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ABSTRACT Numerous Þeld studies were conducted in commercial nurseries in Tennessee from
1996 through 1999 to evaluate chemical and biological treatments, application timing and rates, and
method of application for control of early instars of Japanese beetle, Popillia japonica Newman.
Insecticide treatments included bifenthrin, bendiocarb, chlorpyrifos, carbaryl, Þpronil, halofeno-
zide, imidacloprid, permethrin, teßuthrin, thiamethoxam, and trichlorfon. Biological treatments
included entomopathogenic nematodes (Heterorhabditis bacteriophora HP88 or H. marelatus),
Bacillus thuringiensis Berliner subspecies japonensis Buibui strain, and Beauveria bassiana (Balsamo)
Vuillemin. All treatments were applied on the soil surface or injected into the soil around the base
of each tree. Tree type and size varied among and within tests, however, the sampling unit
(61-cm-diameter root ball) remained the same throughout all tests. The biological treatments
provided poor-to-moderate control (0Ð75%) of Japanese beetle larvae. Imidacloprid was the most
frequently evaluated insecticide and achieved 91Ð100, 87Ð100, 83Ð100, and 41Ð100% control with
applications in May, June, July, and August, respectively. Halofenozide treatments were not sig-
niÞcantly different from imidacloprid treatmentswith one exception.Halofenozide provided 60Ð87,
85Ð100, and 82Ð92 control with applications made in June, July, and August, respectively. Fipronil
and thiamethoxam were evaluated to a lesser extent but both performed similarly to imidacloprid.
Most other insecticide treatmentswere less successful in reducingnumbers of Japanese beetle larvae
and with few exceptions achieved �50% control.
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THE JAPANESE BEETLE, Popillia japonica Newman, was
accidentally introduced into the United States in the
early 1900s, and has since spread through most states
east of the Mississippi River except Florida and Mis-
sissippi (Brandenburg and Villani 1995). Distribution
appears to be related to the amount of rainfall and to
soil temperatures. However, intensive irrigation and
agricultural production have expanded suitable hab-
itat for colonizationby Japanesebeetles. The Japanese
beetle is particularly devastating because both the
adult and immature stages are pests (Tashiro 1987).
Adult beetles feed voraciously on the leaves, ßowers,
and fruits of �300 species of plants (Fleming 1972a).
The adults normally aggregate in large numbers on a
single plant, causing severe defoliation and are com-
monly managed with foliar insecticide. Japanese bee-
tle larvae reside in the soil and feed on the roots of
grasses and weeds, but they may also consume the
young roots of woody ornamental plants (Fleming

1972a, Vittum et al. 1999). The larvae are considered
one of the most serious pests of turf in the northeast-
ern United States and are a major problem in the
southeast and parts of the Midwest.

Japanese beetles can be artiÞcially dispersed in sev-
eral ways, including shipment of nursery stock in-
fested with immature stages. Federal quarantines es-
tablished in 1920 regulated the interstatemovementof
many kinds of farm products and plants from Japanese
beetle-infested areas (Fleming 1972b). The move-
ment of nursery and greenhouse plants was the most
important part of the Japanese beetle quarantine be-
cause the immature stages of the beetle are in the soil
throughout most of the year. Although the federal
quarantine for nursery stock was terminated in 1979,
many states maintain quarantines or certiÞcation pro-
cedures. Shipment of nursery stock containing soil
continues to be a primary regulatory concern to grow-
ers in infested areas and state regulators throughout
the United States.

The U.S. Domestic Japanese Beetle Harmonization
Plan (National Plant Board 1998) established in 1992,
and last updated in 1998, provides guidelines for quar-
antine and certiÞcation requirements to facilitate the
orderlymarketingofnursery stockwhile ensuring that
pest risks are acceptably managed. This document, as
adopted by the National Plant Board, establishes a
framework and reference point for conducting risk
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assessments, designing quarantines, and structuring
nursery inspection programs. The harmonization plan
for Japanese beetle establishes four regulatory strat-
egies based on a stateÕs classiÞcation (categories 1Ð4).
Category 1 (primarily the western states) is consid-
ered uninfested and beetles are quarantine pests; cat-
egory 2 (primarily the midwestern states) is unin-
fested or partially infested and beetles are regulated,
nonquarantinepests; category3(primarily theeastern
states) is partially or generally infested andbeetles are
of no regulatory signiÞcance; and category 4 (Wyo-
ming) is historically not known to be infested and
beetles are of no regulatory signiÞcance (Blosser
1999). Currently, the only acceptable treatment for
Þeld production nursery stock sent from a Japanese
beetle infested area to category 1 states is a dip treat-
ment of chlorpyrifos for root balls 30.5 cm or smaller.
There are only two acceptable treatments allowed for
Þeld nursery stock (81.3 cm or smaller) shipped to
category 2 states from infested areas that are either a
dip treatment of chlorpyrifos or a soil application of
imidacloprid, applied just before oviposition or while
the grubs are young and actively feeding (Mannion et
al. 2000b).

Due to the pest status of Japanese beetle on turf and
in the landscape, there have been tremendous efforts
at managing damaging scarab larvae with the use of
insecticides and biological control in the turf environ-
ment (Klein 1995, Vittum et al. 1999). Although there
have been great advances in the management of Jap-
anesebeetle larvae in turf and the landscape, therehas
been considerably less effort at managing Japanese
beetle larvae in production nurseries where there is a
critical need for consistent and efÞcacious treatment
alternatives to root ball dipswith chlorpyrifos.Control
efforts in nursery production have generally targeted
theadults toprotect the foliageof the trees and shrubs.
With someexceptions, Japanese beetle larvae are gen-
erally not considered a pest in Þeld production nurs-
eries; however, they remain a major regulatory con-
cern because they can be accidentally spread with
the movement of soil that surrounds the roots of
plants. Additionally, successful treatments for larvae
in turf or the landscape may not be as efÞcacious,
economic, or suitable for the production nursery. Sev-
eral new classes of insecticides have potential for
scarab larval control, particularly Japanese beetle lar-
vae (Monthean and Potter 1992, Cowles and Villani
1996, Cowles et al. 1999). These insecticides have low
use rates, low mammalian toxicity, and are generally
thought less disruptive to the environment and non-
target organisms than traditional insecticides. Addi-
tionally, some of these newer insecticides have been
shown to be compatible or synergistic with ento-
mopathogenic nematodes and fungi (Koppenhofer
and Kaya 1998, Mannion et al. 2000a). These insecti-
cides generally target young, actively feeding larvae,
so they must be managed differently. There are min-
imal data available on the use of any insecticides for
use inÞeldproductionnurseries.Therefore, testswere
conducted from 1996 through 1999 in commercial
nurseries in middle Tennessee to evaluate chemical

and biological treatments, application timing and
rates, and method of application for control of early
instars of Japanese beetle larvae in Þeld-grown trees.

