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PesticidePrecautionaryStatement

Pegticides used improperly can be injurious to man, animas, and plants.
Follow the directions and heed dl precautions on the labels.

Store pesticides in origind containers under lock and key — out of the reach
of children and animals — and away from food and feed.

Apply pesticides so that they do not endanger humans, livestock, crops,
beneficid insects, fish and wildlife. Do not goply pedticides when there is
danger of drift, when honey bees or other pollinating insects are visting
plants, or in ways that may contaminate water or leave illegd resdues.

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective cloth-
ing and equipment if specified on the container.

If your hands become contaminated with a pesticide, do not eet or drink until
you have washed them. In case a pesticide is swallowed or gets in the eyes,

follow the firg ad trestment given on the labd, and get prompt medicad
atention. If a pedticide is spilled on your skin or clothing, remove clothing
immediately and wash skin thoroughly.

Do not clean spray equipment or dump excess spray materid near ponds,
dreams, or wells. Because it is difficult to remove al traces of herbicides
from equipment, do not use the same equipment for insecticides or fungicides
that you use for herbicides.

Dispose of empty pedticide containers promptly and in accordance with al appli-
cable Federd, State and local laws.

NOTE: Some States have redtrictions on the use of certain pesticides. Check
your State and locd regulations. Also, because regidtrations of pesticides are
under congtant review by the U.S. Environmental Protection Agency, consult
your State forestry agency, county agricultural agent or State extension specia-
ist to be sure the intended use is il registered.

CAUTION:




PREFACE

Federd law requires certification for al commer-
cid pedticide applicators. The law aso requires pri-
vate applicator certification for the purchase or appli-
cation of “redricted use” pedticides. The Environ-
mental Protection Agency (EPA) has st minimum
competency standards for certification of pesticide
applicators. These standards include a practica
knowledge of pest identification, pest control, label
comprehension, pedticide laws, and environmenta
congderations. The certification of applicators is
the responghility of each individud State. To be
certified as a commercid forestry applicator, most
States require demongtrated competency in the gen-
erd use of pedicides, with a specidization in for-
edry pedticides. This manud is a supplement, not a
subdtitute, to the generd-use training materia. That
materia covers in detal the necessary information
on pedticide labels, generd gpplication, and safety.

This manud is intended to provide the informa:
tion necessary to achieve specidized certification
for forestry pesticide applicators in the South. Addi-
tiona certification may be required for other types
of gpplication used in or near a forestry Ste, such
as agrid application and aquatic and right-of-way
weed control. The section on applicator safety has
been included for completeness, even though thisis
thoroughly covered in the generd category training
in most States. The materids provided here apply
mogtly to southern pines, dthough hardwood cul-
ture is addressed. Emphasis is placed on herbicide
goplications because most pedticides used in for-
edlry are herbicides. Pegticide use in forest nurser-
ies and seed orchards are not covered in detall
because of their specid dtudions. Specidids in

nurseries and seed orchards receive specid training
in proper pegticide gpplications for their needs.

This training manua was prepared by an ad hoc
committee appointed by the Southern Group of State
Foresters. The committee members are pesticide
specidigs. Forest pedticide training manuas from
each of the southern States were reviewed and the
most pertinent sections were assembled aong with
additiond information and further edited to pro-
duce a draft document. Further review and com-
ments by each of the State forestry agencies was
incorporated aong with review by the Committee
members.

This manua contains information useful to for-
est pesticide applicators and should be a part of
their common knowledge if they are to be effective
and safe in ther gpplications. The Committee rec-
ommends that the appropriate agencies in each State
carefully review this manua and incorporate appro-
priste sections in their training and reference mate-
rids. The Committee dso recommends that testing
materid for each State be periodicaly reviewed so
that applicators are tested on current methods and
informetion.

The Committee would thank the extenson spe-
ciaists whose works have been incorporated in this
regionwide compilation. Specid recognition is owed
to Dr. James B. Armstrong, Department of Fisher-
ies and Wildlife, Auburn Universty, for providing
the section on Vertebrate Anima Control. The edit-
ing of Christopher D. Kahle, Forest Pest Manage-
ment, USDA Forest Service, Atlanta, GA, was cru-
cid to the accomplishment of this task.
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INTRODUCTION

Society benefits greetly from the wise manage-
ment of forest lands. The management objectives
for southern forests vary consderably across the
region, especiadly among ownerships. Management
practices used by public agencies are usudly amed
at baancing the outputs of wood production, wild-
life, recreation, range, water, and minera resources.
Intensve forest management practiced by forest
industry often attempts to optimize the production
of wood products while managing the other re-
sources of wildlife and weater qudity. Privaete man-
agement of woodlots and tree farms provides a
source of income, recreation, and pride for many
individua landowners.

Foresters manage groups of trees that are rela
tivdly uniform in gpecies compogtion, Sze, and
densty cdled stands. Pests affect nearly every for-
et dtand. Pests are plants, insects, diseases, or
animds that hinder management objectives, epe-
cidly regeneration efforts. Pests can increase costs
of reforestation while reducing stand growth, prod-
uct qudity, and management efficiency. Pest out-
breaks can mar the beauty of recreational forests,
hinder plantings for soil gabilizetion, and compli-
cate research studies.

Modem pesticides offer an effective and safe way
to control many forest pests when used properly.
However, it is not dways practica or cost effective
for a manager to use pedticides. Integrated pest
management is an approach that carefully consders
al management options, including pesticides, when
atempting to minimize losses from peds. It is
adways beneficid to minimize pest impacts by wise
management drategies that enhance stand vigor and
by usng pest-resstant growing stock. The effects
of any treetment on the overdl hedth of the stand
and forest must be carefully considered.

Correct use of forest pedticides requires some
knowledge of the forest ecosystem, the biology of
forest pedts, safe pest-control methods, and legal
congraints. It requires knowledge of the pegticides
and ther application requirements. Safety of the
applicator, the public, and the environment must be
utmost in our condderations at dl times.

TheForestEcosystem
and Stand Ecology

A forest isacomplex biologicad community com-
posed of plants, animas, insects, and microorgan-
isms. The populaions of organisms combine in a
dynamic way with the environmental factors to form
aforest ecosystem. Forest ecosystems are driven
by the energy from sunlight. Only green plants are
capable of capturing solar energy and converting it
into sugars through the process of photosynthess.
All animds, insects, and microorganisms in a for-
est ecosystem depend on the energy fixed by plants
from the sun.

The forest community and environmenta factors
are linked together through natura cycles. The water
cycle — from rain, to soil, uptake through plants,
and out through surface and ground waters or leaf
transpiration — is powered by solar energy. The
water cycle o drives much of the nutrient cycle.
Nutrients are rdeased into the soil when leaves,
branches, and tree trunks decay in the upper soil
zone, cdled the decomposition zone. Dissolved
nutrients from this zone then cycle back to the plants,
and are eventudly returned to the soil in leaf and
gem fdl or washed out of leaves by the rain.

Pesticides can dso be washed by rainfal into the
decomposition zone, if they are not first broken
down by sunlight to other less toxic molecules while
on plant leaves. Ultraviolet light can bresk down
pesticide molecules. Like other organic molecules,
pesticides are aso decomposed by microorganisms,
water, and chemical reactions. Some are bound to
soil particles until they decompose. Some more per-
Sstent pesticides may not fully decompose and may
be carried by water in the soil to streams or poss-
bly groundweter, especidly when misgpplication
occurs. However, most pesticides are degraded to
basic harmless molecules through natura processes.

Within a forest ecosystem, al organisms com-
pete for sunlight, energy, water, nutrients, and
gpace. The more of these resources that trees can
gain, the faster and hedthier they can grow. The
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structure of a forest ecosystem is arranged accord-
ing to how the member organisms recaive and use
these resources, mainly sunlight and water.

The naturd change or maturing of a forest stand
over time is known as forest succession. Forest
succession begins with a mgor disturbance such as
a fire or windstorm or, in managed forests, with
harvesting (logging). These events creste open areas
for development of pioneer plants. Pioneer plants
are those species that become established early in
succession. Most grasses and forbs, which collec-
tively are called herbaceous plants, are good exam-
ples of pioneer plants. They require full or nearly
full sunlight to grow. Usudly, they grow from
numerous seeds aready present in the soil or from
seeds that have blown in with the wind. As forest
succession proceeds, most pioneer plants are dowly
shaded out by the developing forest.

Transtional species, usudly comprised of light-
demanding conifers such as the southern yelow
pines, and hardwood species such as gums and
maple, become established after disturbance. Left
undisturbed: transitional species are dowly replaced
by shade-tolerant species that are longer lived. A
climax forest is one comprised of shade-tolerant
trees that can regenerate within their own shade.
Forest successon going to a climax forest is rarely
completed over large acreage of forest land. Man's
intervention or periodic naturd disturbances fre-
quently short-circuit the successona process and
continuoudy “recycle’ the forest to stands com-
posed of transitiona species. The expanses of south-
ern pines are examples of the recycling of trang-
tiona species in the succession of a forest.

Forest managers work with natural succession to
optimize timber production, or creste recregtiona
areas, or enhance wildlife habitat, or some other
management  objective.  Proper  pesticide  applications
can remedy certain unhedthy conditions in forest
stands and prevent the spread and damage from
insects and disease. However, because of the inter-
relationships within a forest community, control-
ling one component will influence others. Therefore,
the forest manager must consider al the effects of a
trestment when planning a control strategy to mini-
mize undesrable effects

Forest Types of the South

The South’'s varied climate and dSte conditions
support a large number of tree species. There are
about 250 different native tree species. Almost haf
are consdered commercidly important. The seven
maor forest types in the South are shown in figure 1.
They ae

1. OAK-GUM-CYPRESS
2. OAK-PINE

3. OAK-HICKORY

4. LOBLOLLY-SHORTLEAF PINE
5. LONGLEAF-SLASH PINE
6. CEDAR

7. WHITE PINE-HEMLOCK

Pines are the most important commercia species.
Most forest industries depend on pine, but thereisa
growing trend toward increasing use of hardwoods.
The four mgor species of southern pine are loblolly,
dash, shortleaf, and longleef; dl are classfied as
southern yellow pines. Eastern white pine is awhite,
soft pine of economic importance that is grown in
the southern mountains as wel as in the North.
Bddcypress is another important conifer in the
South, but it is restricted to bottomlands, ponds, or
swamp aress of the Coastd Plain.

Oaks are the mgjor commercia hardwood. Most
important are white oak, southern red oak, and
northern red oak. Y dlow-poplar, sweetgum, black-
gum, and water tupelo are important species used
in furniture and venear manufacturing. Sycamore
and sweetgum are now being grown in plantations
for energy wood and pulp. The harvesting of hard-
woods for use in manufacturing pulp products is
rapidly increasing, especially when the hardwoods
can be mixed with pine pulp.




IFigure 1 .-Major Forest Types

Compied by Forest Survey Units of the .
Southern and Southeastern Forest Experiment Stations.

OAK-GUM-CYPRESS: Bottom-land  forests
,in which 50 percent o more of the S‘Gnd.
is tupelo, blackgum, sweetgum, oak, and
southern cypress, singly or in combination,
and southern pines make up less than 25
percent, Common associates include cotton-
wood, willow, ash, elm, hackberry, and
maple.

PRODUCTIVE-RESERVED FOREST LAND:

\ Productive public forest land withdrawn
\ { from timber utilization through stgtute of
. administrative  regulation

UNPRODUCTIVE FOREST LAND: Forest

land incapable of yielding crops of industrial
wood because of adverse site conditions.

NONTYPED: Land less than 10 percent
forested.

WHITE PINE-HEMLOCK: Forests in which 50 percent
or more of the stand is eastern white pine and hemlock,
singly or in combination. Common associates include
oak and yellow-poplar,

OAK-PINE: Forests in which 50 percent or more of the
stand is hardwoed, usually upland oak, and southern
pines make up 25-49 percent. Common associates in-
clude gum and hickery.

LONGLEAF-SLASH PINE: Forests in which 50 percent - CEDAR: Forests in which 25 percent or more of the

or more of the stand is longleaf and slash pine, singly stand is redcedar and southern pines make up less than
or in combination. Common associates include other 25 percent. Common associates include oak and hickory.

southern pines, oak, and gum.
OAK-HICKORY: Forests in which 50 percent or more
LOBLOLLY-SHORTLEAF PINE: Forests in which 50 per- - of the stand is uplend ook and hickory, singly or in

% cent or more of the stand is loblolly pine, shortleaf pine, combii , and h pines or make up
and other southern pines, except longleaf or stash, singly less than 25 percent. Common associates include gum,

*or in combination, Common associates include ook, yellow-poplar, elm, and maple.

hickory, ond gum.




Forest Pests

In forestry, trees are considered to be the “crop. *
Forest pests, therefore, are things that compete with,
injure, or spread disease to crop trees. The mgor
forest pests fdl into four groups weeds, insects,
diseases, and vertebrate animals.

Weeds

Weeds are any plants that interfere with land
management objectives. They can compete with
crop trees for limited moisture, nutrients, light, and
growing space. Survival and growth of crop trees
can be increased by effective control of weed com-
petition, Other forest vaues, such as recrestion and
wildlife habitat, can be enhanced with proper vege-
tation management. That is why herbicides are the
most commonly used pesticide in forests

Insects

Forest trees are susceptible to insect attack at dl
stages of growth and development, from seeds to
mature individuas. Although the mgority of insect
species are beneficid to a foret’s hedth, some are
exceedingly harmful.

Outhreaks of insects that damage forests economi-
cdly vary greatly in frequency, size, and duretion.
Fortunately, most of these outbresks are smdl,
short-lived, and usudly consst of one or a few
spots in a sand or region. Others, however, may
expand until they encompass hundreds or thousands
of acres and may last for severa years, as in the
case of southern pine beetle outbreaks.

Mog insecticide gpplications in forest manage-
ment are primarily used in seed orchards and forest

nurseries. Specidized applications are conducted
periodicaly to control pine tipmoths, leaf cutting
ants, gypsy moths, and southern pine beetles.

Diseases

Forest tree diseases include parastic micro-
organisms, mainly fungi, bacteria, and plant ruds.
Mogt microorganisms in the forest are beneficid
and necessary for the functioning and hedlth of the
gand or ecosystem. Microorganisms are vita to
nutrient cyding — they decompose leaves and
branches, which results in the release of nutrients.
Specid fungi ad in nutrient uptake by tree roots,
while mogt nitrogen for forest growth is supplied
by bacteria living in the soil.

While mog microorganisms are beneficid in
forests, many are harmful to trees. Parastic dis-
eases can attack treesin dl stages of their life cycles
and cause poor hedth or even deeth. While some
forest tree diseases attack many tree species, others
target a particular species.

