of the other plants were immersed. Each variety was
handled after treatment according to the usual practices of the
nursery.

The following species withstood the hot-water treatment suc-
cessfully:

Ajuga replans Froanklinia alatamakba
Afliwim schoenoprasum Ceum chiloense
Amsonia tabernaentontana Gypsophila repens
Aquilegio skinneri Hetewivm hoopesi
Arenaria montana Heliopais helianthoides
Aster subecoeruleus Hemerocallis dumortieri
Astithe sp. Hemerocallis fulva
Baptisin australis Hosta caertlea
Cumpsis grandiflora Humunlus lupulus
Dakhlia spp. Hypericum moserianum
Dianthus caryophylius Tberis sempervirens
Dianthus deltoides Iris eristala

{Heentra formose Iris laempferi
Digitalis lanata Iris pallida

Digitalis purpurea Iris pseudacorus
Elymus glaucus Iris sibirica

Evonymus fortunesi Iris variegata
Euphorbia corollata Kerria Japonica
Filiperdule purpuree Kniphofia wvaria
Filipendula wlmaria Liairis pycnostachya
Forsythio suspensa Limonium latifolinum




PREVENTING JAPANESE BEETLE DRISPERSION

Liyehais chalcedonica
Lychnis coronarie
Fapthrum saticaria
MHentha spicuta
Monarde didyme
Niorembergia rivularis
Paeonin lactifiore
Paconia officinalis
Phlox amoena

Phlox glaberrime
Phliox paniculatn
Physostegia vivginfane
Polynonnm cuspidatum
Pateutilla nepalensis
Saponnria ocymoides
Seablosa Juponice

The following species were

ment:

Achillea filipendulina
Achitlea ptarmica
Adiantum pedafun
Aquilegie chrysantha
Aquilegic flabellata
Aquilegia vulgaris
Arrfienathorum elutius
Aster novae-angline
Berberis thunbergii
Calimeris incisa
Callicarpe dicholoma
Canna indice
Centauren dealbata
Centaurea montana
Cantranthus ruber
Chelone glubra
Chelone lyoni
Chrysanthemum coceinenmn
Chrysanthemum maximum
Cibetinm schiedei
Clematis heracleaefolin
Convallaria majalis
Coreopsis lanceslala
Coreopsis rosea
Eehinops ritro
Evrigeron coulteri
Eryngiiom maritimum
Eryngiuvm planwm
Bupatorium wrlicacfolium
Fesfuca ovina
(Taillardia aristatn
Hedera helix

retar

Spiraea bumalda
Spirace prunifolia
Symphoricarpos orbiculatus
Syringa vulgaris
Thalictum glavcum
Tradescantia virginiana
Tritonie undulate
Trellius ewropacnus
Tunica saxifraga
Vaceininm spp.
Valeriana officinalis
Veronica tncana
Veronica maritine
Veronica spicata
Veronica spuria
Weigela florida

ded or killed by the

Flydrangea arborescens
Hydrangea macrophyile
{ris ochrolevca
Limoniwmn carelinianum
Lonicera japonicn
Malve moschale
Penstemon barbatus
Penstemon laevigatus
Phalaris arundinaeca
Physalis atkekengt
Pleea pungens
Polemoniwm pulcherrimum
Polypodium vulgare
Rhododendron cafewblense
Rhodudendron indicum
Rhododendron obéusum
Rudbechiv laciniata
Rudbeckic mazima
Rudbeckic sublomentase
Sanguisorbue abfusn
Sedum spectabile
Senecio pulcher
Sidaleee candida

Silene schafla

Silphiiom perfoliatum
Solidago altissima
Solidago shortl

Stachys grandiflore
Stokesie laevis

Thuja oceidentalis
Thaymus serpyllum
Veronica repens

35
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About one-half of the species treated and handled according
to the usual procedures of the nurseries were not injured. How-
ever, many of them retarded under commercial conditions had
been treated successfnlly in preliminary tests. The factors causing
this discrepancy were not established. The tests did show that
many herbaceous and deciduous species would withstand im-
mersion of their roots in hot water.

Immersion in water at 112° F. for 70 minutes affer the mass
of roots and soil had reached that temperature was authorized
in 1927 as a basis for certifying the shipment of dormant her-
baceous and deciduous plants with little soil among their roots
{Smith 1928). The treatment soon became generally used by
commercial nurseries. During the dormant season of 192728 the
treatment was used for about 164,000 plants {Fleming and Baker
1929},

Steam

Heating soil by steam fo destroy soil-inhabiting insects and
other pests was a common practice at muny nurseries and green-
houses. Fleming and Baker (7932) consider: ! the thermal death
point to be the lowest temperature at whicl, death of the insect
resulfed after immersion in water for 1 minute. The thermal
death point of the beetle daring its embryonic development was

1287 F. The grub after it emerged from the egg was destroyed at
122°. There was little change in susceptibility to heat during the
first and second larval instars. After the second postembryonic
molt the thermal limit was raised to 126°. It remained at this point
until the third-instar grub approached maturity when it de-
creased to 1227, After the grub changed into a prepupa, the
thermal death point was raised to 126°. During the pupal stadium
the thermal limit was 128°, but when the pupa transformed into
the adult, the insect was destroyed at 122°.

Fleming and Baker (7980) killed all stages of the beetle in
friable soil to be used for potting plants by injecting steam at a
pressure of 70 p.s.i. to raise the temperature of the soil to 130° F,
Steam at lower pressures did not disperse as readily throughout
the soil and tended to make it muddy. This freatment with
steam was authorized in 1927. To assure adequate heating of
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the soil in commercial nurseries, it was required that the tem-
perature be maintained at 130° for 30 minutes.

Vapor Heat

Van Leeuwen (unpublished) vemoved third-instar erubs from
soil and exposed them to air at 112° F. and a relative humidity
of 98 percent. The vapor heat was much slower in killing grubs
than immersion in hot water, as shown in table 6. Furthermore,
108 minutes were required for vapor heat at 112° to raise the
temperature of 64 cubic inches of a moeist clay loam from 70°
to 1122, whereas this was accomplished in 60 minutes by immer-
sion in water at 1127, These preliminary tests demonstrated that
vapor heat was not a satisfactory substitute for immersion in
hot water.

TABLE 6.—Re¢lative effectiveness of
vapor heat and water at 112° F.
in killing  third-instar Japanese
beetle grubs removed from soil

Exposure for
Month 100-percent mortality with—

Vapor Water

Minutes Minutes
April . .. 100 50
May . . 60 35

Fumigation in Chamber

Preliminary Tests

Preliminary tests were made by Fleming (1225¢), Mason {(un-
published), and Osburn (unpublished) to determine the effective-
ness of various chemicals as fumigants against third-instar grubs,
which were removed from soil and exposed directly to the vapous.
The results of these tests are summarized in table 7. The mini-
mum effective dosage is shown when all the grubs were killed in
replicated tests, and the maximum dosage tested is shown when
it did not kill all the grubs.




TABLE 7.—Preliminary tests with chemicals as fumigants against third-instar Japanese beetle grubs removed
from soil

Dosage Length of .
Chemical per 1,000 exposure Mortality Source
cubic feet at 80° F. of grubs

Pounds Hours

Acsitaldehyde diethyl acetal ) 8.0 2 Osburn unpub.
5.6 24 Fleming 1925a.
; 2 Osburn unpub.

Amylene (2-methyl-2-butene) . 2 Do.
24 . Fleming 1925a.
2 Osburn unpub.

Do.
24 Fleming 1925a.

24 Do.
2 Osburn unpub.
Bromobenzene . 24 Fleming 1925a.
2
2
2
24

Acetone

Aniline ... ... ... . ... ... ..

Benzyl chloride (a-chlorotoluene)

Bromoform Osburn unpub.
Butyl acetate Do.
Butyl alecohol Incomplete De,

Complete Fleming 1925a.
24 Do.

Osburn unpub.
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Carbon tetrachloride
Chlorobenzene




Chloroform .. . .. ... e i

Chloropicrin ... . . .. .. ... i ...
0-Cresol .. ... e
Cyclohexane .. ... .. . .. .. . ... .......
m-Cymene - . .. .. ... Ll il et
P-CYMENe ... .ot e e e
D-D (d1chloropropene-dlchloropropane mixture) ...
Dichloroacetone (1,3-dichloro-2-propanone) . _._....
o-Dichlorobenzene . ......._.__.. e e S s
p-Dichlorobenzene . __.___.. . e
Diethylamine . __ ... e i
p, a-Dimethylstyrene ... _ ....._ R e a
Epichlorohydrin (1-chloro-2,3-epoxypropane) .. ...
Ethyl aleohol __ .. . L. e
Ethyl benzylaniline (N benzyl-N-ethylaniline) _...
Ethyl formate ... .. ... ... ...
Ethyl valerate .. ... ..l
Ethylene chlorohydrin (2-chloroethanol) .___.__....
Ethylene dichloride _.._. .. .. __ . . . ... _.....

Hexachloro-1,3-butadiene
Hexachloroethane

See footnotes at end of table.

7.75

224
24
224

....... do....... Do.
_______ do ...-_.. Do.
_______ do ....._. Fleming 1925a.
Incomplete __._.. Osburn unpub.
Complete ...._ ... Fleming 1925a.
Incomplete ..._... Mason unpub.
Complete .._..... Do.
...... ~do ....... Osburnunpub.
....... do i...... Do

R s [« SR Fleming 1925a.
,,,,,,, do ....... Osburn unpub.
Incomplete ....__ Mason unpub.
Complete ....._.. Osburn unpub.
....... do .._.... Mason unpub.
Incomplete ...... Osburn unpub.
........ do....... Do.
Complete ________ Do
....... do .....:. Do.
..... .do oo Do.
....... do __...._. Mason unpub.
....... do -._..._ Osburn unpub.
_______ do .._.._- Do.
....... do -..__... Fleming 1925a
_______ do _...._. Do.
_______ do _.__._.. Osburnunpub.
Incomplete ____.. Mason unpub.
Complete __.____. Fleming 1925a.
_______ do _.___.. Mason unpub.
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TABLE T.—Preliminary tests with chemicals as fumigants against third-instar Japanese beetle grubs removed

from soil—Continued

Chemical

Length of
exposure
at 80° F

Dosage
per 1,000
cubic feet

Mortality Source

of grubs

Isobutyl 'acetate
Isopentyl acetate -
Isopentyl alcohol

p-Menthane

Mesityl oxide (4-methyl 3-pentene-one)

p-Methyl acetophenone

Methyl aleohol .. .

Methyl ethyl ketone (2-butanone)
Methyl formate .. . .
Methylene chloride

Naphthalene

Nicotine

o-Nitrotoluene

Pounds
4.0

Hours

8.0
3.5
1.0
4.5

6.0
4.0
8.0

5
1.0
1.5

Paraldehyde (2,4,6- trlmethyl-l 3,5-trioxane)

Phenol

" Propy! chloride (1-chloropropane)
Propylene dichloride

Osburn unpub.
. Do.
Incomplete .... . Do.
e Do.
Mason unpub.
Osburn unpub.
Mason unpub.
Osburn unpub.
Do.
Do.
Do.
Fleming 1925a.

Complete
Incomplete
Complete

Incomplete e
Complete

Osburn unpub.
Mason unpub.
Csburn unpub.

0¥

CRA

JUALINDIYNVY J0 "Ld¥d 'S'n ‘T#rT "INd "HD




Pyridine

1,1,2,2-Tetrachloroethane

Tetrachloroethylene
Thymol

Toluene

o-Toluidine
p-Toluidine .
1,1,1-Trichloroethane
Trichloroethylene
Xylene

Xylidine

H

7,75
30.0
2.0
7.0
7.5
2.75
2.5
1.0

2.5
8.0
2.5
30.0

[\
.

“
[\-]
N oW

(3]
B PO DO DO s i 1O s 1O M

o o

do -

Incomplete

Complete ... .. .

Incomplete
Complete

do

. do

.. do

. do

. . do

Incomplete
Complete

Incomplete

Fleming 1925a.

Osburn unpub.
Do.

Mason unpub.
Osburn unpub.

Fleming 1925a.

Osburn unpub.

Fleming 1925a.

Do.
Osburn unpub.

Do.

Do.

Do.
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Hydrocyanic Acid

Fleming and Burgess (1943) determined the dosage, exposure,
and temperature relationship of hydrocyanic acid to the mor-
tality of third-instar Japanese beetie grubs removed from soil
and exposed directly to the gas. These tests are summarized in
table 8. All grubs were killed at 75° ¥. by exposures of 3 hours
to 2 ounces, 2 hours to 4 ounces, and 1.5 hours to 6 ounces of
hydvocyanic acid per 1,000 cubic feet. A 8-hour exposure to 4
ounces killed the prubs at 45°.

Hydrocyanic acid is very soluble in water so that much of the
gas is absorbed by the outer layer of soil and the penetration
throughout the soil mass is poor. Sasser and Sanford {1918) placed
5-inch pots of soil infested with third-instar grubs in a chamber,
veduced the atmospheric pressure to 2 p.s.i. in 15 minutes, in-
troduced hydrocyanic acid at 10 ounces per 1,000 cubic feet, re-

TABLE 8B.— Dosage, exposure, and
temperature required to kill 100
percent of third-instar Japanese
beetle grubs removed from soil and
exposed, directly to hydrocyanic
acid (HCNY in chamber

HCN
per 1,000  Minimum Minimum
cubic feet  effective effective
{ounces) exposure temperature

Hours *
80
75

G
85
76
4B

80
75
60
45
60
56
45
56
B0
45
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stored the atmospheric pressure to normal, and exposed the in-
fested soil to the gas for 114 hours at 80° F. All the grubs were
killed in dry and moist soil, but nene of them in wet soil. In-
creasing the exposure to 8 hours did not kili ary grubs in wet
soil.

Lipp (unpublished) exposed soil balls 8 inches in diameter to
8 ounces of hydrocyanic acid per 1.000 cubic feet for 2 hours at
room temperabure and normal atmospheric pressure. The treat-
ment killed 88 percent of the third-instar grubs in dry loam but
only 22 percent of them in moist loam.

Although the gas is highly toxic fo the grubs, its poor pene-
tration into masses of soil made it of little value in destroying
the grubs in the soil.

Ethylene Oxide

Osburn {1941} kitled all grubs in 6-inch pots of moist soil by
an exposure for 2 hours to 7.5 pounds of cthylene oxide per 1,000
cubic feet at 80" F. or for 3 hours to 2 pounds at that temperature.
A 3-hour exposure to 10 pounds was required to kill all the grubs
in ti-inch pols of soil. Hydrangea macrophylle and Rhododendron
indicum were severely injured by exposure {o the 2 pounds for
2 hours. The foliage turned black, curled, and fell within a few
days.

Mason (unpublished) did not kill all the grubs buried in 1
inch of moist soil by a 6-hour exposure to 2 pounds at 50° F.

Naphthalene

Naphthaiene (C,H.) is a white crystalline compound occurring
in coal tar. It is obtained by crystallization from the fraction
botling between 186" and 300" C. The crystals are shining plates
with & characteristic odor and a bitter aromatic taste. Naphtha-
lene is readily soluble in alcohol, benzene, and other organic sol-
vents, but il is insoluble in cold water and very slightly soluble
in hot water. Tt melts at 80.1 and boils at 217.9°. The vapor
pressure is low, ranging from 0.02 mm. at 0° to 0.08 mm. at 20°,
0.0 mm. at 30, and .32 mm. at 407, The vapor is about 4.4
times as heavy as air. It was calculated that 1,000 cubic feet
of air became saturated with 0.01 pound of naphthalene at 07,
0.035 pound at 207, 0.06 pound at 30°, and 0.13 pound at 40°.
The specific gravity of air saturated with naphthalene at 25° and
normal pressure as compared with air is 1.0004. The vapor barns
with & lominous but smoky flame. (Chisholm 1952; Fleming
and Bakev 1824, Roavk and Nelson 1829, 1930)
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Toxicity to Immature Steges.—Fleming and Baker (1934) stud-
jed the foxicity of naphthalene vapor to eggs, grubs, and pupae.
When the creamy-white egps and grubs were exposed to naph-
thalene vapor, they became reddish, ranging in intensity from
light pink to mahogany brown depending on the period of expo-
sure. Possibly the chanpe in color is due to the reaction of the
vapor with the fat bodies since naphthalene is a fat solvent. After
the grubs were exposed te the vapor for several hours, the; were
unable to walk, but there was a convulsive movement of the
head and body. As the exposure was prolonged the grubs grad-
ually became completely paralyzed and finally died.

None of the eggs hatched after exposure in a saturated atmos-
phere for 72 hours at 70° F. An exposure of 48 hours killed
all third-instar grubs, but 120 hours killed only 54 percent of the
pupae,

The temperature modified the rate of insecticide action. The
exposure to naphthalene vapor needed to kill all third-instar grubs
was 120 hours at 50° F., 72 hours at §0°, 48 hours at 70°, and only
12 hours at 80°,

The vafe of insecticide action was also modified by the relative
humidity. The mortality of third-instar grubs exposed to the
vapor for 18 hours at 70° F. was 24 percent with 26-percent
relative humidity, 40 percent with 56-percent relative humidity,
and 86 percent with 100-percent relative humidity. However,
an exposure of 48 hours was required to kill all the grubs when
the relative humidity was from 0 to 100 percent.

When third-instar grubs in masses of moist sandy loam, approxi-
mately 3 inches in diameter, were placed in a chamber where
the relative humidity was 90 to 95 percent and the air was
saturated with naphthalene vapor, all the grubs were killed lay
an exposure of 96 hours at 75° F., 72 hours at 80°, and 48 hours
at 90°. When the grubs in 3-, 4-, and 6-inch clay pots of soil
were placed in the chamber at 80°, an exposure of 144 hours
killed 99 percent in the 8- and 4-inch pots but only 81 percent
in the 6-inch pots. With its ‘low vapor pressure the penetration
of naphthalene vapor througheut the soil was slow and uncer-
tain.

Hartzell (1929) tested the tolerance of 150 species and varie-
ties of plants and found most of them were not injured by
naphthalene vapor. By carefully controlling the concentration of
the vapor Hartzell and Wilcoxon (1830) fumigated without in-
jury several species of plants that previously had not tolerated
the treatment.
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In view of the tolerance of many species of plants to naph-
thalene vapor in greenhouses, Fleming and Baker (1954) did not
expect that Berberis thunbergii, Hydrangea macrophylla, and
Rhododendron obtusum would be seriously injured by exposure to
a saturated atmosphere in a chamber where the relative humidity
was 90 to 95 percent and the temperature 80° I'. The leaves of
these plants showed some injury by the vapor after a 24-hour
exposure, and at the end of 48 hours the plants were damaged
so seriously that they were of no commercial valie. They were
less tolerant of the vapor than the prubs in the soil. This dis-
crepancy in the reaction of plants in greenhouses and in the
chamber may be attributed to the fumigation period in green-
houses being only 6 hours and possibly to the greenhouses being
less gastight than the chamber.

Carbon Disulfide

Toxicity to Immature Stoges—TFleming and Baker (1735)
studied the loxicity of carbon disulfide vapor to the immature
stages of the beetle. When they were removed from seil and
exposed to the vapor for 2 hours at 80° F., 38 pounds of carban
disulfide per 1,000 cubic feet were required to prevent hatehing
of egps, 24 pounds to kill pupae, and 15 pounds to kill third-
instar grubs. These dosages are excessive because of the short
exposure.

The dosage required was modified by the temperature and the
period of exposure to the vapor., The dosages to kill third-instar
grubs at 40" to 100° I*. and exposures from 2 to 72 hours are given
in table 9. Not more than 10 pounds of earben disulfide per 1,000
cubic feel were required to kill the grubs in 2 hours at not less
than 90°, That dosage was effective in 6 hours at 702, in 12
hours at 60°, in 18 hours at 507, and in 24 hours at 40°. Prolonging
the exposure at each femperature decreased progressively the
dosage required.

The air in the chambers af 80 F, was conditioned to pre-
determined relative humidities Ly c¢hreulating the air through
saturated agueous salt seludons, as recommended by Headlee
(19217, for 24 hours belore Introducing third-instar grubs and
carben disulfide at 3 pounds per 1,000 cobic Teet. The relative
humidity, ranging from 1 to 100 percent, did not modify sig-
nificantly the velocity of insecticide action.

The purity of the carbon disulfide was not a factor in the
insecticide action agninst third-instar grubs. Analyses of the
chemically pure and the commercial grades, according to the
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TABLE 9.—Exposure, mininnan dosage per 1,000 cubic feet, and
temperature required to kill 100 percent of third-instar Japanese
beetle grubs removed from soil and exposed to carbon disulfide
VAPOT

Exposure Dosage at indicated temperatures (° F.)
(hours} 40 50 60 70 a0 90 160
Pounds Pounds PFPounds Pounds Pounds Pounds Pounds

2 20 15 hY] 4
4 15 i2 8 .
6 22 10 g 5 3
8 i3 B 4 .
12 14 9 G & 3 2
18 22 8 & 5 3 2 .
24 bt 5 4 3 3 2 1
48 4 . ) 2

T2 3 3 2 2 1 .

procedure of Collins et al. (1927), showed that the C.P. grade
had a boiling range of 46°—47° C. and contained 0.001 percent
of nonvolatile matter and no foreign sulfides, sulfates, sulfites,
or water, whereas the commercial grade had a boiling range of
15748 and contrined 0.016 percent of nonvolatile matter and
traces of foreign suifides, suifates, sulfites, and water. When the
grubs were exposed to the vapor for 24 hours at 70° F., the
LD ® of the C.P. grade was 1.51 pounds per 1,000 cubic feet
and that of the commercial grade was 1.57 pounds, a nonsignif-
icant difference.

Effectiveness in Soil—Nurserymen considered a fumigation of
more than 2 hours to be impractical beecause it would seriously
disrupt the routine of preparing plants for shipment. That limita-
tion made it necessary to use higher dosages of carbon disulfide
and to vaporize the chemical vapidiy by means of a device similar
to the “zasifier” described by Weigel et al. (1927). With this de-
vice all the carbon disulfide was vaporized in a chamber within a
few minutes.

Fleming and Baker (1935) killed third-instar grubs in 3-inch
clay pots of moist, friable soil by exposing the pots for 2 hours
at 80" F. in a chamber containing 85 pounds of vaporized
carbon disulfide per 1,000 cubic feet. Ten pounds of the chemical
at 857, 15 pounds at 807, and 20 pounds at 70" were required to
kill the grubs. As 80° was the maximum temperature usually

*Lethal dose that kills 50 percent of grubs.
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recommended for fumigating living plants, further tests were
coudducted at this temperature. The dosage necessary to destroy
the grubs increased progressively with the increment in the mass
of soil. Eighteen pounds were needed to be effective against the
grubs in 4-inch pots. The dosage had to be increased to 20
pounds for H-inch pots, 28 pounds for 6-inch pots, and 25 pounds
for 8- and I2-inch pots. The vapor penetrated move readily
through masses of soil wrapped with burlap than through soil
in clay pots, but the dosage was modified by the volume of the
soil in abeut the same manner as with the clay pots.

The moisture content of the soil was the most important factor
limiting the effectiveness of the fumigation. The fumigation was
successful when the soil was friable and partially saturated with
water, but only a few grubs were killed when the pore spaces
of the soil were filled with water,

Tolerance of Plants.—Carbon disulfide vapor in insecticide
concentration was very injurious to nursery and greenhouse
plants. The adverse reaction was the same with a 2-hour exposure
at 80° F. to iI5 or more pounds of vaporized carbon disulfide
per 1,600 cubic Teet as with a 24-hour exposure to 3 pounds of the
chemical. In preliminavy experiments Leach and Fleming (1925)
found that Calenduwla officinalis and Salvia splendens, two species
killed by exposure to the vapor in a fumigation chamber, were
not injured when the acrial part of the plants was immersed in
water during fumigation.

Fleming and Baker (/935) explored further this method of
fumigating plants with carbon disuifide, using a tank 10 feet
square and ¢ feet deep in which water was maintained to a
depth of 6 feet. The tank was gastight and was equipped with a
vaporizer and a fan for circulating the air. The surface layer of
water could Le remwoved constantly, aerated, and returned to
the tank. The pots and soil bails of the inverted plants were
supported by a rack just above the surface of the water.

Tests were made to determine the method of operating this
tank whereby the vapor would be uniformly distributed in the
air and the smallest quantity of the chemical absorbed by the
water. Carbon disulfide was vaporized in the tank at 25 pounids
per LOOO cabic feet of air; the temperature of the ajr was
907 F. and the water 60 . Two hours later samples of air and
water were taken and analyzed according to the proeedure used
by Delachanal and Mermet (1877), Gastine et al. {188%), and
Radciifle (1909). The distribution of enrbon disulfide throughout
the tank when the air and water were quiet and when one or
hoth were circulated is summarized in table 10.
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TABLE 10.—Distribution of carbon disulfide 2 hours after vaporiz-
ing in covered tank filled two-thirds with water

Layers above Carhon disulfide recovered when-—

and below Air guiet Air circulated
surface of
water {inches) Water quiet Water circulated Water quiet Water circulated

Percent Percent Percent Percent

AIR ABOVE WATER

20-30 26.2 22.4 20.0 20.2
10-20 . 29.0 25.0 20.0 20.1
0-10 32 27.8 20.0 20.1

BENEATH SURFACE OF WATER

0-10 5.9 2.5 10.2 6.1
10-20 1.3 2.8 8.3 5.4
20-30 8 3.0 3.4 6.0
30-40 B 2.9 5.0 5.0
40-50 g 2.8 3.0 4.5
50-60 L 2.6 2.8 4.5

LOST FHROM SYSTEM
24 8.0 2.3 7.9

The maximum concentration of carbon disnlficde in the air and
the minimum in the water oceurred when both the air and water
were quiet, although there was stratification of the chemical in
the air and in the water. Circulating the air made the distribution
in the air uniform, but it recduced the concentration jn the air
and increased the absorption by the water. Circulating the water
tended to make the distribution uniform in the water. The aera-
tion system was inadequate to remove the chemical from the
water. The best method of fumigating plants was with the air
and the water quiet in the tank.

The soil of Hydrangea macrophylla, variety Mme. Chautard,
in 6-inch pots and Rhododendron indicum, varieties Mme. Petrick
and Mme. Vandercruyssen, in s-inch pots was fumigated for 2
hours with the aerial parts of the plants immersed in water.
The air in the tank was 80 F. and the water was 60°, The
dosage f{or the G-inch pots was 25 pounds per 1,000 cubic feet
of air and that for the 3-inch pots 20 pounds, amounts sufficient
to destroy the grubs in the soil. The plants were forced in the
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greenhouse aceording to the usual commercial practice. The treat-
ment had no effect on the Hydrangea. 1t did not affect the quality
of the blooms on the Rhododendron, but the number of blooms
on the variety Mme. Petrick was reduced by 10 percent and on
the variety dme. Vandercruyssen by about one-third.

The reactions of other species of plants to fumigation with
carbon disulfide in this manner were not determined because
the nurserymen considered the procedure too complicated for
general use in nurseries.

Ethylene Dichloride

BEthylene dichloride, or 1,2-dichlorcethane (CH,CICH.Cl), is
a colorless liguid at room temperature. It has an odor like that
of chloroform, The boiling point is 83.7° C., the melting point
—35.3°, the specific gravity 1.257 at 20°, and the vapor pressure
62.9 mm. at 20°. The vapor is about 8.5 times as heavy as air.
Bthylene dichloride supports combustion with difficulty and
burns with a smoky flame, Mixtures of 6 to 16 percent with air
are flammable. It is not dangerously explosive. When used as a
fumigant ethylene dichloride is usually mixed with carbon tet-
rachloride. {Chisholm 1952)

In preliminary tests with a 8:1 mixture of ethylene dichloride
and carbon tetrachloride by volume, Mason et al. (1943, unpub-
lished) kilied third-instar grubs removed from soil and exposed
for 2 hours to 1 pound of the mixture per 1,000 cubic feet at
807 F. One and one-half pounds were required at 709, 3 pounds
at 60°, and 6 pounds at 40> to kill the grubs. Grubs in dry and
moist soil in 4- and 5-inch pots of azaleas and wrapped soil balls
were killed by 11, pounds at 80°, 2 pounds at 70°, and 3 pounds
at 60°, The grubs in the soil were removed for observation 24
hours after the 2-hour fumigation. The insecticide action was
variable when the soil was wet. Many of the grubs appeared to
be normal at completion of the fumigation. Most of them died
during the following 2 or 8 weeks, but an occasional grub lingered
for 5 weeks.

Plants, including several varieties of Cissus sp., Dracaena sp.,
Pandanus sp., and Rhododendron spp., were not injured by ex-
posure for 2 hours to 214 pounds of the mixture per 1,000 cubic
feet at 607 and 70° F., but they were injured in varying degrees
when the dosage or the exposure was increased. Although the
preliminary results with the ethviene dichloride-carbon tetra-
chloride mixture were promising, the possibilities of this fumi-
gant were not explored further.
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Methyl Bromide

Toxicity to I'mmature Stages—Donohoe and Johnsen {unpub-
lished} killed all stages of the beetle among the roots of bare-root
deciduous stock, in pots not larger than 8 inches in diameter, and
in soil balls not larger than 8 inches in diameter by exposing the
infested soil in a fumigation chamber for 2.5 hours to 2.5 pounds
of methy! bromide per 1,000 cubic feet at 63° ¥. The treatment
was effective in all types of friable soil but was not always com-
pletely effective when the soil was saturated with water. Bggs,
grubs, and pupae removed from soil after fumigation did not
seem to be affected by the vapor, but the eggs did not hatch and
the grabs and pupae died during the following 3 weeks. The
veloeity of the insecticide action was enhanced by leaving the
insects in the fumigated soil.

Later Donohoe and Johnson (unpublished) found that this
fumigation was effective in pots and soil balls up to 14 inches
in diameter and in open packages of plants with the minimum
dimension not more than 14 inches.

The dosage and the duration of fumigation were modified ac-
cording to the temperature to avoid subjecting plants to excessive
treatment. Donohoe and Johnson (unpublished) determined the
dosages needed to kill the insect at temperatures from 40° to
152 F. with an exposure of 2.5 hours. Fleming and Maines
{unpublished) increased the exposure at temperatures below
70 and decreased Donochoe and Johnson's dosages to kill the
insect at these temperatures. These schedules of fumigation are
given in table 11,

Tolerance of Plants—Donohoe and Johnson (1939) deter-

TaBLE 11.—Temperature, dosage, and exposure required to kil
immature stages of Japanese beetle in masses of soil up to 14
inches in diameter by methyl bromide fumigation

Secheadula 1 Schedule 2

Minimum  Methyl bromide Methyl bromide
temperature per 1,600 Exposurs per 1,000 Exposure
(" ¥} cubie feet cubic feet

Pounds Hours Pounds Hours
40 5.0 25 3.5 4.5
50 4.0 2.5 3.0 4.0
G0 X1 2.5 2.5 3.0
0 2.0 2.5 o0 2.5
75 1.5 2.5 1.5 2.5
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mined the tolerance of about 500 species and horticultural varie-
ties of plants to exposure for 2.5 hours to 2.5 pounds of methyl
bromide per 1,000 cubic feet at temperatures above 63° F. The
fumigation did not injure 92 percent of the plants; 6.6 percent
were injured sufliciently to make them unsalable, and 1.4 percent
of them were severely injured or killed. The species marked with
an asterisk (*) in the following tabulation were injured or killed,

*Abelie grandiflora
Aeer palmeatum
Adiantum cunceatum
Adiantun tenerum

*aglagnena simplex
Ajuga reptany
Aloe humilis
Alyagiin sp,

Lnewone japonica
Aquitegin sp.

Arunbis alpina
Aruneurin excelsa
Arctostaphylos woa-tursi
Arenarin montann
Armerie maritimoe
Arania arbutifolic
Avtemisio dracuncilius
Asparagus plumosus

*Aspidigtra elutior
Aapleninm widus
Aster novibelpil
Astiibe roseq
Antenba joponica
Begonin rex-cultorinm
Berberis gngnepaini
Berberis julianae
Rerberis thunbergi
Rerberis trincanthophoran
Berberis verrurnlosn

*RBittherpio nutans
Bourardin himbaldti
Brunnera macrophylla
Brddlein sp,

Buxug wicrephytie
Burug sempervirens
Caindium bicolor

*Colatheq vandenheckel
Culeenlarin erenatiflora
Callunn vnigaris
Calyeanthus floridus
Camprnnle carputica
Crimpanula gnrganican

Camponule isophylia
Cempoenuln medinn,
Campsis groendiflore
*Capsicum frutescens
Cargopteris ineato
Cedrug atlantice
Cerastiwm bichersteini
{'ereus peritvionus
Chacnomeles lagenaria
Chamaeccypariy obluse
*Chamaceyperis pisifera
Chrysalidocerpus Iuteseenhs
Cheysanthemum arcticum
Chrysanthemum cocetrenm
Chrysenthennon fritescens
Chrysanthemum morifolinm
*Cibotinm schieded
Cissus rhombifolia
Ciasug siriata
Citrug sinensis
Citrug taitensis
Clematis Juckmani
Clivia miniata
Codinenn variegutum
Convatleria majalis
Cordyline indivise
*Cordyline ferminulis
Cornnsa alba
Cornus florida
Cornug stolonifern
(Cotonenster congesta
Coloneastey dielsiana
Cotonenster divaricnin
Cotonenster franchet!
Cotoneuaster horizontaliy
(otoncaster fucida
Coloneastor microphylia
Cotonenster pannose
Catonenster racemiflorn
Cotoneaster rotundifolin
Cotonenster salicifolia
Cotoncaster simongi
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*('rassula urborescens
Cryplanthus zonalus
Cyelumen persicum
Cyperus alternifoliug
Cyrtominm faleatum
Cytisis canariensis
Cytisus seoparins
Daphne sp,

Davallic fijiensis
Delphinium sp.
Dennstacdtie ndigntoides
Deutzia grocilis

Deutzin lemoinel

Deutain scobra

Dianlhus burbulus
Dicentra spectabilis
Dieffenbachin picta
Drucuena fragrans
Draeeena godse fiong
Elaeagnus pungens
Eukianthus campenulatus
Epimediwm musschionum
Erice melanthera
Erodiwm sp.

Fuonymus alatus
Fuonymus fortunel
Eupatoritm coelestinum
Euphorbia fulgens
Fuphorbia pulcherrima
Fagus sylvalicn

Futsia faponice
Ferocactus sp.

Ficus elastica

*Fieus pandurnto
Fleus pumile
Fittonio verschaffelti
Forsythia tntermedia
Forsythia suspensa
Geillardin aristata
Gardenin jasminoides
{Fenista pilosa
Ginkge biloba
Hedern heliz
Helentuwm fenuifolinm
Helianthemum sp,
Hemerocallis thunbergi
Heuchera sanguinea
Hibiseus syriacus
Hosta caerulea
Howea belmoreana

*Hewea forsteriana

Hydrungen arborescens
Hydrangeuw macraphylic
Hydrangee paniculate
Hydrangee xanthonewra
Hypericum niogerignumn
flex aquifolinm
Hex erenaie
licxe glubra
Hex opaca
Iris knempferi
Jasminmum nudiflorem
*Juniperus chinensis
Juniperus communis
Juniperus excelse
Juniperus horizontalls
Juniperus subina
Juniperus virginiyna
Kalanchee blossfeldiane
Kalmice latifelia
Herrin japonica
Euniphofia wvaria
Kotkwitzia amabilis
Liatriz pyenostachya
Ligustrion emurense
Ligustron ficidum
Ligustrum svalifolivm
Lithospermum sp.
Lobelia cardinalis
Lonicera fragrantissime
Lonicera japonica
Lonicera nitida
Lenicern periclymenum
Lonicera pileata
Lonicera tatarica
Mugnolia kobus
Maguelia seulangeana
Magnolic stellote
*WUaranta lenconewre
Migeanthus sinensis
Manarde didyma
Mondo jaburan
*Weanstera deliciosa
Myosotis scorpioides
Nandina domestice
Nepela eatarin
MNephrolenis exaltote
*tNephthytis afzelii
Opuntia sp,
Oxydendrum arborewm
Pachysandra terminalis
Paeonia afficinalis
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*Pandanus veitchii
Papaver orientale
Parthenocissus guinquefelin
Purthenocissus fricuspidula
Pelorgoniunt hortorum
Peperomin argyronenra
Peperontia macufosa
Peperomia. obtustfolia
Philadelphue grandiflorus
Philudelphus laxus
Philadelphus nivalis

*Philodendron cordaium
Phiox subulato
Phoenix humills
Physocarpus opulifolivs
Physostegia virgininng
Pieris floribundo
Pieris juponica

*Pinus bungeana
Platanus orientalis
Polygonuwm quberti
Polypodinm aurem
Printwle malacoides
Prinude veris
Pteris creticu
FPteris ensiformis
Phyrecenthe angustifolio
Pyracantha coccinen
Ruercus alba
Rhododendron celendulacenm
Rhododendron carolinianum
Rhpdodendron catarwbiense
Rhododendron indicum
Rhododendron malle
Rhododendron mucronitlatum
Rhododendron oblusum
Rhodotypos scandens
Rhus wromatica
Rosa spp.
Rudbeckia laciniata
Samtpaulic kewensis
Sieeliz discolor
Schiumbergera truncata
Scindapsus qurens

*Sedum adelphi

Sedum siebpldi

Sedum gpectabile
Sedum stoloniferum
Selaginella braunii
Selaginella emmeliana
Sempervivum grandiflorian
Semgpervivian tectorum
Seneclo eruentius
Spiraee bumnlda
Spiraea cantoniensis
Spiraen thunbergil
Spirace vanhouttel
Stephanandre incisa
Stokesia laevis
Straunvacsiv davidiance
*Strelitzia reginae
Syw phoricurpos albus
Symploricarpos chenaulti
Symphoricarpos erbiculatus
Syringa vulgaris
Tamaric africana
Taxus baccaton
Tarts cuspidata
Ternerhion chamaedrys
Thuja occidentalis
Thuja erientalis
*Thuja plicaia
Thymus serpyilum
Troflius ewropacus
*Tsuge canadensis
Tunica saxifroga
Veronice spicata
Vibwrnum bitchinense
Viburnum dentatum
Viburnwm lantanae
Vibuwrnwm nolle
Viburnwm optlus
Vibwrnum vhytidophyllion
Viburmum trilobum
Vinca minor
Viola cornute
Viola odoratu
Vitex agnus-castus
Weigeln florida
Wistaria floribunda
Wistaria sinensis

Livingstone and Swank (1947), using 0.5 to 1 pound of methyl

bromide per 1,000 cubic feet for 3 to 5 hours at 84° to 91° F,
fumigated the following species of greenhouse plants for the
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control of scale and other insects, The plants marked with an
asterisk {*) were injured by the treatment,

Aspidistra elatior *Hibiscus sp.

Camellia japonica Ligustrum sp.

Casmnellie sasanguea Livislona chinengiz

Chrysalidocarpus luiescens Nephrolepis exaltata
*Chyysantheamunt sp, Pandanus veitchil

Codiqeum variegatom Phoeniz humilis
*Cordyline terminalis Pittosporua sp.

Dracaena fragrans Rhododendron sp.

Ficug elastica Sehlionbergera lruncata

Ficus retuse *Scindapsus anreus

Gardenia sp.

English (1£43%), using 3 pounds of methyl bromide per 1,000
cubic feet for 3 hours at 60° F., 2 pounds for 3.5 hours at 70°,
2 pounds for 2.5 hours at 80°, and 2 pounds for 1.5 hours at 90°,
fumigated many varieties of azaleas and camellias. Only two
varieties of azaleas were injured by the treatment.

Latta and Johnson (7944) determined the tolerance of conifer-
ous evergreens-—Clameecyparis pisifera, Juniverus communis,
Piceq pungens, Taxus cuspidata, Thuja occidentalis, and T. ori-
entalis—to fumigation with methy! bromide, using an exposure
of 2.5 hours and adjusting the dosage according to the tempera-
ture as given in table 11. The plants were not injured while
dormant during the winter, but severe injury occurred in the
spring and the fall, the normal shipping periods in the nurser-
ies.

Use in Fumigation Chamber—Fumigation with 2.5 pounds
of methyl bromide per 1,000 cubic feet and an exposure of 2.5
hours at temperatures not lower than 63° T, was authorized in
1939 for the treatment of bare-root nursery stock and plants
in pots and with soil balls not larger than 8 inches in diameter.
In 1941 the dosage was modified according to the temperature,
and the maximum mass of soil that could be fumigated was in-
creased to 12 inches in diameter. Later adjustments were made in
both the dosage and the exposure at temperatures below 70°,
and the maximum for the mass of soil was increased to 14 inches.
Provision was made for fumigating unsealed packages not more
than 14 inches in the minimum dimension. The plants could be
certified after removal from the fumigation chamber.

Fumigation with methy] bromide was used extensively by nurs-
eries and greenhouses. Middleton and Cronin (1952) reported
that during 1989-50 a total of 15,192,561 plants had been fumi-
gated and certified for shipment.
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Insecticide Dips
General Considerations

Immersion of the scil of balled and potted plants in an in-
secticide dip might appear to be an easy, dependable, and eco-
nomical method for destroying the immature stages of the Jap-
anese beetle among the roots of plants. It is not difficult to kill
the immature stages by removing them from soil and immersing
them in dilute solutions or emulsions of many chemicals. This
entails only the adjustment of the dosage, temperature, and ex-
posure. It is more difficult to destroy the insect embedded in soil
ameng the roots without damage to the plants Dbecause of the
porosity of a soil, its absorptive and adsorptive capacity, and
the susceptibility of plants to the chemicals.

Leach and Thomson (7921), Fleming (1926a)}. Fleming and
Baker (7945), and others have observed that when a mass of
soil is immersed in a solution or a dilute amulsion the liquid Aows
rapidiy into the soil, displacing the air there. The quantity of
liquid penetrating a soil is dependent on the volume of the
interstitial spaces within the soil and on the extent to which
these spaces are alrveady filled by water and roots. The liguid
taken up may be 35 percent of the weight of a sandy soil, 65 per-
cent of the weight of a clay soil, and equivalent to the weight of
a peat. The addition of organic matter and soil conditioners to a
mineral seil modifies its normal capaecity for taking in liquids.
Under optimum conditions for growing plants about one-half
the pore space in a soil is filled with water. The development of
roots in the interstitial spaces modifies further the penetration
of a liquid. The soil of a potbound plant may take in very little
of the surrounding liquid.

Fleming and Baker (1935) immersed tarred brass cylinders of
a sandy loam and a peat in an emulsion containing 630 mg. of
carbon disulfide per liter and determined the quantity of the
chemical in different parts of the soil and peat at intervals up to
25 hours after immersion. The average quantity of chemical
found at different depths is summarized in table 12.

Most of the carbon disulfide was carried into the loam and
peat as the emuision flowed into the interstices to replace air,
Additional carben disulfide diffused into the masses during the
next 5 hours. The concentration of the chemical in the interstices
declined progressively during the feollowing 20 hours because of
absorption and adsorption by the particles of loam and peat.

Five hours after immersion the concentration of earbon disul-
fide in the interstices of the upper inch of moist loam was 59
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TABLE |2.—Penetration of emulsified carbon disulfide into inter-
stitial spaces of sandy loam and peat immersed in water con-
taining 630 myg. of chemical per liter

Carbon disulfide per liter in—

Immersion Sandy loam Peat
{hours) —— . _
Moist Wet Moist Wet
My, Mg. Myg. Myg.

-1 INCH BELOW SURFACE

810 250
L,600 it
800 410
500 325
700 300
G0 300

2] == L I S

[ 3= = I

1—4 INCHEY BELOW SURFACE

09
400
225
110
100
100

A~53 INCHES BELOW SI'RFACE

410 100 BO
760 200 80
600 150 80
480 100 80
440 100 80
440 100 30

percent higher than in the surrounding emulsion. It was 43 per-
cent higher at a depth of 1 to 3 inches and 21 percent highaer
at a depth of 3 to 5 inches. Twenty hours later the concentration
in the upper inch was about the same as in the emulsion, but it
was 6 percent less at the 1- to 3-inch depth and 30 percent less
at the 3- to 5-inch.

Smaller quantities of carbon disuifide penetrated into wet loam.
Five hours after immersion the concentration was 11 percent
higher in the interstices of the upper inch than in the emulsion,
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36 percent less af a depth of 1 to 3 inches, and 68 percent less
at a depth of 3 to 5 inches. Twenty-five hours after immersion
there was 52 percent less carbon disuifide in the upper inch and
8% percent less in the 1- fo 3- and 3- to $-inch layers than in
the emulsion.

Most of the carbon disulfide did not penetrate more than 3
inches into moist peat. Five hours after immersion there was 110
percent more of the chemieal in the interstices of the upper inch
than in the surrounding emulsion, but § percent less in the 1-
to 3-inch layver and 88 percent less in the 3- to 5-inch layer.
Twenty hours later the interstices in the upper inch contained
79 percent more of the chemical and the 1- to 3-inch laver 62
percent less than in the emulsion.

Little carbon disulfide penetrated into wet peat. Five hours
after immersion the concentration in the interstices of the upper
inch of peat was 21 percent less than in the surrounding emulsion
and in the 1- to 3-inch layer 84 percent less.

These tests demonstrated that the friableness of soil and peat
at the tine of immersion in the emulsion was an important factor
in the penetration of carbon disulfide.

Preliminary Tests

Beginning in 1920 and continuing for several years, tests were
made to find solutions and emulsions of chemicals that would kill
the immatuve stages of the beetle in the soil of potted plants
and balled nursery stock without seriously injuring the plants.
In general, these tests were to determine (1) the quantity of a
chemical in solution or emulsion needed to kill third-instay grubs
removed from soi! and immersed at between 80° and 80° F, (2}
the effectiveness of the dip in killing grubs embedded in soil, and
(3) the reaction of various plants to the immersion of their
roots in the dip. Many of these tests were not completed becanse
of the death of ¥, E, Baker in 1937.

After the grubs without soil had been immersed in a dip for a
predetermined period, they were placed on moist untreated soil
containing germinating seed and their reaction was observed
periodically during the following 2 or 8 weeks. Grubs embedded
in soil were usually transferved to untreated soil about 1 week
after immersion. Only a few tests were made with plants, The
vesults of these preliminary tests with solutions and emulsions
as dips to kil grubs are sumimarized in tabie 13,




TABLE 13.—Preliminary tests

with solutions and emulsions of chemicals as dips to kill Japanese beetle grubs

Chemical

Amount per
liter of
water

Immersion
neried

Mortality of

strubs when--
- —_ Effect
Reémoved on plants
froni soil In soil

Source

Acetaldehyde {diethy! ncetal)
Acetone
Acetonitrile
Acetophenone
Aldrin
Ally! bromide
Allyl isothiocyanate
Do
Do
Do
Do .
2-Amino-1,3-dimethylamine benzene
Aniline
Do -.... ...
p-Anisaldehyde S
Ascaridole  (1,4-epidioxy-p-menth-2-ene)
Benzaldehyide
Do
Benzene . .
Benzene -+ p-dichlorohénzene 734
Do L.
Benzonitrile
Benzyl acetate
Benzyl alcohol
Benzylamine

Benzyl benzoate + -ethylene dichloride 1:1 .. .

Benzyl bromide (a-bromotoluene) . ...

Saturated
do

3,000
1,500
250

25
1,590
1,000
250
165

Saturated

300
650
12,000
6,000
250
250
2,00
600
3,000
40

Sojl saturated .

24

30
10

24

do

hours

do
minutes
seconds

do
hours

do

do

do

do
hours
hour
haurs

do .

seconds ... ..

do
hours

do

do

do
seconds
hours

Percent ‘ Percent
23
18
13

19
100

100
100

Killed

None
do

Baker. unpub.
Da.
Do,
Do.
Mason unpub.
Baker unpub.
Leach and Thomson 1921,
Do,
Masan unpub,
Do.
Baker unpub.
Do;
Do.
Fleming 1925a.
Baker unpub,
Lench and Juhnson 1925,
Do.
Baker unpub.
Do.
Burgess et al. unpub.
Dao.
Baker unpub.
Do,
Da.
Do.
Mason et al. unpub.
Baker unpub.
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Renzyl chluride (n-chlorotoluene)

Do

Do .
N-Beénzyl-N-ethylaniline
N-Benzyl-N-ethyl-g-toluidine
Benzylidene chloride (w,6-dichlorotoluene)
N-Benzylidenemethylamine
Bromobenzene )
Bromotrichloromethane
Butyl -aleshol
Butylaimine .
Butyl bromide (i1-bromobutane)
Butyl chloride (1-chlorchutane)
Butyl chlorocarbonate (butyl chloroformate)
Butyl jodide (1-iodobutane)
Butyl nitrite
Butyl- thiocyanate
Camphor
Carbon disulfide

Do

Do

Do e e

Do
Carbon tetrachlaride
Chlordane

Do

Do .
Chlorobenzene

Do
1,1,1-Chloroethane
1,1,2,2.Chlorgethane .
bis- (2-chloroethyl) “carbonate
bis-(2-chloroethyl) -ether

Do . e .
2-Chlorvethyl p-toluene sulfonate .
2-Chlorofluorene

T8
370
40
250
254
300
250
500
190
230
250
250
230
250
250
250
250
Saturated
do
do
1,000
625
25
250
1,200
48
24
6,000
400
250
250
250
3,000
1,250
250
2,600

10 seconds
do
24 hours
do
do
do
do
do
Soil saturated
24 hours
Soil saturated
do
do
do
do
do
do
2 hours
24 hours
30 minutes
18 hours
15 hours
24 hours
. do
10 seconds
Soil saturated
. do
10 seconds
24 hours
do
do
do
b seconds
Soil saturated
24 hours

10 seconds

100
97
46

0o
99

100
o4
18
f1

100
100

100
100

100
100
71
67

100
47
23

100

100

i
92

100
100

100

92

100

70

Killed
Retarded

Mauson et al. unpub.
Do.
Baker unpub.
Do,
Do,
Do
BDo.
Do.
Fleming and Maines unpub.
Baker unpub.
Do,
Da.
Do,
Do.
Do.
Do.
Do.
Leach and Thomson 1921,
Do.
Da.
Fleming 1826a.
Leach and Johnson 1925,
Baker unpub,
Da.
Fleming and Maines unpub,
Mason unpub,
Fleming and Maines unpub.
Mason unpub.
Fleming 1925a.
Baker unpub,
Da.
Do.
Mason et al. unpub.
Mason unpub,
Baker unpub.
Mason unpub.

JUd

¢
G

19 ASANVIVL ONLLNIA

SN RBC K

’;
I\

NOIS¥AJSIA

69




TABLE 13.—Preliminary tests with solutions and emulsions of chemicals as dips to kill Japanese beetle grubs

—Continued
Mortality of
s Amount per Immersion grubs when---
Chemieal liter of period Effect
water Removed on plants Source
frem soil In soil
My, Percent Pereent
Chloroform Saturuted 15 minutes 100 Leach and Thomson 19271,

Do 250 24 hours 15 - Baker unpub.
1-Chloronaphthalene 250 do 94 s Da.
2-Chloropropane 250 do 98 Do.

Copper sulfnte 50,000 do 0 . e Leach and Thomson 1921,
o-Cresol 5,000 Soil saturated 97 Mason. unpub,

Na 2,000 24 hours B Incomplete . Fleming 1926a.

Do 600 do 100 Fleming 1925a.
Crotonaldebyde 250 do 100 Baker unpub.
Cyclohexans 250 do 08 Do.
n=Cymene 1,000 do 90 Fleming 1925a,
p-Cymene 650 do 99 Baker unpub,
nonrm 8,000 20 mintdey 100 91 R Fleming et al, unpub.

Do 4,000 do 100 87 N Do,

Do 2,000 do 97 76 .. Do.

Do . 1,000 do 78 0] . Do.
Dibenzylamine . 250 24 hours . 100 . Baker unpub.
Dibutyl oxalate . 250 do 52 ) . B Do.
m-Dichlorobenzene 3,000 5 stconds 8 . Mason et al. unpub,

Do . R - B 300 24 hours 100 L Baker unpub.
a-Dichlorohenzene 4 cthylene dichloride 1:1 3,000 5 seconds 82 . Mason et al. unpub.

1;2 3,000 . do -5 Do.

1:5 3,000 do . 0 .. Do.
p-Dichlorobenzene 400 24 hours .. 100 e eean Baker unpub.

Do .. . R . L 330 s do ... w0 .. . Fleming - 1925qa.
Dichlaroethyl formal (his-{2-chlorgethoxy) -

methane) 1,250 Soil saturated 100 Mason unpub,
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3,2-Dichluroprupane
Dieldrin
Diethylaming
N.N-Divthyl aniline
Diisopenty! phthalate
Dimethyl aniline
Epichlorohydrine

Do
Ethyl aleshol
N-Ethylaniline
Ethylbenzene
Ethy} Yenzoate .

Ethyl bromide

Ethyl isothiogyanate
N-Ethyll-naphthylamine
Ethyl sulfide

Ethyl thiocyanate

Ethyl valerate

Ethylene dibromide

Da S
Ethylene dibromide + chlordane 2;1
Ethylene dibromide 4 heptachlor 2:1
Ethylene dichloride .

Do AU
Ethylidene chloride .
Ethylidene chlorohydrin
Formaldehyde
Furfural

Do
Geraniol
Heptachlor PN
Hexachloroethane .. ... ...
Iodobenzene
Isobutylacetate
Isobutyl butyrate
Isopentyl acetate
Isopentyl alcohol

24 hotrrs
Soil saturated
24 houry
do
do
dou
do
10 seconds
24 hours
do
do
liO
do
do
do
do
do
do
do .
saturated
do
do .
10 seconds
24 hours
do
do
1 hour
..do
24 hours
do
Soil saturated
24 hours |
do
do
do ..
do
do

So

24
ET)
100
100
43
100

19
21
15

100

34
98
104
100
32
90

19

100
100
100
100

88

Baker unpub,
Mason unpub.
Baker unpub,

Do.

Do.

Do.

Do.
Mason unpub,
Baker unpub,

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do,

Do.

Do.
Mason unpub.

Fleming and Maines unpub,

Do.
Muason unpub.
Baker unpub,

Do.

Do.

Leuach and Johnson 1925,

Do.
Baker unpub.
Da.

Fléming and Maines unpub,

Fleming 1925q.
Baker unpub.
Do,
Do,
Do.
Do.
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TABLE 13.—Preliminary tests with solutions and emulsions of chemicals as dips to kill Japanese beetle grubs

—Continued

Chemical

Amount per
liter of
wiater

Tmmersion
period

Mortulity of
grubs when- -

Removed
from soil

In soil

Effect
on plants

Isopentylamine

N-Tsopentylaniline .

