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We could release them at 4 days old,” 
says Peter Teal, a principal investiga-
tor on the team and the research leader 
in ARS’s Chemistry Research Unit in 
Gainesville, Florida. 

What’s more, the methoprene treat-
ment “makes the flies more macho,” 
says Teal, whose collaborators included 
researchers in Mexico, Argentina, and 
Austria. Compared to the untreated 
males, methoprene-treated flies pro-
duce more pheromone and attract more 
females to mate with than do flies that 
are just irradiated. 

In addition to studying methoprene’s 
effects on Mexican, Caribbean, and other 
tephritid fruit flies, as well as nutritional 
requirements for the species’pheromone 
signaling and reproductive success, 
the team devised large-scale methods 
of treating the insects. These methods 
included development of an adult diet, 
in the form of a paste, which contains 
methoprene and costs only $13 per 1 
million released flies.

Other research by the team involves 
adding amino acids from hydrolyzed 
protein to the fruit fly diet, which makes 
them more robust and better able to 
escape predators when released into the 
wild. Most importantly, “they mate better 
with feral female flies,” adds Teal.

In laboratory trials, sterile male flies 
fed a diet containing 0.05 percent or 0.1 
percent of methoprene and hydrolyzed 
protein were ready to mate 4 to 5 days 
sooner than untreated males and pro-
duced more pheromone, to boot. Outdoor 
trials were also successful.

Use of methoprene or hydrolyzed 
protein alone did not work as well as 
when the two were combined, and not 
all species responded to the treatment—
Mediterranean and Oriental fruit flies 
being two.

Nevertheless, “the methods to incorpo-
rate these technologies into mass rearing 
of sterile flies and the technique are now 
in use for control of the Mexican fruit fly 
in Mexico,” notes Teal, who coauthored 
a paper in the April 2011 issue of Journal 
of Applied Entomology.

Data collected from SIT-treated areas 
of Rio Verde by the Mexican National 
Campaign Against Fruit Flies indicates 
that the population of A. ludens flies there 
has been reduced to below 0.01 fly per 
trap per day.—By Jan Suszkiw, ARS.

This research is part of Crop Protec-
tion and Quarantine (#304), an ARS 

At the Center for Medical, Agricultural, and Veterinary Entomology in Gainesville, Florida, Peter Teal 
collects sterilized male Caribbean fruit flies to evaluate the effects of methoprene in accelerating 
sexual development.

national program described at www.
nps.ars.usda.gov.

Peter Teal is in the USDA-ARS 
Chemistry Research Unit, Center for 
Medical, Agricultural, and Veterinary 
Entomology, 1600-1700 S.W. 23rd Dr., 
Gainesville, FL 32608; (352) 374-5730, 
peter.teal@ars.usda.gov.*

STEPHEN AUSMUS (D2580-3)
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Tomatoesaccountformorethan $2 

billion in farm income nationwide 

each year. But the silverleaf whitefly 
(Bemisia tabaci) cuts into those revenues, 
spreading a virus known as tomato yellow 
leaf curl virus (TYLCV) that can wipe out 
an entire crop. To compound the problem, 
a new biotype of silverleaf whitefly is 
raising concerns because it is resistant to 
insecticides and has spread to 26 states 
since its discovery in the United States 
in 2004. The threat is taken seriously in 
Florida, where growers raise up to 40,000 
acres of fresh-market tomatoes each year.

Cindy L. McKenzie, an Agricultural 
Research Service entomologist in the 
Subtropical Insects Research Unit in Fort 
Pierce, is showing how growers can combat 
the silverleaf whitefly and other crop pests 
by using plants as storehouses for preda-
tory insects that can migrate to tomatoes 
and other cash crops and feed on the pests.

Choosing the Right Banker
McKenzie teamed up with Lance S. 

