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ABSTRACT An integrated pest management (IPM) pilot program for landscape plants was imple-
mented during 1997 and 1998 on two commercial, two residential, and one institutional property
managed by landscape professionals. When compared with preprogram, calendar-based cover spray
program costs at these sites in 1996, the IPM programwas cost-effective at one of the Þve sites in both
1997 and 1998, and cost effective at a second additional site in 1998 when the cooperator, initially
skeptical of IPM, discontinued calendar-based cover sprays performed in 1996 and 1997. The mean
cost per site was $703.40 (preprogram), $788.26, and $582.22 in 1996, 1997, and 1998, respectively.
Volume of pesticide applied decreased a mean of 86.3% on the four sites not receiving cover sprays
and increased 2.3% at site 2 (still using cover sprays) in 1997. In 1998, pesticide volume was reduced
an average of 85.3% at all Þve sites compared with preprogram levels. The majority of insect pest
problemswere correctedusing spot sprays of insecticidal soapor horticultural oil or byphysicalmeans
such as pruning. One-third of the woody plant material on the commercial and institutional sites
consisted of holly, juniper, and azalea. The most prevalent pests encountered were mites (Tet-
ranychidae), aphids, lace bugs, scales,whiteßies, and Japanese beetle. Spiderswere themost abundant
group of predatory arthropod and ants, green lacewings, and lady beetles were also well represented
in the managed landscapes.

KEY WORDS integrated pest management, landscape, key plant, beneÞcial arthropods, pesticide
use, spiders

URBAN PLANTS ARE typically considered tobehigh value
and people attach great value to their upkeep (Hart-
man et al. 1986). Most urban residents believe that
arthropod feeding damage on landscape plants has a
major impact on the quality of life (Paine et al. 1997)
and they spend a large amount of money maintaining
the plantsÕ health and esthetic appearance. More than
$1 billion per year is spent on commercial arboricul-
ture for pruning, applyingpesticides, and tree removal
(Neely et al. 1984). Pest control is a major function of
landscape maintenance Þrms (Garber and Bondari
1996). In 1993, 159 Þrms surveyed in the 20 county
metropolitan Atlanta, GA, area purchased 13,210;
3,867; and 93,447 kg of active ingredients of insecti-
cides/miticides, fungicides, and herbicides, respec-
tively (Braman et al. 1997). Thirty-two percent of the
Þrms surveyed in the metropolitan Atlanta area used

calendar sprays to time pesticide application, whereas
55%made applications at the customerÕs request (Bra-
man et al. 1997). Only 46% of the surveyed Þrms
monitored pest populations. Cover sprays were the
method-of-choice of arborists in the urban landscape
in Illinois (Neely et al. 1984).
There is general agreement that public concern

over pesticide use is a driving force for increased
integrated pestmanagement (IPM) adoption in urban
areas (Koehler 1989). There is enough information
available for arboriculture companies to begin effec-
tive IPM programs and replacing cover sprays
(Nielsen 1989). In successful landscape IPM pro-
grams, control measures were implemented by either
a contractor (Smith and Raupp 1986), the sponsoring
arboriculture company (Holmes and Davidson 1984),
the homeowner (Hellman et al. 1982, Raupp and No-
land1984), or on-campus groundskeepers (Rauppand
Noland 1984), but site monitoring was done entirely
by University personnel.
Largeor corporateÞrms in themetropolitanAtlanta

area are more inclined to use nonchemical control
than small or independent Þrms (Hubbell et al. 1997)
and 40% of the small Þrms surveyed predicted an
increase in the use of pesticides in the future (Garber
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and Bondari 1996). Small Þrms were not as aware of
the available IPM products and information as were
medium and large Þrms. These Þrms requested work-
shops focused on IPM practices, seasonal newsletters,
IPM reminders, increased public education, and “fre-
quent on-site consultation” (Garber and Bondari
1996). Forty-six percent of these Þrms cite lack of
information on pest biology, whereas 66 and 73% cite
the lack of availability or ineffectiveness of alterna-
tives to traditional pesticides as impediments to IPM
implementation, respectively (Braman et al. 1998).
The IPM Pilot Project was designed to meet the

needs of these small Þrms by evaluating IPMpractices
with a select group of landscape professionals. The
objectives were to compare the costs of traditional
pest management programs (calendar-based cover
sprays) to an IPM program, compare pesticide use,
assess the appearance of the clientsÕ properties, de-
termine the sitesÕ plant composition, assess key pest
and beneÞcial arthropod occurrence, better reÞne
monitoring efforts, and demonstrate IPM techniques
to the cooperators at their places of business for in-
corporation into management of their other proper-
ties. These techniques included scouting for pest and
beneÞcial arthropods, soil sampling and fertilization,
using properly-timed spot sprays directed at the pestsÕ
most vulnerable stage, using lower toxicity pesticides
such as horticultural oils and insecticidal soaps, using
cultural controls such as pruning, and replacing highly
susceptible plants with nonsusceptible or resistant
plants.

