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Preventing Japanese Beetle Dispersion 
by Farm Products and Nursery Stock 

By 'VAL1'El~ E. l<~I,EMING, coliaboratol', Entomology ResrClrch Division, 
Agl'icuUural R('seClr('/t Service 

The Japanese beetle (Popilli(/' .iapoilica Newman), a native of 
Japan, wm; found in a commercial nursery in southern New 
Jersey in 1916 by inspectors of the New Jersey Department of 
Agriculture. This infestation probably develope.d from grubs in 
the soil about the rhizomes of Iris kaemp/eri, which had been 
imported by the nursery from Japan prior to 1912. Before its 
discove,ry in New Jersey the beetle was known to occur only on 
the main islanc1s of Japan. (Dickerson and Weiss 1918; Howard 
1.918; Smith ane! Hadley 192(i; Weiss 1918a, t91sb)t 

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 ~1dult beetles emerge from the soil. The 
adult beetle is present during the summer, but one or more of the 
immature stages are in the soil throughout the year. 

In its new en\'ironment the beetle found a generally favorable 
ciimnte, large m'ens 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 (1.968). From this small 
beginning the beetle multiplied rapidly and spread until by 1970 
it had invaded o,'e1' 100,000 square miles, covering all or parts of 
19 States and the District of Columbia in the Eastern United 
S~'l.tes and part of one Province in Canada. It also became es­
tablished in several isolated areas beyond this region of natural 
distribution (Fleming 1970). 

The beetle soon became a threat to American agriculture. The 
~dlllts seriously damaged orchard crops, small fruits, some garden 
and field crops, and ornamental trees, shnlbs, and vines. The 
grubs destroyed large areas of turf in lawns, golf courses, parks, 
and pastures, and they damaged the roots of garden and truck 
crops and small nursery stock. 

, ThE' yC'nr in itulil' ;litH thl' authors' namf'S is the key to the reference in 
LitC'rat.m·C' ('itNI, p. 238. 
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There wns no lfnv prior to 1912 to protect the United States 
from the entry of foreign p1ant pests or to contr01 and prevent the 
distdbution of these insects and diseases within the country. Some 
foreign COl.l1tries 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 importati0!1 and in­
terstate movement of nursery stock, other p~ants, and plant 
products carrying foreign plant pests. This law and the Plant 
Pest Act of 1957 are the basic laws for all plant qu:=t:::antines 
in the United States. 

Federal quarantines l10 and 48, promulgated by the Secretary 
in 1920, regulated the interstate movement of an kinds of farm 
products and plants from the beetle-infested area (U.S. Depart­
ment of Agriculture 19;20(£, It);20b). The infested States imposed 
quanmtines to regulate the intrastate movement of these products 
and plants. 

The general policy in the enforcement of these quarantines 
,vas to permit unrestricted movement of all agricultural products 
within the regulated area and to restrict shipments beyond this 
area to unil1fested products and plants. When the quarantines 
were promulgated, there was no precedent for treating the 
many regulated agricultural 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 without seriollsly inj uring the plants and plant products. 

Some phases of the investigation were conducted cooperatively 
by the U.S. Department of Agriculture Japanese Beetle 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 reports on the investigation appeared from time to 
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. O. 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. H. Siegler, G. E. Spencer, 1\'1. C. Swingle, H. Tashiro, P. A. 
Vander Meulen, E. R. Van Leeuwen, and C. M. 'Wible and also in 
the quarterly and annual unpublished reports of t.he Japanese 
Beetle Laboratory by 'V. E. Fleming and C. H. Hadley on file at 
the Japanese Beetle Laboratory, l\Ioorestown, N.J. These pub­
lished and unpublished records have been reviewed here so that 
information on the d,:.velopment of treatments for agricultural 
products during 191~-70!! might be more available to other 
C'ntom010gists, chemists, and the general public. 

QUARANTINE ON FARM PRODUCTS 

The quarantine on farm products was in operation from the 
first emergence of the beetle until none could be found in the 
al'ea. 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 
01' counties, where beetles had been found the previous summer 
by scouting and trapping (Smith 1925a). 

Inspection 

The inspection of farm products \vas 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 N'2w Jersey 106,832 beetles had 
been removed from 194,682 packages of corn, 7,223 beetles from 
'186,880 packages of beans, and 61 beetles from 182,733 pack­
ages of miscellaneous 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 list 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 
1!H9-'i'O, the findings are still 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 1.926); in 
1925 the inspected products were corn, beans, peas in the pod, 
parsley, carrots with tops, onions with tops, lettuce, cabbage, 
tomatoes, and outdoor-grown flowers (Duryee 1.925; Smith 
1025a) ; and in 1932 the inspected products were corn, lima beans, 
string beans, apples, peaches, blackberries, blueberries, huckle­
berries, and raspberrie.s (Strong 1988). The shipment of hay, 
stra.w, 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 faml products within the regulated area, thousands 
of beetles were carried on farm products from New Jer1iey to 
the city market. Unrestricted movement of farm products 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 regulated area to 
un infested areas wer£' inspected on the farms. (Smith 1925a; 
Smith and Hadley 192b') 

In 1924 inspection centers were established at convenient points 
throughout the regulated area to facilitate the inspection and 
certification of farm products for shipment. to 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 wele 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 beetles ,,,ere not flying, to prevent reinfesta­
tion of the inspected products. (Hoyt 1984; Marlatt 1929; Smith 
HJ25a; Smith and Hadley 1926; Strong 1981,1983) 

Most of the farm products consigned outside the regulated 
area were shipped by truck. At the limits of the regulated area 
all roads ,,,ere 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 outl"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 
Xew York City. The uncertified products were either confiscated 
by the inspectors or taken back into the regulated area by their 
owners. There were some violations of the quarantine, but most 
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were caused by ignorance of the regulations. A few willful 
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 1025; Hoyt 1934; Marlatt 1929; Smith 1925a; 
Smith and Hadley 1926; Strong 1931,1988; U.S. Department 
of Agriculture 1936) 

Nonchemical Treatment of Fruits and Vegetables 

Mechanical Removal of Beetles 

'fhe commercial grading and packing of apples and peaches 
eliminated beetles hidlltg among the fruit. When these opera­
tions were supervised by an inspector, the fruit could be certified 
for shipment outside the regulated area. (Strong 1988) 

The demand for certifying large quantities 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 tested by 
the then Bureau of Plant Quarantine. The model adopted was 
essenthllly a sloping cylinder, 7 feet long and 2 feet in diameter, 
which was constructed of l/~-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 revolved the beans tumbled without 
injury to the lower end ox the cylinder and were discharged into 
a hamper. The beetles were shaken off the beans and fell 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 1983) 

High Frequency Electrostatic Fit'ld 

Headlee and Burdette (1020) and Headlee (1.931) killed the 
honey bee (A7Jis m.elliiem. L.), the house fly (Musca domestica 
L.), the imported cabbageworm (PieTis mpae (L.», and the 
German cockroach (Blattella ge?-mnnica (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 treatment had 
no effect on the beetles. 
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Ultraviolet Light 
Less than 10 percent of the Japanese beetles were killed by an 

exposure for 60 minutes in quartz test tubes 12 inches away from 
a qnartz mercury vapor arc. 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 directed on the quartz 
test tnbes to remove the heat given off by the lamp. Exposure 
to the lamp for 60 minutes had no effect on the bean weevil 
(AcanthosceUcles obtectu..'l (Say» or the Colorado potato beetle 
(Leptinotm'sn d('cemlinenta. (Say». (Osburn unpublished) 

VnClllllll 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 
beetles were kmed 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.i. (Starkweather and Sullivan 196.4). Reducing the atmos­
pheric pressure from 15 to 5 p.s.i. and retaining that pressure 
for 17 hours had no efTect on the beetles (Mallory unpublished). 
Reducing the atmospheric pressure from 15 to 5 p.s.1. 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 
f: to 200 p.s.i. within 60 minutes killed 42 percent of the beetles 
(Osburn unpublished). 

C('ntrifllgal Force 
The beetle was resistant to the stresses imposed by extreme 

forces of acceleration. Sullivan and McCauley (1960) 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 G,800 g., and 30 minutes to 4,150 g. 

R('frigera tion 
Many fruits and \'egetables were shipped long distances under 

refrigeration. The usual temperature was about 40° F. Beetles 
\vere inactive at that temperature, but an e..xposure 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 
pel'cent at 5° (Knipling and Sullivan 1957). 
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Heat 

Although heat cannot be used to treat fresh fruits and vege­
tables, it could be used to kill beetles hiding in empty trucks, 
railroad cars, and aircraft and in empty baskets, boxes, and 
crates. When the relative humidity of the air was between 6 
anel 21 percent, 5t1 percent of the beetles were killed by an ex­
posure of 60 minutes at 113 0 F., and all were killed by an ex­
posure of 30 minutes at 122 0 or for 15 minutes at 131 0 (Knipling 
and SulLivan 1958). 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 0 (Fleming and 
Bakel' 1932). 

FlIlllj~alio!l of Fruit13 and Vegetahles 

Carbon Disulfide 

Carbon disulfide (CS~) was used for many years to destroy 
insects infesting grain and other stored products (Chittenden 
HUS; Graf 1917; Hinds 1.cJ02, 1917; Spencer and Strong 1925). 
Since then other fumigants or a 1:4 mixture of carbon disulfide 
and carbon tetrachloride have largely replaced it for the control 
of stored-products insects (Chisholm 1952,. 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, slightly 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) 

To.i'icity 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 0 and to 10 pounds at 80 0 The 10­• 

pound treatment killed 96 percent of the beetles at 75 0 When• 

the exposure was reduced to 1 hour, all the beetles were not 
killed by the 10-pound treatment at temperatures belo,\- !;15°. 
(Osburn 1930; Osburn and Lipp 1935) 
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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 0 F. to 5 pounds of the chemical in 1,000 cubic 
feet of air at normal atmosphel'ic 1)reSSUre of 15, p.s.i. The mortal­
ity was increased to 75 pel'cent by reducing the atmospheric 
pressure to 10 p.s.L 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) 

FU'In'igation of Fruit.-Beetles were introduced into baskets and 
crates of blackberries, blueberries, gooseben'ies, peaches, plums, 
raspberries, red currants, and strawberries that had been packed 
for shipment and were expused for 2 hours at 80 0 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 not 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 0 F., three varieties 
of blueberries were 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 Radcliffe 
(1909), but after aeration for 24 hours none of the chemical 
was dptected. (Osburn 1930; Osburn and Lipp 1935) 

FumigHtion of blackberries, blueberries, and raspberries with 
carbon disulfide at 10 pounds per 1,000 cubic feet and a 2-hour 
exposure at 80 0 F. was authorized in 1929 as a basis for certifying 
the berries for shipment. The growers built fumigation chambers 
at Hammonton and New Lisbon, N.J. The crates fumigated and 
certified numbered 9,980 in 1929 (Osburn 1980), 7,397 in 1930 
(Strong 1.931), and 14,966 in 1932 (Strong 1988). After 1932 
when the beetle population declined and fewer plantations were 
infested, the number of crates fumigated decreased progre&­
sively. 
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Ethylene Oxide 
The insecticide properties of ethylene oxide «CH2 hO) were 

discovered by Cotton and Roark (1928). Back et al. (1930) 
used ethylene oxide to control insects infesting stored products. 

The physical properties of ethylene oxide have been descrIbed 
by Back et al. (1930) and Roark and Nelson (1930). It is a 
colorless gas at room temperatme. 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 pel' 1,000 cubic feet of space are non­
flammable and nonexplosive. Haenni et al. (1959) 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. 

To:eic itll to Bl'etles.-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 75° F. and 93 percent at 80°. With a 2-hour exposure to that 
dosage, 90 percent were killed at 65", 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 to use 
2 pounds of ethylene oxide per 1,000 cubic feet with a 2-hour 
exposure at 75° to obtain 100-percent mortality. (Osburn 1.931; 
Osburn and Lipp 1985) 

Fulton et al. (1963) used an ethylene oxide-dichlorodiftuoro­
methane aerosol at 80° F. and ki11ed all beetles exposed for 
one-half hour 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 
effecth"e 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. 

F1t1nigation of Fruit.-Blackberries and raspberries were 
not 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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01' the taste of the berries (Osburn 1931; Osburn and Lipp 
1985). 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. 

Conditions at the port of Philadelphia in the early 1930's made 
it necessary to fumigate railway fruit cars containing green 
bananas. 'l'he authorized ethylene oxide fumigation extensively 
injun~d the bananas (Osburn 1931; Osburn and Lipp 1935). 

Fumigation of Vegctables.-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) Fumigation of fresh vegetables with eth­
ylene oxide was not authorized. 

Hydrocyanic Acid 

Hydrocyanic 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 
26' C., melting point -1<1", specific gravity 0.697 at 18°, and 
vapor pressure 610 mm. at 20°. Its vapors are slightly lighter 
than air. Hydrocyanic acid is flammable. At concentrations be­
tween 5.6 and 40 percellt it forms explosive mixtures with air, 
but in fumigatiolls 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, hydrocyanic 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 to a mixture of sulfuric acid and water. It is released from 
granular calcium cyanide 1n the presence of moist air. For 
special tlse1> it is packaged with an absorbent such as diatomaceous 
earth, felt, or fiber; the gas is released on distributing these 
materials in the sp~lce to be fumigated. (Chisholm 1952) 

To:ddtJj to Beetles.-Preliminary experiments by Fleming in 
1926 demonstrated that hydrocyanic acid was very toxic to the 
beetle. Fleming and Burgess (.1.948) studied the dosage-exposure­
temperature requirements to kill 100 percent of the beetles ex­
posed directly to the gas. The data are summarized in table 1. 
With an exposure 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, e.l'pOSll1'C, and tempe1'Cltw'e 'l'equi1'cd to kill 100 
percent of Japanese beetles exposed di1'ectly to hyd1'ocyanic 
acid (HeN) 

1\:linimum Minimum 
HeN per 1,000 cubic -feet 

( ounces) 
effective 
exposure 

effective 
temperature 

Hom's OF. 

2 f:2.0 

95 
80 
75 

3.0 65 

.{ 

l .5
1.0 

r·5 
2.1) 

85 
65 
55 
45 

i .5 70 
6 J 1.0 55 

h.5 45 
8 1.0 ,15 

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

Osburn and Lipp (.1.935) compared the rate of insecticide ac­
tion of hydrocyanic acid absorbed on granular infusorial earth 
and on wood paper pulp with that of commercial calcium cyanide 
('10-50 and 88 llercent), using third-instal' 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 atmospheric moisture. All the grubs 
were killed within 30 minutes at 80° F. by 4 ounces of the ab­
sorbed hydrocyanic acid in 1,000 cubic feet, but 45 minutes were 
required for 100-percent mortality with 16 ounces of the calcium 
cyanide. Two ounces of liquid hydrocyanic acid introduced into 
a flat pan, from which it vaporized rapidly into 1,000 cubic feet 
of ail', killed all grubs exposed for 90 minutes at 75°. 

Fumigation of BaHal1(ls.-Large quantities 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, migl'atory flights of 
beetles occurred during the last part of July and early August 
across the Delawal'e River from heavily infested areas in New 
Jersey into the downtown shopping and marketing districts of 
Philadelphia. Cal's being loaded with bananas when beetles 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 labor 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 193.4; Smith 1925a. 
192ijb) 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-cubic 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 and at the center of the load space. At the com­
pletion of the exposure period the cars ,,,ere iced, the covers of 
the ice bunkers were fastened in an open Ilosition, and these 
openings were screened to exclude beetles. The cars were aerated 
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
ir;~ 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 COsburn and Lipp 1935). This fumigation pro­
cedure was authorized in 1927 as a basis for certification. 

Further research showed that the calcium cyanide fumigation 
was equally as effective in killing beetles in the cars when the 
exposure was reduced to 1] 2 hours and the minimum tempera­
ture to 75° F. 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 cold 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 1935). 

Large quantities of ventilated and refrigerated bananas were 
fumigated successfully 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 beetles 
were found in the vicinity (Hoyt 1934), but it soon became 
necessary to fumigate bananas at Wilmington, Baltimore, and 
New York. 

Osburn and Lipp (lrJ35) killed all beetles in loaded cars by 
introducing 3 ounces of hydrocyanic acid into each ice bunker, 
6 ounces per car, when the tempel'ature 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 progressively in each bunker, and 
there \Va~ 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 ane! calcium cyanide $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 llsed to fumigate 111 carloads of ban~nas suc­
cessfully. 

Cars loaded with bananas were fumigated successfully. with 
hydl'ocyanic acid for several years at Wilmington and at New 
York, but in 1937 Fleming and Wible (unpublished) found that 
the treatment was not always effective in killing 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 
2-hour exposure. The mortality of the beetles was 100 percent 
when the minimum temperature was not below 75°, 98 percent 
at 7(F-7i):', 91 percent at (j0°-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 snch a low le\'el that it \yas 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 calcium cyanide 
or hydrocyanic acid with the same requirements as for loaded 
cars, was authorized in 1939. Donohoe (194Ja) demonstrated 
that the pans in the bunkers into which hydrocyanic acid was 
poured in the authorized procedure could be eliminated by splash­
ing ·l ounces of the chemical on the end wall of each bunker. 
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This modification in applying hydrocyanic acid to empty re­
frigerator cars was authorized in 1943. 

Fumigation of Other Fruits and regetables.-In a preliminary 
test Lipp (unpublished) killed all beetles in baskets of apples, 
cabbage, eggplant, onions, peaches, peppers, and tomatoes by 
fumigating with ~ ounces of hydrocyanic acid per 1,000 cubic 
feet for 2 hours at not less than 7G ... 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. 

III more extensiYe tests Johnson [A. C.], Donohoe, and Bulger 
(1l1111Ublished) found that with a 2-hour exposure the efl'ectiye­
ness of hydl'oeyanic add in killing beetles in baskets of fruit 
and vegetables wag 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 filled to one­
twelfth its ('apacity, ·18 percent to vne-third its capacity, and 
only 31 percent to full capacity. A 3-ounce dosage killed 16 
}lercent of the beetles at the top of bushel baskets of corn, 2 
percent of those at the center, and none at the bottom. A 6­
ounce dosage killed all beeVes in baskets of apples, beets, cabbage, 
c'antaloup, eggplant, and peppers when the chamber was filled to 
three-foul'th~ or more of its capacity, but not all of them in 
baskets of Cttl'l'ots, corn, peaches, and string beans. This high 
dosage did not injure apples, beets, cantaloup, eggplant, peaches, 
lleVllers, and string beans, but it definitely injured cabbage, 
carrots, and corn. 

Illlmec1iatel~' after fumigation with the 2-ounce dosage, no 
hydrocyanic acid wus found in apples, cabbage, eggplant, onions, 
peaches, peppers, potatoes, and tomatoes, but 5 p.p.m. was found 
in gpinach, ~O p.p.I11. in beets, cucumbers, lima beans, and string 
beans, 30 p.p.m. in parsley, and 60 p.p.m. in carrots and turnips 
(Lim) unpll blishecl). 

Fumi <{atiol1 of these fruits and vegetables with hydrocyanic 
acid is not practical and it could be a hazard to human health. 

l\lcthyl Bromide 

)[ethyl bromide (CH,Br) is a colorless gas at room tempera­
tUre. It is almost odorless. Its boiling point is 4.6° C., specific 
gravity L73~ at 0"', and ,'apor pressure 760 mm. at '1.6°. Its vapors 
are 3.~n times as heavy as ail'. It is 110nflammable. Its vapor 
mixed with ail' cannot be ignited by a flame. It is therefore 
useful as a fire extinguisher. It is only slightly more toxic to 



man than gasoline, chloroform, and c~ll'bon ~ctra('hl()ride with 
short exposures, but its toxicity increases with prolonged ex­
posure and approaches that of ammonia, em'bon monoxide, hydro­
cyanic aeid, and hydrogen sulfide. The lack of a distinctive odor 
makes it an insidious compound that must be handled carefully, 
(Chisholm 10i)2; Fisk and Shepard/D,lb' ; ::\Iackie 1D38) 

While studying the toxicity of fumigants mixed with methyl 
bromide to o\'ereome their flammability, Le GOUllils (JrhJ2) found 
that this alkyl halide was more toxic to insec'ts than the com­
(loulHls with which it was mixed, Vayssicl'c (l9,J.~.), de Fl'ancolini 
(/[J,f5), and Lepigl'e (If/.Un ltwestigated further it" i1u:;ecticic1e 
pro]l('rties. The l'('stllts ohtained by these French invcstigators 
~timlliated investigations of methyl bromide in this country, 
Shepard et <II. (UJ.l7) found that the toxicity 01' methyl bromide 
to thE' ('ollfus('(l flour beetlc {'l'l'ii>oZillnl ('OIl!USlI?n Jacquelin 
clu\'al) was less than that of hydrocyanic acid and between the 
toxieities of ('hlorollicrin and eth~'lene oxide, but there was little 
difl'l'l't'ncl' in the toxkities of these fumigants to the granary 
wecdl {Sito)1hilus {/l'lu/(lI'iIlS (L,)}, Fisk and Shepard (1.938) 
found its illst'ctiC'i<le aetiOI1 was modified by temperature and 
n:lath'e humidity, Mackie and Carter (10;$7) and Mackie (1.9,]8) 
found methyl bnlll1idl' was vcry efredive in killing insects in­
festing grain. dried fruits, and fresh fruits and vegetables with­
out inj110' to ill(' products. 

When methyl bl'ol1li(le was \'aporized in a chamber wHhol1t 
('irt'ulating the ail', the hc<\\'y vapor ,yas not distributed uni­
formly throughout the chamber but was more concentrated near 
tl1t' flnol'. The distribution of ~ pounds of the chemical pel' 
l.OOO ('ullie feet was sllt'h that Donohoc et a!. (1o,~O) killed only 
!l percent of tht' heetle!' ll{,lll' the ceiling and ] 00 percent of those 
l1E'ar thc floor. This situation was O\'Crcome by operating a fan 01' 

11 hlo",{'r dUl'ing \'upol'ization 01' the> chcmical and for a few 
lllinute>s thereafter, Fleming et n1. (un]lublished) fOllnd that 
m(;'thyl bromide was distributed unifol'ml~ 'Nithout circulating 
thc ail' by appl~'ing it as an aerosol cOl1t"ining 75 percent 01' 
methyl bromide and~:i llC'l'rent of dichlol'ocliOuorol11cthane, 

The method fiMlIy adapted for fumigating refrigerator cars 
was to dis('!ml'ge the methyl bromide through it disk-type spray 
nozzle with a 1 lH- to :I;l:!-inch OJ'ifke into the intake of a blower 
OJ' into tlH' rC'ar of thc blades of' a fan mounted in a bunker 
and blowing through the grill into the load space of the cal', 
\rhen llO ke was in a ('ar, the blower was operated during 
intrnductioll of' tlH~ fumigants and for an additional 5 minutes, 
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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 b·ucks. 
(Donohoe 1945b; Donohoe and Gaddis 1942; Donohoe et aI. 1940) 

Fmnigation of F?"lL'its and Vegetables.-Donohoe (1943b, un­
published; Donohoe et a!. 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 
1938 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 <1 pounds at 40° to 0.8 pound at 95° were authorized. 
This schedule is given in the following tabulation: 

11Jinimlt'l/t temperature Methyl bromide 1Jer 1,000
of load and space (0 F.) wbic feet (pounds) 

40 4.0 
45 3.6 
50 3.2 
55 2.8 
60 2.4 
68 2.0 
77 1.6 
86 1.2 
95 .8 

During 1938-42, 9,948 cars of fruits and vegetables were fumi­
gated with methyl 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 (1942) and Donohoe (194Sb) had 
demonstrated their effectiveness under these conditions. 
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Chi&holm and Kobli tsky (1945) developed a method for rating 
the tightness of fumigation chambers. An open-arm manomp.ter 
charged with deodorized kerosene was used to establish the 
pressure-time relationships. Ail' "as blown into a chamber until 
a positive pressure slightly more than 50 mm. of kerosene was 
created in the chamber. The rate of leakage was determined 
by the time required f0r the pressure to drop from 50 to 5 mm. 
A chamber was considered to be sufllciently tight when this 
change in pressure occurred in not less than 12 seconds. 

Usually apples, beets, cabbage, cantaloup, carrots, lima beans, 
onions, peaches, peppers, potatoes, squash, string beans, sweet 
corn, sweet potatoes, turnips, and watermelon were fumigated 
with methyl bl'omi(le without noticeable injury, but cucumbers 
were injUl'ec1 severely. The efrect of the fumigant on these prod­
ucts varied to some extent with the variety, their condition, and 
the dosage. A product in POOl' condition was more likely to be 
injured by the vapor than one in good condition. The higher 
dosages of the fumigant at tempemtllres below 70° F. were more 
likely to injure the produets than the lower dosage8 above this 
temperature. (Donohoe U}4i3b; Donohoe et a!. 1940; Johnson, 
Donohoe, and Bulger unllublished; Kenworthy 1.945) 

Hydrocyanic Acid-Methyl Bromide 
Johnson (1939) found that a 1:8 mixtl1l'e of hydrocyanic 

acid and methyl hromide was much more toxic to the Japanese 
beetle than anticipate,i. 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 
killed with 1 ounce of hydrocyanic acid 01' '10 ounces of methyl 
bromide in 1,000 cubic feet of ail'. The dosages of the mixtures 
expected to kill f}{) percent were calculated from these data and 
I"he 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 <1:1 to 1 :GG, were more toxic than , ... ~'1 anticipated from 
the toxicity of their components and showed a definite synergistic 
action. Substituting the 1 :G6 mixture for methyl bromide re­
duced the dosage by 52 percent, whereas the 1 :21 mixture re­
duced it by 7'2 percent, the 1:8 mixture by 85 percent, and the 
1:1 mixture by 05 percent. No experiments were conducted 
to determine how effective mixtures of hydrocyanic acid and 
methyl bromide were in penetrating into baskets of fruit and 
vegetables. 
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TABLE 2.-To.l'irity of mt:rtUl'es of hydl'Ol'yanic acid (HeN) a.nd 
methyl bromide (CHrBr) to Japanese beetles e:t']Josed fO?' so 
minutes a.t 80° F. 

Amount of mixture per 1,000 cubic 
Ratio of feet for 50-percent mortality

HCN: CH,Br in 

mixture by weight 
 E~:pected Determined 

" '""-..~-----,~---------" -. 
On1tces Olmccs 

1:0 1.0 
4:1 8.8 .8 
3:2 ".16.6 1.5 
1:1 .20.5 1.9 
2:8 24.4 2.5 
1:.1 32.2 4.5 
1 :8 35.6 6.0
1:12 37.0 7.5 
1:14 37.6 9.0 
1:21 38.2 11.0
1:82 38.8 13.0 
t :66 :39..J 19.0 
O~l 40.0 

Ethylene Dibromide 

Ethylene dibromide (CH~BrCH~Br) is a colorless liquid at room 
temperature. It has a sharp chloroformlike odor. The boiling 
point is 13Uj" C., melting point 10", specific gravity 2.1701 at 
~5', and ,'apol' weight about G.5 times that of air. Since ethylene 
dibt'omide has neither a flash point nor a fire point, there 
is 110 danger of fire 01' explosion. It is highly toxic to humans. 
(Chisholm 1952) 

Only exploratory tests were conducted with ethylene dibromide 
as a fumigant against the beetle. Mason and Chisholm (19.!;5, 
ullPublished) heated ethylene clibromide to about 125 0 F., and as 
the vapor evoh'ecl ,it was mixed with air and dispersed throughout 
the chamber by means of a circulating fan. The beetles were 
killed within 9G hours by exposure for 2 hours to 0.5 pound of 
ethylene dibromide pel' 1,000 cubic feet at 50 0 to 70°. Apples, 
corn, cucumbers, potatoes, string beans, and tomatoes were not 
inj lll'ed by exposure for G hours to this dosage at 70 0 • 

When ethylene c1ibromide was atomized into a chamber at 
about 70' F., 0.5 pound per 1,000 cubic feet killed the beetles 
within 77 hout's by exposure for 1 hour, within 65 hours for 2 
hours, and within ,1(1 hOlll'S for 4 or more hours. The 0.25-pound 
dosage killed the beetles within 125 hOlH'S by exposure for 1 hour, 
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within 71 houl's for 2 hours, and "within ()3 hours for ~1 or more 
hours. Newly dug potatoes were definitely injured by exposure 
for It hours to the O,2f5-pound dosage, (Fleming et £11. un­
published) 

An aerosol containing 25 percent of ethylene dibromide ancl 
7G percent of dichlorodifluol'omel;hane was released in both 
bunl,ers of refrigerator cars. With an exposure of 1. hour at 70° 
to 82' F., 0.5 pound of ethylene clibl'omide pel' 1,000 cuhic feet 
killed the beetles throughout the cars within 6G hours, whereas 
(}.2fi vound killed them within 10·[ hours. The O.5-pound dosage 
caused slight injury to newly dug potatoes, but the 0.25-pOUllcl 
dosage caused no injury. (Fleming et al. unpublished) 

Ethylene Dihromide Mixed \"Vith Dilnents 
A few exvlorator~' tests were made with ethylene dibromide 

mixed 1:1 by volume with several c1iluents and atomized into a 
chamber at 1 pound of mixture l)er 1,000 cubic feet at approxi­
mately 70' F. One pound of ethylene c1ibromide was also atomized 
into the chamber. The exposure of the beetles in the chamber 
,vas 1 hour. Eth~·lene diuromide killed them within 50 hours, 
whereas -18 hours were required with the ethylene clibromide­
E'thyl alcohol mixture, (1·1 hours with the ethylene dibromicle­
€'thylelle dichlorid.e mixture, and 65 hOlll'S with the ethylene 
rlibrf)micle-carbon tetrachloricle mixture. A 2:1:1 mixture of 
ethylene dihromide, aCITlollitL'i!e, and carbon tetrachloride was 
more toxic, killing the beetles within 3'1 hours. When 0.5 pound 
of this mixture was used, less than 50 percent of the beetles 
died within 120 hours. The mixtures containing acrylonitrile 
h~ld an objectionable odor. (Fleming et al. unpublished) 

Dusts 

Preliminary Tests 
In preliminary tests with a small duster developed by Chisholm 

nnd 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 beetles 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 toxk 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 
hours, but DDT killed all of them within 54 hours. DDT was the 



20 'L'ECI-I. BUL. 1441, U.S. DEPT. OF AGRICULTURE 

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 (lJ-chloropheny 1) ethane. 
7'ox£city to Beetles.-The residue of a spray containing 1 

pound of DDT per 100 gallons of water protected fruit and 
foJiage from attack by beetles throughout the summer. Beetles 
were killed by coming into contact with the sprayed plants. 
(Fleming and Chisholm .1944) 

In a preliminary test with a dust Burgess et al. (unpublished) 
deposited 0.5 to :1.0 /J.g. of DDT per square centimeter in petri 
rUshes and exposed beetles to the deposits for <1 and 211 hours 
at GO", 70 ,and 90° F. Except at 50", where exposure for 4 hours 
to a 3.5-flg. deposit killed the beetles within 4 days and exposure 
for 24 hours to a 2.5-f1.g. deposit killed them within 3 days, pro­
longing the exposure from 4 to 24 hours did not accelerate the 
insecticide action. A 2-flg. deposit killed the beetles within 3 days 
at 'i'0' and 1..5 ftg. within 2 days at 90°. 

Distribution of DDT ,in Re/l'igel"Qtol' Cars.-Burgess et al. 
(unpublished) studied the distl'.ibution of DDT dust in empt:'l 
refrigerator 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 Umhoefel' (191,..1). 

In the early tests the dust was applied by an operator with 
a hand duster walking about the load space of an empty cal'. 
Although great care was exercised in distributing the dust, 
the cleposits 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 fOl' 
dispersing predetermined dosages of dust at high velocity 
throughout a car. The cluster was placed Jleal' the door on the 
floor or on top of the load 'with the delivery tubes parallel to 
the long axis of the cal' and pointed upward ai an angle of 45 0 

• 

This cluster, however, was impractical for rapidly treating large 
numbers of refrigerator cars. In 1948 Chisholm et aI. (1948) 
modified this duster to adapt it better to the conditions in 
railroad yards. 

The clistr.ibution of DDT in empty refrigerator cars and in 



cars loaded with potatoes in which the dust was dispersed by a 
hand duster ane! by the gas-propelled duster is summarized in 
table 3. The standard deviation in the distribution of 1 ounce of 
lO-percent DDT dust (3 grams of DDT) in an empty refrigerator 
cal' with a capacity of 2,500 cubic feet by the gas-propelled 
duster was about one-half of that by the hand duster, although 
about th~~ same!werngc depogit wag obtained by both dusters. 
About the same dispersion of DDT was obtained with 0.5 ounce 
of dust in ('aI's loaded wilh potatocs as with 1 ounce of clmit .in 
empty cars. 

FJ[f('('til'(,l1l'SS ill Rc/I'i!l('l'((io)' Cal's Cllld 7'I'llcks.-Potatoes were 
pa::;sed through a grading maehine (lil'ectiy into burlap 
sacks. This operation eliminated the possillility of beetles being 
trapped inside the saeks. The ears ancl trucks became infested 
by beetles flying into them or by being eal'1'iecl into them clinging 
to the out::;ide of the sack:;. It was not a l)l'ocedme for killing 
heetles hiding in baskets 01' boxes of faJ'm products. 

Hndley et al. (unpublished) dispersed 1 ounce of lO-percent 
DDT dust in 11 empty refrigerator ('aI'S and immediately 
libel'llted 2,7fill beetles ill the cars. The following day 2,530 of 
these beetles were recovered in the cars. Most of them were dead 
and all except three of those living- died within the following 3 
days. In addition, the dust was applied to 871 empty CHI'S after 
"leaning and before loading thcm. No living ueetles were founel 
in 331 or these ears, whkh were examined 1 01' 2 days after 
dusting. Burgess et Itl. (unpublished) applied the dust to 16 
empty ears. Beetle::; eXj)o::;ed to the deposit for ij. hours died within 

TABLg ;t-Disiributiol! of I ()-}Jl'},cc 11 i D Dr)' dust il1 empt!l 1'ej?'i{J­
I'rato/' C((I'.'; alld in cal'S loaciecilcith .':lacks of potatoes 

_.,~-.,,-,,"-~.... "--" ..-.....--- .~-.-----.-.._.,,-,,- .-------~ 
DDT deposit per square centimeler 

A ppli,'atol' nDT pel' 
2,500 cubic fert Standard 

;\[ax. .Min. Ayg-. deviation 
,-~.----. ---~~-~~-

Ounces ltg. )Lg. }l[/. }lg. 

EMPTY CARS 

Hand duster { 0.5 
1.0 

3.9 
5.7 

0.6 
.5 

1.9 
2.4 

0.84 
1.20 

Gas-propelled duster 1.0 3.7 1.1 2.3 .69 

LOADED CARS 

.5 3.1 2.2 2.6 .41
Gas-propelled duster 1.0 5.8 :U 4.4 .78 

t 
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7 days, but those introduced into the cars before dusting and 
left for 18 hours after custing were all dead 3 days later. 

Oue ounce of lO-percent DD'r was dispersed o\'er sacks of 
l)otatocs in refrigerator cars. Hadley et al. (unpublished) liber­
ated beetles in four cal'S before clusting. 'Yhen these cars reached 
theil' destination 7 to 8 days later, the 630 beetles found in the 
Cal'H were dead. Burgess et al. (unpublished) dusted 39 cars with 
the bunker hatcheB open and closed, a factor that did not modify 
the effectiveness of the treatment. The cars were en route for 
:i to 8 days. On nITh'al at their destination 5,205 dead and 4'7 
lh-ing beetles were t'eco\'e1'e(1 in the cars. These living beetles 
rlied dUl'lng the following 8 days. 

Two ounces of the dust were dispersed in the cars, 1 ounce 
before loading and another ounce after the sacks of potatoes 
were in the cars, Hadley et a1. (unpublished) dusted 22 cars. 
\Yhen these cars reached 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 clays after removal frolll the 
cars. BurgL'8S et a!. (unpu blished) dusted 42 cars, which were en 
route for 2 to 18 days. At their destination 6,510 dead and 13 
living beetles \vere recovl:;red in the cars. AH the 1iving beet1es 
died dUI·.111g the following 7 days. 

Although one application of the dust after loading was effective 
in killing beetles, it was recognized that beetles hiding beneath 
the 0001' racks in loaded cars might occasionally escape contact 
with the deposit of DDT. When the dust was dispersed before 
and after loading the cars, there was 11 remote possibility that 
all beetles in the Cal'S would not come in contact with the 
insectieide. 

BUl'ge8s et al. (llllpU bl ishee!) dusted truck loads of sacked 
potatoes with the lO-percent DDT dust. :l\lost of the trucks 
reached their destination within 2 days. The beetles in the 11 
trucks in which 1 ounce of dust pel' 2,500 cubic feet was dispersed 
after loading were not all dead on arrival at their destination, 
but most 'Jf the few alive at that time died during the following 
2 or 3 days. The beetles in the 10 trucks dusted before 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 rangeel from less than 0.002 to 0.13!} p.p.m" with an 
average of 0.0·1 p.p.m. (Burgess et a1. unpublished) 
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Dusting refrigerator cars and trucks with 10-percent DDT 
dust containing pyrophyllite or nonfibrous talc as the diluent was 
authorized in 1947 for use at not lower than 50° F. The dust 
was cli::;persed by a carbon dioxide-propelled duster. One ounce of 
dust per 2,500 cubic feet was dispersed in empty cars and trucks. 
Two ounces, one before and one after loading, were dispersed in 
rars and trucks loaded with sacks of potatoes. Later the treatment 
was authorized for sacks of onions. Chisholm et al. (1948) 
reported that oyer 10,000 refrigerator cars and trucks were 
dusted during the summer of HH7. 

Smoke 

Burgess et a1. (unpublished) prepared a smoke-producing mix­
ture by blending 30 grams of a 1:1 DDT-pYl'ophyllite mixture 
with 30 grams of potas::;iul1l chlorate, 30 grams of ammonium 
t'hloride, 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 minutes to the smoke from 8 ounces of 
the mixture per 2,flOO cubic feet in a fumigation chamber killed 
H8 to 100 percent of the beetles within 8 days. The smoke from 
10 ounces of the mixture killed all of them in 4 days. In a re­
frigerator cal' the smoke from 8 ounces of the mixture killed 97 
percent of the beetles within 7 days. Most of the smoke dissipated 
in about 30 minutes, but a distinct odor remained even after 
aerating the refrigerator cars for VI:! 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·Voh11l1e Sprays 

Preliminary tests were made with low-volume sprays for killing 
beetles in chamLers aI}d refrigerator cars. One fluid ounce of 
cyclohexanone, a 1:3 mixture of cyclohexanone and dimethyl­
phthalate, 01' a 2:1 mixture of ethylene dichloride and carbon 
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 3 grams of DDT. The addition of 
chlordane, eugenol, Lethane 38£1 (2- (2-butoxyethoxy) ethyl thio­
cyanate), phenol, Thanite (mixture of isobomyl thiocyanoacetate 
(82 percent) and related compounds), or toxaphene to the DDT 
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spray did not modify the insecticide action, but the addition of 
ethylene dibl'omide retarded it. There seemed to be 110 advantage 
in applying DDT as a spray. (Fleming et al. unpublished) 

Aerosols 

In a preliminary test an aerosol containing 4 percent of DDT, 
16 percent of a dispe~'sing agent, and 80 percent of dichlol'odi­
i1uoromethalle 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 3 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 
pel' 2,500 cubic feet of space were equally as effective in kming 
beetles when applied as an aerosol 01' 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-propelled duster. Although an aerosol might be used 
to advantage in treating refrigerator cars, this method of dis­
persing DDT was not explored further. (Fleming et al. un­
published) 

QUARANTINE ON NURSERY AND 

GREENHOUSE STOCK 


Safeguarding the movement of nursery 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 
Hl1(l 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 1926) 

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 trapping, some uninfestecl nurseries and greenhouses 
were included within the area. These establishments were classi­
fied in three groups with respect to their infestation: 

GTOlLp 1.-These nurseries and greenhouses were not infested. 
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No beetles 01' grubs were found on or near their premises. The 
business of these establishments was conducted in the same 
manner as before they were placed under quarantine. Blanket 
certification was wade for the movement of their products. 

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 plants were 
removed, because during September and October and April 
and lHay, the principal shipping periods for evergreens and other 
field-grown stock, the grubs most likely would be near the surface 
of the soil. 

G1'OUP S.-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 1925(1,; 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 un infested soil in 
greenhouses where all ventilators and doors were screened and 
in coldframes covered with screening to exclude the adult beetle. 
Cloth screening was not satisfactory because it was easily torn 
and difficult to maintain. Copper or galvanized screening was 
the only type 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 enforced to prevent the introduction of infested 
soil or plants into the screened greenhouses and cold frames. 
Many thousands of plants were produced satisfactorily under 
these conditions. (Smith 1925a, 1925b; Smith and Hadley 1926) 
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..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 nUl'sery 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 
67 percent under shrubs with several shoots. The mulch paper 
was laborious to apply, difficult to maintain throughout the 
summer, and did not prevent the soil from becoming infested. 

Soil RCllloval From Plant Roots 

It was common practice to shin dormant herbaceous and de­
ciduous plants without soil before nurseries and greenhouses 
were quarantined. The usual procedure for preparing these plants 
for shipment did .lOt 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 hl removing 
the adhering soil, except when the roots were matted or con­
tained cavities packed with soil. The washing procedure was 
approved in 1923. It was Llsed extensiYely 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 injury. The washing was 
done by shaking the roots in a tub of water until all of the soil 
was removed. Among the plants treated successfully by washing 
were species of the following genera: Allium, Arena1'ia, Astilbc, 
BClptisiCl, Coreopsis, Dahlia, Delphinium, Digitalis, Festllcn, Fili­
pencil/la, Gaill(Ll'ciia, G!lllsophila., Hemerocallis, Hibiscus, HY1Je1'i­
ewn, h'is, Lythnun, Paeonia, Penstemoll, Phlox, Polyganu?n, 
Rheum, Seciwll, Tlwlictrum, and l'alel'lana (Fleming and Bakel' 
1930). 

The deciduous shrubs washed successfully by directing a stream 
of water under slight pressure on the roots included species of 
Berberis, Bllddleia, Carnus, Deutzia, EllonY1r~us, F01'sythiCL, Hy­
drangea, L1:011stnlm, Lonicem, Philadelphus, Spiraea, and Weigela 
(Fleming and Baker 1.9;30). 

The deciduous trees washed successfully .in the same manner 
as the deciduous shrubs included species of A.eer, Aesclllus, Bet'ula, 
Cntalpa, Fagus, J[Clgnotia, Qnerclls, Sali:r, SOl'bus, and Ulmus 
(Fleming and Baker 1930). 



PREVE.:\Tl!\'(; ,JAPANESE BEl·:TLI'; DISPEIlSION 27 

The removal of soil by washing the roots seriously retarded 
or killed the broadleaf evergreens, including species of ,4belia, 
Bll;WS, Cotoneaster, !lex, [{allllia, P(l('hys(l1l(Zra, and Rhododen­
dron, and the narrowleaf evergreens, including species of G1Ia­
maee!/pa rois, J 111!i]!E'l'll~<;, PieE'a, Ta:ws, Tit uja, and Ts U[/Cl , even 
when the washed roots were puddled in clay and repacked in 
uninfested soil (Fleming and Baker 19JO; Jaynes unpublished; 
Smith 19;!.~). 

Non('hclllieal Trt'ull1lculS 

Hi~hFr('qllt'J\cy E\rctrostatie Field 

Th0rc was It possibility that the immature stages of the beetle 
in the soil of }lotted plants could be kilT'ecl by passing the 
plants through all electrostatic' field. In preliminary tests there 
was no effect on eggs in moist soil in test tubes when the frequency 
was less than 2,000 kilocycles per second and the field strength 
was lesR than -\,000 \'olts. With this frequency and field strength 
the temperature of the soil in the test tubes was raised from 
78 to 98" F. in 1 minute, 110 in ~ minutes, 140 0 in 3 minutes, 
[.\f) in·[ minutes, and 17~ ill G minutes, The mortality of the 
('ggs ranged from 1~ l)ercent with the shortest exposure to 60 
percent with the longest exposure, (Baker unpublished) 

Third-instal' grubs in test tubes without soil and in test tubes 
with moist and cll'y loam, sand, leaf mold, and peat were not 
affected by E'xposure for 38 minutes in an electrostatic field 
with a frequency of 12,000 kilocycles and a field strength of 3,000 
volts. Grubs in loose moist soil in small clay pots exposed for 8 
minutes in this elE'etrostatic 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 wal) compacted 
and the temperature increased from 67" 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
dula, Di((llthlls, Helianthlls, Lyco]Jel'sicoll, P('[CO'{/() 11 iwn, and SaL.. 
l'ia, p:ro\',dng in pots were killed by eXl10sure for less than 1 
minute in an electrostatic field with a frequellcy of 12,000 kilo­
cycles and a field strength of 3,000 volts. Most of the plants 
wilted after an exposure of a fe\v 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 \'olts 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. 

mtraviolet Light 

Grubs removed from soil and exposed in quartz test tubes 
for 60 minutes to the radiation from a quartz mercury vapor 
m'C were not afi'ected by the treatment (Osburn unpublished). 

Vacuum and Pressure 

Grubs and pupae subjected to an atmospheric pressure of 5 
p.s.i. for 17 hours or to 220 p.s.i. for 3 hours and then restored 
gradually to normal atmospheric 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 p.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 Aste?' 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 1:0 normal within 
1 minute (J\'fallory unpublished). 

Refrigeration 

Preliminary experiments by Leach (unpublished) during the 
summer of 1920 showed that low temperatures killed grubs. 
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Later Fox (1939) concluded that 15° F. was the lowest tempera­
ture that grubs could withstand under natural conditions. Smith 
(192.1;) 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-Gharnaecy­
pa1'is pisijem, Jmliperus virginianCl, Picea abies, Pseudotsuga 
taxi/olia, and Thllja occidentalis-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 11. ~ hours and then trans­
fen'ed 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 pstablish their 
individual reactions. 

TABLE -I.-Effect of low temperatures on thi1'd-instar Japanese 
beetle g /'Ilbs ill son (Old 011 balled and bIl1'Za1J1Jed evergreens 

Average 
time to Average mortality of-

Temperature reduee 
of chambflr temperature

(0 F.) of soil 
from 50° F. Grubs Evergreens 

How's Percent PC7'ccnt 
32 3.0 0 0 
30 7.0 20 13 
28 7.6 35 29 
26 8.2 50 40 
24 8.8 \l4 51 
22 9.5 7<1 58 
20 10.0 8,1 63 
18 10.5 88 67 
16 11.2 95 71 
14 11.8 98 75 
12 12.4 100 79 
10 13.0 100 82 
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The soil of balled and burlapped nursery stock had to be re­
duced to 12° F. to kill all the third-instal' 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 eliminate 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 
a residue that interfered with bioassays. This residue was not 
eliminated by.aeration. Heating the son to 130 0 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 bioassays by placing the soil for 24 hours in a quick­
freeze locker at 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 (fbnpJdmallon majalis Razoumowsky), the imported 
fire ant (Solenopsis saevissima richteri Forel), and the white­
fringed beetles (Grapho!J llathlls spp.) were found, except where 
the burrowing nematode (Radopholus sim'ilis (Cobb) Thorne), 
the golden nematode (Heterodem rostochiensis Wollenweber), the 
soyh,~an cyst nematode (H. glycines Ichinohoe), and witchweed 
(Sb-iga lutea) occurred. 

Hot Water 
Leach (1921) killed third-instal' grubs in 8-inch soil br..lls 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 Rhododelldron obtusu1Il and killed Cha?na.ecyparis 1Jisi­
feta. It was considered to be too hazardous to plants. Although 
the hot-water treatment applied by Leach (1921) to kill grubs 
was very injurious to two species of evergreens, other investi­
gators had found that dormant Chrysanthemum, Citnls, Gladio­
lus, N(l.J"cissIlS, and Paeollin species withstood immersion in hot 
water. By 1926 thousands of herbaceous 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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laborious, and costly. Fleming (1928a, 1931) and Fleming and 
Baker (1928, .1929, 1932) explored further the use of hot-water 
immersion to destroy all stages of the beetle in soil among the 
roots of nursery plants. 

Effcct 011 DifJel'ent Stages of Beetle.-There was a definite 
relationship between the mortality of the insect, the water tem­
perature, and the immersion period. In a l1reliminary test with 
third-instal' grubs removed from soil the period of .immersion for 
100-percent mortality decreased progressl\'ely as the temperature 
of the water was raised from 100° to 122° F., as shown in the fol­
lowing tabulation: 

7'1.'1It])!')'atul'!' Minimum {('tital1H!l'iod 
(0 P.) (minutes) 
100 600 
104 340 
107 170 
110 70 
112 31 
114 16 
116 10 
118 4 
120 3 
122 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 0 death was almost 
instantaneous. 

'Which of these treatments was the least injurious to plants? 
In a preliminary test dormant roots of Dahlin and Paeonia 
species with small particles of soil were subjected to these treat­
ments. The dahlias were killed or seriously retarded by pro­
longed immersion at ] 00 0 and 104° F. but were not affected at 
108 ~ and 120". The peonies were not affected by treatments below 
118'" but were retarded at 118°. Treatment between 110 0 and 1140 

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°, 112", and 114° F. were determined at weekly in­
tervals during their development. The temperature of the water 
was held within 0.5 0 of 110°, 1120 

, and 114° during these treat­
ments. The only seasonal variation in the reactions of the dif­
ferent stages occurred with third-instal' grubs, \vhich are in the 
soil from September until June. The minimum periods of im­
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mersion to kill all st.'1.ges during their development are presented 
in table 5. 

A temperature of 112° F. was about optimum. Immersion for 
70 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 gl'ubs hatching after this treatment were 
greatly retarded in their development, and most of them were 
abnormal. 

As the temperature of the soil in the field decreased in the 
fall, third-ins,tar grubs became progressively more resistant to 
hot water. \Vhen removed from soil and immersed in water at 
112' F., they were destroyed by immersion for 30 minutes in 
September and for 40 minutes in October. Although the grubs 
were quiescent from NO\'embel' through Murch, the immersion 
had to be increased to 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 35 minutes in May and June. 

Preheating Pe~·iod.-All 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 thl'ouf':hout to the temperature of the water. The 
preheating period contributed to the insecticide action so that 
the more resistant stages were killed many times in less than 70 
minutes after the temperature of the soil reached that of the 
water. The preheating period gave further assurance of the ef­
fectiveness of the treatment. 

'When a mass of soil was immersed in water at 112° F., the hot 
water tlo\\'ed quickly into the soil, displacing practically all the 

TABLE G.-Pc)'io([s of illl1ll('f'sion lcithoHt soit in hot 'water [01' 
lOO-pc/'c('nt mortality o[ t'ariolls stages of Japanese beetle 

Length of immersion for 
100-percent mortality at-­

110· F. 112° F. 11-1· F. 

Minutes Minutes Minutes 
Egg 160 85 50 
First-instal' grub 60 40 30 
Second-instal' grub 60 40 30 
'l'hird-instar grub 130 '70 ,10 
Prepupa 90 45 30 
Pupa 130 '70 40 

~ 
Adult - .. - ~ - '"' 40 20 10 
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air and raising the soil tempel'ature by 20° to 30 n • After this 
initial increase in temperature, the heat penetrating from the 
surrounding water gradually raised the soil temperature to 112". 
'rhe time required to heat a mass of soil under these conditions 
depends on many factors, among wh:ch the most important are 
the volume, type, temperature, and absorptive capacity of the 
SOl'1•• 

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 foot) of moist clay loam from 70° to 112° F. was as fol­
lows: 

Soil 'l'olulIlt' 0/­
(rubirillches) Minutes 


2 15 
.( 18 
8 25 

IG 35 
32 45 
64 60 

128 75 
512 90 

1,02.1 140 
1,728 200 

A preheating l1eriod up to 60 minutes was practical to use in 
commercial nurseries; the treatment could then be completed 
within 130 minutes. This ~\\'ould limit the volume of a mass of 
clay loam to not more than 64 cubic inches. Other tests showed 
that with this preheating period a mass of a sandy loam could 
hlwe 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 ,Hd soils of 65' to 75'-. 

The extent to which a soil was saturated with water was 
another factor modifying the preheating period. 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 19M). 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 accurately 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 ma~mer that 
the mercury bulbs were approximately at the center of each mass 
of soil and roots. 