Materials and Methods

Field tests were conducted for four consecutive
years at commercial nurseries comparing treatments
of insecticides, entomopathogenic nematodes, Bacil-
lus thuringiensis Berliner subspecies japonensis Buibui
strain (Bt), and Beauveria bassiana strain GHA for the
reduction of early-instar Japanese beetle. Tests were
divided into two types of applications: (1) surface
applications of insecticides, entomopathogenic nem-
atodes, andBt; and(2) injectionof insecticides around
the base of each tree. All tests were conducted in
commercial nurseries inWarrenandGrundycounties,
TN. Although the type and size of tree varied among
and within tests, the sampling unit was a 61-cm-diam-
eter root ball,which remained the same throughout all
tests.

Artificial Infestation. Trees in some Þeld tests were
artiÞcially infested to increase thenumber of Japanese
beetle larvae in the root ball zone. Approximately 100
adult beetles (50:50 male:female) were conÞned in a
small plastic cageon the soil surface at thebaseof each
tree where they were allowed to oviposit. Each cage
was made from a 5.8-liter Rubbermaid storage box (32
by17by11cm,Wooster,OH) thatwas invertedon the
soil surface without the lid. Two holes (11 cm in
diameter) cut in the bottom of the box were covered
with a small mesh screen that would prevent beetles
from escaping but permit air exchange. A third hole
(3.5 cm in diameter) cut in the corner was used to
introduce beetles into the cage. The boxes were par-
tially buried with the bottom of the box facing up. The
third hole was sealed with a cork after beetles were
introduced. Depending on the test, beetles were
placed in the cages two to six times during the adult
ßight period (June through August). All cages were
equally infested within a test.

Treatments, Applications, and Evaluation. Not all
treatments were included in every test. All treatments
were applied to a 0.3-m2 area around the base of each
tree. Granular materials were premeasured and sprin-
kled around the base of the tree with a small shaker.
Liquids and wettable powders were sprayed with a
CO2 backpack sprayer, 25 psi with an 8002 ßat fan
spray tip. Treatments were applied in 240 ml of water
per tree. The nematodes used in 1996 were from a
commercial product, Cruiser, obtained from Ecogen,
Langhorne, PA. The nematodes used in subsequent
years (Heterorhabditis bacteriophora HP88 and H.
marelatus) were obtained from Integrated BioControl
Systems, Lawrenceburg, IN. The nematodes were
stored on moist sponges under refrigeration (10�C)
until use. At the time of application, a sponge con-
taining the nematodes was soaked in water to remove
thenematodes.A serial dilutionof thenematode stock
solution was conducted to achieve the necessary ap-
plication rate. The nematodes were delivered in 2Ð4
liters of water per tree by using a watering can. Treat-
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mentswerenotusually irrigated followingapplication,
unless noted in the test description. All tests were
evaluated in fall or early winter by mechanically dig-
ging each tree with a 61-cm-diameter root ball. Each
rootballwasbrokenapart and the soil searched for the
presence of live scarab larvae. All scarab larvae were
counted and identiÞed.

Surface Applications Field Tests. Twelve Þeld tests
were conducted during 1996Ð1999. All applications
and evaluations were made as described above.

Year 1996. Four Þeld tests were conducted in 1996.
The experimental design in all four tests was com-
pletely random with Þve single-tree replications per
treatment-timing combination. Treatments were ap-
plied from May through September and evaluated in
October. In test 1 the trees were 2Ð2.5-m linden (Tilia
sp.) and were artiÞcially infested with adult beetles
three times as described above. Treatments, rates, and
application timings are listed in Table 1. Nematodes
were applied in 3 liters of water. Foliar and soil ap-
plications of carbaryl were applied approximately ev-
ery 2 wk during adult beetle ßight (JuneÐAugust).

The trees in test 2 were 2Ð2.5-m linden (Tilia sp.)
and were not artiÞcially infested. Treatments in test 2
consisted of imidacloprid (Marathon 1G) alone and in
combination with a soil, a foliar, and a soil plus foliar
application of carbaryl (Sevin XLR Plus), a soil ap-

plication of carbaryl (Sevin XLR Plus), a soil appli-
cation of imidacloprid (Merit 75 WP), and an un-
treated control. All treatments were applied in either
May, June, July, August, or September except imida-
cloprid (Merit 75WP) thatwas not applied inMay.All
treatment rates were the same as in test 1 in 1996.
Foliar and soil applications of carbaryl (Sevin XLR
Plus) were applied approximately at 2-wk intervals
during adult beetle ßight.

The trees in test 3 were 2Ð2.5-m linden (Tilia sp.)
infested by natural populations of Japanese beetle.
The treatments in test 3 were imidacloprid (Marathon
1G and Merit 75 WP) and an untreated control. Mar-
athon 1G was applied in May, June, July, August, or
September and Merit 75 WP was applied in June, July,
August, or September. All treatment rates were the
same as in test 1 1996.

The trees in test 4 were 1.2Ð1.5-m purple plum
(Prunus sp.) artiÞcially infested twice with adult bee-
tles as described above. The treatments, rates, and
application timings are listed in Table 2.

Year 1997. In 1997, three Þeld tests were conducted.
Tests one and two included the same treatments but
were conducted at different sites. Both tests were
artiÞcially infested three times during June and July as
described above. The trees used in test 1 were hon-
eylocust (Gleditsia triacanthos inermis), ash (Fraxinus

Table 1. Effect of insecticides, B. thuringiensis subspecies japonensis Buibui strain (MYX942-102), and H. bacteriophora HP88
applied May through September 1996 on Japanese beetle larvae in a commercial nursery

Treatment
Active

ingredient
Rate g (AI)ha
(lb [AI]acre)

Mean no. (�SE) Japanese beetle larvae per root ball (n � 5)

Application timing

May June July Aug Sept

Marathon 1G Imidacloprid 453.6 (0.4) 0.2bc 0.4ab 0.4ab 0.2b 0.2bc
(�0.20) (�0.40) (�0.26) (�0.20) (�0.20)

Marathon 1 G� Imidacloprid� 453.6 (0.4) 0.2bc 0.0b 0.2ab 0.2b 0.6abc
Sevin XLR Plus (s) Carbaryl 1,134.0 (1.0) (�0.20) (�0.00) (�0.20) (�0.20) (�0.40)

Marathon 1 G� Imidacloprid� 453.6 (0.4) 0.0c 0.0b 0.0b 0.2b 0.4abc
Sevin XLR Plus (f) Carbaryl 1,134.0 (1.0) (�0.00) (�0.00) (�0.00) (�0.20) (�0.25)

Marathon 1 G� Imidacloprid� 453.6 (0.4) 0.6bc 0.0b 0.4ab 0.0b 1.2abc
Sevin XLR Plus (s/f) Carbaryl 1,134.0 (1.0) (�0.60) (�0.00) (�0.26) (�0.00) (�0.80)

