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Abstract—The effects of four pesticides on populations of the psyllid,
Insnesia glabrascutgdCaldwell), were examined on fifit treeltsia
bijuga (Colebr.) O. Kuntze. The pesticides tested were Cygarcom-
mercial over-the-counter formulation of dimethoate; Ayid commer-

cial formulation of avermectin; Acta?aa commercial formulation of
thiamethoxam; and Consefyea commercial formulation of spinosad.
All pesticides caused initial mortality to psyllids. However, psyllid pop-
ulations rapidly rebounded to pre-treatment levels in the Gygpray

and drench treatments, while densities remained below pre-treatment
levels longest in the highest concentrations of Aétatanserve, and
Avid® spray treatments. Psyllid population suppression was probably
linked to residual activity characteristic of the different compounds and
to physiological changes in tree leaves induced by feeding psyllids.
Implications for the use of these pesticides for psylla management on fifit
trees in Guam'’s tropical insular environment are discussed.

Introduction

The ifit tree (also known as ifid or ifiljntsia bijuga(Colebr.) O. Kuntze, is
a hardwood with economic and cultural significance to Guam as well as to
Southeast Asia and the Pacific Islands in general. Wood from ifit trees is highly
sought after by builders and artisans throughout the Pacific region for use in con-
struction of buildings, flooring, furniture, and artwork. The wood possesses high
strength, dense grain structure and hardness and is resistant to fungi and insects
(Hillis & Yazaki 1973; Stone 1970). Oils extracted from ifit trees repel insects and
have insecticidal activity comparable to neem seed oils (Mohiuddin et al. 1987).

Traditionally, the durable wood from ifit trees was a critical ingredient in the
construction of sea-going canoes among the Chamorro on Guam and among
other Pacific island peoples (Banack & Cox 1987). The ifit tree has come to sym-
bolize the cultural legacy of the Chamorro people throughout the Mariana
Islands and was therefore designated the territorial tree of Guam in 1969 (Public
Law 10-52).
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A decline in ifit tree populations on Guam was noticed as early as 1905
(Safford, 1905) and active logging prior to 1970 on Guam reduced ifit tree popu-
lations to such an extent that mature trees are now rare on the island (Marler
1996). Large trees are primarily limited to restricted-access military bases and
reserves. Wood for commercial purposes is limited to small pieces suitable only
for carving. Although Guam law prohibits cutting live ifit trees, the great demand
for ifit tree wood has lead to illegal harvesting of ifit trees and tree parts, even
from restricted-access areas.

Ifit trees are currently propagated only by the Guam Department of
Agriculture, Forestry Division that uses seeds imported from the Philippines.
Local seeds are difficult to obtain because of the inaccessibility of pods on mature
trees, and the general erratic seed pod production caused by wind damage during
typhoons and psyllid feeding during flowering. Trees that are propagated are pri-
marily used in ornamental and ceremonial plantings.

The ifit tree has been characterized as a slow growing species and exhibits
the cycles of rapid stem tip extension followed by periods of no extension typical
for tropical trees (Possingham 1986). However, Marler (1996) demonstrated that
rapid growth is possible when seedlings are protected from biotic and abiotic
stresses. Important abiotic stresses on Guam include defoliation caused by
typhoon winds, flooding, and drought. The most serious biotic stresses on Guam
are feeding by wild pigs and Philippine deer, and infestations of the psyllid,
Insnesia glabrascutéCaldwell). Feeding by. glabrascutaresults in stunting and
occasional defoliation, likely resulting from salivary secretions injected into the
tree during psyllid feeding.

Insect management on ifit trees on Guam must pose minimal impact to the
environment and human safety while remaining compatible with such biorational
pest management strategies as biological and cultural control that form the basis
for integrated pest management. The objective of this project was to identify
insecticides and formulate application methodologies appropriate for use against
I. glabrascutaon young ifit trees in nurseries and in the field in Guam’s tropical
insular environment.

