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Inroads to Practical Biological Control in Texas
Kevin M. Heinz
Department of Entomology; Texas A&M University
College Station, TX 77843-2475
Index Words: two spotted spider mite, Tetranychus urticae, biological
control, predator, Phytoseiulus persimilis, diffenbachia, augmentation
Nature of Work: In 1997, the American Floral Endowment conducted a
floral production research survey of select groups associated with the
production of flower crops. When asked to determine the importance of
pest management to their segment of the industry, the percentages of
individuals within the five interest groups (retailers, wholesalers, growers,
educators, and allied trades) identifying pest management as being very
important or important ranged between 53 and 88% (average = 65%). When
100 growers were polled as to their importance/emphasis for research
funding, 49% ranked insect control as the highest priority. Disease control,
a distant 35% behind insect control, received the next highest priority
ranking from only 14% of the growers. Results of the American Floral
Endowment survey indicate the management of pestiferous insect and
mite problems to be a major issue throughout all segments of the industry.
In the regulatory community a zero tolerance policy is the norm concerning
quarantined pests. Of greater importance to most growers is the regulatory
policy as it relates to widely distributed pest (aphids, mites, whiteflies,
etc.). Recently state regulatory officials of Arizona, Arkansas, California,
Florida, Louisiana, New Mexico, Nebraska, Oklahoma, and Texas were
contacted to find out when they issue a stop sale for a widely distributed
pest within their state boundaries. Results of the informal survey reflect
the desire of the regulatory community to act in a responsible manner to
reducing the spread of pest problems while attempting not to place
standards on the industry that impossible to attain.
No state has established a pest threshold for issuance of a stop sale
order. Furthermore, no state issues a stop sale when light infestations
are detected. In every state, issuance of a stop sale is left up to the
discretion of an inspector. Laws of some states mention plants should be
pest-free, but inspectors ignore light infestations of widely distributed
pests. A couple of states take advantage of the language, “Apparently free
of injurious pests and diseases” as a basis to refrain from issuing a stop
sale for light infestations. All states are more thorough in their inspections
when a phytosanitary certificate is issued for export to other states or
other countries; states such as California and Arizona, are fastidious
about any pests, so it helps to reduce pest numbers to zero if achievable.
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Texas Agricultural Code currently states, “Nursery products and/or floral
items that are diseased, pest infested or sold from unregistered locations
are subject to a stop-sale order.” The Texas Department of Agriculture
makes annual inspections of approximately 2,000 of the 11,000 greenhouse
and nursery operations that occur within the state. Between 1996 and
2000, inclusive, the Department issued 1331 stop sale orders. Almost all
of the stop sale orders (98.8%) were issued for the occurrence of pest
insects (aphids, mites, and whiteflies causing 55% of all stop sale
orders), and only 1.2% of orders were issued for the occurrence of plant
diseases (primarily lethal yellowing of palms). In as much as pest problems
in Texas reflect problems in other states, insects are the near sole cause
of stop sale orders relative to plant diseases. The Texas Department of
Agriculture is likely to revise the code in 2001/2002 to permit growers to
file a pest management plan should a pest infestation be detected, and
only if the pest management plan fails to adequately control the pest will
a stop sail order be mandated. This anticipated change in agricultural
regulations now permits the use of biological control as a method of
managing pests, provided it is effective and practical. One aspect of
making biological control practical, the optimal time for implementation, is
reported on here.
Materials and Methods: To test for the optimal time for implementing
biological control, three groups based on plant age were established in a
commercial greenhouse. Four replicates within each age group consisted
of approximately 400-dieffenbachia plant in one gallon pots spaced by
the cooperating grower on greenhouse benches. All treatments and we
maintained in a single greenhouse.
Two-spotted spider mite, Tetranychus urticae, is the key pest of
dieffenbachia. A predator that has been effective in controlling this pest
mite in other crops is the predatory mite Phytoseiulus persimilis. Predatory
mites were purchased weekly from a commercial insectary and applied
at a rate of 3 predatory mites per pot per within 6 hours of their arrival at
the grower operation. No additional miticides were applied to the biological
control treatments. In addition, the cooperating grower as a means of
comparison treated a second set of each age group with miticides.
Records associated with the cost of each treatment were carefully
maintained.
To quantify population suppression with each of the treatments, mites
were censused weekly by visually inspecting 5 leaves within 12 plants
selected at random within each treatment group for 3 minutes. Significant
differences in aphid density and parasitoid densities were sought via
a two-way analysis of variance (ANOVA) with treatment as the
independent factor (SigmaStat 2.0 1997).
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Results: A significant interaction between crop age and treatment was
detected (Figure 1) (F= 34.1483; 2,1 df; p< 0.001) suggesting that the
abilities of the various treatments to control spider mites was influenced
significantly by crop age. To examine the nature of this interaction,
treatment effects were examined separately within in each group using
repeated measures ANOVA (SigmaStat 2.0 1997).
When predatory mites were released early or at an intermediate stage of
the crop cycle, biological control provided substantially improved control
relative to the chemical standard (Figure 1). Releases of predatory mites
early within a crop cycle prevented outbreaks of spider mites, while the
chemical controls used by the grower were ineffective at preventing such
outbreaks. A similar pattern was detected when predatory mites were
released at an intermediate stage of crop development. However, when
releases were initiated late in the crop cycle, there were no differences
among treatments, and neither provided satisfactory control to the
grower.
Cost comparisons showed the biological control to be economically
favorable to the chemical rotation used by the grower (Table 1). The cost
of conducting the biological control program averaged $414 whereas the
chemical control program averaged to $43 0.9 1. When also viewed in
terms of the success provided by the biological control when mites are
released at the appropriate time (Figure 1), the difference becomes
significant.
Significance to the Industry. Biological control within ornamental crops
has long been criticized for being ineffective and cost prohibitive. Further,
until recently regulatory policies in Texas have hindered the adoption of
biological control within the greenhouse and nursery industry. With
proposed changes in state regulatory policies, and when natural enemies
are used early within a crop cycle rather than as rescue treatments,
biological control (at least in dieffenbachia) can be a effective and
economical means of control spider mite infestations.
Acknowledgements. The American Floral Endowment and Ellison’s
Greenhouses, Inc. provided funding for this work.

Literature Cited:
SigmaStat 2.0. 1997. SPSS Inc. Chicago, IL.
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Pest Control Research for Nursery Crops – 2000
J. Ray Frank
Rutgers/State University of New Jersey, New Market, Maryland 21774
Index Words: Pesticides, biopesticides, label, registration, insecticides,
fungicides, herbicides, nematicides, plant growth regulators, PGR’s.
Nature of Work: Research trials were conducted by the IR-4 Ornamental
Program to help in the development of data for national label registrations
of pesticides and biopesticides for nursery, greenhouse, forestry, Christmas
tree, turf, tissue culture, commercial landscape and the interior plantscape
industries. Most of the 2000 trials evaluated phytotoxicity but some efficacy
trials were also conducted. 101 protocols for 31 fungicides, 35 herbicides,
24 insecticides, 3 nematicides and 8 plant growth regulators were developed to
insure uniform and accurate data required for national label registration.
Of these 101 protocols, 50 were used in the 2000 trials. These include
17 fungicides, 19 herbicides, 10 insecticides, 2 nematicides, and 2 plant
growth regulators. Five hundred and forty-nine trials were conducted by
39 state, federal and private researchers at 36 sites in 31 states. (A trial
consists of a single pesticide and a single plant taxa or pest species).
Results and Discussion:
The following seventeen (17) fungicides were evaluated:
Acibenzolar (Actigard 50 WP)
Azoxystrobin (Heritage 50)
Bacillus subtilis (Serenade)
Chloride Dioxide (Aseptrol)
Chlorothalonil + Thiophanate
Methyl (Spectro 90WDG)
Copper Hydroxide + Mancozeb
(Mankocide)
Copper Salts – Fatty & Rosin Acids
(Camelot)

Dimethomorph (Stature 50WP)
Fenhexamide (Decree 50WDG)
Fludioxonil (Medallion 50)
Flutolanil (Contrast 70WSP)
Gliocladium catneulatum (Primastop)
Milsana Bioprotectant
Neem Oil Extract (Triact 70EC)
Potassium Bicarbonate (First Step)
Streptomyces griseoviridis (Mycostop)
Trifloxystrobin (Compass 50 W)

The following nineteen (19) herbicides were evaluated:
Benefin + Oryzalin (XL 2G)
Clethodim (Envoy)
Clopyralid (Stinger)
Diclobenil (Casoron)
Diquat Dibromide (Reward LS)
Dithiopyr (Dimension 1 EC)
Flumioxazin (Valor)
Imazapic (Plateau)
Isoxaben (Gallery 75DF)
Napropamide (Devrinol 2G)

Oryzalin (Surflan AS)
Oxadiazon (Chipco Ronstar)
Oxadiazon + Pendimethalin (Kansel Plus)
Oxyfluorfen (Goal)
Oxyfluorfen + Oryzalin (Rout 3G)
Oxyfluorfen + Oxadiazon (Regal-0-0)
Oxyfluorfen + Pendimethalin (OH II)
Pendimethalin (Pendulum 60WDG)
Prodiamine (Barricade 65WG, Factor 65)
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The following ten (10) insecticides were evaluated:
Abamectin (Avermectin) (Avid)
Acephate (Orthene TTO)
Azadiractin (Azatin XL)
Chlorfenapyr (Pylon)
Cinnamaldehyde (Cinnamite 30)

Halofenozide (Mach 2)
Novaluron (Rimon 10EC)
Paecilomyces fumorseroseus (PFR-97)
Pirimicarb (Pirimor 50DF)
Pyridaben (Sanmite)

The following two (2) nematicides were evaluated:
Abamectin (Avermectin) (Avid)

Sodium Tetrathiocarbonate (Enzone)

The following two (2) plant growth regulators (PGRs) were evaluated:
6-Benzyl Adenine (BAP-10)

Uniconazole P (Sumagic)

