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lntegratecl Pest Management
Tactics

Cultural/Mechanical Control
and Monitorin

Practice good sanitation and leeep pro]olem-
atic areas as dry as possil)le.

Inspect incoming plan’cs and pots for slugs
and snails.

Eliminate sources of slugs and snails loy re-
moving weeds growing both inside and out-
side around greenhouses.

Slugs avoid copper, so wrap copper tape
around bench 1egs or install copper ﬂashing
around raised beds.

Biological Control

No preclators or parasites are commerciaﬂy
available in the U.S., although research is

ongoing in this area.

Chemical Control

Chemical baits are commerciaﬂy available for
slug control. Baits are usuaﬂy formulated in
bran and must be eaten Ly slugs to be effec-
tive. Place baits in the evening when slugs are
most active and irrigate prior to bait place—
ment to draw out slugs, 1eac1ing to more fre-
quent contact with the bait.

Rotate among active ingredients to counter

avoidance and resistance to l)aits.

General IPM Practices
for Greenhouses and | nteriorscapes

Establish and maintain a thorough record-
lzeeping system for all pest management
practices.

Become familiar with each crop’s potential
pest prol)lems.

Conduct a pre-crop inspection of produc—
tion areas for potential pest prol)lems.

. Always inspect incoming plants for pests

immediately upon arrival. Reject the ship—
ment rather than treating or accepting
“slight” infestations.

5.

0O 0N

10.

Inspect crops for signs and symptoms of
pests on a regular basis.
Choose appropriate control methods care-
{'uuy and know when to apply them.
Discard and destroy severely infested plants.
Physicaﬂy exclude or confine pests.

ways pasteurize media that has soil as a
component.
Consider using Liological controls whenever

possil)le.
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Photo courtesy Susan Ellis, www.insectimages.org

Chemical Control

* Reduced-risk uloiopesticicles" contain insect-
12i11ing pathogens that can be highly effective
against caterpiﬂar pests and are safe for green-
house workers and natural enemies. Choose
insecticides containing the bacterium, Bacil-
Jus tlzuringiensis (Bt) var. /eursta/ei, the fungus,
Beauveria bassiana, or the active ingreclient,
spinosa(l. These proclucts are most effective
against young caterpiﬂars. Other insecti-
cides can be used to control older larvae and
adults.

Sprin gtalls

Springtaﬂs are very smaﬂ, White, gray, ]olacle,
rown, or purple insects that lack wings (Figure
11). A specialized structure beneath the tip of
the abdomen enables them to jump an inch or
more into the air. Springtails prefer dark, damp
areas high in organic matter. They feed primarﬂy
on fungi, algae, and &ecaying organic matter in
growing media. However, fee(ling may occur on
tender roots of some crops. Damage may occur
to seecﬂings, but springtails rarely cause enough
harm to be considered major pests. When 1arge
popula’cions occur, they are easily found on the
soil surface or can be seen “springing” about dur-
ing watering or moving a crop. Springtails may be
spreacl in unpasteurizecl potting soil, transportecl
on clothing, via plant contact, or simply migrat-
ing indoors from near]:)y habitats.

#

Fig’ure 11. Springtail.

Photo courtesy Joseph Berger, www.insectimages.org

lntegratecl Pest Management
Tactics

Sanitation and soil pasteurization are most
helpful in preventing or controuing spring’caﬂs.
The preclatory mite, Hypoaspis miles, will feed on
springtails as well as other soﬂ-dwelling pests.

Slugs and Snails

Slugs and snails are mollusks rather than
insects and are related to clams and oysters.
Whereas snails have a hard shell, slugs lack a shell
(Figure 12). Both vary grea’cly in size, ranging
from one-half to four inches in 1ength. Clusters
of 20 to 100 eggs are laid ]oy slugs or snails in
moist crevices in the soil or in containers. Eggs
hatch in ten days or less, with maturity occur-
ring within three months to one year. Using their
rasping mouthpar’cs , slugs and snails feed at nigh’c
on tender seecuings and leaves. Feeding damage
appears as irregularly shaped holes with smooth
edges, and may be confused with injury caused
]oy caterpiﬂars. Seedling plants can be completely
consumed. During the clay, slugs and snails hide
beneath pots, ]aenches, plant de]nris, or other
concealed locations. Both prefer moist areas, so
greenhouses can be ideal environments for their
grow‘ch and developmen’c. Slugs and snails exude
a slippery 1iquid from a muscular “foot” as Jchey
travel. When this substance dries, a shiny track
is left behind. Besides feeding damage, this track
is usuaﬂy the best way to detect the presence of
these pests.

5386120

Figure 11. Gray garden slug.
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lntegratecl Pest Management

Strategjes
Cultural/Mechanical Control
and Monitorin
i Regularly monitor suscepti]ale plants, includ-
ing aster, chrysanthemum, dahlia, and ger-
bera daisy. Remove mined leaves before adult
flies emerge and be sure to destroy infested

foliage.

Biological Control

¢ Three parasitic wasps, Dacnusa sibirica, Opius
pa//ipes , and Dig/yplqus isaea, have been used
successfuﬂy for leaf miner control.

Chemical Control

e Serpentine leaf miner is highly resistant to
organophospha’ce, car]oamate, and pyrethroi(l
insecticides. In general, some systemic insec-
ticides and IGR’s can effectively control leaf

miners.