Merit 75WP Imidacloprid 453.6 (0.4) NA 0.0b 0.2ab 1.4ab 0.0c
(�0.00) (�0.20) (�0.93) (�0.00)

Merit 75WP� Imidacloprid� 453.6 (0.4) NA 0.0b 0.0b 0.4ab 0.0c
Sevin XLR Plus (s) Carbaryl 1,134.0 (1.0) (�0.00) (�0.00) (�0.25) (�0.00)

Merit 75WP� Imidacloprid� 453.6 (0.4) NA 0.4ab 0.0b 0.6ab 0.0c
Sevin XLR Plus (f) Carbaryl 1,134.0 (1.0) (�0.40) (�0.00) (�0.60) (�0.00)

Merit 75WP� Imidacloprid� 453.6 (0.4) NA 0.4ab 0.0b 0.0b 0.4bc
Sevin XLR Plus (s/f) Carbaryl 1,134.0 (1.0) (�0.40) (�0.00) (�0.00) (�0.40)

Sevin XLR Plus (f) Carbaryl 1,134.0 (1.0) 4.8ab 4.8a 4.8a 4.8ab 4.8ab
(�2.40) (�2.40) (2.40) (2.40) (2.40)

RH-0345 2F Halofenozide 1,134.0 (1.0) NA 0.4ab 0.0b 0.4ab 1.4abc
(�0.40) (�0.00) (�0.25) (�0.40)

RH-0345 2F Halofenozide 2,268.0 (2.0) NA 0.4ab 0.2ab 0.2b 0.4abc
(�0.25) (�0.20) (�0.20) (�0.25)

B.t. BuiBui (.5x) MYX942-102 1,360.8 g/90 sq m NA NA 2.6ab 6.2a 2.6abc
(3 lb/1,000 sq ft) (�1.08) (�3.11) (�1.29)

B.t. BuiBui (1x) MYX942-102 2,721.6 g/90 sq m NA NA 0.6ab 1.0ab 1.8abc
(6 lb/1000 sq ft) (�0.40) (�0.55) (�0.97)

H. bacteriophora HP88 5 bil/h (2 bil/A) NA 3.0ab 4.2a 2.6ab 1.4abc
(�1.18) (�2.20) (�1.69) (�0.68)

Control 6.4a 3.0ab 2.4ab 2.2ab 4.0a
(�2.94) (�1.67) (�0.98) (�1.28) (�1.05)

s, soil application; f, foliar application; s/f, soil and foliar application.NA, not applicable (i.e., no treatmentwasmade).Meanswithin a column
followed by different letters are signiÞcantly different (P � 0.05). (TukeyÕs multiple range test, P � 0.05, based on [log(x�1)] transformed
data).
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sp.), and purple plum (Prunus sp.) ranging from 2 to
3 m. The trees in test 2 were Kwanzan cherry (Prunus
serrulata ÔKwanzanÕ) �2 m in height. The experimen-
tal design for both tests was completely random with
nine single-tree replications in test 1 and seven single-
tree replications in test 2. Tree species were randomly
mixed among treatments in test 1. Treatments, rates,
and application timings are listed inTable 3. Both tests
were evaluated in October 1997.

The third test in 1997 was conducted in a block of
mixed trees (2-m linden, Tilia sp., and redbud, Cercis
canadensis). The trees were artiÞcially infested four
times during June and July as described above. Treat-
ments and rates are listed in Table 4. All treatments
were randomly assigned in a completely randomized
design, applied in September and evaluated 6 mo after

treatment. There were nine replications per treat-
ment.

Year 1998. In 1998, two Þeld tests were conducted
with the same treatments but with 2-m maple (Acer
sp.) trees at one site and 2-m cherry (Prunus sp.) trees
at another site. Trees in both tests were artiÞcially
infested twice in July as described above. Treatments,
rates, and application timings are listed in Table 5.
Both tests used a completely randomized design with
10 single-tree replications per treatment and evalu-
ated in October.

Year 1999. Three Þeld tests were conducted in 1999.
The trees in test 1 were 2.1Ð2.4-m crabapple (Malus
sp.) and were artiÞcially infested three times June
through August as described above. Treatments, rates,
and application timings are listed in Table 6.

Table 2. Effect of insecticides applied to soil in August and September 1996 on Japanese beetle larvae in a commercial nursery

Treatment Active ingredient
Rate g(AI)ha
(lb [AI]acre)

Mean no. (�SE) Japanese beetle grubs per root ball
(n � 5)

Application timing

Mid-August Late August Mid-September

Marathon 1G Imidacloprid 453.6 (0.4) 0.0 � 0.00a 1.0 � 0.48ab 1.4 � 0.87a
Merit 75WP Imidacloprid 453.6 (0.4) 0.4 � 0.25ab 0.4 � 0.25ab 0.4 � 0.25a
RH-0345 2F (�MACH2) Halofenozide 2,268.0 (2.0) 0.6 � 0.40ab 0.2 � 0.20a 0.6 � 0.25a
Ambush 2EC Permethrin 453.6 (0.4) 1.4 � 0.40bc 2.0 � 0.84ab 1.4 � 0.51a
Control 2.6 � 0.68c 2.6 � 0.68b 2.6 � 0.68a

Means within a column followed by different letters are signiÞcantly different (P � 0.05) (TukeyÕs multiple range test, P � 0.05, based on
[log(x � 1)] transformed data).

Table 3. Effect of insecticides and entomopathogenic nematodes applied to soil from June through October 1997 on Japanese beetle
larvae in a commercial nursery

Treatment
Active

ingredient
Rate g(AI)ha
(lb [AI]acre)

Application
timing

Mean no. (�SE)
live Japanese

beetle larvae per
root ball (n � 9)

Marathon 1G Imidacloprid 453.6 (0.4) June 0.2 � 0.15h
July 0.9 � 0.46defgh
Aug 0.7 � 0.37fgh
Sept 0.6 � 0.38gh
Oct 5.2 � 1.13abc

Marathon 60WSP Imidacloprid 453.6 (0.4) June 0.4 � 0.24gh
July 0.4g � 0.24h
Aug 1.3 � 0.97cdefgh
Sept 2.1 � 0.79bcdefgh

Fipronil 0.1G Fipronil 187.0 (0.165) June 0.8 � 0.47efgh
340.3 (0.30) June 8.7 � 2.90ab
567.0 (0.50) June 0.2 � 0.15h

Mach2 2F Halofenozide 2,268.0 (2.0) June 1.2 � 0.55cdefgh
July 1.4 � 0.67cdefgh
Sept 4.1 � 0.82abcdef

Fireban 1.5G Teßuthrin 793.8 (0.7) July 5.9 � 2.07abcde
Sept 4.6 � 1.25abcdefg

Sevin 6.3G Carbaryl 9,298.8 (8.2) Aug 6.8 � 2.53abcd
Dylox 80 T&O Trichlorfon 9,298.8 (8.2) Sept 6.7 � 2.36ab
Marathon 1G � Dylox

