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Quick Facts...

« Bacillusthuringiensis (Bt) is a naturally occurring bacterial diseasénskcts.
These bacteria are the active ingredient in soseciicides.

« Btinsecticides are most commonly used against deaieand needle-feeding
caterpillars. Recently, strains have been prodticadaffect certain fly larvae,
such as mosquitoes, and larvae of leaf beetles.

+ Btis considered safe to people and nontarget epesuch as wildlife. Some
formulations can be used on essentially all foagsr

Bacillus thuringiensis (Bt) is an insecticide with unusual propertied thake it useful for
pest control in certain situations. Bt is a natyratcurring bacterium common in soils
throughout the world. Several strains can infect kit insects. Because of this property,
Bt has been developed for insect control. At predgins the only "microbial insecticide
in widespread use.

The insecticidal activity of Bt was first discovdram 1911. However, it was not
commercially available until the 1950s. In recesans, there has been tremendous
renewed interest in Bt. Several new products haen lneveloped, largely because of the
safety associated with Bt-based insecticides.

Properties

Unlike typical nerve-poison insecticides, Bt acygspiboducing proteins (delta-endotoxin,
the "toxic crystal") that reacts with the cellstloé gut lining of susceptible insects. These
Bt proteins paralyze the digestive system, andrfeeted insect stops feeding within
hours. Bt-affected insects generally die from stion, which can take several days.

Occasionally, the bacteria enter the insect's blowtreproduce within the insect.
However, in most insects it is the reaction ofphetein crystal that is lethal to the insect.
Even dead bacteria containing the proteins aretfieinsecticides.

The most commonly used strain of Bti(staki strain) will kill only leaf- and needle-
feeding caterpillars. Bt strains have been develdpat control certain types of fly larvae
(israelensis strain, or Bti). These are widely used againstdarof mosquitoes, black flies
and fungus gnats.

More recently, strains have been developed witiviactgainst some leaf beetles, such



as the Colorado potato beetle and elm leaf bessttedjego strain,tenebrionis strain).
Among the various Bt strains, insecticidal activgyspecific. Bt strains developed for
mosquito larvae do not affect caterpillars. Develept of Bt products is an active area
and many manufacturers produce a variety of pradiftectiveness of the various
formulations may differ.

Disadvantages

Bt is susceptible to degradation by sunlight. Mostnulations persist on foliage less tf
a week following application. Some of the neweaisis developed for leaf beetle control
become ineffective in about 24 hours.

Manufacturers are experimenting with several tegqies to increase its persistence. One
involves inserting Bt toxic crystal genes into atepecies of bacteria that can better
survive on leaf surfaces (e.g., the M-Trak formolabf san diego strain).

The highly specific activity of Bt insecticides rhigimit their use on crops where
problems with several pests occur, including noospisble insects (aphids, grasshopg
etc). As strictly a stomach poison insecticideniist be eaten to be effective, and
application coverage must be thorough. This furlineits its usefulness against pests i
are susceptible to Bt but rarely have an oppoiupieat it in field use, such as codling
moth or corn earworm that tunnel into plants. Ages (sticking or wetting agents) often
are useful in a Bt application to improve performarallowing it to cover and resist
washing.

Since Bt does not kill rapidly, users may incoriyeassume that it is ineffective a day or
two after treatment. This, however, is merely apptual problem, because Bt-affected
insects eat little or nothing before they die.

Bt-based products tend to have a shorter sheltHda other insecticides. Manufacturers
generally indicate reduced effectiveness afterttwiree years of storage. Liquid
formulations are more perishable than dry formalai Shelf life is greatest when stor
conditions are cool, dry and out of direct sunlight

Advantages

The specific activity of Bt generally is considetadhly beneficial. Unlike most
insecticides, Bt insecticides do not have a brgattsum of activity, so they do not Kkill
beneficial insects. This includes the natural eesnoif insects (predators and parasites),
as well as beneficial pollinators, such as honeyb€kerefore, Bt integrates well with
other natural controls. For example, Bt to contarin borers in field corn has been
stimulated by its ability to often avoid later spidnite problems. Mite outbreaks
commonly result following destruction of their neglienemies by less selective
treatments.

Perhaps the major advantage is that Bt is essgmi@htoxic to people, pets and wildlife.
This high margin of safety recommends its use @l frops or in other sensitive sites
where pesticide use can cause adverse effects.

Application
The greatest use of Bt involves thestaki strain used as a spray to control caterpillal



vegetable crops. In addition, Bt is used in agtiumel as a liquid applied through overhead
irrigation systems or in a granular form for cohwbEuropean corn borer. The treatm:
funnel down the corn whorl to where the feedingaaroccur.