Materials and Methods

Site Selection. In 1996, County Extension Agents
assisted in selecting Þve landscape sites located in
Clayton, Coweta, Fayette, and Pike Counties in Geor-
gia. All were established landscapes installed before
1996 and contained a high degree of plant diversity.
Sites were �0.2Ð0.4 ha or possessed a readily identi-
Þable section of similar size. Commercial, residential,
and institutional siteswere included toprovidea range
in type of client properties. All properties were man-
aged by landscape professionals implementing calen-
dar-based cover spray programs. Three additional
sites, for a total of eight properties (two of which had
receivednocover sprays)were scouted for1yr(1998)
to educate cooperators and to obtain data on pest and
beneÞcial insect activity.

Pilot Program. Cooperators (landscape profession-
als) agreed to attend three training sessions, partici-
pate in a visit byUniversityResearchers andExtension
personnel to assess their site, provide pesticide
records,monitor thewoodyornamental plantmaterial
on the property with the scout (C.D.S.) biweekly for
45 min to 1 h, and follow the co-authorsÕ recommen-
dations for 2yr (1997 and1998).During1997 and1998,
management recommendations (pesticide treat-
ments, cultural, and physical controls) based on the
scouting results and rule of thumb thresholds (Sparks
2000), were faxed to cooperators. The cooperator at
site 2, however, continued calendar-based cover

sprays in addition to making additional pesticide ap-
plications recommended by the landscape monitor
(scout) in 1997. In 1998, this cooperator discontinued
the cover sprays and implemented the scouting-based
IPM program. The program provided training, joint-
scout cooperator monitoring, management recom-
mendations, scouting tools, a reference guide (Wood-
ward and Sparks 2000), and pocket-sized cards for
arthropod and disease identiÞcation. The landscape
monitor also prepared a collection of 50� beneÞcials,
other nontargets, and key pests for each cooperator.
Cooperators were taught to assess pest problems and
evaluate control measures in 1997 and 1998. In 1999,
joint scout-cooperator monitoring was discontinued
and the scout served as an information resource, mak-
ing occasional site visits.

Plant Composition. The location and identiÞcation
(genus, species, and cultivar, when possible) of key
plant material at each site was mapped. Con-speciÞc
plant material with a continuous canopy was por-
trayed as one plant unit (Raupp and Noland 1984).

Key Pests and Beneficial Arthropods. Woody orna-
mentalswere sampledbi-weekly for arthropod, patho-
gen, or abiotic stress, and beneÞcial arthropods from
9April to 27August 1997 and 26March to 8 September
1998. With the exception of the red imported Þre ant,
Solenopsis invicta Van Buren, turf pests and diseases
were not monitored. Sampling tactics varied to ac-
commodate the diversity of plant material. Large
shrubs (�1.5 m high) at all locations and tree-form
Burford hollies (Ilex cornuta ÔcanariensisÕ Poiret) at
one commercial site (due to a dense canopy) were
scouted by taking three beat samples over a 40 by
20-cm white enamel pan. One beat sample was taken
fromsmall shrubs(�1.5mhigh).Magnolias (Magnolia
x soulangiana Soulange-Bodin and M. stellata Siebold
& Zuccarini) were scouted by performing one, 30-s
foliar exam. Five, 30.5-cm branch terminals and the
accompanying foliage from hemlock (Tsuga canaden-
sis (L.) Carriere.) and birch (Betula nigra Michaux
and B. papyrifera Marsh) were visually examined, as
were three terminals from all other trees.

The Þrst instar (crawler) is the most vulnerable
scale insect stage to contact insecticides because it
does not have the protective wax cover characteristic
of later instars (Kosztarab 1996). Stem-infesting scale
insects weremonitored for crawlers by attaching dou-
ble-backed sticky tape to branches near female scales
or through direct observation of crawler activity. Fo-
liar scales were brought to the lab for examination.
Orton(1989)correlated scalecrawler andother insect
activity with temperature by subtracting a threshold
temperature for insect activity from the average daily
temperature. The resulting number of “growing de-
gree-days” (GDD), a measure of accumulated “ther-
mal units,” is a more accurate method of predicting
insect activity than solar calendars (Orton 1989).
Growing degree-day data were estimated for crawler
emergence of several scale species based on temper-
ature data obtained from weather stations in Jones-
boro, Roopville, GrifÞn, and Williamson, GA, located
�9Ð35 km from the sites. We present scale crawler
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data as GDD (10�C base temperature, 1 January start
date) and calendar-based data. This temperature is
used in calculating GDD data by convention (David-
son and Raupp 1999, DÕEustachio and Raupp 2001).
GDD data for other pest species were reported as
described above.

Pesticide Use. The cooperatorsÕ pesticide use was
monitored in 1997 and 1998 to determine the number
of pesticide applications, volume of pesticide, use of
lower toxicity compounds such as horticultural oils
and insecticidal soaps, and plant material/pest(s) tar-
geted. These data were compared with preprogram
(1996) pesticide data obtained through pesticide
records.

Program Costs. Pesticide costs were obtained for
each formulation used. Equipment depreciation costs
were determined using industry standards (Thomas
and Wade 1999). The $20.76/h wage for a landscape
crew chief was determined usingHORTManagement
Version 5.0 Computer Cost Estimator for Landscape
Management Services (Thomas and Wade 1999) and
included cash wages, FICA, medical and life insur-
ance, workersÕ compensation, retirement, and vaca-
tion using industry standards (Stewart 2000). Total
labor costs also included an estimated 1-h travel time
to and from each site per visit.