80 T&O
Imidacloprid �

Trichlorfon
453.6 (0.4) �
9,298.8 (8.2)

June and Sept 0.8 � 0.28cdefgh

H. bacteriophora HP88 5 billion/h
(2 billion/acre)

Aug 4.3 � 1.43abcdefg

H. bacteriophora HP88 Sept 4.6 � 1.43abcdefg
Control 9.1 � 2.55a

Means within a column followed by different letters are signiÞcantly different (P � 0.05). (TukeyÕs multiple range test, P � 0.05, based on
[log(x � 1)] transformed data).
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Test 2 was conducted at the same site as test 1 with
2.1Ð2.4-m crabapple (Malus sp.). The trees were arti-
Þcially infested with Japanese beetle three times dur-
ing June through August as described above. Treat-
ments included four rates of thiamethoxam (CGA-
293343 25WG)(142, 225, 300, and600g[AI]/ha[0.13,
0.20, 0.26 and 0.53 lb [AI]/acre]), one rate of thia-
methoxam (CGA-293343 0.22G) (150 g [AI]/ha [0.13
lb [AI]/acre]), three rates of imidacloprid (Marathon
60WP)(226.8, 340.2, and 453.6 g [AI]/ha [0.2, 0.3, and
0.4 lb [AI]/acre]), three rates of both formulations of
halofenozide (Mach2 2 F and Mach2 1.5G) (1,134.0,
2,268.0, and 3,402.0 g [AI]/ha [1.0, 2.0, and 3.0 lb
[AI]/acre])andanuntreatedcontrol.All applications
were made in June and evaluated in October.

The trees in test 3 were approximately 3-m maple
(Acer sp.) and were artiÞcially infested twice in July
as described above. Treatments included four rates of
thiamethoxam (Flagship, CGA-293343 25 WG), one
rate of thiamethoxam (CGA-293343 0.22G), three
rates of imidacloprid (Marathon 60 WP), three rates
of both formulations of halofenozide (Mach2 2 F and
Mach2 1.5 G), and an untreated control. All applica-
tion rates were the same as in test 2 in 1999. Thiame-
thoxam treatments were applied in June. All other
treatments were applied in June and July. All treat-
ments were evaluated in October.

Field Injection Tests. One Þeld injection test was
conducted in 1997 and two Þeld injection tests were
conducted in1998. In1997, 4.5-mhoneylocust (Gledit-
sia triacanthos inermis) were artiÞcially infested with
Japanese beetle four times as described above. The

1997 treatments, rates, and application timings are
listed in Table 7. All treatments were injected using a
modiÞed CO2 backpack sprayer (25 psi). A probe was
inserted eight times around the base of the tree at a
depth of 7.6 cm. The experimental design was com-
pletely random with 10 single-tree replications per
treatment. The test was evaluated in October.

Two Þeld injection tests were conducted in 1998
using the same treatments but were conducted at
different sites. In both tests, maple (Acer sp.) trees
were artiÞcially infested with Japanese beetle three
times as described above. Both tests were evaluated in
October. All treatments were injected as described in
the 1997 test. The experimental designs were com-
pletely random with 10 single-tree replications. Treat-
ments, rates, andapplication timings are listed inTable
8.

Statistics. All data were transformed [log(x � 1)]
and subjected to analysis of variance (ANOVA) or
StudentÕs t-test (SigmaStat 1995). Means were sepa-
rated with Tukey test (P � 0.05).

Results

Year 1996. In test 1, Japanese beetle was the dom-
inant scarab grub (80.9%), followed by Phyllophaga
spp. (11.3%), Cotinus nitida (L.) (5.0%), and uniden-
tiÞed scarab larvae (2.8%). The mean number of
scarab larvae per root ball other than Japanese beetle
in the control treatment was never �1. The mean
number of Japanese beetle larvae in the untreated
controls ranged from 2.2 to 6.4 and the mean number

Table 4. Effect of insecticides and entomopathogenic nematodes applied to soil in a commercial nursery in September 1997 for
Japanese beetle larvae and evaluated in March 1998

Treatment
Active

ingredient
Rate g(AI)ha
(lb [AI]acre)

Mean no. (�SE) live
Japanese beetle larvae
per root ball (n � 9)

Marathon 1G Imidacloprid 453.6 (0.4) 0.6 � 0.24b
Mach2 2F Halofenozide 2,268.0 (2.0) 1.6 � 1.19ab
H. bacteriophora HP88 5 billion/h (2 billion/acre) 5.1 � 1.45a
Control 5.2 � 1.10a

Means within a column followed by different letters are signiÞcantly different (P � 0.05). (TukeyÕs multiple range test, P � 0.05, based on
[log(x � 1)] transformed data).

Table 5. Effect of insecticides applied to soil in July and August 1998 on Japanese beetle larvae in a commercial nursery

Treatment
Active

ingredient
Rate g (AI)hectare

(lb[AI]acre)
Application

timing

Mean no. (�SE) live Japanese
beetle larvae per root ball

(n � 10, both tests)

Test 1
Maple trees

Test 2
Cherry trees

CGA-293343 25WG Thiamethoxam 225.0 (0.20) July 0.5 � 0.34c 0.0 � 0.00c
Aug 2.0 � 0.86bc 0.4 � 0.22bc

Marathon 60WSP Imidacloprid 453.6 (0.4) July 0.0 � 0.00c 0.1 � 0.10c
Aug 4.4 � 1.36ab 0.3 � 0.15bc

Turcam 2.5G Bendiocarb 3,402.0 (3.0) July 0.8 � 0.34c 2.2 � 0.57ab
Aug 1.4 � 0.54bc 0.6 � 0.50bc

Fipronil 0.1G Fipronil 340.3 (0.3) July 0.1 � 0.10c 0.1 � 0.10c
Control 7.5 � 1.08a 3.4 � 0.96a

Means within a column followed by different letters are signiÞcantly different (P � 0.05) (TukeyÕs multiple range test, P � 0.05, based on
[log(x � 1)] transformed data).
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of Japanese beetle larvae per root ball treated with
imidacloprid (either formulation or in combination
with carbaryl) remained below one for all application
timingswith two exceptions (Table 1). The number of
Japanese beetle larvae in the imidacloprid granular
treatments applied inMaywas signiÞcantly lower than
in the control (F � 7.419; df � 5, 24; P � 0.001) (Table
1). The number of Japanese beetle larvae was not
signiÞcantly reduced by any treatment made in June,
July, or August compared with the control. However,
out of the 30 imidacloprid and halofenozide treat-
ments made during that period, 12 treatments had no
Japanese beetle larvae and 16 of the treatments had a
mean equal to or �0.4 Japanese beetle larvae per root

ball (Table 1). The averagenumber of Japanesebeetle
larvae in the control treatments for June, July, and
August were 3.0, 2.4, and 2.2, respectively. In Septem-
ber, imidacloprid alone (both formulations) and imi-
dacloprid (75 WP) in combination with carbaryl sig-
niÞcantly reduced the number of Japanese beetle
larvae (F � 3.703; df � 14, 60; P � 0.002) (Table 1).
Combining imidacloprid with carbaryl as a soil, foliar,
or both soil and foliar application did not improve the
efÞcacy of imidacloprid alone. The mean number of
Japanese beetle larvae per root ball in the biological
treatments was generally greater than in the insecti-
cide treatments and ranged from 0.6 to 6.2 larvae per
root ball.