At this time, the only plant disease treated by
chemical gpplications in southern forestry is annosus
root rot.

Vertebrate Animals

Many kinds of animas can damage trees in the
South. Their damage may vary from inggnificant
to very serious. Animal pests are deer, rabbits,
squirrels, beavers, and other rodents. Anima dam-
age to tree seedlings usudly occurs when naturd
food sources are low and/or animal populations are

high




PRINCIPLES OF FOREST PEST MANAGEMENT

Integrated Pest Management

Using a combination of prevention and control
methods is the best gpproach to pest problems. The
planned drategy of combining the best methods is
cdled integrated pest management (IPM). Pest
management should be a part of an overdl manage-
ment plan for a forest area and the need for pest
control can usudly be minimized through wise
long-term, forest practices. The control method(s)
chosen will depend on the kind and amount of con-
trol necessary, balanced with costs and benefits
within legdl, environmental, and other condraints.

The most important principle of pest contral is to
use a control method only when it will prevent the
pest from causing more damage than is ressonable
to accept. Even though a pest is present, it may not
be necessary to contral it. It could cost more to
control the pest than would have been lost because
of the pest’s presence.

Pest Management Strategies

The three main pest management drategies are:

1. Prevention — Keeping a pest from becoming a
problem.

2. Suppression (Control) — Reducing the pest
numbers or damage to an acceptable level.

3. Eradication — Destroying or removing a pest
completely from an area or geographic region.

Detection, through pest surveys, is an important
activity with dl three drategies. Often these three
srategies are too costly so afourth option — tolive
with the pest problem — is adopted.

Pest Control Methods

Many pest control methods have been known
and used for years in agriculture, and are becoming
more common in forestry. The most important are:

Legal Control — Legd controls result from
Federd, State, or locd laws and regulaions. They
include such things as quarantines, ingpections,
embargoes, and compulsory crop or product de-
druction.

Resistant Varieties -— Trees grown from seed
from certain aress or from sdected individuas can
be more resistant to certain diseases or be generdly
hedthier on specific Stes. Hedthier seedlings do
better at overcoming competition from weeds and
resst disease, insect, and anima attacks. For
example, tree breeding for resstance to fusform
rust is currently underway.

Biological Control — Biologicd control uses the
natural parasites and predators of a pest to control
its numbers. For imported pedts, this means the
careful introduction of parasites or predators from
the home country into the new range of the pest in
this country. Biologica control can aso be achieved
by increasing the numbers of native parastes. For
example, the control of the spread of gypsy moth is
being attacked by spraying a bacterium or virus that
specificdly atacks the moth.

Cultural Control -— Culturd practices that im-
prove crop tree establishment and growth will often
minimize pest influences. These practices include
the use of only the best quality seeds and seedlings,
proper seedling care before and during planting,
planting patterns, timing of stand establishment,
and fertilization. For example, outbresks of paes
weevil can be avoided by deaying replanting after
harvest.

Mechanical or Physical Control — Mechanical
treatments, such as chopping and shearing, are used
for woody weed suppression. Traps are sometimes
used for rats and voles.

Sanitation -— Sanitation involves removing mate-
rids infected or infested by pests and the source of
food on which pests feed, such as the fell-and-
remove method for contralling the spread of south-
em pine beetles.




Prescribed Burning — Prescribed burning is
often used to help control undesirable forest species
and is often used in conjunction with other control
measures. Some pine stands are prescribe burned
on a regular bass to hdp control woody plant
competition. It is an important part of most chemi-
cad Ste-preparation treatments. This practice reduces
harvesting resdues and thus improves planting
access. In other weed-control efforts such as kudzu
control treatments, prescribed fire is used to aid
applicator access and to reduce vegetation that
shields spray coverage. Prescribed burning aso can
help reduce brown-spot needle blight in young
longleaf pine stands as well as annosus root rot.

Chemical Control (Pesticides) — Pegticides are
chemicals used to control, eradicate, or prevent dam-
age by pests. Pegticides are tested and labeled for
specific pests, crops, and for specific land-use areas.

Steps to Solving Pest Problems

To solve pest problems, you should:
1. Correctly identify the pest(s).
2. Know what control methods are available.

3 . Know and follow local, State, and Federa
regulations that apply to the Stuation.

4. Evduate the benefits and risks of each method
or combination of methods.

5. Choose the methods that are effective yet will
cause the least harm to you and the environment.

6. Correctly apply the treatment method and docu-
ment the agpplication and results through proper
record keeping.

Pest contral involves using dl available methods
to keep pest populations below harmful leves, while
safeguarding the environment; and to recognize
when direct action, such as a pesticide gpplication,

IS necessay.

Forest Pesticides

Pesticides are used to regulate or disrupt plant
growth; control, attract, or repel insect pests; pre-
vent and control disease infections, and control,
attract, and repdl vertebrate anima pests. In south-
em forestry, herbicides are the most commonly-
used pesticide. Insecticides are seldom used in gen-
erd foret management because of high treatment
coss and because some pest insects are highly
mobile. The only disease-control trestment is em-
ployed for annosus root rot. Borax, applied to tree
stumps, keeps the disease from getting established
and spreading to the roots of nearby trees. Verte-
brate animd control is often through trgpping or
hunting but may employ repdlants and poison baits.

Forest Pesticide Registration

All pedticides used in the United States must be
regisered by the U.S. Environmenta Protection
Agency (EPA) as specified in the Federal I nsecti-
cide, Fungicide, and Rodenticide Act (FIFRA)
and its amendments. Regidration is ether condi-
tiona or unconditiond, based on data requirements
st forth in FIFRA. Before a pesticide can be used
operationaly, data on the proposed uses must be
evaluated by EPA. To develop a pedticide product
and prepare it for regidration under FIFRA, years
of extensve scientific testing must be performed on
the product’s chemica properties, human and envi-
ronmentd safety, and efficacy (effectiveness). For
forestry products, this may include testing under
fidd conditions usng commercid gpplication
equipmen.

For wider testing of unregistered pesticides, EPA
can issue an Experimental Use Permit (EUP),
which egtablishes the limited conditions when an
unregistered pesticide may be transported, applied,
and disposed. Products subject to an EUP may only
be sold or distributed to participants in the test pro-
gram and only according to conditions described in
the EUP.

Pedticides are registered by EPA as dther gen-
eral use or restricted use. A general-use pesticide
is one that will not cause adverse effects to the
environment when used for commonly recognized




practices in accordance with its labdl. Such pesti-
cides are usudly available to the public. Restricted-
use pesticides require speciad procedures and train-
ing for applicators to prevent human exposure and
environmentad damage. EPA limits the purchase
and use of restricted-use pedticides to certified
applicators. Some products may be used only by
certain categories of certified applicators. The label
will state clearly who may use the product. States
can aso place generd-use pedticides into the re-
sricted-use category.

Ancther type of registration is commonly called
the Special L ocal Need (SLN) regidration. Under
Section 24(c) of FIFRA, a State may register any
Federdly-registered pesticide for a pest not listed
on the Federd labdl, provided that (1) registration
for such use has not previoudy been denied or can-
celed by EPA, and (2) afood tolerance (safe levels
in food), if required, has been established for the
proposed use. A “specid loca need” exists when
a Stae has an imminent pest problem for which an
approprite  Federally-registered  product is not  suffi-
ciently avalable The State regidration for these
uses is deemed a Federd registration for purposes
of FIFRA, but digribution and application of the
product for these uses are confined to that State
only.

There is a provison in FIFRA for providing asss
tance when unexpected pest problems arise. Sec-
tion 18 of FIFRA permits EPA to exempt Federal
or State agencies from FIFRA requirements when
emergency conditions exist. This provison permits
Federal and State agencies to respond quickly to
emergency pest conditions in their jurisdictions with
the use of pedticides not registered for the particular
Ste and pest.

Classes of Pesticides

Pedticides can be grouped according to ther
chemica compostion. The groups are:

+ Inorganic Pesticides — These are made from
minerds. Minerals used mogt often are boron,
copper, sulfur, tin and zinc. Example: borate
for prevention of annosus root rot infestations.

o Synthetic Organic Pesticides — These are
synthesized pesticides that contain carbon, hy-
drogen, and other dements such as chlorine,
phosphorus, and nitrogen. Most herbicides and
insecticides in use are synthetic organic pesti-
cides.

o Plant-derived Organic Pesticides — These are
made from plants or plant parts. Examples. py-
rethrins from chrysanthemums for insect control
in forest nurseries.

« Living Microorganisms - These are Viruses,
bacteria, and fungi produced by culture. Exam-
ples. the bacterium, Bacillus thuringiensis (B. t.,
and a virus, whose commercid formulation is
registered as Gypchek, are being aerialy applied
as contrals for the gypsy moth.

Pesticide Resistance

The ability of pests to resst poisoning is caled
pesticide resstance. The posshility of resstance
must be considered when planning pest control pro-
grams tha rely on the use of pedticides, especidly
large insect control programs. Rarely does any pes-
ticide kill dl target pests. Each time a pedicide is
used, it SHectively kills the mogt senstive indi-
viduals. Some avoid the pedticide, while others with-
stand its effects. Pests that are not destroyed that
are resgtant to the pesticide may pass the trait that
dlowed them to survive to ther offsoring. At pres-
ent, pesticide resstance is not an apparent problem
in forestry gpplications, however, it may become
one in the future.




VEGETATION CONTROL USING HERBICIDES

Weed Categories

Forest vegetation management is a term now
being used to describe the planned approach to con-
trolling weeds as part of a forest management plan.
Weed species, or unwanted vegetation, can be
classed as weed trees, brush, vines, and herbaceous
weeds.

Weed Trees

Weed trees are hardwoods and conifers that inter-
fere with management objectives or have other
unwanted qudities. They include deformed, defec-
tive, or undersized individuas and trees of undesir-
able species.

Brush

This is a term for unwanted woody growth that
includes shrubs and smdl trees. Brush prevents light
from reaching crop tree seedlings and deprives seed-
lings and even tdler commercid species of water
and nutrients. Brush may interfere with commer-
cia plantings and can creete a habitat for rodents
that may damage tree seedlings.

Vines

Vines are plants with dimbing or cregping sems,
including greenbriar, Japanese honeysuckle, wild
grapes, and kudzu. All of these grow very wel on
many forest Stes. They over-top trees, drag down
branches and crowns, and compete for light and
nutrients. Vines have vigorous sprouting habits and
are some of the mogt difficult weeds to contral.

Herbaceous Weeds

Herbaceous weeds are grasses and broadleaf forbs
that retard seedling growth in new plantations and
natura sands, mainly through competition for
moisture. Seedlings may develop poorly or die,
especidly during drought conditions. Herbaceous
weeds may dso create favorable cover for tree-

damaging animds. They dso increase the potentia
for loss of a new plantation by wildfire. Herba
ceous weed contral is critica in forest nurseries,
seed orchards, and Chrismas tree plantings. Herba
ceous weeds can be grouped according to how long
they live -~ annua (1 year), biennid (2 years), and
perennia (for more than 2 years).

Weed Control Treatments

Nearly dl vegetaion control in forests has been
caried out in intengvely managed pine forests and
aong forest rights-of-way. Under development and
showing promise are sngle sem control methods
as wdll. Herbicides can be used in forest manage-
ment for a number of specific purposes.

Site Preparation

When preparing to plant seedlings, it is often
necessary to reduce competing vegetation, reduce
debris, and form beds in poorly drained aress.
Mechanical methods for weed control, such as shear-
ing and root raking, are expendve and often dam-
age the ste by displacing vauable topsoil and leav-
ing the gte vulnerable to eroson. By using herbi-
cides for Ste preparation, gpplications are made in
the growing season before planting for competition
control, commonly followed by a prescribed burn
for debris reduction to increase planter access. Her-
bicides may be applied using ether aerid or ground
goplication systems.

Herbaceous Weed Control

Research studies show that growth and some-
times surviva of young pines and hardwoods can
be increasad by controlling herbaceous weeds, usu-
dly in the firg growing season following planting.
In addition, risk of fire can be decreased by an
effective weed control program. Care must be exer-
cised when controlling herbaceous weeds because
tree seedlings can be damaged if label directions
are not followed carefully. Soil eroson may dso
occur on susceptible soils with excessive control.




Crop Tree Release

When unwanted woody competition is not ade-
quately controlled before planting, severe regrowth
can overtop young pines or desrable hardwoods
resulting in low crop tree surviva or dowed growth.
Sdective herbicides or sdective gpplications are
used as rel ease trestments to reduce brush (and hetr-
baceous competition) without causng Sgnificant
damage to crop trees. Directed sprays, basa sprays,
soil gpots, and injection treatments can aso be used
to control target woody stems while missng the
crop.

Timber Stand Improvement (TSI)

In maturing stands, it is often profitable to dimi-
nate low-vaue or cull trees that are competing with
more vauable trees. Single-stem control methods
may be used with injectors, spotguns, and sprays to
the basal bark and cut ssumps. TSl trestments with
herbicides can aso be used to prepare for regenera
tion of both pines and hardwoods in uneven-aged
management. These methods can aso be used to
improve wildlife habitat by rdleasng mast and berry-
producing trees and shrubs, as well as, creating
openings that provide edge habitat.

Herbicide Application Terms

Specia terms describe how and when to apply
herbicides for usein forestry. They gppear on labdls
and in ledflets and bulletins. Understanding these
terms is very important to proper gpplication.

Application Types
Terms that describe how to apply a pedticide
include:

Broadcast — Uniform application to an entire
area.

Band — Application to a strip or band over or
along each tree row.

Basal -— Application to the lower portion of stems
or trunks.
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Cut surface -— Application to a cut or incison
in atree or to a stump.

Directed — Aiming the herbicide a a specific
portion of a plant.

Foliar treatment — Application to the leaves of
plants.

Over-the-top — Application over the top of the
crop  trees.

Soil application — Application to the soil rather
than to vegetation.

Soil incorporation — Application to the soil fol-
lowed by tillage to mix the herbicide with the soil.

Spot treatment
on the soil surface.

Application to a smdl area

Stump treatment
edges of atree stump.

Application to the top or

Stem injection — Application into indsons
around a tree sem.

Application rate — The application rateis the
gpecific amount of herbicide gpplied to a treated
acre or target stem.

Application Timing

Herbicides work best if applied when the target
plants are most susceptible or the crop trees are
mogt resstant to injury. Applying them too early or
too late reduces or even eiminates ther effective-
ness and may damage the crop. Terms that describe
when to gpply herbicides include:

Preplant — Applied before the crop trees are
planted.