Isopentyl hutyrate .

Isopentyl: chlorocarhonate (mopentyl chloro-
formate)

Isopentyl nitrate

Isopentyl nitrite

Isopentyl propionate

Kerosene

Mercuric chloride

Mesitylene

Mesityl oxide (4 melhyl .!-pcntenc 2-one)

Methy! alcohol

N-Methylaniline

o-Methylearbonnte

Methylcyelohexane

N-Methyldiphenylamine

Methyl ethyl ketone .

Methyl formate . cee

N-Methyl- l-nnphthylumme

Methyl salicylnte

‘Methy! . sulfide .. .

Methyl thioeyanate .. .. .

Methylene chlorobromide (bromochloromethune)

Naphthalene : e

1-Naphthol .

2-Naphthol benzoate

My.
250
250
250

250
2560
250
250
250
000
650
250
250
260
250
250
250
250

«)0
250
250
48
150
Saturated
. do

do

. do .
do .

do

. do .

do
do

do .

1 hour

24 hours

do
do
do
do
do
do
do
do
do
do
do
. do

Soil saturated
24 hours
1 hour .

do. .

Percent
99

Percent

5
0

Do.
Do,
Do.

Do,
Do.
Do,
Do.
Do.
Leach and Johnson 1995,
Baker unpub,
Do.
Do
Do.
Da.
Do.
Do,
Do.
Do,
Do.
Do.
Do.
Do.
Mason unpub.
e Fleming 1925a.
Kl"(_d . Leach and Johnson 1925,
None . Do.
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Nicotine
Do .
Nitrobenzene
Do
Nitromethane
m=-Nitrotoluene
o-Nitrotoluene : .
Paraldehyde (2,4,8-trimethyl-1,4,5-trioxane)
1-Pentone
Pentylamine | -
Petroleum other ...
Phenol
Do L
Phenylacetonitrile
2-Picoline
Piperidine -
Potassium ™ fluoride
Propionitrile . .
Propyl acetate. . .. IR S
Propyl aleohol S .
Propyl bromide (1-bromopropane)
Pronyl  p-toluenesulfonate
Propylene dichloride P
Pyrethrin 4- piperonyl ‘butoxide 4:40
Pyridine . ... . . . .

Do .o
Quinaldine .. . . P

Sodium chloride .

Sodium eyanide . . B L D

Do .. ...... ... ... e e
Do ..

Sodium ethylxanthate ............ .. .. msaas .7

Sodium ethylxanthate - 36-percent acetic acid
. L L
Sodium sulfoearbonate .

1,600
250
1,200
800
250
[:17]
600
80,000
250
250
Saturated
2,000
600
§00
250
250
100,000
250
250
250
250
250
3,000
4,100
30,000
250
250
50,000
2,000
1,000
150
15,000

20,000
3,950

3 hours
24 hours

do ..

do

do

do .

do ..o,
1 hour ..
24 hours

. do

1 hour
24 hours .

do

do

do .

do
2 hours
24 hours

do

do

do

do _.
5 seconds . .
Soil saturated . .
1. hour ...
24 hours. ... .

do ... ..
15 hours
24 hours ._.
2 hours .
24 hours
1 hour
woodo Lol Ll

do ... ..

99
100
100

100
100

33

21

100
100

100
33

Incomplete

100

Leach. and Thomson 1921,
Baker unpub,

Do.
Fleming 1925a.
Baker unpub.

Do.
Baker unpub.; Fleming 1925c.
Leach and Johnson 1925,
Baker unpub,

Do.
Lesch and Johnson -1925.
Fleining 1926a.
Fleming 1925q.
Baker unpub.

Do.

Do.
Leach and Thomson 1921,
Baker unpub,

Do,

Da.

Do,

Do.
Mason unpuh.
Fleming and Maines unpub,
Leach and Johnson 1925,
Baker unpub,

Do.
Leich and Thomson 1921,
Fleming 1926a,
Leach and Thomson 1921,
Fleming 1925a.
Leach and Thomson 1821,

Do.
Do.
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TABLE 13.—Preliminary test: with solutions and emulsions of chemicals as dips to kill Japunese beetle grubs
—Continued

¥9

Mortality of
Amount per Immersion prubs when
Chemical liter of peried Effect
water Removed on plants
from sofl In soil

CA A

’,
\

Myg. Percent Percent
Sodium sulfocarbonate 4 36-percent acetic acid )

1:1 : 7,900 . 100 56 U Do.
Tetrachloroethylene . . 250 ki . Baker unpub.
Tetraethylammonium hydroxide . 250 ) . . Do.
Tetrahydronaphthalene . . 500 . o 100 o . Do.
Tetramethylammonium hydroxide 250 39 Do.

Thymol . . ; . Saturated . 100 . e Leach and Johnson 1925,
Toluene . T . .. do 100 Retarded Do.
Do ... ... . e e . 450 100 .. Baker unpub.
Toluene trichloride (a,a,n-trichlorotoluene) . 350 o 100 L . Do,
o-Toluiding 1,000 . o Fleminy 19250,
De 250 28 . Buker unpub,
o-Tolyl benzoute 250 . . % L. Do.
1,2.4-Trichlorobenzene . 400 . L. Do,
Trichloroethylene - 250 . 27 . et Do.
Valeronitrile . : . 250 e 28 Do.
‘Wormseed oil B ; e Saturated . . Leach and Johnson 1925.
o-Xylene - . 200 . 100 [P Baker unpub.
Zinc chloride o e . 50,000 . . 0 . Killed . . Leach and Johnson 1925.

YW 40 “Ldda s 0 ‘irel Ing CHO

¥
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Wormseed Qil

Wormseed oil is a volatile oil distilled from the entire plant of
Chenopodim ambrosioides unthelminticum. It is a colorless or
pate yellow liquid with a specific gravity varving from 0.855 to
1.980 al 25” C. The oil contains at least 60 percent of ascaridole
and 30 to <0 percent of a mixture of cymene, terpenes, lower
fatty acids, and methyl salicylate. Ascaridole (C\xH,,0.), con-
sidered to be the active constituent of the oil, has a specific
gravity of 1.0024 at 25°, a disagreeable benumbing odor, and a
disagreeable taste. The oil was used as an antheimintic; the
dosage s based on the sscaridole content {(Henry and Paget
1921). Nelson (/920) developed an approximate method for as-
saying the ascaridole content of the oil. This was essentially a
determination of part of the oil that dissolved in G0-percent
acetic acid.

Leach and Johnson (719.25) emulsified the oil and based the
dosage on the ascaridole content. All third-instar grubs removed
from soil and immersed in water containing 1 ml, of ascaridole in
6 liters were killed by immersion for 18 hours at 50° F., 12 hours
at 607, and 6 hours at 657 and 70°. It was the practice in com-
mercial nurseries to dig iris, phiox, peonies, and sedum in the fall,
divide the clumps, and remove most of the soil from the roots by
thorough shaking. When this operation was completed, up to 10
ce. of soil per plunt remained among the roots of iris, phlox, and
sedum and up to 16.4 cc. (1 cubic inch} of soil per plant in the
cavities of the peony roots. Immersion for 12 hours at 70° in
the 1-ml dip killed the grubs in masses of soil up to 10 ce. in
volume, Lut the dosage had to be increased to 2 ml. to kill them
in a cubic inch of soil. The 2-ml. dosage was nhot effective in
larger masses of soil.

Dermant roots of iris, phlox, and sedum were not injured by
immersion for 15 hours at 70° F. in a dip containing 1 ml. of
ascaridole in 6 liters of water. Dormant roots of peonies were not
injured when the concentration of ascaridole in the dip was
doubled,

Immersion for 15 hours at 70° F. in & liters of water containing
1 mi. of ascaridole wans authorized in 1992 for the treatment
of divided clumps of dormant ivis, phlox, sedum, and other piants
with similar rool systems to kill grubs in small masses of soil
among their roots. After removal from the dip the plants were
held at 70° for 8 hours before being certified for shipment. Dur-
ing 1922 and 1923 the treatment was used for about 75,000
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plants of this type in the commercial nurseries. (Leach et al,
1924; Leach and Johnson 1925; Smith 1925¢)

Carbon Disulfide

Formulations—Carbon disulfide is only slightly soluble in
water. An aqueous solution was prepared by agitating a small
quantity of the chemical with a large volume of water. Solutions
of carbon disulfide were used by Leach (1818) in experiments to
control the woolly apple aphid (Eriosoma lawigerum (Haus-
mann)} on the roots in orchards and by Leach and Thomson
(1921} in preliminary experiments with Japanese beetle grubs.,
The solutions were not satisfactory because the quantity of carbon
disulfide that disssolves in water is appreciably affected by the
temperature. At normal atmospheric pressure 1 liter of water can
dissolve the following quantities of carbon disulfide (Beidell
1919):

* Q. Grants
0 2.04
10 . 1.94
20 o1n9
30 ... 1.6
40 . . . . 111

The quantity of carbon disulfide in a dip can be controlled more
accurately by enulsifying the chemical and adding the regquived
quantity of the emulsion to water. Fleming and Baker (1985)
gave the composition of many of the stock formulations used in
experimentation. Only the formulations approved for use in a
commercial treatment are given here.

A creamlike stock emulsion was prepared by agitating carbon
disulfide with a soap solution until the chemical emulsified. The
formulas of the best stock emulsions of this type are as follows:

Parta by
volume
Formuiln 1 (Leach and Jehnsen 1925):
Carbon disulfide . . . 5
Rosin-fish oil sgan sclution . - 2
Distolve 125 prams of “Old Style” rosin-fish oil soap in
875 ml. of water by heating.
Formula 2 (Leach 1925; Leach and Johnson [223; Leach
and Lipp 7927a):
Carbon disulfide ]
Rosin-fish oil soap solution 2

Dissolve 1 volume of cold-water scluble rosin-fish eil
soap in 3 volumes of water.
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Formula 3 {Leach and Fleming 1927; Leack and Lipp
192%a; Lipp 1927):

Carbon disulfide .. . . . . .. . ... ... 7

Soap solution . . ... . ... ... ... e 3
To 185 mb of warm 7-percent sodium hydroxide solution
add 5G grams of powdered rosin graduaily. Add 450 mL
of hot water and agitate the mixture until the rosin has
dissolved. Add 50 ml. of oleic acid and continue the agi-
tation until the mixture is homogeneous.

The emulsifying power of the rosin-fish oil soaps in formulas
L and 2 was uncertain owing to the varied composition of
different batches of the same soap. It was necessary, there-
fore, to determine the emulsifying power of each batch of
commercial soap and to modify the formulas accordingly before
satisfactory stock emulsions could be prepared. Furthermore, the
stock emulsions prepared with these soaps were stable for only a
few days; emulsified carbon disulfide tended to settle to the bot-
tom, leaving a layer of soap solution at the top. It was necessary
to agitate these emulsions thoroughly before use in order to assure
homogeneity. On long standing or on exposure to a temperature
below 40° F., the films of soap around the globules of carbon
disulfide tended to rupture, causing some of the globules to
coalesce and the emulsion to separate into three distinet layers—
soap solution, emulsified carbon disulfide, and unemulsified carbon
disulfide. When the emulsion separated in this manner, it could
not be restored to homogeneity by agitation.

The mncertainty with the commercial soaps was overcome by
using a sodium oleate-rosin soap as the emulsifier (formula 3).
The ingredients of this soap were readily available and there
was no variation in emulsifying power. The emulsion prepared
with this soap was stable for several months provided it was not
exposed 1o low temperatures. It was very viscous and difficult to
measure small quantities accurately by volume, This disadvantage
was largely overcome by mixing an equal volume of water with
the stock emulsion before measuring. Fleming and RBaker (1935)
found that this diluted stock emulsion stratified readily on stand-
ing undisturbed. Agitation restored homogeneity but caused
foaming and thus made the meniscus difficult to read in a glass
eylinder and cansed some loss of carbon disulfide.

More satisfactory stock formulations were prepared by replac-
ing the water with an organic solvent that was miscible with
carbon disulfide. Ethyl alcohol was the most satisfactory solvent
for the scaps. Sodium oleate dissolved in aleohol produced a
flocealant precipitate when added to carbon disulfide, but aleo-
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holie solutions containing not more than 60-percent potassium
oleate formed clear translucent solutions with carbon disulifide.
It was necessary to have more oleic acid than needed to react
with the potassium hydroxide to avoid the presence of free alkali
and the conversion of some of the carbon disulfide to less foxic
o-ethyl dithiocarbonate. Sufficient potassium ocleate was needed
to disperse the carbon disulfide in water and sufficient alcchol
to prevent the precipitation of the potassium oleate in the carbon
disulfide.

Two formulations containing alcoholic potassium oleate re-
mained stable for at least 6§ months under normal conditions.
The formulas of these solutions are as follows:

Parts by
volume

Formula 4 {Fleming 19268):

Carbon disulfide L

Aleoholic potnssium oleate .. .

Dissolve 15 grams of potassium hydroxide in 21-1 ml of
ethyl alcohol and add 8§ ml. of cleie acid.

7
3

Formula 5 {Fleming 79256, 18260} :

Carbon disuifide . .

Alcoholic potassium oleate plus cottonseed ozl .
Dissolve 13.5 grams of potassium hvdroxlde in 193 ml of
ethyl zicohol and add 77 mi. of oleic acid and then 20 ml.
of cottonseed oil.

After standing undisturbed for several months some of the
emulsifier in formula 4 tended to crystallize and an odor of po-
tassium o-ethyl dithiocarbonate developed. The formula was modi-
fied as in formula 5, but these modifications did not overcome
these objectionable features. Considerable care had to be exer-
cised in diluting these mixtures with water in order to produce
a satisfactory dilute emulsion. When poured info water, only a
part of the carbon disulfide dispersed in the water and the re-
mainder collected on the bottom of the container. When an egual
volume of water was added to the mixtures and agitated, the
emulsions produced did disperse readily upon pouring a large
volume of water.

Mixtures of carbon disulfide with aleoholic solutions of par-
tiailly saponified vegetable oils were similar in appearance to
the mixture of carbon disulfide and an alcoholic solution of
potassium oleate, but they dispersed more readily in water. The
mixtures containing cottonseed oil, coconut oil, palm oil, peanut
oil, and corn oil were unsatisfactory because of the appearance
of a sediment and the formation of pofassium o-dithiocarbonate
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on standing for several weeks. No sediment or potassium o-dithio-
carbonate developed in the mixture containing blown castor oil.
The formula for the mixture of carben disulfide and alecholic
blown castor oil soap used in nurseries is as follows:

Parts by
volwme
Formula & (Fleming and Baker 1235 Fleming and Wagner
1928
Carbon disulfide 35
Aleohelic blown cnstor oil sonp 65

Dissolve 37 grams of potassium hydroxide in u mixture
of BG grams of cthyl aicohel and 45 grams of water and
add to 832 grams of blown castor oil in a closed kettle or
in a threc-necked flask equipped with a reflux condenser
to prevent less of alechol. Grudually increase the tem-
perature to 200° F. ($3.3° €.) and hold at this temper-
ature until the alkali has reacted with the oil, sgitating
the mixture during the procedure. Tn small batches, 2
hours at 200° F. were sufficient. Saponification is com-
pleted when a mixture of the soap and carbon disulfide
poured into water turns milky white and gradually dif-
fuses throupghout the water.

The carbon disulfide-castor oil soap formulation was mixed in
the proportion 35:65 by volume because the T0-percent stock
mixtures approved previously were diluted with an equal volume
of water before measuring volumetrically. It is a mobile, translu-
cent liquid that does not form a heavy foam when shaken. It
can be poured easily and measured accurately in small quanti-
ties. It mixes readily with water in all proportions, forming a
milky emulsion.

Toxicity to Immature Stages.—The emulsifiers given in this
bulletin did not modify significantly the toxicity of emulsified
carbon disulfide. When third-instar grubs were removed from
soil and immersed for 24 hours, the median lethal concentra-
tion of carbon disulfide emulsified by sodium oleate rosin soap
(formula 3) was 0.13 ml. per liter. It was 0.14 m). with alcoholic
blown castor oil soap (formula 6) as the emulsifier and 0.17 ml.
with alcoholic potassium oleate (formula 4) as the emulsifier.
{Fleming and Baker 1935)

The grubs were more susceptible than the other immature stages
to immersion in emulsified carbon disulide. When removed from
soil and immersed for 24 hours at 70° F., 1 ml. of emulsified
carbon disulfidz per liter of water was required to prevent hatch-
ing of eggs, 0.5 ml. to kill pupae, and 0.8 ml. to kill third-instar
grubs (Fleming and Baker 1935). It seemed advisable to limit
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the use of a carbon disulfide dip to the periods of the year when
enly grubs were present fo avoid increasing the potential hazard
of the treatment to plants.

The mertality of the grubs was modified by the dosage, tem-
perature, and period of immersion. In a preliminavy test Leach
and Johnson (1925} killed third-instar grubs removed from soil
by immersing them in water containing 0.5 ml. of emulsified
carbon disulfide per liter for 4 hours at 70° F. and for 12
hours at 50°. The results at intervening temperatures were
erratic, Fleming and Baker (7935} investigated the dosage-
temperature-immersion relationship more extensively. When the
temperature was 70° the grubs were killed by the following
immersions and dosages:

Carbaon disulfide per
Fmmersion (houre) Iiteg:a(‘ml.}

i

R LY LS U O R
wn

A4
B
6
8

1
1.2
2

When immersion was for 24 hours, the grubs were kilted by the
following temperatures and dosages:

Carbon disulfide per
a2 liter {ml.)
S0 §.08
80 18
70 .3
60
ab
£5 . .
40 . 8
The optimum temperature for killing grubs was about 70°.
Effectivencss Aguinst Grubs in Scil.—Leach and Johnson
{1925} killed third-instar grubs embedded in soil in the cavities
of peony roots by immersing the roots for 15 hours at 70° F.
in water containing 0.5 mi. of emulsified carbon disulfide per
liter. The mass of soil in these cavities was not more than 1
cubic inch. Fleming and Baker (7£35) found that this dosage
was effective in killing grubs in the soil of potted plants when
the volume of soil was not more than 14 cubic inches and the
immersion was for 24 hours. A dosage of 0.6 ml. was effective in
soil balls up to 6 inches in diameter, but it was only partially
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effective in larger masses of soil. The grubs were killed in larger
masses of soil by increasing the dosage, but preliminavy tests
showed that dosages above 0.6 ml. were often very injurious to
plants. This reaction of the plants limited the application of the
treatment to masses of soil not more than 6 inches in diameter.

Effect on Soil Micro-Organisms.—Fleming {7929) studied the
effect of saturating soil with water and with dilute carbon disul-
fide emulsion on the number of bacteria and fungi and on the
accumulation of ammonia and ritrates in the soil.

Saturating the soil wiih water had no effect on the number of
bactevia. The number of fungi was reduced while the soil was
wateriogged, but soon thereafter the population reached its ini-
tial density. The production of ammonia ceased while the soil
was saturated with water, but it became normal as the soil was
restored to optimum moisture. The gquantity of nitrates in the
soil did not change.

When dilute carbon disulfide was used in place of water, the
number of bacteria and fungi decreased markedly, followed by
an increase in these micro-organisms. Seventeen days after treat-
ment there were 10 times as many bacteria as initially in the
soil. The fungi increased more slowly and did not reach their
initial density until 59 days after the application of the emul-
sion., The production of ammonia ceased while the soil was sat-
urated and then increased so rapidly that 30 days after treat-
ment there was 10 times as much ammonia as initially in the
soil. The dilute cmulsion did not affect the accumulation of ni-
trates in the scil. The carbon disulfide had no permanent detri-
mental effect on the bacteria and fungi in the soil.

Reaction of Plants—In cooperative studies with several com-
mercial nurserics Fleming and Baker (1985) determined the
reaction of dormant and semidormant ornamental plants to the
immersion of their roots for 24 hours at 70° F. in water containing
0.6 ml. of emulsified carbon disulfide per liter. After treatment
the plants were handled according to the usual nursery practice.

The ornamental grasses—Asrrhenatherum elatius, Arundo
donax, Cortaderia selloana, Elymus glavcus, Miscanthus sinensis,
Penunisetum alopecuroides, and Phaluris arundingcet—were in-
juvred only superficially by the immersion.

The roots of garden rhubarb Rheum rhaponticum were not
injured.

The herbaceous perennials—Convallaric majalis, Dahlia 3pD.,
Hemerocallis dumortieri, H. fulva, Iris eristate, I. germanica,
I. kaempferi, I. ochrolewca, 1. pseudacorus, I. sibirica, Paeonia
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albiflora, P. officinalis, Phlox amoena, P. paniculata, and Sedum
spectebile—were not seriously retarded in their subsequent
growth, although sometimes the bud scales and the sprouts were
blackened by the treatment.

The deciduous shrubs were not injured by immersing their
roots in the dilute emuision. The shrubs treated included Ber-
beris thunbergii, Buddleia davidi, Callicerpe dichotoma, Callunc
vulgeris, Clethyre alnifolia, Cornns florida, Crataegus oxycantha,
Deutzia gracilis, Fronymus alatus, Forsythiu suspense, Hibiscus
syriaens, Hydrangea arborescens, Ligustrum ovalifolium, Lonicera
involuerate, Philadelphus coronarius, Rhus typhine, Rosa spp.,
Spiraew spp., Symphoricerpos orbiculutus, Syringe vulgaris, Vi-
burnwm spp., and Weigela florida.

The deciduocus trees tolerated the treatment, including Aecer
platenoides, Aesewlus hippoeastanum, Betula pendule, Fagus
sylvetica, Fraxinws ernus, Magnolic virginiana, Morus alba,
Quercus faleata, Saliy babylonica, Sorbus aucuparia, Tilic ewro-
paew, and Ulmus wnericana,

The broadleaf evergreens were seriously injured or killed by
immetsing their rvoots in the dilute emulsion, including Buzus
sempervirens, Iex erenata, Kalmia letifolia, Pachysandra termi-
nalis, Pyracantha coceinea, Rhododendron catawbiense, R. indi-
ctem, and R. japonicum.

The narrowleaf evergreens did not tolerate the treatment, in-
cluding .\bies concolor, Chamaecypuris obtusa, C. pisifera, Juni-
perus chinensis, J. ecommunis, J. horizontalis, J. sebinag, J. virgin-
iane, Picea abies, P, glawew, P, pungens, P. rubens, Pinus mugo,
P. nigra, P. sylvestris, Taxus baceata, T. canadensis, T. cuspidata,
Thuja occidentalis, T, orientalis, and Tsuga canadensis.

Use in Nurseries.—Immersion of the roots of dormant Paeonia
spp. for 15 hours at 70° F. in water containing 0.5 ml. of emul-
sified carbon disulfide per liter was authorized in 1922 to kill
grubs in the small quantities of so0il in the cavities of the
roots. The roots could be certified for shipment 48 hours after
removal from the dip (Leach and Jehnson 1925; Smith 7925¢).
In 1929 immersion of the roots of dormant and semidormant
herbaceous plants and deciduous trees and shrubs for 24 hours
at 70° in water containing 0.6 ml of emulsified carbon disulfide
per liter was authorized to destroy grubs in masses of seil up
to 6 inches in diameter. The treatment was used extensively in
the commercial nurseries, but the number of plants treated is
not available.
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Ethylene Dichloride

Formulation—Masen et al. (1943, unpublished) prepared sev-
eval clear emulsifiable mixtures of ethylene dichloride and fatty
acid soaps. The best of these mixtures had the following composi-
tion:

Parts by

weight
Ethylene dichloride 60
Alcohelie potassium cleate seap 40

Dissoive 2.5 pounds of potassium hydroxide in u mix-
ture of 14 pounds of ethyl aleohol and § pounds of
water, add 17.56 pounds of oleic acid, and stir intermit-
tently for about 10 minutes.

Each 100 ml, of this formulation contained 60 grams of ethylene
dichloride. The miscible mixture remained homogeneous during
storage at room temperature, but it separated into two layers
at temperatures below 40° F. When stratification occurred, homo-
geneity was vestored by warming to room temperature and
stivring. To dilute this mixture, small quantities of water were
added successively with stitring until a creamlike emulsion was
formed. Then the remainder of the water was added. It was not
difficult 1o dilute this formulation, except when only hard water
was available. The hard water converted some of the potassium
oleate to an insoluble seap.

Chisholm et al. (7944) overcame this objectionable feature
by replacing the soap with a surface active agent, Tween 20, a
commercial polyoxyalkylene derivative of sorbitan monolaurate.
The modified formulation was prepared by dissolving 2.5 pounds
of Tween 20 in 97.5 pounds of ethylene dichloride. This product
was a clear liguid that withstood low temperatures and diluted
uniformly with hard water. In diluting this emulsifiable mixture,
one volume of the mixture was shaken with an equal volume of
water for about 1 minute to form an emulsion. This emulsion
dispersed readily in water.

A dilution of 1:100 by volume of the 80-percent formulation
with waler contained 6 grams of ethylene dichloride per liter,
whereas a dilution of 1:200 of the 97.5-percent formulation con-
tained 6.1 grams per liter. Six grams of ethylene dichloride will
dissolve completely in a liter of water at room temperature. The
dilution prepared with the 60-percent formulation was opaque
because of the presence of potassium oleate, but that prepared
with the 97.5-percent formulation was substantially clear. Mason
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(unpublished) found that water dilutions of these formulations
were equally toxic to grubs.

Effectiveness Against Grubs in  Soil-—DMason et al,
{unpublished) immersed azalea plant balls containing third-in-
star grubs in water containing from 1.5 to 9 grams of ethylene
dichloride per liter for 10 seconds. A week later the grubs were
removed from the treated soil and placed in untreated soil at
80° F. for ohservation. When they were removed from treated
soil, the mortality was 6 percent with 1.5 grams of ethylene
dichloride per liter, 14 percent with 3 grams, 31 percent with 6
grams, and 75 percent with 9 grams. All grubs subjected to the
3 grams were dead within 1 week., The 6 grams killed all of
them in 2 weeks. At that time the mortality was 99 percent with
the 3-gram and 69 percent with the 1.5-gram treatment.

The G-gram dosage was not completely effective against pupae
and eggs. Pupae in the early stages of development were killed
as readily as the grubs; up to 10 percent of the pupae approach-
ing the adull stage were not affected by the treatment. About
two-thirds of the eggs in the early stages of development hatched,
but most of the nearly mature eggs were killed by the treatment.
Tt was necessary therefore to restrict the application of the 6-
gram dosage to those periods of the year when only grubs were
in the soil. (Mason et al. 1948)

Immersion of the plant balls for 5 seconds in the &-gram dip
was less consistent but almost as effective in killing third-instar
grubs as immersion for 10 seconds, The mortality of the grubs
after immersion for 5 seconds was 29 percent when removed
from soil, 88 percent 1 week later, 96 percent 2 weeks later, and
98 percent 3 weeks later, wherveas the mortality following im-
mersion for 10 seconds was 44, 95, 99, and 100 percent, respec-
tively. (Mason et al. 143, unpublished)

The temperature and the holding conditions modified the in-
secticide action. Infested azalea plant balls were immersed for
10 seconds in a dip containing 6 grams of ethylene dichloride per
liter at befween 407 and 80" F. and held at these temperatures
for 5 days before removing the grubs for observation. When the
treated plant balls were placed on a bench or on the floor so
that they were separated from each other to permit circulation
of air around each plant ball, the mortality 3 weeks later ranged
from 92 fo 98 percent. There was no relationship between the
temperature and the mortality; the loss of the chemical by aera-
tion apparently was the dominant factor. When the plant ballg
were placed in a compact mass, 100-percent mortality was ob-
tained in 3 weeks at between 40° and 50°, in 2 weeks between 50°
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and 70°, and in 1 week between 70° and 80°. Placing the plant
balls in a compact mass after treatment reduced the loss of
ethylene dichloride from the soil. {(Mason et al. 71943, unpublished)

The period the grubs were left in the plant balls after im-
mersion modified the rate of insecticide action. When the grubs
were removed from the plant balls 1 day after immersion, 25
days elapsed before all were dead, but when removed 2 to 14
days after immersion, all were dead within 12 to 15 days aflter
immersion. Hoiding the plant balls in a compact mass for 2 days
alter immersion was sufliclent to reach the maximum rate of
insecticide action. {(Mason et al. unpublished)

The treatment was not completely effective when the plant
balls were saturated with water at the time of immersion in the
dip. The mortality of the grubs in the wet plant balls was 93
percent 3 woeeks after they were removed from the plant balls
Tor observation. When the plant balls were only partially sat-
urated with water, the treatment killed all of them within 2
weeks.,  (Mason ct al. unpublished)

‘The type of soil was not a limiting factor in the effectiveness
of the cthylene dichloride dip. Grubs in muck and a heavy loamy
soil were all dead within 1 week after being removed from the
treated soils for observation. From 2 to 8 weeks elapsed before
those removed from treated sandy loam and peat were dead. The
insecticide was probably retained longer in the heavy soils than
in the light seils.  (Mason et al. unpublished)

The size of the plant balls—up to 16 inches in diameter and
up to L inches in depth-—did not limit the eflectiveness of the
dip. Grubs in 2- to G-inch plant balls, in pots, or wrapped in
burlap oc other suitable material were dead 3 weeks after im-
mersion in the dip; those in 8- to 10-inch plant balls died within 2
weeks afler treatment, and those in 16-inch plant balls died within
9 days after immersion. The dip was not completely effective in
killing grubs in larger masses of soil, although the mortality ap-
proached 100 percent. (Mason unpublished; Mason and Coles
unpublished; Mason et al. unpublished)

Reaction of Plants—Through the cooperation of commercial
greenhouses and nurseries, Mason et al. (1943, unpublished) im-
mersed the soil balls of many varieties of greenhouse and nursery
plants for 10 seconds in wat~r containing 6 grams of ethylene
dichloride per liter at from 40° to 75° F. After treatment the plants
were handled according to the normal procedures. Observations
over several months showed that, with the exception of Genista
sb., injury to the plants by this treatment was negligible.
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The following greenhouse plants were treated successfully:

The following perennials tolevated immersion of their roots in

the dip:
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Adiantum sp.
Aglaonemae pimplex
Arancaria aravcane
Asplenium nidus
Aucube chinensis
Aucuba japonica
Begonia gracilis
Begonie rex-cultorum
Beloperone sp.
Bowvardia sp.
Caladinm bicolor
Caiceolarie crenaliflora
Cibotium schiedel
Cissus rhambifolia
vifrus reticulata
Clivia minieta
Cotencaster sp.
Crassula sp.

Croton spp.

Cyclamen persicion
Dieffenbachia picta
Dracaena deremensis
Dracaena frograns
Evrythea sp.
Euwonymus joponicus
Euphorbia pulcherrima

Abella zanderi

Achitiea tomentosa
Ajuga grucvensis
Althaee rosen

Alyssum saxatile
Arabis alping

Armerie maritima
Astilbe rosea

Rrunnera macrophylia
Campanula medinm
Cenfanurea monfona
Convallarie majalis
Cotoncaster horizontal's
Daphne penkwa
Pelphinnon hydridum
fllanthus barbaius
fHanthus caryophyltus
Dicentre formosa
Digitalis purpurca
Dororicim plontaginewm

Ficus pandurata
Fuchsgia sp.

(Ferdenin jasnmtinoides
(Feranium =p.,

Hedera helix
Heliotropium arborescens
Hotwea sp.

Hydrangew macrophyila
Lantanag comara
Monstera deliciosa
Nephrolepis exallata
Onoclea sonsibilis
Cpuntia microdasys
Osmanthus sp,
Pandanus veitehi
Peperomia sp.
Philodendron cordatum
Phoenix sp.

Piper arnatum
Palygonum cuspidatum
Pothos loureiri
Primula sp.
Saintpawlia sp.
Sansevierin sp.

Senecio cruentus
Spathyphython sp.

Goeum chiloense
Gypzaphile paniculeta
Helleborus niger
Heuchera sanguinea
Hoste plantagines
fheris sempervirens
Lavendula officinalis
Lupinus polyphylins
Mondo jaburan
Myosotis scorpioides
Pachysandre terminalis
Primula veris
Rosmarinus officinalis
Salvia efficinalis

Santolina chamaecyparissus

Thymus britaunicus
Trelliug sp.

Vinea miner

Viola cornuie
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The following shrubs, crees, and vines were treated success-

fully:

Berberds mentorensis
Berberls thuntbergil
Burus rempervirens
Camellic japonicn
Cephalotaxus drupacea
Chamaecynaris abtisa
Chamaecyparis pisifere
Clewmatis juckmond
Clematis lawsoniana
Clematiz paniculato
Elusagnus pungeng
Euwonymus juponicus
{lox cornite

Iex crenala
Juniperug chinensis
Juniperus communis
Leeries nobilis

Ligustrim japonictm
Ligugtrum {ueidum
Lonicera henryi
Magnolie grandiflora
MNending domestica
Picea abies

Pinus nigra

Prunus corolinivna
Pyracantha sp.
Rhododendron indicum
Rhododendron oblusum
Rhododendron suntderi
Rosa spi.

Syringa persice
Syringa vulgaris
Thuja ovceidentalis
Tsuga canadensis

Use in Nurseries.—Authorization was given in 1942 for the
immersion of soil in unglazed clay pots and wrapped soil balls
up to 10 inches in diameter for 10 seconds in water containing
6 grams of ethylene dichloride per liter at between 40° and 75° F.
Later soil masses up to 16 inches in diameter and up to 14
inches in depth could be treated. The treatment could be used
in the fall, winter, and spring when only grubs were in the soil.
The plants could be certified for shipment after holding them in
a compact mass for 24 hours. Middleton and Cronin (1952)
reported that during 1941250 over 6,826,000 plants in commercial
nurseries and greenhouses had been treated by this procedure
and certified for shipment.

Ethylene Dibromide

Formulations.—Since ethylene dibromide is a solid at tem-
peratures below 10 C. (R0™ F.), Chisholm et al. (1946a), Chisholm
and Mason (1238«}, and Mason and Chisholm (1945, unpub-
lished) mixed it with solvenis having lower melting points and
added a surface-active agent to disperse the mixtures in water.
The composition of the three best formulations is as follows:

Perecnt
by weight
Formula 1:
Ethylene dibromide 168.0
Ethylene «ichloride 81.5

Tween 20 (o polvoxyalkylene derivative of sorbitan mono-
laurate) . 2.5
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Pereeni
by welght
Formuls 2:
Dowfume W-85 (83 percent sthylene dibromide) 19.3
Ethylene dichloride 18.0
Tween 20 2.7

Formula 3:

Dowfume W-85 24.1
Isopropyl nleohol {99 pervent) . 55.9
Tween 20 . . . 20.6

The ingredients of these formulations were mixed together to
form clear emulsifiable liquids. Each formulation contained 20
grams of ethylene dibromide per 100 mi. One volume of a for
mulation was shaken with two volumes of water to form a milky
emulsion, and then additional water was added with stirring to
obtain the concentration desired. Since 4.8 grams of ethylene
dibromide dissolve in 1 liter of water at 80° C. {B§° B.), sub-
stantially clear solutions were obtained when the quantity of
the dibromide in the final dilution did not exceed this amount.

In 1956 circumstances involving patents and other restrictions
made it necessary to replace ethylene dibromide with Dowfume
W-85, a commercial preparation containing 83 percent of ethy-
lene dibromide and 17 percent of a light petroleum fraction. The
meodified formulation (formula 2) was adjusted so that it con-
tained the same weight of ethylene dibromide per 100 ml. as the
original formulation. The substitution of Dowfume W-85 did not
affect the toxicity to grubs.

Although ethylene dichloride was the dominant insecticide in
formulations 1 and 2, it was much tess toxic to grubs than
ethylene dibromide, and because of the small guantities of the
formulations used, it had a minor role in killing grubs. As
noted previously, a dosage of 8 grams of ethylene dichloride per
liter of water was needed to kill grubs in soil. When applied
with ethylene dibromide, there was usually less than 1 pram of
ethylene dichloride per liter, a dosage that had little effect on
the grubs. Furthermore, the substitution of isopropyl alcohel, a
compound of very low toxicity, for the ethylene dichloride did
not modify the toxicity of the formulation. Therefore in all these
formulations ethylene dibromide was considered o be the active
insecticide ingredient.

Toxicity to Grubs.—When third-instar grubs were removed
from soil and immersed for 10 seconds, 1.5 grams of ethylene
dibromide per liter were required to kill them within 3 weeks
after immersion (Mason and Chisholm 1945). However, grubs
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out of soil are not found even among the roots of bare-root
nursery stock,

The largest mass of soil usually found among the roots of
bare-root nursery stoek is about a cubic inch. Third-instar grubs
in 1-inch cubes of moist, friable sandy loam, clay, and peat were
killed by immersion for 10 seconds in water coninining 0.25
eram of ethylene dibromide per liter at 40° F., 0.13 gram at 50°,
and 0.06 gram at 70°. When these small masse: af s0il were
saturated with water at the time of immersion, e disage had
to be increased to 0.5 gram per liter to kill the grubs at 40° and
above. In these tests the grubs were removed from the cubes
of soil 1 o 5 days after immersion to observe {heir rveaction.
Many of them al that time appeared to be normsi, .t with these
trealments all were dead within 3 weeks, The raisn of insecticide
action was accelerated by leaving the grubs in the treated soil
for more than 1 duay. To assure their destruction among the
roots of bare-root nursery stock, the dosage was increased to
0.6 gram of ethylene dibroemide per liter for use at 40° to 70°.
{Mason and Chisholm 1945, Mason et al. unpublished)

Third-instar grubs in d-inch azalea plant balls were killed by
immersing the plant balls for 10 seconds in water containing
0.10 gram of ethylene dibromide per liter at 40° F. and in water
containing 0.05 gram per liter at 507, The 0.10 pram was effective
in killing grubs in 10- and 16-inch plant balls when the plant
balls were immersed until saturated, as indicated by no air
bubbling From the soil, but 0.25 gram was not completely effective
in larger masses of soil. All grubs were dead within 3 weeks after
removal from the treated scil, but the mortality was accelerated
by leaving the grubs in the treated soil for more than 2 days,
indicating some vesidual action of ethylene dibromide in the soil.
To demonstrafe the residual action, grubs were intreduced into
plant balls 1 to 3 weeks after immersion in the 0.10-gram dip.
All grubs introduced inte the plant balls 1 week after immersion
were killed; the mortality was 95 percent with grubs introduced
after 2 weeks nnd 92 percent with those introduced after 38
weeks., (Mason unpublished; Mason and Chisholm unpublished;
Mason ef al. unpublished)

Toxicily {o Pupge—Pupae removed from soil and immersed
for 10 seconds in water containing 0.5 gram of ethylene di-
bromide per liter continued to develop normally and emerged
as adult beetles., Plant balls containing pupae were dipped for
10 seconds and then held for 30 days before examining to de-
termine the effect on the pupae. Thirteen percent of them com-
pleted their development after immersion in the 0.13-gram dosage,
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1 percent after immersion in the 0.25-gram dosage, and none
after immersion in the 0.5-gram dosage. When the plant balls were
immersed until saturated, all pupae were killed by the 0.10-gram
dosage. (Mason and Chisholm unpublished; Mason et al. unpub-
lished)

Torxieity to Fggs.—Eggs removed from soil and immersed for
24 hours in water containing 0.15 gram of ethylene dibromide
per liter did not hatch, but when the dosage was reduced to
0.075 gram per liter, 16 percent of the eggs hatched. Eighty to
91 percent of the eggs haiched after soaking in water for 24
hours. (Mason and Chisholm unpublished)

The mortality of eggs in plant balls immersed for 10 seconds
in water confaining 0.25 gram of ethylene dibromide per liter
was 74 percent when the eggs were removed from the soil 2
days after immersion and 100 percent when the eggs were left
in the treated soil for 8 days. When plant balls were immersed
undil satorated in the 0.10-gram dosage and the eggs were re-
moved 2 days later for observation, 62 percent of the eggs in a
loamy soil and 98 percent of them in a peat were killed. No epgs
hatched when left in the loamy soil and peat for 8 days. (Mason
and Chisholm unpublished ; Mason et al. unpublished)

Reaction of Bare-Root Plants—Dormant bare-root deciduous
shrubs were removed from a heeling-in bed in April and their
roots were immersed for 10 seconds in water containing 2.8 and
5.6 grams of ethylene dibromide per liter. These dosages greatly
exceeded those needed to kill grubs immersed without soil and
in 1-inch cubes of soil. The dipped plants were held for 24 hours
under canvas covers in the packing shed and then planted in
the field. All the shrubs grew normally., (Mason et al. unpub-
lished)

The species of plants treated successfully were as follows:

Berberis thunbergii Prunus amygdalus
Calycanihus Roridus Ribeg trisie

Celastrus scandens Spiraea bumaida
Cercis canadensis Spiraea thunbergii
Deutzia seabra Symphoricarpes albug
Forsyihie suspensa Swyringa vulgaris
Hydrangea arborescens Vitis sp.

Hydrangea poniculata Weigela foride

The roots of 12 varieties of roses, not identified in the report,
were immersed for 10 seconds in water containing 0.5 gram of
ethylene dibromide per liter. After holding in storage for about
a month, the roses were potted and placed in a greenhouse.
Three months later 10 of the varieties were growing normally,
but two of them weve retarded. (Mason et al. unpublished)
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Herbaceous perennial plants with roots practically free of soil
were immersed for 10 seconds in water containing 0.5 gram of
ethylene dibromide per liter. After holding in storage for 24
howrs in the packing shed, half of the plants were packed and
sent to the laboratory and the other half were potted at the
nursery. The plants sent to the laboratory were potted soon
after arrival. The treatment did not affect the growth of Asler
novee-anglice, Chrysaenthemum maximum, Lavandula officinalis,
ond some vavieties of Papaver orienfale, but one variety of P.
ortentale and of Viéle sp. were retarded. (Mason et al. un-
published) '

Several nurseries dipped bare-root trees, shrubs, and perennial
plants in the 0.5-gram desage. Information is not available on
the varieties treated, but no injury to the plants was reported.
(Mason et al. unpublished)

Reaction of Balled and Potted Plonts—Mason et al. (unpub-
lished) in a preliminary test immersed the soil balls of several
potted plants, with the pots removed, for 10 seconds in water con-
taining 0.18, 0.35, and 0.7 grams of ethylene dibromide per liter.
Geranium sp. tolerated 0.18 gram but was injured by 0.35 gram.
Rhododendron obiusum was not injured by .85 gram, buf 0.7
gram caused some defoliation. Asparagus plumosus, Hedera heliz,
Nephrolepis exaltate, and Pandanus australis were not affected
by 0.7 gram.

Many varieties of azaleas in commercial nurseries were not
injured by immersing the plant balls for 10 seconds or until
saturated in water containing 0.25 gram of ethylene dibromide
per liter. One nursery immersed the plant balls of 141 varieties of
greenhouse plants and reported that those subjected to the 0.13-
gram dosage grew normally, whereas many of the varieties were
refarded or killed by 0.25 and 0.5 grams. Other nurseries reported
no injury to greenhouse plants by 0.13 gram. Information is
not available now to identify these wvarieties, (Mason et al
unpublished)

The evergreens—Abies concolor, Juniperus communis, Picea
abies, Pinus mugo, Pseudotsuge taxifolin, Taxus baceala, and
Thuja occidentalis—were injured or killed by immersing their
plant balls in water containing 0.5 gram of ethylene dibromide
per liter. The reaction of the plants to lower dosages was not
determined. Probably dormant evergreens would not be seriously
injured by the 0.10-gram dosage. (Mason et al. unpublished)

Use in Nurseries—The immersion of the roots of bare-root
nursery stock, with only small quantities of soil adhering to the
reots, for 10 seconds in water containing 0.6 gram of ethylene
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dibromide per liter at between 50° and 75° F. was authorized in
1945 as a basis of certification. The treatment was restricted to
the period of the year when only grubs were in the soil. Later
when the bare-root stock was immersed until the soil was sat-
urated, it was possible to reduce the minimum temperature to
40° and to remove the seasonal limitation. The treated stock
conld be certified for shipment 24 hours after immersion.

The treatment of balled nursery stock with soil balls not
mere than 16 inches in diameter by immersing the soil in water
containing 0.1 gram of ethvlene dibromide per liter was author-
ized in 1947 for use at between 40° and 75° F. Initially the treat-
ment was restricted to the period of the year when only grubs
were in the soil, but Iater the seasonal restriction was removed.
The treated stock could be certified for shipment 24 hours after
immersion.

During 1945-50, 8,522,338 plants in the commercial nurseries
and greenhouses were certified for shipment after their roots
had been immersed in the dilute aqueous solutions of ethylene
dibremide {Middleton and Cronin 1952).

Ethylene Dibromide-Chlordane

Formulations —The formulation used in all but the prelimi-
nary tests had the follewing composition:
Percent
by weight
Ethylene dibromide e e el 13.0
Chlordane {technical) .. e el e 6.5
“Cellosolve” (cthylene glycol monoethyl ether) ... . _.. 6.5
Tween 20 {a polyoxyalkylene derivative of sorbitan mone-
taureate) . oo e e e 6.b
Isopropyl aleohol (99 percent) . e e 67.5

The ingredients were mixed in the order given to form a
clear, dark mixture. Each 100 ml. of the formulation contained
12 grams of ethylene dibromide and 6 grams of chlordane. The
formulation was diluted by pouring it into water. In most of
the dilutions uscd, the ethylene dibromide was in solution and
the chlordane was dispersed as an emulsion of very small parti-
cles. {Chisholm and Koblitsky 1851; Chisholm and Mason 1948b;
Mason and Chisholm 19.49)

As with the ethylene dibromide formulations, it was neces-
sary in 1956 to substitute Dowfume W-8E for ethylene dibro-
mide in this formulation. Chisholm (unpublished) inereased the
quantities of ethylene dibromide and chlordane in the new formu-
lation so as to have the same weight per volume of ethylene
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dibromide in the formulation as in the ethylene dibromide formu-
lations, The composition of the revised formulation was as fol-
fows:

Pereent

by weight
Dowifume W-85 . 24.1
Chlordane S . 10.0
Celiosolve . Lo L o 10.0
Triton X-100 {octylphenoxypoly (ethyleneoxy) ethanol} . 20.0
Isopropyl aleohel (99 percent) . o 5.4

Each 100 ml. of the formulation contained 20 grams of ethylene
dibromide and 10 grams of chlordane,

Toxicity to Grubs.—When third-instar grubs in l-inch cubes
of friable soil were immersed for 10 seconds in water containing
0.6 gram of ethylene dibromide and 0.3 gram of chlordane per
liter and they were removed from the cubes 2 days later for
observation, all were dead within 7 days after immersion. One-
half of this dosage killed ali the grubs within 14 days, but one-
fourth of the dosage was not completely effective. The ethylene
dibromide-chlovdane mixture was more toxic and killed grubs
faster than did ethylene dibromide alone. (Fleming et al. un-
published)

Thivd-instar grubs in plant balls up to 10 inches in diameter
were immersed until the soil was saturated in water containing
0.1 gram of ethylene dibromide and 0.05 gram of chlordane per
liter. The treatment was used at 40° to 70° F. The grubs were left
in the treated scil balls from 1 to 14 days. All were dead within
7 days after removal from the soil balls. (Mason unpublished;
Mason and Chisholm 1949)

The effectiveness of the ethylene dibromide-chlordane ftreat-
ment persisted in the plant balls for several weeks. Third-instar
grubs inserted into the plant balls at intervals up to 21 days
after iramersion were killed during a 14-day period in the treated
soil. First-instar grubs died within b days after they were placed
in soil from plant balis that had been immersed as long as 4
weeks previously. {Mason and Chisholm 1848, unpublished)

Toxicity to Pupae—Pupae in plant balls were immersed until
the soil was saturated in water containing 0.1 gram of ethylene
dibromide and .05 gram of chlordane per liter. The plant balls
after treatment were placed in cages. A few beetles emerged
from the plant balls during the 2 days after treatment, but they
were gbnormal and died within 48 hours after their emergence.
No living pupae ov adults were found in the plant hballs 15
days after immersion. (Mascn and Chisholm 1949, unpublished)
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Toxicity to Eggs—Eggs in plant balls were subjected to the
same {reatment as the grubs and pupae. Less than half of the
egprs hatched when they were left in the treated seil for 1 day.
An occasional egg survived for 7 days in the treated soil, but no
living egps or grubs were found in the treated plant balls left
undisturbed for 8 weeks. (Mason and Chisholm 1949)

Reaction of Plants.—In cooperative studies with several nux-
series and greenhouses, many varieties of plants were subjected
to the ethylene dibromide-chlordane treatment. The bare-root
stock was treated by immersing its roots until the small lumps
of soil adhering to the roots were saturated by water containing
0.6 gram of ethylene dibromide and 0.3 gram of chlordane per
liter. The potted and balled plants were treated by immersing
the soil in water containing 0.1 gram of ethylene dibromide and
0.06 gram of chlordane per Hier. No injury to the plants was
reported. The treatment was used successfully on the following
species of plants:

Abelia grandiflora
Allium schoeneprasum
Artemisia pontica
Begoniu semperflorens
RBerberis thunbergii
Buddicia agintica
Callicerpa dichotomn
Carye cordiformis
Chamaccypariz pisifere
Cyclamen sp.
Cymbidinm sp.

Cytisus praecox
Delphinium sp.
Deutzia gracilis

Erice darleyenais
Evonynug fortunel
Eunphorbie pulcherrima
Hedrra heliz
Hemerocallis middendorif
Hydrangea macrophylla
Ilex epaca

Juniperus chinensis
Juniperus horizontalis
Juniperus sabina
Herria japonica
Levandula officinalis
Ligustrum evalifolium
Menthe arvensis
Mentha citrain
Bentha pilegium

Mentha spicate

Menarda didyma
elargonium graveolens
Pelargouiwmn fhmonewm
Pelargonium ordoratissimum
Pelargonium quercifelium
Pelargonium tomentosum
Philodendron cordatum
Phlox sp.

Picea glauca

Pyracenthe coocinea
Rhodadendron dawricum
Rhododendyen gandavense
Rhododendron ovbiusum
Rhododendron ponticum
Rhadaedendron sanderi
Rosa spp.

Rosmarinug officinalis
Saintpoulic iongnthe
Salvig offieinalis
Santolinag chamaeeyparissus
Stachys lanatena
Siephanotis floribunde
Tazus cuspidala
Teucrium chamaedrys
Thujo occidentalis
Thymus vulgoris
Viburnwm burkwoodi
Viburnum trilobum
Weigela wagnerii
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After treatment the plants were held at the nurseries under
the same conditions as untreated plants until their reaction could
be determined. The Anal observation of some species was made
within 2 months after immersion. The reaction of other species
was determined at the end of the growing season.

Use in Nurseries—The immersion of bare-root nursery stock
in water containing 0.6 gram of ethylene dibromide and 0.3
gram of chlordane per liter and immeysion of balled and potted
plants with soil masses not more than 16 inches in diameter or
move than 14 inches in depth in water containing 0.1 gram of
cthylene dibromide and 0.05 gram of chlordane per liter until
the soil was saturated were authorized as a basis for certification
in 1948. The treatment could be used at 40° to 756° F. There was no
seasonal limitation on its use. The plants could be certified for
shipment 24 hours after immersion of their roots in the dip.

Although chlordane, a residual insecticide, was introduced
into the soil, nothing was known about its distribution and
longevity in the different masses of soil under various conditions.
The ethylene dibromide-chlordane mixture was considered to be
only a substitute for other soil fumigants.

During 1948-50, 731,214 plants were certified for shipment
after their roots had been immersed in the ethylene dibromide-
chiordane dips (Middieton and Cronin 71952).

Aldrin

Aldrin contains not less than 95 percent of 1,2,3,4,10,-
10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endo-exo-5,8-dimethano-
naphthalene. It is a white solid with a melting point of 104°-
104.5° C. It is practically odoviess at room temperature, but it
has a pinelike odor when warm. It is soluble in the common organic
solvents but practically insoluble in water. {Bowen and Hall 1952)

Formuwlgtion—Chisholm {unpublished} prepared an emulsifi-
able mixture of aldrin of the following composition:

Percent
by weight

Technical aldrin . . o 3.6

Triton X-100 . .. o . 14.0

Isopropyi aleohol (99 percent) .. S - 82.4

It was a clear liquid that emulsified 1ead11y upon being poured
into water. Baely 100 ml. of the formulation contained 3 grams
of aldrin. Some sediment developed after the formulation had been
on the laboratory shelf for 17 months. Fleming et al. (unpub-
lished) found that the formatien of this sediment did not affect
the emulsification or the toxicity of the formulation.
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Toxicity to Grubs.—When the soil of potted plants was im-
mersed until saturated at 60° F., 0.15 gram of aldvin per liter
of water killed all grubs within 2 weeks. Dosages of 0.038 and
0.019 grams killed them within 3 weeks. The 0.038-gram dosage
was effective in killing third-instar grubs in plant balls up to 16
inches in diameter and in pots up to 14 inches deep, but 0.019
gram of aldrin was not always effective in these larger masses
of soil.  (Fleming et al. unpublished)

The average deporit of aldrin in the soil after immersion in the
0.038-gram dosage was 0.2 gram per cubic foot. This was equiv-
alent to approximately 5 pounds of aldrin mixed with the upper
3 inches of an acre of soil. In the field treatments {p. 94),
3 pounds of aldrin per acre killed newly hatched grubs after the
chemical had weathered for 4 years. It would be expected that
the residue from the dip treatment would be effective in killing
newly hatched grubs for that peried of time. (Fleming et al.
unpublished)

Reaction of Plents.—In preliminary tests Pelargonium sp.
was not affected by immersing the soil of the potted plants
until saturated in water containing 0.15 gram of aldrin per
liter, the highest dosage used. The 0.038-gram dosage did not
injure Hedere heliz, Hydrangea arborescens, H. puniculata, Ne-
phrolepis exaltata, Rhododendron indicum, or E. obtusum. Other
plants were treated successfully with 0.038 gram of aldrin in
commercial nurseries and greenhouses, but information on the
varieties tested is not now available. (Fleming et al. unpublished)

Use in Nurseries—Water containing 0.038 gram of emulsi-
fied aldrin per liter was authorized in 1959 for the treatment
of balled and potted plants. Plant balls not more than 16 inches in
diameter or more than 14 inches in depth were immersed in the
dip until saturated and then held in a compact mass for 2 weeks
at not less than 60° F. before being certified for shipment. The
treatment could be used at any time of the year. The treated
plants in pots could be in a certified status for 4 years.