Table 6. Effect of insecticides, entomopathogenic nematodes, and B. bassiana strain GHA applied in June, July, or September 1999
on Japanese beetle larvae in a commercial nursery

Treatment Application Timing
Mean no. (�SE)

Japanese beetle larvae
per root ball (n � 10)

B. bassiana-debris removed and fungus raked
into the soil

2.5 � 109 cfu/m2 July 1.5 � 0.76abc

B. bassiana-debris removed and fungus
distributed on soil surface

2.5 � 109 cfu/m2 July 0.5 � 0.22bcd

B. bassiana-debris not removed and fungus
distributed on soil surface

2.5 � 109 cfu/m2 July 3.7 � 2.12a

B. bassiana-debris removed and fungus
placed 5 cm below soil surface

2.5 � 109 cfu/m2 July 1.0 � 0.33abcd

B. bassiana-debris removed and rehydrated
fungus placed 5 cm below soil surface

2.5 � 109 cfu/m2 July 2.2 � 1.08abc

B. bassiana-debris removed and fungus
distributed on soil surface - repeat
application

2.5 � 109 cfu/m2 July
and
Sept

0.3 � 0.21cd

Heterorhabditis marelatus 2.5 billion/h (1 billion/acre) Sept 1.2 � 0.55abcd
Heterorhabditis marelatus 5.0 billion/h (2 billion/acre) Sept 0.7 � 0.37bcd
Marathon 60WP (imidacloprid) 453.6 g (AI)/h June 0.1 � 0.10d
Mach2 2F (halofenozide) 2,268.0 g (AI)/h June 0.6 � 0.50bcd
CGA-293343 25 WG (thiamethoxam) 225 g (AI)/h June 0.0 � 0.00d
CGA-293343.22G (thiamethoxam) 150 g (AI)/h June 2.0 � 0.70ab
Control 1.5 � 0.60abc

Means followed by different letters are signiÞcantly different (TukeyÕs multiple range test, P � 0.05, based on [log(x � 1)] transformed data,
n � 10). Beauveria bassiana obtained from USDA-APHIS (Weslaco, TX). Heterorhabditis marelatus obtained from Integrated BioControl
Systems, Aurora, IN.

Table 7. Effect of insecticides injected around the base of a tree in June, August, or September 1997 on Japanese beetle larvae in
a commercial nursery

Treatment
Active

ingredient

Rate g
(AI)hectare

(lb [AI]acre)

Application
timing

Mean no. (�SE) live
Japanese beetle larvae
per root ball (n � 10)

Fipronil 1.67 SC Fipronil 567.0 (0.5) June 0.1 � 0.10ab
Aug 0.3 � 0.21ab

Marathon 60 WSP Imidacloprid 453.6 (0.4) June 0.2 � 0.20ab
Aug 0.0 � 0.00b
Sept 0.2 � 0.20ab

Mach2 2F Halofenozide 2,268.0 (2.0) June 0.0 � 0.00b
Aug 0.0 � 0.00b
Sept 0.0 � 0.00b

Sevin 4F Carbaryl 1,134.0 (1.0) June 1.0 � 0.40a
Aug 0.5 � 0.27ab

Dylox 80 T&O Trichlorfon 9,298.8 (8.2) Sept 0.1 � 0.10ab
Dursban 4E Chlorpyrifos 1,234.0 (1.0) June 0.5 � 0.27ab

Aug 0.1 � 0.10ab
Control 0.9 � 0.46ab

Means within a column followed by different letters are signiÞcantly different (P � 0.05). (TukeyÕs multiple range test, P � 0.05, based on
[log(x � 1)] transformed data).
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In test 2, 1996, the average number of Japanese
beetle larvae per root ball was low (�1) and repre-
sented only 27.1% of the scarab larvae recovered from
the control treatment. The percentage of remaining
scarab larvae were Phyllophaga spp. and unidentiÞed
scarab larvae at 25.4 and 47.5%, respectively. Treat-
ment applications did not signiÞcantly reduce the
number of Japanese beetle larvae per root ball (May:
F � 1.010; df � 5, 24; P � 0.433; June: F � 1.457; df �
6, 28; P � 0.229; July: F � 0.844; df � 6, 28; P � 0.547;
August:F� 1.875; df� 6, 28;P� 0.121; September:F�
1.698; df � 6, 28; P � 0.160). The average number of
Japanese beetle larvae in the insecticide treatments
ranged from 0.0 to 1.4 with the majority of the treat-
ments containing �0.2 larvae per root ball. The range
of Japanesebeetle larvae in thecontrol treatmentswas
0.6Ð1.5. The combination of imidacloprid and carbaryl
did not improve the efÞcacy of imidacloprid alone;
however, due to the low numbers of larvae, differ-
ences among treatments would be difÞcult to detect.

In test 3, 1996, the mean number of Japanese beetle
larvae in the control treatments ranged between 1.6
and 2.8 per root ball. Japanese beetle larvae made up
46.4% of the scarab larvae recovered in the control
treatment followed by 30.9% Phyllophaga spp., 16.4%
C. nitida, and 6.4% unidentiÞed scarab larvae. There
were no treatment differences for the Phyllophaga
spp.Themeannumberof Japanesebeetle larvae in the
insecticide treatments ranged from 0.0 to 1.0 with
seven of the nine treatment-application timings with
less than a mean of 0.4 larvae per root ball. Neither
formulation of imidacloprid signiÞcantly reduced the
numberof Japanesebeetle larvae (May: t� 1.033; df�
8; P � 0.332; June: F � 2.980; df � 2, 12; P � 0.089; July:
F � 1.814; df � 2, 12; P � 0.205; August: F � 1.987; df �
2, 12; P � 0.180; September: F � 1.701; df � 2, 12; P �
0.224). (Note: There were only two treatments [gran-
ular formulation of imidacloprid and the untreated
control] in May.)