Preemergent — Applied before seedlings or
weeds begin to grow (emerge) in the spring. In
forestry, this term mogt often means goplying the
herbicide after the trees are planted, but before the
weeds begin to grow, usudly March to April.




Postemergent — Used after the crop trees or
weeds begin to grow (emerged).

Apply herbicides on woody plants only after dl
woody plants have fully resprouted after harvesting,
burning, or mechanica treatments.

ApplicationMethods

Herbicides are introduced into unwanted vegeta:
tion in severd ways They may enter through the
foliage, stem, or roots. Some can enter plants by
more than one pathway. The application method
for a herbicide is usudly specified on the labd.
However, unless the labd specifies thet it is illegd
to use a cetain application method, any safe method
may be used. The best method will depend on the
Stuation, available equipment, and cost. Forestry
herbicides are applied by aerid and ground methods.
Ground methods will be covered in detall in the
next section. Most States require a separate training
and testing for agrid certification and so it Will only
be discussed briefly here. Contact your State for-
edry agency for more specific information.

Aerial Application

Aerid gpplication of herbicides is common in
forestry because tract size is often large, access is
difficult, and the target vegetation is tal and dense.
Large acreage can be treated in less time and often
more economicaly by air. Both liquid and dry for-
mulaions are agridly applied. Specidly desgned
aeria spray equipment has been developed for her-
bicides that minimizes drift and achieves effective
coverage. Droplet sze of aerialy-gpplied liquid her-
bicides is larger than that used for insecticides,
athough the effectiveness of foliar-absorbed herbi-
cides may be reduced when large droplets are used.

Granular and pdlet formulations of soil-active
materids are dso gpplied agridly. Although less
subject to drift and westher conditions, uniform
digribution can be difficult with these materiads.
Ground application methods can often supplement
and complement aerid application where more grict
control is required.
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Mechanical Ground Application

Ground application by machinemounted  sprayers
and spreaders offers several advantages compared
to aeria methods. Machines can treat smal aress
or large ones, provide banded or broadcast applica
tions, and are less limited by weather conditions.
They are less visible than arcraft, so they are less
gpt to arouse undue public concern. However, due
to terain and stand conditions, ground machine
gpplications have definite limitations and are dower.

Crawlers, skidders, 4-whedl drive farm tractors,
and ATV’s (al-terrain-vehicles) can be used for
herbicide agpplication. The machine used depends
on the job to be done, Site conditions, and equip-
ment avaladlity. The agpplication equipment
mounted on the machine must dso be suitable
for the sdected herbicide and stand conditions.
Broadcast-type sprayers must be able to cover a
szable area dfficently and uniformly while being
very durable. For broadcast applications, boomless
cluser-nozzles and off-center nozzles can be
mounted up to 15 ft above the ground to reach tdl
brush and can cover a swath of 40 to 50 ft. The use
of boomless nozzles has some limits. For example,
tall brush may mask a mgor portion of the spray
pattern. Also, the pattern of boomless nozzes is
not uniform across the swath. Spray coverage of
plants should be nearly complete, not just one-sided,
for effective control. Vaious “manifold” type
sprayers have aso been designed for ground equip-
ment as well as dectricaly-driven control droplet
application (CDA) systems.

An dterndtive to broadcast foliar gpplication is
to broadcast soil-active, dry herbicides. These are
granules or pellets that can be gpplied before full
leaf growth masks the digtribution. A specidized
blower sysem can didribute these materids in a
swath up to 80 ft wide. Fertilizer spreaders can be
used to treat short vegetation.

Herbaceous weeds are often controlled in bands
with farm tractors or ATV’s usng spray booms.
One to three rows of seedlings can be sprayed per
pass. The up-and-down sway of the booms should
be minimized when tregting two or more rows
because the rate can change greetly as the boom
ends change heght.




Control systems are available for both sprayers
and spreaders to ensure that herbicides are applied
a a consgent rate under varying ground speeds.
Maintaining the prescribed rate is criticd for over-
the-top release gpplications. With or without con-
trol sysgems, cdibration of machine application
equipment is necessary on a regular basis to assure
accuracy of rate. Regular replacement of spray tips
Is dso required for gpplying accurate and uniform
raes.
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Manual Ground Application

Manua applications are herbicide trestments that
can be gpplied usng backpack sprayers, spotguns,
and injection devices. Manua methods are used to
treet woody stems individudly, apply granular her-
bicides for woody and herbaceous control, and to
spray for herbaceous control in bands or spots.




GROUND APPLICATIONS OF FORESTRY HERBICIDES

Forestry applicators must be consigtent to be
effective, and those who work for a commercia
goplicator must be fast to be profitable. Conss-
tency means mixing the correct herbicide accurately
time after time. It means usng wdl-mantained
equipment with a steady effort.

Woody Plant Control with Sprayers,
Spotguns, and Injectors

The commonly gpplied manud trestments for
woody plant control are: (1) directed foliar sprays,
(2) basa sprays, (3) soil spots, (4) tree injection,
and (5) sump sprays. All sizes of trees and shrubs
can be controlled by using the right trestment when
the proper herbicide is applied at the correct time.
Here are the dzes of woody plants that can be
trested most effectively by hand methods:

Effective size of
Method target stems
controlled

Directed foliar sorays  up to 6 ft tal
Full basa sprays up to 6 inches d.b.h.*

Streamline basal sprays up to 2 inches d.b.h.

Soil spots by grid up to 10 inches d.b.h.
Basd soil spots al szes
Stump spray's al szes
Injection Szes gredter than
| inch dbh.

*d.b.h. is diameter at breast height, which is the stem diame-
ter measured at 4.5 ft above the ground.

Directed Foliar Sprays

Directed foliar sprays are best used to release |-
and 2-year-old pine stands when brush competition
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islessthan 6 ft tall. Caution must be taken to direct

the spray away from pine foliage and growing tips.

The benefits of release can be lost when herbicides
are misapplied to needles and shoots and too much

pine is damaged.

Equipment — Directed foliar sorays are usudly
applied with a backpack sprayer and a spray wand
equipped with a full cone, flat fan, or adjustable
cone spray tip. Sdlection of a spray tip depends on
the applicator’s preference. Spray guns with nar-
row flat-fan tips are also used by some applicators.

Mixing — Accurae and thorough mixing is
needed to assure consistent control. A wetting agent
or penetrant can be added to the mixture to increase
control of dl herbicides, and is a labd requirement
for some herbicides. During windy conditions, a
drift control additive can reduce drift that damages
pines. Adding water-soluble dyes can hdp tran
new applicators and aso guide experienced appli-
cators.

Application Method — Apply the soray on the
target foliage and be sure to cover the growing tips,
but be careful to keep it off terminad shoots and
leaves of crop trees.

Basal Sprays

Full Basal Full basal trestments require that
the lower 12 to 20 inches of target hardwood stems
be completely wetted on dl sdes with the spray
mixture. See figure 2. A backpack sprayer is used
with awand or spray gun fitted with a narrow-angle
flat fan, cone, or adjustable tip. Herbicides are used
that are soluble in oil and mixed a percentages
gpecified on labeled products, usualy less than 10
percent. Some are sold ready to use.

Streamline Basal — Streamline basal treatments
can control many woody plants including hardwoods
up to 2 inches d.b.h. Trees of susceptible species
up to 6 inchesin diameter can be controlled. Treat-
ment of small hardwoods less than 2 inches d.b.h.
results in the most control.

To apply this treatment, a backpack sprayer is
used with a spray gun and a low-flow (0.1-0.2
gdlon per minute [gal/min]) Straight-stream spray




tip. Also, a narrow-angle tip can be used, such as
15" and 0.1 gal/min. For controlling herbicide out-
put to prevent waste, a pressure regulator is needed
to maintain pressure below 30 pounds per square
inch (Ib/in?). At these pressures, an effective reach
of 9 ft is possble while bark splash is minimized.
Sprayers with digphragm pumps will maintain about
30 1b/in® with dow, steady pumping.

The mogt commonly used mixture for sreamline
application includes the herbicide (3 to 20 percent),
a penetrant, and a carrier such as diesd fud or
minerd oil. This mixture is dear when made cor-
rectly, but a white doudy liquid or jel will form if
even asmdl amount of water is present. No amount
of water should be in the sprayer or mixing con-
tainer. Make sure that al water has been drained
from the sprayer, the pump has been pumped dry,
and the sprayer has been rinsed and pumped with
died or minerd ail before filling with the mixture.

For treating stems that are less than 2 inches
d.b.h., apply the stream of spray up-and-down sin-
gle stems for about 6 to 8 inches, or spray across
multiple sems credting a 2- to 3-inch-wide band.
Direct the spray stream a a point about 6 to 24
inches from the ground, to smooth juvenile bark.
Stems that are beyond the juvenile stage, thick
barked, or near 3 inches in diameter require treat-

-l —12t0 20 inches ——

Full Basal

ment on both sdes, unless they are susceptible
species. Back-and-forth bands can aso be sprayed
on larger stems.

Applicaions are usudly made in late winter and
early soring when leaves do not hinder spraying the
sem. The best gpplication time will depend on the
herbicide, species, and location. Applications should
be avoided in young pine plantations on hot days if
an eder formulation is used because pine injury
may occur from vapor drift.

Soil Spot Applications

Spots of soil-active herbicide are applied to the
s0il surface in grid patterns or around target sems
for Site preparation and pine release. See figure 3.

In this method, exact amounts of herbicide, speci-
fied in milliliters (mL), are applied to the soil sur-
face at prescribed spacings. Thus the effectiveness
of the treatment depends on the applicator’s accu-
racy and consistency in amount applied and spacing.

The rate for soil spot gpplication is determined
on the bass of whether the treatment is for Ste
preparation or release, the texture of the soil, and
the susceptibility of the target species. Because of
possible pine damage, less herbicide is used for
release treatments. Less herbicide is aso used on

-

Between
6 to 24 inches

Streamline Basal

Figure 2.— Full basal method and streamline method of basal spray treatments for woody plant control.
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Basal Spots
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Figure 3.— Soil spot applications using basal spots and

sandy soils and more on clay soils. Seedling pines
can be saverely damaged or killed, especidly when
spots are placed too near.

Equipment — Spots are applied to the soil by
usng a spotgun or a spray gun equipped with a
sraight-stream spray tip. The spotgun delivers a set
amount while the spray-gun method requires train-
ing to judge the amount applied. Both can be con-
nected to a backpack sprayer to cary the herbicide,
and the spotgun can also be connected to a backpack
or sde-pack container. A spotgun consists of an
adjustable graduated cylinder or syringe that is oper-
ated by squeezing the handle. A forceful squeeze
can project spots up to 1.5 ft. A spray gun uses
pressure from the backpack sprayer to project spots
to over 20 ft, thus requiring less exertion.

Spotguns are avalable in metd and plagtic
models. The more durable meta spotgun is for long-
term use, while the plastic guns last for one area or
one season. Water should be pumped through the
spotgun after use, followed by a light ail for lubri-
cation.

Calibration of spetgun — Spotguns are exact-
delivery devices and thus ether water or herbicide
can be usad for cdibration. By turning the adjus-
ment screw, set the piston of the syringe on the
prescribed amount, for example, 2 mL. These gradu-
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ations are not exact and must be checked. To do
this, squeeze the handle 10 times and collect the
solution in a container without splashing. Measure
the amount usng a container graduated in milliliters.

For a2-mL setting, it should deliver 20 mL after 10
squirts. If the total is more or less than the amount

expected, adjust accordingly and repesat the proce-
dure until the exact cdibretion is achieved. Any
small error becomes large when thousands of spots
are gpplied per acre and can result in wasted herbi-

cide and poor control or pine damage. Calibration
should be checked at least twice a day.

Spray gun for soil spot application — With
practice, an applicator can use a Sspray gun equipped
with agtraight stream tip to gpply 1- to 3-mL Spots.
The volume is determined by how long the handle
is hdd in the pulled postion and the sze of the
spray tip and pressure. A 0. 1-gal/min (galons per
minute) straight-stream tip is best for gpplying spots
of about 1 mL; a0.2-gal/min tip for spots of about
2 mL; and a 0.3-gal/min tip for spots of about 3
mL. Although the soray gun is not an exact ddiv-
ery device, accurate dosages can be applied with
practice and cdlibration.

Calibration of a spray gun and straight-stream
tip — The backpack sprayer is pumped to the pres-
aure that will be maintained during application, 20




to 30 Ib/in®. An appropriate tip is installed that

matches the prescribed spot volume. For spots of
uneven volume that are specified on the herbicide
labdl, atip should be sdlected that is closest to the

prescribed volume. For example, a 0.2 gal/min tip
can be used to apply a2.3 mL spot and so on. The

goray gun handle is pulled a few times while the

clicking sound is noted, which heps to judge the
rate of opening and closing of the handle. Using a
container that prevents splashing, the volume from
10 pulls of the handle is collected. This volume is
measured accurately using a container graduated in
milliliters The volume should be 10 times the
desred volume per spot. For example, 10 pulls
from a (0.2-gal/min tip, with a consstent rhythm of
clicks, should give 20 mL. It takes practice to con-

sgently apply the correct volume. Cdibration
should be checked at least twice a day.

Application Method — Spots are applied to the
surface soil in grid patterns for treating aress or
immediately around sdlected target stems.

Spot Grid Applications -— Prescriptions for spot
applications are usudly specified by the volume
per spot and the spacing between spots. If the pre-
scription is given only in quarts per acre, then the
volume per spot can be sdected and the spacmg
cdculated. For example, if the prescription speci-
fies 6 quarts per acre and 2 mL spots are chosen,
the number of spots per acre can be caculated by:

— Qt/acre X 946 ml/qt_
Number of ml/spot

Number of Spotg/acre

6 X 946
2

= 2,838 gpots/acre
Then to cdculate the spacing between spots, the
area per spot must be determined:

43,560 ft*/acre _ 2 2
ft*, or 15 ft
2,838 spots/acre =131 or

Area/spot =

If the area around each spot is 15 ft?, then a3 ft by
5 ft spacing would work. Naturad walking strides
tend to match spacings of 3, 4, 5 and 6 ft, but
srides must be determined before beginning appli-
cation.

Generdly, a close-grid pattern is used when the
hardwood comptition is smal and a wider pattern
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is used when hardwoods are larger. Thus, close
patterns are more commonly used for pine release
and the wider spacing for Ste preparation. For
example, to control mainly 6 to 8 inch d.b.h. trees,
awidegrid is preferred, suchasa6 x 6 ft, 5 x 6 ft
or 4 X 6 ft. To control thousands of small stems per
acre, the most common pattern is 3 x 3 ft.