Heptachlor

Heptachlor contains about 72 percent of 1,4,5,6,7,8,8-hepta-
chI01'0-3a,4,T,Ta-tetrahydro-d,T-methanoindene and about 28 per-
cent of related compounds, It is soluble in the common organic
solvents but practically insoluble in water,

Formulation—Chisholm (unpublished) prepared an emulsifi-
able mixture of heptachlor of the following composition:
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Percent

by weight
Technical heptachlor . 3.5
Triton X-100 i4.0
Isopropyl alcohol (9% percent) . . 82.5

It was a clear liquid that emuisified readily upon being poured
into water. Bach 100 ml. of formulation contained 3 grams of
heptachlor.

Toxicity to Grubs—Third-instar grubs in the soil of pottted
plants were killed within 3 weeks by immersing the soil until
saturated in water containing 0.075 gram of heptachlor per liter
ab 60¢ F, Dosages of 0.038 and 0.019 grams killed them within
1 weeks. The 0.038%-gram dosage was effective in Kkilling the
grubs in plant balls up to 16 inches in diameter and in pots up
to L4 inches in depth. The 0.019 gram of heptachlor was not
always effective in these larger masses of soil. (Fleming et al
unpublished)

The average deposit of heptachior in the soil after immersion
in the 0.038-gram dosage was 0.2 gram per cubic foot. This
was equivalent to approximately § pounds of heptachlor mixed
with the upper 3 inches of an acre of soil. In the field treatments
{p. 108} 8 pounds of heptachlor per acre were effective in
killing newly hatched grubs after the chemical had weathered
for {4 years. It would be expected that the residue from the dip
treatment would be effective in killing newly hatched grubs for
that period of time.  {Fleming et al. unpublished)

Reaction of Plants—In preliminary tests Pelargonium sp. was
not injured by iminersing the soil of the potted plants unti
saturated in water containing 0.15 gram of heptachlor per
liter, the highest dosage used. The 0.038-gram dosage did not
affect Hedera hetiv, Hydrangea arborescens, H. paniculate, Ne-
phrolepis exaltala, Rhododendron indicum, or R. obtusum. Other
plants were treated successfully with the 3.088-grain dosage in
commercial nurseries and greenhouses, but information on the
varieties used is not now available. (Fleming et al. unpublished)

Use in Nurseries.—Water containing 0.038 gram of emulsified
heptachlor per liter was authorized in 1960 for the treatment of
balled and potted plants. Plant balls not more than 16 inches in
diameter or more than 14 inches in depth were immersed in the
dip until saturalted and then held in a compact mass for 2 weeks
at not loss than 60 F. before being certified for shipment.
The treatment could be applied at any time of the year. The
treated plants in pots counld be in a certified siatus for 4 years.
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Lindane

Lindane coutains more than 99 percent of the gamma isomer
of 1,2,8,4,5 6-hexachlorocyclohexane. It i3 a white crystailine
solid, soluble in most of the common organic sclvents but insoluble
inwater. (Bowen and Hall 1952}

Formulation.—Chisholm (unpublished) prepared a laboratory
formulation of the following composition:

Lindane 3 grams
Triton X-100 . . 12 grams
Acetone to make 166 ml

It was a clear liquid that emulsified readily when poured inte
water,

Toxicity to Grubs.—When the soil of potted plants was im-
mersed until saturated at 60° ¥. in water containing 0.15 gram
of emulsified tindane per liter, the highest dosage tested, all the
third-instar grubs did not die during the 5 weeks following
the treatment. In view of this result, lindane did not appear to
be promising for eliminating the grubs in the soil of potted
plants.  (Fleming et al. unpublished)

Insecticide Emulsions and Solutions
Applied to Soil Surface

Beginning in 1924 many insecticide emulsions and solutions
were applied to the soil surface of potted plants, nursery beds
before planting, and established nursery plots before digging the
plants to destroy the grubs in the sojl. Many of these treatments
did not kill all the grubs or they severely injured the plants. The
application of dilute carbon disulfide emulsion was the first au-
thorized field treatment. It was for many years the only method
for treating bailed nu rsery stock before digging the plants.

Carbon Disulfide

Formulations.—The formulations of concentrated carbon di-
sulfide emulsions used in these experiments are given on pages
6669,

Potted Plants—Fleming and Baker (1985} found that third-
instar grubs in the soil of potted plants were killed without
seriously injuring the plants by pouring a dilute emulsion of
carbon disulfide on the soil surface and allowing it to percolate
through the soil. A consistent mortality of the grubs was ob-
tained only when a volume of the dilute emulsion eguivalent to
the volume of so0il in the pots was used.
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The dosage of carbon disulfide to kill the grubs in 8-inch pots
of clay loam within 7 days was modified by the temperature.
The dosages per liter of water and the temperature required
were ag follows

Grams Y O
1.1 . 32
b5 40
.7h 50
452 60
AG 70

The dosage tor clay loam at 80° F. was efTective in a mixture
of clay loam and peat containing 25 percent of peat by volume,
but a further increment in the proportion of peat required an
increase in the dosage. The dosage had to be increased to (.75
gram per liter to kill grubs in a 1:1 mixture of soil and peat,
0.95 gram in a 1:8 mixture, and 1.1 grams in peat alone. It
appeared that the treatment should be limited to soil containing
not more than 25 percent of organic matter at not less than 60°.

The treatment was effective in the soil of potted plants where
the natural drainage was well established. It was not satisfactory
in the soil of recently potted plants because the penetration of the
insecticide liquid into the soil wus slow and the soil usually re-
mained waterlogged for several days. Plants were injured when
the drainage was inadequate. The treatment was also unsatis-
factory when the roots of the plants were potbound because
that condition made the soil almost impervious to the proper
penetration of liquid.

Tn 1924 a commercial nursery had 1,500 Cibotium schiedeil
and 5,000 Hydrangenw macrephylle plants in pots and tubs that
could not be certified because the soil had been exposed fo in-
festation, Preliminary tests indicated that the 0.62-gram dosage
at 60° F. was not injurious to either species. A dosage of 0.95
gram killed the ferns, but 1.25 grams did not injure the hydrangeas
seriously. Temporary authorization was given to treat these plants
with dilute carbon disulfide emulsion.

The ferns and hydrangeas were treated with 0.62 gram at
60° F., using a volume of the insecticide liquid equivalent to
the volume of soil in the pots and tubs. The average time fo
apply the liquid was 6 houvs, but the drainage was so poor in a
few pots and tubs that all the dilute emulsion could not be applied
within 2.1 hours. The trealment was considered to be satisfactory
in 95 percent of the pots and tubs where the required volume of
the emulsion was taken up by the soil in not less than 3 hours or
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more than 12 hours. After holding for 48 hours at 60° to assure
destruction of the grubs, 95 percent of the plants were certified
for shipment.

The application of dilute carbon disulfide emulsion to the soil
surface of plants in pots and tubs was not approved for general
use in greenhouses. The treatment was considered to be too slow
and expensive to be practical.

Treating Plunts Before Digging in Field —Preliminary exper-
iments in 1923 (Leach et al. 19.24) demonstrated that the appli-
cation of a dilute emulsion of carbon disulfide to the soil around
the plants before digging was effective in killing grubs in the
30il among the roots without seriously injuring the plants. Leach
and Fleming (1927) in 1924 developed a procedure for applying
the dilute emulsion.

In preparing a plant for treatment, the trash and the weeds
were vemoved and the surface of the ground was leveled to permit
uniform coverage with the dilute emulsion, The lower branches
were tied up to prevent the foliage from coming inte contact
with the insecticide. Then & strip of galvanized iron, 9 inches wide
and the necessary length, was bent around the base of the plant,
with the ends overlapping, to enclose an area 6 to 12 inches
greater in diameter than the mass of soil to be dug with the
plant, The strip was forced into the ground to a depth of 3
inches, and the soil was compacted on both sides of the metal
to confine the emulsion.

The dilute emulsion was poured at 1.8 gallons (6.8 liters) per
square foot into the enclosed area. The dosage was modified ac-
cording to the temperature of the soil at a depth of 6 inches as
follows:

Temperature (° F.) Carbon disulfide (grams)

of aoil ver liter of water
10 1.00

45 94
it 86
(b o B0
] A2
tia B .57

The quantity of carbon disulfide applied per square foot of soil
surface ranged from 6.9 grams at 40° to 3.9 prams at 65°,
The collar and the treated soil were not disturbed for 48 hours.
Then the plant could be dug and the soil mass wrapped with
burlap or similar materiai for shipment.

The procedurc was authorvized in 1924. The effectiveness of
the treatment on each batch of plants was determined by the
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mortality of the grubs in a certain proportion of the plants that
were infested artificially before applying the insecticide liguid.
The treatiment was not satisfactory under the following condi-
tions: (1) A high water table and inadequate drainage, (2)
hillsides where a level Lasin about a plant could not be obtained,
(8) fabricated soils with a high content of peat, (4) ground
tunneled by moles and rodents, and (5) recently iransplanted
plants. When the soil conditions in the nurseries appeared to be
Tavorable, the treatment was effective in killing all the grubs
within the upper 6 inches of soil around the roots of about 95
percent of the plants.

TFleming and Baker {1935) improved the effectiveness of the
treatment te practically 100 percent under favorable conditions
by increasing the volume and the dosage of the dilute emulsion
applied to the soil. The volume was increased to 2.4 gallons (9
liters) per square toot and the dosage was increased as follows:

Tempsrature {* F.) Carbon 7 sulfide (grams)
of soll per tter of waeter
p 1.15
45 1.05
50 A5
56 . .Bb
GO . . .75
35 o .65

The quantity of carbon disulfide applied per square foot of soil
surface with this modified treatment ranged from 10.4 grams
at 40 to 5.9 grams at 65°.

The modified treatment was authorized in 1929. The volume of
water, howover, was increased to 2.5 gallons per square foot of
soil surface to facilitate measuring in the field. The application
of the insecticide liquid was considered satisfactory when not
less than 10 minutes or mere than 5 hours elapsed before all the
liquid disappeared from the surface of the soil. Fleming and Baker
{1935) found that there was no change in the insecticide action
when the insecticide liquid was taken up by the soil within that
period, but as the time that the emulsion remained on the surface
of the soil was prolonged for more than 5 hours, the mortality
of the prubs was progressively reduced. To standardize the
treatment in the commercial nurseries, the plants had io be dug
within £ to 5 days after applying the emulsion.

The treatment with carbon disulfide in the field was applied in
commercial nurseries to many varieties of plants with apparently
no move injury to the plants than is normally caused by trans-
planting. It was the general experience that healthy established
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plants, treated in the early spring or in the fall while dormant
or semidormant, tolerated the treatment. Injury was caused
when the plants were growing actively.

In preliminary tests in the spring and in the fall when the
plants were not growing vigorously, Fleming and Baker (7935)
treated the following species successfully:

Abies concolor

HBuxus sempervivens
Chantaecypuris pisifera
Juniperus chinensis
Juniperiy cnnmunis
Juniperug excelse
fHydrangea macrophyila
Lonicere sp.

Plcea abies

Picea pungens

Pinus slrobus

Pinus sylvestris
Rhododendron cafawbisnss
Rhododendron obiusum
Rosa wichurgiana

Syringa vulgaris

Taxus canadensis

Texus cuspidata

Thuja occidentalis

Thuja orientalls

Tsugae canadensis

Johnson (unpublished report cited by Fleming and
{935} stated that the following piants had been treated in the
commercial nurseries as a basis for certification :

dbelin chinense
Abalie grandiflora
Ableg alba

Abies cophalonica
Abies ciliciea

A bicg voncolor

Abies homolepis
Abivs lasfocarpa
HAbies nordmanniana
Abiey veitehi

Aeer ginnula

Acer japonicum
deer palmatum

Acer platanoides
Acor saccharinum
Aesculus hippocastanum
Amelanchier sp.
Belula populifolia
Buxus microphyila
Buxus sempervirens
Caliune vulgaeris
Carpinus betulus
Carpinug caroliniana
Cedrus allaniica
Cedrus libanensis
Coreils canadensis
(erels chinensis
Chaenomeles japonice
Chamunecyparis noothalensis

Chantaecyparis obiusa
Chawmaecyparis pisifera
Chumaecyparis thyoides
Chionanihus virginicus
Cornus alba

Cornus florida

Cornus kounsa

Cornns mas

Cornus racemosa
Cornus stolonifera
Corylopsis pauciflore
Corylus americana
Cotoneaster francheti
Cotoneaster horizontalis
Cotaoneaster rotundifolia
Cratacgus crus-galli
Crataegus tntricata
Croiaegus mollis
Crataegus oxyacantha
Crataegus phaenopyram
Crataegus punciate
Cryptomeria japonicd
Daphne encorum
Enkianthus campanulatus
Enkianthus perulatus
Enonymus alutus
Euonymus americanus
Fuonymus japonicus
Fagus graudifolia

Baker
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Fugus sylvatica
Fatsin jepenice
Forsythio intermedic
Forsythia suspensa
Forsythin viridissima
Ginkgo biloba
Hibiseus syrincus

Hex aguifolium

Hex erenata

Hex glabra

flex opucn

{lex sorratu

Juglang sp.

Juniperus chineunsis
Junlperus creelse
Juniperns harizontalis
Juniperus procumbens
Juniperus sabina
Juniperus scopulorum
Juniperus gquamato
Juniperns virginiang
Ralmia latifolic
Kerrie joponicn
Koelrewterio paniculata
Lariy decidug

Laric tentolepis
Liencothoe catesbaci
Ligustrion obtusifolium
Ligustrwm ovalifolium
Lindera benzoin
Liguidambar styraciflua
Muagnolia ecuminata
Magnolia cardata
Mugnolic Lobus
Meagnolia litiflora
Mugnolin macrophylla
Muagnolic soulangeana
Mugnoliu siellata
Magnrolia tripeteln
Magnolia virginiana
Mahonie aquifolium
Mahonia beale!
Mualug baceatn

Mefus corenarie
Mulus dowsoniana
Molus floribundae
Malus foeusis

Malus pumila

Matus gargenti
Malus scheideckeri
Mualus spectabilis

Myrica cerifera
Nyssa sylvatica
Oxydendrum arboreum
Pauwlownia tonentosa
Philudelphus coronarius
Ehillyrea decora
Photiniu vitlosa
FPicea ables

Picea bicolor

Picea engelmanni
Pieee glauca

Pieen omorika

Picea orientalis
Picea polita

Picea pungens
Pieris floribunda
Pieris japenica
Pinus banksiane
Pinus eembra

Pinus dengiflora
Pinug flexilis

Pinus mugo

Pinus nigra

Plaug parviflora
Pinus peuce

Pinus ponderosa
Plaus resinose
Pinus strobus

Pinus sylvestris
Pinus thunbergi
Platunus orientulis
Prunus vviwm
Prunus cevasifera
Prunns persice
Prunus sargentti
Prunus serridata
Prunus siebolidii
Paeudosasn juponica
Pseudotsuga taxifolia
Pyracantha coceinen
Querecus falcatn
Quercus palusiris
Quercus robur

Rhododendron arbereseens
Rhododendron calendulaceum
Rhododendron carolinianum
Rhododendron catawbiense

Rhododendron mdicum
Rhodoedendron japonicum
Rhododendron tutewm
Rhododendron mazximum

93
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Rhiododendron melle
Rhododendron mucronatum
Rhododendron nudiflorum
Ritedodendron obtusum
Rhododendron sehippenbachi
Rhododendron vaseyt

Thuje orientalis
Thuje standishi
Tilia europaea
Tsuga canadensis
Tsugn coroliniana
Tsuga diversifolia

Rhiododendron viscosum
Rhododendron yedoense
Rhus sp.

Sciadopitys verticillate
Styrax japonicn
Symphoricarpos orbiculatus
Syringoe amurensis
Syringa chinensis
Syringa vulgaris
Taxodiwm distichum
Tozxus baceaia

Toxuy eanadensis
Taxus cuspidate

Thuja oceidentalis

Tsugn sieboldit
Uimus americana
Ulmus proceva
Tiburnum carlesii
Viburnitm cnssinoides
Vibwryoom dife tatwm
Vibuwrnum lentago
Viburnwm melle
Viburnwm opulus
Vibwrwum prunifolium
1 iburnum steboldii
Wistaria frutescens
Wistaria sinensis

f/se in Nurderies—The carbon disulfide field treatment was
not well adapted to the requirements of wholesale nurseries he-
cause it entailed largely the application of the insecticide to
individual plants, In spite of this limitation, 71,721 plants were
treated {or certificalion during 1925-80¢ {(Johnson unpublished).
During the next 10 or 15 yvears an additional 190,918 plants were
treated (Middleton and Cronin 1952).

Aldrin

The prepavation of an emulsifiable mixture containing 2.6 per-
cent of technical aldrin by weight is given on page 85.

Potled Plants.—Third-instar grubs in friable soil of potted
plants al 60° F. were killed by pouring on the soil surface a
volume of dilute aldrin emulsion equivalent to one-fifth the volume
of the soil. Water containing 0.075 gram of aldrin per li% killed
all the grubs within 2 weeks. The 0.088- and 0.019-gram dosages
killed them within 8 and 4 weeks, respectively. The treatment
wus effective in masses of soil up to 14 inches in depth,

The average deposit of aldrin per cubic foot of soil was 0.4,
0.2, and 0.1 grams with the 0.075-, 0.088-, and 0.019-gram dosapes,
respectively. Aldrin mixed with soil at the rate of 0.12 gram
per cubic foot was effective in killing newly hatched grubs after
the seil had weathered for 4 years. It would be expected that the
0.038-gram dosage would be effective against first-instar grubs
for at least that period of time.
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In preliminary tests the application of 0.15 gram of aldrin
to the soil of potted Pelargonium sp. had no effect on the subse-
quent. growth of the plants. Tests in nurseries and greenhouses
showed that Hedera heliz, Hydrangen arborescens, H. paniculota,
Nephrolepis exaltate, Rhododendron indicum, and R. obfusum
were not injured by the 0.088-gram dosage. Other plants were
treated successfully with the 0.038-gram dosage in commercial
nurseries and greenhouses, but information on the varieties used
is not now available. (Fleming et al. unpublished)

The treatment of potted plants at not less than 60° F. by pour-
ing water containing 0.088 gram of emulsified aldrin on the soil
surface was authorized in 1959. A volume of the insecticide
liquid equivalent to one-fifth the volume of the soil was required,
The treatment could be used on friable soil not more than 14 inches
in depth. The plants could be certified for shipment 14 days after
the application of the dilute emulsion. There was a possibility
that the plants in the treated soil could be in a certified status
for 4 years, but the longevity of the certified period would be
determined by bioassays.

Bedrench

Bedrench is an emulsifiable commercial mixture containing 81
percent of allyl aleohol and 11.5 percent of ethylene dibromide.
As a preplanting treatment to control weed seeds, nematodes,
soil insects, and fungi, the manufacturer recommended mixing
1.5 gallons of the formulation with 100 gallons of water and
applying 1 gallon of the diluted formulation per square yard
of fallow soil when the soil temperature was not lower than 40° F.

Fleming and Tashiro (unpublished) found that the treatment
recommended by the manufacturer killed third-instar grubs
within 2 weeks at 40° F. A dilution of 0.75 gallon with 100
gallons of water applied in the same manner killed the grubs
within 1 week at 70°.

The preplanting treatment with Bedrench as recommended
by the manufacturer was authorized in 1958 as a basis for
certifying plants grown in the treated soil. When Bedrench
was applied, the soil had to be at least 40° F.; it had to be in
good tilth and prepared for planting. It could not be disturbed
for at least 2 weeks. The nurseryman was to follow the recom-
mendation of the manufacturer in planting the treated area. The
plants in the treated soil could remain in a certified status until
the soil was exposed to ovipesition by the adult Japanese beetle,
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Cresol

Mason {unpublished} diluted an emulsifiable formulation con-
taining 4 pounds of cresol per gallon 1:50 with water and applied
500 ml. of this dilution per sgnare foot to the soil of potted
azaleas at approximately 70° ¥, The cresol was applied at 4.67
grams per sguare foot, The treatment killed only 44 percent of the
third-instar grubs within 3 weeks.

D-D

D-D contains approximately two parts of 1,3-dichloropropene,
one part of 1,2-dichloropropane, and one part of associated chlori-
nated hydrocarbons {Mason and Chisholm unpublished).

Formadations.—Chisholm {unpublished) prepared emulsifi-
able formulations by dissolving Tween 20, a polyoxyalkylene
derivative of sorbifan monolaurate, in D-D. One formulation
contained 5 pounds of D-I and 0.25 pound ¢.” Tween 20 per gallon
and the other 9.5 pounds of D-D and 0.F pound of Tween 20.
The first formulation contained 60 grams of the mixture in
100 ml and the second 113 grams. Both formulations were clear
liquids. They emulsified by shaking with an equal volume of
water. These emulsions were diluted readily with water.

Potted Plants.— A dosage of 1.5 grams of emulsified D-D in
506 mi. of water per square foot of soil surface killed 98 percers
of the third-instar grubs in the soil of the potted plants within
3 weeks. A 3-gram dosage killed all of them. Eggs did not
hatch in soil to which the 1.5 gran s were applied. Potted plants
did not tolerate the application of 1-D to the scil. The 1.5-gram
dosage caused some injury to Rhododendron sp. and it injured
severely or killed Pandanus sp. and Vikis sp.  (Mason and Chis-
holm unpublished)

Fatlow Land—The application of 0.1 pound of emulsified D-D
in 2 gallons of water per square yard, or 484 pounds in 9,680
gallons of water per acre, to fallow land in September eliminated
a grub population of 35 per square foot within 8 weeks. Most of
the grubs were within 4 inches of the soil surface, but some were
9 inches deep. (Alason and Chisholm unpublished)

When D-I} was applied to fallow soil in mid-May and the
third-instar grubs were removed from the soil 5 days later for
observation, 7.5 pounds of emulsified D-D in 200 gallons of
water per 1,000 square feet, or 327 pounds in 8,712 gallons of
water per acre, killed 87 percent of the grubs within the upper
2 inches of soil and all of them 6 to 16 inches below the surface.
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A month later 2.5 pounds of the mixture in 100 gallons of water,
or 109 pounds in 4,356 gallons of water per acre, killed all grubs
to a depth of 9 inches, and that dosage in 200 gallons of water
was effective to a depth of 16 inches, (Mason et al. unpublished)

Pupae were more resistant than third-instar grubs. The applica-
tion of 7.5 pounds nf the emulsified mixture in 200 gallons of
water per 1,000 square feet killed 86 percent of the pupae re-
moved from the soil § days after treatment and 98 percent of
them left in the soil to complete their transformation to adult
beetles (Muson et al. unpublishad).

The possibilities of using emulsified D-I to treat fallow land
were not explored further,

o-Dichlorobenzene

Burgess et al. (unpublished) prepared an emulsifiable o-dichlo-
robenzene (CoH 1L) of the following composition :

Percent

by weight
o-Dichlorobenzene . . o ... . 60.0
Oleic acid o . . 1
Potassium hydroxide . . ... 258
Ethyl aleohol (95 pereent) . e T 1
Water L P ¥ |

It was a clear liquid with a specific gravity of 1.1111 at 25° C.
It formed an emulsion upon dilution with water. Each 100 ml
of the formulation contained §6.7 grams of o-dichlorobenzene,

When one-fifth gallon (775 ml) of dilute emulsion per square
foot was applied to the soil of potted plants at 57° F. and the
grubs were removed from the soil 1 week later for observation,
25.8 grams of emulsified o-dichlorobenzene per square foot killed
all third-instar grubs during the following 2 days, and 12.9 grams
killed them during the following 2 weeks. A dosage of 6.45 grams
was not complelely effective. The quantity of o-dichlorobenzene
needed to kiil the grubs made the treatment impractical. The

12.9 dosage is equivalent to 1,240 pounds of o-dichlorobenzene
per acre.

p-Dichiorobenzene Plus Benzene

Burgess et al, (unpublished) dissolved p-dichlorobenzene
(C;HCL,) in benzene and brepared an emulsifiable formulation
of the following composition :
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Percent

by weight
p-Dichlorobenzene e e e . 250
Benzene e i ewiiee ... 380
Qleic aeid . . U & ¢
Potassium h\droude . e e e 2.5
Ethyt aicohol {95 percent} . e e e 14.0
Water e mmmeaee e 6.0

It was a clear ilqu;d w1th a specific gmwty of 0.942 at 25° C.
It formed an emulsion upon dilution with water, Bach 100 ml
of the formu!:tion contained 23.6 grams of p-dichlorobenzene
and 38 grams of benzene,

When one-fifth gallon (775 ml.} of dilute emuision per square
foot was applied to the soil of potted plants at 57° F. and the
third-instar grubs were removed 1 week later for observation, the
18.8 grams of p-dichlorobenzene and 25.6 grams of benzene per
square foot killed all the grubs during the following 2 weeks. The
mortality was not complete when the dosages were reduced to
9.2 and 1%.8 grams, respectively. When two-fifths gallon of dilute
emulsion was applied, the mortality with the 18.3-25.6 grams was
accelerated; all grubs were dead within 1 week after removal
from the treated soil.

p-Dichlorobenzene Plus Ethylene Dichloride

Burgess et al. {unpublished) also dissolved p-dichlorobenzene
in ethvlene dichloride and prepared an emulsifiable formulation
of the following composition:

Percent
by wetght
p-Dichlorobenzene L . oo, .. 1250
Ethylene dichloride . . ... . .. €000
Oleic acid . . o Lo . ... ..o1200
Potassium hy droxide . il ... 1nms
Ethyt alcohol {95 percent} . L 9.75
Water .. . e i iimmameimanea 4.00

It was a clear llquld \vlth a spemﬁc gxawty of 1.130 at 25° C.
It formed an emulsion upon dilution with water. Each 100 ml. of
the formulation contained 14.1 grams of p-dichlorobenzene and
67.8 grams of ethylene dichloride.

When one-fifth gallon (775 ml) of dilute emulsion per square
foot was applied to the soil of potted plants at 55° F. and the
third-instar grubs were removed 1 week later for observation, the
10.9 grams of p-dichlorobenzene and 525 grams of ethylene
dichloride per square foot killed all the grubs during the follow-
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ing 2 weeks, but the mortality was not complete with 5.4 grams of
p-dichlorobenzene and 26.2 grams of ethylene dichloride per square
foot. All grubs were killed within 2 days after removal from soil
by the 5.4-26.2 grams when the dilute emulsion was applied 2
one-fifth gallon per enbic foot of soil,

Dichloroethyl Ether

Chisholm (unpublished) prepared an emwulsifiable formulation
containing about 2 pounds of dichloroet!yi ether per gallon. Each
100 mal. of the formulation contained 25 grams of the chemical.
The formulation emulsified when mixed with water.

Mason {(unpublished) applied several dilutions of the formula-
tion to the soil of potted plants at 500 ml. per square foot of soil
surface. Five grams of emulsified dichloroethyl ether per square
foot killed all third-instar grubs and 2.5 grams kilied 92 percent.
However, 6.2 grams killed only 85 percent of the bupae,

“The application of 2 gallons of water containing 37.8 grams of
emulsified dichloroethyl ether per square vard of fallow land in
May killed 96 percent of the third-instar grubs in the upper 4
inches of soil within 3 weeks. The mortality was 46, 21, and 6
percent at a depth of 9, 12, and 16 inches, respectively. (Mason
unpublished)

The 37.8-gram treatment used 3 days before planting pre-
vented the germination of lettuce and caused poor stands of
beets, corn, lima beans, okra, string beans, and Swiss chard.
Carrots, squash, and turnips germinated normally. The pre-
planting treatment had no effect on young plants of broecoli,
cabbage, cauliflower, eggplant, sweetpotato, and tomato. The
treatment used 1 month after planting caused some injury to
most of the plan{s. (Mason unpublished)

Dichlorocthyl Formal

Chisholm (unpublished) prepared an emulsifiable formulation
containing about 2 pounds of dichloroethy! formal {his (2-chlo-
roethoxy)methane) per gallon. Each 100 ml. of the formulation
contained 25 grams of the chemical. It emulsified when mixed
with water.

The application of 500 ml. of water containing 5 grams of
emulsifiedd dichloroethyl formal per square foot to the soil of
potted plants killed all third-instar grubs within 3 weeks. A 2 5-
and a 1.25-gram dosage killed 68 and 48 percent, respectively,
of the grubs. (Mason unpublished)
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Ethylene Dibromide

Formulations—The preparation of miscible formulations of
ethylene dibromide is discussed on pages 77-T8.

Potting Soir. —Mason (unpublished) applied 3 grams of emulsi-
fied ethylene dibromide in 1 gallon of water per square yard to
the surface of friable soil in a bin at between 40° and 75° F.
The rate of insecticide action  increased as the temperature was
raised. An exposure of 24 hours killed all third-instar grubs to
a depth of 18 inches in a loam and 12 inches in a 3:1 mixture of
loam and peat, but it did not kill a)l the grubs in the upper 12
mches of mixtures containing higher proportions of peat. Pro-
longing the exposure for 48 hours killed all grubs to a depth of
19 inches in the loam and 17 inches in the 8:1 mixture. The
mortality in mixtures containing higher porportions of peat
was variable. All the grubs were not dead at the end of these
exposures, but those alive at that time died during the following
3 weeks.

An exposure of 24 hours in soil treated with 4 grams of
emulsified ethylene dibromide in 2 gallons of water per square
vard killed grubs to a depth of 13 inches in a 1:1 loam-peat
mixture, 12 inches in a 1:3 mixture, and 9 inches in peat. When
the exposure was prolonged for 48 hours, all grubs were killed to
a depth of 21 inches in the 1:1 mixture and 19 inches in the
1:3 mixture and peat.

These treatmonts were effective in killing eggs and pupae
in the soil.

The treatment of friable potting soil with emulsified ethylene
dibromide was authorized in 1947 for use throughout the year
at between 40° and 75° F. The treatment was used on 1-foot
layers of soil as the bin was filled, applying 3 grams of emulsi-
fied ethylene dibromide in 1 gallen of water per square yard
of surface for soil containing not more than 25 percent of organic
matter and 4 grams in 2 gallons of water per square yard for
soils with a higher content of organic matter. The soil could be
certified 48 hours after the treatment was used. The soil should
be well aerated before using it for potting plants. Certification
of the so0il continued until it was exposed to reinfestation.

During 1947-50 the commercial nurseries treated 242 cubic
vards of scil with emulsified ethylene dibromide (Middleton
and Cronin 1952).

Potted Plants.—Mason {unpublished) applied 500 ml. of water
containing 0.052 gram of emulsified ethylene dibromide per
square foot to the soil surface of potted plants at between 40°
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and 75° F. and killed all the third-instar grubs within 2 weeks.
The 0.026-gram dosage was effective against the grubs within
3 weeks ot the higher terperatures. In preliminary tests Gardenia
sp., Gerawium sp., Pandunus eustralis, and Rhododendron ob-
tusum were not affecter! by the 0.052-gram dosage.

The treatment of potted plants by pouring on the scil surface
water countaining 0.5 gram of emulsified ethylene dibromide per
gallon was anthoriz~d in 1847, Initially the dilute emulsion was
applied at 500 ml. per square foot of soil surface, but later a vol-
ume of the emulsion equivatent to one-fifth the volume of the soil
was used in the treatment of pots and tubs with soil not more
than 14 inches in depth. The treatment was restricted to the
period of the year when only grubs were in the soil. The plants
could be certified for shipment 24 hours after application of thu
emulsion. The certification of the plants continuned until the soil
was exposed to reinfestation by the adult Japanese beetle. In-
Tormation is not available on the number of potied plants in
the commercial nurseries treated by pouring a dilute emulsion
of ethylene dibromide on the soil surface.

Nursery Beds and Plois—Two grams of emulsified ethylene
dibromide applied in 1 gailon of water per square yard of soil
surface {20 pounds in 4,840 gallons per acre) usually killed all
third-instar grubs in planted or vnplanted beds and plots when
the soil was a sandy locam or a clay loam, but occasionally the
treatment was not completely effeciive. The grubs were killad
consistently in these soils at 40° to 75° F. by increasing the dosage
to 8 grams per gallon. Four grams per gallon per sguare yard
were nol completely effective in killing grubs in peat and in
soils high in organic matter, but this dosage in 2 gallons of water
per sguare yard did kill all the grubs. {(Chisholm and Mason
1948a; Mason et al. unpublished)

The treatment of planted and unplanted nursery beds and plots
with a dilute emulsion of ethylene dibromide was authorized in
1947. The dilute emulsion could be applied in the spring or the
fall when only grubs were in the soil and the scil temperature
was between 40° and 756° F. Usually 3 grams of emulsified ethylene
dibromide in 1 gallon of water were applied per square yard of
soil surfoce, but soils high in organic matter and peat required
4 grams of the chemical in 2 gallons of water per square yard
of surface. The treated beds and plots were continued in a certi-
fied status until exposed to reinfestation by the adult beetle. The
plants could be certified for shipment 24 hours after the dilute
emulsion was applied.
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During 1947-50 emulsified ethylene dibromide was applied to
102,999 square feet of beds and plots in commercial nurseries
{Middleton and Cronin 1952).

Ethylene Dibremide-Aldrin

Chisholm (unpublished) prepared a miscible formulation of
ethivlene dibromide and aldrin of the following composition :

Pereent

by weight
Ethylene dibromide o . L .. . 130
Aldrin (technical) o L e e e e 6.5
Cellosolve (ethylene glycol monoethyl ether) . _ 6.5
Tween 20 {a polyoxyalkylene derivative of sorbitan monolaurate} 8.5
Isopropy! alcoho! {99 percent) . ....... 675

The ingredients were mixed in the order given to form a clear,
dark mixture. Bach 180 ml. of the formulation contained 12
grams of ethylene dibromide and & grams of aldrin. The mixture
was diluted by pouring into water. In most of the dilations used,
the ethylene dibromide was in solution and the aldrin was dis-
persed as an emulsion of very smalil particies.

Masen (unpublished) applied 2 grams of emulsified ethylene
dibromide and 1 gram of .rulsified aldrin in 1 gallon of water
per square yard (20 and 10 pounds, respectively, in 4,840 gallons
per acre) to the soil of fallow plots in Qctober. The seil tempera-
ture during the following 21 days ranged from 48° to 61° F. The
third-instar grubs were removed periodically from the treated
soi] for observation. An exposure of 2 days was sufficient for the
grubs to obtain a toxic dosage. The mortality ranged from 91 fo
99 percent 21 days after the treatment was used. This was the
level of mortality with 2 grams of ethylene dibromide under
these conditions, indicating that the aldrin had contributed little
to the velocity of insecticide action. The ethylene dibromide would
be dissipated within a few weeks, but the residue of aldrin
would persist for several years. The longevity of the insecticide
action of aldrin in these plots was not investigated.

This treatment was used on culfivated soil in which eggs had
been deposited. When the eggs were removed from the treated
soil 1 week after the application, 99 to 100 percent of them did
not hatch. Eggs deposited subsequently in the treated scil during
the remainder of the summer were killed withii. 2 weeks.




PREVENTING JAPANESE BERTLE DISPERSION 163

Ethylene Dibromide-Chlordane

Formudation—The preparation of miscible mixtures contain-
ing ethylene dibromide and chlordane is discussed on pages 82-83.

Potting Soil—The addition of chlordane did not accelerate
the Insecticide action of ethylene dibromide against third-instar
grubs, When the ethylene dibromide-chlordane formulation was
diluted with water and 1 gallon of the dilute emulsion was ap-
plied per square yard of surface to 1-foot layers of friable soil
in a bin, 3 grams of ethylene dibromide and 1.5 grams of
chlordane per square yard killed the grubs within 8 weeks at 40°
to 757 F. in soils containing not more than 25 percent of organic
matter. A dosage of 4 grams of ethylene dibromide and 2 grams
of chlordane in 2 gallons of water per square yard was required
te kill the grubs in soils confaining more organic matter. An
exposure of 48 hours was sufficient for the grubs to obtain a
toxic dosage (Mason unpublished). The dosages of ethylene
dibromide with the ethylene dibromide-chlordane formulation
are the same as those with ethylene dibromide alone,

The ethylene dibromide-chlordane formulation applied at these
rates was authorized in 1960 as a substitute for the ethylene
dibromide treatment of polting soil, largely as a convenience to
nurseries that had this formulation but not the ethylene dibro-
mide formulation. The potential residual action of chlordane in
the soil was not considered in the authorization.

Potted Plants—Flemiig and Maines (unpublished) applied
0.052 gram of emulsified ethylene dibromide and 0.028 gram of
emuisified chlordane in 500 ml. of water per square fool to the
soil of potted plants at 65° to 75° F. All the grubs were dead
within 5 days in the 2- and 8-inch pots, but an exposure of 7
days was required to kill all of them in the 4-, 5-, and 6-inch
pots, and an exposure of 14 days was needed fo kill all of them
in the 8- and 1l-inch pots. Applying the dilute emuision accord-
ing to the area of the soil surface did not make proper adjustment
in the dosage for the depth of the soil.

When water containing 0.5 gram of emulsified ethylene dibro-
mide and 0.25 gram of emulsified chlordane per gallon was applied
at a rate eguivalent to one-fifth the volume of soil in the pots,
the dosage per square foot of soil surface varied with the depth
as follows:
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Amount per square fool
of soil surface {grams)

Depth of soil Ethylene
{inches} dibrontide Chlordane
R . 0.059 G.030
2 118 .0569
3 A7 .089
4 .236 118
] .354 A77
8 . 472 .236
10 . : : . 590 285
12 . . 708 354
14 828 413

With this modification in the application of the insecticide
liguid, the mortality of the third-instar grubs progressed at about
the same rate in the different masses of soil.

The ethylene dibromide-chlordane formulation was authorized
in 1960 as a substitute for the ethylene dibromide formulation
Tor the treatment of potted plants, largely as a convenience to
nurseries that had this formulation and not the ethylene dibro-
mide formulation, Only the fumigating action of the formula-
tion was considered because no information was available on the
persistence of chlordane in masses of soil varying in volume from
6 to over 2,000 cubic inches.

Nursery Plots—In July Mason {unpublished) applied 2 grams
of emulsified ethylene dibromide and 1 gram of emulsified
chlordane .« 1 gallon of water per sguare yvard (20 and 10
pounds, respectively, in 4,840 gallons per acze) to cultivated soil
in which eggs had been deposited. When the eggs were removed
from the treated soil 1 week after the application, 99 percent
did not hateh. Eggs deposited subseguently in the treated soil
during the remainder of the summer were killed within 2 weeks.

This treatment was used on cultivated plots of sandy loam in
October. The soil temperature during the following 3 weeks at a
depth of 3 inches ranged from 48° to 61° F. At the end of that
period 98 percent of the third-instar grubs in the soil were dead
or moribund. All the grubs were dead when 3 grams of emulsified
ethylene dibromide and 1.5 grams of emulsificd chlordane were
applied per square yard.

A dosage of 3 grams of ethylene dibromide and 1.5 grams of
chlordanc in a gallon of water per sguare yard killed third-
instar grubs within 3 weeks at 40° to 75° F. in soils containing
not more than 25 percent of organic maiter. A dosage of 4 grams
of ethylene dibromide and 2 grams of chlordane in 2 gallons
of water per square yard was required to kill the grubs in soils
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containing more organic matter.

The application of water containing emulsified ethylene dibro-
mide and emulsified chlordane to nursery plols was authorized in
1956. The dosage was 3 grams of ethylene dibromide and 1.5
grams of chlordane in 1 gallon of water per square yard for
soils with less than 25 percent organic matter and 4 grams of
ethylene dibromide and 2 grams of chlordane in 2 gallons of
water per square yard for scils containing more organic matter.
There was no seasonal limitation on this treatment. The soil had
to be friable and between 40° and 75° F. The treated plots could
e in a certified status until exposed fo reinfestation by the adult
beetle, unless as soon as the soil was workable after a 24-hour
exposure peried, the insecticide was mixed thoroughly with the
upper 3 inches of soil. This operation was to assure uniform
distribution of the chlordane in this layer of soil. Then the
treated plot could be in a certified status for possibly 4 years.

Ethylene Dibremide-Dieldrin

Chisholm (unpublished) prepared a miscible formulation of
ethylene dibromide and dieldrin of the following composition:

Percent

by weight
Ethylene dibromide . 13.0
Dieldrin (technicai} . . L . 6.5
Cellosobve (ethylene glycol imonoethy] ether) 5.5
Tween 20 (& polvoxyalkylene derivative of sorbitan monolavrate) 6.5
isoprepyl alechol (99 mercent) . o §67.5

The ingredients were mixed in the order given to form a clear,
dark mixture. Each 100 mi. of the formulation contained 12
grams of ethylene dibromide and 6 grams of dieldrin. The mixture
was diluted by pouring into water. In most of the dilutions used,
the ethylene dibromide was in solution and the dieldrin was
dispersed as an emulsion of very small particles.

Mason (unpublished) applied 2 grams of emulsified ethylene
dibromide and 1 gram of emulsified dieldrin in 1 gallon of water
per square yard (20 and 10 pounds, respectively, in 4,840 gallons
per acre) to the soil of fallow plots in October. The soil tempera-
ture during the following 21 days ranged from 48° to 61° F. The
third-instar grubs were removed periodically from the treated
soil for observation. An exposure of 2 days was sufficient for
the grubs to oblain a toxic dosage. The mortality ranged frum
98 o 100 percent 21 days after the application. This was the level
of mortality with 2 grams of ethylene dibromide under these
conditions, indicating that the dieldrin had contributed little to
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the velocity of the insecticide action. The longevity of the in-
secticide action of dieldrin in these plots was not investigated.

This treatment was used on cultivated soil in which eggs had
been deposited. When the eggs were removed from the treated
soil 1 week after the treatment, 98 to 100 percent did not hatch.
Eggs deposited subseguently in the treated soil during the
remainder of the summer were killed within 2 weeks.

Ethylene Dichloride

Formulation—The preparation of miscible formulations of
ethylene dichloride is discussed on page 73.

Potting Soil.—Applying 45 grams of emulsified ethylene di-
chloride in 2 gallons of water per square yard to potting soil in a
bin killed all third-instar grubs within the upper 12 inches of
soil in 2 weeks at 70° F., but the mortality decreased progres-
sively with increased depth. It was only 15 percent 36 inches
below the surface. (Mason unpublished)

Potted Plants.—A dosage of 83 grams of emulsified ethylene
dichleride in 500 or 1,000 ml. of water per square foot of soil
surface killed third-instar grubs in the soil of potted plants.
The depth of the soil in the pots and tubs ranged from 4 to 14
inches, but within these limits the depth did not modify the rate
of insecticide action. The grubs were all dead within 1 week at
80° F. and within 2 weeks at 60°. The mortality at 40° was 99
percent in 3 weeks when they were last observed. An exposure
of 48 hours in the treated soil at 60° was sufficient to kill all
the grubs within 2 weeks. The penetration of the emulsion
was slower in soil saturated with water than in a moist, friable
50il and also in soil with a high organic content than in soil with
little organic matter, but these variations did not modify the
insecticide action. (Mason and Coles unpublished)

Three grams of emulsified ethylene dichloride in 500 ml. of
water per square foot of soil surface did not injure several
species of potted plants in commercial greenhouses, including—

Aglaoneme simplex Howen sp.
Begonia sp. Hydrangea sp.
Cibotinm schiedeit Kalanehoe sp.
Cissus sp.

Citrus eurantinm
Cyclamen sp.

Nephrolepis exaltata
Poandanus veitchii
Dieffenbachio picta Peperomin sp.
Dracaena fragrans Philodendron cordatum
(fardenia sp. Rhiododendron indicum
Genista sp. Rhododendron obtusum
Geranium sp. Solanum sp.




PREVENTING JAPANESE BEETLE DISPERSION 107

Other species of plants were treated successfully at the com-
mercial greenhouse and nurseries, but information on these
species is not now available { Mason and Coles unpublished}.

Three grams of emulsified ethylene dichloride in 500 ml. of
water per square foot of soil surface was authorized in 1942
as a basis for certifying plants growing in pots and tubs. The
treatment was restricted to the period of the year when only
grobs were in the soil. The treaiment could be used on masses
of soil up to 14 inches deep at 45° to 75° F,

Plants in Beds.—Forty five grams of emulsified ethylene di-
chloride in 2 gullons of water per square yard of soil surface killed
third-instar grubs to a depth of 9 inches in planted plots of
sandy loam, clay loam, and a mixture of loam and ovganic matter
within 3 weeks, but the treatment killed only 50 percent in the
upper 6 inches of a muck. A dosage of 78 grams of ethylene
dichloride in 3 gallons of water per square yard killed the grubs
to a depth of 12 inches in the muck within 8 weeks. These
treatments caused no injury to the plants in the plots. (Mason
unpublished ; Mason et al. 1948)

Ethylene Dichloride-p-Dichlorobenzene
Chisholm {unpublished) prepared an emulsifiable formulation

of ethylene dichloride and p-dichlorobenzene of the following
cornposition:

Percent

by weight
Ethylenc dichloride e e e .. 8000
p-Dichlorobenzene P b -
Oleic acid e - it e iiaiaae s 1200
Potassivm hydroxide . . . .. e 4
Ethyl alcohol (85 percent) . R * I 11
Water L Y ) |

It was a clear liquid with a specific gravity of 1.130 at 25° C.
It formed an emulsion when diluted with water. Each 100 ml
of the formulation contained 67.8 grams of ethylene dichloride
and 14.1 grams of p-dichlorcbenzene.

Burgess et al. (unpublished) applied one-fifth gallon (757 ml.}
of water containing 25.6 grams of emulsified ethylene dichloride
and 5.3 grams of emulsified p-dichiorobenzene per sguare foot of
soil surface to potted azaleas. When the third-instar grubs were
removed for observation 1 week after treating the soil, the mortal-
ity ranged from 81 to 87 percent, but 2 weeks later it ranged
{rom 98 to 100 percent. Increasing the dosage to 51.8 grams of
ethylene dichloride and 10.6 grams of p-dichlorobenzene per
square foot killed all the grubs within 8 weeks.
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Ethylene Oxide

Chisholm (unpublished) prepared an emulsifiable formulation
containing 4 grams of ethylene oxide in 100 ml. of the mixture.
The composition of this formulation is not now available.

Fleming and Maines (unpublished)} applied 075 gallon of
dilute ethylene oxide emulsion per cubic foot of soil at 50° F. to
the soil surface of potted Pelargonium sp. A week later the
third-instar grubs were removed from the treated seoil for obser-
vation. A dosage of 6.4 grams of emulsified ethylene oxide per
cubic foot of soil, the highest dosage tested, killed 71 percent of
the grubs and injured 28 percent of the plants of one variety
of Pelargonium and 50 percent of the plants of another variety.

Heptachlor

The preparation of an emulsifiable mixture containing 3.5
percent of technical heptachior by weight is given on page 87.

Potted Plants—Third-instar grubs in friable soil of potted
plants at 60° F. were killed by pouring on the soil surface a
volume of dilute heptachlor emulsion equivalent to one-fifth the
volume of the soil. Water containing ¢.15 gram of heptachlor
per liter killed all the grubs within 2 weeks. The 0.075- and
0.038-gram dosages killed them within 8 and 4 weeks, respec-
tively. The treatment wuas effective on masses of zoil up to 14
inches deep.

The average deposit of heptachlor per cubic foot was 0.8, 0.4,
and 0.2 grams with the 0.15-, 0.075-, and 0.088-gram dosages,
respectively. Heptachlor mixed with soil at .12 gram per cubic
foot was effective in killing newly hatehed grubs after the scil
had weathered for 4 years, It would be expected that 0.038 gram
of heptachlor would be effective against first-instar grubs for at
least that period of time,

In preliminary tests the application of the 0.15-gram dosage
to the soil of potted Pelargonium sp. had no effect on the sub-
sequent growth of the plants. Tests in nurseries and greenhouses
showed that Hedere helir, Hydrangen arborescens, H. pami-
ewlata, Nephrolepis excltate, Rhododendron indicum, and R.
ebtusum. were not injured by the 0.038-gram dosage. {(Ileming
et al. unpublished)

The treatment of potted plants at not less than 60° ¥, by pour-
ing water containing 0.038 gram of emulsified heptachlor per liter
on the soil surface was authorized in 1960. A volume of the insec-
ticide liquid equivalent o one-fifth of the soil volume was required.
The treatment could be used on friable soil not more than 14
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inches deep. The plants could be certified for shipment 14 days
after the application of the dilute emulsion. There was a possibil-
ity that the plants in the treated soil could be in a certified
status for 4 years, but the longevity of the certified period would
be determined by bioassays.

Methyl Bromide

Interest in an aqueous solution of methyl bromide to kill
Japanese beetle grubs in soil was stimulated by the favorable
results obtained by Livingstone et al. (1940) in destroying grubs
of Graphoguathus spp. in the soil of balled uursery stock that
had been plunged into sandboxes. They used a (.3-percent solu-
tion by volume and applied it at 40 gallons per 100 square feet
of surface area.

Prepuration.—In the initial experiments an aqueous solution
of methyl bromide was prepared by mixing methyl bromide with
twice its volume of 95-percent ethyl alcohol and adding the
mixture to water in an open drum. Chisholm and Koblitsky
(1942) prepared a (.15-percent solution in this manner, vsing 1
pound (262 ml) of methyl bromide, 524 ml. of 95-percent
ethyl alcohol, and 46 gallons (174 liters) of water. They analyzed
the water immediately after preparation to determine the con-
centration of methyl bromide. When the solution was prepared
at 257 C, 40 to 50 percent of the methy! bromide was lost. The
loss of methy] bromide decreased as the temperature was lowered
until at 17 substantially all the chemical was in solution. This
method of preparing the solution was not satisfactory.

Chisholm and Koblitsky (7942) prepared an agueous solution
of methy! bromide in a closed drum, which was equipped with
a pressure gage, a Li-inch copper tube extending from a hole
drilled in the bung to the bottom of the drum for introducing
methyl bromide, and a spigot for withdrawing the solution. The
water was placed in the drum and the drum was sealed. A can of
methyl bromide was inserted in the applicator and its contents
were discharged through the copper tube into the water. When
the drum was nearly full and sufficient time was allowed for the
methyl bromide to go into seolution, as indicated by the pressure
being practically normal, substantially all the methyl bromide
was in solution at 11.5° and 25° G. When the solution was pre-
pared in this manner, the addition of the alcohol was not neces-
Sa1Y.

Potting Soil and Unplanted Beds and Plots.—Donohoe (un-
published} killed third-instar grubs to a depth of 12 inches or
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more in potting soil and in unplanted beds and plots by applying
3 gallens of methyl bromide solution per square yard, using
0.15-, 0.1, and 0.05-percent solutions at seoil temperatures of 47°,
57°, and 68° ¥, respectively. An exposure of 48 hours in the
treated soil was sufficient to kil the grubs, although at that time
many of them appeared to be normal.

The procedure was authorized in 1942 for use when only
grubs were in the soil. The soil could be certified 48 hours after
the application of the solution. It could be in a certified status
until exposed fo reinfestation by the adult beetle. During 1942-
50 methyl bromide solution was applied to 383 cubic vards of
potting soil in commercial nurseries and greenhouses (Middleton
and Cronin 1952).

Plants Before Digging in Field —Donohoe {unpublished)
killed third-instar grubs in the soil among the roots of woody
plants before digging without injuring the plants by applying 3
gallons of methyl bromide solution per square yard to the soil.
A metal collar, larger in diameter than the soil ball tc be dug
with the plant, was pressed into the soil and the soil was com-
pactad against the ovter and inner sides of the collar to confine
the solution to the area to be treated. The concentrations of the
methyl bromide solution and the soil temperatures were as
follows:

Methyl bromide Soil temperatfure
{percent} " F)
015 . -
125 o e . .. 44
a1 . . .. 47
875 o .. ... . . . b2
05 L o a7

04 e e 63
.25 . e . . S 68
015 o . 73

Any type of soil could be treated provided it was friable and
all the solution penetrated into the soil within 30 minutes after
application. Under these conditions the grubs obtained a toxic
dosage within 20 hours.

The tieatment of plants in the field with methyl bro. -ide
sotution was authorized in 1942 for use during the period of
the year when only grubs were in the soil. The plants could be
dug in not less than 20 hours or more than 5 days after the
application of the solution. Information on the number of plants
treated in the commercial nurseries is not now available.
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Mylone

Mylone is a2 wettable powder containing 85 percent of
tetrahydro-3,6-dimethyl-2H-1,3,5-thicdiazine-2-thione. It was rec-
ommended by the manufacturer as a preplanting treatment to
eliminate weeds, nematodes, fungi, and insects in the soil. Ac-
cording fo the manufacturer, Mylone undergoes chemical deg-
radation in moist soil. The breakdown in the soil was presumed
to be imitinlly to formaldehyde and (methylamine) methyl
methyl dithiccarbamate, then to monomethylamine, hydrogen
suifide, and methyl isothiocyanate, and finally to carbon dioxide,
ammaonia, hydrogen sulfide, and sulfur dioxide.

The manufacturer recommended that the powder be applied
al the rate of 300 pounds per acre with a fertilizer spreader or
suspended in water and sprayed over the area. After Mylone
had been applied, it was mixed with the upper 5 or 6 inches of
soil with a rotary cultivator or gdisk harrow. The treated area
was then soaked immediately with water to a depth of 2 inches.

Fleming et al. {(unpublished) mixed the wettable powder with
soil and applied it as a suspension in water to the soil. One
hundred pounds per acre mixed to a depth of 6 inches killed
atl third-instar jyrrubs within 1 week at 70° F. and 300 pounds
within 1 weelk at 40°. Most of the toxicity to the grubs dissipated
in about 2 weeks.

The preplanting treatment with Mylone at the rate of 3800
pounds per acre was authorized in 1957 for use when only grubs
were in the soil and the scil temperature was at least 40° ¥. The
freated soil could be in a certified status until exposed to re-
infestation by the adull Japanese Leetle.

Nicotine

Burgess et al. {unpublished) applied one-fifth gallon {757 ml.)
of swater centaining 7.6 ml. of 95-percent free nicotine per
square fuot of rsoil surface to potted Gardenic jasminoides and
Piper sp. Three weeks later 57 percent of the third-instar grubs
were dead. The treatment had no effect on the plants. The tests
with nicotine were not encouraging.

Vapam

Vapam, a waler-miscible solution containing 32.7 percent of
sodiuma  N-methyldithiocarbamate, was recommended by the
manufacturer as a preplanting treatment at the rate of 1 quart
to 11 gallons of water per 12 squarve yards at temperatures above
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60° F. to control annual and perennial weeds, soil fungi, and
nematodes.

Fleming et al. (unpublished) found that this treatment killed
all the third-instar grubs within 1 week at 40° F. and one-half the
dosage of Vapam killed them within 1 week at 70°.