Caterpi lars

Larvae of several species of moths (caterpil-
lars) can attack greenhouse crops. Ca‘cerpiﬂars
vary in appearance, but all have chewing mouth-
parts, three pairs of segmen’ced “true” 1egs on the
first three ]oody segments behind the hea(l, and
five or fewer pairs of ﬂeshy, unsegmentecl, ab-
dominal prolegs (Figure 10). These prolegs have
tiny hook-like structures called crochets at the
tips that allow the caterpiﬂar to grip stems, peti-
oles, and foliage.

Feeding damage occurs on 1eaves when the
ca’cerpiHar chews holes or “skeletonizes” leaf tis-
sue (feeding only on tissue between veins). A se-
vere infestation of caterpiHars can quiclzly defoli-
ate entire plan’cs. [njury may not be noticed when
ca’cerpiHars are young, but (lamage becomes in-
creasingly evident as these pests develop and grow.
Caterpiuars are particularly troublesome cluring
the summer months when moths are active out-
doors. Most moths are nocturnal and attracted
to 1igh’cs, entering a greenhouse through open

Artlrropoa’ Pest Management in Greenhouses and Interiorscapes

Photo courtesy Frank Peairs, Colorado State University,

>
G B
[}
4]
=)
I
£
©
@
(2]
£
2
2
=

5364224

Figure 10. Beet armyworm caterpiuar. Note the three
pairs of true legs near the head and five pairs of ﬂeshy,
abdominal proleg’s.

doors or vents. Mated female moths then proceed
to 1ay eggs on greenhouse crops. Beet armyworm,
corn earworm, European corn ]oorer, and various
cutworms, leaf ters, and leaf rollers are a few of
many caterpiﬂars that can occasionaﬂy damage
tender plan’cs.

Control is similar for most caterpiﬂar pests,
with stomach poisons Leing commonly used.
Control with Bacillus t}luringiensis is often effec-
tive, but eﬂ:icacy is greatest against young cater-
piHars. Repeat applica’cions of this bacterium are
necessary to lzeep new growth surfaces covered as
plan’ts grow. If ca’terpillars enter stems or })uds,
’they become very difficult to control.

lntegrated Pest Management

Tactics

Cultural/Mechanical Control

and Monitorin

¢ Exclude moths l)y instaﬂing vent screens and
lzeeping doors closed at nigh’t.

o Regularly monitor plan’ts for symptoms of
£eeding clamage and signs of caterpiﬂars such
as egg masses, cast skins, frass (solid waste),
or the insects themselves.

¢ Remove and cles’croy any ca’terpiﬂars or £oliage

containing egg masses.

Biological Control
*  Parasitic wasps in the genus Triclzogramma are
commerciaﬂy available and will attack moth

egg masses.

/Arthropod Pest Management
in Greenhouses and Hnterioreeapes

Insects and their relatives cause major plant
damage in commercial greenhouses and interi-
orscapes. Identification of lzey pests and an un-
derstanding of appropriate control measures are
essential to guarcl against cos’cly crop losses. With
tightening regula’cions on conventional insecti-
cides and increasing consumer sensitivity to their
use in pu]alic spaces, growers must seck effective
pest management alternatives to conventional
chemical control. Management strategies cen-
tered around the concept of integrated pest man-
agement (IPM) can provicle growers power£ul tools
for preventing pest pro]olems before they occur or
at least mitigate their ornamental/economic con-
sequences. This circular describes 1zey arthropod
pests encountered in Oklahoma greenhouses and
interiorscapes and provides information on IPM
practices for their control. Speciﬁc pesticide rec-
ommendations are not provided but can be found

in Oklahoma Cooperative Extension pu]olications

CR-6718, Management o][ Insects and Mites in
Greenhouse Floral Crops and E-832, OSU Exten-
sion Agents’ Handbook 0][ Insect, Plant Disease,
and Weed Control. This circular replaces E-909,

Commercia/ GT@@”ZIOUS@ Pests.

Apnlols

Aphi(ls feed on a wide range of greenhouse
crops. They are soft-bodied, pear—shaped insects
with somewhat 1ong 1egs and antennae. There are
Winged and Wingless forms, varying from yeﬂow—
green to red or brown, clepending on species,
life stage, and reproductive stage. Regardless of
species, aphids are normaﬂy 1/8 inch or less in
1eng’th. Most have a pair of cornicles (structures
resembling tailpipes) pro’cruding from the upper

surface of the rear end that can be seen easily us-

ing a hand lens.

Aphids feed on lz)ucls, 1eaves, stems, and roots
loy inserting their long, straw-like, piercing—sucle—
ing mouthparts (Stylets) and Withdrawing plant
sap. Expancling leaves from damaged buds may be
curled or twisted and attacked leaves often clisplay
chlorotic (yeﬂow—white) specleles where cell con-
tents have been removed. A secondary proMem
arises from sugary honeyclew excreted l)y aphids.
Leaves may appear shiny and become sticley from
this material, which supports the growth of black
sooty mold (@ common greenhouse {-ungus).
Aphids are also notorious for their role as vec-
tors of many viral diseases. However, of primary
concern in the greenhouse is their direct £eeding
clarnage to plant tissues and overall reduction in
aesthetic quality of plants.

Aphi(ls have great reproductive potential and
can achieve damaging numbers quiclzly. They typ-
icaﬂy give birth to female nymphs that can ma-
ture and })egin reproducing in seven to ten days in
greenhouse conditions. Each aphid gives birth to
between 50 and 100 nymphs cluring a thirty—day
periocl, which can all occur in the absence of mat-
ing.
Wingecl females appear when overcrowding oc-
curs or food supplies become clepletecl. When cold
weather is imminent, males and females appear
outdoors and mate. Eggs are laid on vegetation
and often overwinter success£uﬂy in Oklahoma.
Under greenhouse conclitions, however, activity
is continuous and overwintering can occur in any
life stage.