Rectction 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 commercial nur­
series. The treatment so far as possible ,vas made an extra step 
in the usual procedure of a nursery in preparing plants for the 
market. Herbaceous plants were prepared for treatment by re­
moving loose soil, dividing large clumps, and pruning the tops 
and l"OotS. .leciduous plants were prepared for treatment by 
removing 10t'le soil and pruning the roots. The soil about the 
roots of evergreens was reduced as much as possible without 
damaging the plants. There was no preparation for potted plants. 
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 'r07)tans F'mllklinia alatamaha 
Allium sc/toenoprasmn Geum chiloensc 
Amsonia tabernaemontana. Gypsophila rep ens 
A quilegia skim!f31'i H e/enium hoopesi 
A·rcnaria. montana H eliopsis helianthoides 
Aster subcoc'I"ltieus H emerocallis dmnortieri 
.4s1i1be sp. H eme1"ocallis fulva 
Baptisia. altst1'alis H osta caerulea 
Call1psis gmlldiftora Hml!ulus lupzLlus 
Dahlia spp. Hypericum moserianwln 
Dianthus ca1'yophyllus Iberis sempervirens 
Dianthus deltoides Iris cristata 
Dicent'ra formosa. Iris kaempferi 
Digitalis lanata. Iris pallida 
Digitalis pwrpurea. Iris pseuda.corus 
ElYllws glauclts Iris sibirica. 
EuoJlylltus fortunei Iris variegata 
Euphorbia. corollata Ke17ia. japonica. 
Filipl'rrilda. purpurea Kniphofia 1waria 
F'ilipemlula ulmaria Liatris pycnostachya 
F'orsythiu. Sllspensa. Limonimn latifoliwm 
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l,ychnis chalcedonica, 
Dyc/mis coroltaria 
"/fthrum salicaria. 
McnthiL spicata, 
illonardcL ciiciyma 
Nierembergia.1'ilmlaris 
PClconicL letctijlorll. 
PlI£'onia 0Dicill a lis 
Phlox amoena 
Phlox glaberrima 
Phlox pemiculatn 
Phys(}stegia.virginiana 
Polygontl1lL cllspiciatllllt 
PotenWin nepalellsis 
SClpo1tarin ocymo/des 
Sea blosa, ia.ponica, 

The following species were 
ment: 

A chill ('(I. filip(,llciulina 
A chi/len ptClnnicn 
A (liantmn 11ec/a.tullt 
Aquilegill. chrysantha 
Aquilegin /labellata 
.4quileyi(l. 'Vulgaris 
,1rl"/tellath('rum elatills 
,Islcr IWl'(/(·-(OIg[i(l.(' 

Berbe,.is tlwnbergii 
Galimeris incisa 
Gallica "pa. dichot01lta 
Ga nna hlciica. 
Cellla.urea dealbata 
Genlaurea.montana 
rent rant/Wi! 1'ub('1" 
Chelone glabra. 
Cite{olle 11/oni 
Chrysanthemuln coCCinCll1n 
Ghryscmthelltlo/L maximum 
Cibotimn schieciei 
Cll'mafis /teracleae/olin. 
Go1lt'a llll ria. lIIajalis 
Coreopsis {anceola ta 
Con'opsis 7'oseo.. 
EchilloPs ritro 
En'geron coulteri 
Eryngi1l1n maritimum 
EnJl1fjill'l/t 'Planum 
Eupo. torillm. uri icae/olimlt 
Festuca, ot'ina 
Gaillardia aristo.ta 
lfedero. helix 

Spiraea. bumalda, 
Spiraen prnnijolia, 
Symph01'icarpos orb icula tus 
Syringn vulgaris 
Thalictru'ln glaucmIL 
Traciescantia. v t"ginialla. 
TritoniiL wllciula teL 
T'rol/flls europa ells 
Tunica. saxi/raga. 
l'accinlmIL spp, 
Faleriann oDicinaZis 
l'e,'onicn incana 
T'eronicn 1/ta.riti'l/la, 
Veronicn. spica.ta, 
1'(,I"onicn. spuria. 
Weigda (foridn. 

retarded 01' killed by the treat­

Hydrangea. arborescen,q 
FFycirallgect 1l!acrophylia. 
Tris ochroleHca, 
Limoniwlt carolinianum 
Lonicera japonica 
ilIaiva.lIIosc/tata, 
Penstemon barbat1ts 
Penstemon laevigatus 
p 'wlCII'i.~ o.rl1n dina ce(l. 
Physalis a{kekengi 
Picea, 'Pun gens 
Poie1llonium 1JUlchc1"'immn 
Polypodium 1mlgo.1'c 
Rhododendron cato.wbicnse 
Rhoc/adelld1'oll indicmlt 
Rhodociendron obtltswm 
Rudbeckin lacinia teL 
Rudbecki(l. maxima. 
RudbeckieL subtomentosa 
S(OIguisol'bn obl.Hs(I. 
Sedmn spect.rrbile 

Senecio 1JUlche1' 

Sicialcect candida, 

Silene schajta, 

Silphimn per/oliatu1n 

Solida.go aitissimn 

Solidago shorti 

S fa chys gra.ndiflora. 

Stokesia laevis 

T/mia. occidentalis 

Thymus Mrpyllmn 

Veronica. ?'epens 


http:Solida.go
http:spica.ta
http:aristo.ta
http:Berbe,.is
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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 successfnUy 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 after the mass 
of roots and son 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 1rJ28). The treatment soon became generally used by 
commercial nurseries. During the dormant season of 1927-28 the 
treatment was used for about 164,000 plants (Fleming and Baker 
1929) . 

Steam 

Heating soil by steam to destroy soil-inhabiting insects and 
other pests was a common practice at many nurseries and green­
houses. Fleming and Baker (1982) consider'l the thermal death 
point to be the lowest temperature at whid, death of the insect 
resulted after immersion in water for 1 minute. The thermal 
death point of the beetle during its embryonic development was 
128" F. The grub after it emerged from the egg was destroyed at 
122°. There was little change hl susceptibility to heat during the 
first and second larval instal's. After the second postembryonic 
molt the thermal limit was raised to 126°. It remained at this point 
until the third-instal' grub approached maturity when it de­
creased to 1~2". After the grub changed into a prepupa, the 
thermal death point was raised to 126 0. 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 (1980) 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 0 F. 
Steam at lower pressures did not disperse as readily throughout 
the soil and tended to make it muddy. This treatment 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 0 for 30 minutes. 

Vapor Heat 
Van Leeuwen (unpublished) removed third-instal' grubs from 

soil and exposed them to air at 112° F. and a relative humidity 
of 93 percent. The vapor heat was much slower in killing grubs 
than immersion in hot water, as shown in table 6. Furthermore, 
105 minutes were required for vapor heat at 112 0 to raise the 
temperature of 64 cubic inches of a moist clay loam from 70° 
to 112:), whereas this was accomplished in 60 minutes by immer­
sion in water at 112". These lweliminary tests demonstrated that 
vapor heat was not a satisfactory substitute for immersion in 
hot water. 

TABLE 6.-RclaUve etJectivene8S 0/ 
vapor heat ancl. wate1' at 112° F. 
ill killing tlvird-insta1' Japanese 
beetle gn~bs removed /1'01n soiL 

Exposure for 
Month lOO-percent mortality with-

Vapor Water 

Mimtws Minutes 
April 100 50 
!\fay 60 35 

Fumigation in Chamher 

Pr('}iminary Tests 

Preliminary tests were made by Fleming (1925a), Mason (un­
published), and Osburn (unpublished) to determine the effective­
ness of various chemicals as fumigants against third-instal' grubs, 
which were removed from soil and exposed directly to the vapors. 
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, :md the ma..'(imnm dosage tested is shown when 
it did not kill all the grubs. 
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TABLE 7.-Prelimina1·Y tests ~vith chemicals as /1tmigants against thi1'd-instar Japanese beetle grubs removed 
/1'om soil ...., 

t=:l 
o 

Chemical 
Dosage 

per 1,000 
cubic feet 

Length of 
exposure 
at 80· F. 

Mortality 
of grubs 

Source 
::c. ' 

to 
c::: 

Pounds HOUTS 
r 

ACl:taldehyde diethyl acetal 8.0 2 Incomplete -- --.... Osburn unpub. 
~ 
01>. 
,:;.. 

Acetone 

Amylene (2-methyl-2-butene) 

( 

·t 
__ ... __ . ___ . ___ . .. 

5.6 

20.0 
8.0 

24 

2 
2 

Complete _. ______ 
· . _ . _ _ _ do _______ 
Incomplete _______ 

Fleming 1925a. 

Osburn unpub. 
Do. 

.... 
c::: 
rn 

Aniline . _ _ _ 

Benzene 

___ ... 
('.. -t 

_.. ____ " ___ . _. __ . _________ ' _____ ..... 

1.5 

30.0 
7.5 

24 

2 
2 

Complete __ • _____ 

Incomplete --_ ... --
Complete ________ 

Fleming 1925a. 

Osburn unpub. 
Do. 

ti 
t.::l 
'1j 

;3 

Benzylamine __ , ' .... _.• •. ____ ._... __ .. __ 

Benzyl chloride (a-chlorotoluene) ___________ . ____ { 

Bromobenzene _________________________________ _ 
Bromoform ___________________________________ _ 
Butyl acetate _____ . _____ . ______________________ _ 
Butyl alcohol _______ • _________________________ ._ 
Calcium cyanide _______________________________ _ 

Carbon disulfide --------------------------------f 
Carbon tetrachloride ___________________________ _ L 
Chlorobenzene _________________________________ _ 

15.5 

.25 

7.5 
5.6 
2.5 
2.5 

30.0 
1.0 

2.75 

7.5 
10.0 

4.0 

24 

24 

2 
24 

2 
2 
2 

24 

24 

2 
2 
2 

· . ___ . _ do _______ 

___ .. _ _ do __ . ____ 
____ . __ do _______ 
_ . _____ do •. ____ . 
• _ • ____ do __ • _. __ 
_______ do _______ 

Incomplete ------
Complete ________ 
_______ do _______ 

_______ do _______ 
_______ do _______ 
_______ do ___ • ___ 

Fleming 1925a. 

Do. 

Osburn unpub. 
Fleming 1925a. 
Osburn unpub. 

Do. 
Do. 

Fleming 1925a. 

Do. 

Osburn unpub. 
Do. 
Do. 

o 
>:zj 

>o 
~ ..... 
o 
c::: 
t-<...., 
c::: 
~ 
t.::l 



Chloroform 
Chloropicrin 
a-Cresol ...... 
Cyclohexane ........_.. 
m·Cymene _.... _... _......... . 
p-Cymene ... _•.. _______ . ___________________ .. 

D-D (dichloropropene-dichloropropane mixture) .. , 
Dichloroacetone (1,3-dichloro-2-propanone) ___ . _ . _'. 
a-Dichlorobenzene ........ ___ .. _. ___ .. ' ___ . 
p-Dichlorobenzene _...• _. _ .. _. __ ..... _ . _ ...• __ '. 
Diethylamine . ___ . _ ...•... ________ " _., _. _____ . 
p, ll'-Dimethylstyrene ..... __ ...... ___ ........ . 


Epichlorohydrin (1.chloro-2,3-epoxypropane) ______ { 

Ethyl alcohol . _ '. _. . . __ . _. ______ .. _ . __ . _ ._ 

Ethyl benzylaniline (N-benzyl-N·ethylaniline) _'" 
Ethyl formate _. . .. . .• . ...... ___ . __ . _. __ 
Ethyl valerate ___ .. _________ . ___ •. __________ . __ _ 

Ethylene chlorohydrin (2-chloroethanol) _________ _ 

Ethylene dichloride _...... ____________ . _______ . _{ 

Ethylene oxide _.. ____ .. _____ . ________ . _. ______ _ 
Formaldehyde .......• _____ . __ . _______ . _______ _ 

Furfural _______ . _ ... ___ • ____________ . _____ . ____ { 

Hexachloro-l,3-butadiene _______________________ _ 
Hexachloroethane _______________ • _____ .. _.. __ .. 
Hexachloropropylelle '" _. _ _ _ _••. ___ .. _. ___ . ___ _ 

See footnotes at end of table. 

10.0 
. 5 
. 5 

8.0 
5.6 

3.75 

2.5 

. 5 


30.0 
1.5 
2.0 
4.5 

.5 

2.5 
30.0 
30.0 

4.0 
8.0 
2.5 

1.5 

5.0 
1.0 
2.75 

2.75 

5.0 
4.5 
7.75 
1.0 

2 	 _. . . . .. do ... ___ . 
... ___ . do ___ ___ _2 


2 __ ..• _. do ... ____ 

2 Incomplete __ _ _ _ _ 


24 Complete _. _... _ _ 
'24 Incomplete _ _ _ _ _ _ 
'2 Complete _______ . 

2 . _ • . .. do .. _... _ 
2 . _ _ do . ___ . _ _ 

24 . ___ do __ .. ___ 

2 . _.. do _______ 

'24 Incomplete _ _ _ __ _ 

2 Complete ____ . _ _ _ 
_ . _ ... _ do ., ____ _'24 

2 Incomplete . ____ _ 

2 _. , .... _ do ... _. __ 
2 Complete __ . _. _.. 

______ . do __ . ___ _2 
__ . _. . do __ . ___ _2 

: 24 . __ .... do ____ .. _ 
_.. __ .. do _ _ _ _ __ _ 
_ ______ do ______ . 

2 

2 


24 
 _______ do _____ __ 
_______ do _ _ _ _ _ _ _24 
_______ do _______2 

'24 Incomplete _ _ _ _ _ _ 
24 Complete ____ . _ _ _ 

'24 _______ do _______ 

Do. 
Do . 

Fleming 1925a• 
Osburn unpub. 
Fleming 1925a. '"0 
Mason unpub. ;.:: 

t'jDo. <: 
Osburn unpub. t"l 

Do Z 
>-3 

Fleming 1925a. H 

Z
Osburn unpub. o 
Mason unpub. <-i 

:v
Osburn unpub. '"0 

>­Mason unpub. Z 
Osburn unpub. t"l 

r:n 
Do. t"l 
Do. ttl 

t':lDo. 
t"l 

Do. >-3 

Mason unpub. t"' 
t"l 

Osburn unpub. t:1 .....Do. r:n 
'"0Fleming 1925a. t:rJ 

Do. ;.:: 
r:n .....Osburn unpub. o 

Mason unpub. z 
Fleming 1925a. 
Mason unpub. 

~ 
~ 
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TABLE 7.-P1·eliminary tests with chemicals as fumigants aga'inst thi1'd-insta1' Japanese beetle grubs re1nOved 
from soil--Contin1.1ed 

~ 

Chemical 
Dosage 

per 1,000 
cubic feet 

Length of 
exposure 
at 80· F. 

Mortality 
of grubs 

Source 

t;:::j 
o 
~ 
OJ 

Isobutyl acetate 
Isopentyl acetate 
Isopentyl alcohol 
Isopropyl formate 

_ ___, _. ." 
.. ____ .... ".. 

".... _.. " " __ _ ,,_ .. _.... _ . _ 
_.. " _. _.. ______ " . " .. __ .. _ . _ ,, ____ _ 

Pounds 
4.0 
2.5 

30.0 
8.0 

HOUTS 

2 
2 
2 
2 

do .. _.. _ _ _ 
do .... ". _ " 

Incomplete ... _. . 
"do .... _ . . 

Osburn unpub. 
Do. 
Do. 
Do. 

c:: 
l="" ... 
"""01:­.... 
~ p-Menthane .. " .. _"" .. __ . _ , .... _" ,,_ ." _. ____ . 

Mesityl oxide (4-methyl-3-pentene-one) ____ '''''' ___ _ 
p-Methyl acetophenone _.". .. " _.. _ __ 
Methyl alcohol 
Methyl ethyl ketone (2-butanone) .,,"" _." .. 
Methyl formate 
Methylene chloride 
Naphthalene _ . ____ "_______ ,," ._. _" ,, ____ "__ " " ,, __ _ 
Nicotine _.". _ _ _ ." _" _" ,,_ , __ " __ " ." _. _________ _ 
Nitrobenzene __ . ________ • ____________________ . 
o-Nitrotoluene ", _____ .. ___ ... _________ ._ 

3.5 
1.0 
4.5 

10.0 
6.0 
4.0 
8.0 

.5 
1.0 
1.5 
2.75 

'24 
2 

'24 
2 
2 
2 
2 

24 
24 
24 
24 

.. " , . " do _ ." __ _ 
Complete .. ____ "" _ 
Incomplete __ ,,_ ,,_ 
Complete .... "" .. " _ 

.. " .. do ...... ".. 
, .. " do "" .. , . .. . 

Incomplete __ • " 
Complete .. __ 

. " __ . do _" .. _ _ _ 
__ . _" .. do .. ,," __ , .. 
_.. __ _ do .. ___ .. . 

Mason unpub. 
Osburn unpub, 
Mason unpub. 
Osburn unpub. 

Do. 
Do. 
Do. 

Fleming 1925a. 
Do. 
Do. 
Do. 

fIl 
ti 
t;:j 
"d 
;3 

o 
"%j 

>
G 
~ 
H 
o q 
t< 

Paraldehyde (2,4,6-trimethyl-1,3,5-trioxane) _____ _ 
Phen~ ____ ... _______ .. ____________________ • __ 
Propyl acetate ___ " __ . ,, ______ ,, _____________ "___ _ 

Propyl chloride (l-chloropropane) _" .... ",," _.. __ .. __ .. 
Propylene dichloride _.. _______ " .. __ .. ________ .. 

15.5 
.25 

4.0 
16.0 

8.0 

24 
24 

2 
224 

2 

..... " .. " .. do .. " _ _ _ , 
" .. , ___ .. do .... ___ " " 
" ­ __ "_" do _"___ _ 
" ­ __ - _" do .. _ _ __ _ _ 
- - " "" .. do "_,, __ " 

Do. 
Do. 

Osburn unpub. 
Mason unpub. 
Osburn unpub. 

~ 
q 
~ 
t;:j 



7.75 24 do . Fleming 1925a. 
Pyridine 

! 30.0 2 Incomplete Osburn unpub. 

2.0 2 Complete Do. 
1,1,2,2·Tetrachloroelhane 

7.0 ' 24 Incomplete Mason unpub. 
'"0 

TC'trachloroethylene 7.5 2 Complete Osburn unpub. ;::l 

Th)rmol 2.75 24 do Fleming 1925a. ~ 
Toluene 2.5 2 do Osburn unpub. r:::: 

Zo-Toluidinr 1.0 24 . do Fleming ;1925a . -:.....,
p-Toluidine .5 24 do Do. % 

~l,l,I-Trichloroethane 2.5 2 do Osburn unpub. 
Trichloroethylene 8.0 2 Incomplete Do. "-

Xylene 2.5 2 Complete Do. > 
'"d 

Xylidine 30.0 2 Incomplete Do. ;;-
Z 
~"i 

:.r.; 
t:J150" F. 
co: 70° F. 
(:; 

.....::: 

..... 
r:: 
0 

'""" 

.-
In 
'"d 
t:J 
;::l 
rr. ..... 
0 
Z 

;!::. 
I-' 
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Hydrocyanic Acid 

Fleming and Burgess (1948) determined the dosage, exposure, 
and temperature relationship of hydrocyanic acid to the mor­
tality of third-instal' Japanese beetle grubs removed from soil 
and exposed directly to the gas. 'rhese tests are summarized in 
table 8. All grubs were killed at 75" F. by exposures of 3 hours 
to 2 ounces, 2 hOUl'S to 4 ounces, and 1.5 hours to 6 ounces of 
hydrocyanic acid per 1,000 cubic feet. A 3-hour exposure to 4 
ounces killed the grubs 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-ineh pots of soil infested with third-instal' grubs in a chamber, 
l'educed the atmospheric pressme to 2 p.s.i. in 15 minutes, in­
troduced hydrocyanic acid at 10 ounces per 1,000 cubic feet, re., 

'l'ABLE 8.- Dosage, eX]Josw'e, and 
tempera ture requited to kill 100 
pel'cent of third-instal" Japanese 
beetle grubs remol'ed from soil and 
exposed, directly to hyd1'ocyanic 
acid (HeN) in chamber 

HCN 

per 1,000 Minimum 
 Minimum 
cubic f€'et etTective etTective 
(ounces) exposure temperature 

HOIt/·s o F. 
( 2 

2 t3 	
80 
75 

" 1 90 
4 	 11.5 85 

751 : 45 

75 
60 

6 F' 	
80 

45 
60 
55 

'" 3 

8 {: 	 45 
55 

10 {: 	 45 
50 
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stored the atmospheric pressure to normal, and exposed the in­
fested soil to the gas for l1,~ hours at 80 0 F. All the grubs were 
killed in dry and moist soil, but none of them in wet soil. In­
creasing the exposure to 3 hours did not kill apy grubs in wet. 
soil. 

Lip!) (unpublished) exposed soil balls 8 inches in diameter to 
8 ounces of hycil'ocyanic acid pel' 1,000 cubic feet for 2 hours at 
room temperature and normal atmospheric pressure. The treat­
ment killed 88 percent of the third-instal' grubs in dry loam but 
only 22 percent of them in moist loam. 

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

Elhylf'.I1e Oxide 

Osburn (1.9,JI) killed all grubs in {i-inch pots of moist soil by 
nn exposure for ~ hours to 7.S pounds of ethylene oxide per 1,000 
cubit' feet at 80 ' F. Ol' for 3 hours to ~ pounds at that temperature. 
A 3-hour exposure to IO poulHls was required to kill all the grubs 
in l-l-inch (lots of soil. HydJ'(l1I{fc(l IIlClc/'ophyllCl and RhododendJ'on 
illdicllill were severely injured by exposure to the 2 pounds for 
2 honrs. The foliage turned black, curled, and fell within a few 
d,tys. 

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

Naphthalene 

Naphthalene (eltoH,) is a white crystalline compound occurring 
in coal tal'. It is obtained by crystallization from the fraction 
boiling between 180' and 300' C. The crystals are shining plates 
with a characteristic odor and a bitter aromatic taste. Naphtha­
lene is readily soluble in alcohol, benzene, and other organic sol­
\'ents, but it is insoluble in colcl water and very slightly soluble 
in hot water. It 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°, 
0.11 mm. at 30 , ancl 0.32 mm. at ·w -. The vapor is about '1.4 
times as heavy as ail'. It was calculated that 1,000 cubic feet 
of ail' became saturated with 0.01 poune! of naphthalene at 0'\ 
0.035 pound at 20"', 0.06 pound at 30°, and 0.13 pound at 40°. 
The specific gravity of ail' saturated with naphthalene at 25° and 
normal pressure as compared with ail' is l.0004. The vapor burns 
with It lumillous but smoky flame. (Chisholm 19.5'2; Fleming 
and Baker J,CI.J~; Roark and ~elson 1929, /.fI;W) 
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TOX'icity to hnmatw'e Stctges.-Fleming and Baker (1934) stud­
ied the toxicity of naphthalene yapor to eggs, grubs, and pupae. 
When the creamy-white eggs 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 change in color is due to the reaction of the 
vapor with the fat bodies since naphthalene is a fat solvent. After 
the grubs were e..xposed to 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-instal' grubs, but 120 hours killed only 54 perc(,llt of the 
pupae. 

The temperature modified the rate of insecticide action. The 
exposure to naphthalene vapor needed to kill all third-instal' grubs 
was 120 hours at 50 0 F., 72 hours at 60",48 hours at 70 0 

, and only 
12 hours at 80 0 

• 

The rate of insecticide action was also modified by the relative 
humidity. The mortality of third-instal' grubs exposed to the 
vapor for 18 hours at 70 0 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, w~re placed in a chamber where 
the relative humidity was 90 to 95 percent and the air was 
saturated with naphthalene vapor, alI the grubs were killed by 
an expOsure of 96 hours at 75 0 F., 72 hours at 80 0 

, and 48 hours 
at 90 0 "Vhen the grubs in 3-, 4-, and 6-inch clay pots of soil• 

were placed in the chamber at 80 0 
, an exposure of 144 hours 

killed 99 percent in the 3- and 4-inch pots but only 81 percent 
in the 6-inch pots. With its 'low vapor pressure the penetration 
of naphthalene vapor throughout the soil was slow and uncer­
tain. 

HartzelI (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 (1.930) 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 (190'34) did not 
expect that Berberis thllnbergii, Hyclmngea, macl'ophyll(l, and 
Rhododend1'on obtllS1tn~ would be seriously injUl'ecl by exposure to 
a saturated atmosphere in a chamber where the relative humidity 
was 90 to 95 percent and the temperature 80° F. The leaves of 
these plants showed some injtiry by the vapOl' after a 24-houl' 
exposure, and at the end of i18 hours the plants were damaged 
so seriously that they were of no commercial value. They were 
less tolerant of the vapor than the grubs 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. 

CarLon Disulfide 

Toa:icity to Immature Stages.-Fleming and Bakel' (1985) 
~jtuclied the toxicity of carbon disulfide vapor to the immature 
stages of the beetle. When they were removed from soil and 
exposed to the vapor for 2 hours at 80 0 F., 38 pounds of carbon 
disulfide per 1,000 cubic feet were required to prevent hatching 
of eggs, 24 pounds to kill pupae, and 15 pounds to kill third­
instal' 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-instal' 
gl"ubs at40" to 100" F. and exposures from 2 to 72 hours are given 
in table 9. Not more than 10 pounds of carbon disulfide pel' 1,000 
cubic feet were required to kill the grubs in 2 hours at not less 
than 90~. That dosage was effective in 6 hours at 70°, in 12 
hours at 60", in 18 hours at 50', and in 24 hours at 40°. Prolonging 
the exposure at each temperature decreased progressively the 
dosage required. 

The air in the chambers at SO F. was conc1iUonecl to ])1'e­
d(;ltermine(\ relative humidities by circulating the ail' through 
saturated aqueous salt soludons, as recommended by Headlee 
(1921), for ~4 hours before introducing third-instal' grubs and 
carbon disulfide at 3 pounds pel' 1,000 cubic feet. The relative 
humidity, ranging from 1 to IOO percent, did not modify sig­
nificantly the velocity of insecticide action. 

The purity of the carbon disulfide was not a factor in the 
fm;ectiride action against thircl-in:,;tnr grubs. Analyses of the 
chemically pure and the commercial grades, according to the 
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TABLE 9.-E;rposllre, ndnimmn dosage per 1,000 cubic feet, aud 
tempemture 'required to kill 100 pel'cent 0/ th'irci-instar Japanese 
beetle grltbs 1'emoveci /1'om soil anci exposed to ca1'bon disulfide 
vapm' 

Exposure Dosage nt indicated temperatures (" F.) 

(hours) 40 50 60 70 80 90 100 

2 
·1 
6 
8 

12 
18 
24 
48 
72 

Pounds 

22 
9 
4 
3 

Pounds 

14 
8 
6 

3 

Pounds 

22 
13 

9 
6 
4 

2 

Pounds 
20 
15 
10 

6 
5 
3 

2 

Pounds 
15 
12 

9 
8 
6 
3 
3 
2 
1 

POlmds 
10 
8 
5 
4 
3 
2 
2 

Pounds 
4 

3 

2 

1 

procedure of Collins et a1. (1927), showed that the C.P. grade 
had a boiling range of .16°--"17 0 C. and contained 0.001 percent 
of 1l0lwolatile matter and no foreign sulfides, sulfates, sulfites, 
or water, whereas the commercial grade had a boiling range of 
.15°--.018" ancl contained 0.016 percent of nonvolatile matter and 
traces of foreign sulfides, sulfates, sulfites, and water. When the 
grubs were exposed to the yapor for 24 hours at 70° F., the 
LDso 3 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. 

EfJectil'eness in Soil.-Nurserymen considered a fumigation of 
more than :2 hours to be impractical because 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 \'aporlze the chemical rapidly by means of a device similar 
to the ".;;asifier" described by 'Veigel 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-instal' grubs in 3-inch 
clay pots of moist, friable soil by exposing the pots for 2 hours 
at 90 F. in a chamber containing S.5 pounds of vaporized 
('arbon disulfide per 1,000 cubic feet. Ten pounds of the chemical 
at 8;)', IS pounds at 80 ," and 20 pounds at 70° were required to 
kill the grubs. As 80~ was the maximum temperature usually 

J L{'thnl dose that kills 50 perc{'nt of grubs. 
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recommended for fumigating living plants, further tests were 
concluded 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 -I-inch pots. The dosage had to be increased to 20 
pounds for f)-inch pots, 23 pounds for G-inch pots, and 25 pounds 
for 8- and 12-inch pots. The vapor penetrated more reHdily 
through masses of soil wrapped with burlap than through soil 
in clay pots, but the dosage was modified by the volume of the 
Roil in about the same manner as with the clay pots. 

The moistUl'e content of the soil was the most important factor 
limiting the effectiveness of the fumigation. The fumigation was 
successful when the soil was fl'il\ble and partially saturated with 
Witter, but only a few grubs were killed when the pore spaces 
of the soil were filled with water. 

Tolel'allce 0/ Plants.-Carbon disulfide vapor in insecticide 
('oncentration was very injurious to nursery ane! greenhouse 
plants. The adverse readion was the same with a 2-hour exposure 
at 80" F. to 15 01' more pounds of vaporized carbon disulfide 
pel' 1,000 cubic feet as with a 2·I-hour exposure to 3 pounds of the 
chemical. In preliminary expel'iments Leach and Fleming (1.9Z5) 
found that Calendula ofJirillalis ancl Salvia splendens, two species 
killed by expOSure to the vapor in a fumigation chamber, were 
not injured when the aerial part of the plants was immersed in 
water during fumigation. 

Fleming and Bakel' (J .9J:j) explored further this method of 
fumigating plants with carbon disulfide, using a tank 10 feet 
$quare and n feet deep in which water was maintained to a 
depth of G feet. The tank was gastight and was equipped with a 
vaporizer and a fan fOI' circulating the ail'. The surface layer of 
watel' could be removed constantly, aerated, and returned to 
the tank. The pots and soil balls of the inverted plants were 
~upported by a rack just above the surface of the water. 

Tests were made to determine the method of operating this 
tank whereby the \'apOI' would be uniformly distributed in the 
ail' ancl the smallest quantity of the chemical absorbed by the 
water. Carbon disulfide was vaporized in the tank at 25 pounds 
pet' 1,000 cubi<.' feet of ail'; the temperature of the air was 
90' F. and the water GO . Two hours later samples of air and 
water were taken and analyzed according to the procedure used 
by Delachanal HndMermet (1877), Gastine et a!. (1884), and 
RarlclifTe (IPO.9). The distribution of carbon disulfide throughout 
the tank when the air and water were quiet and when one or 
both were circulated is summarized in table 10. 
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TABLE 10.-Distr'ibution of ca1'bon disulfide ;2 hOIP'S aIte?' vCl:poriz­

ing in covereel tank filled two-thil'ds with water 

Carbon disulfide recovered when-Layers above 
and below Air quiet Air circulated 
surface of 

water (inches) Water quiet Water circulated Water quiet Water circulated 

Percent Percent Percent Percent 

AIR ABO\'S WATER 

20-30 26.2 22.4 20.0 20.2 

10-20 29.0 20.025.0 20.1 

0-10 32.7 27.8 20.0 20.1 

BENEATH SURFACE OF WATER 

2.9 6.10-10 5.5 10.2 

10-20 l.3 2.6 8.3 5.6 
3.0 6.020-30 .8 8,4 

5.030-40 .8 2.9 5.0 

40-50 .7 2.8 3.0 4.5 
4.550-60 .6 2.6 2.8 

LOST FROM SYSTEM 

2.4 8.0 2.3 7.9 

The maximum concentration of carbon disulfide in the air and 
the minimum in the water occlllTed when both the air and water 
\vere quiet, although there was stratification of the chemical in 
the air anel in the water. Circulating the air made the distribution 
in the air uniform, but it reduced the concentration in the air 
and increased the absorption by the water. Circulating the water 
tenrled 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 Hydl'{lII{J('a 1Il(l('1'ophylla, yariety Mme. Chautarc\, 
in 6-inch pots and Rhododcndron indicum, varieties l\Ime. Petrick 
and l\Ime. Yandel'cl'uyssen, in f)-inch pots was fumigated for 2 
hour~ \vith the aerial parts of the plants immersed in water. 
The air in the tank ,vas SO' F. and the water was 60°, The 
dosage for the 6-inch pots was 25 pounds per 1,000 cubic feet 
of air and thnt for the ;)-inch pots 20 pounds, amounts sllfikient 
to destroy the grubs in the soil. The plants were forced in the 
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greenhouse according to the usual commercial practice. The treat­
ment had no effect on the Hydmngea. It 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 Mme. 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 nm·series. 

Ethylene Dichloride 

Ethylene dichloride, or 1,2-dichloroethane (CH2CICH2CI), is 
n colorless liquid 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 20'1. The vapor is about 3.5 times as heavy as air. 
Ethylene 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 dichlor.ide is usually mixed with carbon tet­
rachloride. (Chisholm 1952) 

In preliminary tests with a 3:1 mixture of ethylene dichloride 
and carbon tetrachloride by volume, Mason et a!. (1943, unpub­
lished) killed third-instal' grubs removed from soil and exposed 
for 2 hours to 1 pound of the mixture per 1,000 cubic feet at 
80" F. One and one-half pounds were required at 70°, 3 pounds 
at GOo, and (i 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 
,-ariable when the soil was wet. Many of the grubs appeared to 
be normal at completion of the fumigation. Most of them died 
during the foIIowing 2 or 3 weeks, but an occasional grub lingered 
for 5 weeks. 

Plants, including several varieties of Gissus sp., Dmcaena sp., 
Pandanus sp., and RllOdodend1'on spp., were not injured by ex­
posure for 2 hours to 21,,:! pounds of the mixture per 1,000 cubic 
feet at 60" and 70° F., but they were injured in varying degrees 
when the dosage or the exposure was increased. Although the 
preliminary results with the ethylene 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 hnmature Stages.-Donohoe and Johnson (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 methyl bromide per 1,000 cubic feet at 63° F. The treatment 
was effective in all types of friable soil but was not always com­
pletely effective when the soil was saturated with water. Eggs, 
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 grubs and pupae died during the following 3 weeks. The 
velocity of the insecticide action was enhanced by leaving the 
insects in the fumigated soi\. 

Later Donohoe and Johnson (unpublished) found that this 
fumigation was effective in pots and soil balls up to lt1 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 
75'" F. with an exposure of 2.5 hours. Fleming and Maines 
(unpublished) increased the exposure at temperatures below 
70" ancl decreased Donohoe and Johnson's dosages to kill the 
insect at these temperatmes. These schedules of fumigation are 
given in table 11. 

Toiemnce of Plants.-Donohoe and Johneon (1939) deter-

TABLE ll.-Temperature, dosage, and e;rposure required to kill 
immature stages of Japanese beetle in masses of soil ~tl) to 14­
i1!chesin diameter by methyl bromide fumigation 

Schedule 1 Schedule 2 

:Minimum Methyl bromide :Methyl bromide 
temperature per 1,000 Exposure per 1,000 Exposure 

(' F.) cubic feet cubic feet 

Pounds Hours Po/wds Hours 
40 5.0 2.5 3.5 4.5 
50 4.0 2.5 3.0 4.0 
60 3.0 2.5 2.5 3.0 
70 2.0 2.5 ~.O 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 0 F. The 
fumigation did not injure 92 percent of the plants; (j.n percent 
were injured sulliciently 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. 

>I< A b(!li(t gr(t/ldifl 01'n 


A CI' /' ]Jnlmat'Uln 

A clirwt/l./I~ ('nnerttmn 

A ({lrmtltln tllnerul1~ 


+,4flirrOlle'llln simp/rx 

:tjugn reptcLIIs 

Ala/? humilis 

A {I/SSUJIt sp. 
Anemone joponi('(/. 
,tql/ilegin sp, 
A rn/lis fllpinCL 
ilrn IIc([rin excelsa 
A'I'ctORtllphulos U'vil-ursi 
11r(,lInrit~ montn1l(t 
Al'mel'in mnritimn 
..tl'(min arbltti/olin 
A 'r/c'misin clmcttnt'ulu8 
AS/l(['m[1I1S plumosus 

•Aspidisirn. claUor 
~lllJ)l('nilun nidus 
Asler nOl'ibeiflii 
ilstilbe rosen 
Jt1l('ltba. j(lponicet 
Heflollin'I'ex-culto1'lO/t 
Berberis g([flnepaini 
H!'rbcl'/s juli(lllae 
Herbel'is thHnberlJl: 
Berb('ri.~ triflcrrnthophom 
Herberis vel"'llcl~losn 

"'lIWbergi(/' nit tans 
HOltt'(I7'dia. hU1Ilboldti 
HI'IlI/nero.7lI11croph1lll([ 
HlUlcllehL sp. 
Bllx!ls microphllila. 
H IIXII,q s(' IItperVil'ell,~ 

('(I[adiuIII bicolor 
*Cainthe(l. l'rt1/denheckei 
C(/ {ceo In'rift erenatiflorn 
Call1Of(J. vulgnris 
Cnll/I'OI/thlls floridu.8 
Camp(/./wilL (,fl1'PlLUcn 
C(/.I!I{l(/,lI111a. garganiea 

Cnmpn1!uln isophylla 

Cn1npetnllln 'IIledimn 

Call!]Jsis g1'nndlflor(~ 


·Ca:psiclt7n /1"1tieSC(l1IS 
Ca/'yoptt'7'i,Q incnnn 
C<,drllil nt/nnticn 
CemstilL/1t bicbc'/'steini 
Ce'/'eus penwinnull 
('hnellomcles lngennrin 
GItCllllal!cYl)(/1'is obt,lLsa. 

·CIu/IIl(/.ecl/1in'ri.~ lJisi/era. 
Ch1'1IIlaUriOC(l.1'pItS lutellcClI Its 
C 1t"l/san( h PlII 'lOll. u1'ctic1f,JI/. 
CltrllSII1Lthl! /limn ('occinctL1/1. 
Chrl/SIlJllltenl1on /ntiescells 
ChrllsrmthemlW~ 1/tori/o[-im/l. 

'Cibol:imn schiedci 
CiSlIlIS rhombi/olin 
Cissus striat(l 
Citrlls sinensis 
Citrull tnitcllsis 
Clellla.tis jack'/lt(l.lli 
C[itlla. 1llinia.ta 
Cod'inemn vnriegatwl/t 
COltWI lla.1'ir~ '/IIa.j(llis 
Conly line illdivisa 

*Cordylinc' tenninnlis 
COrll'llS alba 
COI'11US floridn 
CorlllLS sto[oni!en~ 
Cotonerr.ste1' conge-sta 
Cotoll.cnster diclsinnn 
CotOllCrtste1' di'v(lric(l.ta 
Cotonensfer /rrl7lcheti 
Cotonerwter horizont(lli,~ 
('otonerr,.~te1' lucidn 
Cotoll('a.~ter microph1llln 
Cotoneaster 1lrmnosn 
CntOllPaster r(/cemiflor(/, 
Cotrmen.qtcw 1'otundi/olin 
Cotoncnster snlici/olin 
Coionenste?' simoll.Qi 

http:simoll.Qi
http:di'v(lric(l.ta
http:1llinia.ta
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*Grassula arborescens 
CrypteLnthus zonatus 
Cycler/lien ]JersicUln 
Cypel"us alte1'nijolius 
Cyrtomimn jalcat1l1n 
Cy tisus clL1!al-iensis 
Cy Usus SCO]J(Ll-iUS 
Daphne sp. 
Dctt'allict jijiensis 
Delphinium sp. 
Dennstaecltia adiantoides 
Deutzia gracilis 
Deutzia lellloinei 
Deutzi(L scabra 
Dianthus bru'batlLs 
Dicentm sliectabilis 
Dieffenbachi(L 1)icta 
Dl'(lcacna j1'ag)'(L1Ls 
Draccwnn godseffiana 
Elaeagnlls lmngens 
Enkiantlms cCLlIlpanultztus 
Epimedimn 1/tusschianum 
EriccL melanthe?'a 
Erodin/It sp. 
Ellonymlls alatus 
E1wnYlllllS jortunei 
EupCttorimn coelestimon 
Eltphol'bia julgens 

ElIp/tol'bicL plllchel'ri1llCt 

Fnglls sylvaticn 

Fntsin ja/Jonica 

FCI'OCltctllS sp. 

FiclLs clas tica 


""Ficus pandurata 
Ficus pwnila. 
Fittonia'verschn.iTelti 
FOI'sythz'a illtennedia 
Forsythia slispenSCt 
Gaillnrdin aristata 
Gardenia jasminoides 
Genista pilosa 
Ginkgo biloba 
H edem. helix 
Heleniu7I! {elluijollm/!' 
H eliant/tellluln sp. 
H emerocallis thunberg! 
Heuchera sanguinea, 
H'ibisclls sy,-iaC1(S 
Hosln cne1"ltlen 
HOlUea belmorcana 

*H owen /orsteriana 

Hydrangea al'borescens 
Hydrangea 11tacrolJhylln 
Hydrangea lJaniculata 
Hydl'angeet xanthoneura 
Hyperic!t1n 71wserianu7n 
llex rtquijoliwn 
!lex crenatc~ 
llex glabra 
flex opaca, 
Iris kaempjeri 
J asminu1n nudi/lorum 

*Juniperlls chinensis 
Junipel'us communis 
Junipel1tS exeelseL 
J Imipel"IIS hOl-izont(tlis 
J !tuiperl£s sabina 
Juniperus virginiHna 
Kalanehoe blossjeldiana 
Kalmict latifolia 
Kerria, japoniea 
Knipho/ia 1wa'ria 
J(olkwitzia amabilis 
Liat'ris Pycllostachya 
Ligu.strmn aln1wense 
Lignst11wL lucidll11L 
Ligustrum ovalijolimn 
Lithosper1llwIt sp. 
Lobelia cal'dinalis 
Lonicera /1'agrantissi1l1a 
Lonicera japonica 
Lonieera nitida 
Lonicera periciymenm1L 
Lonieera IJileata 
Lonicera tatarica 
Magnolia, kobus 
,11agnolia soulangeana 
JIagnolia stellata 

*Maranta, leuconem-a 
Jtiscan thus sinensis 
illona'rda didyma 
,Uondo jabnran 

*.lIonstera deliciosa 
Myosotis scorpioides 
Nandina domestica 
Nepeta. cataria 
Neph?'olepis exaltata 

*Nephthytis ajzelii 
Opnntia sp. 
O.1:ydenclnml. a'rbOrelt1n 
I:achysandra terminalis 
I:aeonia officinalis 
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*Pandanus veitchii 
Papa-ve1' orientale 
Pcu·thenociss!LS quinque/olia 
Parthenociss!ts tricuspidat(l. 
Pelnrgoniurn hortar!t1n 
Peperomia nrgyroneura 
Peperomic£ maculosa 
Pepe1'omi(l.obtusi/olin 
Phi/adelphw: grandijlo1'lIS 
Phi/c(delphus laxus 
Philadelplms nivalis 

*Philodendron cordntu?n 
Phlox subulcdcL 
Phoenix hmnilis 
PhYSOC(f1'}JHS oplLli/olius 
Physosiegia 1lirginimut 
Piel'is jlol'ibunda 
Piel'iH iaponica 

*Pinns bungeana. 
Platmllts orientalis 
Polygo1tw/I cmberti 
Polypocliwlt aureU1n 
Primullt malacoides 
Primulc£ vel'is 
Pte1'[s c'reticn 
Pteris ensi/ol'mis 
PhY1"ctcantha angllsti/olia 
Pyracanthn coccinea 
Qnel'clLs alba 
Rhododendron calendu/acewn 
Rhododend1'on c(l.l'olinianwll 
Rhododendron catatobiense 
Rhododendronindicmn 
Rhododendron moUe 
Rhododendron ?nllCl'01ttI.latm1L 
Rhododendron obtusmn 
Rhodo ~ypos scandens 
Rims a1"omatic(t 
Rosa spp. 
Rlldbeckin laciniata 
Saintpaulia ketoensis 
Salix discolor 
Schlu71lbergera tnmcatn 
ScindapslLS aureus 

*Sedum, adolphi 
Sedu71t sieboldi 

Sedu1n spectabile 
Sedmn stoloni/e1'wlL 
Selaginella braunii 
Selaginella emmeliana 
8 p mpel'vivmn g1'andijlorwn 
Sem1Jer'vi'umn tect01"1£1n 
Senecio cruentus 
Spimea bnma/da 
Spi1'aea cantoniensis 
Spi1"l!ea tlmnbergii 
Spi1'aec£ vanhouttei 
S te phcL1tand1'a incisa 
Stokesia. laevis 
Sl1'unvaC?sia da.l,idiCL1t(L 

*St?'elitzia reginae 
Sy /11 phoricarpos alb us 
SlIlItpiLo l'ical"pos chencmlti 
Symph01'icarp080rbicu/atus 
Syringa vulgaris 
Tama1'ix nj?'icnna. 
Taxus baccata 
Taxus cltspidnta 
1'eltcrimn chamnedrys 
Tlmja occidentnlis 
Thll.jn orientnlis 

*Tlmja plicnta 
Thymus serpyllmn 
Trollius em'opaellS 

*Tsuga canadensis 
T1I11ica saxi/1'aga 
Ve1'onica spicata. 
VibU1'1!lW~ bitchiuense 
Viblll'nU7/L dentatU111,. 
Vib1.lntmn lantana 
Vibunmm. ?nolle 
Virurnll,m. opulus 
Vibl!1"1tW1L rhytid07JhyllU11l 
Vibunmm t'i'Uobm1t 
Vincn ?ninor 
Viola C01''11ut(l. 
Viola odorata 
Vitex agnus-castlls 
TVeigeln jlo1-ida 
TVistnri(l, jl01'ibuw.!,n 
TVistcL1'in sinensis 

Livingstone and Swank (19.41), using 0.5 to 1 pound of methyl 
bromide per 1,000 cubic feet for 3 to 5 hours at 84 0 to 91 0 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. 

•4spidistra elatior *Hibiscus sp. 

Camellict japonica Ligustru1n sp. 

Camellia saSanquc~ Livistona chinensis 

C h111salidocarpus lutescens Nephrolepis exaltata 


*C}wyscmthemwn sp. Pandanlls veitchii 

CodiaemlL 'uariegatum. Phoenix hl!.1nilis 


*Cordyline terminalis 	 Pittosporwin sp. 
Dracaena !rag1'U1t8 Rhododend1'on sp. 
Ficus elastica Schlwnbergera, trltncata 
Ficus retusa *Scindapsus a,wreltS 
Gnrdenia sp. 

English (1948), 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 0 

, and 2 pounds for 1.5 hours at 90 0 , 

fumigated many varieties of azaleas and camellias. Only two 
varieties of azaleas were injured by the treatment. 

Latta and Johnson (19.44) determined the tolerance of conifer­
ous evergreens-Chamaecyparis 1Jisi/era, Jnni1Je1'us c07l'/;munis, 
Picea pungens, Taxus cus]Jidata, Thuja occidentalis, and T. on­
entaUs-to fumigation with methyl bromide, using an exposure 
of 2.5 hours and adjusting the dosage accQrding 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 FwnitJat'ion 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 0 r. 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 methyl bromide was used extensively by nurs­
eries and greenhouses. Middleton and Cronin (1952) reported 
that during 1939-50 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 soil 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
pOSlll·e. It is more difficult to destroy the insect embedded in soil 
among the roots without damage to the plants because of the 
porosity of a soil, its absorptive and adsorptive capacity, and 
the sllsceptibility of plants to the chemicals. 

Leach and Thomson (1921), Fleming (1926a), Fleming and 
Baker (19.15), ancl others have observed that when a mass of 
soil is immersed in a solution or a dilute emulsion the liquid flows 
)·upidly 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 already filled by water and roots. The liquid 
taken up may be 35 percent of the weight of a sandy soil, 65 per­
cent of the ,,'eight of a clay soil, and equivalent to the weight of 
a peat. The addition of organic matter and soil conditioners to a 
mineral soil modifies its normal capacity 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 u potboulld plant may take in very little 
of the surrounding liquid. 

Fleming and Bake)· (1935) immersed t:'1rred 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 emulsion flowed into the interstices to replace air. 
Additional carbon disulfide diffused into the masses during the 
next 5 hours. The concentration of the chemical in the interstices 
declined progressively during the following 20 hours because of 
absorption and adsorption by the particles of loam and peat. 

Five hours after immersion the concentration of carbon disul­
fide in the interstices of the upper inch of moist loam was 59 
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TABLE 12.-Pellelratiol! of emulsified cal'bon disulfide into inteJ'­
stitial i:>'Pacl'S of sandy loam alld peatimmel"scd in water con­
tainill{j 680 mg. of chemical per liter 

Carbon disulfide per liter in­
-~----

Immersion 
(hours) Sand)f loam Peat 

-----,--,,,-~, Moist Wet Moist Wet 
Mg. JIg. Mg. Mg. 

n--1 INCH BELOW St"RFACE 

810 250 1,190 ·100 
1,000 700 1,325 500 

900 410 1.275 450 
800 325 l,i:)O ,100 
700 300 1,150 375 
6liO 300 1,150 375 

1-:: INCHES BELOW St"RFACE 

1 
5 

10 
15 
20 
25 

560 
900 
775 
625 
590 
590 

100 
400 
225 
110 
100 
100 

,100 
575 
425 
340 
280 
240 

100 
100 
100 
100 
100 
100 

:1-;; 1:\(,1IES BELOW Sl'RFACE 

1 
5 

10 
15 
20 
25 

410 
760 
600 
480 
440 
440 

100 
200 
150 
100 
100 
100 

80 
80 
80 
80 
80 
80 

80 
80 
80 
80 
80 
80 

--"'-~--~-"'" 

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

Smaller quantities of carbon disulfide penetrated into wet loam. 
Five hOllrs after immersion the concentration ,vas 11 percent 
higher in the interstices of the upper inch than in the emulsion, 
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3(j percent less at 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 disulfide in the upper inch and 
85 percent less in the 1- to 3- and 3- to 5-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 chemical in the interstices of the upper inch 
than in the surrounding emulsion, but 9 percent less in the I­
to :i-inch layer and RR percent less in the 3- to 5-inch layer. 
Twenty hours later the interstices in the uppE.'r inch contained 
79 percent more of the chemical and the 1- to 3-inch layer 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 time of immersion in the em:l1sion was an important factor 
in the penetration of carbon d.islllfide. 

Preliminary Tests 

Beginning in 1920 and continuing for several years, tests were 
made to find solutions and emulsions of chemicals that would kill 
the immature stages of the beetle in the soil of potted plants 
and balled nursery stock without serioLlsly injuring the plants. 
In general, these tests were to determine (1) the quantity of a 
chemical in solution or emulsion needed to kill third-instar grubs 
removed from soil and immersed at between 60° and 80° F., (2) 
the etIecth'eness of the clip 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 because 
of the death of F. E. Baker in 1937. 

After the grubs without soil had been immersed in a dip for a 
predetermined period, they were placed 011 moist untreated soil 
containing germinating seed and their reaction was observed 
p~riodically during the following 2 or 3 weeks. Grubs embedded 
in soil were usually transferred to untreated soil about 1 week 
after immersion. Only a few tests were made 'with plants. The 
results of these preliminary tests \'lith solutions and emulsions 
as clips to kill grubs are sllmmarized in table 13. 



TABLE l3.-Preliminary tests with solutio1'1.S and emulsions 0/ chemicals as di1JS to kill Japanese beetle grubs 01 
00 

Chemicul 
of\ mQunt per 

Jit~r of 
water 

lmmersion 
period 

Mortality of 
grub. when·"· 

Removt,.l 
from soil In soil 

Effect 
on plants Source .., 

~ 

Acetal<Jehyde (diethy) n~dal) 
Act.-tone 

Aeewnilrilt: 
I\ct·t.ophenolt~ 

Aldrin 
Allyl l.romide 
Allyl isothiocyannl,' 

Do 
Do 
Do 
Do 

2-Amlno-I.3-dimethYlamine bcnz~ne 
Aniline 

Do 
p-Anisaldehyde 
Ascul'idole ( 1.4-cpidlo;<y-p-menlh-2-ene) 
B...nzaldehyde 

Do 
n~nzt:nc 

Benzene + p-dichlorobenzene 7:ii 
Do 

Benzonitrile 
Benzyl acetate 
Benzyl alcohol 
Benzylnmlne 
Benzyl benzonte + ethylene dichloride 1:1 
Benzyl bromide (a-bromotoluene) 

Mil. 
250 
250 
2;iO 
2:;Q 

2<1 
2:;0 

Saluraled 
do 
3.000 
1,500 

2:;0 
2;,0 

!.GOO 
1.000 

250 
165 

Saturated 
:100 
650 

12,000 
6.000 

250 
250 

2,000 
600 

3.000 
40 

24 hours 
do 
do 
do 

Soil salurated 
2·j hours 

do 
30 minutes 
10 seeQnd. 

do 
24 hours 

do 
do 
do 
do 

6 hours 
hour 

24 hour. 
do 

5 seconds 
do 

2·1 hours 
do 
do 
do 

5 seconds 
24 hours 

P~rfO"t 
23 
18 
13 
19 

100 
100 
100 

100 
2!J 
98 
6;; 
78 

100 
66 

100 
100 

22 
100 

86 
100 

100 

Per~ent 

100 

67 

100 
88 

0 

100 
60 

96 

None 

Killed 

None 
do 

Baker unpub. 
Do. 
Do. 
Do. 

Mason unpub. 
Bahr unpub. 
r...."'ch and 'fhomBon 19J1J. 

Do. 
Mh..<lln unpub. 

00. 
Bilker uopub. 

Do. 
Do. 

Fleming 1925a.. 

Baker unpul.. 
Leach amI J uhnson 1925. 

00. 
Baker un[lub. 

Do. 
Bur;:,':!. et nl. un[lub. 

Do. 
Baker unpub. 

00. 
Do. 
Do. 

M:ulon et aI. unpub. 
Baker unpub. 

0 
::c 
t;; 

C 
r 
>­
.::. 
.::. 

C 
rn 
a 
.:"'.1 

.~:-:: 
0 
'<j 

~ 
::;:l-0 
d 
e-' 
B 
d 
~ 
t".l 



Benz)1 chl"ri<l~ ("-chlorotolu,~ne) 750 10 ",""onds 10" MIlSon et a!. unpub. 
Do 370 do 92 Do. 
Do ·10 2·1 hours 100 Baker un pub. 

N-B~n7.yl-N-ethylnnl)inc ~:;O do 97 Do. 
N-Ben:.yl-N-cthy!.(,-toluidine 2ft!) do 116 Do. 
IJcn1.y)jd~1H' chloride (",,,-d;chlorotoluene) 
N.He01.yJid~MmelhYlamlne 

:100 
2:)0 

do 
do 

WO 
99 

Do 
Do. 

'"d 
~ 

Bromol)t!flzenc 
Bromolrichloromcthane 
Butyl I1lcohol 
Butylamine 
Butyl hromide (J-bromobutnne) 
Bulyl chloride (I-chlorobulnnel 

~OO 

190 
2::;0 
2f.iO 
2~Q 

2;:-.0 

do 
Soil snturated 
24 hours 
Soil saturated 

do 
,10 

100 

:!o 
:!3 
;j~i 

18 

70 
Do. 

Fleming and 1>faines unIlub. 
lJak~r unpuh. 

Do. 
Do. 
Do. 

::=::i 
<
::: 
% 
"-:: 

% 
Butyl rhloro('nrbonlllc (hutyl chloroformatel 
Butyl ;o.lid" (j-iodobutnnc) 
But.yl nitrile 

!!:iO 
!!i)I} 

250 

do 
do 
do 

81 
80 

100 

Do, 
Do. 
flo. 

t..; 

> 
'"d 

But.yl lhiocynnnl,. 250 do 100 1)0. > 
Camphor Saturaled 2 hours 0 L.:ach and Thomson 19!1. % 
Carbon 

])0 

Do 
1)0 

Do 
C",.bon 

dis\llfid~ 

telrachloride 

do 
do 
1,000 

625 
2:.0 
250 

24 
:10 
18 
J{i 

24 

houf!! 
mlnut~s 

hours 
hours 
hours 

do 

100 
100 

100 
100 

71 

0 

lao 
100 

Killed 
Reta"k..J 

Do. 
Do. 