Vapam at 1 guart to 11 gallons of water per 12 square yards
was authorized as a preplanting treatment in 1958 for use
when only grubs were in the soil and the soil temperature was
at least 40° F. The treated soil could remain in a certified status
until exposed to reinfestation by the adult beetle,

Insecticide Liquids Injected Into Seil

Carbon Disnlfide

Polting Soil.—In a preliminary study of the diffusion of carben
disulfide in moist, friable soil in & covered fumigation box at
55° ., 240 ml of the chemical were injected to a depth of 6
inches at the central point on the surface of the soil. All third-
instar grubs were killed within 24 hours to a depth of 12 inches
within a horizontal radius of 5 inches from injection point and
within a horizental radius of 10 inches at depths of 18 and 24
inches. When the exposure was prolonged for 48 hours, all grubs
were killed to a depth of 24 inches within a radius of 15 inches
from the injection point. (¥Fleming 792%; Fleming and Baker
1985)

To assure adequate diffusion of the vapor, the carbon disulfide
was injected info 18-inch layers of seil 1o 2 depth of 2 inches
al points 18 inches apart. The chemical was usually applied to
cach 18-inch layer of soil as the fumigation box was filled, but
when the soil was in the box, the chemieal could be poured
through a tube fo the proper deptns. A dosage of 240 ml per
cubic yard, 80 ml. per injection hole, was effective in killing
eggs, grubs, and pupae in friable sandy loam within 48 hours at
temperatures above 50° F., but it was not completely effective in
killing the immature stages in the heavier soils and in decom-
posed manure and peat. A dosage of 352 mi. (about 1 pound)
per cubic yard, 44 ml. per injection, was completely effective in
killing all stages within 48 hours at temperatures not lower than
45° in sands, sandy loams, loams, clay loams, peat, compost, and
rotted manure. The freatment was not satisfactory in wet,
slightly permeable soils because the vapor did not diffuse in in-
secticide concentration even during an exposure of 96 hours.
(Fleming 1923, 1930a.; Fleming and Baker 1985)
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Carbon disulfide at 352 ml. per cubic yard with an exposure
of 48 hours partially sterilized the soil. The number of bacteria
in the soll was not modified significantly, but the fungus popu-
laticn was simplified by the trestment and consisted largely of
species of Penicillium and Zygorhynchus. These species were
three times as abundant in the treated soil as all fungi in the
soil before it was fumigated. The nitrates in the soil were not
changed appreciably, but the ammonia increased from 0.6 to 2
mg. per 100 grams of soil within 112 days. (Fleming 1929)

After the treated soil was aerated, most plants grew normally.
Fleming and Baker (7985) reported that Cyclamen persicum
was slightly retarded in the treated soil, but other plant species
grew normally or were stimulated in growth, including—

Abice concolor Ficus elustica
Actinophlocus sanderianus KHedera helix

Adiantunt sp. Hydrangea macrophylic
Agave americana Pandanus utitls
Agpidistre elatior Picea abies

Begonia maculata Polypodizm sp.

Butia capitata

Buxits sempervirens
Calluna vulgaris
Chanaccyparis pisifera
Cibotiwm schindei
Codinewm variegatum
Cotonsaster horizontalis

Psewdotsuga taxifolia
Guercus faleata
Rhododendron indicum
Rhodedendron obtusum
Rosu sp.

Sansevierig zeylanica

Cyriombuan faleatum Syringa vulgaris
Dracaena sp. Thuja occidentalis
Euphorbia pulcherrima Thuin orientelis

Fumigation of potting soil by injecting 852 mi. (about 1
pound) of carbon disulfide per cubic yard was authorized in 1924
for use at any time of the year to destroy the immature stages
of the beetle, The exposure was 48 hours in & covered box or bin
at not fower than 45° F. The treated soil should be aerated before
using it Lo pot plants. This was the first chemical treztment for
certifying soil. The soil could be in a certified status until exposed
to reinfestation by the adult beetle. Middleton and Cronin {1952)
reported that during 1924-50 carbon disuifide had been used to
fumigate 52,714 cubic yards of potting soil in the commercial
nurseries and greenhouses.

["nplanted Plots—Fleming and Baker (1935) injected carbon
disulfide into the soil of unplanted plots at 45° F., covered the
treated area with a tarpaulin after each injection, and left the
soil undisturbed for 48 hours. All injections were made to a
depth of 2 inches because grubs within the upper 2 inches of
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soil were the most likely to survive the treatment. The injection
of 15 ml. of carbon disulfide killed all grubs within a radius of
9 inches from the point of wnjection. A dosage of 21 ml was
effective within a radius of 14 inches, 30 ml. within a radius of
18 inches, and 45 and 90 ml. within a radius of 24 inches. The
minimum practical dosage appeared to be 21 ml. per injection.
It killed eggs, grubs, and pupae in the soil. To assure the de-
struction of the immature stages, 21 ml. of carbon disulfide were
injected at 1-foot intervals to a depth of 2 inches over the area
of the plots,

The injection of ecarbon disulfide in this manner was author-
ized some time prior to 1929 for the treatment of friable soil
in unplanted beds, plots, and cold frames at not lower than
45° F. The soil could be in a certified status until exposed to re-
infestation by the adult beetle. Middleton and Cronin (1952)
reported that by 1950 the carben disulfide injection treatment
had been applied to 457,213 square feet of unplanted land in
commercial nurseries.

Potted Plants—Fleming and Baker (7985} injected carbon
disulfide at the rate of 21 ml. per square foot of soil surface
into the soil of potted Cibotium schiedeii and Rhododendron ob-
tusum. After an exposure of 2 weeks at 80° F. the treatment had
not killed all the third-instar grubs in the pots. An oceasional
grub close to the soil surface or in contact with the clay pot was
not killed. The treatment seriously injured both plant species.
However, when 7 ml. were injected three times at 48-hour
intervals, all the grubs in the pots were killed and the plants
received only minor injury. The injection of small dosages over
several days was not viewed with favor by the nurserymen be-
cause of the manual labor involved.

Lipp (unpublished) injected water containing 8 ml. of emul-
sified carbon disulfide per liter at a pressure of 5§ p.s.i. into the
soil of potied plants, introducing a volume of the insecticide
liquid equivalent to the volume of the soil. The treatment killed
all the grubs within 1 week, but it also killed the plants, including
Hydrangea macrophylia, Lonicera sp., Petunia sp., and Rhododen-
dron obtusum.

Plants in Field—In the spring Fleming and Baker (1935)
injected carbon disulfide at 21 ml. per square foot into the seil
around Picea abies, Thuje occidentalls, and Tsuga canadensis,
which were growing in the nursery. Three weeks after treat-
ment all the Picea plants were dead and the growing tips of
Thuje and Tsuge were wilted. All the Thuja and Tsuge plants
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eventually died. The treatment killed all roots within 4 inches
of the points of injection and sometimes killed the rootlets at
greater distances.

Chloropicrin

Chloropicrin {CCLNO.) is a colorless liqguid at room tem- °
perature. Its boiling point is 112.4° C., melting point —64°, spe-
cific gravity 1.651 at 20°, and vapor pressure 18.3 ml. af 20°. Low
concentrations of the vapor cause vomiting and intense irritation
of the eyes and threat. (Chisholm 1952) It was used extensively
by nurserymen in 1943 to control soil insects, weeds, certain
species of fungi, and nematodes in soil to be used for petling
plants.

Donvhoe {1844) killed all Popdllic grubs within 5 days in
potting sotl in bins by injecting 4.5 ml. of chloropicrin per cubic
foot of soil at 50° F., 8.5 ml. at 60°, and 3 ml. at T0°. The fumi-
gant was applied to 1-foot layers of soil by injecting it to a depth
of 2 to 6 inches in the cenier of each square foolt of soil surface.
Affer each layer was treated, the soil was wel with water to a
depth of about 1 inch. In 1948 Fleming (unpublished) found
that this treatment was effective in killing the eggs.

The injection of chloropicrin in this manner was authorized
in 1948 to kill grubs in potting soil. The soil could be in a certi-
fied status until exposed to reinfestation by the adult beetle.
Middletonr and Cronin (1852) reported that during 1943-50 the
commercial nurseries hnd fumigated 446 cubic vards of soil with
chlorepicrin.

D-D

D-D was recommended by the manufacturer as a preplaniing
treatment to conirel nemsatodes in the soil. It was applied at
from 20 to 200 gallons per acre at 40° to 80° F. The fumigant
was applied in streams 10 to 12 inches apart at a depth of 6 to 8
inches by means of chisel-type applicators. Immedza’cely after
application the land was relled or scaked with water to a depth

of 2 inches to seal the fumigant in the soil.

D-D injected into soil at 20 gallons per acre killed all grubs in
the soil within 1 week at 70° ¥, but the treatment was not
completely effective at 40°. Higher dosages were not tested at
the lower temperature. (Fleming et al, unpublished)

The injection of D-D at 20 gallons per acre was authorized in
1958 as a preplanting treatment, but its use was restricted to the
period of the year when only grubs were in the soil and the seoil
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was at least 70" F. The treated soil could be certified 2 weeks
after the application of the fumigant. Certification could continue
until the soil was subject to reinfestation by the adult beetle,

o-Dichlorcbenzene

Chisholm (unpublished) prepared a miscible formulation of o-
dichlorobenzene of the following composition :

Percent
by weight
o-Dichlorobenzene . R . . 2.6
Tween 20 (a polyoxyalkylene derivative of sorbitan monclaurate) 2.5
Isopropyl aleoho! (99 percent) .. .. ... 950

It was a clear liguid that emulsified readily when mixed with
water. Each 100 ml. contained 2 grams of o-dichlorobenzene.

The formulation was diluted with water and injected into the
soil of potted Pelurgomium sp. at rates up to 3.2 grams of o-
dichiorobenzene per cubic foot of soil. The treated plants were
held in the greenhouse where the temperature varied between
60° and 65° F. Three weeks after treatment the 3.2-gram dosage
had killed 64 percent of the third-instar grubs and had injured
77 percent of the plants. (Fleming et al. unpublished)

p-Dichlorobenzene

Fleming et al. (unpublished) dissolved p-dichlorobenzene in
isopropyl alcohol and injected the solution inte the soil of potted
Pelargonium sp. The maximum dosage tested was 2.6 grams of
p-dichlorobenzene per cubie foot of soil. Three weeks after treat-
ment 39 percent of the third-instar grubs were dead and 12
percent of the plants showed injury.

Burgess et al. (unpublished) injected p-dichlerobenzene dis-
solved in acetone and in a $:1 mixture of ethylene dichloride and
carbon tetrachloride into the soil of balled and burlapped Rhodo-
dendron sp., injecting 256 ml. of the solutions per cubic foot of
soil. A dosage of 64 grams of p-dichlorobenzene dissolved in
acetone killed 78 percent of the third-instar grubs within 8 weeks,
whereas this dosage dissolved in the ethylene dichloride-carbon
tetrachloride mixture killed all of them within 3 weeks. How-
ever, the mixture of ethylene dichloride and carbon tetrachloride
killed all the grubs within this period, indicating that the solvent
was largely responsible for the mortality. No information was
given on the reactions of the plants to these treatments.
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Dichloroethyl Ether

Fleming et al. dissolved dichloroethyl ether in isopropy! alcohol
and injected the solution into the soil of potted Pelargonium sp.,
Three weeks after the treatment, 1.6 grams of dichloroethyl ether
per cubic Toot of soil had killed 20 percent of the third-instar
grubs and had injured 3 percent of the plants.

Dorlone

Dorione, containing 75.2 percent of mixed dichloropropenes
and 18.7 percent of ethylene dibromide, was recommended by
the manufacturer at the rates of 6 to 12 gallons per acre as a
preplanting treatment at temperalures above 58° F. to control
nematodes in the soil. It was applied in streams 10 to 12 inches
apart and 6 to 8 inches deep by a chisel-type applicator. Im-
mediately after the application, the land was rolled or soaked to
a depth of 2 inches with water to confine the fumigant.

Dorlone injected into soil at 12 gallons per acre killed ail third-
instar grubs within 1 week at 40° F., but 6 gallons per acre did
not kill all the grubs within 2 weeks at 70° (Fleming et al. un-
published}.

The injection of Dorlone at 12 gallors per acre was authorized
in 1958 as a preplanting treatment for use when only grubs
were in the soil and the soil was at least 40° F. The soil could
be certified 2 weeks after application of the fumigant. I could
be it a cerlified status until exposed to reinfestation by the adult
beetle.

Epichlorohydrin

Fieming et al. dissolved epichlorohydrin (1-chlore-2,3-epoxy-
propane} in isopropyl alcohol and injected the sclution into the
soil of potied Pelargonium sp. Three weeks after the treatment,
a dosage of 1.6 grams of epichlorohydrin per cubic foot of soil
had killed no grubs, but it injured 42 percent of the plants.

Ethylene Dibromide

Formulations—Chisholm et al. (7954) prepared 2 clear solu-
tion of ethylene dibromide that was miscible with water in most
proportions. The composition of this formulation was as follows:

Percent

by weight
Ethylene dibromide o . . .25
Tween 20 (a polyoxyalkylene derivative of sorbitan nionolauraie} 2.5
Isopropyl aleohol {99 percent) . . 95.0




118 TECH. BUL. 1441, U.S. DEPT. OF AGRICULTURE

Circumstances involving patents and other restrictions made it
necessary in 1956 to substitute Dowfume W-85, a mixture con-
taining 83 percent of ethylene dibromide and 17 percent of a light
petroleum {fraction, and to modify the formulation as follows
{Fleming et al. 1958) :

Pereent
by weight
.- 3.1

Dowfume W-85 e e . .

Tween 20 . Ce e 2.8

Isopropyl alcohol e e . . T T 1
Both of these formulations contained 2 grams of ethylene dibro-
mide in 100 mi. and were equally effective against the grubs.

Injector —Fleming ot al. (1958) used a hypodermic syringe
equipped with a 3%4-inch needie in the eariy tests. It had to be
operated manually each time the lignid was discharged into the
soil and the open end of the needle offen became clogged. Fest
(1954) modified a commereial calking gun to serve as an in-
Jector. This injector was invaluable in the exploratory work, but
it was rather large and cumbersome for injecting small dosages
and there was no visual check on the volume of ligunid ejected.

In 1954, a veterinarvy hypodermic syringe was found to be more
suitable. It had a capacity of 2 ml. and was graduated in units of
0.1 ml Since if was made of glass, the operator could observe the
amount of liquid drawn into the chamber and ascertain when all
of it had been discharged. The liquid was ejected with one dowmn-
stroke of the plunger, and the syringe was refilled automatically
as the plunger returned to its resting position. The stainless steel
needles, 31y and 6 inches long, were modified by sealing the end
with solder and boring two holes in the side just above this plug
with a No. 60 drill. This modification pbrevented soil from being
pushed into the needle when it was inserted into the ground.

Factors Modifying Efectiveness.—Fleming et al. (1958) deter-
mined the effect of dosage, temperature, moisture, soil type, and
other factors on the effectiveness of miseible efhylene dibromide
in killing third-instar grubs in soil.

In the study of dosage, miscible ethylene dibromide was in-
jected to a depth of 3 inches into moist sandy loam at 10, 20, 49,
and 80 rnal. per square foot of soil surface. Bach dosage was
aistributed among five injections per square foot. This intro-
duced 0.2, 0.4, 0.8, and 1.6 grams of ethylene dibromide per square
foot. When the grubs were removed 5 days later, many of them
at that time appeared to be normal The 0.2-gram dosage was
inadequate; many of the grubs appeared to be normal after 38
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days. The 0.4-gram dosage killed all grubs within the upper 6
inches of seoil within 21 days and the 0.8 and 1.6 grams within
14 days. The 0.4 gram of injected ethylene dibromide per square
foot appeared to be about the minimum needed to kill grubs
within the upper 6 inches of soil within a reasonable time.

To study the horizontal diffusion within the upper 6 inches of
soil, 0.08 gram of ethylene dibromide, the amount introduced per
injection in the 0.4-gram treatment, was injected 3 inches into a
wet silt loam at 40° F., and after 3, 5, and 7 days the grubs
were transferred lo untreated soil for observation. When the
soil was lightly compacted, an exposure of 3 days was sufficient
to kill all grubs within § inches of the injection, but when the
soil was very compact, 7 days were needed. At greater distances
the results were variable. The ability of miscible ethylene dibro-
mide to diffuse through a waterlogged soil was very important.
To assure that all points within the upper 6 inches have an ade-
guate amount of fumigant, the injections should be not more than
7 inches apart.

To study the downward diffusion, ethylene dibromide was in-
jected to a depth of 3 inches at 0.4 gram per sguare foot into wet
soils, including o muck, a sandy loam, g loam, two clay loams,
and a silt loam, at 40° F. Five injections of miscible ethylene
dibromide were made per sguare foot. When the muck was
lightly compacted, all grubs to a depth of 8 inches were dead
within 11 days, buf when the muck was moderately compacted,
21 days were required before all grubs to a depth of 6 inches
snecumbed and 12 days for those 6-8 inches deep. The type of
loam seemed to have little effect on the speed of insecticide
action. When these soils were lightly compacted, all grubs to a
depth of 8 inches were dead within 14 days; when very compact,
the grubs in the upper 6 inches died within 21 days, and most
of those in the §- to 8-inch layer within 42 days.

To study the effect of temperature on the insecticide action
within the upper 6 inches, ethylene dibromide was injected into
wet compact sandy loam at 0.4 gram per square foot. Seven days
later when the grubs were transferred to untreated soil, 18 per-
cent of those in soil at 35° BF. were dead, 44 percent at 45°,
89 percent at 55, and 98 percent at 65°. However, all grubs alive
at that time had obtained a toxic dosage. Complete mortality
was obtained at all temperatures within 42 days.

Plants Before Digging.—Ethylene dibromide was injected to
a depth of 3 inches at 0.4 gram per square foot infto the soil
about the base of plants growing in the nursery row. The diameter
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of the area treaied was 6 inches larger than that of the soil hall
to be dug. Four injections evenly distributed were required fur a
cireular nyea 1 foot in diameter, nine injections for one 1.5 feet
in diameter, 16 for one 2 feet in diameter, 35 for one 3 feet in
diameter, and 63 for an area 4 feet in diameter. During the 7
days before the plants were dug the average soil temperatures
ranged from 39° to 56° F. and the rainfall from 0.04 w0 25
inches. The treatment killed all grubs in the soil to a depth of 10
inches. There was no indication that this dosage of ethylene
dibromide had injured the plants. (Fleming et al. 1958)

Although the treatment was successful, it was not congsidered
to be practical because of the time and the labor involved in in-
jecting the miscible ethylene dibromide into the soil about the
base of individual plants in the nursery row.

Balled Nursery Stock-—Since the horizontal diameter and the
depth of the soil of balled nursery stock varied with the species
and the size of the plants, miscible ethylene dibremide was in-
jected at 40 ml. of formulation (0.8 gram of ethylene dibromide)
per cubic foot of soil. By adjusting the amount of formulation
according to the volume of the s0il, overdosing of shallow soil
balls was avoided and an adequate dosage for the deeper ones was
assured,

Injections each of 2 ml. of the formulation were made to a
depth of 8 inches into the upper surface of soil balls less than 10
inches in horizontal diameter and not more than § inches in
depth; 4-ml. injections were made into the upper surface of soil
balls larger than 10 inches in horizontal diameter and not more
than 8 inches deep and into the top and bottom of soil balls more
than 10 inches in horizonta! diameter and 8-12 inches deep. The
injections ranged from two into the top of soil balls 6 inches in
horizontal diamcter and § inches deep to 16 into the top and
16 into the bottom of soil balls 24 inches in herizontal diameter
and 16 inches deep,

The formulation was applied to balled nursery stock in Mary-
land, New Jersey, North Carolina, Ohio, and Virginia to obtain
infermation on its effectiveness under different conditions. The
insecticide action progressed at about the same rate in all these
areas. Only 0.4 percent of the third-instar grubs removed from
the soil balls 1 week after treatment had not succumbed at the
end of 6 weeks. All the grubs most probably would have died
sooner if they had been left in the treated soil. (Fleming et al.
1958)

The speed of insecticide action was modified by the tempera-
ture, the extent to which the soil was saturated by water, and
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the organic matter in the soil. When the grubs were removed
from the treated soil 1 week after injection, the mortality ranged
from 22 percent at 33°-39° F. to 81 percent at 70°-79°, but all
the grubs alive at that time had obtained a toxic dosage. A week
later the mortality ranged from 85 percent at the low tempera-
tures to 92 percent at the high temperatures. The mortality was
100 percent in 8 weeks at 70°-79° and 99 percent or more at the
lower temperatures. One week after treatment the mortality
vanged from 67 percent in soils less than 20 percent saturated
by water to 40 percent in soils 80-100 percent saturated, but it
was practically 100 percent in all the soils in 6 weeks. One week
after treatment the mortality ranged from 59 percent in soils
low in organic matter to 44 percent in scils high in organic
matter, but in 6 weeks the mortality was 99 percent or more in all
the soils.

Many species of balled and burlapped plants were treated at
comumercial nurseries during the spring and the fall shipping
seasons to determine their reaction to the injection of 0.8 gram
of ethylene dibromide per cubic foot into the soil. The plants
were usually tolerant of the treatment, except when growing
vigorously in the late spring or when in poor condition. The
plant species treated were as follows (Fleming et al. 1958, un-
published) :

Abeliv grandiflora
Abies concolor

Abies homolepis

Acer japounicum

Acer plalanoides

Acer ribrum

Aesening parviflora
Albizzin julibrissin
Berberis julianac
Beiula Iutea

Betulr papyrifera
Betula populifolia
Buruy sempervirens
Carpinus betulus
Carpinus enroliniara
Cuastanea sp.

Cedrus deodara

Cedrus libanensgis
Cercitdfiphylium japonicum
Cercls canadensis
Chaenomeles joponiea
Chamaecypuris nootkatensis
Chamrecyparis obtusa
Chamaeeyparis pisifera

Chionanthus retusus
Chionanthus virginicus
Chrysanthemunt sp.
Cladrastis lutea
Clethra sp.

Cornus alba

Cornus alternifolia
Cornus Rorida

GCornus kousa

Cotinus coggygria
Cotoneaster divaricala
Cotoneuster lucida
Cra‘aegus crus-galll
Craigegus intricatn
Crataegus mollis
Crataegus oxyacanihe
Croafoegius phaenopyrunt
Cralaegus punclate
Cryptomeria japonica
Daplhane encorm
Deutzia scabre
Elveagnus angustifolia
Enlcianthus sp.
Euwonymus elatus
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Euonymus europasus
EBuonymus Mautschovicus
Fagus grandifolia
Fagus sylvatica
Forsythia intermedia
Franklinio alotemohd
Frovivug pennsylvanica
Goillordia aristata
Ginkgo bileba
Gleditsia triacanthos
Halesia careling
Hamamelis japenicn
Hibiscus syriacus
Hydrangea mecrophyila
Hex crenata
Hex opacu
Hez rotunda
Juniperus chinensis
Juniperus communis
JSuniperus excelsa
Juniperus horizontalis
Juiiperus procumbens
Juniperus sabina
Juniperus virginiana
Kolmia latifolin
Labuwrnun alpinum
. Loburnuwm watereri
Larix leptolepis
Leduamn sp.
Leucathoe catesbaei
Ligustrion lweidion
Lindera benzoin
Liguidambar formosana
Liguidambar styraciflua
Liriodendron tulipfera
Lonieera bella
Lonicrra fragrantissime
Lonicera tatarica
Magnolie denudeta
Magnalia lcobus
Maguslia iiflore

Mailus hupehensis
Malus ioensis

Malus purpurea
Malug robusta
Malus sieboldt!
Myrice cerifere
Nondina domestica
Nyssa sylvatica
Osmanthus sp.
Oxydendrum arboreum
Phitodelphuy grandiflorus
Philadelphus virginalis
Phiox sp.

Piceq abies

Picea engelmannii
Picea omorika

Picea pungens
Pieris japonica
Pinug bungeana
Pinits cembra

Pinus densifiora
Pinus mugo

Pinug nigra

Pinus parviflora
Pinus strobus

Pinus sylvestris
Populus sp.

Frunus americana
Prunus kansuensis
Prunus persice
Prunus sargentii
Prunug subhirtella
Prunug yedoensis
Pseudotsuga taxifolia
Pterostyrazx sp.
Pyracanthe coccinea
Quercus borealis
Quercus falcata
Guercus polustris
Quercus phellos
Quercus robur

Rhododendron calendulacewm
Rhododendron carolinianum
Rhododendron catawbiense

Magnolia salicifalia
Magnolia sieboldi
Muegnaiia soulangeana

Magnolia stellata
Magnolic tripetain
Maguolia virginiana
Muhonia aguifoliuvm
Malus alrosanguinen
NMalus beceata

Malus halliana

Rhodedendron indicum
Rhododendron maximum
Ritododendron molle

Rhododendren mucrenulatum

Rhododendron nudiflorum
Riododendron obtusum,
Rhododendron roseum
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Rhododendren schlippenbachi
Rhododendron vaseyi
Rhododendron viscosum
Rhododendron yedoense
Rhodotypos scandens
Salixz babylonica
Sophora japonicae
Sorbus cucuparia
Spiraea vanhoulted
Styrax obassio

Syringa vulparis
Tamoariz odessane
Taxodiun distichumn
Taxus baccaln

Taxus brevifolia

Tazus canadenais
Tazxus cuspidata

Taxus hunnewellinne
T'axuys media

Thuje oceidentalis
Thute orientalis
Thuje plicata

Tilie tomentosa
Tsuga canedensis
Ulmus procera
Vaceinium spp.
Viburnum burkwoodii
Viburnum carlesii
Viburnnm dentatum
Viburnum fragrans
Viburnum lantane
Viburnum setigerum
Vibuwrnwm sieboldii
Vibwrnuwm tomentosum
Vitex negundo
Weigela floribunda
Weigela florida
Welgela japonica

The injection of ethylene dibromide at 0.8 gram per cubic foot
of soil in balled and burlapped nnrsery stock was authorized in
1954 as a basis for certification. The treatment could be used
when only grubs were in the soil and the soil was not less than
40° F. The plants could be certified for shipment 8 days after the
treatment. Certification could continue until the plants were ex-
pe.ed to reinfestation by the adult beetle.

Potted Plants.—-Miscible ethylene dibromide injected into the
soil of potted plants at 0.4 gram per cubic foot of soil killed third-
instar grubs within 4 weeks in sandy loam, silt loam, and muck
at 33° to 68° F. The mortality with the 0.2-gram dosage ap-
proached 100 percent in 4 weeks. (Fleming et al. 1958}

The ethylene dibromide injected at 0.4 gram ranged from 0.8
mg. in small pots containing 59 ml (2 fluid ounces) of soil to
967 mg. in large pots and tubs containing 18.9 liters (5 gallons)
of scil. To facilitate the application, miscible ethylene dibromide
was diluled with water so that the required amount of ethylene
dibromide could be applied as follows:

Diluted miscible

Injections ethylene dibromide

Volume of soil

{number) {mdl.) (liter)!
1 R | Up to 650 ml.
2 1 650 ml.—1.3
4 1 1.3-2.7
4 _ _ _ 2 2.7-8.3
6 2 8.3-14
8 2 14-18.9

' Unless otherwise indicated.
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The injections were made to one-half the depth of the soil. The
insecticide action progressed at about the same rate in the differ-
ent volumes of soil, indicating that the volume of the soil was
not a limiting factor. (Fleming et al. 1958, unpubtished)

The injection of 0.4 gram into the soil of potted plants did not
injure Ageratum houstonianwm, Begonia rex-cultorum, Gardenia
jasmanoides, Hydrangea macrophylla, Illex opace, Pelargonium
kortorum, Rhododendron obtusum, and Rosa sp., but it retarded
or killed Daphne cngorum and Vicle cornuta. Some horticultural
varieties of Pelargonium tolerated the treatment, whereas others
were seriously retarded or killed. (Fleming et al 1958, un-
published)

The injection of ethylene dibromide at 0.4 gram per cubic foot
of soil was authorized in 1955 as a basis for certifyving potted
plants. The treatment could be used when only grubs were in the
soil and the soil was not less than 40° F. The plants could be
certified for shipment 3 days after treatment. Certification could
be continued ur'il the plants were exposed to reinfestation by
the adult beetle,

Ethylene Dibromide-Epichlorohydrin

A 1:1 mixture of ethylene dibromide and epichlorohydrin dis-
solved in isopropyl alcohol and injected at 0.4 gram per cubic
foot of soil kiiled all third-instar grubs within 8 weeks in the soil
of potted Pelargonium sp. and injured 43 percent of the plants
{Fieming et al. unpublished).

Ethylene Dibromide-Glycidyl Phenyl Ether

A 1:1 mixture of ethylene dibromide and glycidyl phenyl
ether (1,2-epoxy-3-phenoxypropane) dissolved in isopropy! alco-
hol and injected at 0.4 gram per cubic foot of soil killed 28
percent of the grubs within 8 weeks in the soil of potted Pel-
argontwm sp. and injured 43 percent of the plants (Fleming et al.
anpublished),

Ethylene Dichloride

Ethylene dichloride dissolved in isopropy! aleohol was injected
into the soil of potted plants and of balled nursery stock. A
dosage of 3.2 grams per cubic foot of soil was required to kill
all third-instar grubs within 3 weeks in the soil of potted plants,
and 6.4 grams killed them within 2 weeks. The dosage had to
be increased to & and 9.6 grams per cubic foot to kill the grubs
in soil balls of a silt loam and of muck, respectively. These dosages
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did not injure beans growing in the pots or the balled and bur-
lapped Ligustrum ovalifolium. (Fleming et al. unpublished)

Ethylene Oxide

Ethylene oxide dissolved in isopropyl alcohol and injected into
the soil of potted Pelargoniuwm sp. at 3.2 grams per cubic foot of
soil killed 54 percent of the third-instar grubs within 3 weeks
and injured 27 percent of the plants (Fleming et al, unpublished).

Cyclic Ethylene Trithiocarbonate

Chisholm {unpublished) prepared a miscible formulation con-
taining 4 grams of cyclic ethylene trithiocarbonate (C,H;CS.},
4 grams of Triton-X-100, and sufficient acetone to make 100 ml.
It was a clear solution that formed an emulsion when water was
added. Clear solutions were not obtained when the amount of
cyclic ethylene trithioearbonate was increased.

The injection of cyclic ethylene trithiocarbonate at 0.8 gram
per cubic foot inte the soil of balled and burlapped Ligustrum
ovalifolinn killed only 17 percent of the third-instar grubs within
2 weeks. The treatment did not injure the plants. (Fleming et
al. unpublished)

Glyeidyl Phenyl Ether

Glyeidyl phenyl -ether (1,2-epoxy-3-phenoxypropane) dis-
salved in isopropyl aleohol and injected into the soil of potted
Pelagrgoniwm sp, at 1.6 grams per cubie foot killed 85 percent of
the third-instar grubs within 8 weeks and injured 7 percent of
the plants (Fleming et al. unpublished).

Hexachlorocyclopentzdiene

Hexachlorocyclopentadiene (C;H.Cl;) dissolved in isopropyl al-
cohol and injected into the soil of potted Pelargonium sp. at 3.2
grams per cubic foot killed all the third-instar grubs within 3
weeks. A dosage of 0.8 gram was very injurious to the plants.
{Fleming et al. unpublished)

Isobenzan

Isobenzan, a mixture of dichloropropenes, was recommended
by the manutacturer at 20 gallons per acre at 40° to 80° F. as a
preplanting treatment to control nematodes in the soil. The
fumigant was applied in streams 10 to 12 inches apart to a depth
of 6 to 8 inches by a chisel-type applicator. To seal the fumigant
after application the land was rolled or soaked to a depth of 2
inches with water.
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Isobenzan injected into soil at 10 gallons per acre killed third-
instar grubs within 1 week at 70° F., but a dosage of 20 gallons
per acre was not completely effective in killing the grubs at 40°
{Fleming et al. unpublished).

The injection of isobenzan at 20 gallens per acre was author-
ized in 1958 as a preplanting treatment for use when only grubs
were in the soil and the temperature was at least 70° F. The
nursery plot could be certified 2 weeks after application and
could be in a certified status until exposed to reinfestation by
the adult beetle.

Lindane

A miscible formulation of lindane injected into the soil of
balled and burlapped Ligustrum owalifolium at 0.32 gram per
cubie foot of soil had no effect on the third-instar grubs or the
plants {(Fleming et al. unpublished),

Methyl Bromide

Potting Soil.—Eggs, grubs, and pupae in potting soil in a bin
were killed to a depth of 12 inches within 72 hours at 40° F.
by injecting 1 ml. of methy! bromide tc a depth of 4 inches into
the center of each 10-inch square of soil surface and covering

immediately to confine the fumigant (Donohoe unpublished;
Mason unpublished).

Fumigation of potting soil in this manner was authorized in
1946. Successive 1-foot layers of soil could be treated as the bin
was being filled. Immediately after the treatment of the top
layer the soil was wetted to a depth of about one-fourth inch
and covered to confine the fumigant. The soil could be certified
72 hours after applying the methyl bromide. Middieton and
Cronin (1952) reported that during 1946-50 methyl bromide had
been used to fumigate 883 cubic yards of potting soil in com-
mercial nurseries.

Unplanted Plofs.—Methyl bromide was applied as a preplant-
ing treatment to nursery plots in the same manner as in the
treatment of potting soil at not less than 40° F. The area treated
in not more than 15 minutes was sprinkled with water to wet
the soil to a depth of about one-fourth inch to confine the fumi-
gant. The treatment was effective in killing eggs, grubs, and
pupae within the upper 12 inches of the soil surface. (Donohoe
unpublished)

The injection of methyl bromide as a preplanting treatment
was authorized in 1946. The plot could be in a certified status
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until exposed to reinfestation by the adult beetle. There is no
record that this treatment was used as a basis for certification in
commercial nurseries.

A more practical method was to apply methyl bromide in
streams 10 to 12 inches apart to a depth of 6 to 8 inches by means
of a chisel-type applicator., The manufacturer recommended ap-
plying 4.5 gallons per acre of a formulation containing 83 percent
of methyl bromide in this manner as a preplanting treatment to
control nematoedes, soil insects, and other pests, After the treat-
ment the land was rolled or soaked to a depth of 2 inches with
water to confine the fumigant. Fleming et al. (uunpublished)
found that this treatment was effective in killing all third-instar
grubs within 1 week at 707 F., but it was not completely effective
within 2 weeks at 40°.

The application of 4.5 gallons of the 83-percent formulation
per acre in this manner at not less than 70° F. was authorized in
1958 as a preplanting treatment when only grubs were in the
soil. The plot could be certified 2 weeks after the application. It
could be in a certified status until exposed to reinfestation by
the adult beetle.

Nemagon

Nemagen contains 97 percent by weight of 1,2-dibromo-3-
chloropropane, It was recommended by the manufacturer to be
injected at 1-2 gallons per acre to control nematodes.

Unplanted Plots.—The injection of Nemagon at 2.5 gallons per
acre, followed by an application of water to seal the fumigant
in the soil, had little effect on third-instar grubs in the soil
(Fleming et al. unpublished).

Poited Plants.—Chisholm {(unpublished) prepared several
miscible formulations containing Nemagon, Tween 20, and iso-
propyl alcohol. The most conecentrated of these formulations con-
tained 32 grams of Nemagon and 32 grams of Tween 20 in 100
ml. All of them were diluted readily with water.

The injection of Nemagon at 3.2 grams per cubic foot into the
soil of potted Ligustrum ovalifolium at 60° F. did not kill all the
third-instar grubs within 8 weeks. The 6.4-gram dosage killed all
of them within 1 week. These treatmenis were not injurious to
the plants. The tests were not continued because of the high
dosage of Nemagon required to kill the grubs. (Fleming et al
unpublished)

Balled Nursery Stock—The injection of the miscible formula-
tion at 12.8 grams of Nemagon per cubic foot inte the soil of
balled and burlapped Ligustrum ovalifolium was not always ef-
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fective in killing all third-instar grubs within 5 weeks at 60° F,
{Fleming et al. unpublished?}.

Nicotine

Burgess et al. (unpublished} injected nicotine in an acetone
solution at 85 mil. per cubic foot into the scil of potted Gardenia
Jasminoides and Piper sp, at 57° F. The nicotine killed 44 percent
of the third-instar grubs within 8 weeks, and it did not injure
the plants,

Vapam

Vapam (sodium AN-methyldithiccarbamate) injected into the
soil of potted Ligustrum ovalifelium at 0.4 gram per cubic foot
at 60° F. killed all third-instar grubs within 8 weeks. The
mortality was 90 percent with the 0.2-gram dosage in that period.
However, when Tween 20 was added to the Vapam, 0.2 gram
killed all grubs within 1 week, These treatments killed all the
plants. (Fleming et al. unpublished)

The injection of 0.4 gram into the socil of balled and buriapped
Ligustrom ovalifolium killed the grubs and the plants (Fleming
et al. unpublished).

Insecticides of Plant Origin
Mixed With Seil

Derris is the ground root of Derris elliptica, hellebore the
ground root of Veratrum album ovr V. wiride, pyrethrum the
grouni dried flowers of Chrysanthenan cinervariaefolium, and
mowrah meal the ground press cake left after removal of oil
from the seeds of Maedhuea indica. Rotenone and deguelin are
the toxic constituents in derris, helleborine in hellebore, pyrethrin
I, pyrethrin II, cinerin I, and cinerin II in pyrethrum, and
mowrine in mowrah meal. All these insecticides have a very low
mammalian toxicity.

Derris was a good contact insecticide and repellent for the
adult beetle (Fleming and Baker 1936b; Fleming and Metzger
1936a, 1936b; Osburn 1984b). Sprays containing pyrethrum
were very effective in killing beetles, but the residue afforded no
protection to plants (Fleming 198%; Van Leeuwen and Vander
Meulen 1926, 1927, 1928). Mowrah meal was effective in con-
trolling earthwormns in soil (Carlos 1926).

When derris, hellebore, pyrethrum, and mowrah meal were
mixed with soil, they had little effect on third-instar grubs. The



http:Digustrl.lm

PREVENTING JAPANESE BERTLE DISPERSION 129

mortality with 4,000 pounds per acre of these insecticides ranged
from 22 to 50 percent. (Fleming 1942)

Fertilizers and Soil Condilioners
Mixed With Seil

The density of the grub population was modified by the pH
of the scil. In State-wide surveys in Ohio the most dense popula-
tions of grobs were found in soils with a pH below 4.9 and the
lowest populations in soils with a pH above 6.5. The prubs
increased in numbers more rapidly in the more acid soils, and
high grub populations persisted year after year in these soils as
long as favorable weather prewvailed dunng the egy and young
grub stages.  (Polivka 1960a)

Wessel and Polivka (1852) adjusted the pH of the soil in plots
from 3.9 to 6.8 by applying sulfur and pulverized limestone.
The eggs and first-instar grubs per square foot ranged in 1949
from 39 with a pH of 3.9 to 18 with a pH of 6.8 and in 1950
from 11 to 8, respectively, indicating that the female beetle
Tavored the more acid soils for eviposition.

When lime was applied to an acid seil, the grub population was
invariably reduced. During a 7-year period the grub population
in part of a cemetery that had been limed to raise the pH of the
soil from 4.3 to 7.0 was one-tenth to one-half that in the unlimed
part (Polivka 78600}, The application of lime to an acid soil
reduced the emergence of beetles about 75 percent (Metzper
1933).

Ammoninm sulfate, acid phosphate, ferrous sulfate, limonite,
and greensand marl at up to 8,000 pounds per acre had no effect
on the grubs (Fleming 194.2; Fleming and Burgess unpublished).

Caleium cyanamid at more than 1,000 pounds per acre was
toxic to third-instar grubs. The population was reduced 4, 20,
52, and 80 percent, respectively, by 1,000, 2,000, 4,000, and 8,000
pounds (Fleming 1542).

Naphthalene Mixed With Soil

Naphthalene mixed with soil was more toxic to grubs than
1-naphthol, 2-naphthol, 1-naphthylamine, 1-nitronaphthalene,
dibromonaphthalene, or nitronaphthylamine (Fleming 1928b).

Toxicity to ITmmature Stages

When third-instar grubs were removed from soil and exposed
for 24 hours at 80 F. to the vapors of several organic chemicals,
the vapor of naphthalene was much more toxic to the grubs
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than the vapor of carbon disulfide and p-dichiorobenzene (Flem-
ing 1925q).

Potting Soil

Naphthalene diffused to a limited extent in soil because of its
low vapor pressure. The crystais had to be mixed with soil to
kill all eggs, grubs, and pupae. When soils were screened to re-
move lumps, stones, and debris, and crystals were intimately
mixed with fthe soils, 8.6 pound of naphthalene per cubic yard
killed alt third-instar grubs in & sandy loam and in a clay loam
within 10 days af 50° F. The dosage had to be increased to 1.7
pounds per cubic vard to kill them in a 1:1 mixture of clay loam
and peat. However, when the soils were unt screened and lumps
large encugh to conceal a grub were present, the dosage had o
be increased to 5 pounds per cubic yard to kili all the grubs in
the different soils within 1 week at 50°. A 10-pound treatment
was not completely effective when the soils were wel. {Fleming
and Baker 1930, 1234}

Fleming and Baker (7934} found that naphthalene disap-
peared rapidiy from potting soil. Only a few of the grubs in-
troduced into soil 10 days after the 5-pound treatment were
killed. Analyses of the soils showed that the average loss in clay
loam was 0.8 pound in 2 days, 1.4 pounds in 4 days, 4.2 pounds
in 6 days, and 4.99 pounds in 8 days, and in a 1:1 mixture of
clay loam and peat the average loss was 1.4, 4.8, 4.99, and 5.0
pounds, respectively. When the soils were re-treated, practically
all the naphthalene disappeared within 3 days. The rapid de-
velopiment of flamentous fungi in the re-treated soils was a clue
that the loss of naphthalene was due largely to decomposition
by micro-organisms, Tattersfield (71928) and Thornton (1928}
attributed the rapid loss of naphthalene in soil under favorable
conditions to decomposition by bacteria, Gray and Thornton
(1928} isolated many tvpes of bacteria that decomposed
naphthalene. This rapid loss of the chemieal is of practical im-
portance in that it eliminates the residue problem.

When 5§ pounds of the crystals were mixed with a cubic yard
of potting soil and the soil was used immediately for potting
Hydrangea macrophylle, 43 percent of the plants were killed and
the remainder were retarded. The plants were not injured when
the soil was held until no odor of the chemical could be detected.
The plant species grown successfully in the treated soil included—
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Antirrhinem majus
Araucaria ercelsa
Aspidestra elatior
Calendule officinalis
Cyelamen sp.

Dahtia spp.

Dracaena fragrans
Euphorbia pulcherrbna
Ficus elustico

Federa hellx

Howsa fosteriana
Hydrangea macrophylla
fris spp.

Pandanus australis
Phiox spp.
Rhododendron indicum
Rhododendron oblusum
Rosa spy.

Seusevieria zeylanica
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The treatment of potting seil with naphthalene at b pounds
per cubic yard was avthorized in 1929 to kill grubs in the soil.
The soil conld be certified after holding for 7 days at not lower
than 50% F, It could remain in a certified status wvntil exposed
to reinfestation by the adult beetle. The treatment was used by
only a few nurserymen. Middleton and Cronin (1852} reported
that during 1929-50 naphthalene had been used to treat 557
cubic yards of potting seil.

Plots

Fleming and Baker (1884) applied 435 pounds of naphthalene
per acre at weekly intervals during July and August and mixed

the crysials with the voper 2 inches of soil between the rows of
plants in a flower garden. The odor of naphthalene was very
pronounced during the summer. The treatment did not protect
the plants from attack by the beetles nor did it prevent oviposi-
tion. In the fall the average population in the treated garden
was three grubs in 10 sguare feet.

Third-instar grubs were eliminated in unplanted plots within
1 week in the early fall by applying 2,000 pounds of naphthalene
per acre and mixing the crystals by cultivation with the upper
3 inches of soil. The mortality of the grubs with 1,000 pounds
approached 100 percent.

The application of 2,000 pounds of naphthalene per acre mixed
with the apper 8 inches of soil wag authorized in 1929 to destroy
grubs in unplanted plots at not lower than 50° F. The treatment
could not be used when adult beetles were present. A plot conld
be in a certified status until exposed to reinfestation by the adult
beetle. Middleton and Creonin (1952) reported that during 1929—
50 the naphthalene freatment had been used on 500,576 sguare
Teet of unplanted plots in commercial nurseries.




132 TRCOH. BUL, 1441, U.S DEPT. OF AGRICULTURE

p-Dichlorobenzene Mixed With Soil

p-Dichiorobenzene (C.H,ClL) is a white crystalline chemical
at room temperature, It meits at 537 €. and boils at 173.4%. The
vapor pressure ranges from 0.08 mm. at 0% to 1.5 mm. af
30°. {(Chisholm 1952; Roark and Nelson 1929)

Toxicity to Grubs

Third-instar grubs were removed from soil and exposed in a
saturated atmosphere of p-dichlorobenzene, All grubs were killed
by an exposure for 4 days at 457 F., 2 days at 707, and 1 day at
80 . (Fleming 1925« ; Lipp unpublished)

Potting Seil

Third-instar grobs in a sandy loam, mixtures of sandy loam
and peaf, and peat were killed by mixing erystais of p-dichloro-
benzene with the sotls. The grubs were killed within 7 days with
0.5 pound and within 2 days with 2 or more pounds per cubic
vard at 46- to 60" F. The 0.5-pound dosage was not completely
eifective in killing grubs introduced into the soils 1 week after
the chemical was applied, The 2-pound dosage was effective for
2 weeks in peat and in 2 31 mixture of peat and sandy loam,
far 8 weeks in 1:1 and 1:3 mixtures of peat and sandy loam, and
Tor 6 weeks in the sandy loam. A b-pound dosage was effective
for 7 weeks in peat and the sandy loam-peat mixtures and for
11 weeks in the sandy loam. {Lipp unpublished)

Azaleas and Hydrangea macerophylin potted in soil to which
2 pounds of p-dichlorobenzene had been applied were seriously
injured or killed, Subjecting the roots of the plants to a saturated
atmosphere of p-dichlorobenzene for 2 or more weeks was more
than the roots could endure. {Lipp unpublished)

Plunging Soil

Lipp {unpublished) found that third-instar grubs in balled and
potted plants were killed by plunging the soil masses into soil
treated with p-dichlorobenzene so that there was about 1 inch of
treated seil under, around, and over each mass of secil. With an
exposure of 5 days at 507 to 657 F. all grubs in soil masses up to
6 inches in diameter were killed by plunging them in soil con-
taining 10 pounds of the chemical per cubic yard. The dosage
was inereased to 20 pounds for masses of soil 6 to 8 inches in
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diameter. All grubs were not dead at the end of the 5-day
exposure, pvul those surviving were moribund and died within
the following 2 weeks. These results were confirmed by Burpess
et al. (unpublished) several years later.

Analyses of the soil treated with the 10-pound dosage showed
that on an average 2.5 pounds of p-dichlorobenzene were lost
during the 5-day treatment. Some of the chemical was in the
plant balls and some was lost by evaporation. It would be possible
Tor a large nursery to have the plunging soil analyzed and then
add suflicient p-dichlorobenzene to restore the original con-
centration rather than discarding the soil after using it once.
{Burgess et al. unpublished)

The reaction of plants to having their soil balls plunged into
p-dichlorobenzene-treated soil for § days was modified by the
species and the condition of the plants. Planls growing vigor-
cusly were more likely to be injured than dormant or semi-
dormant phints. Species with an asterisk (*) in the following
list were severely injured or killed by the treatment.

Jnemone joponice *Hydrangea mocropiylla

Aquitegie chrysanthe Theris amara

Artemisia drocunculus *Ilex opuea

Aster alpinus *Limoniwm latifolim

Astilbe sp. Mugnolia soulangeana

Crumpamile medium Myosotis alpestris
Pachysandra terminalis

*Pripover nudicaule

*Pupuver orientale
Phiox sp.
Rhododendron indicum
Rhododendron obiusiom
Sentolina chamnecyparissus
Sedupt acre
Fupatorium cocicstinim Stokesin laevis

*Fragaria sp. Thymus gerpyilum
Frawkiiniu eigtamaha Yuecinium sp,
Helicnthemum glawcum Vieln sp.

Cernstivm bicbersteinii
Cervtostiguma plumbagineides
Chrysunthemum sp.
Corchorus capsularis
Delphinium grandifiorim
Dianthus caryophytius
gitalis prrpurea

The treatment was authorized in 1935 as a basis for certifica-
tion. It was popular with many of the growers. Middleton and
Cronin (1952) reported that during 1935-50 a total of 692,676
plants, mostly azaleas, had been treated and certified for ship-
ment,
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Inorganic Residual Insecticides
Mixed With Seil

According to Browne (7928), Chinese farmers for many years
applied crude arsenic to soil to destroy earthworms. Hawe (1899)
used arsenious oxide to control wireworms in soil. Jarvis (1916)
used arsenious oxide to control grubs attacking the roots of
sugarcane. There is no record of inorganic residual insecticides
being used in the United States to control soil insects until
Leach (1926) demonstrated that certain inorganic arsenates
mixed with soil killed Popillic grubs.

The grubs were killed when they ingested a rvesidual insecticide
while burrowing through soil or feeding on the roots of plants
growing in this soil. When a grub consumed a lethal dosage of
a poison, it ceased burrowing and feeding, discharged the con-
tents of the alimenfary tract, became flabby, and eventually
died. The acltion of a residual stomach poison in the soil is com-
plex. It is affected by the development, activity, and suscepti-
bility of the grubs, the nature and the concentration of the
poisen, the physical and chemical characteristies of the soil, and
the temperature. (Fleming 1942

In contrast to fumigants that persist for only a short time in
the soil, a residual insecticide may be effective for several years
in killing successive generations of grubs that hatch in the soil.
This {ype of treatment made it possible for large wholesale
nurseries to treat plots of nursery stock en masse, instead of
individnal plants, and to dig and prepare the plants for ship-
ment in the usual manner. As. developed later, however, a per-
sistent insecticide in soil was not always advantageous, partic-
ularly if it affected the soil bacteria, fungi, and other
micro-organisms and the fertility of the soil or if other crops
than ornamentals were to be grown in the soil,

Lead Arsenate

Lead arsenate (PbHAsO,) was the most common insecticide
in the 1920’s for controlling chewing insects on plants, but so
far as can be determined it had not been used prior to 1922
in the Unifed States to control grubs in the soil.

Toxieity to Grubs—In a preliminary experiment in 1922 Leach
(1926) determined that the velocity of poisconing third-instar
grubs at 60" F. inereased with the increment in the quantity of
lead arsenate in the soil as follows:
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Period for
Lead arsengte per 100-percent
acre (pounds) mortelity {days)

500 . - ||
1,800 . . . 18
1,500 . 10
2,000 . 7
3,000 . -

This quick insecticide action, however, was not confirmed by
sitbsequent experiments.

Fleming and Maines {1944«¢, unpublished) found a joint func-
tional relationship between the mortality of the grubs and their
development, the quantity of lead arsenate in the soil, the tem-
perature, and the exposure. In these experiments the arsenical
was thoroughly mixed with moist sifted Sassafras sandy loam at
10.4 to 41.86 grams per cubic foot, which was equivalent to in-
corporating, respectively, 250 to 1,000 pounds of the chemical
with the upper 3 inches of an acre of soil. The relationship
between 100-percent mortality of the grubs and these factors is
presented in table 14.

The velocity of insecticide action was not accelerated signif-
icantly by increasing the guantity of lead arsenate from 1,000
pounds te 1,500 or 2,000 pounds per acre, showing that the
maximum rate of poisoning was reached with 1,000 pounds. The
insecticide action progressed about five times as fast with first-
instar as with third-instar grubs. The rate of poisoning of both
instars at 507 F. was about one-half that at 60° and about one-
fourth that at 80°. The long pericd required for 100-percent
mortality of third-instar grubs below 70° would indicate that
lead arsenate would be only partially effective against third

TABLE 14.—Fffect of temperature, stage of development of Japa-
nese beetle grubs, and dosage on insecticide action of lead
arscnate in Sassafres sandy loam

Period for 100-percent mortality of grubs with

indicated pounds per acre
Temperature

{* F.} First instars Third instars
250 500 1,500 500 750 1,000
Days Days Days Days Days Days
30 . 60 33 . 180
60 45 30 17 160G 136 80
T 30 20 i1 106 81 53

80 23 15 B 80 68 40
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instars in the field. The 1,000 pounds applied in the field on
October 1 killed 98 percent of the third-instar grubs before
pupation in June; the treatment on March 1 killed 87 percent
before pupation. With the warmer soils during the summer
500 pounds applied before the egps hatched killed all the grubs
by September; 250 pounds killed 95 percent of them.

When 500 pounds of lead arsenate were in the soil before the
egps hatched, first-instar grubs died before molting. The average
duration of the first-instar stage is longer than the period re-
quired to kill the grubs. It was 160, 101, 30, and 17 days,
respectively, at 59°, 647, 68°, and 77° F. (Ludwiyg 19280, 1932).
A temperature of 50° is below the threshold for the development
of epgs and grubs (Ludwig 1828¢; Payne 1928). Grubs were
practically inactive below this temperature (Fox 1935; Hawley
1044 ; Ludwipg 19286).

Some third-instar grubs ceased feeding and transformed to
the prepupal stage before ingesting a lethal dosage when less
than 1,000 pounds of lead arsenate per acre was in the soil
(Fleming and Maines 7%44¢, unpublished). The transformation
to the prepupal stage began in 50 days at 80° F., in 67 days at
70°, and in 100 days at 606°. The evidence demonstrated that
elimination of a grub population in the soil can be expected
only when the chemical is in the soil at the time the eggs hatch.

Insecticide Action in Different Sotls—Arable soil is a complex
mixture of rock debris and plant and animal residues. It is formed
in situ from underlying rock or is transported by water, ice, or
wind., A classification of soils similar to that of plants and
animals has been developed by pedologists. Soils essentially alike
in all characteristics, except the texture of the surface horizon,
make up a soil series, which corresponds to the genus of closely
related groups of plants or animals. The texture corresponds to
the species. Each type of soil where soils have been classified
is identified by its series and the texture of the surface layer,
e.g., Sassafras sand, Sossafras sandy loam, and Sassafras loam.