The IR-4 Ornamental Research Program led to 1,155 new label
registrations in 2000 for use by the ornamental industry (Table 1).
Significance to Industry: Since its inception, the IR-4 Ornamental
Research Program has been responsible for over 8,800 national label
registrations for use by the ornamental horticulture industry.
Literature Cited:
1. IR-4. 1998. IR-4 Project Statement: October 1, 1998 to September
30, 2003. Cook College, Rutgers The State University of New
Jersey, New Brunswick, NJ. 46pp.
2. IR-4. 2000. IR-4 Annual Report. Cook College, Rutgers The State
University of New Jersey, New Brunswick, NJ. 51pp.
3. IR-4. 2000. “Commercially Grown Floral, Forestry, Nursery and Turf
Crops”. IR-4 Minor Use Report Card – 2001 Update. 28pp.
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Table 1. 2000 Pesticide Registrations supported by IR-4 data.
Abamectin (Avermectin)
Arborvitae (Thuja)
Fir (Abies)
Pine, White (Pinus strobus)
Spruce (Picea)
Acephate (Ortene Turf, Tree and
Ornamental Spray)
Ash (Fraxinus)
Aster
Birch (Betula)
Chrysanthemum
Cineraria
Dahlia
Gloxinia (Sinningia speciosa)
Marigold (Tagetes)
Persian Violet (Cyclamen)
Snapdragon (Antirrhinum majus)
Vervain (Verbena)
Azoxystrobin
Ageratum
Anise Hyssop (Agasatache)
Apache Plum (Fallugia)
Apple (non-bearing) (Malus)
Arborvitae (Thuja)
Arrowwood (Viburnum)
Ash (Fraxinus)
Avens (Geum)
Baby’s-Breath (Gypsophila elegans)
Bald Cypress (Taxodium distichum)
Balloon Flower (Platycodon grandiflorus)
Bamboo (Phyllostachys)
Basket-of-Gold (Aurinia saxatilis)
Batchelor’s Button (Centaurea)
Bayberry (Myrica pensylvanica)
Bearberry (Arctostaphylos)
Beard Tongue (Penstemon Sp.)
Beautyberry (Callicarpa)
Beautybush (Kolkwitzia amabilis)
Bee Balm (Monarda didyma)
Beech (Fagus)
Bellflower (Campanula)
Bishopsweed Goutweed
(Aegopodium)
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Blanket Flower (Gaillardia)
Blazing Star, Gayfeather (Liatris)
Bleeding Heart (Dicentra)
Blue Stem (Schizachyrium)
Bluebeard (Caryopteris)
Blueberry(non-bearing)(Vaccinium Sp.)
Bottle Brush (Callistemon)
Broom (Cytisus)
Bulbous Iris (I. Xiphium)
Calamint (Calamintha)
Camellia, Mountain (Stewartia)
Canna
Cardinal Flower, Indian Pink(Lobelia
Cardinalis)
Catnip (Nepeta Cataria)
Chamelone Plant (Houttuynia)
Chaste Shrub (Vitex)
Cherry (non-bearing) (Prunus Sp.)
Chokeberry (Aronia)
Columbine (Aquilegia)
Coneflower (Rudbeckia)
Coral Bells, Almroot (Heuchera
sanquinea)
Coral Berry, Snowberry
(Symphoricarpus orbiculatus)
Corn Flag, Sword Lily (Gladiolus)
Creeping Wintergreen (Gaultheria)
Cupid’s-Dart (Catananche)
Cushion Spurge (Euphorbia)
Cypress (Cupressus)
Cypress, Lyland (Cupressocyparis
Leylandii)
Dahlia
Daisy, Silver & Gold (Ajania)
Dawn Redwood (Metasequoia)
Daylily (Hemerocallis)
Dead Nettle (Lamium)
Dendranthema
Deutzia
Douglas Fir (Pseudotsuga menziesii)
Elephant’s-Ear, Angel Wings
(Caladium)
Elm (Ulmus)
Enkianthus
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Evening Primrose, Sundrops
(Oenothera)
False Dragon Head, Lion’s Heart
(Physostegia)
False Larch, Golden Larch(Pseudolarix)
False Spirea (Astilbe)
False Sunflower, Oxeye (Heliopsis)
Feather Grass, Needle Grass (Stipa)
Fern (Polypodium)
Wood Fern, Autumn; Shield: Wood
(Dryopteris)
Fern, Royal, Flowering Fern (Osmunda)
Fescue (Festuca)
Fetterbush, Drooping Leucothoe
(Leucothoe)
Figleaf (Althaea)
Filbert, Hazelnut (non-bearing)(Corylus)
Fir (Abies)
Fire Thorn (Pyracantha)
Fleabane (Erigeron)
Fleece Flower, Knotweed (Polygonum)
Flowering Quince (Chaenomeles)
Foamflower, False Miterwort (Tiarella)
Fomay Bells (Heucherella)
Fountain Grass (Pennisetum setaceum)
Franklin Tree (Franklinia)
Gaura (Gaura Lindheimeri)
Globe Thistle (Echinops)
Goatsbeard (Aruncus)
Golden Ray (Ligularia)
Golden Star (Chrysogonum)
Golden-Chain (Laburnum anagyroides)
Golden-Rain Tree (Koelreuteria
bipinnata)
Goldenrod (Solidago)
Grand Fir, Giant Fir (Abies grandis)
Hakone Grass, Japanese Forest
Grass(Hakonechloa)
Hardy Ice Plant (Delosperma
nubigenum)
Heather (Calluna)
Helen’s Flower, Sneezeweed
(Helenium)
Hollyhock (Alcea rosea)
Honey Locust (Gleditsia)
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Honeysuckle (Lonicera)
Hornbean, European (Carpinus
Betulus)
Houseleek (Sempervivum)
Hydrangea
Jacob’s-Ladder (Polemonium)
Japanese Cedar (Cryptomeria)
Japanese Kerria, Japanese Rose
(Kerria)
Japanese Pagoda Tree (Sophora
japonica)
Japanese Painted Fern (Athyrium
Goeringianum)
Japanese Plum-Yew (Cephalotaxus)
Japanese Zelkova (Z. serrata)
Kentucky Coffee Tree
(Gymnocladus dioica)
Lady’s-Mantle (Alchemilla)
Lamb’s-Ears (Stachys byzantina)
Larch (Larix)
Larkspur (Delphinium)
Laurel (Kalmia)
Lavender (Lavandula)
Leadwort (Ceratostigma
plumbaginoides)
Leopards-Bane (Doronicum)
Lilac (Syringa)
Lily (Lilium)
Lily, Easter (Lilium longiflorum)
Lily-of-the-Nile (Agapanthus)
Linden, Basswood (Tilia)
Lithodora
Locust, Black (Robinia Pseudoacacia)
Loosestrife, Circle Flower (Lysimachia)
Lungwort (Pulmonaria)
Lupine (Lupinus)
Maidenhair Tree (Ginko biloba)
Mallow (Malva)
Manna Grass (Glyceria)
Mock Orange (Philadelphus)
Mondo Grass,Lilyturf,Ker-Gawl
(Ophiopogon)
Monkshood, Aconite (Aconitum)
Montbretia (Crocosmia)
Mountain Ash (Sorbus)
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Mullein (Verbascum)
Nippoanthemum
Noble Fir (Abies procera)
Oat Grass (Helictotrichon)
Onion (non-bearing) (Allium)
Oregano, Majoram (non-bearing)
(Origanum vulgare)
Oregon Grape (Mahonia Aquifolium)
Pansy (Viola)
Pear (non-bearing)(Pyrus communis)
Peony (Paeonia)
Phlox, Variegated (Phlox X
procumbens Folio-variegata)
Pincushion Flower, Scabious
(Scabiosa)
Pine, Japanese Umbrella
(Sciadopitys verticillata)
Pine, KMX (Pinus attenuata X Pinus)
Pinks (Dianthus)
Plume Grass, Ravenna (Erianthus)
Poker Plant, Red-Hot-Poker
(Kniphofia)
Poplar (Populus)
Potentilla (Cinquefoil)
Purpleleaf Wintercreeper (Euonymus
radicans)
Queen-of-the-Prairie, Meadowsweet
(Filipendula)
Reed Grass (Calamagrastis)
Reubellum
Ribbon-Grass (Phalaris arundinacea)
Rock Cress (Aubrieta)
Rose-of-Sharon (Hibiscus syriacus)
Russian Arborvitae (Microbiota)
Russian Olive (Elaeagnus
angustifolia)
Russian Porcelain (Ampelopsis)
Sage, Jerusalem (Phlomis fruticosa)
Sage, Russian; Blue Spire (Perovskia)
Sandwort (Arenaria)
Sea Pink, Thrift (Armeria)
Sedge (Carex)
Serviceberry, Sarviceberry
(Amelanchier)
Silver Grass (Miscanthus)
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Silver Lace Vine (Polygonum
Aubertii)
Smoke Tree; Bush (Cotinus)
Solidaster (S. luteus)
Spanish-Bayonet (Yucca aloifolia)
Speedwell, Brooklime (Veronica)
Spiderwort (Tradescantia)
St. John’s Wort (Hypericum)
St. Dabeoc’s Health, Irish
(Daboecia)
Stokes Aster (Stokesia)
Stonecrop (Sedum spurium)
Strawberry (non-bearing)
(Fragaria Sp.)
Sun Rose, Rock Rose
(Helianthemum)
Sweet Pea (Lathyrus odoratus)
Sweet Woodruff (Galium odoratum)
Sweetgum (Liquidambar)
Sweetshrub (Calycanthus)
Switch Grass (Panicum virgatum)
Sycamore (Platanus)
Tansy, Sun Fern (Tanacetum)
Thyme (non-bearing) (Thymus)
Tickseed (Coreopsis)
Toad Lily (Tricyrtis)
Trumpet Creeper (Campsis)
Tulip (Tulipa)
Tulip Tree (Liriodendron)
Turtlehead, Snakehead (Chelone)
Valerian, Centranth (Centranthus)
Vervain (Verbena)
Virgins Bower (Clematis)
Wall Germander (Teucrium)
Western Hemlock (Tsuga heterophylla)
White Fringe Tree (Chionanthus
retusus)
Wild Oats (Chasmanthium latifolium)
Willow (Salix)
Windflower, Lily-of-the-Field
(Anemone)
Winter Hazel (Corylopsis)
Wisteria
Witch Hazel (Hamamelis)
Woadwaxen, Dyers Greenweed
(Genista tinctoria)
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Wormwood (Artemesia)
Yarrow (Achillea Millefolium)
Yellow Archangel (Lamiastrum)
Yellow Foxtail (Alopecurus)
Yellowwood (Cladrastis)

Deltamethrin
Periwinkle (Vinca)
Umbrella Tree (Schefflera)

Diazinon
African Violet (Saintpaulia)
Benefin + Oryzalin
Baby’s-Breath (Gypsophila elegans)
Mexican Fan Palm (Washingtonia
Bluebeard (Caryopteris)
robusta)
Cathedral-Windows, Peacock
Plant (Calathea)
Chlorothalonil + Thiophanate-Methyl
Dumb Cane (Dieffenbachia)
Rose (Rosa)
English Ivy (Hedera Helix)
Good-Luck Plt (Sansevieria)
Cinnamaldehyde
Leatherleaf, Fig (Ficus)
Rose (Rosa)
Pothos (Scindapsus aureus)
Prayer Plant (Maranta leuconeura)
Clethodim
Radiator Plant (Peperomia)
Azalea (Rhododendron)
Umbrella Tree (Schefflera)
Daylily (Hemerocallis)
Fir (Abies)
Diazinon (Microencapsulated)
Juniper (Juniperus)
Lily, Easter (Lilium longiflorum)
Lily, Plaintain (Hosta)
Rhododendron
Fludioxinil
Anise Hyssop (Agasatache)
Clofentazine
Apache Plum (Fallugia)
Bridal-Wreath Spirea (Spirea)
Avens (Geum)
Cotoneaster
Baby’s-Breath (Gypsophila
Indian Hawthorn (Raphiolepis indica)
elegans)
Juniper (Juniperus)
Balloon Flower (Platycodon
Maple, Japanese (Acer palmatum)
grandiflorus)
Maple, Red (Acer rubrum)
Basket-of-Gold (Aurinia saxatilis)
Photinia
Batchelor’s Button (Centaurea)
Privet (Ligustrum)
Beard-Tongue (Penstemon Sp.)
Yew (Taxus)
Bee Balm (Monarda didyma)
Bellflower (Campanula)
Cyromazine
Bishopsweed, Goutweed
Bulbous Iris (I. Xiphium)
(Aegopodium)
Creeping Phlox, Moss Pink (Phlox
Blanket Flower (Gaillardia)
Blazing Star, Gayfeather (Liatris)
subulata)
Blue Stem (Schizachyrium)
Daylily (Hemerocallis)
Bugleweed (Ajuga)
Lily, Plantain (Hosta)
Bulbous Iris (I. Xiphium)
Sage, Scarlet (Salvia splendens)
Calamint (Calamintha)
Shasta Daisy (Chrysanthemum X
Canna
superbum)
Cardinal Flower, Indian Pink
(Lobelia Cardinalis)
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Catnip (Nepeta Cataria)
Chamelone Plant (Houttuynia)
Columbine (Aquilegia)
Coneflower (Rudbeckia)
Coral Bells, Almroot (Heuchera
sanquinea)
Corn Flag, Sword Lily (Gladiolus)
Cupid’s-Dart (Catananche)
Cushion Spurge (Euphorbia)
Daylily (Hemerocallis)
Dead Nettle (Lamium)
Evening Primrose, Sundrops
(Oenothera)
False Dragon Head, Lion’s Heart
(Physostegia)
False Spirea (Astilbe)
Feather Grass, Needle Grass (Stipa)
Fern, Autumn; Shield; Wood (Dryopteris)
Fern, Royal, Flowering Fern (Osmunda)
Figleaf (Althaea)
Fleabane (Erigeron)
Fleece Flower, Knotweed (Polygonum)
Foamflower, False Miterwort (Tiarella)
Fomay Bells (Heucherella)
Fountain Grass (Pennisetum setaceum)
Foxglove (Digitalis)
Gaura (Gaura Lindheimeri)
Globe Thistle (Echinops)
Goatsbeard (Aruncus)
Golden Ray (Ligularia)
Golden Star (Chrysogonum)
Goldenrod (Solidago)
Hakone Grass, Japanese Forest Grass
(Hakonechloa)
Hardy Ice Plant (Delosperma
nubigenum)
Helen’s Flower, Sneezeweed (Helenium)
Hollyhock (Alcea rosea)
Houseleek (Sempervivum)
Jacob’s-Ladder (Polemonium)
Japanese Painted Fern (Athyrium
Goeringianum)
Lady’s-Mantle (Alchemilla)
Lamb’s-Ears (Stachys byzantina)
Larkspur (Delphinium)
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Lavender (Lavendula)
Leadwort (Ceratostigma
plumbaginoides)
Leopards-Bane (Doronicum)
Lily (Lilium)
Lily, Plantain (Hosta)
Lily-of-the-Nile (Agapanthus)
Lilyturf (Liriope)
Lithodora
Loosestrife, Circle Flower (Lysimachia)
Lungwort (Pulmonaria)
Lupine (Lupinus)
Mallow (Malva)
Manna Grass (Glyceria)
Michaelmas Daisy (Aster)
Mondo Grass, Lilyturf, Ker-Gawl
(Ophiopogon)
Monkshood, Aconite (Aconitum)
Montbretia (Crocosmia)
Mullein (Verbascum)
Nippoanthemum
Oat Grass (Helictotrichon)
Onion (non-bearing) (Allium)
Oregano, Majoram (non-bearing)
(Origanum vulgare)
Pampas Grass (Cortaderia)
Pansy (Viola)
Peony (Paeonia)
Phlox, Variegated (Phlox X
procumbens Folio-variegata)
Pincushion Flower, Scabious
(Scabiosa)
Pinks (Dianthus)
Plume Grass, Ravenna (Erianthus)
Poker Plant, Red-Hot-Poker
(Kniphofia)
Primrose (Primula)
Queen-of-the-Prairie, Meadowsweet
(Filipendula)
Reed Grass (Calamagrastis
arundinaecea)
Reubellum
Ribbon-Grass; Gardeners-Garters
(Phalaris arundinacea)
Rock Cress (Aubrieta)
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Rose Mallow (Hibiscus)
Sage, Jerusalem (Phlomis fruticosa)
Sage, Romana (Salvia X sylvestris)
Sage, Russian; Blue Spire (Perovskia)
Sandwort (Arenaria)
Sea Pink, Thrift (Armeria)
Sedge (Carex)
Silver Grass (Miscanthus)
Solidaster (S. Luteus)
Speedwell, Brooklime (Veronica)
Spiderwort (Tradescantia)
Stokes Aster (Stokesia)
Stonecrop (Sedum spurium)
Strawberry (non-bearing) (Fragaria Sp.)
Sun Rose, Rock Rose (Helianthemum)
Sweet Pea (Lathyrus odoratus)
Sweet Woodruff (Galium odoratum)
Switch Grass (Panicum virgatum)
Tansy, Sun Fern (Tanacetum)
Thyme (non-bearing) (Thymus)
Tickseed (Coreopsis)
Toad Lily (Tricyrtis)
Tulip (Tulipa)
Turtlehead, Snakehead (Chelone)
Valerian, Centranth (Centranthus)
Vervain (Verbena)
Wall Germander (Teucrium)
Wild Oats (Chasmanthium latifolium)
Windflower, Lily-of-the-Field (Anemone)
Wormwood (Artemisia)
Yarrow (Achillea Millefoium)
Yellow Archangel (Lamiastrum)
Yellow Foxtail (Alopecurus)
Flutolanil
African Violet (Saintpaulia)
Ageratum
Alder (Alnus)
Angelica
Arrowwood (Viburnum)
Ash (Fraxinus)
Aster
Azalea (Rhododendron)
Barberry (Berberis)
Begonia
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Bellflower (Campanula)
Birch (Betula)
Blanket Flower (Gaillardia)
Bleeding Heart (Dicentra)
Bridal-Wreath Spirea (Spiraea)
Bulbous Iris (I. Xiphium)
Button Bush (Cephalanthus)
Carnation (Dianthus Caryophyllus)
China Aster (Callistephus
chinensis)
Chokeberry(Aronia)
Christmas Cactus
(Schlumbergera Bridgesii)
Chrysanthemum
Cockscomb, Wool Flower
(Celosia)
Coleus, Flame Nettle (Coleus)
Columbine (Aquilegia)
Copperleaf, Three Seeded
Mercury (Acalypha)
Corn Flag, Sword Lily (Gladiolus)
Cornflower, Batchelor’s-Button
(Centaurea Cyanus)
Crabapple (non-bearing) (Malus)
Douglas Fir (Pseudotsuga
menziesii)
Elephant’s-Ear, Angel-Wings
(Caladium)
False Indigo (Amorpha)
Fern (Polypodium)
Fleabane (Erigeron)
Flowering Maple (Abutilon)
Flowering Quince (Chaenomeles)
Four O’Clock (Mirabilis)
Hawthorn (Crataegus)
Heavenly Bamboo (Nandina
domestica)
Holly (Ilex)
Jasmine, Cape, Common
Gardenia (Gardenia)
Ladies-Eardrops (Fuchsia)
Larkspur (Delphinium)
Madwort (Alyssum)
Marigold (Tagetes)
Marigold Field (Calendula)
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Mexican Heather (Calluna)
Mock Orange (Philadelphus)
Moon Flower (Ipomea)
Moss Rose (Portulaca)
Nephthytis, African Evergreen
(Syngonium podophyllum)
Ninebark (Physocarpus)
Pansy (Viola)
Pear (non-bearing) (Pyrus communis)
Periwinkle (Vinca)
Persian Violet (Cyclamen)
Petunia
Phlox, Variegated (Phlox X
procumbens Folio-variegata)
Photinia
Pine, KMX (Pinus attenuata X Pinus)
Pine, Loblolly (Pinus Taeda)
Pothos (Epipremnum aureum)
Rose (Rosa)
Russian Olive (Elaeagnus angustifolia)
Sage, Ramona (Salvia X sylvestris)
Serviceberry, Sarviceberry (Amelanchier)
Shrub Verbena (Lantana)
Slash Pine (Pinus Eliottii)
Smoke Tree; Bush (Cotinus)
Snapdragon (Antirrhinum majus)
Spathe Flower (Spathiphyllum)
Sunflower (Helianthus)
Sweet William (Dianthus barbatus)
Tickseed (Coreopsis)
Transvaal Daisy (Gerbera)
Vervain (Verbena)
Western Hemlock (Tsuga heterophylla)
Windflower, Lily-of-the-Field (Anemone)
Yarrow (Achillea Millefolium)
Imazapic
Blanket Flower (Gaillardia)
Tickseed (Coreopsis)