Materials and Methods

A research orchard of 6 bijuga seedlings was established during the
spring of 1998 at the University of Guam’s Yigo Experiment Station in northern
Guam. Seedlings planted in the test plot were obtained from field collections of
I. bijuga seeds from Andersen Air Force Base in northern Guam, the Admiral
Nimitz Golf Course in central Guam, and by the acquisition of potted seedlings
from Guam’s Department of Agriculture. Collected seeds were soaked in water,
scarified, and germinated in pots containing a 2:1:1 mix of soil, sand, and peat
moss. When approximately 0.5 m tall, seedlings were planted in the field in an
8 X 8 matrix with a 3 m spacing interval between trees. Drip irrigation was
applied for four hours three times per week. Fertilizer (16:16:16 NPK) was



Miller: Insecticide Management fdnsnesia 39

applied at planting, after two months, and approximately every 6 months there-
after. The insecticide Cygérwas applied as needed to protect seedlings from
I. glabrascutauntil trees had attained 1 m in height and possessed sufficient
foliage to allow experimental screening.

Insecticides were tested using a single tree randomized design with 16 repli-
cations. In testing insecticides, all trees in the plot were initially sprayed with
Cygor? to relieve insect pressure on the trees and allow them to produce new
growth. Experiments were then initiated when subsequent psyllid surveys
revealed a consistent population of psyllids on trees, usually 6 to 8 weeks from
the initial Cygo® spray. Prior to applying the test insecticides, a section of a
branch from each tree of approximately equal area was marked with forester’s
tape and designated as the psyllid sampling site. All psyllids were counted on this
portion of the tree 24 hr before applying insecticide treatments.

Insecticide treatments included a water control and 3 concentrations ranging
from very dilute up to the maximum application rate indicated on the insecticide’s
label. Insecticide treatments were assigned to trees randomly. All sections of each
tree were sprayed until dripping with the appropriate treatment concentration
using a Sol® backpack sprayer equipped with a hand pressure pump and a stan-
dard fan nozzle.

An exception to the above spray treatment techniqgue was made to compare
a Cygor® soil drench on ifit tree psyllid populations to foliar applications of
Cygorf and to an unsprayed control. In this test 24 randomly chosen trees were
assigned to one of three Cy§aroncentrations that were applied to the soil with-
in the drip line of each tree. An additional eight randomly selected trees were irri-
gated according to the regularly established schedule but not sprayed with
Cygor? or with water. The remaining 32 trees in the plot were treated with three
concentrations of Cygénor with a water-only control in randomly assigned
groups of 8 trees.

Psyllids were counted from each designated section of each tree 24 hr
following each test insecticide application and approximately every other day
thereafter for nearly two weeks, and then at intervals of about 3 days until the
experiment was terminated. Psyllid population responses to the treatments were
expressed as the average percent of the pre-treatment population density from
each sampling site on each tree. Psyllid counts were terminated when psyllid
populations in treatments consistently exceeded pre-treatment levels, or when
repetitive cyclic population cycles, were observed. When the experiments were
terminated, all trees in the plot were treated with a Cygmver spray. Trees
were irrigated and fertilized as described until they once again produced new and
adequate foliage and supported a consistent psyllid population.

The CygoR® and AvidP trials reported here were conducted in May 1999 and
July 1999, respectively, which coincided with the transition period from the dry
season to the wet season. The Con&emi@ was conducted during September
2000 during the wet season. The Actardal was conducted during April 2001
during the dry season.
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On occasion, heavy rains occurring within 24 hr of the spray applications
appeared to wash most of the pesticide from the trees. When it became obvious
that the experiment was compromised, the entire plot was treated with a®Cygon
cover spray and the experiment repeated after tree foliage and psyllid densities
had again increased and stabilized within the orchard. Data for aborted experi-
ments are not reported.

Statistical analyses included 1-Way ANOVA using a general linear models
procedure by NCSS (Hintze 2000) followed by a calculation of least significant
difference (LSD) (Steel & Torrie 1980). Psyllid count data are presented as the
mean percentages of pre-treatment psyllid density (Figs. 1-4).