The toxicity of lead arsenate to third-instar grubs differed
greatly in 39 types of soil in Ilinois, Missouri, New Jersey,
North Carolina, Pennsylvania, South Carolina, and Virginia.
Fleming et al. (1936, unpublished) determined the quantity of
lead arsenate per acre required in these soils to produce a toxic-
ity equivalent to that of 1,000 pounds per acre of the freshly
applied chemical in Sassafras sandy loam and the weathering
required for b0-percent loss of toxicity in each soil. These results
are summarized in table 15,




TABLE 15.—Toxicity of lead arsenate to third-instar Japanese beetle grubs in different types of soil

Lead
arsenate
per acre
equivalent

in toxicity
to
standard’

Soil type

Period
for
50-percent
toxicity
loss

Soil type

Lead
arsenate
per acre
equivalent - 50-percent
in toxicity toxicity

to loss
standard *

Period
for

Pounds
450
550
550
600
600
750
750
800
800
800
900
950

1,000
1,000
1,000
1,000
1,000
1,000

Durham sandy loam

Appling sandy loam .
Marlboro sandy loam
Lakewood sand .. _.
Sassafras sand ... .

Cecil sandy loam .. ..
Norfolk sandy loam

Dunellen sandy loam

Helena sandy loam
Lakewood sandy loam

Elkton clay loam .. ... . _. .
Muscatine silt loam .. .. ..
Collington sandy loam ..
Dover: loam ........ ....
Elkton silt loam. ..
Lansdale silt loam

Sassafras sandy loam
Woodstown sandy loam ... ... .
Dutchess shale loam

Clyde loam

Months
12
12
14
35
14

8
22
20
20
24
20
12
20
20
20
24
20
48
24
23

Croton silt loam . .
Ocklockonee sandy loam
Washington loam ..

Manor loam L

Hagerstown silt loam

Bermudian silt loam ..
Shrewsbury sandy loam

Keyport loam .

Conestoga silt loam . S
Wethersfield. gravelly loam

Berks shale loam .

Merrimac sandy loam

Penn shale loam

Chester gravelly loam . .. ... .. ...
Iredell loam _

Memphis silt loam

Georgeville silt loam .. _... .. ... ..
Colts Neck loam

Davidson clay loam .. ... .

Pounds Months
1,100 34
1,100 27
1,100 22
1,200 48
1,250 27
1,300 20
1,300 30
1,350 30
1,400 22
1,400 30
1,450 35
1,500 24
1,500 40
1,550 48
1,650 1
1,650 27
1,700 20
2,000+ 2
2,000+ -7

*Standard = 1,000 pounds per acre of freshly applied lead arsenate in Sassafras sandy loam.
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Lead arsenate became insecticidally inactive more readily in
the heavy soils with a high capacity for converting the chemieal
te an unavailable form than in the light soils with low fixing
power. Only 450 pounds per acre were required in Durham
sandy loam, but more than 2,000 pounds per acre in Colts Neck
loam and Davidson clay loam were needed to obtain an initial
toxicity equivalent to that of 1,000 pounds per acre in Sassafras
sandy loam. The fixation of lead arsenate progressed rapidly
because the chemical was applied to the soils shortly before
introducing the grubs to determine the initial toxicity. The
ingecticide action with the 1,000-pound dosage was faster in the
light than in the heavy soils.

The exposure to weathering required for these soils to lose 50
percent of their initial tfoxicity varied considerably. The average
time was 18, 24, and 29 months, respectively, with 450-800,
900-1,100, and 1,200-1,700 pounds per acre.

It is not practical, however, to conduct bicassays and adjust
the dosage of lead arsenate to obtain the same initial toxicity
in all soils. It is best to apply a dosage that will be effective in
most of the soils, recognizing that in some heavy soils the
treatment might not be completely effective. One thousaud
pounds applied before the eggs hatched killed all first-instar
grubs in all of these spils, except Colts Neck loam and Davidson
clay loam. This dosage was effective for 1 to 4 years in eliminating
first instars in most of the other soils.

Potting Soil—It was the practice in commercial nurseries to
pot vooted cuttings of plants in the spring and place them in
coldframes and beds where the soil was exposed to oviposition
by the adult beetle. Lead arsenate was mixed with friable potting
soil to kill grubs hatching in the soil during the summer. At
60° F. first-instar grubs were killed within 22 days by mixing
2 pounds of lead arsenate with a cubic yard of soil. A dosage of
1.5 pounds was effective within 27 days and 1 pound within 386
days. A 0.5-pound dosage was not completely effective in 45
days.

Mixing 2 pounds of lead arsenate with a cubic yvard of soil
was authorized in 1929 as a basis for certifying these potted
plants. Since eggs could be deposited in the treated soil during
July and August when the soil was above 60° T, the plants could
be certified £+~ shipment 4 weeks after the adult beetles had
disappeared in the area.
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In cooperative studies with commercial nurseries and green-
houses, many plant species were potted with soil containing
2 pounds of lead arsenate. The species with an asterisk (*)
were retarded or killed by the arsenical.  (Fleming 1987)

HERBACEOUS PERENNIALS

dohiliea filipenduline
Achilleq mitlefolinm
Adenophare potaninil
Lethiguema cardifolinm
Alpsswn argenteum
Myssum saxalile
Amsonia tudbernacemontana
Anthenis tinctorie
Artemiste vulgaris
Aster alpinus

*ilster amelius
Aster subeoerutens

*Beflis perennis

*Boltoniy asteroldes
Boltoniv fatisquama

*Campanula lactiflore

*Campanude medivm
Cenlaurce dealbaty
Centanrea montona
Centrunthus ruber

*Cergstinm tomentosiom
Chrysanthemuwm tencanthemun

*Chrysanthemum wliginoswm
Coreopsis laneeolaia
Diunthus barbatus
Dianthus caryophylius
Dinnthus deltaides
Digitalis ambigua
Digitnlis muapureq

“Dracorephalum ruyschionum

*Erigeron speciosus
Eryungium amethystinum
Elrysimum asperum
Eupalorium rugesum

“Fuphorbia pulcherrima
Crailiardic uristata

*Geum chiloense
Cypsophile panicidata
Cypsophila repens

*Helenium hoopesi
* Heliauthe munm wememalarivm
iheris amarn
*Lavandula gfficinglis
Linum pereine
*Lobolia cardinelis
*Lobelic siphilitica
*Lyehnis alping
Lychnis chalcedonicn
Lychuis corenarie
Lychnis flosjovis
Lychnis haageang
Lythrum salicuria
*Myosolis seorploides
Genothera fruticose
Cenothera speciosa
*Papaver nudicanle
*Penstemon digitalis
Penstemon hirsutus
Penstemon torreyi
Physalis alkekengt
*Palemoniwmn pudeherrimum
=Potentilla macnabione
Prunelle grandiflore
*Rosmuarinus gfficinalis
Rudbeckin speciose
Suuenaria ocymoides
Seabiose japonicy
Sidateen malvaeflora
Stachys grandiflora
Stachys lanatn
*Stokesia laevis
Tunica saxifrage
*Valeriana officinalis
Verbascwm olympicnn
Veronica repens
Veronica spicala
*Violy cornuta
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DECIDUOUS PLANTS

Acer pabmatum
Actinidia argute
Avronia arbuiifolia
Baeccharis halimifelio
Berberis thunbergii
Berberis verrucilosa
Cuailicarpa japonica
Caryopteris incuna
Clematis heracleaefolia
Clematis peniculata
Clathre aluifolia
Cornus allernifolic
Clarnus floride

Cornus kousa

Cottnus coggyyric
Eleeaguus multiflora
Elgholtzia stauntoni
Fagus sylvetica
Forsythia infermedia
Forsythin suspensa
Hypericwm frondosim
Hypericum mosericnum
Jusminuem nudiflorum
Lespedeza thunbergit
Ligusirum fucidum
Ligustram ovalifolivn
Lonicera jeponica
Lonteera maackil
Muognolio sieboldil

Magnolia soulangeana
Magunolia tripetala
Magnolia virginiena
Mahoberberis newberti
Nandina domestica

Parthenocissus tricuspidaia

Philadelphus coronarius
Philadelphus lemoinet
Bhus aromatica

Rosa ivichuraiona
Serbaria aitehisoni
Spireea thunbergii
Staphylea colchica
Stephanandra ineisa
Symplocos panicilaia
Syringa chineusis
Syringa persica
Syringa vulgaris
Viburnwm acerifolinm
Vibwrnum cassinoides
Viburnwm dentatum
Viburmum lantena
Vibwrnwon prunifoliem

Vibwrnum rhytidophylium

Viburnum tomentosum
Virburuom trilobum
Weigela florida
Weigela hortensis

EVERGREENS

HAbies concolor

DBurus sempervirens
Chamaecyparis obtusa
Chamuccyparis pisifera
(lotoneaster horizontalis
Cotoneaster microphyila
Daphne cneorum
Fuonymus alaius
Fuonymus bungeanus
Ewonymug fartunei
Euonynmus kieutschovicus
Hedera helix

lexr crenala

itex glabre

Juniperits chinensis
Jungperus communis
Fuaiperns excelsa
Funiperus sabina
Juniperus sphaerica

Lencolhoe calesbael
Pachysandra terminalis
Picea ables

Picea glauca

Pieris japonice
Pyracantha coccinea

Rhododendron mueronatum

Rhododendron obtusum
Bhododendron yedoense
Tarus baceata

Taxus brevifolia
Taxus canadensis
Taxus cuspidata

Taxus medio

Thuja rceidentalis
Thuja orientalis

Thuje plicata

Teuga canadensia
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Unplunted Plots—Plants potted in scil treated with lead
arsenate and plunged in coldframes and beds during the summer
and uninfested perennial and deciduous stock heeled in plots
were not certified unless the coldframes, beds, and plots also
contained no grubs.

In a preliminary experiment in 1922 Leach (1926) mixed lead
arsenate at 1.000 pounds per acre with the upper 4 inches of
soil, covered the plot with a cage, and during July intreduced
beetles periodically into the cage. On Sepiember 1 no grubs were
found in the treated plot, but 475 were found in the untreated
plot.

Reference was made by Howard (1828), Leach (1926), and
Leach et al. (19.24) lto lead arsenate being applied at 1,500
pounds per acre to the soil of coldframes and heeling-in plots
in commercial nurseries during 1923, but information on these
experiments is not now available, Howard (7924} reported that
these experiments had been completed. There was no explanation
for the increase to 1,500 pounds per acre.

Lead arsenate at 1,500 pounds per acre mixed with the upper
3 inches of soil was authorized in 1924 as a basis for certifying
the soil of coldframes and heeling-in plots, but there was no
proviston for analyzing the soil in subsequent years to determine
whether there was sufficient residue to destroy grubs hatching
in the soil during the summer.

It was the practice to apply 1,500 pounds of lead arsenate per
acre annually to the soil of coldframes and heeling-in plots
until 1928 when, apparently at the diseretion of the quarantine
official, the quantity could be reduced to 1,000 pounds per acre
annually Tor soil to which the 1,500 pounds had been applied for
2 successive years. As a result of this practice, some coldframes
and heeling-in plots received 5,000 or more pounds of the chemi-
cal per acre during a d-year period. The situation was not only
cehaotic but wasteful of the chemical and a definite hazard to the
nursery stock.,  (Hadley unpublished)

In 1930 the soil in the treated coldframes and heeling-in plots
was analyzed, using a procedure developed by Koblitsky (1539).
From then until 1941 the soil was continued indefinitely in a
certified status when sufficient lead arsenate was applied an-
nually before the flight of the heetle so that 1,500 pounds per
acre were in the upper 3 inches of soil during the summer. An
appraisal of the situation that year showed that the 1,500-pound
dosage was much higher than needed and not justified by the
experimental data. At that time it was authorized that the soil of
coldframes and heeling-in plots could be continued in a certified
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status without re-treatment when it was determined by analyses
that the upper 3 inches of soil contained at least 1,000 pounds of
lead arsenate per acre.

Planted Plots—In 1929 the 1,500-pound treatment was au-
thorized as a basis for certifying plots of established nursery
stock before digging. It was required that the chemical be
applied over the entire area of a plot and be mixed by cultivation
with the upper 3 inches of soil before August 1 and that a survey
in September demonstrate that no living grubs were in the seoil.
The plants then could be certified for shipment during the fall
and the fellowing spring. A plot could be in a certified status
indefinitely during the fall and spring shipping seasons when
the soil was analyzed each year and sufficient lead arsenate was
applied before August 1 to restore the initial dosage in the upper
3 inches of seil.

The decision to extend the 1,500-pound treatment to include
plots of established nursery stock was apparently based on
the surveys of treated unplanted plots, which showed no surviving
grubs in September, and on the tolerance of many deciduous
and evergreen plants to lead arsenate in potting soil.

Several modifications were made in this authorized treatment.
In 1931 the treatment had to be completed by July 1 instead of
August 1 to have the chemical in the soil while the adult beetle
was on the wing, the annual surveys of treated plots were
eliminated, and the nursery stock could be certified for shipment
en October 1. Later these dates were adjusted according to the
development of the insect in, different parts of the regulated
area. In 1941 the initial application was reduced to 1,100 pounds
per acre, and 1,000 pounds per acre were an acceptable residue
in previously treated plots. In 1942 these dosages were reduced
to 1.000 and 900 pounds, respectively. These changes did not
modify the eftfectiveness of fhe treatment and they reduced the
hazard to the plants.

In cooperative studies with commercial nurseries observations
were made on the reaction of many plant species in plots treated
with 1,500 pounds of lead arsenate per acre. The species with an
asterisk (*) were retarded or were killed by the arsenijeal.
(Fleming 19887}

HERBACEDOUS PERENNIALS

Acanthus mollis Alyssum argenteunt
*iehifloa ptarntice *Alyssum snxatile
Afunge reptans Amsonta labernaemontana
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*4 quilegia chrysantha
Arabis alpine
* drenaria montang
Armeria nseudoarmeric
Aster alpinus
Aster novae-anglice
Aster subcoernleus
* A giithe duvidii
*Baptisic australis
*Bellis perennis
Boltonig latisquama
*Calimeris incise
Callirhoc inveliterata
*Campannie carpatice
Cempanule fatifolin
*Camepenidy medinm
*Campanude persicifolio
*Campanela pyromidalis
Ceniauren dealbuta
Centaurea macrocephala
{'eatawrae monbane
Ceptranthus ruber
Cephalaric tatarice

PSR
e s chairt
ulbrea

ama plumbaginoides

Hemerocallis dumortieri
*Henchero senguinea
Hosta japonica
Hypericwm frondoswim
Hypericun moserionum
Theris sempervirens
Iris germanice
Iris kaempferi
Iris miphitian
Jasprinum nudiflorim
Kniphofic nvaria
*Luvanduloe officinalis
Lespedeza thunbergii
*Limoniuwm latifolivm
Linnm perenne
Lychnis chuleedonica
Lychnis coronaria
Lychnis haageana
Lythrum salicaric
Monarda didyma
*Myosotis scorpioides
Nierembergia rivularis
Oenothera fruticosa
Oenothera speciose
*Opuntie micredasys
*Opuntic vulgaris
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Pachysandra terminalis
* Papaver nudicaule
*Panaver orientale

Peunsiemon barbatus

Chesnttm carinoinm
nbemum lencanthemum
‘o rpsauthennon masimum
Chryse - - woon wliginosion

Coreops  utceolato
Delphiniigz formosum
Dianthus deltoides
*Dicentra formosa
*Digiladis lanate
Feliinacen purpurea
*FEehinops ritro
*Erigeron pulchellus
*rigeron $peciosus
*Eryngium amelthystinom
*Eryngium planum
Euprtorinm rugoswum
Gaillardia aristaic
*(Geumt chiloense
“ryupsephila repeus
*Haliminm hoelimifelivm
*Hebe speciosn
SHelentwn hoopesi
*Heliopsis helionthoides
*Heliopsis scabro

*Penstemon heterophylius
*Pengtemon lnevigatus

Penstemon gvatus
*Penstemon puniceus
*Penstemon smalli

Pholx divaricata

Phlox maculaia

Phiox paniculata

Physalis alkekengi
*Physostegia virginiona

*Palemoniwm pulcherrimum

Polemoniur reptans
*Potenitlla mecnabiana
*Potentilla nepalensis

Pueraria thunbergiana
*Rudbeckia maxima

Rudbeckia nitida

Sulvia azurea

Saponaria ocymoides

Seabiosa caucasiea
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*Seubiose japonicn
*Sedwm spectabile
*Senecio puleher
Sidalece condida
Silene gchafta
*Silphinm perfoliatum
Solidage canadensis
Stuchys grandiflora
Stachys lanato
*Stokesie lneviy
Tanacebwm vulgare

Abeliv grandiflora
HAeer feponicim
Aver padpatim
letinidie urgute
Aronia erbutifolio
Brechariy halimifolin
Berberis pugnepaindi
Barheris ticifolin
Berberts julianae
Berberls sargontiong
Berberis thunbergii

Berberis trigeanthophore

Berberis verruculosa
Boerberis vidgaris
Buddleie davidii
Callirarpo divhotoma
Callicarpe juponicn
Caryopteris incana.
Coreis elinensis
*leviatis herucleaefolin
*Clewatis integrifolia
Clemutis paniculatn
Clethra alnifolia
Cornus albo
Cornus alternifolia
Cornus florida
Cornu; kowusa
Cotinus coggygrin
Dreutzia gracilis
Dewtzia lemoinei
FElaragnies multiflorn
Elsholtzia stauntoni

Erkianthus campanidatus

Erorhordoe racemosa
Fagus sulvatica
Forythia intermedin
Farsythia suspensa

TECH. BUL, 1441, U.S. DEPT. OF AGRICULTURE

Thalictrum glaucumn
*Thymus vulgaris
*Tradescantio virginiona
*Tritonin crocosmaeflore

Tuncia saxifrage

Valerigue officinalis

Veronen maritima
*Feronlea repens
*Veronica spicata

Vinea minor
*Viela cornuie

DECIDUGOUS PLANTS

Hibiscus syriccus
Hydrangea arborescens
*Hydrangea maerophyila
Hydrangea paniculate

Lrix decid
Ligugtrion ncldum
Ligustram ovelifoliwm
Lonivera fragrantissima
Lonicera japonica
Lonicera maackii
Lonicere tatarice
Magnolia kobus
Magnolia siebold!
Magnelin sonlangeana
Magnolia stellnte
Mahonia aquifolinm
Malus floribundae
Malus halliane

Mualus ivensis

Malus scheidecherii
Mualing sieboldii
Nantina domesticn

Parthenocissus tricuspidate

Pliladelphus coronarius
Philedelphns lemoinel
Prunus servalata
Quercus robur

Rhus aromatica

Rosa spp.

Rosa wichureiona
Sorbariu aitchisoni
Spivaca thunbergii
Spiraea vanhoutied
Staphylea colchice
Stepharandra tneisa
Symphoricarpos albus

Symphoricarpes orbicuiatus
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Symplocos ponicuiota
Syringa chinensis
Syringa persice
Springe vulgaris
Tamuwrix pdessene

T iburnim acerifolivm
Viburnunt cossinoides

Abies coneolor

Abieg veitehi
Andromede gloucophylin
Burus sempervireny
(‘edrus aliantica

Cedriy deodara

Chamaeeyparis lawsoniane
(hamacey puris noothatensls

Chamoecyparis oblusa
Chamaecyparis pisifere
Coteneaster gorominalo
Coloneasier acwlifolin
Cotonenster apicilata
Cotoneastor dommeri
Cotoneuster divaricata
Cotoneaster froncheti
("otoncaster horizontalls
Cotoncester hupehensis
Cetoneaster microphylla
Cofoneasfer nifens
Cotoncagtler racemiflorn
Coforneaster rofundifolic
(Cetonenster salicifolin
Cotoneasfer sinonsii
Criplomerie juponica
Duphne cneorwom
Fuonynmus alatus
Fuonymus bungeanus
Enonywins ewropreuns
Enenymus fortunel
Fuonymus japonicus
Fuonygwus kigutschovicus
Hedera helix

flex agquifolium

Iex erenata

Hex globra

Juniperus chinensis
Juniperus contmunis
Juniperus exeelse
Jwniperus horizontalis
Juniperus snkina

Vibuwrnwm dentatum
Viburaon lantana
Viburnum prunifolinm
Viburnwm rhytidophylium
Viburnwm tomentosim
Weigele florida

Weigeln hortensis

EVERCREENS

Juniperus sphaerica

Jitwiperus squantata

Juniperus wirginiana
*Kalniia latifolia

Leucothoe catesbacl

Mahonie aquifolium

Pachysandra terminalis

Phillyree decora

Pieea abies

Picen glauce

Plcea pungens

Plevis flovibunda

Pleris japonica

Pinus densiflora

Pinus mugo

Pinus nigra

Pinus ponderosa

Pinus resinosa

Pinus strobus

Pinus sylvestris

Pinus thunbergii

Pseudotsugo taxifolin

Pyraconthe coceinen
*Rhododendron arborescens
* Riododendron calendulaceumn
*Rhododendron carolinignum
*Riododendron calawbiense
*Rhododendron cancasicum
*Rhododendreon mazimumn
*Rhododendron molle
*Rhododendron mueronatim
*Rhododendron obiuswm
*Rhododendron oceidenlale
*Rhiododendron schlippenbochit
*hododendron sinisii
*Rhododendron vuseytit
*Rhadodendron viscosum,
*Rhodedendron yedoense

Rosmarinus officinalis

Taxus bacealn

145
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Texus brevifolia Thija orientalis
Taxus canedensis Thuja plicate
Taxus cuspidata Thuja standishi
Tdzus media Tsuga canadensis
Thuja eccidentalis Tsuga carvliniagna

During 1929-50 the lead arsenate field treatment was used
extensively in commercial nurseries. Middleton and Cronin {1952}
reported that lead arsenate had been applied to 88,442,721 sguare
feet and that 4,385,425 plants had been certified for shipment.

Nursery Seedbeds—In cooperative studies with the U.S.
Forest Service, Fleming et al. {1937) sowed seeds of coniferous
trees in the soil of nursery seedbeds to which lead arsenate
had been applied at 500 to 1,500 pounds per acre and mixed with
the upper 3 inches of soil. The seed of Thuje plicate did not
germinate in either the treated or unireated soil. Only a few
seeds of Larix occidentalls and Picea glauca germinated. The
germination of the seeds of the other species was adeguate to
determine their reaction to the chemical. The arsenical in the
soil did not reduce significantly the number of seedlings of Pinus
earibueq, P. echinata, P. jeffreyi, P monticola, P. valusiris,
P. resinosu, and P. strobus, but it reduced progressively with the
increment in the dosage the number of seedlings of Picea engel-
mauni, P, pungens, P. rubens, Pinus banksianc, P. ponderosa,
P, laeda, and Pseudotsuga tuxifolia. 4t the end of the growing
season only the seedlings of Picea. rubens and Pseudotsuga taxi-
folic were normal in color and in growth. The other species
were retarded or there was browning of the foliage, which
varied from a browning of the needle tips to complete discolora-
tion.

Cover Crops.—It was the general practice in the more pro-
gressive nurseries to sow one or more cover crops in the field
plots after the nursery stock had been harvested, and sometimes
tover crops were sown between the rows of ornamental plants
to increase the fertility of the soil and to reduce erosion. Rye
and the clovers were the only cover crops that grew well in
soil containing 1,500 pounds of lead arsenate per acre. Oats,
barley, wheat. corn, soyvbeans, and cowpeas sometimes grew
satisfactorily, but they were usually retarded by the arsenical.
The retardation was move pronounced in light sandy soils than
in the heavy clay and silt loams.

Garden Vegetables—Some people grew nursery stock under
costract with the larger nurseries in soil treated with lead ar-
senate, and when the nursery stock was harvested, they grew
vegetables in the soil, a practice that was not encouraged. There
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were also many ingquiries from the public about growing vege-
tables on land to which lead arsenate had been applied several
yvears previously.

McLean et al. (7944) planted the common vegetables in plols
confaining from 250 to 1,000 pounds of lead arsenate per acre
in the upper 4 inches of scil. String beans and pea beans did not
germinate or were killed in the early stages of growth. Ofher
vegetables grew satisfactorily. When the plants were analyzed,
none to a lrace ol arsenious oxide was found in string beans,
a lrace in broceoli, carvots, eggplant, peppers, and tomatoes,
0.10 to 0.16 p.p.m. in beet roots and lettuce, 8.11 to 0.17 p.p.m. in
beet tops, 0.085 to 0.29 p.p.m. in radish roots, and 0.23 to 0.80
. in radish tops.

Fleming et al, (71943} planted the common vegetables in plots
containing from 1,000 to 2,000 pounds of lead arsenate per acre
in the upper 3 inches of soil and from 2,000 to 4,000 pounds of
the chemical in the upper 6 inches. When the chemical was
mixed fo a2 depth of 8 inches, lima beans germinated and died.
The first planting of string beans failed, but a satisfactory stand
was obiained with the second planting. The initial growth of
the vegetables was retarded, but after the roots penetrated below
the poisoned layer of soil, the plants grew normally. The yields
of the vegelables were not reduced except onions. With the 2,000-
pound treatment less than 0.7 p.p.m. of arsenious oxide was
Tound in the edible part of beets, cabbage, corn, cucumbers, egg-
plant, muskmelon, parsnips, peppers, string beans, sweetpota-
toes, tomatoes, and white potatoes: 0.7 to 1.4 p.p.m. in carrots and
onions; and 1.4 to 2.8 p.p.m. in lettuce, radishes, and turnips.

When the arsenical was mixed with the upper 8 inches of soil,
the plants had to draw a large part of their nourishment from
the poisened layer. Lima beans and siving beans did not grow
and furnips did not reach maturity. The yields of cabbage, car-
rots, corn, cucumbers, lettuce, muskmelon, onions, parsnips, pump-
kin, and radishes were reduced, but normal yields were produced
by beets, eggplant, peppers, sweetpotatoes, tomatoes, and white
potatoes. With the 4,000-pound treatment less than 0.7 p.p.m.
of arsenious oxide was found in beeis, cabbage, carrotls, corn,
cucumbers, eggplant, muskmelon, parsnips, peppers, sweetpotatoes
tomatoes, and white potatoes; 2.1 p.p.m. in lettuce; 4.0 p.p.m. in
radishes; and 8.4 p.p.m. in onions, Except when 1,500 pounds of
lead arsenate were applied annually, the quantity of the arsenieal
in the soil rarely exceeded 2,000 pounds per acre.

McLean et al. (7944) concluded that there was no danger
in growing vegetables on soils that had received applications of
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lead arsenate for one purpose or another, because if the arsenic
in a soil was high, the plants did not grow, No tolerance had
been established for arsenic assimulated by crops from the soil,
Since some arsenic was assimulated and the hazard to human
health was unknown, nurserymen and the public were advised
that no vegetables should be gruwn on land treated with lead
arsenate until it was established that such a practice was safe.

Leaching and Fivation in Seil—Since arsenicals peison soil
and impair its fertility, lead arsenate was not popular as a soil
insecticide with the nurserymen, although it was very useful to
them in satisfyving the requirements of the quarantine (Fleming
1957). The problem of arsenic residues in soil, however, was
greater than the use of lead arsenate to eliminate the grubs.
Boswell (1952) pointed out that the greatest accumulation of
arsenic in orchard soils was in the Pacific Northwest where
lead arsenate sprays had been applied annaally to the trees for
several years. A similar situation oceurred in orchards of other
States. Although the accumulation of arsenic in the upper layers
of soil did not seem to be harmful to trees in old orchards,
legume cover crops tended to became progressively poorer, and
toxic symptoms appeared among young trees planted on land
from which old sprayved orchards had been removed.

The toxicity of lead arsenate was modified by the nature
of the soil. Smaller quantities of the arsenjcal were required to
kill grubs in fight sandy soil than in the heavier clay and silt
loams {Fleming et al. 1986, unpublished). Legumes on acid sandy
soils were injured by small guantities of the arsenates, but were
not injured by much larger applications on the heavier clay
soils {Boswell 1852 MeMurtrey and Robinson 1938},

The injurious action of lead arsenate to plants may be attrib-
uted largely to the water-soluble arsenic (arsenic acid) in the
soil. Lead arsenate (PbHAs(,) is relatively stable at pH 2 to
pH 5, but under neutral ané alkaline conditions water-soluble
arsenic is liberated and the arsenate is changed to tri-lead arsen-
ate (Pbi{As0,).) or to lead hydroxy arsenate (Pb, (PbOH) -
{AsQ,).) or (Pbs(PbOH). (As0.).), compounds that are not toxic.
There was, however, no relationship between the total and the
water-soluble arsenic in soils. More water-soluble arsenic was pro-
duced in a sand by 500 pounds of lead arsenate per acre than in a
clay loam by 2,000 pounds ber acre, especially when the clay con-
tained iron. The water-soluble arsenic reacts with the iron to form
insoluble ferric arsenate (FeAs0,), the mineral scorodite.

The active lead arsenate in soil may be lost by the leaching
of the water-soluble arsenic and bv conversion to inactive ar-
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senates. Fleming (1942) determined the total lead arsenate by
chemical analysis and the active lead arsenate by bicassy in the
upper 6 inches of Sassafras sandy loam. Metzger (1933} had
appited the arsenieal fo the seil 3 years previously to prevent
adult beetles emerging during the winter in a greenhouse where
roses were growing. The loss of lead arsenate by leaching and
fixation in an inactive form is summarized in table 16.

During the 8-year period the average loss of the initial appli-
cations was 27 percent by leaching and 26 percent by fixation in
the soil, indicating that several vears wounid be regnired to remove
the active lead arsenate by these natural processes. More loss by
leaching and less by fixation in sands would be expected and less
loss by leaching and more by fixation in heavy soils.

Coated Leud Arsenate—It seemed that the phytotoxic action
of lead arsenate in soil might be overcome by coating the parti-
cles of the arsenical with a nontoxic substance. Moore (7922)
demonstrated that lead arsenate coated with lead oleate or lead
stearate was more palatable fo aduit beefles and more effective
in killing them than the uncoated arsenical.

Vander Meulen (unpublished) coated lead arsenate with var-
ious metallic soaps and with paraffin by dissolving the coating
material in benzene or ethyl alechol, mixing the solution with
lead arsenate, and evaporating the solvent. Paraffin was the
most promising coating because it is practically inert chemically.
The final formulation contained 62.5 percent of lead arsenate
and 37.5 percent of paraffin,

When mixed with soil the parafiin-coated lead arsenate was
equally as toxic to grubs and to plants as the uncoated arsenical
(Leach 1926; Leach et al. 1924). Fleming {1927) found that 40

TABLE 16.—Loss of lead arsenate by leaching and fizxation from
upper G inches of Sassafras sandy loam in greenhouse during
3 years

Quentity Quantity recovered

applied per acre Quantity lost per acre

per acre

{pounds} Total Active Leaching Fixation

LPounds Pounds Pounds Pounds

1,000 800 600 200 200
1,500 1,200 700 300 500
2,600 1,500 '950 500 550
2,500 1,700 1,100 800 600
3,000 2,104 1,350 360 750

! Estimated.
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days after mixing the coated lead arsenate with soil the water-
soluble arsenic in the soil was much higher than had been antic-
ipated. The water-soluble arsenic in the soil with the coated
lead arsenate was almost as much as with the uncoated arsenical,
showing that the paraffin coating was being removed in the soil.

Fleming (1927) found that adding uncoated lead arsenate to
Sassafras sandy loam greatly increased the number of bacteria
but had no effect on the fungi in the soil. The coated arsenical
had no effect on the bacteria but greatly increased the number
of fungi. Paraffin had the same effect as the coated arsenical.
The response of the fungi to the introduction of paraffin and
paraflin-coated lead arsenate into the soil showed that these
micro-organisms were using the paraffin in their metabolism,
Barlier Greaves (1916) had found that arsenic stimulated the
nitrogen-fixing bacteria, and Gainey (1977) had observed that
the disappearance of paraffin in soil was accompanied by an
enormous increase in the fungi.

Accelerating Fization in Soil.—In preliminary experiments Mell
{1941, unpublished) found that the water-soluble arsenic in the
upper 6 inches of soil, containing 2,000, 8,000, and 4,000 peunds
of lead arsenate per acre, was reduced to a low level within 30
days by applying ferrous suifate (FeS0,), limonite (2 Fe.G;8
H.O), or greensand marl (a silicate of iron and potassium}. The
limonite and greensand marl overcame to a large extent the re-
tarded growth of beans by lead arsenate. Ferrous sulfate was
injurious to the plants, but a mixture of ferrous sulfate and
lime was not harmful to them. These experiments, however,
were not sufliciently extensive to establish how much of these
iron compounds was required to fix a given quantity of lead
arsenate in different soils, More extensive experiments were not
conducted,

The experimental evidence in the 1930’s was not sufficient to
recommend these iron compounds to overcome arsenic toxicity
in soil. Deep plowing was the only practical method available to
reduce injury to cover crops by lead arsenate. This operation
buried much of the arsenical and reduced the quantity in the
upper layers of soil. Several years later Bear {1957} recommended
the application of 1 to 2 tons of iron sulfate per acre to overcome
the phytotoxicity of arsenical residues in soil.

Other Inorganic Arsenicals

Arsenates.—In preliminary tests with the inorganic arse-
nates in soil, Leach (1926) found that basic lead, ferrie, and
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magnesinm arsenates were not toxic to third-instar grubs. Tri-
ealcium arsenate seemed to have about the same toxicity as lead
arsenate. Copper and zinc arsendtes were slower in killing than
lead arsenate, The tests were not conclusive because only a small
number of grubs was used in determining their reaction to the
different arsenates,

Fleming (1942) and Fleming and Baker (1986a)} determined
more definitely the reaction of third-instar prubs fo different ar-
senates in Sassafras sandy loam. The guantity of each arsenate
needed to obtain a toxicity equivalent to that of 1,000 pounds of
lead arsenate per acre is as follows:

Pounds per

Arsenat aere reguired
Dicaleium . . 300
Triealeium U S, 550
Magnesium e e e e 600
Manganese e e e 600
Barium .. . el lll_ 750
Zine ... . .. ... .. 750
Ferric - e leeala 975
Aluminum - R 1 11
Bagiclead . .. ... . .. .. _...... 2,000+

The length of the toxic action in soil varied with the different
arsenates. Fifty percent of the initial toxicity was lost in 1 year
by dicaleium and tricalcium arsenates, in 2 years by barium,
ferric, magnesium, manganese, and zinc arsenates, and in 4 years
by aluminum and lead arsenates.

Hydrangea macrophylle was severely injured or killed within
2 weeks after applyving the arsenates of aluminum, barium, di-
caleium, magnesium, manganese, tricaleium, and zince to the soil,
and it was retarded by ferric and lead arsenates. Rye was slightly
retarded by ferric and lead arsenates and was markedly retarded
or killed by the other arsenates. Basic lead arsenate did not injure
Hydrangea macrophylla or rye. Although ferric arsenate and lead
arsenate cannot be used promiscuously to kill grubs, they were
the safest of the arsenates to apply to soil about the roots of
growing plants.

Argentous Owide~—Plerson and Nash (1937) recommended ar-
senicus oxide (As.0;) to control white grubs in the soil of forest
nurseries. Fleming (1942) found that 400 pounds of arsenious
oxide per acre were equally as toxic to Popillie grubs as 1,000
pounds of lead arsenate per acre. It lost 50 percent of its
toxicity in 4 years. However, rye, grasses, and nursery plants




152 TECH. BUL. 1441, U.8. DEPT. OF AGRICULTURE

were intolerant of insecticide concentrations of arsenious oxide
in soil.

Arsenious Sulfide—Arsenious sulfide {As.S.) had the same
toxieity to grubs as arsenious oxide, but its toxicity was reduced
move rapidly in Sassafras sandy loam. It lost 50 pevecent of its
foxicity in 1 year. Arsenious sulfide was very detrimental to the
growth of plants. Rye made only a feeble growth in soil containing
as little as 50 pounds of the sulfide per acre. {Fleming 1542)

Paris Green and Its Homologs.—The homologs of paris green
{copper acetoarsenite) were preparved by Dearborn (1985, 1986} .
Toxicity to the grubs equivalent to that of 1,000 pounds of lead
arsenate per acre was produced by the following pounds of paris
green homologs: Copper olecarsenite 250, paris green 400, copper
stearoarsenite 1,000, copper lauroarsenite 1,300, and copper pal-
mitoarsenite 1,600. All these awsenites were very detrimental to
the growth of vye. (Fleming 1942)

Inorganic Borates

The inorganic borates were only slightly toxic to the grubs, To
obtain toxicity equivalent to that of 1,000 pounds of lead arsenate
per acre in Sassafras sandy loam required the following pounds
of borates: Zinc 2,200, nickel, sodium, and strontium 2,400, mag-
nesium 2,500, calcium 2,800, and lead 3,200. All these borates were
very detrimental to the growth of rye. (Fleming 1942)

Inorganic Fluorides

The inorganic Auorides were only slightly toxic to the grubs.
Toxicity equivalent to that of 1,000 pounds of lead arsenate per
acre was produced by 2,000 pounds of zinc fiuoride. Four thou-
sand pounds of the fluorides of aluminum, barium, calcium, cop-
per, lead, magnesium, or strontium did not raise the toxicity
to this level. Rye grew well in soil containing these fluorides.
{Fleming 1942)

Inorganic Hexafluorosilicates

Preliminary tests by Lipp (1929) and Metzger (1982) indi-
cated that some of the inorganic hexafluorosilicates might be of
value in controlling the grubs in the soil.

A toxicity equivalent to that of 1,000 pounds of lead arsenate
per acre was obtained with the following pounds of hexafluorc-
silicates: Sodiam 750, potassium $00, barium 975, and magnesium
1,250. Two thousand pounds of calcium hexaflizorosilicate did not
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raise the toxicity in the soil to this level. After weathering for
6 months in the soil, the following hexafluorosilicates lost a cer-
tain percent of their toxicity : Sodium 81, potassium 78, barium 65,
and magnesium 55, indicating rapid decomposition in the soil.
At these rates the hexafluorosilicates were not toxic to rye. It
would be necessary to apply them annually in the spring to kill
crubs hatching in the soil during the summer., (Fleming 1942)

Residuatl Chilorinated Hydrocarbon
Insecticides Mixed With Soil

Since 1943 many chlorinated hydrocarbon insecticides have
become available, including DDT. chlordane, toxaphene, aldrin,
dieldrin, endrin, heptachlor, benzene hexachloride, lindane, endo-
sulfan, and methoxychlor. In contrast to the halogenated hydro-
carbons previously available, such as ethylene dibromide, ethylene
dichloride, p-dichlorobenzene, chloropicrin, and methyl bromide,
these newer chlorinated hydrocarbons were less volatile and more
persistent in soil.

DDT

Commercial DDT is dichlorodiphenyl-trichlorcethane. The prin-
cipal constitvent is 1,1.1-trichlovre-2.2-bis(p-chierophenyl)ethane.
[t was the first of the residual chlorinated hydrocarbon insecti-
cides to be tested as a substitute for lead arsenate to control
Japanese beetle grubs.

Toricity to Grubs.—DDT did not inhibit the female beetle in
depositing eggs in soil or prevent the hatching of the eggs, but,
as compared with lead arsenate, only a small quantity of DDT
was needed to kill the grubs. The grubs developed tremors by
contact with DDT or by ingesting soil containing the chemical,
and they lost theiv ability for coordinated movement. With their
uncoordinated convulsive movement the grubs near the soil sur-
{ace often worked their way out of their natural environment and
died on the surface. These dead and dying grubs were not usually
attractive to birds. (Fleming and Maines unpubtished)

Grubs have to come in contact with particles of DDT to be
affected. Third-instar grubs in moist soil were sealed in a fumiga-
tion box containing 22 pounds of DDT per 1,000 cubic feet so
that they were exposed only to the vapor at 80° F. Four weeks
later when the box was opened, there was a pronounced odor of
the chemical, but none of the grubs had any symptoms of poison-
ing. (Fleming and Maines unpublished)
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DDT was much more toxic to the grubs than lead arsenate.
The speed of insecticide action of 5 pounds of DDT per acre
with first-instar grubs was equivalent to that of 500 pounds of
lead arsenate per acre. Ten pounds of DDT per acre had about
the same toxicity to third-instar grubs as 1,000 pounds of lead
arsenate per acre. (Fleming 1948b; Fleming and Maines 1544a,
1944b)

Fleming and Maines (1944b, unpublished) found that the
mortality of the grubs was modified by their age, the quantity
of DDT in the soil, the temperature, and the prolongation of
exposure to the chemical. The days required to kill all first- and
third-instar grubs with different quantities of DDT per acre in
Sassafras sandy loam at 50° to 80° F. are summarized in table 17.
The velocity of insecticide action increased progressively with the
increment in the temperature. The velocity at 60° was twice
that at 50°; at 70° it was tripled and at 80° quadrupled.

Fleming and Maines (19247) collected soils from six physio-
graphic arveas in New Jersey and determined the effect of the
soil origin on the insecticide action of DDT on third-instar
grubs. The Appalachian Mountain soils have been derived by
weathering of gneiss rock, the piedmont plateau soils from
underlying crystalline and sedimentary rocks, and the limestone
valley soils by weathering of limestone. The glacial till soils have
been derived from unstratified till or drift, and the glacial lake
and river terrace soils from stratified glacial deposits. The coastal
plain seils have been developed from unconsolidated sand, gravel,
and clay, which have been transported by water from older
land areas and deposited in part under marine conditions. The
effect of the origin of the soils on the insecticide action is sum-
marized in table 18.

TABLE 17.—Effect of temperature and DDT dosage on length of
exposure required to kill Japanese beetle grubs in Sussafras
sandy loam

Exposure for 100-percent mortality of grubs with

indicated pounds per acre
Temperature P P

{°* ¥ First instars Third instars
2.5 5 10 25 50
Days Days Days Days Days
50 . . . 160 120 76
GO . .. 30 60 38
70 . 58 40 25

B0 28 14 40 30 15
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TABLE 18.—FE ffect of origin, texture, and natural drainege of New
Jersey sotls on insecticide action of DDT on third-instar Jap-
anese beetle grubs

Exp{;sure for 98-percent
mortality at 80° F. with

Soil grigin Soils indicated pounds per acre
10 26 50

Number Days Days Days
Appalachinn Moyntains 2 26 18
Piedmont plateau 5 27 19
Limestone valley 1 25 19
Clneial till . 3 o7 20
Glzeinl lake and river terrace 2 28 20
Couastal plain . . 15 29 19

Texture
Sand . 2 32 20 16
Gravelly and shale loam 4 51 a7 19
Sandy loam ] 81 31 19
Loam 8 53 28 19
Silt leam 5 53 28 20
Natural drainage

Cood . i8 . 25 18
Inadequate . . .10 . 33 21

The soil origin was not an important factor. The velocity of
insecticide action in soils within a physiographic area varied
more than that from different areas.

The texture of the New Jersey soils did modify the speed of
insecticide action, as shown in table 18. The mortality progressed
faster in the sands than in the various loams, but the rates in the
different loams were not significantly different. (Fleming 1950q;
Fleming and Maines 1947, unpublished)

Some of the New Jersey soils have been developed under condi-
tions of good drainage. In these well-aerated soils the oxida-
tion process is not interrupted and leaching and alluviation are
not inhibited. The minerals are in various stages of oxidation,
denitrification is inhibited, and the nitrafes tend fo accurnulate.
Usually these soils contain little organic matter. Other soils
have been developed under conditions of poor or inadequate
drainage. In these soils the oxidation process, leaching, and al-
luviation are depressed and the restricted supply of air favors
the accumulation of orpanic matter and the loss of nitrogen. As
shown in table 18, the insecticide action of DDT was retarded in
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poorly drained and poorly aerated soils. The retardation is
probably associated with the higher content of organic matter
in these soils. The waterlogged condition of these soils during
some parts of the year also inhibits grub activity. (Fleming
and Maines 1947)

New Jersey soils of different series differ in their chemical
composition and absorptive capacity. Fleming and Maines
(1847} and Fleming (1950a) determined the average velocity of
insecticide action of DDT in 21 of these soil series, as shown in
table 19. The speed of the 25-pound dosage in killing third-instar
grubs was modified more by the change in the chemical composi-
tion of the svils than was the 50-pound dosage. The insecticide
action was the most rapid in soils of the Lakewood and Sassafras
series and was the most retarded in the heavier soils of the
Croton, Portsmouth, Woodstown, and Keyport series.

TABLE 1$.—Fffeet of variation in chemical composition o f different
series of New Jersey soils on insecticide action of DDT on
third-instar Japanese beetle grubs

Exposure for 98-percent
mortality at B80° F.

SBoil series with indicated pounds per acre
25 50
Days Days

Lakewood 18 15
Sassufras 18 15
St. Johns 21 ia
Washington . 21 18
Lansdale 23 i7
Colts Neck 24 17
Berks 25 17
Duonellen 25 19
Hagerstown 25 19
Penn . 27 18
Chester 28 19
Gloucester 28 20
Collingten 30 18
Merrimac 31 20
Elkton 31 22
Shrewsbury a2 19
Wethersficld . az 22
Groton 35 24
Portsmouth 35 21
Woodstown . a6 22

Keyport . 37 22
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The quantity of DDT applied to a cultivated plot should be
sufficient to reduce substantially the third-instar grub popula-
tion before pupation and to eliminate several successive genera-
tions of grubs hatching in the soil. The 10-pound dosage was too
slow to be effective in killing the grubs when the {emperature
was as low as 60° F. The velocity of the insecticide action with
25 pounds at this temperature indicated that a large proportion
of the third-instar grubs could be killed before pupation. Eighty
percent of this dosage could be lost or inactivated without re-
ducing its effectiveness in killing grubs hatehing in the soll. The
50-pound dosage was excessive, From these considerations it was
decided to use DDT at 25 pounds per acre mixed with the upper
8 inches of soil for experimentation in field plots of commercial
nurseries.

Pergistence—When 25 pounds of DDT per acre were applied
in the spring as a dust or granular formulation to the surface of
fallow land and left there, the chemical dissipated rapidly. Chemi-
cal analyses and bicassays showed that 16, 28, 40, and 50 percent
of the chemical was lost in 1, 2, 8. and 4 weeks, respectively.

Meming and Maines (1953a) determined the inseclicidally ac-
tive DDT in 84 mineral seils from New England, New York,
(hio, New Jersey, and North Carolina during a 4-year period of
weathering affer mixing 25 pounds of the chemieal with the
soils. Third-instar grubs were used in the bicassays of the soils.
The average active DDT found in soils from these areas is sum-
marized in Ltable 24. At the end of this period the average active
DDT was 16.5 pounds per acve. This persistence of the chemical
in soil is in contrast to that on the soil surface. Less DDT was
lost and inactivated during 4 years in soil than during 4 weeks
on the surface. There seemed to be a frend for active DDT to be

TABLE 20.—Persistence of insceticidally active DDT in soils of
different arens when applied at 25 pounds per acre

Average active DDT per acre

Aren Soils after indicated years
1 2 3 4
Number Pounds Pounds Pounds Pounds
New England 30 24.3 22.0 18.7 14.4
New York 2 24.8 21.8 185 14.0
Ohio 15 24.1 21.4 17.5 14.6
New Jersey 28 24.8 23.9 21.6 18.9
North Carolina 9 24.5 23.6 22.5 21.3

Total or average 84 24.5 22.5 19.8 16.5
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more persistent in the soils of New Jersey and North Carolina
than in the soils of New England, New York, and Ohio.

Other investigators, including Cullinan (1949), Foster (1950,
1951), Foster et al. (1956}, and Smith (1948), found that DDT
persisted for 2 long time in seil.

Fleming and Maines (7553« found that the persistence of in-
secticidally active DDT in the soils of these areas was modified by
their texture. The effect of texture on the persistence of the 25-
pound dosage is summarized in table 21. The half-life of the
treatment, a 50-percent reduction in the insecticidally active
DDT, was more than 8 years in the sands, about 8 years in the
sandy loams, about 6 years in the shale and stony loams, loams,
gilt loams, and probably clay loums, and a little over 1 year in
muck

The soils of the different areas belonged to 67 soil series. As
noted previously, the soils in a series are alike in all characteris-
tics except the texture of the surface layer. Fleming and Maines
{195%a) classified the series according fo the amount of the 25-
pound dosage that was insecticidally active after weathering for
3 years as follows:

Group 1, 90-100 percent.—Caneadea, Cecil, Chester, Chicopee,
Davidson, Dunellen, Durham, Gloucester, Hadley, Hartford, Hel-
ena, Iredell, Lakewood, Mariboro, Merrimac, Newfield, Paines-
ville, Penwood, St. Johns, Sassafras, Whippany, and Wooster.

Group 2, 75-90 percent.—Agawam, Berks, Brookston, Charl-
ton, Collington, Colts Neck, Croton, Dover, Elkton, Georgeville,
Hagerstown, Keyport, Lansdale, Mahoning, Ontario, Penn,
Portsmouth, Shrewsbury, Washington, Wethersfield, and Woods-
town.

Group 8, 50-75 percent.—Appling, Ashe, Bernardston, Berrien,
Bridgehampton, Brookfield, Cheshire, Mentor, Narragansett, On-
dawa, Paxton, Pitisfield, Reynolds, Suffield, Toledo, Wauseon,
Wingdale, and Woodbridge.

Group 4, 25-50 percent.—Chenango, Coloma, Essex, Lerain,
Menlo, and Plymouth.

The average active DDT in each group was determined at in-
tervals and is also summarized in table 21. The half-life of the
25-pound dosage was move than 8, 6, and 4 years in the soils of
group 1, 2, and 3, respectively, and between 2 and 3 years in the
scils of group 4.

Potiing Snil—To facilitate the mixing of small quantities of
DDT with potting soil, the chemical was applied as a dilute dust
or as a dilute emulsion. At 80° F. complete mortality of newly




TABLE 21.—Persistence of insecticidally active DDT in soils of different texture and different series groups

when applied at 25 pounds per acre

Average active DDT per acre

Texture Soils after indicated years
1 2 3 4 6 8
Number  Pounds Pounds Pounds Pounds Pounds Pounds
Sand . I 3 24.8 23.3 22.0 21.0 20.0 18.5
Sandy loam . .. S 317 24.6 22.9 20.4 16.8 14.9 12.0
Shale and gravelly loam 6 24.8 22.3 18.6 14.6 12.0 10.0
Loam 21 24.0 21.9 18.7 14.3 13.5 9.4
Silt loam 12 24.9 23.9 21.1 16.7 11,7 8.5
Clay loam 5 23.4 21.4 187 i e
Muck 1 14.G 9.5 6.0 8.5
Series group

1 27 | 25.0 24.9 24.5 22.4 18.0 132
2 .. R . 30 24.7 23.4 20.7 177 13.1 10.4
3. L - 20 24.1 20.7 16.5 12.6 8.8 6.2
S S 7 22.4 164 8.6 6.3 .. N
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hafched grubs in a sandy loam was not obtained with 2.7 grams
per cubic yard in 2 weeks, but all first instars were killed by 5.4,
10.8, 27, and 54 grams in 5, 4, 3, and 2 days, respectively. Third-
instar grubs were more resistant. To obtain complete mortality
required 50 days with 10.B grams, 28 days with 27 grams, and
19 days with 54 grams. {Fleming 184%q)

There was a close relationship befween the temperature and
the rate of poisoning. To kill third-instar grubs in this scil with
the 27-gram dosage required 28, 42, 56, and 112 days at BO°,
T0%, 60°, and 50° F., respectively. (Fleming 1947a)

The type of soil affected the velocity of poisoning with the
27-gram dosage. To kil all grubs at 80 F. required 20 days
with sands, 81 days with sandy loams, and 28 days with leams.
The addition of organic matter to the soils retarded the insecticide
action. {Fleming 1947a)

Third-instar grubs obtzined a toxic dosage of DDT long before
they died in soil confaining 27 grams of the chemical per cubic
vard. The velocity of poisoning in a sandy loam at 60° F. pro-
gressed at the same rate with grubs left in the so0il for 28 days
as with those left in the soil until all were dead. (Fleming
and Maines unpublished)

DDT mixed with potting soil at 27 grams per cubic yard was
authorized in 1946 as a basis for certifying potting seil. The
soil could be certified in 30 days at temperatures at least 80° F., in
45 days at 70°-79°, in 60 days at 60°-69°, and in 120 days at
507 -59°. The treatment was rarely used below 60°. Later the soil
could be certified after holding for 28 days at not lower than 60°.
Treated potting soil could be in a certified status for 5 years, but
the longevity of the certified period was determined by soil
analysis,

During 1946-50 DDT was applied to 8,765 cubic yards of
potting soil in commercial nurseries {(Middleton and Cronin
1852%,

Planted and Unplanted Plots.——As an inducement to nursery-
men tc cooperate in experiments to determine the effectiveness
of DDT in eliminating grubs in nursery beds and plots, the
Japanese Beetle Laboratory arranged with the then Division of
Japanese Beetle Control (U.S. Dept. Agr.) that consideration
would be given to certifying the plants if surveys in September
demonstrated that no living grubs were in the treated beds
and plots.

In the spring of 1944 DDT was applied st 20, 80, and 50
pounds per acre and mixed by culiivation with the upper 3
inches of seil before planting the plots. A survey of the plots
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was made in September. Two grubs were found in the plot with
200 pounds of DDT, none in the plots with the 30 and 50 pounds,
and 257 in the untreated plot. The plots were prepared for
planting the following spring by disking; ne additional DDT
was applied. In the fall of 1945 no grubs were found in the
treated plots and 30 iu the untreaied plot. {Fleming and
Maines 79.}7; Hadley and Fleming 7945)

In the spring of 1915 and 1916 DDT was applied at 25
pounds per acre and mixed with the upper 3 inches of soil at
several commercial nurseries. It was applied hefore planting and
te plots of estahlished nursery stock. In the surveys in the fall
of 1915 enly one moribund grub was tound in the treated plots
and LA% in the untreated plots. No grubs were found in the
treated plols in the fall of 1946, (Fleming 1247¢; Fleming
and Maines 71957

When DT was applied as a dust or as a spray to the surface
of nursery beds and ploks at 25 pounds per acre and nof mixed
with the upper 3 inches of soil, the grub population was markediy
reduced, but coniplete elimination was not alwavs obtained. A
survey of the plots treafed in this manner at several nurseries
showed a tolal of 38R grubs in the treated and 491 in the
untreated plols in September. This survey emphasized the im-
portance of mixing the DDT with the soil soon after applica-
tien. (Fleming and Mzines 7847)

In more extensive field tests 25 pounds of DDT per acre,
applied and mixed with the upper 8 inches of soil before the
eges hatehed, eliminated by early fall six to eight annual broods
of grubs that hatehed subsequently in the nursery plots.

