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UNITED STATES DFPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

HOT WATER AS AN INSECTICIDE FOR THE
JAPANESE BEETLE IN SOIL AND ITS EFFECT
ON THE ROOTS OF NURSERY PLANTS

By WaLter E. FLEMIXG, Entomolegist, and Fraxcis W, Baxer, dssigtont
Entomologist, Division of Jopauese and Asietic Beetfe Regcarch, Bureai
of Euntcmology

Action of hot water on the faprnese
T ORUEHDN - e oot ceacammrmmamee oo beet le—Continued. i
Hot-watar hnmgsiun far eontrot of other sub- : %ﬂ;gtg;g}ﬂ:} ﬁlgﬁg’é ?ﬁ‘;&%ﬂ‘r at 1127 F
ferrancan pes N ngeotic [ in soil .. ...
Trevious Y ork with Lot water on the Japaness i Deating sofl by Limtcrsian, o Tiot water-
bectle, Emlacttof hot-water treatment oo DUESETY
Action of ot water on the Tupanese beetle. - k ettty S
AR —— D e nsoraeTs
; " Ly
‘fgn eﬂer O e e I e sosicital i Experiments (n comerecial nurseries
Ce urcE gscd Int studyiog ivseciicidal e J—
action of hot walet i Rt eteieiet L Int fuininiriefatsiotn
Relation ol femperature nf waper and pe- ! Reecommendations for the nse of hot water on
tiod of mmersion to Insecticidl netioe. f o nursery (lants . oooaenao -
Thorma denth poiut ! Literature eited. - —--——-~

w

Y INTRODUGCTION

One of the important problems in the control of the Japanese
beatle, Popillia japonica Newman. iz the development of miethods
for tresting the subterranean porfions of evergreen, deciduous, and
herbaccons plants to destroy all stages of this msect. The shipment
of these plants with soil to points outside the known infested ares
is prohibited by law nnless the plants are frec of all living forms of
the beetle. WWithin the nrea affected by these regulations there are
approximately 5.000 dealers in mursery stock and several large nurs-
eries doing a natiodal and international business. It is imperative
that suitable moethods for treating thi s stock be developed in order to
prevent the sevious diseuption of the nursery industry within the
regulated area.

During the years of 1920. 1920, 1927, 1928, and 1929 an investiga-
tion was carried on to determine the efficacy of immersing the sub-
terranean portions of nursery plants in hot water as a method of
treatment for the Japanese beetle. Asa result of these experiments
it is possible to recommend an effoctive method for exterminating
this insect in the soil about the voots of certain nursery plants.

HOT-WATER IMMERSION FOR CONTROL OF OTHER SUBTER-
RANEAN PESTS

A study of the literature pertaining to the use of hot water to com-
bat soil-infesting pests shows that immersion in hot water has been
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used successfully to control nematodes, mealybugs, bulb flies, bulb
mites, phylloxera, and other pests infesting the subterranean portion
of nursery plants. At the present time one of the most satisfactory
methods for controlling the narcissus bulb nematode (Tylenchus dip-
sacz Kihn), the bulb mites {BAizoglyphus eclinops Fumouze and
Robin and B. Ayacinthi Boisduval), the narcissus fly (Merodon
equestris Fabriciug) and the so-called lesser bulb flies (Eumerus spp.)
consists in immessing the bulbs in water held at a temperature of
110° to 112° F. for a vperiod of 8 hours (8, 6, 9, 11, 14, 19, 20,
24> The chrysanthemum nematode {(Adphelenchus ritzema-bosi
Schwartz) and the strawberry nematodes (4. fragarice R. B., A.
phyllophagus Stewart, and A. olesistus R. B.} have been destroyed

y immersing the dormant host plants in water at a femperature of
122° for 5 minutes (16, 22). Nematodes have been killed on the
roots of peonies by dipping the roots for 30 minutes in water at 190°
(2). Grape stocks have been freed of the coccid Pseudococous mari-
temus Ehrhorn and of the phylloxera Plylloxera vastatrie Planchon
by immersing in water at 125° for 5 minutes {1,15). The mealybug
Pseudococous maritimus on glacdioli has been destroyed by dipping
the corms fn: 10 minutes in water at a temperature of 124° (27).
The citrus-root nematode, Tylenchulus semipenstrans Cobb, has been
controlled by immersing the subterranean portion of the eitrus stock
in water at a temperature of 120° for 15 minutes (%), or in water at a
temperature of 130° for 30 seconds (%3). Pots of soil infested with
the root-knot nematode, Heterodera radicicola (Greef) Mueller, have
been treated successfully by immersion for 3 minutes in boiling
water (4).

From a study of the meager published information on the immer-
sion of plants in hot water to exterminate subterranean insects and
other closely related pests, it may be deduced that water at a Lemper-
ature below 110° T. is usvally ineffective in controlling pests and that
water at a temperature above 130° is usually deleterious to the roots
of plants. The temperature of the water and the period of immersion
to be employed to exterminate the different pests are governed appar-
ently by the susceptibility of the pest to hot water, the degree of pro-
tection given it by the host plant, and the resistance of the host plant
to the treatment.

B
PREVIOUS WORK WITH HOT WATER ON THE JAPANESE BEETLE

Previcus experiments by Leach (I3} in 1920 with the third-instar
larvae of the Japanese beetle demonstrated that this stage of the
beetle could be destroyed by immersion in water at temperatures
between 110° and 180° F. "It was also found that the roots of
Chamaecyparis pisifera and Azalea amoena could not be immersed in
hot water without causing serious injury or death to the plants.
When the phytopathological action of hot water on these plants was
determined, the experiments with hot water as a soil insecticide
were temporarily discontinued.

I Italic numbers in parcotheses refer to Literature Cited, p. 40.
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HOT WATER A% AN INSECTICIDE
ACTION OF HOT WATER ON THE JAPANESE BEETLE

In 1926, when some preliminary tests indicated that certain other
_ nursery plants were not sericusly injured by immersing the roots in
hot water, an extensive investigalion was undertaken. to determine
the effectiveness of hot water in killing the different stages of the
bestle under various conditions, and to determine the varieties of
nursery plants that might be treuated successfully.

EXPERIMENTAL TREATING TANK

During the course of this investigation several hot-water tanks were
used for treating the plants and the different stages of the beetle.
The tank which was finally developed and proved most satisfactory
for this work was a specially equipped wooden tank * holding 300
gallons.
© This experimental tank was constructed of selected 2-inch cypress.
It wwas 6 feet long, 3 feet wide, and 214 feet deep, inside measure-
ments. The lumber was dressed, ripped, crozed, jointed, and rein-
forced with iron rods and wooden battens in the approved manner.
The ends were boxed into the sides and bottom to a depth sufficient to
insure the greatest strength. A partition of 1-inch cypress was
placed inside 2cross the end of the tank, perallel to and about 6 inches
from one end, and extended to within 4 inches of the top. Two
rectangular holes, each 10 inches high and 5 inches wide, were cut
in the lower corners of this partition, and a circular hole 9 inches in
diameter was cut on the median line near the bottom. 'T'wo solid par-
titions of the same material were construeted parallel to and § inches
from each side of the tank. These extended from the end partition to
the opposite end of the tank and from the bottom to within 6 inches of
the top. Within this rectangular area, formed by the partitions and
one end. was placed a false bottom with movable slats £ inches wide
made of 1-inch cypress.

A Monel-metal propeller, § inches in diameter, of the flat-pitch
pusher type, was mounted on a shaft of the same material, three-
fonrths of an inch in diameter, and placed in the circular hole of the
end partition. The shaft extended throngh 2 stufling box in the end
of the tank and was connected by means of 2 flexible conpling to an
electric motor. This motor was one-third horsepower, making 1,730
revolutions a minute, and operated on a 110-valt, 60-cycle, alternat-
ing-current line. It was equipped with a gear reducer so that 1%
would turn the agitator shaft at the rate of 440 revolutions per
rinute.

The water in the tank was heated by pumping hot water through
a 14-foot coil of 2-inch galvanized-iron pipe, which was placed on
the bottom of the tank. The vwater circulated through this coil
was drawn from and returned to a 30-gallon tank of water held auto-
matically at a temperature between 160° and 180° F. This boiler
was of standard commercial type, heated by gas and equipped with &
bimetallic thermostat. The water was forced throngh the heating

:The writers nre indebted to T. I Melhrhof, of Rutgers University, who drew ithe
plans and olded in the arsembilng of this equipment,
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coil by means of a centrifugal pump that discharged 3¢ galions a
minute in a closed system when the suction pressure was 15 pounds
per square inch and the discharge pressure was 28 pounds per square
inch. The one-half horsepewer, 110-volt, 60-cycle, alternating-cur-
rent motor, with a speed of 1,725 revolutions per minutn, which
operated the centrifugal pump, was controlled by a mercury-toluene
thermostat which was placed in the tank. As'the femperature in
the tank fell below that 2t which the thermostat was set, the current
flowing through the thermostat was broken, thus tripping & mercury
switch and starting the motor operating the centrifugal pump.

TFor operation the tank was filled with water to within 2 inches of
the top. The water was heated to approximately the desired tem-
perature and the thermostat was then set at the exact temperature
desired. The agitator was then started. The propeller drew the
water from behind the end partition and forced it in a stream along
the bettom towards the opposite end of the tank. Portions of this
moving water were deflected upward at intervals by means of the
slats, placed ot various angles, in the false bottom. If flowed over the
tops of the side partitions and was drawn behind the end partition
again through the holes which were placed at the lower corners. A
small amount of water, which was deflected upward a short distance
from the propeller, returned behind the end partition by flowing over
the top of this partition. This agitation caused a uniform, slow
movement of the water throughout the treating chamber from one
end to the other and from the bottom to the top.

NUMBER OF BEETLES USED IN EXPERIMENTS

Extensive experimentation with a soil-infesting insect such as the
immatare stages of the Japanese beetle is necessarily slow, Izborious,
and expensive. Itis desirable to use in each test the minimpm number
of insects which will give reliable data. An experiment was there.
Fore undertaken to determine the degree of accuracy of data based
on different numbers of insects.