Napropamide
Apple (non-bearing) (Malus)
Ash (Fraxinus)
Birch (Betula)
Fir (Abies)
Flowering Dogwood (Cornus
florida)
Oak (Quercus)
Peach (non-bearing) (Prunus
Persica)
Pine, White (Pinus Strobus)
Walnut (non-bearing) (Juglans)

Nimbecidine (Azadirachtin)
Begonia
Carnation (Dianthus Caryophyllus)
Chrysanthemum
Ladies-Eardrops (Fuchsia)
Mallow, Rose Mallow (Hibiscus)
Ornamental Cabbage
(Brassica Sp.)
Ornamental Kale (Brassica Sp.)
Poinsettia (Euphorbia pulcherrima)
Rose (Rosa)
Shasta Daisy (Chrysanthemum
X superbum)
Shrub Verbena (Lantana)
Transvaal Daisy (Gerbera)
Oxadiazon
Spruce, Colorado (Picea pungens)
Oxyfluorfen
Flowering Dogwood (Cornus
florida)
Oxyfluorfen + Pendimethalin
Azalea, Formosa
(Rhododendron Sp.)

Isoxaben
Ash, White (Fraxinus americana)

Paecilomyces fumosoroseus
Aglaonema
Azalea (Rhododendron)
Chrysanthemum

Myclobutanil
Grape (non-bearing) (Vitis Sp.)
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Trifloxystrobin
Apple (non-bearing) (Malus)
Catnip (Nepeta Cataria)
Daylily (Hemerocallis)
Heavenly Bamboo (Nandina
domestica)
Larkspur (Delphinium)
Lily, Plantain (Hosta)
Lilyturf (Liriope)
Pendimethalin
Pansy (Viola)
Maple, Paperbark (Acer griseum)
Phlox, Variegated (Phlox X
procumbens Folio-variegata)
Potassium Bicarbonate
Privet (Ligustrum)
Bulbous Iris (I. Xiphium)
Rose (Rosa)
Chrysanthemum
Vervain (Verbena)
Creeping Phlox, Moss Pink (Phlox
subulata)
Uniconazole
Fire Thorn (Pyracantha)
Azalea (Rhododendron)
Flowering Dogwood (Cornus florida)
Indian Hawthorn (Raphiolepis indica)
Juniper (Juniperus)
Palm
Primrose (Primula)
Rose (Rosa)
Rose Periwinkle (Catharanthus roseus)
Snapdragon (Antirrhinum majus)
Vervain (Verbena)
Dumb Cane (Dieffenbachia)
Leatherleaf, Fig (Ficus)
Mallow, Rose Mallow (Hibiscus)
Poinsettia (Euphorbia pulcherrima)
Pothos (Scindapsus aureus)
Rose (Rosa)
Spathe Flower (Spathiphyllum)

Pyridaben
Daylily (Hemerocallis)
Flowering Dogwood (Cornus florida)
Lilac (Syringa)
Rose-of-Sharon, Althaea (Hibiscus syriacus)
Spruce (Picea)
Trumpet Creeper (Campsis)
Winged Euonymus (Euonymus alata)
Streptomyces griseoviridis Strain K61
Geranium (Geranium Sp.)
Thiophanate Methyl
Begonia
Cineraria
Petunia

180

SNA RESEARCH CONFERENCE - VOL. 46 - 2001

Evaluation of Selected Insecticides on Cannas for
Prevention of the Lesser Canna Leafroller
J.C. Stephenson and C. P. Hesselein
Auburn University Ornamental Horticulture Substation
P.O. Box 8276 Mobile, AL 36689
Index words: Lesser Canna Leafroller, Geshna cannalis, Canna generalis,
Insecticide Evaluations
Nature of Work: The lesser canna leafroller, Geshna cannalis, is a small
moth native to Central and tropical South America and present throughout
the southeastern United States. The caterpillar stage of this moth is one
of the most damaging insect pests on cannas in Alabama. Mild winters
favor this tropical pest. Plant damage is due to the caterpillar fastening
leaf edges of new growth together before they unfurl, producing growth
deformation and reduction or failure to bloom. In addition, feeding
damage on mostly upper leaf surfaces contribute to the unsightly tattered
appearance of infested cannas. An evaluation was undertaken at the
Ornamental Horticulture Substation, Mobile, AL with the objective of
finding chemical means of preventing damage to cannas.
TropicannaTM cannas, provided by PDSI, Loxley, AL were divided and
potted in full gallon plastic containers on March 10, 2000. The medium
used was 3:1 milled pine bark: peatmoss amended with 6 pounds dolomitic
lime, 2 pounds gypsum, and 14 pounds Scott’s Osmocote 15-9-12 Plus per
cubic yard. Before each experiment, any suspected infestation or
damage was removed by pruning. Two experiments were conducted
during the spring and summer of 2000. The experiments were conducted
as a completely randomized design with 6 single plant. Experiment 1
(Table 1) was set up using ornamental labeled insecticides at treatment
intervals of 2 and 4 weeks. All treatments were foliar sprays except the
granular Pinpoint 15G. Foliar sprays were applied covering all leaf
surfaces including the whorls to run-off using a R&D Systems CO2
sprayer at 40 psi. Pinpoint 15G was applied to the medium surface and
watered in. Experiment 2 (Table 2) was similar to experiment 1 in utilizing
the same pesticides and rates except the treatment application frequency
was increased and the Pinpoint 15G treatments were changed. The
possibility of foliar burn from weekly applications prompted us to only use
2-week intervals for this pesticide in experiment 2. Evaluations were
conducted by examining the plants and determining percent infested shoots.
Results and Discussion: In experiment 1, Pinpoint 15G at 2 and 4-week
intervals and Orthene 75S every 2 weeks were the only treatments that
provided some protection. Treatment evaluation was conducted only once,
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4 weeks after test initiation. Based on these results, we increased the frequency
of treatment applications and observations for the second experiment.
In experiment 2, both rates of Pinpoint 15G worked well until the August 2
evaluation. Orthene 75S and Sevin 80WP foliar sprays at weekly intervals
provided good protection throughout and the only acceptable protection at the
last observation. No phytotoxicity was observed with any of the treatments.
Significance for Industry: This test was carried out under maximum
pest pressure. Untreated infested plants were randomly distributed
throughout the test plot providing a constant source of pest infestation.
This is unlike commercial nursery operations where all plants get treated
within an area, therefore lowering pest pressure. When large unexpected
infestations occur, it appears the only best protection would be provided
by weekly sprays with an efficacious chemical. In our limited evaluation,
weekly foliar sprays of Orthene 75S and Sevin 80WP provided the best
protection. Biweekly applications of Pinpoint 15G at 1/2 and 3/4 teaspoon
per pot provided good protection for the first two evaluations (July 5 and
18) but not for the final evaluation (August 2). Factors that affected its
activity in the August evaluation need to be identified. Future research
on controlling the lesser canna leafroller will focus on evaluating other
labeled material not included in this study.
Table 1. The Effect of Labeled Insecticides on Prevention of Canna Leafroller

Treatment
Pinpoint 15G
Pinpoint 15G
Orthene 75S
Orthene 75S
Sevin 80WP
Sevin 80WP
Mattch FE
Mattch FE
Knox Out 2FM
Knox Out 2FM
Dipel 4L
Dipel 4L
Untreated Check

Rate/100
gallons or
rate per pot
3
/4 tsp pot
3
/4 tsp pot
1 lb
1 lb
.5 lb
.5 lb
150 fl oz
150 fl oz
32 fl oz
32 fl oz
32 fl oz
32 fl oz
—

Interval1
(weeks)
2
4
2
4
2
4
2
4
2
4
2
4
—

% Whorls
Infested2
13 C
47 B
25 CB
89 A
78 A
81 A
78 A
83 A
79 A
90 A
75 A
81 A
94 A

1

2-week Interval Treatment Application: 4/28, 5/12. 4-week Interval Treatment
Application: 4/28.
2

Observations taken May 26, 2000. Mean separation within columns by
Duncan’s Multiple Range Test, P< 0.05. Means followed by the same letter are
not significantly different.
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Table 2. The Effect of Labeled Insecticides on Prevention of Canna Leafroller

Treatment

Rate/100
Gallons or
rate per pot

Interval1
(weeks)

% Whorls Infested2
July 5

July 18

Aug 2

Pinpoint 15G

1

2

6E

0G

56 BC

Pinpoint 15G

3

2

6E

0G

69 ABC

Orthene 75S

1 lb

1

6E

8 FG

0D

Orthene 75S

1 lb

2

32 CDE

36 DEF

65 ABC

Sevin 80WP

.5 lb

1

10 DE

22 EFG

8D

Sevin 80WP

.5 lb

2

83 A

50 CDE

75 ABC

Mattch

150 fl oz

1

58 ABC

56 BCD

86 AB

Mattch

150 fl oz

2

64 ABC

85 AB

95 A

Knox Out 2FM

32 fl oz

1

81 A

96 A

95 A

Knox Out 2FM

32 fl oz

2

78 AB

65 ABCD

83 AB

Dipel 4L

32 fl oz

1

42 CDE

69 ABC

47 C

Dipel 4L

32 fl oz

2

44 BCD

63BCD

92A

Untreated

—

—

81 A

96 A

88 A

/2 tsp pot
/4 tsp pot

1

Treatments applied 6/21, 6/28, 7/5, 7/12, 7/18, 7/26 on weekly sprays, and on
6/21, 7/5, 7/18 with biweekly sprays.
2