Single Stem Application — Apply 2 to 4 mL of
undiluted herbicide for each 1 inch of d.b. h. The
higher rate is needed for most Stuations other than
sandy soils. Apply the spots on the soil within 3 ft
of the root collar of the unwanted tree. When more
than one spot is required per stem, the herbicide
must be evenly spaced around the stem. All smal
sems of susceptible species that have roots in the
treated area aso will be killed.

Tree Injection

Tree injection is the least costly method for kill-
ing hardwoods that are greeter than 1 inch d.b.h.
This method can be used done or in combination
with other individua stem trestments for Ste prep-
aration, pine and hardwood release, timber stand
improvement, stand converson, and creeting cav-
ity trees for nesting. This physcaly-demanding
method requires workers who can repeatedly and
precisely chop into tree trunks deep enough to prop-
erly ddiver herbicide for uptake in the sgp flow.
Frequent sharpening and maintenance of injection
tools is needed for best results.

Equipment -—— Common methods of tree injec-
tion use tubular tree injectors, hypo-hatchets, and
the hack-and-squirt method. See figure 4. Tubular
tree injectors condst of a long metd tube fitted
with a chisd-type blade that is used to cut through
the tree bark into the sapwood near the base of the
tree. The unit is equipped with a lever, handle, or
wire, which is pulled to ddiver the herbicide (usudly
1 mL) from the cylinder into the cut. The delivery
rate can be adjusted for accurate cdibration. To
cdibrate: fill and prime the injector; pull the handle
or wire 10 times while collecting the herbicide in a
container graduated in milliliters; if this is not 10
times the desred rate, adjust the lock-nut and repeat
the procedure until accurate calibration is achieved.
Frequent washings with water, including the pump-
ing of water through the device, are the primary




Figure 4.—Tree injection using
(B) hypo-hatchet, and (C) the hack-and-
squirt method.

(A) tubular injector,
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maintenance procedure. Commercia applicators
will want to carry spares for dl rubber gaskets.

The hypo-haichet conssts of a hatchet with an
interna herbicide ddivery system that is connected
by a hose to a herbicide container carried on the
belt. When the hatchet strikes a tree, the blade must
penetrate into the sapwood and the impact drives a
piston forward that delivers 1 mL of herbicide into
the cut. The rate cannot be adjusted. Daily cleaning
and lubrication of the impact piston is required
maintenance, aong with periodic replacement of
rubber O-rings and sedls. Safety glasses should
aways be worn when using the hypo-hatchet be-
cause of frequent herbicide splashes. CAUTION:
All hoses and fittings should be checked daily for
lesks and appropriate repairs made to prevent appli-
cator exposure.

Hack-and-squirt is a method that uses a narrow-
bit ax, hatchet, or machete dong with a spray or
sueeze bottle or oiler can. The hatchet, ax, and
machete are used to cut into the sapwood, and the
herbicide is squirted into the cut. A grinder can be
used to narrow the bit of axes and hatchets for
easer and better cuts. Most commercia spray bot-
tles are set to deliver 1 mL with each trigger pull,
but each one must be checked prior to use. Safety
glasses should adso be worn when using this method.

Waig-high injections by the hypo-hatchet and
hack-and-squirt methods are just as effective and
fast to peform as basd injections. With larger
sems, more herbicide is gpplied by basd injections
because of the larger groundline diameter compared
to diameter at breast height.

Application Methods — The injection todl is
used to cut into the sapwood around target trees at
edge-to-edge spacings that are specified on the label.
The sapwood must be penetrated, which is difficult
on thick-bark species. Each cut must form a pocket
in which the herbicide is placed for uptake. Usudly
1 mL of herbicide is applied to each cut. The herbi-
cide should stay in the pocket and not seep out
through any split Sdes, because any herbicide on
the bark is wasted. When treating sprouting clumps,
each sem must be injected.

Stump Spraying

Stump resprouting of many species can be pre-
vented by herbicide trestment. This can be an effec-




tive, low-cogt trestment following harvest for ste
preparation and after partid cuts for timber stand
improvement. Hand clearing trestments using saws
or axes for pine release can be enhanced by tresting
the ssumps with herbicide to prevent regrowth.

Equipment — A backpack sprayer is used that
has a wand or spray gun equipped with a straight
gream, fan, or hollow-cone nozzle. A sawyer can
cary herbicide in a utility spray bottle for tregting
stumps after cutting. For small-diameter ssumps, a
wick gpplicator can be used.

Application — Freshly cut sumps should be
treated as soon as possible after cutting. For stumps
over 3 inches in diameter, the outer edge, or cam-
bid area, must be completdy wetted with the herb-
icide. Smaller sumps are usualy completely wetted.
To be successful, dl smal ssumps should be treated.
Thus it is best that the sawyer or companion applica
tor treat soon after felling SO no Sumps are skipped.

Older, cut ssumps can be treated with the stream-
line mixture. The mixture is applied to the outer 1
inch edge of the sump until runoff and to the base
of any sprouts.

Timing — Cutting and herbicide trestments can
be performed during late winter and summer. Win-
ter trestments are dightly less effective than growing-
Season trestments. Stump treatments within 4 hours
of cutting have been shown effective — the sooner
the better.

Woody and Herbaceous Control
with Granule Applications

Hand-cranked broadcast spreaders can be used to
digtribute granular or pelletized herbicides on small
tracts and areas with steep dopes or rough terrain.
They can be used where machine spreaders are not
suitable.  Advantages of hand-operated Spreaders are
that they are smal, smple, inexpensive, and gener-
dly rdiable hand tools. Unfortunately, uniform
goplication is often difficult to obtain and treatment
is dow and laborious.

Equipment

Granules and pellets are applied by hand-cranked
spreaders, air-blown backpack spreaders, and hand-
broadcast. Following are some basic facts about
each:
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Hand-cranked Broadcast Spreaders

Spread an adjustable swath from 6 to 30
ft wide.

« Production rates up to 2 acres/hour.

Weighs 4 |Ib unloaded and can cary 20
Ib of herbicide.

« Modédsinclude sack-type, plastic bag, or meta
and plastic hoppers.

Spread is low and often blocked by trees
and weeds.

Backpack Mist Blowers Modified to be
Spreaders

Increased individua productivity over hand-
cranked spreaders.

« Treats a 30-ft-wide swath with fairly uniform
digribution.

« Production rates up to 2.5 acres’hour.

Weighs 20 to 25 |b and can cary 30 Ib of
pellets.

High projection is possble for broadcast
granules.

Hand-broadcast and Grid Applications

Useful for very samdl areas and for directed
or spot gpplications.

Production rates up to 1 acrefhour.

« Backhand motions give a more even digtribu-
tion than forehand applications.

« Lage pdlets are effectivdy goplied in a grid
pattern.

+ Less productive than the other two methods.




. High projection is possble for broadcast

granules.

The choice of method and equipment depends on
the amount of land an applicator intends to treet,
the terrain and stand conditions, and the anticipated
effectiveness of each method. Of these three
methods, hand-cranked broadcast spreaders present
the best combination of cost and efficiency to most
applicators and will be the focus here.

Hand Broadcast Spreaders

In generd, hand-cranked spreaders are smple to
operate and easy to maintain. In the spreading
operation, pdlets and granules fdl by gravity
through an adjustable gate opening onto a hand-
cranked spinning disc that throws the material 20 to
30 ft. Much of the mechanisms are the same on
many models, but several types of hoppers are avail-
able and each have certain advantages. See figure 5.
Sack-type hoppers with zippers do not spill when
accidentdly tipped over on the ground or if the
applicator falls. However, sack-type spreaders re-
quire two people for loading because the sdes tend
to collapse. Metd or plastic hoppers are the easiest
to load, but spills can occur when the applicator
trips or fals. Concentrated spills should be avoided.
This can be done by using spreaders with a closed
hopper. Also with any open hoppers, the applicator
is exposed to fine dust particles.

Calibration — A calibrated spreader is needed
to apply accurate rates. Calibrate the spreader by
usng the specific herbicide to be agpplied or by
usng blank granules and pelets when possble
Cdibration will require accurate weight measure-
ments in the fidd usng a smdl saring bdance. The
cdibration procedure is

1. Adjugt the gate opening (to a medium setting)
50 that the herbicide granules pass fredy from
the hopper onto the spinner disc.

2. Messure the width of the broadcast swath in

feet. This can be done on aroad or in aparking

lot if blanks are used. Someone marks the out-

Side edges of the swath while the operator cranks

the spreader and moves forward.
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3. Put a known quantity of the granular herbicide
in the hopper (usudly no more than 1 Ib); make
sure the herbicide is not clumped. Blank prod-
uct (pellets and granules without herbicide) can
be acquired from the manufacturer for this pur-
pose.

4. Keeping a Steady pace and congtant cranking
moation, apply the known amount of product in
the treatment area. Walking speed must be the
same as the actual application. Measure the for-
ward distance in feet that are required to apply
the known amount.

5. Cdculate the pounds applied per acre.

43,560 ft*/acre X lbs of test product

Rate = swath width (ft) X distance traveled (ft)

For example, the test swath was 16 ft wide and the
travel distance was 175 ft. One pound of product
was applied while turning the crank a a condant
rate. To determine the gpplication rate:

43,560 ft*/acre X 11b _

16Tt X 175 1t 15.6 Ibfacre

Rate

6. Adjust the gate opening if the prescribed rate is
not achieved, and repest the above procedure
until the desired rate is set.

Application — Spring applications are recom-
mended, when rainfal is usudly sufficient to acti-
vate the herbicide and vegetation is actively grow-
ing. Applicators should become familiar with the
gte, its access and problem areas before making
the application. Aeria photographs and topographic
maps are paticularly hepful for identifying sens-
tive areas such as streams and steep dopes. They
can dso help plan the locations for application tran-
sects and access to flagging Sations.

Establish transects or trestment swaths so that
they are equaly spaced and parallel to each other.
This is necessay to achieve uniform herbicide
coverage. Flaggers are postioned at the ends of
each transect to guide the applicator, who is busy
keeping a proper pace and cranking speed. Tran-
sects can dso be flagged before application, dter-
nating the colors of flagging by transects.




-Figure 5.— (A) sack-type and (B) plastic hopper model of hand-cranked spreaders.

Herbaceous Weed Control in

Young Pine Plantations

Research has shown that herbaceous weeds are
often much stronger competitors to pine seedlings
than are hardwoods. Herbaceous weed control can
be accomplished using broadcast, band, or spot
goplications. Band agpplications are possble only
when planting rows are well defined. Banded or
spot applications cost considerably less than broad-
cadt treatments and only smdl losses in growth and
surviva have been observed with banded or spot
treatments relative to broadcast gpplications.

Banded Applications

Banded trestments are applied using backpack,
ATV, or tractor sprayers. Backpack sprayers treat
one row at a time while machine sprayers can treat
two or more rows using a boom with spaced nozzles.
Bands usudly range from 3- to 6-ft wide.
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To apply banded treatments, the boom or spray
wand is fitted with a wide-angle flat-fan tip, such
as 80" or 110°, with flow rates of about 0.2 to 0.3
gd/min. A spedid flat fan tip thet is “even” will
increase contral on the band edges, compared to a
regular flat fan that applies less herbicide on the
edges. Also, flood tips, due to their wide angles,
are commonly used for banded applications.

Pressure regulation and a congtant nozzle height
are needed to maintain uniform gpplication rates.
Use a pressure of 5 to 15 Ib/in? to give large drop-
lets with reduced drift. The low flow rates from
low pressure operation also permit more acreage to
be covered per fill-up, adding to the efficiency of
the operation. Specid “extended-range’ or “‘low-
pressure’ tips are designed especidly for low-
pressure gpplications. A pressure regulator is neces-
sa-y to maintain low pressures with backpack sprayers.
Some sprayers can be set at the desired pressure
while others rely on the ingdlation of regulators in
line or on the wand.




-

Many types of sprayers can be modified to apply
banded herbaceous weed control treatments in pine
plantations. One increasingly common meachine is
a four-whed ATV equipped with a sprayer. ATV
Sprayers can be equipped with sprayer control sys-
tems with ground-speed sensing. The sprayer con-
trol sysem maintains a congtant application rae
over a wide range of operating speeds. Protective
clothing and equipment like that used in motor-
cross racing should be worn when operating an
ATV sprayer in forestry conditions.

Calibration for Band Applications

Backpack Sprayers— The purpose of cdibra-
tion is to determine the amount of solution thet is
gpplied per acre within the band. By knowing the
amount of water sprayed per acre within the band,
the rate of herbicide prescribed per acre can be
added to that volume. Following is a cdibration for
backpack banded treatment:

1. Ingal the appropriate spray tip.

2. Fill the spray unit hdf-full with water and pump
up the goray unit. Maintain the spray unit a
congdtant pressure during calibration and appli-
caion.

3. Hold the wand a a height that produces the
desired band width.

4. Use the following table to determine the cdibra
tion distance required for the desred spray width.

Spray band Cdlibration
width distance
------- — feet-----_
3 113
4 85
5 68

5. Maeasure the cdibration distance on the ground
within the area to be treated. Treet this distance
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a awaking speed you will use carrying a half-
full sprayer and note the time.

6. For the amount of time noted from the above

step, collect spray from the nozzle(s) and mea
sure in a container graduated in ounces.

7. The ounces collected happens to be equa to the
Spray rate in galons per acre.

8. If the totd solution ddivered per acre is not
adequate, or too much, adjust the pressure or
change tips and repeat steps 1 to 6.

9. Mix the desired rate of herbicide prescribed per
acre with the galons of solution ddivered per
acre.

EXAMPLE:
The measured spray width was 4 ft.

1. The cdibration distance (see table) for a 4-ft
band is 85 ft.

2. Waking the 85 ft with a haf-full spray required
28  seconds.

3. The nozzle sprayed 14 ounces in 28 seconds,
therefore, the sprayer is applying 14 gdlons per
acre within the 4-ft band.

Machines -~ To calibrate a machine sprayer one
needs to know the same information including Speed,
band width, and sprayer output. A step-by-step pro-
cedure for machine cdibration is as follows:

1. Adjust the boom height to give the proper band
width and adjust the pressure. This height and
pressure should be maintained during cdibra-
tion and gpplication.

2. Udng a throttle and gear setting that will be
maintained during gpplication, messure in feet
the disance travelled in 1 minute. This should
be done on terrain Smilar to the treatment area.

3. Collect the spray volume from dl nozzles for 1
minute and accurately messure this volume to




the nearest tenth of a gdlon (fluid ounces %
0.0078 = gdlons).