Two thousand third-instar larvae were dug at random in the feld
and treated by immersion in hot water for a period of time that
killed the majority of them. The larvae were then placed in sep-
arste containers and numbered consecutively from 1 to 2,000.
Thirty representative groups, each containing 10 larvae, were
selected at random from the 2,000 larvae, with the aid of tables of
logarithms. as is suggested by Jerome (72, p. 78). The percentage
mortality and the magnitude of the probable error of the percentage

was calculated for each group, using the formula e=67.45, /P9

n
(10), where ¢ is the magnitude of the probable error in per cent,
p is the number of dead larvae, ¢ is the number of living larvae,
and 7 1s the number of larvae examined. This procedure was re-
peated with representative groups containing 20, 30, 40, 50, 60, 70,
80, 90, 100, 150, 200, 309, and 400 larvae. The maximum percentage
moriality, the minimum percentage mortality, the difference be-
bween these percentages, and the greatest probable error of the per-
centa ? mortality in per cent for each of these groups are outlined
in Table 1.
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Tasry 1—Reliability of o perceniage mortality based on different awmbers of
Popillia lurvas
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The data obtained in this experiment show that » group contain-
ing fewer than 100 larvae may be very unvepresentative. A percent-
age mortality based on a few larvae is likely to be inaccurate and
may lead to erroneous conclusions. It was found that the probable
error of the percentage mortality based on 10 larvee was 9.77 per cent,
while the probable error of the percentage mortahity based on 100
larvae was only 218 per cent. The difference between the maxi-
mum and the minimum percentage mortalities decreased progres-
sively from 30 per cent with 10 larvae to 6 per cené with 100 Iarvae,
and to 2.3 per cent with 400 larvae. These results arc indicative of
the probable error which would be ohtained in the individual fests
wich the immature stages of the Japanese beetle. I view of the
fact that the vesults, if favorable, were to be used as a basis for recom-
mending a treatment that would be employed for quarantine pur-
poses, it was decided to use not fewer than 200 of each stage in each
test.

In carrying out this program the following numbers of the dif-
ferent stages of the beetle have been treated by immersion in hot
water: 176,000 eggs, 21,000 first-instar Jarvae, 18,000 second-instar
larvae, 308,000 third-instar larvae, 3.500 prepupae, 70,000 pupae, and
20,000 adults. Besides this, several thousand adulis were kept in
confinement to obtain eggs, and a Jarge number of eggs were kept in
the insectary to obtain the first-instar larvae when they hatched.

PROCEDURE USED IN STUDYING INSECTICIDAL ACTION OF HOT WATER

Although the immature stages of the beetle may be found in nurs-
erieg, the infestation is usually light, unevenly distributed, and difli-
cult to locate. It was impossible to find a sufficient numbe. of in-
fested plants in nurseries to conduct extensive experimentation; arti-
ficial infestation of the roots of nursery plants generally proved fo
be a tedious and unsatisfactors procedure. It wag decided, there-
fore, to make an exteusive and Intensive study of the insecticidal
action of hot water on the beetle throughout its metamorphosis wheu
the different stages were removed from scil, and then to determine the
effectiveness of the treatment in destroying the insect in the soil.
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It was not practical to obfain the large number of eggs required
for experimental work by digging in infested fields, but eggs were
obtained in almost unlinnted qgantities by confining adult beetles in
cages with fresh smartweed (Polygonum pensylvaricum) and soil.
The cage used for this purpose was a civcular metal cage which
was placed over a 10-inch flowerpot filled with moist, sifted soil, as
shown in Figure 1. Eggs were removed from scil by means of a
camel’s-hair brush, and placed in groups of 100 in glass tubes, as
shown in Figure 2. 'These tubes were 2 inches long, one-half inch
wide, and had each end closed with an 80-mesh wire cap. The con-
tainers were then hmmersed in hot water, cave being taken to have
each tube completely filled with
water, At the end of a definite
period of time two tubes contain-
myg 200 eges were removed from
the water, and the eggs were trans-
ferred by means of a camel’s-hair
brush to the surface of moist leaf
mold. The eges were placed sepa-
rately in small depressions on the
surface of the leaf mold, as shown
in Figure 3, and kept in the dark.
They-were examined daily for at
least o month subsequent to treat-
ment and records made of their
condition.  When an egg hatched,
the larva was removed to prevent
vonfusion in later observations.
ach day when eggs were treated a
group of 200 untreated cggs was
et aside nnder the same environ-
mental conditions te determine the
rate of hatching of the untreated
epgs throughout the season.

The first-instar larvae used in
B ancsabeatie poes b, ped to gutain  {hese experiments were hatched in

the inseclary, Lut the second and
third instar larvac were dug in fields which were apparently free
from insect parasites and lavval discases. The first-instar larvae were
treated in cages covered with 32-mesh wite as shown in Figure 4, A,
and the second and third instar larvae were treated in cages covered
with 20-mesh wire as shown in Figure 4, B. The larvae were placed
in these cages, only one larva in each section to prevent them from in-
juring each other with their mandibles. T'wo hundred Iarvae were
nsed as a unit in cach test. After treatment, the first-instar larvac
were placed on the surface of moist soil in the separate compartments
of plaster-of-Paris molds, as shown in Figure 65 the second and third
instar Jarvac were placed on moist soil in wooden cross-section trays,
as shown in Figure 6. Tach larva was observed daily and a record
kept of its condition for a period of at least five days after treatment.
In making the daily observation a record was made of the larvae
which were dead, sick, and novmal in each treatinent. A larva was




TOT WATBR AS AN INSECTICIDE 7

considered to be dead when it remained on the surface of the ground,
gave no reaction to external mechanical stimulation, and showed

Figune °—Glass tubes used to confine Japanese-bestie cggs during treatment

signs of decomposition. It was considered to be sick when it re-
mained on the surface of the ground and responded sloswly to external
mechanical stimulation. It was considered to be normal when it

Fravas 3.—Tray in which Jepanese-beetle eggs were kept for observaiion after
treniment

burrowed into the ground within a few hours after being placed on
the surface and was apparently unaffected when removed at the
end of the period of observation.
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Froore 4£-—Cages used te confing Iarvee, prepupae, and pupna of the Jupanese
beetle during treatment: A, With cover of 32-meslh sercen; B, with cover of
20-mesh screen

Fieore 5—Meld in which frstinslar Inrvae of the Japanese beelle were kept for
abservation alter treaiment
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The prepupae and pupae were dug in the field and treated in the
same manner as third-instar larvae, except that it was found neces-

-5".'

Fioory 6—Trny in whiclk second ond thivd imstar lnpryae, prepopoe, and pupne of
the Japanosc beetle were kept for observation nfter treatment

sary to keep them under observation for two to three weeks before
maling the final obscrvations., The adults were collected from un-
sprayed weeds, shrubs, and fruit trees and treated in cylindrical cages

auui?l'-

a9

FENE

1B

Fizunp 7.——Coge used to confine Jnpnnese-beetle adults duving trentmant

of 8-mesh wire as shown in Figure 7. The adults were then placed in
cages in the insectary and observed daily until the effect of the treat-
mont could be determined

73385—32 2
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RELATIGN OF TEMPERATURE OF WATER AND FPERIOD OF IMMERSION TO
INSECTICIDAL ACTION

In the fall of 1926 a preliminary study was made of the relation
between the period of immersion and the temperature of the water
to the insecticidal action. The tests were made with third-instar
larvae because this stage of the insect is normally abundant during
the fall of the year. Larvae were vemoved from soil and immersed
in water at a temperature ranging from 100° to 130° . The insects
were kept in the water at each temperature for various intervals of
time until the minimum lethal periods of immersion had been deter-
mined. The minimum lethal periods of immersion at femperatures
betwveen 100° and 180°, as determined in the fall of 19286, are outlined
in the following tabulation:

Minimum lethol pa Minimum lethal pe-
Temperature : riod (minotea) Tamperature rlod {minuten)
100° F_. - * 430 18 7

104° I 340 1200
07 P . 1% i2z* B

The destruction of the larvae at temperatures below 112° F. was
found to be slow and often uncertain. As the temperature of the
water was raised above 112°, the rate of larval destruction became
greatiy accelerated, until at 192° death was almost instantaneous.
The minimum lethal period of 70 minutes i 110° was decreased to
31 minutes at 112°, and to 16 minutes at 114°. The rapidity of the
insecticidal action was inereased in the same manner as the tempera-
ture of the water was raised progressively by 2° above 114° unti
the thermal Limit of 122° was reached.

THERMAL DEATH POINT

In this investipation the thermal death point was considered to
be the lowest temperature at which death resulted after immersion
for one minute. The thermal death point apparently varies with the
metamorphosis of the insect, the season of the year, and other factors.

A study was made of the thermal resistance of the beetle through-
ouf its metamorphic development. Eggs, larvae, prepupae, pupae,
and adults were immersed for onc minute in wafer at various tem-
peratures mntil the thermal Limit was determined. The tests were
made continuously throughout the year, using all stages of the beetle
which could be found in the soil. A summary of the data obtained
at temperatures of 116°, 118°, 120°, 122°, 1247, 126°, 128°, and
130° I In this experiment is given in Table S.

* Not all the larvac wore killeg Ly tmmersion for this perted of tlme.
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Mamy 2.—Tests to deferming the thermal deaih point of the Japanese beetle
at egqch stage in its development tchen [mmerscd for onc minwle in kot
water

Mortality of eacll stoge of develnpment

Tempera- - : !

. [\1;;?0(:.{ ' First- | Second- Third- | '

: Ezg instar | imstar |, Instor | Prepupa Tupa Adult
larva | Tarva lurva .

L4
2.9 ! 5
35.0 AT ;e

° J;‘ | Percent | Percent | Perceal  Percent i
i 1

130

It was found that the thermal limit of the beetle varies throughout
its life cycle. The thermal death point of the insect during its
embryonic development is 128° F. The larva nfter it emerges from
the ege is destroyed at 122°, and there is little change in suscepti-
bility to heat during the first and second larval instars. After the
second postembryonic molt the thermal limit is raised to 126° and
remains at this point until the larva approaches maturity when it is
decreased to 1227, After the larva changes into a prepupa, the
thermal death point is raised to 126°. During the pupal stadium
the thermal limit is 128°. but when the pupa transforms into the
adult the insect is destroyed at 122°.

A study was also made of the relation between the season and the
thermal death point of the insect. The tests were made with third-
instar larvae hecanse the duration of this stage is the longest. The
larvae were trented continuously thronghout the vear whenever it was
possible to dig them in the field. From the vesults of this experi-
ment it was found that during the summer and early fall, when the
larva is feeding extensively. the thermal limit is 122¢ F. With the
approach of winter the activity of the larva decreases and it becomes
more tolerant to heat. YWhen it becomes quiescent the thermal
death point is raised to 1262 and it vemains at this point throughout
the winter. In the spring, when the larva resumes intensive feeding
it becomes move susceptible to heat and the thermal limit is lowered
to 122°,

INSECTICIDAL ACTION OF WATER AT 112° F.

Although the insecticidal action of water heated to the thermal
death point of the beetle was quick and effective. it was found that
the treatment of the roots of nursery plants at this temperature was
often dangerous to the plants. It was alsa found that soil immersed
in water at a temperature of 1102, 112°, 116°, or 120° was heated
thronghout to the tempersture of the water at approximately the
same rate. The period of time necessary to heat soil from 112° to
120° was sufficient in most cases to have destroyed the larvae at the
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lower temperature. Plants treated at the higher temperature, there.
fore, wonld be subjected to a more vigorous treatment than would be
necessary to obtain the desired insecticidal action. At 112°, the lowest
temperature at which quick and dependable insecticidal action took
place, it was found that many plants were uninjured. The necessarily
prolonged soaking at temperatures below 112° had & retarding effect
on the subsequent growth and in some cases killed the plants. In
view of these resulfs, treatment at 112° vas selected as having the
most promise of snceessful application to the subterranean portions
of nursery plants. A preliminary report on the insecticidal action of
water at 112° has been published by the writers (7).