Mean separation within columns by Duncan’s Multiple Range Test, P < 0.05.
Means followed by the same letter are not significantly different.
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Bagworm Feeding Preferences among Native and
Ornamental Maples
W. E. Klingeman
University of Tennessee, Dept of Ornamental Horticulture
& Landscape Design, P.O. Box 1071, Knoxville, TN 37901-1071
Index Words: Thyridopteryx ephemeraeformis (Haworth), Acer,
Landscape IPM, Lepidoptera, Psychidae
Nature of Work: Bagworms (Thyridopteryx ephemeraeformis
(Haworth)) are a common, indigenous, lepidopteran pest of native and
ornamental trees and shrubs (2, 4). Bagworms, which are widespread
throughout the eastern United States, feed on 126 plant species (1).
Larval survivorship and weight are typically greater, and development
occurs more rapidly, on evergreen host plants including arborvitae,
spruce, cedar, and eastern white pine. However, larvae will achieve
reproductive maturity on deciduous hosts, which include maple, oak,
black locust, dogwood, ash, buckeye, sycamore, and hawthorn (1, 5, 7).
Host-plant suitability, based on the season-long presence of foliage, is
not predictable. Black locust and arborvitae were found to be better
host plants than honey locust, sycamore, and eastern white pine (5).
Variability in bagworm feeding preferences among cultivars or species
of related plants have also not been thoroughly investigated. Assays of
23 cultivars of juniper revealed that ‘Broadmoor’ and ‘Emerald Isle’ were
susceptible to bagworms, while ‘Expansa’ and ‘Hibernica’ were resistant
(3). Bagworms developed equally well on Thyronectria-infected and
non-infected honeylocust trees, regardless of cultivar or plant-disease
status (6). Increased understanding of bagworm feeding preferences
among commonly used ornamental trees and shrubs, particularly where
bagworms present persistent control challenges, will be a useful component
of a well-rounded landscape integrated pest management program.
This study investigates the suitability of several common ornamental
and native maples for bagworm development.
No-choice and choice laboratory bioassays were conducted in 2000 and
2001 using 11.5-mm diameter maple leaf disks. Maple leaf tissues were
taken from a collection of mature trees grown in landscape rows at the
Tennessee State University Nursery Research Station in McMinnville,
Tenn (Table 1). During choice trials, 50 newly eclosed bagworm larvae
were released into the center well of an 11.25-in diameter (28.5-cm)
Caterware® Eclipse® disposable serving tray (Pactive, Lake Forest, IL).
Larvae dispersed throughout each of 8 replicated arenas. Counts of
larvae present on 0.64-in2 (416-mm2) leaf tissues, per maple species or
cultivar, were made at 12-hour intervals throughout the 48-hour assay
(Only 24 and 48-hour data presented, Fig. 1.) At the conclusion of the
bioassay, two independent observers recorded the percentage of leaf
tissues removed, which were averaged to provide the final values.
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No-choice bioassays were also conducted. Each of 6 replicated arenas
per maple cultivar or species received 1.3-in2 (832- mm2) leaf tissues and
15 newly eclosed larvae, which were introduced onto a moistened 3.5-in
diameter (90-mm), Whatman No. 1 filter paper (Whatman International,
Maidstone, UK). Arenas were maintained in a Percival Model I-35VL
growth chamber (Percival Scientific, Boone, IA) under 16-light: 8-dark
photoperiod at 25 ± 3°C (77 ± 5°F) and 85% ± 5% relative humidity.
Maple leaf tissues were replaced as needed. Missing leaf tissues were
estimated as in the choice bioassays. In 2000, the no-choice bioassay
was concluded after 21 days, at which time the thermostat failed and
larvae were killed. In 2001, the bioassay ran for the full 28-day period.
Once bioassays were concluded, surviving bagworms were tallied and
bag length and larval head capsule sizes were measured.
Results and Discussion: Among choice trials, larvae demonstrated
consistent preferences for maples in both years (Figs. 1,2). Summed
among maple types, fewer than 50% of larvae present in arenas were
observed on leaf disks after either 24 or 48 hours in each season (Fig.
1). Further, bagworm larvae were highly mobile during the 48-hour
bioassays (WEK, pers. observ.) Regardless, trends in leaf tissues
removed by feeding larvae were comparable for both seasons. Only
boxelder (A. negundo) was not as preferred in 2001 (Fig. 2).
In general, larvae from the no-choice trials survived in greater numbers
during 2000 than in 2001. In both years, the fewest larvae were maintained
on Paperbark (A. griseum) and Trident maple (A. buergeranum). The red
maples (A. rubrum ‘October Glory’ and A. rubrum ‘Autumn Flame’), ‘Silver
Queen’ Silver maple, and Hedge maple (A. campestre), consistently supported
the highest populations (Fig. 3). Trends in survivorship were reflected in mean
bag lengths observed at the conclusion of the no-choice bioassays (Fig. 4).
In 2000, larvae fed for 21 days before being inadvertently killed by high growth
chamber temperatures. Development was promoted among larvae exposed
to both red maple cultivars, ‘Crimson King’ Norway maple (A. platanoides
‘Crimson King’), Boxelder, and Hedge maple. Trends among cultivars were
consistent among survivors in 2001, which were maintained for 28 days.
In 2001, however, larval development was sustained on ‘Autumn Blaze’
Freeman maple (A. X freemanii ‘Autumn Blaze’) and larvae that survived
on Hedge maple leaf tissues in 2001 successfully achieved later instars.
Bagworm larvae failed to mature on Trident maple in both seasons (Fig. 5).
Although the mechanism for resistance is not currently understood,
Trident maple (A. buergeranum) did not permit bagworm larvae to
survive and develop in no-choice bioassays. Larvae that survived on
Paperbark maple (A. griseum) during 2001 no-choice bioassays did
mature to later instars; however, survivorship was among the lowest of
the tested maples in the no-choice bioassays and few larvae were
observed or fed on Paperbark maple among the choice trials. Apparent
non-preference for paperbark maple may be attributed to dense leaf hairs
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covering the abaxial surface of its leaves. Survivorship and performance
of bagworm larvae, caged on shoots of these maple species and
cultivars, is currently being investigated in the field.
Significance to Industry: Although most notably evident among
needle-leaved evergreens, T. ephemeraeformis bagworms are a
seasonably abundant lepidopteran pest that can develop on more than
126 host plant species. In landscapes that have had persistent problems
with bagworm infestations, homeowners and grounds maintenance
professionals should scout among preferred deciduous host plants and
remove residual bags. If uncollected bags hold a female pupal egg
mass, alternate host plants may enable re-infestation of the landscape.
Where bagworms are a common problem, Paperbark maple (A. griseum)
and Trident maple (A. buergeranum) are resistant maple alternatives.
Literature Cited:
1. Davis, D. R. 1964. Bagworm moths of the Western Hemipshere.
Bull. U. S. Nat. Mus. 244: 1-233.
2. Hale, F. A., B. Klingeman, and K. M. Vail. 2001. The bagworm and
its control. Univ. TN Agric. Extn. Serv. Pub. SP341U.
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cultivars for survival and growth of the bagworm. J. Environ. Hort. 11:167-170.

4. Johnson, W. T. and H. H. Lyon. 1991. Insects that feed on trees and
shrubs. Cornell Univ. Press. Ithaca, NY.
5. Neal, J. W., Jr. and F. S. Santamour, Jr. 1990. Biotic indicators of
host preference by the bagworm (Lepidoptera: Psychidae). J. Econ.
Entomol. 83:2393-2397.
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Table 1. Maple species and cultivars used in bagworm choice and
no-choice bioassays.
Common Name

Scientific Name & ‘Cultivar’

Acer X freemanii ‘Autumn Blaze’
A. rubrum ‘October Glory’
A. rubrum ‘Autumn Flame’
A. platanoides ‘Crimson King’

‘Autumn Blaze’ Freeman Maple
‘October Glory’ Red Maple
‘Autumn Flame’ Red Maple
‘Crimson King’ Norway Maple
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A. negundo
A. saccharinum ‘Silver Queen’
A. saccharum ‘Legacy’
A. campestre
A. griseum
A. buergeranum

Boxelder
‘Silver Queen’ Silver Maple
‘Legacy’ Sugar Maple
Hedge Maple
Paperbark Maple
Trident Maple
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Flea Beetles Damaging Perennials
1

P.B. Schultz1, D.O. Gilrein2, and M.S. Dills1
Hampton Roads AREC Virginia Beach, VA 23455-3315, 2Long
Island Hort. Res. & Ext. Center, Riverhead, NY 11901

Index words: Flea beetles, Altica, Perennials, Oenothera,
It is not unusual that new plant introductions are attacked by insects
already present in the habitat. The classic case is the Colorado Potato
beetle, which, until the introduction of the potato, was a minor and little
noticed beetle feeding on sandbur weed on the high plateaus near the
Rocky Mountains (Westcott, 1973). With the introduction and cultivation
of potato, the beetle found a more preferred host, migrated eastward,
and became the major pest of potatoes. In a possibly, similar situation,
we have observed several years of severe defoliation of Oenothera,
Mexican primrose, and several other perennials in the nightshade family
(Onagraceae) at the Hampton Roads AREC. Defoliation was the result
of foliar feeding by very high populations of a flea beetle, probably Altica
litigata (Coleoptera: Chrysomelidae). The adults are shiny metallic
green, approximately 3/16 inch long. Biology of this beetle is largely
unknown. Damage begins as irregular holes in the leaves from adult
feeding, and continues as foliar scraping by the larvae. We have observed
continued feeding by high populations of both larvae and adults causing
skeletonizing of the foliage and leaf drop. Other entomologists in
Louisiana, Georgia, Maryland and New York have reported flea beetle
populations injuring Lythrum, Gaura, Geum, ‘Hopi’ crape myrtle and
hardy fuchsia (Fuchsia magellanica), in addition to Oenothera. The
suddenness of the outbreaks and lack of reports on these plants suggest
that this insect is migrating from native hosts, perhaps a weed or native
plant species, or that it may be a newly introduced species.
Nature of Work: Our study was conducted at the Hampton Roads AREC
in Virginia Beach, VA on 3 cultivars of Oenothera; ‘Missouriensis’,
‘Sundrops’, and ‘Siskiyou’; Gaura lindheimeri, and Fuschia magellanica
‘Riccartonii’. Four randomized blocks of these plants, 25 plants per
block, were evaluated for flea beetle numbers and rated for foliar injury.
Data were recorded as to number of beetles per 15 second counts and a
1-5 damage rating system.
Overwintering mortality in the winter of 2000-2001 to the plants in the
study reduced available plants to 4 blocks of 3 plants per cultivar. In
addition, a block of 50 Gaura in 1 gallon containers were located adjacent
to the preference trial.
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Results and Discussion: Flea beetle adults first appeared on May 24,
2000 with highest beetle numbers recorded on May 31. Oenothera
‘Sundrops’ had the highest number of beetles. By June 5, eggs were
observed on the foliage and larvae were observed on June 9. Greatest
damage was observed on June 16, as both adults and larvae were
feeding on foliage and flowers. Foliar damage was highest on
Oenothera ‘Siskiyou’, followed by O. ‘Sundrops’ and Gaura. lindheimeri.
Damage ratings declined later in June as insect feeding ceased, while
plant growth continued.
Adults first appeared on May 31, 2001 with the highest number of
beetles recorded on June 3. In 2001, the first adult beetles appeared on
Oenothera ‘Sundrops’, but never more than 4 adults per plant. However
large numbers of adults occurred in the block of Gaura. Movement from
plant to plant was tracked on the Gaura for 10 days after which the
adults were no longer observed.
Significance to the Industry: Recommendations to nurserymen
growing susceptible hosts to flea beetles would include careful scouting
to detect first adult emergence. Treatment would be warranted if high
populations are observed. Tests using acephate (Orthene), cyfluthrin
(Decathlon), and imidacloprid (Merit, Marathon) resulted in excellent
control. In a Long Island, NY study, foliar applications of Sevin and
Conserve to Lythrum provided comparable and excellent control.
Literature Cited:
Westcott, C. 1973. The Gardener’s Bug Book. 4th ed. Doubleday
and Co. Garden City, NY. 689p.
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Specialists, Generalists, and Opportunists: A Thinking
Tool for the IPM Practitioner
Russell F. Mizell, III
University of Florida, NFREC-Monticello
Rt 4 Box 4092, Monticello, FL 32344
Index Words: IPM, pests, management
Nature of Work: Management of arthropod pests (insects, mites) can
be one of the most important problems facing the nurseryman and
landscaper. Understanding pest biology and predicting pest outbreaks are
crucial to environmentally-sensitive and cost-effective pest suppression.
Busy work schedules often relegate pest management to low priority
with sometimes very costly losses of plants or worse, additional lost
work time cleaning up a problem that could have been prevented.
Integrated Pest Management (IPM) is the term for what we aim to
practice and achieve. However, as one would expect, most growers are
more interested in growing plants than in dealing with pests. This is as it
should be, because when IPM is ideal, we suppress pests to low population
levels that we can ignore. Today’s regulatory environment and costs of
chemical tools require that pest managers have much more information
and knowledge. Gaining the requisite experience and knowledge may take
a lot of time and effort and for the novice of any age can be overwhelming
at first. However, it is easier than you may think. By learning and using
some simple approaches for organizing and synthesizing information,
irrelevant information can be ignored and important information can be
integrated into your thought processes in a way that will help even the
novice quickly assimilate and use technical information. Anyone can
develop the knowledge and practice IPM. This paper provides the IPM
practitioner with some simple tools to facilitate learning and improve
success in pest management.
Results and Discussion: We are discussing IPM, but keep in mind that
the focus should be on the plant. Our ultimate goal is to manage pests
successfully with minimal allocation of time and resources. The basic
requirements for success are a knowledge of the general biology,
seasonal abundance, monitoring methods and suppression tactics for
common pests. IPM begins with the plant and every effort should be
made to grow plants with proper culture and management practices that
prevent stress and other conditions that are conducive to pest development.
The fastest growing plant is not always the one most resistant to pests.
The easiest way to avoid or eliminate pests is to eliminate the plant
species or cultivar the pest attacks. The concept of exploiting the plant’s
natural defenses against pests is called host plant resistance (HPR).
192