J:t.;ming 19:6a. 
L~eh "nu Johnson lOllS. 

Baker unllub. 
Du. 

rr. 
er:. 
M 
to 
=::: 
,-, 
"-:: 

Chlo":,,ne 
Do 

1,200 
·18 

10 til""ond~ 

Soil s/llurated 
67 

100 None 

Fleming and Maines unpub. 
1>I"son unpub. 

::-' 
r::: 

Do 2·1 do 60 }~I(>ming nnd 1'.fninL"s unpuL~ 0 
Chloroh(·n7.cne 6.000 ]0 seconds 92 lIlasun unpub. ..... 

er:. 
Do ·100 2·1 hours lOa }<"'Ierning 19250. "d 

1,I,I-ChIQrocth"ne 250 do 47 Baker unpub. M 
1,I,2,2-Chloroethanc 
bis- (2-chloroethyl) carbonate 
bi.- (2-chloroethy1) ether 

Do 

2[,0 
2;)0 

3,000 
1,250 

do 
do 

ij seconds 
Soil saturated 

23 
lOa 

92 
lOa 

Do. 
DQ. 

Mason et al. unpub. 
Mason unIlub. 

:::::: 
'n.... 
0 
Z 

2-Chloroethyl J,-toluenc sulfonate 250 2·1 houf!! 100 Ba.ker unpub. 
2-Chlorofluorene 2,500 10 seconds 70 Mason unpuh. 

C11 
~ 



TABLE 13.-Preliminary tests with solutions and emulsions of chemicals as dips to kill J(7)anese beetle grubs ~ 
0-Continued 

Morl"lily of 
Amounl1 Jer Immersion grubs when-~4

Chelllipal lilt-,. (Ie II('riod Effect -::wnl~r R"llIow<1 on plants Source :::;{r"m soil In soli , -.--"'<---'"'.....,-~ () 

MO. Percent Percent ;:q
( hIMt){orm Snlumted 15 min(Ju.~ 100 Leach and Thomson 19!!1. WDo .2GO 24 hours 1~ Baker unpub. C!l-Chloronnphthnlentc 2{JO do g·1 Do.
2.ChJoI'Q!)I·opnne ~ 250 do !l8 Do. 
C<WIler sulfnte ~O,OOO do a l-' 

Leach and Thomson 1921. "'­o..Cre~()I .....5.000 Soil gnturutc.J 97 Mason. unpub.no 2,000 24 hours :­
])0 

Incomplete Fleming- 19!1f!a. 

600 do 100 
 Fleming 19i5a. SCrotonaldehydc 250 do 100 Bnker unpub. f!1

Cydohexnn~ 250 do 98 
lII ...Cymene 1,000 do UO 

Do. t::1
Fleming 19Z5a~ ~p-CymenL' 650 do 99 Baker unllub.

DDT ~ 8,000 20 minu[,,8 100 91 l"em£ng- ct nl. unpuu. ~ Do <!.QOO tlo 100 Hi Do.
Do 02.000 do 97 76 1)0. "'.lDo 1,000 do 78 u9 

Dibcn"ylnmin~ 250 2·1 hours 100 
Do. >Bnker unpub.

Dihulyl oxalate ~ 

2(.0 do [,2 .-Do. ::071I-Dichlorobenzenl' 3.000 5 sc"Conds 86 !IIllSon ct Ill. unIluh.Do 0300 2·1 hours 100 Baker u npub.
a-Dichlorobenzene + ethylene dichloride 1:1 3.GOO {i sL"Conds 82 

C! 
IIInson ct nl. unpub. t""1 :2 ...;::1.000 do 81 Do.

1 :5 3.000 do 70 dDo.
,I-Dichlorobenzene ,100 ~24 hours 100 Baker unpub.

Do t=l330 do 100 Fleming t9l!5a.
Dichloroethyl formlll (his-(2-chloroethoxy) • 

mclhalw) 1.2,,0 Soil 51llurnted lao -. ,.. ....... ---- Mason unpub. 




2,2~Dkhf(Jr()Ilr(Jpnnt" 2;;0 24 hOUr:> 1I.lO Ilake, unpub.
Dieldrin 2-1 Soli tiliturat<.'<l 100 None Mnson unpub.
Diothylnminl' 2fiO 2-4 hour.{ 21 Ilaker unpuh.
N,N-Dil·thyl Ilnillne 2;',0 do 98 Do.
Diiso[J!'ntyJ phthalate :!::iO do 31 00.
Dimethyl tmiHn" :!;'ii) do J9 00.
Epichlol'ohyclrine '1:12':;0 do 99 Do.

Do ";8 Mason unpub. 
~ 120 II) s,-<!onds 
~Ethyl "leohal 2:;0 2·1 hour.! 2~ Baker unpub. <:

N-I~thylaniline 250 do 31 Do. r::: 
Ethylbenzene ·100 do 100 %Do.Ethyl ',.,nzoate ~350 do 100 Do. ......Ethyl bromide 2UO do 33
Ethyl isothiocyanute Do. ~ 2:;0 do 100 Do.
N-Ethyl-I-naphthylnmine 2~,o do 100 e..., 

250 do 
Do. :::-Ethyl sulfide 

JOO Do.Ethyl thiocyanate '1:1230 do 100 Do.Ethyl valerate :::­250 do 93 Do. %Ethylene dihromidc 2:)0 do 99 Do. t":Do 48 Soil flntu rall,l 100 er.Mason unpub.
Ethylene dibrornide + chlordane 2: I t'j·IS do 100 Fleming and Main,,,, unpub.
Ethyle",' dibromide + heptachlor 2:1 48 do Do.100 00 .....,'ethylene dichloride 

~"',J370 10 seconds 100 MIL.~on unpub.Do ,',250 2·1 hour.! 19 BlLk"r unpub.Elhyllticne chloride 250 do 21 
-3 

Ethylidene chlorohydrin Do. S250 do 15 Do. .-.
Formaldehyde 50,000 hour 100 0 Killed Leach nnd Johnson 19f5.Furfural tl30,000 do .....0 0 do Do.Do u:250 24 houn; 3·1 Baker unpub. '"dGcruniol 250 do 98: Do. t:j
Her.tachlol· 2·1 Soil snlu rnted None ::088 F1cming and Maines Un pub.Hexachloroethane rn160 2·1 hours 100 .....Fleming 19~5a.Iodobenzene •100 do 0100 Ilaker unpub.Tsobutylncetate 250 do 32 Do. Z 
Isobutyl butyrate 250 do 90 Do.ISollentyl acelate 2;)0 do 3·j 00.Tsopentyl alcohol 250 do 19 Do. 

C') 
....... 




TABLE 13.-P'relimina111 tests 'With solutions (wd emulsions of che1nicals as dips to kill J(tpanese beetle grubs 0':1 
t-:i 

-Continued 

Chemical 

lsopenlylaminc 
N-J"ODenlylllniline 
bOilenlyl bulyrate 
lsopentyl chlorocarhonale (isollentyl chloro­

formate) 

.Amount ll~r 
lit.r "f 
\\-·utcr 

,llv. 
2;JO 
250 
250 

2;;0 

[mmenlion
period 

do 
do 
do 

do 

Mortality of 
I;rubs when 

Removed 
(rom soil In soil 

Perr.ettt PerCtllt 
99 
oS 
7·i 

80 

Effect 
on pl:LJlts 

00. 
Do. 
Do. 

Do. 

Source 
..." 
,', 
()
;z: 

o:l 
c:: 
r 
;­
.to. 

I.opentyl nitrate 200 do 20 00. .to. 

ballentyl nilrile 
[sollenlyl prolliolllLle 

21)0 
2nO 

do 
do 

90 
98 

Do. 
Do. c:: 

Kerosene 2{;0 do 100 Do. ~ 
Mercuric chloride 
JI[esitylcne 

1.000 
650 

hour 
2.1 hours 

0 
lOa 

0 Injured LclLch and Johnson 19f5. 
BILker unpub. 

tj 
(:%j 

J\!esltyl oxide (.I-melhyl-:l-pentenc-2-oncl 250 do 31 Do. '1;j 
Methyl nlcohol 2[,0 do 21 00 :-3 
N-Mclhylnnillne 
o-MclhylenrhQllnte 

200 
250 

.10 
do 

18 
22 

Do. 
Do. 

0 
/%j 

Melhylcyclohexane 
N-Methyldiphcnylamine 

250 
250 

do 
do 

98 
D5 

Do. 
Do. >,.... 

Melhyl ethyl ketone 
J\!ethyl formnle 
N-Methyl-I-naphlhylamine 
Methyl salicylate 

200 
2,.0 
250 
250 

do 
do 
do 
do 

17 
3·1 

100 
fiG 

1)0. 

Do. 
Do. 
Do. 

::>;:l...., 
() 

Cl 
r-

Methyl sulfide 
Melhyl thiocyanate 

250 
250 

do 
do 

·10 
IDa 

Do. 
Do. 

.-3 
c:: 

Jltelhylcnc chlorobromide (bromochloromcthanel 
Naphthalene 

48 
150 

Soil anturntcd 
24 hours 100 

53 Mason unpub. 
Fleming 1925a. 

~ 
(:%j 

I-Naphthol Salumted I hour 100 75 Killed Leach and Johnson 1925. 
2-Nnphthol benzoate do do 0 0 None Do. 



Nicotine 
Do 


Nitrobenzene 

Do 


Nltrom~thnn" 
",-Nitrololuene 
o-Nitrololuene 

J'I"nldehydc (2,<1.6-lrimcthyl-I,3,5-lrioxane) 

1.P<nt{';:c 

Pentylnrnlne 

Petroleum ,other 

Phenol 


Do 

Phenyi:lcetonilriJe 

2-Picoline 

l'jpcridine 
.PolnsRium fluoride 
Propionitrile 
Propyl acetale 
Propyl alcohol 
Prollyl bromide (l-bromopropnnc) 
ProHyl 1l-loluenc'Su'J (onnle 
l'ro/lylene dichloride 
pyrethrin + piperonyl bUloxidc ~ :-10 
Pyridine 

Do 
Quinaldine 
Sodium chloride 
Sodium cyanide 

Do 

Do __ 


Sodium ethylxnnlhnte ,_. 
~""~~"_~_4"".~"',,,~~~ 

Sodium elhylxanthate + 36-percent aeelic acid 
1 :1 

Sodium Hulfocnrbonnte • 

1,600 
2;;0 

1,200 
800 
2i;O 
GfJU 
601/ 

80,000 
2;:;0 
2:;0 

Saturnlcod 
2,000 

600 
800 
2nO 
2:)0 

100,000 
250 
250 
250 
2GO 
250 

3,000 
<1.·100 

30.000 
250 
250 

50,000 
2.000 
1,000 

ISO 
15,000 

20.000 
3,950 

3 hours 
2·1 hours 


do 

dl:) 

do 

do 

do 


hour 

!!·l hUl<rs 


do 
1 hour 

2·1 hours 


do 

do 
do 
do 


2 hours 

2·1 hours 


do 
do 
do 
do 

5 seconds 
Soil salurated 
1 hour 
2~ hourn 

do 
15 hours 
2·1 hours 
2 hours 
2·1 hours 
1 hour 

do 
do 

0 
99 

100 
lOa 
12 

100 
100 

0 
83 
21 

0 

100 
100 
21 
22 
a 

28 
19 
18 
[,3 
90 

0 
33 
43 
0 

a 
100 

a 

100 
33 

0 Killed 

0 None 
Tncomplete 

25 
97 

a 

100 Killed 

78 Killed 

100 do 
100 do 

Leach ,md Thomson lUl. 


Baker unpub. 

Do. 


Fleming 19t5a. 

Baker unpub. 


Do. 
'"0 .....Baker unpub.; Fleming 19!5e.. ..., 

Le.'1ch and Johnson 19!5. t=j 
Baker unpub. -< 

t=jDo. 
ZLeach and Johnson 19115. 
>-:3Fleming 1926a. ... 

Fleming 19115a. Z 
CBaker unpub. 

Do. "-<;..
Do. '"0

Lench and Thomson 19!1. ;.. 
Baker un pub. Z 

Do. t=j 

Do. U2 
t?j

Do. 

Do. OJ 


t?jMMon unp\lb. 
t::l

F1~ming and !lfnint'S unpub. >-:3 
Leach and Johnson I9%S. t-< 
Baker unpub. t:j 

Do. 0 .....Leach lind Thomson I 9tl. en
Fleming J9t6a. '"0 
Leach nnd Tbomson 19ft. t.rJ 

~Fleming 19£5a. en
Leach and Thomson 1921. ...... 

0 
ZDo. 


Do. 


CT.l 
CC 



~TABLE 13.-Prelim·inm"'!J test, 'with solutions (Lnd emulsions of chemicals as dips to kill Ja]J(LneSe beetle grubs 
~ 

-Continued 

Morudity of 
Amount I}er Immcnsion Itrubs when 

Cl,,'miral likr of II.,hw ElTect .., 
\'.-·alt~r Ikm!)...",1 on plants Source ::;

from soil In soil 0 
-------~-------------------------------------------------------- :::.ilg. Perre,t' Percent 
Sodium sulCoc"rbonate + 36-percent aceLle ncid t:d 

1:1 7,!)OO do 100 56 do 00. C 
TetrnehlorocthYlcnc 2GO 2·1 houl'1i 77 Baker unpub. r' 
Tetraethylammonium hydroxide 250 do 26 Do. .... 
Tetrnhydronallhthnlcne GOO do 100 Do. ... .... 
Tetramethylammonium hydroxide 2:;0 do 39 Do. ..... 
'l'hytnQI Salurntetl do 100 11 Leach and J ohn.on 1925. 

c:::Toluene do hour 100 33 Retarrl<...t Do. 
Do ·150 2·1 hours 100 Baker unpub. :r-

Toluene trichloride (IT,cr,cr-lrlchlorololuene) 350 do 100 Do. 0 
Q-Tolui<Unc 1,000 do 100 F1~minl!: 1915". :::J 

Do 200 do 28 Bnker unpub. 
o.'rolyl bcnzollt.(! 250 do 75 Do. ;3 '" 
1,2•.I-'l·rirhlorobcnzcne . 100 do 100 Do• C 
Trichloroethylene 250 do 27 Do. >::i 

Y,deronitrilc 250 do 28 Do. 

'Vormst..,cI oil Saturated 6 hours 100 100 Retarded Leach and Johnson 1925. S 

a-Xylene 200 24 hours 100 Baker unpub. ~ 
.....Zinc chloride [,0,000 2 hours 0 0 Killed Leach and Johnson 1925. {") 

c::: 
r 
'"-:l 
c::: 
::0 
t?j 
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\Vormseed Oil 
Wormseed oil is a volatile oil distilled from the entire plant of 

Chenopodium (t'IILl))'osioicies nllthelminticum. It is a colorless or 
pale yellow liquid with a specific gravity varying from 0.955 to 
0.980 at 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 H 0 ), con­IO 10 2 

Ridered to be the active constituent of the oil, has a specific 
gravity of 1.002·1 at 25°, a disagreeable benumbing odor, and a 
disagreeable taste. The oil was used as an anthelmintic; the 
dosage is based on the nscaridole content (Henry and Paget 
1.92.0. Nelson (J 920) developed an approximate method for as­
gaying the ascaridole content of the oil. This was essentially a 
determination of part of the oil that dissolved in 60-percent 
acetic acid. 

Leach and Johnson (1.925) emulsified the oil and based the 
dosage on the ascaridole content. All third-instal' grubs removed 
f!"Om soil and immersed in water containing 1 ml. of ascaridole in 
(i liters were killed by immersion for 18 hours at 50° F., 12 hours 
at 60", and () hOlll's at (:i5~ and 70". It was the practice in com­
mercial llurserien to dig iris, phlox, peonies, and sedum in the fall, 
divide the eiumps, and remove most of the soil from the roots by 
thorough shaking. 'When this operation was completed, up to 10 
cc. of soil per plant remained among the roots of iris, phlox, and 
sedum and up to I()A cc. (1 cubic inch) of soil pel' plant in the 
cavities of the peony roots. Immersion for 12 hours at 70° in 
the I-ml. dip killed the grubs in masses of soil up to 10 cc. in 
volume, I)Llt the dosage had to be increased to 2 ml. to kill them 
in a cubic inch of soil. The 2-ml. dosage was not effective in 
larger masses of soil. 

Dormant rootn of iris, phlox, anel sedum were not injured by 
immersi0n for 15 hours at 70" F. in a dip containing 1 ml. of 
nscaridoJe 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 (:i liters of water containing 
1 ml. of ascariclole was authorized in 1922 for the treatment 
of divided clumps of dormant iris, phlox, sedum, and other plants 
with similar root systems to kill grubs in small masses of soil 
flmong their roots. After removal from the dip the plants were 
held at 70 for ·18 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 aI. 
1924-; Leach and Johnson 1925; Smith 1925c) 

Carbon Disulfide 
FOl'lImlat'ions.-Cal'bon disulficle is only slightly soluble in 

water. An aqueous solution was prepared by agitating a smal1 
quantity of the chemical with a large volume of water. Solutions 
of carbon disulfide were used by Leach (1918) in experiments to 
control the woolly apple aphid (EriosoHuL lanigc1"tt11t. (Haus­
mann» on the roots in orchards and by Leach and Thomson 
(1921) in preliminary experiments with Japanese beetle grubs. 
The solutions wE;l'e 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 (Seidell 
1919): 

o C. Gra?ll$ 
0 2.04 

10 1.94 
20 1.79 
30 1.55 
40 1.11 

The quantity of carbon disulfide in a dip can be controlled more 
accurately by emulsifying the chemical and adding the required 
quantity of the emulsion to water. Fleming and Baker (1935) 
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: 

Parts by 
vol1t'me 

Formula 1 (Leach and Johnson 1925): 
Carbon disulfide 5 
Rosin-fu:h oil soap solution 2 

Disfolve 125 grams of "Old Style" rosin-fish oil soap in 
875 ml. of water by heating. 

Formula 2 (Leach 1925; Leach and Johnson 1923; Leach 
and Lipp 1927a): 

Carbon disulfide 5 
Rosin-fish oil soap solution 2 

Dissolve 1 volume of cold-water soluble rosin-fish oil 
soap in 3 vol umcs of water. 
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Formula 3 (Leach and Fleming 1927; Leach and Lipp 
1927a,· Lipp 1927) : 

Carbon disulfide 7 
Soap solution __ _ _ _ _ _ ___ _ _ _ _ _.. __ . _ _ _ _. _. _.. ___ . 3 

To 135 m!. of warm 7-percent sodium hydroxide solution 
add 50 grams of powdered rosin gradually. Add 450 ml. 
of hot water and agitate the mixture until the rosin has 
dissolved. Add 50 m!. of oleic acid and continue the agi­
tation until the mixture is homogeneous. 

'fhe emulsifying power of the 1·osin-fish oil soaps in formulas 
1 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 prepare'-. 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 wus 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 distinct 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 uncertainty with the commercial soaps was overcome by 
using a l1ocliul11 oleate-rosin soap as the emulsifier (formula 3). 
The ingredients of this soap were readily available and there 
was no \'ariation in emulsifying power. The emulsion prepared 
with this soap was stable for several months provided it was not 
exposed to 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 Baker (1935) 
found that this (liluted 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 
cylinder and caused 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 soaps. Sodium oleate dissolved in alcohol produced a 
fIocculant precipitate when added to carbon disulfide, but alco­
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holic solutions containing not more than 60-percent potassium 
oleate formed clear translucent solutions with carbon disulfide. 
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 toxic 
o-ethyl dithiocarbonate. Sufficient potassium oleate was needed 
to disperse the carbon disulfide in water and sufficient alcohol 
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 <1 (Fleming 192Gb) : 
Carbon die·lllfide 7 
Alcoholic potassium oleate _ _ 3 

Dissolve 15 grams of potassium hydrox.ide in 21<1 ml. of 
ethyl alcohol and add 86 ml. of oleic acid. 

Formula 5 (Fleming 1925b, 192Gb) : 
Carbon disulfide _. 7 
Alcoholic potassium oleate plus cottonseed oil . _ _ _ _. _ 3 

Dissolye 13.5 grams of potassium hydroxide in 193 ml. of 
ethyl alcohol and add 77 Illl. of oleic acid and then 30 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 obj edionable features. Considerable care had to be exer­
cised in diluting these mixtures with water in order to produce 
a satisfactory dilute emulsion. When poured into 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 equal 
volume of water was added to the mixtures and agitated, the 
emulsionn produced did disperse readily upon pouring a large 
volume of water. 

Mixtures of carbon disulfide with alcoholic solutions of par­
tially Sal)onified 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 potassium o-dithiocarbonate 
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011 standing for several weeks. No sediment 01' potassium o-dithio­
cal'bonate developed in the mixture containing blown castor oil. 
The formula for the mixture of carbon disulfide and alcoholic 
blown castor oil soap used in nurseries is as follows: 

PU'l'ts by 
volume 

Formula 6 (Fleming and Baker 1995,' Fleming and Wagner 

1928): 


Carbon disulfide 35 

Alcoholic blown castor oil soap 65 


Dissolve 37 grams of potassium hydroxide in a mixture 

of 86 grams of ethyl alcohol and ·15 grams of water and 

add to 832 grams of blown castor oil in a closed kettle or 

in a thre('-necked flask ('quipped with a reflux condenser 

to pr('vent loss of alcohol. Gradually increase the tem­
pel'llture to 200 0 F. (!l3.3° C.) and hold at this temper­
atur(' until th£' alkali has reacted with the oil, agitating 

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 throughout the water. 


The c~H'boll disulfide-castor oil soap formulation was mixed in 
the proportion 35 :65 by volume because the 70-percent stock 
mixtures approved previously were diluted with an equal volume 
of water before measlll'ing volumetrically. It is a mobile, translu­
cent liquid that does not form a heavy foam when shaken. It 
can be pou red easily and measured accurately in small quanti­
ties. It mixes readily with water in all proportions, forming a 
milky emulsion. 

TO:t'icity to hnmat1tre Stages.-The emulsifiers given in this 
bulletin did not modify significantly the toxicity of emulsified 
carbon disulfide. When third-instal' 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 m1. per liter. It was 0.14 m1. with alcoholic 
blown cm,tor oil soap (formula 6) as the emulsifier and 0.17 m1. 
with alcoholic potassium oleate (formula 4) as the emulsifier. 
(l;'leming' and Baker 1985) 

The grubs were more susceptible than the other immature stages 
to immersion in emulsified carbon disulfide. When removed from 
soil and immersed for 24 hours at 70° F., 1 m1. of emulsified 
carbon dislllfid·~ per liter of water was required to prevent hatch­
ing of eggs, 0.5 m1. to kill pupae, and 0.3 m1. to kill third-instal' 
gru bs (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 
only grubs were present to avoid increasing the potential hazard 
of the treatment to plants. 

The morul1ity of the grubs was modified by the dosage, tem­
perature, and period of immersion. In a preliminary test Leach 
and Johnson (1925) killed third-instal' 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 Bakel' (1935) investigated the dosage­
temperature-immersion relationship more extensively. 'When the 
temperature was 70°, the grubs were killed by the following 
immersions and dosages: 

l-m'1llersion (hOUTS) 
24 

Carbon disulfide per 
liter (ml.) 

0.3 
10 .4 

5 .5 
4 .6 
3.5 .8 
3 1 
2 1.2 
1 2 

When immersion was for 211 hours, the grubs were killed by the 
following temperatures and dosages: 

Carbon disulfide per
OF. liter (mi.) 
90 0.08 
80 .16 
70 .3 
60 .4 
50 .5 
45 .6 
40 .8 

The optimum temperature for killing grubs was about 70°. 
Effcct;reness A.gainst Grubs in Soil.-Leach and Johnson 

(1.925) killed third-instal' grubs embedded in soil in the cavities 
of peony roots by immersing the roots for 15 hours at 70° F. 
in water c011taining 0.5 ml. of emulsified carbon disulfide per 
liter. The mass of soil in these cavities was not more than 1 
cubic inch. Fleming and Baker (193.5) 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. ,vas 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 preliminary tests 
showed that dosages above 0.6 ml. were often very injuriolls to 
plants. This reaction of the plants limited the application of the 
treatment to masses of soil not more than 6 inches in diameter. 

EfJect on Soil Jlicl'o-Ol'ganisms.-Fleming (1929) 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 T'.ltrates in the soil. 

Saturating the soil "d,h water hac! no effect on the number of 
bacteria. The number of fungi was reduced while the soil was 
waterlogged, but soon thereafter the population reached its ini­
tial density. The production of ammonia ceased while the soil 
"vas saturated with water, but it became normal as the soil was 
restored to optimum moisture. The quantity 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 incrmtse 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 emulsion did not affect the accumulation of ni­
h"ates in the soil. The carbon disulfide had no permanent deb"i­
mental effect on the bacteria and fungi in the soil. 

Reaction 0/ Plauts.-In cooperative studies with several com­
mercial nurseries Fleming and Bakel' (1.935) 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 m!. of emulsified carbon disulfide per liter. After treatment 
the l)lants were handled according to the usual nursery practice. 

The ornamental grasses-A1'1'henathenl1n elatius, A nmdo 
dona.1', COl'taric1'ia selloana, Ell/lluts 9lau.c liS, M'iscanthus sinensis, 
Pen llisetllm alo}lecllI'oides, and Phctlaris anmdil1ClceCL-were in­
j lll'ed only superilcially by the immersion. 

The roots of garden rhubarb Rheum 1'haponticwn were not 
injured. 

The herbaceous perennials-Convalla1"ia majalis, Dahlia spp., 
H emel'ocallis dmnol'tiel'i, H. /nlva., Iris cl'1'.stat(t, I. gennnnica, 
I. kaemp/el'i, I. ochrolellca, I. pseUdaC0r11S, I. sibil'ica, Paeonia 
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alb'ijlora, P. o/ficina.lis, Phlox amoena, P. pan'iculata, and Sedum 
spectabile-were not sedously 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 emulsion. The shrubs treated included Bm'­
beris thunberg'ii, BuddleicL davidi, Call'ica.rpa dichotoma, Call'llna 
l'ulgnris, Clethm alni/olia, Cornus /lor'ida, CmtcLegus oxycantlw, 
Deutzin gl'acilis, Euonymus alatu.') , Forsythia suspensa, Hib'isc'lls 
sYI'iacus, Hydrangea cU'borescells, Lig'lLsb~ll1n ovali/oli1l1n, Lon'ice-ra 
int'olllcl'atn, Phila.delphus ('orol/eLl'ills, Rhus typhina, Rosa spp., 
Spiraea spp., SYIll]Jhoriccu'pos ol'biclllatlls, Syringc!' vulgaris, Vi­
bW'n1i1'rn spp., ancl Weigela /lol'hZa. 

The deciduous trees tolerated the treatment, including AceI' 
platcL1!oides, A eS('lIlllS IdpPocCLstanul/l, Betula. pendul(l., FCLgllS 
sylvatica, Fi'a.rinus 01'1111.'), Magnolia rirginiana, Mo1'1LS alba, 
QuerClls /alcata, Sali:t babylonica, SOl'bus cLllCUpal"ia, T'iliCL eu1'O­
paecL, and Ulmu.') americana. 

The bl'oadleaf evergreens were seriously injured or killed by 
immersing their roots in the dilute emulsion, including Bn.'"Cus 
sempel'pirl'IIS, ][1';1,: crenata, KalmiCL luti/oliu, Pachysandra, te1'mi­
nalis, PYI'(lcantlw ... coccillea, Rhododendron catawbiense, R. 'indi­
cum, and R. japonicmn. 

The narrowleaf evergreens did not tolerate the treatment, in­
cluding ,tbies concolor, Clwma,eclfPcLI"is obtlLSa., C. pisi/e1'a., Juni­
peru.s ch;nensis, ,f. communis, J. horizontalis, J. sabina, J. v-i?'gin­
imlCL, Picea. abies, P. glcLllca, P. ]J1l11gens, P. rubens, Pinus m,ugo, 
P. nigta, P. ~ylv('stris, Ta:l'us barcata., T. canadensis, T. C'lLSpidatCL, 
Thuj(l. occiciflltalis., T. orient(Llis., and TSllga canadensis. 

Use in Nursel'ies.-Immersion of the roots of dormant Paeonia 
spp. for 15 hom'a at 70" F. in water containing 0.5 m1. of emul­
sified carbon disulfide pel' liter was authorized in 1922 to kill 
grubs in the small quantities of soil in the cavities of the 
roots. The roots could be certified for shipment 48 hours after 
removal from the dip (Leach and Johnson 1.925; Smith 1925c). 
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 m1. of emulsifiE!d carbon disulfide 
pel' liter was authorized to destroy grubs in masses of soH 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 
FOYlnlllcdion.-M".l.son et aI. (lDh3, unpublished) prepared sev­

eral clear emulsifiable mixtures of ethylene dichloride and fatty 
acid soaps. The best of these mixtures had the following composi­
tion: 

Parts bll 
weight 

Ethylene dichloride 60 
Alcohc:ic potassium ol('ute' soap 40 

Dissolv(' 2.5 pounds of potassium hydroxide in a mix­
ture oC 14 pounds of ethyl alcohol and 6 pounds of 
water, add 17.5 pounds of oleic acid, and stir intermit­
tently for about 10 minute's. 

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. 'Vhen stratification occurred, homo­
geneity was l'estored by warming to room temperature and 
stirring. To dilute this mixture, small quantities of water were 
added successively with stirring until a creamlike emulsion was 
formed. Then the remainder of the water was added. It was not 
difficult to dilute this formulation, except when only hard water 
was aVl1.ilable. The hard water converted some of the potassium 
oleate to an insoluble soap. 

Chisholm et al. (1.9.44) overcame this objectionable feature 
by replaeing the soap with a sl\l"face active agent, Tween 20, a 
commercial polyoxyalkylene derivative of sorbitan monolaurate. 
The modified formulation was prepared by dissolving 2.5 pounds 
(If Tween 20 in 97.5 pounds of ethylene dichloride. This product 
was a clear liquid 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 fOi' about 1 minute to form an emulsion, This emulsion 
dispersed readily in water. 

A d.ilution of 1 :100 by volume of the 60-percmt formulation 
with water contained 6 grams of ethylene dichloride per liter, 
whereas a dilution of 1 :200 of the 97.5-percent formulation con­
tained 6.1 gram8 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-pel·cent formulation was Bubstantially clear. Mason 
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(,unpublished) found that water dilutions of these formulations 
were equally toxic to grubs. 

EjJectil'eness .Against Gl'ubs in Soil.-Mason et aI. 
(unpublished) immersed azalea plant balls containing third-in­
stal' 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 0 F. for observation. \Vhen they were removed from treated 
soil, the mortality was 6 percent with 1.5 grams of ethylene 
dichloride pel' liter, lt1 percent with 3 grams, 31 percent with 6 
grams, and 75 percent with 9 grams. All grubs subjected to the 
9 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 lo5-gram treatment. 

The 6-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 adult 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. 
It was necessary therefore to restrict the application of the 6­
gram dosage to those periods of the year when only grubs were 
in the soii. (Mason et a1. 1948) 

Immersion of the plant balls for 5 seconds in the 6-gram dip 
was less consistent but almost as effective in killing third-instal' 
grubs as immersion for 10 seconds. The mortality of the grubs 
after immersion for 5 seconds was 29 percent when removed 
from soil, 88 llercent 1 week later, 96 percent 2 weeks later, and 
98 percent 3 weeks later, whereas the mortality following' im­
mersion for 10 seconds was .14, 95, 99, and 100 percent, respec­
tively. (l\fason et ai. 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 between :10" and 80" F. and held at these temperatures 
for 5 days before removing the grubs for observation. When the 
treated plant balls were plnced on a bench or on the floor so 
that they were neparatecl from each other to permit circulation 
of air around each plant ball, the mortality 3 weeks later ranged 
from 92 to 98 l)ercent. There was no relationship between the 
temperature and the mortality; the loss of the chemical by aera­
tion apparently was the dominant factor. \Vhen the plant balls 
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 0 
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and 70", and in 1 week between 70" and 80 0 Placing the plant• 

balls in a compact mass after treatment reduced the loss of 
ethylene dichloride from the soil. (Mason et a!. 1943, unpublished) 

'1'he period the grll bs were left in the plant balls after im­
mersion modified the rate of insecticide action. When the grubs 
wert' 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 after 
immersion. Holding the plant balls in a compact mass for 2 days 
after immersion waH suflicient to reach the maximum rate of 
insecticide action. Ci\Iason et al. unpublished) 

The treatment was not completely efTective when the plant 
balls were saturated with wate\' at the time of immersion in the 
dip. The mortality ()f the grubs in the wet plant balls was 93 
pel'cent 3 weeks diter they Were removed from the plant balls 
for observation. When the plant baIls were only partially sat­
urated with "ater, the treatment killed all of them within 2 
weeks. (Mason et al. unpublished) 

The tY}1e of soil was not a limiting factor in the effectiveness 
of the ethylene 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 3 weeks elapsed before 
those removed fl'om treated sandy loam and peat were dead. The 
insecticide was probably retained longer in the heavy soils than 
in the light soils. (Mason et £11. unpublished) 

The size of the plant balls-up to 16 inches in diameter and 
up to 14 inches in depth-did not limit the effectiveness of the 
dip. Grubs in 2- to 6-inch plant balls, in pots, or wrapped in 
burlap Ql' other suitable material \\'ere dead 3 weeks after im­
mersion in the dip; those in 6- to lO-inch plant balls died within 2 
weeks after treatment, and those in 1G-inch plant balls died within 
H days after immersion. The dip was not completely effective in 
kiIJing grubs in larger masses of soil, although the mortality ap­
llronched 100 percent. (Mason unpublished; Mason and Coles 
unpublished; Mason et al. unpublished) 

Reaction of Plants.-Throug'h the cooperation of commercial 
greenhou:3es and nurseries, Mason et £11. {1943, unpublished) im­
mersed the soil balls of many varieties of greenhouse and nursery 
plants fOl' 10 seconds in wat0r containing 6 grams of ethylene 
dichloride per liter at :from 40" to 75 0 F. After treatment the plants 
were handled according to the normal procedures. Observations 
over several months showed that, with the exception of Genista 
sp., injury to the plants by this treatment was negligible. 
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The following greenhouse plants were treated successfully: 


A dinntu7It sp. Ficlls pandm·ata 

A glaonema iJimplex Fuchsia sp. 

fl'rallcaria araltcana Gardellia. jasminoides 

Asplenium nidus Geranium sp. 
 (
A'Ucltba chinensis Hetlera helix 

Alwuba japonicn FIeliotropiltm arborescens 

BegonicL gracilis H01L'ea sp. 

Be[Jonict 1·ex-cultO'I'1t11~ Hydrangen mac)·opltylla 

Beloperone sp. Lantana camarn 

BOlwarclin sp. iHonstera. deliciosa 

GulaciiwIL bicolor iVeph/-olepis exaltata. 

Galceolaloin crellatij/om Onoclea seJlsibilis 

Gibotiwm scMedei Opuntl'a 71licrodasys 

Cissus rhombi/olia Osmanthus sp. 

t'Jitrlts reticulata Pandanus veitchi 

I~livia lIt'iniata Pe peromia sp. 

Cotoneaster sp. Philodendron cordatul1t 

Crassula. sp. Phoenix sp. 

Croton spp. Pipe1· ornatm1t 

Cyclamen persicltm Poiygo711l11t cllspida.tm1t 

DieffeHbachia. piela. Po thos loureiri 

Dracaena deremensis Primllia. sp. 

Dracaena /ragl·ans Saintpaulia sp. 

E"lIthea sp. Sansevie1·ia sp. 

El101tll1)!!(S japoniclts Senecio cruentwl 

Ettphorbia. pllicherrt'ma SpathyphyllU1IL sp. 


The following perennials tolerated immersion of their roots in 
the dip: 

Abella zanderi Gemn chiloense 

Achillt'a lomentosa Gypsophila paniculata 

Ajuga !l('1!(>'Pensis Helleborus niger 

Althaea l·osea H euchera san guinea. 

Alyssum saxatile 
 Hosta plantaginea

Arabis alpinct 
 lberis sempervirens
Anneria maritima. [,a.vandula officinalis 
Astilbe rosea Lupinlls polyphyllus
Bnmnera 71wcrophylla Mondo jabztran
Campallu/a medium .11Iyosotis scorpioides 
Cent(lurea montana 

Pachysandra terminalisCOllt'(IUaria majalis 
P10 imula verisCotoneasier horizontal,s 
Rosmarinus officinalisDaphne [lenkwa 
Salt'ia officinalis D!'lpldnillm hydridlt1n 

San lolina challlaecYP01·iss1ts
Dianthus barbat1(S 

Thymus b1·itannicus
niantlws caryophylllls 


Dicentra formosa. Tro/lius sp. 

Digitalis plwpurea. r inca. 1ninor 

Dorollinunplantagine1111~ Viola conmta. 
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The following shrubs, trees, and vines were treated success­
fully: 

Berberis mentorellsis Lignstru1lt ja.ponicull~ 


Berberi.~ litlmberllii Ltgustruln illcidu?n 

BUXlts l'emper'L'irens Lonicel"a hennJi 

Camellia japonica Magnolia g/"(/.ndiflorc~ 


CepllCliottr:nt8 cirupacca Ncmciinn domestica. 

CIWlltaecY1)((ris obt1lsa. Picea abies 

C/tcll/wecyparis pisi/em p,'nlts nigra 

Clellwtis ietckmani PnLllIIS caroli1tianc~ 


Clelllatis la'Wsu)U'a1W PI/meautha sp. 

Clematis 1JCwicuiata Rhododendron iudicllln 

Eilleagnlts pllng('I1,~ Rhododelldron oblt/sm//. 
EltonYllws japoniclIs Rhododellcl/·on sewderi 
lIex cornuta Rosa spp. 
!lex cn'nata, Syringa pel"sica 
J ,wipe/·u8 chitl('nsl's Syringa. t'nlgaris 
J 'wiperlts cO /III/tunis Thlljn occiclentetlis 
LemrilS ?lObilis 7'slIgc~ canaciensis 

Use in NllfSC1'ies.-Authorization was given hl 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 pel· 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 fol' shipment after holding them in 
a compact mass for 24 hours. Middleton and Cronin (1952) 
reported that riming 19·12-50 over fi,82fi,OOO plants in commercial 
nurseries and greenhouses had been treated by this procedure 
and certified for shipment. 

Ethylene Dibrolllidc 
Form ulations.-Since ethylene dibromide is a solid at tem­

perature.~ below 10 C. (50" F.), Chisholm et al. (1946a), Chisholm 
and Mason (J 9 ~8a), and Mason ancI Chisholm (1945, unpub­
lished) mixed it with solvents 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: 

Percent 
by weight 

Formula 1: 
Ethyl('nl' dibromid(, 16.0 
Ethylen(' dichlorid(' 81.5 
Tw('('n 20 (n polyoxynlkylene derh'ntive of sorbitan mono-

Inurate) 2.5 
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Percent 
by weight

Formula 2: 

Dowfume W-85 (83 pei(~ent ('thylene dibromide) 
 19.3 
Ethylene dichloride 78.0
Tween 20 

Formula 3: 

Dowfume W-85 
 24.1 
Isopropyl alcohol (99 percent) 55.9
Tween 20 20.0 

The ingredients of these formulations were mixed together to 
form clear emulsifiable liquids. Each formulation contained 20 
grams of ethylene dibromide per 100 m!. One volume of a for­
ml'lation 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 4.3 grams of ethylene 
dibromide dissolve in 1 liter of water at 30 0 C. (86 0 F.). 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 dibromic1e and 17 percent of a light petroleum fraction. The 
modified formulation (formula 2) was adjusted so that it con­
tained the same weight of ethylene dibromide per 100 ml. as the 
original formulation. The sllbstitution 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 less toxic to grubs than 
ethylene dibromide, and because of the small quantities of the 
formulations used, it had a minor role in killing grubs. As 
noted previously, a dosage of 6 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 gram of 
ethylene dichloride per liter, a dosage that had little effect on 
the grubn. Furthermore, the substitution of isopropyl alcohol, 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 to be the active 
insecticide ingredient. 

Toxicity to Grllbs.-When third-instal' 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 stock is about a cubic inch. Third-instal' grubs 
in I-inch cubes of moist, friab1e sandy loam, clay, and peat were 
killed by immersion for 10 seconds in water cOJ1:aining 0.25 
gram of ethylene dibromide per liter at 40° F., 0.13 gTam at 50°, 
and 0.06 gram at 70~. When these small masse,~ (If soil were 
saturated with water at the time of immersion, HW ibsage had 
to be increased to 0.5 gram pel' liter to kill the gl'ub:::; n,t 40° and 
above. In these tests the grubs were removed ft'Om the cubes 
of soil 1 to 5 days after immersion to observe Owh' reaction. 
Many of them at that time appeared to be norma!, hI t with these 
treatments all were dead within 3 weeks. The rhf.,:. of insecticide 
action was accelerated by leaving the grubs in the heated soil 
for more than 1 day. To assure their destruction among the 
roots of bare-root nursery stock, the dosage was increased to 
0.6 gram of ethylene dibrc,mide pel' liter fOI' use at 40° to 70°. 
(Mason and Chisholm 1945; Mason et a!. unpublished) 

Third-instal' grubs in 4-inch azalea plant balls were killed by 
immersing the ]llant balls for 10 seconds in water containing 
0.10 gram of ethylene dibromide pel' liter at 40° F. and in water 
containing 0.05 gram per liter at 50". The 0.10 gram was effective 
in killing grubs in 10- and 16-inch plant balls when the plant 
balls wei'e 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 soil, but the mort.'llity was accelerated 
by leaving the grubs in the treated soil for more than 2 days, 
indicating some residual action of ethylene dibromide in the soil. 
To demonstrate the residual action, grubs were introduced into 
plant balls 1 to 3 weeks after immersion in the 0.10-gram dip. 
All grubn introduced into the plant balls 1 week after immersion 
were killed; the mortality was 95 percent with grubs introduced 
after 2 weeks and 92 percent with those introduced after 3 
weeks. CMason unpublished; Mason and Chisholm unpublished; 
Mason et aI. unpublished) 

To:ridlll to Pllpae.-Pupae removed from soH and immersed 
for 10 seconds in water containing 0.5 gram of ethylene di­
bromide pel' lit0r 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 O.I3-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) 

Toxicity to Eggs.-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 pel' liter, 16 percent of the eggs hatched. Eighty to 
91 percent of the eggs hatched after soaking in water for 24 
hOllrs. (Mason and Chisholm unpublished) 

The mortality of eggs in plant balls immersed for 10 seconds 
in water containing 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 
until saturated 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 99 percent of them in a peat were killed. No eggs 
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 I-inch cubes of soil. The dipped plants were held for 24 hours 
uncleI' canvas covers in the packing shed and then planted in 
the field. All the shrubs grew normally. (Mason et al. unpub­
lished) 

The s])ecies of plants treated successfully were as follows: 
Berberis thunbergii Przmus a.mygdalus 
Calycanthus /londus Ribes triste 
Celastrus scandens S1Jiraea. bumalda 
Cercis canadensis Spiraea thunbergii 
Deutzia scabra Symphorica.rpos albus 
F.orsythia suspensa Syringa vulgaris 
Hyc!ran{lea arborescens Vitis sp. 
Hydra.lIgea paniculata Weigela /lorida 

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 were retarded. (Mason et a!. 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 
hours in the packing shed, half of the plants were packod 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 Aste1· 
novae-amgliae, ClwysCtnthemwn maximum, Lavandula ojfi cina lis, 
and some varieties of Papaver o'rientale, but one variety of P. 
orientnZe and vf Vi6lcL sp. were retarded. (Mason et al. un­
published) 

Several nurseries dipped bare-root trees, shrubs, and perennial 
plants in the 0.5-gram dosage. 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 Plants.-Mason et al. (unpub­
lished) in a preliminary test immersed the soil balls of several 
potted plants, with th~ pots removed, for 10 seconds in water con­
taining 0.18, 0.35, and 0.7 grams of ethylene dibromide per liter. 
Gemniwn sp. tolerated 0.18 gram but was injured by 0.35 gram. 
Rhododend'I"on obtu.s'Un~ was not injured by 0.35 gl'am, but 0.7 
gram caused some defoliation. Agparagus pl1~mosus, Hede1·a helix, 
Nephrolepis exaltata, and Pandanus austmlis 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. Oue nursery immersed the plant balls of 141 varieties of 
greenhollse plants and reported that those subjected to the 0.13­
gram dosage grew normally, whereas many of the varieties were 
retarded 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 varieties. (Mason et al. 
unpublished) 

The evergreens-Abies concolO1·, JmL'ipe1·1LS communis, Picea 
abies, Pinus 7/tugo, Pseudots1£ga taxifol'ia, Tax~LS baccata, and 
Thuja occidentalis-were injured 01' 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 NUI"sel'ies.-The immersion of the roots of bare-root 
nursery stock, with only small quantities of soil adhering to the 
roots, for 10 seconds in water containing 0.6 gram of ethylene 
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dibromide per liter at between 60" and 75 0 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

0 
and to remove the seasonal limitation. The treated stock 

could be certif),ed for shipment 24 hours after immersion. 
The treatment of balled nursery stock with soil balls not 

more than 16 inches in diameter by immersing the soil in water 
containing 0.1 gram of ethylene dibromide per liter was author­
ized in 1947 for use at between 40 0 and 75 0 F. Initially the treat­
ment was restricted to the period of the year when only grubs 
were in the soil, out later the seasonal restriction \vas removed. 
The treated stock could be certified for shipment 24 hours after 
immersion. 

During 1945-50, 3,522,333 plants in the commercial nurseries 
and greenhouses were certified for shipment after their roots 
had been immersed in the dilute aqueous solutions of ethylene 
dibromide (Middleton and Cronin 1952). 

Ethylene Dibromide-Chlordane 
FO'!'lnulation13.-The formulation used in all but the prelimi­

nary tests had the following composition: 
Percent 

by weight
Ethylenl' dibromide 13.0 
Chlordane (technical) 6.5 
"Cellosolve" (ethylene glycol monoethyl ether) 6.5 
Tween 	20 (a polyoxyalkylene derivative of sorbitan mono­

laureate) _________ _ 
 6.5 
Isoprop)'l alcohol (99 percent) 	 __________ . 67.5 

The ingredif'ms 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 used, the ethylene dibromide was in solution and 
the chlordane was dispersed as an emulsion of very small parti ­
cles. (Chisholm and KobIitsky 1951; Chisholm and Mason 1948b; 
Mason and Chisholm 1949) 

As with the ethylene dibromide formulations, it was neces­
sary In 1956 to substitute Dowfume W-85 for ethylene dibro­
mide in this formulation. Chisholm (unpublished) increased the 
quuntitie 3 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
lows: 

Percent 
by weight 

Dowfume W-85 24.1 
Chlordane 10.0 
Cellosolve 10.0 
Trit.on X-lOO (octylphenoxypoly (ethyleneoxy) ethanol) 20.0 
Isopropyl alcohol (99 percent) 35.9 

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

Toxidty to Gr-ubs.-When third-instal' grubs in I-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 pel' 
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 all the grubs within 14 days, but one­
fourth of the dosage was not completely effective. The ethylene 
dibromide-chlol'dane mixture was more toxic and killed grubs 
faster than did ethylene dibromide alone. (Fleming et al. un­
published) 

Third-instal' 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. 1'ho treatment was used at 40° to 70° F. The grubs were left 
in the treated soil balls from 1 to 14 days. All were dead within 
7 days after removal from the soil balls. (Mason unpublished; 
l\Iason and Chisholm 1949) 

The elfectiveness of the ethylene dibromide-chlordane treat­
mE.'nt persisted in the plant balls for several weeks. Third-instal' 
grubs inserted into the plant balls at intervals up to 21 days 
after immersion were killed during a 14-day period in the treated 
soil. First-instal' grubs died within 5 days after they were placed 
ill soil from plant balls that had been immersed as long as 4 
weeks previously. (Mason and Chisholm 1949, 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 0.05 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 abnormal and died within '18 hour8 after their emergence. 
No living pupae or adults were found in the plant balls 15 
days after immersion. (Mason and Chisholm 1949, unpublished) 
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Toxicity to Eggs.-Eggs in plant balls were subjected to the 
same treatment as the grubs and pupae. Less than half of the 
eggs hatched when they were left in the treated soil for 1 day. 
An occasional egg survived for 7 days in the treated soil, but no 
living eggs or grubs were found in the treated plant balls left 
undisturbed for 3 weeks. (Mason and Chisholm 191;.9) 

Reaction 0/ Plants.-In cooperative studies with several nur~ 
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 
0.05 gram of chlordane per liter. No injury to the plants was 
reported. The treatment was used successfully on the following 
species of plants: 

Abelin grandifiora illentha spieata 
A.lliltll~ schoenoprasurn llfonarda didyma 
Artemisia pontlca r'elargoniu'ln graveolens 
Begonin sctn}Jerfiorens Pelargoniwlt limoneu7n 
Berberis thunbergii Pelargoniwlt ordoratissimu1n 
Buddlcia asiatica Pelargoni'tl1n quercifoliw1t 
Callicarpa dichotomn Pela.rgonimlt t01nentoSU7n 
Carya cordifol'1~is Philodendron cordatu1n, 
Chamaecypm-is pisitera Phlox sp, 
Cyclamen sp, Picea glauca 
CY1llbidilm~ sp. Pyracantha coccinea 
Cytisus praecox Rhododendron dauricu1n 
Delphinium sp. Rhododend?'on ganda1Jense 
Deutzia gracilis Rhododendron obtusu1n 
Erica. da1'leyensis Rhododendron pontic1L1n 
EuollY'lnus tortunei Rhododendron sandm'i 
Euphorbin pulchen-ima. Rosa spp, 
Hed~ra helix Rosmarinus 0 fficinalis 
Hemeroca·llis middendorffi Saintpaulia ionantha 
Hydrangea 11lacrophylla Sa·lvia officinalis 
flex opaea Santolina ehamaecyparissus 
Juniperu.s chinensis Staehys lanatana 
Juw'perus horizontalis Stephanotis fioribunda 
Junipe1-us sabina Taxus cuspidata 
KerTia japonica Teucrimn chamaedrys 
Lavandula officinalis Thuja occidentalis 
Ligllstr1l1n ovalitolimn Thymus vulgaris 
iiientha a1'vellsis Viburnum bu,rkwoodi 
Mentha. citrata Viburnum trilobum 
Mentha plllegiml£ Weigela wagnerii 
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After treatment the plants ,vere held at the nurseries under 
the same conditions as untreated plants until their reaction could 
be determined. The final 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 NW'ser'ies.-The immersion of bare-root nursery stock 
in water containing 0.6 gram of ethylene dibromide and 0.3 
gram of chlordane pel' liter and immersion of balled and potted 
plants with soil masses not more than Hi inches in diameter or 
more than lt1 inches in depth in water containing 0.1 gram of 
ethylene 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 75° 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
chlordane dips (Middleton and Cronin 1952). 

Aldrin 
Aldrin contains not less than 95 percent of 1,2,3,4,10,­

10-hexachlol'o-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°_ 
10ll.5° C. It is practically odorless 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) 

F01'mu!atioll.-Chisholm (unpublished) prepared an emulsifi­
able mixture of aldrin of the following composition: 

Percent 
byweiyht 

Technical aldrin 3.6 
Triton X-100 14.0 
Isopropyl alcohol (99 percent) 82.4 

It was a clear liquid that emulsified readily upon being poured 
into water. Each 100 m\. 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 aI. (unpub­
lished) found that the formation 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 aldrin 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-instal' 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 efl'ective in these larger masses 
of soil. (Fleming et aI. unpublished) 

The average ciepol'it of aldr.in in the soil after immersion in the 
0.038-gram dosage was 0.2 gram per cubic foot. This was equiv­
alent to c'lpproximately 5 pounds of aldrin mixed with the upper 
3 inches of an acre of soil. In the field treatments (p. 94), 
3 pounds of aldr.in 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 period of time. (Fleming et aI. 
unpublished) 

Reaction of P[nnts.-In preliminary tests Pela1'goniurn 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 Hede1'u helix, Hyd1'ungeu urborescens, H. pnniculutu, Ne­
ph1'olepis exaltutu, Rhododenc17'on 1:ndiC'nm, or R. obtus'wn. 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. (Flemi11g et a1. unpublished) 

Use £n Nw·series.-Water containing 0.038 gram of emulsi­
fied aldrin per liter was authorized in 1959 for the treatment 
of balled and polted 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
chloro-3a,4,7,7a-tetrahydro-4,7-methanoindene and about 28 per­
cent of related compounds. It is soluble in the common organic 
solvents but practically insoluble in water. 

F01'tnlllut'ion.-Chisholm (unpublished) prepared an emulsifi­
able mixture of heptachlor of the following composition: 
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Percent 
by weight 

3.5Technical heptachlor 
14.0Triton X-100 
82.5Isopropyl alcohol (99 percent) 

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

To:-cidty to Gl'ubs.-Thirc1-instar grubs in the soil of pottted 
plants were killec1 within 3 weeks by immersing the soil until 
saturated in water containing 0.075 gram of heptachlor per liter 
at 60" F. Dosages of 0.038 and 0.019 grams killed them within 
.J weeks. The (U138-gt'am dosage was effective in killing the 
grubs in plant balls liP to Hi illches in diameter and in pots up 
to 14 inches in depth. The 0.019 gram of heptachlor was not 
always effective in these larger masses of soil. (Fleming et al. 
unpu bl ishec1) 

The average deposit of heptachlor in the soil after immersion 
in the CL038-gram dosage was 0.2 gram per cubic foot. This 
was equivalent to approximately 5 pounds of heptachlor mixed 
with the upper 3 inches of an acre of soil. In the field treatmellts 
(p. 108) 3 pounds of heptachlor pel' acre were effective in 
killing newly hatched grubs after the chemical had weathered 
for ~1 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 Plcwts.-In preliminary tests Pelm'gonin'tTl, sp. was 
not injurec1 by immersing the soil of the potted plants until 
saturated in water containing 0.15 gram of heptachlor per 
liter, the highest dosage used. The 0.038-gram dosage did not 
affect Hcdel'(l. hcli.l', Hydmngen nl'borescens, H. pnniculntn, Ne­
phl'o[epis e~l'altnta, RhododeHdron illdicwn, or R. obtu,sum. Other 
plants were treated successfully with the J.038-graJ.l dosage in 
commercial nUl'~eries and greenhouses, but information on the 
varieties used is not now available. (Fleming et aI. unpublished) 

Use in Nm·se1"ies.-\V'ater 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 saturated and then held in a compact mass for 2 weeks 
at not less than 60" F. before being certified for shipment. 
The trea~ment could be applied at any time of the year. The 
treated plants in pots could be in a certified status for 4 years. 
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Lindane 

Lindane cOlltains more than 99 percent of the gamma isomer 
of 1,2,3,4,5,6-hexachlorocyclohexane. It is a white crystalline 
soHd, soluble in most of the common organic solvents but insoluble 
in water. (Bowen and Hall 1952) 

Fm'mulaUon.-Chisholm (unpublished) prepared a laboratory 
formulation of the following composition: 

Lindane 
3 grams

Triton X-IOO 
12 grams

Acetone to make 100 ml. 