RESISTANCE QF EGGS

The study of the vesistance of egos to the insecticidal action ot
water at 112° F. was carried on during the summers of 1927, 1928,
and 1929. The eggas were carefully removed from soil and immerses
in water at a temperaturs of 112° for periods of time ranging from
10 go 90 minutes. A summary of the results obtained is given in
Table 3.

TARLE 3—Resulls of reafnent of Japanese-beetle cggs with water of 1i2° F.

| ' :

Y Alortality Moertality !
Pertadofy __. . .. . _ . oo~ .t Poriod of !
hnmer- N i HAOTHE S : i

sion | Mawi- - Mimi- o, ¥ion Maxi- ;| Alini-
| mum - mom - Averaze mam | mun

U Average

Minwles | Per cent | Per cent © Per cent b
MWHLE - 25 0 M
a4 Whe ° 785 | 989
V8.2 09,8 068 i 5.7
ard - ; . 5.5 . 99.8
s i : . 48,9 99.9
. . 97,3 85 . 0e.o ; Jg0.e
9.0 - w05 5 : 0.0 100.0 1

In Table 3 the maximum mortality 1 the highest mortality of »
group of 200 eggs at each period of immersion; the minimum mor
tality is the lowest mortality of 2 group of 200 eggs: and the averag:
mortality is the mortality of all eges treated for each period of time.

It was found necessary to prolong the peried of immersion to 85
minutes to destroy all of the egge, bat extermination was practically
obtained in 70 minutes. The fow egzs which hatched after treatment
for 70 minutes were greatly retarded in development and the larvae
did not emerge nntil several days after the larvae had ecmerged from
untreated eggs.  Of the eggs treated for 70, 75, and 80 minutes only
0.28, 0.25, and 0.05 per cent. respectively, were able to complete their
embyronic development and emerge as larvae.

Further study of the data showed that there is n great difference
in the resistance of different groups of eggs to the action of hot water.
For example, 32 groups of eggs were treated by immersion for 40
minutes. The resulting mortalities were as follows: Nine groups
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had 100 per cent mortality, 9 groups had 95 to 99 per cent, 7 groups
had 90 to 94 per cent, 3 groups had 85 to 89 per cent, and the remain-
ing 4 groups had 81, 71, 64, and 24 per cent mortality. The average
mortality of the 32 groups was 91.4 per cent. When the period of
immersion was increased to 70 minutes, the average mortality of the
39 groups was raised to 99.72 per cent, but still a few of the groups
had a lower mortality. Of these 39 groups, 82 groups had 100 per
gent, 5 had 99 per cent, 1 had 98 per cent, and the last had 96 per
cent mortality. It is apparent that the majerity of the eggs are
susceptible to the insecticidal action of water nt 112° F., and only u
small propoertion of them are abnormally resistant.

RESISTANCE OF FIRBT-INSTAR LaALVALR

The study of the resistance of fivst-instar larvae to the insecticidal
action of water at 112° T, was made during August and September of
¥927, 1928, and 1929. The larvae were removed from soil and im-
mersed for periods of 10, 13, 20, 25, 30, 85, 48, 45, and 50 minutes
respectively. A summary of the mortality resulting from each of
these treatments is given in Tuable 4.

PARLE 4.—Restlis of treatment of first-insiar urecee oifh waler gt 112° F.
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It was found that although treatment for 10 minutes occasionally
destroyed all the larvae in a test, consistent total destruction was not
“btained under 40 minutes. Treatment of first-instar larvae for 25
ininutes is practically exterminative, since only 0.35 per cent of the
larvae survived after immersion for this period of time.

RESISTANCE OF SECGNLI-INSTAL LARKVAR

The study of the larval resistance to the insecticidal action of
waler at 112° F, was continuedl with second-instar larvae during
August, September, and October. .\ summary of the effect of the
treatments on the second-mnstar larvae is given in Table 5.
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TaBig 5.—Resuits of treatment of second-tnsiar larsee with waler at 118° J.
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It was found in these tests that all the second-instar larvae were
destroyed by immersion for a period of 30 minutes. 1t would appear
that the second-instar larva is more susceptible to heat than 1s the
first-instar larva. An examination of the recults obtained with both
instars shows there was not more than 0.5 per cent difference between
them in treatments lasting more than 20 minutes. This difference
probably is not surrmﬁc'mt If the tests had been made with 50,000
instead ot 10,000 larvae of each sta ge, probably there would have been
no apparent difference between the fwo stages. Although it wns not
demonstrated that some second-1nstar lavvae would withstand treat-
ment for 35 minutes, the results obtained with both instars would
lead one to believe that the period ot immersion should be prolonged
to 40 minutes to insure the destruction of the most resistant larvae
of this instar.

RESISETANCE OF TTTTAD-INSTALL LAHVAE

The study of the resistance of third-instar larvae to immersion in
water at 112° F. was carried on during the fall, winter, and spring
of 1927, 1928, and 1¢29. The larvae were removed from soil and
immersed for periods ranging from 10 to 75 minutes. A summary

s

of the results obtained with the different tests is given in Table 6
TaBLE O.~-Resulls of freatment of third-lustar larvae wwith water at 112° P,
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It was found necessary fo continue the treatment for 70 minutes
to destroy the most resistant thivd-instar larvae. There is o con-
siderable variation in the susceptibility of third-instar larvae to the
action of hot water. In some tests with immersion for 10 minutes,
for example, all larvae were killed; when the treatment was applied
to another group, the mortality was decreased to 38 per cent. The
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average mortality of the larvae immersed for 10 minutes was 67.1
per cent. The third-instar larvae were practically destroyed by
imrnersion for 40 minutes, since less than 1 per cent survived affer
treatment for this period of time.

RESIBTANCE OF PRETUTMAE

The study of the resistance of prepupae was carried on in June.
The treatment was applied to prepupae in the samne manner as to the
larvae. The results of these tests are given in Table 7. It was found
that prepupae were destroved by immersion for 453 minutes in water
at 112° I,

TABLE T.—Nesults of treufment of prepupac with waler gf 112° 7
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HRESISTANCE OF PUPAE

The investigation of the resistance of pupae to the insecticidal
action of hot water was carried on during 1927, 1925, and 1929. The
results of these fests. which are summarized in Table 8, show that
pupae were destroyed by immersion for 70 minutes in water af 112 I,

. TARLE S—-Results of tregiment of pupge wifh water gt 113° P
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1 &nly one {reapment was made lor thls poriod of time.
RERISTANCE OF ADULYS

A study of the resistance of the adulf beetle to hot water was made
during the summer. The results of the different tests are summarized
in Table 9, It was found that treatment for 20 minutes was suffi-
cient to destroy the adult beetle.
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TapLy B.-—Resnlts of lreatment of adulls with waler at 112° F.
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RECAPITCLATION OF THE RESISYANCE OF NFFERENT STAGES

A study of the resistance of the eggs, larvae, prepupae, pupae,
and adults to immersion in water at 112° T, shows that all stages of
the insect, with exception of the cggs, can be destroved by continu-
Ing the treatment for 70 minutes. It was found that this treatment
prevented 99.72 per cont of the eggs from hatching und seriously
mmpaired the normal development of the Iarvae which emerged. 1t
1s therefore considered thal immersion of the bectle at any stnge of
its metamorphosis for 70 minutes in water at o temperature of 112°
¥. is practically exterminative.

HIGHULY RESISTANT REETLES

It was repeatedly observed, during the course of the insecticidal
tests at 112° F., that a small percentage of the beetles throughout
fheir development weve abnormally resistant to the action of heat.
This condition was more apparvent with cggs, third-instar Iarvae,
and pupae which are difficult to kill than it was with the other stages
which succumb readily. It was found that 90 per cent of the epgs,
third-instar larvae, and pupne were destroyed by treatment for 60,
40, and 53 minutes, respectively. Tor complete destruction it was
necessary to prolong the treatment of cous to 85 minutes, and the
treatment of the larvae and pupae to 70 minutes.

The abnormally high resistance of a small proportion of the
heotles Lo inseeticidal action ean not be explained satisfactorily.
The deerease in suscoptibility is probubly not an innate quality but
is the complex resultant of ccological "and physiological factors,
The question of resistance of the beetle is of considerable importance,
partienlarly when the treatments are to be used as quarantine meas-
ures. It was therefore deeided to continue this phase of the hot-
water investigation in order to accumulate further information and
to safepruard the recommendations which have beon based on the
data acenmmulated to date.

HFFEMT OF WEATHER ON RESISTANCE

A study was carried out during three vears with the object of
correluting the variation in the resistance of 2 stage of the beetle
with the meteorological conditions. Experiments were conducted
with eggs, larvae. prepupae, pupac, and adults, but only the third
larval stadinm was found to be of sufficient duralion that the re-
sistance was affected appreciably by the weather.
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It is difficult to elucidate on the relation of weather to the resist-
ance of a soil-infesting inscct nnder field conditions, hecanse it is
practically impossible to separate the complex meteorologzical fuctors.
The soil temperature and soil mwisture appearved to be the most
important of the =oil factors in modifying the resistance of the
immature stages of the bectle.

The minimum lethal period of immersion for third-instar larvae
was defermined at weeldy intervals durine the fall, winter. and
spring. A summury of the resultr obtained daring 1927, 1028, nnd
1829 1« given in Table 10.
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A study of the soil-moisture conditions prevailing in the vieinity
uf Moorestown. N, J.. showed that althongh the differences in the
smount of precipitation in different weeks was often considerable.
there was apparently sufficient moisture in the ground to satisfy the
normal requirements of the larvae. The rainfall in Moorestown is
generally relatively constant and fairly evenly distributed through-
out the year. Ifrom May to Mlurust most of the rain swecurs with
thunderstorms. Snowiall iz usnatly light. vemaining on the mround
but a short time, and there are many winiers without appreciable
snow.  In general, it appears that in a humid region there will
usually be suficient moisture in the woil to permit the larvae to
develop normally.  Soil moisture in this region. therefore, probably
will not become an importane factor influencine the resistance of
the larvae to insecticidal treatments.