Results and Discussion

Plant Composition. Raupp and NolandÕs (1984)
plant unit concept provided a representative picture
of the sites. Thirty-four percent of the woody plant
material at commercial and institutional sites con-
sisted of holly (primarily Ilex cornuta Lindley & Pax-
ton and I. crenata Thunberg cultivars), juniper (Ju-
niperus horizontalis Moench, J. davurica Pallas, J.
chinensis Lindley, and J. conferta Parlatore), and aza-
lea (Table 1).Holly, juniper, and azalea accounted for
27% of the woody plant material on the University of
Maryland campus (Raupp and Noland 1984). Nearly
one-third of thewoodyplantmaterial at our siteswere
crape myrtle (Lagerstroemia indica L.), maples (Acer
spp.), Yoshino cherry (Prunus x yedoensis Mat-
sumura), oak (Quercus spp.), and dogwood (Cornus
kousa (Buerger ex Miquel) Hance and C. florida L.).
At the University of Maryland, oak, maple, and dog-
wood accounted for 26% of the woody plant material,
while crape myrtle and Yoshino cherry were not
among the top 10 most abundant trees (Raupp and
Noland 1984).

Key Pests and Beneficial Arthropods. More than 90
arthropod taxa were observed at the sites (Stewart
2000). Spiders were the most abundant arthropod on
three of the seven sites with azaleas, the most abun-
dant predatory arthropod on azaleas at six sites, and
were the second most abundant predator at the sev-
enth azalea site. Spiders comprised 2.6% (due to large
azalea lace bug and ant populations on four plants),
38.2, 22.8, 31.9, 30.0, and 12.4% of the total arthropods
detected at six sites, and 10.2% at the seventh. Spiders
were the most abundant predatory arthropods on
three of four sites containing junipers and comprised

33.1, 15.0, 12.5, and 1.1% of the total arthropods ob-
served. Ants weremost abundant on junipers (2.6% of
the total arthropods detected) at the latter site and
were associated with aphids early in the season. Spi-
ders were the most common arthropods on boxwood
on three of four sites containing boxwoods, and most
abundant predators on all four comprising 49.7, 46.3,
64.6, and 4.2% of the total. They were the most com-
mon arthropod onmagnolia comprising 66.0, 40.3, and
18.5% at three sites of the Þve sites containing mag-
nolias, and 5.7 and 14.3% at the other two sites. Other
common predators on these plants were generalists
including ants (Formicidae), green lacewings (Chry-
sopidae), lady beetles (Coccinellidae), big-eyed bugs
(Lygaeidae), and dustywings (Coniopterygidae).

Hellman et al. (1982) reported that one-third of the
recommendations made on their properties were cul-
tural in nature. In our study, many potential plant
health or esthetic problems were identiÞed and re-
duced or eliminated by physical means such as prun-
ing or hand removalwhile scouting. These include the
following: azalea and camellia leaf gall (Exobasidium
vaccinii and E. camelliae), bagworm (Thyridopteryx
ephemeraeformis Haworth), eastern tent caterpillar
(Malacosoma americanum F.), fall armyworm egg
masses (Spodoptera frugiperda J. E. Smith), fall web-
worm (Hyphantria cunea Drury), Þreblight (Erwinia
amylovora), various lepidopteran and sawßy larvae,
pine spittlebug (Aphrophora cribata Walker), and
small localized populations of scales.
Scale pests were abundant and included camellia

scale (Lepidosaphes camelliaeHoke), cottonycamellia

Table 1. Most common trees and shrubs encountered on com-
mercial/institutional properties during the IPM Pilot Program in
Georgia in 1996–1998

% of total
units (565)

Tree Crape myrtle (Lagerstroemia indica L.) 6.85
Maple (Acer spp.) 6.50
Yoshino cherry (Prunus x yedoensis

Matsumura)
5.80

Oak (Quercus spp.) 5.62
Dogwood (Cornus florida L., C. kousa

Buerger ex Miquel)
5.10

Bradford pear (Pyrus calleryana Decaisne) 2.81
Magnolia x soulangiana Soulange-Bodin, M.

stellata Siebold & Zuccarini
2.81

Birch (Betula nigra Michaux and B.
papyrifera Marsh)

2.64

Southern waxmyrtle (Myrica cerifera L.), Elm
(Ulmus spp.)

2.64

Loblolly pine (Pinus taeda L.) 2.28
Japanese zelcova (Zelcova serrata

(Thunberg) Makino)
2.11

Shrub Holly (Ilex spp.) 21.44
Juniper (Juniperus spp.) 7.21
Azalea (Rhododendron spp.) 5.27
Laurel (Prunus laurocerasus M. J. Roem) 3.87
Barberry (Berberis spp.) 2.81
Nandina domestica Thunberg 2.11
Privet (Ligustrum spp.) 1.93
Abelia spp. 1.76
Cotoneaster (Cotoneaster spp.) 0.88
Boxwood (Buxus spp.), Euonymus spp. 0.70

