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ABSTRACT: 

The development and implementation of integrated 
pest management (IPM) for woody ornamentals and 
turf in the landscape is evolving rapidly in the United 
States. In an environment characterized by 
tremendous diversity ofplant materials and associated 
pests, IPM efforts can be more finely focused by 
adopting key plant/key pest strategies. The 
difficulties inherent in developing decision rules for 
aesthetic injury are being addressed in research and 
education efforts. Opportunities exist for increasing 
public tolerance of what constitutes acceptable pest 
pressure through research-based knowledge of 
pest/damage relationships. 

Biologically-based, biorational, and cultural 
management methods are gradually increasing in 
availability, consistency of performance. and 
frequency of use. Particular opportunities exist for 
the development of pest-resistant plant based 
management strategies that integrate other control 
methods. 
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HISTORICAL PERSPECTIVE 

This review emphasizes advances in the 
development and implementation of integrated pest 
management (IPM) strategies for the urban landscape. 
Historically, pest management in outdoor, urban 

reliance on traditional chemical control methods. 
Alternative management strategies for this system 
have lagged considerably behind those for traditional 
agriculture (SO). However, the economic impetus of 
a burgeoning environmental horticulture industry (.36, 
37) and increasing cpncem for potential 
environmental and human health risks associated with 
pesticide use have fostered renewed effort in research 
and education relevant to the development and 
implementation of lPM for the urban landscape. 

hnpediments to implementation of integrated 
pest management for landscape and turf have 
included inadequate pest sampling methods; limited 
numbers of easily implemented, reliable. and cost
effective alternative pest control methods; and 
inadequate funding of research on development of 
alternative pest control methods and information 
delivery (37.38,45, SO). Despite limited funding for 
research. significant advances have been achieved in 
each of the many areas that contribute to the 
development of cohesive, comprehensive IPM 
programs for the landscape. We emphasize here 
recent developments in these component areas. 

ARTHROPOD PESTS OF WOODY 
LANDSCAPE PLANTS AND TURF 

Tremendous biotic diversity characterizes 
urban landscapes resulting in a complexity of plant
pest associations requiring some method ofdefinition 
of focus to render lPM programs even remotely 
feasible. The key plantlkey pest concept (49, SO) has 
enormous potential for practical8PJ)lication in diverse 
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to consistently experience infestation and damage and 
to focus management efforts in a cost-effective 
manner. In a survey of 350 lawn carellandscape 
maintenance firms, for example, evergreen azaleas 
were represented in 87% of landscapes (Table 1) and 
were reported as often requiring insecticide by 35% 
of the respondents. Deciduous azaleas, however, 
although only listed as represented in managed 
landscapes by 68% of respondents, were rated as 
seldom or never requiring insecticides by 56% of 
respondents. The most readily available deciduous 
a:zaleas are less vulnerable to infestation and damage 
by the azalea lace bug, the key pest of evergreen 
azaleas. 

At least 26 insect and mites may become at 
least occasional pests of managed turfgrasses; 
numerous others affect woody plants. Their 
ch1U'acteristics and biology are presented in 
comprehensive texts both for the specialist and the 

general IPM practitioner (e.g., 21, 33, 38, 59). 
Relatively few of these potential pests consistently 
achieve pest status. Although key pests vary by 
region, major pest groups for turfgrass include white 
grubs, billbugs, mole crickets, lepidopterous larvae, 
chinch bugs and fire ants. The most consistently 
problematic groups on woody plants include scale 
insects, mites, lepidopteran and coleopteran borers 
and foliar feeders, and lace bugs. 

Although comparable national figures for 
landscape use are not available, a national survey of 
pesticide use on sod farms illustrates that in the 
United States most of the insecticides applied to turf 
target soil- dwelling pests (Fig. 1) (42) indicating 
their importance as key pests. There was a difference 
among regions in primary pest status. For example, 
while white grubs were treated with the highest 
percentage of active ingredient of insecticide in 3 of 
5 regions (eastern and western northern U.S. and far 

Table 1. Identification ofkey plants based on occurrence in the landscape and degree ofpesticides 
used (landscape maintenance industry survey) 

Percent offe8!1ODSeS gilog insecticide !!n garticular glM' material Bod ger,~gt !!( rJ..rm~ 
having that glaot in seryiced langapes 

Pianttype 
, 

Evergreen azalea 

Deciduous azalea 

Boxwood 

Camellia 

Euonymous 

BoDy 

Rose 

Pyracantha/ 
cotoneaster 

Oak 

Juniper 

often seldom never plant 
applied applied applied occurs 

35 33 19 87 

11 26 30 68 

14 27 35 77 

7 36 33 76 

28 30 20 79 

8 37 39 84 

40 16 15 70 

28 22 24 74 

3 31 47 80 

27 29 28 84 
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~ Mole Crickets II White Grubs ~ Worms ED Billbugs 
II Chinch Bugs D Fire Ants' D Other 

Fig. I. Percent of insecticides applied for control of different pest categories in turf (Oetting andAllison 1994). 

western part ofthe southern U.S.), in region 4 (south 
~central U.S) the highest percentage of active 
ingredient was used against chinch bugs (73%). In 
region 5 (southeastern U.S. 66.6% of the active 
ingredient was used for mole cricket cofttrol. 