It was a clear liquid that emulsified readily when poured into 
water. 

Toxicity to Gr'llbs.-When the soil of potted plants was im.. 
mersed until saturated at 60° F. in water containing 0.15 gram 
of emulsified lindane per liter, the highest dosage tested, all the 
third-instal' 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 Emulsiolls and Solutio118 

Applied to Soil Surface 


Beginning in 1924 many insecticide emulsions and solutions 
were apvlied 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 soil. 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 balled nursery stock before digging the plants. 

Carbon Disulfide 

FOI'7nulations.-The formulations of concentrated carbon di­
sulfide emulsions used in these experiments are given on pages
66-69. 

Potted Plants.-Fleming and Baker (1935) found that third­
instal' 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 equivalent to 
the volume of soil in the pots was used. 
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The dosage of carbon disulfide to kill the grubs in 8-incll pots 
of clay loam within 7 clays was modified by the temperature. 
'l'he dosages per liter of water and the temperature required 
were as follows: 

D Fl.Grams 
321.1 


.95 
 40 

.75 50 

.62 60 
70.46 

The dosage for clay loam at (50" F. was effective in a mixtme 
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 0.75 
gram pel' liter to kill grubs in a 1:1 mixture of soil and peat, 
0.95 gram in a 1:3 mixture, and 1.1 grams in peat alone. It 
appenrecl that the treatment should be limited to soil containing 
not more than 25 percent of organic maiiel' 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 was slow and the soil usually re­
mained watel'logged for several days. Plants were injured when 
the drainage was inadequate. The treatment was also unsatis­
factory when the roots of the plants were potbounc1 because 
that condition made the soil almost impervious to the propel' 
penetration of liquid. 

In 1924 a commercial nursery had 1,500 Cibotiu1n schiedeii 
and 5,000 Hydr((lI{Je(~ I/wc)'ophylla plants in pots and tubs that 
could not be certified because the son had been exposed to 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 f('r.11s and hydrangeas were treated with 0.62 gram at 
nO" F., using a volume of the insecticide liquid equivalent to 
the volume of soil in the pots and tubs. The average time to 
apply the liquid was 6 hours, but the drainage was so poor in a 
fe\". pots and tubs that all the dilute emulsion could not be applied 
within 2·1 hours. The treatment was considered to be satisfactory 
in 95 percent of the pots and tubs where the required volume of 
the emuh;ion was taken up by the soil in not less than 3 hours or 



90 'I'l~CH. BUL. 1441, U.S. DEPT. OF AGRICULTURE 

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 
sul'iace of plants in pots and tubs was not approved for general 
use .in greenhouses. The treatment was considered to be too slow 
ancl expensive to be practical. 

Trenting Plants Be/m'e Diggil/g ill 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 
soil among the roots without seriously injuring the plants. Leach 
and Fleming (1927) in 192'1 developed a procedure for applying 
the dilute emulsion. 

In preparing a plant for treatment, the trash and the weeds 
were removed 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 into contact 
with the insecticide. Then a strip of galvanized iron, 9 inches wide 
and the llecessary 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 dllute emulsion was poured at 1.8 gallons (6.8 liters) per 
~quare 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 (0 F.) Cm'bon disulfide (grams)0/ soil pe1' liter a/1vater40 1.0045 .94
flO .8655 .80no .72
G5 .57 

The quantity of carbon disulfide applied per square foot of soil 
surface ranged from 6.9 grams at 40° to 3.9 grams at 650. 
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 material for shipment. 

The procedure was authorized 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 liquid. 
The treatment was not satisfactory under the following condi­
tions: (1) A high water table and inadequate drainage, (2) 
hi11sides where a level basin about a plant could not be obtained, 
(3) fabricated soils with a high content of peat, (4) ground 
tunneled by moles and rodents, and (5) recently hansplanted 
plants. When the soil conditions in the nurseries appeared to be 
favorable, 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. 

Fleming and Baker (19.35) improved the effectiveness of the 
treatment to practically IOO percent unrler favorable conditions 
by increasing the \'olume and the dosage of the dilute emulsion 
applied to the soil. The volume was increased to 2.4 gallons (9 
liters) ]Jer square foot anel the dosage was increased as follows: 

Tcmporature (0 P.) Carbol1 ,I'sulfide (grams) 
01 soil pe?' nter 01 water 

40 1.15 
45 1.05 
50 .95 
55 .85 
GO .75 
05 .65 

The qunntity of carbon disulfide applied per square foot of soil 
surface with this modified treatment ranged from 10.4 grams 
at 40" to b.n grams at (:i5°. 

The modified treatment was authorized in 1929. The volume of 
water, however, 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 more than 5 hours elapsed before all the 
liquid disappeared from the surface of the soil. Fleming and Bakel' 
U 935) 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 grubs was progressively reduced. To standardize the 
treatment in the commercial nurseries, the plants had to be dug 
within 2 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 more 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 
01' 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 gwwing vigorously, Fleming and Bakel' (1935) 
treated the following species successfully: 

It bil:S eoncol01' 
BUXIIS sernpervirens 
Clwmaecyparis pisl/era 
Juniperus chine11sis 
Juniperus cnmmmis 
Junipe1'11S e:r;celsa 
Flydl'CtlLgea macrophyiln 
Lonicerct sp. 

Picea abies 

Pieec!. pungellS 
Pin'/ls strobus 

Johnson (unpublished 

Pinus sylvestris 
Rhododend7'o1L ea ta1Vbitl1!se 
Rhododendron obtuSll1n 
Rosa. wichuraiann 
Syrtnga vltlga1'is 
TaXlls canadensis 

Taxlls cllspidata. 
Thuja. oceidentalis 
TIll/ja orielltalis 
Tsltga. canadensis 

report cited by Fleming and Baker 
1985) stated that the following plants had been treated in the 
commercial nurseries as a basis fo), certification: 

It beliCL chille1tse 
tlbelia gl'ancii/lora 
Abie/! alba 
Abies cephaloniea 
.4 bies cilicica 
A bifS concolor 
Abies h01llQle]Jis 
Abies lasloem'pa 
tibies 71Ordmannia71a 
Abiei,l l'l'ilehi 
ACl:1' ginnaia 
Acer japonic1l7n 
AceI' palmat10n 
AceI' piatCl1wides 
...lcer sctccharinum 
Aescullls hip1)Qcasta711t1n 
...tme!anchiel' sp, 
Betula populz'/olia 
BuxHs micro]Jhylin 
BUJ;HS Sl"mpel'1Jirens 
Call1lna t'lLlgaris 
Carpinus betulus 
C'o l-pinus caroliniana 
Cecirus atlantica 
Cecirus liballl;'llsis 
Cercis canadcnsis 
Ce'rds cldnen.sis 
Chacliomeles ja]Jon ica. 
Chamaecypal'is 1!ootkatensis 

Chamaecyparis obtusa 
Cha1lla.ecyparis pisi/era 
Clwmaecllparis thyoides 
Chionanthlls virginic1ts 
CornlCs alba 
Cornus /lorida 
COl'1t1lS kOllsa 
Cornlls mas 
Cornus 1'acemosa 
COI'1!US stoloni/era 
Corylopsis paltci/lora.. 
COl'ylus amel'icana 
Cotoneaster /ra1tcheti 
Cotoneaster horizontalis 
Cotoneaster rotundi/olia 
Cmtaegus cr1ts-galli 
Cra taegus intl'ieata 
CrataegllS moilis 
Crataegus oxyacantha. 
Crataegus pltaeno]Jyrlt1n 
erataeg1lS pU1tetata 
Cryptomel'ia japonica. 
Dap/me Cne01'1t11l. 
Enkianthus campa1tulatus 
Ellkiantlws penllat1t.~ 
EUOlllllllltS (!la.tu,~ 

Euonymus amerieanlls 
Euollymus japoniC1ls 
Fagus gl'andi/olia 
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Pagus sylvatiea 

Patsi(1 juponiea 

Fo rsyl hilLi1Ltermedia 

/i'orsythia sllspensa 

Porsythia. t.iridissillla 

Ginkgo IJiloba 

Hibiscus syriaclIs 

fleJ.' aqui/olimIL 

fll!J.' crenatct 

flex ulubra 

flex opacu 

1l~,'C sc'rrata 

Jug/cms sp, 


JUllipel''1ts chillensis 

Junipe)'us c,'Cee/sa 

Juniperlts Itorizonlalis 

JIUl iperus proCUlllben8 
Juniperus sabinc~ 
Junipl!J'us scopulorwm 
JwtiPl'I'IlS squulllu.la 
JUnipl!rus v:l'giniana 
Kalmia luti/olict 
Ken,iet japollica, 
({ol'l)'('ute)'ic~ ]lanicu/atcL 
DUl'i,r decidua 
[,(I1'i.r /e])tolepis 
Dcltrofho(' catcsbuei 
Ligllsll'um obtllsi/oli1t1n 
Dlgllstl'wlt ot'ltli/oliutn 
[,im/era benzoin 
UqlliCl(l mba)' sillracijlua 
;1/u[lllolia UCllllliJluta, 
;1[a[lllolia corl/ata 
Ma[lnolia kobus 
;l{a[lltolio lilillM'a 
;l[U[lIIOlilt /Il a ('1'0 phylla 
;11a[l l1ulia. soulcl11gwlIa 
Magl/olia stel/ata 
JIag lIolia tripcta[a 
;1fagnolia t.jrginiana 
.1[a/wllia aqui/oliullt 
M ahouia bcald 
Mallis bacrat{t 
Mallis cOl'o1laria 
,1Ialus dawsoniana 
:1laZus jloribullda 
;1!aius ioellsis 
Mallis plwli/a 
Mallll! sOl'gellti 
;l[a11M scll eidec/,'eri 
.llallls spectabilis 

JlYl-iea ceri/era, 
Nyssa sylvatica 
O,'Cyde1!(b-u'In arboremn 
PalLlotonia. tomentosa, 
PhilcLdelphus coronarius 
Pllilly/'ea decora 
Photinia villosa 
Pit'ea abies 
Picl!a bicoio)' 
Picea engelmanni 
Piccn {/[uuca 
Picea omorika, 
Picl:'a orientalis 
Picea polito. 
Pic('a pltngens 
Pieris jlol'iblt1lda 
Pieris japollica 
Pinus banksiallCL 
Pinlls cembra 
Pi/ills d61l<lijlora 
Pinus jlexilis 
Pinlls mugo 
Pinus nigra 
Pinus pm'vijlora 
Pinlls peuce 
Pinlls ponderosa 
Pinus l'esinosa 
PilllLS strobus 
Pinus sylvestris 
Pinus thunbergi 
Platco!l(s ol'ientalis 
Prulllls a:viu?n 
Pr!t1lHS cerasi/era 
PrImus persica 
P J'Wl1LS sal',qentii 
PnOtllS sCITulata 
P/,U1lUS sieboldii 
PscuciosasCl japonica 
Pseudo/sllga t:LXi/olia 
PYJ'acontha coccinea . 
QUf'J'CllS /a1cata. 
Quercns paillst?'is 
QuerclIS robul' 
Rhododcndron arborescens 
Rhododendron calendulace1l11t 
Rhododendl'(·n carolinianmn 
Rhododendl'oll catawbiense 
Rhododendron indicmn 
Rhododelldron japonicu1n 
RI! oclod 1!1laron lut cum 
R/zociociellci1'on 1naXil1t1l11l 

http:squulllu.la
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Rhododendron 1nolle Thuja orientalis 

Rhododend'ron 7Itucronatmn Thuja standishL 

Rhododendron 7tudijlormn TWa em'opaea 

Rhododend1'on obtu8Um 
 Tsltga canadensis 

Rhododend'ron schippenbachi 
 Tsuga caroliniana 

Rhododend?'on 'vaselli 
 Tsuga. diversifolia 
Rhododendron viscosmn Tsuga sieboldii 
Rhododendron yed0e71Se Ulmus americana· 
RIms sp. U {mus p1'ocera 
Sciadopitys verNcillata 

Vibunmm carlesiiStyrax japonica. 
llibm'n1t7n cassinoides S1/Inpho'ricarpos orbiculatus 
VibU1'n1l1n ttila ta tumSlIringct ml!ltrensis 
l'ibnr1llt1n lenta.go SY"ingct chinensis 
Yibll1'num molle Syringa 'vulgaris 


Taxodimn distichmn 
 Vibm'nmn opulus 

1'axlls baccata Vibw'1w7n p1'lmifolim1t 

TaxlIs canadensis Viburnmn sieboldii 

1'a:w8 cllspida.ta Wistaria f1'utescens 

Tlmjn oceidentalis lVistaria sinensis 


Use 'in Nun/eries.-The carbon disulfide field treatment was 
not 'well adapted to the requirements of wholesale nurseries be­
cause it entailed largely the application of the insecticide to 
individual plants. In spite of this limitation, 71,721 plants were 
treated for certification during 1925-30 (Johnson unpublished). 
During the next 10 or 15 years an additional 190,918 plants were 
treated (Middleton and Cronin 1952). 

Aldrin 
The preparation of an emulsifiable mixture containing 3.6 per­

cent of technical aldrin by weight is given on page 85. 
Potted Plants.-Third-instar grubs in friable soil d potted 

plants ai 60° F. were killed by pouring on the soil surface a 
volume of dilute aldrin emulsion equivalent to one-fifth tl'ScVOIUme 
of the soil. \Vater containing 0.075 gram of aldrin per li ~ . killed 
all the grubs within 2 weel{s. The 0.038- and 0.019-gram osages 
killed them within 3 and <1 weeks, respectively. The t:reatment 
was effective in masses of soH 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-, 0.038-, and 0.019-gram dosages, 
respectively. Aldrin mixed with soil at the rate of 0.12 gram 
per cubic foot was effective in killing newly hatched grubs after 
the soil had weathered for 4 years. It would be expected that the 
0.03S-gram dosage would be effective against first-instal' grubs 
for at least that period of time. 

http:cllspida.ta
http:lenta.go
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In preliminary tests the appli~ation of 0.15 gram of aldrin 
to the soil of potted Pela7'goni1,tm sp. had no effect on the subse­
quent. growth of the plants. Tests in nurseries and greenhouses 
showed that H ede'l'a helix, Hyd7'angea wl"bo'l'escens, H. paniculata, 
Neprl'l'olepis exaltatCL, Rhododend1'on indicU'rn, and R. obt'/,tS1,~m 
were not injured by the 0.038-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 0 F. by pour­
ing water containing 0.038 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 all emulsifiable commercial mixture containing 81 
percent of allyl alcohol and 11.5 percent of ethylene dibromide. 
As a prcplanting 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 
J'ecommended by the manufacturer killed third-instal' grubs 
within .2 weeks at 40 0 F. A dilution of 0.75 gaIloll with 100 
gallons of water applied in the same manner killed the grubs 
within 1 week at 70 0 

• 

The preplanting treatment with Bedrench as recommended 
by the manufacturer was authorized in 1958 as a basis for 
certifyinIT plants grown in the treated soil. When Bedrench 
was applied, the soil had to be at least 40 0 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 manufacttll'er in planting the treated area. The 
plants in the treated soil could remain in a certified status until 
the soil was exposed to oviposition 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 mI. of this dilution per square foot to the soil of potted 
azaleas at approximately 70° F. 'J'hc ~resol was applied at 4.67 
grams per square foot. The treatment killed only 44 percent of the 
third-instal' grubs within 3 weeks. 

D·D 
D-D contains approximately two parts of 1,3-dichloropropene, 

one part of 1,2-dichloropropane, anc1 one part of associated chlori­
nated hydrocarbons (Mason and Chisholm unpublished). 

Fonnulations.-Chisholm (unpublished) prepared emulsifi­
able formulations by dissolving Tween 20, a polyoxyalkylene 
derivative of sorbitan monolaurate, in D-D. One formulation 
contained 5 pounds of D-D and 0.25 pound c-' Tween 20 per gallon 
and the other 9.5 pounds of D-D and OJ pound of Tween 20. 
The first formulation contained 60 grams of the mixture in 
100 mI. 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 
500 mI. of water per square foot of soil surface killed 98 percer t 
of the third-instal' 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: ,5 were applied. Potted plants 
did not tolerate the application of .J-D to the soil. The lo5-gram 
dosage caused some injury to Rhododend'ron. sp. and it injured 
severely or killed Pandanus sp. and V-itis sp. (Mason and Chis­
holm unpublished) 

Fallo'll' La.nd.-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 3 weeks. Most of 
the grubs were within 4 inches of the soil surface, but some were 
9 inches deep. CMason and Chisholm unpUblished) 

When D-D "was applied to fallow soil in mid-May and the 
third-instal' grubs were remoyed 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 
wahu' per acre, killed 97 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, 

01' 109 pounds in 4,356 gallons of water per aCl'e, 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. (1\1ason et al. unpublished) 


Pupae were more rel",istant than third-instal' grubs. The applica­

tion of 7.5 pounds f)f the emulsified ml.xture jll 200 gallons of 

water per 1,Ol)O square feet killed 86 percent of the pupae re­

moved from the soil 5 days after treatment and 98 percent of 

them left in the soil to complete their transfOl'mation to adult 

beetles (Mason et al. unpublished). 


The possibilitjes of using emulsified D-D to t!'eat fallow land 

were not explored further. 


o-Dichlorohenzene 

BUI'gess et a1. (unpublished) prepared an emulsifiable o-dichlo­

robenzene (C(IH.I.'J 2 ) of the following composition: 


Percent 
by 1veighta-Dichlorobenzen(, 

60.0Oleic ucid 
17.5Potassium hydroxide 
2.5Ethyl alcohol (95 percent) 

14.0Wuter 
6.0 

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 66.7 grams of a-dichlorobenzene, 


When one-fifth gallon (775 011.) of dilute emulsion per square 

foot was appliec1 to the soil of potted plants at 57° F. and the 

gr'ubs were removed from the soil 1 week later for observation, 

25.8 grams of emulsjfied o-diclllorob€nzeneper square foot killed 
all third-instal' grubs during the fullowing 2 days, and 12.9 grams 
killed them du.ring the follo'wing 2 weeks. A dosage of 6.45 grams 
was not completely effective. The quantity of o-dichlorobenzene 
needed to kill the grubs made the treatment impractical. The . 
12.9 dosage is equivalent to 1,240 pounds of o-dichlorobenzene 
per acre. 

p-Dichlorohenzene Plus Benzene 

Burgess et a!. (unpublished) dissolved p-dichlorobenzene 
(CGH.Cl~) in benzene and prepared an emulsifiable formulation 
of the following composition: 
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Percent 
by weight 

p-Dichlorobenzene .. ..... 25.0 
Benzene ... ' -. . - •. . 35.0 
Oleic acid ... ... .. 17.5 
Potassium hydroxide .. .. . .. 0 • - 2.5 
Ethyl alcohol (95 percent) . o. _.. _. • •...•• 00· 14.0 
Water ._. o. _ •• 0." ._ •• ,.. 6.0 

It was a clear liquid with a specific gravity of 0.942 at 25° C. 
It formed an emulsion upon dilution with water. Each 100 m1. 
of the formu~ ltion contained 23.6 grams of p-dichlorobenzene 
ancl 33 grams of benzene. 

When one-fifth gallon (775 ml.) of dilute emulsion per square 
foot was applied to the soil oipotted plants at 57° F. and the 
third-instal' grubs were removed 1 week later for observation, the 
18.3 grams of p-dichlorobenzene and 25.6 grams of benzene per 
square foot killed all the grubs during the following 2 weeks. The 
mor~'l.lity 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 l'emoval 
from the treated soil. 

p-Dichlorohenzene Plus Ethylene Dichloride 

Burgess et a1. (unpublished) also dissolved p-dichlorobenzene 
jn ethylene dichloride an,1 prepared an emulsifiable formulation 
of the following composition: 

Percent 
by weight 

p-DichlorobenzenC' 12.50 
Ethylene dichloride 60.00 
Oleic acid 12.00 
Potassium hydroxide 1.75 
Ethyl alcohol (95 percent) 9.75 
Water ___ ....... __ 4.00 


It was a clear liquid with a specific gravity 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 mI.) of dilute emulsion per square 
foot was applied to the soil of potted plants at 55° F. and the 
third-instal' grubs were removed 1 week later for observation, the 
10.9 grams of p-dichlorobenzene and 52.5 grams of ethylene 
dichloride per square foot killed all the grubs during the follow­
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illg 2 weeks, but the mortality was not complete with 5.4 grams of 
p-dichlorobenz1ene 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 app1ied at 
one-fifth gallon pel' cubic foot of soil. 

Dichloroethyl Ether-

Chisholm (unpublished) prepared an emulsifiable formulation 
containing about 2 pounds of dkhloroetLyl ethE'r per gallon. Each 
100 m!. of the formulation contained 25 grams of the chemical. 
The formulation emulsified when mixed with water. 

Mason (unpublished) applied several dilutions of the formula­
tiont.) the soj] of potted plants at 500 ml. per square foot of soil 
surface. Five grams of emulsified dichloroethyl ether per square 
foot killed all third-instal' grubs and 2.5 grams killed 92 percent. 
However, 6.2 grams killed only 85 pe.l'cent of the pupae. 

The application of 2 gallons of water containing 37.8 grams of 
emulsified dichloroethyl ether per square yard of fallow land in 
May killed 96 percent of the third-instal' 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.S-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. 
Cm'rots, squash, and tUl'l1ip~ germinated normally. The pre­
planting treatment had no efl\~ct on young plants of broccoli, 
cabbage, cauliflower, eggplant, sweetpotato, and tomato. The 
treatment used 1 month after planting caused some injury to 
most of the plants. (Mason unpublished) 

Dichloroethyl Formal 

Chisholm (unpublished) prepared an emulsifiable formulation 
containing about 2 pounds of dichloroethyl formal (bis (2-chlo­
roethoxy)methafle) per gallon. Each 100 ml. of the formulation 
contained 25 grams of the chemical. It emulsified when mixed 
'with water. 

The application of 500 m1. of water containing 5 grams of 
emulsified dichloroethyl formal per square foot to the soil of 
potted plants killed all third-instal' grubs within 3 weeks. A 2.5­
and a 1.~5-gl'am dosage killed 68 and 48 percent, respectively, 
of the grubs. (:Mason unpublished) 
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Ethylene Dibromide 
Formulat·ions.-The preparation of miscible formulations of 

ethylenf' dibromide is discussed on pages 77-78. 
Potting So·ii. -lVI<tson (unpublished) applied 3 grams of emulsi­

fied ethylene clibromide 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-instal' grubs to 
a depth of 13 inches in a loam and 12 inches in a 3:1 mixture of 
loam and peat, but it did not kill all the grubs in the upper 12 
me'hes of mixtures containing higher proportions of peat. Pro­
longing the exposure for 48 hours killed an grubs to a depth of 
19 inches in the loam and 17 inches in the 3:1 mixture. The 
mortality in mixtures containing higher pOl'portions of peat 
was variable. Al1 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 ga\1ons of water per square 
yard killed grubs to a depth of 13 in.r.hes in a 1:1 loam-peat 
mixture, 12 inches in a 1:3 mixture, and 9 inches in peat. When 
the exposure wan 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 treatments were effective in killing eggs and pupae 
in the soil. 

The treatment of friable potting soil with emulsified ethylene 
dibromide was l.1.uthorized 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 ethy lene dibromide in 1 gallon 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 ,18 hours after the treatment was used. The soil should 
be well aerated before us.ing it for potting plants. Certification 
of the soil continued until it was exposed to reinfestation. 

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

Potted Plants.-Mason (unpublished) applied 500 m!. of water 
containing 0.058 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-instal' grubs within 2 weeks. 
The O.026-grHm dosage was effective against the grubs within 
3 weeks d the higher temperatures. In preliminary tests Ga'rde11'ia, 
sp., Gemn'iwn sp., Pandanus austml-is, and Rhod-odend?'on ob­
tusum were not affectef ! by the 0.052-gl'am dosage. 

The treatment of potted plants by pouring on the soil surface 
water containing 0.5 gram of emulsified ethylene dibl'omide per 
gallon 'va~ al.lthorl?:--d in 19'17. Initially the dilute emulsion was 
appHed at 500 ml. pel' square foot of soil surfac(:!, but later a vol­
ume of the emulsion equivalent 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 th;,; 
emulsion. The certification of the plants continued until the soil 
was exposed to l'einfestation by the adult Japanese beetle. In­
formation is not ayailable on the number of potted plants in 
the commercial nurseries treated by pouring a dilute emulsion 
of etlw1ene c1ibromide on the soil surface. 

Nursery Beds and Plots.-Two grams of emulsified ethylene 
c1ibl'omide applied in 1 gp.ilon of water pel' square yard of soil 
surface (20 pounds in 4,840 gallons pel' acre) llsually killed all 
third-instal' grubs in planted or unplanted beds and plots when 
the soil was a sandy loam or a clay loam, but occasionally the 
treatment was not completely effective. The grubs were killed 
consistently in these soils at 40 0 to 75° F. by increasing the dosage 
to 3 grams pel' gallon. Foul' grams per gallon pel' square yard 
were not completely effective in killing grubs in peat and in 
soils high in organic mattEu', but this dosage in 2 gallons of water 
per square yard did kill all the grubs. (Chisholm and Mason 
1948a,; Mason et al. unpublished) 

The treatment of planted and u:nplanted 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 soil temperature 
was between 40 0 and 75 0 F. Usually 3 grams of emulsified ethylene 
dibromide in 1 gallon of water were applied pel' square yard of 
soil surfnce, but soils high inorganic matter and peat required 
4 grams of the chemical in 2 gallons of water pel' square yard 
of surface. The treated beds and plots were continued in a certi­
fied status until exposed to l'einfestation by the adult beetle. The 
pl;mts could be certified for shipment 24 hours after the dilute 
emulsion was applied. 
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During 1947-50 emulsified ethylene dibromide ,vas applied to 
102,999 square feet of beds and plots in commei.'cial nurseries 
(Middleton and Crollin 1952). 

Ethylene Dibromide-Aldrin 
Chisholm (unpublished) prepared a miscible formulation of 

ethylene dibromide and aldrhl of the following composition: 
Percent 

by weight 
Ethylene dibromide 13.0 
Aldrin (technical) 6.5 
Cellosohe (ethylene glycol mOlloethyl ether) 6.5 
Tween 20 (u polyoxyalkylcnc derivutive of sorbitan monolaurate) 6.5 
Isopropyl !11cohol (99 percent) 67.5 

The ingredients were mixed in the order giyen to form a clear, 
dark mixture. Each 100 rul. of the formulation contained l~ 
g,mms of ethylene dibromide and 6 grams of aldrin. The mixture 
was diluted by pouring into water. In most of the dilutions used, 
the ethylene dibl'omic1e was in solution and the aldrin was dis­
persed as all emulsion of very small particles. 

Mason (unpublished) applied 2 grams of emulsified ethylene 
dibromide and 1 gram of \.r'1ulsified aldrin in 1 gallon of water 
per square yard (20 and 10 pounds, respectively, in 4,840 gallons 
per acre) to the soH of fallow plots in Odober. The soil tempera­
ture during the following 21 days ranged from 48 0 to 61 0 F. The 
third-instal' grubs were removed periodically from the treated 
soil for observation. An €.xposure of 2 days was sufficient for the 
grubs to obtain a toxic dosaf.'e. The mortality ranged from 91 to 
99 percent 21 days after the treatment was used. This was the 
level of mortality with 2 gl·ams 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 Tesidueof aldrin 
would persist for several years. The longevity of the insecticide 
action of aldrin in these l)lots 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 ,veek after the application, 99 to 100 percent of them did 
not hatch. Eggs deposited subsequently in the treated soil dUTing 
the remainder of the summer were killed withi,> 2 weeks. 
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Ethylene Dihromide-Chlordane 
pOJ·mulation.-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 dibl'omide against third-instal' 
grubs. When the ethylene dibromide-ehlordane formulation was 
diluted 'with water and 1 gallon of the dilute emulsion was ap­
plied pel' square yard of surface to I-foot layers of friable soil 
in a bin, 3 grams of ethylene dibromide and 1.5 grams of 
chlordane pel' square yard IdUed the grubs within 3 weeks at 40° 
to 75" F. in soils containing not more than 25 percent of organic 
matter. A dosage of 4 grams of ethylene dibromide and 2 grams 
of ehlOl'dalle in 2 galloIlS of water pel' square yard was required 
to kill the grubs in soils containing more organic matter. An 
exposure of 48 hours was sufficient for the grubs to obtain a 
toxic dosage (Mason unpublished). The dosages of ethylene 
dibl'omide with the ethylene dibl'omide-chlordane formulation 
are the same as those with ethylene dibromide alone. 

The ethylene dibl'omide-chlordane formulation applied at these 
rates was authorized in 1960 as a substitute for the ethylene 
c1ibromide treatment of potting soil, largely as a convenience to 
nurseries that had this formulation but not the ethylene dibro­
mideformulatioll. The potential residual action of chlordane in 
the soil 'was not considered in the authorization. 

Potted Planfs.-Flemi:,g and Maines (unpublished) applied 
0.052 gram of emulsified ethylene dibromide and 0.026 gram of 
emulsified chlordane in 500 ml. of water per square foot to the 
soil of potted plants at 65° to 75° F. All the grubs were dead 
within 5 days in the 2- and 3-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 to kill all of them 
in the 8- and l1-inch pots. Applying the dilute emulsion accord­
ing to the area of the soil surface di\.~ not make propel' adjustment 
in the dosage for the depth of the soil. 

When wah:!' containing' 0.5 gram of emulsified ethylene dibro­
mide and 0.25 gram of emulsified chlordane pel' gallon was applied 
at a rate equivalent to one-fifth the volume of soil in the pois, 
the dosage per square foot of soil surface varied with the depth 
as fo11o\'1s : 
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A7nOmtt per square foot 
of soil surface (gra.ms) 

Depth of soil Ethylene 
(inches) dibromide Chlordane 

1 0.059 0.030 
2 .118 .059 
3 .177 .089 
4 .236 .118 
6 .354 .177 
8 .472 .236 

10 .590 .295 
12 .708 .354 
14 .826 .413 

With this modification in the application of the insecticide 
liquid, the mortality of the third-instal' 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 
for 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 .dl 1 gallon of water per square yard (20 and 10 
pounds, respectively, in 4,840 g~llons per acre) 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 hatch. Eggs deposited subsequently 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 6IP F. At the end of that 
period 98 percent of the third-instal' 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 emulsified chlordane were 
applied per square yard. 

A dosage of 3 gr&ms of ethylene dibromide and 1.5 grams of 
chlordane in .a gallon of water per square yard killed third­
instal' grubs ,vithin 3 weeks at 40° to 75° F. in soils containing 
not more than 25 percent of organic mlitter. 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 plots 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 soils 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 
be in a certified status until exposed to reinfestation by the adult 
beetle, unless as soon as the soil was workable after a 24-hour 
expOSUl"e period, the insecticide was mixed thoroughly with the 
upper 3 inches of soil. This operation was to aSSUl"e uniform 
distribution of the chlordane in this layer of soil. Then the 
treated plot could be in a certified status for possibly 4 years. 

Etllylene Dibromide-Dieldrin 

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

Percent 
by weight

Ethyl!;'np dibromide 13.0 
Di!;'ldrin (technicai) 6.5 
C!;'llosoh'e (!;'thyJ(>tl!;' glycol mono!;'thyl !;'ther) 6.5 
Twe!;'n 20 (a polyoxyalkylen!;' derh'ativ!;' of sorbitan monolaurate) 6.5 
Isopropyl alcohol (99 p!;'rcent) 67.5 

The ingredients were mixed in the order given to form a clear, 
dark mixture. Each 100 ml. of the formulation contained 12 
g-rams 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, resp~rtively, 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 0 to 61 ° F. The 
third-instal' grubs were removed periodically from the treated 
soil for t)bsen·aHon. An exposure of 2 days was sufficient for 
the grub;, to obtain a toxic dosage. The mortality ranged fr\>~Yl 
98 to 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 subsequently in the treated soil during the 
l'emainder of the summer were killed within 2 weeks. 

Ethylene Dichloride 
FonnulaUon.-The preparation of miscible formulations of 

ethylene dichloride is discussed on page 73. 
Potting So'il.-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-instal' 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 3 grams of emulsified ethylene 
dichloride in 500 or 1,000 ml. of water per square foot of soil 
surface killed thil'd-instar grubs in the soil of potted plants. 
The depth of the soil in the pots a.nd 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 P F. and 'within 2 weeks at 60 P 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 
soil 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-

Aglaonema simplex Howea sp. 
Begonia sp. Hydrangea sp. 
Cibotium schiedeii Kalanchoe sp. 
Cissu,s sp. N ephrolepis exaltata 
Citrus aurantium Pa.ndanu,s ·veitchii 
Cyclamen sp. 

Peperomia sp.D ieff enbachia picta 
Philodendron cordatu,m D raca ena Ira.grans 


Gardenia sp. 
 Rhododendron indicu,m 
Ge1vista sp. Rhododendron obtu,su,m 
Geranium sp. Solanumsp. 
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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 m!. 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 
grubs were in the soil. The treatment 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 gallons of water per square yard of soil surface killed 
third-instal' grubs to a depth of 9 inches in planted plots 0':: 
sandy loam, clay loam, and a mixture of loam and organic 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 3 weeks. These 
treatments caused no injury to the plants in the plots. (Mason 
unpublished; Mason et a1.1943) 

Ethylene Dichloride-p-Dichlorohenzene 
Chisholm (unpublished) prepared an emulsifiable formulation 

of ethylene dichloride and 1J-dichlorobenzene of the following 
corn.position: 

Percent 
by weight 

Ethylene dichloride _....... _.. . . _ . ." ___ . _. _ . 60.00 
p-Dichlorobenzene . _ " ___ . ___ .. _ ". _ . _ . 12.50 
Oleic acid ..... _ . _... .. _... _. _____ . _ 12.00 
Potassium hydroxide 1.75 
Ethyl alcohol (95 percent) . _ .. _. __ .. ___ .________ 9.75 
Water . _ .• ___ . _ ... __ • .. __ .• _ • __ 4.00 

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 m!. 
of the formulation contained 67.8 grams of ethylene dichloride 
and 14.1 grams of p-dichlorobenzene. 

Burge~s eta!. (unpublished) applied one-fifth gallon (757 m!.) 
of water containing 25.6 grams of emulsified ethylene dichloride 
and 5.3 grams of emulsified p-dichlorobenzene per square foot of 
soil surface to potted azaleas. When the third-instal' grubs were 
removed for observation 1 week after treating the soil, the mortal­
ity ranged from 31 to 87 percent, but 2 weeks later it ranged 
from 98 to 100 percent. Increasing the dosage to 51.3 grams of 
ethylene dichloride and 10.6 grams of p-dichlorobenzene per 
square foot killed all the grubs within 3 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 composWon of this formulation is not now available. 

Fleming and Maines (unpublished) applied 0.75 gallon of 
dilute ethylene oxide emulsion pel' cubic foot of soil at 50 0 F. to 
the soil surface of potted Pelcu'goilimn sp. A week later the 
third-instal' grubs were removed from the treated soil for obser­
vation. A dosage of 6.4 grams of emulsi.fied ethylene oxide pel' 
cubic foot of soil, the highest dosage tested, Idlled 71 percent of 
the grubs and injured 28 percent of the plants of one variety 
of Pelargo1l'i'mn 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 Plallts.-Thil'd-instar grubs in friable soil of potted 

plants at 60 0 F. were killed by pouring on the soil surface a 
volume of dilute heptachlor emulsion equivalent to one-fifth the 
volume of the soil. "rater containing 0.15 gram of heptachlor 
pel' liter killed all the grubs within 2 weeks. The 0.075- and 
O.038-gram dosages killed them within 3 and 4 weeks, respec­
tively. The treatment was effective on masses of soil up to 14 
inches deep. 

The ayerage deposit of heptachlor per cubic foot was 0.8, 0.4, 
and 0.2 grams with the 0.15-, 0.075-, and 0.038-gram dosages, 
respectively. Heptachlor mixed with soil at 0.12 gram per cubic 
foot was effective in killing newly hatched grubs after the soil 
had weathered for 4 years. It would be expected that 0.038 gram 
of heptachlor would be effective against first-instal' grubs for at 
least that period of time. 

In prelimblary tests the application of the 0.15-gram dosage 
to the soil of potted Pelargoniwn sp. had no effect on the sub­
sequent growth of the plants. Tests in nurseries and greenhouses 
sho\\'ed that H('de'l'(/. heli.r, Hydrangea a1'bo1'escens, H. pani­
('ula.ta. Nephrolepis exa.ltata, Rhododend1'on indicum, a.nd R. 
obtuswn were not inj ured by the 0.038-gram dosage. (I<'leming 
et a1. unpublished) 

The treatment of potted plants at not le:;s than 60 0 F. by pour­
ing water containing 0.038 gram of emulsified heptachlor per liter 
on the soil surface was Huthorized ill 1960. A volume of the insec­
ticide liquid equivalent to 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 aI. (1.9.1;.0) in destroying grubs 
of Gmphognatlws spp. in the soil of balled nursery stock that 
had been plunged into sandboxes. They llsed a 0.3-percent solu­
tion by volume and applied it at 40 gallons per 100 square feet 
of surface Rl'ea. 

p.rep(l.l'Cltion.-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. Ohisholm and Koblitsky 
(194in prepared a 0.15-percent solution in this manner, using 1 
pound (262 ml.) of methyl bromide, 524 ml. of 95-percent 
ethyl alcohol, ancl 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 25" C, 40 to 50 percent of the methyl bromide was lost. The 
loss of methyl bromide decreased as the temperature was lowered 
until at 1" substantially all the chemical was in solution. This 
method of preparing the solution was not satisfactory. 

Chisholm and Koblitsky (1942) prepared an aqueous solution 
of methyl bromide in a closed drum, which was equipped with 
a preSSllre gage, a tIll-inch copper tube extending from a hole 
dl'illed 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 solution, as indicated by the pressure 
being practically normal, substantially all the methyl bromide 
was in solution at 11.5 0 and 25 0 C. When the solution was pre­
pared in this manner, the addition of the alcohol was not neces­
sary. 

Pottin[J Soil (lnd Unplanted Beds (l;nd Plots.-Donohoe (un­
published) killed third-iustar 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 gallons of methyl bromide solution per square yard, using 
0.15-, 0.1-, and 0.05-percent solutions at soil temperatures of 47°, 
57°, and 68° F., respectively. An exposure of 48 hours in the 
treated soil was sufficient to kiil 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 to l'einfestation by the adult beetle. During 1942­
50 methyl bromide solution was applied to 383 cubic yards of 
potting soil in commercial nurseries and greenhouses (Middleton 
and Cronin 1952). 

Plants Befo're D'igging in Field.-Donohoe (unpublished) 
killed third-instal' 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 collal', larger in diameter than the soil ball to be dug 
with the plant, was pressed into the soil and the soil was com­
l)M',ad against the outer 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 tem1le1'ature 
(pe-rcent) (0 F.) 

0.15 	 40 
.125 44 
.1 . 47 
.075 52 
.05 57 
.04 63 
.025 68 
.015 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 treatment of plants in the iield with methyl bro. 'ide 
solution 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 a wettable powder containing 85 percent of 
tetrahydro-3,5-dimethyl-2H-l,3,5-thiodiazine-2-thiou.e. It was rec­
ommended by the manufacturer as a preplanting treatment to 
eliminate weeds, nematodes, fungi, and insects in the soil. Ac­
cording to the manufacturer, Mylone undergoes chemical deg­
radation in moist soil. The breakdown in the soil was presumed 
to be initial1y to formaldehyde and (methylamino) methyl 
methyl dithiocarbamate, then to monomethylamine, hydrogen 
sulfide, and methyl isothiocyanate, and finally to carbon dioxide, 
cunmouia, hydrogen sulfide, and sulfur dioxide. 

The manufacturer recommended that the powder be applied 
at the rate of 300 pounds per acre with a fertilizer spreader or 
suspended in water and &prayed over the area. Mter Mylone 
had been applied, it was mixed with the upper 5 or 6 inches of 
soil with a .rotary cultivator or disk 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 mi.xed to a depth of 6 inches killed 
all third-instal' grubs within 1 week at 70° F. and 300 pounds 
withill 1 week at 40". Most of the toxicity to the grubs dis~ipated 
in about 2 weeks. 

The preplanting treatment with Mylone at the rate of 300 
pounds per acre was authorized in 1957 for use when only grubs 
were in the soil and the soil temperature was at least 40° F. The 
treated ~oil could be in a certified status until exposed to re­
infestatiOll by the adult Japanese Leetle. 

Nicotine 

Burgess et al. (unpublished) applied one-fifth gallon (757 ml.) 
of water containing 7.6 ml. of 95-percent free nicotine per 
square ftlot of soil surface to potted GanZe'Yl:ia iasmin01:des and 
Piper sp. Three weeks later 57 percent of the third-instal' grubs 
were dead. The treatment had llO effect on the plants. The tests 
with nicotine were not encouraging. 

Vnpam 

Vapam, a water-miscible solution containing 32.7 percent of 
sodium S-methyldithiocarbamate, was recommended by the 
manufacturer ,\S a preplanting treatment at the rate of 1 quart 
to 11 gallons of water per 12 square 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-instal' grubs within 1 week at 40° F. and one-half the 
dosage of Vapam killed them within 1 week at 70°. 

Vapam at 1 quart to 11 gallons of water per 12 square yards 
was authorized as a pl'eplanting 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 e."{posed to reinfestation by the adult beetle. 

Insecticide Liquids Injected Into Soil 

Carbon Disulfide 

Potting So'il.-In a preliminary study of the diffus.ion of carbon 
disulfide in moist, friable soil in a covered fumigation box at 
55° F., 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
instal' 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 horizontal 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 1923; Fleming and Baker 
1935) 

To assure adequate diffusion of the vapor, the carbon disulfide 
was injected into 18-inch layers of soil to a depth of 2 inches 
at points 18 inches apart. The chemical was usually applied to 
each 18-inch layer of soil as the fumigation box was .filled, but 
when the soil was in the box, the chemical could be poured 
through a tube to the proper depths. A dosage of 240 ml. per 
cubic yard, 30 ml. per injection hole, was effective in killing 
eggs, ~rubs, 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 ml. (about 1 pound) 
per cubic yard, 44 ml. per injection, was completely effective in 
killing all stages within 48 hou,rs at temperatures not lower than 
45° in sands. sandy loams, Ioams, clay loams, peat, compost, and 
rotted manure. The treatment was not satisfactory in wet, 
slightly permeable soils because the vapor did not diffuse in in­
sectic.ide concentration even during an exposure of 96 hours. 
(Fleming 1923, .1930a; Fleming and Baker 1935) 
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Carbon disulfide at 352 m!. per cubic yard with an exposure 
of 48 hours partially sterilized the soil. The number of bacteria 
in the soil was not modified significantly, but the fungus popu­
lation was simplified by the treatment and consisted largely of 
species of Pen£C'iUi:lm~ and Zygo'rhynchus. These species were 
three times as abundant in the heated 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 (1935) reported that Cyclarnen pe?'sicurn 
was slightly retarded in the treated soil, but other plant species 
grew normally or were stimulated in growth, including-

Abies concolor FiclLs elastica 

A ctinophloeus sanderianzLS H edera helix 

Adiantum sp. 
 Hyd'rangea 1nacrophylla 
Aga,ve americana Pandanus utilis 
Aspidist'ra claUor Picea abies 
Begonia,7naculata Polypod'imlL sp.
Bntia cCLpitata 

Pseudotsuga taxi/alia
Buxus sempe'rvirt.'7ls 

Quercus falcata
Ca,ll1tna 'vulgaris 

Rhododendron indicum
ChamaeC)Jllaris piS'i/era 

Rhododendro1L o/;t>;ts1tmCibotimlL schiedei 
Rosa.sp.Codicte'lL1n va!riegatWIIL 

Cotonctlster horizontalis Sansevieria zeylanica, 

Cllrtomiulll /alcatwnL Syringa vulgaris 
Dracacma. sp. Thuja occidentalis 
Euphorbia pulcherrimu ThlLja o'rientalis 

Fumigation of potting soil by injecting 352 ml. (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 a covered box or bin 
at not lower than 45(' F. The treated soil should be aerated before 
using it to pot plants. This was the first chemical treatment 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 disulfide had been used to 
fumigate 52,714 cubic yards of potting soil in the commercial 
nurseries and greenhouses. 

Unpla:nted Plots.-Fleming and Baker (1.935) 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 injection. A dosage of 21 ml. was 
effective within a radius of 14 inches, 30 ml. within a radius of 
IS inches, and 45 and 90 m!. 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 m!. of carbon disulfide were 
injected at I-foot intervals to a depth of 2 inches over the area 
of the plots. 

The injection of carbon 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 uutil exposed to re­
infestation by the adult beetle. Middleton and Cronin (1952) 
reported that by 1950 the carbon disulfide injection treatment 
had been applied to 457,213 square feet of unplanted land in 
commercial nurseries. 

Potted Plants.-Fleming and Baker (1985) injected carbon 
disulfide at the rate of 21 m!. per square foot of soil surface 
into the soil of potted Cibot'iwn sch-iede'i'i and Rhododendron ob­
tilS~tm. After an exposure of 2 weeks at 60° F. the treatment had 
not killed all the third-instal' grubs in the pots. An occasional 
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 m!. were injected three times at 4S-hoUl' 
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
c<.\use of the manual labor involved. 

Lipp (unpublished) injected water containing 3 ml. of emul­
sified carbon disulfide pel' liter at a pressure of 5 p.s.i. into the 
soil of potted plants, introducing a volume of the insecticide 
liquid equivalent to the volume of the soil. The treatment killed 
a11 the grubs within 1 week, but it also killed the plants, including 
Hyd?'angea'mac'rophylla, Lonice1'[L sp., Pet1tnia sp., and Rhododen­
d7'on obt1lsu.rn. 

Plants 'in Field,-In the spring Fleming and Baker (1935) 
injected carbon disulfide at 21 m!' per square foot into the soil 
around Picea abies, Th1Lja occidentalis, 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 
TJmia and TS1Lga were wilted. All the Thuda and Tsuga plants 

http:obt1lsu.rn
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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 (CCl:!NOz) is a colorless liquid 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. at 20°. Low 
concentrations of the vapor cause vomiting and intense irritation 
of the eyes and throat. (Chisholm 1.952) 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 potting 
plants. 

Donohoe (1.9.44) killed all Popillia, grubs within 5 days in 
potting soi.1 in bins by injecting 4.5 m!. of chloropicrin per cubic 
foot of soil at 50" F., 3.5 ml. at 60°, and 3 m!. at 70°. The fumi­
gant was applied to 1-foot layers of soil by injecting it to a depth 
of 2 to 6 inches in the center of each square foot of soil surface. 
After each layer was treated, the soil was wet 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 1943 to kill grubs in potting soil. The soil could be in a certi­
fied status until exposed to reinfestation by the adult beetle. 
Middleton and Cronin (1.952) reported that during 1943-50 the 
commercial nurseries rmd fumigated 446 cubic yards of soil with 
chloropic rin. 

D-D 
D-D was recommended by the manufacturer as a preplanting 

treatment to control nematodes 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. ImmediatelY., after 
application the land was rolled or soaked with water to a d.epth 
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° F., but the treatment was not 
completely effective at 40°. Higher dosages were not tested at 
the lower temperature. (Fleming et aI. 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 soil 
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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-Dichlorobenzene 
Chisholm (unpublished) prepaxed a miscible formulation of 0­

dichlorobenzene of the following cl)mposition : 

Percent 
by weight 

a-Dichlorobenzene 2.5 
~:ween 20 (a polyoxyalkylene derivative of sorbitan monolaurate) 2.5 
lsopropyl alcohol (99 percent) .. ~ ~ 95.0 

It was a clear liquid that emulsified readily when mixed with 
'.vatel". Each 100 m!. contained 2 grams of o-dichlorobenzene. 

The formulation was diluted with water and injected into the 
soil of potted Pelargonill:rn sp. at rates up to 3.2 grams of 0­

dichiorobenzene per cubic foot of soi1. The treated plants were 
held in the greenhouse where the temperature varied between 
60° and 65° F. Three weeks after heatment the 3.2-gram dosage 
had killed (ill percent of the third-instal' grubs and had injured 
77 percent of the plants. (Fleming et al. unnublished) 

p-Dichlorobenzene 

Fleming et al. (unrublished) dissolved p-dichlorobenzene in 
isopropyl alcohol and injected the solution into the soil of potted 
Pelargonh.l'ln sp. The maximum dosage tested was 2.6 grams of 
p-dichlorobenzene per cubic foot of soil. Three weeks after treat­
ment 39 percent of the third-instal' grubs were dead and 12 
percent of the plants showed injury. 

Burgers et al. (unpublished) injected 7)-dichlorobenzene dis­
solved in acetone and in a 3:1 mixture of ethylene dichloride and 
carbon tetrachloride into the soil of balled and burlapped Rhodo­
dendron sp., injecting 256 m!. of the solutions per cubic foot of 
soil. A dosage of 64 grams of p-dichIorobenzene dissolved in 
acetone killed 78 percent of the third-instal' grubs within 3 weeks, 
whereas this do::;age dissolved in the ethylene dichloride-carbon 
tetrachloride mixture killed an 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 ethel' in isopropyl alcohol 

and injected the solution into the soil of potted Pelargoniwm sp. 
Three weeks after the treatment, 1.6 grams of dichloroethyl ether 
per cubic foot of soil had killed 20 percent of the third-instar 
grubs am! had injured 3 pel·cent of the plants. 

Dorlone 
Dorlone, containing 75.2 percent of mixed dichloropropenes 

and 18.7 percent of ethylene dibromide, was recommended by 
the manufacturer at the rates of G to 12 gallons per acre as a 
preplanting treatment at temperatures above 50" F. to control 
nematodes in the soil. It was applied in streams 10 to 12 inches 
apart and (i 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 all third­
instal" grubs within 1 week at 40' F., but G 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 gallOl~ls 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 wl'eks after application of the fumigant. It could 
be i1. a certified status until exposed to reinfestation by the adult 
beetle. 

Epichlorohydrin 
Fleming et al. dissolved epichlorohydrin (1-chloro..:2,3-epoxy­

propane) in isopropyl alcohol .and injected the solution into the 
soil of potted Pc[a rgon'l1lm 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 
Formulat-ions.-Chisholm et al. (J 951,) prepared a clear solu­

tion of ethylene dibromide that was miscible with water in most 
proportions. The composition of this formulation was as follows: 

Percent 
by 1veight 

EthylenE' dibromide 2.5 
Tween 20 (apolyoxyalkylene derivative of sorbitan monolaurate) 2.5 
Isopropyl alcohol (99 percent) 95.0 
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Circumstance~ 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) : 

Percent 
by 1veightDowfume W-85 

3.1
Tween 20 

- - - - - •• 2.9Isopropyl alcohol - _- - _. - . 94.0 

Both of these formulations contained 2 grams of ethylene dibro­
mide in 100 m!. and were equally effective against the grubs. 

In;jectcyr.-Fleming et al. (1958) used a hypodermic syringe 
equipped with a 31/i-inch needle in the early tests. It had to be 
o.pe,rated manually each time the liquid was discharged into the 
son and the open end of the needle often became clogged. Fest 
(1954) modified a commercial calking gun to serve as an in­
jector. This injector was invaluable in the exploTatory work, but 
it was rather large and cumbersome for injecting small dosages 
and there was no visual check on the volume of liquid ejected. 

In 1954, a veterinary hypodermic syringe was found to be more 
suitable. It had a capacity of 2 m!. and was graduated in units of 
0.1 mI. Since it 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 down­
stroke of the plunger, and the syringe was refilled automaticaJJy 
as the plunger returned to its resting position. The stainless steel 
needles, 3~.~ and () inches long, were modified by sealing the end 
with solder and bodng two holes in the side just above this plug 
'with a No. 60 drill. This modification prevented soil from being 
pushed into the needle when it was inserted into the ground. 

Factors Modify·ing Effectiveness.-Fleming et al. (1.958) deter­
mined the effect of dosage, temperature, moisture, Roil type, and 
other factors on the effectiveness of miscible ethylene dibl'Omide 
in killing third-instal' grubs in soil. 

In the study of dosage, misc,ible ethylene dibromide was in­
jected to a depth of 3 inches into moist sandy loam at 10, 20, 40, 
and 80 rol. per square foot of soil surface. Each dosage was 
distributed among iive injections per square foot. This intro­
duced 0.2, 004, 0.8, and 1.6 grams of ethylene dibromide per square 
foot. When the grubs wel'e 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 soil within 21 days and the 0.8 and 1.6 grams within 
14 days. The 0.4 gram of injected ethylene dibromid-c per square 
foot .!l.ppeared to be about the minimum needed to kill grubs 
within the upper (j inches of soil "within a reasonab1e 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 OA-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 to unheated soil for observation. When the 
ROn was lightly compacted, an exposure of 3 days was sufficient 
to kill aU grubs within 5 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 aU points within the upper 6 inches have an ade­
quate amount of fumigant, the injections should be not more than 
7 inches apart. 