Results

There were differences observed in psyllid population decreases between the
Cygor?P drench and spray treatments (Fig. 1A&B). While psyllid populations ini-
tially rose above pre-treatment counts within a day or two in the water and
unsprayed controls, populations in the spray treatment immediately decreased to
near zero (Fig. 1A). Increases in psyllid density at all C§ggmnay concentrations
were observed apart from day 5. Psyllid population increases were greatest in the
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Figure 1. Effect of Cygohspray (A) and Cygohsoil drench (B) on the population density of
I. glabrascutaon ifit trees on Guam. Mean pre-treatment psyllid densities per sampling
area * standard errox( + SE) are shown as is theglggD
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lowest Cygof® concentration and least in the highest Cygooncentration, with

the mid-level concentration giving rise to an intermediate population density. In
contrast, psyllid densities in both the water and unsprayed controls peaked at about
225% of the pre-treatment density on day 5 and decreased below the pre-treatment
level by day 8. Psyllid densities in the water control remained about equal to the
pre-treatment levels through day 12 when the experiment was terminated, while
densities in the unsprayed control decreased further.

Psyllid densities in the Cyg@rrench experiment (Fig. 1B) either decreased
slightly within 24 hr of application or increased. However, psyllid densities in all
Cygorf treatments were below the pre-treatment control levels by day 2 and con-
tinued to decrease until day 5. After this time, densities in the two lowest concen-
trations began to rebound and had exceeded pre-treatment levels by day 12 when
the experiment was terminated. Psyllid populations in the most concentrated
dimethoate drench treatment also increased to near pre-treatment levels by day 12.

Psyllid counts were continued beyond 12 days in the experiment testing
Avid®, where 16 trees were included in each treatment instead of the 8 used per
treatment in the Cygénexperiments, and where sprayed water constituted the
control (Fig. 2). Psyllid densities in the control rapidly rose to about 450% of pre-
treatment levels by day 6 post-treatment. They then rapidly decreased to near zero
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Figure 2. Effect of sprays of Avidon populations of. glabrascutaon ifit trees on Guam. Mean
pre-treatment psyllid densities per sampling area * standard error ( + SE) are shown as is
the LSD)|05.
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levels by day 13 and did not return to pre-treatment levels until day 22, where they
remained until the experiment was terminated on day 30. Psyllid densities in all
Avid® spray treatments decreased to near zero by day 1 post-treatment.
Populations in the lowest concentration increased to about 50% of the pre-treat-
ment level but didn’t exceed it until day 15 when densities dramatically soared to
about 400% of the pre-treatment count. Densities then rapidly decreased to pre-
treatment levels by day 30. The intermediate Avdncentration applied caused
psyllid populations to decrease to near zero, where they remained until day 20. At
this time they slightly increased to about 40% of pre-treatment levels before taper-
ing off to near zero by day 30. In contrast, the greatesPAwdcentration result-
ed in psyllid densities near zero until day 6, at which time densities increased to
about 80% of the pre-treatment levels on day 10. They then fluctuated approxi-
mately 40% above or below the pre-treatment levels until the end of the
experiment.

Psyllid densities on trees treated with Conselecreased to near zero
on sprayed trees immediately following treatment and remained below pre-treat-
ment levels for eight days at which time psyllid densities in the most dilute treat-
ment regained their original levels (Fig. 3). Psyllid densities in the highest
Conserv@ concentration remained below pre-treatment levels for 16 days, at
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Figure 3. Effect of Conser@eon populations of. glabrascutaon ifit trees on Guam. Mean pre-
treatment psyllid densities per sampling area + standard error ( + SE are shown as is the
LSDg 05
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which time all spray treatments including the control exhibited synchronous rapid
population growth continuing until about day 21 post-treatment. Psyllid densities
on trees treated with the intermediate Consecamcentration rose nearly 300%
higher than those on trees treated with the other concentrations and with the water
control. From their peak near day 21, psyllid population densities gradually
decreased below pre-treatment levels by the time the experiment was terminated
on day 45.