The change in_the resistance of the larvae to hot water is appar-
ently miluenced by the temperature of the soil within the upper 6
inches. but it was not possthle to correlate the dnily fluctuations of
temperature with the resistance. It was found pessible to correlate
the general trend of the eperature with the veneral trend of the
vesistance.  With a minimum tamperature of thie soil above 6o 17,
n September, larvae are destroved by immersion for 30 minntes: in
October, with the minimum tetperatre Towered to 35 . (rentment

THARG- B2 —3
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must be prolonged to 40 minutes; in November, with the normal
minimuin approaching 43°, the theoretical temperature of quiescence,
the minimum period of immersion must be increased to 70 minutes.
The period of quiescence continues throughout the winter and early
spring until the minimum temperature rises above 43°. The larvae
are_very resistant to insecticidal treatment during this quiescent
period but become more susceptible as they resume activity in the
spring. In April larvac are destroyed by treatment for 50 minutes,
and in May, when the soil temperature remains above 55°, the mini-
mum peried of innaersion 1s reduced to 25 minutes,

A study of the available Weather Burcau reports on the weather
at Moorestown for 63 years (17) shows that in this vicinity there
are likely to be frequent and abrupt changes in temperature, but
only rarely do severe temperature reversals occur. The normal tem-
perature ranges from 30.7° in January to 74.5° in July, although a
temperature of 0° may occur between the latter part of December
and the end of February, and a temperature above 100° may occur in
the summer. The average minimum soil temperatures at a depth of
6 inches at Moorestown were found to follow closely the normal
temperature of the airt

In other regmons the change in resistance of the larvae may come
af different periods of the year than at Moorestown, but it is improb-
able that the weather conditions in any section will increase the
resistance to such an extent that immersion for 70 minutes in water
at 112° F. will not prove fatal.

IMPORTANCE OF MAINTAINING TEMPERATURE CONSTANT

In the preliminary study of the relation between the temperature
of the water, the period of immersion, and larvicidal action, it was
found that the minimum time necessary to kill all of the larvae could
be modified considerably by changing the temperature only 2°.
When the temperature of 112° F. had been selected as the most prac-
tical temperature for treatment, an intensive study was made of
the effeet on the insceticidal action of varying the temperature of the
water by 2° above and below 112°. The temperature of the water
was held within 0.57 of 110°, 112°, or 114° throughout the course of
the treatments.

Bggs, larvae, prepupace. pupae, and adults were immersed in
water at these temperatures without soil for periods of time ranging
irom 10 te 120 minutes.  Many different periods of tmunersion were
tested, but only the resulis from those periods which are Increments
by 18 minutes are given in Table 11.

ke dnin on soll femperntures woere furiished by lienty Fox, under wbose direction
thie wcleoralogival daln of thiy laborafory nee reeordad,
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Tanre 11 —FResulls of trealment of different stages of the Japancse bectic with
water at 119°, 113°, and 114° F.
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The results of these tosls show that if, in applying the treatment,
the temperature of the water s inndvertently kept at 110~ instead of
112 T, not all of the inscets would be killed within a period of 70
minuies.  In these tests, when the water was held at 1107, 18.6 per
cent uf the eggs, § pev cent of the third-instar lavvae, 3.2 per cent of
(he prepupae. and 8.5 per cent of the pupac survived the insecticidal
action.  Tu order to destroy the dilferent stuwees of the inseet at 1100
it was necessary to immerse the eggs for 160 minutes, first and second
mstar larvae for 60 mingtes, thinl-astar inrvae for more than 120
minutes, prepupace for 90 mintes, pupae for more than 120 minuies,
and minits for 40 minutes. I on the other hand, the temperature
of the water is allowed to rise nhove 1129, the insectividal action will
be aceelersied.  In these tests all stages of the beetle were extermi-
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nated by immersion for 50 minutes in water at a temperature of
114°,

It was also found that when the period of immersion at 112° was
reduced to 60 minutes, the most resiztant of the egegs, third-instar
larvae, and pupae were not killed, The treatment was cven less
effective when the Leetle was immersed in water at 1107 for 60 min-
utes, In the latter treatment. 2006 per cent of the eggs, 5.5 per cent
of the third-instar larvae, 9.6 por cent of the prepupae, and 20.8 per
cent of the pupae survived. Other examples of deerensed effective-
ness when the temperature of the water is lowered to 1107, or the
period of treatment is less than 70 minutes, may be seen by consulting
Table 11.

These data, whiclt were accumulated durving three veavs, emphasize
further the importanee of maintaining careful control over the tem-
perature of the water and prolonginge the trealment for a sufficient
period of time to secure the insecticidal action.

INSECTICIDA L ACTION IX B(HL

When the insccticidal action of water at a temperature of 112° F.
had been established with the different stages of the beetle that had
heen removed from soil, a study was made to delermine the effective-
ness of the treatment in destroying infestations in soil. Experimental
work on the effectiveness of hot water in so0il was carried on in the
laboratory, in the greenhouse, and in the nurseries.

In the laboratory, masses of soil of different types. volumes, and
composition were artificially infested with third-instar larvae. The
procedure which was found to he the most satisfactory in preparing
these masses of soil was as follows: An earthen (lowerpot of the desired
volume was partially filled with the soil to be tested, five larvace were
placed on the =oil, and then suflicient =oil was added to fill the pot.
The pol was then inverted on washed. moist mnslin and carefutly
removed in such a manner that the form in whieh the soil had bLeeu
molded was not destroyed. The =o0il was then tightiy wrapped in the
mushin and tied. Forty masses of the same type and volume were
prepared for each {est so that the effect of the treatment could be
observed on at least 200 larvue,  Thermoneters were inserted throueh
the muzhin into the =oil in such a manner that the merenry bulbs
were at the centers of the masses of =oil. The artificially infested
masses of soil were then immersed in water, When the temperature
recorded on the thermometer showed that the center of the mass of
=01l had reached a temperature of 112° ¥ the =oil was held in the
water for an additional 70 minutes. The soil bags wore then removed
from the hol water and suspended to drrin until the ~oil was snifi-
ciently dry that the Inrvae conld he removed without cansing me-
¢hanieal injury. The larvae were removed from soil and kept under
ohservation in the same manper as was used in studying the insecti-
cidal action on Iarvae that had lLeen removed from soil hefore
treatment.

It was found that Iarvae were destroved in sandy loams. clav
Joams, sand, and peat, when the soils were either wet or vy, ani
varied in volume up to 1 liter, by inmersing the infosted masses of
soil in water at 112° I, and continning the treatment for 70 minuies
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afier the soil masses had been heated throughout to the temperature
of the water. In many cases groups of 200 larvae were destroyed
by holding the soil at 112° for Iess than 70 minutes, It is apparent
that the period of preheating has a certain insecticidal action which
tends to decrease the period ot treatment necessary at 112°.

In the greenhouse the soil about the roots of hydrangeas growing
in 6-inch earthen pots was infested artificially by placing five active
third-instar larvae on the surface of the soil in small depressions
and allewing them to burrow inte the soil.  Adfter a weelr the larvae
were found to be distributed throughout the soil in the pots. Some
larvae were feeding on the roots m contact with the sides of the
pots; others were feeding on the roots near the center of the masses
of soil. ‘Thermometers were inserted into the masses of soil and
roots in such a manner that the mercury bulbs were at the centers
of the masses. The potted plants were then placed in water at a
temperature of 112¢ so that the soil was completely inumersed and
the aerial portions were above the water, and kept wn the water {ov
70 minues after the soil had been heated throughout to 1122, Adtter
treatment the plants were returned to the greenhouse bench. When
the soil bad dried suficiently to be friuble, the soil was shaken from
the roots and a carcful search was made for the larvace in each pot.
The larvace which were recovered were kept under observation until
the effect could be definitely determined. It was found that the treat-
ment of the infested hydrangeas was success{ul, all larvae being
destroyed.

In the nurseries, groups of Dahlia, Phlox, Ivis, and Paeonia, which
had been dug previously from infested fields, were prepared for ship-
ment secording to the regular procedure by removing excess soil,
dividing the clumps, and pruning the roots. The plunts were then
immersed in water at o temperature of 112° I, and beld for 70 min-
utes after the masses of soil about the roots had been heated to the
temperature of the water. The plants were then removed and exam-
ined. "The cavities in the roots were cut open, tangled masses of
rogts were divided, crevices dug out, and all adhering soil broken up
to find any larvac whicl might be hidden in the plants. After a
long, tedidus examination of over 5,000 plants, all larvae of the
Japanese beetle were fonnd to have been destroyed as were also some
larvae of Phylophaga, some elaterid larvae, earthworms, and
millepedes.

It was apparent from these experiments that hot water could be
relied upon to destroy the immature stages of the beetle in the soil
about 1he roots of plants, provided the infested soil was immersed in
water at a temperature of 112° F. and maintained in the water for
70 minutes after it had been heated to 112°.

HEATING S0IL BY IMMERSION IN HOT WATER

Having ascertained that the Japanese beetle is destroyed by im-
mersing the infested soil in water at 112° F., a study was made of the
factors affecting the penctration of heat into soil under these condi-
tions. YWhen a mass of soil at room temperature is immersed in
water held at 112° If,, hot water flows into the soil, displacing prac-
tically all the air and filling the interstices with water. The nrush-
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ing hot water gives up some of its heat to the particles of soil, raising
the temperature of the soil 20° to 30°. After the initial increase in
temperature, heat penefrates from the water surrounding the soil
and gradually raises the temaperature of the soil and its absorbed
water to 112°. The period of time requived to heat a mass of soil to
112° under these conditions depends on many factors, among which
the most Important are the volume, type, temperature, and ubsorptive
power of the soil.

The volume of the soil modifies considerably the period of time
necessary to heat it.  When bog soil about the reots of cultivated
blueberries was immersed in water at 112° ., the period of time
reqrured o heat the soil to this temperature was extended greatly
with a slight increase in the size of the mass of soil. When the soil
and roots were in compact, roughly spherical masses of aAppProx-
nmately 2 inches in diameter and containing abeut 8 cubic inches
in volume, 27 minutes were necessary to heat them ta 112°. The
average periods of time required to heat larger volumes of this
soil anid roots are as follows: 27 eubic inches in 57 minutes, 61 cuble
mehes in 61 minutes, 216 cubic inches in S0 minutes, 512 cubie
inches in 90 minutes, 1.728 cubic inches in 205 minutes, and 3375
cubic inches in 390 minutes. There was, however, considerable
variation in the time required to heat masses of soil and roots of
the same volume.  The minimum time required (o heat 8 cubic inches
of peat soil was 5 minutes, but the maximum time was 70 minutes.
The beating of clay loam in carthen flowerpots was very similar to
the heating of the bog soil about the roots of blueherry plants.
Two cubic inches of eclay Joam in a 1l4-inch clay pot was heated
from room temperatnre to 112° on the average in 14.5 minutvs.
Fhe heating of larger volumes of clay loam in pats was accomplished
in the following periods of time: 5 cubic inches in 184 minutes,
6.6 cubic inches in 19.8 minutes, 16 cubic inches in 29.9 minutes,
20 cubic mnches in 37.6 rainutes. 39 cubie inches in 48.9 minutes, and
33 cubic inches in 55.6 minutes. Similar results were obtained with
different volumes of sand, sandy loam, clay, and peat moss. It was
apparent from a stndy of the rates of heating different voluwes of
soil to 112° that several hawrs ave required (o heat relatively large
masses of seil to the temperature of the surrounding water. If
it is necessary to Jimit the hot-water treatment to those masses of
so0il which can be heated to 112° within a period of 60 minutes in
avder to mnke the methold practical to use in the nurseries, it will
be necessary to confine the treatment to those plants which have
less than G4 enbie inches of soil about their roots.