Tn study the downward diffusion, ethylene dibromide was in­
jected to a depth of 3 inches at 0.4 gram pel' square foot into wet 
Roils, including it muck, a sandy loam, a loam, two clay loams, 
and a silt loam, at 40" F. Five injections of miscible ethylene 
dibromide were made per square foot. When the muck was 
lightly comJ)acted, all grubs to a depth of 8 inches were dead 
within 11 days, but when the muck was moderately compacted, 
21 days were required before all grubs to a depth of 6 inches 
succumbed and 42 days for those 6-8 inches deep. The type of 
loam seemed to have little efIect on the speed of insecticide 
action. 'When these soils were lightly compacted, all grubs to a 
rlepth of 8 inches were dead within 14 days; when very compact, 
the grub:) in the upper () inches died within 21 days, and most 
of those in the G- 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 com]lact sandy loam at 0.4 gram per square foot. Seven days 
later when the grubs ,,,ere transferred to untreated soil, 19 l)er­
cent -of i hose in soU at 35 0 F. were dead, 44 percent at 45 0, 

39 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 into the soil 
about the b~lse of plants growing in the nursery row. The diameter 
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of the area treated was 6 inches larger than that of the soil ball 
to be dug. Four injections evenly distributed were required fvr a 
circular area 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 '~o 2.5 
inches. The tl'eatment killed alJ 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 considered 
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 NU'I"sel'Y 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, mi':lcible ethylene dibromide 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 soil, 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 3 inches into the upper surface of soil balls less than 10 
inches in horizontal diameter and not more than 8 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 horizontal diameter and 8-12 inches deep. The 
injections ranged from two into the top of soil balls 6 inches in 
horizontal diameter and 6 inches deep to 16 into the top and 
16 into the bottom of soil balls 24 inches in horizontal 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 
information on its effectiveness under different conditions. The 
insecticide action progressed at about the same loate 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 0 All the grubs most probably would have died 
sooner jf they had been left in the treated soil. (Fleming et aI. 
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 heated 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
hIres to 92 percent at the high temperatures. The mortality was 
100 percent in 3 weeks at 70°-79° and 99 percent or more at the 
lower temperatures. One week after treatment the mortality 
ranged from 67 percent in soils less than 20 percent saturated 
by water to 40 percent in soils 80-100 percent sat.urated, 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 soils high in organic 
matter, but in 6 weeks the mortality was 99 percent or more in all 
the soils. 

:Many species of balled and burlapl)ed plants were treated at 
commercial nurseries during the spdng 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): 

Abelin grandifiora. Chionanth1ts retu8uS 
Abies cOlLcolor Chionanthus virginicus 
Abies homolepis Ch11/santhe7nU'ln sp. 
Acer ja.ponic!t1n Cladmstis lutea 
AceI' platanoides Clethra sp. 
Acerrub'rmn C01"1l.1tS alba 
Aesculus part1ifiora C01"1IU8 alternifolia 
Albinia ju.lib·rissin Cornus fiorida 
Berberis julianae C01"1W8 k01tSa 
B <'lul!! iutea Coti1l1ts coggygria 
Betul·', papyri/em Cotoneaster divaricata. 
Betula. populifolia. Cotoneaster l1wida 
Bu:nw sempe'rt1irens Cm~aegus crus-galli 
Carpinus betu/us C7·ata.egus intricata 
Ca1'pill'US caroliniantl Ora.taegus ?nollis 
Custanea sp. C7'ataegus oxyacmttha 
Cednls deodarn C?·at.aegus phaenopyrum. 
Cedrus libanensis Crataegus punctata 
Cercidiphyllum japonicu1n Cryptome1'ia japonica 
Cercis canadensis Daphne cneo;um 
Chac110meles j(1ponica Deutzia sea bra 
('ha'lll 'J eCl/paris nooi kate1k~is Elaeagnus angustifolia 
ChalWH'C)!pal-is obtusa EnkiantJzu8 sp. 
ChamaCC1Jparis pisi/e1'a E1tollllmUs alatus 
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EU01lymu8 cwropacus 
Euonymu8 kiautscho'uiC1ts 
Fagus grandi/olia 
Fagus sylvatica 
ForsytMa'intennedia 
P'ranklinia alatamaha. 
Fraxinus pennsylvanica 
Ga'illardia wristata 
Ginkgo biloba 
Gleditsia t1'iacanthos 
Halesia ca?'oUna 
HamtclmeLis japonica 
Hibisr;us sY'ricUJlt8 
Hydra1igea mctcrophylla 
flex c'renata 
liex opaca 
!lex rotunda. 
Juniperus chinens·is 
Junipe'r1ls communis 
Junipe'rus excelsa 
Jttnipll'rlts hOl'i;:ontalis 
Juniperzls procU'mbens 
Juniperus sa.bina 
Jlmiperzts'virginiana 

Kalmia lati/olia 

LablwlLU'In alpintt?IL 


. Labwrntt'rtt tvatereri 
La·rix leptolepill 
Ledum sp. 
Lettcothoe catesbaei 
Ligttstrwm. lur;idu?n 
Lindera. benzoin 
Liquida?nbal' formosana. 
Liquiclambar styra.r;ifiua 
Li'riotiend'ron tulip/era. 
Lonic:?r(,'(. bella 
Lonic('ra f mgrantissi?n(~ 

Llonicrra tata?'ica 
Magnolia demtdata 
lI1agn'Jlia, kobu.~ 
Ma.gnolia lilifiora 
Magnolia salir;ifolia. 
Magnolia sieboldi 
Magn?lia soulangeana 
iJ1a.gnolia stellata 
Ma.gnolia tripe tala 
Magnolia virginiana 
Mahonia aqui/oLiu?n 
IIfalus atrosa1lg1t'inea 
Malus baccata 
Atalus halliana 

Malus hltpehensis 
Malus'ioensis 
Malus purpurea 
Malus robusta 
Malus 8ieboldii 
Myrica cerifera 
Nandina domest'ica 
Nyssa. sylvatica. 
Osmanthus sp. 
Oxydendorum arboreu?n 
Philadelphus grandifiorus 
Philadelphus 7!irginalis 
Phlox sp. 
Pice a abies 
Picea engelmanni-i 
Picea omorika 
Picea pttngens 
Pie?'is japonica 
Pinus bUngeana 
Pinus cembra 
Pimts densifiora 
Pinus 1/tugo 
Pinus nig?'a 
Pinus parvifio?'a 
Pinus strobus 
Pinus sylvestris 
Popuhts sp. 
Prunus americana 
Prmms kansuensis 
Prunus persica 
Przmus sargentii 
Prunus subhirtella 
Prunu8 yedoensis 
Psendotsuga taxi/olia. 
Pte1'ostyrax sp. 
PY?'acantha coccinea 
Quercus borealis 
Quercus /alcata 
Qltercus palustris 
Quercus phellos 
QuercllS robur 
Rhododendron calendulaceu?n 
Rhododendron carolinianum 
Rhododendron catawbiense 
Rhododendron indicmn 
Rhododend1'on maxi1nu?n 
Rhododendron molle 
Rhododendron 1nucronulatum 
Rhododendron nudifio?'U?n 
Rhododendron obtusum 
Rhododendron roseu?n 
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Rhododendron Bchlippenbachi Thuja occidentalis 
Rhododendron vaseY'i Thuja orientalis 
Rhododendron viscosum Th1Lja plicata 
Rhododendron yedoense Tilia tomentosa 
Rhodotypos scandens Tsuga canadensis 
Salix babylonica Ulmus pro cera 
Sophora japonica Vaccinium spp. 
So'rbus a:ucuparia Viburnum burk1Voodii 
Spiraea vanhoutte'i Viburnum ca1'lcsii 
Sty'rax obassia Viburntt1n de11tatmn 
Syringa vulgaris ViburmL1n /ragrans 
2'amarix odessana Viburnzt11~ lantanlL 
Taxodiwn distichutn Viburnum setigeru1lt 
Taxus baccata Vibw'nu1n sieboldii 
Taxus brevi/olia. Vibm'1~u1n t01nentosul1~ 

Tax'lls ca1LUdensis Vitex negundo 
Tax1(s cllspidata Weigcla /loribunda 
Taxus h'unnc1Velliana Welgela /lorida 
Tax'/(s media Welgela, japonica. 

The injection of ethylene dibromide at 0.8 gram per cubic foot 
of soil in balled and btu'lapped nursery 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 3 days after the 
treatment. Certification could continue until the plants were ex­
pc.~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
instal' 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 
267 mg. in large pots and tubs containing 18.9 liters (5 gallons) 
of soil. To facilitate the application, miscible ethylene dibromide 
was diluted with water so that the required amount of ethylene 
dibromide could be applied as follows: 

Diluted miscible 
Injections 
(number) 

1 

ethylene dibr01ltide 
(tnl.) 

1 

Volume 0/ soil 
(liter) 1 

Up to 650 mI. 
2 1 650 mI.-l.3 
4 1 1.3-2.7 
4 2 2.7-8.3 
6 2 8.3-14 
8 2 14-18.9 

t 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, unpublished) 

The injection of 0.4 gram into the soil of potted plants did not 
injure Agerat1L?n hou.stoniamt?n, Begonia ?'ex-cultorlt1n, Ga1'denia 
jas?ntnoides, H1ld'l'angea 7nac1'ophylla, lle:c opaca, Pela7'goniwn 
hO'l·tO'l'lt7n, Rhododendron obtusu?n, and Rosa sp., but it retarded 
or killed Daphne cneorzt?r/, and Viola cornuta. Some horticultural 
varieties of Pela1'gonimn tolerated the treatment, whereas others 
were seriollsly retarded or killed. (Fleming et aI. 1958, un­
published) 

The injection of ethylene dibromide at 0.4 gram per cubic foot 
of soil was authorized in 1055 as a basis for certifying 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 Ul~· il the plants were exposed to reinfestation by 
the adult ueetle. 

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 killed all third-instal' grubs within 3 weeks in the soil 
of potted Pelargolliu1n sp. and injured 43 percent of the plants 
(Fleming et aI. nnpublished). 

Ethylene Dibromide-Glycidyl Phenyl Ether 

A 1:1 mixture of ethylene dibromide and glycidyl phenyl 
ether (1,2-epoA'}'-3-phenoxypropane) dissolved in isopropyl alco­
hol and injected at 0.4 gram per cubic foot of soil killed 26 
percent of the grubs within 3 weeks in the soil of potted Pel­
al'gonimn sp. and injured 43 percent of the plants (Fleming et aI. 
unpublished). 

Ethylt'm.' Dichloride 

Ethylene dichloride dissolved in isopropyl alcohol 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-instm' grubs \"ithin 3 weeks in the soil of potted plant$, 
and 6.4 grams killed them within 2 weeks. The dosage had to 
be increased to 8 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 LiglLst'rum ovalifolimn. (Fleming et al. unpublished) 

Ethylene Oxide 
Ethylene oxide dissolved in isopropyl alcohol and injected into 

the soil of potted Pela'rgon:iu/rn 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 Trithiocarhonate 
Chisholm (unpublished) prepared a miscible formulation con­

taining 4 grams of cyclic ethylene trithiocarbonate (C.,HSCS3 ), 

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 trithiocarbonate was increased. 

The injection of cyclic ethylene trithiocarbonate at O.S gram 
per cubic foot into the soil of balled and burlapped Ligu,strum 
o'Valifobi1w~ killed only 17 pt:rcent of the third-instar grubs within 
3 weeks. The treatment did not injure the plants. (Fleming et 
al. unpublished) 

Glycidyl Phenyl Ether 
Glycidyl phenyl :ether (1,2-epoxy-3-phenoxypropane) dis­

solved in isopropyl alcohol and injected into the soil of potted 
Pelwrgoniu:m, sp. at 1.6 grams per cubic foot killed 35 percent of 
the third-instar grubs within 3 weeks and injured 7 percent of 
the plants (Fleming et al. unpublished). 

Hexachlorocyclopenll',diene 
He..'Cachlorocyclopentadiene (Cr.H2CIs) dissolved in isopropyl al­

cohol and injected into the soil of potted Pelargoni1tm sp. at 3.2 
grams per cubic foot killed all the third-instal" grubs within 3 
weeks. A dosage of O.S gram was very injurious to the plants. 
(Fleming et a1. unpublished) 

Isohenzan 
Isobenzan, a mixture of dichloropropenes, was recommended 

by the manufacturer at 20 gallons per acre at 40° to SOO 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 S 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 aCl'e was not completely effective in killing the grubs at 40° 
(Fleming et a1. unpublished). 

The injection of isobenzan at 20 gallons 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 e.'Cposed to reinfestation by 
the adult beetle. 

Lindane 

A miscible formulation of lindane injected into the soil of 
balled and bm'lapped L-I:gust'rlttn ovalifolimn at 0.32 gram per 
cubic 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 m!. of methyl bromide to 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 I-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 hOllJ'S after apPlying the methyl bromide. l\1iddleton and 
Cronin (1952) reported that during 1946-50 methyl bromide had 
been used to fumigate 383 cubic yards of potting soil in com­
mercial nurseries. 

Unplanted Plots.-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 Jess 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 thefumi­
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 19'16. 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 thi.s 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 l'ecommended ap­
plying 4.5 gallons per acre of a formulation containing 83 percent 
of methyl bromide in this manner as a p:replanting treatment to 
control nematodes, 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 a1. (unpublished) 
found that this treatment was effective in killing all third-instal' 
grubs within 1 week at 70° F., but it was llOt completely effective 
within 2 weeks at 40°. 

The application of 11.5 gallons of the 83-percent formulation 
per acre in this manner at not less than 70° F. was authorized in 
1958 as a preplallting 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. e.xposed to reinfestation by 
the adult beetle. 

Nemagon 
Nemagon contains 97 percent by weight of l,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.G gallons per 
acre, followed by an application of water to seal the fumigant 
in the soil, had 1ittle effect on third-instal' grubs in the soil 
(Fleming et aI. unpublished). 

Potted Plallts.-Chisholm (unpublished) prepared several 
miscible formulations containing Nemagon, Tween 20, and iso­
propyl alcohol. The most concentrated of these formulations con­
tained 32 grams of Nemagon and 32 grams of Tween 20 in 100 
m1. All of them were diluted readily with water. 

The injection of Nemagon at 3.2 grams per cubic foot into the 
soil of potted Li[FlUltrzwz ovalijoli-wrn at 60° F. did not kill all the 
third-instal' grubs within 3 weeks. The 6.4-gram dosage killed all 
of them within 1 week. These treatments were not injurious to 
the plants. The tests were not continued because of the high 
dosage Qf Nemagon required to kill the grubs. (Fleming et aI. 
unpublished) 

Balled Nwrse'ry Stock.-The injection of the miscible formula­
tion at 12.8 grams of Nemagon per cubic foot into the soil of 
balled and btll'lapped LigHstnl?n ovaUfoli7lmt was not always ef­
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fective in killing all third-instal' grubs within 5 weeks at 60 0 F. 
(Fleming et al. unpublished). 

Nicotine 
Burgess et al. (unpublished) injected nicotine in an acetone 

solution at 85 rol. per cubic foot into the soil of potted Ga'rdenia 
jasm;inoides and Piper sp. at 57" F. The nicotine killed 44 percent 
of the third-instal' grubs within 3 weeks, and it did not injure 
the plants. 

Vapam 
Vapam (sodium N-methyldithiocarbamate) injected into the 

soil of potted Ligustrzl1n oval/lotium at 0.4 gram per cubic foot 
at 60° F. killed all third-instal' gl'ubs within 3 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 soil of balled and btu'lapped 
Digustrl.lm ovalifolium killed the grubs and the plants (Fleming 
et al. unpublished). 

Insecticides of Plant Origin 
lhixed Witll Soil 

Derris is the gl'otmd root of Derris ellipUca, hellebore the 
ground root of TTemtl'LL'm album or V. vi1'ide, pyrethrum the 
grounll dried flowers of GJl1'ysanthem'wn cine7·wriaefoliu.m, and 
mowrah meal the ground press cake left after removal of oil 
from the seeds of MadJmca indica. Rotenone and deguelin are 
the toxic constituents in derris, helleborine in hellebore, pyrethrin 
I, pyrethrin II, cinerin J, and cinerin II in pyrethrum, and 
mowrine in mowrah mea1. All these insecticides have a very low 
mammalian toxicity. 

Derris was a good contact insecticide and repellent for the 
adult beetle (Fleming and Baker 1986b; Fleming and Metzger 
I936a, 1936b; Osburn 1934b). Sprays containing pyrethrum 
were ,'ery effective in killing beetles, but the residue afforded no 
protection to plants (Fleming 1983; Van Leeuwen and Vander 
Meulen 1926, 1927, 1928). Mowrah meal was effective in con­
trolling earthworms in soil (Carlos 1926). 

"Vhen derris, hellebore, pyrethrum, and mowrah meal were 
mixed wjth soil, they had little effect on third-instal' grubs. The 

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

Fertilizers and Soil Conditioners 
~lixed With Soil 

The density of the grub population was modified b~T the pH 
of the soil. III State-wide SU1'veys in Ohio the most dense popula­
tions of grubs were found in soils with a pH below 4.9 and the 
lowest populations in soils with a pH above 6.5. The !!,rubs 
increased in numbers more rapidly in the mOl'e acid soils, and 
high grub populations persisted year after year in these soils as 
long as fuvot'able weathel'prenliled during the egg and young 
grub stages. (Polivka lU60a) 

'Vessel ancl Polivka (HJ52) adjusted the pH of the soil in plots 
from 3.9 to 6.S by applying sulfur and pulverized limestone. 
The eggs anc! first-instal' grubs per square foot ranged in 1949 
from 39 with a pH of 3.9 to IS with a pH of 6.S and in 1950 
from 11 to 3, respectively, indicating that the female beetle 
favored the more acid soils for oviposition. 

vVhell lime was applied to an acid soil, 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 .1 960b). The application of lime to an acid soil 
reduced the emergence of beetles about 75 percent (Metzger 
1.988). 

Ammonium sulfate, acid phosphate, ferrous snlfate, limonite, 
and greensand marl at up to 8,000 pounds pel' acre had no effect 
on the grubs (Fleming 1942; Fleming and Burgess 'unpublished). 

Calcium cyanamid at more than 1,000 pounds per acre was 
toxic to third-instal' grubs. The populatio~l was reduced 4, 20, 
52, and SO percent, respecth'ely, by 1,000, 2,000, 4,000, and S,OOO 
pounds (Fleming 19M2). 

Naphthalene Mixed With Soil 

Naphthalene mixed with soil was more toxic to grubs than 
I-naphthol, 2-naphthol, I-naphthylamine, 1-nitl'onaphthalene, 
dibl'omonaphthalene, 01' nitronaphthylamine (Fleming 1.928b). 

Toxicity to Immature Stages 

vVhen third-instal' grubs wel'e removed from soil and exposed 
for 24 hours at SO" 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-dichlorobenzene (Flem­
ing 1925a). 

Potting Soil 
Naphthalene diffused to a limited extent in soil because of its 

low vapor pressure. The crystals had to be mixed with soil to 
kill all eggs, grubs, and pupae. When soils were screened to l'e­
move lumps, stones, and debris, and crystals were inti.mately 
mixed with the soils, 0.6 pound of naphthalene per cubic yard 
killed all thi.rd-instar grubs in a sandy loam and in a clay loam 
within 10 days at 50<' F. The dosage had to be increased to 1.7 
pounds per cubic yard to kill them in a 1:1 mixture of clay loam 
and peat. HO'wever, when the soils were not screened and lumps 
large enough to conceal a gru b were present, the dosage had to 
be increased to 5 pounds per cubic yard to kin all the grubs in 
the different soils within 1 week at 50". A 10-pound treatment 
was not completely effective when the soils were wet. (Fleming 
and Baker 1930, 1984) 

Fleming and Baker (193.4) found that naphthalene disap­
peared rapidly from potting soil. Only a few of the grubs in­
troduced into soil 10 days after the 5-pound treatment were 
killed. Ana1yses 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 ~l\'erage loss was 1.4, 4.8, 4.99, and 5.0 
pounds, respectively. vVhen the soils were re-treated, practically 
all the naphthalene disappeared within 3 days. The rapid de­
\'eloptnent of filamentous fungi in the re-treated soils was a clue 
that the Joss of naphthalene was due largely to decomposition 
by micro-organisms. Tattersfield (1928) and Thornton (1923) 
attributed the rapid loss of naphthalene in soil under favorable 
conditions to decomposition by bacteria. Gray and Thornton 
(1928) isolated many types of bacteria that decomposed 
naphthalene. This rapid loss of the chemical is of practical im­
portance in that it eliminates the Tesidue 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 marrophylla., 43 pel'cent of the plants were killed and 
the remai nder were retarded. The plants were not inj ured when 
the soil was held until no odor of the chemical could be detected. 
'fhe plant species grown successfully in the treated soil included­
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Anti-n'hinmn maj1(s 
A-"Ct1tCu1'ia excelsu 
Aspidest:rct elatior 
Cct/endu/u, officinalis 
CYc/(l'IIten sp. 
DcthUa. spp. 
D ra(:a.cnu /,mgrans 
Euphorbia pltlchl'l-rima 
Ficus elCLStiCCt 
Hecle1'!L helix 

Howea /osterianct 
Hydrangea. '1IIac'ropitylia 
rris spp. 

Panda,1Llts altst1'alis 
Phlox spp. 
Rhododenclronindicltllt 

Rhododend7'on obi,ltslon 
Rosa spp. 
Sa1!SeVie7'ia zeylanica 

The treatment of potting soil with naphthalene at 5 pounds 
pel' cubic yard was authorized in 1929 to kill grubs in the soiL 
The soil could be certified after holding for 7 d~\ys at not lower 
than 50" F. It could remain in a certified status until exposed 
to reinfestation by the adult beetle. The treatment waS used by 
only a few nurserymen. Middleton and Cronin (1952) reported 
that during 1929-50 naphthalene had been used to treat 557 
cubic yards of potting soil. 

Plots 
Fleming' and Bakel' (1934) applied 435 pounds of naphthalene 

per acre at weekly intervals during' July and August and mixed 
the crystals with the upper .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 square feet. 

Third-instal' grubs were eliminated in unplanted plots within 
1 week in the early fall by applying 2,000 pounds of naphthalene 
pel' acre and mixing the crystals by cultivation with the upper 
3 inches of soil. The mortality of the grubs with 1,000 pounds 
approached 1 00 percent. 

The application of 2,000 pounds of naphthalene pel' acre mixed 
with the upper 3 inches of soil was authorized in 1929 to destroy 
grubs in unplanted plots at llot lower than 50° F. The treatment 
could not be used when adult beetles were present. A plot could 
be in a certified status until exposed to reinfestation by the adult 
beetle. Middleton and Cronin (ltJ5Z) reported that dudng 1929­
50 the naphthalene treatment had been used on 500,576 square 
feet of unplanted plots in commercial nurseries. 
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p-DichlorobellZCllC :Mixed With Soil 

p-Dichlorobenzene (Cr,HICl~) is a white crystalline chemical 
at room temperatul'e. It melts at 53~ C. and boils at 173.4". The 
vapor pressure ranges from 0.08 mm. at 0" to 1.5 mm. at 
30". (Chisholm 1952; Roark and Nelson 19;29) 

Toxicity to Grubs 
Third-instal' grubs were removed from soil and exposed in a 

saturated atmosphere of p-dichlOl'obenzene. All grubs were killed 
b:{ an exposure for 4 days <It 45~ F., 2 days at 70", and 1 day at 
80. (F.leming 1lJ25a; Lipp unpublished) 

Polling; Soil 
Third-instal' grubs in a sandy loam, mixtures of sandy loam 

alldpeat, and peat were killed by mixing crystals of 'p-dichloro­
benzene with the soils. The grubs were kil1ec1 w.ithin 7 days with 
0.5 pound and within 3 days with :z or more pounds per cubic 
yard at 46 to 60' F. The 0.5-pound dosage was not completely 
(>fl'ecth'e in killing grubs introduced into the soils 1 week after 
the chemical "was applied. The 2-pounc1 dosage was effective for 
~ weeks in l)Nlt and in a 3:1 mixture of peat and sanely loam, 
for 3 weeks in 1 :1 and 1:3 mixtures of peat and sandy loam, and 
Jor 6 weeks in the sandy loam. A 5-j)ound dosage was effective 
for 7 weeks in peat and the saudy loam-peat mixtures and for 
11 weeks in the sandy loam. (Lipp unpublished) 

Azaleas and Hydrangea. nta('}'ophylla potted in soil to which 
2 pounds of II-dichlorobenzene had been applied were seriously 
injured 01' killed. Subjecting the roots of the plants to a saturated 
atmosphere of p-dichlol'obenzene for 2 or more weeks was more 
th~tn the roots could endure. (Lipp unpublished) 

Plung;ing son 
Lip}) (unpublished) found that third-instal' grubs in balled and 

potted plants were killed by plunging the soil masses into soil 
tre~\ted with }I-dichlorobenzene so that there was about 1 inch of 
treated soil linder, around, and over each mass of soil. With an 
('xpOSl1l'e of 5 clays at 50" to 65" 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 increased to 20 pounds for masses of soil 6 to 8 inches in 
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diameter, All grubs wel'e not dead at the end of the 5-day 
exposure, but those surviving were moribund and died within 
the following ~ week~, These results were confirmed by Burgess 
et 1.11. (unpublished) several years later, 

Analyses of the soil treated with the 10-pound dosage showed 
that on an twel'age 2.5 pounds of I)-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 
:rOl' a large lllll'ser), to have the l)\llnging soil analyzed and then 
add sufficient p-dichlorobenzene to restore the original con­
eentratioll rather than cliseHrc1ing the soil after using it once, 
(Burgess et aL unpublished) 

The l'eaeUoll of plants to having their soil balls plunged into 
1)-diehlorobenzeJle-tre(lt~d soil f01' 5 days was modified by the 
specie~ and the condition of the plants, Plants growing vigor­
ously were mOt'e likely to be injured than dormant or semi­
dormant plants, Slleeies with an asterisk (*) in the following 
list were severely inj ured or killed by the treatment, 

,"11/1'/1/(111(' japolli(:Ct 	 '"HlIdrallgC(1 7IlacI'opitylla 
Aquiiegin dt'rllscmtita 	 lbel'is (lman(. 
.lrtl'lI/isi!! cin!('lw(,ltius '" Ill',,' opaCCL 

A $leI' ail)i/Ills 	 "'LillloniulIl lati/olium 

tlstilb(' Rp. 	 Magllolia soulallgeana 

('(OIl)UIIIIlLa mcdiloll 	 Mllosotis aLpest'ris 
Pa('hysandl'cL terminalis('('1'IIsliulII bicbl.'l'I;lteinii 


"'PnJ!(!1'l'r nudiccmle
C!'rCltostiglll(( piumbaginoides 

'"Papa'l}e'r orientale
('In'lIsIOIthcl/lIl111 Sp. 
Phlo,l'SP,

Cor('}wrlls /'upsula1'is 
Rhododendron indicmn 

Ddphini1l11l gl'cmdiflorll'lll 
R II ododelldl'on 0 btUSU1/I

Dimlflnts ('arllophllUus Salli.oiillet ('it(l1/laec]I1Ja7'isSllS
DigilnUs lJlO'[lLf/'('CL S('dum acre 

r~'ltpntorimll ('ociestinull! 
 Stok('siu [(Levis 


*F1'Itgaria. sp, 
 Thl1l1ms S('1'pyillUll 

F'r(lIIklin ia alatcl11wha l'rr('ciniwlIl sp, 

l:/eli((lIthcmlllll glaltczun 1'iolrr sp, 


The treatment was authorized hl 1935 as a basis for certifica­
tion. It was popular with many of the growers, Middleton and 
Cronin (UJ52) 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 Soil 


According to Browne (1928), Chinese farmel's for many years 
applied crude arsenic to soil to destroy earthworms. Hawe (1899) 
used arsenious oxide to conh'ol wireworms in soil. Jarvis (1916) 
used arsenious oxide to conh'ol grubs attacking the roots of 
sugarcane. There is no record of inorganic residual insecticides 
being used in the United states to conh'ol soH insects until 
Leach (1926) demonstrated that certain inorganic arsenates 
mixed with soil killed Popillia grubs. 

The grubs were killed when they ingested a residual 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 ~llimentary tract, became flabby, andeventually 
died. The .action of a residual stomach poison in the soil is com­
plex. It is affected by the development, activity, and suscepti­
biUty of the grubs, the nature and the concentration of the 
poison, the physical and chemical charr..cteristics of the soil, and 
the temperature. (Fleming 1942) 

In contrast to fumigants that persist for only a short time in 
the soil, a residual insectic.ide may be effective for several years 
in kming successive generations of grubs that hatch in the soil. 
This type of treatment made it possible for large wholesale 
nurseries to treat plots of nursery stock en masse, instead of 
individual plants, and to dig and prepare the plants for ship­
ment in the usual manner. As. developed later, however, a per­
sistent insecticide in soH 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 I) 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 United States to control grubs in the soiL 

To:l'icity to Grnbs.-In a preliminary experiment in 1922 Leach 
(1926) determined that the velocity of poisoning third-hlstar 
grubs at 60' F. increased with the increment in the quantity of 
lead arsenate in the soil as follows: 
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Period for 
Lead arsenate per 100-percent 

(UTe (pounds) mortality (days) 
500 40 

1,000 18 
1,500 10 
2,000 7 
3,000 5 

This quick insecticide action, however, was not confirmed by 
subsequent expel·iments. 

Fleming and Maines (19440., unpublished) found a joint func­
tional relationship between the mortality of the grubs and their 
development, the quantHy 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 4Ui grams pel' 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
kant]y by increasing the quantity of lead arsenate from 1,000 
pounds to 1,500 or 2,000 pounds pel' 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
instal' as with third-hlstal' grubs. The rate of poisoning of both 
insta."s at 50" F. was about one-half that at 60° and about one­
fOl\l'th that at 80 c , The long period required for lOO-percent 
mortality of third-instal' grubs below 70° would indicate that 
lead arsenate would be only partially effective against third 

TABLE 14.-E:fJect of tempemtw'e, stage of development of Japar 
?lese beetle grubs, and dosage on insecticide action of lead 
a.rs£'Jlate ,in Sasso.f)~as sandy loam 

Period for 100-percent mortality vf grubs with 
indicated pounds per acre

Tempel'ature 
(0 F,) First instal'S Third in.,tars 

-­ 250 500 1,000 500 750 1,000 
-~~ ~~-- -~ 

50 
Days Days 

60 
Days 
33 

Days Days Days 
160 

60 45 30 17 160 136 80 
70 30 20 11 106 91 53 
80 23 15 8 80 68 40 
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instal's in the field. The 1,000 pounds applied in the field on 
October 1 killed 98 percent of the third-instal' 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 eggs hatched killed all the grubs 
by September; 250 pounds killed 95 percent of them. 

'When 500 pounds of lead arsenate 'sere in the soil before the 
e,o;gs hatched, first-instal' grubs died before molting. The average 
duration of the first-instal' stage is longer than the period re­
quired to kin the grubs. It was 160, 101, 30, and 17 days, 
]'espectively, at 59°, 64", 68°, and 77" F. (Ludwig 1928b, 1982). 
A temperature of 50° is below the threshold for the development 
of eggs anel grubs (Ludwig ltJf28a; Payne 1928). Grubs were 
practically inactive below this temperature (Fox 1985; Hawley 
1944; Ludwig 1.928b). 

Some third-instal' grubs ceased feeding and transformed to 
the pl'epllpal stage before ingesting a lethal dosage when less 
than 1,000 pounds of lead arsenate pel' acre was in the soil 
(Fleming' and Maines 1944a, unpublished). The transformation 
to the pl'epupal stage began in 50 days at 80° F., in 67 days at 
70°, and in 100 days at 60". 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. 

Insectiride Action, in Different Soils.-Al'able soil is a complex 
mixture of rock debris and plant and Hnimall'esidues. It is formed 
in situ from underlying rock 01' is transported by water, ice, 01' 

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 te}.:tuJ'e 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, Sassafras sandy loam, and Sassafras loam. 

The toxicity of lead arsenate to third-instal' grubs differed 
greatly in 39 types of soil in Illinois, Missouri, New Jersey, 
North Carolina, Pennsylvania, South Carolina, and Virginia. 
Fleming et aI. (1986, unpublished) determined the quantity of 
lead arsenate pel' acre required ill 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 50-percent loss of toxicity in each soil. These results 
are summarized in table 15. 



TABLE 15.-Toxicity of lead a1'sell~cte to thi1'd-insiu1' Japane8e beetle grubs in diffe1'ent types of soil 

Lead 
arsenate 
per acre 

equivalent 
in toxicity 

to 
:standard 1 

Pounds 
1,100 
1,100 
1,100 
1,200 
1,250 
1,300 
1,300 
1,350 
1,400 
1,400 
1,450 
1,500 
1,500 
1,550 
1,650 
1,650 
1,700 
2,000+ 
2,000+ 

Pounds 
Durham sandy loam 450 
Appling sandy loam 550 
Marlboro sandy loam 550 
Lakewood sand 600 
Sassafras sand 600 
Cecil sandy loam 750 
Norfolk sandy loam 750 
Dunellen sandy loam 800 
Helena sandy loam 800 
Lakewood sandy loam 800 
Elkton clay loam 900 
Muscatine silt loam .. 950 
Collington sandy loam 1,000 
Dover loam __ _ 1,000 
Elkton silt loam .. 1,000 
Lansdale silt loam . ___ , 1,000 
Sassafras sandy loam _ _ _ _____ . . ___ _ 1,000 
Woodstown sandy loam 1,000 
Dutchess shale loam . _ . ____ .. ".. _._ 1,050 
Clyde loam ___ .. ,. _. ___________ . _ ...• 1,100 

Lead 
arsenate Period 
per acre for 

Soil type equivalent 50.percent , Soil type 
in toxicity toxicity 

to loss 
stanrlard 1 l 

-------------------------~-
Months 

12 Croton silt loam 
12 Ocklockonee sandy loam 
14 Washington loam 
35 Manor loam 
14 Hagerstown silt loam 

8 Bermudian silt loam 
22 Shrewsbury sandy loam 
20 Keyport loam 
20 Conestoga silt loam 
24 Wethersfield gravelly loam 
20 Berks shale loam 
12 Merrimac sandy loam 
20 Penn shale loam _,'. 
20 Chester gravelly loam 
20 Iredell loam _ 
24 Memphis silt loam 
20 Georgeville silt loam 
48 Colts Neck loam. _. 
24 Davidson clay loam _ 
23 

__ . __ .. __ 
, _. _.. _,_ 

Period 

for 


50-percent 

toxicity 


108s 

Months 
34 
27 
22 
48 
27 
20 
30 
30 
22 
30 
35 
24 
40 
48 

1 
27 
20 

? 
? 

"tI 
pj
':::1 
<: 
t9 
Z 
>-3 
H 

Z 
() 

'-< 
>­
'1:1 
;:..-
Z 
t=j 
en 
t=j 

OJ 
t::j 
t::j 
,...::;
if 
t::j 

tj 
H 
en 
'1:1 
t::j 
~ 
en ...... 
o 
Z 

f-' 

1 Standard = 1,000 pounds per acre of freshly applied lead arsenate in Sassafras sandy loam. CA:I 
-:) 
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Lead arsenate became insecticidally inactive more readily in 
the heavy soils with a high capacity fOl' converting the chemical 
to an lmavailable 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 pel' 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 
insecticide action with the 1,OOO-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 toxicity varied considerably. The average 
time was 18, 24, and 29 months, respectively, with 450-800, 
900-1,100, and 1,200-1,700 pounds pel' acre. 

It is not practical, however, to conduct bioassays 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 thousand 
])olmds applied before the eggs hatched killed all first-instal' 
grubs in all of these soils, except Colts Neck loam and Davidson 
clay loam. This dosage was effective for 1 to 4 years in eliminating 
first instal'S in most of the other soils. 

Pottillo Soil.-It was the practice in commercial nurseries to 
pot rooted 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 0 F. first-instal' 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\vas effective within 27 days and 1 pound within 36 
days. A 0.5-pound dosage was not completely effective in 45 
days. 

Mixing 2 pounds of lead arsenate with a cubic yard of soH 
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 0 F., the plants could 
be certified f,·,' shipment 4 weeks after the adult beetles had 
disappeared in the area. 



PREVEN'l'INC JAPANESE; BEETLE DISPERSION 139 

In cooperative studies with commercial nurseries and green­
houses, many plant species were potted with soil containing 
2 pounds of lead arsenate, 'I'he species with au asterisk (*) 
were retarded or killed by the arsenical. (Fleming 1987) 

HERBACEOUS PERENNIALS 

A (·hi/le({. jilipendulin(t 

A('hillecL milie/oli!LII! 

..lcienophol'CL jlolaninii 

,lethiolLemn cordijolimn 

AlyssulIL cLl'gentcuII! 

~llysslLm s(t:mtile 

A IIIsontn t(tbenwemonfa1!n 

A nthemis tinctoria 

A1'£(>/II isi(tl'ulgct1-is 

~lster ctipinull 


'"	ltster nmellus 
fIster subcoenclclts 

*Belli.~ J)(,I'Clillis 
*Boito1(ilL (/steroicil!s 

Boito1(ia intisq!talll(t 
*Campctnula laclition! 
*C'(l1I1]1(Lltui(L 11!adi!L/It 
CClltaul'c(I. d('((lbata 
Cent(tI(rea lI!ontmw 
Cel(trlL1!titus ruber 

"'('emsti!t))! tlll1tentoSU11t 
('lu'ysantitc III II In lczwcwthemu11l 

*('hrlf·~(Lnth(,IIUt1il uliginosu11! 
Corr01mis lallceo[atCl 
Dianthus barbatles 
D icmtfws rnrlfO ph1Jllus 
Dial/thus deltoides 
Digitalis ambigua 
Digitalis lnmJlwea 

"D }'((('o('('p/wlu1I! 1-nyschia1!!L11z 
'"El';gtrOlz s]>eciosus 
Eryngiu11l al1latlt1lstinW1I 
Erl/simltlll (lS]ICI1!11t 

Eupatorium 1'ZtgOSlt11! 

"EztpitOl'bia /lllleherrima 
Oaillarciia (tristata. 

*Oeum c'/dloense 
(iJllisophila ]1(tniClliat(t 
OY}lsopizila repcns 

..Iicieniuln hoopesi 
"}Jelicmt he IImm 1LlwLlI!ularium 

! beris (tIl!CO'(t 

..LctvewduilL officinalis 
Limtln 1)e re nne 

*Lobelia C((nlillalis 
*Lobelin siphiliticCL 
*Lyc/mis al71inn 

Llfdmis ('halcecionicct 
Lye/mis eoro1!CLricL 
Lyclmis jlosjovis 
Llfe/mis /wagectnn 
Lythl'nlll salicm'in 

*.lIyosotis scorpioicles 
OeilOther(L j1'uticosn 
Oenothe1"(t speciosa 

*Pct]Javer 1!udicaule 
"Penstelllon digitalis 
Penstemo1t hirslLtus 
Penstelllo1t ton'eyi 
Physalis alkekengi 

,.POlell101liwIl ]Jllichen'immn 
"PotentillCL macllctbict1UL 
Pnmell(L gmlldijlorcL 

..	Rosma1'iuus ojJicillalis 
R/ldbeckia s71ecios(l, 
SaJ!o1!ClriCL oCYlI!oicles 
SC(tbiosa jel1lOnic(L 
Sieia/cen 1/!(llvaejloreL 
Stachys gmndijlo1"a 
Sta.chys l(L1Ictln 

*.<:"tokesia /Clevis 
Tunica S(tXij1'agCL 

*Vc!lericma ojJicinCLlis 
VerbasclLm ol1llltpicwnt 
TJeronicn 1'epens 
Ve1'onicCL spicata. 

"TJiola eonmta 
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DECIDUOUS 

Aeel' palmatwIL 
Aetinidia a'rglLta 
rb'onia a'rbuti/olia 
Baceharis halimifolia. 
Bel"beris t1mnbe1'gii 
Be1'beris verrucltlosa 
Gallicarpa japonica 
Garyopkris incana 
Gle'llla,tis heracleae/olia 
Clematis pcmiculata 
C'ethm nllLi/olin 
ConmB alterni/olia 
COI'Il11B florida 
Gornus kOltsa 
Gotimts cougyuria 
EI((eagnlLs 'multiflora 
Elsholt:zia stcmntoni 
FaUlts Bylllcttica 
FOl"S'J/thia intennedia 
Forsythia S'/lspe'l!sa, 
H YP('riclt/lt /rondOSI!ln 
Hype l"i':UI/L mosel"iall/Lllt 
.Jctsmi1l.ltm nlldiflol"ltln 
Lespede:za tltlL1!beruii 
Ligus/rum IlLcidmn 
Liultstl"utn ovalifoliuln 
Lonicera japonica 
Lonice I"Ct maackii 
Maunolia. sieboldii 

PLANTS 

11'1agnolia soltlangeana 
111agnolia tripetala 
M a,gnolia vi'rginiana 
M ahoberbe1"is neuberti 
Nandina domestica 
Parthenocissus tricuspidata 
Philadelphus coronarius 
Philadelphus lemoinei 
Rhus aromatica 
Rosa wiclmraiana 
Sorba'ria aitchisoni 
Spiraea thullbergii 
Staphylea. colchica 
Stephanalldra illcisa 
Symploeos paniculata 
Syringa ehinellsis 
SYI"inga persiea 
SlI l"il!ga.1nt/garis 
1'ib,tr1ll0n aceri/olimIL 
1'iburnlt'ln cassinoides 
l'iburnwll dentat1t1IL 
l'ibltr1!l(?n lantana 
1'lbltrnmn pnmi/olimll 
l'ibzt7'nltln 7'hytidophyllzt?I~ 
l'iburnurIL tomentoszon 
l'irburnznIL b'ilobmn 
Weigela florida 
Weigela hortensis 

EVERGREENS 

;1 bies cOllcolal" 
[luxus st'mper!>irells 
ChcwlUe~yparis ob/usa 
Ghc~m(tfC'yparis pisi/era 
Cotonenstel' hOloizontalis 
Coto/Least('?· lIticrophylia 
Daphne cneornm 
Euonynt1ls alatl£s 
ElCollllmus i>zLllgeanus 
EllonYlII1tS fortzmei 
ElIol!ymus kiautsc/zoviC1(S 
H edera heli,r 
!lex crena,ta 
Il('x ulabra 
J Iluipen(s chinensis 
.Juniperus communis 
.Jluciperlls e.r:celsa 
.Jwtipel"lts snbina 
.Iunipelous sphaerica 

Leltcothoe catesbaei 
Pachysalldl'a terminalis 
Picea abies 
Picea ulauca 
Pie'ris jnponica, 
Pyracantlta coccinea 
Rhododend1'on 1nlLcronatu1lt 
Rhododendron obt1CslL11~ 
Rhododendron lIedoense 
TaxJ(s baccata 
Ta:tlLs brevi/olia, 
Ta:tus canadensis 
TaXllS cllspidata 
TCl:tJ(S media 
Thujp, nccidentalis 
Thuja orientaUs 
Thuja plicata 
Tsltga canadensis 
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U,tlplantecl Plots.-Plants potted in soil 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 introduced 
beetles periodically into the cage. On September 1 no grubs were 
found in the treated plot, but 475 were found in the untreated 
plot. 

Reference was made by Howard (1923), Leach (1926), and 
Leaeh et al. (192.4) to lead arsenate being applied at 1,500 
pounds per aCre to the soil of coldframes and heeling-in plots 
in commel'cial nurseries during 1923, but information on these 
experiments is not now available. Howard (1924) 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 eoldframes and heeling-in plots, but there was no 
provision for analyzing the soil in subsequent years to determine 
whether there was sufficient residue to destroy grubs hatching 
in the soil during the snmmer. 

It was the practice to apply 1,500 pounds of lead arsenate per 
acre annually to the soil of coldframes and heeling-in plots 
llntil 1928 when, apparently at the discretion of the quarantine 
official, the quantity could be reduced to 1,000 pounds per acre 
Hnnually for 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 receh'ec1 5,000 or more pounds of the chemi­
cal per aCl'e during a 4-year period. The situation was not only 
chaotiC' but wasteful of the chemical and a definite hazard to the 
nursery stock. (Hadley unpublished) 

In ::'930 the soil in the treated coldframes and heeling-in plots 
was analyzed, using a procedure developed by Koblitsky (1989). 
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 beetle so that 1,500 pounds per 
acre \vere 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. 

Pla1Lted 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 sur\'ey 
in September demonstrate that no living grubs were in the soil. 
The plants then could be certified for shipment during the fall 
and the following 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 soil. 

The decision to axtend the 1,500-pound treatment to include 
plots of established nursery stock was apparently based on 
the l'iufveys 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 sun'eys of treated plots were 
eliminated, and the nursery stock could be certified for shipment 
on 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 pre\'iously b'eated plots. In 1942 these dosages were reduced 
to 1,000 and 900 pounds, respectively. These changes did not 
modify the effectiveness of the 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 
aste.risk (*) were retarded or were killed by the arsenical. 
(Fleming 1937) 

HERBACEOUS PERENNIALS 

Ac(wthus molli.s 
*Ilchillea ptarmica 

AlysSIUlI. nrgentemn 
*}llysslt1n saxatile 

.4;i/lua reptans A.II!sonia taberllaemontana 
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..	.fiquilegia ch-rysantha 
A,rabis (£lpina 

>I<A renctria montana 
A1'IItMia paelldoarmeria 
Aster alpimLI! 
Aster 7!O,vae-angliew 
,<ister slLbcoerulelts 

*Astilbe dewidii 
*Baptisin alLstralis 
*Bellis perennis 

Boltonin latisqua?na 
*GeLlime'ria i7lcialt 

C(£llb'hoe 'involltC'rata 
*CltlltpltnuleL carpltticlL 

Cet7lt[Jrtnula. lati/olia 
,. Cantl)ruutlr( medi'lt11t 
*CallLpltnulrL 'pe'rs-iei/ olin 
*('mlLprtnlt/n pyrm1tidnlis 

Centmt1'en d!!nlbrLta 
Cl'ntrLlL1'eC( '/IIacrocephala 
('c'lLteL1LreCL 1lwnteL11a 
Cel'trctnthlls rnbe't 
Cep/tltia1'in tatariceL 

.. !n! 1" : , '-il).~(L pl1tmbnginoides 
'''1(S cheiri 

'(Lb:ret 
'it(JI,/UOIt carinatmll 

>/1,t;WntWIt ie'lfeanthem1t'l1L 
',." :.,,''dStwt/t£'IIt'1tm '1IIaximmn 

Chrys(,,' 1/.101/ NliginoslLllt 

(:0'1'13011" :,.dlceolateL 

Delphinium jO'1'IIIG1SIt11L 


Dicwthus deltoides 

'" Dil'elltret /01"lnos(l. 
• D ig i talis l(l,11(t ta 

Z;;chinacea 7.l1t1·7mrea 
.. Ec/tinops ritro 
"Erigeron pHlchellus 
*Erigeron speciosus
*ErYlIgilt!1l (I,/lLethysiin1tln 
*E'l"lI11giILUt p/ctllum 

Eupatorim/l rngQSIUl! 


Gaillardia aristata 

*Geu/ll rhiloellse 

*r;lIJ1llophila repellS 

*Halillliul/! /wlimi/oliulll 
*H ebf! speciosa 

"Heleniltl/t hoopesi 

,. Heliopsis Itt'lirmthoides 

*Heliopsis swbra 


H eme'rocallis dmltortieri 
*H ellchera sanguinea 
Hosta japonica 
Hype7"icum frondosmlt 
Hypericmn 1Itosc'I"ianmlt 
Iberis semperv'irens 
b'is gerlltcmicc£ 
l1'is kaempferi 
11-is xi1)hilL71~ 
Jas'lltinlOn 1tudijlorlun 

Kni71hoficL nvaria 


*LC£I)etnduia o/ficinalis 
Les71edezct thunbe1'g ii 

*Limoniwn lati/oli:!tl1~ 
Limnlt 1)e'renne 
Lychnis chcticedoniea 
Lyclmis cOTonaria 
Lye/mis haageana 
Lythrll7n salica1'ia 
M onarcic£ didyme£ 

*M1J'osotis sc01'pioides 
Nierembergia 1"ivula,ris 
Oenothera /7"1tticosa 
Oenothe1'u speciosu 

*0puntia 1niC'rodasys 
*0 puntia VUlgU1-iS 
Pachysandra terminalis 

*P(lpaver nudicaule 
.. Pa1Jat1eT orientale 

Penstemon barbatus 


*Penstemon heterollhylll£s 
*Penstemon laevigatus 
Penstemon ovatus 


>I< Penstemon 1Jlmice1tS 

*Penstemon smalli 

Pholx divaricata 

Phlox 'maculata 

Phlox 1)anieulata 

PhysCtZis alkekengi 


*Ph1lsostegia virginiana 
..Polemonimlt 1mlcherrimmn 

polemoni·ltl1 reptans 

*Potcntilln macnabiana 

>l<Potentilln ne7>alensis 

Puentria thunbcrgiana 

*Rudbeckia 7naxima 

Rll.dbcckia nitida 

Salvia aZltrelL 

Sa]lona7-i(L oCllntoides 

Scabiosa cctUeasiea 
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"Scnbiosct ja'ponica 

"SedlolL b'1Jectabiltl 

"Senecio pulcher 


SidalcecL candidCL 

Silene schajta, 


..S ilphilLIII pe1loliatuln 

Solidugo c/t/lCldensis 

Stctchys g1'cL1Idijlora 

,"'tacltys lematcL 


*Stokes'icl: /cwvill 

1'cLll(tcetltln tlltlgctn~ 


DECIDtJOllS 

llbl'licL grcwdijlom 

II 1'1"1' j(LJlonicu'llt 

A ('('I' 1)((./m(l.t1wL 

,lctillidin CLrgutCL 

A.ronirL arblltijolicL 

Bctcclwris IwlimijolicL 

Ba/)(' ris gagnl' pcdnii 

Berberis iliC'ijolia 

BI.'I-beris julianae 

Berberis sargentiCL1L!t 

Berberis thlLnb('I'gii 

B erbc' ris triCL("(wthophor(l, 

Berberis'l)errltClLlosa 

Bl'rberis ['uigcu-is 

Bl{ddlria d(lvidii 

Ca.llimrp{L clicitotol/ta 

Cttlliml'p(I. jCLponica 

('cl'I'yopteris iIlC{LlIa, 

Cerris chinellsis 


*Ciell!atis her£lclt'(Le[olia 
"'Clemlltis integri[olia 
('lel/wUs P(lIliClllcLta 
('[etll'l'(/ aLIlf[olia 
('onllls alblL 
('orlllts altrrILi[olin 
COrILllS florida 
Cornu. kOllsa 
('Oti/tUB C'oggygria 
DI'lltzin grac'ilis 
Delltdll lellloillt,j 
ElncllglI/t$ 'IIIlJlti/lom 
Eisholtzia. stmmtoni 
EnkilmthllS ealll]J(Lllulatus 
EXOI"/tord(L ,'£Icemos", 
Fagus sylt'(l.tica, 
Frrythia intermedi(L 
Forsythia ,ms}lensa 

ThalictrmIL gla1(cmIL 
*'Thymus vulgaris 
*T'rudesccmtia virginianCL 
*TritoniCL ("I"ocoslllaejlora 

1'1£'IIC'ia saxijraga 
ValerianCL officinalis 
Veromca maritima 

*1!el'onic(L re]ll'ns 

*'Ve'I'OniCCL spicata 

Vinca 1ni1l0'1' 


*Viola COrltlLtCL 


PLANTS 

Hibiscus syriacus 
Hydrangea ltrborescens 

*Hydrall[jen 'Illacrophyiln 
Hydrcwgen ll(LniculatcL 
Lnrix decidlut 
Ligllstrullt lucidu7n 
Lig/($tr1Ll1l ovalijoliwn 
[.0/1 icera Iragl-(Llttissima 
Lonic'en! ja..ponica 
DoniC!!ra'1lUtackii 
Lonicera tatarica 
illagnolia kobus 
Magnolia sieboldi 
i~:lagnolia souinngeann 
Magnolia steilata 
Ma/toni(L aqILijolimn 
Malus jloribundn 
11;1alus hallimLCL 
Malns'ioensis 
Malus scheideckerii 
iIIaius sieboldii 
Nnndinll domesticcL 
Parthenocissus t.ric1lspidnt(l. 
Philndelp/ms cor01larius 
Phillldelphll.s lemoinei 
Prunlls sen-ulat(L 
QllerCl!S roblu' 
Rhus aromatic(L 
Ros(l. spp. 
ROSll wichurnia1!c£ 
Sorbrtria (/,itch'isoni 
Spi'I"C/,e(L tlmnbergii 
Spira,eo v(l.nhonttei 
Stnphlllen colchicn 
Steplwllandr(l. incisn 
SlIm1)/toricarpos nlbus 
Symphoricnrpos orbiC'ulntus 
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Sllmplocos 1)(Lnicuiata 
Syr;'ngn chinens!s 
Sy'ringn 1JC'l"Ifica 
Sydnga '\!Itlgctris 
Tantctri_1: odessana 
Vibw"1tIW£ aCL'ri{oliwm 
l'ibunmm cass'inoides 

Abies concolO1-
Abies N'itchi 
Ana/'omeda ulcmcophyUn 
BU,1:lts se/II/)('J'l'il"ens 
(,ecirus c£li(mticcL 
Ceci/"us dcociCL'ra 
Chcwwec'lIpct-ris lal('Sonianc£ 
(,hcWlctcC'1I1)(L'I"is 11 00 tk(Ltt!1tS is 
Chcwtaery }laris obtusa 
Chcullaecll pClrispisi{ enL 
('%llcaster aClLmillatCl 
Cotone(tstc1- CLclLti{olin 
('otonecLster (Lpiculata 
Cotolll'ctste1- c(n/Hmeri 
ColonceLskr cii1JaricntcL 
Cotoneastcr t,.n'/Lcheti 
Cotoneaster h01-izontalis 
Cotoneaster hupeitensis 
Cotoneaster mic1-ophylla 
CotonNlstcl" nitens 
Cotoneaster'rclcl!mijlo'ra 
Cotollem,tcl'1'otundilolia 
Cotoncnster salidlolia 
Cotoneaster simonsii 
Cryptollwric£ japonica 
Daphne c/teorw/Il 
£oILO 1l1l1lWS alat'lls 
gllonllll/lls bung!lnnl!s 
EUOllymus eltropae1ts 
EUonym'ILs 10rtlt1tlJi 
EuonYIIHts japonic1ts 
Etto IlYlllltS kiClutschovic1ts 
H eden! heli:t: 
([e_r a,qlli[olinllt 
/lex c-'t/;'lIatCl, 
flex _Q{{tbm 

JunipC'1tcs chinensis 
.rlwiper-Its communis 
hWi1Jt''I"Its (>xc·t'lsn 
Jlluipe1"llS horizontalis 
Jmzipel,LS sabina 

Vibwrnlwt dentatnm 
Vibm"1mm lantana, 
l'ibtn-mL'IIt 1Jruni{olilL/n 
VibU7'lmm'rltytidophyllmn 
Vib/L1-ItIL'III tomentos'IL'ln 
lYeigeln jlo'rlda 
Weigela, ho'rtensis 

EVERGREENS 

Jmti1Je'rus sphaerica 
hmipC''I"ILS sqllamatcL 
Juniperus 'l'i1'giniana 

.. KulmicL lctti[OUCL 

LeltcotiLoe catcsb(tei 
Mahonict c£quifoliu1n 
Pachysalldrfl, te1'lninnlis 
Phillyrea decorcL 
Picect abies 
Ptc-ea glCL1LCCL 
Picea pl£ngens 
Pie'l-is jloribW!dcL 
Pie1-is ja1l0nicn 
Pinus densijlora 
Pinus 11!1LgO 
Pinus nigrn 
Pin'ILs pondC?-osn 
Pinus ?-esinosn 
Pinus stro bus 
Pinns sylvestris 
Pinus tlmnbergii 
Pseudotsugcr. taxilolia 
PlIracantha coccinea 

'"Rhododend1'on nrborescens 
,.Rhododendron calendulace1L1IL 
"'Rhododendron carolinianlt11L 
..Rhododendron catawbiense 
*Rhododendron callcasicm1t 
"Rhododendron maxim1t7JL 
"Rhododendron molle 
*R hododendro1L 'lnucronatU:/11 
*Rhododendron obtusmn 
"Rhododendron. occidentale 
*Rhododendron schlilJpenbachii 
*Rhododendron simsii 
*Rhododendron vaseyii 
*'Rhododendron ViSCOSlt1lL 
'"Rhododendron yedoense 
Ros1l!arinull o/ficinalis 
TaxlLS baccata 
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7'axus brevi/olia Tlmja. o1'ientalis 
7'axus canadensis Thujc~plicata 
l'axlLs cltspidata Th1Lja standishi 
Tctxlts media Tsuga cctnadensis 
Thuja occidentalis Tsuga caroUniana 

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 38,442,721 square 
feet and that <1,335,425 plants had been certified for shipment. 

