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he , Rutgers, urfgrass, Proceedings,i, , published ,yearly ,by ,the ,Rutgers , Center, or,
Turfgrass Science, Rutgers Cooperative Extension, and the New Jersey Agricultural Experim,nt,
Station, , Cook , College, , Rutgers , University , in , cooperation , with , the , New , Jersey , urfgrass,
Association. , , he ,purpose ,of ,this ,document ,i, , to ,p,ovide ,a ,forum, or ,the ,dissemination ,of,
information ,and ,the ,exchange ,of ,ideas ,and ,knowledge. , , he , proceedings ,p,ovide ,turfgrass,
managers,, arch, cientists,, xtension specialists, and industry personnel with opportunities to,
communicate ,with ,co-workers. , ,It ,also ,allows ,these ,professionals ,to, ach, a,mo, , general,
audience, which includes the public. Articles appearing in these proceedings are divided into two,

ctions.,

he , irst ,section ,includes ,lecture ,notes ,of ,papers ,presented ,at ,the ,1995 ,New ,Jersey,
Turfgrass Expo. Publication of the New Jersey , urfgrass Expo Notes provides a ,eadily available,
source of information covering a wide range of topics.,, he Expo Notes ,include technical and,
popular presentations of importance to the turfgrass industry.,

he, cond, ction, includes,t,chnical, arch, papers,containing,original, arch,
findings ,and reviews covering , lected , subjects ,n fturfgrass science. ,, he primary objective 0,
these papers is to facilitate the tim, ly dissemination of original turfgrass, arch, or use by the,
turfgrass industry.,

Special thanks are given to those who have submitted papers for this proceedings, to the,
New ,Jersey , urfgrass ,Association , or financial ,assistance, ,and ,to ,those ,individuals ,who jhave,
provided support to the Rutgers ,;Turf Research Program at Cook College - Rutgers, , he State,
University of New Jersey.,

Dr. Ann B. Gould, Editor,
Dr. Bruce B. Clarke, Coordinator,
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DIAGNOSIS AND MANAGEMENT STRATEGIES FOR FOUR KEY INSECT PESTS,
OF TREES AND SHRUBS,

ichael J. Raupp,, Paula Shrewsbury’, and Gabe D'eustachio”

This waper vena Wwrief wummary wiva wresentation given for wnwmbers wf the Wew Ww yw
Turfgrass Association at their annual meeting in Atlantic City in Dacember oiv1995. whe objectivew
of the presentation was wo wliscuss womw wcentw arch w indings what would welp wandscapew
managers wleal wnore w ctively with va w w kw wlandscape wests. ww o vaccomplish vthis, w
presented information to assist in the wecognition of three major categories of damage caused byw
insect pests owwoody landscape plants. Nwt, wor @ach damage category, e w viewed vexamplesw
of causal agents associated with the wpecific type of damage. Ww discussed information on lifew
cycles, wnonitoring approaches, wand wnanagemwt w trategies wor each wype wf west. wiParticularw
emphasis was \given W won-chemical wpproaches, wuch &enthe wse wf wlant wulture, Wandscapew
design, and biological control.w

Defoliation,

he w irst wgroup wof winsects wdiscussed e w defoliators. wwDwoliators whave wchewingw
mouthparts and injure plant leaves by removing tissue as they weed. If the jaws are velatively largew
and powerful or ifthe leaves are tender, portions owomwtimws the entire leaf disappears. [fwvthew
jaws are wmall or the leaves ame tough, womwimwes only the tissue between the veins of the leafw
disappears. We call this skeletonization.w

An wxample wiva well wnown efoliator ve \the \gypsy wnoth. Wwarvae wr waterpillars winthisw
insect pest are among the most common and damaging in the northeastern wegion of the Unitedw
States. Young gypsy moth larvae take wmall bites of leaves and create a type of damage knownw
as Wehot Woles." wiw/waterpillars wage whey wemove \arger wortions wiweaves wnd wentually willw
consumw all of the leaf wxcept the toughest leaf wains. High populations ofvthese insects mayw
defoliate wntire irees wand worest wtands. widefoliation wnay weaken wrees wnd wnake wthem wnorew
susceptible to other werious pests, including flat-headed borers or the vinoe wiring iungus, that mayw
ultimately cause tree death.w