The penetration of heat inlo =oil immersed in hot water is affected
by the type of the soil. Thirty-nine cubic inches of moist sandy
Ioam in a d-inch earthern pot was heated in 32 minutes: elay loam
under the same conditions required 49 minutes: and a peat soil
reqnived 12 minutes Lo be heated (o the temperature of the sur-
rannding water,

The temperattive of the mass of soil before hnmersion afects the
period of heating vequired.  Soils which are at a temperature of
35 to 50° F. required from 10 {6 30 minuies longer treatment,
depending upon the volume, than did soils which were at 63° to 75°.




10T WATER AS AN INSECTICIDE 23

The soil should be warm to reduce as mueh as possible the peviod of
preheating.

The period of time required to heat a s0il to 1129 is affeeted Ly the
quantity of water absorbed by the coil when immersed.  Soils which
are saftrated with water hefare being placed in hot water are heated
more slowly than goils which are only partially saturated with water.
After the rapid jnerease in temperature cansed by the inrush of hot
water, the temperative will inerease more slowly.” The heat capacity
of water js approximately five times that of dry particles of soil
(78). Itisapparent. thevefore. that soil such as peat, which absorb
a high percentage of water. will heat more slowly than sandy solls
which have & limited absorptive power.

A comparative study was made of the time roquired {o heat sandy
joam to the tempr rature of the swrrentdding water when the tempera-
tnre of the water wa< 1007, 1107, L1520 or 120~ 1. It was found
that the time rerquired to raise the temperature of the soil to that of
the surrounding water was practieally the same within the range of
1007 to 120°,

Thore are many mtrinsie factors involved in the penetration of
heat into n mass of voil immersed in hot water, It was Tound impos-
gible to predict aceurately the period requiired to heat the svils aboul
the raolx of the dilerent nur-ery plints T was deeided, thevefore,
ta determine the period of heating required iu each treatment by
the following provedure : Selecl soveral plants witle the largest niasses
of soil about their reotx amd insert thermometers in suelt oo manner
that the mercury hulbs are approximately at the center of ench mass
of soil and roots. Place these plants Iast in the hot water and

observe constuntly wntil the thermometer s af o tempervatuve of

112° F. When the last of these inseried thermomefers pegisturs 112°
all of the masses will Te at this temperature.

EFPECT OF HOT-WATER TREATMENT ON NURSERY PLANTS
PRELIMINARY WORK IN 1926-27

Through the enoperation of fntereste] mirzerymen. 1300 plants
of 87 varicties were made available for experimentation with hot
water. The plauts were prepared for lreatment by removing the
joose oil. dividing the large cumyps of roots, and priming the lops
and roots.  The plants were treated while dormant dluring the wintev
of 1926-27 Ly immersing the roots in water at temperatures of 10K,
1107, and 1127 17, for periods of 110, 60, and 40 minutes. respectively.
The plants were then potied anil placed in the greenhouse for observa-
tion. Four months afler the applieation of the {reatiment the eon-
dition of the plants jndicated that G4 of the varieties had not been
uppreciably aflfected by the het water and 23 of them had heen killed
ov preally retarded in development. Tn view of the sueeessful treat-
ment of the majority of the plants in this preliminary experiment,
the writers were encournged to proceed with experimentation on a
mnch larger seale at the luboratory amd in comereial nieseries. A\
preliminavy report on the effect ol Tk water on nuescey plants lias
been publighed {&).




24  TECHYICAL BULLETIN 274, U. S. DEPT. OF AGRICGLTURE
EXPERIMENTS AT THE LABORATORY

After the snecessful resulls in the preliminary experinient had
been obtained, a group of varieties in which commiercial nurserymen
were particularly interested was selected for further experimentation.
These plants included Azalea spp., Berberis sp., Dah¥ia sp., For-
sythia sp., Hydrangea spp., Iris spp.. Paconia spp., Phloz spp., Picea
$p., fehododendron sp., Spiraca spp., Syringa sp., Vaccinium sp., and
Weigela sp.

TREATMENT OF AZALEA SPP.

During the winter of 1926 experiments were begun to determine
the eflect of the hot-water treatment on the greenhouse azalea, Azalca
“ndica, and on the decorabive azalea, A, amoena. The roots of the
semidormant, 3-year-old, indica azaleas, including the varieties En-
press of Indig, Jean Haerens, Mme. Petrick, Mme. Van der Cruyssen,
Professor Walters, Simon Mardner. and Vervaene, were immersed
in water at temperatures of 100°, 108°, 1107, 112°, and 114° I, for
different periods of time after the masses of soil had been heated to
the {emperature of the water. The periods of preheating varied
from 70 to 140 minutes, depending upon the volune and the condi-
tion of the soil held by the voots. The plants were then potted an.l
placed in warm and cool greenhouses for observation. Tt was founs!
that the immersion of the roots of 4. indice in hot water at any
temperature for an insecticidal period had a decidedly detrimental
effect on the plants. Fhe flower Luds were completely destroye.l,
the wenlker plants killed. and the vigorous plants seriously retardel
in their subsequent growth. When the treatment was applied to
A. indica in the carly fall, before the plants had reached the stage
of dormancy of the winter plants, the resnlt was equally disastrous.
The immersion of the roots of A. amoena in hot water was nlso fatal
o the plants.

TREATIMENT OF UERBENTS SP.

Three-year-old plants of red Japanese barberry, Berberis thuu-
bergi atropurpurea, wore dug in the field in the fall and placed in
storage.  During the winter the roots were immersed for insecticidal
periods in water at temperatures of 100°, 108°, 110°, 112°, 114°, 116",
118°, and 1207 1. The treated plants along with some untreatel
plants were planted in a warm oreenhouse for observation. Tt was
Tound that the immersion of the roots in hot water at any of these
temperatures for an insecticidal period had a deleterious effect on the
plants.  After treatment the voots beeamo soft, spongy, and is.
colored, and the tops beeame dry and hard. A month aftey the roots
were ymmersed in hot water the plants were dead or so saverely
injured as to be of no value.

Red barberry plants were dug in the field during April, May, and
October, treated by immersion in water ab 112° I., and replanted in
the field. It was Tound that the red bacbetry was very sensitive to
the action of ot water on its roots and was killed iy this treatment
readily at any time of the year.
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OOT WATER AS AN IXRECTICIDE
TREATMENT OF DAIELIA BT

Ciumps of duhlias of several common varieties weve dug in the field
in the fall of 1926, sarface-dried. and plaved in cool. acrated cellars.
In the early winter of 1926-27, roots were immerserd for insecticidal
periods in water at {emperatures of 1007, 108°, 1107, 119°. 1147, 1167,
13187, and 120° . The period required to heat the soil adhering to
the clumps to the temperature of the water was in no case greater
than 20 minutes. Some of the treated roots were potied and placed
in warm greenhouses along with untreated oot of the same varieties.
AlL of the roots which were treated at temperatuves ahove 108° grew
normally in the pots as shown in Figure 8 and produced flowers
that were cqual to those of the untreated roots of the same varieties.
The roots which wern treated at 100° were killed by the prolonged
immersion in the hot water. Another group of these treated roots
was packed. while wet, and placed In storage. Then these rvoots
were examined in early spring, it was found that many of them had
rotted. A third group of these roots was carefully surface-dried,
then stored in a cool, well-aerated cellar; and in the spring these
roots were found to be in good condition.

In late spring of 1927 a group of dahlia roots was immersed for 10
minutes at 112- .. in addition to the 15 minutes required to heat the
elumps to this temperature.  When the reots were removed Trom the
water it was found that ail of the eyes which had grown an inch or
more were killed; the eves which were not so far advanced were ap-
parently unaffected. The rools were planted in the field and grew
nermally. The flowers on these treated plants were equal in every
respect to those on untreated plants of the same varietios,

Dauring the winter of 1828 dahlia roots were trenterd by immersion
in water at 1127 ¥, cavefully dried, and placed in a mixture of peat
and soil on greenhouse benches. s the eyes on the roots developed.
the new sprouts were removed and planted in pots. aceording to the
procedure used in the vegetative propagation of the newer vavieties.
The results obtained with the treaied voots were equal in every respect
{o those obtained with untreatea roots. The varicties which were
irented and used successtully for propagation purpoeses included:
Parbara Snow White. Bob Newcombe, Bob Pleuse. Caetus Elite
Glory, Flonbuoeyant, Fellowes, (iesha, CGranada, Hera, 1is Majesty.
Joan Chazot. Jersey Empross. Jersey Sovereign, Josephine Mendito.
Lemonade, Lillinn Baldwin, Little Beauty, Little Jewel, L. W, Adton,
Murearet Woodrow Wilson. Marion, Midget, Mine, Gygax, Nagel's
(lory, Oasis, Riverton Gokden Glow. Rodman Wanamaker. Skag-
erralt, Sun Maid. Sunny Seuth, Tango Century. TWapitl, and Yukon.

TREATHENT OF FORSYTIHIL 2.

The weeping forsvthia. Forsylhin swspepst, wis dug in Oetober,
when dormant, the Inose o1l remaoved from the roots. and the roots
immersed in water at 122 I, for periods of 70, 90, and 110 nunutes.
The plants were then planted in the feld, In February xome of the
plants which had been treated for pach period of tine nlong with
some untreated plants were dug. potted, ayn-i brought into a warm
areenhonse.  The treated plants grew nurmally and flowered the
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same a5 the untreated plants. The treated plants could not be dis-
tinguished from the untreated plants in the field during the next
growing senson.

Fuaens 8-~ A, Daidio plant geowy irom uni reatod vl o 3 bo 1E, da
oty vool s

Freatoed with el water af 108
Foorespective ¥

Wla planis grown
PR L R B L A LG, UIH™, ot 1207

TREATMENT OF IIYBRANGEL sP1,
_ During the winter the house hydeangen, Hydrangea opuloides,
including the varielies Baby Bimbenot, Domotii, 1. G. IIil, (teneral
de Vibrave, Mme. I, Chautard, Mme. E. Monilldve, Otaksa, Radiant,
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and Suzanne Cayeux, were imumersed for inseeticidal periods in
water at temperatures of 100°, 108°, 110°, and 112° . The plants
were dormant and were well established 1 6-inch pots at the time
of treatment. It reguired from T0 to 100 minutes to heaf the soil
in these pots to the treating temperatures. After freatment the
plants were divided into two groups. One group was placed imme-
diately in 2 warm greenhouse; the other was kept in 2 cool green-
house for a period of six weecks and then brought inte the warm
greenhouse. It was found that treatment at 100° T. had killed
the plants and treatment at the other temperatures had retavded
to some extent the subsequent development. The injurious action of
hot water was more apparent on those plants which were held
the cool greenhonse for six weeks before being brought into o grow-
ing temperature. Most of the plants which were placed in the
warm house after treatment produced practically normal flowers,
as shown in Figare 9, A to D, although the plants did not have the
vigorous appearance of the untreated plants. The plants which
were kept cool for a period were stunted i growth and few of them
produced normal blooms, as shown in Figure 9, E to H.