Japanese beetle larvae were the dominant scarab
species (98.4%) recovered in test 4, 1996. The mid-
August application of both formulations of imidaclo-
prid and halofenozide signiÞcantly reduced the num-
ber of larvae (F � 6.310; df � 4, 20; P � 0.002) (Table

2). Only halofenozide signiÞcantly reduced the num-
ber of larvae in the late August application (F � 3.658;
df � 4, 20; P � 0.022). There were no signiÞcant
treatment differences in the mid-September applica-
tion (F � 2.350; df � 4, 20; P � 0.089). The average
number of Japanese beetle larvae in the control treat-
ment was 2.6.

Year 1997. In test 1, Japanese beetle larvae recov-
ered from the control treatment made up 83.7% of the
scarab larvae followed by 15.3% Phyllophaga spp., and
1.0% C. nitida. Both formulations of imidacloprid ap-
plied from June through September, halofenozide ap-
plied in June and July, and two of the three rates of
Þpronil applied in June signiÞcantly reduced thenum-
ber of Japanese beetle larvae (F � 7.721; df � 22, 184;
P � 0.001); however, none of these treatments was
different from each other (Table 3). A June applica-
tion of imidacloprid followed by a September appli-
cation of trichlorfon was not signiÞcantly different
from imidacloprid alone.

In test 2 of 1997, the number of scarab larvae re-
covered from the control treatment was very low with
50% Japanese beetle and 50% Phyllophaga spp. The
mean number of Japanese beetle larvae per root ball
in the control was 0.6 and there were no signiÞcant
differences among treatments (F � 1.425; df � 22, 138;
P � 0.113). The mean number of Japanese beetle
larvae per root ball in all but two of the treatments
(nematodes applied in September and teßuthrin ap-
plied in July) was 0.1 or less.

In test 3 of 1997, the number of Japanese beetle
larvae was signiÞcantly reduced in the imidacloprid
treatment compared with the control and the nema-
tode treatments (F � 4.845; df � 3, 32; P � 0.007)
(Table 4). Japanese beetles represented 88.7% of the
scarab larvae recovered in the control, followed by
7.5% Phyllophaga spp. and 3.8% C. nitida.

Year 1998. All treatments except one in each test
(imidacloprid applied in August in test 1 and bendio-
carb applied in July in test 2) signiÞcantly reduced the
number of Japanese beetle larvae compared with the
control (test 1: F � 12.611; df � 7, 72; P � 0.001; test
2: F � 7.733; df � 7, 72; P � 0.001) (Table 5). Imida-
cloprid (test 1) and thiamethoxam (test 2) both ap-

Table 8. Effect of insecticides injected around the base of a tree in July or August 1998 on Japanese beetle larvae in a commercial
nursery

Treatment Active ingredient
Rate g(AI)ha

(lbs [AI]/acre)
Application

timing

Mean no. (�SE) live Japanese beetle larvae
per root ball

Test 1 Maple trees
(n � 12)

Test 2 Maple trees
(n � 10)

Marathon 60WSP Imidacloprid 453.6 (0.4) July 0.6 � 0.23b 1.2 � 0.39c
Aug 1.6 � 0.47ab 5.0 � 1.37abc

Dursban 4E Chlorpyrifos 1,234.0 (1.0) July 1.4 � 0.65ab 2.1 � 0.92c
Aug 4.3 � 0.97a 6.0 � 0.93ab

Mach2 2F Halofenozide 2,268.0 (2.0) July 1.4 � 0.43ab 2.3 � 0.42bc
Fipronil 1.67SC Fipronil 567.0 (0.5) July 1.1 � 0.40b 0.9 � 0.59c
Talstar 7.9% Bifenthrin 226.8 (0.2) July 0.7 � 0.28b 1.9 � 0.61bc
Dylox 80 T&O Trichlorfon 9,298.8 (8.2) Aug 3.5 � 0.97ab 10.8 � 1.98a
Control 4.1 � 0.82a 6.3 � 1.20ab

Means within a column followed by different letters are signiÞcantly different (P � 0.05). (TukeyÕs multiple range test, P � 0.05, based on
[log(x � 1)] transformed data).
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plied in July provided 100% control of Japanese beetle
larvae. Japanese beetle represented 93.7 and 97.1% of
the scarab larvae recovered in the control treatment
from test 1 and 2, respectively.

Year 1999. In all three tests conducted in 1999 the
mean number of Japanese beetle larvae per root ball
was low. In test 1, Japanese beetle larvae comprised
53.6% of the scarab larvae in the control treatment
followed by 46.4% Phyllophaga spp. Although none of
the biological treatments signiÞcantly reduced the
number of Japanese beetle larvae (Table 6), of the six
B. bassiana treatments, an application in July and re-
peated in September showed the highest reduction in
larval numbers, followed by the treatment where de-
bris was removed and the fungal spores were distrib-
uted on the soil surface. The highest mean number of
Japanese beetle larvae in the entire test was found
where B. bassiana was applied over uncleared soil
surface. Only imidacloprid and thiamethoxam (25
WG) signiÞcantly reduced the number of larvae (F �
2.176; df � 14, 134; P � 0.012) compared with the
controls.

There were no signiÞcant differences among treat-
ments in tests 2 and 3. The average number of larvae
in the control in test 2 was 0.6 and 0.3 in test 3. In test
2, Japanese beetle larvae represented 54.5% of the
scarab larvae recovered from the control treatment
and Phyllophaga spp. represented 45.5%. In test 3,
Japanese beetle made up 60% of the scarab larvae
recovered from the control treatment and 40.0% Phyl-
lophaga spp. The mean number of Japanese beetle
larvae in the treatments in test 2 was 0.1 or less with
two exceptions (the low and high rates of the granular
formulation of halofenozide). No larvae were found
where trees were treated with the highest three rates
of thiamethoxam 25 WG, all rates of imidacloprid, or
thehighest rateofhalofenozide60WP. In test 3, larvae
were found only in the controls and in root balls
treated with the lowest rates of thiamethoxam, imi-
dacloprid, and halofenozide.

Field Injection. In 1997, the number of Japanese
beetle larvae was low (less than a mean of 1.0 per root
ball) but comprised 75% of the scarab larvae in the
control treatment. None of the treatments signiÞ-
cantly reduced the number of larvae compared with
the control, although imidacloprid injected in August
and all applications of halofenozide signiÞcantly re-
duced the number of larvae compared with the car-
baryl treatment injected in July (F � 2.505; df � 13,
126; P � 0.004) (Table 7).No larvaewere found in any
root ball treatedwithhalofenozide. Themeannumber
of Japanese beetle larvae in untreated root balls was
0.9.

In 1998, imidacloprid and Þpronil injected in July
signiÞcantly reduced the number of Japanese beetle
larvae in both tests (test 1: F � 4.578; df � 8, 99; P �
0.001; test 2: F � 9.094; df � 8, 82; P � 0.001) (Table
8). Japanese beetle larvae represented 60.5 and 86.3%
of the total scarab larvae in the control in tests 1 and
2, respectively.