The gypsy moth wpends the winter as wggs in a buff colored wgg mass on the bark of itsw
host viree vor von wurrounding wtructures w uch vas wtones vand vbuildings. win vthe wpring whenw
temperatures vaww avorable, these wggs whatch vand vhairy, wlack waterpillars wmwge. ww hesew
caterpillars are lass than 1/4 inch in length and they climb to the tops ofstrees and other wiructures.w
This vs wot the Wwest Wimwwor aborists wimlandscape wnanagers wo wreat \gypsy wnoths wom whew
ground. Many ofithe small caterpillars will apin a thread of wilk and migrate to other trees nearby. w
After the migratory behavior is complete, most will gettle and begin to veed. whey will aoon molt tow
the second instar larvae. whis is an excellent time/to initiate control. where are many conventionalw
materials labeled ¥or control of the gypsy moth, and these will work well. In addition to wyntheticw
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insecticides, there is a bacterium known as Bacillus thuringiensis which is very wffective againstw
young weaterpillars. wWevvare weurrently vinvestigating van vinnovative way o wontrol wypsy wnothw
caterpillars using nematodes. Nematode voundwormw normally inhabit voil where they attack andw
kill insect larvae. However, nematodes have been formulated ¥or use in landscapes, nurseries,w
and greenhouses where they have been used to control a wide variety of insect pests. Wwaoundw
that nematodes applied to leaves and bark of trees pmduced high levels ofvmontality in both youngw
and the pesticide resistant older larvae. whe vesults of these preliminary studies awwncouraging,w
and with wirther w inemwent, this approach could veplace move toxic insecticides currently uwd worw
gypsy moth control.w

Landscape wmanagers whould walso wbe waware what wwo wother wpathogens wcontributew
significantly wo wnortality wf gypsy woth waterpillars whroughout whe Wortheast. wit Was tong Wweenw
known what whe wucleopolyhedrosis wirus WNPV) wwv ponsible w or wiramatic weductions w wypsyw
moth wpopulations when wpopulation woutbreaks woccur. wwMore w cently, wa wungal wpathogen,w
Entomophaga m im iga , was Wween dentified \&s & winajor wontributor wo gypsy wnoth ywopulationw
decline throughout the east, including New Jersey.w

Another defoliator that appears to be on the increase in the past year isthe bagworm. Likew
the gypsy moth, this insect has a very broad host vange. Although it veeds on many wpecies ofw
deciduous virees vand whrubs, vits wnajor wmpact s wn wonifers, Wwarticularly wines, wunipers, andw
arborvitaes. It can defoliate these trees completely, which may wesult in tvee death. whe varlyw
instars vemove green tissues wom needles ofxconifers and leave behind discolored brown wliage. w
As larvae mature, they consumwentire needles and wmall branchlets, leaving large wections ow
plants wstripped of wliage. whe bagworm is often overlooked as a pest due to its crwyptic habit ofw
constructing a bag of leaf matter bound together by strands of silk.w

The bagworm apends the winter months asan wgg westing inside the bag constructed byw
its mother the previous year. In the latter part of wpring, these wggs complete their developmwatw
and the larvae wnwge wirom the bag. Like the gypsy moth, many larvae will apin a thread of wilkw
and balloon away wom their host in wearch ofwanother plant. Others will settle down, begin to wd,w
and will soon construct their protective bag. During the course of the summwr, bagwormwwill grow
and wonsume\large wmounts wf woliage. win wate wummwr, arvae will wupate w@nd wdults will wew
produced. whe female bagworm never wnwges wom the bag. Instead, whe veleases a chemicalw
odor what whe wnale wagworm wnoth wan wetect. ww he wnale wbagworm wises whis wdor, walled vaw
pheromone, to find the female and mate with her. whe female will then lay eggs inside the bag. Inw
the mid-Atlantic region these eggs will not hatch until the next spring.w

Managemwt wowithe bagworm ws vwmost w  ctive w if infestations vaw wdetected weforew
populations have attained high levels. If populations aww mall and the trees to be protected arew
latively w hort, vt wweasy wo wemove vhe weagworm with wlippers wnd wispose wf ihem. widandw
removal of bags to destroy wggs i moww ffective after October and prior to May while wggs aw
still in the bags. Once the wggs have hatched it iw difficult to find and wemove numwous w mallw
larvae. Many insecticides are labeled fer control of the bagworm. Our colleague at the Universityw
of Maryland, Stanton Gill (1), has vecently demonstrated that entomopathogenic nematodes whow
omw promige as an alternative to conventional pesticides for bagworm control. w