N~t1'sery Seedbeds.-In cooperative studies with the U.S. 
Forest Service, Fleming et al. (1987) 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 uppel' 3 :inches of soil. The seed of Tlmja pl'icatn did not 
germinate in either the treated or untreated soiL Only a few 
seeds of Lm'i;t· occidentalis and Ph'en glauca germinated. The 
germination of the seeds of the other species was adequate to 
determine their reaction to the chemicaL The arsenical in the 
soil cBd not reduce significantly the numbel' of seedlings of Pinus 
cCL7'ibaea, P. echiruLta, P. jeffreyi, P.· 'monticola, P. palustl-is, 
P.resillOsa, and p, strobus, but it reduced progressively with the 
increment in the dosage the number of seedlings of Picen engel~ 
manni. P. pZlngens, P. rubenB, Pinus banksiana., .P. ponde'rosa, 
P. taeda, and Pseudotsuga ta;t·i!olia. At the end of the growing 
season only the seedlings of Pic€a, l',ztbens and Pseudots~tga tax'i­
folia were normal in color and in gl·owth. 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. 

COt'eI' CI'O'J)s.-It was the general practice in the more pro­
gressiYe nurseries to SOW one or more cover crops in the .field 
plots after the nursery stock had been harvested, and sometimes 
CO\'er 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 weB in 
soil containing 1,500 pounds of lead arsenate per acre. Oats, 
barley, 'wheat, corn, soybeans, and cowpeas sometimes grew 
satisfactorily, but they were usually retarded by the arsenical. 
The retardation was more pronounced in light sandy soils than 
in the heavy clay and silt loams. 

Ga;l'den Vegeta,bles.-Some people grew nursery stock under 
contract 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 inquiries from the public about growing vege­
tables on land to which lead arsenate had been applied several 
years previously. 

McLean et al. (1944) planted the common vegetables in plots 
eontaining ft'om 250 to 1,000 pounds of lead arsenate pel' acre 
in the upper ~t inches of soil. String beans and pea beans did not 
germinate or were killed in the early stages of growth. Other 
vegetables grew satisfactorily. When the plants were analyzed, 
none to a trace of arsenious oxide was fOllnd in string beans, 
a trace .i n bl'oecol.i, canots, eggplant, peppers, and tomatoes, 
0.10 to 0.16 p.p.m. in beet roots and lettuce, 0.11 to 0.17 p.p.m. in 
beet tops, 0.035 to 0.29 p.p.m. in radish roots, and 0.23 to 0.80 
p.p.m. in radish tops. 

Fleming et a1. (,19.48) planted the common vegetables in plots 
containing from 1,000 to 2.. 000 pounds of lead arsenate per acre 
in the uppel' 3 inches of soil and from 2,000 to 4,000 pounds of 
the chemical in the upper G inches. "Vhen the chemical was 
mixed to a depth of 3 inehes, lima beans germinated and died. 
The first planting of string beans failed, but a satisfactory stand 
was obtained with the second vlanting. The initial growth of 
the \'egetables was retarded, but after the 1'00ts penetrated below 
the poisoned layer of soil, the plants grew normally. The yields 
of the vegetables were not reduced except onions. With the 2,000­
pound treatment less than 0.7 p.p.m. of arsenious oxide was 
found in the eclible part of beets, cabbage, corn, cucumbers, egg­
plant, muskmelon, parsnips. peppers, string beans, sweetpota­
toes, tomatoes, and white })otatoes; 0.7 to 1.41).p.m. in carrots and 
onIons; andlA to 2.8 p.p.m. in lettuce, radishes, and turnips. 

'When the arsenical was mixed with the upper 6 inches of soil, 
the plants had to d1'l1w a large part of their nourishment from 
the poisoned layer. Lima beans and string beans did not grow 
and turnips did not reach maturity. The yields of cabbage, cm'­
rots, eOI'll, cucumbers, lettuce, muskmelon, onions, parsnips, pump­
kin, and radishes were reduced, but normal yields were produced 
b~' beets, eggplant, peppers, sweetpotatoes, tomatoes, and white 
potatoes. 'YUh the 4,000-pouncl treatment less than 0.7 p.p.m. 
of arsenious oxide was found in beets, cabbage, canots, 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 ;a.nd SA ]).p.m. in onions. Except when 1,500 pounds of 
lead arsenate were applied annually, the quantity of the arsenical 
in the soil rarely exceeded 2,000 pOllnds pel' acre. 

:McLean et al. (19.4.4) concluded that there was no danger 
in growing vegetables on soils that had )'eceived 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.
Shlce some arsenic was assimulated and the hazard to human
health was unknown, nurserymen and the public were advised
that no yegetables should be gru'\'.'ll on land treated with lead
arsenate until it was established that such a practice was safe.

Leaching and Pi~mt£on in So£l.-Since arsenicals poison 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 satisfying 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 (J 952) pointed out that the greatest accumulation of
arsenic- in orchard soils was in the Pacific Northwest where
lead arsenate sprays had been applied annually to the trees fOl'
se\,el'al years. A similar situation occurred 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 co,'el' ClOPS tended to become progressh'ely poorer, and
toxic symptoms appeared among young trees planted on land
'from which old spl'ayeel orchards had been removed.

The toxicity of lead arsenate was modified by the nature
of the so.i1. Smaller quantities of the arsenical were required to
kill grubs in light sanely soil than in the heavlel' clay and silt
loams (Fleming et a!. 1936, unpublished). Legumes on acid sandy
soils were injured by small quantities of the arsenates, but were
not injured by much larger applications on the heavier clay
~ons (Bosw~11 .1952 .. McMurtrey and Robinson 19J8) .

The inj urious action of lead arsenate to plants may be attrib­
uted largely to the water-soluble arsenic (arsenic acid) in the
son. Lead arsenate (PbHAsO.,) is relatively stable at pH 2 to
pH 5, but under neutral ana alkaline conditions water-soluble
arsen.ic is liberated and the arsenate is changed to h'i-lead arsen­
ate (Pb3 (AsO,)~) or to .lead hydroxy arsenate (Pb4(PbOH)­
(As04 L) or (Pb~(PbOHL (ASO")4)' 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 per acre, especially when the clay con­
tained iron. The water-soluble arsenic reacts with the iron to form
insoJuble ferric arsenate (FeAsO.,), the mineral scorodite.

The active lead arsenate in soH may be lost by the leaching
of the water-soluble arsenic and by 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 bioassy in the 
upper 6 inches of Sassafras sandy loam. Metzgel' (1988) had 
applied the arsenical to the soil 3 years previously to prevent 
adult beetles emerging during the winter in a greenhouGe where 
roses were growing. The loss of lead arsenate by leaching and 
fixation in an illactiYe form is summarized in table 16. 

During the 3-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 years would be required 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 Lend Arsenate.-It seemed that the phytotoxic action 
of lead arsenate in soU might be overcome by coating the parti ­
cles of the arsenical with a nontoxic substance. Moore (1922) 
demonstrated that lead arsenate coated with lead oleate 01' lead 
stearate was more palatable to adult beetles and more effective 
in killing them than the uncoated arsenical. 

Vander l\feulen (unpublished) coated lead arsenate with var­
ious metallic soaps and with paraffin by dissolving the coating 
material in benzene or ethyl alcohol, mixing the solution with 
lead arsenate, and e\'aporating the solvent. Paraffin was the 
most promising coating because it is practically inert chemically. 
The final fOl'll1Ulation contained 62.5 percent of lead arsenate 
and 37.5 percent of pal'afIin. 

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 a1'senate by lea.ching and fixation j?'om 
upper 6 inches of Sassafms sandy loam hl g1'eenhouse during 
3 yem's 

Quantity Quantity recovered 
applied per acre Quantity lost per acre 

per acre 

(pounds) Total Active Leaching Fixation 


Pounds Pom!ds Pounds Pounds 
1,000 800 600 200 200 
1,500 1,200 300700 500 

2,000 1,500 '950 500 550 

2,500 1,700 1,100 800 600 

3,000 2,100 1,350 900 750 


I 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 
paraffin-coated lead arsenate into the soil showed that these 
micro-organisms were using the paraffin in their metabolism. 
Earlier Greaves (1916) had found that arsenic stimulated the 
nib'ogen-fixing bacteria, and Gainey (1917) had observed that 
the disappearance of paraffin in soil was accompanied by an 
enOl'mous increase in the fungi. 

Accelerating Fixat'ion ,in SoU.-In preliminary experiments Mell 
(J941, unpublished) found that the water-soluble arsenic in the 
upper 6 inches of soil, containing 2,000, 3,000, and 4,000 pounds 
of lead arsenate per acre, was reduced to a low level within 30 
days by applying ferrous sulfate (FeS04), limonite (2 Fe20 a.3 
H 20), 01' 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 sufficiently 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 pel' acre to overcome 
the phytotoxicity of arsenical residues in soil. 

Other Inorganic Arsenicals 

A7'Senates.-In preliminary tests ",'ith the inorganic arse­
nates in soil, Leach (1926) found that basic lead, ferric, and 
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magnesium arsenates were not toxic to third-instal' grubs. Tri­
calcium arsenate seemed to have about the same toxicity as lead 
arsenate. Copper and zinc arsenate::; 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 Bakel' (1936a) determined 
more definitely the reaction of third-instal' grubs to different ar­
senates in Sassafras sandy ioam. The quantity 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 
.!i1·scnut J UC1'e required 
Dicalcium 300 
Tricalcium 550 
Magnesium 600 
Manganese 600 
Barium 750 
Zinc 750 
Ferric 975 
Aluminum 1,000 
Basic lead 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 dicalcium and tricalcium arsenates, in 2 years by barium, 
ferric, magnesium, manganese, and zinc arsenates, and in 4 years 
by aluminum and lead arsenates. 

H ydmugenmacrophylln was severely inj ured or killed within 
2 weeks after applying the arsenates of aluminum, barium, di­
calcium, magnesium, manganese, tricalcium, and zinc 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 
01' killed by the other arsenates. Basic lead arsenate did not injure 
Hydrangea mac.l'ophylla 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. 

ri1'Senio1ls Oxide.-Pierson and Nash (1931) recommended ar­
senious oxide (As:lOa) to control white grubs in the soil of forest 
l1mseries. Fleming (1942) found that 400 pounds of arsenious 
oxide per acre were equally as toxic to POJJillia gTubs 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 
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were intolerant of insecticide concentrations of arsenious oxide 
in soil. 

Arseniou.s Sulficll?-Arsenious sulfide (As~Sa) had the same 
toxicity to grubs as arsenious oxide, but its toxicity was reduced 
more rapidly in Sassafras sandy loam. It lost 50 percent of its 
toxicity 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 pel' acre. (Fleming 19.42) 

Pm'is Green and Its Homolor;s.-The homologs of paris green 
(copper acetom:senite) were prepared by Dearbol'l1 (1935, 1936). 
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 oleoarsenite 250, paris green 400, copper 
stearoarsenite 1,000, copper lauroarsenite 1,300, and copper pal­
mitoal'senite 1,600. All these m':.;enites were very detrimental to 
the gro\vth of rye. (Fleming 19.42) 

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 1fJ.42) 

Inorganic Fluorides 

The inorganic fluol'ides 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 ponnds of zinc fluoride. 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 19.4[2) 

Inorganic Hexafluorosilicates 

Preliminary tests by Lipp (1.929) and Metzger (1.933) 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 hexafluoro­
silicates: Sodium 750, potassium 900, barium 975, and magnesium 
] ,250. Two thousand pounds of calcium hexafluorosilicate 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 hexafiuorosilicates were not toxic to rye. It 
would be necessary to apply them annually in the spring to kill 
grubs hatching in the soil during the summer. (Fleming 1942) 

Residual Chlorinuted Hydrm'arhon 

InseeLit'ides :Mixed WiLh Soil 


Since 1943 many chlorinated hydrocarbon insecticides have 
be('ome available, including DDT. chlordane, toxaphene, aldrin, 
clielc1dn,endrin, heptachlor, benzene hexachloride, lindane, endo­
~111fan, and methoxychlor. In contrast to the halogellated hydro­
carbons pre\'iously a\'ailable, such as ethylene dibromide, ethylene 
dichloride, Ii-dichlorobenzene, chlol'opici'iu, and methyl bromide, 
these newel' chlorinated hydrocarbons were les~ volatile and more 
persistent in soil. 

DDT 
Commercial DDT i~ dichlol"odiphenyl-trichlol"oethane. The prin­

eipal constituent is 1,1,l-trichloro-2.2-bis(p-chlorophenyl) ethane. 
It was the first of the residual chlorinated hydl'ocarbJn insecti­
cides to be tested as a substitute for lead arsenate to control 
Japanese beetle grubs. 

TO.l:icitllto (;rubs.-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 
t'ontact with Dl)T or by ingesting soil containing the chemical, 
anel they lost their ability for coordinated movement. With their 
uncoordinated convulsive movement the grubs near the soil sur­
face often worked their way out of their natural environment and 
died 011 the surface. These dead and dying grubs were not usually 
attractive to birds. (Fleming and Maines unpublished) 

Grubs ha\'e to come in contact with particles of DDT to be 
affected. Third-instal" 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-instal' 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 194.4a, 
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-instal' grubs with different quantities of DDT per aCl'e in 
Sassafras sandy loam at 50 0 to 80 0 F. are summarized in table 17. 
The velocity of insecticide action increased progressively with the 
increment in the temperature. The velocity at 60 0 was twice 
that at 50 0 

; at 70 0 jt was tripled and at 80° quadrupled. 
Fleming and Maines (19.47) collected soils from six physio­

graphic areas in New Jersey and determined the effect of the 
son 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 ri ver terrace soils from stratified glacial deposits. The coastal 
plain soils have been developed from unconsolidated sand, gravel, 
and clay, which have been transported by water from older 
land areas and deposited in part und~r marine conditions. Thf' 
effect of the origin of the soil::. on the insecticide action is sum­
marized in table 18. 

TABLE 17.-Effect of temperatw'e and DDT dosage on length of 
exposure required to kill ..rapanese beetle g1"'llbs in Sassaj?'as 
sandy loam 

Exposure for 100-percent mortality of grubs with 
Temperature

(. F.) 
indicated pounds per acre 

First instars Third instars 
2.5 5 10 25 50 

50 
60 

Days Days Days 
160 

80 

Days 
120 

60 

Days 
76 
38 

70 
80 28 14 

53 
40 

40 
30 

25 
19 
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TABLE lS.-Effect of origin, text'W'e, amcl natural drainage of New 
Jel'sey soils on'insect'icide action of DDT on tMrd-instar Jap­
anese beetle grubs . 

Soil origin Soils 

Exposure for 98-percent 
mortality at 80° F. with 

indicated pounds per acre 

10 25 50 

Number Days Days Days 
Appalachian Mm,lIltains 2 26 18 
Piedmont plateau 5 27 19 
Limestone valley 1 25 19 
Glacial till 3 ~7 20 
Glacial lak(- and river terrace 2 28 20 
Coastet! plnin 15 .29 19 

Texture 

Sand 2 32 20 16 
Gravelly and shale loam <1 51 27 19 
Sandy loam 9 51 31 19 
Loam 8 53 28 19 
Silt loam 5 53 28 20 

Natural drainage 

Good 18 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 .1950a; 
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 nitrates tend to accumulate. 
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
ludation are depressed and the restricted supply of air favors 
the accumulation of organic 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 19.47) 

New Jersey soils of different series differ in their chemical 
composition and absorptive capacity. Fleming and Maines 
(1947) and Fleming (195Da) 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-instal' 
grub.:; was modified more by the change in the chemical composi­
tion of the soils 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 sedes. 

TABLE 19.-E/Ject of variation ill chemical compos'iiion oj different 
series oj Nell' Jersey soils on insecticide action at DDT on 
third-'instar Japanese beetle gl'llbs 

Exposure for 98-percent 
mortality at 80· F.

Soil s(>ries with indicated pounds per acre 

25 50 

Days Days
Lakewood 18 15 

Sassafras 
 18 15 
St. Johns 21 16 

Washingtuil 
 21 18 
Lansdale 23 17 

Colts Neck 
 24 17 
Berks 25 17 

Dunellen 
 25 19 
Hagerstown 25 19 
Penn 27 18 
Chester 28 19 
Gloucester 28 20 
Collington 30 18 
Merrimac 31 20 
Elkton 31 22 
Shrewsbury 32 19 
Wethersfield 32 22 
Croton 35 24 
Portsmouth 35 21 
Woodstown 36 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-instal' 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 temperature 
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-instal' grubs could be killed before pupation. Eighty 
percent of this dosage could be lost 01' inactivated without re­
ducing its effectiveness in killing grubs hatching in the soil. The 
50-pound dosage was excessive. From these considerations it was 
decided to use DDT at 25 pounds pel' acre mixed with the upper 
3 inches of soil for experimentation in field plots of commercial 
nurseries. 

Pel·si'stellr('.-vVhen 25 pounds of DDT per acre were applied 
in the spring as a dust 01' granular formulation to the surface of 
fallow land and left there, the chemical dissipated rapidly. Chemi­
cal analyses and bioassays showed that 16, 28, 40, and 50 percent 
of the chemical was lost in 1, 2, 3, and 4 weeks, respectively. 

Fleming and Maines (1953a) determined the insecticidally ac­
tive DDT in 84 mineral soils from New England, New York, 
Ohio, New Jersey, and North Carolina during a 4-yeal' period of 
weathering after mixing 25 pounds of the chemical with the 
soils. Third-instal' grubs were used in the bioassays of the soils. 
The ~wel'age acth'e DDT found in soils from these areas is Sllm­
mal'izedin table 20. At the cnd of this period the average active 
DDT was 16.5 poun.:Js pel' acre. 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 trend for active DDT to be 

TABLE 20.-Pel·sistcllc(' of insecticidally acti1lC DDT in soils of 
dilfel'ent (Ll'eas 'when applied cd 25 pounds 1)('1' (LC1'e 

Average active DDT per acre 
Areu Soils ufter indicated ycurs 

1 2 3 4 

Numbe'I' 
Nf:'w Englund 30 
New York 2 
Ohio 15 
New Jersey 28 
North Carolina !l 

POIL1!d.~ 

24.3 
24.8 
24.1 
24.8 
24.5 

Ponnds 
22.0 
21.8 
21.4 
23.!l 
23.6 

Pounds 
18.7 
18.5 
17.!l 
21.6 
22.5 

POUllds 
14.4 
14.0 
14.6 
18.!l 
21.3 

Total or av(,t'ag(' 84 24.5 22.5 1D.8 16.5 
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more persistent in the soils of New Jersey and North Carolina 
than in the soils of Nev,' England, Naw York, and Ohio. 

Other investigators, including Cullinan (1949), Foster (1950, 
1951), Foster et a1. (1956), and Smith (1948), found that DDT 
persisted for a long time in soil. 

Fleming and Maines (1958aJ fonnd that the persistence of in­
secticidally active DDT in the soils of these areas was modified by 
their te.:dure. 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, 
~ilt loams, and probably clay loams, and a little over 1 year in 
murk 

The soils of the c1ifrerent 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 
(1958a) classified the series according to the amount of the 25­
pound dosage that was insecticidally active after weathering for 
3 years as follows: 

Gronp 1, 90-100 percent.-Caneadea, Cecil, Chester, Chicopee, 
Davidson, Dunellen, Durham, Gloucester, Hadley, Hartford, Hel­
ena, IredeU, Lakewood, Marlboro, Merrimac, Newfield, Paines­
ville, Penwood, st. Johns, Sassafras, ,Vhippany, and Wooster. 

Group 2, 75-90 l)ercent.-Agawam, Berks, Brookston, Charl­
ton, Colling-ton, Colts Neck, Croton, Dover, Elkton, Georgeville, 
Hagerstown, Keyport, Lansdale, Mahoning, Ontario, Penn, 
Portsmouth, Shrewsbury, Washington, Wethersfield, and Woods­
town. 

Group 3, 50-75 percen,t.-Appling, Ashe, Bernardston, Berrien, 
Bridgehampton, Brookfield. Cheshire, Mentor, Narragansett, On­
dawa, Paxton, Pittsfield, Reynolds, Suffield, Toledo, Wauseon, 
"ring-dale, and ·Woodbridge. 

Group 4, 25-50 percent.-Chenango, Coloma, Essex, Lorain, 
Menlo, and Plymouth. 

The average actiye DDT in each group was determined at in­
tervals and is also summarized in table 21. The half-life of the 
25-pounc1 dosage was more than 8, 6, and 4 years in the soils of 
group I, 2, and 3, respectively, and between 2 and 3 years in the 
soils of group 4. 

Potting SoU.-To facilitate the mixing of small quantities of 
DDT with potting soil, the chemical was app1iedas 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 

Texture 

Sand 
Sandy loam 
Shale and gravelly loam 
Loam 
Silt loam 
Clay loam 
Muck 

Series group 

1 
2 
3 
4 

Soils 

Number 
3 


37 

6 


21 

12 


5 

1 

27 
30 
20 
7 

1 

Pound8 
24.8 
24.6 
24.8 
24.0 
24.9 
23.4 
14.0 

25.0 
24.7 
24.1 
22.4 

2 

Pound8 
23.3 
22.9 
22.3 
21.9 
23.9 
21.4 
9.5 

24.9 
23.4 
20.7 
1604 

Average active DDT per acre 
after indicated years 

3 4 6 8 

POUnd8 
22.0 
2004 
18.6 
18.7 
21.1 
18.'7 

6.0 

Pounds 
21.0 
16.8 
14.6 
14.3 
16.7 

3.5 

Pounds 
20.0 
14.9 
12.0 
13.5 
11.7 

Pounds 
18.5 
12.0 
10.0 

904 
8.5 

24.5 
20.7 
16.5 

8.6 

22.4 
1'7.7 
12.6 

6.3 

18.0 
13.1 
8.8 

13.2 
lOA 
6.2 

'1:l 
::0 
t=:i 
-::: 
5 
Z 
>-3 ...... 
Z 
c 
"-< 
!l:­
'1:l 
.!l:-
Z 
t=:i 
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~ 

to 
5 
t=:i 
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r 
t::j 

ti 
H 
r:r. 
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Z 
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hatched grubs in a sandy loam was not obtained with 2.7 grams 
per cubic yard in 2 weeks, but all :first instal's were killed by 5.4, 
10.8, 27, and 54 grams in 5, 4, 3, and 2 days, respectively. Third­
instal' grubs were more resistant. To obtain complete mOli:ality 
required 50 days with 10.8 grams, 28 days with 27 grams, and 
19 days with 54 grams. (Fleming 1947a) 

There was a close relationship between the temperature and 
the rate of poisoning. To kill third-instal' grubs in this soil with 
the 27-gram dosage required 28, 42, 56, and 112 days at 80°, 
70<:',60°, and 50° F., respectively. (Fleming 1947(t) 

The type of soil affected the velocity of poisoning with the 
27-gram dosage. To kill all grubs at 80 F. required 20 days 
with sands, 31 days with sandy loams, and 28 days with 10ams. 
The addition of m:ga!lic matter to the soils retarded the insecticide 
action. (Fleming 1947(~) 

Third-instal' grubs obtained a toxic dosage of DDT long before 
they died in soil containing 27 grams of the chemical per cubic 
yard. The velocity of pOlsoning in a sandy loam at 60° F. pro­
gressed at the same rate with grubs left in the soil 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 soil. 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 
50 <:' - 59 Q. 'T'he treatment was rarely used below 60 0. Later the soil 
could be certified after holding fOl: 28 days at not lower tha~ 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 3,765 cubic yards of 
potting soil in commercial nurseries (Middleton and Cronin 
1952). 

Planted and enplanted Plots.-As an inducement to nursery­
men to cooperate in experiments to determine the effectiveness 
of DDT in eliminating grubs in nursery beds and plots, the 
Japanese Beetle Laboratol'Y 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 Jiving grubs were in the treated beds 
and plots. 

In the spring of 1944 DDT was applied at 20, 30, and 50 
pounds per acre and mixed by cultivation with the upper 3 
inches of soil before planting the plots. A survey of the plots 
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was made in September. Two grubs were found in the plot wjth 
20 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 clisking; no additional DDT 
was appUed. In the fall of 1 H45 no grubs were found in the 
treated plots and 30 in the untreated plot. (Fleming and 
Maiues 19.~7; Hadley and Fleming 1945) 

In the spring of IH1G and Hl:lfi DDT was applied at 25 
pounds pel' acre and mixed with the upper 3 inches of soil at 
<;everal commerC'ial nur.::;eries. It "vas applied before planting anel 
to plots of established nursery stock. In the SUl'\'eys in the fall 
of 19·1ri only one moribund grub was found in the treated plots 
and 1/190 in the untreated vlots. No grubs were found in the 
treated plots in the fall of HWi. (Fleming 19-"7((; Fleming 
and Maines 1 f)·'1n 

When DDT wa:,; ap]llied as a dust or as a spray to the surface 
of nursery beds aud plots at ~;) pounds per acre and not mixed 
with the upper 3itlches of soil, the grub population was markedly 
reduced, but complete elimination was not always obtained. A 
sun'ey of the plot:,; treated in this manner at several nurseries 
~h()wed a h\tal of 3R grubs in the treated and 'J91 in the 
untreated plots in September. This survey emphasized the im­
portmwe of mixing the DDT with the soil soon after appUca­
tiOll, (Fleming and l\htines 19~7(l) 

In more extensh'efield tests ;~:i pounds of DDT per acre, 
applied and mixed with tht' upper 3 inches of soil before the 
eggs hatehed, eliminated by early fall six to eight annual broods 
of grubs that hatched subsequently in the nursery plots. 

DDT applied at 25 pounds per acre and mixed by cultivation 
with tilE' uppel' 3 inches of soil was authorized in 1946 as a basis 
for eertifying beds and plots of nursery stock before digging. 
The treatment had to be completed withill J:1 da.vs after emergence 
of the adult beetle at 11 lo<!ality. The plants could be certified 60 
oays later. This j)eriod prO\'iclecl adequate time for grubs and 
pupae of the previOlls generation to be kjJ1ec1 or emerge and to 
eliminate gru us hatching in the soil. A treated plot or bed 
('ould be in a certified status for f5 years, but its actual longevity 
was determined by analysis of the soil. 

During Hl:l·f1-f50 DDT was applied to 63,459,413 square feet 
of soil in nurser.)' beds and plots, and the plants in them were 
certified for sh ipment (l\'lic1dleton and Cronin 195;2) . 

lYIll'Srrlf and Orcenhollse P[ants.-The preliminary tests with 
annual flowers, Yegetubles, and a few nursery plants showed 
that many of the species gre\v normally in potting soil COll­
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taining27 grams of DDT per cubic yard and ill beds containing 
25 pounds of the chemical pel' acre in the upper 3 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 
194f>-,17 in cooperative studies wUh 73 11Ul'series and green­
houses in Connecticut, Maine, l\Iassach usetts, N ew Jersey, New 
York. North Carolina, Ohio, Pennsylvania, Rhode Island, and 
Vermont, Fleming (19.$7b, 19.$8'b) conducted tests to determine 
the effect of these treatments on nursery and greenhouse plants 
undE'!' various environmental conditions, O,-er 500 species of 
plants were grown satisfactorily in the DDT-treated soiL The 
species grown without apparent injury were as follows: 

AbILWOn'1!iti/oliUnL Anal/US comOSlLS 

A.caZyp/ta, hispida Allanas porteall11S 

Acauthus 'lltolLianllS A ltc/msa azurca 

fie,r c/J'riacewn AllcmolU' japoniccl 

Aca palma/1W! filtellloll!' pulsatilla 

Aehillect /ilipeuciulilla A IIthemis tillC'toria 

fl,hillru milll'j!>liILn! A IIthurillln album 

;1 ell illeu pta 'I'm iccl AlItimri'llllt a.1Idraeamon 

Aconitlun ea,rmichaflii Alllhwrilwl can!e1tln 

Aconitum napelius A IltJmriulIt crysta.lt:i1!1LlIt 

Acol'us Uramineus Alltlwrium /errierl?ltsl' 

Adla ntlml. peltdatmn Antltwri1L1n arnatullt 

Adonis umw"('lIsis Al/tlmrimn scherze'riallu'IIl 

AerltlJll'a ea/yelL/etta Anthll'rium selloulil~ 
A!'eltll1ea coelfstis AlItlllo-ium wa'rocqucallWII 

A cdl'lltea la,~ciata AqtLileyia. aipina, 

Ace/tm!'cl itt/gellS AqlLilegia chrysalltha 

AcehlltE"a 1l'eilbaehia AglLilegia, coerlLleCl 

A I'sehYlHwt/ms pltleiter A guileuia lOllgissi'ma 

Ageraflun holtstonialtulI! Aqlti/egia 'Vulgaris 

AulaOlli'lIta cOlllllluiatuU! Arabis a/pilla 

Aulnounlta costaiullt Ara,ltcaria excelsct 

Aglaolll'Nta simplex A nlisia er!'lmla.ta 

Ajllg" gellft'l't/sis A regelia mannorata 

AjZtUcll"l'pta.l1s Aregelia spectabilis 

AllalllcOlda cathartica Aregilia tristis 

flllium $C/!Of'1I0praSlLIII Arellaria 1'e'rlla. 

Alo('asia C'uprca A l-bltolochia dm-jor 

Ail/casia lIlaaorlliza, A rmeria mal-itima 

Aiorasia sandrriana, Armeria pseudoarmeria 

;ilpinia sancifra,' Aronia m-buti}olia 

Alsllpitila allstmIis Artemisia dl"CZClLUC'zLius 

;llfltafal"osf<t A )"temisia lactifiora 

A II/SSIWl sa.t"n tilt· Artemisia 'l'ulgaris 

A mOlnlLlIl cal"dam/)l/ A rlLl/CUS syll'('ster 

}lmS01'ia fabcrllanwmfalla fisciepias tuberolla 
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Asperula odora tCl 

Aspidistra, elatior 
Asplellilltn bltlbi/erlt'l/~ 
Asplenimlt nidus 
Aster alpi1!tls 
Asler dlwlOslls 
Aster llO'uae-allgliae 
AsicI' I!ovi-beluii 
A s/erimbcocrulctls 
AS/!'r /itolltsouii 
j1st ilb,' CIS/ ilboicles 
As/ilbt' /hlmb('rgi[ 
A ubrieln deltoicie(L 
Bnptisin, (Llls/ralis 
Bt'gouic! (I('Pllitifolia 
Benol/i(1 COCdllfCl 
Het/oltill COl/Will 

Bcgollia /olioscl 
Bl'goltia /lLc/tsioicit's 
iJegol/i(l glauC'ClphyUa 
Befl O)l i(1 hew fl (' CI 1/(1 

HegolliCl hera,dei/olia 
BI'!/cnria ill/pula lis 
Brgollia iu,rzo'jalls 
BegolliCl, /lwclIlata, 
Begol/ia /nell/iea/a 
BCfl()lIia mdtlilicCl 
Begollicr uiticla 
Begc!1ia l'e,t' cultorn1/! 
Begonia snnperj/orl'ns 
Hcgollia u/mUoli" 
Bellis P('I"(,)llIis 
B(,[pper(l11(, Ilii/ta lit 
Ber/H'I'is crertca 
l1"rbf'ris lI!('lIicl'rcllsis 
Herb, :s tJnmbcrgii 
BI'r/J('ris t'crruculoset 
Bt'r/%llia pltbCSCells 
Hill/lcruia amo(,lIa 
Billbcrflia UtI/rIllS 

Billbergia P1Il'alllidalis 
Bil/bl'ruia sllllclerialla 
Bililwrgie( zfbrilla 
Rol!ollicl!alisqtwIIW, 
BUllgoillt'illCit speciabilis 
Bottgoillt'illCit trolli 
BOIII'orelia humboldti 
BOl!!'arciio I!!/bdcia 
BnUl feIsiaL(( tif0lit! 
Hl'lumn'a macrophyllll 
Buddlt'i((, claridi 

Buxlts balearica 
Bttxu,s sempe1'virens 
('a!athea lietzei 
Calatllea lilldeniaua 
Cala/hen l1wkoyana, 
Cala/iLea O1"1te!t(l 
Cain t/tea. vnnclt'nhl'ckei 
CalatheCl ;::r/n-illa 
Ca lceolnria crena tifi01'a 
Calelldula.offidnalis 
Callullu vulgewis 
Cal/l('/Iin j((p01lica 
Campllmtla carper/icn 
CalJl]Jnllula gn.?'gonicet 
Ca IIIpall'uia 1II1'cliwn 
Campanula 1>e'rs£ci/o/i(l 
('alllpnlluin posclw.,-skyn1!lf. 
CClIIlPCI1lU[U rolw/(U/olict 
('aI/lin gCl/cralis 
Ca,Ps.icum /,rtliescells 
('oryoptel-is illcal/a 
Cassin lItariiClllelica 
Ca/nllel1lche ca/'1"1tlcCl 
Centaurca decllbatel 
Cl'lI tau)"ca. lltt1CrOccplwla, 
Cen/eOl)"ee! ?lion/ana, 
('en t".on tlms ruber 
('('ras/ho/l IOlllelltosun~ 
Ceratostigma 1J[umbaginoides 
C('n'us cemde/aris 
Cha'/na,ecY1>a'ris ia 1('soniana, 
Clwmaecyparis nootiwtellsis 
ChclmClc'cYPCI'l"is obt1l8et 
ClwmaccYparis pi8ifera 
Che/one ginb'/"(! 
Cheloue /yo1/i 
('Ie[oropityturn datU1/! 
Ch()1'izr IIlC1 'if icifolium 
Chrllsallthemu1/l amaliae 
Ch111snllthemiOll a'rcticmll 
Ch1'ysa1/ the ilium cil/era'riae­

folium 
Chrys(lIItleelllwn coccine1t1ll 
Chrysanthe1llw/l. '1Ilaximwn 
('!tr'ysallthelllum 1IlorijoliulIl 
('hrysClllf!zemmn ~diginosu1l! 
Cibotilun schicdei 
('imici,flLflCl /ol'iida 
C'imici/uga, 'rcLCCll!OScr 
('iss/(s discolor 
Ci,~Sl(S Thombifolia 
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CisSllS sicyo'ides 
Cissus sb'iata 
Cikus limon 
Oit'rus taitens-is 
Clematis paniculata 
Cle-rodendrolt tho'ln8onae 
Codictemlt'va1'iegatmlt 
Coleus a1ttr ani 
Colocasia, antiqwJrwllt 
COIwa.ii(wia ?It(r,jalis 
Cordllline terminalis 
o.o'r('opsi8 g'ral!(lifior(! 
Coreopsis i(tIlceolata, 
Coreopsis finc/ol'ia 
C01'lllLS fiol"ida 
Cotoneaster (tC!!ti/olia 
GotoIlC«(llter /to'ri;zolltalis 
C1'assula, arb01'escens 
Croton plmct(t/tls 
Cryptantlw acaulis 
Orypt(r1ltha, be11ckeri 
("ryptall IIta ;:,ona IItS 

C'rlJptomeria jn,pol/lea 
Ctellallthe oppenlteiminna 
Cyela melt llcapolitamt'll/. 
Cypents alterniJolius 
ClIpripeclimn acaule 
Cypripedimn cnlceoitls 
Cypl'lpcdium l'eginae 
Cyrtomiu1n JaZcaflwl 
Dc!phlle ClIeorll'll£ 
Dal'allia jijiell8il;l 
Dat'allia, penlalJh1llia, 
Delphinium. eiatuln 
Delphinimn g'/'alldifioru1lt 
Dt'!!tzia gracilis 
Deutzia, 8cabra 
Dicmthlt!; ba'l'baitt!; 
Diallthus caryoph1l11us 
Dicmt/ms deltoicl"8 
Diallthus la tifolilt!; 
Diallthus phllllal'ius 
Dicol/ret cllcuilal'ia, 
Dicclltra e.-r;illlia 
Dicentra. spcctabili8 
Dictall!llW; albILs 
Dieffel!bachia bausei 
Dil.'.lJeuiJachia illlperia.lis 
Dte/Jellbachia picia 
Dieffcnbachi(l splendells 
Digitalis amiliYlw. 

Digitalis pllrpurea 
DO'rollicltln caucasicmlt 
Doronicwn clusi 
Doronicllm pal'dalianches 
Dracaena deremel1sis 
D rcrcaena /'rcrgra./l8 
D'r-acaena godseffiana, 
Drac(l('1/(l goldicana. 
Dracuenet graciUs 
Dyckia sulphurea 
Eehil1acea purpurea 
Echinops hmnilis 
Eehinop:; 1'it'ro 
Epimcdi'lOlt a.lpinm/t 
Epi,,,ediuln ma.crall.thmn 
Epi1l1ediwn pimwtm/t 
Episcia cupreuta. 
Ere 1I!1L'l'I.tS '1'0 busi1LS 
Erica carnea, 
Erica1nedite1'1'unea 
Erica strictc! 
Erica tetralix 
Erigeron speciostts 
Erimts alpi1!1ts 
El'odimn chamaedryoides 
ErYllgimn aIpil1WIL 
Eryngholt amethllstinm1t 
El1lsimw/Jl. aspermIL 
Eucharis grandifiora 
Euonymus alatus 
EttollyIHus Jortunci 
Eupato1'iwIt coelestinmlt 
Ellphorbict epithymoides 
E1Lphorbia pulchel'rima 
Fatsia japan-ica 
Ficus elastica. 
Ficus pmn'ila, 
Ficus 1'Crdicans 
Ficus rttbigi1!osa 
Filipendula hexapetaia, 
Filipemlu/ct purpurea, 
Fi{ip('llduZcL ?'Itbm 
Fittollia verschaffelti 
F 0 rS1l thia, ill term edia 
Forsythia suspellsa 
Fuchsia 1Itagelimzica 
Gaillardia aristata 
Ga?'denia, jasminoides 
Gentialla a,calllis 
Gentfal/a Cllldre1{'sii 
Gentiau(I Unearis 
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Geranium platypetalwm 
Gera••~ /''In sangtt"i1wum 
Gemn borisi 
Gemn r.hiloellse 
Gillenia tri/oliata 
Ginkgo biloba 
Globularia cordi/olic 
Grevillea robusta 
G'lLz1tl(},nic~ rILusa·ica 
Gypsopitila paniculata 
Gypsophila repells 
Gypsophila viscosa 
Hebe lyalli 
Heder'a canar-iensis 
Hedem helix 
H ele1liu'In a1ltumnale 
Helenimntenui/olimn 
IIeliantho?IL101L 1Iu1mnula1-imn 
llelitmthu8 nnnmls 
Heliconia bihai 
Heliconia. must1'is 
Heliopsis scab1'a 
Helioh'opimn a1'bm'escens 
Hellebo'l"lls nige?' 
Helxine soleh'oli 
H emeroca!lis /ulva 
H emerocallis thunbergii 
H emigrlLphis colm'ata 
Hepatica amm'iccl/!a 
He1iciaria glabr'a 
Heuchem lithophila 
Heuchera sanguinea 
Hibiscus r'osa-sinensis 
Hoffmannia ghiesbr'eghti 
Hoffmannia r'('/ulge1l8 
H omalocladiulIL platycladum 
Homalomena wallisii 
H osta cae1"lclen 
Hosta /or'tttllei 
Hostn plantaginea 
Hosta undulata, 
H ova ca1"l!Osa· 
Hydra.llgea arbo1'escens 
Hydrangea macrophylla 
Hydrangea pmticulata. 
Hypericum calycinmlL 
[beris sempervir'e1l8 
lle:r cormlta 
[[ex glabm 
flex opaca 
Impatiens sultanii 

Iris cristata 
Iris purnila 
[xora cocC'inea 
Ixora conge::ta 
Jacobinia canlea 
JasminwIL rnesnlli 
JasminwlL officina Ie 
JasminmIL sambac 
Juniper'us ch'inensis 
Juniperus corn1ntcnis 
Jmciperus excelsa 
Junipe'1'Us horizontalis 
Juniperus sabina 
Junipe1'l~s seopulorwn 
Jwtiper-us sql(amata 
J'ltnipcrus vi' linictnu 
J'ltnipe1'l1S 10alliehiana. 
J{alanchoe bloss/eldiancL 
Kalmlchoe gZobuti/era 
Knipho/ia uvariu 
Laburnum anagyroides 
Lathyrus lati/oUllS 
LavCl.ndula officinalis 
Leontopoclium aZpinmIL 
Liatr-is Pyc1wstachlla 
Lia·tris sca1-iosa 
Ligulm-ia kaemp/eri 
Liliu1n 101lgiflontm. 
Linwn flavmlt 
Linu1lt pe1'enne 
Lobelia. carclinalis 
Lobelia siphilitica 
Lonicera canadensis 
Lonicera hem'yi 
Lonieer'a ntp1'echtiana, 
Lonicera tatar-ica 
Lychnis viscaria 
Lysimachia nmnmulm'ia 
Lysimachia p'ltnctata 
Lythntm salicaria. 
Magnolia liliflom 
fflagnolia soulungeuna 
IUagnolia stellutu 
Mahonia aqtti/oliwn 
l}Iuranta, anmdinaceae 
Maranta bicolor' 
Maranta lcuconeura 
M ar'cgr'av.za elegans 
Matr'icaria tchihatchewi 
l}Ia;nlS japonicus 
M edinillu magnifica 
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111ent/tet piperita 
Mentha rottmdifolia, 
I'Hertmlsia virgin'iea, 
Mimosa puciica 
atonm"da didyma 
M01tarcia fistulosa 
Mondo japonicmn 
iUuohl1l11beckia axillaris 
Muset nana 
Myosotis alp!Jstris 
IU'YOSOtis sco'rpioides 
N oomarica g1"aC iUs 
N eoma'rica northianct 
Nepenthes ett1"OSanlTltinea 
Nepenthes domini 
Nepenthes intermeciict 
Nepenthes willia11lsi 
N epnta 'Yftussini 
Nephrolepis exaltata 
Nephthytis afzelii 
Nidlllm'ilL11L fulgens 
NiciltiarilL'llt innocenti 
N ie1"Cmbergiu" rivularis 
Oenothe-ra" /,I"uticosa 
Oenothe'ra glauea 
Oenothera missouriensIs 
Oplmtia tuna 
Origanum vulget1"e 
Osmanthus fortunei 
Osmanthus f1"agrU1!s 
OS1/lanthus Wc;ifolilt..~ 
PU(lhysallcira pl"octtmbens 
Puchysct1td-ra. te1'millalis 
Pandanus baptistii 
Pemcicmus sandera 
Pandanus veitchii 
Panic-ullt ca.pilla1"f! 
Papaver orientale 
Pa1"thenocissus tricuspidata 
Pussifiora alatocaentlca 
Passi/lora, quaci1"angularis 
Passifio1"a 1"aCemOsa 
Pelctrgonimll clomcstic!!.1n 
Pelargonimn g1"andifioru1IL 
Pelu1"gonium odoratissimmn 
PeUaeu vi1'idis 
Pelliollia. cla'veau,ana 
Pellionia pulchra 
Penstemon bnrbatus 
Pellstemon digitalis 
PeJlstelltOlL ga.rretti 

Penstemon laevigatus 
Penste'1llon torreyi 
Peperomia c-rassif{)lia 
Pepero-mia.obtusifolia 
Pep I.lrom ia, rotundifolia 
Peperomia sa·lLders·i 
Petrea volubilis 
Pettmia hllbrida 
Philodendron acu1Ilinatissimum 
P hilodenelron 1l11elreanU1n 
Phi/aelelleb"on corciatum 
Philodencl-ron corsiniamt1n 
Philoclend'ron erubescens 
Philoelendron iacerum 
Philodend1"on mamei 
Philocielld'ron sellomn 
Philodendron verrucosum 
Phlox ciecu,ssata, 
Phlox eli'varicata 
Phlox fronelosa, 
Phlox glaben-ima, 
Phlox nivalis 
Phlox ovata, 
Phlox panicu,lata 
Phlox subulata, 
Phyllitis scolopendriwn 
Physalis alkekengi 
Physostegia virginicma 
Picea abies 
Picea glauca 
Picea 1J!L1lgens 
Pieris japonicet 
Pilca, nummula.riaefolia 
Pilea pumi/a, 
Pinus mugo 
Piper lItagnificm1L 
Piper nigru,m 
Piper onw.tmn 
Platyce1"imn angolense 
Platyeerim1L bifurcatu1lt 
Platyee1'imn grande 
Platyce1'ium hnli 
Pla,tyce1"imn veitchi 
Platyeerimn willincki 
Pla.tycodon grandifiormn 
Plectranthus discolor 
Plmnbago rosea, 
Pole1llonimn pulcherri?nm1t 
Po/emonimlL 1'eptans 
Polygona.tum l1mltifiorllm 
Polypodimn a.m'cum 

http:clomcstic!!.1n
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PolypodiU7n subauriculatznlt 
Polyscias ballouriaua 
PolystichzL11L aC'rostichoides 
Polystichum tsussime1l.sEl 
Potentilla andicola 
PotmtUlia /ruticosa 
Potentilla t'ridentata. 
Potentilla verna 
Primula cmriC'ltln 
Primula denticulata, 
Primullt /lorindac 
P'rillwla japonica 
Primltla julia., 
Primula. polyantlw. 
Primula. sieboldi 
Primul(~ vcris 
Primttla 'vulgaris 
Primus nippollica 
Psclulotsuga taxi/olia 
Ptc-ri;; c,.~>tica 
Pter[s (~Ilsiformis 
Ptcris multifid(l 
Pteris qucrcirlaurit(t 
Pteris tremula 
Puilllollaria (nlgustiloli(t 
Pltlmonaria saccharata 
Puya a.lpeslris 
PlIraC(LlLtlta coccinea 
Rh(zpiciophyllu'llt hystrix 
Ritektoplzylllw~ mil'abile 
Rhododclldron calcnciulacemn 
Rhododendron catawbiense 
Rlwdod(7ldron gltnd(wensc 
Rhododendron indicwn 
Rhodociendron 7//(lximwn 
Rhododendron molle 
Rhododt'lldron obtllsum 
Rhododt'lZdron ponticmlL 
Rhododendron ndherfordiana 
Rhododendron scmderi 
Rhoeo discolor 
Rorippa 1lasi ltrtiltm­

aquaticwn 
Rosa multiflora 
Rosa odora ta 
Rosa, rugosa 
Roslllarilllts 0 fficinalis 
Rub!t.~ rf'fl('xl/,g 
Rudbeckia laciniatrc 
Sagina ,qlabm 
Sa';ntpattlja iOllantha 

Saintpaulia kewen,qis 
Salvia nemorosu 
Salvia officinalis 
Salvia. pitcheri 
S nlzri~ 'prettens-is 
Salvia virgata 
Sans1'vieria zeylcmica 
Sanlolina clzamaccypwrissu,s 
Santolilla 11i'l'£:1IS 
Saxilraga SClrmentosa. 
Scabiosa Cct'ucasica 
Scclbios~ jischc:ri 
Scltismatoglotlis'll1'o­

gltinecllsis 
Scin£iapsu8 czurclIs 
Scinda.pslts pictus 
Scirplts ccrnuus 
Sedum acre 
Sedlon hybridmn 
SedzLln ka11ltscizaticu1n 
Sedum're/leXUlIL 
Seciltln selskianu7n 
Sedum siebolcii 
Sedlon spectabile 
Sedlun spurimn 
Sedlt11l sloloni/erum 
Selagillella. caulescens 
Seiag inella dmLticulata. 
Selaginella emmeliana 
Selaginella uncinata 
S elag ineUn willdenovi 
Se1llperViVUln aracltnoideu11t 
SC1IIpel'llivwn cLrclwriwlL 
S rmpervivmn rlttltenicu1n 
Sempervivu11L lectormn 
Senecio Crllentus 
Senecio pltlcher 
Serissa. foetida 
Silene sclta/ta 
Sonerila margal'itacccL 
Sparmannia !t/ricana 
Spathllphllllmn (/,orilmnciwn 
Stenalltizilt1n robttstmlL 
StenotapltrlOn secundutwn 
S tepiza.no tis fioribull du 
Slokesia laevis 
S tre lit::: ic! ?'eg inae 
SlIringa vufgaris 
Taxlts baccula 
Taxl(s brevi/olia 
Tctxus canadensis 

http:tepiza.no
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Tax liS cuspidatc! 
TaxlIs hwmewelliana 
TaxHs media 
Tei:rastiglllfl.1Joinierianmn 
TelLcriu7n clw/llaedrl1s 
T/lalid,rtun aqtdlegifolilun 
T halictrwn dilJte'rocarplL7It 
TlwlicirzL'IIt glattclL7n 
7'hermopsis cal'oliniana 
Thuja occidentalis 
ThlLja orlentalis 
ThlLjet plicaia 
7'hl1m'ILS serpyllum 
ThYIILlLs vulgaris 
Tiarelict corelilolia 
Tibouchina semicZecand1'a 
Tillandsia lineleniana 
Tolmiea menziesi 
7''/'(lChelospe,,'/ltw/IL jasmilloicles 
Tl'llllescantia jlulltinensis 
T'rCldescantia flLScata 
T.,.cuZescanlia n'ginae 
T'racll'sccmlici virginialla 
T'nc/tostig1l!a, pcruvianzun 
Trillilun erect1L1It 
Tl'illium grallcli/lorlLm 
Trillium sessile 
T'rilliuln lLllcilLlatuln 
Trollius curopaelLS 
T1'ollius leclebouri 
T'ropaeollLl1t majlls 
Tsnya canade1lsis 

1'accinilLn~ spp, 
Valeriana 0 jJicinalis 
ITeronica 'incana 
l'e-ro1lica lati/olia 
V €l'onica 1naritimcL 
l'e-ronica, spicaia 
Veronica splLl'ia 
Vibl,·nmm bltrkwooelii 
VibltrlL1Un carlesii 
Vibm'mmt eliZatatwn 
Viburnmn oplLius 
ViblLnm'ln setige-n('ln 
Vibltnm/lL tomentoSlL1/t 
Vinca minor 
Yiola, calca'rata 
Viola canaelensis 
"Viola cornuta 
Viola kitaibelia,lIa 
Viola odomta 
Viola pedata 
Viola tricolor 
ritis spp. 
r'nesia cal'dinalis 
Ynesia creeta 
Vriesia hierglyphica 
l'riesia IJoelmani 
V riesia speeiosa 
WeigelCl. /loTidCl 
Xanthosoma lindeni 
Yucca jilu'IIlentosa 
Zebrina penclula 
Zinnia eiegClllS 

The plants grown in DDT-treated soil and certified for ship­
ment totaled :10,975,031 during 1946-50 (Middleton and Cronin 
1952). 

So-il ImprOl'ement Cl'Ops,-Nurseries using rye, soybeans, and 
corn in rotation with nursery stock to improve the fertility of 
their soil had no clifficulty in growing these crops 011 land treated 
with DDT, Fleming and Maines (1.952) used rotations of rye, soy­
beans, and corn, soybeans, corn, and rye, and corn, rye, and soy­
beans in studying the effect of DDT in the npper 3 inches of soil 
on the yields of these crops. DDT was applied at 25 and 60 
potmds per acre ~U1d mixed by cultivation with the upper 3 inches 
of soil by disking 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 
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year showed that practically all the residual DDT was within the 
upper 3-inch layer of soil. 