Psyllid densities on trees treated with Actadacreased immediately to
near zero following spray applications and remained low until day 25 post-
treatment (Fig. 4). Psyllid densities treated with a water control fluctuated around
the pre-treatment level and did not rapidly increase until about day 27 post-
treatment. When psyllid densities on sprayed trees began to increase, they did so
in a manner that was roughly inversely proportional to the concentration of the
spray treatment. Psyllid densities in both the most dilute and the intermediate con-
centrations of Actafaeventually exceeded pre-treatment levels near the end of
the experiment, while those on trees treated with the highest concentration never
attained their previous levels and were observed to decrease slightly when the
experiment was terminated on day 34.
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Figure 4. Effect of Actafaon populations of. glabrascutaon ifit trees on Guam. Mean pre-
treatment psyllid densities per sampling area * standard error ( * SE) are shown as is the
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Table 1. Interval required for sprayedylabrascutapopulations to attain pre-treatment densities.

Treatment Approximate Number of Days to Attain
Pre-Treatment Density

Actar&® H>0O spray -
0.1585 mg/ml 26
0.3175 mg/ml 29
0.6076 mg/ml 34+
Avid® H,O spray .
0.100 % 13
0.390 % 30+
0.680% 15
Conserveé H>0 spray 11
0.026 % 8
0.079 % 11
0.159 % 15
Cygor? (Spray) No Treatment .
H>0 spray
0.146 %
0.293 %
0.585 % 11
Cygor? (Drench) No Treatment -
H>0 spray
0.146 %
0.293 % 10
0.585 % 12+
Discussion

While all four insecticides tested reduced psyllid populations immediately
after application, there were differences in the time required for psyllid popula-
tions to return to pre-treatment levels (Table 1). Differences observed in the
response of the psyllid population to different concentrations of insecticide may
be linked to residual activity of the various insecticides and to the interaction
between feeding psyllids and plant growth. Guam'’s climate has a distinct wet and
dry season. Rainfall in the transition periods between the wet and dry seasons typ-
ically occurs in short, intense events that cover localized areas of the island
(Lander 1994). Effects of heavy rainfall events within two to three days of insec-
ticide application resulted in there being no observed psyllid mortality in any of
the spray treatments, and appeared to wash insecticide from leaves and branches.
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Rainfall events occurring later than one week during the experiment did not
appear to appreciably affect psyllid densities in any of the treatments.

Trees protected from psyllids quickly produced new growth which in turn
induced psyllid population growth. This interaction became apparent in all tests
of where observations were extended more than two weeks from insecticide
application. It is likely that oscillations in psyllid density, especially in the water
control, would have also been observed had the sampling period been extended
beyond 12 days for the Cygbspray and soil drench.

More difficult to explain is the within-treatment synchronicity of psyllid pop-
ulation increase on trees treated with Conge(i#g. 3). This contrasts with the
asynchronicity observed in the A@idreatment where psyllid densities in the
water control rapidly increased, while densities in the other treatments did not
begin to rise until over a week later. This asynchronicity, as well as the decrease
in psyllids in water controls observed in other treatments, may have resulted in
part from degradation of the food source induced by heavy and sustained feeding
by psyllid nymphs.

The chemical formulation of the different sprays, and their mode of applica-
tion, may have also played a role in pattern of recovery of psyllid populations in
the various treatments. Dimethoate is a broad-spectrum organophosphate that
exhibits systemic action when applied as a soil drench. The 5+ day interval
required before psyllid density decreased to their lowest point in the dimethoate
drench treatment probably corresponded to the time required for the trees to
translocate the active ingredient from the roots to the leaves where psyllids were
located. It is unclear why the highest concentration (0.585 %) required 8 days,
versus 5 days for psyllid populations receiving lower insecticide concentrations,
to bottom out, and why there was an apparent inverse dose-response relationship
with regards to mortality.