DDT applied at 25 pounds per acre and mixed by cultivation
with the upper 3 inches of soil was authorized in 1946 as a basis
for certifyving beds and plots of nursery stock hefore digging.
The treatment had to be completed within 14 dayvs after emergence
of the adult beetle at a locality. The plants could be certified 60
days later. This period provided acdeguate time for grubs and
pupae of the previous generation to be killed or emerge and to
eliminate grubs hatching in the soil. A treated plot or Dbed
could be in a certified status for 5 years, but its actual longevity
was determined by analysis of the soil.

During 1946-30 DDT was applied to 63,459,413 square feet
of s0il in nursery beds and plots, and the plants in them were
certified Tor shipment (Middleton and Cronin 7952).

Nursery and (Greenhouse Plants—The preliminary tests with
annual flowers, vegetables, and a few nursery plants showed
that many of the species grew normally in potting seil con-
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taining 27 grams of DDT per cubic yard and in beds containing
25 pounds of the chemical per acre in the upper 8 inches of soil.
Increasing the dosage to 54 grams per cubic yard and to 50
pounds per acre retarded the growth of some species. During
194547 in cooperative studies with 78 nurseries and green-
houses in Connecticut, Maine, Massachusetts, New Jersey, New
York, North Carolina, Ohio, Penusylvania, Rhode Island, and
Vermont, Fleming (7947b, 1948b) conducted tests to determine
the effect of these treatments on nursery and greenhouse plants
under various environmential conditions. Over 500 species of
plants were grown satisfactorily in the DDT-treated soil. The
species grown without apparent injury were as follows !

Abutilon vitifoliton
Aculpphin hispida
Azunthus montanus
Aeer corincewm

Accr palmaium
Achillea filipendulina
Achillea mille folinm
Achitlea ptarmica
Aconitim carmichnelli
Aconitum napellus
Acorug gramineus
Adiantwm pendatum
Hdonis amurensis
Aechonea calyculute
Aechmen coelestis
Avechmen fuscinte
Aechmen fulgens
Aechmen weilbachia
Aeschynanthus pulcher
Ageratum houstonicitum
Aglaonema commuiatum
Agluonema costatum
Aglaonema simplex
Ajuga gencvensis
Ajugu replens
Allumanda eathartica
Alliwm zehoenoprasum
Alseasia cuprea
Alvcasio macrorkiza
Aloeasic sanderiana
Alpinia sanderar
Alsophiia qustralis
Afthaca rosea
Alpssum sareiile
Amemum cardamon

Amsaria teberngemoniana

Angnug comosus
Aunanas porteanus
Aunchuse azurca
Anemone japonice
Anemone pulsaiilla
Anthemis Linetoria
Anthurinm afbum
Anthuritm andracanm
Anthwrium carneim
Anthwrivm erystallinum
Anthuriim ferrierense
Anthurium ornatum
Anthurian schercerianem
Anthurinm seltoum

Anthurium warocyueanum

Aquilegin alping
Aquilegio chrysantha
Aquilegia coerulen
Aquilegia longissima
Aquilegia ruigaris
Arabis elping
Avreucaria rxcelsu
Ardisia erennlata
Aregelin marmorata
Aregelia speetabilis
Aregilio fristis
Arenaria verua
Arindalochia durior
Armerig maritima
Armeria pseadoarneric
Aronia arbutifolia
Artemisia dracuncitlus
Artemisiv lactiflora
Artemisie valgaris
Aruneus sylvester
Asclepias tuberose
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Asperila odorula
Aspidiztra elulivr
Asplenim bulbiferwm
Aspleninm widus
Aster alpinns

Aster dimosus

Hetor novae-angliae
Aster novi-belgit
Aster aubeoerulens
Astor thowsanii
Astilhe astilboides
Astilbe thunbergil
Aubriete defloidea
Duptisia custrelis
Begonie aeonitifolia
Beyoniu coceinra
Begonia comala
Hegonia foliasa
fiegonin fuchsioides
Hegonin glawcophylia
Hegonio huagrana
Regaiu fieracieifolic
Beyonio tmperialls
Bregonia hweuriens
Degonie mocufate
Begopia menicala
Hegonia welallica
Begoniv nitida
Begonia rex enlforim
Degonia scmperflorens
Fegoniy wimifolia
Bellis perennis
Beloperune guttata
Berberis eretica
Berberis monlorensis
Herb: s thunbergii
Berheris verruciulose
Bertolonic pubescens
Bilthergle amocnn
Biltbergia mulans
Eitlhergla pyramidalis
Bitthergia sanderiane
Rillbergle zebrina
Holtoniv latisquuma
Bougatuvitien spectabiiis
RHueugainvilleg trolll
Bovvardia humboldti
Bouvardia hybrido
Drunfelsia fatifolia
Bruwnera mecrophytie
Buddiein davidi
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Buxus bulearica
Buxus sempervirens
{alathea lietzei
Calatheq lindeniana
Calalhea makoyona
Calethea oructa
Calathea vandenheckel
Culathea zebrina
Caleeolaria crenaliflore
Calendule offieinalis
Calluna valgaris
Camelliv japonica
Campanula curpatice
Campanula gargonice
Campanuta medinm
Campanula persicifelic
Campunule poscharskyena
Campende rotundifoliv
Caenna generalis
Cupsicim frufescens
Caryopteris ineana
Cassia martlandica
Calananche caernley
Centawree deulbula
Centaurea mucrocephain
Cenlawrea monfane
Centranthus ruber
Cerastium tomenlasum
Ceratostigma phombaginoides
('ereus cundeluris
Chamaceyparis lowsoniana
Chameaccyparis novliatensis
Chamaccyparis obtusa
Chameeocyparis pisifera
Chelune glabre
Clietone dyoni
Chlorophyiuwm elatuom
Chorizema ilicifolium
Chrysenthenwm amalice
Chorysanthemwn arcticum
Chrpsaathepm cinerarice-
folirem
Chirysarthemum coceineunt
Chrysanthemum maximun
UChrysanthenmum morifoliwm
Chrysanthennon wlighiosnom
Cibotium schicdel
Chaticifuga foctida
Cimicifuga racemosa
(issus diseolor
Cissus rhombifolia
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Cissus sicyoides

Cissus siriaia

Citrus o

Citrus toitensis
Clemulis pandewlate
Clevodendron thomsenae
Codinewm varicgalum
Colews nubrani
Colocesioc ontiguarum
Convalloric majalis
Cordipline terminalis
Coreopals grondifiore
Corcepsis laneesinta
Coreopsis *inelorie
Cornus floride
Cotonecster acutifolio
Cotoncuster horizontalis
Crassila arborescens
Creton punctaius
Cryptantho aeaulis
Cryptonthe benekeri
Cryptantho sonelus
Cryptomeria japonica
Ctenonthe oppenheimiane
Cyrelamen neapolitanm
Cyperus alternifolius
Cypripedium acaule
Cypripedium caleeolus
Cypripedivm reginae
Cyriominm faleutumn
Daphue eneorum
Davallia fijiensis
Davalliv pentaphylia
Delphintum elatiem
Delphinium grandifiorum
Dentzia gracilis
Deutzin scabre
Diunthus barbotus
Dianthus caryophyllus
Dianthus delleidrs
Digwthus latifolius
Dianthus plumarius
Dicentra cuculiaria
Dicentre eximia
Dicontra spectabilis
Dictamnus albuy
Diefenbachia beusei
Diefenbachia imperialis
Divffenbachia picta
Diefferhachiv splendens
Digitalis ambigua
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Digitalis purpurce
Dorgnicum ceucasicim
Darouteum clusi
Dorenicion pardalianches
Drucaena deremensts
Drucaena fragrans
Dracoenae yodseficne
Praceena goldicana
Dracaena gracilis
Dyckia sulphurea
Eehinacea purpurea
Eehinops hwmilis
Echineps vitro
Epimedium alphiinon
Eplnediim macranthuom
Epimedinm pinnatum
Bpisein cupreata,
Eremurus robustuy
Erica carnea

Evrica medilerronea
Erica stricta

Erica tefralix

Erigeron speciosus
Erinus alphous
Erodinm chamaedryoides
Eryngtwm alpinum
Eryngium wmethystinum
Erysimuwm asperum
Fucharis grandiflera
Euoinnus alaius
Euonywus foriunei
Eupatorium coclestinum
Euphorbia epithymneides
Euphorbia pulcherrime
Fatsia japonica

Flieus elasiica.

ficus pumile

Ficus radicans

Flicus rubiginosa
Filipendula hexapetala
Filipeudula purpurea
Filipendula rubra
Fittonia verscheffelt!
Forsylhia intermedia
Forsythia suspensa
Fuchsia mugellanica
Guillardia arisiaie
Gardenia jasminoides
Gentiana acailis
Gentiana andrewsii
Gentiana Hincaris
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Geranium pletypetahem
Geri.. tu SEnguinedm
Geum borisi

Geunt ehiloense

Gillenia trifoliata
CGinkgo biloba
Glebularia cordifolic
Grevillew robusta
Guamonie musaice
Gypsophile paniculuta
Gupsophile repens
Gupsophile viscosa
Hebe Iyalli

Hedern canariensis
Hedera helin

Helenium gutumnale
Helenium tenuifolinm
Helianthemune nummnlarivm
Heliunthus annuus
Heliconia bikai
Helicowia iltusiris
Heliopsis scabra
Heliotropinm arborescens
Helleborus niger
Helxine soleiroli
Henterocnllis fulva
Hemerocallis thunbergii
Hewmigrophts colovata
Hepatica americana
Herniarie glabra
Heuchera lithophila
Heuchera sanguinen
Hibiscus rosa-sheensis
Hoffmannic ghiesbreght!
Hofmannie refulgens
Homalocladiwm platyeladum
Honmuedomena wallisii
Hosta caerwlea

Hosta forlunet

Hosta plantaginea
Hosta wndnlata

Hoya carnoasa
Hydrangea arborescens
Hydrangea macrophylia
Hudrangea naniculata
Hypericum calycinwm
{beris sempervivens

Hex corunta

Hex glabra

Hex opuca

Impatiens sultonii

Iris eristuta

Iris pumila

Izora coccinea

Izore congezta
Jacobinia carnee
Jasminuwm mesnyi
Jasminum officinale
Jasminum sambac
Juniperus clineusis
Juniperus conununis
Juniperns excelse
Juniperus horvizontalis
Juniperus subing
Juniperus scopulorun
Juniperss squamata
Juniperus vi i
Juniperus wallichicna
Kalanchoe blossfeldiana
Kalanchoe globulifera
Kuiphofio wvaria
Laburnum anagyroldes
Lathyrus lntifolins
Loavandule officinalis
Leontopodivm alpinum
Ldatris pycnostachya
Liatris scariosa
Ligularia kaempferi
Lilivm longiflorum
Linwn flavum

Linwm peremie
Lobelia cardinalis
Lobelia siphilitica
Lonicere cenadensis
Lonicera henryt
Lonicere ruprechtiona
Lanicera tatarice
Lychais visecaria
Lysimachio nummularie
Lystmachia punctata
Lythrum salicaria
Magnelia lliflora
Magnolia soulgngeana
Magnoliv stellata
Muahonia aquifolium
Maranta arundinaceae
Maranta bicolor
Marania lewconeurae
Muarcgravia elegans
Matricaria tchihatchewi
Mazus japonicus
Medinille magnifica
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Mentha piperita

Mentho rotundifolia
Mertensia virginica
Mimosa pudica

Monarde didyma
Monarde fistulosa

Monde juponicum
Muchlenbeckia axillaris
Muse nena

Myosotis alpestris
Myoselis seorpioides
Nuomurice gracilis
Neomarice northiona
Nepenthes alrosangieinea
Nepenthes domini
Nepenthes intermedic
Nepenthes williomsi
Nepale mussini
Nephrolepis vaaltala
Nephthytis afzelii
Nidilarium fulgens
Nidwleriem innocentl
Nierembergiv. rivularis
Oenothera fruticosa
Oencthere glauca
Oenothern missouriensis
Cpuntia titio.

Origanum vilgere
Qamanthus fortunel
Osmanthus fragrans
Osmanthus ilicifolius
Pachysandra procumbens
Pachysandra terminalis
Pandanus baptistii
Pandunus senderii
Paundanus veitchii
Pauicum capillare
Papaver orientale
Parthenocissus tricuspidala
Passiflora alatocaerulea
Passifiora quadrangularis
Passgiflore racemosa
Pelargenium domesticum
Palargonium grandifiorum
Pelargonium odoratissimum
Pellagea vividiz

Pellionie daveauana
Pellionie pulchra
Pengtemon barbatus
Peustemon digitalis
Penstemon garrebti
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Penstemon lasvigatuy
Pensgtemon torreyl
Peperemia crussifolin
Peperowmia oblusifolia
Poperomia rotundifolia
Peperomin sandersi
Petrea volubilis
Petunia hybrida

Philodendron acminatissimum

Phitodendron andreanum
Philodendron cordatum
Philodeudron corsivianum
Phifodendron erubescens
Philodendron lucerum
Philodendron mamet
Philodendron sellowm
Philodendron verrucosum
Phlox decussala

Plilox divariceia

Phlox frondosa

Phlox gluberrita

Phloz nivalis

Phiox ovata

Phiozx paniculata

Phiox subulaic

Phyllitis scolopendrium
Physaiis allekengi
Physestegia virgintana
Picea abies

Picea glouca

Pleea pungens

Pleris japouice

Pllee monnularicefolin
Pilea pumila

Pinus mugo

Piper magnifictm

Piper nigrum

Piper ornatun
Platycerium engolense
Platycerium bifurcatum
Platyceriunt grande
Platyeerivm hilli
Plutycerium veitchi
Platycerium willineki
Platyecodon grandiflorum
Plectranthus discolor
Plumbago rosee
Palemeonium puleherrimum
Paolemonium replans
Polygonatum multiflorum
Polypodium aurewn



http:clomcstic!!.1n

PREVENTING JAPANESE

Polypodium subouriculatim

Polyscias balfouriane

Polystichum acrostichoides

Polystichum tsussimense

Potentilla andicola

Potentilla fruticosa

Potentille tridentatn

Potentilie verna

Primule curicule

Primule denticulata

Primude florindue

Prinule juponica

Primule juliav

Primule polyantha

Primute sicboldi

Primula veris

Primula vulgaris

Prius nipponice

Lyucndotsupy taxifolia

Pteris erefice

Pteris ensiformis

Pleris macdtifida

Pteris quadricurita

Pleris tremule

Pulmenaria angustifolic

Pulmonnria sacchareta

Puya elpegtris

Pyracanthe coccinca

Rhapidophyllam hystriz

Rheklophytlune mirebile

Rhododendron calendulacenn

Rhododendron catatbiense

Rhododendron gandnvense

Rhododendron indicion

Rhododendron maximum

Rhodadendron molle

Rhopdodendron obtusum

Rhododepdron ponticum

Rhododendron rutherfordiana

Rhadodendron sanderi

Rhoeo discolor

Rorippe nesturtium-
aqualicumnt

Rosa mulliflora

Rosa adorata

Rosa rugosa

Rosmarinus officinalis

Rubus roflexus

Rudbeckin laciniata

Sapina glabra

Saintpaulia ionantha

BEETLFE DISPERSION

Salntpeulic kewensis

Salvia nemorosa

Salviv officinaiis

Salvia pitcheri

Salvig pratensis

Salvig virgata

Sansevieria zeylonica

Santelina chamaccyparissus

Santeling virens

Sazifraga sarmentose

Scabiosa caucasica

Seabiose fischeri

Schismatoglottis neo-
FUINCCHSS

Seindapsus vwreus

Seindapsus pictus

Scirpus cermtus

Sedum acre

Sedum hybridion

Sedum kamtschaticum,

Sedum reflexum.

Sedwm selghianum

Sedum sieboldi

Sedum specltabila

Sedum spurium

Sedum stoloniferum

Selaginelln caulescens

Selaginelia denticulate

Selaginella cvomelione

Selaginella uncinata

Selaginellia willdenovi

Sempervivum arachuoidenm

Sempervivien arenariwm

Sempervivion ruthenioum

Sempervivum teclorunt

Senecto eruentus

Senecio pulcher

Serissa foetida

Stlene schafta

Sonerila margaritacea

Sparmaniic africana

Spathyphylbuon Reribundwm

Stenanthivm robustum

Stenetaplirum secundatum

Stephanotis floribunda

Stokesiu [aevis

Strelitzia reginae

Syringa valgaris

Tazus bacecala

Taxus brevifolia

Taxus canadensis
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Taxus cugpidela

Taxus hunnewelliona
Taxus media

Tetrasligma voinierianm.
Teucrinum chameedrys
Thelictrion aguilegifolinm
Thalictrion dipterscarpum
Thealiclrien glaweim
Thermopsls careliniana
Thuje occidentalis

Thuje orientalis

Thija plicata

Thynus serpyilum
Thymus velgaris

Tiarella cordifolia
Tibouchina semidecandra
Tilandsiu lindeniana
Tolmiea menziest
Trachelogpernuum jasminoides
Tradescantio fluminensis
Tradescantia fuscala
Tradescantia reginae
Tradeseanlic virghtiana
Trichostivma pernvianen
Trifivm erectum

Tritlium grandifforum
Triliisim sessile

Tritlivne undulatusn
Trolling europaeus
Trollive tedebouri
Tropaeelim majus

Tsuga canudensis

THECH. BUL. 1441, U.S.
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Vaccintum spp.
Valerianc officinalis
Veronica inecana
Veronica futifolia
Veronica maritima
Teronica spicalta
Veronice spuria
Vibvrwon burkwoodii
Vibeernam carlesit
Viburnum dilatatum
Viburnwm opulus
Viburnwm setigerum
Vibwrman tomentosum
Vinee minor

Vicla calcarate
Viele canadensis
Viela cornuta

Viola kitaibeliana
Viela odeorata

Vicla pedata

Viela tricolor

Vitis spp.

Vriesia cardinalis
Vriesin erecia
Vriesia hierglyphica
Vriesie poelmani
Vriesia speciosa
Weigela florida
Xonthosome lindeni
Yucca filamentose
Zebring pendula
Zinnia elegans

The plants grown in DDT-treated soil and certified for ship-
ment totaled 40,975,081 during 1946-50 (Middleton and Cronin
1952).

Soil Improvement Crops.—Nurseries using rye, soybeans, and
corn in rotation with nursery stock to improve the fertility of
their soil had no difficuity in growing these crops on land treated
with DD'T. Fleming and Maines (1952) used rotations of rye, soy-
beans, and corn, soybeans, corn, and rye, and corn, rye, and soy-
beans in studying the effect of DT in the upper 8 inches of soil
on the yields of these crops. DDT was applied at 25 and 60
pounds per acre and mixed by cultivation with the upper 8 inches
of soil by disking before planting. After each crop was harvested,
it was disked into the soil, Bach spring the land was prepared
for planting by disking. The analyses of the soil during the fourth
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yvear showed that practically all the residual DDT was within the
upper 3-ineh layer of soil,

The DDT retarded the early seedling growth of rve, but it had
no effect on the germination and growth of corn and soybeans.
When the yields on the plots with the 25- and 60-pound dosages
were compared with those on untreated plots, the relative average
yields over the d-year period were 8G and 81 percent with rve, 99
and 93 percent with soybeans, and 96 and 101 percent with corn,
respectively. However, the variation ir. the yields on plots receiv-
ing the same treaiment wor surh that the differences in yield be-
fween the treated and unbreated plots were not significant, except
those with rye the first year,

TDE

THE, a byvproduct in the production of DDT, is closely re-
lated fo DDT in chemical structure and in properties. The com-
mercial product iy largely 1,1-dichloro-2,2-bis(p-chlorophenyl)
ethane.

Fleming and Maines (1950q} found that TDE was slightly
less toxic fo grubs than DDT. In laboratory tests with third-
instar grubs, 13 pounds of TDE per acre were required to produce
a toxicity in the soil equivalent to that of 10 pounds of DDT. In
field tesis both chemicals were applied at 25 pounds per
acre in May. TDE reduced the third-instar grub population by 42
to 76 percent betore pupation, and by September it had eliminated
R4 to 89 percent of the grubs hatching in the soil during the
summer. DDT reduced the third-instar grub population by 75 to
78 percent and eliminated 89.4 to 99.8 percent of the first in-
stars. Probably if TDE had been applied at 38 pounds per acre,
the contro! of the grubs would have been eguivalent to that with
the 25 pounds of DDT. Although a potential substitute for DDT,
the possibilities of TDE were not explored further because of
the higher dosage required to control the grubs.

Methoxychlor

Methoxychlor is closely related to DDT in that the two »-
chiorophenyt groups of DDT are replaced by p-methoxypheny!
groups. Technical methoxychior is largely 1,1,1-trichlore-2,2-bis
{p-methoxyphenyl)ethane. Other designations are methoxy
DDT, DMDT, and Marlate.

In laboratory tests with third-instar grubs, 100 pounds of
methoxychlor per acre were required to produce a toxicity in the
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so0il equivalent to that of 10 pounds of DDT. In view of its
relatively low toxicity the possibilities of methoxychlor were not
explored further. (Fleming and Maines 71950b)

Toxaphene

Toxaphene is chlorinated camphene containing 67-69 percent
of chiorine.

Tozicity to Grubs—Toxaphene did not inhibit the hatching
of eggs. A few first-instar grubs transformed into second instars
in soil containing 1.25 pounds of toxaphene per acre, but all
were killed within 2 weeks at 80° F. by a 2.5-pound dosage. A
2.5-pound dosage of DDT killed 99.6 percent of the newly hatched
grubs. (Fleming et al. unpublished)

The relative toxicity of toxaphene and DDT to third-instar
grubs was determined in 71 types of soils occurring in Connecti-
cut, Massachusetts, New Jersey, New York, North Carolina,
Rhode Island, and Virginia. The days required to kill 98 percent
of the grubs at 80" F. with 25 pounds per acre of these chemicals
in these solls grouped according to fexture are summarized in
table 22, Toxaphene tended to be slightly slower than DDT in
killing the grubs, but an analysis of the variance showed that the
differences between the chemicals were not significant. (Fleming
and Maines 7957)

The addition of finely divided peat to Sassafras sandy leam
retarded the insecticide action of the 25-pound dosage of foxa-

TABLE 22. —FEffect of texture of different soils on insecticide action
of toxaphene and DDT on third-instar Japanese beetle grubs

Exposure for 98-percent
mortality at 80° P,
with 26 pounds per acre

Texture Soils of—

Toxaphene Dot

Number Days Days
Sand 3 16 15
Gravelly and shale loam 4 17 i8
Saady loam 29 18 18
Loam 20 19 1B
Silt loam il 14 16
Silty clay loam 2 20 i2
Clay loam i il 11
Muck i 41 30

Total or average i 19 i7
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phene. When third-instar grubs were introduced into the soil-
peal mixtures immediately after applying the chemical, 98-
percent mortality of the grubs was obtained in 7 days at 80° F.
with the soil and 3:1 mixture of soil and peat, in 11 days with
1:1 and 1:3 mixtures, and in 12 days with peat. When grubs
were introduced 9 weeks later, this level of mortality was reached
in 8 days with the soil, 28 days with 3:1 mixture, 24 days with
1:1 mixture, 29 days with 1:3 mixture, and 41 days with peat.
{Fleming and Maines {857)

The temperature of the s¢il also modified the velocity of the
inseclicide action with the 25-pound dosage of toxaphenes In
Sassafras sandy loam. To kill all third-instar grubs with this
dosage required an exposure of 30, 40, 80, and 120 days at 80°,
707, 60°, and 50" F., respectively. (Fleming et al, unpublished)}

In comparative field tests foxaphene and DDT were applied
in May at 25 pounds per acre. Toxaphene reduced the third-
instar grub population by 88—69 percent before pupation and by
September had eliminated 97-98 percent of the grubs hatching in
the soil during the summer. DDT reduced the third-instar
population by 75-78 percent and by September had eliminated 99
percent of the newly hatched grubs. (Fleming and Maines
1951

Pound for pound toxaphene was equivalent to DDT in toxicity
to the grubs.

Persistence.—Toxaphene disappeared rapidly when applied as
a dust at 25 pounds per acre and left on the surface of fallow
ground. Chemical analyses showed that 12, 24, 34, 42, 64, and 92
percent of the chemical were lost in 1, 2, 3, 4, 8, and 16 weeks,
respectively. {(Fleming et al. unpublished}

When foxaphene was mixed with Sassafras sandy loam ab 25
pounds per 3-inch acre and exposed to weathering in the field, the
persistence of this insecticidally active chemical in the soil was
about the same as that of DDT. The bicassays of this soil treated
with toxaphene and with DDT are summarized in fable 23. Affer
weathering for 7 vears 58 percent of the toxaphene and 54 per-
cent of the DDT were insecticidaliy active. The residues of both
chemicals at that time were more than needed to eliminate
grubs hatching in the seil.  {Fleming et al. unpublished)

Potiing Soil.——Al the newly hatched Japanese beetle grubs
were not killed by mixing 1.4 grams of toxaphene with a cubic
vard of potting soil, but none of them survived when the dosage
was increased to 2.7 grams per cubic vard. (Fleming et al.
unpublizshed)
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TABLE 23.—Persistence of insecticidally active toraphene and DDT
in Sassafras sandy loam when applied at 25 pounds per aere

! Aetive insecticide per acre
Wenthering —_
{years} Toxaphene DpT

Pounds Pounds
23.5 23.5
22.0 220
20.5 20.0
18.0 i85
17.5 17.0
16.0 18.5
14.5 13.5

Third-instar grubs were killed within 28 days at 80° F. by
mixing 27 grams of toxaphene with a ecubic vard of soil. The
exposure had to be prolonged for 42 days at 70°, 56 days at 60°,
and 112 days at 50 before all the grubs were dead at these
tempervatures. However, the grubs obtained a toxic dosage long
before they were all dead. The velocity of poisening at 60°
progressed at the same rate with grubs left in the soil for 28 days
as with those left in the soil until all of them were dead. {Flem-
ing and Maines unpublished)

Toxaphene mixed with potting soil at 27 grams per cubic
vard was authorized in 1953 as a basis for certification. The soil
could be certified in 30 days at temperatures at least 80° F., in
45 days at T0 -79°, in 60 days at 60°-69°, and in 120 days at
H0°-59°. Later the soil could be certified after hoiding for 28
days at not tower than 60 .

There is no record of toxaphene being used for the freatment
of potting soil In commercial nurseries. When toxaphene was
authorized, DDT had been used for several vears for treating
the soil and there was no advantage in substituting toxaphene
for DDT.

Planted and Unplanted Plots——In experimental plots toxaphene
had been shown to be eguivalent to DDT in eliminating grubs
hatching in the soil during the summer. The application of 25
pounds of toxaphene per acre, mixed by cultivation with the upper
3 inches of soil, was authorized tentatively in 1958 with the under-
standing that consideration would be given to certifying the
plants if surveys in September demonstrated that no living grubs
were in the soil. Tt was not possible to arrange with commercial
nurseries to apply toxaphene to planted or unplanted plots be-
cause they did not want to assume the potential risk that the
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plots would not be certified in the fall. This attitude was under-
standable because the nurseries had been using DDT with satis-
Tactory results Tor several vears.

Nursery und Greenhounse Plois—In preliminary tests of the
tolerance of plants to toxaphene in soil, Fleming and Maines
(7951, unpublished) found that braceoli, cabbage, celery, corn,
ererplant, kale, lettuce, penpers, radishes, squash, string beans,
tomatoes, and turaips were not aflected by toxaphene applied at
27 grams per cubie yard of seil or 25 pounds per acre, but beets
and cucumbers were retarded in growth. Aslers, poppies, and
snapdragons also Lolerated the chemical in the soil.

The reaction of nursery and greenhouse plants to toxaphene in
the soil was nol determined because of lhe iack of interest by
the growers. However, & small-scale test with several varieties of
azaleas indicated that these plants were not allected by toxaphene
at B0 pounds per acre.

Chlordane

Pure chlordane s 1,2,4.5,6,7.8,8-vctachloro-2,3,3a,4,7 Ta-hexa-
hiydro-l,7-methanoindene. There are at least cight possible stere-
olsomers, Technical chlordane {8 & complex mixtare containing
G {0 Th pereent of alpha and befn chiordane and several associ-
ated compounels resulting Trom the manufacturing process. All
the ingredients of technical chlordune are considered to be
insecticidally aclive.

One of the principal producers reporled that technical chlor-
danes wilh the same chiorine content may differ widely in in-
secticide properties, and lechnical chlordanes differing greatly
in chlorine content may have similar insecticide properties, This
producer bhicassaved cach bateh of techmnical chlordane, using
cryvsialline alpha ehlordane as a standard and the house fly
(Musenw domestien L) as the tesl insect. The marketed product
hiud aloxieity index of not less than 150,

Fleming and AMaines {unpublished), using third-instar grubs
as test inseets and evystalline afpha chliordane as the standard,
determined the relative toxicity of techmical chlordanes with
the manufacturer’s indices between 130-145 and 175-190. With
1he toxicity of a/pha chlordane rated as 100, the relative toxicity
to the grubs of the first group of technical chlordanes ranged
from 34 to 132 and that of the second group from 54 to 112, Therve
was no correlation between (e manufacturer’s toxicity indices
and the loxicity of the iechnical chlordanes to the grubs. Thetre
wag, however, a high negalive correlation between the chlorine
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content of the techunical chlordanes and their toxicity. The average
relative grub toxicity ranged from 122 with chlordanes con-
taining 61-62 percent of chlorine to 11 with those containing
64-65 percent of chlorine.

This situation was disturbing because it indicated that chlor-
dane formulations available on the market could differ greatly
in their toxicity to the grubs. Tests were made with formulations
obtained from several processors who used technical chlordane
made by the two principal producers. These tests showed that the
chlordane formulations on the market did not differ significantly
in their toxicily to the grubs,  (Fleming 1958}

Toxieity to Grubs—Chlordane did not inhibit the female
beetle from depositing eggs in the soil or prevent their hatehing.
It was more foxic to the grubs than DDT. Newly hatched grubs
in Sassafras sandy loam were killed in 14 days by 0.4 pound of
chlordane and 3 poonds of DDT per acre at 80 F. Under these
conditions 3 pounds of chlordane and 50 pounds of DDT killed
thivd-instar grabs in 19 davs. Chlordane was 18 fo 14 times as
toxic s DT to the grubs. {(Fleming and Maines unpublished)

The mortality of the grubs was modified by their age, the
quantity ol chlordane in the soil, the temperature, and the dura-
tion of the exposure, as shown in tauble 2.i. The velgeity of in-
secticide action at 60 F. was twice that at BO7; at 70° it was
tripled and at 8¢ guadrupled. The poisoning of first-instar grubs
was not accelerated by increasing the dosage from 0.4 to 1 pound
per acre; the poisoning of third-instar grubs was not accelerated
significantly by increasing the dosage from 5 to 10 pounds per
acre. The maximum rate of poisoning of fivst- and third-instar
grubs was obtained with 0.1 and 5 pounds per acre, respectively.
(Fleming and Maines unpublished)

TaBLE 2L —EHReet of temperature and ehlordane dasuge on length
uf eopusire regrived to K Japanese beetle #rubs in Sassafros
sandy lovm

Exposure for 100-pereent mortality with indicated
Ot 5 y N
Temperaturs s nds _r?f‘_l,ac“

[ quﬂ:mrs “'1‘1111'(1 instars
IS 1 1 2 5 10
Days Days Days Days Duys Days
al 18] a2
[HU 56 42 28 26
i 14 3] 19 18

] 14

14 28 n 14 13
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Fleming (1248q) and Fleming and Maines {unpublished) col-
lected soils Trom six phy<iographic areas in Connecticut, Mas-
sachusetts, New Jersey, and New York and determined the effect
of the nrigin ol the soils on the insecticide action of chlordane
on third-instar grubg. The eflect of the ovigin and the natural
drainage of these soils on the insecticide aclion is summarized in
table 25. The origin of the soil was not important in modifying
the effectiveness of chiordane. The variations in insecticide ac-
lign in soils within the physiographic areas were as great as the
differences befween the areas, The insecticide action tended to be
slower in the inadeguately drained soils than in the well-drained,
adoguately aerated soils,

The eflect of goil texiure on the rate of insecticide action of
L0 pounds of chlordane was determined with 84 soils occurring
in New Englund, New Jersey, New York, North Carelina, Ohioe,
and Virginia. The days required {o kill 98 percent of the third-
instar grubs at 8 Foin soils of different texture are summarized
in fable 26. The inseclicide action progressed faster in the sands
thun in the various loams, but the rates in gravetly and shale
foamet, sandy loams, loams, it loams, and clay loams were not
significantly different. The insecticide action was slower in muck
than in the mineral seils, However, a difference of only 3 days for

TaBLE 25.—Effeet of soil origin and natural drainage on insec-
Hieide aetion of elidordune ou third-tnstar Japaiiese beetle grubs

Exposure for 98-
pereent mortality
at 80° 1. with

i Natural indicated pounds
Soil ovigin drainage Soils per acre
5 iy
Number Deys Bays
Appdachiny Mountains Good 2 10 9
Headmont plateau do 4 9 9
Intperfect t 20 14
Limestone valtley {iood 1 14 8
(laeind il do 8 11 12
tmperfect 2 15 14
M 1
Cilacia® lake ard river tevraee Giaod ¥ i1 10
Emperfect 1 ] i1
- " o
Cuastal plain Good ‘ . e |
9 ]

fmprriect g
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TABLE 26.—F'ffect of soils of different texture on insecticide aetion
of 10 pounds of chlordane per acre on third-inster Japanese
beetle grubs

Exposure for 98-

Texture Soils percent mortality
at 80° I,
Number Days
Sand 4 8
Gravelly and shale loam 5 0
Sandy loam 37 10
Loum 20 10
Silt loam 12 9
Clay  loam 5 10
Muck i 11

the mortality to reach 98 percent in the sands and the muck
showed that the texture of the soil was only of minor importance.
(Fleming 1948¢; Fleming and Maines unpublished)

Persistence—When 10 pounds of chlordane per acre were
applied in the spring as a dust or granular formulation to the
surface of fallow land and left there, the chemical dissipated
rapidly. Chemical analyses and bioassays showed that 46, 60, 73,
and 84 percent of the chemical were lost in 1, 2, 8, and 4 weeks,
gespectively. (Fleming et al. unpublished)

Fleming and Maines (unpublished) mixed chlordane with
Sassafras sandy loam, exposed the soil to weathering, and
periodically determined the active chlordane in the soil by bio-
assay. The duration of ihe effectiveness of 1 to 10 pounds of the
chemical per acre was considered to be the number of months
elapsing before the active residue decreased to 0.4 pound per acre,
the dosage needed to kill newly hatched grubs. The longevity of
eflectiveness of 1, 2, 5, and 10 pounds was 12, 24, 42, and 60
months, respectively, This persistence of the 10 pounds in soil
is in contrast to the rapid disappeavrance of the chemical from
the surface of soil. The dosage of chlordane applied is dependent
on the period of effectiveness required. The 10-pound dosage of
chlordane was selected for nursery treatments because its longev-
ity of effectiveness approached that with lead arsenate and
DDT.

The effect of the area where 83 mineral soils occur on the
persistence of 10 pounds of chlordane is summarized in table 27.
At the end of the first year of weathering the active residual
chlordane varied from 4.2 pounds in Ohio soils to 7 pounds per
acre in North Carclina soils. As the weathering was prolonged
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ABLE 27.—Persisience of insecticidally active ehlordane in soils of
different arcas and different textures when applied at 10 pounds
per acre

Average active chlordane per acre
after indicated yoars

Area Soils
1 2 3 4

T Number Pozmdz; Poundg Foiuds Pounds
Ohio 15 4.2 20 1.1 0.6
New England 30 5.1 2.5 1.1 ¥
New York 2 T4 24 i .5
New Jersey 28 6.5 3.4 14 b
North Carolina 8 70 an I q
Tolrl or average 88 56 27 1.3 5
Toxture ' o o
Sand, shale, and gravelly loam 9 6.1 3 1.5 0.7
Sandy loam 38 5.0 3.1 1.3 .5
Loam 19 8.1 a5 i1 5
Sl loam 12 B.& 2.5 1.0 A
Cilay lorm 5 4.5 24 1.3 b

.3

Ruek 1 1.5

the differences Decame progressively less until after 4 years
about the same amount of active chlordane was present in all of
them. The active chiordane at that time was approaching the
minimum needed to kill grubs hatching in the soils.  (Pleming
and Maines 1834

Fleming and Maines (7953} found that the persistence of
insecticidaily active chlordane in the soils of these areas was
modified by the soil texture. The effect of texture on the persist-
ence of the 10-pound dosage is also summarized in table 27.
The half-life of the treatment, a reduction of 50 percent in the
insecticidally active chlordane, oceurred in less than 1 vear in the
clay loams and in muck, and in a litlle over 1 vear in the sands,
gravelly and shale loams, sandy loams, loams, and silt loams. The
minimum dosage to kil newly hatched grubs was reached in the
muck in less than 2 vears. This minimum was approached in the
other seils in about 4 years.

Paotting Soil~To facilitate the mixing of small quantities of
chlordane with potting soit the chemical was applied as a dilute
dust or as a dilule emulsion. A dosage of 11.2 grams of chlordane
per cubie yard of soil killed all third-instar grubs within 13, 18,
26, and 52 days at R0, 707, 80, and 50° F., respectively. Later
the velocity of poisoning at 60° progressed as rapidly with grubs
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removed from the treated soil in 14 days as with grubs left in the
soil for 26 days.  (Fleming and Maines unpublished)

The treatment of poiting soil with chlordane at 11.2 grams
per cubie yard was authorized in 1948, The soil could be certified
in 14 days at temperatures at least 80 F.,, 21 days at 70°-79°,
28 days at 60°-69°, and 56 days at 50°-58-. The treatment was
rarely used beiow 60-. Later the soil could be certified after hold-
ing for 14 days at not lower than 60°. The treated soil could be
in a certified status for 4 years, but the longevity of the certified
period was determined by analysis of the soil,

Planted and Unplunted Plofs.—By 1948 most of the commer-
cial nurseries were applying DDT te beds and plots to obtain
certification. To acquire information on the effectiveness of chlor-
dane in eliminating newly hatched grubs, the Japanese Beetle
Laboratory arranged with the then Division of Japanese Beetle
Control (U8, Dept. Agr.} that if chlordane was substituted for
DDT in the treatment of some plots, consideration would be
given to the certifying of the chlordane-treated plots provided in
Seplember no living grubs were found in the soil. The nurseries
agreed to this arrangement and substituted chlordane in the
treatment of 12 plots with an area of about 5 acres.

Chlordane was applied at 10 pounds per acre and mixed by
cultivation with the upper 3 inches of scil. The chemical was
applied during April, May, and July. The third-instar grubs in
the plots treated in April were practically eliminated by the
time of pupation. No living grubs were found in any of the treated
plols in September. This treatment eliminated three or four
annual broods that hatched subsequently in the treated plots.
{Fleming 79 :8u; Fleming and Maines unpublished}

Chlordane at 10 pounds per acre was authorized in 1948 for
the cerlification of nursery beds and plots both planted and
unplanted. The initial application had to be completed at the
time the exgs began to hatch, approximately 14 days after emer-
gence of the beetle. Mixing the chemical with the upper 8 inches
of soil had to be completed within 24 hours after applyving it.
A plot could be certified 60 days after the eggs began to hatch.
It couldd be in a certified status for 8 or 4 yvears, but the longevity
of certification was determined by analysis of the soil.

Some nursery crops would be harvested within 1 o1 2 years
after the application of chlordane, The 10-pound treatment usually
provided a lenger period of certification than was needed for
these erops. It wus authorized in 1960 that a plot coald be in a
certified status for at least 1 year by applving 5 pounds and for
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at least 2 years by applying 7 pounds of chlordane per acre,
except 10 pounds were required when the soil was high in organic
matter.

During 1949 and 1950 chlordane largely replaced DDT for the
treatment of nursery pilots. Middleton and Cronin (1852) re-
ported that during 1948-50 chlordane had beeen applied to
6,619,966 squuare feet of cultivated plots in commercial nurseries.

Nursery and Greenkouse Plants.—In a preliminary test with
annual and perennial flowers, 224 grams of chlordane per cubic
yard of potting soil, double the guantity needed to kill third-
instar grubs, did not affect the germination and growth of
Althaea rosea, Aster novee-ungline, Culenduln officinalis, Cen-
tenrew eyunus, Chrysanthemum carinatum, C. coccinewm, Cos-
mos  bipinnatus, Gaillardic aristeta, Tberis odorate, Lathyrus
odoratus, Portulaca grandiflora, Seabiose sp., Tropaeolum MOFUS,
Verbena sp, Viola tricolor, and Zinnia elegans. Dianthus del-
toides was retarded by 22.4 grams but was not affected by 112
grams of chlovdane. Antirmhinwem majus and Papaver orientale
were vetarded by 5.6 grams.  (Fleming 1948a)

In preliminary tests in commercial greenhouses Cyclamen sp.,
Pteris tremule, Rhododendron indicum, and R. obtusum grew
normally in soif containing 11.2 grams of chlordane per cubic vard.
After the itreatment was authorized, many other plants were
grown satisfactorily in the treated soil, but the records on the
species freated are not now available. {Fleming 1948a)

In the large-seale field test in 1948 in commercial nurseries
over 28,000 evergreens, including Buaus sempervirens, Chamae-
eyparis lawsoniana, C. nootkatensis, C. obtusa, C. pisifere, Juni-
nevus communis, Khododendron indicum, R. obtusum, Tazus cus-
pidata, T. hunnewelliona, Thuje occidentalis, and T. orientalis,
grew normally in plots treated with 10 pounds of chlordane per
acre (Fleming 1948e). After the treatment wasg authorized, many
species were grown in treated plots in commercial nurseries.
Information on the species treated is not now available.

During 1948-50, 720,833 plants grown in chlordane-treated
soil were certified for shipment (Middleton and Cronin 18582},

Soil  Improvement Crops.—Nuiseries using rye, soybeans,
and corn in rotation with nursery stock to improve the fertility
of their soil had no difficul’y in growing these crops on land
treated with chlordane. Fleming and Maines (1952) used rota-
tions of rye, soybeans, and corn, sovbeans, corn, and rye, and
corn, rye, and soykeans in a study on the effect of chlordane in the
upper 3 inches of soil on the vields of these crops. Chiordane
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was appiied at 11 and 19 pounds per acre and mixed by cultiva-
tion swith the upper 3 inches of soil before planting. After each
crop was harvested, it was disked into the soil. Each spring the
land was prepared for planting by disking. The analyses of the
soil during the fourth vear showed that practically all the residual
chlordane was within the upper 3-inch layer of soil.

When the yields on the plots with the 11- and 19-pound dosages
were compared with those on untreated plots, the relative average
vields over the 4-year period were 98 and 96 percent with rye,
100 and 107 percent with soybeans, and 96 and 98 percent with
corn, respectively. The differences in the yields were not signifi-
cant.

Aldrin

Technical aldrin contains not less than 95 percent of 1,2,3,4,
10,10-hexachloro-1,4,44,5,8,8a-hexahydro-1,4-endo-exo-5,8,-dimeth-
anonaphthalene. Other designations that have been used are com-
pound 118, Qctalene, and HHDN.

Towicity to Grubs—Aldrin was more toxic to the grubs than
chlordane. Newly hatched grubs did not survive for 2 weeks at
80° F. in Sassafras sandy loam containing 0.07 pound of aldrin
per acre. A few grubs completed their development fo the second
instav in loam with the 0.04-pound dosage. A 0.4-pound dosage of
chiordane was required to eliminate first-instar grubs. The toxic-
ity of 3 pounds of aldrin per acre was equivalent to that of 10
peunds of chiordane to third-instar grubs. (Fleming et al. un-
published)

The insecticide action of aldrin in Sassafras sandy loam was
modified more by the temperature than by the dosage, as shown
in table 28. The velocity of poisoning at 60° F. was twice that at
p0°; at 707 it was tripled and at 80° quadrupled. The speed of
action on the first-instar grubs was not enhanced by inereasing
the dosage from 0.07 to 0.15 pound per acre. The 6-pound dosage
was only slightly faster than the 8 pounds in killing third-
instar grubs; the 9-pound dosage was no faster than 6 pounds.
{(Fieming et al. unpublished)

Fleming and Maines (unpublished) determined the effect of
soil texture on the velocity of poisoning third-instar grubs by
the 3-pound dosage in 29 soils occurring in New England, New
Yorlk, North Cavelina, and Ohio. The results are summarized
in table 28. The gruobs were killed faster in the gravelly loams
than in the other loams, The insecticide action was slowest in the
elay loams.
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TABLE 2RB.-—Effect of temperature and aldrin dosage on length of
exposure required to kill Jupanese beetle grubs in Sassafras
sandy lowm

Exposure for 100-pevcent mortality of grubs

T N with Indicated pounds per acre
emperaiure

{" F.} First instars Third instars

.07 0.13 3 6 9

Days Days Days Days Days
58 5%
a8 26 26
21 18
iq 14 i4 13

Persistence.—When 3 pounds of aldrin per acre were applied
in the spring as a dust or granular formulation to the
surface of fallow land and left there, the chemical dissipated
very rapidly. Chemical analysis and bicassays showed that 76
percent of the chemical was lost in 1 week, 93 percent in 2
weeks, 96 percent in 8 weeks, and practically all of it was gone
in 4 weeks. {Fleming et al. unpublished)

Fleming and Maines {unpublished) mixed aldrin with 29 min-
eral soils and a muck at 3 pounds per acre, exposed the soils to
weathering, and periodically determined the active residual al-
drin by bioassay. The persistence of aldrin in these soils is sum-
nmavized in table 30. The residue approached the minimum needed
to kill newly haiched grubs in 4 years in the gravelly loams,
sandy toams, loams, silt loams, and clay loams and in 2 years in
muck,

Potting Soil.—To facilitate the mixing of small quantities of
aldrin with potting soil, the chemical was applied as a dilute dust

TABLE 29, —Efect of sotls of different texture on inseeticide action
of & pounds of aldrin per acre on third-instar Japanese beetle
griebs

. Exposure for 98-percent
Texture Scils mortality at 80° F,

Number Days
Gravelly loam . 2 i1
Sandy loam 14 12
Loam . . 8 13
Silt loam 2 13
Ciay loam . 3 i5
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TABLE 30.—Persistence of insecticidally active aldrin in soils o f
diff erent texture when applied at 8 pounds per acre

Average active aldrin
per acre afier indieated
Texture years

1 2 3 4

Number  Pounds Pounds Pounds Pounds
Gravelly Ipam 4 1.9 .5 0.2 4.1
Sandy loam 14 1.7 . 4 2
Loam 8 1.2 . 2 i
Silt loam 2 B . 4 2
Clay loam 3 1.1 2 1
Muek 1 2

or as a dilute emulsion. A dosage of 8.4 grams of aldrin per
cubic yard of soil kitled all third-instar grubs within 14 days at
30° F., 21 days at 707, 28 days at 60°, and 56 days at 50° {Fleming
and Maines unpublished). Later it was found that the velocity of
poisoning at 60° progressed as rapidly with grubs removed
from the treated soil in 7 days as with grubs left in the soil for
28 days,

The treatment of potting soil with aldrin at 3.4 grams per
cubic yard was authorized in 1958. The soil could be certified in
14 days at tempervatures at least 80° F., in 21 days at 70°-79°,
28 days at 60°-69°, and 56 days at 50°-59°. Later the soil could
be certified after holding for 14 days at not lower than 60°. The
treated soil could be in a certified status for 4 years, but the
tongevity of the certified period was determined by analysis of the
soil.

Planted and Unplunted Plots—Commereial nurseries were
not interested in large-scale tests to demonstrate the effectiveness
of aldrin in eliminating grubs hatching in plots during the
summer because both DDT and chlordane were authorized and
were being used as a basis for certification, They did not want
to assume the risk with ancther chlorinated hydrocarbon of not
having their plots certified in the fall. It was necessary there-
fore to conduct the tests in 4.-acve unplanted experimental plots.

When aldrin was applied in September at 3 pounds per acre
and mixed by cultivation with the upper 3 inches of soil, the
third-instar grubs were reduced by 67 to 86 percent within 4
weeks and were eliminated before pupation in the spring. The
application of the chemical in April practically eliminated the




PREVENTING JATANESE BRETLY DISPERSION 188

third-instar grubs before pupation. Both the fall and the spring
applications eliminated by September three annual broods that
hatched subsequently in the treated soil. The effectiveness of the
treatments on the fourth annual brood was not determined.
(Fleming and Maines unpublished)

Aldrin at 3 pounds per acre was authorized in 1953 for cer-
tifying planted and unplanted nursery beds and plots. The
initial application had to be completed when the eggs began to
hatch, about 14 days after emergence of the beetle. Mixing the
chemical with the upper 8 inches of soil had to be completed
within 24 hours after applying it. A plot could be certified 60
days after the eggs began to hateh, It could be in a certified status
for 3 vears, but the longevity of certification was detarmined by
unalysis of the soil.

Some nursery cvops would be harvested within 1 or 2 years
after applying aldrin. It was authorized in 1960 that a plot
could be certified for 1 year by applying 1.5 pounds of aldrin per
acre and for 2 years by applying 2 pounds, except 8 pounds were
required when the soil was high in organic matter.

Nuwrsery and Greenhouse Plants—In a preliminary test aldrin
at 6.7 grams per cubic yard of potting soil, double the gquantity
needed to kill third-instar grubs, did not affect the germination
and growth of Calendule officinalis, Centaurea cyanus, Chrysan-
themum corinatum, Dienthus sp., Ipomoe purpuree, Lathyrus
odorutus, Papaver orientale, and Zinnia elegans, but it retarded
the growth of Alfheen rosee and Verbena sp. The 3.4-gram dos-
age was tolerated by Verbena but not by Althaec rosec. (Flem-
ing and Maines 719530)

Only limited tests were made in commercial nurseries because
of lack of interest by the growers in using the chemical. Pelar-
gontim sp. was not injured when potted in soil containing 10.2
grams of aldrin per cubic yard. Over 4,500 azaleas, including
17 varieties of Rhododendiron indicum and R. obtusum, grew
normally in beds treated with aldrin at 8 pounds per acre. {Flem-
ing and Maines unpublished)

Soi Improvenient Crops.—Some nurseries used rye, soybeans,
and corn in rotation with nursery stock to improve the fertility
of their soil. Fleming and Maines {(unpublished) used rotations of
rye, soybeans, and corn, soybeans, corn, and rye, and corn, rye,
and soybeans in a study to determine the effect of 3 pounds of
aldrin per acre in the upper 8 inches of soil on the yields of these
crops. Over a 3-year peried the yields of these crops were slightly
less on the treated plots than on the untreated. The relative
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average yields on the treated plots over this period were 91
percent with rye, 93 percent with soybeans, and 98 percent with
corn.

Dieldrin

Technical dieldrin contains not less than 85 percent of 1,2,3,4,-
10, 10-hexachloro-6, 7-epoxy-1,4,4a,5,6,7,8, 8a-octahydro-1, 4-endo-
exo-5,8-dimethanonaphthalene. Other designations are Octalox,
compound 497, and HEQOD.

Toxicily to Grubs—Dieldrin was less toxic than aldrin and
more toxic than chlordane to newly hatched grubs. A dosage of
0.07 pound of aldrin per acre killed all the first-instar grubs, but
0.3 pound of dieldrin and 0.4 pound of chlordane were required
to kill them. However, 8 pounds of dieldrin per acre were needed
to kill third-instar grubs. (Fleming et al. unpublished)

The velocity of the insecticide action of 3 pounds of dieldrin on
third-instar grubs in Sassafras sandy loam was modified by the
temperature in the saume manner as were the rates of poisoning by
lead arsenate, DDT, toxapheue, chlordane, and aldrin. To. kill all
third-instav grubs with this dosage requived 14 days at 80° F,
21 days at 70°, 28 days at 60°, and 56 days at 50°. (Fleming
and Maines unpublished)

Fleming and Maines (unpublished) determined the effect of
soil texture on the velocity of poisoning third-instar grubs by
the 3-pound dosage in 29 soils oceurring in New Ensgland, New
York, North Carolina, and Ohio. As shown in table 81, the
insecticide action progressed at about the same rate in the grav-
elly loams, sandy loams, loams, and silt loams, but it was slower in
the clay loarmns.

TABLE 31.—FEffect of sotls of different texture on insecticide action
of & pounds of dieldrin per were on third-instar Jupanese beetle
giihs

Exposure for
Texture Soils 98-percent
mortality at B0®° P\

Number Days
Gravelly loam 2 12
Sundy leam o 14 12
Loam 8 12
Silt loam 2 11
Clay loam . 3 15
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Persistence.—When 3 pounds of dieldrin per acre were applied
in the spring as a duast or granular formulation to the surface
of faliow land and left there, it was more persistent than chlor-
dane or aldrin and had about the same persistency as DDT and
toxaphene. Chemical analysis and biocassays showed that 17 per-
cent of the chemical was lost in 1 week, 30 percent in 2 weeks,
37 percent in 8 weeks, and 40 percent in 4 weeks. (Fleming ef al.
unpublished)

Fleming and Maines (unpublished) mixed dieldrin with Sassa-
fras sundy loam at 8 peunds per acre, exposed the soil to weather-
ing in the field, and periodically determined the active residue in
the soii. It was found that 2.6 pounds of active dieldrin remained
after 1 year, 2.2 pounds after 2 years, 1.9 pounds after 8 years,
1.6 pounds after 4 years, 1.4 pounds atter 5§ vears, and 1.2 pounds
after G years. The half-life of the chemical in this soil was about
4L4 years., After weathering for 6 years four times as much
dieldrin was in the soil as was needed to kill newly hatched prubs.

The persistence of the 3-pound dosage was aiso determined in
29 other soils during a 4-year period of weathering. These results
are summarized in table 82, The persistence of active dieldrin in
these soils was much like that in Sassafras sandy loam. The
texture of the soil was not important in modifying the longevity
of the chemical,

Potting Soil—A dosage of 3.4 grams of dieldrin per cubic
yard of potting soil killed all third-instar grubs within 14 days at
80" F., 21 days at 70°, 28 days at 60°, and 56 days at 50°. Later it
was found that the velocity of poisoning at 60° progressed as
rapidly with grubs removed from the treated soil in 7 days as
with grubs left in the soil for 28 days. (Fleming and Maines
unptblished)

TABLE B2.—Persistence of insceticidally active dieldrin in. soils of
different texture when applied of 2 pounds per acre

Average sctive dieldrin per

Texture Soils aere after indicated vears
1 2 2 4
Number  Pounds Pounds Pounds Pounds
Gravelly loam 2 2.5 2.0 1.4 0.8
Sandy loam 14 2.5 25 2.0 15
Loam 8 2.3 2.2 2.0 1.5
Silt loam 2 2.6 2.6 21 1.6

Clay loam 3 1.9 1.9 1.6 i1
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The treatment of potting soil with dieldrin at 3.4 grams per
cubic yard was authorized in 1958. The soil could be certified in
14 days at temperatures at least 80° F., in 21 days at 70°-79°,
28 days al 60°-69°, and 56 days at 50°-59°. Later the soil could
be certified after holding for 14 days at not lower than 60°. The
treated socil could be in a certified status for 5 years, but the
longevity of the certified period was determined by analysis of
the soil.