Osborne, an entomologist at the Univer-
sity of Florida Mid-Florida Research and 
Education Center, Apopka, Florida; and 
Yingfang Xiao, a postdoctoral associate 
researcher, to do extensive work showing 
how papaya, corn, and ornamental peppers 
can serve as “banker plants” for a range of 
insect parasitoids and predators. The ap-
proach is considered an environmentally 

friendly alternative because it reduces in-
secticideuseand offersgrowersa low-cost, 
self-perpetuating alternative, McKenzie 
says. The predators eat what they find on 
banker plants and then fly or crawl off to 
find the targeted pest on the cash crop. But 
before they disperse, most will lay eggs 
on the banker plants, which extends the 
effect into subsequent generations. Lower 
pesticide use also means pests like spider 
mites, thrips, and whiteflies—known to 
develop resistance to insecticides—will 
be less likely to become resistant.

Many Florida greenhouse operators pol-
linate tomatoes with bumble bees, and that 
makes them reluctant to use insecticides. 
Banker plants can be potted and moved 
around a greenhouse if a grower wants 
to spray insecticides in one area and keep 
other areas insecticide free.

“When you use banker plants, you are 
tapping into nature’s ability to regulate 

itself, and that’s an approach that has all 
kinds of potential,” McKenzie says.

Using banker plants is a balancing act 
that requires finding the right combina-
tion of plant, predator, and targeted pest. 
Researchers must select insect predators 
and an alternative prey for those predators, 
and neither should be able to damage the 
cash crop. They also need banker plants 
and predators that will not host or spread 
diseases like TYLCV to the cash crop.

“You can’t just put the predator in and 
hope for the best. You need a food source 
for it—an alternative prey—and you need 
to be sure that the alternative prey doesn’t 
become a pest itself,” she says.

In a study designed specifically for Flor-
ida’s greenhouse poinsettia operations, the 
researchers chose papaya (Carica papaya) 
for their candidate banker plant, and they 
chose the parasite Encarsia sophia, a tiny, 
nonstinging wasp whose larvae feed on the 

Technician Katherine Houben (from the 
University of Florida) looks for beneficial insects 
on a papaya plant serving as a “banker plant” 
in a crop of poinsettias. Banker plants attract 
beneficial insect parasitoids and predators that 
can help control pests.

WILLIAM C. FOOSHEE (D2593-1)
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Encarsia sophia, a tiny nonstinging wasp whose 
larvae feed on the silverleaf whitefly.

silverleaf whitefly. Previous work showed 
that E. sophia attacks numerous types of 
whiteflies and that a possible food source 
for it, the papaya whitefly (Trialeurodes 
variabilis), does not like poinsettia, and 
in fact doesn’t seem to like anything but 
papaya. The researchers also knew that as 
a Florida native, E. sophia poses no threat 
to the state’s habitats. 

“It’s out there in nature, and people don’t 
even know it’s there,” McKenzie says.

The researchers also needed to make 
sure that E. sophia would still feed on 
the silverleaf whiteflies after eating the 
papaya whiteflies. So they observed E. 
sophia under two sets of test conditions. 
In one, they essentially forced the wasps 
to eat the targeted prey to make sure they 
would control it when given no dietary 
choices. In another, they gavethemachoice 
between the prey they were supplying as 
a food source and the targeted pest they 
want to eradicate.

“If they like them both equally, that’s 
a good thing because it means they can 
survive on one insect while they control 
the other,” McKenzie says.

Their results, published in Biological 
Control, show that E. sophia has an ap-
petite for both the alternative prey and 
silverleaf whiteflies and that it effectively 
wipes out any silverleaf whiteflies it finds 
on poinsettias growing near the papaya 
banker plants. 

This banker plant system is now be-
ing tested for application in commercial 
greenhouse tomato production. The limit-
ing factor in adoption by tomato growers 
was proving that papaya was not a host 
plant for TYLCV. In a second paper, in 
Florida Entomologist, the researchers 
went a step further, showing that papaya is 
not susceptible to the TYLCV commonly 
spread by silverleaf whiteflies and that the 
papaya whitefly, used as the food source 
for Encarsia, will not infect the tomato 
plants with TYLCV because they do not 
feed on tomato.

Beyond Poinsettias,Tomatoes,
and Whitefl es

McKenzie, Osborne, and Xiao have also 
shown that corn will bank a gall midge that 
effectively controls the two-spotted spider 
mite. The gall midge has been previously 
used as a biocontrol for the mite, which 
attacks green beans and other greenhouse 
vegetables. But their work, published in 
Crop Protection, is the first to show how 
a banker system can be used to effectively 
“store” the midges.