The most common aphid in greenhouses is
the green peach aphid, Myzus persicae (Figure 1).
Adults are 1ight to dark green, although pinle or
orange individuals occasionaﬂy occur. Three very

faint lines are visible running down the upper sur-
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Figure 1. Green peach aphid adults, winged (top) and
Wing’less (i)ottom).

face of the ]jody and a dark spot can be seen on
the abdomen. Using a hand lens, a distinguishing
feature can be observed: a small indentation is
present at the front and top of the head. Aiso, the
antennae are iong enough to reach the cornicies,
and the base of each antenna bears an inwar(iiy
projecting loump (tui)ercie) that is only visible
with a compoun(i microscope. Green peacil apili(i
feeds on more than 100 pian‘c species, inciu(iing a
wide variety of vegeta]aie and ornamental pian’cs.
Key pian’cs suscepti]aie to api'ii(is include: ag-
eratum, aiyssum, aster, ceiosia, ci'irysantilemum,
(iaiiiia, ger]jera (iaisy, Easter 1iiies, fucilsia, hy-
(irangea, impatiens, monarda, pansy, pepper,
piliox, por’cuiaca, primuia, ranuncuius, saivia,

snap(iragon, tomato, Verioena, vioia, and zinnia.

Vir’cuaiiy all greenhouse-grown crops are suscep-
tible in varying ciegrees to apilicls.

lntegratecl Pest Management

Strateges

Cultural/Mechanical Control

and Monitorin

* Inspect all pian‘cs i)rougiit into the green-
house from outdoors. Apiii(is can also enter
the greenhouse on cio’ching or ’ci'irougil open
doors and vents.

* Weeds can harbor aphicis, so control weeds
growing under benches and outside around
greeniiouses to prevent recurring infesta-
tions.

*  Monitor aphici popuia‘cions in floral crops
weeiziy prior to ﬂowering. Tilorougii piant
coverage with insecticides is more difficult to
achieve when flowers are present, and some
insecticides can be pi’iyto’coxic to flowers as
well as other piant parts.

* Place yeﬂow sticizy cards near doors and vents
to detect adult apilicis. Inspect ran(iomiy se-
lected plants for nyrnpiis and wingiess adults.
Be sure to examine lower leaf surfaces, stems,
and buds. Look for wilite, cast skins (moi’cs)
and iloneyciew on upper leaf surfaces.

* In some cases, higil api'ii(i mor’cali’cy can be
inflicted using a gentie stream of water to dis-

iodge api'iicis from expose(i piant surfaces.

Bio!ogical Control

* Natural enemies (preclators and parasitoicis)
are commerciaiiy available and can be re-
leased in the greenilouse. Predators include
iaciyi)ugs such as Adalia ]Jipunctata, the pre(ia-
tory mi(ige, ApZzia]o/etes aplzic[imyza , and green
iacewings such as Clzrysopa carnea. Parasitic
wasps inciudeAplze/inus addominalis, Aplzia]ius

colemani , and A. ervi.

Chemical Control

° Wiciespreaci resistance to insecticides has been
reporteci for many common api'ii(i pests in the
greeniiouse. However, several prociucts with

novel modes of action are available that can

Artlzropozj Pest Management in Greenhouses and Interiorscapes

o Like ’cilrips, spicier mites can be detected i)y
careful visual inspection and i)y tapping foli-
age, buds, or flowers over white paper.

° Highiy suscep’ciiaie piants can be used as in-
dicator pian’cs toa (ieveioping cyciamen mite
proloiem. For example , African violets will not
iaioom, followed i)y the (ieveiopmen’c of ilairy,
stunted leaves. Impatiens and petunias will
exhibit distorted terminal growtii.

Biological Control

° Amly/yseius ca/i][ornicus, P]'lytoseiu/us persimi-
lis, and Neoseiulus fa//acis are pre(ia’cory mites
that can be used to control two-spotteci spicier
mites. A preciatory micige, Feltiella acarisuga,
is also available for spi(ier mite control. While
reiativeiy new, a small iaciy beetie, Stethorus
puncti//um , is now available and has the ad-
vantage of ﬂying to its prey.

Chemical Control

* Several miticides are available for mite con-
trol, but be sure to check which life stages are
controlled ]oy each procluct. Resting stages
tend to be more tolerant of miticicies, but
some newer products can kill eggs as weii as
other life stages.

° Repeate(i appiications of contact insecticides
may be necessary when mites are abundant.
However, care must be taken in choosing a
prociuc‘c when i)ioiogicai control programs are
in piace.

*  During hot Oklahoma summers, it may be
necessary to schedule pestici(ie appiica’cions as
often as two ciays apart or to be as aggressive
as the label permits.