The DDT retarded the early seedling growth of rye, but it had 
no effect on the germination and growth of eorn and soybeans. 
\-Vhen the yields 011 the plots with the 25- and 60-pound dosages 
were compared with those on untreated plots, the relative average 
yields over the 4-year period were 86 and 81 percent with rye, 99 
and 93 percent with soybeans, and 96 r-nd 101 percent with corn, 
respective1)r. However, the variation iT. the yields 011 plots receiv­
ing the same treatment WU~ sueh that the diffet'ences in yield be­
tween the treated and untreated plots were not significant, except 
those with rye the first year. 

TDE 

TDE, a byproduct in the production of DDT, is closely re­
lated to DDT in chemical structure and in properties. The com­
mercial product i!; largely 1,1-dichloro-2,2-bis (p-chlorophenyl) 
ethane. 

Fleming and Mnines (1950a) found that TDE was slightly 
less toxic to grubs than DDT. In laboratory tests with third­
instal' 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 tests both chemicals were applied at 25 pounds per 
acre in 1\lay. TDE reduced the third-instal' grub population by 42 
to 7G percent before pupation, and by September it had eliminated 
84 to 89 percent of the grubs hatching in the soil during the 
summer. DDT reduced the third-instal' grub population by 75 to 
78 percent and eliminated 99.£1 to 99.8 percent of the first in­
!"tars. Probably if TDE had been applied at 33 pounds per acre, 
the control of the grubs would have been equivalent to that with 
the 25 pounds of DDT. Although a potential substitute for DDT, 
the possibilities of TDE were not e-xplored further because of 
the higher ciosage required to control the grubs. 

Methoxychlor 

Methoxychlor is closely related to DDT in that the two 1)­

chlorophenyl groups of DDT are replaced by ]J-methoxyphenyl 
groups. Technical methoxychlor is largely 1,1,1-trichloro-2,2-bis 
(p-methoxyphenyl) ethane. Other designations are methoxy 
DDT, DMDT, andlVIarlate. 

In laboratory tests with third-instal' grubs, 100 pounds of 
methoxychlor per acre were requi,red to produce a toxicity in the 
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soil 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 1950b) 

Toxaphene 

Tox~lphene is chlorinated camphene containing 67-69 percent 
of chlorine. 

ToX'i(~ity to Gntbs.-Toxaphene did not inhibit the hatching 
of eggs. A few first-instal' 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. (Flemillg et aI. ullpublished) 

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 ~5 pounds per acre of these chemicals 
in these soils grouped according to texture 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 
difrerences between the chemicals were not significant. (Fleming 
and Maines 1951) 

The addition of finely divided peat to Sassafras sandy loam 
retarded the insecticide action of the 25-pound dosage of toxa-

TABLE 22.-Effect of te:1~tnre of different soils on insecthide action 
of to;);(I>}Jhene (l.nd DDT on thit'd-instar Japanese beetle grubs 

Exposure for 98-percent 
mortality at 80· F. 
with 25 pounds per acre 

Texture Soils of-

Toxaphene DDT 

Sand 
NWllber 

3 
Days 
16 

Days 
15 

Gravelly and shale loam 4 17 18 
Sandy 
Loam 

loam 29 
20 

18 
19 

If) 

18 
Silt loam 11 14 16 
Silty clay loam 2 20 12 
Clay loam 1 11 11 
.Muck 1 41 30 

Total or average 71 19 17 
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phene. 'Yhen third-instal' grubs were introduced into the soil­
peat mixtures immediately after applying the chemical, 98­
percent mortality of the grubs was obtained in 7 days at 80 9 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 clays with the soil, ~3 days with 3:1 mixture, 24 days with 
1:1 mixture, 29 days with 1:3 mixture, and <11 days with peat. 
(Flemi ng and Maines .195.1) 

The temperature of the soil also modified the velocity of the 
insecticide action w.ith the 2f)-pound dosage of toxaphene in 
Sassafras sandy loam. To kill all third-instal' gmbs with this 
dosage required an exposure of 30, <10, 60, and 120 days at 80 0 

, 

70", 60", and 50" F., respectively. (Fleming et a1. unpublished) 
In comparath'efielc1 tests toxaphene and DDT were applied 

in May at 25 pounds pel' acre. Toxaphene reduced the thirel­
instal' grub population by 68-69 percent before pupation anel by 
September had eliminated 97-H8 percent of the grubs hatching in 
the soil cltll'ing the summer. DDT reduced the third.:.instar 
population by 7G-78 percent and by September had eliminated 99 
percent of the newly hatched grubs. (Fleming and Maines 
195.1) 

Pound for pound toxaphene was equivalent to DDT in toxicity 
to the grubs. 

Pel'sistel/cc.-Toxaphene disappeared rapidly when applied as 
a dust at 20 pounds per acre and left on the surface of fallow 
ground. Chemical analyses showed that 12, 2 l1, 34, 42, 64, and 92 
percent of the chemical were lost in 1, 2, 3, 4, 8, and 1() weeks, 
respectively. (Fleming et al. unpublished) 

vVhen toxaphene was mixed with Sassafras sandy loam at 25 
pou nc1~ pE'r 3-i nell 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 bioassays of this soil treated 
with toxaphene and with DDT are summarized in table 23. After 
weathering for 7 years G8 percent of the toxaphene and 54 per­
cent of the DDT were insecticidally active. The residues of both 
chemit'al~ at that time were more than needed to eliminate 
grubs hatching in the soil. (Fleming et a1. unpublished) 

Pottillo Sait.-All the newly hatched Japanese beetle grubs 
were not killed b~' mixing 1,4 grams of toxaphene with a cubic 
yard of potting soil, but none of them survived 'when the dosage 
was increased to 2.7 grams per cubic yare!. (Fleming et a1. 
11 npll blishe(1) 
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TABLE 23.-Persistence of insecticidally actit'etoxaphene and DDT 
in Sassafras sandy lOfLm when applied at 25 pounds per acre 

ActivE.' insecticide per acreWeathering 

(years) 
 Toxaphene DDT 

Pounds POlLnds
1 23.5 23.5 

2 
 22.0 22.0 

3 
 20.5 20.0 

4 
 19.0 18.5 

5 
 17.5 17.0 
(j 16.0 15.5 

7 
 14.5 13.5 

Third-instar grubs were killed within 28 days at 80 0 F. by 
mixing 27 grams of toxaphene w.ith a cubic ~'arcl of soil. The 
exposure had to be prolonged for <12 days at 70°, 56 days at ()Q0, 

and 112 days at GO' before all the grubs were dead at these 
temperatures. Howe\'er, the grubs obtained a toxic dosage long 
before they were all dead. The velocity of poisoning 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 l\Iaines unpublished) 

Toxaphene mixed with potting soil at 27 grams per cubic 
yard was authol'ized in H153 as a basis for certification. The son 
could be eertified in 30 days at temperatures at least 80° F., in 
45 days at 70 -7H , in 60 clays at 60"-69<:', and in 120 days at 
50'-59". Later the soil could be certified after holding for 28 
clays at not lower than GO • 

There is no record of toxaphene being used for the treatment 
of potting soil in commercial nurseries. 'When toxaphene was 
authorized. DDT had been llsed for seve!'al years for treating 
the soil and there was no aclvantage in substituting toxaphene 
for DDT. 

P[a·nted and ['uplanted Plots.-In experimental plots toxaphene 
had been shown to be equivalent to DDT in eliminating grubs 
hatching in the soil cluring 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 1953 with the under­
Sb\llcling that consideration would be given to certifying the 
plants if slllTeys in September demonstrated that no living grubs 
were in the soil. It was not possible to arrange with commercial 
nurseries to apply toxaphene to planted or llllplanted plots be­
cause they did not want to assume the potential Tisk that the 



plots ,,'oulc1 not be certified in the fall. This attitude was under­
standable l)(:'C(lllSe the nurseries had been using DDT with satis­
factory results for seyeral years. 

NW'se/'y (1II(i Greenhouse P/cwts.-In preliminary tests of tbe 
tolerance of plants to toxaphene in soil, Fleming and Maines 
(1!J5Z. unpublisbed) found that broccoli, eubbage, celery, corn, 
eggplant, lude, lettuce, l)eppers, radishes, squash, string beans, 
tomatoes, and turnips were not afreded by toxaphene applied at 
'27 grams per cubit yard of snil or ~;j pounds pel' acre, but beets 
and cncumbers were retarded in growtb. Aslers, l)Oppies, and 
snapdragons also tolerated the ehemical in the soil. 

The reaction of nurseL'Y and greenhouse plants to toxaphene in 
the soil was not detennined because of the lack of interest by 
lhe growers. How€,vel', a small-s('ale tpst with se\'pral varieties of 
azaleas indit'ltted that thest' plants w0L'e not affected by toxaphene 
at 50 Jlounds pel' aCft', 

Chlordan{' 

PlIl'P chlol'clulH' is 1 ,2,4.5,(),7 ,8,8-octHehlol'o-2,3,3a,4,7,7 a-hexa­
hydro-.1,7-mf'tlulllOindE'nt'. TherE' are at leaRt ('ight possible stere­
oisomt'l's. 'l'{'chnieal ehlol'clane is a t'Cllllplex mixture containing 
()O to 7;) PE'l'('t'llt of C!ll'lia anel betc! ehlordane and se\'eral associ­
nted ('ompolluris resulting from the mal1l1faetlldng process. All 
the illgrNli('nts of tedUlicnl chlordane are considered to be 
inset'ticidall~' aeth'e, 

Om' of till' pl'indpal prodllt'(:'rs r('])ol'ted that technical ch10r­
<httll's with the same t'hlorine content may differ wielely in il1­
seetit'itlf.' lll'Olwrties, and technical ch10rdanes differing greatly 
in ehlorinl' t'()lltpnt may h:1\'e similar insecticide properties, This 
JlI'odm't'I' bioHssa,r('d ellch batch of teehni('al chlordane, using 
erystnllillE' a[ph([ ehlonlane as a standard and the house fly 
(J/I/sm dOll/('stictl L.) as the test insect, The marketed pl'oc1uet 
had a toxit'ity index of not less than 1:>0. 

Fleming and Maines (unpublished), lIsing third-instal' grubs 
as test insect:; and crystalline a/p7l(/ chlordane as the standard, 
determined the relath'e toxicity of technical ch101'danes ·with 
the manufaetul'E'r's indices between 130-14:) and 17:)-H)O, 'Vith 
the toxicity of alp}w chlordane rated as 100, the relative toxicity 
to the gl'ubs of the first group of technical chlordanes ranged 
from 3·1 to 132 and that of the second group from 54 to 112. There 
was 110 COIT0latioJl between 1:1e manufacturer's toxicity indices 
and the toxicity of the techni.cal chlordanes to the grubs. There 
was, however, n high negative correlation between the chlorine 
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content of the tN'hnical ehlordanes and their toxicity. The average 
l'elath'e grub toxicity ranged from 122 "with chlol'danes con­
taining (il-(i~ percent of ehlorine to 11 with those containing 
64-{)G percent of chlorine. 

This situation was disturbing because it indicated that chlor­
dane formulations available on the market coulcl differ great17 
in their t()xidt~· to the grubs. Tests were made with formulations 
obtnined from several processors who used teehnical chlordane 
made hy the t\\'o principal producers. These tests showed that the 
ehlo.rclane formulations on the market did not differ significantly 
in their t()xieit~, to the grubs. (Fleming 19~5a) 

To.ric'it!! to Grllbs.-(,hlorc1ane did not inhibit the female 
beetlE:' from depositing eggs in the soil or llre\'ent their hatching. 
It was mm'(' toxic to the grubs than DDT. 1'\ewly hatched grubs 
in Sassafras s<lnclr loam were killed in 1·1 dars br 004 pound of 
ehlord:me ilnc1 5 llounds of DDT pel' Here at 80 F. Under these 
(,Oll(litiong :J p()uncl~ of ehlot'c1ane and GO pounds of DDT killed 
thirc1-in~tHl' gl'lIh~ in ]!l days. Chlordane was 13 to }:J times as 
toxi(' as DDT to the grubs. (Fleming and Maines unpublished) 

The mortality of the grubs was modified by their age, the 
quantitr of ehlorclane in the soil, the temperature, and the dura­
tion of tht, exposure, as showll in table 2-1. The \'elocity of ill­
sedicide lletitll1 at GO F. was twice that at GO:>; at 70<' it was 
triple(l and at KO ql1ctclrupled. The poisouing of first-instal' grubs 
was not 1l('('elenrted by increasing the dosage from 0.4 to 1 pound 
pel' a('1'(;'; the poisoning of third-instal' grubs was not accelerated 
significantly by in('rem~illg the dosage from !) to 10 pounds per 
Here. TIll' maximum mtt' of poisoning of first- and third-instal' 
grubs was obtaiul'd with n.:t and ii pounds per acre, respectively. 
(Fleming' al\(l Jlai nes unpublished) 

TADLr; '.!.I.-Effcct (if tcmpcl'Cliul'c alld ('lzloI"C/aJlc dosage on lellgth 
IIf f.rpll.~lln IT'INirnl to kill Japa1lcse bcctle f/l'llbs ill Sassafras 
sa tld!l l()ct m 

Exposurp for 100-pprcpnt mortality wit]l indicated 
pounds per acl'l' 

---"-" ~-."-- --"-""--------""--~-~~-.,----

First instars Third instal'S 

D.4 1 1 2 5 10 
.-~-~..... -.,.. ~-"'""'''. 

-~,,~ ..~ ..... -~-"---"-~---.-'""" 
Days Dalls Dalls Days Dalls Days;;0 56 52 

liO 56 ,12 28 26
'i0 HI 1~ 19 18 

14 1-1 28 21 14 13 80 
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Fleming (1948a) and Fleming and Maines (unpublished) col­
le(·ted soil:::; from six phy";ographic areas in Connecticut, Mas­
sachusetts, New Jersey, anc1Kew York and determined the effect 
of the origin of the soils on the insecticide action of chlordane 
on third-instal' grubs. The efTeet of the origin and the natural 
drainage of these soils on the insedicide action is summarized in 
table 2!i. The origin of the soil was not important in modifying 
the efl'ectlYeness of chlordane. The ntr1atiol1s in insecticide ac­
lion in soils within the physiographic areas were as great as the 
dHIE'rences between the arens. The inseetieic1e action tended to be 
:::;)owel' ill the inarlequatel~' drained soils than in the well-drained, 
adequately aerated soils. 

The efrett of soil tt'.:dlll·(' on the r~te of inse(·ticide action of 
10 !l!ltmcls of ehlorfiarH:' was determined with 8:1 soHs occurring 
ill ~('w Englund, New ,Jersey, New York. North Carolina, Ohio, 
and "irginia. 1'110 da~'s l'equirf'd to kill ~)R percent of the thircl­
instal' grub:-; at ~() F. in !';oi1s of c1ifl"erent texture are summarized 
in table ~{i. The iu!'edkicle action progressed faster ill the sands 
than in the ntrious loam~, out the rates in gravelly and shale 
loatns. saJldy Imull!', loam:-;, siH loams, and day loams were not 
:-;igniti<'nntly cliffel"PuL Thp insecticide action was slower in muck 
than in till' mineral soik H()we\·~'r. H difference of onl,\' 3 clay.s for 

TABl,E ~G.-ElJ'cd ().f IWi! ori!lill and fwtul'al drainagc 011 insec­
fi('irl,- Cll"fioll 01' l'hlOl'dfllit Oil third-im,;ta/' Japall(,sc beetle grubs 

. -"-~-~~~---"~ '," 
Exposure for 98­
percent mortality 

at 80' F. with 

:>oil ori~in 
Natural 
drainag<' Soil" 

indicated pounds 
per acre 

.,---­

5 10 
--.,-"",~~----

SlOnilrr Days Days 
AppahwhiuY! :J(llUltuim; Good 2 10 9 

[,i~·dlll\ltlt pluh'HU 
do 

Impt'rfl'l't 

4 

1 

9 

20 
9 

16 
Limf·,;t!.!", valh·y Good 14 8 

(Tlllt'l~tl till do 

lmpprfc·('t 
8 

2 

11 

15 
12 
14 

t;}a\'ial !nk .. ar~d rh'!'!' tprrac!' Good 
imp!'rfl'rt 

il 

1 

11 

9 

10 
11 

('ua~tlll plain Good ~ 

r 12 9 

I mpl'ri"t't 9 9 !) 
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TABLE 26.-E/Ject of soils of different texture on insecticide (Lction 
oj 10 pounds of c}z lonZane pe-r acre on tMrd-inst(L)' Japanese 
beetle {/'I"ubs 

.-""~..~~-.--------------"---------
Exposure for 98" 

Te:durt' Soils percent mortality 
at 80' F. 

Sand 
Number 

4 
Days 

B 
Gravelly and shale loam 5 9 
Sundy loam 37 10 
Loum 20 10 
Silt loam 12 9 
Clay lOam 5 10 
Muck 1 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) 

Persisten('('.-When 10 pounds of chlorchll1e per acre were 
applied in the spring as a dust or granular formulation to the 
surface of fallow land anel left there, the chemical dissjpated 
rapidly. Chemical analyses and bioassays showed that 46, GO, 73, 
and 8~t percent of the chernieal were lost in 1, 2, 3, and 4 weeks, 
J;espectively. (Fleming et a1. unpublished) 

Fleming and Maines (unpublished) mixed chlordane with 
Sasbafras sandy loam, exposed the soil to weathering, and 
periodically determined the active chlordane in the soil by bio­
assay. The duration of the effecth'eness of 1 to 10 pounds of the 
chemical pet· ~\('re was considered to be the number of months 
€'lapsing before the active residue decreased to 0.4 pound per acre, 
the dosage needed to kill newly hatched grubs. The longevity of 
efreetireness of 1. 2, h, and 10 pounds was 12, 24, 42, and 60 
months, respedh'ely. This persistence of the 10 pounds in soil 
is in contrast to the rapid disappearance of the chemical from 
the surfat'e of soiL The dosage of chlordane applied .is dependent 
on the pedod of effecth'eness required. The lO-pound dosage of 
chlordane was selected for nursery treatments because its longev­
ity of efTecth'eness approached that with lead arsenate and 
DDT. 

The efrect of the area where 83 minera] soils occur on the 
persistent'e 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 Carolina soils. As the weatherjng \yas prolonged 
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TABLf~ 27.-P('/·sistencf of insecticidally a.cti'L'e chlO'l'dane in soils oj 
di.tTerfllt areas and different te:rtures whell Ctppl:ied Ctt 10 7JOunds 
pel' (/c're 

A v(,1'age activ(' chlordall(, per a('1'(' 
lIIt('r indicnt(>d yClIl'S

Area Soils 
1 2 3 4 

"""--""""'''""'--' - --,.-""-"~-....., 

NlLmlirr Pounds Pounds P"'"nds Pounds 
Ohio 15 4.2 2.0 1.1 0.6 
N('w El\~lnnd 30 5.1 2.5 1.1 .4 
N£'w York 2 ~.4 2.4 S.l .5 
N!'w Jc'rs('y 28 6.5 3.'1 1.4 .5 
North Carolina 8 7.0 3.~\ i,.6 .7 

--+"~-'----
Total 01' IlvC'rngC' 83 5.li 2.7 1.3 .5 

.. -,.",.~~ ­
l'('xtul'(, 
'" - -<"",------,""'-.--.....••,.~~.,'". 

Snnd, shale', and g-ra \'(·Hy loam !l 6.1 3 ./'. 1.5 0.7 
SlIndy loam 38 5.D 3.1 1.3 .5 
Loam 19 5.1 2.5 1.1 .5 
Silt loam 12 5.5 2.5 1.0 .4 
Cla~1 loa III 5 4.5 ,2.4 1.3 .6 
.Murk 1 1.5 .3 

the difl'('reIH'(:'H became progressi\'ely less until after 4 years 
about the sanw amount of active chlordane was present in all of 
them. The adi"e dllordane at that time was approaching the 
minimum needed to kill grubs hatching in the soils. (Fleming 
ancll\lai !les 1 9/i i) 

Flem.ing' and l\luines (1.954) found that the persistence of 
inHeC'tit'idally actin' chlordane in the soils of these areas was 
moc1ifi(;\(! by the soil textl1l'e. The effect of texture on the persist­
euee of the IO-pound dosage is also summarized in table 27. 
The half-life of the treatment, a reduction of 50 percent in the 
insectidd;tll~' HCtiW chlordane, occurred in less than 1 year in the 
('lay loam!': and in lllUl'k, and in a little over 1 rear in the sands, 
g'l'aYelly and shale loams. sandy loams, loams, and silt loams. The 
minimum dosage to kill newly hatched grubs was reached in the 
muck in less than ~ ~·ears. This minimum was approached in the 
other soils ill about ,1 years. 

POttill!l Soil.-To facilitate the mixing of small quantities of 
chlordam' with 1lOtting soil the chemical was applied as a dilute 
dust or as a dilute emulsion. A dosage of 11.2 grams of chlordane 
per ('ubie yard of soil killed all third-instal' grubs within 13, 18, 
2H, and ;)2 days at RO", 70 , 60 , and GOO F., respectively. Later 
the \'(~l()<'ity of J)oisoning 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 ~6 days. (Fleming and Maines unpublished) 

The treatment of potting soil with chlordane at 11.2 grams 
pel' cubic yard was authorized in 1948. The soil could be certified 
ill 14 days at temperatures at least 80'- F., 21 days at 70<>-79°, 
28 days at 60 c'-69", and 56 days at 50 C'-59". The treatment was 
rarely used below 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 certifled status for 4 years, but the longevity of the certified 
period was determined by analysis of the soil. 

Plallted and f!nplclIIted Plots.-By 1948 most of the commer­
cial nurseries were applying DDT to beds and plots to obtain 
certification, To acquire information 011 the effectiveness of chlor­
dane In eliminating newly hatched grubs, the Japanese Beetle 
Laboratory ul'l'<lnged with the then Di\'isioH of Japanese Beetle 
Control (U.S. Dept. Agr.) that if ehlordane was substituted for 
DDT in the treatment of some plots. consideration would be 
given to the certifying of the chlordane-treated plots pl'ovWecl in 
September 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 pOLlndl) per acre and mixed by 
CUltivation with the upper 3 inches of son. The chemical was 
applied during April .. May, and July. The third-instal' 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 
plots in September. This treatment eliminated three or four 
annual bl'Oods that hatched subsequently in the treated plots. 
(Fleming- 1[} ..}Sa ; Fleming and Maines unpublished) 

Chlordane at 10 pounds per acre was authorized ill 1948 for 
the certificatioll of llursery beds and plots both planted and 
unplantE'd. The initial ~lpp1ication had to be completed at the 
time the eg-gs began to hatch, approximately 14 days after emer­
gE'nce of the beetle. Mixing the chemical with the upper 3 inches 
of soil hacl h) he completed within 24 hours after applying it. 
A plot could be certified 60 days after the eggs began to hatch. 
It coule! be in a r('l'tifled status for 3 or -1 years, but the longevitJ• 
of certification was determined by analysis of the soil. 

Some llUrS01'Y ('fOPS would be han'ested .vithin 1 or 2 years 
after the tlPl)Jicatiol1 of chlordane. The lO-pounel treatment usually 
provided a long-er period of certification than was needed for 
these rrops. It 'wns authorized in 1960 that a plot cO'.l1d be in a 
certified status for at least 1 year by applying 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 19~19 anel 1950 chlordane largely replaced DDT for the 
treatment of nursery plots. Middleton and Cronin (1952) re­
ported that during 19.:18-50 chlordane had beeen applied to 
6,619,966 square feet of cultivated plots in commercial nurseries. 

NW'sery and G)'eenhollse Plants.-In a preliminary test with 
annual and perennial flowers, 22.4 grams of chlordane per cubic 
yard of potting soil, double the quantity needed to kill third­
instal' grubs, did not affect the germination and growth of 
Althaea rosea, Aster novCtc-c(1/gliae, Calendula ojficinaUs, Cen­
tmll'ecL CYCL1l11S. Chl'ysanthenmm carinat'U1n, C. coccineu1n, Cos­
mos bipimwtlls, Ga WClI'ella aristcda. Ibel'is odm'ata, LathY1"lIS 
ocloratus, PortnlaccL grandijlorn, Scnbiosa. sp., T"opaeolurn majus, 
Verbenn sp., Viola tricolor, and Zinnia elegans. Dianthus del­
toides was retarded by 22.'.1· grams but was not affected by 11.2 
grams of chlordanp-o A lltirrhinmn majlls and Papa'ver or'ienictle 
were retarded by G.G grams. (Fleming 1945n) 

In preliminary tests in commercial greenhouses Cyclamen sp., 
Pteris tremllln, Rhododendron indicu1rL, and R. nbtusum grew 
normally in soil containing 11.2 grams of chlordane per cubic yard. 
After the treatment was authorized, many other plants were 
grown satisfaetorily in the treated soil, but the records on the 
species treated are not now available. (Fleming 1948a) 

In the large-scale field test in 19'18 in commercial nurseries 
over 28,000 evergreens, including Buxus Sern1Jer'vi1'ens, Chamae­
<'yparis law.'{olliClIW, C. llootkatensis, C. obtusn, C. pisijer'n, .Tnni­
PC1'llS commullis. Rhododendron illdicmn, R. obtusu1n

J 
Taxus cus­

piclnta, T. hnnllcwelliana, Tlm/a occidentalis, and T. orientalis, 
grew normally in plots treated with 10 pounds of chlordane per 
acre (Fleming 1948a). After the treatment was authorized, many 
species were grown in treated plots in commercial nurseries. 
Information on the species treated is not now available. 

During 1948-50, 720J 833 plants grown in chlordane-treated 
soil were certified for shipment (Middleton and Cronin 1952). 

Soil Imp1'ol'ement C/'ops.-Nmseries using rye, soybeans, 
and Corn in rotation with m~~'sery stock to improve the fertility 
of their soil had no clifl1culty in growing these crops on land 
heated with chlordane. Fleming and l\Iaines (1952) used rota­
tions of rye, soybeans, and corn, soybeans, corn, and rye, and 
corn, rye, nnd soyl;eans in a study on the effect of chlordane in the 
upper 3 inches of soil on the yields of these crops. Chlordane 
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was applied at 11 and 19 pounds per acre and mixed by cultiva­
tion with the upper 3 inches of soil before planting. After each 
crop was harvested, it was disked into the soil. Each spring the 
land W<1S prepared for planting by disking. The analyses of the 
soil during the fourth year 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 
yields 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-l,l1,4a,5,8,8a-hexahydro-l,4-endo-exo-5,8,-dimeth­
anonaphthalene. Other designations that have been used are com­
pound 118, Octalene, and HHDN. 

Toxidt!/ to GI'llbs.-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 to the second 
instar in loam with the O.Ol1-pound dosage. A O.4-pound dosage of 
chlordane was required to eliminate tirst-instar grubs. The toxic­
ity of 3 pounds of aldrin per acre was equivalent to that of 10 
pounds of chlordane to third-instal' grubs. (Fleming et a1. un­
published) 

The insecticide action of aldrin in Sassafras sandy loam was 
modified more by the temperature than by the dosage, as shawn 
in table 28. The velocity of poisoning at 60° F. was twice that at 
f50o; at 70" it was tripled and at 80° quadrupled. The speed of 
action on the first-instal' grubs was not enhanced by increasing 
the dosage from 0.07 to 0.15 pound pel' aGJ.'e. The 6-pound dosage 
was only slightly faster than the 3 pounds in killing third­
instal' grubs; the 9-pound dosage was no faster than 6 pounds. 
(Fleming et a1. unpublished) 

Fleming and Maines (unpublished) determined the effect of 
soil texhtre on the velocity of poisoning third-instal' grubs by 
the 3-pound dosage in 29 soils occurring in New England, New 
York, North Carolina, and Ohio. The results are summarized 
in table 29. The grubs were kmed faster iI~ the gravelly loams 
than in the other loams. The insecticide action was slowest in the 
clay loams. 
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TABLE 28.-Effect of tempe'ratu1"e cwd ald1"in dosage on length of 
expOSIl1'e 'J"eq'Ui?'cd to kill JeLpanese beetle grubs bL Sassaj?'as 
sa,ncly locL1n 

Exposure for 100-percent mortality of grubs 
with indicated pounds per acre 

Temperature 
(0 F.) First instars Third instars 

0.07 0.15 3 6 9 

50 
60 
70 
80 

Da1ls 

14 

Da1ls 

14 

Dalls 
56 
28 
21 
14 

Dalls 
52 
26 
18 
13 

Dalls 

26 

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 hioassays showed that 76 
percent of the chemical was lost in 1 week, 93 percent in 2 
weeks, 96 percent in 3 weeks, and practically all of it was gone 
in 11 weeks. (Fleming et a1. 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
ell'in by bioassay. The persistence of aldrin in these soils is sum­
marized in table 30. The residue approached the minimum needed 
to kill newly hatched grubs in 4 years in the gravelly loams, 
sandy loarns, loams, silt loams, and clay loams and in 2 years in 
muck. 

Pottin{J Soil.-To facilitate the mixing of small quantities of 
aldrin with potting soil, the chemical was applied as a dilute dust 

TABLE 29.-EjJect of soils of different text1t?'e on insecticide action 
of 3 pounds of aldl-in per am'e on thh'd~insta1' Japanese beetle 
grubs 

Exposure for 98-percent
Teldure Soils mortality at 80· F. 

Nztmbe')" Da1ls 
Gravelly loam 2 11 
Sandy loam 14 12 
Loam 8 13 
Silt loam 2 13 
Clay loam 3 15 
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TABLE 30.-Persistence of insecticidally active ald1'in in soils of 
diffe'J'ent text1l1'e when applied at 3 pounds per aC1'e 

Average active aldrin 
per acre after indicated 

Texture Soils years 

1 2 3 4 

Nwnbe1' Pounds Pounds Pounds Pounds 
Gravelly loam 2 1.9 0.5 0.2 0.1 
Sandy loam 14 1.7 .7 .4 .2 
Loam 8 1.2 .6 .2 .1 
Silt loam 2 .8 .6 .4 .2 
Clay loam 3 1.1 .5 .2 .1 
Muck 1 .2 .1 

or as a dilute emulsion. A dosage of 3.4 grams of aldrin per 
cubic yard of soil killed all third-instal' grubs within 14 days at 
80° F., 21 days at70", 28 clays at 60 0 

, ancl56 clays at 50 0 (Fleming 
and Maines unpublished). Later it was found that the velocity of 
poisoning at GO° progressed as rap:;dly 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 1953. The soil could be certified in 
14 days at temperatures at least 80 0 F., in 21 days at 70°_79°, 
28 days at 60 0 -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 
longevity of the certified period was determined by analysis of the 
soil. 

Planted and Unplanted Plots.-Commercial 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 another chlorinated hydrocarbon of not 
having their plots certified in the fall. It was necessary there­
fore to conduct the tests in l!t,-acre 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 
thil'd-instar grubs were reduced by 67 to 8G percent within 4 
weeks and were eliminated before pupation in the spring. The 
application of the chemical in April practically eliminated the 
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third-instal' grubs before pupation. Both the fan 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 pel' 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 1<1 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 certified 60 
days after the eggs began to hatch. It could be in a certified status 
for 3 years, but the longevity of certification was determined by 
analysis of the soil. 

Some nursery crops 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 ponnds of aldrin per 
acre ancl for 2 years by applying 2 pounds, except 3 pounds were 
required when the soil was high in organic matter. 

NW'sC7'71 and GI'eenhollse Plants.-In a preliminary test aldrin 
at 6.7 grams pel' cubic yard of potting soil, double the quantity 
needed to kill third-instal' grubs, did not affect the germination 
and growth of CalenduicL officil/alis, Centnu1'en cynnus, Gh1'ysnn­
themum cnl'iuatum, Dianthus sp., Ipomoea, 1Jwr'p1t1'e(~, Lnth1/1'US 
oclomtlls, PCLpO!/)er orientale, and Ziml'iCL elegans, but it retarded 
the growth of ftltlUW(l rosen and Verbena. sp. The 3A-gram dos­
age was tolerated by Ve/'bena but not by AlthneCL rosen. (Flem­
ing and l\[ainesl.953b) 

Only limited tests were made in commercial nurseries because 
of lack of interest by the growers in using the chemical. Pelw/,­
./jonium" S1). was not injured when potted in soil containing 10.2 
grams of aldl'in pel' cubic yard. Over 4,GOO azaleas, including 
17 varieties of Rhocloclendronindicmn and R. obtuSltm, grew 
normally in beds treated with aldrin at 3 pounds per acre. (Flem­
ing and Maines unpublished) 

Soil hnp'tovent.ent O/,ops.-Some nurseries used rye, soybeans, 
hnd com 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 3 inches of soil on the yields of these 
crops. Over a 3-yeal' period 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 96 percent with 
corn. 

Dieldrin 

Technical dieldrin contains not less than 85 percent of 1,2,3,4,­
10, lO-hexachloro-6, 7-epoxy-l,4,t1a,5,6,7,8, 8a-octahydro-l, 4-endo­
e;t:a-5,8-dimethanonarhthalene. Other designations are Octalox, 
compound 497, and HEOD. 

ToxiritlJ to G-rubs.-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-instal' grubs, but 
0.3 pound of dieldrin and 0.4 pound of chlordane were required 
to kill them. However, 3 ponnds of dieldrin per acre were needed 
to kill third-instal' grubs. (Fleming et a1. unpublished) 

The velocity of the insecticide action of 3 pounds of dieldrin on 
third-instal' grubs in Sassafras sandy loam was modified by the 
temperature in the same manner as were the rates of poisoning by 
lead arsenate, DDT, toxaphene, chlordane, and aldrin. To, kill all 
third-instal' grubs with this dosage required 14 days at 80° F., 
21 days at 70°, 28 days at 60°, and 56 days at 50°. (Fleming 
and Maines unpublished) 

Fleming aud Maines (unpublished). determined the effect of 
soil texture on the velocity of poisoning third-instal' grubs by 
the 3-pound dosage in 29 soils occurring in New England, New 
York, North Carolina, and Ohio. As shown in table 31, the 
insecticide action progressed at about the same rate in the grav­
elly loams, sandy loarns, loarns, and silt loarns, but it was slower in 
the clay loams. 

TABLE 31.-Effect of soils of diffe1'ent texture on insecticide action 
of /I pounds of dieldrin PM' acre on third-instar Japanese beetle 
g1,lbs 

Texture' Soils 
Exposure for 

98-percent 
mortality at 80° F. 

Gravelly loam 
Sandy loam 
Loam 
Silt loam 
CIa}' loam 

Number 
2 

14 
8 
2 
3 

Days 
12 
12 
12 
11 
15 
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Persi.stcnce.-When 3 pounds of dieldrin pel' acre were applied 
in the spring as a dust or granular formulation to the surface 
of fallow land and left there, it was more persistent than chlor­
dane or aldrin and had about the same persistency as DDT and 
toxaphene. Ohemical analysis and bioassays showed that 17 per­
cent of the chemical was lost in 1 week, 30 percent hl 2 weeks, 
37 percent in 3 weeks, and 40 percent in 4 weeks. (Fleming et aI. 
unpublished) 

Fleming and Maines (unpublished) mixed dieldrin with Sassa­
fras sandy loam at 3 pounds pel' acre, exposed the soil to weather­
ing in the field, and periodically determined the active residue in 
the soil. It was found that 2.6 pounds of active dieldrin remained 
after 1 year, 2.2 pounds after 2 years, 1.9 pounds after 3 years, 
1.6 pounds after 4 years, 1.4 pounds after 5 years, anc11.2 pounds 
after 6 years. 'J'he half-life of the chemical in this soil was about 
414 years. After weathering for 6 years four times as much 
dieldrin was in the soil as was needed to kill newly hatched grubs. 

The persistence of the 3-pound dosage was also determined in 
29 other soils during a 4-yeal' period of we~'tthering. These results 
are summarized in table 32. The persistence of active dieldrin in 
these soils was much like thut 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 pel' cubic 
yard of potting soil killed all third-instal' grubs within 14 days at 
80° F., 21 days at 70°,28 days at 60", and 56 days at 50 0 Later it• 

was found that the velocity of poisoning at 60 0 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 
unpublished) 

TABLE 32.-Persiste-nce of insecticidally active dieldJin in soils of 
difJe1'ellt te.rtUl'e 'll'hen applied at 3 pounds pert· acre 

Average active dieldrin per 
Texture Soils acre after indicated years 

1 2 3 4 

Nwnber Pounds Pounds Pounds Pounds 
Gravelly loam 2 2.5 2.0 1.4 0.9 
Sandy loam 14 2.5 2.5 2.0 1.5 
Loam 8 2.3 2.2 2.0 1.5 
Silt loam 2 2.6 2.6 2.1 1.6 
Clay loam 3 1.9 1.9 1.6 1.1 
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The treatment of potting soil with dieldrin at 3.4 grams per 
cubic yard was authorized in 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 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 5 years, but the 
longevity of the certified period was determined by analysis of 
the soil. 

Pla,nted and Unplwnted Plots.-Commercial nurseries were not 
interested in large-scale tests to demonstrate the effectivenesR 
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 t.o assume the risk with another chlorinated hydrocarbon 
of not having their plots certified in the fan. It was necessary 
therefore to conduct the tests inl~.-acre unplanted experimental 
plots. 

When dieldrin was applied in September at 3 pounds per acre 
and mixed by cultivation with the uppel' 3 inches of soil, the 
third-instal' 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) 

Dieldrin 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 3 inches of soil had to be completed with­
in 24 hours after applying it. A plot could be certified 60 days 
after the eggs began to hatch. It could be in a certified status for 
5 years, but the longevity of certification was determined by 
analysis of the soil. 

Most nursery crops would be harvested in less than 5 years 
after applying dieldrin to the soil. In 1960 a plot could be certified 
for 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 Greenhollse 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-instal' grubs, did not affect the germina­
tion and growth of AsteT n07..'ae-angliae, Cnlendu,ln officinalis, 
Ghr'lj8anihenz,mn {'arinatwn, Ipomoeap'ltr1nt1'cn, Lath'lj1'lLS odora­
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tus, Papave7' o'rientale, and Z'inn'ia ele{lans, but it retarded the 
growth of Althaea roselL, Diantlms sp., and 'VerbencL sp. The 3.4­
gram dosage was tolerated 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
gon:i'Lt'rn sp. grew normally in potting soil containing 10.2 grams 
of dieldrin per cubic yare!. Over 4,500 azaleas, including 17 
varieties of Rhododendron indicum and R. obt1l.swn, grew normally 
in beds treated with dieldrin at 3 pounds per acre. (Fleming 
and Maines unpublished) 

Soil improvement Crops.-Some nurseries used rye, soybeans, 
and corn in rotation with nursery stock to improve the fertility 
of their soil. Fleming and Maines (u npublished), using rotations 
of rye, ~oybeans, and corn, soybeans, corn, and rye, and corn, rye, 
and soybeans, found that 3 pounds of dieldrin per acre in the 
upper 3 inches of soil did not modify significantly the yields of 
these crops. V\'hen 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 soybea,ns, and 96 percent with corn. 

HeptHehlor 
Heptachlor is largely 1,4,5,6,7 ,8,8-heptachloro-3a,4,7, 7a-tetra­

hydro-4, 7 -methanoindene. 
Toxic'ity to Gntbs.-Heptachlor 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-instal' grubs. Heptachlor was 
more toxic than aldrin to third-instal' grubs; 2 pOlmds 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-instal' grubs. All third instal'S 
were killed by this dosage in 14 days at 80° F., in 21 days at 70°, 
28 days at 60", and 56 days at 50<>. (Fleming and Maines un­
published) 

The velocity of poisoning third-instal' grubs by 2 pounds of 
heptaehlor 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 loarns, sandy 
loams, loams, and silt loams. (Fleming and Maines unpublished) 

PersistelZc('.-vVhen 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 93 percent in 4,veeks. (Flem­
ing et al. unpublished) 

Fleming and Maines (unpublished) mixed heptachlor with 19 
mineral soils from New Jersey and with a muck, exposed the 
soils to weathering, and periodically determined the active resid­
ual hep~lchlor by bioassay. The persistence of heptachlor in the 
minel'al soils-sands, f,,'Tavel1y and shale loams, sandy loams, 
loams, and silt loams-and ill muck is summ~trized in table 33. 
Information is not given for each type of mineral soil because 
the texture ,vas not important in the longedty of the chemical in 
tbe soil. The 2 pounds of heptachlor pel' acre approached the 
minimum needed to kill newly hatched grubs in 2 yeal'S in the 
mineral soils and in about 1 year in the muck. The longevity of 
the efTectiveness of 3 pounds was about 4 years in the mineral 
soils and about 2 years in the muck. 

Potting Soil.·-Third-inshu· 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 60", 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 remo,'ed from the treated soil in 7 days as witH grubs left 
ill the soil for 28 days. (Fleming and Maines unpublished) 

The treatment of potting soil 'with heptachlor at 3,4 grams per 
cubic yard was authorized in 1953. The soil could be certified in 
14 days at tenlperatures at least 80 0 F., in 21 days at 70 0 -79 0 , 

28 days at 60"-69 , and in 56 days at 50°_59". Later the soil 
could be certified after holding iQl' 14 days at not lower thall 60 0 • 

The treated soil could be in a certified status for ,1 years, but the 

TABLE 33.-Pers'i,<;tellce of insecticidally active heptachlor in 
mineral soas (lnd in ?nuck 

A verage active heptachlor 
Soils Chemical pE'l' acre after indicated years 

per acre 
1 2 3 4 

Pounds Pounds Pounds Pounds Pounds 

i\linernl 2 0.3 0.1 
3 .5 .3 0.2 0.1 

.Muck 2 .06 
3 .12 .08 
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longevity of the eertified period was determined by analysis of 
the soil. 

Plmdcd. ((nd Fnplnnted Plots.-When heptachlor was applied 
late in May at 2 and 3 pounds per acre and mixed by cultivation 
with the upper 3 inches of soil, the chemical had little effect on 
the third-instal' grubs before pupation. The2-pound dosage was 
effedive in eliminating two annual broods that hatched sub­
sequently in the treated soil. and 3 Tlounds were effective in 
eliminating three annual broods. Commercial nurseries were not 
interested in large-seale tests to demonstrate the effectiveness 
of hpptaehlor in eliminating grubs hatehing in plots during the 
summer bee;luse both DDT and chlordane were authorized ~md 
were being used as a basis for eertification. They did not want to 
assume the rigk with another chlo:rinated hydrocarbon of not 
having their plots eertified in the fall. (Fleming and Maines 
unpublished) 

Heptachlor at 3 110Ullds per acre was authorized in 1953 for 
certifying plnntecl and Ull}1lantecl nUl'sery beds and plots. The 
initial applieation hnd to be completed when the .ggs began to 
hatch. approximately 14 days after emergence of the beetle. 
Mixing the chemieal with the upper 3 inches of soil had to be 
completed within 24 hour~ after applying it. A plot could be certi­
fied 60 days after the eggs began to hatch. It could be in a certified 
status for 3 years, but the longevity of certification was deter­
mined by analysiR of the soil. 

Some nursery crops would be harvested within 1 or 2 years 
after applying he]1tachlor. In 1960 a plot could be certified for 1 
year by applying 1.5 pounds of heptachlor and for 2 years by 
applying 2 pounds per acre, except 3 pounds were required when 
the Roil was high in organic matter. 

Nursery and Greenhollse Plants.-In a preliminary test Flem­
ing and Maines (1 P58b) used the common garden vegetables to 
determine their reaction to heptachlor in soil. Hept:1.chlor at 4 
pounds per acre did not modify significantly the germination 
and growth of beets, broccoli, cabbage, carrots, corn, cucumbers, 
eggplant, lettuce, lima beans, peppers, radishes, soybeans, spin­
ach, squash. tomatoes, turnips, and vmtermelon. The 8-pound 
dosage retarded the growth of corn, soybeans, and watermelon, 
but it did not affect the growth of the other vegetables. 

Only limited tests ,vere made in commercial nurseries because 
of lack of interest by the growers in using the chemica1. Thirty­
one varieties of azaleas. including those of Rhododendron in­
(licum, R. obtnsum. and R. 1'1.ttherjol'dicLn . .(l., grew normally in 
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potting soil containing 3.4 grams of heptachlor pel' cubic yard 
and in beds t.reated with the chemical at 3 pounds per acre. 
(Fleming and Maines unpublished) 

Eudrlu 

Techll ica.1 endrin is la l'gely 1,2,3,4,10,1 O-hexac hloro-6, 7-epoxy-1,­
4,4a,5,6,7,8,8a-octabydro-l,4-endo-elldo-5,8-dimethanonaphthalene. 

To:dtity to G)·ubs.-Endl'in was equivalent to chlordane in 
toxicity to newly hate'hed grubs. The mortality was 31 percent 
with 0.1 pound of the chemical per acre, 83 percent with 0.2 
pound, and 100 percent with 0.4 pOllud. It was equivalent to 
heptachlor in toxicity to thil'd-inRtar grubs; 2 pOllnds pel' acre 
of both chE'micals killed all the third instal'S. (Fleming et al. 
unpublished) 

The \'elodty of the insecticide action of 2 pounds of endrin on 
third-instal' grubs waR 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) 

Petl'listell('e.-Fleming and Maines (unpublished) mixed endrin 
with Sassafras sandy loam at 2 pounds pel' acre, exposed the soil 
to weathering ill the field, and periodically determined the active 
residue in the soil. After an expOsure of 15 months 1.9 pounds of 
active enc1rin remained ill the soH, indicating that elldrin had 
about the same persistence in soil as DDT, toxaphene, and diel­
drin. 

Nurs8ty and Greenhouse Piants.-In a preliminary test endrin 
at 4 pounds per acre, double the quantity needed to kill third­
instal' grubs, did not ·afl'ect the germination and growth of Aste'~' 
nm'lH'-llllgl[ae, ell r1lS(( nthrlrlum cadllatum, Ipomoea. lnt'r')Jwrea., 
LaOlIn'us OdOl'rltllB, Paparer, oricntale, TTcrbena sp., and Zinnia 
eZcga1/,'1, but it retarded the growth of Celltaun'a, cya7l1(,S, Dian­
thUB I'hiIlCI1,<;is, and Scabiosa sp. Most of the vegetables grew 
normally with the 4-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
i('als are very closely related and have many common charactel'is­
tics. A substitute for dieldrin \vas not needed in the certification 
program. 
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Isodrin 
Technical isod:dn is largely 1,2,3,4,10,10-hexachloro-1,4,4a,5,B,­

8u-hexuhydrO-l,4-endo-endo-5,8-dimethunonuphthalene. It is close­
ly related to aldrin. 

1'o:t'ic-[ty to Gr·ubs.~Isodrjn was very toxic to grubs. A dosage 
of 0.015 pound of isodrin per acre killed 63 percent of the newly 
hatched grubs and 0.03 pound killed all of them. A 0.3-pomid 
dosage of isoc1rin was equivalent in toxicity to 3 pounds of aldrin 
to third-instal' grubs. (Fleming et aI. unpublished) 

The velocity of insecticide action of isodrin was modified by 
the temperature. Fifty percent of the third-instal' grubs were 
killed by 0.15 pound in 5 days at BO" F., 10 days at 60°, and 
~O days at 50, and by 0.3 pound in 4 days at BO°, B days ~t 60°, 
and 16 days at 50°, (Fleming and Maines unpublished) 

.\Tursery (lnd Greenhow~e Plallts.-Preliminary phytotoxicity 
tests were made \','Hh only some of the garden flowers. The 0.6­
pound dosage did not afl'ect the germination or growth of Althaea 
}'ose(l, A.ster no!'ae-angliae, Calendula.. officinalis, Centa'l.l.1·ea C'lJ­
mll/.'{, Chrysfolfhelnwn cal'tuaillm, Dianthus chinensis, Ipomoea 
PU1'])W'('(I, LathYl'1f.S odoratlls, Papavel' qrientale, Verbena sp., and 
Zinnia ele{la1ls, but it retarded the growth of Scabiosa sp. The 
growth of &·abiosa. was normal with the 0.3-pound dosage. 
(Fleming and Maines 1953b) 

Experiments with isodrin were discontinued when the chem­
ical was withdrawn from the market by the producer. 

Bellzene Hexachloride 

BenzenE.' hexachloride is a mixture of several isomel's of 1,2,3,­
.:J,5,6-hexachlol'ocyelohexalle. Other designations for the insecti­
cide are BHe and Gammexane. An analysis by jnfrared spec­
tJ'oseopy of the m~lteria] used in this investigation showed that 
it contained 25.5 percent of the alpha isomer, 3.B percent of the 
beta. 33.2 percent of the gamma, 20,7 percent of the delta, 5,5 
percent of the epsilol1,2.0 percent of other isomers, and 9.3 per­
eent of other compounds. 

It ,yas the general practice among entomologists to base the 
dosage of benzene 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, 

To.ririty to Grllbs.-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-instal' grubs to 25 pounds of DDT. When freshly applied to 
Sassafras sandy loam, 1.5 pounds of benzene hexachloride killed 
all third-instal' grubs in 4 weeks at 80° F. A 3-pound dosage 
was effective in 3 weeks and 7.5 pounds in 2 'rveeks. Increasing 
the dosage to 15 pounds did not accelerate significantly the i"­
secticide action. (Fleming and Maines unpublished) 

As shown in table 34, the speed of killing third-instal' grubs 
with benzene hexachloride was only retarded slightly by reducing 
the temperature from 80(' F. to 60'-', but it was greatly retarded 
by l'educillg it to 50°. The velocity of poisoning was adeq1,1ate only 
when the temper;:hlre was not lower than 60 0 

• (Fleming and 
Maines unpublished) 

Persistellce.-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 bioassay. A dosage of 1.5 
pounds per acre disappeared in about 8 weeks. The 3 pounds were 
l'educed to 1.5 pounds in 8 weeks and only a trace remained after 
42 weeks. After weatheribg for 52 weeks, the 7.5 pounds were 
reduced to about 3 pounds per acre and the 15 pounds to about 7.5 
pounds. To be effective in killing grubs in the soH for more than 
1 year, an application of about 7.5 pounds of benzene hexachlo­
ride per acre was required. 

N7trsery and Greenhouse Plants.-In a preliminary test with 
garden flowers, 7.5 pounds of benzene hexachloride per acre l'e-

TABLE 34.-Effect of temperature and benzene hexachlo'ride 
dosa.ge on lellgth of e.rpOSllre -.,-eqlli?·ed to kill thi1'd-insta?' Jap­
a.nese beetle grubs in Sassafras sandy loa1n 

-.~,,~..,----...--------------------
Exposure for 98-percent mortality 

Temperature with indicated pounds per acre 
(0 F.) 

3 7.5 15 

Da.ys Days Days 
50 93 + 75 49 
60 23 16 16 
70 20 12 12 
80 20 12 11 
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tarded the growth of Althaea, 1'osea, Calend'ula officinalis, Gal­
lal'din (U'ist(~tn, S~ab'iosn sp., TagJtes e)'ecta, TI'OlJaeol'U1n 1ru~jus, 
and Zhmin elega,ns. In commercial nurseries this dosage retarded 
the growth of Hydra,ngen lJaniculaia" Rhododend?'on obtusmn, 
and V itis sp. (Fleming and Maines unpublished) 

60 

Lindane 

Lindane contains more than 99 percent of the gam?nn isomer of 
1,2,3,4,5,6-hexachlorocyc1ohexane. 

TO:t.'icity to Gnlbs,-Newly hatched grubs in Sassafras sandy 
loam were killed in 14 days by O.S pound of 1indane per acre at 
80" F. Third-instal' 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-instal' 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-instal' grubs in .21 days at SOD 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 chlor­
dane. As shown in table 24, 2 pounds of chlordane killed third­
instal' grubs in 21 days and 5 pounds in 14 days. 

When the temperature of the soil was reduced from SOD F. to 
0 

, 2S days were required to obtain 100-percent mortality of 
third-instal' grubs with 10 pounds of lindane. (Fleming and 
Maines unpublished) 

pp1'Sisience.-The persistence of lindane in the soil was not 
determined, but it is probably similar to that of benzene hexa­
chloride. It would be expected that several years would elapse be­
fore the 10-pound dosage was reduced to 0.8 pound of active lin­
dane per acre, the dosage to eliminate newly hatched grubs. 

Planis.-Fleming and Maines (1953b) used common garden 
vegetab1es in preliminary tests to determine the reactions of 
plants to lindane in the soil. Eight pOlmds of lindane per acre, 
the highest dosage tested, did not modify significantly the germi­
nation and growth of beets, broccoli, cabbage, carrots, cucumbers, 
lettuce, lima beans, radishes, squash, two varieties of tomatoes, 
turnips, and watermelon, but it reduced the growth of corn, egg­
plant, peppers, soybeans, and one variety of tomatoes. The growth 



194 'l'BCH. BUL. 1441, U.S. DEPT. OF AGRICULTURE 

of Rhododencl'fon obtusmn was not affected by 10 pounds of 11n­
dane. 

The possibilities of treating nursery stock with lindane were 
not explored further. 

Kepone 

Kepone is largely decachlorooctahydro-l,3,4-methano-21I-cyclo­
buta [cd] pentalen-2-one. 

In comparative tests with third-instal' grubs in Sassafras sa.ndy 
loam at 80° F., the toxicity of 10 pounds of Kepon~ per acre 
was equivalent to that of 5 pounds of chlordane (Fleming and 
Maines unpublished). 

Endosnlfan 

Endosulfan is 6,7,8,9,10,10-hexachloro-l:,),5a,6,9,9a-hexahydro­
6,9-methano-2,4,3-benzodioxathiepin 3-oxiC: ,. It is also known as 
Thiodan. 

The toxicity of 3.5 pounds of endosulfan per acre to third-instal' 
grubs in Sassafras sandy loam at 80° F. was equivalent to 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 plots, 
3.3 pounds per acre remained of thf' 3.5 pounds and 5.3 of the 7.4 
pounds. Five months later only a trt.<:!e remained of the 3.5 pounds 
per acre and 0.08 of the 7.4 pounds. (Fleming and Maines un­
published) These results indicated that endosulfan was of little 
value as a residual insecticide against the grubs. 

Isobenzan 

Isobenzan is 1,3,4,5,6,7,8,8-octachloro-1,3,3a,4,7,7a-hexahydro­
4,7 -methanoisobenzofuran. 