SNA RESEARCH CONFERENCE - VOL. 46 - 2001
Growers often have a choice of plant species or cultivars with known
resistance to pests ( Mizell and Knox 1993, Klingeman et al. 1999).
Beginning with the selection of resistant plants and good culture and
management practices, most people proceed through a series of learning
steps that progressively integrates more information into their decision
making. IPM in southeastern nurseries and landscapes is a year-round
task. Our climate and weather provide a long growing season that
produces high quality plants, but such conditions are also very suitable
for pests. Pest outbreaks do not occur at random. Plant, climate and
weather conditions and natural enemies are the main factors affecting
pest outbreaks. Although we may be growing a resistant cultivar using
the best cultural practices, pests may still attack the plant.
The next key to a successful IPM program is to monitor or scout plants
for the occurrence of pests and treat only when necessary. Visual
inspection is just one of many techniques to detect plant pests. Every
IPM practitioner should keep records on the occurrence of pests in their
management units such as nursery blocks or landscapes. Over time
these records will be invaluable and save time by indicating when each
pest species most frequently occurs. Records of plant species attacked
by each pest in each management unit should suffice. One of the least
understood effects of the Southeast’s climate is the resulting range in
variation of events such as insect emergence from year to year. In north
FL/south GA this may vary as much as 4-6 weeks (Mizell and Hudson
1999).
Two approaches can help guide your monitoring efforts and concurrently
help organize your thinking. Raupp et al. (1985) coined the “key plant-key
pest” concept to encourage IPM practitioners to allocate their time and
effort to the plant species that most frequently have pests. Working in the
temperate climate of Maryland, they found that a few select species
almost always were infested during the year and these infestations
occurred at predictable times. Often the occurrence of the “key pest”
indicated that other pests would appear soon after. This approach
enables scouting to be focused on a few “key” or indicator plants and
their “key” pests and eliminates the waste of time spent searching for
pests in plants that occur much less frequently or only follow the occurrence
of key pests. This technique has application to the Southeast and should
be used where appropriate. However, our plant diversity and high
number of pests make this concept less applicable in our region than in
more northern locations.
A second tool I will coin and discuss here relates to the host range of the
individual arthropod pest and the nature of its feeding habits and natural
role in the environment. This could simply be termed the arthropod’s
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feeding behavior and we have “Specialists”, “Generalists” and “Opportunists.”
This concept builds on and compliments the ideas of the key plant-key
pest concept. Plant pests have evolved over millions of years with their
host plants. This relationship is dynamic and can manifest itself in many
forms. Plants actively defend themselves using a variety of chemical and
physical methods. As a result these defenses affect pest behavior and
genetics and are the subjects of evolution. Thus, plant pests may have a
range of relationships with their host plants. Specialists pests feed on
only one or a very few plant species, e.g., crapemyrtle aphid and azalea
leafminer. Generalists feed on many plant species depending partly on
plant vigor or the environment, e.g., twospotted spider mite and some
whiteflies, etc. Opportunists are often decomposers and feed on many
species that are of low vigor, e.g., many borers. Each of these categories
has a range with specific species manifesting the tendency more or less
than others. However, simply knowing the pest’s relative host range
along with the plant’s and/or climate and weather factors that influence it
can provide answers to the many important questions facing the IPM
practitioner. Some examples: If a plant is attacked by specialist then only
its one or few host species are also vulnerable to attack, other non-host
plants on the same bed are not. Crapemytle aphid only attacks
crapemyrtle; some cultivars more than others (Mizell and Knox 1993).
Azalea leafminer only attacks certain azalea species and cultivars (Mizell
and Schiffhauer 1991). Spot treatment of only the azalea or crape myrtle
host plants is appropriate. The occurrence of specialists on specific
species can be highly predictable which facilitates scouting for them. In
contrast sweetpotato whitefly and twospotted spider mite have a broader
host range. Under hot, dry conditions spider mites may attack or expand
their host range to plant species that are usually not susceptible. Therefore,
applying controls to surrounding plants may be appropriate and it may be
harder to find fully resistant cultivars. Finally, most species of borers
(bark beetles, clearwing moths, metallic wood borers and longhorn
beetles), although not all, usually attack trees stressed by other pests,
nutritional problems or climate and weather conditions. These insects
function as decomposers or recyclers, and their attacks often indicate
that the plant is unhealthy. Often the trees they attack appear no different
than un-attacked trees. However, controlling these insect pests may be
wasting resources to treat a symptom rather than the real problem which
is not arthropod related.
Try using the Specialist-Generalist-Opportunist Concept as the central
tool on which to build and organize your IPM information and thinking.
Most aspects of IPM can be related to this basic concept.
Significance to Industry: Successful IPM is contingent on the information,
experience and knowledge of the practitioner. Assimilation of the ever
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enlarging volumes of unfamiliar information on nursery production can be
very difficult. However, with a few simple thinking tools like the ones
discussed here, IPM practitioners can grow, improve their success and
benefit by savings of time, costs and impact on the environment.
Literature Cited:
1. Hudson, W. & R. F. Mizell, III. 1999. Management of the Asian
ambrosia beetle, Xylosandrus crassiusculus, in nurseries. Proc.
SNA. 44:198-201.
2. Klingeman, W. W. Witte & P. Flanagan. 1999. Insect resistance
evaluations among 58 ornamental crabapples. Proc. SNA. 44:190-192.
3. Mizell, R. F. & D. E. Schiffhauer. 1991. Biology and impact of the
azalea leafminer, Caloptilia azaleella (Brants) on nursery stock.
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Lagerstroemia indica to the crape myrtle aphid, Sarucallis
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Insecticide Efficacy For Control of Adult Root Weevils
on Rhododendron
Robin Rosetta, Thirza Collins, Neil Bell and Sven Svenson
North Willamette Research & Extension Center,
Oregon State University, 15210 NE Miley Road, Aurora, OR 97002-9543
Index Words: Black vine root weevil (Otiorhynchus sulcatus); Rough
strawberry root weevil (Otiorhynchus rugostriatus); Container nursery
production
Nature of Work: In a recent survey of Rhododendron growers in
Oregon, 54% of respondents were not satisfied with the level of root
weevil control when pesticides were used (Rosetta and Svenson, unpublished
data). This dissatisfaction persisted even when there were no out-of-state
Rhododendron shipments rejected due to root weevil infestations (2).
Previous studies indicate that there may be differential efficacy of available
pesticides on different species of root weevils (Svenson and Rosetta,
2000). The objective of this study was to determine the efficacy of
selected pesticides for control of adult root weevils of two different root
weevil species.
The study was conducted on Rhododendron ‘Catawbiense Album’ in 1-gallon
(2.7-liter) containers at the North Willamette Research and Extension
Center in May and June of 2000. Adult stages of black vine root weevil
(Otiorhynchus sulcatus) and rough strawberry root weevil (Otiorhynchus
rugostriatus) were established in each pot. Weevils had been collected
from infested container stock of Picea sp. Pesticide applications were
made as foliar sprays using a CO2-sprayer on May 29 from 9 to 11 PM.
Insecticides studied included: acephate (Orthene); bifenthrin (Talstar
flowable); lambda cyhalothrin (Scimitar); deltamethrin (Alta); acetamiprid;
and thiamethoxam (Flagship). Treatments were evaluated for Effective
Kill Rate (EKR) at 7 and 14 days after treatment (June 5 and June 12,
respectively). The EKR adjusts the data to account for the natural death
of the root weevils as indicated by mortality of untreated controls (1).
Since adult root weevils can “play dead,” prolonged observation is
required before the mortality of a particular weevil can be determined.
The randomized complete block experiment used 5 blocks with two pots
for each treatment. Data was checked for normality and homogeneity,
and then analysis proceeded with SAS ANOVA using the LSD procedure
for mean comparisons.
Results and Discussion: At seven days after treatment (DAT),
acephate, bifenthrin, lambda cyhalothrin and thiamethoxam had a
greater EKR for black vine root weevil compared to untreated controls,
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but the deltamethrin and acetamiprid applications were not different from
the control (Table 1). Acephate was slightly more effective than
thiamethoxam. Results for black vine root weevil were similar at 14 DAT,
except lambda cyhalothrin was slightly more effective than thiamethoxam.
For rough strawberry root weevil at 7 DAT, acephate, bifenthrin, lamdda
cyhalothrin, acetamiprid and thiamethoxam had a greater EKR compared
to untreated controls, but the deltamethrin application was not different
from the control (Table 2). Both bifenthrin and lambda cyhalothrin were
slightly more effective than thiamethoxam. Results for rough strawberry
root weevil were similar at 14 DAT, except that lambda cyhalothrin was
slightly more effective than acephate or thiamethoxam, and acetamiprid
was slightly more effective than thiamethoxam.
Only lambda cyhalothrin and bifenthrin provided good EKR for both black
vine and rough strawberry root weevils. Acephate was slightly less
effective against rough strawberry root weevil compared to black vine
root weevil. In contrast to acephate, acetamiprid had good EKR of rough
strawberry root weevil, but no efficacy against black vine root weevil.
The differential efficacy of various active ingredients between black vine
and rough strawberry root weevil is consistent with our earlier study (3).
Significance to Industry: Available pesticides for adult root weevil
control are effective, but growers should carefully match the efficacy of
the particular active ingredient to the species of root weevils infesting the
crop. The efficacy of pesticides indicated by this study may differ if
pesticides are applied during day-light hours. Repeated use of the same
active ingredient may create localized populations of root weevils that
are resistant to specific pesticides.
Literature Cited:
1. Carey, J.R. 1993. Applied Demography for Biologists. Oxford
University Press, New York.
2. Reusche, E. 1999. Summary of rejections of Oregon nursery stock
in 1999. Nursery News 1(4):3.
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Table 1. Influence of insecticides on the Effective Kill Rate (EKR) of
black vine root weevil in Rhododendron ‘Catawbiense Album’ seven and
fourteen days after treatment (DAT).
Insecticide

Application
rate

EKR 2
7 DAT
1

14 DAT

acephate

12 oz prod/100 gal

89 a

83 ab

bifenthrin

20 oz prod/100 gal

78 ab

74 ab

lambda cyhalothrin

5 oz prod/100 gal

79 ab

95 a

deltamethrin

4 oz prod/100 gal

18 c

19 c

acetamiprid

3.4 oz prod/100 gal

14 c

11 c

thiamethoxam

8.5 oz prod/100 gal

70 b

64 b

0

0c

0c

untreated control
1

Means in columns for the same days after treatment and followed by the
same letter are not significantly different; mean separation using LSD (5%).
2
Effective Kill Rate; values may be lower on 14 DAT compared to 7 DAT
due to sampling errors or missing weevils.

Table 2. Influence of insecticides on the Effective Kill Rate (EKR) of
rough strawberry root weevil in Rhododendron ‘Catawbiense Album’
seven and fourteen days after treatment (DAT).
Insecticide

Application
rate

EKR 2
7 DAT
1

14 DAT

acephate

12 oz prod/100 gal

67 ab

bifenthrin

20 oz prod/100 gal

82 a

78 abc

lambda cyhalothrin

5 oz prod/100 gal

80 a

91 a

deltamethrin

4 oz prod/100 gal

31 bc

33 cde

acetamiprid

3.4 oz prod/100 gal

67 ab

81 ab

thiamethoxam

8.5 oz prod/100 gal

53 b

41 cd

untreated control

0

0c

1

62 bc

0e

Means in columns for the same days after treatment and followed by the
same letter are not significantly different; mean separation using LSD (5%).
2
Effective Kill Rate; values may be lower on 14 DAT compared to 7 DAT
due to sampling errors or missing weevils.
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A Survey of Borer Damage to Newly Planted Landscape
Trees in Middle Tennessee
Frank A. Hale
Dept. of Entomology & Plant Pathology, Agricultural Extension Service
The University of Tennessee, Nashville, TN 37221-5112
Index Words: Flatheaded Appletree Borer, Chrysobothris femorata
(Olivier), Dogwood Borer, Synanthedon scitula (Harris), Ash Borer,
Podosesia syringe (Harris), Banded Ash Clearwing, Podosesia
aureocincta Purrington and Nielson, peachtree borer, Synanthedon
exitiosa (Say), ash, Fraxinus sp., Red Maple, Acer rubrum L., Sugar
Maple, Acer saccharum Marsh., Southern Magnolia, Magnolia grandiflora
L., Willow Oak, Quercus phellos L., Hackberry, Celtis occidentalis L.,
Little Leaf Linden, Tilia cordata, Flowering Cherry, Prunus sp.,
Cherrylaurel, Prunus laurocerasus, Sweetgum, Liquidambar styraciflua
Nature of Work: Trees planted within the past 4 to 7 years were evaluated
for tree health, particularly damage from wood-boring insects. Trees
were surveyed at Centennial High School in Franklin (4 to 5 years since
planting), the Bicentennial Mall in downtown Nashville (5 years since
planting), a retail outlet parking lot in Franklin (6 to 7 years since planting),
and an office park in Franklin (3 years since planting). It is not known if
these trees were irrigated except for one site. The Bicentennial Mall
trees were irrigated on a regular basis during the establishment years
(first 2 years) and as needed after that. Only the Bicentennial Mall trees
were known to have had any protective insecticide spray applied. A
chlorpyrifos spray was made in the third season only, after considerable
flatheaded appletree borer damage had already occurred (W. Tolbert,
personal communication, July 31, 2001).
Tree caliper was measured at 6 inches above the ground (base caliper)
and on the dominant leader (leader caliper) at breast height (4.5 feet).
Trees were ranked for tree health and borer damage. If no borer damage
occurred, the trees were ranked for tree health only with 1 being very
healthy to 5 being in severe decline. Borer damaged trees were also
ranked 1-5. A tree with a ranking of 1 had no borer damage and was
very healthy. The slightest signs of borer damage were rated 1.5 and the
tree was generally healthy while a rating of 2 was still light borer damage
with generally good health. A rating of 3 was more noticeable borer
damage but the tree canopy was still good. A rating of 4 showed considerable
signs of borer damage to the trunk while the canopy may or may not
show thinning or branch die-back. A rating of 5 was severe trunk damage,
usually with bark peeling, some exposed wood with noticeable tunneling
damage, and branch die-back. A tree with a rating of 4 or 5 will never
again be a sound tree and is in serious decline. The poor appearance of
such a tree is reason enough to replace it. Dead trees were noted so
and rated 5.
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Results and Discussion: Ash trees were sampled at three locations. All
but a handful of the trees were a seedless variety. The Bicentennial Mall
location had no borer damage to the ash trees sampled (Table 1). The
office park location had generally low damage by ash borer and banded
ash clearwing (Table 1). The retail outlet parking lot had moderate levels
of borer damage and the Centennial High School location had severe
damage with all trees rating 5 (Table 1). Five of the Centennial High
School trees had the trunk break in half from borer damage. One of the
five trees broke off at ground level so shoots were arising from the ground.
Damage from flatheaded appletree borer was found on pin oak, willow oak,
crabapple, sweetgum, hackberry, little leaf linden, sugar maple, and red
maple. No borer damage was found on willow oak trees at Bicentennial
Mall while considerable damage was found at the office park (Table 2).
Pin oaks at the office park were severely damaged with 4 trees being
dead and three trees having been replaced (Table 2). The average
damage rating for the replaced trees was 2.8. Sugar maples at the office
park were extensively damaged (Table 2). Red maples were particularly
susceptible to flatheaded appletree borer attack at the two locations
sampled (Table 2). Four of the eleven red maples at the office park were
dead and another tree had been cut and basal shoots had arisen. Thirty
nine red maples at Bicentennial Mall had an average damage rating of
3.9 (Table 2). Three additional trees were replacement trees with an
average damage rating of 1.3. Some trees were able to heal from earlier
flatheaded appletree borer damage. At Bicentennial Mall, 7 of the 12
hackberry trees sampled had healed so well that all the trees received a
rating of 2. The other 5 hackberry trees were each rated 5. The average
damage rating for all 12 trees was 3.3 (Table 2). Little leaf linden trees at
Bicentennial Mall were severely damaged (Table 2). Two out of 5
yellowwood trees sampled had high levels of damage while the average
damage rating for all five trees was 2.6 (Table 2). Dogwoods sampled at
Bicentennial Mall were extensively damaged by flatheaded appletree
borers (Table 2). Dogwood borer damage, noted on only one tree, was
much less damaging than that of the flatheaded appletree borer.
Health ratings were taken on trees with no borer damage. Nine southern
magnolia trees at the office park had an average health rating of 3 (Table
3). Twenty seven cherrylaurel shrubs were all rated 1 with no sign of
peachtree borer damage (Table 3). One sweetgum tree had bark peeling
from mechanical damage although the average health rating for four trees
was 1.7. One flowering cherry tree at the office park had a baseball size
sunken disease canker and was individually rated 3. The rest of the trees were
very healthy so that the average rating was 1.5 for all six trees (Table 3).
Significance to Industry: The quality of newly planted trees in the
landscape can deteriorate due to attack by wood-boring insects. In
some situations, a high percent of the trees can be ruined. Much of this
damage is thought to occur during the establishment years but new attacks
can occur each year. Some trees, after becoming established, appear to
be able to at least partially heal from earlier borer damage. In such cases,
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unsightly scars are usually left on the trunk or branches. Timely irrigation
and protective insecticide applications are recommended, especially for
newly planted landscape trees, to help maintain tree health. Consult with
your local Extension Service representative for information on choosing the
right tree for the site, proper tree care, and insecticide recommendations.
Table 1. Ash Borer and Banded Ash Clearwing Damage to Ash
Location

Tree
Number

Bicentennial Mall

Base caliper
(inches)

Average
Leader Caliper Damage
(inches)
Rating (1-5)

5

3.6

3.1

1

Office Park

12

2.37

1.74

1.9

Retail Outlet

12

5.1

3.5

2.75

Centennial H.S.