° Cyciamen mites can be killed i)y immersing
infested pian’c material in hot water (110°F)
for fifteen minutes. Different pian’cs should
be tested for sensitivity to hot water before
attempting this treatment.

| eat Miners

A variety of insects mine leaves in nature, but
several species from a famiiy of flies (Agromyzic[ae)

Photo courtesy Central Science Laboratory, Harpenden Ar-

chive, British Crown, www.insectimages.org

are the primary leaf miner pests in greeniiouses.
Adult leaf miners are stocizy flies that measure
about 1/12 inch iong (Figure 9). Using their ovi-
positor, females puncture the leaf surface and in-
sert tiny eggs within the leaf. Each female can iay
up to 100 eggs in her two- to three-week life span.
These puncture wounds turn white shor’cly after
oviposition, giving the leaf a specizleci appearance
foiiowing muitipie attacks. In five to seven ciays,
eggs hatch into white maggots that grow to 1/10
inch iong at maturity. Larvae tunnel within leaves
for about two weeizs, then become pupae. Depen(i-
ing on species, pupation takes piace in or on the
soii, in leaf mines, or on leaf surfaces. About two
weeks iater, the adult ﬂy emerges from the pupa,
repeating the life cycie. Leaf miners can survive
transport of cuttings in the egg, larval, or pupai
stage, so infestations may result from shipmen’c
of infested material.

Tunneiing maggots feed just under the out-
er cell iayer of leaves, causing unsigil’ciy runs or
mines as they feed. Damage causes reduced aes-
thetic quality, but tunneiing usuaiiy does not kill
the piant. Problematic greenhouse species in-
clude the serpentine leaf miner, Liriomyza tri][o/ii ,
and the cilrysantilemum leaf miner, Plzytomyza
atricornis. Adult serpentine leaf miners have a
black i‘)OCly with yeﬂow marieings, a yeHow head,
and brown eyes. As its name suggests, mines cre-
ated i)y this species are serpentine in appearance.
Adult cilrysantiiemum leaf miners are 1arger and
grey to black with many hairs on their iaotiy.
Their mines can appear i)iotchy as well as serpen-

tine and tend to be found near the leaf mid-vein.

Figure 9. Adult cl'irysant}iemum leaf miner.
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Proba]aly the most common mite in the
greenhouse is the two—spot’ced spicler mite, Tet-
ranyclzus urticae. This mite measures about 1/50
inch 10ng, requiring at least a 10X hand lens to
aid in its identification. Two—spo’cted spider mites
may be yeHow or green with two, and occasionaﬂy
four, dark spots on their bodies (Figure 8). This
mite feeds ]:)y piercing leaf tissue with its thin,
whip—lilze mouthpar’cs and suclzing the plan’c sap
exuded at the wound site. Feeding causes chlo-
rotic s’cippling of leaves, giving the appearance of
fine, yeﬂowish to white speclzling on the foliage.
Stippling is distinctive and is reaclily recognized

y experiencecl growers. Spider mites are most
1i12e1y to be found on the underside of leaves and
in the flowers. As popula’cions increase, spider
mites often spin webbing over foliage and flowers
(Figure 8).

Duration of the life cycle varies grea’cly with

temperature in the greenhouse. But under ho’c,

UGA5351005 |

Figure 8. Adult two-spotted spider mites (top) and
wel)l)ing produce(l Ly gorse spider mite (Lottom).

clry conditions, it may take as little as seven days
for mites to clevelop from egg to adult. At 70°F
the life cycle is twenty clays but only half that when
temperatures are at 80°F. High temperatures and
low relative humidity favor mite clevelopmen’c. In
two to five clays, eggs hatch into six—legged lar-
vae that feed for a short time. Larvae then de-
Velop into eight—legged nymphs that pass through
two stages, the protonymph and deu’conymph.
Between each stage, larvae and nymphs enter an
inactive resting stage that lasts a short time. The
eight-legged adult ﬁnaﬂy emerges from the last
resting stage. Because each female may deposit
100 eggs or more during her lifetime, there is a
high potential for rapicl population grow‘ch.

Cyclamen mites, Plzytonemus pa//iclus , are
only 1/100 inch 1ong at maturity. These mites
cannot be seen without high magniﬁca’cion and
are translucent with a brownish tinge. Cyclamen
mites attack a wide range of plants, £eec1ing on
buds and adjacent immature leaves. They at-
tack growing points of plant tissue, which causes
twisting and stunting of affected tissue, and new
grow‘ch may appear purplish. Damagecl leaflets
curl from outside inward because feecling causes
small depressions to form in young leaves. Dam-
aged flower buds may grow into distorted flowers
or may not open at all.

High humidity (80 percent or more) with a
cool temperature (6OOF or 1ess) favors their de-
Velopmen’c. The life cycle from egg to adult can
occur in only two weeks, with the female 1iving
up to four weeks and 1aying up to 100 eggs in her
lifetime.

lntegratecl Pest Management

Strategies
Cultura!/Mechanica! Control
and Monitoring,
*  Monitor for mites by examining plants closely
for stippling, webbing, and/or herbicide-like
amage. Be especiaﬂy Vigilant when ambient
conditions are conducive to the cleve]opment
of spicler mites (ho’c and clry) and cyclamen

mites (cool and wet).

Artlzropoa’ Pest Management in Greenhouses and Interiorscapes

be rotated to manage aphicls, while minimiz-
ing developmen’c of resistance. Many insecti-
cides are harmful to natural enemies, SO if a
]oiological control program is in place, choose
narrow-spectrum insecticides that minimize
negative effects on beneficial insects. For ex-
ample, some proclucts contain insect pa’cho—
gens that speciﬁcaﬂy target the pest insect
but cause only minimal harm to non-target

organisms.