In August, 1928, the house hydrangea, H. opuloides, was treated
while growing actively by immersing the roots in water at a tempera-
ture of 112° T, for a period of 70 minutes after the soil about the
roots had been heated to this temperature. Some of the plants were
dug in the field and had all of the loose soil removed from the roots
hefore treatment; others were dug and potted in 4-inch, 5-inch, and
6-inch pots before the roots were inunersed in the hot water. After
treatment, all of the plants were placed in pots and set in the field,
The varieties which were treated included America, Avalanche, Daby
Bimbenet, Caprice, Coquelicot, Domotii, Eclaireur, B. G. Hill, Ehmnar
General de Vibraye, La Marue, Lancelot, Louis Mouilidre, Marcchal
Foch, Mme. Agnes Barillet, Mme. Anguste Nonin, Mme. It Chautard,
Lilie Monitlere, Mme. René Jacquet, Qtaksa, Splendens, Success,
William Pfitzer, and Yvonne Cayeux. Within a few days after the
treated plants were placed in the Seld the leaves and the terminals of
the stems began to wilt. The plants never recovered from the effect
ot the hot water on the reots, and by the end of the first month were
dead.

The smooth hydrangea, 71, arborescens, was dug in the field while
dormant and treated by immersing the roots in water at 112° I¥. for
70 minntes after the soil had heen heated to this temperature. The
plants were set in the field homediately after treatment. During
the summer of 1028 the treated plants were relarded in growth as
compaved with the untreated plants.

IREATMENT OF 1IKIR &P,

During the winter the crested iris {/rds eristaia), the tail bearded
ivis (1. pallida and I, variegate), the fringed ivis (1. japonica), the
yellowband ivis ({. ockrolenca), the yellowflag ivis (/. pscudacorus),
and the Siberian irvis (1. sibirica) were innmersed, while dormant, in
water ab & tomperature of 112° I, and kept in the water for 70 min-
utes after the soil about the roots had been heated to this temperature.
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They were then planted in the field. Duaring the following summer
the treated iris of all species, with the exception of /. ochroleuca,
could not be distinguished from the untreafed plants of the same
species growing in the field. /. ockroleuca seemed to be somewhat
retarded in development during the first season.

F G

wene D=t 1g I, Hydrangeas from plants kept fu o wavi greonlbovse 4 menths;
A oang B, unteented O ound 1), trented witl ol water ak 110 ;T Lo I, hy-
gringeas fepen pnnts kept in noveel grevnbouse for 14 months and in o warg
grovuliouse for 23a months ; I, unlregtod ; F o 1, troatid with bl waler at 1908°,
1197, amd 31127 B, respeelively

In August, 10K, the varietios Celeste of 7. welida and Spectabilis
and Sherwin-Wright of /. vuricguta were muoersed in waler atb
112° 1. for periads of T0. 80, 90, 100, and 110 minntes. The plants
were seb out in the navsery, where they grow and bloomed nermally
the following season, as shown in Figare 10, Tris has been treated
during February. March, September, October, November, and De-
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cember without any apparent detrimental effects. Treated ivis, when
properly dried and packed, have been kept several months in storage
and then, after planting, have grown normally.

TREATMENT OF PAEQNIA EPP.

The dormant roots of Paeonia spp. were removed from storafe and
immersed for insecticidal periods in water at temperatures o

100°,

F1GoRE 10—Iris plants: A, From unireated rocts; B, from roots treated with hot
water ot 112" |, for 70 to 110 minutes

108°, 116°, 112°, 114°, 116°, 118%, and 120° . The roots were then
potted and placed in a warm greenhouse. The plants grew and
were equal in every respect to the untreated plants, with the excep-
tion of those that had been treated at 118° and 120°. (Fig. 11.)
The roots treated at these higher temperatures were retarded some-
what in development, although not seriously affected. The treat-
ment at 112° was also applied for 75, 100, and 125 minutes without
causing any deleterious effect on the plants.
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The varieties Albert Crousse, Avalanche, Baroness Schroeder,
Berlioz, Canari, Charlemagne, Duchesse de Nemours, Edulis Su-
perba, Eugene Verdier, Festiva Maxima, LIndispensable, Living-
stone, Louis Van Houtte, Marie Jacquin, Meissonier, Mme. Emile
Galle, Mlie. Leonie Calot, Mons, Jules Elie, and Sarah Bernhardt

Figuik il.—Foony plauts: A, Frow unbreuled rooi: B lo I, from roots trented
with het water ot 108°, 110°, 112®, 114°, 116%, '118°, and 190° 1., respectively

have been treated successfully by immersing the roots in water at
112° F. for 70 minntes after t?xe soil about the roots had been heated
to this temperatuse. Treatinent has been applied successfully dur-
ing January, February, March, August, September, Qctober, Novem-
ber, and December. The treated Paeonia roots grew normally even
when kept in cold storage for several months after treatment.
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TREATMENT OF PHLOX SFP.

During the winfer, amoena phlox (Phloz amoena), the smooth
phlex {P. glaberrima suffruticosa). the garden phlox (P. penicu-
{ata), and several horticultural wvarieties of phlox were immersed

H

Ficoks 12, —Phlox plants; A, IProm untreated reods; B to [, from roots treated
with bot water at 108, 1107, 112° 114°, 116°, 118°, and 1207 F., respectively
while dormant for insccticidal periods in water at ternperatures of
108°, 110°, 112°, 114°, 116°, 118°, and 120° F. The plants were then
potted and placed in a warm greenhouse.  All of the treated plants

grew normally, as shown in Figure 12,
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The varieties Champs Elysee and Mrs. Jenkins were immersed in
water at 112° . for periods of 20, 30, 40, 50, 60, 70, 80, 90, 100, 110,
120, 180, 140, and 150 minutes. All of the plants grew normally
except those that had been in the water for over 120 minutes. The
plants that were immersed for long periods of time were somewhat
retarded in development.

The wvarieties Albion, Bacchante. Bridesmaid. Champs Elysee.
Jacquiline Muaille, Jeanne d’Arc, La Vague, L'Esperance, Louise Ab-
bema, Mia Ruys, Mrs. Jenkins. Rheinlander, Rijnstroom. and Thor
have been treated successfully by immersing the dormant plants in
water at 112° for a period of T0 minutes after the soil masses have
been heated to this temperature,

TREATMENT OF PMICEA S

Colorado spruce {Picea pungens) was dug in the nursery in early
spring. The mass of soil about the roots was secured by means of
a burT:Lp wrapping, such a= is emploved in the commercigl nurseries,
The roots were then immersed in water at 112° ¥, and held in the
water for periads of 40, 51, 60. and T4 minuates after the soil had
been heated to the temperature of the water. The trees were then
planted in the nursery. The hot-water treatment. even for a periad
of 40 minutes. war very detrimental to Colarado spruce. Within 10
days after treatment the foliage began to drop. and by the end of a
month the trees were brown and dead.

TRESTMENT OF REOBGDUNDRON NP,

The varieties Caractacas, Catawbiense. Everest, John Walter, and
Sir Henry Havelock of Rhedodendron catawbiense were dug in the
field on September 29, 1927, and treated by immersing the roots in
water at 112° and bholding the plants in the water for 70 minutes
after the soil about the roots had been heated to this temperature.
It required 160 minutes (o heat the soil about the roots of these
rhododendrons to 112° T, The plants were set out in the nursery
and never recovered from the action of the hot wafer on the roots.
All the treated plants died.

TREATMENT OF SPIRAEA SIM.

Npiraca bumalda. variety Anthony Waterer, was treated in Janu-
ary, while dormant. by immersing the roots in water at a temperalure
of 112° I¥, for 70 minutes. A period of 30 minutes was required to
heat the soil about the roots to this temperature. The plants were
set out in the nursery and grew normally during the next summer.

Bridalwreath (8. prunifolia) was treated in October in the same
manner, and planted in the nursery. In February some of the plants
were dug, potied, and plarced in a warm greenhouse. The plants
grew and produced normal blooms in the greenhouse. During the
following season the treated bridalwreath in the Reld garew and
bloomed the same ag the untreated plants.
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TREATMENT OF SYRINGA SP.

The common lilac, Syringa rwlgaris, when dormant in October,
was immersed In water at 112° I, for periods of 70, 90, and 110 min-
utes, and then planted in the nursery. In February some of the
plants were dug, potted, and placed in a warm greenhouse. The
plants which were foreed into early growth and those which were left
in the field all grew normally and produced flowers during the grow-
ing season.

PREATMENT OF VACCOINIU A 81

Cultivated blueberrics (Vaceinium sp.), including the varieties
Adams, Cabot, Dunfee. (irover. Harding. Kntherine, Ploncer, Ran-
cocas, Rubel, and Sam. were dug in the field. and after excess soil
had been shaken from the plants the roots were immersed in water
at 112° Ir. and held for a period of 70 minutes after the soil had been
heated to this temperature. The period of preheating required

Fiooep 13.~~Yacclnium plunts abowt seven weeks after trentment of roots with hot
witter . A, Ploncer; B, Cabot; €, Rubel ; D, Qarding

varied from 20 to 255 minutes, depending upon the volume and the
condition of the soil ahont the roots. Some of the treated plants were
el in the nursery a fow hours after treatment: others were packed
and shipped to different growers. Although treatments were ap-
plied during September, October. November, December, January,
February, March, April, and May, when the plants were in different
stages of growth, the plants were apparently unaffected, and de-
veloped normally. as illustrated by Figure 13, There is, of course,
less hazard in treating the plunts in lute fall, winter, or carly spring,
when the plants are dormant, or cemidormant, than in treafing dur-
ing the actively growing scasons.

TREACMENT OF WEIGHLA S).

Pink weigela (Weigela rosea) was dug in October, when dormant,
and treated by immersing the roots in water at 112° F. for 70 min-
utes after the soil had been heated to this temperature. The plants
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were then set out in the nursery. In February, some of the plants
were dug, potted, and brought into a warm greenhouse. These plants
which were forced into growth and those left in the field grew nor-
mally and produced flowers during the growing season.

REQAPITULATION OF LABORATCGRY TESTS WITH PLANTS

The results obtained in the laboratory experiments with different
plants showed that treatment with hot water was fatal to certain
evergreens—szaleg spp.. Lhododendron sp., and Picea sp.; that the
treatment was successtul with cectain herbaceous perennial plants—
Debdin sp., Iris spp., Paconia spp., and Phiex spp.; that the treat-
ment was successtul with seme deciduous shrubs, such as Forsyihia
sp., Sptraca spp., Syringe sp., and Weigela sp., but fatal to Berberis
sp. and Hydrangea spp. Lt seemed possible that the treatment could
be applied successfully to some of the herbaceous perennials and
deciduous shrubs, but could not be used on some evergreens.