69

3

2.3

5

Table 2. Flatheaded Appletree Borer Damage to Landscape Trees
Average
Variety of Tree
Tree
Base caliper
Leader Caliper
Damage
(Location)
Number
(inches)
(inches)
Rating (1-5)
Willow Oak
Bicentennial Mall 7
7.9
6.9
1
Office Park
2
3.5
3.1
3.8
Pin Oak
Office Park

23

3.3

2.3

4.7

Sugar Maple
Office Park

10

4.8

4.2

4.9

Red Maple
Office Park
Bicentennial Mall

11
39

4.3
4.4

3.8
3.9

5
3.7

Hackberry
Bicentennial Mall

12

4.1

3.4

3.3

Little Leaf Linden
Bicentennial Mall

4

3.9

3.1

5

Yellowwood
Bicentennial Mall

5

4.7

2.5

2.6

Dogwood
Bicentennial Mall

8

3.8

1.5

4.3

Crabapple
Office Park

1

3.1

1.8

3
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Table 3. Health Rating for Trees without Borer Damage.
Variety of Tree
(Location)

Tree
Number

Base caliper
(inches)

Leader Caliper
(inches)

Average
Health Rating
(1-5)

Southern Magnolia
Office Park

9

2.5

1.1

3

Office Park

27

—

—

1

Sweetgum
Office Park

3

2.7

1.8

1.7

6

2.3

1.3

1.5

Cherrylaurel

Flowering Cherry
Office Park
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Evaluation of Several Insecticides for Control of Florida
Wax Scale
Charles P. Hesselein, Joseph R. Chamberlin1
Ornamental Horticulture Substation, Mobile, AL 36689-0276;
1
Valent USA Corporation, 2386 Clower St., Suite E-100B,
Snellville, GA 30078-6134
Index words: Scale Insects, Florida Wax Scale, Ceroplastes floridensis,
Wax Scale
Nature of Work: Florida Wax Scale is a common pest of hollies and
several other ornamental plants including cleyera, citrus, laurels, ficus,
oleander, and crepe myrtle. Infestations of these insects generally don’t
kill plants, but large populations can weaken plants. The honeydew they
excrete and subsequent growth of sooty mold on that honeydew make
infested plants very unsightly and generally unmarketable. These
insects go through morphologically distinct life stages, the recognition of
which is the key to their control. Adult female scales are dirty-white to
pinkish and approximately 1/10 inch in diameter. Eggs are laid under the
protective waxy covering, or test, of the female scale. Adult female
scales die after laying eggs. Eggs hatch into the motile, “dust-like”,
crawler stage. Newly hatched crawlers crawl around the plant and settle
onto a suitable feeding spot where they insert their mouthparts and
remain for the rest of their lives. Once they have settled they begin
forming a waxy covering over their bodies. Scale which have developed
these early and incomplete waxy coverings are said to be in the star or
cameo stages. It is during these early life stages, the crawler, star and
cameo stage, that scale insects are most susceptible to pesticide sprays.
Once a complete waxy covering has formed over the insect, it is very
resistant to most pesticide applications. The objective of this study was
to evaluate several insecticides of varying modes of activity and, as an
unintended side effect, demonstrated the importance of proper timing of
these insecticide applications.
Heavily infested three-gallon ‘Carissa’ holly plants were obtained from a
local nursery and brought to the Mobile Ornamental Horticulture Substation
for the trial. The first set of treatments was applied on June 14, 2000
and July 11, 2000 (Table 1) and the second set of treatments was
applied on August 11, 2000 and October 1, 2000 (Table 2). The first set
of treatments was applied to scale in the post-cameo stage. The second
set of treatments was applied to scale in the star or cameo stages.
Treatment applications were made using a high volume, R & D sprayer.
An attempt was made to spray all plant surfaces; a mean application
volume of 5.6 fl oz was applied to each plant. The experimental design
was a randomized complete block design with six replications. Plants
were grown outdoors, in full sun, utilizing over-head irrigation.
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Treatment efficacy was based on scale counted on a 2- to 5-inch
subsample of one or two apical tips from each experimental unit (plant).
Separate subsample areas on the same plants were used for each set of
treatments. Leaves were stripped below the subsample area and plastic
ribbon was affixed beneath the subsample area for identification. Prior to
the first set of treatments, plants were blocked and treatments assigned
according to pretreatment counts to insure that there were no significant
differences among treatments prior to the initiation of the experiment.
Unfortunately, due to constraints imposed by previous treatments on
treated plants, pretreatment differences could not be avoided prior to the
second set of treatments. In addition to scale counts, whole plant
evaluations of second-generation insects using the 1-5 PflanzenschutzNachrichten scale were recorded prior to the second set of treatments.
Results and Discussion: The first set of treatments (Table 1) was
applied rather late (cameo stage or older) in the life cycle of the scale
insects, reducing the efficacy of all treatments. Throughout the first set
of treatments, only the two Ultra-Fine Spray Oil treatments (1% and 2%)
had significantly fewer scale than the water-treated control. The 2%
Ultra-Fine Spray Oil treatment was significantly more effective than the
1% Ultra-Fine Spray Oil treatment. The six fl oz/100 gal Distance
0.86EC plus 1% Ultra-Fine Spray Oil treatment had significantly fewer
scale than the water-treated control but was indistinguishable from the
treatment containing 1% Ultra-Fine Spray Oil only. The whole plant
rating of second-generation insects performed prior to the second set of
treatments demonstrated that while there were significant differences
among treatments, these differences did not translate into reducing scale
populations to commercially acceptable levels. Only the 2% Ultra-Fine
Oil treatment had a significantly lower rating than the untreated control.
However, this rating still meant that the 2% Ultra-Fine Oil treated plants
averaged 10-22% infested leaves.
The second set of treatments (Table 2) was applied earlier in their life
cycle (star or cameo stage). While there were unavoidable differences in
treatments prior to the start of the second set of treatments, the magnitude
of the treatment effects negated this initial flaw in the experimental set-up.
For the first evaluation, Ultra-Fine Spray Oil regardless of rate (1% or
2%) , Distance 0.86EC (6 fl oz) plus 1% Ultra-Fine Spray Oil, DuraGuard
and Talstar were most effective. Treatments containing Distance 0.86EC
(6 and 12 fl oz) only had significantly fewer scale than the untreated
control but were less effective than treatments containing Ultra-Fine
Spray Oil, DuraGuard or Talstar. For the second evaluation, Ultra-Fine
Spray Oil (1% or 2%), Distance 0.86EC (6 fl oz) plus 1% Ultra-Fine
Spray Oil, Distance 0.86EC (6 and 12 fl oz), DuraGuard and Talstar had
significantly lower scale populations than the water-treated control and
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were indistinguishable from each other. On June 12, 2001 plants were
rated for infestation by the offspring of scale insects sprayed by the second
set of treatments. Results of the rating show that treatments containing
Distance 0.86EC, 2% Ultra-Fine Oil and DuraGuard ME effectively reduced
the number of progeny when compared to the water-treated control. The
second evaluation of the second set of treatments was preceded by an
unusually long cold period with temperatures dropping below 20oF on at
least two occasions. This cold weather caused some superficial damage
to the leaves of the experimental plants and is likely the cause for a
considerable amount of non-treatment related scale death.
Significance to Industry: The results of the first set of treatments
reinforce the importance of timing when attempting to control Florida wax
scale. Treatments that were ineffective when applied later in the insects’
life cycle in the first set of treatments were effective or more effective
when applied earlier in the insects’ life cycle in the second set of
treatments. The most effective treatment utilized on older scale insects
was 2% Ultra-Fine Spray Oil with a mean reduction of 97.5% of the scale
when compared to pretreatment scale counts. However, even with such
a large reduction in the number of scale insects, the following generation
of scale still managed to infest 10-22% of the leaves of 2% Ultra-Fine
Spray Oil treated plants.
This experiment demonstrates that when insecticide applications are
properly timed there are several insecticides that effectively control
Florida wax scale. The second set of treatments, applied while scale
insects were in the star or cameo stage showed that the insecticides
containing Ultra-Fine Spray Oil, Distance 0.86EC, Talstar N and
Duraguard ME worked equally well by the last evaluation date, 2/1/01. A
subsequent whole plant rating conducted on 6/12/01 showed that
treatments containing 2% Ultra-Fine Spray Oil, Distance 0.86EC and
Duraguard ME had significantly lower ratings than the water-treated
control. The only product tested in the trial that did not demonstrate any
significant differences compared to the water-treated control was
Cinnnamite.
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Control of Southern Red Mites (Oligonychus ilicus):
A Miticide Screening
Charles P. Hesselein and Joseph R. Chamberlin1
Ornamental Horticulture Substation, Mobile, AL 36689-0276;
1
Valent USA Corporation, 2386 Clower St., Suite E-100B,
Snellville, GA 30078-6134
Index words: Southern Red Mites, Oligonychus ilicus, Mites, Red Mites
Nature of Work: Southern red mites (Oligonychus ilicis) are common
and destructive mite pests of azaleas, Japanese hollies, camellias and
occasionally other ornamental plants. Damage caused by the feeding of
these pests results in bronzed and stippled foliage. This pest is most
prolific during the cooler periods of the year although outbreaks are also
known to occur during warm periods. Population densities are generally
greatest in the spring and fall. Southern Red Mites are usually reddish or
reddish brown; adults are approximately 1/100 inch in length. Mites are
commonly found on the underside of older foliage. As populations build,
mites can be found on the upper sides of successively younger foliage.
One informal way of scouting for this pest is by running foliage of host
plants through a loosely closed fist. The mites that are crushed between
the foliage and the scout’s hand will cause a rust-colored staining.
Heavily infested trade-gallon ‘Compacta’ holly plants were obtained from
a local nursery and brought to the Mobile Ornamental Horticulture
Substation for the trial. All treatments were applied twice to the same
plants; the first application date was March 5, 2001 for all but the Triact
70 treatment; that treatment was applied two days later (actual days after
treatment (DAT) for Triact 70 treatments will be found in the parenthesis).
Mean application volume for all treatments except Cinnamite, Triact 70
and Ultra Fine Spray Oil for the first application was 1.3 fl oz per plant.
Since only contact efficacy was expected from Cinnamite, Triact 70 and
Ultra Fine Spray Oil, these products were sprayed at higher volumes;
mean application volume for these three treatments, on the first application
date was 2.2 fl oz per plant. “Commercially acceptable” results were not
obtained from any of the treatments following the first application so a
second application, utilizing higher spray volumes, was made on April 4,
2001. In addition, there were rate changes made to two treatments
between the first and second applications. In the first application
Sanmite and Talstar N were applied at a rate of 3 oz and 10 fl oz per 100
gal respectively. For the second set of applications the rates for Sanmite
and Talstar N were increased to 4 oz and 12 fl oz per 100 gal respectively.
For the second set of applications, the mean application volume per
treatment was 3.9 fl oz per plant.
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The experimental design was a completely randomized design with six
single plant replicates per treatment. Treatment efficacy was based on
counts of all motile plus all non-motile mites observed on four adjacent
leaves from previous season’s growth on each experimental unit.
Sampled stem sections were selected and removed haphazardly from
the exterior of each plant’s canopy. The same plants were used for both
applications.
Results and Discussion:
First Application: There were no significant differences among
treatments at the first observation, 4 (2) DAT (Table 1). On the second,
third and fourth observations, 10 (8), 16 (14), and 23 (21) DAT respectively,
the Ultra-Fine Oil and Sanmite treatments were indistinguishable from
one another and had significantly fewer mites than the water-treated
control. On the third observation date, 16 (14) DAT, the 8 oz Tetrasan
treatment had significantly fewer mites than the water-treated control but
significantly more mites than either the Ultra-Fine Oil or Sanmite treatments.
Other than Sanmite, Ultra-Fine Oil and the 8 oz Tetrasan treatments, no
other treatments on any observation had significantly fewer mites than
the water-treated control.
Second Application:
Sanmite, Tetrasan (8 and 16 oz), Ultra-Fine Oil, and Triact 70 treatments
had fewer mites than the water-treated control at all observation dates.
Sanmite and the 8 oz Tetrasan treatments had among the lowest mite
counts at all observation dates. The 16 oz Tetrasan treatment had
among the lowest mite counts for three of the four observation dates (6,
14 and 30 DAT). Ultra-Fine Oil had among the lowest mite counts for the
first two observations dates only (6 and 14 DAT). Triact 70 had among
the lowest mite counts for the first observation date only (6 DAT).
Floramite 2SC (8 fl oz) and 50WP had significantly fewer mites than the
water-treated control on the 14, 23 and 30 DAT observations. On the 23
DAT observation, the Floramite 2SC (8 fl oz) treatment had significantly
fewer mites than the Floramite 50WP treatment; however, on the 14 and
30 DAT observations the mite counts for these two products were
indistinguishable. Cinnamite and Floramite 2SC (4 fl oz) had significantly
fewer mites than the water-treated control on the 30 DAT observation
only. On two observations, 14 and 30 DAT, Talstar N had significantly
more mites than the water-treated control and was not significantly different
from the water-treated control on the 6 and 23 DAT observations.
Plants treated with Sanmite had among the lowest mite counts at every
sample date throughout the trial (Tables 1 and 2). Plants treated with
Ultra-Fine Oil had among the lowest mite counts for 5 of the 8 sample
dates and had significantly lower mite counts than water-treated controls
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for all dates except the initial count (4 DAT). Plants treated with the 8 oz
Tetrasan treatment also had significantly lower mite counts than the
water-treated control for at least one sample date following both the first
and second applications; following the second application, plants in the
8 oz Tetrasan treatment also had among the lowest mite counts for all
sample dates following the second application. The only other significant
results occurred following the second application only.
Significance to Industry: Results presented show that there are
several miticides with differing chemistries and modes of action that may
be used to control Southern Red mites. While Sanmite was among the
most effective treatments throughout the trial, TetraSan (both 8 and 16
oz), Floramite 50 WP, Floramite 2SC (8 fl oz), Triact 70 and Ultra-Fine
Spray Oil also provided significant mite reductions on two or more
observation dates when compared to the water-treated control. This
trial also demonstrates the importance of a regular pest-scouting
program. Experimental plants were treated after the pest population
was well established on host plants, making control of the pest species
extremely difficult. In addition, plants in this test showed significant
damage in the form of bronzed and stippled foliage. It is likely that a
regular pest-scouting program would have resulted in early detection of
these infested plants, increasing the efficacy of any corrective actions,
while resulting in significantly less plant damage.
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Ambrosia Beetles Collected From Ethanol-Baited Traps
and Chinese Chestnut in Middle Tennessee
Jason B. Oliver and Catharine Mannion
Tennessee State University, Nursery Crop Research Station
Cooperative Agricultural Research Program
McMinnville, TN 37110
Index Words: Ambrosia beetles, Xylosandrus crassiusculus,
Xylosandrus germanus, Xyleborinus saxeseni