4. To cdculate the portion of an acre treated in 1
minute, multiply the band width or sum of mul-
tiple-row band widths (measured in feet) by the
distance travelled in 1 minute. Divide by 43,560
sguare ft per acre. For example, one 3-ft band is
sprayed at 145 ft per minute:

Portion of an acre
treated in :—3 X 145

= 0.01 acre
1 minute 43,560

As another example, two 3-ft bands are being
treated by a boom sprayer a 145 ft per minute.
Thus, 6 ft of band width would be used in the
caculation and 0.02 acre was treated per minute.

5. To cdculate the amount sprayed in the band,
per acre, divide the galons sprayed in 1 minute
by the portion of an acre treated in 1 minute.
For example, 0.2 gal/min is collected and 0.01
acre was tregted:

Gallons per = 0.2 gal/min

—c =20 gd per
acre 0.01 acre

acre

Thisis the amount of spray solution being gpplied
to an acre within the bands.

6. Mix the per-acre rate of herbicide in proportion
to the galons per acre of spray solution. For
example, if 3 oz of herbicide is the prescribed
rate per acre, then 3 oz of herbicide is added to
every 20 gdlons of water in the mixing tank. To
mix 200 gdlons of goray solution, divide the
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tota gallons by the gdlons per acre and multi-
ply by the rate. Use these calcuations:

_ totd gdlons ¥t

Amount of herbicide ate
to add to atank gal per acre
200 gd
20 ga per acre 30z =300z

Thus, add 30 oz of herbicide to 200 gallons of
water, to treat 10 acres at a rate of 3 0z per acre.
Check the cdlibration when you dtart a new ares,
use a new rate, or when equipment has been repaired
or dtered. With proper cdibration of the equipment,
banded applications can begin.

Spot Applications for Herbaceous Weed
Control

Spot gpplications must be used when planting
rows are not well defined. Spot applications can be
made using the above banding procedure with some
change. Mainly, the sprayer is turned off between
seedlings as the gpplicator follows the rows. The
sprayer is turned on about 1.5 to 2.5 ft before the
seedling and shut off at the same distance past the
seedling. Thus the same tips, pressure, and cdibra
tion can be used. The goplicator mugt ill maintain
a congtant walking speed while spraying each seed-
ling if the rate is to be condant.

Full cone tips, with flow rates from 0.2 to 0.4
gal/min, can be used to apply circular, tree-centered
§pots using a backpack sprayer or spotgun. How-
ever, full cone tips with these low flow rates pro-
duce very fine droplets that are easily blown by
wind. An adjustable cone nozzle produces large
droplets, but these droplets are too large to ensure
uniform coverage of preemergent herbicides.
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CHEMICAL INSECT AND DISEASE CONTROL

Forest trees are susceptible to insect and disease
attack at al stages of growth and development.
Maintaining healthy and vigorous stands and indi-
viduals can lower the risk and incidence of insect
attack. However, uncontrollable soil, site, andweather
conditions preclude the elimination of diseases and
insects as a threat to forest trees. Only afew forest
insects and only one forest disease are treated chemi-
caly in the field for prevention or control.

Refer to the pesticide handbook of your State (if
available) or consult alocal extension specialist for
alist of currently registered pesticides approved for
the following pests.

Pine Bark Beetles
Southern Pine Beetle

The southern pine beetle (SPB) (Dendroctonus
frontalis) is the most destructive forest insect in the
South. Weakening of trees by lightning, drought,
flooding, or windstorms may predispose otherwise
resistant or healthy trees to attack by SPB. Wide-
spread subregional outbreaks occur every 5 to 10
years and last 1 to several years.

The SPB is a smal, reddish-brown-to-black
beetle about 1/8 inch long. The rear of the body is
rounded in contrast to the scooped-out posterior of
Ips beetles. The first indication of attack is usualy
the yellowing or browning of needles. Small pitch
tubes (white, yellow, or reddish brown) about as
large as a small piece of popped popcorn (or awad
of gum) are sometimes present on the trunk, starting
at apoint about 3 feet from the bottom of the trunk
and continuing up into the lower onethird of the
crown. Under droughty conditions, pitch tubes may
be very small or even absent and only reddish-
brown, boring dust will be present.

Adult beetles bore directly through the bark and
mate there. The females excavate S-shaped egg
gdleriesin the inner bark, which can be observed by
pedling off the outer bark. These galleries are differ-
ent from the Y- and H-shaped galleries of Ips beetles.
White eggs are deposited in niches on either side of
these galleriesand hatch into small, leglesslarvaein
4 to 9 days. The larvae mine for a short distance
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before boring into the outer bark where they pupate.
The larvae are about 1&inch long, white, and have
reddish-brown heads. The pupae are pure white and
about 1/8-inch long.

There are 3to 7 generations per year, depending
onlocality and weather. Soon after atreeisattacked,
dl the needles usually turn yellow and then brown.

In addition to causing direct damage, SPB’s
introduce blue-stain fungi, which may clog the wa-
ter-conducting tissues. Death may be hastened when
blue-stain fungi are introduced. The stain decreases
the value of the tree.

Thereareseveral aternativesto chemically con-
trolling SPB infestations that can be used in appro-
priate circumstances. These include cut-and-leave,
pile-and-bum, andcut-and-remove. Cut-and-remove,
the preferred method, and pile-and-burn can be used
year-round; cut-and-leave should only be used dur-
ing the summer. All require that a buffer strip of
green, uninfested treesbe cut at the head of an active
SPB spot; professiona help is recommended to best
implement any of these methods.

Ips Beetles

Ips beetles (Ips grandicollis, |. calligraphus, |.
avulsus,and], pini) usually attack treesweakened by
natural or man-made causes, and oftenfollow SPB'’s.
They usudly attack and kill only one or a few trees
in a given spot, but if conditions are satisfactory, they
may become edpidemic and destroy hundreds of
trees. Adults girdle trees quickly as they construct
their egg galleriesin theinner bark. Death is usualy
hastened by the introduction of blue-stain fungi,
which block the flow of sap and degrade the wood.

| psbeetlesare yellowish, dark reddish-brown, or
black. They are1/8-to1/4-inch long. They areeasily
recognized by the scooped indention of their poste-
rior end which is surrounded by tooth-like projec-
tions. Pitch tubes on bark or branches, or the pres-
ence of boring dust, often indicate Ips attack. If the
tree is healthy, attack by Ips may not be successful
even though pitch tubes are present.

Fully grown larvae and pupae are yellowish-
white and range from 1/8 to 1/4 inch long. Gallery
patterns are more or less 'Y - or H-shaped. The eggs




aresma | andwhite. Eggsarelaidinsmall egg niches
cut aong the main tunnels. Upon hatching, larvae
feed, forming fine tunnels perpendicular to the egg
niche. Later feeding results in meandering tunnels,
usually filled with boring dust and frass. In hot
wegther, it takes only 18 to 25 days to complete one
generation. Four or five generations occur each year.

Black Turpentine Beetle

Generally not considered a major forest pedt, the
black turpentine beetle (BTB) (Dendroctonus
terebrans) can kill apparently healthy trees in a
stand. Attacks are increased by natural and man-
caused stress, such as drought and logging damage
to trees and soil.

The BTBisthe largest of the major southernbark
beetles. It is1/4 inch or more in length and the rear
end is rounded. The color is reddish-brown to black.
Large pitch tubes (up to walnut size) are caused by
this insect. BTB's attack the lower trunks of living
pines (from the base to 15 feet up, but generdly in the
lower 8 feet). The beetle attacks fresh stumps and
living trees by boring through the bark and construct-
ing galleries on the face of the sapwood where eggs
are laid. Fifty to 200 eggs are laid in a group. They
hatch into white larvae, which feed on theinner bark.

BTB’s may girdle and kill trees when severa
broods occur at about the same height. Generally, 10
to 25 percent of the infested trees die. The entire life
cycle takes 2-1/2 to 4 months, depending on tem-
perature. Each year in the South there are usualy two
full generations and part of a third.

Bark Beetle Chemical Control

Many treesnewly attacked by BTB can be saved
by spraying from thebase up to the highest pitch tube
on the trunk with an approved insecticide.

If insecticides are used to control an active SPB
infestation, the following procedures are recom-
mended. Fell al infested trees. Do not fell a buffer
strip of uninfested trees or vacated trees. Limb and
cut the felled trees into workable lengths. Using a
low-pressure sprayer, treat the entire bark surface
with an approved insecticide, turning the logs as
necessary.
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Pine Tip Moth

The Nantucket pine tip moth (Rhyacioniu
frustrana) iscommon inthe South. Itsimportancein
pine plantations and nurseries varies widely with
tree species, tree vigor, and environmental factors.
Heavily infested trees may be severely stunted or
deformed but are rarely killed. Generdly, the tree
grows out of the susceptible stage within a few years.
All species of pines are attacked except white and
longleaf.

The adult moth is mixed gray and shiny copper
colored with a wingspan of about 1/2 inch. The
young larvae are light cream colored; mature larvae
are light brown and about 3/8-inch long. Pupation
occurs in the damaged pine terminal.

Adults begin to emerge on warm days in late
winter or early spring and begin laying eggs within
afew days. Eggs are deposited on needles, stems,
developing tips, or buds. The larval period lasts 2 to
4 weeks. Several generations occur each year.

Tipmoth Chemical Control

Insecticide spraying for tipmoth isnot generally
practiced, except in special cases such as progeny
tests, Christmas tree plantations, research study
plots, and some intensively managed pine planta-
tions. Insecticide application must coincide with
moth emergence, which varies by location. Trap-
ping insects can identify the times of emergence, and
spraying treatments planned accordingly.

Pine Sawflies

The redheaded pine sawfly (Neodiprion
Zeconte), blackheaded pine sawfly (N. excitans),
and loblolly pine sawfly (N. taedae linear-is) attack
most species of southern pines. All havecaterpillar-
like larvae that feed on pine needles and can defoli-
ate seedlingsand saplings. Usudly they attacksingle
trees or smal groups of trees; however, if conditions
are favorable, they may infest and defoliate thou-
sands of acres of naturally regenerated or planted
pine. Repeated attacks on the same trees for 2 or
moreyearsmay kill them, but themainlossisintree
growth. Sawflies are not economically important




pests of most forest stands, except in Florida where
insecticide treatment is necessary.

Pine Sawfly Chemical Control

Treatment is usually by aeria applicator for
large plantations or ground equipment for smaller
ones.

Texas Leaf-cutting Ant

Texas leafcutting ants (Attu texana), 8lso known
as town ants, are destructive reproduction pests in
Texas and Louisiana. This ant can completely defo-
liate and girdie asmall tree overnight. Such defolia
tion can be fatd to young pines. The ants strip the
needles and |leaves from both pines and hardwoods
and use this plant material to culture afungusthat is
their only known food. Damage is most severe to
pines in the winter when there are no other green
plants. Pine reproduction can seldom become estab-
lished where ants are present because they destroy
newly germinated or planted seedlings.

Texas leafcutting ants are rust-brown to dark
brown and differ greatly in size. Workersrange from
1/16 to 1/2-inch long and have three pairs of promi-
nent spines on the thorax. From April to June winged
maes and femaes leave the colony on mating flights
and subsequently establish new nests. An ant nest
areg, or “town,” is marked by many cone-shaped
mounds, usualy 5 to 14 inches high and about 1 foot
in diameter. The town may cover an area from
several square feet to nearly 1 acre.

Texas Leaf-cutting Ant Chemical Control

Find and treat all nests in or near areas to be
planted. Scouting is easiest during fall and early
winter when the ants are active and their mounds are
not hidden by vegetation. A formulation of the fire
ant bait Amdro is registered for leaf-cutting ant
control. Fresh bait from a newly opened container
should be used for most effective control. Colonies
can aso be eliminated by fumigating with methyl
bromide or carbon bisulfide. However, fumigating
should not be done near human dwellings.
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Pine Reproduction Weevils

The palesweevil (Hylobius pales) and thepitch-
eating weevil (Pachylobius picivorus) are very de-
gructive of first-year pine plantations growing on
recently cut-over sites. Weevils eat patches of bark
from the stem of a seedling and when these feeding
areas overlap, the seedling is girdled and dies. Both
weevils will feed and develop on al species of pine
within their range. Adults are oblong, black to red-
dish-brown, less than 1/2 inch long. Winter is spent
as an adult or mature larvae in a chip cocoon con-
structed under the bark of a pine stump. In spring,
adults emerge and feed on the bark of saplings and
at the bases of seedlings.

The weevils feed at night and hide under debris
at the bases of seedlings during the day. If the insects
are abundant, they may remove al the bark and
foliage, leaving only yellowish, pencil-like stubs.
Most damage occurs in spring and fall. The adults
are attracted to the odor of freshly cut pine stumps,
scorched pines, or dying trees and feed on the tender
bark of nearby seedlings. When these high-hazard
conditions (fresh stumps, scorched stems, etc.) oc-
cur, weevils may kill 90 percent or more of the pine
seedling in the reproduction areas, 30-60 percent
pine seedling mortdity is not uncommon.

The most practical method of control isto delay
planting recently harvested areas for 9 to 12 months.

Pine Reproduction Weevil Chemical
Control

Infestations of pine reproduction weevils can be
prevented by dipping seedling roots in an insecti-
cide/kaolin clay mixture, top dipping seedlings, or
over-the-top insecticide spraying.

Gypsy Moth

When it is present, the gypsy moth (Lymantria
dispar) is one of the most damaging forest pests.
Females do not fly. This peculiarity probably ac-
counts for the insect’s slow spread from established
infestations into new areas. (Note: In 1993 an Asian
gtrain of this moth was introduced in severa loca-



tions on the eastern seaboard of the United States.
The females of this strain do fly and are expected to
severely impair future control efforts. However,
how bad the problem will be is not yet known. So,

the remainder of this discussion is limited to the
European strain of gypsy moth currently found in
the East.

The moths are harmless, but the caterpillars feed
on the leaves of forest, shade, ornamental, and fruit
trees aswell as shrubs. A single defoliation can kill
some softwoods, two or more defoliations can kill
many hardwoods. Large infestations involve mil-
lions of caterpillars and can degrade esthetic and
recreational values of forests, parks, and wooded
homesites.Few trees are killed outright by gypsy
moth defoliation, but many trees are weakened
and become susceptible to secondary attack by
other insects or plant diseases. During the last 80
years, parasites of this pest have been introduced
into infested areas. However, control of the gypsy
moth by its natural enemies has been less effective
than hoped.

Gypsy Moth Chemical Control

Aerid spraying with the insecticide dimlin
has been done in severd southern States to control
gypsy moths and may be required in other States
as the moth migrates southward. The bacterium
Bacillus thuringiensis (B.t.) and avirus (Gypchek)
are being aeridly applied to control gypsy moths.