Planted and Unplanted Plots.—Commercial nurseries were not
interested in large-scale fests to demonstrate the effectiveness
of dieldrin in eliminating grubs hatching in plots during the
summer because both DDT and chlordane were authorized and
were being used as a basis for certification. The nurseries did not
want to assume the risk with another chiorinated hydrocarbon
of not having their plots certified in the fall. It was necessary
therefore to conduct the tests in !4-acre unplanted experimental
plots.

When dieldrin was applied in September at 3 pounds per acre
and mixed by cultivation with the upper 8 inches of soil, the
third-instar grubs were reduced by 72 to 89 percent within 4
weeks and were eliminated before pupation in the spring. When
applied before the eggs hatched, dieldrin eliminated by September
five annual broods of grubs that hatched subsequently in the soil.
{Fleming and Maines unpublished)

Dieldrvin at 3 pounds per acre was authorized in 1953 for
certifying planted and unplanted nursery beds and plots. The
initial application had to be completed when the eggs began to
hatch, about 14 days after emergence of the beetle. Mixing the
chemical with the upper 8 inches of soil had t¢ be completed with-
in 24 hours after applying it. A plet could be certified 60 days
afler the eggs began to hateh. It could be in a certified status for
& years, but the longevity of certification was determined by
analysis of the soil.

Most nursery crops would be harvested in less than 5 vears
after applying dieldrin to the soil. In 1960 a plot could be certified
far 3 years by applying 1.5 pounds of dieldrin and for 4 years
by applying 2 pounds per acre, except 3 pounds were required
when the soil was high in organic matter.

Nursery and Greenhouse Plants.—In a preliminary test diel-
drin at 6.7 grams per cubic yard of potting soil, double the quan-
tity needed to kill third-instar grubs, did not affect the germina-
tion and growth of Aster movac-anglice, Calendula officinalis,
Chrysanthemum carinatum, Ipomoeca purpurea, Lathyrus odora-
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tns, Papaver orientale, and Zinnig elegans, but it retarded the
growth of Alihaen rosee, Dianthus sp., and Verbena sp. The 3.4-
gram dosage was folerated by all these species. (Fleming and
Maines 1953b)

Only limited tests were made in commercial nurseries because
of lack of interest by the growers in using the chemical. Pelar-
gonium sp. grew normeally in potting soil containing 106.2 grams
of dieldrin per cubic yard. Over 4,500 azaleas, including 17
varieties of Rhododendron indiecwm and R. obtusum, grew normally
in beds treated with dieldrin at 8 pounds per acre. (Fleming
and Maines unpublished)

Sail Improvement Crops.—Some nurseries used rye, soybeans,
and corn in rotation with nursery stock to improve the fertility
of their soil. Fleming and Maines (unpublished), using rotations
of rye, soybeans, and corn, soybeans, corn, and rye, and corn, rye,
angd soybeuns, found that 8 pounds of dieldrin per acre in the
upper 3 inches of soil did not modify significantly the yields of
these crops. When the yields on the treated plots were compared
with those on untreated plots, the relative average yields on the
treated plots over a 3-year period were 99 percent with rye, 100
percent with soybeans, and 96 percent with corn.

Heptachlor

Heptachlor is largely 1,4,5,6,7,8,8-heptachioro-32,4,7,7a-tetra-
hydro-4,7-methanoindene.

Toxicity to Grubs.—Ileptachlor was of the same toxicity to
newly hatched grubs as aldrin. A dosage of 0.07 pound per acre
of either chemical killed all first-instar grubs. Heptachlor was
more toxic than aldrin to third-instar grubs; 2 pounds of hepta-
chlor per acre were equivalent in toxicity to 3 pounds of aldrin.
{Fleming et al. unpublished)

The temperature modified the velocity of the insecticide action
of 2 pounds of heptachlor on third-instar grubs. All third instars
were killed by this dosage in 14 days at 80° K., in 21 days at 70°,
28 days at 607, and 56 days at 50°. (Fleming and Maines un-
published)

The wvelocity of poisoning third-instar grubs by 2 pounds of
heptachlor was not modified significantly by the texture of 19
soils occurring in New Jersey. The insecticide action progressed
at about the same rate in sands, gravelly and shale loams, sandy
loams, lpams, and silt loams. (Fleming and Maines unpublished)

Persistence—When 3 pounds of heptachlor per acre were ap-
plied in the spring as a dust or granular formulation to the sur-
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face of fallow land and left there, the chemical dissipated almost
as fast as aldrin. Chemical analysis and bioassays showed that
63 percent of the heptachlor was lost in 1 week, 73 percent in 2
weeks, 86 percent in 3 weeks, and 98 percent in 4 weeks. {Flem-
ing et al. unpublished)

Fleming and Maines {unpublished} mixed heptachior with 19
mineral soils from New Jersey and with a muck, exposed the
soils to weathering, and periodically determined the active resid-
ual heptachlor by bioassay. The persistence of heptachlor in the
mineral soils——sands, gravelly and shale loams, sandy loams,
loams, and silt loams—and in muck is summarized in table 33.
Information is not given for each type of mineral soil because
the texture was not important in the longevity of the chemieal in
the soil. The 2 pounds of heptachlor per acre approached the
minimum needed to kill newly hatched grubs in 2 years in the
mineral seils and in about 1 year in the muck. The longevity of
the effectiveness of 3 pounds was about 4 years in the mineral
soils and about 2 years in the muck.

Potting Soil—Third-instar grubs in potting soil were killed
within 14 days at 80" F. by mixing 3.4 grams of heptachlor
with each cubic yard of soil. It required 21 days at 70°, 28 days
at 607, and 56 days at 50° to kill all the grubs. Later it was found
that the velocity of poisoning at 60 progressed as rapidly with
grubs removed from the treated soil in 7 days as witn grubs left
in the soil for 28 days. (Fleming and Maines unpublished)

The treatment of potting soil with heptachlor at 3.4 grams per
cubic yard wus authorized jn 1953. The soil could be certified in
14 days at temperatures at least 80° F., in 21 days at 70°-79°,
28 days at 60°-69°, and in 56 days at 50°-59". Later the soil
could be certified after holding for 14 days at not lower than 60°.
The treated soil could be in a certified status for 4 years, but the

CABLE 33.—Pergistence of insecticidally active heptachlor in
mineral soils end in muck

Average active heptachlor

Soils Chemieal per acre after indicated years
per acre T 5 3 ry
T o Pounds Pounds Pounds Pounds Pounds
Mineral I. 2 0.8 0.3
3 b .3 0.2 0.1
2 06

Muck : ; 12 08
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longevity of the certified period was determined by analysis of
the soil.

Planted and Unplanted Plots—When heptachlor was applied
late in May at 2 and 38 pounds per acre and mixed by culiivation
with the upper 3 inches of soil, the chemical had little effect on
the third-instar grubs before pupation. The Z-pound dosage was
effective in eliminating two annual broods that hatched sub-
sequently in the freated seil, and 3 pounds were effective in
eliminating three annual broods. Commercial nurseries were not
interested in large-scale lests fo demonstrate the effectiveness
of heptactlor in eliminating grubs hatching in plots during the
summer because both DDT and chlordane were authorized and
were being used as a basis {or certification. They did not want to
assume the risk with another chlorinated hydrocarbon of not
having their plots certified in the fall. (Fleming and Maines
unpublished)

Heptlachlor at 3 pounds per acre was authorized in 1958 for
certifving planted and unplanted nursery beds and plots. The
initial application had to be completed when the _ggs bepan to
hateh, approximately 14 days after emergence of the beetle.
Mixing the chemical with the upper 3 inches of soil had to be
completed within 24 hours after applying it. A plot could be certi-
fiedd B0 days after the eggs began to hateh. It could be in a certified
status for 8 yvears, but the longevity of certification was deter-
mined by analysis of the soil,

Some nursery c¢rops would be harvested within 1 or 2 years
after applying heptachlor. In 1960 a plot could be certified for 1
yvear by applyving 1.5 pounds of heptachlor and for 2 years by
applying 2 pounds per acre, except 3 pounds were required when
the soll was high in organic matter.

Nursery and Greenliouse Plants.—In a preliminary test Flem-
ing and Maines {78530) used the common garden vegetables to
determine their reaction to heptachlor in soil. Heptachlor at 4
pounds per acre did not modify significantly the germination
and growth of beets, broccoli, cabbage, carrots, corn, cucumbers,
epgplant, lettuce, lima beans, peppers, radishes, soybeans, spin-
ach, squash, tomatoes, turnips, and watermelon. The B8-pound
dosage retarded the growth of corn, soybeans, and watermelon,
but it did not affect the growth of the other vegetables.

Only limited tests were made in commercial nurseries because
of lack of interest by the growers in using the chemical. Thirty-
one varieties of azaleas, including those of Rhodedendron in-
dicum, R, obtusum, and R. rutherfordiang, grew normally in
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potting soil containing 8.4 grams of heptachlor per cubic yard
and in beds treated with the chemical at 3 pounds per acre.
(Fleming and Maines unpublished)

Endrin

Technical endrin is largely 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,-
4,4a,5,6,7,8,8a-octahydro-1,4-endo-endo-5,8-dimethanonaphthalene,

Toxicity to Grubs.—Endrin was equivalent to chlordane in
toxicity to newly hatched grubs. The mortality was 31 perecent
with 0.1 pound of the chemical per acre, 83 percent with 0.2
pound, and 100 percent with 0.4 pound. Tt was equivalent to
heptachlor in foxicity to third-instar grubs; 2 pounds per acre
of bolh chemicals killed all the third instars. (Fleming et al.
unpublished)

The velocity of the insecticide action of 2 pounds of endrin on
third-instar grubs was modified by the temperature of the soil.
Fifty percent of the grubs were killed in 4 days at 80° F., 9 days
at 60 , and 22 days at 50, {Fleming and Maines unpublished)

Persistence—Fleming and Maines (unpublished) mixed endrin
with Sassafras sandy loam at 2 pounds per acre, exposed the =oil
lo weathering in the field, and periodically determined the active
residue in the soil. After an exposure of 15 months 1.9 pounds of
active endrin remained in the soil, indicating that endrin had
about the same persistence in soil as DDT, toxaphene, and diel-
drin.

Nursery and Greenhouse Plants—In a preliminary test endrin
at 4 pounds per acre, double the quantity needed to kill third-
instar grubs, did not affect the germination and growth of Aster
novae-ungliae, Chrysanthenmum carinatum, Ipomoew purpurea,
Lathprus odoratus, Papaver, orientale, Verbena sp., and Zinnia
clegans, but it rvetarded the growth of Centaurea cyanus, Dign-
thus chinensis, and Seabiose sp. Most of the vegetables grew
normally with the d-pound dosage. (Fleming and Maines 1953b)

The reaction of nursery and greenhouse plants to endrin in the
soil was not determined because endrin seemed to be only a
potential substitute for dieldrin as a soil insecticide. The chem-
icals are very closely related and have many common characteris-
ties. A substitute for dieldrin was not needed in the certification
program.
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Isodrin

Technical isodrin is largely 1,2.3,4,10,10-hexachloro-1,4,4a,5,8,-
Sa-hexahydro-1,4-endo-endo-5,8-dimethanonaphthalene, It is close-
Iy related to aldrin.

Toxicity fo Grubs.—Isodrin was very toxic to grubs. A dosage
of 0.015 pound of isodrin per acre killed 68 percent of the newly
hatched grubs and 0.03 pound killed all of them. A 0.3-pouud
dosage of isodrin was equivalent in toxicity to 8 pounds of aldrin
to third-instar grrubs.  (Fleming et al. unpublished)

The velocity of insecticide action of isodrin was modified by
the temperature. Fifty percent of the third-instar grubs were
killed by 0.15 pound in 5 days at 80° F., 10 days at 60°, and
20 days at 50, and by 0.3 pound in 4 days at 80°, 8 days at 66°,
and 16 days at 50°, (Fleming and Maines unpublished)

Nursery and Greenhouse Plants.—Preliminary phytotoxicity
tests were made with only some of the garden fiowers. The 0.6-
pound deosage did not aftect the germination or growth of Althaea
rosea, Aster novae-anglice, Calendula officinalis, Centaurea cy-
anus, Chrysanthemum carinatum, Dienthus chinensis, Ipomoea
purpuren, Lathyrus odoratus, Papaver »rientale, Verbena sp., and
Zinnia elegans, but it retarded the growth of Scabiose sp. The
growth of Scebiosn was normal with the 0.3-pound dosage.
(Fleming and Maines 19535)

Experiments with isodrin were discontinued when the chem-
ical was withdrawn from the market by the producer.

Benzene Hexachloride

Benzene hexachloride is a mixture of several isomers of 1,2,3,
4,5,6-hexachlorocyclohexane. Other designations for the insecti-
cide are BHC' and Gammexane. An analysis by infrared spec-
troscopy of the material used in this investigation showed that
it contained 25.5 percent of the alpha isomer, 3.8 percent of the
betn, 33.2 percent of the gamma, 20.7 percent of the deltu, 5.5
Percent of the epsilon, 2.0 percent of other isomers, and 9.3 per-
cent of other compounds.

It was the general practice among entomologists to base the
dosage of henzene hexachloride on the percentage of the gamma
isomer in the insecticide. In this investigation the dosage was
based on the insecticide rather than on one of its components.

Toxicity to Grubs.—The toxicity of benzene hexachloride to
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newly hatched grubs was not determined. A dosage of 4.5 pounds
of benzene hexachloride per acre was equivalent in toxicity to
third-instar grubs to 25 pounds of DDT. When freshly applied to
Sassafras sandy loam, 1.5 pounds of benzene hexachloride killed
all third-instar grubs in 4 weeks at 80° F. A 3-pound dosage
was effective in 8 weeks and 7.5 pounds in 2 weeks. Inecreasing
the dosage to 15 pounds did not accelerate significantly the in-
secticide action. (Fleming and Maines unpublished)

As shown in table 34, the speed of killing third-instar prubs
with benzene hexachloride was only retarded slightly by reducing
the temperature frem 80 F. to 60°, but it was greatly retarded
by reducing it to 50°. The velocity of poisoning was adegquatle only
when the tempercziure was not lower than 60°. (Fleming and
Maines unpublished)

Persistence.—Fleming and Maines (unpublished) mixed ben-
zene hexachloride with Sassafras sandy loam, exposed the soil to
weathering in the field, and periodically determined the quantity
of the active residual chemical by bicassay. A dosage of 1.5
pounds per acre disappeared in about 8 weeks. The 3 pounds were
reduced to 1.5 pounds in 8 weeks and only a trace remained after
42 weeks. After weatherMg for 52 weeks, the 7.5 pounds were
reduced to about 8 pounds per acre and the 15 pounds to about 7.5
pounds. To be eflective in killing grubs in the soil for more than
1 year, an application of about 7.5 pounds of benzene hexachlo-
ride per acre was reguired.

Nursery und Greenhouse Plants.—In a preliminary test with
garden flowers, 7.5 pounds of benzene hexachloride per aere re-

TABLE 34.—FEffect of temperature und benzene hexachloride
dosage on length of exposure requirved fo Iill third-instar Jap-
ancse beetle grubs in Sassafras sandy loam

Exposure for 98-percent mortality

Temperature with indicated pounds per acre
(- F 3 1.5 15
Days Days Days
50 93 + 75 49
G0 23 16 16
70 20 12 12

B0 . 20 12 11
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tavded the growth of Althaeq roseq, Calendula officinalis, Gal-
lardic aristete, Stubiosw sp., Tagdtes evecta, Tropueolum magus,
and Zinnia elegans. In commercial nurseries this dosage retarded
the growth of Hydrangew puniculata, Rhododendron obtuswm,
and Vitissp. {(Fleming and Maines unpublished)

Lindane

Lindane contains more than 99 percent of the gammia isomer of
1,2,3,4,5,6-hexachlorocyclohexane.

Toxicity to Grubs~—Newly hatched grubs in Sassafras sandy
loam were killed in 14 days by 0.8 pound of lindane per acre at
80° F. Third-instar grubs were killed in 21 days by 4 pounds and
in 14 days by 10 pounds. {Fleming and Maines unpublished)

Lindane was about three-fourths as toxic to third-instar grubs
in Sassafras sandy loam as benzene hexachloride. Four pounds
of lindane and 3 pounds of benzene hexachloride per acre were
required to kill third-instar grubs in 21 days at 80° F. and 10
and 7.5 pounds, respectively, to kill them in 14 days at this
temperature. These data indicated that other isomers than the
gamma had a role in the insecticide action of benzene hexa-
cloride. This chemical had about one-half the toxicity of chior-
dane. As shown in table 24, 2 pounds of chlordane killed third-
instar grubs in 21 days and 5 pounds in 14 days.

When the temperature of the soil was rednced from 80° F. o
60°, 28 days were required to obtain 100-percent mortality of
third-instar grubs with 10 pounds of lindane. {(Fleming and
Maines unpublished)

Persistence~—The persistence of lindane in the soil was not
determined, but it iz probably similar to that of benzene hexa-
chlovide. It would be expected that several years would elapse be-
tore the 10-pound dosage was reduced to 0.8 pound of active lin-
dane per acre, the dosage to eliminate newly hatched grubs.

Plants—Fleming and Maines (1958b) used common garden
vegetables in preliminary tests to determine the reactions of
plants to lindane in the soil. Eight pounds of lindane per acre,
the highest dosage tested, did not modify significantiy the germi-
nation and growth of beets, broccoli, cabbage, carrots, cucambers,
lettuce, lima beans, radishes, squash, two varieties of tomatoes,
turnips, and watermelon, but it reduced the growth of corn, egg-
piant, peppers, soybeans, and one variety of tomatoes. The growth
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of Rhododendron obtuswm was not affected by 10 pounds of lin-
dane.

The possibilities of treating nursery stock with lindane were
not explored further.

Kepone

Kepone is lavgely decachlovooctahydro-1,3,4-methano-2H-cyclo-
butaled] pentalen-2-one.

In ecomparative tests with third-instar grubs in Sassafras sandy
loam at 80° F., the toxicity of 10 pounds of Kepone per acre
was equivalent to that of 5 pounds of chlordane (Fleming and
Maines unpublished).

Endosulfan

Endosulfan is 6,7,8,9,10,10-hexachloro-1.5,5a,6,9,%a-hexahydre-
8,9-methane-2,4,3-benzodioxathiepin 3-oxic .. It is also known as
Thiodan.

The toxicity of 8.5 pounds of endosulfan per acre to third-instar
grubs in Sassafras sandy loam at 80° F. was equivalent fo that of
5 pounds of chlordane {Fleming and Maines unpublished).

Fleming and Maines (unpublished) mixed endosulfan with
Sassafras sandy loam, exposed the soil to weathering in the
field, and periodically determined the active chemical in the soil
by bioassay. Three months after applying endosulfan to the plois,
3.8 pounds per acre remained of the 3.5 pounds and 5.3 of the 7.4
pounds. Five months later only a tru.ce remained of the 3.5 pounds
per acre and 0.08 of the 7.4 pounds. (Fleming and Maines un-
published} These resuits indicated that endosulfan was of little
value as & residual insecticide against the grubs.

Tzsobenzan

Iscbenzan is 1,3,4,5,6,7,8,8-cctachloro-1,3,3a,4,7,7a-hexahydro-
4 7-methanoisobenzofuran.

Iscbenzan was very toxic to third-instar grubs in Sassafras
sandy loam at 80° F. A dosage of 0.3 pound per acre killed all the
grubs in 14 days. This dosage was equivalent in toxicity to 3
pounds of aldrin per acre. Experimentation was discontinued
when the producer stopped development of the chemical. (Flem-
ing and Maines unpublished)




PREVENTING JAPANESE BEETLE DISPERSION 185

Mixtures of Chlorinated Hydrocarbon Inseeticides

A nurseryman could apply any of the authorized chlovinated
hydrocarben insecticides—aldrin, chlovdane, DDT, dieldrin, hep-
tachloy, or toxaphene—fou the certification of plants in cultivated
beds and plots. When additional insecticide was required to con-
tinue the certified status of the soil, the insecticide applied ini-
tialiy did not have to be used in the re-treatment. Any of these
chlorinated hydrocarbons could be applied. By 1955 many nursery
plots contained residues of chlordane and DDT, chlordane and
dieldrin, or DDT and dieldrin, and some contained residues of
chlordane, DDT, and dieldrin. The chemical analysis of the soil
resilues became complex. There was also a question whether the
insecticide action of the mixtures was at least equivalent to theiyr
compaonentis,

Preliminary tests showed that a mixture of chlordane and
dieldrin in Sassatras sandy loam was slightly more toxic to
thivd-instar grubs than was expected from the toxicity of its
components. An exposure of 2 weeks at 80° F. {0 1 pound of
chlordane or 0.26 pound of dieldrin per acre killed 50 percent of
the grubs, bul 0.5 pound of chlordane mixed with 0.13 pound of
dieldrin killed 55 percent of them. When a pomace fily, Drosophila
melanogaster Meigen, used as a test insect in bioassay, was ex-
posed for 24 hours at 80° to these amounts of the insecticides in
the loam, 1 pound of chiordane or 0.26 pound of dieldrin killed
50 percent of them and the mixture 53 percent. Since about the
same evaluation of the toxicity of the mixture was made with
the grubs and the flies, the more rapid procedure with the flies
was used in more extensive fests with various mixtures of the
chlorinated hydroeavbon insecticides: {Fleming et al. 1962)
The deviations from the expected 50-percent mortality with these
mixtures are given in table 35,

DDT plus aldrin, chlordane, dieldrin, endrin, heptachior, or
toxaphene was definitely more toxic than DDT or the other
components of these binary mixtures. Toxaphene plus aldrin,
endrin, or heptachior was definitely more toxic than toxaphene
or the other components of these mixtures. Aldrin plus hep-
tachlor was more toxic than either aldrvin or heptachlor. There
was no definite change in toxicity with the other binary mix-
tures. These data demonstrated that any of these chlorinated hy-
drocarbons could be substituted for the one applied initially in
re-treatment of soil without any decrease in the toxicity,
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TABLE 35.—Dewviation from expected 50-percent wmortelity with
Drosophila melanogaster exposed to Sassufras sendy loam
containing binary wmiriwres of chlorinated hydrocarbon in-
secticides *

Component B
Component A Aldrin Chlor- DDT Diel- Endrin Hepta- Toxa-

dana drin chlor  phene

Percent Percent Percent Percenl Fercent Perceni Perecend

Aldrin + 0.8  +23.0 — 54 + 41 4166 4187
Chlordane + 0.2 +23.2 + 285  + 1.5 + 38 + b8
DDT + :3.90 +23.2 +13.2 +28.9 +24.4 +17.0
Dicldrin —~ B + 25 +15.2 - 30 - 33 + 1.3
Endrin + 1 + 1.5 +23.9 - 3.1 + B9 +30.0
Heptachlor +16.6 + 3.8 +24,4 - 33 + 89 +17.3

Toxaphene +167 + 58 +iv6 + 1.3 +304v +1i7.3

A devintion of 8.2 percent is significant and one of 11.2 percent highly
significant.

Carbamuite Insecticides Mixed With Soil

Mleming (12680} recommended 2 pounds of 50-percent wet-
iable carbary! in 100 gailons of water as a spray to protect plants
from attack by the adult Japanese beetle. Carbaryl and DDT
were equally effective in killing beetles. Carbaryl was less poison-
ous to man and animals than DDT. The deposit on the planis
usually protected them frem attack by the beetle for about 7 days.
Additional applications of carbaryl were used when beetles again
hegan to collect on the plants. In view of the toxicity of carbaryl
to the adult beetle, experiments were undertaken to explore the
possibility of substituting the carbamates for the chiorinated
hydrecarbon insecticides to control grubs in soil.

Survey of Carbamates

Fleming et al. {unpublished) determined the quantities of 14
earbamates per acre reguired to produce a toxicity to third-instar
grubs in Sassafras sandy loam eguivalent to that of 8 pounds of
dieldrin per acre. The results of these tests are summarized in
table 36. Hercules 5727 was slightly more toxie and Landrin
slightly less toxic than dieldvin. Propoxur and Shell SD-B786
were three-fifths, carbaryl three-tenths, and Shell SD-8959, car-
bofuran, Zectran, American Cyanamid E.I. 38008, Bayer 37344,
and Bux were about one-fifth as toxic as dieldrin. The other
carbamates were less toxic.




TABLE 36.—Toxicity of carbumates to third-instar grubs in Sassafras sandy loam at 80° F.

Amount per
acre equivalent
Common name or company designation Chemical name to 3 pounds of
dieldriz per acre
Pounds
Hercules 5727 .. ... . m-Cumenyl methylcarbamate . o 2
Landrin o : - 75 percent 3,4,5-Trimethylphenyl methylcarbama‘ce 18 percent 4
2,3,5-trimethylphenyl methylcarbambate.
Propoxur .. _o . o-Isopropoxyphenyi methylearbamate I b
Shell SD-8786 . . 2,3,5-Trimethylphenyl methylcarbamate - . : . . 5
Carbaryl : o . 1-Naphthyl methylcarbamate . R 10
Shell SD-8959 . R _ . b-tert-Butyl-m-tolyl methylcarbamate . B 13
Carbofuran L . - 2,3-Dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate T 14
Zectran .. . . 4-(Dimethylamino)-3,5-xylyl methylearbamate .. o 14
Ameriean Cyanamld E I 38906 .. Cy¢lic ethylene [(methy]carbamoyl)o*cy]dlthloxmldocarbcuate 14
Bayer 37344 , . 4-(Methylthio)-3,6-xylyl methylecarbamate . = ... ... ... ..., 14
Bux .. .. S . ... 75 percent m-~(1-Methylbutyl) phenyl methylcarbamate 25 percent 15
m- (1-methylpropyl) phenyl methylecarbamate.

Chevron Chemical RE-5655 . . B-sec-Butyl-2-chlorophenyl methylcarbamate . L 20
Bayer 42696 . ... . ... . ... .. ... . .. 3-(Dimethylamino)-p-tolyl mettvlcarbamate . . e 20+
Bayer 50282 - . ... . . ... .. ... 4-(Diallylamino)-3,5-xylyl methylcarbamate .~ . .. . .. el 20+
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Carbaryl

Tonicity to Grubs—Newiy hatched grubs in Sassafras sandy
loam at 80° F. were killed within 8 weeks by 4 pounds of carbaryl
per acre. A S-pound dosage eliminated second-instar grubs and
10 pounds elin:inalied third-instar grubs within 4 weeks, (Flem-
ing et al. unpublished)

Pergistence.—Fleming ef al. {(unpublished} mixed 10 pounds of
carbaryl per acre with Sassafras sandy loam, exposed the soil to
weathering, and periodically determined the gquantity of active
residue in the soil by bioassay. The results of these determina-
tions were as follows:

Days afier Active carbaryl
application {pounds per acre}

10 10.¢

20 . 1.8

30 . 4.8

40 ... 41

60 . 5.3

80 . . 4.8

100 L 4.4

120 . . - N

1660 . 3.4

The 10-pound dosage of carbaryl was reduced in 120 days to 4
pounds per acre, the minimum to kill newly hatched grubs. This
dosage applied when adull beetles appeared in an arez would
eliminate grubs hatching in the soil during the summer, but it
would not be effective against the next generation of grubs. It
would be necessary to apply the 10 pounds annually to maintain
a plot in a certified status, The annual application of a residual
insecticide did not meet the requirvements of the nursery industry.

Zectran

Toxicity to Grubs.—Newly hatched grubs in Sassafras sandy
loam at 80° ¥. were killed in 3 weeks by 8 pounds of Zectran per
acre. A ld-pound dosage killed third-instar grubs in 3 weeks.
(Fleming et al. unpublished)

Persistence—Fleming et al. {unpublished) mixed 14 pounds of
Zectran per acre with Sassafras sandy loam, exposed the soil o
weathering, and periodically determined the guantity of active
residue in the soil by bioassay. The results of these determina-
tions were as follows:
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Days after Active Zectraw
application (pounds per acre)

10 1.8
20 10.5
30 9.9
40 . 9.4
a0 . 9.1
€0 ... 8.8
T0 8.6
Go B.4
90 . 8.3

Zectran approached the minimum dosage to kill newly hatched
grubs in 90 days.

Fourteen pounds of Zectran per acre applied when adult beetles
appeared in an area would eliminate prubs hatching in the soil
during the summer, but it would not be effective against the next
grub generation. The treatment would have to be used annually
to maintain a plot in & certified status.

Carbo furan

Toxicity to Grubs.—Third-instar grubs in Sassafras sandy
loam at 80° F. were killed in 8 weeks by 14 pounds of earbofuran
per acre. The dosage to kill newly hatched grubs was not deter-
mined. (Fleming et al. unpublished)

Persistence—Fleming et al. (unpublished) mixed 14 pounds
of carbofuran per acre with Sassafras sandy loam, exposed the
soil to weathering, and periodically determined the quantity of
active residue in the soil by bicassay. Practically all the carbo-
furan disappeared from the soil during an exposure of 4 weeks.

It seems reasonable to assume that at least 5 pounds of carbo-
furan per acre would be required to kill newly hatched grubs.
Applying 14 pounds when adult beetles appeared in an area would
not be effective in killing newly hatched grubs in the soil 4 weeks
later.

Organic Phosphorus Insecticides Mixed With Soil

A spray containing 0.5 pound of malathion in 100 gallons of
water was effective in killing adult Japanese beetles. The residue
on the plants protected them from attack by beetles for not more
than 7 days. Additional applications of malathion were made
when beetles again began to collect on the plants. (Fleming
1968) In view of the toxicity of malathion to the adult beetle,
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experiments were undertaken to explore the possibility of sub-
stituting the organic phosphorus insecticides for the chlorinated
hydrocarbon insecticides to control grubs in the soil.

Survey of Organic Phosphorus Insceticides

Fleming et al. (unpublished) determined the quantities of 23
organic phosphorus insecticides per acre required to produce
toxicity to third-instar grubs in Sassafras sandy loam at 80° F.
equivalent to that of 8 pounds of dieldrin per acrve. The results
of these tests are summarized in table 37. Stauffer N-2788 was
slightly more toxic to the grubs than dieldrin. Bayer 37288 and
Zytron were equivalent in toxicity to dieldrin. Akton ™, Union
Carbide 8305, Diazinon, and Shell SD-8803 were slightly less
toxic than dieldrin. The quantities of the other phosphorus com-
pounds required ranged from 5 to more than 20 pounds per acre.

A few of the ovganic phosphorus insecticides were mixed with
Sassafras sandy loam, exposed to weathering, and the quantity of
active residue was determined periodieally by bioassay. The 3
peunds of Zytron and 4 pounds of Diazinen were largely dis-
sipated in 28 days. The 4 pounds of Akton ™ were reduced to
2.7 pounds per acre during that period. The 4 pounds of Union
Carbide 8305 were reduced to 3 pounds in 28 days, 1 pound in
70 days, and 0.6 pound in 90 days. The indications were that the
organic phosphorus insecticides were not suffticiently persistent to
kill grubs hatching in soil during the summer. (Fleming et al.
unpublished)

QUARANTINE ON TURF

Nursery stock is grown in some nurseries in plots where a
grass cover is maintained. There is no cultivation. The production
and distribution of Zoysia grass and other turf became an im-
portant industry in the quarantined area after World War II.
Since turf is a favored place for oviposition by the Japanese
beetle, it is an important medium for carrving the immature
stages to uninfested areas. In addition to the treatment of turf
and nursery stock in grass-covered plots as a basis for certifica-
tion, another feature of the quarantine was the treatment of
turf where isolated colonies of the beetle had become establizhed
to reduce the density of the soil population and to retard the
normal spread of the insect.




TABLE 37.—Tozicity of organic phosphorus insecticides to third-instar grubs in Sassafras sandy loam at

80° F.

Common name or company designation

Amount per acre

Chemical name

equivalent to 3

pounds of dieldrin

per acre
Pounds
Stauffer N--2788 O-Ethyl S-p-tolyl ethylphosphonodithioate 2
Bayer 37289 . O-Ethyl 0-(2,4,5-trichlorophenyl) ethy]phosphonothloate .- 3
Zytron 0-(2,4-Dichlorophenyl) O-methyl 1sopropy1phosphoramxdothloate 3
Akton ™ | . 0-[2-Chloro-1-(2,5-dichlorophenyl)vinyl] 0,0-diethyl phosphorothioate 4
Union Carblde 8305 Phosphorochloridothioic acid eyclic 0,0-diester with 2-hydroxy-a- 4
methyleyelol. txanemethanol.
Diazinon ... _. o .. .0,0-Diethyl O-(2-isopropyl-4-methyl-6-pyrimidinyl) phosphorothicate ... 4
Shell SD-8803. ... ... ... O-[2-Chloro-1-(2,4-dichlorophenyl) vinyl]l 0,0-diethyl phosphorothioate 4
Dasanit . ~.. - .0,0-Diethyl O-p-[ (methylsulfinyl) phenyl] phosphorothicate 5
American cyanamld CL 4’[470 ... Cyeclic propylene P,P-diethyl phosphonodithioimidocarbonate 6
Shell SD-8970 ~1-(5-Bromo-2-chlorophenyl) -2-chlorovinyl diethyl phosphate 8
Shell SD-8052 . 2-Chloro-1-(4-chloro-2-fluorophenyl) vinyl diethyl phosphate 13
Phorate .. ... .. C.i....... _... . 0,0-Diethyl S-[(ethylthio)methyl] phosphorodithioate 14
Shell SD-8753 ........ _.......... . .2-Chloro-1-(o-chlorophenyl)vinyl diethyl phosphate 14
Cyolane .. . ... .. i...... _.Cyclic ethylene P,P-dicthyl phosphonodithioimidocarbonate 15
American Cyanamid 47772 . Cyclic propylene P,P-dimethyl phosphonodithioimidocarbonate . .. .. 20+
Shell SD-8436 .. ... . ... ..c..u... ... 2-Chloro-1- (2,4-dibromophenyl) vinyl dimethyl phosphate . 20+
Shell SD-7438 .. ... . .. _......._.55-Benzylidene 0,0,0'0'-tetramethy] phosphorodithioate . 20+
Dimethoate e . .0,0-Dimethyl S-(N-methylearbamoylmethyl) phosphorodithioate 20+
Bayer 42524 ... ...... .. ... . ....S-(p-Chlorophenyl) 0,0-dimethyl phosphorodithioate 20+
Gardona ... .. .. ... . ... ..2-Chloro-1-(2,4,5-trichlorophenyl) vinyl dimethyl phosphate 20+
Malathion ._._.... ... .o ... ... S-[1,2-bis (Ethoxycarbonyl)ethyl] 0,0,-dimethyl phosphorodithioate 20+
Bayer 29492 ... ... ... ... .. ....... 0,0,-Diethyl O'[4-methylthio)-m-tolyl]  phosphorothioate 20+
Abate 0,0’-(Thiodi-p-phenylene) 0,0,0',0'-tetramethyl phospliorothioate 20+
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During their most extensive feeding in May, July, August, and
September, 90 percent or more of the grubs in turf were just
below the surface of the soil. In cultivated fields during these
periods most of the grubs were within the upper 8 inches of soil
(Hawley 1944). An insecticide applied to the surface therefore
is more likely to kill grubs in turf than in cultivated land.

Insecticide Emulsions and Solutions

Since 1918 many emulsions and solutions have been applied to
established turf {o reduce the density of grub populations and to
eliminate the grubs in the soil.

Sodium Cyanide

Sodium cyanide was the first chemical used to control the
grubs in turf. It was used in 1918 and 1919 at 165 pounds in
12,000 gallons of water per acre in an attempt to eradicate the
grubs in pactures of the heavily infested area. Only 32 acres of
pasture were treated because the cost of the treatment, then $65
per acre, restricted the application of the cyanide to those pas-
tures where the grubs were very abundant. The mortality of the
grubs ranged from 66 to 100 percent, depending on the environ-
mental conditions. The treatment burned the grass but did not
kill it, except in low spots where excassive quantities of the solu-
tion collected. (Dawis 1920q, 1920b, 1920¢)

Carbon Disulfide

The application of difute carbon disulfide emulsion in late
August or early September when oviposition was completed and
the grubs were feeding close to the surface of the soil was the
first practical method for controlling the grubs in pastures,
lawns, and golf courses. A T0-percent emulsion diluted 1:200 with
water and applied at 1 quart per square foot deposited 4.17
grams of the chemical per square foot or 400 pounds in 10,890
gallons of water per acre. To assure uniform distribution with-
out runoff, one-half of the solution was applied and when that
had penetrated into the soil, the remainder was used.

The dilute emulsion was prepared in a tank and applied under
low pressure by a special nozzle, which discharged the emulsion
in a fanlike stream close to the surface of the turf. When a
mixing machine, which injected the concentrated emulsion into
water flowing through a hose, was developed, the use of the tank
was discontinued.
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The carbon disulfide treatment eliminafed 95 to 100 percent
of the grub population within 1 week when the soil was moist
and the grubs were close to the surface. It was less effective
when the ground was dry or the grubs were deeper in the soil.

When the turf was not weakened seriously by grubs feeding on
the roots, the following grasses were not injured by the carbon
disulfide, except in low spots where an excessive quantity of
emulsion collected: Redtop (Agrostis albe), creeping bentgrass
(Agrostis palusiris), colonial bentgrass {Agrostis tenwis), crab-
grass {Digitarie sp.), red fescue (Festuea rubra), perennial rye-
grass (Lolium perenme), annual bluegrass (Poe annua), Ken-
tucky bluegrass {(Poc praetensis), and white clover (Trifolium
repens). Some injury to turf occurred when the emulsion was
applied above 85° F. The injured grass turned brown within a
few days, but when watered daily it became a normal green
within 2 weeks. On the other hand, turf damaged severely by
grubs had little resistance to the chemical and was usually
killed by the treatment.

Further information on the use of dilute carbon disuifide
emulsion to coutrol the grubs in turf is given by Fleming and
Baker (1935), Leach (1925), Leach and Johnson (1923), Leach
and Lipp (7927a), Leach and Thomson {7923), and Smith
{19250a).

The application of 4.17 grams of emulsified carbon disulfide in
1 quart of water per square foot of turf was used extensively in
the 1920’s and 1930’s to reduce pepulations of grubs where iso-
lated colonies had become established. The density of the popula-
tions was greatly reduced, and at some sites the grubs were elim-
inated.

The application of dilute carbon disulfide to turf per se as a
basis for certification was not considered in the 1920’s and 1330’s
because no turf was grown then for shipment outside the quaran-
tined area. The certification of nursery stock growing in plots
with a grass cover required the application of 5.9 to 10.4 grams of
emulsified carbon disulfide in 2.4 gallons of water per square
foot of turf depending on the temperature, as did stock growing
in cultivated plots.

Chiordane

The application of 10 pounds of emulsified chlordane in 2.400
gallons of water per acre to turf in the spring when the soil was
between 48> and 73° F. killed 98 to 100 percent of the third-
instar grubs before pupation. No grubs survived when the dosage
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was increased to 20 pounds per acre. The 10-pound dosage was
effective in eliminating five annual broods of grubs bP-iching sub-
sequently in the treated turf. (Fleming et al. unpublished;
Mason unpublished)

The 10-pound chlordane treatment was not adapted to the needs
of the growers who shipped most of their turf in the spring. The
20-pound dosage was excessive. Although the 10 pounds would
eliminate grubs hatching in the soil for several years and thus
permit cervtification of the turf in the fall and spring following
the application of the chemical, the growers needed a treatment
that would make it possible to certify the turf shortly after its
use,

Cresol

Mason (unpublished) applied 195 pounds of emulsified cresol
in 9,780 galions of water per acre of turf and killed 54 percent
of the third-instar grubs in 1 week and 82 percent of them in 8
weeks.

D-D

The application of 327 pounds of emulsified D-D in 4,356 gal-
lons of water per acre of turf killed all the third-instar grubs
in 5 days. The treatment prevented the transformation of 76
percent of the pupae to adult beetles. When the dosage was ap-
plied in 8,712 galions of water per acre, the emerpence of adult
beetles was reduced by 98 percent. (Mason et al. unpublished)

Bichloroetliyl Ether

Mason (unpublished) applied 484 pounds of emulsified di-
chioroethyl ether in 9,680 gallons of water per acre to turf and
killed 96 percent of the third-instar grubs in 7 days and 97 per-
cent of them in 21 days. Later when 60 percent of the grubs had
pupated, the treatment kilted 80 percent of the population.

Dichloroethyl Formal

The application of 484 pounds of emulsified dichloroethy! for-
mal in 9,630 gallons of water per acre to turf killed 88 percent
of the third-instar grubs in 7 days and 95 percent of them in 21
days (Mason unpublished).

Ethylene Dibromide

During the spring and the fall when the soil was between
40° and 75° F. all third-instar grubs in turf were killed by ap-
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plying 10 pounds of emulsified ethylene dibromide in 9,680 gal-
lons of water per acre or 20 pounds of the chemical in 4,840
gallons of water per acre (Mason and Chisholm 7945; Mason et
al. unpublished).

The application of 20 pounds of emulsified ethylene dibromide
in 4,840 gallons of water per acre was authorized in 1949 as a
basis for certifying turf in the spring and in the fall when the
soil was between 40° and 75° F. and only grubs were in the
soil. When the turf was matted, the volume of water was in-
creased to 9,680 gallons per acre to assure adequate penetration
of the chemical into the soil. Later when the treatment was found
to be effective against pupae, the application of the emulsified
ethylene dibromide was extended through the pupal period. The
turf could be certified for shipment 24 hours after application
of the chemical. The treated turf was in a certified status until
adult beetles appeared in the vicinity. The turf could be continued
in a certified status by repeating the treatment after the adult
Leetles had completed their Aight.

Ethylene Dibromide-Aldrin

An emulsifiable mixture containing 2 pounds of ethylene di-
bromide and 0.5 pound of aldrin per gallon was prepared ac-
cording to the procedure described by Chisholm et al. (1946D).

The application of 20 pounds of emulsified ethylene dibromide
and 5 pounds of emulsified aldvin in 4,840 gallons of water per
acre killed all eggs in turf within 1 week. Grubs hatching in the
treated turf during the remainder of the summer were killed by
the residual aldrin, The treatment was effective in eliminating
five annual broods of grubs that hatched subsequently in the
treated turf. (Fleming et al. unpublished; Mason unpublished)

Although turf treated with ethylene dibromide-aldrin could be
certified shortly after the treatment was used and could be con-
tinued in a certified status without re-treatment for several fall
and spring shipping seasons, the treatment was not authorized,
probably because other fumigant-residual treatments had been
authorized previously.

Ethylene Dibromide-Chlordane

The emulsifiable mixture of ethylene dibromide and chlordane,
described by Chisholm and Koblitsky (7957) and Chisholm and
Mason (1948%), contained 1 pound of ethylene dibromide and
0.5 pound of chlordane per gallon.

Mason (unpublished) killed all eggs in turf by applying 20
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pounds of emulsified ethylene dibromide and 10 pounds of emul-
sified chiordane in 4,840 galions of water per acre. Grubs hatching
from eggs deposited in the treated turf during the remainder of
the summer were killed by the residual chlordane. Fleming et al.
(unpublished) found that the residual chlordane in the soil
eliminated five annual broods of grubs that hatched suibsequently
in the treated turf,

Third-instar grubs in turf were killed within 2 weeks in the
spring and the fall by applying 20 pounds of emulsified ethylene
dibromide and 10 pounds of emulsified chlordane in 4,840 galions
of water or 18 pounds of ethylene dibromide and 8.5 pounds of
chlordane in 9,680 gallons of water per acre. The treatment
was effective when the temperature of the soil was not lower
than 40° F. {Fleming et al. unpublished; Mason and Chisholm
1949)

A Tew pupae completed their development and emerged as
adult beetles from turf to which 80 pounds of emulsified ethylene
dibromide and 15 pounds of emulsified chlordane in 4,840 or
9,630 gallons of water per acre had been applied. These adult
beetles were in a weakened condition and many of them died
within 1 or 2 days. (Mason and Chisholm 7949)

The turf vwas not injured by the 20 pounds of ethylene di-
bromide and 10 pounds of chlordane, hut 30 and 15 pounds,
respectively, caused some temporary vellowing of the grass in
some of the plots (Mason and Chisholm 1949).

The application of 20 pounds of emulsified ethylene dibromide
and 10 pounds of emulsified chiordane in 4,840 gallons of water
per acre was authorized in 1956 as a basis for certifying culti-
vated turf. This volume of water was usually sufficient to ade-
quately wet the soil, but when the turf was matted, additional
water was applied for satisfactory penetration of the insecticides
into the soil. The soil had to be between 40° and 75° F. The turf
could be certified for shipment 24 hours after the treatment. The
treated turf could be in a certified status for 4 years, but the
longevity of the effectiveness of the treatment was determined
by analysis of the soil.

Ethylene Dibromide-DDT

Chisholm et al. (7946b) prepared an emulsifiable mixture
containing 2 pounds each of ethylene dibromide and DDT per
gallon.

Fleming and Maines (unpublished) applied 25 pounds of emul-
sified ethylene dibromide, 25 pounds of emulsified DDT, and a
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mixture of 25 psunds of each chemical in 1,200 gallons of water
per acre to infested turf in dMay. The ethylene dibromide re-
duced the third-instar grub population by 62 percent in 2 weeks,
T9 percent in 4 weeks, and 92 percent in 7 weeks, The DDT
reduced the population by 0.4 percent in 2 weeks, 16 percent in
4 weeks, and 36 percent in 7 weeks. The mixture of the chemicals
caused a reduction of 57 percent in 2 weeks, 78 percent in 4 weeks,
and 96 percent in 7 weeks., If the chemicals had been applied in
4,840 gallons of water per acre, there is no doubt that the
mortality in plets to which ethylene dibromide was applied would
have been about 100 percent within 4 weeks. These resunlts show
that ethylene dibromide was largely responsible for reducing the
population by the ethylene dibromide-DDT mixture.

Ethylene dibromide had little etfect on the grubs hatehing in
the treated turf during the summer: the reduction of the first-
instar population was only 9 percent. DDT applied alone or in
combination with ethylene dibromide reduced the grub popula-
tion by 99.5 to 100 percent by mid-September. The DDT was
effective in eliminating six annuval broods that hatched subse-
quently in the treated turf.

None of these treatments with ethvilene dibromide and DDT
caused any injury to the turf.

The ethylene dibromide-DDT treatment satisfied the requive-
ments of the growers of certified turf. It was not anthorized be-
cause the ethylene dibromide-chlordane treatment was being used
with satisfactory vesults and there was no advantage to the
growers in substituting DDT for chiordane.

Ethylene Dibromide-Dieldrin

An emulsifiable mixture containing 2 pounds of ethylene di-
bromide and 0.5 pound of dieldrin per gallon was prepared ac-
cording to the procedure described by Chisholm et al. (1946b).

Applying 20 pounds of emulsified ethylene dibromide and 0.5.
pound of emulsified dieldrin in 4,840 gallons of water per acre
killed all eggs.in turf within 1 week. Grubs hatching in the
treated turf during the remainder of the summer were killed by
the residual dieldrin. {Mason unpublished) The possibilities
of using the ethylene dibromide-dieldrin treatment on turf were
not explored further.

Ethylene Dichloride

Applying 240 pounds of emulsified ethylene dichloride in
4,840 gallons of water per acre killed 90 percent of the third-
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instar grubs in turf within 3 weeks. All the grubs were killed by
applying 480 pounds of the chemical in 9,680 gallons of water
per acre. The ethylene dichloride caused slight vellowing of the
grass but no permanent injury. (Mason et al. 1948)

Parathion

Five pounds of parathion in 4,840 gallons of water per acre
applied to turf before the eggs hatched killed all the eggs, The
treatment killed 96 percent of the eggs deposited 2 weeks later
and 77 percent of those deposited 4 weeks later. Increasing the
dosage to 10 pounds per acre did not prolong the effectiveness of
the treatment. (Mason unpublished)

Topdressing Established Turf

Lead Arsenate

Leach and Lipp (7926, 1927b) demonstrated that lawns and
golf courses could be protected from damage by the grubs by
applying lead arsenate to the soil before seeding. In further experi-
merts Leach (1928, 1929) protected established turf from grub
damage for 1 or 2 years by topdressing with 150 pounds of lead
arsenate per acre and for 3 or 4 vears by topdressing with 250
pounds of the chemical per acre. Fleming and Osburn (19%2)
found that the 250-pound treatment reduced the third-instar
grub population adegunately when there were not more than 150
grubs per square vard of established turf, but when the grubs
were more numerous, it was necessary to use not less than 435
pounds per acre to prevent serious damage. The 435-pound
treatment prevented the reestablishment and the buildup of a
grub popuiation in turf for at least 5 years.

The lead arsenate was applied as a spray or mixed with a
filler and applied in a dry state {(Fleming 71936; Fleming and
Osburn 7932). Satisfactory resulis were oblained by mixing 1
pound of the chemical with each 2 gallons of water in a spray
tank with agitation to keep the materia! in suspension and
applying 20 gallons of the spray under 200 to 300 pounds’ pressure
to each 1,000 square feet of turf. The turf was then washed with
water to remove the chemical from the grass before the spr-v
dried. For the application in the dry state with a fertilizer dis-
tributor, some of the satisfactory mixtures by weight, each with
one part of lead arsenate, were as follows: (1) Four parts of
activated sludge, (2) two parts of activated sludge and four
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parts of sand, (3) two parts of tankage and four parts of sandg,
and {4} 10 parts of sand.

Topdressing turf with lead arsenate was not injurious to most
of the common grasses, including redtop {(Agrestis alba}, velvet
bentgrass (Agrostis canina), creeping bentgrass {Agrostis pal-
ustris) and the varieties of this grass called metrepolitan bent
and Washington bent, colonial bentgrass (Agrostis tenuis), red
fescue (Festuce rubre), Italian ryegrass (Loliwm multiflorum),
perennial ryegrass (Lolium perenne), and Kentucky bluegrass
{(Poa pratensis). Annual bluegrass (Poa wnnua) was sometimes
kitled by the arsenical. White clover (Trifolium repens) was
not injured. {Fleming 1848)

Further information on the use of lead arsenate to profect
turf from damage by the grubs is given by Fleming (79300,
1936, 1950b), Fleming et ul. (1934}, Fleming and Metzger {1936,
1938), Fieming and Osburn (7942), Leach (1928, 1929), and
Osburn {1834a).

Lead arsenate was not applied as a basis for certification to
turf grown for shipment or to nursery stock grown in grass-
covered plots. These problems did not arise during the period
that lead arsenate was being used.

It was applied extensively in the 19380's as a topdressing to
turf where isolated colonies of the beetle had developed. This
was part of the program to retard the buildup and the disper-
sion of the beetle from these colonies. The chemical was usually
applied at 500 pounds per acre, but at some sites 1,000 pounds
per acre were used. One of the more extensive applications of
lead arsenate to turf was in the campaign against the beetle
at St. Louis, ¥o., during 1934-44, when over 347 tons of the
arsenical were applied to over 700 acres of turf. By 1937 the
thriving colony of ULeetles was so reduced that only one beetle
was captured in traps. It was canght in a freight yard and was
probably a hitchhiker. During the following 7 vears only 130
heetles were captured in traps. No doubt the campaign at St. Louis
retarded for many yvears the spread of the insect into the agri-
cultural areas. Further information on the St Louis campaign
is given by Dawson (1936, 1937, 1938), Denning and Goff
(1944%), and Stockwell (19353,

Chlorinated Hydrocarbon Insecticides

Topdressing established turf with the chiorinated hydrocarbon
insecticides was developed originally to protect lawns, golf
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courses, cemeteries, and parks from damage by the grubs. DDT
and toxaphene were recommended at 25 pounds, chlordane at 14
pounds, and aldrin, dieldrin, and heptachlor at 3 pounds per
acre, The application of these chemicals killed a high percentage
of the third-instar grubs and eliminated several annual broods
of grubs hatching subseguently in the treated turf. The chlorin-
ated hydrocarbon insecticides caused no injury to the various
grasses. (Fleming 124%¢, 1948, 1950b, 1950¢, 1855, 1958, 1960,
1964}

The persistence of topdressings of the chlorinated hydrocar-
bon insecticides in turf was delermined by bicassays and chemi-
cal analyses of treated turf in Connecticut, Massachusetts, New
Jersey, and Pennsylvania {Fleming unpublished; Fleming,
Maines, and Coles 1957). The resulis of these determinations are
summarized in table 38. When these residues are compared with
the pounds of the insecticides per acre required to kill first-instar
grubs—aldrin (.07, chlordane 0., DDT 5, dieldvin 0.8, hepta-
chlor 0.07, and toxaphene 2,5—it is evident that the effectivenass
of 10 pounds of chiordane, 25 pounds of DDT, 8 pounds of
dieldrin, and 25 pounds of toxaphene persisted for 7 years, 3
pounds of aldrin for about 5 years, and 3 pounds of heptachlor for
about - years.

The wse of 3 pounds of aldrin, dieldrin, or heptachlor, 10
pounds of chlordane, and 25 pounds of DDT or toxaphene per
acre was authorized in 1960 as a basis for certifying nursery
stock grown in grass-covered plots. The reguirements were the
same as for cultivated plots, except the chemicals were not
mixed with the upper 3 inches of soil. It was expected that certi-

TaeLe 38.—Persistence of chlorinated hydrocarbon insecticides
applied as topdressing to established turf

Years Average active insecticide per acre

after

appli- Chlor- Diel- Hepta- Toxa-

cation Aldrin dane DT drin chlor phene

Pounds Pounds Pounds Pounds Pounds Pounds

0 3.0 10.0 25.0 3.0 3.0 25.0
1 g - 24.5 2.0 5 20.0
2 B 1.5 23.0 1.4 1 15.5
3 3 1.0 20.0 1.0 2 2.6
4 2 9 15.5 T 1 6.0
5 1 7 11.0 .5 8.5
] 6 9.5 4 7.0
7 5 7.5 3 6.0
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fication could be for at least 3 years with aidrin, chlordane, and
heptachlor and for at least 5 years with DDT, dieldrin, and
toxaphene, but the longevity of the certified period was deter-
mined by assays of the soil,

Tepdressing turf grown for shipment with the chlorinated
hydrocarbon insecticides was not adapted to the requirements of
the turf industry because turf treated in the spring could not
be certified for shipment until the fall, although it then could be
in a certified status for several years.