Nature of Work: Ambrosia beetles can be important pests of nursery
production. Adult beetles bore into trees to lay eggs and introduce a
mutualistic fungus (“ambrosia”) that serves as food for adult and larval
beetles. Beetles sometimes introduce pathogenic fungi or bacteria.
Fungi growing in trees can block water and sugar conducting tissues,
producing tree wilting, dieback, or death.
Three species of ambrosia beetle, Xylosandrus germanus Blandford,
Xylosandrus compactus (Eichoff), and Xylosandrus crassiusculus
(Motschulsky) have all caused significant economic damage to southeastern
nurseries since their domestic introductions in 1932, 1952, and 1974,
respectively (2, 3). Xylosandrus crassiusculus commonly is called the
Asian ambrosia beetle. Most other ambrosia beetle species do not have
common names. Ambrosia beetles are difficult to control with insecticides,
because the host tree forms a potential barrier between the beetle and
the chemical. Therefore, pesticides must be applied before the beetles
bore into the tree, applied repeatedly, or have long residual activity. The
goal of this project was to improve management decisions for ambrosia
beetle control in nurseries of middle Tennessee by determining: 1)
which ambrosia beetle species are present in the middle Tennessee
area; 2) which species are responsible for attacks on a susceptible tree
species; 3) timing of tree attacks and progeny emergence; and, 4) if tree
attacks and progeny emergence coincide with adult beetle collections in
ethanol-baited traps.
Ambrosia beetle populations were surveyed in 1998 and 1999 at the
Tennessee State University Nursery Crop Research Station (NCRS),
McMinnville, TN and at two commercial nurseries in the northern areas
of Warren and Grundy Counties using ethanol-baited Lindgren traps.
Traps were suspended from trees in the transition zone between nursery
and woods. Traps were emptied every 2 to 5 days at the NCRS and 14
to 28 days at other sites (depending on season and beetle collection
rate) and all beetles were identified to species. Dr. Frank Hale (University
of Tennessee) also provided some trap collections from Franklin and
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Davidson Counties during 1998 and 1999. The timing of beetle attacks
in 1999 were determined by examining Chinese chestnut trees (Castanea
mollissima Blume) for new attacks. Four test plots, consisting of five
chestnuts (0.4 to 0.8 in. caliper) planted at 10 ft. spacing, were placed at
different locations on the NCRS. Each plot was about 7 ft. from the edge
of a deciduous forest. Trees were examined three times a week until
August 1999, then weekly until May 2000. Beetle attacks were caged
during each examination to collect beetle progeny for identification
(maximum of 10 new galleries per date).
Results and Discussion: A total of 24 different ambrosia beetle species
were collected in Lindgren traps in the middle Tennessee region during
1998 and 1999 (Table 1). Depending on the year and site, the Asian
ambrosia beetle, Xyleborinus saxeseni Ratzeburg, or Monarthrum
fasciatum Say dominated trap collections. Xyleborinus saxeseni was the
most abundant species among sites (50% of total collections) and was
captured throughout the year. Five additional species were collected
during 1997 pre-trapping at the NCRS, including Carphoborus tentative
bifurcus Eichhoff, Hylastes salebrosus Eichhoff, Ips grandicollis Eichhoff,
Pityogenes hopkinsi Swaine, and Pityogenes meridianus Blackman.
Hylocurus rudis [LeConte] was only collected in Davidson County.
Eleven of the beetle species collected have not previously been reported
in Tennessee. Altogether, 30 ambrosia beetle species were collected in
traps during this project.
Among the 30 species collected in traps, six species attacked chestnut,
including X. germanus, the Asian ambrosia beetle, three species of
Hypothenemus, and X. saxeseni. A total of 387 individual attacks
occurred among 15 trees, of which 184 were caged and 96 produced
beetle progeny. Among caged galleries with progeny emergence,
Xylosandrus germanus, the Asian ambrosia beetle, Hypothenemus spp.,
and X. saxeseni emerged from 35.9, 10.3, 3.3, and 1.1% of the galleries,
respectively. Five trees were not attacked during the study, ambrosia
beetles killed three trees, and the remaining trees were damaged to
some extent.
Tree attacks began on April 2, 1999 about the time trees were exhibiting
signs of dormancy break (i.e., swelling and color change in buds) (Fig.
1). Tree attacks by the Asian ambrosia beetle (total = 16) had an 85.0 and
15.0% occurrence in April and May, respectively. Progeny emergence of
the Asian ambrosia beetle began on May 19, peaked around mid-June,
and was 95% completed by June 21. Tree attacks by X. germanus (total
= 64) had a 91.0, 5.0, and 1.0% occurrence in April, May, and June,
respectively. Progeny emergence of X. germanus began on May 24,
peaked from late May to mid-June, and was 95% completed by July 14.
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Both the Asian ambrosia beetle and X. germanus averaged about 55
days from initial tree attack to first progeny emergence. Total tree
attacks (both undetermined and determined species) for the year were
95% complete by June 2 (Fig. 1).
Timing of tree attacks closely coincided with spring Lindgren trap collections
(and to a lesser extent fall trap collections) at the NCRS (Fig. 1).
Xylosandrus germanus was the dominant species attacking chestnut, but
it was poorly represented in trap collections (£ 1.7% of total collections).
However, trap collections of the Asian ambrosia beetle and X. saxeseni
peaked from April to June and from mid-August to November, coinciding
with the primary tree attack periods. New tree attacks continued after
May, but the Asian ambrosia beetle and X. germanus did not emerge
from any galleries formed after May.
Two unusual findings occurred during this study. Seven female X.
germanus emerged the following year (between February and May
2000). Therefore, some beetle progeny may have overwintered or
reproduced within the original gallery. Mixed species of ambrosia beetle
were found in 3.3% of collection cages, including the Asian ambrosia
beetle with X. germanus, two species of Hypothenemus, and X.
germanus with X. saxeseni. A mixture of species from one gallery could
mean that galleries connected in the host tree or that two species shared
a gallery.
Significance to Industry: Data collected from this study can be used to
develop strategies for control of ambrosia beetle damage to nursery
stock. Several important findings resulted from this study. 1) Thirty
species of ambrosia beetle were collected and identified from the middle
Tennessee region. Six of these species attacked chestnut, but only three
(X. crassiusculus, X. germanus, and X. saxeseni) were likely candidates
for economic damage to chestnut. 2) The Asian ambrosia beetle,
reported here for the first time in Tennessee, attacked chestnut in this
study. The Asian ambrosia beetle is an economically important nursery
pest throughout the southeast, because the beetle can attack “apparently”
healthy trees, has a broad host range, frequently kills the host tree, and
is difficult to control with chemicals. In contrast, other ambrosia beetles
generally attack trees that are unhealthy. 3) The Asian ambrosia beetle
and X. germanus were identified as the major species to attack chestnut
in middle Tennessee, but only the Asian ambrosia beetle and X. saxeseni
were commonly collected in traps. Xylosandrus germanus was poorly
represented in trap collections at all survey sites, despite being the
number one species attacking chestnut. 4) Xyleborinus saxeseni was
the most abundant species in trap collections, but attacks on chestnut
were minimal in this study. Xyleborinus saxeseni also is very common in
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other trap studies in the southeastern U.S. This species does readily
attack maple in the middle Tennessee region. 5) The timing of attacks on
chestnut trees coincided with the peak trap-capture periods in early
spring and to a lesser extent in the fall. Therefore, initial spring trap
collections of ambrosia beetles are probably a good indicator for risk of
tree damage. 6) The heaviest attack period during this study was just
prior to bud break in the spring. Attacks continued after dormancy was
broken, but at a reduced rate. 7) The primary progeny emergence period
(June to mid-July) did not coincide with renewed tree attacks or higher trap
captures. The significance of this finding is that preventative chemical
treatments against ambrosia beetles may be unnecessary during summer
months. 8) Five trees in this study did not receive any attacks, even
though adjacent trees were heavily attacked. Many factors have been
implicated in tree susceptibility and sporadic attacks by ambrosia
beetles, including: tree vigor, age, and size, presence of disease,
genetics of seed stock, timing of bud break, unfavorable weather (e.g.,
late frost, drought), previous insect attack, shipment of trees to new
regions, breeding habitat that favors large beetle populations (e.g., fallen
branches), type of dominant vegetation in the area, and site conditions
(e.g., shading, soil fertility, and humidity). Effective management of
ambrosia beetles will depend on a clear understanding of how these
factors interrelate, which factors are the most important, and how these
factors can be modified to reduce tree susceptibility.
Literature Cited:
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Nectar Thieves, Pollen Robbers and Pollinators of
Hybrid Azaleas
Adriean J. Mayor, Jerome F. Grant and Paris L. Lambdin
Dept. of Entomology & Plant Pathology, University of Tennessee
Knoxville, TN 37901
Index Words: Hybrid azaleas, Rhododendron spp., Pollinators,
Bumblebees, Bombus spp.
Nature of Work: Azaleas (Rhododendron spp.) are popular as ornamental
shrubs particularly in the southeastern U. S. where their large, colorful
flowers form spectacular displays in spring and early summer. According
to the U. S. Department of Agriculture National Agricultural Statistical
Service (1), azaleas are becoming an increasingly important crop to
nursery growers, accounting for nearly 100 million dollars in annual sales.
Hybrids of several azaleas used by nursery growers (Sweet Azalea,
Rhododendron arborescens (Pursh) Torrey, and Swamp Azalea, R.
viscosum (L.) Torrey) occur naturally on the unique grassy balds of the
Great Smoky Mountains National Park (GRSM). These open, high
elevation, grassy areas have great aesthetic appeal, offering spectacular
displays of flowering shrubs (i.e., azalea, Rhododendron spp.), and
vistas of surrounding peaks normally obscured by tree-covered ridges.
Gregory Bald in the GRSM differs from other balds in the large number of
azaleas present. These azaleas have hybridized producing rare flower
colors and forms not found on other balds in GRSM. The azalea species
involved in the hybridization are R. arborescens, R. viscosum (flowers
white, fragrance strong in both), and R. cumberlandense Braun (flowers
orange to red, fragrance slight or absent).
The origin of the azalea hybrids on Gregory Bald is unclear. The morphology of
the flowers (i.e., the placement of the reproductive structures 3-5 cm above
the corolla) suggests that these azaleas evolved in response to longtongued pollinators, such as butterflies and/or moths. However, a previous
study (2) found that several species of bumblebees are the primary pollinators
of azaleas on Gregory Bald. These data suggest that the azalea hybrids
may have originated in a shift from lepidopteran to bumblebee pollinators.
Our curiosity about the variation in flower color of hybrid azaleas, and the
importance of this variation in flower color to nursery growers in developing
new varieties of these beautiful shrubs, led to a study in June 2000 to
observe the insects visiting, and presumably pollinating, hybrid azaleas.
Gregory Bald was visited on 8, 11, 15 and 18 June 2000. The initial visit
on 8 June was an orientation visit to assess the bloom status of the
azaleas and the feasibility of the study. Observations of insect visitors to
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flowers of hybrid azaleas were made on 11, 15, and 18 June between
10AM and 3PM. Insects were collected into individual 31/2 dram vials;
flower color and observed insect activity (i.e., gathering pollen, nectaring)
were noted on the vial. In the laboratory, specimens were pinned, labeled,
and identified. The study site ran along the northern margin of the bald from
west to east where azaleas of varying flower color are most numerous.
Results and Discussion: Results reveal a story that includes nectar
thieves, pollen robbers, and a few species of acrobatic pollinators. Most
of the insects visiting flowers of the hybrid azaleas on Gregory Bald are
bees in the families Andrenidae, Halictidae, and Apidae (Table 1). Three
large Andrena species (A. crataegi Robertson, A. forbesii Robertson, and
A. nivalis Smith) appear to be nectar thieves. These bees are able to
obtain nectar from the flowers without contacting either stamens or stigma,
and were not observed gathering pollen. Andrena cornelli Viereck and
Evylaeus spp. (possibly several species) may be pollen robbers. These
bees are small enough to be supported by the stamen filament. They
land on the filament, walk out to the anthers, gather pollen, and fly off
without contacting the stigma. Bombus affinis Cresson, B. maculatus
Cresson, and B. sp? nr. vagans Smith were observed gathering pollen in
a manner suggesting flowers were pollinated during their visits. These
bumblebees approach the stamens and stigma, typically positioned in
loose groupings above the petals. Once contact is made, the bumblebees
grab the stamens with their legs and stop flying. The weight of the bees
causes the anthers and stigma to be pulled downward, and the bumblebee,
swinging upside down, quickly begins gathering pollen. During these
acrobatics, the bumblebee contacts the stigma, and the flower is pollinated.
Observations on pollen gathering and nectaring are summarized in
Figure 1. Interestingly, nectaring was not observed for B. affinis, and
pollen gathering was not observed for B. perplexus Cresson.
Collection data (Table 1) suggest that Andrena carolina Viereck, A.
crataegi, and A. nivalis, all species commonly collected visiting flowers of
other plants (i.e., blueberries and bramble) during this study, along with
A. tridens Robertson, A. forbesii, and Apis millifera L., are occasional
visitors to flowers of the hybrid azaleas. These bees may be nectar thieves,
gathering nectar without pollinating flowers. Other bee visitors (Andrena
cornelli and Evylaeus spp.) are pollen robbers, gathering pollen without
pollinating flowers. Our observations indicate that only a few acrobatic
bumblebees, B. affinis, B. bimaculatus, and B. sp? nr. vagans, are
pollinating flowers of the hybrid azaleas during their pollen gathering visits.
Significance to Industry: Two of the azalea species in our study, R.
arborsecens and R. viscosum, are used by the landscape industry (3).
Our study suggests that various bumblebee species are primary pollinators
of hybrid azaleas under natural conditions. In other studies, bumblebees
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have been used effectively as pollinators under controlled field conditions
(4, 5). Because their colonies are small (30-150 workers) bumblebees
are conducive for pollinating in small enclosed areas. Thus, the beauty
and vigor of azalea hybrids may be improved by using bumblebees as a
cost-effective pollinator tool to obtain desired crosses.
Literature Cited:
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Development of the Juniper Scale, Carulaspis juniperi
(Bouché), on Leyland Cypress
Paris L. Lambdin, Mark T. Windham, and Jerome F. Grant
Department of Entomology and Plant Pathology
The University of Tennessee, Knoxville, TN 37901
Index Words: Juniper Scale, Leyland Cypress, Insect development
Nature of Work: Diaspidids (armored scales) are among the most
important pests of junipers and often cause significant damage to host
plants for nurserymen, homeowners, and city horticultural managers.
Carulaspis juniperi (Bouché), the juniper scale, may reach population
levels high enough to severely damage plants as documented in Bermuda
during the 1940’s when nearly all the native junipers died in just three
years (10). Although this species occasionally infests ornamental plants
in glasshouses, it is a greater threat to cypress and junipers planted in
parks and urban areas. The juniper scale has been found damaging
trees and shrubs from commercial nurseries in Europe to trees in urban
landscapes in the eastern U.S.