l:ungus Gnats and
Shore Flies

Fungus gnats, Brac[ysia spp- and Sciara spp-,
and shore flies, Scatella spp., were once consid-
ered minor nuisance pests in the greenhouse.
Production systems that employ misting equip-
ment or are otherwise heavily irrigated create a
continuously wet soil environment favorable to
fungus gnat clevelopment. Plants grown in soil
rich in organic matter are also suscep’ci]:;le to fun-
gus gnats. Damage is caused ]oy the larvae, which
feed on organic matter and attack Lu”as, roots,
and other ﬂeshy plant parts. Larvae ini’ciaﬂy feed
on root hairs and even’cuaﬂy tunnel into the plan’c
stem. Delicate see(ﬂings of many greenhouse spe-
cies can be killed, with plan’cs yeHowing and often
wilting rapi(ﬂy before death. Adult fungus gnats
and shore flies have been implicatecl in transmis-
sion of economicaﬂy important plant pa’chogens
including the oomycete, Pytl;ium , and the fun-
gi, Verticillium, Botrytis, and Fusarium. Fungal
spores are ’cypicaﬂy carried from plan’c to plant on
the bodies of adult flies, but may also be present
in feces of fungus gnats. Fungus gnat larvae may
also transmit Pytlflium, Vertici//ium, Fusarium,
and Phoma.

Fungus gnats are clelica’ce, dark gray to black
flies with 1ong 1egs and antennae (Figure 2).
These insects reside on the soil surface and will ﬂy
about when pots are disturbed or watering occurs.
Adults measure about 1/8 inch 1ong and possess
one pair of transparent wings. Females 1ay clus-
ters of 20 to 30 eggs on moist soil surfaces, par-

Photo courtesy Rick Grantham, Oklahoma State University

Photo courtesy Whitney Cranshaw, Colorado State

University, www.insectiages.org

UGA1455144

Figure 2. Darlzwing’ed fung’us gnat adult (top) and lar-

vae (laottom) .

ticularly soils high in organic matter. Adults live
for approximately ten days, but &uring that period
females may 1ay 250 to 300 eggs. Eggs hatch five
to six days after oviposition (egg laying). Larvae
are translucent, 1eg1ess, 1/4 inch 1ong white mag-
gots with shiny black heads (Figure 2). They feed
for 10 to 14 days before pupating in the soil. Af-
ter another five to six days, adults emerge from
their pupal cases, completing their life cycle with-
in four weeks.

Shore ﬂy adults measure approximately 1/4
inch 1ong, have black l)oclies, reddish eyes, and
gray wings that contain several clear spots (Fig-

ure 3). Though o{-ten mistalzen for {-ungus gnats,
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Figure 3. Shore t]y adult caug’tit on a yeHow sticlzy
card. Note clear spots on wings.

shore flies have iarger, more robust bodies and
relatively shorter iegs and antennae. Eggs are laid
in areas of aigai growtti and larvae hatch within
four to six ctays toiiowing oviposition. There are
three larval stages; mature larvae measure about
1/4 inch iong and are opaque, yeiiowisti brown,
and lack a head capsuie. The life cycie is com-
piete in 15 to 20 ctays, ctepencting on tempera-
ture. Larvae feed primariiy on aigae and are not
known to feed on piants, but adults cteposit feces
on leaves, causing a reduction in aesthetic quai—
ity. Actctitionaiiy, adult shore flies are known to
transmit black root rot and water-mold tungus in
their feces, especiaiiy under wet conditions.

lntegrated Pest Management

Strategies

Cuttural/f\/\ectianical Control

and Monitorin

e Avoid accumulation of water, organic matter,
weects, or debris on or under benches. Aigai
growtti should be controlled to manage shore
flies.

* Use pasteurized soil (start with clean soil and
do not store or stocizpiie soil outdoors or un-
covere(i).

* Inspect new piant materials caretuiiy, espe-
ciaiiy the roots. Look for larvae, particuiariy
in the upper inch of media in the container.
It is ctieaper to rogue a few piants than to
control infestations later.

* To monitor adults, piace yeiiow sticiey traps
i’iorizontaiiy and ctirectiy above the soil surface
for maximum effectiveness. Fungus gnat lar-
vae can be monitored i)y piacing potato disks
or we(iges on the soii surtace; wectges stioui(i
be examined every two to three ciays for the
presence of larvae.

*  Avoid excessive watering and izeep soil siigtitiy
ctry, especiaiiy when trying to control infesta-
tions.

Biological Control

* For tungus gnat controi, use the prectatory
mite, Hypoaspis miles, and the parasitic nem-
atode, Steinernema ][e/tiae. Nematodes are ap-
piiect in water as a soil drench in pots or below
the bench. The rove iaeetie, Atheta coriaria, is
an effective prectator of shore tiy larvae.

Chemical Control

* Rotate insect growti'i reguiators (IGR’s) with
other proctucts to control tiy pests. IGR’s in-
terfere with (ieveiopment and growtti of im-
mature tungus gnats and shore flies. Aiso,
use formulations of Bacillus tlzuringiensis var.

israelensis (Bti).

Scale Insects and

Mealgbugs

Greenhouse piants can serve as hosts to a wide
variety of scale insects. These pests are cioseiy re-
lated to aptiicts and are tiigtiiy variable in stiape,
color, and size, aittiougii most species are less than
1/4 inch iong. Scales feed 13y inserting their iong p
needle-like mouttiparts into piant tissue and ex-
tracting piant sap, resuiting in reduced piant vig-
or, stunted growtti, reduced ptiotosynttiesis, and
dieback. Scales are higi'liy speciaiizect insects that
most peopie misctiagnose as abnormal growttis or
disease symptoms due to their concealment within
hardened bodies or beneath dome-like, waxy cov-
ers. Common greeniiouse species in Oklahoma
include black scaie, Saissetia oleae , iiemispiiericai
scaie, Saissetia coﬂeae, and brown soft scaie, Coc-
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Adults and larvae transmit two important
tospoviruses, tomato spotte(i wilt virus (TSWV)
and impatiens necrotic spot virus (INSV). The
predominant vector of these important piant
diseases is western flower ttirips, Frankliniella oc-
cidentalis. Male western flower ttirips are paie yei-
low and have a narrow abdomen; whereas females
are iarger, yeiiow to dark brown, and have a more
rounded abdomen. Each female may live up to six
weeies, and may prociuce 150 to 250 eggs cturing
her lifetime. Larvae cteveiop ttirougi'i two instars
and are yeiiow.