The research team is also studying 
whether different varieties of ornamental 
peppers can bank a type of predatory 
mite, Amblyseius swirskii, that is effec-
tive at controlling whiteflies and thrips in 
Florida’s greenhouses. Results so far are 
extremely promising, and the concept is 
catching on among growers.

Stephen Mullen, general manager at 
Knox Nursery in Winter Garden, Florida, 
was initially skeptical about using insects 
to control the whiteflies that attack poinset-
tias in his greenhouse. But the nursery is 
interested in cutting back on insecticide 
use. So 2 years ago, as partof a cooperative 
arrangement with McKenzie and Osborne, 
he began using a combination of banker 
plant systems: predatory mites banked on 
ornamental peppers and nonstinging wasps 
banked on papaya plants. Though thework 
is continuing, Mullen is pleased with the 
results so far. The predators have managed 
to control the whiteflies largely on their 
own, so the nursery is using very little 
insecticide in its production of poinsettias.

“I’m convinced this is working. It is 
absolutely working,” he says.

The research is funded with grants 
provided by the U.S. Environmental 
Protection Agency through the Pesticide 
Registration Improvement Act and by the 
U.S. Department of Agriculture’s Floricul-
ture and Nursery Research Initiative.—By 
Dennis O’Brien, ARS.

This research is part of Crop Protection 
and Quarantine, an ARS national program 
(#304) described at www.nps.ars.usda.gov.

Cindy L. McKenzie is in the USDA-ARS 
Subtropical Insects Research Unit, 2001 
South Rock Rd., Fort Pierce, FL 34945; 
(772) 462-5800, cindy.mckenzie@ars.
usda.gov.*
ARS entomologist Cindy McKenzie inspects 
poinsettias for damage during tests of 
ornamental peppers as banker plants that 
host beneficial predatory mites. One of the 
ornamental pepper plants is nestled about 2 
feet in front of her among the poinsettias.

LANCE OSBORNE (D2596-1)

LANCE OSBORNE (D2592-2)
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At least once a day, many of Idaho’s 
550,000 dairy cows wade through shallow 
copper sulfate baths to help prevent foot 
infections. Producers often discard the bath 
water into lagoons and eventually use the 
spent wastewater to irrigate corn and alfalfa.

“At some point, the buildup of copper in 
the soil could start to negatively affect crop 
production,”says soil scientist Jim Ippolito, 
who works at the Agricultural Research 
Service’s Northwest Irrigation and Soils 
Research Laboratory in Kimberly, Idaho. 
“By studying this issue now, we may be 
able to help producers develop irrigation 
management strategies that keep copper 
from getting to potentially harmful levels.”

Ippolito joined with ARS soil scientist 
David Tarkalson and microbiologist Tom 
Ducey to study how copper levels in the 
wastewater affected crop performance and 
soil microbial activities. Tarkalson also 
works in Kimberly, and Ducey is with ARS’s 
Coastal Plains Soil, Water, and Plant Re-
search Center in Florence, South Carolina.

Thescientists selected two soils common 
to south-central Idaho, where many dairies 
are located. Then they conducteda labstudy 
of alfalfa growth in soils containing copper 
at levels of 50 parts per million (ppm), 100 
ppm, 250 ppm, 500 ppm, or 1,000 ppm.

Copper sulfate at soil levels of up to 250 
ppm had no effect on alfalfa growth, but 
alfalfa growth stopped when soil copper 
sulfate levels exceeded 500 ppm. The alfalfa 
plants took up higher levels of copper at both 
application rates, and from 48 to 80 percent 
of the added copper was still in the soil and 
available to plants at the end of the study.

The team also discovered that beneficial 
soil bacterial activity declined when the 
two soils accumulated available soil copper 
levels above 50 ppm. And a correlation 
analysis indicated that soil levels above 
63 ppm of plant-available copper resulted 
in alfalfa copper concentrations that 

could potentially harm grazing livestock, 
according to guidelines established by the 
National Research Council.