Total 96.48
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scale (PulvinariaflocciferaWestwood), cottonymaple
leaf scale (Pulvinaria acericola Walsh & Riley), elon-
gatehemlock scale (Fiorinia externaFerris),European
fruit lecaniumscale (ParthenolecaniumcorniBouché),
pine needle scale (Chionaspis pinifoliae Fitch), tea
scale (Fiorinia theae Green), and wax scale (Cero-
plastes spp.).
Cottony camellia scale (Pulvinaria floccifera West-

wood) populations consisting of Þve or less adult fe-
males were detected on two sites (Table 2). Two
hatchingcottonymaple leaf scale (Pulvinariaacericola
Walsh & Riley) egg sacs were detected in 1997 and
one was seen 1998. Elongate hemlock scale (Fiorinia
externa Ferris) was detected on two trees in 1997 and
crawlers seen in 1998. All elongate hemlock scale
stages have been reported occurring during the grow-
ing seasonwith themajority of active crawlers present
inMay and/or June (Stimmel 1980, Johnson andLyon
1991). European fruit lecanium scale (Parthenoleca-
nium corni Bouché) crawlers have been reported in
June in the northeast United States (Kosztarab 1996).
A heavy infestation of tuliptree scale (Toumeyella li-
riodendri Gmelin) was discovered on the same prop-
erty in 1997 and the tree was removed soon thereafter
to prevent the infestation from spreading to nearby
poplars (Liriodendron tulipifera L.) and magnolias
which it also infests (Johnson and Lyon 1991). Tu-
liptree scale is univoltine in the northeastern United
States with crawlers present in August and September
(Johnson and Lyon 1991). In the southern United
States, multiple or even continuous generations can
occur (Hamon and Williams 1984). Wax scale (Cero-

plastes spp.) immatures (3Ð5 mm in diameter) were
removed at later dates in both 1997 and 1998. Degree-
day data presented here do not always reßect Þrst
occurrence in the region and may coincide with new
infestations corresponding to second or later genera-
tions.
The azalea lace bug, (Stephanitis pyrioides Scott),

themost important pest of azaleas (Neal andDouglass
1988, BramanandPendley 1992),was scoutedbybeat-
ing the foliageover40by20-cmwhiteenamelpan.The
majority of azalea lace bugs detected throughout the
1998 growing season were adults: 128 of 135 (94.8%),
143 of 184 (77.7%), 188 of 211 (89%), 735 of 825 (89%),
27 of 36 (75%), and one of one (100%). We suspect
that we missed the Þrst generation of emerging
nymphs in both years for this very reason (Table 3).
Braman et al. (1992) observed the Þrst generation of
emerging nymphs at Julian date 74 and 75 (GDD 213
above base 10.2�C) in 1989 and 1990, respectively, by
removing randomly selected leaves and microscopi-
cally examining them. The key to successful control of
this important pest is to kill the emerging Þrst instars
in early spring before they reach the adult stage and
reproduce (Sparks 2000). A more practical early-sea-
son scouting technique is to examine the underside of
leaves exhibiting the characteristic chlorosis on the
upper leaf surface, and tar-like excrement on the
lower leaf surface using a hand lens. Growing degree
data for other key pests are presented in Table 3.
Azalea leafminer (Caloptilia azaleella Brants)

adults were detected on azalea at a only a single site
on Þve dates during the 2-yr study (Table 4) with a

Table 2. Immature scale insects and growing degree day data (GDD) in managed landscapes in Georgia

Species Common name
1997 1998

Date(s) GDD Date(s) GDD

Ceroplastes spp. Wax scalea 30 June to 29 July 1,942 to 2,635 3 June to 30 July 1,334 to 2,971
Fiorinia externa Ferris Elongate hemlock

scale
Ñ Ñ 16 June and 30 June 1,657 and 2,087

Parthenolecanium corni
Bouché

European fruit
lecanium scale

7 May to 4 June 846 to 1,263 19 May to 16 June 930 to 1,657

Pulvinaria floccifera
Westwood

Cottony camellia
scalea

7 May & 17 June 846 and 1,615 19 May and 16 June 930 and 1,657

Pulvinaria acericola Walsh and
Riley

Cottony maple
leaf scalea

5 June & 14 July 1,650 and 2,498 30 July 3,090

Toumeyella liriodendri Gmelin Tuliptree scale 15 July 2,235 Ñ Ñ

Ñ,Tree removedbypropertyowner at theendof 1997 toprevent spreadof scale tonearbypoplars (Liriodendron tulipiferaL.) andmagnolias.
a Not a common name approved by the Entomological Society of America.

Table 3. Activity and growing degree day data (GDD) for selected pests in managed landscapes in 1997 and 1998

Species Common name-stage
1997 1998

Date(s) GDD Date(s) GDD

Cotinus nitida Linnaeus Green June beetle - adult 15 July to 12 Aug 2,235 to 2,958 30 June to 30 July 2,048 to 2,906
Hyphantria cunea Drury Fall webworm - larva 15 July to 27 Aug 2,235 to 3,333 15 July to 27 Aug 2,530 to 3,694
Popillia japonica Newman Japanese beetle - adult 21 May to 12 Aug 1,028 to 2,958 6 May to 30 July 650 to 2,971
Stephanitis pyrioides Scott Azalea lace bug - adult 9 April to 27 Aug 598 to 3,333 26 Mar to 8 Sept 206 to 4,021
Stephanitis pyrioides Scott Azalea lace bug - nymph 9 April, 23 April,