EXTERIMENTS IN COMMERCIAL NURSERIES

Most of the work with plants was carried on cooperatively with
the nurserymen who were interested in obtaining information on
varieties with which they were particularly concerned. This arrange-
ment made it possible to experiment with a large number of plants
without involving the expenditure of Government funds, but because
of the nature of the work it was possible to obtain only limited in-
formation on some varieties of plants,

The treatment so far as possible was made an extra step in the
usual procedure of the nursery in preparing the different varieties
for market. The herbaceous plants, such as [ris spp., Phlox spp.,
Dallie sp., and Paeonia spp., were prepared for treatment by re-
moving loose soil, dividing the large clumps, and pruning the tops
and roots. Berheris sp.. Lonicera spp., Spiraea spp., and other de-
ciduons shrubs were prepared for treatment by removing the loose
s0il and proning the roots.  The bulk of soil about the roots of Azalea
spp. and Rhododendron sp. was reduced as much as possible with-
out injuring the plants. Potted plants such as ferns and Hydrangea
spp. were not prepared in any special manner for treatment,

All plants, with the exception of the ferns and some varieties of
hydrangea, were treated while dormant or semidormant. The small
herbaceous plants were packed loosely in wire baskets, or other
suitable confainers which would permit free circulation of water, and
were immer=¢d completely in the hot water, since it was practically
impossible 1o treat only the subterranean portions of these varieties.
The other plants were placed in the water in sueh a manner that
only their roots were immersed. The plants were heated until the
temperature of the seil about the submerged parts was 112° F. and
then held at this temperature for a period of 70 minutes,

Each variety was handled after treatment nccording to the usual
commereial practice of the nursery. No attempt was made to han-
dle the treated plants more carefully than the untreated stock, as it
was maintained by the nurserymen that the treatment, to be practical,
had to be successful under ordinary commercial conditions, without
the exercise of special care for the plants. Some varieties were
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packed within a few hours in crates and placed in cold storage;
other varieties were potted and set in greenhouses or coldframes;
other varieties were planted outside in soil free of infestation. The
treated plants were kept under close observation and were compared
frequently with untreated plants of the same species under the same
condition. The plants that were apparently unaffected by the treat-
ment were sold at the end of the season.

The varieties of plants which were treated, and the effect of the
treatment on their subsequent growth, is outlined briefly in Table 12
for convenient reference. It is apparent that with proper care a
large number of plants may be treated successfully to destroy the
immature stages of the Japanese beetle by immersing the subter-
ranean portions of the plants in water at a temperature of 112° T,

TanLe 12.—Effect of immersion in waler qf 112° F. for 70 minutes an dormani
plunig

Name of plant

e et —— e L Condition of the plant after
; treatment
Scientific nnma : Commaon nome
Achittea filipenduting t Fernlen! yamow Killed.
¢ Boeszewart Ratarded,
Adigntum pedutwm_ - Aneriean maidenhair, Kl
A jtign replane
Allium schoenaprosum, . . -
“Ammonig tabernacontann. .. 210 o,
slguilegia chrymowtha .. _. - Hilled,
Hobellata ninma-alta - Tio.
akinmeri " Mexican columbine_ ... Normal
rilgaris niten -5 Munstend white cotutbine.  Killed.
..TeRRTIN Montnng .. Mountain sandwart_ Normal,
50 per oeent kilied: S0 per cont
; rotarded.
«Aster novne-angliae New England aster 75 per cent killed; 25 per eent
: retarded,
NAvAE-ANGHine rosens eeme BOSY Noew Epgland aster.._
nioree-aadiiae, var. Alrs, P, Ragnor.: New Cngland aster
sabereruieus ' Iﬂt]illl asLer.
[411]
vl The President o .. ... __ . __._.doo_._.
var. White Cllmex.. . . R [N
Astithespo.__ . i
Azalen amornd. . Amoena nzalen,
indieq... - Imilien azalen -
Itaptiein nusiralie, ... . Blue wikd-indiga, >ormal.
Herberis thunbergl ofropurpuren. -1 Hed Japnnese barberry ... Killed,
Digaonin grandifora. . ..... . .F hinesn trumpelerseper Normal,
Cafbmeriy Ineign. ... St Calimeris._ oL o .. Killed,
Crllienrpa parpuren. .. .... .._..........| Chinese Benutyberry.o... .. Tetarded.
Canna indlog—
var. King JTumbert oo iaaeel CaNBAL . ocee v oeaean . 75 per cend killed; 25 per ceut
retarded,
0.

var. Mary Milon_ ... ...... .....d}

var, dMrs. A F. Conend. _., ..

var. Mrs. Anioing Wintzer. | .
Centinren dealinta Pergiom cenlouren

montann aiba. Whils mountaln-binot_
Ceniranthus rubcr Jupltersheard
White turtlehead.
iRk turtichead
* Painted lady Cmes
marimum Pyrenees chrysanthemum, .
Cibotitm rehiedei .o . ... - Mexican elbotimmn
Clematie heracleacfolia davidiane. - Fmgraot tube elemntis.
Conealtaria majalis -~ Lily-gl-the-valley....
Coreapsis fancecialn.. --. Lanee coreopsis.
TOSEM s s e cccamae rmmem——— Hose corcopsis

Dahlia sp,—

var. Barbary Soow White,

var. Bob Nowcombo,

vnr. Bob Plepsn

var. Cactus.

war. Elite (Hory
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TABLE 12.—Effcct of immersion in water gt 112° F. for 70 minules on dormant

plants—Continued

NWame of plant

Seientific nnumte

Dahife —Continued.

var. Flambuoyent ..o ....o. .

var. Feliowes.

var, Leisha...

var. {hrarmicdn.

var. Hera.. .,

var. THis Majosly

van Jean Chinzot..

var. fersey Empress
var, Jersey Sovercign.
vir., Josephine Nurwlillo.
virr, Lemongde, .
wir, Lillian Bald

vir, Litte Beangy

var, Little .Il_m:l..
var,

TAT. \Inr},arut \\ curdrow Wilsop
vl Munalooo ool

VBT,
VRT.
ver., Wugel's Glory

var, Qasis.. o ..

var. Itiverton Galden Glow..
var. Rotlinnn Wammnnnker.
var, B

var.

VAT, ‘aunny Soutl_ . .
var. ‘Tange Cenmr) v aeae
var Wapitioo... ...
var Yuken..

Dunthus caryoph y.ffn.e- et e

ieffoides . .
Dhicentra foraota
Digitelis fanate ... .. -
PUT T y!o:mim.f.'am
Kchignps rifro. . .._ _.
Jutgmns panens.
Frgeron coulferi .. .
Frynginm maritimun.
e
Fuonpmmus radienus _ ..., .
Fupatorfam wrbicaefoliom

Lonphorhie coraflata_ ___ . h————
Featves glaven.. . ... -
Fitipenduta palmata clegans. ...
WA e e - e
Forsythln suapensea . .
Fronklinic aletamoha. . . -
Gaftinrdin nristetd o oo _oooo ...

Gennt chiloense
Gypophila repens
FOPEIT FONCA_
Hedera heliz. - _ ... _
Helenium koopext____ .
eliopsin heltanthgides _mfc.‘)tn.-mu
flemeroentdis dwmoreferd ... oL ..
Salva kicqnze. ... .
P laste caersdedt.._ .. o
Fheulos fupulus.___ .
flydrangen arboreseend_ ... ... ..
teltietiz) apuldol P
var. Amoerfen. .

var. Avedupetwe, .. . . L.
vie, Bnhy Bimboenet. .

war. Capriee .
var. Conuelicot_. .
vir. Domotlio_. ..
vitr, Eeinlreur.

vur. E. G TLHIL
var, Elmaro____.

var. Generl Gé V' ihrn} TN

var fa AMame. L Lo
var, Laneeloboo...
yar, Liie Mouliléra_

Cominon prine

l)nhlm_._._.._. .

il

“Ulave pink, erbation. .
Marlen wok. _L .
Woestern I:It‘vth::umnrl
Cepcinn fovelove. ..
loxinia fosglove, ..
Hteel aiohiothistle o,
Wilidrye - L CoLL
Ilt-ahsml,__... .

uhiodly

Winrerereeper

Sagw thoroughwnrs T

" Flowerlne sporec .. ..

Blue foseue__ - ...
Siberion mendewswest -
Europenn meadowswest .
Woeering forsyLhin. ...
Franklinda... ... .
C‘ommou perennial g

o Euinr- nYBLS_

(.ru-run;, gy psophila.

PR £
IToglish vy,

Ornngs sneezeweed L.
Fiicher heliopsis ...
BEarly dnylily

Kwnnso deyiily. .
Hiue plantainkily_ .
Comnios hop..vnen- ..

Emonth hydrangos._ o . .

fiowse hydrnges. .

1 icnie,
t

Condition of the plant after
trealment

.. Normnal,

3558
1,
13

i\ilii‘li
Narml.

o,
. Da,
Sariu.
i per cent khled; M oper cent
ritrded,
+ Nortual,
Killed.
Normal.
T,
I)a

hi!l{'d

. Normal.
Normal (inside).

. Killed {oudsidey.

Rilled,

Normal,
1o,
o,

1o,
1.

P,

Letarded.

KHied or rotrded,
Po.
ik
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TABLE 12 —Bffect of immersion in water ol 112°

piants—Continnued

Nnue of plant

Seieatiffe e

Hgdrangea {chielly} opuloides—Contd,

vur, Mnrecha? Foch. .

var. Mne. Ages Brrillot ..
var. dMe, Anguste Nonin.

vur, Mme, Uheuiard .,

viur, dMane. lend szmo! .

var, Olukse o .. .
var. Radiant, .
vk, Splepdens_ oo
var, Suceess
var, Suzane Cayens,
var. William Plizer
. var Yvoune (Cayens..
ifypericun moserlantem . - .
Theriy semperyirens. .. . ... .
frigeristata . ...,
Joponica.._ .
ackralrica
paffide .
psendacorus .
yibirica. ...
reeriegotn .
Nerria J:rponica_._ L.
Kuiphofie searha ... . .
Liatris pycnoxtachya .
Eimonfern fatifaficm .

Laonicere japorica dalllane ... . .. .

VOr. tariegedn_ . ..
var. Chinese B \vrgrovn .

Lychnis chalecdonien ... ... . ...

corgnaria albr .

Lythrumn salicaria rovenin . . . . .