MONITORING. PEST PREDICTION AND 

DECISION MAKING 


Adequate sampling and. an understanding of 
pest phenology are critical components of IPM 
programs for any managed system. Forecasting 
models based on heat accumulations, the influence of 
soil moistu.re, or host plant phenology have been 
developed for a variety of landscape and turfgrass 
pests or their natural enemies (e.g., 7, 11,39,40,43, 
46). A variety oftrapping and monitoring approaches 

are employed in landscape IPM settings. Pheromone 
traps permit survey and detection, and timing of 
intervention for such pests as c1earwing borers, 
Japanese beetles, gypsy moth, cutworms, armyworms, 
sod webworms, bark beetles and others (reviewed in 
37,45,50). 

The development of non~invasive, time 
efficient means of pest population assessment 
particularly for unapparent, subterranean pests with 
patchy distributions such as white grubs or mole 
crickets remains a critical need. Recent research (11, 
41) has examined the issue of sampling plans for 
white grubs. A threshold of 0.25 European chafer 
Rhizotrogus mqjalis (Razoumowski) grubs per·tt~cm 
diameter turf plug is based on an assessment of data 
from 317 residential sites near Rochester, NY (41). 
This decision rule functions in two steps. First, the 
age of the lawn, percentage of shading, and 

http:moistu.re
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percentage of the lawn that is an especially 
susceptible turf type is assessed. The site is then 
classified as requiring no sampling or treatment, or 
should be sampled and a treatment decision made 
based on these additional data. Advantages to this 
system of initially incorporating a risk assessment 
protocol, were a savings in sampling resources and a 
lessening of the likelihood of erroneously 
categorizing a site. Additional work of this type is 
needed. 

Pest control decision rules incorporate 
information concerning the density of the pest of 
interest, a threshold of unacceptable insect-induced 
injury, and some means of predicting when that 
threshold will be reached. Decision making for 
landscape plants is complicated by the fact that 
perceiVed value of ornamental plants is variably 
affected by aesthetic judgements of consumers or 
clients of landscape management professionals. 

Recent reviews of studies that have sought to 
develop aesthetic injury levels for pests ofornamental 
plants have been in general agreement that consumers 
or survey respondents believe that plants with less 
than 100/0 insect or mite- induced injury are damaged 
and unacceptable (15, 16, 50, 55~ 56). The public, in 
general, has a low tolerance of insect presence or 
injury. Evaluations of this type provide unique 
opportunities for altering public perception of what 
constitutes acceptable pest pressure through 
education. Definitive research-based results that 
conclusively indicate no substantial risk to plant 
health associated with these low levels ofdamage can 

, support these educational efforts and are a critical 
research need. 

INTERVENTION OPTIONS 

Chemical Pest Suppression 

Application of inorganic and botanical 
insecticides was common until the development of 
synthetic organic insecticides following World War 
II. Cyclodiene insecticides were used extensively to 
conlrol insect pests of the landscape during the 19508 
and 1960s. Currently, there are several materials 
commonly recognized as biorational pesticides that 
are increasingly used for control of landscape pests. 

These include horticultural oils, insecticidal soaps, 
azadirachtin-based products, Bacillus thuringiensis 
products, and entomogenous nematodes. 
Horticultural oils were purchased by 33% of lawn 
carel landscape maintenance firms in the metro
Atlanta area (Table 2) and accounted for 42% of the 
total active ingredient purchased by 159 firms that 
included pest management in their services. 

Insect growth regulators, not previously 
widely available for use in landscapes have been 
recently registered or are near registration for use on 
turfand ornamentals. New chemistry represented by 
materials such as imidacloprid and fipronil offer 
increasing options to managers of landscape or 
recreational turf and ornamentals. Strains of B.t. 
showing effectiveness against scarabaeid grubs may 
offer additional options to replace less effective 
bacterial products (53). 

Host Plant Resistance 

The opportunities afforded by pest 
management through use of resistant plant material 
are enormous. Although traditional breeding 
programs have concentrated primarily on horticultural 
and agronomic aspects ofcultivars, entomologists and 
pathologists are increasingly contributing to the plant 
improvement effort in the initial stages of screening. 
Knowledge ofpest susceptibility of existing cultivars 
is invaluable in making recommendations for plant 
replacement and has been addressed in research and 
education efforts with increasing vigor during the past 
few years (e.g., 4,8, 10, 17, 19,32,47,48,54,57, 
58, 62), Innovative means of influencing market 
demand for and increasing production ofpest resistant 
plants have been recently investigated (26,27,28,29, 
30) identifying opportunities for ~peration among 
the landscape and nursery industries. 