17 JuneÐ27 Aug
598, 711, 1,491
to 3,333

26 Mar to 21 Apr, 3
June to 16 June,
14 July to 8 Sept

206 to 502
1,334 to 1,657
2,498 to 4,021

Tinocallis kahawaluokalani
Kirkaldy

Crapemyrtle aphid 7 May to 27 Aug 846 to 3,333 6 May to 8 Sept 648 to 4,021
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seasonal mean of 0.05 adult azalea leafminers per beat
sample. Damage was minimal. In Florida, this gracil-
larid pest which only attacks azalea, undergoes con-
tinuous generations with peak populations in nurser-
ies occurring January through March (Mizell, III, and
Schiffhauer 1991). InMaryland, it undergoes two gen-
erations per year with adults emerging in June and
August (Davidson and Raupp 1994). The numbers we
encountered were too low to draw conclusions re-
garding its voltinism in Georgia. While considered to
be a serious problem in landscapes, greenhouses, and
nurseries wherever evergreen azaleas are grown
(Johnson and Lyon 1991, Davidson and Raupp, 1994),
our study indicates that the azalea leafminer in rarely
encountered in managed landscapes in Georgia.
Boxwood leafminer (Monarthropalpus flavus

Schrank) adults emerged from boxwoods 7 April to
21April with peak emergence on 14April (417GDD).
In Maryland and southeastern Pennsylvania, box-
wood leafminer adults emerged in late April (352
GDD) and early May with peak emergence at 440
GDD (DÕEustachio and Raupp 2001).

Metcalfa pruinosa (Say), a ßatid planthopper was a
concern of a number of the cooperators and their
clients, due, primarily to the white, cottony ßoccu-
lence and cast skins produced. Ovipositional damage
hasbeen implicated inkilling small twigs(Johnsonand
Lyon 1991).We saw no nonesthetic damage on any of
the 15 plant taxa on which the insect was found. In
addition, to thepublishedhost range(DeanandBailey
1961, Wilson andMcPherson 1981, Johnson and Lyon
1991) M. pruinosa nymphs and adults were observed
feeding on boxwood (Buxus spp.), Cotoneaster dam-

meri ÔCoral beautyÕ (C. K. Schneid), hemlock (Tsuga
canadensisL.), crapemyrtle (Lagerstroemia indicaL.),
androse(Rosa spp.).Nymphsweredetected in Illinois
30May to early August, with adults present from early
July to early October (Wilson and McPherson 1981).
In Georgia, activity dates of both stages occurred ear-
lier in the season (Table 4).

Pesticide Use. Insecticide/acaricide applications
were made at one or more sites to control aphids,
primarily crape myrtle aphid (Tinocallis kahawalu-
okalani Kirkaldy) and others; boxwood mite (Eury-
tetranychus buxi Garman), bagworm (Thyridopteryx
ephemeraeformis Haworth), dogwood borer (Synan-
thedon scitulaHarris), Japanese beetle adults (Popillia
japonica Newman), azalea and hawthorn lace bugs
(Stephanitis pyrioides Scott and Corythuca cydoniae
Fitch), red imported Þre ant (Solenopsis invicta Van
Buren), sawßy larvae (Argidae) on Hibiscus spp., spi-
der mites (Tetranychidae), camellia scale and wax
scale (Lepidosaphes camelliae Hoke, and Ceroplastes
spp.); and whiteßy (Aleyrodidae). Chemical controls
were implemented for the following diseases: black
spot (Diplocarpon rosae) and powderymildew (Spha-
erotheca pannosa variety rosae) on rose (Rosa spp.),
powdery mildew (Podosphaera clandestina) on Spirea
spp., and shothole (Cercospora spp.) on laurel (Prunus
laurocerasus M. J. Roem).

This program was successful in increasing cooper-
ator and, to a lesser extent, client awareness of the key
plants, arthropods, diseases and beneÞcials. Impor-
tantly, the cooperators learned what not to spray. In
both 1997 and 1998, more than 70 herbivorous arthro-
pod taxa, 20 beneÞcial arthropod taxa, and more than

Table 5. Comparison of amount of insecticide and fungicide used in liters and number of pesticide applications in selected Georgia
urban landscapes in 1996, 1997, and 1998

Site Type

1996 (Cover spray) 1997 (IPM)a 1998 (IPM)
% reduction in

pesticides

Pesticide
(liters)

No. of
sprays

Pesticide
(liters)

No. of
sprays

Pesticide
(liters)

No. of
sprays

1997 1998

1 C 265.0 2 54.9 5 34.1 3 79.3 87.1
2a C 1,893.9 5 1,939.4 7 90.9 4 �2.3 95.2
3 I 227.3 4 56.8 5 22.7 2 75.0 90.0
4 R 314.4 12 30.3 4 125.0 9 90.4 60.2
5 R 3,787.9 10 27.8 3 234.8 4 99.3 93.8

C, commercial property; I, institutional property; R, residential property.
a Cooperator continued cover sprays in 1997.