Discussion

Treatment options for control of Japanese beetle
larvae, as well as other pest scarab larvae, have been
extremely limited for production Þeld nurseries and
there is a critical need for consistent, efÞcacious treat-
ments. Growers of Þeld production nursery stock
would prefer treatment options that allow them the
freedom to treat, and then ship their nursery stock
relatively soon after treatment. However, this ap-
proach is difÞcult for several reasons. Many of the
insecticides currently available for Japanese beetle
control in a production nursery target the young ac-
tively feeding larvae. Digging and shipping in a Þeld
nursery commonly occurs during the fall, winter, and
early spring when the larvae are generally third in-
stars, soil temperatures are cold, and the larvae are
deep in the soil and are not actively moving or feeding
(or accessible to insecticides). Therefore, contact be-
tween the insecticide and the larvae is difÞcult (Man-
nion et al. 2000b). Some biological controls such as
nematodes generally require soil temperatures above
15�C to be effective.

The overall goal of these tests was to determine
which treatments were consistent and efÞcacious and
how to best apply them. Most of the insecticides eval-
uated in these tests require an early application (i.e.,
when larvae are young and actively feeding). Imida-
cloprid was the most tested active ingredient in the
trials conducted during the past 4 yr. Imidacloprid is
labeled for use in turf and commercial nurseries and
has been shown to be an excellent treatment for Jap-
anese beetle larvae. Imidacloprid is a chloronicotinyl
insecticide that acts on the cholinergic receptors in
the postsynaptic membranes and disrupts normal
nerve function (Bai et al. 1991). Themajor advantages
of imidacloprid are the low application rates and the
extremely low vertebrate toxicity. Koppenhofer and
Kaya (1998) found that combinations of imidacloprid
and entomopathogenic nematodes were synergistic
against awhite grub species and therewas no negative
effect on survival or infectivity when nematodes were
agitated in solutions of imidacloprid. Quintela and
McCoy (1997, 1998) found a similar synergistic rela-
tionship and pathogenicity enhancement between
imidacloprid and entomopathogenic fungi used
against larvaeofDiaprepes abbreviatus(L.).Apossible
practical disadvantage associated with imidacloprid is
that it is generally most effective applied when the
larvae are young and actively feeding. In typical nurs-
ery production, trees are not treated well in advance
of digging and shipping, so extra planning and man-
agement is required to ensure only treated trees are
shipped to noninfested areas. Growers must also be
selective in their use of this insecticide because of the
expense.

Overall, imidacloprid performed very well when
applied in May, June, or July. August and September
applications provided less consistent results. There
were no differences in control between the granular
and wettable powder formulations. The range of con-
trol widened with the month of application. For ex-
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ample, 91Ð100% control was achieved with a May
application, 87Ð100% control with a June application,
83Ð100% control with a July application, 41Ð100% con-
trolwith anAugust application, and a 46Ð100%control
with a September application. Approximately 60% of
all imidacloprid treatments applied in May, June, or
July provided 95% or better control. In contrast, �25%
of all imidacloprid treatments applied in August or
September provided 95% or better control.

In 1996, imidacloprid treatments were combined
with foliar or soil treatments of carbaryl. Carbaryl is
commonly used as a foliar spray to kill feeding beetles.
It was hypothesized that the carbaryl would reduce
thenumber of beetles laying eggs aswell as potentially
create a barrier on the soil surface that the beetles
would contact when seeking an oviposition site. The
addition of carbaryl as a soil or foliar application to
imidacloprid, however, did not improve the control
over imidacloprid alone. A foliar spray of carbaryl
alone did not signiÞcantly reduce the number of Jap-
anese beetle larvae.

Imidacloprid was injected into the soil around the
base of each tree in tests conducted in 1997 and 1998.
Injection is a labor-intensive procedure but may po-
tentially increase the efÞcacy of a treatment by re-
ducing exposure to weathering as well as by placing
the chemical in closer proximity to the larvae. How-
ever, this method of application did not improve the
efÞcacy of imidacloprid in these trials.

In 1997, a June treatment of imidacloprid was fol-
lowed with a fall application of trichlorfon. It was
assumed that any larvae remaining after the imidaclo-
prid treatment would be controlled with the trichlor-
fon. However, in that particular test, the trichlorfon
performed poorly when used alone or in conjunction
with imidacloprid and therefore did not improve the
efÞcacy of imidacloprid alone.

Halofenozide was Þeld tested in three of the past 4
yr (1996, 1997, and 1999) and provided control of
Japanese beetle larvae similar to imidacloprid.
Halofenozide is in the diacylhydrazine class of insec-
ticides, which are ecdysone agonists (RohMid 1997).
Once fed upon, this compound accelerates the molt-
ing process, causing premature death with little threat
of toxicity to nontarget organisms. Mannion et al.
(2000a) found that halofenozide did not have a det-
rimental effect on survival or infectivity of ento-
mopathogenic nematodes. Halofenozide has been
shown to be toxic against Japanese beetle larvae
(Monthean and Potter 1992, Cowles and Villani 1996,
Cowles et al. 1999) and is currently labeled for control
of this pest aswell as immature stages of certain insects
in turfgrass.

Although the numbers of Japanese beetle larvae
observed in root balls after surface application with
halofenozide never signiÞcantly differed from surface
treatment with imidacloprid, with the exception of
one application in September in one test, the range of
control was slightly narrower. Larval control ranged
from 60 to 87% for June applications, 85 to 100% for
July applications, 82 to 92% for August applications,
and 55 to 90% for September applications. When

halofenozide was injected into the soil around the
base of the tree in June, August, and September 1997,
no larvae were found in root balls (although infesta-
tions were very low to begin with). However, in 1998
it provided 63 and 66% control when injected in July.

Fipronil and thiamethoxam are two other com-
pounds thatdemonstrated somepotential for Japanese
beetle larval control in nursery Þeld production.
Fipronil, a phenylpyrazole insecticide, disrupts cen-
tral nervous system activity. Studies have demon-
strated that Þpronil displays higher potency for insects
compared with vertebrates due to the target speciÞc-
ity (Mudge et al. 2000). Fipronil was applied at three
rates in a test in June 1997 achieving 91% control with
the low rate and 98% control with the high rate. The
middle rate performed poorly. In 1998, Þpronil was
applied in two tests in July and showed 99 and 97%
control in those tests. When Þpronil was injected into
the soil around the base of each tree in June and
August 1997, numbers of Japanese beetle larvae were
reduced by 89 and 67%, respectively, although there
were no statistical differences compared with un-
treated plants, probably due to the low number of
larvae found. Fipronil injected in July 1998 in two tests
signiÞcantly reduced Japanese beetle infestations by
73 and 86%. The method of injection did not appear to
improve the efÞcacy of Þpronil compared with a sur-
face application as was the case with imidacloprid.
Although Þpronil is currently not labeled for Japanese
beetle larvae, several labels are expected in the year
2000 for imported Þre ants and other pests. Both Jap-
anese beetle and importedÞre ants are regulatedpests
that can be spread through the movement of infested
nursery stock. Therefore, similarities in the require-
ments for use against both pests suggest that insecti-
cides found to be effective against one pest could be
considered for use against the other. However, the
rates currently shown to be effective against imported
Þreant are lower than the rates testedagainst Japanese
beetle and therefore, may not be effective. More re-
search is necessary to determine whether Þpronil will
provide consistent and efÞcacious control of Japanese
beetle larvae.