Carulaspis juniperi is a cosmopolitan species of European origin that
may obtain serious pest status on a variety of plant hosts in southern
Asian, Australian, Ethiopian, Paleartic, and Nearctic geographical zones.
This species is believed to have increased its range through the movement
of infested juniper nursery stock resulting in its presence throughout the
eastern U. S. Juniper scales are primarily found on the leaves and cones
of Juniperus spp., but are recorded on other ornamentals representing over
13 genera. Carulaspis juniperi was originally described by Bouché (2)
and later placed in the newly established genus Carulaspis by
MacGillivray (8). Because of their small size and cryptic appearance,
species descriptions are based on the adult female.
We discovered a scale infestation on 105 of 189 one-year-old Leyland
cypress recently purchased from a local nursery. Our objective was to
determine the biology, morphology, and impact of C. juniperi on the
growth and development of the host plant.
Methods: We began biological observations on four infested and four
non-infested seedlings. Morphological studies were made from observations on
10 specimens each of the instars for females and males. Ten measurements
(in microns) were made for each of the structures. Site preference and
fecundity were determined from counts of 100 specimens. Biological
studies were made by removing 10 specimens every 2 weeks and
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mounting them on slides for microscopic examination to determine
morphology, stage, and development time. Slide-mounting procedures
for specimens followed that of Lambdin and Kosztarab (7).
Results and Discussion: Biology and Ecology. This polyphagous
species has one overlapping generation outdoors annually (10). All
stages infest the leaves of its host. They overwinter as fertilized females,
and each lays 21 (11 to 36) eggs underneath their tests in early April.
Female begins to shrivel during egg deposition eventually occupying the
anterior 1/2 of the test. The yellow eggs hatch in 2 to 3 weeks. Crawlers
migrate to a suitable site to settle and feed. Most settled within 48 to 72
hours upon emerging on the top (82%) or bottom (16%) of the leaves,
with only a few settling on the stems (2%). Early infestations are generally
located on the leaves of the lower limbs; however, as the population
increases, specimens spread to other areas of the host plant. Crawlers
insert their stylets into the plant tissue and begin sucking out the sap
causing chlorotic spots to occur. The crawler begins to develop the waxy
test which covers the body. Two periods of crawler activity occur, from
April to June and from July to September. Second instars lose their legs
and become sessile. The females and males are dimorphic with the
females undergoing 3 developmental stages, while males have additional
prepupal and pupal stages. Females begin development of a subcircular
test that varies from gray to white with the exuviae of the first instar
centrally positioned. Male tests are smaller, elongate, with the tan to
light brown first instar exuviae positioned near anterior margin. Both male
and female immature development is completed in ca. 5-6 weeks.
Leaves lose their green luster and eventually turn brown. Their presence
inhibits leaf development. Branches are weakened and may be killed
from the extensive extraction of nutrients from the host plant. Also, the
build-up of large populations has an aesthetic impact on the host plant by
the heavy residue of exuviae from previous generations.

Morphology. The sessile adult female is about 1-1.5 mm long, yellow,
circular, legless, wingless, eyeless, with a 1-segmented antennae and a
membranous derm. The pygidial area is distinguished by the presence of
a pair of separated lobes that are longer than wide and with minute
paraphyses, second pair bilobed and reduced, and the third pair vestigial
and sclerotized (6). A duct is located between the medial pair of lobes.
Second instar females and males lose their legs, and their antennae are
reduced to 1-segmented stub. They may be separated by the higher
number of microducts on the pygidium. Adult males have two pair of
simple eyes, no mouthparts, well- developed antennae, well developed
legs, and a pair of membranous wings on metathorax. Males live for
only about 48 hours to locate and mate with the sessile females.
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Diagnostic Methods: The subcircular female cover is grayish to white,
slightly convex to flatten, with the exuviae off-center. The three
developmental stages may be determined by the appearance of the
cover and exuviae as caps (first instar). Sticky traps are used to monitor
crawler emergence in nurseries. It is difficult to distinguish this species
from Carulaspis minima (Targioni Tozzetti), the minute cypress scale, in
the field. However, microscopic examination may be used to distinguish
the species. Adult females may be separated from C. minima by the
presence of a duct between the medial pair of pygidial lobes, and from C.
visici (Schrank), the mistletoe scale, by the presence of unsclerotized
second and third lobes on the pygidial area (6).
Control: Effective control has been obtained using biological agents,
chemicals, or dormant oil applications. Insecticidal soaps alone have not
prevented infestations by the juniper scale resulting in the use of a
variety of chemicals to provide early season control (4). Darvas et. al. (3)
found insect growth regulators to be ineffective against the various
stages but highly effective in preventing egg production. A few natural
enemies are available for suppression of the juniper scale including the
parasitoids Aphytis mytilaspidis, Aspidiotiphagus citrinus, Euaphycus
botanicus, and Prospaltella serviniellus, and predators Chilocorus sp.,
Coccidencyrtus berlesei, Coccobius notatus, Habrolepis mayri,
Metaphycus pretiosus, Microterys herbidus, Prospaltella fasciata,
Pteroptrix macaropedicellata, Thomsonisca amathus, Xystus
erythrocephalus, and Aleuropteryx juniperi (1, 5, 9, 11). High populations
of biological control agents maintained the juniper scale at low to moderate
levels; however, when the parasitoid population declined, the pest
populations increased significantly (Fowjhan 1999). Three coccinellid
and two predaceous mites were introduced into New Zealand from 1987
to 1992 to suppress this pest.
Significance to Industry: This species is a major pest causing economic
damage to both ornamental and forest plants. Contamination by
Carulaspis juniperi often causes leaf yellowing, premature leaf drop, and
dieback that may result in stunted growth and potentially reduce the sale
of stock. Diagnosis of the developmental stage can provide managers
the opportunity to more effectively implement control procedures. Control
measures directed against the eggs and emerging first instars in late March
through April should be most effective in reducing the pest populations.
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Nature of Work: Japanese beetles (JB) are destructive polyphagous
insects feeding on over 300 species of plants. Since 1916, when they
were first discovered in New Jersey, JB have infested extensive areas in
the Eastern United States as well as disjunct locations in the Western
United States and Canada (1). Biorational approaches to managing
insect pests involve various strategies including the use of low-toxicity
feeding deterrents and plant protectants. Use of feeding deterrents as
plant protectants may be an effective strategy for controlling JB. Due to
the polyphagous nature of JB, feeding deterrents may divert the pest
away from desirable landscape and crop plants while imposing minimal
selection pressure for the development of resistance in the pest. By
cross-referencing information on plants that are resistant to various
Coleopterous pests and unique phytochemicals found in those plants,
with an emphasis on low-toxicity compounds that have low volatility; a
number of potential feeding deterrents were identified. The objectives of
this project were to identify selected naturally occurring compounds that
were effective as feeding deterrents for adult JB and to test their efficacy
as crop protectants under field conditions.

Laboratory studies. Feeding assays were conducted in late June 1997.
Artificial diet media were prepared containing cellulose, agar and sucrose,
following methods of Hsaio and Fraenkel (2), and one of 17 test compounds at
100 mM and a nontreated control (no test compounds added). The test
compounds were ß-aescin, berberine chloride, berberine hemisulfate,
bergapten, betulin, brucine sulfate, trans-cinnamic acid, diosgenin,
esculin, ferulic acid, gramine, nicotine hemisulfate, piperine, rotenone,
saponin, styraxin, sucrose esters, and umbelliferone. Each medium was
poured into petri dishes to a depth of approximately 0.6 cm (0.2 in). After
cooling, the media was cut into 1.5 x 0.6 cm plugs with a cork borer.
One plug of media and one female beetle was added to each petri dish,
that was set randomly in a growth chamber at 24˚C (75 ˚F) with a 16
hour photoperiod. After 24 h, the beetles were removed and the fecal
matter was collected, dried at 70° C (158 F) for 24 hours, and weighed.
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The test compounds that reduced feeding intensity to < 5% of the control
(Table 1) were selected for a dose-response study using a logarithmic
(base 10) progression of concentrations of 0.00, 1.00, 3.16, 10.00, and
31.62 mM. Experimental protocol was the same as described previously,
except there were ten replications of each concentration.

Field trials. In March 1997, 100 Himalayan birch [Betula utilis var.
jacquemontii (Spach) Winkl] were planted at both the Horticulture Field
Laboratory (HFL), Raleigh, and the Mountain Horticultural Crop Research
Station (MHCRS), Fletcher, N.C. Seven compounds were selected and
applied as liquid sprays at 100 mM concentration (except a 21% crude
extract of horsechestnut Aesculus hippocastanum L. at 50 mM) to
Himalayan birch. Rotenone 5W at 23.97 g/liter (3.2 oz/gal), and carbaryl
(21.3%) at 7.6 ml/liter (1 fl oz/gal) were also included as commercially
available products that represent a natural product and synthetic pesticide,
respectively. Formulations consisted of: 21% crude extract of
horsechestnut Aesculus hippocastanum L., berberine hemisulfate,
carbaryl, rotenone, saponin, and umbelliferone applied in a 10% acetone
solution; coumarin applied in a 10% acetone plus 100 mM potassium
hydroxide; and gramine and piperine applied in a 10% ethyl alcohol
solution. In addition, a 10% acetone, 10% acetone plus 100 mM potassium
hydroxide, and 10% ethyl alcohol were applied individually as controls.
Each tree received 0.3 L of the treatment solution applied via a diaphragmtype backpack sprayer (Solo model #475, Newport News, Va) from a
single hollow cone nozzle at 207 KPa (30 psi). Initial treatments were
applied on 19 June at HFL and 22 June 1998 at MHCRS, then reapplied
two weeks after initial application. Each plot was arranged in a randomized
complete block design with 12 treatments and six replications. Trees
were rated weekly for defoliation (skeletonization) during the five week
period following initial application at each site. Observers estimated
percentage defoliation using an 11-point, arcsin pretransformed scale.
Data were averaged over both evaluators at each location and subjected
to analysis of variance with least significant difference tested at P=0.05.
Results and Discussion: Artificial diet assays. The antifeedant
effectiveness of the 17 treatment compounds ranged from 0 to 152% of
the controls (Table 1). Those compounds with < 5% of control were
evaluated in the dose: response study. All of the treatments in the dose:
response study reduced JB feeding (data not shown); however, berberine
hemisulfate, bergapten, ß-aescin and nicotine hemisulfate were highly
effective at deterring JB feeding, with < 10% of the control at 1 mM
concentration. Berberine chloride, brucine sulfate, and saponin reduced
JB to < 10% of the control at 3.16 mM, followed by gramine and piperine at
10 mM. Rotenone required 31.6 mM to reduce feeding intensity to < 10%
of the control, whereas umbelliferone never achieved < 10% of the control.
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Field trials. There was a significant treatment x location x time interaction
so weekly evaluation data are presented for each location (Figs. 1 and
2). At each location, the three control treatments were never significantly
different at any time throughout the study. Therefore, data were averaged
over these three treatments and presented as nontreated control. At
HFL, trees treated with horsechestnut extract, coumarin, gramine,
piperine, rotenone and carbaryl reduced JB defoliation compared to the
nontreated control from weeks 1 through 5 (Fig. 1). The remaining
treatments were never different from the control (data not presented). By
week five, trees treated with carbaryl exhibited 6% defoliation; gramine,
9% defoliation; piperine, 12% defoliation; coumarin, 17% defoliation;
rotenone, 19% defoliation; and horsechestnut extract, 20% defoliation,
compared to 35% defoliation on the nontreated controls. Gramine and
piperine both provided better control than Rotenone, one of the best
commercially available natural products for controlling JB. Gramine and
carbaryl performed similarly throughout the entire study. In addition,
percent defoliation increased little for trees treated with carbaryl, gramine,
and piperine from weeks 2 to 5, suggesting that gramine and piperine are
effective, but may have been diluted by rain events in weeks one and two.
At MHCRS, where JB pressure was much greater, carbaryl provided the
best control in weeks 2, 3, and 4 (Fig. 2). However, piperine did reduce JB
feeding at weeks 3 to 5, and trees treated with rotenone had significantly
reduced defoliation compared to the nontreated control at weeks 3 and
4. The remaining treatments were never different from the control (data
not presented). Five weeks after the initial application, trees treated with
carbaryl averaged 28%; piperine, 86%; and rotenone, 90% compared to
96% defoliation of the nontreated control trees. Even though piperine and
rotenone reduced feeding damage at certain times, percent defoliation was
at an unacceptable level with only two applications. There were no
symptoms of phytotoxicity on any of the trees at either location.
Significance to Industry: Results from laboratory studies identified a
number of compounds that were extremely effective feeding deterrents
for adult JB. Initial field trials were promising, in that, a number of
compounds including gramine and piperine provided better control than
rotenone (a common natural pesticide) and gramine was as effective as
carbaryl (a common synthetic pesticide) under moderate insect pressure
experienced at HFL. Two applications of the natural feeding deterrents
did not provide adequate control under severe insect pressure at
MHCRS. Further work is warranted to enhance efficacy of these
compounds with particular attention to formulations including solvents,
surfactants, synergists, and UV protectants.
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Table 1. Effect of selected botanical compounds at 100 mM concentration
on the intensity of feeding by Japanese beetles.
Compound

Feeding Intensity
(% of Control)

Nicotine hemisulfate
Berberine hemisulfate
Gramine
Brucine sulfate
Berberine chloride
Rotenone
Piperine
Saponin
Bergapten
ß aescin
Umbelliferone
Esculin
Sucrose esters
Ferulic acid
Styraxin
Control
Betulin
Diosgenin

0.0
0.5
0.7
1.4
1.7
1.8
1.9
2.4
2.4
2.9
4.8
7.8
8.3
29.4
36.2
100.0
130.0
152.0

z

All compounds were significantly different from the control, P<0.05.

231

SNA RESEARCH CONFERENCE - VOL. 46 - 2001

232