SMalen woschate |
Mentha ypicale . __ ...
MMourrda didy e rosen_ .
MNierembergin ricularis. .. ..
. Paeanin afbiflera,
var. Tooiis Roperbn .
afficinolis e
vae. Alhort UCrouss
var, A valinehe .
vitr. frosiess Sehroeder
vur. Burlmr
var. Cnmard. . L
var, Charlemagoe |
var. Duclivsse de Nemours
var, Engene Vorlior,
vor. Festiva Maxima
var, L' lmdispensable, .

Cammon e

House hrd rnni..en

Gakitlower.

© Evorgreen candytuft.

D Crested deis Lo
© Fringed Lris
Yolawhiad §

CPud) bewedend drig. -,

Yellowiiag iris. .
Siberinn s,

‘Tall bearded iris . ...

K errin

(mnmmfturcii!:]:r AT

Casbtail payfonther..
" Bipleaf sen-lnvender.

el Fapanese boneysuckle

D lapanose I:n:w\sucklo .

LW inlp TOse cnmpmn

" Rosp Inusmtr:[ﬂ.._._. U

.o Musk mnllow
Epenrmint .

WHILEOW e nmnon s

Chinese prony . ... .
Connon pegny ... ...
thiy
oo oL

var, [Avingstene__.__._. . . ...

var. Louis Van Houtte.
var, Morie Jperuin. . .
var. Meissonier ..

vur, Mo, 15 mak‘(mll(‘.. .

yar. Mile. Leonie Culot _

var. Mons, Jules Blie.._ ...

var, Seraly Bergharde. .
Pentgtemon forregl._. ... . L
tcrigatns digilatis___ .

Phataris ursadinacen mrff'yu.l‘u
Fhier ainvena .

glnbereimn .m,:,'rue‘;com

ponledity_ . _

var. Alblon. ..

var. Baoehante |

vire, Brlesmaid.

var Champs Elysea | .

VAT, Jncqui‘hm Muille.

var, Jeanpe d'Are. ..

vaor. La Vagueoe .

var, L°isperance. . .

var. Louise Abbena__ .

voar dMin Huys -

var. Afiss Lingard_

var, Mrs, Jenkins.

vor. Rheinlander.

var, Rijostroom__,

I(:m-\ ;ni:ﬁ't-sil-‘:_t-tﬁfa.l:.

- Fosplove pentstomon

Hibiuk grosso_ ...
CAumerhn phlox. .,
" Rinnath phiox
Cemreen phion_ . ..

P for 90 minutes on dormaat

Condition of the plint aiter
Trentment

Killed! or retnrdad.

Normal.
T,

D,
T
Wetnrided.
~Nornial.
Huetarded.
13,
1,
Nourmal,
T,
T,

o,
FEilled foutsided,
“T i Normal tiside).,

—. ERilled,

. Do,
Normal.
1o

a.
Killedd,
Normnl.

Na,
Do,
IR
.

"} Ratorded.
! Da.

. T,
- Wormal.
. _‘ 258
I):).
Do,
Tlo.
fio.
Ty,
Vra.
Ta,
o,
T,
Tro.
T,
1,
T,
Tin.
1o
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Tanrn 12—Bffect of immersion in waler at 112° P. for 70 minutes on dormunt
plants—Continued

Name of plant
Conadiiion of the plant after

trenlmiend
Scienlific name . Cotmimon nane |
FPhysafis francheti_ . . ... .. L Luntern gronadeherey
Fhysostegin virperiana .. . . - Virginia Blse-dragonlead .
Picea pungens ___ . ___._. . . Colorado spruce__ L D Riiled.
Polemoninm hewmite . Thwarf palempulum. . Retnrded.
Polygonum compacinm__. . . . Flepeeflower.. ... Nortal_
Polypodium oulgare.. . ... .. Commen polypady. ... . . Killed.
Polentilte, var, William Rellinson... .. . Chimgquetoil...." ...... Narmal
Polerinm obfatern__ . .. ... _ . lpponsese burpel. . .. ¢ Hilled,
Riodedendron eatawbiense. ... ... - . ... Ustowbn thododendron. . . Filied,
vae, Carsetaoas. .. . . L odooa_ oo .. . T,
var, Catnwiriense. .. . .. do. .o N Vo,
var. Everest.. ........... .. ..o U To.
var. John Wealter..._ .. | .. __do. e e - Ta.
vur. Sir Heory Hovelook., | do_.... ... A Do.
Rudbeckiu taciniata. ooooceeee oo o L Cutleaf coneliower.__ .. . | Do,
WAL s irent coneflower.. . . Da.
rultomentosd... ... .. .. . Swoot coneltawer____ ... ... 50 pcr! Ufm killegd: 50 per cent re-
i neded.
Saponario ocymoides splendens. .. ......_ flock soRpwort._ ... ... ...} Normsl.
Seabloxa fapawica ... . ... ... Japmnesp Senbiost. . . 0. 1de)
: I y ¥ pranl tinslde).
Sedum spectabile..... .. .. . .. Fhowy SIOneetoR__ ... Helardod {outsitde).
Seneclo puleher... . ... ... .. .. ... Urngosy groumdssl_. .. - Hilkerh.
Sidutcen candida___ . .. . Whate pradricmndlow : X,
Silene gohafta. ... . ... .. . . Schafta eatebfly ... o
Stiphivn perfoliefum_ . ... Cuprosivweed .. o . 150 perl (.aam. killed; 50 per eent re-
Lardod.
Solidage altissima Tall goltenrod..o.o L. L] Do.
shorti__ . Gollenrod . ... . ... . a,
Spiroea bymalde v, Bunmuthkla spiren - Normal.
pricuifolia__ Bridalwreath_...._.... 1 Do,
Stachyx grandiflorg.. . Big betony. o . Rilleg,
Sutice cephalotes ros "Pieffl.. - R, No.
Stokesta foepis ... Slokesin_. . I Do.
Sympharicarpes sulgar Cornlbereyo. .- ceeeimio T Nermal.
Syringn pulgaris. .. Cantioon HIBe. oo * Nyrmal,
Thaltetruin ploseat____ Brosty mendowree____ ... . 1o,
“inter mediun AMegtdoW e, . cvae oLl B,
Theju occidentalis. ... Agzerican arborvitge - oo . Killed),
Fhymua serpyiiem auren T3 T Retarded,
Tradeycantia cirginann . Virgisin spiderworl. ... Norinal,
Tritonie, var. Westwi T . 120.
Trothwssp. ____________ Globellower_ ... ______. .
Tuaicn sazifroge Saxifrage tnnieflower. ... B,
Yucoinipm s, - Blusberry. oo o,
ver. m SRS | R e,
vur, (Cabot, o,
var, Duszfee. i,
var, {irover 1.
var. Harding.. T,
var, Katheriue i},
var. Picoear. D,
vir, Hancoes o,
vor, Rubel Do,
var, Sum o,
var. 303N e,
viir, BEA RN ;. TP Dy
Valerfana officinalis. ommen valetinn.. B,
Veranlea ineann Wooliy speedweli . Iy,
loagifol Clump speedwell... o,
TEDENS Creeping speedwet) Rithed,
spicala. Splke spegdwell.. . Normal
Apurie 1instnrd speadwell 130,
Weigele roseq... "Ink welgeln....- Deo.

SUMMARY

Lxperiments were conducted at Moorestown, N. J., to test the possi-
bilities of hot water s & means of destroying the stages of the Jap-
anese beetle in the soil about the roots of plants.

The results of large numbers of tests showed that all stages of
the bectle could be killed by immersion in water at temperatures
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ranging from 110° te 130° F. In general, the necessary period of
treatment varied inversely with the degree of temperature, but some
stages were slightly more resistant than others.

Treatment with hot water at 112° F. for 70 minutes was found to
be practically exterminative of all stages of the beetle.

A tank was developed in which water in circulation could be
maintained nt a constant temperature.

Tests were made to determine the time required o cause masses of
soil of differeut sizes and types to become heated throughout to a
given temperature.

Laboratory tests indicated that the hot-water treatment was fatal
to Azalea, Rhododendron, Picea, Berberis, and Hydrangea, but
could be used successfully on Dahlia, Iris. Paconia, Phlox. Forsythia,
Spiraea. Syringa. and Weigela (Diervilla).

The effects of the hot-water treatment on a large number of plants
are presented in Table 12,

Recommendations based on the results of experiments reported in
this bulletin are given in the section that follows.

RECOMMENDATIONS FOR THE USE OF HOT WATER ON NURSERY
PLANTS

VWith the experimental worl just presented as a basis, the following
recommendations are made for the treatment of nursery plants with
hot water to destroy infestations of the Japanese beetle in the soil
about the roots.

Equipment: It js necessary to have a tank of water that is equipped
with a suitable heating device, and w system for circulating the
water to maintain the temperature uniformly at 112° ¥, The tank
should be of suflicient capacity. and be of such shape as to adequately
handle the different types of nursery stock. Equipment for drying
certain plants after weatment may be necessary.

Varieties of plants: Experimentally, certain varvieties of herba-
ceous and deciduous plants have been treated snccessinlly with hot
water, as may be seen by consulting Table 12 it is therefore expected
that these varieties can be treated in a satisfactory manner 1n the
commercial nurseries on & large seale.

Condition of the plants: Plants are usually most resistand to hot
water when they are dormant, apd most susceptible when they are
arowing actively. It is therefore recommended that treatment be
applied only when the plants are dormant or semidormant.

Temperature: The water must be maintained at a temperature of
112° I, for the entire period of treatment. If the temperature falls
below 111.3° F. the infestation may not be destroyed; if it rises above
112.5° I, the plants may be injured.

Period of treatment: The trealment must be continued for 70
minutes after the soil about the roots is heated throughout to 112° F.

Preparation of plants for treatment: A large proportion of the
varieties which are treated with hot water have roots which are
practically free of all loose soil. All excess soil must be removed,
the roots pruned, and large clumps divided as much as possible
without injuring the plants. Small plants, bulbs, and rootstocks
may be packed Toosely in wire baskets, or in other containers, pro-
vided water can circulate freely through the masses. Large plants
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must be placed individusily in the hiot water. Before the plants are
immersed, thermometers must be inserted into at least three of the
largest clumps, baskets, or root masses of each varlety, in such a
manner that the sensifive part of the thermometer is af the center of
each mass, and must be left in place until the end of the treatment.

Application : The roots must be immersed completely. The tem-
perature of the water may dvop for a few minutes after the plants
are immersed, but it should scon come back to the reguired degree.
A record of the temperature of the masses of plants and of the water
must be made every five minutes as long as the plants ave in the
water. After the masses are heated to 112° I, the temperature must
be maintained for 70 minutes.

Care of plants after treatment: The insecticidal action of hot
water is practically complete when the plants are removed from the
tank. The way plants are handled after treatment may seriously
affect subsequf_nt growth., Bulbs and tubers should be dry when
packed for thpment Plants should be cooled slowly to room tem-
peratures. Plants shounld not be removed from the hot water and
heeled in in cold soil. The plants should be potted or set in the
ground as soon as possible after cooling to room temperature.
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