Isobenzan was very toxic to third-instal' 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) 
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Mixtures of Chlorinated Hydrocarbon Insecticides 

A nurseryman could apply any of the authorized chlorinated 
hydrocarbon insecticides-aldrin, chlordane, DDT, dieldrin, hep­
tachlor, or toxaphene-for the certification of plants in cultivated 
beds and plots. When additional insecticide was required to COll­

tim!';) the certified status of the soil, the insecticide applied ini­
tially did ~lOt 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 
residues became complex. There was also 1:1 question whether the 
insecticide action of the mixtures was at least equivalent to their 
components. 

Preliminary tests showed that a mixture of chlordane and 
dieldrin in~assafras sandy loam was slightly more toxic to 
third-instal' j"lTubs than was expected from the toxicity of its 
components. An exposure of 2 weeks at 80° F. to 1 pound of 
chlordane or 0.26 pound of dieldrin pel' aCre killed 50 percent of 
the grubs, but 0.5 pound of chlordane mixed with 0.13 pound of 
dieldrin killed 55 percent of them. When a pomace fly, Drosophila 
meia110[!((stel' 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 chlordane 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 tests with various mixtures of the 
chlorinated hydrocarbon insecticides. (Fleming et aI. 1962) 
The deviations from the expected 50-percent mortality with these 
mixtures are given in table 35. 

DDT plus aldrin, chlordane, dieldrin, endrin, heptachlor, or 
toxaphene was definitely more toxic than DDT or the other 
components of these binary mixtures. Toxaphene plus aldrin, 
endrin, or heptachlor was definitely more toxic than toxaphene 
or the other components of these mixtures. Aldrin plus hep­
tachlor was more toxic than either aldrin or heptachlor. There 
was no definite change i:1 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.-De'viaUon from expected 50-pel'cent mortc..lity with 
Drosophila melanogast;er exposed to Sassaj?'as sandy loam 
containing bi1w1'y mi.ttw·es of chlorinated hydl\')cal'bon in­
secticides 1 

Component B 

Component A Aldrin Chlor· DDT Dicl- Endrin Hcpta· Toxa­
dane drin chlor phene 

Percent Percent Pe1'Cent Percent Pel'cent Pel'cent Pel'cent 
Aldrin + 0.2 +23.0 - 5.4 + 4.1 +16.6 +16.7 
Chlordane + 0.2 +23.2 + 2.5 + 1.5 + 3.8 + 5.8 
DDT -+ J3.0 +23.2 +15.2 +23.9 +24.4 +17.0 
Dieldrin - 5..1 + 2.5 +15.2 - 3.0 - 3.3 + 1.3 
Endl'in + .1.1 + 1.5 +23.9 - 3.0 + 8.9 +30.0 
Heptachlor +16.6 + 3.8 +24.4 - 3.3 + 8.9 +17.3 
Toxaphene +16.7 + 5.8 +17.0 + 1.3 +30.0 +17.3 

1 A deviation of 8.2 percent is significant and one of 11.2 percent highly 
significant. 

Carbamut(" Ins("ctiddcs Mixed With Soil 

Fleming (1968b) recommended 2 pounds of 50-percent wet­
table carbaryl in 100 gallons 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 plants 
usually protected them from attack by the beetle for about 7 days. 
Additional applications of carbaryl were used when beetles again 
began to collect on the plants. In yjew of the toxicity of carbaryl 
to the adult beetle, experiments were undertaken to explore the 
possibility of substituting the carbamates for the chlorinated 
hydrocarbon insecticides to control grubs in soil. 

Survey of Carbamates 
Fleming et al. (unpublished) determined the quantities of 14 

carbamates pel' acre required to produce a toxicity to third-instal' 
grubs in Sassafras sandy loam equivalent to that of 3 pounds of 
dieldrin pel' acre. The results of these tests are summarized in 
table 36. Hercules 572'1 was slightly more toxic and Landrin 
slightly less toxic than dieldrin. PropoxUl' and Shell SD-8786 
were three-fifths, carbaryl three-tenths, and Shell SD-8959, car­
bofman, Zectran, American Cyanamid E.I. 38906, Bayer 37344, 
and Bux were about one-fifth as toxic as dieldrin. The other 
carbnmates were less toxic. 



TABLE 36.-Toxicity of carbcwwtes to third-inBtar gn<bs in Sassafras sandy loam at 80° F. 

Common name or company designation 

Hercules 5727 
Landrin 

Propoxur 
Shell SD-8786 
Carbaryl 
Shell SD-8959 
Carbofuran 
Zectran 
American Cyanamid E.!. 38906 
Bayer 37344 
Bux 

Chevron Chemical RE-5655 
Bayer 42696 
Bayer 50282 

Chemical name 

m-Cumenyl methylcarbamate 
75 percent 3,4,5-Trimethylphenyl methylcarbamate; 18 percent 
2,3,5-trimethylphenyl methylcarbambate. 
o-lsopropoxyphenYl m(>thylcarbama te 
2,3,5·Trimethylphenyl methylcarbamate 
I-Naphthyl methylcarbamate 
5-tert-Butyl-m-tolyl methyl carbamate 
2,3-Dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate 
4- (Dimethylamino) -3,5-xylyl methylcarbamate 
Cyclic ethylene [(methylcarbamoyl) ox)'] dithioimidocarbc..ate 
4- (Methylthio) -3,5-A-ylyl methylcarbamate 
75 percent 1lI-(I-Methylbutyl)phenyl methylcarbamate; 25 percent 
7/t- (I-methylpropyl) phenyl methylcarbamate. 
5-sec-Butyl-2-chlorophenyl methylcarbamate 
3· (Dimethylamino) -p-tolyl met1-vlcarbamate 
4- (Diallylamino) -3,5-xylyl methylcarbamate 

Amount per 
acre equivalent 
to 3 pounds of 

dieldrb per acre 

Pounds 
2 
4 

5 
5 

10 
13 
14 
14 
14 
14 
15 

2n+ 
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Carbaryl 
To:t:icity to G1'1tbs.-Newly hatched grubs in Sassafras sandy 

loam at 80 0 F. were killed within 3 weeks by 4 pounds of carbaryl 
per acre. A 5-pound dosage eliminated second-instal' grubs and 
10 pounds elildnated third-instal' grubs within 4 weeks. (Flem­
ing et aI. unpublished) 

Persistence.-Fleming et aI. (unpublished) mixed 10 pounds of 
carbaryl per acre with Sassafras sandy loam, exposed the soil to 
weathering, and periodically determined the quanW:y of active 
residue in the soil by bioassay. 'rhe results of these determina­
tions were as follows: 

Days after Active carbaryl 
application (pow1ds pm' acre) 

10 10.0 
20 7.9 
30 6.8 
40 6.1 
60 5.3 
80 4.8 

100 4.4 
120 4.0 
160 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 adult beetles appeared in an area 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 l:equirements of the nursery industry. 

Zectran 
To~ddty to GI'llbs.-Newly hatched grubs in Sassafras sandy 

loam at 80 0 F. were kil1ed in 3 weeks by 8 pounds of Zectran per 
acre. A 14-pound dosage killed third-instal' grubs in 3 weeks. 
(Fleming et a1. unpublished) 

Persistellce.-Fleming et aI. (unpubHshed) mixed 14 pounds of 
Zectran per acre with Sassafras sandy loam, exposed the soil to 
weathering, and periodically determined the quantity of active 
residue in the soil by bioassay. The results of these determina­
tions were as fol1ows : 
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Da.ys after Active Zectmn 
application (pounds PC1' acre) 

10 11.8 
20 10.5 
30 9.9 
40 9.4 
50 9.1 
eo 8.8 
70 8.6 
GO 8.4 
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 grubs 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 a certified status. 

Carhofuran 
Toxicity to G'I"ubs.-Third-instar grubs in Sassafras sandy 

loam at 80° F. were killed in 3 weeks by 14 pounds of carbofuran 
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 bioassay. Practically all the carbo­
furan disappeared from the soil during an exposure of 4 weeks. 

It seems reasonable to assume thnt 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 hatl~hed 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 
1963) 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 Insecticides 

Fleming et aI. (unpublished) determined the quantities of 23 
organic phosphorus insecticides per acre required to produce 
toxicity to third-instal' grubs in Sassafras sandy loam at 80 0 F. 
equivalent to that of 3 :pounds of dieldrin per acre. The results 
of these tests are summarized in table 37. Stauffer N-2788 was 
slightly more toxic to the grubs than dieldrin. Bayer 3728S and 
Zytron we.l..'e equivalent in toxicity to dieldrin. Akton T~l, Union 
Carbide 8305, Diazinon, and Shell SD-8803 were slightly less 
toxic than dieldrin. The ql~antities of the other phosphorus com­
pounds required. ranged from 5 to more than 20 pounds per acre. 

A few of the organic phosphorus insecticides were mixed with 
Sassafras sandy loam, exposed to weathering, and the quantity of 
active residue was determined periodically by bioassay. The 3 
pounds of Zytron and 4 pounds of Diazinon were largely dis­
sipated in 28 da.ys. The 4 pounds of Akton T;\l were reduced to 
2.7 pounds per ~1Cl'e dlTing 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 sufficiently persistent to 
kill grubs hatching in soil during the summer. (Fleming et aI. 
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 Zoys'ia 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 carrying the immature 
stages to uninfested areas. In addition to the treatment of turf 
and nursery stock in grass-covered plots 8,S a basis for certifica­
tion, another feature of the quarantine was the treatment of 
turf where isolated colonies of the beetle had become established 
to reduce the density of the soil population and to retard the 
normal spread of the insect. 



TABLE 37.-Toxicity of organic phosphorus insect'icicLes to tMrd-instn1" grubs in Sassafras sandy loam at 
80° P. 

Amount per acre 
equivalent to 3 

Common name or company designation Chemical name pounds of dieldrin 

Stauffer N-2788 
Bayer 37289 
Zytron 
Akton T~( 
Union Carbide 8305 

Diazinon , _ _ 
Shell SD-8803 
Dasanit 
American cyanamid CL 47470 
Shell SD-8970 
Shell SD-9052 
Phorate 
Shell SD-8753 
Cyolane _________ • ______ • ____ 
American Cyanamid 47772 _ 

O-Ethyl S-p-tolyl ethylphosphonodithioate 
O-Ethyl 0- (2,4,5-trichlorophenyl) ethylphosphonothioate 
O-(2,4-Dichlorophenyl) O-methyl isopropylphosphoramidothioate 
0-[2-Chloro-l-(2,5-dichlorophenyl)vinyl] O,O-diethyl phosphorothioate 
Phosphorochloridothioic acid cyclic O,o-diester with 2-hydroxy-a­
methylcyclo:'c ~xanemethanol. 
O,O-Diethyl 0-(2-isopropyl-4-methyl-6-pyrimidinyl) phosphorothioate 
0-[2-Chloro-1-(2,4-dichlorophenyl) vinyl] O,O-diethyl phosphorothioate 

_	O,O-Diethyl O-p-[ (methylsulfinyl) ph('nyl] phosphorothioaie 
Cyclic propylene P,P-diethyl phosphonodithioimidocarbonate 
1- (5-Bromo-2-chlorophenyl) -2-chlorovinyl diethyl phosphate 
2-Chloro-1- (4-chloro-2-fluorophenyl) vinyl diethyl phosphate 

_O,O-Diethyl S-[ (ethylthio) methyl] phosphorodithioate 

__ 2-Chloro-1- (o-chlorophenyl) vinyl diethyl phosphate 


• _ _. Cyclic ethylene P,P-diethylphosphonodithioimidocarbonate 
Cyclic propylene P,P-dimethyl phosphonodithioimidocarbonate 

Shell SD-8436 ..... _.. __ 2-Chlo1'o-l- (2,4-dibromophenyl) vinyl_. __ dimethyl phosphate 
Shell SD-7438 '" _S,S'-Benzylidene O,O,O'O'-tetramethyl phosphorodithioate 
Dimethoate O,O-Dimethyl S-(N-methylcarbamoylmethyl) phosphorodithioate 
Bayer 42524 ... S-(p-Chlorophenyl) O,o-dimethyl phosphorodithioate 
Gardona , .2-Chloro-1-(2,4,5-trichlorophenyl)vinyl dimethyl phosphate 
Malathion ____ .• _, ___ • _. _________ . __ S-[l,2-bis(Ethoxycarbonyl) ethyl] O,O,-dimethyl phosphorodithioate 
Bayer 29492 ...• _. ___ . _ •. ___ .. ___ .• _O,O,-Diethyl O'e4-methylthio)-m-tolyl] phosphorothioate 
Abate - _.... _. __ . __ • __ . ______ .. , _.. __ 0,0'- (Thiodi-p-phenylene) O,O,O',o'-tetramethyl phosphorothioate 

per acre 
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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 3 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 to 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 partures 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
ment.:'1.1 conditions. The treatment burned the grass but did not 
kill it, except in low spots where excessive quantities of the solu­
tion collected. (Davis 1920a, 1920b, 1920c) 

Carbon Disulfide 

The application of dilute carbon disulfide emulsion in late 
August 01' 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 70-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 remainde:r 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 
\vaterftowing through a hose, was developed, the use of the tank 
was discontinued. 
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The carbon disulfide treatment elimjnated 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 (Agl'osUs alba), creepjng bentgrass 
(Agrost-is palustr-ts), colonial bentgl'ass (Agrostis temds), crab­
grass (Digit(~ria sp.), red fescue (Festllcn 1'ub1'((,), perennial rye­
grass (Loli1t1n 1)e1'enne) , annual bluegrass (Poa nn1lun) , Ken­
tucky bluegrass (Pon praetens'is) , and white clover (T·rifolium 
1·epen.;:;). Some injury to turf occurred when the emulsion was 
applied above 85 0 F. The injured grass turned brown within a 
few days, but when watered daily it became a normal green 
within 2 \veeks. 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 disulfide 
emulsion to cOlltrol the grubs in turf is given by Fleming and 
Baker (1935), Leach (1925), Leach and Johnson (1923), Leach 
and Lipp (1927n) , Leach and Thomson (1923), and Smith 
(1925n) . 

The application of 4.17 grams of emulsified carbon disulfide in 
] quart of water per square foot of turf was used extensively in 
the 1920's and 1930's to reduce populations 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 1930'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. 

Chlordane 

The application of 10 pounds of emulsified chlordane in 2-400 
gallons of water per acre to turf in the spring when the soil ,vas 
between ·18" and 73 0 F. killed 98 to 100 percent of the third­
instal' grubs before pupation. No grubs survived when the dosage 
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was increased to 20 pounds pel' acre. The 10-pound dosage was 
etfective in eliminating five annual broods of grubs r-:tching sub­
sequently in the treated turf. (Fleming et aI. unpublished; 
1\1ason unpublished) 

The IO-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 certification 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 gallons of water per acre of turf and kilJed 54 percent 
of the third-instal' grubs in 1 week and 82 percent of them in 3 
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-instal' grubs 
in 5 clays. The treatment prevented the transformation of 76 
percent of the pupae to adult beetles. When the dosage was ap­
plied in 8,712 gallons of water per acre, the emergence of adult 
beetles was reduced by 98 percent. Cl\Iason et a1. unpublished) 

Dichloroethyl Ether 

Mason (unpublished) applied 484 pounds of emulsified di­
chloroethrl ether in 9,680 gallons of water per acre to turf and 
killed 9() percent of the third-instal' grubs in 7 days and 97 per­
cent of them in 21 days. Later when 60 percent of the grubs had 
pupated, the treatment killed 80 percent of the population. 

Dichloroethyl Formal 

The application of 484 pounds of emulsified dichloroethyl for­
mal in 9,680 gallons of water per acre to turf killed 88 percent 
of the third-instal' 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-instal' grubs in turf were killed by ap­
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plying 10 pounds of emulsified ethylene dibl'omide in 9,680 gal­
lons of water pel' acre 01' 20 pounds of the chemical in 4,840 
gallons of water per acre (Mason and Chisholm 1945; Mason et 
a1. unpu blished). 

The application of 20 pounds of emulsified ethylene dibromide 
in 4.840 gallons of water pel' acre was autl10rized in 1949 as a 
basis for certifying turf in the spring and in the fall when the 
soil was between "JO° and 75° F. and only grubs were in the 
soil. When the turf was matted, the volume of water was in­
creased to 9,fi80 gallons pel' 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 hoUl's after application 
of the chemica1. The treated turf was in a certified status until 
adult beetles appeared in the vicinity. The turf could be continued 
ill a certified status by repeatiug the treatment after the adult 
beetles had completed their flight. 

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 a1. (1946b). 

The application of 20 pounds of emulsified ethylene dibromide 
and fj pounds of emulsified aldrin in 4,8'10 gallons of water per 
acre killed all eggs in turf within 1 week Grubs hatching in the 
treated turf during the remaindm' of the summer were killed by 
the residual :lldrin. The treatment was effective in eliminating 
five annual broods of grubs that hatched subsequently in the 
heated turf. (Fleming et a1. unpublished; Mason unpublished) 

Although turf treated with ethylene dibl'omide-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 
ane! 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 (1,951) and Chisholm and 
Mason (191,8b) I 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 chlordane in 4,840 gallons 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 subsequently 
in the treated turf. 

Third-instal' 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 L1,840 gallons 
ot' water or 13 pounds of ethylene clibromic1e and 6.5 pounds of 
chlordane in 9,G80 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 Ohisholm 
1949) 

A few pupae completed their development ancl emerged as 
adult beetles from turf to which 30 pounds of emulsified ethylene 
clibl'omide and 15 pounds of emulsified chlordane in 4,840 or 
9,680 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 Ohisholm 1949) 

The turf v. as not injurod by the 20 pounds of ethylene di­
bromide and 10 pounds of chlordane, but 30 and 15 pounds, 
respectively, caused some temporary yellowing of the grass in 
some of the plots (Mason and Ohisholm .1949). 

The application of 20 pounds of emulsified ethylene dibromide 
and 10 pounds of emulsified chlordane 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 
\vater was aplllied 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 Dihromide.DDT 

Ohisholm et al. (1946b) prepared an emulsifiable mixture 
containing 2 pounds e:1ch of ethylene dibromide and DDT per 
gallon. 

Fleming and l\Tuines (unpublished) applied 25 pounds of emul­
sified ethylene dibromide, 25 pounds of emulsified DDT, and a 
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mixture of 25 pounds of each chemical in 1,200 gallons of water 
per acre to infested turf in May. The ethylene dibromide re­
duced the third-instal' grub population by 62 percent in 2 weeks, 
79 percent in '1 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 plots to which ethylene dibromide 'was applied would 
hnve been about 100 percent within ,1 weeks. These results show 
that ethylene dibromide was largely responsible for reducing the 
population by the ethylene dibromide-DDT mixture. 

Ethylene clibromide had little etl"E'C't on the grubs hatching in 
the treated turf during the summer; the reduction of the first­
instal' 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 annual broods that hatched subse­
quently in the treated turf. 

None of these treatments with ethylene dibromide and DDT 
caused any injury to the turf. 

The ethylene dibromide-DDT treatment satisfied the require­
ments of the growers of certified turf. It was not authorized be­
cause the ethylene dibromide-chlordane treatment was being used 
with satisfactory results and there was no advantage to the 
growers in substituting DDT for chlordane. 

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 aI. (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 jn 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 yellowing of the 
grass but no permanent injury. (Mason et a!. 1943) 

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 <1 weeks later. Increasing the 
dosage to 10 pounds per acre did not prolong the effectiveness of 
the treatment. (l\Iason unpublished) 

Topdressing Established Turf 

Lead Arsenate 

Leach and Lipp (1926, 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
meT'ts 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 years by topdressing with 250 
pounds of the chemical per acre. Fleming and Osburn (1932) 
found that the 250-pound trt:>atment reduced the third-instal' 
grub population adequately when there were not more than 150 
grubs per square yard of est.'l.blished turf, but when the grubs 
were more numerous, it ,vas 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 population 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 1.936; Fleming and 
Osburn 1932). Satisfactory results were obtained by mixing 1 
pound of the chemical with each 2 gallons of water in a spray 
tank with agitation to keep the material 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 SPl"'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 arllenate, 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 sand, 
and (4) 10 parts of sand. 

Topdressing turf with lead arsenate was not injurious to most 
of the common grasses, including redtop (.4grotft-is albu), velvet 
bentgrass (A[Jrostis canina), creeping bentgrass (AgJ"ostis paZ­
ustris) and the varieties of this grass called metropolitan bent 
and Washington bent, colonial bentgrass (Agrostis tenuis) , red 
fescue (Festucn rll bra), Italian ryegrass (Lolium ?lll/ittflo11m!), 
perennial ryegrass (LoliulIl perenne), and Kentucky bluegrass 
(Pan prcttellsis). Annual bluegrass (Poa ani11la) was sometimes 
killed by the arsenical. White cloyer (Trifoliu.m repells) was 
notinjured. (Fleming 1936) 

Further information on the use of lead arsenate to protect 
turf from damage by the grubs is given by Fleming (1930b, 
1936, 1950b), Fleming et ~d. (1934), Fleming and Metzger (1936a, 
1988), Fleming and Osburn (19.12), Leach (1928, 1.92.9), and 
Osburn (1934a). 

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 extensh'ely in the 1930'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. Th(' chemical was usually 
applied at GOO pounds per acre, but at some sites 1,000 poullds 
per acre \vere used. One of the more extensive applications of 
lead arsenate to turf was in the campaign against the beetle 
at St. Louis, l\Io., during 1934-L1,1, when over 3'J7 tons of the 
arsenical were applied to oyer 700 acres of turf. By 1937 the 
thriving colony of beetles was so reduced that only one beetle 
was captured in traps. It was caught in a freight yard and was 
probably a hitchhiker. During the following 7 years only 130 
beetles were captured in traps. Ko doubt the campaign at St. Louis 
retarded for many years the spread of the insect into the agri­
cultural areas. Further information on the St. Louis campaign 
is given by Dawson (19:36, .1937, 19:38), Denning and Goff' 
(19H.), and Stockwell (1.9.15). 

Chlorinated Hydrocarbon Insecticides 

Topdressing established turf w.ith the chlorinated 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 10 
pounds, and aldrin, dieldrin, and heptachlor at 3 pounds per 
acre. The application of these chemicals killed a high percentage 
of the third-instal' grubs and eliminated several annual broods 
of grubs hatching subsequently in the heated turf. The chlorin­
ated hydrocarbon insecticides caused no injury to the various 
grasses. (Fleming 19.47r:, .1948(£, 1950b, 1950c, 1955, 1958, 1.960, 
196,1) 

The persistence of topdressings of the chlorinated hydrocar­
bon insecticides in turf wa:.> determined by bioassays and chemi­
cal analyses of treated turf in Connecticut, 1:Iassachusetts, New 
.Terser, and Pennsylvania (Fleming unpublished; Fleming, 
l\Jaines, and Coles 1.951). The results of these determinations are 
summarized in table 38. 'Yhen these residues are compared with 
the pounds of the insecticides per acre required to kill first-instal' 
grubs-aldrin 0.07, chlordane 0..1, DDT 5, dieldrin 0.3, hepta­
chlor 0.07, and toxavhene 2.5-it is evident that the effectiveness 
of 10 pounds of chlordane, 25 pounds of DDT, 3 pounds of 
dieldrin, and 25 pounds of toxaphene persisted for 7 years, 3 
pounds of aldrin for about;) years, and 3 pounds of heptachlor for 
about ·1 years. 

The use of 3 pounds of aldrin, dieldrin, or heptachlor, 10 
pounds of chlorclane, and 25 pounds of DDT or toxaphene per 
acre was authorized in 1%0 as a basis for certifying nursery 
stock grown in grass-covered plots. The requirements were the 
same as for cultivated plots, except the chemicals were not 
mixed with the upper 3 inches of soi1. It was expected that certi-

TABLE 3R.-Persistence of chlorinatccl hyd1"oca?"bon insecticides 
applied a~ topdressing to established tn?"f 

Years Average active insecticide per acre 
after 
appli­
cation Aldrin 

Chlor­
dane DDT 

Diel­
drin 

Hepta­
chlor 

Toxa­
phene 

Pounds Pounds Po Ullcis Pounds Pounds Pounds 
0 3.0 10.0 25.0 3.0 3.0 25.0 
1 .9 2.8 24.5 2.0 .5 20.0 
2 .5 1.5 23.0 1.4 .3 15.5 
3 .3 1.0 20.0 1.0 .2 12.0 
4 .2 .9 15.5 .7 .1 10.0 
5 .1 .7 11.0 .5 8.5 
6 .6 9.5 .4 7.0 
7 .5 7.5 .3 6.0 



PREVTmTTNG JAPANESE BEETLE DISPERSION 211 

fication could be for at least 3 years with a1r,rin, 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. 

Topdressing tmf 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 chlO1'inated hydrocarbon insecti­
cides to grass-co\Tered Ilurser.\' plots as a basis for certifying 
nursery stock, the chemicals were used to treat turf where 
isolated colonies of beetles had c1e\Teloped to retard the buildup 
and dispersion of the insect. Usually chlordane, DDT, and diel­
drin were used in these campaigns. 

DDT was first applied in 19<1:1 to control an isolated colony 
of beetles at Blowing Hock, N.C. During 1944-48 the chemical 
was applied at ~i) pounds per acre to 257 acres of turf. The 
conditions were :f<worable for the rapid buildup of the beetle 
population as was shown b~T the increase in beetles captured by 
traps in an untreated part of the area where 357 beetles were 
caught in 19.15, 2,G12 in 1946, 7,727 in 1947, and 16,798 in 
19:18. In contrast to this trend, traps in the treated area captured 
138,94G beetles in 1944, 41,914 in 194G, 19,623 .in 1946, 23,361 in 
19017, and IG,OOS in 19"18. In 1953 yery few beetles were found 
in Blowing Rock, but the insect had spread into the adjacent 
cOtlntryo;;ide and was ,Tel'Y numerous there. (Fleming and Hawley 
19/50) 

One of the areas treated with dieldrin was an isolated colony 
of beetles on farmland along the Illinois-Indiana border. During 
] 9i54-GS c1ieldrrn was applied at 2 or 3 pounds per acre to 17,844 
acres in Illinois and 3,460 acres in Indiana. The dieldrin killed 
about 50 percent of the third-instal" Popillia 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 soil were controlled for 1 to 5 
years. 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 carbaryl 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 rainfall during the summer 
when the beetle is in flight and the city is surrounded by thou­
sands of acres of dry-farmed land where tb'l beetle could not 
survive. The luxuriant foliage and turf in the residential areas, 
which are maintai:1ed by frequent heavy watering, provided an 
excellent environment for the development of the beetle and 
tended to 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 .196.1, unpublished) 

DETERl\HNING 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 there was sufficient toxic residue in a plot to eliminate 
grubs hatching in the soii during the summer. The variation in 
the types of soil, cultural IJractices, and environmental concli­
tions throughout the quarantined area made it necessary to deter­
mine how much residue ',:emained in the soil of a plot. It has been 
the practice of the Plant Protection Division, Agricultural Re­
se[,1'ch Service, to analyze the soil of certified plots and to require 
the application of more insecticide only when needed to continue 
a plot in a certified status. 

Distribution of Residues in Soil 

Vertica I Distribution 

Most of the residues of the persistent insecticides applied to 
turf and uncultivated land 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 1.952), Ninety percent 
of the DDT recovered in uncultivated orchards was found in the 
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d(>bris or close to the surface of the ground (Chisholm et £11. 
195Q). Foul' months after applying aldrin to uncultivated lanel 
nearly all the residue was in the upper 2 inches of soil (Lichten­
stein et al. 1%2). One or more years after broadcasting dieldrin 
over alfalfa fields 87 percent of the residue occurred in the upper 
inch of soil (Hardee et £11. 1964). 

Most of the residues of the chlorinated hydrocarbon insecticides 
applied to cultivated land were found in the tilled layer. The 
DDT in the soil of cultivated orchards was found largely .in the 
upper 3 inches (Chisholm et al. 1950). One year after applying 
DDT to plots cultivated periodically 88 percent of the residue 
was in the upper 3 inches of soil and the remainder in the 3- to 
(i-inch layer (Chisholm and Koblitsky 195;2). One or two years 
after applying aldrin, DDT, and lindane and rototilling to a 
depth of 5 inches, 8<1 to 96 percent of the residues occurred in the 
upper 3 inches of soil (Lichtenstein 1958n; Lichtenstein et £11. 
196;2). Rotary tillage and disking dispersed more aldrin, DDT, 
dieldrin, and lindane within the upper 2% inches of soil than in 
the next 21:! inches (Lange and Carlson 19/55). Four years after 
applying benzene hexachloride, DDT, and toxaphene 97 percent 
of the residues were found in the plowed layer (Allen et £11. 
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 ti1i,;ge. The residual insecticide in the upper 3 
inches of soil is the most important 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 3,875 pounds per acre and throughout 
the other plot from 180 to 3,515 pounds per acre. Chisholm and 
Koblitsky (1.952) 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,tl37 pounds per acre. About 1 year after applying 25 
pounds of DDT per acre to turf Chisholm and Koblitsky (1952) 
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 tha grubs while feeding 
moved laterally in the soil and encountered spots of high and 
low concentration. 

Sampling Soil 

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 
de::;l;ribed by Johnson and Caskey (1952) or with a similar de~ 
vice. 

With the heterogeneous lateral distribution of an insecticide, 
a sufficient number of cores must be taken over a treated plot so 
th::J.t the composite sample contains an amount of the chemical 
equivalent to the average in the plot. Fleming analyzed statisti~ 
cally the lead arsenate content of 228 cores that had been taken 
over two ~'~~acre nursery plots. He determined that the average 
amount of the chemica! in each of these plots could be estimated. 
within 18 percent with a composite sample of 10 cores, 11 percent 
with 25 cores, 8 percent with 50 cores, 7 percent with 75 cores, 
and 6 pe~'cent with 100 cores. The analyses of ten 50~core com­
posite samples were all within 10 percent of the average. 

It was authorized in 1931 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 3 inches deep, must be taken 
at random over an m'ea of not more than 20,000 square feet. 
Larger plots were divided into areas of not more 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 1/1.-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 be 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 3 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 pel' million; the parts pel' million 
may range from 20 to 30. 

Since soils differ in bulk density, insecticide concentrations hl 
various so.ils can be compared only on a weight-volume basis, 
such as pounds of insecticide pel' acre in the upper 3 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 
Suusamples 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 according to the procedure 
described by Koblitsky (19d9). The method involves the reduction 
of the lead arsenate with hydl'azine-sodium bromide in the 
presence of hydrochloric acid, removal of the arsenious chloride 
formed by distillation, and titration of the distil1ate for arsenic 
with a standal'(l 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 calcu­
lated by the formula given by Koblitsky and Chisholm (1949). 

U X W, X 	 TV" x 41,486
Pounds pel' 3-inch acre = -, .'-'-~.'-----­. S x W~ x V 

Where U weight of lead arsenate in aJiquant titrated (grams). 
S weight of nearly air-dry subsample represented by 

aliquant (grams). 
W weight of nearly air-dry subsample (grams),j 

W:! 	 weight of subsample taken from screened composite 
sample (grams). 
weight of screened composite sample (grams). 
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 
3-inch acre. 
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In the analyses of soil containing known quantities of lead 
arsenate the recoveries ranged from 97.7 to 100.8 percent. 

This analytic procedure was authorized in 1930 for determining 
the quantity of lead arsenate in certified nursery plots. 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) 
fOllnd 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 pellets formed 011 drying soils high in colloids. 

Chisholm and Koblitsky (1952) tested many solvents and mix­
tures of s01vents as extractants for the chlorinated hydrocarbon 
insecticides. Some solvents removed an excessive amount of the 
natural so.il 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 
alcohol. The slight amount of water that may be extracted from 
soil 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 s01vent for one-half hour. The soil-solvent mixture was filtered 
to obtain the extract for analysis. 

Eventually specific colorimetric and spectrophotometric meth­
ods were deve10ped 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 Chisholm 
(1.949) found that the color bodies extracted from soils 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. (1945) was too time consuming for routine 
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analyses (Koblitsky and Chisholm1.949). An adaptation of the 
method of Clayborn (1946) did not give reliable results in the 
determination of DDT in nursery soils in New .Ter!'lcy (Chisholm 
anel Koblitsky 1952). In 1963 G. L. Mack (unpublished) of the 
New York Agricultural Experiment Station demonstrated that 
residues of DDT and dieldrin in soil could be determined by gas 
chromatography. 

In the absence of suitable specific methods in 1948, Koblitsky 
and Chisholm (1949) developed a method for determining the 
total organic chlorine in the extracts. It was based on the p1'o­
cedu re described by Umhoefer (1 9M). The method entails 
evaporating an aliquant part of an extract almost to dryness, 
adding metallic sodium with isopropyl alcohol to liberate the 
ehlorine in the inseeticide, eliminating the unc1ecomposed sodium, 
acidifying with dilute sulfuric acid, adding standardized silver 
nitrate solution, removing the precipitated silver chloride, and 
dctermining the excess silver nitrate. The difIerence between the 
quantity of silver nitrate added and that remaining is the 
quantity of silvcr nitral8 reacting with the liben'tted chlorine. 
The equivalent grams of aldrin, DDT, chlorane, dieldrin, hep­
lachlOI', or toxaphene in the aliquant sample were calculated by 
multiplying the grams of chlorine by the appropriate factor. 
l'he poulHls of the chlorinated hydrocarbon insecticide per acre 
to a depth of 3 inches were calculated by the same formula used 
for lead arsenate. 

The recovery of DDT from extracts of sandy, clay, and muck 
soil containing known quantities of the insecticide ranged from 
96 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 difTerences between the analyses of duplicate sub­
samples from 8'1 composite samples from nursery plots 
averaged 1 pound of DDT per 3-inch acre and ranged from 0 
to 2.5 pounds. Similar results were obtained in the analyses of 
soils containing the other chlorinated hydrocarbon insecticides. 
(Chisholm and Koblitsky .1.952; Koblitsky and Chisholm 1949) 

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 soil, in a few years an increasing number of 
nursery plots contained residues of two 01' 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 chemical methods, consideration 
was given to developing a biological 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 residues as insecticides. Toxicity is revealed by its 
effect on a living organism. Bioassay is a method for determining 
the quantity of a toxic substance by measuring its effect on a 
living organism. Bioassays are 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) 

Various 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 (1948) differentiated the gamma 
isomer from the other isomers of benzene hexachloride by their 
relative toxicities to the house fly (Musca domestica L). Fleming, 
Coles, and Maines (1.951) distinguished residues of DDT from 
those of chlordane in the soil by the slower response of Mac'ro­
centrlls anlnJliv01"1l.s Rohwer to DDT and noted differences in the 
symptoms of in~oxication produced by these insecticides. Davidow 
and Sabatino (1.954) differentiated chlordane and related cyclo­
dienes from other chlorinated hydrocarbons by differences in the 
response of goldfish (Camssi1ls au,rat1ls L.). Harwood and 
Areekul (1960) used four unrelated test animals-a pomace fly, 
Drosophila melanoga.ster Meigen, the rusty grain beetle (Orypto­
lestes !erruginells (Stephens», the mushroom mite (Tyrophagus 
1nttrescentiae (Schrank», and the brine shrimp (Arte1nia salina 
(L.) )-and obtained mortality patterns that distinguished 
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aldrin, allethrin, carbaryl, DDT, dieldrin, heptachlor, and para­
thion. 

The basic principles of quantitative determination used in 
analytical chemistry apply to bioassay. Gunther and Blinn 
(1953), Healey (1956), and Van Middelem (1958) reviewed 
these pr.inciples. Hoskins (1957) discussed the use of bioassay 
in entomological research. Dewey (1958) and Nagasawa (1959) 
reviewed bioassay techniques for determining pesticide resi­
dues. 

Bioassays of soil containing the residue of only one insecticide 
have been made by extracting the residlle in the same manner 
as for chemical analysis and exposing a test organism to the 
extract, or by exposing a test organism directly 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 
undel' standardized conditions, and by interpolation of the 
response data the amount of toxicant present was calculated. 

Bioassays of soil extracts have been made by Banks and Reed 
(.1956) , Berger and Randolph (1958), Fleming, Coles, and 
Maines (1951), Gannon and Bigger (1958), Kiigemagi et aI. 
(1958), Lange and Carlson (1955), Lichtenstein et aI. (1960), 
Ten'iere and Ingalsbe (1953), and others. Direct bioassays of an 
insecticide residue in soil have been made by Edwards et aI. 
(1957), Fleming, Coles, and Maines (1951), Fleming et aI. 
(1962), Fleming and Maines (1953a, 1954), Kloke (1953), Lich­
tenstein and Polivka (1959), Lichtenstein and Schulz (1959, 
1960), Lichtenstein et al. (1960), Wylie (1956), and Young and 
Rawlins (1958). 

The bioassay of a soil extract is an evaluation 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 certp.in advantages over the 
extraction methods in that they are relatively simple and the 
potential danget of insecticide loss during preparation of the 
sample or poor extraction is not encountered. Lichtenstein 
(1958b) discussed the advantages and disadvantages of direct 
bioassay of soil. The active toxicity, not the total potential 
toxicity, in a soil is the criterion as to whether sufficient insecti­
cide is present to kill the grubs. 

http:certp.in
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The Grub as a Test Insect 
The first-instal' grub is the logical 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 been propagated successfully in large
numbers at other seasons. They must be handled with extreme
rare because of their susceptibility to mechanical injury and to
adverse environmental factors, such as desiccation, excess mois­
ture, or increased carbon dioxide in the soil. The third-instal'
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-instal'
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 bioassay, 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 l/t,-inch mesh sieve to remove stones and debris.

The amounts of lead arsenate and the chlorinated hydrocarbon
insecticides in Sassafras sandy loam that kiIled third- and first­
instal' grubs are given in table 39. Although the duration of
exposure shown in the table is 2 weeks, it was necessary to
modify this period because various batches of grubs collected in
the field differed in their susceptibility to the insecticides. In a
bioassay 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-instal' 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-instal' grubs at this level of mortality were some­
what higher than those required to eliminate first-instal' grubs. 



TABLE 39.-Am01tnts of lead arsenate and chlorinated hydroca?'bon insecticides per 3-inch acre of Sassafras 
sandy loam for 10- to 90-percent mortality of th~rd-insta1' and 100-percent 'fiwrtality of first-ins tar Japanese 
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There was better agreement between the dosages of DDT, 
toxaphene, and chlordane for 50-percent mortality of third-instal' 
grubs and 100-percent mortality of first-instal' 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 bioassay of a certified nursery plot containing residues 
of lead arsenate and one or more of the chlorinated hydrocarbon 
insecticides, it would be necessary to establish whether the 
toxicity in the soil was sufficient to eUminate 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-instal' grubs in the sample of soil was more than 
50 percent. Unfortunately the third-instal' grub was a suitable 
test organism only during the fall and winter. The results were 
confounded by pupation when bioassays wel'e conducted 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-instal' grubs. 

Drosophila melallogaster Meigen as a Test Insect 

A search was made for a more suitable organism for bioassays 
of insecticide residues in soil. A review of the literature showed 
that many organisms had been used 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, Drosoph-ila melanogastel' 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 Drosophila 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 (Earle et al. 1959; Glasser et al. 
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1958; Gyrisco et a!. 1955; Olsen .; Pankaskie and Sun 1954; Sun 
and Pankaskie 1954), of parathion on cauliflower (Kasting and 
Harcourt 1952), of dieldrin in applesauce (Fisher and Smallman 
1954), of aldrin, dieldrin, and heptachlor on alfalfa (Koehler 
et a!. 1958; Lichtenstein and Medler 1958), of isobenzan on 
tobacco (Guthrie et a!. 195fJ), and of aldrin, benzene hexachlo­
ride, chlordane, DDT, dieldrin, heptachlor, and methoxychlor 
in soil (Edwards et a!. 1957; Lichtenstein et a!. 1960; Lichten­
stein and Polivka 1959; Lichtenstein and Schulz 1959, 1960; 
\Vylie 1956; Young and Rawlins 1958). 

Advantages in using DrosophilCL as a test insect in bioassay 
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; (3) 
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 
insecticicles were reflected by modifications in the mortality; (6) 
an assay with most of the chlorinated hydrocarbon 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 a1. (1962) mixed an aJiquant part of the sample with 
a small amount of plaster of paris and added enough 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 flies. The corn sinl)) provided food for the flies during the 
bioassay, 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 room maintained at 80° F., and the flies, slightly anesthe­
tized with carbon dioxide, were distributed among the dishes. 

Chlo1-illCLted. HydrocCLrbon Insecticides.-DrosophilCL was very 
sensitive to residues of the chlorinated hydrocarbon insecticides 

• OLSEN, R. E. THE l'SE OF THE FRUIT FLY DROSOPHILA MELANOGASTER IN 

DETECTING MINCTE QUANTITIES OF BENZENE HE.XACHLORIDE IN PLANT TISSUES. 

1954. [Unpublished Ph. D. thesis. Univ. Microfilms, Ann Arbor, Mich., 
Pub. 9767.] 
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in the slurries of soil. The speed of reaction to the residues at 
80<:" 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 
occasionally. The second stage was a period of e:'(citement. The 
flies did little resting and appeared to be irritated. They walked 
and flew mpidly and responded readily to any disturbance, such 
as n 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 tIies tended to stand in a fixed position 
with an occasional 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 to change their 
positions or the)' were dead. Permanent immobilization was 
selected as the criterion 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-instal' grubs at 80 0 F. are given in 
table i10. The 211- and 48-hour exposures indicated in the table 
are only approximations. The exposure of soil samples from the 
nurseries to the flies was the period 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 geograph­
ically because this type of soil occurs only on the Coastal Plain 
of the Middle Atlantic States. 

Of the several materials tested ag 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 p.g. 
of dieldrin, 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 p.g. 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 
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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 D1·OS01Jhila.. were about the same as the 
minimum dosages of these insecticides for 100-percent mortality 
of first-instal' 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 that 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, chlordane, dieldrin, endosulfan, or endrin could not be 
evaluated unless the toxicity of the DDT in the soil was in­
creased so that the bioassay could be compl~ted with a 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 30 pounds 
were subtracted from it. The mortality corresponding to the 
latter dosage of DDT with a 48-hour exposure was the measure 
of tne 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 biological 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 8.2 percent in the mOl"tality of 
the flies was caused by the following amounts (pounds) of the 
chemical in a 3-inch acre of Sa:ssafras sandy loam: Aldrin 0.007, 
heptachlor 0.01, dieldrin 0.03, endrin 0.07, endosulfan 0.15, 
chlordane 0.17, and DDT 2.75. Lower dosages of these insec'i,i­
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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 necessary to determine only whether the toxicity in a 
soil was sufficient to prevent the development of newly hatched 
Japanese beetle grubs. The toxicity was considered to be inade­
quate when the mortality of Drosophiln was less than 50 percent. 
The toxicity was considered to be sufficient to eliminate the grubs 
fur at least 1 year when the mortality of the flies was between 
50 and 90 percent, and sufllcient for 2 or more years when the 
mortality of the flies was more than 90 percent, particularly 
when 100-percent mortality occulTed several hours before com­
pletion of the exposure period. 

If desired, the toxicity in a soil may be expressed as equivalent 
pounds pel' 3-inch acre of anyone 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 
Interpolating the data, 

Bioassays were made of t:'e toxicity of insecticide residues 
in the soil of 89 plots in 27 nurseries in Connecticut, Massachu­
setts, New Jel'sey, New York, Pennsylvania, Rhode Island, and 
Virginia, using both Japanese beetle grubs and Drosophila, as 
test insects. Forty of the soil samples were from plots containing 
residues of lead arsenate, chlordane, DDT, dieldrin, or heptachlor, 
alone and in combination, 34 of them were from plots where the 
foliage of the plants had been sprayed with aldrin, bordeaux 
mixture, carbaryl, 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 
bioassay and inadequate by the Drosophnn bioassay, the same 
evaluation of toxicity was obtained with both test insects. The 
toxicity was adequate to pre\'ent the development of newly hatched 
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 
plots 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 suflicient to eliminate first-instal' grubs in about 
half of the plots. 
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The bioassay of the soil of certified nursery plots to which 
the chlorinated hydl'ocarbon insecticides had been applied in pre­
vious years, using Dl'osophiln 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 years the toxicity was determined in 469 certified nursery 
plots in Connecticut, Indiana, l\Iaryland, New Jersey, New York, 
Ohio, Pennsylvania, Rhode Island, and Virginia. The results of 
these bioassays are summarized in table 'H. The toxicity was 
inadequate in 17 percent of the plots, but was at such a level in 
the other plots that [) percent of them could be continued in a 
certified status fot' 1 more year and 78 percent of them for 2 more 
years. 

TABLE 41.-BioaSSCllj during 1962-63 of nursery plots treated in 
previous years with chlorinated hydl'oc(tl'bon 'insecticides, using 
Drosophila as test -insect 

Plots with 
toxicity in soil 

Insecticide Plots Adequate for-
Not 

adequate 1 year 2 years 

Numb!!,. Pe,.cent Pe,.cent Pe".cenl 
Aldrin 22 14 9 77 

Chlordan!' 
 55 31 9 60 
Chlordan!, + DDT 3 0 0 100 
ChlordanE:' + diE:'ldrin 6 0 0 100 
Chlordan!, + DDT + dieldrin 6 00 100 
Chlordnnl' + heptachlor 55 0 3 97 
DDT 122 35 20 45 
DDT + di('ldrin 2 50 0 50 

DDT + malathion 
 4 25 0 75 
Dieldrin 161 3 6 91 

Heptachlor 
 28 43 10 47 

Not identified 
 5 0 0 100 

Total or averag(' 469 17 5 78 
--~--•.. ------------------- ­

Chel1li(~al Analysis Versus Bioassay 

Fleming et al. (196;2) 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 bioassay with 
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third-instal' grubs, and the equivalent amount of insecticide 
was calculated by interpolation of the mortality data. The organic 
chlorine in each sample was determined and the equivalent 
amount of .insecticide residue was calculated by multiplying the 
organic chlorine by an appr·opriate factor. The data were arranged 
in groups and the average l'esidue for each group was calculated. 
The biological and chemical determinations are summarized in 
table 42. 

The relationship between 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 chemical analysis than by bioassay. 
Kiigemagi et al. (1958) also found good agreement initially 
between the organic chlorine method and bioassay with larvae of 
Gule:/.: quinq1(.ejusci(Ltlis Say in the analysis of soils containing 
aldrin, dieldrin, and heptachlor. However, after the soils had 
weathered fOI' several months, larger amounts of these insecti­
cides were recovered by chemical analysis than by bioassay. Ter­
riere and Ingalsbe (1958) usually recovered more aldrin, benzene 
hexachloride, chlordane, DDT, hept.1.chlor, and toxaphene by the 
organic chlorine method than by assay with culicine larvae. 

Other investigators have found discrepancies in the results 
obtained by colorimetric chemical methods and bioassays with 
Drosophila. Young and Rawlins (1958) found higher amounts of 
heptachlor in mineral soils by colorimetric analysis than by bio­
assay. Lichtenstein and Polivka (1959) found more chlordane 
and less aldrin and heptachlor in soil by colorimetric analysis 
than by bioassay. Edwards et al. (1951), Lichtenstein and Schulz 
(1959), and Lichtenstein et al. (1960) 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 i..;; dependent on the type of 
information desired about the residues. The identification and 
the quantity of the residues in a soil can be determined only by 
chemical analysis, but the toxicity in a soil can be established 
only by bioassay. 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. 
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!:n5 11 .10 .90 + .80 3 7 1.13 1.61 + .48 

4 7 .83 1.81 + .98 t:l 
M

Chlordane: 5 4 .55 1.35 + .80 "0 
0.5 9 5.8 5.3 .5 =-' 
1 12 3.3 3.9 + .6 Heptachlor: 0 

"'.l2 13 1.5 2.0 + .5 0 2 2.15 1.85 - .30 
~5 11 .7 .5 - .2 1 4 .35 1.80 +1.45 0 

2 4 .20 .55 + .35 ;:0 ..... 
DDT: 3 4 .10 1.25 +1.15 () 

c:::0 8 24.5 21.1 -3.4 t" 

4 7 17.8 14.0 -3.8 Toxaphene: >-3 


c:::
6 12 11.6 10.3 -1.3 0 3 30.5 33.1 +2.6 ;:0 
7 16 7.5 9.0 +1.5 1 3 16.6 18.2 +1.6 M 
9 3 2.5 3.8 +1.3 3 1 13.1 W.5 -2.6 

5 3 7.9 8.2 + .3 
6 7 3.9 9.8 +5.9 
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SUMMARY 


Federal quarantines 40 and L18, which became effective in 1920, 
regulated the interstate movement of all kinds of farm products 
and plants from the area infested by the Japanese beetle (Popil­
lia 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 products and plants. 

'Vhen 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 difTicult to find all the beetles in packages of fruits and 
vegetables, and except for the first few years sufficient man­
po\ver to examine each package was lacking. 

Nonchclllical Treatment of Fruits and Vegetables 
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, vacuum 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 berr.ies. 
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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. 

l\Iethyl bromide killed beetles in packages of fruits and vege­
tables, usually without injuring the products. 

Dusts 

A dilute DDT dust applied before and after loading killed 
beetles hiding in refrigerator cars and trucks and clinging to the 
outside 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. 

Prevellting In fcsta tion 

The infestation of greenhouses and culdfl'anes was prevented 
by screening and following sanitary procedure,,.. 

Soil Rellloval 

l\Iany species of herbaceous and deciduous plants were not 
seriously injured by washing all soil from their roots with 
water, but the narrowleaf and broad leaf evergreens were se­
riously 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 
cfrom 50 ' 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 all 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. 

rnsecticide 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 dichloride, or heptachlor. All immature stages 
were killed by immersing the soil in a dilute emulsion of 
ethylene dibromide or an ethylene dibromide-chlordane mixture. 
Herbaceous and deciduous plants tolerated these treatments, but 
sometimes the evergreens were injured. 

In~ecticide Emulsions and Solutions Appliea 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 
di\~hloride. Most plants tolerated these treatments. 

Grubs 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 ciibromide, or Vapam, or an aqueous solution of 
methyl 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 methyl bromide. 

Insecticide Liquids Injected Into Soil 

All immature stages were killed in potting soil by injecting 
into the soil carbon disulfide, chloropicrin, 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 soil of balled 
or potted plants did not kill all of the grubs or they seriously 
injured the plants. A dilute alcoholic 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 pyrethrum 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 cultivated 
plots at intervals during the summer did not prevent oviposition 
in the soil. All grubs in unplanted plots were killed in the early 
fal! by mixing naphthalene with the upper 3 inches of soil. 

p-Dichlorohenzene 

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 Residnal Insecticides Mixed With Soil 

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 treatment made it possible to treat plots of 
nursery stock en m~sse, 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 
pJanted 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 
evergreen 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, tricalcium, and zinc arsenates, equiva­
lent in toxicity to aluminum and ferric arsenates, and more toxic 
than basic 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 hom 0 logs were more toxic to grubs 
than lead arsenate. All of them were injurious to plants. 

The inorganic borates of calcium, lead, magnesium, nickel, 
sodium, strontium, and zinc were only slightly toxic to grubs 
but very injurious to plants. 

The inorganic fluorides of aluminum, barium, calcium, copper, 
lead, magnesium, strontium, and zinc were only slightly toxic 
to grubs. They did not affect the growth of plants. 

The hexafluorosilicates of potassium and sodium were more 
toxic to grubs than lead arsenate. Barium hexafluorosilicate was 
equivalent in toxicity to lead arsenate, and magnesium hexafluo­
rosilicate somewhat less toxic. Calcium hexafluorosilicate was 
only slightly toxic to grubs. The hexafiuorosilicates lost more 
than half of their insecticide effectiveness during weathering for 
6 months. Plants tolerated the hexafiuorosilicates in the soil. 

Residual Chlorinated Hydrocarbon Insecticides Mixed With Soil 

Since 19,13 many new chlorinated hydrocarbon insecticides 
have become available. In contrast to the halogenated hydro­
carbons used previously, 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 s'pecie-s of nursery and greenhouse plants were 
grown successfully in DDT-treated soil. 

Methoxychlor and TDE, chemicals closely related to DDT, 
wel'e much less toxic to grubs. 

Toxaphene was very similar to DDT in its toxicity to grubs, 
persistence in soil, and low phytotoxicity. 

Chlordane was more toxic to grubs than DDT. A small amount. 
in potting soil killed grubs. When mixed with the upper 3 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. Most 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 hatched 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 soil 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. Repone was less toxic to grubs than chlordane. Lin­
dane ';vas 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 (1;'finite change in the toxicity of most of the other 
binary mixtures. 
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Carbamate Insecticides Mixed \\;'ith Soil 

tn 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 only one 
brood of grubs. 

Organic Phosphorus Insecticides Mixcd With Soil 

In prelimilulIT tests Staufl'er N-27R8 was slightl~r more toxic 
to grubs than dieldrin. Bayer 37289 and Zytron were equivalent 
in toxicity to dieldrin. Akton T~l, Union Carbide 8305, Diaz­
inon. and Shell SD-RS03 were slightly less toxic than dieldrin. 
The other phosphorus compollnds were e\'en 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 efl'ecti\'e in killing first-instal' 
grubs throughout the summer. 

Qum·.mlill(' on Turf 

The production and distribution of turf became an important 
inc1ustJ'y in the quarantined area after World 'Val' II. Topdressing 
turf with residual insecticides was not adapted to the require­
ments of the turf industry because turf treated in the spring 
could not be certifiecl for shipment until the fall. nIany emulsions 
and solutions wel'e applied to eliminate grubs in turf, but only 
two of them were authol'ized. Turf could be dug and shipped 24 
houl's nftcr applying a dilute emulsion of ethylene dibromide to 
tht? sUl'face. The turf was in a certified status until adult beetles 
appeared in the ,"icinity, It also could be shipped 24 hours after 
applying a dilute emulsion of ethylene clibl'omide-chlordane, but 
this turf could be in a certified status for several years. 

DNennining Residues of 

Persistent. Illsectieidcs ill Soil 


The cel'tifieatinll of plants grown in nursery plots treated with 
lead arsenate 01' the chlorinated hydrocarbon insecticides was 
based on thl." knowledge that sufficient residue was in the soil to 
kill grubs hatching during the Sumlner, 
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The variation in the types of soil, cultural practices, and en­
vironmental conditions throughout 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 sampJing soil and the 
chemical and biological methods for assaying the residues are 
discussed in this bulletin. 
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