Ti’irips attack at least 300 species of piants.
New Guinea impatiens, ctirysanttiemums, and
gioxinias are especiaiiy suscepti]oie to tospovi-
ruses, and symptoms vary with host piant from
]ouiis-eye patterns on toiiage to brown sap 0o0z-
ing from lesions on stems. Plants infected with
TSWV or INSV must be (iestroyect because the
diseases are incurable. Therefore, controiiing
ttirips is important in preventing transmission of
these economicaiiy important diseases as well as
reduced aesthetic quaiity due to teecting. Plants
stiowing symptoms of disease can be submitted
to the Plant Disease and Insect Diagnostic Lab
at Oklahoma State University for evaluation.
Instructions for preparation and submission of

sam ies can i)e toun(i at tittp://www.ento.oiestate.
P

edu/pddl/.

lntegrateci Pest Management

Strategjes

Cultural/Mectianical Control

and Monitoring,

*  Know your source of piants. Do not intro-
duce new piants that may have the virus into a
greentiouse containing tieaittiy piants. Ttirips
can quiciziy sprea(i the virus to epi(iernic lev-
els.

* Eliminate sources of ttirips t)y removing weeds
growing under benches and outside around
greentiouses.

*  Exclude ttirips from the greenilouse ]oy in-
staiiing vent/fan screens and double doors.

*  Monitor for adult ti'irips with blue or yeiiow
sticiey cards piace(i just above the piant can-

opy and check cards at least once per week.
If adults are (ietecte(i, cioseiy examine piants
around the sticizy card for ttirips and piant
(iamage.

° Ti’irips can also be detected 13y tapping toiiage,
buds, or flowers over white paper.

Biologicat Control

° Prectatory mites such as Hypoaspis miles,
Amla/yseius cucumeris, and A. swirs/eii, and
the minute pirate ]oug, Orius insidiosus, are
commerciaiiy available for release against
ttirips. Am[a/yseius mites should be released
before ti'irips popuiations build up to ctamag-
ing levels. The soii-ini'ia]oiting mite, Hypoas-
pis miles, is available for release against ttirips
pupae, root-intesting aptiicts, and tungus gnat
larvae. The parasitic nematode, Steinernema
][e/tiae , is appiiect in water as a soil drench to
control ttirips pupae.

Chemical Control

° Ti’irips are normaiiy controlled with contact
insecticides, but acceptai)ie levels of control
are often difficult to achieve because ttirips
intialaiting flowers are often well protectect
from sprays. Systemic insecticides will not
work against ttirips tee(iing on flower buds or
petais because the active ingre(iients cannot
be transportect to those tissues.

e Ifa t)ioiogicai control program is in piace,
choose selective insecticides such as IGR’s or
proctucts containing the insect-ieiiiing tungus,
Beauveria bassiana , to minimize harmful ef-
fects on natural enemies, especiaiiy predatory

mites.

Mites

Mites are aractinicts, not insects, and thus
are more cioseiy related to scorpions and spi(iers.
Unlike insects, adult mites have four pairs of iegs
regarctiess of the species. However, immature
mites can have three pairs of iegs eariy in their
life cycie, so be careful when trying to ctiagnose a
pest prolaiem.
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* Weeds can be an important source of white-
flies, so control weeds growing under benches

to prevent recurring Whiteﬂy pro]:;lerns.

Biological Control

* Several parasitic wasps are commerciaﬂy avail-
able for wlli‘ceﬂy control. Encarsia ][ormosa at-
tacks greenhouse Whi’ceﬂy larvae and Bretmo-
cerus eremicus parasitizes both greenhouse,ancl
silverleaf (current name for sweetpotato)
Wl'liteﬂy. Eretmocerus  mundus speciﬁcaﬂy
controls silverleaf whiteﬂy and can survive
under a variety of climatic conditions. This
wasp can be introduced into the greenhouse at
any time, including early in the season. The
preda’cory mite, Aml)/yseius swirskii, feeds on
Wl'liteﬂy eggs and larvae as well as thrips. This
predator performs best when both prey items
are available. De/plzastus catalinae, a small

black L‘;uly beetle, is also commerciaﬂy obtain-
able.

Chemical Control

e Systemic and some contact insecticides have
proviclecl effective control of whiteflies, but
be sure to rotate among chemical classes to
prevent the development of resistance. Con-
tact insecticides should be directed at the un-
derside of leaves and appliecl when first- and

second-instar whi’ceﬂy larvae are present.