Annosus Root Rot

In the South the only tree disease chemically
treated on an operational basisintheforestis
annosus root rot. It infects many pines and other
conifers. Infected trees grow dower and are more
susceptible to bark beetle attack than healthy
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trees. Infected trees are also susceptible to spon-
taneous root failure and windthrow. The root rot
Is caused by Heterobasidion annosum, a fungus
that grows in the duff at the base of potentia host
trees. An example is shown on the front cover,
bottom inset photo. This fungus causes a white,
stringy, rot of the roots and occasionaly the butts
of living trees. Eventually, the entire root system
may be destroyed. The fungus spreads by air-
borne spores that germinate on freshly cut stump
surfaces. Infections in plantations can usualy be
traced to root contacts or grafts between healthy
and infected trees.

Infected trees have thin, light-green to yellow
crowns and short needles, tufted at the branch
end. Conks (the shelf-like fruiting structure of the
fungus) are not produced on most trees and are
often difficult to locate when they do appear
unless the duff layer is removed.

Trees tend to die in pockets, with trees in the
center dying first. In thinned pine plantations,
high-hazard sSites can be 80+ percent infected.
High-hazard sites are well drained soils with at
least 65 percent sand in the upper 12 inches of soil
and a low water table.

Annosus Root Rot Chemical Protection

Sodium tetraborate (borax) is the most effec-
tive protection against stump surface coloniza-
tion, residua tree infection, and mortality. Just
sprinkle borax or Borateen on a stump with a salt
shaker or any other shaker-type container. So-
dium tetraborate will not prevent transmission of
H. annosum through root systemsin already
infected stands. Such stands should be treated
with Phlebia gigantea, afungus that competes
naturally with H. unnosum. Thin the infected
trees in the summer.
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FOREST SEED ORCHARDS AND NURSERIES

Seed Orchards

About 10,000 acres of forest tree seed orchards
in the South are intensvely managed to produce the
seed required for artificid regeneration programs.
While these seed orchards represent a very small
areq, their impact upon forest production in the
South is very large. In 1987, these seed orchards
produced enough seed to grow 1.3 hillion seedlings
that were used to reforest 1.8 million acres of land.
This represented 85 percent of al reforestation
efforts in the South. A consarvetive estimate of
genetic gan for these seedlings is a lo-percent
increase in volume growth, which has a vaue of
$43.5 million ( 1990 figures). Additiond vaue will
be created by improvements in form and disease
resistance.

Intensve management is criticd to obtain the
required amount of seed from these orchards. Cone-
and seed-insect control programs are an integra
component of a seed orchard management program
because these insects can easily destroy more than
50 percent of the potentiad seed crop. In some cases,
losses to cone and seed insects have exceeded 90
percent of the potentia seed crop. Additional con-
trol techniques, both biological and chemicd, are
needed to ensure a continuing supply of genetically-
improved seed for future reforestation efforts.

Chemica control is achieved by ground and aerid
gpplication methods. Hydraulic sprayers, airblast
sprayers (mistblowers), and handheld compressed-
ar sprayers are al used to control different species
of seed- and cone-insect pests. Aeriad gpplication is
increasing. Both helicopters and fixed-wing aircraft
are used to apply insecticides with ether conven-
tiona or ultralow volume equipment. The use of
arcraft has resulted in much less exposure to work-
ers at seed orchards and reduced losses due to
insect damage.

Insecticides used in seed orchards range from
very toxic (azinphosmethyl) to very non-toxic (syn-
thetic pyrethrins) to man and animas. Research for
safer ingecticides is continuing.
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Forest Nurseries

Forest tree nurseries are intensively-managed sites
that use considerable amounts of pesticides. Nurser-
ies in the South grow about 80 percent of dl the
bareroot stock produced in the United States. Lob-
lolly and dash pine account for about 90 percent of
this production, athough in recent years there has
been increasing interest in longleaf and sand pine,
as wel as hardwoods. Most of the pesticide technol-
ogy now used in forest nurseries was developed for
pine seedling cultivation.

Fumigants, herbicides, fungicides, and insecti-
cides are used routingly to control a number of
magor pests of tree seedlings. A number of pedti-
cides have labels specific to tree-seedling nurseries.
The Environmental Protection Agency dso dlows
the use of pesticides labeled for horticultura nur-
series to be applied in forest-tree nurseries. Individ-
ud States, however, may find exception to this
generd policy.

Fumigants are used in nurseries to control patho-
gens and weeds. Weed control aone, however, does
not sufficiently jugtify fumigation as there are cost-
effective herbicides specificaly labded for use with
pine seedlings. On the other hand, pathogens can
be a serious problem so protection from various
damping-off fungi and other soilborne organisms is
conddered a wise investment. Proper soil condi-
tions are essantid for effective fumigation.

Herbicides used in nurseries have been deve-
oped mainly for pine production. A number of effec-
tive compounds are labeled to control grasses and
broadleaf weeds in pine seedbeds. Herbicides are
usudly applied over-thetop of the beds when weeds
first appear. Applications are repeated throughout
the growing season as deemed necessary. Weed
control in hardwood nurseries is more difficult. Not
only are fewer compounds labeled for weed control
in hardwoods, but herbicides are specific for hard-
wood species. If not properly matched, serious seed-
ling damage can result. Herbicides are also used for
broad-spectrum weed control by spot treatment
around irrigation lines, roads, and buildings.



Fungicides are most often used in forest nurser-
ies to prevent and control fusform rust. Fungicides
may adso control damping-off during and immedi-
ady after seed germination. Severd stem and foliar
diseases ds0 periodicaly require use of fungicides.
Under nursery conditions of dense seedbeds, high
fertilization, and irrigation, disease problems must
be found and addressed quickly.
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Insecticides are commonly used in nurseries.
Some of the more common insect pests are lesser
corngtalk borers, spider mites, aphids, lygus bugs,
and white grubs. A number of insecticides are
labeled for insect control in forest nurseries, dthough
the chemicd must be matched with the pest for
maximum  effectiveness




VERTEBRATE ANIMAL CONTROL

Many kinds of animds can damage live trees in
the South. Their damage may vary from indgnifi-
cant to very serious. The mammalian pests — deer,
rabbits, squirrels, and other rodents — present the
most serious problems. With an anima-damage
Stuation, aways check State and local regulations.
Due to their potentid for greater economic impact,
beaver and deer will be discussed separately. Other
gpecies may cause damage localy, but are not a
widespread or severe threat to trees.

Beaver

Beavers are capable of gregtly dtering their habi-
tat to suit their needs. As they girdle and fdl trees
to build a lodge and dam, ganding timber often
becomes flooded and eventudly dies. From awild-
life management standpoint, beaver ponds are very
beneficia; from a timber producer's standpoint, bea-
ver ponds may be costly.

Due to the sizeable beaver populaion in the
South, livetrapping and relocating offending ani-
mas is no longer a redidic control dternaive.
There are no repdlents, toxicants, or fumigants
registered for beaver control. Eliminating beaver
from an area requires a combination of trgpping or
shooting, and destroying their dams. One of the
mogt effective traps for beaver is the 330 Conibear.
This trap, when properly set, kills the beaver in-
gantly. When dl the beavers have been trapped
from a pond, the dam can be destroyed and the
water drained from the flooded timber.

Deer

Deer, like beavers, have expanded in the South.
High populations, coupled with voracious feeding
habits, can badly damage newly established forests.
Deer prefer to browse on the leaves, sems and
buds of woody plants. They will browse on both
pine and hardwood seedlings. Browsing damage by
deer is easy to identify by the presence of the dis-
tinctive deer tracks and the characteristic pattern of
nipping the plant. Deer have no upper front teeth,
30 they must tear off pieces of the plant, leaving a
jagged end. Bucks may dso rub smdl pines with
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ther antlers during the rutting season. Damage
caused by antler rubbing appears as an area where
bark has been scraped off the tree trunk. Generally,
rubbing damage to young pines (up to 4 inches in
diameter) by rutting bucks does not present an eco-
nomic threat except in high-vaue plantings such as
seed orchards and Christmas trees.

Deer are protected as game animals throughout
the region, but in cases of severe damage, it may be
possible to obtain a permit to shoot depredating
deer. Various scaring devices may be effective for
short periods, but deer soon become acclimated to
them. Repellents are short-lived and expensive. In
areas with many deer, seedlings can be treasted with
arepellant and planted late in the season to extend
the effect. The most effective control measure may
be excluson of deer from the area. This can be
accomplished by 8-foot high woven-wire fencing
or various configurations of eectric fencing. Sport
hunting in the area may help control population
expangon.

Small Rodents

Cotton rats may feed on the roots, stems, and
leaves of seedlings. Cotton rats prefer dense cover;
therefore, keeping the area around the young trees
clean through herbaceous weed control will help to
reduce cotton rat problems. In small areas, cotton
rats may be excluded by usng sheet meta fencing;
the bottom of the fence should be buried 6 inchesin
the ground. Repdlents, toxicants, and fumigants
ae not effective in large-scale operations. The dam-
age caused by this species is generdly locdl.

Voles, amdl mouselike animds with short tals,
may damage seedlings by girdling. They usudly
have extensve systems of burrows and runways in
the ground litter. Trapping is not effective in large-
scale operations, however, some success may be
achieved with repdlents and toxicants such as zinc
phosphide. Check loca regulations before using
any chemicd control measures. Voles rdy on
vegetative ground litter for cover, so keep the area
around young trees clear of vegetation to help reduce
vole damage.




Pocket gophers are burrowing animas that eat
parts or entire root systems and expose roots so that
they dry out. Gophers can often be detected by the
presence of surface mounds. They are not usualy a
pest in forest Stuations. However, damage can be
quite significant where pastures and old fidds hav-
ing sandy soils are machine planted to pine. Pocket
gophers can be controlled usng baits containing
zinc phosphide .

Rabbits may damage young trees by girdling or
clipping off branches. Ther damage may be didtin-
guished from deer browsing by the smooth-angled
cut left at the end of the branch. Rabbit droppings
can usudly be found in the damaged area Like
deer, rabhits are game animals that are protected by
State regulations, but some States do alow excep-
tions in damage cases. Excluson and trgpping are
generdly not effective for large-scde operations.
Some repdlents containing thiram have proven
effective in discouraging rabbit browsng and
gnawing. Eliminating brush piles and other cover
may be ussful in reducing high rabbit populations.
Biologicd control of rabbits, by encouraging the
presence of natura predators (hawks, owls, and
snakes) may help lower populations. Sport hunting
on an area can ad in population control.
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Other Animal Pests

Fox squirrels may damage pines in the South by
egting cones, and by chewing pine bark. Fox squir-
rels are game animals and are covered by seasons
and other regulations. In isolated cases, squirrels
may be prevented from dimbing individua trees
by ingaling a 2-foot-wide sheet of metd around
the trunk. For large-scale forestry operations, toxi-
cants and repdlents are usualy not effective. Trap-
ping or shooting can generdly be used to diminate
offending animals, but during pesk years, new squir-
rels may soon move into the area to replace those
that were diminated.

Feral hogs are descendants of free-ranging
domestic hogs or those released for sport hunting.
Ferd hogs may damage young stands of timber by
rooting around the bases of trees. Large-scale fenc-
ing to exclude hogs is generdly not practicd, and
there are no toxicants registered for hogs. Live-
trapping and remova during the soring and sum-
mer when acorns are scarce, and hunting during the
fdl and winter may be effective in controlling ferd
hog populations.




RECORD KEEPING OF PESTICIDE TREATMENTS

Keeping records of pesticide usage is required by
law. By Federa regulations, records for each appli-
cation of “redricted use’ pedticides must be kept
on file for at least 2 years. Records can establish
proof of proper use in damage suits, and they are
helpful in finding the cause of error if an error was
made. They can dso provide information to trace
resdue and damage problems. Such records can
adso be hepful in ligbility cases.

Records can dso hep save money. They adlow
comparison of results obtained from different pesti-
cides, which can improve efficiency and reduce
pesticide misuse. Also, with careful records, win-
ter inventories can be reduced by only buying the
amounts required.

The more information recorded, the more useful
the records will be. Cary a notebook to the applica
tion Ste and record al necessary and helpful infor-
mation. Do not try to memorize al the necessary
items. A standard form can be used to ensure that
al necessxy data is obtained. Following is a list of
the minimum information needed:

. Time of day and date of gpplication

. Target pest(s)
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. Equipment used

. Pedticide used:
— Common name
-— Brand name
— Formulation and percent of active ingredient
- EPA regigration numbers
— Egablishment and lot numbers (in case of
cross-contamination or failure to control)
— Totad formulation added to tank or hopper
— Amount of mixture usd
— Acres treated

. Additiond comments:
— Location
— Westher
— Applicator/crew chief/responsble individud
— Seveity of infestation

On every record form there should be a space left
for * “additional comments. *’ Use this space to write
down information for your persond use. This infor-
mation can be used to improve your business ether
through better customer rdations or by saving
money. Record-keeping requirements may vary by
State; check with the appropriate agency.




APPLICATOR SAFETY

The safety of forest pest gpplicators is assured
only if proper procedures are followed. The proper
procedures for handling, storing, transporting, and
applying pegticides are presented in this section.
This information is intended as a supplement to
other pedticide safety indructiond materids.

The Pesticide Label

The sngle most important source of information
for safe pedticide use is the label. The labd con-
tains comprehensve information and ingructions.
Look for precautionary statements and warnings
that are important in proper use. Detalled informa:
tion appears for the agpplication, Sorage, and dis-
posa of the product. In addition, the label contains
a telephone number of expert advice during an emer-
gency and address of the manufacturer. Informa
tion regarding the brand name, chemicad name, type
of formulation, and EPA regidration number are
a0 included. These items are important to a phys-
cian in case of an accidenta poisoning. The most
important time in pedticide gpplication is the time
spent reading and understanding the pesticide labe!!
Always read the labd four times:

1. Before buying the pedticide.

2. Before preparing the materid for use.

3. Before mixing and gpplying.

4. Before storing or disposing of the pesticide.

Before buying a pesticide, read the label to ensure
that the chemica is properly labeled for your particu-
lar job. Make sure that it is suitable for your equip-
ment, conditions, and sSte. Before preparing the
chemicd for use, read the label again for any warn-
ing or precautionary statements. Use dl protective
equipment recommended.

The label dso specifies rates, methods of gppli-
caion, and sometimes compatibility with other
chemicas or carriers such as diesd fuel. In addition,
the labd gives the waiting period for crops and
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entry by animds and any redtrictions in the use of
the chemicd.

Mixing, Handling, and Applying
Pesticides

The pedticide label contains precautionary state-
ments, warnings, and often lists protective clothing
and equipment required when using that pesticide.
Reed the label before mixing or gpplying.