Ippolito also conducted a laboratory 
study of whether biochar made from pecan 
shells could reduce copper levels in the 
spent wastewater. He tested the biochar 
in solutions with varying pH levels and 
found that the amount of copper adsorbed, 
or “captured,” by the biochar could be as 
much as 40,000 ppm. He concluded that it 
might be possible to use biochar to clean up 
waters containing elevated copper levels, 
but that more studies would be needed to 
identify characteristics that would allow the 
biochar to capture the most copper.

Ippolito published his findings in the 
Journal of Agricultural Science, Soil 
Science, and the Journal of Environmental 
Quality.

“In our studies, we controlled how much 
copper was added to the soil. But in real-
world conditions, soil copper accumulations 
and their effects will vary depending on a 
range of factors, including how often crops 
are irrigated, how much copper is in the 

wastewater, and how much copper remains 
in plant-available form,” Ippolito says. 
“We might not see any negative impacts 
for anywhere from 15 to 75 years after 
irrigation begins. But producers should be 
proactive and work with us to address this 
issue sooner rather than later.”—By Ann 
Perry, ARS.

This research is part of Climate Change, 
Soils, and Emissions (#212), Agricultural 
and Industrial Byproducts (#214), and 
Water Availability and Watershed Manage-
ment (#211), three ARS national programs 
described at www.nps.ars.usda.gov.

Jim Ippolito and David Tarkalson are 
with the USDA-ARS Northwest Irrigation 
and Soils Research Laboratory, 3793 N 
3600 E, Kimberly, ID 83341-5076; (208) 
423-6524 [Ippolito], (208) 423-6503 
[Tarkalson], jim.ippolito@ars.usda.gov, 
david.tarkalson@ars.usda.gov.

Tom Ducey is with the USDA-ARS Coast-
al Plains Soil, Water, and Plant Research 
Center, 2611 West Lucas St., Florence, 
SC 29501-1242; (843) 669-5203 ext. 112, 
thomas.ducey@ars.usda.gov.*

Many of Idaho’s dairy cows wade through copper sulfate baths like this to help prevent foot infections. 
ARS scientists are studying how copper levels in the wastewater affect crop growth and soil microbes.

ERNEST HOVINGH, PENN STATE UNIVERSITY (D2630-1)ERNEST HOVINGH, PENN STATE UNIVERSITY (D2630-1)
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Locations Featured in This Magazine Issue

Plant Gene Expression Center,
Albany, CA
1 research unit  ■  12 employees

Corvallis, OR
3 research units  ■  133 employees

Columbia Plateau Conservation
Research Center, Pendleton, OR
1 research unit  ■  17 employees

Northwest Irrigation and Soils
Research Laboratory,
Kimberly, ID
1 research unit  ■  40 employees

U.S. Arid-Land Agricultural Re-
search Center, Maricopa, AZ
3 research units  ■  79 employees

Northern Great Plains Research
Laboratory, Mandan, ND
1 research unit  ■  42 employees

Lincoln, NE
2 research units  ■  81 employees

Center for Grain and Animal
Health Research, Manhattan, KS
5 research units  ■  129 employees

Ames, IA
8 research units  ■  535 employees

Madison, WI
5 research units  ■  129 employees

National Center for Agricultural
Utilization Research, Peoria, IL
7 research units  ■  226 employees

Houma, LA
1 research unit  ■  48 employees

Southern Regional Research
Center, New Orleans, LA
7 research units  ■  181 employees

Griffin GA
1 research unit  ■  20 employees

Tifton, GA
3 research units  ■  118 employees

Center for Medical, Agricultural,
and Veterinary Entomology,
Gainesville, FL
4 research units  ■  144 employees

Coastal Plains Soil, Water, and
Plant Research Center,
Florence, SC
1 research unit  ■  36 employees

U.S. Horticultural Research
Laboratory, Fort Pierce, FL
4 research units  ■  148 employees

Canal Point, FL
1 research unit  ■  40 employees

Henry A. Wallace Beltsville
Agricultural Research Center,
Beltsville, MD
30 research units  ■  953 employees

Eastern Regional Research
Center, Wyndmoor, PA
6 research units  ■  190 employees

Map courtesy of Tom Patterson, U.S. National Park ServiceLocations listed west to east.

The Agricultural Research Service has labs all over the country.
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