Table 4. Activity and growing degree day data (GDD) for selected pests in managed landscapes in 1998

Species Common name- stage Dates GDD

Caloptilia azaleella Brants Azalea leafminer - adult 19 May; 3 June, 30 June, 14 July,
12 Aug

926, 1,317; 2,048, 2,444; 3,237

Corythucha arcuata Say Oak lace bug - adult 19 May to 3 June, 30 June,
30 July to 8 Septa

930 to 1,334; 2,087; 2,971 to 4,021

Corythucha arcuata Say Oak lace bug - nymph 19 May to 3 June, 30 June
to 30 July

930 to 1,334; 2,087 to 2,971

Malacosoma americanum Fabricius Eastern tent caterpillar - larva 26 March to 21 April 206 to 504
Metcalfa pruinosa Say None - adult 3 June to 8 Sept 1,334 to 4,021
Metcalfa pruinosa Say None - nymph 21 April to 30 July 502 to 2,971
Monarthropalpus flavus Schrank Boxwood leafminer - adult 7 April to 21 April 361 to 504

a Adult oak lace bugs Þrst detected 27 Aug. 1997 (3694 GDD).
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20 plant diseases were detected. Very few of these
required treatment.On three sites the clients replaced
or planned to replacewithin a year, heavily infested or
highly pest prone plants when advised that high levels
of pesticide inputs would be required to meet their
esthetic expectations. Hellman et al. (1982) estimated
that substituting resistant plants in landscapes in place
of similar plants susceptible to insects and diseases
would reduce pesticide use at their residential sites by
40Ð80%. The azalea lace bug and two-lined spittlebug,
two key pests, were most effectively suppressed in
landscapes designed using resistant species of woody
ornamentals and turf (Braman et al. 2000).
Furthermore, a survey of Georgia homeowners re-

vealed that 72% want to learn more about resistant
plants (Varlamoff et al. 2000).
In the IPM-basedprogram implemented in 1997 and

1998, lower volume spot sprays directed at speciÞc
pests and plant material replaced cover sprays target-
ing a wide range of plant material. When compared
with 1996 (calendar-based cover sprays), the volume
of pesticide applied in 1997 decreased amean of 86.3%
on four sites and increased 2.3% at site 2, where cover
sprays continued to be used (Table 5). In 1998, all Þve
sites eliminatedcover sprays andpesticidevolumewas
85.3% lower than in 1996. The number of pesticide
applications increased at site 1, a commercial prop-
erty, during both years of the IPM program, and de-
creased at site 2, the other commercial property, in
1998 when the cooperator discontinued the calendar-
based cover spray program (Table 5). The number of
applications at site 3, an institutional property, in-
creased initially but declined during the second year
of the IPM program. Pesticide applications at the res-
idential properties, sites 4 and 5, decreased during
both years of the IPM program.

The percentage of lower toxicity pesticides (horti-
cultural oil and insecticidal soaps) used increased in
1997 and 1998 (Table 6). The greatest increases in the
percentage of lower toxicity compounds were ob-
served on the commercial and institutional sites (sites
1Ð3) at which neither fungicides nor Japanese beetle
control measures were required. Fungicides were ap-
plied on one residential site andwere 1.2, 0, and 18.2%
of the total pesticide volume applied in 1996, 1997, and
1998, respectively.

ProgramCosts.The IPMprogramwascost-effective
relative to preprogram costs (1996) at one of the Þve
sites in both 1997 and 1998, and cost effective at a
second site (site 2) in 1998 when the cooperator,
initially skeptical of IPM,discontinuedcalendar-based
cover sprays performed in 1996 and 1997 (Table 7).
The mean cost per site was $703.40, $788.26, and
$582.22 in 1996, 1997, and 1998, respectively. Pesticide
costs decreased at every site except site 2 (in 1997).
Equipment costs decreased at sites 3Ð5 in 1997 and at
all sites in 1998. Labor costs, increased at all sites but
site 5.
Urban IPM programs have been performed with

varying degrees of success. Hellman et al. (1982) ob-
served that 98% of the clients were satisÞed with the
program but observed no immediate change in pesti-
cideusepatterns. IPMresulted inconsiderable savings
in an urban arboriculture project in California
(Olkowski et al. 1976). Pesticide use was reduced 94%
on 26 residential properties inMaryland (Holmes and
Davidson 1984). In a 2-yr study in three Maryland
communities (Smith and Raupp 1986) pesticide use
fell 87 and 79%and the communities saved 31 and 12%.
The two latter programs were cost-effective despite
higher labor costs.
Our IPM program was successful both at reducing

pesticide use and increasing the percentage of lower
toxicity compounds (soaps and oils) at all sites. It was
cost-effective at two of the Þve sites. Labor accounted
for 79.5% of the costs of the calendar-based cover
spray program in 1996. Excluding site 2 from the 1997
analysis, since the cooperator continued his cover
spray program in 1997, labor, predominately scouting
time, accounted for 98.6% and 98.2% of the cost of the
IPM program in 1997 and 1998, respectively. Further
research needs to include the development of tech-
niques which will allow landscape managers to scout
more effectively and reduce labor costs without ad-

Table 6. Percentage of horticultural oils and insecticidal soaps
used (by volume) at five urban landscapes

Site Type 1996 1997 (IPM) 1998 (IPM)

1 C 0.0 100.0 100.0
2a C 20.0 21.9 100.0
3 I 0.0 53.3 100.0
4 R 0.0 13.6 51.6
5 R 0.0 87.8 21.2

C, commercial property; I, institutional property; R, residential
property.

a Cooperator continued cover sprays in 1997.