Thri ps

Most ’chrips species measure no more than 1/8
inch 1ong, have slender bodies, and have two pairs
of stalk-like wings ﬁinged with 1ong hairs (Figure
7). Populations often proliferate on weeds grow-
ing around greenhouses during summer mon’chs
and may be carried in Ly air currents through
open vents or doors (especiaﬂy during wheat har-
vest in Olzlal'loma). Thrips attack a wide range of
crops and can be found in buds, on flower petals,
and in axils of leaves. While adults can be seen
without a hand lens, they usuaﬂy hide in buds or
flowers. Tl’lrips can be detected by thorough visual
inspection of plants and Ly tapping foliage, buds,

Photo courtesy Alton N.Sparks, Jr., University of Georgia, www.insectimages.or

Figure 7. Onion t}n‘ips (left) and western flower thrips
(right).

or flowers over white paper. Adults can be yeﬂow,
brown, tan, or black, clepending on species.

Using their saw-like ovipositor, adult females
1ay their eggs in leaves and other plant tissue. In
two to eight clays, eggs hatch, and larvae immedi-
ately Legin to feed. After feecling for ten to four-
teen clays, larvae burrow into the soil and pupate.
Adults emerge about four clays later. The life
cycle is complete in as little as two weeks, though
cooler temperatures may clelay completion of the
life cycle up to a month.

Thrips have rasping mou’chpar’cs that scrape
tender leaves and petals, creating a wound allow-
ing them to suck exuding plant sap. Thrips injury
appears as white or silver streaks on affected plant
parts, which turn tan or brown as cells die. In ad-
dition, thrips feecling on newly expancling leaves
can distort tissue severely, resulting in cupping
(curled leaf margins) or irregularly shapecl leaves,
buds, and flowers. A sign of an infestation is the
presence of green to black fecal droppings on

leaves and petals.

Artlzropod Pest Management in Greenhouses and Interiorscapes

Photo courtesy Sonya Broughton, Dept. of Agricul-

ture & Food, Western Australia, www.insectimages.

org

Photo courtesy United States National Collection of Scale Insects Photographs Archive,

USDA-ARS, www.insectimges.org

=" UGA5186099

cus lrlresperidum (Figure 4). These species l)elong
to a famﬂy of scales called soft scales (Coccidae).

Like aphicls, soft scales excrete honeyclew, which
can accumulate on upper leaf surfaces and sup-
port the growth of black sooty mold. Other scale
pests in the greenhouse include armored scales
(Diaspia’fa’ae) and pit scales (Astero/ecaniia]ae).
While feeding, adults inject toxic saliva into
the host plant, causing cellular damage within af-
fected tissues. Adult females are sac—lilee, wingless,
and typicaﬂy legless. Adult males have legs and
one pair of wings, but lack mouthpar’cs an(l, t}lus,
do not feed. As such, upon emergence they seek
out and mate with available £ema1es, then die. In
some species, males are rare or entirely laclzing,
and virgin females produce clones of themselves.
Live young or eggs are producecl under the fe-
male’s l)ody or waxy cover. First stage nymphs are

Photo courtesy United States National Collection of Scale

Insects Photographs Archive, USDA-ARS, www.insec-
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Figure 4. Black scale (upper left) , hemispherical scale

UGA5120033

(upper rig'ht), and soft brown scale (lower left).

called crawlers because they have 1egs and move
about for one or two days in search of prime feed-
ing areas on the plant. Crawlers then insert their
mou‘chpar’cs into plant tissue and settle, forming
their waxy cover as they feed. Most species are
immobile for the remainder of their lives. Settled
crawlers (J.evelop ’chrough several molts, 1osing
their 1egs cluring the first molt. One to eight gen-
erations can occur within a year, clepending on
species and temperature.

Mealy]:)ugs (Pseuc[ococcia]ae) are soft-bodied in-
sects that measure about 1/8 to 1/4 inch in 1eng’c11.
All mealy]ougs are coverecl ]oy a white granular or
cottony 1ayer of wax. Many species possess 1ong,
waxy filaments or shorter tufts projecting outward
from the Locly. The life cycle of most species is
similar with females 1aying 300 to 600 eggs in
cottony sacs usuaﬂy located beneath the female.
Foﬂowing oviposition, eggs hatch in seven to ten
&ays into tiny yeﬂowish nymphs (crawlers). The
1ong—tailec1 mealy})ug is slightly different because
females give birth to hving young. Mealy]:)ugs in-
jure plan’cs ]:)y suclzing sap from tender foliage,
ﬂowers, stems, ﬁuits, and roots. Heavy infesta-
tions result in stunted and distorted new grow’ch.
Like soft scales, mealy]:)ugs excrete honeydew,
which can give rise to black sooty mold. Depencl—
ing on species and temperature, the complete life
cycle can take six weeks to two mon’chs, though
mealylaugs can be found in the greenhouse year
round.

Many species occur on greenhouse floral

crops, but perhaps the most common is the cit-
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Figure 5. Adult citrus mealy]augs on Kalanchoe, Kal-
anchoe spp.

rus mealy})ug, Planococcus citri (Figure 5). Cit-
rus mealybugs have a White, powclery substance
covering their bodies and white, waxy filaments
projecting from the end of their abdomen. T}ley
also have shorter filaments of wax along the Lody
margins and a faint, gray stripe running down the
1ength of their ]30cly. This pest feeds on more than
27 families of host plants, including amaryﬂis,
Legonia, coleus, cyclamen, and dahlia.

lntegrated Pest Management

Strategjes

Cultural/Meclﬁanical Control

and Monitorin

* Monitor for scales and mealybugs by closely
examining stems and both sides (especiaﬂy
unclersicles) of leaves at least once per week.
Look for cleposits of honeyclew and black
sooty mold on upper leaf surfaces.

* Examine new plan’c material Carefuﬂy for the
presence of scales and mealy]ougs on stems
and leaves.