Currently lack of information about plant 
susceptibility to even the most common landscape 
pests continues to hinder greater adoption of the use 
ofresistance as a management strategy. Quisenberry 
(48) reviewed the literature pertaining to resistance to 
insects and mites in forage and turfgrasses in the 
southeast. In this review she cited 56 studies which 
examined the potential for resistance among 6 grass 
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Table 2. Pesticides purchased by 159 lawn care and landscape firms (metro-Atlanta area) 
during 1993. 

Inseetidde 

abamectin 

acephate 

azadirachtin 

carbaryl 

chlorpyriphos 

cyt1uthrin 

diazinon 

di(.'Ofol 

dienochlor 

dimethoate 

disulfotcn 

ftuvalinate 

horticultural oil 

hydramethylnon 

insecticidal Soap 

isazophos 

isofenphos 

lambdacyhalothrin 

lindane 

malathion 

trichlorfon 

Frequency of purchase 
oflS9 firms 

1 

68 

2 

54 

83 

18 

10 

19 

2 

3 

21 

7 

53 

101 

26 

3 

10 

9 

1 

37 

2 

% total AI 

<I 

8 

<1 

8 

5 

I 

I 

2 

<I 

<I 

4 

<1 

42 

11 

2 

<1 

11 

<1 

<I 

4 

<1 
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species and 9 insect or mite pests. Only 4 studies 
examined resistance to mole cric\sets, the most serious 
turf pest in the southeast and;:JIDne addressed any 
white grub species, the most ifijurious group in the 
U.S. 

Progress will be accelerated upon 
identification of mechanisms associated with 
resistance to particular insects and mites. Often, 
however. there may be several mechanisms imparting 
resistance against a particular pest even in a fairly 
narrow group of plant hosts. Several factors. for 
example, are associated with resistance to azalea lace 
bug among 17 species of deciduous azaleas (62) 
including both physical and chemical attributes. 
Better communication of plant resistance 
characteristics among those that specify plant material 
in the landscape, landscape architects (26, 29), will 
also increase their use. 

Biological Control 

Biological control in the landscape is 
complicated by the complexity of plant materials and 
pests, and the patchiness that characterizes the urban 
landscape. Inherent difficulties exist in implementing 
biological control on an area-wide basis when 
personal property and/or political boundaries often 
have little relationship with the ecological 
requirements of implementing this control strategy. 
The importance ofconserving natural enemies and the 
potential for increasing implementation of 
biologically-based strategies has been well recognized 
and addressed in recent efforts (2, 3, 5, 9, 20, 22, 24, 
31, 51,60,63). Integration of strategies combining 
biological control with biorationaI pesticides and host 
plant resistance is also receiving renewed research 
effort (3, 63). Beneficial organisms are increasingly 
available commercially and their value for use in the 
landscape requires additional study (52). 

Cultural Management Strategies 

Management efforts are severely hampered by 
a lack of understanding of even the most common 
interactions among biotic and abiotic factors. We are 
seldom able to predict with any certainty where and 
when prominent pests will reach injurious population 

numbers. Recent efforts at understanding factors that 
influence likelihood of infestation and damage have 
been investigated for chinch bug pests in turfgrass 
(34, 35) and lace bugs on azaleas (61). Certain 
parameters in the turf environment such as thatch 
accumulation and grass species were positively and 
consistently correlated with chinch bug occurrence. 
Hopefully this research will generate interest in 
similar investigation for other pest associations. 

Influence of cultural factors such as mowing 
height, irrigation, and fertility on pests and associated 
beneficials is largely undefined. Manipulation of the 
turfgrass environment can be an effective means of 
pest suppression or enhanced tolerance of injury. 
Withholding water during Japanese beetle oviposition 
and egg hatch interval followed by irrigation during 
the fall feeding period and remedial N fertilization 
may reduce infestation and promote turf recovery 

. (18). 

OPPORTUNITIES FOR INCREASING 

IPM IN THE LANDSCAPE 


A five year trend in chemical use reported by 
landscape maintenance finns (29) reveals a decrease 
in the use of insecticide and an increase in the use of 
fungicides and especially herbicides. Approximately 
55% ofpesticide use was in turf, particularly in weed 
management. We should address this in the 
development and refinement of landscape lPM 
programs. This industry is also characterized by a 
majority ofsmall, undercapitalized firms that are less 
than 5-10 years old (25). Educational programs must 
be designed that target these firms as well as the 
large, well established anchors of the industry. 

Particular opportunities exist for research and 
education regarding the identification and 
incorporation of beneficials in risk assessment and 
decision making. Only 8% of 159 landscape firms in 
the 20 county metro-Atlanta area monitor beneficials 
and make treatment decisions based on their presence 
(Braman unpub). Other practices reported by the 
.industry incorporate components of lPM including 
the fairly extensive use of horticultural oils and 
timing of treatments based more on monitoring of 
pest activity than on predetermined applications of 
pesticides. 
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