Of the four materials tested, Act@rgave the best long term results (Table
1), although all four insecticides provided initial high knockdown. The active
ingredient of Actar@is thiamethoxam, a neonicotinoid of compound low toxici-
ty to mammals and an oral lgpin rats > 5000 mg/kg body weight. It is toxic to
fish and aquatic invertebrates and has high potential to contaminate surface water
through runoff several months after application if not handled properly (Syngenta
2001). The establishment of vegetative buffers between areas sprayed with this
product and bodies of water that could be potentially contaminated is recom-
mended. On Guam the use of this product would require that it not be applied
when winds were sufficient to cause significant drift, or when heavy rainfall was
expected on poorly drained soils of southern Guam that might lead to runoff into
rivers and streams and ultimately onto Guam'’s shelf reef. Similarly, heavy rain-
fall in northern Guam where soils and the limestone under layer are porous would
allow percolation of insecticide contaminated water into the freshwater lens of
northern Guam. Actafavould perhaps be most appropriate for use in nursery sit-
uations where runoff and wind could be stringently controlled with minimal
chance of environmental exposure.
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Avid® and Conserviemay be used as alternatives to Actaspecially in
a nursery setting on seedlings. Avidontains abamectin, a mixture of aver-
mectins which causes death by stimulating the pre-synaptic release of the
inhibitory neurotransmitter gamma-aminobutyric acid (GABA) (Mellin et al.
1983, Babu 1988, Lasota & Dybas 1991). Abamectin causes insects to cease
feeding through paralysis and ultimately results in the insects’ death. The effec-
tiveness of abamectin is greatest when the insect ingests the chemical, although
contact activity has also been documented. Insect paralysis may be observed
within hours of application, but maximum mortality usually requires 3 to 4 days.
Although surface residues of abamectin degrade rapidly in sunlight, some of the
active ingredient normally penetrates the leaf where it provides residual mortal-
ity. This may account for the prolonged and relatively low psyllid densities
observed in the two higher concentrations of Avagbplied in this study. Such
activity would ensure that only pests feeding on the trees are affected and while
not affecting natural enemies also present on the trees. Degradation in sunlight
would also lessen its chances for environmental contamination on Guam.
Abamectin resistance has been documented in mites exposed to repetitive doses
of abamectin (Hoy & Ouyang 1989, Hoy & Conley 1987), though this would
likely not pose a problem for Guam growers given the large reservoir of untreat-
ed psyllid-infested trees.

Conservé is a mixture of the isomers of spinosad (spinosyn A and spinosyn
B), and is currently registered for use on turf and ornamental plants pests includ-
ing various lepidopteran pests, sawflies, beetles and flies (Dow AgroSciences
2000). Spinosad is derived as a secondary metabolite in aerobic fermentation on
artificial media of the soil actinomycet®accharopolyspora spinoddertz &

Yao. Spinosad causes death through over stimulation of the insects’ nervous sys-
tem. Spinosad normally has a soil half life of 9-10 days, is degraded by sunlight,
and has low mammalian toxicity and low to moderate toxicity to aquatic inver-
tebrates and fish. While Consefweould constitute an environmentally friend-

ly ifit tree treatment in the field, its relatively short residual activity and high
price, coupled with a need to frequently reapply, render it less desirable than
Avid® or Actaré®.

Cygor®, a popular and effective systemic aphicide and broad-spectrum
foliar spray for a variety of Guam’s crop pests, is perhaps least suited for con-
trolling psyllids on ifit trees on Guam due to the rapid resurgence of psyllids on
Cygore-treated ifit trees. Dimethoate, Cydds active ingredient, is a widely
used broad-spectrum organophosphate insecticide with documented systemic
activity in a variety of plants. Formulated as a liquid emulsifiable concentrate in
this experiment, dimethoate presents low hazard to applicators when labeled
instructions are followed. The federal registration of dimethoate, along with
many other commonly used organophosphates, is currently under extensive
review as part of the provisions of the Food Quality Protection Act (USEPA
2000). At present, Cygénis no longer sold on Guam in the gardening sections
of local retail hardware and department stores. It may still be obtained from farm
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chemical suppliers, although these firms usually sell it in bulk quantities beyond
the financial and practical means of home gardeners and backyard farmers that
constitute the majority of Guam’s agricultural community.
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