Table 7. Pesticide, equipment, and labor costs of the 1996 cover spray and 1997/1998 IPM programs in an IPM Pilot Program for
landscape professionals

Site
1996 (Cover spray) 1997 (IPM)a 1998 (IPM)

Pesticides Equipment Labor Total Pesticides Equipment Labor Total Pesticides Equipment Labor Total

1 $31 $8 $213 $252 $8 $13 $783 $804 $5 $0.4 $568 $573
2a $330 $86 $617 $1,033 $333 $88 $1,137 $1,558 $7 $3 $558 $568
3 $9 $7 $242 $258 $2 $2 $535 $539 $5 $0.6 $548 $554
4 $28 $14 $172 $214 $3 $1 $514 $518 $14 $12 $656 $682
5 $354 $173 $1,233 $1,760 $8 $1 $514 $523 $5 $5 $526 $536

Sum $752 $288 $2,477 $3,517 $354 $105 $3,483 $3,942 $36 $21 $2,856 $2,913

a Cooperator continued cover sprays in 1997.
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versely affecting esthetics. The development and in-
creased use of plants resistant or less-susceptible to
key pests may decrease the amount of plant material
requiring regular scouting. Increasing the structural
complexityof landscapes should result in greaternum-
bers of beneÞcial arthropods and fewerpest outbreaks
(Leddy (Shrewsbury)1996, Shrewsbury and Raupp
2000). More research relating the vulnerable stage of
key pests to growing degree-days, combined with
growing degree-day alerts will assist in further focus-
ing scouting efforts. Lack of esthetic injury thresholds
limit the adoption of IPM in the landscape (Potter
1986, Raupp et al. 1988, Klingeman et al. 2000). The
impact of beneÞcial arthropods, especially spiders, on
these injury thresholds needs to be determined and
incorporated into easy to use guidelines thatwill allow
a scout to accurately and quickly assess the potential
impact of a given pest population. Further develop-
ment and implementation of these techniques should
result in more cost-effective IPM programs.

Acknowledgments

We thank the County Extension Agents and landscape
professionals for their assistance in implementing the IPM
Pilot Program. We would also like to thank the two anony-
mous reviewers for their many valuable comments. This
project was supported in part by grants from the Pollution
PreventionAssistanceDivision of theDepartment ofNatural
Resources and the USDA-CREES Southern Regional IPM
program.

References Cited

Braman, S. K., and A. F. Pendley. 1992. Evidence for resis-
tance of deciduous azaleas to azalea lace bug. J. Environ.
Hortic. 10: 40Ð43.

Braman, S. K., A. F. Pendley, B. Sparks, and W. G. Hudson.
1992. Thermal requirements for development, popula-
tion trends, and parasitism of azalea lace bug (Heterop-
tera: Tingidae). J. Econ. Entomol. 85: 870Ð877.

Braman, S. K., R. D. Oetting, and W. Florkowski. 1997.
Assessment of pesticide use by commercial landscape
maintenance and lawn care Þrms in Georgia. J. Entomol.
Sci. 32: 403Ð411.

Braman, S. K., J. G. Latimer, and C. D. Robacker. 1998.
Factors inßuencing pesticide use and integrated pest
management implementation in urban landscapes: a case
study in Atlanta. HortTechnology. 8: 145Ð149.

Braman, S. K., J. G. Latimer, R. D. Oetting, R. D. McQueen,
T.B.Eckberg, andM.Prinster. 2000. Management strat-
egy, shade and landscape composition effects on urban
landscape plant quality and arthropod abundance. J.
Econ. Entomol. 93: 1464Ð1472.

Davidson, J. A., and M. J. Raupp. 1999. Landscape IPM
guidelines for integrated pest management of insect and
mite pests of landscape trees and shrubs. Bulletin350.
Maryland Cooperative Extension Service, College Park,
MD.

Dean, H. A., and J. C. Bailey. 1961. A ßatid planthopper,
Metcalfa pruinosa. J. Econ. Entomol. 54: 1104Ð1106.

D’Eustachio, G., and M. J. Raupp. 2001. Application of sys-
temic insecticides in relation toboxwoodÕs leafminerÕs life
history. J. Arboric. 27: 255Ð261.

Garber, M. P., and K. Bondari. 1996. Landscape mainte-
nance Þrms: II. pest management practices. J. Environ.
Hortic. 14: 58Ð61.

Hamon, A. B., and M. L. Williams. 1984. The Soft Scale
Insects of Florida (Homoptera: Coccoidea: Coccidae).
Contribution 600. FloridaDepartment of Agriculture and
Consumer Services, Gainesville, FL.

Hartman, J. R., J. L. Gerstle, M. Timmons, and H. Raney.
1986. Urban integrated pest management in Ken-
tuckyÑa case study. J. Environ. Hortic. 4: 120Ð124.

Hellman, J. L., J. A. Davidson, and J. Holmes. 1982. Urban
ornamental and turf integrated pest management in
Maryland, pp. 31Ð38. In H. D. Niemczyk and B. G. Joiner
(eds.), Advances in turfgrass entomology. Hammer
Graphics, Picqua, OH.

Holmes, J. J., and J. A. Davidson. 1984. Integrated pest man-
agement for arborists: implementation of a pilot program.
J. Arboric. 10: 65Ð70.

Hubbell,B. J.,W. J.Florkowski,R.Oetting, andS.K.Braman.
1997. Pest management in the landscape/lawn mainte-
nance industry: a factor analysis. J. Prod. Agric 10: 331Ð
335.