Thiamethoxam is a new insecticide in the neonic-
otinoid class (subclass thianicotinyl) that has similar
attributes to imidacloprid (subclass chloronicotinyl).
It is effective against many sucking insects and some
Coleoptera at low use rates. Thiamethoxam was Þrst
tested in these trials in 1998. Japanese beetle larvae
were reduced 93 and 100% in two tests with July
applications and 73 and 88% with August applications.
In a June application in 1999, no larvae were found in
root balls following treatment. The granular formula-
tion, however, performed poorly, perhaps due to poor
distribution through the soil proÞle.

A series of other insecticide treatments (per-
methrin, teßuthrin, trichlorfon, and bendiocarb) ap-
plied during the summer months as a surface appli-
cation were generally not successful in reducing the
numbersof Japanesebeetle larvae inÞeld-grownnurs-
ery. Most of these treatments achieved �50% reduc-
tion in the number of larvae. The exception was ben-
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diocarb, which provided 81Ð89% control in three of
four treatments applied in July and August in two tests
conducted in 1998. In 1997, trichlorfon, chlorpyrifos,
and carbaryl injected into the soil provided poor-to-
moderatecontrol; however, the Japanesebeetle larvae
infestations were low and none of the insecticide
treatments was signiÞcantly different from the con-
trol. In both injection tests in 1998, chlorpyrifos and
trichlorfon resulted in �67% control of Japanese bee-
tle larvae; in most cases there was no difference from
untreated trees. In the same tests in 1998, bifenthrin
injected into the soil provided slightly better control
(70 and83%), but theeffectwas only signiÞcant inone
test.

Generally, the biological control treatments pro-
vided poor-to-moderate control of Japanese beetle
larvae in these Þeld tests. In 1996, applications of the
nematode, H. bacteriophora HP88, provided no reduc-
tion in Japanese beetle larvae when applied in June,
July, or August, and only 65% reduction when applied
in September 1996. Similar results were achieved in a
test conducted in 1997 in which 52 and 49% control
was achieved from August and September applica-
tions. In another test conducted in 1997, no reduction
was achieved from an application of this nematode in
September. In 1999, H. marelatus, applied in Septem-
ber performed poorly. The low rate of the nematodes
(2.5 billion/ha) provided 20% control and the high
rate (5 billion/ha) provided 53% control. Although
someresearchershave foundentomopathogenicnem-
atodes to provide moderate-to-excellent control of
Japanese beetle larvae in a turf environment (Klein
andGeorgis 1992; Selvanet al. 1993, 1994; YehandAlm
1995; Klein and Moyseenko 1997) results are not con-
sistent and depend on numerous factors (i.e., favor-
able temperature and moisture, soil type, application
process, nematode storage and handling, nematode
species/strain, nematode quality, host insect) (Geor-
gis and Gaugler 1991, Georgis and Poinar 1994). An
understanding of these factors and how to appropri-
ately use the nematodes is imperative to improve
chances of success.Althoughentomopathogenicnem-
atodes alone are unlikely to achieve the level of con-
trol required for regulatory purposes, incorporation
into a long-term management program to reduce Jap-
anese beetle populations may be a possibility. Addi-
tionally, the efÞcacy of nematodes may be enhanced
in combination with other control agents or insecti-
cides.

Bacillus thuringiensis subspecies japonensis Buibui
strain is a facultative pathogen that is easily mass-
produced and is scarab species-speciÞc (Suzuki et al.
1992). This product is efÞcacious against the early
instars of scarabaeid pests in Japan (Suzuki et al.
1994a) and retains a high activity for several months
against scarab larvae in natural soil (Suzuki et al.
1994b). Currently, however, this product is not avail-
able. B. thuringiensis subspecies japonensis Buibui
strain was evaluated in 1996 only and provided incon-
sistent control of Japanesebeetle larvae (0Ð75%).This
is in contrast to the results found in a turf environment

(Alm et al. 1997, Michaels 2000), which showed gen-
erally higher levels of control.

Several application methods of B. bassiana were
compared forcontrolof Japanesebeetle larvae in1999.
Application parameters included removing or not re-
moving the surface debris and the placement (i.e.,
broadcast on soil surface or incorporated into the soil)
of the fungal spores. Four of the six treatments pro-
vided poor control. There did appear to be some re-
duction when surface debris was removed and the
fungal spores were distributed on the surface in July
(70% reduction) or in July with a repeat application in
September (80%), although neither effect was statis-
tically signiÞcant.

It is very difÞcult, if not impossible, to ensure com-
plete control of Japanese beetle larvae in Þeld-grown
plants from infested areas. Even the best treatments
did not provide 100% control all of the time or reach
levels acceptable under regulatory guidelines and
none of the Þeld-applied treatments provided im-
proved efÞcacy over dipping root balls in chlorpyrifos
(Mannion et al. 2000b). This suggests two things. First,
can anacceptable riskofmovementof Japanesebeetle
bedeterminedand thereby(basedon that), choose an
acceptable treatment. Second, at the present state of
art, neither chemical nor biological treatments can
guarantee 100%control, indicating thatmore than one
control tacticwill benecessary. In addition, long range
plans to reduce the local populationof Japanesebeetle
may help in reducing the risk of unintentionally
spreading Japanese beetle. Several of the insecticides,
i.e., imidacloprid, halofenozide, and thiamethoxam,
provided good to excellent control when used at the
appropriate timing. These data are consistent with
data compiled from 1977 to 1999 Insecticide and Acar-
acide Tests and Arthropod Management Tests, in which
thiomethoxam, imidacloprid, and halofenozide pro-
vided an average of 99.8, 93.2, and 93.1% control, re-
spectively, of masked chafer and Japanese beetle lar-
vae in turf (Shetlar 1999). These products have
numerous advantages such as low use rates, low tox-
icity to many nontarget organisms and compatibility
(sometimes synergy) with some biological controls.
The disadvantages are expense and a limited window
of application. Currently, only imidacloprid is regis-
tered for use in commercial nurseries with expected
labels for thiamethoxam in 2001. Therefore, treatment
options fornursery growers continue tobe limited and
none are expected to provide levels of control that
meet regulatory standards. There remains a tremen-
dous need for reliable treatment methods and man-
agement programs that will allow nursery growers in
areas infestedwith Japanese beetle to continue to ship
to uninfested areas.
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