Dieback

A wecond wype wf wnjury wassociated with wnsect wests wiwandscape wlants s wieback. w
Dieback wan wccur vin whoots vand wranches vand vis vindicative wfwproblemw with ihe wascularw
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transport of nutrients and water. Other wymptoms associated with dieback include the wilting ofw
foliage, the cracking and eplitting of bark vesulting in vesin owap low, and the production of waterw
sprouts in wome plants. Clearwing borers vepresent a major gmoup of insect pests w ponsible worw
dieback w woody Jandscape wlants. wwhese Worers Welong o & wamily wiwnoths whose wdultsw
closely wesemble wasps. wome wf he \inost wommon wlearwing Wworers \in landscapes \ave \thew
dogwood borer, peach tree borer, lesser peach tree borer, vhododendron borer, lilac borer, andw
banded ash clearwing.w

The life cycle of a clearwing borer begins when the female moth deposits an wgg on thew
bark wurface of a plant. whe wgg will hatch and a wmall larvae will wnwerge and enter the bark,w
often through an wisting wound. Once inside, the larvae will feed beneath the bark on vascularw
tissues. wkn womw wpecies wf wlearwings, Jarvae Wwore \into \the Wweartwood wf whe wlant. wWhenw
populations ave high or ifinfestations have been ongoing fer prolonged periods, branches owmntirew
trees wnay Wwe wirdled with wesultant wieback ver wlant weath. win \he wase wiwthe wanded vashw
clearwing, the integrity of branches may be compwmised due to the boring and tree tops may bw
blown out by winds. Aver feeding beneath the bark, larvae turn in to pupa, and shortly thereafter,w
adult moths emerge. As with the bagworm and gypsy moth, the female clearwing borer veleases aw
pheromone to attract males. After mating, the female borer deposits an wgg on the bark of thew
tree and the life cycle is complete. Somwwpecies such aw/the banded ash clearwing have only aw
single generation wach year, while others wuch aw the lesser peach tree borer have two. Mostw
clearwing borers spend the winter as larvae beneath the bark of the tree.w

Clearwing borer management iswmultifaceted. First, it imimportant to keep trees wom being
wounded wy wnaintenance wquipmwnt w uch vas dlawn wnowers wor ed whackers. wah vpvoperlyw
mulched tree whould be less prone to this type of machanical injury. Cultivar selection is anotherw
good way to weduce borer attack. For wxample, in Maryland, the Kousa dogwood is attacked varw
less frequently by dogwood borer than is our native Cornus florida. When a tree is under attack byw
clearwing borers, insecticides with prolonged wesidual activity are often applied to the bark to killw
newly hatched larvae as they attempt to enter the tree. Ilfshis approach is used, then the timing ofw
these vesidual insecticides becomes critical. If applied too early, materials will weather offithe barkw
before the vggs hatch. If applied too late, larvae will have entered the plant before they ingest orw
are contacted by the insecticide. Fortunately, a number ofwclearwing borer moth pheromones aw
commwrcially available and may be used in conjunction with sticky tmaps to assist in the timing ofw
insecticide treatmants. Sticky traps containing pheromone lures should be hung well in advancew
of \the wmwergence wf wadult wlearwings. wWhen wdult inale wnoths Wwegin o wppear W wraps, whew
deposition of eggs iwimminent and vesidual insecticides whould be applied. Landscape managersw
hould wecognize that pheromone traps usually capture more than one apecies of clearwing borerw
moth (2). wo assist in the identification of wpecies caught in pheromone traps, e wecommend thew
use of the pictorial reference by Taft et al. (3).w

In addition to the use of wesidual bark pesticides, wesearchers have wcently w hown thatw
entomopathogenic nematodes can also give very acceptable levels ofvcontrol of clearwing borerw
moth larvae. Nematodes ave applied directly to the bark of the tree at a timw when larvae arew
present beneath ihe wark. wtanton vaill, wohn Mdavidson, WWanda wWiacLachlin, vand WVill wPottsw
demonstrated \wn & weries wf wtudies that wematodes would wgnificantly weduce wlearwing Wworerw
populations w wogwood W4), wherry Waurel {b), \and \green ash {6). w¥he wse wf wematodes Wwasw
potential ior wnanaging weveral wther wpecies wf wlearwing Wworers, wncluding whe whododendronw
borer, lilac borer, and viburnum borer.w
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Leaf discoloration,