Mixing

When handling a concentrated pesticide, precau-
tions should aways be taken. In their concentrated
form, many pedticides may cause skin irritation and
eye damage. Therefore, dways use protective eye
wear and neoprene or rubber gloves when mixing
pesticides. Wear protective clothing such as long-
deeved shirts, long pants, and water-resistant  boots.
Be sure dl skin abrasions or cuts are properly band-
aged to prevent exposure before mixing chemicals.

On windy days, always pour pesticides by stand-
ing S0 that the wind comes from behind or from the
sde — never pour upwind. Keep the container spout

below eye level. Smdl pumps can often be used to
trander pesticide, minimizing the risk of exposure.

Applying

When applying pegticides, avoid unnecessary
exposure. Use protective clothing and equipment
specified on the labdl. Bring wash water and deter-
gent to the field in clealy-marked containers. Before
gpplication, use water to check equipment for leaks
and proper cdibration. When applying a pesticide,
adways say upwind from the nozzle.

If pedticide is spilled on you, wash it off im-
mediatdy. Also, take a change of clothes to the
application Ste in case your clothes become con-
taminated. Before egting and smoking, aways wash
your hands and face thoroughly. Always wash con-
taminated clothes by themsdves.

After gpplication, clean and rinse the equipment.
The best area for cleaning is on a wash rack or a
concrete gpron with a good sump. A second alterna-




tive is to goply the rinse water carefully on the sSte
where the pesticide was gpplied, in compliance with
the labd.

When using pedticides, whether mixing, applying,
or rindng equipment after use, dways be certan
not to contaminate someone's water supply. Sev-
eral precautions can be teken to avoid these
problems. First, never gpply near a wel or other
water source. When possible, use a nurse tank to
mix only the pesticide needed for that day’s work
in the fidd. When filling from a well, use a sspa
rate pump equipped with check valves to prevent
back sphoning.

Pesticide Disposal, Storage,
and Transport

Disposal

After gpplying a pesticide, excess chemicds and
empty containers should be disposed of or stored
properly. Preventing pesticide surplus is the best
way to minimize disposa problems. Before buying,
make sure the pedticide is labeled for the intended
ue. Caefully edimate the amount of pedticide
needed to complete the job and buy only what
IS needed.

Check the ste and be sure wesather conditions
will dlow proper gpplication before mixing the
pesicide. Also, mix only what is needed for
that day.

Although gteps can be taken to minimize any
excess chemicds, empty containers must dways be
disposed of properly. After application, triple-rinse
al empty containers. Pour rinsate back into the
spray tank, not directly on the ground. Punch holes
in non-returnable containers so they cannot be used
agan, and digpose of them in a sanitary landfill.
Returnable containers are to be returned.

Storage

Proper storage of pedticides is essentid to their
safe use. Thefirst step in proper storageisto desig-
nate an area where only pesticides are to be stored.
This area should be secured with alock and promi-
nently posted at each entrancee WARNING —
PESTICIDES — KEEP OUT. Idedly, the stor-
age area should be made of fire-resgtant materids,
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including a concrete floor. The storage area should
be cool and dry and have an exhaust fan for proper
ventilation.

Never store pesticides near food, feed, seed, or
animas. Separate each type of chemicd so that
herbicides, fungicides, and insecticides are stored
sepaady. Also, each formulation of pegticide
should be grouped separately. Always dstore contain-
ers o that labels can be clearly seen. It isdso a
good practice to store containers off the ground on
pallets to avoid moisture problems. An up-to-date
inventory of dl chemicals that are stored is recom-
mended, including the date they were placed in
storage and the date they are used.

The storage area should be kept clean and orderly.
Absorptive clay, activated charcod, pet litter, or
sawdust should be readily avalable at the storage
gte to help cean any sdill. A shovel, broom, and
dustpan should dso be available, and aways keep
a fire extinguisher in the area

Transport

The following precautions can be helpful in safdy
trangporting pesticides:

« Be aure the containers are not damaged before
loading or during transport.

Take only the amount needed for that day.

Do not trangport pesticides in the passenger sec-
tion of a vehicle,

Do not transport pesticides in the trunk of passen-
ger cars or in trucks with wooden beds. Use a
trailer to transport pesticides when using a car.

Secure dl containers so they will not move dur-
ing trangport, using ropes and straps. During the
trip, check the containers periodicaly to be sure
they have not shifted and spilled.

When at the application site, park the truck or
store the containers in the shade; direct sun can
cause the containers to overhest, resulting in
pressure build-up. A tarp can be used during
transport.




Spill Procedures

If an accident occurs during transport and a minor
il results adminiger fird ad to anyone who
may have been injured. Confine the spill if it Sarts
to spread. Dig a dike around the area to contain the
spill. Always take a shovel when hauling pesticides.
Use an absorbent, such as those mentioned pre-
vioudly, to soak up the pesticide, or use clayey soil.
Dispose of the contaminated absorbent as you would
an excess pesticide.

Some accidents may result inamgor soill — one
that endangers people, property, or the environment.
Your first priorities would be to adminigter first
ad, contain the soill if possble, and then cdl the
manufacturer. The number to cdl in case of an
accident is prominently displayed on every labd.
The manufecturer will tell you which authorities to
notify and what action to take.

Pesticide Toxicity
Toxicity Terms and Definitions

Toxicity — The measure of the ability of a chemi-
cd to injure or kill.

Exposure — Coming into contact with a chemicd
by swalowing, bresthing or through contact with
the skin.

Hazard — The degree of exposure combined with
the leve of toxicity.

LDsy — The amount (or lethd dosage) of a chemi-
cd required to kill 50 percent of the test animas.

Acute toxicity — A measure of the ability of a
chemicd to injure or kill from one exposure.

Chronic toxicity — The ability of a substance to
injure or kill after long-term exposure.

Oral toxicity — The ability of asubstanceto injure
or kill if swalowed.

Dermal toxicity — The ability of a substance to
injure or kill if passed through unbroken skin.

PPM (parts per million) — A way to express the
amount of pedticide in water, plants, food, or ani-
mals (1 ppmisequd to aout 1 0zin 62,500 Ib or 1
tablespoon in 3,906 gd),
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PPB (parts per billion)  Another expresson of
the amount of pegticide in water, plants, food, or
animds that is 1,000 times LESS than a part per
million (1 ppb is equd to about 1 oz in 62,500,000
Ib or 1 tablespoon in 3,906,000 gd).

Half-life — The time required for one hdf of the
initid concentration of a chemical to be degraded.

Volatility — The ability of a liquid to evaporate.

Measuring Toxicity

Toxicity, the cagpacity of a substance to injure or
kill, varies with each chemicd. Chemicds range
from extremely toxic to essentidly nontoxic. How-
ever, large enough amounts of amost any substance
can be toxic. Knowing how toxicity tests are con-
ducted is the key to underganding the toxicity of
pesticides. Test animas (mice, rats, or rabbits) are
fed a measured dose of a chemical. By increasing
the amount of a chemicd fed to tes animds, the
quantity required to kill 50 percent of the animds
can be determined (LDs,). This dosage is usualy
referred to in terms of the weight of the chemicd
and the weight of the test animdl. For example, the
herbicide Roundup has an LDs, rating of 5,400
mg/kg. Approximaedy 1 pint of Roundup in the
concentrated form would have to be swallowed for
a 175-pound person to reach the LDy, dose.

Table 1 gives toxicity categories for pedticides,
and table 2 provides LDs, ratings for common
pesticides, other common substances that are fre-
quently handled are listed for comparison. Table 3
provides estimates of the LDs, for a 175-pound
person for a range of substances. This information
implies that as the LDsq rating becomes larger, the
substance becomes less toxic. For example, Prod-
uct A with an LDs, rating of 40 mg/kg is much
more toxic than Product B which has an LDy, rat-
ing of 4,000 mg/kg. Also note that many pesticides
have acute toxicity ratings that are lower than many
commonly used household compounds.

Many people wonder how a herbicide that suc-
cesstully kills unwanted plants can have little toxic
effect on humans Plants differ from humans in
many ways, researchers produce chemicals that
interrupt a plant’s function, but have little or no
effect on humans. For example, in the photosyn-
thetic process plants produce their own food by




Table 1. Toxicity categories for pesticides
Acute Acute Acute Estimated amount
N oral dermal inhalation Eye effects Skin effects  needed (orally) to
Toxicity Signal LDs, LDso LDsq kill the average
category word person
(mg/kg) (mg/kg) (mg/kg)

DANGER <50 <200 <0.2 Corrosive; corneal  Corrosive A taste (<7 drops)
opacity not rever- to a teaspoonful
sible within 7 days

Il WARNING  50-500 200-2.000 0.2-2.0 Corneal opacity Severe irritation A teaspoonful to
reversible within at 72 hours an ounce
7 days; irritation
persisting for 7 days
[ CAUTION 500-5,000 2,000-20,000 2.0-20 No corneal opacity; Moderate An ounce to a
irritation  reversi- iritation  a pint
ble within 7 days 72 hours
v CAUTION  >5,000 >20,000 >20 No irritation Mild or slight  Greater than a
irtation & pint
72 hours
> = Creater than.
< = Less than.

ushg carbon dioxide from the ar, water from the
soil, and sunlight. A chemica that blocks this pro-
cess would kill a plant but may not affect humans
snce people cannot photosynthesize. Other plant
processes, such as producing a paticular amino
acid that only plants can make, can be dtered in a
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amilar way, rexulting in the death of plants, but
having no effect on people.

Although the acute LDs, rating may indicate that
the compound is rddively low in toxidty, it is
wise to take precautions when mixing, handling, or
applying any pedticides.




Table 2. Toxicities of forest pesticides and other products

Approximate Toxicity Signal
Trade name acute oral LD category word?
(mglkg)
Insecticides
Cygon 255 II WARNING
Dimlin >4,640 111 CAUTION
Dursban 96 || I WARNING
Furadan 11 I DANGER
Sevin 246 I WARNING
Herbicides
AAtrex 80W 5,100 v CAUTION
AAtrex 4L 1,075 III CAUTION
Accord >5,000 v CAUTION
Acme Super Brush Killer 1,810 I CAUTION
Arsenal AC >5,000 v CAUTION
Banvel 2,629 I CAUTION
Banvel CST >5,000 Iv CAUTION
Banvel 720 2,500 III CAUTION
Chopper >5,000 v CAUTION
Escort >5,000 v CAUTION
Garlon 3A 1,847 111 DANGER?
Garlon 4 1,338 I CAUTION
Krenite 24,400 v CAUTION
Krenite S >5,000 v WARNING?
Oust >5,000 v CAUTION
Pathway (Tordon 101R & RTU) >5,000 v CAUTION
Pronone 10G >5,000 v CAUTION
Tordon K >5,000 v CAUTION
Tordon 101 Mixture 2,598 I CAUTION
Velpar L 6,887 v DANGER?
Velpar ULW 1,200 I DANGER?
Weedone CB 2,058 I WARNING?
Weedone 170 2,000 I CAUTION
Weedone 2, 4-DP 1,955 I CAUTION
OTHER PRODUCTS FOR COMPARISON
Gasoline 150 II —
Caffeine 200 I —
Asprin 1,240 I —
Baking soda 3,500 I —
Table salt 3,000 III —_

! Unless otherwise indicated, values are for the formulated product (as in the container before any
additional mixing).
2 Severe eye irritant, which increases the severity of the signal word.
> = Greater than.
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Table 3. Estimated acute oral and dermal toxicity’ (fluid ounces) of 18 chemicals for a

175-pound person
Approximate Toxicity Approximate
Trade name acute oral LD,/ category acute dermal LD}
(fl ounces) (fl ounces)

Nicotene 0.02 Extreme N/A
Methyl parathion (80%)? 0.03 Extreme 1
Caffeine 0.21 Extreme N/A
Lindane (20%)* 2 Moderate 11
Sevin (50%) 2 Moderate 3
Aspirin 35 Moderate N/A
2,4-D 3.7 Moderate 4
Maathion (91%) 4 Moderate 12
Banvel 7 Moderate 6
Garlon 7 Moderate 11
Tordon 1013 8 Moderate 7
Table st 9 Moderate N/A
Banvel CST 14 Slight 6
Oust ‘ 14 Slight 14
Pronone 10G 14 Sight N/A
Roundup 15 Sight 14
Tordon101R 18 Slight 11
Velpar L 20 Slight 15

N/A = Not applicable.

I The estimated toxicity for the pesticide is based on the formulated product (as in the container

before any additional mixing).

2 Most LD50's are expressed as a range, reflecting experimental conditions, type of carrier, species
of test animals, and precision of the tests, These estimates fall within the range and are only

projections based on animal tests.
3 Restricted-use pesticide.
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PROTECTING THE ENVIRONMENT

Forest pedticides are registered only after the EPA
has sufficient information thet their proper use will
not cause unreasonable harm to people or the en-
vironment, including wildlife and aguatic organisms.
Specid concern is placed on environmentaly sens-
tive areas that are in or around trestment aress.
These include streams, ponds, wells, specid wild-
life habitats, threatened and endangered species,
homesites, orchards, crops, and beehives. Specid
precautions regarding such areas are often specified
on the label. Problems usualy occur when gpplica:
tors do not follow labe directions or they apply
pesticides when conditions are not favorable. Dam-
age to the environment usudly is the result of one
of the fallowing:

— Off-dte application

— Off-site movement in air
— Off-site movement in water
— Pedticide persistence

Each applicator must be aware of these problems
and congantly work towards diminating or mini-
mizing adverse effects to the environment.

Off-site Application

To prevent off-gte gpplication or the accidenta
trestment of environmentdly sendtive areas, mark
boundaries clearly and use obvious, naturd, or con-
sructed features that can be readily identified by al
aoplicators. Set up buffer strips as specified on labels
and for protecting senstive boundaries. Mark buffer
srips around streams and ponds and take specid
care when treating Sites near such areas. Every per-
son doing the gpplication should be informed and
made aware of boundaries and their identification,
as well as, any specid precautions that should be
used. Ground guidance for both aerid and ground
gpplication should be used whenever feasible to
help the applicator to remain in the target area and
make uniform gpplications.
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Off-site Movement in Air

Chemicds may drift through the ar from the
area of gpplication and cause condderable injury if
they contact susceptible plants and animas, or sen-
gtive humans. Movement through the air may result
from spray drift or voldility.

Spray drift is the movement of arborne spray
particles. The amount of spray drift depends upon
(1) 9ze of the droplets, (2) amount of wind, and (3)
height above the ground that the spray is released.
Droplet size depends mainly on pressure, design of
the nozzle, and surface tenson of the spray solution.
In general, low pressures tend to produce large drop-
lets and high pressures, smdl droplets. Smal noz-
Zle openings tend to produce smdl droplets and
solutions possessing low surface tenson tend to
produce smdl droplets. To minimize drift, use the
largest nozzle opening and lowest pressure combi-
netion thet is effective.