Johnson, W. T., and H. H. Lyon. 1991. Insects that feed on
trees and shrubs, 2nd ed., revised. Cornell University
Press, Ithaca, NY.

Klingeman,W.E., III., S.K.Braman, andG.D.Buntin. 2000.
Evaluating grower/landscape manager and consumer
perceptions of azalea lace bug feeding injury. J. Econ.
Entomol. 93: 141Ð148.

Koehler, C. S. 1989. Prospects of implementation of IPM
programs for ornamental plants. Fla. Entomol. 72: 391Ð
394.

Kosztarab, M. 1996. Scale insects of northeastern North
America. Virginia Museum of Natural History. Martins-
ville, VA.

Leddy (Shrewsbury), P. M. 1996. Factors inßuencing the
distribution and abundanceof azalea lace bug, Stephanitis
pyrioides, in simple and complex landscape habitats.
Ph.D. dissertation, University of Maryland, College Park.

Mizell,R.F., III, andD.E. Schiffhauer. 1991. Biology, effect
on hosts, and control of the azalea leafminer (Lepidop-
tera: Gracillaridae) on nursery stock. Environ. Entomol.
20: 597- 602.

Neal, Jr., J. W., and L. W. Douglass. 1988. Development,
oviposition rate, longevity, and voltinism of, an adventive
pest of azalea, at three temperatures. Environ. Entomol.
17: 827Ð831.

Neely, D., E. B. Himelick, and S. Cline. 1984. Assessment of
pesticide usages by commercial and municipal arborists.
J. Arboric. 10: 143Ð147.

Nielsen, D. G. 1989. Integrated pest management in arbo-
riculture: fromtheory topractice. J.Arboric. 15(2): 25Ð30.

Olkowski, W. H., H. Olkowski, R. van den Bosch, and R.
Hom. 1976. Ecosystem management: a framework for
urban pest control. BioScience 26: 384Ð389.

Orton, D. A. 1989. Coincide: the Orton system of pest man-
agement. PlantsmenÕs Publications, Flossmoor, IL.

Paine, T. D., J. G. Millar, T. S. Bellows, Jr., and L. M. Hanks.
1997. Enlisting an underappreciated clientele: public
participation in distribution and evaluation of natural
enemies in urban landscapes. Am. Entomol. 43: 163Ð172.

Potter, D. A. 1986. Urban landscape pest management, pp.
219Ð252. In G. W. Bennett and J. M. Owens (eds.), Ad-
vances in urban pest management. Van Nostrand Rein-
hold, New York.

Raupp, M. J., and R. M. Noland. 1984. Implementing land-
scape plant management programs in institutional and
residential settings. J. Arboric. 10: 161Ð169.

August 2002 STEWART ET AL.: LANDSCAPE IPM PILOT PROGRAM 795



Raupp, M. J., J. A. Davidson, C. S. Koehler, C. S. Sadof, and
K. Reichelderfer. 1988. Decision-making considerations
for aesthetic damage caused by pests. Bull. Entomol. Soc.
Am. 34: 27Ð32.

Shrewsbury, P. M., and M. J. Raupp. 2000. Evaluation of
components of vegetational texture for predicting azalea
lace bug, Stephanitis pyrioides (Heteroptera: Tingidae),
abundance inmanaged landscapes. Environ. Entomol. 29:
919Ð926.

Smith, D. C., and M. J. Raupp. 1986. Economic and envi-
ronmental assessment of an integrated pest management
program for community-owned landscapeplants. J. Econ.
Entomol. 79: 162Ð165.

Sparks, B. L. 2000. Insect pests of ornamentals and turf-
grasses: identiÞcation, monitoring and control strategies,
pp. 3Ð1, 3Ð2. In B. Sparks and J. Williams-Woodward
(eds.), Landscape integrated pest management manual.
College of Agricultural & Environmental Sciences, Uni-
versity of Georgia, Athens, GA.

Stewart, C. D. 2000. Evaluating and improving pest man-
agement in the urban landscape. Ph.D. dissertation, Uni-
versity of Georgia, Athens.

Stimmel, J. F. 1980. Seasonal occurrence of Fiorinia externa
Ferris in Pennsylvania. (Homoptera: Diaspididae). Proc.
Entomol. Soc. Wash. 82: 700Ð706.

Thomas, W. and G. Wade. 1999. HORT Management, ver-
sion 5.0., Computer cost estimator for landscapemanage-
ment services. College of Agricultural & Environmental
Sciences, University of Georgia, Athens.

Varlamoff, S., J. G. Latimer, W. J. Florkowski, J. L. Jordan,
and S. K. Braman. 2000. Homeowner interest in envi-
ronmental gardening practices. Pollut. Prevent. Rev. 10:
39Ð48.

Wilson, S. W., and J. E. McPherson. 1981. Life histories of
Anormenis septentrionalis, Metcalfa pruinosa, and Orm-
enoides venusta with descriptions of immature stages.
Ann. Entomol. Soc. Am. 74: 299Ð311.

Woodward, J. W. and B. L. Sparks [eds.]. 2000. Landscape
integratedpestmanagementmanual. Special BulletinNo.
35. College of Agricultural & Environmental Sciences,
University of Georgia, Athens.

Received for publication 6 November 2000; accepted 31
January 2002.

796 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 95, no. 4