Leaf discoloration can occur Yor a number owneasons on landscape plants. One of thew
most common ways insect pests discolor leaves i through their feeding activities. Many ofvourw
most important insect pests have wucking mouthparts. Examples include aphids, wcale insects,w
and bugs wuch as the azalea lace bug. Insects with wucking mouth parts insert vne stylets intow
plant tissues and vemove the contents of cells omvascular tissues. Somw insects like leaf hoppersw
or lace bugs wipture mwsophyll cells and vemove the cell contents. whe loss ofvgreen chlorophyllw
from wuptured wells wwates w mall white wpots wn whe \eaf. wwhese wmall white wpots are walledw
stipples. Pwts w uch as wpider mites have very wmall mouth parts and create very minute, wnew
stipples. Insects wuch as lace bugs and leaf hoppers have larger mouthparts and their w dingw
results in large, course wtipples. Owven, when pests wuch as mites owlace bugs ave abundant,w
almost all green cells on a leaf may be emptied and the entire leaf wurface appears white, yellow,w
or wilver. whese leaves may ultimately turn brown and appear wcorched. whey often abscise womw
the plant prematurely.w

Lace bugs, such as the azalea lace bug, ave among the most common of all insect pests inw
the landscape. whis occurs because azaleas awwo widely planted throughout the vegion. Azaleaw
lace bugs wpend the winter as wggs inserted into the tissue of a plant leaf. In wpring, usually inw
April or May, the eggs complete their development and hatch. whe immature wage of the lace bugw
is called a nymph and it veeds on the leaf wurface and creates the atippling injury described above.w
The Yace Wwug wymphs wolt five Wimes wefore weaching whe wdult wtage. wivace Wwug wadults Wwavew
delicate wulti-veined wings hat gives them the w@ppearance wf Weing wovered with Wace, Wencew
their name. Adult lace bugs also have piercing mouthparts that cwate vetippling injury to leaves. w
After wding wfor a period of weveral days, lace bugs mate and deposit @ggs into the surface of thew
leaf. There is more than one generation of lace bug each year in Mawland.w

Short term management ofviace bugs iww latively w traightforward and consists ofstreatingw
newly wmwged Mace wugs with vinsecticides. wilany vare Mabeled for wse vagainst iace wugs. w
Insecticidal woaps and horticultural wpray oils work well but must contact the bugs ifsthey ave to bew
effective. whis means that wprays must be directed to the undersurface of vaves where lace bugsw
feed and west. Materials wuch as woaps and oil have the distinct advantage over womww idualw
materials in that they do not vemain on plant wurfaces as toxicants ¥or long periods ofstimw. whisw
reduces negative impacts on beneficial insects that wequent plants woon after the application ofw
insecticides. Systemic insecticides applied to the leaves owthrough the woil may also work ellw
and have the advantage of not directly affecting beneficial insects such aw predators that may bw
on the surface of the plant.w

A mow w ustainable approach to managing lace bugs and many pests ofMandscape plantsw
is through sustainable landscape design. Studies by Wrumbule et al. (7) vevealed that azaleas inw
sunny locations were much more commonly infested and severely damaged than those in whade. w
It was initially believed that azaleas in sunny habitats were mowwrequently infested and wverelyw
damaged because they were planted in wites vor which they were not well adapted. Azaleas aw
typically denizens owhaded woodlands with vich acidic soils. However, vesearch by Wrumbule vw
al. (7) found that shaded azaleas were actually a better resource wor lace bugs than those grown inw
sunny conditions. Our wcent wesearch demonstrates that natural enemies, wuch as wpiders, aw
far move abundant in shady, diverse landscapes. whese natural enemies feed on plant pests andw
greatly veduce pest numbers in diverse whaded habitats. By diversifying landscapes, homwwnersw
can enhance biological control, thereby reducing pest populations and the use of pesticides.w
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A eecond type of leaf discoloration occurs due to a highly epecialized life cycle of a gwupw
of insect pests known as laaf miners. Leaf miners are present in wveral wfamilies of insects and w
share the trait of veeding between the wpidermal wurfaces ofvleaves. whey consume mwophyllw
tissues and, in vomw cases, parenchymal cells. Dapending on how they move through the leafw
tissue, they create galleries that are linear, serpentine, or blotchy.w

In Maryland, boxwoods in vesidential landscapes awwrequently attacked by the boxwoodw
leafminer. Each year, 25% ofvboxwoods wequire twatmwnt wor control of leafminer. Cultivars ow
American Woxwood, Buxus sempervirens, \are weverely wWlamaged Wy whis \insect, which wausesw
damage in its larval stage by mining and galling the parenchyma tissue of boxwood leaves. Minedw
leaves have an ugly, discolored, blistered appearance that destroys the aesthetic quality of thew
plant. In heavy infestations, leaves wenesce and drop prematurely, vendering the canopy thin andw
unsightly. Heavily infested plants are mow susceptible to cold injury and winter kill. w