Volatility refers to the tendency of a chemica to
vgporize or give off fumes The amount of fumes
or vapors given off is related to the vapor pressure
of the chemicd and the temperature when applied.
High temperatures will increase volatilization. Vapor
drift is the movement of these vapors or fumes. The
vapors may damage susceptible crops, cause dler-
gic reactions by sengtive humans, and may reduce
the effectiveness of the pegticide treatment due to
loss. Volatilization can occur when ester formula-
tions of forestry pedticides are gpplied during high
temperatures. Formulations that are sdts should be
used to stop volatile losses when the form of the
active ingredient is not important. Ester formula-
tions should NOT be applied a high temperatures,
such as greater than 90°F, when crop injury or offsite
movement is a problem.

Granular materids, specidized spray equipment,
low-drift adjuvants, and other precautions can reduce
the chance of offsite movement. Sdect nonvolatile
pesticides when senditive species are nearby.




Off-site Movement in Water

Pesticides can find their way into aguatic environ-
ments from aress that have been trested unless
proper precautions are followed. While pesticides
may be present in very dilute quantities, they tend
to be actively or passvely magnified or concen-
trated by way of suspended particles that are dis-
persed in water.

Pedticides enter the aguatic environment by four
principd mechaniams:

Point Source (e. g ., indudrid effluents) —
Pegticide contamination of the aguatic environ-
ment by point sources such as indudtria efflu-
ents may result in immediate biologicd caas
trophes or in long-term adverse effects.

Runoff — Pesticides can move off a treatment
areawhen dissolved in rainfal or on suspended
particles in surface drainage weater as overland
flow (on compacted logging trals), stream
water, and in ditch water.

Leaching -~ Ground water or subsurface water
may aso be contaminated by pesticides. There
are examples of contamination of wells and
municipal water supplies.

Spillage, Accidents, and Careless Handling
— Pedticides may dso enter water courses
through inadvertent spillage (for example,
around indugtrid dites). Other ways pesticides
enter water include cleaning of gpplication
equipment in streams and careless aerid appli-
cation of pesticidal chemicads. Back-gphoning
into wells during loading should be prevented
by using proper procedures and back-siphoning
check vaves.

The applicator must be knowledgeable of the fac-
tors that lead to runoff and leaching, while con-
dantly guarding againg spillage, accidents, and
caeless handling.

Solubility

Because there are many different chemicad com-
positions of pedticides, one might expect them to
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vary condderably in the way they react with soil,
water, and other substances. Pegticides vary in their
potentid for moving in soils and to groundwater.
Three mgor characterigtics influence such move-
ment: solubility, persstence, and soil characterigtics.
The geology of the trestment area dso influences
possible movement into groundwater.

Chemicds vay gredly in water solubility; the
greater the water solubility, the greater the poten-
tid for movement of the product to groundwater.
Pegticides with low water solubility have less ten-
dency to both move off-gte with storm runoff or
leach into the soil. More soluble compounds may
leach deeply enough through sandy soils to contami-
nate groundwater. Soil-applied pesticides may wash
or move into the water table more readily than foliar-
goplied materids.

Persistence

Although some chemicas degrade quickly, oth-
ers breskdown dowly. The dowly degrading, or
“perssent’ ' materids, are more likely to resch
groundwater over a period of time.

Soil Characteristics

Some chemicals become tightly attached
(“strongly adsorbed”) to soil particles and do not
move in the soil. Some are not so strongly adsorbed
and are more likely to move. Soil characteristics
ae ds important in the movement of chemicas.
Your loca Soil Conservation Service office can
help you determine which types of soil are in your
area.

Three mgor soil characteridtics affect chemica
movement:

1. Soil texture— Thisisanindication of therda
tive proportions of sand, slt, and clay in the
0il. Coarse, sandy soils generdly dlow water
and solutes to move rapidly downward and offer
few opportunities for adsorption. Finer-textured
sils generdly dlow water to move a much
dower rates and they contain more clay, glt,
and organic matter to which pesticides may be
adsorbed.

Soil per meability — A generad measure of how
fast water can move downward in a particular




s0il. The more permeable soils must be care-
fully managed to prevent any form of chemicd
from reaching groundwater.

Soil organic matter — Influences how much
water the soil can hold before movement occurs.
Increasing organic matter will increase the water-
holding cepecity of the soil. Some pedticides
may aso be adsorbed onto organic matter.

Geology

Didance of groundweater from the surface is
another important factor. If the groundwater is
within a few feet of the soil surface, pollutants are
more likely to reach it than if it occurs & greeter
depths.

Permeability of geological layers between the
s0il and ground water is also important. If surface
water can move quickly to the groundwater, the
potentid for pollutants reaching groundwater is
increased.

Sinkholes — Especidly troublesome. Surface
water often flows into snkholes and disgppears
quickly into the groundwater. If a chemicd is ap-
plied to an area that drains to a sinkhole, even
moderate rain may carry some of the materid di-
rectly to the groundwater.

Other

Environmental Considerations

There are many species of beneficid forest in-
sects, some of which are very abundant. Some feed
on forest debris and ad in its deterioration; others
feed on organic maiter in the duff and soil and
contribute to improvements in soil fertility. Many
others are paradites or predators of destructive in-
sects. Most are important food sources for birds
and other smdl animas Bees and certain other
insects are important pollinators of some commer-
cial crops as well as forest plants and trees.

Forest managers and pegticide applicators must
be aware of these and other wildlife members of the
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forest environment. Peticide labdling gives useful
information about toxicity to nontarget life forms.
Learn as much as possible about environmenta haz-
ards and potential nontarget impacts of pesticides.
Sdect the pedticide and gpplication method that
will have the least adverse impact and till get the
job done.

Fish or wildlife kills in any area should be re-
ported to the appropriate State agency. They may
want to investigate the reason for such akill to help
prevent future occurrences. Many factors other than
pesticides can kill fish or wildlife

Endangered Species Act
The Endangered Species Act provides:

o Legd protection for endangered and threatened
Species.

« That dl federd agencies (EPA and USDA Forest
Sarvice, for example) ensure agency actions will
not jeopardize the existence of any endangered
Species.

About 58 endangered species (17 percent of the
current endangered species) live in forests in the
United States. About 24 pesticides presently labeled
for use in forests are considered to have an adverse
effect on one or more of these endangered species.
These numbers doubtless will change over time,
but are given only to indicate that many endangered
species live in forest habitats — and a number of
pesticides will affect them. Every affected pedti-
cide sold since 1988 shdl have a warning on the
label which prohibits pedicide use in the range
(occupied habitat) of endangered species. Each State
will have an enforcement plan to implement the
Endangered Species Act in the near future. Consult
with a county extenson agent for the current
regulations.




SUGGESTED READING LIST

American Farm Bureau Federation. 1987. Protect-
ing our groundwater: a grower’s guide. Park
Ridge, IL: American Farm Bureau Federation.
3 p.

American Pulpwood Association. 1985. Guiddines
for effective and safe agrid gpplication of her-
bicides. American Pulpwood Association, Inc.,
Fores Management Committees, Southeast
Technicd Divison, Southwest Technicd Divi-
son. 23 p.

Baker, Whiteford L. 1972. Eastern forest insects.
Miscdlaneous Publication No. 1175. Wash-
ington: U. S . Depatment of Agriculture.
642 p.

Cantrell, Rick L., ed. 1985. A guide to silvicul-
turd herbicide use in the southern United States.
Auburn, AL: Auburn Universty School of
Forestry, Auburn, AL. 500 p.

Clemson Universty. 1984. Herbicides, prescrip-
tion and gpplication, proceedings fourth annud
forestry forum, 1984 March 21, Clemson Uni-

versity, Department of Forestry. Clemson, SC:
Clemson University. 65 p.

Ebd, Bernard H.; Flavell, Thomas H.; Drake, Lloyd
E.; Yates Harry 0. Ill; DeBarr, Gary L. 1975.
Southern pine seed and cone insects. Gen. Tech.
Rep. SE-8. Asheville, NC: U.S. Department
of Agriculture, Forest Service, Southeastern
Forest Experiment Station. 40 p.

McNabb, Ken. 1991. Forest herbicides are environ-
mentaly safe. Forest Farmer. 50(3): 16-18.

Miller, James H.; Mitchell, Robert J, eds. Rev.
1990. A manua on ground gpplications of for-

43

estry herbicides. Management Bulletin R8-MB
21. Atlantar U.S. Department of Agriculture,
Forest Service, Southern Region. 389 p.

Miller, James H.; True, Ronald E. 1986. Herbicide
tests for kudzu eradication. Georgia Forest
Research Paper 65. Macon, GA: Georgia For-
estry Commission. 11 p.

Near-y, Danie G.; Hinchum, D. Mitchdl; Cantrell,
Rick L. 1984. Safety with forest pedticides.
Forest Farmer. 43(5):16-18.

Newton, Michael. 1976. Apply pesticides correctly,
aguide for commerciad applicators, Forest pest
control. Report No. EPA/540/8-76/023. Wash-
ington: U . S . Environmenta Protection Agency.
14 p.

Singer, James. Rev. 1982. Pegticide safety guide-
lines for persond protection. USDA Forest
Service, FPM 83-l. Davis, CA: U.S. Depart-
ment of Agriculture, Forest Service, Forest Pest
Management. 45 p.

Southern Forest Products Association. 1983. The
safe use of herbicides. A brief summary of infor-
mation presented in the herbicide safety work-
shop program. New Orleans. Southern Forest
Products Association. 7 p.

Thatcher, Robert C.; Searcy, Janet L.; Coster, Jack
E. . Hertd, Gerard D. 1980. The southern pine
beetle. Technicd Bulletin 163 1. Washington:
U.S. Department of Agriculture. 266 p.

Timm, Robert M., ed. 1983. Prevention and con-
trol of wildlife damage. Lincoln, NE: Univer-
gty of Nebraska, Cooperative Extenson
Service. 661 p.




Acute toxicity, 35.
Aerid application, 11.
AnNnNosus root rot, 26.

Annosus root rot chemicial protection, 26.

Application rate, 10.
Application timing, 10.
Application types, 10.
Applying pesticides, 33.

Bad cypress, 2.

Banded applications, 20.

Bark beetle chemica control, 24.
Basal soil spots, 13.

Basa sprays, 13.

Beaver, 29.

Biologica control, 5.

Black turpentine beetle, 24.
Broadcast, 10.

Brush, 9.

Cdlibration for band applications, 2 1.
Cedar, 2.

Chemical control, 6.

Chronic toxicity, 35.

Climax forest, 2.

Cotton rat, 29.

Crop tree release, 10.

Cultura control, 5.

Cypress, bald, 2.

Decomposition zone, 1.
Deer, 29.

Dermd toxicity, 35.
Directed foliar sprays, 13.
Diseases, 4.

Digposd of pesticides, 34.

Endangered Species Act, 41.
Environmenta congderations, 4 1.
Experimentd Use Permit, 6.
Exposure to pesticides, 35.

Federd Insecticide, Fungicide, and Rodenticide

Act, 6.
Foliar sprays, directed, 13.
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Forest, 1.

Forest ecosystem, 1.
Forest nurseries, 27.
Forest pests, 4.
Forest succession, 2.
Forest types, 2.

Fox squirrdls, 30.
Full basa sprays, 13.

Generd-use pedticide, 6, 7.
Geology, 41.

Granule applications, 18.

Gum, 2.

Gypsy moth, 25.

Gypsy moth chemica control, 26.

Hdf-life, 35.

Hand broadcast spreaders, 19.
Hazard, 35.

Hemlock, 2.

Herbaceous weeds, 20.
Herbaceous weed control, 9, 20.
Hickory, 2.

Hogs, fera, 30.

Injection, 13.

Inorganic pedticides, 7.

I ps beetle, 23.

Insects, 4.

Integrated pest management, 1, 5.

LDsg, 35.
Legd control, 5.
Living microorganizms, 7.

Manua ground application, 12.
Mechanicad ground gpplication, 11.
Mechanica or physica control, 5.
Mixing pedticides, 33.

oak, 2.

Pdes weevil, 25.

Parts per hillion (p.p.b.), 35.
Parts per million (p.p.m.), 35.
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Persistence, 40.
Pests, forest, 1.
Pest management strategies, 3.
Pegticides, 6.
Pedticides, disposa of, 34.
Pesticides, exposure to, 35,
Pedticides, general use, 6,
Pedticides, inorganic, 7.
Pegticide labdl, 33.
Pedticide mixing, 33.
Pedticide resistance, 7.
Pedticide toxicity, 35.
Physical contral, 3.
Pine
loblally , 2.
longlesf, 2.
shortleaf, 2.
dash, 2.
white, 2.
Pine bark beetle, 23.
Pine reproduction weevils, 25; chemica control
of, 25.
Pine sawfly, 24; chemicd control of, 25.
Pine tip moth, 24.
Pioneer plants, 2.
Pitch-egting weevil, 25.
Plant-derived organic peticides, 7.
Pocket gopher, 30.
p.p.b. (part per billion), 35.
p.p.m. (parts per million), 35.
Postemergent, 11.
Preemergent, 10.
Preplant, 10.
Prescribed burning, 6.

Rabbits, 30.

Rat, cotton, 29.

Resgant varieties, 5.
Redtricted-use pesticide, 7.
Rodents, smdl, 29.

Sanitation, 5.

Seed orchards, 27.

Sinkholes, 41.

Site preparation, 9. .

Soil organic matter, 41.

Soil permesbility, 41.

Soil spot gpplication, 14.

Soil spots by grid, 16.

Soil texture, 14, 40.
Solubility, 40.

Southern pine bestle, 23.
Specia Locd Needs (SLN) regidtration, 7.
Spill procedures, 35.

Spot applications for herbaceous weed control, 22.
Spotguns, 15.

Sprays, directed foliar, 13.
Squirrds, fox, 30.

Stands, forest, 1.

Storage of pesticides, 34.
Stream line basa sprays, 13.
Stump sprays, 13, 17.
Synthetic organic pesticide, 7.

Texas legf-cutting ant, 25; chemica contral of, 25.
Timber gand improvement, 10.

Timing of applications, 10.

Tipmoth chemica control, 24.

Toxicity, 35; derma, 35; categories, 36.
Trangtiona species, 2.

Transport of pesticides, 34.

Tree injection, 16.

Vertebrate animds, 4; control of, 29.
Vines, 9.

Volaility, 35, 39.

Vole, 29.

Weeds, 4; categories, 9.

Weed trees, 9.
Weevil, pales, 25.
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