In addition to applying the chlorinated hydrocarbon insecti-
cides to grass-covered mnursery plots as a basis for certifying
nursery stock, the chemicals were used to treat turf where
isolated colonies of beetles had developed to retard the buildup
and dispersion of the insect. Usually chlovrdane, DDT, and diel-
drin were used in these campaigns,

DDT was first applied in 1944 to contrel an isolated colony
of beetles at Blowing Rock, N.C. During 1944-48 the chemieal
was applied at 25 pounds per acre to 257 acres of turf. The
conditions were favorable Tor the rapid buildup of the leetle
population as was shown by the increase in beetles captured by
traps in an unireated part of the area where 357 beetles were
caught in 1945, 2,612 in 1946, 7,727 in 1947, and 16,798 in
19418, In contrast to this trend, traps in the treated area captured
138,945 beetles in 1914, 41,814 in 1945, 19,623 in 1946, 23,361 in
1917, and 15,008 in 1948, In 1953 very few bheetles were found
in Blowing Rock, but the insect had spread into the adjacent
countryside and was very numerous there. (Fleming and Hawley
1850)

One of the areus treated with dieldrin was an isolated colony
of beetles on farmland along the INinois-Indiana border, During
1954-58 dieldrin was applied at 2 or 2 pounds per acre te 17,844
acres in Illinois and 3,460 acres in Indiana. The dieldrin killed
about 50 percent of the third-instar Popillic grubs in the soil
when the chemical was applied and practically eliminated the
grubs hatching in the soil during the following 4 years. Many
other insects of economic importance that came in occasional
or frequent contact with the treated scil were controlled for 1 to 5
vears. The populations of a few economic insects increased after
the application of dieldrin, but the increase was not great enough
to warrant additional control measures. Some predators were
adversely affected or eliminated by the dieldrin, whereas other
predators and parasites appeared to be unharmed. (Luckmann
and Decker 1960)

The campaign against an isolated colony of beetles at Sacra-
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mento, Calif., during 1961-64 was conducted by spraying the
foliage with carbary! during the flight of the beetle and applying
10 pounds of chlordane per acre to the turf. The situation at Sacra-
mento is unique in that there s no rainfail during the summer
when the beetle is in flight and the city is surrounded by thou-
sands of acres of dry-farmed land where tli2 beetle conld not
survive. The luxuriant foliage and twrf in the residential areas,
which are maintained by frequent heavy watering, provided an
excellent environment for the development of the beetle and
tended o preclude widespread flights of the insect in search of
food and oviposition sites. During 1961 and 1962 chlordane was
applied to approximately 3,500 acres. Intensive surveys in 1963
and 1964 failed to find any beetles in the Sacramento area.
{Gammon 1964, unpublished)

DETERMINING RESIDUES OF
PERSISTENT INSECTICIDES IN SOIL

The quantitative determination of residues of the authorized
persistent insecticides in soil was an important feature in the
certification of nursery stock grown in plots treated with these
insecticides, particularly when the chemical applied was approach-
ing the expected longevity of effectiveness that had been deter-
mined experimentally. The certification was based on the knowl-
edge that theve was suflicient toxic residue in a plot to eliminate
grubs hatching in the soil during the summer, The variation in
the types of soil, cultural practices, and environmental condi-
tions throughout the quaraniined area made it necessary to deter-
mine how much residue vemained in the soil of a plot. It has been
the practice of the Plant Protection Division, Agricultural Re-
search Service, to analyze the soil of certified plots and to reguire
the application of more insecticide only when needed to continue
a plot in a certified status,

Distribution of Residues in Soil

Vertical Distribution

Most of the residues of the persistent insecticides applied to
turf and uncultivated tand were found close to the soil surface.
One year after applying DDT as a topdressing to turf, 92 percent
of the residue was in the upper inch of soil and the remainder in
the next 2 inches (Chisholm and Koblitsky 1952). Ninety percent
of the DDT recovered in uncultivated orchards was found in the
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debris or close to the surface of the ground {Chisholm et al
1959). Four months after applyving aldrin to uncultivated land
nearly all the residue was in the upper 2 inches of soil {Lichten-
stein et al. 1962). One or more vears after broadcasting dieldrin
over alfalfa flelds 87 percent of the residue occurred in the upper
inch of soil (Hardee et al. 7964).

Most of the residues of the chlorinated hydrocarbon insecticides
applied o cultivated land were found in the tilled laver. The
DDT in the soil of cultivated orchards was found largely in the
upper 3 inches (Chisholm et al. 7850). One year after applying
DDT te plots cultivated periodically 88 percent of the vesidue
was in the upper 8 inches of soil and the remainder in the 3- to
fi-inch layer (Chisholm and Koblitsky 71952). One or two years
after applying aldrin, DDT, and lindane and vototilling to a
depth of 5 inches, 84 to 96 percent of the residues occurred in the
upper 3 inches of soil (Lichtenstein 7858a; Lichtenstein et al.
1962). Rotary tillage and disking dispersed more aldrin, DDT,
dieldrin, and lindane within the upper 214 inches of soil than in
the next 21, inches (Lange and Carlson 7955). Four years after
applying benzene hexachloride, DDT, and toxaphene 97 percent
of the residues were found in the plowed layer (Allen et al.
1954). Chisholm and Koblitsky (1959) reported a similar vertical
distribution of the chlorinated hydrocarbon insecticides in
plowed land.

Thus the chlorinated hydrocarbon insecticides penetrated little
into the soil beyond where they were deposited or were mixed
with the soil by till.ge. The residual insecticide in the upper 3
inches of soil is the most imporiant in controlling the grubs be-
cause most of the feeding occurs within this layer. The residue
at lower levels contributed little to the control of the grubs. In
sampling plots to determine insecticide residues it has been the
practice for many years to take the samples to a depth of 3
inches and to disregard any residue deeper in the soil.

Lateral Distribution

Even when great care was exerciser, i applying an insecti-
cide to turf or to cultivated land, the lateral distribution was
heterogeneous. A year after applying 1,500 pounds of lead arsenate
per acre to two cultivated nursery plots Fleming and Koblitsky
(unpublished) found the quantity of residue at spots throughout
one plot ranged from 280 to 8,875 pounds per acre and throughout
the other plot from 180 to 3,515 pounds per acre. Chisholm and
Koblitsky (7952) found that the variation in a cultivated plot
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treated with 1,000 pounds of lead arsenate per acre ranged from
289 to 3,437 pounds per acre. About 1 year after applying 25
pounds of DDT per acre to turf Chishelm and Koblitsky (7952)
found that the quantity of residue ranged from 1 to 74 pounds
per acre.

These heterogeneous distributions of the insecticides were ef-
fective in killing grubs in the soil because the grubs while feeding
moved laferally in the soil and encountered spots of high and
low concentration.

Sampling Seil

Cores of soil, 2 inches in diameter and 3 inches deep, were
taken at random in nursery plots and in turf with a soil sampler
described by Johnson and Caskey (1952) or with a similar de-
vice,

With the heterogeneous lateral disiribution of an insecticide,
a sufficient number of cores must be taken over a treated plot so
that the composite sample contains an amount of the chemical
equivalent to the average in the plot. Fieming analyzed statisti-
cally the lead arsenate content of 228 cores that had been taken
over tweo Ly-acre nursery plots. He determined that the average
amount of the chemical in each of these plots could be estimated
within 18 percent with a composite sample of 10 coves, 11 percent
with 25 cores, 8 percent with 50 coves, 7 percent with 75 cores,
and 6 percent with 100 cores. The analyses of ten 50-core com-
posite samples were all within 10 percent of the average.

It was authorized in 1981 that in sampling a treated nursery
plot to determine the insecticide content of the soil, 50 cores of
soil, each 2 inches in diameter and 8 inches deep, must be taken
at random over an area of not more than 20,000 square feet.
Larger plots were divided into areas of not move than 20,000
square feet and 50 cores were taken from each of them. The
soil had to be friable at the time of sampling. The 50-core sample
was passed twice through a !j-inch mesh screen to remove
stones and debris and was weighed.

Chemical Analysis

It is customary in reporting chemical analyses of pesticide
residues to express the results as parts of pesticide per million
parts of product by weight. When the quantity of insecticide in
the upper 3 inches of soil is reported as parts per million, there
may Dbe little relation between the quantity reported and the
actual weight of insecticide in a layer of soil. The weight of an
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acre of many field soils to a depth of 8 inches is close to 1 million
pounds, but the weight of this layer of soil may range from
800,000 to 1,200,000 pounds. Twenty-five pounds of insecticide
in the upper 3 inches of various soils would have no constant
value when expressed as parts per miliion; the parts per million
may range from 20 to 30,

Since sohis differ in bulk density, insecticide concentrations in
various soils can be compared only on a weight-volume Dbasis,
such as pounds of insecticide per acre in the upper 8 inches of
soil. Twenty-five pounds of insecticide per-acre in this layer of
soil is 25 pounds per acre in the various soils. Therefore in report-
ing the quantity of insecticide found in the composites of the 3-
inch cores of soil, the results were expressed as pounds of in-
secticide per acre in the upper 3 inches of soil.

Lead Arsenate

Subsamples of convenient size were taken from the screened
composite sample, weighed, exposed in shallow trays until nearly
air-dry, and then reweighed. The residues of lead arsenate in the
aliquant subsamples were determined acecording to the procedure
described by Koblitsky (1932). The method involves the reduction
of the lead arsenate with hydrazine-sodium bromide in the
presence of hydrochloric acid, removal of the arsenious chloride
formed by distillation, and fitration of the distillate for arsenic
with a standard iodine solution. The equivalent lead arsenate in
the aliquant sample was calculated by multiplying the grams of
arsenic by the factor 1.6752.

The lead arsenate as pounds per 3-inch acre of soil was caleu-
lated by the formu_lu given by Koblitsky and Chisholm (1949).

Ux W, x W, x 41,4806
T XWXV
Where 7 = weight of lead arsenate in aliquant titrated (grams).
S = weight of nearly air-dry subsample represented by
aliguant (grams).
W, = weight of nearly air-dry subsample (grams).

Pounds per 3-inch acre =

W. = weight of subsample taken from screened composite
sample (grams).

W, = weight of screened composite sample {grams).

V = volume of composite sample = top area X depth x

number of cores (cubic inches},
41,486 = factor to convert grams per cubic inch to pounds per
8-inch acre.
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In the analyses of soil containing known guantities of lead
arsenate the recoveries ranged from 97.7 to 100.8 percent.

This analytic procedure was authorized in 1830 for determining
the quantity of lead arsenate in certified nursery piots. It was
used extensively for many years to determine whether there
was sufficient residue in the soil to eliminate grubs hatching in
the soil.

Chlorinated Hydrocarbon Insecticides

Subsamples of convenient size were taken from the screened
composite sample, weighed, exposed in shallow trays until nearly
air-dry, and then reweighed. Chisholm and Koblitsky (1952)
found that when a solvent was used to extract the insecticide
from the soil, low recoveries may be obtained with subsamples
that have been insufficiently dried or have been thoroughly dried.
Subsamples that have not been dried sufficiently tend to form
balls during the extraction. Some of the insecticide may be lost
by volatilization from thoroughly dried soil, or it may be encased
in peliets formed on drying soils high in colloids.

Chisholm and Koblitsky (1952) tested many solvents and mix-
tures of sclvents as extractants for the chlorinated hydrocarbon
insecticides. Some solvents removed an excessive amount of the
natural soil constituents, whereas others did not remove the
insecticide completely. The most consistent recoveries were ob-
tained with a 2:1 mixture by volume of benzene and isopropyl
aleohol. The siight amount of water that may be extracted from
soit by this mixture was easily removed by adding anhydrous
sodium sulfate to the extract. Practically complete extraction
was obtained by rotating mechanically a mixture of the soil and
the soivent for one-half hour. The soil-solvent mixture was filtered
to obtain the extract for analysis.

Eventually specific colorimetric and spectrophotometric meth-
ods were developed for determining most of the chlorinated
hydrocarbon insecticides. Carter (1955} pointed out that these
methods are tedious and time consuming and that homologous
compounds, decomposition products, and plant extractive some-
times interfere with the analysis. Chisholm and Koblitsky
(1952) found that many soils contain extractable materials that
interefere with such determinations. Koblitsky and Chishelm
(1949} found that the color bodies extracted from scils inter-
fered with the colorimetric method for DDT of Stiff and Castillo
(1945). The colorimetric determination of DDT by the procedure
of Schechter et al. (7945) was too time consuming for routine
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analyses (Koblitsky and Chisholm 19492). An adaptation of the
method of Clayborn (1946} did not give reliable vesuits in the
determination of DT in nursery soils in New Jersey {Chisholm
and Koblitsky 7952}, In 1963 G. L. Mack {unpublished) of the
New York Agrvicultural Experiment Station demonstrated that
residues of DDT and dieldrin in s0il could be determined by gas
chromatography.

In the absence of suilable specific methods in 1948, Koblitsky
and Chisholm (7848} developed a method for delermining the
tolal organic ehlorine in the extracts. 1t was based on the pro-
c¢edure described by Umhoefer (71948). The method entails
evapornting an aliquant part of an extract almost fo dryness,
adding metallic sodium with isopropyl aleohol to liberate the
chiorine in the insecticide, eliminating the undecomposed sodium,
acidifying with dilute sulfuric acid, adding standardized silver
nitrate solution, removing the precipifated silver chloride, and
determining the excess silver nitrate. The differcnce between the
quantity of silver nitrate added and that remaining is the
quantity of silver nitrate reacting with the liberated chlorine.
The equivalent grams of aldrin, DDT, chlorane, dieldrin, hep-
tachlor, or toxaphenc in the aliquant sampie were calculated by
multiplying the prams of chlovine by the appropriate factor.
The pounds of the chlorinated hydrocarbon insecticide per acre
to a depth of 3 inches were ealewlated by the same formula nsed
for lead arsenate,

The recovery of DDT Trom extracts of sandy, clay, and muck
soil containing known quantities of the insecticide ranged from
36 to 108 percent. However, when corrections were made from
the results of analyses of untreated soils, which usually were
not available in nurseries, the recoveries ranged from 92 to 96
percent. The differences belween the analyses of duplicate sub-
samples from B4 composite samples from nursery plots
averaged 1 pound of DDT per 3-inch acre and ranged from 0
to 2.6 pounds. Similar results were obtained in the analyses of
soils containing the other chlorinated hydrocarbon insecticides.
(Chisholm and Koblitsky 1952:; Koblitsky and Chisholm 1849)

The organic chlorine method was authorized in 1949 to deter-
mine whether one of the chlorinated hydrocarbon insecticides
in a nursery plot was sufficient to continue it in a certified
status. The method was used extensively. Since a nurseryman did
not have to re-treat a plot with the same insecticide applied
originally to the secil, in a8 few years an increasing number of
nursery plots contained residues of two or more of the chlori-
nated hydrocarbon insecticides. The organic chlorine method was
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inadequate under these conditions. Although the organic chlorine
in soil containing these mixtures could be determined, the
residues, which differed in toxicity, could not be identified or
the equivalent quantity of each residue calculated. No other
chemical method was then available to determine whether a
mixture of the chlorinated hydrocarbon insecticides in a soil
was sufficient to continue a nursery plot in a certified status.

Bioassay

In the absence of suitable chemieal methods, consideration
was given to developing a biclogical procedure for evaluating
complex insecticide residues in soil. Davis {1951) pointed out
that the lack of satisfactory chemical methods had stimulated
interest in the application of bioassays to residue problems.

Chemical analyses do not necessarily establish the presence of
toxic substances in soil because they do not measure the availa-
bility of the vesidues as insecticides. Toxicity is revealed by its
effect on a living organism. Riocassay is a method for determining
the quantity of a toxic substance by measuring its effect on a
living organism. Bioassays ave of interest because of the wide
range of chemical compounds to which they can be applied and in
some instances to their high sensitivity. Bioassays sometimes
indicate the presence of toxic residues that have not been de-
tected by chemical analysis. (Carter 1955)

Varjous biological techniques have been used for many years
in assays of insecticide formulations and residues. These assays
evaluate toxicity but usually give little other information about
the toxicant. However, Laug (7948) differentiated the gamma
isomer from the other isomers of benzene hexachloride by their
relative toxicities to the house iy (Musca domestica L). Fleming,
Coles, and Maines (7957) distinguished residues of DDT from
those of chlordane in the soil by the slower response of Macro-
centrus ancylivorus Rohwer to DDT and noted differences in the
symptoms of inloxication produced by these insecticides. Davidow
and Sabatino (19254) differentiated chlordane and related eyclo-
dienes frem other chlorinated hydrocarbons by differences in the
response of goldfish (Carassius awratus L.). Harwood and
Areekul (1260) used four unrelated test animals—a pomace fly,
Drosophila melanogaster Meigen, the rusty grain beetle (Crypto-
lestes ferrugineus (Stephens)), the mushroom mite {Tyrophagus
putrescentiae (Schrank)), and the brine shrimp (Artemnia saling
(L.})—and obtained mortality patterns that distinguished
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aldrin, allethrin, earbaryl, DDT, dieldrin, heptachlor, and para-
thion.

The basic principles of gquantitative determination used in
analytical chemistry apply to bioassay. Gunther and Blinn
(1958), Healey (1958), and Van Middelem (1958) reviewed
these principles. Hoskins (1957) discussed the use of bioassay
in entomological research. Dewey (1958) and Nagasawa (1959)
reviewed bioassay technigues for determining pesticide resi-
dues.

Bicassays of soil containing the residue of only one insecticide
have been made by extracting the residue in the same manner
as for chemical analysis and exposing a test organism to the
extract, or by exposing a test organism divectly to the soil, or by
introducing a test organism into the soil. The response of the
test organism to the extract or to the soil was compared with
its response to a standard with known amounts of the insecticide
under standardized conditions, and by interpolation of the
response data the amount of toxicant present was calculated.

Bicassays of soil extracts have been made by Banks and Reed
(1956), Rerger and Randolph (1558), Fleming, Coles, and
Maines (1951), Gannon and Bigger (1958), Kiigemagi et al
(1958), Lange and Carlson (1955), Lichtenstein et al. (1960),
Terriere and Ingalsbe (7958), and others. Direct bioassays of an
insecticide residue in soil have been made by Edwards et al.
(1957), Fleminyg, Coles, and Maines (1951), Fleming et al
(1962), Fleming and Maines (195%q, 1954), Kloke (1958), Lich-
tenstein and Polivka (71959), Lichtenstein and Schulz (1959,
1960), Lichtenstein et al. (1960), Wylie (1956), and Young and
Rawlins (1958),

The bioassay of a soil extract is an evalnation of the total
potential toxicity in the soil because the solvent extracts both
the free and the adsorbed insecticide. On the other hand, the
direct bioassay measures only the active toxicity. The adsorbed
part of the residue apparently is not available as an insecticide.
The direct exposure methods have certnin advantages over the
extraction methods in that they are relatively simple and the
potential dangey of insecticide loss during preparation of the
sample or poor extraction is not encountered. Lichtenstein
(1958b) discussed the advantages and disadvantages of direct
bicassay of soil. The active toxicity, not the total potentiai
toxicity, in a soil is the criterion as to whether sufficient insecti-
cide is present to kill the grubs.
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The Grub as a Test Tnsect

The first-instar grub is the logieal organism to use in evaluat-
ing the active toxicity in soil treated with insecticides to control
this stage of the insect, but its usefulness is limited. Grubs at
this stage are usually available for only a few weeks during the
summer; they have not bheen propagated successfully in large
numbers at other seasons. They must be handled with extreme
care because of their susceptibility to mechanical injury and to
adverse environmental factors, such as desiceation, excess mois-
ture, or increased carbon dioxide in the soil. The third-instar
grub, which is present for 9 months of the year and is more
readily handled and less affected by its environment, was a
practical substitute for the newly hatched grub. Third-instar
grubs were used for many years in evaluating insecticide resi-
dues in experimental field plots. (Fleming, Coles, and Maines
1951; Fleming and Maines 1958a, 1954, Fleming et al. unpub-
lished)

In sampling the soil of a plot for bicassay, a composite sample
of 50 cores was taken at random to a depth of 3 inches in the
Same manner as for chemical analyses. This composite sample
was slightly more than one-fourth cubic foot in volume. It was
passed through a ¥-inch mesh sieve to remove stones and debris,

The amounts of lead arsenate and the chlorinated hydrocarbon
insecticides in Sassafras sandy loam that killed third- and first-
instar grubs are given in table 39. Although the duration of
exposure shown in the table is 2 weeks, it was necessary to
modify this pericd because various batches of grubs collected in
the fleld differed in their susceptibility to the insecticides. In a
biocassay the exposure was prolonged until 50-percent mortality
was obtained with the median dosage of the standard insecticide,
which could be lead arsenate or one of the chlorinated hydro-
carbon insecticides.

In the bioassay of an insecticide residue in an experimental
plot the mortality with the sample was compared with the
mortality in the standard, and by interpolation the quantity of
active insecticide, expressed as pounds per 3-inch acre, was
calculated.

The dosages of endrin, dieldrin, heptachlor, and aldrin to kill
50 percent of the third-instar grubs under these conditions were
about the same as those needed to prevent the development of
newly hatched grubs. The dosages of DDT, toxaphene, and chlor-
dane for third-instar grubs at this level of mortality were some-
what higher than those required to eliminate first-instar grubs.




TABLE 39.—Amounts of lead arsenate and chlorinated hydrocarbon insecticides per 3-inch acre of Sassafras
sandy loam for 10- to 90-percent mortality of th.rd-instar and 100-percent mortality of first-instar Japanese
beetle grubs in 2 weeks at 80° F'.

Mortality Lead Toxa- Chlor- Diel- Hepta-
(percent) arsenate DDT phene dane Endrin drin chlor Aldrin

Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds

THIRD-INSTAR GRUBS

180 1.8 2.4 0.11 0.08 0.02 0.03
240 3.0 3.4 .24 13 .04 .04
300 44 4.3 41 .20 .08 .06
360 6.0 5.3 .66 .28 15 .08
440 8.0 6.5 1.02 40 26 .10
520 107 8.0 1.58 .54 45 A2
630 14.6 10.0 2.52 16 .81 .16
780 21.0 12.7 4.34 1.14 1.64 23

34.8 18.00 . 9.23 1.98 4.35 .37

FIRST-INSTAR GRUBS

2.5 .40
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There was befter agreement between the dosages of DDT,
toxaphene, and chiordane for 50-percent mortality of third-instar
grubs and 100-percent mortality of first-instar grubs when the
exposure with these insecticides was prolonged for 21 days.
However, the exposure could not be modified in this manner
when residues of the other insecticides were also in the soil.

In a bicassay of a certified nursery plot eontaining residues
of lead arsenate and one or more of the chlerinated hydrocarbon
insecticides, it would be necessary to establish whether the
toxicity in the soil was sufficient to eliminate newly hatched
grubs. The toxicity would be sufficient to continue the plot in a
certified status for at least an additional year when the mortality
of the third-instar grubs in the sample of soil was more than
50 percent. Unfortunately the third-instar grub was a suitable
test organism only during the fall and winter. The vesults were
confounded by pupation when bicassays were condueted in the
spring. Evaluating toxicity in the spring is more important than
at other periods of the year, because it shows, just prior to the
hatching of the new annual brood, whether there is sufficient
insecticide residue to kill the first-instar grubs.

Drosophila melanogaster Meigen as a Test Insect

A search was made for a move suitable organism for bioassays
of insecticide residues in soil, A review of the literature showed
that many organisms had been nsed for the detection and quanti-
tative determination of toxic materials. These included bacteria,
fungi, yeasts, daphnids, shrimps, several species of fish, collem-
bola, symphilids, the larvae of several species of mosquitoes,
several species of insects that attack stored products, the house
fly, the pomace fly, termites, wireworms, and several species of
white grubs. The most suitable of these organisms appeared to
be a pomace fly, Drosophila melanogaster Meigen. Fleming et
al. (1962, unpublished) explored the possibilities of using this
fly as a test insect to evaluate insecticide residues in nursery
soils.

Although Drosephila is probably best known as a well-adapted
organism for studies in theoretical biology, it has been used by
several investigators as a test insect in bioassay. It was used
with other organisms to identify insecticides and acaricides in
comparative bioassays (Harwood and Areekul 1960) and to
determine residues of the chlorinated hydrocarbon insecticides
in or on fruits and vegetables (Barle et al. 1859; Glasser et al.
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1858; Gyrisco et al. 71855; Olsen *; Pankaskie and Sun 19254; Sun
and Pankaskie 1854), of parathion on cauliffower (Kasting ang
Harcourt 1852}, of dieldrin in applesauce {(Fisher and Smallman
1954}, of aldrin, dieidrin, and heptachlor on alfalfa (Koehler
et al. 1858; Lichtenstein and Medler 1958), of isobenzan on
tobacce {Guthrie et al. 7959), and of aldrin, benzene hexachlo-
ride, chiordane, DDT, dieldrin, heptachlor, and methoxychlor
in soil {Edwards et al. 7857; Lichtenstein et al. 1960; Lichten-
stein and Polivka 125%; Lichtenstein and Schulz 1952, 1960;
Wylie 1856, Young and Rawlins 1958).

Advantages in using Drosophile as a test insect in bioassav
were as follows: (1) It was reared in large numbers with
reasonable facility throughout the year; (2) continuous prop-
agation did not modify its susceptibility to insecticides; (8)
it was handled in large numbers without difficulty; (4) it re-
acted to small residues of the chlorinated hydrocarbon insecti-
cides in soil; (5} slight changes in the concentration of these
ingecticides were reflected by modifications in the mortality; (6)
an assay with most of the chlorinated hydrecarbon insecticides
was completed within 24 hours; and (7) its natural mortality
during a bioassay was negligible,

In preparing a nearly air-dry sample of soil for bioassay,
Fleming et al. (1962} mixed an aliquant part of the sample with
a small amount of plaster of paris and added encugh of a dilute
corn sirup solution containing sodium propionate to make a free-
flowing slurry. The plaster of paris was added so that the
slurries of all soils presented a moderately hard smooth surface
to the fiies. The corn sirup provided food for the flies during the
bicassay, and the sodium propionate retarded the decomposition
of the sugar. The slurry was distributed among several petri
dishes. When the plaster of paris had set and there was no free
water on the surface, the soil was ready for exposure to the flies.
The petri dishes containing the hardened slurries of the samples
and those with hardened slurries of Sassafras sandy loam con-
taining known quantities of insecticide were transferred to a well-
lighted roem maintained at 80° F., and the flies, slightly anesthe-
tized with carbon dioxide, were distributed among the dishes.

Chilorinated Hydrocarbon Insecticides.—Drosophila was very
sensitive to residues of the chlorinated hydrocarbon insecticides

*OuseN, R. E. THE USE OF THE FRUIT FLY DROSOPHILA MELANOGASTER IN
DETECTING MINUTE QUANTITIES OF BENZENE HENACHLORIDE IN PLANT TISSUES.
1954. [Unpublished Ph. D. thesis. Univ. Microfilms, Ann Arbor, Mich,,
Pub. §767.]
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in the slurries of soil. The speed of reaction to the residues at
807 F. and constant light varied with the inherent toxicity and
the concentration of the insecticides, the nature of the soil, and
other factors, but the symptoms of intoxication were much the
same for all of the insecticides.

Five stages of intoxication were recognized. In the first stage
the insecticide had no visible effect on the flies. They appeared
to be normal. They rested quietly, walked leisurely, and flew
occcasionally. The second stage was & period of excitement. The
flies did little resting and appeared to be irritated. They walked
and flew rapidly and responded readily to any disturbance, such
as a shadow or a tap on the petri dish. In the third stage the
flies did more resting and began to walk unsteadily. As the legs
became paralyzed, the flies tended to stand in a fixed position
with an oceasional violent movement of the wings. This move-
ment pushed the flies aimlessly and rapidly over the surface of
the soil. The fourth stage was exhaustion. The flies were unable
to move from their positions; they lay on their sides or backs
with only an occasional slight movement of the legs. The final
stage was death. The affected individuals were most easily
counted when the intoxication had progressed to the advanced
stage of paralysis so that the flies were unable te change their
positions or they were dead. Permanent immobilization <was
selected as the eriterion of toxic action.

The amounts of the chlorinated hydrocarbon insecticides in
Sassafras sandy loam that killed 10 to 90 percent of the flies
and 100 percent of the first-instar grubs at 80° F. are given in
fable 40. The 24- and 48-hour exposures indicated in the table
are only approximations. The exposure of soil samples from the
nurseries to the flies was the peried of time for the median
dosage of one of the insecticides to reach 50 percent. The use
of Sassafras sandy loam in the standard was restricted peopraph-
ically because this type of soil occurs only on the Coastal Plain
of the Middie Atlantic States.

Of the several materials tested as a substitute for the soil the
most satisfactory was a standard filter-paper tablet, which is
readily available at companies dealing in laboratory equipment.
When the flies were exposed to this tablet containing 27 ng.
of diefdrin, mortality occurred at the same rate during 24 hours
as when the soil contained the median dosages of the insecticides.
‘The mortality with the tablet containing 12 ag. of dieldrin pro-
gressed at the same rate during 48 hours as when the soil
contained the median dosage of DDT or toxaphene. The use of the




TABLE 40.—Amounts of chlorinated hydrocarbon insecticides per 3-inch acre of Sassafras sandy loam for
10- to 90-percent mortality of Drosophila and 100-percent mortality of first-instar Japanese beetle grubs at
S0° F.

~24-hour exposure 48-hour exposure

Chlor- Endo- Diel- Hepta- Toxa-
DDT dane sulfan Endrin drin chlor Aldrin DDT phene

Pounds Pounds Pounds Pounds Pounds ~ Pounds Pounds Pounds Pounds

1dd

¥
N

Mortality
{percent)

TA

INLLN

DROSOPHILA

29.2 0.41 0.08 0.16 0.14 0.014 0.034 2.7 1.9
32.0 49 .19 19 16 nes .038 3.6 2.3
35.0 57 24 .29 A8 084, .042 4.5 2.7
37.5 .65 .29 .26 .20 .040 046 5.4 3.0
40.0 i3 .35 29 02 045 .050 6.4 3.3
42.5 .81 41 .32 23 .051 054 7.5 3.7
45.0 .89 .48 .36 .25 058 058 8.7 4.1
49.5 .08 .55 40 26 065 062 10.0 4.5
50.0 1.07 .64 Ad .28 073 066 11.6 4.9
52.5 1.18 14 49 .30 ,082 070 13.3 5.4
55.0 1.30 .86 54 .32 .092 075 15.4 5.9
58.5 1.42 1.00 .60 .34 .104 081 17.9 6.5
62.0 1.58 1.18 .67 1 118 087 21.0 7.2
66.0 1.76 1.40 76 40 136 .094 24.9 8.0
71.0 2.00 1.70 .86 43 158 103 30.1 9.0
77.0 2.30 2.14 1.01 48 .189 114 37.5

85.0 2.76 2.85 1.23 .54 237 130
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impregnated tablet to regulate the exposure of the flies to the soil
samples removed the geographical limitation on the procedure.

The dosages of endrin, dieldrin, heptachlor, and aldrin for
50-percent mortality of Drosophile were about the same as the
minimum dosages of these insecticides for 100-percent mortality
of first-instar grubs, but the dosages of DDT (48 hours), chlor-
dane, and toxaphene at this level of mortality were about double
the quantities needed for the grubs (table 40). The dosage of
endosulfan to kill newly hatched grubs was not determined. If
only one of these insecticides was in a soil, the exposure could
be so adjusted thal the dosage for 50-percent mortality of the
flies closely agreed with the dosage for the grubs. However, in
soil with a conglomerate mixture of DDT or toxaphene with aldrin,
chlordane, dieldrin, endosulfan, endrin, or heptachlor, the expo-
sure was governed largely by the exposure required for the more
toxic insecticides. This situation tends to make the estimate of the
toxicity in a soil a conservative one.

A conglomerate mixture of residues of DDT with those of
aldrin, chilordane, dieldrin, endosulfan, or endrin could not be
evaluated unless the toxicity of the DDT in the soil was in-
creased so that the bicassay could be compicted with 2 24-hour
exposure. This was accomplished by adding 30 pounds of DDT
per 3-inch acre (1.2 grams per cubic foot) to the sample of soil.
The dosage of DDT (2« hours) corresponding to the mortality
obtained with the fortified soil was determined and 80 pounds
were subtracted from it. The mortality corresponding to the
latter dosage of DDT with a 48-hour exposure was the measure
of tre toxicity in the soil,

The sensitivity of an analytical method usually refers to the
minimum amount of a substance that can be determined con-
sistently. Accurate evaluations of a residue cannot he made by
bioassay when the mortality of the test insect is approaching
zero. Since the most accurate biologieal determinations are made
at the 50-percent level of mortality, the sensitivity of a bio-
assay may be considered to be the amount of an insecticide
needed to cause a significant change in the mortality at that
level. A deviation of 8.2 percent in the mortality of the flies was
usually significant and one of 11.2 percent highly significant. It
was estimated that a change of 82 percent in the mortality of
the flies was caused by the following amounts (pounds) of the
chemical in a 8-inch acre of Sassafras sandy loam: Aldrin 0.007,
heptachlor 0.01, dieldrin 0.03, endrin 0.07, endosulfan 0.15,
chlordane £.17, and DDT 2.75. Lower dosages of these insecti-
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cides would produce a significant change in the mortality in
sands, and higher dosages would be required in soils high in
organic matter. These values, however, may be considered a good
estimate of the general sensitivity of the bioassay procedure.

It was necessavy to determine only whether the toxicity in a
soil was sufficient to prevent the development of newly hatehed
Japanese Leetle grubs. The toxicity was considered to be inade-
quate when the mortality of Drosephile was less than 50 percent.
The toxicity was considered to be sufficient to eliminate the grubs
for at least 1 year when the mortality of the flies was between
50 and 90 percent, and sufficient for 2 or more years when the
mortality of the flies was more than 90 percent, particularly
when 100-percent mortality occurred several hours before com-
pletion of the exposure period.

If desired, the foxicity in a soil may be expressed as equivalent
pounds per 3-inch acre of any one of the chlorinated hydro-
carbon insecticides given in table 40 by comparing the mortality
of the flies with the mortality rates given in the table and
raterpolating the data.

Bioussays were made of tie toxicity of insecticide residues
in the soil of 89 plots in 27 nurseries in Connecticut, Massachu-
setts, New Jersey, New York, Pennsylvania, Rhode Island, and
Virginia, using both Japanese beetle grubs and Drosophile as
test inseets. Forty of the soil samples were from plots containing
residues of lead arsenate, chlordane, DDT, dieldrin, or heptachlor,
alcne and in combination, 84 of them were from plots where the
foliage of the plants had been sprayed with aldrin, bordeaux
mixture, earbaryl, chlordane, DDT, endrin, lead arsenate, lindane,
malathion, parathion, TDE, or toxaphene, and 15 of them were
from plots where insecticides had been applied to the soil and to
the foliage. With the exception of one plot where foliar sprays
were used and the toxicity was rated as adequate by the grub
bicassay and inadequate by the Drosophila bioassay, the same
evaluation of toxicity was obtained with both test insects. The
toxicity was adequate to prevent the development of newly hatehed
grubs in 75 percent of the plots where the insecticides had been
applied to the soil, in 45 percent of the plots where only foliar
sprays were used to control other pests, and in 87 percent of the
Dlots where insecticides were applied to the soil and to the foliage.
It was of interest to find that in plots where insecticides had
been applied only to foliage, the toxicity of the insecticide residue
in the soil was sufficient to eliminate first-instar grabs in about
half of the plots.
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The bioassay of the soil of certified nursery plots to which
the chiorinated hydrocarbon insecticides had been applied in pre-
vious years, using Drosophila as the test insect, was authorized
in 1961 to determine whether there was sufficient toxicity in the
soil to continue the plots in a certified status. During the follow-
ing 2 vears the toxicity was determined in 469 certified nursery
plots in Connecticut, Indiana, Maryland, New Jersey, New York,
Ohio, Pemnsylvania, Rhode Island, and Virginia. The resulfs of
these bioassays are summarized in tfable 41. The toxicity was
inadequate in 17 percent of the plots, but was at such a level in
the other plots that 5 percent of them could be continued in a

certified status for 1 more year and 78 percent of them: for 2 more
years,

TABLE 41.—Bioassay during 1962-68 of nursery plots treated in
previous years with chlorinated hydrocarbon insecticides, using
Drosophila as test ingect

Piots with
toxicity in soil

Insecticide Plots Adequate for—
Not

adequate 1 year 2 years

Number  Percent  Percent  Percent

Aldrin 22 14 g 77
Chlotdane 55 31 g 60
Chlordane + DDT 3 0 i} 100
Chlordane + dieldrin 8 ] 1} 00
Chlordane + DDT + dieldrin 6 0 i 100
Chlordane + heptachior 55 0 3 a7
pDT 122 35 Z0 45
DDT + dieldrin 2 50 o 50
DDT + malathion 4 25 0 75
Dieldrin i1 3 G 91
Heptachlor 28 43 i0 47
Not identified 5 0 ¢ 100

Total or average 469 17 5 T8

Chemical Analysis Versus Bioassay

Fileming et al. (7962) collected samples of soil from experi-
mental turf plots to which the chlorinated hydrocarbon insecti-
cides had been applied for control of Japanese beetle grubs.
The toxicity in each sample was determined by bicassay with
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third-instar grubs, and the equivalent amount of insecticide
was calculated by interpolation of the mortality data. The organic
chiorine in each sample was determined and the cquivalent
amount of insecticide residue was caleulated by multiplying the
organic chlorine by an appropriate factor. The data were arranged
in groups and the average residue for cach group was calculated.
The biological and chemical determinations are summarized in
table 42,

The relationship bLetween the biological and chemical deter-
minations remained fairly constant throughout the sampling
periods with chlordane and DDT, but as the other insecticides
weathered, there was a trend for larger amounts of these insecti-
cides to be recovered by chemieal analysis than by bioassay.
Kiigemagi et al. (7958) also found good agreement initially
between the organic chlorine method and bioassay with larvae of
Culex quinquefascictus Say in the analysis of soils containing
aldrin, dieldrin, and heptachlor. Howsever, after the soils had
weathered for several months, larger amounts of these insecti-
cides were recovered by chemical analysis than by bioassay. Ter-
rieve and Ingalsbe (1953) usually recovered more aldrin, benzene
hexachloride, chlordane, DDT, heptachlor, and toxaphene by the
organic chlorine method than by assay with culicine larvae.

Other investigators have found discrepancies in the results
obtained by colorimetrie chemical methods and bicassays with
Drosophila. Young and Rawlins (1958) found higher amounts of
heptachlor in mineral soils by colorimetric analysis than by bic-
assay. Lichtenstein and Polivka (7959) found more chlordane
and less aldrin and heptachlor in soil by colorimetric analysis
than by bioassay. Edwards et al. {1957), Lichtenstein and Schulz
{1959), and Lichtenstein et al. (7960) also found less aldrin in
soil by colorimetric analysis than by bioassay. Lichtenstein et
al. (1960) found more lindane by colorimetric analysis than by
bioassay.

The decision to use a biological or a chemical procedure to
evaluate insecticide residues in soil is dependent on the type of
information desired about the residues. The identification and
the quantity of the vesidues in a soil can be determined only by
chemical analysis, but the toxicity in a soil can be established
only by bicassay. In a determination of whether an insecticide
residue in a soil is sufficient to eliminate newly hatched grubs,
it is more important to know the level of toxicity than to have
information on what residues are in the soil and how much of
each is present,




TABLE 42.—Amounts of chlorinated hydrocarbon insecticide residiues per 8-inch acre i soil during weathering
as determined by bioassay and chemical analysis

0€e

_ Residues determined k Residues determined
Insecticide and by~— Insecticide and k by—

years residue Plotg == - Differ- years -residue Plots - - Differ-
wenthered Bioassay  Chemical ence weathered Bioassay Chemical ence

analysis analysis

Number  Pounds Pounds Pounds Numbeér  Pounds Pounds Pounds

Aldrin: Dieldrin:
0.5 . 3 1.77 1.07 —0.70 . 3.04 3.66 +0.62
2 . 43 .64 + .21 . 2.10 2.60 .50
3 e 26 92 + .66 1.78 2.38 .60
5 AU .10 .90 + .80 . 1.13 1.61 - .48
.83 1.81 .98

Chlordane: .65 1.35 .80
0.5 . ( 5.8 5.3 .
1 I 3.3 3.9 . Heptachlor:
2 : 1.5 2,0 . 0 2,16

1 . .3b
2 - 20
3 A0

5 .. 1 A b

Toxaphene:
0 . 30.5
16.6
13.1
7.9
3.9
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SUMMARY

Federa! quarantines 40 and 48, which became effective in 1920,
regulated the interstate movement of all kinds of farm produects
and plants from the area infested by the Japanese beetle (Popil-
tia japonica Newman). The infested States imposed quarantines
to regulate the intrastate movement of these products and
plants. The general policy in the enforcement of these quarantines
was to permit unrestricted movement of all agricultural products
within the regulated area and to restrict shipments beyond this
area to uninfested produets and plants.

When these quarantines were promulgated there was no prec-
edent for treating the many agricultural products to kill the
insect. Progress in the development of treatments was slow be-
cause farm products and plants were often less tolerant of in-
secticides than the insect, but eventually many treatments were
developed and authorized.

Quarantine on Farm Products

The quarantine on farm products was in operation from the
first emergence of the adult beetle until none could be found in
the area, approximately 3 months of the year.

Inspection

The inspection of farm products was not satisfactory because
it was difficult te find all the beetles in packages of fruits and
vegetables, and except for the first few years sufficient man-
power to examine each package was lacking.

Nonchemical Treatment of Fruits and Vecetables
=]

The commercial grading of apples and peaches eliminated
beetles hiding among the fruit. A mechanical device was de-
veloped for separating beetles from string beans. A high fre-
quency electrostatic field, ultraviolet light, vacaum and pressure,
centrifugal force, refrigeration, and heat were either not effec-
tive or impractical.

Fumigation of Fruits and Vegetables

Fumigation with carbon disulfide or ethylene oxide killed
beetles in boxes and crates of blackberries, blueberries, and
raspberries without injuring the berries.
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Hydrocyanic acid and calcium cyanide were used successfully
to fumigate carloads of green bananas at the ports. Hydrocyanic
acid was not always effective in killing beetles in baskets of
apples, peaches, and vegetables,

Methyt bromide kilied beetles in packages of fruits and vege-
tables, usually without injuring the preducts.

Dusts

A dilute DDT dust applied before and after loading killed
beetles hiding in refrigerator cars and trucks and clinging to the
cutside of sacks of potatoes.

Quarantine on Nursery and Greenhouse Stock

Safeguarding the movement of nursery and greenhouse plants
was the most important part of the Japanese beetle quarantine
because the immature stages of the beetle are in the soil through-
out the year,

Preventing Infestation
The infestation of greenhouses and coldframes was prevented
by screening and following sanitary procedure-.

Soil Removal

Many species of herbaceous and deciduous plants were not
seriously injured by washing all soil from their roots with
water, but the narrowleaf and broadleaf evergreens were se-
ricusly retarded or killed.

Nonchemical Treatments

A high frequency electrostatic field did not kill all the im-
mature stages in the soil of potted plants and it was very injurious
to plants.

All grubs were killed by reducing the temperature of the soil
from 507 to 12° F. within a few hours, but most of the narrow-
leaf evergreens were seriously injured or killed.

Immersing the soil of balled and potted plants in water at
112° F. killed all stages of the beetle. Many species of dormant
and semidormant herbaceous and deciduous plants were not in-
jured, but the evergreens were killed.

Fumigation in Chamber

Of ali the fumigants that killed the immature stages in soil,
methyl bromide was the least injurious to plants. The insects
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usually died within 3 weeks after exposure to the vapor of methyl
bromide, Most species of plants were not injured by the fumigant.

Insecticide Dips

Immersion of the dormant roots of herbaceous plants in a dilute
wormseed oil emulsion killed all grubs in masses of soil not
larger than 1 cubic inch without injuring the plants, but not
all grubs were killed in larger masses of soil.

Grubs in the soil of balled and potted plants were killed by
immersing the soil in a dilute emulsion of aldrin, carbon di-
sulfide, ethylene dichioride, or heptachlor. Al immature stages
were Kkilled by immersing the soil in a dilute emulsion of
ethyiene dibromide or an ethylene dibromide-chlordane mixture.
Herbaceous and deciduous plants tolerated these treatments, but
sometimes the evergreens were injured,

Insecticide Emulsions and Solufions Applied to Soil Surface

Grubs in potting soil were killed by applying to the surface of
the soil a dilute emulsion of ethylene dibromide, ethylene di-
bromide-chlordane, or ethylene dichloride, or an aqueous solution
of methyl bromide.

Grubs in the soil of potted plants were killed by pouring on the
surface of the soil a dilute emulsion of aldrin, carbon disulfide,
ethylene dibromide, ethylene dibromide-chlordane, or ethylene
dichloride. Most plants tolerated these treatments.

zrubs in the soil of field plots were killed prior to planting by
applying to the surface of the soil a dilute emulsion of Bedrench,
D-D, ethylene dibromide, or Vapam, or an aqueous solution of
methy! bromide,

Before digging plants in the field, the grubs in the soil among
the plant roots were killed by applying to the surface of the soil
a dilute emulsion of carbon disulfide, ethylene dibromide, ethylene
dibromide-chlordane, or ethylene dichloride, or an aqueous solu-
tion of methy! bromide.

Insecticide Liquids Injected Into Soil

All immature stages were killed in potting soil by injecting
into the soil carbon disulfide, chicropicrin, or metnyl bromide.

Grubs in the soil of unplanted nursery plots were killed by
injecting carbon disulfide, D-D, Dorlone, isobenzan, or methyl
bromide into the soil.
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Most of the insecticide liquids injected into the socil of balled
or potted planis did not kill all of the grubs or they seriously
injured the plants. A& dilute aleoholic solution of ethylene di-
bromide or ethylene dichloride injected into the soil killed grubs
without injuring the plants.

Residues of Plant Origin Mixed With Soil

Derris, hellebore, mowrah meal, or pyrethtum mixed with soil
had little effect on the grubs.

Naphthalene Mixed With Soil

Naphthalene mixed with potting soil killed all immature stages
in the soil. The chemical disappeared rapidly, largely because of
decomposition by soil micro-organisms. Before naphthalene dis-
appeared, the soil was injurious to plants. After it had dis-
appeared, plants grew normally in the soil.

Mixing naphthalene with the upper 2 inches of soil of eultivated
plots at intervals during the summer did not prevent oviposition
in the scil. All grubs in unplanted plots were killed in the early
fall by mixing naphthalene with the upper 3 inches of soil.

p-Dichlorobenzene

p-Dichlorobenzene mixed with potting soil killed all grubs, but
it seriously injured or killed plants potted in the soil.

When balled and potted plants were plunged for 5 days into
soil with which p-dichlorobenzene had been mixed, the grubs
were killed and many species of plants were not seriously injured.

Inorganic Residual Insecticides Mixed With Seil

In contrast to the fumigants that persist for only a short time
in soil, some residual insecticides may be effective for several
years in killing successive generations of grubs hatching in the
soil. This type of treatinent made it possible to treat plots of
nursery stock en masse, instead of individual plants, and to dig
and prepare the plants for shipment in the usual manner.

Grubs were killed in potting soil by mixing lead arsenate with
the soil. Lead arsenate mixed with the upper 3 inches of soil in
planted and unplanted nursery plots before the eggs hatched
killed the grubs by early fall. It was effective for 1 to 4 years,
depending on the type of soil. Many herbaceous, deciduous, and
svergreen plants were grown successfully in soil treated with this
arsenical.
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Lead arsenate was less toxic to grubs than barium, dicalcium,
magnesium, manganese, tricaleium, and zine arsenates, equiva-
lent in toxicity to aluminum and ferric arsenates, and more toxic
than basie lead arsenate. Ferric and lead arsenates mixed with
soil were the least injurious of the arsenates to plants.

Arsenious oxide and arsenious sulfide were more toxic to grubs
than lead arsenate, but they seriously injured or killed plants.

Paris green and some of its homologs were more toxic to grubs
than lead arsenate. All of them were injuriocus to plants.

The inorganie borates of calelum, lead, magnesium, nickel,
sodium, strontium, and zine were only slightly toxic to grubs
but very injurious o plants,

The inorganic fluorides of aluminum, barium, caleium, copper,
lead, magnesium, strontium, and zine were only slightly toxic
to grubs. They did not affect the growth of plants.

The hexafluorosilicates of potassivm and sodiwm were more
toxic to grubs than lead arsenate. Barium hexafluorosilicate was
equivalent in toxicity fo lead arsenate, and magnesium hexafluo-
rosilicate somewhat less toxic. Caleium hexafluorosilicate was
only slightly toxic fo grubs. The hexafluorosilicates lost more
than half of their insecticide effectiveness during weathering for
6 months. Plants tolerated the hexafluorosilicates in the soil.

Residual Chlorinated Hydrocarbon Insecticides Mixed With Soil

Since 1943 many new chlorinated hydrocarbon insecticides
have become available., In contrast to the halogenated hydro-
carbons used previcusly, these chlorinated hydrocarbons were less
volatile and more persistent in soil. Only a small amount of these
chemicals was needed to kill grubs in the soil.

DDT was the first of these chlorinated hydrocarbon insecticides
to be tested as a substitute for lead arsenate. A small amount of
the chemical in potting soil killed grubs. When mixed with the
upper 3 inches of soil in planted and unplanted nursery plots
before the eggs hatched, DDT eliminated by early fall six to
eight annual broods of grubs that hatched subsequently in the
soil. Over 500 species of nursery and greenhouse plants were
grown successfully in DDT-treated soil,

Methoxychlor and TDE, chemicals closely related to DDT,
were much less toxic to grubs.

Toxaphene was very similar to DDT in its toxicity to grubs,
persistence in secil, and low phytotoxicity.

Chlordane was more toxic to grubs than DDT. A small amount
in potting soil killed grubs. When mixed with the upper 8 inches
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of soil in planted and unplanted nursery plots before the eggs
hatched, chlordane eliminated by early fall three or four annual
broods of grubs that hatched subsequently in the soil. Most
nursery and greenhouse plants were not affected by chlordane
in the soil,

Aldrin was more toxic to grubs than chlordane., A very small
amount of aldrin mixed with potting soil killed grubs. When
mixed with the upper 3 inches of soil in planted and unplanted
nursery plots before the eggs hatched, aldrin eliminated by early
fall three annual broods of grubs that hatched subsequently in
the soil. Mest nursery and greenhouse plants were not affected by
aldrin in the soil.

Dieldrin was less toxic than aldrin and more toxic than chlor-
dane to grubs. Its persistence in soil approached that of DDT.
A small amount in potting soil killed grubs. When mixed with
the upper 3 inches of soil in planted and unplanted nursery plots
before the eggs hatched, dieldrin eliminated by early fall five
annual broods of grubs that hatehed subsequently in the soil.
Most nursery and greenhouse plants were not injured by dieldrin
in the soil,

Heptachlor was very similar to aldrin in its toxicity to grubs,
persistence in soil, and low phytotoxicity.

Preliminary tests were made with other chlorinated hydro-
carbon insecticides. Benzene hexachloride lost most of its in-
secticide effectiveness within 1 year and it retarded the growth
of plants. Endrin had about the same persistence in soil as DDT
and it did not affect the growth of most plants. Endosulfan dis-
appeared from seil in about 5 months. Isobenzan and isodrin
were much more toxic to grubs than aldrin; tests with these
chemicals were discontinued when they were withdrawn from
the market. Kepone was less toxic to grubs than chlordane. Lin-
dane was less toxic to grubs than benzene hexachloride,

By 1955 many nursery plots had residues of chlordane and
DDT, chlordane and dieldrin, or DDT and dieldrin because the
insecticide applied initially did not have to be used in re-treatment
to continue plots in a certified status. DDT plus aldrin, chlordane,
dieldrin, endrin, heptachlor, or toxaphene was more toxic to
grubs than DDT or the other components of these binary mix-
tures. Toxaphene plus aldrin, endrin, or heptachlor was more
toxic than toxaphene or the other components of the mixtures.
There was no J«finite change in the toxicity of most of the other
binary mixtures.
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Carbamate Insecticides Mixed With Soil

In preliminary tests the toxicity of Hercules 5727 and Landrin
to the grubs was about the same as that of dieldrin. Propoxur
and Shell SD-8786 were three-fifths and carbaryl three-tenths
as toxic as dieldrin. The other carbamates were less toxic. Tests
on their persistence in soil indicated that carbamates applied
before eggs hatched would be effective in eliminating conly one
brood of grubs.

Organic Phosphorus Insecticides Mixed With Soil

In preliminary tests Stauffer N-2788 was slightly more toxic
to grubs than dieldrin. Bayer 37289 and Zytron were eguivalent
in toxicity to dieldvin. Akton ™, Union Carbide 8305, Diaz-
inon, amndd Shell S3D-880F were slightly less toxic than dieldrin,
The other phosphorus compounds were even less toxic to the
grubs. These insecticides disappeared rapidly from soil. An ap-
plication of the organic phosphorus insecticides to soil before
the eggs hatched would not be eflective in killing first-instar
grubs throughout the summer,

Cuarantine on Turfl

The production and distribution of turf became an important
industry in the quarantined area after World War IT. Topdressing
turf with residual insecticides was nof{ adapted to the require-
ments of the turf industry because turf treated in the spring
could not be certified for shipment until the fall. Many emulsions
and solutions were applied to eliminate grubs in turf, but enly
Ewo of them were autharized. Turf could be dug and shipped 24
hours affer applving a dilute emulsion of ethvlene dibromide to
the surface. The turfl was in a certified status until adult beetles
appeared in the vieinity. Tt also could be shipped 24 hours after
applying a dilute emulsion of ethylene dibromide-chlordane, but
this turt could Le in a certified stalus for several years.

Determining Residues of
Persistent Insecticides in Soil

The certification of plants grown in nursery plots treated with
leud arsenate ov the chlorinated hydrocarbon insecticides was
based on the knowledge that suflicient residue was in the soil to
kill grubs hatehing during the summer,
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The variation in the types of soil, cultural practices, and en-
vironmental conditions throughont the quarantined area made
it necessary to determine how much residue remained in a plot
after weathering. The residues were determined by chemical
analyses and bioassays. The method of sampling soil and the

chemical and biological methods for assaying the vesidues arve
discussed in this bulletin.
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