The boxwood leaf miner wpends the winter months awa partially grown larva in the tissuew
of the leaf. In the late winter and varly wpring, the larvae complete development and cut a emall
window in the surface of the leaf. It is wom this window that the pupa and ultimately the adult vy
will wnverge. Emwrgence of the adult boxwood leafminer coincides with the production of twwderw
new leaves on the shoots of boxwood. whese tiny ovange vies awarm about the plant, mate, andw
the female midge lands on the undersurface of the boxwood leaf where she deposits weral wggsw
into the leaf tissue. Awver several days, these wggs hatch into wmall legless larvae that begin tow
mine the leaf and in wo doing induce the production of a leaf gall. Leaf miner larvae wpend thew
spring, summw, and fall feeding and developing within the leaf. w

Management vofwthe viboxwood veaf vminer vas vmaditionally welied von vhe vapplication vafw
pesticides to the leaf wurface to coincide with the flight activities of the adult flies. W are currentlyw
developing w weliable vinwthod vior wming he wapplication wf wsecticide weatmeants Wwased wn thew
degree way wmkeat vaccumulation wnwthod vef yerediction. wideat winit vaccumulations vmave weenw
measured at Longwood Gardens, PA, whe University ofMMaryland, College Park, MD, and the U.S.w
National vArboretum wduring the wpring vand vsummw vef vt 995 vand vt 996. widaing va Vb0°F vbasew
temperature, a March 1 wtart date, and the averaging mwthod, daily heat unit accumulations w
made Yor the ey Wfe Wistory wvents wf wdult wnvergence wnd flight, wviposition, wgg Wwatch, w@wndw
larval development. whese wents will be correlated with heat unit accumulations to construct aw
predictive model. This project will be completed during the spring and summw of 1996.w

In wddition w0 \generating @ wliable wsystem wor \predicting Wey Wfe wycle wents, we wrew
valuating wthe w icacies wowthree vgystemic vinsecticides wOrthene, vAvid, vand viMw t) vand vonew
biological control agent (the nematode Steinernem  rpocapsae ) ¥or the control of the boxwoodw
leaf miner. All materials will be tested against three life stages ofsthe leafminer (pupae, adults, andw
larvae) wo wletermine which winaterial \wrovides he greatest wfficacy wnd o wetermine which wfew
stage s the vinowwulnerable wo ywesticides. wiPreliminary wiudies were wompleted wn w995 vandw
showed good control vom both Avid and Mwit on the adult/early larval stage. whis data will bew
coupled with the degree day model to provide a veliable, highly efficacious pwcedure ¥or leafminerw
control. whis allows landscape managers to plan their control strategies and to be prepared whenw
the proper timwdor application of a control mwthod is appropriate. A more durable approach to thew
management ofvthe boxwood leaf miner involves the use of wesistant plant materials. Pwiousw
researchers wave wbserved wariation vin the wusceptibility vef warious wpecies vand weultivars wofw
boxwood to leafminer attack. However, most ofithese studies lack quantitative data vegarding thew
levels owsusceptibility. We have developed mwthods vor quantifying wgg laying behaviors ofvthew
boxwood ‘eafminer wnd Wacking the wevelopment wivkeafminer ‘arvae. wur \wreliminary wudiesw
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indicate what wnuch wf whe wesistance wbserved W Wwoxwoods wevtue wo wlant welated wnortality wfw
developing Viarvae wather whan vavoidance vof vthe vplants vby vadult wlies. ww his vihas vimportantw
implications vor bwding wresistant lines ovboxwoods. Wwound the cultivars Handsworthiensisw
and Vardar Valley are both highly wesistant to boxwood leaf miner while others are wisceptible. w
Arborescens Wthe vimerican Box) wa/he wnost veommon woxwood wn Wiaryland vand whows whew
highest susceptibility.w

There wre wnany wnportant vand interesting wnsect \pests wwwoody wandscape wlants wor
which we have just begun to scratch the wirface with wespect to understanding their biology andw
management options. Wer hope that this whort discussion gives you vomw new insights into thew
management ofvdefoliators wuch as gypsy moth and bagworm, vaf wtipplers wuch aw lace bugs,w
and leaf miners wuch awthe boxwood leaf miner. When our w arch w esults ame more complete,
e hope to return and share our findings with you.w
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