Many formulations (but not all) are exempt from fpede tolerance restrictions and may
be wsed up to harvest on a wide variety of crops. @tge makes Bt useful in applicatic
where pesticide drift onto gardens is likely to wgsuch as treating trees and shrubs.
exceptional safety of Bt products also makes theefull where exposure to pesticides is
likely during mixing and application.

To control mosquito larvae, formulations containthgisraelensis strain are placed into
the standing water of mosquito breeding sites.tik@se applications, Bt usually is
formulated as granules or solid, slow-release rorgsickettes to increase persistence.
Rates of use are determined by the size of therwatty. Make applications shortly after
insect eggs are expected to hatch, such as ajftetifig due to rain or irrigation. Bt
persistence in water is longer than on sun-explesddurfaces, but reapply if favorable
mosquito breeding conditions last for several weglkhough theisraelensis strain is
quite specific in its activity, some types of ndirg midges, which serve as food for fish
and wildlife, also are susceptible and may be &dfitc

Use of Bt {sraelensis) for control of fungus gnat larvae involves dreinchthe soil. Bt
applied for control of elm leaf beetle or Colorgutiato beetlesan diego/tenebrionis
strain) is sprayed onto leaves in a manner siroléne formulations used for caterpillars.
Bt doesnot control shore flies, another common fly found reenhouses.

Insects Controlled by Bt
Kurstaki strain (Biobit, Dipel, MVP, Steward, Thuricidecet

+  Vegetable insects
o Cabbage worm (cabbage loopers, imported cabbagevadmondback
moth, etc.).
o Tomato and tobacco hornworm.
« Field and forage crop insects
o European corn borer (granular formulations havemgigood control of
first generation corn borers).
o Alfalfa caterpillar, alfalfa webworm.
« Fruit crop insects
o Leafrollers.
o Achemon sphinx.
+ Treeand shrub insects
o Tent caterpillar.
Fall webworm.
Leafrollers.
Red-humped caterpillar.
Spiny elm caterpillar.
Western spruce budworm.
Pine budworm.
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o Pine butterfly.
Israelensis strains (Vectobac, Mosquito Dunks, Gnatrol, Bacsireic.)

+ Mosquito.
+ Black fly.
« Fungus gnat.

San diego/tenebrionis strains (Trident, M-One, M-Trak, Foil, Novodorg¢gt

+ Colorado potato beetle.
« EIm leaf beetle.
« Cottonwood leaf beetle.
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Study Shows Bt Corn Has Little Toxic Effect On Monarch
Caterpillars

This article appeared in The Grower, December 2001.
Vegetable Production and Marketing News
Texas Cooperative Extension

Texas A & M University

A recent study by the U. S. Department of Agricidtsi Agricultural Research
Service shows monarch caterpillars are not tooiteem$o pollen from most
types ofBt corn, and that caterpillar exposureBtapollen is low.

Bacillus thuringienses (Bt) is a soil bacterium used to control butterfly and
moth caterpillar pests. A 1999 Cornell Universitydy indicated monarch
caterpillars suffered when they fed only on milkavéeaves dusted witBt
corn pollen.

Following the study, the USDA conducted its owrdgts to answer two
guestions, says Richard Hellmich with the ARS’sICimsects and Crops
Genetics Research Unit in Ames, lowa. The ARS rebkeas wanted to find
out the direct toxicity oBt pollen for caterpillars, and the likelihood that
caterpillars might be exposed to that much pollen.

The ARS studies showed it took pollen levels gret@n 1,000 grains of



pollen per square centimeter before monarch célpexperienced any toxic
effects.

Caterpillars were found on milkweed in cornfieldsidg the one to two weeks
when corn sheds pollen. Corn pollen levels on tipéesats averaged about 170
grains of pollen per square centimeter. Less thpardéent of the milkweed
leaves in cornfields had pollen levels exceedil@®Q grains of pollen per
square centimeter during pollen shed.

One variety oBt corn,Bt 176, had a toxic effect with pollen doses as sasll
10 grains of pollen per square centimeter. Onée¥arliest forms dBt corn,
Bt 176 has never been planted on more than 2 pestém corn areas. It will
be phased out by 2003.

The Environmental Protection Agency, meanwhile, dy@soved the use &t
corn for an additional seven years.

“Bt corn has been evaluated thoroughly by EPA, andreeonfident that it
does not pose risks to human health or to the emwvient,” says Stephen
Johnson, assistant administrator of the EPA’s @ffitPrevention, Pesticides,
and Toxic Substances.

The EPA has increased environmental and complianaetoring
requirements. Companies marketBtgcorn seed will be required to monitor
for the development of insect resistance, provitteual reports on the efficacy
of resistance management plans, and implement iahaation plans if
resistance is detected among pest populations.