* Pheromone traps can be used to capture male
citrus mealy]sugs for monitoring the presence

of mealy]augs in greenhouses.

Biological Control

*  Soft scales are controlled with parasitic wasps
released into the greenhouse. Many wasp spe-
cies specialize on one or several scale insects,
so be sure to properly match the ]oiological
control agent with its scale host. For instance,
Metaplzycus Juteola is very effective at control-
1ing brown soft scale, but M. helvolus is better
suited to Controﬂing hemispherical scale.

* Various parasitic wasps for con’croﬂing mealy—
]sugs are available commerciaﬂy. Citrus mealy—
]aug is egectively controlled using Leptomastix
aiacty/opii in conjunction with the ladyljug
predator, Crypto/aemus montrouzieri, known

as mealy]jug (Jestroyer.

Chemical Control

*  Most scale species, especiaﬂy soft scales, and
mealy]ougs are eﬁectively controlled with sys-
temic insecticides. Armored scales can be
controlled or at least suppressed with certain
systemic insecticides, but horticultural oil
can be used very egectively against armored
scales.

° Commerciaﬂy available insecticidal soaps are
also an effective option.

*  Minor mealy]jug infestations are often con-
trolled with a 50/50 mixture of common rub-
]aing alcohol and water.

Whiteflies

Whiteflies are not true ﬂies, but are close rel-
atives of aphids and scales. They measure 1/16
inch 1ong, have four wings, and are orange un-
derneath. Tl'ley resemble small white moths due
to the white, waxy pow&er on top of their bodies

(Figure 6). Whiteflies reside on the underside of
leaves and will ﬂy readily when disturbed. During
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Figure 6. Adult and larvae of g’reenllouse Whiteﬂy.

heavy infestations, a “white cloud” appears during
watering or when plants are disturbed. These in-
sects feed through piercing—sucleing mouthparts,
sometimes causing stippling (smaﬂ, discolored
spots) on leaves. Plants eventuaﬂy lose vigor as
essential nutrients are withdrawn with the plant
sap. Like their close relatives, whiteflies excrete
honey(lew, supporting the growth of black sooty
mold on plant surfaces. Whiteflies are problema’c—
ic for several reasons: they have high reprocluctive
rates, rapicﬂy develop resistance to insecticides,
some can transmit plant viruses, and they attack
a wide range of major ornamental crops. Poin-
settia, chrysanthemum, fuchsia, many L)ecl(ling
plants, and tomatoes are particularly susceptible
to whiteflies.

Despite the fact that they are tropical insects,
whiteflies are found in greenhouses year round.
They spreacl from greenhouse to greenhouse via
transport of host plants and Ly attaching to work-
ers’ clothing. Yellow clothing should not be worn
Ly workers as this color is particularly aﬂuring to
whiteflies. Several species are of economic impor-
tance to greenhouse pro&uction, including green-
house Whiteﬂy, Trialeurodes vaporariorum, sweet-
potato whiteﬂy, Bemisia tabaci Liotype B (also
known as silverleaf whiteﬂy, Bemisia argenti:)[o/ii) ,
and sweetpotato Whiteﬂy, Bemisia tabaci Liotype
Q. Biotypes B and Q of sweetpotato whiteﬂy can-
not be (listinguished based on physical traits, so
only DNA tests can confirm their true identity.

[t is important to make the correct determination

because ]oio‘cype Q is resistant to several classes
of insecticides. Contact your county Extension
office to inquire about how to determine the pre-
dominant ]aio’cype present in your greenhouse.

Female whiteflies usuaﬂy deposit eggs in a
circular pattern and most ﬁequently on the un-
derside of younger, upper foliage. Adult females
may 1ay as many as 150 to 250 eggs in their life-
time. Eggs are tiny, spin(ﬂe shaped, and attached
to the leaf surface ]oy a thin stalk. Eggs appear
creamy when laid but eventually darken. N ewly
hatched nymphs emerge from the eggs in five to
ten days and seek fee(ling sites. After inserting
their mouthpar’cs into leaf tissue, ’cl'ley remain sta-
tionary for three weeks, during which three molts
occur. All nyrnpllal stages are ﬂa’c, transparent
to yeuow—green, and appear scale-like. At the
end of this period, the whiteﬂy transforms into a
non—fee(ling, yeﬂowish—green “pseudopupan with
two conspicuous eyes. About one week 1ater, the
Wingecl adult emerges and ]oegins 1aying eggs with-
in a week. The entire life cycle is complete within
four to five weeles, depending on temperature.

Sweetpotato whiteﬂy holds its wings closer
to the ]:)ody and appears smaller than greenhouse
Wl’liteﬂy. Damage is similar to that of greenhouse
Wl’liteﬂy, but sweetpotato whiteﬂy can reprocluce
more aggressively, par’cicularly because insecticide
resistance is acquired rapicUy with this species.
Poinsettias are extremely suscepti]ole to sweetpo-
tato whiteﬂy. Because whiteﬂy populations can
increase quiclely, it is essential to monitor their
populations early in the production schedule.
Early Vigilance in poinsettia crops is also impor-
tant, because plants are suscepti]ole to pesticide
damage once Jchey ]:)egin showing color.

lntegratecl Pest Managemeﬂt

Strategies
Cultural/Mechanical Control
and Monitorin
*  Monitor for sessile stages of Whiteﬂy and their
eggs ]Jy closely examining undersides of leaves,
especiaHy early in the produc’cion cycle. Look
for deposits of honey&ew and black sooty mold

on upper 1ea£ surfaces.
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